
World Journal of 
Gastroenterology
World J Gastroenterol  2013 May 14; 19(18): 2731-2840

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, 2013�WJG|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, 2013�WJG|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

2731	 Cathelicidin a potential therapeutic peptide for gastrointestinal inflammation 

and cancer

Chow JYC, Li ZJ, Wu WKK, Cho CH

2736	 Relationships of CDXs and apical sodium-dependent bile acid transporter in 

Barrett's esophagus

Zhao J, Gregersen H

2740	 Persistent hypertransaminasemia in asymptomatic children: A stepwise 

approach

Vajro P, Maddaluno S, Veropalumbo C

2752	 Efficacy and safety of over-the-scope clip: Including complications after 

endoscopic submucosal dissection

Nishiyama N, Mori H, Kobara H, Rafiq K, Fujihara S, Kobayashi M, Oryu M, Masaki T

2761	 Lipoic acid suppresses portal endotoxemia-induced steatohepatitis and 

pancreatic inflammation in rats

Tian YF, He CT, Chen YT, Hsieh PS

2772	 Oncogene GAEC1  regulates CAPN10  expression which predicts survival in 

esophageal squamous cell carcinoma

Chan D, Tsoi MYT, Liu CD, Chan SH, Law SYK, Chan KW, Chan YP, Gopalan V, 

Lam AKY, Tang JCO

2781	 MAWBP and MAWD inhibit proliferation and invasion in gastric cancer

Li DM, Zhang J, Li WM, Cui JT, Pan YM, Liu SQ, Xing R, Lu YY

2793	 Sustained virological response: A milestone in the treatment of chronic 

hepatitis C

Morisco F, Granata R, Stroffolini T, Guarino M, Donnarumma L, Gaeta L, Loperto I, 

Gentile I, Auriemma F, Caporaso N

2799	 Long-term efficacy of endoscopic coagulation for different types of gastric 

vascular ectasia

Imai Y, Mizuno Y, Yoshino K, Watanabe K, Sugawara K, Motoya D, Oka M, Mochida S

Contents Weekly  Volume 19  Number 18  May 14, 2013

� May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

FRONTIER

REVIEW

FIELD OF VISION

ORIGINAL ARTICLE

BRIEF ARTICLE



Contents
World Journal of Gastroenterology

Volume 19  Number 18  May 14, 2013

2806	 Extremely high prevalence of Helicobacter pylori  infection in Bhutan

Vilaichone R, Mahachai V, Shiota S, Uchida T, Ratanachu-ek T, Tshering L, Tung NL, 

Fujioka T, Moriyama M, Yamaoka Y

2811	 Prognostic value of preoperative mean corpuscular volume in esophageal 

squamous cell carcinoma

Zheng YZ, Dai SQ, Li W, Cao X, Li Y, Zhang LJ, Fu JH, Wang JY

2818	 Increased CD163 expression is associated with acute-on-chronic hepatitis B 

liver failure

Ye H, Wang LY, Zhao J, Wang K

2826	 Massive hepatic necrosis with toxic liver syndrome following portal vein 

ligation

Dupré A, Gagnière J, Tixier L, Ines DD, Perbet S, Pezet D, Buc E

2830	 Polyarteritis nodosa diagnosed by surgically resected jejunal necrosis 

following acute abdomen

Hiraike Y, Kodaira M, Sano M, Terazawa Y, Yamagata S, Terada S, Ohura M, Kuriki K

2835	 Two case reports of gastroendoscopy-associated Acinetobacter baumannii  

bacteremia

Chen CH, Wu SS, Huang CC

II May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

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: Huan-Huan Zhai
Responsible Electronic Editor: Jun-Yao Li	  Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

III May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

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

PUBLICATION DATE
May 14, 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 18  May 14, 2013

I-VI	  Instructions to authors

Editorial Board Member of World Journal of Gastroenterology , Chi Hin Cho, 
Professor, School of Biomedical Sciences, Faculty of Medicine, the Chinese 
University of Hong Kong, Lo Kwee Seong Integrated Biomedical Sciences 
Building, Shatin, Hong Kong, China

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



Cathelicidin a potential therapeutic peptide for 
gastrointestinal inflammation and cancer

Jimmy Yip Chuen Chow, Zhi Jie Li, William Ka Kei Wu, Chi Hin Cho

Jimmy Yip Chuen Chow, Department of Medicine, University 
of California, San Diego, La Jolla, CA 92037, United States
Zhi Jie Li, Western Australia Institute for Medicine Research, the 
University of Western Australia, Crawley, WA 6009, Australia
William Ka Kei Wu, Institute of Digestive Diseases, the Chinese 
University of Hong Kong, Hong Kong, China
Chi Hin Cho, School of Biomedical Sciences, Faculty of Medi-
cine, the Chinese University of Hong Kong, Hong Kong, China
Author contributions: The authors contributed independently 
to the content and preparation of the article.
Correspondence to: Chi Hin Cho, Professor, School of Bio-
medical Sciences, Faculty of Medicine, the Chinese University 
of Hong Kong, Lo Kwee Seong Integrated Biomedical Sciences 
Building, Shatin, Hong Kong, China. chcho@cuhk.edu.hk
Telephone: +852-39436886    Fax: +852-26035139
Received: February 22, 2013  Revised: March 19, 2013
Accepted: April 3, 2013
Published online: May 14, 2013

Abstract
Cathelicidins, are host defense peptides synthesized and 
stored in circulating leukocytes and numerous types of 
epithelial tissues in particular the gastrointestinal (GI) 
tract and skin. They have been known for their antimi-
crobial activities against a variety of microbes. Recently 
it was discovered that they have other significant bio-
logical functions and produce appealing pharmacological 
actions against inflammation and cancer in the GI tract 
through defined mechanisms. Experimental evidence 
shows that these actions could be tissue and disease 
specific and concentration dependent. This article re-
views some of the physiological functions of cathelici-
dins and also their therapeutic potential in the treatment 
of inflammation and cancer and also the delivery system 
for this peptide as targeted therapy for various disorders 
in the GI tract both in animals and humans.
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Core tip: Cathelicidin is one of the most important host 
defense peptides known today. It carries multiple and 
yet unique biological functions against pathogens 
which contribute to the induction and also progres-
sion of infection, inflammation and cancer, the three 
major types of diseases in mankind. Deficiency of 
such peptide would cause multiple dysfunctions in the 
body. In this review we highlight the physiological role 
and therapeutic potential of cathelicidin in inflamma-
tion and cancer and also mucosal repair in the gut. All 
these information would shed new lights on the devel-
opment of cathelicidin as therapeutic agent for differ-
ent disorders in the gastrointestinal tract.
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INTRODUCTION
Cathelicidins are innate immunity peptides. They are 
antimicrobial peptides (AMPs) that are produced by 
organisms as part of  the defensive mechanism against 
various pathogenic microbes in humans and animals[1,2]. 
This class of  pleiotropic peptides provides the first-line 
defense against infection by eliminating pathogens. Each 
AMP is encoded by a distinct gene. They show a great 
diversity in structures but have some common features, 
including: (1) relatively small molecular sizes (usually less 
than 50 amino acid residues); (2) cationic nature; (3) am-
phipathic helix structure; and (4) a substantial portion of  
hydrophobic amino acids[2,3]. Human cathelicidin (LL-37) 
consists of  a long amphipathic helix spanning residues 
2-31 with the C-terminal residues 32-37 unstructured. 
Another feature is that the structure is curved with a train 
of  hydrophobic side chains. Such a cationic structure is 
perfect to associate with anionic micelles[4]. Indeed the 
cationic cathelicidin reacts electrostatically with anionic 
membrane components in particular cancer cells and mi-
crobes to disrupt cell membranes and induce cell death, 
while normal cells are neutral[5,6]. This specific property 
would enable cathelicidins directly and selectively attack 
membranes of  microbes and cancer cells but spare the 
normal cells[7]. This uniqueness would make these pep-
tides naturally exist and relatively non-toxic to normal 
mammalian system and have significant clinical implica-
tions as therapeutic agents for various diseases in particu-
lar those bacterial-related inflammation and cancer in the 
gastrointestinal (GI) tract[1,4,8]. 

CATHELICIDIN IN THE GI TRACT
Cathelicidins, a family of  host defense peptides naturally 
expressed by cells of  the GI tract. LL-37 is the mature 

form of  human cathelicidin. It is produced constitutively 
by differentiated surface and upper crypt epithelial cells 
in the colon and by the Brunner glands in the duode-
num[9]. In normal stomach, the expression of  the peptide 
is restricted to differentiated surface of  various types 
of  cells including epithelial cells, chief  cells and parietal 
cells and is also present in the gastric secretion. They are 
upregulated during infection, inflammation and wound 
healing both in animals and humans[9-12]. These biological 
responses to external challenges could have significant 
implications as a host defense in protection against dif-
ferent disorders in the GI tract. 

One good example is in the course of  Helicobacter pylo-
ri (H. pylori) infection in which the expression of  LL-37 is 
induced along the gastric glands. Induction of  LL-37 may 
help to fight against bacterial infection at the early stage. 
However, the expression of  LL-37 is dysregulated dur-
ing H. pylori-associated gastric carcinogenesis. During the 
progression from atrophic gastritis to adenocarcinoma, 
the expression of  LL-37 is reduced[12]. All these findings 
indicate that cathelicidin could play a significant role in 
preventing bacteria related inflammation and perhaps 
also carcinogenesis in the GI tract. It is envisaged that 
deficiency of  this host defense peptide could facilitate the 
formation of  inflammation and cancer. 

CATHELICIDIN AND GI REPAIR
Wound repair is a crucial adaptation to tissue damage. 
Based on the above information it comes to no surprise 
that soluble peptides like cathelicidins could evolve to 
orchestrate wound healing in response to mucosal dam-
age in the GI tract. Along this line, LL-37 and mouse 
cathelicidin (mCRAMP) are strongly expressed in skin 
epithelium during wound healing in humans and mice[13]. 
In addition, the expression of  LL-37 is low or absent in 
chronic ulcers, and antibodies to this peptide inhibit post-
wounding re-epithelialization[14].

Induction of  angiogenesis by cathelicidin further high-
lights its potential role in wound repair[15]. In this context, 
it has been proposed that the healing-promoting effect 
of  the peptide may be mediated through modification of  
growth factor and receptor interactions[16,17]. However the 
exact mechanisms by which cathelicidins promote wound 
healing have not yet been fully clarified. A recent study 
conducted by Yang et al[11] in 2006 showed that rat cathe-
licidin can promote gastric ulcer healing in rats through 
induction of  cell proliferation and angiogenesis. The same 
peptide stimulates cultured gastric epithelial cells through 
a transforming growth factor α-dependent transactivation 
of  epidermal growth factor and its related pathway to in-
duce proliferation of  gastric cells[11].

CATHELICIDIN AND INFLAMMATION
Experimental evidence shows that cathelicidin can modu-
late inflammation by altering cytokine response and 
chemoattraction of  inflammatory cells in diseased tis-
sues[1,18,19]. A recent study demonstrates that bacterial DNA 
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upregulates cathelicidin expression via a Toll-like receptor 
and mitogen-activated protein kinases/Erk pathway in 
colonic murine mucosa[20]. Clinical study also showed that 
cathelicidin expression was altered in inflammatory bowel 
diseases (IBD) patients. It was increased in both inflamed 
and non-inflamed mucosa in ulcerative colitis (UC) pa-
tients but not in Crohn’s disease patients. The distribu-
tion of  cathelicidin was also changed. Cathelicidin mainly 
expressed in the upper crypt of  colons in healthy people 
in contrast to the basal part in IBD patients[21]. In another 
study, deficiency of  cathelicidin in mCRAMP-knockout 
mice present more severe symptoms and mucosal dis-
ruption than the wild-type mice in response to dextran 
sulfate sodium challenge to induce UC. The inflammatory 
cytokines and the number of  apoptotic cells are increased 
together with mucus secretion and gene expression are 
impaired. All these abnormalities are reversed by intrarec-
tal administration of  mCRAMP or mCRAMP-encoding 
plasmid[22]. On the other hand the increase of  endogenous 
cathelicidin by agents such as butyrate and vitamin D has 
been suggested to modulate inflammatory responses ei-
ther induced by chemical or bacteria in colonic cells[21,23-26]. 
Indeed butyrate treatment has been demonstrated to im-
prove rectal histopathology in humans and eradicate Shi-
gella in vitro[23,24] and vitamin D can prevent mucosal injury 
in chemical-induced acute colitis in mice[25].

The peptide also significantly reduces the increased 
number of  fecal microflora in UC animals[27]. Indeed 
exogenous cathelicidin modulates Clostridium difficile (C. 
difficile) colitis. In addition, C. difficile-induced colitic mice 
treated with cathelicidin inhibits toxin A-associated intes-
tinal inflammation[28]. In view of  the current UC therapies 
mainly focus on relieving the inflammatory responses 
or reducing the pathogenic microbes, cathelicidin would 
have both actions, and it further promotes the mucosal 
defensive mechanism through mucus secretion via a MAP 
kinase pathway[29]. All these actions would provide us a 
better therapeutic option in the treatment of  inflamma-

tion in the colon. In this context, Cho and his group de-
velop a new form of  transporting system for this peptide 
by combining a probiotic Lactococcus lactis with cathelicidin 
gene into a single preparation. This preparation given 
orally instead of  intrarectal administration[22] produces 
similar protection against UC in mice[30]. In a similar ap-
proach, we have applied the same mCRAMP-secreting 
strain of  Lactococcus lactis to reduce H. pylori density in the 
stomach as well as the associated inflammatory cell infil-
tration and cytokine production[31]. These findings show 
the feasibility of  using the transformed food-graded pro-
biotic to deliver cathelicidin to the diseased organs and 
exert targeted therapy. This new biological preparation 
would have significant clinical applications in the future 
as potential therapeutic agent to alleviate inflammation 
induced by H. pylori infection in the stomach and bacteria 
overgrowth in the colon.

CATHELICIDIN AND CANCER
Although studies have demonstrated that LL-37 could 
promote tumorigenesis in some cancers including lung 
and breast cancers as well as epithelial ovarian cancer[32-34]. 
Other reports have shown that LL-37 may induce cell 
death in many tissues. In human airway epithelial cells, 
LL-37 has been shown to result in apoptotic TUNEL 
positive cells in a caspases-dependent manner[35]. Ana-
logue of  LL-37 could induce the caspase-independent 
apoptosis in an oral squamous cell line SAS-H1 but not 
normal cells[36]. The anti-tumorigenic effect of  LL-37 
is dependent on its ability to induce DNA break and 
mitochondrial damage in Jurkat T leukemia and A549 
cells which are independent of  caspase activation[37]. It is 
likely that low tissue expression of  LL-37 could promote 
tumor formation. Indeed downregulation of  LL-37 in 
cancer tissues has also been reported in the GI tract. In 
normal gastric mucosa, LL-37 is expressed in surface epi-
thelial cells and chief  cells as well as parietal cells in the 
fundic glands. Immunochemical staining of  LL-37 has 
revealed that the expression of  LL-37 is down-regulated 
in gastric hyperplastic polyps, tubular adenomas, and ade-
nocarcinomas[12]. After H. pylori infection, LL-37 is mark-
edly up-regulated in the epithelium and gastric secretions. 
Such upregulation could not be detected in patients with 
H. pylori-independent gastric inflammation. Moreover, a 
higher level of  LL-37 expression has been demonstrated 
in wild-type H. pylori infection of  cultured gastric epithe-
lial cells and this higher production of  LL-37 requires an 
intact type Ⅳ secretion system[4,12]. Therefore, it is indi-
cated that expression of  LL-37 may be in a tissue- and 
disease-specific manner.

Our recent study shows that LL-37 may function as 
a putative tumor-suppressing gene in gastric carcinogen-
esis. We found that exogenous LL-37 inhibits prolifera-
tion and induces G0/Gi-phase cell cycle arrest through a 
defined signal pathway in gastric cancer cells (Figure 1). 
Furthermore depletion of  endogenous LL-37 stimulates 
gastric cancer cell DNA synthesis suggesting that the 
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Figure 1  The possible signal pathway activated by cathelicidin (LL-37) to in-
hibit cell proliferation in gastric cancer cells. BMPR: Bone morphogenetic protein.
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antiproliferative effect of  LL-37 occurs at physiological 
concentrations. The direct anti-cancer action has also 
been confirmed in a gastric xenograft cancer model in 
nude mice[38]. In the lower GI tract, it has been shown 
that LL-37 is strongly expressed in the human normal 
colon mucosa but downregulated in colon cancer tis-
sues. In both settings it is correlated with the number of  
apoptotic cells in colonic mucosa. To this end, the pro-
apoptotic activity of  LL-37 is confirmed in colon cancer 
cells in which the peptide activates a GPCR-p53-Bax/
Bak/Bcl-2 signaling cascade that triggers off  the AIF/
EndoG-mediated apoptosis in colon cancer cells[39]. All 
these findings suggest that cathelicidin could be a tumor 
suppressor gene in the stomach and colon. Supplementa-
tion of  which would have a great potential as a therapeu-
tic agent for gastric and colon cancers. 

PERSPECTIVES AND CONCLUSION
The host defense peptide cathelicidin is highly expressed 
in the GI mucosa. This peptide and its recombinant pro-
tein in a deliverable preparation represent an appealing 
option for the treatment of  inflammation and cancer and 
also promotion of  mucosal repair in the GI tract (Table 1). 
This is especially true for those diseases associated with 
bacteria including gastritis and UC. Depletion of  cathe-
licidin by unknown epigenetic mechanisms in the gastric 
and colonic tissues could be one of  the causative factors 
in the promotion of  inflammation and carcinogenesis 
in both organs. Supplementation with this host defense 
peptide orally through an effective delivery system seems 
to be a promising approach to treat different disorders in 
the GI tract.
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Abstract
Barrett’s esophagus (BE) is characterized by intestinal 
metaplasia with the differentiated epithelium replaced 
by another type of epithelium morphologically similar 
to normal intestinal epithelium. The metaplasia is pre-
ceded by bile and acid reflux into the esophagus. BE is 
a premalignant condition associated with increased risk 
of esophageal cancer, especially esophageal adenocar-
cinoma. The Caudal-related homeodomain transcrip-
tion factors Caudal-related homeodomain transcription 
factor CDX1 and CDX2 are expressed exclusively in the 
small and large intestine, playing important roles in 
proliferation and differentiation of intestinal epithelial 
cells. Ectopic expression of CDX1 and CDX2 occurs in 
BE. The apical sodium-dependent bile acid transporter 
(ASBT) is expressed primarily in terminal ileum where 
it is a key factor for intestinal reabsorption of bile salts. 
In addition to upregulation of CDX1 and CDX2, ASBT 
expression is up-regulated in BE. Furthermore, both 
CDX1/CDX2 and ASBT expressions are down-regulated 
in high-grade esophageal dysplasia. The alteration of 
the above-mentioned factors calls for attention: what 
is the relationship between CDXs and ASBT aberrant 

expression in BE? In this commentary, we discuss this 
issue on basis of the recent study done by Ma et al .

© 2013 Baishideng. All rights reserved.
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Core tip: Aberrant co-expression of Caudal-related 
homeodomain transcription factors (CDXs) and apical 
sodium-dependent bile acid transporter (ASBT) in the 
epithelium of Barrett’s esophagus (BE) indicates as-
sociation among these factors. Acid and bile reflux in-
duce CDXs  gene expression and can lead to formation 
of BE. CDX-mediated promoter activation can lead to 
aberrant expression of ASBT. The BE phenotype may 
be better than squamous epithelium to protect against 
refluxed acid and bile. On the other hand the BE phe-
notype is associated with increased risk of  esophageal 
adenocarcinoma (EAC). Furthermore, the decreased 
expressions of CDXs and ASBT in high-grade esopha-
geal dysplasia indicate that CDXs and ASBT are inhibi-
tory factors to the progression of EAC.
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COMMENTARY ON HOT TOPICS
Recently, an interesting study by Ma et al[1] demonstrated 
that short interfering RNA-mediated knockdown of  Cau-
dal-related homeodomain transcription factors (CDXs) 
resulted in reduced apical sodium-dependent bile acid 
transporter (ASBT) mRNA expression in intestinal cells. 
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CDXs strongly induced activity of  the ASBT promoter 
of  esophageal and intestinal cells. Association with ASBT 
expression was found for CDX1, CDX2 and hepatocyte 
nuclear factor-1α in Barrett’s esophagus (BE) biopsies. 
Ma et al[1] concluded that CDX1 and CDX2 activate the 
human ASBT promoter by transcription. For the first 
time ASBT is added to the list of  genes regulated by 
CDXs. We strongly recommend this paper to the readers.

BE is a clinically important disease. The human 
esophagus is lined by a multilayered squamous epithe-
lium which withstands the potential damage from rapidly 
propelling food boluses through the esophagus and also 
from intermittent exposure to refluxed contents from 
the stomach. However, the esophageal epithelium, usu-
ally at the gastroesophageal junction, can be inflamed 
and injured if  the esophageal epithelium chronically and 
repeatedly is in contact with refluxed bile and acid. This 
can result in intestinal metaplasia where the esophageal 
squamous epithelium is replaced by intestinal-type epithe-
lium, which is the key feature of  BE[2]. BE is character-
ized not only by the morphological intestinalization but 
also by changes in gene expression patterns. The intesti-
nal specific transcription factors CDX1 and CDX2 and 
other intestinal proteins such as villin, sucrase isomaltase, 
and acidic mucins/MUC2 can be detected in human BE 
tissue[3]. BE is an important risk factor for esophageal 
adenocarcinoma (EAC)[4,5]. The molecular mechanisms 
related to BE are not yet fully understood. Currently, it is 
believed that the BE cell emerges from (1) the esophageal 
squamous epithelium; (2) the distal esophagus submuco-
sal gland epithelium; (3) the proximally-migrating gastric 
cardia epithelium; or from (4) infiltrating bone marrow 
stem cells[6,7]. Hence, the mechanism of  BE formation is 
not well understood. 

ASBT is a 48-kDa transmembrane protein. At the 
apical membrane of  ileal enterocytes, ASBT is the chief  
mediator of  active sodium-dependent intestinal bile acid 
absorption[8]. The roles of  ASBT on bile acid reabsorp-
tion, regulation of  ASBT gene expression and its associa-
tion with some diseases have been reviewed in detail[8-11]. 
ASBT is mainly expressed in the terminal ileum but is 
also expressed in renal tubule cells, cholangiocytes, and 
the gallbladder[10]. It was recently shown that the expres-
sion of  ASBT is elevated in esophageal epithelial cells 
from BE patients whereas ASBT expression was de-
creased in esophageal adenocarcinoma at both mRNA 
and protein levels[12]. CDX1 and CDX2 are expressed 
exclusively in the small and large intestine, playing impor-
tant roles in proliferation and differentiation of  intestinal 
epithelial cells. The role of  CDX genes in the gut has 
recently been reviewed[13]. In adults, CDX1 is expressed 
primarily in intestinal crypts[14,15] whereas CDX2 is ex-
pressed in the paracaecal region of  the intestine. Further-
more, CDX2 is expressed relatively more in the villi than 
in the crypts[14]. CDX1 and CDX2 are not expressed in 
the normal human esophagus[16]. However, CDX1 and 
CDX2 levels are elevated in the epithelium of  BE[16,17]. 
CDX2 expression has been demonstrated in all biopsy 

specimens from BE without and with dysplasia, and 
from BE-associated adenocarcinomas[18,19]. Expression 
of  CDX1 mRNA and protein was found in biopsy speci-
mens from patients with BE but not from epithelium of  
normal esophagus[20]. Furthermore, similar to expression 
of  ASBT, CDX2 expression decreased esophageal meta-
plasia progressed into adenocarcinoma[21,22]. 

The aberrant co-expression of  CDXs and ASBT in 
the BE epithelium makes us ask what is the relationship 
between CDXs and ASBT, how do these factors relate 
to BE, BE with dysplasia and BE-associated adenocarci-
nomas. In order to study the relationship between CDXs 
and ASBT, Ma et al[1] conducted a test series to (1) study 
whether endogenous human ASBT mRNA levels are 
regulated by CDX1 and CDX2; (2) study the possible 
direct role for CDX1 and CDX2 in the regulation of  the 
ASBT promoter; (3) identify putative CDX response ele-
ments (CDXREs) within the ASBT; (4) study whether 
the proximal promoter region containing the predicted 
CDXREs mediate the CDX-dependent activation; (5) 
study the potential in vitro interaction between CDX1 
and CDX2 with their predicted binding motifs within 
the ASBT promoter; and to (6) confirm the interaction 
between CDX1 and CDX2 with the ASBT promoter also 
within living cells. Ma et al[1] found in human esophageal 
and intestine-derived cell lines that the human ASBT 
promoter is a direct target for transcriptional activation 
by the transcription factors CDX1 and CDX2. In other 
words, ASBT expression is regulated by CDXs. There-
fore, their study adds a new piece of  knowledge to the al-
ready known complexity of  transcriptional regulation of  
ASBT gene expression. Furthermore, Ma et al[1] discover 
close association of  CDX and ASBT expression levels 
in human BE tissue. This indicate that CDX-mediated 
ASBT promoter activation can lead to aberrant esopha-
geal expression of  the bile acid uptake system ASBT and 
consequently to an increase in epithelial bile acid uptake 
activity by the BE mucosa. 

It is well known that BE is closely associated with gas-
tro-esophageal reflux disease (GERD). In animal models, 
GERD caused increased Cdx2 expression in cells of  the 
basal layer of  esophageal squamous epithelium. The in-
creased Cdx2 expression preceded the development of  
intestinal metaplasia[23,24]. In esophageal biopsy specimens 
from patients with BE, Vallböhmer et al[17] found high 
levels of  CDX2 mRNA in specialized intestinal metapla-
sia. A recent study done by Kazumori et al[25] shows that 
Cdx1 is over-expressed in esophageal metaplastic tissue 
and that bile acids increase promoter activity in cultured 
esophageal epithelial cells. This in turn appears to induce 
production of  Cdx2 sufficient to cause intestinal meta-
plasia. It has been proposed that bile acids in refluxed 
contents cause tight junctions in squamous cells to break, 
allowing the bile acids to leak into the basal layer, result-
ing in cell transdifferentiation[26]. 

From the above-mentioned studies it is evident that 
acid reflux and bile reflux contribute to increased CDX 
expression levels. The induction of  CDXs genes precedes 
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the morphologic changes in BE. The BE phenotype may 
be better than squamous epithelium to protect against 
exposure to refluxed acid and bile. Furthermore, CDX-
mediated promoter activation leads to aberrant expres-
sion of  ASBT, resulting in increased epithelial bile acid 
uptake by the BE mucosa. However, the BE phenotype 
has 30-125 times increased risk of  EAC compared to 
that of  the general population[27]. Furthermore, although 
CDXs expression can be detected in well or moderately 
well differentiated EAC, expression of  CDXs is de-
creased and may even be undetectable in poorly differ-
entiated EAC[28,29]. Ma et al[1] found that ASBT like CDXs 
decrease its expression in high-grade esophageal dys-
plasia. All together this suggests that CDXs and ASBT 
expression have an inhibitory role for the progression of  
EAC. However, the exact mechanism about the effect 
of  CDX1, CDX2 and ASBT on BE and BE-associated 
esophageal dysplasia is not well understood yet and need 
further study. 

In summary, aberrant co-expression of  CDXs and 
ASBT in BE epithelium stimulates further interest into 
learning more about the relationship between CDXs and 
ASBT and how they relate to BE. Based on reviewing the 
study by Ma et al[1] and other relevant literature, it is antic-
ipated that ASBT gene expression is regulated by CDXs. 
Acid and bile reflux as well as inflammation induce CDXs 
gene expression preceding BE. CDX-mediated promoter 
activation can lead to aberrant expression of  ASBT. The 
BE phenotype may be better than squamous epithelium 
to protect against refluxed acid and bile. On the other 
hand, BE phenotype is associated with increased risk of  
EAC. Furthermore, CDXs and ASBT expressions de-
crease in high-grade esophageal dysplasia. This indicates 
that CDXs and ASBT expression may be inhibitory fac-
tors for progression of  EAC. Further research is needed 
for understanding the exact mechanism and effects of  
CDX1, CDX2 and ASBT on BE and BE-associated 
esophageal dysplasia. 
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Abstract
We aimed to examine the major causes of isolated 
chronic hypertransaminasemia in asymptomatic chil-
dren and develop a comprehensive diagnostic flow 
diagram. A MEDLINE search inclusive of publications 
throughout August 2012 was performed. We found 
only a small number of publications that had compre-
hensively investigated this topic. Consequently, it was 
difficult to construct a diagnostic flowchart similar to 
those already available for adults. In children, a “re-
testing panel” prescription, including gamma-glutamyl 
transpeptidase and creatine kinase in addition to ami-
notransferases, is considered a reasonable approach 
for proficiently confirming the persistence of the ab-
normality, ruling out cholestatic hepatopathies and my-
opathies, and guiding the subsequent diagnostic steps. 
If re-evaluation of physical and historical findings sug-
gests specific etiologies, then these should be evaluat-
ed in the initial enzyme retesting panel. A simple multi-
step diagnostic algorithm incorporating a large number 
of possible pediatric scenarios, in addition to the few 
common to adults, is available. Accurately classifying a 
child with asymptomatic persistent hypertransaminas-

emia may be a difficult task, but the results are critical 
for preventing the progression of an underlying, pos-
sibly occult, condition later in childhood or during tran-
sition. Given the high benefit/cost ratio of preventing 
hepatic deterioration, no effort should be spared in di-
agnosing and properly treating each case of persistent 
hypertransaminasemia in pediatric patients. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
The measurement of  serum transaminase levels has 
become part of  the routine biochemical evaluation that 
takes place before surgery or for the investigation of  pa-
thologies not necessarily related to liver injury in many 
countries. An investigation of  unexpected hypertrans-
aminasemia is important for differentiating muscular and 
hepatic disease; to institute timely and specific treatment 
for progressive, but still asymptomatic, treatable liver con-
ditions [e.g., Wilson’s disease, autoimmune hepatitis (AIH), 
and non-alcoholic fatty liver disease (NAFLD)]; to fur-
nish genetic counseling for hereditary disorders; and/or 
to setup appropriate preventive measures (e.g., avoidance 
of  viral hepatitis transmission). Moreover, prevention of  
possible hepatic deterioration has a high benefit/cost ratio 
by avoiding the need for eventual liver transplantation[1].

Currently, the most frequent cause of  hypertransami-
nasemia in both adults and children is obesity, although 
obesity-related liver disease is still sometimes erroneously 
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considered cryptogenic because of  a poor perception 
of  obesity among medical practitioners[2-4]. In adults, the 
causes of  isolated hypertransaminasemia other than obe-
sity-related liver disease are limited to viral hepatitis, toxic 
damage, autoimmune hepatobiliary diseases, celiac disease, 
Wilson’s disease, and hereditary hemochromatosis[5,6], 
whose diagnostic work-up is well established[4,6-11]. The 
problem is more complex in children, in whom individu-
ally rare genetic/metabolic conditions collectively consti-
tute 20%-30% of  liver diseases[12,13]. Therefore, persistent 
hypertransaminasemia in a child should alert the physician 
to the possibility of  an underlying hepatic or multisystem 
metabolic disorder and prompt a referral to a specialized 
center for diagnostic evaluation. However, despite exten-
sive investigation, the etiology of  some cases may have to 
be defined as truly unknown (cryptogenic)[12,14].

There are only a few reports examining the pos-
sible causes of  isolated chronic hypertransaminasemia 
in asymptomatic pediatric populations[12,14-16], and often 
these studies are biased by flawed inclusion and exclu-
sion criteria, and/or an inadequate diagnostic work-up. 
Consequently, there is no diagnostic algorithm for the 
differential diagnosis of  unexpected chronic hypertrans-
aminasemia in pediatric patients.

The aim of  this report is to develop a comprehensive 
diagnostic algorithm that includes many of  the frequent 
causes of  isolated asymptomatic hypertransaminasemia 
in children and adolescents. We examined current adult 
guidelines and expert opinions, and then performed a 
MEDLINE search inclusive of  publications throughout 
August 2012 using the key words: transaminase, ami-
notransferase, hypertransaminasemia, liver disease, and 
children. We also evaluated reports from specialized ter-
tiary pediatric hepatology centers. A secondary aim was 
to provide a basis for future studies on the cost/benefit 
ratio of  diagnostic assessment procedures. 

TRANSAMINASES: BACKGROUND ON 
ORIGINS, LEVELS, AND THRESHOLD 
LEVELS
Aminotransferases are normally present in circulation 
at low levels. They are intracellular enzymes produced 
principally by hepatocytes, and their increase in serum is 
therefore indicative of  liver cell injury. However, aspartate 
aminotransferase (AST) is also found in cardiac and skele-
tal muscles, the kidneys, brain, pancreas, and lungs, and in 
erythrocytes, in decreasing order of  concentration. Addi-
tionally, alanine aminotransferase (ALT) is present in skel-
etal muscle and kidneys, but at low concentrations, and its 
increase in the circulation is more specific for liver damage 
than AST. Aminotransferase serum levels depend not only 
on the tissue of  origin, but also on the enzyme half-life, 
which is longer for ALT than AST. Thus, in diseases such 
as muscular dystrophy, patients can have AST and ALT 
serum values that are elevated to the same degree, instead 
of  the expected prevalent elevation of  AST[17].

In clinical practice, normal parameter values are 
within 2 standard deviations of  the mean value obtained 
in healthy individuals. This implies that 5% of  the results 
of  healthy subjects fall outside this range. While trans-
aminase reference intervals for adults have recently been 
revised[18,19], this has not occurred for children. England 
et al[20] recently proposed ALT centiles stratified by sex 
and age in a healthy European population. They pro-
pose an ALT upper limit of  normal of  60 IU/L in boys 
and 55 IU/L in girls during the first 18 mo of  life. The 
range changes to 40 IU/L in boys and 35 IU/L in girls 
after the age of  18 mo. The Screening ALT for Eleva-
tion in Today’s Youth (SAFETY) study conducted on a 
population of  North American patients aged between 
12 and 17 years shows that the upper limit of  normal 
used by most laboratories for ALT is too high to detect 
chronic liver disease and that less than half  of  North 
American hospitals utilize gender-specific values. In that 
study, the ALT thresholds in use had a low sensitivity 
for the detection of  chronic liver damage (30%-40%). 
Using the National Health and Nutrition Examination 
Survey (NHANES) ALT threshold of  25.8 IU/L for 
boys and 22.1 IU/L for girls, the sensitivity improved to 
70%-80%, while the specificity was only reduced from 
approximately 90% to approximately 80%[21].

Clinical recommendation
In the pediatric population, there is no established refer-
ence range of  ALT and AST. ALT thresholds currently 
in use have a low sensitivity for the detection of  chronic 
liver damage. In teenagers, the biologically-determined 
and gender-specific ALT threshold of  25.8 U/L for boys 
and 22.1 U/L for girls established by NHANES increases 
this sensitivity, with only a modest specificity reduction. 

APPROACH TO ASYMPTOMATIC 
HYPERTRANSAMINASEMIA
Table 1 summarizes the most frequent causes of  persis-
tently-elevated transaminase levels in asymptomatic chil-
dren, schematically classified under the categories of  viral, 
autoimmune, metabolic, and other types of  hepatobiliary 
diseases or extrahepatic causes of  hypertransaminasemia. 

A detailed evaluation of  medical and family history and 
an accurate clinical examination are crucial in determining 
the likely etiology of  hypertransaminasemia, as they may 
indicate towards possible muscle or liver conditions.

Initial step: The retesting panel
A stepwise approach contemplates repeating the tests to 
confirm the results[5,9,10]. In adults, timing of  retesting is 
not firmly established because it has usually been empiri-
cally guided by the degree of  transaminase alterations 
found {mild [< 5 times upper limit of  normal (× ULN)]; 
moderate (5-10 × ULN); marked (> 10 × ULN)}.

In pediatric patients, information about gamma-gluta-
myl transferase (GGT) rather than alkaline phosphatase 
values might help to determine whether the liver injury 

2741 May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

Vajro P et al . Persistent hypertransaminasemia in children



is predominantly hepatocellular or cholestatic[5]. Creatine 
phosphokinase (CPK) should also be evaluated to rule 
out occult muscle disease[22].

As in adults[5,10,23], in many asymptomatic children, 
abnormal values can show normal values when re-
tested[12,14-16,23]. The reported percentage of  patients who 
normalize aminotransferase serum values within 6 mo 
from the first detection of  abnormality ranges from 26% 
to 73.6%[12,14-16]. A fluctuating pattern (transient/self-
limiting or intermittent) is frequently observed at all ages, 
and more than one retesting may be warranted even for a 
mild increase of  transaminases. In areas with a high prev-
alence of  hepatitis B (HBV) and C (HCV) virus infection 
and in high-risk populations, it is advisable to request 
viral markers at the time of  repeat testing to accelerate 
the screening protocol[9,10]. Recently, Senadhi[24] recom-
mended that HBV and HCV screening is warranted in all 
asymptomatic patients with mild transaminase elevations.

In selected patients who participate in strenuous 
sports, liver tests should be repeated after at least one 
week without exercise, especially if  hypertransaminas-
emia was associated with high CPK or with elevation 
of  other enzymes of  muscle origin[25]. If  high CPK and 
hypertransaminasemia are confirmed, it is mandatory to 
exclude muscular diseases, which are often clinically as-
ymptomatic during the first 5-6 years of  life and can be 
recognized only after a detailed and oriented neurologic 
examination[22]. In addition to the well-known muscular 
dystrophies, myocyte injury, necrosis induced by drugs 
or toxins, and increased exercise are possible causes of  
high CPK and hypertransaminasemia. Additionally, some 
mitochondrial, endocrine and metabolic myopathies, and 
gluten enteropathy are also causes of  high CPK and hy-
pertransaminasemia. A serum elevation of  CPK ranging 
from 450 to 5000 U/L (normal upper limit: 150 U/L) 
accompanying isolated asymptomatic hypertransamina-

semia can also be a marker of  a caveolinopathy, a group 
of  newly described and still poorly understood muscle 
diseases that affect the limb-girdle, distal muscles, and 
heart. A diagnosis may be particularly challenging in pedi-
atric patients that are only mildly symptomatic[26]. 

First, second, and third line investigations
The evaluation of  patients with confirmed hypertransam-
inasemia should include first (and eventually second and 
third) line investigations (Table 2). If  the patient’s history 
or physical examination suggests a particular disease, se-
lected first-line investigations should already be part of  
the retesting panel. However, some authors suggest that 
first-line exams for hepatocellular causes of  liver disease 
should be performed without the need to confirm hyper-
transaminasemia in patients with increased serum levels 
of  ALT > 3-5 × ULN[27]. Historically, a hypertransamina-
semia duration of  approximately 6 mo has been arbitrari-
ly used to determine chronic liver disease. However, it is 
unwise to wait for 6 mo before investigating a possible 
cause of  liver damage, as some hepatopathies, such as 
autoimmune liver disease or Wilson’s disease, can become 
rapidly life-threatening without appropriate treatment[28]. 

In the case of  protracted isolated AST elevation, the 
possibility of  macro-AST should be investigated by poly-
ethylene glycol and/or electrophoresis testing. Macro-
AST is a condition characterized by the presence in serum 
of  a macromolecular complex formed by association with 
other plasma components [e.g., immunoglobulin G (IgG)] 
or by self-polymerization. Due to their large size, macro-
AST components cannot be filtered by renal glomeruli 
and are retained in the plasma. The condition is benign, 
but may cause diagnostic uncertainty and lead to useless, 
invasive, expensive, and time-consuming testing[29].

Clinical recommendation
Aminotransferase levels should be retested upon finding 
hypertransaminasemia in asymptomatic patients. At this 
time, the levels of  CPK (for muscular disease) and GGT 
(for biliary involvement) should also be evaluated. An 
accurate clinical history and physical examination are of  
paramount importance for guiding an appropriate inves-
tigation and avoiding expensive and unnecessary tests.

MOST COMMON LIVER DISEASES 
Non-alcoholic fatty liver disease 
NAFLD is the most common cause of  hypertransamina-
semia in children and adolescents[12,14,16,21]. In clinical prac-
tice, NAFLD is usually suspected by the finding of  hy-
pertransaminasemia and ultrasonographic fatty liver in an 
obese child[30,31]. Although the ALT serum level is a useful 
diagnostic tool, it is not a sensitive marker of  NAFLD. 
It is common to observe the entire histological spectrum 
of  NAFLD in patients with normal ALT levels[22,32]. The 
evaluation of  both AST and ALT values is important be-
cause an increased AST/ALT ratio has been reported to 
reflect a progressive and more serious condition [fibrotic 
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  Hepatic origin Extrahepatic origin

  Obesity (non-alcoholic fatty liver 
  disease)

Duchenne/Becker muscular 
dystrophy (prevalence: 1:4700)

  Viral infections (major and minor 
  hepatotropic viruses)

Other myopathies (e.g., 
caveolinopathies; prevalence: 
1:14000 to 1:120000)

  Autoimmune liver disease Myocardiopathies
  (prevalence: 1:200000)
  Celiac disease and inflammatory bowel 
  disease

Nephropathies

  Wilson’s disease (prevalence: 1:30000) Hemolytic disorders
  Cystic fibrosis (prevalence: 1:2500) 
  and Shwachman-Diamond syndrome 
  (prevalence: 1:50000)

Macro - AST (prevalence: 30% of 
children with isolated aspartate 
aminotransferasemia)

  Alpha1 antitrypsin deficiency 
  (prevalence: 1:7000)
  Other genetic and metabolic diseases1

  Toxic: Drugs and alcohol 
  Cryptogenic hypertransaminasemia

Table 1  Main causes of asymptomatic hypertransaminasemia 
in children

1Refer to Table 3. AST: Aspartate aminotransferase.
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based on an age-driven algorithm[39]. In obese children 
and adolescents with disordered breathing during sleep, 
sleep apnea syndrome should be viewed as a risk fac-
tor for NAFLD. Interestingly, weight loss, avoidance of  
a sedentary life, and effective treatment of  sleep apnea 
syndromes resulted in a significant improvement of  liver 
enzyme levels[41,42].

Clinical recommendation: NAFLD and NASH are 
diagnoses of  exclusion even in obese children with hy-
pertransaminasemia. Other fatty liver causing diseases 
should be investigated based on the patient’s age and 
clinical features. 

Viral infections
Serological markers of  hepatitis viruses are part of  the 
first-line etiology investigation panel (Table 2). A positive 

non-alcoholic steatohepatitis (NASH)][33]. 
Due to the worldwide obesity epidemic, obesity may 

be erroneously accepted as a normal condition even in 
the presence of  abnormal liver function tests[2]. Con-
versely, in the presence of  obesity, all other conditions 
associated with abnormal transaminase levels, such as 
celiac disease[34,35], Wilson’s disease[36], autoimmune hepa-
titis[37], or muscular diseases[22], must be investigated and 
excluded. In many of  these diseases, prompt treatment 
will avoid irreversible disease progression[38] (Table 3). 

Abdominal ultrasound and liver function tests should 
be performed as a first step in the diagnosis of  possible 
NAFLD in children[39]. Ultrasonography, however, detects 
fat levels above 30% only. Waist circumference is a valid 
surrogate marker of  central obesity, which is closely cor-
related with liver involvement[40]. When pediatric NAFLD 
is suspected, other liver diseases should be excluded 

  Retesting panel1 First line panel Second and third line panels

Liver function tests Etiology tests

  ALT
  AST
  CPK
  GGT

Conjugated and unconjugated bilirubin
Protein electrophoresis
Serum albumin 
Prothrombin time and partial 
thromboplastin time 
Blood cell count
Hepatic ultrasonography
If  only AST elevation is confirmed: PEG 
test and electrophoresis for macro-AST

Viral markers (HAV, HBV, HCV)
Minor hepatotropic viruses serology 
(e.g., EBV, CMV)
Ceruloplasmin, serum copper
ANA, SMA, LKM, LC1, anti-SLA, 
total IgG
Serum α1 antitrypsin
EMA, tTgasi IgA, deamidated AGA 
IgA (< 2 yr), total IgA

Urinary copper, molecular ATP B7 analysis
HCV RNA, HBV DNA
Genetic and metabolic enlarged screening2 (“non-
alcoholic fatty liver disease bin”)
Sweat test
Fecal elastase, steatocrit
Other hepatic imaging techniques (MRI, ERCP, CT, etc.)
Liver biopsy3

Jejunal biopsy (after celiac disease serology)

Table 2  Retesting panel; first, second, and third line investigations in children with asymptomatic mild hypertransaminasemia 

1After at least one week off from exercise; 2Genetic and metabolic enlarged screening: blood gases, lactic acid, serum ammonium concentrations, blood and 
urinary amino acids, urinary reducing substances, urinary organic acids, transferrin isoforms, screening test for congenital disorders of glycosylation, α1 anti-
trypsin phenotype; 3Modified from the reference of 28. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PEG: Polyethylene glycol; CPK: 
Creatine kinase; GGT: Gamma-glutamyl transferase; HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; EBV: Epstein-Barr virus; CMV: 
Cytomegalovirus; ANA: Antinuclear antibodies; SMA: Smooth muscle antibodies; LKM: Anti-microsomal antibodies; LC1: Anti-liver cytosol antibodies type 
1; SLA: Soluble liver antigen; IgG: Immunoglobulin G; EMA: Anti-endomysial antibodies; tTgasi: Anti-tissue transglutaminase antibodies; AGA: Anti-gliadin 
antibodies; IgA: Immunoglobulin A; ATP B7: ATP binding protein 7; MRI: Magnetic resonance imaging; ERCP:  Endoscopic retrograde cholangiopancreatog-
raphy; CT: Computed tomography.

  General or systemic Genetic-metabolic causes Drugs/chemicals

  Obesity Cystic fibrosis Ethanol
  Metabolic syndrome Shwachman syndrome Ecstasy, cocaine, solvents
  Obstructive sleep apnea Wilson’s disease Nifedipine
  Polycystic ovary syndrome Alpha 1-antitrypsin deficiency Diltiazem
  Diabetes mellitus type 1 Fructosemia Estrogens
  Thyroid disorders Cholesterol ester storage disease Corticosteroids 
  Hypothalamic-pituitary disorders Glycogen storage disease (type Ⅰ, Ⅵ and Ⅸ) Methotrexate
  Inflammatory bowel disease Mitochondrial and peroxisomal defects Prednisolone 
  Celiac disease α- and β-oxidation defects Valproate
  Protein calorie malnutrition Organic acidosis Vitamin 
  Rapid weight loss Abeta or hypobetalipoproteinemia Zidovudine and HIV treatments
  Anorexia nervosa Porphyria cutanea tarda Solvents
  Small intestinal bacterial overgrowth Homocystinuria Pesticides
  Hepatitis C Familial hyperlipoproteinemias

Bile acids synthesis defects
Congenital disorders of glycosylation
Citrin deficiency 
Turner syndrome

Table 3  Fatty liver disease; possible causes in likely asymptomatic children and adolescents

Modified from the references of 30 and 38. HIV: Human immunodeficiency virus.
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history of  blood or blood-derivative transfusion, tattoo-
ing, ingestion of  potentially-contaminated food, and the 
ethno-geographic origin of  the patients give a clue as to 
a possible infectious etiology. Although immigration and 
international adoption from endemic areas are well-rec-
ognized risk factors, hepatitis B shows an emerging pre-
sentation of  subclinical chronic hepatitis B in children[43].

In countries where universal vaccination against HBV 
has been introduced, a significantly-reduced rate of  HBV 
infection in children and mother-to-infant transmission 
has been observed. However, international adoption and 
immigration maintain an ample reservoir of  HBV infec-
tion. Although significantly less infectious than HBV, 
HCV infection remains a widespread problem in the ab-
sence of  an effective vaccine. In Western countries, peri-
natal transmission is currently the primary mode of  HCV 
spread in children, which accounts for approximately 
65% of  cases[44]. Although hypertransaminasemia may 
suggest HCV infection, adult[45] and pediatric HCV car-
riers[46] may have normal or fluctuating aminotransferase 
levels even in the presence of  serious liver damage.

Among the conditions falling within the category of  
adult cryptogenic hypertransaminasemia is a new entity 
called “occult” HCV infection. Said entity is characterized 
by fluctuating serum levels of  HCV RNA, while the virus 
genome and its replicative intermediate RNA-negative 
strand are detectable in the liver and in peripheral blood 
mononuclear cells with or without antibodies to HCV[47]. 
Similarly, “occult” HBV infection has been recognized 
in patients with cryptogenic hepatitis B surface antigen 
(HBsAg)-negative chronic liver disease[48]. Intrahepatic 
replicative activity (HBV covalently closed circular DNA 
and pregenomic RNA) has recently been described in 
adults with occult hepatitis B infection. HBV occult 
infection seems to be relatively frequent in immunized 
children born to HBsAg-positive mothers. HBsAg nega-
tivity is not sufficient for excluding the presence of  HBV 
DNA. These findings emphasize the importance of  con-
sidering occult HBV infection in hypo-endemic areas[49].

In pediatric patients, hepatitis A virus infection may 
be followed by up to 1 year intermittent hypertransamina-
semia due to relapsing viremia, which does not evolve to 
chronic liver damage[50]. Other hepatotropic viruses are a 
frequent cause of  liver disease. Epstein-Barr virus and/or 
cytomegalovirus should be excluded in patients with a his-
tory of  fever, lymphadenopathy (mainly latero-cervical), 
pharyngitis, asthenia, and/or hepatosplenomegaly. In 
patients with paucisymptomatic immunodeficiency, cox-
sackievirus and adenovirus may be the cause of  liver en-
zyme alteration. Gastrointestinal infection by rotavirus can 
be accompanied by self-limiting hepatic and non-hepatic 
transaminase elevation in 20% of  infected patients[51].

Currently minor, rather than major, hepatotropic vi-
ruses are a common cause of  hypertransaminasemia in 
children in developed countries[12,15,16].

Clinical recommendation: Viral serological markers are 
part of  the first-line investigation panel. 

Toxic causes
An accurate medical history is crucial in determining the 
possible role of  toxin-induced hepatotoxicity in chil-
dren with hypertransaminasemia[52]. In adults, diagnostic 
scores have been proposed and evaluated to define the 
association between drugs and liver disease[53,54]. Alcohol 
abuse can induce liver disease and hypertransaminasemia 
even in childhood, especially in adolescents[6]. It has 
been suggested that elevated serum GGT levels, and/or 
an AST/ALT ratio > 1, and/or an increase in mean 
corpuscular volume may help in identifying excessive 
drinking[55]. Carbohydrate deficient transferrin is another 
tool for identifying unhealthy occult drinking[56]. If  medi-
cation or alcohol are suspected causes of  hypertrans-
aminasemia in an adolescent, aminotransferases should 
be retested after 6-8 wk of  controlled or monitored 
abstinence[57]. In addition to prescribed or over-the-
counter medications and herbal remedies, illegal drugs or 
substances of  abuse should be considered in differential 
diagnoses and be carefully investigated[58,59].

Autoimmune liver disease 
AIH is a progressive inflammatory liver disease without a 
known etiology, and is characterized histologically by in-
terface hepatitis and serologically by high levels of  trans-
aminases, IgG, and positive autoantibodies[60]. The exact 
prevalence of  autoimmune hepatitis is unknown, but it 
is approximately one in 200000 in the general popula-
tion of  the United States[61]. Sometimes, the histology of  
autoimmune hepatitis is associated with bile duct injury-
determining overlap syndrome or autoimmune sclerosing 
cholangitis (ASC); this condition is different from primary 
sclerosing cholangitis, which is characterized by inflam-
mation and fibrosis in the intrahepatic and/or extra-
hepatic bile load in the absence of  interface hepatitis[62,63]. 
It is important to perform a cholangiography in all children 
with the histological features of  autoimmune hepatitis, as 
ASC is as prevalent as AIH in childhood, and thus only 
cholangiography can differentiate between these condi-
tions[64]. There are two types of  AIH classified according 
to antibody profile: type 1 [anti-nuclear antibodies and 
anti-smooth muscle antibodies (SMA)] and type 2 [anti-liver 
kidney microsomal antibody (LKM1); and/or antibodies to 
liver cytosol type 1 (anti-LC1)][65]. Anti-soluble liver antigen 
(anti-SLA) antibodies can be positive in otherwise autoAb-
negative patients. These antibodies cannot be detected by 
immunofluorescence, and require enzyme-linked immuno-
sorbent assay and immunoassays for identification. Type 2 
may tend to be more severe and prevalent in children, ado-
lescents, and young adults than in the older population[60]. 
The absence of  autoantibodies in a child with hypertrans-
aminasemia does not exclude the diagnosis of  autoimmune 
hepatitis. In fact, seronegative but empirically steroid-
responsive autoimmune hepatitis has been reported[66-68]. 
Conversely, the increase in serum gamma-globulins is not 
universal in AIH. As for Wilson’s disease, the diagnosis of  
autoimmune hepatitis may be difficult because it is not 
based on specific markers. Consequently, a scoring system 
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has been devised[69,70] that gives positive predictive values 
for females, the presence of  other autoimmune diseases, 
hypergammaglobulinemia, and positivity for ANA, SMA, 
LKM1, LC1 and ASLA. It also gives negative scores for 
viral markers and a positive history for drugs and alcohol 
use. A simpler score based on only four items[71] has not 
yet been fully validated in children. Primary biliary cirrho-
sis is not observed during childhood, although very rare 
cases of  anti-mitochondrial autoantibody positivity have 
been reported[72].

AIH (and ASC) may present with only hypertransami-
nasemia, which can occur in children with apparent good 
health. It should therefore be investigated with appropri-
ate examinations; if  left untreated, cirrhosis may develop. 

Clinical recommendation: Autoimmune hepatitis 
should be rapidly identified in order to administer prompt 
therapy and avoid cirrhotic evolution. Hypertransaminas-
emia and hypergammaglobulinemia may be the only find-
ings of  seronegative autoimmune hepatitis. It is impor-
tant to perform a cholangiography in all children with the 
histological features of  autoimmune hepatitis because, in 
childhood, autoimmune sclerosing cholangitis is as preva-
lent as autoimmune hepatitis.

Celiac disease and hypertransaminasemia
Celiac disease may be associated with liver involvement 
in both adults and children. Isolated hypertransamina-
semia may be the first manifestation of  clinically silent 
celiac disease[73,74]. It is currently controversial[75] as to 
whether, in children less than 2 years old, AGA-IgA and 
IgG should be tested, because of  a diagnostic sensitivity 
higher than that of  anti-endomysium antibodies and anti-
transglutaminase antibodies at that age. Selective non-
responsiveness to HBV immunization in a hypertrans-
aminasemic child may be a clue to undiagnosed celiac 
disease[76].

So-called “celiac hepatitis” is the most common hepa-
topathy in celiac patients and is characterized by a mod-
erate increase of  transaminase levels usually associated 
with minimal and non-specific liver lesions of  the lobule 
and portal tracts. A gluten-free diet generally results in 
normalization of  the liver enzymes and repair of  histo-
logical damage. Due to high disease prevalence, patients 
with a known diagnosis of  celiac disease and persistent 
hypertransaminasemia should be tested for other possible 
causes of  liver damage before ascribing liver function 
test abnormalities to celiac disease. Co-existing causes of  
hepatopathy have been reported[77]. Celiac disease may 
present as hepatic steatosis in obese children with hyper-
transaminasemia resistant to weight loss. In such cases, 
the addition of  a gluten-free diet is necessary to resolve 
their liver abnormalities[34].

Celiac disease can be associated with a variety of  
autoimmune liver diseases, including AIH, autoimmune 
cholangitis, and overlap syndromes, with a frequency of  
AIH peaking at 2.9% in celiac disease children less than 
10 years old[74]. Autoimmune hepatic involvement can ei-

ther precede or follow the diagnosis of  celiac disease. It is 
necessary to diagnose AIH associated with celiac disease 
promptly, because it is not responsive to a gluten-free diet 
alone and requires long-term associated immunosuppres-
sive therapy[78].

Wilson’s disease and hypertransaminasemia
The prevalence of  Wilson’s disease is estimated at one 
in 30000 in most populations (Table 4). The prevalence 
is as high as one in 10000 in China, Japan, and Sar-
dinia[79]. It may present at any age. Usually, the onset of  
symptomatic liver disease is at approximately 12 years 
of  age[80]. It is only during adolescence or early adult life 
that patients usually present with complicating neurolog-
ical and psychiatric manifestations. The most important 
laboratory diagnostic clues are hypoceruloplasminemia 
(< 20 mg/dL in 85%-95% cases), increased free serum 
copper, increased intrahepatic copper (> 250 μg/g dry 
weight), and increased basal and post-penicillamine chal-
lenge urinary copper excretion[81,82]. These findings are not 
specific if  considered individually, and several conditions 
may be responsible for false negative and false positive 
results. Therefore, a score (the “Ferenci score”), which 
takes into account the Kayser-Fleischer ring, neuropsy-
chiatric symptoms, the occurrence of  Coombs negative 
hemolytic anemia, increased urinary copper, decreased 
serum ceruloplasmin, increased copper content of  he-
patocytes, and the presence of  causative mutations, has 
been devised to distinguish between an unlikely/prob-
able/highly-likely diagnosis of  Wilson’s disease[81]. More 
recently, a new cut-off  value for urinary copper excretion 
in asymptomatic children with Wilson’s disease has been 
suggested. The new value of  40 μg/24 h replaces the 
previously-used 100 μg/24 h[83,84]. The post-penicillamine 
challenge urinary copper estimation has been reported to 
be poorly sensitive in asymptomatic children[84]. A mo-
lecular diagnosis and/or haplotype analysis of  the region 
surrounding ATP7B on chromosome 13 should be con-
sidered in children with enigmatic liver disease, especially 
those with features of  NAFLD[84,85]. Wilson’s disease-like 
hypoceruloplasminemic liver disease has been recently 
described in congenital disorders of  glycosylation (CDG) 
type Ⅹ[84,86,87]. Non-Wilsonian high urinary copper excre-
tion has been reported in pediatric nodular regenerative 
hyperplasia[84].

Clinical recommendation: The criteria adopted for the 
diagnosis of  Wilson’s disease are non-specific if  con-
sidered individually. The Ferenci score will distinguish 
between unlikely, probable, and highly-likely diagnoses 
of  Wilson’s disease. New pediatric cut-off  values and the 
real value of  post-penicillamine urinary test in asymp-
tomatic cases need careful consideration.  

OTHER DISEASES
Disorders, such as inborn errors of  metabolism and/or 
congenital conditions affecting the liver, are much more 
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common in pediatric patients than in adults (Table 3). 
These diseases are rare when considered individually, but 
represent a large group if  considered collectively. It is 
difficult to establish their incidences; in most cases, they 
are relatively asymptomatic and may therefore remain 
undiagnosed[88]. Although many etiologies present in the 
neonatal period with cholestasis or acute illness, several 
may become manifest only later in infancy or child-
hood. Extreme care is required to avoid misdiagnosing 
these cases. This is particularly true if  the patients have 
NAFLD-like symptoms that risk being considered part 
of  the NASH syndrome[38]. Laboratory investigations for 
genetic metabolic diseases that may often be responsible 
for a NAFLD-like fatty liver picture should be guided by 
age and clinical/family history (Table 4). We will comment 
only on the most relevant metabolic liver diseases and 
refer the reader to a series of  comprehensive reviews for 
specific information regarding the less common ones[89,90]. 

Hepatic derangement with severe, but self-limiting, 
hypertransaminasemia and variable histological patterns 
may be the sole initial evident manifestation of  Shwach-
man-Diamond syndrome (incidence: 1:50000 worldwide). 
The mechanisms that can contribute to liver damage in 
these patients are not known[91]. Citrin deficiency (inci-
dence: 1:20000 in East Asia), a condition now also recog-
nized in Western countries, may present with a pattern of  
neonatal cholestasis and increased levels of  blood citrul-
line, or NAFLD in children and adolescents[92]. Heredi-
tary fructose intolerance (incidence: 1:20000 worldwide) 
typically occurs with a pattern of  early-onset cholestasis 
during weaning. However, it may present later in patients 
who spontaneously follow a low fructose diet because of  
instinctive fructose refusal/dislike or avoidance. In these 
cases, medical observation may be dictated by the inci-
dental finding of  hypertransaminasemia, hepatomegaly, 
and/or bright liver by ultrasound observation. Feeding 
history is crucial for the diagnosis, which is confirmed 
by molecular analysis of  gene mutations[93]. Mitochon-
drial diseases are often multisystem, but some cases may 
present with exclusive or prevalent mild liver involve-
ment [e.g., mitochondrial DNA depletion syndrome due 

to deoxyguanosine kinase (DGUOK, OMIM 251880)]. 
Some congenital disorders of  glycosylation (incidence: 
1:50000-1:100000) may present as chronic isolated hyper-
transaminasemia. Children with clinically asymptomatic, 
cryptogenic hypertransaminasemia with liver steatosis-
fibrosis and mild coagulopathy should be screened for 
CDG[86,87]. Congenital hepatic fibrosis (CHF, incidence: 
unknown) is a developmental disorder of  the porto-
biliary system. It is one of  the fibropolycystic diseases, 
which include Caroli disease, autosomal dominant poly-
cystic kidney disease, and autosomal recessive polycystic 
kidney disease. Clinically, it is characterized by non- cir-
rhotic portal hypertension, and rarely complicated by 
(porto-) pulmonary hypertension and hepatopulmonary 
syndrome. Hepatocellular function is relatively well-
preserved, unless cholangitic episodes are present. He-
reditary familial hemochromatosis (incidence: 1:20000 
worldwide) most often presents after the transition to 
maturity, and is well-discussed in studies on adult patients 
and outside the scope of  this article. Alpha 1-antitrypsin 
deficiency (incidence: 1:7000) presents clinical symptoms 
only in a minority of  affected people. In infancy, the 
most common presentation is cholestasis. During child-
hood, it may present with minimally symptomatic disease 
that becomes significant liver disease only in 10%-15% 
of  patients, often after several years of  a near-normal 
quality of  life, and may progress to decompensated liver 
disease[94]. Glycogenosis types Ⅵ and Ⅸ may be associ-
ated with elevated ALT and a soft hepatomegaly that is 
often not discernible at clinical examination, but without 
the gross metabolic abnormalities that are typically ob-
served in the other types of  glycogenosis. Cystic fibrosis 
rarely has a prevalent or exclusive hepatic presentation[95]. 
Nodular regenerative hyperplasia is an infrequently-iden-
tified liver disease characterized by non-fibrotic nodular 
hepatocyte regeneration, secondary portal hypertension, 
and mild stable abnormalities of  liver function tests. In 
adults, it is usually associated with malignant prothrom-
botic or rheumatological conditions. These associations 
are rarely encountered in pediatric practice. The diagnosis 
is sometimes suggested by minimal histological changes 

  Clinical/laboratory findings Possible genetic-metabolic cause Prevalence Liver involvement

  Pancreatic failure, hematological disorders Shwachman syndrome 1:50000 +++1

  Asymptomatic, hemolysis Wilson’s disease 1:30000 +++
  Previous neonatal cholestasis, hepatomegaly Alpha 1 antitrypsin deficiency 1:7000 +++
  Hypoglycemia, hepatomegaly Glycogen storage disease (type Ⅰ, Ⅵ and Ⅸ) From 1:100000 to 1:1000000 +++
  Fructose refusal, hepatomegaly Hereditary fructose intolerance 1:20000 +++
  Lethargy, increased serum ammonia levels Urea cycle defects 1:30000 (all disorders) ++
  Lethargy, increased serum ammonia levels Urea cycle defects 1:30000 (all disorders) ++
  Chubby face, fatty liver, specific serum amino acids pattern Citrin deficiency 1:20000 in East Asia ++
  Failure to thrive, lactic acidosis Mitochondrial diseases 1:8500 (all disorders) +
  Failure to thrive, ketoacidosis, hypoglycemia Organic acidosis 1:1000 (all disorders) +
  Mild coagulopathy, clinical phenotype Congenital disorders of glycosylation From 1:10000 to 1:100000 +
  Short stature, female gender, karyotype Turner syndrome 1:2000 +
  Failure to thrive, positive sweat test Cystic fibrosis 1:2500 +

Table 4  Clinical and laboratory findings for orienting diagnosis of some genetic metabolic liver diseases

1First 1-2 yr of life; +: Possible; ++: Frequent; +++: Almost always.

Vajro P et al . Persistent hypertransaminasemia in children



2747 May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

(e.g., sinusoidal dilation)[96].

TRANSAMINITIS AND CRYPTOGENIC 
HEPATITIS 
The term “transaminitis” was coined to describe overall 
liver enzyme leakage without hepatotoxic consequences 
in adult patients receiving drug therapy of  any type. Hy-
pertransaminasemia is due to an unknown effect of  the 
drug (e.g., changes in hepatocellular membranes due to 
lipid lowering) or underlying conditions (i.e., fatty liver)[97]. 
Childhood “cryptogenic” hepatitis appears to be a symp-
tomless disease characterized by isolated hypertransami-
nasemia that onsets during the first 4 years of  life, and 
mild to moderate histologic liver lesions. Although the 
frequency of  spontaneous remissions is low, childhood 
chronic cryptogenic hepatitis appears, in the short-term, 
to be a non-progressive disease. This diagnosis can only 
be attempted once all other known causes of  liver disease 
are excluded[14,15].

DISCUSSION AND CONCLUSION
Given the large number of  pediatric conditions that may 

be responsible for isolated persistent hypertransaminas-
emia, one can conclude that even asymptomatic children 
should undergo an intensive liver work-up. Based on 
the possibility of  a fluctuating pattern, it seems reason-
able to repeat ALT and AST testing to confirm hyper-
transaminasemia, rather than embarking on expensive 
investigations that may prove to be useless. An enzyme 
panel costs approximately $30, whereas tests to identify 
only some of  the most common causes of  elevated liver 
enzymes (such as serology for hepatitis B and C infection 
and ultrasonography for NAFLD) cost approximately 
$400[10]. However, the cost-benefit considerations of  
a stepwise diagnostic approach vs a simultaneous (and 
timesaving) testing approach in children should not deter 
from the need to avoid repeated vein punctures, which is 
often a traumatic experience. As seen in patients with a 
fever of  unknown origin, in asymptomatic children with 
cryptogenic hypertransaminasemia, ordering investiga-
tions as screening procedures in the hope that something 
abnormal will be identified might have a number of  dis-
advantages. These disadvantages include: possible adverse 
reactions or complications, loss of  the patient’s faith in 
the medical staff, high testing costs, and a soporific effect 
on the doctor’s diagnostic mental activities[98].

The prescription of  a “retesting panel”, which in-
P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

Figure 1  Diagnostic algorithm for the diagnosis of pediatric mild chronic asymptomatic hypertransaminasemia. Modified from the reference of 28. ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; CB: Conjugated bilirubin; UB: Unconjugated bilirubin; CPK: Creatine kinase; GGT: Gamma-glutamyl 
transferase; PE: Pulmonary embolism; PEG: Polyethylene glycol; PT: Prothrombin time; PTT: Partial thromboplastin time; US: Ultrasound; MRI: Magnetic resonance 
imaging; ERCP: Endoscopic retrograde cholangiopancreatography; pANCA: Perinuclear anti-neutrophil cytoplasmic antibodies; HBV: Hepatitis B virus; HCV: Hepatitis 
C virus; AIH: Autoimmune hepatitis; α1 ATD: α1-antitrypsin deficiency. 

History or subtle physical signs 
suggestive of specific etiology:  

go to specific test

Asymptomatic mild hypertransaminasemia History of medication or drug/alcohol 
abuse: discontinuate and re-valuate

Increased CPK values
Retesting panel 

AST; ALT; GGT; CPK
Increased AST 

only
Think to extrahepatic origin + PEG, 

electrophoresis for MacroAST 

Repeat at least one week off  
from exercise

Persisting increased AST, ALT, with 
or without GGT elevation 

Normalization on 
retesting

Observe and recommend at least 
one further testing as outpatient

Increased γ glob, decreased α1 
globulin, decreased PLTs, ± hard 

liver, ± splenomegaly, ± decreased 
PT, ± decreased ceruloplasmin 

First line panel: CB, UB, serum protein, PE, PT, aPTT, blood cells 
count, ceruloplasmin (> 3 yr). Major or minor hepatotropic 
viruses, celiac disease serology if historically or clinically 
suggested
Hepatobiliary ultrasonography

Normalization Persisting

Observe
Exclude 

myopathies
Normal GGT Increased GGT with or without 

US biliary tree abnormalities

Think AIH, α1 ATD, Wilson  

Overweight/obesity

Exclude obesity related 
fatty liver

Revaluation after 
prescription of 10% 

weight loss 

Persisting 
hypertransaminasemia 

or bright liver

Think pharmacological 
treatment if still obese 

US bright liver 
present

US bright liver 
absent Exclude biliary disease: 

bile acids, MRI-ERCP-pANCA 

Not overweight
Second line etiology tests, exclude: AIH, celiac disease, major or 
minor hepatotropic viruses, Wilson, α1 antitrypsin, cystic fibrosis, 

other metabolic diseases according to age and physical examination 

No diagnosis: 
cryptogenic hepatitis?

If all negative: think occult 
viral hepatitis. Test HBV 

DNA, HCV RNA

Consider liver biopsy
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cludes the determination of  GGT and CPK in addition 
to aminotransferase levels, has the advantage of  confirm-
ing the persistence of  the abnormality, helping to rule 
out, at least in part, cholestatic hepatopathies and myopa-
thies, and guiding the subsequent diagnostic steps that 
are shown in Figure 1. Testing serum bile acids and chol-
angiography are other means to better assess cholestasis. 
If  reassessment of  physical and anamnestic findings sug-
gests specific etiologies, these should be checked in the 
initial enzyme retesting panel (e.g., viral serologies or hep-
atorenal ultrasonography for viral hepatitis and NAFLD, 
respectively). In the presence of  even subtle symptoms 
or signs (e.g., jaundice, ascites, pruritus, hepatomegaly, 
and/or splenomegaly), complete testing to identify the 
possible cause of  liver disease should be included in the 
initial retesting. 

The first line panel in asymptomatic hypertransami-
nasemic patients should consist of  liver ultrasonography, 
liver function tests, and a number of  investigations for 
the most frequent etiologies. Second and third line inves-
tigations are justified either by the inconclusive first line 
panel or to explore specific plausible conditions. Liver bi-
opsy is part of  these panels, but its exact timing and role 
remains a controversial issue[28,39,99-101]. It has been shown 
that in those patients with negative etiological investiga-
tions, a liver biopsy will most likely not add further useful 
information[10,15], and considering that a percutaneous 
liver biopsy samples only 1:50000 of  the liver, sampling 
error is an obvious limitation which can lead to misdiag-
nosis and staging inaccuracies[102]. The competence of  the 
pediatric liver disease pathologist is paramount. Steatosis 
of  the liver in a non-obese individual may suggest a met-
abolic/genetic hepatopathy[14,38].

In conclusion, here we provide an overview of  pe-
diatric persistent hypertransaminasemia and list a series 
of  metabolic, genetic, gastrointestinal, and extrahepatic 
causes that should be taken into account in clinical prac-
tice. The number of  these etiologies constitutes a wider 
field of  what one usually considers in adulthood. Impor-
tantly, information derived from the combination of  the 
patient’s history, physical examination, and basic labora-
tory data are necessary to reach a timely and correct di-
agnosis. We also provide a stepwise approach that should 
always be guided by clinical scenarios. 
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Abstract
AIM: To retrospectively review the results of over-the-
scope clip (OTSC) use in our hospital and to examine 
the feasibility of using the OTSC to treat perforations 
after endoscopic submucosal dissection (ESD).

METHODS: We enrolled 23 patients who presented 
with gastrointestinal (GI) bleeding, fistulae and perfo-
rations and were treated with OTSCs (Ovesco Endos-
copy GmbH, Tuebingen, Germany) between November 
2011 and September 2012. Maximum lesion size was 
defined as lesion diameter. The number of OTSCs to 
be used per patient was not decided until the lesion 
was completely closed. We used a twin grasper (Ovesco 
Endoscopy GmbH, Tuebingen, Germany) as a grasping 
device for all the patients. A 9 mm OTSC was chosen 
for use in the esophagus and colon, and a 10 mm de-
vice was used for the stomach, duodenum and rectum. 
The overall success rate and complications were evalu-
ated, with a particular emphasis on patients who had 

undergone ESD due to adenocarcinoma. In technical 
successful cases we included not only complete closing 
by using OTSCs, but also partial closing where com-
plete closure with OTSCs is almost difficult. In overall 
clinical successful cases we included only complete 
closing by using only OTSCs perfectly. All the OTSCs 
were placed by 2 experienced endoscopists. The sites 
closed after ESD included not only the perforation site 
but also all defective ulcers sites.

RESULTS: A total of 23 patients [mean age 77 years 
(range 64-98 years)] underwent OTSC placement dur-
ing the study period. The indications for OTSC place-
ment were GI bleeding (n  = 9), perforation (n  = 10), 
fistula (n  = 4) and the prevention of post-ESD duode-
nal artificial ulcer perforation (n  = 1). One patient had 
a perforation caused by a glycerin enema, after which 
a fistula formed. Lesion closure using the OTSC alone 
was successful in 19 out of 23 patients, and overall suc-
cess rate was 82.6%. A large lesion size (greater than 
20 mm) and a delayed diagnosis (more than 1 wk) were 
the major contributing factors for the overall unsuc-
cessful clinical cases. The location of the unsuccessful 
lesion was in the stomach. The median operation time 
in the successful cases was 18 min, and the average 
observation time was 67 d. During the observation 
period, none of the patients experienced any compli-
cations associated with OTSC placement. In addition, 
we successfully used the OTSC to close the perforation 
site after ESD in 6 patients. This was a single-center, 
retrospective study with a small sample size.

CONCLUSION: The OTSC is effective for treating GI 
bleeding, fistulae as well as perforations, and the OTSC 
technique proofed effective treatment for perforation 
after ESD. 

© 2013 Baishideng. All rights reserved.
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ing; Endoscopic submucosal dissection complications; 
Gastrointestinal fistulae; Gastrointestinal perforation

Core tip: We have reported our experiences with the 
over-the-scope clip (OTSC) and the outcomes of several 
cases in Japan. The aims of the present study were 
to retrospectively review the results of OTSC use in 
our hospital and to examine the feasibility of using the 
OTSC to completely close perforations after endoscopic 
submucosal dissection for early gastrointestinal cancers.

Nishiyama N, Mori H, Kobara H, Rafiq K, Fujihara S, Kobayashi 
M, Oryu M, Masaki T. Efficacy and safety of over-the-scope clip: 
Including complications after endoscopic submucosal dissection. 
World J Gastroenterol 2013; 19(18): 2752-2760  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v19/i18/2752.htm  
DOI: http://dx.doi.org/10.3748/wjg.v19.i18.2752

INTRODUCTION
Historically, the standard treatment for gastrointestinal 
(GI) perforations has been surgery. Recent, invasive 
endoscopic treatments, such as endoscopic submucosal 
dissection (ESD) and natural orifice transluminal en-
doscopic surgery (NOTES), have provided alternative 
approaches to surgery. Our recent attempts to develop 
a new device, such as a full-thickness suturing device, 
constitute progress in the development of  NOTES[1-4]. 
In addition, several devices are currently available for 
endoscopic management[5,6]. However, there is little con-
venient, safety and perfect device for complication of  
endoscopic treatment[7,8]. Since its introduction, the over-
the-scope clip (OTSC) (Ovesco Endoscopy GmbH, Tue-
bingen, Germany) has been used to treat GI bleeding, 
fistulae and perforations in the United States and several 
European countries. Reports describing the use and value 
of  OTSCs have primarily consisted of  animal studies and 
clinical cases[9-14]. Retrospective studies have demonstrated 
the feasibility and the preliminary safety of  the OTSC for 
the treatment of  GI bleeding and fistulae, as well as for 
the closure of  acute GI perforations[15,16]. The OTSC was 
approved by the Japanese Drug Administration and was 
made commercially available in November 2011. We have 
reported on our experiences with the OTSC and the out-
comes of  several cases involving its use since this device 
became available in Japan. Here, we retrospectively report 
the results of  using the OTSC in our hospital. We also 
describe the potential use of  the OTSC to completely 
close perforations after ESD for early GI cancers.

MATERIALS AND METHODS
We retrospectively analyzed our database of  all 23 pa-
tients who underwent OTSC placement (Ovesco Endos-
copy GmbH, Tuebingen, Germany) in our hospital from 
November 2011 to September 2012, as summarized in 
Table 1. The indications for OTSC placement were GI 

bleeding, perforations, fistulae and the prevention of  
post-ESD duodenal artificial ulcer perforation. ESD were 
performed because of  dissection of  adenocarcinoma. 
Maximum lesion size was defined as lesion diameter, not 
lesion surface area. The number of  OTSCs to be used 
per patient was not decided until the lesion was com-
pletely closed. We used a twin grasper (Ovesco Endos-
copy GmbH, Tuebingen, Germany) as a grasping device 
for all the patients. A 9-mm OTSC was chosen for use in 
the esophagus and colon, and a 10-mm device was used 
for the stomach, duodenum and rectum. Clinical success 
was defined by the results of  a computed tomography 
scan and a blood analysis. Cases considered to be failures 
were those requiring hemostasis to control GI bleeding. 
In technical successful cases we included not only com-
plete closing by using OTSCs, but also partial closing 
where complete closure with OTSCs is almost difficult. 
In overall clinical successful cases we included only com-
plete closing by using only OTSCs perfectly.

All the OTSCs were placed by 2 experienced endos-
copists. The sites closed after ESD included not only the 
perforation site but also all defect ulcers.

We obtained written, informed consent related to the 
use of  OTSCs from all the patients.

Institution participating in the study
Kagawa University Hospital, Kagawa, Japan, participated 
in the study.

RESULTS
A total of  23 patients [mean age 77 years (range 64-98 
years)] underwent OTSC placement during the study pe-
riod. Of  the 23 patients, 14 were male (60%) and 9 were 
female (40%). The indications for OTSC placement were 
GI bleeding (n = 9), perforation (n = 10), fistula (n = 4) 
and the prevention of  post-ESD duodenal artificial ulcer 
perforation (n = 1). One patient had a perforation caused 
by a glycerin enema, after which a fistula formed. The 
perforations that were observed included iatrogenic perfo-
rations (n = 8) and hemorrhagic peptic ulcers (n = 2). The 
iatrogenic perforations included post-ESD artificial ulcer 
perforations (n = 6), a perforation by a local steroid injec-
tion into an ulcer following ESD to prevent gastric steno-
sis (n = 1), an esophageal perforation by a nasogastric tube 
(n = 1) (Figure 1) and a rectal perforation by a glycerin 
enema (n = 1). The fistulae included rectal fistulae (n = 2), 
a stomach-to-skin fistulae following percutaneous endo-
scopic gastronomy (PEG) tube removal (n = 1) (Figure 2) 
and a stomach-to-brachial tube fistula (n = 1) (Figure 3). 

The mean maximum size of  the lesions was 23.1 mm 
(range 5 to 50 mm). The lesions were located in the 
esophagus (n = 1), the stomach (n = 10), the duodenum 
(n = 5), the sigmoid colon (n = 3) and the rectum (n = 4). 
The time required for the procedure was measured from 
the time that the OTSC was applied to the time that it 
was released in the lesion. The median operation time for 
the successful cases was 18 min (range 5 to 51 min). The 
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There was no adjunct therapy used for OTSC place-
ment in the 19 overall clinical success cases. In the two 
technical failure cases, we used coagulation forceps for 
additional hemostasis. All the patients were hospitalized 
for observation after the OTSC placement. The median 
hospital stay was 9 d (range 6-21 d).

Complications
During the observation period, none of  the patients 
experienced any complications associated with OTSC 
placement. 

DISCUSSION
The development of  new NOTES devices has intro-
duced advanced therapeutic techniques that can be used 
in minimally invasive treatments[1-3], including various 
full-thickness suturing devices that are applied in clinical 
practice. One of  these devices is the OTSC system, the 
clinical utility of  which has been reported in Europe and 
the Unites States. The OTSC system shows great poten-
tial for use in endoscopic treatments that require speed 
and simplicity[2,3,17,18]. This system received a pharmaceuti-
cal license in Japan in November 2011. Although animal 
experiments and clinical studies have been performed 
in Europe and the United States, few clinical cases 
have been reported in Japan[13,14]. We used the OTSC in 
NOTES animal experiments prior to its approval for 

numbers of  OTSC devices used per session were one 
(n = 11 patients), two (n = 8 patients) and three (n = 2 
patients). The post-OTSC placement mean observation 
period was 67 d (range 8-210 d).

The technical success rate for OTSC placement was 
91.3% (21/23). The OTSC was successfully and safely 
released in all the cases except for 2, in which we did 
not release the OTSC because the ulcer was extremely 
stiff  due to being a chronic hemorrhagic gastric ulcer. 
We could not include the entire thickness of  the mucosa 
of  these ulcers within the applicator cap. Ultimately, we 
stopped the bleeding by reapplying the hemostatic forceps 
(Coagrasper, FD-410LR, Olympus, Tokyo, Japan). The 
overall clinical success rate using the OTSC alone was 
82.6% (19/23). A large lesion size (greater than 20 mm) 
and a delayed diagnosis (more than 1 wk) were the major 
contributing factors in the overall unsuccessful clinical 
cases. The location of  the unsuccessful lesion was in the 
stomach (Table 2). In 2 patients, we were unable to place 
the OTSC on the refractory peptic ulcer. In 1 patient, a 
perforation occurred because of  a local steroid injection 
into the artificial ulcer after ESD to prevent stenosis. We 
could not place the OTSC correctly because the wound 
was large and the ulcer was exceptionally stiff. In another 
patient, who was suffering from a gastrobrachial fistula 
(Figure 3), we were able to place only one OTSC, but not 
the additional OTSCs necessary for the complete closure 
of  the fistula. 

A

B

A

B

Figure 1  Esophageal perforation caused by a nasogastric tube. A: Dur-
ing the insertion of a nasogastric tube, the tip of the tube perforated the lower 
esophagus; B: The wound was successfully closed with a single over-the-scope 
clip, and there was no leakage.

Figure 2  Gastrocutaneous fistula that occurred after percutaneous endo-
scopic gastronomy removal. A: After the removal of a gastrostomy tube, the 
patient was able to eat orally, but a gastrocutaneous fistula was diagnosed; B: 
The wound was slightly hardened, but was successfully closed with a single over-
the-scope clip.
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humans. Recognizing its potential for use in Japan, we 
began using the OTSC clinically immediately after the 
pharmaceutical license was granted. We have employed 
this device in 23 patients within a short period in our 
hospital, with an overall success rate of  82%. Animal and 
clinical studies of  the OTSC have demonstrated that gas-
tric, duodenal or colonic perforations up to 15 mm in di-
ameter can be completely closed with a single OTSC. For 
perforations up to 20 mm in diameter, closure can also be 
achieved using some OTSCs, which indicates that there 
is sufficient working space for the unobstructed use of  
the endoscope during NOTES[17]. There are reports that 

full-thickness closures of  defects 18-27 mm in diameter 
can be performed using OTSC; however, it is difficult to 
completely close defects > 30 mm in diameter[18].

In the present series, OTSC closure was successful for 
wounds with a maximum diameter of  ≤ 30 mm but un-
successful in 1 case of  refractory GI bleeding and 1 case 
of  gastrobronchial fistula (Figure 3). Even in cases with 
a maximum wound diameter of  > 30 mm, we placed the 
OTSC successfully because the tissue was well extensible 
and not hardened. In our clinical experience, unsuc-
cessful OTSC closure had a chronic course and OTSC 
failures were due to chronic fibrotic changes and scarring 
at the perforation site. Specifically, we used OTSCs in 4 
chronic patients and failed to close the perforation site in 
3 of  them (75%). It appears that wound closure with the 
OTSC is suitable for wounds with easy extensibility of  
the surrounding tissues; such lesions have little fibrosis 
and can be easily grasped by the twin grasper. Consider-
ing that successful closure was also achieved in cases with 
a rectal fistula < 20 mm in diameter or a gastrocutane-
ous fistula after PEG removal (Figure 2), we believe that 
OTSC use should be considered when surgery is the 
only remaining option, provided that the lesion (even if  
presumably hardened) is ≤ 30 mm in diameter and can 
be sucked into the cap to lift the mucosa. In addition, 
the success of  the OTSC closures in 4 cases with lesions 
> 30 mm suggests that this device can be used in acute 
cases with good extensibility of  surrounding mucosa.

ESD was developed for en bloc removal of  large gas-
tric cancer, which decrease the risk of  local recurrence, 
and specimens can be accurately evaluated by histologi-
cal examination[19]. However, the procedure is associated 
with a high incident of  complication with bleeding and 
perforation[20-22]. Now, bleeding has been good controlled 
with new hemostatic forceps and clips[23]. We also used 
the OTSC for the complete wound closure of  post-
ESD perforations in the stomachs of  2 patients who had 
undergone ESD for early gastric cancer. In both cases, 

A

B

C

Figure 3  A gastric tube bronchial fistula following a subtotal esophagec-
tomy for esophageal cancer. A: A gastric tube bronchial fistula occurred after 
a subtotal esophagectomy for esophageal cancer. Bronchial embolization was 
performed, but it failed to close the fistula; B: The authors attempted to close 
the fistula using over-the-scope clip (OTSC) but were unsuccessful. Although 1 
OTSC was placed, mucosal hardening (resulting from the prolonged duration of 
the untreated ulcer) prevented the placement of the additional OTSCs required 
for closure; C: A chest-abdominal computed tomography scan revealed a gas-
trobronchial fistula (arrow).

Patients Overall clinical success 

  Location
     Esophagus   1     1 (100)
     Stomach 10   6 (60)
     Duodenum   5     5 (100)
     Colon   3     3 (100)
     Rectum   4     4 (100)
  Primary disease
     GI bleeding   9   7 (77)
     Chronic fistulae   4   3 (75)
     Perforation 11 10 (90)
  Maximum lesion size (mm)
     < 20   9     9 (100)
     20-30   8   6 (75)
     > 30   6   4 (66)
  Time from diagnosis (wk)
     < 1 18   18 (100)
     1-4   3 0 (0)
     > 4   2   1 (50)

Table 2  Relationship between each characters and overall 
clinical success rate  n  (%)
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the lesions were located in the greater curvature of  the 
stomach (Figure 4). Because it is anatomically thinner 
than other parts of  the stomach, the greater curvature 
of  the stomach is considered to be easy to perforate[24-29]. 
In addition, because the knife is applied vertically to the 
mucosa during ESD, it is difficult to perform the proce-
dure while maintaining an appropriate dissection depth 
into the submucosal layer. The endoscope must also be 
retroflexed[24]. These limitations have led to several cases 
in which our attempts to create a partial closure of  an 
ulcer base using conventional clips caused the further ex-
tensive separation of  the muscle layer and the subsequent 
need for surgery. In such cases, complete closure using 
the OTSC is thus preferred for a post-ESD ulcer in the 
greater curvature of  the stomach, even if  perforation is 
suspected. 

The use of  duodenal ESD is controversial among 
Japanese endoscopists because the narrow lumen of  the 
duodenum makes it difficult to perform the procedure, 
and the base of  a post-ESD duodenal ulcer is continu-
ously exposed to bile, causing an increased incidence of  
delayed perforation compared with other ESD sites[30-35]. 
Nevertheless, duodenal surgery is highly invasive because 
of  the anatomical position. ESD should be preferentially 
performed instead of  surgery if  clinically indicated. The 

Japan Gastroenterological Endoscopy Society reported in 
April 2009 that the complete closure of  a post-ESD duo-
denal ulcer using conventional clips helps prevent delayed 
perforation. However, conventional clips are too small 
and do not provide sufficient grip strength to achieve the 
complete closure of  an ulcer base. Therefore, the OTSC, 
which is larger and provides greater grip strength, is rec-
ommended for the complete closure of  post-ESD duo-
denal ulcers[36].

At our hospital, patient 11 (Table 1) experienced a 
small perforation of  a post-ESD ulcer that formed in the 
duodenal bulb, and the OTSC was used for its closure. In 
patient 12 (Table 1), the lesion occurred in the descend-
ing portion of  the duodenum and was exposed to bile, 
indicating an increased risk of  delayed perforation. Thus, 

A

B

A

B

Figure 4  Iatrogenic perforation after endoscopic submucosal dissection 
for early gastric cancer in the greater curvature of the stomach. A: A post-
endoscopic submucosal dissection ulcer was found in the greater curvature of 
the stomach. An examination by retroflex view revealed that the muscle layer 
was separated and perforated; B: The wound was successfully closed using 
an over-the-scope clip (OTSC). An upper endoscopy performed 2 mo after the 
closure revealed no displacement of the OTSC or complications, such as ulcer-
ation or deformation.

Figure 5  Bleeding from an anastomotic ulcer caused by a sigmoidectomy 
for sigmoid cancer. A: Bleeding was observed from the anastomotic site after 
surgery for sigmoid colon cancer; B: The wound was successfully closed using 
an over-the-scope clip; C: The postoperative course has been uneventful, with 
no rebleeding.

C
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the ulcer was closed using the OTSC, which helped pre-
vent perforation and bleeding. 

We experienced 2 cases of  OTSC closure for post-
ESD ulcers in the colon. In both cases, the lesions were 
located in the sigmoid colon, with post-ESD perfora-
tions requiring complete wound closure. The wound was 
> 30 mm in diameter in both cases and was successfully 
closed using the OTSC. 

We experienced 9 cases of  GI bleeding that were 
treated with OTSCs. Widely used hemostatic procedures, 
such as hemostatic clips and local injections, are econom-
ically advantageous but sometimes fail to achieve com-
plete primary hemostasis. The use of  coagulation hemo-
stasis with hemostatic forceps is also increasing because 
the reliable coagulation of  exposed vessels under direct 
visualization can minimize the risk of  rebleeding. How-
ever, the application of  coagulation hemostasis to a deep 
ulcer or a thin wall of  the duodenum is associated with 
a risk of  perforation. For patients who do not tolerate 
surgery well and are in shock due to rebleeding or who 
do not respond to conventional treatment, the use of  the 
OTSC should be considered. Based on these criteria, we 
applied OTSCs to the 9 patients with GI bleeding and 
achieved complete hemostasis in 7 of  them. The remain-
ing 2 patients with failed hemostasis using the OTSC 
system had a personal status ≥ 3 and could not tolerate 
open abdominal surgery. One of  the patients had a large 
ulcer (50 mm in diameter) to which hemostasis with he-
mostatic forceps was applied. However, the patient expe-
rienced 2 episodes of  shock due to bleeding from other 
sites of  neovascularization. During the third episode of  
bleeding, ulcer closure with the OTSC was attempted but 
was unsuccessful due to a hardened ulcer base. Hemosta-
sis with hemostatic forceps was again performed, after 
which no rebleeding was observed. 

Hemostatic treatment of  an anastomotic ulcer using 
the OTSC for was successful in 1 patient with a duodenal 
lesion and for 2 patients with lesions in the sigmoid co-
lon (Figure 5). The aggressive treatment of  bleeding with 
hemostatic forceps may cause perforations because anas-
tomotic sites are usually thin and fragile. We consider the 
OTSC to be an effective tool for the treatment of  lesions 
at anastomotic sites.

Regarding safety and complications, none of  our 
patients treated with the OTSC reported any complica-
tions. Assessments performed 7 d after closure using the 
OTSC also revealed no displacements of  the OTSC or 
tissue necrosis at the wound sites. Endoscopic examina-
tions revealed OTSC losses in 2 cases: 1 occurred 1 mo 
after OTSC placement for duodenal lesions, and the 
other occurred 2 mo after OTSC placement for colonic 
lesions. No associated complications were observed in ei-
ther case. Other possible complications include mucosal 
damage caused by the teeth of  the OTSC protruding out 
of  the hood top during insertion. Therefore, special care 
should be taken when the OTSC is inserted into physi-
ologically narrow sites, such as the esophageal entrance, 
pyloric ring or anal ring. There have been no reports of  

OTSCs causing mucosal deformation or stenosis of  the 
gastrointestine[9]. However, we must consider the possibil-
ity that a failure to extract the fibrotic mucosa may result 
in the tissue being crushed by the twin grasper during the 
extraction of  hardened tissue.

Based on our 23 cases and those reported in the liter-
ature, we consider OTSC to be a highly useful device that 
can be safely utilized in the treatment of  GI perforations, 
fistulae and refractory bleeding. However, OTSC is not 
suitable for the closure of  chronic lesions with hard, se-
verely fibrotic wounds because it is difficult to draw such 
a lesion into the top of  the device. However, we have 
used the OTSC to close post-ESD perforations with a 
100% success rate. Although our sample size was small, 
we believe that the OTSC is a viable treatment option for 
post-ESD perforation.

COMMENTS
Background
Recently, over-the-scope clip (OTSC) devices have been used for gastrointesti-
nal (GI) bleeding, fistulae and perforations in the United States and several Eu-
ropean countries. OTSC devices became pharmaceutically licensed in Japan in 
August 2011. The authors have reported their experiences with the OTSC and 
the outcomes of several cases in Japan. The aims of the present study were to 
retrospectively review the results of OTSC use in the authors’ hospital and to 
examine the feasibility of using the OTSC to completely close perforations after 
endoscopic submucosal dissection (ESD) for early GI cancers.
Research frontiers
Historically, the standard treatment for GI perforations has been surgery. Re-
cently, invasive endoscopic treatments, such as ESD and natural orifice trans-
luminal endoscopic surgery (NOTES), have provided alternative approaches to 
surgery. However, the devices used to treat complications following endoscopic 
treatments are less convenient and not as safe. OTSCs have been used to 
treat GI bleeding, fistulae and perforations in several countries. In this study, the 
authors retrospectively report the results of using the OTSC in their hospital. 
They also discuss the potential use of the OTSC to completely close perfora-
tions after ESD for early GI cancers.
Innovations and breakthroughs
This is the first retrospective study of the OTSC in Japan, and it includes more 
cases of post-ESD perforation closure compared with other published reports 
on OTSC. All the post-ESD perforation closure cases in the present study were 
successes. Thus, the authors consider OTSC to be a possible tool for the treat-
ment of perforations after ESD.
Applications
Based on the present 23 cases and those reported in the literature, the authors 
assert that the OTSC is useful and safe for the treatment of GI perforations, 
fistulae and refractory bleeding.
Terminology
ESD is the only nonsurgical, endoscopic method of treating early GI cancers; 
NOTES, a fusion of flexible endoscopy and operative techniques, is a less inva-
sive form of treatment than surgery.
Peer review
The OTSC is an interesting and novel device that enhances the armamen-
tarium of therapeutic gastroenterologists. This report illustrates the use of this 
novel device, which facilitates interventions that were previously impossible to 
perform endoscopically.
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Abstract
AIM: To examine the effect of α-lipoic acid (LA) on mild 
portal endotoxemia-induced steatohepatitis and associ-
ated pancreatic abnormalities in fructose-fed rats.

METHODS: Rats were randomly assigned into two 
groups with a regular or 60% fructose-enriched diet 
for 8 wk. After fructose feeding for 4 wk, rats were 
further divided into four subgroups: with intraportal 
saline (FPV), with intraportal saline plus administration 
of LA (FPV + LA), with lipopolysaccharide (LPS) infusion 
(FPLPS), and with LPS infusion plus administration of LA 

(FPLPS + LA). Rats were treated with LPS using intraportal 
infusion while LA was administered orally. Metabolite 
levels, superoxide levels, inflammatory markers, malo-
ndialdehyde content, glutathione content and toll-like 
receptor 4 (TLR4) gene expression were all measured 
using standard biochemical techniques. Pancreatic 
insulin secretion was evaluated by a hyperglycemic 
clamp technique. Histology of liver and pancreas tis-
sues were evaluated using hematoxylin and eosin 
staining and immunohistochemistry.

RESULTS: Fructose-induced elevation in plasma C-re-
active protein, amylase, superoxide, white blood cell 
count as well as in hepatic and pancreatic contents of 
malondialdehyde, tumor necrosis factor alpha and in-
terleukin-6 were increased in animals treated with LPS 
and reversed with LA administration. The augmented 
hepatic gene expression of TLR4  in fructose-fed rats 
was further increased in those with intraportal LPS 
infusion, which was partially reversed by LA adminis-
tration. Pathological examination showed inflamma-
tory changes and leukocyte infiltration in hepatic and 
pancreatic islets of animals treated with LPS but were 
rarely observed in those with LA treatment. In addi-
tion to affects on the liver, impaired pancreatic insulin 
secretion seen in fructose-fed rats was deteriorated in 
with LPS treatment and partially reversed with LA ad-
ministration.

CONCLUSION: These data suggest LA could significant-
ly suppress mild portal-endotoxemia but not fructose-
induced liver and pancreatic abnormalities in a rodent 
model for metabolic syndrome. 

© 2013 Baishideng. All rights reserved.

Key words: Lipoic acid; Oxidative stress; Steatohepati-
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Core tip: α-lipoic acid (LA), a potent antioxidant and 
also an inducer of endogenous antioxidants has been 

ORIGINAL ARTICLE

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i18.2761

2761 May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

World J Gastroenterol  2013 May 14; 19(18): 2761-2771
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng. All rights reserved.



reported to protect the liver and pancreas from injury. 
Our observations suggest that LA could significantly 
suppress inflammatory change of steatosis induced by 
low-dose intraportal lipopolysaccharide infusion and 
associated deterioration of insulin secretion in this 
metabolic syndrome rodent model. In addition, our 
data suggest that hepatic toll-like receptor 4 signaling 
might not only play a significant role in chronic fruc-
tosefeeding-induced hepatic steatosis but also in its 
subacute inflammatory change induced by mild portal 
endotoxemia and associated extrahepatic disorders.

Tian YF, He CT, Chen YT, Hsieh PS. Lipoic acid suppresses por-
tal endotoxemia-induced steatohepatitis and pancreatic inflam-
mation in rats. World J Gastroenterol 2013; 19(18): 2761-2771  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i18/2761.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.
i18.2761

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is currently 
the most common liver disease in the world[1]. NAFLD 
is mainly associated with obesity, diabetes, hyperlipidemia 
and insulin resistance, which are the main characters 
of  metabolic syndrome[1,2]. The development of  liver 
inflammation in NAFLD, defined as non-alcoholic ste-
atohepatitis (NASH), isone of  the crucial steps in caus-
ing liver-related morbidity and mortality[3]. Moreover, a 
pathological link between portal endotoxemia and NASH 
and also alcoholic liver disease has been speculated in 
several animal and human studies[4-8]. For instance, ge-
netically obese fatty/fatty rats and ob/ob mice showed 
increased sensitivity to endotoxin hepatotoxicity, quickly 
developing steatohepatitis after exposure to low doses of  
lipopolysaccharide (LPS)[5]. These studies implicate that 
portal endotoxemia might significantly contribute to the 
pathogenesis of  chronic hepatic inflammation, especially 
in NAFLD.

The release of  liver-derived acute-phase proteins and 
inflammatory cytokines under chronic liver injury signifi-
cantly contributes to the extrahepatic effect of  inflamed 
liver and the pathogenesis of  metabolic syndrome[9,10]. 
We have shown that mild portal endotoxemia induced 
by low-dose intraportal LPS infusion could significantly 
cause chronic hepatic and pancreatic inflammation, and 
impair pancreatic insulin secretion in rats[11]. Furthermore, 
low-dose intraportal LPS infusion could also accelerate 
the process of  NAFLD to NASH in fructose-fed rats, 
an animal model of  metabolic syndrome with NAFLD[4]. 
However, the possible underlying mechanisms behind the 
detrimental effects of  mild portal endotoxemia on liver 
and pancreas remain unclear.

Chronic stress such as portal endotoxemia has been 
documented to activate hepatic Kupffer cells and cause 
the release of  reactive oxygen species, potentially induc-
ing inflammatory changes in the liver and impairing 

pancreatic functions[5,12]. α-lipoic acid (LA) is a potent an-
tioxidant and an inducer of  endogenous antioxidants[13,14]. 
It also has a protective effect on hepatic and pancreatic 
injury[15-18]. In this study, we sought to test the potential 
therapeutic effect of  LA on mild portal endotoxemia and 
fructose-induced inflammatory changes of  fatty liver and 
impaired pancreatic insulin secretion in rats.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats aged five to six weeks were 
purchased from the National Laboratory Animal Breed-
ing and Research Center (Taipei, Taiwan). The rats were 
housed in an animal center certified by Association of  As-
sessment and Accreditation of  Laboratory Animal Care. 
All animals were handled according to the guidelines and 
manual of  the institutional animal care and use commit-
tee of  this institute. Rats weighing 250-300 g were ran-
domly assigned into six groups: (1) two control groups: 
on regular chow diets for 4 wk and then separated into 
those combined with or without intraportal vehicle (saline) 
infusion (CPV vs C) for another 4 wk; (2) four experimental 
groups: on high-fructose enriched diet (60% of  the calo-
ries from fructose, TD89247, Teklad Primer Labs, Madi-
son, WI) for 4 wk and thereafter (FPV), those combined 
with intraportal vehicle or low-dose LPS infusion (FPLPS), 
cotreated with vehicle or LA (α-LA in saline, pH 7.8, Sig-
ma Co. Germany, 60 mg/kg per day, oral gavage)for ad-
ditional 4 wk (FPV + LA and FPLPS + LA respectively)[19]. In the 
time-course study, blood samples were taken by tail bleed-
ing method after overnight fasting. At the end of  week 8, 
one set of  rats from the above grouping (n = 6 per group) 
was used for an in vivo hyperglycemic clamp study. The 
second set (n = 6 per group) was euthanized by overdose 
pentobarbital injection (100 mg/kg, intraperitoneal) im-
mediately after overnight fasting and blood sampling by 
cardiac puncture was carried out for the measurement 
of  plasma C-reactive protein (CRP), superoxide, white 
blood cell (WBC) count and endotoxin levels. Tissue 
samples were dissected for further analysis. The liver and 
pancreas dissected from the third set of  rats (n = 6 per 
group) were fixed by perfusion with 4% paraformade-
hyde. The tissues were embedded in paraffin for further 
staining. Notably, the metabolic and hemodynamic pa-
rameters and histopathological examination of  group 
CPV were similar to those without intraportal vehicle in-
fusion (data not shown). The group CPV was used as the 
only control group on regular chow diet in the following 
result section. 

Intraportal infusion
A laparotomy was performed under anesthesia (sodium 
pentobarbital 25 mg/kg, intraperitoneal injection) in rats 
with intraportal infusion. A catheter (PE-5 tubing, 0.008 
inch inner diameter × 0.020 inch outer diameter, SCI mi-
cro medical grade polyethylene; Scientific Commodities 
Inc., Lake Havasu City, AZ, United States) was inserted 
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into the distal end of  a colic vein and the tip of  the cath-
eter was placed about 3 mm distal to the point at which 
the catheterized vein enters portal vein. After insertion, 
the catheters were filled with LPS-saline solution or saline 
alone and were connected to osmotic mini-pumps (model 
2004, Alzet corporation, Cupertino, CA, United States) 
filled with LPS, 0.42 ng/kg per minute or saline as shown 
in our previous study[20]. Three days before the surgery, a 
safe dosage of  LA was orally administered once per day 
for 4 wk[21,22].

Hyperglycemic clamp
In one set of  rats, vascular catheters were placed in the 
left femoral artery and right femoral vein under anesthe-
sia and their proximal ends were placed in subcutaneous 
pockets under scapular area at the end of  week 8. The 
hyperglycemic clamp experiment was performed after 
recovery for 3 to 4 d, as described elsewhere[23,24]. The 
insulin secretions of  the first and second phases were 
indicated by the incremental plasma insulin values during 
time 0-10 and 10-240 min in the glucose clamp period, 
respectively.

Plasma metabolic parameters 
The WBC count was determined by using a Bright-Line-
hemocytometer (Hausser Scientific, Horsham, PA, United 
States). Whole blood glucose levels were measured by the 
glucose oxidase method. Plasma and tissue triglyceride 
levels were determined by using appropriate enzymatic 
colorimetric method (Randox Laboratories, Antrium, 
United Kingdom). Plasma insulin levels were determined 
by commercial rat enzyme-linked immuno sorbent assay 
(ELISA) kits (Mercodia AB, Uppsala, Sweden). Serum as-
partate aminotransferase (AST) and alanine aminotransfer-
ase (ALT), albumin and amylase levels were measured by 
Randox reagent kits (Randox Laboratories Antrim, United 
Kingdom). CRP levels were measured by a commercial rat 
ELISA kit (Alpha Diagnostic, San Antonio, TX, United 
States). Arterial plasma endotoxin level was assayed by 
using the limulus amoebocyte lysate test (Kinetic-QLC; 
Whittaker Bioproducts, Walkersville, MD, United States).

Plasma superoxide levels
A lucigenin-dependent chemiluminescence assay (Sigma 
Chemical Co. St. Louis, MO, United States) was used to 
quantify plasma superoxide levels with the MLA-GOLDS 
chemiluminescence analyzing system (Tohoku Electronic 
Industrial Co., Sendai, Japan) as described previously[4]. 
The total amount of  chemiluminescence was calculated by 
integrating the area under the curve and subtracting it from 
the background level during the 10 min counting period.

Tissue tumor necrosis factor alpha and interleukin-6 
contents
Tissues were prepared as described previously[25]. The 
supernatant was subjected to tumor necrosis factor alpha 
(TNF-α) and interleukin-6 (IL-6) assays using commer-
cial rat ELISA kits (R and D Systems, Minneapolis, MN, 

United States). 

Tissue malondialdehyde content
Lipid oxidation of  the liver and pancreas was detected by 
a commercial malondialdehyde (MDA) assay kit (Cayman 
Chemical Co., Ann Arbor, MI, United States). In brief, 
MDA, the breakdown product of  oxidative degradation 
of  lipids, reacted with thiobarbituric acid (TBAR) to form 
MDA-TBAR, and its levels were expressed as nmol/g 
protein.

Tissue glutathione content
The total glutathione in the liver was measured by us-
ing commercial glutathione assay kit (Cayman Chemical 
Co., Ann Arbor, MI, United States). In brief, the liver 
was homogenized in RIPA buffer (0.5 mol/L Tris-HCl, 
pH 7.4, 1.5 mol/L NaCl, 2.5% deoxycholic acid, 10% 
NP-40, 10 mmol/L EDTA) by using a Polytron homog-
enizer to obtain tissue lysates and centrifuged at 10000 g 
for 10 min. Subsequently, the supernatant was collected 
and added HPO3 (v/v = 1/1) to deproteinize. The gluta-
thione (GSH) content of  deproteinized supernatant of  
liver (50 L) was measured by the reductive rate of  5,5’-di-
thio-bis-2-nitrobenzoic acid to 5-thio-2-nitrobenzoic acid 
according to the instructions with absorption at 405 nm. 
The GSH level was expressed as mmol/g protein.

Toll-like receptor 4 gene expression in the liver and 
pancreas
RNA was extracted from the liver and pancreas of  ex-
perimental rats using Trizol (Ambion, Austin, TX, United 
States) at the end of  the study. TaqMan gene expression 
assay kits for toll-like receptor 4 (TLR4) (Rn00569848_m1) 
and the TATA box binding protein (Rn01455648_m1) 
were used in conjunction with a universal master mix in a 
7500 real-time polymerase chain reaction system (Applied 
Biosystems, Foster City, CA, United States). Gene expres-
sion was normalized to the TATA box binding protein 
expression level measured in each sample and expressed 
as fold increases or decreases from control values for each 
gene of  interest. 

Hematoxylin and eosin stain
The third set of  rats (n = 5-6 per group) was grouping as 
the hyperglycemic clamp experiment. The perfused liver 
and pancreas were then fixed in 5% zinc-formalin solu-
tion and embedded in paraffin. These tissue slices were 
then prepared for staining with hematoxylin and eosin 
(HE) (liver, pancreas) to evaluate pathological changes. 

Immune cell immunohistochemistry and scoring
Tissue samples were fixed in formalin, and cut into 4 μm 
sections. Immunohistochemistry was performed on an 
automated stainer (Autostainer; Dako, Glostrup, Den-
mark). Then, sections were incubated with anti-CD68 an-
tibody (ED1 mouse anti-rat CD68, Serotec, 1:100, Mor-
phoSys UK Ltd., Oxford, United Kingdom), followed by 
incubation with goat anti-mouse secondary antibody and 
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lowed by Bonferroni test. A probability of  P < 0.05 was 
taken to indicate a significant difference between means. 
Values are expressed as mean ± SE.

RESULTS
Metabolic and hemodynamic parameters
We first measured the effect of  fructose feeding and LPS 
treatment on rats with and without LPS infusion. After 
high-fructose feeding for 4 wk, fasting plasma insulin 
levels in fructose-fed groups were significantly increased 
as compared with controls, but not different among 
fructose-fed groups. Plasma CRP, amylase, superoxide 
and white blood cells were also significantly increased in 
fructose-fed rats and further increased after intraportal 
LPS infusion for 4 wk. The above LPS-induced responses 
were suppressed in those co-treated with LA to levels 
similar to those in fructose-fed untreated controls. On the 
other hand, there were no significant differences in fasting 
plasma glucose, AST, ALT, albumin and endotoxin con-
centrations among experimental groups (Table 1).

Triglyceride contents, oxidative parameters and 
inflammatory parameters in hepatic tissue
To measure the liver response to our conditions, we 
measured triglyceride levels, oxidative parameters, and 
inflammatory parameters. Fructose feeding resulted in el-
evated triglyceride levels in all groups when compared to 
the control groups. Administration of  LA had no effect 
on these levels (Figure 1). As shown in Figure 2A, MDA 
levels in the liver were significantly increased in fructose-
fed rats as compared with controls and further elevated 
in animals treated with LPS. However, the increase of  

visualized with HRP substrate (REAL EnVision Detec-
tion System; Dako). 

A total of  100 ± 25 islets per experimental group were 
blindly scored for CD68-positive cells around the periph-
ery and/or within islets from five or six different animals 
by two investigators. Islet area was measured as the area 
of  islet capsule in pancreatic section with HE stain and 
computed using AxioVision LE 4.8.2.0 software.

Statistical analysis
Statistical analysis was performed according to the re-
peated measurements of  one-way analysis of  variance fol-

Pump infusion (wk) CPV FPV FPV + LA FPLPS FPLPS + LA

  Body weight (g) 4        349 ± 19       383 ± 8       351 ± 29       358 ± 6       371 ± 6
8        451 ± 7       474 ± 8       445 ± 29       436 ± 11       423 ± 7 

  Glucose (mmol/L) 4         5.9 ± 0.3        5.9 ± 0.1      6.62 ± 1.2      6.08 ± 0.1        6.1 ± 0.1
8         5.9 ± 0.2        6.4 ± 0.2        7.8 ± 0.7      6.76 ± 0.2      6.43 ± 0.1 

  Insulin (ng/mL) 4         0.5 ± 0.1        0.7 ± 0.1        0.7 ± 0.1        0.6 ± 0.1        0.6 ± 0.1
8         0.6 ± 0.1        2.5 ± 0.6a        2.2 ± 0.3a        1.9 ± 0.5a        2.4 ± 0.4a

  TG (mg/dL) 4          58 ± 4       180 ± 14a       185 ± 13a       185 ± 24a       163 ± 16a

8          52 ± 4       324 ± 38a       286 ± 22a       308 ± 24a       249 ± 44a

  AST (U/L) 4          65 ± 5         76 ± 1         82 ± 6         70 ± 2         77 ± 2
8          58 ± 4         72 ± 2         73 ± 6         68 ± 2         70 ± 2 

  ALT (U/L) 4          53 ± 2         57 ± 1         56 ± 0         52 ± 1         51 ± 2
8          56 ± 2          49 ± 1         44 ± 6         46 ± 1         51 ± 1 

  Albumin (mmol/L) 4          40 ± 1         35 ± 1         37 ± 1         35 ± 0         36 ± 0
8          41 ± 1         35 ± 0         34 ± 1         35 ± 0         35 ± 0 

  CRP (μg/mL) 8        397 ± 10       504 ± 10a       555 ± 39       583 ± 13c       529 ± 22e

  Amylase (U/L) 8      1278 ± 138     1750 ± 23a     1753 ± 58     2149 ± 31c     1744 ± 16e

  Superoxide (count/min) 8      1337 ± 68     3169 ± 24a     3860 ± 52     6069 ± 60c     3234 ± 33e

  WBC count (/mm3) 8    14168 ± 586   20290 ± 390a   22622 ± 630   24357 ± 1008c   21442 ± 767e

  Plasma endotoxin (EU/mL) 8         < 0.02        < 0.02        < 0.02        < 0.02        < 0.02  

Table 1  Metabolic and hemodynamic parameters during pump infusion period in rats

Rats were on regular (C) or high-fructose enriched diet (F) for 4 wk and then further divided into those with intraportal infusion of 
saline or lipopolysaccharides (LPS), combined with vehicle or α lipoic acid (LA) for additional 4 wk (CPV, FPV, FPV + LA, FPLPS, FPLPS + LA). 
Values are expressed as mean ± SE, n = 6 per group. aP < 0.05 vs CPV; cP < 0.05 vs FPV; eP < 0.05 vs FPLPS for each corresponding time 
point. TG: Triglycerides; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CRP: C-reactive protein; WBC: White 
blood cell. 
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Figure 1  Effects of a-lipoic acid on hepatic triglyceride contents. Hepatic 
triglyceride levels were measured from the blood of each group of fructose-
fed rats and the control group. Values are expressed as mean ± SE, n = 6 per 
group, aP < 0.05 vs CPV. C: Regular diet; F: High-fructose enriched diet; LA: 
Lipoic acid; LPS: Lipopolysaccharides.
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hepatic MDA contents in fructose-fed rats following intra-
portal LPS infusion was significantly reversed in those with 
LA administration. Liver GSH levels were significantly 
decreased following LPS infusion, but were significantly re-
versed in those treated with LA (Figure 2B). Additionally, 
the enhanced hepatic TLR4 gene expression by chronic 
high-fructose feeding was further increased in those with 
intraportal LPS infusion. LA administration suppressed 
the augmentation of  TLR4 gene expression induced only 
by mild portal endotoxemia and not by high-fructose 
feeding (Figure 2C). The significant increase of  TNF-α 
and IL-6 protein levels in the liver of  LPS-infused rats 
was reflective of  the hepatic inflammatory response. 
These levels were significantly suppressed with LA treat-

ment (Figure 2D and E). LPS infusion had no effect on 
triglyceride levels, but did have an effect on MDA, GSH, 
TLR4, TNF-α and IL-6. LA administration significantly 
reversed these effects.

Histopathological changes in the liver
Following analysis of  the liver response to our treat-
ments, we sought to examine the liver for histopathologi-
cal changes. Not surprisingly, steatosis was noted in fruc-
tose-fed groups but was not different between groups. 
On the other hand, the infiltration of  monocytes in liver 
was markedly exhibited in LPS-treated animals (Figure 
3D), a phenotype not seen in any other treatment group 
(Figure 3A-C), and alleviated by the administration of  LA 

 

 

 

 

 
 

Figure 2  Effect of a-lipoic acid on portal endotoxemia-induced changes in hepatic oxidative and inflammatory markers. The following parameters were mea-
sured from liver of each group of fructose-fed rats and the control group: (A) Malondialdehyde (MDA) content; (B) Glutathione (GSH) content; (C) Toll-like receptor 4 
(TLR4) gene expression; (D) Tumor necrosis factor alpha (TNF-a) protein; and (E) Interleukin-6 (IL-6) protein. Values are expressed as mean ± SE, n = 6 per group. 
aP < 0.05 vs CPV; cP < 0.05 vs  FPV; eP < 0.05 vs FPLPS. C: Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.
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Figure 3  Histopathologi-
cal examination of liver in 
rats with regular or high-
fructose feeding. Lipid ac-
cumulation in: (A) CPV rats; (B) 
FPV rats; (C)FPV + LA; (D) FPLPS; 
and (E) FPLPS + LA rats. CD-68 
positive cell infiltration in: (F) 
CPV rats; (G) FPV rats; (H) FPV 

+ LA; (I) FPLPS; and (J) FPLPS + LA 
rats. Slides were stained with 
hematoxylin and eosin (A-E) 
and immunostained with an 
anti-CD68 antibody (F-J). 
Arrows indicate CD68 posi-
tive cells. C: Regular diet; F: 
High-fructose enriched diet; 
LA: Lipoic acid; LPS: Lipo-
polysaccharides; CV: Central 
vein. 
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(Figure 3E). Accordingly, immunohistochemical staining 
showed that the observed CD68-positive cell infiltration 
was observed in areas around the central vein in LPS in-
fused animals (Figure 3I), but significantly attenuated in 
those with LA administration (Figure 3J). Therefore, LPS 
treatment resulted in marked histopathological changes 
in the liver of  fructose-fed animals, a phenotype that was 
reversed by the administration of  LA.

Content of MDA and inflammatory markers in the 
pancreas
To measure the pancreas response to our conditions, we 
tested for MDA, TNF-α and IL-6 levels. Fructose feed-
ing increased all three parameters, while fructose feeding 
with infusion of  LPS significantly increased each (Figure 
4A-C). Administration of  LA resulted in each parameter 
returning back to original fructose-fed levels. TLR4 gene 
expression was not detected in pancreas in experimental 
groups. Therefore, immunological markers including 
TNF-α and IL-6, but not TLR4, are increased upon fruc-
tose feeding and LPS infusion, a phenotype that can be 
reversed with administration of  LA.

Histopathologic changes in the pancreatic islets
We then examined the histopathological response to our 

treatments in the pancreas. Following LPS treatment, 
pancreatic islets exhibited damage that was attenuated 
with LA administration (Figure 5, top panels). Consis-
tently, the frequency and CD68-positive cell infiltration in 
fructose-fed animals was only slightly increased as com-
pared to controls. However, they were markedly increased 
in following LPS infusion and attenuated with LA admin-
istration (Figure 5, bottom panels). Quantitation of  this 
data shows the frequency of  CD68-positive islets and 
numbers of  CD68-positive cells/islet in fructose-fed rats 
were further elevated following LPS infusion and partially 
suppressed in those with LA administration.

Glucose-stimulated insulin secretion
Hyperglycemic clamp is the gold-standard method to 
evaluate glucose-stimulated insulin secretion in vivo[26]. 
Plasma glucose levels were not different during the basal 
period and maintained similar hyperglycemia during the 
clamp periods among experimental groups (Figure 6A). 
Increases in plasma insulin levels from baseline in fruc-
tose-fed animals were significantly lower than those in 
controls and further decreased in those infused with LPS 
under similar hyperglycemic conditions (Figure 6B). The 
diminished glucose-stimulated insulin secretion shown in 
fructose-fed controls was not significantly changed with 
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Figure 4  Effect of a-lipoic acid on portal endotoxemia-induced changes in the pancreas. The pancreata from experimental animals were harvested and tested 
for: (A) Malondialdehyde (MDA) content; (B) Tumor necrosis factor alpha (TNF-a) protein level; and (C) Interleukin-6 (IL-6) protein level. Values are expressed as mean 
± SE, n = 6 per group. aP < 0.05 vs CPV; cP < 0.05 vs FPV; eP < 0.05 vs FPLPS. C: Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.
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LA administration. However, intraportal LPS infusion 
significantly impaired the glucose-stimulated insulin secre-
tion shown in fructose-fed controls, which was signifi-
cantly reversed in those with LA treatment (Figure 6B). In 
addition, the first-phase insulin secretion (0-10 min post 
glucose treatment) and the second-phase insulin secretion 
(10-240 min post glucose treatment) were significantly 
lower in fructose-fed animals when compared with con-
trols. This was further exacerbated following intraportal 
LPS infusion, a phenotype that was partially reversed 
when treated with LA (Figure 6C).

DISCUSSION
Nonalcoholic steatohepatitis is not only highly correlated 
with the development of  metabolic syndrome and type 
2 diabetes mellitus, but is also a crucial factor in progres-
sion to cirrhosis and hepatocellular carcinoma[3]. In ad-
dition, mild portal endotoxemia has been speculated as a 
crucial risk factor to induce hepatic inflammation in the 
state of  steatosis and impaired pancreatic β cell func-

tion[4]. This study explored the potential therapeutic role 
of  the potent antioxidant α-LA in liver disease and asso-
ciated pancreatic abnormalities. Using the animal model 
for metabolic steathohepatitis, fructose-fed rats, we found 
administration of  LA reversed mild portal endotoxemia-
induced inflammation. Further, portal endotoxemia also 
decreased glucose-stimulated insulin secretion, a pheno-
type that was reversed following LA treatment.

LA has been reported to scavenge free radicals, che-
late metals and restore intracellular GSH, all factors as-
sociated with increasing age[13]. In addition, it is used as 
a therapeutic agent in several liver-related diseases such 
alcohol-induced liver damage[27] and fatty liver disease[16] 
through multiple mechanisms. Our observations further 
establish LA as a therapeutic for liver disease. Specifically, 
our animal model shows LA improves endotoxin-induced 
hepatic disorders in addition to its established role as a 
treatment for chronic high-fructose feeding. These anti-
oxidant and anti-inflammatory characteristics may be in 
the ability of  LA to restore tissue GSH-dependent anti-
oxidant defenses during portal endotoxin attack.

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

 

 

 

 

Figure 5  Histopathologicalexamination of pancreatic islets. A: Tissue samples from each subset of animals were analyzed by hematoxylin and eosin (HE) 
staining (a-CPV, b-FPV, c-FPV + LA, d-FPLPS, e-FPLPS + LA) and immunostaining with an antibody against CD68 (f-CPV, g-FPV, h-FPV + LA, i-FPLPS, j-FPLPS + LA); This data was then 
quantitated as (B) percentage of islets infiltrated and (C) number of CD68+ cells per islet. Arrows indicated CD68-positive cells. I: Islet. A total of 100 ± 25 islets per 
experimental group were blindly scored for CD68-positive cells around the periphery and/or within islets from 5 to 6 different animals. Islet area was measured by the 
area of islet capsule in pancreatic section with HE stain and computed using AxioVision LE 4.8.2.0 software. Values are expressed as mean ± SE, n = 6 per group. 
Line bar: 50 μm. aP < 0.05 vs CPV; cP < 0.05 vs FPV; eP < 0.05 vs FPLPS. C: Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.
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Furthermore, these data show LA administration sig-
nificantly suppressed the augmented TLR4 gene expres-
sion induced by mild portal endotoxemia but not chronic 
fructose feeding. Hepatic TLR4 is activated by gut-
derived LPS and attributed to the pathogenesis of  liver 
inflammation[28]. In addition, TLR4 signaling is involved 
in the development of  fructose-induced steatosis in 
mice[29] and also required for liver steatosis, inflammation 
and a fibrogenic response after chronic alcohol treatment 
in TLR4 transgenic mice[30]. In addition to LPS, other 
potential agents including saturated fatty acids (i.e., palmi-
tate) and alarmins (i.e., HMGB1) have also been shown 
to stimulate the inflammatory response in a TLR4-de-
pendent manner[31,32]. Hepatic TLR4 signaling occurs not 
only in Kupffer cells but also in hepatic non-immune cell 
populations including hepatocytes, biliary epithelial cells, 
endothelial cells and hepatic stellate cells[33]. In brief, these 
observations implicate TLR4-mediated inflammatory sig-
naling in hepatic cell populations are crucially involved in 
the development of  NAFLD, affected individually by diet 
components and portal endotoxemia. 

Our observations showed that LA not only signifi-
cantly improved the inflammatory changes in fructose-

induced NASH but also diminished the detrimental 
inflammatory response of  the pancreas. Consistent with 
our results, LA has a protective effect on cholecystokinin-
octapeptide induced acute pancreatitis in rats[15]. LA was 
reported to have a dose-related cytoprotective effect on 
hydrogen peroxide-induced oxidative stress on pancre-
atic beta cells. On the other hand, LA could also directly 
suppress insulin secretion in pancreatic beta cells at high 
concentrations by inducing AMP-activated protein kinase 
activation[34]. Taken together, data from these studies 
combined with our observations implicate a beneficial ef-
fect of  LA on impaired pancreatic insulin secretion. This 
effect might be attributed to its anti-oxidative and anti-in-
flammatory actions on mild portal endotoxemia-induced 
liver inflammation and subsequent pancreatic damage, 
but not its direct effect on pancreatic beta cell secretion.

Nevertheless, the selected dose of  intraportal LPS in-
fusion was based on evaluating its effects on the mortality 
rate and systemic endotoxin levels during 4-wk infusion 
period in our previous study[11]. Consistently, this low-
dose LPS infusion caused subacute hepatic inflammation 
that could be almost completely be cleared by Kupffer 
cells once it passed through the liver, so that the arterial 

 

 

 

Figure 6  Effect of a-lipoic acid on plasma glucose and insulin levels. A hyperglycemic clamp technique was used to evaluate glucose-stimulated insulin secre-
tion. A: Plasma glucose levels during the clamp period; B: Change in insulin levels during clamp period; C: The insulin level averages during the first phase (0-10 min) 
and the second phase (10-240 min) of the clamp period. Values are expressed as mean ± SE, n = 6 per group. aP < 0.05 vs CPV; cP < 0.05 vs FPV; eP < 0.05 vs FPLPS. C: 
Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.
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plasma endotoxin levels were not different among experi-
mental groups. 

The present study showed that administration of  LA 
could protect liver from LPS-induced oxidative stress and 
inflammation while reversing the subsequent impairment 
of  the pancreas in rats with fructose-associated fatty liver 
disease. However, LA had no effect on oxidative stress 
induced by high-fructose feeding. Clinical implications of  
this observation suggest both the suppression of  portal 
endotoxemia-induced oxidative stress and dietary inter-
ventions are crucial for improving symptoms of  NASH.

Although both oxidative stress induced by low-dose 
intraportal LPS infusion and high-fructose feeding have 
been demonstrated to contribute to the development of  
steatohepititis in fructose-fed rats, the possible involve-
ment of  TLR4 signaling in individual hepatic cell popula-
tions remain elusive in the present study. 

In conclusion, the present study demonstrates that 
LA can significantly reduce intraportal LPS-induced liver 
inflammation and associated deterioration of  insulin 
secretion function in this metabolic syndrome rodent 
model. In addition, it is also implicated that hepatic TLR4 
signaling might not only play a significant role in chronic-
fructose-feeding induced hepatic steatosis but also in its 
subacute inflammatory change induced by mild portal 
endotoxemia and associated extrahepatic disorders in this 
model.
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COMMENTS
Background
a-lipoic acid (LA), a potent antioxidant and also an inducer of endogenous anti-
oxidants has been reported to protect the liver and pancreas from injury.
Research frontiers
Chronic stress such as portal endotoxemia has been documented to activate 
hepatic Kupffer cells and cause the release of reactive oxygen species, po-
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steatosis and associated deterioration of insulin secretion in the patients with 
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also has a protective effect on hepatic and pancreatic injury.
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Abstract
AIM: To identify the downstream regulated genes of 
GAEC1  oncogene in esophageal squamous cell carci-
noma and their clinicopathological significance.

METHODS: The anti-proliferative effect of knocking 
down the expression of GAEC1  oncogene was stud-

ied by using the RNA interference (RNAi) approach 
through transfecting the GAEC1-overexpressed esoph-
ageal carcinoma cell line KYSE150 with the pSilencer 
vector cloned with a GAEC1 -targeted sequence, fol-
lowed by MTS cell proliferation assay and cell cycle 
analysis using flow cytometry. RNA was then extracted 
from the parental, pSilencer-GAEC1-targeted sequence 
transfected and pSilencer negative control vector 
transfected KYSE150 cells for further analysis of differ-
ent patterns in gene expression. Genes differentially 
expressed with suppressed GAEC1  expression were 
then determined using Human Genome U133 Plus 2.0 
cDNA microarray analysis by comparing with the pa-
rental cells and normalized with the pSilencer negative 
control vector transfected cells. The most prominently 
regulated genes were then studied by immunohisto-
chemical staining using tissue microarrays to deter-
mine their clinicopathological correlations in esopha-
geal squamous cell carcinoma by statistical analyses. 

RESULTS: The RNAi approach of knocking down gene 
expression showed the effective suppression of GAEC1 
expression in esophageal squamous cell carcinoma cell 
line KYSE150 that resulted in the inhibition of cell prolif-
eration and increase of apoptotic population. cDNA mi-
croarray analysis for identifying differentially expressed 
genes detected the greatest levels of downregulation 
of calpain 10 (CAPN10) and upregulation of trinucleo-
tide repeat containing 6C (TNRC6C) transcripts when 
GAEC1 expression was suppressed. At the tissue level, 
the high level expression of calpain 10 protein was sig-
nificantly associated with longer patient survival (month) 
of esophageal squamous cell carcinoma compared to 
the patients with low level of calpain 10 expression 
(37.73 ± 16.33 vs  12.62 ± 12.44, P  = 0.032). No sig-
nificant correction was observed among the TNRC6C 
protein expression level and the clinocopathologcial 
features of esophageal squamous cell carcinoma. 

CONCLUSION: GAEC1 regulates the expression of 
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CAPN10  and TNRC6C downstream. Calpain 10 expres-
sion is a potential prognostic marker in patients with 
esophageal squamous cell carcinoma. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) has a mul-
tifactorial etiology which involves environmental and/or 
genetic factors[1,2]. The incidence of  ESCC also shows 
marked variation in its geographic distribution and occurs 
at relatively high frequency in Asian regions including 
China[3]. Current modalities of  therapy for this disease 
offer relatively poor survival and cure rates[4], thus more 
investigations at the molecular level are essential for a 
better understanding the molecular pathogenesis of  this 
disease and for making further improvements in diagno-
sis and treatment of  ESCC.

Gene amplification and overexpression have been 
suggested as the major genomic aberrations involved in 
the pathogenesis of  ESCC[5,6]. We previously employed 
the method of  comparative DNA fingerprinting using 
inter-simple sequence repeat polymerase chain reaction 
(ISSR-PCR) and revealed that amplifications or deletions 
of  chromosomal sequences are common events in both 
the preneoplastic lesions and carcinomas[7]. An analysis 
of  the frequency of  amplification or loss of  individual 
ISSR-PCR profile bands led to the identification of  a 
novel expressed sequence tag database entry of  a cDNA 
clone from a chromosome 7 placental cDNA library[7,8]. 
Moreover, the ISSR-PCR fragment also showed 98% ho-
mology to a Homo sapiens chromosome 7 P1-derived ar-
tificial chromosome clone (approximately 125 kb) which 
has been mapped to chromosome band 7q22[9]. The 
amplification of  chromosomal segment 7q22 has been 
implicated in many types of  cancer. Reported examples 
include ESCC[10], breast carcinoma[11], pancreatic carci-
noma[12], renal-cell carcinomas[13] and T-cell leukemia[14]. 
Thus, further investigation on the newly identified ES-
CC-related genomic and expressed sequences mapped to 
chromosomal region 7q22 can be a fruitful approach for 
identifying new candidate genes crucial to the disease. We 
subsequently identified and characterized the role of  a 
novel oncogene GAEC1 which is located at 7q22 region, 
encodes a nuclear protein and shows a high frequency 
of  gene amplification and overexpression in ESCC cell 

lines and primary tumors[15], as well as in colorectal ad-
enocarcinoma[16]. Overexpression of  GAEC1 in 3T3 
mouse fibroblasts caused increased cell proliferation, foci 
formation and colony formation in soft agar, comparable 
to H-ras overexpression. Further, injection of  GAEC1-
transfected 3T3 cells into athymic nude mice formed un-
differentiated sarcoma in vivo, providing the first evidence 
about the oncogenic nature of  GAEC1[15]. An increased 
GAEC1 DNA copy number was also reported in 79% of  
colorectal adenocarcinomas and the copy numbers were 
significantly different among colorectal adenocarcinomas, 
adenomas, and non-neoplastic colorectal tissues[16]. 

In this report, GAEC1 was further characterized by 
identifying the downstream partners using cDNA micro-
array analysis on GAEC1-suppressed human esophageal 
carcinoma cell line KYSE150 which shows GAEC1 
overexpression. The prominently downstream-regulated 
genes were then studied by immunohistochemistry on 
a tissue microarray (TMA) of  ESCC to determine their 
clinicopathological significance. 

MATERIALS AND METHODS
ESCC specimens and cell lines
One hundred and thirty-two paired non-tumor and 
tumor fresh tissue samples were collected after esopha-
gectomy with patients’ consent at the Department of  
Surgery, Queen Mary Hospital, Hong Kong from 2001 to 
2006. They were collected consecutively from esophagec-
tomy specimens performed on patients who had received 
no prior treatment directed to the primary ESCC. The 
histopathological features were reported by specialist 
pathologists of  the Department of  Pathology, Queen 
Mary Hospital, Hong Kong. The clinicopathological 
parameters of  the patients were collected prospectively 
and they included age, gender, tumor-node-metastasis 
pathological stages and histological grades. The actuarial 
survival rate of  the patients was calculated from the date 
of  surgical resection of  the ESCC to the date of  death 
or last follow-up. Management was by a pre-agreed stan-
dardized multidisciplinary protocol supervised by a senior 
specialist surgeon. The ESCC cell line KYSE150 is of  
Japanese origin. It was purchased from DSMZ (Braun-
schweig, Germany) and cultured as described[17]. The 
non-tumor esophageal epithelial cell line NE1 was used 
as the control to confirm the overexpression of  GAEC1 
in KYSE150 and was cultured as previously described[18]. 

Preparation of small interfering RNA expression vector
A vector based RNA interference (RNAi) approach 
was used for suppressing the expression of  GAEC1 in 
KYSE150 ESCC cells. The pSilencer2.1-U6 neo vec-
tor (Ambion) was used to express the siRNA which 
is specific for targeting GAEC1 expression. The 
pSilencer2.1-U6 neo Negative Control vector (Ambion) 
was used as the negative control which expressed a hair-
pin small interfering RNA (siRNA) with limited homol-
ogy to any known sequences in the human, mouse and 
rat genomes. The siRNA target sequence of  GAEC1 
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and the insert sequence were determined by the pro-
grams siRNA Target Finder and Insert Design Tool 
for the pSilencer™ Vectors (Ambion). The top strand 
of  the insert sequence (P3-4) is 5’-GATCCGAAGT-
GGCTTCTGGATTAATTCAAGAGATTAATC-
CAGAAGCCACTTCTTTTTTGGAAA-3’ and the 
bottom strand is 5’-AGCTTTTCCAAAAAAGAAGT-
GGCTTCTGGATTAATCTCTTGAATTAATC-
CAGAAGCCACTTCG-3’. The top and bottom strands 
were annealed and cloned into the pSilencer2.1-U6 neo 
vector according to the manufacturer’s instruction. The 
vectors were transfected into the KYSE150 cells as pre-
viously described[15] using FuGene HD (Roche Diagnos-
tics GmbH) with G418 selection. 

RNA extraction and reverse transcription-polymerase 
chain reaction analysis
RNA was extracted from the parental, pSilencer-P3-4 and 
pSilencer-negative control vectors transfected KYSE150 
cells using the RNeasy mini Kit (Qiagen) after 2 mo se-
lection under G418. About 2 μg DNA-free RNA from 
each sample was used for the multiplex semi-quantitative 
reverse transcription-polymerase chain reaction (RT-PCR) 
analysis with β-actin as the internal control to show the 
expression level of  GAEC1 as previously described[15]. 
Densitometry analysis was performed to compare the in-
tensity of  the PCR products after agarose gel electropho-
resis under UV using Quantity-One program (Bio-Rad).

Cell proliferation assay
The cell proliferation of  the parental, pSilencer-P3-4 and 
pSilencer-negative control vectors transfected KYSE150 
cells was determined by MTS assay using the CellTiter 96 
Aqueous One Solution (Promega) as previously described[15]. 

Cell cycle analysis
The parental, pSilencer-P3-4 and pSilencer-negative con-
trol vectors transfected KYSE150 cells were resuspend-
ed in 500 L 1 × phosphate buffered saline and fixed with 
500 L 70% ethanol. The cells were then suspended in 1 
mL PI (20 μg/mL)/Triton X-100 (0.1% v/v) staining so-
lution with RNase A (200 μg/mL) and then analyzed by 
the BD FACSCalibur flow cytometer. Different fractions 
of  cell cycles were analyzed using the Modfit LT software 
(Verity Software House).

cDNA microarray analysis
The differentially expressed genes of  the pSilencer-P3-4 
vector transfected KYSE150 cells with suppressed 
GAEC1 expression were identified using cDNA microar-
ray analysis by making comparisons between the parental 
cells, pSilencer-negative control vectors transfected cells, 
and pcDNA3.1-GAEC1 transfected cells with GAEC1 
overexpression[15]. The cDNA microarray analysis and 
the associated quality control using Human Genome 
U133 Plus 2.0 arrays (Affymetrix) were performed in the 
Genome Research Centre of  the University of  Hong 
Kong according to the Affymetrix’s protocol. Briefly, to-

tal RNA was extracted from 2 × 106 cells of  each sample 
using RNeasy mini Kit (Qiagen). The RNA integrity 
was measured by the ratio of  28S/18S ribosomal RNA 
using Agilent 2100 Bioanalyzer. One microgram total 
RNA from each source was then reverse transcribed to 
the first-stranded cDNA by using oligo-dT linked-T7 
RNA polymerase promoter sequence and the double-
stranded cDNA was synthesized by using RT Kit (Invi-
trogen). The biotin labelled-cRNA was produced by in 
vitro transcription kit (Invitrogen) and purified by RNeasy 
mini columns (Qiagen). About 15 μg denatured cRNA 
was hybridized to each Human Genome U133 Plus 2.0 
array (Affymetrix) and then stained with a streptavidin-
phycoerythrin conjugate and the signals were detected 
with GeneArray scanner (Agilent). The microarray signals 
were analyzed by using Agilent Genespring GX and Af-
fymetrix GeneChip Operating Softwares. The signal of  
each differentially expressed gene in the pSilencer-P3-4 
transfected cells was determined by comparing with the 
parental cells and normalized with the pSilencer-negative 
control vector transfected cells. The threshold level of  
the corresponding up- or down-regulated genes with 
transfected pcDNA3.1-GAEC1 vector is ≥ 2 folds. 

Tissue microarray and immunohistochemical staining
A TMA containing the 132 paired non-tumor esopha-
geal epithelia and ESCC specimens were constructed as 
described previously[19]. The archival paraffin-embedded 
ESCC tissues were used under the ethical guidelines in 
the Department of  Pathology of  The University of  Hong 
Kong. Immunohisto-chemical staining on the TMA sec-
tions was performed using the calpain 10 (0.03 mg/mL; 
Sigma-Aldrich) rabbit polyclonal antibody and TNRC6C 
(1 mg/mL; Abnova) mouse monoclonal antibody using 
the previously described methodology[19]. The dilution 
factors for the calpain 10 and TNRC6C antibodies were 
1:50 and 1:150 respectively. The percentage of  tumor 
cells positively stained formed the basis of  grading as 
follows: Grade 0: less than 5%, Grade Ⅰ: 5% to less than 
25%, Grade Ⅱ: 25% to less than 50% and Grade Ⅲ: 
more than 50%. For each tissue sample, the tissue core 
with the highest grade was selected for subsequent statis-
tical analysis. The high expression group combined those 
tumors with Grade Ⅱ or Ⅲ, and the low expression 
group combined those tumors with Grade 0 or Ⅰ. 
 
Statistical analysis
The Student’s t test was used to evaluate the statistical 
significance of  the differences in calpain 10 and TN-
RC6C expression between tumor and non-tumor tissues. 
The χ 2 test and t test were used to examine the statistical 
significance of  the correlations between calpain 10 and 
TNRC6C expression with clinicopathological parameters. 
Kaplan-Meier plots and Cox multi-variant analysis were 
produced for overall patient survival, and statistical sig-
nificance was evaluated by using Wilcoxon’s signed-rank 
test. Statistical analysis were performed using SPSS Ver. 
20.0 (SPSS, Chicago, IL, United States). Differences were 
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between the MTS activities generated from the parental 
cells and the cells transfected with the pSilencer-negative 
control vector. The results indicated that the KYSE150 
cells with down-regulated GAEC1 showed an obvious 
reduction in proliferation rate compared with the paren-
tal and control-vector transfected cells (Figure 2). Fur-
ther analysis on the cell cycle related changes using flow 
cytometry demonstrated an approximately 50% increase 
in apoptotic population with suppressed GAEC1 ex-
pression, compared with the parental and control-vector 
transfected cells (Figure 3). 

To identify the downstream candidate genes which are 
regulated by the suppressed GAEC1 expression, cDNA 
microarray analysis was performed using the Human Ge-
nome U133 Plus 2.0 array (Affymetrix) which comprises 
of  more than 47000 transcripts and variants in each chip. 
The results of  the identified lists of  more than 5-fold 
down-regulated (total 10 genes) and more than 3-fold up-
regulated (total 9 genes) targets were shown in Table 1 
respectively. All the listed genes were selected based on 
more than 2-fold expression signals of  the correspond-
ing up- or down-regulation of  the respective genes when 
the cells were transfected with the pcDNA3.1-GAEC1 
vector and no significant fold change was detected with 
transfected pSilencer-negative control vector compared 
with parental cells. With suppressed GAEC1 expression, 
calpain 10 (CAPN10) was identified to have the highest 
level (> 15 folds) of  down-regulation (Table 1), while tri-
nucleotide repeat containing 6C (TNRC6C) was shown to 
have the highest level (> 7 folds) of  up-regulation (Table 
1). These two GAEC1-regulated target genes with the 
greatest changes in expression level were followed up by 
the immunohistochemical analysis using the ESCC tissue 
microarray. 

The expression of  CAPN10 and TNRC6C proteins 
in TMA sections sampling 132 paired tumor and non-
tumor tissues from ESCC specimens was investigated 
using immunohistochemistry. Fourteen out of  132 tu-
mors (10.61%) were found to belong to the high expres-
sion group of  CAPN10 expression. However, TNRC6C 
did not show any significant expression signals in all the 
ESCC cases analyzed except eight non-tumor esopha-

considered statistically significant when the relevant P 
values were < 0.05. 

RESULTS
The overexpression of  GAEC1 in KYSE150 over NE1 
was confirmed by multiplex semi-quantitative RT-PCR 
and densitometry analysis (Figure 1A). The expression 
level of  GAEC1 in pSilencer-P3-4 transfected KYSE150 
cells was also determined by comparing with the parental 
and pSilencer-negative control vector transfected cells us-
ing densitometry measurement. The results indicated that 
the pSilencer-P3-4 transfected KYSE150 cells showed a 
down-regulation of  GAEC1 expression compared with 
the parental cells and the control. The comparison of  the 
band intensities among the samples by densitometry mea-
surement showed that the GAEC1 expression level was 
down-regulated in the pSilencer-P3-4 transfected cells by 
about three folds (Figure 1B).

To assess the effect on cell proliferation with sup-
pressed GAEC1 expression, a comparison was made 

           M                 NE1            KYSE150          H2O

β-actin
(540 bp)

GAEC1
(186 bp)

β-actin
(540 bp)

GAEC1
(186 bp)

           M           Parental      Parental      Parental    H2O
                                         pSilencer     pSilencer       
                                            P3-4          control     

Figure 1  Expression level of GAEC1 in KYSE150 cells. A: Multiplex reverse transcription-polymerase chain reaction (RT-PCR) analysis showed the overexpres-
sion of GAEC1 in KYSE150 compared with the non-tumor esophageal epithelial cell line NE1; B: Multiplex RT-PCR analysis demonstrated the down-regulation of 
GAEC1 expression in KYSE150 cells transfected with pSilencer P3-4 vector compared with the parental cells and those transfected with pSilencer control vector. The 
amount of RNA in each lane was normalized with the amplification of β-actin. M: 100 bp ladder marker; H2O: Water control. 
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Figure 2  MTS cell proliferation assays for esophageal squamous cell car-
cinoma cell line KYSE150. Cells were transfected with pSilencer vector cloned 
with the P3-4 sequence (pSilencer P3-4) or control vector (pSilencer-ve). MTS 
assays were then performed every 24 h for 3 d on each type of transfected 
cells and the parental cells. The respective MTS activities on each day were 
compared with the corresponding activities of day 1. Representative data from 
3 independent experiments are shown. 
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geal tissues which also served as the positive controls. 
Representative examples of  immunohistochemical stain-
ing of  CAPN10 and TNRC6C are shown in Figure 4. 
Correlation between expression level of  CAPN10 and 
clinicopathological features are summarized in Table 2. 
There was no significant correlation of  any clinicopatho-
logical features with the expression level of  CAPN10. 
The median survival of  patients with high expression 
level of  CAPN10 was 38 mo whereas that of  low ex-
pression level was 13 mo, and the survival range is from 
0.72 to 65.15 mo. The difference was significant on both 
univariant and multi-variant analysis (P = 0.032 and 0.035 
respectively; Figure 5).

DISCUSSION
Our previous study reported the oncogenic role of  
GAEC1 in esophageal carcinogenesis and high expres-

sion level of  GAEC1 caused malignant transformation 
of  normal cells[15]. High DNA copy number of  GAEC1 
was also observed in colorectal adenocarcinoma and sig-
nificant difference was reported in cancer sub-sites and 
tumor types[16]. From our previous study[15], however, no 
significant correlation was observed between GAEC1 
amplification and clinicopathological parameters and 
prognosis in ESCC tumors, and thus the DNA amplifi-
cation study of  GAEC1 is not included in this report. 
In the present study, an attempt was made to investigate 
the downstream- regulated genes when GAEC1 expres-
sion was suppressed in an ESCC cell line KYSE150. Our 
group also investigated the ESCC cell lines which showed 
overexpression of  GAEC1 as we reported previously[15]. 
KYSE150 showed the more stable and consistent overex-
pression with time compared among the ESCC cell lines. 
Reduction of  proliferation rate and increase in apoptotic 
population were observed in association with reduced 
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Figure 3  Flow cytometry analyses for KYSE150 cells. KYSE150 transfected with pSilencer cloned with P3-4 sequence demonstrated an increased apoptotic 
population by approximately 50% (C) compared with the parental cells (A) and cells transfected with pSilencer-ve control vector (B). 

A B C

  Probe set ID Gene title Down-regulation with 
transfected 

pSilencer P3-4

Up-regulation with 
transfected 

pcDNA3.1-GAEC1

pSilencer-ve control

  221040_at Calpain 10           15.3033010 2.1643467 1.0476209
  1561417_x_at Not assigned           12.1628650 2.0130675 1.1347373
  1562828_at Not assigned 9.9816000 2.6808436 1.1661105
  229929_at splA/ryanodine receptor domain and SOCS box containing 4 8.3420770 2.2365010 1.1751518
  235209_at Chromosome 8 open reading frame 84 7.6294910 2.1356385 1.1450081
  220090_at Cornulin 7.6125007 2.3401918 1.1664450
  242713_at Not assigned 7.3507795 2.0578532 1.1959343
  224499_s_at Activation-induced cytidine deaminase 5.8917794 3.3146940 1.1664389
  229543_at Not assigned 5.3493247 2.0206234 1.0065930
  242064_at Sidekick homolog 2 (chicken) 5.0322995 2.8469403 1.0170712
  1561041_at Trinucleotide repeat containing 6C 7.5979643 2.1234870 1.0152589
  216787_at Not assigned 5.3369575 2.2657390 1.1658608
  206725_x_at Bone morphogenetic protein 1 4.8828310 2.7046654 1.1015952
  206276_at Lymphocyte antigen 6 complex, locus D 4.7652740 2.7379642 1.0686288
  1560482_at Not assigned 4.2348604 3.0122058 1.1875614
  211362_s_at Serpin peptidase inhibitor, clade B (ovalbumin), member 13 4.0584164 2.4208739 1.0186443
  216491_x_at Immunoglobulin heavy constant mu 3.4819565 2.8060850 1.0186309
  238415_at Not assigned 3.2034543 2.9523630 1.0138865
  241028_at RPGRIP1-like 3.0331728 2.3752263 1.0001514

Table 1  List of more than 5-fold and 3-fold down-regulated genes induced by stable GAEC1 knowndown in KYSE150 cells com-
pared with the parental cells

All the listed genes were selected based on more than 2-fold of the corresponding up-regulation when GAEC1 was overexpressed with transfected 
pcDNA3.1-GAEC1 vector and no significant fold change with transfected pSilencer-negative control vector compared with parental cells.

Apoptosis
Dip G1
Dip G2
Dip S

Apoptosis
Dip G1
Dip G2
Dip S

Chan D et al . CAPN10  predicts survival in ESCC



2777 May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

GAEC1 expression in ESCC cells. Thus our study is 
the first report to demonstrate the significance of  sup-
pressing GAEC1 as a target of  reducing the malignant 
properties of  ESCC. In order to assess whether the tu-
mors are more proliferative, the use of  other histological 
markers for assessing proliferation, such as Ki-67[20] and 
AgNOR[21], in parallel to CAPN10 is suggested in future 
studies to determine whether the CAPN10 level is associ-
ated with progression of  the disease. Similar targeting ap-
proach against potential oncogenes is now being explored 
intensively in the direction of  gene therapy for various 
types of  cancers[22]. Examples include the suppression 
of  MTA1 in esophageal carcinoma[23], alpha-actinin-4 in 
oral carcinoma[24], osteopontin in colon carcinoma[25] and 
EGFR in hepatocellular carcinoma[26]. The application 
of  RNAi approach has been recognized as having high 
potential for the clinical application of  targeted cancer 
therapy[27]. To date, clinical trials at different stages were 
reported and they targeted against various oncogenic 
components in various cancers, including metastatic 
melanoma, liver cancer, chronic myelogenous leukemia, 
pancreatic cancer and colon cancer[22]. Moreover, the 

RNAi approach for targeting specifically on transforming 
growth factor-β has been developed as a “cancer vac-
cine” against ovarian cancer[22]. Thus our present study 
offers a new direction for exploring the application of  
RNAi-based method for suppressing the oncogenic 
target GAEC1 as a novel gene therapy approach in our 
future investigations.

Calpain 10 (CAPN10) is a member of  the mitochon-
drial calpain system[28]. Mitochondrial calpain system 
has been shown to promote caspase-independent pro-
grammed cell death via the apoptotic inducing factor-
mediated mechanism[28] and its expression has been 
correlated to insulin-stimulated glucose uptake[29] and 
type 2 diabetes[30]. However, the correlation and func-
tional roles of  CAPN10 in tumorigenesis are still not 
fully understood, although CAPN10 has been linked to 
laryngeal[31], colorectal[32] and pancreatic cancers[33]. In the 
present study, the RNAi-based suppression of  GAEC1 

A B C

Figure 4  Immunohistochemical staining of CAPN10. A: In normal esophageal epithelial tissue showing weak CAPN10 staining; B: esophageal squamous cell car-
cinoma (ESCC) tissue showing strong CAPN10 staining; C: ESCC tissue showing weak CAPN10 staining in tumor. CAPN10 was mainly localized in the cytoplasm of 
the cancer cells (original magnification, ×100). 

  Characteristics Patients Low 
expression

High 
expression

P  value

  Age, yr (mean ± SD)        132 65.64 ± 10.55 63.50 ± 13.39 0.572
  Gender 0.086
     Male        102 94 8
     Female 30 24 6
  TNM stage 0.762
     0/Ⅰ/Ⅱ 18 15 9
    Ⅲ/Ⅳ 83 72           11
  Tumor depth 0.729
     T1-3 79 67           12
     T4 22 20 2
  Lymph node metastasis 0.363
     N0 32 26 6
     N1 69 61 8
  Distant metastasis   1
     M0 66 57 9
     M1 35 30 5
  Differentiation 0.459
     Well 16 15 1
     Moderate 59 51 8
     Poor 26 21 5

Table 2  Relationship between CAPN10 expression and clini-
copathological features 

0.00           20.00         40.00           60.00
                Months after operation

1.0

0.8

0.6

0.4

0.2

0.0

CAPN10  low expression group (n = 118)
CAPN10  high expression group (n = 14) 

Figure 5  Overall 5-year survival rates as determined by the expression 
level of CAPN10 in esophageal squamous cell carcinoma patients. Low 
expression group of CAPN10 in ESCC patients showed a significantly lower 
5-year survival rate than those of high expression group. 
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in KYSE150 resulted in the suppression of  CAPN10 
expression (approximately 15-fold compared with the 
parental cells). For those ESCC tumors belonging to the 
CAPN10 low expression group, the 5-year survival rate is 
significantly lower than those belonging to the CAPN10 
high expression group. From the study of  Moreno-
Luna et al[31], CAPN10 genotype 12 was reported to be 
related with a worse prognosis in laryngeal cancer, which 
is similar to our present study which is newly described 
in ESCC. Our observation from the low CAPN10 ex-
pression group implied the possibility that the oncogene 
GAEC1 overexpression within this group might involve 
more prominently at the initial stage of  molecular carci-
nogenesis, so that the expression level of  CAPN10 was 
lower in ESCC at the time of  operation. Similar pattern 
of  oncogenic expression happening at the earlier stage of  
carcinogenesis was also observed from fibroblast growth 
factor-2 in melanoma[34] and KLF4 in cutaneous squa-
mous epithelial neoplasia[35]. The verification of  this hy-
pothesis can be followed up with the future development 
of  GAEC1-specific antibody, which is still unavailable 
in market, for the future analysis of  GAEC1 expression 
in various stages in ESCC. This important finding also 
paves the path for the further investigation for the roles 
of  CAPN10 in the molecular pathogenesis of  esophageal 
carcinoma. Moreover, in the present study, no significant 
correlation of  any other clinicopathological features 
with the expression level of  CAPN10 was found, but 
CAPN10 predicted the poor survival of  ESCC patients. 
Similar results were also reported previously in which the 
overexpression of  a chemokine CXCL12 in ovarian can-
cer[36] and a protein Rad51 for homologous recombina-
tion in ESCC[37] also showed a correlation to the survival 
of  patients, but no correlation to other clinicopathologi-
cal features was found. The level of  CAPN10 is also not 
associated with local lymph node and distant metastasis 
in the ESCC cases, implying the possibility that GAEC1 
expression may not be relevant to the control of  metasta-
sis in ESCC.

TNRC6C has been reported to be the miRNA reg-
ulation-related genes and their mutation was correlated 
to cancer development through deregulating the miRNA 
regulation[38]. TNRC6C was also shown in the present 
study to undergo up-regulation with the suppression of  
GAEC1 expression by the RNAi approach, but there 
was no significant expression of  TNRC6C in the ESCC 
cases studied. This may be due to the down-regulation of  
TNRC6C in ESCC by other unknown mechanisms which 
are subjected to further investigation. Future study of  
TNRC6C mutation in ESCC is required to investigate the 
possible roles of  TNRC6C in carcinogenesis. Moreover, 
among the down-regulated genes identified by cDNA 
microarray with suppressed GAEC1 expression, activa-
tion-induced cytidine deaminase (AID) was reported to 
show overexpression in Barrett’s esophagus and Barrett’s 
adenocarcinoma[39], but there was no investigation on the 
roles of  AID in molecular pathogenesis in ESCC. AID 
has been shown to induce somatic mutations in host 
genes and implicated in the carcinogenesis of  lung[40], 

colorectal[41] and gastric cancers[42]. Therefore, our find-
ings provide a new evidence for prompting future study 
on the role of  AID in the development of  ESCC. 

In conclusion, the suppression of  GAEC1 expres-
sion resulted in reduced tumor cell proliferation, increased 
apoptotic population in ESCC cells and also regulated 
CAPN10 and TNRC6C expression. The low expression 
of  CAPN10 predicted the poor survival of  ESCC patients. 

ACKNOWLEDGMENTS
Special thanks are given to Professor George SW Tsao of  
the Department of  Anatomy of  The University of  Hong 
Kong for giving us the cell line NE1 as the control. Tang 
JCO would also like to thank the Griffith University of  
Australia for awarding the Visiting Research Fellowship 
(2012).

COMMENTS
Background
Esophageal squamous cell carcinoma (ESCC) has a multifactorial etiology 
which involves environmental and/or genetic factors. More investigations at the 
molecular level are essential for a better understanding the molecular patho-
genesis of this disease. Authors subsequently identified and characterized the 
role of a novel oncogene GAEC1 which is located at 7q22 region. In this report, 
GAEC1 was further characterized by identifying the downstream partners. The 
prominently downstream-regulated genes were then studied by immunohisto-
chemistry on ESCC tissues to determine their clinicopathological significance.
Research frontiers
The anti-proliferative effect of knocking-down the expression of GAEC1 in 
ESCC cells was studied. The research hotspot is to find out the target genes 
which are most regulated by GAEC1 and to determine their clinicopathological 
significance in ESCC.
Innovations and breakthroughs
The RNA interference (RNAi) approach showed effective suppression of 
GAEC1 expression in ESCC cells to inhibit cell proliferation and increase apop-
tosis. cDNA microarray analysis for differentially expressed genes identified the 
greatest levels of downregulation of calpain 10 (CAPN10) and upregulation of 
trinucleotide repeat containing 6C when GAEC1 expression was suppressed. 
High level expression of calpain 10 was significantly associated with longer pa-
tient survival. This is the first study to explore the regulatory roles of GAEC1 on 
the downstream targets and to report the association of CAPN10 to the survival 
of ESCC patients.
Applications
This study suggested that the potential use of CAPN10 as a prognostic marker 
to predict the survival of ESCC patients after operation. The findings of the pres-
ent study pave the path for the future related studies in other human cancers.
Terminology
Squamous cell carcinoma: It is a cancer of a kind of epithelial cell called squa-
mous cell. Squamous cells also occur in the lining of the digestive tract, such 
as the esophagus; Oncogene: An oncogene is a gene that has the potential to 
cause cancer. In tumor cells, they are often mutated or expressed at high levels.
Peer review
This is a good study in which the authors employed GAEC1 RNAi to knockdown 
the expression of GAEC1, investigated its effects on GAEC1-overexpressed 
esophageal carcinoma cell line KYSE150, and then explored the possible mech-
anisms. The study design is reasonable, statistical methods are appropriate.
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Abstract
AIM: To investigate role of putative mitogen-activated 
protein kinase activator with WD40 repeats (MAWD)/
MAWD binding protein (MAWBP) in gastric cancer (GC). 

METHODS: MAWBP and MAWD mRNA expression 
level was examined by real-time reverse transcriptase-
polymerase chain reaction and semi-quantitative poly-
merase chain reaction in six GC cell lines. Western 
blotting was used to examine the protein expression 
levels. We developed GC cells that stably overexpressed 
MAWBP and MAWD, and downregulated expression 
by RNA interference assay. Proliferation and migration 

of these GC cells were analyzed by 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT), 
soft agar, tumorigenicity, migration and transwell as-
says. The effect of expression of MAWBP and MAWD on 
transforming growth factor (TGF)-β1-induced epithelial-
mesenchymal transition (EMT) was examined by trans-
fection of MAWBP and MAWD into GC cells. We detect-
ed the levels of EMT markers E-cadherin, N-cadherin 
and Snail in GC cells overexpressing MAWBP and MAWD 
by Western blotting. The effect of MAWBP and MAWD 
on TGF-β signal was detected by analysis of phosphor-
ylation level and nuclear translocation of Smad3 using 
Western blotting and immunofluorescence. 

RESULTS: Among the GC cell lines, expression of en-
dogenous MAWBP and MAWD was lowest in SGC7901 
cells and highest in BGC823 cells. MAWBP and MAWD 
were stably overexpressed in SGC7901 cells and knocked 
down in BGC823 cells. MAWBP and MAWD inhibited GC 
cell proliferation in vitro  and in vivo . MTT assay showed 
that overexpression of MAWBP and MAWD suppressed 
growth of SGC7901 cells (P  < 0.001), while knockdown 
of these genes promoted growth of BGC823 cells (P  < 
0.001). Soft agar colony formation experiments showed 
that overexpression of MAWBP and MAWD alone or to-
gether reduced colony formation compared with vector 
group in SGC7901 (86.25 ± 8.43, 12.75 ± 4.49, 30 ± 
6.41 vs  336.75 ± 22.55, P  < 0.001), and knocked-down 
MAWBP and MAWD demonstrated opposite effects 
(131.25 ± 16.54, 88.75 ± 11.12, 341.75 ± 22.23 vs  
30.25 ± 8.07, P  < 0.001). Tumorigenicity experiments 
revealed that overexpressed MAWBP and MAWD inhibit-
ed GC cell proliferation in vivo  (P  < 0.001). MAWBP and 
MAWD also inhibited GC cell invasion. Transwell assay 
showed that the number of traverse cells of MAWBP, 
MAWD and coexpression group were more than that in 
vector group (84 ± 16.57, 98.33 ± 9.8, 29 ± 16.39 vs  
298 ± 11.86, P  < 0.001). Coexpression of MAWBP and 
MAWD significantly decreased the cells traversing the 
matrix membrane. Conversely, knocked-down MAWBP 
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and MAWD correspondingly promoted invasion of GC 
cells (100.67 ± 14.57, 72.66 ± 8.51, 330.67 ± 20.55 
vs  27 ± 11.53, P  < 0.001). More importantly, coex-
pression of MAWBP and MAWD promoted EMT. Cells 
that coexpressed MAWBP and MAWD displayed a peb-
ble-like shape and tight cell-cell adhesion, while vec-
tor cells showed a classical mesenchymal phenotype. 
Western blotting showed that expression of E-cadherin 
was increased, and expression of N-cadherin and Snail 
was decreased when cells coexpressed MAWBP and 
MAWD and were treated with TGF-β1. Nuclear trans-
location of p-Smad3 was reduced by attenuating its 
phosphorylation.

CONCLUSION: Coexpression of MAWBP and MAWD 
inhibited EMT, and EMT-aided malignant cell progres-
sion was suppressed.

© 2013 Baishideng. All rights reserved.

Key words: Gastric cancer; Mitogen-activated protein 
kinase activator with WD40 repeats binding protein; 
Mitogen-activated protein kinase activator with WD40 
repeats; Invasion; Transforming growth factor-β; Epi-
thelial-mesenchymal transition

Core tip: Our previous study revealed that mitogen-
activated protein kinase activator with WD40 repeats 
(MAWD) and MAWD binding protein (MAWBP), acting 
as a complex, were differentially expressed in gastric 
cancer (GC) tissues compared with that in normal 
gastric tissues. The present study provided direct evi-
dence that MAWBP and MAWD inhibited proliferation 
and migration of GC cells. Importantly, interaction of 
MAWBP and MAWD influenced expression of epithelial-
mesenchymal transition (EMT) markers induced by 
transforming growth factor (TGF)-β1 in GC cells. It in-
dicated that coexpression of MAWBP and MAWD inhib-
ited TGF-β1-induced EMT, thus suppressing EMT-aided 
GC malignant progression.

Li DM, Zhang J, Li WM, Cui JT, Pan YM, Liu SQ, Xing R, Lu 
YY. MAWBP and MAWD inhibit proliferation and invasion in 
gastric cancer. World J Gastroenterol 2013; 19(18): 2781-2792  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i18/2781.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.
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INTRODUCTION
Gastric cancer (GC) is the second most common cause 
of  cancer death worldwide and is especially common in 
China[1]. Multiple factors are involved in the development 
of  GC carcinogenesis. Molecular genetic studies have 
addressed accumulation of  multiple genes and proteins 
alteration involved in GC development[2,3]. Investigation 
of  GC biomarkers has focused on discovering differ-
ential protein signatures and has explored their biology 

mechanisms. The genes involved include activation of  
c-myc, erbB-2, c-met, and k-ras[4-7] oncogenes and inactiva-
tion of  tumor suppressor genes p53, APC, E-cadherin and 
RUNX3[8-10]. 

Our laboratory previously found (using 2D gel elec-
trophoresis and mass spectrometry) that expression of  
mitogen-activated protein kinase activator with WD40 
repeats (MAWD) and MAWD binding protein (MAWBP) 
were differentially expressed in GC tissues. MAWD in-
teracts with MAWBP and forms complexes in GC cell 
lines[11], which suggests that these proteins are involved in 
GC carcinogenesis. Combined analysis of  MAWBP and 
MAWD expression would provide useful information in 
uncovering their roles in GC.

The proteins MAWBP and MAWD were discovered 
in 2000 and 2001, respectively[12,13]. MAWD is widely ex-
pressed in many tissues and sequence analysis has indicat-
ed that MAWD contains a WD40 repeat domain. Datta 
et al[14] have shown that MAWD-homolog protein serine-
threonine kinase receptor-associated protein (STRAP) re-
cruits Smad7, forming a complex that increases inhibition 
of  transforming growth factor (TGF)-β signaling. Iri-
yama et al[13] tried to detect MAWD-related protein using 
a conventional two-hybrid technique and found MAWBP 
had an affinity for MAWD. The effects of  MAWD in 
cancer have been reported in breast, colon and lung 
cancer but views about its role in cancer are divergent[15]. 
However, there is no current report on the function of  
MAWD in GC, and little is known about MAWBP other 
than its affinity for MAWD.

We hypothesize that MAWBP and MAWD interac-
tions have a key role in GC tumorigenesis, and therefore 
investigated their biological function in GC cell lines. We 
found that these two proteins inhibited cell proliferation, 
and coexpression of  MAWBP and MAWD obviously sup-
pressed migration as well as invasive behavior of  GC cells. 
Recent evidence implies that epithelial-mesenchymal tran-
sition (EMT) contributes to cancer progression, invasion 
and metastasis in various cancers[16,17]. TGF-β is the main 
and best-characterized inducer of  EMT during embryo-
genesis and cancer pathogenesis[18]. MAWBP and MAWD 
are involved in the TGF-β signaling pathway[14]. We further 
sought to determine whether coexpression of  MAWBP 
and MAWD could inhibit TGF-β1-induced EMT.

The canonical EMT program is characterized by 
complex proteome changes, leading to loss of  epithelial 
markers such as E-cadherin, and expression of  mes-
enchymal markers such as vimentin and N-cadherin[19]. 
Transcriptional regulator Snail is also activated in EMT. 
TGF-β signaling regulates expression of  Snail, SOX2 and 
SOX4[20]. 

In this study, we analyzed the effect of  MAWBP 
and MAWD on expression of  E-cadherin, N-cadherin 
and Snail. We further demonstrated the relationship of  
this effect with TGF-β signalling pathway via detection 
of  the phosphorylation level and nuclear translocation 
of  Smad3. Our findings suggest that coexpression of  
MAWBP and MAWD inhibits TGF-β1-induced EMT 
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and suppresses EMT-aided GC cell invasion.

MATERIALS AND METHODS
Cell lines and cell culture
GC cell lines BGC823, MGC803, SGC7901, AGS, N87 
and MKN45 were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM; Gibco BRL, Gaithersburg, 
MD, United States), supplemented with 5% fetal bovine 
serum (FBS). All cell lines were maintained at 37 ℃ in 5% 
CO2 as previously described[21,22].

Plasmid construction
We constructed MAWBP and MAWD expression plas-
mids using pcDNA3.1B(-). Total RNA was extracted from 
19-wk-old fetal liver. MAWBP and MAWD cDNA was 
produced by reverse-transcriptase polymerase chain reac-
tion (RT-PCR). The reaction was initiated by 5-min incu-
bation at 94 ℃; 35 cycles of  94 ℃ for 45 s, 56 ℃ for 45 s, 
72 ℃ for 60 s; and terminated after a 10-min extension at 
72 ℃. Products were purified by gel extraction. Recombi-
nant plasmids were transferred into Escherichia coli DH5α, 
and identified by restriction enzymes digestion and se-
quencing analysis. Then, we constructed MAWBP and 
MAWD short hairpin RNA (shRNA) plasmids. Oligo-
nucleotides were annealed and ligated to pSilencer3.1-H1-
Neo. All of  the primers are shown on Table 1.

Real-time PCR 
Total RNA was extracted using Trizol (Invitrogen, Carls-
bad, CA, United States), and subjected (5 μg) to RT-PCR 
(Table 1). The internal control, β-actin, was processed 
with all specimens simultaneously. Real-time PCR was 
performed using Applied Biosystem 7500 Real-Time 
PCR System (Foster City, CA, United States). Data were 
analyzed using the relative standard curve method. 

Western blotting 
Proteins were extracted from cells for western blotting. 
Proteins (50 µg) were separated on sodium dodecyl sul-
fate polyacrylamide gel electrophoresis and transferred to 
polyvinyl difluoride membranes (Bio-Rad, Hercules, CA, 
United States). Immunoreactivity was tested with anti-
MAWD (1:500, our laboratory), anti-MAWBP (1:500, our 
laboratory)[11], E-cadherin (1:500, BD, Franklin Lakes, NJ, 
United States), N-cadherin (1:500, BD), Snail (1:500, Cell 
Signaling, Danvers, MA, United States), diluted in block-
ing buffer at 4 ℃ overnight. The signal was detected by 
Super Signal West Dura Extended Duration Substrate 
(Thermo Scientific, Rockford, IL, United States). 

Transfection studies 
SGC7901 cells were transfected with overexpression plas-
mids, while BGC823 cells were transfected with shRNA 
plasmids. Cells were cultured at 60%-70% confluence in 
35-mm plates and were transfected using Lipofectamine 
2000 (Invitrogen). Except that mono-plasmids and empty 
vector were transfected into GC cells, overexpressed 

plasmids of  MAWBP and MAWD were cotransfected 
into SGC7901 cells. shRNA plasmids of  MAWBP and 
MAWD were cotransfected into BGC823 cells. At 48 h 
post-transfection, cells were seeded for 21 d in selection 
medium containing 400 μg/mL G418, to screen for stable 
clones. The efficacy of  transfection was identified by RT-
PCR and Western blotting.

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium 
bromide assay 
Stable transfected cells (1 × 103) in 200 μL DMEM supple-
mented with 5% FBS were seeded in duplicate into each 
well of  96-well culture plates, and 10 μL 3-(4,5-Dimethyl-
2-thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT, Gen-
View, Jacksonville, FL, United States) (5 mg/mL) was 
added at 0, 24, 48, 72 and 96 h. The MTT was removed 
after 4 h incubation, and 100 μL dimethylsulfoxide (Am-
resco, Solon, OH, United States) was pipetted into each 
well and incubated for 30 min. Absorbance was measured 
at 570 nm using an iMark Microplate Reader (Bio-Rad, 
Hercules, CA, United States).

Soft agar colony formation assay
Cells (3 × 103) were trypsinized and resuspended in 4 
mL 0.3% agar in DMEM containing 10% FBS, and over-
laid with 0.6% agar in 60-mm culture dishes. The dishes 
were incubated routinely for 21 d. Colonies were stained 
with 0.2% p-iodonitrotetrazolium violet, photographed, 
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  Target gene Primer ID Sequence (5'-3')

  MAWBP (132 bp) Forward GGGTCTGCACACGCTGTTC
Reverse TAATGTCAACCCTTCCGTCT

  MAWD (162 bp) Forward GGGACAGGATAAACTTTAGC
 Reverse AGCATGATCCCAAAGTCGAAC
  MAWBP (867 bp) Forward AACTTGGTCGACCAGCTTGCAAGG

AAAATG
Reverse ATAACTCGAGCTAGGCTGTCAGTGT

GCC
  MAWD (1053 bp) Forward CGCGGATCCATGGCAATGAGACAG

ACG
Reverse CCCAAGCTTTCAGGCCTTAACATCA

GG
  β -actin (510 bp) Forward CGGGAAATCGTGCGTGACATT

Reverse CTAGAAGCATTTGCGGTGGAC
  β -actin (150 bp) Forward TTAGTTGCGTTACACCCTTTC

Reverse ACCTTCACCGTTCCAGTTT
  MAWD (shRNA) Ps-F1 GATCCGCTTATGGACGATCTATTGC

TTCAAGAGAGCAATAGATCGTCCAT
AAGTTTTTTGGAAA

Ps-R1 AGCTTTTCCAAAAAACTTATGGACG
ATCTATTGCTCTCTTGAAGCAATAG

ATCGTCCATAAGCG
  MAWBP (shRNA) Ps-F1 GATCCGTAGCACGCTCACGTTTGTC

TTCAAGAGAGACAAACGTGAGCGT
GCTATTTTTTGGAAAAGC

Ps-R1 AGCTTGGCGTAATCATGGTCATAGC
TGTTTCCTGTGTGAAATTGTTATCCG

CTCACAATTCCACACA

Table 1  List of oligonucleotide primers

MAWD: Mitogen-activated protein kinase activator with WD40 repeats; 
MAWBP: MAWD binding protein; shRNA: Short hairpin RNA.
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(1:500, Bioworld, Boston, MA, United States) and Smad3 
(1:500, Bioworld) were detected at the same time. We 
then separated the cytosolic and nuclear fractions accord-
ing to the protocol of  the Nuclear-Cytosol Extraction 
Kit (Applygen Technologies Inc., Beijing, China) and 
detected p-Smad3 levels. Nuclear translocation ability of  
p-Smad3 (1:50) was analyzed by confocal microscopy as 
described above.

Ethics
The study has been examined and approved ethically by 
the Ethics Committee of  Beijing Cancer Hospital. 

Statistical analysis
Statistical analysis used SPSS version 16.0. Student’s t test 
and analysis of  variance were used for data measurement. 
Quantitative values were presented as mean ± SD. Differ-
ences with P < 0.05 were considered statistically significant.

RESULTS
MAWBP and MAWD inhibited proliferation and 
tumorigenicity of GC cells
BGC823, MGC803, SGC7901, AGS, N87 and MKN45 
GC cell lines were used to detect MAWBP and MAWD 
expression, which was found to differ between the cell 
types. RT-PCR and real-time PCR revealed low levels of  
endogenous MAWBP and MAWD mRNA in SGC7901 
cells but high levels in BGC823 cells, and Western blot-
ting confirmed these results (Figure 1). These two cell 
lines were selected for the following experiments.

To investigate further biological function of  MAWBP 
and MAWD in GC cells, MAWBP-pcDNA3.1 and 
MAWD-pcDNA3.1, alone or in combination, and empty 
vector were transfected into SGC7901 cells, in which 
these two proteins were expressed at a lower level com-
pared with other GC cells. G418-resistant clones were 
isolated, which were stably transfected cells. These cells 
were termed as MAWBP, MAWD, MAWBP/D (MAWBP 
and MAWD cotransfected cells) and vector, respectively. 
shRNA plasmid MAWBP-pSilencer3.1 and MAWD-
pSilencer3.1, alone or in combination, and empty vector 
were transfected into BGC823 cells, in which they were 
expressed at a higher level compared with other GC cells. 
The stably transfected cells were termed as sh-MAWBP, 
sh-MAWD, sh-MAWBP/D (MAWBP and MAWD co-
downregulated groups) and sh-vector, respectively. We 
analyzed MAWBP and MAWD expression at the mRNA 
and protein levels by semi-quantitative RT-PCR and 
Western blotting, respectively.

In the MTT assay, cell growth in the overexpressed 
group was suppressed in the MAWBP, MAWD and 
MAWBP/D groups, compared with the vector group 
(Figure 2A, P < 0.001). Knockdown of  MAWBP and 
MAWD in BGC823 cells using RNA interference (RNAi) 
increased cell growth (Figure 2B, P < 0.001). The soft 
agar assay in overexpressed cells showed reduced colony 
formation for the MAWBP, MAWD, and MAWBP/D 

and counted.

Tumorigenicity assay in nude mice
Animal experiments were carried out in strict accordance 
with the recommendations in the Guide for the Care and 
Use of  Laboratory Animals of  the Ethics Committee of  
Peking University. All efforts were made to minimize suf-
fering. Transfected cells were resuspended in 1× Hank’s 
Buffer at a concentration of  5 × 105 cells/mL. A 100-μL 
suspension was injected subcutaneously into the left dor-
sal flank of  15 5-wk-old female nude mice, and the right 
side was inoculated with GC cells transfected by vector 
alone as a control. The mice were checked every 3 d for 
tumor appearance, and the large (a) and small (b) diam-
eters of  the palpable tumors were recorded for tumor 
volume calculation according to a × b2 × 0.5.

Wound healing assay
Cells were cultured at 80%-90% confluence in 60-mm 
dishes. Cells were scratched with a pipette tip to produce 
a straight line. The detached cells were washed three 
times with phosphate buffered solution (PBS) and incu-
bated for a further 24 h. The scratched gap was inspected 
at 0, 2, 4, 6, 12 and 24 h. Photographs were taken at × 
200 magnification, using a TS100 inverted microscope 
(Nikon, Tokyo, Japan).

Transwell assay
The invasion assay was performed using a BD Matrigel 
Invasion Chamber. Cells (1 × 105) were suspended in 
serum-free DMEM and seeded on matrix membranes. 
DMEM supplemented with 10% FBS was used as a che-
moattractant. After 48 h incubation, cells were fixed with 
methanol and stained with crystal violet for 20 min. Cells 
that penetrated the membrane were counted.

Immunofluorescence 
Cells were grown on glass slides, washed with PBS, fixed 
in methanol for 10 min, and processed for immunofluo-
rescence. Cells were exposed to anti-p-Smad3 overnight 
at 4 ℃, incubated for 1 h with rhodamine-conjugated 
anti-rabbit secondary antibodies, and nuclei were stained 
with 4’,6-diamidino-2-phenylindole. Cells were studied 
with a confocal fluorescence imaging microscope (TCS-
SP5; Leica, Mannheim, Germany). 

Analysis of TGF-β pathway responses
Cells were starved for 24 h, and then incubated in 5% 
FBS–DMEM containing 2 or 4 ng/mL TGF-β for 24 or 
48 h. Plasminogen activator inhibitor (PAI)-1 promoter 
assays were used to select the optimum TGF-β condi-
tions. Transfected cells were cultured in 5% FBS-DMEM 
containing 4 ng/mL TGF-β for 24 h. PhosphoSafe Ex-
traction Reagent (Merck, San Diego, CA, United States) 
was used to extract phosphoprotein. P-Smad3 (1:1000, 
Abcam, Cambridge, United Kingdom) and p-Smad2 
(1:500, Millipore, Temecula, CA, United States) were 
analyzed by western blotting as described above. Smad2 
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groups for cell number and size compared with the vec-
tor group (Figure 2C, clones number: 86.25 ± 8.43, 12.75 
± 4.49, 30 ± 6.41 vs 336.75 ± 22.55, P < 0.001). The 
corresponding knockdown group demonstrated the op-
posite effects (Figure 2D, 131.25 ± 16.54, 88.75 ± 11.12, 
341.75 ± 22.23 vs 30.25 ± 8.07, P < 0.001). These results 
suggested that expression of  MAWBP and MAWD play 
a role in inhibiting proliferation of  GC cells.

In vivo experiments, tumor growth appeared to be 
slow in nude mice injected with MAWBP, MAWD, and 
MAWBP/D compared with the control group. Tumors 
from MAWD-transfected cells were smaller than those 
from the other groups (Figure 2E and F, P < 0.001).

Co-expression of MAWBP and MAWD suppressed 
migration and invasion of GC cells
To explore the potential role of  MAWBP and MAWD in 
GC metastasis and invasion, we evaluated the effects of  
the stably transfected cells on migration and invasion us-
ing a wound healing assay and transwell invasive activity 
assay, respectively. In the wound healing assay, the scratch 
gap of  vector transfected cells was almost closed at 24 h 
in the overexpressed group. Cells with co-overexpression 
of  MAWBP and MAWD showed the slowest rate of  
migration (Figure 3A). In the knockdown group, the 
cells with combined downregulation of  MAWBP and 
MAWD expression migrated faster than the other cells. 
Migration of  sh-vector cells was slowest (Figure 3B). In 
the transwell assay, there was significant difference in 
the number of  the cells traversing the matrix membrane 
between the vector and other groups. Combined overex-
pression of  MAWBP and MAWD decreased the invasive 
ability of  GC cells (Figure 4A). The number of  traverse 
cells of  MAWBP, MAWD and co-expression group was 
higher than that in the vector group (Figure 4C, 84 ± 
16.57, 98.33 ± 9.8, 29 ± 16.39 vs 298 ± 11.86, P < 0.001). 

Knockdown of  expression of  MAWBP and MAWD 
increased the number of  cells that traversed the matrix 
membrane (Figure 4B). Cells with combined downregula-
tion of  MAWBP and MAWD expression migrated faster 
than the other cells (Figure 4B). Invasion of  sh-vector 
cells was slowest (Figure 4C, 100.67 ± 14.57, 72.66 ± 8.51, 
330.67 ± 20.55 vs 27 ± 11.53, P < 0.001). These data 
showed that MAWBP and MAWD inhibited migration 
and invasion of  GC cells. 

Co-expression of MAWBP and MAWD influenced 
expression of EMT markers induced by TGF-β1 in GC 
cells 
EMT contributes to cancer progression and metastasis. 
TGF-β is the main and best-characterized inducer of  
EMT. We sought to determine whether co-expression of  
MAWBP and MAWD inhibited TGF-β1-induced EMT, 
thus suppressing migration and transwell behavior of  
GC cells. We detected a relationship between the expres-
sion of  MAWBP and MAWD and the EMT markers in-
duced by TGF-β1, such as E-cadherin, N-cadherin, and 
transcription factor Snail. We established the optimum 
TGF-β1 concentration and treatment time to stimulate 
cells. We used the expression of  TGF-β reporter gene 
PAI-1 to indicate that the optimum TGF-β1 concentra-
tion and treatment time was 4 ng/mL for 24 h (Figure 
5A). We stimulated GC cells that overexpressed MAWBP 
and MAWD with TGF-β1, and observed their morpholo-
gy. We found that cells that overexpressed both MAWBP 
and MAWD displayed a pebble-like shape and tight cell-
cell adhesion, while vector-treated cells showed a clas-
sical mesenchymal phenotype (Figure 5B). That means 
that co-expression of  MAWBP and MAWD inhibited 
morphological changes of  TGF-β1-induced EMT. We 
next detected expression of  E-cadherin, N-cadherin and 
Snail in cells overexpressing MAWBP and MAWD. Ex-
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Figure 1  Analysis of expression of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase ac-
tivator with WD40 repeats in six gastric cancer cell lines. A: mRNA expression for mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD 
binding protein (MAWBP) in BGC823, MGC803, SGC7901, AGS, N87 and MKN45 six gastric cancer cell lines was detected by reverse transcription-polymerase chain 
reaction (PCR). There was a low level of endogenous MAWBP and MAWD mRNA in SGC7901 cells, and a high level in BGC823 cells; B: Expression of MAWBP and 
MAWD proteins was detected by Western blotting. The expression level was lower in SGC7901 cells than in the other cell lines. Expression of MAWBP and MAWD 
was higher in BGC823 cells than in the other cells; C: mRNA expression for MAWBP and MAWD was detected by real-time PCR. There were lower levels of endog-
enous MAWD and MAWBP mRNA in SGC7901 cells, and higher levels in BGC823 cells. NTC: No template control.
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Figure 2  Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40 
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Figure 3  Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40 
repeats on migration of gastric cancer cells. A: Wound healing assay showed that migration of vector-transfected cells was faster than that of cells overexpressing 
mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD binding protein (MAWBP). The scratch gap in vector group was almost closed at 24 h. 
The migration of MAWBP/D cotransfected cells was slowest; B: Cells with combined downregulation of MAWBP and MAWD expression migrated faster than the other 
cells. Migration of sh-vector cells was slowest (original magnification, ×100).
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Figure 4  Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40 
repeats on invasive ability of gastric cancer cells. A: Transwell assay showed that invasive ability of mitogen-activated protein kinase activator (MAWD) with WD40 
repeats binding protein (MAWBP)/D cotransfected cells was weakest, with the lowest number of cells to cross the matrix membranes. Vector-transfected cells mi-
grated farthest; B: Knockdown of MAWBP and MAWD increased the invasive ability of gastric cancer (GC) cells (original magnification: ×100); C: Number of cells that 
traverse the matrix membrane in the different groups. Data are presented as the mean ± SD from three independent experiments. bP < 0.01 vs vector group.
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pression of  E-cadherin was strongest in the MAWBP/D 
group and weakest in the vector group. N-cadherin and 
Snail expression was inversely associated with E-cadherin 
expression (Figure 5C). Collectively, these data demon-
strated that MAWBP and MAWD were involved in TGF-
β1-induced EMT through upregulating E-cadherin and 
downregulating N-cadherin and Snail in GC cells. 

Co-expression of MAWBP and MAWD suppressed 
phosphorylation and nuclear translocation of p-Smad3
Following MAWBP and MAWD overexpression in cells 
stimulated with TGF-β1, the level of  p-Smad3 was low-
est in the MAWBP/D group and highest in the vector 
group (Figure 6A). The level of  p-Smad2 was also lower 
in the MAWBP/D group. Furthermore, we separated 
the proteins in the cytoplasm and nucleus and found that 
p-Smad3 in the nucleus had the lowest level, as shown by 
Western blotting (Figure 6B) and confocal microscopy 
(Figure 6C). That means that the nuclear translocation 
capability of  p-Smad3 in cotransfected cells was weakest. 
These results imply that the MAWBP/D complex sup-
pressed TGF-β signaling by inhibiting downstream phos-
phorylation.

DISCUSSION
From the outset of  this study, we analyzed the biologi-
cal function of  MAWBP and MAWD in GC cell lines. 
We found that MAWBP and MAWD inhibited prolifera-

tion and migration of  GC cells. Importantly, combined 
overexpression of  MAWBP and MAWD in GC cells sup-
pressed TGF-β1-induced EMT by attenuating phosphor-
ylation of  Smad3 and reducing its nuclear translocation.

In a previous study, we reported proteomic data ac-
quired from screening protein profiles from GC tissues, 
including MAWBP and MAWD, and showed that they 
formed a complex in GC cells by co-immunoprecipita-
tion[11]. MAWD has been reported to have divergent effects 
in cancer. Some researchers have suggested that MAWD 
promotes cancer development. Matsuda et al[12] found that 
MAWD was overexpressed in 45.6% (21/46) of  human 
breast tumor tissues, and promoted anchorage-indepen-
dent cell growth. Kim et al[15] reported MAWD upregula-
tion in 50.8% (30/59) of  adenomas and 70.7% (87/123) 
of  colorectal cancers. Halder et al[23] found that STRAP 
was upregulated in 60% (12/20) of  colon and 78% (11/14) 
of  lung carcinomas. However, other researchers have 
found that MAWD suppressed development of  malignant 
cells. Buess et al[24] reported complete or partial allelic loss 
of  MAWD in 45.2% (75/166) of  colorectal cancer pa-
tients. Jung et al[25] found that MAWD was a binding part-
ner of  NM23-H1, creating a complex that interacted with 
and potentiated p53. Dong et al[26] detected chromosomal 
deletions in prostate cancer that overlapped MAWD gene 
locations. Zhao et al[27] reported that MAWBP was down-
regulated in ulcerative colitis. The function of  MAWBP 
and MAWD in GC has not been reported.

In the present study, we investigated the biological 
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Figure 5  Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40 
repeats on expression of biomarkers specific for epithelial-mesenchymal transition induced by transforming growth factor-b1. A: According to the expres-
sion of transforming growth factor (TGF)-b downstream reporter gene plasminogen activator inhibitor (PAI)-1, the optimum TGF-b1 concentration and time were con-
firmed as 4 ng/mL for 24 h; B: SGC7901 cells overexpressing mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD binding protein (MAWBP) 
were stimulated by 4 ng/mL TGF-b1 for 24 h. Cells that overexpressed both MAWBP and MAWD displayed a pebble-like shape, while vector cells showed a classical 
mesenchymal phenotype (original magnification, ×400); C: Expression of E-cadherin was strongest in the MAWBP/D cotransfection group and weakest in the vector 
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role of  MAWBP and MAWD in GC. We first investi-
gated expression levels of  MAWBP and MAWD in six 
GC cell lines at the RNA and protein levels. We found 
that expression was lowest in SGC7901 cells and highest 
in BGC823 cells. Thus, we selected SGC7901 for over-
expression of  MAWBP and MAWD and BGC823 for 
RNAi assay, and constructed the eukaryotic expression 
plasmid and RNAi plasmid for these two proteins for cell 
transfection. We generated MAWBP/D-cotransfected 
cells to establish whether one complements the function 
of  the other. We found that MAWBP and MAWD acted 
as tumor suppressors. Our results showed that overex-
pression of  MAWBP and MAWD suppressed growth of  
SGC7901 cells. Knockdown of  their expression enhanced 
proliferation of  BGC823 cells. The suppressive ability 
of  MAWD was more pronounced than that of  MAWBP. 

Interestingly, the results from the migration and transwell 
assays indicated that combined overexpression of  these 
two proteins more obviously limited migration and inva-
sive behavior of  GC cells. The cotransfected cells showed 
mixed characteristics for proliferation and migration, 
meaning that MAWBP and MAWD had a synergetic role 
in regulating migration and invasion of  GC cells.

EMT is thought to be a key step in the progression 
of  tumors toward invasion and metastasis[28]. EMT is a 
cellular process during which epithelial polarized cells be-
come motile mesenchymal-appearing cells. This process 
can lead to loss of  epithelial markers - especially E-cad-
herin - and expression of  mesenchymal markers such as 
vimentin and N-cadherin[29]. E-cadherin is a cell-adhesion 
protein that is regulated by transcription factors including 
Snail and Slug. Snail act as a repressor and blocks E-cad-

Figure 6  Combination of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with 
WD40 repeats inhibited the transforming growth factor-b pathway. A: The level of p-Smad3 was lowest in the mitogen-activated protein kinase activator (MAWD) 
with WD40 repeats binding protein (MAWBP)/D cotransfected group and highest in the vector group. p-Smad2 was also lower in the MAWBP/D group; B, C: Nuclear 
translocation capability of p-Smad3 in cotransfected cells was weakest that means the activity of transforming growth factor (TGF)-β pathway in co-expression group 
was inhibited. DAPI: 4’,6-diamidino-2-phenylindole.
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herin transcription, and has emerged as an essential regu-
lator of  physiological and pathological EMT processes[30]. 
It has been shown that TGF-β induces changes in cell 
morphology that are consistent with the acquisition of  
the EMT phenotype[31]. 

In this study, we sought to determine whether co-
expression of  MAWBP and MAWD inhibited TGF-β1-
induced EMT, thus suppressing migration and transwell 
behavior of  GC cells. We stimulated GC cells with over-
expression of  MAWBP and MAWD with TGF-β1 and 
detected the expression level of  epithelial and mesen-
chymal markers and transcription factors. We found that 
E-cadherin was upregulated in the co-expression group 
and N-cadherin and Snail expression was inversely as-
sociated with E-cadherin expression. This revealed that 
MAWBP and MAWD had a synergetic function in inhib-
iting TGF-β1-induced EMT.

TGF-β1 stimulation induces upregulation of  Snail 
and induces EMT in Smad-dependent signaling[30]. 
MAWD was found to recruit Smad7 and form a com-
plex that inhibited TGF-β signaling. To confirm whether 
the MAWBP and MAWD complex further suppressed 
TGF-β1 and decreased Snail expression, we evaluated 
TGF-β activity in MAWBP and MAWD overexpressed 
cells. Phosphorylation of  effector molecules is often es-
sential for downstream receptor kinase signaling[31]. Thus, 
we detected the phosphorylation level and nuclear trans-
location of  p-Smad2 and p-Smad3 to indicate TGF-β 
activity. We found that the level of  p-Smad3 was lowest 
in the combined overexpression group and highest in 
the vector group. Nuclear translocation of  p-Smad3 was 
weakest in cells with combined overexpression. These 
results imply that the MAWBP/D complex suppresses 
TGF-β signaling, and therefore downregulates Snail level 
and inhibits EMT.

All together, the present study demonstrates that 
MAWBP and MAWD have a suppressive role in progres-
sion of  tumor growth and invasion of  GC. Co-expres-
sion of  MAWBP and MAWD inhibits TGF-β1-induced 
EMT, which suppresses EMT-assisted GC cell malignant 
progression. In future research, we should attempt to 
find the mechanisms mediating MAWBP and MAWD 
expression in GC. MAWBP and MAWD interaction do-
mains will be predicted by biological information analysis 
and tested in cell assays.
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COMMENTS
Background
Gastric cancer (GC) is the second most common cause of cancer death world-
wide. GC incidence in Asian countries, particularly in East Asia, is significantly 
higher than that in other parts of the world. GC creates a serious public health 
problem. Early diagnosis is important for therapy and prognosis of patients. 
Therefore, investigation of sensitive biomarkers and analysis of their function 

are important. 
Research frontiers
During the past decade, a great effort has been made to define better the 
biological profile of GC. Molecular genetic studies have investigated the accu-
mulation of mutations and alterations in proteins involved in GC. These include 
activation of c-myc, erbB-2, c-met, and k-ras oncogenes and inactivation of 
tumor suppressor genes p53, APC, E-cadherin and RUNX3. Their previous 
study found that mitogen-activated protein kinase activator with WD40 repeats 
(MAWD) and MAWD binding protein (MAWBP) were differentially expressed 
and interacted in GC.
Innovations and breakthroughs
The present study provided direct evidence that MAWBP and MAWD inhibited 
proliferation and migration of GC cells. Importantly, interaction of MAWBP and 
MAWD influenced expression of epithelial-mesenchymal transition (EMT) mark-
ers induced by transforming growth factor (TGF)-β1 in GC cells. It also reduced 
nuclear translocation of p-Smad3. This means that co-expression of MAWBP 
and MAWD inhibits TGF-β1-induced EMT and suppresses EMT-aided GC ma-
lignant progression.
Applications
The authors found that interaction between MAWBP and MAWD could shed 
new light on the carcinogenic mechanisms of GC. MAWBP and MAWD as bio-
markers might be diagnostic and therapeutic targets for GC.
Terminology
MAWD is a protein that is evolutionarily conserved and is widely expressed in 
many tissues. Sequence analysis indicates that the protein structure of MAWD 
contains a WD40 repeat domain. WD repeat proteins help to assemble mac-
romolecular complexes, such as shown for the β-subunit of G proteins. The 
homologous protein of MAWD, serine-threonine kinase receptor-associated 
protein recruits Smad7 to the activated typeⅠreceptor and forms a complex. 
MAWBP is a MAWD binding protein. EMT is the morphological and molecular 
changes that occur when epithelial cells lose their characteristics, gain mesen-
chymal properties and become motile, which is a key event in tumor invasion 
and metastasis.
Peer review
The authors analyzed MAWD and MAWBP in a series of GC cell lines. They 
found that co-expression of both genes is potentially involved in the suppres-
sion of migration and invasion in their selected cell lines. This study was a 
straightforward continuation of the authors’ own work and they have recently 
reported differential expression of both genes in GC tissues. Now, they have 
analyzed the functional consequences of suppression or overexpression of both 
genes in an in vitro setting.
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Abstract
AIM: To evaluate the long-term eradication of hepatitis 
C virus (HCV) infection and liver-related complications 
in chronically infected patients that have achieved sus-
tained virological response. 

METHODS: One hundred and fifty subjects with chronic 
hepatitis C (CHC) or cirrhosis and sustained virological 
response (SVR) between the years of 1989 and 2008 
were enrolled in a long-term clinical follow-up study 
at the Gastrointestinal and Liver Unit of the University 
Hospital of Naples “Federico Ⅱ”. At the beginning of 
the study, the diagnosis of HCV infection was made 
on the basis of serum positivity for antibodies to HCV 

and detection of HCV RNA transcripts, while a diagno-
sis of chronic hepatitis was formulated using imaging 
techniques and/or a liver biopsy. SVR was achieved by 
interferon-based therapy, both conventional and pe-
gylated, with and without ribavirin treatment. The pa-
tients were evaluated for follow-up at a median length 
of 8.6 years, but ranged from 2-19.9 years. Among 
them, 137 patients had pre-treatment CHC and 13 had 
cirrhosis. The patients were followed with clinical, bio-
chemical, virological, and ultrasound assessments on a 
given schedule. Finally, a group of 27 patients under-
went a liver biopsy at the beginning of the study and 
transient elastography at their final visit to evaluate 
changes in liver fibrosis.

RESULTS: The median follow-up was 8.6 years (range 
2-19.9 years). HCV RNA remained undetectable in all 
patients, even in patients who eventually developed 
liver-related complications, indicating no risk of HCV 
recurrence. Three liver-related complications were 
observed: two cases of hepatocellular carcinoma and 
one case of bleeding from esophageal varices result-
ing in an incidence rate of 0.23%/person per year. 
Further, all three complications took place in patients 
diagnosed with cirrhosis before treatment began. Only 
one death due to liver-related causes occurred, result-
ing in a mortality rate of 0.077% person per year. This 
amounts to a 99.33% survival rate in our cohort of pa-
tients after therapy for HCV infection. Finally, of the 27 
patients who underwent a liver biopsy at the beginning 
of the study, a reduction in liver fibrosis was observed 
in 70.3% of the cases; only three cases registering val-
ues of liver stiffness indicative of significant fibrosis. 

CONCLUSION: Patients with CHC and SVR show an 
excellent prognosis with no risk of recurrence and a 
very low rate of mortality. Our data indicate that virus-
eradication following interferon treatment can last up 
to 20 years.
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Core tip: This study represents one of the longest follow-
up studies on the natural history of successfully treated 
chronically hepatitis C virus (HCV) infected individuals. 
The outcome of the study was very positive, as it re-
vealed an extremely high survival rate, an extremely low 
rate of liver complications, and a significant reduction 
in liver fibrosis in patients who have achieved sustained 
virological response (SVR). All of the patients without 
cirrhosis before starting the treatment showed no signs 
of evolution or decompensation over the years of obser-
vation, proving that SVR positively changes the natural 
history in individuals with HCV-infection.
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INTRODUCTION
Hepatitis C virus (HCV) infection represents a serious 
challenge to global health, with an estimated 170 million 
carriers worldwide[1]. A significant complication in chroni-
cally infected individuals is the development of  liver 
inflammation and fibrosis, which may progress to liver 
cirrhosis and hepatocellular carcinoma (HCC)[2-10].

For nearly 20 years, interferon-based therapy has been 
the standard therapy for chronic hepatitis C (CHC), with 
the optimal treatment of  the combination of  pegylated-
interferon and ribavirin dating back ten years. The pri-
mary goal of  HCV treatment is to achieve a sustained vi-
rological response (SVR). SVR is defined by undetectable 
HCV RNA levels 24 wk after completing treatment[11]. 
The achievement of  the SVR in patients with CHC rep-
resents a milestone because it has been associated with 
the eradication of  the infection, improvement in liver 
histology, improvement in quality of  life, and reduced 
risk of  cirrhosis and hepatocellular carcinoma[12-15]. Short 
term SVR in patients with chronic HCV-infection is well 
established, however, knowledge regarding long-term 
SVR remains to be elucidated. There are limited long-
term studies observing chronically infected patients who 
have achieved SVR, all with a limited number of  pa-
tients[12,16]. Further, studies that do have a large cohort of  
patients have a fairly short follow-up period[17,18]. Finally, 
the data gathered thus far lack real world examples as data 
gathered by subjects with SVR are usually limited to those 
participating in pivotal clinical trials.

The aim of  this study was to evaluate the long-term 

outcomes of  patients who obtain a SVR after antiviral 
therapy, regardless of  the type treatment, in a monocen-
tric cohort of  patients representing a real world popula-
tion with CHC during the last 20 years.

MATERIALS AND METHODS
Patients
From January 1989 to April 2008, 150 HCV-positive pa-
tients who achieved SVR after interferon-based therapy 
at the Gastroenterology Unit of  the University of  Naples 
“Federico Ⅱ” were enrolled in this cohort study. There 
were 100 men and 50 women (mean age, 56.37 ± 12.05 
years; range 22-67 years). The main characteristics of  our 
study population at baseline are reported in Table 1.

In this cohort, 137/150 (91.3%) patients had chronic 
hepatitis and 13 had liver cirrhosis. Before treatment, 21 
patients had normal alanine transaminase (ALT) values 
and 129/150 (86%) had elevated ALT values ranging be-
tween 1.2 and 15.87 times the upper normal limit. A histo-
logical examination was performed in 103/150 (68.6%) of  
patients at baseline, while 47/150 (31.3%) patients refused 
the biopsy procedure and 27 patients showed comorbidi-
ties (Table 1). Nine patients had a diagnosis of  arterial hy-
pertension and two had an incomplete right bundle branch 
block. One patient had a medical history of  previous an-
gina pectoris and another suffered from a previous myo-
cardial infarction, however, there was no cardiologic con-
traindication at the time the therapy started. Seven patients 
had thyroid disease; two patients had type Ⅱ diabetes; two 
had gastroesophageal reflux disease, and two had a co-
infection of  hepatitis B. One patient had a history of  non-
Hodgkin lymphoma that had been in remission for five 
years since the time the antiviral therapy started.

Modality of diagnosis
The diagnosis of  HCV infection was made on the basis 
of  serum positivity for antibodies to HCV and detec-
tion of  HCV RNA transcripts. The diagnosis of  chronic 
hepatitis was formulated by a histological assessment 
and scored according to the internationally accepted 
criteria[19]. The liver biopsy was not performed if  the pa-
tients refused the procedure or had evidence of  clinical, 
biochemical, ultrasound and endoscopic signs of  liver 
cirrhosis. Transient elastography (TE), a non-invasive 
method of  quantifying fibrosis developed as an alterna-
tive to liver biopsy, was carried out using FibroScan. 
Ultrasound elastography analyzes ultrasound frequency 
waves related to the elasticity (deforming capacity) of  the 
liver. The methodology is simple, highly reproducible and 
can be completed in ten minutes. The diagnostic accuracy 
of  TE is not as high as a liver biopsy, which remains the 
gold standard for evaluation of  fibrosis. Nonetheless, 
in this context, TE is both highly sensitive and specific 
(79%-83% and 83%-89%, respectively)[20].

Therapy schedules
All patients were treated with interferon-based therapy, 
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either in mono-therapy or in combination with ribavirin. 
Sixty-six subjects received conventional interferon mono-
therapy. Twenty-five patients were treated with convention-
al interferon plus ribavirin and 59 patients were treated with 
pegylated interferon plus ribavirin. Conventional interferon 
was used at doses ranging between 3 and 6 MU every 2 d 
for a mean period of  49 ± 3.12 wk. The treatment regimen 
with pegylated interferon was carried out by international 
guideline recommendations and method indicated in the 
relevant product data sheets (Pegasys® 180 μg once weekly, 
subcutaneously; Pegintron® 1.5 μg/kg per week, subcu-
taneously; ribavirin 800, 1000 or 1200 mg/week orally, 
depending on body weight and virus genotype). The mean 
duration of  the therapy was 47 ± 13 wk.

Follow-up
All patients were followed and analyzed for clinical, 
biochemical, virological and ultrasound parameters. All 
assessments were performed every 6 mo for the first 
two years of  observation. In patients with cirrhosis at 
baseline, we continued to perform sequential clinical, 
biochemical and ultrasound follow-up every 6 mo, while 
the same panel of  tests was conducted once a year in 
patients without cirrhosis. HCV RNA assessment was 
performed once per year during follow-up for all pa-
tients and whenever a decompensation or a progression 
of  the liver disease occurred. At each medical visit, life-
sign assessments and potential therapy-adverse effects 
were investigated. Biochemical evaluations measuring 
haemocrome (blood count), transaminases, bilirubin, 

alkaline phosphatase and renal function were performed. 
All patients underwent abdominal ultrasound every 6 mo. 
If  a new space-occupying lesion was suspected, it was 
first analyzed by ultrasonography to determine if  it was 
unquestionably benign (e.g., cysts or hemangioma). If  
necessary, the lesion was further examined by computed 
tomography, magnetic resonance imaging, arteriography, 
or liver biopsy. In a group of  27 patients with liver biopsy 
at baseline, liver stiffness was assessed during the last 
visit. During this follow-up, cirrhotics were considered 
to have progression if  they showed any of  the following 
findings: ascites, bleeding varices, hepatic encephalopathy 
and HCC. The diagnosis of  HCC was formulated using 
imaging techniques and/or biopsy, according to the Bar-
celona Clinical Liver Cancer standardized staging system 
for hepatocellular carcinoma[21].

Laboratory analysis 
Serum was collected for detection of  HCV RNA once 
per year after SVR was obtained. Qualitative detection 
of  HCV-RNA was performed by a standardized quali-
tative assay, Cobas AmpliPrep/Cobas Taqman (CAP/
CTM). This assay is based on the reverse transcription-
polymerase chain reaction (RT-PCR) method, followed by 
HCV RNA real-time fluorescent detection from 850 µL 
of  serum. HCV RNA concentration was read in IU/mL. 
The CAP/CTM assay has a sensitivity of  15 IU/mL, with 
a linear quantification range of  43-6.9 × 107 IU/mL.

RESULTS
Follow-up
The median duration of  follow-up was 8.6 years (range 
2-19.9 years). One hundred and fifteen/150 (76.6%) pa-
tients were followed for more than 4 years. Fifty-two/150 
(34.6%) patients were followed for more than 10 years. 

Virological outcomes
Zero of  the 150 patients had a recurrence of  HCV infec-
tion during the follow-up period. HCV RNA was evaluat-
ed in all patients with CAP/CTM assay, using at least four 
blood samples taken in different times (including the last 
sample available for each patient). No patient had detect-
able HCV-RNA in serum by RT-PCR in any sample, even 
in the patients who developed liver-related complications. 

Survival and complication rates
The results from this study indicate the risk of  liver-
related death was only 0.67%, as only one patient died 
from liver-related causes. In addition, liver-related com-
plications were observed in only three patients with a 
global complication incidence rate of  2%, while the com-
plication incidence/person per year was 0.08%. These 
three complications included two patients with HCCs 
and one patient experiencing bleeding from esophageal 
varices. All three patients who developed complications 
had pre-treatment cirrhosis. Both patients who developed 
HCC were males, aged 61 developing the complication 
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  Patients 150
  Gender
     Male 100
     Female   50
  Patients with histological assessment[20] 103
     Mild hepatitis (G0-G4)   52
     Moderate hepatitis (G5-G9)   44
     Severe hepatitis (G10-G18)     5
     Staging S0-S1   44
     Staging S2   25
     Staging S3   10
     Staging S4-S5     9
     Cirrhosis S6     2
  Genotype 
     1a   14
     1b   75
     2   54
     3     5
     4     2
  Comorbidity
     Cardiovascular diseases   13
     Thyroid diseases     7
     Crohn’s disease     1
     GERD     2
     Diabetes mellitus type 2     2
     HBV co-infection     2

Table 1  Baseline characteristics of 150 chronically infected 
hepatitis C virus patients with sustained virological response

GERD: Gastroesophageal reflux disease; HBV: Hepatitis B virus.
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(99.4%) and Imazeki et al[25] (99.97%).
We could not detect HCV-specific RNA transcripts 

in any of  the patients at each follow-up, confirming that 
a durable SVR can be achieved with both conventional 
and pegylated interferon treatment[7-9]. Although a low 
rate of  HCV-recurrence detected through RT-PCR assays 
has been reported, these data are in agreement with more 
recent studies on the topic[26-28]. The sensitivity of  labo-
ratory assays for HCV RNA detection has significantly 
increased throughout the years, and we can hypothesize 
that low serum levels of  HCV RNA may not have been 
detected by a low sensitivity assay in the past, leading to a 
misclassification of  SVR subjects. In fact, 5%, 9.7%, and 
8% rates of  HCV recurrence have been observed in pre-
vious studies[26-28]. In our study, HCV RNA was assessed 
through the most sensitive assay available (RT-PCR with 
sensitivity < 50 IU/mL). This sensitivity adds validity to 
our hypothesis that the hepatic complications observed in 
patients in our study were not directly related to ongoing 
HCV replication, but rather other complicating factors. 

Of the 27 patients where fibrosis was evaluated, no pa-
tient with pre-treatment chronic hepatitis showed progres-
sion to cirrhosis, including those with advanced fibrosis 
(Ishak score 3-4/6). Moreover, a regression of  fibrosis was 
reported in 70% of  the cases. These results correlate well 
with the work by Poynard et al[29] showing that SVR (re-
gardless of  the therapy with which it is obtained) not only 
stops liver damage progression, but can also induce its re-
gression. In this cohort, 1904 patients with CHC and SVR 
and with paired pre-treatment and post-treatment biopsies 
were observed; 86% of  patients showed an improve-
ment in fibrosis stage while 12% showed no change, even 
when the mean time between biopsies was only 20 mo[29]. 
Our data also comply with two recent studies with mean 
follow-up times of  5 and 6.5 years reporting 83% and 
61% rates of  fibrosis regression, respectively[18,30]. In these 
studies, the regression of  fibrosis was assessed through 
liver biopsy. Although a liver biopsy is considered the gold 
standard; it does have limitations including sampling er-
rors and interpretation of  results influenced by intra- and 
inter-observer variation, implying that distinguishing real 
changes in fibrosis, longitudinally, is a difficult task[31]. El-
lis et al[32] suggested that the most convincing evidence for 
regression of  liver fibrosis derives from large-scale studies 
on post-treatment natural history. In fact, long-term fol-
low-up studies indicate that regression of  liver fibrosis is 

five years after follow-up, and aged 65 developing the 
complication nine years after follow-up, respectively. 
The 65-year-old male eventually died from liver-related 
complications. A 66-year-old female patient developed 
esophageal 17 bleeding years after the follow-up.

Regression of liver fibrosis
During the final visit, we performed TE on 27 patients 
who underwent a liver biopsy at baseline. The histological 
staging at baseline and the mean values of  liver stiffness 
at the end of  follow-up are reported in Table 2. Only in 
three cases were the values of  liver stiffness higher than 
7.3 kPa, the threshold indicative of  significant fibrosis (F2 
according to Metavir score). None of  the patients had a 
liver stiffness score higher than 14.5 kPa, suggestive of  
cirrhosis. We observed regression of  the fibrosis in 19/27 
patients (70% of  the cases).

DISCUSSION
The aim of  this study was to assess the long-term effect 
of  antiviral treatment in a large cohort of  patients chron-
ically infected with hepatitis C who had achieved SVR. 
This is one of  the largest and longest studies on the natu-
ral history of  successfully treated patients with chronic 
HCV infection in a real world setting. In the majority of  
the cases reported in the literature, the median follow-
up duration is less than 5 years. In our study however, we 
observed 50 patients for up to 10 years and 21 patients 
for up to 15 years, with the median duration of  the fol-
low-up being 8.6 years. Overall, the clinical outcome of  
this study was very positive, indicating that prognosis in 
patients who obtained SVR is extremely promising. 

The overall hepatic complication rate in our popu-
lation was only 2%; a figure that is in agreement with 
other studies. Veldt et al[22] reported 3 cases of  HCC in a 
population of  142 patients (2%) with SVR and a baseline 
fibrosis score that ranged between 4 and 6 according 
to the Ishak index[19]. Turner et al[23] reported 2 cases of  
HCC in a population of  152 patients (1.3%) with SVR 
and no cirrhosis. Ikeda et al[24] reported 30 cases of  HCC 
in a population of  1097 patients (2.7%), of  which 97 had 
cirrhosis and obtained SVR; but it was a retrospective, 
multicentric study with a median follow-up of  4.6 years. 
The high survival rate observed in our study (99.3%) is 
very consistent with values observed by George et al[18] 

Baseline End of follow-up

  Patients METAVIR score Corresponding value of LS (21) (kPa) Mean value (range) of LS (kPa) Mean follow-up (yr) Patients with fibrosis regression

  1 F0      < 6   5.9  10.6   0
  18 F1   6.5 ± 1.1                  5.4 (2.8-6.3)      9.48 13
  6 F2   7.3 ± 1.4                  6.2 (4.0-8.8)      6.02   4
  0 F3 10.2 ± 1.9 - - -
  1 F4    15 ± 4.1   6.8    8.3   1
  1 Clinical cirrhosis          10.3 19.9 1   0

Table 2  Liver fibrosis with paired assessment at baseline vs  the end of follow-up

LS: Liver stiffness.
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associated with improved clinical outcomes, strengthening 
the perception that histological regression is a real phe-
nomenon. Even though there is no universal parameter to 
define fibrosis regression, it is suggested that a long term 
assessment of  clear clinical outcomes combined with non-
invasive testing for fibrosis could help with the interpreta-
tion of  the results[32].

In conclusion, our study documents that progression 
of  liver damage and HCV infection relapse are virtually 
non-existent in patients with chronic hepatitis C infec-
tion who have achieved sustained virological response. 
Further, patients with pre-treatment evidence of  cirrhosis 
show a rate of  complications that cannot be neglected, 
but are hypothesized to occur due to complicating factors 
separate from HCV infection.
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Abstract
AIM: To examine the long-term therapeutic efficacies 
of endoscopic cauterization for gastric vascular ectasia, 
according to the type of lesion.

METHODS: Thirty-eight patients with hemorrhagic 
gastric vascular ectasia (VE) were treated by endo-
scopic cauterization: 13 by heater probe coagulation-
and 25 by argon plasma coagulation. Depending on 
the number of lesions, 14 and 24 patients were clas-
sified into localized VE (≤ 10; LVE) and extensive VE 
(> 10; EVE), respectively. The patients were followed-
up by repeated endoscopic examinations after the 
therapy, and the incidences of VE recurrence and re-
bleeding from the lesions were evaluated.

RESULTS: Although the VE lesions disappeared initially 
in all the patients after the therapy, the recurrence of 
VE developed in 25 patients (66%) over a mid-term ob-
servation period of 32 mo, and re-bleeding occurred in 
15 patients (39%). The recurrence of VE was found in 

all patients with EVE, with re-bleeding occurring in 14 
patients (58%). In contrast, only 1 patient (7%) with 
LVE showed recurrence of the lesions and complicating 
hemorrhage. Both the cumulative recurrence-free rates 
and cumulative re-bleeding-free rates were significantly 
lower in the EVE group than in the LVE group (P < 0.001 
and P  < 0.001, respectively). Moreover, the cumulative 
re-bleeding-free rate in the EVE group was 47.6% at 1 
year and 25.4% at 2 years in patients with chronic re-
nal failure, which were significantly lower than the rates 
in the patients without chronic renal failure (83.3% and 
74.1%, respectively) (P  < 0.05).

CONCLUSION: The recurrence of VE and re-bleeding 
from the lesions was more frequent in the patients with 
EVE, especially in those with complicating renal failure.

© 2013 Baishideng. All rights reserved.

Key words: Gastric vascular ectasia; Heater probe co-
agulation; Argon plasma coagulation; Renal failure; 
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Core tip: The aim of this study was to examine the 
long-term therapeutic efficacies of endoscopic cau-
terization for gastric vascular ectasia (VE), according 
to the type of lesion. Depending on the number of le-
sions, 14 and 24 patients were classified into localized 
vascular ectasia (≤ 10) and extensive VE (> 10; EVE), 
respectively. The incidences of VE recurrence and re-
bleeding from the lesions were evaluated. The recur-
rence of VE and re-bleeding from the lesions was more 
frequent in the patients with EVE, especially in those 
with complicating renal failure, even after the initial 
successful arrest of bleeding and disappearance of the 
lesions by the endoscopic therapy.
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INTRODUCTION
Vascular ectasia (VE) of  the stomach has been recog-
nized as a rare cause of  hemorrhage from the upper 
gastrointestinal tract[1-4]. Patients may present with either 
evidence of  chronic occult bleeding, i.e., iron deficiency 
anemia, or with acute hematemesis or melena. VE is a 
term that encompasses a broad spectrum of  lesions vi-
sualized on endoscopic examination, including angiodys-
plasia, watermelon stomach, diffuse antral VE (DAVE) 
and telangiectasis associated with Osler-Weber-Rendu 
disease[5]. In general, angiodysplasia is defined as VE with 
a limited number of  red flat spots or reticulated vascular 
areas in the gastric mucosa on endoscopic examination. 
In contrast, gastric antral VE (GAVE) is diagnosed as 
watermelon stomach when the lesions are visualized as 
stripes radiating outwards from the pylorus and as DAVE 
in cases with diffuse red spots in the gastric antrum.

Various therapeutic procedures have been employed 
for hemorrhagic gastric VE. Surgical resection of  the 
stomach is the most curative therapeutic procedure, but it 
is a highly invasive procedure that maybe associated with 
high mortality, especially in elderly patients with underly-
ing diseases such as metabolic syndrome. Thus, endo-
scopic cauterization has generally been performed for the 
treatment of  gastric VE. Several types of  coagulation pro-
cedures may be employed for endoscopic cauterization, 
including heater probe coagulation[6], laser coagulation[7-10] 
and argon plasma coagulation[10-16], and these devices have 
been reported to be useful for the temporary arrest of  
bleeding from any type of  gastric VE. However, the long-
term prognosis of  patients undergoing endoscopic cauter-
ization has to be elucidated. In the present paper, we ex-
amined the long-term therapeutic efficacies of  endoscopic 
cauterization, including the recurrence rate of  the lesions 
and the rates of  re-bleeding, in patients with hemorrhag-
ing from gastric VE, according to the type of  lesion.

MATERIALS AND METHODS
Patients
The subjects included 42 patients with gastrointestinal 
bleeding from gastric VE lesions, which were diagnosed 
by gastrointestinal endoscopic examination between Oc-
tober 1996 and December 2007. Among them, 4 patients, 
who moved to a different institution for follow-up fol-
lowing discharge from our hospital after the successful 
arrest of  bleeding from the VE, were excluded from the 
analysis. The remaining 38 patients consisted of  21 men 
and 17 women, with a median age of  69 years (range, 
48-85 years). Twenty patients (53%) had underlying liver 
cirrhosis, and 15 patients (39%) were undergoing mainte-

nance hemodialysis for chronic renal failure. 
On endoscopic examination, bleeding from the gas-

tric VE lesions was observed in 21 patients (55%). In the 
remaining 17 patients, other gastrointestinal lesions that 
could serve as the possible source of  the bleeding were 
not detectable by the endoscopic examinations, including 
small intestinal endoscopy, despite the patient presenting 
with hematemesis or melena. The patients were classified 
into 2 groups: 14 patients with ≤ 10 VE lesions (local-
ized VE, the LVE group) and 24 patients with > 10 VE 
lesions (extensive VE, the EVE group). The LVE group 
comprised 9 patients with a single lesion and 5 patients 
with multiple lesions (range, 3 to 10 lesions), including 
one patient with Osler-Weber-Rendu disease showing 3 
lesions in the stomach. In contrast, the EVE group con-
sisted of  5 patients with watermelon stomach and 19 pa-
tients with DAVE, including one patient with radiation-
induced DAVE.

All patients were treated by endoscopic cauterization. 
Thereafter, follow-up endoscopic examinations were per-
formed at intervals ranging from 1 to 6 mo, depending on 
the clinical features of  each patient, and the rate of  the 
recurrence of  VE with or without re-bleeding from the 
lesions was evaluated. The recurrence of  VE was defined 
as the presence of  > 10 lesions in the EVE group, and 
of  at least one lesion in the LVE group. The diagnosis of  
re-bleeding was conducted when the patients showed he-
matemesis or melena and/or hemorrhagic features of  the 
gastric VE lesions on endoscopic examination irrespec-
tive of  the number of  lesions. Fifteen and twenty patients 
received treatment with a proton pump inhibitor and H2-
receptor antagonist, respectively, during the observation 
period. Written informed consent for the endoscopic 
procedures was obtained from all the patients. This study 
was retrospectively performed with the approval of  the 
Institutional Review Board of  the Hospital.

Endoscopic cauterization therapies
Thirteen patients seen between October 1996 and March 
2000 were treated by heater probe coagulation, and 
twenty-five patients seen after April 2000 were treated by 
argon plasma coagulation. The therapies were repeated 
until the VE lesions completely disappeared from the 
stomach following the arrest of  hemorrhaging. Heater 
probe coagulation was performed using a heater probe 
unit (Olympus Co., Tokyo, Japan) at 15 J for patients with 
bleeding VE and/or those with VE lesions with a diam-
eter of  > 3 mm and at 10 J for those with non-bleeding 
VE lesions with a diameter of  ≤ 3 mm. Argon plasma 
coagulation was performed using a high-frequency gen-
erator (Erbotorm ICC200; ERBE, Tubingen, Germany) 
with an automatically regulated argon source (APC300; 
ERBE) and a flexible APC probe (ERBE) with a high-
frequency output at 60 W. Argon gas was delivered at a 
flow rate of  between 1.0 and 2.0 L/min.

Statistical analysis
The differences in the characteristics between the 2 groups 
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were analyzed by Mann-Whitney’s U test, Fisher’s exact 
test and the χ 2 test. The cumulative recurrence-free and 
rebleeding-free rates were analyzed by the Kaplan-Meier 
method. Factors associated with the type of  VE and the 
treatment methods were compared by the log-rank test. 
P values of  less than 0.05 were considered to be statisti-
cally significant.

RESULTS
Demographic and clinical features of the patients in the 
LVE and EVE groups
As shown in Table 1, there were no significant differenc-
es in the sex distribution or age of  the patients between 
the LVE and EVE groups. Hemorrhaging from the VE 
lesions was observed in 43% (6/14) and 63% (15/24) of  
the patients in the LVE and EVE groups, respectively. 
Additionally, 21% (3/14) and 36% (5/14) of  the patients 
in the LVE group and 50% (12/24) and 63% (15/24) 
of  the patients in the EVE group had underlying liver 
cirrhosis and chronic renal failure, respectively, but the 
prevalences of  the 2 underlying diseases were not signifi-
cantly different between the two groups.

Therapeutic efficacies of the endoscopic coagulation 
procedures
Among the 21 patients in whom active bleeding from the 
VE lesions was observed, heater probe coagulation was 
performed in 3 LVE and 4 EVE patients, and argon plas-
ma coagulation in 3 LVE and 11 EVE patients. Hemosta-
sis was obtained in all patients after either endoscopic co-
agulation procedure. Although the VE lesions diminished 

after the procedures in all patients, the number of  treat-
ment sessions required for the complete disappearance 
of  the lesions in the stomach differed between the LVE 
and EVE groups (Table 1). A single treatment session 
was sufficient to achieve the complete disappearance of  
the VE lesions in all the patients of  the LVE group, ex-
cept one, who required 2 sessions of  heater probe coagu-
lation. In contrast, the patients in the EVE group needed 
a mean of  3.0 treatment sessions (range, 2-7 treatment 
sessions) for the complete disappearance of  the lesions. 
No complications of  the endoscopic coagulation treat-
ments were encountered in either treatment group. 

In all patients, the recurrence of  VE and of  re-bleed-
ing was examined by repeated follow-up endoscopic ex-
aminations for more than 6 mo after the final session of  
endoscopic cauterization therapy; the median observation 
period was 32 mo (range, 6-139 mo). As shown in Table 1, 
however, the observation periods were significantly lon-
ger in the LVE group than in the EVE group (P < 0.01). 
The medications prescribed for the patients during the 
observation period were similar between the two groups. 
The endoscopic examination revealed recurrence of  the 
VE in 25 of  38 patients (66%), and re-bleeding from the 
recurrent gastric VE lesions in 15 of  these patients (39%) 
over a median observation period of  5 mo (range, 2-70 
mo) after the final session of  the coagulation therapy. 
Particularly in the EVE group, the VE recurred in all the 
patients, and re-bleeding from the recurrent lesions de-
veloped in 14 of  these patients (58%) (Table 2). No pa-
tients in the EVE group developed re-bleeding with the 
re-appearance of  ≤ 10 VE lesions. All of  the patients 
showing re-bleeding in the EVE group had underlying 
diseases: 8 with chronic renal failure, 5 with liver cirrho-
sis and 1 with radiation-induced mucosal damage of  the 
gastrointestinal tract. In contrast, in the LVE group, the 
recurrence of  the gastric VE was found in only 1 patient 
(7%), who had a single lesion that was found before the 
first session of  argon plasma coagulation therapy. This 
patient also had underlying renal failure and was under 
long-term maintenance hemodialysis. Consequently, re-
bleeding from the recurrent VE lesions developed in 
60% (9/15) of  the patients with chronic renal failure, 
which was significantly higher than the percentage in the 
patients without chronic renal failure (26%; 6/23) (P = 
0.036).
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Table 1  Demographic and clinical features of the patients 
with gastrointestinal bleeding caused by gastric vascular ectasia

Total      Groups2 P  value

LVE EVE

No. of patients 38 14 24
Sex: male/female1 21 / 17   9/5 12/12 NS
Age, yr (medium) 69 67.5 72 NS
Bleeding from lesions at 
examination1

21   6 15 NS

Cauterization3

   Method : HPC/APC1 13 / 25   6/8   7/17 NS
   No. of treatment sessions 
   (mean ± SD)

  2.3 ± 1.6   1.1 ± 0.3   3.0 ± 1.6 < 0.0001

Observation period, mo 
(medium)

32 68.5 29.5 < 0.01

Medication during observation1

   Proton pump inhibitors 15   4 11 NS
   H2-receptor antagonists 20   9 11
   None   3   1   2
Underlying diseases1   
   Chronic renal failure 15   3 12 NS
   Liver cirrhosis 20   5 15 NS

1Number of the patients; 2Localized vascular ectasia (LVE) denotes local-
ized vascular ectasia and extensive vascular ectasia (EVE) denotes exten-
sive vascular ectasia; 3Heater probe coagulation (HPC) denotes heater 
probe coagulation and argon plasma coagulation (APC) denotes argon 
plasma coagulation. NS: Not significant.

  Groups Recurrence rate Re-bleeding rate 
  LVE    1 (7.1)    1 (7.1)
     Without CRF    0 (0.0)    0 (0.0)
     With CRF      1 (33.3)      1 (33.3)
  EVE      24 (100.0)    14 (58.3)
     Without CRF      12 (100.0)      6 (50.0)
     With CRF      12 (100.0)      8 (66.7)

Table 2  Long-term efficacies of endoscopic cauterization 
therapies in the patients with gastrointestinal bleeding caused 
by gastric vascular ectasia  n  (%)

LVE: Localized vascular ectasia, EVE: Extensive vascular ectasia; CRF: 
Chronic renal failure.
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the cumulative re-bleeding-free rates in these patients were 
65.9%, 40.8% and 20.4% at 1, 3 and 5 years, respectively, 
after the therapy (Figure 1B). Both the recurrence-free 
rates and re-bleeding-free rates were significantly lower 
in the EVE group than in the LVE group. Moreover, the 
cumulative re-bleeding-free rate in the EVE group was 
47.6% at 1 year and 25.4% at 2 years after the therapy in 
patients with chronic renal failure, which were significantly 
lower than the rates in the patients without chronic renal 
failure (83.3% and 74.1%, respectively) (Figure 2). There 
were no significant differences in either the recurrence-
free rates or re-bleeding-free rates between the patients 
treated by heater probe coagulation and those treated by 
argon plasma coagulation, as shown in Figure 3. 

DISCUSSION
In the present study, we examined the long-term progno-
sis of  38 patients with hemorrhagic gastric VE treated by 
endoscopic coagulation procedures, with a medium ob-
servation period of  32 mo after the therapies. Although 
both heater probe coagulation and argon plasma coagu-
lation were useful to achieve the arrest of  bleeding and 

Kaplan-Meier analysis revealed that the cumulative 
recurrence-free rates of  the patients with VE were 29.2% 
and 0% at 1 and 3 years, respectively, after the endoscopic 
coagulation therapy in the EVE group (Figure 1A), and 

Figure 3  Long-term outcomes of the patients with hemorrhaging gastric 
vascular ectasia treated by endoscopic cauterization, depending on the 
type of procedure. A: Cumulative recurrence-free rates; B: Cumulative re-
bleeding-free rates. Both the rates were comparable between the patients 
treated by heater probe coagulation (HPC) and those treated by argon plasma 
coagulation (APC).
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Figure 1  Long-term outcomes of the patients with hemorrhaging gastric 
vascular ectasia treated by endoscopic cauterization, depending on the 
number of lesions. A: Cumulative recurrence-free rates; B: Cumulative re-bleed-
ing-free rates. Both rates were significantly higher in the localized vascular ectasia 
(LVE) group than in the extensive vascular ectasia (EVE) group (P < 0.001).
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Figure 2  Cumulative re-bleeding-free rates in the patients with extensive 
vascular ectasia treated by endoscopic cauterization. The rates were sig-
nificantly higher in the patients without chronic renal failure (CRF) than in those 
with CRF (P < 0.05). EVE: Extensive vascular ectasia.
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disappearance of  the VE lesions, the recurrence of  VE 
and re-bleeding from the recurrent lesions were noted in 
66% and 39% of  the patients, respectively. Additionally, 
we found that the recurrence of  VE and/or re-bleeding 
from the recurrent lesions were more frequent in patients 
with EVE, especially those with underlying chronic renal 
failure undergoing maintenance hemodialysis, than in 
those with LVE. We also found that neither the lesion 
recurrence rate nor the re-bleeding rate differed signifi-
cantly between the patients treated by heater probe co-
agulation and those treated by argon plasma coagulation, 
although the number of  patients evaluated in the study 
was relatively small.

In Japan, endoscopic laser therapy has not been 
widely employed for the treatment of  VE in the gastroin-
testinal tract because of  the high risk of  severe complica-
tions, such as perforation[8]. Thus, endoscopic cauteriza-
tion either with heater probe coagulation or argon plasma 
coagulation is the standard therapeutic strategy used for 
gastric VE with or without bleeding. However, few stud-
ies have been performed to determine the long-term 
outcomes of  such therapies. Olmos et al[13] reported that 
argon plasma coagulation was effective for the preven-
tion of  recurrent bleeding from VE in the gastrointesti-
nal tract. Although they showed that re-bleeding did not 
occur from recurrent lesions in 83% of  the patients over 
a median observation periods of  18 mo, only 10 patients 
with hemorrhaging gastric VE were included in their 
study after the exclusion of  patients with chronic renal 
failure, liver cirrhosis and GAVE, including patients with 
the lesions caused by radiation. Moreover, Zushi et al[14] 

examined the outcomes in 16 patients with liver cirrhosis 
with hemorrhagic GAVE treated by endoscopic cauter-
ization and reported that 25% of  the patients showed re-
bleeding from recurrent lesions. In their study, however, 
the mean observation period was only 10 mo, which is 
too short to evaluate the long-term outcomes of  therapy 
in these patients. In contrast, Nakamura et al[15] evaluated 
the long-term efficacy of  argon plasma coagulation in 
22 patients with GAVE and reported that the cumula-
tive re-bleeding rates at 1, 2 and 3 years after the therapy 
were 50.3%, 64.5% and 64.5%, respectively, over a mean 
observation period of  23.5 mo. Herrera et al[17] examined 
the therapeutic efficacy of  argon plasma coagulation in 
patients with VE depending on the type of  lesion, and 
reported that there were no cases of  re-bleeding from 
recurrent lesions among the patients with LVE. Our 
results regarding the EVE group were in line with those 
reported by Nakamura et al[15] but not with those by Her-
rera et al[17], in which re-bleeding after the therapies de-
veloped only in 1 of  8 patients with GAVE. In our study, 
re-bleeding from recurrent VE was especially frequent in 
patients with EVE and in those with chronic renal failure 
undergoing maintenance hemodialysis, whereas underly-
ing diseases such as chronic renal failure were found only 
in 3 patients with GAVE in the study by Herrera et al[17]. 
These differences in the clinical features of  the patients 

may have produced the discrepancies in the results by 
Herrera et al[17], those by Nakamura et al[15] and those in 
the present study.

Both LVE and EVE have been reported to develop 
at a high frequency in association with chronic renal fail-
ure[18]. Clouse et al[3] reported that 18 of  30 patients (60%) 
with hemorrhagic angiodysplasia had underlying renal 
failure, with 10 of  these patients (33%) under long-term 
maintenance hemodialysis and/or who underwent renal 
transplantation. The present study demonstrated that en-
doscopic cauterization did not provide satisfactory long-
term outcomes in patients with EVE complicated with 
chronic renal failure, even after the successful initial arrest 
of  bleeding had been achieved by the endoscopic cau-
terization therapy. Notably, the VE developed again after 
the therapies in all of  the patients with EVE, even in the 
absence of  underlying chronic renal failure, followed by 
re-bleeding from the recurrent lesions in half  of  these 
patients, with a cumulative re-bleeding rate of  approxi-
mately 40% at 3 years. These observations prompted us 
to postulate that the etiology and the clinical characteris-
tics may be different between the LVE and EVE groups, 
and also between VE patients with and without chronic 
renal failure. Based on the findings, careful endoscopic 
follow-up after the initial successful cauterization therapy 
is required for patients with EVE, regardless of  the pres-
ence/absence of  underlying diseases, including chronic 
renal failure. 

With respect to the endoscopic cauterization pro-
cedures available, argon plasma coagulation has been 
employed more frequently compared with heater probe 
coagulation for the treatment of  gastric VE in Japan. 
Similarly, at our institution, almost all patients seen af-
ter the year 2000 have been treated by argon plasma 
coagulation. As shown in Figure 3, both the cumulative 
recurrence and re-bleeding rates were equivalent between 
patients with gastric VE treated by argon plasma coagula-
tion and those treated by heater probe coagulation. The 
limitation of  our evaluation is that it is a retrospective 
and single cohort study. A randomized controlled study 
would be required to confirm our results. Additionally, 
the safety, including the frequency of  complications, 
convenience of  instrument handling, and number of  ses-
sions required for the treatment, has been reported to not 
be significantly different between the patients treated by 
the two procedures[19-22]. Thus, the criteria for the selec-
tion of  either procedure for patients with gastric ectasia 
need to be established in the future. Recently, endoscopic 
band ligation was shown to be useful for the treatment 
of  GAVE[23-27]. Wells et al[25] reported that endoscopic 
band ligation was superior to thermal therapies, includ-
ing argon plasma coagulation, in terms of  the therapeutic 
efficacy to arrest bleeding, the volume of  blood transfu-
sion needed after the procedure and the duration of  hos-
pitalization in 22 patients with GAVE. Sato et al[26] also 
reported the superiority of  endoscopic band ligation-
compared with argon plasma coagulation for GAVE as-
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sociated with liver diseases. Moreover, a novel endoscopic 
ablation method, the HALO90 system, has been reported 
to be useful for the treatment of  GAVE in a few patients. 
A large-scale study would be required to compare the ef-
ficacy and safety of  these novel procedures with those of  
argon plasma coagulation and heater probe coagulation.

In conclusion, the recurrence of  VE and re-bleeding 
from the lesions was frequent in patients with EVE, 
especially in those with underlying chronic renal failure 
after the initial successful control of  the bleeding and 
disappearance of  the lesions by endoscopic cauterization. 
Therefore, careful observation by endoscopy is important 
for these patients even after initial successful therapy.
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Abstract
AIM: To revealed the prevalence of Helicobacter pylori 
(H. pylori ) infection in the Bhutanese population. 

METHODS: We recruited a total of 372 volunteers 
(214 females and 158 males; mean age of 39.6 ± 14.9 
years) from three Bhutanese cities (Thimphu, Punaka, 
and Wangdue). The status of H. pylori  infection was 
determined based on five different tests: the rapid 
urease test (CLO test), culture, histology, immunohis-
tochemistry (IHC), and serum anti H. pylori -antibody.

RESULTS: The serological test showed a significantly 
higher positive rate compared with the CLO test, cul-
ture, histology and IHC (P < 0.001, P  < 0.001, P  = 0.01, 
and P  = 0.01, respectively). When the subjects were 
considered to be H. pylori  positive in the case of at least 
one test showing a positive result, the overall preva-
lence of H. pylori  infection in Bhutan was 73.4%. The 
prevalence of H. pylori  infection significantly decreased 
with age (P  < 0.01). The prevalence of H. pylori  infec-
tion was lower in Thimphu than in Punakha and Wang-
due (P  = 0.001 and 0.06, respectively). The preva-
lence of H. pylori  infection was significantly higher in 
patients with peptic ulcers than in those with gastritis 
(91.4% vs  71.3%, P  = 0.003). 

CONCLUSION: The high incidence of gastric cancer 
in Bhutan may be attributed to the high prevalence of 
H. pylori  infection.

© 2013 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Study population
We recruited a total of  372 volunteers with dyspeptic 
symptoms (214 females and 158 males; mean age of  
39.6 ± 14.9 years) during four days (December 6 to 9) in 
December 2010. The survey was conducted in Thimphu 
(n = 194), the capital city, and in two other cities within 
a 200 km radius of  the capital, Punakha (n = 119) and 
Wangdue (n = 59) (Figure 1). Written informed consent 
was obtained from all participants, and the protocol 
was approved by the Ethics Committee of  Jigme Dorji 
Wangchuk National Referral Hospital, Bhutan. 

During each endoscopy session, four gastric biopsy 
specimens were obtained (three from the antrum and 
one from the corpus). The three specimens from the an-
trum were used for H. pylori culture, rapid urease test and 
histological examination. The specimen from the corpus 
was used for histological examination. Peptic ulcers and 
gastric cancer were identified by endoscopy, and gastric 
cancer was further confirmed by histopathology. Gastri-
tis was defined as H. pylori gastritis in the absence of  a 
peptic ulcer or gastric malignancy. 

Status of H. pylori infection
To maximize the diagnostic accuracy, 5 different methods 
were combined for the diagnosis of  H. pylori infection, 
including culture, histology, immunohistochemistry (IHC), 
the rapid urease test and serum H. pylori antibody. For the 
H. pylori culture, one biopsy specimen from the antrum 
was homogenized in saline and inoculated onto Mueller 
Hinton Ⅱ Agar medium (Becton Dickinson, NJ, United 
States) supplemented with 7% horse blood without anti-
biotics. The plates were incubated for up to 10 d at 37 ℃ 
under microaerophilic conditions (10% O2, 5% CO2 and 
85% N2). H. pylori was identified on the basis of  colony 
morphology, Gram staining and positive reactions for 
oxidase, catalase, and urease. Isolated strains were stored 
at -80 ℃ in Brucella Broth (Difco, NJ, United States) con-
taining 10% dimethylsulfoxide and 10% horse serum. For 
histology, all biopsy materials were fixed in 10% buffered 
formalin for 24 h and then embedded in paraffin. Serial 
sections were stained with hematoxylin and eosin and with 
May-Giemsa stain. The state of  the gastric mucosa was 
evaluated according to the updated Sydney system[11]. The 
degree of  the bacterial load was classified into four grades: 
0, “normal”; 1, “mild”; 2, “moderate”; and 3, “marked”. A 
bacterial load grade greater than or equal to 1 was defined 
as H. pylori positive. H. pylori seropositivity was evaluated 
with a commercially available ELISA kit (Eiken Co., Ltd., 
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Figure 1  Geographic location in Bhutan.

Core tip: The high prevalence of Helicobacter pylori 
(H. pylori ) infection in Bhutan may contribute to the 
high incidence of peptic ulcers and gastric cancer. The 
prevalence of H. pylori  infection in the capital city, 
Thimphu, was significantly lower than that of other 
rural areas. Therefore, performing eradication therapy 
of H. pylori  and improving the sanitary conditions to 
decrease the rate of H. pylori  infection in Bhutan can 
contribute to decreasing H. pylori -related diseases 
such as peptic ulcers and gastric cancer. 

Vilaichone R, Mahachai V, Shiota S, Uchida T, Ratanachu-ek 
T, Tshering L, Tung NL, Fujioka T, Moriyama M, Yamaoka Y. 
Extremely high prevalence of Helicobacter pylori infection in 
Bhutan. World J Gastroenterol 2013; 19(18): 2806-2810  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i18/2806.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i18.2806

INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral, Gram-negative 
bacterium that chronically colonizes the human stomach 
and is currently recognized to play a causative role in the 
pathogenesis of  various gastroduodenal diseases, includ-
ing gastritis, peptic ulcers, gastric cancer, and mucosa-
associated lymphoid tissue lymphoma[1,2]. Infection with 
H. pylori almost always results in chronic gastritis, but only 
a small population of  infected patients develop more se-
vere diseases, such as peptic ulcers and gastric cancer[2,3]. 
In Asia, gastric cancer is still a significant health problem, 
and the incidence of  gastric cancer geographically var-
ies greatly. Based on the age-standardized incidence rate 
(ASR) of  gastric cancer, Asian countries can be catego-
rized as high-risk (e.g., Japan, South Korea and China), 
intermediate-risk (e.g., Vietnam) or low-risk (e.g., Thailand 
and Indonesia) countries for gastric cancer[4]. Although 
the association between H. pylori infection and gastric 
cancer has been well-established[5,6], a high prevalence 
of  H. pylori infection is not always associated with a high 
incidence of  gastric cancer. For example, despite the high 
infection rate in India, the incidence of  gastric cancer 
there is low, which is known as an “Asian enigma”[7]. 

Bhutan is a small landlocked country in South Asia, 
located at the eastern end of  the Himalayas and bor-
dered on the South, East and West by India and on the 
North by China. The ASR of  gastric cancer in Bhutan 
was reported to be 24.2/100000, which is relatively high 
among Asian countries[4]. Although several studies fo-
cused on the prevalence of  H. pylori infection have been 
conducted in many countries with different socioeco-
nomic, cultural, and racial groups[8-10], the prevalence of  
H. pylori infection in Bhutan has not been investigated 
yet. In this study, we first disclosed the infection rate of  
H. pylori in Bhutan, and the findings from this study can 
be used as baseline epidemiological data for further re-
search to understand the epidemiology of H. pylori infec-
tion in Bhutan and other Asian countries.



Tokyo, Japan) according to the manufacturer’s instruc-
tions. Patients were considered to be H. pylori-negative 
when all five tests were negative, and a H. pylori-positive 
status required at least one positive test result.

Immunohistochemistry 
IHC was performed as described previously[12]. Briefly, 
after antigen retrieval and inactivation of  endogenous 
peroxidase activity, tissue sections were incubated with 
the α-H. pylori Ab (DAKO, Denmark) overnight at 4 ℃. 
After washing, the sections were incubated with biotinyl-
ated goat anti-rabbit IgG (Nichirei Co., Japan), followed 
by incubation with a solution of  avidin-conjugated 
horseradish peroxidase (Vectastain Elite ABC kit; Vec-
tor Laboratories Inc., Burlingame, CA, United States). 
Peroxidase activity was detected using a H2O2/diamino-
benzidine substrate solution. For all cases, we performed 
Giemsa staining using a serial section to identify the 
presence of  H. pylori. If  the H. pylori identified by Gi-
emsa staining was found to be positively immunostained, 
we judged the case to be positive. 

Statistical analysis
The statistical analysis were conducted using the chi-
square test to compare discrete variables and Cochran-
Armitage analysis to compare the prevalence of  H. pylori 
infection. Differences in the prevalence in each group 
were analyzed using the Mantel-Haenszel method. To 
match age and sex, multiple backward stepwise logistic 
regression analyses were used to examine the associations 
of  peptic ulcers with the main predictor variables. The 
predictor variables for peptic ulcers were age, sex and H. 
pylori status. For each variable, the OR and 95%CI were 
calculated. Differences at P < 0.05 were regarded as statis-
tically significant. The data analysis was performed using 
JMP® 9 statistical software (SAS Institute Inc., Cary, NC, 
United States) and SPSS version 19 (SPSS Inc., Chicago, 
IL, United States).

RESULTS
A total of  372 subjects were recruited, comprising 107 
who were ≤ 29 years old, 96 who were 30-39 years old, 80 
who were 40-49 years old, 45 who were 50-59 years old, 
and 44 who were ≥ 60 years old. Table 1 shows the H. py-
lori-positive rate for each test. The serological test showed 
a significantly higher positive rate compared with the CLO 

test, culture, histology and IHC (P < 0.001, P < 0.001, P 
= 0.01, and P = 0.01, respectively). The prevalence of  H. 
pylori infection by the serological test was as follows: 74.8% 
(80/107) for the ≤ 29 years old group, 83.3% (80/96) for 
the 30-39 years old group, 58.8% (47/80) for the 40-49 
years old group, 66.7% (30/45) for the 50-59 years old 
group, and 54.5% (24/44) for the ≥ 60 years old group. 
When the subjects were considered to be H. pylori positive 
in the case of  at least one positive test, the prevalence of  
H. pylori was 80.4% (86/107) for the ≤ 29 years old group, 
83.3% (80/96) for the 30-39 years old group, 61.3% (49/80) 
for the 40-49 years old group, 71.1% (32/45) for the 50-59 
years old group, and 59.1% (26/44) for the ≥ 60 years old 
group; thus, the prevalence was significantly decreased with 
age (P < 0.01). This phenomenon was significant in the 
Thimphu area. Because the number of  subjects older than 
50 years old in Punakha and Wangdue was too small for 
the statistical analysis, this trend was not observed in these 
two areas. Overall, the prevalence of  H. pylori infection in 
Bhutan was 73.4% (273/372). Figure 2 shows the preva-
lence of  H. pylori infection according to the various range 
age groups. There was no significant difference between 
men and women (data not shown). 

The prevalence of  H. pylori infection in the three 
cities was analyzed by the Mantel-Haenszel method to 
adjust for age. It differed among the three cities, with the 
highest in Punakha (102/119, 85.7%), followed by Wang-
due (44/59, 74.5%) and Thimphu (127/194, 65.4%). The 
prevalence of  H. pylori infection was significantly lower in 
Thimphu than in Punakha even after the adjustment for 
age (P = 0.001). Although there was no significant differ-
ence, the prevalence tended to be lower in Thimphu than 
in Wangdue even after the adjustment for age (P = 0.06). 

In the endoscopic diagnosis, gastritis was the most 
common finding (307/372, 82.5%). Gastric and duode-
nal ulcers were found in 25 (6.7%) and 22 (5.9%) cases, 
respectively. Gastric cancer was found in 5 cases (1.3%). 
Duodenal erosion, duodenal tumor, and reflux esopha-
gitis were found at 5, 1 and 7 cases, respectively. Table 2 
shows the prevalence H. pylori infection in each diagno-
sis. A high infection rate was detected among patients 
with gastric ulcers (92.0%) and duodenal ulcers (90.9%). 
In addition, 71.3% of  the subjects with gastritis were H. 
pylori-positive. When gastric and duodenal ulcers were 
defined as peptic ulcers, the prevalence of  H. pylori infec-
tion in peptic ulcers was significantly higher than that in 
gastritis (91.4% vs 71.3%, P = 0.003). The percentage of  
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  Diagnostic test Age (yr) Total (n  = 372)
≤ 29 (n  = 107) 30-39 (n  = 96) 40-49 (n  = 80) 50-59 (n  = 45) ≥ 60 (n  = 44)

  Serum 80 (74.8) 80 (83.3) 47 (58.8) 30 (66.7) 24 (54.5) 261 (70.2)
  CLO 68 (63.6) 59 (61.5) 35 (43.8) 24 (53.3) 17 (38.6) 203 (54.6)
  Culture 72 (67.3) 61 (63.5) 38 (47.5) 23 (51.1) 16 (36.4) 210 (56.5)
  Histology 77 (72.0) 64 (66.7) 41 (51.3) 28 (62.2) 19 (43.2) 229 (61.6)
  IHC 77 (72.0) 64 (66.7) 41 (51.3) 28 (62.2) 19 (43.2) 229 (61.6)
  Final 86 (80.4) 80 (83.3) 49 (61.3) 32 (71.1) 26 (59.1) 273 (73.4)

Table 1  Prevalence of Helicobacter pylori  infection in each diagnostic test  n  (%)

CLO: The rapid urease test; IHC: Immunohistochemistry.
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results that are positive in the serological test and nega-
tive in the endoscopic tests may indicate a past infection. 
Culture from biopsy specimens has the potential of  lead-
ing to a high sensitivity, given that only one bacterium 
can multiply and provide billions of  bacteria. However, 
both strict transport conditions and careful handling in 
the laboratory are necessary[14]. Histopathological posi-
tivity depends on the density of  H. pylori biopsy sites; 
thus, these tests can occasionally show false negative re-
sults[14]. In addition, the histological diagnosis of  H. pylori 
infection is very much dependent on the expertise of  the 
pathologists. The rapid urease test, such as the CLO test, 
can be useful as a rapid diagnostic method. However, 
these results can also be affected by the bacterial load[14]. 
A high proportion of  the elderly population develops 
gastric atrophy and intestinal metaplasia, which can lead 
to a hostile environment for H. pylori and thus fewer bac-
teria and potentially a negative result. A detailed study in 
histological scoring is necessary for further study. More-
over, endoscopic tests, including the CLO test, culture 
and histological examination, can be affected in bleeding 
patients with peptic ulcers[10]. However, although the rea-
son is not clear, all peptic ulcer cases in our study were 
not in the active bleeding phase, indicating that we do 
not need to consider any effects of  bleeding. 

The lowest infection rate was found in Thimphu, which 
is the capital city of  Bhutan. The prevalence of  H. pylori 
infection in Thimphu was significantly lower than that of  
the rural cities of  Punakha and Wangdue. In Thimphu, 
the sanitary conditions are better than those of  Punakha 
and Wangdue, which supports the possibility that sanitary 
conditions may be important factors for H. pylori infection. 
In fact, the prevalence of  H. pylori infection was very low 
in individuals less than 10 years old (i.e., approximately 5%) 
and increased with age in Japan[15]. Overall, it was higher 
among individuals born before 1950 and lower in those 
born thereafter. There was a rapid change in the sanitary 
conditions and standard of  living in Japan after World War 
Ⅱ, and clean public water systems were introduced in Ja-
pan in the 1950s. Therefore, sanitary conditions, such as a 
full equipment rate of  water and sewage, are considered to 
be important factors for H. pylori infection[8]. 

The prevalence of  H. pylori in patients with peptic 
ulcers was significantly higher than that in patients with 
gastritis, which is consistent with previous reports[16-18]. 
This observation suggests that H. pylori infection is a risk 
factor for the development of  peptic ulcers and gastric 
cancer, even in Bhutan. In addition, we found 5 gastric 

men was also significantly higher in patients with peptic 
ulcers than in those with gastritis (72.3% vs 37.1%, P < 
0.001). Multiple logistic analysis after adjusting for age 
and gender showed that H. pylori-positivity in addition 
to male gender was significantly associated with peptic 
ulcers (OR = 3.89, 95%CI: 1.33-11.33). 

DISCUSSION
We first revealed that the prevalence of  H. pylori in Bhu-
tan was 73.4%. In contrast with developed countries, 
H. pylori infections occur earlier in life and with a higher 
frequency in the developing world[8]. The prevalence of  
infection with H. pylori infection exceeds 50% by 5 years 
of  age, and by adulthood, infection rates exceeding 90% 
are not unusual in developing countries[13]. Although 
the prevalence of  infection has dropped significantly 
in many parts of  North America, Western Europe and 
Asia, no such decline has been noted in the developing 
world[13]. The present study showed that a high preva-
lence was detected in younger age groups and that the 
prevalence significantly decreased with age in Bhutan. 
The decrease in the H. pylori infection rate with age 
might be due to the overuse of  antibiotics in Bhutan. 
Antibiotics are frequently used in any infectious diseases 
in Bhutan (Dr. Lotay, personal communication). Even 
under these conditions, the prevalence of  H. pylori infec-
tion was relatively high in all age groups.

Several clinical tests have been developed to diagnose 
H. pylori infection. However, there is still no established 
“gold standard” for the diagnosis of  H. pylori, and thus 
the combination of  two or more tests should be applied 
to determine the accurate prevalence of  infection. In 
this study, we combined 5 different tests and considered 
H. pylori-positivity to be at least one positive test among 
the five tests. In this study, the serological test showed 
the highest positive rate compared with the other 4 tests. 
Although the serological test is widely used in epide-
miological studies and not affected by local changes in 
the stomach that could lead to false-negatives, as in the 
other tests, this test cannot distinguish between current 
and past infections because H. pylori IgGs persist even 
after the disappearance of  this bacterium[9,14]. Therefore, 
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Figure 2  Prevalence of Helicobacter pylori infection by age group in Bhutan.

  Diseases n Positive
  Gastritis 307 219 (71.3)
  Gastric ulcer   25   23 (92.0)
  Duodenal ulcer   22   20 (90.9)
  Gastric cancer     5     3 (60.0)
  Duodenal erosion     5     3 (60.0)
  Duodenal tumor     1       1 (100.0)
  Reflux esophagitis     7     4 (57.1)

Table 2  Prevalence of Helicobacter pylori  infection in each 
diagnosis  n  (%)

Vilaichone R et al . H. pylori  infection in Bhutan
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cancer patients among the 372 volunteers. The ASR of  
gastric cancer in Bhutan was reported to be 24.2/100000 
based on the small number in the registry (114 cases) in 
2008[4]. This observation supports the high incidence of  
gastric cancer in Bhutan. 

In conclusion, the high incidence of  gastric cancer in 
Bhutan may be attributed to the high prevalence of  H. 
pylori infection. Therefore, the eradication therapy of  H. 
pylori can contribute to a decrease in H. pylori-related dis-
eases, such as peptic ulcers and gastric cancer. However, 
we should be cautious regarding eradication therapy in 
Bhutan. Even when eradication therapy for H. pylori has 
succeeded, the infection frequently recurs in patients in de-
veloping countries, where there is a high prevalence of  H. 
pylori infection[19]. Such repeat infections are either due to 
a recurrence of  the original infection or reinfection with a 
new strain. Improving the sanitary conditions to decrease 
the prevalence of  H. pylori in Bhutan is important. 
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Abstract
AIM: To evaluate whether preoperative mean corpus-
cular volume (MCV) is a prognostic indicator in patients 
with resectable esophageal squamous cell carcinoma 
(ESCC). 

METHODS: A total of 298 consecutive, prospectively 
enrolled patients with histologically diagnosed ESCC 
who underwent surgery with curative intent from 2001 
to 2011 were retrospectively evaluated. Patients were 
excluded if they had previous malignant disease, dis-
tant metastasis at the time of primary treatment, a 
history of neoadjuvant treatment, had undergone non-
radical resection, or had died of a non-tumor-associated 

cause. Survival status was verified in September 2011. 
Pathological staging was performed based on the 2010 
American Joint Committee on Cancer criteria. Preopera-
tive MCV was obtained from blood counts performed 
routinely within 7 d prior to surgery. Receiver operating 
characteristic (ROC) curve analysis was used to deter-
mine a cutoff for preoperative MCV.

RESULTS: The 298 patients consisted of 230 males 
and 68 females, with a median follow-up of 30.1 mo. 
ROC analysis showed an optimal cutoff for preoperative 
MCV of 95.6 fl. Fifty-nine patients (19.8%) had high (> 
95.6 fl) and 239 (80.2%) had low (≤ 95.6 fl) preopera-
tive MCV. Preoperative MCV was significantly associated 
with gender (P  = 0.003), body mass index (P  = 0.017), 
and preoperative red blood cell count (P  < 0.001). The 
predicted 1-, 3- and 5-year overall survival (OS) rates 
were 72%, 60% and 52%, respectively. Median OS was 
significantly longer in patients with low than with high 
preoperative MCV (27.5 mo vs 19.4 mo, P  < 0.001). 
Multivariate analysis showed that advanced pT (P  = 
0.018) and pN (P  < 0.001) stages, upper thoracic loca-
tion (P  = 0.010), lower preoperative albumin concen-
tration (P  = 0.002), and high preoperative MCV (P  = 
0.001) were negative prognostic factors in patients with 
ESCC. Preoperative MCV also stratified OS in patients 
with T3, N1-N3, G2-G3 and stage Ⅲ tumors. 

CONCLUSION: Preoperative MCV is a prognostic fac-
tor in patients with ESCC. 

© 2013 Baishideng. All rights reserved.

Key words: Preoperative markers; Mean corpuscular 
volume; Prognosis; Resectable; Esophageal neoplasms

Core tip: Elevated mean corpuscular volume (MCV) has 
been shown to predict the risk of esophageal squamous 
cell carcinoma (ESCC). We hypothesized that pretreat-
ment MCV could predict prognosis. In analyzing 298 
patients with ESCC, we found that the optimal cut-off 
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for preoperative MCV was 95.6 fl. Multivariate analysis 
showed that high (> 95.6 fl) preoperative MCV was a 
negative prognostic factor, along with advanced stage, 
upper thoracic location and lower preoperative albu-
min, in patients with ESCC. Median overall survival was 
significantly longer in patients with low (≤ 95.6 fl) than 
high preoperative MCV (27.5 mo vs  19.5 mo, P  < 0.001). 

Zheng YZ, Dai SQ, Li W, Cao X, Li Y, Zhang LJ, Fu JH, Wang 
JY. Prognostic value of preoperative mean corpuscular volume 
in esophageal squamous cell carcinoma. World J Gastroenterol 
2013; 19(18): 2811-2817  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i18/2811.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i18.2811

INTRODUCTION
Elevated mean corpuscular volume (MCV) has long been 
recognized as a biomarker for alcoholic and folate defi-
cient patients[1-3]. Although the nature of  the relationship 
between them remains unclear, recent reports suggested 
that alcohol-induced folate deficiency can lead to mac-
rocytosis[4]. In addition, MCV was found to be higher in 
Asian heavy drinkers with inactive aldehyde dehydroge-
nase-2 (ALDH2)[5,6] and to be a marker for alcohol abuse 
with inactive heterozygous ALDH2[7,8], suggesting that 
acetaldehyde is an important contributor to macrocytosis.

Alcohol abuse, and acetaldehyde and folate deficiency, 
all indicative of  poor physical condition, were found to 
increase susceptibility to esophageal carcinoma[3,9-12], as 
was macrocytosis[7,13]. In addition, patients with more ad-
vanced malignancies frequently present with more severe 
hematological anomalies[14,15]. These findings led us to 
hypothesize that pretreatment MCV may predict the prog-
nosis of  patients with esophageal carcinoma. We there-
fore analyzed the association between preoperative MCV 
and different clinicopathological parameters, as well as the 
prognostic significance of  preoperative MCV in patients 
with esophageal squamous cell carcinoma (ESCC).

MATERIALS AND METHODS
Patients selection
This study was a retrospective analysis of  a prospectively 
collected database (2001-2011) of  298 consecutive pa-
tients with histologically diagnosed ESCC who underwent 
surgery with curative intent at the Cancer Center of  Sun 
Yat-Sen University, Guangzhou, China. Patients with 
previous malignancy, distant metastasis, neoadjuvant treat-
ment, non-radical resection (R1/R2), or non-tumor-asso-
ciated death were excluded. Tumors were pathologically 
staged using the American Joint Committee on Cancer 
(2010) staging system. Patients were followed-up in the 
outpatient clinic every 3-6 mo during the first 3 years and 
every 12 mo thereafter. Demography and clinical details 
were extracted from the database (Table 1). Survival status 

was verified in September 2011 using the best available 
methods. The study protocol was approved by the medi-
cal ethics committee of  the Cancer Center of  Sun Yat-Sen 
University, which waived the requirement for informed 
consent due to the retrospective nature of  the study.

Preoperative MCV
Preoperative MCV was determined from preoperative blood 
counts, performed routinely within 7 d prior to surgery, 
using a Beckman Counter blood analyzer (version STKS, 
Beckman Counter Inc., Fullerton, CA, United States). The 
cut-off  for preoperative MCV was defined by receiver op-
erating characteristic (ROC) curve analysis, with the point 
maximizing the area under the curve being selected.

Statistical analysis
All statistical analysis were performed using the SPSS 19.0 
software package (SPSS, Inc., Chicago, IL, United States). 
The ROC curve was generated and analyzed using Med-
Calc statistical software package 11.0.1 (MedCalc Software 
bvba, Mariakerke, Belgium). Correlations between preop-
erative MCV and clinicopathological characteristics were 
assessed using the Pearson’s χ 2 test. Overall survival (OS) 
was defined as the interval from the date of  surgery to 
the date of  death, or last follow-up. Multivariate Cox re-
gression analysis was performed for all parameters found 
to be significant by the univariate analysis. Survival was 
analyzed using the Kaplan-Meier method, and differences 
between curves were assessed by the Log-Rank test. Sta-
tistical significance was defined as a P value < 0.05.

RESULTS
Patient baseline characteristics and preoperative MCV
The 298 patients consisted of  230 males and 68 females, 
with a median preoperative MCV of  91.0 fl (range: 
61.4-112.4 fl). ROC curve analysis showed that the optimal 
cut-off  point maximizing (0.588) was 95.6 fl (P = 0.0123), 
with a sensitivity of  0.867 and a specificity of  0.324. Using 
this cut-off, 59 patients (19.8%) had high (> 95.6 fl) and 
239 (80.2%) had low (≤ 95.6 fl) preoperative MCV. The 
correlations between preoperative MCV and clinicopatho-
logic parameters are summarized in Table 1. Preoperative 
MCV was significantly associated with gender (P = 0.003), 
body mass index (BMI) (P = 0.017), and preoperative red 
blood cell (RBC) count (P < 0.001; Figure 1).

Survival and preoperative MCV
Over a median follow-up of  30.1 mo, 102 of  the 298 
patients (34.2%) died of  cancer-related causes, whereas 
the other 196 (65.8%) survived. The median survival time 
was 25.8 mo (range: 1.6-116.1 mo), and the predicted 1-, 
3- and 5-year OS rates after primary surgery were 72%, 
60%, and 52% respectively. Median OS was significantly 
longer in patients with low than high preoperative MCV 
(27.5 mo vs 19.4 mo, P < 0.001; Figure 2).

To determine factors independently prognostic of  pa-
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tient survival, we analyzed OS using a Cox proportional 
hazards model. All parameters found to be potentially 
significant in univariate analysis were included in a multi-
variate analysis. We found that pT status (P = 0.018), pN 
status (P < 0.001), tumor location (P = 0.010), preopera-
tive albumin concentration (P = 0.002), and preoperative 
MCV (P = 0.001) were significantly prognostic of  sur-
vival in this patient cohort (Table 2). When we analyzed 
the effect of  preoperative MCV on OS in patients classi-
fied by clinicopathological factors, preoperative MCV was 
predictive of  OS in patients with T3 (P < 0.001), N1-N3 
(P < 0.001), G2-G3 (P < 0.001), and stage Ⅲ (P = 0.001) 
tumors (Figure 2 and Table 3).

DISCUSSION
Hematologic parameters have been reported to correlate 
significantly with prognosis in patients with advanced 

malignant disease[15-18]. MCV is considered a sensitive 
indicator of  alcohol abuse and folate deficiency[1,2,4,6,19]. 
Recently, MCV was found to be a biomarker for alcohol 
abuse accompanied by inactive heterozygous ALDH2, 
and also allowed for the prediction of  ESCC risk[8]. To 
our knowledge, however, no previous study has assessed 
the relationship between MCV and the prognosis of  pa-
tients with ESCC.

Using ROC curve analysis, we found that a cut-off  
of  95.6 fl was a statistically significant predictor of  OS. 
Moreover, high (> 95.6 fl) MCV was significantly cor-
related with male gender, lower BMI, and RBC ≤ 4 × 
1012/L. Folate deficiency has been shown to inhibit red 
cell maturation, as well as increasing erythrocyte fragility, 
resulting in increased hemolysis and lower RBC count, 
which consequently results in macrocytosis[20]. Lower BMI 
may accompany poor nutritional status, which was associ-
ated with elevated MCV[3,21]. The significant correlation 
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  Characteristics Case numbers Preoperative MCV P  value 
Pearson’s χ 2 testLow High

  Age, yr (mean ± SE) 58.2 ± 9.2
     ≤ 65     231 184 (79.7) 47 (20.3)
     > 65       67   55 (82.1) 12 (17.9) 0.660
  Gender
     Male     230 176 (76.5) 54 (23.5)
     Female       68   63 (92.6) 5 (7.4) 0.003
  BMI, kg/m2 (mean ± SE) 22.3 ± 3.2
     ≤ 20       65   46 (70.8) 19 (29.2)
     > 20 and ≤ 25     180 144 (80.0) 36 (20.0)
     > 25       53   49 (92.5) 4 (7.5) 0.017
  Smoking index     440.1 ± 483.1
     ≤ 400     171 141 (82.5) 30 (17.5)
     > 400     127   98 (77.2) 29 (22.8) 0.257
  Preoperative RBC, × 1012/L (mean ± SE)         4.5 ± 0.6
     ≤ 4.01       56   31 (55.4) 25 (44.6)
     > 4.0     242 208 (86.0) 34 (14.0)               < 0.001
  Preoperative albumin, g/L (mean ± SE) 42.9 ± 4.6
     ≤ 432     149 115 (77.2) 34 (22.8)
     > 43     149 124 (83.2) 25 (16.8) 0.191
  pT status, UICC7th (mean ± SE)
     T1       33   31 (93.9) 2 (6.1)
     T2       52   44 (84.6)   8 (15.4)
     T3     213 164 (77.0) 49 (23.0) 0.051
     N0     138 116 (84.1) 22 (15.9)
     N1       89   67 (75.3) 22 (24.7)
     N2       51   42 (82.4)   9 (17.6)
     N3       20   14 (70.0)   6 (30.0) 0.250
  Histologic grade
     G1       94   71 (75.5) 23 (24.5)
     G2     156 127 (81.4) 29 (18.6)
     G3       48   41 (85.4)   7 (14.6) 0.324
  pTNM stage (UICC7th)
     Stage Ⅰ       37   32 (86.5)   5 (13.5)
     Stage Ⅱ     120 100 (83.3) 20 (16.7)
     Stage Ⅲ     141 107 (75.9) 34 (24.1) 0.191
  Tumor location
     Upper       48   37 (77.1) 11 (22.9)
     Middle     150 125 (83.3) 25 (16.7)
     Lower     100   77 (77.0) 23 (23.0) 0.393

Table 1  Clinicopathological parameters and preoperative mean corpuscular volume  n  (%)

1Normal limit of red blood cell count; 2Mean value of preoperative hemoglobin. MCV: Mean corpuscular volume; 
Low: Low preoperative MCV (≤ 95.6 fl); High: High preoperative MCV (> 95.6 fl); BMI: Body mass index; RBC: 
Red blood cell; UICC: Union for International Cancer Control. 
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Although TNM stage is the best predictor of  survival 
in cancer patients, OS may differ widely in patients with 
the same TNM stage tumors who receive the same treat-
ment, suggesting that other, as yet undetermined factors 
may affect prognosis. Since preoperative hematologic pa-
rameters have been predictive of  patient prognosis[15,22-25], 
we performed univariate and multivariate analyses of  

between high MCV and male gender may be related to 
the association between macrocytosis and alcohol abuse, 
since overdrinking is much more frequent in males than 
in females[6-8]. Furthermore, MCV tended to be associated 
with pT status (P = 0.051), consistent with findings show-
ing that preoperative MCV may provide a complementary 
advantage in assessing tumor invasiveness[17].
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factors predictive of  OS in patients with ESCC. We 
found that pathological stage, tumor location, preopera-
tive albumin concentration, and preoperative MCV were 
prognostic factors in our patient cohort.

We also found that OS was significantly shorter in 
patients with upper-thoracic cancer than those with 
middle and lower-thoracic esophageal cancer. A study 
of  605 patients with ESCC also found that median OS 
was significantly shorter in patients with upper thoracic 
cancer than in those with middle and lower thoracic tu-
mors (45.9 mo vs 82.2 and 93.8 mo; P < 0.001)[26]. Due 
to their anatomical location, carcinomas of  the upper 
thoracic esophagus often result in early invasion of  adja-
cent structures and extensive lymph node metastasis[27]. 
The prognostic significance of  preoperative albumin 
concentration may be due to it being a sensitive indicator 
of  nutrition, liver function, and metabolic response to 
disease; thus patients with lower albumin concentrations 
may present with poorer physical status, decreasing both 
their response and tolerance to treatment[28,29]. Similar 
findings were reported in patients with adenocarcinoma 
of  the gastric cardia[30].

Although we found that preoperative MCV was 
prognostic in patients with ESCC, there is no evidence 
that MCV has a direct effect on tumor progression or 
patient prognosis. MCV, however, is a marker of  internal 
folate concentration. Folate acts to transfer one-carbon 
moieties, thus playing a central role in DNA synthesis, 
replication, repair, and methylation[31]. Folate deficiency 
leads to aberrant DNA methylation, which has been re-
ported to be a predictor of  clinical outcome in patients 
with esophageal cancer[32]. A recent study of  125 ESCC 
patients who underwent surgical resection showed that 
median OS was significantly longer in patients with high 
than with low/moderate folate intake (4.59 years vs 3.06 
years; P = 0.007)[33]. Similar results were reported in pa-
tients with advanced gastric cancer who were treated with 
chemotherapy[34]. 

Another factor linking MCV with prognosis in ESCC 
is macrocytosis, which may be an indicator of  malnu-
trition, a negative prognostic factor in various human 
cancers[21,35,36]. In addition, crystal osmotic pressure was 
shown to be a major regulator of  red cell volume in in-
ternal environments[37]. Dysphagia, a frequently observed 
symptom in patients with advanced esophageal cancer, 

  Factors Univariate analysis Multivariate analysis

HR (95%CI) P  value1 HR (95%CI) P  value1

  Age, yr 1.007 (0.985-1.029) 0.527
  Gender (male vs female) 0.744 (0.464-1.196) 0.222
  Smoking index (≤ 400 vs > 400) 1.391 (0.940-2.060) 0.099 1.302 (0.874-1.940) 0.194
  BMI, kg/m2 (≤ 20 vs > 20; ≤ 25 vs > 25) 0.878 (0.638-1.207) 0.422
  Preoperative MCV, fl (≤ 95.6 vs > 95.6) 2.495 (1.644-3.787)  < 0.001 2.108 (1.372-3.241) 0.001
  Preoperative RBC, × 1012/L (≤ 4 vs > 4) 0.685 (0.433-1.082) 0.105 0.835 (0.507-1.350) 0.462
  Preoperative albumin, g/L 0.954 (0.919-0.990) 0.012 0.938 (0.900-0.977) 0.002
  pT status (pT1 vs pT2 and pT3) 1.641 (1.147-2.348) 0.007 1.589 (1.084-2.327) 0.018
  pN status (pN0 vs pN1, pN2 and pN3) 1.954 (1.603-2.382)  < 0.001 1.957 (1.602-2.392)  < 0.001
  Histologic grade (G1 vs G2 and G3) 0.961 (0.714-1.293) 0.791
  Tumor location 
  (upper thoracic vs middle thoracic and lower thoracic)

0.798 (0.605-1.051) 0.109 0.692 (0.522-0.916) 0.01

Table 2  Univariate and multivariate Cox regression analysis for overall survival

1Cox proportional hazards model. HR: Hazard ratio; BMI: Body mass index; MCV: Mean corpuscular volume; RBC: 
Red blood cell.

  Variable Case numbers Overall survival (mo)
(mean ± SE)

P  value
Log-Rank test

  All cohort < 0.001
     Low 239 33.7 ± 24.7
     High   59 25.8 ± 24.2
  pT status
     T1-T2    0.075
        Low   75 39.1 ± 27.1
        High   10 27.6 ± 22.7
     T3 < 0.001
        Low 164 31.2 ± 23.2
        High   49 25.4 ± 24.7
  pN status
     N0    0.464
        Low 116 40.0 ± 26.0
        High   22 35.5 ± 28.7
     N1-N3 < 0.001
        Low 123 27.9 ± 22.0
        High   37 20.0 ± 19.2
  Histologic grade
     G1    0.211
        Low   71 32.9 ± 27.6
        High   23 27.4 ± 24.3
     G2-G3 < 0.001
        Low 168 34.1 ± 23.4
        High   36 24.8 ± 24.4
  pTNM stage
     Stage Ⅰ    0.581
        Low 32 37.9 ± 27.1
        High 5 37.6 ± 32.6
     Stage Ⅱ    0.061
        Low 100 39.6 ± 25.4
        High   20 31.1 ± 27.7
     Stage Ⅲ    0.001
        Low 107 27.0 ± 21.6
        High   34 20.9 ± 19.8

Table 3  Comparison of prognosis in specified cohort strati-
fied by preoperative mean corpuscular volume 

Low: Low preoperative mean corpuscular volume (≤ 95.6 fl); High: High 
preoperative mean corpuscular volume (> 95.6 fl).
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restricts intake, thus reducing serum concentrations of  
electrolytes, glucose, and amino acids. This, in turn, may 
decrease crystal osmotic pressure, leading to red cell dila-
tion. Our finding, that preoperative MCV was related to 
pT stage and BMI, was consistent with results suggesting 
that increased MCV was associated with tumor invasive-
ness and nutritional status[3,17]. Thus, taken together, these 
results suggest that preoperative MCV may be a marker 
reflecting internal folate concentration, nutritional status, 
and tumor invasiveness, thus comprehensively predict-
ing prognosis in patients with ESCC. MCV assays are 
also convenient and inexpensive to perform, allowing for 
wide clinical application and suggesting that they may be 
crucial in preoperative assessment.

To further evaluate the prognostic significance of  
preoperative MCV, we performed subgroup analysis in 
patients with ESCC. We found that MCV resulted in the 
stratification of  OS in patients with T3, N1-N3, G2-G3, 
and stage Ⅲ tumors, but not in patients with T1-T2, 
N0, G1, or stage Ⅰ/Ⅱ tumors. These findings, however, 
may be due to the small sample size of  these subgroups. 
Moreover, the relatively good prognosis in patients with 
T1/2, N0, G1, and stage Ⅰ/Ⅱ tumors may mask the sig-
nificance of  preoperative MCV.

This study has limitations and potential biases. Due to 
its retrospective nature, records of  alcohol consumption 
by patients were incomplete and folic acid concentrations 
were not tested in most patients. Furthermore, we could 
not determine whether preoperative MCV was a better 
predictor of  OS than conventional prognostic factors. 
Finally, our small sample size may reflect a selection bias 
to some extent.

In conclusion, in patients with resectable ESCC, OS 
was significantly longer in patients with low (≤ 95.6 fl) 
than high (> 95.6 fl) preoperative MCV. Additional stud-
ies, however, are required to validate our results.
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Abstract
AIM: To assess CD163 expression in plasma and pe-
ripheral blood and analyze its association with disease 
in acute-on-chronic hepatitis B liver failure (ACHBLF) 
patients. 

METHODS: A retrospective study was conducted from 
January 1, 2011 to January 1, 2012. Forty patients 
with ACHBLF (mean age 44.48 ± 12.28 years, range 
18-69 years), 40 patients with chronic hepatitis B (CHB) 
(mean age 39.45 ± 12.22 years, range 21-57 years) 
and 20 age- and sex-matched healthy controls (mean 
age 38.35 ± 11.97 years, range 28-60 years) were in-
cluded in this study. Flow cytometry was used to ana-
lyze the frequency of CD163+ peripheral blood mono-
nuclear cells (PBMCs) and surface protein expression 
of CD163. Real-time transcription-polymerase chain re-

action was performed to assess relative CD163 mRNA 
levels in PBMCs. Plasma soluble CD163 (sCD163) levels 
were measured by enzyme-linked immunosorbent as-
say. Clinical variables were also recorded. Comparisons 
between groups were analyzed by Kruskal-Wallis H  test 
and Mann-Whitney U  test. Statistical analyses were 
performed using SPSS 15.0 software and a P  value < 
0.05 was considered statistically significant. 

RESULTS: Flow cytometry showed that the population 
of CD163+ PBMCs was significantly greater in ACHBLF 
patients than in CHB patients and healthy controls 
(47.9645% ± 17.1542%, 32.0975% ± 11.0215% vs  
17.9460% ± 6.3618%, P  < 0.0001). However, there 
were no significant differences in mean fluorescence 
intensity of CD163+ PBMCs within the three groups 
(27.4975 ± 11.3731, 25.8140 ± 10.0649 vs  20.5050 ± 
6.2437, P  = 0.0514). CD163 mRNA expression in ACH-
BLF patients was significantly increased compared with 
CHB patients and healthy controls (1.41 × 10-2 ± 2.18 
× 10-2, 5.10 × 10-3 ± 3.61 × 10-3 vs  37.0 × 10-4 ± 3.55 
× 10-4, P  = 0.02). Plasma sCD163 levels in patients 
with ACHBLF were significantly increased compared 
with CHB patients and healthy controls (4706.2175 ± 
1681.1096 ng/mL, 1089.7160 ± 736.8395 ng/mL vs  
435.9562 ± 440.8329 ng/mL, P  < 0.0001). In ACHBLF 
patients, plasma sCD163 levels were significantly posi-
tively associated with model for end-stage liver disease 
scores (r  = 0.5075, P  = 0.008), hepatitis B virus-DNA (r  
= 0.6827, P  < 0.0001), and negatively associated with 
prothrombin activity (r  = -0.3348, P  = 0.0347), but 
had no correlation with total bilirubin (r  = 0.2551, P  = 
0.1122). Furthermore, sCD163 was obviously elevated 
in non-surviving patients compared with surviving pa-
tients with ACHBLF (5344.9080 ± 1589.5199 ng/mL vs  
3641.7333 ± 1264.5228 ng/mL, P  = 0.0321).

CONCLUSION: CD163 and sCD163 may be related to 
disease severity and prognosis in ACHBLF patients.

© 2013 Baishideng. All rights reserved.
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Core tip: This study included three groups, acute-on-
chronic hepatitis B liver failure (ACHBLF) patients, 
chronic hepatitis B (CHB) patients and healthy controls. 
Flow cytometry was used to analyze the frequency of 
CD163+ peripheral blood mononuclear cells (PBMCs) 
and surface protein expression of CD163. Real-time 
transcription-polymerase chain reaction was performed 
to assess relative CD163 mRNA levels in PBMCs. The 
population of CD163+ PBMCs was significantly larger 
in ACHBLF patients than in CHB patients and healthy 
controls. CD163 mRNA expression in ACHBLF patients 
was significantly increased compared with healthy 
controls. Plasma soluble CD163 (sCD163) levels were 
markedly increased and correlated with disease se-
verity and prognosis in ACHBLF patients. CD163 and 
sCD163 may be useful biomarkers for ACHBLF.

Ye H, Wang LY, Zhao J, Wang K. Increased CD163 expression is 
associated with acute-on-chronic hepatitis B liver failure. World 
J Gastroenterol 2013; 19(18): 2818-2825  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i18/2818.htm  DOI: 
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INTRODUCTION
Hepatitis B virus (HBV) infection is a major health prob-
lem worldwide. It is thought to be one of  the main causes 
of  liver-related chronic and acute diseases[1]. With severe 
acute exacerbation of  the disease, some chronic hepatitis 
B (CHB) patients may progress to liver failure. We define 
this progression as acute-on-chronic hepatitis B liver fail-
ure (ACHBLF), and constitutes about 70% of  all acute-
on-chronic liver failure in areas with a high incidence of  
hepatitis B[2]. ACHBLF has an extremely poor prognosis 
due to a lack of  understanding of  its pathogenesis. Cur-
rently, clinical observations have shown that ACHBLF 
may be related to strong immune responses. Therefore, 
it is important to fully understand the course of  the im-
mune pathogenesis of  ACHBLF. If  we can identify effi-
cient markers which predict disease progression, this may 
be of  great help in the treatment of  ACHBLF[3] .

Innate immune cells such as macrophages can be ac-
tivated by acute and chronic inflammation and produce 
various cytokines. These immunological cytokines induce 
and cause liver tissue injury. Activated macrophages play 
important roles in the production of  these immune cyto-
kines. Monocytes and macrophages can be activated into 
M1 and M2 subpopulations in response to different envi-
ronmental signals which are mainly derived from inflam-
matory diseases. Those of  the M2 subpopulation inhibit 
the inflammatory state[4-6].

CD163 is a member of  a scavenger receptor fam-
ily and is expressed mainly on activated macrophages. 

It is a specific M2 macrophage marker. Soluble CD163 
(sCD163) emerges from the shedding of  CD163 from 
the cell surface in the plasma[6-9]. It is now evident that 
sCD163 and CD163 are very useful as biomarkers of  
macrophage activation in various inflammatory diseases. 
It is strongly indicated that CD163 and sCD163 may be 
involved in the pathogenesis of  liver failure. However, 
the exact expression of  CD163 and sCD163 in ACHBLF 
patients has not been fully elucidated[10,11].

This study aimed to evaluate peripheral blood CD163 
and plasma sCD163 expression in macrophages from pa-
tients with ACHBLF. 

MATERIALS AND METHODS
Patients
Forty patients with ACHBLF, 40 patients with CHB and 
20 healthy controls from Qilu Hospital of  Shandong 
University, were included in this retrospectively study.

Blood samples collected from January 2011 to January 
2012 at the Department of  Hepatology, Qilu Hospital 
of  Shandong University, were separated into plasma and 
stored at -70 ℃ until use. 

Patients with CHB had more than twice the normal 
alanine aminotransferase level. All groups were matched 
for sex and age. ACHBLF patients had a history of  
CHB, with plasma total bilirubin (TBIL ≥ 85 μmol/L), 
prothrombin activity (PTA) < 40%, and complications 
such as hepatic encephalopathy (no less than grade Ⅱ), 
ascites or hepato-renal syndrome. According to the Asian 
Pacific Association for the Study of  the Liver guideline, 
all ACHBLF patients received inpatient treatment. We 
excluded patients who underwent liver transplantation, 
had hepatocellular carcinoma or other metastatic liver 
tumors or who had received immunotherapy or anti-viral 
treatment within 6 mo. Patients with a history of  alcohol 
abuse, intravenous drug abuse, pregnancy, concomitant 
chronic hepatitis C, human immune deficiency virus 
infection or autoimmune hepatitis were also excluded. 
Hepatitis B surface antigen in healthy controls (n = 20) 
(age-, sex- and race-matched) was negative. Experiments 
and procedures were conducted with the guidance of  
the Helsinki Declaration of  1975[12]. The study was ap-
proved by the local Ethical Committee of  Qilu Hospital 
of  Shandong University. Prior to the collection of  blood, 
informed consent was obtained from each patient. The 
characteristics of  the enrolled subjects are summarized in 
Table 1.

RNA extraction and real-time reverse-transcriptase 
polymerase chain reaction 
Six milliliters of  peripheral venous blood were collected 
from each subject and Ficoll-Paque Plus (GE Healthcare, 
Uppsala, Sweden) was used for isolation of  PBMCs. Total 
RNA in PBMCs was extracted using Trizol (Invitrogen, 
Carlsbad, CA, United States) according to the manu-
facturer’s instructions. Two micrograms of  total RNA 
were converted into cDNAs using the RevertAid™ First 
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Strand cDNA Synthesis Kit (Fermentas, Lithuania) and 
real-time polymerase chain reaction (RT-PCR) was carried 
out on a Lightcycler (Roche Diagnostics, Germany). RT-
PCR amplification mixtures (20 μL) contained 75 ng tem-
plate cDNA, 10 μL 2 9 SYBR@ Premix Ex Taq™ (Takara, 
Japan) and 200 nmol/L forward and reverse primer. The 
real-time PCR reaction was performed as follows: the ini-
tial step was 95 ℃ for 30 s, followed by 40 cycles at 95 ℃ 
for 5 s, 60 ℃ for 30 s and 72 ℃ for 30 s. β-actin was used 
as the endogenous control for the normalization of  RNA 
quantity and quality differences in all samples. 

The primers were as follows: CD163 forward 
5’-TCTGGCTTGACAGCGTTTC-3’; CD163 reverse 
5’-TGTGTTTGTTGCCTGGATT-3’; β-actin forward 
5’-CGGGAAATCGTGCGTGACATT-3’; β-actin reverse 
5’-GGAGTTGAAGGTAGTTTCGTGG-3’ (Fermentas, 
Lithuania). Gene specific amplifications were demonstrat-
ed with melting curve data and gel-migration analyses.

Flow cytometric analysis
Freshly drawn peripheral whole blood samples of  200 μL 
were stained with isotype-matched control antibody or 
a relevant antibody (CD14, CD163) for 30 min at room 
temperature in the dark. Anti-human CD163 PE, anti-
human CD14 APC and isotype-matched control antibody 
were purchased from eBioscience (San Diego, CA, Unit-
ed States). Following incubation, erythrocytes were lysed 
with RBC lysis buffer (Whole Blood Lysing Kit, R and 
D Systems, United States). Finally, the cells were washed 
three times, resuspended in 500 μL of  PBS containing 
0.5% formaldehyde, and analyzed using a FACS Calibur 
(BD Bioscience, PharMingen). The samples were ana-
lyzed with a Becton-Dickinson FACS Calibur machine. 
Separate gates were established for the macrophages. The 
amount of  CD163 in peripheral blood was assessed using 
flow cytometry (Coulter counter)[13-15] (Figure 1).

Determination of plasma levels of sCD163 
SCD163 was determined by enzyme-linked immunosor-
bent assay (ELISA) according to the manufacturer’s in-
structions (R and D, Minneapolis, MN, United States). All 

samples were analyzed in duplicate following the manu-
facturer’s protocol. The sensitivity of  the assay was 0.1 
ng/mL, and the intra-assay and inter-assay coefficients of  
variation were less than 3% and 6%, respectively.

Clinical and laboratory parameters
Measurement of  liver function tests: TBIL and hemato-
logical tests including PTA were performed using stan-
dard methods in a clinical setting. Hepatitis B markers 
were tested using a commercially available radioimmuno-
assay (Abbott). The level of  HBV DNA was quantified 
using a DNA assay (sensitivity > 500 copies/mL). Model 
for end-stage liver disease (MELD) scores were calculat-
ed according to the Malinchoc formula: r = 9.57 × loge 
[creatinine (mg/dL)] + 3.78 × loge [bilirubin (mg/dL)] + 
11.2 × loge (INR) + 6.43 × (etiology: 0 if  cholestatic or 
alcoholic, 1 otherwise)[16,17].

Statistical analysis
Statistical analysis were performed using SPSS 15.0 soft-
ware (SPSS Inc., Chicago, IL, United States). Compari-
sons between groups were analyzed by Kruskal-Wallis 
H test and Mann-Whitney U test. The Spearman rank 
correlation test was used for correlation analysis. All sta-
tistical analysis were two-sided, and a P value < 0.05 was 
considered statistically significant.

RESULTS
Frequency of circulating CD163+ PBMCs and mean 
fluorescence intensity
We determined the frequency of  CD163+ PBMCs using 
flow cytometry and found that in ACHBLF patients, the 
frequency was markedly higher than that in the healthy 
control group and CHB patients, respectively (Figure 
2A). There was a significant difference in the frequency 
of  CD163+ PBMCs within the three groups (47.9645% 
± 17.1542%, 32.0975% ± 11.0215% vs 17.9460% ± 
6.3618%, P < 0.0001). We also evaluated the average 
mean fluorescence intensity (MFI) of  CD163+ PBMCs 
using flow cytometric analysis. However, there were no 
significant differences in MFI in CD163 + PBMCs within 
the three groups (27.4975 ± 11.3731, 25.8140 ± 10.0649 
vs 20.5050 ± 6.2437, P = 0.0514) (Figure 2B).

Plasma levels of sCD163 in ACHBLF patients
We evaluated the plasma levels of  sCD163 by ELISA. 
The results showed that the levels of  sCD163 in ACH-
BLF patients were markedly higher than those in CHB 
patients and the healthy control group. Significant differ-
ences in plasma sCD163 were found within ACHBLF 
patients, CHB patients and healthy controls (4706.2175 
± 1681.1096 ng/mL, 1089.7160 ± 736.8395 ng/mL vs 
435.9562 ± 440.8329 ng/mL, P < 0.0001 ) (Figure 2C).

Increased mRNA expression of CD163 in PBMCs from 
ACHBLF patients 
We also determined the mRNA level of  CD163 in PBMCs 

2820 May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

  Patients ACHBLF CHB Healthy control
  Cases   40 40    20
  Age, yr   44.48 ± 12.28 39.45 ± 12.22    38.35 ± 11.97
  Sex (male/female)        23/17      26/14         12/8
  HBeAg (+)/HBeAg (-)        19/21      28/12 NA
  PTA, %   45.36 ± 25.14 98.70 ± 17.56 108.00 ± 13.56
  TBIL, μmol/L 322.08 ± 166.00 33.39 ± 66.35    18.65 ± 6.55
  HBV DNA, log10copies/mL 322.08 ± 166.00   3.20 ± 1.44 NA
  Encephalopathy grade Ⅲ/Ⅳ   12.12%   0%      0%
  Ascites   30.30%   0%      0%
  Mortality   62.5%   0%      0%

Table 1  Baseline characteristics of the subjects enrolled in 
the present study

ACHBLF: Acute-on-chronic hepatitis B liver failure; CHB: Chronic hepati-
tis B; HBeAg: Hepatitis B e antigen; PTA: Prothrombin activity; TBIL: Total 
bilirubin; HBV: Hepatitis B virus; NA: Not available.
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survivors after 3 mo of  follow up. The plasma levels of  
sCD163 were increased in non-survivors compared with 
survivors (5344.9080 ± 1589.5199 ng/mL vs 3641.7333 ± 
1264.5228 ng/mL, P = 0.0321) (Figure 3E).

DISCUSSION
Although sCD163 is thought to play an important role in 
the pathogenesis of  liver failure, this is the first study on 
the frequency of  CD163+ PBMCs and CD163 mRNA 
level in ACHBLF patients[18,19]. Increased plasma sCD163 
levels were correlated with disease severity in ACHBLF 
patients. These results strongly suggest that the role of  
CD163 in the immune response might affect the progno-
sis of  ACHBLF. 

CD163 is a scavenger receptor, and its expression has 
been proved to be associated with inhibition of  inflamma-
tion. Furthermore, during the innate immune response, 
CD163 plays an important role in the host defense against 
inflammation[5,20,21]. The soluble form of  CD163 is also a 
biomarker associated with inflammation[18]. In the pres-
ent study, we first found that the frequency of  CD163+ 
PBMCs and CD163 mRNA expression in PBMCs were 
dramatically increased in ACHBLF patients compared with 
healthy controls. These results could be interpreted to-
gether with previous reports to suggest that CD163 might 

using RT-PCR. No significant differences in the mRNA 
level of  CD163 were found within the three groups (1.41 
× 10-2 ± 2.18 × 10-2, 5.10 × 10-3 ± 3.61 × 10-3 vs 37.0 ×
10-4 ± 3.55 × 10-4, P = 0.02). The mRNA levels of  CD163 
in ACHBLF patients and CHB patients were significantly 
higher than those in healthy controls. No significant differ-
ence in the mRNA level of  CD163 was observed in ACH-
BLF and CHB patients (P > 0.05) (Figure 2D).

Increased plasma sCD163 levels in patients with 
ACHBLF
To determine whether the increase in plasma levels of  
sCD163 correlated with liver injury, we analyzed the plas-
ma levels of  sCD163 in ACHBLF patients with clinical 
and laboratory parameters which indicated liver function 
or DNA replication in ACHBLF. The results showed that 
plasma levels of  sCD163 were positively correlated with 
MELD score (r = 0.5075, P = 0.008), plasma HBV-DNA 
levels (r = 0.6827, P < 0.0001) and negatively correlated 
with PTA (r = -0.3348, P = 0.0347), but had no correla-
tion with TBIL (r = 0.2551, P = 0.1122) (Figure 3A-D).

Plasma levels of sCD163 influence disease progression 
in ACHBLF patients
ACHBLF patients were grouped into survivors and non-
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have a key position in the immunolesion of  ACHBLF.
There were no significant differences in MFI of  

CD163+ PBMCs within the three groups. This result is 
very interesting. From previous literature, which mainly 
included randomly selected patients, CD163 was inversely 
correlated with sCD163 plasma levels[22]. Lipopolysaccha-
ride and other pro-inflammatory cytokines induce shed-
ding of  CD163 from the surface of  isolated monocytes. 
During infection, the expression of  monocyte surface 
CD163 decreases. In contrast, some studies have shown 
that with chronic and acute inflammation, the expression 
of  surface CD163 increased. Through CD163 shedding, 
decreased surface CD163 was followed by recovery and 
induction of  surface CD163 to higher levels[23-25]. We 
speculate that surface CD163 expression might vary ac-
cording to different inflammatory states in patients and 
different stages of  inflammation. More research is needed 
to confirm this. 

In this study, we observed that peripheral mRNA lev-
els of  CD163 in ACHBLF patients were high and there 
was a significant difference between the three groups, 
however, mRNA levels of  CD163 in ACHBLF patients 
were not significantly different to those in CHB patients. 
During inflammation, we speculate that plasma sCD163 

levels might increase dramatically, but mRNA levels in-
crease slowly[26-28].

In the present study, we found that plasma sCD163 
levels were significantly increased in patients with ACH-
BLF compared to CHB patients and healthy controls. 
Plasma sCD163 levels were positively associated with 
HBV DNA levels, MELD scores and were negatively 
correlated with PTA. In addition, there were no asso-
ciations with TBIL. It was demonstrated that plasma 
sCD163 correlated with the severity of  ACHBLF[29-31].

The MELD scoring system is widely accepted and is 
used to predict prognosis in patients with liver failure. We 
chose the MELD scoring system to evaluate the progno-
sis of  ACHBLF patients over a three month period. The 
results strongly indicated the potential role of  plasma 
sCD163 levels in forecasting the prognosis of  ACHBLF 
patients. Furthermore, plasma sCD163 levels were obvi-
ously elevated in ACHBLF patients who did not survive 
compared with surviving ACHBLF patients[16,17]. 

We found significant associations between plasma 
sCD163 levels and HBV DNA in ACHBLF patients. 
These results indicate that HBV may contribute to the 
aggravated macrophage immune response besides activa-
tion of  HBV[32,33]. HBV might play a key role in promot-
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ing disease progression during host immune responses 
caused by the infection in ACHBLF patients. The exact 
role of  HBV in CD163 immune response requires fur-
ther clarification[34-36]. 

The present study has limitations, and it would be 
very interesting to determine the dynamic and histologic 
expression of  CD163 in a future study. 

In conclusion, our study demonstrated three major 
findings. First, the population of  CD163+ PBMCs was 
significantly greater in ACHBLF patients than in CHB 
patients and healthy controls. Second, CD163 mRNA ex-
pression in ACHBLF patients was significantly increased 
compared with CHB patients and healthy controls. Third, 
plasma sCD163 levels were markedly increased and cor-
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related with disease severity and prognosis in ACHBLF 
patients. Our findings indicate that CD163 and sCD163 
may serve as useful biomarkers and new therapeutic tar-
gets for ACHBLF.
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Abstract
Right portal vein ligation (PVL) is a safe and widespread 
procedure to induce controlateral liver hypertrophy for 
the treatment of bilobar colorectal liver metastases. We 
report a case of a 60-year-old man treated by both right 
PVL and ligation of the glissonian branches of segment 
4 for colorectal liver metastases surrounding the right 
and median hepatic veins. After surgery, the patient 
developed massive hepatic necrosis with secondary pul-
monary and renal insufficiency requiring transfer to the 
intensive care unit. This so-called toxic liver syndrome 
finally regressed after hemofiltration and positive oxy-
gen therapy. Diagnosis of acute congestion of the ligat-
ed lobe was suspected. The mechanism suspected was 
an increase in arterial inflow secondary to portal vein 

ligation concomitant with a decrease in venous outflow 
due to liver metastases encircling the right and median 
hepatic vein. This is the first documented case of toxic 
liver syndrome in a non-cirrhotic patient with favorable 
issue, and a rare complication of PVL.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Portal vein embolization (PVL) was first used by Makuu-
chi et al[1] to induce liver hypertrophy before major 
hepatectomy in biliary cancers. The technique was then 
applied to hepatocellular carcinoma and colorectal liver 
metastases (CRLM) to decrease postoperative morbidity 
and mortality[2,3]. PVL and portal vein embolization (PVE) 
are generally safe with few side effects in non-cirrhotic 
patients[4]. Suppression of  the right portal flow causes 
atrophy of  the right lobe, and induces the production of  
various growth factors and proinflammatory cytokines 
that prepare hepatocytes for growth (for review, see[5]). 
Whereas arterial ischemia can induce massive liver necro-
sis, the suppression of  portal flow leads to progressive 
apoptosis with minor consequences for liver function[6], 
owing mainly to a compensatory increase in arterial blood 
flow in the deprived lobe, a phenomenon called “hepatic 
arterial buffer response (HABR)”[7]. Here we report a 
case of  massive hepatic necrosis of  both the right lobe 
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and segment 4 after PVL in a patient treated for CRLM, 
with secondary cardiac, pulmonary and renal insufficiency 
due to toxic liver syndrome.

CASE REPORT
A 60-year-old man was referred to our tertiary center for 
treatment of  metachronous bilobar colorectal liver me-
tastases. He had no medical history. Two years before he 
had undergone right colectomy for stage Ⅱ colon cancer 
with no adjuvant anticancer therapy. During oncologic 
follow-up, three CRLM were detected by multidetector 
computed tomography scan: two in the right lobe, and 
one large one encircling the right and middle hepatic 
veins and displacing the left hepatic vein (Figure 1). 
Neoadjuvant chemotherapy (six courses of  FOLFOX 
with cetuximab) was administered, with control imag-
ing showing objective response according to RECIST 
criteria[8]. Radical resection required right hepatectomy 
enlarged to segment 4 (right trisectionectomy accord-
ing to the Brisbane terminology[9]). To improve left lobe 
hypertrophy, we decided to perform a two-stage surgical 
procedure: first, right PVL with ligation of  the glissonian 
branches of  segment 4, and assessment of  resectability 
using intraoperative liver ultrasonography (US) followed 
by right trisectionectomy. At first stage laparotomy, the 
liver was normal with no sign of  chemotherapy-related 
injury. CRLM were confined to the right lobe and did not 
involve the left hepatic vein. A right PVL was performed 
with ligation of  the glissonian branches of  segment 4.

The immediate postoperative course was marked by 
a massive peak of  transaminase and moderate liver insuf-
ficiency (Figure 2). The patient developed pulmonary and 
renal insufficiency with oligoanuria necessitating transfer 
to the intensive care unit (ICU) for non-invasive positive 
pressure ventilation and hemofiltration. US of  the hepatic 
pedicle did not show any vascular thrombosis. Multide-
tector computed tomography (MD-CT) performed at 
postoperative day (POD) 2 showed massive hepatic ne-
crosis of  segment 4 and of  a large part of  the right hemi-

liver, hypertrophy of  the left lobe and ascites (Figure 3). 
Renal biopsy revealed acute tubular necrosis without any 
particularity (Figure 4). Liver biopsy was not performed 
because of  relative liver insufficiency and ascites. The level 
of  transaminases started to decrease progressively from 
POD 2, and hemofiltration was stopped after recovery 
of  renal function at POD 12. Finally, the patient was dis-
charged from ICU at POD 15. A liver abscess developed 
in segment 8 near the necrotic area. Percutaneous drain-
age showed infected collection without biliary leak, with 
favorable outcome after appropriate antibiotic treatment. 
The patient was discharged from hospital after 52 d.

DISCUSSION
Portal vein occlusion by ligation or embolization is a 
safe procedure widely used to induce liver hypertrophy 
of  the future remnant liver before major liver resection. 
The mortality of  this procedure is these procedures nil 
and major morbidity is about 1%[6]. In the event of  post-
procedure symptoms, which occur in more than 50% of  
patients, transaminase levels peak at a level less than three 
times baseline 1 to 3 d after embolization and return to 
baseline in 7-10 d[10]. Fever and post-embolization syn-
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Figure 1  Preoperative multidetector computed tomograph at portal 
venous phase showing a large metastasis (arrowheads) encircling the 
confluence of the right hepatic vein and middle hepatic vein, without any 
thrombosis, and displacing the end of the left hepatic vein (asterisk). RHV: 
Right hepatic vein; MHV: Middle hepatic vein; LHV: Left hepatic vein.

MHV
LHV

RHV

*

Figure 2  Postoperative blood tests. A: Transaminases increased from 
postoperative day 1, reached a peak at postoperative day 3, then returned 
to normal value on postoperative day 7. Serum creatinin started to increase 
after the peak of transaminases, as observed in the toxic liver syndrome, and 
decreased after hemofiltration; B: Platelets decreased regularly as from the first 
postoperative day. Total bilirubin increased from the first postoperative day and 
reached a plateau around 100 μmol/L. Prothrombin time fell rapidly to 47% at 
postoperative day 1 and thereafter increased progressively. ASAT: Aspartate 
amino transferase; ALAT: Alanine amino transferase.
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drome, which are frequently observed after trans-arterial 
chemoembolization, are rare in PVE or PVL. Markers of  
liver insufficiency (bilirubin, prothombin time) are usually 
not affected. Hepatic necrosis of  the ligated lobe has nev-
er been reported as a major complication[4]. Despite hav-
ing different courses within the liver, arterial and portal 
blood flow drain in a common terminal hepatic veinule[11]. 
Thus, occlusion of  a branch of  the portal vein induces 
an ipsilateral HABR that guarantees rapid normalization 
of  overall blood flow in the ligated lobe[12]. Flow in the 
hepatic artery of  the ligated lobe increases by more than 
3-fold for this compensatory effect and is usually well 
tolerated as venous outflow can absorb the overflow[13]. 
Hepatic necrosis involves the interruption of  hepatic 
arterial flow with secondary damage due to liver hypox-
emia. Interestingly, portal arterialization by arterioportal 
shunting restores normal oxygen supply within the liver 
and can prevent liver necrosis[14]. Hence, hypoxemia is 
the main cause of  liver necrosis and explains why portal 
vein obstruction alone cannot induce hepatic necrosis. In 
contrast, impairment of  venous outflow following com-
pression by liver tumors may be very deleterious in this 
situation. Studies on venous drainage of  right lobe grafts 
in living donor liver transplantation have demonstrated 
that non reconstruction of  the middle hepatic vein can 
lead to congestion of  the anterior sector, with possible 
severe liver dysfunction[15,16]. In such cases, assessment 
of  hepatic tissue oxygenation using near-infrared spec-
trometry has confirmed congestion with hypoxemia of  
the anterior sector[17]. As a consequence, portal veins can 
become the draining veins to ensure adequate venous 
outflow, via a mechanism of  regurgitation[18]. Finally, it 
can be speculated that compression of  the right and me-
dian hepatic veins by liver metastases silently reduced the 
flow in these veins, with partial recovery of  liver outflow 
through the portal system. PVL in this condition could 
have induced acute congestion with secondary necrosis 
of  the right liver. Congestion was probably worsened by 
increased hepatic arterial inflow due to hepatic arterial 
buffer response secondary to PVL.

Acute congestion probably led to massive hepatic ne-

crosis of  the right lobe with partial liver insufficiency. In 
our patient, massive hepatic necrosis caused renal, cardiac 
and respiratory dysfunction. This so-called “toxic liver 
syndrome (TLS)” was first described by Ringe et al[19] in 
fulminant hepatic failure. Definition is based on complete 
liver necrosis associated with cardiovascular shock, renal, 
and possibly respiratory failure requiring vasopressor 
support, hemodialysis, and mechanical ventilation[19]. The 
pathophysiology is still unclear but seems to involve toxic 
metabolites released from the necrotic liver, such as cyto-
kines or cardiosuppressive factors, known to play a role 
in cardiac and pulmonary instability after liver ischemia-
reperfusion syndrome[20,21]. Furthermore, intra-abdominal 
hypertension related to an increase in the volume of  the 
intra-abdominal organs and ascites can impair cardiac pre-
load by reduced venous return and pulmonary function 
and by limitation of  abdominal wall expansion[22]. TLS is 
invariably fatal, and all the studies on the topic have been 
published in the setting of  two-stage liver transplanta-
tion[19,23-26]. To the best of  our knowledge, there are no 
documented cases of  reversible TLS. The syndrome usu-
ally develops following graft failure or acute rejection in 
liver transplantation, but can also have traumatic, toxic 
or postoperative causes[19]. Spontaneous evolution of  
TLS is fatal mainly because of  its association with liver 
failure[19]. One approach is wo-stage liver transplantation, 
which consists in (1) removing the necrotic liver to avoid 
toxic syndrome and stabilize the patient; and (2) restoring 
hepatic function with transplantation[27]. In our case, the 
patient did not develop fatal complications, for at least 
two reasons. First, only a part of  the liver was involved 
by necrosis so that TLS was comparatively moderate. 
Second, the remnant liver spared by necrosis was neither 
cirrhotic nor fibrotic and was able to ensure sufficient 
hepatic function to minimize liver insufficiency, as dem-
onstrated by the rapid hypertrophy visualized on MD-
CT. Taken together, these two factors may have limited 
the consequences of  TLS and directly contributed to the 
patient’s favorable clinical evolution.

Portal vein ligation must be avoided when impaired 
venous return is suspected. There is the risk of  massive 
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Figure 3  Postoperative day 2 non-enhanced multidetector computed 
tomograph scan. Massive hepatic necrosis of the medial segment of the left 
lobe (segment 4, white arrowhead) and of a large part of the right lobe (black 
arrowhead) are shown, with remarkable hypertrophy of the lateral segments of 
the left lobe (red zone). Note also ascites (asterisk).

Figure 4  Renal biopsy showing acute tubular necrosis: Tubules dilated 
with sometimes a low-lying epithelium and pleomorphic nuclei. The brush 
border of the proximal tubular cells is missing. The lumen of some tubules 
contains rare tubular cell necrosis (white arrows). There is a diffuse interstitial 
edema (Masson’s trichrome, ×40). 
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Abstract
The differential diagnosis of acute abdomen is typi-
cally extremely broad in range, with vasculitis posing 
a rare but potentially life-threatening cause of acute 
abdomen. Here, we report a case of acute abdomen 
with bowel wall thickening limited to jejunum, accom-
panied by unexplained renal dysfunction. Later, the 
patient was diagnosed as having polyarteritis nodosa 
based on surgically resected jejunal necrosis. Despite 
aggressive treatment, including the use of steroid 
pulse therapy and continuous hemodiafiltration, the 
patient died. Although polyarteritis nodosa is extremely 
rare in patients with acute abdomen, acute abdomen 
is relatively common manifestation of that. And it is 
reported that involvement of small intestine suggests 
poorer prognosis. Our case highlights the importance 
of vasculitis as a differential diagnosis of patients with 
atypical acute abdomen. In this report, we not only 

review possible clues that might have led to an earlier 
diagnosis in this case, but also attempt to draw some 
lessons for treating similar cases in the future.

© 2013 Baishideng. All rights reserved.

Key words: Acute abdomen; Polyarteritis nodosa; Jeju-
nal necrosis

Core tip: Our case shows the importance of vasculitis, 
including polyarteritis nodosa, as a differential diagno-
sis in case of acute abdomen. Here we provide compre-
hensive review of gastrointestinal organ involvement in 
Polyarteritis nodosa, and concluded that gastrointesti-
nal lesions, especially small intestinal lesion, is relatively 
common manifestation and that suggests high mortal-
ity. Then we draw two findings, bowel wall thickening 
limited to jejunum and unexplained renal dysfunction, 
as possible clues that might led us to earlier diagnosis 
in this case. Additionally, we discuss possible relation-
ship between pathophysiology of intestinal ischemia 
and radiological findings. 
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INTRODUCTION
Polyarteritis nodosa is a systemic vasculitis affecting me-
dium- and small-sized arteries[1,2]. The affected sites can 
include the kidneys, gastrointestinal tract, heart, periph-
eral and central nervous system, and skin. Accurately 
diagnosing the disease is difficult because there are no 
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known markers, making biopsy a mandatory procedure. 
Here we report the case of  a patient with acute abdomen 
diagnosed as polyarteritis nodosa based on surgically re-
sected jejunal necrosis.

CASE REPORT
A 70-year-old female with a history of  diabetes mellitus, 
hypertension, and gallbladder stone visited the emergency 
department at our institution complaining of  severe ab-
dominal pain. Upon examination, she appeared slightly 
distressed; her temperature was 36.6  ℃, blood pressure 
153/101 mmHg, pulse 100 beats/min, and oxygen satu-
ration 98% on room air. Epigastric tenderness without 
rebound or guarding tenderness, and pitting edema of  all 
extremities were noted. The laboratory findings were re-
markable for elevated white blood cell count (20650/µL), 
C-reactive protein (8.62 mg/dL), and impaired renal 
function (BUN 70.2 mg/dL, creatinine 2.63 mg/dL). 
Urinalysis showed 1+ protein and 2+ occult blood. Al-
though her platelet count had fallen to 8.6 × 104/µL, 
coagulation tests were normal. Serologies for hepatitis B 
virus, hepatitis C virus, anti-nuclear antibodies, cytoplas-
mic-Anti-Neutrophil Cytoplasmic Antibodies (ANCA), 
and perinuclear-ANCA were also negative. Abdominal 
computed tomography (CT) without contrast showed 
bowel wall thickening almost limited to jejunum, a stone at 
the neck of  gallbladder, and a moderate amount of  ascites 
surrounding the liver and the Douglas’s pouch (Figure 1). 
Based on these findings, the patient was admitted to our 
institution with a diagnosis of  acute abdomen, and intra-
venous sulbactam/cefoperazone was started.

Although her abdominal pain improved spontaneously 
after admission, her response to the antibiotic was mini-
mal and her inflammatory reaction remained high. On day 
6 following admission, the patient complained of  severe 
abdominal pain. An emergent CT showed deterioration 
of  the edema in the jejunum and the ascites (Figure 1). 
Although her antibiotic regimen was switched to imipe-
nem/cilastatin, no improvement was observed. In light 
of  these findings, an emergent laparotomy was carried 
out with tentative diagnoses including a serious intestinal 
infection refractory to antibiotics, a thrombosis or oc-
clusion of  the mesenteric vasculatures, and an intestinal 
lymphoma. Laparotomy findings included hemorrhagic 
ascites measuring more than 2000 mL, and a swollen, 
dark red jejunum. Twenty centimeters of  the jejunum 
was resected, and an end-to-end anastomosis was con-
ducted. The pathology was consistent with a diagnosis of  
polyarteritis nodosa (Figure 2). The pathological finding 
of  a post-surgical skin lesion on her forearm was also 
consistent with the diagnosis.

On day 17 following admission, steroid pulse therapy 
(methylprednisolone 1000 mg/d for 3 d) was prescribed, 
followed by a maintenance dose of  steroids (60 mg/d for 
8 d). Although her inflammatory reaction and renal func-
tion initially improved, the patient suffered a relapse of  
disease activity and her general status deteriorated despite 

continuous hemodiafiltration and extensive use of  anti-
biotics including ceftriaxone and ceftazidime. On day 32 
following admission, an acute onset of  left hemiparesis 
was observed, with normal head CT findings (Figure 3). 
At midnight of  the same day, sudden respiratory arrest 
occurred. Although cardiopulmonary resuscitation was 
performed immediately after arrest, the patient died. An 
autopsy was not performed. The clinical course is sum-
marized in Figure 4.

DISCUSSION
Polyarteritis nodosa is a type of  vasculitis affecting me-
dium- and small-sized arteries. Epidemiologic studies of  
polyarteritis nodosa have generally been difficult to inter-
pret because they have typically included patients with mi-
croscopic polyarteritis and other possible diseases as well. 
Recent studies, however, have estimated the prevalence per 
one million adults to be approximately 30 in France and 
Sweden[3,4]. Possible symptoms of  polyarteritis nodosa in-
clude weight loss, livedo reticularis, testicular pain, myalgias 
or muscle weakness, mono- or polyneuropathy, hyperten-
sion, and renal dysfunction[1]. Unfortunately, no definitive 
diagnostic marker has ever been identified, and diagnosis 
is most often confirmed by biopsy. The prognosis of  
polyarteritis nodosa depends on the existence of  serious 
organ involvement; in this regard, Guillevin et al[5] have es-
tablished 5 risk factors leading to higher rates of  mortality. 
These include proteinuria > 1 g/d [relative risk (RR) for 
death was 3.6], renal insufficiency with serum creatinine > 
1.58 mg/dL (RR = 1.86), gastrointestinal tract surgery (RR 
= 2.83), cardiomyopathy (RR = 2.18), and central nervous 
system involvement (RR = 1.76). When none of  the 5 
prognostic factors is present, the mortality rate at 5 years 
is 11.9%. However, when more than 3 factors are present, 
the mortality rate is as high as 45.95%.

Although polyarteritis nodosa is extremely rare in 
patients with an acute abdomen, acute abdomen is a 
relatively common manifestation of  polyarteritis nodosa. 
Levine et al[6] reported that 24 of  the 54 cases (44%) 
they reviewed involved gastrointestinal lesions, and 13 
required surgical intervention. Of  the 24 cases presenting 
a gastrointestinal lesion, the mortality rate proved higher 
in the group requiring surgery (3/13, 23%) compared 
to the group that received more conservative treatment 
(1/11, 9%). The small intestine was reported to be in-
volved in 3 of  the 9 cases with polyarteritis nodosa that 
required abdominal surgery, 2 of  the 3 patients died in 
such cases, while just 1 of  the 6 patients died when the 
small intestine was spared[7]. According to an investiga-
tion of  autopsy summaries in Japan, the small intestine 
is the most common site of  gastrointestinal lesions and 
it is involved in 12 of  the 15 cases (80%), while the large 
intestine is involved in 10 cases, liver and pancreas in 9 
cases, gallbladder in 8 cases, stomach in 7 cases, tongue 
and esophagus in 6 cases, mesenterium in 3 cases, and 
appendix in 2 cases[8]. In summary, the small intestine 
is often involved in polyarteritis nodosa with acute 
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abdomen and this situation suggests poor prognosis.
In the case of  the 70-year-old female patient described 

here, we needed 6 d before a laparotomy was carried out 
and 16 d before a definitive diagnosis of  polyarteritis no-
dosa could be made. Reviewing our case retrospectively, 
there were some findings inconsistent with a typical in-
testinal infection. First, the findings were remarkable for 
the presence of  renal dysfunction with proteinuria and 
microscopic hematuria. Second, her abdominal pain and 
intestinal edema were so severe and resistant to antibiotics. 
Additionally, in our case, bowel wall thickening was limited 
to jejunum. We believe that such situation is very unlikely 
and there is no typical etiology that could explain the 
symptoms and findings. If  we had considered these find-
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Figure 1  Abdominal computed tomography findings. A, B: On day 1 showed ascites and bowel wall thickening; C, D: On day 6, both of the ascites and the bowel 
wall thickening, especially jejunum, had severely worsened. 

BA

Figure 2  Pathological specimen from the resected jejunum showing fibrinoid necrosis of the arterial wall and infiltration of inflammatory cells around the 
arteries. A: Hematoxylin and eosin staining. B: Elastica van Gieson staining. Original magnification ×100. 

Figure 3  Head computed tomography, which revealed no clear evidence 
consistent with left hemiparesis. 
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that suggestive of  venous infarction. Advances in imaging 
modality would further clarify the relationship between 
pathophysiology of  intestinal ischemia and radiological 
findings.

At approximately 12 h before death, a left hemipa-
resis was observed in our patient, although a head CT 
revealed no obvious findings. It is difficult to state the 
cause of  the patient’s left hemiparesis since she died be-
fore a more thorough investigation could be conducted, 
but it is possible that it stemmed from complications of  
polyarteritis nodosa, including brain infarction and poly-
neuropathy[12-14]. 

In conclusion, we have reported here a case of  acute 
abdomen diagnosed as polyarteritis nodosa based on 
surgically resected jejunal necrosis. Vasculitis cannot be 
ruled out as a differential diagnosis in cases of  acute ab-
domen, especially if  the patient exhibits atypical findings, 
such as unexplained renal dysfunction or severe bowel 
wall thickening limited to small intestine. Additionally, it 
is worth noting that vasculitis cannot be ruled out even 
though serum markers, including ANCA, are negative, 
since there are no definitive diagnostic markers for poly-
arteritis nodosa. 

REFERENCES
1	 Lightfoot RW, Michel BA, Bloch DA, Hunder GG, Zvaifler 

NJ, McShane DJ, Arend WP, Calabrese LH, Leavitt RY, 
Lie JT. The American College of Rheumatology 1990 cri-

ings more carefully, we might have suspected vasculitis, or 
other connective tissue diseases as a differential diagnosis. 
Nevertheless, since a biopsy remains indispensable for the 
diagnosis of  polyarteritis nodosa and the patient’s possible 
biopsy site was limited to the intestine at that time, we 
believe that a correct diagnosis was extremely difficult to 
ascertain in her situation.

Following diagnosis, we performed steroid pulse thera-
py (methylprednisolone 1000 mg/d for 3 d), followed by a 
maintenance dose of  steroids (60 mg/d for 8 d). Although 
her inflammatory reaction and renal function initially 
improved after beginning pulse therapy, the patient subse-
quently worsened. Although repetitive steroid pulse ther-
apy or another type of  immunosuppressive therapy might 
have been effective in this case, as has been described in 
the literature[9], we unfortunately did not have sufficient 
time to start such a treatment before the patient died. 

Intestinal ischemia has generally been diagnosed by 
CT, and bowel wall thickening is one of  the most reported 
findings in that situation[10]. Recently, magnetic resonance 
imaging (MRI) has begun to be regarded as an alternative 
modality to detect intestinal ischemia. In vivo study with 
animal model showed that bowel wall thickening was 
absent from arterial mesenteric ischemia, and bowel wall 
with reduced thickness resembling sheets of  paper is 
rather observed 2-4 h after the onset, when evaluated by 
MRI[11]. CT findings in our case are possibly late findings 
after arterial occlusion, findings caused by reperfusion, or 

Figure 4  Clinical course of the patient. Cefoperazone/sulbactam (CPZ/SBT) was started at day 1 and switched to imipenem/cilastatin (IPM/CS) at day 7. Cef-
triaxone (CTRX) was started at day 26 and switched to ceftazidime (CAZ) at day 29. Steroid pulse therapy [methylprednisolone (mPSL) 1 g/d for 3 d] was started 
at day 16, and changed to maintenance dose of mPSL (60 mg/d) at day 19, then that was switched to oral steroid (PSL 60 mg/d) at day 22. According to deteriora-
tion of general status, steroid was again administered intravenously since day 31. Continuous hemodiafiltration (CHDF) was performed from day 13 to day 15, and 
intermittent blood transfusion was done at day 19, 21, 23 and 26. WBC: White blood cell; CRP: C-reactive protein.

CHDF  Blood transfusion

PSL 60 mg/d po

mPSL 60 mg/d div
mPSL 1 g/d div

IPM/CS 1g q24h
CPZ/SBT 2g q12h

Emergent laparotomy

CAZ 1g q24h
CTRX 1g q24h

Death

WBC (/μL)

CRP (mg/dL)

45

40

35

30

25

20

15

10

5

0

×
 1

03

0                        5                       10                       15                      20                       25                      30                      35
                                                                                       t /d

20

15

10

5

0

Hiraike Y et al . Jejunal necrosis caused by polyarteritis nodosa



2834 May 14, 2013|Volume 19|Issue 18|WJG|www.wjgnet.com

teria for the classification of polyarteritis nodosa. Arthritis 
Rheum 1990; 33: 1088-1093 [PMID: 1975174 DOI: 10.1002/
art.1780330805]

2	 Jennette JC, Falk RJ, Andrassy K, Bacon PA, Churg J, Gross 
WL, Hagen EC, Hoffman GS, Hunder GG, Kallenberg CG. 
Nomenclature of systemic vasculitides. Proposal of an in-
ternational consensus conference. Arthritis Rheum 1994; 37: 
187-192 [PMID: 8129773 DOI: 10.1002/art.1780370206]

3	 Mahr A, Guillevin L, Poissonnet M, Aymé S. Prevalences 
of polyarteritis nodosa, microscopic polyangiitis, Wegener’
s granulomatosis, and Churg-Strauss syndrome in a French 
urban multiethnic population in 2000: a capture-recapture 
estimate. Arthritis Rheum 2004; 51: 92-99 [PMID: 14872461 
DOI: 10.1002/art.20077]

4	 Mohammad AJ, Jacobsson LT, Mahr AD, Sturfelt G, Segel-
mark M. Prevalence of Wegener’s granulomatosis, micro-
scopic polyangiitis, polyarteritis nodosa and Churg-Strauss 
syndrome within a defined population in southern Sweden. 
Rheumatology (Oxford) 2007; 46: 1329-1337 [PMID: 17553910 
DOI: 10.1093/rheumatology/kem107]

5	 Guillevin L, Lhote F, Gayraud M, Cohen P, Jarrousse B, Lor-
tholary O, Thibult N, Casassus P. Prognostic factors in poly-
arteritis nodosa and Churg-Strauss syndrome. A prospective 
study in 342 patients. Medicine (Baltimore) 1996; 75: 17-28 
[PMID: 8569467 DOI: 10.1097/00005792-199601000-00003]

6	 Levine SM, Hellmann DB, Stone JH. Gastrointestinal in-
volvement in polyarteritis nodosa (1986-2000): presentation 
and outcomes in 24 patients. Am J Med 2002; 112: 386-391 
[PMID: 11904113 DOI: 10.1016/S0002-9343(01)01131-7]

7	 Pagnoux C, Mahr A, Cohen P, Guillevin L. Presentation and 
outcome of gastrointestinal involvement in systemic necro-
tizing vasculitides: analysis of 62 patients with polyarteritis 
nodosa, microscopic polyangiitis, Wegener granulomatosis, 
Churg-Strauss syndrome, or rheumatoid arthritis-associated 
vasculitis. Medicine (Baltimore) 2005; 84: 115-128 [PMID: 

15758841 DOI: 10.1097/01.md.0000158825.87055.0b]
8	 Takada T, Yoshida H, Tsukada M, Katoh H. A Case of Clas-

sic Polyarteritis Nodosa Presenting as Acute Abdomen―
A Review of 50 Patients with PN Involving Small Intestine 
Undergone Laparotomy in Japanese Litetature. Jpn J Gastro-
enterol Surg 2003; 36: 51-56 [DOI: 10.5833/jjgs.36.51]

9	 Guillevin L, Lhote F, Cohen P, Jarrousse B, Lortholary O, 
Généreau T, Léon A, Bussel A. Corticosteroids plus pulse 
cyclophosphamide and plasma exchanges versus corticoste-
roids plus pulse cyclophosphamide alone in the treatment of 
polyarteritis nodosa and Churg-Strauss syndrome patients 
with factors predicting poor prognosis. A prospective, ran-
domized trial in sixty-two patients. Arthritis Rheum 1995; 38: 
1638-1645 [PMID: 7488285 DOI: 10.1002/art.1780381116]

10	 Bartnicke BJ, Balfe DM. CT appearance of intestinal isch-
emia and intramural hemorrhage. Radiol Clin North Am 1994; 
32: 845-860 [PMID: 8084999]

11	 Berritto D, Somma F, Landi N, Cavaliere C, Corona M, 
Russo S, Fulciniti F, Cappabianca S, Rotondo A, Grassi R. 
Seven-Tesla micro-MRI in early detection of acute arterial 
ischaemia: evolution of findings in an in vivo rat model. Ra-
diol Med 2011; 116: 829-841 [PMID: 21509555 DOI: 10.1007/
s11547-011-0676-7]

12	 Provenzale JM, Allen NB. Neuroradiologic findings in poly-
arteritis nodosa. AJNR Am J Neuroradiol 1996; 17: 1119-1126 
[PMID: 8791926]

13	 Morelli S, Perrone C, Paroli M. Recurrent cerebral infarc-
tions in polyarteritis nodosa with circulating antiphospho-
lipid antibodies and mitral valve disease. Lupus 1998; 7: 
51-52 [PMID: 9493150 DOI: 10.1191/096120398678919642]

14	 Squintani G, Ferrari S, Caramaschi P, Cavallaro T, Refatti 
N, Rizzuto N, Tonin P. Multineuropathy in a patient with 
HBV infection, polyarteritis nodosa and celiac disease. Rheu-
matol Int 2009; 29: 579-581 [PMID: 18810449 DOI: 10.1007/
s00296-008-0704-7]

P- Reviewer  Grassi R    S- Editor  Wen LL    L- Editor  A    
E- Editor  Zhang DN

Hiraike Y et al . Jejunal necrosis caused by polyarteritis nodosa



Two case reports of gastroendoscopy-associated 
Acinetobacter baumannii bacteremia

Chang-Hua Chen, Shun-Sheng Wu, Chieh-Chen Huang

Chang-Hua Chen, Section of Infectious Diseases, Department 
of Internal Medicine, Changhua Christian Hospital, Changhua 
500, Taiwan
Shun-Sheng Wu, Section of Gastroenterology, Department of 
Internal Medicine, Changhua Christian Hospital, Changhua 500, 
Taiwan
Chieh-Chen Huang, Department of Life Science, College of 
Life Science, National Chung Hsing University, Taichung 402, 
Taiwan
Author contributions: Chen CH, Wu SS and Huang CC con-
tributed equally to clinical management; Chen CH and Huang 
CC designed research and performed research; Chen CH wrote 
the paper; Huang CC revised the paper.
Supported by A Grant from the Changhua Christian Hospital, 
partially
Correspondence to: Chieh-Chen Huang, PhD, Professor, 
Department of Life Science, College of Life Science, National 
Chung Hsing University, 250 Kuo-Kuang Road, Taichung 402, 
Taiwan. cchuang@dragon.nchu.edu.tw
Telephone: +886-4-22840416  Fax: +886-4-722874740
Received: February 6, 2012      Revised: March 11, 2013
Accepted: March 13, 2013
Published online: May 14, 2013

Abstract
Two cases of gastroendoscopy-associated Acinetobacter 
baumannii  (A. baumannii ) bacteremia were discovered 
at the study hospital. The first case was a 66-year-old 
woman who underwent endoscopic retrograde cholan-
giopancreatography and endoscopic retrograde papillot-
omy, and then A. baumannii  bacteremia occurred. The 
second case was a 70-year-old female who underwent 
endoscopic retrograde biliary drainage due to obstruc-
tion of intra-hepatic ducts, and bacteremia occurred 
due to polymicrobes (Escherichia coli , viridans strep-
tococcus , and A. baumannii ). After a literature review, 
we suggest that correct gastroendoscopy technique 
and skill in drainage procedures, as well as antibiotic 
prophylaxis, are of paramount importance in minimizing 
the risk of gastroendoscopy-associated bacteremia. 

© 2013 Baishideng. All rights reserved.

Key words: Endoscopy; Acinetobacter baumannii ; Bac-
teremia; Antibiotic prophylaxis

Core tip: After a literature review, we suggest that cor-
rect gastroendoscopy technique and skill in drainage 
procedures, as well as antibiotic prophylaxis, are of 
paramount importance in minimizing the risk of gastro-
endoscopy-associated bacteremia. Gastroenterologists 
should give more attention to gastroendoscopy-related 
infections, and increased clinical alertness may be the 
best way to reduce the impact from these types of in-
fections.

Chen CH, Wu SS, Huang CC. Two case reports of gastroendos-
copy-associated Acinetobacter baumannii bacteremia. World J 
Gastroenterol 2013; 19(18): 2835-2840  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i18/2835.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i18.2835

INTRODUCTION
Gastroendoscopy is a commonly used procedure for di-
agnosis and therapy, such as in endoscopic retrograde 
cholangiopancreatography (ERCP). Infection is one of  
the most common morbidity complications of  gastroen-
doscopy. Septic complications of  ERCP include ascend-
ing cholangitis, liver abscess, acute cholecystitis, infected 
pancreatic pseudocyst, infection following perforation of  
a viscus, and, less commonly, endocarditis and endovascu-
litis[1]. Bacteria can enter the biliary tract by hematogenous 
or, more frequently, by a retrograde route, and the most 
common organisms transmitted by ERCP are Escherichia 
coli, Klebsiella species, and Enterobacter species[2]. Here we re-
port two interesting cases of  gastroendoscopy-associated 
Acinetobacter baumannii (A. baumannii)(GEaAb) bacteremia. 
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CASE REPORT
Case 1
The patient was a 66-year-old woman who visited a gas-
troenterologist for complaints of  right upper quadrant 
pain and hunger pain. The initial impression was of  a gall 
bladder stone. An ERCP was performed, and it showed 
a common bile duct of  16.1 mm in diameter and several 
filling defects in the gall bladder; therefore, an endo-
scopic retrograde papillotomy (EPT) was executed over 
the proximal portion of  the bile duct, after which a gall-
stone was removed. The course of  the procedure went 
smoothly. She again began to feel right quadrant pain and 
fever the next day, so she was admitted for further evalu-
ation and management. At admission, vital sign measure-
ments were: blood pressure, 100/90 mmHg; temperature, 
38 ℃; pulse rate, 110 beats/min; and respiratory rate, 20 
breaths/min. The patient appeared acutely ill. The abdo-
men was distended and ovoid. There was radiation pain 
and tenderness to her back, and abdominal fullness over 
the right quadrant area (positive Murphy’s sign), but no 
rebounding pain. Admission laboratory results revealed 
the following: white blood cell count, 12700/mm3; blood 
creatinine level, 0.8 mg/dL; serum amylase, 815 IU/L; 
serum bilirubin, 0.88 mg/dL; aspartate transaminase, 55 
U/L; and alanine transaminase, 140 U/L. Abdominal 
echography revealed peri-pancreatic fluid accumulation. 
On the first day of  admission, the patient was treated 
with antibiotics (cefazolin 1 g every 8 h plus gentamicin 
60 mg every 12 h) and adequate fluid hydration, after 
initially remaining nil per os (NPO). A blood culture 
revealed A. baumannii on the 4th admission day, and the 
antibiotic treatment was switched to imipenem-cilastatin 
500 mg every 6 h according to the antibiotics susceptibil-
ity test. Clinically, the source of  A. baumannii was from 
the biliary tract, and it could be related to the previous in-
vasive procedure. Because of  persistent fever, an abdomi-
nal computed tomography was performed and showed a 
pancreatic abscess; consequently, an echo-guided aspira-
tion was performed on the 5th admission day. The fever 
gradually subsided and follow-up laboratory data showed 
improvement. The total duration of  parenteral imipen-
em-cilastatin usage was 21 d, after which antibiotic thera-
py was switched to oral levofloxacin 500 mg per os daily. 
The patient was discharged on the 44th admission day and 
was followed in the out-patient department (OPD). She 
has recovered quite well.

Case 2
This patient was a 70-year-old female with liver cirrhosis 
related to hepatitis C virus infection. At initial presenta-
tion, laboratory test results were as follows: serum biliru-
bin, 0.52 mg/dL; aspartate transaminase, 42 U/L; alfa-
fetoprotein, < 20 ng/mL; and hepatitis C virus-antibody 
titer, positive. The abdominal computed tomography 
scan showed multiple nodular hypervascular tumor stains 
in both lobes of  the liver, especially in the right lobe. He-
patocellular carcinoma was highly suspected. Transarterial 

chemo-embolization (TACE) of  both sides of  the liver 
was performed, and she was regularly followed in the 
OPD while she received TACE 6 times over the course 
of  20 mo. Her follow-up laboratory tests showed a se-
rum bilirubin of  8.6 mg/dL, an aspartate transaminase 
of  72 U/L, and an alkaline phosphatase of  371 U/L. An 
abdominal echography exam revealed focal dilated intra-
hepatic ducts. Hence, an endoscopic retrograde biliary 
drainage (ERBD) procedure was performed accordingly, 
at which time a stent (11 Fr) was inserted into the intra-
hepatic ducts through the common bile duct. She began 
to feel right quadrant pain and fever three days later, and 
she was admitted under the impression of  cholangitis. 
At admission, vital signs included a blood pressure of  
100/90 mmHg, a temperature of  38 ℃, a pulse rate of  
110 beats/min, and a respiratory rate of  20 breaths/min. 
Murphy’s sign was positive. Admission laboratory results 
revealed the following: white blood cell, 5600/mm3; se-
rum total bilirubin, 27.65 mg/dL; serum direct bilirubin, 
19.2 mg/dL; aspartate transaminase, 60 U/L; and alanine 
transaminase, 140 U/L. The abdominal echography 
showed left intra-hepatic duct dilatation. On the first day 
of  admission, the patient was treated with antibiotics 
(cefazolin 1 g every 8 h plus gentamicin 60 mg every 12 h) 
and adequate fluid hydration after initially being NPO. 
Echo-guided percutaneous transhepatic cholangeal drain-
age was performed. Blood culture revealed polymicrobes 
(Escherichia coli, viridans streptococcus, and A. baumannii) on 
the 4th admission day, and treatment was changed to imi-
penem-cilastatin 500 mg every 6 h according to the an-
tibiotics susceptibility test. The fever gradually subsided. 
Clinically, the source of  A. baumannii was from the bili-
ary tract, and it could be related to the previous invasive 
procedure. Follow-up laboratory data did not, however, 
seem much improved. This patient expired due to severe 
hepatic failure with multiple organ failure.

Evidence-based literature review and epidemiological 
study
After noting those two GEaAb cases in our institute, we 
conducted an evidence-based literature review (Table 1)[3-7]. 
Norfleet’s study showed that 6% of  patients who re-
ceived upper gastrointestinal endoscopic examinations 
developed bacteremia, but only one of  447 patients ac-
quired Acinetobacter bacteremia[4]. Maulaz’s study described 
that the bacteremia incidence in cirrhotic patients who 
received variceal ligation was 2.5%, and only one Aci-
netobacter lwoffii infection was disclosed[5]. Only two case 
reports described post-endoscopic retrograde cholan-
giopancreatography-associated Acinetobacter infection in 
the United States National Library of  Medicine National 
Institutes of  Health[6,7]. Additionally, we performed a ret-
rospective cross-sectional epidemiological study in our in-
stitute to identify GEaAb bacteremia cases and elucidate 
the possible sources of  infection for a further five years 
from the year of  identifying these two patients. During 
this period of  five years, we disclosed 45 A. baumannii 
bacteremia cases. Most of  them resulted from hospital-
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and increased clinical alertness may be the best way to 
reduce the impact from these types of  infections. 
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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 23243641.
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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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