astroenterology

K él{a{:f/ll'(/e/{yf _(Z}IA/I:S‘/II;’{y ‘(/;‘O{I//J

Tintehidung® www.wjgnet.com




wJ

World Journal of
Gastroenterology

A peer-reviewed; online; open-access jowrnal of gastroenterology and hepatology

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

Editorial Board

2010-2013

HONORARY EDITORS-IN-CHIEF
James L Boyer, New Haven

Ke-Ji Chen, Beijing

Martin H Floch, New Haven

Bo-Rong Pan, Xi'an

Eamonn M Quigley, Cork

Rafiq A Sheikh, Sacramento

Nicholas ] Talley, Rochester

EDITOR-IN-CHIEF

Ferruccio Bonino, Pisa
Myung-Hwan Kim, Seoul

Kjell Oberg, Uppsala

Matt Rutter, Stockton-on-Tees
Andrzej S Tarnawski, Long Beach

STRATEGY ASSOCIATE
EDITORS-IN-CHIEF
You-Yong Lu, Beijing

Peter Draganov, Florida

Hugh ] Freeman, Vancouver
Maria Concepcion Gutiérrez-Ruiz, México
Kazuhiro Hanazaki, Kochi

Akio Inui, Kagoshima

Kalpesh Jani, Baroda

Javier San Martin, Punta del Este
Natalia A Osna, Omaha

Wei Tang, Tokyo

Alan BR Thomson, Edmonton
Harry Hua-Xiang Xia, Livingston
John M Luk, Hong Kong

Hiroshi Shimada, Yokohama

GUEST EDITORIAL BOARD

MEMBERS
Jiunn-Jong Wu, Tainan
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Cheng-Shyong Wu, Chia-Yi
Ta-Sen Yeh, Taoyuan
Tsung-Hui Hu, Kaohsiung
Chuah Seng-Kee, Kaohsiung
I-Rue Lai, Taipei

Jin-Town Wang, Taipei
Ming-Shiang Wu, Taipei
Teng-Yu Lee, Taichung
Yang-Yuan Chen, Changhua
Po-Shiuan Hsieh, Taipei
Chao-Hung Hung, Kaohsiung
Hon-Yi Shi, Kaohsiung
Hui-kang Liu, Taipei
Jen-Hwey Chiu, Taipei
Chih-Chi Wang, Kaohsiung
Wan-Long Chuang, Kaohsiung
Wen-Hsin Huang, Taichung
Hsu-Heng Yen, Changhua
Ching Chung Lin, Taipei
Chien-Jen Chen, Taipei
Jaw-Ching Wu, Taipei
Ming-Chih Hou, Taipei
Kevin Cheng-Wen Hsiao, Taipei
Chiun Hsu, Taipei

Yu-Jen Chen, Taipei

Chen Hsiu-Hsi Chen, Taipei
Liang-Shun Wang, Taipei
hun-Fa Yang, Taichung
Min-Hsiung Pan, Kaohsiung
Chun- Hung Lin, Taipei
Ming-Whei Yu, Taipei
Chuen Hsueh, Taoyuan
Hsiu-Po Wang, Taipei
Lein-Ray Mo, Tainan
Ming-Lung Yu, Kaohsiung

MEMBERS OF THE EDITORIAL
BOARD

- Albania

Bashkim Resuli, Tirana

Argentina

Julio H Carri, Cordoba

Bernabe Matias Quesada, Buenos Aires
Bernardo Frider, Buenos Aires

Maria Ines Vaccaro, Buenos Aires
Eduardo de Santibanes, Buenos Aires
Adriana M Torres, Rosario

Carlos ] Pirola, Buenos Aires

Silvia Sookoian, Buenos Aires
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Australia

Finlay A Macrae, Victoria
David Ian Watson, Bedford Park
Jacob George, Sydney

Leon Anton Adams, Nedlands
Minoti V Apte, Liverpool
Andrew V Biankin, Sydney
Filip Braet, Sydney

Guy D Eslick, Sydney
Michael A Fink, Melbourne
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
John E Kellow, Sydney
Daniel Markovich, Brisbane
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Phillip S Oates, Perth

Ross C Smith, Sydney

Kevin ] Spring, Brisbane

Philip G Dinning, Koagarah
Christopher Christophi, Melbourne
Cuong D Tran, North Adelaide
Shan Rajendra, Tasmania
Rajvinder Singh, Adelaide
William Kemp, Melbourne

Phil Sutton, Melbourne

Richard Anderson, Victoria
Vance Matthews, Melbourne
Alexander G Heriot, Melbourne
Debbie Trinder, Fremantle

Tan C Lawrance, Perth

Adrian G Cummins, Adelaide
John K Olynyk, Fremantle

Alex Boussioutas, Melbourne
Emilia Prakoso, Sydney

Robert JL Fraser, Daw Park

I
I Austria

Wolfgang Mikulits, Vienna
Alfred Gangl, Vienna
Dietmar Ofner, Salzburg
Georg Roth, Vienna
Herwig R Cerwenka, Graz
Ashraf Dahaba, Graz
Markus Raderer, Vienna
Alexander M Hirschl, Wien
Thomas Wild, Kapellerfeld
Peter Ferenci, Vienna
Valentin Fuhrmann, Vienna
Kurt Lenz, Linz

Markus Peck-Radosavljevic, Vienna
Michael Trauner, Vienna
Stefan Riss, Vienna

Rudi Beyaert, Gent

Inge I Depoortere, Leuven
Olivier Detry, Liege

Benedicte Y De Winter, Antwerp
Etienne M Sokal, Brussels

Marc Peeters, De Pintelaan
Eddie Wisse, Keerbergen
Jean-Yves L Reginster, Liege
Mark De Ridder, Brussel
Freddy Penninckx, Leuven
Kristin Verbeke, Leuven

Lukas Van Oudenhove, Leuven
Leo van Grunsven, Brussels
Philip Meuleman, Ghent

.‘\
E Brazil

Heitor Rosa, Goiania

Roberto J Carvalho-Filho, Sao Paulo
Damiao Carlos Moraes Santos, Rio de Janeiro
Marcelo Lima Ribeiro, Braganca Paulista
Eduardo Garcia Vilela, Belo Horizonte
Jaime Natan Eisig, Sdo Paulo

Andre Castro Lyra, Salvador

José Liberato Ferreira Caboclo, Brazil
Yukie Sato-Kuwabara, Sdo Paulo

Raquel Rocha, Salvador

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

gh Brunei Darussalam

Vui Heng Chong, Bandar Seri Begawan

Bulgaria

Zahariy Krastev, Sofia
Mihaela Petrova, Sofia

I * I Canada

Eldon Shaffer, Calgary

Nathalie Perreault, Sherbrooke
Philip H Gordon, Montreal
Ram Prakash Galwa, Ottawa
Baljinder Singh Salh, Vancouver
Claudia Zwingmann, Montreal
Alain Bitton, Montreal
Pingchang Yang, Hamilton
Michael F Byrne, Vancouver
Andrew L Mason, Alberta

John K Marshall, Hamilton Ontario
Kostas Pantopoulos, Montreal
Waliul Khan, Ontario

Eric M Yoshida, Vancouver
Geoffrey C Nguyen, Toronto
Devendra K Amre, Montreal
Tedros Bezabeh, Winnipeg
Wangxue Chen, Ottawa

Qiang Liu, Saskatoon

L Chile

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

»
*
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China

Chi-Hin Cho, Hong Kong
Chun-Qing Zhang, Jinan
Ren Xiang Tan, Nanjing
Fei Li, Beijing

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

II

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

Jun Yu, Hong Kong
Ze-Guang Han, Shanghai
Bian zhao-xiang, Hong Kong
Wei-Dong Tong, Chongging

Colombia

Germén Campuzano-Maya, Medellin
N
Il cCroatia

Tamara Cacev, Zagreb
Marko Duvnjak, Zagreb

|
p ]
_asssssmm Cuba

Damian C Rodriguez, Havana

h Czech

Milan Jirsa, Praha

Pavel Trunecka, Prague

Jan Bures, Hradec Kralove

Marcela Kopacova, Hradec Kralove
Ondrej Slaby, Brno

Radan Bruha, Prague

H
. - Denmark

Asbjern M Drewes, Aalborg

Leif Percival Andersen, Copenhagen
Jan Mollenhauer, Odense C

Morten Frisch, Copenhagen S
Jorgen Rask-Madsen, Skodsborg
Morten Hylander Mgller, Holte
Seren Rafaelsen, Vejle

Vibeke Andersen, Aabenraa

Ole Haagen Nielsen, Herlev

-

{1
“ Ecuador

Fernando E Sempértegui, Quito

I
I Eqypt

Zeinab Nabil Ahmed Said, Cairo
Hussein M Atta, EI-Minia
Asmaa Gaber Abdou, Shebein Elkom
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Maha Maher Shehata, Mansoura

Riina Salupere, Tartu
Tamara Vorobjova, Tartu

Saila Kauhanen, Turku

Pauli Antero Puolakkainen, Turku
Minna Nystrom, Helsinki

Juhani Sand, Tampere
Jukka-Pekka Mecklin, Jyvaskyla
Lea Veijola, Helsinki

Kaija-Leena Kolho, Helsirnki
Thomas Kietzmann, Oulu

I I France

Boris Guiu, Dijon

Baumert F Thomas, Strasbourg
Alain L Servin, Chatenay-Malabry
Patrick Marcellin, Paris
Jean-Jacques Tuech, Rouen
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Philippe Lehours, Bordeaux
Stephane Supiot, Nantes

Lionel Bueno, Toulouse

Flavio Maina, Marseille

Paul Hofman, Nice

Abdel-Majid Khatib, Paris

Annie Schmid-Alliana, Nice cedex 3
Frank Zerbib, Bordeaux Cedex
Rene Gerolami Santandera, Marseille
Sabine Colnot, Paris

Catherine Daniel, Lille Cedex
Thabut Dominique, Paris
Laurent Huwart, Paris

Alain Braillon, Amiens

Bruno Bonaz, Grenoble

Evelyne Schvoerer, Strasbourg

M Coeffier, Rouen

Mathias Chamaillard, Lille

Hang Nguyen, Clermont-Ferrand
Veronique Vitton, Marseille
Alexis Desmouliere, Limoges
Juan lovanna, Marseille

Hans L Tillmann, Leipzig
Stefan Kubicka, Hannover

Elke Cario, Essen

Hans Scherubl, Berlin

Harald F Teutsch, Ulm

Peter Konturek, Erlangen

Thilo Hackert, Heidelberg
Jurgen M Stein, Frankfurt
Andrej Khandoga, Munich
Karsten Schulmann, Bochum
Jutta Elisabeth Liittges, Riegelsberg
Wolfgang Hagmann, Heidelberg
Hubert Blum, Freiburg

Thomas Bock, Berlin

Estonia

Germany
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Christa Buechler, Regensburg
Christoph F Dietrich, Bad Mergentheim
Ulrich R Félsch, Kiel

Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen

Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin

Joerg C Hoffmann, Ludwigshafen
Joachim Labenz, Siegen

Peter Malfertheiner, Magdeburg
Sabine Mihm, Géttingen
Markus Reiser, Bochum

Steffen Rickes, Magdeburg
Andreas G Schreyer, Regensburg
Henning Schulze-Bergkamen, Heidelberg
Ulrike S Stein, Berlin

Wolfgang R Stremmel, Heidelberg
Fritz von Weizséicker, Berlin
Stefan Wirth, Wuppertal

Dean Bogoevski, Hamburg
Bruno Christ, Halle/Saale

Peter N Meier, Hannover
Stephan Johannes Ott, Kiel
Arndt Vogel, Hannover

Dirk Haller, Freising

Jens Standop, Bonn

Jonas Mudter, Erlangen

Jurgen Biining, Liibeck
Matthias Ocker, Erlangen

Joerg Trojan, Frankfurt
Christian Trautwein, Aachen
Jorg Kleeff, Munich

Christian Rust, Munich

Claus Hellerbrand, Regensburg
Elke Roeb, Giessen

Erwin Biecker, Siegburg
Ingmar Konigsrainer, Tiibingen
Jurgen Borlak, Hannover

Axel M Gressner, Aachen
Oliver Mann, Hamburg

Marty Zdichavsky, Tiibingen
Christoph Reichel, Bad Briickenau
Nils Habbe, Marburg

Thomas Wex, Magdeburg
Frank Ulrich Weiss, Greifswald
Manfred V Singer, Mannheim
Martin K Schilling, Homburg
Philip D Hard, Giessen

Michael Linnebacher, Rostock
Ralph Graeser, Freiburg

Rene Schmidt, Freiburg

Robert Obermaier, Freiburg
Sebastian Mueller, Heidelberg
Andprea Hille, Goettingen

Klaus Monkemidiller, Bottrop
Elfriede Bollschweiler, Koln
Siegfried Wagner, Deggendorf
Dieter Schilling, Mannheim
Joerg F Schlaak, Essen

Michael Keese, Frankfurt
Robert Griitzmann, Dresden

Ali Canbay, Essen

Dirk Domagk, Muenster

Jens Hoeppner, Freiburg

Frank Tacke, Aachen

Patrick Michl, Marburg

Alfred A Konigsrainer, Tiibingen
Kilian Weigand, Heidelberg
Mohamed Hassan, Duesseldorf
Gustav Paumgartner, Munich

1

Philipe N Khalil, Munich
Martin Storr, Munich

. I
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Greece

Andreas Larentzakis, Athens

Tsianos Epameinondas, loannina

Elias A Kouroumalis, Heraklion

Helen Christopoulou-Aletra, Thessaloniki
George Papatheodoridis, Athens
Ioannis Kanellos, Thessaloniki

Michael Koutsilieris, Athens

T Choli-Papadopoulou, Thessaloniki
Emanuel K Manesis, Athens
Evangelos Tsiambas, Ag Paraskevi Attiki
Konstantinos Mimidis, Alexandroupolis
Spilios Manolakopoulos, Athens
Spiros Sgouros, Athens

Ioannis E Koutroubakis, Heraklion
Stefanos Karagiannis, Athens

Spiros Ladas, Athens

Elena Vezali, Athens

Dina G Tiniakos, Athens

Ekaterini Chatzaki, Alexandroupolis
Dimitrios Roukos, Ioannina

George Sgourakis, Athens

Maroulio Talieri, Athens

I
N Hungary

Peter L Lakatos, Budapest
Yvette Mandi, Szeged
Ferenc Sipos, Budapest
Gyorgy M Buzés, Budapest
Laszl6 Czako, Szeged
Peter Hegyi, Szeged
Zoltan Rakonczay, Szeged
Gyula Farkas, Szeged
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest
Zsuzsa Schaff, Budapest

@
N 1ndia
Philip Abraham, Mumbai
Sri P Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh
Uday C Ghoshal, Lucknow
Pramod Kumar Garg, New Delhi
Barjesh Chander Sharma, New Delhi
Gopal Nath, Varanasi
Bhupendra Kumar Jain, Delhi
Devinder Kumar Dhawan, Chandigarh
Ashok Kumar, Lucknow
Benjamin Perakath, Tamil Nadu
Debidas Ghosh, Midnpore
Pankaj Garg, Panchkula
Samiran Nundy, New Delhi
Virendra Singh, Chandigarh
Bikash Medhi, Chandigarh
Radha K Dhiman, Chandigarh
Vandana Panda, Mumbai
Vineet Ahuja, New Delhi
SV Rana, Chandigarh
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Norihiro Kokudo, Tokyo
Shin Maeda, Tokyo

Yasushi Matsuzaki, Ibaraki
Kenji Miki, Tokyo

Hiroto Miwa, Hyogo
Yoshiharu Motoo, Kanazawa
Kunihiko Murase, Tusima
Atsushi Nakajima, Yokohama
Yuji Naito, Kyoto

Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Hirohide Ohnishi, Akita
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo

Yasushi Sano, Kobe
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Toyama
Shinji Shimoda, Fukuoka
Masayuki Sho, Nara
Hidekazu Suzuki, Tokyo
Shinji Togo, Yokohama
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Akihito Nagahara, Tokyo
Hiroaki Takeuchi, Kochi
Keiji Ogura, Tokyo

Kotaro Miyake, Tokushima
Mitsunori Yamakawa, Yamagata
Naoaki Sakata, Sendai
Naoya Kato, Tokyo

Satoshi Mamori, Hyogo
Shogo Kikuchi, Aichi
Shoichiro Sumi, Kyoto
Susumu Ikehara, Osaka
Taketo Yamaguchi, Chiba
Tokihiko Sawada, Tochigi
Tomoharu Yoshizumi, Fukuoka
Toshiyuki Ishiwata, Tokyo
Yasuhiro Fujino, Akashi
Yasuhiro Koga, Isehara city
Yoshihisa Takahashi, Tokyo
Yoshitaka Takuma, Okayama
Yutaka Yata, Maebashi-city
Itaru Endo, Yokohama

Kazuo Chijiiwa, Miyazaki
Kouhei Fukushima, Sendai
Masahiro lizuka, Akita
Mitsuyoshi Urashima, Tokyo
Munechika Enjoji, Fukuoka
Takashi Kojima, Sapporo
Takumi Kawaguchi, Kurume
Yoshiyuki Ueno, Sendai
Yuichiro Eguchi, Saga
Akihiro Tamori, Osaka
Atsushi Masamune, Sendai
Atsushi Tanaka, Tokyo
Hitoshi Tsuda, Tokyo
Takashi Kobayashi, Tokyo
Akimasa Nakao, Nagogya
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Satoshi Tanno, Sapporo
Toshinari Takamura, Kanazawa
Yohei Kida, Kainan
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Masanori Hatakeyama, Tokyo
Satoru Kakizaki, Gunma
Shuhei Nishiguchi, Hyogo
Yuichi Yoshida, Osaka
Manabu Morimoto, Japan
Mototsugu Kato, Sapporo
Naoki Ishii, Tokyo

Noriko Nakajima, Tokyo
Nobuhiro Ohkohchi, Tsukuba
Takanori Kanai, Tokyo
Kenichi Goda, Tokyo

Mitsugi Shimoda, Mibu
Zenichi Morise, Nagoya
Hitoshi Yoshiji, Kashihara
Takahiro Nakazawa, Nagoya
Utaroh Motosugi, Yamanashi
Nobuyuki Matsuhashi, Tokyo
Yasuhiro Kodera, Nagoya
Takayoshi Ito, Tokyo
Yasuhito Tanaka, Nagoya
Haruhiko Sugimura, Hamamatsu
Hiroki Yamaue, Wakayama
Masao Ichinose, Wakayama
Takaaki Arigami, Kagoshima
Nobuhiro Zaima, Nara
Naoki Tanaka, Matsumoto
Satoru Motoyama, Akita
Tomoyuki Shibata, Toyoake
Tatsuya Ide, Kurume
Tsutomu Fujii, Nagoya
Osamu Kanauchi, Toky
Atsushi Irisawa, Aizuwakamatsu
Hikaru Nagahara, Tokyo
Keiji Hanada, Onomichi
Keiichi Mitsuyama, Fukuoka
Shin Maeda, Yokohama
Takuya Watanabe, Niigata
Toshihiro Mitaka, Sapporo
Yoshiki Murakami, Kyoto
Tadashi Shimoyama, Hirosaki

= Jordan

Ismail Matalka, Irbid
Khaled Jadallah, Irbid

L Kuwait

Islam Khan, Safat
||

I Lebanon

Bassam N Abboud, Beirut
Rami Moucari, Beirut

Ala I Sharara, Beirut

Rita Slim, Beirut

- Lithuania

Giedrius Barauskas, Kaunas
Limas Kupcinskas, Kaunas

Malaysia
Andrew Seng Boon Chua, Ipoh

I I Mexico

Satil Villa-Trevio, México

Omar Vergara-Fernandez, Mexico

Diego Garcia-Compean, Monterrey
Arturo Panduro, Jalisco

Miguel Angel Mercado, Distrito Federal
Richard A Awad, Mexico

Aldo Torre Delgadillo, México

Paulino Martinez Hernandez Magro, Celaya
Carlos A Aguilar-Salinas, Mexico

Jesus K Yamamoto-Furusho, Mexico

- Morocco

Samir Ahboucha, Khouribga

!m I
i) Moldova

Igor Mishin, Kishinev

[
I Netherlands

Ulrich Beuers, Amsterdam
Albert Frederik Pull ter Gunne, Tilburg
Jantine van Baal, Heidelberglaan
Wendy Wilhelmina Johanna de Leng, Utrecht
Gerrit A Meijer, Amsterdam

Lee Bouwman, Leiden

J Bart A Crusius, Amsterdam
Frank Hoentjen, Haarlem
Servaas Morré, Amsterdam

Chris JJ Mulder, Amsterdam
Paul E Sijens, Groningen

Karel van Erpecum, Utrecht

BW Marcel Spanier, Arnhem
Misha Luyer, Sittard

Pieter JF de Jonge, Rotterdam
Robert Christiaan Verdonk, Groningen
John Plukker, Groningen
Maarten Tushuizen, Amsterdam
Wouter de Herder, Rotterdam
Erwin G Zoetendal, Wageningen
Robert ] de Knegt, Rotterdam
Albert ] Bredenoord, Nieuwegein
Annemarie de Vries, Rotterdam
Astrid van der Velde, Ede
Lodewijk AA Brosens, Utrecht
James CH Hardwick, Leiden
Loes van Keimpema, Nijmegen
W] de Jonge, Amsterdam
Zuzana Zelinkova, Rotterdam
LN van Steenbergen, Eindhoven
Frank G Schaap, Amsterdam
Jeroen Maljaars, Leiden

N2

»

New Zealand

Andrew S Day, Christchurch
Max S Petrov, Auckland

I Norway

Espen Melum, Oslo
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Trine Olsen, Tromseg
Eyvind ] Paulssen, Tromsg
Rasmus Goll, Tromse

Asle W Medhus, Oslo

Jon Arne Sgreide, Stavanger
Kjetil Soreide, Stavanger
Reidar Fossmark, Trondheim
Trond Peder Flaten, Trondheim
Olav Dalgard, Oslo

Ole Haie, Arendal

Magdy El-Salhy, Bergen
Jorgen Valeur, Oslo

Pakistan

Shahab Abid, Karachi
Syed MW Jafri, Karachi

- Poland

Beata Jolanta Jabloriska, Katowice
Halina Cichoz-Lach, Lublin
Tomasz Brzozowski, Cracow
Hanna Gregorek, Warsaw
Marek Hartleb, Katowice
Stanislaw ] Konturek, Krakow
Andrzej Dabrowski, Bialystok
Jan Kulig, Krakéw

Julian Swierczynski, Gdansk
Marek Bebenek, Wroclaw
Dariusz M Lebensztejn, Bialystok

Portugal

Ricardo Marcos, Porto

Guida Portela-Gomes, Estoril
Ana Isabel Lopes, Lisboa Codex
Raquel Almeida, Porto

Rui Tato Marinho, Lisbon

Ceu Figueiredo, Porto

I I Romania

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

Vasiliy I Reshetnyak, Moscow

Saudi Arabia

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

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

Serbia
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Singapore

Brian Kim Poh Goh, Singapore
Khek-Yu Ho, Singapore

Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore
Kok Sun Ho, Singapore

Kong Weng Eu, Singapore
Madhav Bhatia, Singapore
London Lucien Ooi, Singapore
Wei Ning Chen, Singapore
Richie Soong, Singapore

Kok Ann Gwee, Singapore

h Slovenia

Matjaz Homan, Ljubljana

" South Africa

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

Y g

W% south Korea
Byung Chul Yoo, Seoul
Jae J Kim, Seoul

Jin-Hong Kim, Suwon
Marie Yeo, Suwon

Jeong Min Lee, Seoul
Eun-Yi Moon, Seoul
Joong-Won Park, Goyang
Hoon Jai Chun, Seoul
Myung-Gyu Choi, Seoul
Sang Kil Lee, Seoul

Sang Yeoup Lee, Gyeongsangnam-do
Won Ho Kim, Seoul
Dae-Yeul Yu, Daejeon
Donghee Kim, Seoul

Sang Geon Kim, Seoul
Sun Pyo Hong, Geonggi-do
Sung-Gil Chi, Seoul
Yeun-Jun Chung, Seoul
Ki-Baik Hahm, Incheon

Ji Kon Ryu, Seoul

Kyu Taek Lee, Seoul

Yong Chan Lee, Seoul
Seong Gyu Hwang, Seongnam
Seung Woon Paik, Seoul
Sung Kim, Seoul

Hong Joo Kim, Seoul
Hyoung-Chul Oh, Seoul
Nayoung Kim, Seongnam-si
Sang Hoon Ahn, Seoul
Seon Hahn Kim, Seoul

Si Young Song, Seoul
Young-Hwa Chung, Seoul
Hyo-Cheol Kim, Seoul
Kwang Jae Lee, Swon
Sang Min Park, Seoul
Young Chul Kim, Seoul
Do Hyun Park, Seoul

Dae Won Jun, Seoul

Dong Wan Seo, Seoul
Soon-Sun Hong, Incheon

VI

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

I Spain

Eva Vaquero, Barcelona

Andres Cardenas, Barcelona
Laureano Fernandez-Cruz, Barcelona
Antoni Farré, Spain

Maria-Angeles Aller, Madrid

Raul ] Andrade, Mdlaga

Fernando Azpiroz, Barcelona

Josep M Bordas, Barcelona

Antoni Castells, Barcelona

Vicente Felipo, Valencia

Isabel Fabregat, Barcelona

Angel Lanas, Zaragoza

Juan-Ramon Larrubia, Guadalajara
Maria IT Lépez, Jaén

Jestis M Prieto, Pamplona

Mireia Miquel, Sabadell

Ramon Bataller, Barcelona

Fernando ] Corrales, Pamplona

Julio Mayol, Madrid

Matias A Avila, Pamplona
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Abstract

It has been established that cancer can be promoted
and exacerbated by inflammation. Hepatocellular
carcinoma (HCC) is the fifth most common cancer
worldwide, and its long-term prognosis remains poor.
Although HCC is a complex and heterogeneous tumor
with several genomic mutations, it usually develops in
the context of chronic liver damage and inflammation,
suggesting that understanding the mechanism(s) of
inflammation-mediated hepatocarcinogenesis is essen-
tial for the treatment and prevention of HCC. Chronic
liver damage induces a persistent cycle of necro-
inflammation and hepatocyte regeneration, resulting
in genetic mutations in hepatocytes and expansion of
initiated cells, eventually leading to HCC development.
Recently, several inflammation- and stress-related sig-
naling pathways have been identified as key players
in these processes, which include the nuclear factor-
kB, signal transducer and activator of transcription,
and stress-activated mitogen- activated protein kinase
pathways. Although these pathways may suggest po-
tential therapeutic targets, they have a wide range of
functions and complex crosstalk occurs among them.
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This review focuses on recent advances in our under-
standing of the roles of these signaling pathways in
hepatocarcinogenesis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Various types of cancer arise in the setting of chronic in-
flammation, suggesting a strong link between inflamma-
tion and carcinogenesis'™”. Although Virchow first sug-
gested this relationship in the 19th century, clear evidence
for it has been obtained only during the last decade™. The
development of hepatocellular carcinoma (HCC) is one
of the most extensively investigated inflammation-based
carcinogenic processes because more than 90% of HCCs
develop in the context of chronic liver damage and in-
flammation.
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HCC is diagnosed in more than half a million people
each year and is the third most common cause of cancer
mortality worldwide”. The short-term prognosis of pa-
tients with HCC has improved recently due to advances
in early diagnosis and treatment, but long-term prognosis
remains unsatisfactory, as indicated by the low overall
survival of 22%-35% at 10 years after curative treat-

rnent[S’G]

. Thus, understanding the molecular carcinogenic
mechanisms and the unique pathogenic biology of HCC
has become an important issue worldwide.

HCC is a complex and heterogeneous tumor with
several genomic mutations, but even the most frequent
genetic mutations, such as those in p53 and 3-catenin, are
seen in 30%-50% of HCC cases at most. On the other
hand, as mentioned above, more than 90% of HCC de-
velops based on chronic inflammation, indicating that un-
derstanding the mechanism(s) of inflammation-mediated
hepatocarcinogenesis is necessary for the treatment and
prevention of HCC.

The main cause of HCC is viral hepatitis caused by
the hepatitis B virus (HBV) or hepatitis C virus (HCV);
other major etiologies include hemochromatosis, alcohol-
ic hepatitis, and non-alcoholic steatohepatitis (NASH)".,
Most of these diseases are known to cause chronic in-
flammation in the liver, which plays a critical role in hepa-
tocarcinogenesis. For example, in chronic viral hepatitis,
the host immune responses to HBV or HCV are often
insufficiently strong to completely clear the infection,
resulting in chronic stimulation of an antigen-specific
immune responsem. Virus-infected hepatocytes are killed
by host immune cells as well as the intrinsic cytopathic
effects of the hepatitis viruses, triggering the production
of various cytokines and growth factors and subsequently
inducing compensatory hepatocyte regeneration. This
persistent cycle of necro-inflammation and hepatocyte
regeneration is thought to increase the risk of genetic
mutation in hepatocytes, and, furthermore, to promote
survival and expansion of initiated cells” . Addition-
ally, reactive oxygen species (ROS) and nitrogen oxygen
species, generated by both initiated cells and inflamma-
tory cells, could accelerate hepatocarcinogenesis through
several mechanisms, such as the induction of oxidative
DNA damage, DNA methylation, and hepatocyte in-
jurym.

Multiple signaling pathways are involved in these pro-
cesses. Among them, recent 7z vivo studies have shown
that several inflammation- and stress-related signaling
pathways are key players in hepatocarcinogenesis, includ-
ing the nuclear factor-kB (NF-kB), signal transducer and
activator of transcription (STAT), and stress-activated
mitogen-activated protein kinase (MAPK) pathways.
Mutations in genes involved in these signaling pathways
are currently thought to be rare. Nevertheless, constitu-
tive activation of these pathways is frequently seen in the
tumor and surrounding liver tissues, and may be due to
the inflammatory microenvironment. Interestingly, these
signaling pathways do not act independently, but are
linked through extensive crosstalk. This review highlights
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advances in the understanding of these interesting but
complex signaling pathways in hepatocarcinogenesis.

INFLAMMATION-RELATED SIGNALING IN
HEPATOCARCINOGENESIS
Role of the | B kinase/NF-iB pathway in hepatocytes

The NF-xB family of transcription factors consists of
five members: p65/RelA, c-Rel, RelB, p50/NF-kB1, and
p52/NF-kB2. Two of the five members dimerize and are
held in the cytoplasm by the inhibitor of NF-xB (IkB)
proteins''?. Tn response to many kinds of proinflammato-
ry stimuli, the I kB kinase (IKK) complex, which consists
of two catalytic subunits, IKKq and IKKf, and a regu-
latory component, IKKy/I kB kinase (NEMO), phos-
phorylates IxkB and subsequently induces degradation
of it. Once activated, NF-xB dimers translocate into the
nucleus and stimulate the transcription of various genes,
such as those encoding cytokines and anti-apoptotic
factors'™!. Mice lacking RelA, IKKf, or NEMO reveal
embryonic lethality with extensive liver apoptosis and de-
generationmm. This liver apoptosis is induced by tumor
necrosis factor (INF)-qa, and intercrossing with TNF
receptor 1 knockout mice prevents liver damage and the
lethal phenotype! '™, Furthermore, hepatocyte-specific
IKKB or NEMO knockout mice are not embryonic-
lethal, but are more sensitive to TNF-o-mediated liver
injurym’zo]. Thus, NF-kB plays a key role in liver homeo-
stasis by preventing hepatocyte death.

The role of IKKf in hepatocarcinogenesis has been
examined using the diethylnitrosamine (DEN)-induced
mouse HCC model!. DEN is the most commonly used
genotoxic chemical carcinogen to investigate the mecha-
nism of hepatocarcinogenesis, because it is easy to induce
HCC and DEN-induced HCC shows histology and gene
expression similar to human HCC, especially with a poor
prognosis®*. A single dose of DEN given to 2-wk-old
male mice is sufficient to induce HCC. However, when
DEN is administered to mice older than 4 wk of age, it
cannot induce HCC and requires assistance from tumor
promoters, such as phenobarbital, because hepatocyte
proliferation is rare in adult mice™. Thus, some stimula-
tion that induces hepatocyte proliferation is indispensable
as a tumor promoter in this model.

Strikingly, DEN-induced HCC was markedly in-
creased in hepatocyte-specific IKKf knockout mice”".
Hepatocyte-specific knockout of IKKf induced a greater
extent of hepatocyte death with ROS accumulation after
DEN administration, because NF-kB activation is re-
quired for the up-regulation of antioxidative genes, such
as ferritin heavy chain and manganese-dependent supet-
oxide dismutase. Excess ROS accumulation promotes cell
death through various mechanisms, including prolonged
c-Jun NH2 terminal kinase (JNK) activation™, Cell death
is accompanied by an inflammatory reaction, and the
elevated hepatocyte death rate enhances compensatory
proliferation. Thus, the hepatocyte-specific deletion of
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Figure 1 Role of inflammation- and stress-related signaling pathways in
hepatocarcinogenesis. Chronic liver damage induces a persistent cycle of
necro-inflammation and hepatocyte regeneration, resulting in genetic mutations
in hepatocytes and expansion of initiated cells, eventually leading to hepatocel-
lular carcinoma (HCC) development. As shown in the figure, nuclear factor-«B,
signal transducer and activator of transcription 3, and stress-activated mitogen-
activated protein kinase pathways play critical roles in these processes. Fur-
thermore, other factors, such as obesity and impaired expression of microRNA,
can modify these inflammatory processes and accelerate HCC development.
ROS: Reactive oxygen species; TLR: Toll-like receptor; NF-xB: Nuclear factor-
«B; TNF: Tumor necrosis factor; IL: Interleukin; JNK: c-Jun NH: terminal kinase;
STAT: Signal transducer and activator of transcription.

IKK augments DEN-induced hepatocyte death and
cytokine-driven compensatory proliferation, which acts as
a tumor promoter and eventually leads to increased HCC
development (Figure 1). Similar findings were obtained
in mice lacking IKKy/NEMO, the hepatocyte-specific
deletion of which results in spontanecous liver damage,
hepatosteatosis, fibrosis, and HCC developmentmj.
Although the experiments described above demon-
strate a tumor-suppressive role of NF-kB in the hepa-
tocyte, hepatocyte NF-kB has been also identified to
have tumor-promoting roles in other HCC models that
depend on chronic inflammation rather than liver dam-
age and death-driven compensatory proliferation. Experi-
ments crossing transgenic mice expressing a non-degrad-
able IxBa, mutant in hepatocytes with MDR2 knockout
mice, which show low-grade chronic inflammation in
the portal area and subsequent cancer development, re-
vealed that the inhibition of NF-xB activation resulted
in reduced HCC developmentl%]. In this model, NF-kB
activation in the hepatocyte promoted a low degree of
TNF-a production and paracrine TNF-q signaling main-
tained NF-kB activation in the malignant cells, leading to
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the expression of anti-apoptotic genes and the survival
of malignant cells. Notably, NF-kB activation is more
important in the progression of hepatocarcinogenesis
than in the initiation step in this model. A similar tumoz-
promoting role of NF-kB in the hepatocyte has been
reported in hepatocyte-specific lymphotoxin of3 trans-
genic mice'’. Lymphotoxin afy transgenic hepatocytes
produce chemokines, such as CCL2, CCL7, CXCL1, and
CXCL10, in an IKKB-dependent manner, recruiting in-
flammatory cells into the liver and inducing spontaneous
chronic inflaimmation and the subsequent development
of HCC. These findings suggest that NF-kB activation in
the hepatocyte is involved in the production of cytokines
and chemokines that maintain the inflammatory environ-
ment as a tumor promoter. Thus, the NF-kB pathway in
the hepatocyte plays dual roles in hepatocarcinogenesis,
according to the disease model and the carcinogenesis
stage.

Role of the IKK/NF-«B pathway in myeloid cells

The role of the NF-kB pathway in myeloid cells has also
been investigated using a DEN-induced HCC model”".
In contrast to hepatocyte-specific IKK knockout mice,
deletion of IKKf in both hepatocytes and myeloid cells,
including Kupffer cells, strongly inhibited DEN-induced
HCC development. This phenotype was derived from
the markedly reduced production of cytokines, such
as TNF-q, interleukin-6 (IL-6), and hepatocyte growth
factor, which are secreted by non-parenchymal cells in
response to dying hepatocytes and induce compensatory
proliferation of residual hepatocytes. Thus, IKK[&/ NF-
kB in myeloid cells is required for the production of
liver growth factors and subsequent hepatocatcinogen-
esis. Furthermore, IKK[ in myeloid cells, especially in
Kupffer cells, has also been implicated in the develop-
ment of metastatic liver tumors through I1.-6 produc-
tion™. Thus, the IKKB/NF-kB pathway orchestrates
inflammatory crosstalk between hepatocytes and myeloid
cells in liver cancer development (Figure 1).

Role of inflammatory cytokines in hepatocarcinogenesis
As mentioned above, NF-kB activation-mediated produc-
tion of inflammatory cytokines plays an important role in
the inflammation-carcinogenesis axis of the liver. Various
inflammatory cytokines, including TNF-q, I1L-1a, IL-
1B, 1L-6, and I1-8, have been implicated in chronic liver
inflammation, among which IL-6 is thought to be one
of the most importantls’zo’soj. In chronic hepatitis, 1L-6 is
considered to be produced mainly by activated Kupffer
cells and to intensify local inflammatory responses, and
then induce compensatory hepatocyte proliferation,
facilitating malignant transformation of hepatocytes[30J
Hepatocytes express high amounts of the IL-6 receptor
and a signal-transducing element (gp130) that, upon I1L-6
binding, activates two signaling pathways, Janus activated
kinase (JAK)-STAT and MAPK, which are important in
the regulation of cell survival and proliferationm. In fact,
serum 116 levels are elevated in patients with chronic liv-
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er diseases, including alcoholic hepatitis, HBV and HCV
infections, and NASH"*. Additionally, a higher serum
IL-6 level correlates with future HCC development in
patients with chronic hepatitis B or C™ These findings
suggest that IL-6 plays a role linking chronic inflamma-
tion and hepatocarcinogenesis in humans.

In a mouse HCC model, IL.-6 knockout mice showed
a marked reduction in DEN-induced HCC development,
indicating that II.-6 signaling is directly involved in hepa-
tocarcinogenesis[37]. This study also demonstrated the key
role played by the toll-like receptor (TLR) adapter protein
MyD88. Necrotic hepatocyte-induced IL-6 production
was reduced significantly in MyD88-deficient Kupffer
cells. Furthermore, deletion of MyD88 suppresses DEN-
induced carcinogenesis, indicating that IL-6 production
through the TLR/MyD88/NF-kB pathway in Kupffer
cells is essential for HCC development. Another study
showed that the DEN-induced acute inflammatory re-
sponse is triggered by IL-1o release from necrotic hepa-
tocytes, and IL-1q, subsequently induces IL.-6 production
by Kupffer cells™. Indeed, I1.-1 receptor knockout mice
showed significantly reduced DEN-induced I1L-6 produc-
tion and subsequent HCC developmentpsj. Of note, a
clinical study revealed that higher serum IL-6 levels cor-
related with higher aspartate aminotransferase levels in
chronic hepatitis C, suggesting that 11.-6 may be produced
in response to HCV-induced hepatocyte injury™.

HCC develops much more frequently in males than in
females in almost all populations, with a male-to-female
ratio of 2:1-4:1%, Interestingly, although this sex dispatity
is also found in this DEN-induced HCC model, ablation
of IL-6 abolished the sex differences in hepatocarcino-
genesism. However, ovatiectomized female mice revealed
enhanced IL-6 production and aggravated HCC develop-
ment. Furthermore, estrogen administration to Kupffer
cells inhibits necrotic hepatocyte-induced IL-6 produc-
tion. These results suggest that estrogen-mediated down-
regulation of IL-6 may partly explain the sex disparity
in HCC development. However, more recently, Li ez a/*"
reported that transcription factors Foxal and Foxa2 in
the hepatocyte played important roles in the sex disparity
in hepatocarcinogenesis through an interaction with the
estrogen and androgen receptors, independent of 1L-6
signaling. Thus, the sex disparity in hepatocarcinogenesis
may have several causes in addition to estrogen-mediated
down-regulation of IL-6.

Several epidemiologic studies have shown that obesity
and metabolic syndrome increase the risk of HccH
Although the mechanism by which obesity and metabolic
syndrome promote hepatocarcinogenesis is not fully un-
derstood, it seems likely to be mediated, in patt, by a state
of chronic inflammation. A recent report by Park ef al*"
demonstrated that dietary- or genetically induced obesity
promoted DEN-induced HCC along with low-grade
inflammation, and ablation of IL-6 or the TNF receptor
1 abrogated their tumor-promoting effects, suggesting
that I1.-6 and TNF-q are required for the promotion of
obesity-associated HCC. IL-6 and TNF-a produced by
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adipose tissue or Kupffer cells activate hepatocyte STAT3
and NF-kB, respectively, promoting cell proliferation and
survival of initiated hepatocytes. In fact, recent clinical
studies have suggested that visceral fat accumulation, in-
sulin resistance, and dysregulation of adipokines, which
induce the activation of the inflammatory response, play
W41 As the inci-

dence rate of such obesity-associated hepatocarcinogen-

important roles in hepatocarcinogenesis

esis is likely to increase in the near future, inflammatory
cytokines have also attracted considerable attention as a
mediator of the association between obesity and hepato-

. . [48]
carcinogenesis .

Role of JAK-STAT signaling

JAK/STAT signaling pathways are important compo-
nents of many cytokine receptor systems. Cytokines
function by specifically recognizing their receptors,
which, as a result of binding to their ligand, undergo
conformational changes, resulting in the displacement of
JAKS, and subsequently JAKs phosphorylate and activate
STATs. The STAT protein family consists of seven mem-
bers encoded by distinct genes. Among them, STAT3 is
the most important I1-6 signaling pathway molecule and
is recognized as a key player linking inflammation and
cancer™™. In response to IL-6 signaling through gp130/
JAK, STAT3 forms homodimers that translocate to the
nucleus. STAT3 is constitutively active in many tumor
cells, but not in normal cells, and regulates the expression
of genes involved in tumor progression, such as cell sur-
vival, proliferation, invasion, and angiogenesis[sﬂ

Clinical and experimental evidence suggest the in-
volvement of the STAT3 signaling pathway in hepatocar-
cinogenesis. Activated nuclear STAT3 is found in 60% of
HCC and is more pronounced in aggressive tumors™. In
contrast, suppressors of this pathway, such as suppressor
of cytokine signaling 3 (SOCS3), are down-regulated in
HCC™. In a mouse model, hepatocyte-specific STAT3
ablation prevented DEN-induced HCC developmentm],
whereas hepatocyte-specific SOCS3 knockout mice were
susceptible to HCC development through the enhanced
activation of JAK/STAT and MAPK signalingm. Hepa-
tocyte-specific IL-6 and IL-6R transgenic mice spontane-
ously develop hepatocellular hyperplasia and adenomas,
which are considered precancerous lesions in humans,
accompanying STAT3 activation”™. Furthermore, in
a human study, gain-of-function mutations in gp130
have been identified in 60% of benign hepatocellular
adenomas with an inflammatory phenotype, and when
combined with B-catenin-activating mutation, lead to
HCC development™, Thus, the I1.-6-gp130-JAK-STAT3
signaling axis is an important contributor to HCC devel-
opment, making it an attractive target for the treatment
and/or prevention of hepatocatcinogenesis.

Interaction between STAT3 and NF-xB has been
reported at several levels in tumors. Some studies showed
that STAT3 and NF-xB co-regulate numerous oncogenic
and inflammatory genesm. Additionally, STAT3 directly
interacts with RelA, trapping it in the nucleus, thereby
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Figure 2 Implications and regulatory system of interleukin-6/gp130/janus
activated kinase/signal transducer and activator of transcription 3 sig-
naling in hepatocarcinogenesis. Interleukin (IL)-6 secreted by Kupffer cells
activates signal transducer and activator of transcription (STAT) 3, which pro-
motes the proliferation and survival of initiated hepatocytes. STAT3 activation
is suppressed by | kB kinase f through the prevention of reactive oxygen spe-
cies. However, once STAT3 is activated, STAT3 activation becomes sustained
through a microRNA feedback inflammatory loop. JAK: Janus activated kinase;
SOCS3: Suppressor of cytokine signaling 3; IKK: | kB kinase; HNF: Hepatocyte
nuclear factor; ROS: Reactive oxygen species.

contributing to constitutive NF-kB activation™. On the
other hand, a recent # vivo study revealed that IKKB/
NF-kB in the hepatocyte negatively regulated STAT3
activation in 2 DEN-induced HCC model™. Inactiva-
tion of IKKf caused ROS accumulation and ROS were
found to oxidize protein tyrosine phosphatases, including
SHP1 and SHP2, which dephosphorylated JAK2 and
STAT?3. Oxidation of SHP1 and SHP2 results in the loss
of their catalytic activity and the constitutive activation
of STAT3. In fact, an inverse correlation between NF-
kB and STAT?3 has been found in human HCC samples.
This crosstalk may be a reason for the aggravation of
DEN-induced HCC in hepatocyte-specific IKKf knock-
out mice. Furthermore, Bard-Chapeau ¢z a/”” showed
that hepatocyte-specific SHP2 knockout mice revealed
spontaneous liver inflammation and tumorigenesis, ac-
companied by STAT3 activation. These mice also showed
enhanced DEN-induced HCC, which was decreased
significantly by intercrossing with hepatocyte-specific
STAT3 knockout mice. These results suggest that the
inhibition of STAT3 activation by SHP2 plays an im-
portant tumor-suppressing role in hepatocarcinogenesis

(Figure 2).

Implications of microRNA in inflammatory signaling

MicroRNAs (miRNAs) are endogenous 20-23-nucleotide
RNAs that play important gene-regulatory roles by pair-
ing with the messenger RNAs of protein-coding genes to
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direct their post-translational repression””. Recently, miR-
NAs have been reported to be implicated in hepatocar-
cinogenesis through modulating inflammatory signaling
pathways. Ji ez al” found that miR-26 was significantly
reduced in human HCC tissues, compared with sur-
rounding non-tumor tissues, and a gene network analysis
revealed that miR-26 expression was inversely correlated
with the activation of NF-xB and IL-6 signaling path-
ways. Although a causal relationship between miR-26 and
hepatocarcinogenesis could not be evaluated in this study,
Kota ez a/*" showed that low miR-26 expression played a
causal role in hepatocarcinogenesis using a myc-induced
mouse HCC model, and induction of miR-26 by gene
therapy suppressed HCC development.

More recently, hepatocyte nuclear factor 4o0 (HNF4q),
a transcription factor that is essential for the development
of hepatocytes, was reported to play a key role in hepato-
carcinogenesis, linking miRINAs and inflammatory signal-
ing pathways[m]. Transient suppression of HNF4q, induc-
es decreased miR-124 expression, leading to increased IL-
6R expression and subsequent STAT3 activation. STAT3
activation not only plays the tumor-promoting roles
described above, but also up-regulates HNF4q-targeting
miRNAs, miR-24 and miR-629, resulting in continued
suppression of HNF4q. Thus, transient suppression of
HNF4q, initiates an IL-6/STAT3-mediated hepatocar-
cinogenesis process through a miRNA feedback loop
circuit (Figure 2). The authors also showed that systemic
administration of miR-124 prevented hepatocarcinogen-
esis by inhibiting the feedback loop and inducing tumot-
specific apoptosis in mice. Thus, a therapeutic strategy
targeting miRINA may be useful for the prevention and
treatment of HCC.

STRESS-RELATED SIGNALING IN

HEPATOCARCINOGENESIS
Stress-activated MAPK

MAPK cascades are signaling systems that transmit in-
tracellular signals initiated by extracellular stimuli to the
nucleus™*”. The MAPK family consists of three major
MAPK cascades, converging on extracellular signal-
regulated kinases (ERKSs), JNKs, and p38 MAPKSs. Each
MAPK signaling system comprises at least three compo-
nents: MAPK, MAPK kinase (MAPKK), and MAPKK
kinase (MAP3K). MAP3K phosphorylates, and thereby
activates, MAPKK, and activated MAPKK, in turn,
phosphorylates and activates MAPK. Among the three
MAPKSs, ERKSs are activated predominantly by growth
factors, whereas JNKs and p38 MAPKSs, also called
stress-activated MAPKSs, are activated by stresses. We
discuss the function and regulation of the stress-activated
MAPKSs in hepatocarcinogenesis in detail below:.

Role of JNK signaling

JNK has three isoforms (JNK1, JNK2, JNK3) encoded
by three loci. JNK1 and JNK2 are expressed ubiquitously,
including in the liver, whereas JNK3 is expressed primar-
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ily in the brain'®¥. JNK is phosphorylated and activated
by two MAPKKs, MKK4 and MKK7, and subsequently
phosphorylates transcription factors, such as c-Jun and
JunD, which compose the AP-1 complex[“]. Additionally,
JNK phosphorylates other proteins, such as Bcl-2 family
members, and exerts various kinds of functions, depend-
ing on the cell type and stimuli®”. Furthermore, although
JNKI1 and JNK2 isoforms play redundant roles in many
physiological processes, they also have distinct biological
activities in some situations'”.

The major functions of JNK in the liver are thought
to be the induction of hepatocyte proliferation and cell
death. JNK is involved in cell cycle progression, mostly
through the activation of c-Jun. In this function, JNKI
is considered to be more important than JNK2, because
proliferation of hepatocytes after partial hepatectomy is
significantly impaired in JNK1 knockout mice, but not in
JNK2 knockout mice®”. Additionally, hepatocyte death
due to TNF-q, lipotoxicity, ER stress, ischemia-reperfu-
sion, and drug toxicity, such as that from acetaminophen,
are also considered to be []NK-dependent™" ™, TNK1
and JNK2 are, to some extent, redundant in this function.
Although the downstream targets of JNK are not fully
understood, most studies have demonstrated that JNK is
required for the activation of the mitochondrial apoptotic
pathway, through the activation of pro-apoptotic Bcl-2
family members’ ",

The role of JNK in hepatocarcinogenesis has been
investigated using the DEN-induced HCC model".
As mentioned above, hepatocyte-specific knockout of
IKKB markedly promotes DEN-induced HCC, through
enhanced hepatocyte death and compensatory prolifera-
tion™, These phenomena can be partly explained by
enhanced JNK activation in the setting of IKK( deple-
tion. Because prolonged JNK activation is closely related
to cell death, systems for the regulation of JNK activity
are needed for tissue homeostasis. In this regard, NF-xB
plays an important role. Although several mechanisms
have been proposed in the NF-kB-mediated inhibition
of JNK activation, ROS is one of the most important
mediators™”™. ROS accumulation, caused by the re-
duced expression of NF-kB-dependent antioxidative
enzymes, extends JNK activation by inactivating MAPK
phosphatases that are essential for the dephosphoryla-
tion of activated JNK™, In fact, the administration of
antioxidants to hepatocyte-specific IKKf knockout
mice dectreased sustained JNK activation and hepatocyte
death after DEN injection, and furthermore, intercross-
ing hepatocyte-specific IKIKB knockout mice with JNK1
knockout mice significantly reduced DEN-induced hepa-
tocyte death and compensatory proliferation, eventually
suppressing HCC development[21’76]. Additionally, JNK1
knockout mice showed a significant reduction of DEN-
induced HCC, compared with wild-type controls. Thus,
JNKT is involved in hepatocatrcinogenesis through hepa-
tocyte death and proliferation, which are key components
of necro-inflammatory cycles (Figure 1). Furthermore,
in addition to the initial phase, JNK1 plays a tumor-
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promoting role by enhancing cancer cell proliferation
and neovascularization through the increased expression
of cyclin D1 and vascular endothelial growth factor, re-
spectivelym. Another study showed that JNK1 promoted
HCC cell proliferation iz vive through the up-regulation
of c-myc expression and the down-regulation of p21 ex-
pressionm. This study, however, also showed that JNIK2
was not involved in hepatocarcinogenesis. In fact, JNKI,
but not JNK2, is activated in approximately half of hu-
man HCC tissues, compared with adjacent non-tumor
tissues'™™). These results suggest that JNKs, especially
JNKI1, play an important role in the development of
HCC. Notably, the pharmacological inhibition of JNK
suppressed DEN-induced HCC and the growth of xeno-
grafted human HCC cells, suggesting that JNK may be a
promising therapeutic target for HCC™,

On the other hand, a recent study using conditional
JNK knockout mice showed that the ablation of both
JNK isoforms, JNK1 and JNK2, in hepatocytes increased
DEN:-induced HCC, whereas the ablation of JNK1 and
JNK2 in both hepatocytes and myeloid cells reduced he-
patic inflammation and the development of HCC, indi-
cating that JNK plays dual roles in hepatocarcinogenesis,
depending on cell type and carcinogenesis stage”®".

JNK plays a pivotal role in the development of meta-
bolic syndrome-related disorders, including NASH",
Inflammatory cytokines and ROS accumulation in the
liver caused by obesity and fatty liver disease induce JNIK
activation, leading to insulin resistance by increasing in-
hibitory insulin receptor substrate 1 ser307 phosphoryla-
tion™. As a clinical study showed that insulin resistance
was a major contributor to obesity-mediated hepatocar-
cinogenesis, JNK may be a candidate therapeutic target
in such situations”®. Furthermore, ROS-mediated JNK
activation in the liver is linked not only to liver disease,
but also to systemic disorders, such as atherosclerotic
cerebrovascular diseases; thus, further elucidation of this

P 84,85
process is important™**,

Role of p38 signaling

The p38 MAPK family consists of four members: p38a,
p38P, p38y, and p385"™. Among them, p38a. is abundant
in most cell types, and its function has been investigated
in most published studies of p38 MAPKSs. p38 is ac-
tivated through phosphorylation, primarily by MKK3
and MKKG6, but phosphorylation by MKK4 and auto-
phosphorylation are also involved in some stimuli®™’.
P38 can activate not only transcription factors, such as
ATF2, p53, and Mitf, but also protein kinases, such as
MAPKAP kinase 2 (MK2) and MK5™. Although p38
was Initially discovered as a regulator of inflammatory
cytokine production, recent studies have revealed that it
has tumor-suppressing properties. p38 inhibits tumori-
genesis by the down-regulation of cyclins, up-regulation
of cyclin-dependent kinase inhibitors, and modulation of
the tumor suppressor p53, resulting in cell cycle arrest,
oncogene-induced senescence, apoptosis induction, and
contact inhibition™,
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Although the roles of p38 in the liver have yet to be
clarified, compared with JNK, major roles reported to
date are the inhibition of hepatocyte death and prolifera-
tion. These effects of p38 are partially mediated by nega-
tive regulation of the JNK/c-Jun pathway. For example,
hepatocyte-specific p38a knockout mice showed much
stronger lipopolysaccharide (ILPS)-induced JNK activa-
tion in the liver, and intercrossing with hepatocyte specif-
ic IKKf knockout mice induced severe liver injury after
LPS administration, suggesting that p38q, and IKKf act
synergistically to protect the liver from TNF-a-induced
hepatocyte death™

The role of p38 in hepatocarcinogenesis has also
been investigated using the DEN-induced HCC model™.
Similar to hepatocyte-specific IKK[ knockout mice,
hepatocyte-specific p38a, knockout mice showed en-
hancement of DEN-induced ROS accumulation, JNK
activation, liver damage, and compensatory hepatocyte
proliferation, eventually resulting in enhanced catcinogen-
esis. Another study showed the tumor-suppressing role
of p38 through interaction with the JNK/c-Jun pathway
by focusing on the antiproliferative effects in the ad-
vanced stage[%]. However, in contrast to IKKf knockout
mice, enhanced activation of the JNK pathway in p38a
knockout mice was accompanied by MAPKK activation,
suggesting that the targets of p38c may be upstream of
JNK, such as MAPKKSs and MAP3Ks"™, Consistent with
these animal experiments, in human samples, the activity
of the MKKG6/p38 pathway is decreased in HCC tissues,
compared with adjacent non-tumor tissues, and is signifi-
cantly lower in larger HCC tissues”'!. These findings sug-
gest that the p38 pathway may play an anti-proliferative
role in human HCC.

Regulatory system of stress-activated MAPK signaling
by MAP3Ks

The evidence presented above suggests that JNK acts
generally as a tumor promoter and p38 acts generally as
a tumor suppressor in hepatocarcinogenesis, but some
studies have shown opposite roles in HCC and other
cancers. For example, JNK plays tumor-suppressing roles
in mouse skin cancer and mammalian cancer models”"”.
Additionally, JNK has been reported to act as a tumor
suppressor by inducing cancer cell apoptosis in HCC™,
As mentioned above, JNK was also reported to play dual
roles in hepatocarcinogenesis, depending on cell type
and carcinogenesis stage[m]. P38 may also have oncogenic
effects, facilitating cell invasion, inflammation, and an-
giogenesis”>”. Furthermore, crosstalk among JNK, p38,
and molecules involved in other signaling pathways, such
as NF-xB, further complicates their roles””. Thus, un-
derstanding of the regulatory system of stress-activated
MAPK signaling is necessary for the potential use of
these molecules as therapeutic targets. Importantly, only
two molecules, JNK and p38, are downstream in this
pathway, whereas more than 10 molecules have been
identified for upstream MAP3Ks"™. Fach MAP3K is acti-
vated by several different kinds of stimuli, and integrated
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into a unique pattern of MAPK activation and substrate
phosphorylation, leading to a specific cellular response
to the stimulus. Thus, the activities of JNK and p38 are
tightly regulated by MAP3KSs. Several recent studies have
uncovered roles of MAP3Ks in the regulation of stress-
activated MAPK signaling in hepatocarcinogenesis.

Role of apoptosis signal-regulating kinase 1

Apoptosis signal-regulating kinase 1 (ASK1), one of the
most important MAP3Ks, selectively activates JNK and
P38 signaling in response to a variety of stimuli, including
ROS and cytokines””. In particular, ASK1 plays a key role
in oxidative stress-induced cell death. In the absence of
oxidative stress, thioredoxin (Trx), a reduction/oxidation
regulatory protein, inhibits ASK1 kinase activity za direct
binding to the N-terminal region of ASKI1. However,
once oxidative stress occurs in the cell, Ttx is converted
to its oxidized form and dissociates from ASK1, resulting
in ASK1 kinase activation™. ASK1 is considered to in-
duce cell death through stress-activated MAPK-mediated
activation of the mitochondrial cell death pathway“m]. In
fact, ASK1 is involved in acetaminophen-induced hepa-
tocyte death, a typical ROS-mediated liver injury, through
mechanisms involving Trx-ASK1 dissociation". Fur-
thermore, ASK1 is involved in hepatocyte death medi-
ated by death receptors, such as TNF-R and Fas'™,

ASK1 knockout mice showed significantly increased
DEN:-induced HCC, suggesting that ASK1 plays tumor-
suppressing roles in hepatocarcinogenesis in this mod-
el™. Activation of JNK and the pro-apoptotic Bcl-2 fam-
ily member Bim, which are required for death receptor-
mediated apoptosis, are attenuated in ASK1 knockout
HCC, resulting in decreased cancer cell apoptosis. On the
other hand, ASK1 plays a minor role in the tumor-pro-
moting effects of JNK, such as the DEN-induced acute
phase reaction, cancer cell proliferation, and neovascular-
ization. Thus, ASK1 is considered to play major roles in
the tumor-suppressing part of JNK activity in hepatocat-
cinogenesis. Furthermore, DNA damage-induced p38 ac-
tivation and subsequent p21 up-regulation is impaired in
ASK1 knockout mice. Thus, ASK1 controls the tumor-
suppressing function in stress-activated MAPK signaling
through the induction of apoptosis and the DNA dam-
age response.

Another study indicated that ASK1 and Bim are also
required for sorafenib-induced apoptosis in HCC cells™”,
Sorafenib is a small-molecule multikinase inhibitor that is
currently the sole therapeutic drug effective for the treat-
ment of HCC"", Most recently, somatic mutations in the
ASK1 gene, which reduce the kinase activity of ASKI,
have been identified in melanoma'"”. Thus, it may be
important to clarify whether similar mutations are found
in HCC, from the point of view of not only the carcino-
genesis mechanism, but also possible therapeutic effects
of anticancer drugs.

Role of transforming growth factor 3-activated kinase 1
Another major MAP3K, activated kinase 1 (TAK1), is
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activated through TNF receptor, TLR, IL.-1 receptor, and
transforming growth factor (3 receptor signaling, and
then activates the JNK and NF-kB pathways, which play
opposing roles in cell death"™, Interestingly, hepatocyte-
specific TAK1 knockout mice show spontaneous hepa-
tocyte death, and this phenotype is partially rescued by
crossing with TNF receptor 1 knockout mice, suggesting
that TAK1 knockout hepatocytes are highly sensitive to
endogenous TNF-g-induced apoptosis'". This spon-
taneous cell death subsequently causes compensatory
hepatocyte proliferation, inflammation, fibrosis, and
the eventual development of HCC in aged mice!"™"",
These phenomena resemble the phenotype observed in
hepatocyte-specific NF-kB knockout mice. Furthermore,
JNK activation is rather enhanced in TAK1 knockout
mice, indicating that TAKT in the hepatocytes acts as a
tumor suppressor, mainly by regulating the activation of
the NF-kB pathway. However, enhanced JNK activation
in TAK1 knockout mice occurs partially through the
activation of another MAP3K, TAO2, suggesting that
TAK1 may interact with other MAP3Ks"". Interest-
ingly, crossing hepatocyte-specific TAK1 knockout mice
with NEMO knockout mice attenuated JNK activation
and prevented hepatocyte death and the development of
HCC, suggesting that NEMO has a tumor-promoting
function in the setting of TAK1 deletion™. Additionally,
this function of NEMO is considered to be independent
of NF-kB. Furthermore, a recent study showed that
TAKT1 inhibits ASK1-mediated apoptosis through a di-
rect interaction between the C-terminal domain of TAK1
and the N-terminal or C-terminal domain of ASK1 in
HEK 293 cells"”. Thus, in the setting of TAK1 deletion,
ASK1 may play a tumor-promoting role by accelerating
hepatocyte apoptosis and subsequent inflammation. Be-
cause crosstalk among MAP3Ks is less well understood,
further studies are needed to clarify the whole picture of
stress-activated MAPK signaling pathways.

CONCLUSION

One of the most important reasons for the poor progno-
sis of HCC is its frequent recurrence. Once HCC has de-
veloped, the recurrence rate does not decline with time,
suggesting that most cases of late-phase recurrence are
due to metachronous multicentric carcinogenesis caused
by persistent chronic inflammation"”, Thus, determining
the molecular mechanism(s) of inflammation-mediated
hepatocarcinogenesis is important in preventing not
only the occurrence, but also the recurrence, of HCC.
As discussed in this review, recent studies have indicated
that NF-kB, STAT3, and stress-activated MAPK signal-
ing pathways play key roles in inflammation-mediated
hepatocarcinogenesis. These findings may prompt their
introduction into the clinical setting as therapeutic targets.
However, these pathways have a wide range of func-
tions and exhibit complex crosstalk, and furthermore,
may play opposing roles, depending on the cell type and
carcinogenesis stage. Thus, alternative strategies, such as
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targeting particular isoforms, including JNK1; upstream
regulators, including MAP3K; and other modulators,
including miRNA; may be more beneficial than targeting
the entire pathway. In this regard, further studies clarify-
ing the entire picture of the signaling network are needed
to translate these signaling pathways into clinical practice.
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Abstract

Acute pancreatitis is a common complication of endo-
scopic retrograde cholangiopancreatography (ERCP).
Pancreatic duct stent insertion after ERCP has been
widely accepted as the standard of care for the preven-
tion of this complication in high-risk patients. Unfor-
tunately, the placement of pancreatic stents requires
higher level of endoscopic expertise and is not always
feasible due to anatomic considerations. Therefore, ef-
fective non-invasive pharmacologic prophylaxis remains
appealing, particularly if it is inexpensive, easily admin-
istered, has a low risk side effect profile and is widely
available. There have been multiple studies evaluat-
ing potential pharmacologic candidates for post-ERCP
pancreatitis (PEP) prophylaxis, most of them yielding
disappointing results. A recently published large, multi-
center, randomized controlled trial reported that in
high risk patients a single dose of rectal indomethacin
administered immediately after the ERCP significantly
decreased the incidence of PEP compare to placebo.
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INVITED COMMENTARY ON HOT
ARTICLES

Acute pancreatitis is the most frequent complication
of endoscopic retrograde cholangiopancreatography
(ERCP). The incidence of post-ERCP pancreatitis (PEP)
varies between 1%-10%, with incidence exceeding 25%
being reported in certain high-risk patient populations“’zj.
The wide range for this incidence is mostly due to the
heterogeneous interplay of patient characteristics, proce-
dure-related, and operator-related factors™.

Numerous agents and interventions have been stud-
ied so far in the prevention of PEP. These can be divided
into sphincter relaxants, protease inhibitors, types of
contrast, anti-inflaimmatory/anti-oxidant agents, anti-se-
cretory agents, electrosurgical techniques, and placement
of various types of pancreatic stents”. The results have
generally been disappointing and at present the only fea-
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sible option to decrease the rate of PEP is the insertion
of pancreatic stent in high risk patients. Unfortunately,
the placement of pancreatic stents requires higher level
of endoscopic expertise and is not always feasible due to
anatomic considerations. Indeed, a recent survey report-
ed that more than 20% of physicians performing ERCP
never place pancreatic stents”. Therefore, effective phar-
macologic prophylaxis remains appealing, particularly if it
is inexpensive, easily administered, has a low risk side ef-
fect profile and is widely available. Intravenous gabexate,
a protease inhibitor, and somatostatin, an anti-secretory
agent, have been shown to prevent PEP". However, both
of these therapies are not readily available and require
continuous intravenous infusion. As such, the search for
effective, cheap and feasible pharmacologic prophylaxis
for PEP has been continued.

Phospholipase Az is presumed to play a pivotal role
in the inflammatory cascade associated with acute pan-
creatitis™. This has been the basis for several prospec-
tive placebo-controlled randomized controlled trials
(RCTs) evaluating non-steroidal anti-inflammatory drugs
(NSAIDs), potent inhibitors of phospholipase A2 activity,
in the prevention of PEP. In 2003, Murray ez al” showed
that rectal diclofenac given immediately after ERCP
reduced the incidence of PEP in a high-risk patient
population. These findings were corroborated by Khosh-
baten ¢ a/', who also demonstrated that immediate
administration of rectal diclofenac after ERCP reduced
the incidence of acute pancreatitis in patients undergoing
pancreatogram. Studies evaluating rectal indomethacin
have also suggested a protective effect against PEP in
patients undergoing pancreatography or ERCP for bili-
ary obstruction""”, In spite of these promising findings,
the relatively small sample size of each of these studies
and the heterogeneous study groups, have yielded overall
inconclusive results.

A meta-analysis published in 2008 attempted to fur-
ther validate the role of prophylactic rectal NSAIDs on
PEP!", Assuming a two-tailed o, = 0.05, a power of 0.9
and PEP incidences of 12.06% and 4.38% in the placebo
and NSAID groups respectively, the authors concluded
that a total of 586 patients would be required to demon-
strate the intended decrease in the incidence of PEP. By
compiling the results of four previous RCTs, an adequate
pooled sample size was achieved to detect a statistically
significant 64% (95% CI: 0.22-0.60) reduction in acute
pancreatitis in patients who received NSAIDs immedi-
ately after ERCP when compared to placebo. The results
of this meta-analysis further emphasized the apparent
benefit of rectal administered NSAIDs for PEP prophy-
laxis and the need of large prospective multi-center trials
to confirm these findings.

On the background of these promising results,
Elmunzer et al'?, report the results of a multi-center,
randomized, placebo-controlled, double-blind clinical
trial conducted to determine the effect of a single dose
of rectal indomethacin administered immediately after
ERCP in patients at elevated risk for PEP. Inclusion cri-
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teria selected patients with an elevated baseline risk of
PEP as defined by one or more of the following major
criteria: clinical suspicion of sphincter of Oddi dysfunc-
tion (SOD), a history of PEP, pancreatic sphincterotomy,
precut sphincterotomy, more than eight cannulation at-
tempts, pneumatic dilatation of an intact biliary sphinc-
ter, or ampullectomy. Patients were also eligible if they
met two or more of the following minor criteria: an age
of less than 50 years and female sex, history of recutrrent
pancreatitis (= 2 episodes), three or more injections of
contrast agent into the pancreatic duct with at least one
injection to the tail of the pancreas, excessive injection
of contrast agent into the pancreatic duct resulting in
opacification of pancreatic acini, or the acquisition of a
cytologic specimen from the pancreatic duct with the use
of a brush. The study design consisted of patients ran-
domly assigned to receive either two 50 mg indomethacin
suppositories or two identical-appearing placebo sup-
positories immediately after ERCP. The randomization
was concealed by using centralized location and stratified
by study center. The primary and secondatry outcomes of
the study were the development of PEP" and moder-
ate or severe PEP, respectively. Patients with post-ERCP
abdominal pain were hospitalized, followed clinically,
and had their serum amylase and lipase measured at least
once 24 h after the procedure. Patients discharged after
uneventful ERCP were contacted within 5 d and again at
30 d to capture delayed occurrence of primary outcome
and to assess for any delayed adverse events.

The study enrolled a total of 602 subjects from Feb-
ruary 2009 through July 2011. An interim analysis rec-
ommended the study to be terminated eatly on the basis
of the benefit of indomethacin compared with placebo.
A total of 295 patients received indomethacin, and 307
patients received placebo. Baseline characteristics were
similar in the two study groups. The majority of patients
(82%) had a clinical suspicion of sphincter of Oddi dys-
function. The overall incidence of PEP was 13.1% (79
of 602 patients). The incidence of PEP was 9.2% (27
of 295 patients) in the indomethacin group compared
to 16.9% (52 of 307) in the placebo group (P = 0.005),
corresponding to an absolute risk reduction of 7.7 per-
centage points, relative risk reduction of 46%, with a
number needed to treat to prevent one additional episode
of PEP of 13. The secondary outcome of moderate or
severe PEP occurred in 40 patients, 13 (4.4%) in the in-
domethacin group compared to 27 (8.8%) in the placebo
group (P = 0.03). Among patients hospitalized for PEP,
the median length of hospital stay was 0.5 d shorter in
the indomethacin group (3.5 d) than in the placebo group
(4 d) (P < 0.001). A persistent protective effect of indo-
methacin against PEP was noted in the post-hoc analysis
of patients stratified based on their pre-treatment risk of
PEP" regardless of whether patients had undergone
pancreatic stenting, clinical suspicion of SOD, and in all
subtypes of SOD. The authors concluded that among
patients at high risk for post-ERCP pancreatitis, rectal
indomethacin significantly reduced the incidence of the
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condition.

Acute pancreatitis remains the most common major
complication of ERCP. NSAIDs represent an attrac-
tive pharmacological agent for PEP prophylaxis because
they are inexpensive, can be easily administered and have
a relatively low risk profile. Previous efforts to endorse
NSAIDs for PEP prophylaxis have been limited by small
single-center studies with conflicting results.

This study by Elmunzer ez a/'" is the first large multi-
center, randomized, controlled trial that demonstrates the
protective effects of a single dose rectal indomethacin
against PEP in high-risk patients. The validity of the con-
clusions is supported by a number of the study method-
ological strengths including double blinded randomized
design, adequate allocation concealment, strict clinically
meaningful definition of PEP, thorough follow up with
very low lost-to-follow-up rate and intention-to-treat
analysis. The authors should also be commended for fol-
lowing the patients thirty days post-procedure to evaluate
for any delayed pancreatitis or adverse events. A reduc-
tion in the incidence of PEP with rectal NSAIDs in the
study group consisting primarily of patients with clinical
suspicion of SOD (82%) confirms the benefit of this
prophylactic agent in this challenging patient population.
This finding is congruent with previous trials suggesting
a maximal benefit from prophylactic NSAIDs in high-
risk patients. Moreover, this study showed that the rela-
tive treatment effect of indomethacin remained across
the spectrum of patient’s risk of PEP. These results, in
conjunction with a trend toward benefit with respect to
rates of PEP in patients without clinical suspicion of
SOD treated with indomethacin, suggest the need of ad-
ditional studies to confirm a potential protective effect
even in low-risk patients. The very high prevalence of pa-
tients with suspected SOD in this trial should be consid-
ered when interpreting the external validity of the results
and applying them to other high risk PEP patients.

Prophylactic temporary pancreatic duct stenting has
been widely accepted for PEP prophylaxis'”. One of the
main limitations of previous prospective trials regard-
ing the effects of NSAIDs for PEP prophylaxis is their
failure to report the use of prophylactic pancreatic stents
in their study population. A particular strength of this
study is that the majority of patients (> 80%) under-
went pancreatic stent placement in addition to the study
intervention (indomethacin or placebo). Indomethacin
reduced the risk of PEP to a similar degree irrespective
to whether the patient received a pancreatic stent or not.
These findings highlight the additive protective effect of
NSAIDs for PEP prophylaxis in high-risk patients receiv-
ing temporary pancreatic duct stenting. Furthermore, it
suggests that NSAIDs may be an alternate non-invasive
prophylactic measure for PEP in those patients in whom
pancreatic stenting may not be feasible or not recom-
mended; however, this requires further investigation.

Elmunzer ez a/'* also reported that prophylactic
indomethacin was associated with decreased severity
of PEP, which is congruent with previous findings by
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Sotoudehmanesh and colleagues. In the subgroup of pa-
tients that were hospitalized post-ERCP, the indometha-
cin group also had a shorter hospital stay when com-
pared to placebo. These results suggest that the benefits
of NSAIDs are not limited to reducing the incidence
of PEP; but potentially also includes disease severity
modulation presumably by regulating the inflammatory
response and clinical manifestation of PEP. If further
validated, these findings have both clinical as well as eco-
nomic implications, given the substantial morbidity with
increasing severity of PEP and associated health care
expenditures.

In summary, this multi-center double blinded ran-
domized controlled trial further supports the use of pro-
phylactic rectal NSAIDs in the prevention of PEP and
addresses several limitations of previous studies that have
been met with general skepticism. This study demon-
strates that rectal indomethacin can reduce the incidence
and severity of PEP in high-risk population consisting
mostly of patients with suspected SOD and could po-
tentially have a benefit even in low-risk patients. The low
cost and risk profile associated with a single standard
dose of rectal indomethacin makes this an attractive
prophylactic pharmacological agent in those patients in
whom this medication is not otherwise contraindicated.
While clinical judgment in selecting patients with appro-
priate indications for ERCP remains the most important
measure in preventing PEP, rectal indomethacin is a safe,
easily administered, widely available pharmacological pro-
phylactic measure that could change how we address this
serious ERCP-associated complication.
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Abstract

To date, limited research has been carried out in devel-
oping methods and materials that offer three-dimen-
sional (3-D) representation of the digestive tract. In the
field of capsule endoscopy (CE), hardware approaches
have been developed that provide real time both 3-D
information and texture using an infrared projector and
a complementary metal oxide semiconductor camera.
The major drawbacks of this system are its size, power
consumption and packaging issues. A software ap-
proach to approximate a 3-D representation of diges-
tive tract surface utilising current CE technology has
been proposed. The algorithm utilizes the Shape from
Shading technique and seem to provide promising re-
sults for polypoid structures and angioectasias. Further
clinical evaluation is currently under way.

© 2012 Baishideng. All rights reserved.
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INVITED COMMENTARY ON HOT
ARTICLES

I read with great interest the recent paper by Karargyris
et al" on the use of elastic video interpolation in the
three-dimensional (3-D) reconstruction of the diges-
tive wall in capsule endoscopy (CE) videos. The article
presents promising 3-D approaches in CE; due to its
technical nature though it may be slightly difficult for the
general gastroenterologist. Therefore, I invited its first
author to help me present the clinically relevant points.
These authors believe that proper consideration should
be given for its further clinical application in CE.
Witeless CE, a milestone in minimally invasive inves-
tigation of the gastrointestinal tract, was made possible
by the advent of power efficient/low cost image sensors
based on complementary metal oxide semiconductor
(CMOS) technology™”. Upon the 1950’ debut of the
world’s first gastro-camera, few could have envisaged that,
just half a century later, imaging of the human digestive
tract would become wireless' . However, this spectacular
advent in medical endoscopy is not without its limita-
tions. Let us not forget that a complete capsule platform
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Figure 1 Various sensors which are commercially available!™
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. A: Miniature magnetometers offer orientation and acceleration information, [Bertda Services (SEA)

Pte. Ltd.]; B: Three-dimensional (3-D) range camera used in a widely commercial product; C: 3-D guidance system used in endoscopy devices (inition).

Surface Photograph

Retrieve the surface/s which
gives the same photograph

Figure 2 The Shape from Shading flow"'>", Capturing a surface using a camera removes depth information. Shape from Shading techniques try to reproduce the

missing depth information from a given image.

Figure 3 Original capsule endoscopy and 3-D represented image depicting a protrusion. A: Original capsule endoscopy image depicting a protrusion (polyp); B:

Its 3-D represented image processed by the proposed Shape from Shading approach.

comprises six fundamental modules: locomotion, vision,
telemetry, localisation, power and diagnostic/tissue ma-
nipulation tools™". To present, due to space constraints,
the majority of commercially available capsules include
only a subset of the aforementioned modules”. Further-
more, power limitation is a major hurdle which current
CE technology has yet to overcome ",

Since the capsule needs 6-8 h to traverse through the
small-bowel™ cameras within the currently marketed
capsule endoscopes work at a capture rate of 2-3 frames
per second (fps) in order to comply with power require-
ments'". Nonetheless, this has an adverse effect on the
smoothness of motion between consecutive frames and
creates a visually unpleasant effect to the human eye“’”.
Furthermore, shape is an important element in human
perception, yet CE suffers, unlike other diagnostic mo-
dalities i.e., Computed tomography, magnetic resonance
imaging, from lack of 3-D information'. Practically, this
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can only be feasible with the use of new generation de-
vices that have yet to be realised.

3-D technology is currently in use e.g.,, a magnetom-
eter can provide not only acceleration values on the three
axes but also the 3-D orientation of the device (Figure
1A, Commercial time-of-flight range cameras (i.e.,
Microsoft’s Kinect Project, Figure 1B)M" already exist
in the market and in the near future this may be further
improved and miniaturised for use inside a capsule endo-
scope. These cameras offer information on depth and co-
lour. We should not forget that 3-D guidance systems are
already used for endoscopic surgeries offering 3-D posi-
tion information of the sensor (Figure 1C). Therefore,
using the acquired information (orientation, acceleration,
depth values, position e#.) from these miniature sensors
in conjunction with sophisticated registration software al-
gorithms, an accurate 3-D representation of the digestive
tract could be created successfully.

August 21, 2012 | Volume 18 | Issue 31 |



Koulaouzidis A et a/. 3-D reconstructed images in capsule endoscopy

Figure 4 Two-dimensional capsule endoscopy images (upper panel) and three-dimensional representation of above structures is seen (lower panel). A1,
A2: P2 angioectasia; B1, B2: P1 angiectasia; C1, C2: Lymphoid hyperplasia with superficial ulceration; D1, D2: Aphthous ulcers; E1, E2: Serpiginous ulcers; F1, F2:
Nodular lymphangiectasia; G1, G2: Another capsule endoscope still inside the small-bowel.

Highlights removal

Figure 5 3-D representation of a single video capsule image with highlights removal (arrows).
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3-D representation for endoscopy

To date, limited research has been carried out in develop-
ing methods and materials that offer 3-D representation
of the digestive tract. For conventional endoscopy sys-
tems, stereo technology has been introduced to capture
stereo images and to create depth information and there-
fore 3-D reconstruction of digestive structures. However,
due to issues with size, such systems have not been widely
accepted“ﬂ. Likewise, in CE there has been a hardware
approach that provides in real time both 3-D informa-
tion and texture using an infrared projector and a CMOS
camera. The major drawbacks of this system are its size,
power consumption and packaging issues"". Therefore, in
order to tackle the problem of the current hardware limi-
tations, Karargyris ez al? proposed the use of a software
approach to approximate a 3-D representation of diges-
tive tract surface utilising current CE technology.

Shape from shading

The Shape from Shading (S£S) technique is a member
of a family of “shape recovery” algorithms called shape-
from-X techniques“’”}. Essentially, SfS algorithms try
to recover the shape of objects by using the gradual
variation of shading (Figure 2" Sfs techniques can be
divided into four groups or approaches: minimisation,
propagation, local, and linear approaches[m‘w.

Karargyris ez al" propose using a specific sub-category
of SfS methods: the Tsai’s method (or linear approach)[l’ls]
because (1) it produces good results for spherical surfaces,
which in fact is the case with most shapes of digestive
tract pathology e.g., polyps; (2) it is very fast; and (3) it
“behaves” relatively well with specular surfaces (surfaces
with mirror-like reflection of light). Of note, in CE the
light source axis and the miniature camera are basically
aligned. Tsai’s method works well on smooth objects and
spherical structures'. Additionally, Tsai’s method takes
into consideration only the light direction, which in our
case is 0° degrees (since the lighting direction and that of
the camera are parallel).

A correction on the camera distortion is not performed
because there is insufficient data on the capsule camera
optics’ specifications. The result of applying Tsai’s meth-
od in a CE frame is given in Figure 3. Figure 3A shows a
polyp in a conventional 2-D CE frame, whereas in Figure
3B the same polyp in presented using the 3-D software.
The SfS approach gives promising outcomes, especially
for visualizing polyps and vascular lesions, but less so for
ulcers or lymphangiectasia (Figure 4). In the first 2 cases,
the 3-D result is rather exciting, supporting the argument
for further evaluation of this technique for use in clinical
practice. Additionally, a 3-D representation may be help-
ful in the design of more accurate and robust computer-
aided detection algorithms, incorporating other image en-
hancement tools e.g,, virtual chromoendoscopy (FICE) 1l
or colour (blue) mode!"” analysis of CE videos instead of
still CE frames. However, prior to any software integra-
tion, further qualitative assessment and accuracy assess-
ment should take place (work currently undertaken by
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these authors).

Conversely, in cases of sudden large intensity change,
Tsai’s method fails because it takes into consideration
the preservation of intensity gradient. However, in non-
artificial images such as CE frames, the brightness (image
pixel values) transitions smoothly with no abrupt changes.
Technically however, one can notice in Figure 5 the pres-
ence of highlights, hence false information about the
shape. Highlights are essentially linear combinations of
specular and diffuse reflection (light reflected at various
angles) components of the surface.

Many objects in the real world are dielectric and ho-
mogeneous, hence displaying both types of reflections.
Most digestive structures fall into this category"”. When
the light beams fall on to such an object, some of them
reflect back immediately creating the specular reflection,
while the rest of the beams first penetrate the object and
then reflect creating the diffuse reflection. Along with 3-D
representation algorithm a highlight suppression scheme
is applied to the original CE images to produce desired
better results, whilst maintaining the shapes and struc-
tures of the digestive tract. Figure 5 shows the successful
highlight removal without affecting the shapes of other
objects. It has to be mentioned that highlights from light
reflections on the surface of the digestive tract are still an
open problem not only for a 3-D representation but also
for traditional CE review.

In conclusion, the software by Karargyris ez al" offers
a new potential to reform and enhance the currently exist-
ing reading software in capsule endoscopy by improving
lesion demarcation and highlighting the textural features
of ulcers, angioectasias and polyps[s’w]. Further work is
needed to prove its clinical validity but the idea of a 3-D
aid (with the present level of CE technology) seems, at
least for this author, not only captivating but promising as
well. However, it should not be forgotten that true 3-D
capability requires dual video images, although the inclu-
sion of two cameras within the shell of a capsule endos-

copy might be unwieldy at present”.
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Abstract

The inflammatory bowel diseases (IBD), Crohn’s dis-
ease (CD) and ulcerative colitis (UC), may be complicat-
ed by colorectal cancer (CRC). In a recent population-
based cohort study of 47 347 Danish patients with IBD
by Tine Jess and colleagues 268 patients with UC and
70 patients with CD developed CRC during 30 years of
observation. The overall risk of CRC among patients
with UC and CD was comparable with that of the gen-
eral population. However, patients diagnosed with UC
during childhood or as adolescents, patients with long
duration of disease and those with concomitant pri-
mary sclerosing cholangitis were at increased risk. In
this commentary, we discuss the mechanisms underly-
ing carcinogenesis in IBD and current investigations of
genetic susceptibility in IBD patients. Further advances
will depend on the cooperative work by epidemiologist
and molecular geneticists in order to identify genetic
polymorphisms involved in IBD-associated CRC. The
ultimate goal is to incorporate genotypes and clinical
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parameters into a predictive model that will refine the
prediction of risk for CRC in colonic IBD. The challenge
will be to translate these new findings into clinical prac-
tice and to determine appropriate preventive strategies
in order to avoid CRC in IBD patients. The achieved
knowledge may also be relevant for other inflamma-
tion-associated cancers.
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INVITED COMMENTARY ON HOT
ARTICLES

Incidence of colorectal cancer in inflammatory bowel
diseases

The inflammatory bowel diseases (IBD), Crohn’s disease
(CD) and ulcerative colitis (UC), may be complicated
by colorectal cancer (CRC). In a new population-based
cohort study encompassing 47 347 Danish patients with
IBD, 268 patients with UC and 70 patients with CD de-
veloped CRC during 30 years of observation". The au-
thors concluded that the overall risk of CRC among pa-
tients with UC was comparable with that of the general
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population [relative risk (RR), 1.07; 95% confidence inter-
val (CI): 0.95-1.21]. The observed risk estimate persisted
even after exclusion of patients with hemorrhagic proc-
titis (RR, 1.04; 95% CI: 0.91-1.18). When adjusted for
age at diagnosis and duration of UC, a decreased risk of
CRC among UC patients diagnosed in 1999-2008 was ob-
served compared to UC patients diagnosed in 1989-1998
(RR, 0.59; 95% CI: 0.39-0.90). However, patients diag-
nosed with UC during childhood ot adolescents (age 0-19
years; RR, 43.8; 95% CI: 27.2-70.7, age 20-39 years; RR,
2.65; 95% CI: 1.97-3.56) may be at increased risk as well
as those with long duration of disease. Thirteen years
after diagnosis, the CRC risk was significantly increased
over background, and with longer follow-up the risk re-
mained 50% above the risk in non-IBD individuals. The
risk of CRC in patients with CD was similar to that of
the non-IBD population. RR for CRC was 0.85 (95% CI:
0.67-1.07) among patients with CD and 0.80 (95% CI:
0.43-1.49) among patients with colonic CD.

Risk of CRC in IBD has been assessed previously in
a Swedish population-based study”. In agreement with
the present study there was a trend towards lowered
risk with shorter observation periodm. During 198 227
person-years follow-up for 7607 IBD cases, 188 cases of
CRC were observed from 1954 to 2004%. After adjusting
for sex, age, duration of disease, type and extent of IBD,
the authors found a decline in relative risk from a 5-fold
increased risk in the 1960s to a doubled risk of CRC
in the time-petiod 2000-2004 (P for trend 0.006). The
overall risk of CRC among the patients with IBD, UC
and CD colitis was found to be increased compared with
the general population (standardized incidence ratio 2.3;
95% CI: 2.0-2.6, 2.7; 95% CI: 2.3-3.2, and 2.1; 95% CI:
1.2-3.4, respectively). The CRC risk among patients with
colonic CD has also been estimated in hospital-based or
community-based case-control studies”” and the overall
relative risk estimate over the past 30 years was found to
be 4.5 (range: 1.3-14.9) in a meta-analysis, with declin-
ing risk estimate over the past 30 years”. On the other
hand, a recent study by Herrington ez al® which was also
published in Gastroenterology assessed time changes in
risk of CRC within the Kaiser Permanente Medical Care
Program, a community-based health care delivery system,
from 1998 to 2010. The authors identified 29 and 53
CRC cases among CD and UC patients, respectively, cor-
responding to an incidence of CRC in patients with IBD
which was 60% higher than in the general population.
Furthermore, the incidence was found to be essentially
constant over time. The study design may have some
drawbacks such as missing detailed data on the study pat-
ticipants, selection bias, and too short observation period
to detect the impact of optimizing IBD management on
CRC risks which were discussed in the Editorials'”.

There is general agreement that patients with UC
diagnosed at a young age, with primary sclerosing cholan-
gitis, and with long disease duration are at increased risk
of CRC™". Most cancers arise in extensive colitis and
pancolitis and there is little or no increased risk associated
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with proctitis while left sided colitis is associated with an
intermediate cancer risk!*'?. The Danish study found no
risk associated with having UC even after excluding cases
with proctitis compared to the general population'".

According to the British Society of Gastroenterol-
ogy (BSG) “It is now widely accepted that patients with
ulcerative colitis have a similar risk to those with Crohn’s
colitis for a similar extent and duration of colonic in-
volvement”™"”. The Danish population-based study cov-
ered 30 years follow-up of all UC and CD patients and
is by far the largest study to date on IBD and CRC risk!".
This study found no risk of CRC among patients with
colonic CD compared to the general population which
the authors speculated could be due to the medical treat-
ment and follow-up leading to control of the intestinal
inflammation'".

Surveillance colonoscopy is considered to be the gold
standard in diagnosing early dysplastic alterations. The
recent years new and emerging endoscopic imaging tech-
niques have improved neoplasia detection rate!"”. The
existing recommendation is, however, based on evidence
level IV: Evidence obtained from expert committee re-
ports, opinions or clinical experiences of respected au-
thorities"”. The study by Jess and colleges constitutes a
basis for future evidence-based guidelines.

Understanding the mechanism(s) of CRC in IBD

The relationship between inflaimmation and cancer has
been well established in the gastro-intestinal system.
Colitis-associated cancer has been investigated in mouse
models"”"". These studies have highlighted the role of
toll-like receptors (TLR) and tumour necrosis factor-o
(INF-o) in the activation of nuclear factor kB (NFkB),
which induces transcription of genes involved in tum-
origenesis, including COX-2"" Defect signalling via
P53 may be an early event in the progression of colitis-
induced dysplasia to cancer'”. Without p53-induced
apoptosis, aberrant cells are not eliminated and cancer
may ensue'"”. Probiotic bactetia may prevent carcinogen-
esis in mouse models of cancer by producing conjugated
linoleic acid which activates PPARY, inhibits COX-2 and

. - [19,20
induces apoptosis'' >,

Current strategies to identify genetic predictors of CRC
in IBD

It is increasingly recognized that CRC consists of many
entities having similar phenotypic appearance. This het-
erogeneity may at least in part be due to differences in
genetic susceptibility which may act in combination with
various environmental factors such as diet and intestinal
microbes. Patients with IBD and CRC constitute 1%-2%
of all cases of CRC?". As a group, patients with IBD-
associated CRC are characterized by intestinal inflam-
mation and may thus represent a model with a relatively
homogeneous mechanism for developing CRC. Indeed,
distinct characteristics have been found for IBD-associ-
ated CRC. For example, a Norwegian study found that
cancer was more often widespread than localized at diag-
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nosis, age at diagnosis of CRC was lower, and prognosis
poorer in IBD-associated CRC compared to CRC in the
background population[zz]. Thus, ”IBD-associated cancer
serves as an excellent model of inflammation-associated
cancer and might provide many important clues to
understanding the pathogenesis of sporadic colorectal
cancer”™. On the other hand, a Swedish population-
based study of more than 30 000 IBD cases identified
560 CRCs cases among first-degree relatives, giving no
increased risk of CRC among first-degree relatives™.
The authors concluded that the study did not suggest a
common cause of IBD and CRC in general and the risk
of CRC in IBD seemed to be the result of the disease
rather than genetic predispositionm].

The International IBD Genetics Consortium is a net-
work of researchers working on the genetics of IBD™.
This group has initiated a case-control study to determine
if genetic polymorphisms associated with IBD and other
immune disorders related to IBD are more prevalent in
patients with colonic IBD and CRC/dysplasia than in
patients with colonic IBD alone. For each case with IBD-
associated CRC/dysplasia, two IBD non-cancer cases
from the same centre will be included. Analyses are cat-
ried out using the Immunochip, an Illumina Infinium
genotyping chip containing 196 524 polymorphisms (718
small insertion deletions, 195 806 SNPs). The Immuno-
chip was initiated by the Wellcome Trust Case-Control
Consortium and designed to perform deep replication of
major autoimmune and inflammatory pathwaysp(ﬂ. Phe-
notypic information includes age at IBD and CRC/dys-
plasia diagnosis, gender, disease location, family history
of CRC/dysplasia, medication, history of hospitaliza-
tions, and smoking habits.

Another approach may be based on utilizing existing
pathological samples. For example, in Denmark, individ-
ual-based registration-systems have been developed along
with the introduction of information technology and
since 1978 nation-wide reporting of clinical diagnosis has
been implementedm. Due to the introduction of DNA
changes (e.g,, mutations and polyploidy) during carcino-
genesis, pathological samples with signs of CRC should
be avoided. Samples with signs of IBD which precede
CRC development, may be used for DNA extraction and
assessment of genetic polymorphisms” !, Furthermore,
data may be linked to other registers such as Danish
National Patient Register and The Danish Prescription
Database for further investigationsm. The validity of the
diagnoses of IBD and CRC, respectively, in the Danish
National Patient Register are more than 90%"*. There-
by, candidate gene analyses of genetic polymorphisms
in inflammatory pathways and associations found by
genome-wide association studies may be performed and
sought replicated.

Future research directions to predict the risk for CRC in
IBD

A major challenge is now to identify the patients who
would benefit from preventive strategies. Large and well-
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designed cohorts, such as population-based cohorts, with
prospectively recorded data are required for the assess-
ment of patients at risk. Provided that genetic suscepti-
bility contributes to the risk of CRC in IBD, investigating
genetic susceptibility in IBD patients may be particularly
rewarding due to the expected relatively homogeneous
biological mechanism(s) of action in this group. This
may imply that associations may be identified in relatively
small groups of well-characterized patients. The further
advance will depend on the cooperative work of e.g., epi-
demiologists and molecular geneticists. The ultimate goal
is to incorporate genotypes and clinical parameters into
a predictive model that will refine the risk for CRC in
colonic IBD. The challenge will be to translate these new
findings into clinical practice and to determine appropzi-
ate preventive strategies in order to avoid CRC in IBD
patients.
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Abstract

Celiac disease (CD) is an autoimmune inflammatory
disease of the small intestine as a result of reaction
to wheat protein, gluten. Exclusion of dietary gluten
is the mainstay of the treatment that necessitates a
precise diagnosis of the disease. Serological screen-
ing may aid in identifying patients with suspected CD,
which should be confirmed by intestinal biopsy. It has
been shown that duodenal biopsies are good for de-
tection of the disease in most patients. However, there
is a group of patients with positive serology and incon-
clusive pathology. As a result of the widespread use of
serology, many patients with equivocal findings grow
quickly. Unfortunately current endoscopic methods can
only diagnose villous atrophy, which can be present in
the later grades of disease (i.e., Marsh II). To diag-
nose CD correctly, going deeper in the intestine may
be necessary. Enteroscopy can reveal changes in CD in
the intestinal mucosa in 10%-17% of cases that have
negative histology at initial workup. Invasiveness of
the method limits its use. Capsule endoscopy may be
a good substitute for enteroscopy. However, both tech-
niques should be reserved for patients with suspected
diagnosis of complications. This paper reviews the cur-
rent literature in terms of the value of enteroscopy for
diagnosis of CD.
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INTRODUCTION

Celiac disease (CD) is the most common inflammatory
disease of the small bowel with a prevalence of 1%-2.1%
in different countries”. CD was previously thought to be
a pediatric malabsorption syndrome, but it is now primat-
ily recognized as an adult disease that resembles a mul-
tisystem disorder with a range of clinical manifestations
that vary according to age of presentation. The clinical
presentation among adults has clearly changed over time.
Typical presentation should not be expected in the adult
population; fewer patients present with diarrhea or a mal-
absorption syndrome. Instead, silent symptoms such as
anemia, osteoporosis or dyspepsia are the most common
manifestations, and interestingly, patients are frequently
overweight or even obese at presentation. Patients may
also present with vague dyspeptic symptoms or esopha-
geal reflux, irritable bowel syndrome, iron deficiency, or
neurological disorders. In fact, over time there has been
a substantial increase in prevalence of the disease, and
serological testing for CD has affected the rate of diag-
nosis"™,

Widespread use and availability of serology and
awareness of the disease have led to a surge in the diag-
nosis of CD from a very rare disease to a common one.
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In fact, screening of asymptomatic and at-risk individuals
has contributed to this high prevalence[3]. The majority
of CD patients detected by screening (> 80%) are clini-
cally silent or so called “oligosymptornatic”m. Mainstay
vehicles for screening are autoantibodies to tissue trans-
glutaminase and endomysial antibody (EMA), which atre
highly sensitive and speciﬁcpﬂ].

Despite these effective tools, small bowel biopsy sh-
ould be performed in suspected patients, and histopatho-
logical examination of the small intestine must show any
of the following: villous atrophy, crypt hyperplasia and el-
evated intraepithelial lymphocytes (IELs). Although small
bowel mucosal changes are not specific for CD, abnormal
biopsy findings can confirm the diagnosis in the context
of the clinical setting that includes symptoms, serology
and exclusion of other disorders. The only current and
effective treatment is dietary restriction of the gluten in af-
fected individuals, which necessitates the correct diagnosis.

CD AT A GLANCE

Characteristic pathological changes of the small bowel
found in CD have been classified by Marsh and further
modified by Oberhuber™”. Tt is believed that small-bowel
mucosal damage has three phases. In phase 1, the infiltra-
tive phase, there are increased numbers of IELs. In phase
2, the hyperplastic phase, there is crypt hypertrophy. The
destructive phase 3 of the disease is associated with vary-
ing degrees of villous atrophy that can be assessed during
endoscopy[s’()]. The mucosal changes associated with CD
can be patchy with parts of the mucosa appearing normal
and nearby parts severely affected in children and adults.
This patchy villous atrophy or disease poses a significant
sampling error that leads to the possibility of missing the
diagnosis, which can be detrimental for a young patient
with long life expectancy, because the course of untreated
CD is not always benign. Delay in diagnosis in patients
with severe presentation is associated with increased mot-
tality, primarily because of malignancy. A major question
is the ultimate outcome of undiagnosed, presumed silent
CD? It has been suggested that there is a significantly
increased risk of mortality in patients with undiagnosed
CD. However, the association with increased mortality is
not universal nor is the association with increased malig-
nancy[m’lzl‘ Early diagnosis and treatment of CD has the
potential to decrease risks of lymphoma, gastrointestinal
cancet, bone disease, endocrine abnormalities, infertility
and other autoimmune diseases'”.

As a consequence of an intensified screening policy,
individuals with positive antibodies but without diagnos-
tic small-bowel mucosal villous atrophy frequently are
found. The condition often is considered false-positive,
but there also is evidence to suggest that such a finding
1s indicative of early stage CD. Randomized clinical trials
on the natural history and treatment of CD patients with
mild mucosal changes and positive antibodies are lacking,
and there is no consensus whether these patients should
be treated at all with a gluten-free diet before villous atro-
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[2,10,13-15]

phy has developed .

Despite recent advances in endoscopic imaging and
serological tests, the accurate diagnosis of CD remains
challenging, The site and number of biopsies to diagnose
CD correctly have been the focus of recent research.
Newly introduced technologies may carry a high yield but
availability may limit their widespread use.

The gold standard of diagnosis relies on duodenal
biopsy"'’; however, the reliability of duodenal biopsy is
not straightforward. Patients come to biopsy because of
the result of positive serological tests, a high index of
suspicion for a mucosal disease process, or because of
routine duodenal biopsy at endoscopym. Biopsies from
different sites of the duodenum in patients with positive
celiac serology undergoing biopsy showed that none of
the biopsies were considered normal. Moreover, in only
50% of patients was the degree of villous atrophy pres-
ent in all sites the same; consistent with the patchy nature
of the degree of villous atrophy. An interesting observa-
tion is that total villous atrophy significantly increased in
a distal direction. Although more severe degrees of vil-
lous atrophy have been found distally, the diagnosis has
mostly been confirmed in any location in the duodenum

.. [2.9,10,15]
of jejunum .

INTESTINAL INVOLVEMENT

CD involves the proximal small intestine including duo-
denum and upper jejunum and extends distally for a vari-
able length into the ileum. Damaged small bowel mucosa
heals in a distal to proximal direction. Mucosal atrophy is
continuous in most patients as a diffuse proximal enter-
opathy, which can be seen by any means of endoscopy.
Autopsy studies on CD patients have also confirmed the
involvement of the duodenum and jejunum in most cases
and occasional extension into the illeum. However, distri-
bution and extent of the CD ate variable!™'".

Dickey ¢ a/"” have evaluated terminal ileal biopsies of
30 patients with CD and control patients and found that
IEL counts were significantly higher in the CD group.
They concluded that increased 1ELs in the terminal ileum
correlated with duodenal atrophy, and that this finding
should alert physicians to consider CD.

Although evaluation of the extent of the bowel involve-
ment is not possible by conventional methods, capsule en-
doscopy (CE) can give an estimation about whether the
whole of the small bowel is affected. It has been reported
that 66.6% of patients with CD had an extension of the
mucosal changes beyond the proximal small intestine and
11.1% had entire small bowel involvement™. According
to Murray ¢ a/*", in the majority of patients, the abnor-
mal findings seen in the CE started in the proximal duo-
denum and extended into the jejunum. Findings of atro-
phy were seen in a continuous pattern in the duodenum,
but features of atrophy were seen less obviously and were
patchy in the jejunum. Extensive enteropathy was seen in
59% of the patients, denoting that CD affected the small
bowel motre than we think.
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Mucosal specimens can be obtained using radiographi-
cally guided suction capsule (Crosby capsule) biopsy,
which has disadvantages such as long procedure time,
high failure rate, discomfort and radiation exposure dur-
ing the procedure, although it is possible to take large
biopsy specimens. Perforation, intramural hematoma
of the small bowel and pancreatitis are reported com-
plicationsm. Nowadays, Crosby capsule biopsy is not
performed due to comparable efficacy of the duodenal
biopsy to detect villous atrophy. Another important fact
to take into account is the patchy nature of CD, which
necessitates multiple biopsy approach to minimize sam-
pling errors™

There are no clear-cut recommendations for the exact
number of biopsy specimens to confirm or exclude diag-
nosis of CD, although the American Gastroenterological
Association technical review recommends 4-6 biopsiesm.
Unfortunately, there is a gap between evidence-based
data and real-life practice. A survey has shown that 63%
of patients had fewer than four duodenum biopsies,
which may indicate the reluctance of the endoscopists to
take an adequate number of biopsies””.

Site of the biopsy is another object of the debate.
Pais ¢t al™ have found that duodenal biopsy specimens
show some variability in terms of histological changes,
and a minority of patients may have a discrepancy of
more than two Marsh grades between biopsy sites. Rav-
elli ez ™ have found no cases of normal histology and
coexisting villous atrophy in the same patient. This ob-
servation was supported by another study by Thijs ez al™
in which no discrepancy between jejunal and duodenal
biopsies was found. Biopsies from the duodenum have
been demonstrated to be useful for the diagnosis of CD
and almost replaced the need for the jejunal biopsy.

Unfortunately, biopsy specimens from the duodenum
harbor some problems and may not be a good place for
the diagnosis of CD, given the nature of the disease and
necessity of a strict diet. Not only is there more natu-
ral irregularity of the proximal duodenal mucosa, but
specifically, the influence of nutrients mixed with gas-
tric acid from the stomach and digestive fluids released
into the duodenum in reaction to a meal may induce a
chronic mild inflammatory responsem’zgl. This may alter
the appearance of mucosal inflammation and villous
architectural changes, and therefore, disqualify duodenal
biopsies for diagnostic use, especially when minor archi-
tectural changes and intraepithelial lymphocytosis must
be considered™”.

All of the current endoscopic imaging techniques rely
on the morphological changes of the mucosa associated
with CD, which may direct the endoscopist for sampling.
The value of endoscopy in the diagnosis of CD is limited
to villous atrophy (Marsh grade 3). Celiac patients with
villous atrophy are casily diagnosed, and most of them
have positive serology, thus making this group of patients
non-challenging. Histological changes in this group are
so characteristic that they cannot be mistaken for other
diseases. In contrast, patients with milder enteropathy,
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which is the most prevalent form of the disease at pres-
ent, may show increased IELs that cannot be identified
under white light or even with narrow band imaging or
magnification endoscopy.

Diagnostic accuracy of biopsy specimens can be
improved with advanced endoscopic technologies. Mag-
nification endoscopy with narrow band imaging is a use-
ful tool for obtaining biopsies at diseased sites™. These
white light or blue-green light endoscopies are not capa-
ble of detecting increased IELs, which in turn limits us to
the advanced stage of the disease with apparent atrophy
and changes, but the problem is to detect the patients
with subtle changes (i.e., Marsh grades 1 and 2). Confocal
endomicroscopy (CEM) may aid in diagnosis in theory.
However, fact is a little different from theory; CEM is
good at detecting atrophy, although it cannot differentiate
subgrades, and increased 1ELs, but falls short at detect-
ing crypt hyperplasia, topical acriflavine use is helpful
for quantification of IELs but fluorescein is not helpful.
Very limited availability and safety issues on acriflavine
use are the major drawbacks of CEM, and some imaging
improvements should be done before its prime time use

in CDP".

ENDOSCOPIC FEATURES OF CD

The opportunity to make a correct diagnosis of CD
might, therefore, also depend on the endoscopic appeat-
ance of the small bowel mucosa. Several endoscopic
markers related but not specific to CD have been identi-
fied. These endoscopic matkers are useful to determine
whether duodenal biopsies are indicated and possibly to
target from where biopsies should be taken. Endoscopic
markers of CD are as follows: a reduction or absence of
duodenal folds; scalloping, which is a notched appearance
of the duodenal folds; visible submucosal vasculature; a
mosaic pattern, which is the micronodular or cobblestone
appearance of the mucosal surface; and mucosal fissures,
crevices ofr grooves[171 (Figure 1). These indirect signs of
villous atrophy have been helpful for predicting the pres-
ence or absence of duodenal villi and for targeting duo-
denal biopsies during upper endoscopy for diagnosing
CD. Nevertheless, the sensitivity of these signs has been
demonstrated to be variable in the different studies, and
therefore, multiple endoscopic biopsies from descending
duodenum and bulbar mucosa are recommended to ame-
liorate the diagnostic accuracy and to avoid underdiagno-
sis of patchy forms of CcD™?,

Contradictory results concerning the value of these
endoscopic markers of villous atrophy have been re-
ported. Among several studies, the overall sensitivity and
specificity of endoscopic markers of CD vary from 6%
to 94% and from 83% to 100%, respectively. Several pos-
sible explanations exist for the absence of endoscopic
markers in patients with CD. For example, such mark-
ers might actually be absent for degrees of enteropathy
milder than subtotal or total villous atrophy (e.g., partial
villous atrophy) and absent in cases in which the histo-
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Figure 1 Proximal jejunum mucosa showing scalloping (A), reduced loss of mucosal folds (B), nodularity and mosaic appearance (C) and total mucosal

atrophy (D), seen in patients with celiac disease during enteroscopy.

pathological involvement of the duodenum is patchy. In
contrast, scalloping of duodenal folds has been reported
in some patients who have moderate-to-severe enteropa-
thy that is unrelated to CD; scalloping has a positive pre-
dictive value of 69% for CD and 96% for any duodenal
mucosal pathologyM. Scalloping is not specific for CD
but rather a predictor of mucosal disease as evidenced by
villous atrophy, widening, and edema™

It is possible to augment the villous changes by a sim-
ple procedure of underwater examination of the mucosa,
which is called the water-immersion technique (WIT),
which consists of the instillation of water into the duo-
denum after removal of air and adds only a few seconds
to the examination time. WIT-assisted duodenoscopy has
been demonstrated as reliable in distinguishing accurately
the presence or absence of villi in the duodenal bulb and
the descending duodenum"™”. However, no study has
specifically addressed the value of WIT during enteros-
copy. We usually perform WIT to assess the villi structure
in the jejunum during the enteroscopy examination of
patients with diarrhea and malabsorption and find it use-
tul for diagnosis of CD.

MAKING THE CASE FOR ENTEROSCOPY

CD is a gluten-dependent enteropathy characterized by
chronic small intestinal inflammation and villous atrophy.
However, CD is not the only cause of an inflammatory
cell infiltrate with or without villous atrophy in duodenal
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mucosa. Other causes include postviral enteritis, cow or
soy milk enteritis, Crohn’s disease, common variable im-
munodeficiency, autoimmune enteropathy, nonsteroidal
anti-inflammatory drugs, giardiasis, tropical sprue, and
tuberculosis. It is more likely that the normal state of the
bulb mucosa is not as free of inflammation as is mucosa
of the second or third part of the duodenum, nor does it
have a villous/crypt ratio the same as these zones. It has
been proposed that the anatomical location of the bulb
makes it more vulnerable than the more distal duodenum
to injury by gluten. However, similar reasoning applies
also to potential injury of the bulbar mucosa by afore-
mentioned causes and gastric acid. In addition, Brunner’s
glands and lymphoid nodules can give a common endo-
scopic finding of nodularity in the duodenal bulb, which
can also distort the overlying architecture. On biopsy,
lymphoid aggregates are also commonly found in the du-
odenal bulb of younger children. That is why some find-
ings in the bulb may be a part of life rather than disease.
Biopsy samples from the duodenal bulb may be difficult
to interpret, in fact, the duodenal bulb is not considered a
useful site for the diagnosis of CD, even though this site
has rarely been reported to be the only one showing reli-
able histological changes in adults and children with CD.
Taking biopsy samples more distally may decrease the
likelihood of confusing histological ﬁndingSM.

CD has many atypical manifestations, and endoscopic
findings alone are not considered sensitive or specific for
the diagnosis of CD. Pais 7 al* examined 247 patients
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to determine how many duodenal biopsy specimens were
needed to diagnose CD. They concluded that only two
specimens led to confirmation of CD in 90% of cases
and that four descending duodenal biopsy specimens led
to 100% confidence in the diagnosis. Compatison of bi-
opsy specimens from the second, third, and fourth parts
of the duodenum, the ligament of Treitz, and the proxi-
mal jejunum has shown that each site is suitable for di-
agnosing CD". Mucosal specimens taken from the distal
duodenal or jejunal mucosa are strongly correlated, there-
fore, biopsy samples from the second or third part of the
duodenum are considered adequate to obtain material for
histological interpretationm. Thus, biopsy of the other
parts of the small intestine may be needed for precise di-
agnosis of CD, which is an indication for enteroscopy.

ENTEROSCOPY

We have long been aware that complete examination of
the small bowel is crucial for evaluation of refractory dis-
ease or its complications. However, conventional endos-
copy has limited value for evaluation of complications
like ulcerative jejunoileitis and lymphoma that may be
located deep in the small bowel, which necessitates deep
enteroscopy techniques such as push enteroscopy (PE),
balloon-assisted enteroscopy (BAE) and CE. Invasiveness
of the enteroscopy technique limits its use. Two studies
have explored the value of PE for the diagnosis of com-
plicated CD.

Hoéroldt ez a/’* have searched the possible role of
PE with jejunal biopsies. They prospectively recruited 31
patients who had symptoms suggestive of CD and posi-
tive serology, but non-diagnostic duodenal biopsies that
were either normal or showed increased IELs. Enteros-
copy with duodenal and additional jejunal biopsies was
performed in all of the patients, who continued a normal
gluten containing diet, 6-12 wk after index endoscopy. Re-
peat biopsies confirmed CD in five of the eight patients
who were positive for EMA. Moreover, in 60% of cases,
these changes were diagnostic in the jejunal biopsies only.
De Vitis ez a/’” also studied a similar group of 23 patients,
and in their group, only four patients were diagnosed with
CD according to jejunal biopsies alone. According to
these enteroscopy studies, CD can be further diagnosed in
10%-17% of patients with equivocal findings in the previ-
ous studies of patients who were presumed to have CD. A
limitation of PE is that it evaluates a fraction of the small
bowel, leaving the majority of the small bowel uninvesti-
gated.

Cellier ez o™ demonstrated that PE detected jejunal
ulcerations in 62.5% of CD patients, in whom no duo-
denal lesions were observed. They found that PE with
jejunal biopsies has diagnostic value only in patients with
refractory CD but not in those with uncomplicated CD.
However PE requires expertise and takes longer than
standard esophagogastroduodenoscopy (EGD). Nowa-
days, it has mostly been replaced by BAE, which enables
concise investigation of the small bowel. However, is it
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worth digging deeper? BAE makes it possible to evaluate
the entire small bowel with biopsy capability. After the
introduction of BAE into clinical practice, it has been
used to evaluate the small bowel in vatrious diseases, with
a high success rate for complete bowel examination””.
Unfortunately, there is no study specially addressing the
value of BAE in the diagnosis of uncomplicated CD.
According to a report by Hadithi ez al* who performed
double balloon enteroscopy (DBE) in refractory CD,
DBE had a significant diagnostic yield and revealed com-
plications such as ulcerative jejunoileitis and lymphoma in
30% of patients. A further important result of the study
was that DBE successfully ruled out T cell lymphoma in
25% of patients. Potential risks of BAE limit its use in
every patient, which makes it difficult to recommend the
procedure to every single CD patient, and it should be
reserved for those patients with unequivocal findings or
abnormal imaging results. Enteroscopy should be consid-
ered in patients with refractory CD and in those with a
high clinical or serological suspicion of CD but inconclu-
sive duodenal biopsies. Although this group of patients
will always remain small, it is important to bear in mind
that enteroscopy can sometimes be of value to diagnose
CD"". 1t should be emphasized that BAE is an effective
way for the evaluation of the complications of CD and
should be utilized early in the diagnostic algorithm.
Another way of examining the small intestine is CE,
which may be a possible substitute for EGD because of
its minimal invasiveness, however, its cost and limited
availability make it insufficient to replace EGD. CE has an
cightfold magnification capacity and therefore is able to
assess the small bowel mucosa. For this reason, CE could
offer an alternative in patients who are unable or unwilling
to undergo endoscopic examination. CE is done without
air inflation, with the round dome-shaped edge housing
the optical system close to the mucosa. It allows examina-
tion of the entire small bowel and facilitates diagnosis of
complications[42]. CE studies have failed to demonstrate
any correlation between clinical presentation and the
length of involvement. Diagnostic yield of CE increases
significantly when a CD patient is under the risk of hav-
ing a complication or malignancy, such as patients with
iron deficiency anemia or refractory disease. In these high
probability patients, ulcerations or other positive findings
can be revealed in up to half the patientsm]. CE is not
supetior to the conventional EGD in the case of new di-
agnosis of CD patientsw. Another point to remember is
that CE is a poor modality for examination of the duode-
num due to rapid transfer of the capsule in this area. That
is why, if there is limited proximal enteropathy, CE may
miss the mucosal changes; even Marsh grade 3c changes
can be missed. Addition of Fuji Intelligent Color En-
hancement - capability or post-processing of the acquired
images may aid discrimination of villous atrophyw. When
should we use CE for the diagnosis of uncomplicated
CD? Patients who have less than four duodenal biopsies
should be directed for repeat endoscopy with at least four
biopsies and CE should be performed in those patients
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who still have normal duodenal histology and are posi-
tive for celiac serology and HLA-DQ?2 or HLA-DQ8",
Similar reasoning may also apply to BAE with biopsy
of the jejunum or deep intestine, and in this case, BAE
with biopsy could be supetior to CE in terms of biopsy
and histological confirmation of the disease. Otherwise,
both methods rely on white light visible morphological
changes. Therefore, it should be stressed that CE is not a
substitute for histological examination, however, CE can
detect complications missed by routine EGD™, That is
why the use of both BAEs and CE to evaluate the entire
small bowel at the time of initial diagnosis does not seem
to be justiﬁed[m.

CONCLUSION

Is enteroscopy needed for the diagnosis of the CD? We
can answer “yes” to this question, with reserve. Based on
these findings, enteroscopy examination for CD should
be reserved for patients with positive serology and nega-
tive histopathology at initial EGD, and in the search for
complications during follow-up. Enteroscopy cannot be
recommended at the initial work-up of CD patients. CE
may find a place for the diagnosis of complications of
CD because of its noninvasiveness and ease of use. The
main problem is to diagnose the eatly forms of the dis-
ease by simple examination, for which the current endos-
copy methods have failed in terms of detection, because
these methods successfully detect atrophy, which is the
only visible sigh of the disease. We believe that addition
of water immersion, even during enteroscopy, is helpful,
easy and incuts no cost, and should be performed in ev-
ery suspected patient to minimize unnecessary biopsies.
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Abstract

Diffusion-weighted magnetic resonance imaging (DWI)
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is a well established method for the evaluation of intra-
cranial diseases, such as acute stroke. DWI for extra-
cranial application is more difficult due to physiological
motion artifacts and the heterogeneous composition of
the organs. However, thanks to the newer technical de-
velopment of DWI, DWI has become increasingly used
over the past few years in extracranial organs including
the abdomen and pelvis. Most previous studies of DWI
have been limited to the evaluation of diffuse paren-
chymal abnormalities and focal lesions in abdominal or-
gans, whereas there are few studies about DWI for the
evaluation of the biliopancreatic tract. Although further
studies are needed to determine its performance in
evaluating bile duct, gallbladder and pancreas diseases,
DWI has potential in the assessment of the functional
information on the biliopancreatic tract concerning the
status of tissue cellularity, because increased cellularity
is associated with impeded diffusion, as indicated by
a reduction in the apparent diffusion coefficient. The
detection of malignant lesions and their differentiation
from benign tumor-like lesions in the biliopancreatic
tract could be improved using DWI in conjunction with
findings obtained with conventional magnetic reso-
nance cholagiopancreatography. Additionally, DWI can
be useful for the assessment of the biliopancreatic tract
in patients with renal impairment because contrast-en-
hanced computed tomography or magnetic resonance
scans should be avoided in these patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Diffusion-weighted magnetic resonance imaging (DWI)
provides information on the random (Brownian) mo-
tion of water molecules in the body. It is well established
that DWI is a useful tool for the evaluation of intracra-
nial diseases, such as acute stroke. The development of
phased-array surface coils, high-gradient amplitudes, and
rapid imaging techniques such as echo planar imaging
(EPI) and parallel imaging have been instrumental in al-
lowing the extracranial application of DwI",

The degree of restriction to water diffusion in bio-
logical tissues is directly proportional to tissue cellular-
ity and the integrity of cell membranes. In tissues with
a high cell density and associated with many intact cell
membranes, such as malignant tumors, the motion of
water molecules is more restricted than in less cellular
tissue. The degree of water motion is found to be pro-
portional to the degree of signal attenuation in DWIL
Thus, more cellular solid tumors show relatively higher
signal intensities and exhibit lower apparent diffusion
coefficient (ADC, expressed in mm’/s) values on DW1T
using two or more b values than do less cellular tissues.
Recently, this utility of DWI has been expanded to ex-
amination of abdominal organs; the ADC values of
malignant masses are significantly lower than those of
benign masses in the liver, pancreas, kidney, and pros-
tate, although there is a small degree of overlap™™”. Most
previous studies on DWI have been limited to the evalu-
ation of diffuse parenchymal abnormalities and focal
lesions in abdominal organs, whereas there ate few stud-
ies about DWI for the evaluation of the biliopancreatic
tract!"’!

To date, contrast-enhanced magnetic resonance imag-
ing (MRI) combined with magnetic resonance cholagio-
pancreatography (MRCP) has been found to be accurate
for diagnosis of biliopancreatic diseases. The role of
DWI for the evaluation of biliopancreatic diseases is not
yet well established. However, because DWI yields quali-
tative and quantitative information reflecting cell mem-
brane integrity and tissue cellularity, DWI can be used to
differentiate normal and abnormal structures of tissues
better, and thus may help in the characterization of vari-
ous abnormalities in the biliopancreatic tract when added
to conventional MRI.

In this article, we briefly review the basic concepts
for the biological basis of DWI and its technical consid-
erations. Additionally, we illustrate clinical applications
of DWI for the following: evaluation of the biliopancre-
atic tract, including stone-related complications such as

(49
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acute cholangitis, hepatic abscesses, and acute gallstone
pancreatitis; characterization and diagnosis of gallblad-
der lesions, including cholecystitis, gallbladder empyema,
and gallbladder carcinoma; characterization of intrahe-
patic biliary lesions and diagnosis of malignant lesions in
the intrahepatic bile ducts; and characterization of extra-
hepatic biliary lesions and diagnosis of malignant lesions
in the extrahepatic bile ducts, including extrahepatic
cholangiocarcinoma, pancreatic carcinoma, and focal
pancreatitis. We also describe pitfalls of DWI misinter-
pretation.

BASIC CONCEPTS

In biological tissue, the diffusion of water molecules is
impeded or restricted by natural barriers, such as cell
membranes, large protein molecules, and tissue cellularity.
Pathological conditions, such as tumors, cytotoxic edema,
abscesses, and fibrosis, in which the physical nature of
the intracellular and extracellular spaces changes, result in
increased restriction of the diffusion of water molecules.
In tissues of low cellularity or where the cellular mem-
branes have been disrupted, the diffusion of water mol-
ecules is relatively free or less restricted (Figure s,

DWI is typically obtained using an ultrafast T2-
weighted single-shot spin-echo EPI sequence by applying
a symmetric pair diffusion-sensitizing gradient, known
as the Stejskal-Tanner sequence. It provides information
on the random (Brownian) motion of water molecules in
tissues between the first dephasing (diffusion-sensitizing)
gradient and the second rephasing gradient on either side
of the 180° refocusing pulse. Static molecules acquire
phase information from the first diffusion-sensitizing gra-
dient, but information will be cancelled out by the second
gradient. As a result, signal intensity is preserved, with the
exception of T2 decay. In contrast, less restricted water
molecules move a considerable distance between the first
dephasing (diffusion-sensitizing) and second rephasing
gradients. The moving water molecules are not entirely
rephased, resulting in reduction of the overall T2 signal
intensity (Figure 2)!".

The sensitivity of a DWI sequence to water diffusion
can be altered by changing the parameter known as the b
value, which represents the diffusion factor (measured in
s/mm’) and the strength of the diffusion gradients. DWI
is obtained with at least two different b values. DWI us-
ing lower b values (50-100 s/ mmz) is sensitive only to fast
motion of water molecules. On DWI using lower b val-
ues, watet molecules in vessels are depicted as datk blood
flow (black-blood images). DWI using higher b values
(> 500 s/mm”) is sensitive to both fast and slow motion
of water molecules. Water movements in highly cellular
tissue are restricted and retain their signals even at higher
b values. The images obtained at different b values allow
the quantification of the ADC of tissues, which is usually
displayed as a parametric (ADC) map. The mean or me-
dian ADC value can be measured by drawing regions of
interest (ROIs) on the ADC map. Tissues with restricted
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Figure 1 Diffusion of water molecules. Highly cellular tissues with intact cell
membrane restrict the movement of water molecules within intravascular, intra-
cellular, and extracellular space. In contrast, relatively less cellular tissues or
damaged cells with defective cellular membrane increase extracellular space,

which allow greater water molecule movement.
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Figure 2 Diagram of diffusion-weighted sequence. DWI is based on T2-
weighted spin-echo sequencing with application of two equal gradient pulses
(a dephasing gradient and a rephasing gradient) on each side of the 180°
radiofrequency pulse. Static molecules are dephased by the first diffusion gradi-
ent and rephased perfectly by the second diffusion gradient; therefore mea-
sured high signal intensity is preserved. In contrast, moving molecules undergo
dephasing but are not entirely rephased by the second gradient because of
their motion, thereby resulting in signal loss. DWI: Diffusion-weighted magnetic
resonance imaging; RF: Radiofrequency.

diffusion and high cellular density show low ADC values,
whereas tissues with less cellular density show higher

ADC values™.

TECHNICAL CONSIDERATIONS

The signal intensity on DWI is dependent on diffu-
sion of water molecules and T2 relaxation time. Thus,
an area with a very long T2 relaxation time (e.g, bile in
the biliary tract) maintains high signals on high-b-value
DWI, and can be mistaken for restricted diffusion. This
phenomenon is known as the “I2 shine-through” ef-

fect (Figure 3). The T2 shine-through effect inevitably
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Figure 3 DWI of the normal liver, pancreas, and biliary tract. A: DWI at b
= 50 s/mm” shows that the liver is hypointense compared to the kidney and
spleen, and isointense compared to the pancreas; there is a signal void within
the portal vein (arrow). DWI using low b values results in decreasing signals
of fast motion of water molecules, such as that occurring within vessels. Such
images are referred to as black-blood images; B: DWI at b = 500 s/mm’ shows
that the signal intensity of bile is decreased (asterisk) and the wall of the gall-
bladder is not identified. The liver is isointense compared to the pancreas; C:
DWI at b = 1000 s/mm? shows a significant reduction in the signal intensity of
bile in the gallbladder (asterisk). DWI: Diffusion-weighted magnetic resonance
imaging.

confounds DWI images, and the ADC map eliminates
this effect. In clinical practice, highet-b-value DWI (usu-
ally 800-1000 s/mm’) results in a reduction of the signal
from moving protons in the bile ducts, cyst, vessels,
and fluid in the bowel. This leads to a reduction in the
T2 shine-through effect, resulting in increased contrast
between lesions and visceral organs such as the liver or
gallbladder. However, the tradeoffs of higher-b-value
DWTI are a lower signal-to-noise ratio, the possibility of
ADC error, and increased image distortion due to the
longer echo time required>*',
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Figure 4 Parenchymal changes in acute cholangitis in a 76-year-old man. A: Axial fat-saturated T1-weighted image shows a hyperintense stone (arrowhead)
with upstream bile duct dilation; B: Axial T2-weighted rapid acquisition relaxation enhancement image shows mild bile duct dilatation in the right lobe of the liver, but
no definite area of increased parenchymal signal intensity; C: DWI at b = 50 s/mm? shows wedge-shaped areas of increased parenchymal signal intensity in segment
6 (arrows). Parenchymal changes are more conspicuous on black-blood images than on routine T2-weighted images; D: DWI at b = 800 s/mm’ shows that most areas
of increased parenchymal signal intensity usually return to isointensity (arrows). Such a finding can be a clue for differentiating parenchymal changes due to cholangi-

tis from abscesses. DWI: Diffusion-weighted magnetic resonance imaging.

DWI performed during free breathing can lead to
substantial signal loss. Thus, breath-hold or respiration-
triggered DWI would be necessary to prevent signal
loss as a result of respiratory movement. Breath-hold
DWI is generally used because of its short acquisition
time. However, only a limited number of image sections
of relatively large section thicknesses can be acquired.
Moreover, because this technique is usually performed
using a single-shot EPI technique, the signal-to-noise
ratio and lesion conspicuity is reduced. In contrast, res-
piration-triggered DWI provides higher signal-to-noise
and contrast-to-noise ratios, although its acquisition time
is longer than that of breath-hold Dw1"H,

Fat suppression is necessary to increase the dynamic
range of DWI and reduce the chemical shift artifacts
that are prevalent in EPI. Inversion recovery sequence
is preferred when performing DWI over a large area of
the body, because it is likely to produce more uniform
fat suppression'”,

Unlike brain imaging where b values are well estab-
lished, b values in other parts of the body vary widely
between investigators. Thus, b values for body imag-
ing require optimization. Biexponential signal intensity
in the abdominal organs has been shown in DWI with
increasing b values; the initial rapid decrease in signal
intensity is noted with a small increase in b value, and is
followed by a more gradual decrease of signal intensity

(4 9
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beyond approximately b = 100 s/ mm’. ADC measure-
ment using at least three b values adequately reflects
this biexponential behavior, compared with the use of
only two b values. Low b values are sensitive to capillary
perfusion, which can increase the amount of perfusion
contamination in ADC measurement. In contrast, high b
values enable less perfusion contamination in the ADC
measurement and reflect tissue sensitivitymj.

In our institution, MRI is performed with a super-
conductive 1.5-T imaging unit (Magnetom Avanto;
Siemens Medical Solutions, Erlangen, Germany), and a
3.0-T imaging unit (Magnetom Trio; Siemens Medical
Solutions) by using a phased-array multicoil. For DWI,
respiration-triggered, fat-suppressed, single-shot EPI is
performed in the transverse plane with a parallel imaging
(generalized autocalibrating partially parallel acquisition)
acceleration factor of two. DWI is performed prior to
the intravenous injection of gadolinium chelates. Pre-
contrast DWI is usually preferred because gadolinium
chelates may affect the ADC values by decreasing the
signal intensity on these T2-sequences due to shortening
of the T1 and T2 relaxation time. However, it has been
reported that DWI after administration of gadolinium
chelates does not appear to affect ADC values signifi-
cantly“SJ. The imaging parameters of DWI in the 1.5-T
unit are as follows: 5000/103 (repetition time ms/echo
time ms), 90° flip angle, 4-mm section thickness, 1-mm
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Figure 5 Liver abscesses complicating acute cholangitis in a 79-year-old
man. A: DWI at b = 1000 s/mm’ shows multiple liver abscesses with high signal
intensity (arrowheads); B: Multiple abscesses with peripheral rim enhancement
(arrowheads) are less conspicuous on contrast-enhanced fat-saturated T1-
weighted images (B) than on DWI (A); C: On an ADC map, multiple abscesses
appear as low signal intensity (arrowheads) due to restriction of diffusion. DWI:
Diffusion-weighted magnetic resonance imaging; ADC: Apparent diffusion coef-
ficient.

intersection gap, 964-Hz/pixel bandwidth, 20 slices,
230-mm field of view, 192 X 192 matrix, and 85-s acqui-
sition time. Imaging parameters in the 3.0-T unit are as
follows: 3900/92 (repetition time ms/echo time ms), 90°
flip angle, 5-mm section thickness, 0.5-mm intersection
gap, 1184-Hz/pixel bandwidth, 24 slices, 230-mm field
of view, 192 X 192 matrix, and 85-s acquisition time.
Each acquisition is obtained using five different b values
including low values (0 s/ mm” and 50 s/ rnrnz) and high
values (500 s/mm?’, 800 s/mm’ and 1000 s/mm?*"*"",
The ADC map is generated automatically with the built-
in softwatre of the MRI unit.

The signal intensity of the normal liver on DWI is
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Figure 6 Acute pancreatitis and cholecystitis due to a bile duct stone in
a 7T2-year-old woman. A: Axial T2-weighted rapid acquisition relaxation en-
hancement image demonstrates stones in the distal common bile duct (arrow),
a distended gallbladder with pericholecystic fluid, and pancreatic edema with
peripancreatic fluid, findings suggestive of cholecystitis and pancreatitis; B:
DWI at b = 800 s/mm’ shows that the pancreas is slightly hyperintense (asterisk)
compared to the liver, and the presence of a peripancreatic fluid collection; find-
ings indicative of pancreatitis. A distended gallbladder with diffuse and symmet-
ric high signal intensity in the wall (arrowheads), due to the restriction of water
diffusion in the inflamed gallbladder wall, is also seen. DWI: Diffusion-weighted
magnetic resonance imaging.

the same as on T2-weighted images. The liver is hypoin-
tense compared to the kidney and spleen, and isointense
or hypointense compared to the pancreas (Figure 3). The
reported ADC value of the normal liver ranges from
1.02 x 10° mm?/s to 1.83 x 107 mm®/s"""*. Yoshika-
wa et al"” have reported that the mean ADC value of the
pancreas ranges from 1.02 X 10° mm?/s to 1.94 x 107
mm’/s using DWI with two values (0 s/ mm” and 600
s/mm?). On higher DWI (usually 800-1000 s/mm?), the
walls of the bile duct and gallbladder are not identified

(Figure 3).

CLINICAL APPLICATIONS OF DWI FOR
EVALUATION OF THE BILIOPANCREATIC
TRACT

DWI for evaluation of gallstone-related complications

Acute cholangitis is the most frequently encountered
benign inflammatory lesion and is usually related to
bile duct stones. Acute cholangitis usually manifests as
a dilated bile duct, due to bile duct obstruction, mild
and diffuse bile duct wall thickening, and hepatic paren-
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Figure 7 Gallbladder empyema in a 92-year-old man. A: Axial T2-weighted
rapid acquisition relaxation enhancement image demonstrates a fluid-fluid
level with low signal intensity in the dependent portion (asterisk) of an inflamed
gallbladder (arrow); B: DWI at b = 1000 s/mm’shows purulent bile with high
signal intensity (asterisk), and diffuse, symmetric high signal intensity in the wall
of the gallbladder (arrow); C: On an ADC map, pus in the dependent portion of
the gallbladder appears with low signal intensity (asterisk) due to restriction of
diffusion. Empyema was confirmed by aspiration of pus during percutaneous
cholecystostomy. DWI: Diffusion-weighted magnetic resonance imaging; ADC:
Apparent diffusion coefficient.

chymal changes on MRI. Hepatic parenchymal changes
appear as patchy or wedge-shaped areas of increased
parenchymal signal intensity on T2-weighted images and
transient inhomogeneous parenchymal enhancement in
arterial dominant phase irnagingm’zzl.

In a recent study, DWI using low b values (< 100 s/mm’),
giving black-blood images, detected focal hepatic lesions
more clearly than routine turbo spin-echo T2-weighted
images, and can potentially replace the routine turbo
spin-echo T2-weighted images for lesion detection™, In
our experience, the increased parenchymal signal inten-
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Figure 8 Gallbladder carcinoma in a 70-year-old man. A: DWI at b = 1000
s/mm’shows high signal intensity in the mass occupying the entire gallbladder
(asterisk), which invades the hepatic parenchyma adjacent to the gallbladder
(arrowheads); B: Gallbladder carcinoma with direct liver invasion (arrowheads)
is less conspicuous on contrast-enhanced, fat-saturated T1-weighted images
than on DWI; C: Fused positron emission tomography-CT image confirms in-
tense hypermetabolism (asterisk) in the gallbladder carcinoma with direct liver
invasion adjacent to the gallbladder. DWI: Diffusion-weighted magnetic reso-
nance imaging; CT: Computed tomography.

sity is more conspicuous on black-blood images than on
routine T2-weighted images in patients with acute chol-
angitis. On DWI using high b values, areas of increased
parenchymal signal intensity usually return to signal
isointensity, and infrequently remain at high signal inten-
sity (Figure 4). This may suggest the differentiation of
parenchymal changes due to cholangitis from abscesses,
which remain at very high signal intensity on DWI using
high b values. The causes for signal changes on DWI in
the setting of acute inflammation have not been studied
extensively. On DWI using low b values, signal changes
in cholangitis are influenced by both perfusion and dif-
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Figure 9 Gallbladder carcinoma (focal wall-thickening type) in a 77-year-
old woman. A: Axial contrast-enhanced, fat-saturated, T1-weighted image
shows focal wall thickening (arrowheads) in the gallbladder with a metastatic
lymph node in the portocaval space (arrow); B: Fusion image of T2-weighted
image and DWI at b = 800 s/mm” shows focal, asymmetric high signal intensity
in the fundal portion of the gallbladder (arrowheads) with a hyperintense meta-
static lymph node in the portocaval space (arrow). DWI: Diffusion-weighted
magnetic resonance imaging.

tusion; perfusion effects may be attributed to vasodilata-
tion involving both arterioles and capillary beds, leading
to increase blood flow, and diffusion effects may be ex-
plained by increases in the size and numbers of inflam-
matory cells, leading to restriction of water molecules.
However, when going to higher b values, the perfusion
effect is decreased, leading to decreased signal intensity
on DWI. Increased parenchymal signal intensity on DWI
may be reversible after treatment, although further stud-
ies are needed to confirm this.

Hepatic abscesses are defined as intrahepatic single
or multiple collections of pus within the liver. They re-
sult from infectious cholangitis and are usually seen in
patients with suppurative cholangitis. Pyogenic abscesses
have variable signal intensities on T1- and T2-weighted
images. However, most lesions appear hypointense on
T1-weighted images and hyperintense on T2-weighted
images. Peripheral rim enhancement and transient he-
patic intensity differences associated with abscesses can
be seen after administration of gadolinium. Abscesses
can be a life-threatening emergency if not recognized
and treated promptly™.

DWI is helpful in the early detection of abscesses
and their differentiation from cystic or necrotic tumors.
On DWI using high b values, abscesses appear hyperin-
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Figure 10 Xanthogranulomatous cholecystitis in a 55-year-old man. A:
Axial T2-weighted rapid acquisition relaxation enhancement image shows fo-
cal wall thickening with a fundal mass (arrowheads). There is focal high signal
intensity within the thickened wall of the gallbladder; a finding that is consistent
with an intramural collection; B: DWI at b = 800 s/mm’ shows focal high signal
intensity in the fundal portion of the gallbladder (arrowheads). Xanthogranu-
lomatous cholecystitis was confirmed by laparoscopic cholecystectomy. DWI:
Diffusion-weighted magnetic resonance imaging.

tense with low ADC values (Figure 5). This appearance
is explained by the dense viscous content of the abscess
and the presence of cellular infiltrates within the abscess.
In comparison, cystic or necrotic tumors have a greater
degree of signal attenuation on higher-b-value DWI and
return higher ADC values™.

In a recent study, there was no difference in the abil-
ity to detect acute pancreatitis between DWI and com-
puted tomography (CT)*". However, DWI can be useful
to detect gallstone pancreatitis more clearly than can
nonenhanced CT in the setting of contrast contraindica-
tions. Acute pancreatitis has restricted diffusion because
of acute inflammation, and thus may appear as hyper-
intense on high-b-value DWI (Figure 6). Peripancreatic
fluid usually has no restricted diffusion on high-b-value
DWI, but infected fluid may have restricted diffusion.
Signal changes in pancreatitis on DWI may be also re-
versible after treatment.

DWI for characterization and diagnosis of gallbladder
lesions

Cholecystitis: Cholecystitis is defined as inflammation of
the gallbladder and is usually related to the presence of
gallstones. In patients clinically suspected to have acute
cholecystitis, ultrasonography (US) is usually favored
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Figure 11 Intrahepatic cholangiocarcinoma (mass-forming type) in a
71-year-old man. A: Nonenhanced CT image shows intrahepatic cholangiocar-
cinoma in the left lobe of the liver (asterisk), stones in the dilated left bile ducts
(arrow), and a fluid collection in the lesser sac (arrowhead); B: DWI at b = 1000
s/mm” shows intrahepatic cholangiocarcinoma with high signal intensity (aster-
isk). Note a fluid collection (arrowhead) in the lesser sac, which appears as sig-
nificant attenuation of the signal intensity reduction at a high b value; C: On the
ADC map, cholangiocarcinoma appears as low signal intensity (asterisk) due to
restriction of diffusion. DWI: Diffusion-weighted magnetic resonance imaging;
CT: Computed tomography; ADC: Apparent diffusion coefficient.

as the initial imaging technique. CT and MRI usually
provide morphological information similar to that pro-
vided by US, and can be performed initially if the clini-
cal presentation is atypical. Increased wall enhancement
of the gallbladder and increased pericholecystic hepatic
parenchymal enhancement are frequent and specific
CT and MRI findings of acute cholecystitis. In acute
cholecystitis, the wall of the distended gallbladder is
typically thickened due to inflammatory edema, inflam-
matory exudates, and hemorrhagem. DWI can provide
additional important information in cholecystitis when
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Figure 12 Cholangiocarcinoma (periductal-infiltrating type) in a 70-year-
old man. A: Coronal image from thick-slab, single-shot MRCP shows marked
dilatation of the intrahepatic ducts and abrupt narrowing at the confluence of
the hepatic duct (arrow); B: DWI at b = 800 s/mm”with inverted black-and-white
image contrast clearly depicts the mass (arrow) at the confluence of the hepatic
duct. DWI: Diffusion-weighted magnetic resonance imaging; MRCP: Magnetic
resonance cholangiopancreatography.

added to conventional MRI or MRCP. On DWI using
high b values, diffuse and symmetric hyperintensity in
the wall of the gallbladder is seen in acute cholecystitis,
because of restricted diffusion in the inflamed gallblad-
der wall (Figure 6). However, restricted diffusion in the
gallbladder wall can be also seen in malignant lesions of
the gallbladder.

Pus in the gallbladder (empyema) occurs in appro-
ximately 2%-3% of patients with acute cholecystitis.
Empyema carries a high risk of sepsis and perforation.
Thus, urgent drainage or surgical resection with systemic
antibiotic coverage is required as soon as the diagnosis
is suspected. A diagnosis of empyema may be suggested
by the identification of pus as a fluid-fluid level in the
dependent portion of the gallbladder on T2-weighted
images. However, a fluid-fluid level of the bile in the
gallbladder is not specific for empyema; this can be seen
in other conditions, such as concentrated bile, sludge,
or hemobilia®". Tt has been reported that DWT is a reli-
able imaging technique for differentiating pyonephrosis
from hydronephrosis. The pus in pyonephrosis has
high viscosity and cellularity, thus leading to impeded
diffusion and a low ADC value””. DWT findings of
gallbladder empyema on DWI may be similar to those
of pyonephrosis (Figure 7). Thus, DWI may be helpful
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Figure 13 Hilar cholangiocarcinoma (intraductal-growing type) in a
67-year-old man. A: Contrast-enhanced CT shows mild intrahepatic duct dila-
tation. However, intraductal masses are not clearly depicted on CT; B: Fusion
image of T2-weighted and diffusion-weighted images at b = 800 s/mm’ shows
high signal intensity (arrowhead) at the first branch of the intrahepatic duct;
C: Photograph of the gross specimen shows intraductal growing masses (ar-
rowheads) in the bile duct. Histological analysis revealed biliary intraepithelial
neoplasia with high grade dysplasia. CT: Computed tomography.

in differentiating pus from concentrated bile, sludge, or
hemobilia in the gallbladder.

Gallbladder carcinoma: Imaging findings of focal or
diffuse wall thickening or a mass replacing the gallblad-
der mimics the appearance of acute cholecystitis. DWI
can be helpful in the diagnosis of gallbladder carcinoma,
the detection of liver and lymph node metastasis, and
differentiation from inflammatory conditions of the gall-
bladder. A hyperintense mass occupying the entire gall-
bladder lumen or focal and asymmetric high signal inten-
sity in or around the gallbladder wall is more common in
malignant lesions of the gallbladder (Figures 8 and 9)*.
In contrast, diffuse and smooth high signal intensity in
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Figure 14 Hepatocellular carcinoma with tumor thrombus in bile duct in
a 62-year-old man. A: Gadoxetic acid-enhanced T1-weighted image obtained
during the arterial phase shows a hypervascular HCC in the right lobe of the
liver (arrowhead) and an intraluminal enhancing mass (arrow) in the common
hepatic duct; B: On gadoxetic-acid-enhanced T1-weighted image obtained 20
min after injection, a small HCC (arrowhead) is hypointense relative to the sur-
rounding liver. Contrast material filling the left intrahepatic duct is delayed owing
to a partial bile duct obstruction caused by tumor thrombus in the bile duct (ar-
row); C: DWI at b = 800 s/mm’shows a hyperintense small HCC (arrowhead)
and tumor thrombus in the bile duct (arrow). HCC: Hepatocellular carcinoma.

the wall of the gallbladder due to acute inflammation is
more common in cholecystitis on DWI using high b val-
ues. In our experience, however, focal and irregular high
signal intensities in the gallbladder wall on DWI are also
seen in xanthogranulomatous cholecystitis and papillary
adenomatous polyps (Figure 10). Thus, differentiating
gallbladder carcinoma from some adenomatous polyps or
xanthogranulomatous cholecystitis may be difficult, even
with DWI. Additionally, the presence of associated find-
ings on DWI, such as direct invasion of the liver or adja-
cent structures, hematogenous liver metastasis, and nodal
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Figure 15 Extrahepatic cholangiocarcinoma in a 62-year-old man. A: Coro-
nal T2-weighted rapid acquisition relaxation enhancement image shows a mass
(arrow) in the distal common bile duct and marked upstream bile duct dilatation;
B: DWI at b = 800 s/mm”shows a mass with high signal intensity (arrow), but
the signal intensity of bile is also increased; C: DWI at b = 1000 s/mm’ shows
a mass with high signal intensity (arrow). Note that the signal intensity of bile in
the bile duct is significantly reduced. DWI: Diffusion-weighted magnetic reso-
nance imaging.

metastasis, favor the diagnosis of gallbladder carcinoma

rather than benign gallbladder lesions (Figures 8 and 9).

DWI for characterization of intrahepatic biliary lesions
and diagnosis of malignant lesions in the intrahepatic
bile duct

Depending on their sites of origin, cholangiocarcinoma
is classified as intrahepatic or extrahepatic. Based on
its growth pattern, it is also classified as mass-forming,
periductal-infiltrating, or intraductal-growing type. In-
trahepatic cholangiocarcinoma originates from second-
order or greater peripheral branches of the intrahepatic
bile duct. The mass-forming cholangiocarcinoma is the
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Figure 16 Pancreatic adenocarcinoma in a 50-year-old woman. A: Coronal
reformatted contrast-enhanced CT image shows a double duct sign secondary
to a pancreatic head cancer (arrow); B: On DWI at b = 800 s/mm’, pancreatic
adenocarcinoma (arrow) shows hyperintensity; C: DWI at b = 800 s/mm” supe-
rior to (B) shows high signal intensity of the remaining pancreas (arrowheads)
due to obstructive pancreatitis. However, the remaining pancreas is less hyper-
intense relative to pancreatic adenocarcinoma. The ADC value of pancreatic
cancer (1.23 + 0.32 mm?/s) is significantly lower than that of the remaining
pancreas (1.85 + 0.45 mm’/s). DWI: Diffusion-weighted magnetic resonance
imaging; CT: Computed tomography; ADC: Apparent diffusion coefficient.

most common type of intrahepatic cholangiocarcinoma,
but periductal-infiltrating and intraductal-growing intra-
hepatic cholangiocarcinoma is also seen™".
Mass-forming intrahepatic cholangiocarcinoma ap-
pears as a single, predominantly homogeneous mass
with well-circumscribed lobulated margins. Satellite nod-
ules are frequent and vary in size. They usually appear
as noncapsulated tumors, hypointense on T1-weighted
images, and mild-to-moderately hyperintense on T2-
weighted images, depending on the amount of fibrous
tissue, necrosis, and mucin content. Dynamic-enhanced
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Figure 17 Focal pancreatitis in a 52-year-old man. A: Coronal image from
thick-slab single-shot MRCP shows a double duct sign with tapered narrowing
of pancreatic duct in the head of the pancreas; B: On DWI at b = 800 s/mm? fo-
cal pancreatitis (asterisk) shows hyperintensity; C: DWI at b = 800 s/mm’supe-
rior to (B) shows high signal intensity of the remaining pancreas due to obstruc-
tive pancreatitis. The remaining pancreas is slightly hypointense (arrowheads)
relative to pancreatic adenocarcinoma. The ADC value of focal pancreatitis (1.48
+0.16 mm’/s) is similar to that of the remaining pancreas (1.54 + 0.28 mm’/s).
Note a hyperintense reactive lymph node (arrow). DWI: Diffusion-weighted
magnetic resonance imaging; MRCP: Magnetic resonance cholangiopancrea-
tography; ADC: Apparent diffusion coefficient.

MRI reveals minimal-to-moderate initial peripheral rim
enhancement followed by progressive and concentric
incomplete filling of the tumor with contrast material™

In several studies, DWI is useful for detection of fo-
cal hepatic lesions, differentiation of cystic and solid he-
patic lesions, and differentiation of benign and malignant
focal hepatic lesions™"”"". In one investigation using two
b values (0 and 500 s/mm?), there were significant differ-
ences between the ADCs of benign and malignant focal
hepatic lesions (2.45 = 0.96 x 107 and 1.08 £ 0.50 % 10”
mm’/s for b = 0 and 500 s/mm”, respectively; P < 0.001),
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Figure 18 Ampullary carcinoma in a 63-year-old man. A: Coronal image
from thick-slab single-shot MRCP shows marked bile duct dilatation with abrupt
narrowing (arrow) at the distal common bile duct; B: Fusion image of T2-
weighted and diffusion-weighted imaging at b = 800 s/mm” shows an ampullary
mass with hyperintensity (arrowhead). MRCP: Magnetic resonance cholangio-
pancreatography.

although there was some overlapw.

Mass-forming intrahepatic cholangiocarcinoma is
usually large, achieving a diameter of up to 15 cm be-
cause eatly symptoms ate rarely present. Thus, it is read-
ily depicted on DWI and remains hyperintense on DWI
using high b values with low ADC values; similar to val-
ues of other malignant focal hepatic lesions (Figure 11).
Central hypointensity of the mass lesion may be seen on
T2-weighted images and DWI using high b values, which
may reflect fibrotic tissue in the central portion of the
tumor. Peripheral hyperintensity can be demonstrated
on DWI using high b values, corresponding to the more
highly cellular region. As mentioned eatlier, it is, how-
ever, difficult to distinguish mass-forming intrahepatic
cholangiocarcinoma, hepatocellular carcinoma (HCC),
and metastasis. Thus, DWI should be used along with
conventional MRI sequences, such as dynamic-enhanced
MRI, to differentiate mass-forming intrahepatic cholan-
glocarcinoma from other hepatic malignancies.

Cholangiocarcinoma tends to occur in atrophied or
heavily stone-burdened segments. On cross-sectional
images, it is difficult to diagnose cholangiocarcinoma
associated with hepatolithiasis. A diagnosis of chol-
angiocarcinoma associated with hepatolithiasis should
be considered when a mass involving or surrounding
the bile duct is seen, or when focal nodular biliary wall
thickening with increased enhancement is present in the
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Figure 19 Papillitis due to a recently passed stone in a 75-year-old man.
A: Coronal image from thick-slab single-shot MRCP shows mild bile duct dilata-
tion; B: DWI at b = 50 s/mm”shows a papilla with high signal intensity (arrow);
C: On DWI at b = 800 s/mm’, the signal intensity of the papilla returns to the
isosignal intensity (arrow). DWI: Diffusion-weighted magnetic resonance imag-
ing; MRCP: Magnetic resonance cholangiopancreatography.

region of the stricture™. DWI using high b values can
be useful for the detection of cholangiocarcinoma asso-
ciated with hepatolithiasis (Figure 11).

Diffuse periductal thickening along the bile duct in
the periductal-infiltrating type, causing mild-to-marked
bile duct dilatation, is seen in intrahepatic cholangio-
carcinoma'. DWI may be helpful for the detection of
malignant bile duct lesions causing a variable degree of
intrahepatic bile duct dilatation, as well as for differen-
tiating between intrahepatic malignant and benign bile
duct lesions (Figure 12).

Intraductal-growing cholangiocarcinoma appears as
hyperintense intraluminal filling defects on DWI using
high b values with low ADC values (Figure 13). How-

ever, detection of small malignant bile duct lesions is
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limited on DWI because tumor detection with DWT is
affected by variable causes, such as low spatial resolution
of higher-b-value DWI, tumor cellularity, bowel peristal-
sis, and artifacts.

Invasion of the intrahepatic bile duct is infrequent in
HCC, and seen in approximately 3.3%-9.0% of cases’.
Obstruction of the bile duct in patients with HCC is
caused by invasion of the intrahepatic bile duct, blood
clots from the tumor, and tumor fragments. HCC with
bile duct tumor thrombi can be distinguished from he-
matomas in the bile duct based on the presence of mass
enhancement on dynamic-enhanced CT or MRI™,
DWI can be useful for the differentiation of HCC and
bile duct tumor thrombi from blood clots within the bile
on the basis of identification of restricted diffusion of
the mass lesion in the bile duct. They appear as hyper-
intense intraluminal filling defects on DW1I using high b
values with low ADC values (Figure 14). However, be-
cause imaging findings of HCC with bile duct thrombi
are similar to those of intraductal-growing cholangiocat-
cinoma, conventional MRI findings of a mass outside
the ductal system, hypervascularity on dynamic imaging,
and underlying cirrhosis favor the diagnosis of HCC
with bile duct tumor thrombi rather than intraductal
cholangiocarcinoma.

DWI for characterization of extrahepatic biliary lesions
and diagnosis of malignant lesions in the extrahepatic
bile duct

Approximately two-thirds of extrahepatic bile duct can-
cer arises at the hepatic hilum (known as hilar cholangio-
carcinoma or Klatskin tumor), and approximately one-
third originates from the distal common bile duct. The
most common pattern of tumor growth is focal infiltra-
tion of the ductal wall or the periductal-infiltrating type,
resulting in focal strictures. Other tumor growth pat-
terns include the mass-forming and intraductal-growing
types’”.

Extrahepatic bile duct carcinoma causes varying de-
grees of upstream bile duct dilatation. MRCP is highly
accurate in identifying the presence and level of bile duct
obstruction. Although differentiation between benign
and malignant biliary lesions by MRCP is sometimes dif-
ficult, inspection of the bile duct lumen and wall on thin-
section images helps to identify malignancies, which often
cause an eccentric, abrupt change in the bile duct caliber,
with irregular shouldering at the transition point from
large obstructed to small-caliber decompressed ducts. Be-
nign strictures tend to show short-segment involvement
with smooth, gradual, and concentric narrowingpé].

It has been reported that DWI is useful for the detec-
tion of extrahepatic cholangiocarcinoma and differentia-
tion between malignant and benign biliary lesions. In a
study using two b values (0 s/mm” and 500 s/mm?), the
sensitivity, specificity and accuracy of the detection of
extrahepatic carcinoma were 94.3%, 100% and 96.4%,
respectively"’. On DWT using high b values, a high signal
intensity with a low ADC value at the transition point
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Figure 20 Hemobilia secondary to percutaneous liver biopsy in a 55-year-
old man. A: DWI at b = 50 s/mm”shows a hypointense hematoma in the gall-
bladder (asterisk); B: On DWI at b = 800 s/mm’, signal intensity of the hematoma
changes to high signal (asterisk). C: On the ADC map, the hematoma in the
gallbladder appears as low signal intensity (asterisk), which is associated with in-
tact RBC membranes (i.e., hyperacute, acute, and early subacute hematomas).
DWI: Diffusion-weighted magnetic resonance imaging; ADC: Apparent diffusion
coefficient; RBC: Red blood cell.

from large obstructed to small-caliber decompressed ducts
is a highly suggestive finding for malignant, rather than
benign, biliary lesions because benign lesions usually
show no hyper- or isointensity to the surrounding struc-
tures in the transitional area (Figure 15). Thus, this find-
ing can be a clue for differentiating between malignant
and benign biliary lesions. However, there is some degree
of overlap; benign active inflammatory conditions rarely
have hyperintensity, and some malignant lesions are not
demonstrated on DWI using high b values”

Pancreatic carcinoma, cholangiocarcinoma, or chron-
ic pancreatitis should be considered when a bile duct
stricture is limited to the distal (intrapancreatic) common
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bile duct. Pancreatitis remains difficult to distinguish
from pancreatic carcinoma on the basis of MRI findings,
particularly in cases of acute or chronic mass-forming
pancreatitis, because both appear as hypointense masses
or mass-like lesions in the pancreas on T1-weighted im-
ages and are associated with ductal obstruction™,

In a study using b values (0 s/mm’ and 600 s/mm?),
DWTI is helpful in detecting focal pancreatic lesions
and differentiating between pancreatic carcinoma and
mass-forming pancreatitis. Mass-forming pancreatitis
has either lower or higher ADC values than pancreatic
carcinoma, but ultimately follows the ADC values of the
remaining pancreatic parenchyma, whereas the focal le-
sion in pancreatic carcinoma is invariably lower than the
remaining parenchyma (Figures 16 and 17", 1In a study
using a high b value (1000 s/mm?), the sensitivity and
specificity for the detection of pancreatic adenocarci-
noma was 96.2% and 98.6%, respectivelym]. ADC values
in pancreatic carcinoma tend to be lower than in the
normal pancreas in most studies, although there is some
degree of overlap[7’38]. Pancreatic carcinoma invokes
a fibrotic response similar to desmoplastic reaction,
therefore, ADC values are correlated with the degree of
fibrosis; the ADC value of pancreatic carcinoma with
loose fibrosis is higher than that of pancreatic carcinoma
with dense fibrosis™. In a recent study, ADC at lower
b values (< 500 s/mmZ) was higher in mass-forming
pancreatitis than in pancreatic carcinoma, whereas ADC
at high b values was not significantly different between
mass-forming pancreatitis and pancreatic carcinoma'’.
This was attributed to increasing perfusion effects at
lower b values, which was correlated with high vascular-
ity in chronic pancreatitis. Thus, DWI alone is subop-
timal for the differentiation of pancreatic masses and
mass-like lesions, and should be interpreted in conjunc-
tion with conventional MRI.

Periampullary lesions have one or more of the follow-
ing MRI features: the presence of biliary dilatation at the
level of the ampulla of Vater with or without a dilated
pancreatic duct, bulging of the papilla, a mass lesion in or
around the ampulla of Vater, and abnormal enhancement
of the papilla. It is not always easy to distinguish between
neoplastic and non-neoplastic conditions in or around
the ampulla of Vater using conventional MRI, because of
the confusing or overlapping ﬁndingsw.

In our experience, ampullary or periampullary carci-
noma displays mild-to-moderately high signal intensity
on DWI using high b values with low ADC values, re-
flecting the high cellularity of tumors, whereas benign
lesions, such as sphincter of Oddi dysfunction or papil-
lary stenosis, show no high signal intensity in or around
the ampulla of Vater (Figures 18 and 19). Thus, DWI
can be helpful for detecting highly cellular malignant le-
sions and distinguishing between malignant and benign
conditions in or around the ampulla of Vater. However,
as mentioned earlier, some small malignant lesions in or
around the ampulla of Vater are not identified on DWI
using high b values.
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Categories Diagnosis

Characteristic DWI features

DWI for the evaluation of
gallstone-related complications

Acute cholangitis

Hepatic abscess
Acute pancreatitis
DWI for the characterization Cholecystitis
and diagnosis of gallbladder
lesions

Gallbladder carcinoma

DWI for the characterization of Mass-forming cholangiocarcinoma
intrahepatic biliary lesions and
diagnosis of malignant lesions  Periductal-infiltrative cholangiocarcinoma
in the intrahepatic bile duct

Intraductal-growing cholangiocarcinoma

HCC with bile duct thrombi
DWI for characterization of Extrahepatic cholangiocarcinoma
extrahepatic biliary lesions and
diagnosis of malignant lesions  Pancreatic carcinoma
in the ext‘rahepatic bile duct Mass-forming pancreatitis

Ampullary or periampullary carcinoma

Sphincter Oddi dysfunction or papillary
stenosis

Hyperintense parenchyma on low b values usually returns to isointense
on high b values

Hyperintense on high b values with low ADC values

Hyperintense on high b values

Diffuse and symmetric hyperintensity in the gallbladder wall on high b
values Pus in the dependent portion: hyperintense on high b values with
low ADC values

Hyperintense mass occupying the entire gallbladder lumen or focal and
asymmetric hyperintensity in or around the gallbladder wall on high b
values

Hyperintense on high b values with low ADC values, similar to that of
other malignant hepatic masses

Hyperintense periductal thickening along the bile duct on high b values
with low ADC values

Hyperintense intraluminal filling defect on high b values with low ADC
values

Similar to that of intraductal-growing cholangiocarcinoma
Hyperintense on high b values with low ADC values, at the transition
point from large obstructed to small-caliber decompressed ducts

Lower ADC values than those of the remaining pancreas

Similar ADC values to those of remaining pancreas

Mild to moderate hyperintensity in or around ampulla of Vater on high b
values with low ADC values

Isointensity in or around ampulla of vater on high b values

DWI: Diffusion-weighted magnetic resonance imaging; HCC: Hepatocellular carcinoma; ADC: Apparent diffusion coefficient.

PITFALLS

DWTI is susceptible to a variety of artifacts that arise
from motion, use of strong gradient pulses, and EPI
technique. Physiological motion artifacts such as respira-
tory motion, cardiac pulsation, movement of the dia-
phragm, and motility of the bowel lead to ghosting im-
ages and blurring. The pulsatile motion of the heart and
aorta obscure or diminish visualization of and increase
ADC in the left lobe of the liver. These artifacts can
be overcome using respiratory or electrocardiographic
triggering. The EPI technique produces a low spatial
resolution and signal-to-noise ratio. The rapid on-and-
off switching of the high-intensity gradient field easily
produce eddy currents, leading to geometrical distor-
tion and image shearing artifacts that may become more
pronounced with increased b values. DWI is also highly
sensitive to magnetic field inhomogeneity. Susceptibility
artifacts caused by field inhomogeneity are prevalent at
air-tissue interfaces or around tissue-metal interfaces' ™",

Although restricted diffusion is generally considered
to be associated with malignant lesions, some malignant
lesions may not be detected on DWI. Some malignant
tumors are too small for the DWI signal change to be
obvious, or restriction to water diffusion is likely to be
limited in malignant tumors with low cellularity, such as
tumors with large cystic components. In contrast, some
benign lesions sometimes exhibit restricted diffusion on
imaging with high b values. The highly cellular tissue in
reactive lymph nodes may show restricted diffusion (Fig-
ure 17). Thus, the role of DWI and ADC in distinguish-
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ing between benign and malignant lymph nodes remains
unclear™. Additionally, diffusion of water in hematoma
may be significantly restricted. Decreased ADC values in
hemorrhage with intact red blood cell (RBC) membranes
(i.e., hyperacute, acute, and early subacute hematoma)
and increased ADCs after lysis of RBC membranes (i.e.,
“free” methemoglobin in subacute-to-chronic hematoma)
have been reported (Figure 20). This may be mistaken for
malignant lesions on DWI or the ADC map, causing er-
roneous detection or charactetization of lesions'™.

Thus, the radiologists have to be aware of potential
pitfalls and limitation of the technique, and it should be
kept in mind that DWI should be interpreted in con-
junction with other conventional MRI.

CONCLUSION

DWI results for evaluating biliopancreatic diseases are
still preliminary, and further studies are needed to de-
termine its performance in the biliopancreatic tract.
Additionally, correlation of DWI with pathological find-
ings is required to define better the pathophysiology of
various biliopancreatic diseases. Nevertheless, DWI can
complement morphological information obtained by
conventional MRCP by providing additional functional
information concerning the alteration of tissue cellular-
ity due to pathological processes. The detection of ab-
normal lesions and the differentiation of malignant from
benign tumor-like lesions in the biliopancreatic tract can
be improved by combined evaluation using both DWI
and conventional MRI (Table 1). Moreover, DWI can
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be a reasonable alternative technique for the assessment
of the biliopancreatic tract in the setting of a contrain-
dication to contrast agents such as renal insufficiency or
contrast allergy.
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Abstract

AIM: To investigate the hepatoprotective effect of
MK615, a Japanese apricot extract, in an animal model,
and its clinical therapeutic effect.

METHODS: Wistar rats were administered physiologi-
cal saline (4 mL/kg) or MK615 solution (4 mL/kg) for 7
d. On the sixth d, acute hepatic injury was induced by
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administering a single intraperitoneal injection (jp) of
D-galactosamine hydrochloride (D-GalN) (600 mg/kg).
Plasma levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were determined,
and liver tissues were used for histopathological analy-
sis. Fifty-eight patients with liver disorders [hepatitis C
(n = 40), non-alcoholic fatty liver disease (7 = 15), and
autoimmune liver disease (7 = 3)] were orally admin-
istered commercially available Misatol ME-containing
MK615 (13 g/d) daily for 12 wk. Blood and urine were
sampled immediately before and 6 wk, 12 wk, and 16
wk after the start of intake to measure various bio-
chemical parameters. The percentage change in ALT
and AST levels after 12 wk from the pre-intake baseline
served as a primary endpoint.

RESULTS: D-GalN effectively induced acute hepatic
injury in the rats. At 48 h after the jp injection of D-GalN,
the plasma levels of ALT (475.6 + 191.5 IU/L vs 225.3
+ 194.2 IU/L, P < 0.05) and AST (1253.9 + 223.4
IU/L vs 621.9 + 478.2 IU/L, P < 0.05) in the MK615
group were significantly lower than the control group.
Scattered single cell necrosis, loss of hepatocytes, and
extensive inflammatory cell infiltration were observed
in hepatic tissue samples collected from the control
group. However, these findings were less pronounced
in the group receiving MK615. At the end of the clinical
study, serum ALT and AST levels were significantly de-
creased compared with pre-intake baseline levels from
103.5 + 58.8 IU/L to 71.8 + 39.3 IU/L (P < 0.05) and
from 93.5 + 55.6 IU/L to 65.5 + 34.8 IU/L (P < 0.05),
respectively. A reduction of = 30% from the pre-study
baseline ALT level was observed in 26 (45%) of the 58
patients, while 25 (43%) patients exhibited similar AST
level reductions. The chronic hepatitis C group exhibit-
ed significant ALT and AST level reductions from 93.4 *
51.1 IU/L to 64.6 £ 35.1 IU/L (P < 0.05) and from 94.2
+ 55.5 IU/L to 67.2 £ 35.6 IU/L (P < 0.05), respective-
ly. A reduction of = 30% from the pre-study baseline
ALT level was observed in 20 (50%) of the 40 patients.
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ALT levels in both the combined ursodeoxycholic acid
(UDCA) treatment and the UDCA uncombined groups
were significantly lower after Misatol ME administration.
MK615 protected hepatocytes from D-GalN-induced
cytotoxicity in rats. Misatol ME decreased elevated ALT
and AST levels in patients with liver disorders.

CONCLUSION: These results suggest that MK615 and
Misatol ME are promising hepatoprotective agents for
patients with liver disorders.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Japanese apricot (Prunus mume Sieb. et Zucc.), hereinaf-
ter referred to as ume, was brought to Japan from China
around the eighth century. The flesh of this fruit has
been used not only as food but also as medicine. Ishinbo,
the oldest medical monograph in Japan, which was writ-
ten in AD 984, indicates that both umeboshi (pickled wume)
and wbai (smoke-dried wme) were used as medicines (e.g,,
as anti-diarrheal agents and for detoxification in food ot
drug poisoning). Shokoknkodenhiho, published in 1817,
also refers to the effectiveness of wme extracts. It is thus
evident that ume was used extensively as a folk remedy in
Japan. Syringaresinol, a lignan in #me, was recently shown
to control infection by inhibiting the migration of He/s-
cobacter pylori”. MIK615, an extract from Japanese apricot,
contains triterpenoids such as ursolic acid (UA) Pl oleano-
lic acid (OA)*Y, lupeol[z’“, a-amyrin, and B—sitosterolw.
These substances have been shown to exert various bio-
logical actions. Reports have described diverse effects, in-
cluding anti-tumor zlctivity;5 (against tumor cell lines s%c(gl

| leukemia®, breast cancer™
. 78 9 .
hepatocellular carcinoma'™ colon cancer”, pancreatic
[10

cancer'", and malignant melanoma''") and immunopo-
tentiation in experimental animals exposed to X-rays',
MKG615 was previously reported to inhibit the release of
high-mobility group box 1 (HMGB1) from lipopolysac-
charide (LPS)-stimulated macrophage-like RAW?264.7

cells and to activate the transcription factor nuclear fac-
tor erythroid 2-related factor 2 (Nrf2), resulting in the

as those of gastric cancer
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induction of heme oxygenase-1 (HO-1). MK615 was
also shown to suppress the formation of inflammation-
inducing cytokines [tumor necrosis factor oo (INF-qr) and
interleukin-6 (IL-6)] by inactivating mitogen-activated
protein kinases (MAPKSs) and the transcription factor
nuclear factor-kB (NF-kB) PP Tt is thus evident that e
extracts exert anti-inflammatory and antioxidative actions.
However, the significance of these actions in the liver has
not been adequately clarified.

Given the anti-inflammatory and antioxidative ac-
tions of MK615, we investigated the hepatoprotective
effects of MK615. In addition, the effects of Misatol
ME, a beverage containing MK615 that is approved as
a health food product in Japan, were clinically evaluated
in patients with liver disorders that included hepatitis C,
chronic inflammation of the liver, as well as fatty liver
disease, which is closely involved in oxidative stress.

MATERIALS AND METHODS

Effect of MK615 on D-galactosamine hydrochloride-
induced acute hepatic injury in rats

Preparation of MKG615 solution: MK615 solution was
prepared from a condensed extract of ume. In brief, ume
were squeezed using a press, and the #me juice was then
heated and concentrated 20-fold”. The condensed ex-
tract was neutralized using NaOH and was then heat-
sterilized. The MKG615 solution contained the neutral,
condensed wme extract.

D-galactosamine hydrochloride-induced hepatic in-
jury in rats: Seven-week-old male Wistar rats (Ctlj:WI)
weighing 200-240 g were purchased from Charles River
Laboratories Japan (Yokohama, Japan). All rats were
maintained under controlled temperature and lighting
conditions (12/12-h dark/light cycle), and water and
standard diet were provided ad libitum in accordance
with the institute’s guidelines for care and use of labora-
tory animals in research.

Acute hepatic injury was induced by administering a
single intraperitoneal (7) injection of D-galactosamine
hydrochloride (D-GalN) (600 mg/kg; Wako Pure Chemi-
cal Industries, Osaka, Japan). In this study, rats were
divided into 3 experimental groups. In group I (the ve-
hicle control group), rats were administered physiological
saline (4 mL/kg per day) via gavage for 7 d and injected
with D-GalN (#) 2 h after the sixth oral administration
of saline (6 d from the first oral administration). In group
II (the MK615 group), rats received MK615 solution (4
mL/kg pet day) via gavage for 7 d and were injected with
D-GalN (7) 2 h after the sixth oral administration of
MKG615 solution. In group III, rats were administered the
neutral MK615 solution (4 mL/kg per day) vz gavage for
7 d and were injected with saline (7p) 2 h after the sixth
oral administration of MKG615 solution. group Il served
as a negative experimental control without D-GalN-
induced hepatic injury (Figure 1). Treatments involving
oral administration by gavage were conducted between
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MK615 or saline administration via gavage

' ' v '

Sacrifice

' '

-1 0 1 2 3 4
t/d

5 6 7 8

Injection (jp) of D-galactosamine hydrochloride

Figure 1 Experiment protocol of D-galactosamine hydrochloride-induced acute hepatic injury in rats.

9:00 and 10:00 AM and 7 injections were administered
between 11:00 AM and 12:00 noon. All rats were sacti-
ficed by exsanguination under anesthesia 48 h after the
7p injection of D-GalN or saline (8 d after the first oral
administration). Blood samples from the abdominal aorta
were immediately heparinized, and plasma samples were
isolated by centrifugation. Plasma samples were frozen
and stored at -80 C until used, and subsequently ana-
lyzed to determine the levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). Liver tissue
samples were also obtained from each rat and used for
histopathological analysis. The plasma levels of ALT and
AST were determined using a commercially available ana-
Iytical kit (Transaminase CII-Test; Wako Pure Chemical
Industries).

Evaluation of the effects of MK615 in patients with liver
disorder

Subjects: This study involved patients who were defini-
tively diagnosed with a liver disorder at the Jikei Uni-
versity School of Medicine Hospital, the St. Marianna
University School of Medicine Hospital, or the Kurihara
Clinic between December 2007 and December 2009 and
who met the following requirements: (1) ALT level ex-
ceeding reference limits when tested within 3 mo before
the start of this study, indicating the presence of hepa-
topathy; (2) serum hepatitis C virus (HCV)-RNA positiv-
ity (determined by real-time polymerase chain reaction)
in patients with chronic hepatitis C; and (3) presence of
fatty liver confirmed by diagnostic imaging in cases of
non-alcoholic fatty liver disease (NAFLD). The following
patients were excluded from the study: (1) those receiving
treatment for liver cirthosis, hepatocellular carcinoma, or
other malignant tumors; (2) patients receiving treatment
with Stronger Neo-Minophagen C; (3) those receiving
treatment with interferon (IFN); and (4) habitual drink-
ers (alcohol consumption, > 30 g/d) ot occasional heavy
drinkers. Concomitant use of drugs or any treatment with
antiviral, immunomodulating, or marrow-suppressive ac-
tivity was prohibited during the study period, but contin-
ued use of drugs that had been initiated before the study
was permitted. No patients were heavy drinkers. The eth-
ics committee of each participating facility approved the
study protocol. Informed consent to participate in the
study was obtained in writing from all patients.

Methods: In Japan, MK615 solution is commercially
available as Misatol ME (AdaBio Co. Ltd., Takasaki, Ja-
pan). For the clinical study, Misatol ME was used as the
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MKG615 solution and was ingested orally every d (2 X
6.5 g packs/d) for 12 wk. Blood and utine were sampled
immediately before and 6 wk, 12 wk, and 16 wk after
the start of MKG615 intake to measure the following
parameters: white blood cell (WBC) count, differential
leukocyte count, red blood cell (RBC) count, hemoglo-
bin, hematocrit, platelet count, ALT, AST, y-glutamyl
transpeptidase (y-GTP), alkaline phosphatase (ALP),
total protein, albumin, total cholesterol, cholinesterase,
and total bilirubin, as well as urinalysis parameters. The
percentage change in ALT and AST levels after 12 wk
of intake from the pre-intake baseline served as primary
and secondary endpoints, respectively. In the analysis of
these endpoints, an improvement of = 50% from the
pre-intake baseline was regarded “markedly effective”,
= 30% was regarded “effective”, < 30% as “ineffec-
tive”, and an aggravation of = 30% as “worsened”. The
response rate was defined as the percentage of “markedly
effective” plus “effective” cases.

Statistical analysis

Data are expressed as mean = SD. Statistical analyses
were performed using Stat View for Windows Version
5.0 (SAS Institute Inc., North Carolina, United States).
Differences between 2 groups were analyzed using the
Mann-Whitney U test. Comparisons between baseline
and each time point were performed using Dunnett’s test.
P < 0.05 was considered significant.

RESULTS

The effect of MK615 on D-galactosamine hydrochloride-
induced acute hepatic injury in rats

ALT and AST plasma levels in control rats were elevated
48 h after D-GalN induction, with mean values of 475.6
+ 191.5 IU/L (» = 8) and 1253.9 £ 223.4 TU/L (» = 8),
respectively. In the MK615 group, the ALT and AST levels
were 225.3 + 1942 TU/L (# = 9) and 621.9 £ 478.21U/L
(n = 9), respectively. The levels of ALT and AST in the
MKG615 group rats were significantly lower than in those
of the control group (P = 0.0433 for ALT, P = 0.0124 for
AST by Mann-Whitney U test) (Figure 2A and B).

Liver tissues were obtained from both control group
rats and MKG615 group rats at 48 h after D-GalN injec-
tion. Scattered single cell necrosis (swollen eosinophilic
hepatocytes) and loss of hepatocytes was observed in
hepatic tissue samples from the control group. Extensive
inflammatory cell infiltration was also noted (Figure 2C).
Figure 2D shows that these features of D-GalN-induced
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Figure 2 Effect of MK615 in D-galactosamine hydrochloride-induced acute hepatic injury in rats. A: AST plasma levels; B: ALT plasma levels; C: Control group
(liver); D: MK615 group (liver). AST:Aspartate aminotransferase; ALT: Alanine aminotransferase.

Table 1 Background of patients with liver disorders

Chronic NAFLD Autoimmune

hepatitis C liver disease
Number 40 15 3
Gender (M/F) 25/15 14/1 1/2
Age (yr) 64.4+11.3 52.5+13.7 65.7 4.0
HCV viral load(10"/mL) 6.2+0.8
= 5log/ < 5log/ND 35/3/2
WBC count (/uL) 4153 £ 994 6800 £1578 3967 +723
RBC count (10°/ L) 415 +59 490 + 51 448 + 48
Hemoglobin (g/dL) 13118 155+1.1 125+1.7
Platelet count (10'/uL) 138 +5.7 203 + 84 17251
AST (IU/L) 94.2 £55.5 845+50.0 129.3+90.5
ALT (IU/L) 934+51.1 1319+725 96.7 £ 50.1
y-GTP (IU/L) 729+605 181.9+1975 1203+74.2
LDH (IU/L) 237.8+54.8 22891444 270 £44.3
ALP (IU/L) 318.1+116.8 303.4 £106.8 391 £293.1
Total bilirubin (mg/dL) 0.84 £0.29 0.8 +0.44 0.67 £0.15
Total cholesterol (mg/dL)  162+352  1885+49.1 1747 +40.1
Total protein (g/dL) 75+0.6 7.7+0.3 7.9+0.9
Albumin (g/dL) 39+04 4403 3.9+09
BUN (mg/dL) 16.2+4.0 13.6 £3.2 153 +3.1
Creatinine (mg/dL) 0.76 £ 0.16 0.75+£0.1 0.62 + 0.06

Data are expressed as the mean + standard deviation. NAFLD: Non-
alcoholic fatty liver disease; ND: Not done; M: Male; F: Female; HCV:
Hepatitis C virus; WBC: White blood cell; RBC: Red blood cell; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; y-GTP: y
guanosine triphosphate; LDH: Lactate dehydrogenase; ALP: Alkaline
phosphatase; BUN: Blood urea nitrogen.

hepatic injury were reduced in the treatment group re-
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ceiving the MK615 solution.

The effects of MK615 in patients with liver disorders

We enrolled 58 patients in this clinical study (mean age,
61.4 + 12.7 years; range: 29-82 years; 40 men and 18
women). The diagnosis was chronic hepatitis C in 40
patients, NAFLD in 15 patients, and autoimmune liver
disease in 3 patients (2 with autoimmune hepatitis and 1
with primary sclerosing cholangitis). Table 1 lists the back-
ground variables in relation to the diseases diagnosed.

Analysis of the entire study population determined
that ALT levels had decreased significantly from 103.5
+ 58.8 IU/L before the start of the study to 81.3 £ 45.7
IU/L (P < 0.05) at 6 wk, 71.8 £ 39.3 IU/L (P < 0.05) at
12 wk, and 72.3 £ 40.3 TU/L (P < 0.05) at 16 wk (Figure
3A). AST levels decreased significantly from 93.5 + 55.6
IU/L before the start of the study to 77.6 £ 47.1 IU/L
(P < 0.05) at 6 wk, 65.5 + 34.8 TU/L (P < 0.05) at 12 wk,
and 68.3 £ 37.8 IU/L (P < 0.05) at 16 wk (Figure 3B). A
reduction of = 30% from pre-study baseline ALT levels
was observed in 26 (45%) of the 58 patients, whereas 25
(43%) patients exhibited a similar reduction in AST levels
(Table 2).

When the effects of Misatol ME were analyzed in
relation to the disease diagnosed, the chronic hepatitis C
group exhibited significant ALT level reductions from the
pre-study baseline of 93.4 £ 51.1 TU/L to 75.3 + 46.6
IU/L (P < 0.05) at 6 wk, 64.6 £ 35.1 IU/L (P < 0.05) at
12 wk, and 64.6 £ 33.8 IU/L (P < 0.05) at 16 wk (Figure
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Figure 3 Effects of MK615 in patients with liver disorder, chronic hepatitis C and non-alcoholic fatty liver disease. A: Alanine aminotransferase (ALT); B: Aspartate
aminotransferase (AST); C: Chronic hepatitis C group (ALT); D: Non-alcoholic fatty liver disease group (ALT). °P < 0.05 vs 0 wk group. Dunnett's test.

ALT AST
Chronic hepatitis C 20/40 (50) 16/40 (40)
NAFLD 5/15 (33) 6/15 (40)
Autoimmune liver disease 1/3 (33) 3/3 (100)
Total 26/58 (45) 25/58 (43)

NAFLD: Non-alcoholic fatty liver disease; AST: Aspartate aminotransfer-
ase; ALT: Alanine aminotransferase.

3C). This same group of patients exhibited significant
AST level reductions from the pre-study baseline of 94.2
+ 55.51U/L to 78.8 £ 49.5 IU/L (P < 0.05) at 6 wk, 67.2
+ 35.6 IU/L (P < 0.05) at 12 wk, and 66.6 + 33.7 IU/L
(P < 0.05) at 16 wk. In the chronic hepatitis C group, a
reduction of = 30% from the pre-study baseline ALT
level was observed in 20 (50%) of the 40 patients, while
16 (40%) patients exhibited similar AST level reductions
(Table 2). Among the patients with chronic hepatitis C,
ALT data before the start of test beverage intake (24
wk before starting intake) were available for 32 patients.
These patients were subdivided into combined ursode-
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oxycholic acid (UDCA) treatment (z = 20) (Figure 4A)
and UDCA uncombined (#z = 12) groups (Figure 4B). In
both the combined UDCA treatment and UDCA uncom-
bined groups, ALT levels were significantly lower after the
intake of Misatol ME compared with those before intake.
The NAFLD group exhibited significant ALT level
reductions from 131.9 £ 72.5 IU/L before the start of
the study to 102.8 + 37.6 IU/L (P < 0.05) at 6 wk, 90.9
+ 45.6 TU/L (P < 0.05) at 12 wk, and 96.9 + 50.8 IU/L
(P < 0.05) at 16 wk (Figure 3D). This group also exhib-
ited significant AST level reductions during the Misatol
ME intake period compared with the pre-start baseline
level; levels were 84.5 = 50.0 IU/L before the start of the
study, 66.7 £ 242 TU/L (P < 0.05) at 6 wk, 58.1 + 26.0
IU/L (P < 0.05) at 12 wk, and 69.8 + 41.9 TU/L (NS)
at 16 wk. In the NAFLD group, a reduction of = 30%
from the pre-study baseline ALT level was observed in 5
(33%) of the 15 patients, whereas similar AST level re-
ductions were observed in 6 (40%) patients (Table 2).
The levels of y-GTP in the entire study population
also decreased significantly after Misatol ME intake com-
pared with pre-intake baseline levels (data not shown).
Table 3 presents the hematological and biochemical
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Figure 4 Effects of MK615 in patients with chronic hepatitis C (alanine aminotransferase). A: Misatol was added on ursodeoxycholic acid; B: Only Misatol was

used. “P < 0.05 vs 0 wk group. Dunnett's test. NS: Not significant.

Before During therapy P value'

therapy 12 wk
WBC count (/uL) 4828 + 1640 4977 + 1855 NS
RBC count (10*/uL) 436 + 65 435 + 65 NS
Hemoglobin (g/dL) 13.7£2.0 13.8+1.9 NS
Platelet count (10*/pL) 15.7+7.0 15.6 £6.6 NS
AST (IU/L) 94 + 56 66 + 35 <0.05
ALT (IU/L) 104 + 59 72+39 <0.05
y-GTP (IU/L) 104 + 121 74493 <0.05
LDH (IU/L) 237 + 52 227 +52 <0.05
ALP (IU/L) 318 £124 298 +126 <0.05
Total bilirubin (mg/dL) 0.8+0.3 08+0.3 NS
Total cholesterol (mg/dL) 170 + 40 171+43 NS
Total protein (g/dL) 7.6+0.6 76+05 NS
Albumin (g/dL) 40+£0.5 41+04 NS
BUN (mg/dL) 155+3.9 14.7+35 NS
Creatinine (mg/dL) 0.75+£0.15 0.74 £0.15 NS

Data are expressed as the mean + standard deviation. 'Dunnett’s test.
NS: Not significant; WBC: White blood cell; RBC: Red blood cell; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; y-GTP:
y-guanosine triphosphate; LDH: Lactate dehydrogenase; ALP: Alkaline
phosphatase; BUN: Blood urea nitrogen; NS: Not significant.

data obtained for the clinical study. No change associated
with Misatol ME intake was noted in any hematological
or biochemical parameter other than in the indicators
of liver function, which improved after MK615 intake.
An unexplained eruption was observed in 1 patient with
NAFLD, which was the only adverse event observed dur-
ing this study, and was not found to have a causal rela-
tionship with the intake of Misatol ME.

DISCUSSION

This is the first study demonstrating that Misatol ME (a
beverage containing MKG615, an ume extract) lowers blood
transaminase levels in patients with liver disorders such
as chronic hepatitis C and NAFLD. #me has been used
as traditional medicine and food in Japan since ancient
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times”. The clinical effects of #me have been attributed
to the biological activity of MK615. MK615 contains
triterpenoids such as OA, UA, lupeol, a-amyrin, and [3-si-
tosterol”™ and has been shown to exert anti-tumor activ-
ity against various tumor cell lines, including those of
gastric cancer”, leukemia” | breast cancer™, hepatocellu-
lar carcinoma!™, colorectal cancer!, pancreatic cancer”,
esophageal cancer”; and malignant melanoma"". The
possible mechanisms underlying the anti-tumor activity of
MKG615 include induction of apoptosis[2’6’9’1”, induction of
autophagy[ql, cell cycle arrest™™'"”, reduced expression of
receptors for advanced glycation end products (RAGE)
on membrane surfaces of cancer cells™'" and immuno-
potentiation following exposure to X—raysm. MKG615 in-
hibits the release of HMGB1 from mouse macrophage-
like RAW?264.7 cells”. This inhibitory activity is mediated
by Nrf2 activation and HO-1 induction, suggesting that
MKG615 possesses antioxidative activity”. The authors
also previously demonstrated that MK615 suppressed the
release of the inflammatory cytokines TNF-a and IL-6
in RAW?264.7 cells"”. This suppression was mediated by
the inactivation of MAPKSs and NF-xB, thus indicating
an anti-inflammatory effect of MK615",

The present study reveals that MK615 also exerts hep-
atoprotective activity in a rat model of D-GalN-induced
hepatopathy, given that treatment with MK615 resulted
in lower plasma ALT and AST levels accompanied by his-
tological evidence of suppressed destruction of hepatic
parenchymal cells when compared with untreated con-
trols. Therefore, MKK615 protected the rats from D-GallN-
induced hepatopathy.

Previous studies using animal models of D-GalN-
induced hepatopathy revealed the activation of MAPKs
in the liver”, suggesting that liver protection might be
achieved by the induction of HO-1"" or by the inhibition
of NF-kB in Kupffer cells"”. In the present study, the ef-
fects of MKG615 in suppressing MAPK phosphorylation,
inducing HO-1, and inhibiting NF-kB activation may have
protected the rats from D-GalN-induced hepatopathy.

Additionally, it was shown that the intake of Misatol
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ME, which contains MK615, lowered the elevated levels
of AST and ALT in patients with hepatic impairment.
This effect was observed in patients with etiologically
different hepatic diseases, i.c., those with hepatitis C and
those with NAFLD. No adverse event was associated
with the intake of Misatol ME during this study. Further-
more, add-on Misatol ME in combination with UDCA,
which had been initiated before the start of Misatol ME
intake, resulted in further AST and ALT level reductions
in patients with hepatitis C. Moreover, the reduction in
ALT levels was also noted in patients who were previ-
ously resistant to UDCA therapy.

A major approach to treating HCV infection is antivi-
ral therapy using a combination of IFN and tibavirin"?.
In cases in which the virus cannot be eradicated or IFN
is not indicated, it is important to prevent the progression
of HCV infection to liver cirthosis or liver cancer'”. In
practice, the progression of HCV infection to liver fibro-
sis is accelerated by higher levels of ALT""?!), Therefore,
when dealing with cases in which virus eradication is dif-
ficult, therapeutic interventions that result in lower ALT
levels are important for delaying disease progression. In
the present study, Misatol ME was shown to significantly
reduce ALT levels in patients with chronic hepatitis C,
and further reductions in ALT levels were also observed
in patients refractory or pootly responsive to UDCA.
Given the significance of these findings, Misatol ME
warrants further evaluation as a potential treatment for
liver disease, including an evaluation of its efficacy dur-
ing prolonged use. Because Misatol ME is a functional
food, conducting the same controlled study to investigate
its potential as a medicine was difficult. Nevertheless, the
usefulness of Misatol ME as a functional food was clati-
fied. A future investigation is required in which a detailed
analysis of the active principal component of Misatol
ME should be conducted to elucidate the mechanism un-
detlying its effectiveness as a functional food.

The mechanism underlying the hepatoprotective ac-
tivity of Misatol ME in patients with chronic hepatitis C
appears to involve the anti-inflammatory and antioxida-
tive actions of the MKG615 component of Misatol ME.
Patients with chronic hepatitis C have high levels of
inflammatory cytokines such as TNF-q and IL-6%%,
MKG615 inhibits the phosphorylation of MAPKSs in LPS-
stimulated macrophage-like RAW264.7 cells and sup-
presses the formation of TNF-o and IL-6 by inhibiting
NF-«B activation[lzl; these findings suggest that the effect
of MKG615 in suppressing cytokine formation contributes
to the suppression of hepatocyte damage in patients with
hepatic impairment. Given that Nrf2 activation”*” and
HO-1 induction" """ are known to be hepatoprotective,
the authors previously demonstrated that MK615 and
its component OA activate the transcription factor Nrf2
in LPS-stimulated macrophage-like RAW264.7 cells and
induce HO-1, one of the target genesm. Whether MK615
also activates Nrf2 and induces HO-1 in clinical cases is
unknown. However, it appears highly probable that the
antioxidative action of MKG615 protects the liver.

MKO615 was also effective in patients with NAFLD,
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reducing serum AST and ALT levels in these patients,
as well as in those with hepatitis C. The involvement of
factors such as oxidative stress, insulin resistance, and
TNF-q in the progression of NAFLD into non-alcoholic
steatohepatitis (NASH) has been suggested” ™. Diet and
exercise are the standard therapies for the treatment of
such cases™™”. However, the outcomes of these treat-
ments are often unsatisfactory. The effects of MK615
on oxidative stress and insulin resistance in patients with
NAFLD are most likely based on the antioxidative ef-
fect and the inflammatory cytokine-suppressive action
of MK615. Therefore, MK615 therapy may be a promis-
ing new means of treating such cases clinically. Obesity
1s considered a major factor associated with NAFLD.
The livers of obese individuals display disturbances in
autophagy, with upregulation of autophagy reducing in-
sulin resistance™. Since MK615 has been demonstrated
to induce autophagy in colorectal carcinoma cell lines”,
this effect is also expected to be useful for treatment” .
Mote recently, it was reported that a rat model of NASH
exhibited increased expression of RAGE in the liver,
suggesting that inhibiting RAGE expression can protect
the liver™. MK615 reduces the expression of RAGE
on the cell membranes of the high-RAGE expression
hepatocellular carcinoma cell line HuH7". This RAGE
suppression may also play a role in the hepatoprotective
effects of Misatol ME.

In the present study, MK615 and Misatol ME, which
contains MK615, were shown to potentially alleviate
various types of hepatic impairment caused by different
factors. MK615 contains multiple triterpenoids (OA, UA,
lupeol, e#.); previous in vitro and in vivo studies have
shown that these triterpenoids protect the liver from vari-
ous hepatotoxic substances, such as D-galactosamine, ac-
etaminophen, carbon tetrachloride, and ethanol”?*7,
As a result of these diverse actions, Misatol ME may ex-
ert extensive hepatoprotective effects in patients with he-
patic impairments of differing etiologies. Therefore, fur-
ther studies are required to elucidate the diverse actions
of Misatol ME and to assess the significance of its long-
term use and its clinical efficacy in suppressing the onset
and progression of cancet, as previously demonstrated at
experimental level.

COMMENTS

Background

MK615, an extract from Japanese apricot, contains triterpenoids. These sub-
stances have been shown to exert various biological actions. In the present
study, MK615 (a beverage containing MK615, an ume extract) was found to
protect hepatocytes from D-galactosamine hydrochloride-induced cytotoxicity
in rats. MK615 decreased the elevated alanine aminotransferase (ALT) and
aspartate aminotransferase levels in the patients with liver disorder.
Research frontiers

The mechanism underlying the hepatoprotective activity of MK615 in patients
with chronic hepatitis C appears to involve the anti-inflammatory and antioxida-
tive actions of the MK615 component of MK615.

Innovations and breakthroughs

This is the first study to indicate that MK615 lowers blood transaminase levels
in patients with liver disorders such as chronic hepatitis C and non-alcoholic
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fatty liver disease.

Applications

In treating hepatitis C virus infection, therapeutic interventions that result in
lower ALT levels are important for delaying disease progression. In the present
study, MK615 was shown to significantly reduce the ALT levels in the patients
with chronic hepatitis C, and further reductions in ALT levels were observed in
the patients refractory or poorly responsive to ursodeoxycholic acid. Given the
significance of these findings, MK615 warrants further evaluation as a potential
treatment for liver disease, including an evaluation of its efficacy during pro-
longed use.

Terminology

MK615, an extract from Japanese apricot, contains triterpenoids such as ursolic
acid, oleanolic acid, lupeol, o-amyrin, and -sitosterol. Ume extracts exert anti-
inflammatory and antioxidative actions.

Peer review

The strongest point of this study should be the histological comparison of the rat
livers with galactosamine-induced injury pretreated with MK615 and those not
pretreated with MK615. The result is interesting and suggest that MK615 are
promising hepatoprotective agents for patients with liver disorders.
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Abstract

AIM: To determine the functional significance of TC21
in esophageal squamous cell carcinoma (ESCC).

METHODS: TC21 siRNA transfection was carried out
using Hyperfectamine to knock down TC21, and tran-
scripts were analyzed by reverse transcription-poly-
merase chain reaction and protein by Western blotting.
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We demonstrated the effect of TC21 downregulation
of cell signaling in esophageal cancer cells by assess-
ing the phosphorylation status of its downstream tar-
gets, phosphoinositide 3-kinase (PI3K), phosphatase
and tensin homolog (PTEN), protein kinase B (pAkt),
nuclear factor-xB (NF-«xB) and cyclinD1 using specific
antibodies. Cell survival analysis after cisplatin treat-
ment was carried out by cell viability assay and cell
cycle analysis using flow cytometry.

RESULTS: TC21 knockdown in human ESCC cell line
TE13 cells, showed only a marginal increase (14.2%)
in cell death compared with control cells. The expres-
sions of the signaling proteins PI3K and pAkt, transcrip-
tion factor NF-xB, and cell cycle protein cyclin D1 were
markedly decreased in response to TC21 downregula-
tion, whereas the level of pPTEN, an antagonist of PI3K,
was increased. In addition, we evaluated the potential
of TC21 as a putative target for sensitizing ESCC cells
to the chemotherapeutic agent cisplatin. Increased cell
death (38.4%) was observed in cells treated with cis-
platin after TC21 knockdown compared with cells which
were treated with cisplatin alone (20% cell death).

CONCLUSION: Results suggest that TC21 mediates its
effects via the PI3K-Akt pathway, NF-xB and cyclin D1, and
enhances chemoresistance in esophageal cancer cells.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

HEsophageal cancer is one of the most aggressive ma-
lighancies of the gastrointestinal tract, ranking as the
sixth most common cancer among males and ninth most
common cancer among females globally. Esophageal
squamous cell carcinoma (ESCC) is the predominant
histological subtype of esophageal cancer in India, char-
acterized by a high mortality rate and strong association
with dietary habits and lifestyle!"”. It is the second most
common cancer among males and fourth most common
cancer among females in India". Despite advances in
multimodality therapy, because of its insidious symp-
tomatology, late stage of diagnosis and poor efficacy
of treatment, the prognosis of patients with ESCC still
remains poor, with an average 5-year survival of < 10%
globally™ and 12% in India"®".

TC21/R-Ras2 is the only member of the R-Ras
subfamily for which overexpression or mutants were
detected in human tumor cells, including cells derived
from uterine sarcoma, ovarian cancer” and mammary
tumors!’, Increased expression of TC21 was found in
breast cancer cells'" ™. Our laboratory identified TC21
overexpression in human oral squamous cell carcino-
mas using differential display and verified its increased
expressions independently in oral cancer'; as well as
in esophageal carcinomas''”. These clinical studies sug-
gested that deregulated TC21 activity might contribute
to human oncogenesis, however like R-Ras, the func-
tions of TC21 are not completely understood.

The R-Ras family of Ras-related proteins, including
R-Ras, TC21 (R-Ras2), and M-Ras (R-Ras3), share 55%
amino acid identity with H-Ras, including identical core
effector regionsm. Besides H-, K-, and N-Ras, TC21 is
the only Ras superfamily member known to transform
epithelial and fibroblast cell lines", and induce tumor
formation i vivo". Despite their similarities, R-Ras and
TC21/R-Ras2 exhibited differential transforming prop-
erties in a variety of cell lines. In NIH 3T3 fibroblasts,
'TC21/R-Ras2 induced foci formation and tumor growth
more efficiently than R-Ras"¥, TC21/R-Ras2 also po-
tently transformed Rat-1 fibroblasts and various epithe-
lial cell lines, including MCF-10A, RIE-1, and EpH4"**,
In comparison, R-Ras was unable to transform Rat-1
fibroblasts, but promoted tumor growth in cervical
epithelial cells*"*, Phosphoinositide 3-kinase (PI3K) is
the predominant effector of R-Ras and TC21/R-Ras2
transforming activity; however, these oncogenes also
activate Rafl, Ral-GDS, extracellular signal-regulated
kinase (ERK) 1/2, c-Jun NH2-terminal kinase, and p38
mitogen-activated protein kinase (MAPK) in a cell type-
specific manner™ !, Previous reports suggested that
TC21 induces its effects in multiple ways in different
cell types, for example TC21 has been shown to activate
p38 MAPK in Cos7 cells"”, and p38 MAPK activation is
important for TC21-induced ureteric bud cell prolifera-
tion™ therefore, TC21-mediated signaling is tissue spe-
cific® " We have eatlier identified TC21 to be over-
expressed in ESCC!", but its role in ESCC is not well
understood. This study was designed to determine the
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functional significance of TC21 protein in esophageal
cancer. Further, we aimed to analyze the effect of TC21
downregulation on the sensitivity of ESCC cells to che-
motherapeutic agents using cisplatin as a prototype.

MATERIALS AND METHODS

Reagents

Cisplatin, propidium iodide and protease inhibitor cock-
tail were procured from Sigma-Aldrich (St. Louis, MO,
United States); protein assay reagent was obtained from
Bio-Rad Laboratories (Hercules, CA, United States); li-
pofectamine, TC21 small interfering RNA (siRNA) and
scrambled sequence siRNA from Qiagen, RPMI 1640
(Invitrogen); primary antibodies directed against pro-
tein kinase B [pAkt, (Ser 473)], pAkt (Thr 308), protein
Glycogen synthase kinase 33 [pGSK3f (Ser9)], total
Akt, phosphatase and tensin homolog [pPTEN, (Ser
380)], and protein Phosphoinositide-dependent kinase-1
[pPPDK1 (Ser 241)] were procured from Cell Signaling
Technology (Beverly, MA, United States); cyclin D1 and
GSK3[ were obtained from Santa Cruz Biotechnol-
ogy Inc., (California, United States), B-actin (AC-15),
GAPDH (Abcam Inc. Cambridge, MA, United States).
Secondary antibodies, alkaline phosphatase conjugated
goat anti-mouse IgG, goat anti rabbit IgG or rabbit anti-
goat IgG, were from Cell Signaling Technology (Beverly,
MA, United States). Enhanced chemiluminescence (ECL)
Western blotting detection reagents were obtained from
Santa Cruz Biotechnology Inc., CA, United States.

Cells and cell culture

A human ESCC line, TE13, were grown in RPMI-1640
supplemented with 10% heat inactivated fetal bovine
serum, 100 units/mL penicillin and 100 ug/mL strepto-
mycin. Cells were incubated at 37 'C in 5% humidified
CO:2 enriched atmosphere and routinely sub-cultured
every 2 d by trypsinization.

Cisplatin treatment and cell viability assay

Cells were seeded and grown to 60%-70% confluence in
triplicates prior to addition of cisplatin. The cells were
treated with varying doses of cisplatin (0-10 pg/ml.)
for 24 h. Thereafter, the cells were harvested and 1.LD50
was determined by measuring the cell viability using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reagent according to the manufacturet's
instructions. The conversion of MTT to formazan by mi-
tochondrial dehydrogenases was measured at wavelength
570 nm in a microtiter plate reader. The percentage cell
death was calculated individually for each dose as follows:
(Acontrol-Atreated/Acontrol) X 100, as desctibed eat-
lier™. For further experiments, the cisplatin concentra-
tion required to inhibit cell growth by 50% (LD50) was
determined by interpolation from dose-response curves.

RNA interference
TE13 cells were seeded and grown to 70% confluence
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Figure 1 Small interfering RNA-targeting TC21/R-Ras2 was transfected
in TE13 cells. A: Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis: Small interfering RNA (siRNA)-targeting TC21/R-Ras2 was trans-
fected in TE13 cells in a dose-dependent manner. After 48 h and 72 h, cells
were lysed, RNA was isolated and the mRNA level was determined semiquan-
titatively by RT-PCR using TC21-specific primers; B: Bar diagram showing fold
change in level of TC21 transcripts after TC21 knockdown.

in growth medium without antibiotics. Transfection was
carried out using Hyperfectamine according to the man-
ufacturer’s instructions, using TC21 siRNA or scrambled
sequence siRNA at final concentrations of 20 nmol/L
and 10 nmol/L, respectively. After 24 h, 48 h and 72 h
cells were harvested for reverse transcription-polymerase
chain reaction (RT-PCR) and Western blotting analysis
for detection of TC21. For cisplatin treatment the cells
were transfected with TC21 siRNA for 48 h, followed by
cisplatin treatment for 24 h and compared to untreated
cells as controls, transfected with a scrambled sequence
siRNA (negative control), or with the transfection re-
agent alone (mock). At least three independent experi-
ments were performed with reproducible results. MAPK
siRNA was used as a positive control and was detected
by Western blotting for ERK.

RNA isolation

Total RNA was isolated from TE13 cells (untreated and
TC21 siRNA transfected cells) using Qiagen kit following
the manufacturer’s instructions or the standard protocol.
DNase I treatment of RNA was carried out using the
Message Clean Kit (Gen Hunter Corp., Brookline, MASS,
United States). RNA was quantified using formaldehyde
agarose gel and by measuring spectrophometrically the
absorbance at 260 nm and 280 nm (ND-1000 UV-Vis
Spectrophotometer from NanoDrop Technologies).
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RT-PCR analysis

Briefly, cDNA was prepared using 1 pug of total RNA
and Moloney murine leukemia virus reverse transcrip-
tase (Gibco BRL, Life Technologies Inc., Gaithersburg,
MD, United States) with oligo dT as the primer. Primers
used for amplification of TC21-specific sequences were
forward 5-CCTTAGACCAAGAAGCTGGC-3’ and
reverse 5’-CAGGCATTTGGTATTTTGGC-3’. The
PCR cycling parameters were initial denaturation at 94 C
for 5 min; 30 cycles of 94 C for 1 min, 54 'C for 1 min
and 72 C for 2 min and final extension at 72 ‘C for 10
min. PCR for B-actin was reverse transcribed for all the
samples to check for the quality and quantity of the initial
RNA used. The PCR-amplified products were electro-
photesed on 1.2% agarose gels and bands were visualized
by ethidium bromide staining;

Protein extraction and Western blotting

After the above described TC21 siRNA treatment with or
without cisplatin, TE13 cells were harvested and protein
extracts were made by lysing cells in buffer, containing
50 mmol Tris-HCI, pH 7.5, 150 mmol NaCl, 1% Triton
X-100, 10% glycerol, 1 mmol DTT, 10 mmol NaF, sup-
plemented with 1 mmol activated NasVOs and 1 X pro-
tease inhibitor cocktail. Protein concentration was mea-
sured using Bradford reagent (Sigma) and bovine serum
albumin as standard. Proteins were separated by Sodium
Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
membranes by electroblotting. Membranes were blocked
with phosphate-buffered saline containing 1% bovine
serum albumin, followed by incubation with primary
and secondary antibodies. Detection of antibody-protein
complexes was done using an ECL Western blotting kit
according to the manufacturet’s instructions.

Flow cytometry

TE13 cells were transfected with TC21 siRNA, cispla-
tin alone, or a combination of siRNA and cisplatin for
specific time intervals as described above, cells were
harvested and resuspended in phosphate-buffered saline.
For cell cycle analysis, cells were fixed in 70% ethanol
overnight at -20 “C and stained with propidium iodide (20
ug/mL) and RNaseA (10 pg/mL). All flow cytometric
analyses were done using a FACS Caliber flow cytometer
(San Jose, CA, United States). The acquired data were
analyzed using BD FACS Diva software. For each mea-
surement 10 000 cells were analyzed.

Statistical analysis

The Western blotting data were subjected to statistical
analyses using SPSS 10.0 software (Chicago). Densitom-
etry analysis of Western blotting was carried out using
Chemilmager 4400 software. The integrated density
value was compared with the loading control. The pro-
tein expression of 4 different groups (mock, scrambled
sequence, TC21siRNA 48 h treatment and TC21siRNA

72 h treatment) were compared using one-way analysis
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Figure 2 TC21 protein and extracellular signal-regulated kinase 2 level. A: Western blotting was carried out using specific antibody; the panel shows inhibition
of TC21 protein compared with cells without transfection or transfection with a negative control siRNA (scrambled sequence); B: Bar diagram showing more than
95% decrease in TC21 protein level after TC21 knockdown compared with untreated mock and nonspecific scrambled sequence; C: Western blotting analyses
show inhibition of ERK2 protein by targeted siRNA as positive control; D: Bar diagram showing more than 98% decrease in ERK2 level after MAPK knockdown
compared with untreated mock and nonspecific scrambled siRNA sequence. ERK: Extracellular signal-regulated kinase; MAPK: Mitogen-activated protein kinase;

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

of variance (ANOVA). ANOVA was applied for statisti-
cal analysis with the post hoc (Bonferroni) multiple range
test. P < 0.05 was considered to be significant.

RESULTS

TC21/R-Ras2 gene silencing using siRNA

Evaluation of TC21 mRNA and protein levels 48 h and
72 h post-transfection of TC21 siRNA revealed an 80%
reduction in mRNA levels and a 95% reduction in TC21
protein levels as compared with the respective controls
transfected with scrambled siRNA (negative control)
or with transfection reagent alone (mock) as shown in
Figure 1A, B and Figure 2A, B. MAPK siRINA was used
as a positive control and its detection was carried out by

Western blotting for ERK (Figure 2C, D).

TC21 activates the Akt pathway in ESCC

Since TC21 has been shown to activate PI3K, we inves-
tigated the role of the PI3K pathway in TC21-mediated
esophageal tumorigenesis. siRNA-mediated TC21 down-
regulation resulted in a significant decrease in the expres-
sion of phosphorylated Akt/PKB with P < 0.001 (Ser
473, Thr 308 showed equal reduction) and phosphorylat-
ed glycogen synthase kinase-33, pGSK3[ (Ser 9), without
any change in the levels of total Akt (Figure 3A, B). A sig-
nificant increase in expression of PTEN was observed
in TC21 siRNA-treated TE13 cells compared with con-
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trols (P < 0.001). Since PTEN is a PI3K antagonist and
inhibits downstream signaling through Akt, its upregu-
lation in siRNA-treated cells suggests the involvement
of PI3K in TC21-mediated esophageal tumorigenesis.
Moteover, knockdown of TC21 resulted in a significant
decrease in PDK1 expression which may be responsible
for the dectease in the expression of pAkt/PKB, result-
ing in reduced levels of pGSK3f (Figure 3A, B).

TC21 activates the anti-apoptotic factor nuclear factor-
kB and cyclin D1

Western blotting analysis of whole cell lysates from TC21-
knockdown TE13 cells probed with antibodies specific for
the p65 subunit of nuclear factor-kB (NF-kB) and cyclin
D1 showed significant decrease in NF-kB and cyclin D1
proteins compared with untransfected controls (Figure 3A,
B). Our results suggest that NF-kB targeting the growth
promoting protein cyclin D1, may be the downstream tar-
gets of TC21 signaling through the PI3-K/Akt pathway,

thereby increasing survival of esophageal cancer cells.

TC21 knockdown does not affect P-Raf protein

There was no significant change in phosphorylated
Raf protein expression observed in TC21-knockdown
esophageal cancer cells for 72 h of transfection in com-
parison with control cells, but there was a decreased
P-Raf protein level observed in TC21 siRNA treated for
48 h (Figure 3A, B).
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Figure 3 Expression of proteins in esophageal squamous cancer cells TE13 and compared with control. A: Expression analysis of protein kinase B (pAkt),
total Akt, protein Glycogen synthase kinase 33 (pGSK3p), pRaf, protein Phosphoinositide-dependent kinase-1 (pPDK1), phosphatase and tensin homolog (pPTEN),
nuclear factor-kB (NF-«xB) and cyclin D1 proteins compared in esophageal squamous cancer cells TE13. Lane 1: Mock; Lane 2: Scrambled (non-target siRNA); Lane
3: TC21 siRNA transfected for 48 h; Lane 4: TC21 siRNA transfected for 72 h; B: Bar diagram showing relative levels of proteins in comparison with control protein
GAPDH. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Experimental parameters

SubGO (%)

G1 (%)

S (%)

G2/M (%)

Untreated TE13' cells for 24 h 5.7
Cisplatin treatment (8 pg/mL) for 24 h 17.8
Untreated TE13 cells for 48 h 7.9
TC21 siRNA” (20 nmol) transfection for 48 h 14.2
Untreated TE13 cells for 72 h 103
TC21 siRNA transfection (20 nmol) for 48 h followed 384

37

30.6
34.7
228
36.7
23.8

21
11.8
10
122
27.7
119

34.8
38.2
41

423
25.8
12.8

by cisplatin treatment for 24 h (total time of treatment is 72 h)

"Esophageal squamous cell carcinoma cells; *Small interfering RNA.

Knockdown of TC21 results in decreased G1/S
population

TC21-knockdown TE13 cells resulted in a marginal
increase (14.2%) in the subGO population (cell death)
compared with the mock control cells (7.9%), while the
G1/S population decreased from 44% to 35% in the
siRNA-treated cells (Figure 5A-2, B and Table 1).

Effect of cisplatin treatment on TE13 cells

The TE13 cells were treated with varying doses of cis-
platin (0-10 pg/mL) for 24 h and LD50 was calculated
by measuring the cell viability using MTT (Figure 4).
LD50 was found to be 9 pug/mL. TE13 were treated
with 8 pg/mL cisplatin for 24 h and flow cytometric
analysis was performed to determine the cell cycle distri-
bution. Cisplatin-treated TE13 cells showed a marginal
increase in cell death (17.8%) compared with untreated
cells (5.7%). There was a decrease in the S phase (11.8%)
compared with 21% in the untreated control cells (Figure
5A-4, B and Table 1).

Knockdown of TC21 sensitizes TE13 cells to cisplatin
treatment

The combined effect of TC21 siRNA and cisplatin treat-
ment on TE13 cells was determined. In TC21 siRNA-
transfected TE13 cells, 38.4% cell death was observed
after exposute to 8 pg/mL cisplatin compared with
10.3% cell death in the untreated controls; 23.8% cells
were found in the Gi1 phase compared with 36.7% in the
controls. Further, a decrease in S phase fraction (11.9%)
was observed compared with the untreated control cells

(27.7%) (Figure 5A-6, B and Table 1).

DISCUSSION

This study was focused on the effect of TC21 down-
regulation on cell signaling in ESCC and its effect on
the cisplatin response by downregulation of TC21 tar-
gets, both individually and in combination. In our study,
TC21 protein expression correlated with cisplatin sen-
sitivity. Eatlier studies have shown that overexpression
of TC21 resulted in cisplatin resistance to apoptosism]
Therefore, we investigated whether TC21 downregula-
tion would sensitize TE13 cells to cisplatin. Our results
demonstrated that TC21 downregulation resulted in a
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Figure 4 Cell viability assay. TE13 cells were treated with cisplatin in a dose-
dependent manner for 24 h. Cell viability was determined using the MTT assay,
LD50 was found to be 9 pg/mL. Further treatment with cisplatin was carried out
at less than the LD50 dose.

significant reduction in the expression of the Akt path-
way components, supporting that Akt pathway proteins
serve as important downstream targets of TC21. Akt, an
oncogenic protein implicated in human cancer develop-
ment, is a key component of the PI3-K signaling path-
way”"". Knockdown of TC21 decreased the expression
of pAkt/PKB (antibodies specific for Ser 473 and Thr
308 showed similar effects), while the total Akt/PKB
levels remained unaffected.

Furthermore, TC21 knockdown decreased the NF-
kB levels. The TC21 oncogenic signals are mediated
via the PI3K/Akt, NF-xB pathway, whereas the role of
TC21 in activation of the extracellular signal-regulated
kinase/MAPK pathway is less clear™.

Significant down-regulation of pGSK3B (Ser 9) in
TC21-knockdown cells suggests a role of GSK3f3 down-
stream from Akt in TC21-mediated esophageal cancer.
TC21 knockdown also suppressed the phosphorylation
of the upstream kinase PDK1 (P-Serine 241). The phos-
phorylation of the p85 subunit of another upstream ki-
nase, PI3K was also suppressed upon TC21 knockdown
(data not shown). Suppression of Akt by TC21 siRNA
led to the suppression of phosphorylation of GSK3p,
the substrate for Akt. The serine/threonine kinase Akt,
a key target of PIP3, is activated by TC21%, resulting in
increased cell proliferation, transformation and survival
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Figure 5 Cell cycle analyses. A: TC21-knockdown cells (20 nmol siRNA for 48 h) were treated with cisplatin (8 pg/mL) for 24 h and cell cycle analysis was performed
by labeling cells with DNA binding dye propidium iodide. The panel shows 1: DNA histograms of mock-transfected TE13 cells for 48 h; 2: TE13 cells transfected with
TC21 siRNA for 48 h showing increased cell death; 3: TE13 cells without transfection for 24 h; 4: TE13 cells were treated with cisplatin alone for 24 h; 5: TE13 cells with-
out transfection for 72 h; 6: TE13 cells were transfected with TC21siRNA for 48 h for optimal knockdown followed by cisplatin at 8 pg/mL for 24 h; B: Stacked bar graph
depicts the cell cycle distribution. Data presented here as mean of percentage events from 3 independent experiments.

through numerous effectors, including Bad, GSK-3f3
and mTOR. Notably, a significant increase in pPTEN
expression was observed in TC21 siRNA-treated esoph-
ageal cancer cells compared with controls. Since pPTEN
is a PI3K antagonist and inhibits downstream signaling
through Akt, its upregulation in siRNA-treated cells
suggests the involvement of PI3K in TC21-mediated
esophageal tumorigenesis, suggesting that the PI3K/Akt
is a downstream target of TC21.

TC21-knockdown esophageal cancer cells did not
affect the level of P-Raf, suggesting that the TC21 path-
way is independent of Raf. Our results support the pre-
vious report that TC21 is regulated similar to Ras except
that it does not interact with full-length Raf 1, B raf,
and A raf, suggesting that TC21 uses a Raf-independent
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pathway to induce oncogenic transformation™. Tt also
interacts with Ral GDS 7 vitro, which may be responsible
for the Raf-independent pathway".

Cyclin D1 is a major regulator of the progression
of cells into the proliferative stage of the cell cycle™.
Interestingly, TC21 knockdown resulted in reduced ex-
pression of cyclin D1, suggesting TC21 may increase
cell survival of esophageal cancer by targeting cyclin
D1. Thus cyclin D1 may be a target of TC21 signaling
through the PI3K/Akt/NF-kB/cyclin D1 pathway. We
observed that TC21 gene knockdown by RNAI alone in-
duces an increase in the subGO population of TE13 cells
and a decrease in cyclin D1. Cell cycle progression from
GO0/GT1 to the S phase requires cyclin/cyclin-dependent
kinase (CDK) complexes and hyperphosphorylated reti-
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noblastoma protein (Rb). In the early G1 phase, the cy-
clin D1/CDK 4 complex phosphotylates Rb, triggering
a cascade of events, including the dissociation of E2F
from hyperphosphorylated Rb, the activation of E2F
transcription, and progression to the S phase™. Keep-
ing in view the above discussed facts it is possible that a
TC21 knockdown-induced decrease in cyclin D1 expres-
sion may block transition from G1 to the S phase.

Overexpression of TC21 activated its downstream
targets resulting in translocation of NF-kB to the nu-
cleus and stimulated the transcription of anti-apoptotic
genes including cyclin D1. Low cellular levels of cyclin
D1 have been reported to potentially contribute to in-
creased cisplatin sensitivity in human breast cancer cells
CAL-148"", Our results suggest that TC21 may enhance
cell survival against cisplatin-induced cell death through
activation of the PI3-K/Akt/NF-xB/cyclin D1 signal-
ing pathway in esophageal cancer cells. Knockdown of
TC21 sensitized TE-13 cells to cisplatin treatment and
resulted in an increase in the subGO population (cell
death), a decrease in G1/S-phase and an increase in G2/
M-phase populations. Further studies are needed to re-
veal new downstream targets of NF-kB responsible for
TC21-mediated cell survival.

In summary, cyclin D1 is a downstream target for
TC21 and TC21 may be a candidate marker for predic-
tion of cisplatin treatment outcome in esophageal cancer
patients. Our study draws attention to the relevance of
TC21 in the context of cisplatin pharmacogenetics of
esophageal cancer.

COMMENTS

Background

Esophageal cancer is one of the most aggressive malignancies of the gastroin-
testinal tract, ranking as the sixth most common cancer among males and ninth
most common cancer among females globally. Esophageal squamous cell car-
cinoma (ESCC) is the predominant histological subtype of esophageal cancer
in India, characterized by high mortality rate and strong association with dietary
habits and lifestyle.

Research frontiers

TC21/R-Ras2 is the only member of the R-Ras subfamily for which overexpres-
sion or mutants were detected in human tumor cells, including cells derived
from uterine sarcoma, ovarian cancer and mammary tumors. Increased expres-
sion of TC21 was found in breast cancer cells.

Innovations and breakthroughs

The effect of TC21 downregulation on cell signaling in esophageal cancer cells
was determined by assessing the phosphorylation status of its downstream
targets, phosphoinositide 3-kinase, phosphatase and tensin homolog, protein
kinase B, nuclear factor-xB (NF-kB), and cyclin D1 using specific antibodies.
Cell survival analysis after cisplatin treatment was carried out by a cell viability
assay and cell cycle analysis using flow cytometry.

Applications

Cyclin D1 is a downstream target for TC21 and TC21 may be a candidate
marker for prediction of cisplatin treatment outcome in esophageal cancer
patients. The study draws attention to the relevance of TC21 in the context of
cisplatin pharmacogenetics of esophageal cancer.

Peer review

This is a good descriptive study in which authors determine the functional
significance of TC21 in ESCC. The results are interesting and suggest that
that TC21 mediates its effects via PI3K-Akt pathway, NF-«B and cyclin D1 and
enhances chemoresistance in esophageal cancer cells.
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Abstract

AIM: To investigate the value of two-dimensional (2D)
and three-dimensional (3D) double contrast-enhanced
ultrasonography (DCUS) imaging for evaluation of gas-
tric lesions.

METHODS: 2D and 3D DCUS imaging with both oral
and intravenous administrations of contrast agents was
used to assess gastroscopiclly-confirmed gastric lesions in
46 patients with benign and malignant diseases. Initially,
liquid-based ultrasound contrast agent (Xinzhang®) was
given orally at dose of 500-600 mL for conventional
ultrasound examination of the gastric lesions, and then
a microbubble-based contrast agent (SonoVue) was
injected intravenously at dose of 1.2-2.4 mL in bolus
fashion to assess the perfusion pattern of the lesions
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using contrast imaging modes. The parameters derived
from time-intensity curves including the arrival time
(AT), time to peak (TTP), peak intensity (PI) and en-
hanced intensity (EI) were measured on the 2D DCUS
imaging. 3D DCUS of the lesions was acquired to dem-
onstrate the value of this imaging mode.

RESULTS: There were 22 cases with benign lesions
including chronic gastritis (7 = 5), gastric ulcer (7 = 9),
gastric polyps (7 = 3), gastric stromal tumors (7 = 5),
and 24 cases with malignant lesions including gastric
cancer (n = 20), gastric cardia carcinoma (7 = 3) and
post-operative recurrent gastric cancer (7 = 1) in the
study. The oral contrast-enhanced ultrasonography
(CEUS) imaging of the stomach clearly demonstrated
the anatomy of the stomach and morphologic features
of gastric lesions. With optimal scanning window and
imaging display under oral CEUS, intravenous CEUS
clearly showed the perfusion of gastric lesions with
various characteristic manifestations. Both 2D and 3D
DCUS images clearly demonstrated normal gastric wall
as a three-layer structure, from the inside out, hypere-
choic mucosa, hypoechoic muscularis and hyperechoic
serosa, respectively. There were statistical significant
differences of AT (8.68 = 2.06 vs 10.43 £ 2.75, P =
0.017), PI (34.64 + 6.63 vs 29.58 + 8.22, P = 0.023)
and EI (29.72 £+ 6.69 vs 22.66 + 7.01, P = 0.001) be-
tween malignant lesions and normal gastric wall. How-
ever, no differences of AT, PI and EI between benign
lesions and normal gastric wall tissue were found. 3D
DCUS could intuitively display morphological features
and vascularities of the lesions with multiplanar and
volume views. 3D DCUS imaging provided comprehen-
sive information complementary to 2D imaging. The
crater or wellhead appearances and feeding vessels
as well as distorted nourishing vasculature of gastric
carcinoma were better seen with 3D imaging than 2D
imaging.

CONCLUSION: DCUS imaging can simultaneously
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display the anatomic and perfusion features of gastric
lesions. 3D DCUS can provide additional information to
2D DCUS for evaluation of gastric lesions.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The common methods for examination of the upper
gastrointestinal (GI) tract are x-ray with oral barium-
based contrast agent and endoscopy. Their shortcomings
include the fact that they often cannot delineate submu-
cosal mural structures of the GI tract. Limitations to the
sonographic assessment of the upper GI tract and adja-
cent organs include patient body habitus and the presence
of gas-filled bowel, which can produce shadowing arti-
facts'™”. Although ingestion of degassed water has been
used to improve sonographic assessments of the GI tract
and retroperitoneal structures, water simply displaces gas
within the GI tract and can produce inconsistent results.
Imaging water-filled stomach usually results in an increase
in the wall through transmission, which may cause tis-
sues of otherwise normal echogenicity to appear more
echogenic than expected, creating a potential source of
diagnostic error. Over the years, researchers attempted to
develop oral contrast agents to improve the assessment
of the GI tract and adjacent structures by absorbing and
displacing bowel gas and provide an acoustic window for
sonographic visualization of upper GI tract. One of such
oral contrast agent Xinzhang® (Huqingyutang Pharma-
ceuticals Co., Hangzhou, China) has been developed and
commercially available in China for ultrasound imaging
of upper GI tract in clinical settingsp"ﬂ.

During the last two decades, contrast-enhanced ultra-
sound imaging (CEUS) with intravascular contrast agents
has been investigated and has gradually emerged in clini-
cal settings. The rapid development of contrast agents
for sonography is precipitated by the performance limits
of grayscale imaging and Doppler techniques. As US
Imaging is used to study smaller and deeper structures in
the abdomen, the spatial resolution of grayscale imaging
and Doppler sensitivity becomes critical to the degree
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that it impacts the clinical utility of sonography. Contrast
agents promise to improve the sensitivity and specificity
of current sonographic diagnoses and have the potential
to expand the already broad range of its applications.

Recently, we have explored new technique which com-
bines both oral and intravenous CEUS imaging methods,
so called Double contrast-enhanced ultrasound (DCUS),
for evaluation of gastric abnormalities. The purpose of
this study was to investigate the value of DCUS imaging
using both two-dimensional (2D) and three-dimensional
(3D) modes for the evaluation of gastric lesions.

MATERIALS AND METHODS

Patients

The study protocol was approved by our hospital ethical
committee, and all patients gave informed consent and
agreed to participate in the study. During a period from
2007 to 2011, 2D and 3D DCUS imaging with both oral
and intravenous administrations of contrast agents was
used to assess gastroscopiclly-detected gastric lesions in
46 patients with 22 begin cases and 24 malignant cases.
All final diagnoses are confirmed by endoscopic biopsy
or surgical pathological findings. There were 31 males
and 15 females, aged from 23 years to 80 years with a
mean age of 54.93 + 12.49 years.

Equipment and contrast agents

The DCUS was performed using full digital ultrasound
scanners 1U22 (Philips Medical Systems, Bothell, WA)
with a C5-2 probe or Sequoia-512 (Siemens Medical So-
lutions, Mountain View, CA) with a 4C1 probe for 2D
imaging. Philips C6-2 volume probe was used for acquir-
ing 3D DCUS imaging. Conventional ultrasound imaging
mode was used for oral contrast imaging while contrast
imaging modes (Philips Pulse inversion harmonic imag-
ing and Siemens contrast pulse sequencing techniques)
were used for intravascular contrast imaging.

The commercially available oral contrast agent Xin-
zhang® (Huqingyutang Pharmaceuticals Co., Hangzhou,
China) was supplied as powder which is derived form
rice and soya. The 48 g per package was reconstituted by
adding 500-600 mL of cooled boiling water and gently
agitating by hand to form a homogeneous thin paste.

The intravenous contrast agent SonoVue® (Bracco
SpA, Milan, Italy) was injected in bolus fashion at doses
of 1.2-2.4 mL through brachial vein, followed by 5 mL
normal saline flush.

Double oral and intravenous contrast imaging

DCUS exanimation was performed after patient’s fasting
for at least 8 h on the day of the study. The stomach of
all patients was scanned using real time gray-scale imaging
when the patients swallowed the oral agent to expand the
cavity of the stomach. Using contrast agent-filled gastric
cavity with homogenous moderate echogenicity as an
acoustic window, the location, shape and size of any pos-
sible lesions and the wall thickness of the stomach were

August 21, 2012 | Volume 18 | Issue 31 |



Shi H et a/. Double contrast-enhanced ultrasonography of gastric lesions

carefully imaged and recorded under dynamic scanning
with patients in the supine and both decubitus positions.
The scanning parameters (e.g., the depth, focus, and gain)
were adjusted to achieve optimal imaging display as con-
ventional ultrasound examination.

After oral contrast imaging localization of the gastric
lesion, vascular CEUS of was performed with a bolus
injection of 1.2-2.4 mL of SonoVue zia a 20-gauge pe-
ripheral intravenous catheter under contrast imaging
mode with a low mechanical index (0.09-0.21). Initially,
each subject underwent 2D imaging to observe the perfu-
sion pattern and measure the time-intensity curve of the
lesions and adjacent normal wall of stomach as control.
The CEUS parameters of arrival time (AT), time to peak
(T'TP), infusion time (I'T, IT = TTP - AT), baseline inten-
sity (BI), peak intensity (PI) and enhanced intensity (EI,
EI = PI - BI) was obtained and calculated from the time-
intensity curve. Next, the regions of interest were se-
lected based on the 2D contrast imaging and 3D images
of the region of interest were acquired using a 3D probe
with additional contrast agent injection during the arterial
phase of enhancement. The 3D imaging volume files was
stored digitally with both on-line and off-line imaging
process and analysis.

Statistical analysis

SPSS 13.0 (SPSS Inc., Chicago, United States) was used
for statistical analysis. The values of measurements were
expressed as (mean = SD). Two sample ~test was used
to compare each parameter (AT, TTP, PI, EI and IT)
between benign or malignant lesions and normal gastric
walls. For all analyses, a P value of less than 0.05 was con-
sidered statistically significant.

RESULTS

A total of 46 pathologically-proved cases were enrolled in
the study. There were 22 cases with begin lesions includ-
ing chronic gastritis (7 = 5), gastric ulcer (7 = 9), gastric
polyps (7 = 3), gastric stromal tumors (# = 5), and 24
cases with malignant lesions including gastric cancer (7 =
20), gastric cardia carcinoma (7 = 3) and post-operative
recurrent gastric cancer (7 = 1). The 2D DCUS with oral
and intravenous contrast enhancement was successfully
performed in all 46 patients While 43 out of 46 patients
underwent 3D contrast imaging studies. Both 2D and 3D
DCUS images cleatly demonstrated normal gastric wall as
a three-layer structure, from the inside out, hyperechoic
mucosa, hypoechoic muscularis and hyperechoic serosa,
respectively (Figure 1). DCUS characteristic findings of
gastric lesions were visualized as follows.

Benign lesions

Gastric ulceration lesion: Gastric ulceration lesion ap-
peared as a contrast agent-filled defect on the stomach
wall with a spot-like mural hyperechogenic area in 9 cases.
There was a lack of localized partial or prominent gastric
wall thickening. Intravenous contrast 2D imaging shown
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Figure 1 Two-dimensional double contrast-enhanced ultrasound imaging.
A: The picture showing intravenous contrast harmonic imaging with the echo-
free gastric cavity and three layers of normal gastric wall (arrow); B: The picture
showing oral contrast imaging of normal gastric wall (arrow) and cavity filled
with echogenic contrast agent.

uniformed enhancement of the gastric wall adjacent to
the lesion and 3D DCUS imaging showed the gastric
cavity and wall with a focal defect atea consistent with an
ulcer (Figure 2).

Gastric polyp: Gastric polyp appeared as a hyperechoic
beansprout-shaped or a cone-shape mass projecting into
the cavity of the stomach in 3 cases (Figure 3). Intrave-
nous contrast 2D imaging shown simultaneous and equal
enhancement of both lesions and normal gastric walls.

Gastric stromal tumor: Gastric stromal tumot shown as
a hypoechoic or neatly anechoic mass within gastric wall
under oral contrast imaging in 5 cases (Figure 4). These
lesions had clear demarcation, regular around shape, and
homogeneous echotexture. Larger ones protruded into
the stomach cavity (# = 3) and have inhomogeneous
echotexture (# = 2). Intravenous contrast 2D imaging
demonstrated simultaneous or delayed enhancement of
stromal tumors with homogeneous iso- or hypo-enhance-
ment when compared with adjacent normal gastric wall.
A ring enhancement appear in hypo-enhancement lesions
(n=2).

Gastric inflammatory lesion: Inflammatory thickening
of the gastric wall was clearly seen under oral contrast
displays in 5 chronic gastritis cases. The focal gastric in-
flammatory lesion appeared as homogeneous hypoechoic
thickening associated with mild elevation of smooth sur-
face of the wall. There was no remarkable change in the
layers of the gastric wall. Intravenous contrast 2D imag-
ing of the thickening wall shown uniform, simultaneous
and iso- or hyper-enhancement compared to the normal
gastric wall.

Malignant lesions

The characteristics of gastric carcinoma were demonstrat-
ed with oral contrast imaging in 24 cases. The features of
malignant lesions included irregular shape, heterogeneous
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Figure 2 Double contrast-enhanced ultrasound imaging of gastric ulceration. A: Three-dimensional (3D) double contrast-enhanced ultrasound imaging showed
the gastric cavity and wall with a focal defect area consistent with an ulcer (arrow); B: Another 3D imaging with different angle showed the ulcerative lesion (arrow) and
the folds of gastric wall with pseudo-color which similar to gastroscopic imaging; C: The ulcerative lesion (arrow) is seen on gastroscope imaging.

Figure 3 Double contrast-enhanced ultrasound imaging of gastric polyp. A: Two-dimensional double contrast-enhanced ultrasound (DCUS) imaging displayed a
polyp with a wide base projecting into the gastric cavity. Contrast enhancement was seen on both polyp and gastric wall; B: Three-dimensional DCUS imaging of the
polyp showed in figure A; C: The surgical specimen of the polyp confirmed the DCUS finding.

Figure 4 Double contrast-enhanced ultrasound imaging of gastric stromal tumor. A: Two-dimensional double contrast-enhanced ultrasound (DCUS) images
displayed a anechoic mass into the gastric cavity in oral contrast ultrasonography (right figure), from which we hardly judged whether it was cystic or solid lesion; but
the intravenous contrast imaging (left figure) showed there was contrast agent enhancement in the focus of infection (arrow); B: Three-dimensional DCUS imaging

displayed the tumor elevated to the gastric cavity (arrow).

echotexture and disrupted layers of the gastric wall on the
2D oral contrast imaging. The mass-like lesion shown as
a solid mass protruding into the cavity while the diffuse
lesion appeared as a localized wall thickening and irregular
surface of the lesions. The lesions with ulceration in 6
cases shown as filling defects within the lesions (Figure 5).
Extensive infiltrative lesions in 9 cases shown diffuse het-
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erogeneous thickening of the gastric wall which resulted
in gastric cavity narrowing, The passage of oral contrast
agent through the narrow gastric cavity can be seen with
slow and stiff gastric peristalsis in real-time imaging. In
3 patients with carcinoma of gastric cardia, oral contrast
imaging shown hypoechoic wall thickening of the distal
esophageal and gastric cardia. Echogenic contrast agents
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Figure 5 Double contrast-enhanced ultrasound imaging of ulcerative gastric cancer. A: Two-dimensional double contrast-enhanced ultrasound (DCUS) images
(conventional imaging on the right and harmonic imaging on the left) showed a contrast-enhanced mass with crater-like ulcerative defect (arrow); B: Three-dimension-
al DCUS imaging showed distorted nourishing vasculature within the gastric cancer (arrow).

Figure 6 Double contrast-enhanced ultrasound imaging of infiltrative gastric cancer. A: An oral contrast image showed diffusely thickened gastric wall with nar-
rowed gastric cavity (arrow) in a patient with gastric cancer; B: Three-dimensional double contrast-enhanced ultrasound (DCUS) imaging showed thickened gastric
wall and narrowed echo-free gastric cavity (arrow); C, D: Two-dimensional DCUS images showed fence-like tumor vessels penetrating through thickened gastric wall

in the arterial phase (arrows).

passing through the narrow lumen of gastroesophageal
junction was seen during the swallowing of contrast
agent. In 6 patients with gastric carcinoma, enlarged
lymph nodes adjacent to gastric wall were identified with
hypoechogenic and round-shape features.

Combining with oral contrast imaging, intravenous
2D contrast imaging demonstrated variable patterns of
enhancement of the lesions. When compared to adja-
cent normal gastric wall, there were iso-enhancement
in 2 lesions, hypo-enhancement in 1 lesions and hyper-
enhancement in 21 lesions. The feeding vessels and dis-
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torted tumor vasculature was clearly identified with 2D
DCUS imaging (Figure 6). All lesions appeared as earlier
enhancement in wash-in phase than the normal gastric
wall. Under DCUS imaging condition, the enhancement
parameters of time-intensity curves in both begin and
malignant lesions shown in Table 1.

3D double contrast-enhanced ultrasonography imaging
Reconstructed 3D imaging demonstrated global render-
ing of DCUS imaging with different prospective of
morphology for both normal structures and gastric le-
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Benign lesions Normal gastric wall P value Malignant lesions Normal gastric wall P value
AT (s) 943 +£2.25 9.22 £2.37 0.753 8.68 + 2.06 10.43 £2.75 0.017
TTP (s) 16.24 £ 3.67 16.43 £3.32 0.862 15.86 + 3.80 17.86 £ 4.19 0.089
IT (s) 6.85 £ 2.56 7.22+257 0.643 717 £2.45 744 £3.03 0.344
BI (dB) 5.07 £3.49 5.29+4.16 0.846 493 +£3.25 6.92 £4.59 0.09
PI (dB) 31.36 + 8.55 32.96 + 8.58 0.538 34.64 £ 6.63 29.58 +£8.22 0.023
EI (dB) 26.28 +£9.90 27.64 £ 9.59 0.648 29.72 £ 6.69 22.66 +7.01 0.001

AT: Arrival time; TTP: Time to peak; IT: Infusion time; BI: Baseline intensity; PI: Peak intensity; EI: Enhanced intensity.

sions. 3D imaging displayed intuitive pictures of lesions
and the gastric layers from multiple imaging angles and
views, which corresponded well with surgical specimens
(Figures 2, 3 and 7).

In cases with thickened wall bulging unevenly or a
mass protruding into (or outward) the gastric cavity, 3D
DCUS imaging provided comprehensive information to
complementary to 2D imaging. The crater or wellhead
appearances and feeding vessels as well as distorted nout-
ishing vasculature of gastric carcinoma were better seen
with 3D imaging than 2D imaging (Figures 5, 7).

DISCUSSION

Ultrasound imaging is a convenient and noninvasive diag-
nostic tool for evaluation of abdominal organs. However,
its use in diagnosing gastric abnormalities is limited by
the interference of the gas in the GI tract. In 1978, Wat-
ren first used hydrophilic methyl cellulose oral suspen-
sion in ultrasound examination to image retroperitoneal
organs such as stomach, duodenum or pancreas'. Since
then, researchers have done many studies in oral contrast
agent for gastric ultrasound imaging!?. Early-developed
oral contrast agents have short emptying, large required
quantity, and an unpalatable taste. The oral contrast agent
Xinzhang® used in this study is vegetable-based with main
components being beans and starch!”, which is a uniform
thin paste with pleasant taste and slow emptying feature
without side effects, and thus is easily accepted by patients
especially children and the elderly. The thin paste-based
agent produces uniform moderate echogenic reflection
within well-filled stomach, which clearly shows all normal
layers of gastric wall, gastric lesions and surrounding struc-
tures under optimal contrast imaging. The gastric lesions
revealed by oral contrast ultrasound in this study included
mild thickening of the gastric wall, polypoid lesions and
other stomach masses. Small lesions such as 0.5 cm diam-
eter ulcer and 1.0 cm diameter stromal tumors can be iden-
tified. In addition, oral contrast gastric ultrasound imaging
can be cartied out using conventional ultrasound systems,
which is easily applied in the clinical practice.

Although oral contrast imaging can show normal
anatomy of the stomach and the location, shape and size
of gastric lesions, its ability to determine internal struc-
tures and blood perfusion status of the lesion is limited.
For example, gray-scale imaging cannot determine a very
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hypoechoic mass (such as gastric stromal tumor) whether
it is cystic or solid"*"’. Also, color Doppler ultrasound
has a poor sensitivity in revealing small blood flow of the
gastric wall or lesions. In previous study, intravenous con-
trast imaging has been used for the evaluation of gastric
tumor in canine to determine the blood perfusion status
of the tumors'™. However, without appropriated gray-
scale imaging of the stomach, Intravenous contrast imag-
ing cannot achieve useful information of blood perfusion
for assessment of tumor vascularity and surrounding
structures. Therefore, DCUS imaging is necessary for
evaluation of gastric lesions in order to obtain compre-
hensive information.

Micro-bubble-based SonoVue is a second-generation
intravenous ultrasound contrast agent. It has phospholip-
ids as capsule, containing sulfur hexafluoride gas. Its di-
ameter is similar to that of red blood cells, which enables
it to reach microvessels of all peripheral organs through
intravenous injection. This agent has an average half-life
of 12 min #n vive. It is removed by lungs through respira-
tion in 15 min and poses no obvious toxic effect to the
liver and kidney. In term of the difference from CT con-
trast agents such as lipiodol, microbubble-based contrast
agent does not penetrate vessel wall and leak into intet-
stitial space. Its distribution in the lesion represents the
distribution of the microvessels, and the intensity of the
lesion enhancement represents the density of those ves-
sels™ . Therefore, DCUS can be used to evaluate both
the morphology and vascularity of gastric lesions.

In this study, we demonstrated that oral contrast im-
aging can provide excellent acoustic window for evalua-
tion of a variety of gastric lesions by conventional gray-
scale imaging. Furthermore, oral contrast imaging severs
as important platform for assessment of blood perfusion
of the lesions by intravascular contrast imaging. Thus,
DCUS is able to demonstrate both morphologic appear-
ances and petfusion status of both normal and abnormal
structures, which improves the ability of differential
diagnosis. For example, oral contrast imaging revealed
4 gastric stromal tumors as anechoic lesions which was
difficult to decide whether they are cystic or solid le-
sions. However, the use of intravenous contrast imaging
demonstrated internal blood perfusion of these tumor
lesions, which confirmed they are solid lesions instead of
cystic lesions. More important, DCUS can show the re-
lationship of the lesion’s vasculature and the gastric wall
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Figure 7 Double contrast-enhanced ultrasound imaging of mass-type gastric cancer. A: Oral contrast imaging revealed a tumor (arrow) extended into the back
wall of stomach, which could not be seen by gastroscopy; B: Two-dimensional double contrast-enhanced ultrasound (DCUS) imaging showed the tumor attached to
the posterior wall and enhanced in peripheral areas with the center of non-enhancement at early arterial phase; C: A contrast time-intensity curve of the lesion showed
that the arrival time was shorter and the peak intensity was higher in the peripheral lesion (red curve) than those in normal gastric wall (yellow curve); D: The surgical
specimen demonstrated the tumor with central necrosis which consistent to DCUS findings; E: Three-dimensional DCUS imaging showed the outer-growing lesion

with a tumor feeding vessel (arrow); F: The feeding vessel on the gross specimen was seen and coincident with the DCUS imaging.

as well as their contours outlined by contrast imaging,
which accentuates pathological features. Indeed, DCUS
images can clearly show the pathological features of the
lesions, which made sonographic diagnosis to fit with
internationally wide adopted Borrmann’s classification of
advanced gastric cancert, i.e., polypoid lesion, ulcerated le-
sion, ulcerating infiltrative lesion, and infiltrative lesion.
Comparing malignant lesions with surrounding normal
gastric tissue using contrast-enhanced time-intensity curve,
values of AT, PI and EI parameters except TTP and IT
wete statistically significant (P < 0.05). Whereas compating
benign lesions with surrounding normal gastric tissue, all
parameters including AT, TTP, I'T, PI and EI are not statis-
tically significant (P > 0.05). Thus, early AT and increased
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PI, EI, can be used as potential indexes and indicators for
evaluating gastric begin and malignant lesions™. Since EI
eliminated baseline intensity factor, it should reflects the
actual intensity of the enchantment. Previous study have
shown that, in gastric cancer, EI correlates well to the
pathological microvessel density (> = 0.921, P < 0.001)"",
which may reflect the density of microvessels with the le-
sion, and could be a new parameter for evaluating biologi-
cal behavior and angiogenesis of gastric cancer.

3D DCUS imaging provides comprehensive and
observational perspective for gastric wall and lesion
morphology. It can show the intuitive appearance of the
lesion relevant to the gastric wall which closely correlates
to pathological specimen and increases the confidence
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of clinical diagnosis. In malignant lesions, 3D imaging
shown the dense, tortuous distorted and heavily cluttered
vasculatures of the lesions, which is similar to the “tumor
vascularity” seen in the liver and other organ malignan-
cies”™. 3D DCUS imaging can supplement 2D imaging
and provide more evidence for the diagnosis of benign
and malignant gastric lesions.

It should be point it out that this is preliminary obser-
vation of DCUS imaging applications. The limitations of
this study include small number cases with vatious gasttic
abnormalities and no blinded comparison with endo-
scopic examinations. Prospective study design with larger
clinical trial is needed for further investigations.

In conclusion, DCUS imaging is able to simultane-
ously display the sonographic features of various gastric
lesions and its vasculatures as well as perfusion patterns.
The parameters of AT, PI and EI could serve as potential
indicators for differentiating benign and malignant gastric
lesions. 3D DCUS could provide additional information
to 2D DCUS for evaluation of gastric lesions.

COMMENTS

Background

The common methods for examination of the upper gastrointestinal (Gl) tract
are x-ray with oral barium-based contrast agent and endoscopy. Their short-
comings include the fact that they often cannot delineate submucosal mural
structures of the Gl tract. Over the years, oral contrast agents to improve the
assessment of the Gl tract and adjacent structures by absorbing and displacing
bowel gas and provide an acoustic window for sonographic visualization of up-
per Gl tract have been developed and commercially available in China, one of
such oral contrast agent was Xinzhang®. Recently, the authors have explored
new technique which combines both oral and intravenous contrast-enhanced
ultrasonography (CEUS) imaging methods, called Double contrast-enhanced
ultrasound, for evaluation both morphologic appearances and perfusion status
of gastric abnormalities.

Research frontiers

Two-dimensional (2D) double contrast-enhanced ultrasound (DCUS) could
clearly demonstrate normal gastric wall and differentiate normal gastric wall
from benign and malignant lesions. Three-dimensional (3D) DCUS could intui-
tively display morphological features and vascularities of the lesions with multi-
planar and volume views.

Innovations and breakthroughs

The oral contrast agent Xinzhang® used in this study is vegetable-based with
main components being beans and starch, which is a uniform thin paste with
pleasant taste and slow emptying feature without side effects, and thus is easily
accepted by patients especially children and the elderly. DCUS is able to dem-
onstrate both morphologic appearances and perfusion status of both normal
and abnormal structures, which improves the ability of differential diagnosis.
In the study, small lesions such as 0.5 cm diameter ulcer and 1.0 cm diameter
stromal tumors can be identified.

Applications

The study results suggest that 2D and 3D double DCUS was safe, highly sensi-
tive and specific and could be applied for evaluation of gastric lesions.

Peer review

This is an interesting and well written study aimed at assessing the role of con-
trast enhanced 2D and 3D US in the evaluation of gastric lesions. Even if it is a
preliminary study and further prospective validation is need, the manuscript is
very clear and very well documented by images.
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Abstract

AIM: To compare the clinical outcome and pathologic
features of non-alcoholic steatohepatitis (NASH) patients
with hepatocellular carcinoma (HCC) and hepatitic C
virus (HCV) patients with HCC (another group in which
HCC is commonly seen) undergoing liver transplantation.

METHODS: Patients transplanted for HCV and NASH
at our institution from January 2000 to April 2011 were
analyzed. All explanted liver histology and pre-trans-
plant liver biopsies were examined by two specialist liv-
er histopathologists. Patient demographics, disease free
survival, explant liver characteristics and HCC features
(tumour number, cumulative tumour size, vascular inva-
sion and differentiation) were compared between HCV
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and NASH liver transplant recipients.

RESULTS: A total of 102 patients with NASH and 283
patients with HCV were transplanted. The incidence of
HCC in NASH transplant recipients was 16.7% (17/102).
The incidence of HCC in HCV transplant recipients was
22.6% (64/283). Patients with NASH-HCC were statisti-
cally older than HCV-HCC patients (P < 0.001). A signif-
icantly higher proportion of HCV-HCC patients had vas-
cular invasion (23.4% vs 6.4%, P = 0.002) and poorly
differentiated HCC (4.7% vs 0%, P < 0.001) compared
to the NASH-HCC group. A trend of poorer recurrence
free survival at 5 years was seen in HCV-HCC patients
compared to NASH-HCC who underwent a Liver trans-
plantation (P = 0.11).

CONCLUSION: Patients transplanted for NASH-HCC
appear to have less aggressive tumour features com-
pared to those with HCV-HCC, which likely in part ac-
counts for their improved recurrence free survival.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The prevalence of obesity in North American Society
continues to rise!. With this increasing rate of obesity
there has been a concomitant increase in the preva-
lence of non-alcoholic fatty liver disease (NAFLD)”.
The natural history of NAFLD is quite variable. It
includes a spectrum ranging from reversible steatosis
to steatohepatitis with hepatic fibrosis (NASH), and
ultimately cirrhosis””. Up to 30% of adults in North
America and Western Europe are known to have excess
fat accumulation in the liver. Of these, nearly 10%
have NASH, which represents 2%-3% of all adults.
There is speculation that NASH may soon become one
of the main causes of End Stage Liver Disaese (ESLD)
requiring liver transplantation in North America'”.

Hepatitis C virus (HCV) is one of the most com-
mon undetlying liver diseases in hepatocellular carcinoma
(HCC), accounting for about one-third of the cases of
HCC in the United States. It is well established that
patients with NASH can progress to develop HCC with
previous reports suggesting that the 5 year prevalence
may be as high as 7.6%". However as increasing num-
bers of HCC cases arising from NASH are being seen,
it is important to clarify the outcomes and recurrence by
comparing the clinical and pathological features of HCC
due to NASH with those of HCC caused by one the
more common underlying liver diseases in HCC, HCV
infection, as a benchmark.

Previous studies have suggested that patients with
NASH cirrhosis ate less likely than those with HCV to
get transplanted"”. This may be in large part to a higher
likelihood of being denied listing for co-morbid condi-
tions. Previous authors have shown that NASH patients
with diabetes, hypertension, body mass index (BMI) >
30 years and age > 60 years undergoing liver transplanta-
tion have a poor (50%) 1 year mortality"'". However in
appropriately selected NASH patients post liver trans-
plant survival can fair at least as well as individuals who
undergo transplant for other etiologies. The outcome of
NASH patients with underlying HCC undergoing a liver
transplantation compared to HCV patients with underly-
ing HCC (another group in which HCC is commonly
seen) has not been thoroughly investigated. Specifically
the tumour characteristics in explanted livers and disease
free survival between these groups have not been com-
patred. The goal of the present study was to compate the
clinical and pathological parameters as well as disease free
survival in the two groups.

MATERIALS AND METHODS

We performed a retrospective review on all patients who
underwent liver transplantation (LT) for HCV or NASH
cirthosis from January 2000 to April 2011 at our institu-
tion. Patients less than 18 years of age were excluded.
Data on these patients were prospectively entered in our
transplant database. In order to confirm or refute the
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original histological diagnoses, all explanted liver histol-
ogy and pre-transplant liver biopsies were re-examined by
two specialist liver histopathologists who were blinded to
the original diagnoses.

The ctiology of the original liver disease was diag-
nosed by set criteria. NASH was determined to be the
cause of chronic liver disease in patients with histological
evidence of steatohepatitis in pre-transplant liver biop-
sies or in liver explants (steatosis, portal and/or lobular
inflammation, hepatocyte ballooning, pericellular fibrosis
and the presence of Mallory bodies)m’m, in conjunction
with no history of alcohol consumption. HCV-related
liver disease was confirmed by explants pathology and
the presence of HCV RNA.

All patients with a pre and post-transplant diagnosis
of HCC were identified in both the NASH and HCV
groups. Listed patients with known HCC all fell within
Milan Criterial". Patients who received pre-transplant
radiofrequency ablation were excluded. HCC was con-
firmed histologically in the explanted liver. All Donation
after Cardiac Death (DCD) organs were procured from
controlled DCD donors using techniques previously pub-
lished by our group!”. Primary outcomes were patient
survival as well as pathologic features of HCC (tumour
number, cumulative tumour size, vascular invasion and
differentiation). Level of differentiation of HCC tumours
was graded using the Modified Edmondson-Steiner grad-
ing system“()]. Additional variables investigated included
age at diagnosis, gender and o-feto-protein (AFP) levels.
Recurrence free survival was taken at the time point of
maximal follow-up.

Statistical analysis

All data are presented as means £ SD. Differences be-
tween groups were analyzed using the unpaired # test for
continuous variables and by the ZZ test or continuity cor-
rection method for categorical variables. Survival curves
for patient and graft survival were generated using the
Kaplan-Meier method and compared by the log-rank test.
All statistical tests were two-sided and differences were
considered significant when P < 0.05.

RESULTS

A total of 832 liver transplants were performed at the
London Health Sciences Centre during the study pe-
riod. Of these, 283 (34.0%) recipients were positive for
HCV based on the aforementioned criteria. NASH was
the indication for liver transplantation in 96 (11.5%) re-
cipients, and 42 (5.1%) recipients were diagnosed with
‘cryptogenic’ or ‘idiopathic’ cirrhosis. The remaining 411
(49.4%) recipients had liver failure due to other iden-
tifiable causes. Of the 42 cases originally diagnosed as
cryptogenic cirrhosis, 6 were re-designated as NASH as-
sociated cirrhosis based on current histologic and clinical
definitions. Thus the final analysis of HCV and NASH
liver transplant recipients was: 283 (34.0%), 102 (12.3%)
respectively (Figure 1).
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NASH-HCC
NASH 2%

HCV-HCC
8%

Other
54%

HCV
26%

Figure 1 Diagnosis in patients undergoing liver transplantation. HCC:
Hepatocellular carcinoma; HCV: Hepatitic C virus; NASH: Non-alcoholic steato-
hepatitis.

HCV/HCC NASH/HCC P value
n = 64 n=17

Age at transplant (mean + SD) 52.6+5.8 58.6+4.2  <0.001
Gender (% male) 94% 94% 1.000
Donor source (DBD/DCD/LD) 56/8/0 16/0/1 NA
AFP (mean + SD) 93.1+2044 203+34.0 0.149
Number of tumours 1.59 £0.81 1.64+£0.75 0.819
(mean + SD)
Cumulative size of tumours 398+24 327+21 0.270
(mean * SD)
Vascular invasion 23.40% 6.30% 0.002
Poorly differentiated 4.70% 0% <0.001

AFP: o-feto-protein; DBD: Donation after brain death; DCD: Donation
after circulatory death; LD: Living donor; HCC: Hepatocellular carcinoma;
HCV: Hepatitic C virus; NASH: Non-alcoholic steatohepatitis; NA: Not
available.

The incidence of HCC in NASH recipients was 16.7%
(17/102). Importantly, none of the re-categotized NASH
patients who were originally designated cryptogenic were
found to have HCC. The incidence of HCC in HCV liver
transplant recipients at our centre was 22.6% (64/283).

Patients with NASH-HCC were statistically older than
HCV-HCC patients (58.6 £ 4.2 years »s 52.6 = 5.8 years,
P < 0.001). There was no significant difference in gender
or preoperative AFP level between the two groups. No
patients with NASH-HCC received a DCD liver allograft
(Table 1). The diagnosis of HCC was made before liver
transplantation using multiple imaging techniques in 65%
of NASH patients and 89% of HCV patients. HCC
was more likely to be found incidentally in transplanted
NASH patients (35%) than in transplanted HCV patients
(11%) (P = 0.015).

Pathological characteristics of the NASH-HCC tu-
mours were compared with those of HCV-HCC tumours
(Table 1). A significantly higher proportion of HCV-
HCC patients had vascular invasion (23.4% vs 6.4%, P =
0.002) as well as poorly differentiated tumours (4.7% vs
0%, P < 0.001) compared to the NASH-HCC. There was
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Kaplan-Meier survival estimates
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Figure 2 Recurrence free survival in non-alcoholic steatohepatitis-
hepatocellular carcinoma vs hepatitis ¢ virus-hepatocellular carcinoma
groups. HCC: Hepatocellular carcinoma; HCV: Hepatitic C virus; NASH: Non-
alcoholic steatohepatitis.

no significant difference in the mean number of tumours
or the mean cumulative size of the tumours between the
two groups. In both groups, the tumours satisfied Milan
criteria pre-transplantation.

Disease free survival at time of maximal follow-up
was not statistically significant between the two groups
however there was a clear trend towards lower disease

free survival in the HCV-HCC group (P = 0.11, Figure 2).

DISCUSSION

The prevalence of NAFLD has continued to increase
as the obesity epidemic continues. The rate of progres-
sion from NAFLD to the development of NASH or end
stage liver disease is unknown. However, the frequency
of NASH in patients listed for transplantation in North
America has been previously determined to be 2.9%!"".
This is likely an underestimate as this number was based
on data collected from the 1990s, whereas in the last de-
cade the rates of obesity and metabolic syndrome have
increased dramatically. A more recent analysis of data
from the Scientific Registry of Transplant Recipients
(SRTR) reported that the rate had increased to 3.5%".
In our series, 12.3% of patients have NASH as the di-
agnosis leading to liver failure requiring transplantation.
NASH as a primary diagnosis in patients being listed or
transplantation has continued to increase at our centre.
The natural history of NAFLD ranging from re-
versible steatosis to steatohepatitis with hepatic fibrosis
(NASH), and ultimately the possibility of developing
HCC has been previously described"”. In small previ-
ously published North American series of patients
transplanted for NASH, HCC was found in 22% (2/9)
of patients™. In our series of 102 patients with NASH
cirthosis, 16.7% had HCC at the time of transplantation.
This is a similar rate to the 22.6% of our HCV cirrhotic
patients requiring transplantation, another well known
high risk group for developing HCC. The high incidence
of HCC in NASH patients undergoing liver transplanta-
tion suggests that these patients are at high risk of devel-
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oping HCC and should undergo frequent ultrasound sut-
veillance in a similar fashion to that performed in patients
with HCV.

It has also been shown that patients with NASH are
less likely to be listed for transplantation due to comorbidi-
ties, a justifiable practice given suboptimal results in NASH
patients possessing theses comotbidities"”. However in
selected NASH patients receiving liver transplantation,
others have shown that 5 year disease free survival after
transplantation was significantly better than disease free
survival in the C and B viral groups, 66%, 29% and 39%
respectively[zﬂ. More recent studies have suggested there is
no difference in 1 year and 3 year survival between patients
transplanted for NASH and those transplanted for other
indications”™. The outcome in patients with HCV is clearly
affected by possible recurrence of HCV cirrhosis however
NASH patients are also at risk for recurrence of NASH
cirrhosis with some studies suggesting the incidence of
recurrent NASH being as high as 25%> .

Patients with NASH and HCC post-transplant out-
comes have not been previously investigated compared
to patients with HCV and HCC (another group in which
HCC is commonly seen). In previous studies looking at
patients undergoing liver resection for HCC, cumulative
survival after resection was comparable among HCV-
HCC and NASH-HCC patient groups”".

In our study a significantly higher proportion of
HCV-HCC patients had vascular invasion as well as
poorly differentiated tumours compared to the NASH-
HCC group. Vascular invasion is the strongest predictor
of recurrence in patients with HCC®”.

In the present study a trend of poorer recurrence free
survival was seen in HCV-HCC patients compared to
NASH-HCC who underwent a Liver transplantation. The
higher proportion of patients with vascular invasion and
pootly differentiated tumours may at least in part account
for this difference in recurrence free survival. Based on
our results it therefore appears that NASH associated
HCC might be a less aggressive form of HCC compared
with HCV associated HCC. It must also be entertained
that some of the sickest NASH patients may not be listed
for transplantation because of significant comorbidities
ot poor operative candidacy.

Limitations of the present study include its single
centre nature as well as the lack of generalizability to
non-transplant NASH and HCC populations due to the
unique social and biologic factors of patients approved
for transplantation.

In summary in those where NASH progresses to cit-
rhosis, there is a significant proportion that go on to de-
velop HCC suggesting these individuals should undergo
aggressive screening protocols directed toward the eatly
detection of HCC, in a similar fashion to patients with
HCV-cirrhosis. Patients with NASH-HCC undergoing
liver transplantation also appear to be older than HCV-
HCC patients undergoing liver transplantation. In ap-
propriately selected patients with NASH and HCC post-
transplant outcomes equal if not better than patients with
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HCV-HCC (another group in which HCC is commonly
seen). This may be related to less vascular invasion and
less poortly differentiated pathology.

COMMENTS

Background

There is speculation that Non-alcoholic steatohepatitis (NASH) may soon
become one of the main causes of end stage liver disease requiring liver trans-
plantation in North America. The clinical outcome and pathologic features of
NASH patients with hepatocellular carcinoma (HCC) undergoing liver transplan-
tation compared with hepatitic ¢ virus (HCV) patients with HCC (another group
in which HCC is commonly seen) has not been thoroughly investigated.

Research frontiers

A significantly higher proportion of HCV-HCC patients had vascular invasion
(23.4% vs 6.4%) and poorly differentiated HCC (4.7% vs 0%) compared to the
NASH-HCC group. A trend of poorer recurrence free survival at 5 years was
seen in HCV-HCC patients compared to NASH-HCC who underwent a Liver
transplantation.

Innovations and breakthroughs
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characteristics in explanted livers and disease free survival between NASH-
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outcomes equal if not better than patients with HCV HCC (another group in
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Peer review

In this manuscript, the authors investigated the clinical outcome and pathologic
features of NASH patients with HCC undergoing liver transplantation compared
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Abstract

AIM: To find a possible relationship between inflam-
mation and CA19-9 tumor marker by analyzing data
from patients with benign jaundice (BJ) and malignant
jaundice (MJ).

METHODS: All patients admitted for obstructive jaun-
dice, in the period 2005-2009, were prospectively en-
rolled in the study, obtaining a total of 102 patients. On
admission, all patients underwent complete standard
blood test examinations including C-reactive protein
(CRP), bilirubin, CA19-9. Patients were considered eli-
gible for the study when they presented obstructive
jaundice confirmed by instrumental examinations and
increased serum bilirubin levels (total bilirubin > 2.0
mg/dL). The standard cut-off level for CA19-9 was 32
U/mL, whereas for CRP this was 1.5 mg/L. The CA19-9
level was adjusted by dividing it by the value of serum
bilirubin or by the CRP value. The patients were divided
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into 2 groups, MJ and BJ, and after the adjustment a
comparison between the 2 groups of patients was per-
formed. Sensitivity, specificity and positive predictive
values were calculated before and after the adjustment.

RESULTS: Of the 102 patients, 51 were affected by BJ
and 51 by MJ. Pathologic CA19-9 levels were found in
71.7% of the patients. In the group of 51 BJ patients
there were 29 (56.9%) males and 22 (43.1%) females
with a median age of 66 years (range 24-96 years),
whereas in the MJ group there were 24 (47%) males
and 27 (53%) females, with a mean age of 70 years
(range 30-92 years). Pathologic CA19-9 serum level
was found in 82.3% of MJ. CRP levels were pathologic
in 66.6% of the patients with BJ and in 49% with MJ.
Bilirubin and CA19-9 average levels were significantly
higher in MJ compared with BJ (P = 0.000 and P =
0.02), while the CRP level was significantly higher in
BJ (P = 0.000). Considering a CA19-9 cut-off level of
32 U/mL, 82.3% in the MJ group and 54.9% in the BJ
group were positive for CA19-9 (P = 0.002). A CA19-9
cut-off of 100 U/mL increases the difference between
the two groups: 35.3% in BJ and 68.6% in MJ (P =
0.0007). Adjusting the CA19-9 value by dividing it by
serum bilirubin level meant that 21.5% in the BJ and
49% in the MJ group remained with a positive CA19-9
value (P = 0.003), while adjusting the CA19-9 value
by dividing it by serum CRP value meant that 31.4%
in the B] group and 76.5% in the MJ group still had
a positive CA19-9 value (P = 0.000004). Sensitivity,
specificity, positive predictive values of CA19-9 > 32
U/mL were 82.3%, 45% and 59.1%; when the cut-
off was CA19-9 > 100 U/mL they were, respectively,
68.6%, 64.7% and 66%. When the CA19-9 value was
adjusted by dividing it by the bilirubin or CRP val-
ues, these became 49%, 78.4%, 69.4% and 76.5%,
68.6%, 70.9%, respectively.

CONCLUSION: The present study proposes CRP as a
new and useful correction factor to improve the diag-
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nostic value of the CA19-9 tumor marker in patients
with cholestatic jaundice.
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INTRODUCTION

CA19-9 is a tumor marker that increases in pancreatic
and biliary malignancy and it has been promoted as a
reliable test for the detection of pancreato-biliary malig-
nancy. In pancreatic cancer, CA19-9 has been reported
to have 70%-80% sensitivity and 80%-90% specificity in
tumor diagnosis, whereas in cholangiocarcinoma without
history of sclerosing cholangitis the sensitivity and speci-
ficity are, respectively, 77.9% and 76.3%"?. CA19-9 is
unfortunately increased not only in patients with pancre-
atic or biliary cancers but also in benign biliary diseases
which often present with jaundice and is therefore often
misleading, reducing significantly the diagnostic accuracy
of this marker”. The relationship between CA19-9 and
jaundice has been analyzed and studied to find possible
adjustments to increase the sensitivity, specificity and pre-
dictive value of the test in differential diagnosis of hepa-
tobiliary diseases associated with jaundice. Therefore,
some authors have suggested to adjust CA19-9 value by
dividing it empirically by the serum bilirubin value™.
Other factors that could influence and alter the values of
this tumor marker have not been studied yet. Inflamma-
tion contributes to elevating the CA19-9 value and it can
be assessed by monitoring the acute-phase proteins: one
of these is the C-reactive protein (CRP) which rises in
response to infection, injury and neoplasm.

This research was stimulated by our own experience
of patients presenting with jaundice of benign etiol-
ogy who were found to have grossly elevated CA19-9
levels. The purpose of this study was to clatify the clini-
cal interpretation and diagnostic value of an elevated
serum CA19-9 level, with special reference to coexistent
obstructive jaundice. The present study, first in the litera-
ture, analyzes a possible relationship between CA19-9,
bilirubin and inflammation, expressed as CRP value,
aiming to find a ratio or a better corrective factor to in-
crease predictivity of CA19-9 and reduce the number of
misleading false positive results.
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MATERIALS AND METHODS

All the patients admitted for obstructive jaundice to the
Department of Emergency Surgery, Cannizzaro Hos-
pital, University of Catania, Italy, between September
2005 and September 2009, were considered for the pres-
ent study. The patients were enrolled prospectively, 51
for each group of benign jaundice (BJ) and malignant
jaundice (M]) patients, obtaining a total of 102 patients.
At admission, all patients underwent complete standard
blood test examinations, including serum bilirubin levels.
Patients were considered eligible for the study when they
presented obstructive jaundice confirmed by instrumen-
tal examinations and increased bilirubin serum levels (to-
tal bilirubin > 2.0 mg/dL). Serum levels of CA19-9 and
CRP were also measured at the time of admission. The
standard cut-off level of CA19-9 was 32 U/mL, whereas
for CRP this was 1.5 mg/L. The definitive diagnosis was
obtained by instrumental examinations, surgical explora-
tion and pathology. Instrumental examinations included
ultrasonography, computed tomography scan, magnetic
resonance imaging, endoscopic ultrasound scan and
endoscopic retrograde cholangiopanctreatography. The
CA19-9 level was adjusted by dividing it by the value of
serum bilirubin firstly, and then by the CRP value. The
patients were divided into 2 groups: MJ and BJ. After
the adjustment a comparison between the serum levels
in the 2 groups of patients was obtained by Wilcoxon
two sample test. Differences for categorical variables
were assessed using the chi-square test or Fishet’s exact
test when adequate. Spearman correlation between the 3
parameters of CA19-9, bilirubin and CRP in each group
of patients was computed. The receiver operating char-
acteristic curve was used to establish the probability that
a patient with M] has a high value of CA19-9. A P value
less than 0.05 was considered statistically significant.

RESULTS

The present longitudinal study analyzed a total of 102 pa-
tients: 53 (52%) men and 49 (48%) women with a median
age of 09 years (range 24-96 years). In the group of 51
BJ patients there were 29 (56.9%) males and 22 (43.1%)
females with a median age of 606 years (range 24-96 years),
whereas in the M] group there were 24 (47%) males and
27 (53%) females, with a median age of 70 years (range
30-92 years). Causes of BJ included: common bile duct
(CBD) stones (66.6%), gallbladder stones with cholangi-
tis (15.7%), biliary pancreatitis (15.7%), papillitis (1.9%).
Causes of MJ included: pancreatic cancer (49%), bile duct
cancer (19.6%), gallbladder cancer (13.7%), ampullary
cancer (9.8%), intrahepatic cholangiocarcinoma (1.9%)
and other malignancy (5.8%; 2 patients with metastatic
nodes in porta hepatis and one patient with peritoneal
carcinomatosis from ovarian cancer). Pathologic CA19-9
serum level was found in 82.3% of MJ, but in two pa-
tients the CA19-9 was 2.5 U/mL. CA19-9 did not cor-
relate directly with the grade of biliary obstruction either
expressed as bilirubin level in BJ and MJ (Figure 1). CRP
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Figure 1 Correlation between total bilirubin and CA19-9 for benign jaun-
dice (exponential line fit, R* = 0.013) (A) and malignant jaundice (exponen-
tial line fit, R = 0.132) (B). BJ: Benign jaundice; MJ: Malignant jaundice.
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Figure 2 Receiver operating characteristic curve for biomarker CA19-9.
ROC: Receiver operating characteristic.

levels were pathologic in 66.6% of the patients with B]J
and in 49.0% with MJ. Mean bilirubin and CA19-9 levels
were significantly higher in M] compared to BJ, while the
CRP level was significantly higher in BJ (Table 1). Table 2
reports the serum level of bilirubin, CA19-9 and CRP ac-
cording to the cause of jaundice. There were no relevant
differences in bilirubin according to the cause of jaundice.
Comparing the CA19-9 value between patients with pan-
creatic cancer and patients with other causes of M] and
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Benign Malignant P value
No. of patients 51 51
Bilirubin serum level 5.2 (2.12-24.03) 9.7 (4.07-24.25) < 0.0001
(median and range) 95% CI =5.0-7.2 95% CI =9.6-12.5
(g/dL)
CA19-9 serum level 36 (2-27019) 405 (2.5-62974)  0.02

(median and range)

95% CI = 0-2.508

95% CI = 699-6282

(U/mL)
>32 (%) 28/51 (54.9) 42/51 (82.3) 0.003
> 100 (%) 18/51 (35.3) 35/51 (68.6) 0.0007
CRP (median and 6.91 (0.1-30) 297 (0.1-13.2) 0.0002
range) (U/mL) 95% CI=4.6-83  95% Cl=23-41
>15 (%) 34/51 (66.6) 25/51 (49.0) 0.005
>5 (%) 21/51 (41.2) 7/51 (13.7) 0.004

CRP: C-reactive protein; CI: Confidence interval.

BJ, no difference was reported. CRP was significantly (P =
0.04) higher in patients with CBD stones than in pancre-
atic cancet, and patients with B] and pancreatitis had the
highest value of CRP. In MJ the average level of CRP was
significantly higher in gallbladder cancer than in bile duct
cancet, but not different from that in pancreatic cancer.

When considering the CA19-9 cut-off level of 32
U/ml, 42 of 51 patients (82.3%) in the malignant group
and 28 of 51 (54.9%) in the benign group were posi-
tive for CA19-9 (Fisher’s exact test: P = 0.002). Figure 2
shows that the area under the curve or probability that a
patient diagnosed with M] has a major value of CA19-9
compared to a patient diagnosed with BJ was 0.71. In-
creasing the cut-off level of CA19-9 to 100 U/ml, the
difference between the two groups increases: 35.3% in
BJ and 68.6% in MJ (Fisher’s exact test: P = 0.0007).
Changing the cut-off level alters the sensitivity and spec-
ificity as shown in Table 3, but by pushing up the cut-
off level in spite of an increase of specificity we have
obtained a reduction in the sensitivity of the test.

Adjusting the CA19-9 value by dividing it by serum
bilirubin level, 11 of 51 patients (21.6%) in the BJ and
26 of 51 patients (51.0%) in the M] group remained
with a positive CA19-9 value (Fisher’s exact test: P =
0.003), increasing the specificity to 78.4% but reducing
the sensitivity to 49%.

The second mode of adjustment of the CA19-9 value
was performed by dividing it by serum CRP value. Con-
sequently, 16 of 51 patients (31.4%) in the BJ group and
39 of 51 patients (76.5%) in the M] group remained with
a positive CA19-9 value (Fisher’s exact test: P = 0.000004).
By this adjustment the sensitivity increases to 76.5%,
the specificity to 68.6% and the positive predictive value
(PPV) to 70.9%.

DISCUSSION

The diagnostic role of CA19-9 as a test for the detection
of pancreato-biliary malignancy remains pootly defined,
because, as in other diagnostic modalities, the utility of
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Bilirubin CA19-9 (U/mL) CRP (U/mL)
Cause No. of cases (g/dL),

median Median P value' > 32 > 100 Median Pvalue> > 1.5 >5
Malignant 51 9.7 405 42 (8.3)  35(68.6) 2 25 (49) 7 (13.7)
Pancreatic cancer 25 (49) 11.29 461 - 23(92)  19(76) 1.96 0.04 12 (48) 3(12)
Bile duct cancer 10 (19.6) 9.94 313 0.28 7 (70) 6 (60) 1.26 0.06 1 (10) 0
Gallbladder cancer 7 (13.7) 8.94 3361 0.59 6(85.7) 5(714) 4.13° 0.91 5(714) 2(28.5)
Ampullary cancer 5(9.8) 6.49 196 0.42 4 (80) 3 (60) 45 0.69 4 (80) 1(0.2)
Intrahepatic cholangio carcinoma 1(1.9) 16.13 2600 NA 1 1 5.96 NA 1 1
Others 3(5.8) 7.65 16 0.53 1 1 4.95 0.84 2(66.6) 1(33.3)
Benign 51 52 36 28 (549) 18(35.3) 45 34 (66.6) 21 (41.2)
CBD stones 34 (66.6) 5.63 42 0.10 19 (55.8) 12(35.2) 3.47 - 22 (64.7) 11 (32.3)
Gallbladder stones with cholangitis 8 (15.7) 5.26 55 0.54 4 (50) 3 (37.5) 2.31 0.73 5(62.5) 3(37.5)
Biliary pancreatitis 8 (15.7) 3.85 61 0.27 4 (50) 3(37.5) 10.33 0.04 7(87.5) 7(87.5)
Chronic papillitis 1(1.9) 6.6 35 NA 1 0 0.7 NA 0 0

°P = 0.04 vs other cancers. 'Wilcoxon test compared to pancreatic cancer; *Wilcoxon test compared to common bile duct (CBD) stones. CRP: C-reactive pro-

tein; NA: Not applicable.

Sensitivity Specificity PPV
CA19-9 >32U/mL 82.3 45.0 59.1
CA19-9 > 100 U/mL 68.6 64.7 66.0
CA19-9/BIL 49.0 78.4 69.4
CA19-9/CRP 76.5 68.6 70.9

PPV: Positive predictive value; BIL: Bilirubin; CRP: C-reactive protein.

CA19-9 has several confounding limitations. Firstly, false
positive elevations in CA19-9 exist in benign conditions
such as liver diseases (primary sclerosing cholangitis,
primary biliary cirrhosis, chronic hepatitis, acute liver
failure), obstructive jaundice, pancreatitisp”s’&m. Even
diseases not related to the hepatobiliary tract such as in-
terstitial pulmonary disease"”, collagen vascular diseases
and, reportedly, heavy tea consumption“’”l suggest that
CA19-9 may be expressed as a marker of a systemic
inflammatory response. Furthermore, CA19-9 has also
been shown to be upregulated in other malignant tumors
including gastric, ovarian, and colorectal carcinoma'”
However, the most common cause of false positive
CA19-9 is obstructive jaundicem]. Physiologically, bili-
ary epithelial cells secrete mucins carrying the epitope
of CA19-9, hence the high level of CA19-9 in serum
during the obstructive jaundice, reflecting both inflam-
matory hypersecretion and leakage of biliary mucins
into serum. This process can be reversed by resolution
of the jaundice, which is often associated with a fall in
CA19-9 greater in benign disease than in malignantm,
because in malignant disease the synthesis of CA19-9
by proliferating cells contributes to the total level in a
manner independent from any associated condition™.
In this series patient with malignant jaundice had higher
mean levels of bilirubin than those with benign jaundice;
additionally, the level of CA19-9 was significantly higher
in malignant than in benign, especially if we considered
a cut off level > 100 U/mL. Unfortunately, in our study,
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CA19-9 does not correlate directly with the grade of
biliary obstruction either in benign or in malignant jaun-
dice (Figure 1), even if we observed that in patients with
benign disease levels of CA19-9 decreased after relief of
biliary obstruction (data not shown).

Secondly, the concentration of this tumor marker in
the serum may be influenced by the patient’s secretor
status, because patients who are genotypically negative
for the Lewis blood group antigen (a-, b-), approximately
4%-15% of the general population, do not synthesize
CA19-9", As above in the present series the rate of M]
with 2 CA19-9 value less than 2 U/mL is 3.9%.

Furthermore, not only hyperbilirubinemia can ob-
scure the clinical value of CA19-9, but inflammation can
contribute and have a role. CRP, synthesized in hepato-
cytes, is one of the acute-phase proteins which are com-
ponents of the innate immune responses that increase
after infections, trauma, burns, tissue infarction, inflam-
matory process and tumors. In general, increased CRP
levels in malignant disease could also be caused by an in-
flammatory response to tumor invasion'"”. Padillo e# a/'",
analysing CRP in 24 jaundice patients, found CRP levels
significantly higher in patients with cancer. Differently
from that study, this series showed the CRP serum levels
are higher in benign obstructive jaundice than in malig-
nant. Indeed, Table 2 reports that CRP is significantly (P
= 0.04) higher in patients with CBD stones than those
with pancreatic cancer; in particular, patients with BJ and
pancreatitis have the highest value of CRP. Malignancy
such as gallbladder cancer and intrahepatic cholangiocat-
cinoma present values of CRP comparable to BJ, prob-
ably due to an intensive inflammatory response to the
tumor.

In our seties, 54.9% of patients with benign jaun-
dice had positive CA19-9 levels (cut-off 32 U/mL), and
35.5% had CA19-9 value over 100 U/mL; therefore,
although the overall increase of the tumor marker in
benign jaundice was inferior compared to that observed
in malignancies, there was an ovetlap of values between
cancer and non-cancer causes. This resulted in a low
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accuracy of CA19-9 to diagnose pancreatic-biliary ma-
lignancies in patients with jaundice, especially since this
marker is not able to distinguish pancreatic carcinoma
from other malignancy or other benign causes of jaun-
dice, as reported in Table 2, differing from what has
been shown in other studies'*'”. Even when consider-
ing a cut-off level of 100 U/mlL, the specificity is still
64.7%. As a result of this diagnostic overlap, the Ameri-
can Society of Clinical Oncology does not currently
advocate its use for screening, evaluation of resectability
or disease follow—upm]. For this reason some authors
suggested to push up the cut-off level to 300 U/mL
in presence of cholangitis and cholestasis to increase
CA19-9 specificity, but this was associated with a signifi-
cant decrease of sensitivity[zol‘ To achieve a specificity of
100%, cut-off levels greater than 1000 U/mL should be
considered”. We recorded ten BJ patients with CA19-9
level greater than 300 U/mL and five BJ patients with
more than 1000 U/mL, and all of them had serum bili-
rubin level lower than 8 mg/dL. These data can explain
why there is no difference in the mean CA19-9 value
between each cause of BJ and pancreatic cancer jaun-
dice (Table 2). Indeed, multiple reports of patients with
extremely high CA19-9 values in patients with B can be
found in the literature™ Y. Several studies have shown
that the association of elevated levels of CA19-9 with
the diagnosis of cancer is significantly obscured in the
face of obstructive jaundice, and because the bilirubin
level correlates with CA19-9, they suggest that this value
should be adjusted for hyperbilirubinernia[m’i1]. In our
study CA19-9 does not correlate directly with the grade
of biliary obstruction, either in BJ or in M]J.

Hence, based on the knowledge that in benign jaun-
dice high levels of CA19-9 are an expression of obstruc-
tion and inflammation and CRP levels are higher in this
group of patients, the most appropriate adjusting factor
could be the CRP and not the bilirubin value. Indeed,
54.9% of patients with BJ had a CA19-9 level greater than
32 U/mlL, and using a CA19-9 cut-off of 100 U/mL,
the specificity of the test to detect malignancy is in-
creased, with little decrease in the sensitivity. But the ma-
jority of benign jaundice patients have a CA19-9 value <
100 U/mlL, so by adjusting this value with the CRP it is
possible to increase the reliability of the test. As shown
in Table 3 using the bilirubin as adjusting factor, even if
the specificity reaches 78.4%, the sensitivity falls down to
49%; instead the CRP value better reflects the inflamma-
tory status, obtaining 76.5% sensitivity, 68.6% specificity
and 70.9% PPV. Certainly, the CA19-9 value has to be
considered as an adjunctive value to the patient’s history
in the diagnosis of patients with obstructive jaundice,
and its value, even after adjustment, should be helpful in
planning the type and priority of further investigations
with regard to the liver, bile ducts and pancreas.

In conclusion, the present study proposes adjusting
to the CA19-9/CRP ratio as a new diagnostic tool in
patients with cholestatic jaundice, which has not been
reported in similar studies in the literature. This simple
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ratio can significantly increase the specificity and the
positive predictive value of CA19-9 in the differential
diagnosis between malignant and benign jaundice. Other
complementary studies of these markers are essential for
diagnosis of malignant tumors when jaundice is present.

COMMENTS

Background

CA19-9 is a tumor marker which is increased in both benign and malignant
hepatobiliary diseases. Previous studies have shown that CA19-9 has high
sensitivity and specificity in pancreatic cancer. However, this tumor marker has
been found to be elevated in benign biliary diseases as well. Hence the accu-
racy of CA19-9 is unreliable. The authors have tried to analyze the relationship
between CA19-9, bilirubin and CRP levels to predict the accuracy of CA19-9 in
malignant obstructive jaundice.

Research frontiers

After experiencing patients presenting with jaundice of benign etiology and
having grossly elevated CA19-9 levels, the authors aimed to clarify the clinical
interpretation and diagnostic value of an elevated serum CA19-9 level, with
special reference to coexistent obstructive jaundice. CA19-9 is demonstrated
to be influenced by bilirubin level, but other factors such as inflammation could
influence and alter the values of this tumor marker. The research hotspot is how
the inflammation influences the level of CA19-9.

Innovations and breakthroughs

In the past, the accuracy of CA19-9 level was improved by dividing it by bilirubin
level, but the high level of CA19-9 in serum during obstructive jaundice reflects
also an inflammatory hypersecretion. The inflammation can be assessed by
monitoring the acute-phase proteins: one of these is the C-reactive protein
(CRP). In this regard, in the present study, the CA19-9 level was adjusted by
dividing it by the value of serum bilirubin and by the CRP value to look for a
ratio or a better corrective factor to increase predictivity of CA19-9 and reduce
the amount of misleading false positives. In fact, this adjustment increases the
sensitivity to 76.5%, the specificity to 68.6% and the positive predictive value to
70.9%.

Applications

The study results suggest that considering inflammation as a reliable factor
which increases the CA19-9 level in benign disease, abnormal tumor marker
values in these patients can be corrected using the CRP in order to reduce the
false positive results. In this way, it is possible to concentrate efforts in planning
the type and priority of further investigations in the liver, bile ducts and pancreas
in patients affected by malignancy.

Terminology

CA19-9: Tumor marker that increases in pancreatic and biliary malignancy, as
physiologically biliary epithelial cells secrete mucins carrying the epitope of
CA19-9; CRP: Synthesized in hepatocytes, is one of the acute-phase proteins,
which are components of the innate immune responses that increase after in-
fections, trauma, burns, tissue infarction, inflammatory process and tumors.

Peer review

This is a good longitudinal study in which authors analyze the relationship
between CA19-9, bilirubin and CRP levels to predict the accuracy of CA19-9 in
malignant obstructive jaundice. The results are interesting and suggest that the
inflammation influences the CA19-9 value and reducing this confounding factor
can help to better identify patients with malignant obstructive jaundice.
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Abstract

AIM: To screen for genes related to metabotropic re-
ceptors that might be involved in the development of
chronic hepatitis.

METHODS: Assessment of 20 genes associated with
metabotropic receptors was performed in liver speci-
mens obtained by punch biopsy from 12 patients with
autoimmune and chronic hepatitis type B and C. For
this purpose, a microarray with low integrity grade
and with oligonucleotide DNA probes complementary
to target transcripts was used. Evaluation of gene ex-
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pression was performed in relation to transcript level,
correlation between samples and grouping of clinical
parameters used in chronic hepatitis assessment. Clini-
cal markers of chronic hepatitis included alanine and
aspartate aminotransferase, y-glutamyltranspeptidase,
alkaline phosphatase and cholinesterase activity, levels
of iron ions, total cholesterol, triglycerides, albumin,
glucose, hemoglobin, platelets, histological analysis of
inflammatory and necrotic status, fibrosis according to
METAVIR score, steatosis, as well as anthropometric
body mass index, waist/hip index, percentage of adi-
pose tissue and liver size in ultrasound examination.
Gender, age, concomitant diseases and drugs were
also taken into account. Validation of oligonucleotide
microarray gene expression results was done with the
use of quantitative real-time polymerase chain reaction
(qRT-PCR).

RESULTS: The highest (0.002 < P < 0.046) expres-
sion among genes encoding main components of
metabotropic receptor pathways, such as the a subunit
of G-coupled protein, phosphoinositol-dependent pro-
tein kinase or arrestin was comparable to that of an-
giotensinogen synthesized in the liver. Carcinogenesis
suppressor genes, such as chemokine ligand 4, tran-
scription factor early growth response protein 1 and
lysophosphatidic acid receptor, were characterized by
the lowest expression (0.002 < £ < 0.046), while the
factor potentially triggering hepatic cancer, transcrip-
tion factor JUN-B, had a 20-fold higher expression. The
correlation between expression of genes of protein
kinases PDPK1, phosphoinositide 3-kinase and protein
kinase A (Spearman’s coefficient range: 0.762-0.769)
confirmed a functional link between these enzymes.
Gender (P = 0.0046) and inflammation severity, mea-
sured by alanine aminotransferase activity (P = 0.035),
were characterized by diverse metabotropic receptor
gene expression patterns. The Pearson’s coefficient
ranging from -0.35 to 0.99 from the results of gRT-PCR
and microarray indicated that gqRT-PCR had certain
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limitations as a validation tool for oligonucleotide mi-
croarray studies.

CONCLUSION: A microarray-based analysis of hepa-
tocyte metabotropic G-protein-related gene expression
can reveal the molecular basis of chronic hepatitis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The natural course of chronic viral hepatitis is affected
by progression of fibrosis and the risk of hepatocellular
carcinoma development". Current data indicate that
intracellular signaling disturbances have an impact on
progression of inflammation and fibrosis, as well as car-
cinogenesis, in the course of chronic hepatitis.

G-protein-coupled receptors (GPCRs) are a family
of cell sutface receptors which receive, integrate and en-
hance the majority of extracellular signals. After stimula-
tion with different signals, GPCRs activate amplifying
enzymatic cascades, regulatory proteins and ion chan-
nels. This activation regulates cellulat responses, includ-
ing growth, proliferation, and cell survival.

In the present study, using microarray DNA analysis,
we attempt to define genes related to metabotropic re-
ceptors associated with progression of chronic hepatitis.

DNA technology with genomic profiling and cluster
analysis allows determination of the role of genes in the
pathogenesis of liver injury”. We assessed the activity
of 20 genes encoding metabotropic receptors, some of
which have been documented to have probable signifi-
cance in the progression of chronic hepatitis.

The assessment of expression of genes of the main
component of GPCR, such as the G-protein o subunit
(GNAS), 3-phosphoinositide-dependent protein ki-
nase-1 (PDPKT), phosphoinositide 3-kinase (PIK3CG),
protein kinase A (AKT7) and arrestin § (ARRB2) was
performed. We determined transcription factor JUN-B,
ETS-domain protein (ELK4), early growth response
protein 1 (EGRTY) activated as the result of GPCR stimu-
lation, angiotensinogen (AGT), which is a GPCR-ligand,
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dual-specificity protein phosphatases 14 (DUSP74),
which is responsible for dephosphorylation of kinase
products, calcitonin receptor proteins (CALCK), thy-
rotropin receptor (ITSHRK), colony stimulating factor-3
(CSF3), sphingosine-1-phosphate receptor 1 (EDGT),
and lysophosphatidic acid receptor (EDG2) associated
with G-protein. The selection of EDG2, EGRT, JUN-B,
chemokine (C-C motif) ligand 4 (CCL4), ELLK4 genes
was based on their association with cellular proliferation,
differentiation and apoptosisp’()]. Additionally, the se-
lected group represented genes involved in regulation of
inflammatory response and liver fibrosis, which included
genes for interleukin 1f (IL-78) and its receptors IL1
type I (IL7R7), IL1 type I (IL7R2), CALCR, EDGT,
CCIL4, AGT and adhesion molecules vascular cell adhe-
sion molecule 1 (VCAM7)",

MATERIALS AND METHODS

In the group of 12 patients (7 men, 5 women; age 36 *
10.8 years) with chronic hepatitis type B (2 patients) and C
(8 patients) and autoimmune hepatitis (2 patients), accord-
ing to clinical indications, a liver biopsy was performed by
the Menghini technique. From the obtained liver sections,
a sample of 2-3 mm in length was frozen at -75 ‘C until
the analysis of mRNA of 20 selected genes was performed
(gene list Figure 1). During the histopathological investiga-
tion of the biopsies, the degree of inflammation and fibro-
sis was assessed by the METAVIR score and steatosis by
the steatosis scoring system.

On the day of liver biopsy, the activity of serum alanine
aminotransferase (ALT/GPT Cobas, Roche Diagnostics,
Mannheim, Germany), aspartate aminotransferase (ASPAT/
GOT Cobas), y-glutamyltransferase (GGT Cobas), alkaline
phosphatase (ALP Cobas), cholinesterase (CHE Cobas), the
level of iron (Fe Cobas), total cholesterol (CHOD-PAP Co-
bas), triglycerides (TG Cobas), albumin (ALB plus Cobas),
glucose (GLU Cobas), hemoglobin and platelet (Sysmex
XE-2100, Sysmex Europe GMBH, Norderstedt, Germany)
were assessed. Anthropometric measurements, including
body mass index, waist/hip index and the percentage of
fatty mass was assessed by skin fold thickness. The size of
the liver was measured during ultrasound examination of
the abdomen. Patient characteristics included the presence
of concomitant illnesses, drug history, as well as the use
of such substances as alcohol and cigarettes (Figure 2). In
women, the menstrual cycle phase and menopause were
taken into account. Biochemical, histological and anthropo-
metric parameters are presented in Figure 2. The gene ex-
pression studies were performed using microarray (with low
integration level), with DNA oligonucleotides complemen-
tary to the investigated transcripts. Total RNA was isolated
from liver samples using the TRI Reagent (Sigma-Aldrich,
St. Louis, United States), and then purified using the RNeasy
MiniElute spin columns with a DNA eliminator (Qiagen,
Hilden, Germany). The quantity of isolated RNA was as-
sessed by a spectrophotometer (NanoDrop, Wilmington,
United States), and subsequently its degradation level was
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Figure 1 Agglomerative hierarchical clustering methods of genes ex-
pression. The dendrogram assigned to the numerical value on the horizontal
axis describes the patients’ correlation; the dendrogram assigned to individual
genes on the vertical axis describes the genes’ correlation. Figures on the
x-axis denote patient order. VCAM1: Vascular cell adhesion molecule 1; TSHR:
Thyroid stimulating hormone receptor; CCL4: Chemokine (C-C motif) ligand 4;
CALCR: Calcitonin receptor; PDPK1: 3-phosphoinositide-dependent protein
kinase-1; PIK3CG: Phosphoinositide 3-kinase; IL143: Interleukin 1B3; AKT1:
Protein kinase A; GNAS: o subunit of G-coupled protein; ARRB2: Arrestin f3;
IL1R1: Interleukin 1 receptor, type I ; CSF3: Colony stimulating factor-3; ELK4:
ETS-domain protein; AGT: Angiotensinogen; JUN-B: Transcription factor jun-B;
IL1R2: Interleukin 1 receptor, type II; EDG1: Sphingosine-1-phosphate recep-
tor 1; DUSP14: Dual-specificity protein phosphatases 14; EGR1: Early growth
response protein 1; EDG2: Lysophosphatidic acid receptor.

JUN-B
IL1IR2
EDG1
DUSP14
EGR1
EDG2

measured by a capillary electrophoresis system (Experion,
Bio-Rad, Hercules, United States). For further analysis
only samples without evidence of RNA degradation were
qualified (RQI > 8.5 Rna Quality Index). Subsequently,
based on the obtained RNA, probes were synthesized ac-
cording to the manufacturer’s instructions (SABiosciences,
Frederick, United States), and then hybridized to a micro-
array. We used the Oligo GEArray Human GPCR Signal-
ing Pathway Finder Microarray (OHS-071) supplied by
SABioscences. Detection of the array probes is achieved
based on chemiluminescence, using the FujiLAS System
(FujiFilm, Tokyo, Japan). The resulting images (the signal
density) were quantified using the OligoAnalyser (SA-
Biosciences). The obtained results describing the relative
levels of gene expression (with respect to the reference
gene) were further examined.

Diversification in gene expression was assessed by
agglomerative hierarchical clustering methods. Using the
Spearman’s rank correlation coefficient for activity of the
investigated genes, we searched for pairs of objects and
then for clusters with the smallest distance (Figure 1). An
analogous classification was carried out using biochemi-
cal, histological and anthropometric parameters (Figure 2).
Determination of a direct correlation between gene ex-
pression and clinical features was done based on agglom-
erative hierarchical clustering of both the investigated
indicators of chronic hepatitis. The genotype-phenotype
distinction was analyzed using Fisher’s exact test, to de-
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Figure 2 Agglomerative hierarchical clustering methods of clinical fea-
tures expression. The dendrogram assigned to a numerical value on the
horizontal axis describes the patients’ correlation; the dendrogram assigned to
individual clinical features on the vertical axis describes the clinical features’
correlation. Figures on the x-axis denote patient order.

termine the difference between clustering of patients
achieved on the basis of a dendrogram of clinical signs
and a dendrogram of gene expression (Figures 1 and 2).
Differentiation of clinical parameters between groups of
patients with the biggest difference in gene expression
was performed by the Mann-Whitney U test and Fisher’s
exact test. In the present study, these were patients num-
ber 2,10, 9, 7 vs the rest (Figure 1). The Wilcoxon signed-
rank test was used to assess differential expression be-
tween the selected genes, to determine the three groups
of genes with the highest, moderate, and lowest activity
(Figure 3).

The results of the microarray experiment were veri-
fied by means of quantitative real-time polymerase chain
reaction (QRT-PCR) for IL7B, IVCAMT1, PIK3CG,
AGT, PDPK1, GNAS, JUN-B, EDG2, CC14, EGRT,
ILL7TR7, ILT1R2, CALCR, AKT7 and ARRB2. Total
RNA acquired from the tissues of interest was reverse-
transcribed using the High-Capacity cDNA Archive Kit
(Applied Biosystems, Foster City, United States) for the
2-step qRT-PCR assays. The qRT-PCR was performed
on a Chromo 4 (Bio-Rad), using the ABI SYBR Green
master mix (Applied Biosystems). Primer sets against
sequences of genes are indicated by microarray. They
are commercially available at OriGene (Rockville, United
States), but were additionally checked for specificity with
National Center for Biotechnology Information (NCBI)
The Basic Local Alignment Search Tool (BLAST). The
optimum annealing temperature for each primer set was
determined prior to the analysis of experimental sam-
ples. Following amplification, dissociation curves were
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Figure 3 Arithmetic mean of gene activity. There was a statistically signifi-
cant difference in the Wilcoxon signed-rank test between the genes with the
highest expression, GNAS, PDPK1, AGT, and ARRB2, and moderate expres-
sion, PIK3CG, AKT1, IL18, VCAM1, CALCR, and JUN-B, and between the
genes with moderate expression and the remaining genes with low expression.

analyzed for each reaction. A sample volume of 20 pL
was used for all assays which contained a 1X final con-
centration of SYBR green PCR master mix, 100 nmol
gene specific primers, and 1 pl. of template. The as-
says were run using the following protocol: 95 C for 10
min, 95 C for 40 s, gene specific annealing temperature
(58-62 C) for 60 s for 40 cycles, followed by a gradual
increase in temperature from 55 C to 95 ‘C during the
dissociation stage.

Following amplification, the instrument software
was used to set the baseline and threshold for each reac-
tion, as well as to determine the reaction efficiency. A
cycle threshold (Ct) was assigned at the beginning of the
logarithmic phase of PCR amplification and the differ-
ence in the Ct values [corrected for reaction efficiency:
Ct = Ct X log(efficiency)/log(2)] of the housekeeping
genes [mean Ct of glucuronidase (GUS) and beta-actin
(BAKT)] and the gene of interest were used to deter-
mine the relative expression of the gene in each sample.
Relative expression levels were then calculated as fold
changes to the housekeeping genes, where each PCR
cycle represented a 2-fold change.

The data of PCR and microarray experiments were
then correlated using Pearson’s coefficient.

The study was carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association.

RESULTS

Using the agglomerative hierarchical clustering methods
we found statistically significant correlations between the
EDG1, DUSP14, EGRT and EDG2 genes and PDPK17,
PIK3CG, AKT1, as well as clustering, though not sta-
tistically significant, for GNAS and ARRB2 (Figure 1).
Spearman’s rank correlation coefficients were 0.762 for
PDPKT1 and AKTT, 0.769 (P < 0.05) for PDPKT7 and
PIK3CG, 0.769 (P < 0.05) for AKT7 and PIK3CG, and
0.699 (P < 0.05) for GNAS and ARRB2. In case of
EDGT1, DUSP14, EGRT and EDG2, in 10 out of 12 pa-
tients there was no transcriptional activity. Except for the
transcriptional factor JUN-B and the stage of fibrosis
= 0.667 (P < 0.05), we did not observe any correlation
between the activity of the selected genes and the in-
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vestigated clinical factors. Assessing patient distribution
based on dendrograms of the investigated genotype and
phenotype, a difference on the border of statistical sig-
nificance was found in Fishet’s exact test (P = 0.08). The
patients with the highest diversity in gene expression
(Figure 1) showed a statistically significant difference in
gender and ALT activity (P = 0.0046 and P = 0.035, re-
spectively). Based on expression activity, the genes were
divided into a group with high activity, which included
GNAS, PDPK1, AGT and ARRB2 and statistically dif-
fered (0.002 < P < 0.046) from the genes with moderate
and low expression. The group of genes with moderate
activity of AKT7, PIK3CG, IL18, VVCAMI, JUN-B and
CAILCR also showed a statistically significant difference
(0.002 < P < 0.041) compated with genes which were
classified as belonging to the group with low expression
(Figure 3).

For the following genes: JUN-B, EDG2, CCL4 and
EGRI1, estimated with the use of microarrays and qRT-
PCR, there was a strong positive correlation, with Pearson’s
coefficient within the range of 0.61-0.99. For other genes,
I1.1B, VCAMT1, PIK3CG, AGT, PDPK1, and GNAS,
the correlation was weakly positive, with Pearson’s coef-
ficient ranging from 0.07 to 0.43; and for IL.7R7, IL.TR2,
CALCR, AKTT, and ARRB?Z the correlation of expres-
sion estimated with the two methods was weakly negative
(Pearson’s coefficient ranging from -0.1 to -0.35).

DISCUSSION

With the exception of the correlation between JUN-B
and fibrosis stage, we did not reveal any direct relation-
ship between expression of genes related to metabo-
tropic receptors in hepatocytes and anthropometric, his-
tological and biochemical parameters that are commonly
used for monitoring progression of chronic hepatitis.
In assessing the connection between gene expression
and the investigated clinical features, we found an im-
pact of gender and concentration of ALT in the serum
on changes in gene expression. The effect of these two
factors was detected as the result of the analysis of not
any single, but rather all the investigated genes. In the
probability test, it was gender which better determined
changes in gene activity rather than ALT. In chronic
hepatitis C and B, gender is the factor which defines the
course and prognosis of the disease!". Changes in gene
expression resulting from gender differences can influ-
ence the progression of liver disease.

In the present study, among different markers of
inflammation and fibrosis in the liver parenchyma, only
the ALT level differentiated the gene activity. Among
the investigated genes, there were important mediators
of inflammation, including IL-1, with their receptors,
as well as chemokines and adhesion factors. Also pro-
tein products of such genes as EDG1, EDG2, CALCR
are involved in the induction of the inflammatory re-
Sponse[g’m. In contrast to ALT, a small histological dif-
ference used to assess the inflammatory process in the
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liver, classified in the majority of cases as score 1 or 2
according to METAVIR, were not useful in assessing
gene expression.

The reported values of genes expression and their
statistical diversity allow distinction between three groups
of genes with high, moderate and low activity. Because
there is no direct correlation between gene activity and
clinical markers of chronic hepatitis, it is difficult to de-
termine if the observed gene expression is induced or
constitutional.

In the group of genes with the highest activity there
were genes of the main metabotropic receptor proteins,
GNAS, PDPK7 and ARRB2. Their high transcriptional
activity is related to their essential role in the metabo-
tropic receptor system. GNAS expression, despite indi-
vidual differences, showed the highest correlation with
ARRB2 among the investigated genes. Proportional
to the level of stimulation of GPCR, ARRB2 triggers
the mechanism of receptor internalization, which is an
adaptation to overstimulation'”. Also mRNA encoding
AGT was characterized by high expression. This obser-
vation remains in accordance with current literature and
is associated with the liver being the main site of AGT
synthesis'”. Because AGT is incorporated only indirectly
by the renin-angiotensin system in the progression of
liver fibrosis" ™" its gene activity did not correlate with
the histological assessment of this process.

In the group of genes with moderate activity, there
were genes which encode products involved in the
pathogenesis of liver injury. Disturbances of PIK3CG
described in chronic hepatitis as caused by NS5 protein
of hepatitis C virus and HBx protein of hepatitis B virus
destabilize and damage hepatocyteslzo’m. However, in the
present study, expression of PIKZCG did not correlate
with the markers of liver injury.

As there were no cases with advanced fibrosis among
the investigated patients, we did not observe any in-
creased expression of VCAMT, which is characteristic
only for liver cirrhosis™.

The correlation of expression of phosphatidylinosi-
tol kinases observed in the study confirms the functional
association of the investigated enzymes. A significantly
higher expression of PDPK7 compared with PIK3CG is
due to the amplification of PDPK7 during phosphory-
lation catalyzed by PIK3CG. PDPKT in turn activates
AKT1 correspondingly; therefore, the 3-fold higher ac-
tivity of PDPKT is noteworthy.

Among the investigated phosphatases that dephos-
phorylate active kinases, DUSP74 was measured. How-
evet, this phosphatase, which is not functionally associ-
ated with the presently studied kinases, showed low ex-
pression values and was not correlated with the expres-
sion of kinases. Interestingly, a statistically significant
correlation was determined between the stage of fibrosis
and expression of transcriptional factor JUN-B. This
factor, in the malfunctioning of the liver, is responsible
for reprogramming of hepatocyte genes to the phase of
cell proliferation®?", Tts increase is frequently observed
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The higher expression of this factor linked to car-
cinogenesis correlated with a low activity of the genes
CCl4, EGR1, EDG?2 involved in the induction of apop-
tosis and suppression of neoplasia[zm.

The results obtained in the present study indicate
that qRT-PCR has certain limitations as a validation tool
for oligonucleotide microarray studies. Only four genes
have shown a similar expression pattern between results
obtained with the use of both techniques. A weak posi-
tive and negative correlation observed for other genes
might result from potential pitfalls inherent in both ap-
proaches, and might be a source of errors encountered
while employing each method.

However, the range of differences in the correla-
tion coefficient observed in the present study remains
within the range described in the literature, from -0.48
to 0.94°" The results obtained in this study reflect the
debate over which methods produce the most accurate
measurements of gene expression.

In conclusion, gender and inflammation activity, as
determined by ALT level, wete associated with a more
diverse pattern of metabotropic receptor gene expres-
sion. The highest gene expression was observed for
mRNA of the main components of the metabotropic
receptor pathway, such as GN.AS, PDPK7, ARRB2, and
correlated with mRNA of angiotensinogen synthesized
in the liver. The correlation of expression of protein ki-
nases PDPK7, PIK3CG and AKI7 points to a functional
association of these enzymes. The genes suppressing
carcinogenesis, CCLA4, EGR, EDG2, were characterized
by the lowest expression levels among the investigated
genes. On the other hand, JUN-B, a factor potentially in-
volved in the development of hepatocellular cancer, was
characterized by a 20-fold higher level of expression.

COMMENTS

Background

Metabotropic G protein-coupled receptors activate various signaling pathways,
which trigger multiple sub-cellular reactions. Microarray-based analysis of ex-
pression of hepatocyte genes related to metabotropic receptors can reveal the
molecular basis of liver diseases.

Research frontiers

The natural course of chronic viral hepatitis is associated with progression of
fibrosis and the risk of hepatocellular carcinoma development. Current data
indicate that intracellular signaling disturbances have an impact on progression
of inflammation and fibrosis as well as carcinogenesis in the course of chronic
hepatitis.

Innovations and breakthroughs

The highest gene expression was in the mRNAs of the main components of the
metabotropic receptor pathways, such as the a subunit of G-coupled protein,
phosphoinositol-dependent protein kinase (PDPK1) and arrestin 3 and cor-
related with the mRNA for angiotensinogen synthesized in liver. Carcinogenesis
suppressor genes such as chemokine CCL4, transcription factor EGR1 and
lysophosphatidic acid receptor were characterized by the lowest expression,
while the factor potentially triggering hepatic cancer, JUN-B, had 20-fold higher
expression. Comparable expression of genes encoding protein kinases PDPK1,
phosphoinositide 3-kinase and protein kinase A confirms a functional link be-
tween these enzymes. Gender and inflammation severity, measured by alanine
aminotransferase activity, were characterized by different expression patterns
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of genes related to metabotropic receptors.

Applications

Results of the presented work enables better delineation of mechanisms gov-
erning the course of chronic hepatitis and form the basis for future investiga-

tions.

Terminology

G-protein-coupled receptors are a family of the cell surface receptors, which
receive, integrate and enhance most of the extracellular signals implicated in
cell growth, proliferation, and survival. Microarray DNA technology with genomic
profiling and cluster analysis allows determination of the role of genes in the
pathogenesis of liver injury.

Peer review

This is a good descriptive study in which authors screen for genes related to
metabotropic receptors family that might be involved in the development of
chronic hepatitis. The results are interesting and suggest that a microarray-
based analysis of hepatocyte metabotropic G protein-related gene expression
can reveal the molecular basis of chronic hepatitis.
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Abstract

AIM:To investigate the cytotoxic effects of spray-dried
extracts of Phyllanthus niruri in combination with cis-
platin on two cancer cell lines.

METHODS: Colorectal carcinoma (HT29) and human
hepatocellular carcinoma (HepG2) cells were treated
with spray-dried extracts of Phyllanthus niruri (SDEPN)
either alone or in combination with cisplatin at differ-
ent concentrations (0.5 mg/mL and 1 mg/mL) for 4 h
and 24 h. To verify and quantify cancer cells treated
with these products as well as identify the cell cycle
stage and cell viability, we stained the cells with prop-
idium iodide and assessed them by flow cytometry.
The percentage of cells in different cell cycle phases
was quantified and data were expressed as histo-
grams. Significant differences between groups were
determined using analysis of variance and Bonferroni’s
test, as indicated. A value of P < 0.05 was considered
to be statistically significant.

RESULTS: SDEPN had significantly different cyto-
toxic effects on HT29 (2.81 + 0.11 vs 3.51 + 1.13, P
> 0.05) and HepG2 (5.07 + 0.3 s 15.9 + 1.04, P <
0.001) cells when compared to control cells for 4 h.
SDEPN also had significantly different cytotoxic effects
on HT29 (1.91 = 0.57 vs 4.53 + 1.22, P > 0.05) and
HepG2 (14.56 = 1.6 vs 35.67 = 3.94, P < 0.001) cells
when compared to control cells for 24 h. Both cell lines
were killed by cisplatin in a dose-dependent manner
compared to control cells (HepG2 cells for 4 h: 10.78
+ 1.58 vs 53.89 + 1.53, P < 0.001; 24 h: 8.9 + 1.43
Vs 62.78 £ 1.87, P < 0.001 and HT29 cells for 4 h: 9.52
+ 0.913 15 49.86 + 2.89, P < 0.001; 24 h: 11.78 + 1.05
vs 53.34 £ 2.65, P < 0.001). In HT29 cells, pretreat-
ment with SDEPN and subsequent treatment with cis-
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platin resulted in a greater number of cells being killed
(12.78 + 1.01 vs 93.76 = 1.6, P < 0.001). HepG2
cells showed significant cell killing with treatment with
SDEPN when combined with cisplatin (12.87 £ 2.78 vs
78.8 £ 3.02, £ < 0.001).

CONCLUSION: SDEPN is selectively toxic against two
cancer cell lines. Moreover, SDEPN in combination with
cisplatin induces a synergistic increase in the cell death
of both HT29 and HepG2 cells.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Phyllanthus nirnri has many effective traditional uses for
a wide variety of diseases. Some of the medicinal uses
have been supported in experimental models, suggesting
that the plant extracts possess various pharmacological
properties. Due to its impressive preclinical therapeutic
potential, extracts of species of the genus Phyllanthus
have been evaluated to treat hypertension, jaundice, dia-
betes, hypercalciuria, and urolithiasis. Other studies re-
vealed preclinical pharmacological activity and therapeu-
tic potential of phytochemicals isolated from Phyllanthus
niruri. The species has demonstrated an antimutagenic
and anticarcinogenic action”, antitumor", antioxidant'¥,
hepatoprotective™ and antihyperuricemic properties'”,
as well as antihyperlipemic activity™”.

Phytochemicals exhibit different structural character-
istics with various pharmacological actions. For example,
lignans have excellent hepatoprotective[m’11
properties“zj, whereas terpenes exhibit anti-microbial
activities'”. Flavonoids from Phyllanthus nirnri have been
shown to have antioxidant"" antileishmanial”, and anti-
inflammatory propertiesm]. Phytochemical studies have
shown that extracts of genus Phyllanthus contain a variety
of components, including gallic acid™"”. Furthermore,
studies have demonstrated cytotoxic activity of gallic
acid on the human promyelocytic leukemia HL-60 cell
lines"™"”. Gallic acid has also been shown to induce
apoptotic cell death in HSC-2 and HL-60 cells™.

I'and anti-viral

(49
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More importantly, no side effects or toxicities have
been reported for this herb after many years of research.
Although extensive research has been conducted, there
is still an abundance of unanswered questions regard-
ing Phyllanthus nirnri, particularly towards understanding
the mechanism of biological activity of phytochemicals
from the herb with emphasis on components that have
anti-human immunodeficiency virus (HIV)* and anti-
hepatitis B* properties. Phyllanthus nirnri has been found
to exhibit a marked inhibitory effect on the hepatitis B
virus, as evidenced by its exhaustive utility in cases of
chronic jaundice. However, to date, no research has fo-
cused on the identification and validation of active phat-
macophores of Phyllanthus niruri that are responsible for
the reported inhibitory effect of its aqueous extract on
HIVEY, Investigations have examined anti-HIV effects
of the alkaloidal extract from Phyllanthus niruri on hu-
man cell lines. An alkaloidal extract of Phyllanthus nirnri
showed suppressive activity on strains of HIV-1 cultured
on the huT-4 cell line".

Directed studies of botanical extracts may lead to
the discovery of new agents with improved and intrigu-
ing pharmacological properties. This may be achieved by
molecular modeling studies that assess the interactions
of bioactive phytochemicals from Phyllanthus niruri with
their respective molecular targets. Moreover, upon im-
provement of binding affinity to the specified target by
virtual chemical modification of existing pharmacoph-
ores, new small molecules may be identified and synthe-
sized in the 1aboratoryl23],

Other species of the genus Phillantus, such as Phyllan-
thus polyphyllus and Phyllanthus emblica, have demonstrated
growth inhibitory activity with a certain degree of selec-
tivity towards the two cancer cell lines tested. It has been
previously shown that cisplatin can inhibit the growth
of colorectal carcinoma (HT29) and human hepatocel-
lular carcinoma (HepG?2) cells in a dose-dependent man-
ner[Z(),24,25J .

In this study, we investigated the antiproliferative or
cell-killing activities of spray-dried extracts of Phyllanthus
niruri on the human colorectal carcinoma HT29 and
human hepatocellular HepG2 cell lines. In addition, we
assessed the capacity of these extracts to potentiate the
action of cis-diamminedichloroplatinum Il (cisplatin).

MATERIALS AND METHODS

Preparation of Phyllanthus niruri spray dried extracts

A spray-dried extract of Phyllanthus niruri (SDEPN)
containing 12.33 mg/g of gallic acid®” and 94.4 mg/g
of total flavonoids”” was prepared following the manu-
facturer’s instructions using a Spray Dryer Production
Minor (GEA Niro, Denmark).

Cell culture
The human colorectal cancer cell line HT-29 and hu-
man hepatocellular carcinoma cell line HepG2 were
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purchased from the Culture Collection of the Faculty of
Medicine, University of Sao Paulo. The cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM;
Life Technologies, Inc., Grand Island, NY, United States)
supplemented with 10% (v/v) heat-inactivated fetal bo-
vine serum.

Flow cytometry

To verify and quantify cells treated with SDEPN extract
and to identify the cell cycle stage and cell viability, we
stained cells with propidium iodide (PI). PI emits differ-
ent fluorescence intensities depending on the phase of
the cell cycle, which in turn are captured by the photo-
multiplier detectors in a flow cytometer (BD Facscanto
IT). Cancer cells were plated in 6-well plates at a cell den-
sity of 5 X 10° cells/well in 2 mL of medium. Cells were
treated with SDEPN alone, cisplatin alone, or SDEPN
followed by cisplatin. After 24 h, the cells were treated
with a series of SDEPN concentrations (0-75 mmol/L)
for 4 h or 24 h. After this incubation, the medium con-
taining SDEPN was replaced with medium containing
25 0r 12 ;,Lrnol/ L cisplatin. The cells were harvested by
trypsinization when they reached approximately 80%
confluence. The cells were placed in 70% ethanol and
centrifuged for 5 min at 300 g They were then resus-
pended in 200 pL. of a PI solution (20 mL PBS, 20 pyL
0.1% Triton X-100, 200 mg/mI. RNase, and 20 pg/mL
PI), placed in FACS tubes, and incubated for 30 min at
room temperature protected from light. The labeled cells
were captured with a FACScalibur cytometer (BD Bio-
science, Franklin Lakes, NJ, United States) and analyzed
with the software CELLQuest™ (BD Biosciences). The
percentage of cells in different cell cycle phases was
quantified and data were expressed as histograms.

Statistical analysis

All experiments were performed at least in triplicate.
The significance of differences between groups was cal-
culated by applying analysis of variance and Bonferroni’s
test, as indicated. A value of P < 0.05 was considered to
be statistically significant.

RESULTS

Cytotoxic effects of SDEPN on HT29 and HepG2 cells

The effects of SDEPN on cell killing in two cancer cell
lines were determined by flow cytometry. All cell lines
were killed in a dose-dependent manner after exposure
to the plant extracts (Figure 1). SDEPN had significantly
different cytotoxic effects on HT29 (2.81 + 0.11 »s 3.51
+ 1.13, P > 0.05) and HepG2 (5.07 = 0.3 »s 15.9 £ 1.04,
P < 0.001) cells when compared to control cells for 4
h. SDEPN also had significantly different cytotoxic ef-
fects on HT29 (1.91 £ 0.57 »s 4.53 = 1.22, P> 0.05) and
HepG2 (14.56 = 1.6 s 35.67 £ 3.94, P < 0.001) cells
when compared to control cells for 24 h. These results
indicated that the plant extract was selectively toxic
against the cancer cells tested. We therefore hypoth-
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esized that the combination of these plant extracts with
chemotherapeutic drugs may have a synergistic cytotoxic
effect on these cells. Primary flow cytometry analyses are
shown in Figure 2.

The effect of cisplatin on HT29 and HepG2 cells

Using flow cytometry, we assessed the effects of cispla-
tin on the proliferation of HepG2 and HT29 cells. Both
cell lines were killed in a dose-dependent manner com-
pared to control cells (HepG2 cells for 4 h: 10.78 £ 1.58
s 53.89 + 1.53, P < 0.001; 24 h: 8.9 + 1.43 25 62.78 £ 1.87,
P < 0.001 and HT29 cells for 4 h: 9.52 + 0.913 »s 49.86
+ 2.89, P <0.001; 24 h: 11.78 * 1.05 »s 53.34 + 2.65, P
< 0.001; Figure 1). Primary flow cytometry analyses are
shown in Figure 2.

The combination of cisplatin and Phyllanthus niruri
extracts has a synergistic cytotoxic effect on HT29 and
HepG2 cells

HT29 cells did not undergo cell death when SDEPN
was used alone (P > 0.05) but HepG2 cells (P < 0.001)
showed significant cell killing with treatment with
SDEPN alone (Figure 1), but also very significantly (12.87
+ 2.78 »s 78.8 £ 3.02, P < 0.001) when combined with
cisplatin (Figure 1). However, HT29 cells underwent
cell death (12.78 = 1.01 25 93.76 = 1.6, P < 0.001) when
treated with SDEPN for 24 h prior to cisplatin treat-
ment (Figure 1). The primary images of flow cytometry
analysis can be seen in Figure 2.

In HT29 cells, pretreatment with SDEPN and sub-
sequent treatment with cisplatin resulted in a greater
number of cells being killed compared to treatment with
cisplatin or SDEPN alone (Figure 1A and B). This in-
crease in the number of HepG2 cells killed in response
to combination treatment was observed at the lower
concentration of SDEPN (Figure 1C and D). Therefore,
pretreatment with SDEPN allowed the cells (HT29) to
be sensitized to killing induced by cisplatin. This sug-
gests that this cell type is more able to adapt to stressful
conditions.

DISCUSSION

In this study, the growth inhibitory activity of SDEPN
extract alone and in combination with cisplatin was
investigated in HT29 and HepG2 cells. Our results in-
dicated that SDEPN extract significantly inhibited the
growth of both cell lines in a dose-dependent manner
when combined with cisplatin.

Cisplatin is a well-known cancer therapeutic agent
that causes high toxicity to normal tissues during cancer
therapy, inducing cell death through interaction of the
platinum complex with DNA molecules which induces
crosslinking in DNA®*), The platinum compound is
used to treat various types of human solid tumors™”
The major limitation to clinical use of cisplatin is the
adverse effects, mainly nephrotoxicity, caused by the
compound””, In addition to DNA interactions, cisplatin
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Figure 1 HT29 cells and HepG2 cells were treated for 4 h or 24 h with cisplatin alone, spray-dried extract of Phyllanthus niruri alone, or both. A, C: 4 h;
B, D: 24 h.°P < 0.05 vs control group. SDEPN: Spray-dried extract of Phyllanthus niruri; Cis: Cisplatin; HT29: Colorectal carcinoma; HepG2: Human hepatocellular

carcinoma.

is capable of generating oxidative stress through mito-
chondrial dysfunction, which results in the increased
production of reactive oxygen species (ROS)™. There-
fore, our data show that HT29 cells are more resistant to
SDEPN- or cisplatin-mediated cell death, and this resis-
tance may be related to their ability to adapt to stressful
conditions. In addition, HepG2 cells were more sensitive
to both treatments, suggesting that these cells may be
less adapted to stress. In this study we found that the
combination of SDEPN with cisplatin induced growth
inhibition and cell death at different dose levels in HT29
and HepG2 cell lines.

The mechanism of action of some plant extracts is
still unclear, since they are not a single active ingredient
but rather consist of multiple compounds that could
potentially induce the observed effects*. Plant-derived
polyphenols, including gallic acid”" and tannins™,
were reported to be the main components of Phyllanthus

(4 9
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nirnri extracts'. Therefore, the effects of SDEPN may
induce apoptosis and cell death in the cell lines used in
this study through multiple pathways due to the multiple
components present in the extract. The active ingredi-
ents in Phyllanthus nirnri that exert anticancer effects may
include polyphenols, such as gallic acid, flavanoids or
tannins, which are abundant in the herb. However, the
detailed mechanism responsible for the anticancer effect
of SDEPN extract and identification of the actual func-
tional components require further elucidation.

It has been previously demonstrated that the effect
of gallic acid on cancer cells, particularly lung cancer
cells, involves caspase activation and oxidative process-

P In addition, gallic acid has the capacity to induce
apoptosis and increase the efficacy of cisplatin in LL-2
lung cancer cells™

Our study provides corroborative evidence that SDEPN
has selective cytotoxic effects against HT29 and HepG2
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Figure 2 Effects of cisplatin, spray-dried extract of Phyllanthus niruri, or both on HT29 cells or HepG2 cells as assessed by flow cytometry. A: HT29 cells; B:

HepG2 cells.

cells. Moreover, a synergistic effect was seen when the
cells were treated with the extract in combination with
cisplatin. This finding supports our hypothesis that com-
binations of plant extracts and chemotherapeutic agents
may allow for a reduction in the dosage of the more
toxic chemotherapeutic agent while retaining the thera-
peutic efficacy and minimizing toxicities. The induction
of cell death by SDEPN may increase the sensitivity of
HT?29 cells to cisplatin-mediated cytotoxicity. Other spe-
cies of the genus Phyllanthus have demonstrated growth
inhibitory activity with a certain degree of selectivity to-
wards the two cancer cell lines tested™.

The findings of this study support our hypothesis
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that combinations of plant extracts and chemotherapeu-
tic agents allow for a reduction in the dosage of the lat-
ter (i.e., cisplatin), while maintaining therapeutic efficacy.
Moteover, the induction of cell death by SDEPN may
be a strategy for increasing the sensitivity of HT29 cells
to cisplatin-mediated cell death.
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Background

Phyllanthus niruri is a widespread tropical plant that is commonly found in
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as an adjunctive therapy for various diseases. The extract from aerial sections
of Phyllanthus niruri was included in this list due to the long history of use in
traditional medicine for the treatment of kidney and bladder diseases, intestinal
infections, diabetes, and hepatitis B. Furthermore, this study has demonstrated
an in vitro pro-death potential in cancer cells when Phyllanthus niruri is associ-
ated with cisplatin. In vivo studies are still needed to confirm our findings.

Research frontiers

Currently, a variety of effective phytochemicals have been tested in cancer
treatment, which are used alone or in combination with chemotherapeutic
agents for treatment. A spray-dried extract from Phyllanthus niruri (SDEPN)
was found to be selectively toxic against two cancer cell lines and induced an
increase in cell death of HT29 and HepG2 cells when used in combination with
cisplatin. HT29 cells did not undergo cell death when SDEPN was used alone.
The mechanism of this effect is currently unknown, but may involve apoptosis,
since a major component of SDEPN extract is gallic acid, which has been
shown to induce apoptotic pathways.

Innovations and breakthroughs

In this report, the authors have demonstrated that combinations of SDEPN with
cisplatin in HT29 and HepG2 cell lines have a more potent effect than either
agent alone.

Applications

Spray-dried extract of SDEPN appears to be cytotoxic against hepatocel-
lular carcinoma and less toxic against colorectal carcinoma. A combination of
SDEPN extract with a chemotherapeutic agent may therefore enhance the ef-
ficacy of each component against these cancers. Future in vivo studies will be
performed by our group to study the anticancer activity of SDEPN alone and in
combination with cisplatin as well as the toxicity against normal tissues.

Terminology

Dried herbal extracts are widely used as therapeutic products with improved
pharmaceutical properties, such as stability and content uniformity. Additionally,
dried extracts are successfully used to obtain solid dosage forms that contain
a high dose of herbal extracts, such as capsules and tablets. Therefore, spray
drying is the most commonly used procedure to obtain dried extracts (spray-
dried extracts) in the herbal processing industry.

Peer review
The manuscript is well written and the findings are interesting to some extent.
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Abstract

AIM: To investigate whether suspected blood indicator
(SBI) in capsule endoscopy (CE) is affected by back-
ground color and capsule passage velocity.

METHODS: Experimental models of the small intestine
constructed from paper in a variety of colors were used
to simulate the background colors observed in CE im-
ages. The background colors studied included very pale
yellow, yellow, very pale magenta, light grayish pink,
burnt sienna, and deep and dark brown, and red spots
were attached inside them. An endoscopic capsule
was manually passed through the models. The rate of
detection of the red spots by the SBI was evaluated
based on the colors of the models and the capsule pas-
sage velocities (0.5 cm/s, 1 cm/s, and 2 cm/s).

RESULTS: The rate of detection of the red spots by
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the SBI differed significantly according to the back-
ground color of the model (P < 0.001). Detection rates
were highest for backgrounds of very pale magenta,
burnt sienna, and yellow, in that order. They were
lowest for backgrounds of dark brown and very pale
yellow. The rate of detection of red spots by the SBI
tended to decrease at rapid capsule passage velocities
(1-2 cm/s) compared to slow velocities (0.5 cm/s) for
backgrounds of very pale yellow (P = 0.042), yellow (P =
0.001), very pale magenta (P = 0.002), and burnt sien-
na (P = 0.001). No significant differences in the rate of
detection were observed according to velocity for light
grayish pink (P = 0.643) or dark brown (P = 0.396).

CONCLUSION: SBI sensitivity was affected by back-
ground color and capsule passage velocity in the mod-
els. These findings may facilitate the rapid detection of
bleeding lesions by CE.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Capsule endoscopy (CE) is a useful method for the di-

agnosis of small bowel diseases, such as gastrointestinal
. 1. .. .
bleeding of an unknown cause!”. However, it is relatively
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time consuming to examine and interpret the results. To
reduce the reading time of this procedure, the RAPID
software (Given Imaging Ltd., Duluth, GA, United
States) contains a suspected blood identification system,
which identifies hemorrhages and suspicious vascular
lesions by recognizing red-colored pixels against differ-
ent colored backgrounds that may be encountered in the
small intestine™.

Reports on the usefulness of the suspected blood
indicator (SBI) generally show a low and variable overall
sensitivity for lesions, ranging from 20% to 56.4%" ",
Positive predictive values are also observed to be variable,
from 24% to 90.3%. Therefore, SBI generates false-pos-
itive and false-negative results, and its clinical usefulness
has not been verified.

Active bleeding is the most important factor affect-
ing SBI sensitivity. The sensitivity increases to a range of
58.3% to 93% in cases of active bleeding. Additionally,
the sensitivity of SBI may also be affected by other fac-
tors. However, not all of the factors that can affect SBI
sensitivity have been fully assessed.

The RAPID software includes a tissue color bat func-
tion that represents the average color of the region of
interest in the intestine and provides information to help
determine the anatomical location of a lesion'”. When
the small intestine is observed #a CE, on-screen images
are primarily composed of the intestinal mucosa and lig-
uid present in the lumen. The background color behind a
lesion may vary according to the color of the small intes-
tinal mucosa, which is affected by patient factors, such as
hemoglobin and bilirubin levels. Thus, very pale magenta,
which is the normal mucous membrane color, can appear
very pale yellow in patients with anemia or burnt sienna
ot deep brown in patients with jaundice. The background
color can also be affected by the presence of intestinal
fluid. The color and the degree of transparency of the
fluid can vary depending on the presence of bile, debris,
stool residue, and blood in the intestine. Therefore, a
combination of these elements may produce many dif-
ferent colors that can be presented on screen during CE.
The various background colors of lesions may influence
the detection of SBI in CE images.

The velocity of the passage of a capsule though the
small intestine can vary depending on the presence of
underlying disease, such as diabetes and disorders of in-
testinal peristalsism. Furthermore, the passage velocity
can vary in different sections of the small intestine. Cap-
sule movement may be influenced regionally by the gastric
emptying time, chronic intestinal motility disorders, small
bowel obstruction, intestinal diverticulosis, and other fac-
tors'””. These differences in capsule passage velocity ac-
cording to the clinical circumstances may also affect SBI
sensitivity. It would be useful to examine the different fac-
tors that influence the sensitivity of the SBI for shorten-
ing the time required to interpret CE-generated video.

Therefore, we investigated the rate of detection of
red spots using SBI according to the background colors
of the screen image and the capsule passage velocity in
experimental models of the small intestine to determine
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the factors that affect SBI sensitivity in diverse clinical
situations.

MATERIALS AND METHODS

Experimental small intestine model

To represent a variety of background colors that may be
encountered in clinical situations, experimental small in-
testine models prepared with seven colors of paper were
produced. The colors included very pale yellow, yellow,
very pale magenta, light grayish pink, burnt sienna, deep
brown, and dark brown (Figure 1). Very pale magenta
corresponds to the color of a normal intestinal mucous
membrane. Lighter colors can be observed in conditions
such as anemia, and darker colors are visible in mucosae
with concentrated bile. The Hue and Tone 120-color sys-
tem that was developed by the Nippon Color and Design
Institute was used to define the colors and hues used in
this study, and all color saturation levels were uniform'?.
Small bowel models that were 3 cm in diameter and 50
cm in length were constructed, and ten 6-mm red spots
were attached inside the models at 5-cm intervals to
simulate angiodysplasia.

Investigation of capsule passage
A CE device (M2A capsule; Given Imaging Ltd., Yo-
qneam, Israel) was fixed to a solid-line cardiac catheter
and passed inside the cylinder of each small intestine
model at a constant speed (0.5 cm/s). The screen image
from the CE instrument as it passed through model was
observed using a real-time viewer (Figure 2). To detect
differences in the SBI sensitivity according to the back-
ground color, 150 red dots were required to achieve a
power of 80% (a0 = 5%) according to a preliminary pilot
study. Therefore, through repetition, the CE instrument
was guided past 150 red spots on each of the background
colors, and the number of red tags on the scroll bar was
examined during the application of SBI.

Differences in the SBI sensitivity were examined
when the CE was passed through the intestinal models at
speeds of 0.5 cm/s, 1 cm/s, and 2 cm/s.

Statistical analysis

For all statistical analysis in this study, SPSS version 12.0
(SPSS Inc., Chicago, IL, United States) was used. Con-
tinuous variables were expressed as the mean *+ SD or
as the median. For comparative analysis of continuous
vatiables, the Student’s #test, the Mann-Whitney U test,
or the Kruskall-Wallis test were used depending on the
normality of the data. For the comparison of nominal
variables, Fishet’s exact test and a ;(2 test were used. A
post-hoc Bonferroni’s correction was applied for com-
parative analysis of the groups. All values with a P < 0.05
were considered statistically significant.

RESULTS

Detection according to background color
We compared the number of red tags recognized by the
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Figure 1 Endoscopic findings on backgrounds of different colors. A: Very pale yellow; B: Yellow; C: Very pale magenta; D: Light grayish pink; E: Burnt sienna; F:

Deep brown; G: Dark brown.

Figure 2 Experimental settings used for this study. A capsule endoscopy
(CE) device was manually passed through models of the small bowel. The CE
screen was observed using a real-time viewer.

SBI in the small intestine model for each background
color. A significant difference was observed in the SBI
detection rates on different background colors (P < 0.001,
Table 1). The detection rates were highest for very pale
magenta, burnt sienna, and yellow, in that order, and they
were lowest for dark brown. Thus, the sensitivity of the
SBI was the highest for a background of very pale ma-
genta, which represented a normal mucosal color with
good bowel cleansing, and the sensitivity was the lowest
for dark brown, which represented concentrated bile. For
a background of very pale yellow, which represented light
bile, the detection rate of the red spots was low.

The sensitivity of the SBI for different background
colors, analyzed with Bonferroni’s correction, showed a
significant difference for very pale magenta, for which
the detection rate was the highest, compared to that of
the other colors. The detection rate with a burnt sienna
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Table 1 Detection rates of red spots by suspected blood

indicator according to the background color

Color Detection rate (%) Rank
Very pale yellow 16/150 (10.7) 6
Yellow 28/150 (18.7) 3
Very pale magenta 64/150 (42.7) 1
Light grayish pink 19/150 (12.7) 4
Burnt sienna 36,/150 (24.0) 2
Deep brown 18/150 (12.0) 5}
Dark brown 5/150 (3.3) 7
Total 186/1050 (17.7) P <0.001

background was different from that with a very pale yel-
low and dark brown background, and the detection rate
with a yellow background was different from that when a
datk brown background was used (Table 2).

Detection according to capsule passage velocity

Generally, statistically significant differences were ob-
served in the SBI detection rates of the red spots accord-
ing to the capsule passage velocity in the small intestine
models of some colors (Figure 3). Detection of the red
spots by SBI tended to decrease at rapid capsule pas-
sage velocities (1-2 cm/s) compared to slow velocities
(0.5 cm/s) for very pale yellow (P = 0.042), yellow (P =
0.001), very pale magenta (P = 0.002), and burnt sienna
(P = 0.001) backgrounds. No significant differences were
observed according to velocity for light grayish pink (P
= 0.643) or dark brown (P = 0.396). Thus, differences
according to velocity were highly pronounced in models
constructed from colors that showed high SBI detection
rates, and differences in sensitivity were not present for
models with colors that had lower detection rates.
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Color Detection rate (%) Dark brown Very pale yellow Deep brown Light grayish pink Yellow Burnt sienna Very pale magenta
Dark brown 3.3 1 0.0130 0.0049 0.0029 0.0000 0.0000 0.0000
Very pale yellow 10.7 1 0.7161 0.5901 0.0506 0.0023 0.0000
Deep brown 12.0 1 0.8609 0.1097 0.0069 0.0000
Light grayish pink 12.7 1 0.1535 0.0113 0.0000
Yellow 18.7 1 0.2603 0.0000
Burnt sienna 24.0 1 0.0006
Very pale magenta 42.7 1
Adjusted o 0.002381

Liangpunsakul et a/*®! Signorelli et a/'? D’Halluin e a/"'” Buscaglia ez /™ Kim er a/''"!

oL AB oL AB oL AB oL AB oL AB

Sensitivity 25.7 81.2 40.9 60.9 45 83 56.4 58.3 20 93
PPV 90.3 81.3 69.2 53.8 52 23 24 70 44 21

PPV: Positive predictive value; OL: Overall lesion; AB: Active bleeding.
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Figure 3 Detection rates of red spots by the suspected blood indicator
according to the capsule endoscopy passage velocity.

DISCUSSION

CE was developed to diagnose lesions of the small in-

testine, and it is a useful method for diagnosing obscure
gastrointestinal bleeding, Crohn’s disease, polyposis syn-
drome, and small bowel tumors®™'""”. CE has a higher
diagnostic rate than radiological diagnosis methods and
is less invasive and easier to perform than enterosco-

v+ However, CE has the disadvantage of requiring
time to interpret multiple images”"*. Usually, 45 min to
two hours of viewing are required, although the read-
ing time can be shortened using the multiview function,
which allows the simultaneous observation of several im-
agesm]. To solve these problems, particularly in patients
with suspected small intestine bleeding, SBI was devel-

ed[10,23,24].

SBI can display frames that depict red zones during
CE. The technique is activated in the first image frame of
the duodenum and operates only in frames correspond-
ing to the small intestine. The function is activated by
an SBI view button within the software, resulting in the
automatic identification of red pixels on the screen as
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red hash marks on the scroll bar. Frame with suspected
bleeding lesions can be selected in this way. Therefore,
SBI helps physicians to review the video quickly, and
bleeding lesions can be found easily. SBI provides supple-
mentary information, but it does not replace the analysis
of the video image. All frames recognized using the SBI
feature should be later examined by a clinician in more
detail.

In the first report on the accuracy of SBI in 24 pa-
tients by Liangpunsakul ez al™ in 2003, the sensitivity of
the SBI was 25.7% (Table 3). However, when only active
bleeding lesions were targeted, the sensitivity increased to
81.2%. In another study by Signorelli e 2/'”, the sensitiv-
ity was only 40.9% in 100 patients, although it increased
to 60.9% in the presence of red blood or actively bleed-
ing lesions. In another study, the overall sensitivity was
45%, with 83% for active bleeding!"’. Tn a study by Bus-
caglia ef al”, the overall sensitivity was 56.4% and that in
patients with active bleeding was 58.3%. According to a
Korean report by Kim ez al', SBI sensitivity of was as
low as 20%; however, for actively bleeding lesions, such
as angiodysplasia, a much higher sensitivity was observed
(93%). SBI sensitivity showed large differences in these
studies, ranging from 20% to 56.4%. The positive pre-
dictive value also varied from 24% to 90.3%. Even with
active bleeding, sensitivity still differed from 58.3% to
93%. Therefore, SBI is thought to be useful as an adjunct
method to screen for bleeding lesions using CE. Still,
SBI cannot completely replace the reading of the CE-
generated video.

Cases with no significant bleeding, but in which
bleeding was still suspected, are problematic and clinically
important[ZSJ. The cause of the variability in SBI sensitiv-
ity is likely to be due to the differences in CE images.
The presence of bile, debris, stool residue, and blood in
the small intestine can vary depending on the patient’s
condition and bowel preparation. The intestinal fluid may
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be yellowish due to bile juices, light grayish pink due to
blood, brownish due to stool residue, or dark brownish
due to discolored stool. It can also vary according to the
concentrations of bile and debtis. That is, the intestinal
fluid may be very pale yellow or yellow when clear of
bile, or it may be burnt sienna or deep brown when thick
bile is present. Therefore, the background colors may
vary within the same patient depending on the area inves-
tigated. Additionally, the color of the intestinal mucosa
may be different according to the underlying diseases of
patients, such as anemia or jaundice.

The color contrast indicates that the presence of a
combination of different colors can influence the detec-
tion of of individual colors™. The contrast is greatest
when a color is combined with its complementary color
in the color circle. The color contrast includes contrast re-
lated to lightness, hue, saturation, and square. In the color
circle, the complementary color of red is blue-green, for
which the contrast is greatest. Saturation contrast means
that if other vivid colors atre located close to the color
of interest, the saturation of the color will be reduced.
In this study, we investigated whether the ability of SBI
to detect red pixels was affected by color contrast, espe-
cially in conditions of similar color saturation. We found
that the detection rate of red spots was 42.7% for a very
pale magenta color, significantly decreasing to 3.3% for
dark brown and 10.7% for very pale yellow. A decreased
detection rate of 12% was observed when a deep brown
background was used. Therefore, significant differences
in the SBI detection rates were observed for the differ-
ent background colors. For colors commonly observed
during CE, such as very pale magenta, yellow, and burnt
sienna, the SBI sensitivity was similar to that of the clini-
cal data. The sensitivity was decreased for background
colors such as dark brown or very pale yellow, which may
be infrequently observed in clinical settings. These results
suggest that the SBI sensitivity may vary depending on
the amount of concentrated bile, food or debris present
in the small intestinal lumen and the undetlying disecases
of patients.

The average time of capsule passage though the in-
testine is 217 + 90 min'"". However, this can vary from
48 min to more than eight hours depending on the
underlying disease, such as diabetes, and on intestinal
peristalsis. Significant differences in the sensitivity of SBI
were observed at different capsule passage velocities in
the experimental intestine models: the faster the capsule
moved, the lower the sensitivity.

The results of our experiments suggest that SBI has
low detection rates at sites that have colors that are sig-
nificantly different from those of the normal intestine
and in the areas where the capsule passed through rela-
tively quickly. That is, even when the SBI technique fails
to detect red pixels, a bleeding spot (i.e., angiodysplasia)
may exist in those regions. Physicians must examine the
images from these sites to detect false-negatives. The dif-
ferent background colors of the screen image can be eas-
ily located by using the tissue color bar in the software.
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Therefore, the results of our study may assist physicians
in the interpretation of SBI results and reduce the time
required for detection of bleeding sites within the small
intestine.

This study may be helpful for improving the diagnos-
tic accuracy of SBI. To improve SBI sensitivity, technical
improvements should be made. Additionally, the results
of this study suggest clinically correctable factors for
SBI. Bowel preparation before CE will improve the SBI
sensitivity by minimizing the presence of bile and debris
in the small intestine. To confirm this hypothesis, further
studies investigating the factors that affect SBI sensitivity
in different clinical situations are necessaty.

The limitation of this study is that experimental
models were used. Although the clinical situations of pa-
tients vary, if the capsule passes through an average of
6-7 m of small intestine in four hours, the actual average
velocity is approximately 0.04 cm/s. The velocities used
in this study of 0.5 cm/s, 1 cm/s, and 2 cm/s are not
typically experienced in the clinic. Because it is techni-
cally difficult to artificially replicate an average capsule
passage velocity, we randomly selected a velocity that
was casy to replicate. Therefore, our results are difficult
to apply directly to a clinical setting. However, it was
shown that the sensitivity of SBI can differ depending
on the velocity of the capsule.

In summary, the SBI sensitivity was significantly lower
for some background colors on CE images, and the sen-
sitivity decreased with faster capsule passage velocities in
experimental models of the small intestine. Therefore,
physicians should consider these factors when using SBI
in the evaluation of CE images.

COMMENTS

Background

It is relatively time consuming to examine and interpret the results of capsule
endoscopy (CE). The suspected blood indicator (SBI) is used for rapid screen-
ing of gastrointestinal bleeding, and it automatically recognizes frames that in-
clude red-colored pixels. However, reports on the usefulness of a SBI generally
show low and variable overall sensitivity for lesions.

Research frontiers

SBI generates false-positive and false-negative results, and its clinical use-
fulness has not been verified. The color of the small intestinal mucosa and
luminal fluid, which are the backgrounds on which lesions are detected, and the
capsule passage velocity may vary according to bowel preparation and patient
factors.

Innovations and breakthroughs

The detection by SBI differed significantly according to the background colors
used (P < 0.001). The sensitivities on very pale magenta, burnt sienna and
yellow backgrounds were significantly higher than on the other colors, such as
very pale yellow or dark brown. The sensitivity tended to decrease at rapid cap-
sule velocities in experimental models of the small intestine.

Applications

The results of this study may assist physicians in the interpretation of SBI
results and reduce the time required for detecting bleeding sites in the small
intestine. Physicians must examine the images that contain sites that could
have false negative results more carefully than other sites. Bowel preparation
before CE is useful for improving SBI sensitivity by minimizing bile or debris in
the small intestine.

Peer review

The paper seeks to assess the automatic diagnostic yield using the suspected

August 21, 2012 | Volume 18 | Issue 31 |



Park SC et al. Suspected blood indicator sensitivity

blood identification system from GIVEN Imaging Ltd., designed to reduce the
time spent reviewing CE images in patients with intermediate hemorrhage. The
authors developed an experimental method to assess the sensitivity of SBI in
different conditions.
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Abstract

AIM: To evaluate the impact of surgical volume on na-
tionwide hospital mortality after pancreaticoduodenec-
tomy (PD) for periampullary tumors in South Korea.

METHODS: Periampullary cancer patients who un-
derwent PD between 2005 and 2008 were analyzed
from the database of the Health Insurance Review
and Assessment Service of South Korea. A total of 126
hospitals were divided into 5 categories, each similar
in terms of surgical volume for each category. We used
hospital mortality as a quality indicator, which was de-
fined as death during the hospital stay for PD, and cal-
culated adjusted mortality through multivariate logistic
models using several confounder variables.

RESULTS: A total of eligible 4975 patients were en-
rolled in this study. Average annual surgical volume of
hospitals was markedly varied, ranging from 215 PDs in
the very-high-volume hospital to < 10 PDs in the very-
low-volume hospitals. Admission route, type of medical

(4 9

Boishidengs  WIG | www.wjgnet.com

security, and type of operation were significantly dif-
ferent by surgical volume. The overall hospital mortal-
ity was 2.1% and the observed hospital mortality by
surgical volume showed statistical difference. Surgical
volume, age, and type of operation were independent
risk factors for hospital death, and adjusted hospital
mortality showed a similar difference between hospi-
tals with observed mortality. The result of the Hosmer-
Lemeshow test was 5.76 (P = 0.674), indicating an
acceptable appropriateness of our regression model.

CONCLUSION: The higher-volume hospitals showed
lower hospital mortality than the lower-volume hos-
pitals after PD in South Korea, which were clarified
through the nationwide database.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Nowadays pancreaticoduodenectomy (PD) is considered
a common and feasibly-performed abdominal surgery
for periampullary tumors, but it is still a high-risk surgical
procedure with potential morbidity and mortality rates.
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Reducing the morbidity and mortality of this formidable
operation is therefore imperative. Although several ac-
ceptable results after PD in low-volume hospitals have
been reported“’”, most studies on volume-outcome cot-
relation in performing PD have purported better out-
comes in high-volume hospitals, suggesting centralization
or regionalization of PD"",

Centralization of PD can be affected by the national
healthcare system, information on hospital quality, or pa-
tient hospital preference. The Korean healthcare system is
based on compulsory insurance of the whole population
and free selection of medical care and hospital under step-
wise referral to tertiary hospital without regional restric-
tion. Although we have no governmental guidelines for
distribution of cancer treatment service or information
on hospital quality officially provided by the government,
PD tends to be centralized in the large and well-equipped
hospitals in Seoul, the capital city of South Korea.

Analyzing the present state of centralization of PD
and providing information on hospital quality can help
facilitate the government to develop nationwide guide-
lines and help patients to select good-quality hospitals
for themselves. Hospital quality can be representatively
appraised through PD-related morbidity or mortality.
However, petioperative morbidity may vary from institu-
tion to institution according to the criteria or definitions
of particular complications, making it difficult to obtain
reliable nationwide morbidity data. Therefore, more de-
finitive and objective data, such as standardized or risk-
adjusted mortality rates, are requisite as an indicator for
hospital quality.

With the implication toward public reporting, we per-
formed this study to evaluate the impact of surgical vol-
ume on nationwide hospital mortality after PD for peri-
ampullary tumors and to validate the utility of surgical
volume as a quality indicator of hospitals in South Korea.
To date, just a few nationwide studies have been carried
out to assess the effect of surgical volume on outcomes
after PD. We hope the present study can contribute to
nationwide evidence for the volume-outcome correlation
in performing PD.

MATERIALS AND METHODS

Data sources and subjects

Data were obtained from the Health Insurance Review
and Assessment Service (HIRA), whose database was
constructed through the process of medical fee claims.
After providing medical treatment, the medical institu-
tions submit treatment details and file medical fee claims
through an electronic billing system in the form of dis-
kettes, compact discs or electronic data interchange (EDI).
The EDI system, which was developed to review medi-
cal fees electronically by converting claim information
into an EDI file and automatically reviewing items such
as medical and drug fees within the software, occupies
99.7% of all medical claims in South Korea. Fach claim
contains information on demographic data, diagnoses,
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procedures, comorbidity, route of admission, length of
stay, discharge status, source of payment, hospital charg-
es, eze. Diagnostic data were coded using the International
Classification of Diseases, 10th Revision (ICD-10), and
procedural data were coded using the health insurance
claims code developed by the Ministry of Health and
Welfare. From the HIRA database, we obtained anony-
mous data on patients who underwent PD for periam-
pullary cancers during the period from January 2005 to
December 2008. Only the primary cancers were included,
and cancers originating at the adjacent organs such as the
colon, stomach, or gallbladder were excluded. Benign dis-
eases, including trauma, were also excluded. Additionally,
patients with other combined operations which could af-
fect the surgical outcomes such as hepatectomy, gastrec-
tomy, or colectomy were not analyzed.

Categorization of hospitals

A total of 126 hospitals performed at least one PD from
2005 to 2008 in South Korea. Four-year surgical volume
of each hospital showed a large gap, ranging from 1 to
861. Therefore, we divided the hospitals into quintiles;
very-low, low, medium, high, and very-high categories. For
this fractionation, the hospitals were sorted in descending
order by total surgical volume, and cut-off points were
decided to categorize hospitals into five similarly-sized

groups.

Assessment of outcome

For clarification of volume-outcome cotrelation of PD,
we adopted hospital mortality as an outcome indicator,
which was defined as death during the hospital stay for
PD. Hospital mortality had to be calculated in the form
of adjusted mortality, because the hospital and patient
characteristics of each category were different. For this
adjustment of hospital mortality, we selected several risk
factors for death from the HIRA database and the litera-
ture; age, sex, admission route as a surrogate for patient’s
general condition [outpatient department »s emergency
room (ER)], Charlson comorbidity score? as an index
for current comorbid status (= 3 s < 3), type of medical
security as a surrogate for socioeconomic status (medical
aid for the destitute #s health insurance for the others),
and operation type [classical pancreaticoduodenectomy
(CPD) »s pylorus-preserving pancreaticoduodenectomy
(PPPD)]. However, we were unable to obtain more de-
tailed information on preoperative treatment, tumor node
metastasis stage, PD-specific complications, or radicality
of PD from the HIRA database, which was a major limi-
tation of the nationwide data. Observed mortality was
first obtained according to surgical volume and patient
characteristics. Risk-adjusted mortality was then calculat-
ed through: (observed hospital deaths/predicted hospital
deaths) X overall mortality rate. The predicted mortality
of each category could be produced by summing the
probability of death of each patient in that category, and
the probability of death was determined by adjustment
with significant confounder variables validated through
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Characteristics Very-low (7 = 92) Low (# = 20) Medium (# = 10) High (m = 3) Very-high (» = 1) P value
Age (mean # SD) (yr) 62.2+10.7 62.1+10.2 62.1+10.5 61.2+£99 59.9+10.3 0.077
Sex ratio (M:F) 1.5 1.3 1.5 1.6 1.6 0.282
Admission route <0.001
Outpatient department (%) 803 (78.6) 774 (77.0) 788 (77.3) 901 (84.4) 593 (68.9)
Emergency room (%) 218 (21.4) 231 (23.0) 232 (22.7) 167 (15.6) 268 (31.1)
Charlson comorbidity score 0.193
<3 (%) 683 (66.9) 651 (64.8) 680 (66.7) 667 (62.5) 554 (64.3)
=3 (%) 338 (33.1) 354 (35.2) 340 (33.3) 401 (37.5) 307 (35.7)
Type of medical security <0.001
Health insurance (%) 919 (90.0) 925 (92.0) 955 (93.6) 1048 (98.1) 841 (97.7)
Medical aid (%) 102 (10.0) 80 (8.0) 65 (6.4) 20 (1.9) 20 (2.3)
Type of operation <0.001
CPD (%) 604 (59.2) 420 (41.8) 361 (35.4) 325 (30.4) 301 (35.0)
PPPD (%) 417 (40.8) 585 (58.2) 659 (64.6) 743 (69.6) 560 (65.0)
Average annual volume <10 10-18 19-35 54-111 215 9.9'

"Denotes average annual surgical volume of all hospitals. SD: Standard deviation; M: Male; F: Female; CPD: Classical pancreaticoduodenectomy; PPPD:

Pylorus-preserving pancreaticoduodenectomy.

multivariate logistic regression.

Statistical analysis

Statistical analysis was carried out using the SAS statisti-
cal package version 9.1 (SAS System for Windows, SAS
Institute, Cary, NC, United States). Descriptive statistics
were used to obtain patient characteristics and hospital
mortality in each surgical volume category. Continuous
variables were compared with Student’s # test for two
groups and with analysis of variance for multiple groups.
Categorical variables were assessed with ;{2 tests. Multi-
variate logistic regression was used to assess the correla-
tion between surgical volume and hospital mortality, with
risk-adjusted mortality as the dependent variable and
surgical volume and other risk factors for death as covati-
ates. The result of the Hosmer-Lemeshow test was 5.76
(P = 0.674), indicating an acceptable appropriateness of
our regression model. Statistical significance was set at P
values < 0.05.

RESULTS

Hospital and patient characteristics by surgical volume
Of the patients who underwent PD for periampullary
cancers during the period from 2005 to 2008 in South
Korea, a total of 4975 patients were eligible for the inclu-
sion criteria and enrolled in this study. Pancreatic cancer
(1800, 36.2%) occupied the most common indication for
PD and was followed by common bile duct cancer (1433,
28.8%), ampulla of Vater cancer (1280, 25.7%), duodenal
cancer (238, 4.8%), and other periampullary cancers (227,
4.5%).

PD patients of each category were arranged to be
similar in number; 1021 (20.5%) in the very-low-volume
hospitals, 1005 (20.2%) in the low-volume hospitals, 1020
(20.5%) in the medium-volume hospitals, 1068 (21.5%)
in the high-volume hospitals and 861 (17.3%) in the very-
high-volume hospitals. Only one hospital corresponded
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to the very-high-volume hospital, whereas as many as 92
(73.0%) hospitals belonged to the very-low-volume hos-
pitals. Average annual surgical volume of the total 126
participating hospitals was markedly varied; 215 PDs in
the very-high-volume hospital and fewer than 10 PDs in
the very-low-volume hospitals (Table 1). Even worse, 33
of the very-low-volume hospitals performed less than 1
PD per year.

The mean age of the PD patients was 61.5 years and
there were 1.5 times more males than females. Admission
via ER was significantly more frequent and the percentage
of payment by medical aid was significantly lower in the
higher-volume hospitals (both P < 0.001). However, the
Chatlson comorbidity score didn’t show any association
with the surgical volume category. PPPD was performed
in 59.6% (2964/4975) and this proportion increased with
an increase in surgical volume, ranging from 40.8% in the
very-low-volume hospitals to 69.6% in the high-volume
hospitals (P < 0.001, Table 1).

Observed hospital mortality

The overall hospital mortality rate after PD was 2.1%
during the study period. The observed hospital mortality
rates were higher in lower-volume hospitals, the medical
aid group, and CPD patients (P < 0.001, P = 0.015, P <
0.001, respectively). The mean age of both the mortality
and survival group was also significantly different (66.0 vs
61.4, P < 0.001). Other risk factors didn’t affect hospital
mortality (Table 2).

Adjusted hospital mortality

All the risk factors with P < 0.25 in univariate logistic
regression were included for multivariate analysis. These
were: age, sex, type of medical security and operation
type. Table 3 shows the results of multivariate logistic re-
gression. Hospital mortality had a significant correlation
with surgical volume (P < 0.001). Although there was
no statistical difference in hospital mortality between the
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Characteristics No. of patients Mortality (%) P value Characteristics Odds ratio (95% CI) P value
Age <0.001 Surgical volume
Live (%) 4869 (97.9) 61.4 (10.4)! Very-low 1.00
Dead (%) 106 (2.1%) 66.0 (8.6)" Low 0.59 (0.36-0.98) 0.042
Sex 0.193 Medium 0.61 (0.37-1.01) 0.056
Male (%) 2989 (60.1) 1.9 High 0.13 (0.05-0.32) <0.001
Female (%) 1986 (39.9) 25 Very-high 0.16 (0.06-0.41) <0.001
Admission route 0.291 Age' 1.04 (1.02-1.06) <0.001
Outpatient department (%) 3859 (77.6) 23 Sex 0.329
Emergency room (%) 1116 (22.4) 1.7 Male 1.00
Charlson comorbidity score 0.291 Female 1.22 (0.82-1.80)
<3 (%) 3235 (65.0) 2.0 Type of medical security 0.120
=3 (%) 1740 (35.0) 2.4 Health insurance 1.00
Type of medical security 0.015 Medical aid 1.60 (0.89-2.88)
Health insurance (%) 4 688 (94.2) 2.0 Operation type 0.025
Medical aid (%) 287 (5.8) 49 CPD 1.00
Operation type <0.001 PPPD 0.64 (0.43-0.96)
CPD (%) 2011 (40.4) 3.0
PPPD (%) 2964 (59.6) 15 'Per year increase in age. Cl: Confidence Interval; CPD: Classical

'Indicates average age (standard deviation) of survival group and mortal-
ity group. No: Number; CPD: Classical pancreaticoduodenectomy; PPPD:
Pylorus-preserving pancreaticoduodenectomy.
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Figure 1 Observed and adjusted hospital mortality according to surgical
volume. Observed hospital mortality rates showed a significant decreasing
trend as surgical volume increased (P < 0.001). Adjusted hospital mortality
rates were then calculated through multivariate logistic regression with hospital
mortality rates as a dependent variable and age and operation type as signifi-
cant confounder variables.

very-low-volume and medium-volume hospitals, or just a
small statistical difference between the very-low-volume
and low-volume hospitals, adjusted odds ratios (ORs) for
hospital death of the high-volume and very-high-volume
hospitals were significant lower than those of the very-
low-volume hospitals (both P < 0.001). Age and opera-
tion type were the only significant confounder variables
(P < 0.001 and P = 0.025, respectively) and were used
for adjustment to produce the predicted mortality. Risk-
adjusted hospital mortality rates according to surgical vol-
ume are depicted in Figure 1, ranging from 0.5% to 3.9%.

DISCUSSION

We used the nationwide database to validate the associa-
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pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduoden
ectomy.

tion of surgical volume and hospital mortality. Nation-
wide data has the power to yield reliable and objective
results by itself, mainly due to a large number of subjects
and the least influence of selection bias. Of the nation-
wide reports, however, there have been just a few studies
on only PDPHOIII G hereas the majority included
all types of pancreatic resections, including PD"™, Tt is
known that PD is different from left-sided pancreatec-
tomy, at least in postoperative morbidity and mortality.
Nationwide hospital mortality results on PD would be
reliable evidence and a base to support governmental or
administrative guidelines for the establishment of policy
on medical service, to select high-quality hospitals for
patients, and to compare quality of care providers within
and beyond South Korea.

The inverse relationship between surgical volume
and hospital mortality in performing PD has been clari-
fied in South Korea through this study. The risk-adjusted
hospital mortality rates of the high-volume and very-
high-volume hospitals were very low (0.5% and 0.7%)
compared to those of the very-low-volume, low-volume
and medium-volume hospitals (3.9%, 2.4% and 2.5%, re-
spectively). This difference in the adjusted hospital moz-
tality rates was found to be similar to that in the observed
hospital mortality rates (0.5% and 0.6% »s 4.5%, 2.5%
and 2.5%). In other words, the ORs for hospital mortal-
ity in the low-volume and medium-volume hospitals zs
the very-low-volume hospitals were around 0.6 (a 40%
decrease in the probability of hospital mortality), whereas
the ORs in the high-volume and very-high-volume hospi-
tals o5 the very-low-volume hospitals were as low as 0.13
and 0.16 (a decrease of more than 80%).

The overall hospital mortality rate after PD in South
Korea between 2005 and 2008 was 2.1%. This value
was much lower than mortality rates from other state-
wide!">*? or nationwide™'""">" databases, but a
slightly higher than those from high-volume single insti-
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tutions™** ", Hospital mortality after PD is affected by
many independent variables. Significant risk factors for
hospital mortality, other than surgical volume as men-
tioned above, were age and operation type in this study.
Type of medical security showed statistical significance in
univariate analysis but not in multivariate analysis. Signifi-
cant confounder variables for hospital mortality in PD
were similar within the literature. Age, gender, body mass
index, and urgent admission were advocated in other
studies™"*",

Regionalization and centralization in severe medical
illnesses and high-risk surgical procedures are worldwide
trends which may occur naturally by patients’ free selec-
tion, or intentionally by governmental policy across the
wotld. About 40% of PDs were undertaken in the high-
volume and very-high-volume hospitals, or the big 4
hospitals in South Korea. Again, more than 50% of PDs
were performed only in 14 (11.1%) out of 126 hospitals.
With these data, South Korea can be said to show a typical
example of centralization for PD. Despite trends toward
regionalization of care®*?! not a few PDs were safely
performed in community hospitals by surgeons with vary-
ing degrees of expetience™, as evidenced by a compara-
bly low mortality rate and a high one-year survival rate! ¥,
About 20% of patients still received PD in as many as 92
very-low-volume hospitals (73.0%) performing fewer than
10 PDs per year in South Korea. There could be several
community hospitals with comparably low mortality rates,
because the overall mortality rate of the very-low-volume
hospitals in South Korea was not so high.

Hospital quality can be assessed with diverse outcome
indicators. These are divided into short-term and long-
term outcomes, with short-term outcomes including mor-
tality, morbidity, hospital cost, and postoperative hospital
stay. Survival outcome represents the long-term outcome.
Considering that PD is a very complicated surgical pro-
cedure, postoperative morbidity results are very useful in
comparing short-term outcomes between hospitals. How-
ever, our nationwide study didn’t include morbidity results
due to difficulty in data collection through the medical
fee claims system of the HIRA. Additional drawbacks
of this study were as follows; no long-term outcome,
total hospital stay not postoperative hospital stay, no
pathology-related data, or no surgeon volume. Of these
drawbacks, surgeon volume is worthy of note. Surgeon
volume!"?* of experiencew, could be a more exact
and detailed indicator of hospital outcome after PD than
total hospital surgical volume. The HIRA database does
not yet have the surgeon identifier which was used in the
study by Eppsteiner ¢ al”’; therefore we couldn’t analyze
the correlation of surgeon volume and hospital outcome.
In one studym, an experienced surgeon was defined as
one performing 50 or more PDs, and experienced sut-
geons had comparable outcomes irrespective of annual
volume. Learning curves also projected that less experi-
enced surgeons would achieve morbidity and mortality
rates equivalent to those of experienced surgeons when
they reached 20 and 60 PDs, respectively. In other studies,
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a high-volume surgeon was defined as having an aver-
age of 10 or more PDs per year™, or 5 or more PDs per
year””. Like stratification of hospitals by surgical volume,
defining experienced or high-volume surgeons is difficult
and varies according to the medical situation or surgeon
training system of each country.

Quality indicators other than surgical volume have
been introduced. Some researchers focused on the im-
portance of surgery residency training programs, report-
ing a greater impact on outcomes after PD than hospital
volume or surgeon frequency””. Similarly, Joseph ez a/”
put emphasis on hospital clinical resources, such as the
Leapfrog Safe Practice Score, HealthGrades 5-star rating,
or interventional radiology services, as well as surgical
volume for lower operative mortality after PD. A patho-
logic indicator was also proposed by reporting that pa-
tients undergoing PD at low-volume centers were more
likely to have margin-positive resections’™”

Categorization of hospitals was carried out by two
methods in the previous reports; by cut-off points of
hospital similar in size in each category like our study and
by cut-off points of surgical volume that were arbitrarily
determined. These cutoff points of surgical volume
were varying according to the medical situation and total
surgical volume of states or countries. For example, Birk-
meyer ¢t al'” defined > 5/year for high-volume hospitals
in United States between 1992 and 1995, and Topal ¢ al”
did > 10/year for high-volume and > 20/year for very-
high-volume hospitals in Belgium between 2000 and
2004, while Balzano ef o/ used a cut-off point of 14-51/
year for high-volume hospitals and 89-104/year for very-
high-volume hospitals in Italy in 2003. For this stratifi-
cation of hospitals by surgical volume, the size of each
category was uneven according to the cut-off points. In
our study, the high-volume hospitals corresponded to
54-111/year and the very-high-volume hospital did 215/
year between 2005 and 2008, as a result of dividing hos-
pitals into 5 similar-sized categories. In addition, quintile
division™” was rarely used in the previous studies, with
the majority being performed in three or four stratifica-
tions. Accordingly it is not easy to reach an international
consent on established stratification of hospitals by surgi-
cal volume.

In conclusion, the nationwide database clarified the
impact of surgical volume on hospital mortality after PD
in South Korea. The higher-volume hospitals had a better
mortality outcome than the lower-volume hospitals. PD
performance showed centralization in South Korea and
the overall hospital mortality rate was comparable among
countries. Further nationwide studies with surgeon vol-
ume, morbidity data, and long-term survival results after
PD are warranted for more detailed information, and for
a domestic and international comparison.

COMMENTS

Background

Pancreaticoduodenectomy (PD), performed for various diseases around the
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duodenal ampulla, is one of the high-risk surgical procedures which tend to be
centralized in high-volume hospitals across the world. Previous studies have
reported that high-volume hospitals show better surgical outcomes than low-
volume hospitals. Up to now, however, there have been no reports on surgical
outcomes after PD, or whether surgical volume is a good quality indicator of
care providers in South Korea.

Research frontiers

The correlation of surgical volume and hospital outcome after PD is well known
between individual institutions or in a limited area. For research into clarifying
this relationship, comprehensive results from nationwide databases are impor-
tant for patients and government, as well as medical personnel.

Innovations and breakthroughs

Although there have been many studies on the relationship between surgi-
cal volume and hospital outcome after all types of pancreatic surgery from
nationwide databases or after only PD from databases of institutions or states,
nationwide results on only PD, which is still an operation with high morbidity
and mortality rates, are very rare. Moreover, this is the first study of its type per-
formed in South Korea and having a recent study period of four years.

Applications

With the information on the relationship between surgical volume and nation-
wide hospital mortality after PD in South Korea, reference guidelines for estab-
lishing medical policy and selecting good-quality hospitals could be supported.

Peer review

This is a frontier study on the relationship between surgical volume and hospital
outcome after one type of major surgery in South Korea. This is a well-analyzed
and clear manuscript that describes the impact of hospital volume on mortality
following pancreaticoduodenectomy.
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Abstract

AIM: To evaluate whether diabetic patients had a
higher risk of colon cancer mortality and its associated
risk factors.

METHODS: The sex-specific crude and age-standard-
ized (to the 2000 World Health Organization popula-
tion) mortality rates of colon cancer in the Taiwanese
general population were first calculated from 1995 to
2006. The trends were evaluated by linear regression.
A total of 113 347 diabetic men and 131 573 diabetic
women aged = 25 years at recruitment from 1995 to
1998 were followed up until the end of 2006. Age/sex-
specific colon cancer mortality rate ratios were cal-
culated comparing the mortality rates of the diabetic
patients with the average mortality rates of the general
population within 12 years (1995-2006). A sub-cohort
of diabetic patients (42 260 men and 49 405 women)
was interviewed using a baseline questionnaire and
Cox’s regression was used to evaluate the risk factors
for colon cancer mortality in these diabetic patients.
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RESULTS: The crude and age-standardized trends of
colon cancer mortality from 1995 to 2006 increased
significantly for both sexes in the general population.
A total of 641 diabetic men and 573 diabetic women
died of colon cancer, with a mortality rate of 74.4 and
54.3 per 100 000 person-years, respectively. Mortality
rate ratios [95% confidence intervals (CIs)] showed
a significantly higher risk of mortality from colon can-
cer for the diabetic patients compared to the general
population, with the magnitude increasing with de-
creasing age: 1.65 (1.40-1.95), 2.01 (1.78-2.27), 2.75
(2.36-3.21) and 5.69 (4.65-6.96) for = 75, 65-74,
55-64 and 25-54 years old, respectively, for men; and
1.46 (1.24-1.72), 2.09 (1.84-2.38), 2.67 (2.27-3.14)
and 3.05 (2.29-4.06), respectively, for women. Among
the sub-cohort of diabetic patients who had been in-
terviewed with the baseline questionnaire, including
information on age, sex, diabetes duration, diabe-
tes type, body mass index, smoking, insulin use and
area of residence, age and smoking were significantly
predictive for colon cancer mortality, with respec-
tive adjusted hazard ratios (HRs) (95% CIs) of 1.077
(1.066-1.088) and 1.384 (1.068-1.792). Diabetes dura-
tion became a significant factor when those who died
of colon cancer within 5 years of diabetes diagnosis
were excluded to minimize the possible contamination
of diabetes caused by incipient colon cancer, with an
adjusted hazard ratio of 1.021 (1.007-1.034). Sex, dia-
betes type, insulin use, body mass index and area of
residence were not significant predictors for colon can-
cer mortality in the diabetic patients. Although insulin
use was categorized into subgroups of duration of use
(non-users and users < 5 years, 5-9 years and = 10
years), none of the HRs for colon cancer mortality was
significant with regards to different durations of insulin
use.

CONCLUSION: Colon cancer mortality is increasing in

Taiwan. A higher risk is observed in diabetic patients.
Smoking, but not insulin use, is a modifiable risk factor.
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INTRODUCTION

Colorectal cancer is a major cause of death in devel-
oped countries'. In Taiwan, it is the third most com-
mon cause of cancer-related death™, and the trend of
its age-adjusted mortality showed an increase from 1971
to 1996, A meta-analysis concluded there was a 30%
higher risk in diabetic patientsw. However, most studies
were done in western countries, and the only one involv-
ing Asians in the meta-analysis was conducted in Korea,
which showed a 28% higher risk of mortality in diabetic
men, but not women". On the other hand, some studies
showed an association in women'*”,

Most previous studies did not distinguish between
type 1 and type 2 diabetes. A recent prospective study in
the United States identified patients with type 2 diabetes
and nondiabetic subjects aged 50-74 years in 1992-1993
and followed biannually by questionnaires from 1997
to 2007". Diabetes was significantly associated with
colorectal cancer in men who were either insulin users or
non-users; but diabetes and insulin use were not associ-
ated with a higher risk among women'”,

Whether insulin use is associated with colon cancer
mortality has rarely been studied. Furthermore, no previ-
ous studies have examined prospectively the confounding
effects of diabetes duration and age; both being highly
associated with insulin use. Therefore, this study evalu-
ated: (1) the trends of colon cancer mortality in the
Taiwanese general population; (2) the age/sex-specific
mortality rate ratio between diabetic patients and the gen-
eral population; and (3) the risk factors for colon cancer
mortality in diabetic patients, including age, sex, diabetes
duration, diabetes type, body mass index, smoking, insu-
lin use/duration of insulin use and area of residence.

MATERIALS AND METHODS

Colon cancer mortality in the general population

The study was approved and supported by the Depart-
ment of Health, Executive Yuan, Taiwan. In Taiwan,
every resident has a unique identification number and
events like birth, death, marriage or migration should be
registered. If a person dies, a death certificate should be
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reported to the household registration offices within 30
d as required by law. The death certificate database in-
cludes the identification number, date of birth, sex, and
date and cause of death. The causes of death coded in
the ninth revision of the International Classification of
Diseases are used. Colon cancer has a code of 153.

The age/sex-specific population numbers are reported
annually by the government. The sex-specific trends of
crude and age-standardized (to the 2000 World Health
Organization population) mortality rates for colon can-
cer in the general population were first calculated from
1995 to 2006 for all ages. Linear regression was used to
evaluate whether the trends changed with regard to cal-
endar years, where the mortality rate was the dependent
variable and the calendar year the independent vatiable.

Colon cancer is rare in young individuals, therefore,
we analyzed the data for those aged = 25 years in the
following groups: 25-54 years, 55-64 years, 65-74 years
and = 75 years old. Age/sex-specific average mortality
rates during 1995-2006 were calculated by dividing the
average numbers of colon cancer deaths by the average
mid-year population of the specific age and sex within
the period.

Colon cancer mortality in diabetic patients

Figure 1 shows a flow chart for the follow-up of diabetic
patients. In March 1995, a compulsory and universal
National Health Insurance (NHI) program was imple-
mented and covered > 96% of the population. From
1995 to 1998 a cohort of 256 036 diabetic patients (“the
original cohort”) using the NHI was established (detailed
elsewhere)™",

All patients were followed until 2006. The date and
cause of death were obtained from the death certificate
database. Mortality rates were computed using a person-
years denominator: the duration from enrollment until
the end of 2006 for those who were alive or to the
date of death. The patients were categorized into age
subgroups by their age at enrollment. Age/sex-specific
mortality rates and mortality rate ratios were calculated.
The mortality rate ratio was calculated using the aver-
age mortality rate of that subgroup within the 12 years
in the general population as a reference. To reduce the
aging effect on age subgroup categorization, analyses
for the original cohort were also performed by splitting
the follow-up duration into two periods: (1) from enroll-
ment to the end of 2000: age categorized at enrollment
and mortality followed from enrollment to 2000; and (2)
from 2001 to the end of 20006: those who died before
the end of 2000 were excluded, age calculated at 2001
and mortality followed from 2001-2006.

For sub-cohort analyses, we calculated the mortality
rates and mortality rate ratios in the patients who had
been interviewed with a baseline questionnaire (detailed
elsewhere)!" ™. The number interviewed was 93 484 and
among them 91 665 patients (42 260 men and 49 405
women) were aged = 25 years (“sub-cohort diabetic pa-
tients”). To evaluate whether an association was found in
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Diabetes patients identified
from 66 hospitals and
clinics across Taiwan
n = 256 036

Half of the identified patients

questionnaire interview
n = 128572

Baseline questionnaire
—>{ were randomly selected for || completed (1995-1998)

n = 93484

Diabetic patients = 25 years old
n = 244920

Questionnaire interviewed
diabetic patients = 25 years old

(Men 113 347, women 131 573)
(Original cohort)

n = 91665 (Men 42 260,
women 49 405)
(Sub-cohort diabetic patients)

(Sub-cohort type 2 diabetic patients)

Questionnaire interviewed type 2
diabetic patients = 25 years old
n = 88694
(Men 40 820, women 47 874)

Died of colon cancer while followed to the end of 2006
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Figure 1 Flow chart showing the procedures in the calculation of colon cancer mortality in the diabetic cohorts.
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Figure 2 Secular trends of mortality from colon cancer from 1995 to 2006 in the general population of Taiwan in men (A) and women (B), respectively. The
2000 World Health Organization population was used as reference for age standardization.

patients with type 2 diabetes, mortality rates and mortal-
ity rate ratios were calculated after excluding patients with
type 1 diabetes based on diabetic ketoacidosis at diabetes
onset, or the need for insulin injection within 1 year after
diabetes diagnosis. There were 40 820 diabetic men and
47 874 diabetic women after this exclusion (“sub-cohort
type 2 diabetic patients”). Only 1440 men and 1531
women were excluded for type 1 diabetes, and among
them only 14 men and five women died of colon cancer,
therefore, we did not analyze the association with type 1
diabetes. To minimize the possibility that diabetes might
be caused by incipient colon cancer, analyses were also
done by dividing the patients into subgroups with a dia-
betes duration at enrollment < 10 years and = 10 years.

Risk factors for colon cancer mortality in diabetic
patients

The baseline characteristics of the sub-cohort diabetic
patients who had been interviewed (Figure 1) were com-
pared between men and women by either the # test for
continuous variables or the ;{2 test for categorical vari-
ables. Cox proportional hazards models were then used
to identify the risk factors for colon cancer mortality.
Colon cancer mortality was the dependent variable in
the models and the independent variables included age,
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sex (men »s women), diabetes duration, diabetes type
(type 2 »s type 1), body mass index, smoking (yes #s no),
insulin use (yes #s no) and area of residence (urban »s ru-
ral). The area of residence was defined as urban for the
Metropolitan Taipei area including Taipei City and Taipei
County (New Taipei City) and other administratively
named cities across Taiwan; and as rural for administra-
tively named counties and offshore islands. To evaluate
whether the duration of insulin use could be associated
with colon cancer mortality, Cox models were also cre-
ated by comparing insulin use at < 5 years, 5-9 years and
= 10 years to insulin non-users, before adjustment, at
adjustment for age, sex, diabetes type, diabetes duration,
body mass index, smoking and atea of residence one at
a time, and at adjustment for all these factors simultane-
ously (full model). The analyses were done before and
after excluding patients who died of colon cancer within
5 years of diabetes onset, to minimize the possibility that
diabetes might be caused by incipient colon cancer or
might occur after the diagnosis of colon cancer.

RESULTS

The trends of crude and age-standardized colon cancer
mortality showed a significant increase in both sexes in
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Age (yr) Men Women
n N PY MR MRR (95% CI) n N PY MR MRR (95% CI)
Original diabetic cohort
Followed from enrollment to the end of 2006
25-54 76 42107 363948.2 20.88 5.69 (4.65, 6.96)" 43 43749  399556.9 10.76 3.05 (2.29, 4.06)"
55-64 158 28867 225706.1 70.00 275(2.36,321)" 146 37317  314033.6 46.49 2.67 (2.27,3.14)
65-74 265 30704 211811.1 12511 2.01(1.78,227)" 238 35194  258155.6 92.19 2.09 (1.84,2.38)"
=175 142 11669 59761.6 237.61 1.65(1.40,1.95)" 146 15313 839055  174.01 1.46 (1.24,1.72)°
Followed from enrollment to the end of 2000
25-54 23 42107 143238.6 16.06 4.38 (3.00, 6.37)° 16 43749  153584.7 10.42 2.95 (1.84, 4.71)
55-64 52 28867 96078 54.12 212 (1.62,2.78)" 55 37317  129321.2 42.53 244 (1.88,3.17)
65-74 112 30704 94488.8 118.53 1.90 (1.58, 2.29)* 91 35194  113687.6 80.04 1.81 (1.48, 2.23)°
=75 70 11669 30353.6 230.61 1.60 (1.27, 2.03)* 75 15313 420929  178.18 1.49 (1.19,1.87)°
Followed from 2001 to the end of 2006
25-54 30 32626 186021.3 16.13 4.39 (3.16, 6.11)" 22 34400  201514.2 10.92 3.09 (2.07, 4.60)
55-64 68 22743 122446.4 55.53 218 (1.72, 2.76)" 52 29880  167205.9 31.10 1.79 (1.36, 2.34)"
65-74 172 26548 133463.8 128.87 2.07 (1.78, 2.40)" 131 33591  176023.3 74.42 1.69 (1.42, 2.00)"
=75 114 13653 59608.3 191.25 1.33(1.11,1.60)° 131 17808 799946  163.76 1.37 (1.16, 1.63)"
Sub-cohort diabetic patients
Diabetes of any duration at enrollment
25-54 25 13837 100793.2 24.80 6.76 (4.81, 9.50)° 16 12768 95960.8 16.67 4.72 (3.02,7.37)°
55-64 62 12454 84551.8 73.33 2.88 (2.26, 3.66)" 53 16717 1182785 4481 2.57 (1.98, 3.35)"
65-74 99 12395 76349.6 129.67 2.08 (1.71, 2.53)° 86 15029 96058 .4 89.53 2.03 (1.64, 2.50)"
=75 42 3574 17710.4 237.15 1.65 (1.22,2.23)" 43 4891 25384.8  169.39 1.42 (1.05,1.91)"
Diabetes duration < 10 yr at enrollment
25-54 15 11631 86016.8 17.44 4.75 (3.00, 7.53)" 12 10389 78983.7 15.19 4.30 (2.56, 7.23)"
55-64 42 8892 61949.1 67.80 2.66 (1.99, 3.57)° 37 11636 84435.4 43.82 2.52 (1.84, 3.45)°
65-74 62 7887 49825.0 124.44 2.00 (1.56, 2.55)" 47 9246 61226.8 76.76 1.74 (1.31, 2.31)"
=75 29 2138 10946.7 264.92 1.84 (1.29, 2.64)" 23 2814 15302.6  150.30 1.26 (0.84, 1.90)
Diabetes duration = 10 yr at enrollment
25-54 10 2206 14773 67.69 18.44 (11.81,28.80)" 4 2379 16988.5 23.55 6.66 (2.85,15.56)"
55-64 20 3562 22608.3 88.46 3.47 (2,30, 5.25)° 16 5081 33862.5 4725 2.71 (1.69, 4.35)°
65-74 37 4508 26541.7 139.40 2.24 (1.63, 3.07)" 39 5783 348457  111.92 2.54 (1.87,3.44)
=75 13 1436 6785.4 191.59 1.33 (0.77, 2.29) 20 2077 101035  197.95 1.66 (1.07, 2.56)"
Sub-cohort type 2 diabetic patients
Diabetes of any duration at enrollment
25-54 2 13239 96635.9 23.80 6.49 (4.54, 9.26)" 16 12260 92076.3 17.38 4.92 (3.16, 7.66)"
55-64 60 12082 82183.2 73.01 2.87 (2.24, 3.66)" 51 16288 1154945 44.16 2.54 (1.94, 3.32)°
65-74 92 12051 74413.3 123.63 1.98 (1.62, 2.43)" 83 14570 93223.1 89.03 2.02 (1.63, 2.50)"
=75 39 3448 171713 227.12 1.58 (1.16, 2.16)" 43 4756 24716.7  173.97 1.46 (1.08,1.97)°
Diabetes duration < 10 yr at enrollment
25-54 14 11248 83333.9 16.80 4.58 (2.84,7.38)" 12 10082 76622.8 15.66 443 (2.64, 7.44)°
55-64 40 8730 60901.6 65.68 2.58 (1.91, 3.48)° 36 11453 83223.4 43.26 248 (1.81, 3.42)°
65-74 59 7742 48999.2 120.41 1.93 (1.50, 2.49)" 46 9068 60169.4 76.45 1.73 (1.30, 2.31)"
=75 27 2088 10708.6 25213 1.75 (1.21, 2.55)" 23 2760 15063.9  152.68 1.28 (0.85,1.93)
Diabetes duration = 10 yr at enrollment
25-54 9 1991 13298.7 67.68 18.44 (11.53,29.50)"° 4 2178 15465.0 25.86 7.32(3.17,16.88)"
55-64 20 3352 21284.3 93.97 3.69 (2.45, 5.56)" 15 4835 32290.5 46.45 2.67 (1.64, 4.35)°
65-74 38 4309 25428.1 129.78 2.08 (1.49, 2.91)° 37 5502 33067.7  111.89 2.53 (1.85, 3.47)"
=75 12 1360 6484.3 185.06 1.29 (0.73, 2.26) 20 1996 9674.1  206.74 1.73 (112, 2.67)°

P < 0.05 vs general population. PY: Person-years; MR: Mortality rate; MRR: Mortality rate ratio; CI: Confidence interval; n: Case number of colon cancer; N:

Case number observed.

the general population during the period from 1995 to
20006 in Taiwan (Figure 2). The average mortality rates for
colon cancer during the period in the general population
aged 25-54 years, 55-04 years, 65-74 years and = 75 yearts
were 5.1, 24.75, 76.6 and 160.92 per 100 000 for men, re-
spectively, and 4.51, 18.01, 46.08 and 130.90 for women.
A total of 113 347 diabetic men and 131 573 diabetic
women in the original cohort were followed (Figure 1).
Among them, 641 men and 573 women died of colon
cancet, with mortality rates of 74.4 and 54.3 per 100 000
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person-years, respectively. The age/sex-specific mortal-
ity rates in the diabetic patients and their mortality rate
ratios compared to the general population are shown in
Table 1. Except for those aged = 75 years and with a
diabetes duration of = 10 years at enrollment in men,
and with a diabetes duration of < 10 years at enrollment
in women (Table 1), the mortality rate ratios were all sig-
nificant, and especially remarkable in those aged 25-54
years. Diabetes was unlikely to be caused by colon can-
cet, because diabetes diagnosed = 10 yeats before colon
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Variable Men Women P value
n 42 260 49 405

Age, yr 59.8 (11.7) 61.5(10.8)  <0.0001
Diabetes duration, yr 7.0 (6.6) 7.5 (6.6) < 0.0001
Diabetes type, % type 1 1440 (3.4) 1531 (3.1) 0.0085
Body mass index, kg/m” 24.4 (3.4) 24.7 (3.8) < 0.0001
Smoking, % yes 26 522 (62.8) 1703 (3.5) <0.0001
Use of insulin, % yes 3717 (8.8) 5059 (10.2) < 0.0001
Area of residence, % urban 20231 (47.9) 22264 (45.1)  <0.0001
Colon cancer mortality 228 (0.5) 198 (0.4) 0.0021

Data are expressed as mean (SD) or n (%).

cancer mortality can hardly be a consequence of the car-
cinogenic process. The aging effect during follow-up on
age subgroup categorization was also minimal because
the results were similar when the long duration was split
into two shorter periods in the original cohort analyses.

All baseline characteristics of the sub-cohort diabetic
patients who had been interviewed with a baseline ques-
tionnaire differed significantly between the diabetic men
and women (Table 2). The unadjusted and mutually-ad-
justed HRs for different age groups are shown in Table
3. In the adjusted models, age and smoking (especially in
those aged < 65 years) were significant. When diabetic
patients who died of colon cancer within 5 years of
diabetes diagnosis were excluded, diabetes duration was
significant (especially in those aged = 65 years). Sex,
diabetes type, insulin use, body mass index and area of
residence were not significant after adjustment.

Table 4 shows the HRs for different durations of
insulin use compared to non-users in unadjusted and
adjusted models. Before exclusion of patients with a
duration of < 5 years between the onset of diabetes and
colon cancer mortality, none of the HRs was significant.
In models after exclusion, insulin use = 10 years might
be associated with a higher risk. However, in the models
after respective adjustment for age, diabetes type or dia-
betes duration, and in the full model, insulin use of any
duration was not predictive, suggesting that the associa-
tion with insulin use might be due to the effects of some
confounders.

DISCUSSION

Contrary to the decreasing trend since the mid-1980s in
the United States"") colon cancer mortality in Taiwan
is increasing (Figure 2), and has been since 1971 if the
observation of Chen e al” is considered simultaneously.
Although the etiology of the increasing trend remains to
be explored, it may be due to the westernization of the
Taiwanese lifestyle in recent decades, with increased fat
intake, and the high prevalence of metabolic syndrome
and diabetes. The higher risk among diabetic patients of
both sexes (Table 1) was also contrary to Korean” and
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United States™ studies showing an association in men
but not in women, and to others showing an association
only in women!”.

It is interesting that the increased mortality rate ratio
was more remarkable at the youngest age of 25-54 years
(Table 1). This has public health importance because
the incidence of diabetes is increasing dramatically in
the younger generationlg!. One explanation is that age
per se is a strong risk factor, and therefore, the impact of
diabetes might not be as obvious in the elderly, resulting
in a remarkably higher incidence rate ratio and a higher
mortality rate ratio in the younger age group. Other ex-
planations include that diabetes has a different impact
on colon cancer mortality in different age groups, and
that younger diabetic patients with colon cancer would
have a poorer prognosis than non-diabetic patients.
Mucin production in colorectal cancer has an inverse ef-
fect on survival among Taiwanese patientslw]. Taiwanese
patients with colon cancer and aged < 40 years also have
significantly poorer 5-year survival'®l; age is inversely
associated with tumor stage at diagnosis, tumor differen-
tiation and mucin productionm]. In addition, the healthy
survivor effect might also lead to a reduced mortality
rate ratio in the eldetly.

Metabolic syndrome is associated with a 35% higher
risk of colon cancer in Taiwan"". Similarly, a cluster of
three components of the metabolic syndrome (hyper-
tension, body mass index = 25 kg/m” and high-density
lipoprotein cholesterol < 40 mg/dL) was associated
with a 58% higher risk in a Finnish study“gj. In Taiwan,
metabolic syndrome is present in 76.2% of diabetic pa-
tients”” in contrast to 15% in the general populationm].
Therefore, the higher prevalence rates of hypertension,
obesity and dyslipidemia in diabetic patients might ex-
plain partly their higher risk of colon cancer.

Contrary to other studies showing an association be-
tween body mass index and distal colon adenoma™ or
colorectal cancer'”, body mass index was not predictive
for colon cancer mortality in the present study (Table 3).
One possibility is that the risk factors for incidence and
mortality or for different ethnicities might be different.
It is also possible that if diabetes per se incurred a mark-
edly higher risk, the impact of other risk factors might
be overshadowed. Therefore, risk factors in diabetic pa-
tients might not be the same as those observed in non-
diabetic subjects.

The association between colorectal neoplasm and
insulin use in patients with type 2 diabetes has been
controversial®**, Although two retrospective stud-
ies suggested a positive link, a recent prospective study
concluded a lack of association'”. A study conducted in
Korea suggested a threefold higher risk of colorectal ad-
enoma associated with insulin therapylz}l. However, this
study used a retrospective case-control design and evalu-
ated adenoma rather than cancer. Another retrospective
cohort study using the General Practice Research Data-
base from the United Kingdom showed a significantly
twofold higher risk of colorectal cancer associated with
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Variables Interpretation Hazard ratio (95% CI)
Age = 25 yr Age 25-64 yr Age = 65 yr
Unadjusted P value Mutually adjusted P value Mutually adjusted P value Mutually-adjusted P value
Before exclusion
Age Every 1-yr 1.077 (1.066-1.088) < 0.0001 1.077 (1.066-1.088) <0.0001 1.090 (1.062-1.119) <0.0001 1.072 (1.049-1.096) < 0.0001
increment
Sex Men vs women 1.395 (1.150-1.691)  0.0007 1.256 (0.976-1.618) 0.0769 1.181 (0.758-1.841) 0.4622  1.288 (0.946-1.753) 0.1081
Diabetes Every 1-yr 1.032 (1.019-1.045) <0.0001 1.006 (0.992-1.020) 0.3845 0.993 (0.964-1.023) 0.6652  1.009 (0.994-1.025) 0.2329
duration increment
Diabetes Type2wvstypel 0.682(0.430-1.081)  0.1036 0.750 (0.432-1.301) 0.3057 0.914 (0.345-2.425) 0.8574  0.680 (0.348-1.328) 0.2588
type
Body mass Every 1-kg/m® 0.956 (0.929-0.984)  0.0021 0.976 (0.948-1.005)  0.1062 0.966 (0.920-1.014)  0.1616 0.981 (0.946-1.018)  0.3080
index increment
Smoking Yes vs no 1.484 (1.219-1.808) <0.0001 1.384 (1.068-1.792) 0.0140 1.746 (1.121-2.720) 0.0136  1.215 (0.881-1.676) 0.2351
Insulin Yes vs no 1.344 (0.992-1.821)  0.0564 1.235 (0.843-1.809) 0.2782 1.318 (0.686-2.532) 0.4076  1.215 (0.759-1.946) 0.4168
use
Area of Urban vs rural  0.901 (0.743-1.094) 0.2928 0.852 (0.702-1.034) 0.1046 0.734 (0.530-1.016) 0.0621  0.931 (0.731-1.187) 0.5660
residence
After exclusion
Age Every 1-yr 1.082 (1.070-1.094) <0.0001 1.080 (1.068-1.092) <0.0001 1.096 (1.064-1.128) <0.0001 1.070 (1.046-1.095) < 0.0001
increment
Sex Men vs women 1.454 (1.186-1.784)  0.0003 1.281 (0.980-1.676) 0.0704 1.355 (0.836-2.195) 0.2172  1.249 (0.903-1.728) 0.1787
Diabetes Every 1-yr 1.046 (1.034-1.059) <0.0001 1.021 (1.007-1.034) 0.0022  1.025 (0.996-1.054) 0.0883  1.020 (1.004-1.035) 0.0120
duration increment
Diabetes Type2wvstypel 0.640 (0.398-1.028)  0.0647 0.710 (0.402-1.254) 0.2386  0.637 (0.229-1.771) 0.3878  0.737 (0.371-1.465) 0.3837
type
Body mass Every 1-kg/m” 0.960 (0.932-0.989)  0.0078 0.984 (0.955-1.015) 0.3034 0.983 (0.933-1.035) 0.5160  0.984 (0.948-1.022) 0.4153
index increment
Smoking Yes vs no 1.555 (1.263-1.914) <0.0001 1.445 (1.099-1.899) 0.0083 1.814 (1.130-2.913) 0.0137  1.268 (0.905-1.778) 0.1672
Insulin Yes vs no 1.431 (1.044-1.961)  0.0258 1.159 (0.781-1.722) 0.4639 0.927 (0.440-1.954) 0.8419  1.274 (0.798-2.035) 0.3106
use
Area of Urban vs rural  0.909 (0.741-1.116)  0.3639 0.848 (0.691-1.041) 0.1158 0.815 (0.573-1.158) 0.2536  0.876 (0.680-1.128) 0.3040
residence

CI: Confidence interval.

insulin use™. On the other hand, a prospective cohort
study conducted in the United States did not suggest an
association between colotrectal cancer and insulin use
in either men or women". The finding of the present
study was in line with the United States study, suggesting
a lack of association between insulin use and colon can-
cer mortality (Tables 3 and 4). Insulin use is essential in
patients with type 1 diabetes and is always seen in older
patients with type 2 diabetes who might have prolonged
duration of diabetes. Therefore, it is worth mention-
ing that adjustments should be made simultaneously for
age, diabetes duration and diabetes type in the analyses
evaluating the risk of cancer associated with insulin
use. The present study is probably the longest follow-
up study showing that insulin use was not predictive for
colon cancer mortality after adjustment for confounders,
including all of these factors (Tables 3 and 4).
Consistent with some prior studies”™", smoking was
significantly predictive, especially in those aged < 65
years (Table 3). A recent Swedish retrospective cohort
study evaluating the use of snuff and colorectal and anal
cancer found no significant association””. We were not
able to evaluate the effect of snuff use because of a lack
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of information. Although we could not evaluate the im-
pact of socioeconomic status, this study did not show an
association with atea of residence (Table 3).

Incidence and mortality are two different entities, and
probably linked to different factors. If diabetic patients
with colon cancer had a poorer prognosis, the mortal-
ity rate ratio would not properly reflect the incidence
rate ratio. A recently published prospective study (Can-
cer Prevention Study-II Nutrition Cohort) conducted
among 2278 patients with colorectal cancer suggested
that patients with type 2 diabetes had a higher risk of
mortality than those without diabetes; especially a higher
risk of death from cardiovascular disease™. A study
from Taiwan also showed that diabetic patients with
colon cancer had an overall 21% higher mortality than
nondiabetic patientsm. However, this was only observed
in stage II cancer. It was believed that the 21% higher
case-fatality rate could not explain the several-fold higher
mortality rate ratios in the diabetic patients (Table 1).

The strengths of this study included a prospective
follow-up of a large cohort of diabetic patients over a
long duration; the completeness of the ascertainment
of vital status by matching with the death certificate
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Table 4 Cox proportional hazards models for mortality from colon cancer by duration of insulin use (reference group: diabetic

patients not using insulin) before and after exclusion of patients with a duration of < 5 years between onset of diabetes and colon
cancer mortality

Duration of insulin use

Variables adjusted <5yr 5-9 yr = 10yr
HR 95% CI P value HR 95% CI P value HR 95% CI P value

Before exclusion
Unadjusted 1.128 0.734-1.735 0.5824 1.245 0.664-2.333 0.4947 1.539 0.918-2.579 0.1018
Age 1.388 0.902-2.136 0.1355 1.487 0.793-2.787 0.2163 1.441 0.860-2.416 0.1654
Sex 1.146 0.745-1.763 0.5339 1.267 0.676-2.375 0.4605 1.562 0.932-2.618 0.0907
Diabetes type 1.101 0.682-1.777 0.6931 0.817 0.362-1.843 0.6259 1.321 0.589-2.964 0.4991
Diabetes duration 1.009 0.655-1.556 0.9663 1.028 0.546-1.935 0.9330 1.018 0.590-1.756 0.9491
Body mass index 1.089 0.707-1.675 0.6995 1.210 0.645-2.268 0.5530 1.505 0.898-2.523 0.1208
Smoking 1.143 0.743-1.759 0.5416 1.263 0.674-2.367 0.4666 1.549 0.924-2.596 0.0966
Area of residence 1.122 0.729-1.726 0.6005 1.237 0.660-2.318 0.5074 1.538 0.918-2.578 0.1023
Full model' 1.217 0.764-1.937 0.4082 0.943 0.442-2.010 0.8788 1.003 0.454-2.212 0.9948

After exclusion
Unadjusted 1.108 0.698-1.761 0.6630 1416 0.755-2.656 0.2782 1.746 1.041-2.931 0.0348
Age 1.384 0.871-2.199 0.1696 1.704 0.908-3.197 0.0971 1.633 0.973-2.740 0.0635
Sex 1.129 0.710-1.793 0.6085 1.445 0.771-2.711 0.2510 1.776 1.058-2.981 0.0297
Diabetes type 1.089 0.651-1.821 0.7447 1.010 0.446-2.287 0.9807 1.700 0.770-3.757 0.1893
Diabetes duration 0.943 0.592-1.501 0.8045 1.079 0.573-2.034 0.8133 0.968 0.561-1.669 0.9057
Body mass index 1.072 0.674-1.703 0.7702 1.375 0.733-2.581 0.3215 1.710 1.019-2.870 0.0424
Smoking 1.126 0.708-1.788 0.6164 1.440 0.768-2.701 0.2557 1.760 1.049-2.954 0.0323
Area of residence 1.103 0.694-1.752 0.6786 1.409 0.751-2.643 0.2855 1.746 1.040-2.929 0.0349
Full model' 1.133 0.691-1.857 0.6214 1.038 0.491-2.195 0.9221 1.003 0.462-2.178 0.9949

!Adjusted for age, sex, diabetes type, diabetes duration, body mass index, smoking and area of residence. HR: Hazard ratio; CI: Confidence interval.

database; and the consistency observed in both sexes,
and in different age groups, enrollment periods and sub-
cohorts of diabetic patients.

There were limitations to the study. First, diabetic pa-
tients might have visited their physicians more frequent-
ly, resulting in a higher probability of detecting cancer.
However, this might only suggest a higher rate of detec-
tion of early colon cancer with a better prognosis, which
might have attenuated the magnitude of the mortality
rate ratios. Second, the use of cause of death on the
death certificate as the only source of colon cancer diag-
nosis might have underestimated the mortality related to
colon cancer, because some patients with colon cancer
might have died without having colon cancer listed as
the cause of death. Therefore the impact of this pos-
sible effect awaits further investigation. Third, multiple
drug therapy in diabetic patients might have complicated
the situation. For example, statin, aspirin and nonsteroi-
dal anti-inflammatory drugs are possibly preventive for
colorectal cancer™". A higher proportion of diabetic
patients might have been using these medications for
the prevention of cardiovascular diseases. Different oral
antidiabetic agents may have different effects on cancer
development. For example, metformin has been shown
to be preventive for cancer”, but the use of sulfonyl-
ureas may be associated with a higher risk of cancer™.
We could not evaluate the effects of these medications
because such information was not collected. Fourth, this
study did not consider confounders identified in Taiwan,
including less exercise, less vegetable and fruit con-
sumption, increased meat intake, and alcohol intake™.
Furthermore, we were not able to adjust for some other
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confounders, as discussed below. For example, hyper-
homocysteinemia has been shown to be a risk factor
for type 2 diabetes and is also associated with abnormal
DNA methylation, which has the potential to inactivate
tumor suppressor genes leading to colorectal cancer”".
Family history and inflammatory bowel disease are also
significant risk factors for colorectal cancer™ . None
of these potential confounders were measured and could
not be considered for adjustment.

In summary, we have demonstrated an increasing
trend in colon cancer mortality in the Taiwanese general
population from 1995 to 2006. The risk is increased in
diabetic patients, with the magnitude of the mortality
rate ratio becoming larger with decreasing age. Smok-
ing is a risk factor, but insulin use is not. Given that the
population is aging and the incidence of type 2 diabetes
is increasing, the impact of the link between diabetes
and colon cancer on the mortality of the population
warrants public health attention.
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Given that the population is aging and the incidence of diabetes is increasing,
the impact of the link between diabetes and colon cancer on the mortality of the
population warrants public health attention. Insulin is commonly used in diabetic
patients, therefore, clarification of a lack of insulin effect on colon cancer devel-
opment relieves concern about the use of insulin.
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Abstract

AIM: To determine the effect of body mass index (BMI)
on the characteristics and overall outcome of colon
cancer in Taiwan.

METHODS: From January 1995 to July 2003, 2138
patients with colon cancer were enrolled in this study.
BMI categories (in kg/m”) were established according
to the classification of the Department of Health of Tai-
wan. Postoperative morbidities and mortality, and sur-
vival analysis including overall survival (OS), disease-
free survival (DFS), and cancer-specific survival (CSS)
were compared across the BMI categories.

RESULTS: There were 164 (7.7%) underweight (BMI
< 18.5 kg/m?), 1109 (51.9%) normal-weight (BMI =
18.5-23.9 kg/m?), 550 (25.7%) overweight (BMI =
24.0-26.9 kg/m®), and 315 (14.7%) obese (BMI =
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27 kg/m®) patients. Being female, apparently anemic,
hypoalbuminemic, and having body weight loss was
more likely among underweight patients than among
the other patients (P < 0.001). Underweight patients
had higher mortality rate (P = 0.007) and lower OS
(P < 0.001) and DFS (P = 0.002) than the other pa-
tients. OS and DFS did not differ significantly between
normal-weight, overweight, and obese patients, while
CSS did not differ significantly with the BMI category.

CONCLUSION: In Taiwan, BMI does not significantly
affect colon-CSS. Underweight patients had a higher
rate of surgical mortality and a worse OS and DFS than
the other patients. Obesity does not predict a worse
survival.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The prevalence of obesity and the incidence of colon
cancer continue to increase in Taiwan as in other devel-
oped countries. The findings of many studies support
the idea that obesity is a risk factor for the development
of colon cancer'™. However, the few studies that have
investigated the influence of body mass index (BMI) on

the outcomes of colon cancer patients have produced
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inconsistent ﬁndingsH'ﬂ. These previous reports were
mostly from Western countries and based on clinical trial
data. We investigated herein the role of BMI in general
colon cancer patients in Taiwan; the population of this
study may represent both Chinese people and Asians in
general, in terms of the clinical characteristics, postoper-
ative morbidities and mortalities, and long-term outcome
defined by overall survival (OS), disease-free survival
(DFS), and cancer-specific survival (CSS).

MATERIALS AND METHODS

Study population

From January 1995 to July 2003, 2138 patients from
a total population of 2765 patients with histologically
confirmed adenocarcinoma of the colon were enrolled
in this study; 14 nonmetastatic patients without avail-
able BMI data and 613 patients with metastatic discase
were excluded. The included patients had regular follow-
up visits with a healthcare professional until December
2008 (i.e., a postoperative follow-up period of at least 5
years) ot until death.

The demographic and clinicopathologic data evalu-
ated for each patient included age, gender, body height
and weight, tumor stage (as defined according to the
American Joint Committee on Cancer TNM staging
system, sixth edition, New York: Springer-Verlag, 2002),
tumor location, degree of tumor differentiation, timing
of surgery (i.e., elective or emergent), medical illness,
and preoperative laboratory data.

BMI was calculated as the weight in kilograms divid-
ed by the height in meters squared. The following BMI
categories were established according to the classifica-
tion of the Department of Health (DOH) of Taiwan:"
underweight (BMI < 18.5 kg/m®), normal weight (BMI
=18.5-23.9 kg/m”), overweight (BMI = 24.0-26.9 kg/m?),
and obese (BMI = 27 kg/ m?). For long-term outcome,
BMI was also categorized according to the World Health
Organization (WHO) classification'” as follows: under-
weight (BMI < 18.5 kg/m?), normal weight (BMI =
18.5-24.9 kg/m?), overweight (BMI = 25-29.9 kg/m?),
and obese (BMI = 30 kg/m’) to enable comparison
with the Taiwanese classification, since The Expert Con-
sultation on BMI in Asian populations recommended
that the current WHO BMI cut-off points be retained as
the international classification"’.

Local recurrence or distant metastasis was confirmed
histologically or radiographically, while postoperative
mortality was defined as death within 30 d of the pri-
mary surgery. The patients were divided into three age
groups: younger than 40 years (younger group), 40-75
years (middle age group), and older than 75 years (elderly
group). The carcinoembryonic antigen (CEA) level was
considered to be abnormal at > 5 ng/ml. Tumor loca-
tion was categorized as right (from the cecum to the
transverse colon) or left (from the splenic flexure to the
sigmoid colon). Hypoalbuminemia was defined as a se-
rum albumin level of < 35 g/L and apparent anemia was
defined as a hemoglobin level of < 10 g/dL.
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Percentage of patients within each BMI category

Under- Normal Over- Obese P value
weight weight weight (7 = 315)
(n=164) (n =1109) (n = 550)

Age at <0.001
diagnosis (yr)

<40 12.8 8.7 5.8 48

41-75 573 75.5 81.6 83.2

>75 299 15.9 12.5 121
Gender (%)
Female 65.9 472 44.7 483 <0.001
Tumor location

Right 47.0 41.6 8515 295 <0.001
Tumor grade

High-to- 82.9 83.7 85.6 87.9 0.239
moderate
differentiation
Tumor stage <0.001

I 9.1 9.2 15.3 194

il 48.2 50.9 44.7 451

il 4.7 39.9 40.0 35.6
Emergent 3.7 34 25 2.2 0.584
operation
Body weight 57.9 455 33.3 20.8 <0.001
loss
CEA 442 34.6 36.3 36.0 0.150
>5ng/mL
Albumin 423 21.0 135 11.6 <0.001
<35g/L
Hemoglobin 40.9 329 232 213 <0.001
<10g/dL
Comorbidities

None 573 51.7 50.1 41.6 <0.001

Hypertension 11.0 19.7 26.2 34.9 <0.001

Heart disease 8.5 6.8 7.6 12.7 0.008

Previous 3.0 3.4 45 48 0.527
stroke

Asthma 3.7 3.3 3.6 2.9 0.936

Diabetes 49 10.6 12.4 20.6 <0.001
mellitus

Peptic ulcer 14.0 10.8 9.1 8.9 0.229
disease

Chronic 1.2 43 83 41 0.225
hepatitis

Liver 1.8 14 1.1 0.6 0.650
cirrhosis

Renal 5.2 8.9 6.8 94 0.202
insufficiency

Others 16.6 13.8 12.0 151 0.555

Except where stated otherwise, data are the percentage of the particular
body mass index (BMI) category population. CEA: Carcinoembryonic
antigen.

Statistical analysis

Survival curves were constructed using the Kaplan-
Meier method and then compared using the log-rank
test. OS was calculated as the number of years from pri-
mary surgery to the date of death. DFS was calculated
as the number of years from primary surgery to either
the first disease recurrence or death. CSS was calculated
as the number of years from primary surgery to the first
of disease recurrence. The two arms were compared
by Pearson y” test and independent-samples 7 tests to
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Underweight (7 = 164)

Normal weight (7 = 1109)

Overweight (7 = 550)

Obese (7 = 315)

BMI category in Taiwan
Overall survival

5-yr survival rate 60.0 73.6 782 754

HR (95% CI) 1.67 (1.31-2.13) Reference 0.83 (0.69-0.99) 0.93 (0.74-1.16)

P value <0.001 0.046 0.500
Disease-free survival

5-yr survival rate 57.4 70.8 734 71.0

HR (95% CI) 1.60 (1.26-2.04) Reference 0.86 (0.72-1.04) 0.97 (0.79-1.20)

P value <0.001 0.103 0.807
Cancer-specific survival

5-yr survival rate 71.6 78.5 78.9 77.3

HR (95% CI) 1.31 (0.94-1.82) Reference 0.95 (0.77-1.19) 1.01 (0.78-1.32)

P value 0.107 0.657 0.932
BMI categories of WHO Underweight (n = 164) Normal-weight (n = 1331) Overweight (n = 553) Obese (1 = 90)
Overall survival

5-yr survival rate 60.0 74.0 78.2 75.0

HR (95% CI) 1.70 (1.34-2.15) Reference 0.85 (0.71-1.02) 0.99 (0.66-1.39)

P value <0.001 0.072 0.833
Disease-free survival

5-yr survival rate 57.4 71.0 73.2 70.4

HR (95% CI) 1.62 (1.28-2.06) Reference 0.89 (0.74-1.05) 1.05 (0.73-1.49)

P value <0.001 0.169 0.808
Cancer-specific survival

5-yr survival rate 71.6 78.2 79.5 75.0

HR (95% CI) 1.30 (0.94-1.80) Reference 0.92 (0.74-1.13) 1.10 (0.72-1.70)

P value 0.113 0.418 0.661

Except where stated otherwise, data are the percentage of the particular body mass index (BMI) category population. WHO: World Health Organization;

HR: Hazard ratio; CI: Confidence interval.

detect any differences in proportions and means. A Cox
regression model was used for multivariate analysis. All
P values were two-tailed, and they were considered to be
statistically significant at < 0.05.

RESULTS

Disease and patient characteristics

The study population comprised 2138 patients with co-
lon cancer, of whom 1109 were males and 1029 were
females. BMI in this study ranged from 12.2 kg/ m’ to
49.0 kg/m’ with a mean of 23.4 kg/m’. Of the 2138
patients, 164 (7.7%) were underweight, 1109 (51.9%)
were normal weight, 550 (25.7%) were overweight, and
315 (14.7%) were obese.

The characteristics of the patients and tumors are
presented stratified according to BMI category in Table 1.
The age of the entire study population was 61.4 £ 13.9
years (mean  SD); those of the underweight, normal-
weight, overweight, and obese patients were 63.5 + 17.3
years, 61.8 = 14.0 years, 61.9 * 12.4 years, and 61.7 *
12.3 years, respectively. The mean age did not differ sig-
nificantly with the BMI category (P = 0.828). However,
the distribution of age groups differed significantly with
the BMI category, with the proportions of younger and
elderly patients being higher in underweight-patients
group than in the other groups (P < 0.001). The gender
distribution also differed significantly between the under-
weight patients and the other groups, with underweight
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patients being more likely to be female. The tumor loca-
tion also differed significantly, with the proportion of
right colon cancer decreasing as the BMI category in-
creased (P < 0.001).

With respect to the distribution of tumor stage among
the BMI categories, the number of stage I tumors was
lower in the underweight and normal-weight patients
than in the overweight and obese patients. The obese pa-
tients had the lowest number of stage Il tumors.

The proportion of emergent operations did not dif-
fer significantly with the BMI category: 3.7% of under-
weight, 3.4% of normal-weight, 2.5% of overweight,
and 2.2% of obese patients (P = 0.584).

Underweight patients were the most likely to exhibit
apparent anemia (hemoglobin < 10 g/dL) and have hy-
poalbuminemia and body weight loss (P < 0.001). The
proportion of patients with body weight loss, hypoal-
buminemia, and apparent anemia decreased as the BMI
category increased. The percentage of patients with an
abnormal preoperative CEA level did not differ signifi-
cantly with the BMI category.

Finally, with regard to associated medical illnesses,
the percentage of patients with hypertension or diabetes
mellitus increased with the BMI category. Obese patients
were the most likely to have heart disease. The other as-
sociated comorbidities including previous stroke, asthma,
peptic ulcer disease, chronic hepatitis, renal insufficiency,
and others (e.g., gall stones and thyroid disease) did not
differ significantly with the BMI category.
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Figure 1 Overall survival curves (A) , disease-free survival curves (B) and
cancer-specific survival curves (C) relative to body mass index category
using the Kaplan-Meier method, and comparison using the log-rank test.
BMI: Body mass index.

Short-term outcome

The postoperative morbidity, anastomostic leakage, and
mortality rates did not differ significantly between the un-
derweight, normal-weight, overweight, and obese patients:
12.8%, 12.9%, 13.3% and 15.6%, respectively (P = 0.667);
1.2%, 1.4%, 1.6%, and 1.9%, respectively (P = 0.880); and
3.7%, 1.3%, 1.1%, and 0%, respectively (P = 0.007).
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Long-term outcome

Data from all patients who received surgery were used to
analyze the long-term outcome. Univariate analysis was
performed using the Kaplan-Meier method, along with
the log-rank test and Cox proportional-hazards model.
The results of our statistical analysis are presented in
Table 2, and the survival curves are shown in Figure 1A
(OS), Figure 1B (DFES), and Figure 1C (CCS).

Univariate analysis revealed that OS (P < 0.001) and
DEFES (P = 0.001) were lowest in the underweight patients.
The OS was marginally higher (P = 0.046) in overweight
patients than in normal-weight patients, but the DFS
(P = 0.103) did not differ significantly between the two
groups. No significant difference in OS (P = 0.500) or
DFES (P = 0.807) was observed between normal-weight
and obese patients.

CSS did not differ significantly with the BMI cat-
egory (P = 0.346). The results were similar when these
patients were categorized according to the WHO BMI
classifications.

Adjuvant chemotherapy was offered to 58.0%, 70.1%,
73.9%, and 70.8% of underweight, normal-weight, over-
weight, and obese patients with stage Il tumors, respec-
tively (P = 0.096). In total, 70.2% of patients with stage
Il tumorts received adjuvant chemotherapy.

Since the compositions of patients and tumors dif-
fered with the BMI category, multivariate analysis was
used to determine the effect of BMI along with other
confounding factors on the long-term outcome. The
variables of the Cox regression model included BMI,
TNM stage, age group, gender, comorbidities (patients
were divided into three groups: without, with one or
two kinds, and with more than two kinds of comorbid-
ity), CEA (normal »s abnormal), hemoglobin (< 10 g/L
vs = 10 g/L), albumin (normal »s hypoalbuminemia),
timing of surgery (elective »s emergent), postoperative
morbidity (with »s without), tumor location (right #s left),
histologic type (adenocarcinoma »s mucinous »s signet-
ring type), and histologic grade (high #s moderate »s low
differentiation). The hazard ratio (HR) of each BMI cat-
egory was compared with that of the normal-weight pa-
tients. The results of multivariate analysis for OS, DFS,
and CSS are listed in Table 3.

As documented in Table 4, underweight patients
had a significantly worse OS [HR, 1.58; 95% confidence
interval (CI), 1.23-2.05; P < 0.001] and DFS (HR, 1.49;
95% CI, 1.16-1.93; P = 0.002), but their CSS did not
differ significantly (HR, 1.33; 95% CI, 0.94-1.87; P =
0.107) when compared with the normal-weight patients.
OS, DFS, or CSS did not differ significantly between the
normal-weight, overweight, and obese patients.

To determine whether the prognostic effect of BMI
was related to patient gender, a multivariate analysis was
applied to separated data from male and female patients.
The results of this statistical analysis yielded the same
findings between the genders: CSS did not differ signifi-
cantly with the BMI category for all patients or for male
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Variable Overall survival Disease-free survival Cancer-specific survival
P value HR (95% CI) P value HR (95% CI) P value HR (95% CI)
BMI group 0.000 0.002 0.369
Underweight vs normal 0.000 1.58 (1.23-2.05) 0.002 1.49 (1.16-1.93) 0.107 1.33 (0.94-1.87)
Overweight vs normal 0.060 0.83 (0.68-1.01) 0.123 0.86 (0.71-1.04) 0.751 0.96 (0.76-1.22)
Obese vs normal 0.578 0.94 (0.74-1.18) 0.972 1.00 (0.79-1.25) 0.677 1.06 (0.80-1.41)
TNM stage 0.000 0.000 0.000
I vs 1 0.721 1.06 (0.77-1.45) 0.981 1.00 (0.74-1.35) 0.025 1.78 (1.07-2.95)
Il vs 1 0.000 1.90 (1.39-2.60) 0.000 1.80 (1.34-2.42) 0.000 3.94 (2.39-6.48)
Age group (yr) 0.000 0.000 0.876
41-75 vs < 40 0.054 1.45 (0.99-2.11) 0.052 1.44 (0.99-2.09) 0.672 1.09 (0.74-1.58)
>75vs < 40 0.000 3.14 (2.11-4.67) 0.000 2.88 (1.94-4.25) 0.607 1.12 (0.72-1.74)
Gender (male vs female) 0.329 1.08 (0.92-1.27) 0.220 1.10 (0.94-1.29) 0.734 1.03 (0.85-1.26)
Medical illness (comorbidity) 0.003 0.003 0.769
One or two kinds vs none 0.358 1.09 (0.91-1.32) 0.442 1.08 (0.89-1.29) 0.927 0.99 (0.79-1.24)
> two kinds vs none 0.001 1.40 (1.16-1.71) 0.001 1.39 (1.15-1.68) 0.478 0.91 (0.70-1.18)
CEA (>59s < 5ng/mL) 0.000 1.86 (1.58-2.18) 0.000 1.93 (1.65-2.25) 0.000 2.15 (1.77-2.61)
Hemoglobin (< 10 vs = 10 g/dL) 0.913 1.01 (0.84-1.22) 0.760 1.03 (0.86-1.23) 0.835 1.03 (0.81-1.29)
Albumin (normal vs hypoalbuminemia) 0.000 0.65 (0.54-0.79) 0.000 0.68 (0.57-0.83) 0.297 0.87 (0.67-1.13)
Operation timing (emergent vs elective) 0.562 1.21 (0.64-2.26) 0.416 1.28 (0.70-2.34) 0.687 1.18 (0.53-2.66)
Morbidity (yes vs no) 0.000 1.55 (1.26-1.91) 0.000 1.50 (1.23-1.84) 0.279 1.17 (0.88-1.56)
Tumor location (left vs right) 0.785 1.03 (0.86-1.22) 0.666 1.04 (0.88-1.23) 0.583 1.06 (0.86-1.32)
Histologic type 0.079 0.144 0.055
Signet ring cell vs adenocarcinoma 0.039 2.19 (1.04-4.63) 0.065 2.03 (0.96-4.30) 0.017 2.68 (1.19-6.01)
Mucinous vs adenocarcinoma 0.323 1.14 (0.88-1.49) 0.465 1.10 (0.85-1.43) 0.690 1.07 (0.77-1.48)
Histologic grade (differentiation) 0.282 0.213 0.173
Moderate vs high 0.363 1.11 (0.89-1.37) 0.143 1.17 (0.95-1.45) 0.061 1.32 (0.99-1.76)
Low vs high 0.114 1.34 (0.93-1.94) 0.121 1.33 (0.93-1.92) 0.403 1.24 (0.75-2.04)

HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; TNM: Tumor, nodes, metastasis; CEA: Carcinoembryonic antigen.

ot female patients.

DISCUSSION

BMI is a simple and easy-to-determine index used to
classify individuals as being underweight, overweight,
or obese. The classification of BMI was established to
evaluate health risks such as type 2 diabetes and cat-
diovascular disease™". The associations between BMI,
petcentage of body fat, and distribution of body fat
differ across populations, which has resulted in different
cut-off points for classifications being used in different
countries. Furthermore, the cut-off points for certain
risks vary between different Asian populations. The
Expert Consultation on BMI in Asian populations rec-
ommended that the current WHO BMI cut-off points
be retained as the international classification”. In the
present study, BMI classifications were based on the
definition of the DOH, Taiwan. In addition, the WHO
BMI classifications were used to evaluate the long-term

outcome of colon cancer survivors and to compare with
the Taiwan BMI classification system. In the present
study, the prevalence rates of diabetes and hypertension
increased significantly with the BMI category; this find-
ing is highly consistent with the intended meaning of the
BMI classification system. However, the risks of other
comorbidities such as asthma, hepatitis, peptic ulcer dis-
ease, and renal insufficiency were not correlated with the
BMI category.
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Obesity is a growing problem in Taiwan and is known
to increase the risk of developing colon cancer!" ™. Tt has
also been reported that obese patients have a higher risk of
surgical complications' ™, Previous studies have produced
controversial results regarding the relationship between
obesity and anastomotic leakage! ™. Sorensen ez al'™¥ re-
ported that obesity is not a risk factor for anastomotic
leakage in colonic resection, while Biondo e# 2/ reported
that obesity is an independent risk factor, but is only as-
sociated with emergent procedures of the left colon.
Miransky ef a/'” reported that obesity and a contaminated
surgical procedure independently predicted surgical-site
infection in colorectal procedures. Riou ef a/'” reported
that obesity was a significant independent risk factor for
wound dehiscence. Obesity has also been reported to be
a risk factor for the postoperative occurrence of pulmo-
nary complications'™"”. The postoperative morbidity rate
and anastomostic leakage rate did not differ significantly
with the BMI category in out study. However, one of
the limitations of this study is that we did not examine
whether the occurrence rate of the other type of compli-
cations differed with the BMI category.

In the present study, the risk of postoperative mor-
tality was highest in underweight patients. This finding
is similar to that of Hickman ez 2/*” Although obese
patients have higher rates of comorbidities with cardio-
vascular disease and diabetes, the postoperative morbidity
and mortality rates were comparable with the normal-
weight patients. Conversely, the underweight patients had
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Underweight

Normal weight Overweight Obese

All patients (1 = 2138)
Opverall survival

HR (95% CI)' 1.58 (1.23-2.05)

P value’ <0.001
Disease-free survival
HR (95% CI)' 1.49 (1.16-1.93)

P value® 0.002

Cancer-specific survival

HR (95% CI)'

P value® 1.33 (0.94-1.87)
0.107

Males (n =1109)

Overall survival

HR (95% CI)' 1.55 (1.03-2.35)

P value’ 0.036

Disease-free survival

HR (95% CI)! 1.60 (1.04-2.44)

P value’ 0.031

Cancer-specific survival

HR (95% CI)"

P value® 1.46 (0.84-2.52)
0.179

Females (n = 1029)

Overall survival

HR (95% CI)' 1.55 (1.11-2.16)

P value® 0.011

Disease-free survival

HR (95% CI)' 1.41 (1.01-1.97)

P value® 0.042

Cancer-specific survival

HR (95% CI)'

P value® 1.16 (0.75-1.82)
0.508

Reference 0.83 (0.68-1.01) 0.94 (0.74-1.18)
0.060 0.578
Reference 0.86 (0.71-1.04) 1.00 (0.79-1.25)
0.123 0.972
Reference 0.96 (0.76-1.22) 1.06 (0.80-1.41)
0.751 0.677
Reference 0.77 (0.58-1.01) 0.91 (0.66-1.25)
0.056 0.565
Reference 0.84 (0.65-1.09) 1.01 (0.75-1.37)
0.192 0.937
Reference 0.96 (0.69-1.32) 1.21 (0.83-1.77)
0.789 0.328
Reference 0.95 (0.71-1.27) 0.99 (0.69-1.41)
0.724 0.945
Reference 0.91 (0.68-1.22) 1.01 (0.71-1.43)
0.544 0.957
Reference 0.96 (0.69-1.36) 0.93 (0.60-1.43)

0.839 0.727

"HR was calculated using the Cox regression model; the variables in the multivariate analysis included TNM stage, age, gender (when analyzing all

patients), comorbidities, CEA, hemoglobin, albumin, operative timing, postoperative morbidity, tumor location, histologic type, and histologic grade; *Each

category compared to normal-weight patients. HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; TNM: Tumor, nodes, metastasis; CEA:

Carcinoembryonic antigen.

a lower rate of comorbidities but a higher rate of post-
operative mortality than did the other patients. However,
a higher proportion of underweight patients in this study
were hypoalbuminemic and anemic. The observed higher
postoperative mortality rate may be at least partially at-
tributed to the associated disease conditions.

Whether obese colon cancer patients have a worse
long-term outcome than other patients remains a matter
of controversy. Sinicrope ¢ al” reported that under-
weight patients had a significantly worse OS (P = 0.0258),
and that BMI = 35 kg/m’ patients exhibited a trend
toward a worse DFS (P = 0.0725) and OS (P = 0.0805)
compared with normal-weight patients, but there was no
significant difference. When they analyzed the data ac-
cording to patient gender, males with BMI = 35 kg/m”
exhibited a reduced OS, and females with obesity (BMI
= 30-34 kg/m’) had a reduced OS when compared with
their normal-weight counterparts. BMI category was
significantly associated with both DFS and OS in multi-
variate analysis in their study. Meyerhardt ez a/” reported
that neither BMI nor weight change was significantly
associated with colon cancer patient survival indicators,
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including the OS, DFS, and recurrence-free survival,
even for underweight patients. Dignam ez @/’ reported
that OS and DFS were significantly worse for under-
weight patients (BMI < 18.5 kg/rnz) and very obese
patients (BMI = 35 kg/m? than for normal-weight
patients. Very obese patients had a greater risk of cancer
recurrence or secondary primary tumors. In the present
study, we found that BMI by itself was not a significant
factor of CSS in colon cancer, but OS and DFS did tend
to be worse for underweight patients than for the other
patients. We found no differential effect of gender on
either BMI or obesity. Compared with other patients,
underweight patients had a worse OS but a similar CSS.
This implies that many underweight patients died from
noncancer events. It would have been reasonable to con-
clude that underlying comorbidities caused the higher
mortality risk among the underweight patients, but in the
present study this group actually had the smallest num-
ber of comorbidities. Further research should be con-
ducted to establish the mechanisms responsible for the
observed higher mortality risk in underweight patients.
Furthermore, previous studies have shown that highly
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obese patients (BMI = 35 kg/ m’) or males may have a
worse long-term outcome than normal-weight patients,
but the obese cohort of the present study was not large
enough to allow analysis of the difference.

In this study, tumor location was found to be cor-
related with BMI, such that the proportion of patients
with right colon cancer increased as the BMI category
decreased. Whether patients with a lower BMI tend to
have right-side colon cancer is not well known or stud-
ied. However, since the lumen is larger for the right
than the left colon, symptoms related to the tumor such
as small-caliber or bloody stool need more time to be
sensed by patients with right colon cancer, resulting in
a longer period of nutrition depletion and body weight
loss. Minoo ez a/*"' reported that proximally located tu-
mors are significantly larger than those found in the dis-
tal colon. We have shown previously that the prevalence
of malnutrition (hypoalbuminemia) is higher for right
colon tumors than for left colon tumors”. Moreover,
body weight loss is more common in right colon cancer
than in left colon cancer (48.8% and 33.5%, respectively;
P < 0.001). BMI is reduced in patients with body weight
loss, and more patients with right colon tumors have
body weight loss resulting in a lower BMI, which may
partly explain the greater number of left-side tumors in
the groups with a higher BMI.

The findings of this study suggest that a low BMI is
a marker of weight loss, blood loss, nutrition depletion,
and more-advanced disease, all of which are associated
with a worse DFS and OS**. This could be the reason
why the low-BMI group had a lower DFS and OS.

This study was subject to some limitations. It lacked
data regarding changes in body weight before and after
surgery, measurement of central obesity, physical activ-
ity, and diet changes after surgery, and involved a smaller
sample than did previous studies. However, the study’s co-
hort came from a single medical institution with a stan-
dard collection of patients’ data, and so there was no
selection bias as might be expected in a clinical trial. The
results of this study pertain to patients from Taiwan and
hence may not be generalizable to other populations.

For the population of Taiwan, which represents both
Chinese people and Asians in general, BMI does not
appear to be a significant factor of colon-CSS, but un-
derweight patients appear to have a higher postoperative
mortality and worse OS, and are less likely to experience
DES than those in the other BMI categories. The obese
patients had a higher wound complication rate, but
exhibited a similar survival rate when compared to the
normal-weight patients.
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therefore investigated the role of BMI in general colon cancer patients of Taiwan,
in terms of the clinical characteristics and short- and long-term outcomes.
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overweight, or obese. The cut-off points of BMI for classifications vary in differ-
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evaluate the long-term outcome of colon cancer survivors and were compared
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of weight loss, blood loss, nutrition depletion, and more-advanced disease.
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ence disease-free survival than patients in the other BMI categories.
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BMI is a simple index that can be used to evaluate the likelihood of colon can-
cer patients developing weight loss, blood loss, nutrition depletion, and more-
advanced disease.

Terminology

BMI was calculated as the weight in kilograms divided by the height in meters
squared. The classification of BMI was established to evaluate health risks such
as type 2 diabetes and cardiovascular disease.
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Abstract

AIM: To investigate the potential mechanism of Arg-
Gly-Asp (RGD) peptide-labeled liposome loading oxy-
matrine (OM) therapy in CCls-induced hepatic fibrosis in
rats.

METHODS: We constructed a rat model of CCls-
induced hepatic fibrosis and treated the rats with dif-
ferent formulations of OM. To evaluate the antifibrotic
effect of OM, we detected levels of alkaline phospha-
tase, hepatic histopathology (hematoxylin and eosin
stain and Masson staining) and fibrosis-related gene
expression of matrix metallopeptidase (MMP)-2, tis-
sue inhibitor of metalloproteinase (TIMP)-1 as well
as type I procollagen via quantitative real-time poly-
merase chain reaction. To detect cell viability and apop-
tosis of hepatic stellate cells (HSCs), we performed
3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenytetrazoli-
umromide assay and flow cytometry. To reinforce the
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combination of oxymatrine with HSCs, we constructed
fluorescein-isothiocyanate-conjugated Arg-Gly-Asp
peptide-labeled liposomes loading OM, and its targeting
of HSCs was examined by fluorescent microscopy.

RESULTS: OM attenuated CCls-induced hepatic fibro-
sis, as defined by reducing serum alkaline phosphatase
(344.47 £ 27.52 U/L vs 550.69 + 43.78 U/L, P < 0.05),
attenuating liver injury and improving collagen deposits
(2.36% = 0.09% vs 7.70% + 0.60%, P < 0.05) and
downregulating fibrosis-related gene expression, that
is, MMP-2, TIMP-1 and type I procollagen (P < 0.05).
OM inhibited cell viability and induced apoptosis of HSCs
/in vitro. RGD promoted OM targeting of HSCs and en-
hanced the therapeutic effect of OM in terms of serum
alkaline phosphatase (272.51 + 19.55 U/L vs 344.47
+ 27.52 U/L, P < 0.05), liver injury, collagen deposits
(0.26% = 0.09% vs 2.36% =+ 0.09%, P < 0.05) and
downregulating fibrosis-related gene expression, that
is, MMP-2, TIMP-1 and type I procollagen (P < 0.05).
Moreover, /n vitro assay demonstrated that RGD en-
hanced the effect of OM on HSC viability and apoptosis.

CONCLUSION: OM attenuated hepatic fibrosis by in-
hibiting viability and inducing apoptosis of HSCs. The
RGD-labeled formulation enhanced the targeting effi-
ciency for HSCs and the therapeutic effect.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is characterized by excessive deposition
of extracellular matrix (ECM) components in the inter-
stitial space of the liver'”. The fibrogenesis is triggered
by a variety of events that lead to chronic injury, includ-
ing viral infection, drug or alcoholic toxicity, autoimmune
disorders and metabolic diseases. As a consequence of
liver damage, nonparenchymal cells are activated by a
concert of mediators released from injured hepatocytes.
A population of nonparenchymal cells, the hepatic stel-
late cells (HSCs), have been identified and recognized
for their contributing role in the fibrotic process after
transformation towards myofibroblasts”. Thus, HSCs
represent an attractive target for the development of an-
tifibrotic strategies incorporating a selective targeting ap-
proach for hepatic fibrosis'". Recently, several therapeutic
strategies have been developed by means of targeting he-
patic fibrosis, including inhibition of collagen synthesis™,
interruption of matrix deposition”; stimulation of matrix
degradation, modulation of HSC activation”, or induc-
tion of HSC death". Despite advance in understanding
hepatic fibrogenesis, therapeutic repertoire for hepatic
fibrosis treatment is still limited.

Oxymatrine (OM), an alkaloid extracted from the me-
dicinal plant Sophora alopecuraides 1, has received increas-
ing attention for its multiple pharmacological functions.
OM has been demonstrated to exert an inhibitory effect
on the replication of hepatitis B” and C"” viruses in vitro.
Preclinical and clinical studies have shown that OM effec-
tively inhibited infection with hepatitis B virus' . In addi-
tion to antiviral effects, OM has been reported to have a
beneficial effect on progression of CCls-induced hepatic
fibrosis in rats. Recent studies have demonstrated that
OM induces apoptosis in a variety of cells; mainly malig-
nant cells"”, Apoptosis-inducing activity of OM makes it
an attractive antifibrotic agent. However, there is limited
evidence for the efficacy of OM in hepatic fibrosis and
the underlying mechanism.

In the present study we aimed to investigate whether
Arg-Gly-Asp (RGD)-mediated tatgeting delivery of OM
exerted antifibrogenic action with improved efficiency
of fibrogenic liver'"™. In vitro experiments showed that
uptake of OM in HSCs was enhanced and the apoptotic
process was induced. In CCls-induced rats, delivery of
OM to HSCs with this formulation strategy improved the
efficacy of this medication in the treatment of hepatic
fibrosis.

MATERIALS AND METHODS
Preparation of OM-RGD liposomes

The lipid phase consisting of a mixture of lecithin and
cholesterol in a ratio of 2:1 was dissolved in CHCls-
MeOH (1:1) followed by evaporation and addition of
pleic acid and polysorbate. Lipids wete mixed with the
aqueous solution containing OM and polyvinylpyr-
rolidone in phosphate-buffered saline (PBS; pH 7.4).
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The mixture was sonicated for 5 min at 50% amplifying
strength resulting in a water-in-oil emulsion. After remov-
al of the organic solvent with a rotary evaporator under
vacuum, the dispersion of liposomes was formed.

RGD peptide was synthesized by the Chinese Peptide
Company (Hangzhou, China). RGD peptide coupling
was performed as described previously''’. In brief, 4
nmol cyclo-Arg-Gly-Asp (CRGD) peptide per mmol total
lipid was added after deacetylation of the peptide in 0.5
mol hydroxylamine solution, and incubated for 1 h at
room temperature. Unloaded liposomes and unbound
RGD were separated by CL-4B column (Amersham, Pis-
cataway, NJ, United States).

HSC preparation

HSCs were isolated by collagenase perfusion through
the portal vein in Sprague-Dawley rats, followed by Ny-
codenz gradient centrifugation. Cells were incubated in
Dulbecco’s Modified Eagle’s Medium (DMEM) supple-
mented with 10% fetal bovine serum (v/v) and 100 U/
mL penicillin and streptomycin, and maintained at 37 °C
in a humidified incubator (90% humidity) containing 50
mL/L COz. HSCs seeded at a density of 10" cells/cm’
attained confluence in 6 d and formed a monolayer of
closely apposed polygonal cells. The morphology and
growth of HSCs were confirmed and evaluated by mi-
croscopy.

Cell viability assay

Cell viability was determined through 3-(4,5)-dimethyl
thiahiazo(-z-y1)-3,5-diphenytetrazoliumromide (MTT)
assay. The MTT assay depends on the extent to which vi-
able cells convert MTT bromide to an insoluble colored
formazan product that can be determined spectropho-
tometrically. After treatment, cells were harvested and
washed in PBS, and 200 mL DMEM without phenol red,
containing 5 mg/mIL MTT, was added to each cell. Three
hours later, the medium was aspirated, and the converted
dye was solubilized with isopropanol (0.1 mol/L HCl in
isopropanol). The resulting absorbance from each cell
was measured at a wavelength of 570 nm with back-
ground subtraction at 630 nm.

Flow cytometry

HSCs were treated with different concentration of OM-
RGD liposomes for 48 h at a cell density of 2 X 10°
cells/mL, and then stained with annexin V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI) (Sigma,
St Louis, MO, United States). Annexin V-FITC-positive
and Pl-negative cells were considered to be apoptotic
cells.

Transmission electron microscopy

HSCs were cultured with different formulation of OM
at 37 C for 24 h and then harvested by trypsinization
and centrifugation for 10 min at 3500 rpm at room tem-
petature. Cells were fixed in 4% (v/v) glutaraldehyde for
4 h at 4 C. The specimens were washed with sodium
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Group n ALP (U/L)
Normal 10 7391 £5.97
CCl-induced hepatic fibrosis 10 550.69 + 43.80°
OM-RGD liposomes 10 272.51 £19.55*°
OM liposomes 10 344.47 £ 27.52°
RGD liposomes 10 562.78 + 40.22
Collagen area (%)
CCli-induced hepatic fibrosis 5 7.70 £ 0.60
RGD liposomes 5 8.32£0.42
OM liposomes 5 2.36 +0.09°
OM-RGD liposomes 5 0.26 +0.09°

*P < 0.05 vs normal; ‘P < 0.05 vs CCls-induced hepatic fibrosis group; °P <
0.05 vs oxymatrine (OM) liposomes. ALP: Alkaline phosphatase; RGD:
Arg-Gly-Asp.

cacodylate buffer (pH 7.4) followed by post-fixation in
1% osmium tetroxide at 4 C. Cells were then washed
with cacodylate buffer (pH 7.4) and dehydrated with
a graded series of acetone. The cells were embedded
with 100% resin in a beam capsule. A sample block was
sectioned using an ultramicrotome. The sections were
placed into a grid and stained with uranyl acetate for 10
min followed by 50% filtered acetone, and finally stained
with lead. The stained samples were then viewed under a
transmission electron microscope (Phillips, Eindhoven,
The Netherlands).

Real-time PCR

Total RNA was extracted from cells using the TRIzol
reagent. The amount of each RNA sample was deter-
mined by Qubit fluorometer. Reverse transcription was
performed in a 20-pl. reaction system with 200 ng total
RNA using high capacity cDNA reverse transcription
kits. Relative quantification of designated genes includ-
ing MMP-2, TIMP and type | procollagen were assessed
by real-time PCR through the ABI 7900HT system. A
housekeeping gene glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as an internal control. Primer
sequences used ate shown as follows: type [ procollagen,
5’-CCTGGCAGAACGGAGATGAT-3’, 5°-ACCA
CAGCACCATCGTTACC-3’; MMP-2, 5°-CTATTCTGT
CAGCACTT TGG-3’, 5>-CAGACTTTGGTTCTC-
CA ACTT-3’; TIMP-1, 5-ACA GCTTT CTGCA
ACTCG-3, 5-CTATAGGTCTTT ACGAAGGCC-3’;
GADPH, 5’-AC CCCCC AATGTATCCGTTGT-3’,
5-TA CTCCTTGGAGGCCATGTA-3’. The relative
abundance of target mRNA was determined with the
comparative cycle threshold method.

Animals and experimental design

Male Sprague-Dawley rats came from the Experimental
Animal Center of Beijing Medical University (Beijing,
China) and were caged in an environment with regulated
temperature (21 + 1.6 C), humidity (45% % 10%), and
an alternating 12-h light and dark cycle. The animals had
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free access to water and diet throughout the study.

For the chronic liver injury model, animals were in-
jected intraperitoneally with 50% CCl4 (CCla:vegetable
oil = 1:1) at a dose of 0.15 mL/100 g body weight and
were also divided into four groups: Group A (adminis-
tered with OM-loaded liposome); Group B (administered
with OM-RGD liposome); Group C (hepatic fibrosis);
and Group D (blank vector). Injections were given three
times weekly for 8 wk. After treatment, the rats received
an intravenous injection according to their subgrouping;
Groups A and B were given OM liposomes and OM-
RGD liposomes, respectively. The rats in Group D were
administered with 0.5 mL blank liposomes. The rats were
sacrificed 8 wk after injection, and the livers and blood
samples were collected for further assessments.

For HSC targeting, CCls-treated animals were in-
jected with FITC-labeled OM liposomes and OM-RGD
liposomes zia the tail vein. Hepatocytes and HSCs were
isolated from each individual rat 24 h post-injection, as
described previously“sl.

Histological analysis

Animals were sacrificed 8 wk after treatment. Liver
samples from each group were harvested, fixed with
10% formaldehyde, embedded in olefin, and stained with
hematoxylin and eosin (HE) as well as Masson collagen
staining;

Statistical analysis

The data are expressed as mean * SD. Student’s ~test
or Dunnett’s ~test was used to compare the differences
between treated and control groups, and differences were
considered significant at P < 0.05.

RESULTS

Antifibrogenic effect of OM-RGD liposomes in CCls-
induced fibrotic liver

We evaluated the therapeutic effect of OM-RGD lipo-
somes on CCl+-induced liver injury in rats. As shown
in Table 1, elevated levels of alkaline phosphatase were
reduced by OM. Histopathological analysis revealed that
CCls-induced hepatic fibrosis was ameliorated by OM
(Figure 1A). Excessive collagen deposited in response to
CCls-induced liver injury was ameliorated by OM (Table
1, Figure 1B). Moreover, the RGD-labeled liposomal
formulation exerted a more aggressive therapeutic ef-
fect in hepatic fibrosis than did OM in terms of alkaline
phosphatase (Table 1), histopathology (Figure 1A), and
collagen deposits (Table 1, Figure 1B).

OM-RGD liposomes induced apoptosis in HSCs in vitro

The inhibitory effect of OM-RGD liposomes on the vi-
ability of primary HSCs was determined by MTT assay.
As shown in Figure 2A, OM-RGD liposomes significant-
ly inhibited the viability of HSCs, whereas OM liposomes
exhibited low cytotoxicity in HSCs. The ultrastructure
of HSCs treated with different formulation of OM was
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Figure 1 Oxymatrine liposomes attenuated hepatic fibrosis and improved collagen deposition. A: Representative images of liver treated with oxymatrine (OM)
in different liposomal formulations in rats with CCls-induced hepatic fibrosis. Liver tissues were obtained at 4 wk after treatment and stained with HE; B: Representa-
tive histological images of liver treated with OM in different liposomal formulations in rats with CCls-induced hepatic fibrosis. Liver tissues were obtained at 4 wk after
treatment and stained with Masson stain (original magnification x 100). HE: Hematoxylin and eosin.

examined by transmission electron microscopy (TEM). formation of apoptotic bodies (Figure 2B). The apop-
TEM revealed that treatment with OM-RGD liposomes totic effect of different formulations of OM was deter-
resulted in typical morphological sign of apoptosis, in- mined by using flow cytometry. Cell cycle analysis re-

cluding cell shrinkage, increased cellular granularity, and vealed that incubation with OM-RGD liposomes resulted
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Figure 2 Oxymatrine liposomes induced apoptosis in hepatic stellate cells in vitro. A: Inhibitory effect of oxymatrine (OM) on hepatic stellate cell (HSC) viability
in vitro. HSCs were isolated and treated with OM in different liposomal formulations. Cell viability was determined using MTT assay; B: Electron micrograph of untreated
HSCs demonstrates the normal structure of HSCs. OM-liposome-treated (24 h) HSCs had morphological features of apoptosis: cell shrinkage and apoptotic body forma-
tion. OM-RGD-liposome-treated HSCs showed typical morphological features of apoptosis: cell shrinkage and apoptotic body formation. RGD-liposome-treated HSCs
showed normal structure; C: Cell cycle analysis after induction of apoptosis in HSCs by OM via flow cytometry. The cells were incubated with different formulation of OM
for 24 h, and stained with PI. MTT: 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenytetrazoliumromide; RGD: Arg-Gly-Asp; PI: Propidium iodide; DI: DNA grading index.

in a significant increase in sub-G1 phase accumulation
that was recognized as a biomarker of apoptosis (Figure
2C). Moreover, the RGD-labeled liposomal formulation
had a more aggressive effect on HSCs than that of OM
in terms of cell viability (Figure 2) and apoptosis (Figures
3 and 4)

OM-RGD liposomes inhibited fibrosis-related gene ex-
pression in CCls~-induced fibrotic liver injury

We also examined the change in mRNA expression of fi-
brosis-related genes upon treatment with OM in different
liposomal formulations. As shown in Figure 3, mRNA
expression of MMP-2, TIMP-1 and type [ procollagen
was considerably elevated upon CCl4 induction (#s not-
mal, P < 0.05). Treatment with OM resulted in significant
decreases in mRNA expression of these designated fibro-
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sis-related genes and fibrosis-related gene expression (us
CCls-induced group, P < 0.05). Motreover, RGD-labeled
liposomal formulation had a more aggressive downregu-
lation of fibrosis-related gene expression than that of
OM (s CCli-induced hepatic fibrosis group, P < 0.05; as
compared to OM liposomes, P < 0.05).

RGD enhanced OM targeting of HSCs in fibrotic rats

To evaluate the specificity of binding to HSCs in fibrotic
liver, OM-RGD liposomes were conjugated with FITC
and injected intravenously to rats with CCls-induced
hepatic fibrosis. HSCs were isolated and examined by
fluorescence microscopy. As shown in Figure 4, a signifi-
cantly high number of FITC-positive HSCs was found in
the OM-RGD liposome group compared with the OM
liposome group.
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Figure 3 Oxymatrine liposomes inhibited fibrosis-related gene expres-
sion. The expression of fibrosis-related gene, such as MMP-2, TIMP-1 and
collagen | was evaluated by real-time polymerase chain reaction. °P < 0.05 vs
normal; °P < 0.05 vs CCls-induced heaptic fibrosis; °P < 0.05 vs oxymatrine
liposomes. MMP: Matrix metallopeptidase; TIMP: Tissue inhibitor of metallopro-
teinase; OM: Oxymatrine; RGD: Arg-Gly-Asp.

DISCUSSION

Increased understanding of the pathogenesis of hepatic
fibrosis has led to drug discovery for its treatment. Pre-
clinical and clinical studies have reported that hepatic
fibrosis is dynamic and possibly reversible!*'". During
recent decades, antifibrotic strategies have predomi-
nantly focused on eradication of causative factors, for

example, clearance of virus"™. Since the pathogenesis
of fibrosis was clarified recently””| researches have fo-
cused on agents that could prevent or reverse fibrosis.
OM has been reported for its pharmacological potential
to treat liver disorders, particularly inhibiting viral infec-
tion!"""*"*!l Tt has been demonstrated to exert antifibrot-
ic action™. In our study, we confirmed that OM could
attenuate CCls-induced hepatic fibrosis in a rat model, as
defined by a significant decrease in the serum level of al-
kaline phosphatase and improvement of histopathologi-
cal change.

OM was recently referred to as an antifibrosis agent in
clinical and preclinical studies. However, its mechanisms
of action were still puzzling. In preclinical studies, it was
proved that OM showed prophylactic and therapeutic
effects in D-galactosamine-induced rat hepatic fibrosis,
partly by protecting hepatocytes and suppressing fibrosis
accumulation through ating against lipid peroxidationlzsj.
Another study also demonstrated that OM was effective
in reducing the production and deposition of collagen
in the liver tissue of experimental rats in ways that relate
to modulating the fibrogenic signal transduction zza the
p38 mitogen-activated protein kinase signaling path-
way™!. Moreover, OM could promote the expression of
Smad 7 and inhibit the expression of Smad 3 and cAMP-
response element binding protein-binding protein in
CCls-induced hepatic fibrosis in rats, and modulate the fi-
brogenic signal transduction of the transforming growth
factor (TGF)-B-Smad pathway™. Clinical studies have
proved that the effect of OM against hepatic fibrosis is
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OM-liposome

OM-RGD-Tiposome

Figure 4 Representative fluorescein isothiocyanate hepatic stellate cells
in rat hepatic tissue treated with oxymatrine liposomes and oxymatrine-
Arg-Gly-Asp liposomes (original magnification x 200). OM: Oxymatrine;
RGD: Arg-Gly-Asp.

mediated by lowering the levels of TGF-31 and tumor
necrosis factor-g, and increasing the level of interleu-
kin-10 in chronic hepatitis B patientsm. OM could also
target directly fibrogenic effector cells, which has re-
ceived much attention””. Various cells are involved in the
fibrogenic process. HSCs, the most important fibrogenic
cells, are activated during injury and contribute to exces-
sive synthesis of ECM, resulting in deposition of scar or
fibrous tissue™ . OM has been demonstrated to prevent
pig-serum-induced liver fibrosis in rats by inhibiting the
activation of HSCs and synthesis of collagenpzj. Howev-
er, how OM inhibits HSC activation was not determined
in that study"”.

We explored the effect of OM on HSCs i vitro. OM
inhibited viability and induced apoptosis of HSCs. This
might be the undetlying mechanism involved in OM
therapy of hepatic fibrosis. Furthermore, we also detect-
ed fibrosis-related gene expression after OM administra-
tion. MMP-2, produced by HSCs, plays an important role
in liver ﬁbrogenesism. TIMPs, especially TIMP-1 and
-2 expression and activity, were significantly increased
at 8 wk in a rat porcine-serum-induced hepatic fibrosis
model”. Furthermore, inhibition of cell viability and
type I procollagen expression in rat HSCs could improve
recovery from CCl+-induced liver fibrogenesis in rats™,
As shown in our study, mRNA expression of MMP-2,
TIMP-1 and type I procollagen was considerably el-
evated upon CCls induction. Treatment with OM resulted

August 21, 2012 | Volume 18 | Issue 31 |



in significant decreases in mRNA expression of these
designated fibrosis-related genes. All the data indicated
that OM could attenuate hepatic fibrosis zia its effect on
HSCs, such as inhibiting cell viability, inducing apoptosis
and downregulation of fibrosis-related gene expression.

Since OM therapy was dependent on its interaction
with HSCs, binding to HSCs became a key factor for its
function. Due to a relatively small population of HSCs
in the liver and lack of specific membrane receptors,
HSC-specific targeting therapy has remained unavailable.
Several studies have attempted to use different formula-
tion approaches for targeting HSCs. Beljaars ez al” have
reported that human serum albumin (HSA) modified
with mannose 6-phosphate (M6P) accumulated in HSCs
by binding to the M6P-insulin-like growth factor II re-
ceptors found on activated HSCs. Modification of HSA
with a cyclic peptide that recognizes the collagen type VI
receptor has been demonstrated to enhance effectiveness
and tissue specificity of antifibrogenic drugsm. More-
over, the affinity of a cyclic peptide, cCRGD, for collagen
type VI receptor on HSCs was confirmed in both i vitro
and 7 vivo experiments[13]. In our study, in order to facili-
tate OM binding to HSCs, we conjugated liposomes tar-
geted to HSCs in rats with CCl+-induced hepatic fibrosis.
Fluorescence microscopy showed more FITC-positive
HSCs in the OM-RGD-liposome group compared with
the OM-liposome group. We compared the difference
in therapeutic effect of the alternative formulations of
OM on liver fibrosis. We demonstrated better results in
the OM-RGD-liposome group, as demonstrated by sig-
nificant decreases in serum alkaline phosphatase and im-
provement of histopathological changes, compared with
the OM-liposome group. Moreover, OM-RGD liposomes
showed a more aggressive effect on viability, apoptosis
and fibrosis-related gene expression of HSCs, compared
with the OM liposomes. The results showed that specific
binding of this liposomal formulation to HSCs enhanced
the liver protective effect of OM.

In conclusion, we conjugated OM with RGD lipo-
somes and confirmed that this formulation could en-
hance OM binding to HSCs and the therapeutic effect on
hepatic fibrosis induced by CCls. We also demonstrated
that the therapeutic effects of OM on hepatic fibrosis
were partly dependent on inhibiting cell viability, induc-
ing apoptosis, and downregulating fibrosis-related gene
expression of HSCs, thus highlighting OM-RGD lipo-

somes as an attractive novel therapy in liver fibrosis.

COMMENTS

Background

Oxymatrine (OM) has been reported to have a beneficial effect on progression
of CCl-induced hepatic fibrosis in rats, however, its mechanism of action is still
uncertain. Hepatic stellate cells (HSCs) have been identified as an important
factor in the hepatic fibrotic process. Drugs that could induce HSC apoptosis or
death might be the potential strategy for treatment of hepatic fibrosis. Recent
studies have demonstrated that OM induces apoptosis in a variety of cells;
mainly malignant cells. Thus, the authors performed an assay to demonstrate
whether OM could attenuate hepatic fibrosis via inducing HSC apoptosis.
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Research frontiers

OM was demonstrated to attenuate hepatic fibrosis but its mechanisms of ac-
tion were still uncertain. Moreover, targeting of HSCs might facilitate the thera-
peutic effect of OM. The research hotspot is to clarify the mechanism of action
of OM in attenuating hepatic fibrosis and how to enhance OM binding to HSCs.

Innovations and breakthroughs

Apoptosis-inducing activity of OM makes it an attractive antifibrotic agent.
However, there is limited evidence for the efficacy of OM in hepatic fibrosis and
the underlying mechanism of action. The authors demonstrated for the first
time that OM could attenuate hepatic fibrosis via inhibiting viability and inducing
apoptosis of HSCs. Moreover, Arg-Gly-Asp (RGD) could promote OM targeting
to HSCs and enhance its effect on hepatic fibrosis.

Peer review

This study aimed to analyze the effects of RGD-peptide-labeled liposomes on
CCls-induced hepatic fibrosis in rats. This is an interesting approach that clearly
improves the efficacy of treatment. The research combined in vitro and in vitro
studies, and data are clear and well presented.
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Abstract

AIM: To perform a systematic meta-analysis to in-
vestigate the association between X-ray repair cross-
complementing group 1 (XRCCZ) polymorphisms and
hepatocellular carcinoma (HCC) risk.

METHODS: Relevant studies extracted from PubMed,
Embase, Wanfang, VIP and the Chinese National
Knowledge Infrastructure databases up to March 2012
were included in the study. Stata software, version
11.0, was used for the statistical analysis. The odds
ratios (ORs) and 95% confidence interval (CI) of the
XRCC1 polymorphisms in HCC patients were analyzed
and compared with healthy controls. The meta-analysis
was performed using fixed-effect or random-effect
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methods, depending on the absence or presence of
significant heterogeneity.

RESULTS: Eleven studies with 2075 HCC cases and
2604 controls met our eligibility criteria (four studies,
888 cases and 938 controls for Arg194Trp, four studies,
858 cases and 880 controls for Arg280His, and nine
studies, 1845 cases and 2401 controls for Arg399GIn).
The meta-analysis revealed no associations between
the Arg194Trp and Arg399GIn polymorphisms of the
XRCCI gene and HCC risk under all contrast models
(codominant, dominant and recessive models) in the
overall analysis and sensitivity analysis (the studies
with controls not in the Hardy-Weinberg equilibrium
were excluded). For XRCCI Arg280His polymorphism,
the overall analysis revealed the significant associa-
tion between the His/His genotype and the increased
risk of HCC (His/His vs Arg/Arg model, OR: 1.96, 95%
CI: 1.03-3.75, P = 0.04). However, sensitivity analysis
showed an altered pattern of result and non-significant
association (OR: 2.06, 95% CI: 0.67-6.25, P = 0.20).
The heterogeneity hypothesis test did not reveal any
heterogeneity, and Begg’s and Egger’s tests did not
find any obvious publication bias.

CONCLUSION: The XRCCI Arg194Trp and Arg399GIn
polymorphisms are not associated with HCC risk. More
rigorous association studies are needed to verify the
involvement of XRCCI Arg280His polymorphism in HCC
susceptibility.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon malignancy worldwide!. Tt is accepted that the car-
cinogenesis of HCC is a multistep process, and multiple
factors are involved in this complex process”. Epide-
miological studies have indicated that chronic hepatitis
B virus (HBV), chronic hepatitis C virus (HCV), heavy
cigarette smoking, and alcohol abuse are associated with
the risk of HCC". The progression of HCC might re-
sult from a complex interaction of both environmental
(including HBV or HCV infection) and genetic factors”,
Loss of genomic stability and the gene alterations result-
ing from endogenous and/or exogenous damage appeatr
to be crucial molecular and pathogenic steps that occur
early in the carcinogenesis process of HCCY. Various
enzymes and proteins involved in the DNA repair sys-
tem play a pivotal role in maintaining the genome integ-
rity in cells through the reversal of DNA damage. The
mutations and single-nucleotide polymorphisms (SNPs)
in corresponding DNA repair genes may impair their re-
pair or reversal capacity and increase the risk of cancer'”,

The X-ray repair cross-complementing group 1 (XRCCT)
gene, located on chromosome 19 (19q13.2), encodes a
crucial scaffold protein that is closely associated with
the base excision repair (BER) pathway"”. The XRCC1
protein is responsible for the repair of oxidative DNA
damage and single-strand breaks through interacting with
DNA ligase 3 and the complexes with DNA polymerase
and poly (adenosine diphosphate-ribose) polymerase
(PARP)™", Although more than 300 validated SNPs have
been identified and described in the XRCCT7 gene, only
three common SNPs have been extensively studied: Ar-
g194Trp (£s1799782, C/T substitution at position 26304
on exon 6), Arg280His (rs25489, G/A substitution at po-
sition 27466 on exon 9), and Arg399Gln (1525487, G/A
substitution at position 28152 on exon 10)". Numerous
studies have focused on the association between these
XRCCT polymorphisms and development of cancer in
humans”'”, XRCC7 SNPs have been shown in the previ-
ous meta-analyses to be significantly associated with risk
of gastric”, breast"” and lung"” cancer.

Over the past decade, a considerable number of epi-
demiological studies have focused on the association be-
tween XRCCT polymorphisms and HCC risk. However,
the results remain either controversial or inconclusive.
To address these issues, we cattied out a systematic re-
view and meta-analysis of all eligible case-control studies
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to estimate the risk of HCC associated with the XRCC7
polymorphisms.

MATERIALS AND METHODS

Literature search

To identify the studies eligible for inclusion in the sys-
tematic review and meta-analysis, the following electronic
databases were searched: PubMed, Embase, Wanfang
(Chinese), VIP (Chinese) and the Chinese National Kno-
wledge Infrastructure (CNKI) (up to Match 1, 2012). The
following keywords were used: “X-ray repair cross-com-
plementing group 17 or “XRCC1 and haplotype ot poly-
morphism” and “liver cancer” or “hepatocellular carci-
noma”. The search was performed without restriction on
language and all studies on human subjects were included.
Additional studies were identified by a manual search of
the references of the original studies. Of the studies with
ovetlapping data published by the same investigators, only
the most recent or complete study was included in this
meta-analysis.

Inclusion/exclusion criteria

The included studies had to meet all the following crite-
ria: (1) evaluated XRCC7 polymorphisms and HCC risk;
(2) case-control ot cohort studies; and (3) contained suf-
ficient published data for estimating an odds ratio (OR)
with a 95% confidence interval (CI). The polymorphisms,
for which eligible data were reported in at least three
published studies, were included into the meta-analysis.

Data extraction

Information was carefully extracted independently by
two investigators according to the inclusion criteria. The
following data were collected: the first author’s surname,
year of publication, country of origin, ethnicity, mean
age and type of cases and controls, and the number of
cases and controls for each genotype of XRCCT7 poly-
morphisms. Ethnic origins were categorized as Cauca-
sian, Asian, and African. If a study did not present the
ethnic origin, or if it was not possible to separate the
participants into a mono-ethnic group according to the
phenotypes, the group reported was termed “mixed”.

Statistical analysis

The Hardy-Weinberg equilibrium (HWE) in the control
groups was calculated in our meta-analysis to deter-
mine selective bias in the control population. The ;(2
goodness-of-fit test was used to identify deviation from
HWE (P < 0.05 was considered significant).

Associations between HCC risk and SNPs in Arg194-
Trp, Arg280His, and Arg399GIn were estimated by ORs
and 95% CI. The statistical significance of the summary
OR was determined with the Z test according to Thakkin-
stian’s method"” (P < 0.05). For each polymorphism, the
wild-type allele was set as A and the risk allele as B. The
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Ref. (::t‘l)':?ctig) G?]:i:ttzg:jng Cases/controls Source of controls Type of controls POII‘Z':' C?é.p’h'gs:fed
Tang et al”” China (Asian) PCR-RFLP 150/150 Hospital Age matched, male and healthy ~ Arg194Trp, Arg280His,
Arg399GIn
Bo et al® China (Asian) ~ PCR-RFLP 130/130 Hospital Age matched and healthy Argl94Trp
Zeng et al® China (Asian) ~ TagMan SNP 545/515 Hospital Age, sex and residence matched ~ Argl194Trp, Arg280His,
Genotyping and without cancer Arg399GIn
Kiran et al™ India (Asian) PCR-RFLP 63/155 Hospital HBsAg (-), anti-HCV (-), and with- Arg194Trp, Arg280His,
out renal or hepatic disease Arg399GIn
Wu et al™” China (Asian) PCR-RFLP 100/60 Hospital Age and sex matched, healthy and Arg280His
HBsAg (-)
Ren et al™ China (Asian) PCR-RFLP 50/92 Hospital Healthy and HBsAg (-) Arg399GIn
Borentain et al™” France Sequencing 56/89 Population Healthy and without chronic liver Arg399GIn
(Caucasian) disease
Kirk et al™! Gambia (African) PCR-RFLP 195/352 Hospital Age and sex matched, normal Arg399GIn
a-fetoprotein levels, and without
clinical evidence of liver disease
Long et al® China (Asian) PCR-RFLP 140/536 Hospital Age, sex and ethnicity matched Arg399GIn
and without cancer
Han et al®! China (Asian) PCR-RFLP 69/136 Population Age, sex and residence matched Arg399GIn
Yu et al™ China (Asian) PCR-RFLP 577/389 Population Age and sex matched, HBsAg (+), Arg399GIn

and without HCC

XRCC1: X-ray repair cross-complementing group 1; PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism; SNP: Single nucleo-
tide polymorphism; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

A and B allele frequencies were first compared between
the case and the control groups. Then, we evaluated the
multiple comparisons including BB »s AA (codominant
model), AB ss AA (codominant model), BB »s AB, (BB +
AB) s AA (dominant model), BB »s (AB + AA) (recessive
model), and (BB + AA) »s AB (complete overdominant
model).

The lz—based Q statistic was used to test for the be-
tween-study heterogeneity“sj. When P < 0.1 or I'> 50%,
the heterogeneity was considered statistically signifi-
cant. The data were analyzed using a random-effects
model if heterogeneity existed. In the absence of hetero-
geneity, a fixed-effects model was used. Sensitivity analy-
sis was performed to examine the effect of excluded
specific studies, such as studies with controls that were
not in HWE. The statistical significance of the summary
OR was determined with the Z test (P < 0.05).

The publication bias was assessed qualitatively by the
Begg’s rank correlation method and the Egger’s weighted
regression method (P < 0.05). All statistical analyses were
performed with Stata software (version 11.0; Stata Cor-
poration, College Station, TX) using two-sided P values.

RESULTS

With the retrieval strategy, 60 potentially relevant papers
were extracted (12 from PubMed, 15 from Embase, 16
from Wanfang, 3 from VIP and 14 from CNKI). Forty-
seven studies were subjected to a full-text review and
excluded according to the selection criteria stated above.
Eleven studies were identified that examined the asso-
ciation between the XRCC7 polymorphisms and HCC
tisk™". Table 1 summarizes the data from these studies,
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which included 2075 HCC patients and 2604 control
subjects. The HCC was defined according to the clinical
pathological examinations. Those with no clinical evi-
dence of HCC served as controls.

These studies focused on three identified polymor-
phisms of the XRCCT gene: Argl194Trp, Arg280His, and
Arg399GlIn. The genotypes and allelic frequencies of
these three XRCC7 polymorphisms in the eligible stud-
ies are listed in Table 2. Three studies which respectively
analyzed the Argl94TrppO], the ArgZSOHis[ZZ], and the
Arg399GIn polymorphismsm] significantly deviated from
the HWE (P < 0.05).

Arg194Trp

The Argl194Trp polymorphism is located on exon 6 of
the XRCC7 gene and has been investigated in association
studies in patients with HCC. A positive association was
initially noted by Kiran ez a/*” who reported an excess
frequency of the Arg/Trp genotype in an Indian sample
of HCC patients 2s controls. Furthermore, Bo ¢ @/ re-
ported significant associations among a Chinese popula-
tion between HCC and the Arg/Trp and Trp/Trp geno-
types. However, another two studies of a Chinese popu-
lation reported no association between the Arg194Trp
polymorphism of the XRCCT gene and HCC?*!,

In this meta-analysis, four studies focused on the
Argl194Trp polymorphism of XRCCT gene in an Asian
population, including 888 HCC cases and 938 controls.
An evaluation of the association between the Argl194Trp
polymorphism and HCC risk is presented in Table 3.
No significant association was detected between HCC
and the Arg/Trp or Trp/Trp genotype (the Arg/Trp
vs the Arg/Arg model, fixed-effects OR: 1.30, 95% CI:
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Polymorphism Ref. Ethnicity Case Control HWE
Argl94Trp Arg/Arg Arg/Trp Trp/Trp Arg/Arg Arg/Trp Trp/Trp
Tang et al™ Asian 94 41 15 81 58 1 0.88
Bo et al® Asian 94 31 5 116 12 2 0.02
Zeng et al™ Asian 305 200 40 275 202 38 0.91
Kiran et al™ Asian 8 43 12 27 64 52 0.35
Arg280His Arg/Arg Arg/His His/His Arg/Arg Arg/His His/His
Tang et al”™ Asian 138 1 1 123 26 1 0.76
Zeng et al™ Asian 451 86 8 423 89 3 0.46
Wu et al™” Asian 76 23 1 47 13 0 0.34
Kiran et al™ Asian 19 30 14 91 29 35 0.00
Arg399GIn Arg/Arg Arg/Gln  GIn/GIn  Arg/Arg Arg/Gln GIn/GIn
Tang et al”” Asian 41 94 15 84 54 12 0.43
Zeng et al™ Asian 312 196 37 309 169 37 0.04
Kiran et al™ Asian 25 33 5 45 70 27 0.98
Ren et al™ Asian 32 14 4 46 4 5 0.28
Borentain et al™ Caucasian 27 21 8 27 43 19 0.80
Kirk et al™ African 160 31 4 300 48 4 0.19
Long et al™ Asian 72 63 5 362 159 15 0.62
Han et al®™ Asian 34 28 7 58 63 15 0.73
Yu et al™ Asian 301 223 58 218 143 28 0.49

HWE: Hardy-Weinberg equilibrium.

0.68-2.48, P = 0.42; the Trp/Trp »s the Arg/Arg model,
fixed-effects OR: 1.03, 95% CI: 0.71-1.49, P = 0.80).
Furthermore, no significant results were observed in any
other genetic models. Sensitivity analysis was performed
after excluding the study conducted by Bo et al™ be-
cause the controls were not in HWE.

Arg280His

The Arg280His allele is located on exon 9 of the XRCC7
gene. A study by Kiran ef 4l in an Indian population
showed that the Arg280His polymorphism of the XRCC7
gene was positively associated with HCC. The Arg/His
genotype was associated with a significantly increased risk
of HCC. However, three studies in Chinese populations
reported no association between the Arg280His polymor-
phism of the XRCC7 gene and HCCP,

In this study, the four studies on the Arg280His poly-
motrphism of the XRCC7 gene among Asian popula-
tions, included 858 HCC cases and 880 controls. Overall,
significant association was found for the His/His s Arg/
Arg model (fixed-effects OR: 1.96, 95% CI: 1.03-3.75, P
= 0.04) (Table 3). However, sensitivity analysis after ex-
clusion of the study®™ with controls not in HWE did not
suggest the association (the His/His »s Arg/Arg model,
fixed-effects OR: 2.06, 95% CI: 0.67-6.25, P = 0.20). No
significant results were observed in any other genetic
models in the overall analysis and sensitivity analysis.

Arg399Gin

The Arg399Gln allele is located on the exon 10 of the
XRCCT gene. Studies by Long e a/*! and Tang et a/*”
reported an excess frequency of the Arg/Gln genotype
of the XRCCT gene in HCC patients #s controls in Chi-
nese populations. However, this observation was not
replicated in four other studies™ " of the Chinese
population. A positive association between the Arg/Gln
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genotype and a significantly increased risk of HCC in
the African population was reported by Kirk e a/””. The
study by Borentain ez o/’ in a Caucasian population
showed an increased frequency of the Arg/Arg geno-
type in HCC patients »s controls. Moreover, Kiran ef al™
reported significant associations among an Indian popu-
lation between HCC and the Gln/Gln genotype acting
as a protective genotype for HCC.

We retrieved nine studies involving 1845 HCC cases
and 2401 controls of different populations (one Cauca-
sian, one African, and seven Asian) reporting detailed
allele frequencies™”***). The overall meta-analysis did
not suggest any association between the XRCC7 Arg-
399Gln polymorphism and HCC susceptibility in all
genetic models (Table 3). For example, the ORs of the
HCC risks associated with the Arg399Gln polymor-
phism were 1.07 (random-effects, 95% CI: 0.84-1.34, P
= 0.50) for the comparison of Arg allele »s Gln allele, 1.05
(random-effects, 95% CI: 0.71-1.56, P = 0.77) for the
comparison of Gln/Gln »s Arg/Arg genotype, and 1.13
(random-effects, 95% CI: 0.80-1.57, P = 0.71) for the
compatison of Arg/Gln »s Arg/Arg The results were
consistent after we excluded one studymJ with controls
not in HWE.

By stratifying the meta-analysis by ethnicity, no sig-
nificant association between XRCC7 Arg399Gln poly-
morphism and HCC risk was observed in the Asian
subgroup, which included 1594 HCC cases and 1960
controls. Sensitivity analysis was performed after one
study was excluded””. This did not alter the pattern of
the results.

Publication bias

The Begg’s rank correlation method and Egger’s weight-
ed regression method were used to assess publication
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Significance (Z test)’ Heterogeneity (Q test)
n'  Cases/controls OR (95% CI)
z P Q I (%) P
Argl94Trp
All 4 888/938
Trp vs Arg 1.08 (0.73-1.60) 0.39 0.69 13.64 78.0 0.00
Trp/Trp vs Arg/Arg 1.03 (0.71-1.49) 0.17 0.86 2.18 0.0 0.53
Arg/Trp vs Arg/Arg 1.30 (0.68-2.48) 0.79 0.42 17.86 83.2 0.00
Trp/Trp vs Arg/Trp 0.88 (0.41-1.89) 0.31 0.75 9.95 69.9 0.01
Arg/Trp + Trp/Trp vs Arg/Arg 1.24 (0.70-2.20) 0.76 0.44 15.45 80.6 0.00
Trp/Trp vs Arg/Trp + Arg/Arg 0.93 (0.50-1.74) 0.21 0.83 7.45 59.7 0.05
Trp/Trp + Arg/ Arg vs Arg/Trp 0.72 (0.36-1.43) 0.92 0.36 23.78 874 0.00
AIlHWE 3 758/808
Trp vs Arg 0.89 (0.76-1.05) 1.32 0.18 0.55 0.0 0.76
Trp/Trp vs Arg/Arg 0.96 (0.66-1.43) 0.18 0.85 0.39 0.0 0.82
Arg/Trp vs Arg/Arg 0.94 (0.56-1.60) 0.20 0.84 6.57 69.6 0.03
Trp/Trp vs Arg/Trp 0.87 (0.36-2.13) 0.29 0.77 9.95 79.9 0.00
Arg/Trp + Trp/Trp vs Arg/Arg 0.88 (0.72-1.09) 112 0.26 2.88 30.6 0.23
Trp/Trp vs Arg/Trp + Arg/Arg 0.83 (0.43-1.58) 0.56 0.57 5.86 65.9 0.05
Trp/Trp + Arg/ Arg vs Arg/Trp 0.92 (0.47-1.81) 0.23 0.81 14.09 85.8 0.00
Arg280His
All 4 858/880
His vs Arg 1.03 (0.62-1.70) 0.11 0.90 12.73 76.4 0.00
His/His vs Arg/Arg 1.96 (1.03-3.75) 2.06 0.04 0.44 0.0 0.93
Arg/His vs Arg/Arg 1.16 (0.47-2.86) 0.33 0.74 26.36 88.6 0.00
His/His vs Arg/His 1.13 (0.30-4.22) 0.19 0.85 7.01 57.2 0.07
Arg/His + His/His vs Arg/Arg 1.10 (0.52-2.33) 0.25 0.80 20.16 85.1 0.00
His/His vs Arg/His + Arg/Arg 1.23 (0.69-2.21) 0.73 0.46 1.63 0.0 0.65
His/His + Arg/Arg vs Arg/His 0.90 (0.38-2.11) 0.23 0.81 24.71 87.9 0.00
All HWE 3 795/725
His vs Arg 0.83 (0.49-1.41) 0.67 0.50 5.44 63.2 0.06
His/His vs Arg/Arg 2.06 (0.67-6.25) 1.28 0.20 0.43 0.0 0.80
Arg/His vs Arg/Arg 0.74 (0.43-1.30) 1.03 0.30 5.08 60.6 0.07
His/His vs Arg/His 2.54 (0.80-8.04) 1.59 0.11 0.07 0.0 0.96
Arg/His + His/His vs Arg/Arg 0.78 (0.44-1.36) 0.86 0.39 5.40 63.0 0.06
His/His vs Arg/His + Arg/Arg 2.11 (0.69-6.43) 1.32 0.18 0.36 0.0 0.83
His/His + Arg/ Arg vs Arg/His 1.34 (0.78-2.31) 1.07 0.28 4.95 59.6 0.08
Arg399GIn
All 9 1845/2401
Gln vs Arg 1.07 (0.84-1.34) 0.57 0.56 33.12 75.8 0.00
GIn/GIn vs Arg/ Arg 1.05 (0.71-1.56) 0.29 0.77 14.84 46.1 0.06
Arg/GIn vs Arg/ Arg 1.13 (0.80-1.57) 0.71 0.47 39.18 79.6 0.00
GIn/GIn vs Arg/GIn 0.93 (0.71-1.21) 0.52 0.60 6.32 0.0 0.61
Arg/GIn + GIn/Gln vs Arg/ Arg 1.11 (0.80-1.54) 0.63 0.52 41.34 80.6 0.00
GIn/GIn vs Arg/GIn + Arg/Arg 1.00 (0.78-1.28) 0.03 0.97 7.87 0.0 0.44
GIn/GIn + Arg/Arg vs Arg/GIn 0.85 (0.63-1.15) 1.02 0.30 3213 75.1 0.00
All HWE 8 1300/1886
Gln vs Arg 1.06 (0.79-1.41) 0.40 0.69 32.61 78.5 0.00
GIn/GIn vs Arg/ Arg 1.06 (0.65-1.73) 0.25 0.80 14.61 521 0.04
Arg/GIn vs Arg/Arg 1.10 (0.73-1.68) 0.49 0.62 38.85 82.0 0.00
GIn/GIn vs Arg/GIn 0.96 (0.70-1.30) 0.25 0.79 6.15 0.0 0.52
Arg/GIn + GIn/Gln vs Arg/ Arg 1.09 (0.72-1.64) 0.43 0.66 40.82 829 0.00
GIn/Gln vs Arg/Gln + Arg/ Arg 1.02 (0.77-1.37) 0.19 0.84 7.72 9.3 0.35
GIn/GIn + Arg/Arg vs Arg/GIn 0.86 (0.60-1.24) 0.77 0.44 31.84 78.0 0.00
Asian 7 1594/1960
Gln vs Arg 1.12 (0.87-1.44) 0.89 0.37 25.85 76.8 0.00
GIn/GIn vs Arg/ Arg 1.13 (0.86-1.48) 0.92 0.35 10.48 427 0.10
Arg/GIn vs Arg/Arg 1.22 (0.83-1.78) 1.04 0.29 33.10 81.9 0.00
GIn/GIn vs Arg/GIn 0.92 (0.69-1.21) 0.58 0.56 5.83 0.0 0.44
Arg/GIn + GIn/Gln vs Arg/Arg 1.20 (0.83-1.73) 0.98 0.32 33.84 823 0.00
GIn/Gln vs Arg/GIn + Arg/Arg 1.02 (0.79-1.33) 0.20 0.83 5.96 0.0 0.42
GIn/GIn + Arg/Arg vs Arg/GIn 0.81 (0.57-1.13) 1.21 0.22 28.55 79.0 0.00
Asian HWE 6 1049/1445
Gln vs Arg 1.12 (0.81-1.54) 0.69 0.49 24.80 79.8 0.00
GIn/GIn vs Arg/Arg 1.16 (0.69-1.97) 0.59 0.55 9.89 494 0.07
Arg/Gln vs Arg/ Arg 1.22 (0.74-2.00) 0.78 0.43 32.23 84.5 0.00
GIn/GIn vs Arg/GIn 0.95 (0.68-1.32) 0.31 0.76 5.70 12.3 0.33
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Arg/Gln + GIn/Gln vs Arg/Arg 1.20 (0.74-1.94) 0.75 045 32.66 84.7 0.00
GIn/Gln vs Arg/Gln + Arg/Arg 1.06 (0.78-1.46) 041 0.67 5.69 121 033
GIn/Gln + Arg/Arg vs Arg/Gln 0.80 (0.51-1.26) 0.93 035 27.84 82.0 0.00

"Number of studies; “Random-effects model was used when P value for heterogeneity test P < 0.1 or I* > 50%; otherwise, fixed-effects model was used.

HWE: Hardy-Weinberg equilibrium; OR: Odds ratio.

bias. There was no evidence of publication bias for these
polymorphisms.

DISCUSSION

The XRCC1 protein is a key molecule of BER in the
DNA repair process, which plays a key role in the integ-
rity and stability of the genome and the pathogenesis
and progression of human cancers"”". Polymorphisms
that can alter XRCC1 expression and function may con-
tribute to the risk of cancers. Several studies have been
conducted in recent years to evaluate the association
between the XRCC7 SNPs and HCC risk predisposition
in different ethnic populations, but the results have been
conﬂicting[zow.

In the present study, we performed a systematic re-
view and meta-analysis to examine the association be-
tween three XRCC7 gene polymorphisms and HCC risk.
These three polymorphisms of the XRCC7 gene result
in nonconservative amino-acid changes at evolutionary
conserved regions: a C to T substitution in codon 194
of exon 6 (Arg to Trp), a G to A substitution in codon
280 of exon 9 (Arg to His), and a G to A substitution in
codon 399 of exon 10 (Arg to Gln) P Although the func-
tional effects of these nonsynonymous polymorphisms in
XRCCT are not well known, the natute of the amino acid
substitutions may cause functional changes in the XRCC1
protein and impair DNA repair efficiency or accuracy,
which could be implicated in the risk of cancer. However,
previous meta-analysis showed inconsistent results in the
association between the polymorphisms of the XRCC7
gene and the risk of cancers.

These previous meta-analysis found that the carriers
of homozygous Ttp/Ttp vatiant genotype of the Arg-
194Trp polymorphism had an increased risk of gastric
cancer” and other cancers, especially lung cancer and
esophageal cancer, in the Chinese mainland popula-
tion'""!, However, no associations were observed between
the Arg194Trp polymorphism with skin"”, colorectal®™,
and prostate cancer™ and nasopharyngeal carcinoma'"”.
The Arg280His polymorphism was associated with an
approximate 3.5-fold increase in skin cancer risk in ho-
mozygote codominant and recessive models"”. However,
the Arg280His polymorphism was not found to be a
statistically significant risk factor for gastric cancer” and
nasopharyngeal carcinoma”. The Gln/Gln genotype
of the Arg399GlIn polymorphism was associated with an

[34]

increased risk of prostate cancer” " and nasopharyngeal

carcinoma'’, but was not correlated with skin'"”, gastricm,
33 o X
and colorectal™ cancer susceptibility for all genetic mod-
. 3
els. For prostate cancer, Wei e# al’ concluded that the Gln

allele of the Arg399GIn polymorphism might be a low-
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penetrant risk factor for prostate cancer only in Asian
men, but was not related to overall prostate cancer risk.

It is difficult to interpret the reasons for these incon-
sonant results; nonetheless, several factors may influence
the function of these polymorphisms of the XRCC7
gene in various ways, including variation in the exposure
of different populations to carcinogens and variation in
different types of DNA damage associated with the ini-
tiation of different cancers. Further research is needed
to clarify this inconsistency.

There has been no previous meta-analysis of the ef-
fect of the Argl94Trp and Arg280His polymorphisms
of the XRCCT gene on the risk of HCC. Our data sug-
gested that the Arg194Trp polymorphism might not
be a risk factor for HCC. For the XRCC7 Arg280His
polymorphism, our meta-analysis on the available studies
showed that the His/His genotype was significantly asso-
ciated with increased HCC risk. However, the sensitivity
analysis after exclusion of the study with controls not in
HWE did not suggest this association. Our meta-analysis
does not strongly support the association between the
His/His genotype of the XRCC7 Arg280His polymot-
phism and the increased risk in HCC. Although there is
some evidence of association between the XRCC7 Ar-
¢280His polymorphism and HCC, the above finding de-
serves further and more rigorous association studies. A
previous meta-analysis study found that the Arg399Gln
polymorphism had no association with HCC"™, which is
similar to our current finding. Recently, another variant
in the XRCC1 gene located in the 5-untranslated region,
77 T to C, was identified” and indicated as a genetic
determinant for developing breast cancet". However,
there is a lack of association study between the -77 T/C
polymorphism of the XRCCT gene and HCC risk.

Similar to other systematic reviews and meta-analy-
ses, there were some limitations in this study. Firstly, the
sample sizes in the overall and subgroup analyses were
small. Secondly, only two published studies included in
this meta-analysis focused on the Arg399Gln polymor-
phism and its relationship with HCC in Caucasian and
African populations. Thirdly, the sources of heteroge-
neity that existed among the studies for most polymor-
phisms were not addressed. Finally, this meta-analysis
was based on unadjusted data, whereas a more precise
analysis could be performed if individual data were
available. Additional well-designed, more-detailed stud-
ies with larger populations and different ethnicities are
needed to further evaluate the associations.

In conclusion, The XRCC1 Arg194Trp and Arg399GIn
polymorphisms are not associated with HCC risk. More
rigorous association studies are needed to clarify the
involvement of XRCC1 Arg280His polymorphism in
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HCC susceptibility. No publication biases regarding
these three evaluated polymorphisms were found in this
meta-analysis.
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Hepatocellular carcinoma (HCC) is the fifth most common malignancy world-
wide. The X-ray repair cross-complementing group 1 (XRCC1) gene encodes
a crucial scaffold protein that is responsible for the repair of oxidative DNA
damage and single-strand breaks. Many studies have explored the association
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This meta-analysis suggested that none of the Arg194Trp and Arg399GIn poly-
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Arg280His polymorphism in HCC susceptibility.

Applications
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Abstract

AIM: To investigate the association between metabolic
syndrome (MetS) and the development of gallstone
disease (GSD).

METHODS: A cross-sectional study was conducted in
7570 subjects (4978 men aged 45.0 £ 8.8 years, and
2592 women aged 45.3 + 9.5 years) enrolled from the
physical check-up center of the hospital. The subjects
included 918 patients with gallstones (653 men and
265 women) and 6652 healthy controls (4325 men and
2327 women) without gallstones. Body mass index
(BMI), waist circumference, blood pressure, fasting
plasma glucose (FPG) and serum lipids and lipoproteins
levels were measured. Colorimetric method was used
to measure cholesterol, high-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C). Dextrose oxidizing enzyme method was used
to measure FPG. Subjects were asked to complete a
questionnaire that enquired about the information on
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demographic data, age, gender, histories of diabetes
mellitus, hypertension, and chronic liver disease and
so on. Metabolic syndrome was diagnosed according
to the Adult Treatment Panel III (ATP III) criteria. Gall-
stones were defined by the presence of strong intralu-
minal echoes that were gravity-dependent or attenu-
ated ultrasound transmission.

RESULTS: Among the 7570 subjects, the prevalence
of the gallstone disease was 12.1% (13.1% in men and
10.2% in women). BMI, waist circumference, systolic
blood pressure, diastolic blood pressure, fasting blood
glucose and serum triglyceride (TG) in cases group
were higher than in controls, while serum high-density
lipid was lower than in controls. There were significant
differences in the waist circumference, blood pressure,
FPG and TG between cases and controls. In an age-
adjusted logistic regression model, metabolic syndrome
was associated with gallstone disease. The age-adjust-
ed odds ratio of MetS for GSD in men was 1.29 [95%
confidence interval (CI), 1.09-1.52; P = 0.0030], and
1.68 (95% CI, 1.26-2.25; P = 0.0004) in women; the
overall age-adjusted odds ratio of MetS for GSD was
1.42 (95% CI, 1.23-1.64; P < 0.0001). The men with
more metabolic disorders had a higher prevalence of
gallstone disease, the trend had statistical significance (P
< 0.0001). The presence of 5 components of the MetS
increased the risk of gallstone disease by 3.4 times (P
< 0.0001). The prevalence of GSD in women who had
5 components of MetS was 5 times higher than in those
without MetS component. The more the components of
MetS, the higher the prevalence of GSD (P < 0.0001).
The presence of 5 components of the MetS increased
the risk of gallstone disease by 4.0 times.

CONCLUSION: GSD appears to be strongly associated
with MetS, and the more the components of MetS, the
higher the prevalence of GSD.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

China is one of the fastest developing countries. Rapid
economic development and industrialization have
brought about changes in traditional diets and increas-
ingly sedentary lifestyles. Metabolic syndrome (MetS) is
defined as a cluster of multiple cardiovascular risk fac-
tors, including central obesity, elevated fasting plasma
glucose, high blood pressure, lower high-density lipid
(HDL), and higher serum triglyceride (T'G) levels. The
prevalence of MetS has been increasing gradually in Chi-
na. In 1992, the overall prevalence of MetS in China was
13.3% (12.7% in men and 14.2% in women)". By 2000,
the prevalence of MetS had elevated to 15.1%; 13.6% in
men and 16.6% in women®. In 2009, a population-based
cross-sectional survey in China showed that the crude
and age-standardized prevalence of MetS was 31.5%
and 30.5%, respectivelym. Numerous studies have indi-
cated that MetS is closely associated with some common
diseases, such as diabetes, hypertension, cardiovascular
diseases, cancer, and gallstone discase. Consequently, the
increasing prevalence of MetS may potentially associate
with the increased prevalence of these diseases. Stud-
ies about the association between gallstone disease and
MetS suggested that MetS is a risk factor for gallstone
disease (GSD)", and some studies concluded that GSD
might be a component of MetS"™” although it needs to
be validated by more evidences.

GSD represents a significant burden for health care
wotldwide” and is one of the most common disorders
among the patients admitted to the emergency rooms
with abdominal discomfort, epigastric pain, nausea, vom-
iting, loss of appetite, erd”. Ethnicity and family traits are
recognized as contributing factors™. GSD is known to af-
fect 60%-70% of native Americans and a proportionately
smaller number of individuals of mixed hispanic/na-
tive American origin[()]. The incidence of GSD is at least
10% among white adults in Western countries"”, but it
is lower in African Americans and East Asians”. GSD
is also on the rise and becoming a major health problem
in China[“’lz]; according to the reported estimates that
the prevalence of GSD increased from 4.3% in 1989 to
as high as 10.7% in 1995, Risk factors associated with
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cholelithiasis include female gender, age, obesity, diabetes,
hyperlipidemia, rapid appetite loss, hepatitis C, cirrhosis,
and high caloric intake”"™'". The association between
GSD and MetS has been a focus of some recent stud-
ies. To the best of our knowledge, the prevalence of the
disease and the association between the development of
GSD and MetS ate not fully elucidated. Moreover, there
is currently only minimal data regarding the relationship
between GSD and MetS in apparently healthy Asian peo-
ple. This study aimed to establish if there is an associa-
tion between the presence of MetS and the development
of GSD. MetS is known to be strongly associated with
lifestyle, and if MetS is proved to be related to gallstone,
we may reduce the prevalence of gallstones through life-
style interventions.

MATERIALS AND MIETHODS

Data resource and data collection

We conducted a cross-sectional study in 7570 subjects
enrolled from the Physical Check-Up Center of the
Sir Run Run Shaw Hospital. Among them, there were
4978 men, aged 45.0 + 8.8 years, and 2592 women, aged
45.3 + 9.5 years. The study protocol was approved by
the Ethics Committee of the hospital. All the subjects
signed the informed consent. And 918 (653 men and
265 women) subjects were found to have gallstones.
The gallstone cases and controls consisted of a series of
consecutive asymptomatic subjects. Exclusion criteria in-
cluded histories of cholecystectomy, pancreatitis, sequela
of clonorchis sinensis infection, gallbladder polyps, silt,
dimly disease or gallbladder wall thickening, chronic
kidney disease, pregnancy, and major gastrointestinal
surgeries. Blood samples were collected via venipunc-
ture from the study participants after they had fasted
overnight for laboratory tests. Fasting plasma glucose
(FPG), TG, total cholesterol, high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C) concentrations were measured using
the AEROSET analyze system (ADDOTT, America).
Colotrimetric method was used to measure cholesterol,
HDL-C and LDL-C. Dextrose oxidizing enzyme method
was used to measure FPG. Ultrasonographic examina-
tions were also done.

Questionnaire

Subjects were asked to complete a questionnaire that
enquired for information on demographic data, age,
gender, marital status, address, telephone, histories of
diabetes mellitus, hypertension, chronic liver disease, hy-
petlipidemia, systemic diseases, gastrointestinal surgery
(vagotomy gastrectomy for peptic ulcer, ileal resection
for inflammatory bowel disease, or any other disease or
cause), gravidity, and the use of oral contraceptives, any
other medications, and family history.

Physical examination
Body weight of the subjects, dressed in light clothing
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Variables Cases (n=918) Controls (7=6652) P values
Age (yr) 485+9.1 447+9.0 <0.0001
Height (cm) 165.6 +7.9 165.6 +7.7 0.2791
Weight (kg) 72.6+11.3 694+122  <0.0001
Body mass index 26.3+3.0 252+34 <0.0001
(kg/m?)

Waist circumference 91.6+9.4 87.8 £10.7 <0.0001

(cm)

Systolic blood pressure  123.6 + 14.3 119.8 £14.5 <0.0001

(mmHg)

Diastolic blood pressure 741+98 722+104 <0.0001

(mmHg)

Fasting blood glucose 5.39+1.37 511+1.04 <0.0001

(mmol/L)

High density lipid 44.6+10.9 46.0 £0.58 0.0004

(mg/L)

Triglyceride (mg/L) 201.1+183.3 183.7 £182.7 0.0069
Male 653 (71.1) 4325 (65.0) 0.0003
Larger waist 673 (73.3) 3918 (58.9) <0.0001
circumference
Higher blood 401 (43.7) 2072 (31.2) <0.0001
pressure
Higher FPG 146 (15.9) 600 (9.0) <0.0001

Lower high-density 407 (44.3) 2842 (42.8) 0.3551

lipid

Higher triglyceride 473 (51.5) 3044 (45.8) 0.0010

Student ¢ test was applied to compare the differences between cases and
controls for all continuous variables. Larger waist circumference denotes
waist circumference = 80 cm for females or = 90 cm for males; higher
blood pressure denotes systolic blood pressure = 130 or diastolic blood
pressure = 85 mmHg or drug treatment; raised fasting plasma glucose
(FPG) denotes FPG = 5.6 mmol/L or drug treatment; raised triglyceride
denotes triglyceride = 1.70 mmol/L or drug treatment; lower HDL-C
denotes HDL < 1.29 mmol/L for females or < 1.03 mmol/L for males or
drug treatment. »* test was used to compare the differences between cases
and controls for all category variables. HDL: High blood pressure; HDL-C:
High-density lipoprotein cholesterol.

and without shoes, was measured to the nearest 0.10 kg,
Height was measured to the nearest 0.5 cm. Body mass
index (BMI) was calculated as weight (kg) divided by
height (m) squared (kg/m*). Waist circumference (at the
nearest 0.1 cm) was measured at the midpoint between
the lower border of the rib cage and the iliac crest.
Three blood pressure readings were obtained at 1-min
intervals, and the second and third systolic and diastolic
pressure readings were averaged and used in the analyses.

Diagnostic criteria

MetS was diagnosed using the Adult Treatment Panel III
(ATP I) criteria. According to the ATP III criteria, MetS
was defined as the presence of any three of the follow-
ing five traits: (1) Abdominal obesity, defined as a waist
circumference in men = 90 cm and in women = 80 cm;
(2) Serum triglycerides = 150 mg/dL (1.7 mmol/L) or
medicinal treatment for elevated TG; (3) Serum HDL
cholesterol < 40 mg/dL (1.03 mmol/L) in men and
< 50 mg/dL (1.29 mmol/L) in women or medication
for low HDL-C; (4) Blood pressure = 130/85 mmHg
or medication for high blood pressure; and (5) Fasting
plasma glucose (FPG) = 100 mg/dL (5.6 mmol/L) or
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MetS status Gallstone status OR (95% CI) P values
Cases Controls

Male
Non-MetS 343 (11.6) 2600 (88.4) 0.0030
MetS 310 (15.2) 1725 (84.8) 1.29 (1.09-1.52)

Female
Non-MetS 169 (84) 1852 (91.6) 0.0004
MetS 9 (16.8)  475(82.2) 1.68 (1.26-2.25)

Total
Non-MetS 512 (10.3) 4452 (89.7) <0.0001
MetS 406 (15.6) 2200 (84.4) 1.42 (1.23-1.64)

Age-adjusted logistic regression model was used to test the associations
between metabolic syndrome (MetS) and human gallstone. OR: Odds ra-
tio; CI: Confidence interval.

medication for elevated blood glucosem

The diagnosis of GSD was established on the basis
of the results of abdominal ultrasound (US) using a
3.5-MHz transducer. US was conducted by an experi-
enced radiologist, who was unaware of the objectives of
the study and blinded to laboratory values. Gallstones
were defined by the presence of strong intraluminal
echoes that were gravity-dependent or that attenuated
ultrasound transmission (acoustic shadowing)"".,

Statistical analysis

All statistical analyses were conducted using SPSS ver-
sion 13.0 (SPSS Inc, Chicago, 11I). The results were
expressed as the mean * SD. Binary variables were sum-
marized by N and percentage. Student 7 test was applied
to compare the differences between cases and controls
for all continuous variables. ;(2 test was used to compare
the differences between cases and controls for all cat-
egory variables. Age-adjusted logistic regression model
was used to test the association between MetS and hu-
man gallstones.

RESULTS

Of the 7570 examined subjects, the prevalence of the
GSD was 12.1% (13.1% in men and 10.2% in women).
The results of univariate analysis of vatious factors and
its relationship with GSD are shown in Table 1. In com-
parison with subjects without GSD, those with GSD
were significantly older and had a higher waist circumfer-
ence (WC), BMI, systolic blood pressure, diastolic blood
pressure, fasting blood glucose and TG. Moreover, sub-
jects with GSD had a significantly lower HDL cholester-
ol level than those without GSD. The incidence of larger
waist circumference, higher blood pressure, increased
FPG and TG was obviously higher in cases group than
in the controls.

In age-adjusted logistic regression analyses (Table 2),
MetS was significantly associated with the risk of GSD
irrespective of the sex of the subjects. The age-adjusted
odds ratio of MetS for GSD was 1.29 [95% Confidence
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25 [ Female P <0.0001 7
H Total P < 0.0001

20

—
wv o
T T

Prevalence of gallstone (%)
-
(9,

o

0 1 2 3 4 5
Number of MS components

Figure 1 Trend test of the prevalence of gallstone disease and the num-
ber of metabolic syndrome components in males, females and total study
subjects respectively. Trend test of the prevalence of gallstone disease and
the number of metabolic syndrome components in males, in females and in
total study subjects. MS: Metabolic syndrome.

interval (CI), 1.09-1.52; P = 0.0030] in men, and 1.68
(95% ClI, 1.26-2.25; P = 0.0004) in women,; and the ovet-
all age-adjusted odds ratio of MetS for GSD was 1.42
(95% CI, 1.23-1.64; P < 0.0001).

We also analyzed the association between the preva-
lence of GSD and the number of MetS components.
Figure 1 shows that the more the components of MetS,
the higher the prevalence of GSD in men, and the trend
was significant (P < 0.0001). The presence of 5 compo-
nents of the MetS increased the risk of gallstone disease
by 3.4 times (P < 0.0001). We found the same trend in
the women. The prevalence of GSD in women who had
5 components of MetS, was 5 times that of those with-
out MetS component. The overall prevalence of GSD,
and the trend was also significant (P < 0.0001).

DISCUSSION

In China, the study about the prevalence of GSD is rare,
and the available studies are not sufficient in sample size
or lack of appropriate statistical methods. We designed
the cross-sectional study with a large sample of Chinese
population. We found that the prevalence of the GSD
was 12.1% (13.1% in men and 10.2% in women), which
was slightly higher than the figure presented in a previous
hospital-based study conducted at the West China Hospi-
tal, Sichuan University , which was reported to be 10.7%
(9.9% in men and 11.6% in women)!"". A population-
based screening study conducted in Taiwan in 2006 re-
ported that the overall prevalence of GSD was 5.0% (4.6%
in men, 5.4% in women), without significant gender dif-
ferences'”. The apparently higher prevalence rate in our
study may contribute to the Westernized lifestyle of our
subjects who were of middle-to-high income class.
According to most of the previous epidemiologic
studies, women have a higher prevalence of GSD than
men in the Western world, and estrogen is considered to
be an obvious factor for the gender difference”. How-
ever, our findings showed that the prevalence of GSD
was higher in men than in women. Actually, gender as a
risk factor for cholelithiasis still remains controversial.
While the majority of studies conducted in the West have
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concluded that women are more likely to develop chole-
lithiasis™" than men, studies among Asian patients have
failed to identify a gender-related difference™. In fact,
Liu et a/*" found a higher incidence of cholelithiasis in
men than in women below 50 years of age, but a higher
incidence in women than in men in age groups above
50 years. And Hung ez al™ indicated that menopause is
a risk factor for cholelithiasis in women. Moreover, fe-
male predominance is less evident in Asia where the pig-
mented stone diseases are more common””. So the male
predominance with GSD in our study may be attributed
to the fact that our subjects were of Asian ethnicity and
most of them were aged below 50 years, meanwhile most
of our female subjects were premenopausal women.

Older age is another significant risk factor for GSD¥,
so we used age-adjusted logistic regression model to test
the associations between MetS and human gallstone. It has
been reported that the presence of MetS as an insulin re-
sistance phenotype was associated with an increased preva-
lence of gallstones[z()]. In our age-adjusted logistic regres-
sion analysis, MetS was associated with an increased risk of
GSD.

Obesity is a major cornerstone of MetS, in our study,
the presence of a high waist circumference was common
in patients with GSD. A population-based follow-up
study on GSD in Kinmen also showed that greater waist
citcumference was associated with the development of
GSD among type 2 diabetics™. Cojocaru et al” found
that waist circumference and BMI were significantly asso-
ciated with a higher risk of cholesterol gallstone. Obesity
1s a major risk factor for developing GSD because it can
increase hepatic secretion of cholesterol®".

Although dyslipidemia is very common in MetS, no
conclusive evidence links dyslipidemia and GSD. A Ko-
rean study demonstrated that HDL cholesterol level was
significantly lower in subjects with GSD; howevet, they
did not find any component of dyslipidemia related to
MetS that could be correlated with GSD formation"”
A cross-sectional study in a check-up unit in a university
hospital in Mexico City described the influence of low
HDL cholesterol on developing GSD (OR = 2.32)"%. In
our study, subjects with GSD had lower HDL cholesterol
and higher TG, but there was only difference in the in-
cidence of higher TG between cases and controls. The
relationship between HDL and GSD remains unclear.
In most patients with higher TG, an association with
overweight and insulin resistance is often observed based
on the supersaturated (cholesterol) bile and diminished
gallbladder motility, both contributing to gallstone forma-
tion"". Phase separation of cholesterol crystals from su-
persaturated bile is considered the key event in cholester-
ol gallstone formation. It is a basal framework of the in-
teractions between the sterol, bile salts and phospholipids
in aqueous solutions. Biliary bile acid and phospholipids
are important to solubilize cholesterol™. Phospholipid
transfer protein (PLTP) transfers lipids from low-density
lipoproteins to high-density lipoproteins. It was found
that an inhibitory effect of haptoglobin over PLTP activ-
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ity in hyperlipidemic plasma may contribute to the regula-
tion of reverse cholesterol transportmj. Huang et al™ re-
vealed a hitherto unrecognized role of protein kinase Cf3
(PKCp) in the fine tuning diet-induced cholesterol and
bile acid homeostasis, thus identifying PKCf as a major
physiological regulator of both triglyceride and cho-
lesterol homeostasis. Moreover, polymorphisms in the
gene encoding are also found to increase the gallstone
risk. Such as the cholesterol transporter ABCG5-G8 and
phospholipid floppase ABCB4".

Considering the obvious association between gall-
stone disease and MetS in this study, the fact that higher
blood pressure was associated with MetS and GSD ap-
pears reasonable. Systolic blood pressure and diastolic
blood pressure were higher in patients with GSD as com-
pared with the controls. A study in Taiwan documented
that cholelithiasis in Asian obese patients is significantly
associated with increased diastolic blood pressurem.
Blood pressure = 130/85 mmHg was significantly asso-
ciated with a higher risk of cholesterol gallstonel%]. The
mechanism why higher blood pressure increased the risk
of GSD still remains unclear. Some scholars considered
that this association could be explained by the action of
insulin in hypertension. To validate the mechanism, we
will further study the relationship between hypertension
and GSD. We have designed a study to investigate the as-
sociation between BP and GSD, as well as the impact of
medication for hypertension on GSD.

Previous studies indicated that diabetes mellitus was a
tisk factor for GSD""™. GSD appeared strongly associ-
ated with fasting glycemialzgj. We noted that there was a
positive correlation between prevalence of gallstone with
higher FPG. The possible mechanisms for this associa-
tion may be as follows: hyperglycemia inhibits bile secre-
tion from the liver and disturbs gallbladder contractionm;
hyperglycemia may affect gallbladder motility[4”; or some
factors modifying the crystal nucleation and mucous se-
cretion in bile!*.

Finally, GSD appears to be strongly associated with
MetS. The result is consistent with the hypothesis that
insulin resistance plays an important role in the patho-
genesis of GSD. Animal experiments demonstrated that
mice with isolated hepatic insulin resistance created by
liver-specific disruption of the insulin receptor [Liver
insulin receptor knockout (LIRKO) mice] are markedly
predisposed towards cholesterol gallstone formation.
After only one week on a lithogenic diet, 36% of LIRKO
mice developed gallstones and 100% had gallstones by 12
wk*, Chang e al"” showed that insulin resistance was
positively associated with gallstones in non-diabetic Ko-
rean men, and this occurred regardless of obesity. Taking
into account this association, some authors raised the
question whether administration of lipid-lowering drug
is a therapeutic option for GSD? Ezetimibe was shown
to have a beneficial effect against cholelithiasis in both
animal and humans™, it is, therefore, possible to suggest
that a clinical trial designed to investigate the potential
efficiency of ezetimibe for reducing biliary cholesterol
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saturation and insulin resistance in populations with a
predisposition to cholelithiasis should be now warranted.
In conclusion, GSD is common in China, and the
present study shows an obvious association between
MetS and GSD, and the more the metabolic components
of MetS, the higher the prevalence of the GSD. But the
mechanism for the association remains unclear, further
reseatch is needed to clarify how BP influences the for-
mation of GSD, whether medication for dyslipidemia
benefits the GSD patients, and whether we can reduce
the prevalence of GSD through lifestyle interventions.
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Abstract

Eosinophilic esophagitis (EE) is the most frequent con-
dition found in a group of gastrointestinal disorders
called eosinophilic gastrointestinal diseases. The hypo-
thetical pathophysiological mechanism is related to a
hypersensitivity reaction. Gastroesophageal reflux dis-
ease-like complaints not ameliorated by acid blockade
or occasional symptoms of dysphagia or food impac-
tion are likely presentations of EE. Due to its unclear
pathogenesis and unspecific symptomes, it is difficult to
diagnose EE without a strong suspicion. Although histo-
logical criteria are necessary to diagnosis EE, there are
some characteristic endoscopic features. We present
the case of a healthy 55-year-old woman with dyspha-
gia and several episodes of esophageal food impaction
over the last six months. This case report stresses the
most distinguishing endoscopic findings-mucosa rings,
white exudative plaques and linear furrows-that can
help in the prompt recognition of this condition.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Eosinophilic gastrointestinal diseases (EGD) are rare
conditions of growing interest due to their increasing

diagnostic frequency in well developed countries'. Eo-
sinophilic esophagitis (EE) is the most common EGD,
and its clinical presentation varies extensively making
the diagnosis difficult and clinical suspicion fundamen-
tal. Although not entirely clear, given that EE correlates
with other atopic disorders and has a good response to
corticoid treatment, it seems that its pathophysiological
mechanism is related to a hypersensitivity reaction'"!,

In this case report, through several expressive images,
we highlight the set of endoscopic features which helped
in the early recognition of EE.

CASE REPORT

A 55-year-old woman with no previous medical his-
tory presented with dysphagia and several episodes of
esophageal food impaction over the last six months. Up-
per gastrointestinal (GI) endoscopy revealed scattered
white plaques in the proximal esophagus (Figure 1A), a
whitish exudate coating the mucosa in the distal part of
the esophagus (Figure 1B), and characteristic images of
concentric transient rings and linear furrows (Figure 1C).
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Figure 1 A 55-year-old woman presented with dysphagia and several
episodes of esophageal food impaction over the last six months. A: Scat-
tered white plaques in the proximal esophagus; B: Whitish exudate coating the
mucosa in the distal part of the esophagus; C: Concentric transient rings and
linear furrows on esophagoscopy.

Biopsy specimens showed dense eosinophilic infiltrates,
> 20 eosinophils/high power field (HPF) and micro-
abscesses (Figure 2A and B). Gastroesophageal reflux
disease (GERD) was excluded when no improvement
was observed following the administration of a proton
pump inhibitor (PPI). The patient started treatment with
a budesonide inhaler twice daily (instructions to swallow)
and experienced symptom relief.

DISCUSSION

EE is part of a group of disease known as the eosino-
philic gastrointestinal disorders. The pathogenesis of EE
is not yet understood, although it appears to be related
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Figure 2 Histological findings in esophageal biopsy specimen. A: Dense
eosinophilic infiltrates; B: Microabscesses on esophageal microscopy.

to a hypersensitivity reaction. Some studies suggest that
increased mucosa permeability allows contact with poten-
tial allergenic digestion products leading to a consequent
immunologic responselz]. EE tends to be a chronic dis-
order with intermittent or persistent symptoms, usually
GERD-like complaints which are not ameliorated by acid
blockade with PPI. Additionally, patients may present
with symptoms of dysphagia or food impaction. Due to
its unspecific esophageal symptoms, clinical suspicion
is critical in the diagnosis of EE. Although endoscopy
may be normal in one third of cases, images of mucosal
rings, white exudative plaques and esophageal strictures
are characteristic findings of this pathology. Neverthe-
less, multiple biopsies should be performed in differ-
ent esophageal locations, as well as in the stomach and
duodenum as the diagnosis of EE relies on histological
criteria-one HPF must contain, at least, 15 intraepithelial
eosinophils. Additional histological features include eo-
sinophilic microabcesses'.

To date, there are no large randomized controlled
trials on EGD treatment. The majority of data are from
smaller studies where corticosteroids play a role in the
treatment of these disorders. Generally, oral or topical
corticoid therapy is given to the patient for at least eight
weeks followed by a gradual taper. The symptoms usu-
ally recur, suggesting the need for continuous therapy.
Some case reports show evidence of better symptom
control following maintenance treatment with mast cell
inhibitors or leukotriene receptor antagonists, however,
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larger trials are needed™”.
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Abstract

Gastric perforation is one of the most serious compli-
cations that can occur during endoscopic submucosal
dissection (ESD). In terms of the treatment of such
perforations, we previously reported that perforations
immediately observed and successfully closed with
endoclips during endoscopic resection could be man-
aged conservatively. We now report the first case in
our medical facility of a gastric perforation during ESD
that was ineffectively treated conservatively even after
successful endoscopic closure. In December 2006, we
performed ESD on a recurrent early gastric cancer in an
81-year-old man with a medical history of laparotomy
for cholelithiasis. A perforation occurred during ESD
that was immediately observed and successfully closed
with endoclips so that ESD could be continued resulting
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in an en-bloc resection. Intensive conservative man-
agement was conducted following ESD, however, an
endoscopic examination five days after ESD revealed
dehiscence of the perforation requiring an emergency
laparotomy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) is now an ac-
cepted therapy for node-negative eatly gastric cancer
(EGC). Compared to endoscopic mucosal resection
(EMR), ESD is often preferred because this technique
provides a higher rate of successful en-bioe resections'
however, the risk of complications, particularly perfora-
tions, is also higher with ESD. The incidence of perfora-
tions occurring during ESD has been reported to range
from 3.5% to 6.1%”". In terms of the treatment of
gastric perforations during endoscopic resection, we pre-
viously reported that perforations immediately observed
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and successfully closed with endoclips during endoscopic
resection could be treated conservatively without the
need for an emergency laparotomym. We now report the
first case in our medical facility of a gastric perforation
during ESD of EGC which was ineffectively treated con-
servatively, even though it was immediately detected and
successfully closed with endoclips. Laparotomy was pet-
formed five days after ESD due to dehiscence following
endoscopic closure.

CASE REPORT

An 81-year-old man with a medical history of laparotomy
for cholelithiasis performed in 1987 was admitted to our
hospital in December 2006 for the endoscopic treatment
of a recurrent EGC. He had previously undergone an
initial ESD for EGC at the lesser curvature of the lower
gastric body in 1999. Pathological findings revealed a well-
differentiated mucosal adenocarcinoma without lymphovas-
cular involvement. The lateral margin could not be propetly
evaluated, however, because an incision had inadvertently
been made in the lesion during ESD. After the initial ESD,
endoscopic examinations were performed periodically and
a recurrent tumor 20 mm in size was detected at the site of
the ESD scar in October 2006 (Figure 1A).

In December 2006, ESD was performed on the re-
current tumor and an oval perforation 5 mm in length oc-
curred during the procedure at the site of extensive fibro-
sis from the initial ESD scar (Figure 1B). The perforation
was immediately observed and successfully closed with
endoclips (HX-610-090; Olympus Medical Systems Corp.,
Tokyo, Japan) (Figure 1C) so that the ESD could then be
continued resulting in an exn-bloc resection. Pathological
examination revealed a well to moderately differentiated
mucosal adenocarcinoma with ulcer scar from the initial
ESD without lymphovascular involvement (Figure 1D,
E and F). The lateral and vertical margins were negative.
Following ESD, the patient was intensively managed with
nasogastric suction, fasting and intravenous antibiotic
therapy. The patient’s abdominal symptoms were unre-
markable with no physical indications of diffuse perito-
nitis observed, although the patient had a fever and high
C-reactive peptide level during the observation period.
Despite intensive conservative management, the patient’s
fever persisted and his C-reactive peptide level remained
elevated at 20 mg/dL, thus we performed an endoscopic
examination five days after ESD which revealed that the
perforation site previously closed with endoclips had split
open (Figure 2A). Since the open perforation site could
not be closed endoscopically, an emergent laparotomy
was performed on the same day. Surgical findings indi-
cated that the perforation of the gastric wall extending to
the omental bursa was 30 mm X 10 mm in length and the
perforation site was not covered with adipose tissue (Fig-
ure 2B). Pigmentation from bile and localized findings of
inflammation were observed in the omental bursa prob-
ably caused by adhesions from the previous laparotomy
for cholelithiasis performed in 1987. Distal gastrectomy
was performed instead of omental implantation because

(49

TR
JBaishideng®

WJG | www.wjgnet.com

the gastric wall at the perforation site was fragile and the
split-open perforation was relatively large in size. The
patient recovered well postoperatively and was discharged
11 d after surgery with no recurrence detected as of De-
cember 2010.

DISCUSSION

We previously reported that gastric perforations which
occurred during endoscopic resection could be managed

conservatively with complete endoscopic closure based
on the analysis of 117 patients with such perforations at
our facility®”, In our analysis, endoscopic closure with en-
doclips was successful in 115 of the 117 patients (98.3%0)
and conservative management for those 115 patients was
uneventful. That is, none of the patients with successful
endoscopic closure required an emergency laparotomy.
In the present case, however, conservative management
proved to be ineffective despite the fact that success-
ful endoscopic closure was performed during ESD. An
endoscopic examination conducted five days after ESD
revealed that the perforation site previously closed suc-
cessfully with endoclips had split open necessitating an
emergency laparotomy.

The gastric lesion in our patient was a recurrent tu-
mor following an initial ESD, and the existence of fibro-
sis at the site of ESD scar was considered to be one of
the factors associated with incomplete healing of the per-
foration. However, on referring to our previous analysis
of 46 patients who received ESDs for locally recurrent
EGCs after prior endoscopic resections, perforations oc-
curred during ESD in four patients (8.7%) with all four
patients fully recovering following successful endoscopic
closure with endoclipsm. Therefore, based on those eatli-
er reported results, we cannot conclude that the existence
of fibrosis in connection with local recurrence was the
only reason for failure of the healing process in the pres-
ent perforation case. We speculate that there may have
been another contributing cause, specifically the patient’s
medical history of laparotomy for cholelithiasis. It is
thought that the reason the perforation site did not heal
after successful endoscopic closure was related to the ad-
hesions resulting from the previous laparotomy. Adipose
tissue did not cover the perforation site after endoscopic
closure due to these adhesions, thus the perforation site
was unable to heal properly. We believe that the patient’s
unremarkable abdominal symptoms were also related
to these adhesions as they created a closed space in the
abdominal cavity thus localizing the peritonitis resulting
from the gastric perforation.

Our experience in this case indicates that gastric pe-
rforations which occur during ESD cannot always be
treated conservatively even after successful endoscopic
closure using endoclips, particularly if the patient has a
medical history of laparotomy. Consequently, we must
keep this possibility in mind when performing ESD on
an EGC patient with a medical history of laparotomy. In
addition, we need to remember that perforation patients
with a medical history of laparotomy do not always show
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Figure 1 Endoscopic submucosal dissection of a recurrent tumor in December 2006. A: Pre-treatment endoscopy. A recurrent tumor 20 mm in size was detect-
ed at the site of the initial endoscopic submucosal dissection (ESD) scar by surveillance endoscopy; B: Endoscopic treatment. ESD was performed on the recurrent
tumor, and an oval perforation 5 mm in length occurred at the site of extensive fibrosis during ESD; C: Endoscopic closure of the gastric perforation. The perforation
was immediately observed and successfully closed with endoclips so that ESD could be continued resulting in en-bloc resection; D: Microscopic examination. A well to
moderately differentiated mucosal adenocarcinoma without lymphovascular involvement was shown (hematoxylin and eosin stain, x 40); E, F: Histopathologically, an
ulcer scar from the initial ESD (UI-Ills) was also shown [between arrowheads (E)] [hematoxylin and eosin stain, x 1 (E), x 20 (F)].

Figure 2 Dehiscence following successful endoscopic closure of the gastric perforation. A: Endoscopy five days after endoscopic submucosal dissection (ESD).
The split-open perforation previously closed successfully with endoclips during ESD was revealed; B: Surgical findings. A perforation of the gastric wall extending to the
omental bursa 30 mm x 10 mm in length was seen. The perforation site was not covered with adipose tissue.
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Abstract

We present three cases of autoimmune pancreatitis
(AIP) complicated by gastric varices. Case 1: A 57-year-
old man was diagnosed with AIP complicated by gastric
varices and splenic vein obstruction. Splenomegaly
was not detected at the time of the diagnosis. The AIP
improved using steroid therapy, the splenic vein was
reperfused, and the gastric varices disappeared; case
2: A 55-year-old man was diagnosed with AIP compli-
cated by gastric varices, splenic vein obstruction, and
splenomegaly. Although the AIP improved using steroid
therapy, the gastric varices and splenic vein obstruction
did not resolve; case 3: A 68-year-old man was diag-
nosed with AIP complicated by gastric varices, splenic
vein obstruction, and splenomegaly. The gastric varices,
splenic vein obstruction, and AIP did not improve using
steroid therapy. These three cases suggest that gastric
varices or splenic vein obstruction without splenomeg-
aly may be an indication for steroid therapy in patients
with AIP because the complications will likely become
irreversible over time.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Autoimmune pancreatitis (AIP) is accepted worldwide
as a distinctive type of pancreatitis, and the number of
patients with AIP is increasing”ﬂ. However, there are few
reports of AIP complicated by gastric varices, and the ef-
fect of steroid therapy on the gastric varices is unknown.

We present three cases of autoimmune pancreatitis com-
plicated by gastric varices.

CASE REPORT

Case 1

A 57-year-old man was admitted to the hospital due to
back pain and jaundice. He had a history of diabetes
mellitus and no history of habitual alcohol consump-
tion. Laboratory studies revealed liver dysfunction (total
bilirubin 3.1 mg/dL, aspatrtate aminotransferase 275
1U/L, alanine aminotransferase 557 IU/L, and alkaline
phosphatase 2822 IU/L), hypetglycemia (236 mg/dL),
elevated hemoglobin Alc (7.9%), and elevated IgG4
(176.4 mg/dL). Tumor markers, a complete blood count,
electrolyte plasma levels, coagulation tests, amylase levels,
lipase levels, and kidney function were all within the nor-
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Figure 1 Disappearance of gastric varices following steroid therapy. A: Computed tomography showed a diffusely enlarged pancreas with a capsule-like rim,
obstructed splenic vein (arrowhead), and dilated common bile duct; B: Esophagogastoroduodenoscopy showed gastric varices in the fundus of the stomach; C: The
splenic vein was reperfused (arrowhead), and autoimmune pancreatitis improved following steroid therapy; D: Gastric varices disappeared following steroid therapy.

mal limits. Computed tomography (CT) of the abdomen
revealed a diffusely enlarged pancreas with a capsule-like
rim, an obstructed splenic vein, and a dilated common
bile duct (Figure 1A). Endoscopic retrograde cholangio-
pancreatography (ERCP) revealed irregular narrowing of
the main pancreatic duct and stricture of the lower com-
mon bile duct. Esophagogastoroduodenoscopy (EGD)
revealed gastric varices in the fundus of the stomach
(Figure 1B).

According to the 2006 Clinical Diagnostic Criteria
of The Japan Pancreas Society, the patient was diag-
nosed with AIP complicated by splenic vein obstruc-
tion and gastric varices. Endoscopic biliary drainage by
stent placement was performed to alleviate the obstruc-
tive jaundice, followed by the oral administration of 30
mg/d prednisolone for 2 wk. The dose was tapeted by 5
mg every 2 wk to a maintenance dose of 5 mg/d. Two
weeks after the initial treatment, a CT scan showed that
the enlarged pancreas had improved and that the splenic
vein was reperfused (Figure 1C). Six mo after the initial
therapy, EGD showed that the gastric varices had disap-
peared (Figure 1D). Twenty-one mo after admission to
the hospital, the patient was followed in the clinic with a
maintenance dose of 5 mg/d prednisolone.

Case 2

A 55-year-old man was admitted to the hospital following
the incidental detection of gastric fundal varices on EGD
during a complete physical examination (Figure 2A). He
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had no previous illnesses and no history of habitual al-
cohol consumption. The patient was asymptomatic, and
nothing abnormal was detected on physical examina-
tion. A CT scan revealed a locally enlarged pancreatic tail
with a capsule-like rim around the lesion, an obstructed
splenic vein, and splenomegaly (Figure 2B). ERCP was
performed, revealing irregular narrowing of the main pan-
creatic duct in the pancreatic tail (Figure 2C). Laboratory
studies showed an elevated IgG4 (239.1 mg/dL). Tumor
matkers, a complete blood count, electrolyte plasma levels,
coagulation tests, amylase levels, lipase levels, and kidney
and liver functions wetre all within the normal limits.

According to the 2006 Clinical Diagnostic Criteria,
the patient was diagnosed with AIP complicated by
splenic vein obstruction, gastric vatices, and splenomega-
ly. Oral administration of 30 mg/d prednisolone for 4 wk
was used to induce remission, and the dose was tapered
by 5 mg every 2 wk to a maintenance dose of 5 mg/d.
Two weeks after the initial treatment, a CT scan showed
that the enlarged pancreas tail had improved and that the
capsule-like rim had disappeared (Figure 2D). However,
the splenic vein was not reperfused. Ten mo after the ini-
tial therapy, EGD showed no improvement of the gastric
varices. One year after hospital admission, the patient was
followed in the clinic with a maintenance dose of 5 mg/d
prednisolone.

Case 3
A 68-year-old man was admitted to the hospital due
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Figure 2 The splenic vein was not reperfused, although the autoimmune pancreatitis improved. A: Esophagogastoroduodenoscopy showed gastric varices in
the fundus of the stomach; B: Computed tomography showed a locally enlarged pancreatic tail with a capsule-like rim, an obstructed splenic vein, and splenomegaly; C:
Endoscopic retrograde cholangiopancreatography showed irregular narrowing of the main pancreatic duct in the pancreatic tail (arrowhead); D: Autoimmune pancre-

atitis improved following steroid therapy, but the splenic vein was not reperfused.

to hematemesis. An emergency EGD was performed,
revealing gastric ulcer bleeding at the gastric notch and
incidentally detected gastric varices in the fundus of the
stomach (Figure 3A). The gastric ulcer was successfully
treated with endoscopic coagulation and administration
of a proton pump inhibitor. Additional investigations
were performed to ascertain the cause of the gastric
vatices. The patient had a past history of diabetes mel-
litus and no history of habitual alcohol consumption.
A CT scan revealed a slightly enlarged pancreas with a
capsule-like rim around the lesion, a pancreatic stone in
the pancreatic tail, an obstructed splenic vein, and sple-
nomegaly (Figure 3B and C). Magnetic resonance cholan-
giopancreatography (MRCP) revealed irregular narrowing
of the main pancreatic duct in the pancreatic head and
body, slight dilation of the main pancreatic duct in the
pancreatic tail, stricture of the hilar bile duct and lower
bile duct, and dilation of the right intra-hepatic bile duct
(Figure 3D). ERCP showed the same findings as MRCP.
Laboratory studies revealed elevated levels of IgG4 (186
mg/dL), hemoglobin Alc (8.0%), carcinoembryonic
antigen (8.2 ng/mlL), CA19-9 (38.7 U/mL), and alkaline
phosphatase (345 IU/L). The complete blood count,
electrolyte plasma levels, coagulation tests, amylase levels,
lipase levels, and kidney function were all within the not-
mal limits.

Although the slight dilation of the distal main pancre-
atic duct was atypical of AIP, the slightly enlarged pancre-
as, the irregular narrowing of the main pancreatic duct in
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the pancreatic head and body, and the elevated levels of
IgG4 met the 2006 Clinical Diagnostic Criteria. The pa-
tient was diagnosed with AIP complicated by splenic vein
obstruction, gastric varices, splenomegaly, and sclerosing
cholangitis. Oral administration of 30 mg/d prednisolone
for 4 wk was used to induce remission, and the dose was
tapered by 5 mg every 2 wk to a maintenance dose of 5
mg/d. However, a CT scan showed no improvement of
the pancreatic lesion, and EGD showed no improvement
of the gastric varices. Because steroid therapy was not ef-
fective, maintenance therapy was discontinued 5 mo after
the initial treatment. One year after hospital admission,
the patient was followed in the clinic without treatment.

DISCUSSION

There are few reports of autoimmune pancreatitis com-
plicated by gastric varices. The effects of steroid therapy
on the varices is unknown'. However, the reported 8%!"
frequency of splenic vein obstruction in patients with
chronic pancreatitis indicates that it is not a rare compli-
cation. Splenic vein obstruction causes a localized form
of portal hypertension, known as sinistral portal hyper-
tension, which leads to the formation of gastric varices

along the fundus and the greater curvature of the stom-
ach due to increased blood flow through the short gastric
veins or the gastroepiploic vein'™. From 1999 to 2011,
our hospital treated 20 consecutive patients with AIP
who fulfilled either the 2006 Clinical Diagnostic Criteria
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Figure 3 Autoimmune pancreatitis that did not improve with steroid therapy. A: Esophagogastoroduodenoscopy showed gastric varices in the fundus of the
stomach; B: Computed tomography (CT) showed a slightly enlarged pancreas with a capsule-like rim, an obstructed splenic vein (arrowhead), and splenomegaly; C:
CT showed a pancreatic stone in the pancreatic tail (arrowhead); D: Magnetic resonance cholangiopancreatography showed irregular narrowing of the main pancre-
atic duct in the pancreatic head and body, slight dilation of the main pancreatic duct in the pancreatic tail, stricture of the hilar bile duct and lower bile duct, and dilation

of the right intra-hepatic bile duct.

of The Japan Pancreas Society or the Asia diagnostic cri-
teria. Splenic vein obstruction was confirmed in 4 of the
patients (20%) using CT, and 3 of the 4 patients (15%)
had gastric varices.

The clinical coutse of these three cases varied de-
pending on the presence of splenomegaly. In case 1,
splenomegaly was not detected at the time of diagnosis.
Gastric varices disappeared as the AIP improved using
steroid therapy; In case 2, splenomegaly was detected
at the time of diagnosis. The gastric varices did not im-
prove, although the AIP improved using steroid therapy;
In case 3, splenomegaly was detected at the time of diag-
nosis. Neither the gastric varices nor the AIP improved
with steroid therapy. These three cases suggest that gas-
tric varices complicating AIP without splenomegaly may
improve using steroid therapy.

The pathogenetic hypothesis of splenic vein ob-
struction has been related to many factors: compression
by a pseudocyst or an enlarged pancreatic parenchyma
and secondary involvement of the vein by surrounding
edema, cellular infiltration, and the fibroinflammatory
processm. Whether the splenic vein obstruction is formed
by mechanical force or inflammatory infiltration, the
obstruction will become an irreversible thrombosis over
time. Although the AIP improved in case 2, the splenic
vein obstruction, which had likely progressed into a
thrombosis, was irreversible. A gastrorenal shunt or other
collateral veins that drain into the systemic circulation
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were not detected on CT scans in any of the three cases.
Development of congestive splenomegaly may have
been dependent on the length of time the patients had
been affected with sinistral portal hypertension. These
three cases indicate the need to reperfuse the obstructed
splenic vein before the development of splenomegaly,
otherwise the obstruction becomes irreversible. Accord-
ing to a nationwide survey by the Research Committee of
Intractable Pancreatic Diseases conducted by the Minis-
try of Health, Labor and Welfare of Japan, the remission
rate of steroid-treated AIP is 98%"". However, rare cases
of steroid-refractory AIP can occur. Kamisawa ez al"!
reported the development of pancreatic atrophy in 5 out
of 23 patients with AIP. Takayama ef al™ reported that
AIP has the potential to be a progressive disease with
pancreatic stones. These reports suggest that recurrent
cases of AIP can turn into chronic pancreatitis-like le-
sions during long-term follow-up and become refractory
to steroid therapy. In case 3, the AIP was refractory to
steroid therapy. Because the enlargement of the pancreas
was not prominent and a pancreatic stone was detected,
the lesion was likely the result of recurrent inflammation
of AIP.

The role of a prophylactic splenectomy in asymp-
tomatic patients with splenic vein obstruction and gasttic
varices remains controversial. Badley concluded that the
benefit of preventing possible bleeding of the varices
outweighs the risk of postsplenectomy sepsism], although
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Bernades e al” reported that the risk of vaticeal bleed-
ing is lower than previously reported. In cases 2 and 3,
we did not perform a prophylactic splenectomy or partial
splenic embolization because the patients opted for a
watchful waiting approach.

The indications for steroid therapy in patients with
AIP are symptoms such as obstructive jaundice, abdomi-
nal pain, back pain and the presence of symptomatic
extrapancreatic lesions!!. However, some patients with
AIP improve spontancously"'?. The treatment of as-
ymptomatic patients with AIP remains controversial.
Based on the potential risk and benefits, these three cases
suggest that patients with AIP and gastric varices or
splenic vein obstruction without splenomegaly should be
treated with steroids before pancreatic lesions or splenic
vein obstructions become irreversible. Because this study
only included three cases, it is necessary to collect data on
more patients with AIP complicated by gastric varices to
effectively evaluate this hypothesis.

In conclusion, we treated 3 cases of autoimmune pan-
creatitis complicated with gastric varices. Gastric varices
ot splenic vein obstruction without splenomegaly may be
an indication for steroid therapy in patients with AIP.
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Abstract

Ischemic colitis is a rare complication of interferon
administration. Only 9 cases in 6 reports have been
described to-date. This report describes a case of isch-
emic colitis during pegylated interferon and ribavirin
treatment for chronic hepatitis C, and includes a review
of the relevant literature. A 48-year-old woman was
treated with pegylated interferon a-2a and ribavirin
for chronic hepatitis C, genotype Ib. After 19 wk of
treatment, the patient complained of severe afebrile
abdominal pain with hematochezia. Vital signs were
stable and serum white blood cell count was within
the normal range. Abdominal computed tomography
showed diffuse colonic wall thickening from the splenic
flexure to the proximal sigmoid colon, which is the
most vulnerable area for the development of ischemic
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colitis. Colonoscopy revealed an acute mucosal hyper-
emic change, with edema and ulcerations extending
from the proximal descending colon to the sigmoid
colon. Colonic mucosal biopsy revealed acute exuda-
tive colitis. Polymerase chain reaction and culture for
Mycobacterium tuberculosis were negative and the cul-
tures for cytomegalovirus, Sa/monella and Shigella spe-
cies were negative. After discontinuation of interferon
and ribavirin therapy, abdominal pain and hematochezia
subsided and, following colonoscopy showed improve-
ment of the mucosal ulcerations. Ischemic colitis cases
during interferon therapy in patients with chronic hepa-
titis C reported so far have all involved the descending
colon. Ischemic colitis is a rarely encountered complica-
tion of interferon administration in patients with chronic
hepatitis C and should be considered when a patient
complains of abdominal pain and hematochezia.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Pegylated interferon (IFN) combined with ribavirin is
currently the standard treatment for chronic hepatitis C
(CHC) and can achieve sustained virological response
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in approximately 55% of genotype-I hepatitis C virus
(HCV) infections'". The side effects of this combina-
tion treatment result in premature treatment termination
in 10%-15% and dose adjustment in 32%-42% of pa-
tients'!. Therefore, physicians need to be well aware of
both the common and uncommon side effects of treat-
ment. Ischemic colitis is a rare complication of interferon
administration®™. Only 9 cases in 6 reports (one in Japa-
nese” and 5 in English™”) have been described to date.
This report describes a case of ischemic colitis during
pegylated interferon and ribavirin treatment for CHC and
includes a review of the relevant literatures.

CASE REPORT

A 48-year-old woman was admitted for the evaluation
of acute abdominal pain and hematochezia. The patient
had been treated with combination therapy of pegylated
IFN-a 2a (180 pg/wk) (Pegasys; Roche, Basel, Switzet-
land) and tibavirin (1000 mg/d) (LG Ribavirin; LG Life
Sciences, Seoul, Korea) for CHC, genotype Ib. A qualita-
tive HCV test was initially obtained using reverse tran-
scription-polymerase chain reaction (RT-PCR) (Abbott
Laboratoties, Abbott Park, IL., United States), and the
serum HCV viral load was 1.67 X 10°viral copies/mlL.
The serum HCV RNA level decreased to undetectable
levels after 12 wk of treatment. The treatment process
was uneventful until 16 wk of therapy. At week 16, the
patient complained of mild epigastric discomfort and
nausea, which resolved spontaneously a few days later.
Three weeks later, at week 19 of therapy, the patient
complained of severe abdominal pain with hematochezia,
but she remained afebrile. Small amounts of bloody stool
were passed 2-3 times per day. The patient denied recent
travel or additional medications such as antibiotics or
non-steroidal anti-inflammatory drugs. The patient had
no history of diabetes mellitus, hypertension, inflamma-
tory bowel disease, atrial fibrillation, valvular heart dis-
ease, coronary artery disease, or hypercoagulable condi-
tions. She was a non-smoker, and her family history was
unremarkable.

Physical examination revealed direct tenderness on
the left lower quadrant of the abdomen. Blood pressure
was 114/76 mmHg, pulse 80 beats/min, respiration rate
20/min, and body temperature 37.9 ‘C. Complete blood
count revealed a hematocrit of 26.9%, hemoglobin 8.7
gm/dL, platelets 115 000/uL, and white blood cell count
4700/puL with differential counts within the normal
range. C-reactive protein was slightly elevated at 0.7 mg/
dL (normal < 0.4 mg/dL). Serum electrolytes, liver pro-
file, renal function tests, amylase, and lipase were within
normal limits. The coagulation profile was within the
normal range, with a prothrombin time of 11.2 s and an
activated partial thromboplastin time of 23.9 s. Upper en-
doscopy was performed 6 mo prior to admission, which
documented a healing stage small gastric ulceration at the
antrum. Helicobacter pylori infection was documented by
histological examination and was successfully eradicated
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Figure 1 Colonoscopy images and pathology. A: Mucosal hyperemic
change with edema, erosion, and ulcerations and hemorrhagic friable mucosa
on the sigmoid colon; B: Segmental ulceration was seen on the proximal de-
scending colon; C: Pathological examination of the descending colon showed
acute exudative colitis. Epithelial detachment was observed (hematoxylin and
eosin stain, x 40).

with antibiotic therapy at that time. At admission, upper
endoscopy was negative for an active bleeding source,
and colonoscopic examination revealed acute hyperemic
mucosal changes with edema, erosion, and ulcerations.
Acute inflamed, friable mucosal changes extended from
the sigmoid colon (Figure 1A) to the proximal descend-
ing colon (Figure 1B). The rectum showed relatively
normal mucosa. Colonic mucosal biopsy revealed acute
exudative colitis compatible with a diagnosis of ischemic
colitis (Figure 1C). On the biopsy specimen, staining for
cytomegalovirus showed no positive cells, and staining
for acid-fast bacilli was negative. Tuberculous nucleic
acid was undetectable by polymerase chain reaction. A
serum anti-Streptolysin O test was negative. Bacteriologic
culture studies of stool and colonic fluid wete negative
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Figure 2 Abdominal computed tomography. A: Circumferentially layered
wall thickening and pericolic fat infiltration at the descending colon (arrow); B:
Circumferential wall thickening and pericolic fat infiltration at the proximal sig-
moid colon (arrows).

tor Mycobacterinm, Salmonella, and Shigella species. Abdomi-
nal computed tomography showed circumferential wall
thickening and pericolic fat infiltration from the descend-
ing colon to the proximal sigmoid colon, a well-known
predisposing area for the development of ischemic colitis
(Figure 2). The findings from colonoscopy, computed
tomography, and pathology were all compatible with the
diagnosis of ischemic colitis.

After IFN and ribavirin treatment were discontinued,
the patient’s abdominal pain decreased and hematochezia
resolved. One week later, subsequent colonoscopy showed
marked improvement in ulceration and mucosal edema.
Serum HCV RNA remained undetectable for up to 3 mo
after cessation of treatment, but reappeared 1 year later.
The reappearance of serum HCV RNA suggests that the
antiviral treatment for CHC was not successful.

DISCUSSION

In current standard combination therapy of pegylated
IFN and ribavirin in CHC patients, more than 50% of
sustained virological response is expected. However, a
large proportion of the patients are not eligible for the
treatment or drop out early during the treatment due to
side effects.

The side effects of IFN and ribavirin combination
therapy are mostly associated with IFN administration,
while hemolytic anemia is attributable to ribavirin!. Side
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Ref. Age/gender, Treatment Location of ischemic colitis
diagnosis  and duration

Okanoue et al”  47/F, CHC IFN-q, 4 wk

Rectum to descending
colon

55/F, CHC IFN, 23 wk Rectum to descending
colon

65/M, CHC IFEN, 5 wk Rectum to descending
colon

Horigome et al® 53/M, CHC IFN-q, 12 wk Sigmoid colon to

descending colon

Descending colon

Descending colon

Sigmoid colon to splenic

Tada et al 65/M, CHC IFN-o, 4 wk
55/F, CHC IFN-q, 24 wk

Leung et al”) 44/M, CHC Pegylated

IFN-o, 34 wk flexure
Wenner etal  7/F,CHC IFN-q, 7 wk Descending colon
with CRF
Punnam et al®  51/M, CHC Pegylated Mid-transverse to proximal
IFN-a, 12 wk descending colon

CHC: Chronic hepatitis C; CRF: Chronic renal failure; IFN-a: Interferon-o;
F: Female; M: Male.

effects associated with IFN treatment have been de-
scribed not only in CHC, but also in chronic hepatitis BY
chronic myeloid leukemia®”, metastatic renal cell carcino-
ma”, and multiple myeloma“”. Flu-like symptoms such
as general malaise, fever, arthralgia, headache, and hema-
tologic abnormalities such as leukopenia and thrombocy-
topenia are frequently observed early adverse effects of
IFN-o administration. Although the severity of these
symptoms is directly related to the dose and frequency of
IFN administration, remarkable individual variation has
been observed™. Among the vatious gastrointestinal side
effects of IFN-q, ischemic colitis is rarely reported dut-
ing treatment of CHC, occurring in less than 1% of pa-
tients'?. Other than ischemic colitis, microscopic colitis”
and ulcerative colitis"” have also been reported.

Nine cases of ischemic colitis related to IFN therapy
in CHC have been reported in 6 studies, and the most
common symptoms were abdominal pain and lower
gastrointestinal bleeding such as melena and hemato-
chezia”". The descending colon was most frequently
involved in all ischemic colitis cases associated with CHC
(Table 1). In reported cases, hematochezia and melena
appeared between week 4 and 34 of IFN treatment, and
the mean duration of IFN treatment before the occur-
rence of ischemic colitis was 14 wk. The characteristics
of this case correspond well with those of previously re-
ported cases in terms of symptoms, location, and petiod
of duration.

The etiology of ischemic colitis is not yet cleatly eluci-
dated. The mechanism of IFN-induced ischemic colitis is
thought to be associated with immune modulation of cy-
tokine networks. Sparano ez " documented the role of
intetleukin-2 (IL-2) and IFN-q, in the development of co-
lonic ischemia. They suggested that a disordered coagula-
tion cascade played a role in the pathogenesis of colonic
ischemia, assuming that derangement of coagulation is
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mediated by tumor necrosis factor ot its interactions with
other cytokines[m]. IFN therapy also induces an increase
in plasma-activated complement C5a, a potent intravascu-
lar aggregator of granulocytes, favoring the development
of microthrombi in small vessels. IFN-induced vasculitic
reactions, mediated by the deposition of immune com-
plexes in the vasculature, may also play a pathogenic role
in ischemia of vatious organsm’m. Thrombogenic effects
of activated cytokines and immune complex-mediated
vasculitic reactions may play a role in the pathogenesis
of IFN-induced ischemic colitis"". The potential role of
cytokines for the development of IFN induced ischemic
colitis needs to be investigated further.

In conclusion, physicians should be vigilant of the
various common and uncommon complications of both
pegylated IFN and ribavirin. Ischemic colitis is a rarely
encountered complication of pegylated IFN administra-
tion but it should be considered when a patient com-
plains of abdominal pain and hematochezia.
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Abstract

Spontaneous hemoperitoneum (SP) is defined as the
presence of blood within the peritoneal cavity that is
unrelated to trauma. Although there is a vast array of
etiologies for SP, primary hepatocellular carcinoma and
hepatic adenoma are considered to be the most com-
mon causes. Hepatic metastatic tumor associated with
spontaneous rupture is rare. SP from hepatic meta-
static trophoblastic tumor may initially present with a
sudden onset of abdominal pain. Abdominal computed
tomography (CT) plays an important role in establish-
ing the diagnosis of SP, indicating its origin and etiol-
ogy, and determining subsequent management. Herein,
we report an uncommon case of hemoperitoneum from
spontaneous rupture of a hepatic metastatic tropho-
blastic tumor in a young female patient. Interestingly,
the contrast-enhanced CT findings demonstrated hyper-
vascular hepatic masses with persistent enhancement
at all phases, which were completely different from the
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common appearances of hepatic metastases. For SP
resulting from hepatic metastatic tumors, surgical inter-
vention is still the predominant therapeutic method, but
the prognosis is very poor.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Spontaneous hemoperitoneum (SP) is defined as the pres-
ence of blood within the peritoneal cavity that is unrelated
to trauma. Primary hepatocellular carcinoma (HCC) and
hepatic adenoma are considered to be the most common
causes; however, hepatic metastatic tumors associated with
SP are rare. Those metastatic tumors may include colon,
lung, renal cell and testicular neoplasms, and Wilm’s tumor,
but few cases of metastatic trophoblastic tumor respon-
sible for HP have been reported, especially in the absent
evidence of primary malignant tumor. Computed tomog-
raphy (CT) plays an important role in establishing the
diagnosis of SP. Metastatic liver tumors display variant
appearances in routine CT scan and are often classified as
hypervascular, hypovascular and nonvascular metastases
on dynamic contrast-enhanced CT scan. Most of the
hepatic metastatic tumors present with hypovascular ap-
pearances, namely mild enhancement in both the portal
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phase and delayed phase. But in our patient with hepatic
trophoblastic tumor, there were typically unusual presen-
tations, which showed almost identical enhancement pat-
terns with abdominal aorta in all phases. To our knowl-
edge, there are few reports of similar cases focusing
on uncommon CT manifestations in hepatic metastatic
trophoblastic tumor. We report an uncommon case of
hemoperitoneum from spontaneous rupture of a hepatic
metastatic trophoblastic tumor in a young female patient
below.

CASE REPORT

A 24-year-old girl was admitted to our emergency depart-
ment because of sudden onset of abdominal pain, and
emergent non-enhanced CT scan showed intrahepatic
multiple lesions associated with rupture and bleeding into
the peritoneal cavity (Figure 1). Three months ago, she
underwent splenic repair, and her family could not tell
about the specific cause even after she was discharged
from the hospital. She had a history of pregnancy and
abortion two years ago. Physical examination on admis-
sion was unremarkable except for mild epigastric tender-
ness and longitudinal abdominal scar. At exploratory
laparotomy, there was dark red blood in the abdominal
cavity. After cleaning of the blood, multiple cystic masses
bulging from the surface of the liver were found, one of
which was ruptured and then removed for pathological
analysis. Her serum beta human chorionic gonadotro-
pin (B-HCG), alpha-fetoprotein (AFP) and cancer an-
tigen-125 (CA-125) levels were 94 mIU/mlL (reference
range: 0-6 mIU/mL), 1.01 ng/mL (reference range: <
7.0 ng/mL) and 46.86 ng/mL (reference range: < 3.4
ng/mlL), respectively. Post-operative contrast-enhanced
CT of abdomen showed multiple hepatic hypervascular
masses keeping the similar enhancement with abdominal
aorta in all phases (the diameter of the masses ranged
from 0.8 cm to 2.8 cm) and arterioportal shunts (Figures
2, 3A and B). CT scan of the chest and pelvis revealed no
abnormalities. Histopathological examination confirmed
the tumor to be predominantly composed of mono-
nuclear epithelioid cells with pink cytoplasm and large,
irregulatly shaped nuclei with prominent nucleoid (Figure
4). Immunostaining was positive for placental alkaline
phosphatase (Figure 5), while negative for HepPar-1,
smooth muscle actin. Hepatic metastatic trophoblastic
tumor was diagnosed by histopathological examination
and immunohistochemical analyses. No abnormality was
found in the all-round gynecological checkup, especially
in the uterus. The patient refused to chemotherapy and
died a month later despite of receiving supportive treat-
ment. Her family refused the autopsy.

DISCUSSION

SP, an uncommon cause of acute abdominal pain, is
defined as the presence of blood within the peritoneal
cavity that is unrelated to trauma. Its occurrence may
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Figure 1 Axial computed tomography showing multiple hypodense nod-
ules in the liver and hemoperitoneum around the liver and spleen.

Figure 2 Contrast-enhanced computed tomography scan showing mul-
tiple hypervascular nodules similar to the enhancement of abdominal
aortic aorta in the arterial phase.

Figure 3 Volume rendering images showing multiple hypervascular
nodules similar to saccular aneurysmal dilation and the presence of arte-
rioportal shunts (white arrow). A: Multiple hypervascular nodules similar to
saccular aneurysmal dilation; B: Presence of arterioportal shunts.

be catastrophic. There are various causes for SP, such as
hepatic, splenic, gynecological and vascular involvement,
. 1,2] .
and altered coagulation status' . Therefore, underlying
causes must be identified if the patient survives the initial
events. As for hepatic causes, previously undetected liver
lesion may be a relatively common cause of spontaneous
rupture leading to hemoperitoneum, and unnoticeable
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Figure 4 Histopathology showing the tumor composed of mononuclear
epithelioid cells with large, irregularly shaped nuclei (hematoxylin and
eosin stain x 200).

Figure 5 Immunohistochemical analysis was positive for placental alka-
line phosphatase (x 200).

minor trauma may be the precipitating factor. Hepatic ad-
enoma and HCC developed from cirrhosis are the most
common causes for SP™* however, hepatic metastatic
tumor associated with SP is rare, as most of them tend to
be less invasive, and have less blood vessels and less pro-
pensities to penetrate the liver capsule as compared with
HCC. In our case, hepatic metastatic tumor associated
with SP was due to the rupture of hepatic metastasis of
a trophoblastic tumor with hypervascularity, which was
seldom found responsible for SP in clinical practice.

The mechanism for the rupture of hepatic metasta-
sis remains unclear, but the large lesion adjacent to the
liver capsule is at the greatest risk due to direct pressure
against the capsular surface, especially in increased intra-
abdominal pressure. Acute hemoperitoneum as a result
of hemorrhage from liver metastasis is an uncommon
but a terminal event. In a large report of 70 patients with
SP, metastatic disease was only found responsible for
one case'’l. Those metastatic lesions may include colon,
lung, renal cell, testicular tumors, and Wilm’s tumor™®.
So, a thorough search should be made for evidence of a
primary tumor that may have metastasized to the liver.
However, hepatic involvement from trophoblastic tumor
accounts for only 10% of the patients and occurs in the
late course of the disease. Regression of a primary tumor
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after it has metastasized is not uncommon, and one-third
of cases manifests as complications of metastatic dis-
cases’ .

The available imaging modalities used for the diag-
nosis of SP include sonography, CT and magnetic reso-
nance imaging. Meticulous imaging technique and careful
observation of key imaging features are important for ac-
curate characterization of the organ origin of the sponta-
neous bleeding, Currently, CT scan is the most frequently
used modality in evaluating the patients with suspected
hemoperitoneump’w’m. Emphasis should be laid on de-
tecting hemoperitoneum, then localizing the source of
bleeding and finally detecting the primary cause. On CT
imaging, the appearance of blood within the peritoneum
varies depending on the site and the extent of bleeding,
and the age of blood. If the time interval between bleed-
ing and imaging is several hours, high attenuation clot
may be seen. Over the next few days, the attenuation of
the blood decreases, which becomes similar to simple flu-
id after 2-3 wk. High attenuation clots may appear at the
site of the bleeding and suggest a clue as to the site of
the bleeding origin. Once the presence of hemoperitone-
um has been identified or active bleeding is controlled, a
comprehensive search should be made further for an un-
derlying cause. This may start with a careful evaluation of
the liver and spleen, because they are the most common
organs responsible for spontaneous bleeding, If the SP
is derived from a hepatic or splenic cause, the peritoneal
blood may be centered around the responsible lesion">"”,
as described in our case. Although hepatic metastases can
come from many locations of the body, SP secondary to
metastases exhibit similar findings on non-enhanced CT
scan.

Dramatic advance in multi-detector technology has
significantly improved the accuracy of CT and dynamic
contrast-enhanced CT scan which can identify imaging
characteristics of intrahepatic lesions, especially the rare
appearances from uncommon disease entity. Metastatic
tumors of liver present with intra-liver occupied lesions
on unenhanced CT scan, including multi-nodules similar
to the “bull’s eye” sign, homogenized low-density mono-
nodule, equal- or high-density mass and cystic lesion.
Appearances of dynamic contrast-enhanced CT scan for
these disease entities may have variant enhancement pat-
terns according to the vascularity of the primary tumor
and are often classified as hypervascular, hypovascular
and nonvascular metastases. Most of hepatic metastatic
tumors show mild enhancement in the portal phase and
delayed phase consistent with hypovascular lesions, while
there were typically unusual presentations in our patient,
which showed the synchronized enhancement with ab-
dominal aorta in all phases. The similar case is extremely
rare in the reported literature. Therefore, for a female
patient in child-bearing age who presents with SP and
unusual contrast-enhanced CT findings similar to our pa-
tient’s, we should be alert to the possibility of the sponta-
neous rupture of metastatic trophoblastic disease in the
liver, even though the primary lesion is not found on that
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occasion.

Prognosis of patients with rupture hepatic metastasis
of trophoblastic disease is extremely poor, and the choice
of treatment depends on the tumor size, tumor location,
severity of bleeding and the general condition of the
patient. Surgery and embolisation with or without chemo-

s o
cause of the severe condition of our patient, transcatheter

therapy are the mandatory therapeutic choices

arterial chemotherapeutic embolization is abortive.

In conclusion, we described the CT findings of SP
secondary to rupture of hepatic metastatic trophoblastic
disease in a female patient. Unusual enhancement pat-
terns on contrast-enhanced CT scan will further enhance
our recognition of the SP from hepatic metastatic tro-
phoblastic disease and help differentiate it from other
hypervascular hepatic masses.
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Abstract

Intestinal bacteria play a role in the development of
non-steroidal anti-inflammatory drugs (NSAID)-induced
small intestinal injury. Agents such as probiotics, able to
modify the gut ecology, might theoretically be useful in
preventing small intestinal damage induced by NSAIDs.
The clinical studies available so far do suggest that
some probiotic agents can be effective in this respect.
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TO THE EDITOR

Park ez a/™? in their interesting editorial” about small in-
testinal injury induced by non-steroidal anti-inflammatory
drugs (NSAIDs), discussed the possible role of the intes-
tinal flora in the pathogenesis of the enteric damage, but,
oddly enough, when listing the pharmacological agents
theoretically useful as protective or therapeutic medicines,
they omitted to mention probiotics. Live micro-organ-
isms could prevent NSAID-induced small intestinal dam-
age by both modifying intestinal microbial ecology and
modulating the local immune function.

Various studies have addressed the issue. While a pi-
lot study in human volunteers failed to demonstrate any
effect of Lactobacillus GG in preventing indomethacin-
induced alterations of intestinal permeability”, a subse-
quent experimental study demonstrated that in rats pre-
treated with Lactobacillus casei, strain Shirota significantly
prevents the development of indomethacin-induced en-
teropathym, although the mechanism responsible for this
phenomenon remains not completely clear.

In a recent trial, patients treated for three months
with low-dose enteric-coated aspirin (100 mg daily)
were randomized to receive either co-administration of
Lactobacillus casei or no additional treatment™. Capsule en-
doscopy, performed before and after treatment, showed
a significant decrease (P = 0.039) in the number of mu-
cosal breaks and in the endoscopic scote in the probiotic
group as compared with controls.

In a randomized, double-blind, cross-over placebo-
controlled study in healthy volunteers, the probiotic mix-
ture VSL # 3 was found to prevent the increase in faecal
concentration of the inflammatory marker calprotectin
during intake of indomethacin 50 mg daily'".

The role of bacteria in the development of small
intestinal lesions during NSAID administration seems
indirectly confirmed, but the recent experimental obser-
vations showed that proton pump inhibitors significantly
worsen intestinal ulcerations and bleeding in naproxen-
and celecoxib-treated rats and this is related to substantial
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shifts in enteric microbial population (e.g., a marked re-
duction in Actinobacteria and Bifidobacteria)”.

All in all, it appears that probiotics can represent

promising agents in the prevention of NSAID-induced
small intestine injury, although additional studies are
needed to better clarify this point. However, the efficacy
of any single probiotic strain should be evaluated sepa-
rately, due to the differences in the biological effects and
mode of actions of the vatious agents currently available.
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April 28, 2012
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May 3-5, 2012
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May 7-10, 2012
Digestive Diseases Week
Chicago, IL 60601, United States

May 17-21, 2012

2012 ASCRS Annual Meeting-
American Society of Colon and
Rectal Surgeons

Hollywood, FL 1300, United States

May 18-19, 2012
Pancreas Club Meeting
San Diego, CA 92101, United States

May 18-23, 2012
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Nurses and Associates Annual
Course
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Surgery

Kiev, Ukraine
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in the Management of Viral Hepatitis
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Course

Las Vegas, NV 89085, United States

November 3-4, 2012
Modern Technologies in
Diagnosis and Treatment of
Gastroenterological Patients
Dnepropetrovsk, Ukraine
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The Liver Meeting

San Francisco, CA 94101,
United States

November 9-13, 2012

American Association for the Study
of Liver Diseases

Boston, MA 02298, United States

December 1-4, 2012

Advances in Inflammatory Bowel
Diseases

Hollywood, FL 33028, United States
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GENERAL INFORMATION

World Jonrnal of Gastroenterology (World | Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1352 experts in gastroenterology and hepatol-
ogy from 64 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. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

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 scien-
tist, 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 achieve-
ments, but also in formally recognizing the “priotity” and “copy-
right” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and cteate 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 oth-
ers. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer re-
view of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and detet-
mine 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 prior-
ity 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 contribu-
tion; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJ]G 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 en-
suring that their articles have novel arguments or viewpoints, solid
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evidence and correct conclusion; and (4) Maximization of the ben-
efits of employees: It is an iron law that a first-class journal is un-
able to exist without first-class editors, and only first-class 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 realiz-
ing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

Aims and scope

The major task of WJG is to report rapidly the most recent re-
sults in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endos-
copy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, micro-
flora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriattic and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Columns

The columns in the issues of WJG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, com-
ment 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 com-
mentary 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 systemi-
cally 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 find-
ings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and 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 WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities wotldwide on basic
research and clinical practice gastroenterology and hepatology.

Name of journal
World Jonrnal of Gastroenterology
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SPECIAL STATEMENT

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

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of vatiance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques ate suitable or correct; (3) Only homoge-
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neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
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).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any
potential bias, ]G requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in 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 Biomedi-
cal Journals: Ethical Considerations in the Conduct and Reporting
of Research: Conflicts of Interest” from International Committee
of Medical Journal Editors ICMJE), which is available at: http://
wwwicmje.org/ethical_4conflictshtml.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding
from [names of organization]. [Name of individual] is an employ-
ee 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 hu-
man studies have been reviewed by the appropriate ethics com-
mittee or it should be stated cleatly 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 (Declara-
tion of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Ttials;
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 stan-
dards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of the study.

Before submitting, authors should make their study ap-
proved 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.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that ap-
propriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manu-
scripts 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 copy-edit 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 ICMJE 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 pri-
vacy and secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs 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 dur-
ing mailing.

Online submissions

Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wijgnet.com/1007-9327/
g info_20100315215714.htm) before attempting to submit on-
line. For assistance, authors encountering problems with the On-
line Submission System may send an email desctibing the prob-
lem to wjg@wijgnet.com, ot by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is

strictly prohibited.

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 in-
formation 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 ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interptetation of data; (2) drafting the article or revising it critically
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for important intellectual content; and (3) final approval of the
version to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of institution, city, province and postcode. For ex-
ample, 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, Viscer-
al, and Transplantation Surgery, Essen 45122, Germany; Geotge
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.

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 JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM petformed 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.

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, prov-
ince, 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: +86-10-59080039 Fax: +86-10-85381893

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 ]G,
reviewers of accepted manuscripts will be announced by publish-
ing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, review-
ers: 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.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific require-
ments for structured abstracts are as follows:

An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
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AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...”; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less 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 »s 3.61 + 1.67,
P < 0.001; CONCLUSION (no more than 26 words).

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 and brief arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropri-
ate 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/1007-9327/¢_info_20100315215714.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleat-
ly in the main text. Provide a brief title for each figure on a sep-
arate 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 Ilustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wignet.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 layer-
ing 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:..; Ci.; D Ees Fro; Ge Lt It is our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbeted 1, 2, 3, ez., and mentioned
clearly in the main text. Provide a brief title for each table. De-
tailed 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.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
P < 0.05, "P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, P < 0.05 and ‘P
< 0.01 are used. A third series of P values can be expressed as
P < 0.05 and ‘P < 0.01. Other notes in tables or under illustra-
tions should be expressed as 'E, °F, ’F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be la-
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beled with @, 0, m, 0, A, A\, ez, in a certain sequence.
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