ISSN 1948-5182 (online)

World Journal of
Hepatology
World J Hepatol 2011 July 27; 3(7): 175-204

www.wjgnet.com

Editorial Board
2009-2013
The World Journal of Hepatology Editorial Board consists of 573 members, representing a team of worldwide experts in
hepatology. They are from 46 countries, including Argentina (4), Australia (7), Austria (2), Bangladesh (1), Belgium
(3), Botswana (2), Brazil (8), Brunei Darussalam (1), Bulgaria (1), Canada (10), Chile (1), China (89), Denmark (1),
Egypt (3), Finland (1), France (15), Gambia (1), Germany (28), Greece (8), Hungary (3), India (20), Ireland (1), Israel
(7), Italy (65), Japan (45), Malaysia (1), Mexico (4), Netherlands (4), Pakistan (2), Poland (1), Portugal (1), Philippines
(1), Romania (1), Saudi Arabia (1), Singapore (4), South Korea (17), Spain (22), Sri Lanka (1), Sudan (1), Switzerland
(2), Thailand (6), Tunisia (2), Turkey (13), United Kingdom (17), United States (144), and Venezuela (1).

PRESIDENT AND EDITOR-INCHIEF
Lian-Sheng Ma, Beijing
STRATEGY ASSOCIATE
EDITORS-IN-CHIEF
Paolo Cabassa, Brescia
Cheng-Shyong Chang, Changhua
Jing-Gung Chung, Taichung
Yi-Ming Chen, Taipei
Antonio Craxì, Palermo
Moses S Elisaf, Ioannina
Fabio Grizzi, Milan
Masatoshi Kudo, Osaka
Yasuhiro Kuramitsu, Yamaguchi
Huan-Yao Lei, Tainan
Hsingjin Eugene Liu, Taipei
Yasunobu Matsuda, Niigata City
Chin-Hsiao Tseng, Taipei
Yong Zeng, Chengdu
GUEST EDITORIAL BOARD
MEMBERS
Yi-Chen Chen, Taichung
Tsung-Jung Lin, Taipei
Yi-Wen Liu, Chiayi
Jen-Leih Wu, Taipei
Suh-Ching Yang, Taipei
MEMBERS OF THE EDITORIAL
BOARD

Australia
Anthony S-Y Leong, Newcastle
Donald Peter McManus, Queensland
Des R Richardson, New South Wales
Monica Robotin, Sydney
Nathan Subramaniam, Brisbane
Nicholas Shackel, Sydney
Fiona J Warner, New South Wales

WJH|www.wjgnet.com

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Austria
Wolfgang Mikulits, Vienna
Lothar Bernd Zimmerhackl, Innsbruck

Bangladesh
Mamun Al Mahta, Banani

Belgium
Frederik C Berrevoet, Gent
Olivier Detry, Liège
Philip Meuleman, Ghent

Botswana
Francesca Cainelli, Gaborone
Sandro Vento, Gaborone

Argentina
Patricia Cristina Baré, Buenos Aires
Maria Cristina Carrillo, Rosario
Juan Carlos Perazzo, Buenos Aires
Silvia Cristina Sookoian, Buenos Aires

RCS Ferreira, Santo Amaro
Regina CS Godenberg, Rio de Janeiro
Cristina Miyazaki, Rio Preto
CPMS Oliveira, Sao Paulo
MAF Ribeiro JR, Parnaiba
Mauricio Silva, Rio Grande

Brazil
Niels OS Câmara, Sao Paulo
Joel Faintuch, Sao Paulo

Ⅰ

Bulgaria
Nikolai Vasilev Belev, Plovdiv

Canada
Vasu D Appanna, Ontario
Elijah Dixon, Alberta
Fernando Alvarez, Quebec
Seyed Ali Gaskari, Calgary
Serge Jothy, Toronto
Jennifer Linchee Kuk, Toronto
Qiang Liu, Saskatchewan
Eberhard L Renner, Toronto
Eldon A Shaffer, Alberta
George Therapondos, Ontario

Chile
Luis A Videla, Santiago

China
Peng Bing, MD, Chengdu

July 27, 2011

Chiranjib Chakraborty, Beijing
Stephen Lam Chan, Hong Kong
George G Chen, Hong Kong
Min-Shan Chen, Guangzhou
Yang Cheng, Shanghai
Siu Tim Cheung, Hong Kong
Thomas YC Cheung, Hong Kong
Yick-Pang Ching, Hong Kang
William Chi-shing Cho, Hong Kong
Chui Chung-hin, Hong Kong
Shuang-Suo Dang, Xi'an
Yi-Tao Ding, Nanjing
Jian-Gao Fan, Shanghai
Yuen Man Fung, Hong Kang
Zuo-Jiong Gong, Wuhan
Tian-Quan Han, Shanghai
Jin-Yang He, Guangzhou
Garrett CL Ho, Hong Kong
Ji-Ming Hu, Wuhan
Can-Hua Huang, Chengdu
Zhi-Yong Huang, Wuhan
Jian-Hui Jiang, Changsha
Dong-Yan Jin, Hong Kong
Hsiang-Fu Kung, Hong Kong
Lai PBS Lai, Hong Kong
Wan YJ Lau, Hong Kong
Nancy WY Leung, Hong Kong
Jin-Qing Li, Guangzhou
Li-Ying Li, Beijing
Shu-Chen Li, Harbin
Xin-Wei Li, Shanghai
Yu-Yuan Li, Guangzhou
En-Qi Liu, Xi’an
Yin-Kun Liu, Shanghai
Chung-Mau Lo, Hong Kong
Lun-Gen Lu, Shanghai
Ming-De Lu, Guangzhou
John M Luk, Hong Kong
Guang-Hua Luo, Changzhou
Shuang Mei, Shanghai
Kelvin KC Ng, Hong Kong
Qin Ning, Wuhan
Qin Pan, Shanghai
Qi-Jun Qian, Shanghai
Jian-Min Qin, Shanghai
Xian-Jun Qu, Jinan
Xue-Ying Sun, Harbin
Qin Su, Beijing
Wu-Yi Sun, Hefei
Hui-Ru Tang, Wuhan
Peng Tao, Nanning
Eric WC Tse, Hong Kong
Bin Wang, Weifang
Xiao-Zhong Wang, Fuzhou
Xiu-Jie Wang, Chengdu
Zhen-Xia Wang, Huhhot
Grace LH Wong, Hong Kong
Nathalie Wong, Hong Kong
Xiong-Zhi Wu, Tianjin
De-Xiang Xu, Hefei
Rui-An Xu, Quanzhou
Xun-Di Xu, Changsha
Xiao Yang, Beijing
Zhen-Fan Yang, Hong Kong
Boon Hun Yong, Hong Kong
Ting-He Yu, Chengdu
Benny CY Zee, Hong Kong
Jia-Ning Zhang, Dalian
Xiao-Dong Zhang, Tianjin

WJH|www.wjgnet.com

Xiao-Lan Zhang, Shijiazhuang
Xiao-Yan Zhang, Shanghai
Hong-Chuan Zhao, Hefei
Xiao-Ping Zhao, Beijing
Jiang-Fan Zhu, Shanghai
Yi-Ping Zou, Beijing

Denmark
Henning Grønbæk, Aarhus

Lars Müller, MD, Kiel
Michael D Menger, Saarbrucken
Andreas K Nussler, Munich
Margarete Odenthal, Koeln
Claus Petersen, Hannover
Andrej Potthoff, Hannover
Thomas Pusl, München
Elke Roeb, Giessen
Frank Tacke, Aachen
Stefan Rose-John, Kiel
Andreas Teufel, Mainz
Lothar Thomas, Frankfurt
Jens JW Tischendorf, Aachen
Arndt Vogel, Hannover

Egypt
Nabil Mohie Abdel-Hamid, Minia
Laila AF Eissa, Mansoura
Mona Mostafa Fahmy Nosseir, Giza

Finland
Thomas Kietzmann, Oulu

France
Aramando Abergel, Clenmont -Ferrant
Henri Bismuth, Villejuif Cedex
Ana CFN Cardoso, Paris
Nicolas Chignard, Paris
Claude C de Fromentel, Lyon
Zdenko Herceg, Lyon
Nathalie Janel, Paris
Victor de Ledinghen, Pessac cedex
Antoinette Lemoine, Villejuif
Marcellin Patrick, Clichy
Raoul Poupon, Paris
Rodrigue Rossignol, Bordeaux cedex
Christian Trépo, Lyon
Dominique A Vuitton, Besancon
Virginie Wautot, Pierre Benite

Gambia
Maimuna Ebirunkeh Mendy, Banjul

Germany
Thomas Bock, Tuebingen
Ali Canbay, Essen
Enrico Narciso De Toni, München
Joachim Drevs, Freiburg
Volker Fendrich, Marburg
Peter R Galle, Mainz
Erich Gulbins, Essen
Roland Kaufmann, Jena
Sebastian Hinz, Kiel
Philipp Kobbe, Aachen
Michael Kremer, Heidelberg
Christian Liedtke, Aachen
Martin Loss, Regensburg
Arun Kumar Mankan, Munich

Ⅱ

Greece
Alex P Betrosian, Athens
Spiros G Delis, Athens
Ioannis Diamantis, Athens
Papandreou Dimitrios, Mela
Elias A Kouroumalis, Crete
George Papatheodoridis, Athens
Stamatios E. Theocharis, Athens

Hungary
Gábor Bánhegyi, Budapest
Subhamay Ghosh, Pécs
Peter Nagy, Budapest

India
Anjali Deepak Amarapurkar, Mumbai
DN Amararpurkar, Mumbai
Runu Chakravarty, Kolkata
Pronobesh Chattopadhyay, Moradabad
Puneet Chopra, Gurgaon Haryana
Tanya Das, Kolkata
Radha Krishan Dhiman, Chandigarh
Ajay Duseja, Chandigarh
Devendra K Gupta, New Delhi
P Kar, New Delhi
Sudhir Kumar, Lucknow
Vijay Kumar, New Delhi
Anoop Misra, New Delhi
Devendra Parmar, Lucknow
Rajendra Prasad, Chandigarh
K Rajeshwari, New Delhi
Pallu Reddanna, Hyderabad
Barjesh Chander Sharma, New Delhi
Sarman Singh, New Delhi
Ajith TA, Thrissur

Ireland
Matthew William Lawless, Dublin

Israel
Yaron Ilan, Jerusalem

July 27, 2011

Yaakov Maor Kendler, Tel Hashomer
Ran Oren, MD, Tel Aviv
Amir Shlomai, Modiin
Rifaat Safadi, Jerusalem
Shira Zelber Sagi, Tel Aviv
Yehuda Julius Shoenfeld, Tel Hahsomer

Italy
Luca Aasaloni, Bologna
Giovanni Addolorato, Rome
Luigi E Adinolfi, Naples
Pietro Andreone, Bologna
M Appetecchia, Rome
Antonio Ascione, Napoli
Ferruccio Bonino, Milano
Bruno D Bruno, Benevento
Savino Bruno, Milano
Melchiorre Cervello, Palermo
Claudio Chiesa, Rome
Stefano Colagrande, Firenze
Massimo G Colombo, Milan
Samuele De Minicis, Montegranaro
Alessandro Vitale, alessandro
Fabio Farinati, Padova
Paolo Feltracco, Padova
Domenico Ferri, Bari
Amalia Gastaldelli, Pisa
Domenico Girelli, Verona
Fernando Goglia, Benevento
Alessandro Grasso, Savona
Ignazio Grattagliano, Bari
Pietro Invernizzi, Milan
Francesco Izzo, Naples
Amedeo Lonardo, Modena
Malaguarnera Lucia, Trecastagni
Massimo Di Maio, Rossano
Melania Manco, Rome
Andrea Mancuso, Palermo
F Marotta, Milano
Fabio Marra, Florence
Roberto Mazzanti, Florence
Giulia Morsica, Milan
Antonio Moschetta, Bari
Massimo Negrini, Ferrara
Andrea Nicolini, Pisa
Giuseppe R Nigri, Rome
Valerio Nobili, Rome
Valentina Pallottini, Rome
Adriano M Pellicelli, Rome
Marcello Persico, Naples
Massimo Pinzani, Firenze
Giovanni Polimeni, Messina
Camillo Porta, Pavia
Piero Portincasa, Bari
Emilio Quaia, Trieste
Giuseppe Remuzzi, Bergamo
Domenico Ribatti, Bari
Massimo Roncalli, Rozzano
Carlo Sabbà, Bari
Orazio Schillaci, Rome
Gaetano Serviddio, Foggia
Aurelio Sonzogni, Bergamo
Paolo Sorrentino, Salerno
Enea Spada, Roma
Giovanni Tarantino, Naples
Luciano Tarantino, Naples
Claudio Tiribelli, Trieste

WJH|www.wjgnet.com

Pierluigi Toniutto, Udine
Pietro Vajro, Naples
Luca Vigano, Torino

Japan
Yuichiro Eguchi, Saga
Munechika Enjoji, Fukuoka
Jiro Fujimoto, Osaka
Atsushi Hosui, Osaka
Kazuo Ikeda, Nagoya
Toru Ishikawa, Niigata
Yoshiaki Iwasaki, Okayama
Satoru Kakizaki, Gunma
Naoya Kato, Tokyo
Takumi Kawaguchi, Kurume
Kiminori Kimura, Tokyo
Tsuneo Kitamura, Chiba
Keiichi Kubota, Tochigi
Sabina Mahmood, Okayama
Hitoshi Maruyama, Chiba
Sachiko Matsuhashi, Saga
Toshihiro Mitaka, Sapporo
Eiji Miyoshi, Yamada-oka Suita
Zenichi Morise, Toyoake Aichi
Ryuichi Morisihita, Osaka
Yoshiki Murakami, Kyoto
Satoru Murata, Tokyo
Atsushi Nakajima, Kanagawa
Yasuni Nakanuma, Kanazawa
Waka Ohishi, Hiroshima
Morikazu Onji, Matsuyama
Toshiji Saibara, Nankoku
Hiroaki Shiba, Tokyo
Ikuo Shoji, Hyogo
Ryo Sudo, Yokohama
Yoshio Sumida, Nara
Shinji Tanaka, Tokyo
Takuji Tanaka, Gifu
Akihiko Tsuchida, Tokyo
Takato Ueno, Kurume
Shinichi Ueno, Kagoshima
Kiyohito Yagi, Osaka
Yo-ichi Yamashita, Hiroshima
Teruyoshi Yanagita, Saga
Shuang-Qin Yi, Kanazawa
Hiroshi Yoshida, Tokyo
Hitoshi Yoshiji, Nara

TU Hoogenraad, Heidelberglaan
Maarten E Tushuizen, MB Amsterdam
Robert C Verdonk, RB Groningen

Pakistan
Syed Hamid Ali, Karachi
Huma IQ TI, Islamabad

Poland
Maria ES Lotowska, Bialystok

Portugal
Felix Dias Carvalho, Porto

Philippines
Janus P Ong, Manila

Romania
Eugen Georgescu, Craiova

Saudi Arabia
Ahmed Helmy, Riyadh

Singapore
Wei Ning Chen, Singapore
Si-Shen Feng, Singapore
Lang Zhuo, Singapore
Chun-Tao Wai, Singapore

South Korea
Malaysia
Kamsiah Jaarin, Kuala Lumpur

Mexico
Norberto C Chavez-Tapia, Tlalpan
Javier Lizardi Cervera, Tlalpan CP
Saúl Villa-Treviño, México DF
Florencia V Vorackova, México DF

Netherlands
Robert Jacobus de Knegt, Rotterdam

Ⅲ

Sang Hoon Ahn, Seoul
Sun Pyo Hong, Yongin
Byung Ihn Choi, Seoul
Seok Joo Han, Seoul
Kyung Lib Jang, Busan
Bum-Joon Kim, Seoul
Dong Goo Kim, Seoul
Kyung Sik Kim, Seoul
Meehyein Kim, Yongin
Young Chul Kim, Seoul
Mi-Kyung Lee, Jeonnam
Young-Ik Lee, Taejon
Kwan-Kyu Park, Daegu
Hyunchul Rhim, Seoul
In Kyoung Lim, Gyunggi-do
Dae-Yeul Yu, Daejeon
Jong Won Yun, Kyungbuk

July 27, 2011

Spain
Jose AG Agundez, Badajoz
Maria Angeles, Madrid
Agustin Castiella, Mendaro
Ruben Ciria, Cordoba
Joan Clari, Barcelona
Maria Buti Ferret, Barcelona
Puri Fortes, Pamplona
Joan Genescà, Barcelona
María J Gómez-Lechón, Valencia
Arias Jaime, Madrid
Ángeles Pajares María, Madrid
Jordi Muntane, Cordoba
Jose JG Marin, Salamanca
Julia P Onsurbe, Barcelona
Albert Parés, Barcelona
Sonia Ramos, Madrid
Cristina Ripoll, Madrid
Isabel F Romero, Barcelona
Marta R Romero, Salamanca
Juan Macias Sanchez, Sevilla
Juan Sastre, Valencia
Manuel Vázquez-Carrera, Barcelona

Sri Lanka
EGD Shaman Rajindrajith, Ragama

Hayrullah Derici, MD, Izmir
Cigdem Ulukaya Durakbasa, Istanbul
Muhsin MM Harputluoglu, Malatya
Abdurrahman Kadayifci, Gaziantep
Adnan Kadayifci, Antalya
Ali Sazci, Kocaeli
Ilker Tasci, Ankara
Mehmet Yalniz, Elazig
Serkan Yener, Izmir
Yusuf Yilmaz, Istanbul

United Kingdom
Alastair David Burt, Newcastle
David O Cosgrove, London
Anil Dhawan, London
Indra Neil Guha, Nottingham
Phillip M Harrison, London
Hübscher SG Hübscher, Birmingham
Long R Jiao, London
AT Koulaouzidis, Edinburgh
Patricia Lalor, Birmingham
David A Lomas, Cambridge
Rajeshwar P Mookerjee, London
Gareth J Morris-Stiff, Wales
Kathryn L Nash, Southampton
Derek Anthony O’Reilly,
Christian P Selinge, Bolton
Konstantinos Tziomalos, London
Feng Wu, Oxford

United States
Sudan
Hatim MY Mudawi, Khartoum

Switzerland
Beat Mullhaupt, Zurich
Maurer A Christoph, Liestal

Thailand
Nattiya Hirankarn, Bangkok
Somchai Pinlaor, Khon Kaen
Yong Poovorawan, Bangkok
Abhasnee Sobhonslidsuk, Bangkok
Chanitra Thuwajit, Bangkok
Sopit Wongkham, Khon Kaen

Tunisia
Olfa Bahri, Tunis-Belvedere
Chadli Dziri, Tunis

Turkey
Inci Alican, Istanbul
Ahmet Atessahin, Elazig
Yasemin Hatice Balaban, Ankara

WJH|www.wjgnet.com

Gary A Abrams, Montgomery
Hassan H A-Kader, Tucson
Hans-Olov Adami, Massachusetts
Joseph Ahn, Maywood
Shannon Marie Bailey, Alabama
Numan Cem Balci, St Louis MO
Edmund J Bini, New York
Victor E Buckwold, Frederick
Roniel Cabrera, Gainesville
Guoqing Cao, Indiana
Disaya Chavalitdhamrong, New York
Chien-Shing Chen, Loma Linda
Fei Chen, Morgantown
Su Chen, San Antonio
Youhai H Chen, Philadelphia
Anne M Covey, New York
Mark J Czaja, New York
Srikanta Dash, New Orleans
Anthony JB Demetris, Pittsburgh
Sridevi Devaraj, California
Lisa Ross Dixon, Gainesville
Terrence M Donohue, Omaha
Q Ping Dou, Detroit
Murray N Ehrinpreis, Detroit
Marwan Ghazi Fakih, Buffalo
Shengyun Fang, Maryland
Claus J Fimmel, Illinois
Robert Anthony Fisher, Virginia
Samuel W French, Torrance
Phillip A Furman, Princeton
M Eric Gershwin, California
Jalal K Ghali, Michigan
Grace Liejun Guo, Kansas City
Dieter Haemmerich, Charleston
Young S Hahn, Charlottesville

Ⅳ

Stephen A Harrison, Texas
Dee Harrison-Findik, Nebraska
Sidhartha Hazari, Louisiana
Thomas S Helling, Jackson
Alan W Hemming, Florida
Iryna S Hepburn, Evans
Ai-Xuan L Holterman, Chicago
Ke-Qin Hu, California
Guangcun Huang, Ohio
Wendong Huang, California
Rachel M Hudacko, New Brunswick
Michael John Jacobs, Michigan
Hartmut W Jaeschke, Kansas City
Ravi Jhaveri, North Carolina
Lynt B Johnson, Washington
Neil Louis Julie, Bethesda
Sanjay Kakar, San Francisco
Sanjeeva P Kalva, Boston
Jing X Kang, Massachusetts
Hetal Karsan, Georgia
Emmet B Keeffe, California
Nancy Ellen Kemeny, New York
Andrew Scott Kennedy, Cary
Kusum K Kharbanda, Omaha
David H Kirn, California
Hyam Lerner Leffert, La Jolla
Stacee Marie Lerret, Milwaukee
Fengzhi Li, New York
Wei Li, Houston
Shuang Liu, Indiana
Su Hao Lo, Davis
Daniel G Maluf, Richmond
Jose E Manautou, Storrs
Richard S Mangus, Indiana
Mary Ko Manibusan, Virginia
Paul Martin, Miami,
Jochen Mattner, Ohio
James A McCubrey, North Carolina
Valentina Medici, Sacramento
George Michalopoulos, Pittsburgh
Smruti R Mohanty, Illinois
John T Moore, GlaxoSmithKline
Ravi Murthy, Texas
Laura E Nagy, Cleveland
Sagar U Nigwekar, Rochester
Eileen M O‘Reilly, New York
Kevin FS O’Carroll, Hershey
Melissa Kay Osborn, Atlanta
Helieh Saatara Oz, Kentucky
Igor P Pogribny, Arkansas
Nicholas C Popescu, Bethesda Maryland
Daniel S Pratt, Boston
Ratna B Ray, Louis
Nancy Reau, Chicago
Janardan K Reddy, Chicago
Martin J Ronis, Little Rock
Phillip Ruiz, Florida
Tanios B Saab, Columbus
Adnan Said, Madison
Neeraj Saxena, Georgia
Raymund R Saxena, Minnesota
Ann Scheimann, Baltimore
Timothy M Schmitt, Charlottesville
Bernd Schnabl, La Jolla
Kunwar Shailubhai, Pennsylvania
Muhammad Y Sheikh, California
Perry Shen, Winston-Salem
Viji Shridhar, Rochester
Shivendra D Shukla, Missouri
Ashwani K Singal, Galveston
Keshav K Singh, New York

July 27, 2011

Omar Skalli, Shreveport
Byoung-Joon Song, Maryland
Branko Stefanovic, Tallahassee
Stephen Strom, Pennsylvania
Xiao Su, San Francisco
Wing-Kin Syn, North Carolina
Gyongyi Szabo, Massachusetts
Shinako Takada, Houston
Yueming Tang, Chicago
John M Taylor, Philadelphia
Swee H The, Springfield
Chung-Jyi Tsai, Lexington
George P Tuszynski, Pennsylvania
Jean-Nicolas Vauthey, Houston

WJH|www.wjgnet.com

Michael E de Vera, Pennsylvania
Yu-Jui Yvonne Wan, Kansas
Jack R Wands, Providence
Hanlin L Wang, Los Angeles
Xin Wei Wang, Maryland
Wahid Wassef, Worcester
Ronald J Wong, California
George YH Wu, Farmington
Hai-Shan Wu, New York
Victor W Xia, California
Ximing J Yang, Chicago
Matthew M Yeh, Seattle
Mei Po Yip, Seattle
Min You, Tampa
Zobair M Younossi, Falls Church

Ⅴ

Xiao-Fang Yu, Maryland
Yong Yuan, Plainsboro
Jian X Zhang, Charlotte
Jian-Ying Zhang, El Paso
Kezhong Zhang, Michigan
Yu-Jing Zhang, New York
Yuao Zhu, Durham
Saša Živković, Pittsburgh
William A Zule, Research Triangle Park

Venezuela
Flor Pujol de Freychet, Caracas

July 27, 2011

Contents
EDITORIAL

Monthly  Volume 3  Number 7  July 27, 2011
175

A survey on herbal management of hepatocellular carcinoma
Abdel-Hamid NM, Nazmy MH, Mahmoud AW, Fawzy MA, Youssof M

ORIGINAL ARTICLE

184

Nonmuscle myosin Ⅱ regulates migration but not contraction in rat hepatic
stellate cells
Moore CC, Lakner AM, Yengo CM, Schrum LW

BRIEF ARTICLE

198

An extended treatment protocol with pegylated interferon and ribavirin for
hepatitis C recurrence after liver transplantation
Hashemi N, Araya V, Tufail K, Thummalakunta L,Feyssa E, Azhar A, Niazi M, Ortiz J

WJH|www.wjgnet.com

I

July 27, 2011|Volume 3|Issue 7|

World Journal of Hepatology

Contents

Volume 3  Number 7  July 27, 2011

ACKNOWLEDGMENTS

I

Acknowledgments to reviewers of World Journal of Hepatology

APPENDIX

I

Meetings

I-V

Instructions to authors

Moore CC, Lakner AM, Yengo CM, Schrum LW. Nonmuscle myosin Ⅱ

ABOUT COVER

regulates migration but not contraction in rat hepatic stellate cells.

World J Hepatol 2011; 3(7): 184-197
http://www.wjgnet.com/1948-5182/full/v3/i7/184.htm

AIM AND SCOPE

World Journal of Hepatology (World J Hepatol, WJH, online ISSN 1948-5182, DOI:
10.4254), is a monthly, open-access, peer-reviewed journal supported by an editorial
board of 573 experts in hepatology from 46 countries.
The major task of WJH is to report rapidly the most recent results in basic and
clinical research on hepatology, including: liver biology/pathology, cirrhosis and its
complications, liver fibrosis, liver failure, portal hypertension, hepatitis B and C and
inflammatory disorders, steatohepatitis and metabolic liver disease, hepatocellular
carcinoma, biliary tract disease, autoimmune disease, cholestatic and biliary disease,
transplantation, genetics, epidemiology, microbiology, molecular and cell biology,
nutrition, geriatric and pediatric hepatology, diagnosis and screening, endoscopy,
imaging, and advanced technology.

FLYLEAF

I-V

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Le Zhang
Responsible Electronic Editor: Le Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Hepatology
LAUNCH DATE
October 31, 2009
SPONSOR
Beijing Baishideng BioMed Scientific Co., Ltd.,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com
EDITING
Editorial Board of World Journal of Hepatology,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-5908-0038
Fax: +86-10-8538-1893
E-mail: wjh@wjgnet.com
http://www.wjgnet.com
PUBLISHING
Baishideng Publishing Group Co., Limited,
Room 1701, 17/F, Henan Building,
No.90 Jaffe Road, Wanchai,
Hong Kong, China
Fax: +852-3115-8812
Telephone: +852-5804-2046
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com

WJH|www.wjgnet.com

Editorial Board
Responsible Science Editor: Hai-Ning Zhang
Proofing Editorial Office Director: Hai-Ning Zhang

SUBSCRIPTION
Beijing Baishideng BioMed Scientific Co., Ltd.,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com
PUBLICATION DATE
July���������
27, 2011
ISSN
ISSN 1948-5182 (online)
PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Beijing
STRATEGY ASSOCIATE EDITORS-IN-CHIEF
Paolo Cabassa, Brescia
Cheng-Shyong Chang, Changhua
Jing-Gung Chung, Taichung
Yi-Ming Chen, Taipei
Antonio Craxì, Palermo
Moses S Elisaf, Ioannina
Fabio Grizzi, Milan
Masatoshi Kudo, Osaka
Yasuhiro Kuramitsu, Yamaguchi
Huan-Yao Lei, Tainan
Hsingjin Eugene Liu, Taipei
Yasunobu Matsuda, Niigata City
Chin-Hsiao Tseng, Taipei
Yong Zeng, Chengdu

II

EDITORIAL OFFICE
Hai-Ning Zhang, Director
World Journal of Hepatology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-5908-0038
Fax: +86-10-8538-1893
E-mail: wjh@wjgnet.com
http://www.wjgnet.com
COPYRIGHT
© 2011 Baishideng. Articles published by this OpenAccess journal are distributed under the terms of
the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduc
tion in any medium, provided the original work is pro
perly 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/1948-5182/g_info_20100316080002.
htm.
ONLINE SUBMISSION
http://www.wjgnet.com/1948-5182office

July 27, 2011|Volume 3|Issue 7|

World J Hepatol 2011 July 27; 3(7): 175-183
ISSN 1948-5182 (online)
© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1948-5182office
wjh@wjgnet.com
doi:10.4254/wjh.v3.i7.175

EDITORIAL

A survey on herbal management of hepatocellular
carcinoma
Nabil Mohie Abdel-Hamid, Maiiada Hasan Nazmy, Ahmed Wahid Mahmoud, Michael Atef Fawzy, Marco
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oxidative stress and modulating different molecular
pathways in preventing carcinogenesis.
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Abstract
In this review we outline the different mechanisms me
diating hepatocarcinogenesis. We also discuss possible
targets of bioactive herbal agents at different stages of
hepatocarcinogenesis and highlight their role at each
individual stage. We gathered information on the most
common herbal prescriptions and extracts thought to be
useful in prevention or sensitization for chemotherapy
in management of hepatocellular carcinoma (HCC). The
value of this topic may seem questionable compared to
the promise offered for HCC management by chemo
therapy and radiation. However, we would recommend
the use of herbal preparations not as alternatives to
common chemo /and or radiotherapy, but rather for pre
vention among at-risk individuals, given that drug/herb
interactions are still in need of extensive clarification.
The bioactive constituents of various herbs seem to be
promising targets for isolation, cancer activity screening
and clinical evaluation. Finally, herbal preparations may
offer a cost effective protective alternative to individuals
known to have a high risk for HCC and possibly other
cancers, through maintaining cell integrity, reversing
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third deadliest
and fifth most common malignancy worldwide[1-3]. It is a
highly malignant tumor having high morbidity and motali
ty. HCC has a poor prognosis due to its rapid infiltrating
power which leads to complicating liver cirrhosis[4]. The
rate of HCC is increasing worldwide between 3% and
9% annually[5,6]. The incidence ranges from less than 10
cases per 100 000 in North America and Western Europe
to 50-150 cases per 100 000 in parts of Africa and Asia[7].
Hepatocarcinogenesis is associated with a background of
chronic and persistent infection of hepatitis B virus (HBV)
and hepatitis C virus (HCV)[8]. These infections along with
alcohol and aflatoxin B1 exposure are widely recognized
etiological agents in HCC[9].
In Egypt, epidemiology of HCC is characterized by
marked demographic and geographic variations[10,11]. Over
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Initiation
Initiation involves gene mutation, carcinogen metabolism
and aberrant DNA repair. In this initial stage, environ
mental carcinogens (e.g. dietary, tobacco, pollution) induce
one or more simple mutations, including transitions or
small deletions in genes which control the process of car
cinogenesis. Activated carcinogens exert their effects by
forming covalent adducts with individual molecules of
DNA or RNA, causing deletions of genetic material or
mistranslation of the DNA sequence which may produce
mutations in critical genes, such as tumor suppressors and
oncogenes[23]. Reactive oxygen species (ROS) are generated normally as part of the normal oxidative metabolism
or may be end-products of the breakdown of xenobiotic
compounds (Figure 1). Oxidative stress can result in extensive DNA damage. Antioxidant herbs which scavenge
activated oxygen species are able to stimulate DNA repair
pathways to prevent or overcome oxidative DNA damage.
Vitamin C, genistein and compounds originating from
cruciferous vegetables are among the most well-studied
for their scavenger properties[24]. In addition, chronic inflammation may predispose individuals to certain cancers.
Most precancerous and cancerous tissues show signs of
inflammation involving the movement of innate immune
cells into the tissue, the presence of specific inflammatory signaling molecules (i.e. cytokines and chemokines),
changes in tissue structure (remodeling) and the formation of new blood vessels (angiogenesis). Further studies
have found that cancer-associated inflammation actually
promotes tumor growth and progression[25]. Several proinflammatory gene products (i.e. TNF-α , IL-6) have a
critical role in regulation of apoptosis, proliferation, angiogenesis, invasion and metastasis. Their expression is
mainly regulated by the transcription factor NF-kB, which
is constitutively active in most tumors and is induced by
carcinogens and chemotherapeutic agents. TNF-alpha
can initiate signaling pathways which lead to the activation of NF-κB, the initiation of MAPK cascades, and cell
death[26]. These observations imply that anti-inflammatory
agents that suppress NF-κB or NF-κB-regulated products
should have a potential in both the prevention and treatment of cancer[27].
Recently, diallyl sulphide (DAS) obtained from garlic
and vitamin C were reported to decrease the levels of
circulatory TNF-α and IL-6 in DENA-induced hepatocarcinogenesis[28]. Previous reports showed that vitamin C
can inactivate nuclear factor kappa B in endothelial cells
during the inflammation process, independently of its
atioxidant activity. Therefore, the anti-inflammatory activity of ascorbic acid (AA) may be mediated by multifactorial mechanisms, which are not necessarily associated with
its intrinsic antioxidant activity[29]. DAS also was found
to promote an anti inflammatory environment by cytokine modulation, leading to an overall inhibition of NFkB activity in the surrounding tissue[30]. In addition, DAS
may enhance antioxidants and suppresses inflammatory
cytokines through the activation of Nrf2 transcription
factor[31].

the last decade, a remarkable increase, from 4.0% to 7.2%,
was observed in the proportion of chronic liver disease
(CLD) patients with HCC. The predominant age group
(40-59 years) showed a slight increase compared with
older groups (> 60 years). A significant increase, from
82.5% to 87.6%, was observed in the proportion of HCC
among males. The calculated risk of HCC development
is nearly three times higher in men than in women[12]. A
unique invisible risk factor for development of HCC in
Egypt could be Schistosomal infection and its injection
therapy. Schistosomiasis induces immune suppression,
which could result in increased persistence of viremia following acute infection of both hepatitis B and C[13].
HCCs are phenotypically (morphology and microsco
py) and genetically heterogenous tumors, possibly reflect
ing the heterogeneity of etiological factors implicated in
HCC development, the complexity of hepatocyte func
tions and the late stage at which HCCs usually become
clinically symptomatic and detectable[14,15]. Hepatocarcino
genesis is a multi-factor, multi-step and complex process[8].
It involves three distinguishable but closely connected
stages: initiation (normal cell → transformed or initiat
ed cell), promotion (initiated cell → preneoplastic cell),
and progression (preneoplastic cell → neoplastic cell)[16].
Malignant transformation of hepatocytes may occur, regardless of the etiological agent, through a pathway of increased liver cell turnover, induced by chronic liver injury
and regeneration in a context of inflammation, immune
response, and oxidative DNA damage[17-19].

MOLECULAR TARGETS FOR HERBAL
COMPOUNDS DURING HCC PROGRE
SSION
Since ancient times, natural products, herbs and spices
have been used as remedies for various diseases, incluing
cancer (Table 1). The term chemoprevention was coined
in the late 1970s and referred to a pharmacological inter
vention aimed to arrest or reverse the process of carcino
genesis [20]. Previous attempts were made to identify
agents or combinations which could exhibit any of the
following characteristics: (1) prevention of tumor initiation; (2) delay or arrest of the development of tumors;
(3) extention of cancer latency periods; (4) reduction in
cancer metastasis and mortality; and (5) prevention of
recurrence of secondary tumors[21]. Recently, the focus
has been directed towards molecular targeting of herbal
compounds to identify the mechanism(s) of action of
these newly discovered bioactive compounds. Moreover,
it has been recognized that single agents may not always
be sufficient to provide chemopreventive efficacy and
therefore the new concept of combination chemopreven
tion by multiple agents or by the consumption of “whole
foods” has become an increasingly attractive area of
study[22]. Steps in the development of cancer at cellular
level are described below.
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Table 1 Summary of the effects of some herbs and other natural compounds on hepatocellular carcinoma
Compound

Ref.

Composition

Effect

[78,79]

It is composed of five different herbs of Cinnamomi
Ramulus, Poria Cocos Hoelen (Pachymae Fungus),
Moutan Cortex Radicis, Paeoniae Radix, and Persicae
Semen. The active constituents are antioxidative
phenolic compounds, trans-cinnamic acid, taxifolin,
protocatechuic acid, trans-o-hydroxy cinnamic
acid, protocatechuic aldehyde, benzoic acid, transo-methoxy cinnamic acid, cis-o-methoxy cinnamic
acid, 4-hydroxybenzoic acid, coumarin, daucosterol,
Paeoniflorin, albiflorin and benzoylalbiflorin,
paeonol and paeoniflorin.

The inhibitory effects of Geiji-Bokryung-Hwan (GBH) on the growth
of cancer cell lines (HepG2 and Hep3B) and cancer chemopreventive
activity were investigated. Tumor inhibition was found to be
mediated via the inhibition of COX-1 activity.

Ganfujian granules

[80]

Ganfujian granules are an oral preparation consisting
of dietary and medicinal Chinese herbs including
Chinese yam (Rhizoma Dioscoreae), hawthorn fruit
(Fructus Crataegi) and Chinese date (FructusZiziphi
Jujubae). The active constituents are flavonoids
including oligomeric procyanidins (OPCs), vitexin,
vitexin 4'-O-rhamnoside, quercetin, and hyperoside

The herb was found to reduce and delay the incidence of die
thylnitrosamine-induced hepatocarcinoma by exerting direct
or indirect effects on the cell cycle and inhibiting uncontrolled
proliferation of rat hepatocytes.

Maharishi amrit
kalash

[81]

Maharishi Amrit Kalash (MAK) is composed of a
mixture of two herbal mixtures, MAK-4 and MAK-5.
The active constituents are multiple antioxidants
including alpha-tocopherol, beta-carotene, ascorbate,
bioflavonoid, catechin, polyphenols, riboflavin and
tannic acid.

MAK was found to inhibit liver carcinogenesis when given as
supplement to diet. The authors of this study suggested that the
mechanism of this inhibition involved the prevention of excessive
oxidative damage.

Scutellaria baicalensis
and Bupleurum
scorzonerifolfium
willd

[43]

Chinese medicinal herbs. The active constituents The these herbs were found to enhance the chemopreventive effect of
are antioxidant flavonoids, baicalein, wogonin, neo selenium on N-nitosobis (2-oxopropyl) amine-induced liver cancers
baicalein, and skullcapflavone.
in Syrian hamsters.

Herbs with cancer chemotherapeutic effect
Geiji-BokryungHwan

Huqi san
(Qi-protecting
powder)

[28,82]

Huqi san is composed of eight medicinal herbs includ
ing (Ramulus Visci, Radix Astragali seu Hedysari,
Radix Curcumae, Radix Salviae Miltiorrhizae). The
active constituents are polysaccharides, flavonoids,
alkaloids and tanshinones.

The inhibitory effect of Huqi san on rat prehepatocarcinoma, which
was induced via diethylinitrosamine (DEN), was investigated.
It was found to inhibit the over-expression of c-jun, c-fos, and
c-myc oncogenes, which were shown to play an important role in
the pathogenesis of hepatocellular carcinoma. Huqi san was also
reported to inhibit DEN induced oxyradical formation in cultured
hepatocytes, leading to suppression of oxidative DNA damage.

Milk thistle

[83,84]

Milk thistle, commonly known as silymarin, is extract
ed from Silybum marianum. The active constituents
are flavonoids from which silibinin and silymarin are
the biologically most active compound.

It has been shown that a topical application of silymarin on mice
results in complete inhibition of an epidermal carcinogen and
prevents the formation of pyrimidine dimers, which are considered
to be potential skin cancer agents.

Herbs with cancer chemotherapeutic effect
Songyou Yin

[85]

This herbal extract is composed of a mixture of 5
Chinese medicinal herbs (Salvia miltiorrhiza, Astraga
lus membranaceus, lycium borbarum crataegus
pinnatifida and trionyx sinensis). The active consti
tuents are diterpenoid tanshinones, flavonoids and
saponins.

"Songyou Yin" attenuates tumor proliferation and prolongs survival
of nude mice bearing hepatocellular tumors without distinct toxicity.
These findings suggest that "Songyou Yin" has some potential in the
treatment of hepatocellular carcinoma.

Millettia reticulata
benth

[86]

Millettia reticulata Benth is one of the oldest tonic
herbs in traditional Chinese medicine. The active
constituents are flavonoid derivatives: (-)-epicatechin,
naringenin, 5,7,3',5'tetrahydroxyflavanone, formo
nonetin, isoliquiritigenin, and genistein.

It was demonstrated that Millettia reticulata Benth flavonoid de
rivatives have a positive inhibitory effect on the viability of human
cancer cells (including HepG2, SK-Hep-1, Huh7, PLC5, COLO 205,
HT-29, and SW 872 cells). This Chinese herb also induces apoptosis
in hepatocellular carcinoma cells via both Fas- and mitochondriamediated pathways.

Bushen huayu jiedu
recipe

[87]

"bushen huayu jiedu recipe" (BSHYJDR) is a mixture BSHYJDR was found to inhibit transplanted hepatocarcinoma in
of several herbs including Chinese Cassia Bark, mice. This effect is improved in combination with chemotherapy
Psoralea, Zedoary, Rhubarb. The active constituents (cisplatin (DDP)).
are alkaloids, flavonoid, arsenic trioxide, cinnamic
acid, rhubarb and rhubarb substance.
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Star 99

[88]

Chinese herbal compound

Human hepatocellular carcinoma was transplanted in nude mice
and treated with Star 99 (intratumoral injection 10 days following
to cancer transplantation). The herbal compound was shown to
inhibit and destruct liver cancer cells, in particular the membrane,
cytoplasm and nucleus of the caner hepatocyte.

Daesungki-Tang

[89]

This is a preparation consisting of four herbs: Rhei
radix et rhizoma (the roots of Rheum coreanum
Nakai), Aurantiii frutus immaturus (immature fruits
of Poncirus trifolita Rafin), Magnoliae cortex (the
stem bark of Magnolia officinalis Rehd. Et Wils), and
Mirabilite (Matrii sulfas). The active constituents are
magnolol, honokiol, physcion, chrysophanol, emo
din, rhein, and aloe-emodin, naringenin glucuronide
and hesperetin glucuronide.

This herb is widely used in the treatment of cancer metastasis. DST
extracts were shown to inhib the invasion of the human hepato
cellular carcinoma cell line, Hep 3B. On this basis, DST may be a
promising antitumor agent.

Lycium barbarum
and rehmannia
glutinosa

[90]

Lycium barbarum (LBE) and Rehmannia glutinosa
(RGE) are traditionally used as chinese medicines
and herbal foods in China. The active constituents
are beta-carotene, vitamin C, vitamins B1 and B2,
beta-sitosterol, linoleic acid, immunologically active
polysaccharides, sesquiterpenoids (cyperone, solave
tivone), tetraterpenoids (zeaxanthin, physalin), and
betaine .

Hot water-extracted Lycium barbarum (LBE) and Rehmannia
glutinosa (RGE) were found to inhibit cell proliferation and
induce p53 mediated apoptosis in hepatocellular carcinoma and
inhibit oxidative DNA cleavage induced by various DNA damage
chemicals. It also has immunological functions which lead to
suppression of malignant cell growth.

Semen coicis

[91]

Semen Coicis is a traditional chinese herbal medicine KLT was found to inhibit HepG2 cell growth via a mechanism
which yields the extract Kang-Lai-Te (KLT). The involving induction of apoptosis through activation of the Fas/FasL
active constituents are protein, fat, carbohydrate, pathway.
vitamin B1, amino acids (leucine, lysine, arginine,
tyrosine), Coix factors, Coix esters, triterpenoids.

Paeoniae radix

[58]

This crude drug from the root of Paeonia lactiflora Paeoniae Radix was found to inhibit the growth of hepatoma cell
Pallas is used in many traditional prescriptions in lines HepG2 and Hep3B via induction of apoptosis in a p53 inde
China and Japan. The active constituents are Paeo pendent pathway.
niflorin, albiflorin and benzoylalbiflorin.

Qingrejiedu,
huoxuehuayu, and
fuzhengguben

[92]

Qingrejiedu, Huoxuehuayu, and Fuzhengguben
(QHF) medicinal herbs. The active constituents are
chlorogenic acid, geniposide, baicalin, forsythin,
indirubin. ligustrazine chuanxiong, saponins, and
isoflavonoids.

Delisheng

[93]

Delisheng is a n atural medicinal compound com The activity of Delishng on the human hepatocellular carcinoma cell
posed of ginseng, milk vetch root, secretion bufonis line HepG2 was investigated using the MTT assay, and compared to
and cantharidium.
that of the chemotherapeutic drugs 5-fluorouracil and adriamycin.
Delisheng was proved to have a positive anti-tumor activity,
comparable to that of the chemotherapeutic drugs used.

Astragalus
membranaceus

[94]

This herb, also known as aka huang chi, is one of the The herb was found to improve the function of T lymphocytes in
fundamental herbs used in traditional Chinese cancer patients compared with untreated cells.
medicine. The active constituents are polysaccharides,
saponins, flavonoids, amino acids.

Morarah and khaltita

[95]

Medicinal herbs. The active constituents is Kahalalide Morarah and Khaltita were found to induce cell death in a heptoma
F.
(Huh-7) cell line, suggesting that these herbs could have a promising
anti-cancer effect.

The QHF mixture was found to be more efficient in combating
cancer than its separate ingredients. It was also reported to relieve
symptoms that appear in patients with hepatocellular carcinoma
and to decrease tumor growth by increasing the antitumor effect of
cisplatin (DDP).

Possible molecular targets of herbal agents in different stages of hepatocarcinogenesis.

Promotion
This stage is characterized by dysregulation of signaling
pathways which normally control cell proliferation and
apoptosis (Figure 1). Apoptotic signaling within the cell
is transduced mainly via two molecular pathways: the
death receptor pathway (also called the extrinsic pathway)
and the mitochondrial pathway (also called the intrinsic
pathway)[32]. Both pathways activate a variety of proteases,
mainly caspases (cysteinyl aspartate-specific proteases),
and endonucleases, which finally degrade cellular components. Caspases are constitutively expressed as inactive
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proenzy-mes, generally require proteolytic processing for
their acti-vation, and are capable of self-activation as well
as activa-ting each other in a cascade-like process[33]. The
extrinsic and the intrinsic pathways are not mutually exclusive and hepatocytes require mitochondrial involvement
to amplify the apoptotic signal initiated by death receptors. The intrinsic pathway is triggered by various extra- or
intracellular signals that induce mitochondrial dysfunction,
resulting in altered membrane permeability and release
into the cytosol of mitochondrial proteins, including proapoptogenic factors such as cytochrome c[34]. The Bcl-2
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Figure 1 Molecular targets
for herbal compounds during
hepatocellular carcinoma progression. It is believed that
hepatocarcinogenesis involve
three main stages: initiation, promotion and progression. Herbal treatment can target multiple
biochemical pathways and molecular events involved in different stages of cancer progression and thus offers both chemopreventive protection for healthy or high risk patients and
chemotherapeutic potential for
cancer patients receiving chemotherapy[23-58].

Different stages of hepatocarcinogenesis
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of various agents, such as chemotherapy[38,41-43]. Thus,
induction of apoptosis in tumor cells as well as the
inhibition of increased cell proliferation are vital therapeutic goals for herbal treatment of malignancies. Many
herbal agents appear to target signaling intermediates in
apoptosis-inducing pathways. Thus, targeting apoptosis
pathways in premalignant cells, where these pathways are
still relatively intact, may be an effective mechanism for
chemoprevention[40].
Previous studies have shown that treatment with DAS
significantly modulates DNA levels in DENA-initiated
hepatocarcinogenesis, suggesting interference with mitotic pathways and enhancement of apoptosis of cancer
cells[44,45]. This effect may be related to the ability of DAS
to induce direct perturbation of mitochondria, resulting
in apoptotic damage to the cancer cells[46,47]. Other studies
have reported that ascorbate induces cell cycle arrest and
apoptosis in various tumor cells such as lymphoma, leukemia[48], melanoma[49], brain tumor[50], prostate cancer[51]
and stomach cancer cells[52]. It is possible that AA exerts
this effect by inhibiting either gene expression and/or
activity of mutant p53, vascular endothelial growth factor (VEGF), phosphotyrosine kinase, and protein kinase
C or by enhancing gene expression and/or activity of
p53 wild-type, transforming growth factor beta (TGFb),
mitogenactivated protein (MAP) kinase, caspase, cyclin
A and D and their kinases[53,54]. These anti-promotional
agents can also target specific signaling pathways for
hormone receptors, cell cycle check-point markers, transcription factors, mitogen-activated protein kinases, ratelimiting enzymes (e.g. cyclooxygenases), cell junctions
and tumor suppressor genes (e.g. p53). Promotion, unlike
initiation, is reversible and so identifying agents which

family is the best characterized protein family involved in
the regulation of apoptotic cell death. The anti-apoptotic
members of this family, such as Bcl-2, prevent apoptosis
either by sequestering proforms of death-driving cysteine
proteases called caspases (a complex called the apoptosome) or by preventing the release of mitochondrial
apoptogenic factors such as cytochrome c and apoptosisinducing factor into the cytoplasm. After entering the cytoplasm, cytochrome c and apoptosis inducing factor directly activate caspases that cleave a set of cellular proteins
to cause apoptotic changes[35,36]. In contrast, pro-apoptotic
members of this family, such as Bax, trigger the release of
caspases from death antagonists via heterodimerization
and also by inducing the release of mitochondrial apoptog
enic factors into the cytoplasm via acting on mitochondrial permeability transition pores, thereby leading to caspase
activation. Thus, the Bcl-2 family of proteins is crucial in
critical life-death decisions within the common pathway
of apoptosis[37].
Many of the molecular events altered in HCC progres
sion are compromise the balance between survival and
apoptotic signals in preneoplastic hepatocytes. Some
physiological proapoptotic molecules (e.g. Bax) are downregulated or inactivated in HCC, but the balance between death and survival is mainly disrupted by over
activation of anti apoptotic signals (e.g. Bcl-2). Cancer
cells show stronger requirements for these intracellular
pathways to survive[38] and many cancer cells resist apoptosis through the upregulation of Bcl-2 gene[39,40]. This
resistance allows damaged and mutated cells to survive,
and ultimately proliferate. It also prolongs the lifespan
of cells and makes them more likely to develop mutations. Cells also become resistant to the cytotoxic action
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can stop or reverse the process of promotion is of a great
importance[55].
This stage is characterized by invasion, angiogenesis,
metastatic growth, and genetic alterations within the
karyotype of the cells due to accumulation of mutated
genes, resulting in chromosomal abnormalities (see Figure
1). Angiogenesis, the development of new blood vessels
from endothelial cells, is a crucial process which allows the
malignant cells to get the nutrients and oxygen, which are
essential for cancer progression[56]. Tumors that outgrow
their oxygen supply cannot form masses greater than 1-2
mm in diameter without developing central necrosis. Neoplasms are genetically plastic and often adapt by switching
on genes that increase their ability to invade and metastasize. Tumours do not grow progressively unless they
induce a blood supply from the surrounding stroma. The
tumour angiogenic switch seems to be activated when the
balance shifts from angiogenic inhibitors to angiogenic
stimulators[57]. During angiogenesis, endothelial cells are
stimulated by various growth factors, including vascular
endothelial growth factor (VEGF) and fibroblast growth
factor (FGF). Thus, blocking the growth of new blood
vessels, and thereby reducing nutrients and oxygen supply
to tumour cells seems to be a successful strategy to prevent cancer metastasis[58].
The process of cancer metastasis consists of a series
of interrelated sequential steps, each of which is rate-limiting and may be a target for therapy. The outcome of the
process depends on both the intrinsic properties of the
tumour cells and the responses of the host. These steps
are summarized as follows: (1) Transformation of normal
cells into tumour cells; (2) Extensive vascularization (angiogenesis) involving production and secretion of pro-angiogenic factors by tumour cells and host cells to establish
a capillary network from the surrounding host tissue; (3)
Local invasion to the host stroma via thin-walled venules,
fragmented arterioles, and lymphatic channels which offer
little resistance to penetration and entry of tumour cells
into the circulation; (4) Detachment and embolization, in
which most circulating tumour cells are rapidly destroyed,
but those that survive arrest in the capillary beds of distant organs by adhering either to capillary endothelial cells
or to the exposed subendothelial basement membrane;
(5) Extravasation into a new host organ or tissue; and (6)
Proliferation within the new host organ or tissue with
the micrometastasis developing a vascular network and
evading destruction by host defenses. The cells can then
continue to invade blood vessels, enter the circulation, and
produce additional metastases[59-61].
Recently, there has been significant interest in developing agents which can delay cancer cell progression
to metastasis. Many anti-angiogenic herbs, such as curcumin[62], grape seed extract[63,64], and green tea, have been
identified[65,66]. These phytochemicals interact at multiple
levels to suppress the inflammatory, hyperproliferative
and transformative processes that promote angiogenesis.
They inhibit aminopeptidase-N (CD13), a member of
the matrix metalloproteinase family that is implicated in
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the angiogenic switch process. They can also interfere
with the expression of VEGF by suppressing a series
of angiogenic pathways including production of transforming growth factor beta (TGF-Β), amplification of
cyclooxygenase-2 (COX-2) and epidermal growth factor
receptor (EGFR), and amplification of nuclear factor
kappa-B (NF-κB) signaling. They may also interfere with
endothelial cell function by inhibiting the engagement of
specific integrins. Other anti-angiogenic herbs include
Chinese wormwood, Chinese skullcap, resveratrol and
Chinese magnolia tree, ginkgo biloba, quercetin, ginger,
panax ginseng[67,68].
Most anti-cancer herbs can exert both chemopreventive and chemotherapeutic actions. Taking into considera
tion the sequence of events in carcinogenesis (i.e. initiation, promotion and progression), the boundary between
the two actions of herbal agents during progression of
cancer is unclear. In other words, the same herbal agent
can both act as a chemopreventive agent for healthy or
high risk patients, and can be used as a therapeutic agent
or chemotherapy adjuvant to increase efficacy, decrease
side effects of conventional cytotoxic drugs, and prevent
tumour metastasis and recurrence in cancer patients. This
dual action of herbal medicines combined with their ability to target multiple biochemical and physiologic pathways
involved in tumour development and to minimize normaltissue toxicity emphasize their importance as an attractive
alternative means of controlling malignancy[19].

HERB-DRUG INTERACTIONS
Although herbal medicine has become a popular comple
mentary and alternative strategy for cancer, doubts concer
ning interference with the action of conventional chemo
therapeutic drugs have been raised recently. Considering
the narrow therapeutic borders of oncolytic drugs, the
usef of herbs could increase the risk of clinically relevant
herb-anticancer drug interactions. In addition, the lack
of sufficient information about possible mechanisms
for such interactions makes it very difficult to accurately
evaluate their possible adverse effects[69]. We have tried
to highlight the negative side of random use of herbal
treatments without medical supervision and the extent to
which they can affect the safety and efficacy of chemothe
rapy in cancer patients.
Herb-drug interactions can occur at different levels
(pharmaceutical, pharmacodynamic or pharmacokinetic),
but pharmacokinetic interactions are the most likely to occur and can result in changes in absorption, distribution,
metabolism, or excretion of chemotherapeutic drugs[70].
Drug-metabolizing systems are among the main targets
for such interactions. Phase I enzymes, mainly cytochrome
P450, detoxify a variety of endogenous and exogenous
chemicals and activate many carcinogens [71]. PhaseⅡ
enzyme systems, which include glutathione S-transferase
(GST), 3-quinone reductase, sulfotransferases, and UDPglucuronosyl-transferase, catalyze the reduction or conjugation of phase I metabolites to various watersoluble
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molecules and accelerate the rate of metabolite excre
tion[72,73]. Herbs can either inhibit or induce these systems,
thus modulating the action of oncolytic drugs. Inhibition
occurs when a herbal agent reduces the normal activity
level of a certain metabolic enzyme or drug transporter
involved in the disposition of the chemotherapeutic agent
via a competitive or noncompetitive mechanism, thereby
leading to higher plasma levels of the cytotoxic drug[74,75].
On the other hand, induction is a much slower process, in
which herbs increase the mRNA and protein levels of the
relevant metabolizing enzyme or drug transporter, resulting in lower plasma levels of chemotherapeutic agent. In
either case, significant clinical interactions can occur which
may cause greater toxicity or therapeutic failure[70,76,77].
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RESULTS: NMM Ⅱ-A and Ⅱ-B mRNA expression was
increased in culture-activated HSCs (Day 14) with significant increases seen in all pair-wise comparisons (Ⅱ
-A: 12.67 ± 0.99 (quiescent) vs 17.36 ± 0.78 (Day 14),
P < 0.05; Ⅱ-B: 4.94 ± 0.62 (quiescent) vs 13.90 ±
0.85 (Day 14), P < 0.001). Protein expression exhibited
similar expression patterns (Ⅱ-A: 1.87 ± 2.50 (quiescent) vs 58.64 ± 8.76 (Day 14), P < 0.05; Ⅱ-B: 1.17 ±
1.93 (quiescent) vs 103.71 ± 21.73 (Day 14), P < 0.05).
No significant differences were observed in NMM Ⅱ-C
mRNA and protein expression between quiescent and
activated HSCs. In culture-activated HSCs, NMM Ⅱ-A
and Ⅱ-B merged with F-actin at the cellular periphery
and throughout cytoplasm respectively. In vitro studies showed increased expression of NMM Ⅱ-B in HSCs
activated by BDL compared to sham-operated animals.
There were no apparent increases of NMM Ⅱ-A and Ⅱ
-C protein expression in HSCs during hepatic BDL injury.
To determine the contribution of NMM Ⅱ-A and Ⅱ-B to
migration and contraction, NMM Ⅱ-A and Ⅱ-B expression were downregulated with siRNA. NMM Ⅱ-A and/or
Ⅱ-B siRNA inhibited HSC migration by approximately
25% compared to scramble siRNA-treated cells. Conversely, siRNA-mediated NMM Ⅱ-A and Ⅱ-B inhibition
had no significant effect on HSC contraction; however,
contraction was inhibited with the myosin Ⅱ inhibitor,
blebbistatin (38.7% ± 1.9%).

Abstract
AIM: To identify and characterize the function of nonmu-scle myosin Ⅱ (NMM Ⅱ) isoforms in primary rat
hepatic stellate cells (HSCs).
METHODS: Primary HSCs were isolated from male
Spra-gue-Dawley rats by pronase/collagenase digestion.
Total RNA and protein were harvested from quiescent
and culture-activated HSCs. NMM Ⅱ isoform (Ⅱ-A, Ⅱ-B
and Ⅱ-C) gene and protein expression were measured
by RealTime polymerase chain reaction and Western
blot analyses respectively. NMM Ⅱ protein localization
was visualized in vitro using immunocytochemical analysis. For in vivo assessment, liver tissue was harvested
from bile duct-ligated (BDL) rats and NMM Ⅱisoform
expression determined by immunohistochemistry. Using a selective myosin Ⅱ inhibitor and siRNA-mediated
knockdown of each isoform, NMM Ⅱ functionality in
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CONCLUSION: Increased expression of NMM Ⅱ-A and
Ⅱ-B regulates HSC migration, while other myosin Ⅱ
classes likely modulate contraction, contributing to development and severity of liver fibrosis.
© 2011 Baishideng. All rights reserved.
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are associated with generation of contractile forces[13]. In
nonmuscle cells, three isoforms of nonmuscle myosin Ⅱ
(NMM Ⅱ-A, Ⅱ-B and Ⅱ-C) encoded by different genes
have been identified and are expressed in multiple tis
sues[14-16]. Distinct enzymatic properties of each isoform
confer specific functions and are important in modulating
kinetic properties of the cell[17].
HSC contraction and migration are necessary for the
wound-healing process and influence both development
and severity of hepatic fibrosis. Recent studies examined
the expression and functionality of NMM Ⅱ proteins
in mouse HSCs[18,19]. Inhibition of myosin Ⅱ ATPase by
blebbistatin, a cell-permeable pharmacological agent, al
tered HSC morphology and reduced characteristic HSC
contraction; however, NMM Ⅱ isoform specificity of
blebbistatin is not well understood[20]. While studies have
shown the pharmacological inhibitor blocks skeletal mus
cle and NMM Ⅱ activity with minimal effects on smooth
muscle myosin Ⅱ, others have shown that blebbistatin is
specific to smooth muscle myosin Ⅱ[20-23]. Lack of speci
ficity associated with blebbistatin requires further inves
tigation into the distinct roles of NMM Ⅱ isoforms in
the HSC. Furthermore, expression of NMM Ⅱ isoforms
in HSCs in vivo has not been investigated. In the present
study we examined expression and functionality of NMM
Ⅱ isoforms in rat HSCs.
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INTRODUCTION
The progressive pathology of hepatic fibrosis is charac
terized by continual deposition and accumulation of
type Ⅰ collagen heavily mediated by the hepatic stellate
cell (HSC). HSCs are located in the perisinusodial space
of Disse between the hepatocytes and endothelial cells
and comprise approximately 15% of the normal liver[1].
These lipid rich, vitamin A storing cells produce collagen
and other extracellular matrix (ECM) components for
maintenance of basement membrane and regulate hepatic
microcirculation by modulating sinusoidal diameter[2-4]. In
diseased liver, such as steatohepatitis, fibrosis, cirrhosis or
hepatocellular carcinoma, damaging stimuli trigger trans
differentiation of quiescent HSCs to an activated, woundhealing myofibroblast-like cell[5]. Activated HSCs prolifer
ate vigorously, lose retinyl ester stores, increase expression
of cytoskeletal proteins such as α smooth muscle actin
and secrete numerous ECM proteins including typeⅠ
collagen leading to disruption of normal liver architecture
impeding liver microcirculation[5].
In addition to altering the ECM, HSC hypercontra
ctility contributes to increased resistance of sinusoids manifesting in portal hypertension, characterized by both
increased portal blood flow and intrahepatic vascular
tone[6,7]. Autoregulation of microcirculation is delicately ba
lanced by vasomodulators, such as endothelin-1 (ET-1), a
potent vasoconstrictor synthesized by endothelial cells and
nitric oxide, a strong vasodilator[8,9], and activated HSCs
have been shown to contract in response to ET-1[10,11].
Prior to matrix and microvasculature remodeling, chemo
tactic factors released during injury stimulate HSC mig
ration to damaged areas. Platelet-derived growth factor,
one of the most potent chemotactic molecules, also regu
lates factors controlling focal adhesion formation, includ
ing myosin regulatory light chain phosphorylation[12].
Myosin proteins act as molecular motors and contri
bute to cellular contraction, cytokinesis and migration.
Myosins bind actin filaments and generate force, using
energy from ATP hydrolysis. Specifically, class Ⅱ myosins
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MATERIALS AND METHODS
Materials
Reagents were purchased from Sigma Aldrich (St. Louis,
MO) unless otherwise indicated. ET-1 was purchased
from American Peptide (Sunnyvale, CA). TRIzol, Lipof
ecatmine and Superscript Ⅱ kit were purchased from
Invitrogen Corporation (Baltimore, MD). Blebbistatin
was purchased from Calbiochem (San Diego, CA). Type
Ⅰcollagen was purchased from BD Biosciences (Franklin
Lakes, NJ). Pronase and SYBR Green were purchased
from Roche Molecular Biochemicals (Chicago, IL). Oligonucleotide primers were designed using Primer3 (v0.4.0)
and synthesized by Integrated DNA Technologies (Coral
ville, IA). Monoclonal antibodies specific against NMMⅡ
-A and Ⅱ-B isoforms, GAPDH, and anti-rabbit (or goat)HRP secondary antibodies were obtained from Santa
Cruz Biotechnology, Inc (Santa Cruz, CA). NMM Ⅱ-C
antibody was a gift, kindly provided by Dr. Robert Adel
stein. Monoclonal antibodies specific against α smooth
muscle actin (αSMA) were purchased from Dako (Glos
trup, Germany). Chamber slides were purchased from
Lab-Tek (Rochester, NY). Secondary fluorescent antibod
ies (AlexaFluro 488 anti-rabbit and 594 anti-mouse), rho
damine phalloidin and DAPI were purchased from Mo
lecular Probes (Eugene, OR). ECL reagent was purchased
from Amersham Biosciences (Piscataway, NJ). siRNAs
for NMM Ⅱ isoforms (Ⅱ-A and Ⅱ-B) were purchased
from Ambion (Austin, TX). Optiprep was purchased from
Axis-Shield (Oslo, Norway).
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Animals
Male Sprague-Dawley rats [250 g (bile duct-ligation (BDL)
model); 500-650 g (primary cultures)] purchased from
Charles River Laboratories (Raleigh, NC) were used in
these studies. All experiments were approved by The
University of North Carolina at Charlotte Institutional
Animal Care and Use Committee and performed in ac
cordance with NIH guidelines.

Table 1 Intron-spanning primers for the amplification of
NMM Ⅱ isoforms
Gene

Anti-sense

Product length
(bp)

5’ aga aaa ccg cat cac
cat tc

5’ tgt tct tca tca gcc
act cg

189

rMyh10 5’ ggc act gga gga act 5’ ctt ctt cca gca ggg
ctc tg
ttg ag

287

rMyh14

275

rMyh9

HSC Isolation and culture
Primary HSCs were isolated from animals following in situ
liver perfusion-pronase/type Ⅰ collagenase digestion[24].
The liver was perfused with calcium free-buffered saline,
pronase (0.035% b.w.) and collagenase (1 mg/mL) for 10
min each. Digested liver suspension was centrifuged twice
at 50 × r/min for 2 min. Nonparenchymal cells were re
covered from the supernatant by centrifugation at 700 ×
r/min for 3 min. Density gradients were prepared in Opti
prep 40% (v/v) solution. The gradient was centrifuged at
700 × r/min for 17 min at 25°C. HSCs were recovered
from the interface between the medium and density layer,
washed and centrifuged at 700 × r/min for 5 min. Typical
cell purity following isolation was ≥ 95% as determined
by autofluorescence of stored retinoid esters in HSCs.
Cell viability was determined by Trypan blue exclusion
staining. Cells were either used immediately (quiescent) or
cultured on plastic using DMEM supplemented with 10%
fetal bovine serum, L-glutamine (2 mmol/L) and antibiot
ics (activated) as described previously[24]. Growth medium
was changed on a daily basis for the first week in culture.
Culturing HSCs on plastic is routinely used to mimic the
in vivo activation process[25].

5’ gct gct caa gga cca
tta cc

5’ gta cca gct tgc
cag aga gg

Gene name: rMyh9: Rat nonmuscle myosin Ⅱ-A; rMyh10: Rat nonmuscle
myosin Ⅱ-B, rMyh14: Rat nonmuscle myosin Ⅱ-C.

overnight and paraffin-embedded.
mRNA analysis
Total RNA from quiescent and culture-activated HSCs
was isolated using TRIzol, DNase treated, reverse transcri
bed using Superscript Ⅱ following manufacturer’s recom
mendations. RealTime PCR was run at 94oC 15 s; 58oC 25 s;
72oC 20 s, read 5 s using primers specific against NMM Ⅱ
-A, Ⅱ-B and Ⅱ-C (Table 1). Reaction mixture consisted
of 1 μL each of cDNA, forward and reverse primers (5
nmol), 2 μL DEPC water, and 5 μL of SYBR Green Mas
ter Mix. cDNA concentration was used as a reference to
normalize samples since the expression of housekeeping
genes was modulated through days in culture[24]. Data were
reported as cross-point, the point at which the detectable
level of SYBR green fluorescence was detected above the
background. All experiments were performed a minimum
of three times.

Surgical procedures
Animals were randomized into two groups; sham and
BDL and allowed to recover for two weeks.

Protein analysis
Western blot: Protein expression of NMM Ⅱ isoforms
during transdifferentiation of quiescent (freshly isolated),
Day 1 (early activation) and Day 14 (late activation) HSCs
was determined by an actin-selection assay[26]. Briefly,
HSCs were homogenized in lysis buffer (50 mmol/L
Tris-HCl, 0.1 mmol/L EDTA, 1 mmol/L phenylmethylsulfonyl fluoride, 2% (w/v) SDS, aprotinin and protease in
hibitor cocktail). Sample lysates were equalized for protein
concentration using the Bradford method and incubated
with F-actin (10 mmol/L) for 30 min at 4oC. The protein
complex was centrifuged at 320 000 × r/min for 30 min
and the pellet suspended in Laemmli buffer. Immunoblot
analysis was performed using 8% SDS-PAGE. Primary
antibodies were diluted 1:500 (NMM Ⅱ-A, Ⅱ-B, or Ⅱ-C)
and incubated at 4oC overnight. Secondary antibody (antirabbit-HRP) was used at a dilution of 1:1000 and incubat
ed for 1 h at room temperature. Rat-1 cell line was used as
a positive control for NMM Ⅱ isoform detection. Protein
expression of NMM Ⅱ-A and Ⅱ-B siRNA inhibition was
determined by standard Western blot analysis[27]. Briefly,
HSCs were homogenized in lysis buffer, equalized for
protein concentration using the Bradford method and
immunoblot analysis performed using 8% SDS-PAGE.

Sham: Surgical anesthesia was induced by isoflurane
inha‑lation and a midline laparotomy performed and
closed in two layers.
BDL: Surgical anesthesia was induced by isoflurane inha
lation and a midline laparotomy performed. The hepatic
bile duct was exposed, double ligated, transected and the
abdominal incision closed in two layers.
Post-operative care: In all experimental groups, animals
received saline [0.9% (w/v)] resuscitation and bupre
norphine (0.03 mg/kg, s.q.) immediately after each proce
dure. Buprenorphine was administered for the duration of
the experiment as determined by the in-house veterinar
ian. The time points for data analysis were chosen as mild
fibrosis ensued to identify specific changes in NMM Ⅱ
isoform expression in the liver.
Tissue collection: Two weeks after BDL, animals were
sacrificed by exsanguination and the liver resected. Tis
sue samples (100-200 mg) were fixed in formalin solution

WJH|www.wjgnet.com

Sense

186

July 27, 2011|Volume 3|Issue 7|

Moore CC et al . NMM Ⅱ regulates HSC migration

Primary antibodies were diluted 1:500 (NMM Ⅱ-A or Ⅱ
-B) or 1:1000 (GAPDH) and incubated at 4oC overnight.
Secondary antibody (anti-rabbit-HRP or anti-goat-HRP)
was used at a dilution of 1:1000-1:5000 and incubated for
1 h at room temperature. Signal intensity was analyzed
using a digital camera and densitometric analysis program
(Quantity One, Bio-Rad Laboratories, Inc).

tion analyses.
Preparation of collagen lattices
Contraction of HSCs was performed in a 24-well tis
sue culture dish coated with collagen as described with
minor modifications[8,9]. Hydrated collagen lattices were
prepared using an 8:1:1 of typeⅠcollagen: 0.2 mol/L
HEPES: 10 × DMEM for final collagen concentration
of 3.65 mg/mL. The mixture (300 μL) was aliquoted
onto each well of a 24-well plate and allowed to congeal
overnight at 37°C. Cells were serum-starved 24 h prior to
seeding onto the congealed collagen lattice (3 × 105 cells/
well).

Dual fluorescent immunostaining: The expression of
NMM Ⅱ isoforms was evaluated by: (1) immunocyto
chemistry (ICC) of culture-activated HSCs (Day 14)
incubated on chamber slides and (2) immunohistoche
mistry (IHC) of paraffin-embedded liver sections from
normal and injured liver. For immunocytochemistry,
slides were washed with PBS, blocked with 5% (v/v) nor
mal goat serum, incubated overnight at 4oC using rabbit
polyclonal NMM Ⅱ-A, Ⅱ-B and Ⅱ-C antibody (1:100).
Samples were washed with PBS, incubated with second
ary antibody (AlexaFluro 488: 1:500) for 1 h, followed by
rhodamine phalloidin in-cubation for 15 min and finally
with 4, 6-diamidino-2-phenylindole, dihydrochloride
(DAPI) for 5 min. For immunohistochemistry, sections
were de-paraffinized and hydrated in graded ethanol.
Cross-linked proteins were exposed using heat-induced
epitope retrieval and proteolytic enzyme digestion. Slides
were washed, blocked [0.2% (v/v) NGS] and incubated
overnight at 4oC using rabbit polyclonal NMM Ⅱ-A, Ⅱ
-B and Ⅱ-C antibody (1:500). In addition, mouse αSMA
was used to detect activated HSCs. Slides were washed,
incubated with fluorescent secondary antibodies (Alexa
Fluro 488 and AlexaFluro 594: 1:1000) and developed
with DAPI. To demonstrate specificity immunoreactions,
negative controls (normal serum from the same species
replaced the primary antibody) were included for all im
munoreactions. Rat-1 cell line (ICC) and lung tissue (IHC)
served as positive controls for NMM Ⅱ isoform detec
tion (data not shown). For microscopic images, cells
were visualized using the Olympus IX71 microscope
(Olympus America, Inc). Images of NMM Ⅱ isoforms,
αSMA, F-actin and DAPI were taken separately at identi
cal exposures and color channels merged using IMAGEPRO software (Media Cybernetics Inc).

Contraction assay
Collagen lattices were prepared and culture-activated
HSCs (Day 4) trypsinized and seeded onto the congealed
collagen lattice and allowed to recover overnight. Collagen
lattices were dislodged from wells with a 10 μL pipette tip.
Cells were treated with ET-1( 1 nmol/L) to induce con
traction. Images were captured with UVP BioSpectrum
AC Imagining System at indicated time points and PTI
ImageMaster software was used to measure changes in
collagen diameter immediately following ET-1 treatment
and 24 h later. The differences in collagen diameters
were reported as percentage change in collagen lattice
circumference, which is reflective of ET-1-induced con
traction. Assays were repeated using transfected HSCs to
assess effects of siRNA knockdown on ET-1-mediated
contraction.
Migration assay
A sterile pipette tip was dragged through the cell sheet,
creating a cleared zone 48 h after transfection. Images
were immediately taken of the scrape in four locations per
dish using the Olympus IX71 microscope. Twenty-four
hours later, images were taken in the exact same locations.
To assess the number of migrating cells, the PTI Image
Master software was used to measure changes in the dis
tance traveled into the ‘damaged area’ (cleared zone).
Blebbistatin treatment
Collagen-seeded HSCs (Day 5) were pre-treated with in
creasing doses (0-25 μmol/L; 5 μmol/L increments) of
the active enantiomer (-)-blebbistatin (Blebbistatin/Bleb)
or inactive enantiomer (+)-blebbistatin (Vehicle) for 30
min. The collagen lattices were dislodged from the wells
and incubated with ET-1 (1 nmol/L) to induce contrac
tion. To assess HSC contraction, the PTI ImageMaster
software was used to measure changes in the collagen di
ameter over a 24 h incubation period.

siRNA-mediated inhibition
Freshly isolated HSCs were seeded at 2 × 106 cells on p60
tissue culture dishes and transfected on Day 3 of cultureactivation with siRNAs for NMM Ⅱ isoforms (Ⅱ-A and
Ⅱ-B) using Lipofectamine reagent. In a 5 mL polystyrene
tube, NMM Ⅱ isoform or scramble siRNAs (final con
centration was 100 nmol/L) was incubated with 600 μL
OptiMEM and vortexed. In a separate 5 mL tube, 20 μL
Lipofectamine reagent was incubated with 600 μL Op
tiMEM and vortexed. Solutions were combined, vortexed
and incubated for 30 min at room temperature. Cells were
washed and incubated with 1.5 mL OptiMEM. Cells were
subsequently incubated with siRNA mixtures for 8 h. At
the end of the transfection period, fresh media (2.5 mL)
was added to wells and incubated for 48 h prior to analysis
of mRNA and protein expression, contraction and migra
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Statistical analysis
Data are presented as mean ± SE. One-way ANOVA fol
lowed by Student-Newman-Keuls post hoc test was used
to assess differences between groups at different stages of
activation using Sigma Stat software. Results were consid
ered significant for P < 0.05.
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Figure 1 Relative mRNA and protein expression of nonmuscle myosin Ⅱ-A, Ⅱ-B and Ⅱ-C in hepatic stellate cells. A: mRNA expression of all isoforms was
assessed in quiescent and culture-activated hepatic stellate cells (HSCs) (Day 1 and Day 14) by RealTime PCR. mRNA expression of all isoforms was normalized
to total cDNA concentration. (aP < 0.05; bP < 0.001 as compared to quiescent). B: Protein expression of all three NMM Ⅱ isoforms was determined in quiescent
and culture-activated HSCs (Day 1 and Day 14) by an actin-selection assay and subsequent Western blot analysis. Sample lysates were equalized for protein
concentration using the bradford method and incubated with F-actin (10 mmol/L). (+ Ctrl; Rat-1 fibroblast cell line). Top panel: representative Western blots. Bottom
panel: Western blot quantification using band intensity. (aP < 0.05 as compared to quiescent).

Interestingly, mRNA expression of NMM Ⅱ-B increased
2.8-fold over culture-activation, whereas Ⅱ-A expression
only increased 1.4-fold. NMM Ⅱ-C mRNA expression
was not significantly altered following culture-activation.
To quantify NMM Ⅱ protein we utilized an actin-selec
tion assay, which takes advantage of the ability of actin to
bind myosin in the absence of ATP[26]. Detectable levels
of NMM Ⅱ-B and Ⅱ-C isoform protein expression were
insignificant in quiescent HSCs (Figure 1B). Protein con
centrations were doubled to verify lack of protein expres
sion in quiescent HSCs since these results differed from
mRNA expression; however, the intensities still remained
negligible. Significant increases in protein expression were
seen in Day 1 and Day 14 HSCs for both NMM Ⅱ-A and
Ⅱ-B. NMM Ⅱ-C protein expression was also measured;
however, significant levels of expression were undetected.

RESULTS
NMM Ⅱ isoform expression
Throughout the HSC transdifferentiation process nume
rous qualitative and quantitative changes are associated
with functional modifications that serve to accommodate
normal or injured conditions. Our laboratory has recently
demonstrated that HSC transdifferentiation from the quie
scent to activated state results in significant morphological
and gene expression changes[24]. Furthermore, significant
alterations in the classic housekeeping genes are also pres
ent in culture activation. In the present study, we normal
ized gene expression in quiescent (freshly isolated), Day
1 (early activation) and Day 14 (late activation) HSCs to
total cDNA concentration. RealTime PCR was performed
to quantify mRNA expression of NMM Ⅱ-A and Ⅱ
-B isoforms (Figure 1A). Our results demonstrate that
expression was increased during transdifferentiation with
significant increases seen in all pair-wise comparisons.
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Cellular localization of NMM Ⅱ isoforms
Peak mRNA and protein expression levels were measured
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(Day 14)
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NMM Ⅱ isoform/F-actin/DAPI

Ⅱ-C

Ⅱ-B

Ⅱ-A

F-actin

Figure 2 Immunocytochemical analysis of nonmuscle myosin Ⅱ-A, Ⅱ-B and Ⅱ-C in hepatic stellate cells. Expression of all three isoforms was detected in
culture-activated cells (Day 14). Specific Ⅱ immunoreactivity of representative fields is shown in green; F-actin stress fibers (phalloidin) are shown in red and cell nuclei
are stained blue (DAPI). Images of Ⅱ isoforms, F-actin, and DAPI were taken separately at identical exposures and color channels were merged using IMAGE-PRO
software (350 ×).

utilized. BDL-induced fibrosis typically generates lesions
surrounding bile duct epithelium and stimulates cholan
giocyte proliferation, resulting in hepatic inflammation
and injury[28]. HSCs respond to BDL-induced injury and
transdifferentiate into activated myofibroblast-like cells,
characterized by αSMA expression. NMM Ⅱ-A and Ⅱ-B
protein expression was minimally detected in normal liver
tissue, while BDL liver tissue showed up-regulation of all
three NMM Ⅱ isoforms (green fluorescence), correlating
with in vitro data. αSMA (red fluorescence) expression was
observed in BDL-injured tissue (Figure 3) and, interest
ingly, NMM Ⅱ-B was the only isoform found to merge
(yellow fluorescence) with activated HSCs in BDL liver
tissue.

in fully activated HSCs that are present during woundhealing; therefore, Day 14 cells were utilized for immu
nocytochemistry (Figure 2). Culture-activated HSCs ex
hibited characteristic stress fiber formation as detected by
F-actin (rhodamine phalloidin) staining. All three NMM
Ⅱ isoforms were detected in HSCs, which corresponded
with mRNA and protein expression. Merged images re
vealed a stronger focus (yellow fluorescence) of NMM Ⅱ
-A and Ⅱ-B with F-actin compared to Ⅱ-C. Additionally,
NMM Ⅱ-A localization with F-actin showed a stronger
intensity at the cell periphery, while Ⅱ-B was predomi
nantly located throughout the cytoplasm.
NMM Ⅱ isoform expression in normal vs fibrotic liver
Increased isoform expression was seen in activated HSCs,
the main effector cells in hepatic fibrosis. To confirm
this observation in vivo, a BDL model of liver injury was
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Inhibition of NMM Ⅱ isoforms
siRNA-mediated inhibition was utilized to perform spe
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NMM Ⅱ isoform/DAPI
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Ⅱ-A

Sham liver tissue
NMM Ⅱ isform/DAPI

Figure 3 Immunohistochemical analysis of nonmuscle myosin Ⅱ-A, Ⅱ-B and Ⅱ-C in normal and injured liver sections. Specific nonmuscle myosin (NMM) Ⅱ
immunoreactivity of representative fields is shown in green; αactin smooth muscle, as a marker of hepatic stellate cell activation is shown in red and cell nuclei are stained blue
(DAPI). Images of NMM Ⅱ isoforms, F-actin, and DAPI were taken separately at identical exposures and color channels were merged using IMAGE-PRO software (200 ×).

NAs. Using a plate scrape model of injury-induced mig
ration, location-specific images were taken prior to and
24 h following damage and gap distance was marked and
measured. As compared to the scramble siRNA, all iso
form permutations displayed impaired migratory proper
ties (Figure 5). Quantitative analysis of the change in gap
distance revealed significant decreases with both siRNA
treatments indicating importance of these molecular mo
tors in HSC migration (bottom panel).
To further investigate additional known functions of
NMM Ⅱ-A and Ⅱ-B, HSCs were transfected with spe
cific siRNAs and subsequently treated with ET-1 for 24
h to induce contraction on collagen lattices. The effect of
isoform inhibition was determined by changes in gel cir
cumference after 24 h as compared to scramble control.
Results indicated that siRNA-mediated knockdown did
not result in inhibition of ET-1-induced contraction (Fig
ure 6). Several adjustments to the contraction assay were
made to validate results. siRNA concentration and incuba
tion period were changed, in addition to altering matrix
stiffness; however, these modifications also demonstrated

cific knockdowns of NMM Ⅱ-A and Ⅱ-B in primary
activated HSCs given that Ⅱ-C mRNA and protein
expression was not significantly altered during trans
differentiation (Figure 3). Cells were transfected with the
appropriate siRNA (100 nmol/L). RealTime PCR con
firmed successful inhibition of NMM Ⅱ-A (60% reduc
tion compared to scramble) (Figure 4A) and Ⅱ-B (56%
reduction compared to scramble) (Figure 4B). Similarly,
transfections with NMM Ⅱ-A or Ⅱ-B resulted in reduced
protein expression, 52% and 49% respectively (Figure
4C and 4D). Additionally, siRNA inhibition specificity
was shown as indicated by no reduction in NMM Ⅱ-A
expression when transfected with Ⅱ-B siRNA alone (Fig
ure 4A). Parallel experiments also demonstrated specific
knockdown of NMM Ⅱ-B (Figure 4B).
Effect of NMM Ⅱ isoform inhibition on HSC migration and
contraction
To determine functional contributions of NMM Ⅱ iso
forms in the HSC, culture-activated cells (Day 5) were
treated with scramble, Ⅱ-A, Ⅱ-B or Ⅱ-A and Ⅱ-B siR
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Figure 4 Nonmuscle myosin Ⅱ isoform inhibition. A and B: Culture-activated hepatic stellate cells (Day 3) were incubated with nonmuscle myosin Ⅱ-A or Ⅱ-B, Ⅱ-A
& Ⅱ-B, or scramble siRNA (100 nmol/L) for 48 h. RealTime PCR determined isoform-specific inhibition of each isoform as normalized to total cDNA concentration
and compared to scramble control. C and D: In parallel experiments cell lysates were isolated and protein inhibition determined by western blot analysis. Protein
expression was normalized to GAPDH and compared to scramble control (aP < 0.05 as compared to scramble).

that specific inhibition of NMM Ⅱ isoforms does not
alter rat HSC contraction capabilities.

induced hypercontraction and as expected, blebbistatin
pretreatment abolished the aforementioned effect in a
dose dependent manner (black bars), while vehicle pre
treatment permitted ET-1-induced contraction (grey bars).
Quantitative analysis revealed that 5 μmol/L blebbistatin
treatment significantly reduced HSC contraction, as did
higher doses of the pharmacological inhibitor. Consis
tent with previous findings, micrograph images of HSCs
seeded onto collagen lattice exhibited a contractile star-like
shape (Figure 7B). In response to ET-1 stimulus, myosin
Ⅱ activation resulted in HSC elongation along the cellular
axis as previous described[18,30], while chemical inhibition
of myosin Ⅱ activation restored original cellular shape.

Chemical inhibition of NMM Ⅱ isoforms
Studies conducted utilizing culture-activated HSCs (Day
10) demonstrated myosin Ⅱ chemical inhibition signi
ficantly attenuated ET-1-induced HSC contraction[18].
However, our studies demonstrated that gene isoform inhi
bition by siRNA revealed no effect on contractile properties/function. Therefore, to determine possible contribu
tions of other myosin Ⅱ family members, we used the
chemical inhibitor, blebbistatin, in our studies. Day 5
HSCs are most responsive to ET-1-induced contraction[29];
therefore, Day 5 HSCs were pre-treated with increasing
doses of blebbistatin (0-25 μmol/L) prior to ET-1 (1
nmol/L) treatment (Figure 7A). Twenty-four hours fol
lowing chemical treatment, collagen lattice was imaged (top
panel) and differences in collagen lattice diameter report
ed as percentage change in gel circumference (bottom
panel). Consistent with previous findings, HSCs exerted a
contractile force, which resulted in a 22 ± 3% decrease in
collagen lattice circumference (white bar). ET-1 treatment
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DISCUSSION
Chronic injury and unresolved fibrosis perpetuates HSC
activation and further promotes the deleterious clinical
effects of portal hypertension, which is associated with
both increased portal blood flow and augmented intrahe
patic vascular resistance[6,7]. In characterizing the expres
sion profile of specific NMM Ⅱ isoforms during differ

191

July 27, 2011|Volume 3|Issue 7|

Moore CC et al . NMM Ⅱ regulates HSC migration
Time 0

Ⅱ-A & Ⅱ-B

Ⅱ-B

siRNA treatment

Ⅱ-A

Scramble

24 h

125

Migration assay NMM Ⅱ siRNA(100 nmol/L)

% Δ Gap distance

100
a

a

75

a

50
25
0
Scramble

Ⅱ-A

Ⅱ-B

Ⅱ-A/B

siRNA treatment

Figure 5 Effect of nonmuscle myosin Ⅱ inhibition on hepatic stellate cell migration. Culture-activated hepatic stellate cells (Day 3) were transiently transfected
with siRNA targeted to all nonmuscle myosin (NMM) Ⅱ permutations (NMM Ⅱ-A, Ⅱ-B,Ⅱ-A & Ⅱ-B) or scramble siRNA and incubated for 48 h. A plate scrape
model of migration was used to simulate liver injury. After 24 h, migration was calculated as change in wound (gap) diameter over time. Top panel: representative
micrographs. Bottom panel: Migration assay quantification. (aP < 0.05 as compared to scramble).
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increased cellular migration in mouse HSCs [18,31], our
studies demonstrated that NMM Ⅱ-A and Ⅱ-B knock
down significantly reduced the migratory capacity of rat
HSCs. While previously studies have suggested that iso
form specific rearrangement of actin stress fibers may
be responsible, in part, for differences in migration rates
among different cell types[32], further analysis is needed
to validate these conflicting species-specific findings.
Based on the kinetic properties of NMM Ⅱ-B, it
has been proposed that this isoform may be involved
in maintaining tonic force needed for particular cellular
functions such as hypercontraction [14]. Furthermore,
it has been demonstrated that the loss of NMM Ⅱ-B
decreases 3D collagen gel contraction[35]. While Liu et
al reported that NMM Ⅱ-A is the essential isoform
necessary for contraction in mouse HSCs, our results
indicated that NMM Ⅱ-A and/or Ⅱ-B knockdown
in rat HSCs does not significantly alter basal or ET-1induced contraction. In order to confirm these results,
we optimized our contraction assay by increasing siRNA
concentration and incubation times, altering collagen
lattice concentration and cell number; however, chang
ing these parameters had no effect on HSC contraction
(data not shown). In the studies performed by Meshel et
al, NMM Ⅱ-B-/- fibroblast demonstrated significant dif
ferences in cell movement and contraction depending on
experimental substrate[26,35]; therefore, it is possible that
technical differences in experimental design may explain
our conflicting results. Future studies will more closely
examine the contribution of NMM Ⅱ isoforms using
a Cre-lox recombination system to completely inhibit
these isoforms and assess HSC hypercontraction.
While cellular localization suggests possible me
chanisms by which NMM Ⅱ may function in the dis
eased state, further investigation in vivo was explored
using a bile-duct ligation (BDL) model of hepatic injury.
Obstruction of the common bile duct initiates rapid
proliferation of biliary cholangiocytes and inflamma
tion[36]. Following epithelial expansion, sustained blockage
of bile flow causes continual activation of HSCs in the
periductal region, which promotes biliary fibrosis. In our
studies, NMM Ⅱ-B expression was evident in activated
HSCs during BDL-induced hepatic fibrosis, while NMM
Ⅱ-A and Ⅱ-C were only associated with biliary cholan
giocytes. These results may suggest that NMM Ⅱ-A and
Ⅱ-C may not be detectable in HSC in the in vivo setting.
Previous studies have identified an important role for
NMM Ⅱ in cellular adhesion and collagen remodeling
during wound repair[26,35]. While NMM Ⅱ-B may be the
important isoform contributing to the development and
progression of hepatic fibrosis, NMMⅡ-A and Ⅱ-C may
be contributing to the initiation of the inflammatory response by stabilizing integrins and other cellular adhesion
molecules. Together, the in vitro and in vivo data suggest
that each NMM Ⅱ isoform may be responsible for spe
cific molecular functions during liver injury.
Although siRNA data confirmed that successful knockdown of one isoform does not influence expression of
another NMM Ⅱ isoform (Figure 4A and 4B), it is plau
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Figure 6 Effect of nonmuscle myosin Ⅱ inhibition on hepatic stellate cell
contraction. Culture-activated hepatic stellate cells (Day 3) were transiently
transfected with siRNA targeted to nonmuscle myosin(NMM) Ⅱ-A, Ⅱ-B, Ⅱ-A
and Ⅱ-B or scramble siRNA (100 nmol/L and allowed to incubate for 24 h. Cells
(1 × 105) were seeded onto collagen lattices overnight, serum-starved for 24
h and subsequently treated with ET-1 (1 nmol/L). Twenty-four hours following
chemical treatment, hepatic stellate cell contraction was quantified using PTI
ImageMaster software and reported as percentage change in gel circumference.

ent stages of HSC transdifferentiation, we were able to
evaluate individual components that may be responsible
for the fibrogenic response of activated HSC migration.
In agreement with our findings, recent studies in mouse
HSCs indicated that an increase in NMM Ⅱ isoform exp
ression regulates cellular motility[18,31]; however, in contrast
to these studies, we report that NMM Ⅱ isoforms in rat
HSCs increases cellular migration.
Isoform-specific localization of NMM Ⅱ along ac
tin stress fibers has previously been ascribed to cellular
functions in multiple cell types[32]. Specifically, in bovine
aortic endothelial cells, NMM Ⅱ-A merges with actin
filaments at the leading edge of cells, while NMM Ⅱ-B
merges within the cytoplasm, which facilitates endothe
lial cell expansion under diseases states[33]. In contrast to
these findings, studies in mouse HSCs demonstrated that
NMM Ⅱ-A is distributed along αSMA-containing stress
fibers following culture-activation, while NMM Ⅱ-B is lo
cated at the leading edge of lamellipodia[18]. In our stud
ies, upregulation of NMM Ⅱ-A and Ⅱ-B expression
was associated with F-actin stress fibers in the cellular
periphery and throughout the cytoplasm of rat HSCs
respectively. These results are consistent with previous
studies in fibroblast cells suggesting that NMM Ⅱ-A
activation facilitates rearrangement of actin bundles into
cellular protrusions and NMM Ⅱ-B incorporates into
cytoplasmic stress-fibers[34].
While the expression of the NMM Ⅱ isoforms is relatively ubiquitous in most nonmuscle cells it has yet to be
determined whether these proteins play redundant, over
lapping or distinct roles in performing various mechanical functions in rat HSCs. Therefore, we per-formed migration and contraction studies using siRNA-mediated
knockdown of NMM Ⅱ-A and Ⅱ-B, which were upregu
lated during culture-activation of HSCs in vitro. While Liu
et al reports that siRNA-mediated NMM Ⅱ-A inhibition
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Figure 7 Blebbistatin-inhibited endothelin-1-induced hepatic stellate cell contraction. Culture-activated hepatic stellate cells(HSCs) (Day 4) were serum-starved
24 h prior to seeding onto collagen lattices (3 × 105 cells/well). Cells were pretreated with inactive (Vehicle) or active (Blebbistatin) myosin Ⅱ inhibitor in increasing
doses (0-25 μmol/L; 5) and subsequently treated with blebbistatin-inhibited endothelin-1 (ET-1) (1 nmol/L) after 30 min. (aP < 0.05 as compared to scramble). A:
Representative light micrographs of collagen lattices: with or without seeded HSCs; with or without chemical treatments (top panel). Twenty-four hours following
chemical treatment, hepatic stellate cell contraction was quantified using PTI ImageMaster software and reported as percentage change in gel circumference (bottom
panel). B: Representative light micrographs of collagen-seeded HSCs with or without chemical treatments.

sible that these findings resulted from a species-specific
replacement to compensate for the deficiency of one
isoform by producing a functionally equivalent signaling
mechanism to activate migration and contraction using
other myosin Ⅱ classes. Since HSCs are nonmuscle cells,
the focus of the current study was to evaluate NMM Ⅱ
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isoforms; however, HSCs express a large number of
early and late smooth muscle cell markers including α
smooth muscle (SM) actin, SM22a, desmin, SM myosin
heavy chain, h1-calponin, h-caldesmon and myocardin,
which also may contribute to HSC migration and hy
percontraction during hepatic injury[37]. Alternatively,
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HSC migration and hypercontraction may be controlled
by independent signaling mechanisms that are mutu
ally exclusive, partly explaining the observed speciesspecific differences. While upregulation of the Rho
signaling pathway in activated HSCs confers an increase
in contractile potential[38-40], Rac phosphorylation of the
MHC induces filament instability, promotes disassembly
of actomyosin complexes and decreases migration[41-44].
In the current studies, siRNA knockdown of NMM Ⅱ
isoforms does not eliminate the possibility that actin
stabilization and/or other myosin Ⅱ sub-classes may
be contributing to the hypercontractile phenotype of
activated HSCs. Consistent with previous reports, micro
graph images from our studies suggest that ET-1-induced
contraction is associated with HSC cytoskeletal remodel
ing and cellular hypercontraction (Figure 7B). In order
to facilitate contraction, NMM Ⅱ may mediate cellular
stretching and elongation, while other myosin Ⅱ classes
may be responsible for coordinated force generation.
Therefore, we used the chemical inhibitor blebbistatin,
which has previously been shown to block protrusionmediated lamella formation and cellular contraction[18,45].
By using this selective inhibitor, in combination with our
siRNA data, we demonstrate that in rat HSCs myosin Ⅱ
is the protein responsible for ET-1 induced cytoskeletal
remodeling and hypercontraction; however, we concede
that this controversial chemical inhibitor is not specific
to NMM Ⅱ. Differences between each experimental
approach suggest that other myosin Ⅱ sub-classes may
also contribute to the contractile phenotype of rat HSCs.
In addition to sinusoidal constriction being associated
with portal hypertension, hepatic microcirculatory failure
contributes to end-organ failure in septic patients[46]. Pro
longed oxygen deprivation of abdominal organs results
in ischemia, tissue damage and necrosis culminating in in
creased mucosal permeability[47]. Endotoxin and microbial
debris can subsequently penetrate the gut wall and per
meate into the portal and hepatic artery where sinusoidal
endothelial cells (SECs) and Kupffer cells (KCs) establish
the first line of inflammatory defense[48]. KCs release a
host of inflammatory cytokines, while activated SECs lose
their normal anticoagulant state, promote leukocyte infil
tration and increase secretion of ET-1. Neighboring HSCs
are responsive to these inflammatory and vasoconstrictor
signals, which promotes sustained HSC activation and
contractility. Compelling evidence has demonstrated the
efficacy of targeting SEC/leukocyte interactions, which
improved sinusoidal congestion and portal hyperten
sion[49]. Effective experimental treatments have also target
ed KC activation, which results in preservation of hepatic
function and improved survival after sepsis[50]. In addition
to current treatment modalities, manipulation of migrat
ing, hypercontractile HSCs may also improve hepatic
microcirculation and patient survival during sepsis. While
modulating HSC contraction may improve the microcir
culation, controlling migration may prove to be beneficial
in ameliorating the severity of fibrosis by decreasing the
rate of collagen formation[35]. Portal hypertension remains
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the main cause of morbidity and mortality in patients with
cirrhosis[51]. Although progress has been made in under
standing the pathophysiology of portal hypertension, cur
rent pharmacological therapies have been limited to nonselective beta-blockers[52] and statins[53]; however,these
treatments result in vasomodulation of the splanchnic
circulation[54]. Given that increased hepatic microvascular
resistance to portal circulation is the leading factor in
cirrhotic portal hypertension, a direct molecular therapy
may be more effective. Modulating intrahepatic vascular
tone may provide additive benefit in patients suffering
with unresolved fibrosis and cirrhosis, thus targeting
all complications associated with portal hypertension.
Therefore, delineating the role of NMM Ⅱ isoforms in
HSC-associated portal hypertension could lead to new
therapeutic targets.
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COMMENTS
Background

Hepatic fibrosis results from normal wound-healing processes going awry and is
the main cause of increased intrahepatic vascular resistance during liver injury.
When the injury is chronic, type Ⅰ collagen deposition by hepatic stellate cells
(HSCs) exceeds collagen resolution as a result of imbalance between fibrogenesis and fibrolysis. Altered extracellularmatrix (ECM) architecture and mechanical
distortion culminates in increased blood pressure in the portal venous system,
as blood must be diverted away from the liver. In addition to occlusion and
compression of the microvasculature by excess collagen deposition, HSC hyper
contractility contributes to increased resistance of the sinusoids leading to the
clinical manifestation of portal hypertension. HSCs regulate intrahepatic vascular
resistance and blood flow at the sinusoidal level through upregulation and activation of motor proteins. Specifically, HSC cytoskeletal remodeling, migration and
hypercontraction has been previously associated with nonmuscle myosin (NMM)
Ⅱ upregulation and activation. Function of NMM Ⅱ isoforms (Ⅱ-A, Ⅱ-B and
Ⅱ-C) have been previously characterized in migrating fibroblasts and mouse
HSCs, suggesting an essential role in perpetuation of chronic liver injury.

Research frontiers

Through its effects on cytoskeletal remodeling, targeting NMM Ⅱ may provide
a novel mechanism to modulate multiple interrelated pathways such as cellular
migration, adhesion and ECM remodeling.

Innovations and breakthroughs

Recently, Liu et al[18] reported that siRNA-mediated NMM Ⅱ-A inhibition increased
cellular migration in mouse HSCs; however, our results suggest both NMM Ⅱ-A
and Ⅱ-B mediate rat HSC migration. Consistent with findings by Vicente-Manzanares et al[34], our results demonstrate that NMM Ⅱ inhibition decreases cellular components associated with migration such as cytoskeletal remodeling and
elongation. In addition, our studies are the first to report the expression profile of
NMM Ⅱ isoforms in a fibrotic injury model in vivo. Finally, studies have shown the
pharmacological inhibitor, blebbistatin blocks skeletal muscle and NMM Ⅱ activity
with minimal effects on smooth muscle myosin Ⅱ, while others have shown that
blebbistatin is specific to smooth muscle myosin Ⅱ. Conversely, we demonstrate
that in rat HSCs this controversial chemical inhibitor is not specific to NMM Ⅱ.
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Applications

9

Although progress has been made in understanding the pathophysiology of fibrosis and portal hypertension, current pharmacological therapies have been limited
to treatments, which result in vasomodulation of the splanchnic circulation. Given
that increased hepatic microvascular resistance to portal circulation is the leading
factor in cirrhotic portal hypertension, a direct molecular therapy may be more effective. Modulating intrahepatic vascular tone may provide additive benefit in patients suffering with unresolved fibrosis and cirrhosis, thus targeting all complications associated with portal hypertension. Therefore, delineating the role of NMM
Ⅱ isoforms in HSC-associated portal hypertension could lead to new therapeutic
targets.

10

11
12

Terminology

Quiescent HSCs: Under physiological conditions, the inactivated cell projects
extensive cytoplasmic processes through the space of Disse and reach between
hepatocytes and endothelial cells wrapping around neighboring sinusoids similar
to tissue pericytes suggesting a functional role in maintenance of vascular tone
similar to smooth muscle cells. Quiescent HSCs also play a vital role in normal
matrix maintenance and remodeling, similar to a fibroblast. Activated HSCs:
HSCs proliferate, lose retinol droplets, increase expression of alpha smooth
muscle actin and secrete excess type Ⅰ collagen for matrix repair. Increased micro-projections from the myofibroblast allow for increased chemotactic signaling,
which induces cellular migration to the site of injury. Because of the anatomical
location and increased contractile apparatus expression, it has been suggested
that HSCs are capable of disrupting liver blood flow by hypercontracting, impeding
microcirculation and contributing to portal hypertension. Culture-activated HSCs:
Transdifferentiation of quiescent HSCs into the activated state in vitro is routinely
accomplished by culturing cells on plastic tissue culture dishes, which mimics
the in vivo environment of hepatic fibrosis. Blebbistatin: A small pharmacological
inhibitor with high binding affinity for myosin Ⅱ, which blocks the motor protein in
an actin-detached state. Actinomyosin complex: Produced when bipolar myosin
filaments interact with polymerized actin filaments to exert tension or produce
movement. Lamella: A network of actin fibers which forms the outer edge of cellular protrusions.
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Peer review

It's an interesting study and excellent.
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transplantation
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response and 60% had SVR. Nineteen patients completed treatment per protocol, of them, sixteen (84%)
had end of treatment response, and fourteen (74%)
achieved SVR. Both early virological response and
24-week virological response were individually associated with SVR but this association was not significant
on multivariate analysis. Eleven patients (37%) discontinued therapy due to adverse effects. Cytopenias were
the most common and most severe adverse effect, and
required frquent growth factor use, dose adjustments
and treatment cessations. The risk of rejection was not
increased.
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CONCLUSION: Recurrent HCV after LT can be safely
treated with extended virological response-guided
therpy using PEG/RBV, but requires close monitoring for
treatment-related adverse effects, particularly cytopenias.
© 2011 Baishideng. All rights reserved.
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Abstract

tended treatment protocol

AIM: To evaluate the efficacy and tolerability of an extended treatment protocol and to determine the predictors of sustained virological response (SVR) after
liver transplantation (LT).

Peer reviewers: Rachel Mary Hudacko, MD, Department
of Pathology & Laboratory Medicine, Medical Education
Building, Room 212, Robert Wood Johnson Medical School,
1 Robert Wood Johnson Place, New Brunswick, NJ 08901,
United States; Iryna S Hepburn, MD, Gastroenterology and
Hepatology, Medical College of Georgia, Augusta, GA1205
Sumter Landing Lane, Evans, GA 30809, United States

METHODS: Between August 2005 and November
2008, patients with recurrent hepatitis C virus (HCV)
after LT were selected for treatment if liver biopsy
showed at least grade 2 inflammation and/or stage 2
fibrosis. All patients were to receive pegylated interferon (PEG)/regimens combining ribavirin (RBV) for
an additional 48 wk after HCV undetectability.

Hashemi N, Araya V, Tufail K, Thummalakunta L,Feyssa E,
Azhar A, Niazi M, Ortiz J. An extended treatment protocol with
pegylated interferon and ribavirin for hepatitis C recurrence
after liver transplantation. World J Hepatol 2011; 3(7): 198-204
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v3/i7/198.htm DOI: http://dx.doi.org/10.4254/wjh.v3.i7.198

RESULTS: Extended protocol treatment was initiated
in thirty patients. Overall, 73% had end of treatment
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necroinflammation) were present on clinically indicated
liver biopsies that occurred outside protocol times within
the first year. Patients were ineligible for this study if they
had unresolved acute or chronic rejection, severe cardiovascular disease, a history of autoimmune disease, coexistent hepatitis B, unresolved biliary complications, active
alcohol use, decompensated cirrhosis, renal transplantation, untreated major depression, uncontrolled diabetes,
clinically significant retinopathy or thyroid dysfunction,
hemoglobin < 10 g/dL, absolute neutrophil count <
1000/mm3, platelet < 60 000/mm3, creatinine clearance
< 50 mL/min, or patient refusal. Erythropoietin was used
preemptively to increase hemoglobin to more than 10
g/dL prior to treatment in otherwise suitable treatment
candidates. Data collected and analyzed included the following: patient demographics, viral genotype, interval
between LT and initiation of treatment, body mass index,
histological features (grade and stage), immunosuppressive therapy used, HCV viral load at baseline and kinetics during therapy, adverse events, dose adjustments and
discontinuation, and the need for hematopoietic growth
factors. The previous treatment records for these patients
were unavailable.

INTRODUCTION
Hepatitis C virus (HCV)-related end-stage liver disease
is the leading indication of liver transplantation (LT) in
the United States and Europe[1]. HCV recurrence after
LT is almost universal and occurs early, with histological
recurrence observed in up to 70% of patients during the
first year after LT[2]. Cirrhosis develops in up to 30% of
transplant recipients after 5 years with persistant HCV
viremia[2], and may be associated with graft failure[3] and
the need for re-transplantation. This leads to lower patient
survival rates compared to non-HCV transplant recipients[4]. Eradicating HCV using antiviral therapy improves
patient and graft survival[5-7].
Regimens combining ribavirin (RBV) with pegylated
interferon (PEG) report rates of sustained virological
response (SVR), ranging from 28% to 45% with up to 48
wk of treatment[8-13]. Currently, there are no established
guidelines to determine the timing and type of HCV
treatment after LT. In general, the approach to the treatment of HCV after liver transplantation is similar to the
pre-transplant protocol of 48 wk of treatment with viral
kinetic evaluation at 12 and 24 wk[8,10-12].
Patients with recurrent HCV after LT are likely to be
slow virological responders due to immunosuppression
and, therefore, SVR after 48 wk of antiviral therapy is
ex-pected to be lower than in immune-competent HCV
patients. A few centers have reported improved SVR rates
after extending treatment to 72 wk or longer in partial early virological responders (Partial EVR)[14-16]. Partial EVR
is currently defined as achieving a 2-log drop in the HCV
RNA pre-treatment levels at 12 wk, but not achieving
HCV RNA undetectability until after 24 wk of treat-ment.
Based on these observations, in August 2005 we designed
a viral kinetics-driven treatment protocol that extended
PEG/RBV combination therapy in order to maintain
viral undetectability for an additional 48 wk of therapy.
Our aim was to evaluate the safety and efficacy of this approach in patients who had significant HCV recurrence
after LT, as determined by protocol liver biopsies.

Histology
A liver biopsy was performed, as per protocol, in all patients at 6 mo after LT, and then annually, to evaluate for
hepatitis recurrence and to exclude histologic evidence
of graft rejection and other viral infections. Samples were
evaluated for inflammation (grade) and fibrosis (stage)
us-ing the METAVIR scoring system. Histological assessment was carried out by our pathologists utilizing standard pro-cessing techniques and criteria. Patients who had
histolo-gical evidence of cirrhosis underwent abdominal
ultrasound and upper endoscopy to screen for hepatocellular carcinoma and varices, respectively.
Immunosuppression
Initial immunosuppression in all patients included a calcineurin inhibitor (tacrolimus or cyclosporine) and corticosteroids. Mycophenolate mofetil was used either as part
of the initial triple immunosuppressive regimen or added
later as maintenance immunosuppression. If possible,
pre-dnisone was withdrawn over the first nine months after LT. No adjustments in immunosuppression took place
after antiviral treatment had been initiated. Our practice
of minimizing overall immunosuppression during the
first year after LT was followed in all patients. Antiviral
treatment was discontinued once rejection had been determined on histology, which was treated by increasing the
calcineurin-inhibitor dose, with or without steroid use.

MATERIALS AND METHODS
This is an IRB approved study.
Patient selection
Consecutive patients with HCV post-LT who were treated
between August 2005 and November 2008 were screened
for their eligibility for this study. Six patients were unable
to start treatment due to relocation (3), non-compliance
(2), or death from early recurrent cirrhosis and sepsis (1).
Treatment was initiated in 30 patients. Eligibility criteria
were LT for HCV-related end-stage liver disease, the presence of HCV RNA in serum by polymerase chain reaction (PCR), and histologically-proven chronic hepatitis in
the graft with at least grade 2 inflammation and/or stage
2 fibrosis on METAVIR scoring of protocol liver biopsies. Additionally, antiviral therapy was initiated if features
of aggressive disease (portal fibrosis or moderate-severe
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Virologic assays
Serum HCV RNA was measured by a quantitative assay
(COBAS AmpliPrep or TaqMan, Roche Diagnostics,
sensitivity limit 600 IU/mL) at baseline. A qualitative assay (Roche, sensitivity limit 50 IU/mL) was used at week
4, 12, at end of treatment, and every 12 wk after the end
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of treatment. Rapid virological response (RVR) was def
ined as viral undetectability at week 4 of treatment. EVR
was defined as 2-log drop in viral count at week 12 of
treatment. End of treatment (EOT) response was defin
ed as viral undetectability at end of treatment. SVR was
defined as a negative qualitative HCV-RNA assay 24 wk
after the end of therapy. High viral load was defined as
HCV RNA of more than 800 000.

Table 1 Baseline characteristics (n = 30)
Characteristics
Gender (M:F), n
Age (years), median (range)
Genotype 1, n (%)
Overweight, n (%)
Diabetes Mellitus, n (%)
Months from Liver Transplant, median (range)
High HCV RNA, n (%)
Cirrhosis, n (%)

Treatment regimen
All patients were treated with Pegylated Interferon alpha
2a (Pegasys, Hoffman-La Roche, Inc. Nutley, NJ) and
RBV. The initial dose of 180 mcg/week was used in
patients who had transplants more than two years earlier and had an absolute neutrophil count (ANC) of >
1500/mm3. Otherwise, an escalating dose regimen starting at 90 mcg/week, increasing as tolerated to a full dose
of 180 mcg/week over 8 wk, was used. RBV was started
at a dose of 10 mg/kg per day in patients who had transplants more than 2 years earlier and was increased as tolerated to 13-15 mg/kg per day over 4 to 6 wk. If fewer
than 2 years had elapsed after transplantation, the starting RBV dose was 8 mg/kg per day, which was slowly
increased to 10 mg/kg per day over 4 to 6 wk, then to
13 to 15 mg/kg per day as tolerated and continued at the
highest tolerable dose for the duration of therapy.
Regardless of genotype, all patients were treated for
a minimum of 48 wk, even if they had undetectable
viremia at week 4. Treatment was discontinued if virus
was detectable at week 48.
Erythropoietin (40 000 units subcutaneously once a
week) was used if hemoglobin dropped below 10 g/dL.
Where there was no improvement, the RBV dose was decreased. RBV was discontinued if hemoglobin fell below 8
g/dL. Patients who had hemoglobin < 8 g/dL or became
symptomatic received blood transfusions. During the period of dose adjustment, hemoglobin was monitored weekly. Once the hemoglobin had been stabilized or increased
by at least 1 g/dL with erythropoietin, RBV dosage was
increased gradually as tolerated weekly, aiming for baseline
hemoglobin of 10 g/dL and RBV dose of 13-15 mg/kg
per day. Patients with ANC < 750/mm3 were treated with
weekly granulocyte colony stimulating factor (G-CSF,
Filgrastim 480 mcg subcutaneously) initially, and if there
was no improvement, PEG dose was reduced or held.
Dose escalation was attempted once ANC increased to
750/mm3. PEG dose was also reduced if platelet count
was < 30 000/L and discontinued if platelet count was <
25 000/L. Antiviral therapy was also reduced or suspended for antidepressantrefractory depression or disabling
fatigue.

M: Male; F: Female. Overweight: Body mass index > 25 kg/m2; High HCV
RNA > 800 000 IU/mL.

less than 0.05 were considered statistically significant.

RESULTS
Patient characteristics
Baseline characteristics of the 30 patients are summarized
in Table 1. The median age at inclusion was 56 years
(38-70), 23 patients were male. Twenty-two patients (73%)
were overweight (body mass index > 25 kg/m2) and seven
(23%) were obese (body mass index > 30 kg/m2). The
median time to treatment from LT was 40.5 mo (2-132).
The HCV genotype was 1 in 23 patients (77%), 2 in 4
(13%), and 3 in 3 patients (10%). Three patients had histologic evidence of cirrhosis. There were no patients with
evidence of fibrosing cholestatic hepatitis.
Efficacy
Overall twenty-two patients (73%) had EOT response and
18 patients (60%) had SVR. Nineteen patients completed
treatment per protocol. Of these, 15 (79%) were aviremic
at the end of therapy and 14 (74%) achieved SVR. Eleven
patients were unable to complete treatment per protocol
and discontinued prematurely at an average of 23 wk due
to adverse effects (8 patients) or viral breakthrough (2 patients), and one patient stopped treatment on his own. Of
these eleven patients, six (54%) achieved EOT response,
and 4 (36%) achieved SVR. The difference between SVR
rates among the patients who completed the treatment
protocol and those who did not was not statistically significant (P = 0.052).
Virologic response
Viral kinetics and virologic response has been summarized in table 3. Six patients (21%) had undetectable virus
at week 4 (RVR), and all of them achieved SVR. Among
the 21 patients with EVR, 16 (76%) achieved SVR (P =
0.03), whereas only two of nine patients (22%) without
EVR achieved SVR. Fifteen of eighteen patients (83%)
with aviremia at week 24 achieved SVR (P = 0.008),
whereas the other 3 patients relapsed. Five patients had
detectable viremia at week 24, only one (20%) of them
achieved SVR. Both early virological response (EVR)
and 24-week virological response were individually associated with SVR but this association was not significant on
multivariate analysis.

Statistical analysis
Continuous variables were presented as median (range)
or number (percentages) and analyzed with the Wilcoxon
rank test. Categorical variables were expressed as percentages and compared with the Fisher’s exact test. P values
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Value
23:07
56 (38-70)
23 (77)
22 (73)
18 (60)
40.5 (2-132)
17 (57)
3 (10)
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twelve (40%) required G-CSF, and ten (33%) required
blood transfusions. Dose reductions were also instituted
frequently. PEG and RBV doses were reduced in four
(13%) and twelve (40%) patients, respectively. One patient
developed biopsy-proven de novo autoimmune hepatitis
12 mo after completing a 72-week course of therapy and
achieving an SVR[17-20].
There was no incidence of chronic rejection.

Table 2 Comparison between SVR and Non-SVR groups
Variable

SVR

Non-SVR

P-value

Number of patients

18

12

Age, median (range)

55(38-67)

59 (48-70)

13 : 5
14

9:3
8

0.396

12

6

0.296

60 (4-116)

26 (2-132)

10

7

0.590

13
13 : 5

8
10 : 2

0.528
0.403

3
12
3
1
16
1

5
7
0
2
10
0

56 (13-84)

44.5 (2-60)

17 (94)

6 (50)

0.009

10 (56)

2 (17)

0.038

M: F, n
Overweight, n
Diabetes Mellitus, n
Months from
LT, median (range)
High HCV RNA, n
CMV antibody positive, n
Genotype 1: non 1, n
Pre-Treatment
biopsy, n
Stage 0-1
Stage 2-3
Stage 4
Grade 0-1
Grade 2-3
Grade 4
Total weeks
of treatment,
median (range)
Erythropoietin
use, n (%)
G-CSF use, n (%)

DISCUSSION
Hepatitis C recurrence remains a major cause of graft loss
after liver transplantation. Studies using the same treatment protocol as in the non-transplant population have
reported a lower overall sustained virological response
among patients who have undergone transplants. Treatment-related adverse effects in transplant recipients are
also more severe and dose-limiting. Specifically, cytopenias
are more pro-nounced, due to concurrent bone marrow
toxicity from immunosuppression. Our treatment protocol was designed to overcome these obstacles by timing
the start of treatment to the severity of HCV recurrence,
as determined by protocol liver biopsies. To keep dosing
as high as possible, we also used growth factors prophylactically with at risk pa-tients, and to maximize the likelihood of response, we ex-tended treatment to maintain 48
wk of viral undetectability.
Our rationale for prolonged treatment was based on
the immune-competent experience, where extending treatment beyond 48 wk has led to improved SVR rates in slow
responders[21,22] who were likely to be over represented
after liver transplant. Compared to a recent single center,
observational study treating recurrent HCV after LT for
48 wk after viral undetectability that reported 26% SVR[15],
we observed an overall SVR rate of 60%. The reasons for
this difference could be attributed to a lower percentage
of patients with advanced disease, and a longer interval
between transplant and antiviral treatment in our study, as
well as possible differences in immunosuppression.
A more recent study by Schmidt et al[12], showed that
virological response at week 24 has a high predictive value
for SVR in patients with recurrent HCV after LT. Similarly,
we found that EVR and the 24-week virological response
are associated with SVR with a positive predictive value of
76% and 83%, respectively. Only one patient with persistent viremia at week 24 was able to achieve SVR, which
suggests that the 24-week stopping rule in the non-transplant population may be applicable to transplanted patients. On the other hand, lack of EVR has a negative predictive value of 98% in the immune-competent population, and has become a treatment stopping point[23-25]. This
was not observed in our transplanted cohort where two
(22%) of the nine patients who had not achieved EVR,
actually went on to achieve SVR. This confers a negative
predictive value of 78%. Although the improved SVR rate
in the per-protocol group was not statistically significant,
our findings suggest that a viral response-guided therapy
using this protocol may be considered in a select group of

M: Male; F: Female; LT: Liver Transplantation; G-CSF: Granulocyte-colony
stimulating factors; SVR: sunstianed virological response. Overweight: Body
mass index > 25 kg/m2; High HCV RNA: > 800 000 IU/mL.

Baseline characteristics were compared between the
SVR and non-SVR groups (Table 2). The probability of
achieving SVR was not related to baseline serum HCV
RNA level, genotype, histologic grade or stage, interval
between LT and initiation of therapy, BMI, presence of
diabetes, duration of steroid use, presence of CMV antibody and total duration of antiviral therapy. SVR rate was
57% in patients with genotype 1 and 71% in genotypes 2
or 3. Sixteen of the 19 patients who completed treatment
per protocol were treated for 48 weeks after achieving
aviremia. Fourteen (88%) patients in that group achieved
SVR. The interval between initiation of therapy and viral
eradication ranged between 4-36 wk.
Tolerability and adverse events
Eleven (37%) patients failed to complete therapy, mostly
due to treatment-related adverse events. Two (7%) patients
developed moderate acute cellular rejection, one at week 2
and another at week 13. Treatment was discontinued and
corticosteroids were used to treat both patients. Four (13%)
patients discontinued therapy for anemia, one developed
pancreatitis, another developed pneumonia requiring
hospitalization, two had virological relapse, and one discontinued treatment on his own. Growth factors and
transfusions were frequently used. Twenty-three patients
(77%) required therapy with erythropoietin for anemia,
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Table 3 Viral kinetics and outcomes
Serial No.

VL
Baseline

VL
Week 4

VL
Week 12

VL
Week 24

EOT

Total Duration
of Rx(wk)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

700 000
700 000
700 000
282 000
6 870 000
1 500 000
771 000
700 000
11 000 000
100 000
700 000
700 000
753 000
2 459 000
6 140 000
2 226 210
700 000
962 000
101 000
50 000 000
3 200 000
9 340 000
3 550 000
1 280 000
305 777
3 020 000
1 609 966
1 360 000
11 300 000
15 100 000

< 50
292 000
< 50
62300
12700
2750
18400
< 50
1 980 000
15000
700 000
33400
683 000
62100
311 000
3186
243 000
NA
33800
817 000
445 000
< 50
56
398 000
36463
< 50
78800
< 50
1 040 000
295 330

< 50
45700
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
309 000
< 50
NA
< 50
1430
NA
< 50
50 000 000
44500
< 50
< 50
20800
1059
< 50
175
< 50
1 060 000
240 000

< 50
22700
< 50
< 50
< 50
< 50
NA
< 50
< 50
< 50
2420
< 50
117 000
< 50
NA
< 50
< 50
NA
< 50
NA
< 50
NA
NA
670
NA
< 50
< 50
< 50
1 790 000
< 120

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
N
Y
N
Y
Y
N
Y
N
Y
Y
Y
N
N
Y
Y
Y
N
Y

46
84
52
56
60
60
21
56
60
45
44
60
48
56
7
56
72
2
42
13
72
13
13
48
15
52
72
56
48
72

Treatment per
Protoco
N
Y
Y
Y
Y
Y
N
Y
Y
N
N
Y
Y
Y
N
Y
Y
N
N
N
Y
N
N
Y
N
Y
Y
Y
Y
Y

Virological
Outcome
SVR
SVR
SVR
SVR
SVR
Relapsed
Relapsed
SVR
SVR
Relapsed
Breakthrough
SVR
NR
SVR
NR
SVR
SVR
NR
SVR
NR
Relapsed
SVR
SVR
NR
Breakthrough
SVR
SVR
SVR
NR
SVR

VL: Viral load; EOT: End of treatment response; Rx: Treatment; NA: Not applicable; SVR: sunstianed virological response; NR: Non responder; Y: Yes; N:
No.

slow responders.
This extended treatment protocol is complex, highly
individualized and demanding for both patients and
health care providers. The cost in terms of personnel
time, laboratory testing and medication use is high, and
may be prohibitive for general use. We observed similar
treatment-related adverse events leading to dose reduction or treat-ment cessation in 20%-66% of transplanted
patients[15,16,24]. Despite the aggressive and pre-emptive use
of growth factors and blood transfusions, we observed
similar results in our group, where treatment was prematurely discontinued due to severe side effects, principally
cytopenias in 37% of patients. Our acute rejection rate of
7% (2 patients) was within the previously reported range
of 5%-20%[9,11,14,15].
Our study has several limitations inherent to a re
trospective case series. First, we didn't have a comparison
group, due to lack of complete virological data on other
patients having had transplants who had received HCV
treatment prior to the initiation of our current treatment protocol. Second, we cannot explain why 2 patients
achieved an SVR after treatment for only a relatively
short period. Third, post-treatment liver biopsy data was
available in only 8 patients, so we could not examine the
changes in liver histology to determine the beneficial
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effects of prolonged antiviral therapy, i.e., histological
improvement or stability, beyond achievement of SVR.
Our small number of patients with cirrhosis did not
allow us to examine whether achievement of SVR is associated with prevention of hepatic decompensation.
Finally, although our results showed a trend towards a
positive association between extended treatment protocol
and SVR, statistical significance could not be achieved,
possibly due to the small sample size.
In conclusion, our single-center observational pilot
study suggests that extended treatment protocols may be
utilized for HCV recurrence after LT. A response-guided
treatment approach that aims to achieve SVR in patients
who have viral undetectability by week 24 of treatment
is feasible. However, this approach requires intense
monitoring, frequent growth factor use and comes at a
high cost, both in personnel and medical expense. Further studies comparing extended treatment protocols to
standard 48 wk therapy can be helpful to determine the
adequate duration of treatment for recurrent HCV after
LT before extended treatment can be recommended
unequivocally. It also remains to be seen whether the
imminent addition of the direct acting antivirals to our
armamentarium of treatment for HCV will obviate the
need for extended antiviral therapy after LT, as more
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patients could potentially achieve desirable viral kinetics
earlier in the treatment.

7
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Meetings

MEETING

Events Calendar 2011

Gainesville, FL 32614, United States

January 14-15, 2011
AGA Clinical Congress of
Gastroenterology and Hepatology:
Best Practices in 2011
Miami, FL 33101, United States

March 7-11, 2011
Infectious Diseases: Adult Issues in
the Outpatient and Inpatient Settings
Sarasota, FL 34234, United States

January 20-22, 2011
Gastrointestinal Cancers Symposium
2011
San Francisco, CA 94143, United
States
January 27-28, 2011
Falk Workshop, Liver and
Immunology, Medical University,
Franz-Josef-Strauss-Allee 11
Regensburg 93053, Germany
January 28-29, 2011
9. Gastro Forum München
Munich, Germany
February 13-27, 2011
Gastroenterology: New Zealand
CME Cruise Conference
Sydney, NSW, Australia
February 17-20, 2011
APASL 2011-The 21st Conference of
the Asian Pacific Association for the
Study of the Liver
Bangkok, Thailand
February 22, 2011-March 04, 2011
Canadian Digestive Diseases Week
2011
Vancouver, BC, Canada
February 24-26, 2011
Inflammatory Bowel Diseases
2011-6th Congress of the European
Crohn's and Colitis Organisation
Dublin, Ireland
March 3-5, 2011
42nd Annual Topics in Internal
Medicine

in the Management of Viral Hepatitis
(C-Hep), Palau de Congressos de
Catalunya, Av. Diagonal, 661-671
Barcelona 08028, Spain
May 21-24, 2011
22nd European Society of
Gastrointestinal and Abdominal
Radiology Annual Meeting and
Postgraduate Course
Venise, Italy

March 14-17, 2011
British Society of Gastroenterology
Annual Meeting 2011
Birmingham, England, United
Kingdom

May 25-28, 2011
4th Congress of the Gastroenterology
Association of Bosnia and
Herzegovina with international
participation, Hotel Holiday Inn,
Sarajevo, Bosnia and Herzegovina

March 17-20, 2011
Mayo Clinic Gastroenterology &
Hepatology 2011
Jacksonville, FL 34234, United States
March 18, 2011
UC Davis Health Informatics:
Change Management and Health
Informatics, The Keys to Health
Reform
Sacramento, CA 94143, United States

June 11-12, 2011
The International Digestive Disease
Forum 2011
Hong Kong, China
June 13-16, 2011
Surgery and Disillusion XXIV
SPIGC, II ESYS
Napoli, Italy

March 25-27, 2011
MedicReS IC 2011
Good Medical Research, Istanbul,
Turkey

June 22-25, 2011
ESMO Conference: 13th World
Congress on Gastrointestinal Cancer
Barcelona, Spain

March 26-27, 2011
26th Annual New Treatments in
Chronic Liver Disease
San Diego, CA 94143, United States

October 19-29, 2011
Cardiology & Gastroenterology
Tahiti 10 night CME Cruise
Papeete, French Polynesia

April 25-27, 2011
The Second International Conference
of the Saudi Society of Pediatric
Gastroenterology, Hepatology &
Nutrition
Riyadh, Saudi Arabia

October 22-26, 2011
19th United European
Gastroenterology Week
Stockholm, Sweden

May 7-10, 2011
Digestive Disease Week
Chicago, IL 60446, United States

October 28-November 2, 2011
ACG Annual Scientific Meeting &
Postgraduate Course
Washington, DC 20001, United
States

May 19-22, 2011
1st World Congress on Controversies
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INSTRUCTIONS TO AUTHORS
Aims and scope

GENERAL INFORMATION

The major task of WJH is to rapidly report the most recent
results in basic and clinical research on hepatology, specifically
including autoimmune, cholestatic and biliary disease, cirrhosis
and its complications, liver biology/pathobiology, liver failure,
growth , liver failure/cirrhosis/portal hypertension, liver fibrosis,
hepatitis B and C virus infection, hepatocellular carcinoma, biliary
tract disease, transplantation, genetics, epidemiology, microbiology
and inflammatory disorders, molecular and cell biology, nutrition,
geriatric hepatology, pediatric hepatology, steatohepatitis and
metabolic liver disease, diagnosis and screening, endoscopy,
imaging and advanced technology.

World Journal of Hepatology (World J Hepatol, WJH, online ISSN
1948-5182, DOI: 10.4254), is a monthly, openaccess, peer-re
viewed journal supported by an editorial board of 573 experts
in hepatology from 46 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle that
traditional journals possess and usually delays the speed of the
propagation and communication of scientific research results.
Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating
and communicating innovative scientific achievements and
academic views, as well as promoting the application of scientific
achievements, but also in formally recognizing the “priority” and
“copyright” of innovative achievements published, as well as
evaluating research performance and academic levels. So, to realize
these desired attributes of WJH and create a well-recognized
journal, the following four types of personal benefits should be
maximized. The maximization of personal benefits refers to the
pursuit of the maximum personal benefits in a well-considered
optimal manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial
board members: The primary task of editorial board members
is to give a peer review of an unpublished scientific article via
online office system to evaluate its innovativeness, scientific and
practical values and determine whether it should be published or
not. During peer review, editorial board members can also obtain
cutting-edge information in that field at first hand. As leaders
in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’
names and affiliations along with the article they reviewed in the
journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJH is an open-access journal,
readers around the world can immediately download and read,
free of charge, high-quality, peer-reviewed articles from WJH
official website, thereby realizing the goals and significance of
the communication between authors and peers as well as public
reading; (3) Maximization of the benefits of readers: Readers can
read or use, free of charge, high-quality peer-reviewed articles
without any limits, and cite the arguments, viewpoints, concepts,
theories, methods, results, conclusion or facts and data of
pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus
ensuring that their articles have novel arguments or viewpoints,
solid evidence and correct conclusion; and (4) Maximization
of the benefits of employees: It is an iron law that a first-class
journal is unable to exist without first-class editors, and only firstclass editors can create a first-class academic journal. We insist on
strengthening our team cultivation and construction so that every
employee, in an open, fair and transparent environment, could
contribute their wisdom to edit and publish high-quality articles,
thereby realizing the maximization of the personal benefits of
editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

WJH|www.wjgnet.com

Columns

The columns in the issues of WJH will include: (1) Editorial: To
introduce and comment on major advances and developments
in the field; (2) Frontier: To review representative achievements,
comment on the state of current research, and propose directions
for future research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot topic, and
(C) a commentary on the 10 individual articles; (4) Observation:
To update the development of old and new questions, highlight
unsolved problems, and provide strategies on how to solve the
questions; (5) Guidelines for Basic Research: To provide guidelines
for basic research; (6) Guidelines for Clinical Practice: To provide
guidelines for clinical diagnosis and treatment; (7) Review: To
review systemically progress and unresolved problems in the field,
comment on the state of current research, and make suggestions
for future work; (8) Original Article: To report innovative and
original findings in hepatology; (9) Brief Article: To briefly
report the novel and innovative findings in hepatology; (10) Case
Report: To report a rare or typical case; (11) Letters to the Editor:
To discuss and make reply to the contributions published in
WJH, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment
on quality monographs of hepatology; and (13) Guidelines: To
introduce consensuses and guidelines reached by international and
national academic authorities worldwide on basic research and
clinical practice in hepatology.
Name of journal
World Journal of Hepatology

ISSN
ISSN 1948-5182 (online)
Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Direc
tory of Open Access Journals.
Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

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

Biostatistical editing
Statisital review is performed after peer review. We invite an
expert in Biomedical Statistics from to evaluate the statistical
method used in the paper, including t-test (group or paired
comparisons), chi-squared test, Ridit, probit, logit, regression
(linear, curvilinear, or stepwise), correlation, analysis of variance,
analysis of covariance, etc. The reviewing points include: (1)
Statistical methods should be described when they are used
to verify the results; (2) Whether the statistical techniques are
suitable or correct; (3) Only homogeneous data can be averaged.
Standard deviations are preferred to standard errors. Give the
number of observations and subjects (n). Losses in observations,
such as drop-outs from the study should be reported; (4) Values
such as ED50, LD50, IC50 should have their 95% confidence
limits calculated and compared by weighted probit analysis
(Bliss and Finney); and (5) The word ‘significantly’ should be
replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that
appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Bo
ok Antiqua with ample margins. Number all pages conse
cutively, and start each of the following sections on a new
page: Title Page, Abstract, Introduction, Materials and Me
thods, Results, Discussion, Acknowledgements, References,
Tables, Figures, and Figure Legends. Neither the editors nor
the publisher are responsible for the opinions expressed by
contributors. Manuscripts formally accepted for publication
become the permanent property of Baishideng Publishing
Group Co., Limited, and may not be reproduced by any means,
in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copyedit and put onto our website accepted manuscripts. Authors
should follow the relevant guidelines for the care and use
of laboratory animals of their institution or national animal
welfare committee. For the sake of transparency in regard to
the performance and reporting of clinical trials, we endorse
the policy of the International Committee of Medical Journal
Editors to refuse to publish papers on clinical trial results if
the trial was not recorded in a publicly-accessible registry at its
outset. The only register now available, to our knowledge, is
http://www. clinicaltrials.gov sponsored by the United States
National Library of Medicine and we encourage all potential
contributors to register with it. However, in the case that other
registers become available you will be duly notified. A letter of
recommendation from each author’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables, ph
otographs and illustrations because rejected manuscripts will
not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing.

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess
any potential bias, WJH requires authors of all papers to
declare any competing commercial, personal, political, in
tellectual, or religious interestsin relation to the submitted work.
Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Con
siderations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board mem
ber for [names of organizations], and has received research fun
ding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual]
owns patent [patent identification and brief description].
Statement of informed consent
Manuscripts should contain a statement to the effect that all
human studies have been reviewed by the appropriate ethics
committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under study
should be omitted. Authors should also draw attention to the
Code of Ethics of the World Medical Association (Declaration
of Helsinki, 1964, as revised in 2004).

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/1948-5182
office. Authors are highly recommended to consult the
ONLINE INSTRUCTIONS TO AUTHORS (http://www.
wjgnet.com/1948-5182/g_info_20100316080002.htm)
before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to wjh@wjgnet.com, or
by telephone: +86-10-59080038. If you submit your manuscript
online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should comform
to Good Clinical Practice (for example, US Food and Drug
Administration Good Clinical Practice in FDA-Regulated
Clinical Trials; UK Medicines Research Council Guidelines
for Good Clinical Practice in Clinical Trials) and/or the World
Medical Association Declaration of Helsinki. Generally, we
suggest authors follow the lead investigator’s national standard.
If doubt exists whether the research was conducted in accordance
with the above standards, the authors must explain the rationale
for their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved
by the relevant research ethics committee or institutional review
board. If human participants were involved, manuscripts must
be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
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MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must
be submitted using word-processing software. All submissions
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with
ample margins. Style should conform to our house format.
Required information for each of the manuscript sections is as
follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words
should be provided.
Authorship: Authorship credit should be in accordance with
the standard proposed by International Committee of Me
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Instructions to authors

dical Journal Editors, based on (1) substantial contributions
to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
of the version to be published. Authors should meet conditions 1,
2, and 3.

included. Please write the aim as the form of “To investigate/
study/…; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61
± 1.67, P < 0.001; CONCLUSION (no more than 26 words).

Institution: Author names should be given first, then the
complete name of institution, city, province and postcode. For
example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral,
and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Text
For articles of these sections, original articles, rapid commu
nication and case reports, the main text should be structured
into the following sections: INTRODUCTION, MATERIALS
AND METHODS, RESULTS and DISCUSSION, and
should include appropriate Figures and Tables. Data should be
presented in the main text or in Figures and Tables, but not in
both. The main text format of these sections, editorial, topic
highlight, case report, letters to the editors, can be found at:
http://www.wjgnet.com/1948-5182/g_info_list.htm.

Author contributions: The format of this section should
be: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong
F and Wu XM designed the research; Wang CL, Zou CC,
Hong F and Wu XM performed the research; Xue JZ and Lu
JR contributed new reagents/analytic tools; Wang CL, Liang L
and Fu JF analyzed the data; and Wang CL, Liang L and Fu JF
wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the legend rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu
Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-85381892 Fax: +86-10-85381893

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in
WJH, reviewers of accepted manuscripts will be announced
by publishing the name, title/position and institution of the
reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute
of Digestive Disease, Shanghai, Affiliated Renji Hospital,
Medical Faculty, Shanghai Jiaotong University, Shanghai, China;
Professor Xin-Wei Han, Department of Radiology, The First
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan
Province, China; and Professor Anren Kuang, Department of
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu,
Sichuan Province, China.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP <
0.01 are used. A third series of P values can be expressed as eP
< 0.05 and fP < 0.01. Other notes in tables or under illustrations
should be expressed as 1F, 2F, 3F; or sometimes as other symbols
with a superscript (Arabic numerals) in the upper left corner. In
a multi-curve illustration, each curve should be labeled with ●, ○,
■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific re
quirements for structured abstracts are as follows:
An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
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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 sumatriptan.
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]

REFERENCES

Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference nu
mbers in square brackets in superscript at the end of citation
content or after the cited author’s name. For citation content
which is part of the narration, the coding number and square
brackets should be typeset normally. For example, “Crohn’
s disease (CD) is associated with increased intestinal per
meability[1,2]”. If references are cited directly in the text, they
should be put together within the text, for example, “From
references[19,22-24], we know that...”
When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first author’s name. Do
not list the same citation twice.
PMID and DOI
Pleased provide PubMed citation numbers to the reference
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crossref.org/SimpleTextQuery/, respectively. The numbers will
be used in E-version of this journal.

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 Con
ference; 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.
Genetic 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 di
seases. 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., ass
ignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of
the cited article and italicized journal title (journal title should
be in its abbreviated form as shown in PubMed), publication
date, volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
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