
World Journal of 
Gastroenterology
World J Gastroenterol  2013 May 28; 19(20): 2979-3172

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

www.wjgnet.com



The World Journal of Gastroenterology Editorial Board consists of 1352 members, representing a team of worldwide 
experts in gastroenterology and hepatology. They are from 64 countries, including Albania (1), Argentina (8), 
Australia (33), Austria (15), Belgium (14), Brazil (13), Brunei Darussalam (1), Bulgaria (2), Canada (21), Chile (3), 
China (82), Colombia (1), Croatia (2), Cuba (1), Czech (6), Denmark (9), Ecuador (1), Egypt (4), Estonia (2), Finland 
(8), France (29), Germany (87), Greece (22), Hungary (11), India (32), Indonesia (2), Iran (10), Ireland (6), Israel (13), 
Italy (124), Japan (140), Jordan (2), Kuwait (1), Lebanon (4), Lithuania (2), Malaysia (1), Mexico (11), Morocco (1), 
Moldova (1), Netherlands (32), New Zealand (2), Norway (13), Pakistan (2), Poland (11), Portugal (6), Romania 
(4), Russia (1), Saudi Arabia (3), Serbia (3), Singapore (11), Slovenia (1), South Africa (3), South Korea (46), Spain 
(43), Sri Lanka (1), Sweden (17), Switzerland (12), Thailand (1), Trinidad and Tobago (1), Turkey (30), United Arab 
Emirates (2), United Kingdom (95), United States (285), and Uruguay (1).

Editorial Board
2010-2013

HONORARY EDITORS-IN-CHIEF
James L Boyer, New Haven
Ke-Ji Chen, Beijing
Martin H Floch, New Haven
Bo-Rong Pan, Xi'an
Eamonn M Quigley, Cork
Rafiq A Sheikh, Sacramento
Nicholas J Talley, Rochester

EDITORS-IN-CHIEF
Ferruccio Bonino, Pisa
Myung-Hwan Kim, Seoul
Kjell Öberg, Uppsala
Matt Rutter, Stockton-on-Tees
Andrzej S Tarnawski, Long Beach

STRATEGY ASSOCIATE 
EDITORS-IN-CHIEF
You-Yong Lu, Beijing
Peter Draganov, Florida
Hugh J Freeman, Vancouver
Maria Concepción Gutiérrez-Ruiz, Mexico
Kazuhiro Hanazaki, Kochi
Akio Inui, Kagoshima
Kalpesh Jani, Baroda
Javier San Martin, Punta del Este
Natalia A Osna, Omaha
Wei Tang, Tokyo
Alan BR Thomson, Edmonton
Harry Hua-Xiang Xia, Livingston
John M Luk, Hong Kong
Hiroshi Shimada, Yokohama

GUEST EDITORIAL BOARD 
MEMBERS
Jiunn-Jong Wu, Tainan

Cheng-Shyong Wu, Chia-Yi
Ta-Sen Yeh, Taoyuan
Tsung-Hui Hu, Kaohsiung
Chuah Seng-Kee, Kaohsiung
I-Rue Lai, Taipei
Jin-Town Wang, Taipei
Ming-Shiang Wu, Taipei
Teng-Yu Lee, Taichung
Yang-Yuan Chen, Changhua
Po-Shiuan Hsieh, Taipei
Chao-Hung Hung, Kaohsiung
Hon-Yi Shi, Kaohsiung
Hui-kang Liu, Taipei
Jen-Hwey Chiu, Taipei
Chih-Chi Wang, Kaohsiung
Wan-Long Chuang, Kaohsiung
Wen-Hsin Huang, Taichung
Hsu-Heng Yen, Changhua
Ching Chung Lin, Taipei
Chien-Jen Chen, Taipei
Jaw-Ching Wu, Taipei
Ming-Chih Hou, Taipei
Kevin Cheng-Wen Hsiao, Taipei
Chiun Hsu, Taipei
Yu-Jen Chen, Taipei
Chen Hsiu-Hsi Chen, Taipei
Liang-Shun Wang, Taipei
hun-Fa Yang, Taichung
Min-Hsiung Pan, Kaohsiung
Chun- Hung Lin, Taipei
Ming-Whei Yu, Taipei
Chuen Hsueh, Taoyuan
Hsiu-Po Wang, Taipei
Lein-Ray Mo, Tainan
Ming-Lung Yu, Kaohsiung

MEMBERS OF THE EDITORIAL 
BOARD

  Albania

Bashkim Resuli, Tirana

  Argentina

Julio H Carri, Córdoba
Bernabe Matias Quesada, Buenos Aires
Bernardo Frider, Buenos Aires
Maria Ines Vaccaro, Buenos Aires
Eduardo de Santibañes, Buenos Aires
Adriana M Torres, Rosario
Carlos J Pirola, Buenos Aires
Silvia Sookoian, Buenos Aires

  Australia

Finlay A Macrae, Victoria
David Ian Watson, Bedford Park
Jacob George, Sydney
Leon Anton Adams, Nedlands
Minoti V Apte, Liverpool
Andrew V Biankin, Sydney
Filip Braet, Sydney
Guy D Eslick, Sydney
Michael A Fink, Melbourne
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
John E Kellow, Sydney
Daniel Markovich, Brisbane

March 7, 2013IWJG|www.wjgnet.com



Phillip S Oates, Perth
Ross C Smith, Sydney
Kevin J Spring, Brisbane
Philip G Dinning, Koagarah
Christopher Christophi, Melbourne
Cuong D Tran, North Adelaide
Shan Rajendra, Tasmania
Rajvinder Singh, Adelaide
William Kemp, Melbourne
Phil Sutton, Melbourne
Richard Anderson, Victoria
Vance Matthews, Melbourne
Alexander G Heriot, Melbourne
Debbie Trinder, Fremantle
Ian C Lawrance, Perth
Adrian G Cummins, Adelaide
John K Olynyk, Fremantle
Alex Boussioutas, Melbourne
Emilia Prakoso, Sydney
Robert JL Fraser, Daw Park

  Austria

Wolfgang Mikulits, Vienna
Alfred Gangl, Vienna
Dietmar Öfner, Salzburg
Georg Roth, Vienna
Herwig R Cerwenka, Graz
Ashraf Dahaba, Graz
Markus Raderer, Vienna
Alexander M Hirschl, Wien
Thomas Wild, Kapellerfeld
Peter Ferenci, Vienna
Valentin Fuhrmann, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Michael Trauner, Vienna
Stefan Riss, Vienna

  Belgium

Rudi Beyaert, Gent
Inge I Depoortere, Leuven
Olivier Detry, Liège
Benedicte Y De Winter, Antwerp
Etienne M Sokal, Brussels
Marc Peeters, De Pintelaan
Eddie Wisse, Keerbergen
Jean-Yves L Reginster, Liège
Mark De Ridder, Brussel
Freddy Penninckx, Leuven
Kristin Verbeke, Leuven
Lukas Van Oudenhove, Leuven
Leo van Grunsven, Brussels
Philip Meuleman, Ghent 

  Brazil

Heitor Rosa, Goiania
Roberto J Carvalho-Filho, Sao Paulo
Damiao Carlos Moraes Santos, Rio de Janeiro
Marcelo Lima Ribeiro, Braganca Paulista
Eduardo Garcia Vilela, Belo Horizonte 
Jaime Natan Eisig, São Paulo
Andre Castro Lyra, Salvador
José Liberato Ferreira Caboclo, Brazil
Yukie Sato-Kuwabara, São Paulo
Raquel Rocha, Salvador

Paolo R Salvalaggio, Sao Paulo
Ana Cristina Simões e Silva, Belo Horizonte
Joao Batista Teixeira Rocha, Santa Maria

  Brunei Darussalam

Vui Heng Chong, Bandar Seri Begawan

  Bulgaria

Zahariy Krastev, Sofia
Mihaela Petrova, Sofia

  Canada

Eldon Shaffer, Calgary
Nathalie Perreault, Sherbrooke
Philip H Gordon, Montreal
Ram Prakash Galwa, Ottawa
Baljinder Singh Salh, Vancouver
Claudia Zwingmann, Montreal
Alain Bitton, Montreal
Pingchang Yang, Hamilton
Michael F Byrne,Vancouver
Andrew L Mason, Alberta
John K Marshall, Hamilton Ontario
Kostas Pantopoulos, Montreal
Waliul Khan, Ontario
Eric M Yoshida, Vancouver
Geoffrey C Nguyen, Toronto
Devendra K Amre, Montreal
Tedros Bezabeh, Winnipeg
Wangxue Chen, Ottawa
Qiang Liu, Saskatoon

  Chile

De Aretxabala Xabier, Santiago
Marcelo A Beltran, La Serena
Silvana Zanlungo, Santiago

  China

Chi-Hin Cho, Hong Kong
Chun-Qing Zhang, Jinan
Ren Xiang Tan, Nanjing
Fei Li, Beijing
Hui-Jie Bian, Xi'an
Xiao-Peng Zhang, Beijing
Xing-Hua Lu, Beijing
Fu-Sheng Wang, Beijing
An-Gang Yang, Xi’an
Xiao-Ping Chen, Wuhan
Zong-Jie Cui, Beijing
Ming-Liang He, Hong Kong
Yuk-Tong Lee, Hong Kong
Qin Su, Beijing
Jian-Zhong Zhang, Beijing
Paul Kwong-Hang Tam, Hong Kong
Wen-Rong Xu, Zhenjiang
Chun-Yi Hao, Beijing
San-Jun Cai, Shanghai
Simon Law, Hong Kong
Yuk Him Tam, Hong Kong
De-Liang Fu, Shanghai
Eric WC Tse, Hong Kong

Justin CY Wu, Hong Kong
Nathalie Wong, Hong Kong
Jing Yuan Fang, Shanghai
Yi-Min Mao, Shanghai
Wei-Cheng You, Beijing
Xiang-Dong Wang, Shanghai
Xuan Zhang, Beijing
Zhao-Shen Li, Shanghai 
Guang-Wen Cao, Shanghai
En-min Li, Shantou
Yu-Yuan Li, Guangzhou 
Fook Hong Ng, Hong Kong
Hsiang-Fu Kung, Hong Kong
Wai Lun Law, Hong Kong
Eric CH Lai, Hong Kong
Jun Yu, Hong Kong
Ze-Guang Han, Shanghai
Bian zhao-xiang, Hong Kong
Wei-Dong Tong, Chongqing

  Colombia

Germán Campuzano-Maya, Medellín

  Croatia

Tamara Cacev, Zagreb
Marko Duvnjak, Zagreb

  Cuba

Damian C Rodriguez, Havana

  Czech

Milan Jirsa, Praha
Pavel Trunečka, Prague
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Ondrej Slaby, Brno
Radan Bruha, Prague

  Denmark

Asbjørn M Drewes, Aalborg
Leif Percival Andersen, Copenhagen
Jan Mollenhauer, Odense C
Morten Frisch, Copenhagen S
Jorgen Rask-Madsen, Skodsborg
Morten Hylander Møller, Holte
Søren Rafaelsen, Vejle
Vibeke Andersen, Aabenraa
Ole Haagen Nielsen, Herlev

  Ecuador

Fernando E Sempértegui, Quito

  Egypt

Zeinab Nabil Ahmed Said, Cairo
Hussein M Atta, El-Minia
Asmaa Gaber Abdou, Shebein Elkom

March 7, 2013IIWJG|www.wjgnet.com



Maha Maher Shehata, Mansoura

  Estonia

Riina Salupere, Tartu
Tamara Vorobjova, Tartu

  Finland

Saila Kauhanen, Turku
Pauli Antero Puolakkainen, Turku
Minna Nyström, Helsinki
Juhani Sand, Tampere
Jukka-Pekka Mecklin, Jyvaskyla
Lea Veijola, Helsinki
Kaija-Leena Kolho, Helsinki
Thomas Kietzmann, Oulu

  France

Boris Guiu, Dijon
Baumert F Thomas, Strasbourg
Alain L Servin, Châtenay-Malabry
Patrick Marcellin, Paris
Jean-Jacques Tuech, Rouen
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Philippe Lehours, Bordeaux
Stephane Supiot, Nantes
Lionel Bueno, Toulouse
Flavio Maina, Marseille
Paul Hofman, Nice
Abdel-Majid Khatib, Paris
Annie Schmid-Alliana, Nice cedex 3
Frank Zerbib, Bordeaux Cedex
Rene Gerolami Santandera, Marseille
Sabine Colnot, Paris
Catherine Daniel, Lille Cedex
Thabut Dominique, Paris
Laurent Huwart, Paris
Alain Braillon, Amiens
Bruno Bonaz, Grenoble
Evelyne Schvoerer, Strasbourg
M Coeffier, Rouen
Mathias Chamaillard, Lille
Hang Nguyen, Clermont-Ferrand
Veronique Vitton, Marseille
Alexis Desmoulière, Limoges
Juan Iovanna, Marseille

  Germany

Hans L Tillmann, Leipzig
Stefan Kubicka, Hannover
Elke Cario, Essen
Hans Scherubl, Berlin
Harald F Teutsch, Ulm 
Peter Konturek, Erlangen
Thilo Hackert, Heidelberg
Jurgen M Stein, Frankfurt 
Andrej Khandoga, Munich
Karsten Schulmann, Bochum
Jutta Elisabeth Lüttges, Riegelsberg
Wolfgang Hagmann, Heidelberg
Hubert Blum, Freiburg 
Thomas Bock, Berlin

Christa Buechler, Regensburg
Christoph F Dietrich, Bad Mergentheim 
Ulrich R Fölsch, Kiel 
Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin
Joerg C Hoffmann, Ludwigshafen
Joachim Labenz, Siegen
Peter Malfertheiner, Magdeburg
Sabine Mihm, Göttingen
Markus Reiser, Bochum
Steffen Rickes, Magdeburg
Andreas G Schreyer, Regensburg
Henning Schulze-Bergkamen, Heidelberg
Ulrike S Stein, Berlin
Wolfgang R Stremmel, Heidelberg 
Fritz von Weizsäcker, Berlin
Stefan Wirth, Wuppertal
Dean Bogoevski, Hamburg
Bruno Christ, Halle/Saale
Peter N Meier, Hannover
Stephan Johannes Ott, Kiel
Arndt Vogel, Hannover
Dirk Haller, Freising
Jens Standop, Bonn
Jonas Mudter, Erlangen
Jürgen Büning, Lübeck
Matthias Ocker, Erlangen
Joerg Trojan, Frankfurt
Christian Trautwein, Aachen
Jorg Kleeff, Munich
Christian Rust, Munich
Claus Hellerbrand, Regensburg
Elke Roeb, Giessen
Erwin Biecker, Siegburg
Ingmar Königsrainer, Tübingen
Jürgen Borlak, Hannover
Axel M Gressner, Aachen
Oliver Mann, Hamburg
Marty Zdichavsky, Tübingen
Christoph Reichel, Bad Brückenau
Nils Habbe, Marburg
Thomas Wex, Magdeburg
Frank Ulrich Weiss, Greifswald
Manfred V Singer, Mannheim
Martin K Schilling, Homburg
Philip D Hard, Giessen
Michael Linnebacher, Rostock
Ralph Graeser, Freiburg
Rene Schmidt, Freiburg
Robert Obermaier, Freiburg
Sebastian Mueller, Heidelberg
Andrea Hille, Goettingen
Klaus Mönkemüller, Bottrop
Elfriede Bollschweiler, Köln
Siegfried Wagner, Deggendorf
Dieter Schilling, Mannheim
Joerg F Schlaak, Essen
Michael Keese, Frankfurt
Robert Grützmann, Dresden
Ali Canbay, Essen
Dirk Domagk, Muenster
Jens Hoeppner, Freiburg
Frank Tacke, Aachen
Patrick Michl, Marburg
Alfred A Königsrainer, Tübingen
Kilian Weigand, Heidelberg
Mohamed Hassan, Duesseldorf
Gustav Paumgartner, Munich

Philipe N Khalil, Munich
Martin Storr, Munich

  Greece

Andreas Larentzakis, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion 
Helen Christopoulou-Aletra, Thessaloniki
George Papatheodoridis, Athens
Ioannis Kanellos, Thessaloniki
Michael Koutsilieris, Athens
T Choli-Papadopoulou, Thessaloniki
Emanuel K Manesis, Athens
Evangelos Tsiambas, Ag Paraskevi Attiki
Konstantinos Mimidis, Alexandroupolis
Spilios Manolakopoulos, Athens
Spiros Sgouros, Athens
Ioannis E Koutroubakis, Heraklion
Stefanos Karagiannis, Athens
Spiros Ladas, Athens
Elena Vezali, Athens
Dina G Tiniakos, Athens
Ekaterini Chatzaki, Alexandroupolis
Dimitrios Roukos, Ioannina
George Sgourakis, Athens
Maroulio Talieri, Athens

  Hungary

Peter L Lakatos, Budapest
Yvette Mándi, Szeged
Ferenc Sipos, Budapest
György M Buzás, Budapest
László Czakó, Szeged
Peter Hegyi, Szeged
Zoltan Rakonczay, Szeged
Gyula Farkas, Szeged
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest
Zsuzsa Schaff, Budapest

  India

Philip Abraham, Mumbai
Sri P Misra, Allahabad 
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh
Uday C Ghoshal, Lucknow
Pramod Kumar Garg, New Delhi
Barjesh Chander Sharma, New Delhi
Gopal Nath, Varanasi
Bhupendra Kumar Jain, Delhi
Devinder Kumar Dhawan, Chandigarh
Ashok Kumar, Lucknow
Benjamin Perakath, Tamil Nadu
Debidas Ghosh, Midnpore
Pankaj Garg, Panchkula
Samiran Nundy, New Delhi
Virendra Singh, Chandigarh
Bikash Medhi, Chandigarh
Radha K Dhiman, Chandigarh 
Vandana Panda, Mumbai
Vineet Ahuja, New Delhi
SV Rana, Chandigarh

March 7, 2013IIIWJG|www.wjgnet.com



Deepak N Amarapurkar, Mumbai
Abhijit Chowdhury, Kolkata
Jasbir Singh, Kurukshetra
B Mittal, Lucknow
Sundeep Singh Saluja, New Delhi
Pradyumna Kumar Mishra, Mumbai
Runu Chakravarty, Kolkata
Nagarajan Perumal, New Delhi

  Indonesia

David handojo Muljono, Jakarta
Andi Utama, Tangerang

  Iran

Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Peyman Adibi, Isfahan
Alireza Mani, Tehran
Seyed Mohsen Dehghani, Shiraz
Mohammad Abdollahi, Tehran
Majid Assadi, Bushehr
Arezoo Aghakhani, Tehran
Marjan Mohammadi, Tehran
Fariborz Mansour-Ghanaei, Rasht

  Ireland

Ross McManus, Dublin
Billy Bourke, Dublin
Catherine Greene, Dublin
Ted Dinan, Cork
Marion Rowland, Dublin

  Israel

Abraham R Eliakim, Haifa 
Simon Bar-Meir, Tel Hashomer
Ami D Sperber, Beer-Sheva 
Boris Kirshtein, Beer Sheva
Mark Pines, Bet Dagan
Menachem Moshkowitz, Tel-Aviv
Ron Shaoul, Haifa
Shmuel Odes, Beer Sheva
Sigal Fishman, Tel Aviv
Alexander Becker, Afula
Assy Nimer, Safed
Eli Magen, Ashdod
Amir Shlomai, Tel-Aviv

  Italy

Mauro Bortolotti, Bologna
Gianlorenzo Dionigi, Varese
Fiorucci Stefano, Perugia
Roberto Berni Canani, Naples
Ballarin Roberto, Modena
Bruno Annibale, Roma
Vincenzo Stanghellini, Bologna
Giovanni B Gaeta, Napoli
Claudio Bassi, Verona
Mauro Bernardi, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome

Dario Conte, Milano 
Francesco Costa, Pisa
Giovanni D De Palma, Naples
Giammarco Fava, Ancona
Francesco Feo, Sassari
Edoardo G Giannini, Genoa 
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giuseppe Montalto, Palermo 
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Raffaele Pezzilli, Bologna 
Alberto Piperno, Monza
Anna C Piscaglia, Roma
Piero Portincasa, Bari 
Giovanni Tarantino, Naples
Cesare Tosetti, Porretta Terme
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Donato F Altomare, Bari
Giovanni Milito, Rome
Giuseppe Sica, Rome
Guglielmo Borgia, Naples
Giovanni Latella, L'Aquila
Salvatore Auricchio, Naples
Alberto Biondi, Rome
Alberto Tommasini, Trieste
Antonio Basoli, Roma
Giuliana Decorti, Trieste
Marco Silano, Roma
Michele Reni, Milan
Pierpaolo Sileri, Rome
Achille Iolascon, Naples
Alessandro Granito, Bologna
Angelo A Izzo, Naples
Giuseppe Currò, Messina
Pier Mannuccio Mannucci, Milano
Marco Vivarelli, Bologna
Massimo Levrero, Rome
Massimo Rugge, Padova
Paolo Angeli, Padova
Silvio Danese, Milano
Antonello Trecca, Rome
Antonio Gasbarrini, Rome
Cesare Ruffolo, Treviso
Massimo Falconi, Verona
Fausto Catena, Bologna
Francesco Manguso, Napoli
Giancarlo Mansueto, Verona
Luca Morelli, Trento
Marco Scarpa, Padova
Mario M D'Elios, Florence
Francesco Luzza, Catanzaro
Franco Roviello, Siena
Guido Torzilli, Rozzano Milano
Luca Frulloni, Verona
Lucia Malaguarnera, Catania
Lucia Ricci Vitiani, Rome
Mara Massimi, L'Aquila
Mario Pescatori, Rome
Mario Rizzetto, Torino
Mirko D’Onofrio, Verona
Nadia Peparini, Rome
Paola De Nardi, Milan
Paolo Aurello, Rome
Piero Amodio, Padova
Riccardo Nascimbeni, Brescia

Vincenzo Villanacci, Brescia
Vittorio Ricci, Pavia
Silvia Fargion, Milan
Luigi Bonavina, Milano 
Oliviero Riggio, Rome
Fabio Pace, Milano
Gabrio Bassotti, Perugia 
Giulio Marchesini, Bologna 
Roberto de Franchis, Milano
Giovanni Monteleone, Rome
C armelo Scarpignato, Parma
Luca VC Valenti, Milan
Urgesi Riccardo, Rome
Marcello Persico, Naples
Antonio Moschetta, Bari
Luigi Muratori, Bologna
Angelo Zullo, Roma
Vito Annese, Florence
Simone Lanini, Rome
Alessandro Grasso, Savona
Giovanni Targher, Verona
Domenico Girelli, Verona
Alessandro Cucchetti, Bologna
Fabio Marra, Florence
Michele Milella, Rome
Francesco Franceschi, Rome
Giuseppina De Petro, Brescia
Salvatore Leonardi, Catania
Cristiano Simone, Santa Maria Imbaro
Bernardino Rampone, Salerno
Francesco Crea, Pisa
Walter Fries, Messina
Antonio Craxì, Palermo
Gerardo Rosati, Potenza
Mario Guslandi, Milano 
Gianluigi Giannelli, Bari
Paola Loria, Modena
Paolo Sorrentino, Avellino
Armando Santoro, Rozzano
Gabriele Grassi, Trieste
Antonio Orlacchio, Rome

  Japan

Tsuneo Kitamura, Chiba 
Katsutoshi Yoshizato, Higashihiroshima
Masahiro Arai, Tokyo 
Shinji Tanaka, Hiroshima 
Keiji Hirata, Kitakyushu
Yoshio Shirai, Niigata 
Susumu Ohmada, Maebashi 
Kenichi Ikejima, Tokyo
Masatoshi Kudo, Osaka
Yoshiaki Murakami, Hiroshima
Masahiro Tajika, Nagoya
Kentaro Yoshika, Toyoake
Kyoichi Adachi, Izumo 
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya 
Akira Andoh, Otsu 
Hitoshi Asakura, Tokyo 
Mitsuhiro Fujishiro, Tokyo
Toru Hiyama, Higashihiroshima
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki 
Shunji Ishihara, Izumo 
Toru Ishikawa, Niigata 
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo

March 7, 2013IVWJG|www.wjgnet.com



Norihiro Kokudo, Tokyo
Shin Maeda, Tokyo 
Yasushi Matsuzaki, Ibaraki 
Kenji Miki, Tokyo
Hiroto Miwa, Hyogo
Yoshiharu Motoo, Kanazawa 
Kunihiko Murase, Tusima
Atsushi Nakajima, Yokohama
Yuji Naito, 
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi 
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama 
Hirohide Ohnishi, Akita
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu 
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Yasushi Sano, Kobe
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Toyama
Shinji Shimoda, Fukuoka
Masayuki Sho, Nara
Hidekazu Suzuki, Tokyo
Shinji Togo, Yokohama
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi 
Hiroshi Yoshida, Tokyo 
Norimasa Yoshida, Kyoto 
Akihito Nagahara, Tokyo
Hiroaki Takeuchi, Kochi
Keiji Ogura, Tokyo
Kotaro Miyake, Tokushima
Mitsunori Yamakawa, Yamagata
Naoaki Sakata, Sendai
Naoya Kato, Tokyo
Satoshi Mamori, Hyogo
Shogo Kikuchi, Aichi
Shoichiro Sumi, Kyoto
Susumu Ikehara, Osaka
Taketo Yamaguchi, Chiba
Tokihiko Sawada, Tochigi
Tomoharu Yoshizumi, Fukuoka
Toshiyuki Ishiwata, Tokyo 
Yasuhiro Fujino, Akashi
Yasuhiro Koga, Isehara city
Yoshihisa Takahashi, Tokyo
Yoshitaka Takuma, Okayama
Yutaka Yata, Maebashi-city
Itaru Endo, Yokohama
Kazuo Chijiiwa, Miyazaki
Kouhei Fukushima, Sendai
Masahiro Iizuka, Akita 
Mitsuyoshi Urashima, Tokyo
Munechika Enjoji, Fukuoka
Takashi Kojima, Sapporo
Takumi Kawaguchi, Kurume
Yoshiyuki Ueno, Sendai
Yuichiro Eguchi, Saga
Akihiro Tamori, Osaka
Atsushi Masamune, Sendai
Atsushi Tanaka, Tokyo
Hitoshi Tsuda, Tokyo
Takashi Kobayashi, Tokyo
Akimasa Nakao, Nagogya
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Satoshi Tanno, Sapporo
Toshinari Takamura, Kanazawa
Yohei Kida, Kainan

Masanori Hatakeyama, Tokyo
Satoru Kakizaki, Gunma
Shuhei Nishiguchi, Hyogo
Yuichi Yoshida, Osaka
Manabu Morimoto, Japan
Mototsugu Kato, Sapporo 
Naoki Ishii, Tokyo
Noriko Nakajima, Tokyo
Nobuhiro Ohkohchi, Tsukuba
Takanori Kanai, Tokyo
Kenichi Goda, Tokyo
Mitsugi Shimoda, Mibu
Zenichi Morise, Nagoya
Hitoshi Yoshiji, Kashihara
Takahiro Nakazawa, Nagoya
Utaroh Motosugi, Yamanashi
Nobuyuki Matsuhashi, Tokyo
Yasuhiro Kodera, Nagoya
Takayoshi Ito, Tokyo
Yasuhito Tanaka, Nagoya
Haruhiko Sugimura, Hamamatsu
Hiroki Yamaue, Wakayama
Masao Ichinose, Wakayama
Takaaki Arigami, Kagoshima
Nobuhiro Zaima, Nara
Naoki Tanaka, Matsumoto
Satoru Motoyama, Akita
Tomoyuki Shibata, Toyoake
Tatsuya Ide, Kurume
Tsutomu Fujii, Nagoya
Osamu Kanauchi, Toky
Atsushi Irisawa, Aizuwakamatsu
Hikaru Nagahara, Tokyo
Keiji Hanada, Onomichi
Keiichi Mitsuyama, Fukuoka
Shin Maeda, Yokohama
Takuya Watanabe, Niigata
Toshihiro Mitaka, Sapporo
Yoshiki Murakami, Kyoto
Tadashi Shimoyama, Hirosaki 

  Jordan

Ismail Matalka, Irbid
Khaled Jadallah, Irbid

  Kuwait

Islam Khan, Safat

  Lebanon

Bassam N Abboud, Beirut
Rami Moucari, Beirut
Ala I Sharara, Beirut
Rita Slim, Beirut

  Lithuania

Giedrius Barauskas, Kaunas
Limas Kupcinskas, Kaunas

  Malaysia

Andrew Seng Boon Chua, Ipoh 

  Mexico

Saúl Villa-Trevio, Mexico
Omar Vergara-Fernandez, Mexico
Diego Garcia-Compean, Monterrey
Arturo Panduro, Jalisco
Miguel Angel Mercado, Distrito Federal
Richard A Awad, Mexico
Aldo Torre Delgadillo, Mexico
Paulino Martínez Hernández Magro, Celaya
Carlos A Aguilar-Salinas, Mexico
Jesus K Yamamoto-Furusho, Mexico

  Morocco

Samir Ahboucha, Khouribga

  Moldova

Igor Mishin, Kishinev

  Netherlands

Ulrich Beuers, Amsterdam
Albert Frederik Pull ter Gunne, Tilburg
Jantine van Baal, Heidelberglaan
Wendy Wilhelmina Johanna de Leng, Utrecht
Gerrit A Meijer, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
Frank Hoentjen, Haarlem
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam 
Paul E Sijens, Groningen
Karel van Erpecum, Utrecht 
BW Marcel Spanier, Arnhem
Misha Luyer, Sittard
Pieter JF de Jonge, Rotterdam
Robert Christiaan Verdonk, Groningen
John Plukker, Groningen 
Maarten Tushuizen, Amsterdam
Wouter de Herder, Rotterdam
Erwin G Zoetendal, Wageningen
Robert J de Knegt, Rotterdam
Albert J Bredenoord, Nieuwegein
Annemarie de Vries, Rotterdam
Astrid van der Velde, Ede
Lodewijk AA Brosens, Utrecht
James CH Hardwick, Leiden
Loes van Keimpema, Nijmegen
WJ de Jonge, Amsterdam
Zuzana Zelinkova, Rotterdam
LN van Steenbergen, Eindhoven
Frank G Schaap, Amsterdam
Jeroen Maljaars, Leiden

  New Zealand

Andrew S Day, Christchurch
Max S Petrov, Auckland

  Norway

Espen Melum, Oslo

March 7, 2013VWJG|www.wjgnet.com



Trine Olsen, Tromsø
Eyvind J Paulssen, Tromsø
Rasmus Goll, Tromsø
Asle W Medhus, Oslo
Jon Arne Søreide, Stavanger
Kjetil Soreide, Stavanger
Reidar Fossmark, Trondheim
Trond Peder Flaten, Trondheim
Olav Dalgard, Oslo
Ole Høie, Arendal
Magdy El-Salhy, Bergen
Jørgen Valeur, Oslo

  Pakistan

Shahab Abid, Karachi
Syed MW Jafri, Karachi

  Poland

Beata Jolanta Jablońska, Katowice
Halina Cichoż-Lach, Lublin
Tomasz Brzozowski, Cracow 
Hanna Gregorek, Warsaw
Marek Hartleb, Katowice
Stanislaw J Konturek, Krakow
Andrzej Dabrowski, Bialystok
Jan Kulig, Kraków
Julian Swierczynski, Gdansk
Marek Bebenek, Wroclaw
Dariusz M Lebensztejn, Bialystok

  Portugal

Ricardo Marcos, Porto
Guida Portela-Gomes, Estoril
Ana Isabel Lopes, Lisboa Codex
Raquel Almeida, Porto
Rui Tato Marinho, Lisbon
Ceu Figueiredo, Porto

  Romania

Dan L Dumitrascu, Cluj
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Anca Trifan, Iasi

  Russia

Vasiliy I Reshetnyak, Moscow 

  Saudi Arabia

Ibrahim A Al Mofleh, Riyadh
Abdul-Wahed Meshikhes, Qatif
Faisal Sanai, Riyadh

  Serbia

Tamara M Alempijevic, Belgrade
Dusan M Jovanovic, Sremska Kamenica
Zoran Krivokapic, Belgrade

  Singapore

Brian Kim Poh Goh, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore 
Kok Sun Ho, Singapore
Kong Weng Eu, Singapore
Madhav Bhatia, Singapore
London Lucien Ooi, Singapore
Wei Ning Chen, Singapore
Richie Soong, Singapore
Kok Ann Gwee, Singapore 

  Slovenia

Matjaz Homan, Ljubljana

  South Africa

Rosemary Joyce Burnett, Pretoria
Michael Kew, Cape Town
Roland Ndip, Alice

  South Korea

Byung Chul Yoo, Seoul
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Marie Yeo, Suwon 
Jeong Min Lee, Seoul
Eun-Yi Moon, Seoul
Joong-Won Park, Goyang
Hoon Jai Chun, Seoul
Myung-Gyu Choi, Seoul
Sang Kil Lee, Seoul
Sang Yeoup Lee, Gyeongsangnam-do
Won Ho Kim, Seoul
Dae-Yeul Yu, Daejeon
Donghee Kim, Seoul
Sang Geon Kim, Seoul
Sun Pyo Hong, Geonggi-do
Sung-Gil Chi, Seoul
Yeun-Jun Chung, Seoul
Ki-Baik Hahm, Incheon
Ji Kon Ryu, Seoul
Kyu Taek Lee, Seoul 
Yong Chan Lee, Seoul
Seong Gyu Hwang, Seongnam
Seung Woon Paik, Seoul
Sung Kim, Seoul
Hong Joo Kim, Seoul
Hyoung-Chul Oh, Seoul
Nayoung Kim, Seongnam-si
Sang Hoon Ahn, Seoul
Seon Hahn Kim, Seoul
Si Young Song, Seoul
Young-Hwa Chung, Seoul
Hyo-Cheol Kim, Seoul
Kwang Jae Lee, Swon
Sang Min Park, Seoul
Young Chul Kim, Seoul
Do Hyun Park, Seoul
Dae Won Jun, Seoul
Dong Wan Seo, Seoul
Soon-Sun Hong, Incheon

Hoguen Kim, Seoul
Ho-Young Song, Seoul
Joo-Ho Lee, Seoul
Jung Eun Lee, Seoul
Jong H Moon, Bucheon

  Spain

Eva Vaquero, Barcelona
Andres Cardenas, Barcelona
Laureano Fernández-Cruz, Barcelona
Antoni Farré, Spain
Maria-Angeles Aller, Madrid
Raul J Andrade, Málaga
Fernando Azpiroz, Barcelona 
Josep M Bordas, Barcelona 
Antoni Castells, Barcelona 
Vicente Felipo, Valencia
Isabel Fabregat, Barcelona
Angel Lanas, Zaragoza 
Juan-Ramón Larrubia, Guadalajara
María IT López, Jaén
Jesús M Prieto, Pamplona 
Mireia Miquel, Sabadell
Ramon Bataller, Barcelona
Fernando J Corrales, Pamplona
Julio Mayol, Madrid
Matias A Avila, Pamplona
Juan Macías, Seville
Juan Carlos Laguna Egea, Barcelona
Juli Busquets, Barcelona
Belén Beltrán, Valencia
José Manuel Martin-Villa, Madrid
Lisardo Boscá, Madrid
Luis Grande, Barcelona
Pedro Lorenzo Majano Rodriguez, Madrid
Adolfo Benages, Valencia
Domínguez-Muñoz JE, Santiago de Compostela
Gloria González Aseguinolaza, Navarra
Javier Martin, Granada
Luis Bujanda, San Sebastián
Matilde Bustos, Pamplona
Luis Aparisi, Valencia
José Julián calvo Andrés, Salamanca
Benito Velayos, Valladolid
Javier Gonzalez-Gallego, León
Ruben Ciria, Córdoba
Francisco Rodriguez-Frias, Barcelona
Manuel Romero-Gómez, Sevilla
Albert Parés, Barcelona
Joan Roselló-Catafau, Barcelona

  Sri Lanka

Arjuna De Silva, Kelaniya

  Sweden

Stefan G Pierzynowski, Lund
Hanns-Ulrich Marschall, Stockholm
Lars A Pahlman, Uppsala
Helena Nordenstedt, Stockholm
Bobby Tingstedt, Lund
Evangelos Kalaitzakis, Gothenburg
Lars Erik Agréus, Huddinge
Annika Lindblom, Stockholm

March 7, 2013VIWJG|www.wjgnet.com



Roland Andersson, Lund
Zongli Zheng, Stockholm
Mauro D'Amato, Huddinge
Greger Lindberg, Stockholm 
Pär Erik Myrelid, Linköping
Sara Lindén, Göteborg
Sara Regnér, Malmö
Åke Nilsson, Lund

  Switzerland

Jean L Frossard, Geneva
Andreas Geier, Zürich
Bruno Stieger, Zürich 
Pascal Gervaz, Geneva
Paul M Schneider, Zurich
Felix Stickel, Berne
Fabrizio Montecucco, Geneva
Inti Zlobec, Basel
Michelangelo Foti, Geneva
Pascal Bucher, Geneva
Andrea De Gottardi, Berne
Christian Toso, Geneva

  Thailand

Weekitt Kittisupamongkol, Bangkok

  Trinidad and Tobago

Shivananda Nayak, Mount Hope

  Turkey

Tarkan Karakan, Ankara
Yusuf Bayraktar, Ankara 
Ahmet Tekin, Mersin
Aydin Karabacakoglu, Konya
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Bülent Salman, Ankara
Can GONEN, Kutahya
Cuneyt Kayaalp, Malatya
Ekmel Tezel, Ankara
Eren Ersoy, Ankara
Hayrullah Derici, Balıkesir
Mehmet Refik Mas, Etlik-Ankara
Sinan Akay, Tekirdag
A Mithat Bozdayi, Ankara
Metin Basaranoglu, Istanbul
Mesut Tez, Ankara
Orhan Sezgin, Mersin
Mukaddes Esrefoglu, Malatya
Ilker Tasci, Ankara
Kemal Kismet, Ankara 
Selin Kapan, Istanbul
Seyfettin Köklü, Ankara
Murat Sayan, Kocaeli
Sabahattin Kaymakoglu, Istanbul
Yucel Ustundag, Zonguldak
Can Gonen, Istanbul
Yusuf Yilmaz, Istanbul
Müge Tecder-Ünal, Ankara
İlhami Yüksel, Ankara

  United Arab Emirates

Fikri M Abu-Zidan, Al-Ain
Sherif M Karam, Al-Ain

  United Kingdom

Anastasios Koulaouzidis, Edinburgh
Sylvia LF Pender, Southampton
Hong-Xiang Liu, Cambridge 
William Dickey, Londonderry
Simon D Taylor-Robinson, London 
James Neuberger, Birmingham 
Frank I Tovey, London
Kevin Robertson, Glasgow
Chew Thean Soon, Manchester
Geoffrey Burnstock, London
Vamsi R Velchuru, United Kingdom
Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Lesley A Anderson, Belfast
Anthony TR Axon, Leeds 
Jim D Bell, London 
Alastair D Burt, Newcastle
Tatjana Crnogorac-Jurcevic, London
Daniel R Gaya, Edinburgh
William Greenhalf, Liverpool 
Indra N Guha, Southampton
Stefan G Hübscher, Birmingham
Robin Hughes, London
Pali Hungin, Stockton
Janusz AZ Jankowski, Oxford 
Peter Karayiannis, London
Patricia F Lalor, Birmingham
Giorgina Mieli-Vergani, London 
D Mark Pritchard, Liverpool
Marco Senzolo, Padova
Roger Williams, London
M H Ahmed, Southampton
Christos Paraskeva, Bristol
Emad M El-Omar, Aberdeen
A M El-Tawil, Birmingham
Anne McCune, Bristol
Charles B Ferguson, Belfast
Chin Wee Ang, Liverpool
Clement W Imrie, Glasgow
Dileep N Lobo, Nottingham
Graham MacKay, Glasgow
Guy Fairbairn Nash, Poole
Ian Lindsey, Oxford
Jason CB Goh, Birmingham
Jeremy FL Cobbold, London
Julian RF Walters, London
Jamie Murphy, London
John Beynon, Swansea
John B Schofield, Kent
Anil George, London
Aravind Suppiah, East Yorkshire
Basil Ammori, Salford
Catherine Walter, Cheltenham
Chris Briggs, Sheffield
Jeff Butterworth, Shrewsbury
Nawfal Hussein, Nottingham
Patrick O'Dwyer, Glasgow
Rob Glynne-Jones, Northwood
Sharad Karandikar, 
Venkatesh Shanmugam, Derby

Yeng S Ang, Wigan
Alberto Quaglia, London
Andrew Fowell, Southampton
Gianpiero Gravante, Leicester
Piers Gatenby, London
Kondragunta Rajendra Prasad, Leeds
Sunil Dolwani, Cardiff 
Andrew McCulloch Veitch, Wolverhampton
Brian Green, Belfast
Noriko Suzuki, Middlesex
Richard Parker, North Staffordshire
Shahid A Khan, London
Akhilesh B Reddy, Cambridge
Jean E Crabtree, Leeds
John S Leeds, Sheffield
Paul Sharp, London
Sumita Verma, Brighton
Thamara Perera, Birmingham
Donald Campbell McMillan, Glasgow
Kathleen B Bamford, London
Helen Coleman, Belfast
Eyad Elkord, Manchester
Mohammad Ilyas, Nottingham
Simon R Carding, Norwich
Ian Chau, Sutton
Claudio Nicoletti, Norwich
Hendrik-Tobias Arkenau, London
Muhammad Imran Aslam, Leicester
Giuseppe Orlando, Oxford
John S Leeds, Aberdeen
S Madhusudan, Nottingham
Amin Ibrahim Amin, Dunfermline
David C Hay,Edinburgh
Alan Burns, London

  United States

Tauseef Ali, Oklahoma City
George Y Wu, Farmington 
Josef E Fischer, Boston
Thomas Clancy, Boston
John Morton, Stanford
Luca Stocchi, Cleveland
Kevin Michael Reavis, Orange
Shiu-Ming Kuo, Buffalo 
Gary R Lichtenstein, Philadelphia 
Natalie J Torok, Sacramento
Scott A Waldman, Philadelphia
Georgios Papachristou, Pittsburgh
Carla W Brady, Durham
Robert CG Martin, Louisville
Eugene P Ceppa, Durham
Shashi Bala, Worcester
Imran Hassan, Springfield
Klaus Thaler, Columbia
Andreas M Kaiser, Los Angeles
Shawn D Safford, Norfolk
Massimo Raimondo, Jacksonville
Kazuaki Takabe, Richmond VA
Stephen M Kavic, Baltimore
T Clark Gamblin, Pittsburgh 
BS Anand, Houston
Ananthanarayanan M, New York
Anthony J Bauer, Pittsburgh
Edmund J Bini, New York
Xian-Ming Chen, Omaha 
Ramsey Chi-man Cheung, Palo Alto
Parimal Chowdhury, Arkansas
Mark J Czaja, New York

March 7, 2013VIIWJG|www.wjgnet.com



Conor P Delaney, Cleveland
Sharon DeMorrow, Temple
Bijan Eghtesad, Cleveland
Alessandro Fichera, Chicago
Glenn T Furuta, Aurora
Jean-Francois Geschwind, Baltimore
Shannon S Glaser, Temple
Ajay Goel, Dallas
James H Grendell, New York
Anna S Gukovskaya, Los Angeles
Jamal A Ibdah, Columbia
Atif Iqbal, Omaha 
Hajime Isomoto, Rochester 
Hartmut Jaeschke, Kansas
Leonard R Johnson, Memphis
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Miran Kim, Providence
Burton I Korelitz, New York 
Richard A Kozarek, Seattle 
Alyssa M Krasinskas, Pittsburgh
Ming Li, New Orleans 
Zhiping Li, Baltimore
Chen Liu, Gainesville
Michael R Lucey, Madison
James D Luketich, Pittsburgh 
Patrick M Lynch, Houston
Willis C Maddrey, Dallas
Mercedes Susan Mandell, Aurora
Wendy M Mars, Pittsburgh
Laura E Matarese, Pittsburgh
Lynne V McFarland, Washington
Stephan Menne, New York
Didier Merlin, Atlanta
George Michalopoulos, Pittsburgh
James M Millis, Chicago
Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Peter L Moses, Burlington
Masaki Nagaya, Boston
Robert D Odze, Boston
Stephen JD O’Keefe, Pittsburgh
Zhiheng Pei, New York
Raymund R Razonable, Minnesota
Basil Rigas, New York
Richard A Rippe, Chapel Hill
Philip Rosenthal, San Francisco
Stuart Sherman, Indianapolis 
Christina Surawicz, Seattle
Wing-Kin Syn, Durham
Yvette Taché, Los Angeles
K-M Tchou-Wong, New York
George Triadafilopoulos, Stanford
Chung-Jyi Tsai, Lexington
Andrew Ukleja, Florida
Arnold Wald, Wisconsin
Irving Waxman, Chicago
Steven D Wexner, Weston 
Jackie Wood, Ohio
Jian Wu, Sacramento
Zobair M Younossi, Virginia
Liqing Yu, Winston-Salem
Ruben Zamora, Pittsburgh 
Michael E Zenilman, New York
Michael A Zimmerman, Colorado
Beat Schnüriger, California
Clifford S Cho, Madison

R Mark Ghobrial, Texas
Anthony T Yeung, Philadelphia
Chang Kim, West Lafayette
Balamurugan N Appakalai, Minneapolis
Aejaz Nasir, Tampa
Ashkan Farhadi, Irvine 
Kevin E Behrns, Gainesville
Joseph J Cullen, Iowa City
David J McGee, Shreveport
Anthony J Demetris, Pittsburgh
Dimitrios V Avgerinos, New York
Dong-Hui Li, Houston
Eric S Hungness, Chicago
Giuseppe Orlando, Winston Salem
Hai-Yong Han, Phoenix
Huanbiao Mo, Denton
Jong Park, Tampa
Justin MM Cates, Nashville
Charles P Heise, Madison
Craig D Logsdon, Houston
Ece A Mutlu, Chicago
Jessica A Davila, Houston
Rabih M Salloum, Rochester
Amir Maqbul Khan, Marshall
Bruce E Sands, Boston
Chakshu Gupta, Saint Joseph
Ricardo Alberto Cruciani, New York
Mariana D Dabeva, Bronx
Edward L Bradley III, Sarasota
Martín E Fernández-Zapico, Rochester
Henry J Binder, New Haven
John R Grider, Richmond
Ronnie Fass, Tucson
Dinesh Vyas, Washington
Wael El-Rifai, Nashville
Craig J McClain, Louisville
Christopher Mantyh, Durham
Daniel S Straus, Riverside
David A Brenner, San Diego
Eileen F Grady, San Francisco
Ekihiro Seki, La Jolla
Fang Yan, Nashville
Fritz Francois, New York
Giamila Fantuzzi, Chicago
Guang-Yin Xu, Galveston
Jianyuan Chai, Long Beach
JingXuan Kang, Charlestown
Le Shen, Chicago
Lin Zhang, Pittsburgh
Mitchell L Shiffman, Richmond
Douglas K Rex, Indianapolis
Bo Shen, Cleveland
Edward J Ciaccio, New York
Jean S Wang, Saint Louis
Bao-Ting Zhu, Kansas
Tamir Miloh, Phoenix
Eric R Kallwitz, Chicago
Yujin Hoshida, Cambridge
C Chris Yun, Atlanta
Alan C Moss, Boston
Oliver Grundmann, Gainesville
Linda A Feagins, Dallas
Chanjuan Shi, Nashville
Xiaonan Han, Cincinnati
William R Brugge, Boston
Richard W McCallum, El Paso
Lisa Ganley-Leal, Boston
Lin-Feng Chen, Urbana

Elaine Y Lin, New York
Julian Abrams, New York
Arun Swaminath, New York
Huiping Zhou, Richmond
Korkut Uygun, Boston
Anupam Bishayee, Signal Hill
C Bart Rountree, Hershey
Avinash Kambadakone, Boston
Courtney W Houchen, Oklahoma
Joshua R Friedman, Philadelphia
Justin H Nguyen, Jackonville
Sophoclis Alexopoulos, Los Angeles
Suryakanth R Gurudu, Scottsdale
Wei Jia, Kannapolis
Yoon-Young Jang, Baltimore
Ourania M Andrisani, West Lafayette
Roderick M Quiros, Bethlehem
Timothy R Koch, Washington
Adam S Cheifetz, Boston
Lifang Hou, Chicago
Thiru vengadam Muniraj, Pittsburgh
Dhiraj Yadav, Pittsburgh
Ying Gao, Rockville
John F Gibbs, Buffalo
Aaron Vinik, Norfolk
Charles Thomas, Oregon
Robert Jensen, Bethesda
John W Wiley, Ann Arbor
Jonathan Strosberg, Tampa
Randeep Singh Kashyap, New York
Kaye M Reid Lombardo, Rochester
Lygia Stewart, San Francisco
Martin D Zielinski, Rochester
Matthew James Schuchert, Pittsburgh
Michelle Lai, Boston
Million Mulugeta, Los Angeles
Patricia Sylla, Boston
Pete Muscarella, Columbus
Raul J Rosenthal, Weston
Robert V Rege, Dallas
Roberto Bergamaschi, New York 
Ronald S Chamberlain, Livingston
Alexander S Rosemurgy, Tampa
Run Yu, Los Angeles
Samuel B Ho, San Diego
Sami R Achem, Florida
Sandeep Mukherjee, Omaha
Santhi Swaroop Vege, Rochester
Scott Steele, Fort Lewis
Steven Hochwald, Gainesville
Udayakumar Navaneethan, Cincinnati
Radha Krishna Yellapu, New York
Rupjyoti Talukdar, Rochester
Shi-Ying Cai, New Haven
Thérèse Tuohy, Salt Lake City
Tor C Savidge, Galveston
William R Parker, Durham
Xiaofa Qin, Newark
Zhang-Xu Liu, Los Angeles
Adeel A Butt, Pittsburgh  
Dean Y Kim, Detroit
Denesh Chitkara, East Brunswick
Mohamad A Eloubeidi, Alabama
JiPing Wang, Boston
Oscar Joe Hines, Los Angeles
Jon C Gould, Madison
Kirk Ludwig, Wisconsin
Mansour A Parsi, Cleveland

March 7, 2013VIIIWJG|www.wjgnet.com



Perry Shen, Winston-Salem
Piero Marco Fisichella, Maywood 
Marco Giuseppe Patti, Chicago
Michael Leitman, New York
Parviz M Pour, Omaha 
Florencia Georgina Que, Rochester
Richard Hu, Los Angeles
Robert E Schoen, Pittsburgh
Valentina Medici, Sacramento
Wojciech Blonski, Philadelphia
Yuan-Ping Han, Los Angeles
Grigoriy E Gurvits, New York
Robert C Moesinger, Ogden
Mark Bloomston, Columbus

Bronislaw L Slomiany, Newark
Laurie DeLeve, Los Angeles
Michel M Murr, Tampa
John Marshall, Columbia
Wilfred M Weinstein, Los Angeles
Jonathan D Kaunitz, Los Angeles
Josh Korzenik, Boston
Kareem M Abu-Elmagd, Pittsburgh
Michael L Schilsky, New Haven
John David Christein, Birmingham
Mark A Zern, Sacramento
Ana J Coito, Los Angeles
Golo Ahlenstiel, Bethesda
Smruti R Mohanty, Chicago

Victor E Reyes, Galveston 
CS Pitchumoni, New Brunswick
Yoshio Yamaoka, Houston
Sukru H Emre, New Haven
Branko Stefanovic, Tallahassee
Jack R Wands, Providence
Wen Xie, Pittsburgh
Robert Todd Striker, Madison
Shivendra Shukla, Columbia
Laura E Nagy, Cleveland
Fei Chen, Morgantown
Kusum K Kharbanda, Omaha
Pal Pacher, Rockville
Pietro Valdastri, Nashville

March 7, 2013IXWJG|www.wjgnet.com



S

2979	 Expert	opinion:	Experience	with	6-mercaptopurine	in	the	treatment	of	

inflammatory bowel disease

Korelitz BI

2985 Role of microRNAs in the immune system, inflammation and cancer

Raisch J, Darfeuille-Michaud A, Nguyen HTT

2997 Colon cancer stem cells: Controversies and perspectives

Puglisi MA, Tesori V, Lattanzi W, Gasbarrini GB, Gasbarrini A

3007 A silybin-phospholipids complex counteracts rat fatty liver degeneration and 

mitochondrial oxidative changes

Grattagliano I, Diogo CV, Mastrodonato M, de Bari O, Persichella M, Wang DQH, 

Liquori A, Ferri D, Carratù MR, Oliveira PJ, Portincasa P

3018 Incidence and mortality of acute and chronic pancreatitis in the Netherlands: 

A nationwide record-linked cohort study for the years 1995-2005

Spanier BWM, Bruno MJ, Dijkgraaf MGW

3027 Matrix metalloproteinase-9 in the initial injury after hepatectomy in mice

Ohashi N, Hori T, Chen F, Jermanus S, Nakao A, Uemoto S, Nguyen JH

3043	 MGMT  and MLH1 methylation in Helicobacter pylori -infected children and adults

Alvarez MC, Santos JC, Maniezzo N, Ladeira MS, da Silva ALC, Scaletsky ICA, 

Pedrazzoli Jr J, Ribeiro ML

3052 Neoadjuvant-intensified treatment for rectal cancer: Time to change?

Musio D, De Felice F, Bulzonetti N, Guarnaccia R, Caiazzo R, Bangrazi C, Raffetto N, 

Tombolini V

3062 Glucomannan for abdominal pain-related functional gastrointestinal disorders 

in children: A randomized trial

Horvath A, Dziechciarz P, Szajewska H

3069 Efficacy and safety of 0.4 percent sodium hyaluronate for endoscopic 

submucosal dissection of gastric neoplasms

Kim YD, Lee J, Cho JY, Kim SW, Kim SH, Cho YK, Jang JS, Han JS, Cho JY

Contents Weekly  Volume 19  Number 20  May 28, 2013

� May 28, 2013|Volume 19|�ssue 20|WJG|www.wjgnet.com

FRONTIER

REVIEW

ORIGINAL ARTICLE

BRIEF ARTICLE



Contents
World Journal of Gastroenterology

Volume 19  Number 20  May 28, 2013

3077 Robotic cholecystectomy with new port sites

Kim JH, Baek NH, Li G, Choi SH, Jeong IH, Hwang JC, Kim JH, Yoo BM, Kim WH

3083 High-intensity focused ultrasound ablation: An effective bridging therapy for 

hepatocellular carcinoma patients

Cheung TT, Fan ST, Chan SC, Chok KSH, Chu FSK, Jenkins CR, Lo RCL, Fung JYY, 

Chan ACY, Sharr WW, Tsang SHY, Dai WC, Poon RTP, Lo CM

3090 Development and application of a real-time polymerase chain reaction 

method for Campylobacter jejuni  detection

Zhang MJ, Qiao B, Xu XB, Zhang JZ

3096 Prediction of risk factors for lymph node metastasis in early gastric cancer

Ren G, Cai R, Zhang WJ, Ou JM, Jin YN, Li WH

3108 Rectal gastrointestinal stromal tumors: Imaging features with clinical and 

pathological correlation

Jiang ZX, Zhang SJ, Peng WJ, Yu BH

3117 Synchronous adenocarcinoma and gastrointestinal stromal tumors in the 

stomach

Cai R, Ren G, Wang DB

3124 Risk factors for proton pump inhibitor refractoriness in Chinese patients with 

non-erosive reflux disease

Niu XP, Yu BP, Wang YD, Han Z, Liu SF, He CY, Zhang GZ, Wu WC

3130 Expression of huCdc7 in colorectal cancer

Chen HJ, Zhu Z, Wang XL, Feng QL, Wu Q, Xu ZP, Wu J, Yu XF, Qian HL, Lu Q

3134 Nonalcoholic fatty liver disease and microvascular complications in type 2 

diabetes

Lv WS, Sun RX, Gao YY, Wen JP, Pan RF, Li L, Wang J, Xian YX, Cao CX, Zheng M

3143 Value of circulating cell-free DNA in diagnosis of hepatocelluar carcinoma

Chen K, Zhang H, Zhang LN, Ju SQ, Qi J, Huang DF, Li F, Wei Q, Zhang J

3150 Protective effects of two Lactobacillus plantarum strains in hyperlipidemic mice

Wang LX, Liu K, Gao DW, Hao JK

�� May 28, 2013|Volume 19|�ssue 20|WJG|www.wjgnet.com



Contents

��� May 28, 2013|Volume 19|�ssue 20|WJG|www.wjgnet.com

3157 Small undifferentiated intramucosal gastric cancer with lymph-node 

metastasis: Case report

Odagaki T, Suzuki H, Oda I, Yoshinaga S, Nonaka S, Katai H, Taniguchi H, Kushima R, 

Saito Y

3161 Intraductal papillary neoplasm of the bile duct accompanying biliary mixed 

adenoneuroendocrine carcinoma

Onishi I, Kitagawa H, Harada K, Maruzen S, Sakai S, Makino I, Hayashi H, Nakagawara H, 

Tajima H, Takamura H, Tani T, Kayahara M, Ikeda H, Ohta T, Nakanuma Y

3165 Behçet’s disease complicated by multiple aseptic abscesses of the liver and 

spleen

Maeshima K, Ishii K, Inoue M, Himeno K, Seike M

3169 Esophageal reconstruction with remnant stomach: A case report and review 

of literature

Xie SP, Fan GH, Kang GJ, Geng Q, Huang J, Cheng BC

World Journal of Gastroenterology
Volume 19  Number 20  May 28, 2013

CASE REPORT



NAME OF JOURNAL 
World Journal of  Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Ferruccio Bonino, MD, PhD, Professor of  Gastro-
enterology, Director of  Liver and Digestive Disease 
Division, Department of  Internal Medicine, University 
of  Pisa, Director of  General Medicine 2 Unit Univer-
sity Hospital of  Pisa, Via Roma 67, 56124 Pisa, Italy

Myung-Hwan Kim, MD, PhD, Professor, Head, 
Department of  Gastroenterology, Director, Center 
for Biliary Diseases, University of  Ulsan College of  
Medicine, Asan Medical Center, 388-1 Pungnap-
2dong, Songpa-gu, Seoul 138-736, South Korea

Kjell Öberg, MD, PhD, Professor, Department of  
Endocrine Oncology, Uppsala University Hospital, 
SE-751 85 Uppsala, Sweden

Matt D Rutter, MBBS, MD, FRCP, Consultant Gas-
troenterologist, Senior Lecturer, Director, Tees Bowel 
Cancer Screening Centre, University Hospital of  
North Tees, Durham University, Stockton-on-Tees, 
Cleveland TS19 8PE, United Kingdom

Andrzej S Tarnawski, MD, PhD, DSc (Med), Pro-
fessor of  Medicine, Chief Gastroenterology, VA 
Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 
CA 90822, United States

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Gastroenterology
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 
315-321 Lockhart Road, Wan Chai, Hong Kong, China

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Shuai Ma                Responsible Science Editor: Ling-Ling Wen
Responsible Electronic Editor: Dan-Ni Zhang  Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

�V May 28, 2013|Volume 19|�ssue 20|WJG|www.wjgnet.com

Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLICATION DATE
May 28, 2013

COPYRIGHT
© 2013 Baishideng. Articles published by this Open-
Access journal are distributed under the terms of  the  
Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and repro-
duction in any medium, provided the original work 
is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in this journal represent the 
viewpoints of  the authors except where indicated 
otherwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

INDEXING/ABSTRACTING

World Journal of Gastroenterology
Volume 19  Number 20  May 28, 2013

I-VI  Instructions to authors

Editorial Board Member of World Journal of Gastroenterology, Burton I Korelitz, MD, 
Chief Emeritus, Director of Clinical Research in Gastroenterology, Division of Gastroenter-
ology, Department of Medicine, Lenox Hill Hospital, New York, NY 10075, United States

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  1352 experts in gastroenterology and hepatology 
from 64 countries.
    The primary task of  WJG is to rapidly publish high-quality original articles, reviews, 
and commentaries in the fields of  gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science 
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medi-
cus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of  Open 
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2011 Impact 
Factor: 2.471 (32/74); Total Cites: 16951 (7/74); Current Articles: 677 (1/74); and Eigenfactor® 
Score: 0.06035 (5/74). 

I-IX  Editorial Board

APPENDIX

ABOUT COVER

AIMS AND SCOPE

FLYLEAF



2979 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Expert opinion: Experience with 6-mercaptopurine in the 
treatment of inflammatory bowel disease

Burton I Korelitz

Burton I Korelitz, Clinical Research in Gastroenterology, Divi-
sion of Gastroenterology, Department of Medicine, Lenox Hill 
Hospital, New York, NY 10075, United States
Author contributions: Korelitz BI solely contributed to this pa-
per.
Correspondence to: Burton I Korelitz, MD, Chief Emeritus, 
Director of Clinical Research in Gastroenterology, Division of 
Gastroenterology, Department of Medicine, Lenox Hill Hospital, 
New York, NY 10075, United States. bkorelitz@nshs.edu
Telephone: +1-212-4342063    Fax: +1-212-4342446
Received: December 26, 2012  Revised: April 9, 2013
Accepted: April 17, 2013
Published online: May 28, 2013

Abstract
Arbitrarily, modern day treatment of inflammatory 
bowel disease begins with the introduction of immuno-
suppressives for ulcerative colitis. Clinical improvement 
with sulfasalazine had been meaningful but modest. 
Treatment with adrenocorticotropic hormone and corti-
costeroids led to clinical responses never before realized 
but it took much too long to recognize that they were 
not capable of maintaining remission, that adverse 
reactions were subtle but potentially devastating and 
that some other agent would be necessary to capitalize 
on their transient advantage. This of course was true 
in the treatment of Crohn’s disease as well. Not much 
was ever made of the role of sulfasalazine for Crohn’
s disease, but with the severing of the diazobond and 
the elimination of the sulphur component, the 5-ami-
nosalacylic acid (5-ASA) products clearly led to clinical 
improvement, especially in cases of Crohn’s colitis and 
those with ileitis where the 5-ASA product was released 
in the terminal ileum and more proximal in the small 
bowel as well as in ulcerative colitis. The induction of 
remission was first demonstrated by 6-mercaptopurine 
(6-MP) with case reports and uncontrolled trials in pa-
tients with ulcerative colitis, but its placebo controlled 
trial for Crohn’s disease firmly established its role in 
inducing remission. No subsequent trial has confirmed 

its similar role for ulcerative colitis, but nevertheless cli-
nicians know well that 6-MP works at least as well and 
probably more effectively for ulcerative colitis than for 
Crohn’s disease. What changes have taken place utiliz-
ing 6-MP in the management of inflammatory bowel 
disease since its introduction in the 1960’s and 1970’s 
and its trial for Crohn’s disease published in the New 
England Journal of Medicine  in 1980?

© 2013 Baishideng. All rights reserved.

Key words: 6-Mercaptopurine; Crohn’s disease; Ulcer-
ative colitis 

Core tip: Calculation of dose, utilization of serological 
tests, maintenance therapy, desensitization to 6-mer-
captopurine (6-MP), toxicity to 6-MP, post-operative 
prevention, extraintestinal manifestations, perirectal 
fistulas and other fistulas, pregnancy, role of biologicals 
in management, brand name vs  generic 6-MP and aza-
thioprine. 

Korelitz BI. Expert opinion: Experience with 6-mercaptopu-
rine in the treatment of inflammatory bowel disease. World J 
Gastroenterol 2013; 19(20): 2979-2984  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i20/2979.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i20.2979

CALCULATION OF DOSE 
In the original controlled study, the dose of  6-mercapto-
purine (6-MP) chosen by Present and myself  was based 
on weight at 1 ½ mg per kilogram. This precedent has 
subsequently been used in almost all other studies around 
the world when the immunosuppressive of  choice was 
6-MP rather than Azathioprine. Despite this and due to 
my own experience based on the wide range of  leukope-
nia as influenced by dose, I changed my preference from 
dose by weight and started all patients at 50 mg/d. Since 
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in both cases my policy was to have blood drawn for a 
complete blood count (CBC), at one, two and three weeks, 
a rapid fall in the white blood cell count (WBC) would 
be recognized early and the drug could be reduced or 
stopped accordingly. On the contrary should there be no 
fall in the WBC and there also be no clinical improvement 
in the inflammatory bowel disease (IBD), ulcerative colitis 
(UC) and Crohn’s disease (CD), I would have the oppor-
tunity to increase the dose within the 3 wk period[1-5].

If  the patient were still on steroids when the 6-MP 
was started and there was clinical improvement, I have 
reduced the steroid dose early to minimize its duration, 
also keeping in mind that the WBC was elevated because 
of  the steroids and their reduction might accelerate the 
leukopenia. Reintroduction of  6-MP after stabilization 
on recovery from the leukopenia would be by 25-50 mg 
less than before. Some patients tolerate only as little as ½ 
tablet or 25 mg/wk while others require an increase up to 
300 mg/d, the low and the high doses being equally ef-
fective for the individual case.

This exercise has been modified by the availability of  
biologicals since the severity of  disease and lack of  re-
sponse to early doses of  6-MP will serve to accelerate the 
decision to add the biological to the therapy[6-8].

UTILIZATION OF SEROLOGICAL TESTS 
TO INFLUENCE THE DOSE OF 6-MP 
Since these tests were not available in the 1960’s and 
1970’s, we were permitted a prolonged period of  experi-
ence without them and then later learned that I never 
had to utilize them. By the time I would decide to start 
6-MP the first CBC was drawn and interpreted before 
there was even time to receive a report on thiopurine 
methyltransferase, TGN or TPPT. Furthermore, a favor-
able clinical response was documented as early as pos-
sible since the blood counts were entered on a monitor 
sheet followed by directions by me when the patient 
called as told to do so. If  the patient did not call on time, 
it was the practice of  my office to call them should a 
change in dose be warranted. With increased experience, 
I would also get liver function tests including a GGTP 
early on and then periodically to recognize mild abnor-
malities consistent with an acceptable “transaminitis” 
versus a progressive abnormality of  true liver damage. 
One monitor sheet included a column for WBC, Hb, 
Hct, and platelets and another for bilirubin, serum glu-
tamic oxaloacetic transaminase, serum glutamic pyruvate 
transaminase, alkaline phosphatase, GGTP and Amy-
lase[9-12].

MAINTENANCE THERAPY WITH 6-MP 
FOLLOWING SUCCESSFUL INDUCTION
As an outcome of  the original controlled trial, we learned 
that the mean time to induction of  remission was three 
months. Even then, however, it was clear that some pa-
tients responded faster, even as little as three weeks, and 

others might take up to a year and still be successful. The 
differences were modified by recognizing the success of  
a small dose of  6-MP leading to that dose becoming the 
maintenance dose, and the failure of  the initial dose lead-
ing to a relatively rapid increase until the maintenance 
dose was found without requiring a whole year or even 
six months. Again, should the patient be on steroids 
when the 6-MP was started, tapering and elimination of  
the steroids was part of  the goal, always mindful that any 
reduction of  steroids increased the risk for leukopenia.

The role of  immunosuppressives in top down vs bot-
tom up straddles these two approaches to therapy. This 
is because 6-MP has maintenance as well as induction 
value as opposed to steroids which work quickly but have 
no maintenance value and infliximab which also works 
quickly and does have maintenance value. The 6-MP, 
however, is slower in its action than both of  the above in 
most cases. Therefore 6-MP will be more appropriate as a 
Step Up drug unless used from the outset as a Top Down 
in conjunction with infliximab as done in the Sonic Trial. 

At the other end of  the spectrum, after prolonged 
remission on 6-MP [± a 5-aminosalacylic acid (5-ASA) 
product but no biological as yet], some patients wanted 
to stop the drug, others refused to stop it remembering 
the severity of  their disease before its introduction, and 
others accepted my recommendation based on clinical 
judgment. The time between CBC’s and LFT’s was al-
ready extended due to persistence of  normality, so that 
some patients reached an interval of  three months. I have 
chosen not to extend the interval beyond this period. If  I 
then chose to reduce the dose on clinical grounds (usually 
because of  patients’ persistent fear of  toxicity), I would 
deduct 25-50 mg. from the daily dose and keep that level 
for a trial of  one year before considering a further reduc-
tion. This means that some patients would be maintained 
on one tablet/day (reduced from 2/d or 1 ½/d) and oth-
ers on ½ every other day reduced from ½/d or ½ on two 
out of  three days.

At this time I will add that in a few cases I eventually 
stopped the 6-MP entirely. I have not yet analyzed the 
results but have witnessed many examples of  recurrence 
on both stopping and reducing the dose of  the 6-MP[13-16].

DESENSITIZATION TO 6-MP IN THE 
COURSE OF TREATMENT OF IBD
Next to leukopenia, allergic reactions to 6-MP are the 
next most common adverse effects. Whether nausea and 
malaise are also on an allergic basis has not been clear. 
In my own experience, the most common allergic reac-
tions are fever, skin rash, joint pains and back pain. Un-
fortunately, the 6-MP has often been terminated on this 
basis and both CD and UC have frequently progressed 
in severity thereafter, leading to surgical resections which 
might not have been necessary. Just as we have found 
earlier that desensitization to sulfasalazine not only is fre-
quently successful, and treatment with that drug resulted 
in remissions of  IBD, particularly UC, desensitization has 
been fruitful for 6-MP. This has been done by starting 
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with as little as 1/8 tablet and increasing the dose every 
few days or switching to Azathioprine at either full dose 
or the same fractions. In my experience the only allergic 
reaction to which desensitization has rarely been success-
ful has been pancreatitis. Once desensitization to 6-MP 
has been accomplished, remission has been maintained 
on this drug for many years[17,18].

TOXICITY TO 6-MP IN THE COURSE OF 
TREATMENT OF IBD
Other than leukopenia and allergic reactions to 6-MP, 
concern about neoplasm has prevailed. After many years 
of  experience, I am convinced that malignant tumors 
such as breast, lung, liver, pancreas, kidney, prostate and 
brain are not more common in those treated with 6-MP 
than in the entire IBD population or the general popula-
tion. The problem of  lymphoma has warranted intense 
observation and it is statistically significantly increased 
but still rare. I accept the conclusion that a lymphoma oc-
curs in somewhere between 1:2000 and 1:4000 cases. If  
it occurs its prognosis is no different than lymphomas in 
IBD patients not treated with 6-MP or Azathioprine or 
no IBD. The exception to this rule is the hepato-splenic 
lymphoma which carries the worst prognosis of  the 
lymphomas and it occurs in children, particularly male 
children who have the most virulent IBD, so that even in 
this group of  patients it is challenging not to use 6-MP 
as well as to using it. Most patients with this type of  
lymphoma have been on combination therapy (6-MP or 
Azathioprine plus IV infliximab) but the onus is on the 
immunosuppressive since the lymphoma rarely occurs 
with infliximab alone. The one neoplasm which theoreti-
cally might be increased with immunosuppressive therapy 
is colon cancer superimposed on ulcerative or Crohn’s 
colitis. My own studies and those of  others have shown 
that this is not the case. If  anything, treatment with im-
munosuppressives has reduced the risk of  colon cancer, 
probably as a result of  eliminating inflammation due to 
successful therapy.

Unfortunately, skin cancers are common in IBD pa-
tients treated with immunosuppressives. While basal cells 
can be successfully resected and don’t often lead to ter-
minating 6-MP, this is not so true of  squamous cell carci-
nomas which I see fairly commonly in patients who have 
received the drug for many years. I have rarely seen a mela-
noma in patients on 6-MP.

Opportunistic infections are rare. When they occur 
they correlate best with situations when the disease is not 
controlled by the immunosuppressive drug and usually 
when the patient is still being treated with steroids.

Pancreatitis usually occurs within three weeks of  onset 
of  treatment with 6-MP. In our original studies, we encoun-
tered pancreatitis in 3% of  patients. I rarely see it anymore.

Thrombocytopenia is fairly common in patients on 
6-MP and if  it occurs it is usually in conjunction with leu-
kopenia. Anemia due to 6-MP is rare and if  it occurs is 
most likely accompanied by a pancytopenia and requires 

stopping the immunosuppressive therapy[19-26].

POST OPERATIVE PREVENTION WITH 
6-MP
Trials of  available drugs for prevention of  recurrent il-
eitis after ileo-colic resection have been disappointing. My 
own study of  6-MP for this indication showed statistically 
significant but not impressive results. Nevertheless, I have 
had many patients who started 6-MP following surgery 
who have remained without clinical recurrence for many 
years. It is my impression that endoscopic recurrence may 
occur despite taking the 6-MP, but its progress to a point 
of  clinical recurrence is extremely retarded. I have also 
reassessed the results of  my own study and learned that 
when the 6-MP is started in the immediate peri-operative 
period, protection against the recurrence is far more ef-
fective. This is an area where infliximab is proving to 
be more effective than immunosuppressives, again best 
when started immediately postoperatively. More studies 
in the area of  which drug, both, and when are needed to 
resolve this question[27-29].

THE ROLE OF IMMUNOSUPPRESSIVES 
FOR EXTRAINTESTINAL 
MANIFESTATIONS
Before the advent of  biologicals, treatment of  pyoderma 
gangrenosum, erythema nodosum, arthritic manifesta-
tions and uveitis were often successful with the intro-
duction of  6-MP. If  however, the extraintestinal mani-
festation occurs while the patient is already taking an 
immunosuppressive, the need to introduce a biological is 
clear.

PERIRECTAL FISTULAS AND OTHER 
FISTULAS
Many of  my own studies have demonstrated the favor-
able effect on all fistulas with 6-MP treatment. Perirectal 
fistulas and abscesses often require incision and drainage 
in conjunction with 6-MP but are more likely to be re-
current without immunosuppressive therapy at the same 
time. Infliximab also has been very effective in closing 
fistulas. Nevertheless, it is fairly common to see persis-
tent drainage from fistulas despite treatment with either 
drug alone and even with the combination. Fortunately, 
the severity of  the residual fistula is not great and if  the 
primary CD has been brought into remission, the patient 
tolerates the drainage well[30,31].

PREGNANCY AND 
IMMUNOSUPPRESSIVES
The issue of  6-MP and AZA before and during preg-
nancy prevails since the most common years of  onset 
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disease or have been in remission only briefly following a 
severe attack, I recommend continuing the drug. This is 
an area where rules should not be rigid[32-36].

THE ROLE OF 6-MP SINCE THE 
AVAILABILITY OF BIOLOGICALS; WHEN 
TO ADD ONE TO THE OTHER, WHEN TO 
TERMINATE ONE OR THE OTHER AND 
WHICH ONE
Some of  the most challenging therapeutic decisions have 
been raised since the publication of  articles suggest-
ing that once a patient with Crohn’s disease is in clinical 
remission while being treated with both infliximab and 
6-MP/AZA, there is no advantage to continuing the im-
munosuppressive drug. These studies do not adequately 
allow for the duration of  treatment with the 6-MP, when 
it was started in reference to infliximab, or the duration 
and dose of  infliximab required to bring the patient into 
remission. Furthermore, it does not allow for the conclu-
sions of  the Study of  Immunomodulator Naïve Patients 
in Crohn’s Disease which demonstrated that the thera-
peutic efficacy of  the combination of  infliximab and 
6-MP/AZA is greater than either drug alone.

The following are the my suggested options for 
changing therapy for Crohn’s disease and ulcerative coli-
tis in regard to either 6-MP or AZA alone, infliximab or 
other biological alone, and 6-MP/AZA and a biological 
together.

No response or beginning failure with 6-MP/AZA alone
Increase the dose if  WBC or platelets permit; add a bio-
logical; add a 5-ASA product (this is a particularly good 
opportunity to add a once daily dose product for compli-
ance reasons.); surgery, usually the last resort, but influ-
enced by location and specific complication of  Crohn’s 
disease.

No response or failure with a biological
Increase the dose, decrease the interval between infusions 
or injections; add 6-MP or AZA; add a 5-ASA product; 
change the biological; Measure serum infliximab and 
antibody levels for guidance; brief  rescue therapy with in-
travenous corticosteroids; Surgery, usually the last resort, 
but influenced too by location and specific complication 
of  the Crohn’s disease.

Failure with combined therapy of immunosuppressive 
and biological
Increase the dose of  the immunosuppressive if  WBC or 
platelet counts permit; decrease the interval between in-
fusions or injections; add a 5-ASA product; brief  rescue 
therapy with intravenous corticosteroids; measure serum 
infliximab and antibody levels for guidance; stop biologi-
cal if  degree of  immunogenicity is high and accompanied 
by allergic symptoms such as joint pains; stop 6-MP or 

of  Crohn’s disease and ulcerative colitis are during the 
ages of  greatest fertility and Crohn’s disease occurs more 
often in females than males. Furthermore, consideration 
of  continuing immunosuppressives during pregnancy is 
markedly diluted as an issue since pregnancy usually takes 
emotional priority over treatment of  the disease in female 
IBD patients who want to stop all medications and so 
often the obstetrician is encouraging them to do so.

The evidence favoring continuing 6-MP/AZA during 
the pregnancy is based on the following: (1) The largest 
reported study on pregnancy and adverse outcomes pos-
sibly attributed to 6-MP from Mount Sinai has concluded 
that these drugs are safe; (2) Most adverse reactions to 
6-MP/AZA occur early, soon after the drug is started. 
Therefore, the coincidence of  any other toxicity to 6-MP 
in pregnancy most likely must be attributed to active dis-
ease; and (3) If  the most virulent factor with toxic com-
plications during pregnancy is active Crohn’s disease and 
if  the patient is in a remission just achieved by the drug, 
it should not be stopped. On the other hand, in a study 
from Lenox Hill Hospital there was a 23% incidence of  
spontaneous abortions (vs 13% in IBD controls), a 3% 
incidence of  ectopic pregnancies (compared with none in 
IBD controls) and finally an abnormal amniocentesis in 2 
patients (and none in the IBD controls). 

Statistically speaking, no one is yet certain of  the risk 
or the safety of  immunosuppressives taken before or 
during pregnancy and therefore no conclusion should yet 
be drawn. Logically there must be a compromise solu-
tion: (1) Given that the most important issue is active 
Crohn’s disease at conception, if  the patient has already 
been started on the immunosuppressive drug it should 
be continued and the dose even increased if  the clinical 
severity of  the disease warrants it; (2) If  the IBD is in 
remission and has been for months or for years, I find 
no contraindication to stopping the drug at or before the 
diagnosis of  pregnancy since our experience has shown 
that any exacerbation is not likely to occur immediately 
or for that matter even for months, by which time the 
pregnancy may be ended or at least the fetus is protected 
through the first trimester when theoretically it would be 
most susceptible to any danger. Should an exacerbation 
occur earlier in the pregnancy, the choice may be made 
to reintroduce the drug; (3) The risk of  toxicity to the 
pregnancy when the father is the one who has the IBD 
and is taking 6-MP/AZA raises a special consideration. 
If  the male has been in remission, it might be prudent 
to stop the drug for 1 to 3 mo before conception. Since 
the timing of  the pregnancy is so infrequently controlled, 
this opportunity does not occur often; and (4) Decisions 
whether to continue 6-MP/AZA in pregnant women and 
their husbands who are taking the drug for IBD require 
rigorous clinical judgement. For example, if  the woman 
has been in remission for a long time, it seems reasonable 
to stop the drug until delivery since recurrence is very 
unlikely. If  recurrence does develop, then the drug can 
be restarted at that time. If  either the pregnant female 
patient or the husband with IBD have active Crohn’s 
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AZA if  complications suspected of  being attributed to 
these drugs are evident, such as nausea, malaise, fever, 
and worsening liver or pancreatic function tests; surgery.

Eliminating 6-MP/AZA after remission with combined 
therapy of immunosuppressives and biologicals
Complications of  drug or disease; reduce the dose - es-
pecially for persistent leukopenia; patients’ fear of  late 
complications; in some cases of  pregnancy or anticipated 
pregnancy; continuation influenced by earlier severity of  
the disease.

Eliminating biologicals (when used alone) after 
remission
Fear of  complications of  the drug; lack of  compliance; 
now substitute 6-MP/AZA; first extend interval for in-
fusion or injection; first reduce the dose; add a 5-ASA 
product if  not already done.

Eliminating the biological or immunosuppressive after 
remission with both
To be considered preferably only after 1 full year of  
maintenance therapy and full dose of  both after remis-
sion achieved; first reduce dose of  the immunosup-
pressives; eventually eliminate the 6-MP/AZA or the 
biological; the author’s preference is to eliminate the 
6-MP/AZA and continue the biological; later reduce the 
dose of  the biological as well.

Once remission of  the IBD has been maintained for 
at least a year, there are many considerations. While some 
patients do not wish to change the therapeutic program 
because of  its success, others are fearful of  complica-
tions of  either or both drugs and are anxious to eliminate 
or reduce. In some cases the specific indication for start-
ing the program remains tolerable but not eliminated, in 
which case I encourage the patient to persist. In other 
cases where the indication for starting one or both drugs 
is gone and indeed mucosal healing has been accom-
plished as well (mucosal healing to me requires histologi-
cal healing), I undertake a dose reduction.

Despite the efforts made in rationalizing the reduction 
of  6-MP vs infliximab, the subsequent management is cur-
rently influenced by the subsequent course of  the primary 
disease rather than patient hardships or drug complica-
tions. I have witnessed exacerbations of  Crohn’s disease 
and ulcerative colitis following elimination or reduction of  
both drugs. The course of  management is then clear by 
reinstituting the appropriate drug, preferably to the dose 
of  6-MP at which the longest remission was maintained 
or the infliximab at the dose and frequency of  infusions 
in which remission was achieved.

One other option for failure or intolerance to 6-MP 
or lack of  response to Remicade is the substitution of  a 
different biological. My experience is biased by the long 
period of  time with the availability of  only the Remicade. 
With the subsequent introduction of  Adalimumab and 
Certolizumab pegol, I had already learned how to use the 
inflximab well and had no need to change, or if  the inf-
liximab had failed so then did the other biological that I 

then tried. Furthermore, I don’t consider self  administra-
tion of  the biological an advantage since the patient has 
been known to alter the dose or the frequency for what-
ever the rationale whenever the guidance of  the manag-
ing gastroenterologist is reduced or otherwise modified. 
Rapport between patient and doctor remains an influen-
tial factor in successful therapy even though the scientific 
evidence for this might be lacking[37-39].

BRAND NAME VS GENERIC 6-MP AND 
AZATHIOPRINE
While there are no controlled trials to resolve this issue, 
I have seen more recurrences of  IBD after switching to 
the generic than when continuing with the brand (Puri-
nethol or Imuran). Therefore, I continue using the brand 
name when feasible.

REFERENCES
1 Korelitz BI, Wisch N. Long term therapy of ulcerative colitis 

with 6-mercaptopurine: a personal series. Am J Dig Dis 1972; 
17: 111-118 [PMID: 4401205 DOI: 10.1007/BF02232730]

2 Present DH, Korelitz BI, Wisch N, Glass JL, Sachar DB, 
Pasternack BS. Treatment of Crohn’s disease with 6-mercap-
topurine. A long-term, randomized, double-blind study. N 
Engl J Med 1980; 302: 981-987 [PMID: 6102739 DOI: 10.1056/
NEJM198005013021801]

3 Adler DJ, Korelitz BI. The therapeutic efficacy of 6-mercap-
topurine in refractory ulcerative colitis. Am J Gastroenterol 
1990; 85: 717-722 [PMID: 1972315]

4 Korelitz BI. Antimetabolites in inflammatory bowel disease: 
long-term experience. Mt Sinai J Med 1990; 57: 297-304 [PMID: 
2096276]

5 Markowitz J, Grancher K, Kohn N, Lesser M, Daum F. A 
multicenter trial of 6-mercaptopurine and prednisone in 
children with newly diagnosed Crohn’s disease. Gastroen-
terology 2000; 119: 895-902 [PMID: 11040176 DOI: 10.1053/
gast.2000.18144]

6 Korelitz BI, Adler DJ, Mendelsohn RA, Sacknoff AL. Long-
term experience with 6-mercaptopurine in the treatment of 
Crohn’s disease. Am J Gastroenterol 1993; 88: 1198-1205 [PMID: 
8338087]

7 Colonna T, Korelitz BI. The role of leukopenia in the 6-mer-
captopurine-induced remission of refractory Crohn’s dis-
ease. Am J Gastroenterol 1994; 89: 362-366 [PMID: 8122645]

8 Korelitz BI. What are the rules when treatment with 
6-MP/AZA is started? Inflamm Bowel Dis 2008; 14 Suppl 2: 
S262-S263 [PMID: 18816727]

9 Dubinsky MC, Lamothe S, Yang HY, Targan SR, Sinnett D, 
Théorêt Y, Seidman EG. Pharmacogenomics and metabolite 
measurement for 6-mercaptopurine therapy in inflammatory 
bowel disease. Gastroenterology 2000; 118: 705-713 [PMID: 
10734022 DOI: 10.1016/S0016-5085(00)70140-5]

10 Korelitz BI. A history of immunosuppressive drugs in the 
treatment of inflammatory bowel disease: origins at The 
Mount Sinai Hospital. Mt Sinai J Med 2000; 67: 214-226 [PMID: 
10828907]

11 Kornbluth A, Sachar DB. Ulcerative colitis practice guide-
lines in adults: American College Of Gastroenterology, 
Practice Parameters Committee. Am J Gastroenterol 2010; 105: 
501-523; quiz 524 [PMID: 20068560 DOI: 10.1038/ajg.2010.52]

12 Cuffari C. Optimizing Azathioprine Therapy in IBD Pa-
tients. In: Bayless TM, Hanauer SB. Advanced Therapy of 
Inflammatory Bowel Disease. 3rd ed. Shelton: PMPH-USA, 
2010

Korelitz BI. 6-MP in the treatment of inflammatory bowel disease



2984 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

13 Korelitz BI. Immunosuppressive Therapy. In: Bayless TM, 
editor. Current Management of Inflammatory Bowel Dis-
ease. Toronto: M.C. Decker, Inc., 1989: 252-256

14 Sutherland LR, Hanauer S, Scholmerich J. Standards for tri-
als of therapy in inflammatory bowel disease. Inflamm Bowel 
Dis 1997; 3: 277-283 [PMID: 23282874]

15 D’Haens G, Baert F, van Assche G, Caenepeel P, Vergauwe 
P, Tuynman H, De Vos M, van Deventer S, Stitt L, Donner 
A, Vermeire S, Van de Mierop FJ, Coche JC, van der Woude 
J, Ochsenkühn T, van Bodegraven AA, Van Hootegem PP, 
Lambrecht GL, Mana F, Rutgeerts P, Feagan BG, Hommes D. 
Early combined immunosuppression or conventional man-
agement in patients with newly diagnosed Crohn’s disease: 
an open randomised trial. Lancet 2008; 371: 660-667 [PMID: 
18295023 DOI: 10.1016/S0140-6736(08)60304-9]

16 Korelitz BI. Azathioprine and 6-Mercaptopurine for treat-
ment of Crohn’s Disease. In: Bayless TM, Hanauer SB. Ad-
vanced Therapy of Inflammatory Bowel Disease. 3rd ed. 
Shelton: PMPH-USA, 2010

17 Korelitz BI, Present DH, Rubin PH, Fochios SE. Desensitiza-
tion to sulfasalazine after hypersensitivity reactions in pa-
tients with inflammatory bowel disease. J Clin Gastroenterol 
1984; 6: 27-31 [PMID: 6142067]

18 Korelitz BI, Zlatanic J, Goel F, Fuller S. Allergic reactions 
to 6-mercaptopurine during treatment of inflammatory 
bowel disease. J Clin Gastroenterol 1999; 28: 341-344 [PMID: 
10372932 DOI: 10.1097/00004836-199906000-00011]

19 Present DH, Meltzer SJ, Krumholz MP, Wolke A, Korelitz 
BI. 6-Mercaptopurine in the management of inflammatory 
bowel disease: short- and long-term toxicity. Ann Intern Med 
1989; 111: 641-649 [PMID: 2802419]

20 Farrell RJ, Ang Y, Kileen P, O’Briain DS, Kelleher D, Keel-
ing PW, Weir DG. Increased incidence of non-Hodgkin’s 
lymphoma in inflammatory bowel disease patients on im-
munosuppressive therapy but overall risk is low. Gut 2000; 
47: 514-519 [PMID: 10986211 DOI: 10.1136/gut.47.4.514]

21 Korelitz BI, Mirsky FJ, Fleisher MR, Warman JI, Wisch N, 
Gleim GW. Malignant neoplasms subsequent to treatment 
of inflammatory bowel disease with 6-mercaptopurine. Am 
J Gastroenterol 1999; 94: 3248-3253 [PMID: 10566724 DOI: 
10.1111/j.1572-0241.1999.01530.x]

22 Warman JI, Korelitz BI, Fleisher MR, Janardhanam R. Cu-
mulative experience with short- and long-term toxicity to 
6-mercaptopurine in the treatment of Crohn’s disease and 
ulcerative colitis. J Clin Gastroenterol 2003; 37: 220-225 [PMID: 
12960720 DOI: 10.1097/00004836-200309000-00006]

23 Kandiel A, Fraser AG, Korelitz BI, Brensinger C, Lewis JD. 
Increased risk of lymphoma among inflammatory bowel dis-
ease patients treated with azathioprine and 6-mercaptopu-
rine. Gut 2005; 54: 1121-1125 [PMID: 16009685 DOI: 10.1136/
gut.2004.049460]

24 Peyrin-Biroulet L, Khosrotehrani K, Carrat F, Bouvier AM, 
Chevaux JB, Simon T, Carbonnel F, Colombel JF, Dupas JL, 
Godeberge P, Hugot JP, Lémann M, Nahon S, Sabaté JM, 
Tucat G, Beaugerie L. Increased risk for nonmelanoma skin 
cancers in patients who receive thiopurines for inflamma-
tory bowel disease. Gastroenterology 2011; 141: 1621-1628.e1-5 
[PMID: 21708105 DOI: 10.1053/j.gastro.2011.06.050]

25 Sultan K, Korelitz BI, Present D, Katz S, Sunday S, Shapira I. 
Prognosis of lymphoma in patients following treatment with 
6-mercaptopurine/azathioprine for inflammatory bowel dis-
ease. Inflamm Bowel Dis 2012; 18: 1855-1858 [PMID: 22241664 
DOI: 10.1002/ibd.22866]

26 Satchi M, Korelitz BI, Panagopoulos G, Bratcher J, Yu C, 
Atallah-Vinograd J, Schneider J. Is treatment with 6-mer-
captopurine for colitis associated with the development of 

colorectal cancer? Inflamm Bowel Dis 2013; 19: 785-788 [PMID: 
23392347 DOI: 10.1097/MIB.0b013e318289664c]

27 Hanauer SB, Korelitz BI, Rutgeerts P, Peppercorn MA, Thist-
ed RA, Cohen RD, Present DH. Postoperative maintenance 
of Crohn’s disease remission with 6-mercaptopurine, mesa-
lamine, or placebo: a 2-year trial. Gastroenterology 2004; 127: 
723-729 [PMID: 15362027 DOI: 10.1053/j.gastro.2004.06.002]

28 Regueiro M, Schraut W, Baidoo L, Kip KE, Sepulveda AR, 
Pesci M, Harrison J, Plevy SE. Infliximab prevents Crohn’s 
disease recurrence after ileal resection. Gastroenterology 2009; 
136: 441-450.e1; quiz 716 [PMID: 19109962 DOI: 10.1053/
j.gastro.2008.10.051]

29 Peyrin-Biroulet L, Deltenre P, Ardizzone S, D’Haens G, 
Hanauer SB, Herfarth H, Lémann M, Colombel JF. Azathio-
prine and 6-mercaptopurine for the prevention of postop-
erative recurrence in Crohn’s disease: a meta-analysis. Am 
J Gastroenterol 2009; 104: 2089-2096 [PMID: 19568226 DOI: 
10.1038/ajg.2009.301]

30 Sohn N, Korelitz BI, Weinstein MA. Anorectal Crohn’s dis-
ease: definitive surgery for fistulas and recurrent abscesses. 
Am J Surg 1980; 139: 394-397 [PMID: 7362011 DOI: 10.1016/0
002-9610(80)90301-3]

31 Korelitz BI, Present DH. Favorable effect of 6-mercaptopu-
rine on fistulae of Crohn’s disease. Dig Dis Sci 1985; 30: 58-64 
[PMID: 2856904 DOI: 10.1007/BF01318372]

32 Baiocco PJ, Korelitz BI. The influence of inflammatory bowel 
disease and its treatment on pregnancy and fetal outcome. J 
Clin Gastroenterol 1984; 6: 211-216 [PMID: 6144706]

33 Rajapakse RO, Korelitz BI, Zlatanic J, Baiocco PJ, Gleim 
GW. Outcome of pregnancies when fathers are treated with 
6-mercaptopurine for inflammatory bowel disease. Am J Gas-
troenterol 2000; 95: 684-688 [PMID: 10710057 DOI: 10.1111/
j.1572-0241.2000.01846.x]

34 Zlatanic J, Korelitz BI, Rajapakse R, Kim PS, Rubin SD, 
Baiocco PJ, Panagopoulos G. Complications of pregnancy 
and child development after cessation of treatment with 
6-mercaptopurine for inflammatory bowel disease. J Clin 
Gastroenterol 2003; 36: 303-309 [PMID: 12642735 DOI: 10.1097
/00004836-200304000-00005]

35 Francella A, Dyan A, Bodian C, Rubin P, Chapman M, Pres-
ent DH. The safety of 6-mercaptopurine for childbearing pa-
tients with inflammatory bowel disease: a retrospective co-
hort study. Gastroenterology 2003; 124: 9-17 [PMID: 12512024 
DOI: 10.1053/gast.2003.50014]

36 Akbari M, Shah S, Velayos FS, Mahadevan U, Cheifetz AS. 
Systematic review and meta-analysis on the effects of thio-
purines on birth outcomes from female and male patients 
with inflammatory bowel disease. Inflamm Bowel Dis 2013; 
19: 15-22 [PMID: 22434610]

37 Lémann M, Mary JY, Duclos B, Veyrac M, Dupas JL, Delch-
ier JC, Laharie D, Moreau J, Cadiot G, Picon L, Bourreille 
A, Sobahni I, Colombel JF. Infliximab plus azathioprine for 
steroid-dependent Crohn’s disease patients: a randomized 
placebo-controlled trial. Gastroenterology 2006; 130: 1054-1061 
[PMID: 16618399 DOI: 10.1053/j.gastro.2006.02.014]

38 Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Korn-
bluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond 
RH, Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P. 
Infliximab, azathioprine, or combination therapy for Crohn’
s disease. N Engl J Med 2010; 362: 1383-1395 [PMID: 20393175 
DOI: 10.1056/NEJMoa0904492]

39 Di Sabatino A, Liberato L, Marchetti M, Biancheri P, 
Corazza GR. Optimal use and cost-effectiveness of biologic 
therapies in inflammatory bowel disease. Intern Emerg 
Med 2011; 6 Suppl 1: 17-27 [PMID: 22009609 DOI: 10.1007/
s11739-011-0673-9]

P- Reviewers  Capasso R, Fitzpatrick LR, Kaymakoglu S    
S- Editor  Wen LL    L- Editor  A    E- Editor  Zhang DN

Korelitz BI. 6-MP in the treatment of inflammatory bowel disease



2985 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Role of microRNAs in the immune system, inflammation 
and cancer

Jennifer Raisch, Arlette Darfeuille-Michaud, Hang Thi Thu Nguyen

Jennifer Raisch, Arlette Darfeuille-Michaud, Hang Thi Thu 
Nguyen, M2iSH, UMR 1071 Inserm, University of Auvergne, 
63000 Clermont-Ferrand, France 
Jennifer Raisch, Arlette Darfeuille-Michaud, Hang Thi Thu 
Nguyen, INRA USC 2018, 63000 Clermont-Ferrand, France
Arlette Darfeuille-Michaud, Centre Hospitalier Universitaire, 
63000 Clermont-Ferrand, France
Author contributions: Raisch J and Nguyen HTT wrote the pa-
per; Darfeuille-Michaud A supervised the manuscript.  

Supported by The Ministère de la Recherche et de la Tech-
nologie (JE2526, France), Inserm and University of Auvergne 
(UMR1071), INRA (USC-2018); Grants from the Association 
François Aupetit (AFA to Arlette Darfeuille-Michaud), and the 
European Union FP7 People Marie Curie International Incoming 
Fellowship (IIF to Hang Nguyen)
Correspondence to: Hang Thi Thu Nguyen, PhD, Assistant 
Professor, M2iSH, UMR 1071 Inserm, University of Auvergne, 
28 place Henri Dunant, 63000 Clermont-Ferrand, 
France. hang.nguyen@udamail.fr
Telephone: +33-4-73178372  Fax: +33-4-73178371
Received: January 24, 2013    Revised: March 29, 2013
Accepted: April 10, 2013
Published online: May 28, 2013

Abstract
MicroRNAs, a key class of gene expression regulators, 
have emerged as crucial players in various biological 
processes such as cellular proliferation and differentia-
tion, development and apoptosis. In addition, microR-
NAs are coming to light as crucial regulators of innate 
and adaptive immune responses, and their abnormal 
expression and/or function in the immune system 
have been linked to multiple human diseases including 
inflammatory disorders, such as inflammatory bowel 
disease, and cancers. In this review, we discuss our 
current understanding of microRNAs with a focus on 
their role and mode of action in regulating the immune 
system during inflammation and carcinogenesis. 

© 2013 Baishideng. All rights reserved.
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Core tip: MicroRNAs (miRNAs), a key class of gene ex-
pression regulators, have emerged as crucial players in 
various biological processes such as cellular prolifera-
tion and differentiation, development and apoptosis. A 
better understanding of the function of miRNAs is pro-
viding new insights into the molecular basis of human 
pathologies, and new biomarkers for disease diagnosis 
and therapy. 

Raisch J, Darfeuille-Michaud A, Nguyen HTT. Role of microR-
NAs in the immune system, inflammation and cancer. World J 
Gastroenterol 2013; 19(20): 2985-2996  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i20/2985.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i20.2985

INTRODUCTION
MicroRNAs (miRNAs, miR) are small (approximately 
20-22 nucleotides), non-coding RNAs that post-
transcriptionally regulate gene expression by binding to 
the 3′-untranslated region of  target mRNAs, leading to 
mRNA degradation or translational inhibition[1]. 

Since the identification of  the first miRNA, lin-4, 
in Caenorabditis elegans in 1993[2,3], thousands of  miRNA 
genes have been identified in animal and plant genomes[4]. 
As a class, miRNAs account for about 1%-2% of  genes 
in worms, flies, and mammals[5]. Each miRNA can target 
hundreds of  mRNAs within a given cell type, and a single 
mRNA is often the target of  multiple miRNAs, and thus 
over half  of  the human transcriptome is predicted to be 
under miRNA regulation, embedding this post-transcrip-
tional control pathway within nearly every biological pro-
cess[5]. 

Given its fundamental biological roles, it is not sur-
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prising that miRNA expression is tightly controlled and 
that its deregulation can lead to various diseases. In this 
review, we summarize our current knowledge about the 
physiological role of  miRNAs in mammalian biology and 
the manner in which miRNA activities contribute to dis-
eases including inflammatory disorders and cancer.

MIRNA BIOSYNTHESIS AND 
REGULATION
Biosynthesis
Our knowledge of  miRNA biogenesis and regulation has 
been greatly expanded in recent years[1]. The canonical 
miRNA biogenesis takes place in a multi-step process 
and involves two RNAse Ⅲ endonucleases, Dicer and 
Drosha. MiRNAs are encoded by genomic DNA and 
are most commonly transcribed by RNA polymerase Ⅱ, 
which generates a primary miRNA (pri-miRNA) tran-
script. Within the primary transcripts, miRNAs form 
stem-loop structures, which contain the mature miRNA 
as part of  an imperfectly paired double-stranded stem 
connected by a short terminal loop. Pri-miRNAs are then 
processed by a microprocessor complex, a multiprotein 
complex with the two core components, Drosha and Di 
George Syndrome critical region 8 (DGCR8)[6-8]. This re-
sults in the formation of  a hairpin-shaped RNA molecule 
of  70-100 bp called miRNA precursor or pre-miRNA, 
which is then exported into the cytoplasm in a process 
involving the nucleocytoplasmic shuttle Exportin-5 and 
in a Ran-GTP-dependent manner[9-11]. In cytoplasm, 
the pre-miRNA hairpin is cleaved by the endonuclease 
DICER into an imperfect miRNA:miRNA* duplex of  
21-23 nucleotides in length[12]. After separation of  the 
two strands of  the duplex, one of  the strands (the mature 
miRNA) is transferred into an Argonote (Ago) protein 
located in the RNA-induced silencing complex (RISC 
or miRISC), which is involved in the repression of  gene 
expression by leading miRNAs to specific target mRNAs, 
whereas the other strand (the star-strand) is degraded. It 
has been shown that strand selection and RISC assembly 
in mammals are accomplished by a complex that contains 
Dicer, Ago and the double-stranded RNA binding pro-
tein TRBP[13-15]. MiRNAs target mRNAs by interacting 
with sites of  imperfect complementarity. Short “seed” 
sequences at the 5′-ends of  miRNAs (nucleotides 2-8) are 
critical, and in some cases fully sufficient, for target selec-
tion[16,17].

Regulation 
Although there have been recent advances in our knowl-
edge of  the biogenesis of  the miRNA pathway, relatively 
little is known about the mechanisms regulating the activ-
ity of  the pathway’s components. Several recent studies 
indicate that the regulation of  miRNA expression and 
function occurs at three levels: transcription, processing 
and subcellular localization[17,18]. 

The first, and one of  the most important, mechanisms 
controlling miRNA abundance is the regulation of  pri-

miRNA transcription, which could be positively or nega-
tively regulated by different factors such as transcription 
factors, enhancers, silencers and epigenetic modification 
in miRNA promoters[16]. For example, the oncogene 
c-myc can bind to the promoter of  the miR-17-5p cluster, 
thereby up-regulating expression of  the miRNAs encoded 
by the cluster[19,20]. Similarly, the tumour suppressor p53 
has been shown to upregulate the transcription of  miR-34 
family members, inhibiting important factors of  cell pro-
liferation and survival, such as Bcl2 and Cdk4 and 6[21-24]. 
A region of  miRNA genes is located within CpG islands 
involving the epigenetic control of  miRNA transcription. 
It is estimated from recent works that 5%-10% of  mam-
malian miRNAs are epigenetically regulated[19,25-27]. 

Several post-transcriptional regulatory mechanisms 
that affect miRNA processing at different stages, from 
the pri-miRNA transcripts to the delivery of  mature miR-
NAs to their target mRNAs, have recently been investi-
gated[18]. For example, p53 can form a complex with Dro-
sha, which increases the processing of  pri-miRNAs to 
pre-miRNAs[28]. Histone deacetylase Ⅰ can enhance pri-
miRNA processing by deacetylating the protein DGCR8 
of  the microprocessor complex[29]. Cytokines such as 
interferons have been shown to inhibit Dicer expression, 
decreasing the processing of  pre-miRNAs[30]. 

MICRORNAS AND IMMUNE SYSTEM
The immune system has evolved to maintain self-toler-
ance and to recognize efficiently specific pathogens. The 
innate immune system acts as a first protector providing 
an immediate response to pathogens, and propagation 
of  the innate response activates the adaptive immune 
system. Both innate and adaptive immune responses are 
highly regulated, and recent studies have shed light on the 
role of  miRNAs in this intricate system[31,32]. The role of  
miRNAs in immune responses will be discussed in this 
section.

MicroRNAs and innate immune response
The innate immune system is activated via recognition of  
pathogen-associated molecular patterns by toll-like recep-
tors (TLRs)[33], which will recruit adaptor proteins to the 
receptor, followed by activation of  downstream signalling 
pathways such as the nuclear factor kappa-light-chain-
enhancer of  activated B cells (NF-κB) pathway[34]. This 
signal transduction ultimately leads to induction of  im-
mune gene expression. 

The first study examining the effect of  lipopolysac-
charide (LPS)-mediated activation of  TLR signalling on 
miRNA production identified miR-155, miR-146a and 
miR-132, which are induced in human macrophages 
by LPS[35]. Further analysis showed that miR-155 is in-
duced by LPS, cytokine IFN-β and various TLR ligands 
in murine macrophages[36,37]. MiR-155, once induced, is 
involved in the activation of  tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6), enzyme linked immu-
nosorbent assay pathway via targeting the Fas-associated 
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death domain protein, I B kinase ε, and receptor (TNF 
receptor superfamily)-interacting serine-threonine kinase 
1[37]. MiR-155 plays a role in the innate immune response 
by regulating suppressor of  cytokine signalling (SOCS)-1, 
a negative regulator of  dendritic cell antigen-presenting 
capacity[37-39]. Likewise, miR-155-deficient dendritic cells 
exhibit impaired antigen presentation and therefore are 
unable to activate T cells to promote inflammation[39]. 
One study demonstrated that in human myeloid-derived 
DCs, knockdown of  miR-155 expression significantly 
increased protein expression of  the pro-inflammatory cy-
tokine IL-1[40]. The same study also showed that miR-155 
directly inhibited expression of  the pro-inflammatory 
signalling protein TAK1-binding protein 2 (TAB2, also 
known as MAP3K7IP2), which could be a mechanism 
underlying its anti-inflammatory property[40]. In contrast, 
other studies have shown that miR-155 can enhance in-
flammatory responses. Overexpression of  miR-155 in 
mouse bone marrow leads to a myeloproliferative pheno-
type that is similar to that observed transiently after LPS 
stimulation[41]. MiR-155 can negatively regulate SHIP1, 
an important negative regulator of  phosphoinositide 
3-kinase (PI3K) and the downstream AKT pathway[42,43]. 
SHIP1, which is similar to SOCS1, is a negative regulator 
of  TLR4 signaling[44], and hence repression of  SHIP1 by 
miR-155 may counter this negative regulation and in-
crease downstream AKT signalling. 

Like miR-155, miR-146a is induced by LPS, TNF-α 
and IL-1β in a NF-κB-dependent manner. MiR-146a 
in turn inhibits expression of  two components of  the 
TLR4 signaling pathway, IL-1 receptor associated kinase 
and TNF receptor-associated factor-6[35]. Thus, miR-146a 
functions as a negative feedback regulator of  the TLR/
NF-κB pathway. MiR-155 and miR-146 expression is in-
creased in macrophages in response to LPS stimulation, 
while miR-125b expression is decreased. MiR-125b can 
target TNF-α mRNA, and a decrease in its expression 
leads to elevated TNF-α production and consequently 
increased inflammatory response[37]. 

Macrophage inflammatory response to infection 
involves the upregulation of  several miRNAs, such as 
miR-21, miR-9 and miR-147[45-47]. These miRNAs can 
also be induced by TLR signaling, and can negatively 
regulate activation of  inflammatory pathways in myeloid 
cells. MiR-9 represses NF-κB subunit 1 (NFKB1/p50 
unit) and helps to maintain a constant level of  NF-κB1 
protein expression during TLR4-mediated activation 
of  monocytes and neutrophils[46]. MiR-147 has been 
shown to attenuate TLR2, TLR3 and TLR4-mediated 
production of  inflammatory proteins such as TNF-α 
and IL-6[47]. Induction of  miR-21 inhibits PDCD4, an 
IL-10 inhibitor, thereby derepressing IL-10. IL-10 in turn 
inhibits miR-155, allowing SHIP1 to be derepressed and 
inhibit TLR signaling[45,48]. Hence, immune responses are 
highly regulated by TLRs-mediated upregulation of  dif-
ferent miRNAs.

In addition to miRNA induction by TLR signaling, 
recent studies have also reported inflammatory repres-

sion, such as miR-155 repression, in response to anti-
inflammatory cytokine IL-10[49]. 

MicroRNAs and adaptive immune response
In addition to their role in regulating the innate immune 
system, miRNAs have been implicated in adaptive immu-
nity by controlling the development and activation of  T 
and B cells. 

T cells
Specific miRNA expression profiles have been reported 
in different T cell subsets and stages of  development[50-52], 
suggesting that miRNA-mediated regulation of  signal-
ing networks in T cells, and probably other immune cells, 
is dynamic and highly regulated. Interestingly, miRNA 
profiling in naive, effector and memory CD8+ T cells 
has revealed that a few highly expressed miRNAs are 
dynamically regulated during antigen-specific T-cell dif-
ferentiation[52]. Mice exhibiting T-cell specific deletion 
of  Dicer had lower numbers of  mature T cells with ab-
normally developed T-cell subsets than wild-type mice, 
indicating that miRNAs are required for T cell develop-
ment[53,54]. Two specific miRNAs have been implicated in 
T cell development, and probably account for some of  
the phenotype of  Dicer-deficient T cells. The miR-17-92 
cluster suppresses expression of  pro-apoptotic proteins, 
including BCL-2-interacting mediators of  cell death (BIM 
or BCL2L11) and phosphatase and tensin homologue. 
This miRNA cluster is thought to increase T cell survival 
during development and is expressed during the double 
negative 2 stage of  thymopoiesis[55]. 

The role of  miRNAs in the differentiation of  T 
cells into distinct effector T helper cell subsets has been 
recently reported. It was demonstrated that miR-326 
regulates differentiation of  TH17 cells both in vitro and 
in vivo[56]. MiR-155 is implicated in regulatory T (Treg) cell 
formation and function, since forkhead box P3 (FOXP3), 
a transcription factor that is required for the develop-
ment and function of  Treg cells, may directly regulate the 
expression of  this miRNA[57]. Furthermore, miRNA-
155-deficient mice are immunodeficient, indicating the 
implication of  miR-155 in homeostasis and the immune 
system[39]. Similarly, using genetic deletion and transgenic 
approaches, Thai and colleagues showed the important 
role of  miR-155 in the mammalian immune system, 
specifically in regulating T helper cell differentiation and 
the germinal center reaction to produce an optimal T 
cell-dependent antibody response[58]. Certain miRNAs, 
such as the miR-17-92 cluster, might be involved in the 
development and function of  T follicular helper cells 
(specialized T cells that provide selective signals to sup-
porting geminal center B cells), which are essential for 
long-lived antibody responses[59,60]. In addition, miR-181a, 
which is increased during early T cell development and 
down-regulated in mature CD4 T cells such as Th1 and 
Th2 effector cells, can enhance TCR signaling strength by 
inhibiting multiple phosphatases that negatively regulate 
the TCR signaling cascade[61]. Finally, conditional deletion 
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ated with several human disorders such as inflammatory 
bowel disease (IBD) (Table 1), which is a chronic inflam-
matory gastrointestinal disorder. Although the etiology 
of  IBD remains largely unknown, extensive studies in the 
last decades have suggested that it involves environmental 
and genetic factors that lead to dysfunction of  the epithe-
lial barrier with consequent deregulation of  the mucosal 
immune system and responses to gut microbiota[76]. 

Distinguished miRNA expression profiles have been 
recently described in tissues of  patients with active and 
inactive UC, CD, irritable bowel syndrome (IBS), infec-
tious colitis (IC), and microscopic colitis (MC)[77]. Wu and 
colleagues demonstrated that active UC was associated 

of  Dicer or Drosha in Treg cells led to lethal autoimmune 
inflammatory disease, accompanied by impaired develop-
ment or function of  Treg cells, indicating the role of  miR-
NAs in Treg cell biology[62-64]. 

B cells
Distinct miRNA profiles in naive, germinal central and 
post-germinal central B cells have been reported[65-67], 
suggesting the implication of  miRNAs in B cell devel-
opment and maturation. A pioneer study showed that 
miR-181 is highly expressed in B cells of  mouse bone 
marrow, and its ectopic expression in hematopoietic stem 
and progenitor cells resulted in an increase in the per-
centage of  B-lineage cells but not in T cells or myeloid 
cells[68], indicating the role of  lineage-specific miRNAs in 
regulating lymphocyte development. Conditional deletion 
of  Dicer in B cells completely arrested B cell develop-
ment in mice, which is thought to be due to dysregulated 
expression of  the pro-apoptotic protein BIM, probably 
during the selection of  effective antigen receptors[69]. No-
tably, B cells lacking miR-17-92 family and Dicer-deficient 
B cells exhibited similar gene expression profiles[70], sug-
gesting that this miRNA cluster could play a determining 
role in the regulation of  B cell development.

Recent studies have explored the role of  miR-150, a 
miRNA specifically expressed by mature lymphocytes, in 
B cell differentiation[51,71,72]. MiR-150 expression increases 
during B-cell maturation in bone marrow, and its consti-
tutive expression blocked B cell development at the tran-
sition from the pro-B-cell to pre-B-cell developmental 
stage, leading to severe defects in the production of  ma-
ture B cells[71]. MiR-150-deficient mice exhibited a 2-fold 
increase in splenic B-1 cell numbers, with a relative de-
crease in those of  B-2 cells, but had no apparent defect in 
the development of  other lymphoid-derived T- and B-cell 
types[72]. Mice expressing a miR-150 transgene early in life 
also had dramatically impaired B cell development with 
normal T cell levels. These defects in miR-150 gain- and 
loss-of-function were further shown to be due to dysreg-
ulation of  c-Myb, a target of  miR-150 and a transcription 
factor that controls multiple steps of  lymphocyte devel-
opment[72]. MiR-155-deficient B cells showed defects in 
antibody class switching and differentiation into plasma 
cells, resulting in an impaired humoral response to T cell-
dependent antigenic stimulation[39,58,73]. The constitutive 
expression of  miR-34a blocked B cell development at the 
pro-B to pre-B cell transition, leading to a reduction in 
mature B cells[74]. This block appeared to be mediated by 
miR-34a-inhibited expression of  the transcription factor 
Foxp1[74], which is an essential regulator of  B cell devel-
opment[75]. Together, these studies show the important 
role of  miRNAs in normal B cell development. 

MICRORNAS AND INFLAMMATORY 
BOWEL DISEASE 
As miRNAs play a critical role in the regulation of  the 
immune system, failure of  miRNA regulation is associ-

Table 1  MicroRNAs dysregulated in ulcerative colitis and/or 
Crohn’s disease

Up-regulated Down-regulated Source, 
reference

UC vs 
healthy

miR-16, miR-21, miR-23a, 
miR-24, miR-29a, miR-126, 

miR-195, let-7f, miR-21, miR-155

miR-192, 
miR-375, miR-

422b

Sigmoid 
colon[77]

miR-21, miR-155 Colon[78]

miR-7, miR-31, miR-135b, 
miR-223, miR-29a, miR-29b, 

miR-126*, miR-127-3p, miR324-
3p

miR-188-5p, 
miR-25, miR-
320a, miR-346

Colonic 
mucosa[79]

(miR-196a, miR-29a, miR-29b, 
miR-126*, miR-127-3p, miR324-

3p)1

(miR-188-5p, 
miR-25, miR-

320a, miR-346)2

miR-28-5p, miR-151-5p, 
miR-199a-5p, miR-340*, 

miRplus-E1271, miR-103-2*, 
miR-362-3p, miR-532-3p

miR-505* Peripheral 
blood[80]

CD vs 
healthy

miR-9, miR-126, miR-130a, 
miR-181c, miR-375, miR-26a, 
miR-29b, miR-30b, miR-34c-

5p, miR-126*, miR127-3p, miR-
133b, miR-155, miR-196a, 

miR324-3p, miR-21, miR-22, 
miR-29c, miR-31, miR-106a, 

miR-146a, miR146b-3p, miR-150

Colonic 
mucosa[79]

(miR-9*, miR-30a*, miR-30c, 
miR-223 miR-25a, miR-29b, 

miR-30b, miR-34c-5p, miR-126*, 
miR127-3p, miR-133b, miR-155, 
miR-196a, miR324-3p, miR-21, 
miR-22, miR-29c, miR-31, miR-
106a, miR-146a, miR146b-3p, 

miR-150)1

UC vs 
CD

miR-199p-5a, miR-362-
3p, miR-340*, miR-532-3p, 

miRplus-E1271

miR-149*, 
miRplus-F1065

Peripheral 
blood[80]

(miR-150, miR-
196b, miR-199a-
3p, miR-199b-5p, 
miR-223, miR-

320a)2

Colonic 
mucosa[79]

miR-28-5p, miR-103-2*, 
miR-149*, miR-151-5p, 
miR-340*, miR-532-3p, 

miRplus-E1153

miR-505* Peripheral 
blood[80]

1miRNAs upregulated specifically in non-inflamed colonic mucosa; 2miR-
NAs downregulated specifically in non-inflamed tissue colonic mucosa. 
UC: Ulcerative colitis; CD: Crohn’s disease.
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with the differential expression of  11 miRNAs (3 signifi-
cantly decreased and 8 significantly increased in UC tis-
sues). MiR-192, the expression of  which is decreased in 
active UC, was predominantly localized to colonic epithe-
lial cells, and targeted macrophage inflammatory peptide 
(MIP)-2α, a chemokine expressed by epithelial cells[77]. 
In colonic epithelial cells, TNF-α-induced MIP-2α ex-
pression was inhibited by a miR-192 mimic. In contrast, 
miR-21 is significantly increased in patients with active 
UC compared to healthy subjects. In inactive UC patients, 
miR-375 and miR-422 expression was increased, while 
that of  miR-192 was unaltered compared to healthy sub-
jects[77]. Inactive UC showed similar expression levels of  
miR-375, miR-422b, and miR-23a to IBS and IC tissues. 
The miRNAs differently expressed in active UC were not 
dysregulated in MC and CD. This study highlights the 
specific miRNA expression patterns in active and inactive 
IBD tissues, and suggests that miRNAs could regulate 
expression of  proteins implicated in the pathogenesis. 

Another study showed the upregulated expression of  
several miRNAs in active UC compared to healthy co-
lonic biopsies, suggesting that upregulation of  miRNAs 
may be responsible for the development of  intestinal 
inflammation in UC[78]. MiR-21 was found among the up-
regulated miRNAs, which is consistent with the findings 
of  Takagi et al[78]. 

Of  interest, Fasseu and colleagues identified restricted 
subsets of  miRNAs abnormally expressed in inactive 
colonic mucosa of  IBD patients[79]. This elegant study 
identified 14 (in UC) and 23 (in CD) miRNAs with 
significantly altered expression (> 5-fold increase or < 
0.05-fold decrease) in quiescent colonic mucosa com-
pared to healthy control tissues. Eight of  the miRNAs 
(miR-26a, -29a, -29b, -30c, -126*, -127-3p, -196a, -324-3p) 
were commonly dysregulated in non-inflamed UC and 
CD. Six miRNAs (miR-196b, -199a-3p, -199b-5p, -320a, 
-150, -223) displayed significantly distinct dysregulation 
of  expression between non-inflamed UC and CD colonic 
biopsies. Interestingly, several miRNA genes with dys-
regulated expression mapped within acknowledged IBD-
susceptibility loci. In addition, significant dysregulated 
expression of  four and five miRNAs specific to inflamed 
UC or CD tissues, respectively, compared to healthy 
controls was observed[79]. This study sheds light on the 
role of  miRNAs as contributors to IBD susceptibility, in 
particular their implication in the onset and/or relapse of  
inflammation from quiescent mucosa of  IBD patients. 

There have been recent reports of  differential miR-
NA expression profiles in the peripheral blood of  IBD 
patients[80]. Four miRNAs (miR-199a5p, -362-3p, -532-3p 
and miRplus-E1271) were upregulated and one miRNA 
(miRplus-F1065) was downregulated in the peripheral 
blood of  patients with active CD, but not inactive CD, 
compared to healthy controls[80]. Both active and inactive 
CD patients had increased expression of  miR-340 and 
decreased expression of  miR-149 in the blood. Expres-
sion of  three miRNAs (miR-103-2, 262-3p, 532-3p) was 
increased in the blood of  both active and inactive UC 

patients. In addition, a subset of  11 miRNAs can distin-
guish active CD from active UC[80]. This study important-
ly supports the evidence that distinct peripheral blood 
miRNA profiles in different circulating immune cell types 
are associated with IBD.

Efforts have been made to understand the mecha-
nisms underlying the implication of  miRNAs in the 
pathogenesis of  IBD. The potential association between 
single nucleotide polymorphisms (SNPs) in pre-miRNA 
coding regions and IBD susceptibility has been analyzed. 
A study in a Japanese cohort of  170 UC patients and 403 
healthy controls revealed the association of  three SNPs 
(rs11614913, rs2910164, and rs3746444) in coding regions 
of  pre-miR-196a2, pre-miR-146a and pre-miR-499[81]. 
Of  particular interest, the CD-associated SNP C313T in 
immunity-related GTPase family, M (IRGM) gene caused 
a loss in binding of  miR-196[82] (Figure 1). IRGM plays 
an important role in the immune system by its involve-
ment in the autophagy process. In addition, miR-196 is 
overexpressed in the inflamed epithelium of  CD patients 
and downregulates the IRGM protective variant (c.313C) 
but not the risk-associated allele (c.313T)[82]. Loss of  tight 
regulation of  IRGM expression by miR-196 resulted in 
defects in autophagy-mediated control of  intracellular 
replication of  adherent-invasive Escherichia coli (AIEC), 
leading to abnormal persistence of  AIEC in host cells 
(Figure 1). This suggests that the association of  IRGM 
with CD could arise from abnormal miRNA-mediated 
IRGM regulation, which affects the efficacy of  autopha-
gy, thereby contributing a synonymous polymorphism as 
a likely causal variant. 

Intestinal microbiota is increasingly recognized as a 
risk for, and a causal factor of, IBD. Our recent studies 
showed that miRNAs are involved in the regulation of  
host gene expression by gut microbiota[83]. In another 
study, we showed that miRNAs play a role in determining 
the unique physiological characteristics of  intestinal epi-
thelial cells, such as their differentiation during migration 
along the crypt/villus axis[84]. In particular, expression of  
CD98, a transmembrane glycoprotein that regulates inte-
grin signalling, cellular homeostasis and innate immune 
response in the gut[85], and its function are directly under 
the control of  miRNAs during the differentiation of  in-
testinal epithelial cells[86]. MiRNAs could also be involved 
in the upregulation of  CD98 during intestinal inflamma-
tion and IBD[86]. The biological importance of  miRNAs 
in the pathogenesis of  IBD is becoming clearer, and 
targeting miRNAs in the gastrointestinal tract may be a 
promising approach for future therapeutic opportunities.

MICRORNAS AND COLORECTAL 
CANCERS 
The transformation of  a normal epithelium into a can-
cerous state involves modifications in several genes that 
are involved in different stages of  carcinogenesis such 
as apoptosis, proliferation, limitless replicative potential 
of  tumor cells, angiogenesis, migration and invasion[87]. 
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Colorectal cancer (CRC) is one of  the most common 
cancers worldwide. Its incidence is greater in industrial 
countries than in developing countries[88]. MiRNAs have 
been shown to play an important role in oncogenesis by 
regulating the expression of  genes involved in cancer 
initiation, promotion and development[89]. Hundreds of  
miRNAs mapped to the human genome regions that 
are known to be altered in cancer, and a similar number 
of  miRNAs are aberrantly expressed in cancerous tis-
sues[90,91]. By analyzing miRNA expression profile (miR-
Nome) of  prostate, stomach, pancreas, lung, breast and 
colon tumors, Volinia and colleagues identified a solid 
cancer miRNA signature including those with well-char-
acterized cancer association, such as miR-17-5p, miR-20a, 
miR-21, miR-92, miR-106a, and miR-155[92]. In particular, 
21 miRNAs are up-regulated and 1 is down-regulated in 
colon tumors compared to normal tissue[92]. MiRNA pro-
files can identify different tissue and tumor types better 
than mRNA expression patterns, making them attractive 
targets for development as cancer biomarkers[93]. Distin-
guished miRNA profiles can even be found in the serum 
of  patients with cancers. The functions of  such circulat-
ing miRNAs have not been identified, but profiling of  
serum miRNAs might be a powerful approach for early 
cancer diagnosis. The cancer-associated miRNAs may 
function as oncogenes or tumor suppressors depending 
on their role in carcinogenesis. Some of  the best ex-
amples of  such miRNAs will be discussed in this section 

(Figure 2).

Oncogenic miRNAs
MiR-21 is one of  the most up-regulated miRNAs in vari-
ous cancers, including CRC[92,94], and was identified as an 
independent predictor of  overall survival in the valida-
tion set containing tumor samples from 113 patients with 
CRC[95]. It has been shown that miR-21 is involved in 
invasion, intravasation and metastasis processes by target-
ing the tumor suppressor PDCD4[96], and in CRC tissues 
expression of  miR-21 is inversely correlated with that of  
PDCD4 compared to normal tissue[97]. Shibuya and col-
leagues suggested that miR-21 expression may predict 
poor prognosis in CRC[98]. Likewise, these authors also 
examined the prognostic value of  miR-155 in CRC since 
its expression is up-regulated in tumor tissues compared 
to normal adjacent tissues from CRC patients[98]. MiR-155 
was previously shown to target the tumor protein 53-in-
duced nuclear protein 1 (TP53INP1), a pro-apoptotic 
stress-induced p53 target, and significant reduction or 
loss of  TP53INP1 expression was detected during ad-
enocarcinoma progression[99].

MiR-17-92 and miR-106b-25 clusters are known to 
be up-regulated in CRC stromal tissues compared with 
normal stroma[100]. They include, respectively, multiple 
mature miRNAs, miR-17, miR-18a, miR-19a, miR-20a, 
miR-19b1, miR-92-1[101], and miR-106b, miR-93 and 
miR-25[102]. These miRNA clusters play an important role 

Adherent-invasive Escherichia coli

IRGM

RISC

miR-196

Regulated autophagy

IRGM*

miR-196

Dysregulated autophagy

Decreased autophagy-mediated 
elimination of intracellular bacteria

Figure 1  Hypothetical model for the involvement of miR-196 in the pathogenesis of Crohn’s disease. MicroRNAs (miRNAs, miR) 196 normally targets immu-
nity-related GTPase family, M (IRGM) mRNA within RNA-induced silencing complex (RISC) for a negative regulation (left panel). The IRGM risk allele (IRGM*) mRNA 
lacks the binding site for miR-196 and therefore is not regulated by this miRNA (right panel). During Crohn’s disease, loss of tight regulation of IRGM* expression by 
miR-196 may lead to defects in autophagy with most intracellular bacteria replication occurring in dysfunctional vacuoles[82] (dotted cycle). This consequently results in 
abnormal persistence of pathogens in host cells, which could further worsen disease status[82].
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during carcinogenesis[92,100,103,104]. An anti-apoptotic ef-
fect of  miR-17-92 appears to be one of  the mechanisms 
underlying its procarcinogenic role in CRC develop-
ment and progression[105]. Abrogation of  miR-92a leads 
to cell apoptosis, and there is a correlation between the 
miR-17-92 overexpression in tumors of  CRC patients 
and the downregulated expression of  BIM, a member of  
the Bcl-2 family that promotes apoptosis[105]. Some works 
have reported that there is an interconnection between 
the expression of  miR-17-92 cluster and angiogenesis, 
which occurs later in tumor development and is one of  
the most important stages in carcinogenesis. Dews and 
colleagues demonstrated that the anti-angiogenic fac-
tors thrombospondin-1 (tsp-1) and connective tissue 
growth factor (CTGC) are down-regulated by this cluster 
in intestinal epithelial cells expressing constitutively the 
oncogene c-myc[106], which was shown to be involved in 
regulation of  miR-17-92 expression[20]. MiR-18 targets 
tsp-1 and miR-19 modulates the expression of  CTGF[107]. 

Other miRNAs have also been identified as causal 
factors in colon carcinogenesis. For example, miR-196a 
had higher expression level in CRC tissues than in normal 
epithelial tissues[108]. MiR-196a exerts a pro-oncogenic in-
fluence in CRC as a high level of  its expression promotes 
the oncogenic phenotype of  colorectal cancer cells such 
as increased cell detachment, migration and invasion[109]. 
MiR-31 is often up-regulated in CRC and its high expres-
sion associated with advanced tumor stage but the clinical 
significance is unclear[110]. MiR-181b-1, miR-135a, miR-
135b, miR-675 are also known to be up-regulated in CRC 
tumors[111]. MiR-135a is able to promote the growth and 
invasion of  CRC cells by targeting the metastasis sup-
pressor 1[112].

Tumor suppressor miRNAs
Mir-143 and miR-145 are among the best examples of  
tumor suppressor miRNAs. The expression of  these 
miRNAs is down-regulated in CRC tumors, and in other 

cancers such as breast, prostate, cervical and lymphoid 
cancer[113-115]. Many studies have reported that down-
regulation of  miR-143 and miR-145 correlates with poor 
prognosis[110,115,116]. The expression and post-transcrip-
tional maturation of  these miRNAs were recently shown 
to be enhanced by the tumor suppressor p53 in response 
to DNA damages in CRC cell lines[28,117]. In particular, 
miR-143 is involved in inhibition of  oncogene KRAS ex-
pression[118]. MiR-145 is reported to inhibit tumor growth 
and angiogenesis by directly targeting p70S6K1[117], which 
is activated by mTOR, and its overexpression in cancer 
cells induces tumor angiogenesis[119-121]. Another study 
reported that this miRNA is able to inhibit tumor growth 
and angiogenesis in breast cancer by targeting N-RAS 
and VEGF-A, which are key players in carcinogenesis[122]. 

It was recently demonstrated that miR-34a is down-
regulated in colon tumors and also in circulating 
blood[123]. Furthermore, ectopic expression of  miR-34a 
in CRC cell line reduces cell proliferation, demonstrating 
that this miRNA has a tumor suppressive function in co-
lon carcinogenesis[124]. Several studies conducted in 2007 
revealed that miR-34a can target p53, leading to apoptosis 
and cell cycle arrest[21-24,125]. MiR-203 is identified as an-
other tumor suppressor miRNA. Its low expression was 
found in vitro in CRC cell lines and was correlated with 
tumor size in CRC. MiR-203 can inhibit proliferation of  
cancer cell lines[126]. Li et al[127] showed that miR-203 over-
expression significantly decreased cell proliferation and 
survival and induced cell apoptosis in the p53-mutated 
CRC cells. The tumor suppressive role of  miR-203 was 
mediated by negatively regulating Akt2 expression via 
mRNA degradation. In addition, overexpression of  
miR-203 decreased expression of  the anti-apoptotic gene 
Bcl-xL, leading to a resistance to apoptosis[127]. MiR-126 
is specifically expressed in endothelial cells and is known 
to be down-regulated in CRC compared to normal tissue 
via an unknown mechanism[128]. In vitro studies suggested 
that a loss in negative regulation of  p85 subunit of  PI3K 

miR-21
miR-155
miR-17-92
miR-106b-25
miR-196a
miR-181b-1
miR-31
miR-135a
miR-135b
miR-675

Oncogenic miRNAs Tumor supressor miRNAs

Target genes

miR-143
miR-145
miR-203
miR-126
miR-34a

p53 PDCD4 TSP-1 PI3K

TP53INP1 NRAS BIM p70S6K1

Akt2CGTC

KRAS
MTSS1 VEGF-A

Bcl-xL

Cell cycle, apoptosis, differentiation, proliferation, 
migration, invasion, angiogenesis, metastasis

Figure 2  Overview of “oncogenic” and “tumor suppressor” microRNAs related to colorectal cancer described in this review, their targets and different 
carcinogenesis pathways in which they have been implicated. 
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by miR-126 could lead to a selective growth advantage 
during colon carcinogenesis[129].

CONCLUSION
MiRNAs are a class of  gene regulators that have recently 
emerged as key players in the innate and adaptive immune 
system. Changes in miRNA expression are observed in 
many human diseases such as inflammatory bowel disease 
and cancers. Dysregulated miRNA expression profiles in 
IBD have been reported and could be used as diagnostic 
biomarkers but further studies are needed to examine 
the mechanism of  their action in the etiopathogenesis of  
this disease and their clinical utility. Emerging evidence 
suggests that miRNAs play important roles in the patho-
genesis of  a limited range of  human cancers. Some miR-
NAs may be directly involved in cancer development by 
controlling cell differentiation and apoptosis, while others 
may be involved in cancers by targeting cancer oncogenes 
and/or tumor suppressors. Given the critical role of  
miRNAs, current studies are focusing on their association 
with CRC incidence and prognosis and on the possibility 
of  using circulating miRNAs or fecal miRNA expression 
as noninvasive early detection biomarkers. These data 
suggest that miRNAs may be potential molecular classi-
fiers, early detection biomarkers, and therapeutic targets 
for CRC. Finally, miRNA-based cancer therapy has been 
limited to targeting a single miRNA[130,131]. However, it has 
been recently shown that the small molecule enoxacin, 
a fluoroquinolone used as an antibacterial compound, 
enhances the miRNA-processing machinery by binding 
to TRBP[132]. Thus, if  most cancers are characterized by 
a dysregulation of  global mature miRNA expression, 
restoration of  the global miRNome may be an attractive 
approach in cancer therapy. In conclusion, a better un-
derstanding of  the function of  miRNAs is providing new 
insights into the molecular basis of  human pathologies, 
and new biomarkers for disease diagnosis and therapy. 
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Abstract
Tumors have long been viewed as a population in 
which all cells have the equal propensity to form new 
tumors, the so called conventional stochastic model. 
The cutting-edge theory on tumor origin and progres-
sion, tends to consider cancer as a stem cell disease. 
Stem cells are actively involved in the onset and 
maintenance of colon cancer. This review is intended 
to examine the state of the art on colon cancer stem 
cells (CSCs), with regard to the recent achievements of 
basic research and to the corresponding translational 
consequences. Specific prominence is given to the 
hypothesized origin of CSCs and to the methods for 
their identification. The growing understanding of CSC 
biology is driving the optimization of novel anti-cancer 
targeted drugs.

© 2013 Baishideng. All rights reserved.

Key words: Colon cancer stem cells; Colorectal cancer; 
CD133; Therapy; Chemoresistance

Core tip: According to the “cancer stem cell” (CSC) the-
ory, tumor growth  and spread are driven by a minority 
of cancer cells which exhibit characteristics similar to 
normal stem cells. Although CSCs have been implicated 
in colon carcinogenesis, due to the complexity of their 
biology and unsolved technical issues, an unequivocally 
approved identification and isolation strategy is still a 
matter of debate. Several markers have been used to 
identify colon CSCs but the function of these proteins 
in CSC biology has not yet been clarified. Moreover, the 
possibility that CSCs might contribute to the failure of 
existing chemotherapies to eradicate malignant tumors, 
indicate that targeting of CSCs may represent a promis-
ing strategy to eradicate chemoresistant cancers. Aim 
of this review was to acquire more information on the 
biology of human colon CSCs and shed light on the role 
of this cells in the onset and the maintenance of colon 
cancer.
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INTRODUCTION
The intestine epithelium is subjected to a rapid and con-
tinuous regeneration, supported by crypt intestinal stem 
cells (ISCs). This feature severely increases the risk for 
malignant conversion[1]. Indeed, colorectal cancer (CRC) 
is one of  the most common type of  neoplasm world-
wide, representing the second leading cause of  morbidity 
and mortality from cancer in both Europe and the United 
States. This means that CRC can also be considered one 
of  the main national emergencies, both in terms of  mor-
bidity and in terms of  social and economic costs[2]. 

Studies on CRC pathogenesis have been originally 
focusing on the clonal selection process, a model of  car-
cinogenesis postulated in 1975[3]. The characterization 
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of  the genetic mechanisms underlying this process has 
been performed, for the first time, in the early 90s by 
Bert Vogelstein, who developed the molecular model of  
CRC progression known as “Vogelstein model”. Accord-
ing to it, the CRC develops from epithelial cells lining 
the gastrointestinal tract, which undergo sequential mu-
tations in specific DNA sequences that disrupt normal 
mechanisms of  proliferation and self-renewal[3,4]. This 
pathogeneic model still represents a paradigm of  tumor 
growth and provides a standard rationale to dissect the 
molecular mechanisms responsible for CRC. Though, 
current anticancer treatments are often unable, even 
those based on molecular targeted strategies, to eradicate 
the disease. Otherwise, the cellular origin of  human can-
cers is still controversial and the mechanisms responsible 
for the complexity and heterogeneity of  tumors remain 
to be defined[3,4]. In recent years, converging evidence 
has suggested that human cancer can be considered as a 
stem cell disease. Therefore, the “stochastic” theory for 
the cellular origin of  cancer, based upon the assumption 
that all cancer cells are equally malignant and able to give 
rise to tumors, has been abandoned in favor of  the “hi-
erarchical” theory. The latter assumes that: (1) tumors are 
hierarchically organized; and (2) only a rare subpopula-
tion of  undifferentiated cells at the apex of  this hierarchy 
have the unique biological properties necessary for tumor 
initiation, maintenance and spreading. Given the similari-
ties between tumor-initiating cells and normal stem cells 
(SC), the tumor-initiating cells have been termed “cancer 
stem cells” (CSCs)[5]. In its simplicity, this hypothesis sug-
gests that tumorigenesis is an “aberrant organogenesis”, 
supported by a minority of  cancer cells, that by consecu-
tive genetic changes, can differentiate to give rise to dif-
ferent phenotypes in the neoplastic population[6].

The hierarchical model implies that within tumors 
there are cells with different tumorigenic potential: cells 
that have lost the ability to propagate the tumor and cells 
that retain their clonogenic ability. Indeed, biologically 
distinct populations of  CSCs have been identified within 
hematological malignancies[7] and in most solid tumors, 
including colon cancer[8,9]. The origin of  CSCs is still 
unclear but the discovery of  stem cells in the majority 
of  normal tissues, including colon crypts, support the hy-
pothesis that normal SC might represent a possible target 
for tumorigenic mutations, due to both their long life and 
their capacity of  self-renewal[10].

Cancer stem cells theory has profound translational 
implications. Current treatments are hardly able to com-
pletely eradicate cancer cells, being often complicated by 
the occurrence of  tumor recurrence and/or metastasis 
and are burdened by toxicity issues. The failure of  che-
motherapy may at least in part lie in its capacity of  target-
ing the bulk of  cancer without affecting stem cells. These 
can on turn replicate after treatment and, eventually, 
develop selective features responsible for the occurrence 
of  drug-resistance, which usually characterize and com-
plicate the course of  the disease[11-13]. 

Several studies have suggested that the CSC fraction 

may be identified within a variety of  human cancers, 
including CRC, by the expression of  the CD133 surface 
marker[8,9,14,15]. CD133 (also known as prominin-1 in ro-
dents or AC133 in humans), a 120 kDa transmembrane 
and cell surface protein, has been shown to characterize 
normal and cancer stem cells in several human tissues, 
including the colonic mucosa. Hence, CD133 has been 
used to identify and isolate tumor initiating cells from 
human colon cancers. CD133+ cells are able to maintain 
themselves as well as to differentiate and re-establish tu-
mor heterogeneity upon serial transplantation in vivo[8,9]. 
However, despite constant research efforts, the molecular 
mechanisms and signaling pathways that regulate the be-
havior of  CD133-expressing cells remain unknown. Aim 
of  this review was to acquire more information on the 
biology of  human colon CSCs and shed light on the role 
of  CD133+ tumor-initiating cells in the onset and the 
maintenance of  colon cancer.

CANCER STEM CELLS: PROPERTIES
It is widely accepted the concept that tumor is an het-
erogeneous entity derived from a small subpopulation 
of  undifferentiated cancer cells, the CSCs. CSCs are de-
fined as cells having three unique properties: the capacity 
of  self-renew indefinitely, the ability to recreate the full 
repertoire of  cancer cells of  the parent tumor and the 
expression of  a distinctive set of  surface biomarkers[16]. It 
must be emphasized that self-renewal is not synonymous 
with proliferation. Self-renewal involves the ability of  SC 
populations to precisely maintain their numbers through 
a combination of  symmetric and asymmetric SC divi-
sion, giving rise to one or both daughter cells identical 
to the mother and retaining SC properties[17]. In the case 
of  CSCs, mechanisms involved in self-renewal are de-
regulated and seem to lead to CSC overpopulation. The 
underlying mechanisms for generating excess of  CSC 
numbers are believed to relate to increases in symmet-
ric CSC division (which produces two CSC daughters) 
relative to asymmetric CSC division (which produces 
one CSC daughter and one non-CSC daughter). Many 
authors have documented this concept quantitatively, us-
ing mathematical modeling[17] or fluorescent dye assay[18]. 
These authors have showed that only increased symmet-
ric division of  CSCs could account both for the biologic 
observation that there is an exponential increase in CSC 
populations in tumoral tissues and for the known long lag 
phase, which is typical in the development of  many can-
cers, including colorectal cancer[17]. Although CSCs have 
the capacity for self-renewal, they are relatively quiescent; 
that is, they have proliferative capacity but are often not 
cycling. Indeed, they have been shown to have signifi-
cantly longer cell cycle times than proliferating non-SCs. 
This is presumably due to the arrest of  SCs at a G0-like 
cell cycle phase or checkpoint[19].

Another property of  CSCs is their potential for mul-
tilineage differentiation. This is consistent with the con-
cept that CSCs, like normal SCs, give rise to a hierarchical 
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organization of  cell populations that underlie organogen-
esis[20].

CSCs also display alterations of  DNA repair, due 
to the presence of  cytoprotective properties (including 
telomerase activation and high expression of  anti-apop-
totic factors), and a relatively low proliferative potential. 
In addition, they express high levels of  proteins belong-
ing to the ABC membrane transporters family, involved 
in chemotherapeutic resistance (i.e., to paclitaxel, cisplatin, 
5-fluoruracilee, mitoxantrone, methotrexate, anthracy-
clines, etoposide, vinca alkaloids, camptothecins, topote-
can, imatinib)[20]. These unique properties of  CSCs would 
explain the failure of  many antitumor therapies, which 
affect rapidly dividing cells, determining only a reduction 
of  tumor cells number, while CSCs divide slowly and are 
not sensitive to the cytotoxic drugs. New insight in the 
molecular mechanisms that underlie these processes were 
obtained by studying the intracellular regulator of  gene 
expression[21].

On this regard, Bitarte and colleagues showed that 
the micro RNA miR-451 was downregulated in co-
lonspheres, obtained from different colon carcinoma 
cells, versus parental cells. The expression of  miR-451 
caused a decrease in self-renewal, tumorigenicity, and 
chemoresistance to irinotecan of  colonspheres. Authors 
demonstrated that miR-451 downregulation allows the 
expression of  the target gene macrophage migration in-
hibitory factor, which induces cyclooxygenase-2 (COX-2) 
expression. In turn, COX-2 allows Wnt activation, which 
is essential for CSC growth. Furthermore, miR-451 resto-
ration decreased expression of  the ATP-binding cassette 
drug transporter ABCB1 and resulted in irinotecan sen-
sitization. These findings correlated well with the lower 
expression of  miR-451 observed in patients who did not 
respond to irinotecan-based first-line therapy compared 
with patients who did[22]. Moreover, various signaling 
pathways have already been identified and described in 
CSCs. It is known that standard pathways for self-renewal 
of  normal stem cells, such as Wnt, Notch and Hedgehog 
signaling, are also present in CSCs and have an important 
role in their function. Targeting critical steps in those 
pathways, however, will be complicated by intense cross-
talks as well as main safety issues related to the pleiotro-
pic effects of  these signaling molecules[23]. Nevertheless, 
there are already several reports indicating that CSCs can 
be selectively targeted without damaging normal stem 
cells[24]. These and other findings could reasonably pave 
the way to the development of  novel, more efficient and 
less toxic anti-cancer medications.

CANCER STEM CELLS: DEFINITION 
In operational terms, CSCs can only be defined ex-
perimentally on the basis of  their ability to regenerate 
continuously the tumor. The implementation of  this 
approach, explains the use of  alternative terms in the lit-
erature. For example, the term “tumor-initiating cells” is 
frequently used to describe putative CSCs. However, both 

these terms (cancer stem cell and tumor-initiating cells) 
can cause confusion about the cell type to which they 
relate[16]. In fact, the term CSCs might suggest that these 
cells arise from normal stem cells, which have acquired a 
number of  genetic mutations sufficient to induce malig-
nant transformation. This assumption is probably true in 
many cancers, but may not be the case of  all tumors. It is 
plausible, indeed, that in some tumors, a number of  dif-
ferentiated cells can acquire the capacity for self-renewal, 
through multiple mutagenic events, and thus ‘‘reacquire’’ 
stem-like properties[25].

On the other hand, the term “tumor-initiating cells”, 
according to experimental evidence, refers to the ability 
of  these cells to initiate tumors when transplanted in a 
xenograft model. In this case, it could be incorrectly in-
ferred that the cell that gives rise to the xenograft tumor 
is the same cell in which the first oncogenic mutation oc-
curred. This is unlikely, since it is clear that the cells that 
drive aberrant growth at one precise moment may differ 
from those acting during different stages in tumor evolu-
tion or during metastasis. Furthermore, both genetic and 
epigenetic instability can induce cellular heterogeneity 
within the stem and non-stem cell populations of  the tu-
mor[26]. It has been argued that species differences alone 
might account for the selective growth of  subpopulations 
of  cells in xenotransplantations. Indeed, the great major-
ity of  cells in a mouse lymphoma were shown recently 
to possess tumor initiating capacity when allografted into 
syngenic mice[27].

WHICH IS THE ORIGIN OF COLON 
CANCER STEM CELLS?
Although, as mentioned earlier, the sequence of  events 
in CRC has been intensively studied, the cell of  origin for 
cancer formation is still poorly known. Two possible hy-
potheses have been suggested: the so called “bottom-up” 
and the “top-down” theories. The first proposes that an 
ISC, either a progenitor or a differentiated cell, is the first 
transformed cell, as a consequence of  anomalous dif-
ferentiation, giving rise directly to cancer cells or repro-
gramming itself, acquiring SC behavior before inducing 
cancer[28-30] (Figure 1). 

ISCs represents the ideal target for neoplastic trans-
formation, due to their extended life span that alter their 
behavior as a result of  genetic and epigenetic changes. 
Also, similar signalling pathways may regulate self-renew-
al in stem cells and cancer cell, so that the transformation 
of  an SC would require fewer mutations compared to a 
progenitor cell[31,32]. Conversely, histological evidence sug-
gested that colon cancer might arise from late progeni-
tors or even an early differentiated cell[33], sustaining the 
“top-down model” of  CRC development. By contrast, 
genetic observation recently support strongly the bottom-
up theory. Indeed, the identification of  specific genes 
expressed in the stem cells of  the intestine has recently 
allowed to show that the cell of  origin of  adenomas, in-
duced by a constitutively active Wnt signaling, is the stem 
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lectively migrate to sites of  mucosal damage and wound 
healing including colorectal cancers, where a number of  
tumor-related inflammatory reactions and abnormal tis-
sue regeneration phenomena take place actively. It also 
has been shown that cancer cells release specific factors 
that induce BM-MSC mobilization and recruitment to 
the tumor stroma where they eventually contribute to the 
formation of  a tumor-supportive microenvironment[44] 
(Table 1).

IDENTIFICATION OF COLON 
CANCER STEM CELLS: LIMITS AND 
CONTROVERSIES 
The correct identification and isolation of  the cells re-
sponsible for tumor formation is always challenging in 
cancer research. Although CSCs have been implicated in 
colon carcinogenesis, due to the complexity of  their biol-
ogy and unsolved technical issues, an unequivocally ap-
proved identification and isolation strategy is still a matter 
of  debate[32]. The gold standard for identifying a CSC is 
the capacity to propagate tumors as xenografts in immu-
no-compromised mice. However, it has been argued that 
species differences alone might account for the selective 
growth of  subpopulations of  cells in these assays. In-
deed, the great majority of  cells in a mouse lymphoma 
were shown recently to possess tumor initiating capacity 
when allografted into syngenic mice[27]. Moreover, serial 
transplantation experiments with animal models are la-
borious and time-consuming, hence the need to develop 
reliable surrogate assays.

Several in vitro assays have been used to identify CSCs 
can derive, including sphere assays, surface cell markers 
and the Hoechst dye efflux properties, which identify the 

cell of  the small intestine[30,34,35]. This studies have dem-
onstrated that ISC-specific deletion of  both functional 
adenomatous polyposis coli (APC) alleles using Bmi1-, 
CD133- and (leucine-rich-repeat containing G-protein-
coupled receptor 5) Lgr5- CRE recombinase mice leads 
to efficient tumor formation. Interestingly, Barker and 
colleagues also showed that tumor formation does not 
occur when APC is deleted in progenitors or differenti-
ated cells[30]. These results show that the cell giving rise to 
adenomas in the small intestine is the stem cell. It is still 
pending, though, whether BMI-, LGR5-expressing cells 
or CD133-expressing cells of  the tumor, are able alone to 
induce tumor progression and therefore are markers of  
the intestinal CSC.

Recently, Schwitalla et al[36] have suggested that these 
models do not exclude each other and that tumor-
initiating mutations can occur in both Lgr5+ crypt stem 
cells or in more differentiated Lgr5-cells, as long as these 
initially negative cells dedifferentiate and re-express Lgr5. 
Indeed, the authors have demonstrated, in a genetic mod-
el of  intestinal tumor initiation, that epithelial non-stem 
cells can re-express stem cell markers and be converted 
into tumor-initiating cells. This phenomenon is strictly 
dependent on the degree of  Wnt activation and can only 
be observed when Wnt signaling is markedly elevated[37]. 

It has also been discussed that even cells from outside 
the tumor, for example, bone marrow-derived cells, might 
also serve as CSC’s ancestors. This phenomenon has been 
firstly demonstrated in a murine model of  gastric cancer 
induced by Helicobacter pylori, in which SC derived from 
bone marrow were able to generate the tumor[37,38].

Emerging evidence suggests that bone-marrow-
derived mesenchymal stem cells (BM-MSCs) contribute 
to tissue regeneration in the colon partly by promoting 
neovascularization or arteriogenesis[39,40]. Although tu-
mor stromal fibroblasts are mainly recruited from local 
tissue fibroblasts, it has been proposed that BM-MSCs 
are recruited into the stroma of  developing tumors[41-43]. 
Several studies have demonstrated that BM-MSCs can se-

"Bottom-up" model "Top-down" model

Normal cell
Neoplastic cell

Figure 1  Schematic presentation of two possible ways of colon adeocar-
cinoma formation. A: “Bottom-up” theory: intestinal stem cells (ISCs, arrow) 
at the base of the crypt, within the stem cell zone, are the cell of origin of neo-
plasia as a consequence of anomalous differentiation; B: “Top-down” theory: a 
progenitor or differentiated cell is the first transformed cell that can acquire stem 
cells (arrow) behavior before inducing cancer.

ISC

Table 1  Summary of  characteristics  and controversies about 
colon cancer stem cells

Origin “Bottom-up” theory[30-32,34,35]

 “Top-down” theory[33] 
CSCs can derive from epithelial non-stem cells that re-

express stem cell markers[36]

CSCs can derive from bone marrow cells[37-43]

Identification 
assays

Serial transplantation in immune-compromised 
mice[8,9,27]

Expression of cell surface marker CD133[5,8,9,14,31,44-46,48,49] 

Side Population[52-61]

Therapeutic  
strategies

Induction of CSC differentiation by salinomycin or 
BMP4[72,73]

Monoclonal antibodies directed against cell surface 
molecules, such as CD133, CD44, EGFR (cetuximab) 

and VEGF (bevacizumab)[74,76-79]

Blockage of self-renewal pathways, including 
Wnt, Notch, PTEN, Hedgehog , EMT and IL-4 

pathway by microRNA or selected small-molecule 
antagonists[65-70,80-86]

Target the Warburg effect[87,88]

CSC: Colon cancer stem cell; EGFR: Epidermal growth factor receptor; 
VEGF: Vascular endothelial growth factor; EMT: Epithelial-to-mesenchy-
mal transition. 
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so-called Side-Population (SP). Studies have also been 
performed to define putative CSC genetic signatures. 
However, each of  these methods has potential pitfalls 
that complicate the interpretation of  results[25].

It is clearly not sufficient to define a stem cell based 
only on surface markers. Moreover, none of  the markers 
used to isolate stem cells in various normal and cancer-
ous tissues is expressed exclusively by the stem cell frac-
tion. Indeed most markers used for colon CSC isolation 
are chosen either because they are expressed in normal 
stem cells or as they were found to identify CSCs in other 
malignancies, either hematological or solid. The disad-
vantage of  choosing markers in this fashion is that the 
functional effect of  expression of  the marker in CSCs is 
usually unknown.

For instance, focusing on CRC, several studies have 
suggested that the CSC fraction within colon cancer 
might be identified by the expression of  the cell surface 
marker CD133[8,9]. CD133 is a trans-membrane glycopro-
tein, expressed by normal progenitors belonging to neu-
ronal, hematopoietic, epithelial and endothelial lineages. 
In the last years, CD133 has become the “molecule of  
the moment”, being recognized as a putative CSC marker 
for many human solid tumors, including liver, pancreas 
and colon neoplasms[14,45]. However, despite constant 
research efforts, the molecular mechanisms and signaling 
pathways that regulate the behavior of  CD133-expressing 
CSC, remain unknown.

In particular, we demonstrated the existence of  a 
population of  self  renewing cells expressing CD133 
within primary and metastatic human CRC[5]. This anti-
gen was expressed in significantly higher percentage in 
CRC samples, compared to the respective normal tissues. 
CD133-positive cells were also found in liver metastases 
(up to 10%), while they were hardly detectable in the 
healthy liver tissue[5]. In addition, CD133+ cells, isolated 
from different human colonic adenocarcinoma lines 
(CaCo-2, HT29, LoVo), were highly clonogenic in vitro 
and gave rise to tumors following transplantation in mice. 
Conversely, the CD133-negative fraction of  all cell lines 
had a lower clonogenic potential in soft agar assays and 
did not generate tumors in secondary recipients[45], con-
firming the tumor initiating properties of  CD133+ CSC. 
Interestingly, we also provided the original demonstration 
that modulation of  CD133 expression in the CaCo-2 
colon cancer cell line was associated with corresponding 
variations in the expression levels of  both Endothelin-1 
and nuclear receptor subfamily 4, group A, member 2[46], 
both known to play an important role in the proliferation 
and metastasis processes. This modulation was associ-
ated with a significant inhibition of  the cells’ clonogenic 
and migration ability, thus further confirming a role of  
the CD133 molecule in the definition of  the CSC pheno-
type[46].

There are though still some controversies on the role 
of  CD133 as a CSC marker in CRC; the opposing theo-
ries emerge from the evidence that most CD133 antibod-
ies target glycosylation-dependent epitopes[35], whose 

presence is related to the differentiation stage of  the cell. 
Experimental data from colon and glioblastoma cells 
suggested that the differential glycosylation of  specific 
epitopes may mask the presence of  CD133 on cells pre-
viously characterized as negative[47,48]. Moreover, CD133 
has been found to be expressed by the full spectrum of  
undifferentiated and differentiated colonic epithelial cells, 
both in humans and in mice[49]. Shmelkov et al[49] have 
demonstrated that primary and metastatic colon cancers 
contain CD133+ and CD133- parenchymal tumor cells, 
and both types of  cells are capable of  tumor initiation, as 
observed in a xenotransplantation model. A similar lack 
of  specificity has been also observed for other potential 
CSC markers of  CRC, such as CD44, CD166, CD29, 
CD24, Lgr5, and nuclear beta-catenin[50]. In fact, the vast 
majority of  cells that express these markers are not stem 
cells[51].

Another approach to identify CSCs is their presence 
within the so-called “Side Population”. SP cells have 
been first described within the hematopoietic system. In 
particular, bone marrow stem cells contain a subpopula-
tion that extrude the DNA-binding dye, Hoechst 33342, 
out of  the cell membrane. Comparing the fluorescence 
intensity on the wavelength of  blue against the red, the 
SP appears as a tail of  cells with low fluorescence. This 
phenotype is attributed to the activity of  the ABC mem-
brane transporter proteins that can confer drug resistance 
to stem cells. These proteins can be blocked by inhibitors 
of  efflux pumps, such as verapamil[52-54]. The SP frac-
tions have been identified in various human tissues[55,56], 
cancer specimens[57,58] and tumor cell lines[59,60] and it has 
been suggested that they may represent the true stem cell 
population. However, as with cell surface markers, the 
SP phenotype is not synonymous with stemness. Indeed, 
a recent article claimed that both SP and non-SP cells, 
isolated from gastrointestinal cancer cell lines, displayed 
similar clonogenic and tumourigenic potential in vitro and 
in vivo, and showed identical expression of  putative stem 
cell markers. Therefore, the Authors concluded that the 
SP does not enrich for stem cells in gastrointestinal cell 
lines[61]. Also, possible toxicity of  the dye, in cells not ca-
pable of  extrusion, should also be considered as a caveat 
to interpreting functional assays of  SP cells.

Without a better understanding of  normal tissue stem 
cells and their susceptibility to neoplastic transformation, 
it will be difficult to conduct conclusive studies of  the 
existence and origins of  CSCs (Table 1).

WHICH STRATEGY TO TARGET COLON 
CSCS?
According to the CSC model, the few self-renewing 
CSCs that mediate tumor growth are difficult to kill and 
their persistence might explain tumor recurrence after 
therapy[62]. Indeed, chemotherapeutics interfere with the 
ability of  rapidly growing cells to divide, so CSCs may be 
spared, leading to tumor recurrence and metastasis[11-13]. 
Therefore, to assess the efficacy of  therapeutics, it is 
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necessary to accurately distinguish tumorigenic from 
non-tumorigenic cancer cells and to understand which 
progression model occurs in the tumor. Unfortunately, 
the complex network of  mechanisms that regulate SC 
renewal and carcinogenesis is not clear.

Chemotherapeutic resistance is exerted either through 
a shift from active state to quiescence or through a wide 
spectrum of  protective mechanisms that characterize 
CSC biology; these include altered DNA damage repair, 
altered cell-cycle checkpoint control, malfunction of  
apoptosis, expression of  drug transporters and detoxify-
ing enzymes, and a high expression of  proteins belonging 
to the ABC membrane transporters famil[63,64].

Moreover, the plasticity of  CSCs and the epithelial-
to-mesenchymal transition (EMT) complicate therapeutic 
approaches because participate in the acquisition of  both 
de novo and acquired drug resistance[65]. Indeed, EMT can 
trigger reversion to a CSC-like phenotype, providing an 
association between EMT, CSCs and drug resistance[66]. 
Several key signaling pathways contribute to this process, 
such as transforming growth factor β and Wnt, that are 
well known to induce EMT and promote stem cell main-
tenance[67,68]. Recent studies have implicated microRNA 
functionality in these processes; indeed the dysregulation 
of  microRNA expression is likely to be a major contrib-
uting factor in the etiology of  some cancers[69,70].

It is therefore essential to renovate the therapeutic 
repertoire by designing new treatments that specifically 
target CSCs and, at the same time, also eliminate the non-
CSC population, intervening in the process of  EMT[65,71]. 
Novel therapeutic strategy based on targeting EMT path-
ways and CSC maintenance might be a promising tool for 
CRC defeat.

Moreover, CSCs can be functionally antagonized by 
inducing their differentiation. Differentiation therapy 
forces cells to shift into a mature phenotype, lose their 
self-renewal abilities, and therefore become vulnerable to 
conventional treatment. For instance, salinomycin, a high-
ly selective potassium ionophore, was recently described 
as the first compound that can selectively eradicate the 
tumor through induction of  terminal epithelial differen-
tiation of  CSCs[72]. Gupta et al[72] revealed that salinomy-
cin decreases the proportion of  CD44high/CD24low breast 
cancer cells, whereas paclitaxel has opposing effects. Im-
portantly, cells exposed to salinomycin were less capable 
of  inducing tumors following injection into mice; sali-
nomycin also slowed the growth of  the animals’ tumors 
through unknown mechanisms[71]. Salinomycin is thought 
to inhibit potassium-positive channel-regulated migration 
and interfere with EMT and metastasis[72]. Also induction 
of  differentiation in colon CSCs by exposing these cells 
to Bone Morphogenetic Protein 4 (BMP4), which can 
initiate a differentiation program as well as mediate apop-
tosis, sensitizes CRC cells to the effects of  5-Fluorouracil 
(5-FU) or oxaliplatin in vivo, resulting in complete and 
long term regression of  colon xenografts[73].

The potential toxic effect, that might occur from 
the impact on normal SCs, can be minimized by target-

ing molecules or pathways that are preferentially active 
in CSCs[73]. Monoclonal antibodies could be directed 
against cell surface molecules, such as CD133, CD44, or 
even drug transporters, resulting in reduction of  tumor 
size, metastatic potential, and resistance to chemoradio-
therap[74,75]. 

Advances in high-throughput technologies and bio-
informatics will allow developing additional compounds 
targeting CSC signaling pathways. Currently there are two 
established targets for such therapies: epidermal growth 
factor receptor (EGFR), which belongs to the ErbB fam-
ily of  tyrosine kinase receptors and is abnormally acti-
vated in many tumors[76], and vascular endothelial growth 
factor (VEGF), which is known to promote formation 
of  new vessels by inducing growth and differentiation 
of  endothelial cells[77,78]. Several clinical trials have dem-
onstrated that introduction of  targeted therapies with 
monoclonal antibodies against EGFR (cetuximab) and 
VEGF (bevacizumab) in addition to 5-FU, resulted in a 
significant survival increase in patients with advanced dis-
ease[79].

Another rational target includes blockage of  various 
self-renewal pathways, including Wnt, Notch, PTEN, and 
Hedgehog[80]. Small-molecules that inhibit the Wnt path-
way and γ-secretases that inhibit the Notch pathway have 
been recently identified as novel approaches to CRC[73]. 
The Wnt/β-catenin pathway has been implicated in the 
maintenance of  the intestinal crypt stem cell phenotype 
and Wnt signaling dysregulation through either loss of  
APC function or oncogenic β-catenin mutations has 
been shown to cause the majority of  sporadic cancer cas-
es[81]. Disruption of  Tcf/β-catenin complexes by selected 
small-molecule antagonists has been shown to antagonize 
cellular effects of  β-catenin and to result in inhibition of  
cellular proliferation in colon cancer cells[82]. Similarly, the 
Notch signaling pathway has been reported to be overex-
pressed in colon CSCs, where it was found to play a role 
in colon CSC viability, tumorigenicity, and self-renew-
al[83-87]. Van Es et al[87] have demonstrated that blocking the 
Notch cascade with a gamma-secretase inhibitor induced 
goblet cell differentiation in adenomas in mice carrying a 
mutation of  the APC tumor suppressor gene and subse-
quent tumor growth arrest. Moreover, Hoey et al[88] have 
demonstrated that by inhibiting delta-like 4 ligand (DLL4), 
an important component of  the Notch pathway, with 
human monoclonal antibody 21M18 in colon carcinoma 
xenografts, the tumor growth as well as the CSC fre-
quency, was decreased compared to control. Interestingly, 
even though treatment of  the xenografts with irinotecan, 
a chemotherapeutic often used in colon cancer, slowed 
down tumor growth, and the clonogenicity was increased. 
Combination treatment of  irinotecan with anti-hDLL4 
reduced again the tumor growth and stem cell frequency, 
at even higher levels than the anti-DLL4 treatment alone. 
This indicates that inhibiting Notch signaling reduces 
CSC frequencies and sensitizes tumor cells for irinotecan 
treatment.

It has recently been observed that the inhibition of  
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the interleukin (IL)-4 pathway with an anti-IL-4 antibody 
or an IL-4 receptor antagonist in CD133+ colorectal 
CSCs augmented the antitumor effects of  conventional 
chemotherapeutics[89-90]. Indeed, colon carcinomas pro-
duce IL-4 that functions in an autocrine manner, promot-
ing antiapoptotic pathways in these tumors. Inhibiting 
IL-4 by blocking antibodies sensitizes the cells for killing 
by 5-FU and oxaliplatin IL-4[89-90]. 

Reversing chemoresistance and radioresistance repre-
sents a promising proposal. This can be achieved through 
interference with a plethora of  cellular components, 
including inactivation of  drug transporters and DNA 
checkpoint kinases, depletion of  reactive oxygen species 
scavengers, and inhibition of  signal transduction path-
ways.

Interestingly, little is as of  yet known with regard to 
the metabolism of  CSC population, leaving an exciting 
avenue unstudied in the dawn of  the emerging field of  
metabolomics. The Warburg effect, the premise of  which 
is that cancer cells restrict use of  fatty-acid oxidation in 
favor of  glycolysis as an ATP energy source, can also 
be harnessed to create novel broad-spectrum anticancer 
agents[91-94]. A recent study by Akao et al[95] provided initial 
evidence of  metabolic changes in therapy-resistant cell 
populations by demonstrating significant overexpression 
of  a metabolic “master-regulator” Sirt1 in DLD-1 5-FU-
resistant cells. 

Altogether, these data illustrate the therapeutic utility 
of  the cancer stem cell concept, which, by enabling spe-
cific examination of  more aggressive cancer-initiating and 
cancer propagating subpopulations, provides the tools 
for discovery of  novel mechanisms of  cancer therapeutic 
resistance (Table 1).

CONCLUSION
Understanding the details of  CSCs’ biology is a primary 
goal in basic oncology research but would also pave the 
way for a better clarification of  CRC progression. The 
translation implication of  such information is clearly 
deducible. In particular, the combination of  previously 
known and new markers defining CSC specificity, could 
lead to the development of  a better oriented anticancer 
therapy, possibly targeting CSCs.
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Abstract
AIM: To investigate the effectiveness of antioxidant 
compounds in modulating mitochondrial oxidative al-
terations and lipids accumulation in fatty hepatocytes.

METHODS: Silybin-phospholipid complex containing 

vitamin E (Realsil®) was daily administered by gavage 
(one pouch diluted in 3 mL of water and containing 15 
mg vitamin E and 47 mg silybin complexed with phos-
pholipids) to rats fed a choline-deprived (CD) or a high 
fat diet [20% fat, containing 71% total calories as fat, 
11% as carbohydrate, and 18% as protein, high fat 
diet (HFD)] for 30 d and 60 d, respectively. The control 
group was fed a normal semi-purified diet containing 
adequate levels of choline (35% total calories as fat, 
47% as carbohydrate, and 18% as protein). Circulating 
and hepatic redox active and nitrogen regulating mole-
cules (thioredoxin, glutathione, glutathione peroxidase), 
NO metabolites (nitrosothiols, nitrotyrosine), lipid per-
oxides [malondialdehyde-thiobarbituric (MDA-TBA)], 
and pro-inflammatory keratins (K-18) were measured 
on days 0, 7, 14, 30, and 60. Mitochondrial respiratory 
chain proteins and the extent of hepatic fatty infiltration 
were evaluated.

RESULTS: Both diet regimens produced liver steato-
sis (50% and 25% of liver slices with CD and HFD, 
respectively) with no signs of necro-inflammation: fat 
infiltration ranged from large droplets at day 14 to dis-
seminated and confluent vacuoles resulting in microve-
sicular steatosis at day 30 (CD) and day 60 (HFD). In 
plasma, thioredoxin and nitrosothiols were not signifi-
cantly changed, while MDA-TBA, nitrotyrosine (from 6 
± 1 nmol/L to 14 ± 3 nmol/L day 30 CD, P  < 0.001, 
and 12 ± 2 nmol/L day 60 HFD, P  < 0.001), and K-18 
(from 198 ± 20 to 289 ± 21 U/L day 30 CD, P  < 0.001, 
and 242 ± 23 U/L day 60 HFD, P  < 0.001) levels in-
creased significantly with ongoing steatosis. In the liver, 
glutathione was decreased (from 34.0 ± 1.3 to 25.3 ± 
1.2 nmol/mg prot day 30 CD, P  < 0.001, and 22.4 ± 2.4 
nmol/mg prot day 60 HFD, P  < 0.001), while thioredox-
in and glutathione peroxidase were initially increased 
and then decreased. Nitrosothiols were constantly in-
creased. MDA-TBA levels were five-fold increased from 
9.1 ± 1.2 nmol/g to 75.6 ± 5.4 nmol/g on day 30, P  < 
0.001 (CD) and doubled with HFD on day 60. Realsil 
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administration significantly lowered the extent of fat in-
filtration, maintained liver glutathione levels during the 
first half period, and halved its decrease during the sec-
ond half. Also, Realsil modulated thioredoxin changes 
and the production of NO derivatives and significantly 
lowered MDA-TBA levels both in liver (from 73.6 ± 5.4 
to 57.2 ± 6.3 nmol/g day 30 CD, P  < 0.01 and from 
27.3 ± 2.1 nmol/g to 20.5 ± 2.2 nmol/g day 60 HFD, 
P  < 0.01) and in plasma. Changes in mitochondrial re-
spiratory complexes were also attenuated by Realsil in 
HFD rats with a major protective effect on Complex Ⅱ 
subunit CII-30. 

CONCLUSION: Realsil administration effectively con-
trasts hepatocyte fat deposition, NO derivatives forma-
tion, and mitochondrial alterations, allowing the liver to 
maintain a better glutathione and thioredoxin antioxi-
dant activity. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Simple steatosis of  the liver without inflammation is con-
sidered a rather benign condition, although it represents 
a favoring substrate for the potentially damaging effects 
of  a second hit (i.e., ischemia-reperfusion, starvation)[1]. 
However, severe fatty degeneration represents a leading 
factor of  hepatocyte dysfunction (mitochondrial respira-
tion, microsomal metabolism, biliary secretion)[2] and is 
associated with excess delivery of  nitrosative and oxida-
tive stress molecules[3], thus potentially rendering the 
liver a major source of  systemic alterations in patients 
with metabolic syndrome[4]. Also, while several adaptive 
metabolic mechanisms have been described during the 
early phase of  fatty infiltration[1,5] including expression 
of  intracellular sensors and signaling molecules for lipid 
metabolism and oxidative stress pathways[6,7], the thresh-
old above which fat infiltration becomes dangerous is not 
clear, so far. Indeed, it has been observed that transient 
hepatocellular triglycerides accumulation is essential for 
normal liver regeneration[8] and represents a mechanism 
of  liver protection from lipotoxicity. Buffering free fatty 
acids might, therefore, prevent the formation of  liver 
steatosis[9]. By contrast, several observations suggest that 
ongoing fatty degeneration indeed exposes hepatocytes 
to higher risk of  oxidative damages[10].

Experimental rat models of  liver steatosis are charac-
terized by accumulation of  triglycerides, decreased mito-
chondrial function, and increased activity of  microsomal 
enzymes[2]. The altered functions of  these subcellular or-
ganelles favor the enhanced production of  reactive oxy-
gen species (ROS) and NO derivatives with consequent 
morphological and functional modifications of  crucial 
structures, thus rendering fatty hepatocytes particularly 
susceptible to additional injuring factors[3].

A number of  natural or chemical compounds are able 
to counteract the damages induced by oxidative and ni-
trosative stress and therefore are claimed to have antioxi-
dant properties. Vitamin E efforts a remarkable protec-
tion against lipid oxidation[11] and, if  vehicolated within 
a phospholipid complex together with silybin, a silybum 
marianum extract, protects against pro-fibrotic oxidative 
injury[12]. Less is known about the effectiveness of  such 
a compound to block or modulate ROS/NO production 
and their pro-oxidant effects. Also, it would be of  inter-
est to know if  the administration of  such an antioxidant 
complex may contribute to break off  the intracellular 
mechanisms leading to a progressive accumulation of  
neutral lipids in fatty hepatocytes and in particular, mito-
chondrial dysfunction.

Therefore, this study aimed to evaluate the effect of  
a silybin-phospholipid complex containing vitamin E 
(Realsil®) on hepatocyte fatty degeneration and nitrosa-
tive/oxidative stress in two different rat dietary models 
[choline deficiency (CD) and high fat diet (HFD)] of  
fatty liver. Both diets induce fatty degeneration without 
major inflammation and fibrosis, representing therefore 
ideal models for assessing changes associated with simple 
steatosis without the metabolic consequences depending 
on inflammation. The results of  this study contribute to 
clarify both pathophysiologic mechanisms of  damage in 
fatty hepatocytes and of  pharmacological protection.

MATERIALS AND METHODS
Male Wistar rats (b.w. 250-270 g, Harlan, S. Pietro al Na-
tisone, Italy) were kept under controlled conditions of  
temperature and humidity and on a 12 h dark/light cycle. 
Animals were divided into five groups: rats fed a CD 
diet (Dyets, Bethlem, PA); rats fed a CD diet plus daily 
administration of  Realsil by gavage (one pouch diluted 
in 3 mL of  water and containing 15 mg vitamin E and 
47 mg silybin complexed with phospholipids); rats fed a 
HFD (20% fat content), containing 71% total calories as 
fat, 11% as carbohydrate, and 18% as protein (Altromin 
Rieper, Vandoies, Italy); rats fed a HFD supplemented by 
daily administration of  Realsil by gavage; control group 
fed a normal semi-purified diet containing adequate 
levels of  choline, 35% total calories as fat, 47% as carbo-
hydrate, and 18% as protein. The control diet, CD, and 
HFD were nutritionally adequate, calorically equivalent 
(1 kcal/mL), and contained equal amounts of  fat as olive 
and safflower oil with excess corn oil added to the HFD. 

Following an overnight fast, five rats per group were 
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anesthetized with xylazine/ketamine (5.45 mg/36.4 mg/
kg im) and then sacrificed by decapitation on days 0, 7, 
14, and 30 for the CD and 0, 14, 30 and 60 for the HFD 
groups. Blood was collected into heparinized tubes and 
centrifuged at 4000 × g for 5 min to obtain serum. Livers 
were removed immediately and homogenized in an ice-
cold potassium-phosphate buffer containing 5 mmol/L 
EDTA (pH 7.4). General and liver parameters are report-
ed in Table 1. 

The protocol was conducted according to the Guide 
Principles for the care and use of  laboratory animals and 
was approved by the local committee for animal experi-
mentation.

Biochemical determinations
Total glutathione (GSH) determination was performed 
by precipitating tissue homogenates with 15% sulfosali-
cylic acid and processing the supernatant by the oxidized 
glutathione recycling procedure[13]. Protein thiols were 
measured with an Elmann’s procedure modification[14]. 
The hepatic and serum levels of  thiobarbituric acid 
malondialdehyde complex (MDA-TBA) were first sepa-
rated by high-performance liquid chromatography using 
an analytical column Spherisorb ODS 5 μmol/L (250 mm 
× 4.6 mm) eluted with 60% (v/v) potassium phosphate 
buffer 50 mmol/L, pH 6.8 and 40% (v/v) methanol at a 
flow rate of  1 mL/min. Next, spectrophotometric detec-
tion of  the MDA-TBA adducts occurred at 532 nm[15]. 
Glutathione Peroxidase (GPx) activity was assessed by 
use of  the method described by Flohè et al[16]. Calcula-
tions were made with 1 unit enzyme considered as the 
amount consuming 1.15 μmol of  nicotinamide adenine 
dinucleotide phosphate reduced (NADPH) in 1 min at 
37 ℃ (pH 7.0). Thioredoxin levels were quantitated by a 
standardized ELISA method in serum and liver homoge-
nates. Procedure followed the manufacturer’s instructions 
(Histo-line Laboratories S.r.l., Milan, Italy); samples were 
located in micro-wells previously coated with a polyclonal 
antibody (LF-PA0002) and successively with a primary 
(LF-MA0077) and a secondary HRP-conjugated anti-
mouse antibody (81-6720). After the addition of  a chro-
mogenic system, the reaction was stopped and absorbance 
read at 492 nm. Nitrosothiols were measured according 
to the method of  Cook et al[17] using a mixture of  sulfa-

nilamide/N-1-naphty-lethylendiamine dihydrochloride, 
neutral Griess as reagents. Nitrotyrosine in the serum was 
quantified using an ELISA Kit containing Streptavidin-
peroxidase conjugate which reacts with the substrate tetra-
methylbenzidine as per manufacturer’s instructions (HyC-
ult Biotechnology b.v., UDEN, The Netherlands) with 
absorbance read at 450 nm. Keratin 18 fragments (K-18) 
level was quantified in serum using the ELISA Kit as per 
manufacturer’s instructions (Cusabio Biotech Co., Ltd): 
samples were located in microwells previously coated 
with a human-specific antibody and successively with one 
substrate and a chromogenic system. The reaction was 
stopped and absorbance read at 450 nm. Protein concen-
tration was measured by using a Bio-Rad kit for the assay 
of  proteins (Bio-Rad GmbH, Munich, Germany).

Western blotting analysis
The expression of  mitochondrial oxidative phosphoryla-
tion (OXPHOS) system components was assessed by us-
ing an antibody cocktail targeting specific subunits from 
complexes Ⅰ (NADH-ubiquinone oxidoreductase), Ⅱ 
(succinate dehydrogenase), Ⅲ [ubiquinone-cytochrome 
c oxidoreductase (COX)], Ⅳ (cytochrome c oxidase), 
and Ⅴ (ATP synthase). β-actin was used as a loading 
control. Frozen tissues were homogenized in a cold 
Ripa buffer (50 mmol/L Tris-HCl, pH 8.8; 150 mmol/L 
NaCl; 1% Igepal; 0.5% sodium deoxycholate; 0.1% SDS) 
supplemented with a protease inhibitor cocktail (Sigma) 
and ruptured by 30 passages through a needle. Homog-
enized tissues were centrifuged at 14000 rpm (4 ℃, 10 
min). The supernatant was collected and kept at -80 ℃ 
until used. Protein concentration of  each sample was 
measured using BCA Protein Assay kit according to the 
manufacturer’s protocol. After denaturation at 100 ℃ 
during 5 min in Laemmli buffer (BioRad), proteins (30 
μg) were separated by electrophoresis on 10% SDS-
polyacrylamide gels (SDS-PAGE) and transferred to 
a polyvinylidene difluoride (PVDF) membrane. After 
blocking with 2% of  milk in TBST (50 mmol/L Tris-
HCl, pH 8; 154 mmol/L NaCl, and 0.1% Tween 20) for 
1 h at room temperature, membranes were incubated 
overnight at 4 ℃ with antibodies against OXPHOS 
components (1:2000) and β-actin (1:2500). Membranes 
were incubated with secondary alkaline phosphatase-
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Table 1  Characteristics and fat infiltration of rats fed a choline-deficient diet or a high fat diet with or without Realsil or a normal 
choline-supplemented diet (controls)

Characteristics Controls CD CD + Realsil HFD HFD + Realsil Controls HFD HFD + Realsil
day 30 day 30 day 30 day 30 day 30 day 60 day 60 day 30

Body weight (g) 305 ± 8 311 ± 12 304 ± 11 302 ± 10 308 ± 12 355 ± 11 364 ± 13 351 ± 12
Liver weight (g)   12.7 ± 0.5  19.7 ± 1.3a  16.7 ± 0.7a  15.7 ± 1.7a 13.1 ± 1.3 12.7 ± 0.5  18.8 ± 1.1a    15.1 ± 0.6a,c

ALT (IU/L)   30 ± 8    92 ± 14a      68 ± 12a,c    42 ± 10a  31 ± 7c 30 ± 8    69 ± 11a    52 ± 8a,c

% area     3 ± 2 311 ± 12 304 ± 11 16 ± 4   8 ± 3   4 ± 1 20 ± 4    15 ± 3a,c

No. of droplets   11 ± 5  19.7 ± 1.3a  16.7 ± 0.7a  570 ± 47a 356 ± 23 12 ± 6  389 ± 31a    519 ± 26a,c

Mean droplet diameter     1.1 ± 0.3    9.2 ± 1.4a     6.8 ± 1.2a,c    4.2 ± 1.0a    3.2 ± 0.7c   0.9 ± 0.5    4.4 ± 1.1a      3.4 ± 0.9a,c

Data represent percentage of fat in the whole area, number of fat droplets and mean diameter of the droplets. Results are mean ± SD of n = 5 different slides 
per rat per group at each time point. aP < 0.05 vs control rats; cP < 0.05 vs choline-deficient diet (CD) or high fat diet (HFD) only. ALT: Alanine transaminase.
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nmol/g to 75.6 ± 5.4 nmol/g at day 30 (Figure 2). Serum 
MDA-TBA and nitrosothiols levels as well as nitrotyro-
sine and K-18 (Table 2) were higher in CD rats. 

Effect of HFD on oxidative and nitrosative stress 
parameters
In the liver, HFD determined a progressive decrease in 
the content of  GSH, thioredoxin and nitrosothiols (Table 
3). GPx activity was initially unchanged, then increased 
and next decreased (Table 3); MDA-TBA were doubled 
at day 60 (Figure 2). Serum levels of  MDA-TBA, K-18, 
nitrotyrosine and nitrosothiols were significantly higher 
in HFD rats (Figure 3).

Effect of HFD on mitochondrial oxidative 
phosphorylation complexes
Samples from liver, heart and skeletal muscle were com-
pared regarding the content in subunits of  the mitochon-
drial respiratory chain. Western blotting yielded bands 
to all OXPHOS subunits studied, although the band 
corresponding to complex Ⅲ was very difficult to detect 
in the three tissues and hence was not quantified by den-
sitometry. Band density for each protein was normalized 
for the corresponding β-actin band.

In the liver (Figure 4), the HFD caused an increase in 
the amount of  the Complex Ⅰ subunit NDUFB8 (at day 
60) and Complex Ⅳ subunit Ⅰ, COX Ⅰ (at day 30) and 
a decrease of  Complex Ⅱ subunit 30kDa, CII-30 (days 
14 and 60) and ATP synthase subunit α, CV-α (day 14). 
Minor changes in the heart and skeletal muscle proteins 
were observed (data not shown). 

Effect of Realsil on general parameters, liver histology, 
stress markers, and mitochondrial proteins
Realsil administration was associated with a lower in-
crease of  liver weight and a less pronounced increase of  
serum transaminase levels in rats (Table 1). As shown 
(Figure 1 and Table 2), Realsil resulted in a lower extent 
of  fat infiltration in both CD and HFD rats. In CD rats, 
Realsil determined an improvement in the number and 
diameter of  fat droplets. In HFD rats, Realsil was associ-
ated with a lower diameter of  fat droplets; the number of  
droplets per histological section was lower at day 30 but 
higher at day 60, as a likely consequence of  a less conflu-
ent phenomenon.

Realsil was protective against CD and HFD induced 
oxidative and nitrosative changes both in the liver and in 
plasma. The improvement in such parameters was more 
evident for CD rats. In particular, the decrease of  liver 
GSH and nitrosothiols was kept to 50% compared with 
untreated rats, while the changes in MDA-TBA, thiore-
doxin, and GPx were less marked although significant 
(Table 2). The same parameters were less affected by 
Realsil in HFD rats (Table 3 and Figure 3). In fact, the 
hepatic concentrations of  GSH, MDA-TBA, GPx, and 
nitrosothiols did not differ significantly compared to 
untreated HFD rats. Only thioredoxin levels were main-
tained to a higher level by Realsil administration. In these 

conjugated antibodies: goat anti-mouse IgG (1:5000) for 
1 h at room temperature. Membranes were incubated 
with ECF detection system (Amersham, GE Health-
Care, Piscataway, NJ) and read with the Versa Doc imag-
ing system (Bio-Rad, Barcelona, Spain).

Histology
Liver specimens were fixed in 10% neutral buffered 
formalin and paraffin embedded. Five sections of  4 μm 
thickness from each sample were cut and stained with to-
luidin blue-periodic acid-schiff  stain. Histologic features 
were examined on five low-power fields per specimen, 
and a semi-quantitative estimation of  the empty vacuoles 
(fat) was performed by measuring the fat percentage dis-
tribution on the surface areas.

Chemicals
Total OXPHOS Rodent Antibody Cocktail was pur-
chased from Mitosciences Inc. (Cambridge, MA). Sec-
ondary alkaline phosphatase-conjugated antibodies were 
purchased from Jackson ImmunoResearch Laboratories, 
Inc. (Cambridgeshire, United Kingdom). All other chemi-
cals used were of  the highest purity available and were 
purchased from Sigma-Aldrich Chemical Co. (Barcelona, 
Spain or Milan, Italy).

Statistical analysis
All data are expressed as mean ± SD. The Mann-Whitney 
rank sum test was used to compare groups. For multiple 
comparisons, the ANOVA on ranks analysis of  variance 
followed by Dunn’s method was used. The nonparamet-
ric Spearman rank order correlation was used to relate 
biochemical parameters. P < 0.05 defined significance.

RESULTS
Effect of CD and HFD on general parameters and liver 
histology
Feeding CD or HFD was associated with a progressive 
and significant increase of  liver weight but not of  body 
weight at days 30 and 60, respectively, as compared with 
control rats (Table 1). In rats with fatty liver, ALT levels 
increased progressively. At days 30 and 60, both CD and 
HFD rats showed a two-to-threefold increase.

Rats on CD and HFD showed remarkable liver ste-
atosis (Figure 1 and Table 1). There was a progressive 
hepatic fat infiltration ranging from large droplets at day 
14 to disseminated and confluent vacuoles resulting in 
microvesicular steatosis at day 30 (CD) and day 60 (HFD). 
Single cell necrosis was rarely noted. No evidence for in-
flammation and/or fibrosis was present.

Effect of CD on oxidative and nitrosative stress 
parameters
In the liver, CD was associated with a higher content of  
GSH, thioredoxin, and nitrosothiols, while GPx activity 
was higher at day 7 and then lower at day 30 (Table 2). 
MDA-TBA levels were five-fold higher from 9.1 ± 1.2 
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rats, Realsil halved the variations of  serum MDA-TBA 
and nitrotyrosine levels, while it was less effective on K-18 
(222 ± 15 IU/L vs 242 ± 23 IU/L at day 60 in treated 
and untreated HFD rats, respectively) and nitrosothiols 
(72 ± 10 nmol/L vs 81 ± 9 nmol/L at day 60 in treated 
and untreated HFD rats, respectively) levels.

In HFD animals receiving also Realsil, several changes 
occurred in liver mitochondria (Figure 4). At day 14, ad-
ministration of  Realsil resulted in a significant increase 
in the protein levels of  NDUFB8 subunit, which were 
slightly decreased (although not statistically significant) 
by the diet alone. On the other hand, Realsil in HFD 
animals further decreased the amount of  CII-30 (day 
14), NDUFB8 (day 30), and COX Ⅰ (day 60). At day 60, 
Realsil had protective effect on the Complex Ⅱ subunit 
CII-30 by increasing the amount of  the protein that was 
decreased by the diet alone. Interestingly, in the muscle, 

at day 60 Realsil reversed the effect induced by HFD in 
CII-30 subunit and in COX Ⅰ subunit and, at day 30, de-
creased CV-α subunit protein amount.

DISCUSSION
Obesity is a health problem in developed countries[18-21] 
and is related to insulin resistance, dyslipidemia, type 2 
diabetes, hypertension, and liver steatosis (NAFLD)[22]. 
Simple steatosis is considered a benign condition with 
low risk of  evolution, while its inflammatory form 
(NASH) is considered a risk factor for liver cirrhosis.

Mechanisms governing hepatocellular fat deposi-
tion involve metabolic pathways partly depending on 
the up-regulation of  peroxisome proliferator-activated 
receptor and on the consequent activation of  adipocyte 
differentiation programs[23]. The relationship between 

B

A

C

CD - day 30 CD + Realsil - day 30

HFD - day 30 HFD + Realsil - day 30

HFD - day 60 HFD + Realsil - day 60

Figure 1  Light micrographs of rat liver stained with toluidin blue-periodic acid-schiff stain. A: Liver from rat fed a choline deficient diet (day 30); B: Liver from 
rat fed a high fat diet (day 30); C: Liver from rat fed a high fat diet (day 60). Right column without and left column with administration of Realsil (Magnification: 200 ×). 
CD: Choline deficiency; HFD: High fat diet. 
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intracellular metabolic processes and systemic changes 
occurring in patients with fatty liver are still under de-
bate. Also, the effect of  modulating compounds and 
antioxidant molecules on such lipid effectors and on NO 
metabolic changes has been poorly investigated. Mito-
chondria, coordinators of  energy metabolism, are actively 
involved in such processes[18,21]. In NASH patients, mito-
chondria show morphological alterations and functional 
impairment[7,24]. Ultrastructural modifications were also 
observed in rats fed a steatogenic diet (HFD)[25]. Mito-
chondria are the most relevant source of  ROS in most 
cells and especially in fatty hepatocytes[26,27]. ROS alter the 
activity of  JNK enzymes, disturb insulin signaling, and 
enhance potassium transport across the inner mitochon-
drial membrane[28] leading to mitochondrial uncoupling 
and triggering as well adaptive response[29-31].

In a recent study[3], we observed that hepatocytes re-
act to fat deposition by a very early increase of  GSH and 
thioredoxin both in the cytosol and in the mitochondria 
to likely prevent lipid and protein oxidation. Prolongation 
of  steatogenic diet, however, led to major mitochondrial 
redox changes, i.e., increased MDA-TBA, progressive 
decrease of  GSH and thioredoxin, and increase of  mixed 
disulfides, nitrates, and nitrosothiols, all consistent with 
both oxidative damage and increased NO synthesis. In 
fatty livers, NO synthase (iNOS) is induced by enhanced 
inflow of  gut-derived toxins[32] and tumor necrosis 
factor-α expression[33] and generates hyper reactive spe-
cies such as NO with accumulation of  nitrotyrosine[33]. 
This likely reflects an increased peroxynitrite formation 

and suggests potential NO participation to liver injury[34]. 
Thioredoxin, a redox-active protein induced by oxidative 
stress[35], is actively involved in NO regulation through 
nitrosothiols cleavage[36,37]. Nitrosothiols, formed by con-
jugation of  NO with free thiols, oppose peroxynitrite 
formation and act as intracellular messenger controlling 
cellular and mitochondrial functions[38,39].

In the fatty liver, intracellular redox changes and pro-
tein nitrosation may represent a major factor stimulating 
the progression from simple steatosis to NASH[40]. Also, 
a critical role for such hepatic variations in the patho-
genesis of  systemic chronic inflammatory conditions has 
been recently proposed[41,42]. In our study, we show that 
liver steatosis is associated with high levels of  circulat-
ing NO derivatives (nitrosothiols and nitrotyrosine) and 
with high levels of  K-18, the major keratin expressed in 
the liver and one of  the most prominent substrates of  
caspases during hepatocytes apoptotic death[43]. These 
alterations were closely dependent on the changes occur-
ring in the liver in which GSH content and thioredoxin 
activity declined with ongoing steatosis. Also, the close 

Table 2  Concentrations of total glutathione, thioredoxin, 
nitrosothiols, and activity of glutathione peroxidase, 
malondialdehyde-thiobarbituric acid reactive substances, 
nitrosothiols, nitrotyrosine, and keratin-18 in the liver of rats

Day 7 Day 14 Day 30

Glutathione S 34.3 ± 3.1 33.2 ± 1.4 25.3 ± 1.2a

34.0 ± 1.3 nmol/mg prt R 35.1 ± 1.2 33.7 ± 1.0   30.9 ± 1.1a,c

Thioredoxin S  14.2 ± 1.0a  16.3 ± 2.4a  5.2 ± 0.7
5.6 ± 0.9 nmol/mg prt R  11.3 ± 1.0a  14.4 ± 1.0a   6.2 ± 0.7c

Nitrosothiols S  32.9 ± 3.5a  30.0 ± 2.2a 13.0 ± 1.2a

16.8 ± 4.7 pmol/mg prt R  35.4 ± 2.7a    27.3 ± 2.2a,c   15.8 ± 1.5a,c

MDA-TBA S  17 ± 4a  39 ± 8a   92 ± 10a

12 ± 3 nmol/L R 12 ± 3    19 ± 4a,c   41 ± 9a,c

Nitrosothiols S   73 ± 15    79 ± 12a   88 ± 10a

62 ± 10 nmol/L R   67 ± 10   69 ± 10     74 ± 11a,c

Nitrotyrosine S   6 ± 2  10 ± 3a 14 ± 3a

6 ± 1 nmol/L R   5 ± 1    5 ± 2c   10 ± 2a,c

K-18 S 222 ± 21  233 ± 16a 289 ± 20a

198 ± 20 U/L R 210 ± 10  213 ± 13c   240 ± 17a,c

GPx activity S    9.3 ± 1.2a  21.1 ± 3.7a 13.7 ± 1.8a

4.5 ± 0.4 nmol NADH/
min/mg prt

R      6.3 ± 0.9a,b  20.8 ± 1.4a   16.6 ± 2.6a,b

The liver of rats fed a choline-deficient (CD) diet without (S)/with (R) 
Realsil or a normal choline-supplemented diet (controls). Values from 
controls are reported in the first column under the parameter. Data are 
mean ± SD of n = 5 rats per group at each time point. aP < 0.05 vs control 
rats; cP < 0.05 vs rats on CD diet without Realsil at the same time point. 
GPx: Glutathione peroxidase; MDA-TBA: Malondialdehyde-thiobarbituric 
acid reactive substances; K-18: Keratin-18; prt: Protein.
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Figure 2  Concentrations of malondialdehyde-thiobarbituric acid reactive 
substances. A: Liver of rat fed a choline-deficient diet; B: Liver of rat fed a high 
fat diet. Closed square: Without; open square: With Realsil administration; open 
circle: Control rats fed a standard chow-diet with adequate content of choline. 
Data are mean ± SD of n = 5 rats per group at each time point. aP < 0.05 vs 
control rats; cP < 0.05 vs untreated rats at the same time points. MDA-TBA: 
Malondialdehyde-thiobarbituric.

Grattagliano I et al . Silybin and liver steatosis



3013 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

relation observed between the circulatory NO derivatives 
and K-18 levels clearly links NO with the hepatic inflam-
matory processes occurring under marked liver steatosis. 

Previous studies have demonstrated elevation of  these 
molecules in NAFLD[44] as a consequence of  the in-
creased apoptotic rate due to hepatic inflammation[45].

In the present work, the HFD promoted alterations in 
mitochondrial complexes, although not deep enough to 
result in bioenergetic changes, as reported for other diet 
models including CD[46,47]. Interestingly, the limited array 
of  alterations observed in the heart and skeletal muscle 
points to the conclusion that this model selectively affects 
the liver. 

In this scenario, the administration of  antioxidant 
molecules able to contrast oxidative and nitrosative phe-
nomena improved most of  the investigated stress param-
eters both in the liver and in serum. In fact, in our study 
the administration of  Realsil was effective in reducing the 
extent of  fatty infiltration of  the liver and in modulat-
ing the changes in mitochondrial function and oxidative 
and nitrosative stress both in the liver and in the systemic 
circulation. This would suggest that Realsil is effective in 
contrasting the metabolic alterations resulting in excess 
fat deposition and at the same time in counteracting the 
increased formation of  ROS and NO species.
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Figure 3  Plasma concentration of redox active and nitrogen regulating molecules. A: Malondialdehyde-thiobarbituric acid reactive substances (MDA-TBA); B: 
Keratine 18 (K-18); C: Nitrosothiols; D: Nitrotyrosine. Rats were fed a high fat diet without (closed square) or with (open square) Realsil administration; control rats fed 
a standard chow-diet (open circle). Data are mean ± SD of n = 5 rats per group at each time point. aP < 0.05 vs control rats; cP < 0.05 vs untreated rats at the same 
time points. 

Table 3  Concentrations of total glutathione, thioredoxin, 
nitrosothiols, and activity of glutathione peroxidase in the 
liver of rat

Day 14 Day 30 Day 60

Glutathione S   23.7 ± 1.9a 20.8 ± 2a 22.4 ± 2.4a

33.4 ± 0.8 nmol/mg prt R   22.3 ± 1.8a    23.9 ± 1.7a    23 ± 1.6a

Thioredoxin S     9.2 ± 0.9a      8.9 ± 0.8a  4.3 ± 1.0
5.4 ± 0.5 nmol/mg prt R      7.6 ± 0.7a,c      7.8 ± 0.7a     7.4 ± 1.7a,c

Nitrosothiols S 18.1 ± 1.5   19.6 ± 2.5    10 ± 2.3a

20.4 ± 3.1 pmol/mg prt R    14.4 ± 1.7a,c    16.1 ± 2.3a   14.3 ± 1.9a,c

GPx S    4.7 ± 0.6a      6.5 ± 1.3a  4.6 ± 1.6
3.9 ± 0.3 nmol NADH/
min/mg prt

R    3.4 ± 0.5c      4.3 ± 1.0c  4.1 ± 1.0

The liver of rats fed a high fat diet (HFD) diet without (S)/with (R) Realsil 
or a standard control diet (controls). Values from controls are reported in 
the first column under the parameter. Data are mean ± SD of n = 5 rats per 
group at each time point. aP < 0.05 vs control rats; cP < 0.05 vs rats on HFD 
diet without Realsil at the same time point. GPx: Glutathione peroxidase; 
NADH: Nicotinamide adenine dinucleotide; prt: Protein.
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Silybin, the major constituent of  milk thistle extract, 
affords hepatoprotection in vitro and in vivo[48,49] by inhibit-
ing the production of  pro-inflammatory and pro-fibro-
genic factors[12,50]. The conjugation with phospholipids 
greatly increases its intestinal absorption and the systemic 
bioavailability[51]. However, the mechanisms of  the he-
patocyte protection have not been completely defined. 
Some hypotheses point to a potential antioxidant cyto-
protective effect of  Realsil by including the modulation 
of  protein oxidation/denitrosation and the maintenance 
of  membrane lipid composition and function[52]. To dem-
onstrate these effects, we investigated the protective ef-

fects of  Realsil on oxidative/nitrosative changes both in 
the liver and in circulation.

Indeed, although the subtle mechanisms regulat-
ing the protein nitrosation/denitrosation process have 
not been completely identified, it has been shown that 
thioredoxin-deficient cells denitrosate nitrosothiols less 
efficiently[37] and that nitrosative stress is critically impor-
tant in promoting S-nitrosylation and nitration of  various 
mitochondrial proteins, leading to mitochondrial dysfunc-
tion, decreased energy supply, and increased hepatic in-
jury[53]. With ongoing steatosis, the decrement in hepatic 
thioredoxin and GSH levels we observed may be due 
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Figure 4  Western blotting analysis of the components of liver mitochondrial oxidative phosphorylation system in rats receiving high fat diet with (grey 
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analysis. Data are means ± SE of n = 3-4 independent experiments. aP < 0.05 vs control rats; cP < 0.05 vs untreated rats at the same time points. 
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also to a down-regulation process associated with excess 
deposition of  fat and toxic molecules and may indirectly 
contribute to the progressive appearance of  other oxida-
tive changes.

In our study, Realsil was able to counteract most of  
the oxidative biochemical alterations during the early 
phases of  steatosis while it resulted less effective later (30 
and 60 d) when the extent of  fat infiltration was massive. 
The protection promoted by Realsil is certainly exerted at 
different levels and particularly at mitochondrial level[54]. 
The changes (both morphological and biochemical) 
observed in the liver of  rats receiving Realsil were also 
evident at systemic level and this more explicitly relates 
systemic with hepatic changes in animals with fatty liver.
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Abstract
AIM: To analyze trends in incidence and mortality of 
acute pancreatitis (AP) and chronic pancreatitis (CP) in the 
Netherlands and for international standard populations.

METHODS: A nationwide cohort is identified through 
record linkage of hospital data for AP and CP, accumu-
lated from three nationwide Dutch registries: the hos-
pital discharge register, the population register, and the 
death certificate register. Sex- and age-group specific 
incidence rates of AP and CP are defined for the period 
2000-2005 and mortality rates of AP and CP for the 
period 1995-2005. Additionally, incidence and mortality 
rates over time are reported for Dutch and internation-
al (European and World Health Organization) standard 
populations.

RESULTS: Incidence of AP per 100000 persons per year 
increased between 2000 and 2005 from 13.2 (95%CI: 

12.6-13.8) to 14.7 (95%CI: 14.1-15.3). Incidence of AP 
for males increased from 13.8 (95%CI: 12.9-14.7) to 
15.2 (95%CI: 14.3-16.1), for females from 12.7 (95%CI: 
11.9-13.5) to 14.2 (95%CI: 13.4-15.1). Irregular pat-
terns over time emerged for CP. Overall mean incidence 
per 100000 persons per year was 1.77, for males 2.16, 
and for females 1.4. Mortality for AP fluctuated during 
1995-2005 between 6.9 and 11.7 per million persons 
per year and was almost similar for males and females. 
Concerning CP, mortality for males fluctuated between 1.1 
(95%CI: 0.6-2.3) and 4.0 (95%CI: 2.8-5.8), for females 
between 0.7 (95%CI: 0.3-1.6) and 2.0 (95%CI: 1.2-3.2). 
Incidence and mortality of AP and CP increased mark-
edly with age. Standardized rates were lowest for World 
Health Organization standard population.

CONCLUSION: Incidence of AP steadily increased while 
incidence of CP fluctuated. Mortality for both AP and CP 
remained fairly stable. Patient burden and health care 
costs probably will increase because of an ageing Dutch 
population.

© 2013 Baishideng. All rights reserved.

Key words: Acute pancreatitis; Chronic pancreatitis; 
Epidemiology; Incidence; Mortality

Core tip: Large scale epidemiological studies report-
ing time trends of incidence and mortality of chronic 
pancreatitis (CP) are strikingly scarce compared to the 
also limited epidemiological studies on acute pancrea-
titis (AP). Reported are the Dutch incidence rates of AP 
and CP for the period 2000-2005, and mortality rates 
of AP and CP for the period 1995-2005. The incidence 
rates of AP steadily increased while the incidence of CP 
fluctuated. Population mortality for both AP and CP re-
mained fairly stable. Both incidence and mortality rates 
increased markedly by age. So, especially in ageing 
populations, it is to be expected that patient burden 
and health care costs will increase.
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INTRODUCTION
Over the last decades, the incidence and number of  
hospital admissions of  both acute pancreatitis (AP)[1-10] 
and chronic pancreatitis (CP) have consistently increased 
in the Western countries[11-14]. Increasing alcohol intake, 
more gallstone-related pancreatitis, increased pancreatic 
enzyme testing and improvements of  diagnostic tests and 
interventional techniques have all been suggested as pos-
sible explanations[4,5,6,8,15-17].

The disease spectrum of  AP ranges from mild and 
self-limiting (approximately 85%) to a life-threatening ill-
ness resulting in significant morbidity and mortality[18-21]. 
At onset, AP regularly results in hospitalization[22,23]. Gen-
erally, in the Western countries the case fatality propor-
tion of  AP decreased over time, but the overall popula-
tion mortality did not change[2,16].

CP is characterized by ongoing or recurrent episodes 
of  abdominal pain accompanied by progressive pancre-
atic exocrine and endocrine insufficiency. Hospitalization 
is required in case of  an exacerbation to control pain (e.g., 
opioid medication, endoscopic duct drainage, pancreati-
cojejunostomy and/or resection) and for the treatment 
of  complications such as pseudocysts[15,16,24,25]. The overall 
survival for CP patients is reduced compared with the 
general population. Most notably because of  the impact 
of  non-pancreatic effects of  excess alcohol consumption 
and/or smoking, independent of  CP itself[15,16].

Epidemiological studies from the Netherlands for 
AP are scarce and this is even more the case for CP[2,11,22]. 
Eland et al[2] reported the latest incidence rates and mor-
tality of  AP from 1985 to 1995, both based on hospital 
discharge data. Our group reported about the trend in 
hospital admissions in the Netherlands for AP and CP[11]. 
For both groups, the hospital admissions have increased 
substantially from 1992 to 2004.

In this study we report the incidence rates of  AP and 
CP for the period 2000-2005 and mortality rates of  AP 
and CP for the period 1995-2005 following linkage of  
three distinct nation-wide Dutch registries. Additionally, 
data on incidence and mortality rates over time are re-
ported for Dutch and international standard populations.

MATERIALS AND METHODS
Case finding
Cases of  AP and CP were identified by linkage of  three 
distinct nation-wide Dutch registries: the hospital dis-
charge register [HDR: formerly also known as the Na-
tional Information System on Hospital Care (NISHC)], 

the population register (PR), and the death certificate 
register (DCR). The HDR contains discharge data from 
academic and general hospitals in the Netherlands 
(http://www.dutchhospitaldata.nl/). Since 1992 almost 
all (> 97%) Dutch hospitals are linked to the HDR with 
99% coverage of  all hospital admissions. For each hospi-
tal discharge the dates of  admission and discharge, type 
of  admission, and diagnoses at discharge (primary and 
secondary) are recorded along with anonymous patient 
characteristics like: sex, date of  birth, postal code of  the 
living address, and country of  origin. Hospital discharge 
diagnoses in the HDR are coded according to the Inter-
national Classification of  Diseases, 9th revision, Clinical 
Modification (ICD-9CM). We retrospectively retrieved all 
hospital admissions (> 1 d of  hospital stay) for the period 
1 January 1995-31 December 2005 from the HDR with 
acute (code 577.0) or chronic (code 577.1) pancreatitis as 
the primary discharge diagnoses.

A single patient with multiple admissions will have 
several records in the HDR. Because of  its anonymous 
nature however, only partially identifiable information 
is provided at the record level. For the accurate count 
of  pancreatitis cases, it is necessary to identify different 
admissions, potentially in different hospitals, by the same 
patient. To identify these unique cases in the HDR the 
records were linked to the PR which is maintained by Sta-
tistics Netherlands of  the Dutch Ministry of  Economy 
Affairs. The PR contains continuously updated demo-
graphic data on all citizens residing in the Netherlands 
like name, date of  birth, sex, nationality, living address, 
dates of  immigration and/or emigration, and date of  
death. 

HDR records can be linked to the PR by a combina-
tion of  three identifiers: sex, date of  birth, and (the nu-
meric part of) the postal code at the time of  admission. 
Linkage fails if  several citizens are of  the same sex, are 
born on the same date, and live in the same postal code 
area at the time at least one of  them is admitted (“admin-
istrative siblings”). Also, linkage fails if  any key data are 
lacking in the HDR or in the PR.

Statistics Netherlands enables the unique linkage of  
about 86% of  all yearly hospital admissions to the PR, 
suggesting that counts at the person level should be mul-
tiplied by 100/86 to derive national estimates. However, 
the probability of  unique linkage is not equal across sub-
groups in the general population and over time. For in-
stance, persons in high-density population areas, persons 
born in countries with inaccurate birth dates, and moving 
persons have a lower probability of  unique linkage. To 
compensate for linkage failure, stratum-specific multi-
pliers were calculated for sex, 5-yearly age cohorts, and 
country of  origin (available from the corresponding au-
thor upon request). While doing so, we took into account 
that our aim was to estimate the incidence rather than the 
prevalence of  AP and CP. 

From case finding to incident cases
We defined an incident case during any specific year as 
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a person with an admission for AP or CP during that 
year which is not preceded by another admission of  the 
same person with the same discharge diagnosis during 
at least five years prior to the specified year. To identify 
incident cases, it is mandatory that all admissions dur-
ing the observation period have been identified for each 
person. Hence, a person known in the PR should be al-
ways uniquely identifiable during the observation period 
1995-2005 based on the linkage keys sex, age, and the 
postal code. 

Incidence rates and standardized incidence rates
Sex- and age- specific incidence rates for the years 2000-2005 
were defined as the yearly number of  new pancreatitis 
cases per 100000 members of  the Dutch reference popu-
lation alive during the year, excluding immigrated or emi-
grated citizens and after adjustment for stratum-specific 
linkage failure between the HDR and the PR[26]. The 
yearly incidence rates were standardized with reference to 
the age and sex distribution of  the Dutch reference popu-
lation in 2000 to identify the possible impact of  a Dutch 
ageing population on the observed trends in incidence 
rates over time. Standardizations were also performed 
with reference to the age distribution (assuming evenly 
distributed male and females) of  the European and World 
Health Organization (WHO) standard populations to en-
able direct comparisons among trends in incidence and 
mortality rates across countries that differ by age (and sex) 
distributions of  their respective populations[27].

Mortality rates and standardized mortality rates
Deaths associated with AP and CP were identified by 
linkage of  the PR and the DCR which is also maintained 
by Statistics Netherlands.

General practitioners and hospitals are obliged to 
complete a death certificate for each deceased person, 
and notify the primary and up to three secondary causes 
of  death. Causes of  death are coded according to the In-
ternational Classification of  Diseases coding system with 
acute and chronic pancreatic related death coded as 577.0 
and 577.1 respectively for the year 1995 (ICD-9CM) or 
K850 and K860/K861 respectively for the years 1996 and 
later (ICD-10CM). The register is nearly complete (99.7%) 
with regard to persons deceased in the Netherlands, 
meaning that deaths after emigration are lacking. For their 
completeness and reliability, only the primary causes of  
death were analyzed. The mortality rate was expressed per 
1000000 general population members excluding the ones 
that emigrated any time between 1995 and 2005. Again, 
yearly mortality rates were recalculated with reference to 
the age and sex distribution of  the Dutch reference popu-
lation in 2000 as well as with reference to the age distribu-
tion of  the European and WHO standard populations.

Statistical analysis
We assumed the AP and CP incidence and mortality rates 
to follow Poisson distributions when calculating 95%CI. 
The Statistical Package for the Social Sciences versions 

14.0 and 18.0 (SPSS, Chicago, IL, United States) were 
used for statistical analysis.

RESULTS
In 1995-2005, 18819221 citizens were known in the popu-
lation register with 49.75% being male. Slightly under 10.4 
percent immigrated or emigrated, leaving 16866819 pa-
tients in the Dutch reference population for the incidence 
estimates, 12163581 of  whom were always uniquely iden-
tifiable during 1995-2005. Hence, the average multiplier 
for the incidence estimates amounted to 1.387. 

Incidence rates acute pancreatitis per 100000 persons 
per year
The overall incidence rate of  AP increased during the 
2000-2005 period from 13.2 (95%CI: 12.6-13.8) in 2000 
to 14.7 (95%CI: 14.1-15.3) in 2005. The incidence rate for 
males rose from 13.8 (95%CI: 12.9-14.7) to 15.2 (95%CI: 
14.3-16.1), for females from 12.7 (95%CI: 11.9-13.5) to 
14.2 (95%CI: 13.4-15.1), reflecting yearly increases of  
1.6% and 1.9% respectively (Figure 1A).

Incidence rates ranged from below 1 in the younger 
age groups (< age 15 years) to as high as 50.7 in 2005 for 
the patients of  85 years and above. Figure 1B shows the 
incidence rates for four major age groups (< 25, 25-49, 
50-74 and > 74 years). The incidence rate in the 50-74 age 
group was highest in 2004 (26.1; 95%CI: 24.6-27.7); in the 
eldest age group the incidence rate was increased in 2005 
(46.5; 95%CI: 42.5-50.9) compared to the preceding years. 

The mean yearly incidence rates of  AP by 5-yearly age 
groups and by sex peaked at the ages of  80-84 for both, 
males (55.4; 95%CI: 42.8-71.6) and females (41.9; 95%CI: 
33.8-52.0). The mean yearly incidence rate was higher for 
females (7.1; 95%CI: 4.7-10.7) than males (3.4; 95%CI: 
1.9-6.0) for persons in their early twenties. However, be-
tween the ages of  44 and 84, the opposite was observed 
with 30%-63% higher mean yearly incidence rates for 
males than for females.

Figure 1C and D (males and females) show the origi-
nal as well as the Dutch 2000, the European and the 
WHO standardized incidence rates of  AP. Both figures 
show lowest incidence rates for the WHO standard pop-
ulation (range males: 10.4-11.6; range females: 8.6-10.1), 
followed by the European standard population (range 
males: 12.5-13.9; range females: 10.0-11.7), and the Dutch 
standard population (range males: 13.8-15.3; range fe-
males: 12.1-14.0). The figures show that the discrepancy 
between the original incidence rate and the standardized 
rates increases over time for males, indicating a small ef-
fect of  an ageing Dutch population.

Incidence rates chronic pancreatitis per 100000 persons 
per year
The overall incidence rate of  CP during the 2000-2005 
period averaged 1.77, fluctuating between 1.52 (95%CI: 
1.32-1.74) in 2001 and 1.98 (95%CI: 1.76-2.22) in 2004. 
Figure 2A shows the incidence rates of  male and female 

3020 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Spanier BWM et al . Epidemiology acute and chronic pancreatitis



3021 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

In
ci

de
nc

e 
ra

te
s 

pe
r 

10
00

00
 p

er
so

ns
 p

er
 y

ea
r

20

18

16

14

12

10

8

6

4

2

0
2000   2001  2002   2003   2004   2005

Sex

20

18

16

14

12

10

8

6

4

2

0
2000   2001  2002   2003   2004   2005

20

18

16

14

12

10

8

6

4

2

0
2000   2001  2002   2003   2004   2005

60

50

40

30

20

10

0
2000   2001  2002   2003   2004   2005

Age groups
Male
Female
75 yr and older
50-74 yr
25-49 yr
Under 25 yr

Original
Dutch standard 2000
European standard
WHO standard

Male Female

Figure 1  Incidence rates acute pancreatitis per 100000 persons per year. A: The incidence rates of male and female acute pancreatitis (AP) cases; B: The inci-
dence rates for four major age groups (< 25, 25-49, 50-74 and > 74 years); C (males) and D (females): The original as well as the Dutch 2000, the European and the 
World Health Organization (WHO) standardized incidence rates of AP.
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Figure 2  Incidence rates chronic pancreatitis per 100000 persons per year. A: The incidence rates of male and female chronic pancreatitis (CP) cases; B: The 
incidence rates for four major age groups (< 25, 25-49, 50-74 and > 74 years); C (males) and D (females): The original as well as the Dutch 2000, the European and 
the World Health Organization (WHO) standardized incidence rates of CP.
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CP cases. The incidence rates for males averaged 2.16, 
50% higher than the incidence rates for females (mean 
of  1.4). The incidence rates for males fluctuated over 
time with lower rates in the years 2001 and 2003 (both 
1.9; 95%CI: 1.6-2.3) compared with the year 2000 (2.5; 
95%CI: 2.1-2.9). Among females, the incidence rates dur-
ing the years 2003 (1.5; 95%CI: 1.3-1.8) and 2004 (1.6; 
95%CI: 1.4-2.0) were higher than during the year 2001 
(1.2; 95%CI: 0.9-1.5).

Incidence rates ranged from below 0.5 in the younger 
age groups (< age 20 years) to as high as 5.2 (95%CI: 
3.5-7.8) in 2005 for the patients between 75 and 79 years 
of  age. Figure 2B shows the incidence rates for four ma-
jor age groups (< 25, 25-49, 50-74 and > 74 years). While 
the incidence rate fluctuated in the 50-74 years age group 
between 3.8 (95%CI: 3.2-4.5) in 2000 and 2.9 (95%CI: 
2.4-3.5) in 2001 and 2005, the incidence rate in the age 
group of  75 and older increased steadily by 75%, from 2.5 
(95%CI: 1.7-3.7) in 2000 to 4.4 (95%CI: 3.2-5.8) in 2005.

The mean yearly incidence rates of  CP for males be-
tween 65 and 74 years (65-69 years: 6.2, 95%CI: 3.9-9.8; 
70-74 years: 5.1, 95%CI: 3.0-8.9) more than doubled the 
rates for females (65-69 years: 2.3, 95%CI: 1.2-4.7; 70-74 
years: 2.4, 95%CI: 1.2-5.0).

Figure 2C and D (males and females) show the origi-
nal as well as the Dutch 2000, the European and the 
WHO standardized incidence rates of  CP. The incidence 

rates for the WHO standard population ranged from 1.4 
to 1.9 for males and from 0.8 to 1.2 for females. For the 
European standard population, the ranges were 1.7-2.3 
and 1.0-1.3 for males and females respectively. The ranges 
for the Dutch standard population in 2000 (range males: 
1.9-2.5; range females: 1.2-1.6) were nearly identical to 
the non-standardized data. 

Mortality rates acute pancreatitis per million persons 
per year
Between 1995 and 2005, 1524492 persons died in the 
Netherlands. In 2264 cases AP was notified as a cause of  
death. Of  these, 65.6% or 1484 cases (0.97 pro mille of  
all deceased persons) died with AP as the primary cause 
of  death, including 764 males and 720 females.

Figure 3A shows the male and female mortality rates 
of  AP for 1995-2005. The mortality rates fluctuated be-
tween 6.9 and 11.7 were similar for males and females ex-
cept for the years 1997 and 1999 when more males than 
females died (1997: 11.7; 95%CI: 9.4-14.5 vs 7.26; 95%CI: 
5.56-9.48); 1999: 10.3; 95%CI: 8.2-12.9 vs 7.3; 95%CI 
5.61-9.51). Figure 3B shows the mortality rates for four 
major age groups (< 25, 25-49, 50-74 and > 74 years). 
The mortality rate for patients younger than 50 years of  
age stayed below 3.6 (95%CI: 2.3-5.6) and for the 50-74 
years age group below 18.6 (95%CI: 14.8-23.5), whereas 
the mortality rate more than tripled up to 85.3 (95%CI: 

Figure 3  Mortality rates acute pancreatitis per million persons per year. A: The male and female mortality rates of acute pancreatitis (AP) for 1995-2005; B: The 
mortality rates for four major age groups (< 25, 25-49, 50-74 and > 74 years); C (males) and D (females): The original as well as the Dutch 2000, the European and 
the World Health Organization (WHO) standardized mortality rates of AP. 
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69.1-105.4) for the oldest age group.
Figure 3C and D (males and females) show the original 

as well as the Dutch 2000, the European, and the WHO 
standardized mortality rates of  acute pancreatitis. An age-
ing effect for males is present with in 1995 a 6.1% higher 
and in 2005 a 7.1% lower Dutch standardized rate com-
pared to the original rate. On average, the mortality rates 
for the European and Dutch standard populations are 
31.6%, respectively 36.8% higher than the WHO standard. 
Although the overall pattern is irregular, a gradual decline 
over time in mortality rates for males can be noted.

Among the females a smaller ageing effects emerges 
with in 1995 a 4% higher and in 2005 a 3.4% lower 
Dutch standardized rate compared to the non-standard-
ized rate. On average, the mortality rates for the Euro-
pean and WHO standard populations are 52.7%, respec-
tively 96.8% below the Dutch standard.

Mortality rates chronic pancreatitis per million persons 
per year 
Between 1995 and 2005 745 patients died in the Neth-
erlands with CP notified as a cause of  death. Of  these, 
43.9% or 327 cases (0.21 pro mille of  all deceased Dutch 
patients in the same period) died with CP as the primary 
cause of  death, including 223 males and 104 females. 

Figure 4A shows the male and female mortality rates 
of  CP for 1995-2005. The mortality rates for males 
fluctuated between 1.1 (95%CI: 0.6-2.3) in 1997 and 4.0 

(95%CI: 2.8-5.8) in 2003, for females between 0.7 (95%CI: 
0.3-1.6) in 1995 and 2.0 (95%CI: 1.2-3.2) in 2000. Except 
for 1997, 2000, 2002 and 2005 the male mortality rate ex-
ceeded the female mortality rate.

Figure 4B shows the mortality rates for four major 
age groups (< 25, 25-49, 50-74 and > 74 years). The 
mortality rate for patients younger than 50 years of  age 
stayed below 2.3 (95%CI: 1.3-4.0) and for the 50-74 age 
group below 4.5 (95%CI: 2.9-7.1), whereas for the oldest 
age group the mortality rate went up to as high as 14.7 
(95%CI: 8.7-24.9).

Figure 4C and D (males and females) show the origi-
nal as well as the Dutch 2000, the European, and the 
WHO standardized mortality rates of  CP for 1995-2005. 
Again, an ageing effect for males is present with in 1995 
a 9.7% higher and in 2005 a 7.1% lower Dutch standard-
ized rate compared to the original rate. On average, the 
European and WHO standardized rates are 5.9% and 
32.4% lower than the Dutch rate. No clear ageing effect 
is observed for females. On average, the European and 
WHO standardized rates are 42% and 83.5% lower than 
the Dutch rate. 

DISCUSSION
We performed a nationwide record-linked study to ana-
lyze the time trends of  the incidence and mortality rates 
of  AP and of  CP in the Netherlands. We show that 

Figure 4  Mortality rates chronic pancreatitis per million persons per year. A: The male and female mortality rates of chronic pancreatitis (CP) for 1995-2005; B: 
The mortality rates for four major age groups (< 25, 25-49, 50-74 and > 74 years); C (males) and D (females): The original as well as the Dutch 2000, the European 
and the World Health Organization (WHO) standardized mortality rates of CP for 1995-2005. 
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between 2000-2005 the incidence of  AP per 100000 per-
sons per year increased over time for both, males (from 
13.8 to 15.2) and females (from 12.7 to 14.2). Relatively 
stable patterns over time emerged for the incidence 
rate of  AP per 100000 persons per year by different 
age groups. The steady increase of  the incidence of  AP 
over time corresponds to the results of  a former retro-
spective study performed in the Netherlands between 
1985-1995[2]. However, the similar growth pattern in our 
study was observed at a lower level. Eland et al[2] observed 
incidence rates for the year 1995 of  17.0 males and 14.8 
females per 100000 person-years. If  we take for granted 
that no decrease in incidence rates took place during the 
unobserved years 1996-1999, then several decisions con-
cerning study design may have contributed to the differ-
ence in incidence rate level. Eland et al[2] retrieved primary 
as well as secondary discharge diagnoses from the HDR, 
whereas we only included AP as a primary discharge di-
agnosis in order to reduce the risk of  misclassification of  
cases. Further, we excluded single-day admissions for AP. 
This seems reasonable, because patients with a first attack 
of  AP usually get admitted for several days[2,9]. Moreover, 
by identifying unique cases following the linkage of  two 
nationwide registries, double counting of  cases is a cir-
cumvented issue in our study. Considering these reasons 
for differences in level despite a similar growth pattern, 
the former reported incidence rates in the Netherlands 
may be somewhat overestimated.

Other recent population-based studies in West-
ern countries too report increasing incidence rates of  
AP[3,4,6,7,10,28-31]. The studies - although somewhat hetero-
geneous by design - indicate that the reported incidence 
rates of  AP in the Netherlands are low and even far 
lower compared to reported rates from several Scandi-
navian countries and the United States[16]. The observed 
differences in incidence rates between these geographi-
cal locations are not clearly understood and presumably 
reflects differences in risk factor prevalence. It has been 
suggested that the increase of  the incidence of  AP in 
the Western countries could be explained by an increase 
in alcohol intake[16]. According to the registry data of  
Statistics Netherlands the general self-reported alcohol 
consumption slightly decreased in the period 2000-2005 
(www.cbs.nl). Therefore, the incidence increase of  acute 
pancreatitis seems not to be explained by a change in 
alcohol consumption, at least not in the Netherlands. We 
observed that the incidence rates of  AP increased consid-
erably with age. This is in accordance with observations 
elsewhere[2-4,7,29].

The incidence rates of  CP in the Netherlands have 
now been reported for the first time. In contrast to AP, 
irregular patterns over time emerged for the incidence 
rates of  CP per 100000 persons per year for males 
(mean: 2.16) and females (mean: 1.4). The incidence rate 
increased with age, with a top in 2005 at 4.4 in the age 
group of  75 or older. Recent large scale epidemiologi-
cal studies reporting the time trends of  incidence of  CP 
are strikingly scarce[15,16]. The latest reported incidence 
rates of  CP vary between 5.9 and 7.9 per 100000 per-

sons[11,31,32]. In comparison to those studies, our observed 
incidence rates of  CP are somewhat lower. This may in 
part be explained by our study limitations (see below). In 
accordance to other studies, we show that CP is predomi-
nantly a disease of  males[11-13,15,16,31]. The average incidence 
rate for males is 50% higher than for females. This is 
even more pronounced in the older age groups.

The mortality rate for AP per million persons per year 
fluctuated between 6.9 to 11.7 during the 1995-2005 pe-
riod. Others too reported fairly stable overall annual pop-
ulation mortality rates[2,10,13]. The mortality rate increased 
rapidly for patients of  50 years of  age and above, which 
too is in accordance with observations elsewhere[2,4,10,29]. 
Advanced age may be an independent risk factor for se-
vere AP[33]. Mortality rates were almost similar for males 
and females.

Concerning CP, the mortality rate per million persons 
per year for both males and females fluctuated within a 
stable bandwidth. Tinto et al[13] also reported that between 
1979 and 1999 the age-standardized mortality rate broad-
ly remained unchanged in England. Merely, the mortality 
rate for males exceeded the female rate. The mortality 
rate for persons of  75 years of  age and older increased 
most promptly. Generally, the survival rate for patients 
with CP is poor[15,16,34,35]. CP patients tend to die of  other 
causes such as smoking related cancers, cardiovascular 
disease and alcoholic liver cirrhosis.

Both incidence and mortality rates over time are re-
ported for Dutch and international standard populations. 
On average, the reported rates are the lowest for the 
WHO standard population, followed by the European 
and the Dutch standard populations, which clearly re-
flects their different age distributions. In addition, an age-
ing effect was observed during the study period, particu-
larly for male incidence rates. The ageing of  the Dutch 
population will most likely continue for another decade, 
for which reason an increase in patient burden and a rise 
in health care costs can be anticipated.

Our study has several potential limitations. We de-
fined an incident case during any specific year as a person 
with an admission that was not preceded by another 
admission of  the same person with the same discharge 
diagnosis during at least five years prior to the specified 
year. So, an admitted, incident case in 2000 had no previ-
ous admission during 1995-1999 (five years). Further, 
an admitted, incident case in 2002 had no previous ad-
mission in 1995-2001 (seven years). It would have been 
a contradiction to allow a person to be classified as an 
incident case in 2002, if  he had already been admitted 
once before in 1996 for the same reason. This analytical 
approach however may have led to a downward pressure 
on the incidence rates in later years (near 2005) compared 
to the earlier years (near 2000). Hence, growth patterns 
may be slightly underestimated.

Another limitation is that we did not identify incident 
CP cases among the persons already identified as incident 
AP cases. Presumably, this resulted in only a minimal un-
derestimation of  the incidence rate of  CP. A recent study 
showed that CP developed in alcoholic AP cases with a 
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cumulative incidence of  just 13% in 10 years[36]. Only, in 
patients with a recurrent alcoholic AP, the incidence of  
CP at 2 years after initial relapse was 38%. Unfortunately, 
we do not have sufficient data about the etiology of  AP 
and CP in our study population.

Another issue concerns the reliability of  the reported 
incidence rates which depends heavily on the HDR as a 
reliable source for hospital discharge data concerning AP 
and CP. 

Eland et al[2] performed, as a part of  a retrospective 
study in which incidence rates of  AP in the Netherlands 
were assessed, a restricted validation analysis. They con-
cluded that the overreporting due to miscoding and the 
underreporting due to non-coding were comparable and 
that observed incidence rates seem to reflect true rates.

Previously, we retrospectively analyzed the reliability 
of  hospital discharge data of  in total 483 admissions for 
both AP and CP collected in the HDR. We observed a 
substantial miscoding and non-coding of  discharge diag-
noses of  AP and CP on the level of  individual hospital 
admissions, ultimately leading to a limited underestima-
tion at group level of  the total number of  AP and CP 
diagnoses of  15.8% and 6% respectively[37].

Furthermore, there is a potential underestimation of  
the incidence rates due to non-referral of  AP and CP 
patients. For the present study, we retrieved the AP and 
CP hospital admissions (> 1 d of  hospital stay) from the 
HDR. Underestimation due to non-referral is probably 
limited for AP, because in the Netherlands almost all AP 
patients are admitted to a hospital for more than one 
day[22]. Whether or not this also holds for CP patients 
in the Netherlands is unknown. Generally, some CP 
patients, especially in the early stage of  the disease, are 
only treated in an outpatient clinic setting and treated in a 
single-day hospital admission. So, by excluding the single-
day admissions in our study, the underestimation will 
be of  greater importance for CP compared to the AP. 
Historical volume data from the forerunner of  the HDR 
(the earlier mentioned NISHC) on the use of  hospital re-
sources by CP patients suggest that approximately 6% of  
all admissions are single-day admissions. Considering that 
individual CP patients frequently need multiple single-day 
admissions, once under such treatment, it is likely that at 
the person count level, the degree of  underestimation is 
even less than 6%.

In conclusion, we observed an increase in the inci-
dence rate of  AP and a fluctuating incidence rate of  CP 
between 2000 and 2005 in the Netherlands. On average, 
the mortality rate for both AP and CP remained fairly 
stable between 1995-2005. Both incidence and mortality 
rates increase markedly by age and are lower for inter-
national standard populations. Therefore, in light of  the 
continuing ageing of  the Dutch population, patient bur-
den and health care costs will most probably increase. 
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Abstract
AIM: To investigate the role of matrix metalloprotein-
ase (MMP)-9 in the pathogenesis of postoperative liver 
failure (PLF) after extended hepatectomy (EH). 

METHODS: An insufficient volume of the remnant 

liver (RL) results in higher morbidity and mortality, and 
a murine model with 80%-hepatectomy was used. All 
investigations were performed 6 h after EH. Mice were 
first divided into two groups based on the postoperative 
course (i.e. , the PLF caused or did not), and MMP-9 
expression was measured by Western blotting. The 
source of MMP-9 was then determined by immunohis-
tological stainings. Tissue inhibitor of metalloproteinase 
(TIMP)-1 is the endogenous inhibitor of MMP-9, and 
MMP-9 behavior was assessed by the experiments in 
wild-type, MMP-9(-/-) and TIMP-1(-/-) mice by Western 
blotting and gelatin zymography. The behavior of neu-
trophils was also assessed by immunohistological stain-
ings. An anti-MMP-9 monoclonal antibody and a broad-
spectrum MMP inhibitor were used to examine the role 
of MMP-9.

RESULTS: Symptomatic mice showed more severe PLF 
(histopathological assessments: 2.97 ± 0.92 vs  0.11 
± 0.08, P < 0.05) and a higher expression of MMP-9 
(71085 ± 18274 vs  192856 ± 22263, P < 0.01). Non-
native leukocytes appeared to be the main source of 
MMP-9, because MMP-9 expression corresponding 
with CD11b positive-cell was observed in the findings 
of immunohistological stainings. In the histopathologi-
cal findings, the PLF was improved in MMP-9(-/-) mice 
(1.65% ± 0.23% vs  0.65% ± 0.19%, P  < 0.01) and 
it was worse in TIMP-1(-/-) mice (1.65% ± 0.23% 
vs  1.78% ± 0.31%, P  < 0.01). Moreover, neutrophil 
migration was disturbed in MMP-9(-/-) mice in the im-
munohistological stainings. Two methods of MMP-9 in-
hibition revealed reduced PLF, and neutrophil migration 
was strongly disturbed in MMP-9-blocked mice in the 
histopathological assessments (9.6 ± 1.9 vs  4.2 ± 1.2, 
P < 0.05, and 9.9 ± 1.5 vs  5.7 ± 1.1, P  < 0.05).

CONCLUSION: MMP-9 is important for the process of 
PLF. The initial injury is associated with MMP-9 derived 
from neutrophils, and MMP-9 blockade reduces PLF. 
MMP-9 may be a potential target to prevent PLF after 
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EH and to overcome an insufficient RL.
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INTRODUCTION
Liver resection is considered the standard treatment for 
primary malignant tumors and liver metastases. Currently, 
advanced surgical techniques for hepatectomy, develop-
ment of  preoperative evaluation and improvements in 
intensive postoperative care have resulted in a decline in 
perioperative morbidity and mortality. However, postop-
erative liver failure (PLF) still occurs despite these devel-
opments. Extended hepatectomy (EH) has the advantage 
of  high curability, but increases morbidity and mortality 
compared with more limited resections[1]. The volume 
of  the remnant liver (RL) is correlated with perioperative 
morbidity and mortality[1]. PLF is also related to the pa-
tient’s condition[2]. The rationale for PLF is the overall re-
covery course after EH. Prognosis of  PLF in insufficient 
RL after EH is poor[1,2].

The mechanism of  progressive PLF after EH is not 
fully understood. The main pathway of  failure of  liver 
regeneration is still controversial, and it is unclear how 
excessive apoptosis or progressive necrosis is attributable 
to insufficient RL after EH. Matrix metalloproteinases 
(MMPs) are a family of  zinc-containing neutral proteases 
that are capable of  degrading the extracellular matrix 
and basement membrane. Among MMPs, MMP-9, also 
known as gelatinase B, is well characterized[3-5]. Expres-
sion of  MMP-9 is reported to be associated with several 
pathophysiological conditions, such as rheumatoid arthri-
tis[6], atherosclerosis[6], encephalopathy[7] and tumor inva-
sion[8,9]. Recent studies have demonstrated that MMP-9 
plays a pivotal role in ischemia/reperfusion injury in 
the liver transplantation field[4,10]. We hypothesized that 
MMP-9 plays a role in the pathogenesis of  PLF after EH 
accompanied by postoperative shear stress due to por-
tal hypertension and insufficient RL, and we previously 
reported the results of  our preliminary study[11]. In this 
study, we examined the initial pathway of  necrosis in the 
PLF process and MMP-9 expression in the early phase 
after EH by using an experimental mice model. In addi-
tion, we evaluated the efficacy of  MMP-9 blockade on 
initial injury in the liver by deleting MMP-9 in the mouse, 
using a monoclonal antibody and a broad spectrum MMP 
inhibitor.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice [wild-type (WT), 10-14 wk old] 
purchased from Jackson Laboratory (Bar Harbor, ME), 
were housed in a conventional mouse room with a 12-h 
light/dark cycle, food, and water. MMP-9(-/-) mice, 
which were a gift from Dr. Roberts Senior (Washington 
University, St. Louis, MO), and tissue inhibitor of  metal-
loproteinase (TIMP)-1(-/-) mice, which were purchased 
from Jackson Laboratory were used. Both knock-out 
strains had the background of  C57/BL/6, and all mice 
were bred in our secure animal facility. All experimental 
protocols were approved by the ethical committee of  the 
Mayo Clinic (Protocol No. IACUC 24907) in accordance 
with the National Institutes of  Health Guide for the Care 
and Use of  Laboratory Animals.

Eighty percent-partial hepatectomy in mice
Surgical procedures for the murine hepatectomy model 
are well established, and our method has been described 
in detail elsewhere[12]. For 80%-partial hepatectomy (PH), 
the left posterior, left and right anterior, and right pos-
terior lobes were resected. In brief, under general anes-
thesia using isoflurane, liver lobes were mobilized after 
laparotomy. A hemostatic clip (Teleflex Medical, Triangle 
Park, NC) was applied across the pedicle at the base of  
the liver lobes instead of  ligation, and liver lobes were cut 
distal to the applied clip. Only laparotomy was performed 
as the sham control group. Before abdominal closure, 2 
mL of  warm saline was administered intraperitoneally. 
Cephalexin (30 mg/kg) and buprenorphine (0.1 mg/kg) 
were given subcutaneously. To preserve the same qual-
ity throughout the series, all procedures for presented 
data were performed only by Ohashi N. To confirm the 
presented data, Hori T repeated this study including 
90%-PH. Postoperatively, mice were housed under a con-
trolled temperature, humidity, and light with free access 
to food and water. 

First, we performed 90%-PH in 50 WT mice, and all 
mice died at the early postoperative period. In this study, 
we employed 80%-PH as the relevant clinical model. 
Ninety-percent-PH showed greater damage in the pre-
liminary study, but we considered that 10%-RL was clini-
cally irrelevant. Paradoxically, some survivors without any 
symptoms were observed after 80%-PH. 

We then performed 80%-PH in 38 WT mice and 
sham surgery in 12 WT mice, to evaluate the postop-
erative course. In the following experiments, 80%-PH 
was performed with 20 age-matched WT mice, 19 
MMP-9(-/-) mice and 20 TIMP-1(-/-) mice. 

Focal and/or patchy necrosis is an important finding 
after PH[13-16], and progressive necrosis is found from the 
early postoperative period after EH[13,14,16]. In this study, 
all of  the mice were sacrificed at 6 h after 80%-PH. The 
RL was harvested and divided for histological analysis 
(formalin and frozen fixation) and protein analysis (snap 
frozen at -80 ℃). Serum samples were collected and sep-
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arated by using Microtainer tubes (BD, Franklin Lakes, 
NJ). 

MMP-9 inhibition experiment using anti-MMP-9 
monoclonal antibody and the broad-spectrum MMP 
inhibitor GM6001
The WT mice were treated with 3 mg/kg of  anti-MMP-9 
neutralizing monoclonal antibody (clone 6-6B, EMD, 
Gibbstown, NJ) by intravenous injection 1 h before 
80%-PH (MMP-9 mAb group, n = 6). In the control 
mice, the same volume of  non-immunized murine IgG of  
the same isotype (EMD, Gibbstown, NJ) was injected in 
the same manner (control IgG group, n = 6). In another 
experiment, a broad spectrum MMP-inhibitor, GM6001 
(Millipore, Billerica, MA) (100 mg/kg), diluted in 10% 
dimethyl sulfoxide (DMSO) was administrated intraperito-
neally 2 h before 80%-PH (GM6001 group, n = 10). Ten 
percent DMSO was injected in the control mice in the 
same manner as for GM6001 (vehicle group, n = 10). 

Biochemical analysis
Serum levels of  aspartate aminotransferase (AST) and 
alanine aminotran-saminase (ALT) were determined by a 
commercially available kinetic detection kit (Pointe Scien-
tific, INC, Canton, MI), and total bilirubin (T-Bil) levels 
were determined by the QuantiChrom™ Bilirubin Assay 
Kit (BioAssay Systems, Heyward, CA).

Western blotting analysis
Liver samples were homogenized in a buffer containing 
10 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 1% 
Triton-X, 0.1% sodium dodecyl sulfate (SDS), 1 mmol/L 
ethylene diamine tetra-acetic acid (EDTA), 1 mmol/L 
ethylene glycol tetra-acetic acid, 1 mmol/L phenyl-
methylsulfonyl fluoride, and protease and phosphatase 
inhibitors. Homogenates were centrifuged at 105000 g 
for 1 h at 4 ℃. Supernatants were collected and protein 
concentration was determined by BCA assay (Pierce, 
Rockford, IL). Forty micrograms of  protein was sepa-
rated via SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to a polyvinylidene difluoride 
(PVDF) membrane (Millipore, Bedford, MA). Mem-
branes were blocked with 5% nonfat milk in TBS-T [20 
mmol/L Tris (pH 7.4), 500 mmol/L NaCl, and 0.05% 
Tween-20] and probed using an antibody for MMP-9 (R 
and D, Minneapolis, MN), and then they were incubated 
with peroxidase-conjugated secondary antibodies (Santa 
Cruz Biotechnology, Santa Cruz, CA) followed by en-
hanced chemi-luminescence (ECL) or ECL-plus reagent 
(Amersham Biosciences, Piscataway, NJ). Equal loading 
was confirmed by immunoblotting using glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) monoclonal 
antibody (IMGENEX, San Diego, CA) on the same 
membrane. Signals were quantified using the ImageQuant 
program (Molecular Dynamics, Sunnyvale, CA).

Gelatin zymography 
The RL extracts were analyzed by gelatin zymography 

with affinity chromatography to characterize gelatinase 
activity. In brief, 400 μg of  extract samples were incu-
bated with 100 μL of  Gelatin-Sepharose 4B (GE Health-
care) and equilibrated buffer containing 50 mmol/L Tris-
HCL pH 7.5, 150 mmol/L NaCl, 5 mmol/L CaCl2, 0.02% 
Tween-20, and 10 mmol/L EDTA for 2 h at 4 ℃. After 
multiple washing, gelatin-Sepharose beads were resus-
pended in the same volume of  2X zymography sample 
buffer (Bio-Rad Laboratories, Hercules, CA) and loaded 
on 10% SDS-PAGE gels containing 1 mg/mL of  gelatin 
(Bio-Rad Laboratories) After electrophoresis, the gel was 
washed with 2.5% Triton X-100 for renaturing twice for 
30 min, and it was then incubated in development buffer 
(Bio-Rad Laboratories) for 20 h at 37 ℃. After incuba-
tion, the gel was fixed and stained with 0.5% Coomassie 
Blue R-250 (Bio-Rad Laboratories) for 1 h and destained 
with 10% acetic acid in 40%-methanol solution. Gelatin-
ase zymography standards (Millipore, Billerica, MA) were 
used for the positive control. 

Histology and immunohistochemical staining
Formalin-fixed liver specimens were embedded in paraf-
fin, and 5-μm sections were stained with hematoxylin 
and eosin (HE). Immunohistochemical (IHC) staining 
for CD11b (MAC-1) and CD68 was performed on fro-
zen sections (5 μm), while paraffin sections were used 
for desmin, myeloperoxidase (MPO) and MMP-9 single 
staining. Antigen retrieval heating with citric acid (pH 
6.0) was performed after deparaffinization with paraffin 
sections. For horseradish peroxidase based staining with 
3,3’ diaminobenzidine tetrahydrochloride (DAB) (DAKO, 
Carpinteria, CA), 0.3% H2O2 was added to quench en-
dogenous peroxidase activity, and an ABC kit (Vector 
Laboratories Inc, Burlingame, CA) was used during the 
staining procedure according to the manufacturer’s in-
structions. For dual staining, sections were blocked with 
5% bovine serum albumin (BSA) in PBS. The antibod-
ies for MMP-9 (AF909), intercellular adhesion molecule 
1 (ICAM-1) (AF796), CD11b (clone M1/70) (R and D, 
Minneapolis, MN), CD68 (clone FA-11), desmin (Abcam, 
Cambridge, MA), and MPO (Ab-1) (Thermo scientific, 
Fremont, CA) were incubated for the primary reaction. 
Alexa Fluor 568 donkey anti-goat IgG (H + L), Alexa 
Fluor 488 donkey anti-rabbit IgG and Alexa Fluor 488 
donkey anti-rat antibody (Invitrogen, Carlsbad, CA) were 
incubated for the secondary reaction. In each experi-
ment, BSA solutions without antibodies were applied for 
a negative control.

Histological analysis
The HE sections were digitally scanned with the Scans-
cope XT system and analyzed with Aperio Imagescope 
software (Aperio Technologies, Inc., Vista, CA). Histo-
logical areas were blindly counted and measured with 
three randomly selected fields approximately 3 mm2 in 
each section. The positivity of  DAB staining for MMP-9 
was automatically calculated using the positive pixel 
count function with Imagescope software with 10 ran-
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(785 ± 15 IU/L vs 452 ± 39 IU/L, P < 0.01) (Figure 1E), 
ALT (744 ± 135 IU/L vs 328 ± 77 IU/L, P < 0.05) (Figure 
1F), and T-Bil (4.45 ± 0.63 mg/dL vs 1.41 ± 0.19 mg/dL, 
P < 0.01) (Figure 1G) were significantly higher in symp-
tomatic mice than those in asymptomatic mice. These 
results clearly indicated that symptomatic mice were in 
the process of  PLF as shown by the increase in AST and 
ALT levels and hyperbilirubinemia. In some mice, which 
failed to recover even 6 h after 80%-PH, multiple necro-
ses might have been responsible for the process of  PSL 
in this model. Enhanced necrosis was observed in the RL 
at the late phase (12 h or later, data not shown), and these 
preliminary data confirmed that the necrotic pathway is 
progressive. In addition, intrahepatic-hemorrhage was 
observed in most of  the necrotic lesions, which suggested 
the possibility that the initial sinusoid endothelial cell 
injury leading to sinusoidal breakdown is attributable to 
necrosis in the RL. In our model, dehiscence of  sinusoids 
and loss of  continuity of  endothelial cells were observed 
in ICAM-1 immunostaining, which was strongly positive 
in endothelial cells (Figure 1H). 

We preformed retrospective analysis of  perioperative 
factors including the resected liver weight/body weight 
and surgery time with 11 mice whose prognosis was pre-
dictable. Perioperative factors were not different between 
asymptomatic and symptomatic mice, but the resected 
liver weight/body weight ratio in the symptomatic mice 
tended to be larger than that in the asymptomatic mice 
(3.8% ± 0.1% vs 3.5% ± 0.1%, P = 0.06). It is possible 
that the extent of  hepatectomy is an important factor for 
postoperative liver injury after EH. 

Macro- and microscopically, we confirmed the pres-
ervation of  vascularization in the RL, immediately after 
80%-PH by sodium fluorescent perfusion via the portal 
vein and abdominal aorta, to exclude model specific ef-
fects including surgical issues. In addition, we observed 
similar histological findings after 80%-PH with the tradi-
tional suture ligation method[13] (data not shown). These 
results demonstrated that the process of  PSL after EH 
was widely and histologically characterized by RL necrosis, 
and was probably initialized as early onset sinusoid break-
down following progressive necrosis of  hepatocytes.

MMP-9 expression is enhanced in RL dysfunction 6 h 
after 80%-PH and is associated with liver necrosis
We compared MMP-9 expression in the RL between 
asymptomatic mice and symptomatic mice at 6 h. En-
hanced MMP-9 expression was confirmed in symptomat-
ic mice after EH compared with that in the asymptomatic 
mice after EH and sham surgery mice as shown by West-
ern blotting analysis (P < 0.01) (Figure 2). IHC showed 
that MMP-9 expression was mainly observed in round-
shaped cells in the liver parenchyma and necrotic areas, 
and was less common in stellate-shaped cells. A small 
amount of  MMP-9 expression was observed in hepato-
cytes compared with the above-mentioned cells (Figure 
3A and B). To evaluate the association of  necrosis and 
MMP-9 in liver tissue, we compared the expression level 
of  MMP-9 between 10 randomly selected fields (3 mm2) 

domly selected fields with the reference to the presence 
of  necrosis, respectively. The value was indicated by the 
percentage of  positive pixels out of  the total pixels. The 
number of  infiltrated granulocytes was evaluated in five 
randomly-captured 40 high power fields in each section 
with an Olympus BX50 fluorescence microscope (Olym-
pus Optical, Tokyo, Japan).

In situ zymography
In situ gelatinolytic activity was performed on cryostat 
sections (20-μm thickness) using the EnzChek Gelatinase 
assay kit (Molecular Probes, Eugene, Oregon, United 
States). Sections were incubated with 20 μg/mL fluores-
cent conjugated gelatin (DQ gelatin) in reaction buffer 
(50 mmol/L Tris-HCl, 150 mmol/L NaCl, 5 mmol/L 
CaCl2, and 0.2 mmol/L sodium azide) for 2 h at 37 ℃. 
After being washed with PBS three times, they were fixed 
in 4% paraformaldehyde in PBS. We incubated sections 
with GM6001 (100 μmol/L) prior to DQ gelatin incuba-
tion as a negative control in each experiment. Sections 
were mounted with Vectashield (Vector Laboratories Inc, 
Burlingame, CA). Gelatinase activity was visualized using 
fluorescent microscopy (Olympus BX50, Japan). 

Statistical analysis
Data are presented as the mean ± SE. Statistical com-
parisons were performed using ANOVA followed by the 
two-sample t-test with Bonferroni adjustment. A P value 
< 0.05 was considered statistically significant.

RESULTS
Necrosis is a pivotal event for PLF in the RL after 
80%-PH
Murine behavior in hepatic failure has been well de-
scribed[17,18]. Mice with intrahepatic-hemorrhage and 
necrosis were observed to be sick and inactive, whereas 
mice without such injury were asymptomatic and active. 
We classified these mice into groups based on these find-
ings as follows below. Mice were divided into two groups; 
asymptomatic (Group Ⅰ) and symptomatic (Group Ⅱ).

 We performed 80%-PH in 38 WT mice and sham 
surgery in 12 WT mice to compare the difference in 
the RL with or without PLF at several time points after 
80%-PH. Among these mice, we randomly selected five 
asymptomatic mice which were active, nimble and reactive 
to stimulation, and six symptomatic mice which were sick 
and inactive, slow-moving and sluggish 6 h after 80%-PH. 
As shown in Figure 1A and B, multiple necrotic foci with 
microhemorrhage in the middle zone were observed in 
the symptomatic mice, while a small amount of  necrosis 
was observed in the asymptomatic mice. These HE find-
ings are consistent with a previous report[19]. We measured 
the area of  necrosis as an objective marker of  liver injury. 
The area of  necrosis (2.97% ± 0.92% vs 0.11% ± 0.08%, 
P < 0.05) (Figure 1C) and the number of  necrotic foci (3.60 
± 0.87/mm2 vs 0.26 ± 0.17/mm2, P < 0.01) in the RL 
were significantly larger in symptomatic mice than those 
in asymptomatic mice (Figure 1D). Serum levels of  AST 
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Figure 1  Necrosis is a pivotal event for postoperative liver failure in the remnant liver after 80%-partial hepatectomy. There were histological and hema-
tological differences between asymptomatic and symptomatic mice suspected as having postoperative liver failure 6 h after 80%-partial hepatectomy (PH) (A, B). 
Representative images of the remnant liver (RL) 6 h after 80%-PH in asymptomatic mice (A) and symptomatic mice (B) are shown. Significant multiple necroses with 
microhemorrhage were observed in the middle zone in symptomatic mice (B), while no obvious liver damage was observed in asymptomatic mice (A). The percentage 
area of necrosis (C) and the number of necrosis in each mm2 (D) in the RL were confirmed. Necrotic areas were significantly larger and more prevalent in symptomatic 
mice liver compared with asymptomatic mice. Serum levels of aspartate aminotransferase (AST) (E), alamine aminotransferase (ALT) (F) and total bilirubin (T-Bil) (G) 
6 h after 80%-PH are shown. AST, ALT and T-Bil levels were significantly elevated in symptomatic mice compared with those in asymptomatic mice. Representative 
image of immunohistochemistry of intercellular adhesion molecule-1 (ICAM-1) in the RL 6 h after 80%-PH is shown (H). ICAM-1 expression was clearly observed, par-
ticularly in the sinusoid lining in areas without necrosis. We observed a breakdown in sinusoid structure with hemorrhage in necrotic areas after 80%-PH in mice, aP < 
0.05, bP < 0.01 vs asymptomatic mice. 
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of  areas with necrosis and those without necrosis in IHC 
sections. Enhanced MMP-9 expression was observed in 
the areas including necrosis compared with those without 
necrosis (P < 0.05, Figure 3C). This result suggested that 
MMP-9 expression is associated with necrosis in the RL 
after EH.

Main source of MMP-9 is CD11b-positive nonnative 
leukocytes in the RL 6 h after 80%-PH
To determine the source of  MMP-9, we performed dual 
immunofluorescent analysis with MMP-9 and various cell 
marker antibodies in the liver. CD68 and desmin were 
used as specific markers for Kupffer cells and hepatic 
stellate cells in immunostaining, respectively. MMP-9 
expression was not observed in CD68-positive Kupffer 
cells, while MMP-9 expression was partially confirmed 
in desmin-positive hepatic stellate cells (Figure 4A-F). In 
addition, we clearly detected MMP-9 expression corre-
sponding with CD11b positive-cells, which are generally 
expressed in nonnative leukocytes in the liver including 
monocytes, granulocytes and macrophages (Figure 4G-I). 
These results suggested that MMP-9 was expressed in the 
RL 6 h after 80%-PH, and it appeared to be mainly pro-
duced by leukocytes that had migrated from the outside 
of  the liver, similar to that described in a liver ischemia/
reperfusion injury model[20].

MMP-9 deletion ameliorates initial injury in the RL 6 h 
after 80%-PH
TIMP-1 is an endogenous inhibitor of  MMP-9. We 
performed 80%-PH in 20 WT, 19 MMP-9(-/-) and 20 

TIMP-1(-/-) mice to compare the difference in the RL 
6 h after 80%-PH. Among these mice, we randomly 
selected samples from 15 WT, 15 MMP-9(-/-) and 14 
TIMP-1(-/-) mice. To evaluate the effects of  MMP-9 on 
the initial injury in the RL, we compared the area (per-
centage) of  necrosis and the number of  necrotic foci in 
the RL among these samples. There were significantly 
fewer and smaller necrotic lesions in MMP-9(-/-) mice 
compared with WT mice and TIMP-1(-/-) mice (area, 
WT: 1.65% ± 0.23%; MMP-9(-/-): 0.65% ± 0.19%; 
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TIMP-1(-/-): 1.78% ± 0.31%; MMP-9(-/-) vs WT: P < 
0.01; MMP-9(-/-) vs TIMP-1(-/-): P < 0.01), (number of  
necrotic foci, WT: 1.34 ± 0.20/mm2; MMP-9(-/-): 0.68 ± 
0.16/mm2; TIMP-1(-/-): 1.50 ± 0.30/mm2; MMP-9(-/-) 
vs WT: P < 0.05; MMP-9(-/-) vs TIMP-1(-/-): P < 0.05) 
(Figure 5). There was no significant difference in necro-
sis between WT and TIMP-1(-/-) mice. The levels of  
AST (WT: 520 ± 69 IU/L; MMP-9(-/-): 482 ± 76 IU/L; 
TIMP-1(-/-): 636 ± 58 IU/L) and ALT (WT: 544 ± 73 
IU/L; MMP-9(-/-): 466 ± 92 IU/L; TIMP-1(-/-): 566 ± 
54 IU/L) were lowest in MMP-9(-/-) mice, but this was 
not statistically significant among the groups. Additional-
ly, T-Bil levels showed a similar tendency (WT: 2.72 ± 0.36 
mg/dL; MMP-9(-/-): 2.23 ± 0.27 mg/dL; TIMP-1(-/-): 
2.76 ± 0.28 mg/dL). In Western blotting and gelatin 
zymography analysis, MMP-9 deletion of  protein expres-
sion and activity in MMP-9(-/-) mice were confirmed. 
Protein expression of  MMP-9 in WT mice was similar 
to that in TIMP-1(-/-) mice (Figure 6A). In gelatin zy-
mography analysis, a distinct pro-form of  MMP-9 and a 
slightly active form of  MMP-9 were detected in WT and 
TIMP-1(-/-) mice (Figure 6B). No difference in MMP-9 
activity was detected in the genotypes. Since there was no 
change in MMP bands among the groups because of  the 
principle of  protein separation by SDS-PAGE in zymog-
raphy, we performed in situ gelatin zymography to exam-
ine the gelatinolytic activity in situ. We observed reduced 
gelatinolytic activity in MMP-9(-/-) mice and enhanced 
activity in TIMP-1(-/-) mice compared with that in WT 
mice (Figure 6C-E). MMP-9 deletion, which suppresses 
gelatinolytic activity, was associated with the amelioration 

of  formation of  necrosis and necrotic progression in the 
RL after 80%-PH. However, TIMP-1 deletion, which 
induces the enhancement of  gelatinolytic activity, did not 
exacerbate initial injury of  the RL after EH. These results 
suggested that the involvement of  TIMP-1 in inhibition 
of  MMP activity appeared to be limited to PLF 6 h after 
EH. We investigated survival after 80%-PH was per-
formed in WT, MMP-9(-/-) and TIMP-1(-/-) mice, but a 
significant survival benefit was not observed by MMP-9 
deletion (P ≥ 0.05). 

MMP-9 deletion inhibits the accumulation of neutrophils 
in the RL 6 h after 80%-PH
To evaluate the effect of  MMP-9 deletion on cell kinet-
ics, we investigated whether neutrophil migration after 
80%-PH has an effect on the RL in WT, MMP-9(-/-) and 
TIMP-1(-/-) mice. We performed immunofluorescence 
staining for myeloperoxidase (MPO) to investigate this 
issue. As shown in Figure 7A, MPO-positive neutrophils 
could be easily recognized by characteristic staining pat-
terns in cytoplasmic azurophilic granules, and MPO was 
also positive in liver tissue macrophages (Kupffer cells)[21]. 
Because of  the difficulty in distinguishing between infil-
trated neutrophils in the liver parenchyma and those that 
were adhered to the sinusoidal wall, accumulated neutro-
phils were counted in liver tissue. We observed signifi-
cantly fewer neutrophils in MMP-9(-/-) mice (3.3 ± 0.4) 
than in WT (7.6 ± 1.3) and TIMP-1(-/-) mice (6.1 ± 1.0; 
each value per 40 high-power field; WT vs MMP-9(-/-), 
P <0.01; MMP-9(-/-) vs TIMP-1(-/-), P < 0.05) (Figure 
7B-E). There were no differences in ICAM-1 expression 
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Figure 4  Localization analysis of matrix metalloproteinase-9 by dual immune-fluorescence in the remnant liver after 80%-partial hepatectomy is shown. 
A: Fluorescent microscopy images of matrix metalloproteinase-9 (MMP-9) labeled in red (Alexa Fluor 568); B: CD68 labeled in green (Alexa Fluor 488); C: A merged 
image of MMP-9 and CD68 staining are shown; D: MMP-9 labeled in red (Alexa Fluor 568); E: Desmin labeled in green (Alexa Fluor 488); and F: A merged image of 
MMP-9 and desmin are shown; G: MMP-9 labeled in red (Alexa Fluor 568); H: CD11b labeled in green (Alexa Fluor 488); I: A merged image of MMP-9 and CD11b are 
shown. Protein expression of MMP-9 was mainly localized in CD11b-positive cells and desmin-positive cells to some degree. 
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Figure 5  Histological analysis between wild-type, matrix metalloproteinase-9(-/-), and tissue inhibitor of metalloproteinase-1(-/-) mice 6 h after 80%-partial 
hepatectomy were performed. Representative images of the remnant liver (RL) 6 h after 80%-PH in wild-type (WT) (A), matrix metalloproteinase-9 (MMP-9)(-/-) (B), 
and tissue inhibitor of metalloproteinase-1 (TIMP-1)(-/-) mice (C) are shown. Samples that included necrosis were selected for this figure. The percentage (D) and the 
number of necrotic foci per mm2 (E) of the necrotic area in the RL are shown. We observed significantly smaller and less necrotic foci in MMP-9(-/-) mice compared 
with WT and TIMP-1(-/-) mice (aP < 0.05, bP < 0.01 vs WT and TIMP-1). 
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Figure 6  Matrix metalloproteinase-9 activity in the remnant liver with wild-type, matrix metalloproteinase-9(-/-), and tissue inhibitor of metalloprote-
inase-1(-/-) mice 6 h after 80%-partial hepatectomy is shown. A: Western blotting analysis for matrix metalloproteinase-9 (MMP-9) and glyceraldehyde 3-phosphate 
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mice and deletion in MMP-9(-/-) mice were observed at the protein level; B: Gelatin zymography analysis is shown; C-E: Pro-form MMP-9 activity and a slightly ac-
tive form of MMP-9 were detected in WT and TIMP-1(-/-) mice. The activity of MMP-2 was the same depending on its genotype. In situ gelatin zymography analysis 
using DQ gelatin for gelatinolytic activity in the liver tissue is shown. A reduction in gelatinolytic activity in MMP-9(-/-) mice and enhancement in TIMP-1(-/-) mice are 
observed. 
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among WT, MMP-9(-/-) and TIMP-1(-/-) mice in West-
ern blotting and IHC analysis (data not shown). These 
results suggested that MMP-9 deletion was associated 
with a decrease in migrated neutrophils in the liver, which 
was related to an amelioration of  the initial injury in the 
RL after EH, and probably an infiltrating process seemed 
to be influenced. Therefore, MMP-9 might play a sup-
portive role for infiltration of  neutrophils into the RL at 
the early phase after EH. 

Inhibition of MMP-9 by a monoclonal antibody of 
MMP-9 and the broad-spectrum MMP inhibitor GM6001 
ameliorate initial injury of the liver 6 h after 80%-PH 
Investigation of  inhibition of  MMP-9 in vivo was per-
formed by two different methods using a blocking 

monoclonal antibody and a broad-spectrum MMP inhibi-
tor (GM6001). Each treatment clearly improved survival 
curves after 80%-PH (P < 0.01). In the RL, there were 
significantly smaller and fewer necrotic lesions in the 
monoclonal antibody-injected mice (mAb group) than in 
the control IgG-injected mice (control IgG group) (area: 
0.17% ± 0.15% vs 1.81% ± 0.66%, P < 0.05, Figure 8A; 
number of  foci: 0.23 ± 0.16/mm2 vs 1.23 ± 0.44/mm2, P 
< 0.05, Figure 8B). Serum levels of  AST, ALT and T-Bil 
were lower in the monoclonal antibody-injected mice 
than those in the control IgG-injected mice, but this not 
statistically significant (P ≥ 0.05). We confirmed suppres-
sion of  gelatinolytic activity in the mAb group by in situ 
gelatin zymography compared with that in the control 
IgG group (Figure 8C and D). There were significantly 
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Figure 7  Immunohistochemistry analysis for accumulated neutrophils with myeloperoxidase staining between wild-type, matrix metalloproteinase-9(-/-) 
and tissue inhibitor of metalloprote-inase-1(-/-) mice 6 h after 80%-partial hepatectomy was performed. Myeloperoxidase (MPO) staining labeled in green 
(Alexa Fluor 488) is shown (A). Cytoplasmic azurophilic granules were characteristically stained in neutrophils. Representative images of MPO staining on a remnant 
liver (RL) section in green in wild-type (WT) (B), matrix metalloproteinase-9 (MMP-9)(-/-) (C), tissue inhibitor of metalloproteinase-1 (TIMP-1)(-/-) mice (D) are shown. 
A histogram of the number of accumulated neutrophils in the liver is shown. We observed significantly fewer neutrophils in the RL in MMP-9(-/-) mice than in WT and 
TIMP-1(-/-) mice (aP < 0.05, bP < 0.01 vs WT and TIMP-1) (E). 
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Figure 8  Inhibition of matrix metalloproteinase-9 by a monoclonal antibody of matrix metalloproteinase-9. We investigated the outcome of inhibition of matrix 
metalloproteinase-9 (MMP-9) by monoclonal antibody (mAb) in 80%-partial hepatectomy (PH) in mice, and performed histological analysis of liver necrosis 6 h after 
80%-PH (A, B). Liver damage was significantly reduced in the group with mAb compared with that in the control IgG group. Serum levels of aspartate aminotransfer-
ase, alamine aminotransferase and total bilirubin were lower in the mAb-treated mice, but this was not significant. Representative images of in situ gelatin zymography 
analysis with DQ gelatin revealed that gelatinolytic activity was suppressed in the mAb-treated mice (D) compared with that in control IgG-treated mice (C). Repre-
sentative images of myeloperoxidase staining on remnant liver (RL) sections in control IgG-treated mice (E) and mAb-treated mice (F) are shown. A histogram of the 
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fewer accumulated neutrophils in the mAb group than in 
the control IgG group (mAb: 4.2 ± 1.2 vs control IgG: 
9.6 ± 1.9, each per 40 high-power field, P < 0.05) (Figure 
8E-G). 

Similarly, the inhibition study by GM6001 showed a 
significant suppression in the area of  liver necrosis (1.04% 
± 0.36% vs 0.19% ± 0.13%, P < 0.01, Figure 9A) and the 
number of  foci compared with the vehicle group (1.12 ± 
0.31/mm2 vs 0.35 ± 0.19/mm2, P < 0.05, Figure 9B). The 
levels of  AST (660 ± 66 IU/L vs 243 ± 28 IU/L, P < 0.01, 
Figure 9C), ALT (702 ± 88 IU/L vs 212 ± 33 IU/L, P < 
0.01, Figure 9D) and T-Bil (1.49 ± 0.25 mg/dL vs 2.39 ± 
0.30 mg/dL, P < 0.05, Figure 9E) were significantly lower 
in the GM6001 group than those in the vehicle group. 
In situ gelatin zymography analysis indicated inhibition 
of  gelatinolytic activity in the GM6001 group (Figure 
9F-I). Additionally, the accumulation of  neutrophils was 
significantly suppressed in the GM6001 group compared 
with the vehicle group (9.9 ± 1.5 per 40 high-power field 
vs 5.7 ± 1.1 per 40 high-power field, P < 0.05) (Figure 
9J). These results suggested that therapy with exogenous 
MMP-9 inhibition has the potential to reduce the initial 
injury of  RL after EH. 

DISCUSSION
The mechanism of  PLF is not fully understood, because 
of  the involvement of  various clinical perioperative fac-
tors, such as pre-existing liver disease, infection, transfu-
sion, and insufficient volume of  the RL. Murine and rat 
models have been used to determine the mechanisms for 
many years. Jin et al[15] showed necrosis of  hepatocytes 
by oxidative injury after 87%-PH in mice. Catardegir-
men et al[22] reported that blockage of  the receptor for 
advanced glycation end products (RAGE) improves 
survival after 85%-PH and preserves liver parenchyma 

with the absence of  necrosis in 85%-PH. Yoshida et al[23] 
reported the efficiency of  a caspase inhibitor for survival 
after 95%-PH in rats by attenuating apoptosis of  hepa-
tocytes. Both necrosis and apoptosis pathways appear 
to be involved in PLF process after EH. We previously 
performed marginal hepatectomy to evaluate the differ-
ence between predictive liver failure and normal recovery 
at the early phase. Use of  hemoclips and a surgical mi-
croscope enabled us to complete the surgical procedure 
within 10 min and to stabilize the outcomes after surgery 
in our model[12]. In this previous study, a quick procedure 
appeared to reduce the opportunity for an infection or 
any complications[12]. In our preliminary study, histologi-
cal changes from 80%-PH[12] were slightly improved 
compared with a conventional model by Higgins et al[24]. 
Our marginal PH model could be helpful for evaluation 
of  the direct effects of  insufficient volume of  the RL af-
ter EH, from the viewpoint of  the deletions of  irrelevant 
factors.

With regard to the mechanism of  liver failure, only 
a few studies have focused on the initial changes in 
the RL after EH. Panis et al[16] reported the presence 
of  centrilobular necrosis, which varied in the severity 
in different areas of  sections as well as a fatty change 
and microvascular steatosis 24 h after 85%-PH in the 
rat. Jin et al[15] reported severe sinusoidal narrowing as 
early as 6 h, and swelling, fatty degeneration and nuclear 
condensation of  hepatocytes by 48 h after 87%-PH in 
asymptomatic mice[15]. In small-for-size grafts used in 
transplantation, a vacuolar cytoplasm or considerable 
mitochondrial swelling in hepatocytes, irregular large 
gaps between sinusoidal lining cells and collapse of  the 
space of  Disse have been observed[25]. Our study clearly 
showed multiple necroses with intrahepatic-hemorrhage 
in the RL, and biochemical results also revealed PLF at 
the early phase after 80%-PH in symptomatic mice. In-

Figure 9  Broad-spectrum matrix metalloproteinase-9 inhibitor GM6001 ameliorate initial injury of the liver 6 h after 80%-partial hepatectomy. We inhib-
ited matrix metalloproteinase-9 by GM6001 in 80%-partial hepatectomy (PH) mice, and determined liver necrosis 6 h after 80%-PH. Liver damage was significantly 
reduced in the GM6001-treated mice compared with that in the vehicle-treated group (A, B). Serum levels of aspartate aminotransferase (AST) (C), alamine amino-
transferase (ALT) (D) and total bilirubin (T-Bil) (E) were significantly lower in the GM6001-treated mice than those in the vehicle-treated mice. Representative images 
of in situ gelatin zymography analysis with DQ gelatin are shown. Gelatinolytic activity was suppressed in the GM6001-treated mice (G) compared with that in the 
vehicle-treated mice (F). Representative images of myeloperoxidase staining on remnant liver (RL) sections in vehicle-treated mice (H) and GM6001-treated mice 
(I) are shown. A histogram of the number of accumulated neutrophils in the RL after extended hepatectomy shows that there are significantly fewer neutrophils in the 
GM6001-treated mice than in the vehicle-treated mice (J) (aP < 0.05, bP < 0.01 vs vehicle-treated mice). 
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terestingly, these histological changes were similar to the 
findings of  a lipopolysaccharide/galactosamine-induced 
acute liver failure model[26]. Initial extravasation of  red 
blood cells, sinusoidal congestion, destruction of  paren-
chymal architecture and subsequent total destruction of  
micro-architecture with hemorrhage were reported 4 to 
8 h after a challenge of  galactosamine and lipopolysac-
charide[26]. We also observed dehiscence of  sinusoids 6 h 
after 80%-PH. The mechanism of  sinusoidal cell injury is 
not fully understood. Many efforts after PH, such as hy-
perperfusion and shear stress due to portal hypertension, 
appear to have the potential to physically damage sinusoi-
dal endothelial cells (SECs), and intensive decompression 
of  the portal vein has recently been proposed as an intra-
operative strategy for liver transplantation with small-for-
size grafts[27]. We observed distention of  the portal vein 
during 80%-PH. An increase in portal flow indicates an 
increased exposure of  bacterial products or toxic agents 
from the gut for an insufficient RL after EH, and this 
condition may affect SECs. The development of  SEC in-
jury followed by parenchymal cell injury is considered as 
an important mechanism in monocrotaline-induced veno-
occlusive disease or acetaminophen hepatotoxicity[28-30], 
because SEC injury leads to hepatic microcirculatory 
dysfunction and hemorrhage[28,29]. SEC gap formation 
after treatment with galactosamine/endotoxin in mice 
has been reported to affect neutrophil extravasation and 
hemorrhage of  liver parenchyma, and activated MMP 
is involved in SEC gap formation[31]. MMPs have been 
shown to be involved in several liver injury mechanisms 
including the fulminant liver failure model[32], sinusoidal 
obstruction syndrome model[33] and hepatic ischemia/re-
perfusion injury model[20]. Olle et al[34] have reported the 
importance of  MMP-9 associated with tumor necrosis 
factor, hepatocyte growth factor, vascular endothelial 
growth factor and the apoptosis pathway for liver regen-
eration. Mohammed et al[35] showed that TIMP-1 affects 
the hepatocyte cell cycle in the liver regeneration process. 
These findings indicate MMPs’ negative and positive 
potential in liver disease. A RL with considerable dam-
age requires emergent regeneration for survival after EH. 
The role of  MMPs appears to be more complex. 

We demonstrated that MMP-9 expression was en-
hanced in the damaged liver associated with necrosis, 
and the main source of  MMP-9 was CD11b-positive 
nonnative leukocytes and hepatic stellate cells 6 h after 
80%-PH. Our results appear to be consistent with the 
ischemia/reperfusion injury model and acute liver failure 
model[26]. Kim et al[36] showed initial MMP-9 expression 
at 3 h in only periportal hepatocytes after 70%-PH in the 
rat, and positive staining gradually spread for up to 48 
h. In our 80%-PH model, there was little expression of  
MMP-9 in hepatocytes 6 h after surgery, and our results 
suggested that a severe situation after 80%-PH impairs 
the regular process for normal regeneration observed 
after 70%-PH[13,36]. Yan et al[26] showed bimodal alteration 
of  MMP-9 mRNA in the acute liver failure model. We 
observed a change in bimodal activity (the second peak 

was after 12 h) by zymography after 80%-PH (data not 
shown). Taken together, these results suggest that there 
are two different modalities for MMP-9 production. 
Although we previously reported that MMP-9 plays an 
important role in the development of  parenchymal hem-
orrhage and necrosis in the small remnant liver after mas-
sive hepatectomy and that successful MMP-9 inhibition 
attenuates the formation of  hemorrhage and necrosis 
and might be a potential therapy to ameliorate liver in-
jury[11], the origin of  MMP-9 production was unclear. We 
speculate that it is necessary to separately consider the 
roles of  MMP-9 produced from leukocytes at the early 
phase and from hepatocytes at the late phase of  EH. 

In the current study, we focused on the initial MMP-9 
expression and hypothesized that it plays a role in liver 
injury in the RL after EH. To examine the involvement 
of  MMP-9 in initial liver injury after EH, we evaluated the 
effect of  inhibition of  MMP-9 using three different meth-
ods in vivo including MMP-9-deficient mice, an inhibitory 
monoclonal antibody and a broad spectrum inhibitor. In 
all of  the MMP-9 inhibitory experiments, suppression of  
the initial injury was clearly observed with the inhibition 
of  MMP-9. Our results suggested that MMP-9 plays a 
pivotal role in liver injury, especially in the formation of  
necrosis, likely sinusoidal injury after 80%-PH. Periopera-
tive factors in each experiment were not different between 
each experimental group such as the resected volume, the 
surgical time and intra-operative blood loss. In the experi-
ments with genetic deficient mice, we examined whether 
TIMP-1 deficiency had any effects on the theoretical 
enhancement of  MMP-9 activity on liver injury simul-
taneously. We observed the reverse effects in TIMP-1 
deficient mice compared with MMP-9-deficient mice 
with an increased gelatinolytic activity. No exacerbation 
of  liver injury in the TIMP-1-deleted condition suggested 
insufficiency of  TIMP-1 to regulate MMP-9 activity after 
EH. Mohammed et al[35] showed that TIMP-1 was slightly 
increased 6 to 18 h after 70%-PH in the rat. We did not 
assess TIMP-1 expression in the current study. However, 
it is possible that TIMP-1 could be used as a therapeutic 
target to reduce MMP-9 levels related to liver injury.

In the current study, we did not observe any survival 
benefits of  MMP-9 inhibition in MMP-9(-/-) mice, al-
though the other two methods of  inhibition of  MMP-9 
showed improvement of  survival. MMP-9 was shown to 
be important in liver regeneration in PH by Olle et al[34]. 
Additionally, the possibility of  impairment of  the host 
defense by MMP-9 deficiency was reported in a sepsis 
model by Renckens et al[37]. Excessive MMP-9 activity in-
duced by shear stress after PH may have the potential to 
induce initial liver injury. Application of  MMP-9 block-
ade should be precisely controlled. 

In this study, we evaluated the accumulation of  neu-
trophils in the RL after 80%-PH. Areas of  necrosis were 
correlated with the number of  accumulated neutrophils. 
The infiltration of  polymorphonuclear neutrophils 
(PMNs) has been reported in several liver diseases[38-41] 
and even after EH[42]. We could not identify infiltrated 
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neutrophils as a central effecter on liver injury after 
80%-PH, but a possible explanation may be provided 
by an association between neutrophils and SEC destruc-
tion. In addition, recent studies have shown that MMP-9 
derived from neutrophils affects several pathophysiologi-
cal conditions such as blood brain barrier breakdown 
after an ischemic stroke and gut barrier dysfunction in 
an acute pancreatitis model[43,44]. Keck et al[45] showed that 
PMN-derived MMP-9 contributes to the accumulation 
of  PMNs in the inflammation site and it initiates dam-
age to the basement membrane. Although our results are 
consistent with the previous work described above, the 
mechanism of  liver damage or regeneration is complicate. 
Periportal infiltration of  inflammatory cells will increase 
the liver damage, but this infiltration is paradoxically nec-
essary to trigger the liver regeneration[46-48]. Though the 
balance of  damage and regeneration is still unclear, we 
speculated that the MMP-9 produced from neutrophil 
may be important factor for a successful liver regenera-
tion after EH. Further study is needed to elucidate the in-
volvement of  MMP-9 associated with neutrophils in liver 
injury after EH with an insufficient RL.

In summary, our data showed that the pathway of  liver 
necrosis related to initial sinusoidal endothelial cell injury 
is responsible for the PLF process after EH with an insuf-
ficient RL. The initial injury is associated with MMP-9 de-
rived from neutrophils, and blockade of  MMP-9 reduces 
initial liver injury in an in vivo model. Our results suggest 
that MMP-9 may be a potential target for preventive care 
or further challenging for EH.

ACKNOWLEDGMENTS
We are grateful to Dennis W Dickson, Monica Cas-
tanedes-Casey, Virginia R Phillips, Linda G Rousseau and 
Melissa E Murray (Department of  Neuroscience, Mayo 
Clinic in Florida, Jacksonville, FL 32224, United States) 
for their technical support with histopathological assess-
ment. 

COMMENTS
Background
Postoperative liver failure (PLF) after extended hepatectomy (EH) can cause an 
insufficient volume of the remnant liver (RL), resulting in higher morbidity and 
mortality.
Research frontiers
The mechanism of liver damage or regeneration is complicate. Periportal infil-
tration of inflammatory cells will increase the liver damage, but this infiltration is 
paradoxically necessary to trigger the liver regeneration. This PLF is progres-
sive from the early postoperative period, but the mechanism is unknown. Au-
thors hypothesized that matrix metalloproteinase (MMP)-9 plays a role in PLF 
pathogenesis.
Innovations and breakthroughs
Though the balance of damage and regeneration is still unclear in the RL after 
EH, the MMP-9 produced from neutrophil may be important factor for a suc-
cessful liver regeneration after EH.
Applications
Their data showed that the pathway of liver necrosis related to initial sinusoidal 
endothelial cell injury is responsible for the PLF process after EH. The initial 
injury is associated with MMP-9 derived from neutrophils, and blockade of 

MMP-9 reduces initial liver injury. 
Terminology
Their results suggest that MMP-9 may be a potential target for preventive care 
or further challenging for EH.
Peer review
In this manuscript, authors attempt to investigate that the effect of MMP9 in the 
initial injury after hepatectomy in mice. The work is of potential interest to the 
readership of the World Journal of Gastroenterology.

REFERENCES
1 Bachellier P, Rosso E, Pessaux P, Oussoultzoglou E, Nobili C, 

Panaro F, Jaeck D. Risk factors for liver failure and mortal-
ity after hepatectomy associated with portal vein resection. 
Ann Surg 2011; 253: 173-179 [PMID: 21233614 DOI: 10.1097/
SLA.0b013e3181f193ba]

2 Fan ST, Mau Lo C, Poon RT, Yeung C, Leung Liu C, 
Yuen WK, Ming Lam C, Ng KK, Ching Chan S. Con-
tinuous improvement of survival outcomes of resection 
of hepatocellular carcinoma: a 20-year experience. Ann 
Surg 2011; 253: 745-758 [PMID: 21475015 DOI: 10.1097/
SLA.0b013e3182111195]

3 Mei Y, Thevananther S. Endothelial nitric oxide synthase 
is a key mediator of hepatocyte proliferation in response to 
partial hepatectomy in mice. Hepatology 2011; 54: 1777-1789 
[PMID: 21748771 DOI: 10.1002/hep.24560]

4 Ma ZY, Qian JM, Rui XH, Wang FR, Wang QW, Cui YY, 
Peng ZH. Inhibition of matrix metalloproteinase-9 attenu-
ates acute small-for-size liver graft injury in rats. Am J 
Transplant 2010; 10: 784-795 [PMID: 20121733 DOI: 10.1111/
j.1600-6143.2009.02993.x]

5 Defamie V, Laurens M, Patrono D, Devel L, Brault A, Saint-
Paul MC, Yiotakis A, Barbry P, Gugenheim J, Crenesse D, 
Dive V, Huet PM, Mari B. Matrix metalloproteinase inhibi-
tion protects rat livers from prolonged cold ischemia-warm 
reperfusion injury. Hepatology 2008; 47: 177-185 [PMID: 
18008367 DOI: 10.1002/hep.21929]

6 Zhang Y, Dong J, He P, Li W, Zhang Q, Li N, Sun T. Genis-
tein inhibit cytokines or growth factor-induced proliferation 
and transformation phenotype in fibroblast-like synovio-
cytes of rheumatoid arthritis. Inflammation 2012; 35: 377-387 
[PMID: 21792602 DOI: 10.1007/s10753-011-9365-x]

7 Heo SH, Cho CH, Kim HO, Jo YH, Yoon KS, Lee JH, Park 
JC, Park KC, Ahn TB, Chung KC, Yoon SS, Chang DI. Plaque 
rupture is a determinant of vascular events in carotid artery 
atherosclerotic disease: involvement of matrix metallopro-
teinases 2 and 9. J Clin Neurol 2011; 7: 69-76 [PMID: 21779294 
DOI: 10.3988/jcn.2011.7.2.69]

8 Zhang B, Halder SK, Kashikar ND, Cho YJ, Datta A, Gor-
den DL, Datta PK. Antimetastatic role of Smad4 signaling 
in colorectal cancer. Gastroenterology 2010; 138: 969-980.e1-3 
[PMID: 19909744 DOI: 10.1053/j.gastro.2009.11.004]

9 Ke AW, Shi GM, Zhou J, Wu FZ, Ding ZB, Hu MY, Xu Y, 
Song ZJ, Wang ZJ, Wu JC, Bai DS, Li JC, Liu KD, Fan J. Role 
of overexpression of CD151 and/or c-Met in predicting 
prognosis of hepatocellular carcinoma. Hepatology 2009; 49: 
491-503 [PMID: 19065669 DOI: 10.1002/hep.22639]

10 Padrissa-Altés S, Zaouali MA, Franco-Gou R, Bartrons R, 
Boillot O, Rimola A, Arroyo V, Rodés J, Peralta C, Roselló-
Catafau J. Matrix metalloproteinase 2 in reduced-size 
liver transplantation: beyond the matrix. Am J Transplant 
2010; 10: 1167-1177 [PMID: 20353474 DOI: 10.1111/
j.1600-6143.2010.03092.x]

11 Ohashi N, Hori T, Chen F, Jermanus S, Eckman CB, Nakao 
A, Uemoto S, Nguyen JH. Matrix metalloproteinase-9 con-
tributes to parenchymal hemorrhage and necrosis in the 
remnant liver after extended hepatectomy in mice. World 
J Gastroenterol 2012; 18: 2320-2333 [PMID: 22654423 DOI: 
10.3748/wjg.v18.i19.2320]

Ohashi N et al . MMP-9 after extended hepatectomy

 COMMENTS



3041 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

12 Hori T, Ohashi N, Chen F, Baine AM, Gardner LB, Hata T, 
Uemoto S, Nguyen JH. Simple and reproducible hepatec-
tomy in the mouse using the clip technique. World J Gastroen-
terol 2012; 18: 2767-2774 [PMID: 22719184 DOI: 10.3748/wjg.
v18.i22.2767]

13 Mitchell C, Willenbring H. A reproducible and well-
tolerated method for 2/3 partial hepatectomy in mice. Nat 
Protoc 2008; 3: 1167-1170 [PMID: 18600221 DOI: 10.1038/
nprot.2008.80]

14 Rudich N, Zamir G, Pappo O, Shlomai Z, Faroja M, Weiss 
ID, Wald H, Galun E, Peled A, Wald O. Focal liver necro-
sis appears early after partial hepatectomy and is depen-
dent on T cells and antigen delivery from the gut. Liver 
Int 2009; 29: 1273-1284 [PMID: 19538448 DOI: 10.1111/
j.1478-3231.2009.02048.x]

15 Jin X, Zhang Z, Beer-Stolz D, Zimmers TA, Koniaris LG. 
Interleukin-6 inhibits oxidative injury and necrosis after 
extreme liver resection. Hepatology 2007; 46: 802-812 [PMID: 
17668886 DOI: 10.1002/hep.21728]

16 Panis Y, McMullan DM, Emond JC. Progressive necrosis 
after hepatectomy and the pathophysiology of liver failure 
after massive resection. Surgery 1997; 121: 142-149 [PMID: 
9037225]

17 Matkowskyj KA, Marrero JA, Carroll RE, Danilkovich AV, 
Green RM, Benya RV. Azoxymethane-induced fulminant 
hepatic failure in C57BL/6J mice: characterization of a new 
animal model. Am J Physiol 1999; 277: G455-G462 [PMID: 
10444460]

18 Bélanger M, Côté J, Butterworth RF. Neurobiological char-
acterization of an azoxymethane mouse model of acute liver 
failure. Neurochem Int 2006; 48: 434-440 [PMID: 16563565 
DOI: 10.1016/j.neuint.2005.11.022]

19 Zhong Z, Connor HD, Froh M, Bunzendahl H, Lind H, Leh-
nert M, Mason RP, Thurman RG, Lemasters JJ. Free radical-
dependent dysfunction of small-for-size rat liver grafts: 
prevention by plant polyphenols. Gastroenterology 2005; 129: 
652-664 [PMID: 16083719 DOI: 10.1053/j.gastro.2005.05.060]

20 Hamada T, Fondevila C, Busuttil RW, Coito AJ. Metallopro-
teinase-9 deficiency protects against hepatic ischemia/reper-
fusion injury. Hepatology 2008; 47: 186-198 [PMID: 17880014 
DOI: 10.1002/hep.21922]

21 Brown KE, Brunt EM, Heinecke JW. Immunohistochemical 
detection of myeloperoxidase and its oxidation products in 
Kupffer cells of human liver. Am J Pathol 2001; 159: 2081-2088 
[PMID: 11733358]

22 Cataldegirmen G, Zeng S, Feirt N, Ippagunta N, Dun H, Qu 
W, Lu Y, Rong LL, Hofmann MA, Kislinger T, Pachydaki 
SI, Jenkins DG, Weinberg A, Lefkowitch J, Rogiers X, Yan 
SF, Schmidt AM, Emond JC. RAGE limits regeneration after 
massive liver injury by coordinated suppression of TNF-
alpha and NF-kappaB. J Exp Med 2005; 201: 473-484 [PMID: 
15699076 DOI: 10.1084/jem.20040934]

23 Yoshida N, Iwata H, Yamada T, Sekino T, Matsuo H, Shira-
hashi K, Miyahara T, Kiyama S, Takemura H. Improvement 
of the survival rate after rat massive hepatectomy due to the 
reduction of apoptosis by caspase inhibitor. J Gastroenterol 
Hepatol 2007; 22: 2015-2021 [PMID: 17559362 DOI: 10.1111/
j.1440-1746.2007.04960.x]

24 Higgins G, Anderson R. Experimental pathology of the liv-
er. Restoration of the liver of the white rat following partial 
surgical removal. Arch Pathol 1931; 12: 186-202

25 Man K, Lo CM, Ng IO, Wong YC, Qin LF, Fan ST, Wong J. 
Liver transplantation in rats using small-for-size grafts: a 
study of hemodynamic and morphological changes. Arch 
Surg 2001; 136: 280-285 [PMID: 11231846 DOI: 10.1001/arch-
surg.136.3.280]

26 Yan C, Zhou L, Han YP. Contribution of hepatic stellate 
cells and matrix metalloproteinase 9 in acute liver failure. 
Liver Int 2008; 28: 959-971 [PMID: 18507761 DOI: 10.1111/
j.1478-3231.2008.01775.x]

27 Yamada T, Tanaka K, Uryuhara K, Ito K, Takada Y, Uemoto 
S. Selective hemi-portocaval shunt based on portal vein pres-
sure for small-for-size graft in adult living donor liver trans-
plantation. Am J Transplant 2008; 8: 847-853 [PMID: 18261170 
DOI: 10.1111/j.1600-6143.2007.02144.x]

28 DeLeve LD, McCuskey RS, Wang X, Hu L, McCuskey MK, 
Epstein RB, Kanel GC. Characterization of a reproducible rat 
model of hepatic veno-occlusive disease. Hepatology 1999; 29: 
1779-1791 [PMID: 10347121]

29 Ito Y, Bethea NW, Abril ER, McCuskey RS. Early hepatic 
microvascular injury in response to acetaminophen toxicity. 
Microcirculation 2003; 10: 391-400 [PMID: 14557822]

30 Ito Y, Bethea NW, Baker GL, McCuskey MK, Urbaschek R, 
McCuskey RS. Hepatic microcirculatory dysfunction dur-
ing cholestatic liver injury in rats. Microcirculation 2003; 10: 
421-432 [PMID: 14557825 DOI: 10.1038/sj.mn.7800208]

31 Ito Y, Abril ER, Bethea NW, McCuskey MK, Cover C, Jae-
schke H, McCuskey RS. Mechanisms and pathophysiologi-
cal implications of sinusoidal endothelial cell gap formation 
following treatment with galactosamine/endotoxin in mice. 
Am J Physiol Gastrointest Liver Physiol 2006; 291: G211-G218 
[PMID: 16574994 DOI: 10.1152/ajpgi.00312.2005]

32 Wielockx B, Lannoy K, Shapiro SD, Itoh T, Itohara S, 
Vandekerckhove J, Libert C. Inhibition of matrix metal-
loproteinases blocks lethal hepatitis and apoptosis induced 
by tumor necrosis factor and allows safe antitumor therapy. 
Nat Med 2001; 7: 1202-1208 [PMID: 11689884 DOI: 10.1038/
nm1101-1202]

33 Deleve LD, Wang X, Tsai J, Kanel G, Strasberg S, Tokes ZA. 
Sinusoidal obstruction syndrome (veno-occlusive disease) in 
the rat is prevented by matrix metalloproteinase inhibition. 
Gastroenterology 2003; 125: 882-890 [PMID: 12949732 DOI: 
10.1016/S0016-5085(03)01056-4]

34 Olle EW, Ren X, McClintock SD, Warner RL, Deogracias 
MP, Johnson KJ, Colletti LM. Matrix metalloproteinase-9 
is an important factor in hepatic regeneration after partial 
hepatectomy in mice. Hepatology 2006; 44: 540-549 [PMID: 
16941692 DOI: 10.1002/hep.21314]

35 Mohammed FF, Pennington CJ, Kassiri Z, Rubin JS, Soloway 
PD, Ruther U, Edwards DR, Khokha R. Metalloproteinase 
inhibitor TIMP-1 affects hepatocyte cell cycle via HGF ac-
tivation in murine liver regeneration. Hepatology 2005; 41: 
857-867 [PMID: 15726641 DOI: 10.1002/hep.20618]

36 Kim TH, Mars WM, Stolz DB, Michalopoulos GK. Expres-
sion and activation of pro-MMP-2 and pro-MMP-9 during 
rat liver regeneration. Hepatology 2000; 31: 75-82 [PMID: 
10613731]

37 Renckens R, Roelofs JJ, Florquin S, de Vos AF, Lijnen HR, 
van’t Veer C, van der Poll T. Matrix metalloproteinase-9 
deficiency impairs host defense against abdominal sepsis. J 
Immunol 2006; 176: 3735-3741 [PMID: 16517742]

38 Jaeschke H, Farhood A, Smith CW. Neutrophils contribute 
to ischemia/reperfusion injury in rat liver in vivo. FASEB J 
1990; 4: 3355-3359 [PMID: 2253850]

39 Doi F, Goya T, Torisu M. Potential role of hepatic macro-
phages in neutrophil-mediated liver injury in rats with sep-
sis. Hepatology 1993; 17: 1086-1094 [PMID: 8099895]

40 Ramaiah SK, Jaeschke H. Role of neutrophils in the patho-
genesis of acute inflammatory liver injury. Toxicol Pathol 
2007; 35: 757-766 [PMID: 17943649 DOI: 10.1080/0192623070
1584163]

41 Jaeschke H, Hasegawa T. Role of neutrophils in acute in-
flammatory liver injury. Liver Int 2006; 26: 912-919 [PMID: 
16953830 DOI: 10.1111/j.1478-3231.2006.01327.x]

42 Ohtsuka M, Miyazaki M, Kondo Y, Nakajima N. Neutro-
phil-mediated sinusoidal endothelial cell injury after ex-
tensive hepatectomy in cholestatic rats. Hepatology 1997; 25: 
636-641 [PMID: 9049211]

43 Mikami Y, Dobschütz EV, Sommer O, Wellner U, Unno M, 
Hopt U, Keck T. Matrix metalloproteinase-9 derived from 

Ohashi N et al . MMP-9 after extended hepatectomy



3042 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

polymorphonuclear neutrophils increases gut barrier dys-
function and bacterial translocation in rat severe acute pan-
creatitis. Surgery 2009; 145: 147-156 [PMID: 19167969 DOI: 
10.1016/j.surg.2008.08.036]

44 Rosell A, Cuadrado E, Ortega-Aznar A, Hernández-Guil-
lamon M, Lo EH, Montaner J. MMP-9-positive neutrophil 
infiltration is associated to blood-brain barrier breakdown 
and basal lamina type IV collagen degradation during 
hemorrhagic transformation after human ischemic stroke. 
Stroke 2008; 39: 1121-1126 [PMID: 18323498 DOI: 10.1161/
STROKEAHA.107.500868]

45 Keck T, Balcom JH, Fernández-del Castillo C, Antoniu BA, 
Warshaw AL. Matrix metalloproteinase-9 promotes neutro-
phil migration and alveolar capillary leakage in pancreatitis-
associated lung injury in the rat. Gastroenterology 2002; 122: 

188-201 [PMID: 11781293]
46 Jaeschke H. Mechanisms of Liver Injury. II. Mechanisms of 

neutrophil-induced liver cell injury during hepatic ischemia-
reperfusion and other acute inflammatory conditions. Am 
J Physiol Gastrointest Liver Physiol 2006; 290: G1083-G1088 
[PMID: 16687579 DOI: 10.1152/ajpgi.00568.2005]

47 Plümpe J, Streetz K, Manns MP, Trautwein C. Tumour 
necrosis factor alpha--mediator of apoptosis and cell prolif-
eration of hepatocytes. Ital J Gastroenterol Hepatol 1999; 31: 
235-243 [PMID: 10379487]

48 Jaeschke H, McGill MR, Williams CD, Ramachandran A. 
Current issues with acetaminophen hepatotoxicity--a clini-
cally relevant model to test the efficacy of natural products. 
Life Sci 2011; 88: 737-745 [PMID: 21296090 DOI: 10.1016/
j.lfs.2011.01.025]

P- Reviewer  Lin JY    S- Editor  Gou SX    L- Editor  A    
E- Editor  Zhang DN

Ohashi N et al . MMP-9 after extended hepatectomy



3043 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

MGMT and MLH1 methylation in 
Helicobacter pylori -infected children and adults

Marisa C Alvarez, Juliana C Santos, Nathália Maniezzo, Marcelo S Ladeira, Artur LC da Silva, 
Isabel CA Scaletsky, José Pedrazzoli Jr, Marcelo L Ribeiro

Marisa C Alvarez, Juliana C Santos, Nathália Maniezzo, 
José Pedrazzoli Jr, Marcelo L Ribeiro, Unidade Integrada de 
Farmacologia e Gastroenterologia, Universidade São Francisco, 
Bragança Paulista 12916-900, SP, Brazil 
Marisa C Alvarez, Marcelo L Ribeiro, Programa de Pós Gradua-
ção em Genética e Biologia Molecular, State University of Cam-
pinas, Campinas 13083-970, SP, Brazil
Marcelo S Ladeira, Departamento de Clínica Médica, UNESP, 
Botucatu 18618-970, SP, Brazil
Artur LC da Silva, Departamento de Genética, Universidade Fe-
deral do Pará, Belém 68400-000, PA, Brazil
Isabel CA Scaletsky, Departamento de Microbiologia, Imuno-
logia e Parasitologia, Universidade Federal de São Paulo, São 
Paulo 04021-001, SP, Brazil 
Author contributions: Ribeiro ML contributed to research 
design; Alvarez MC performed the research; Santos JC and 
Maniezzo N contributed to contributions of new reagents/analyti-
cal tools; Alvarez MC and Ribeiro ML contributed to data analy-
sis; Alvarez MC wrote the manuscript; da Silva ALC performed 
the MSI analysis and sequencing; Ladeira MS, Scaletsky ICA 
and Pedrazzoli Jr J provided specimens.
Supported by The Fundacao de Amparo a Pesquisa do Estado 
de Sao Paulo, No. 2009/01813-0 and 2008/02678-6; the Conse-
lho Nacional de Desenvolvimento Científico e Tecnológico, No. 
471088/2007-2
Correspondence to: Marcelo L Ribeiro, PhD, Unidade Inte-
grada de Farmacologia e Gastroenterologia, Universidade São 
Francisco, Av. São Francisco de Assis, 218. Jd. São José, Bragan-
ça Paulista 12916-900, SP, Brazil. marcelo.ribeiro@usf.edu.br
Telephone: +55-11-40348135   Fax: +55-11-40341825 
Received: November 21, 2012  Revised: March 26, 2013
Accepted: April 9, 2013
Published online: May 28, 2013

Abstract
AIM: To evaluate the association between Helicobacter 
pylori  (H. pylori ) infection and MLH1 and MGMT meth-
ylation and its relationship with microsatellite instability 
(MSI). 

METHODS: The methylation status of the MLH1  and 

MGMT promoter region was analysed by methylation 
specific methylation-polymerase chain reaction (MSP-
PCR) in gastric biopsy samples from uninfected or 
H. pylori -infected children (n  = 50), from adults with 
chronic gastritis (n  = 97) and from adults with gastric 
cancer (n  = 92). MLH1  and MGMT mRNA expression 
were measured by real-time PCR and normalised to a 
constitutive gene (β actin). MSI analysis was performed 
by screening MSI markers at 4 loci (Bat-25, Bat-26, 
D17S250 and D2S123) with PCR; PCR products were 
analysed by single strand conformation polymorphism 
followed by silver staining. Statistical analyses were 
performed with either the χ 2 test with Yates continuity 
correction or Fisher’s exact test, and statistical signifi-
cance for expression analysis was assessed using an 
unpaired Student’s t -test. 

RESULTS: Methylation was not detected in the pro-
moter regions of MLH1  and MGMT  in gastric biopsy 
samples from children, regardless of H. pylori  infection 
status. The MGMT promoter was methylated in 51% of 
chronic gastritis adult patients and was associated with 
H. pylori  infection (P  < 0.05); this region was methyl-
ated in 66% of gastric cancer patients, and the differ-
ence in the percentage of methylated samples between 
these patients and those from H. pylori -infected chronic 
gastritis patients was statistically significant (P  < 0.05). 
MLH1 methylation frequencies among H. pylori -infected 
and non-infected chronic gastritis adult patients were 
13% and 7%, respectively. We observed methylation 
of the MLH1  promoter (39%) and increased MSI lev-
els (68%) in samples from gastric cancer patients in 
comparison to samples from H. pylori -infected adult 
chronic gastritis patients (P  < 0.001 and P  < 0.01, re-
spectively). The frequency of promoter methylation for 
both genes was higher in gastric cancer samples than 
in H. pylori -positive chronic gastritis samples (P  < 0.05). 
The levels of MLH1 and MGMT  mRNA were significantly 
reduced in chronic gastritis samples that were also hy-
permethylated (P  < 0.01). 
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CONCLUSION: In summary, MGMT and MLH1 meth-
ylation did not occur in earlier-stage H. pylori  infections 
and thus might depend on the duration of infection.

© 2013 Baishideng. All rights reserved.
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Core tip: Gastric carcinogenesis is a multistep proc-
ess that is triggered by Helicobacter pylori  (H. pylori ) 
infection and characterised by multiple genetic and 
epigenetic alterations, including the DNA repair genes. 
To date, few advances have been made to determine 
the time duration required for to H. pylori  infection to 
induce such epigenetics alteration and thus potentially 
induce gastric carcinogenesis. The results presented in 
this study indicate that the methylation of the MGMT 
and MLH1 promoter regions might depend on the dura-
tion of infection because these methylation events were 
not observed in children.

Alvarez MC, Santos JC, Maniezzo N, Ladeira MS, da Silva ALC, 
Scaletsky ICA, Pedrazzoli Jr J, Ribeiro ML. MGMT and MLH1 
methylation in Helicobacter pylori-infected children and adults. 
World J Gastroenterol 2013; 19(20): 3043-3051  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v19/i20/3043.htm  
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INTRODUCTION
Helicobacter pylori (H. pylori) is an important pathogen in 
the human stomach. The natural acquisition of  H. pylori 
infection occurs mainly during childhood. Once estab-
lished within the gastric mucosa, the infection persists for 
life if  left untreated. The epidemiological evidence and 
the rare occurrence of  peptic ulcers or gastric atrophy in 
children[1,2] suggest that H. pylori-related gastric mucosal 
damage might be progressive through childhood into 
adulthood. H. pylori infection elicits a host inflammatory 
response, including mucosal infiltration by polymor-
phonuclear leukocytes, macrophages, and T and B lym-
phocytes. The inflammatory response has a slow onset 
and becomes chronic after a long period of  infection. 
Although the symptoms of  chronic infection are not as 
severe as those of  acute inflammation, the condition is 
persistent[3]. The activated inflammatory cells release re-
active oxygen and nitrogen species that can induce DNA 
injury and cellular apoptosis[4]. The chronic colonisation 
of  the stomach with H. pylori causes inflammation within 
the gastric mucosa and activates multiple oncogenic path-
ways[5].

The interaction of  H. pylori with the surface mucosa 
results in the increased release of  pro-inflammatory cy-
tokines[6] that exacerbate the inflammatory response. The 
persistence of  this immune response leads to chronic 
inflammation, one of  the factors associated with DNA 

methylation. DNA methylation is one of  the most im-
portant epigenetic modifications and primarily occurs on 
the cytosine residues of  CpG dinucleotides, which are 
frequently clustered into CpG islands within the promot-
er regions of  certain genes[7]. DNA methylation of  these 
promoter regions inhibits transcription through chroma-
tin structural changes that are mediated by the interac-
tions of  the methyl-cytosines with the protein complexes 
that recruit histone-modifying enzymes[8,9].

Globally, gastric cancer is the fourth most common 
type of  cancer and the second leading cause of  cancer 
death, and 930000 new cases of  gastric cancer are pro-
jected per year. South Korea, Japan and Eastern Asia 
have the highest incidences of  gastric cancer, followed by 
Eastern Europe and Latin America[10]. Since the discov-
ery of  H. pylori by Warren et al in 1982[11], many studies 
have demonstrated a strong association between H. pylori 
infection and the development of  gastric cancer[12,13]. 
Moreover, in 1994, the International Agency for Research 
on Cancer recognised H. pylori as a definitive carcinogenic 
agent based on several epidemiological reports[14]. The 
primary mechanism by which H. pylori induces gastric 
cancer is thought to include the upregulation of  several 
genes, including cytokines, oncogenes and growth fac-
tors, as well as the downregulation of  tumour suppressor 
genes. These alterations in gene expression are believed 
to result from mutations and microsatellite instability[15]. 
Additionally, several studies have demonstrated a close 
association between H. pylori infection and aberrant CpG 
island methylation[16-18].

Many critical genes are silenced by DNA methylation 
during cancer development. Recent studies have shown 
that the silencing of  certain DNA repair genes by DNA 
methylation might be related to the occurrence of  tu-
morigenic mutations. The expression levels of  MLH1, 
a mismatch repair gene, are frequently altered in gastric 
cancers, and changes in MLH1 expression can promote 
tumour development[19]. Additionally, O6-methylguanine 
DNA methyltransferase (MGMT) is a protein required 
for the repair of  alkylated guanines in DNA that arise 
from exposures to environmental alkylation mutagens or 
through endogenous mechanisms. It has been reported 
that the loss of  MGMT expression might increase the 
occurrence of  genetic mutations and thus lead to gas-
tric cancer development[20]. Additionally, Kitajima et al[21] 

reported that the loss of  MGMT along with mismatch 
repair (MMR) proteins in gastric cancer patients is an im-
portant event in tumour progression.

Microsatellite instability (MSI) is one hallmark of  
DNA MMR deficiency that is observed in gastric car-
cinogenesis. Microsatellites are short DNA sequence 
repeats that are scattered throughout the human genome. 
Errors in the DNA MMR mechanisms of  tumour cells 
can result in the expansion or contraction of  these re-
peated sequences and thus MSI[22]. MSI occurs in nearly 
every case of  gastric cancer that is associated with germ-
line mutations of  the MMR genes.

The inactivation of  the MMR genes MSH2 and 
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MLH1, either through a mutation or an epigenetic 
mechanism, is responsible for the development of  MSI 
in gastric cancer. The aberrant loss of  expression of  ei-
ther the MLH1 or MSH2 proteins has been observed in 
patients exhibiting gastric cancer with MSI. In particular, 
altered MLH1 expression is associated with self-gene in-
activation through the hypermethylation of  its promoter 
regions[23,24].

It is well established that H. pylori infection leads to 
chronic inflammation in the gastric mucosa, which is a 
condition associated with DNA methylation. Because 
such epigenetic alterations play an important role in the 
regulation of  gene expression and the maintenance of  
DNA integrity and stability, the aim of  this study was to 
analyse the effects of  H. pylori infection on the methyla-
tion statuses of  MLH1 and MGMT and the relationship 
between the methylation of  these promoters and micro-
satellite instability in H. pylori-infected or uninfected chil-
dren as well as infected or uninfected adults with chronic 
gastritis or gastric cancer. 

MATERIALS AND METHODS
Patients
This study was approved by the following institutions: the 
Ethical Committee of  the Paulista Medical School, State 
University (UNESP), Botucatu, SP, Brazil; the Sao Fran-
cisco University, Braganca Paulista, SP, Brazil; the School 
of  Medicine of  the São Paulo University, SP, Brazil; and 
by the National Committee of  Ethics in Research, Bra-
sília, DF, Brazil. Informed consent to participate in the 
study was obtained from all patients.

This study included 239 patients, of  which 50 were 
children between the ages of  2 and 18 years old (average 
age = 8 ± 4 years; 47% male, 53% female) who suffered 
from dyspepsia. Of  the remaining patients, 97 suffered 
from chronic gastritis (average age = 35 ± 13 years; 33% 
male, 67% female), and 92 suffered from gastric cancer 
(average age = 60 ± 12 years; 82% male, 18% female). All 
of  the patients were non-smokers, did not abuse alcohol 
and were not using prescription or recreational drugs.

Biopsy collection
Biopsies from patients with gastric complaints were ob-
tained from the lesser curvature of  the antrum (the distal 
region of  the stomach) within 2 cm of  the pyloric ring 
during endoscopies. For patients with gastric cancer, bi-
opsies were obtained during gastric surgeries (to remove 
gastric carcinoma). One biopsy was used for a rapid ure-
ase test[25], 2 were used for histopathological evaluations, 
and 1 was used for bacterial genotyping by polymerase 
chain reaction (PCR) . H. pylori infection was considered 
present when positive results were obtained from all of  
the following tests: rapid urease test, histological analysis 
and gastric biopsy PCR. The patients were considered 
uninfected when negative results were obtained for all 
tests.

Histopathology 
Gastric mucosal samples were fixed in 10% formalin for 
24 h, dehydrated in alcohol and xylene, and embedded in 
paraffin. Sequential 3-5-µm sections were cut and stained 
with haematoxylin-eosin for routine histology. Gastritis 
was classified according to Sydney’s system[26], and the 
presence of  H. pylori was determined by carbolfuchsin 
staining of  the sections.

Bisulphite treatment and methylation-specific PCR
Bisulphite treatment was performed on 1 µg of  DNA 
with the EpiTect Bisulfite kit (Qiagen, Valencia, CA, 
United States). Methylation-specific PCR (MSP-PCR) was 
performed with a primer set specific to the methylated 
or unmethylated sequences (M or U sets, respectively)[27]. 
The PCR reactions were performed in a final volume of  
25 µL with approximately 200 ng of  sodium bisulphite-
treated DNA and 25 pmol of  each primer. The PCR 
amplifications were performed for 40 cycles that each 
consisted of  a denaturation step at 95 ℃ for 5 min, a 
primer-annealing step at 58 ℃ for 35 s and an extension 
step at 72 ℃ for 40 s, with a single final extension step at 
72 ℃ for 7 min. The reaction products were separated by 
electrophoresis on 8% polyacrylamide gels and visualised 
by silver staining (Figure 1). 

RNA extraction and real-time PCR
The gastric biopsies were collected, snap frozen, and 
stored at -80 ℃ in RNAlater® (Qiagen, Valencia, CA, 
United States). Total RNA was isolated with the RNeasy 
tissue kit® (Qiagen). The gastric cancer biopsies were 
microdissected prior to RNA extraction. The PixCell® 
IIe Laser Capture Microdissection (LCM) System (Arc-
turus Engineering, Mountain View, CA, United States) 

3045 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

       1                          2
M            U            M           U                 L

153 bp

124 bp

       1                          2
M            U            M           U                 L

93 bp

81 bp

Figure 1  Example of the results from methylation-specific polymerase 
chain reaction analysis. A: MLH1; B: MGMT. Lane U: Amplified product with 
primers for unmethylated sequences; Lane M: Amplified product with primers 
for methylated sequences; L: Ladder. 
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Single strand conformation polymorphism (SSCP) 
analysis was performed on each sample. Briefly, 12 µL of  
each PCR product were mixed with 12 µL of  denaturing 
buffer (95% Formamide, 0.05% Bromophenol blue, and 
0.05% xylenocianol), denatured at 95 ℃ for 5 min and 
separated by electrophoresis on a non-denaturing 7% 
polyacrylamide gel for 3 h at room temperature. The sin-
gle strands of  the PCR products were visualised as bands 
by silver staining.

MSI was defined as a shift in the mobility of  the 
DNA band from either allele or by the appearance of  a 
new band (Figure 2). The MSI status was also confirmed 
by direct sequencing (data not shown). High-level insta-
bility (MSI-H) was defined by the presence of  more than 
one instability marker. Low-level instability (MSI-L) was 
defined as the presence of  a single instability marker. 
Finally, if  no instability markers were present, the sample 

was used to obtain laser captures using an amplitude 
of  50 mW, a duration of  800 ms and a 7.5-mm beam. 
RNA from the capture lids (Arcturus) that contained the 
microdissected tissue was extracted with the PicoPure 
RNA isolation kit (Arcturus). Single-stranded cDNA was 
synthesised from the RNA using the high capacity cDNA 
archive kit® (Applied Biosystems, Foster City, CA, United 
States) according to the manufacturer’s protocol.

Quantitative PCR was performed on a 7300 real-
time PCR system (Applied Biosystems) and the thresh-
old cycle numbers were determined with the RQ Study 
software (Applied Biosystems). The reactions were run in 
triplicate and the threshold cycle numbers were averaged. 
The 50-µL reaction mixture was prepared as follows: 25 
µL of  Sybr Green® Quantitative PCR SuperMix-UDG 
(Invitrogen Life Technologies, Alemeda, CA, United 
States), 10 mmol/L of  each primer (Table 1) and 10 µL 
of  cDNA (100 ng). The reactions was were performed 
with a preliminary UDG treatment for 2 min at 50 ℃ and 
denaturation for 2 min at 95 ℃, followed by 45 cycles of  
denaturation at 95 ℃ for 15 s, annealing at 60 ℃ for 15 
s, and primer extension at 72 ℃ for 15 s. This treatment 
was followed by a melting-point analysis of  the double-
stranded amplicons that consisted of  40 cycles of  1 ℃ 
decrement (15 s each), beginning at 95 ℃. The first deriv-
ative of  this plot, dF/dT, is the rate of  change of  fluores-
cence in the reaction. A significant change in fluorescence 
occurs at the melting point of  the double-stranded PCR 
products. A plot of  dF/dT versus temperature displays 
these changes as distinct peaks.

MLH1 and MGMT gene expression was measured 
and normalised to a constitutive gene (β-actin). The rela-
tive expression was calculated according to the formula 
2(-∆∆Ct)[28], and the results are expressed as the average gene 
expression ± SD.

MSI analysis 
All samples were analysed for 4 markers (BAT-25, 
BAT-26, D17S250 and D2S123) as recommended by the 
American National Cancer Institute (NCI) workshop on 
MSI[29].

PCR was performed in a final volume of  25 µL with 
approximately 200 ng of  template genomic DNA and 25 
pmol of  each primer. PCR amplifications was performed 
for 35 cycles that consisted of  a denaturation step at 
95 ℃ for 30 s, a primer-annealing step at 55-58 ℃ for 30 
s and an extension step at 72 ℃ for 30 min, followed by a 
final single extension step at 72 ℃ for 10 min.

Table 1  Primers used for real-time polymerase chain reaction

Gene Primer Sequence (5’-3’)

β -actin Sense ACACTGGCTCGTGTGACAAGG
Antisense CGGCTAATACACACTCCAAGGC

MGMT Sense CACCACACTGGACAGCCCTTT
Antisense CGAACTTGCCCAGGAGCTTTATTT

MLH1 Sense CGGTTAACTACCCAATGCCTCAAC
Antisense TTCTCGACTAACAGCATTTCCAA

Figure 2  Example of the results from polymerase chain reaction-single 
strand conformation polymorphism analysis. A: BAT25; B: BAT26; C: 
D2S123; D: D17S250. Lane S: Stable; Lane I: Instable; L: Ladder 10 bp. 
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was classified as displaying microsatellite stability (MSS)[29].

Statistical analysis
The association between microsatellite instability and the 
methylation pattern was evaluated with either the χ 2 test 
with Yates continuity correction or Fisher’s exact test. 
Statistical significance for expression analysis was as-
sessed by an unpaired Student’s t-test. A P value of  < 0.05 
was considered statistically significant.

RESULTS
The presence of  H. pylori infection was analysed in bi-
opsy specimens from 50 paediatric patients and 189 adult 
patients who underwent endoscopies. Infections were 
detected in 22 of  the 50 (44%) children, 83 of  the 97 
(86%) adults with chronic gastritis and all (100%) of  the 
92 adult gastric cancer patients.

Methylation was not detected in the promoter regions 
of  MLH1 and MGMT in the paediatric samples. The 
samples from the chronic gastritis patients showed hyper-
methylation in the MHL1 gene promoter region in 11 of  
the 83 (13%) samples from the H. pylori-infected subjects 
and in 1 of  the 14 (7%) samples from the uninfected 
subjects (P > 0.05; Table 2). Methylation of  the MHL1 
promoter region was observed in the samples from 36 of  
the 92 (39%) gastric cancer patients. The differences ob-
served in the percentages of  methylated samples are sta-
tistically significant when the patients with gastric cancer 
are compared to those with chronic gastritis, regardless 
of  H. pylori infection status (P < 0.001; P < 0.05, respec-
tively; Table 2). 

In patients with chronic gastritis, MGMT promoter 
region methylation was observed in the biopsies from 42 
of  the 83 (51%) H. pylori-positive patients and 3 of  the 
14 (21%) H. pylori-negative patients (Table 2); this differ-
ence was statistically significant (P < 0.05). In the gastric 
cancer patients, MGMT promoter region methylation 

was observed in the biopsies from 61 of  the 92 (66%) 
patients. The difference in the percentages of  samples 
with MGMT promoter region methylation between the 
gastric cancer patients and the non-infected chronic 
gastritis patients was statistically significant (P < 0.01). 
Additionally, there was a statistically significant difference 
between the percentages of  methylated samples from the 
gastric cancer patients and the H. pylori-infected chronic 
gastritis patients (P < 0.05). Furthermore, the frequency 
of  promoter methylation for both genes was higher in 
the gastric cancer samples than in the H. pylori-positive 
chronic gastritis samples; this difference was statistically 
significant (P < 0.05).

The MLH1 and MGMT gene expression levels were 
measured and evaluated in the context of  promoter 
methylation. The levels of  both MLH1 and MGMT 
mRNA were significantly reduced in the methylated sam-
ples compared to the unmethylated samples in both the 
H. pylori-positive and uninfected adult chronic gastritis 
samples (Table 3). Overall, gastric cancer patients and 
paediatric patients had low levels of  MLH1 and MGMT 
mRNA expression.

Biopsy samples from children with chronic gastritis 
were relatively stable for the tested microsatellite markers. 
Only 2 samples (both H. pylori-negative) were scored as 
MSI-H, and the remaining paediatric samples were scored 
as MSS (stable; Table 4). MSI was present in 51 of  the 
83 (61%) H. pylori-positive chronic gastritis samples from 
adults. Of  these, 37 (73%) samples were scored as MSI-L 
and 14 (27%) samples as MSI-H. MSI was observed in 9 
of  the 14 (64%) uninfected patients with gastritis; 6 (67%) 
samples were scored as MSI-L and 3 (33%) as MSI-H. 
MSI was observed in 63 of  the 92 (68%) gastric cancer 
patients; 38 (60%) were scored as MSI-L and 25 (40%) 
as MSI-H. No significant association was found between 
H. pylori infection and MSI in the samples from chronic 
gastritis adult patients. However, there was a significant 
difference (P = 0.03) in the percentages of  samples with 
MSI for between the gastric cancer patients and the H. 
pylori-infected chronic gastritis patients. 

Various authors have postulated that the methyla-

Table 2  Frequency of hypermethylation at the MLH1 and 
MGMT  promoter regions in chronic gastritis and gastric 
cancer patients  n  (%)

Subjects MLH1 MGMT

Methylated Unmethylated Methylated Unmethylated

Chronic gastritis
Child H. pylori 
negative

-   28 (100%) -   28 (100%)

Child H. pylori 
positive

-   22 (100%) -   22 (100%)

Adults H. pylori 
negative

1 (7%) 13 (93%)  3 (21%) 11 (79%)

Adults H. pylori 
positive

11 (13%) 72 (87%) 42 (51%)c 41 (49%)

Gastric cancer    36 (39%)a,b 56 (61%)   61 (66%)d,e 31 (34%)

aP < 0.05 vs Helicobacter pylori (H. pylori) negative; bP < 0.01 vs H. pylori 
positive chronic gastritis; cP < 0.05 vs H. pylori negative; eP < 0.05 vs H. 
pylori positive chronic gastritis and dP < 0.01 vs H. pylori negative chronic 
gastritis group. 

Table 3  Relative MLH1 and MGMT mRNA expression levels

Subjects MLH1 MGMT

Methylated Unmethylated Methylated Unmethylated

Chronic gastritis
Child H. pylori 
negative

- 0.25 ± 0.03 - 0.13 ± 0.08

Child H. pylori 
positive

- 0.27 ± 0.02 - 0.12 ± 0.01

Adults H. 
pylori negative

 0.35 ± 0.01b 0.85 ± 0.07  0.40 ± 0.16b 0.99 ± 0.21

Adults H. 
pylori positive

 0.88 ± 0.10b 1.29 ± 0.27  0.79 ± 0.19b 1.78 ± 0.47 

Gastric cancer 0.27 ± 0.07 0.25 ± 0.08 0.49 ± 0.10 0.46 ± 0.10

MLH1 and MGMT mRNA values are expressed as the mean ± SD. bP < 0.01 
vs unmethylated samples in the same subject category. H. pylori: Helico-
bacter pylori. 
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tion of  the MHL1 promoter region leads to the down-
regulated expression of  the MHL1 gene, an effect that 
is strongly associated with MSI[23,24,30]. Therefore, we 
evaluated whether there was any association between the 
MLH1 methylation status and MSI in our study popu-
lation. The data presented in this study show a strong 
association between the MLH1 methylation status and 
MSI in patients with gastric cancer (P < 0.01). However, 
we did not find any significant association between the 
MLH1 methylation status and MSI in the samples from 
chronic gastritis adult patients, regardless of  H. pylori in-
fection status. Additionally, a multivariate analysis did not 
show that the H. pylori infection was associated with gene 
promoter methylation and MSI.

DISCUSSION
Genomic DNA methylation is one of  the most impor-
tant epigenetic modifications in eukaryotes. DNA meth-
ylation is essential for life, and alterations of  the meth-
ylation process are often associated with carcinogenesis 
related to chronic inflammation or persistent infections 
of  viruses or other pathogenic microorganisms. In this 
setting, we evaluated the effects of  H. pylori infection on 
the methylation patterns of  the MLH1 and MGMT pro-
moter regions as well as the MSI statuses of  paediatric 
and adult patients.

Children are an interesting natural model for H. pylori 
infection studies not only because they are not usually ex-
posed to gastric mucosal irritants such as alcohol, tobac-
co, and anti-inflammatory medications but also because 
the gastric mucosal changes in children might represent 
an earlier stage of  the inflammatory response when com-
pared to those in adult hosts, due to the shorter duration 
of  H. pylori infections in children. To our knowledge, 
this is the first study to evaluate the methylation patterns 
of  DNA repair genes in paediatric samples. Our data 
showed an absence of  the methylation in the MLH1 
and MGMT promoter regions and that the mRNA levels 
of  both genes were similar in infected and uninfected 
children. Although our data did not indicate an effect of  
H. pylori infection on the methylation patterns of  two 
DNA repair genes, a recent study reported an association 

between H. pylori infection and the methylation patterns 
of  7 genes in paediatric samples; however, none of  these 
genes were involved with DNA repair[31]. The methyla-
tion levels in these susceptible loci were increased in the 
adult samples when compared to the paediatric samples, 
suggesting that the altered methylation patterns might 
be related to the duration exposure to of  H. pylori[31]. Ac-
cordingly, our data showed that the methylation rates 
were significantly higher in the samples from adults with 
chronic gastritis than in the samples from children with 
chronic gastritis. 

Recently, it has been shown that prolonged bacterial 
infections lead to saturation of  the repair capabilities of  
the host cells and thus to an ineffective and mutagenic 
DNA repair system[32]. Accordingly, it is believed that H. 
pylori-associated gastric mucosal damage might be pro-
gressive through childhood and into adulthood[1,2]. Taking 
this into account, our data suggest that H. pylori infection-
mediated DNA methylation in adults may depend not 
only on the level of  the inflammatory response but also 
on the persistence and duration of  the infection.

Our data showed high levels of  MGMT promoter 
region methylation in patients with H. pylori-positive 
chronic gastritis when compared to those with H. pylori-
negative chronic gastritis, indicating that MGMT pro-
moter methylation is significantly associated with H. 
pylori infection in chronic gastritis cases. Previous studies 
reported that MGMT CpG methylation is more frequent 
and extensive in H. pylori-infected versus uninfected 
patients[33]. Additionally, it has been suggested that the 
MGMT promoter methylation in H. pylori-infected pa-
tients is related to tumour progression[34,35].  

Our data showed no differences in MLH1 promoter 
region methylation between patients with H. pylori-
positive chronic gastritis and those with H. pylori-negative 
chronic gastritis. However, the methylation levels were 
higher in patients with gastric cancer than in patients 
with chronic gastritis. Similarly, it has been reported that 
MLH1 promoter methylation occurs late in intestinal 
metaplasia development[36]. Taken together, our data sug-
gest that MLH1 methylation occurs late in the progres-
sion of  gastric carcinoma and that methylation depends 
partly on the persistence of  the H. pylori infection.

The data presented herein also showed that the meth-
ylation of  the promoter regions significantly reduced the 
mRNA levels of  both MGMT and MLH1 in patients 
with chronic gastritis, regardless of  H. pylori infection 
status. Conversely, no differences in mRNA levels were 
observed in gastric cancer samples, regardless of  meth-
ylation status; this is likely consequent to other epigenetic 
and genetic mechanisms. Recently, it was reported that H. 
pylori infections in patients with gastritis were associated 
with MGMT hypermethylation and reduced levels of  
MGMT mRNA in the gastric epithelium[33]. Similar results 
were reported for MLH1 in gastric carcinoma samples[19]. 
Therefore, it is possible that the hypermethylation of  the 
MLH1 promoter region leads to the reduced expression 
of  its protein product. This phenomenon could permit 

Table 4  Microsatellite instability status  n  (%)

Subjects Microsatellite instability status

MSI-L MSI-H MSI MSS

Chronic gastritis
Child H. pylori negative - 2 (7)  2 (7) 26 (93)
Child H. pylori positive - - -   22 (100)
Adults H. pylori negative   6 (67)   3 (33)    9 (64)   5 (36)
Adults H. pylori positive 37 (73) 14 (27)  51 (61) 32 (39)
Gastric cancer 38 (60) 25 (40)   63 (68)a 29 (32)

MSI-H, the presence of more than one instability marker. MSI-L, the 
presence of a single instability marker. MSS, no instability markers were 
present. aP < 0.05 vs Helicobacter pylori (H. pylori)-positive chronic gastritis 
samples. 
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the accumulation of  mutations due to the lack of  surveil-
lance and repair that are consequent to this deficiency in 
the DNA repair system. Ultimately, the deficient DNA 
repair process can be detected by the appearance of  mic-
rosatellite instability[37].

In this study, we screened a group of  H. pylori-infect-
ed and uninfected paediatric patients as well as a group 
of  adult patients who were divided as follows: H. pylori-
infected chronic gastritis patients, uninfected chronic 
gastritis patients and gastric cancer patients (all of  whom 
were infected with H. pylori). MSI instability was found 
to be a very rare event in the paediatric population. Our 
data showed that H. pylori infection was not associated 
with MSI among patients with chronic gastritis. The inci-
dence of  MSI in gastric cancer patients was 64%, which 
was consistent with results reported previously by others 
(incidences ranging from 58% to 76%)[38,39]. Addition-
ally, several studies have reported the presence of  MSI 
in patients with intestinal metaplasia and gastric cancer, 
suggesting that the development of  MSI may be an early 
event in the multi-step progression of  gastric carcinogen-
esis[40,41]. 

The presence of  MSI-H in sporadic carcinomas has 
been significantly associated with the loss of  MLH1 ex-
pression[42,43]. This phenomenon was associated with the 
hypermethylation of  the MLH1 promoter, which is the 
underlying mechanism that causes MSI in gastric adeno-
mas and early gastric cancers[24,44]. It is well known that H. 
pylori infection causes an increased rate of  cell turnover in 
the gastric mucosa and thus overwhelms the DNA repair 
system. This process might allow for the accumulation of  
mutations that are consequent to H. pylori infection and 
other environmental risk factors[45]. 

Previously, we reported that H. pylori infection leads 
to decreased MLH1 expression in patients with gastric 
cancer[46]. This result correlated with the high levels of  
MSI that were detected in these samples because the 
downregulation of  MLH1 can lead to DNA repair sys-
tem failures. Moreover, when the methylation patterns 
were compared with the MLH1 expression levels and 
the MSI levels in gastric cancer samples, we found higher 
methylation levels and a consequent downregulation 
of  MLH1 in samples that were characterised as MSI-H 
versus those characterised as MSI-L samples (P < 0.03). 
Similarly, Mizoshita et al[47] identified a strong association 
between the MSI phenotype and the loss of  MLH1 ex-
pression in advanced gastric cancers. 

We did not find an association between MGMT pro-
moter region methylation and MSI status. Furthermore, 
it was observed that the methylation of  both the MLH1 
and MGMT promoter regions is a frequent event in gas-
tric cancers. Similarly, Zou et al[34] reported an increase in 
MGMT methylation during the progression from intesti-
nal metaplasia to early gastric carcinoma.

H. pylori infections are generally acquired during 
childhood and, if  left untreated, will persist indefinitely. 
These infections lead to chronic inflammation, one of  
the factors associated with epigenetic alterations and 

possibly with the development of  gastric cancer. The 
results presented in this study indicate that the methyla-
tion of  the MGMT and MLH1 promoter regions might 
be considered to be dependent on the duration of  infec-
tion because similar methylation patterns had not been 
observed in children. Moreover, in gastric cancer patients 
it was shown that the MLH1 expression levels, the hyper-
methylation pattern of  the MLH1 promoter region and 
the consequent increase in MSI frequency are all related 
events.  The results of  this study are in accordance with 
the results presented in previous studies; taken together, 
these findings provide a better understanding of  gastric 
carcinogenesis in the Brazilian population. Although 
other authors had previously studied these genes in gas-
tric cancers or in chronic gastritis samples from adult 
patients, this is the first study that included samples from 
children with chronic gastritis to represent the earlier 
stages of  the inflammatory response, which supported 
the idea that the methylation of  these genes might de-
pend on the duration of  the H. pylori infection, among 
other factors.

Another interesting point of  this study is that it ad-
dresses a new concept described by Ogino et al[48], termed 
“Molecular Pathological Epidemiology”, a new field of  
epidemiology based on the molecular classification of  
cancer, in which a known or suspected etiologic factor 
is examined in relation to a specific molecular change to 
gain insights into the carcinogenic mechanisms. It is well 
known that gastric carcinogenesis is a multifactorial proc-
ess that results from the interactions of  factors related to 
diet, environment, individual genetic susceptibility and 
H. pylori infection. In this manner, this study provides 
insights into the carcinogenic mechanisms that are in-
duced by H. pylori infection, one of  the etiologic factors 
involved in gastric carcinogenesis, and the induction of  
epigenetic alterations in the early stages of  this process. 
The chronic gastric mucosal inflammation induced by H. 
pylori infection, which is characterised by mucosal infil-
tration by polymorphonuclear leukocytes, macrophages 
and T and B lymphocytes, leads to the release of  reactive 
oxygen species (ROS) from activated inflammatory cells. 
ROS can induce DNA damage and the lack of  a proper 
MMR repair system, which is partly due to the persist-
ence of  the organisms and the associated inflammation, 
and thus can lead to the accumulation of  DNA muta-
tions in gastric epithelial cells that contribute to gastric 
carcinogenesis. Additionally, recent studies have shown 
that specific types of  inflammation that are characterised 
by the expression of  specific inflammation-related genes, 
as well as increased cell proliferation, are necessary for 
methylation induction. In a previous study, the authors 
showed that H. pylori-induced inflammation was able to 
induce methylation, unlike alcohol or saturated NaCl-in-
duced inflammation[49]. Despite all of  the evidence for H. 
pylori infection-induced methylation, we cannot exclude 
the presence of  potential confounding factors such as 
differences in individual host genetics, different bacterial 
strains and the local microenviroment, all of  which might 
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affect an association study. Further studies of  H. pylori-
induced molecular pathogenesis will be useful to our un-
derstanding of  gastric carcinogenesis.
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Abstract
AIM: To investigate whether neoadjuvant-intensified 
radiochemotherapy improved overall and disease-free 
survival in patients with locally advanced rectal cancer.

METHODS: Between January 2007 and December 
2011, 80 patients with histologically confirmed rectal 
adenocarcinoma were enrolled. Tumors were clinically 
classified as either T3 or T4 and by the N stage based 
on the presence or absence of positive regional lymph 
nodes. Patients received intensified combined modality 
treatment, consisting of neoadjuvant radiation therapy 
(50.4-54.0 Gy) and infusional chemotherapy (oxaliplatin 
50 mg/m2) on the first day of each week, plus five daily 
continuous infusions of fluorouracil (200 mg/m2 per die) 
from the first day of radiation therapy until radiotherapy 
completion. Patients received five or six cycles of oxali-
platin based on performance status, clinical lymph node 
involvement, and potential risk of a non-sphincter-

conserving surgical procedure. Surgery was planned 7 
to 9 wk after the end of radiochemotherapy treatment; 
adjuvant chemotherapy treatment was left to the on-
cologist’s discretion and was recommended in patients 
with positive lymph nodes. After treatment, all patients 
were monitored every three months for the first year 
and every six months for the subsequent years.

RESULTS: Of the 80 patients enrolled, 75 patients 
completed the programmed neoadjuvant radioche-
motherapy treatment. All patients received the radio-
therapy prescribed total dose; five patients suspended 
chemotherapy indefinitely because of chemotherapy-
related toxicity. At least five cycles of oxaliplatin were 
administered to 73 patients. Treatment was well toler-
ated with high compliance and a good level of toxicity. 
Most of the acute toxic effects observed were classified 
as grades 1-2. Proctitis grade 2 was the most common 
symptom (63.75%) and the earliest manifestation of 
acute toxicity. Acute toxicity grades 3-4 was reported 
in 30% of patients and grade 3 or 4 diarrhoea reported 
in just three patients (3.75%). Seventy-seven patients 
underwent surgery; low anterior resection was per-
formed in 52 patients, Miles’ surgery in 11 patients 
and total mesorectal excision in nine patients. Fifty pa-
tients showed tumor downsizing ≥ 50% pathological 
downstaging in 88.00% of tumors. Out of 75 patients 
surviving surgery, 67 patients (89.33%) had some form 
of downstaging after preoperative treatment. A patho-
logical complete response was achieved in 23.75% of 
patients and a nearly pathologic complete response 
(stage ypT1ypN0) in six patients. An involvement of 
the radial margin was never present. During surgery, 
intra-abdominal metastases were found in only one 
patient (1.25%). Initially, 45 patients required an ab-
dominoperineal resection due to a tumor distal margin 
≤ 5 cm from the anal verge. Of these patients, only 
seven of them underwent Miles’ surgery and sphincter 
preservation was guaranteed in 84.50% of patients in 
this subgroup. Fourteen patients received postoperative 
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chemotherapy. In the full analysis of enrolled cohort, 
eight of the 80 patients died, with seven deaths related 
to rectal cancer and one to unrelated causes. Local 
recurrences were observed in seven patients (8.75%) 
and distant metastases in 17 cases (21.25%). The five-
year rate of overall survival rate was 90.91%. Using a 
median follow-up time of 28.5 mo, the cumulative inci-
dence of local recurrences was 8.75%, and the overall 
survival and disease-free survival rates were 90.00% 
and 70.00%, respectively.

CONCLUSION: The results of this study suggest oxali-
platin chemotherapy has a beneficial effect on overall 
survival, likely due to an increase in local tumor control. 

© 2013 Baishideng. All rights reserved.

Key words: Rectal cancer; Neoadjuvant treatment; In-
tensified radiochemotherapy; Oxaliplatin; Fluorouracil

Core tip: Management of rectal cancer requires a mul-
timodality treatment approach. The objective of this 
study was to determine whether neoadjuvant-inten-
sified radiochemotherapy, using traditional radiation 
therapy in combination with oxaliplatin and 5-fluoroura-
cil (5-FU), could improve the overall and disease-free 
survival rates in patients with locally advanced rectal 
cancer. Conventional chemotherapeutic strategies typi-
cally only use 5-FU infusion. The results from this study 
indicate that the addition of oxaliplatin to the chemo-
therapeutic regime enhances the 5-year overall survival 
rate, facilitates a high rate of sphincter preservation, 
and reduces the local recurrence rate relative to the 
traditional strategies previously reported in the litera-
ture. Furthermore, oxaliplatin addition was well toler-
ated by patients, demonstrating an acceptable level of 
toxicity.

Musio D, De Felice F, Bulzonetti N, Guarnaccia R, Cai-
azzo R, Bangrazi C, Raffetto N, Tombolini V. Neoadjuvant-
intensified treatment for rectal cancer: Time to change? World J 
Gastroenterol 2013; 19(20): 3052-3061  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i20/3052.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i20.3052

INTRODUCTION
Management of  rectal cancer requires a multimodality 
treatment approach. Significant progress has been made 
in the conventional modalities of  surgery, radiotherapy 
and chemotherapy, typically used to treat this type of  can-
cer. The frequent spread of  neoplastic cells to mesorectal 
nodes and the consequent increase in local recurrence has 
led to surgical standardization using total mesorectal exci-
sion (TME). With standard TME surgery, the incidence 
of  local recurrence in lymph node metastasis-negative, 
pN0, tumors is reduced. However, the local recurrence 
rate is still higher than 20% in patients with lymph node 

positive, pN+, disease and chemotherapy has remained 
the standard adjuvant care. Technical progress in radia-
tion techniques, identified in major accuracy planning, 
and further analysis of  accurate timing in sequential 
multimodality therapy has created improvements in local 
control, toxicity (acute and chronic), and sphincter pres-
ervation[1-3].

Previous work by Sauer et al[4] from the German 
Rectal Cancer Study Group identified preoperative ra-
diochemotherapy as the standard treatment for patients 
with stage cT3-4 and/or N+ tumors. Based on empiric 
data and on the efficacy demonstrated in stage Ⅲ colon 
cancer patients[5,6], the addition of  a second chemothera-
peutic agent in a neoadjuvant setting confirmed oxalipla-
tin (OXP) radiosensitizing properties both in vitro and in 
vivo[7].

The goal of  this work was to determine whether 
neoadjuvant-intensified radiochemotherapy improved the 
overall and disease-free survival, which is typically only 
achieved with 5-fluorouracil (5-FU) treatment, in patients 
with locally advanced rectal cancer. In this study, tumor 
downstaging, pathological complete response (pCR), and 
negative radial (circumferential) margins of  tumors were 
assessed as well as the overall and disease-free survival 
rates in a cohort of  80 patients, 51 of  whom had already 
been evaluated as previously described[8]. The results indi-
cate that oxaliplatin therapy, in addition to traditional ra-
diation and 5-FU therapies, enhances the overall survival 
rate and reduces local recurrence in patients with rectal 
cancer.

MATERIALS AND METHODS
Eligibility criteria
Patients enrolled were positively diagnosed with rectal ad-
enocarcinoma as shown by histological analysis. Tumors 
were within 12 cm from the anal margin and clinically 
classified as described below. The performance status 
(PS), age, normal blood parameters and normal renal 
function were also assessed. Patient exclusion criteria 
consisted of  the presence of  synchronous tumors, car-
diovascular disease, history of  neurological or psychiatric 
disorders, and previous pelvic radiotherapy. All patients 
were enrolled after providing informed consent.

Staging
The pre-treatment staging included obtaining the com-
plete history and careful physical examination of  the 
patient, digital rectal examination, rectocolonscopy, 
trans-rectal ultrasound and total body computerized to-
mography. Patient tumors were evaluated by ultrasound 
exam and tumor stage (T) was classified according to 
the American Joint Committee on Cancer tumor, nodes, 
metastasis (TNM) Staging System[9]. With the exception 
of  one sample, all tumors were classified as either T3 or 
T4 and N+ if  positive regional lymph nodes were de-
tected without any distant metastases. In the case of  an 
uncertain diagnosis, patients underwent abdominal-pelvic 
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magnetic resonance imaging. The evaluation of  clinically 
positive lymph nodes (N) was performed by trans-rectal 
ultrasound and TC; lymph nodes ≥ 1 cm were consid-
ered pathological.

Treatment
Radiotherapy: As the physical positioning of  a patient 
must remain identical for both the initial localization of  
the tumor by computerised tomography (CT) scanning 
and during subsequent treatment, a planning CT scan 
was performed in the treatment position. Patients were 
treated in the prone position using a belly-board device 
to displace the small bowels out of  the treatment field. 
A radio-opaque marker was placed on the anal verge. CT 
images were acquired from the level of  L1 to 3 cm below 
the anal marker with 5 mm slice spacing. CT data were 
analyzed using Treatment Planning Software (Pinnacle®) 
for target volume definition and dose solutions. The plan-
ning target volume 1 (PTV1) encompassed the primary 
tumor, the mesorectal and posterior pelvic sub-regions, 
and the regional node. The presacral, obturator and inter-
nal iliac lymph nodes were monitored in all patients. The 
external iliac lymph nodes were monitored if  clinically 
positive or in the case of  T4 tumor. The inguinal lymph 
nodes were irradiated if  there was major tumor extension 
to the internal and external anal sphincter. The superior 
field border was located at the bifurcation of  the com-
mon iliac vessels (L5/S1 interspace); the inferior margin 
was 5 cm below the inferior edge of  the tumor. The lat-
eral extension was 2 cm outside of  the pelvic bones. The 
posterior border was placed 1 cm behind the sacrum to 
include sacral hollows. The anterior limit was placed at 
the posterior margin (cT3) or anterior margin (cT4) of  
the symphysis.

The PTV2 included the tumor mass with a 2 cm 3-D 
margin. The organs at risk were bowel (Dmax < 55 Gy), 
bladder (V50 60%; V60 50%), femoral heads (V50 60%), 
and anal canal (Dmax < 55 Gy). Patients were set up 
daily, using sagittal and lateral tattoos and a laser to pre-
vent lateral rotation. Electronic portal imaging was used 
to check treatment organization once a week from the 
start to the end of  treatment; portal images were com-
pared with digitally-reconstructed radiographs from the 
planning CT scan. Radiation therapy was delivered with 
a 3-D-conformational multiple field technique at a dose 
of  45 Gy (in 25 daily fractions of  1.8 Gy given in 5 wk) 
to the whole pelvis for PTV1 and 5.4-9.0 Gy (in 3-5 daily 
fractions of  1.8 Gy) to the tumor volume for PTV2 with 
6-15 MV energy photons. 

Chemotherapy: All patients received a central venous 
access (port-a-cath) for delivering chemotherapy. Che-
motherapy consisted of  a 2-h oxaliplatin infusion (50 
mg/m2) on the first day of  each week of  radiotherapy, 
and five daily continuous infusions of  5-FU (200 mg/m2 
per die). Patients received five or six cycles of  oxaliplatin, 
dependent on PS, clinical lymph node involvement, and 
potential risk of  a non-sphincter-conserving surgical pro-

cedure. Desamethasone (8 mg) and ondansetron (8 mg) 
were administered before the oxaliplatin infusion. Figure 
1 shows the neoadjuvant treatment protocol.

Toxicity was evaluated using National Cancer Insti-
tute’s Common Terminology Criteria for Adverse Events 
version 3.0[10]. Oxaliplatin and 5-FU dose reductions were 
not planned. For occurrence of  hematological toxicity 
grade 3 or neurological toxicity grade 2, the oxaliplatin 
administration was interrupted; both chemotherapeutic 
agents were stopped if  grade 3 toxicity was reached. If  
severe toxicity persisted, did not return to grade 1, or was 
classified as grade 4, chemotherapy was cancelled but ra-
diotherapy was completed.

Surgery: Five weeks from the end of  neoadjuvant treat-
ment, each patient underwent digital rectal examination, 
total body TC, colonscopy and trans-rectal ecography 
to evaluate clinical response. Surgery was planned seven 
to nine weeks after the end of  radiochemotherapy treat-
ment. The surgeon chose the type of  surgery to perform.

Adjuvant chemotherapy: Adjuvant chemotherapy treat-
ment was left to the oncologist’s discretion and was rec-
ommended in patients with lymph node metastases.

Pathologic examination of the operative specimen 
Pathological staging was designated as pTNM and de-
pended on the data acquired clinically in addition to 
surgical and pathologic findings. Radial margins were 
considered positive if  there was evidence of  microscopic 
invasion. Downstaging was defined as a reduction of  at 
least one level in T or N staging between the baseline ul-
trasound exam and histopathological staging. Downsizing 
was defined as a reduction of  lesion diameter between 
pre-treatment ultrasound evaluation and histopathological 
results. pCR was defined as the absence of  any residual 
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RT (1.8 Gy/fr)

5-FU 
(200 mg/m2)

OXP 
(50 mg/m2)

Day        1            8           15           22           29           36

Figure 1  Neoadjuvant-intensified treatment protocol. Patients received 
50.4 Gy (solid arrows) or 54.0 Gy (dashed arrows) of radiation therapy (RT), 
28 d (solid arrows) or 30 d [dashed arrows of fluorouracil (5-FU) and five (solid 
arrows) or six (dashed arrow)] weekly cycles of oxaliplatin dependent on per-
formance status, clinical lymph node involvement, and potential risk of a non-
sphincter-conserving surgical procedure. Radiation therapy was delivered with 
a 3-D-conformational multiple field technique at a daily dose of 1.8 Gy/fraction. 
All patients received a central venous access (port-a-cath) for delivering che-
motherapy. Chemotherapy consisted of a 2-h oxaliplatin infusion (50 mg/m2) on 
the first day of each week of radiotherapy, and five daily continuous infusions of 
5-FU (200 mg/m2). 
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factor. OS and DFS were evaluated in each cohort. To 
determine the association between downstaging or pCR 
and predictive factors, the univariate analysis was per-
formed using the non-parametric Bernard test. Statistical 
tests were one-sided. Changes of  OS and DFS according 
to predictive factors were assessed using a logistic model 
in multivariate analysis. Statistical analysis was performed 
using MATLAB software, version 7.5.0.342 (R2007b), 
and SAS software, version 9.1.

RESULTS
Compliance
Seventy-five patients completed the programmed radio-
chemotherapy treatment. All patients received the radio-
therapy prescribed total dose of  50.4 Gy in 75 patients 
(93.75%) and 54 Gy in five patients (6.25%). Five patients 
suspended chemotherapy indefinitely because of  chemo-
related toxicity after the second cycle (one patient), third 
cycle (two patients), or fourth cycle (two patients). Twelve 
patients stopped the planned neoadjuvant treatment be-
cause of  acute toxicity: five patients interrupted radiation 
therapy only and seven patients interrupted both treat-
ments. In these patients, radiotherapy was stopped for an 
average period of  10.58 d (range 2-22 d). 

Surgery
Seventy-seven out of  80 patients underwent surgery. 
A “wait and see” approach was recommended to only 
one patient; he was unfit for surgery because of  type Ⅱ 
diabetes mellitus and pericarditis co-morbidities. After 
neoadjuvant treatment, he underwent pelvic RM that in-
dicated a complete clinical regression of  the tumor. One 
patient did not undergo surgery because of  liver metas-
tases. One patient had a myocardial infarction two weeks 
after the end of  radiochemotherapy and died. 

For those patients who were eligible, surgery was 
planned an average of  9.30 wk (range 5-24 wk) after 
the end of  neoadjuvant treatment. Low anterior resec-
tion was performed in 52 patients, Miles’ surgery in 11 
patients, and transanal endoscopic microsurgery in nine 
patients. Three patients had a different surgical approach. 
Two patients died of  intra-operative complications. 
None had positive radial margins. At the beginning, 45 
patients required an abdominoperineal resection due to 
a distal tumor margin distance of  ≤ 5 cm from the anal 
verge. Only seven patients underwent Miles’ surgery, and 
sphincter preservation was guaranteed in 84.50% of  this 
subgroup of  patients. Post-operative complications were 
recorded in nine patients; the most common type was 
perianastomotic fistula (six patients) and other post-oper-
ative complications included fever (one patient), intestinal 
obstruction (one patient), and adhesion (one patient).

Pathologic complete response and downstaging
Downsizing and downstaging was evaluated by compar-
ing clinical staging to pathological staging. Fifty patients 
showed tumor downsizing of  ≥ 50% and associated 

tumor cells detected in the operative specimen.

Patient recruitment
This study was an extension of  a previous study of  51 
patients[8]. Between January 2007 and December 2011, 29 
new patients were enrolled for a total of  80 participants: 
25 females (31.25%) and 55 males (68.75%). The patients’ 
ages ranged between 36-76 years (average = 63.55 years). 
Patients presented clinically with rectal bleeding (39/80, 
48.75%) that may have been accompanied by a change 
in bowel habits, such as unexplained constipation and 
diarrhea (10/80, 12.50%). At a pre-treatment evaluation, 
75.00% of  patients showed pathological tumor-positive 
lymph nodes; 37.5% of  patients were clinically staged as 
ⅢB and 37.5% as ⅢC. The distance of  the inferior mar-
gin of  the tumor lesion was located in the lower rectum 
at ≤ 5 cm from the anal verge in 56.25% of  patients. 
The characteristics of  patients are listed in Table 1.

Follow-up
After surgery, all patients were monitored at three-month 
intervals for the first year and at six-month intervals for 
the subsequent years. All patients were stratified into five 
cohorts according to the year of  the last treatment. We 
defined “absolute permanence” as the greatest number 
of  months of  permanence in each cohort. Absolute per-
manence, overall survival (OS) and disease-free survival 
(DFS) were measured in months from the end of  the 
neoadjuvant treatment.

Statistical analysis
Statistical analysis was performed using the following 
factors: 1 - sex, 2 - age, 3 - PS, 4 - TNM clinical staging, 
5 - cranio-caudal extension of  tumor lesion, 6 - tumor 
location, 7 - total radiotherapy dose, 8 - cycles of  associ-
ated chemotherapy, 9 - interval between neoadjuvant 
treatment and surgery, 10 - type of  surgery, 11 - toxicity, 
12 - OS, 13 - DFS, 14 - pathologic downstaging, and 15 
- pCR. Factors from 1 to 11 were considered “causal” 
or “predictive”; factors from 12 to 15 characterized the 
“considerable” results of  therapy. Standard descriptive 
statistics were used to evaluate the distribution of  each 

Table 1  Characteristics of patients  n  (%)

Characteristics Patients

Performance status   
   0 52 (65.00)
   1 27 (33.75)
   2 1 (1.25)
Localization   
   ≤ 5 cm from anal verge 45 (56.25)
   > 5 to ≤ 8 cm from anal verge 19 (23.75)
   > 8 cm from anal verge 16 (20.00)
Stage   
   ⅡA 19 (23.75)
   ⅢA 1 (1.25)
   ⅢB 30 (37.50)
   ⅢC 30 (37.50)
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downstaging in 88.00% of  tumors. Out of  75 patients 
surviving surgery, 67 patients (89.33%) had some form 
of  downstaging from preoperative treatment. After sur-
gery, 25 patients (33.33%) harbored tumors that were 
classified as Stage Ⅰ. Of  these, 18 patients (72.00%) had 
clinical positive nodes at diagnosis. Pathologic complete 
response, defined as the absence of  tumor cells in the 
operative specimen, was observed in 18 patients (22.50%); 
only six of  them had clinical negative lymph nodes at di-
agnosis. Six patients had a nearly pathologic complete re-
sponse (stage ypT1ypN0). During surgery, intra-abdomi-
nal metastases were found in one patient only (1.25%).

Adjuvant chemotherapy
Fourteen patients received postoperative chemotherapy. 
Twelve patients had lymph node-positive tumors previ-
ously identified by trans-anal ultrasound (eight patients 
with cN2 and four patients with cN1). One patient had 
positive lymph nodes identified by histopathological ex-
amination and distant metastases were detected intraoper-
atively in one patient. Of  16 patients with ypT3ypN0 dis-
ease, only four were assigned to adjuvant chemotherapy.

Overall survival and disease-free survival
Until January 2012, surviving patients were monitored 
with a follow-up program; the average follow-up time 
was 27.28 mo and the median follow-up time was 28.50 
mo (range 2-58 mo). Twenty-four patients were followed 
for 25-36 mo, 18 patients followed for 37-48 mo, and 11 
patients were followed for at least 49 mo. 

In the full analysis of  study cohort, eight of  the 80 
patients died. Seven deaths were related to rectal cancer 
and one death was caused by unrelated causes. Of  these, 
one patient died before surgery, two died during surgery, 
and four deaths occurred during the follow-up program. 
Of  the latter, two patients had local recurrence 6 and 9 
mo, respectively, after the end of  neoadjuvant treatment 
and two patients had distant metastases 13 and 15 mo, 
respectively, after the end of  preoperative radiochemo-
therapy. Three out of  the four patients had stage ⅢB 
disease at diagnosis.

The absolute permanence (AP), OS, and DFS times 
were evaluated for each cohort (Table 2 and Figure 2), 
as well as the permanence/OS and permanence/DFS 
ratios and the total number of  patients surviving (α) or 

deceased (Ω) at the time of  analysis (Table 2). It is im-
portant to note that OS times were nearly equivalent to 
absolute permanence times; the permanence/OS ratios 
were greater than 90% in all years evaluated. Remarkably, 
comparisons between OS and DFS demonstrated that 
the DFS/OS ratio was always higher than 88%, except in 
the 2009 cohort. 

Of  19 patients with a complete response (18 patho-
logical and one clinical), 18 patients are still disease-free 
survivors. One patient had local recurrence 19 mo after 
the end of  neoadjuvant treatment. In the full analysis 
of  the study participants, locoregional recurrence was 
observed in seven patients (8.75%) an average of  21.29 
mo (range 6-39 mo) after the end of  preoperative radio-
chemotherapy, six patients showed downstaging, and one 
patient had no benefit from neoadjuvant treatment. Local 
recurrence was located in the perianastomotic region (six 
cases) or pre-sacral region (one case). Distant metastases 
were recorded in 17 cases (21.25%) where eight patients 
presented pulmonary metastases after an average of  22.75 
mo (range 7-38 mo) after the end of  neoadjuvant treat-
ment and six patients had liver metastases after an average 
of  6.83 mo (range 1-16 mo) after the end of  radiochemo-
therapy. Individual cases of  brain and ovarian metastases 
were recorded 6 and 12 mo, respectively, after the end of  
preoperative treatment. One patient presented distant me-
tastases in multiple locations. Of  these 17 patients, only 
five showed negative lymph nodes at diagnosis.

Toxicity
Acute toxicity: Table 3 summarizes the incidence of  
acute toxicity. Proctitis, grade G2, was the most com-
mon symptom (63.75%) and the earliest manifestation of  
acute toxicity. On average, proctitis symptoms appeared 
during the ninth day of  radiation therapy (range 2-25 d). 
Grade G1-2 diarrhea was noted in 31.00% of  patients. 
Grades 3-4 toxicity was seen only in nine patients, with 
symptoms of  diarrhea (three patients), proctitis (four pa-
tients), and abdominal pain (two patients). Genitourinary 
toxicity was observed in 32.50% of  patients. Symptoms 
included an increase in frequency and dysuria, usually 
during the end of  third week of  radiation therapy (range 
3-26 d). Of  the 23 patients with dysuria, 47.83% (11 pa-
tients) were classified as G2. Radiation dermatitis was re-
ported in 30 patients; ten patients’ symptoms were graded 
as G1, 17 patients as G2, and three patients as G3.  There 
was a significant correlation between radiation dermati-
tis and tumors located within 5 cm of  the anal verge (P 
value, 0.0076). No hematological toxicity was observed. 
Hypersensitivity reactions were recorded in six patients. 
One patient stopped chemotherapy after the second 
cycle. One patient completed all five prescribed cycles of  
intensified chemotherapy, but during the last two cycles 
was administered 5-FU only. Four patients completed the 
prescribed treatment after taking a one-week break.

Sixteen patients presented neurologic toxicity due to 
oxaliplatin. Neuropathy was classified as G3 in only one 
patient, who had sensory loss and paresthesia during the 

Table 2  Evaluation of overall survival and disease-free 
survival

Cohort α Ω AP, mo OS, mo DFS, mo OS/AP % DFS/OS %

2007 16 3 54.00 50.90 46.90   94.28 92.14
2008 22 3 42.90 39.30 34.90   91.40 89.01
2009 18 2 30.80 29.40 22.60   95.53 76.97
2010 13 0 17.40 17.40 15.30 100.00 87.93
2011 11 0   6.30   6.30   5.60 100.00 88.79
Total 80 8 29.80 27.90 23.90   93.45 85.88

α: Survived; Ω: Died; AP: Absolute permanence; OS: Overall survival; 
DFS: Disease-free survival.
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end of  the fifth cycle of  chemotherapeutic treatment. 
In total, 11 patients (13.75%) had adverse cardiovascular 
events. Two patients experienced acute myocardial infarc-
tion (IMA), two patients experienced pulmonary embo-
lism, and seven patients experienced deep vein thrombo-
sis requiring anticoagulant therapy. Embolic events G3-4 
arose after the end of  neoadjuvant-intensified radioche-
motherapy by an average of  4.42 mo (range 1-8 mo). 
One patient died 2 wk after the end of  treatment; it was 
considered an IMA-related death. One patient died dur-

ing surgery of  cardiac infarction.

Late toxicity: Late toxicity was defined as long-term 
toxic effects occurring at least 6 mo after the end of  
radiochemotherapy treatment. Considering all enrolled 
patients, gastrointestinal toxicity was the most evident 
late side effect and was recorded in 37 patients (46.25%). 
Fecal incontinence was reported in 32.43% of  patients 
and proctitis in 32.43% of  patients. Four patients had 
diarrhea and five patients had an increase in stool fre-
quency. Seven patients reported sexual dysfunction. 
Urinary incontinence was observed in three patients with 
colostomy. In 11 out of  60 patients with acute proctitis, 
the symptoms continually persisted as G1-2 grade. No 
correlation was observed between acute toxicity and late 
toxicity. Neuropathy with loss of  deep tendon reflexes 
and paresthesia that did not interfere with activities of  
daily living was documented in five patients and acute 
neuropathic toxicity was reported in 16 patients.

Correlation analysis
We evaluated 11 “predictive” factors: (1): sex; (2): age; (3): 
PS; (4): TNM clinical staging; (5): cranio-caudal extension 
of  the tumor lesion; (6): tumor location; (7): total radio-
therapy dose; (8): cycles of  associated chemotherapy; (9): 
interval between neoadjuvant treatment and surgery; (10): 
type of  surgery; and (11): toxicity. Univariate analysis did 
not show any significant correlation between “predictive” 
factors and downstaging or pCR. There was no causal 
significant correlation between “predictive” factors and 
OS or DFS in the multivariate analysis. 

Two additional statistical analyses were of  interest 
and enhanced the evaluation of  the data. First, the lin-
ear relationship between the infusion of  six cycles of  
chemotherapy and tumor sizes smaller than 5 cm was 
statistically significant (P value, 0.0334). Second, a causal 
correlation was found between surgery performed seven 
weeks before the end of  neoadjuvant treatment and OS 
or DFS, although the data was not stratified by the sur-
gery characteristics.  

Table 3  Incidence of acute toxicity  n  (%)

G1 G2 G3

Blood-bone marrow
   Neutrofilis-granulocytes      1 (1.25)
Allergy-immunology
   Allergic reaction-hypersensitivity    6 (7.5)
Cardiac arrhythmia
   Palpitation      1 (1.25)
Constitutional symptoms
   Fatigue    10 (12.5)   5 (6.25)
   Fever      7 (8.75)   1 (1.25)
Dermatology-skin
   Pruritus-itching    2 (2.5)
   Rash-desquamation    2 (2.5) 6 (7.5)
   Radiation-dermatitis    10 (12.5)   17 (21.25)      3 (3.75)
Gastrointestinal
   Constipation    2 (2.5)   15 (18.75)
   Diarrhea    14 (17.5)   11 (13.75)      3 (3.75)
   Nausea 12 (15)
   Proctitis    6 (7.5)   51 (63.75) 4 (5)
   Vomiting      5 (6.25)   1 (1.25)
Neurology
   Neuropathy: sensory    14 (17.5)   1 (1.25)      1 (1.25)
Pain
   Pelvic pain      1 (1.25)   3 (3.75)
   Abdominal pain or cramping    6 (7.5) 2 (2.5)    2 (2.5)
Renal-genitourinary
   Dysuria-painful urination 12 (15)   11 (13.75)
   Urinary frequency      3 (3.75)

G3 G4 G5
Cardiovascular
   Vascular thromboembolism      7 (8.75) 2 (2.5)    2 (2.5)
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Figure 2  Absolute permanence (white column), overall survival (grey column), and disease-free survival (black column) comparisons. Patient data was 
stratified by year and is represented as a percentage of the total cohort of patients. 
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DISCUSSION
Multimodality treatment in rectal cancer
In the past two decades, several clinical trials have been 
performed to determine the role of  a multimodal ap-
proach in treating rectal cancer. These clinical trials faced 
three problems: (1) determination of  temporal sequenc-
ing of  treatment modalities; (2) integration of  radiother-
apy and chemotherapy; and (3) radiation dose fraction-
ation. Testing and analysis of  new approaches should be 
aimed at defining therapeutic strategies to improve local 
tumor control and overall survival benefit[11].

Year after year, local recurrence has represented the 
prevailing method of  treatment failure. Now, with im-
provement in surgical and radiotherapeutic techniques, 
local tumor control rates have improved. Neoadjuvant 
radiotherapy and concurrent 5-FU based chemotherapy, 
as compared with the same protocol delivered after sur-
gery, has improved local control[4]. The addition of  5-FU 
to radiation therapy also has been shown to significantly 
reduce the incidence of  local recurrences[4,11,12]. Likewise, 
survival has improved with standardization of  total me-
sorectal excision surgery[13-16]. The decrease in local recur-
rence rates emphasizes the need to investigate the risk of  
distant metastases and requires new treatment strategies 
to improve distant tumor control.

Although most patients achieve tumor downstaging 
after preoperative radiochemotherapy, the debate over 
monochemotherapy vs polichemotherapy still remains. 
Specifically, whether 5-FU infusion, the standard of  care 
in rectal cancer, is better than multichemotherapeutic 
agents for reducing the risk of  distant metastases. The 
prevalence of  distant metastases (24%-30%) stresses the 
importance of  a more effective systemic treatment[11].

Evaluation
In this study, the effects of  a multimodal therapy ap-
proach for rectal cancer were evaluated. Disease-free sur-
vival was considered the most efficient indicator of  the 
absence of  disease and is the most robust indicator of  ef-
fective treatment. In our previously reported study[8], we 
evaluated the toxicity and efficacy of  preoperative-inten-
sified radiochemotherapy, and the subsequent pathologic 
complete response, downstaging, and sphincter preserva-
tion rates. In the current study, the patient cohort from 
the previous study was expanded with 29 new cases and 
the overall survival and disease-free survival rates were 
evaluated and stratified per year.

The aim of  this study was to verify efficacy of  neod-
juvant-intensified treatment. Oxaliplatin (50 mg/m2 per 
week) was added to the standard 5-FU chemotherapy, 
normally given in continuous infusion of  200 mg/m2 
per die during each day of  radiation therapy. Weekly 
administration of  oxaliplatin, with the cumulative dose 
of  300 mg/m2, was chosen so that its toxic effects were 
reduced and to optimize its radiosensitizing properties. 
This intensified radiochemoterapy regime was used to 
test the hypothesis that it could produce greater OS and 

DFS within tolerable toxicity. An empirical analysis of  
the study results confirms our hypothesis; the treatment 
was well tolerated, with high compliance and a relatively 
good level of  toxicity. All patients had received the total 
prescribed radiotherapy dosage and at least five cycles of  
oxaliplatin were administered to 91.25% of  patients. 

The compliance rate (93.75%) was slightly higher 
than rates registered in studies in which intensi-
fied radiochemoterapy regimes were adopted (range 
64%-85%)[17-21]. Most of  the acute toxic side effects ob-
served in this study were classified as grade 1-2. Grade 
3-4 acute toxicity was reported in 30% of  patients and 
was only slightly higher than data from the STAR-01 
trial (24%) and the ACCORD study (25%)[17,18]. Of  note, 
cardiovascular toxicity represented 45.83% of  grade 3-4 
acute toxic effects.

Thromboembolic risk
Thromboembolic risk could be ascribed to the type of  
chemotherapy administrated or to surgery. In the litera-
ture, there is not enough available data describing this 
risk, although chemotherapy is recognized as an indepen-
dent risk factor for a thromboembolic event[22]. Ng et al[23] 
examined the frequency and pattern of  cardiotoxicity in 
153 patients treated with capecitabine used in addition 
with oxaliplatin for advanced colorectal cancer and found 
that 6.7% of  patients developed thromboembolic events. 
Randomized studies, aimed to assess the efficacy of  
neoadjuvant radiochemotherapy treatment in locally ad-
vanced rectal cancer, with or without oxalipaltin, did not 
analyze cardiovascular toxicity. Chua et al[24,25] reported 
that during induction chemotherapy using capecitabine 
and oxaliplatin, 10 patients (8.5%) had cardiac or throm-
boembolic events and four patients died in a phase Ⅱ 
trial. The incidence rate of  that study was slightly lower 
than the rate reported here (13.75%). The high rate of  
thromboembolic risk may be associated with properties 
of  oxaliplatin that boost the 5-FU thrombogenetic ef-
fect[26]. Certainly, the rise in cardiovascular, chemo-related 
toxicity must be monitored carefully and kept under con-
trol. Because of  the risk, neoadjuvant-intensified radio-
chemotherapy must be interrupted if  cardiac symptoms 
appear.

Toxicity
Excluding cardiovascular toxicity, grade 3 or 4 acute toxic 
effects occurred only in 13 patients (16.25%) with diar-
rhea occurring just in three patients (3.75%). In both 
STAR-01 and ACCORD trials, addition of  oxaliplatin to 
5-FU based radiochemotherapy increased toxicity rates. 
In those studies, grade 3-4 diarrhea was recorded in 15% 
and 13% of  patients given oxaliplatin vs 4% and 3% of  
those in the control group, respectively[17,18]. The lowest 
rates of  acute gastrointestinal toxicity in this study were 
observed in the oxaliplatin regimen, given as 2-h infusion 
at a dose of  50 mg/m2 per week. Grade 3-4 long-term 
toxic effects were not recorded.
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Neoadjuvant-intensified radiochemotherapy efficacy
It was difficult to determine if  the cause of  fecal incon-
tinence and sexual function was due to radiation therapy, 
surgery, or both treatments. Sixty-four patients, or 80% 
of  the enrolled patients, underwent conservative surgery. 
Of  these patients, 10.45% reported sexual dysfunction 
and 17.91% fecal incontinence. 

The sphincter preservation rate, evaluated in the total 
patient cohort and in a subgroup of  45 patients with a 
tumor localization ≤ l5 cm from the anal verge, was 80% 
and 84.50%, respectively. These results are slightly better 
than the ACCORD trial, in which conservative surgery 
was performed in 77.20% of  patients, and similar to the 
STAR-01 study, in which 82% of  patients had sphincter 
preservation. In the literature, the incidence of  pCR and 
negative radial margins, in patients who received preop-
erative radiochemotherapy with 5-FU and oxaliplatin, 
ranged from 10% to 24% and from 80.95% to 100%, 
respectively[18-20,24,25,27,28]. Randomized trials confirmed 
an improvement in the local tumor control rate. Neo-
adjuvant treatment has been associated with a reduction 
of  local recurrence of  6%-15%, although the incidence 
of  distant metastases was still 30%[29-32]. A retrospective 
study showed that pathologic downstaging and pCR were 
essential for an accurate prediction of  disease-free sur-
vival and overall survival[33]. 

In 22.5% of  patients, no residual cancer cells were 
identified and the tumor was staged as pT0N0. Patho-
logical complete response rates reached 23.75% and were 
evaluated by post-treatment RM. One patient is still a 
disease-free survivor 21 mo after the end of  radioche-
motherapy. The majority of  patients, 83.75%, had some 
form of  tumor downstaging after preoperative treatment; 
involvement of  the radial margin was never present.

The 5-year overall survival rate (90.91%) in this study 
was better than results observed in randomized trials of  
locally advanced rectal cancer, which only observed sur-
vival rates of  65%-68%[12,13,26]. The results of  this study 
indicate that intensification of  radiochemotherapy us-
ing oxaliplatin is effective in preoperative treatment and 
showed that a strong response to neoadjuvant treatment 
increased the overall patient survival. 

Considering a median follow-up of  28.5 mo (range 
2-58 mo) in the total cohort, the cumulative incidence of  
local recurrences was 8.75% and the incidence of  OS and 
DFS was 90% and 70%, respectively. The most common 
type of  first recurrence was pulmonary metastases, which 
arose in eight patients. This observation confirmed the 
need to include CT thorax controls during the follow-up 
program. Although some questions remain, such as the 
need for adjuvant chemotherapy and whether oxaliplatin 
boosts the 5-FU trombogenetic effect, the radioche-
motherapy regime used (OXP 50 mg/m2 and 5-FU 200 
mg/m2) seems to be appropriate to produce good clinical 
results and to maintain toxicity at tolerable levels.

In conclusion, the results of  this study indicate that 
neoadjuvant-intensified radiochemotherapy in patients 
with rectal cancer carcinoma improved pathological 

complete response, negative radial margins, and sphinc-
ter preservation. The chemotherapy regime of  OXP 50 
mg/m2 and 5-FU 200 mg/m2 was well tolerated, with few 
severe toxic effects. Despite the small number of  patients 
enrolled, this study suggests that the addition of  oxalipla-
tin has a beneficial effect on overall survival, likely due to 
an increase in local control, although there was not a clear 
increase in distant metastases control. On the basis of  
these results, the importance and validity of  intensified 
radiochemotherapy to reduce local recurrence should be 
emphasized. Currently, we are waiting for longer follow-
up data from the randomized phase Ⅲ trials. Future stud-
ies will address the treatment and management of  recur-
rent distant metastases in rectal cancer.
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Abstract
AIM: To assess the efficacy of glucomannan (GNN) as 
the sole treatment for abdominal pain-related function-
al gastrointestinal disorders (FGIDs).

METHODS: We conducted a double-blind, placebo-
controlled, randomized trial. Patients were recruited 
among children referred to the Department of Paedi-
atrics, Medical University of Warsaw. Included in the 
study were children aged 7-17 years with abdominal 
pain-related FGIDs classified according to the Rome 
Ⅲ diagnostic criteria. The children were randomly as-
signed to receive GNN, a polysaccharide of 1,4-D-glu-
cose and D-mannose, a soluble fiber from the Japanese 
Konjac plant, at a dosage of 2.52 g/d (1 sachet of 1.26 
g 2 times a day), or a comparable placebo (maltodex-
trin) at the same dosage. The content of each sachet 
was dissolved in approximately 125 mL of fluid and was 
consumed twice daily for 4 wk.

RESULTS: Of the 89 eligible children, 84 (94%) com-
pleted the study. “No pain” and “treatment success” 
(defined as no pain or a decrease ≥ 2/6 points on the 

FACES Pain Scale Revised) were similar in the GNN (n 
= 41) and placebo (n  = 43) groups [no pain (12/41 
vs  6/43, respectively; RR = 2.1, 95%CI: 0.87-5.07) as 
well as treatment success (23/41 vs  20/43; RR = 1.2, 
95%CI: 0.79-1.83)]. No significant differences between 
the groups were observed in the secondary outcomes, 
such as abdominal cramps, abdominal bloating/gas-
siness, episodes of nausea or vomiting, or a changed 
in stool consistency. GNN demonstrated no significant 
influence on the number of children requiring rescue 
therapy, school absenteeism, or daily activities.

CONCLUSION: In our setting, GNN, as dosed in 
this study, was no more effective than the placebo in 
achieving therapeutic success in the management of 
FGIDs in children.

© 2013 Baishideng. All rights reserved.
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Core tip: This study focused on abdominal pain-related 
functional gastrointestinal disorders (FGIDs) which are 
a common problem in children. The aim of the study 
was to assess the effectiveness of glucomannan (GNN), 
a soluble fiber of the Japanese Konjac plant, in alleviat-
ing the frequency and the severity of pain in children 
with FGIDs. We have demonstrated through our pro-
spective, double-blind, placebo-controlled, randomized 
study that GNN in this setting for 4 wk was not effec-
tive in treatment of the FGIDs. The obtained results led 
us to the conclusion that further studies are needed to 
explore the role of GNN in the pathophysiology of func-
tional disorders.
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INTRODUCTION
Functional abdominal pain (FAP) is one of  the most 
common reasons for a referral to a physician[1]. Accord-
ing to various estimates of  the prevalence of  FAP, ap-
proximately 13% to 38% of  children and adolescents 
report functional abdominal problems[2].

The diagnosis of  FAP is symptom-based. The Rome 
Ⅲ criteria for abdominal pain-related functional gastroin-
testinal disorders (FGIDs) have been validated and assist 
clinicians make diagnoses[2]. The vast majority of  children 
with FGIDs are subsequently diagnosed with functional 
dyspepsia (FD), irritable bowel syndrome (IBS), and 
childhood abdominal pain (AP)[3,4]. The symptoms as-
sociated with these diagnoses have a great impact on the 
patients’ quality of  life, daily activities, and school absen-
teeism, which in turn can result in long-term psychologi-
cal implications[2]. Therefore, patients as well as caregivers 
and physicians are interested in safe and reliable treat-
ments to relieve troublesome symptoms. Unfortunately, 
the medical cause for these symptoms remains unclear, 
thus limiting currently available therapies. FGIDs con-
tinue to represent a significant challenge in approaches to 
patient management. 

For most children with FGIDs, no organic causes for 
their pain are found on physical examination or during 
investigations[5]. One of  the recent hypotheses regard-
ing the pathophysiology of  FGIDs proposes that the 
biological and environmental factors that alter the enteric 
flora and visceral perception cause the development of  
functional disturbances[2,6]. The associations between the 
enteric microbiota, immune activation, and the role of  lu-
men-mucosa interaction have been explored recently[2,7,8]. 
However, a precise explanation of  the etiology of  FGIDs 
remains to be expounded. 

Regardless of  the lack of  a biophysiological model for 
FGIDs, a variety of  therapeutic options have been tried. 
Unfortunately, studies have proven that most options do 
not exert any significant influence on the natural history 
of  FGID development[2]. Two recent Cochrane system-
atic reviews have revealed weak evidence for the benefits 
of  medication or dietary manipulation in children with 
functional abdominal pain[9,10]. Only 2 small, randomized 
clinical trials (Christensen 1982, Feldman 1985) have been 
conducted in children with FGIDs, and they compared 
the effects of  added dietary fiber with placebo[9,11,12]. The 
results and conclusions of  these trials were not consis-
tent. Nevertheless, many clinicians routinely recommend 
the use of  bulking agents or dietary fiber to stimulate 
regular bowel movements and to improve the symptoms 
associated with FGIDs[2].

The goal of  our study was to assess the efficacy of  
glucomannan (GNN) as the sole treatment for FGIDs in 
children. GNN, a polysaccharide of  1,4-D-glucose and 

D-mannose, is a soluble fiber from the Japanese Konjac 
plant. GNN exhibits properties that are typical of  dietary 
fiber. Thus, it may provide a positive effect on many as-
pects of  gut physiology and the appropriate functioning 
of  enteric microbiota in patients with FGIDs[8,13].

MATERIALS AND METHODS
Trial design
We conducted a double-blind, placebo-controlled, ran-
domized trial (RCT) from January 2009 to October 2011. 
The recommendations of  the CONSORT 2010 State-
ment for reporting parallel group randomized trials were 
followed[14].

Participants
Patients were recruited among children referred to the 
Department of  Paediatrics, the Medical University of  
Warsaw, from January 2009 to October 2011. The RCT 
included children aged 7-17 years with abdominal pain-
related FGIDs classified according to the Rome Ⅲ 
diagnostic criteria (Table 1)[5]. Patients with organic gas-
trointestinal diseases (as established by the medical his-
tory, complete blood count, urinalysis, stool examination 
for occult blood, ova and parasites, blood chemistries, 
abdominal ultrasound, breath hydrogen testing, and en-
doscopy, if  needed), other chronic disease, or growth 
failure were excluded from the study. Additionally, during 
the time of  the study, subjects were instructed not to take 
any medications that could influence the enteric flora, 
including antibiotics and commercially available probiotic 
or prebiotic preparations.

Interventions 
At the randomization visit, the inclusion criteria were 
checked. Potentially eligible patients were evaluated using 
a full review of  their clinical histories and the results of  
a physical examination. The included subjects were ran-
domized into a group receiving either GNN (Dicoman 
Junior, Vitis Pharma, Poland) at a dosage of  2.52 g/d, 
i.e., 1 sachet of  1.26 g 2 times a day, or a group receiving 
a comparable placebo (maltodextrin) at the same dosage. 
The content of  each sachet was dissolved in approxi-
mately 125 mL of  fluid and was consumed twice daily for 
4 wk. The manufacturer had no role in the conception, 
design, or conduct of  the study or in the data analysis.

Subjects were instructed to ingest the preparation 
twice a day, in the morning and in the evening, for 4 wk 
and to record any symptoms in a questionnaire at the 
end of  the study. At randomization, parents received 28 
sachets for the first 2 wk of  the study. After this period, 
the parents were contacted to examine the children’s 
compliance with the treatment, provide them with the 
next 28 sachets, and schedule the exact timing of  a final 
visit. The assessment of  all outcome measures was based 
on the patients’ questionnaires collected at the final visit. 
Additionally, the subjects and/or caregivers were asked to 
report the following information in their diaries: compli-
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ance with consumption of  the product and information 
on any other treatment given to the child during the 
study. The diary was constructed in a simple, understand-
able mode. The FACES Pain Scale Revised was used 
to assess the severity of  pain[15]. The scale consists of  6 
faces that reflect different levels of  pain, ranging from a 
relaxed face on the left (no pain, indicating a score of  1 
points - “face 0”) to a face showing intense pain on the 
right (highest pain possible, indicating a score of  6 points 
- “face 5”).

Outcomes 
The primary outcome measures included the propor-
tion of  patients with self-reported no pain and that of  
patients with treatment success, which was defined as 
no pain or a decrease of  ≥ 2/6 points on the FACES 
Pain Scale Revised[15]. The subjective assessment of  pain 
frequency, abdominal cramps, abdominal bloating/gas-
siness, the number of  episodes of  nausea or vomiting; 
changes in stool consistency (loose or constipated stools) 
during the study were the secondary outcome measures. 
Furthermore, the frequencies of  school absenteeism and 
changes in daily activities were assessed, as was the per-
centage of  children requiring rescue therapy. Finally, all 
adverse effects were recorded, and their possible relation 
to the study product consumption was evaluated. Com-
pliance was assessed by direct questioning of  the subjects 
or their caregivers during clinic visits. 

Randomization
Block randomization, with a block size of  6, was per-
formed using a computer-generated random number list 
prepared by an investigator with no clinical involvement 
in the trial. The sequence was concealed until all data 
were analyzed.

Blinding
Both the participants and the researchers conducting the 
study were blinded. The study intervention product was 
prepared centrally by the hospital pharmacy at the Medi-
cal University of  Warsaw with the assistance of  indepen-
dent personnel who were not involved in the conduct 
of  the trial. The active product and the placebo were 
packaged in identical sachets and labeled with one of  
two codes, each allocated to the experimental product or 
placebo. This procedure was performed by an indepen-
dent pharmacist, who was the only person aware of  the 
codes’ meanings. The randomization numbers had been 
previously generated, and every patient eligible for inclu-
sion received a consecutive number from the list. The 
appearance and texture of  the dry placebo product were 
identical to those of  the active product. When mixed 
with water, GNN turned into a substance of  jelly-like 
consistency; however, this only occurred if  the solution 
was not consumed within a few minutes, which was the 
recommended time limit for consumption.

Statistical analysis
The sample size was based on the treatment success out-
come (i.e., the proportion of  participants with no pain 
or a decrease of  ≥ 2/6 points on the FACES Pain Scale 
Revised). It was estimated that an initial sample size of  
80 patients would be sufficient to reveal a difference in 
the treatment effect of  30% (70% of  the participants 
receiving GNN compared with 40% of  the participants 
receiving placebo) considering that alpha = 0.05 and a 
power (beta) of  80%. The number of  80 for the children 
accounted for approximately 10% withdrawals or losses. 

The computer software “R” [version 2.13.1 (2011-07-08)] 
was used for the analysis. Analyses of  continuous data were 
performed with a parametric analysis (Student’s t-test) in 
the case of  a normal distribution of  variables. The Mann-
Whitney test was implemented for non-normally distrib-
uted variables. The χ 2 or Fisher’s exact test were used, as 
appropriate, for the analysis of  dichotomous outcomes. 
The RR or the mean difference (MD) with a 95%CI was 
calculated using the computer software StatsDirect [version 
2.7.8b (2011-11-09)]. The differences between the study 
groups were considered to be statistically significant when 
the P value was < 0.05 or when the 95%CI: for the RR did 
not exceed 1.0 or, for the MD, did not exceed 0. The results 
were analyzed using an Available Case Analysis (ACA). 

Ethical considerations
Parents and children were fully informed about the 
schedule and the aims of  the study. Informed consent 
was obtained from at least one caregiver of  each child 
included in the study and from all children older than 12 
years of  age. 

The Ethics Committee of  The Warsaw Medical Uni-
versity approved the study. The trial was registered at 
ClinicalTrials.gov (http://clinicaltrial.gov), number NCT 
01495806.
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Table 1  Study population baseline characteristics  n  (%)

Placebo Glucomannan

Patients recruited 45 44
Male/female 21/22 21/20
Age mean, yr 11.3 ± 2.5 11.6 ± 3.0
Self-reported frequency of pain1

   Pain 1-3 times per month
   Pain 1-2 times per week    12 (27.9)      9 (21.9)
   Pain > 2 times per week    13 (30.2)      9 (21.9)
   Pain every day    14 (32.6)    14 (34.1)

   4 (9.3)      9 (21.9)
Severity of pain1

   “face 0” 0 (0) 0 (0)
   “face 1”      5 (11.6)    2 (4.8)
   “face 2”    18 (40.8)    13 (31.7)
   “face 3”    15 (34.8)    16 (39.0)
   “face 4”     5 (11.6)      8 (19.5)
   “face 5” 0 (0)    2 (4.8)
Self-reported absenteeism from school 21 21
Self-reported alterations in daily activities 29 27
Number of subjects who required rescue 
therapy 

20 25

1Wilcoxon’s test.
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Originally, we had also planned to conduct a sub-
group analysis (e.g., FD, FAP, IBS). However, due to the 
small number of  patients included in the subgroups and 
the overlap of  symptoms between the patients with vari-
ous types of  functional disorders, we decided against 
conducting this analysis.

Secondary outcomes
No significant differences between the GNN and pla-
cebo groups were observed in the secondary outcome 
measures, such as the subjective assessment of  gastroin-
testinal symptoms: (1) Abdominal cramps (32% vs 49%, 
respectively; P = 0.12); (2) Abdominal bloating/gassiness 
(44% vs 51%, respectively; P = 0.39); (3) Number of  epi-
sodes of  nausea or vomiting (7% vs 2%, respectively; P = 
0.34/24% vs 33%, respectively; P = 0.31); or (4) Change 
in stool consistency (loose stools: 29% vs 39%, respec-
tively; P = 0.33; constipated stools: 27% vs 21%, respec-
tively; P = 0.53). 

Rescue therapy
The percentage of  patients requiring rescue therapy was 
similar in both groups (GNN 19% vs placebo 14%, re-
spectively; P = 0.53).

Subjects’ activities
The GNN supplementation showed no significant influ-
ence on the frequency of  school absenteeism (10% vs 
14%, respectively; P = 0.56) or on changes in daily activi-
ties (27% vs 19%, respectively; P = 0.37) during the study.

Adverse effects
The GNN was well tolerated, and no adverse effects 
were recorded in any of  the patients. However, 4 patients 
in the GNN group complained of  an exacerbation of  
symptoms (1 discontinued the therapy; 3 required a dose 
reduction) compared with 2 patients in the placebo group 
(1 discontinued therapy; 1 required a dose reduction). 
Nonetheless, it was difficult to establish causality in these 
cases because the course of  FGIDs was defined by exac-
erbations and periods of  recovery.

DISCUSSION
This prospective, double-blind, placebo-controlled, ran-
domized study showed that GNN, a soluble fiber of  the 
Japanese Konjac plant, as used in this study and setting 
for 4 wk, was not effective in reducing the frequency or 
severity of  pain in children with abdominal pain-related 
FGIDs. Although “no pain” was more likely to occur in 
the GNN group, the difference was of  borderline statisti-
cal significance. 

The study groups did not differ with regard to any 
of  the secondary outcomes, such as the proportion of  
patients with gastrointestinal symptoms during the study 
period, the need for rescue therapy, and the occurrence 
of  adverse effects.

RESULTS
Patients’ characteristics and compliance
Figure 1 shows a flowchart of  the subjects’ progression 
through the study. Of  the 97 eligible children, 89 under-
went randomization. Among them, 44 children were as-
signed to the experimental GNN group, and 45 children 
were assigned to the placebo group. Of  the 89 random-
ized children, 84 (94%) completed the study. There was 
no significant difference in the drop-out rate between the 
2 groups. The baseline demographic and clinical charac-
teristics were similar between the experimental and pla-
cebo groups (Table 1). 

Primary outcomes
Overall, 18 of  the 84 (21%) subjects reported the primary 
outcome measure of  ‘no pain’. The subjects in the GNN 
group were more likely to experience “no pain” (29%) 
than the subjects in the placebo group (14%); however, 
the difference was not statistically significant (RR = 2.1, 
95%CI: 0.87-5.07).

“Treatment success” (defined as no pain or a decrease 
≥ 2/6 points on the FACES Pain Scale Revised) was 
similar between the study groups. Of  the 41 children in 
the GNN group, 23 (56%) experienced treatment suc-
cess, compared with 20 of  the 43 (47%) in the placebo 
group (RR = 1.21, 95%CI: 0.79-1.83).

n  = 97 Recruited

n  = 8 Excluded: 
   n  = 3, did not meet 
randomization criteria
   n  = 5, parental refusal 
to participate

n  = 44 
Randomized to 
glucomannan group

n  = 45
Randomized to 
placebo group

n  = 3 Lost to follow up 
(no data available)
   1 withdrawal (parental 
fear of not enough effect of 
intervention)
   1 withdrawal (exacerbation 
of symptoms)
   1 no contact with parents

n  = 2 Lost to follow up
   (no data available)
   1 withdrawal 
(exacerbation of 
symptoms)
   1 no contact with parents 

n  = 3 Protocol violation 
   Reduced dose 
of preparation 
(exacerbation of 
symptoms)

n  = 1 Protocol violation 
   Reduced dose of 
preparation (exacerbation of 
symptoms)

n  = 41 
Available case analysis 

n  = 43 
Available case analysis 

Figure 1  Flowchart of patients participating in the study. Declaration of 
funding interests: This study was funded in full by the Medical University of 
Warsaw.
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Fiber as a treatment option for FGIDs 
The optimal management strategy for abdominal pain-
related FGDs in children is a matter of  ongoing debate. 
Because of  their obscure pathophysiology, the manage-
ment of  FGIDs remains challenging. This difficulty has 
prompted interest in new and safe treatment options, 
among them dietary interventions.

Given their safety profiles, prebiotics (especially 
soluble fiber) appear to be attractive therapeutic options 
for FGIDs[16]. Dietary fiber is not digested by human 
enzymes but is instead fermented by the flora of  the 
large intestine[17,18]. There are several reasons why these 
agents might, in theory, prove to be beneficial in the 
management of  functional disorders. First, some studies 
have demonstrated the positive effects of  prebiotics on 
changes in the intestinal microbiota through the selec-
tive stimulation of  the growth of  potentially protective 
bacteria (bifidobacteria and, in part, lactobacilli) and 
the simultaneous inhibition of  potentially pathogenic 
microorganisms[8,19-23]. Second, fiber increases biomass, 
feces weight and defecation frequency, which can alter 
the volume and composition of  the stool and gas[8,13,18,24]. 

These changes in intestinal contents can affect the gas-
trointestinal symptoms associated with functional distur-
bances[2,8,18]. Additionally, a reduction in the pH and the 
release of  short-chain organic acids stabilize the intestinal 
environment[8,16,19,25]. Finally, prebiotic-induced changes 
could indirectly modulate various parameters of  the im-
mune system, such as the NK-cell activity, the secretion 
of  Il-10 and interferon, and the lymphocyte proliferation 
that may establish intestinal regularity[8,18,26].

Dietary fiber consumption has remained low in many 
populations, especially in children. The American Acad-
emy of  Pediatrics recommends a daily dietary fiber intake 
for children of  0.5 g/kg body weight, up to 35 g/d[27]. 
Williams et al[28] proposed a minimum daily fiber intake 
equivalent to the age in years plus 5 g/d for children 
older than 2 years of  age.

Few studies have evaluated the response of  functional 
abdominal disorders to prebiotics. Furthermore, most 
data on the possible use of  prebiotics in the management 
of  functional disorders and the rationale for their use are 
derived from the studies of  adults with IBS[16,19,26]. Until 
now, there have been only 3 published papers (Christensen 
1982, Christensen 1986, Feldman 1985), which described 
2 trials and assessed the effect of  fiber supplementation 
on FGIDs in children[9]. These 2 trials, which met the in-
clusion criteria for the Cochrane systematic review, con-
cerned the dietary interventions for recurrent abdominal 
pain (RAP) and irritable bowel syndrome (IBS) in chil-
dren[9]. Both studies involved a total of  92 children with 
recurrent abdominal pain, and they evaluated the effect 
of  fiber supplementation on the improvement in gastro-
intestinal complaints[11,12]. According to this meta-analysis, 
the pooled odds ratio for improvement in the frequency 
of  abdominal pain was 1.26 (95%CI: 0.25-6.29)[9]. Feld-
man et al[12] (52 children recruited) described changes in 
the intensity of  pain; however, the differences between 

the fiber and placebo groups were not statistically signifi-
cant. Christensen et al[11] (40 children recruited) reported 
the mean number of  episodes of  pain during the study 
period, but the differences in the results between groups 
were also not statistically significant. The lack of  recent 
findings concerning the potential application of  fiber in 
the management of  children with FGIDs instigated our 
decision to examine the effectiveness of  GNN, which is 
composed of  a dietary fiber, i.e., water-soluble polysac-
charide. 

Dose and duration of treatment
The optimal dose and treatment duration of  GNN ther-
apy have not yet been clearly established. Recently, we 
used GNN to treat functional constipation in children, 
where it proved to be relatively safe[13]. In the present 
study, regardless of  the dietary recommendations for dai-
ly fiber intake, we used only one standard dose of  fiber 
for all participants to provide a relatively easy administra-
tion regimen for the clinicians and parents. We applied a 
daily intake of  2.52 g/d, which exceeded the minimum 
dose of  fiber suggested in the literature for therapeutic 
purposes[13]. 

Considering the chronic nature of  functional disor-
ders, the chosen duration of  treatment (4 wk) appears to 
be optimal for evaluating GNN’s potential therapeutic 
influence on gastrointestinal complaints. The administra-
tion of  GNN, a soluble fiber preparation, was the sole 
intervention implemented, allowing one to draw conclu-
sions regarding its effectiveness without any confounding 
influence from other treatments.

Participants
Evaluating children as study participants is a complicated 
issue because they complain of  nonspecific chronic ab-
dominal pain and constitute a heterogeneous group of  
patients. To minimize the heterogeneity of  our study’s 
population, the diagnosis was based on the well-recog-
nized Rome Ⅲ criteria[5].

The trial was conducted in a pediatric department 
oriented towards the diagnosis and treatment of  children 
with functional abdominal pain. Nevertheless, the possi-
bility that only less affected patients were included in the 
study could not be entirely eliminated. The pattern of  the 
response to treatment may differ from that in patients 
with more severe courses of  functional disturbances.

Strengths and limitations of the study
We used the appropriate methods to generate the al-
location sequence and allocation concealment. We then 
strived to maintain the blinding of  the selection, treat-
ment, monitoring, data management, and data analyses 
throughout the study. In addition, the follow-up was ap-
propriate. Data were obtained from more than the 94% 
of  the participants. All of  these features minimize the 
risk of  systematic bias.

The lack of  an apparent effect of  GNN compared 
with the placebo may be explained by an inadequate dose 
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and an overly brief  treatment period. Although the opti-
mal dose and duration of  treatment for GNN have not 
yet been established, a tentative conclusion can be drawn: 
subjects with abdominal pain-related FGIDs require a 
modification of  the GNN dose and an extension of  the 
period of  supplementation to improve their gastrointesti-
nal symptoms. Additionally, nutritional habits can modify 
the natural course of  abdominal complaints. We realized 
that precise data on the daily fiber intake would be use-
ful. However, collecting that type of  information would 
have required the use of  a food diary. We abstained from 
this process for 2 major reasons. First, our study popula-
tion of  children aged 7-17 years included children who 
attended school. Collecting reliable information from 
children in this age group represents a particularly chal-
lenging task. Second, the use of  a food diary, especially 
in this group of  patients, provides only an approximate 
evaluation of  dietary intake. Moreover, the validity of  
paper diary records is sometimes questionable. Well-
known problems with paper diaries include poor adher-
ence and retrospective recording[29]. As there were no 
differences between the groups in terms of  the baseline 
characteristics, we may expect that the randomization was 
implemented properly and that the daily fiber intake was 
similar in both groups.

It is known that success in treating patients with 
abdominal pain-related FGIDs depends on the relation-
ship established between a patient and a physician. An 
“active listening approach” and an enthusiastic, positive, 
and encouraging attitude towards treatment help improve 
subjects’ responses to both the therapeutic attempts and 
the placebo[30]. The placebo effect in adults ranges from 
10%-70% for FD and from 0%-84% for IBS[6]. We used 
a placebo control group, which is considered an essential 
requirement for interventional studies[31]. According to 
our previous experiences based on earlier studies con-
ducted in children with functional abdominal pain and 
functional constipation, we were able to predict the high 
proportion of  children who were responsive to the pla-
cebo[3,13]. Considering our positive patient-physician rela-
tionship, we expected a drop-out rate of  approximately 
10% (6% at the end of  the trial), in contrast to the 20% 
drop-out rate estimated for most trials. Thus, paradoxi-
cally, these positive relationships can be a potential weak-
ness of  our investigation. 

Finally, another potential limitation of  this trial is that 
although the overall number of  patients was adequate, 
the study did not allow the analysis of  the data for a spe-
cific diagnosis of  abdominal pain-related FGIDs, e.g., FD, 
IBS or FAP.

Consequently, an obvious next step in future research 
should be to identify the characteristics of  children with 
specific abdominal pain-related FGIDs who respond to 
GNN treatment. Identifying this group of  patients will 
allow for the selection of  the optimal GNN dose to im-
prove long-term gastrointestinal symptoms. Further stud-
ies are also needed to explore the role of  GNN in the 
pathophysiology of  functional disorders.

In our setting, GNN as dosed in this study was no 
more effective than the placebo in achieving therapeutic 
success in the management of  abdominal pain-related 
FGIDs in children.
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Innovations and breakthroughs
Development of the optimal management strategy for abdominal pain-related 
FGIDs in children is difficult. Soluble fiber seems to be an attractive therapeutic 
option for FGIDs. Only a small number of studies that have evaluated the re-
sponse of functional abdominal disorders to fiber are available. Additionally, the 
optimal dose and treatment duration have not been clearly established yet. In 
the present study, the standard daily dose (2.52 g/d) of glucomannan was used 
for all participants in order to provide a relatively easy administration regimen 
for clinicians and parents. The dose was equal to the minimum dose of fiber 
suggested in the literature for therapeutic purposes. Because of the chronic 
nature of functional disorders, the 4 wk duration of treatment was chosen to 
evaluate glucomannan’s potential therapeutic influence on gastrointestinal 
complaints. The most important contribution of this study and its strength is its 
methodology. The adequate methods for generation of the allocation sequence, 
allocation concealment and blinding of selection, treatment, monitoring, data 
management, and data analyses were used throughout the study. Data were 
obtained from more than the 94% of the participants. All of these features mini-
mize the risk of systematic bias.
Applications
The study results suggest that, glucomannan was no more effective than pla-
cebo in achieving therapeutic success in the management of abdominal pain-
related FGIDs in children.
Terminology
Glucomannan, a polysaccharide of 1,4-D-glucose and D-mannose, is a soluble 
fiber from the Japanese Konjac plant. Glucomannan exhibits properties that are 
typical of dietary fiber. There are several reasons why these agents might, in 
theory, prove to be beneficial in the management of functional disorders. Some 
studies have demonstrated positive effects of fiber on changes in the intestinal 
microbiota by selective stimulation of the growth of potentially protective bacte-
ria with simultaneous inhibition of potentially pathogenic microorganisms. Fiber 
increases biomass, feces weight and defecation frequency, which can in turn 
alter the volume and composition of stool and gas. These changes in intestinal 
contents can affect the gastrointestinal symptoms associated with functional 
disturbances.
Peer review
This study employs a simple, methodologically sound model. The main conclu-
sion of the study is the lack of influence of glucomannan supplementation on 
the level and duration of pain in children with FGIDs.
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Abstract
AIM: To evaluate the efficacy and safety of sodium hy-
aluronate solution (SH) in endoscopic submucosal dis-
section (ESD) of gastric neoplasms.

METHODS: A prospective multicenter randomized, 
double blind, controlled trial was designed and utilized 
in this study. A total of 76 patients with 5-20 mm sized 
gastric neoplasms were enrolled at three academic hos-
pitals in South Korea from June 2011 to October 2011. 
Patients were randomly assigned to the 0.4% sodium 

hyaluronate or control groups. All lesions underwent 
endoscopic ESD. ESD was performed with 0.4%SH and 
normal saline (NS) solution for submucosal injection. 
Efficacy was assessed using en bloc  resection and the 
number of additional injections. Secondary evaluation 
variables were the volume of injection material, steep-
ness of mucosal elevation, bleeding rate, procedural 
time and operator satisfaction. Finally, the safety was 
assessed by analyzing adverse events during the study.

RESULTS: The usefulness rate in the 0.4%SH group 
and the controlled group had statistically significant 
difference under intention to treat (ITT) analysis 
(90.91% vs  61.11% P  = 0.0041). Under per proto-
col (PP), the usefulness rate is statistically significant 
different (93.10% vs  61.76%, P  = 0.0036). The dif-
ference in volume of the solution injected between 
0.4%SH group and the controlled group and NS group 
was also statistically significant under intention to treat 
and per protocol analysis (ITT: 0.03 ± 0.02 mL vs  0.06 
± 0.03 mL, P  = 0.0003, PP: 0.03 ± 0.02 mL vs  0.06 
± 0.03 mL, P  = 0.0004). Satisfaction above the grade 
good was significantly higher in the SH group under in-
tention to treat and per protocol analysis (ITT: 90.91% 
vs  61.11%, P  = 0.0041, PP = 93.11% vs  61.77%, P  = 
0.0022). Adverse events above grade 3 were not no-
ticed in either group. All adverse events were treated 
and were judged as not associated with the submuco-
sal injection solutions. 

CONCLUSION: 0.4%SH solution is a safe and effective 
agent that doesn’t cause any significant adverse events 
and is useful for submucosal injection during ESD.

© 2013 Baishideng. All rights reserved.

Key words: Sodium hyaluronate; Endoscopic submuco-
sal dissection; Gastric neoplasm; Endoscopic mucosal 
resection
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Core tip: Saline-assisted endoscopic mucosal resection 
is an established method for excision of nonpolypoid 
early neoplastic lesions of the gastrointestinal tract. 
However, it is sometimes difficult to maintain a desired 
level of tissue elevation after injection of saline, es-
pecially when using a one-channeled endoscope. Ad-
equate elevation of the mucosa and sufficient elevation 
time is achieved more effectively when a material more 
viscous than normal saline (NS) is used. The 0.4% so-
dium hyaluronate solution (SH) used in this study pro-
vides a more effective and prolonged cushion effect for 
large lesions without serious adverse events compared 
to NS. Therefore, endoscopic submucosal dissection 
(ESD) with SH is more useful than ESD with NS.

Kim YD, Lee J, Cho JY, Kim SW, Kim SH, Cho YK, Jang JS, 
Han JS, Cho JY. Efficacy and safety of 0.4 percent sodium 
hyaluronate for endoscopic submucosal dissection of gastric 
neoplasms. World J Gastroenterol 2013; 19(20): 3069-3076  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i20/3069.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.
i20.3069

INTRODUCTION
Endoscopic mucosal resection (EMR) using submucosal 
saline injection is an established method for excision of  
nonpolypoid early neoplastic lesions of  the gastrointes-
tinal tract[1,2]. Numerous resection methods have been 
developed using the submucosal injection technique. In 
1998, Hosokawa developed an IT knife (insulated tipped 
electrosurgical knife) useful for endoscopic submucosal 
dissection (ESD)[3], which has made en bloc resection of  
not only elevated lesions but depressive lesions without 
ulcers and flat lesions possible, compared to EMR. The 
procedure has minimal limitations regarding location and 
size of  the lesions. The technical advancement of  ESD 
combined with development of  many endoscopic acces-
sories has made ESD a standard treatment of  early gas-
tric cancer in selected cases. 

The submucosa is a thin connective tissue layer with 
a lax structure compared to the mucosa or the muscularis 
propria. The injection of  solutions to this layer forms a 
bulla and lifts the lesion above. Submucosal injection dur-
ing ESD facilitates the removal of  the lesions, provides 
a safety cushion during resection, and prevents perfora-
tions during the procedure. The most commonly used 
material is normal saline (NS). However, it is sometimes 
difficult to maintain a desired level of  tissue elevation 
after an injection of  saline, especially when using a one-
channeled endoscope[4].

An ideal submucosal injection solution would have 
a prolonged cushion effect, and be easily available and 
inexpensive, nontoxic, and easy to inject[5]. Sodium hy-
aluronate solution (SH) is a macromolecular polysac-
charide composed of  D-glucuronate and N-acetyl-D-

glucosamine. The high viscosity, elasticity, and lack of  
antigenicity or toxicity[6-8] have led to its extensive use in 
ophthalmologic surgical procedures and intra-articular 
injections. Since Yamamoto et al[9] reported the use of  
SH in porcine stomach yielding a more distinct and pro-
longed submucosal elevation compared to NS, numerous 
studies have used SH for difficult cases. 

The authors aimed to compare the usefulness rate and 
safety of  0.4%SH in ESD as compared to NS in a multi-
center prospective randomized double-blind control study. 

MATERIALS AND METHODS
Patient selection
From June 2011 to October 2011, 76 patients with less 
than 20 mm sized early gastric cancer or gastric adenoma 
were enrolled in 3 independent academic hospitals in 
South Korea. Experienced endoscopists with more than 
300 cases of  ESD experience performed the ESD. Cri-
teria for inclusion in the study were: (1) patients between 
the ages of  20 and 80; (2) patients with 5- to 20-mm early 
gastric cancer or gastric adenoma; and (3) patients who 
gave written informed consent. The limitation of  the le-
sion size to less than 20 mm was based on the absolute 
indication criteria of  ESD. Exclusion criteria of  the study 
were: (1) residual or recurrent lesion; (2) lesions accom-
panied by ulcers; (3) undifferentiated cancer; (4) advanced 
malignant neoplasm; (5) patient with pacemakers; (6) 
history of  hypersensitivity to hyaluronic acid; (7) serum 
creatinine ≥ 1.5 mg/dL or creatine clearance ≤ 50 
mL/min; (8) patients with severe liver disease; (9) severe 
cardiovascular disease; (10) patient taking immunosup-
pressants including prednisolone or anti-cancer agents; 
(11) alcohol- or drug-addicts; (12) pregnant or lactating 
patients; and (13) patients judged by a physician as inap-
propriate for inclusion.

Study design
The clinical trial was approved by the Korean Food and 
Drug Administration (KFDA) and the study protocol 
was approved by the Institutional Review Board of  each 
center. Written informed consent was obtained from all 
the patients.

The study was double-blinded by having an indepen-
dent investigational device manager that supplied the so-
lutions used for the study. The endoscopist was blind to 
the material used. During the procedure, an experienced 
assistant did the injection of  fluids to the submucosa. 
Although the endoscopist could visualize the elevation 
effect, the difference in pressure during injection of  the 
material was known only to the injecting assistant. The 
injecting assistant did not take any part in evaluating 
the satisfaction grade of  the materials. All lesions were 
resected through ESD. The margin of  the lesion was 
marked through electrocautery and submucosal injection 
was done at the normal mucosa adjacent to the lesion. 
ESD was initiated after an adequate amount of  solution 
was injected to lift the lesion. The maximum amount of  
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0.4%SH solution (Endo-Mucoup, BMI Korea, Co., Ltd) 
for the procedure was limited to 40 mL, which is 1/10 
the nontoxic level administered into the peritoneum. The 
amount of  SH solution supplied for the procedure was 
limited to 40 mL and any additional amount of  injection 
needed used NS. Necessary medication or procedure for 
the treatment of  coexisting disorders of  the patients was 
allowed. Except for the use of  epinephrine and indigo 
carmine, any other material for submucosal injection so-
lution was prohibited.

The study was designed as a multicenter, randomized, 
double blind, and placebo-controlled trial. The primary 
outcome of  the study was en bloc complete resection and 
additional injections of  the solution used. En bloc complete 
resection was defined as en bloc resection with negative re-
section margins confirmed histopathologically. Additional 
resection was defined as the number of  additional injects 
required to maintain the mucosal lifting for the procedure. 
The usefulness rate was defined as the percentage of  en 
bloc complete resection with 1 or less additional injection 
during the procedure (Table 1). The 40 mL of  SH was de-
cided for the efficacy evaluation as it is 1/10 the nontoxic 
level administered into the peritoneum. 

Secondary outcomes of  the study included: (1) vol-
ume of  the solution injected; (2) the steepness of  the lift; 
(3) presence or absence of  bleeding; (4) procedure time; 
and (5) satisfaction of  the solution. The volume of  the 
solution used for evaluation was the total amount of  the 
solution divided by the area of  the lesion (long diameter 
× short diameter). The steepness of  the lift was graded as 
steep, mild, or non lifted. The percentage of  each grade 
was used for evaluation. Bleeding was defined as the need 
for electrocauterization before the incision and after in-
jecting the submucosal solution. The procedure time was 
defined as the period from the marking of  the margins to 
the completion of  the excision. Satisfaction rate of  the 
solution was comprehensively assessed by evaluating the 
en bloc complete resection rate and the number of  addi-
tional injections (Table 1).

The safety of  the solution was assessed through 5 
grades of  symptoms and signs unwarranted during the 
study. Grade 1 adverse event was defined as symptoms 
or signs that do not require treatment and do not inhibit 
daily activities. Grade 2 adverse events were defined as 
symptoms or signs that required treatment but did not 
inhibit daily activities. Grade 3 adverse events were when 
the patient experienced substantial discomfort leading 
to limitation of  daily activities and requiring admission. 
Life-threatening adverse events were defined as grade 4. 
Death was defined as grade 5. For each adverse event, 
the clinician assessed the association of  the response to 
the submucosal injection solution as definitely related, 
probably related, possibly related, probably not related, 
definitely not related, or unknown. 

Sample size
This multi center randomized, double-blind, placebo-
controlled study was designed with a level of  significance 

α = 0.05 and detection power 1 - β = 0.8 to test the 
superiority of  the 0.4%SH solution compared to NS for 
the lift and maintenance of  the submucosa during ESD. 
The calculated sample size was 76 patients. Thirty-four 
patients were analyzed in each group assuming a 10% 
rate of  non-comparability in the two groups. 

Statistical analysis
Statistical analysis was done using SAS software 9.1 
version (SAS Institute, Cary, NC). Intention to treat 
analysis and per protocol analysis was used in the study. 
The clinical usefulness was assessed using both meth-
ods, with intention to treat as the primary method. Per 
protocol analysis was used for demographic data and 
adverse effects. Continuous variables for the two groups 
were compared using t-test and χ 2 test or the Fisher’s 
exact test, which was used for categorical variables. The 
primary outcome, the usefulness rate, was analyzed using 
the χ 2 test and 95%CIs are given. The secondary out-
comes, volume of  the solution used and procedure time 
were analyzed using t-test. Presence or absence of  bleed-
ing and satisfaction of  the solution was assessed using 
χ 2 test. Safety evaluation using the total number of  the 
adverse effects and the rate of  patients with more than 
1 adverse effect was done using the χ 2 test. Null hypoth-
eses of  no difference were rejected if  P-values were less 
than 0.05.

RESULTS
Seventy-six patients who underwent screening examina-
tion and who gave informed written consent were includ-
ed in this study. Using randomization, 37 patients were 
assigned to the 0.4%SH group and 39 patients were as-
signed to the control group that used NS for submucosal 
injection. All these patients were included in the intention 
to treat analysis. Eight patients from the 0.4%SH group 
and 5 patients from the control group were either lost 
to follow up or had a clinical trial protocol violation; the 
remaining 63 patients were included in the per protocol 
analysis (Figure 1). There were no statistically significant 
differences in the patients’ age, sex, percentage of  gastric 
cancer, or location of  the lesion between the two groups 
(Table 2). 

Clinical usefulness
Usefulness, the primary outcome of  the study, was as-
sessed using both intention to treat analysis and per 
protocol analysis, with intention to treat as the primary 
method. Under intention to treat analysis, the usefulness 
rate of  the 0.4%SH group (90.91%, 30/33) was found to 
be significantly greater than the control group (61.11%, 
22/36) (P = 0.0041). Using the per protocol analysis, the 
usefulness rate of  the 0.4%SH group and the control 
were 93.10% (27/29) and 61.76% (21/34), respectively. 
The difference of  the usefulness rate using per protocol 
analysis was also statistically significant (P = 0.0036). The 
usefulness according to the site of  the gastric neoplasm, 
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using the intention to treat (ITT) analysis revealed that 
0.4%SH was statistically significantly useful when used 
during procedures for gastric neoplasms at the body and 
angle. However, there was no statistically significant dif-
ference in procedures done at the antrum. Using a per-
protocol analysis, 0.4%SH showed statistically significant 
usefulness in all the sites of  the stomach.

Secondary outcomes of  the study were analyzed in-
cluding volume of  the solution injected, the steepness of  
the lift, presence or absence of  bleeding, procedure time, 
and satisfaction of  the solution (Table 3).

The volume of  the solution used for evaluation was 
the total amount of  the solution divided by the area of  
the lesion (long diameter × short diameter). The volume 
of  the solution injected for the 0.4%SH group (0.03 ± 0.02 
mL) was significantly less compared to the control group 
(0.06 ± 0.03 mL) (P = 0.0003). The difference in volume 
of  the solution injected between the 0.4%SH group and 
NS group using per protocol analysis was also statistically 
significant (P = 0.0004). 

The procedure time was defined as the period from 
the marking of  the margins to the completion of  the 
excision. The procedure time analyzed by intention to 
treat showed 23.42 ± 16.76 min in the 0.4%SH group 

and 21.64 ± 16.52 min in the control group. Using the 
per protocol analysis the procedure times were 23.79 ± 
17.51 min in the 0.4%SH group and 19.71 ± 12.65 min 
in the control group. Although the procedure time for 
the 0.4%SH group was shorter compared to the control 
group, the difference was not statistically significant.

The steepness of  the lift was graded as steep, mild, or 
non lifted in the two study groups and showed no statisti-
cally significant differences.

The absence of  bleeding during injection of  the submu-
cosal solution was higher in the 0.4%SH group (96.97%, 
32/33) compared to the control group (88.89%, 32/36) 
using the intention to treat analysis. Using the per proto-
col analysis, the absence of  bleeding was 100% (29/29) 
in the 0.4%SH group and 88.24% (30/34) in the control 
group. However, the difference was not statistically sig-
nificant in both analyses.

Satisfaction with the solution was comprehensively 
assessed by evaluating the en bloc complete resection rate 
and the number of  additional injections. ESD with en bloc 
complete resection and no additional submucosal injec-
tion was defined as excellent. En bloc complete resection 
with 1 additional submucosal injection was defined as 
good. Satisfaction above the grade good was significantly 
higher in the 0.4%SH group (90.91%, 30/33) compared 
to the control group (61.11%, 22/36) using intention to 
treat analysis (P = 0.0175). Using per protocol analysis 
showed statistically significant difference in the satisfac-
tion above the grade good in 93.11% (27/29) and 61.77% 
(21/34) in the 0.4%SH group and control group, respec-
tively (P = 0.0022).

The ESD that had additional submucosal injections was 
analyzed by the site of  the lesion using the usefulness rate, 
volume of  solution injection and procedure time (Table 4).

n  = 76
Screened patients

n  = 76
Randomized patients

n  = 76
Group ITT

n  = 37
Sodium 

hyaluronate

n  = 29
Group PP

n  = 34
Group PP

n  = 39
Control

n  = 8
Rule out
Missing = 4
Not meeting inclusion criteria No. 2 = 2
Exclusion criteria No. 3 = 1
Exclusion criteria No. 10 = 1

n  = 8
Rule out
Missing = 3
Not meeting inclusion criteria No. 2 = 1
Exclusion criteria No. 9 = 1

Figure 1  Trial profile. Inclusion criteria No. 2, 5 mm ≤ adenoma or adenocarcinoma ≤ 20 mm; exclusion criteria No. 3, undifferentiated adenocarcinoma; exclu-
sion criteria No. 9, severe functional abnormalities of cardiovascular system; exclusion criteria No. 10, concomitant medication with systemic prednisolone, anticancer 
agents or immunosuppressive agents. ITT: Intention to treat; PP: Per protocol.

Table 1  Measurement of usefulness and satisfaction

Complete en bloc  resection Additional 
injection

Usefulness Satisfaction

Complete      0 Usefulness Excellent
Complete      1 Usefulness Good
Complete ≥ 2 Useless Moderate
Incomplete or not evaluated - Useless Poor
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The sites of  the lesion were divided into the antrum 
group and body/angle group. Under intention to treat 
analysis on antrum, there is no significant difference 
of  the usefulness rate in the 0.4%SH group (90.00%, 
18/20) compared to the control group (66.67%, 18/27) 
(P = 0.086). But using per protocol analysis, the antrum 
had a significantly higher usefulness rate in the 0.4%SH 
group (93.75%, 15/16) compared to the control group 
(65.38%, 3/8) (P = 0.036). The usefulness rate analyzed 
in the lesions located at the body/angle using intention to 
treat analysis was 92.30% (12/13) in the 0.4%SH group 
compared to the 66.67% (6/9) in the control group. The 
difference was statistically significant (P = 0.007). Per 
protocol analysis also revealed a statistically significant 
higher usefulness rate of  92.30% (12/13) in the 0.4%SH 
group compared to 37.50% (3/8) in the control group (P 
= 0.007).

The amount of  volume injected at the antrum us-
ing intention to treat analysis was 0.03 ± 0.02 mL in the 
0.4%SH group and 0.06 ± 0.04 mL in the control group. 

The smaller amount used in the 0.4%SH group was 
statistically significant (P = 0.003). Using per protocol 
analysis, the difference in the amount of  volume injected 
0.4%SH group (0.03 ± 0.02 mL) and control group (0.06 
± 0.04 mL) was statistically significant (P = 0.011). 

The amount of  volume injected at the body/angle us-
ing intention to treat analysis was 0.03 ± 0.02 mL in the 
0.4%SH group and 0.05 ± 0.02 mL in the control group. 
The smaller amount used in the 0.4%SH group was 
statistically significant (P = 0.047). Using per protocol 
analysis, the difference in the amount of  volume injected 
0.4%SH group (0.03 ± 0.02 mL) and control group (0.05 
± 0.03 mL) was statistically significant (P = 0.039). 

The procedure time using both intention to treat 
analysis and per protocol analysis based on the site of  the 
lesion showed no statistically significant differences. 

Adverse events
Adverse events were seen in 8 out of  the 76 patients, 
with 13 incidents in the intention to treat analysis. Grade 
1 adverse events were noticed in 12.50% (5/37) of  the 
SH group and 2.44% (1/39) of  the control group. Grade 
2 adverse events were seen in 7.50% (3/37) and 9.76% 
(4/39) of  the 0.4%SH group and control group, respec-
tively. Adverse events above grade 3 were not noticed in 
both groups. Gastrointestinal symptoms were the most 
common adverse events with 10 out of  the 13 incidents. 
Five cases of  nausea, 3 cases of  vomiting, and each 1 
case of  dyspepsia and hematemesis were noticed. All ad-
verse events were treated and were judged as not associ-
ated with the submucosal injection solutions. 

DISCUSSION
ESD is now a standard treatment for early gastric neo-

Table 2  Demographic characteristics of the patients at base line

Sodium hyaluronate Control P -value

Age 62.59 ± 9.23 62.44 ± 9.93 0.943
Sex (male/female) 25/12 26/13 0.933
Diagnosis, n (%)
   Adenocarcinoma    5 (13.51)   7 (17.95) 0.869
   Adenoma  31 (83.78) 31 (79.49)
   Atypia 1 (2.7) 1 (2.56)
Size (mm)    14.2 ± 5.47   13.5 ± 4.35 0.293
Location, n (%)
   Antrum  23 (62.16) 29 (74.35) 0.465
   Angle  3 (8.10) 3 (7.69)
   Body  11 (29.72)   7 (17.94)

Table 3  Summary of results n  (%)

Sodium hyaluronate Control P -value

ITT 
   Usefulness rate 30/33 (90.91) 22/36 (61.11) 0.004
   Volume of injection 0.03 ± 0.02 0.06 ± 0.03 0.000
   Procedural time 23.42 ± 16.76 21.64 ± 16.52 0.658
   Steepness 0.228
      Steep       26 (78.79)       27 (75.00)
      Mild         6 (18.18)         4 (11.11)
      Non lifted       1 (3.03)         5 (13.89)
      Absence of bleeding 32/33 (96.97) 32/36 (88.89) 0.359
      Satisfaction 30/33 (90.91) 22/36 (61.11) 0.002
PP
   Usefulness rate 27/29 (93.10) 21/34 (61.76) 0.004
   Volume of injection 0.03 ± 0.02 0.06 ± 0.03 0.000
   Procedural time 23.79 ± 17.51 19.71 ± 12.65 0.288
   Steepness 0.474
      Steep       24 (82.76)       26 (76.47)
      Mild         4 (13.79)         4 (11.76)
      Non lifted       1 (3.45)         4 (11.76)
   Absence of bleeding   29/29 (100.00) 30/34 (88.24) 0.118
   n (%) 27/29 (93.11) 21/34 (61.77) 0.002

ITT: Intention to treat; PP: Per protocol.

Table 4  Summary of results on location

Sodium hyaluronate Control P -value

ITT
   Usefulness rate 
      Antrum 18/20 (90.00%) 18/27 (66.67%) 0.086
      Body/angle 12/13 (92.30%)     6/9 (66.67%) 0.007
   Volume of injection
      Antrum   0.03 ± 0.02 0.06 ± 0.04 0.003
      Body/angle   0.03 ± 0.02 0.05 ± 0.02 0.047
   Procedural time
      Antrum 19.40 ± 7.46 18.41 ± 11.67 0.741
      Body/angle   28.08 ± 25.47 31.33 ± 24.68 0.768
PP
   Usefulness rate (%)
      Antrum 15/16 (93.75%) 17/26 (65.38%) 0.036
      Body/angle 12/13 (92.30%)     3/8 (37.50%) 0.007
   Volume of injection
      Antrum   0.03 ± 0.02 0.06 ± 0.04 0.011
      Body/angle   0.03 ± 0.02 0.05 ± 0.03 0.039
   Procedural time
      Antrum 19.06 ± 6.78 18.23 ± 11.88 0.800
      Body/angle   28.08 ± 25.47 24.50 ± 14.70 0.723

ITT: Intention to treat; PP: Per protocol.
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plasms in the gastrointestinal tract. The EMR used cur-
rently are strip-biopsy method or lift and cut EMR[10], 
endoscopic resection after local injection of  a solution of  
hypertonic saline and epinephrine[11], endoscopic double-
snare polypectomy[12], EMR using an over-tube[13], strip-
biopsy using two small diameter endoscopes[14], EMR 
with a cap-fitted panendoscope[15], an EMR using a liga-
tion device[16,17]. The submucosal injection of  solutions 
during the resection of  gastrointestinal neoplasm is an 
essential part of  the resection procedure[18-21]. Tanabe et 
al[10] introduced strip biopsy with submucosal injection 
using NS as a safety cushion. Since Ikeda et al[22] injected 
a mixture of  hypertonic saline and epinephrine to lift 
the lesion in 1986, lifting the lesion with a safety cushion 
underneath the lesion has become an essential procedure 
in EMR. ESD can resect a larger lesion without regard to 
the location of  the lesion compared to EMR. To achieve 
an en bloc resection of  a large lesion, adequate lift of  the 
lesion is needed for a prolonged period. Numerous solu-
tions are under research and have been used for mucosal 
resection. These agents include NS, mixture of  NS and 
epinephrine, hypertonic saline (3.8%), hypertonic glucose 
solution (20%, 50%), 10% glycerin + 5% fructose + 0.9% 
NS, SH, hydroxypropyl methycellulose, and a fibrinogen 
mixture. NS is easily available, cheap, and causes minimal 
tissue injury due to its isotonic property. However, NS is 
easily absorbed to the tissue and multiple injections are 
needed. The mixture of  NS and epinephrine (1:10000) 
is most widely used. The steepness and maintenance of  
the cushion is not significantly different from NS, but 
the mixture of  epinephrine causes vasoconstriction of  
the vessels leading to hemostasis. The addition of  indigo 
carmine to the mixture assists in identifying the submu-
cosa and muscularis propria during resection of  the deep 
margins. However, during ESD, the cushion is easily dis-
sipated and multiple injections are needed. This leads to a 
prolonged procedure time and the risk of  perforation is 
high when resecting the lesion without adequate cushion. 
Therefore, an ideal agent would have a higher viscosity to 
maintain the cushion longer and require fewer additional 
injections during the procedure. Although hypertonic sa-
line and hypertonic glucose solution had a steeper eleva-
tion compared to NS, this was not statistically significant. 
The hypertonic solution has a propensity to cause tissue 
injury and may delay healing of  the artificial ulcer after 
the procedure. 

SH has a prolonged cushion-effect and causes mini-
mal tissue injury. However, the solution is expensive and 
has special requirements for storage. Hydroxypropyl 
methycellulose has a similar viscosity and tensile strength 
compared to SH and has an adequate cushion-effect, is 
inexpensive, and is easy to store. However, the synthetic 
material can cause cross-antigen reaction in the body. 
Fibrinogen mixture is a 340 kDa high molecular glyco-
protein separated from blood. The viscosity is high and 
has a microvascular hemostatic effect. However, the high 
viscosity requires a large diameter injection tip. Lee et al[23] 
report that the fibrinogen mixture is superior to NS in 

the procedure time, total volume of  solution injection, 
and additional injection rates in ESD.

SH is considered the best solution for submucosal 
dissection. However, its use is limited due to the high 
cost of  the solution. The molecular weight and dilu-
tion rate of  SH is continuously researched to decrease 
the cost and find the dilution rate for effective lifting. 
Fujishiro et al[24,25] report that the optimal viscosity and 
tensile strength was 1% 1900-kDa solution. However, 1% 
800-kDa, 0.5% 1900-kDa, 0.5% z800-kDa, and 0.25% 
1900-kDa solutions all showed similar results. Concentra-
tion of  the solution below 1% still maintained adequate 
viscoelasticity while not increasing osmolarity or causing 
tissue injury. Despite the fact that it is an ideal substance 
for submucosal injection, the high cost and special re-
quirements for storage led to a mixture of  it with other 
hypertonic solutions. 

This study evaluated the clinical usefulness and safety 
of  0.4%SH compared to NS. All procedures for the re-
section of  the lesions were ESD. The size of  the lesion 
was limited to 2cm due to the absolute indication of  
ESD for early gastric cancers without lymph node metas-
tasis[14]. This led to the limitation of  gastric adenoma size 
to less than 2cm. The primary outcome, usefulness rate, 
analyzed using intention to treat and per protocol analysis 
revealed higher and statistically significant rates in the 
0.4%SH group. Secondary outcome of  the study includ-
ing volume of  the solution injected, the steepness of  the 
lift, presence or absence of  bleeding, procedure time, and 
satisfaction with the solution were analyzed. The volume 
of  the solution injected was statistically significantly de-
creased and satisfaction of  the solution was significantly 
superior in the 0.4%SH group. The limitation of  the size 
in the inclusion criteria may have limited the analysis of  
the resection rate in the two groups. The usefulness rate 
may have showed a more significant difference in the 
two groups as the size of  the lesion is increased. The 
procedure time of  the two groups in this study showed 
no statistically significant difference. This may have been 
due to the fact that the size of  the lesion was limited to 
less than 2 cm. The experienced clinicians participating 
in this study may have decreased the difference in time 
required for the 2 groups. However, if  larger lesions with 
scars were included in the study, even experienced clini-
cians may show a difference in the procedure time for 
the 2 groups due to the multiple injections that may be 
required to maintain the cushion-effect during the pro-
cedure. Therefore, a prospective study including gastric 
adenoma that has no limitation of  size in en bloc resection 
using ESD may show a difference in the usefulness rate, 
volume of  solution injected and satisfaction with the 
solution. The procedure time may show a significant dif-
ference because 0.4%SH had a prolonged cushion-effect 
and requires less additional injections compared to NS. 
There were grade 1 and grade 2 adverse events observed 
in this study. However, there was no statistically signifi-
cant difference in the two groups and clinicians judged 
that the adverse events were not related to the solution 

Kim YD et al . Sodium hyaluronate for ESD



3075 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

injected. Therefore, the use of  0.4%SH for submucosal 
injections during ESD is considered safe.

This study has a size limitation of  2 cm. Gotoda et 
al[26] reported that due to the lack of  lymph node metasta-
sis, mucosal gastric cancer less than 3 cm accompanied by 
an ulcer and submucosal gastric cancer invading the SM1 
layer less than 3 cm are also indications of  endoscopic 
therapy. This has formed the basis of  the expanded cri-
teria for endoscopic therapy in early gastric cancer. How-
ever, the current study was approved by the KFDA for 
absolute indications of  ESD for early gastric cancer. The 
size of  the gastric adenomas was also limited for evalua-
tion of  the two materials without bias.

The recent development of  endoscopic accessories 
with more skilled clinicians has led to en bloc resection of  
lesions without regard to the location and size. This has 
led to a more extended indication of  ESD and a solution 
with a long lasting cushion-effect is needed. Using NS for 
lesions that are easily approachable and small is cost-effec-
tive. However, for lesions that are large and difficult to ap-
proach, the procedure time could be prolonged with more 
frequent complications. In these cases, using 0.4%SH for 
the submucosal injection would be more cost-effective.

In conclusion, the ideal agent would have a prolonged 
cushion effect, be easily available, nontoxic, easy to inject, 
and inexpensive. SH has a long-lasting cushion effect 
compared to the widely used NS and leads to a safe and 
effective procedure. SH has no significant adverse events 
compared to NS and is safe. With the recent advances in 
the indication of  ESD in early gastric cancer, development 
of  endoscopic accessories, and more trained clinicians, the 
resection of  large lesions without concern regarding the 
location of  the lesion is possible. Therefore, with appro-
priate measures taken regarding price and storage issues, 
0.4%SH may further enhance the ease and safety of  ESD. 
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Abstract
AIM: To introduce robotic cholecystectomy (RC) using 
new port sites on the low abdominal area.

METHODS: From June 2010 to June 2011, a total 
of 178 RCs were performed at Ajou University Medi-
cal Center. We prospectively collected the set-up time 
(working time and docking time) and console time in all 
robotic procedures.

RESULTS: Eighty-three patients were male and 95 fe-
male; the age ranged from 18 to 72 years of age (mean 
54.6 ± 15.0 years). All robotic procedures were suc-
cessfully completed. The mean operation time was 52.4 
± 17.1 min. The set-up time and console time were 
11.9 ± 5.4 min (5-43 min) and 15.1 ± 8.0 min (4-50 
min), respectively. The conversion rate to laparoscopic 
or open procedures was zero. The complication rate 
was 0.6% (n  = 1, bleeding). There was no bile duct 
injury or mortality. The mean hospital stay was 1.4 ± 
1.1 d. There was a significant correlation between the 

console time and white blood cell count (r  = 0.033, P  
= 0.015). In addition, the higher the white blood cell 
count (more than 10000), the longer the console time.

CONCLUSION: Robotic cholecystectomy using new 
port sites on the low abdominal area can be safely and 
efficiently performed, with sufficient patient satisfac-
tion.

© 2013 Baishideng. All rights reserved.

Key words: Robotic cholecystectomy; Port sites; Opera-
tion time; Abdominal area; Gallbladder disease

Core tip: The robotic procedure is safe; however, it is 
not acceptable as a standard operation for gallbladder 
disease because of its lack of benefits for patients as a 
result of the high cost and prolonged operating time. In 
the previous studies, port sites of robotic cholecystec-
tomy were located on the supraumbilical area, similar 
to laparoscopic surgery. In this study, we changed the 
port placements from the upper abdominal area to the 
lower abdominal area.

Kim JH, Baek NH, Li G, Choi SH, Jeong IH, Hwang JC, Kim 
JH, Yoo BM, Kim WH. Robotic cholecystectomy with new port 
sites. World J Gastroenterol 2013; 19(20): 3077-3082  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i20/3077.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i20.3077

INTRODUCTION
Laparoscopic cholecystectomy is a standard technique 
for treatment of  gallbladder diseases[1]. However, there 
are some disadvantages to using laparoscopic tech-
niques[2], and laparoscopic surgery can have a steep 
learning curve[3]. To overcome these limitations of  lapa-
roscopic techniques, the robotic-assisted procedure de-
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veloped, the 3-dimensional view, magnification, tremor 
suppression, and flexibility of  the instruments[4,5] have al-
lowed precise operating techniques in general surgery[6-8]. 
Since the first robotic-assisted cholecystectomy was 
performed in 1997, many reports have been published, 
including comparative[8-10] and non-comparative stud-
ies[6,11-15]. All authors agreed on the safety and feasibility 
of  the robotic procedure. However, most of  them con-
cluded that this procedure is not acceptable as a standard 
operation because of  the lack of  benefits for patients 
due to the high cost and prolonged operating time. In 
this regard, the benefits of  the robotic procedure in gall-
bladder diseases have not yet been established.

Based on the above reports, port sites of  robotic 
cholecystectomy were located on the supraumbilical 
area, similar to laparoscopic surgery. As a result, we 
performed robotic cholecystectomy, changing the port 
placements from the upper abdominal area to the lower 
abdominal area. In this study, we examined robotic cho-
lecystectomy using port sites located on the low abdomi-
nal area and evaluated its surgical outcomes.

MATERIALS AND METHODS
From June 2010 to June 2011, a total of  178 robotic 
cholecystectomies were performed at Ajou University 
Medical Center. We prospectively collected the set-
up time (working time and docking time) and console 
time in all robotic procedures. The initial indications 
of  surgery included gallbladder polyp or symptomatic 
gallstones. Exclusion criteria were the presence of  acute 
cholecystitis and previous history of  extensive upper 
abdominal surgery. Informed consent was obtained for 
the robotic cholecystectomy. We retrospectively reviewed 
the medical records of  all patients and analyzed data, in-
cluding demographic information, clinical presentation, 
results of  laboratory studies, operative records, postop-
erative complications, and postoperative hospital stay. 

In this study, the operating time was defined as the 
time from skin incision to wound closure. The work-
ing time extended from the first skin incision until the 
decision to bring the da vinci into place was made. The 
docking time spanned the setup of  the robot onto the 
surgical field. The set-up time was defined as the time 
from skin incision until the start the dissection. The con-
sole time was defined as the time from the start of  dis-
section until the moment the gallbladder was completely 
freed from the liver.

The robotic-assisted operations were performed 
with the 4-arm da Vinci robot system (Intuitive Surgi-
cal, CA, United States). The operating team consisted of  
one operating surgeon and one assisting resident. The 
assisting resident replaced instruments and paced clips 
during cholecystectomy. Robotic cholecystectomy was 
performed using a three or four port technique. A total 
of  three trocars were utilized as shown in Figure 1. First, 
a 12-mm trocar was inserted through a vertical incision 

below the umbilicus using an open method. CO2 gas was 
introduced through this trocar to obtain an intraperito-
neal pressure of  12 mm Hg. All other ports were placed 
under direct visualization. The 8-mm ports were placed 
7 to 10 cm distant from the endoscope. An additional 
fourth trocar (3 or 5 mm) was placed in the right ante-
rior axillary line in the upper quadrant in cases of  severe 
inflammation of  gallbladder and thickening of  the gall-
bladder wall and used for retraction and clip/loop place-
ment.

The patient was then placed in reverse Trendelen-
burg position with the right side up. The da vinci surgi-
cal robot was then brought into position and docked. 
The maryland forceps was inserted into the right robotic 
positioner, and a cadiere grasper was placed into the left 
positioner. The dissection was performed according to 
the critical view method as described by Strasberg et al[16]. 
After clear identification of  the cystic duct and cystic ar-
tery, only the cystic duct was ligated manually with clips. 
In contrast, the cystic artery was coagulated just around 
the gallbladder and not ligated. The gallbladder was 
dissected from the fossa and placed in an endoscopic 
retrieval bag. Once fully dissected, the gallbladder was 
removed through the umbilical port in an endopouch. 
The robot was then withdrawn, and the 12-mm port site 
was closed with absorbable sutures. 

Patients were discharged 1 d after surgery if  suf-
ficiently recovered and if  pain and nausea had receded. 
All patients were seen for examination and reassessment 
at the outpatient clinics 1 wk after surgery. Laboratory 
tests were performed only if  indicated.

Statistical analysis
Statistical analysis was performed with independent t-test, 
and Spearman’s correlation. P-value < 0.05 was consid-
ered statistically significant.

RESULTS
Clinical findings
Eighty-three patients were male and 95 female; the age 
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Figure 1  Port sites of robotic cholecystectomy. A 12-mm trocar was in-
serted through a vertical incision below the umbilicus using an open method. 
The 8-mm ports were placed 7 to 10 cm distant from the endoscope.



ranged from 18 to 72 years of  age (mean 54.6 ± 15.0 
years). Table 1 shows the clinical characteristics of  pa-
tients who underwent robotic cholecystectomy. The 
associated diseases were hypertension (n = 29), diabetes 
mellitus (n = 5), hypothyroidism (n = 2), and hepatitis (n 
= 2). The previous operations were appendectomy (n = 
10), C-section (n = 10), and hysterectomy (n = 1). En-
doscopic retrograde cholangiopancreatogram was per-
formed in 18 patients. After surgery, two patients in ro-
botic cholecystectomy (RC) group were diagnosed with 
gallbladder (GB) cancer. A 53-year-old man who was di-
agnosed with a gallbladder mass underwent cholecystec-
tomy with lymph node dissection. Unfortunately, tumor 
penetrated the serosa layer of  the gallbladder (T3N0). 
We recommended re-operation; however, he refused the 
surgery in our hospital and did not follow up. The other 
patient was a 60-year-old man who had undergone sur-
gery for gallbladder polyp and was diagnosed with T1a 
gallbladder cancer. There was no recurrence for 8 mo 
after surgery. 

Surgical outcomes
All robotic procedures were successfully completed. The 
mean operation time was 52.4 ± 17.1 min. The set-up 
time and console time were 11.9 ± 5.4 min (5-43 min) 
and 15.1 ± 8.0 min (4-50 min), respectively (Table 2). 
The conversion rate to laparoscopic or open procedures 
was zero. The complication rates was 0.6% (n = 1, bleed-
ing) (Table 3). The patient who had complications was a 

34-year-old female who underwent re-operation on post-
operative day 1; previous incisions on the low abdominal 
area were employed during the surgery. We identified the 
focus of  bleeding on the gallbladder bed and coagulated 
the bleeder. She was finally discharged from the hospital 
without any symptoms. There was no bleeding associ-
ated with the cystic artery. There was no bile duct injury 
and mortality. The mean postoperative hospital stay was 
1.43 ± 1.16 d.

We analyzed the relationship between console time 
and other factors. The results showed that the only sig-
nificant correlation was between console time and white 
blood cell count (r = 0.182, P = 0.015) (Figure 2). In ad-
dition, the higher the white blood cell count (more than 
10000), the longer the console time (Table 4).

DISCUSSION
Since 2005, when the robotic system was first introduced 
in South Korea, other investigators have also reported 
experience with surgical robotics in a variety of  surgical 
procedures, including cholecystectomy, gastrectomy, and 
thyroidectomy[17-19]. However, hepato-biliary surgeons 
in South Korea stopped performing robotic-assisted 
cholecystectomy because of  the lack of  advantages for 
patients compared to its high cost[8,9,20]. In our hospital, 
we experienced the first fully robotic procedure in a pa-
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Table 1  Clinical characteristics

RC (n  = 178)

Age (yr) 40.1 ± 9.8
Gender (male/female) 83/95
Laboratory findings
White blood cell count (/m3) 7483.4 ± 2670.8
AST (IU/L)   62.9 ± 124.0
ALT (IU/L)   68.9 ± 134.4
Total bilirubin (mg/dL) 1.0 ± 0.9
Combined diseases
Diabetes mellitus   5
Hypertension 29
Ischemic heart disease   0
COPD   0

RC: Robotic cholecystectomy; AST: Aspartate aminotransferase; ALT: 
Alanine aminotransferase; COPD: Chronic obstructive pulmonary disease.

Table 2  Operation time of robotic cholecystectomy

RC (n  = 178)

Operation time (min)   52.4 ± 17.1
Set-up time (min) 11.9 ± 5.4
Working time (min)   7.6 ± 4.2
Docking time (min)   4.3 ± 2.5
Console time (min) 15.1 ± 8.0

RC: Robotic cholecystectomy. 

Table 3  Surgical outcomes of robotic cholecystectomy

RC (n  = 178)

Complications
Bleeding 1
Bile duct injury 0
Open conversion 0
Total hospital stay (d) 2.9 ± 1.8
Postoperative hospital stay (d) 1.4 ± 1.1

RC: Robotic cholecystectomy.
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Figure 2  Correlation between console time and white blood cell count. 
There was a significant correlation between console time and white blood cell 
count (r = 0.182, P = 0.015).
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in the robotic room. In the present study, the operation 
time was 81.3 ± 19.0, similar to other results[14,21,24-28]. 
Marescaux et al[24] reported that the median time for dis-
section was 25 min (range 14-109 min) and the overall 
operative time was 108 min, similar to times of  conven-
tional laparoscopy. In this study, the console time was 
15.1 ± 8.0 min, similar to another report[24]. The console 
time in cases of  inflamed gallbladder was longer than 
that of  cases of  non-inflamed gallbladder.

The conversion rates of  robotic procedures in 
other studies have been almost zero[9,13,21,22,25,27]; our data 
showed similar results. However, Miller et al[28] reported 
that conversion to conventional laparoscopic techniques 
was necessary due to malfunction of  graspers in three 
consecutive procedures. The other reasons for conver-
sion were in cases of  acute cholecystitis[24], presence of  
severe adhesions, and poor visualization[26]. In this study, 
we found that the fourth 5-mm instrument was effective 
in grasping and retracting the edematous gallbladder. 
Until now, we have experienced no conversion after the 
indications were expanded to include severe acute chole-
cystitis. There are two published reports of  8-mm port-
site hernias, so it should be recommended that any port 
greater than 5 mm in diameter should be routinely su-
tured closed[22,29]. We did not experience an 8-mm port-
site hernia, likely due to the short follow-up period after 
surgery.

To our knowledge, this study is the first large series 
of  robotic cholecystectomy in South Korea. Some ad-
vantages of  robotic cholecystectomy from this study are 
as follows. First, patient satisfaction regarding a lower 
lying wound was very high because of  the absence of  a 
scar on the upper abdominal area. Second, the subjective 
perception of  the surgeons is that the robotic system 
makes dissection easier at Callot’s triangle. Furthermore, 
the use of  the robotics allowed the surgeon to remain in 
an ergonomic position throughout the procedure. This 
could reduce the fatigue experienced during prolonged 
or difficult operations, especially in cases of  severe acute 
cholecystitis. Third, the robotic procedure is safely per-
formed in patients who underwent upper abdominal 
surgery, because an adhesiolysis can be easily performed 
throughout the lower lying port sites.

In summary, robotic cholecystectomy using the new 
port sites on the low abdominal area can be safely and 
efficiently performed, with sufficient patient satisfaction. 
However, we recommend that the more difficult cases 
(due to acute inflammation) were likely excluded from 
participation in an early period.

COMMENTS
Background
To overcome the limitations of laparoscopic techniques, the robotic-assisted 
procedure developed, the 3-dimensional view, magnification, tremor sup-
pression, and flexibility of the instruments have allowed precise operating 
techniques in general surgery. The robotic procedure is safe; however, it is not 
acceptable as a standard operation for gallbladder disease because of the lack 

tient who was diagnosed with choledochal cyst; the pa-
tient underwent resection of  the cyst and intracorporeal 
hepaticojejunostomy. After that, we decided to change 
the trocar placements when using the robotic system in 
gallbladder diseases. Before beginning robotic surgery, 
Professor Kim (Kim WH) also enrolled in the Intuitive 
Surgical da Vinci training course. 

In the present study, we used only three of  four arms 
of  the da Vinci system to reduce the instrument-related 
costs. Most importantly, port sites were also much lower 
than the umbilical line. The 12-mm camera port site was 
located almost 10 cm from the umbilicus. The other two 
8-mm port sites were located around the right and left 
anterior superior iliac spine. This line can be called the 
“Panty line” or “Bikini line”. All patients were satisfied 
with both the degree of  postoperative pain and scar-
ring. However, we experienced a problem in that the 
length of  the robotic arms were too short to dissect the 
gallbladder, especially in big or obese patients. Indeed, 
Cadière et al[21]. Previously suggested that the robotic ap-
proach requires new operative strategies and a change 
in the pattern of  trocar placement. Most surgeons will 
likely agree that, although Nio et al[9]. Reported on altered 
positioning of  trocars in robot-assisted laparoscopic 
cholecystectomy, their locations were not different from 
the laparoscopic technique. In the early period of  the 
study, we included patients who were diagnosed with 
gallbladder polyp or minimal symptomatic gallstones. 
As the number of  cases increased, we attempted ro-
botic procedures in cases of  inflamed gallbladder, such 
as acute cholecystitis, empyematous cholecystitis, and 
gangrenous cholecystitis. According to previous reports, 
some authors did not perform robotic procedures in 
acute cholecystitis[11,22,23]. In study by Ruurda et al[14], the 
rates of  acute cholecystitis were 17%, and there was one 
conversion to an open procedure, caused by the sur-
geons’ inability to expose the gallbladder sufficiently be-
cause of  severe cholecystitis. In the present study, there 
was no conversion to laparoscopic or open procedures 
after including cases of  acute cholecystitis. 

Thus far, most authors have reported that the opera-
tion time of  robotic procedures was much longer than 
cases that used laparoscopic technique. The operation 
time varied, with a range of  55-152 min[13,14,21,23-28]. The 
reason for the various results in those studies was that 
the definition of  the operation time was heterogeneous; 
the operation time was defined as the time from skin 
incision to skin closure, or it included anesthesia or time 

Table 4  Relationship between console time and inflammation 
of gallbladder

WBC (< 10000) WBC (≥ 10000) P  value
(n  = 151) (n  = 27)

Console time (min) 14.6 ± 7.5 18.3 ± 9.9 0.025

WBC: White blood cell.
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of advantages for patients compared to its high cost.
Research frontiers
Since the first robotic-assisted cholecystectomy was performed in 1997, the 
benefits of the robotic procedure in gallbladder diseases have not yet been 
established. In the previous studies, port sites of robotic cholecystectomy were 
located on the supraumbilical area, similar to laparoscopic surgery. As a result, 
we performed robotic cholecystectomy, changing the port placements.
Innovations and breakthroughs
Recent reports have highlighted the importance of changing the port place-
ments from the upper abdominal area to the lower abdominal area. This is the 
first study to report that robotic cholecystectomy with lower lying ports can be 
safely and efficiently performed.
Applications
This study may represent a new strategy for surgical intervention in the treat-
ment of patients with gallbladder diseases.
Terminology
Da vinci robot system (Intuitive Surgical, CA, United States) is composed of the 
surgeon’s viewing and control console and a movable cart with four articulated 
robot arms.
Peer review
This study is a feasibility study that demonstrates that robotically assisted cho-
lecystectomy may be performed. The technical details of port placement by the 
authors will make it helpful to the general surgeon who wishes to use the robot 
to assist with cholecystectomy.

REFERENCES
1 Brasesco OE, Rosin D, Rosenthal RJ. Laparoscopic surgery 

of the liver and biliary tract. J Laparoendosc Adv Surg Tech A 
2002; 12: 91-100 [PMID: 12019579 DOI: 10.1089/10926420252
939592]

2 Lanfranco AR, Castellanos AE, Desai JP, Meyers WC. Robot-
ic surgery: a current perspective. Ann Surg 2004; 239: 14-21 
[PMID: 14685095 DOI: 10.1097/01.sla.0000103020.19595.7d]

3 Voitk AJ, Tsao SG, Ignatius S. The tail of the learn-
ing curve for laparoscopic cholecystectomy. Am J Surg 
2001; 182 :  250-253 [PMID: 11587686 DOI: 10.1016/
S0002-9610(01)00699-7]

4 Dakin GF, Gagner M. Comparison of laparoscopic skills 
performance between standard instruments and two surgi-
cal robotic systems. Surg Endosc 2003; 17: 574-579 [PMID: 
12582769 DOI: 10.1007/s00464-002-8938-z]

5 Jourdan IC, Dutson E, Garcia A, Vleugels T, Leroy J, Mutter 
D, Marescaux J. Stereoscopic vision provides a significant 
advantage for precision robotic laparoscopy. Br J Surg 2004; 
91: 879-885 [PMID: 15227695 DOI: 10.1002/bjs.4549]

6 Giulianotti PC, Coratti A, Angelini M, Sbrana F, Cecconi S, 
Balestracci T, Caravaglios G. Robotics in general surgery: 
personal experience in a large community hospital. Arch 
Surg 2003; 138: 777-784 [PMID: 12860761 DOI: 10.1001/arch-
surg.138.7.777]

7 Talamini M, Campbell K, Stanfield C. Robotic gastrointesti-
nal surgery: early experience and system description. J Lapa-
roendosc Adv Surg Tech A 2002; 12: 225-232 [PMID: 12269487 
DOI: 10.1089/109264202760267970]

8 Kornprat P, Werkgartner G, Cerwenka H, Bacher H, El-
Shabrawi A, Rehak P, Mischinger HJ. Prospective study 
comparing standard and robotically assisted laparoscopic 
cholecystectomy. Langenbecks Arch Surg 2006; 391: 216-221 
[PMID: 16733761 DOI: 10.1007/s00423-006-0046-4]

9 Nio D, Bemelman WA, Busch OR, Vrouenraets BC, Gouma 
DJ. Robot-assisted laparoscopic cholecystectomy versus 
conventional laparoscopic cholecystectomy: a comparative 
study. Surg Endosc 2004; 18: 379-382 [PMID: 14716538 DOI: 
10.1007/s00464-003-9133-6]

10 Mühlmann G, Klaus A, Kirchmayr W, Wykypiel H, Un-
ger A, Höller E, Nehoda H, Aigner F, Weiss HG. DaVinci 

robotic-assisted laparoscopic bariatric surgery: is it justified 
in a routine setting? Obes Surg 2003; 13: 848-854 [PMID: 
14738668 DOI: 10.1381/096089203322618632]

11 Chitwood WR, Nifong LW, Chapman WH, Felger JE, Bailey 
BM, Ballint T, Mendleson KG, Kim VB, Young JA, Albre-
cht RA. Robotic surgical training in an academic institu-
tion. Ann Surg 2001; 234: 475-84; discussion 484-6 [PMID: 
11573041]

12 Hanisch E, Markus B, Gutt C, Schmandra TC, Encke A. 
[Robot-assisted laparoscopic cholecystectomy and fundo-
plication--initial experiences with the Da Vinci system]. 
Chirurg 2001; 72: 286-288 [PMID: 11317449 DOI: 10.1007/
s001040051307]

13 Perez A, Zinner MJ, Ashley SW, Brooks DC, Whang EE. 
What is the value of telerobotic technology in gastrointesti-
nal surgery? Surg Endosc 2003; 17: 811-813 [PMID: 12584599 
DOI: 10.1007/s00464-002-8561-z]

14 Ruurda JP, Broeders IA, Simmermacher RP, Borel Rinkes 
IH, Van Vroonhoven TJ. Feasibility of robot-assisted lapa-
roscopic surgery: an evaluation of 35 robot-assisted laparo-
scopic cholecystectomies. Surg Laparosc Endosc Percutan Tech 
2002; 12: 41-45 [PMID: 12008761 DOI: 10.1097/00129689-200
202000-00007]

15 Talamini MA, Chapman S, Horgan S, Melvin WS. A pro-
spective analysis of 211 robotic-assisted surgical procedures. 
Surg Endosc 2003; 17: 1521-1524 [PMID: 12915974 DOI: 
10.1007/s00464-002-8853-3]

16 Strasberg SM, Hertl M, Soper NJ. An analysis of the prob-
lem of biliary injury during laparoscopic cholecystectomy. J 
Am Coll Surg 1995; 180: 101-125 [PMID: 8000648]

17 Lee S, Ryu HR, Park JH, Kim KH, Kang SW, Jeong JJ, Nam 
KH, Chung WY, Park CS. Excellence in robotic thyroid sur-
gery: a comparative study of robot-assisted versus conven-
tional endoscopic thyroidectomy in papillary thyroid micro-
carcinoma patients. Ann Surg 2011; 253: 1060-1066 [PMID: 
21587112 DOI: 10.1097/SLA.0b013e3182138b54]

18 Woo Y, Hyung WJ, Pak KH, Inaba K, Obama K, Choi SH, 
Noh SH. Robotic gastrectomy as an oncologically sound 
alternative to laparoscopic resections for the treatment of 
early-stage gastric cancers. Arch Surg 2011; 146: 1086-1092 
[PMID: 21576595 DOI: 10.1001/archsurg.2011.114]

19 Kang CM, Chi HS, Hyeung WJ, Kim KS, Choi JS, Lee WJ, 
Kim BR. The first korean experience of telemanipulative 
robot-assisted laparoscopic cholecystectomy using the da 
vinci system. Yonsei Med J 2007; 48: 540-545 [PMID: 17594166 
DOI: 10.3349/ymj.2007.48.3.540]

20 Müller-Stich BP, Reiter MA, Wente MN, Bintintan VV, 
Köninger J, Büchler MW, Gutt CN. Robot-assisted versus 
conventional laparoscopic fundoplication: short-term out-
come of a pilot randomized controlled trial. Surg Endosc 
2007; 21: 1800-1805 [PMID: 17353978 DOI: 10.1007/s00464-
007-9268-y]

21 Cadière GB, Himpens J, Germay O, Izizaw R, Degueldre 
M, Vandromme J, Capelluto E, Bruyns J. Feasibility of ro-
botic laparoscopic surgery: 146 cases. World J Surg 2001; 25: 
1467-1477 [PMID: 11760751]

22 Jayaraman S, Davies W, Schlachta CM. Getting started 
with robotics in general surgery with cholecystectomy: the 
Canadian experience. Can J Surg 2009; 52: 374-378 [PMID: 
19865571]

23 Heemskerk J, van Dam R, van Gemert WG, Beets GL, Greve 
JW, Jacobs MJ, Bouvy ND. First results after introduction 
of the four-armed da Vinci Surgical System in fully robotic 
laparoscopic cholecystectomy. Dig Surg 2005; 22: 426-431 
[PMID: 16479111 DOI: 10.1159/000091445]

24 Marescaux J, Smith MK, Fölscher D, Jamali F, Malassagne 
B, Leroy J. Telerobotic laparoscopic cholecystectomy: initial 
clinical experience with 25 patients. Ann Surg 2001; 234: 1-7 
[PMID: 11420476 DOI: 10.1097/00000658-200107000-00001]

Kim JH et al . Robotic cholecystectomy



3082 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

25 Kim VB, Chapman WH, Albrecht RJ, Bailey BM, Young 
JA, Nifong LW, Chitwood WR. Early experience with tele-
manipulative robot-assisted laparoscopic cholecystectomy 
using da Vinci. Surg Laparosc Endosc Percutan Tech 2002; 12: 
33-40 [PMID: 12008760 DOI: 10.1097/00129689-200202000-0
0006]

26 Vidovszky TJ, Smith W, Ghosh J, Ali MR. Robotic chole-
cystectomy: learning curve, advantages, and limitations. J 
Surg Res 2006; 136: 172-178 [PMID: 17059837 DOI: 10.1016/
j.jss.2006.03.021]

27 Breitenstein S, Nocito A, Puhan M, Held U, Weber M, Cla-

vien PA. Robotic-assisted versus laparoscopic cholecystec-
tomy: outcome and cost analyses of a case-matched control 
study. Ann Surg 2008; 247: 987-993 [PMID: 18520226 DOI: 
10.1097/SLA.0b013e318172501f]

28 Miller DW, Schlinkert RT, Schlinkert DK. Robot-assisted 
laparoscopic cholecystectomy: initial Mayo Clinic Scotts-
dale experience. Mayo Clin Proc 2004; 79: 1132-1136 [PMID: 
15357034]

29 Tonouchi H, Ohmori Y, Kobayashi M, Kusunoki M. Trocar 
site hernia. Arch Surg 2004; 139: 1248-1256 [PMID: 15545574 
DOI: 10.1001/archsurg.139.11.1248]

P- Reviewers  Kumar A, Leitman IM    S- Editor  Huang XZ    
L- Editor  A    E- Editor  Zhang DN

Kim JH et al . Robotic cholecystectomy



High-intensity focused ultrasound ablation: An effective 
bridging therapy for hepatocellular carcinoma patients

Tan To Cheung, Sheung Tat Fan, See Ching Chan, Kenneth SH Chok, Ferdinand SK Chu, Caroline R Jenkins, 
Regina CL Lo, James YY Fung, Albert CY Chan, William W Sharr, Simon HY Tsang, Wing Chiu Dai, 
Ronnie TP Poon, Chung Mau Lo

Tan To Cheung, Sheung Tat Fan, See Ching Chan, Ken-
neth SH Chok, Albert CY Chan, William W Sharr, Simon HY 
Tsang, Wing Chiu Dai, Ronnie TP Poon, Chung Mau Lo, De-
partment of Surgery, the University of Hong Kong, Hong Kong, 
China
Sheung Tat Fan, See Ching Chan, James YY Fung, Ronnie 
TP Poon, Chung Mau Lo, State Key Laboratory for Liver Re-
search, the University of Hong Kong, Hong Kong, China
Ferdinand SK Chu, Department of Diagnostic Radiology, the 
University of Hong Kong, Hong Kong, China
Caroline R Jenkins, Department of Anaesthesiology, The Uni-
versity of Hong Kong, Hong Kong, China
Regina CL Lo, Department of Pathology, the University of Hong 
Kong, Hong Kong, China
James YY Fung, Department of Medicine, the University of 
Hong Kong, Hong Kong, China
Author contributions: Cheung TT designed the study, collected 
data and drafted the manuscript; Fan ST and Lo CM supervised 
the research and revised the manuscript; Chan SC and Poon RTP 
supervised the research; Chok KSH, Chu FSK, Jenkins CR, Lo 
RCL, Fung JYY, Chan ACY, Sharr WW, Tsang SHY and Dai WC 
collected the data.
Correspondence to: Sheung Tat Fan, Professor, State Key 
Laboratory for Liver Research, the University of Hong Kong, 
102 Pok Fu Lam Road, Hong Kong, China. stfan@hku.hk 
Telephone: +86-852-22554703  Fax: +86-852-29865262
Received: September 29, 2012    Revised: October 29, 2012 
Accepted: January 11, 2013
Published online: May 28, 2013

Abstract
AIM: To analyze whether high-intensity focused ultra-
sound (HIFU) ablation is an effective bridging therapy 
for patients with hepatocellular carcinoma (HCC).

METHODS: From January 2007 to December 2010, 
49 consecutive HCC patients were listed for liver trans-
plantation (UCSF criteria). The median waiting time 

for transplantation was 9.5 mo. Twenty-nine patients 
received transarterial chemoembolization (TACE) as a 
bringing therapy and 16 patients received no treatment 
before transplantation. Five patients received HIFU ab-
lation as a bridging therapy. Another five patients with 
the same tumor staging (within the UCSF criteria) who 
received HIFU ablation but not on the transplant list 
were included for comparison. Patients were compa-
rable in terms of Child-Pugh and model for end-stage 
liver disease scores, tumor size and number, and cause 
of cirrhosis.

RESULTS: The HIFU group and TACE group showed 
no difference in terms of tumor size and tumor num-
ber. One patient in the HIFU group and no patient in 
the TACE group had gross ascites. The median hos-
pital stay was 1 d (range, 1-21 d) in the TACE group 
and two days (range, 1-9 d) in the HIFU group (P  < 
0.000). No HIFU-related complication occurred. In 
the HIFU group, nine patients (90%) had complete 
response and one patient (10%) had partial response 
to the treatment. In the TACE group, only one patient 
(3%) had response to the treatment while 14 patients 
(48%) had stable disease and 14 patients (48%) had 
progressive disease (P  = 0.00). Seven patients in the 
TACE group and no patient in the HIFU group dropped 
out from the transplant waiting list (P  = 0.559).

CONCLUSION: HIFU ablation is safe and effective in 
the treatment of HCC for patients with advanced cir-
rhosis. It may reduce the drop-out rate of liver trans-
plant candidate.

© 2013 Baishideng. All rights reserved.

Key words: Ablation; Bridging therapy; Cirrhosis; He-
patocellular carcinoma; High-intensity focused ultra-
sound; Liver transplant; New technology
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INTRODUCTION
Deceased donor liver transplantation provides one of  the 
best treatments to patients with hepatocellular carcinoma 
(HCC) and cirrhosis. The numbers of  donations and 
cases performed are on a rising trend. However, the scar-
city of  liver grafts in many parts of  the world, especially 
Asia, leads to a significant dropout rate of  patients from 
liver transplant waiting lists, particularly patients with 
HCC and a low model for end-stage liver disease (MELD) 
score[1]. In order to reduce the dropout rate, different 
bridging therapies have been proposed. Among them, 
transarterial chemoembolization (TACE) and radiofre-
quency ablation (RFA) are most popular. Despite of  
treatment applied before liver transplantation, the drop-
out rate for TACE ranged from 15% to 35% in different 
studies[1,2]. RFA seems to have produced better results but 
the dropout rate also ranged from 5.8% to 14% in vari-
ous studies[3,4].

High-intensity focused ultrasound (HIFU) ablation 
is one of  the latest treatments. It provides a totally non-
invasive therapy to HCC and is viable even in patients 
with severe cirrhosis. In one of  our previous studies, it 
achieved a complete ablation rate of  82.4% for HCCs 
smaller than 3 cm in with just one treatment session. It 
is well tolerated even in patients with advanced cirrhosis 
and age[5]. The current study is the first study that inves-
tigates whether HIFU therapy can be safely performed 
in HCC patients with cirrhosis and whether it can reduce 
the dropout rate of  liver transplant candidates.

MATERIALS AND METHODS
From January 2007 to December 2010, 49 consecutive 
HCC patients were listed for deceased donor liver trans-
plantation (UCSF criteria). The diagnosis of  HCC was 
confirmed by histology, elevated level of  serum alpha-fe-
toprotein (> 400 ng/mL), or typical radiological appear-
ance of  lesion shown by contrast computed tomography 
or contrast magnetic resonance imaging. The median 
waiting time for transplantation was 9.5 mo. Patients who 
were listed for transplantation received TACE as a bridg-
ing therapy before transplantation. HIFU ablation has 
been used as a standard local ablative therapy since 2006 
for HCC patients who have poor liver function and can-
not tolerate hepatectomy[5]. This is a retrospective study 
performed with prospectively collected data. Informed 
consent to treatment and to the use of  data for research 
was obtained beforehand.

Five patients received HIFU ablation and 29 patients 
received TACE as a bringing therapy. Fifteen patients re-
ceived no treatment before transplantation. Another five 
patients with the same tumor staging (within the UCSF 
criteria) who were not on the transplant waiting list but 
received HIFU ablation were included for comparison. 
All patients were comparable in terms of  Child-Pugh and 
MELD scores, tumor size and number, and cause of  cir-
rhosis.

Contraindications to TACE included main portal vein 
thrombosis, arteriovenous shunting, Child-Pugh C cirrho-
sis, and extrahepatic metastasis. Cisplatin was used as the 
chemotherapeutic agent and was delivered with Lipiodol, 
followed by Gelfoam particle embolization. Selective can-
nulation and embolization of  the feeding arteries of  the 
tumors were performed whenever possible. During the 
procedure, 10 mL of  Lipiodol was mixed with 10 mg of  
cisplatin into a 20 mL emulsion. Depending on the tumor 
size and number, 4-60 mL of  the Lipiodol emulsion was 
injected into the catheter placed in the artery supplying 
the tumor, or into the hepatic artery proper beyond the 
gastroduodenal artery for bilobar disease. Light embo-
lization of  the feeding artery was then performed with 
pellets sized 1 mm × 2 mm mixed with 40 mg of  genta-
mycin. Gelfoam injection was stopped when the blood 
flow in the artery supplying the tumor slowed down but 
before occlusion occurred. TACE was repeated every 2 
to 3 mo. Patients were monitored every month for hepat-
ic and renal functions and alpha-fetoprotein level. TACE 
was terminated if  there was evidence of  further derange-
ment of  liver function (bilirubin > 50 μmol/L, ascites 
not controlled by diuretics, or hepatic encephalopathy), 
progression of  disease, extrahepatic metastasis, or any 
other major complication.

HIFU ablation was offered to patients with poor liver 
function or decompensated cirrhosis as documented by 
(1) presence of  gross ascites; (2) disease at Child-Pugh 
B or above; and (3) tumor located at site considered dif-
ficult for percutaneous RFA. The treatment probe can 
target lesions as deep as 10 cm beneath the skin; any le-
sion within this range can be ablated. Contraindications 
to HIFU ablation included serum bilirubin level above 
100 μmol/L and subcutaneous tissue thicker than 3.5 cm 
as adipose tissue would absorb a substantial amount of  
energy from the energy pathway.

All HIFU treatments were carried out by experienced 
hepatobiliary surgeons and radiologists. The JC HIFU 
system (Chongqing Haifu Technology, Chongqing, 
China) was used. The system comprises a real-time diag-
nostic imaging unit, a therapeutic unit, a degassed water 
circulation unit, and a computer system. The real-time 
diagnostic imaging unit provides direct visualization of  
the tumor. The therapeutic unit consists of  an ultrasound 
energy transducer which focuses the ultrasound energy 
at a 12-cm focal point. The degassed water circulation 
unit provides a medium for ultrasound transmission out-
side the body. The computer system controls these three 
units.
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Before operation, the skin of  the patient was cleaned 
by 70% alcohol followed by degassed water to remove 
all the grease from the skin. A dose of  antibiotics (1.2 g 
of  amoxicillin/clavulanic acid) was given on induction. A 
dose of  proton pump inhibitor was also given on induc-
tion. Every patient was subjected to general anesthesia 
to aid comfort as the whole procedure could last for 3 h 
and the patient had to lie still and endure long periods of  
breath-holding. In addition, general anesthesia allowed 
manipulation of  tumor location by the Valsalva maneu-
ver during the procedure. If  the tumor was at the dome 
of  the liver, artificial right pleural effusion was induced 
before treatment. If  the tumor was located at the right 
lobe of  the liver, the patient was put in a right lateral po-
sition (Figure 1A). For better ultrasound conduction, the 
patient was put in a water bath. The surgeon and the ra-
diologist controlled the operation from the control panel 
next to the treatment unit (Figure 1B). The treatment 
was performed under real-time ultrasound image guid-
ance. The lesion was localized by a 3.6-MHz diagnostic 
ultrasound probe (Philips) incorporated at the center of  
the transducer. Parallel slices of  the target tumor with 
5-mm separations were planned and then ablated slice 
by slice with focused ultrasound energy produced by the 
transducer operating at 0.8 MHz. Grey-scale changes of  
the ablated sites were observed during the ablation proce-
dure, indicating the temperature change inside the target 
lesion.

After the procedure, the patient was usually sent to 
the general ward and was closely monitored for vital 
signs, particularly body temperature. Transient hypother-
mia could occur as the patient had been immersed in a 
water bath. For patients who had received artificial pleu-
ral effusion, radiograph of  the chest was taken to check 
for pneumothorax.

Tumor response was categorized according to the 
RECIST criteria: (1) complete response was denoted by 
disappearance of  all target lesions; (2) partial response 
was denoted by at least a 30% decrease in the sum of  the 
largest diameters of  the target lesions; (3) progressive dis-
ease was denoted by at least a 20% increase in the sum of  
the largest diameters of  the target lesions or appearance 
of  one or more new lesions; and (4) stable disease was 
denoted by the absence of  sufficient shrinkage of  tumor 
qualified as partial response and the absence of  sufficient 
increase of  tumor qualified as progressive disease[6]. Con-
trast computed tomography or contrast magnetic reso-
nance imaging was performed one month after the HIFU 
treatment and then every three month to evaluate tumor 
response before transplantation.

Statistical analysis
The baseline characteristics of  patients were expressed as 
medians with range. The Mann-Whitney U test was used 
to compare continuous variables and a χ 2 test was used to 
compare discrete variables. Statistical significance was de-
noted by P < 0.05. All statistical calculations were made 
with the SPSS/PC + computer software (SPSS, Chicago, 
IL, United States).

RESULTS
The TACE group and the HIFU group had no differ-
ence in age, hepatitis B virus infection, or hepatitis C 
virus infection. The two groups of  patients had similar 
liver function in terms of  serum levels of  albumin, as-
partate aminotransferase and alanine aminotransferase, 
prothrombin time, indocyanine green retention rate, and 
international normalized ratio. One patient in the HIFU 
group had gross ascites before treatment. No patient 
in the TACE group had gross ascites. The two groups 
showed no difference in terms of  tumor size and tumor 
number (Table 1). Table 2 shows the Child-Pugh and 
MELD scores of  the patients. The median number of  
sessions of  TACE was 3 (range, 1-7).

The median hospital stay was 1 d (range, 1-21 d) in 
the TACE group and two days (range, 1-9 d) in the HIFU 
group (P < 0.000). Seven patients in the TACE group 
dropped out from liver transplant waiting list. One of  
them developed extrahepatic metastasis and six of  them 
had local progression of  disease rendering them unquali-
fied for transplantation. No patient in the HIFU group 
dropped out during the study period (P = 0.559).

According to the RECIST criteria, nine patients (90%) 
had complete response and one patient (10%) had partial 
response in the HIFU group. In the TACE group, only 
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Figure 1  Locations of patient and control panel to the treatment console. 
A: The patient was placed in a right lateral position on the treatment console; B: 
The control panel is located next to the treatment console.
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tion. The general lack of  suitable deceased donors makes 
successful liver transplantation for HCC difficult[11,12]. In 
order to maximize the benefit of  utilizing this scarce re-
source, different liver graft allocation systems are adopted 
worldwide. The principle of  allocation is to prioritize the 
sickest and yet maintain the highest survival rate possible. 
As a corollary, patients with very high MELD scores have 
priority. In most countries, patients with unresectable 
HCC and yet lower MELD scores have a low priority.

The results of  liver transplantations in the early pe-
riod of  development were not satisfactory, with a 5-year 
survival rate below 40%. This urged recognition of  poor 
prognostic factors in liver transplantation in patients with 
HCC[13]. Mazzaferro et al[14,15] showed that a subgroup 
of  patients with radiological evidence of  a single tumor 
smaller than 5 cm in diameter or two to three tumors 
each smaller than 3 cm in diameter had better survival 
outcome. The Milan criteria were established in 1996 and 
have led to the improvement of  the 5-year survival rate 
to 83%. At many transplant centers, patients with tumor 
status beyond the Milan criteria are not accepted for 
transplantation and those on transplant waiting lists are 
delisted if  their tumors enlarge to beyond the criteria, en-
suring that liver grafts are allocated to patients predicted 
to have longer survival[16].

In order to make sure patients receive appropriate 
treatment before transplantation so as to remain listed, 
different bridging therapies have been tried. This is par-
ticularly important for patients whose treatment options 
are limited by poor liver reserve and portal hypertension. 
TACE and RFA are the most popular bridging therapies.

TACE is a standard bridging therapy at some centers, 
achieving a rate of  down-staging of  tumors of  around 
40%. However, about 20% of  patients develop tumor 
progression after TACE, rendering them delisted[1,2,17,18]. 
RFA is an effective thermal ablative treatment modal-
ity and is widely practiced to treat small HCCs. RFA is 

one patient (3%) had response to the treatment while 14 
patients (48%) had stable disease and 14 patients (48%) 
had progressive disease (P = 0.00).

Three out of  the five patients in the HIFU group 
subsequently received transplantation. The median wait-
ing time was nine months (range, 3-36 mo). Histopatho-
logical examination showed coagulation necrosis with 
no active tumor cells in two of  the excised livers. One 
patient had 90% necrosis of  the HCC. None of  the 
patients who had received HIFU ablation as a bridging 
therapy developed complication due to intolerance of  the 
procedure. The other two patients who were still waiting 
for transplantation had stable disease during the study 
period.

DISCUSSION
The incidence of  HCC is increasing throughout the 
world. The annual incidence of  HCC in hepatitis B car-
riers is around 0.5%. The incidence in patients with liver 
cirrhosis is even higher at around 2.5% annually[7,8]. Hepa-
titis-B-related cirrhosis is common in Asia, where HCC is 
endemic. Other risk factors for the development of  HCC 
include hepatitis C infection, alcoholic cirrhosis, genetic 
hemochromatosis, and primary biliary cirrhosis. These 
patients should be offered regular surveillance in order 
to identify small tumors that may be potentially treatable. 
However, most patients with small HCCs have no symp-
toms. Resection is the main hope of  cure for HCC but is 
only possible in 25% of  the patients because the disease 
is usually so advanced at presentation and is frequently 
associated with cirrhosis[9,10]. For patients with unresect-
able HCC, liver transplantation appears to be the only 
viable option. The chance of  receiving a liver graft varies 
worldwide. Liver donation rate is highest in Spain where 
there are 33.7 donations per one million of  the popula-
tion. In contrast, the donation rates in Asia range from 
only 0.05 to 4.3 donations per one million of  the popula-

HIFU 
(n  = 10)

TACE 
(n  = 29)

P  value

  Age (yr)    59.5 (49-76)  57 (43-65) 0.107
  Sex (male/female)      7/3     24/5 0.399
  Child-Pugh A disease         3 (30)     17 (58.6) 0.267
  Child-Pugh B disease         6 (60)     12 (41.4)
  Child-Pugh C disease         1 (10)       0
  Carrier of hepatitis B virus         5 (50)     28 (96.5) 0.002
  Carrier of hepatitis C virus         4 (40)       1 (3.4) 0.011
  Serum bilirubin (μmol/L)    14.5 (6-36)     25 (4-49) 0.074
  Serum albumin (g/dL)       32 (27-38)     34 (20-43) 0.606
  Platelet count (109/L)       67 (28-166)     59 (23-144) 0.688
  Aspartate transaminase (U/L)       52 (29-141)     47 (15-104) 0.440
  Alanine transaminase (U/L)       44 (26-109)     36 (9-132) 0.376
  Alpha-fetoprotein (ng/mL)         8 (2-160)     24 (1-1151) 0.101
  International normalized ratio  1.25 (0.9-1.5)    1.3 (1.0-1.5) 0.960
  Largest tumor size (cm)      2.6 (1.2-4.0)    2.0 (0.8-4.3) 0.252
  Tumor number         1 (1-2)       1 (1-3) 0.172

Table 1  Patient demographics

Data are expressed as absolute n (%) or median (range). HIFU: High-intensity 
focused ultrasound; TACE: Transarterial chemoembolization.

HIFU (n  = 10) TACE (n  = 29)
  MELD score (P = 0.687)
     14 0 2
     13 1 4
     12 1 4
     11 4 7
     10 1 3
     9 1 3
     8 0 1
     7 1 4
     6 1 1
  Child-Pugh score (P = 0.096)
     5 0              10
     6 3 7
     7 5 4
     8 1 5
     9 0 2
     10 1 1

Table 2  Patients' model for end-stage liver disease and Child-
Pugh scores

MELD: Model for end-stage liver disease; HIFU: High-intensity fo-
cused ultrasound; TACE: Transarterial chemoembolization.
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also used as a bridging therapy. Successful tumor down-
staging is observed in 70%-85% of  patients. However, 
the dropout rate after RFA is around 14%[3,19-21]. TACE 
and RFA seem to be effective bridging therapies, but only 
for selected patients. They are not safe for patients with 
liver decompensation such as gross ascites and thrombo-
cytopenia.

The concept of  using ultrasound energy as a penetrat-
ing force to destroy something remote originated in last 
century and was summarized by Kremkau[22]. In the 1950’
s, researchers bought the phenomenon of  piezoelectric-
ity to the clinical setting, treating Parkinson’s disease and 
other neurological conditions with focused ultrasound 
energy[23-26].

Nowadays clinical HIFU ablation for liver tumors 
utilizes a unique frequency of  ultrasound wave, 0.8-3.5 
MHz, which can be focused at a distance from the thera-
peutic transducer. The accumulated energy at the focused 
region induces necrosis of  the target lesion by elevating 
the tissue temperature to above 60 ℃[27,28]. Temperature 
outside the focus point remains static as particle oscilla-
tion remains minimal. This is an advantage of  HIFU over 
RFA in which inadvertent collateral damage is unavoid-
able. Patients with derangement of  liver function and 
thrombocytopenia usually show intolerance of  RFA[29]. 
A bridging therapy must not cause further liver decom-
pensation. The slow process of  heating by HIFU energy 
propagation followed by resting leads to little tissue de-
struction beyond the focused point.

The presence of  gross ascites facilitates HIFU treat-
ment. As ultrasound energy travels much better in water 
than in air, ascites encourages energy propagation to the 
target lesion. In addition, the presence of  ascites acts as 
a cushion of  coolant inside the peritoneal cavity and pre-
vents the muscle wall and skin absorbing too much en-
ergy from the beam pathway where subcutaneous tissue 
burn could happen.

HIFU ablation is a totally extracorporeal non-invasive 
treatment modality using focused ultrasound energy that 
is capable of  causing coagulative necrosis of  the target le-
sion via intact skin without the need of  surgical incision.

The unique needleless design of  the HIFU system 
makes HIFU ablation superior to RFA, as percutaneous 
needle penetration may induce hemorrhage from a hyper-
vascular tumor in a patient with coagulopathy and a low 
platelet count. Furthermore, without needle puncture, 
there is no risk of  direct tumor seeding to the surround-
ing major vessels[30]. For tumors located at the dome of  
the liver, open RFA would be required if  HIFU ablation 
is not used.

Figure 2 demonstrates the effect of  HIFU ablation 
on the HCC in one of  the excised liver in the series in 
the present study. Coagulative necrosis of  the tumor 
was observed microscopically on almost the whole cut 
surface. Although histological examination showed the 
presence of  viable tumor cells at a few focuses, there was 
no gross tumor progression. HIFU ablation was a suc-
cessful bridging therapy in this case in which TACE and 
RFA were not considered acceptable treatment due to the 
poor liver reserve.

Repeated sessions of  HIFU or adjuvant TACE should 
be performed to enhance the effect of  tumor necrosis 
when liver function allows and the waiting time is pro-
longed.

Wu et al[31] reported the results of  HIFU treatment for 
68 patients with liver tumors. Thirty patients subsequent-
ly received liver resection. In histological examination, all 
the lesions showed complete coagulation necrosis.

We recently published the results of  HIFU treatment 
for 49 patients with HCC. The complete ablation rate 
was comparable to that of  RFA, ranging from 79.5% 
to 82.4%. The complication rate was around 8.2%. The 
complications were mainly mild skin edema and injury 
due to energy accumulation at the ultrasound beam path-
way. The treatment was well tolerated in most of  the pa-
tients. The median hospital stay was 4 d[5].

In conclusion, to the best of  our knowledge, we are 
the first liver transplant center investigating HIFU abla-
tion as a bridging therapy before liver transplantation. In 
this study, HIFU ablation was shown to be an effective 
thermal ablation method. The treatment stopped gross 
tumor progression in a patient with severe cirrhosis when 
TACE and RFA were contraindicated. HIFU treatment 
can potentially reduce the dropout rate of  patients from 
the transplant waiting list. In a broader sense, HIFU may 
prolong the survival of  selected patients with decompen-
sated cirrhosis for which liver transplantation is not an 
option.
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Figure 2  The tumor nodule shows coagulative necrosis. The necrotic 
tumor tissue shows a barely preserved architectural pattern and loss of cellular 
details. Hematoxylin and eosin stain, × 200.
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transplant candidates who have decompensated cirrhosis.
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This is the first original study on the effect of HIFU ablation as a bridging 
therapy for liver transplantation. Unlike radiofrequency ablation, HIFU ablation 
does not require any needle puncture and so eliminates the risk of disease dis-
semination. It can even be performed in patients with gross ascites without the 
risk of precipitating liver decompensation. In the study, the ablation caused no 
adhesion. The absence of adhesion renders the subsequent liver transplanta-
tion easier.
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With its advantages, safety and efficacy as demonstrated in this study, HIFU 
ablation should be considered as a treatment option for HCC. This study 
already proved that it is a safe and effective bridging therapy before liver trans-
plantation for HCC.
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HIFU ablation utilizes a unique frequency of ultrasound wave of 0.8 to 3.5 MHz, 
causing a cavitation effect in the target lesion.
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Abstract
AIM: To develop a real-time polymerase chain reaction 
(PCR) method to detect and quantify Campylobacter 
jejuni  (C. jejuni ) from stool specimens.

METHODS: Primers and a probe for real-time PCR 
were designed based on the specific DNA sequence of 
the hipO gene in C. jejuni . The specificity of the prim-
ers and probe were tested against a set of Campylo-
bacter spp.  and other enteric pathogens. The optimal 
PCR conditions were determined by testing a series 
of conditions with standard a C. jejuni  template. The 
detection limits were obtained using purified DNA from 
bacterial culture and extracted DNA from the stool 
specimen. Two hundred and forty-two specimens were 
analyzed for the presence of C. jejuni  by direct bacte-
rial culture and real-time PCR.

RESULTS: The optimal PCR system was determined 
using reference DNA templates, 1 × uracil-DNA glyco-
sylase, 3.5 mmol/L MgCl2, 1.25 U platinum Taq  poly-
merase, 0.4 mmol/L PCR nucleotide mix, 0.48 μmol/L 
of each primer, 0.2 μmol/L of probe and 2 μL of DNA 
template in a final volume of 25 μL. The PCR reaction 
was carried as follows: 95 ℃ for 4 min, followed by 
45 cycles of 10 s at 95 ℃ and 30 s at 59 ℃. The de-
tection limit was 4.3 CFU/mL using purified DNA from 
bacterial culture and 103 CFU/g using DNA from stool 
specimens. Twenty (8.3%, 20/242) C. jejuni strains 
were isolated from bacterial culture, while 41 (16.9%, 
41/242) samples were found to be positive by real-
time PCR. DNA sequencing of the PCR product indi-
cated the presence of C. jejuni  in the specimen. One 
mixed infection of C. jejuni  and Salmonella  was detect-
ed in one specimen and the PCR test for this specimen 
was positive.

CONCLUSION: The sensitivity of detection of C. jejuni 
from stool specimens was much higher using this PCR 
assay than using the direct culture method. 

© 2013 Baishideng. All rights reserved.

Key words: Campylobacter jejuni ; Real time polymerase 
chain reaction; Application

Core tip: In the present study, we developed an effec-
tive real-time polymerase chain reaction method based 
on the specific DNA sequence of the hipO gene in 
Campylobacter jejuni  (C. jejuni ). The detection limit of 
this assay is 4.3 CFU/mL. A study of 242 clinical stool 
specimens from diarrheal patients indicated that this 
method is more sensitive than direct bacterial culture 
for the identification of C. jejuni  from stool specimens. 
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INTRODUCTION
Campylobacter spp., Salmonella spp., Yersinia spp., Shigella spp., 
and Escherichia coli (E. coli) O157 are the leading causes of  
human bacterial gastroenteritis worldwide[1]. Campylobacter 
jejuni (C. jejuni) is the main species of  Campylobacter that 
affects humans[2,3]. Campylobacter infections have been in-
vestigated and followed with considerable interest since 
the early 1980s in China, and there have been numerous 
reports on C. jejuni infection in patients with diarrhea. 
However, reports and the frequency of  isolation of  C. 
jejuni from diarrheal patients have decreased since the late 
1990s. Improvement in sanitary conditions may explain 
this decline in numbers; however, the difficulty in detect-
ing this fastidious pathogen might be another contributor 
to the decreased number of  reports and frequency of  
isolation. Our recent pilot study revealed that the ratio 
of  isolation of  this pathogen from stool specimens of  
diarrheal patients was considerably different among sur-
veillance spots in different laboratories (2%-15%, unpub-
lished). Sensitive and accurate detection of  this pathogen 
is important, both for the treatment of  patients and for 
prompt epidemiological investigation.

With the development of  genomic DNA sequencing, 
online databases, and bioinformatic analyses, nucleic acid-
based methods, particularly polymerase chain reaction 
(PCR) methods, have become promising tools for the 
rapid, reliable, and sensitive detection and diagnosis of  
pathogenic infection[4-8]. In this study, we developed a real-
time PCR assay to detect C. jejuni. We then combined this 
PCR assay with DNA sequence analysis and compared 
this method with the direct culture method to detect C. 
jejuni in stool specimens obtained from patients with diar-
rhea. The results obtained in this study provide a proof  
of  concept for PCR-based detection of  C. jejuni infection 
in patients with diarrhea, may lead to the development of  
a pre-screening approach for isolating C. jejuni.

MATERIALS AND METHODS
Sample collection and culture-based detection 
Two hundred and forty-two stool specimens were collect-
ed from diarrheal patients (with ages ranging from 6 to 
72 years) in the outpatient facilities of  11 hospitals. The 
specimens were transferred to a laboratory within 4 h for 
bacterial culture. The remainder of  the samples was fro-
zen at -80 ℃ for DNA extraction. A sterile cotton swab 
was twisted in each stool sample and streaked directly on 
selective Skirrow agar plates consisting of  Columbia agar 
base (CM331, Oxoid, Basingstoke, United Kingdom), se-
lective supplement (SR0069, Oxoid), and 5% defibrinated 
sheep blood. The plates were incubated in a microaerobic 
atmosphere (5% O2, 10% CO2 and 85% N2) at 42 ℃ for 

48 h. Suspected colonies were picked and identified by 
gram staining, oxidase and catalase tests, and hippurate 
hydrolysis analysis, according to our previous report[9]. 
All specimens were also examined for the presence of  
Shigella spp., Salmonella spp., Yersinia spp. and E. coli O157 by 
culture on xylose lysine deoxycholate agar, deoxycholate 
hydrogen sulfide lactose agar, cefsulodin-irgasan-novo-
biocin agar, and sorbitol MacConkey agar, respectively. 
Suspected colonies were identified biochemically using 
API 20E strips, and the cultures were confirmed up to 
the species level by further serotype or PCR analysis, as 
previously described[10,11].

DNA preparation from bacterial culture
Reference genomic DNA was extracted from the Campy-
lobacter isolates cultured in this study by using a QIAamp 
DNA mini kit (Qiagen, Düsseldorf, Germany). DNA 
templates from other reference pathogens were gifts from 
Drs. Huaiqi Jing and Biao Kan. The reference DNA tem-
plates are shown in Table 1. 

Primers and probe design
Specific DNA fragments of  the hipO gene were com-
pared using BLASTn and Vector NTI suite 6.0 software. 
The primers and probe sets were designed and synthe-
sized by Shanghai Huirui Biotechnology Co., Ltd. The 
sequences of  the primers and probe used in this study 
were: hipO-F, 5’-CGGATAGTTATAGTATTGAAGT-
TATTGG-3’, hipO-R, 5’-GAAGCAGCATAAATAG-
GATCTTTTG-3’, and hipO-P, 5’-FAM-TTCTGGAG-
CACTTCCATGACCACC-BHQ1-3’. 

Optimization for real-time PCR 
The optimal PCR conditions were determined by testing 
a series of  conditions with standard C. jejuni template. 
The standard PCR curve was constructed using genomic 
DNA from C. jejuni strain NCTC11168. The detection 
limits of  this assay from pure culture and stool speci-
mens were determined using 10-fold dilutions of  quanti-
fied reference C. jejuni genomic DNA templates (1 × 100 
to 1 × 106 CFU/mL) and the same amount of  bacteria 
inoculated into stool specimens that were previously 
confirmed to contain no Campylobacter. The specificity of  
this assay was verified using genomic DNA from other 
enteric pathogens. The C. jejuni-inoculated samples were 
also cultured to compare the detection limits. 

Evaluation of repeatability 
To evaluate the reproducibility of  the assay, five serial 
dilutions with three replicates per concentration were per-
formed for two separate C. jejuni genomic DNA templates 
(NCTC11168 and ATCC33560). The serial dilutions were 
also performed on three different C. jejuni strains (81116, 
ATCC49349 and ICDCCJ07001) simultaneously. The 
curves were constructed on the basis of  the log pg/mL 
of  the genomic DNA and threshold cycle (Ct). Reproduc-
ibility was assessed using the SD of  the Ct value and the 
SD of  the slope of  each dilution curve, respectively. 
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PCR detection of C. jejuni from stool specimens and 
DNA sequencing of PCR products
After direct culture, the stool specimens were stored at 
-80 ℃ until DNA extraction using a QIAamp DNA stool 
mini kit (Qiagen), which was performed in accordance 
with the manufacturer’s instructions. Conventional PCR 
with the universal primers targeting conserved bacterial 
16s rRNA gene sequences was carried out to evaluate 
the validity of  the template used in this study. Real-time 
PCR was performed in a 25-μL volume with 2 μL of  
purified DNA obtained directly from stool specimens. 
All the samples with Ct < 35 were considered positive. 
Each of  the positive PCR products, except for the ones 
from the culture-positive specimens, was confirmed with 
conventional PCR using the same primers, and the PCR 
products were purified and sequenced. Online sequence 
BLAST was performed using the NCBI BLASTN suite 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=bl
astn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE
=BlastSearch&SHOW_DEFAULTS=on&LINK_LOC=
blasthome).

RESULTS
Bacterial culture
Twenty C. jejuni (8.3%, 20/242) isolates, 34 (14%, 34/242) 
Salmonella isolates, and one (0.4%, 1/242) Shigella isolate 
were obtained by direct plating of  the 242 stool speci-
mens. Salmonella was the most frequently isolated patho-
genic genus from the stool specimens and C. jejuni was 
the second most frequently isolated. No Yersinia or E. coli 
O157 isolates were found. In another laboratory, serotyp-
ing methods were used to further identify Salmonella and 
Shigella colonies. 

Optimized PCR assay 
The optimal PCR system was determined using reference 
DNA templates, 1 × uracil-DNA glycosylase, 3.5 mmol/
L MgCl2, 1.25 U platinum Taq polymerase, 0.4 mmol/L 
PCR nucleotide mix, 0.48 μmol/L of  each primer, 0.2 
μmol/L of  probe, and 2 μL of  DNA template in a final 
volume of  25 μL run with the following parameters: 
95 ℃ for 4 min, followed by 45 cycles of  10 s at 95 ℃ 
and 30 s at 59 ℃. Fluorescence signals were measured at 
the end of  the annealing step of  every cycle. PCR prod-
ucts were verified using DNA electrophoresis through 2% 
agarose gels. The size of  the PCR product was consistent 
with the expected size (85 bp) in each case. The specific-
ity of  the primers and probe were tested against Cam-
pylobacter spp. and other enteric pathogens. Only C. jejuni 
showed positive reactions. All the other templates gave 
negative results, including other Campylobacter spp. 

Detection limit and stability of the PCR assay
Serial dilutions from 100 to 106 CFU/ml of  the target 
template were subjected to the real-time PCR assay (Fig-
ure 1A). The standard curve based on the dilutions of  
genomic DNA showed a linear relationship between Log 

CFU/mL and threshold cycles (Ct; Figure 1B). Copy 
numbers could be obtained by the following equation us-
ing the standard curve: Y(Ct) = -3.993X (log CFU/mL) 
+ 37.51 (R2 = 0.998). When Ct = 35, the detection limit 
of  the PCR assay for pure culture was approximately 4.3 
CFU/mL. However, when Ct = 35, the detection limit 
for C. jejuni in the stool specimens was 103 CFU/g, and 
we could not obtain a linear relationship between log 
CFU/g and Ct using serial bacterial inoculation in differ-
ent stool specimens. The curves constructed from the se-
rial dilution replicates of  the individual C. jejuni templates 
and those generated from the three different C. jejuni 
templates are shown in Figure 2. The variation of  the Ct 
value and the slopes of  the curves indicated that this as-
say could be stably reproduced.

PCR detection from stool specimens
The detection limit from both bacterial culture and real-
time PCR (with Ct < 35) for the inoculated stool samples 
was 103 CFU/g; therefore, a Ct value of  ≤ 35 was con-
sidered positive for the real-time PCR assay in this study. 
Forty-one (16.9%, 41/242) samples were found to be 
positive by the real-time PCR method. All culture-positive 
specimens showed positive PCR results (Ct < 34). DNA 
sequencing of  the positive PCR products for the culture-
negative samples indicated the presence of  C. jejuni. The 
samples containing Salmonella and Shigella isolates tested 
negative by real-time PCR (Ct > 40), except for one sam-
ple that contained both C. jejuni and Salmonella (Ct = 27). 

DISCUSSION
C. jejuni is one of  the major causes of  food borne disease 
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  Bacteria Strain name

  Campylobacter jejuni NCTC11168
  Campylobacter jejuni 81116
  Campylobacter jejuni ATCC33560
  Campylobacter jejuni sub doylei ATCC49349
  Campylobacter jejuni ICDCCJ07001
  Campylobacter coli ATCC33559
  Campylobacter coli WHO-10.2
  Campylobacter fetus ATCC27374
  Campylobacter lari ATCC35221
  Escherichia coli O157:H7 Isolate-1
  Enterotoxic Escherichia coli ETEC10407
  Enteroaggregative Escherichia coli EAECO42
  Enteroinvasive Escherichia Coli EIEC44825
  Enteropathogenic Escherichia coli Isolate-2
  Salmonella Serovar typhi CT18
  Typhoid-paratyphoid A Isolate-3
  Salmonella typhimurium Isolate-4
  Cholera O1 Isolate-5
  Shigella Isolate-6
  Salmonella enteritidis Isolate-7
  Yersinia enterocolitica O3 52203
  Vibrio parahemolyticus Isolate-8
  Enterococcus Isolate-9
  Listeria monocytogenes Isolate-10

Table 1  Reference DNA templates used in this study
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verified with 27 reference enteric pathogens (Table 1). 
The detection limit of  this PCR assay is less effective for 
stool samples than for pure culture. Loss of  template 
during DNA extraction or inhibitors present in the stool 
specimens could reduce the efficiency[19]. Two hundred 
and forty-two stool specimens from patients with diar-
rhea were tested by the direct culture and by the PCR 
assay. All the culture-positive samples gave positive PCR 
results and samples containing other pathogens tested 
negative by PCR (Ct > 40). The DNA sequence of  the 

worldwide[12]. It is an important pathogen of  acute bac-
terial diarrhea in humans and has been associated with 
the development of  Guillain-Barré syndrome, a post-
infectious polyneuropathy[13,14]. Routine detection of  Cam-
pylobacter species in the clinical setting is currently based 
on culture-based detection and subsequent phenotypic 
identification. Its detection is difficult because of  its spe-
cial growth requirements, low infectious doses, and po-
tential for entering a viable, but not cultivable, state[15,16]. 
The traditional “gold standard” diagnostic methods 
for Campylobacter infection include bacterial culture and 
culture-based biochemical tests. These methods are 
both time-consuming and laborious. In addition to the 
fastidious culture requirements, the discrimination and 
differentiation of  Campylobacter spp. are complicated and 
error prone. For example, distinguishing C. jejuni from C. 
coli is usually done on the basis of  the biochemistry test 
for hippurate hydrolysis. Only C. jejuni gives a positive 
reaction, but previous studies have found that 10% of  C. 
jejuni isolates failed to hydrolyze hippurate under labora-
tory conditions[17,18]. The accurate identification of  Cam-
pylobacter up to species level is an essential prerequisite for 
many epidemiological studies. 

In the present study, we developed a real-time PCR 
assay based on the specific DNA fragment of  the hipO 
gene from C. jejuni, which could identify C. jejuni directly 
and differentiate it from other pathogens, especially from 
other Campylobacter spp., in stool specimens from diar-
rheal patients. The specificity of  the PCR system was 

Figure 1  Real time polymerase chain reaction standard curve and the lin-
ear relationship between Campylobacter jejuni quantity and polymerase 
chain reaction cycle threshold. A: The standard curve was constructed using 
genomic DNA from Campylobacter jejuni isolates. Serial dilutions ranging from 
100 to 106 CFU/mL of target template were subjected to real time polymerase 
chain reaction assay; B: The linear relationship between Log CFU/mL and 
threshold cycles. RFU: Relative fluorescence units.

Figure 2  Stability tests. A: Curves constructed based dilutions of the genomic 
DNA of Campylobacter jejuni (C. jejuni) NCTC11168; B: Curves constructed 
based on the dilution of the genomic DNA of C. jejuni ATCC33560; C: Curves 
generated from the serial dilution of the genomic DNA of C. jejuni 81116, 
ATCC49349 and ICDCCJ07001. Ct: Threshold cycle.
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positive PCR products indicated the presence of  C. jejuni 
in the specimens. The sensitivity of  this PCR assay (100%, 
41/41) was much higher than that of  direct bacterial 
culture (49%, 20/41). The result from the mixed infec-
tion sample indicated that this PCR assay is considerably 
accurate. The results presented in this study contrast with 
those reported by certain previous studies, in which PCR 
results were found to have the same or less sensitivity 
compared with the direct culture method for the detec-
tion of  C. jejuni from stool specimens[20,21]. However, Ma-
her et al[22] used a DNA probe-based PCR assay and were 
able to identify 94% (17/18) and 32% (35/109) of  Cam-
pylobacter infections from culture-positive and culture-neg-
ative stool specimens, respectively. Furthermore, Bessède 
et al[23] proved the weakness of  the culture methods 
compared with PCR and immunoenzymatic methods of  
detection of  Campylobacter. Notably, many aspects of  the 
culture-based method, such as the choice of  the selective 
media used for culture, need to be improved[24]. Although 
the sensitivity of  the PCR system was high in this study, 
false-negative PCR results may still occur because of  the 
presence of  inherent inhibitors or because of  very low 
numbers of  organisms.

Interestingly, when C. jejuni were inoculated into stool 
specimens, the detection limit by the PCR assay was 103 

CFU/g. The PCR detection limit from stool samples 
was similar to that reported in a previous study, but the 
detection limit of  the direct culture methods mostly 
depended on the culture methods used, particularly the 
choice of  plating medium, which may influence the ef-
ficiency of  C. jejuni isolation during direct plating of  fecal 
samples[25,26]. Instant plating of  the inoculated samples in 
this study might increase the laboratory isolation capac-
ity. Meanwhile, the non-uniformity of  the clinical stool 
specimens in terms of  physical matter, target organ-
isms, the associated fecal flora and transportation status 
would result in variability of  the culture results. In this 
study, although we used selective medium under specific 
microaerobic atmosphere conditions, some samples 
were contaminated with Proteus bacilli, and the suspected 
colonies could not be picked because of  the rapid spread 
of  the contaminants. Proteus bacilli may be one of  the 
agents that reduced culture sensitivity, and the use of  cot-
ton swabs rather than inoculating loops for streaking on 
plates might have increased this contamination. In this 
study, we used QIAamp DNA stool mini kits to extract 
the DNA; the QIAamp kit has the highest sensitivity and 
requires the least manipulation of  template DNA prior 
to PCR. More research is required to develop an in-house 
procedure for DNA extraction from different specimens 
and for optimizing the extraction process to increase the 
desired yield. 

In conclusion, the real-time PCR assay developed in 
this study is sufficiently sensitive and accurate for C. jejuni 
detection from stool specimens. Although the PCR results 
do not permit its use as the standard method of  diagnos-
ing C. jejuni infection in the clinical setting, this newly 
developed method will benefit large-scale epidemiology 

investigations and pre-screening for bacterial isolation.
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Abstract
AIM: To explore risk factors for lymph node metastases 
in early gastric cancer (EGC) and to confirm the appro-
priate range of lymph node dissection.

METHODS: A total of 202 patients with EGC who un-
derwent curative gastrectomy with lymphadenectomy 
in the Department of Surgery, Xinhua Hospital and 
Ruijin Hospital of Shanghai Jiaotong University Medical 
School between November 2003 and July 2009, were 
retrospectively reviewed. Both the surgical procedure 
and the extent of lymph node dissection were based 
on the recommendations of the Japanese gastric can-
cer treatment guidelines. The macroscopic type was 

classified as elevated (type Ⅰ or Ⅱa), flat (Ⅱb), or de-
pressed (Ⅱc or Ⅲ). Histopathologically, papillary and 
tubular adenocarcinomas were grouped together as dif-
ferentiated adenocarcinomas, and poorly differentiated 
and signet-ring cell adenocarcinomas were regarded 
as undifferentiated adenocarcinomas. Univariate and 
multivariate analyses of lymph node metastases and 
patient and tumor characteristics were undertaken.

RESULTS: The lymph node metastases rate in pa-
tients with EGC was 14.4%. Among these, the rate for 
mucosal cancer was 5.4%, and 8.9% for submucosal 
cancer. Univariate analysis showed an obvious correla-
tion between lymph node metastases and tumor loca-
tion, depth of invasion, morphological classification and 
venous invasion (χ 2 = 122.901, P  = 0.001; χ 2 = 7.14, 
P  = 0.008; χ 2 = 79.523, P  = 0.001; χ 2 = 8.687, P  = 
0.003, respectively). In patients with submucosal can-
cers, the lymph node metastases rate in patients with 
venous invasion (60%, 3/5) was higher than in those 
without invasion (20%, 15/75) (χ 2 = 4.301, P  = 0.038). 
Multivariate logistic regression analysis revealed that 
the depth of invasion was the only independent risk 
factor for lymph node metastases in EGC [P  = 0.018, 
Exp (B) = 2.744]. Among the patients with lymph node 
metastases, 29 cases (14.4%) were at N1, seven cases 
were at N2 (3.5%), and two cases were at N3 (1.0%). 
Univariate analysis of variance revealed a close rela-
tionship between the depth of invasion and lymph node 
metastases at pN1 (P  = 0.008). 

CONCLUSION: The depth of invasion was the only 
independent risk factor for lymph node metastases. 
Risk factors for metastases should be considered when 
choosing surgery for EGC. 

© 2013 Baishideng. All rights reserved.
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Core tip: Early gastric cancer (EGC) is defined as a 
lesion confined to the mucosa or the submucosa, ir-
respective of the presence of regional lymph node me-
tastases. In this study, we retrospectively evaluated the 
distribution of metastatic nodes in a two-center cohort 
of 202 patients with EGC. To assess nodal status in 
EGC, we applied an index calculated by the multiplica-
tion of the incidence of metastases in the respective 
node stations. Univariate and multivariate analyses 
were applied to confirm the clinicopathological factors 
associated with lymph node metastases, and to provide 
a basis for choosing the optimal surgical treatment and 
for determining the appropriate range of lymph node 
dissection.
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INTRODUCTION
Early gastric cancer (EGC) is defined as a lesion confined 
to the mucosa or the submucosa, irrespective of  the 
presence of  regional lymph node metastases[1]. Five-year 
survival rates in EGC tend to be greater than 90%, with 
lymph node status being the most important prognostic 
factor[2,3]. In patients with EGC and lymph node metas-
tases, a 5-year survival rate of  87.3% has been reported, 
compared to 94.2% in those without nodal involvement[4]. 
Considering the low rate of  lymph node metastasis in 
EGC[5,6], the Japanese guidelines recommend endoscopic 
mucosal resection, reduction surgery D1 plus No. 7 and 
8a and D1 plus No. 7, and 8a and 9 lymph node resec-
tion, for the treatment of  patients with phase T1 disease. 
However, this approach is controversial outside Japan. 
At present, the general consensus is that endoscopic mu-
cosal resection (EMR) or distal gastrectomy plus limited 
lymph node resection can be undertaken in most patients 
with mucosal cancer, and a distal gastrectomy plus D2 
lymph node resection should be performed in most pa-
tients with submucosal cancer[2,3].

Recently, in order to reduce operative and post-oper-
ative complications, and to improve quality of  life, less 
invasive surgical alternatives, such as EMR, endoscopic 
submucosal dissection, laparoscopy-assisted gastrectomy 
and limited surgery, are used for the treatment of  EGC. 
Although there has been substantial research on the 
prediction of  risk factors for lymph node metastases in 
EGC, no definitive criteria are available. In addition, con-
troversy surrounds the indications for local treatment in 
EGC, and limited surgery and the appropriate extent of  
lymphadenectomy.

In this study, we retrospectively evaluated the distri-
bution of  metastatic nodes in a two-center cohort of  202 

patients with EGC. To assess nodal status in EGC, we 
applied an index calculated by the multiplication of  the 
incidence of  metastases in the respective node stations. 
Univariate and multivariate analyses were performed to 
confirm the clinicopathological factors associated with 
lymph node metastases, and to provide a basis for choos-
ing the optimal surgical treatment and for determining 
the appropriate range of  lymph node dissection.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the 
Declaration of  Helsinki (2000) of  the World Medical As-
sociation. This study was approved ethically by the Insti-
tutional Review Board of  Shanghai Jiaotong University. 
All patients provided written informed consent. 

Patients
A total of  202 patients with EGC, as defined by the 
Japanese Classification of  Gastric Carcinoma[7], who un-
derwent curative gastrectomy with lymphadenectomy in 
the Department of  Surgery, Xinhua Hospital and Ruijin 
Hospital of  Shanghai Jiaotong University Medical School 
between November 2003 and July 2009, were retrospec-
tively reviewed. Of  these, there were 132 men and 70 
women, ranging in age from 25 to 87 years (mean 58.1 ± 
12.9 years). Mucosal tumors were found in 122 patients 
(60.4%) and submucosal tumors in 80 (39.6%). Lymph 
node involvement was detected in 29 patients (Table 1).

Surgery
All operations were performed with curative intent. Cu-
rative surgery was defined as the removal of  all gross 
tumors and the demonstration of  tumor-negative surgi-
cal margins by microscopic examination of  the entire 
circumference. Surgical procedures comprised 171 distal 
gastrectomies, 24 proximal gastrectomies and seven total 
gastrectomies. Proximal gastrectomy involved resection 
of  the proximal half  of  the stomach via an abdominal 
approach, with an intraabdominal esophagogastric anas-
tomosis. Following a total gastrectomy with D2 lymph 
node dissection, an esophagojejunostomy was used 
routinely for Roux-en-Y reconstruction. Proximal and 
distal resection margins were evaluated intraoperatively to 
confirm freedom from disease. Both the surgical proce-
dure and the extent of  lymph node dissection were based 
on the recommendations of  the Japanese gastric cancer 
treatment guidelines[7]. A total of  2926 lymph nodes 
(LNs), with a median of  14.5 LNs per patient, were re-
moved. No patient received neoadjuvant therapy before 
surgery.

Pathological examination
In both hospitals, the surgical team immediately exam-
ined the lymph nodes macroscopically, which were then 
divided and classified into lymph node stations, as defined 
by the Japanese Classification of  Gastric Carcinoma. No 

3097 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Ren G et al . Lymph nodes and early gastric cancer



size limitation was imposed for lymph node harvesting. 
Specimens were fixed in formalin, stained with hematox-
ylin and eosin, and sent for histopathological evaluation, 
following which the number of  histologically confirmed 
lymph nodes was recorded for each lymph node station. 
Each lymph node was embedded in paraffin and at least 
two sections were performed. Immunhistochemistry for 
micrometastasis was not performed.

Tumor size was recorded as the maximum diameter. 
The depth of  infiltration was measured at the deepest 
point of  penetration of  the cancer cells. The macroscop-
ic type was classified as elevated (type Ⅰ or Ⅱa), flat (Ⅱb), 
or depressed (Ⅱc or Ⅲ), according to the Japanese Clas-
sification of  Gastric Carcinoma[7]. Of  the 202 patients, 26 
(12.9%), 21 (10.4%) and 155 (76.7%) were elevated, flat 
or depressed, respectively. Histopathologically, papillary 
and tubular adenocarcinomas were grouped together as 
differentiated adenocarcinomas, and poorly differentiated 
and signet-ring cell adenocarcinomas were regarded as 
undifferentiated adenocarcinomas. Overall, tumors were 

differentiated in 121 patients and undifferentiated in 81. 
The relationship between various clinicopathologi-

cal factors and the presence or absence of  lymph node 
metastases was then examined. Clinicopathological pa-
rameters included patient age (< 60 years or ≥ 60 years), 
sex, tumor location (U = upper third, M = middle third, 
or L = lower third of  the stomach), tumor size (maximum 
dimension ≤ 20 mm or > 20 mm), macroscopic type 
(elevated, flat, or depressed), depth of  invasion (mucosal 
or submucosal), histological type (differentiated or undif-
ferentiated), carcinoembryonic antigen levels (CEA, < 5 
ng/mL or ≥ 5 ng/mL), lymphatic invasion (present or 
absent) and venous invasion (present or absent). Evalu-
ation of  these factors was undertaken according to the 
Japanese Classification of  Gastric Carcinoma established 
by the Japanese Research Society for Gastric Cancer.

Statistical analysis
Descriptive data are presented as the mean ± SD. For 
between group comparisons, continuous variables were 
analyzed using the Student’s t test, and categorical vari-
ables with the χ 2 test. Factors found to be significant (P 
< 0.05) in univariate analysis were included in subsequent 
multivariate logistic regression analysis, in order to iden-
tify independent variables associated with lymph node 
metastases. All statistical analyses were undertaken using 
the Statistical Package for the Social Sciences (SPSS) for 
Windows, Version 17.0 (SPSS Inc., Chicago, IL, United 
States).

RESULTS
Univariate analysis of lymph node metastases in EGC 
and clinicopathological factors
Univariate analysis was performed on the relationship be-
tween lymph node metastases and clinicopathological fac-
tors. The findings revealed a close relationship between 
tumor location, depth of  invasion, morphological clas-
sification, venous invasion and lymph node metastases (χ 2 
= 122.901, P = 0.001; χ 2 = 7.14, P = 0.008; χ 2 = 79.523, 
P = 0.001; χ 2 = 8.687, P = 0.003, respectively). There was 
no correlation between lymph node metastases and sex, 
age, tumor size, number of  retrieved lymph nodes, his-
tological type, lymphatic invasion, nervous invasion, and 
serum levels of  carcinoembryonic antigen (CEA) (Table 
2). 

In patients with mucosal cancers, no significant differ-
ences in the occurrence of  lymph node metastases were 
found in relation to sex, age, tumor location, tumor size, 
number of  retrieved lymph nodes, morphological clas-
sification, histological type, lymphatic invasion, venous 
invasion, nervous invasion and CEA levels (Table 2).

In patients with submucosal cancers, there was no 
significant difference in the occurrence of  lymph node 
metastases in relation to sex, age, tumor location, tumor 
size, number of  retrieved lymph nodes, morphological 
classification, histological type, lymphatic invasion, ner-
vous invasion and CEA levels. However, the lymph node 
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Table 1  Demographics of 202 patients with early gastric 
cancer

Patients (n  = 202)

Age
   < 60 yr 109
   ≥ 60 yr   93
Sex
   Male 132
   Female   70
Tumor site
   Upper   25
   Middle   98
   Lower   79
Size of tumor
   ≤ 2 cm   97
   > 2 cm 105
No. of resected nodes
   < 15 114
   ≥ 15   88
Tumor depth
   Mucosal 122
   Submucosal   80
Macroscopic type
   Elevated   25
   Flat   21
   Depressed 156
Histologic type
   Differentiated 121
   Undifferentiated   81
Lyphovessel ambolus
   +     2
   - 200
Vessel ambolus
   +     5
   - 197
Nerve invasion
   +     0
   - 202
CEA
   +     1
   - 201

CEA: Carcinoembryonic antigen.
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metastases rate in patients with venous invasion (60%, 
3/5) was higher than in those without invasion (20%, 
15/75), and the difference was significant (χ 2 = 4.301, P 
= 0.038) (Table 2). Venous invasion, as a source variable, 
was therefore used in the logistic regression model. This 
revealed that it was not an independent risk factor for 
lymph node metastases in submucosal cancer [B = 1.792, 
SE = 0.957, Wals = 3.502, P = 0.061, Exp (B) = 6.000] 
(Table 2).

Multivariate analysis of lymph node metastases in EGC
Multivariate analysis revealed that the depth of  invasion 
was an independent risk factor for lymph node metasta-
ses [P = 0.018, Exp (B) = 2.744]. Venous invasion was 

Table 2  Univariate analysis of lymph node metastases in early 
gastric cancer and clinicopathological factors   n  (%)

Clinicopathological factors LN (+) LN (-) P 1

The entire study population
Age 0.887
   < 60 yr    16 (14.7)   93 (85.3)
   ≥ 60 yr    13 (14.0)   80 (86.0)
Sex 0.213
   Male    16 (12.1) 116 (87.9)
   Female    13 (18.6)   57 (81.4)
Tumor site 0.001
   Upper    2 (8.0)   23 (92.0)
   Middle    15 (15.3)   83 (84.7)
   Lower    12 (15.2)   67 (84.8)
Size of tumor 0.240
   ≤ 2 cm    11 (11.3)   86 (88.7)
   > 2 cm    18 (17.1)   87 (82.9)
No. of resected nodes 0.580
   < 15    15 (13.2)   99 (86.9)
   ≥ 15    14 (15.9)   74 (84.1)
Tumor depth  0.008a

   Mucosal  11 (9.0) 111 (91.0)
   Submucosal    18 (22.5)   62 (77.5)
Macroscopic type  0.001a

   Elevated   4 (16) 21 (84)
   Flat      3 (14.3)   18 (85.7)
   Depressed    22 (14.1) 134 (85.9)
Histologic type 0.332
   Differentiated    15 (12.4) 106 (87.6)
   Undifferentiated    14 (17.3)   67 (82.7)
Lyphovessel ambolus 0.149
   +      1 (50.0)     1 (50.0)
   -    28 (14.0) 172 (86.0)
Vessel ambolus  0.003a

   +      3 (60.0)     2 (40.0)
   -    26 (13.2) 171 (86.8)
Nerve invasion N
   +  0 (0) 0 (0)
   -    29 (14.4) 173 (85.6)
CEA 0.681
   + 0 (0)     1 (100)
   -    29 (14.4) 173 (85.6)
Mucosa cancer
Age 0.234
   < 60 yr      8 (11.8)    60 (88.2)
   ≥ 60 yr    3 (5.6)    51 (94.4)
Sex 0.578
   Male    6 (7.9)    70 (92.1)
   Female      5 (10.9)    41 (89.1)
Tumor site 0.976
   Upper      1 (10.0)      9 (90.0)
   Middle    6 (9.4)    58 (90.6)
   Lower    4 (8.3)    44 (91.7)
Size of tumor 0.142
   ≤ 2 cm    3 (5.1)    56 (94.9)
   > 2 cm      8 (12.7)    55 (87.3)
No. of resected nodes 0.580
   < 15      7 (10.3)    61 (89.7)
   ≥ 15    4 (7.4)    50 (92.6)
Macroscopic type 0.539
   Elevated      2 (11.1)    16 (88.9)
   Flat 0 (0)   11 (100)
   Depressed    9 (9.7)    84 (90.3)
Histologic type 0.073
   Differentiated    4 (5.3)    71 (94.7)
   Undifferentiated      7 (14.9)    40 (85.1)
Lyphovessel ambolus N
   + 0 (0) 0 (0)
   - 11 (9.0)  111 (91.0)

1Statistically significant. Tumor site: middle and lower vs upper; Tumor 
depth: submucosa vs mucosa; Macroscopic type: flat and depressed vs 
elevated; Vessel ambolus: + (present) vs - (absent), aP < 0.05. In patients 
with mucosal cancers, no significant differences in the occurrence of 
lymph node metastases were found in relation to the clinicopathological 
factors. CEA: Carcinoembryonic antigen.
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Vessel ambolus N
   + 0 (0) 0 (0)
   -  11 (9.0)  111 (91.0)
Nerve invasion N
   + 0 (0) 0 (0)
   -  11 (9.0)  110 (91.0)
CEA 0.752
   + 0 (0)     1 (100)
   -  11 (9.1)  110 (90.9)
Submucosal cancer
Age 0.512
   < 60 yr      8 (19.5)    33 (80.5)
   ≥ 60 yr    10 (25.6)    29 (74.4)
Sex 0.129
   Male    10 (17.9)    46 (82.1)
   Female      8 (33.3)    16 (66.7)
Tumor site 0.265
   Upper    1 (6.7)    14 (93.3)
   Middle      9 (26.5)    25 (73.5)
   Lower      8 (25.8)    23 (74.2)
Tumor size 0.768
   ≤ 2 cm      8 (21.1)    30 (78.9)
   > 2 cm    10 (23.8)    32 (76.2)
No. of resected nodes 0.203
   < 15      8 (17.4)    38 (82.6)
   ≥ 15    10 (29.4)    24 (70.6)
Macroscopic type 0.742
   Elevated      2 (28.6)      5 (71.4)
   Flat      3 (30.0)      7 (70.0)
   Depressed    13 (20.6)    50 (79.4)
Histologic type 0.725
   Differentiated    11 (23.9)    35 (76.1)
   Undifferentiated      7 (20.6)    27 (79.4)
Lyphovessel ambolus 0.346
   +      1 (50.0)      1 (50.0)
   -    17 (21.8)    61 (78.2)
Vessel ambolus 0.038a

   +      3 (60.0)      2 (40.0)
   -    15 (20.0)    60 (80.0)
Nerve invasion N
   + 0 (0) 0 (0)
   -    18 (22.5)    62 (77.5)
CEA N
   + 0 (0) 0 (0)
   -    18 (22.5)    62 (77.5)
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also an important influencing factor [P = 0.116, Exp (B) 
= 4.147, Table 3]. Tumor location, depth of  invasion, 
morphological classification, and venous invasion had no 
significant impact on nodal involvement rates.

Relationship between depth of invasion and number of 
metastatic lymph nodes
There was no significant difference between mucosal 
and submucosal tumors in terms of  number of  retrieved 
lymph nodes, using the independent sample t test (t = 
0.350, df  = 200, P = 0.727, mean difference = 0.534). 
The number of  metastatic lymph nodes in those with 
mucosal tumors was slightly higher than in those with 
submucosal tumors. The results of  dissected nodes were 
as follows: mucosa (n = 122), 14.70 ± 9.894; submucosa 
(n = 80), 14.16 ± 11.656, P = 0.727; for the metastasis 
nodes, mucosa (n = 122), 3.91 ± 5.576; submucosa (n = 
80), 3.72 ± 3.102, P = 0.908. The difference was not sig-
nificant.

Number of retrieved lymph nodes and lymph node 
metastasis ratios for involved lymph nodes at each 
nodal station in EGC
The metastatic ratio is the ratio of  metastatic nodes to 
the total number of  dissected nodes and was recorded 
for each nodal station for all regional lymph nodes. 
There were 110 metastatic lymph nodes, an incidence of  
3.8%. Among them, more lymph nodes were retrieved 
in stations No. 3, 4, 6, 7, 1, 9, 8 and 12. The number of  
retrieved lymph nodes in above stations was between 
108 and 861, and the metastatic ratio was between 0% 
and 5.9%. Fewer lymph nodes were retrieved in stations 
No. 5, 13, 2, 11, 14, 10 and 15. The retrieved number was 
between 13 and 78, and the metastatic ratio was between 
0% and 34.8%. Only one patient received station No. 
16 lymph node dissection, and no metastasis was found. 
According to the Japanese Classification of  Gastric Car-
cinoma[7], 29 cases (14.4%) were at N1, seven cases were 
at N2 (3.5%), and two cases were at N3 (1.0%). A direct 
skip to N2, without moving through N1, occurred in two 
cases (1.0%). There were no skips to N3 without going 
through N2. The incidence of  lymph node metastases in 
each station, from high to low, was as follows: station No. 
14 (34.8%), No. 2 (11.1%), No. 6 (5.9%), No. 3 (4.8%), 
No. 11 (3.7%), No. 4 (3.4%), No. 5 (2.6%), No. 8 (2.5%), 
No. 9 (2.2%), No. 7 (1.5%), and No. 1 (0.6%). There were 
no station No. 10 and No. 11 lymph node metastases 
in two patients who had undergone a total gastrectomy 
combined with a splenectomy (Table 4).

Lymph node metastasis ratios and incidence at each 
station in upper third, middle third and lower third 
gastric cancers
The extent of  metastases in 25 cases with upper third 
gastric cancer was as follows: four cases were at N1 
(2.0%), an incidence of  3.4%, and a metastatic rate of  
16.0%; one case was at N2 (0.5%), an incidence of  4.5%, 
and a metastastic rate of  4.0%; and no metastases was 

found at N3. At N1, lymph node metastases occurred 
in stations No. 2, 3, and 4, but not in station No. 1. The 
incidence of  metastases was 5.3%, 5.5%, and 1.6% in sta-
tions No. 2, 3, and 4, respectively, and the metastatic rate 
was 4.0%, 8.0%, and 4.0%, respectively. At N2, lymph 
node metastases occurred only in station No. 8, and the 
incidence of  metastases was 16.7%, and the metastatic 
rate was 4.0% (Table 5). 

The extent of  metastases in middle third gastric 
cancers was as follows: 18 cases (8.9%) occurred at N1, 
an incidence of  3.5% and a rate of  18.4%; five cases oc-
curred at N2 (2.5%), an incidence of  1.4%, and a rate of  
5.1%; and two cases occurred at N3 (1.0%), an incidence 
of  14.3%, and a rate of  2.0%. At N1, station No. 1, 3, 4, 
5, and 6 had lymph node metastases, a rate of  1.0%, 9.2%, 
5.1%, 1.0% and 2.0%, respectively. At N2, station No. 8, 
9 and 11 had lymph node metastases, a rate of  1.0%, 3.1%, 
and 1.0%, respectively. At N3, only station No. 2 and 14 
had lymph node metastases, a rate of  1.0%. No distal 
lymph node metastasis was identified (Table 5). 

The extent of  metastases in lower third gastric can-
cers was: 20 cases (9.9%) had metastases at N1: an inci-
dence of  5.7%, and a rate of  25.3%; two cases (1.0%) 
had metastases at N2: an incidence of  1.8%, and a rate 
of  2.5%; there were no cases of  metastases at N3 or at 

Table 3  Multivariate analysis of lymph node metastases in 
early gastric cancer for the entire study population

RR 95%CI P 1

Tumor site 1.159   0.84-1.478 0.644
Invasion depth 2.744 2.316-3.172 0.018a

Macroscopic type 0.864   0.57-1.158 0.620
Vessel amblous 4.147 3.242-5.052 0.116
Constant term 0.037 -2.568 0.010

1Statistically significant, invasion depth: submucosa vs mucosa, aP < 0.05. 

Table 4  Number of retrieved lymph nodes and lymph node 
metastasis ratios for involved lymph nodes at each nodal 
station in early gastric cancer

Node 
group

No. of dissected 
nodes

No. of metastasis 
nodes

Incidence of lymphnode 
metastasis (%)

No. 1   165   1   0.6
No. 2     27   3 11.1
No. 3   861 41   4.8
No. 4   670 23   3.4
No. 5     78   2   2.6
No. 6   358 21   5.9
No. 7   263   4   1.5
No. 8   120   3   2.5
No. 9   134   3   2.2
No. 10     16   0   0.0
No. 11     27   1   3.7
No. 12   108   0   0.0
No. 13     58   0   0.0
No. 14     23   8 34.8
No. 15     13   0   0.0
No. 16       5   0   0.0
Total 2926 110   3.8
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distal lymph nodes. In N1, the metastatic rate, from high 
to low, was 8.9%, 8.9%, 6.3% and 1.3% respectively, and 
incidence was 5.9%, 11.0% 2.7%, and 2.9%, respectively 
in stations No. 3, 6, 4, and 5. In N2, lymph nodes in sta-
tions No. 7 and 14 were most frequently involved, while 
no metastases occurred in stations No. 1, 8, 9, 11, and 12. 
At N2, lymph node metastases occurred in station No. 7, 
in a depressed type and differentiated submucosal tumor 
with a diameter 3.0 cm. Lymph node metastases occurred 
in a mucosal tumor in station No. 14 with a diameter 6.0 
cm. It was a type 0-Ⅲ differentiated cancer (Table 5).

Correlation between lymph node metastases at pN1 and 
pN2 and clinicopathological factors
Univariate analysis of  variance revealed a close relation-
ship between the depth of  invasion and lymph node me-
tastases at pN1 (P = 0.008). There was no obvious rela-

tionship between the depth of  invasion and lymph node 
metastases at pN2 (P = 0.334). There was no significant 
correlation between tumor size, morphological classifica-
tion, differentiation, lymphatic invasion and the presence 
of  lymph node metastases at pN1 and pN2 (Table 6). 

DISCUSSION
Five-year survival rates in EGC tend to be greater than 
90%, with lymph node status the most important prog-
nostic factor. In those with lymph node metastases, a 
10-year survival rate of  72% has been reported, com-
pared to 92% for those without nodal involvement[2]. Al-
though research has explored the issue of  predicting risk 
factors for lymph node metastases in EGC, as yet there 
are no definitive criteria. In addition, controversy sur-
rounds indications for local treatment and a limited surgi-
cal approach, and the range of  lymph node dissection. 
Hence, in this study, we aimed to explore the risk factors 
for the development of  lymph node metastases in EGC, 
to confirm the optimal range of  lymph node dissection, 
and to provide a basis for a rational approach to surgical 
management.

Reported rates of  lymph node metastases in EGC 
range from 5.7% to 20%[8-16]. However, Hayes et al[17] 
reported a rate over 40% during surgery. Depending 
on the depth of  invasion, EGC can be classified as 
mucosal or submucosal, with a rate of  lymph node in-
volvement of  0%-21%[11,18,19] for mucosal tumors, and 
16.5%-30%[2,3,19-22] for submucosal tumors. Based on 
anatomical and histological characteristics, there is a close 
relationship between the depth of  tumor invasion and 
lymph node metastases in EGC. Once the tumor has 
invaded the submucosal layer, the rate of  lymph node 
metastases increases significantly. In our group of  202 
patients with EGC, lymph node metastases occurred in 
29. Among these, there were 11 cases of  mucosal and 18 
cases of  submucosal cancer. The rate of  involved lymph 
nodes was higher in those with submucosal cancer than 

Table 5  Lymph node metastasis ratios and incidence at each station in upper third, middle third and lower third gastric cancers

Node group Upper Middle Lower

pN category Incidence Ratio pN category Incidence Ratio pN category Incidence Ratio

No. 1 pN1   0.0 (0/52) 0.0 (0/25) pN1     7.4 (1/73) 1.0 (1/98) pN2     0.0 (0/40) 0.0 (0/79)
No. 2 pN1   5.3 (1/19) 4.0 (1/25) pN3 28.6 (2/7) 1.0 (1/98) M   0.0 (0/1) 0.0 (0/79)
No. 3 pN1     5.5 (7/128) 8.0 (2/25) pN1         3.8 (17/445) 9.2 (9/98) pN1         5.9 (17/288) 8.9 (7/79)
No. 4 pN1   1.6 (1/62) 4.0 (1/25) pN1         4.3 (15/347) 5.1 (5/98) pN1       2.7 (7/261) 6.3 (5/79)
No. 5 pN3 0.0 (0/6) 0.0 (0/25) pN1     2.6 (1/38) 1.0 (1/98) pN1     2.9 (1/34) 1.3 (1/79)
No. 6 pN3   0.0 (0/21) 0.0 (0/25) pN1       2.2 (4/182) 2.0 (2/98) pN1       11.0 (17/155) 8.9 (7/79)
No. 7 pN2   0.0 (0/21) 0.0 (0/25) pN2       0.0 (0/141) 0.0 (0/98) pN2       4.0 (4/101) 1.3 (1/79)
No. 8 pN2 16.7 (2/12) 4.0 (1/25) pN2     1.6 (1/63) 1.0 (1/98) pN2     0.0 (4/45) 0.0 (0/79)
No. 9 pN2 0.0 (0/5) 0.0 (0/25) pN2     3.5 (3/85) 3.1 (3/98) pN2     0.0 (4/44) 0.0 (0/79)
No. 10 pN2 0.0 (0/2) 0.0 (0/25) pN3   0.0 (0/3) 0.0 (0/98) M     0.0 (0/11) 0.0 (0/79)
No. 11 pN2 0.0 (0/4) 0.0 (0/25) pN2     7.1 (1/14) 1.0 (1/98) pN2   0.0 (0/9) 0.0 (0/79)
No. 12 pN3 0.0 (0/6) 0.0 (0/25) pN2     0.0 (0/61) 0.0 (0/98) pN2     0.0 (0/41) 0.0 (0/79)
No. 13 M   0.0 (0/10) 0.0 (0/25) pN3     0.0 (0/31) 0.0 (0/98) pN3     0.0 (0/17) 0.0 (0/79)
No. 14 M 0.0 (0/2) 0.0 (0/25) pN3   41.2 (7/17) 1.0 (1/98) pN2 25.0 (1/4) 1.3 (1/79)
No. 15 M 0.0 (0/1) 0.0 (0/25) M   0.0 (0/9) 0.0 (0/98) M   0.0 (0/3) 0.0 (0/79)
No. 16 M 0.0 (0/0) 0.0 (0/25) pN3   0.0 (0/5) 0.0 (0/98) pN3   0.0 (0/0) 0.0 (0/79)

Table 6  Correlation between lymph node metastases at pN1 
and pN2 and clinicopathological factors

pN1 pN2

- + P - + P

Tumor size (cm) 0.24 0.295
   ≤ 2.0   86 (88.7)   11 (11.3)   95 (97.9) 2 (2.1)
   > 2.0   87 (82.9)   18 (17.1) 100 (95.2) 5 (4.8)
Macroscopic type 0.969 0.259
   Elevated   21 (84.0)     4 (16.0)   24 (96.0) 1 (4.0)
   Flat   18 (85.7)     3 (14.3)   19 (90.5) 2 (9.5)
   Depressed 134 (85.9)   22 (14.1) 152 (97.4) 4 (2.6)
Invasion depth 0.008 0.334
   Mucosal 111 (91.0) 11 (9.0) 119 (97.5) 3 (2.5)
   Submucosal   62 (77.5)   18 (22.5)   76 (95.0) 4 (5.0)
Differentiate 0.332 0.349
   Differentiated 106 (87.6)   15 (12.4) 118 (97.5) 3 (2.5)
   
Undifferentiated

  67 (82.7)   14 (17.3)   77 (95.1) 4 (4.9)

Lymphovascular 
invasion

0.126 0.804

   No 174 (87.0)   26 (13.0) 194 (97.0) 6 (3.0)
   Yes     1 (50.0)     1 (50.0)       2 (100.0) 0 (0.0)
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in mucosal cancer (22.5% vs 9.0%, χ 2 = 7.14, P = 0.008). 
In our group, male patients predominated, account-

ing for 65.3%, while was similar to other reports[18,23-26]. 
Studies to date suggest that EGC frequently occurs in 
the lower third of  the stomach[18,22,26]. In our study, 48.5% 
of  cases originated in the middle third, which was similar 
to the report from Fujimoto et al[14]. Also in our group, 
52.0% of  patients had tumors greater than 2 cm. Larger 
tumors have higher rates of  lymph node metastases. Of  
the 29 cases with lymph node metastases, the tumor size 
in 18 was greater than 2 cm, accounting for 62.1% of  all 
metastases. Morphological classification was mainly of  
the depressed type (77.2%). Among these, type 0-Ⅱc and 
type 0-Ⅲ accounted for approximately 50%. Histologi-
cally, most tumors were differentiated, accounting for 
59.9%, which was similar to that reported by Abe et al[27].

Although the lymph node metastatic rate in EGC 
is relatively low, it has been shown that the presence of  
lymph node metastases predicts a poor prognosis[28-32]. 
Thus, many researchers have attempted to investigate 
the relationship between nodal involvement and clinico-
pathological factors. The size of  the primary tumor, un-
differentiated histopathological characteristics, lymphatic 
or venous invasion, and a cancerous ulcer are associated 
with nodal metastases in EGC[8,9,12,14,32-42]. Univariate 
analysis confirmed a correlation between tumor location, 
depth of  invasion, morphological classification, venous 
invasion and lymph node metastases in EGC in our 
study (χ 2 = 122.901, P = 0.001; χ 2 = 7.14, P = 0.008; χ 2 
= 79.523, P = 0.001; χ 2 = 8.687, P = 0.003, respectively), 
while nodal metastases were not associated with sex, 
age, tumor size, number of  retrieved lymph nodes, his-
tological type, lymphatic invasion, nervous invasion, and 
CEA levels. Boku et al[12] reported an association between 
lymph node metastases and the tumors arising from the 
distal third of  the stomach, indicating that cancers arising 
from this section have a worse prognosis. In our study, 
tumors originating in the upper third of  the stomach had 
a nodal metastatic rate of  8%, compared to 15.3% for 
the middle third and 15.2% for the lower third, which 
was similar to that reported by Boku et al[12]. Reports have 
suggested both a lack of  association between the occur-
rence of  lymph node metastases and mucosal tumors 
of  the upper and middle third of  the stomach[19], and a 
marked increase in nodal involvement with distal gastric 
cancers[43]. Data from our study revealed a lymph node 
metastases rate in mucosal and submucosal tumors of  
9.0% and 22.5%, respectively, which was similar to other 
reports[19,44]. At present, endoscopic submucosal resec-
tion is often used for patients with mucosal cancer, while 
data from Hölscher contradicts this approach[19]. Our 
data indicates that, prior to surgery, determination of  the 
depth of  invasion is important for predicting lymph node 
metastases. Preoperative staging technology, particularly 
endoscopic ultrasonography, can determine the depth of  
invasion, but there can be errors of  judgment[11,16,45,46]. In 
Japan, the morphological classification of  EGC is sum-
marized as elevated, flat and depressed type. The rate of  

lymph node metastases in the elevated subtype was rela-
tively high, being 16% in our study. The rate of  lymph 
node metastases tends to be markedly higher in patients 
with venous or lymphatic invasion[46]. However, our re-
sults did not concur with this, which might be explained 
by the fact that the number of  specimens varied, and the 
quantity of  venous or lymphatic invasion that we includ-
ed was low. 

It is generally acknowledged that tumor size is closely 
related to lymph node metastases. Hölscher[19] found no 
evidence of  lymph node metastases in mucosal cancers 
less than 1 cm, and in submucosal cancers. Moreover, 
lymph node metastases have not been identified in pa-
tients with mucosal cancers less than 2 cm[19]. Tumors 
greater than 2 cm appear to be independent risk fac-
tors for lymph node metastases[19,22,47,48]. In our group, 
although the rate of  lymph node metastases in patients 
with tumors greater than 2 cm (17.1%) was clearly greater 
than that observed with smaller tumors (11.3%), the dif-
ference was not significant, which is similar to the results 
from Lee et al[18]. 

Histological type is also closely related to nodal 
status[9,18,35,41,42]. In our group, the rate of  lymph node 
metastases in non-differentiated tumors was higher than 
in differentiated cancer, 17.3% and 12.4%, respectively. 
However, a non-differentiated tumor was not an indepen-
dent risk factor for lymph node metastases. Abe et al[49] 
suggest that, apart from tumor size, submucosal invasion 
and lymphatic invasion, a correlation also exists between 
females and the occurrence of  lymph node metastases. In 
females, the biological behavior of  gastric cancer tends to 
be more invasive. Moreover, it has also been shown that 
the extent of  the invasiveness of  gastric cancer cannot be 
fully explained by tumor size, depth of  invasion or lym-
phatic invasion[49]. A possible explanation for the fact that 
gastric cancer tends to be more invasive in females could 
be related to endogenous estrogen levels, which might 
promote tumor growth. 

In recent years, endoscopic surgery has become one 
of  the standard procedures, and is indicated for patients 
with mucosal tumors, tumors less than 2 cm in size, and 
those without lymph node metastases. Our results sug-
gest that the rate of  lymph node metastases is markedly 
higher in those with cancers of  the middle and lower 
third of  the stomach, and those with submucosal tumors, 
who are therefore not suitable for endoscopic surgery. 

Multivariate analysis found that only depth of  inva-
sion was an independent risk factor for lymph node 
metastases in EGC [P = 0.018, Exp (B) = 2.744], which 
is consistent with previous studies[18,26,31,32,35,37,50-55]. Multi-
variate analysis by Kim et al[3] on 748 cases of  EGC, in-
dicated that tumor size, poorly differentiated tumors and 
submucosal cancers were all independent risk factors 
for lymph node metastases. Hyung et al[56] suggest that 
poorly differentiated tumors, submucosal cancer, tumor 
size, and venous or lymphatic invasion are independent 
risk factors for nodal metastases. Many other studies 
have reached similar conclusions, namely that tumor 

Ren G et al . Lymph nodes and early gastric cancer



3103 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

size, depth of  invasion, histological type, morphologi-
cal classification, venous or lymphatic invasion, are all 
independent risk factors for lymph node metastases in 
EGC[3,14,22,26,27,47,48,50,56-62].

A consideration of  the number of  lymph node is re-
lated to the extent of  surgical intervention, which is also 
related to the depth of  tumor invasion. Thus the depth 
of  tumor invasion is also associated with the number 
of  lymph nodes: as the depth increases, the number of  
lymph nodes also increases. In our group, all 202 cases 
of  EGC had a radical gastrectomy. Post-operatively, 2892 
regional lymph nodes were located. In 122 cases, where 
tumor invasion was limited to the mucosal layer, 1790 
lymph nodes were found, with an average of  14.67 per 
case. In 80 cases with tumor invading the submucosa, 
1102 lymph nodes were detected, with an average of  
13.77 per case. The difference between the number of  
lymph nodes in mucosal and in submucosal cancer was 
not significantly different (P = 0.727). Five hundred and 
sixty lymph nodes were found in 29 cases with lymph 
node metastases, an average of  19.31 per case. In our 
study, there was a relationship between the number of  
lymph nodes and the presence of  lymph node metas-
tases. In 29 patients with metastases, the number of  
involved nodes with tumor depth limited to the mucosa 
was similar to that observed for submucosal tumors, with 
no significant difference between the two groups.

Our results showed that there was no obvious cor-
relation between lymph node metastases in mucosal 
cancer, and sex, age, tumor location, tumor size, the 
number of  retrieved lymph nodes, morphological clas-
sification, histological type, lymphatic invasion, nervous 
invasion and CEA levels. Currently, there is much interest 
in the optimal management approach for patients with 
submucosal tumors and involved lymph nodes[36-40]. In a 
univariate analysis, An et al[22] demonstrated that tumor 
size, histological type, the Lauren classification, the depth 
of  tumor invasion, lymphatic invasion and nervous inva-
sion, were all relevant in terms of  the risk of  lymph node 
metastases in submucosal cancer. Of  these factors, tumor 
size and lymphatic invasion are independent risk factors 
for nodal involvement[22,36-39]. In our study, there was no 
obvious correlation between the presence of  lymph node 
metastases in patients with submucosal cancer, and sex, 
age, tumor location, tumor size, the number of  retrieved 
lymph nodes, morphological classification, histological 
type, lymphatic invasion, nervous invasion, and CEA lev-
els. Nonetheless, the lymph node metastases rate (60%, 
3/5) in those with venous invasion was higher than that 
observed in patients without invasion (20%, 15/75), and 
the difference was significant. However, an analysis of  
venous invasion, as a source variable, in the logistic re-
gression model, did not confirm it as an independent risk 
factor for lymph node metastases. An et al[22] considered 
that, for 19.4% of  patients with submucosal cancer and 
lymph node metastases, laparoscopic subtotal distal gas-
trectomy plus lymph node dissection improved both the 
resection rate and quality of  life. Controversy continues 

as to which surgical approach is the optimal for the man-
agement of  patients with submucosal cancer[40].

Most lymph node metastases in EGC are limited to 
N1 and/or N2. In line with previous reports[34,63], and our 
own experience, approximately 80%-90% of  nodal me-
tastases in EGC are limited to the N1. The proportion of  
involved N2 and N3 lymph nodes is lower at 10%-19% 
and 0%-1%, respectively[22,34,63,64]. This appears to support 
R2 resection[65]. In our group, of  29 patients with lymph 
node metastases, all were N1, seven were N2 (24.1%), 
and two were N3 (6.9%). These results are all higher than 
those reported by An et al[22]. Among them, the two N3 
patients had the following clinicopathological features: 
both were mucosal cancers; the tumor size was relatively 
large, at 6 cm and 2.5 cm, respectively; and both tumors 
were depressed subtypes. Both patients underwent a radi-
cal gastrectomy plus a D2 lymph node dissection. Even 
in EGC, extensive lymph node metastases can occur. 
Surgeons should avoid conventional limited surgery, and 
assess the range of  possible surgical resections[22]. Kuni-
saki et al[55] believe that, for most cases of  mucosal cancer, 
the routine D2 lymph node dissection might also be too 
invasive. Therefore, the method and range of  lymph 
node dissection should be based on clinicopathological 
features before and after surgery. However, Yoshikawa et 
al[44] suggest that, during surgical treatment of  mucosal 
cancers, apart from perigastric lymph node dissection, 
it is necessary to perform lymph node dissection at the 
coeliac trunk and beside the common hepatic artery. Our 
results support this recommendation. In our group, there 
was one case of  mucosal cancer with a station No. 8 
lymph node metastasis.

Since the mid 1900s, D2 lymph node dissection has 
been the standard procedure worldwide for the manage-
ment of  EGC, particularly for submucosal tumors. Stud-
ies have shown that the rate of  lymph node metastases 
for N1 is 9%-16%, 4%-6% for N2, and 0.3%-1% for 
N3[49,56,59,66]. Accordingly, if  D2 surgery is performed in all 
patients with EGC, 70%-80% would undergo unneces-
sary lymph node evacuation, and analysis suggests that 
these patients do not necessarily benefit as a result[40]. 
Consequently, indications for standard D2 lymph node 
dissection should be reconsidered. Our study revealed 
that, for cancers originating in the middle third of  the 
stomach, the lymph node metastasis rate at N2 was 5.1%, 
mainly station No. 9, whereas there were no metastases 
in stations No. 7 and No. 12. Similarly, the metastasis 
rate in lower third tumors was 2.5%, mainly station No. 7 
and No. 14. There was one case of  metastasis (1.3%) in 
each of  these. In upper third cancers, the rate was 4.0%, 
predominately station No. 8, with one case of  metasta-
sis (4.0%). Thus, when performing D2 surgery, patients 
with station No. 7 and No. 12 lymph nodes in tumors 
from the middle third of  the stomach, stations No. 1, 8, 
9, 11, and 12 lymph nodes in those from the lower third, 
and stations No. 7, 9-11 lymph nodes in the upper third 
should not be referred for routine dissection. In tumors 
of  the middle third of  the stomach, there was only one 
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case of  N3 lymph node metastasis in both stations No. 2 
and No. 14, and the metastasis rate was 1.0%. There were 
no N3 and distal lymph node metastases in tumors from 
both the upper and the lower third of  the stomach. The 
benefit of  performing D3 dissection in EGC is extremely 
low, with a long operative time and relatively more com-
plications, which adversely affect quality of  life. There-
fore, D3 dissection should be avoided in EGC. There 
were no distal lymph node metastases in our study, and 
thus expanded lymph node dissection was not required.

Investigating the correlation between pN1 and pN2 
lymph node metastases and clinicopathological factors, 
we found no significant associations between nodal sta-
tus at pN1 and pN2 and tumor diameter, morphological 
classification, tumor differentiation and lymphatic inva-
sion. The lymph node metastasis rate (22.5%, 18/80) 
at N1 in patients with submucosal cancers was higher 
than in those with mucosal cancers (9.0%, 11/122), and 
the difference was significant (χ 2 = 7.144, P = 0.008). 
A histological study performed by Asao et al[67] on 417 
patients with gastric cancer who had routine gastrectomy 
plus D2 lymph node dissection, reported a rate of  lymph 
node metastases in submucosal cancer of  1.3% (2/154), 
and in mucosal cancer distal to the perigastric part of  
18% (17/96). These nodal metastases were mainly con-
centrated around the common hepatic artery and the 
coeliac trunk. In submucosal cancer, there was no nodal 
metastases elsewhere[67]. However, our study highlighted 
that tumors with N2 lymph node metastases were usu-
ally submucosal, with a diameter greater than 2.0 cm and 
were of  the depressed subtype. Thus, we suggest that 
submucosal cancers, with a diameter greater than 2.0 cm, 
and of  the depressed subtype are risk factors lymph node 
metastases. Patients with these factors should be identi-
fied during surgery.

There are limitations to this study. Firstly, it was ret-
rospective, based on the examination of  morphological 
samples after surgery. Prospective studies are needed 
to confirm whether our approach could be applied to 
endoscopic surgery based on biopsies. It is essential to 
define the acute T stage before surgery, in order to safely 
implement limited lymph node dissection. Although the 
accuracy of  endoscopic ultrasonography is relatively high, 
overestimation or underestimation occurs[46]. Secondly, 
according to a previous Japanese study based on different 
depths of  tumor invasion, mucosal cancer can be further 
subdivided into m1, m2, and m3 cancer, and submucosal 
cancer into sm1, sm2 and sm3 cancer. Moreover, there 
were obvious differences between the subgroups, with 
m1 and m2 cancers not usually associated with lymph 
node metastases, and the rate of  nodal metastases in m3 
cancers varies from 0% to 12.8%. At present, most en-
doscopic specialists agreed that all patients with mucosal 
cancers are suitable for EMR, while Hölscher et al[19] op-
pose this view. Unfortunately, our two hospitals do not 
routinely perform sub-classifications for mucosal and 
submucosal cancers, which we plan to redress in future 
studies. Thirdly, the number of  patients in our study was 

lower than in the Japanese study. In a seminal study by 
Gotoda[46], 5000 patients with EGC were enrolled. Re-
sults from our study need to be confirmed in larger stud-
ies. 

In summary, our research revealed a lymph node 
metastasis rate of  14.4% in patients with EGC, with a 
rate of  5.4% for mucosal tumors and 8.9% for submu-
cosal tumors. The occurrence of  lymph node metastasis 
in EGC is related to tumor location, depth of  invasion, 
morphological classification and venous invasion, with 
depth of  invasion identified as the only independent risk 
factor for nodal involvement. Lymph node metastases 
should be considered when deciding on the surgical man-
agement of  EGC. 
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Abstract
AIM: To investigate computed tomography (CT) and 
magnetic resonance imaging (MRI) manifestations of 
rectal gastrointestinal stromal tumors (GISTs) in order 
to enhance the recognition of these rare tumors. 

METHODS: Fourteen patients with pathologically prov-
en rectal GISTs were retrospectively reviewed. Patient 
histories were retrospectively reviewed for patient age, 
gender, presenting symptoms, endoscopic investiga-
tions, operation notes and pathologic slides. All tumors 
were evaluated for CD117, CD34 expression, and the 
tumors were stratified according to current criteria of 
the National Institutes of Health (NIH). In all cases the 
first pre-operation imaging findings (CT and MRI, n = 3; 
MRI only, n  = 8; CT only, n  = 3) were analyzed by two 
experienced radiologists by consensus, which include: 

tumor size, shape, CT density (hypodense, isodense 
and hyperdense), MRI signal intensity (hypointense, 
isointense and hyperintense), epicenter (intraluminal 
or extraluminal), margin (well-defined or ill-defined), 
internal component (presence of calcifications, necro-
sis, hemorrhage or ulceration), pattern and degree of 
enhancement, invasion into adjacent structures. After 
review of the radiologic studies, clinical and pathologi-
cal findings were correlated with radiological findings. 

RESULTS: The patients, 13 men and 1 woman, were 
aged 31-62 years (mean = 51.5 ± 10.7 years). The 
most common initial presentation was hematochezia (n  
= 6). The mean tumor diameter was 5.68 ± 2.64 cm 
(range 1.5-11.2 cm). Eight lesions were round or oval, 
and 6 lesions were irregular. Eleven lesions were well-
defined and 3 had ill-defined margins. Ten tumors were 
extraluminal and 4 were intraluminal. The density and 
MR signal intensity of the solid component of the le-
sions were similar to that of muscle on unenhanced CT 
(n  = 6) and T1-weighted images (n  = 11), and hyper-
intense on T2-weighted MR images. Calcification was 
detected in 2 tumors. Following intravenous injection 
of contrast media, 3 lesions had mild enhancement and 
11 lesions had moderate enhancement. Enhancement 
was homogenous in 3 lesions and heterogeneous in 11. 
In 1 of 11 patients who underwent both CT and MRI, 
the tumor was homogenous on CT scan and hetero-
geneous on MRI. Eight patients were classified as high 
risk according to the modified recurrent risk classifica-
tion system of NIH.

CONCLUSION: Rectal GISTs usually manifest as large, 
well-circumscribed, exophytic masses with moderate 
and heterogeneous enhancement on CT and MRI. The 
invasion of adjacent organs, bowel obstruction and lo-
cal adenopathy are uncommon.

© 2013 Baishideng. All rights reserved.
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Core tip: Rectal gastrointestinal stromal tumors (GISTs) 
are so rare that little information has been reported 
on their radiological features. This study describes the 
computed tomography (CT) and magnetic resonance 
imaging (MRI) features of rectal GISTs with clinical and 
pathological correlation, in order to better understand 
this rare disease. Rectal GISTs usually manifest as 
large, well-circumscribed, exophytic masses with mod-
erate and heterogeneous enhancement on CT and MRI. 
The presence of invasion of adjacent organs, bowel ob-
struction and local adenopathy is uncommon. 

Jiang ZX, Zhang SJ, Peng WJ, Yu BH. Rectal gastrointestinal 
stromal tumors: Imaging features with clinical and pathologi-
cal correlation. World J Gastroenterol 2013; 19(20): 3108-3116  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i20/3108.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.
i20.3108

INTRODUCTION
Gastrointestinal stromal tumors (GISTs), which arise 
from the interstitial cell of  Cajal or its precursor, the 
intestinal mesenchymal precursor cell, are the most com-
mon mesenchymal neoplasms of  the gastrointestinal 
tract. They are defined by their expression of  CD117 
(KIT), a tyrosine kinase growth factor receptor, which 
distinguishes them from other mesenchymal neoplasms 
such as leiomyomas, leiomyosarcomas, schwannomas, 
and neurofibromas and which determines the appro-
priateness of  CD117-inhibitor therapy. Throughout the 
length of  the gastrointestinal tract, GISTs arise most 
commonly in the stomach (60%-70%) followed by the 
small bowel (20%-25%), however, GISTs in the rectum 
are extremely rare (5%)[1]. It was reported that GISTs 
account for 0.6% of  all malignant rectal tumors[2]. The 
imaging features of  rectal GISTs are unclear due to their 
rarity and have only been described in small series[3-6]. 
Surgical resection remains the initial treatment for local-
ized rectal GISTs[7], familiarity of  these imaging features 
may permit preoperative diagnosis and improve the sur-
gical management of  patients. The purpose of  our study 
was to describe the computed tomography (CT) and 
magnetic resonance imaging (MRI) features of  rectal 
GISTs with clinical and pathological correlation, in order 
to enhance the understanding of  this rare disease. 

MATERIALS AND METHODS
The database of  the Department of  Surgery at our hos-
pital was reviewed in order to identify patients present-
ing between January 2000 and June 2012 with histologi-
cally and immunochemically confirmed GISTs arising in 
the rectum. Fourteen patients were identified during this 

period. Patient histories were retrospectively reviewed 
for patient age, gender, presenting symptoms, endoscop-
ic investigations, and surgical notes. Pathologic slides of  
the specimens and mitotic activity (number of  mitoses 
per 50 consecutive high-power fields) were reviewed by 
an experienced pathologist, and the tumors were strati-
fied according to the current criteria of  the National 
Institutes of  Health (NIH)[8]. All tumors were evaluated 
for CD117 and CD34 expression.

In all cases, the first pre-operative CT or MRI was 
reviewed. Of  the 14 patients, 3 underwent both CT and 
MRI examinations, 8 underwent only MRI examina-
tions and 3 underwent only CT examinations. The CT 
and MRI technique varied somewhat due to the dif-
ferent imaging equipment and the retrospective nature 
of  the study. However, intravenous contrast-enhanced 
images had been obtained for studies in all patients. A 
retrospective review of  CT and MR images was imple-
mented by two radiologists by consensus. The following 
imaging features of  each mass were assessed: tumor 
size, shape, CT density (hypodense, isodense and hyper-
dense), MRI signal intensity (hypointense, isointense and 
hyperintense), epicenter (intraluminal or extraluminal), 
margin (well-defined or ill-defined), internal component 
(presence of  calcifications, necrosis, hemorrhage or 
ulceration), pattern of  enhancement (homogeneous or 
heterogeneous), and invasion into adjacent structures. 
The degree of  enhancement of  the lesion was assessed 
subjectively and categorized as follows: mild, when the 
enhancement was similar to that of  adjacent muscle; 
moderate, when the enhancement was higher than that 
of  muscle, but lower than that of  blood vessels; and 
marked, when the enhancement was approaching that 
of  blood vessels. High signal intensity in the necrosis on 
T1WI was defined as hemorrhage. The adjacent struc-
tures were also assessed for the presence of  invasion. 
Findings on CT and MRI for abdominal adenopathy and 
hepatic metastasis were also evaluated. After review of  
the radiologic studies, surgical notes and excised speci-
mens were correlated with radiological findings.

RESULTS
Clinical findings 
Our patient cohort included 13 men and 1 woman with 
a mean age of  51.5 ± 10.7 years (range, 31-62 years), and 
the clinical findings are summarized in Table 1. Digital 
colorectal examination was performed in 7 patients. 
Colonoscopy showed a mass protruding from the rectal 
wall with intact overlying mucosa in 6 patients (Figure 
1), while a central mucosal ulceration was revealed in 1 
patient. Two of  these 7 patients underwent additional 
endoscopic ultrasonography, which showed hypoechoic 
masses that were contiguous with the muscularis propria 
of  the rectal wall (Figure 1). All masses were found in 
the lower part of  the rectum, with a distance from the 
anal verge ranging from 2.0 to 5.5 cm. Twelve patients 
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underwent radical resection, including abdominoperi-
neal resection (n = 9) and low anterior resection (n = 3) 
depending on the extent and localization of  the tumors. 
The other 2 patients underwent transanal excision. At 
the time of  surgical exploration, none of  the patients 
had evidence of  remote metastasis. Tumor rupture was 
not found during surgery. No lymph node metastases 
were identified pathologically in all 12 patients who un-
derwent lymphadenectomy.

Pathological findings
Immunohistochemical staining showed that all tumors 
were positive for CD117 (14/14) (Figure 2), while 13 
patients were positive for CD34 (13/14). The masses 
were solid and grayish-white or dark-red with areas of  
hemorrhage or necrosis on the cut sections (Figure 3), 
and showed a spindle cell pattern under light microscope 
(Figure 2). According to the current NIH classification 
scheme, 8 tumors (8/14) had high risk, 3 (3/14) had 
intermediate risk, 3 (3/14) had low risk for aggressive 
behavior. 

Imaging findings 
The diameter of  the tumors ranged from 1.5 to 11.2 cm 
(mean, 5.68 ± 2.64 cm). The tumor was smaller than 
5 cm in 4 patients and larger than 5 cm in 10 patients. 
Eight masses were either round (n = 2) or oval (n = 6), 
and 6 were irregular. The tumors showed definite intra-
luminal tumor growth in 4 patients, whereas extraluminal 
tumor growth was seen in the majority of  our patients 
(10/14) (Figures 1-8). Eleven tumors showed a well-
defined margin, and 3 tumors showed contour irregular-
ity or blurring. 

On unenhanced CT images, the density of  the 6 tu-
mors was 33-45 HU (mean, 38 HU) which was similar to 
that of  muscle. Flecks of  calcification were detected in 
2 extraluminal tumors (Figures 4, 5). Following intrave-
nous administration of  contrast media, the majority (4/6) 
of  rectal GISTs were moderately enhanced masses with 
areas of  unenhanced low attenuation on CT scan. A ho-
mogeneous pattern of  enhancement was less common 
and was present in 2 of  the patients who underwent CT 
studies (Figure 6); in 1 patient who underwent both CT 
and MRI, the tumor was homogenous on CT scan, but 
demonstrated heterogeneous enhancement with foci of  
fluid signal on MR images. All the heterogeneous tumors 

showed areas of  fluid density in keeping with cystic 
changes on cut sections.

In the 11 cases examined with MRI, the solid com-
ponent of  all the tumors was isointense to skeletal 
muscle on T1-weighted images and hyperintense on T2-
weighted images. There were some intratumoral high-
intensity foci on T1WI representing hemorrhage (n = 1) 
(Figure 3) and hyperintensity on T2WI corresponding 
to necrosis (n = 8) (Figure 7). Nine of  these 11 tumors 
were heterogeneous, with non-enhancing components 
showing fluid signal. After intravenous administration of  
gadolinium, 7 lesions had moderate enhancement and 4 
lesions had mild enhancement on fat-suppressed T1WI. 
Ulceration to the rectal lumen was seen in 1 patient (Fig-
ure 8). Bowel obstruction, abdominal adenopathy and 
remote metastasis were not seen in any of  our patients.

DISCUSSION
Although an increasing amount of  literature concerning 
GISTs has been published, there is little information re-
ported on the radiological features of  rectal GISTs due 
to their rarity. To our knowledge, this article is the largest 
study of  rectal GISTs in the radiological literature. 

Clinical characteristics
It was reported that rectal GISTs occur in adults be-
tween the fifth and sixth decades with a significant male 
predominance (71%)[9]. In this study, there was a marked 
male predominance with a male: female ratio of  13:1, 
and the mean age at onset was 51.5 years, in line with 
the pathological literature. The clinical manifestations of  
rectal GISTs depend on the location and size of  the tu-
mors and are often nonspecific[10-12]. A GIST can remain 
clinically silent and present late when the tumor is large. 
Two of  our patients were asymptomatic and the tumors 
were incidental findings, perhaps due to their small size 
(less than 3.0 cm in maximum diameter) and tendency 
to grow exophytically. The exophytic growth pattern 
may also explain why rectal GISTs rarely cause intesti-
nal obstruction even when they are large. Miettinen et 
al[9] reported that rectal bleeding was the most common 
symptom in patients with a large rectal GIST more than 
5 cm. In this study, the most frequent symptom was also 
hematochezia.

Imaging features
Rectal GISTs generally manifest as large eccentric mass-
es growing beyond the rectal wall[3-6]. Our series showed 
a similar growth pattern. Although larger tumors have 
a higher rate of  malignancy, size does not predict be-
nignity, and small GISTs have been known to behave in 
a malignant fashion[13-16]. Since most rectal GISTs arise 
within the muscularis propria of  the intestinal wall, they 
most commonly have an exophytic growth pattern with 
the epicenter located well outside the rectum[17,18]. GISTs 
arising from the anterior rectal wall in male patients can 
even mimic tumors of  prostatic origin on CT[19,20]. Thus, 
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Table 1  Summary of the presenting complaints of 14 
patients with rectal gastrointestinal stromal tumors

Presenting symptoms or signs n

Incidental finding on an imaging study 2
Change of defecation habit 2
Hematochezia 6
Pelvic pain 1
Narrow stools 1
Difficult defecation 1
Sense of anal falling inflation 1

Jiang ZX et al . Imaging findings of rectal GISTs
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Figure 1  A 40-year-old man with a rectal gastrointestinal stromal tumor. A: Colonoscopy shows a mass protruding from the rectal wall with intact overlying mu-
cosa (arrow); B: Endoscopic ultrasonography shows a well-defined hypoechoic mass located along the right anterior aspect of the rectal wall; C: Sagittal T2-weighted 
magnetic resonance imaging shows an oval, homogenous, hyperintense mass with a sharp margin bordering the anterior rectal wall. A small area of anatomical conti-
nuity between the tumor and the anterior rectal wall is observed (arrow); D: Postcontrast T1-weighted image shows a slightly homogenously enhancing mass (arrow). 

D

CBA

E

Figure 2  A 56-year-old man with a rectal gastrointestinal stromal tumor. A: Axial T1WI shows the lesion as a round, intraluminal, homogenous, hypointense 
mass with a sharp margin  (arrow); B: It shows homogenous hyperintense on T2WI  (arrow); C: Sagittal enhanced T1WI shows homogenous moderate enhancement  
(arrow); D: Photomicrograph shows fascicular proliferation of spindle-shaped tumor cells (hematoxylin and eosin, × 200); E: The tumor cells were strongly and dif-
fusely positive for CD117 staining (immune-histochemistry, × 200). 
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the classic rule regarding determination of  the organ 
of  origin based on the location of  the epicenter of  a 

tumor is often not applicable. In such cases, enhanced 
MRI should be performed. MRI with direct multiplanar 
capability is definitely more useful in determining the 
exact tumor origin, delineating the spatial relation to ad-
jacent structures, and outlining the pelvic floor surgical 
anatomy. In our study, tumor-rectal wall continuity was 
revealed in the sagittal plane, which suggested the diag-
nosis of  a rectal mass. On the other hand, invasion of  
adjacent organs was better seen on MRI compared with 
CT examination. 

In this study, most of  the tumors were round or oval 
and smooth with well-defined margins. On unenhanced 
CT, rectal GISTs appear as isodense with normal muscle 

C
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Figure 3  A 62-year-old man with a rectal gastrointestinal stromal tumor. 
A: The mass is located between the prostate and the anterior rectal wall and its 
epicenter is well outside the rectum. Axial T1-weighted MR image shows a high 
signal (arrow) within the mass, in keeping with hemorrhage; B: Sagittal T2WI 
shows a heterogenous mixed-intense mass with blurring contour (arrow); C: 
Postcontrast T1WI shows the solid component of the mass enhanced hetero-
geneously (arrow); D: Macroscopic cross section shows a pale yellow, tan and 
solid mass with hemorrhage (arrow).

Figure 4  A 52-year-old man with a rectal gastrointestinal stromal tumor. 
The mass is located in the left posterior wall of the rectum with scattered calcifi-
cation (arrow). 
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Figure 5  A 61-year-old man with a rectal gastrointestinal stromal tumor. 
A: The mass located in the left wall of the rectum with fleck of calcification at 
the tumor margin (arrow); B: The mass enhanced heterogeneously following 
intravenous administration of contrast media. 
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as the standard for comparison. On unenhanced MRI, 
rectal GISTs appear as isointense to skeletal muscle on 
T1-weighted images and hyperintense on T2-weighted 
images, and moderately or mildly enhanced on CT and/
or MR studies. A heterogeneous pattern of  enhance-
ment is more common on CT and/or MR studies, and 
was present in 11 of  our cases. Heterogeneity corre-
sponds to intralesional necrosis or hemorrhage, which 
was confirmed on cut sections. It is likely that MRI may 
be superior to CT in detecting the internal component. 
Only one of  our patients underwent both CT and MRI, 
and the tumor was homogenous on CT scan, but was 
heterogeneous with fluid signal on MR images.

Although calcification is not a usual clinicopathologic 
feature of  GISTs, it has been reported in previous stud-
ies[21-23]. Most calcifications within GISTs are circum-
scribed and patchy. In our study, one of  the two calcified 
tumors showed focal calcification and the other was 
mottled. Previous episodes of  bleeding or tumor necro-
sis with cystic degeneration may cause calcification[24,25]. 
Because these tumors are submucosal, the overlying 
mucosa can be intact. However, overlying mucosal ul-
cerations are often present and cause bleeding, and are 
more common in high risk GISTs[26-28].

Differential diagnosis
Unfortunately, there is significant overlap between the 
imaging appearances of  rectal GISTs and other rectal 
diseases, such as epithelial neoplasms, lymphoma or 

carcinoids. Most of  these tumors may be differentiated 
from rectal GISTs by the presence of  the following fea-
tures: well-demarcated margins, prominent extraluminal 
location and no surrounding adenopathy, and the lack 
of  bowel lumen constriction despite the large size of  
the rectal GIST. This behavior is unlike most cases of  
adenocarcinoma which has a propensity for luminal ob-
struction. The appearance of  a smooth regular border 
is a feature that allows these tumors to be differentiated 
from malignant epithelial neoplasms. Signs of  intratu-
moral degeneration, such as cystic change, hemorrhage, 
and calcification, should exclude lymphoma from the 
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Figure 6  A 53-year-old man with a rectal gastrointestinal stromal tumor. 
A: Computed tomography scan shows a round intraluminal mass with a sharp 
margin; B: Photomicrograph shows the tumor originating from the muscularis 
propria (arrow) of the rectum (hematoxylin and eosin, × 20). 

Figure 7  A 59-year-old woman with a rectal gastrointestinal stromal tumor. 
The mass is located between the uterus and the anterior rectal wall with focal 
fluid signal on T2WI corresponding to necrosis (arrow). 

B

A

Figure 8  A 31-year-old man with a rectal gastrointestinal stromal tumor. A: 
Axial T2WI shows the lesion as an intraluminal mass with ulceration (arrow) of 
the rectal lumen; B: The mass is enhanced moderately heterogeneously follow-
ing intravenous administration of gadolinium. 
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differential diagnosis.
Due to the submucosal origin of  the tumors, endos-

copy is only of  use when the tumor infiltrates the mu-
cosa and can be detected[29]. In addition to endoscopy, 
endoscopic ultrasonography is a valuable technique in 
the diagnosis of  these tumors because it can reliably dis-
tinguish intramural lesions from extrinsic compression. 
Enhanced MRI with an endoluminal coil has been per-
formed to determine the tumor origin in some reported 
cases[30-32], but these procedures are invasive, and are 
rarely used in routine examinations. 

Pathological features
CD117 is the most specific and important diagnostic 
molecular marker of  GISTs. Most GISTs (more than 
95%) express CD117, which can be detected immuno-
histochemically[9,33]. Although CD117-positive expression 
is very common in GISTs and a major defining charac-
teristic of  GISTs, it is not absolutely necessary for the 
diagnosis of  GISTs. CD34 is also commonly expressed 
in GISTs, which is less specific compared with CD117 
and is not considered a requirement for the diagnosis 
of  GISTs either[34-36]. The review of  pathology in our 
patients showed that the tumors were strongly positive 
for CD117 and in most cases also CD34, consistent with 
previous reports. 

The pathologic differentiation and biologic behavior 
of  GISTs have been continuing topics of  controversy 
for many years. A small number of  GISTs recur or 
metastasize despite a histologically benign appearance. 
Therefore, some authors support stratifying GISTs into 
very low-, low-, intermediate-, and high-risk categories 
rather than classifying them as benign or malignant. The 
NIH risk classification system, which consists of  tumor 
size, mitotic count (number of  mitoses per 50 consecu-
tive high-power fields), anatomic location, and tumor 
rupture, is recommended as a valuable tool for estimat-
ing the clinical behavior of  GISTs[8]. Rectal GISTs have a 
high-risk tendency[23] which was observed in the majority 
of  our patients. 

Attempts to predict the potential high-risk behavior 
of  GISTs from their imaging features is difficult. It was 
reported that GISTs with irregular margins, size larger 
than 10 cm, central necrosis, ulceration, and heteroge-
neous contrast enhancement are normally regarded as 
denoting aggression[37,38]. These signs are mainly derived 
from a study population of  stomach and small intestine 
GISTs and seldom from rectal GISTs. However, our 
series is small and no correlation between radiologic ap-
pearance and risk levels could be established with regard 
to the degree of  necrosis, hemorrhage, ulceration, or 
contrast material enhancement.

There are several limitations in this study. The study 
was retrospective and the reviewers of  the imaging stud-
ies knew that all patients had a pathologically confirmed 
rectal GIST, which may have increased the sensitivity for 
detecting each imaging sign. In addition, different CT 
and MRI equipment and techniques were used. How-

ever, these problems are simply unavoidable due to the 
rarity of  this type of  tumor, and this should not have 
significantly affected the imaging features studied.

In summary, we present the largest series of  radio-
logical studies of  rectal GISTs to date. These tumors 
often present with hematochezia. They are normally 
seen as large, bulky, exophytic rectal masses with heter-
ogenous enhancement on CT and MRI. Cross-sectional 
imaging, which allows better visualization of  the origin 
of  the mass, its internal components, and other organ 
involvement, is indicated for surgical planning.
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Abstract
AIM: To review the clinicopathological characteristics 
of concurrent gastrointestinal stromal tumors (GISTs) 
and gastric adenocarcinoma.

METHODS: We retrospectively analyzed eight cases of 
synchronous adenocarcinoma and GIST in the stomach 
that had been surgically resected with curative intent 
between March 2003 and December 2008 in Xinhua 
hospital and Ruijin hospital. The adenocarcinoma was 
determined to be the primary tumor based on the his-
tological features. The GIST cells were diffusely and 
strongly positive for CD34 and CD117.

RESULTS: The patients were six men and two women 
aged 47-80 years (average, 68.6 years). GIST was pre-
operatively detected in only one patient. The average 
sizes of the gastric adenocarcinomas and GISTs were 

6.000 ± 2.6186 cm and 1.825 ± 1.4370 cm, respec-
tively. All GISTs were very low- or low-risk lesions that 
were detected during evaluation, staging, operation or 
follow-up for gastric adenocarcinoma.

CONCLUSION: We hypothesized that the stomach was 
influenced by the same unknown carcinogen, result-
ing in a simultaneous proliferation of different cell lines 
(epithelial and stromal cell).

© 2013 Baishideng. All rights reserved.

Key words: Gastric adenocarcinoma; Gastrointestinal 
stromal tumor; Synchronous occurrence; Gastrectomy

Core tip: We retrospectively analyzed eight cases of 
synchronous adenocarcinoma and gastrointestinal 
stromal tumors (GISTs) in the stomach that had been 
surgically resected with curative intent between March 
2003 and December 2008 in Xinhua hospital and Ruijin 
hospital. The average sizes of the gastric adenocarci-
nomas and GISTs were 6.000 ± 2.6186 cm and 1.825 
± 1.4370 cm, respectively. All GISTs were very low- or 
low-risk lesions that were detected during evaluation, 
staging, operation or follow-up for gastric adenocar-
cinoma. We hypothesized that the stomach was influ-
enced by the same unknown carcinogen, resulting in a 
simultaneous proliferation of different cell lines (epithe-
lial and stromal cell).
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are mesen-
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chymal tumors of  the digestive tract and have various 
clinical and biological characteristics. The expression of  
c-Kit distinguishes GISTs from true leiomyomas, leio-
myosarcomas and other mesenchymal tumors of  the 
gastrointestinal tract[1-3]. The stomach (60%-70%) and 
small intestine (20%-30%) are the most common sites 
of  GISTs[1,2]. GISTs are composed of  spindle (70%) or 
epithelioid (30%) cells and are positive for c-Kit (CD117), 
CD34 and occasionally for actin, but almost always nega-
tive for desmin and S-100 protein[4], in contrast to other 
mesenchymal tumors. Benign GISTs are far more com-
mon than malignant ones (10%-30%)[1], and all GISTs 
are often found incidentally at surgery and excised in the 
same session[5]. 

Collision tumors of  the stomach are uncommon; 
however, several cases have been reported. Most collision 
tumors of  the stomach are composed of  an adenocar-
cinoma intermixed with a gastric lymphoma[6-9]. Some 
are composed of  an adenocarcinoma intermixed with a 
carcinoid tumor[8,10,11]. However, gastric collision tumors 
composed of  a GIST and an adenocarcinoma are ex-
ceedingly rare. Ruka et al[12] found that 10% of  their GIST 
patients had an associated non-GIST neoplasm, usually, a 
carcinoma. Furthermore, Maiorana et al[13] found that of  
52 patients with gastric GISTs, six patients (11.5%) had 
an associated, second gastric tumor (five adenocarcino-
mas and one carcinoid tumor).

Most of  these publications were reports of  single 
cases. Here, we present a series of  eight patients with 
synchronously occurring GISTs and gastric adenocarci-
nomas. The aim of  this study was to evaluate the clinico-
pathological characteristics of  GISTs occurring concomi-
tantly with gastric adenocarcinomas and to provide an 
English literature review[14,15]. 

MATERIALS AND METHODS
Patients
We analyzed the clinicopathological findings in eight 
patients with CD117-immunopositive GISTs (six men 
and two women) who underwent surgery with a curative 
intent for a primary, resectable tumor without detectable 
metastases, between March 2003 and December 2008. 
Their clinicopathological data were supplemented by a 
review of  all available medical and histopathological re-
cords from Xinhua hospital and Ruijin hospital. Selected 
were the patients with postoperative pathological diagno-
sis of  primary gastric GIST, and patients who didn′t re-
ceived chemotherapy and Imatinib as adjuvant treatment. 
Excluded were patients who had synchronous gastroin-
testinal stromal tumors in stomach and extra-stomach 
neoplasms, patients with initial surgery perfomed in other 
hospital, and patients with the pathology diagnostic data 
insufficiency. None of  the patients had a family history 
of  gastrointestinal carcinoma or GIST. Prior to the com-
mencement of  the present study, our ethics committee 
deemed that approval of  the committee and informed 
consent were not required for the retrospective analysis 

of  clinical data. 

Methods
GISTs were defined as primary spindle cell and/or epi-
thelioid neoplasms of  the tubular gastrointestinal tract 
with CD117 overexpression, with or without CD34 
expression according to well-established criteria for the 
diagnosis of  GISTs[16,17]. The risk of  aggressive GISTs 
was assessed using criteria derived from the 2002 Fletcher 
classification. For each patient with a primary tumor and 
no metastatic disease at the time of  diagnosis, a TGM 
system[18] was used for staging: T: T1, localized and < 5 
cm; T2, localized and ≥ 5 cm; T3, contiguous organ in-
vasion or peritoneal implants; T4, tumor rupture. G: G1, 
low grade; G2, high grade. M: M0, no metastases; M1, 
metastases present. The final staging system was deter-
mined as follows: Stages Ⅰ (< 5 cm) and Ⅱ (≥ 5 cm) are 
localized lesions with low histologic grade. Stage Ⅲ le-
sions are either high-grade tumors of  any size or tumors 
with regional involvement (contiguous organ invasion 
or peritoneal implants). Stage ⅣA refers to patients with 
systemic metastases or unresectable tumor. Stage ⅣB 
is designated when tumor rupture has occurred despite 
resection of  all macroscopic disease. The gastric adeno-
carcinomas were staged according to the TNM system 
devised by the International Union Against Cancer[19]. 

Representative hematoxylin and eosin-stained slides 
of  archival tumor specimens were prepared from forma-
lin-fixed, paraffin-embedded tissue blocks. To confirm 
the histogenesis of  GISTs, immunohistochemistry (IHC) 
panels were obtained with the following markers: CD117, 
CD34, smooth muscle actin (SMA) and S-100. The IHC 
studies were performed using formalin-fixed, paraffin-
embedded blocks and primary antibodies to the above 
markers, on a standard, automated, streptavidin-biotin 
peroxidase-detection system (EnVision™ Autostainer 
Visualization System; DakoCytomation, Glostrup, Den-
mark) equipped with a microwave antigen-retrieval step. 
Parallel positive controls were run for each antibody. A 
rabbit or mouse, universal, negative-control monoclonal 
antibody was used for each specific antibody. 

Ethics committee approval
This study was approved by the Bioethics Committees at 
each hospital.

Statistical analysis
Statistical analyses were performed using the Statistical 
Package for the Social Sciences, version 11.0 (SPSS Inc., 
Chicago, IL). Descriptive data are presented as the mean 
± SD.

RESULTS
The study consisted of  eight patients, including six men 
(75%) and two women (25%). The median age of  the 
patients at the time of  presentation was 68.6 years (range, 
47-80 years). The most common presenting features were 
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abdominal discomfort (n = 3), gastrointestinal bleeding (n 
= 2), difficulty eating (n = 1), nausea and vomiting (n = 
1) and weight loss (n = 1). Some patients had more than 
one of  these symptoms. The median duration of  disease 
was 1.5 mo (range, 0.5-6 mo). Total (n = 1) or subtotal 
gastrectomies (n = 7) were performed in the patients with 
gastric malignancy.

All patients underwent preoperative gastroscopy, 
which revealed an ulcerative lesion in four patients, a dif-
fuse infiltrative lesion in two patients and an infiltrative 
ulcerative lesion in two patients. All lesions were diag-
nosed as adenocarcinomas on biopsy examination. Body 
computer tomography (CT) scans and chest images were 
available for review in all eight patients. In one patient, 
preoperative CT revealed a soft tissue lesion with a di-
ameter of  5.0 cm in the lesser curvature, this lesion was 
considered a GIST. 

All patients underwent simultaneous, radical resection 
of  the gastric adenocarcinoma and GIST. In most cases, 
the stromal tumors were an incidental finding during 
operation. Detailed clinicopathological data for all GISTs 
are shown in Tables 1 and 2. According to the American 
Joint Committee on Cancer staging, 87.5% of  patients 
had stage Ⅰ tumors, and 12.5% of  patients had stage Ⅱ 
tumors. The mean GIST size was 1.825 ± 1.4370 cm 
(range, 0.6-5.0 cm). Seven GISTs were located in the se-
rosal layer, and one was present in the muscular layer. All 
GISTs were of  the spindle type, and were strongly and 
diffusely positive for CD117 and CD34. Six GISTs were 
also positive for vimentin (VIM) (75.0%), four for S-100 
(50.0%), three for desmin (37.5%) and two for SMA 

(25.0%).
The synchronous gastric adenocarcinomas were lo-

cated in different parts of  the stomach (Table 3). The 
mean sizes of  the primary adenocarcinomas were 6.000 
± 2.6186 cm (range, 2.0-8.0 cm). No patients had distant 
metastases at the time of  diagnosis. Half  of  the tumors 
were poorly differentiated; in the case of  the other half, 
differentiation was not recorded because there is no stan-
dard for pathological recording. One of  the patients had 
early gastric cancer, and the other seven had advanced 
gastric cancers; two patients each had stage Ⅰ and Ⅱ 
disease, three had stage Ⅲ disease and one had stage Ⅳ 
disease. 

DISCUSSION
The term gastric stromal tumor was originally coined 
by Mazur et al[20]. Most gastric stromal tumors exhibit 
variable differentiation; these tumors tend to originate 
from primitive mesenchymal cells[21], rather than from 
smooth muscle cells. GISTs are rare neoplasms that are 
most commonly located in the stomach (39%-60%), 
small bowel (30%-42%), colon-rectum (5%-10%) and 
esophagus (5%)[22]. The most common symptoms of  the 
patients in the current study were abdominal masses, pain 
and bleeding[23,24]. The symptoms of  these tumors depend 
on their size and location[24]. GISTs are generally found 
within the deeper stroma and the submucosa, and there-
fore, in most of  the reported cases of  synchronous gas-
tric adenocarcinoma and GIST, the preoperative biopsy 
specimens have shown only adenocarcinoma. GISTs are 
often incidentally detected during imaging studies, opera-
tion or examination of  the resected specimens[25]. 

In this report, only one case of  GIST was detected 
preoperatively, on a CT scan; the others were found in-
cidentally during or after operation, upon general patho-
logical examination. Owing to the variability and specific 
characteristics of  GISTs, the coexistence of  these tumors 
with other gastric tumors should be considered in the 
treatment of  gastric cancer. To avoid missed diagnosis or 
misdiagnosis of  GISTs, imaging studies such as ultraso-
nography, CT and magnetic resonance imaging should be 
performed in patients in whom gastric cancer is detected 
on gastroscopy. Moreover, surgical exploration in these 
patients should be careful and comprehensive. If  suspi-
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Table 1  Size and histological characteristics of gastrointestinal stromal tumors in eight patients

Patient No. Age (yr) Sex Localization Size (cm) Growth pattern Type Grade Staging Surgical resection Origin

1 47 M Cardia 2.0 Extraluminal Spindle Very low T1G1M0, Ⅰ Complete Subserous
2 80 M Cardia 1.5 Extraluminal Spindle Very low T1G1M0, Ⅰ Complete Subserous
3 60 M Antrum 0.6 Extraluminal Spindle Very low T1G1M0, Ⅰ Complete Subserous
4 67 F Anterior wall 0.8 Extraluminal Spindle Very low T1G1M0, Ⅰ Complete Subserous
5 78 M Posterior wall 2.5 Extraluminal Spindle Low T1G1M0, Ⅰ Complete Submucosal
6 78 M Body 1.4 Extraluminal Spindle Low T1G1M0, Ⅰ Complete Subserous
7 59 F Anterior wall 0.8 Extraluminal Spindle Low T1G1M0, Ⅰ Complete Subserous
8 80 M Lesser curva-

ture
5.0 Extraluminal Spindle Low T2G1M0, Ⅱ Complete Subserous

M: Male; F: Female.

Table 2  Immunohistochemical characteristics of gastrointesti-
nal stromal tumors in eight patients

Patient No. CD117 CD34 SMA VIM S-100 DES

1 + + ++ + + ++
2 + + + + - +
3 + + - + - -
4 + + - + + +
5 + + - + + -
6 + + - - ± -
7 + + - - - -
8 + + - + - -

SMA: Smooth muscle actin; VIM: Vimentin; DES: Desmin.
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nancies were gastrointestinal carcinomas (47%), prostate 
cancer (9%), lymphoma/leukemia (7%) and breast cancer 
(7%)[27]. Single case reports have described the occurrence 
of  adenocarcinoma admixed with gastric lymphoma, car-
cinoid tumor, leiomyosarcoma[13,34-37] or rhabdomyosarco-
ma[35,36], as well as adenoma admixed with a sarcomatous 
stromal component[38]. Thus far, only a few case reports 
of  gastric collision tumors consisting of  adenocarcinoma 
and leiomyoma have been documented[39,40]. Rare cases 
of  concurrent presentation of  gastric adenocarcinoma 
and GIST have been reported in the literature[13,15,24,37,41-46]. 
Maiorana et al[13] found that 6 of  52 (11.5%) patients with 
gastric GISTs had an associated second gastric tumor 
(five adenocarcinomas and one carcinoid tumor), which 
considering the restriction of  both tumor types to the 
stomach, indicates a high incidence. In 2000, Maiorana 
et al[13] found that GISTs were the most common non-
epithelial tumor that could simultaneously occur with 
epithelial tumors (carcinomas and carcinoid tumors); they 
also reported five cases of  GIST combined with gastric 
cancer.

The admixture of  gastric epithelial and stromal tu-
mors raises the question of  whether such an occurrence is 
a simple incidental association or whether the two lesions 
are connected by a causal relationship. Some researchers 
claim that this simultaneous presentation is coinciden-
tal; however, others hypothesize that some unknown 
carcinogens induce the simultaneous proliferation and 
oncogenesis of  epithelial and stromal cells[13-15,24,41,42,44,45]. 
Theoretically, genetic mutations could play an important 
role in the pathogenesis of  gastric synchronous tumors; 
however, no available evidence supports a common ge-
netic mutation underlying gastric adenocarcinoma and 
GIST[27,47,48]. Another hypothesis suggested in experi-
mental models is that the same unknown carcinogenic 
agent may interact with two adjacent tissues, causing the 
simultaneous development of  tumors of  different histo-
logical types[13,41,49-52]. Cohen et al[51] reported that exposure 
to both acetylsalicylic acid and nitrosoguanidine causes 
synchronous development of  both gastric cancer and 
leiomyosarcoma. An interesting hypothesis is that a single 

cious lesions are found, these should not be assumed 
to be metastases of  gastric cancer. Physicians should 
consider the possibility of  other types of  tumors, radi-
cally resect the suspicious lesion, obtain frozen sections 
for pathological examination, determine the histological 
origin of  the lesion and apply appropriate surgical tech-
niques. In addition, any nodule on the walls of  the diges-
tive tract should be carefully assessed so that no small 
GIST is overlooked during the postoperative pathological 
examination.

Liszka et al[26] retrospectively analyzed the clinicopath-
ological characteristics of  22 cases of  concurrent GISTs 
and other tumors, including two cases of  GISTs accom-
panied by gastric cancers, and 60 cases of  only GISTs. 
They found that the risk of  invasion was much lower and 
the tumor diameter was smaller in patients with concur-
rent GISTs and other tumors than in patients with only 
GISTs (P < 0.05), which is consistent with our results. 
These findings may be attributable to the following fac-
tors: the risk of  malignant invasion of  GISTs is relatively 
low, and the biological behavior of  GISTs might have 
been inhibited by the gastric cancer. However, definitive 
evidence for this theory is lacking at present.

The morphology of  GIST cells is usually spindle 
shaped (70%), epithelioid (20%) or mixed. GISTs are 
immunohistochemically positive for Kit expression 
(90%-95%) and often for Bcl-2 (80%), CD34 (70%), 
SMA (35%), S-100 (10%) and desmin (5%) expression. In 
this study, all the GISTs were strongly and diffusely posi-
tive for CD117 and CD34. Six GISTs were also positive 
for VIM (75.0%), four for S-100 (50.0%), three for des-
min (37.5%) and two for SMA (25.0%). Fletcher et al[17] 

proposed a classification for malignancies that was based 
on tumor size and the number of  mitotic divisions. Ac-
cording to this classification, all the tumors in our study 
were classified as low risk or very low risk; nevertheless, 
careful follow-up is mandatory.

Collision tumors rarely develop in the stomach. 
The frequency of  secondary malignancies in GIST pa-
tients has been reported to be 4.5%-35% in different 
series[15,27-33]. The most common GIST-associated malig-

Table 3  Clinical characteristics, treatments and outcomes of gastric adenocarcinoma in eight patients

Patient No. Primary site Size (cm) TNM status Surgical resection Gross appearance Histology Clinical presentation

1 Cardia   8 T3N1M0, ⅢB Radical operation Ulcerative infiltrative 
type

The low differentiation 
adenocarcinoma

Difficulty in 
swallowing

2 Antrum   2 T1N0M0, ⅠA Radical operation Ulcerative The low differentiation 
adenocarcinoma

Haematemesis

3 Antrum   8 T3N0M0, Ⅱ Radical operation Ulcerative Adenocarcinoma Black stool
4 Antrum   4 T3N1M0, ⅢA Radical operation Ulcerative Adenocarcinoma Abdominal discomfort
5 Cardia   6 T4N2M0, Ⅳ Palliative gastrectomy Ulcerative Adenocarcinoma Abdominal discomfort
6 The lesser 

curvature
10 T3N1M0, ⅢA Radical operation Infiltrative type Tubular adenocarcinoma Emaciation

7 The posterior 
wall

  4 T2N1M0, Ⅱ Radical operation Infiltrative type The low differentiation 
adenocarcinoma

Nausea, vomiting

8 Antrum   6 T2N0M0, ⅠB Radical operation Uplift ulcer type The low differentiation 
adenocarcinoma

Abdominal discomfort

TNM: Tumor, nodes, metastasis-classification.
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carcinogenic agent may interact with two neighboring 
tissues, inducing the development of  tumors of  differ-
ent histological types in the same organ[51]. Helicobacter 
pylori has been found to be related to the pathogenesis 
of  gastric carcinoma and mucosa-associated lymphoid 
tumor[53,54] or GIST[24]. Liu et al[42] hypothesized that the 
stomach was influenced by the same unknown carcino-
gen, resulting in the simultaneous proliferation of  differ-
ent cell lines (epithelial and stromal cells).

Our study has some limitations: it was retrospec-
tive and the number of  patients was small. This limited 
the validity of  significant statistical evidence that can be 
extrapolated from our study. In addition, our study does 
not answer the question of  whether a causal relationship 
exists between gastric adenocarcinoma and GIST, since 
we did not perform genetic and molecular ancillary tests. 
This study, however, highlights an interesting observation 
of  a possible association between gastric adenocarcinoma 
and GIST that should encourage further statistically vali-
dated and genetically based studies.

In conclusion, the synchronous occurrence of  GISTs 
and other gastrointestinal malignancies is more common 
than it has been considered. The concomitant GIST is 
usually discovered incidentally during endoscopy, imag-
ing study or operation performed because of  the other 
malignancy. We have reported eight cases of  GIST com-
bined with gastric cancer. All the GISTs were positive for 
CD117 and CD34. The cause of  the association between 
GISTs and adenocarcinoma is difficult to determine. In 
the majority of  cases, this association is most likely coin-
cidental. Surgical excision is the mainstay of  therapy, and 
further research is required for explaining this simultane-
ous tumor development. 
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Abstract
AIM: To analyze risk factors for refractoriness to pro-
ton pump inhibitors (PPIs) in patients with non-erosive 
reflux disease (NERD).

METHODS: A total of 256 NERD patients treated with 
the PPI esomeprazole were enrolled. They were classi-
fied into symptom-free and residual symptoms groups 
according to Quality of Life in Reflux and Dyspepsia 
(QolRad) scale. All subjects completed questionnaires 
on psychological status (self-rating anxiety scale; self-
rating depression scale) and quality of life scale (Short 
Form 36). Multivariate analysis was used to determine 
the predictive factors for PPI responses.

RESULTS: According to QolRad, 97 patients were 
confirmed to have residual reflux symptoms, and the 
remaining 159 patients were considered symptom free. 
There were no significant differences between the two 
groups in lifestyle factors (smoking and alcohol con-
sumption), age, Helicobacter pylori  infection, and hiatal 
hernia. There were significant differences between the 
two groups in relation to sex, psychological distress in-
cluding anxiety and depression, body mass index (BMI), 
and irritable bowel syndrome (IBS) (P  < 0.05). Logistic 
regression analysis found that BMI < 23, comorbid IBS, 
anxiety, and depression were major risk factors for PPI 
resistance. Symptomatic patients had a lower quality of 
life compared with symptom-free patients.

CONCLUSION: Some NERD patients are refractory to 
PPIs and have lower quality of life. Residual symptoms 
are associated with psychological distress, intestinal 
disorders, and low BMI. 

© 2013 Baishideng. All rights reserved.

Key words: Risk factors; Refractoriness; Proton pump 
inhibitors; Non-erosive reflux disease

Core tip: Non-erosive reflux disease (NERD) is signifi-
cantly more refractory to proton pump inhibitor (PPI) 
treatment than erosive esophagitis is, although the 
reason is unclear at present. Here, we investigated the 
risk factors for refractoriness to PPI treatment in pa-
tients with NERD. Our results demonstrate that some 
NERD patients are refractory to standard doses of PPIs 
and have a lower quality of life. Residual symptoms are 
associated with psychological distress, intestinal dis-
orders, and low body mass index. Recognition of this 
might hold the key to improving long-term manage-
ment of NERD.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is caused by 
abnormal reflux of  gastric contents into the esopha-
gus and is characterized by specific symptoms such as 
heartburn and acid regurgitation. An epidemiological 
survey has found that GERD is a common condition 
with a prevalence of  10%-20% in Western Europe and 
North America[1]. The prevalence of  GERD in China 
is lower than that in Western countries, but appears to 
be increasing[2,3]. However, only about one-third to one-
half  of  patients with GERD has endoscopically positive 
findings such as erosions and ulcers, whereas others with 
GERD symptoms have no obvious mucosal breaks dur-
ing endoscopic examination. Therefore, GERD includes 
erosive esophagitis (EE) and endoscopy-negative reflux 
disease, which is also known as non-erosive reflux disease 
(NERD)[4,5]. At present, the most effective drug therapy 
for GERD is proton-pump inhibitors (PPIs)[6]. PPI treat-
ment results in sustained acid reduction for symptom 
control in the majority of  patients. However, 17%-32% 
of  patients with GERD in primary care trials have experi-
enced persistent, troublesome heartburn or regurgitation 
despite standard-dose PPI treatment, and the majority 
of  them have even experienced refractory symptoms at 
higher doses[7-10]. Studies have shown that EE and NERD 
have different responses to PPIs because their patho-
genesis is distinct[11-13]. In addition, NERD is significantly 
more refractory than EE to PPI treatment[14,15]. However, 
a recent meta-analysis has reported that NERD has the 
same response rate to PPIs as EE has, and the previ-
ously reported low response rate in patients with NERD 
was likely the result of  inclusion of  patients with upper 
gastrointestinal symptoms who did not have reflux dis-
ease[16,17]. 

PPI failure has become a common clinical dilemma in 
gastrointestinal clinics and has been increasingly encoun-
tered at the primary care level as well. It is likely to be an 
expensive clinical problem because patients tend to utilize 
health care resources repeatedly, such as clinic visits, di-
agnostic studies, and prescription medication. A previous 
observation has shown that non-acid reflux contributes 
to poor effectiveness of  PPIs in both NERD and EE pa-
tients[18]. However, most previous studies regarding PPI 
responses and the natural course of  EE and NERD were 
based on Western countries; there have been few reports 
from Eastern Asian countries, including China[14,19]. In ad-
dition, the risk factors that affect the response of  patients 
with NERD to PPIs are unclear at present[20,21]. To the 
best of  our knowledge, there has been no report on the 
risk factors for response to PPIs in patients with NERD 

in China. Here, we investigated the risk factors for refrac-
toriness to PPI treatment in patients with NERD and 
propose a potential treatment strategy for them.

MATERIALS AND METHODS
Patient selection 
Patients with NERD receiving PPI (esomeprazole) main-
tenance treatment were consecutively enrolled from May 
2008 to August 2010. We enrolled 256 patients with re-
flux symptoms who were assessed by a locally validated 
GERD questionnaire, the Chinese GerdQ[22]. All patients 
were positive for ambulatory 24-h esophageal pH moni-
toring (DeMeester score > 14.27). All patients had under-
gone endoscopy at his/her first visit to exclude erosive 
reflux disease. All patients with NERD recruited for our 
study were using standard-dose esomeprazole for at least 
6 mo. 

Exclusion criteria
According to the recent Rome III Criteria, patients with 
functional heartburn whose typical symptoms were as-
sociated with neither abnormal pH testing nor a positive 
symptom index were excluded[23,24]. Patients were exclud-
ed if  there was a history of  gastrointestinal surgery, Bar-
rett’s esophagus, peptic ulcer, or gastroduodenal cancer, 
and if  they could not accurately express their condition 
or were unwilling to accept the scale survey. 

Assessments 
The patients’ medical records were screened for gastro-
intestinal morbidity, years since the first episode, and 
comorbidity (unclear what to deliver). Information was 
obtained regarding age, sex, smoking, alcohol use, Helico-
bacter pylori (H. pylori) infection, body mass index (BMI), 
comorbid irritable bowel syndrome (IBS), and hiatal her-
nia. The BMI was categorized using 23 and 25 kg/m2 as 
a cut-off  point in accordance with the WHO recommen-
dation for Asia. IBS was diagnosed using a questionnaire 
based on the Rome Ⅲ Criteria. All patients were asked to 
complete the following questionnaires.

Quality of life in reflux and dyspepsia 
The reflux version of  quality of  life in reflux and dyspep-
sia (QolRad) is a disease-specific instrument, including 25 
items combined into five dimensions: emotional distress, 
sleep disturbance, vitality, food/drink problems, and 
physical/social functioning. The recall period refers to 
the last week. QolRad outcome has been shown to reflect 
treatment response and impact of  symptoms[25]. A 7-point 
scale was used to assess item severity or frequency (1 = a 
great deal/all of  the time; 2 = a lot/most; 3 = a moderate 
amount/quite a lot; 4 = some; 5 = a little; 6 = hardly any; 
7 = none). The lower the scores were, the more severe 
the impact on daily functioning. Patients scoring ≥ 6 on 
all dimensions were considered symptom free, and those 
scoring < 6 on at least one dimension as having residual 
symptoms.
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Zung self-rating anxiety scale and Zung self-rating 
depression scale
The scores of  the 20 items in the self-rating depression 
scale (SDS) and self-rating anxiety scale (SAS) were added 
and multiplied by 1.25. The nearest integer was taken as 
the standard score. An SDS standard score ≥ 53 indi-
cated the presence of  depression. An SAS standard score 
≥ 50 indicated the presence of  anxiety[26]. 

Quality of life scale (Short Form 36, SF-36) 
This 36-question survey measured generic quality of  life in 
eight dimensions[27]: physical functioning (PF), role limita-
tions-physical (RP), bodily pain (BP), general health (GH), 
vitality (VT), social functioning (SF), role limitations-
emotional (RE), and mental health (MH). Summary physi-
cal component score (PCS) and mental component score 
(MCS) were also calculated from patient responses. Raw 
scores were converted to a scale of  0 to 100, with higher 
scores indicating higher levels of  health or wellbeing.

Data analysis 
The ages of  the patients were categorized into deciles. 
Descriptive statistics (mean and SD) and additional analy-
ses were calculated using SPSS version 14.0. Mean values 
were compared using Student’s t test and analysis of  vari-
ance, and two-sided P values of  0.05 were considered 
statistically significant. Ninety-five percent confidence 
intervals and two-tailed P values were calculated for the 

ORs. Multivariate logistic regression analysis was carried 
out using determinants with P values ≤ 0.1. 

RESULTS
A total of  256 patients with NERD on PPI treatment 
were included in the study (mean age 58 years, 53% male). 
Residual reflux symptoms were investigated by analyzing 
their impact on QOLRad score. They were divided into 
the residual symptoms (n = 97) and symptom-free (n = 
159) groups according to QolRad scores (Figure 1). Scores 
for SAS and SDS were significantly higher in the residual 
symptoms than symptom-free group (Table 1). 

Demographics, clinical and laboratory findings is 
summarized in Table 2. We found that there was no 
significant difference between the two groups with re-
gard to age, smoking, alcohol consumption, H. pylori 
infection, and hiatal hernia. A significant sex difference 
was observed in the residual symptoms and symptom-
free groups. There were more women than men in the 
residual symptoms than symptom-free group (P < 0.05). 
There were significantly more patients in the residual 
symptoms group with BMI < 23 and comorbid IBS than 
in the symptom-free group (Table 2). Multivariate analy-
sis of  patient characteristics indicated that the risk factors 
for residual symptoms were: BMI < 23, comorbid IBS, 
and mental health problems (anxiety or depression) (Table 
3). The SF-36 scores indicated that symptomatic patients 
had a lower quality of  life than those who were symptom 
free (Table 4).

DISCUSSION
Patients with NERD experience typical GERD symptoms 
caused by acid and non-acid reflux, but they do not have 
visible esophageal injury[28,29]. NERD is a more common 
type of  GERD in Asian than in Western populations[30]. 
Patients with NERD are a heterogeneous group includ-
ing various subpopulations with different mechanisms 
for their main symptoms: reflux of  acidic and non-acidic 
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Symptoms-free

Residual symptoms

Figure 1  Effectiveness of proton pump inhibitor in 256 patients with non-
erosive reflux disease. 

Table 1  Self-rating anxiety scale and self-rating depression 
scale scores in the two groups of patients

Group n SAS score SDS score SAS% SDS%

Residual 
symptoms

  97   42.68 ± 6.21 52.36 ± 6.93 46.39% (45/97) 50.52% (49/97)

Symptom-
free

159   31.17 ± 6.15 43.13 ± 5.27   10.06% (16/159) 8.18% (13/159)

Control   52   30.74 ± 8.18 35.32 ± 6.71 0.00% (0/20)   1.90% (1/52)

Self-rating anxiety scale (SAS) grades: F = 104.54, P < 0.001; Self-rating 
depression scale (SDS) grades: F = 143.91, P < 0.001; SAS%: χ 2 = 52.30, P < 
0.001; SDS%: χ 2 = 79.58, P < 0.001. 

Table 2  Lifestyle characteristics of two groups of patients

Variables Residual 
symptoms 
(n  = 97)

Symptom-free 
(n  = 159)

t/χ 2 P  value

Age (yr) 59.3 ± 11.2 57.1 ± 12.7   1.28    0.203
Sex (male/female) 38/59 97/62   0.92    0.016
Alcohol consumption 19% 26%   0.44    0.509
Smoking 37% 32%   9.93    0.062
Helicobacer pylori 
positive

59% 62% 11.52 < 0.001

BMI (kg/m2)   6.19    0.045
   ≥ 25 37 86
   23–24.9 30 38
   < 23 30 35
Comorbid IBS 37% 12% 36.44 < 0.001
Hiatal hernia   9%   8%   1.75    0.186

BMI: Body mass index; IBS: Irritable bowel syndrome.
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GERD symptoms. In contrast, absence of  esophagitis, 
presence of  functional digestive disorders, and BMI ≤ 
25 kg/m2 are strongly associated with PPI failure. 

To date, there has been no report on the risk factors 
that affect the response of  NERD patients to PPI thera-
py in China. In the present study, we found that there was 
no significant difference between the symptom-free and 
residual symptoms groups with regard to age, smoking, 
alcohol consumption, H. pylori infection, and hiatal her-
nia. However, symptomatic patients differed from symp-
tom-free patients in relation to sex, BMI, comorbid IBS, 
and psychological distress. These variables were analyzed 
by multivariate analysis and we found that anxiety, de-
pression, comorbid IBS, and BMI < 23 were independent 
risk factors associated with residual symptoms, but sex 
was not a risk factor for residual symptoms. We used the 
modified BMI criteria as proposed by the WPRO, which 
considers the smaller body frame of  Asians and provides 
a more accurate reflection of  body fat stores, thus avoid-
ing a false perception of  not being overweight[39].

In conclusion, our results demonstrate that some 
NERD patients are refractory to standard doses of  PPIs 
and have a lower quality of  life. Residual symptoms are 
associated with psychological distress, intestinal disorders, 
and low BMI. Recognition of  this might hold the key to 
improving long-term management of  NERD.

COMMENTS
Background
Non-erosive reflux disease (NERD) is significantly more refractory than erosive 
esophagitis to proton pump inhibitor (PPI) treatment, although the reason is 
unclear at present.
Research frontiers
Here, the authors report a study of the risk factors for PPI refractoriness in Chi-
nese patients with NERD. The majority of studied cases were sporadic.
Innovations and breakthroughs
Although a previous observation has shown that non-acid reflux contributes to 
poor effectiveness of PPIs in NERD patients, there has been no report on the 
risk factors for response to PPIs in patients with NERD in China. Here, the au-
thors investigated the risk factors for refractoriness to PPI treatment in patients 

gastric contents, mucosal hypersensitivity, intraesophageal 
distension by gas, intraduodenal infusion of  fat, muscle 
contractions, and psychological abnormalities. Some 
studies have reported that the proportion of  patients 
with NERD that responds to a standard dose of  PPI is 
20%-30%, which is lower than the proportion of  patients 
with EE[15,17]. Some NERD patients even use high doses 
of  PPI but cannot completely control the symptoms. For 
a long time, ineffective drug maintenance treatment has 
become a common problem in primary care[31,32]. These 
patients tend to utilize repeatedly healthcare resources, 
such as frequent consultations, referrals, diagnostic tests, 
and repeat prescriptions, which consume a large amount 
of  medical resources. These patients also bear physical 
suffering and economic pressure, which seriously affect 
their quality of  life[33]. Several studies have demonstrated 
that the proportion of  patients with NERD that respond 
to a standard dose of  PPI is 60%-70%, which is lower 
than that of  patients with EE[34]. A recent study has sug-
gested that, in well-defined NERD patients, the estimated 
complete symptom response rate after PPI therapy is 
comparable to the response rate in patients with EE. The 
previously reported low response rate in studies with pa-
tients classified as NERD was probably the result of  in-
clusion of  patients with upper gastrointestinal symptoms 
who did not have reflux disease. In the present study, we 
found that only 62.1% of  patients with NERD treated 
with PPI were symptom free, and 37.9% of  patients had 
residual symptoms and had a significantly lower quality 
of  life.

The reason why NERD is more refractory than EE 
to PPIs is unclear at present. Previous observations have 
shown that the pathogenesis of  NERD is associated with 
age, sex, lifestyle, H. pylori infection, BMI, comorbid IBS, 
and hiatal hernia[31]. It has also been shown that patients 
with NERD often have more psychological problems 
than those with EE[35,36]. A large number of  epidemio-
logical investigations have found that anxiety, depression, 
and chronic stress can lead to NERD[37]. Conventional 
treatment for NERD depends on PPI applications, but 
it cannot resolve the underlying psychological problems. 
Patients with NERD are often not satisfied with the 
treatment. Zerbib et al[38] have reported that a no-reflux 
pattern demonstrated by 24-h pH-impedance monitor-
ing is associated with response to PPIs in patients with 

Table 3  Multivariate logistic regression of patient 
characteristics (n  = 256)

Variables β SE Z P  value B OR 95%CI

Women -0.14 0.10   6.25 < 0.001 -0.19 0.66  0.31-0.89
BMI < 23  0.09 0.03 14.12 < 0.001  0.32 1.56 1.37-2.81
Comorbid IBS  0.21 0.06 12.30 < 0.006  0.37 1.33 1.26-2.55
SDS score  0.46 0.29   5.95 < 0.026  0.53 1.56 1.13-2.39
SAS score  1.05 0.32   9.26 < 0.001  0.85 2.17 1.57-2.76

BMI: Body mass index; IBS: Irritable bowel syndrome; SDS: Self-rating 
depression scale; SAS: Self-rating anxiety scale. 

Table 4  Social functioning-36 scores in residual symptoms 
and symptom-free groups

Dimensionality Residual 
symptoms

Symptom-
free

Control F P  value

PF  91.31 ± 8.73 92.03 ± 7.62  92.31 ± 8.26   0.81    0.3926
RP 80.01 ± 19.121 89.93 ± 18.93 94.10 ± 12.15   3.90    0.0117
BP 59.00 ± 10.061 86.22 ± 11.13 89.31 ± 14.81 31.24 < 0.0001
GH 61.25 ± 16.121 85.28 ± 15.26 83.15 ± 11.32 30.27 < 0.0001
VT 64.46 ± 17.921 81.30 ± 19.21 90.61 ± 20.13 12.93 < 0.0001
SF 61.53 ± 11.461 79.23 ± 19.73 80.16 ± 17.23 10.25 < 0.0001
RE 57.64 ± 10.112 68.17 ± 23.55 82.72 ± 18.19 11.75 < 0.0001
MH 50.96 ± 13.132 66.21 ± 12.46 89.15 ± 16.28 23.29 < 0.0001

1Significant difference between residual symptoms and symptom-
free groups and control group; 2Significant difference among the three 
groups. PF: Physical functioning; RP: Role limitations-physical; BP: Bodily 
pain; GH: General health; VT: Vitality; SF: Social functioning; RE: Role 
limitations-emotional; MH: Mental health. 
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with NERD and propose a potential treatment strategy for them. 
Applications
The authors found that some NERD patients were refractory to standard doses 
of PPIs and had a lower quality of life. Residual symptoms were associated with 
psychological distress, intestinal disorders, and low body mass index. Recogni-
tion of this might hold the key to improving long-term management of NERD.
Terminology
There is no specific, unique terminology that will not be familiar to the majority 
of readers.
Peer review
This was a qualitative study with an original approach to establishing the risk 
factors for refractoriness to PPIs in patients with NERD. This is an important 
problem in the treatment of these patients. The study was well designed and 
the results are clearly described.
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Abstract
AIM: To detect the expression of huCdc7 in colorectal 
cancer.

METHODS: The mRNA and protein expression of 
huCdc7 in 39 colorectal cancer tissue specimens and 
matched tumor-adjacent normal colorectal tissue speci-
mens was detected by reverse transcription-polymerase 
chain reaction and immunohistochemistry, respectively. 

RESULTS: The relative expression level of huCdc7 
mRNA in colorectal cancer was significantly higher 
than that in tumor-adjacent normal colorectal tis-
sues (0.03675 ± 1.00 vs  0.01199 ± 0.44, P  < 0.05). 
huCdc7-positive cells displayed brown granules in the 
nucleus. Tumor tissues contained many huCdc7-posi-
tive cells, whereas normal colorectal tissues contained 
very few positive cells.

CONCLUSION: huCdc7 may play an important role in 
the development and progression of colorectal cancer.

© 2013 Baishideng. All rights reserved.

Key words: huCdc7; Semiquantitative reverse transcrip-
tion-polymerase chain reaction; Colorectal cancer

Core tip: huCdc7 is ubiquitously expressed in human 
tissues and can regulate DNA replication initiation. Ab-
normal expression or excessive activation of huCdc7 
can promote excessive cell proliferation and cause tu-
morigenesis. Colorectal cancer is a common digestive 
tract tumor with a gradually increasing incidence. We 
found that huCdc7 may play an important role in the 
development and progression of colorectal cancer.

Chen HJ, Zhu Z, Wang XL, Feng QL, Wu Q, Xu ZP, Wu J, Yu 
XF, Qian HL, Lu Q. Expression of huCdc7 in colorectal cancer. 
World J Gastroenterol 2013; 19(20): 3130-3133  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v19/i20/3130.htm  
DOI: http://dx.doi.org/10.3748/wjg.v19.i20.3130

INTRODUCTION
huCdc7 is ubiquitously expressed in human tissues and 
can regulate DNA replication initiation. Abnormal ex-
pression or excessive activation of  huCdc7 can promote 
excessive cell proliferation and cause tumorigenesis. 
Colorectal cancer is a common digestive tract tumor 
with a gradually increasing incidence. This study aimed 
to detect the expression of  huCdc7 in colorectal cancer 
to provide a basis for the diagnosis and treatment of  this 
malignancy.

MATERIALS AND METHODS
Specimen collection
Tissue specimens were collected from 39 patients with 
colorectal cancer who were surgically treated at our hos-
pital. Colorectal cancer tissue specimens and matched 
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tumor-adjacent normal colorectal tissue specimens (5 cm 
away from tumor tissue) were placed in liquid nitrogen 
immediately after surgical specimens were removed. The 
final diagnosis of  colorectal cancer and tumor-adjacent 
normal colorectal tissues was made pathologically.

Main reagents
M-MLV reverse transcriptase (Promega, United States), 
Taq DNA polymerase (Takara, Japan), and dNTPs (Ta-
kara, Japan) were obtained commercially. The primers 
for the amplification of  a 525-bp CDC7 gene fragment 
were: forward, 5’-GCT CAG CAG GAA AGG TGT 
TC-3’ and reverse, 5’-AGT TTG ATT GGG GCA CTT 
TG-3’. The primers for amplification of  a 420-bp glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) gene 
fragment were: forward, 5’-GTC AGT GGT GGA CCT 
GAC CT- 3’ and reverse, 5’-AGG GGT CTA CAT GGC 
AAC TG-3’.

Reverse transcription-polymerase chain reaction
Preparation of  total RNA: Total RNA was extracted 
using TRIzol reagent (GIBCO/BRL, United States). All 
centrifuge tubes, plastic and glasswares and water used 
for RNA extraction were treated to create an RNAse-free 
environment. A homogenizer was baked at 200 ℃ for 
4 h to remove RNAse and then cooled. Tissue samples 
were frozen in liquid nitrogen, pulverized into powder, 
and placed in the homogenizer containing TRIzol re-
agent. After homogenization for several minutes, the 
homogenized sample was transferred to an RNAse-free 
centrifuge tube. Following the addition of  chloroform, 
the tube was centrifuged at 4 ℃. The upper aqueous 
phase was transferred to an RNAse-free centrifuge tube, 
and isopropanol was added to precipitate the RNA. The 
tube was centrifuged at 4 ℃, and the pellet was washed 
twice with 75% ethanol and dissolved in RNAse-free de-
ionized water. The purity of  extracted RNA was assessed 
by measuring the A260/A280 ratio (1.7-2.0) using an 
ultraviolet spectrophotometer. 3-morpholinopropanesul-
fonic acid-formaldehyde denaturing agarose gel electro-
phoresis was performed to check if  the extracted RNA 
was degraded. To remove the contamination of  genomic 
DNA, RNA sample was treated with RNAse-free DNA 
enzyme Ⅰ (Ambion, United States).

cDNA synthesis: Two micrograms of  total RNA were 
mixed with 1 µL of  random primers (50 pmol/L, 1 µL) 
and 15 µL of  diethylpyrocarbonate-treated water, placed 
at 70 ℃ for 3 min and then immediately placed on ice 
for 5 min. The following components were then added: 
5 µL of  5 × buffer, 1 µL of  10 mmol/L dNTP, 1 µL of  
M-MLV reverse transcriptase (200 U/µL), and 0.75 µL 
of  RNAse inhibitor (40 U/µL, TaKaRa). The mixture 
was incubated at 42 ℃ for 2 h.

Semiquantitative reverse transcription-polymerase 
chain reaction: The huCdc7 gene was amplified using 
cDNA as the template. GAPDH was used as a control. 

Polymerase chain reaction (PCR) conditions were as fol-
lows: denaturation at 94 ℃ for 3 min; 35 cycles (25 cycles 
for GAPDH) of  denaturation at 94 ℃ for 30 s, annealing 
at 58.5 ℃ for 30 s, and extension at 72 ℃ for 40 s; and 
a final extension at 72 ℃ for 5 min. PCR products were 
resolved by 2% agarose gel electrophoresis. Band densi-
ties were analyzed using the FR-980 bio-electrophoresis 
image analysis system. 

Real-time PCR: The CFX96 real-time PCR detection 
system (BIO-RAD, United States) was used to detect 
the expression of  genes of  interest in tumor tissues and 
matched tumor-adjacent normal tissues. PCR reaction 
was performed in a 20-µL system consisting of  10 µL of  
SYBR Premix EX Taq, 0.4 µL of  each primer (10 µm), 2 
µL of  DNA, and 7.2 µL of  ddH2O. GAPDH was used 
as an internal control. The experiment was repeated three 
times to ensure the reliability of  the results. The expression 
level of  the huCdc7 gene was calculated using the following 
formulas: Cdc7 ∆Ct = mean Cdc7Ct - mean GAPDHCt, 
and Cdc7 ∆∆Ct = Cdc7 ∆Ct cancer tissue - Cdc7 ∆Ct tu-
mor-adjacent tissue. Relative expression level of  the huCdc7 
gene was calculated using the 2-Cdc7 ∆∆Ct method. 

Immunohistochemsitry
Streptavidin-peroxidase immunohistochemical staining 
was performed using a commercial kit according to the 
manufacturer’s instructions.

Statistical analysis
Statistical analysis were performed using SPSS 10.0 soft-
ware. Means between two groups were compared using 
the t test. P values < 0.05 were considered statistically 
significant.

RESULTS
huCdc7 mRNA expression
The relative expression levels of  huCdc7 mRNA in 
colorectal cancer and tumor-adjacent normal colorectal 
tissues were 0.03675 ± 1.00 and 0.01199 ± 0.44, respec-
tively. Statistical analysis indicated that the expression level 
of  huCdc7 mRNA was significantly higher in colorectal 
cancer than in tumor-adjacent normal colorectal tissues (P 
< 0.05) (Figure 1).

huCdc7 protein expression
huCdc7-positive cells displayed brown granules in the 
nucleus. Tumor tissues contained many huCdc7-positive 
cells, whereas normal colorectal tissues contained very 
few positive cells (Figure 2).

DISCUSSION
Cdc7 is a serine/threonine kinase, and huCdc7 is ex-
pressed in all human tissues[1]. By forming complex with 
other molecules in the nucleus, huCdc7 can phosphory-
late and activate chromosome-binding minichromosome 
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maintenance complex (MCM) proteins. The MCM fam-
ily has multiple members, including MCM2, MCM4 and 
MCM6. huCdc7 has the strongest ability to phosphorylate 
MCM2[2]. On one hand, MCMs function as helicase, a 
component of  cell cycle initiation complex[3]. On the 
other hand, MCMs can act as important regulatory factors 
for S phase checkpoints to control cell cycle progression.

It is still unclear how huCdc7 mediates these pro-
cesses. The expression of  huCdc7 is tightly controlled by 
some factors and auxiliary proteins in normal cell cycle 
and maintained in a dynamic equilibrium state. In tumor 
cells, huCdc7 is abnormally expressed and excessively 
activated due to cell cycle disturbances. Hess et al[4] found 
that huCdc7 was overexpressed in tumor cells and exces-
sive expression of  huCdc7 promoted excessive MCM2 
activation and abnormal proliferation of  tumor cells. In 
addition, they found that huCdc7 was overexpressed in 
metastatic tumor cells, suggesting that tumor metastasis 
may be closely related to abnormal high huCdc7 expres-
sion. A previous study has revealed that CDC7 kinase is 
a predictor of  survival and a novel therapeutic target in 
epithelial ovarian carcinoma[5]. Similar findings have also 
been reported in some studies on lymphoma[6].

In this study, we utilized semi-quantitative reverse 
transcription-PCR and immunohistochemistry to de-
termine the expression of  huCdc7 in colorectal cancer 
and tumor-adjacent normal colorectal tissues. We found 
that huCdc7 mRNA expression was significantly higher 
in colorectal cancer than in normal colorectal tissues. 
huCdc7 is a conservative serine/threonine kinase that is 
indispensable for DNA replication initiation. Abnormal 
high expression of  huCdc7 will promote DNA replica-
tion, cause abnormal cell proliferation, and thereby lead 
to the occurrence of  tumors.

To investigate the relationship between huCdc7 and 
tumor development and progression, Montagnoli et al[7] 

used the siRNA interference technology to suppress high 
huCdc7 expression in tumor cells. They found that the 
phosphorylation levels of  MCM2 activation sites were 
greatly decreased, DNA replication initiation in tumor 
cells was restrained, and tumor cell growth slowed down. 
In addition, some researchers believe that high huCdc7 
expression in tumor cells is related to p53 inactivation[8].

A study on ovarian cancer revealed that CDC7 kinase 
can predict survival and serve as a target for cancer treat-
ment. Kim et al[9] found that siRNA-mediated inhibition 

of  huCdc7 reduced the phosphorylation level of  the 
N-terminus of  MCM4. As a result, Cdc 45 could not be 
positioned to the chromosome and replication initiation 
complex could not form. This inhibited, to a certain ex-
tent, tumor cell proliferation. Thus, inhibition of  huCdc7 
activity can effectively inhibit tumor cell growth and 
promote tumor cell apoptosis, without damage to normal 
cells. A recent study has identified PHA-767491 as an 
inhibitor of  huCdc7[10], which may be used to down-reg-
ulate abnormal huCdc7 expression to inhibit abnormal 
DNA replication and cell cycle progression in tumors.

Small molecule compounds that can interfere with 
the activity of  CDC7 have been developed and proved to 
be effective in inhibiting tumor growth in animal models. 
Unprecedented attention has been paid to the inhibition 
of  CDC7 kinase activity for suppressing DNA replica-
tion in tumor cells and inducing tumor cell apoptosis. 
Further elucidation of  the role of  huCdc7 in colorectal 
cancer may improve the treatment of  this malignancy.

COMMENTS
Background
huCdc7 is ubiquitously expressed in human tissues and can regulate DNA rep-
lication initiation. Abnormal expression or excessive activation of huCdc7 can 
promote excessive cell proliferation and cause tumorigenesis. Colorectal can-
cer is a common digestive tract tumor and has a gradually increasing incidence.
Research frontiers
In this study, tissue specimens were collected from 39 surgically treated pa-
tients with colorectal cancer. Colorectal cancer tissue specimens and matched 
tumor-adjacent normal colorectal tissue specimens (5 cm away from tumor tis-

3132 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

huCdc7 

GAPDH 

   1      2     3      4     5      6     7      8      9    10    11    12

Figure 1  Semiquantitative reverse transcription-polymerase chain reac-
tion determination of huCdc7 and glyceraldehyde-3-phosphate dehydro-
genase mRNA expression in colorectal cancer (1, 3, 5, 7, 9 and 11) and 
tumor-adjacent normal colorectal tissues (2, 4, 6, 8, 10 and 12). GAPDH: 
Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 2  Immunohistochemical staining of huCdc7 in normal colorectal 
tissues (A) and colorectal cancer (B) (magnification, × 100).
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Abstract
AIM: To evaluate the correlation between nonalcoholic 
fatty liver disease (NAFLD) and microvascular complica-
tions in type 2 diabetes mellitus (T2DM).

METHODS: Data were obtained from 1217 inpatients 
with T2DM (757 females, 460 males; aged 63.39 ± 
12.28 years). NAFLD was diagnosed by hepatic ultraso-
nography. Diabetic nephropathy (DN), diabetic peripheral 
neuropathy (DPN), and diabetic retinopathy (DR) were 
diagnosed according to their respective criteria. The 
prevalence of NAFLD and the independent correlations 
of clinical characteristics with NAFLD were determined 
by cross-tabulation and logistic regression, respectively.

RESULTS: Approximately 61% of inpatients with T2DM 
in Qingdao, China had NAFLD, which decreased signifi-
cantly with increase in age and prolonged course of di-
abetes. The prevalence of NAFLD in patients presenting 
with DN, DPN and DR was 49.4%, 57.2% and 54.9%, 
respectively. These rates were significantly lower than 
those of patients without DN, DPN and DR (65.9%, 
65.6% and 66.1%, respectively, P  < 0.05). Participants 
with NAFLD had greater body weight, waist circumfer-
ence (WC), body mass index (BMI), fasting blood glu-
cose (FBG), hemoglobin A1c, alanine aminotransferase, 
aspartate aminotransferase, γ-glutamyltransferase, 
blood pressure, as well as triglyceride (TG) levels and 
lower high-density lipoprotein (HDL) concentration than 
those without NAFLD (P  < 0.05). NAFLD was positively 
correlated with BMI, WC, TG, FBG, diastolic blood pres-
sure, and systolic blood pressure but negatively corre-
lated with the duration of diabetes, DR, DPN, DN, and 
HDL.

CONCLUSION: Despite the benign nature of NAFLD, 
efforts should be directed toward early diagnosis, in-
tensive blood glucose and blood pressure control, and 
effective dyslipidemia correction.

© 2013 Baishideng. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Type 2 
diabetes mellitus; Diabetic nephropathy; Diabetic reti-
nopathy; Diabetic neuropathy

Core tip: Nonalcoholic fatty liver disease (NAFLD) and 
diabetic microangiopathy complications represent im-
portant burdens for patients with type 2 diabetes mel-
litus (T2DM). However based on the finding that the 
prevalence of NAFLD was negatively correlated with 
age and duration of T2DM, we suggest that NAFLD 
is benign process and efforts should be directed at 
strengthening early diagnosis, intensive blood glucose 

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i20.3134

World J Gastroenterol  2013 May 28; 19(20): 3134-3142
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng. All rights reserved.



and pressure control, and effective dyslipidemia correc-
tion to prevent and minimize occurrence of NAFLD. 
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and microvascular complications in type 2 diabetes. World J 
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INTRODUCTION
Diabetes is an independent risk factor for the develop-
ment of  nonalcoholic fatty liver disease (NAFLD) and 
progression to advanced liver disease, including fibrosis, 
cirrhosis, and hepatocellular carcinoma[1]. Cross-sectional 
studies have reported that the prevalence of  NAFLD 
in patients with type 2 diabetes mellitus (T2DM) ranges 
from 42.1% to 75.2% in China[2,3]. With the rising inci-
dence and prevalence of  T2DM in China[4], a close esti-
mate of  the prevalence of  NAFLD, as well as its clinical 
risk factors, is important for predicting the number of  
patients that require monitoring for more advanced liver 
diseases, or those who may benefit from future disease-
modifying agents.

Targher et al[5] have reported that most individu-
als with NAFLD are older, more likely to be male, and 
have a longer duration of  diabetes than those without 
NAFLD. By contrast, Williamson et al[6] have reported 
that participants with definite steatosis (grade 3) are 
significantly younger and have shorter duration of  diabe-
tes than the combined normal/probably normal groups 
(grades 0-2). Zhou et al[3] have indicated that the preva-
lence of  NAFLD in men aged < 50 years is higher than 
that in women. However, this finding is contrary for 
patients > 50 years; that is, the prevalence of  NAFLD is 
higher in women[3]. Thus, further studies must be con-
ducted to ascertain the differences in the prevalence of  
NAFLD between the sexes and the relationship between 
age, duration of  diabetes, and prevalence of  NAFLD.

The present cross-sectional study determined the 
prevalence and some risk factors for NAFLD and evalu-
ated its correlations with microvascular complications 
in a large cohort of  inpatients with T2DM in Qingdao, 
China. Differences in the prevalence of  NAFLD be-
tween men and women, as well as the clinical and bio-
chemical characteristics of  the condition, are discussed.

MATERIALS AND METHODS
A total of  1217 T2DM patients (757 women and 460 
men) participated in this study. All patients were hospi-
talized between January 2008 and January 2012 at the 
Department of  Internal Medicine, Affiliated Hospital of  
Medical College, Qingdao University, China. Most par-
ticipants abstained from alcohol consumption (n = 1107; 

91%) or drank minimally (alcohol consumption < 20 g/d; 
n = 110; 9%). Patient information such as sex, birth date, 
duration of  diabetes, daily alcohol consumption, smok-
ing status, and medications (including hepatotoxic drugs 
such as glucocorticoids, amiodarone, methotrexate, or 
antineoplastic drugs) were obtained by the question-
naire method. The heights and body weights (BWs) of  
the patients were measured (i.e., without wearing a heavy 
coat and shoes). Body mass index (BMI) was calculated 
by dividing the BW (kg) by the square of  the height (m). 
Waist circumference (WC) was measured in a standing 
position at the level of  the umbilicus. Fasting plasma 
glucose (FPG), hemoglobin A1c (HbA1c), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), 
γ-glutamyltransferase (GGT), fasting serum triglyceride 
(TG), high-density lipoprotein (HDL) cholesterol, and 
low-density lipoprotein (LDL) cholesterol were deter-
mined using standardized methods in our laboratory. Se-
rology for viral hepatitis B and C was also assessed in all 
participants. Hepatic ultrasonography scanning was per-
formed on patients after an overnight fast by assigned 
and experienced radiologists, who were blinded to the 
health conditions of  the patients. The liver was graded 
for markers of  hepatic steatosis by using established cri-
teria: a bright hepatic echo pattern (compared with the 
echo response of  the right kidney); increased attenuation 
of  the echo beam; and presence of  focal fatty sparing[6]. 
Participants manifesting symptoms of  hepatic steatosis 
or showing abnormal blood tests of  liver function tests 
were further investigated for other parameters such as 
antinuclear antibody, antismooth muscle antibody, anti-
mitochondrial antibody, and ferritin.

This study was approved by the Ethics Committee of  
the Affiliated Hospital Medical College, Qingdao Uni-
versity, and all participants provided written informed 
consent.

Definition of NAFLD
NAFLD was defined as the presence of  definite he-
patic steatosis on ultrasound scan (i.e., grade 3) in the 
absence of  a secondary cause for hepatic steatosis. Sec-
ondary causes were defined as: alcohol consumption ≥ 
14 U/wk or participant report of  alcohol excess; use 
of  hepatotoxic medication (glucocorticoids, isoniazid, 
methotrexate, amiodarone, and tamoxifen) within 6 mo 
prior to the study; positive hepatitis B or C serology; 
ferritin concentration ≥ 1000 mg/L (milder hyperferri-
tinemia can be associated with obesity, insulin resistance, 
and NAFLD); clinically significant positive immunol-
ogy titers (antismooth muscle antibody titer ≥ 1:160 or 
antimitochondrial antibody titer ≥ 1:40); or previous 
diagnosis of  a persistent secondary cause for chronic 
liver disease according to their medical records. Patients 
were excluded from calculations on the prevalence of  
NAFLD if  their data on the above-mentioned measures 
were missing, such that a secondary cause could not be 
excluded.

Diabetic microvascular complications included dia-

3135 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Lv WS et al . NAFLD and diabetic microvascular complications



betic nephropathy (DN), diabetic peripheral neuropathy 
(DPN), and diabetic retinopathy (DR). DN was diag-
nosed by a positive persistent proteinuria for at least 
three consecutive readings per year, serum creatinine > 
130 µmol/L, and/or glomerular filtration rate < 60 mL/
min. DPN was diagnosed in the presence of  persistent 
numbness, paresthesia, loss of  hearing of  the tuning 
fork and sense of  vibration, and failure to elicit a knee 
and/or ankle jerk. DR was diagnosed in the presence of  
retinal hemorrhage, exudates, and macular edema[7].

Statistical analysis
Analyses were conducted using SPSS version 17.0. Data 
are presented as means ± SD or proportions, where ap-
propriate. Skewed variables (e.g., TG and HDL) were 
logarithmically transformed, and genomic means are 
presented. Independent t and χ 2 tests were used to com-
pare the differences in means or proportions between 
different subgroups. The independent associations of  
variables with NAFLD were determined by a binary 
logistic regression. A value of  P < 0.05 was considered 
statistically significant.

RESULTS
Clinical and biological characteristics of study 
population
The mean demographic and clinical characteristics of  
the patients were as follows: age, 63.39 ± 12.28 years; 

duration of  diabetes, 9.58 ± 7.09 years; BW, 70.9 ± 11.75 
kg; WC, 93.63 ± 10.48 cm; BMI, 26.26 ± 3.54 kg/m2; 
FBG, 8.48 ± 3.25 mmol/L; HbA1c, 8.73% ± 2.47%; 
TG, 1.85 ± 1.33 mmol/L; total cholesterol (TC), 5.0 ± 
1.29 mmol/L; HDL, 1.20 ± 0.29 mmol/L; and LDL, 2.95 
± 0.86 mmol/L.

The baseline characteristics of  the study participants 
according to their NAFLD status are presented in Table 
1. The prevalence of  NAFLD in patients with T2DM 
was 61%, and no statistical difference was indicated 
between men and women (59.1% vs 62.1%, P > 0.05). 
Participants with NAFLD had higher BW, WC, BMI, 
FBG, HbA1c, ALT, AST, GGT, blood pressure and TG 
levels, and lower HDL concentration than those without 
NAFLD (P < 0.05). Meanwhile, no statistical difference 
was observed in the smoking history, height, plasma TC, 
and LDL levels between the groups. However, partici-
pants diagnosed with NAFLD were younger and had 
shorter duration of  diabetes than those without NAFLD 
(P < 0.05).

Prevalence of NAFLD in T2DM patients by age range 
and duration of diabetes
Patients were divided into three groups according to age: 
< 50, 50-60, and > 60 years. The prevalence rates of  
NAFLD for the three age groups were 73.4%, 61.6%, 
and 57.8%, respectively, indicating that the prevalence of  
NAFLD decreased significantly as age increased (Figure 
1A, P < 0.05). This trend persisted even when patients 
were classified by sex (74.5%, 57.5%, and 54.2% in men 
and 72.3%, 65.1%, and 59.6% in women, P < 0.05). Al-
though the prevalence of  NAFLD in women was higher 
than that in men < 50 years and the reverse was evident 
at > 50 years, no significant difference was found in the 
prevalence of  NAFLD between men and women at dif-
ferent ages (Figure 1A, P > 0.05).

When patients were divided into three groups ac-
cording to duration of  diabetes, that is, < 5 years, 5-10 
years, and > 10 years, the prevalence rates of  NAFLD 
were 74.9%, 65.5%, and 50.7%, respectively. This indi-
cates that the prevalence of  NAFLD decreased signifi-
cantly as diabetes was prolonged (Figure 1B, P < 0.05). 
This trend persisted even when patients were classified 
by sex (72.3%, 65.6%, and 47.1% in men and 76.5%, 
65.4%, and 52.6% in females, respectively, P < 0.05). No 
significant difference was indicated in the prevalence rate 
of  NAFLD between men and women with different du-
rations of  diabetes (Figure 1B, P > 0.05).

Prevalence of NAFLD in T2DM with or without 
microangiopathic complications
The incidence of  NAFLD was found to correlate nega-
tively with DN, as shown in Figure 2A (r = -0.154, P < 
0.05). The general prevalence of  NAFLD in T2DM with 
and without DN was 49.4% and 65.9%, respectively (P 
< 0.05). This trend persisted even when patients were 
stratified by sex (r = -0.13 in men, r = -0.17 in women, 
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Table 1  Baseline characteristics of the study participants, 
according to nonalcoholic fatty liver disease status

Variables Without NAFLD With NAFLD P value

n 475 742
Sex (female/male) 287/188 470/272 > 0.05
Age (yr)     65.11 ± 11.70     62.29 ± 12.52 < 0.05
Diabetes duration (yr)   11.31 ± 7.10     8.47 ± 6.87 < 0.05
Height (cm) 163.99 ± 8.49 164.20 ± 8.24 > 0.05
BW (kg)   65.54 ± 9.76     74.32 ± 11.64 < 0.05
WC (cm)   88.75 ± 8.72     96.76 ± 10.32 < 0.05
BMI (kg/m2)   24.33 ± 2.87   27.49 ± 3.37 < 0.05
Current smokers (%) 17.7 14.3 > 0.05
SBP (mmHg)   131.43 ± 17.93   141.56 ± 16.15 < 0.05
DBP (mmHg)   76.94 ± 8.87   83.61 ± 9.57 < 0.05
FBG (mmol/L)     7.72 ± 3.18     8.97 ± 3.20 < 0.05
HbA1c (%)     8.45 ± 2.44     8.91 ± 2.47 < 0.05
ALT (mmol/L)   17.16 ± 8.19     25.72 ± 13.01 < 0.05
AST (mmol/L)   18.23 ± 6.74   22.34 ± 9.00 < 0.05
GGT (mmol/L)     19.47 ± 16.32     25.05 ± 17.94 < 0.05
TG (mmol/L)     1.45 ± 1.06     2.12 ± 1.43 < 0.05
TC (mmol/L)     4.99 ± 1.41     5.04 ± 1.22 > 0.05
LDL (mmol/L)     2.95 ± 0.92     2.95 ± 0.82 > 0.05
HDL (mmol/L)     1.24 ± 0.29     1.17 ± 0.28 < 0.05

Data are expressed as mean ± SD or proportions of the entire cohort 
of participants. BW: Body weight; WC: Waist circumference; BMI: 
Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood 
pressure; FBG: Fasting blood glucose; HbA1c: Hemoglobin A1c; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: 
γ-glutamyltransferase; TG: Triglyceride; TC: Total cholesterol; LDL: Low-
density lipoprotein; HDL: High-density lipoprotein.
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Figure 1  Prevalence of nonalcoholic fatty liver disease in type 2 diabetes mellitus patients according to different age ranges and durations of diabetes. A: 
Prevalence of nonalcoholic fatty liver disease (NAFLD) in patients aged < 50, 50-60, and > 60 years was 73.4%, 61.6%, and 57.8%, respectively, indicating that the 
prevalence of NAFLD decreased significantly with increasing age (bP < 0.01 vs group below 50 years). In men (74.5%, 57.5%, and 54.2%, respectively, bP < 0.01 vs 
group below 50 years) and women (72.3%, 65.1%, and 59.6%, respectively, aP < 0.05 vs group below 50 years), the prevalence of NAFLD decreased significantly 
with increasing age. The prevalence of NAFLD in men was higher than in women (74.5% and 72.3%, respectively, P > 0.05) in the < 50 years age group; however, the 
reverse was evident in the > 50 years age group (57.5% and 65.1%, respectively, in the 50-60 years age group, and 54.2% and 59.6%, in the > 60 years age group, 
both P > 0.05); B: Prevalence of NAFLD, according to duration of diabetes, was 74.9%, 65.5%, and 50.7% for < 5, 5-10, and > 10 years, respectively. Prevalence of 
NAFLD decreased significantly with prolonged course of diabetes (bP < 0.01 vs group less than 5 years). This trend persisted even when patients were stratified by 
sex (72.3%, 65.6%, and 47.1%, respectively, in men, and 76.5%, 65.4%, and 52.6% in women, bP < 0.01 vs group less than 5 years). There were no significant differ-
ences in the prevalence of NAFLD between men and women with different durations of diabetes (P > 0.05). T2DM: Type 2 diabetes mellitus. 

BA

Figure 2  Prevalence of nonalcoholic fatty liver disease in T2DM with or without microangiopathy complications. A: Incidence of nonalcoholic fatty liver dis-
ease (NAFLD) negatively correlated with DN (r = -0.154, P < 0.05). This trend persisted even when patients were stratified by sex (r = -0.13 in men, r = -0.17 in wom-
en, both P < 0.05). Prevalence of NAFLD in T2DM with and without DN was 49.4% and 65.9%, respectively (bP < 0.01 vs group without DN). Prevalence of NAFLD in 
men without DN was significantly higher than in patients with DN (63.3% and 49.3%, respectively, bP < 0.01 vs the group without DN). Prevalence of NAFLD in women 
without DN was significantly higher than in patients with DN (67.5% and 49.5%, respectively, bP < 0.01 vs the group without DN); B: Incidence of NAFLD negatively 
correlated with DPN (r = -0.086, P < 0.05). This trend persisted even when patients were stratified by sex (r = -0.095 in men, r = -0.084 in women, both P < 0.05). The 
general prevalence of NAFLD in T2DM with and without DPN was 57.2% and 65.6%, respectively (bP < 0.01 vs the group without DPN). Prevalence of NAFLD in men 
without DPN was significantly higher than in patients with DPN (63.9% and 54.5%, respectively, aP < 0.05 vs the group without DPN). Prevalence of NAFLD in women 
without DPN was also significantly higher than that in patients with DPN (66.9% and 58.6%, respectively, aP < 0.05 vs the group without DPN); C: Incidence of NAFLD 
negatively correlated with DR (r = -0.114, P < 0.05). This trend persisted even when patients were stratified by sex (r = -0.176 in men, r = -0.076 in women, both P < 0.05). 
Prevalence of NAFLD in T2DM with and without DR was 54.9% and 66.1%, respectively (bP < 0.01 vs the group without DR). Furthermore, the Prevalence of NAFLD 
in men without DR was significantly higher than that in patients with DR (66.9% and 49.5%, respectively, bP < 0.01 vs the group without DR). Prevalence of NAFLD in 
women without DR was also significantly higher than that in patients with DR (65.5% and 58.1%, respectively, aP < 0.05 vs the group without DR).
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both P < 0.05). The prevalence of  NAFLD in men 
without DN was significantly higher than that of  pa-
tients with DN (63.3% and 49.3%, respectively, P < 0.05). 
Similarly, the prevalence of  NAFLD in women without 
DN is significantly higher than that of  patients with DN 
(67.5% and 49.5%, respectively, P < 0.05).

The incidence of  NAFLD was found to correlate 
negatively with DPN, as shown in Figure 2B (r = -0.086, 
P < 0.05). The general prevalence of  NAFLD in T2DM 
with and without DPN was 57.2% and 65.6%, respec-
tively (P < 0.05). This trend also persisted when patients 
were stratified by sex (r = -0.095 in men, r = -0.084 in 
women, both P < 0.05). The prevalence of  NAFLD in 
men without DPN was significantly higher than that of  
patients with DPN (63.9% and 54.5%, respectively, P < 
0.05). Similar results were found in women (66.9% and 
58.6%, respectively, P < 0.05).

The incidence of  NAFLD was negatively correlated 
with DR, as shown in Figure 2C (r = -0.114, P < 0.05). 
The general prevalence of  NAFLD in T2DM with 
and without DR was 54.9% and 66.1%, respectively 
(P < 0.05). This trend persisted even when patients 

were stratified by sex (r = -0.176 in men, r = -0.076 in 
women, both P < 0.05). The prevalence of  NAFLD in 
men without DR was significantly higher than that of  
patients with DR (66.9% and 49.5%, respectively, P < 
0.05). Similar results were determined in women (65.5% 
and 58.1%, respectively, P < 0.05).

Risk factors for the development of NAFLD in patients 
with T2DM
With NAFLD as the dependent variable, the variables 
that were independently associated with NAFLD 
in T2DM patients were identified by binary step-
wise logistic regression. Independent predictors of  
NAFLD were BMI (OR for log BMI: 1.238 × 107; 
95%CI: 154915.06-9.897 × 107), WC (OR for log WC: 
261.44; 95%CI: 1.691-4.422.03), TG (OR for log TG: 
7.79; 95%CI: 3.99-15.19), FBG (OR = 1.08; 95%CI: 
1.02-1.15), diastolic blood pressure (DBP) (OR = 1.03; 
95%CI: 1.01-1.05), systolic blood pressure (SBP) (OR 
= 1.03; 95%CI: 1.021-1.04), duration of  diabetes (OR 
= 0.96; 95%CI: 0.93-0.98), DR (OR = 0.71; 95%CI: 
0.51-0.99), DPN (OR = 0.69; 95%CI: 0.50-0.95), DN 
(OR = 0.32; 95%CI: 0.22-0.46), and HDL (OR for log 
HDL: 0.17; 95%CI: 0.03-0.89) (Table 2).

However, the risk factors for NAFLD in men and 
women were not identical. Independent predictors of  
NAFLD in men were BMI (OR for log BMI: 4.52 × 
1010; 95%CI: 6.12 × 107-3.33 × 1013), TG (OR for log 
TG: 37.88; 95%CI: 11.34-126.61), DBP (OR = 1.09; 
95%CI: 1.05-1.12), duration of  diabetes (OR = 0.94; 
95%CI: 0.90-0.98), and HDL (OR: for log HDL: 0.01; 
95%CI: 0-0.21) (Table 2). Independent predictors of  
NAFLD in women were BMI (OR for log BMI: 2.21 
× 107; 95%CI: 395 927.04-1.23 × 109), TG (OR for log 
TG: 3.48; 95%CI: 1.54-7.90), FBG (OR = 1.22; 95%CI: 
1.13-1.31), SBP (OR = 1.04; 95%CI: 1.03-1.05), duration 
of  diabetes (OR = 0.96; 95%CI: 0.93-0.98), DPN (OR 
= 0.65; 95%CI: 0.43-0.98), DR (OR = 0.61; 95%CI: 
0.41-0.93), and DN (OR = 0.29; 95%CI: 0.19-0.46) 
(Table 2).

DISCUSSION
NAFLD represents an important burden of  disease 
for patients with T2DM; however, the magnitude of  
the problem is currently unknown. In this study, the 
prevalence of  NAFLD in hospitalized Chinese T2DM 
patients was calculated at 61%. This prevalence is lower 
than that reported by Lu et al[2] in 2009 (75.18%) but 
markedly higher compared with that reported by Zhou et 
al[3] conducted 5 years ago (42.1%).

A limitation of  this study was that the diagnosis of  
NAFLD was based on ultrasound imaging. The patients 
did not undergo liver biopsy and histological examina-
tion, which is the gold standard technique for identifying 
steatosis. The sensitivity of  ultrasonography in detecting 

Table 2  Risk factors for nonalcoholic fatty liver disease

Variables b SE P  value OR 95%CI

Total patients with T2DM
   logBMI 16.33 2.24 0.00 1.238 × 107 154915.06-9.897 × 108

   logWC   5.57 2.57 0.03 261.45         1.69-40422.03
   logTG   2.05 0.34 0.00 7.79   3.99-15.19
   FBG     0.079 0.03 0.01 1.08 1.02-1.15
   DBP   0.03 0.01 0.00 1.03 1.01-1.05
   SBP   0.03 0.01 0.00 1.03 1.02-1.04
   Duration 
of diabetes

 -0.05 0.01 0.00 0.96 0.93-0.98

   DR    -0.035 0.17 0.04 0.71 0.51-0.99
   DPN  -0.38 0.17 0.03 0.69 0.50-0.95
   DN  -1.15 0.19 0.00 0.32 0.22-0.46
   logHDL  -1.76 0.84 0.04 0.17 0.03-0.89
Male patients with T2DM
   logBMI 24.53 3.37 0.00 4.52 × 1010 6.128 × 107-3.334 × 1013

   logTG   3.63 0.62 0.00 37.88   11.34-126.61
   DBP   0.08 0.02 0.00   1.09 1.05-1.12
   Duration 
of diabetes

 -0.07 0.02 0.00   0.94 0.90-0.98

   logHDL  -4.92 1.72 0.00   0.01 0.00-0.21
Female patients with T2DM
   logBMI 16.91 2.05 0.00 2.21 × 107 395927.04-1.23 × 109

   logTG 1.25 0.42 0.00 3.48 1.54-7.90
   FBG 0.2 0.04 0.00 1.22 1.13-1.31
   SBP 0.04 0.01 0.00 1.04 1.03-1.05
   Duration 
of diabetes

-0.04 0.01 0.00 0.96 0.93-0.98

   DPN -0.44 0.21 0.04 0.65 0.43-0.98
   DR -0.49 0.21 0.02 0.61 0.41-0.93
   DN -1.23 0.23 0.00 0.29 0.19-0.46

T2DM: Type 2 diabetes mellitus; WC: Waist circumference; TG: 
Triglyceride; BMI: Body mass index; FBG: Fasting blood glucose; SBP: 
Systolic blood pressure; DBP: Diastolic blood pressure; HDL: High-
density lipoprotein; DR: Diabetic retinopathy; DPN: Diabetic peripheral 
neuropathy; DN: Diabetic nephropathy.
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steatosis varies between 60% and 94% and is dependent 
on the degree of  steatosis. In particular, sensitivity is sig-
nificantly low when the degree of  steatosis is < 30%[5,8]. 
Furthermore, some participants with normal ultrasound 
scans may have undiagnosed hepatic fibrosis and thus be 
considered a severe case of  NAFLD[6]. Therefore, the 
cases that were potentially misclassified by ultrasonogra-
phy might have resulted in an underestimated prevalence 
of  NAFLD. This limitation might have attenuated the 
magnitude of  our effect measures to null. The find-
ings of  this study may then be considered conservative 
estimates of  the prevalence of  NAFLD in hospitalized 
Chinese T2DM patients.

This study revealed that the prevalence of  NAFLD 
in male hospitalized T2DM patients was 59.1%, which 
was slightly lower than that in female patients (62.1%), 
but without statistical significance. When patients were 
divided into three groups according to their age (i.e., < 
50, 50-60, and > 60 years), the prevalence of  NAFLD in 
women was higher than in men aged < 50 years, where-
as the reverse was evident when age was > 50 years. 
However, no significant difference was indicated in the 
prevalence of  NAFLD between male and female pa-
tients at different ages. This finding differs from that of  
Zhou et al[3], who reported that the prevalence of  fatty 
liver in patients < 50 years old was significantly higher 
in men than women; however, the reverse was evident 
when participants were older than 50 years. In the pres-
ent study, several male patients with NFALD, especially 
those aged < 50 years, were excluded for overdrinking. 
With this factor considered, the prevalence of  NAFLD 
in male hospitalized T2DM patients may be significantly 
higher than that of  female patients.

In our study, patients were assessed according to 
three age groups. The prevalence rates of  NAFLD sig-
nificantly decreased as age increased. This trend persisted 
even when the patients were stratified by sex. These ob-
servations are inconsistent with those of  Targher et al[5], 
who reported that the prevalence of  NAFLD increased 
with age (i.e., 65.4% among participants aged 40-59 years 
and 74.6% among those aged ≥ 60 years; P < 0.001). By 
contrast, Lu et al[2] found that the prevalence of  NAFLD 
in Chinese T2DM patients did not increase with age. 
In particular, T2DM patients in China aged 40-59 years 
are more prone to NAFLD. These findings are consis-
tent with those published in a review by Duvnjak et al[9], 
which reports that the highest prevalence of  NAFLD 
occurs in those aged 40-60 years. A potential explana-
tion for these observations is that middle-aged persons 
are often too busy to participate in physical exercise and 
are more likely to dine outside of  the home, whereas 
older and retired persons may have more time for physi-
cal exercise and devote more attention to their lifestyle. 
These behaviors among middle-aged persons may be 
one reason why Chinese patients with T2DM are more 
vulnerable to NAFLD, considering that the prevalence 

of  NAFLD does not increase with age[2].
Patients were also assessed according to the duration 

of  diabetes (i.e., < 5, 5-10, and > 10 years). The prevalence 
rates of  NAFLD decreased significantly with the pro-
longed course of  diabetes. This trend persisted even when 
patients were stratified by sex. No significant difference 
was observed in the prevalence of  NAFLD between male 
and female patients with different durations of  diabetes. 
These findings contradict those of  Banerjee et al[10], who 
found that a longer duration of  T2DM was significantly 
associated with NAFLD. The association of  a shorter 
duration of  diabetes with liver disease has been previ-
ously described. A possible explanation for this associa-
tion may be that a greater degree of  hyperinsulinemia 
in early T2DM increases the uptake of  free fatty acids 
(FFAs) by hepatocytes[6]. Popović et al[11] presented a 
significant negative correlation between the duration of  
diabetes and fasting insulinemia as well as insulin resis-
tance assessed by homeostatic model assessment-insulin 
resistance index. Increased fasting insulinemia and he-
patic insulin resistance may trigger a reduced catabolism 
of  lipoproteins rich in TGs and an increased hepatic 
very LDL production via changes in the rate of  apoli-
poprotein B synthesis and degradation, as well as de novo 
lipogenesis or increased FFA flux from adipose tissue 
into the liver[12].

In this study, we demonstrated that the general 
prevalence of  diabetic microangiopathy complications 
(i.e., DN, DPN and DR) increased significantly with 
age increased (data not shown). This trend persisted 
even when the patients were stratified by sex. When 
the patients were stratified by duration of  T2DM, the 
prevalence rates of  diabetic microangiopathy complica-
tions increased significantly with prolonged duration of  
T2DM (data not shown). In previous reports, the age 
and duration of  diabetes were common risk factors for 
the three microvascular complications of  T2DM[13-17]. 
Thus, chronic microvascular diabetic complications in-
crease gradually with prolonged duration of  T2DM, and 
the clinical symptoms tend to worsen progressively. Con-
sequently, these patients need to pay more attention to 
their lifestyle and drug therapy. Therefore, the incidence 
of  NAFLD does not increase with a prolonged duration 
of  T2DM.

The development of  NAFLD is a multifaceted cas-
cade of  physiological and biochemical events, including 
genetic, environmental, metabolic, and stress-related 
factors; the exact risk factors for NAFLD have not 
been clearly identified[18]. On the basis of  the univariate 
analysis results, patients diagnosed with NAFLD were 
significantly younger and had a shorter duration of  dia-
betes than those without NAFLD. The BW, WC, BMI, 
SBP, DBP, FBG, HbA1c, and TG were significantly 
higher, and HDL cholesterol was significantly lower in 
patients with NAFLD (Table 1, P < 0.05). Multivariate 
analysis identified the following as independent pre-
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dictors of  NAFLD: BMI, WC, TG, FBG, DBP, SBP, 
duration of  diabetes, DR, DPN, DN, and HDL. This 
observation is consistent with the findings reported in 
literature that the prevalence of  NAFLD is closely as-
sociated with obesity, dyslipidemia, hypertension, and 
glucose intolerance, a cluster of  metabolic disorders that 
is now recognized as metabolic syndrome[10,18,19]. How-
ever, the negative correlations between the prevalence of  
NAFLD and the duration of  diabetes, DR, DPN, and 
DN identified in this study are inconsistent with the data 
reported in previous studies[10]. Given the negative corre-
lations between the prevalence of  NAFLD as well as the 
duration of  diabetes and diabetic chronic microvascular 
complications, more attention should be given to lifestyle 
and drug therapy, particularly in patients presenting an 
aggravation in any of  the clinical symptoms mentioned 
above.

Despite the difference in the independent risk factors 
for NAFLD between men (Table 2) and women (Table 
2), both positively correlated with BMI, TG, and hyper-
tension and a negative correlation with the duration of  
diabetes. In men, the prevalence of  NAFLD positively 
correlated with DBP but negatively with HDL (Table 2). 
In women, the prevalence of  NAFLD positively corre-
lated with FBG and SBP but negatively with DPN, DR 
and DN (Table 2). According to a previous study, SBP 
represents the most prevalent type in obese women, be-
ing a stronger predictor of  cardiovascular disease than 
DBP[20]. Therefore, the regulation of  SBP is more critical 
for women.

Although most patients with NAFLD presented with 
non-progressive bland steatosis, few others developed 
a histological subtype of  nonalcoholic steatohepatitis 
(NASH), which can develop to cirrhosis, hepatocellular 
carcinoma, and liver-cancer-related death[9,21,22], especially 
for NASH patients with T2DM[21,23,24]. Thus, special-
ists have considered that NAFLD may not be a com-
pletely benign disorder[9,25]. On the contrary, we consider 
NAFLD a benign condition because of  the negative 
relationship between the prevalence of  NAFLD with 
age and duration of  T2DM. No treatment to alleviate 
NAFLD or prevent its progression has been scientifi-
cally proven. However, various therapeutic alternatives 
aimed at interfering with the risk factors involved in the 
pathogenesis of  this disorder have been applied to pre-
vent the progression of  NAFLD to end-stage liver dis-
ease. The most important therapeutic measure is to in-
crease insulin sensitivity by motivating patients to change 
their lifestyle habits, particularly by diet modification and 
participation in physical activities to lose weight[26,27].

Tushuizen et al[28] reported that after 44 wk of  ex-
enatide therapy, patients experienced a 73% reduction 
in hepatic fat content (i.e., from a baseline of  15.8% to 
4.3%), as evaluated by proton magnetic resonance spec-
troscopy. This finding is consistent with that reported 
by Ding et al[29] on the reduced hepatic lipid content in 
exenatide-treated ob/ob or obese mice compared with 

placebo-treated mice. Lazo et al[30] reported that a 12-mo 
intensive lifestyle intervention in patients with T2DM 
significantly reduced steatosis and NAFLD. In addition, 
Lo et al[24] have reported that diet-induced NASH fibro-
sis is exacerbated by diabetes and attenuated by insulin 
therapy. On the basis of  these findings, we believe that 
NAFLD is reversible, and patients may benefit from its 
early diagnosis and treatment[31].

In conclusion, the results of  this study suggest that 
NAFLD is extremely common in people with T2DM, 
positively correlates with BMI, WC, TG, FBG, DBP, and 
SBP, and negatively correlates with the duration of  dia-
betes, DR, DPN, DN, and HDL. Given that hepatic fat 
content can be reversed with lifestyle changes and drugs, 
NAFLD should be included in future preventive public 
health initiatives, and the affected individuals should be 
motivated to adopt a healthier lifestyle[27]. Patients with 
T2DM should be always assessed for NAFLD to en-
sure early diagnosis and entry into proper and thorough 
medical care. Future efforts should be directed toward 
strengthening early diagnosis, intensive blood glucose 
and blood pressure control, and effective dyslipidemia 
correction to prevent and minimize the occurrence of  
NAFLD.

COMMENTS
Background
Diabetes is an independent risk factor for the development of nonalcoholic fatty 
liver disease (NAFLD) and its progression to more advanced liver diseases, 
including fibrosis, cirrhosis, and hepatocellular carcinoma. NAFLD and diabetic 
microangiopathy complications represent important burdens of disease for 
patients with type 2 diabetes mellitus (T2DM), Previous studies have shown 
that the prevalence of NAFLD and microangiopathy complications in patients 
with T2DM significantly correlate with age and duration of T2DM. However, few 
studies have focused on the relationship between NAFLD and diabetic micro-
angiopathy complications.
Research frontiers
Many studies have reported that individuals with NAFLD are older, more likely 
to be male, and have a longer duration of diabetes than those without NAFLD. 
However, recently, conflicting results have shown that participants with definite 
steatosis are significantly younger and have shorter durations of diabetes than 
the combined normal/probably normal groups. Further studies are required to 
ascertain the differences in the prevalence of NAFLD between the sexes, and 
the relationships between age, duration of diabetes, and prevalence of NAFLD.
Innovations and breakthroughs
The relatively larger cross-sectional study of inpatients with T2DM in Qingdao, 
China showed that the prevalence of NAFLD was 61%. However, based on the 
finding that the prevalence of NAFLD was negatively correlated with age and 
duration of T2DM, the authors believe that NAFLD is a benign process.
Applications
Our results suggest that patients with T2DM should be always assessed for 
NAFLD to ensure early diagnosis and entry into proper and thorough medical 
care. Future efforts should be directed at strengthening early diagnosis, inten-
sive blood glucose and pressure control, and effective dyslipidemia correction 
to prevent and minimize the occurrence of NAFLD.
Terminology
NAFLD is defined as the presence of definite hepatic steatosis on ultrasound 
scan in the absence of a secondary cause for hepatic steatosis. Diabetic micro-
vascular complications included diabetic nephropathy (DN), diabetic peripheral 
neuropathy (DPN), and diabetic retinopathy (DR). DN is defined by increased 
urinary albumin excretion in the absence of urinary tract infection or other renal 
abnormalities. DPN is diagnosed in the presence of persistent numbness, par-
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esthesia, loss of hearing of the tuning fork and sense of vibration, and failure 
to elicit a knee and/or ankle jerk. DR is diagnosed in the presence of retinal 
hemorrhages, exudates, and macular edema.
Peer review
This was a good descriptive study in which the authors evaluated the cor-
relation between NAFLD and microvascular complications in Chinese T2DM 
patients. The results are interesting and suggest that NAFLD is likely a benign 
process and efforts should be directed at early diagnosis, intensive blood glu-
cose and blood pressure control, and effective dyslipidemia correction, which is 
of clinical interest.
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Abstract
AIM: To investigate the value of combined detection of 
circulating cell-free DNA (cfDNA), a-fetal protein (AFP) 
and a L-fucosidase (AFU) for diagnosis of hepatocellu-
lar carcinoma (HCC).

METHODS: Serum samples from 39 HCC patients 
and 45 normal controls were collected. Branched DNA 
(bDNA) was used to detect the level of cfDNA, and a 
receiver operating characteristic curve was employed to 
evaluate the diagnostic sensitivity, specificity, accuracy, 
positive predictive value, negative predictive value, 
positive likelihood ratio, negative likelihood ratio and 
Youden index, and to assess the diagnostic efficiency 
and their correlations with the clinicopathological fea-
tures. AFP and AFU were detected by chemilumines-

cence and colorimetry, respectively. The significance of 
combined detection of the three biomarkers was dis-
cussed.

RESULTS: cfDNA level was increased in 22 of the 39 
HCC samples and in 2 of the 45 normal controls. cfDNA 
level in HCC samples was significantly higher than that 
in normal controls (P < 0.05). There were significant 
differences in sex and extra- and intrahepatic metas-
tasis (P < 0.05). There was no significant correlation 
between cfDNA, AFP and AFU in the detection of HCC. 
The sensitivity of combined detection of cfDNA with 
one marker (AFP or AFU) and cfDNA with two mark-
ers (AFP and AFU) was 71.8%, 87.2% and 89.7% vs  
56.4%, 53.8% and 66.7% for cfDNA, AFP and AFU 
used alone, respectively, the difference being statisti-
cally significant (P < 0.05).

CONCLUSION: Quantitative analysis of cfDNA is sensi-
tive and feasible, and the combined detection of cfDNA 
with AFP or AFU or both could improve the diagnostic 
sensitivity for HCC.

© 2013 Baishideng. All rights reserved.

Key words: Alu; Branched DNA; Circulating cell free 
DNA; Diagnosis; Hepatocellular carcinoma

Core tip: Various techniques are available to quantify 
serum circulating free cell DNA (cfDNA), some of these 
techniques require abstraction and purification as there 
is only a very small amount of cfDNA in the serum. This 
study investigates the value of combined detection of 
cfDNA, a-fetal protein (AFP) and a L-fucosidase (AFU) 
for diagnosis of hepatocellular carcinoma. Quantita-
tive analysis of cfDNA is sensitive and feasible, and the 
combined detection of cfDNA with AFP or AFU or both 
could improve the diagnostic sensitivity for hepatocel-
lular carcinoma.



Chen K et al . cfDNA, AFP and AFU in diagnosis of HCC

3144 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Chen K, Zhang H, Zhang LN, Ju SQ, Qi J, Huang DF, Li F, 
Wei Q, Zhang J. Value of circulating cell-free DNA in diag-
nosis of hepatocelluar carcinoma. World J Gastroenterol 2013; 
19(20): 3143-3149  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i20/3143.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i20.3143

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common malignant tumors worldwide, with an incidence 
which ranks third and mortality which ranks second in all 
malignant tumors. The one-year survival in patients with 
HCC without surgical ablation is less than 30%, and the 
5-year recurrence rate is about 80%, even in patients who 
undergo radical resection. Therefore, the key to HCC 
treatment is early detection and diagnosis[1,2]. Existing bio-
markers for the diagnosis of  HCC are alpha-fetal protein 
(AFP), γ-glutamyltranspeptidase isoenzymesⅡ (GGT-Ⅱ), 
α L-fucosidase (AFU) and acidic isoferritin[3], of  which 
AFP remains the most specific marker due to its recog-
nized effect in the diagnosis of  HCC and assessment of  
the curative effect, prognosis and recurrence. However, 
not all HCC patients are diagnosed by AFP alone as the 
false negative rate of  AFP is about 30%. Markers like 
AFU and GGT-Ⅱ have assisted in diagnosing patients 
with HCC whose AFP levels are negative, but they can 
not replace AFP in the diagnosis of  HCC. Therefore, 
there is an urgent need to find a new biomarker which is 
superior or at least equivalent to AFP for the diagnosis 
of  HCC.

Cell-free fetal DNA (cfDNA) has been extensively 
studied over the past few decades. Supported by theory 
and observation, two major sources of  cfDNA have been 
postulated: first, fragmented DNA released as a conse-
quence of  cell death (apoptotic/necrotic) and, second, 
active metabolic secretion of  DNA from cells. Consider-
able research effort has been made on the use of  cfDNA 
as a biomarker in cancer diagnosis. cfDNA from malig-
nancies exhibits characteristic changes such as mutations, 
deletions, methylations and microsatellite aberrations 
which are distinct from those in benign conditions, and 
thus may be useful in the diagnosis of  cancer[4].

This study was designed to validate a bDNA-based 
Alu assay for quantifying human cfDNA in blood, and 
explore the feasibility of  Alu quantification for HCC 
screening.

MATERIALS AND METHODS
Patients and samples
Included in this study were 39 patients randomly se-
lected from those who had been diagnosed with HCC 
by clinical and radiographic evaluations at the Affiliated 
Hospital of  Nantong University (Nantong, China) be-
tween May and October 2011. They included 32 males 
and 7 females ranging in age from 40 to 85 years. Forty-

five healthy volunteers (36 males and 9 females; age 
range 28-83 years) who were negative for physical in-
dices following health examination and documented to 
have normal liver biochemistry served as controls. Fresh 
blood was collected in serum separator tubes (Vacuette, 
Austria) coated with a clot activator and barrier gel, and 
EDTA tubes (Kangshi, China) for plasma, were centri-
fuged at 1600 × g for 10 min, and then microcentrifuged 
at 16000 × g. The separated serum was immediately 
stored at -80 ℃. The samples tested were diluted using 
the standard human genomic DNA qualification kit ac-
cording to the manufacturer’s instructions, with an initial 
concentration of  2.73× 105.

Methods
Quantitation of  cfDNA: Ten μL diluted serum was 
added to lysis solution to a final volume of  100 μL con-
taining 50%Lysis Mixture (Panomics) and 1 g/L protein-
ase K. Target gene probe sets containing 250, 250 and 
250 fmol of  capture extender probe (CE), blocking probe 
and label extender probe (LE) were added to the blood 
lysate. The lysate was then transferred to an assay well 
in a 96-well plate (Panomics, Redwood City, CA, United 
States) covalently coated with capture probe (CP) oligo, 
incubated at 55 ℃ for 1 h, washed 3 times with 200 μL 
wash buffer (0.1 × standard 4 saline citrate containing 0.3 
g/L lithium lauryl sulfate), sequentially hybridized with 
100 μL 1:1000 dilution of  bDNA preamplifier (amplifier) 
(Panomics) at 55 ℃ for 30 min and then with 100 μL (50 
fmol) 3’-alkaline phosphatase-conjugated Label Probe 
oligo (Panomics) at 50 ℃ for 30 min, and then washed 
three times. After the final wash, the alkaline phosphatase 
substrate dioxetane (Panomics) was added to the wells 
and incubated at room temperature for 5-10 min to de-
tect luminescent signals using an Lmax microtiter plate 
luminometer (a molecular device). The reagent for the 
QuantiGene 2.0 DNA Assay was provided by Profes-
sor Zhang Lurong from Florida State University, United 
States. 

In the same 96-well-plate, samples with a known amount 
of  Human Genomic DNA were added as follows: 0, 50, 
100, 200 and 400 ng/mL, respectively. A standard curve 
was mapped out by the computer. The standard Human 
Genomic DNA solution was obtained from Promega, 
Madison, United States.

Quantitation of  AFP: The concentration of  AFP in the 
serum samples from HCC patients was measured manu-
ally with the ARCHITECT AFP Reagent Kit (Abbott, 
Chicago, IL, United States) according to the calibrator 
dose response curve by the chemiluminescence method 
using an Abbott 2000 immunoassay instrument.

Quantitation of  AFU: The activity of  AFU in the se-
rum samples from HCC patients was measured manually 
with a Shanghai Institute of  Naval Medicine Biotechnol-
ogy Center Kit (Shanghai, China) by a colorimetric meth-
od using a BA-88 semi-automatic biochemical analyzer.
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Interpretation of the results
Reference value of  cfDNA: The content of  cfDNA 
in each sample was calculated according to the standard 
curve. A receiver operating characteristic (ROC) curve 
was drawn to select the Youden’s index[5], and the highest 
sensitivity and specificity (Youden’s index = sensitivity + 
specificity-1) were selected as the cut-off  values. A value 
greater than or equal to the cut-off  value was regarded as 
positive, and smaller values were regarded as negative.

Reference value of  AFP: According to the clinical di-
agnosis and staging criteria of  HCC of  the Chinese Anti-
Cancer Association, a content of  AFP greater than or 
equal to 400 ng/mL is considered positive, and a content 
smaller than this value is negative, excluding cases of  
pregnancy, embryonic tumors of  the reproductive sys-
tem, active liver disease and metastatic liver cancer.

Reference value of  AFU: According to the reagent kit 
manual, the activity of  serum AFU = (A determination 
tube-A control tube)/average A standard tube × 400, a 
value greater than 650 μmol/L per hour is considered 
positive, 550-650 μmol/L per hour is suspicious, and less 
than 550 μmol/L per hour is negative.

Statistical analysis
Statistical analysis of  the data was performed using the 
SPSS 13.0 software package. As the results of  the concen-
trations of  cfDNA, AFP and AFU in each group were 
normally distributed, they were presented as the median 
(range of  detection). Measurement data were based on 
mean ± SD. Correlations between the three indices were 
evaluated with Pearson’s correlation coefficient. The rates 
of  interclass were determined using the χ 2 test. A P value 
less than 0.05 was considered statistically significant.

RESULTS
Results of quantitative detection of cfDNA
The content of  serum cfDNA in the 39 HCC samples 

ranged from 12866.8 ng/mL to 0 ng/mL, with a median 
of  557.59 ng/mL compared with 569.2963 ng/mL, 0 ng/
mL and 240.07 ng/mL in the 45 normal control samples, 
and a significant difference was observed between them 
(P < 0.05) (Figure 1). According to the ROC curve (Figure 
2), the Youden index was maximal when the concentra-
tion of  cfDNA was 509.9774 ng/mL, therefore 509.9774 
ng/mL was defined as the positive value.

The ROC area under the curve (AUC) was 0.742 ± 
0.058, therefore a sum score of  the classifier at 509.9774 
ng/mL was chosen as the optimal cut-off, as it had the 
highest Youden’s index of  0.520. At this cut-off  value, 
the sensitivity was 56.4%, the specificity was 95.6%, the 
accuracy was 77.4%, the positive predictive value was 
91.7%, the negative predictive value was 71.7%, the posi-
tive likelihood ratio was 12.692 and the negative likeli-
hood ratio was 0.048.

Correlations between clinicopathological features and 
cfDNA expression 
Correlations between clinicopathological features and se-
rum cfDNA level were observed, suggesting that serum 
cfDNA level in HCC patients was correlated with intra-
hepatic and extrahepatic metastasis and gender (Table 1). 

Results of quantitative detection of AFP and AFU
The content of  serum AFP in HCC samples ranged from 
> 10000 ng/mL to 3.92 ng/mL, with a median of  392.07 
ng/mL, compared with 526.10 ng/mL, 1.31 ng/mL and 
6.02 ng/mL in the normal control samples, and a signifi-
cant difference was observed between them (P < 0.05).

The content of  serum AFU in HCC samples ranged 
from 2366 ng/mL to 362 ng/mL, with a median of  744 
ng/mL compared with 792 ng/mL, 121 ng/mL and 431 
ng/mL in the normal control samples, and a significant 
difference was observed between them (P < 0.05).

Correlation analysis between cfDNA, AFP and AFU
Scatter point diagrams were mapped out to analyze correla-

*
32

14000

12000

10000

  8000

  6000

  4000

  2000

       0

Patients                          Healthy

Figure 1  Circulating cell-free DNA levels in 39 hepatocellular carcinoma 
patients and 45 normal controls.

0.0         0.2         0.4        0.6         0.8        1.0
1-Specificity

1.0

0.8

0.6

0.4

0.2

0.0

Se
ns

iti
vi

ty

Figure 2  Receiver operating characteristic curve of serum circulating cell-
free DNA in 39 hepatocellular carcinoma patients and 45 normal controls.

Chen K et al . cfDNA, AFP and AFU in diagnosis of HCC



3146 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

A

B

C

tions between the three indices using SPSS13.0 (Figure 3).

Detection of cfDNA in combination with AFP and AFU 
Compared with the diagnostic efficiency of  cfDNA, AFP 
or AFU alone, combined detection improved the diag-

nostic efficiency of  HCC to some extent (Table 2).

DISCUSSION
Circulating free cell DNA is the fragmentation of  nucleic 
acids in body fluids, and has been described in the serum 
of  healthy persons and patients with a variety of  diseases, 
including systemic lupus erythematosus (SLE), diabetes, 
cerebral stroke, rheumatoid arthritis, myocardial infarc-
tion, pulmonary embolism, preeclampsia, Whipple’s 
disease and malignant tumors[6-10]. Investigations have de-
tected increased cfDNA in the plasma of  patients with se-
vere injuries, organ failure and multiple organ dysfunction 
syndromes. Elevated levels of  cfDNA were also found 
in patients who had undergone organ transplantation[11]. 
Fetal cfDNA has been detected in maternal plasma and 
has been used for the prenatal diagnosis of  fetal abnor-
malities[12]. Blunt traumatic injury and burn injury can also 
cause cfDNA release into the blood circulation[13]. Many 
studies have reported the detection of  cfDNA in the 
serum of  patients with various malignant and benign tu-
mors. It is hypothesized that cfDNA may originate from 
lymphocytes and other nucleated cells in healthy individu-
als, however, the origin of  cfDNA in malignant tumors is 
not fully understood[14].

Previous studies have suggested the use of  serum 
cfDNA in the diagnosis of  HCC. One study showed 
that cfDNA level was significantly higher in HBV carri-
ers than in normal controls[15]. Ren et al[16] suggested that 
cfDNA level correlated inversely with HCC prognosis, 
and was attributable to HBV infection in most cases, sug-
gesting that cfDNA may be a predictive marker for the 
prognosis of  HBV-related HCC. In HCV-related HCC 
patients, serum cfDNA levels were positively correlated 
with the increased expression of  several inflammatory cy-
tokine genes, suggesting that serum cfDNA is associated 
with local inflammation. cfDNA is a potential non-inva-
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Table 1  Relationship between expression of circulating cell-
free DNA and clinicopathological features of 39 hepatocel-
lular carcinoma patients

Observation index No. No. of positive cfDNA (%) P  value

 Age (yr)
   ≤ 60 26    16 (61.5)   0.453255
   > 60 13      6 (46.2)
Sex
   Male 32    19 (59.4)   0.024449
   Female   7      3 (42.9)
HBsAg  
   Positive 31    16 (51.6)  0.080857
   Negative   8   6 (75)
Intrahepatic and extrahepatic metastasis    
   Positive   5   4 (80) 0.000242
   Negative 34    18 (52.9)
Cirrhosis of liver
   Positive 20 10 (50) 0.831179
   Negative 19    12 (63.2)

cfDNA: Circulating cell-free DNA.

Chen K et al . cfDNA, AFP and AFU in diagnosis of HCC



3147 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

sive cancer biomarker as it is easily isolated from the cir-
culation[17]. Positive correlations were observed between 
cfDNA level, aspartate aminotransferase (AST) level 
and the number of  leukocytes and neutrophils in HCV-
related HCC patients, but not in HCV carriers[18]. The 
level of  cfDNA in serum can function as a predictor of  
overall survival in distant organs after curative hepatec-
tomy in patients with HCV-related HCC[19]. In our study, 
serum cfDNA level was significantly higher in HCC pa-
tients than in normal controls; patients with intrahepatic 
and extrahepatic metastasis had a significantly higher 
cfDNA level; and male patients had higher cfDNA levels 
as compared with female patients. Therefore, it is clear 
that serum cfDNA level is associated with intrahepatic 
and extrahepatic metastasis and gender in HCC patients, 
but is not closely associated with age, HbsAg or liver cir-
rhosis. The significance of  serum cfDNA in the clinical 
diagnosis of  HCC is as follows: First, serum cfDNA level 
is positively correlated with the degree of  differentiation 
and metastasis and negatively correlated with the prog-
nosis of  HCC patients, suggesting that cfDNA may be 
useful in monitoring the pathogenic condition of  HCC. 
Second, serum cfDNA level is relevant to the survival of  
HCC patients after hepatectomy, suggesting that cfDNA 
may be a useful marker for surgical or non-surgical treat-
ment decision making.

Various techniques are available to quantify serum 
cfDNA, some of  these techniques require abstraction 
and purification as there is only a very small amount 
of  cfDNA in the serum, and these technologies have 
failed to reach expectations. The bDNA amplification-
based Alu assay is a new technology to quantify serum 
cfDNA directly and does not require extraction of  
cfDNA from the serum. The Alu family is the largest 
of  the short interspersed elements (SINEs). Each Alu 
sequence is approximately 300 bp with a high homol-
ogy of  70%-98%[20,21]. The sequence AGCT at the 170 
degree position can be recognized and cut by the restric-
tion enzyme Alu. Recent studies[22,23] on the Alu sequence 
showed that it had a unique structure and physiological 
function, and was associated with a variety of  malignant 

tumors and other human diseases such as gene deletion 
or duplication of  homologous recombination, gene rear-
rangement of  chromosome translocation, and change in 
transcriptional level. The results of  our study suggest that 
the bDNA technique may be a useful approach in the 
diagnosis of  HCC, as amplification of  the hybridization 
signal is needed instead of  amplification of  the target se-
quence. In addition, it is simple, economical, time saving 
and reproducible.

AFP is the most commonly used biomarker for HCC 
screening, and a continuous elevation in AFP is consid-
ered a risk factor for HCC. AFP has been widely used in 
HCC survey, diagnosis, evaluation of  treatment effects 
and prediction of  recurrence[24,25]. AFP can also be used 
to monitor treatment and prognosis. Vigilance is required 
when AFP is higher than 400 μg/L or rises continuously. 
The survival period is very short in patients with an AFP 
value > 500 μg/L and bilirubin > 2 mg/L. A rapid in-
crease in AFP often suggests the occurrence of  HCC 
metastasis. Postoperative elevation of  AFP > 200 μg/L 
often indicates incomplete resection of  HCC tissue, or 
the occurrence of  metastasis. AFP can also be used in 
other cancers, such as testicular cancer, teratoma, gas-
tric carcinoma, and pancreatic carcinoma. However, not 
all HCC cases are diagnosed by AFP alone, as the false 
negative rate is approximately 30%. False positive AFP 
results are also seen in some patients with non malignant 
conditions such as viral hepatitis and cirrhosis. The level 
of  AFP can also increase continuously in the blood or 
urine of  pregnant women, but usually does not exceed 
300 μg/L. 

AFU is a lysosomal acid hydrolase found extensively 
in human tissues, with higher activity in the liver and 
kidney. Some researchers[26] believe that increased serum 
AFU in HCC patients is associated with an increase in its 
synthesis, while others reported that hepatoma cells can 
produce a type of  inhibitor to reduce substrate hydroly-
sis, resulting in substrate accumulation and a compensa-
tory increase in AFU, which is an effective marker of  
HCC[27,28]. In the present study, the sensitivity of  AFU, 
cfDNA and AFP was 66.7% 56.4% and 53.8%, respec-

Table 2  Diagnostic value of circulating cell-free DNA, a-fetal protein and a L-fucosidase for hepatocellular carcinoma

Groups Sensitivity Specificity Accuracy Positive predictive value Negative predictive value

cfDNA   56.4c,e   95.6c,e 77.4   91.7c,e    71.7
(22/39) (43/45) (65/84) (22/24) (43/60)

AFP   53.8c,e    91.1c,e 73.8  84.0e      69.5c,e

(21/39) (41/45) (62/84) (21/25) (41/59)
AFU   66.7e 75.6 71.4 70.3    72.3

(26/39) (34/45) (60/84) (26/37) (34/47)
cfDNA + AFP  71.8e  86.7e 79.8 82.4 78

(28/39) (39/45) (67/84) (28/34) (39/50)
cfDNA + AFU 87.2  71.1 78.6 72.3    86.5

(34/39) (32/45) (66/84) (34/47) (32/37)
cfDNA + AFP + AFU  89.7a  64.4a 76.2 68.6    87.9

(35/39) (29/45) (64/84) (35/51) (29/33)

aP < 0.05 vs group circulating cell-free DNA (cfDNA) + a-fetal protein (AFP); cP < 0.05 vs group cfDNA + a L-fucosidase (AFU); eP < 0.05 vs group cfDNA + 
AFP + AFU. 
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tively; the specificity of  AFU was only 75.6% compared 
with 95.6% for cfDNA and AFP, and 91.1% for AFP; 
the accuracy of  cfDNA, AFP and AFU was 77.4%, 
73.8% and 71.4%, respectively, with no significant dif-
ferences between them. Although the sensitivity of  AFU 
was the highest of  the three, its specificity was very low. 
In contrast, the sensitivity of  cfDNA and AFP was lower 
than that of  AFU, and their specificity was relatively high. 
There were no significant correlations between cfDNA, 
AFP and AFU. The specificity of  detection of  cfDNA 
combined with AFP or AFU was lower. However, the 
sensitivity improved significantly, and the accuracy was 
similar. The sensitivity of  combined detection with the 
three items was slightly improved, while the specificity 
was decreased. Taking into account the economic burden 
of  HCC treatment, we believe that combined detection 
of  any two of  the three biomarkers is better than com-
bined detection of  all three biomarkers in the diagnosis 
of  HCC. In our opinion, cfDNA in combination with 
AFP or AFU may effectively improve the clinical detec-
tion of  HCC.

In conclusion, cfDNA for HCC detection has a high 
sensitivity and specificity, and the clinical significance is 
similar to AFP, and cfDNA is not correlated with AFP 
and AFU. The combined detection of  cfDNA with one 
or two markers can significantly improve the diagnostic 
rate of  HCC.

COMMENTS
Background 
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cfDNA results from the fragmentation of nucleic acids in body fluids, and has 
been described in the serum of healthy persons and patients with a variety of 
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diagnosis of HCC, determine correlations between cfDNA and clinicopathologi-
cal features, and explore the value of combined detection of cfDNA, AFP and 
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serum cfDNA directly and does not require the extraction of cfDNA from serum.
Applications
The results of this study suggest that the quantitative analysis of cfDNA is sen-
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Abstract
AIM: To investigate the effects of Lactobacillus  plan-
tarum (L. plantarum) CAI6 and L. plantarum SC4 on 
hyperlipidemic mice. 

METHODS: Male Kunming mice were fed a high-
cholesterol diet for 28 d to construct hyperlipidemic 
models. Hyperlipidemic mice and normal mice were as-
signed to 3 groups which were separately treated with 
L. plantarum CAI6, L. plantarum SC4, and physiological 
saline through oral gavage for 28 d. Total cholesterol 
(TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterol 
(LDL-C) levels were measured by commercially available 
enzyme kits. FACS Calibur flow cytometry was used 

to examine hepatic and renal nuclear factor-erythroid 
2-related factor 2 (Nrf2) expression. The morphology of 
livers was checked by hematoxylin and eosin staining 
and optical microscope observation.

RESULTS: Compared with normal mice, hyperlipidemic 
mice possessed significantly higher TC (3.50 ± 0.43 
vs  2.89 ± 0.36, P  < 0.01), TG (1.76 ± 0.07 vs  1.10 ± 
0.16, P  < 0.01), and LDL-C (1.72 ± 0.20 vs  0.82 ± 0.10, 
P< 0.01) levels, resulting in an increase of atherogenic 
index (AI) (2.34 ± 1.60 vs  0.93 ± 0.55, P  < 0.05) and 
LDL-C/HDL-C ratio (1.43 ± 0.12 vs  0.51 ± 0.16, P  < 
0.05). After treatment with L. plantarum CAI6/L. plan-
tarum SC4, TG (1.43 ± 0.27/1.54 ± 0.10 vs  1.76 ± 0.07, 
P  < 0.01/P  < 0.05) and LDL-C (1.42 ± 0.07/1.47 ± 0.12 
vs  1.72 ± 0.20, P  < 0.01/P  < 0.01) in hyperlipidemic 
mice significantly decreased. In addition, TC, HDL-C, 
AI, and LDL-C/HDL-C ratio were all positively changed. 
Meanwhile, the treatment markedly alleviated hepatic 
steatosis and significantly stimulated Nrf2 expression 
(73.79 ± 0.80/72.96 ± 1.22 vs  54.94 ± 1.84, P  < 0.01/
P  < 0.01) in hepatocytes of hyperlipidemic mice. 

CONCLUSION: L. plantarum CAI6 and L. plantarum 
SC4 may protect against cardiovascular disease by lipid 
metabolism regulation and Nrf2-induced antioxidative 
defense in hyperlipidemic mice. 

© 2013 Baishideng. All rights reserved.

Key words: Lactobacillus plantarum ; Hypolipidemic; 
Nuclear factor erythroid 2-related factor 2; Metabolic 
syndrome; Hepatic steatosis; Cardiovascular disease

Core tip: Protective effects of Lactobacillus plantarum 
(L. plantarum) CAI6 and L. plantarum SC4 strains on 
hyperlipidemic mice were found, including regulating 
lipid metabolism, alleviating hepatic steatosis and re-
ducing cardiovascular disease (CVD) risk. The mecha-
nism of intracorporal antioxidation of Lactobacillus 
strains may be related to stimulation of nuclear factor-
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erythroid 2-related factor 2 (Nrf2) expression. Hypolip-
idemic effect and Nrf2-induced antioxidative defense 
may contribute to the reduction of CVD risk. We sug-
gest that food fermented by the strains be used as part 
of the diet to relieve lipid metabolism related metabolic 
syndrome and to reduce the risk of CVD.

Wang LX, Liu K, Gao DW, Hao JK. Protective effects of two 
Lactobacillus plantarum strains in hyperlipidemic mice. World 
J Gastroenterol 2013; 19(20): 3150-3156  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i20/3150.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i20.3150

INTRODUCTION
Metabolic syndrome is a cluster of  cardiovascular and 
type 2 diabetic risk factors[1]. The International Diabetes 
Federation defines metabolic syndrome as central obesity 
plus any two of  raised triglycerides (TG), reduced high-
density lipoprotein cholesterol (HDL-C), raised blood 
pressure, and raised fasting plasma glucose[2]. Distur-
bances of  lipid homeostasis lead to metabolic syndrome 
and increase the risk of  cardiovascular disease. A 1% 
increase in plasma cholesterol levels can increase the risk 
of  coronary events up to 3%[3]. Elevated low-density 
lipoprotein cholesterol (LDL-C) accompanied with insuf-
ficient HDL-C is a risk predictor of  atherosclerosis[4]. Hy-
percholesterolemia stimulates formation of  free radicals, 
decreases activity of  antioxidant enzymes, and eventually 
leads to elevated lipid peroxides including oxidized low 
density lipoprotein (Ox-LDL), which is an independent 
atherogenic factor[5].

Nuclear factor-erythroid 2-related factor 2 (Nrf2) is 
a transcription factor that binds to antioxidant response 
elements (ARE) in the promoter regions of  many anti-
oxidative enzymes and phase Ⅱ detoxifying enzymes[6]. 
Oxidative stress results in accumulation of  Nrf2 in the 
cytoplasm and initiation of  transcription of  target genes 
after translocating into the nucleus[7]. Inhibition of  LDL 
oxidation can protect against oxidative stress linked ath-
erosclerosis. Belghitha found that bacterial levan was 
beneficial for antiarteriosclerosis hypolipidemic and 
antioxidant effects[8]. We suppose that both exogenous 
antioxidants and endogenous antioxidant enzymes can 
strengthen antioxidative defense. Therefore, antioxidant 
defense triggered by improving Nrf2 expression can be 
envisaged as a promising strategy in reducing the inci-
dence of  atherosclerosis. 

Some strains of  Lactobacillus have been studied as 
probiotics. They may protect against mutagens and car-
cinogen exposure, gastrointestinal disease, skin disorders, 
yeast infections, urinary tract infection, diabetes[9], and im-
mune dysfunction[10]. Hypolipidemic effects of  LAB were 
shown in mice[11,12] and rabbits[13]. Antioxidative activity 
of  LAB, a potential application valued in prevention of  
atherosclerosis, was also reported in vitro[14] and in vivo[15]. 

Extracorporeal antioxidative activity of  Lactobacillus casei 
KCTC 3260 may be caused by chelating metal ions[14]. 
However, an intracorporal antioxidative mechanism of  
LAB has not been defined. In the present study, we in-
vestigated the change in Nrf2 expression in mice after the 
application of  Lactobacillus plantarum (L. plantarum) CAI6 
or L. plantarum SC4 to discuss the possible mechanism.

Probiotic strains may have acid or bile salt tolerance to 
colonize the gastrointestinal tract of  the host. Several tests 
have been taken to screen strains tolerating low pH and 
high concentration of  cholate[16]. Cells have been coated 
with sodium alginate to increase viscosity and stability of  
strains[17].

The primary aim of  this study was to investigate the 
effects of  L. plantarum CAI6 and L. plantarum CS4 on 
alleviation of  metabolic syndrome and prevention of  car-
diovascular disease (CVD) in high-cholesterol fed mice. 

MATERIALS AND METHODS
Microbial cultures
L. plantarum CAI6 (GenBank accession number: KC470704) 
and L. plantarum SC4 (GenBank accession number: 
KC470705) were isolated from Chinese pickled cabbage 
and raw milk, respectively. The two strains could survive in 
MRS medium (pH 3.0) supplemented with 0.3% sodium 
taurocholate (date not shown). The strains were cultured in 
MRS broth and incubated at 37 ℃ for 24 h. Each activated 
culture was centrifuged and diluted with 0.9% saline water 
to obtain a preparation of  2.0 × 109 cfu/mL. 0.1% (w/v) 
sodium alginate was added to make the strains have better 
acid resistance, bile resistance, and stability in digestive tract.

Animals
Thirty-Six adult male Kunming mice with a weight of  
20 ± 2 g were obtained from the Academy of  Military 
Medical Sciences (Beijing, China). The mice were housed 
in a controlled animal room at 20 ± 2 ℃ and 60% rela-
tive humidity with 12 h light/dark photoperiod. Diet and 
water could be accessed freely. The care and handling of  
the animals were in compliance with the internationally 
accepted standard guidelines for use of  animals, and was 
approved by Science and Technology Committee of  Yan-
shan University on Animal Care and Use.

Experimental protocol
Half  of  the mice were fed a high-cholesterol diet (75%ba-
sic diet, 10%lard, 10%soybean meal, 5%egg yolk) for a 
period of  up to 28 d to construct a hyperlipidemic model 
(HM). For comparison, the other mice were maintained 
on standard laboratory diet for 28 d to develop a normal 
model (NM). Then the mice of  HM and NM were ran-
domly assigned to three groups (n = 6), respectively. 

Group Ⅰ (NM): normal mice fed a standard labora-
tory diet and physiological saline (10 mL/kg); Group Ⅱ 
(NM/CAI6): normal mice fed a standard laboratory diet 
and L. plantarum CAI6 (10 mL/kg); Group Ⅲ (NM/SC4): 
normal mice fed a standard laboratory diet and L. plan-
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tarum SC4 (10 mL/kg); Group Ⅳ (HM): hyperlipidemic 
mice fed a high-cholesterol diet and physiological saline (10 
mL/kg); Group Ⅴ (HM/CAI6): hyperlipidemic mice fed 
a high-cholesterol diet and L. plantarum CAI6 (10 mL/kg); 
and Group Ⅵ (HM/SC4): hyperlipidemic mice fed a high-
cholesterol diet and L. plantarum SC4 (10 mL/kg).

The mice were treated by intragastric administration 
for 28 d before being anesthetized with chloral hydrate 
and sacrificed. Food and water consumption and body 
weight were recorded daily. Blood samples were drawn 
from the ophthalmic venous plexus. After centrifugation 
(2000 rmp, 10 min, 4 ℃), the serum samples were col-
lected and stored at -20 ℃. The liver and kidney were ex-
cised, rinsed in ice-cold physiological saline, weighed, and 
then stored at -20 ℃.

Serum lipids analysis
Serum TC, TG, HDL-C, and LDL-C levels were mea-
sured using commercially available enzyme kits (Bei-
huakangtai clinical reagent Ltd, Beijing, CHN). The TC 
level was measured with an enzymatic method based on 
the conversion to a chromogen with maximum absorp-
tion at 500 nm by cholesterol ester hydrolase, cholesterol 
oxidase, and peroxidase[18]. The determination of  TG 
was based on an enzymatic method coupled with lipase, 
glycerokinase, glycerol oxidase and peroxidase[19]. The 
HDL-C level was assayed by the same enzymatic method 
based on specific precipitation of  VLDL-C and LDL-C 
in the presence of  phosphotungstic acid. The LDL-C 
value was calculated by following formula: LDL-C = TC-
HDL-C-TG/5[20]. 

Morphology of liver
Fresh livers of  mice were fixed with 4% paraformalde-
hyde for 24 h, dehydrated gradually in a graded series 
of  ethanol, clarified in xylene, and embedded in paraffin 
wax. Hematoxylin and eosin stained liver was observed 
by an optical microscope (X5Z-G, Chongqing Optical 
and Electrical Instrument Co., Ltd, CHN).

Determination of Nrf2 expression in liver and kidney
Liver and kidney tissues suspensions were prepared in 
ice-cold 0.1 mol/L PBS. Antibodies were diluted in 0.1 
mol/L PBS containing 0.1%NaN3. 106 cells/mL were 
incubated with primary anti-Nrf2 antibodies for 30 min 
on ice, mixed with 200 µL of  4 % paraformaldehyde, and 
incubated for 30 min at 4 ℃. After washing twice with 
0.1 mol/L PBS containing 0.1%NaN3, the supernatant 
was discarded by centrifugation. 3%BSA, 0.1%NaN3 
and 10% saponin (Sigma Co., United States) were added 
to cell pellets and blended for 15 min, then mixed with 
500 µL PBS (pH 7.4). After removal of  the supernatant, 
0.5 µg of  secondary FITC-conjugated rabbit anti-mouse 
antibody were added and incubated on ice for 60 min. 
Finally, the cells were resuspended in 1 mL of  0.1 mol/L 
PBS. The hepatocytes and nephrocytes were scanned 
using a FACSCalibur (Becton-Dickinson, United States) 
respectively, and fluorescence of  Nrf2 positive cells were 
quantified. Nonspecific binding of  secondary antibody 
was excluded by incubating the cells only with the FITC-
labelled secondary antibody. For reproducibility, the 
experiment was repeated three times. The software BD 
CellQuest Pro (Becton Dickinson Biosciences, United 
States) was used and the data were calculated by fluores-
cence intensity formula [I = Log (x-mode) × 340].

Statistical analysis
All data were expressed as mean ± SD. Statistical analysis 
was performed using SPSS 13.0 software. Differences 
between the groups were analyzed by One-Way ANOVA 
followed by Duncan’s multiple range tests. Statistical sig-
nificance was considered at the P < 0.05 level.

RESULTS
Effects on body weight, diet intake, and liver index
As shown in Table 1, the mice subjected to a high choles-
terol diet had a significant increase in body weight (BW) 

Table 1  Effects on body weight, diet intake, liver index, and serum lipid levels

Group       NM  NM/CAI6   NM/SC4       HM  HM/CAI6   HM/SC4

Body weight, food intake, and liver index of normal model and hyperlipidemic model mice after treatment for 30 d
   IBW (g) 26.53 ± 2.96 25.47 ± 2.71 27.03 ± 2.09 33.17 ± 1.44b 31.32 ± 1.06b 30.78 ± 1.66b

   FBW (g) 33.43 ± 4.78d 28.50 ± 3.56d 32.30 ± 2.73d 39.05 ± 2.50b 36.68 ± 2.22 38.08 ± 1.87a

   TFI (g) 44.76 ± 6.94 47.07 ± 4.04 47.05 ± 2.51 52.29 ± 11.97 51.09 ± 6.34 53.32 ± 13.14
   1LI (%)   4.11 ± 0.30   4.08 ± 0.15   4.10 ± 0.49   4.65 ± 0.50   4.41 ± 0.58   4.54 ± 0.64
Serum lipid levels in the different groups of mice
   TC (mmol/L) 2.89 ± 0.36d 2.60 ± 0.24c 2.85 ± 0.28a 3.50 ± 0.43b 3.16 ± 0.35 3.27 ± 0.36
   TG (mmol/L) 1.10 ± 0.16d 1.06 ± 0.15d 1.08 ± 0.13d 1.76 ± 0.07b 1.43 ± 0.27d 1.54 ± 0.10a

   HDL-C (mmol/L) 1.62 ± 0.52 1.76 ± 0.48a 1.67 ± 0.14 1.20 ± 0.42 1.36 ± 0.55 1.31 ± 0.55
   LDL-C (mmol/L) 0.82 ± 0.10d 0.75 ± 0.07 0.81 ± 0.09 1.72 ± 0.20b 1.42 ± 0.07d 1.47 ± 0.12d

   2AI 0.93 ± 0.55a 0.57 ± 0.41d 0.71 ± 0.09d 2.34 ± 1.60a 1.65 ± 0.99 1.94 ± 1.47
   LDL-C/HDL-C 0.51 ± 0.16a 0.43 ± 0.19d 0.49 ± 0.04d 1.43 ± 0.12a 1.04 ± 0.16 1.12 ± 0.14

Data represent mean ± SD (n = 6 for each group). 1LI: Weight of liver (mg)/body weight (g), 2AI = (TC-HDL-C)/HDL-C, aP < 0.05 vs NM group, bP < 0.01 vs 
NM group, dP < 0.01 vs HM group. IBW: Initial body weight; FBW: Final body weight; TFI: Total feed intake; LI: Liver index; TC: Total cholesterol; TG: Tri-
glyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; AI: Atherogenic index; NM: Normal diet group; HM: 
High-cholesterol diet group; NM/CAI6: Normal diet with Lactobacillus plantarum (L. plantarum) CAI6 group; NM/SC4: Normal diet with L. plantarum SC4 
group; HM/CAI6: High-cholesterol diet with L. plantarum CAI6 group; HM/SC4: High-cholesterol diet with L. plantarum SC4 group.
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compared with mice on a normal diet (P < 0.01). In HM 
mice, oral administration of  CAI6 or SC4 daily did not 
have any significant effect on BW, while CAI6-treated 
mice and SC4-treated mice had a significant (P < 0.01 
and P < 0.05, respectively) increase vs the NM group. In 
NM mice, CAI6 or SC4 had no significant effect on BW 
compared with NM mice receiving neither CAI6 or SC4. 
None of  the groups showed a significant difference in 
total dietary intake or liver index. However, an increase in 
liver index in the HM group compared to the NM group 
was found, and CAI6 and CS4 decreased this.

Effect on plasma lipid profiles
Effect of  the treatment on serum lipid levels was shown 
in Table 1. The TC, TG and LDL-C levels of  mice in 
the HM group showed a significant increase (P < 0.01) 
compared with the NM group. Meanwhile, HDL-C in 
the HM group decreased by 26% compared to the NM 
group. Moreover, a significantly increased (P < 0.05) 
atherogenic index (AI) accompanied with a significantly 
reduced (P < 0.05) LDL-C/HDL-C ratio was observed 
in the HM group. The HM mice orally administrated 
with strains (CAI6/SC4) showed different degrees of  de-
cline in serum TG (-19%, P < 0.01/-13%, P < 0.05), TC 
(-10%/-7%), LDL-C (-17%, P < 0.01/-15%, P < 0.01) 
levels, and an increase in HDL-C (+13%/+9%) level as 
compared to the HM group that did not receive CAI6 or 
SC4. As a result, those mice had a lower AI (-29%/-17%) 
and a higher LDL-C/HDL-C ratio (+23%/+11%) than 
the HM group receiving no treatment. As for the NM 
mice, the administration had no significant effect on 
serum TC, TG, HDL-C and LDL-C levels, but could re-
duce AI (-39%/-24%) and increase LDL-C/HDL-C ratio 
(+21%/+5%).

Hepatic morphology
The livers of  the HM group were larger compared with 
those in the NM group and became beige. The hepatic 
cells with clear cytoplasm, nucleus, nucleolus and central 
vein (A) in the NM, NM/CAI6 and NM/SC4 group, 
showed normal histology in Figure 1A-C[21]. The liver 
sections of  the HM mice exhibited massive fatty changes 
and severe steatosis with cytoplasmic vacuoles confirmed 
by histopathological examination in Figure 1D. In ad-
dition, the size of  lipid droplets in the HM/CAI6 and 
NM/SC4 groups were remarkably smaller than those of  
the HM group (Figure 1E, F), suggesting that the L. plan-
tarum strains could reduce the build-up of  lipid droplets 
and keep hepatocytes normal.

Effect on Nrf2 levels
Nrf2 expression in liver and kidney tissues was shown in 
Figure 2. Liver/kidney Nrf2 levels were significantly high-
er (+26%, P < 0.01/+38%, P < 0.01) in the HM group 
than the NM group. Liver Nrf2 increased significantly in 
the HM/CAI6 (+34%, P < 0.01) and HM/SC4 (+33%, 
P < 0.01) groups respectively, compared with the HM 
group. A significant increase in liver Nrf2 level was also 
found in the NM/CAI6 (+9%, P < 0.05) and NM/SC4 
(+10%, P < 0.05 ) groups as compared to the NM group. 
Contrary to the situation in the liver, the HM/CAI6 or 
HM/SC4 groups showed no significant increase in kid-
ney Nrf2 level.

DISCUSSION
The mice in the HM group possessed raised TG, reduced 
HDL-C, and elevated BW resulting in a high risk of  de-
veloping metabolic syndrome. Accumulation of  TG and 

Figure 1  Effects of Lactobacillus plantarum SC4 or Lactobacillus plantarum CAI6 on liver morphology in mice fed high-cholesterol diet. Tissues were 
stained with hematoxylin and eosin (20 × 10). A: High-cholesterol diet group; B: Normal diet group; C: Normal diet with Lactobacillus plantarum (L. plantarum) CAI6 
group; D: Normal diet with L. plantarum SC4 group; E: High-cholesterol diet with L. plantarum CAI6 group; F: High-cholesterol diet with L. plantarum SC4 group.

A

D E
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TC in the bloodstream has been proven related to ath-
erosclerosis, and by extension, the risk of  coronary heart 
disease and stroke. Elevated concentrations of  oxidized 
LDL-C are associated with artherosclerotic plaque forma-
tion on the walls of  arteries, but increased HDL-C levels 
may reduce the risk due to the ability of  HDL transport-
ing cholesterol back to the liver for excretion or to other 
tissues[22]. Therefore, the HM mice had an increased risk 
of  CVD. The results showed that both AI, an indicator 
for severity of  atherosclerosis[23], and LDL-C/HDL-C, a 
valuable tool to evaluate coronary heart disease (CHD) 
risk[24], were increased in HM mice, which is in agreement 
with the above view.

Serum TG, TC and LDL-C levels decreased in the 
HM/CAI6 and HM/SC4 groups when compared with 
the HM group while serum HDL-C level increased 
revealing that L. plantarum CAI6 and L. plantarum SC4 
exerted a hypolipidemic effect and could relieve lipid re-
lated metabolic syndrome. AI and LDL-C/HDL-C ratios 
were also lower in the HM/CAI6 and HM/SC4 groups, 
suggesting that L. plantarum CAI6 and L. plantarum SC4 
reduced the risk of  CVD. Non-HDL-C, representing the 
total amount of  cholesterol in the potentially atherogenic 
lipoproteins, was regarded as a risk predictor of  cardio-
vascular outcomes on drug treatment[25]. After strains 
(CAI6/SC4) treatment, non-HDL-C decreased by 22% 
(1.80 vs 2.30) and 15% (1.96 vs 2.30) respectively. Addi-
tionally, NM mice treated with strains (CAI6/SC4) had 
positive changes in AI (-39%/-24%) and LDL-C/HDL-C 
ratio (-16%/-4%). So, we suppose that the strains have 
preventive and therapeutic effects for CVD.

The liver is the hub of  fat synthesis and transporta-

tion. The liver can use fatty acids hydrolyzed from fat in 
food to synthetize cholesterol and TG. High fat intake 
of  HM mice disequilibrated lipid metabolism, resulting 
in accumulation of  TG in liver and an increased incre-
ment of  the liver index, and hepatic steatosis occurred[26]. 
The result of  liver tectology proved that the L. plantarum 
strains had important potential in alleviating hepatic ste-
atosis attributed to mediation of  lipid metabolism and 
had protective effects on hepatic structure.

Oxidative stress is thought to be linked to atherogen-
esis[27]. Therefore, much attention has been paid to the 
antioxidant hypothesis in prevention and treatment of  
CVD[28,29]. In recent times, antioxidant activity of  many 
hypolipidemic substances has been detected and the ac-
tivities of  SOD, CAT and GSH-Px are usually used as 
test standards[15,30]. To suffer ROS-mediated injury, cells 
initiate the Nrf2/ARE signaling pathway stimulated by 
Nrf2. Giovanni. E reported that the pathway plays an 
important role in vascular homeostasis and the defense 
of  endothelial and smooth muscle cells against sustained 
oxidative stress associated with diseases such as athero-
sclerosis and preeclampsia[31]. Our results showed that 
liver and kidney Nrf2 expression was significantly (P < 
0.01) increased in the HM group compared with the NM 
group, revealing that a cholesterol-rich diet may bring 
about remarkable modifications in antioxidant defense 
mechanisms in vivo. Furthermore, oral administration of  
L. plantarum CAI6 and L. plantarum SC4 both could sig-
nificantly (P < 0.01) increase liver Nrf2 levels compared 
with the HM group. So we envisage that spontaneous 
and strain-stimulated complex mechanisms conjointly 
promote Nrf2 expression in the liver.  Accumulation of  
Nrf2 in the liver may initiate anti-oxidative stress and 
result in inhibition of  Ox-LDL production, reducing the 
risk of  atherosclerosis. Combining all the analyses above, 
the anti-CVD mechanism of  the strains may be a regula-
tion of  lipid metabolism to alleviate metabolic syndrome 
and a stimulation of  Nrf2 expression to initiate antioxi-
dant defense. The actual mechanisms which account for 
strain-stimulated Nrf2 expression and the transcription 
and expression of  antioxidase genes in Nrf2/ARE path-
way need further study. 

Dietary management has been shown to be an ef-
fective way to alleviate metabolic syndrome[32,33]. Some 
LAB-fermented probiotic products are commercially 
available[34]. Jeun et al[11] found that live L. plantarum was 
more effective than dead L. plantarum in reduction of  
plasma lipid levels and supposed that the active com-
pounds may be derived from metabolic activity of  live 
L. plantarum. Adding fermented foods seems like a good 
way to increase the number of  live bacteria in a diet. 
LAB-fermented food, including both live LAB and active 
metabolin, seems the best form to apply LAB in our daily 
lives. The strains L. plantarum CAI6 and L. plantarum SC4, 
which can be regarded as probiotics for their beneficial 
impacts, were isolated from milk and pickle, respectively. 
Therefore, L. plantarum CAI6-fermented milk or L. plan-
tarum SC4-fermented pickle may also exert those effects. 
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Figure 2  Effect of Lactobacillus plantarum SC4 or Lactobacillus plan-
tarum CAI6 on liver and kidney nuclear factor-erythroid 2-related factor 
2 expression in mice fed high-cholesterol diet. Results were expressed 
as mean ± SD (n = 6). aP < 0.05 vs normal diet (NM) group, bP < 0.01 vs NM 
group, dP < 0.01 vs high-cholesterol diet (HM) group. NM/CAI6: Normal diet 
with Lactobacillus plantarum (L. plantarum) CAI6 group; NM/SC4: Normal diet 
with L. plantarum SC4 group; HM/CAI6: High-cholesterol diet with L. plantarum 
CAI6 group; HM/SC4: High-cholesterol diet with L. plantarum SC4 group; NM: 
Normal diet group; HM: High-cholesterol diet group.
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We suppose that the strains-fermented food may be used 
as a dietary approach to alleviate metabolic syndrome and 
prevent CVD.

COMMENTS
Background
Hyperlipidemia, an integral part of metabolic syndrome, is a major risk factor for 
cardiovascular diseases (CVD). Oxidation of low-density lipoprotein (LDL) cho-
lesterol is linked to atherogenesis, and antioxidant drugs become a therapeutic 
approach. Lactobacillus regarded as probiotics have been proven to possess 
hypolipidemic and antioxidant effects. A probiotic diet, a kind of dietary man-
agement, for example fermented food, is a promising way to prevent and treat 
CVD. 
Research frontiers
CVD remains a major public health problem. The relationship between cardio-
vascular risk and serum lipid and related factors has been extensively studied 
to find valuable predictors of cardiovascular risk. Oxidative modification of LDL 
plays an important role in the genesis of arteriosclerosis. Based on the antioxi-
dant hypothesis that suboptimal levels of principal antioxidant micronutrients 
are hitherto underrated risk factors for CVD, much research has focussed on 
the effects of antioxidant substances on CVD. Some Lactobacillus strains are 
probiotics, so novel Lactobacillus strains potentially used as probiotics have 
been continuously selected, and their applications have been investigated. 
Dietary approaches to alleviate metabolic syndrome have been shown in many 
studies.
Innovations and breakthroughs 
Recent research has highlighted the antioxidant hypothesis in prevention and 
treatment of CVD and demonstrated the antioxidant ability of Lactobacillus 
strains. However, the antioxidative mechanism of Lactobacillus in vivo has not 
been known. In the study, the authors investigated the effects of Lactobacillus 
plantarum (L. plantarum) CAI6 and L. plantarum SC4 on nuclear factor-erythroid 
2-related factor 2 (Nrf2) expression in hyperlipidemic mice. This is the first study 
to report the mechanism of intracorporal antioxidation of Lactobacillus strains 
may be the stimulation of Nrf2 expression. Furthermore, these studies suggest 
that L. plantarum CAI6 and L. plantarum SC4 could reduce the risk of CVD by a 
hypolipidemic effect and Nrf2-induced antioxidative defense.
Applications 
As L. plantarum CAI6 and L. plantarum SC4 have shown obviously protective 
effects on hyperlipidemic mice, food fermented by the strains may be used as 
dietary management to alleviate disorders of lipid metabolism related metabolic 
syndrome and to reduce the risk of CVD.
Terminology
Metabolic syndrome is a combination of medical disorders, such as distur-
bances of glucose and lipid homeostasis, which increase the risk of developing 
CVD. Coronary heart disease, a type of CVD, is a narrowing or blockage of the 
coronary arteries, usually caused by atherosclerosis in a condition where an 
artery wall thickens as a result of the accumulation of fatty materials. Nrf2 is 
a transcription factor that regulates the expression of anti-oxidative stress en-
zyme genes. Stimulating the Nrf2 related signal pathway has been studied for 
treating diseases caused by oxidative stress.
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Abstract
It has been reported recently that small undifferentiated 
intramucosal early gastric cancer (EGC) < 20 mm in size 
without any lymphovascular involvement or ulcerative 
findings had virtually no risk of lymph-node (LN) metas-
tasis. Consequently, the indications for endoscopic re-
section were expanded to include such undifferentiated 
EGC lesions. We describe herein a case of a small undif-
ferentiated intramucosal EGC < 20 mm in size without 
lymphovascular involvement or ulcerative findings that 
involved lymph-node metastasis. A 57-year-old female 
underwent pylorus preserving gastrectomy as standard 
treatment for an undifferentiated EGC 15 mm in size 
without any ulcerative finding. The surgical specimen 
revealed a signet-ring cell carcinoma with a moderately 
to poorly differentiated adenocarcinoma limited to the 
mucosa that was 15 mm in size with no lymphovascular 
involvement or ulcerative findings. This case involved LN 

metastasis, however, and the lesion was diagnosed as 
pathological stage ⅡA (T1N2M0) according to the Japa-
nese Classification of Gastric Carcinoma.

© 2013 Baishideng. All rights reserved.

Key words: Early gastric cancer; Endoscopic submuco-
sal dissection; Expanded indications; Lymph-node me-
tastasis; Undifferentiated type

Core tip: Herein is described rare case of small undif-
ferentiated intramucosal early gastric cancer (EGC) 
< 20 mm in size with lymph-node (LN) metastasis. It 
has been reported recently that small undifferentiated 
intramucosal EGC < 20 mm in size without lymphovas-
cular involvement or ulcerative findings had virtually no 
risk of LN metastasis. Therefore, such small undiffer-
entiated EGCs have become candidates for endoscopic 
resection. It was within this context we experienced 
the present case involving a small undifferentiated in-
tramucosal EGC < 20 mm in size without lymphovascu-
lar involvement or ulcerative findings that evidenced LN 
metastasis.

Odagaki T, Suzuki H, Oda I, Yoshinaga S, Nonaka S, Katai H, 
Taniguchi H, Kushima R, Saito Y. Small undifferentiated in-
tramucosal gastric cancer with lymph-node metastasis: Case re-
port. World J Gastroenterol 2013; 19(20): 3157-3160  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i20/3157.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i20.3157

INTRODUCTION
Endoscopic resection (ER) is generally indicated for early 
gastric cancer (EGC) with no risk of  lymph-node (LN) 
metastasis. Hirasawa et al[1] reported there was virtually no 
risk of  LN metastasis in undifferentiated EGCs < 20 mm 
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in size without lymphovascular involvement or ulcerative 
findings and such lesions could satisfy the indications for 
ER. We encountered, however, a case of  a small undif-
ferentiated intramucosal EGC meeting all of  the above-
mentioned criteria that actually involved LN metastasis 
and decided to report this seemingly rare occurrence.

CASE REPORT
A 57-year-old female underwent an esophagogastroduo-
denoscopy (EGD) for a medical check-up in December 
2008. The results indicated gastric cancer, and she was 
referred to our hospital for treatment. The EGD revealed 
a pale depressed mucosal lesion that was Type 0-Ⅱc in 
accordance with the Japanese Classification of  Gastric 
Carcinoma (JCGC)[2] located on the anterior wall of  the 
middle gastric body (Figure 1). The size of  the lesion 
was approximately 15 mm, and there was no ulcerative 
finding. The biopsy specimen revealed a signet-ring cell 
carcinoma. Computed tomography (CT) indicated no dis-
tinct regional LN or distant metastasis. Laboratory results 
were within normal limits and the serum carcinoembry-
onic antigen level was normal. We diagnosed this lesion 
as clinical (c) T1(M), cN0, cM0, cStageⅠA according to 
the JCGC; therefore, pylorus preserving gastrectomy was 
performed as the standard treatment. The surgical speci-
men revealed a signet-ring cell carcinoma with a mod-
erately to poorly differentiated adenocarcinoma limited 
to the mucosa without lymphovascular involvement or 
ulcerative findings (Figures 2 and 3A-E). The lesion was 
15 mm × 12 mm in size, and the resection margin was 
free of  tumor cells. In addition, tumor cells were posi-

tive for mucin (MUC)5AC and negative for MUC6 with 
an MUC5AC/MUC6 double layer and Ki-67 localization 
both absent (Figure 4). Some portions of  the resected re-
gional LNs (lesser curvature LNs; LN station 3), howev-
er, included metastatic cancer cells (3/32) that were also 
identified as a signet-ring cell carcinoma (Figure 3F). This 
lesion was then diagnosed as pathological (p)T1(M), ly0, 
v0, pN2, pM0, pStage ⅡA according to the JCGC. Four 
years after surgery, the patient was in good condition and 
disease free without any signs of  tumor recurrence based 
on the latest follow-up EGD and CT examinations.

DISCUSSION
ER is widely accepted as a minimally invasive treatment 
for intramucosal EGC with virtually no risk of  LN me-
tastasis[2-6]. An earlier report, however, demonstrated 
undifferentiated intramucosal EGC had a higher prob-
ability of  LN metastasis (4.2%)[3], and gastrectomy with 
regional lymphadenectomy has been considered essential 
treatment for such lesions. More recently, Hirasawa et al[1] 

reported small undifferentiated intramucosal EGCs < 
20 mm in size without lymphovascular involvement or 
ulcerative findings had virtually no risk of  LN metastasis 
(95%CI, up to 0.96%). Therefore, such small undifferenti-
ated EGCs have become candidates for ER. It was within 
this context we experienced the present case involving a 
small undifferentiated intramucosal EGC < 20 mm in size 
without any lymphovascular involvement or ulcerative 
findings that evidenced LN metastasis.

Both Nasu et al[7] and Park et al[8] previously reported 
similar cases of  a small undifferentiated intramucosal 

Figure 1  Pre-treatment endoscopic ex-
amination. Esophagogastroduodenoscopy 
revealed pale depressed mucosal lesion on 
anterior wall of middle gastric body approxi-
mately 15 mm in size with no ulcerative finding 
and non-atrophic background mucosa. A: 
Conventional white light endoscopy; B: With 
indigo-carmine dye staining.
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Figure 2  Surgically resected specimen. A: Forma-
lin-fixed specimen from pylorus preserving gastrec-
tomy; B: Panoramic view of lesion with hematoxylin 
and eosin staining. Mucosal lesion 15 mm × 12 mm in 
size with no ulcer finding and pink lines corresponding 
to lesion depression (hematoxylin and eosin staining, 
× 1). 

A B Intramucosal 
cancer
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EGC < 20 mm in size (13 and 17mm, respectively) with-
out lymphovascular involvement or findings of  ulceration 
that involved LN metastasis. In addition, Abe et al[9] re-
ported three cases involving LN metastasis of  small un-
differentiated intramucosal EGCs < 20 mm in size (10, 12 
and 20 mm, respectively) without any ulcerative findings 
and concluded ER should not be indicated for undiffer-
entiated EGCs > 10 mm in size. There was no reference 
in those three cases, however, regarding the existence of  
lymphovascular involvement. Hirasawa et al[10] also report-
ed a case with LN metastasis of  a small undifferentiated 
intramucosal EGC that was 13 mm in size and without an 
ulcerative finding. According to their case report, routine 
histological examination of  the endoscopic submucosal 
dissection specimen sectioned at intervals of  2 mm in-
dicated an intramucosal tumor without lymphovascular 
involvement or ulceration. Hematoxylin and eosin stain-
ing of  one of  the 60 additional deep-cut sections of  the 
original resected specimen, however, revealed lymphatic 

involvement in the mucosa. The authors then suggested 
practical limitations in determining lymphovascular in-
volvement through routine histological examinations may 
not always facilitate the detection of  LN metastasis.

Based on the various published reports supportive 
of  the findings in our particular case, the possibility of  
LN metastasis developing from a small undifferentiated 
intramucosal EGC < 20 mm in size without ulceration 
exists even if  there is no apparent lymphovascular in-
volvement[7,8]. It is highly desirable, therefore, to clarify 
the predictive factors for the development of  LN me-
tastasis with such small undifferentiated intramucosal 
EGCs. Takizawa et al[11] evaluated the conditions in which 
LN metastasis was unlikely and ER of  undifferenti-
ated EGCs had a greater probability of  being effective. 
Such conditions included intramucosal cancers without 
lymphovascular involvement or ulcerative findings and: 
(1) lesions < 10 mm in size; (2) the presence of  Ki-67 
localization; (3) the presence of  a double layer (MUC5AC/

Figure 3  Histopathological findings. A: Panoramic view with hematoxylin and eosin staining (× 1); B: Signet-ring cell carcinoma identified at lesion edge (green 
frame in A, × 40); C: Moderately to poorly differentiated adenocarcinoma limited to mucosa visible in lesion center. Low magnification view (bule frame in A, × 40); D: 
High magnification view of red frame in B (× 200); E: High magnification view of yellow frame in C (× 200); F: Image showing signet-ring cell carcinoma invasion of 
station 3 lymph node (N2) (× 40).
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Figure 4  Immunochemical staining. Tumor cells positive for mucin (MUC)5AC (A, × 10) and negative for MUC6 with an MUC5AC/MUC6 double layer (B, × 4)and 
Ki-67 (C, × 4) localization both absent.
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MUC6); and/or (4) the presence of  only a signet-ring cell 
carcinoma. The conditions in our case included a lesion 
> 10 mm in size, the absence of  Ki-67 localization, the 
absence of  a double layer (MUC5AC/MUC6), and the 
presence of  not only a signet-ring cell carcinoma but also 
a moderately and poorly differentiated adenocarcinoma. 
In addition, more recently, Takizawa et al[12] reported that 
LN metastasis was significantly more common in mixed 
predominantly undifferentiated (MU)-type intramucosal 
cancer than in pure undifferentiated (PU)-type intramu-
cosal cancer and concluded MU-type tumors might have 
greater malignant potential than PU-type tumors. Actu-
ally, the present case was MU-type intramucosal cancer 
with lymph-node metastasis.

If  it were possible to evaluate the pathology of  all 
resected specimens in detail using deep-cut sections and 
immunohistochemical staining as indicated in the above-
mentioned reports[10-12], we might be able to predict those 
cases in which LN metastasis of  small undifferentiated 
intramucosal EGCs would most likely occur, but it is not 
always feasible to perform such extensive pathological 
evaluations in clinical practice. We need to recognize the 
distinct possibility, therefore, of  LN metastasis develop-
ing from small undifferentiated intramucosal EGCs < 
20 mm in size without lymphovascular involvement or 
ulcerative findings because of  the practical limitations re-
lated to such histological examinations[10]. It is, therefore, 
imperative that physicians thoroughly explain the pos-
sibility of  LN metastasis to patients before performing 
ER for small undifferentiated intramucosal EGCs so as 
to obtain their informed consent and then conduct more 
careful follow-up surveillance examinations including CT 
scans, ultrasonography and/or EUS in addition to EGDs 
subsequent to ER treatment. 

In order to satisfactorily demonstrate the validity of  
treating small undifferentiated intramucosal EGCs with 
ER, a large prospective study analyzing therapeutic out-
comes will need to be conducted in the near future before 
the recently expanded indications for treating such lesions 
with ER should be accepted for general clinical use.

ACKNOWLEDGMENTS 
The authors wish to express their appreciation to Chris-
topher Dix for his assistance in editing this manuscript.

REFERENCES
1 Hirasawa T, Gotoda T, Miyata S, Kato Y, Shimoda T, Tani-

guchi H, Fujisaki J, Sano T, Yamaguchi T. Incidence of 
lymph node metastasis and the feasibility of endoscopic 
resection for undifferentiated-type early gastric cancer. Gas-
tric Cancer 2009; 12: 148-152 [PMID: 19890694 DOI: 10.1007/
s10120-009-0515-x]

2 Japanese Gastric Cancer Association. Japanese classification 
of gastric carcinoma: 3rd English edition. Gastric Cancer 2011; 
14: 101-112 [PMID: 21573743 DOI: 10.1007/s10120-011-0041-5]

3 Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, 
Shimoda T, Kato Y. Incidence of lymph node metastasis 
from early gastric cancer: estimation with a large number 
of cases at two large centers. Gastric Cancer 2000; 3: 219-225 
[PMID: 11984739]

4 Ono H, Kondo H, Gotoda T, Shirao K, Yamaguchi H, Saito D, 
Hosokawa K, Shimoda T, Yoshida S. Endoscopic mucosal 
resection for treatment of early gastric cancer. Gut 2001; 48: 
225-229 [PMID: 11156645 DOI: 10.1136/gut.48.2.225]

5 Oda I, Gotoda T, Hamanaka H, Eguchi T, Saito Y, Matsuda T, 
Bhandari P, Emura F, Saito D, Ono H. Endoscopic submu-
cosal dissection for early gastric cancer: technical feasibility, 
operation time and complications from a large consecutive 
series. Dig Endosc 2005; 17: 54–58

6 Gotoda T. Endoscopic resection of early gastric cancer. 
Gastric Cancer 2007; 10: 1-11 [PMID: 17334711 DOI: 10.1007/
s10120-006-0408-1]

7 Nasu J, Hori S, Asagi A, Nishina T, Ikeda Y, Tanimizu M, 
Iguchi H, Aogi K, Kurita A, Nishimura R. A case of small 
undifferentiated intramucosal gastric cancer with lymph 
node metastasis. Gastric Cancer 2010; 13: 264-266 [PMID: 
21128063 DOI: 10.1007/s10120-010-0562-3]

8 Park YD, Chung YJ, Chung HY, Yu W, Bae HI, Jeon SW, 
Cho CM, Tak WY, Kweon YO. Factors related to lymph 
node metastasis and the feasibility of endoscopic mucosal 
resection for treating poorly differentiated adenocarcinoma 
of the stomach. Endoscopy 2008; 40: 7-10 [PMID: 18210339 
DOI: 10.1055/s-2007-966750]

9 Abe N, Watanabe T, Sugiyama M, Yanagida O, Masaki T, 
Mori T, Atomi Y. Endoscopic treatment or surgery for undif-
ferentiated early gastric cancer? Am J Surg 2004; 188: 181-184 
[PMID: 15249247 DOI: 10.1016/j.amjsurg.2003.12.060]

10 Hirasawa T, Fujisaki J, Fukunaga T, Yamamoto Y, Yamagu-
chi T, Katori M, Yamamoto N. Lymph node metastasis from 
undifferentiated-type mucosal gastric cancer satisfying the 
expanded criteria for endoscopic resection based on routine 
histological examination. Gastric Cancer 2010; 13: 267-270 
[PMID: 21128064 DOI: 10.1007/s10120-010-0577-9]

11 Takizawa K, Shimoda T, Nakanishi Y, Taniguchi H, Oda 
I, Gotoda T. Expanded indication of endoscopic resection 
from the pathological viewpoint-the ability of sm invasion 
of early gastric cancer of undifferentiated type. Stomach Intes 
2006; 41: 9-17

12 Takizawa K, Ono H, Kakushima N, Tanaka M, Hasuike 
N, Matsubayashi H, Yamagichi Y, Bando E, Terashima M, 
Kusafuka K, Nakajima T. Risk of lymph node metastases 
from intramucosal gastric cancer in relation to histological 
types: how to manage the mixed histological type for endo-
scopic submucosal dissection. Gastric Cancer 2012 Nov 29; 
[Epub ahead of print] [PMID: 23192620]

P- Reviewer  Hoeppner J    
S- Editor  Zhai HH    L- Editor  A    E- Editor  Lu YJ

Odagaki T et al . Small undifferentiated gastric cancer lymph-node metastasis



CASE REPORT

Intraductal papillary neoplasm of the bile duct 
accompanying biliary mixed adenoneuroendocrine 
carcinoma

Ichiro Onishi, Hirohisa Kitagawa, Kenichi Harada, Syogo Maruzen, Seisyo Sakai, Isamu Makino, 
Hironori Hayashi, Hisatoshi Nakagawara, Hidehiro Tajima, Hiroyuki Takamura, Takashi Tani, Masato Kayahara, 
Hiroko Ikeda, Tetsuo Ohta, Yasuni Nakanuma

World J Gastroenterol  2013 May 28; 19(20): 3161-3164
ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i20.3161

3161 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Ichiro Onishi, Hirohisa Kitagawa, Syogo Maruzen, Seisyo 
Sakai, Isamu Makino, Hironori Hayashi, Hisatoshi Nakaga-
wara, Hidehiro Tajima, Hiroyuki Takamura, Takashi Tani, 
Masato Kayahara, Tetsuo Ohta, Department of Gastroentero-
logic Surgery, Graduate School of Medical Science, Kanazawa 
University, Kanazawa 920-8641, Japan
Kenichi Harada, Yasuni Nakanuma, Department of Human 
Pathology, Graduate School of Medical Science, Kanazawa 
University, Kanazawa 920-8650, Japan
Hiroko Ikeda, Pathology Division, Kanazawa University Hos-
pital, Kanazawa 920-8650, Japan
Author contributions: Onishi I and Kitagawa H contributed 
equally to this work; Onishi I, Kitagawa H, Takamura H, Tani T, 
Kayahara M and Ohta T performed surgery; Maruzen S, Sakai 
S, Makino I, Hayashi H, Nakagawara H and Tajima H managed 
postoperative treatment; Harada K, Ikeda H and Nakanuma Y 
made the pathologic diagnosis; Onishi I, Kitagawa H and Ha-
rada K wrote the paper.
Correspondence to: Ichiro Onishi, MD, PhD, Department 
of Gastroenterologic Surgery, Graduate School of Medical Sci-
ence, Kanazawa University, 13-1 Takara-machi, Kanazawa 
920-8641, Japan. ionishi@kinbyou.hosp.go.jp 
Telephone: +81-76-2624161    Fax: +81-76-2222758
Received: December 24, 2012  Revised: March 13, 2013 
Accepted: April 3, 2013 
Published online: May 28, 2013

Abstract
We present the first case of an intraductal papillary neo-
plasm of the bile duct (IPNB) accompanying a mixed 
adenoneuroendocrine carcinoma (MANEC). A 74-year-
old woman presented with fever of unknown cause. 
Laboratory data revealed jaundice and liver injury. 
Contrast-enhanced computed tomography revealed a 20 
mm polypoid tumor in the dilated distal bile duct, which 
exhibited early enhancement and papillary growth. Up-

per gastrointestinal endoscopy revealed mucus produc-
tion from the papilla of Vater, characterized by its pro-
truding and dilated orifice. Endoscopic ultrasonography 
visualized the polypoid tumor in the distal bile duct, but 
no invasive region was suggested by diagnostic imag-
ing. Therefore, the initial diagnosis was IPNB. After 
endoscopic nasobiliary drainage, a pylorus-preserving 
pancreaticoduodenectomy was performed. Pathological 
examination of the resected bile duct revealed papillary 
proliferation of biliary-type cells with nuclear atypia, in-
dicating pancreaticobiliary-type IPNB. In addition, solid 
portions comprised of tumor cells with characteristic 
salt-and-pepper nuclei were evident. Immunohisto-
chemistry revealed expression of the neuroendocrine 
marker synaptophysin in this solid component, diagnos-
ing it as a neuroendocrine tumor (NET). Furthermore, 
the MIB-1 proliferation index of NET was higher than 
that of IPNB, and microinvasion of the NET component 
was found, indicating neuroendocrine carcinoma (NET 
G3). This unique case of MANEC, comprising IPNB and 
NET, provides insight into the pathogenesis of biliary 
NET. 

© 2013 Baishideng. All rights reserved.

Key words: Neuroendocrine tumor; Intraductal papillary 
neoplasm of bile duct; Intraductal papillary neoplasm of 
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Core tip: A 74-year-old woman presented with fever 
and jaundice. Computed tomography revealed a pol-
ypoid tumor in the dilated distal bile duct. Pylorus-
preserving pancreaticoduodenectomy was performed. 
Pathological examination revealed the papillary prolif-
eration of biliary-type cells with nuclear atypia in the 
dilated bile duct, indicating papillary neoplasm of the 
bile duct. A solid portion comprised of tumor cells with 
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characteristic salt-and-pepper nuclei was found. Im-
munohistochemistry revealed synaptophysin expression 
in the solid portion, diagnosing it as a neuroendocrine 
tumor (NET). This case provides insight into the patho-
genesis of biliary NET.

Onishi I, Kitagawa H, Harada K, Maruzen S, Sakai S, Makino 
I, Hayashi H, Nakagawara H, Tajima H, Takamura H, Tani T, 
Kayahara M, Ikeda H, Ohta T, Nakanuma Y. Intraductal papil-
lary neoplasm of the bile duct accompanying biliary mixed 
adenoneuroendocrine carcinoma. World J Gastroenterol 2013; 
19(20): 3161-3164  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i20/3161.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i20.3161

INTRODUCTION
Intraductal papillary neoplasm of  the bile duct (IPNB) is 
a new entity, defined as biliary neoplasms showing papil-
lary or villous proliferation within the dilated lumens 
of  intrahepatic and extrahepatic bile ducts by the 2010 
World Health Organization (WHO) Classification of  
Tumors of  the Digestive System[1]. IPNB encompasses 
several lesions, which were previously categorized as bili-
ary papilloma, papillomatosis, papillary adenocarcinoma 
of  the bile duct, and intraductal growth-type cholangio-
carcinoma. The following three key pathologic features 
are characteristically evident in IPNB in varying combi-
nations: (1) exophytic and papillary proliferation of  neo-
plastic biliary epithelial cells, with delicate fibrovascular 
stalks within bile duct lumens; (2) mucin hypersecretion 
(macroscopic mucin is evident in some cases); and (3) 
variable dilatation or multilocular cystic changes of  af-
fected bile ducts.

Neuroendocrine tumors (NETs), including carcinoid 
tumors, are commonly found in several organs, including 
the pancreas and gastrointestinal tract. Most biliary NETs 
exist as a component of  mixed adenoneuroendocrine 
carcinomas (MANECs)[2]. MANECs are found in hepatic 
hilar cholangiocarcinomas with hepatolithiasis, gallblad-
der cancers, and extrahepatic cholangiocarcinomas, and 
show a characteristic histology[3]. Moreover, since the 
NET components of  biliary MANECs define prognosis, 
it is important to identify them and consider indications 
for adjunctive therapy, such as somatostatin analogues.

We encountered a patient with IPNB accompanying 
a NET in the extrahepatic bile ducts. This case is unique, 
has a different histology from most biliary MANECs, 
and provides insight into the histogenesis of  NETs in 
biliary tumors.

CASE REPORT
Clinical course
A 74-year-old woman consulted a family physician for fe-
ver of  unknown cause. Laboratory data revealed jaundice 

and liver injury. Computed tomography (CT) revealed an 
elevated lesion in the distal bile duct. She was admitted to 
our hospital for further examination and treatment. En-
hanced CT revealed a 20 mm polypoid tumor, which ex-
hibited early enhancement and papillary growth (Figure 1). 
Magnetic resonance image (MRI) and magnetic resonance 
cholangiopancreatography (MRCP) confirmed these find-
ings. Mucus production was evident from the papilla of  
Vater, characterized by its protruding and dilated orifice. 
Endoscopic ultrasonography revealed a polypoid tumor 
in the distal bile duct. No invasive tumor regions were 
detected using these imaging techniques. Therefore, the 
initial diagnosis was IPNB. After endoscopic nasobiliary 
drainage (ENBD), a pylorus-preserving pancreaticoduo-
denectomy was performed. The postoperative course was 
uneventful, except for slight pneumonia. 

Pathology of the resected bile ducts
A whitish tumor occupying the dilated lumen of  the dis-
tal bile duct was found, and the proximal portion of  the 
bile duct was also dilated. As shown in Figure 2A, the 
tumor was comprised of  two different areas: papillary 
and solid. The papillary proliferating area consisted of  
cholangiocyte-like columnar epithelial cells covering fine 
fibrovascular cores, and showed moderate-to high-grade 
intraepithelial neoplasia, indicating pancreaticobiliary-type 
IPNB (high-grade intraepithelial neoplasia) according to 
the WHO classification[1] (Figure 2B). Immunohistochem-
istry revealed expression of  the biliary-type cytokeratin 
(CK): CK19 (Figure 3A) in these cells, but not CK20, 
confirming biliary-type IPNB. Conversely, the solid area 
lacking acinar/glandular structure (Figure 2A and B) was 
comprised of  tumor cells with salt-and-pepper nuclei, a 
high nucleus-to-cytoplasm ratio, and increased nuclear 
chromatin (Figure 2C). Immunohistochemistry for neu-
roendocrine markers revealed synaptophysin expression 
(Figure 3B), but not chromogranin A and CD56 expres-
sion, indicating a NET component of  MANEC. Fur-
thermore, NET, as well as IPNB components, expressed 
CK19 (Figure 3A). The MIB-1 proliferation index of  the 
NET component was significantly higher than that of  the 
IPNB component (Figure 3C). Focal invasion of  NET 
and IPNB components into the ductal wall was evident, 
but no pancreatic or lymph node metastasis was observed.

Figure 1  Computed tomogra-
phy of the bile duct. Computed 
tomography revealed dilatation 
of the bile duct and an elevated 
lesion (arrow) at the bottom of 
the lower bile duct.
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DISCUSSION
IPNB is characterized by a grossly visible, exophytic 
proliferation of  neoplastic cholangiocytes with delicate 
fibrovascular cores. The WHO classification of  diges-
tive tumors[1] recognizes IPNB as a precancerous entity 
of  cholangiocarcinoma. Surgical resection is the most 
optimal treatment for IPNB because mucin production 
by these tumors causes recurrent cholangitis and ob-
structive jaundice, even if  these tumors are considered 
benign. Incomplete surgical resection often causes tumor 
recurrence; furthermore, recurrence in the remaining bile 
ducts can develop after apparently complete resection of  
even noninvasive tumors because of  tumor multifocal-
ity[4,5].

Radiographic imaging modalities, including CT, MRI, 
and MRCP, are recommended noninvasive techniques 
for detecting masses and evaluating the tumor extent. Al-
though cholangiography and cholangioscopy carry risks 
of  complications, these diagnostic techniques are useful 
for evaluating tumor extent, operative planning, and bili-
ary intervention[6,7]. In this case, it was not difficult to 
evaluate the degree of  tumor invasion using noninvasive 
radiographic techniques. However, pathological confir-
mation could not be obtained via biopsies or cytology. 
Peroral cholangioscopy and intraductal ultrasonography 

may be necessary for pathological diagnosis. Unfortu-
nately, we were unable to perform these invasive radiog-
raphies due to a lack of  consent from the patient, who 
was suffering from pancreatitis after ENBD. 

The degree of  malignancy and histological atypia of  
IPNB ranges from borderline or low to moderate in the 
intraluminal papillary portions, to highly malignant and 
atypical in the invasive portions. IPNBs without invasive 
components are comprised of  two subgroups: low-grade 
intraepithelial neoplasia and high-grade intraepithelial 
neoplasia. Moreover, the neoplastic cells of  IPNB are 
cytologically classifiable into four phenotypes: pancreati-
cobiliary, intestinal, gastric (clear cell type), and oncocytic 
types[1]. This case was IPNB with associated pancreatico-
biliary-type invasive carcinoma. 

NETs in the digestive system, including in the gall-
bladder and extrahepatic bile ducts, are classified as: NET 
G1 [carcinoid; mitotic count: < 2 per 10 high-power 
fields (HPF); and/or ≤ 2% Ki-67 index]; NET G2 (mi-
totic count: 2-20 per 10 HPF; and/or 3%-20% Ki-67 
index); neuroendocrine carcinoma (large- or small-cell 
type); and MANEC, according to the 2010 WHO clas-
sification[2,8]. In biliary MANEC, the adenocarcinomatous 
component is located on the surface of  the main tumor, 
and the majority of  stromal invasion, including vascular 
invasion and lymph node metastasis, involves the NET 

Figure 2  Pathological findings from the resected bile duct (hematoxylin eosin staining). A: A semi macro cross-sectional image of the resected ex-
trahepatic bile duct. In the dilated bile duct, the tumor was comprised of two distinct parts: papillary (P) and solid (S); B: The boundary between the papillary 
(right) and solid (left) areas. The papillary area consisted of a papillary proliferation of cholangiocyte-like columnar epithelial cells covering fine fibrovascular 
cores (arrows). In the solid area, a lacunar tumor was evident, but lacked distinct acinar/glandular structures. Magnification: × 100; C: The solid tumor at 
higher magnification. Tumor cells exhibited characteristic salt-and-pepper nuclei, a high nucleus-to-cytoplasm ratio, and increased nuclear chromatin. Mag-
nification: × 400.
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Figure 3  Immunohistochemistry for cytokeratin 19, synaptophysin, and Ki-67. A: Both the solid (asterisk) and papillary (arrows) components were positive for 
CK19. Magnification: × 200; B: Synaptophysin expression was evident in the solid component (left), indicating a neuroendocrine tumor, but not in the papillary com-
ponent (right). Magnification: × 100; C: Although Ki-67-positive cells were scarce in the papillary component (arrows), many Ki-67-positive cells were identified in the 
solid component (asterisk). Magnification: × 200.
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component[3]. Therefore, the NET component of  biliary 
MANEC is considered to define prognosis[3]. In this case, 
contrary to typical biliary MANEC, the adenocarcino-
matous component of  MANEC was identified as IPNB. 
NET adjacent to the IPNB component resulted in both 
being intermingled in one mass (Figure 2B). Moreover, 
both NET and IPNB were immunophenotypically posi-
tive for CK19, suggesting that NET originated from the 
transformation of  biliary tumor cells constituting IPNB. 
However, the NET component exhibited extensive pro-
liferation and broad stromal invasion of  the bile duct wall 
compared with IPNB, suggesting that the NET compo-
nent defined the prognosis in this case.

In the pancreas, concomitant intraductal papillary 
mucinous neoplasm (IPMN; a pancreatic counterpart of  
IPNB) and pancreatic neuroendocrine tumor (pNET) 
are frequent, and the prevalence of  pNET with IPMN 
was 2.8%-4.6% according to previous reports[9,10]. How-
ever, IPNB accompanying NET has not been previously 
reported. This case provides important insight into the 
histogenesis of  biliary NET. 

In summary, IPNB accompanying biliary MANEC in 
this patient provided important information for the eluci-
dation of  the histogenesis of  NET in biliary tumors. 
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Abstract
Aseptic abscesses are an emergent entity and have 
been described in inflammatory bowel disease, es-
pecially in Crohn’s disease, and in other diseases. 
However, aseptic abscesses associated with Behçet’s 
disease are extremely rare. We report a Japanese male 
diagnosed with an incomplete type of Behçet’s disease 
who developed multiple aseptic abscesses of the spleen 
and liver. In 2002, the spleen abscesses were accompa-
nied by paroxysmal oral aphthous ulcers and erythema 
nodosum. As the patient’s response to antibiotic treat-
ment was inadequate, a splenectomy was performed. 
Severe inflammatory cell infiltration, largely of polymor-
phonuclear neutrophils, was observed without evidence 
of bacterial or fungal growth. Although the patient 
had no history of ocular symptoms or genital ulcers, a 
diagnosis of incomplete Behçet’s disease was made ac-
cording to the Japanese diagnostic criteria because of 
the presence of paroxysmal arthritis and epididymitis 
since 2002. In 2005, multiple liver abscesses developed 
with right hypochondrial pain and seemed to be attrib-
uted to Behçet’s disease because the abscesses yielded 
negative results during a microbiologic investigation 

and failed to go into remission under antibiotic therapy. 
Oral prednisone (15 mg/d) was started in May 2006, 
and the abscesses dramatically disappeared 4 wk after 
treatment. Although the patient had a relapse of the 
liver abscesses in association with the tapering of pred-
nisone, the augmentation of prednisone dosage yielded 
a response. The abscesses of the liver and spleen were 
strongly suggested to be attributed to Behçet’s disease. 
Clinician should be aware of the existence of aseptic 
abscesses as uncommon manifestations of Behçet’s dis-
ease.

© 2013 Baishideng. All rights reserved.
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Core tip: We report a Japanese male diagnosed with 
an incomplete type of Behçet’s disease who devel-
oped multiple aseptic abscesses of the spleen and 
liver. Spleen abscesses developed with paroxysmal oral 
aphthous ulcers and erythema nodosum. A splenec-
tomy was performed, and severe neutrophil infiltration 
was observed without evidence of bacterial or fungal 
growth. Multiple liver abscesses also developed with 
right hypochondrial pain and seemed to be attributed 
to Behçet’s disease because the abscesses yielded neg-
ative results during a microbiologic investigation. Oral 
prednisone (15 mg/d) was started, and the abscesses 
dramatically disappeared. Clinicians should be aware of 
the existence of aseptic abscesses as uncommon mani-
festations of Behçet’s disease.
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INTRODUCTION
Behçet’s disease (BD) is a systemic inflammatory disease 
commonly characterized by oral and genital ulcerations, 
with involvement of  the skin and eye. The manifestations 
of  BD are protean, and all symptoms and signs tend to 
recur either alone or in combination. Aseptic abscesses 
(AAs) are characterized by deep, sterile, round lesions 
consisting of  neutrophil infiltration that do not respond 
to antibiotic therapy but improve with corticosteroid and 
immunosuppressive drugs. Clinical reports and case se-
ries concerning AAs in patients with inflammatory bowel 
disease, neutrophilic dermatoses, and other diseases have 
been published[1-5]. Although BD belongs to a group of  
neutrophilic dermatoses, AAs associated with BD are 
extremely rare. Here, we describe a patient with BD com-
plicated by AAs of  the liver and spleen, which were suc-
cessfully treated with corticosteroid therapy.

CASE REPORT
In February 2006, a 20-year-old Japanese male suffering 
from multiple liver abscesses associated with sporadic 
fever, right hypochondrial pain, and elevated inflamma-
tory markers was admitted to our hospital. In 2002, at the 
age of  16, he developed oral aphthous ulcers, erythema 
nodosum, pericardial effusion, and multiple spleen ab-
scesses (Figure 1A). As for the aphthous ulcers and ery-
thema nodosum, resolution occurred spontaneously. Peri-
cardiocentesis was performed. Effusive pericarditis was 
thought to be the cause of  the pericardial fluid; however, 
it did not reaccumulate after pericardiocentesis. Because 
empirical antibiotic therapy had the least effect and symp-
toms such as fever and left hypochondrial pain persisted, 
an open splenectomy was performed in October 2002. 
Upon macroscopic examination, sections of  the resected 
spleen showed multiple yellow nodular lesions (10-20 
mm in diameter) (Figure 1B). Pathological examination 
confirmed the presence of  severe inflammatory cell infil-
tration, largely of  polymorphonuclear neutrophils, with-
out evidence of  bacterial or fungal growth. In addition 
to oral aphthosis and erythema nodosum, the primary 
symptoms of  BD, paroxysmal arthritis and epididymitis 
have occurred since 2002. Although the patient had no 
history of  ocular symptoms or genital ulcers, a diagnosis 
of  incomplete BD was made according to the criteria of  
the BD Research Committee of  Japan[6]. Spleen abscesses 
were suspected to be attributed to BD, but the associa-
tion was difficult to prove. Paroxysmal oral aphthosis and 
arthritis persisted after splenectomy, and at the age of  
19 in March 2005, multiple abscesses with an aggressive 
inflammatory response developed in the liver. Antibiot-
ics were unable to demonstrate any benefit, and the liver 
abscesses seemed to be attributed to BD. Colchicine (with 
a 1.5 mg maximum daily dose) was started in July 2005. 
However, the patient had elevated inflammatory markers, 
fever, and right hypochondrial pain. 

Upon physical examination, the patient did not pres-
ent with fever, oral aphthosis, erythema nodosum, articu-
lar swelling, or abdominal tenderness at the time. The 

findings from the laboratory examinations are summa-
rized as follows: white blood cell count, 13400/L (normal: 
4000-9000/L) with 69% neutrophils; hemoglobin, 14.8 
g/dL (normal: 12.0-16.0 g/dL); platelets, 57.1 × 104/L 
(normal: 14.0-40.0 × 104/L); aspartate aminotransferase, 
21 U/L (normal: 10-40 U/L); alanine aminotransferase, 
30 U/L (normal: 5-40 U/L); lactate dehydrogenase, 137 
U/L (normal: 115-245 U/L); total bilirubin, 0.4 mg/dL 
(normal: 0.3-1.2 mg/dL); alkaline phosphatase, 583 U/L 
(normal: 115-359 U/L); gamma-glutamyl transferase, 123 
U/L (normal: ≤ 70 U/L); and C-reactive protein (CRP), 
11.0 mg/dL (normal: < 0.3 mg/dL). The results of  the 
kidney function tests were within the normal limits. An-
tinuclear antibodies (speckled staining pattern) showed 
a 40-fold positive result (normal: < 40-fold). Rheuma-
toid factor, antineutrophil cytoplasmic antibodies, and 
HLA-B51 antigen were negative (HLA-A24, B52, and 
B60 antigens were positive). Colonoscopy showed only a 
small aphthous ulcer in the terminal ileum; pathological 
examination showed non-specific chronic inflammation 
without any evidence of  Crohn’s disease (CD), such as 
noncaseating granuloma. Blood and urine cultures were 
negative. An abdominal ultrasound scan was performed, 
which showed multiple round lesions in the liver. Con-
trast-enhanced abdominal computed tomography scan 
demonstrated multiple areas of  low-attenuation with ring 
enhancement in the liver (Figure 2A). Despite empirical 
antibiotic therapy, no clinical improvement was achieved. 
Ultrasound-guided percutaneous aspiration of  the ab-
scess yielded pus containing numerous neutrophils; no 
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Figure 1  Contrast-enhanced abdominal computed tomography scan 
showing multiple spleen abscesses (A), and macroscopic findings of the 
cut surface of the resected spleen (B). 



microbes were found in the culture. A fine needle biopsy 
of  the liver lesions was performed, and a pathological 
examination revealed necrotic tissue containing inflam-
matory cells. Based on this evidence, these lesions were 
interpreted as aseptic liver abscesses associated with BD, 
and oral low-dose prednisone (15 mg/d), in addition to 
colchicine, was initiated in May 2006. A rapid improve-
ment in the patient’s symptoms occurred; the levels of  
CRP and liver enzymes reached normal range, and the 
liver abscesses disappeared within 4 wk of  the initia-
tion of  corticosteroid therapy (Figure 2B). The dose of  
prednisone was gradually tapered; at 7.5 mg/d predni-
sone, however, the CRP level increased again, requiring 
a higher dose of  prednisone. Therefore, the patient was 
maintained on low-dose prednisone therapy (10-12.5 
mg/d) to restrain the inflammatory response. Elevated 
CRP was observed without obvious abnormality in Au-
gust 2010, and the recurrence of  AAs in the liver was 
detected by abdominal CT without abdominal symptoms 
in August 2011. After escalating the dose of  prednisone 
to 20 mg/d, the liver abscesses vanished once again. The 
dose of  prednisone was gradually tapered to 15 mg/d, 
and complete clearance of  the liver lesions was achieved 
in February 2012. 

DISCUSSION
We present a patient with BD who developed AAs in the 
spleen and liver. AAs are an emergent entity. This condi-
tion has been described in inflammatory bowel disease 
(IBD), especially in CD, as well as in other diseases such as 
Sweet’s syndrome and pyoderma gangrenosum[1-5]. Most 
patients with AAs have some underlying disease, and it 
has been proposed that AAs belong to the spectrum of  

autoinflammatory multifactorial disorders[1]. The diagnosis 
of  AAs is of  exclusion on the basis of  the following cri-
teria suggested by André et al[1]: (1) deep abscess(es) upon 
radiologic examination, with neutrophilic features proven 
by surgical pathology or aspiration when performed; 
(2) negative blood cultures, negative serologic tests for 
bacteria, and, when surgical procedure or aspiration are 
performed, sterile standard, acid-fast bacillus and fungal 
cultures of  pus; (3) failure of  antibiotic therapy; and (4) 
rapid improvement by corticosteroids, sometimes in com-
bination with immunosuppressive drugs. The main clini-
cal manifestations of  AAs are fever, abdominal pain, and 
weight loss. A rare case of  BD complicated by multiple 
intrahepatic abscesses, which was dramatically resolved 
by antibiotic therapy, was reported[7]. There is also a case 
report of  BD that was suspected to be complicated by 
sterile cerebral abscesses, although the clinical state of  the 
patient gradually improved without immunosuppressive 
therapy[8]. In our patient, the liver and spleen abscesses 
were negative upon microbiologic investigation, and re-
mission was not achieved under antibiotic therapy. Fur-
thermore, the rapid resolution of  the abscesses with cor-
ticosteroid therapy, even at the time of  disease relapse in 
association with the tapering of  prednisone, also favored 
a diagnosis of  BD-associated AAs. Based on a PubMed 
search of  the literature, our patient is the first unfailing 
case of  sterile visceral abscesses associated with BD. 

A differential diagnosis of  CD vs BD can be difficult. 
Although ulcerative lesions at the ileocecal area are com-
mon in both diseases, we diagnosed the patient as having 
intestinal BD because of  a lack of  factors suggestive of  
CD: there was only one ulcerative lesion, its shape was not 
longitudinal, and histopathological examination showed 
no granulomatous lesions. It is also often difficult to dif-
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Figure 2  Contrast-enhanced abdominal computed tomography scan showing multiple liver abscesses (arrow) before (A) and 4 wk after corticosteroid 
therapy (B). Multiple areas of low-attenuation with ring enhancement were seen in the liver as indicated by the arrows (A). However, the areas vanished after treat-
ment (B).
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ferentiate incomplete types of  BD from Sweet’s syndrome 
because some overlapping manifestations exist between 
BD and Sweet’s disease. Unfortunately, a skin biopsy was 
not performed. However, we are convinced of  the diag-
nosis of  incomplete BD in this case because our patient 
had a chronic course with remissions and relapses, as well 
as a history of  epididymitis and pericarditis, found in rela-
tively rare manifestations of  BD[9]. 

Neutrophilic dermatoses are well-recognized cutaneous 
manifestations of  systemic diseases such as IBD, and the 
wide spectrum of  the disease includes Sweet’s syndrome 
and pyoderma gangrenosum. These diseases may share 
common features such as sterile infiltration of  polymor-
phonuclear leukocytes; BD is analogous to this condi-
tion[10]. Extracutaneous neutrophilic infiltrates are observed 
in all forms of  neutrophilic dermatoses, but they predomi-
nate in Sweet’s syndrome[11]. Sweet’s syndrome associated 
with BD has been reported, and there may be similarities 
in the pathogenesis of  BD and Sweet’s disease[12]. There-
fore, it seems reasonable that BD was complicated by 
AAs, although the mechanism remains unclear. Classically, 
Th1 immune response polarization has been known to 
be the main characteristic of  BD immunopathogenesis[13]. 
The interleukin 17 (IL-17)-mediated (Th17) immune 
response may also contribute to immunological aberra-
tions of  BD[14]. IL-8-producing T cells were suggested to 
orchestrate neutrophil-rich pathologies of  BD[15]. It was 
proposed that liver disease occurring in IBD is mediated 
by an aberrant homing of  gut-derived T cells to the liver, 
with subsequent extensive lymphocyte infiltration of  the 
liver[16]. Therefore, the mechanism by which AAs of  the 
liver and spleen occurred in our case might be explained 
by an aberrant T cell-mediated immune response.

A patient with CD and associated AAs who under-
went successful splenectomy was reported[17]. However, 
in our study, the patient developed AAs in the liver after 
splenectomy and finally needed immunosuppressive ther-
apy. The risks of  postoperative infection and thrombosis 
after splenectomy are now widely accepted. Accordingly, 
splenectomy as a treatment option might not be advisable 
in cases of  AAs associated with BD. 

In conclusion, we present a case of  aseptic liver and 
spleen abscesses as the presenting picture of  incomplete 
BD, in which complete remission was only obtained by 
corticosteroid therapy. The current case illustrates the 
possibility of  the existence of  AAs as uncommon mani-
festations of  BD. Thus, physicians should be aware of  this 
possibility to avoid a delay in diagnosis and unnecessarily 
aggressive therapies such as splenectomy. 
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Abstract
The number of patients developing esophageal cancer 
after gastrectomy has increased. However, gastric rem-
nant is very rarely used for reconstruction in esopha-
geal cancer surgery because of the risk of anastomotic 
leakage resulting from insufficient blood flow. We pres-
ent a case of esophageal cancer using gastric remnant 
for esophageal substitution after distal gastrectomy 
in a 57-year-old man who presented with a 1-month 
history of mild dysphagia and a background history 
of alcohol abuse. Gastroscopy showed a 1.2 cm × 1.0 
cm bulge tumor of the lower third esophagus with the 
upper margin located 39 cm from the dental arcade. 
Computed tomography of the chest showed lower 
third esophageal wall thickening. The patient under-
went en bloc radical esophagectomy with a two-field 
lymph node dissection of the upper abdomen and me-
diastinum via  a left-sided posterolateral thoracotomy 
through the seventh intercostal space. The upper end 
of the esophagus was resected 5 cm above the tumor. 
The gastric remnant was used for reconstruction of the 
esophago-gastrostomy and placed in the left thoracic 
cavity. The patient started a liquid diet on postopera-
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tive day 8 and was discharged on the 10th postop-
erative day without complications. In this report, we 
demonstrate that the gastric remnant may be used for 
reconstruction in patients with esophageal cancer as a 
substitute organ after distal gastrectomy.

© 2013 Baishideng. All rights reserved.
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Core tip: Gastric remnant is very rarely used for recon-
struction in esophageal cancer surgery because of the 
risk of anastomotic leakage resulting from insufficient 
blood flow. We present a case of esophageal cancer 
using gastric remnant for esophageal substitution af-
ter distal gastrectomy in a 57-year-old man, who was 
successfully treated with esophagectomy and rem-
nant stomach reconstruction without micro-vascular 
anastomosis. The gastric remnant may be used for 
reconstruction in patients with esophageal cancer as 
a substitute organ after distal gastrectomy, with rapid 
recovery of bowel function and shorter hospital stay. 

Xie SP, Fan GH, Kang GJ, Geng Q, Huang J, Cheng BC. 
Esophageal reconstruction with remnant stomach: A case re-
port and review of literature. World J Gastroenterol 2013; 
19(20): 3169-3172  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i20/3169.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i20.3169

INTRODUCTION
The number of  patients developing esophageal cancer 
after gastrectomy has increased. Reconstruction is a 
challenge in esophageal cancer surgery when a previous 
subtotal gastric resection has been performed. In general, 
there has been a tendency to select the colon or jejunum 



for substitution of  the gastric tube, in order to avoid 
anastomotic leakage resulting from insufficient blood 
flow, which requires complicated operative procedures 
and leads to higher operative morbidity and mortality[1,2]. 
Herein, we report a patient with esophageal cancer and 
previous distal gastrectomy, who was successfully treated 
with esophagectomy and remnant stomach reconstruc-
tion without micro-vascular anastomosis. 

CASE REPORT
A 57-year-old man had undergone distal gastrectomy 
with lymph node dissection 7 years previously for gas-
tric cancer with a Billroth Ⅱ anastomosis, pathologi-
cally diagnosed as highly differentiated adenocarcinoma, 
pT2N0M0; stage Ⅰb, according to the 7th edition of  the 
UICC-TNM Classification of  Malignant Tumors[3]. He 
was admitted to our hospital with a history of  mild dys-
phagia with solids only for one month. His medical histo-
ry was notable for alcohol abuse. Physical examination of  
the chest and abdomen revealed no abnormal findings. 
Barium esophagography revealed an approximately 1 cm 
arc filling defect in 1/3 of  the lower esophagus with local 
mucosal damage and wall stiffness. The size of  the gas-
tric remnant was measured before surgery with contrast 
barium esophagography X-ray and was found to be 10 
cm in length at the lesser curvature (Figure 1). Computed 

tomography of  the chest showed thickening of  the lower 
third of  the esophageal wall (Figure 2). Gastroscopy 
confirmed a 1.2 cm × 1.0 cm bulge tumor in the lower 
third of  the esophagus with the upper margin located 39 
cm from the dental arcade (Figure 3). The lesion did not 
stain with Lugol’s solution. Pathological examination of  
the biopsy specimen revealed squamous cell carcinoma. 
Exclusion of  cerebral, abdominal, skeletal, lymph node 
and other distal metastases (M0) was accomplished using 
[18F]-fluoro-2-deoxy-D-glucose positron emission tomog-
raphy, and distant metastases to other organs were not 
found.

Prior to surgery, the complete colon was examined by 
endoscopy, and the bowel was prepared by mechanical 
cleansing. The patient underwent en bloc radical esopha-
gectomy via a left-sided posterolateral thoracotomy 
through the 7th intercostal space, with a two-field lymph 
node dissection in the upper abdomen and mediastinum. 
The upper end of  the esophagus was resected 5 cm 
above the tumor, and the left gastric artery and short gas-
tric artery were then divided. The remnant stomach was 
freed up to the gastro-esophageal junction, and appeared 
rosy with adequate bloody supply probably due to the ef-
ferent jejunal flap with its wide gastrojejunal anastomosis 
(Figure 4). We decided to preserve the remnant stomach 
for reconstruction. The jejunum was freed from sur-
rounding tissues. A gastric tube was extended far enough 
to reach the proximal esophagus. An esophagogastric 
anastomosis was performed mechanically under the level 
of  the left inferior pulmonary vein using a circular stapler 
by an anterior gastrotomy to the high point of  the fundus 
of  the gastric remnant. The gastric remnant was placed in 
the left thoracic cavity. A micro-vascular anastomosis was 
not performed. Enteral nutrition therapy was via a jejunal 
stoma. The operative time was 266 min and the estimated 
blood loss was 435 mL. 

Histologically, the tumor was diagnosed as a highly dif-
ferentiated squamous cell carcinoma with tumor-free mar-
gins (Figure 5), and metastases in the abdomen and me-
diastinum lymph node were not found. The pathological 
stage was pT2N0M0; stage Ⅰb, according to the 7th edition 
of  the UICC-TNM Classification of  Malignant Tumors[3]. 
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Figure 1  Barium esophagography. Esophagography shows a type 1 tumor, 
1.5 cm in length, in the lower thoracic esophagus (arrow). 

Figure 2  Thoracic computed tomography shows a tumor 1 cm in diameter  
(arrow). 

Figure 3  Upper gastrointestinal endoscopy shows a tumor 39 cm from 
the incisor, the anterior wall of the esophagus has a lip bulge about 1.2 
cm × 1.0 cm. 



The postoperative course was uneventful, with no 
complications resulting from insufficient blood supply. 
The integrity of  the anastomosis of  the esophago-gas-
trostomy was confirmed by water soluble contrast radi-
ography on postoperative day 7, with no signs of  leakage 
or stricture (Figure 6). The patient started a liquid diet the 
following day and was discharged on the 10th postopera-
tive day without complications. On follow-up at 6 mo 
after surgery, the patient was alive with no evidence of  
recurrence. He had improved food intake; mainly man-
aging a solid diet with an average intake per meal of  ap-
proximately 450 mL. Barium esophagography confirmed 
the absence of  stricture, with efficient emptying of  the 
remnant stomach.

DISCUSSION
It was first reported in 1970 that a high incidence of  gas-
trectomy (8.7%) was found in patients with esophageal 
cancer. Although surgical resection is the standard treat-
ment for esophageal cancer after subtotal gastrectomy, 
the optimal management of  this disease, including the 
surgical approach and the conduit for reconstruction, re-
mains controversial. For patients with esophageal cancer 
and a history of  gastrectomy, the esophagus is frequently 
reconstructed using colon interposition with a vascular 
pedicle[4]. The disadvantages of  colon interposition in-
clude a long operative time for colon mobilization, highly 

invasive procedures and additional anastomosis, which 
increase the incidence of  postoperative complications[5]. 
Increased blood loss was observed when resolving adhe-
sions in the upper abdominal cavity caused by gastrec-
tomy. When using the remnant stomach, the procedure is 
easier, and the aims are to minimize surgical insults and 
to maximize the patient’s quality of  life. A reduction in 
the number of  surgical maneuvers below the transverse 
colon and fewer bowel anastomoses represent real advan-
tages[6]. In addition, use of  the gastric remnant for recon-
struction may offer substantial advantages to the elderly 
population in terms of  fewer cardiac and pulmonary 
complications, rapid recovery of  bowel function, shorter 
hospital stay, and a faster return to physical activities. 

A remnant stomach can last for more than five years 
before the diagnosis of  esophageal cancer. Establishment 
of  the collateral circulation is important for healing of  
the anastomotic stoma. The blood supply of  the remnant 
stomach may be maintained by the reconstituted micro-
vascular supply from the widely anastomosed jejunal loop 
or vascular adaptation of  the stomach and anastomotic 
site[6], which may enhance perfusion of  the gastric tube at 
the time of  anastomosis and thus decrease anastomotic 
complications after esophagogastrectomy. Reavis demon-
strated that gastrointestinal anastomoses were associated 
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Figure 4  Esophagus is anastomosed to the remnant stomach. During 
surgery, after cutting the left, right and short gastric vessels, the remnant stom-
ach relies on the blood supply of the anastomotic stoma alone and is still rosy. 
Circle: Jejunum-stomach anastomotic stoma; Triangle: Esophagus-remnant 
stomach anastomotic stoma.

Figure 5  The tumor was diagnosed as highly differentiated squamous cell 
carcinoma.

Figure 6  Barium esophagography on the 7th postoperative day. Esopha-
gography shows that barium passes smoothly through the anastomotic stoma, 
without leakage. Square: Anastomotic stoma; Triangle: Afferent loop of jejunum; 
Circle: Efferent loop of jejunum.

Xie SP et al . Esophageal reconstruction with remnant stomach



3172 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

tion and stage must be determined. The remainder of  the 
stomach can be used as an esophageal substitute depend-
ing on the curability of  the esophageal cancer and the 
blood supply, which allows rapid recovery of  bowel func-
tion and shorter hospital stay.
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with both vasodilation and angiogenesis and resulted in 
increased blood flow to the gastric fundus prior to esoph-
agogastric anastomosis in animals, which translated into 
a decrease in anastomotic dehiscence[7]. In our case, wide 
gastrojejunal anastomosis was seen in this operation. Dur-
ing surgery, 30 min after the left, right and short gastric 
vessels were cut, the remnant stomach was still rosy (Figure 
5). We think that this wide anastomosis maintained the 
blood supply in the remnant stomach by reconstituting 
the intramural network. No complications occurred dur-
ing the postoperative period, and barium esophagography 
on the 7th postoperative day showed that barium passed 
smoothly through the anastomotic stoma, without leak-
age. Preoperative bowel preparation should be conducted 
in such patients. If  a poor blood supply in the remnant 
stomach is seen during surgery, then colon interposition 
should be used to replace esophageal surgery.

If  the remnant stomach can not be lifted to the tho-
rax to perform tension-free anastomosis with the esopha-
gus during esophagectomy, the length of  the afferent 
loop of  the jejunum should be observed, if  the afferent 
loop is short, it should be cut at the anastomotic stoma 
and an end-to-side anastomosis with the efferent loop of  
the distal jejunum should be performed; if  the afferent 
loop is long, a side-to-side anastomosis should be per-
formed 10-15 cm from the afferent and efferent loops, 
thus increasing the lifting height of  the remnant stomach 
and jejunal loop (Figure 7).

We report a patient with esophageal cancer and previ-
ous distal gastrectomy who was successfully treated with 
esophagectomy and remnant stomach reconstruction 
without micro-vascular anastomosis. It is important to 
select an appropriate operative method for patients with 
esophageal cancer after distal gastrectomy, and its loca-

Esophagus-remnant stomach 
anastomotic stoma

Cardia

Remnant stomach-jejunum 
anastomotic stoma

Diaphragm

Efferent loop of jejunum

End-to-side anastomosis

Afferent loop of jejunum

Patients with short afferent loop of jejunum Patients with long afferent loop of jejunum

Figure 7  Scheme of the resection area of the gas-
tric remnant and the esophagus (pre-operative), 
and reconstruction of the organs (post-operative).
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When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 
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PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used 
in E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
first and middle initials. (For example, Lian-Sheng Ma is ab-
breviated as Ma LS, Bo-Rong Pan as Pan BR). The title of  the 
cited article and italicized journal title (journal title should be 
in its abbreviated form as shown in PubMed), publication date, 
volume number (in black), start page, and end page [PMID: 
11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed with the 
initial letter capitalized, followed by their abbreviated middle and 
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, 
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format
Journals
English journal article (list all authors and include the PMID where ap-

plicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where ap-
plicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunolog-
ic effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4 Diabetes Prevention Program Research Group. Hyper-

tension, insulin, and proinsulin in participants with impaired 
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 
12411462   PMCID:2516377   DOI:10.1161/01.HYP.00000 
35706.28494.09]

Both personal authors and an organization as author 
5 Vallancien G, Emberton M, Harving N, van Moorse-

laar RJ; Alf-One Study Group. Sexual dysfunction in 1, 
274 European men suffering from lower urinary tract 
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6 21st century heart solution may have a sting in the tail. BMJ  

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and 

safety of  frovatriptan with short- and long-term use for 
treatment of  migraine and in comparison with sumatrip-

tan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325   
DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. 

HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of  the liver and billiary 

system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: 
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March 
of  Dimes Education Services, 2001: 20-34

Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-

mours V. Proceedings of  the 5th Germ cell tumours Confer-
ence; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002: 
30-56

Conference paper
14 Christensen S, Oppacher F. An analysis of  Koza’s compu-

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Ge-
netic programming. EuroGP 2002: Proceedings of  the 5th 
European Conference on Genetic Programming; 2002 Apr 
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and posi-
tioning tool assembly. United States patent US 20020103498. 
2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test 
as χ2 (in Greek), related coefficient as r (in italics), degree of  free-
dom as υ (in Greek), sample number as n (in italics), and probabil-
ity as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incuba-
tion) = 96 h, blood glucose concentration, c (glucose) 6.4 ± 
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6 
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and 
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641 
should be read 23 243 641.
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The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and 
on first mention in the text. In general, terms should not be ab-
breviated unless they are used repeatedly and the abbreviation 
is helpful to the reader. Permissible abbreviations are listed in 
Units, Symbols and Abbreviations: A Guide for Biological and 
Medical Editors and Authors (Ed. Baron DN, 1988) published 
by The Royal Society of  Medicine, London. Certain commonly 
used abbreviations, such as DNA, RNA, HIV, LD50, PCR, 
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, 
EDTA, mAb, can be used directly without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
All types of  articles’ writing style and requirement will be 
found in the link: http://www.wjgnet.com/esps/Navigation-
Info.aspx?id=15.

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. 
The revised version, along with the signed copyright transfer 
agreement, responses to the reviewers, and English language 
Grade A certificate (for non-native speakers of  English), should 
be submitted to the online system via the link contained in the 
e-mail sent by the editor. If  you have any questions about the 
revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 

revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polish-
ing needed; and (4) Grade D: rejected. Revised articles should 
reach Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.

Responses to reviewers
Please revise your article according to the comments/sugges-
tions provided by the reviewers. The format for responses to 
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Proof of financial support
For papers supported by a foundation, authors should provide 
a copy of  the approval document and serial number of  the 
foundation.

Links to documents related to the manuscript 
WJG will be initiating a platform to promote dynamic interac-
tions between the editors, peer reviewers, readers and authors. 
After a manuscript is published online, links to the PDF version 
of  the submitted manuscript, the peer-reviewers’ report and the 
revised manuscript will be put on-line. Readers can make com-
ments on the peer reviewer’s report, authors’ responses to peer 
reviewers, and the revised manuscript. We hope that authors will 
benefit from this feedback and be able to revise the manuscript 
accordingly in a timely manner.

Publication fee
WJG is an international, peer-reviewed, open access, online journal. 
Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License, 
which permits use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is non com-
mercial and is otherwise in compliance with the license. Authors 
of  accepted articles must pay a publication fee. Publication fee: 
1365 USD per article. All invited articles are published free of  
charge.
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