
World Journal of 
Gastroenterology
World J Gastroenterol  2016 June 14; 22(22): 5137-5300

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

Published by Baishideng Publishing Group Inc



The World Journal of Gastroenterology Editorial Board consists of 1376 members, representing a team of worldwide 
experts in gastroenterology and hepatology. They are from 68 countries, including Algeria (2), Argentina (7), 
Australia (31), Austria (9), Belgium (11), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia (1), Canada 
(26), Chile (4), China (164), Croatia (2), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland (6), France 
(20), Germany (58), Greece (31), Guatemala (1), Hungary (15), Iceland (1), India (33), Indonesia (2), Iran (10), Ireland 
(9), Israel (18), Italy (194), Japan (149), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1), Mexico (11), 
Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12), Portugal (8), 
Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South Africa (1), 
South Korea (69), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and 
Tobago (1), Tunisia (2), Turkey (55), United Kingdom (49), United States (180), Venezuela (1), and Vietnam (1).

Editorial Board
2014-2017

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid

ASSOCIATE EDITORS
Yung-Jue Bang, Seoul
Vincent Di Martino, Besancon
Daniel T Farkas, Bronx
Roberto J Firpi, Gainesville
Maria Gazouli, Athens
Chung-Feng Huang, Kaohsiung
Namir Katkhouda, Los Angeles
Anna Kramvis, Johannesburg
Wolfgang Kruis, Cologne
Peter L Lakatos, Budapest
Han Chu Lee, Seoul
Christine McDonald, Cleveland
Nahum Mendez-Sanchez, Mexico City
George K Michalopoulos, Pittsburgh
Suk Woo Nam, Seoul
Shu-You Peng, Hangzhou
Daniel von Renteln, Montreal
Angelo Sangiovanni, Milan
Hildegard M Schuller, Knoxville
Dong-Wan Seo, Seoul
Adrian John Stanley, Glasgow
Jurgen Stein, Frankfurt
Bei-Cheng Sun, Nanjing
Yoshio Yamaoka, Yufu

GUEST EDITORIAL BOARD 
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei

Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung

Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua

MEMBERS OF THE EDITORIAL 
BOARD

 Algeria
Saadi Berkane, Algiers
Samir Rouabhia, Batna

 Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

 Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide

January 1, 2016�WJG|www.wjgnet.com



Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

 Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

 Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

 Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza

Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

 Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

 Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

 Cambodia
Francois Rouet, Phnom Penh

 Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

 Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

 China
Zhao-Xiang Bian, Hong Kong 
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou

George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou 
Meng-Sen Li, Haikou
Shu-De Li, Shanghai 
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai

January 1, 2016IIWJG|www.wjgnet.com



Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

 Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

 Cuba
Damian Casadesus, Havana

 Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove

Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

 Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

 Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

 Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

 Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

 France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

 Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle 
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

 Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki

January 1, 2016IIIWJG|www.wjgnet.com



Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

 Guatemala
Carlos Maria Parellada, Guatemala

 Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

 Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

 Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai 
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai 
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

 Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

 Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

 Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

 Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

 Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna 
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta

January 1, 2016IVWJG|www.wjgnet.com



Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome

Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina

Angelo Zullo, Rome

 Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake

January 1, 2016�WJG|www.wjgnet.com



Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima 
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima

Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

 Jordan
Khaled Ali Jadallah, Irbid

 Kuwait
Islam Khan, Kuwait

 Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

 Lithuania
Antanas Mickevicius, Kaunas

 Malaysia
Huck Joo Tan, Petaling Jaya

 Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

 Morocco
Samir Ahboucha, Khouribga

 Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

 New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

 Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

 Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

 Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

 Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

 Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril

January 1, 2016VIWJG|www.wjgnet.com



Filipa F Vale, Lisbon

 Puerto Rico
Caroline B Appleyard, Ponce

 Qatar
Abdulbari Bener, Doha

 Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

 Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

 Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

 Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

 Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

 South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan

Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul 
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

 Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

Alfonso Clemente, Granada 
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

 Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

 Sudan
Ishag Adam, Khartoum

 Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

January 1, 2016VIIWJG|www.wjgnet.com



 Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

 Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

 Trinidad and Tobago
B Shivananda Nayak, Mount Hope

 Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

 Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara 
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli 
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

 United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham 

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

 United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York

January 1, 2016VIIIWJG|www.wjgnet.com



Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh

Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland 
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York 
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

 Venezuela
Miguel Angel Chiurillo, Barquisimeto

 Vietnam
Van Bang Nguyen, Hanoi

January 1, 2016IXWJG|www.wjgnet.com



S

EDITORIAL

5137	 Need of righteous attitudes towards eradication of hepatitis C virus infection in Latin America

Panduro A, Roman S

REVIEW

5143	 Epidemiology of hepatitis E virus in Iran

Taherkhani R, Farshadpour F

ORIGINAL ARTICLE

Basic Study

5154	 Structural and molecular features of intestinal strictures in rats with Crohn's-like disease

Talapka P, Berkó A, Nagy LI, Chandrakumar L, Bagyánszki M, Puskás LG, Fekete E, Bódi N

5165	 Apoptosis induced by a low-carbohydrate and high-protein diet in rat livers

Monteiro MEL, Xavier AR, Oliveira FL, Filho PJS, Azeredo VB

5173	 Dominating expression of negative regulatory factors downmodulates major histocompatibility complex 

Class-Ⅱ expression on dendritic cells in chronic hepatitis C infection

Tomer S, Chawla YK, Duseja A, Arora SK

5183	 miR-106b promotes cancer progression in hepatitis B virus-associated hepatocellular carcinoma

Yen CS, Su ZR, Lee YP, Liu IT, Yen CJ

5193	 Chitooligosaccharides promote radiosensitivity in colon cancer line SW480

Han FS, Yang SJ, Lin MB, Chen YQ, Yang P, Xu JM

5201	 Faecalibacterium prausnitzii  supernatant ameliorates dextran sulfate sodium induced colitis by regulating 

Th17 cell differentiation

Huang XL, Zhang X, Fei XY, Chen ZG, Hao YP, Zhang S, Zhang MM, Yu YQ, Yu CG

5211	 Visceral hypersensitive rats share common dysbiosis features with irritable bowel syndrome patients

Zhou XY, Li M, Li X, Long X, Zuo XL, Hou XH, Cong YZ, Li YQ

Case Control Study

5228	 Factors affecting occurrence of gastric varioliform lesions: A case-control study

Zou TH, Zheng RH, Gao QY, Kong X, Chen XY, Ge ZZ, Chen YX, Zou XP, Fang JY

Contents Weekly  Volume 22  Number 22  June 14, 2016

� June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 22  Number 22  June 14, 2016

Retrospective Cohort Study

5237	 Long-term outcomes and prognostic factors of patients with obstructive colorectal cancer: A multicenter 

retrospective cohort study

Atsushi I, Mitsuyoshi O, Kazuya Y, Syuhei K, Noriyuki K, Masashi M, Akira W, Kentaro S, Nobuyuki K, Natsuko S, Jun W, 

Yasushi I, Chikara K, Itaru E

Retrospective Study

5246	 Post-discharge complications after esophagectomy account for high readmission rates

Chen SY, Molena D, Stem M, Mungo B, Lidor AO

5254	 Clinical significance of HOTAIR expression in colon cancer

Luo ZF, Zhao D, Li XQ, Cui YX, Ma N, Lu CX, Liu MY, Zhou Y

Clinical Trials Study

5260	 Beneficial effects of antidepressant mirtazapine in functional dyspepsia patients with weight loss

Jiang SM, Jia L, Liu J, Shi MM, Xu MZ

Observational Study

5267	 Inflammatory bowel disease: A descriptive study of 716 local Chilean patients

Simian D, Fluxá D, Flores L, Lubascher J, Ibáñez P, Figueroa C, Kronberg U, Acuña R, Moreno M, Quera R

5276	 Primary biliary cirrhosis degree assessment by acoustic radiation force impulse imaging and hepatic 

fibrosis indicators

Zhang HC, Hu RF, Zhu T, Tong L, Zhang QQ

META-ANALYSIS
5285	 Hepatitis C virus genotype 3: Meta-analysis on sustained virologic response rates with currently available 

treatment options

Ampuero J, Reddy KR, Romero-Gomez M

CASE REPORT
5293	 Laparoscopic restorative proctocolectomy with ileal pouch-anal anastomosis for Peutz-Jeghers syndrome 

with synchronous rectal cancer

Zhong ME, Niu BZ, Ji WY, Wu B

5297	 Application of cystoscope in surgical treatment of hepatocellular carcinoma with portal vein tumor 

thrombus

Li N, Wei XB, Cheng SQ

II June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com



NAME OF JOURNAL 
World Journal of  Gastroenterology

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

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of  Surgery, Universidad 
Autonoma de Madrid; Department of  General Sur-
gery, Fundacion Jimenez Diaz University Hospital, 
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of  
Laboratory Medicine, Division of  Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med), 
Professor of  Medicine, Chief Gastroenterology, VA 

Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 
CA 90822, United States

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

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive, 
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Ya-Juan Ma
Responsible Electronic Editor: Dan-Ni Zhang	       Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

PUBLICATION DATE
June 14, 2016

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/g_info_20160116143427.htm

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

World Journal of Gastroenterology
Volume 22  Number 22  June 14, 2016

Editorial board member of World Journal of Gastroenterology , Marwan Ghosn, 
MD, Professor, Hematology-Oncology Department, Joseph University Faculty of 
Medicine, Beirut 166830, Lebanon

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  1376 experts in gastroenterology and hepatology 
from 68 countries.
    The primary task of  WJG is to rapidly publish high-quality original articles, reviews, 
and commentaries in the fields of  gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Sci-
ence Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index 
Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of  
Open Access Journals. According to the 2014 Journal Citation Reports® released by Thomson 
Reuters (ISI), the 2014 impact factor for WJG is 2.369, ranking 41 among 76 journals in gastro-
enterology and hepatology, quartile in category Q2.

I-IX	  Editorial Board

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

FLYLEAF

III June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com



Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i22.5137

World J Gastroenterol  2016 June 14; 22(22): 5137-5142
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.

5137 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

EDITORIAL

Need of righteous attitudes towards eradication of hepatitis 
C virus infection in Latin America

Arturo Panduro, Sonia Roman

Arturo Panduro, Sonia Roman, Department of Molecular 
Biology in Medicine, Civil Hospital of Guadalajara, “Fray 
Antonio Alcalde”, Guadalajara, 44280 Jalisco, Mexico 

Arturo Panduro, Sonia Roman, Health Sciences Center, 
University of Guadalajara, Guadalajara, 44340 Jalisco, Mexico

Author contributions: Panduro A and Roman S contributed 
equally to this work.

Conflict-of-interest statement: There is no conflict of interests 
in this study.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Arturo Panduro, MD, PhD, FAASLD, 
Department of Molecular Biology in Medicine, Civil Hospital of 
Guadalajara, “Fray Antonio Alcalde”, Hospital No. 278, Col. El 
Retiro, Guadalajara, 44280 Jalisco, 
Mexico. apanduro@prodigy.net.mx
Telephone: +52-33-36147743
Fax: +52-33-36147743

Received: March 25, 2016 
Peer-review started: March 25, 2016
First decision: April 14, 2016
Revised: April 22, 2016 
Accepted: May 4, 2016 
Article in press: May 4, 2016
Published online: June 14, 2016

Abstract
Over the last few years, we have expanded our 
knowledge on numerous facets of the hepatitis C virus 

(HCV). Beginning with its discovery and viral life cycle, 
its impact on health, the development of liver disease 
and currently, effective antiviral treatments. The latter 
point has become of great interest throughout the 
developed world, where the possible eradication of HCV 
through specific strategies to reach all HCV-infected 
people has been announced. However, this scenario is 
very different in the countries of Latin America (LA), in 
which < 2% of infected patients requiring treatment 
have access to HCV medications. It has been estimated 
that at least ten million Latin Americans may be 
infected with HCV. Despite the numbers, viral hepatitis 
does not seem to be considered a health problem in 
this region of the world. This reality poses a challenge 
for politicians and governments of these countries, as 
well as to the pharmaceutical industry, the medical 
practitioners, and academics in LA. In this editorial, we 
state the need for alterations in the attitudes of the 
integral players involved in this situation. A recognition 
shift could help to create preventive strategies of viral 
hepatitis and to advocate for accessibility to new HCV 
treatments. 

Key words: Low-income; Antiviral agents; Public health; 
Medical societies; Drug industry
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Core tip: Global eradication of hepatitis C virus (HCV) 
infection is causing considerable interest, especially 
in the developed world. However, the accessibility to 
the new direct-acting antiviral regimens in low- and 
middle- income countries is an unmet need. At least 
ten million HCV-infected persons in Latin America 
(LA) are confronted by multiple barriers to HCV 
treatment. Moreover, for the LA countries, paradoxically 
at it seems, money may not be the only issue. The 
health authorities, the medical community, and the 
pharmaceutical industry are the key players that need 
to alter their attitude towards the delivery of HCV 
treatments to all patients irrespective of their socio-



economic status.
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INTRODUCTION
early years of hepatitis C virus infection
The history of the hepatitis C virus (HCV) is a strong 
example of a bench-to-bedside approach illustrating 
how basic scientific knowledge is applied to patient 
care.

Following the discovery of hepatitis B virus (HBV) in 
1965[1], and hepatitis A virus (HAV) in 1973[2], a clinical 
entity known as post-transfusion non-A non-B (NANB) 
hepatitis became more evident[3]. This was regard
less of the banning of commercial blood donations 
systems, and the implementation of HAV and HBV 
blood testing in 1975[3,4]. Furthermore in 1989, after 
years of intensive research[5], a scientific breakthrough 
discovered another virus consisting of a single positive 
strand of RNA, the HCV, classified in the Flaviridae 
family[6]. HCV was determined to be the causing agent 
of the post-transfusion NANB hepatitis[4,5]. 

In 1992, following the cloning of HCV, an evolving 
series of sensitive and specific anti-HCV antibody 
immunoassays were developed which allowed for the 
mandatory testing of blood collections in the United 
States[3]. Subsequently, third-generation immunoassays 
and RNA-HCV nucleic acid amplification tests improved 
the diagnostics of HCV for blood transfusion safety[7]. 
During the 90’s, the HCV genotypes and subtypes, 
as well as their heterogeneous geographic distribu
tion became apparent through basic research and 
molecular epidemiology[8]. Additionally in the United 
States, blood transfusions, injection drug use (IDU) 
and several medical procedures were identified as 
high-risk factors[3]. 

During the 90’s but before 2011, the first antivirals 
to be marketed were standard interferon, followed by 
pegylated-interferon which was later combined with 
ribavirin[9]. Unfortunately, these antivirals achieved 
a low-level of sustained viral response (SVR) among 
patients with HCV genotype 1 compared to other 
genotypes[10]. However after 2011, the first and second 
generation direct-acting antivirals based on targeting 
the specific molecules of the HCV life cycle have 
proven more efficient regardless of genotype reaching 
an SVR in more than 90% or 95% of the patients who 
receive treatment[10]. 

In recent years, DNA sequencing and bioinformatics 
of HCV strains worldwide have allowed the evolutionary 
analysis and molecular tracing of the HCV epidemic 
across countries, mainly focusing on genotype 1a and 

1b[11]. These studies have documented the prevalence 
of HCV in Japan since 1920, in Europe since 1940 and 
the United States since 1960[11,12]. Further studies have 
confirmed that the introduction of HCV in the United 
States may have occurred even earlier (in the 1950’s) and 
is related to the use of contaminated blood obtained 
from commercial blood donors and the return of World 
War Ⅱ soldiers[13]. These reasons, along with the fact 
that hepatitis C is a stealthy virus causing injury to the 
liver in a silent manner, people who were born from 
1945-1965 are currently in the target population of the 
“baby boomers” screening campaign for HCV in the 
United States[14]. 

Transmission of HCV infection in Latin America
Mexico’s geographic location serves as a common 
pathway of intracontinental migration between 
the United States and other countries of LA. Thus, 
HCV could have spread from the United States to 
this region. However in LA, awareness of an NANB 
hepatitis did not intensify until the late 1970s and 
early 1980s[15]. During this period, the United States 
veterans returning from Vietnam, as well as the 
migration of Latin Americans to their homeland as 
retirees or by multiple processes of deportation and 
migration between countries became a major social-
demographic phenomenon. 

The first HCV epidemic outbreak was associated 
with the emergence of HIV in the mid-1980s, at 
a time where the presence of paid blood donors 
was a common situation[16]. This parenteral route 
of transmission may have been the primary source 
of dispersion in Central and South America since 
IDU, during those decades, was very rare in LA[17]. 
Furthermore, even though in the United States man
datory screening of blood-borne viruses had been 
implemented in 1992, it was not fully established 
in Mexico and LA until 1996[18,19]. This information 
indicates that even before 2000, blood donations 
contaminated with HCV were still a relevant risk 
factor[20]. Moreover, an additional route of HCV infec
tion in the LA may have been the indiscriminate use 
of caesarean births and other medical procedures 
that took place during the same period[21]. Brazil and 
Mexico[22] are the two countries with the highest rates 
of cesarean sections within the Americas[23]. This could 
explain why Mexico has a female-to-male ratio of 2:1 
of HCV infection[21]. 

Although partial reports were stating the frequency 
of HCV in countries of LA during the 1990s, it was not 
until after 2000 that HCV-related liver cirrhosis began 
to rise. In Mexico, this disease entity represents over 
12 deaths per 100000 inhabitants and the estimated 
number of people infected with HCV may range from 
1.5 to 2 million[24-26], and at least ten million in LA[26-28]. 
In this region the route of transmission of HCV may 
have been similar as it was in Mexico, taking into 
account that as of 2000 the use of IDU, as well as 
tattooing and piercing, had increased from that year 
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forward[17]. 

HCV TREATMENT IN LATIN AMERICA
HCV infection can only be prevented by evading or 
eradicating the virus. To achieve eradication, treatment 
with highly effective drugs to all who are infected is 
required. Currently with the introduction of the new, 
but very costly, direct-acting antivirals (DAAs) an 
enormous feeling of success is felt. This elation may 
be comprehensible for the developed countries, but 
it may not be true for many developing countries 
worldwide[29-32], including those in LA[33-37]. 

However, there are two sides to this story. On one 
hand, the feasibility of eradicating HCV is closer than 
ever due to new treatments[38]; yet, on the other hand, 
neither the authorities nor the physicians, recognize 
that many infected patients are the result of an 
iatrogenic spread of HCV. More than 95% of patients 
infected with viral hepatitis belong to a lower social 
class in their respective countries, and they can not 
afford to pay the current market prices of these new 
antiviral drugs[39].

Additionally, a significant challenge for the 
eradication of HCV is that there is more than one 
genotype of the human virus. There are seven 
genotypes and multiple subtypes[40], which have 
infected populations with heterogeneous genetic 
makeups worldwide. This point indicates that 
research data on HCV needs to be population-based, 
especially in LA. Further studies are required to 
identify the genotypes that circulate[41,42], the main risk 
factors[17,20,21] and the immunogenetic background of 
the population[43-45]. 

To date, less than 2% of the people infected with 
HCV have been treated with the standard pegylated-
interferon/ribavirin therapy. The new DAAs, such as 
boceprevir, telaprevir, simeprevir, and sofosbuvir have 
been slowly licensed in a limited number of countries 
in LA. Moreover, HCV treatments are based on the 
United States and European guidelines which provide 
evidence of the SVR obtained in clinical trials carried 
out in populations other than LA. 

Thus, under these circumstances who will have 
access to treatment in Latin America? A substantial 
body of literature has documented the multiple barriers 
to health care in HCV-infected patients[46-49]. Although 
crucial, they are not within the scope of this editorial. 
Alternatively, we address several issues regarding 
the health authorities, the medical community, and 
the pharmaceutical industry. These are key players 
involved in the prevention, diagnosis, and treatment of 
this disease.  

KEY PLAYERS
health authorities
The health officials have not considered viral hepatitis 
to be a severe health problem, which in turn has 

manifested ignorance or reluctance towards a state 
program of detection or treatment of this disease. 
Consequently, there are a limited number of up-to-
date population-based epidemiological studies of viral 
hepatitis in most LA countries[35,36] sponsored by the 
government. The few that do exist are accomplished 
by the attention and personal interest of researchers, 
rather than the concern of the health authorities. This 
lack of concern from the health authorities translates 
into key factors and information being overlooked. 
Some of these factors include; lack of precision of 
who and how many people are infected, primary risk 
factors involved[50], transition in genotypes[17] and 
co-morbidities (obesity, diabetes, alcoholism, co-
infection with HVB and HIV)[51]. Furthermore, these 
epidemiological studies need to be documented in the 
population of LA because most clinicians assume that 
the same SVR achieved in Caucasians will replicate in 
people from this region. 

medical community
In LA, including Mexico, most medical societies 
involved in the study of the liver have a limited 
number of members with a solid scientific career, 
based on their poor scientific productivity in indexed 
and high impact factor journals in their dedicated 
fields[52,53]. These society members are hosted by the 
pharmaceutical companies to attend international 
forums. In turn, they are the only speakers that echo 
their experience at the liver meetings to their fellows 
but do not contribute with scientific data or share 
their clinical experience. This circumstance has led to 
the situation that some members only intend to be 
their society’s President (or Chairperson) without the 
actual contribution of new knowledge in their field of 
expertise. Moreover, it is precisely these “leaders of 
the field” who take part, on multiple occasions, as 
representatives of the health authority, sometimes 
playing a dual role as clinician and politician. 

Therefore, when the support of the medical 
community is required to establish health policies 
that have an impact on vulnerable social groups, the 
members are left without a voice, and vote, on these 
issues. Consequently, the decisions are made in an 
unipersonal manner. Furthermore, if the clinician-
politician now has a position within the health 
institutions or the government, he/she may now have 
a conflict of interest with his/her private practice.

Unfortunately, the lack of an official standpoint in 
many educational or health institutions to promote a 
high standard of scientific and academic quality is a 
serious weakness. This challenge, paired together with 
a high level of corruption and preferential treatment 
that prevails among some government authorities, 
makes it tough to provide treatment for this virus. 
This situation has created elitist groups of treating 
physicians being sponsored by the pharmaceutical 
industry. These doctors may be knowledgeable, 
however, in some cases, this information does not 
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that these “non-profit” organizations may end up as 
personal or family businesses, or in the hand of small 
groups who are in power. 

Nevertheless, with the justification of “supporting 
updated scientific medical education”, the pharma
ceutical companies focus mainly on the treating 
physicians (clinicians) by selecting medical “leaders”, 
doctors who have influence among the medical 
groups or societies, or are representatives of health 
institutions. Whereas, the few scholars or scientists 
who are knowledgeable in the field of viral hepatitis 
are not considered under the argument that they are 
not clinicians or do not treat patients. 

This situation leads to the lost opportunity to be 
supported by the pharmaceutical industry. Thus, 
in the absence of proposals and sanitary laws, the 
pharmaceutical industry is interested in selling their 
drug; but the academic or research sector in the 
developing countries do not fall within their scope.

RECOMMENDATIONS
HCV infection imposes a large challenge in the world, 
and it certainly will be eradicated faster in some 
regions than others. In low- and medium-income 
countries of LA the health problem of HCV may not 
depend entirely on money, other nations with fewer 
resources are proactively establishing public-private 
partnerships to lower the cost of the DDAs (e.g., 
Egypt). Hopefully, these strategies will close the gap 
between the number of patients who are infected 
(diagnosed) versus those who are treated.

The advancement of scientific knowledge and its 
impact on health are correlated with the progressive 
changes in the attitude and behavior of key players 
and others responsible. The increase in knowledge 
should benefit all people irrespective of their socio-
economic status. To achieve such impact, and to reach 
all those who need an efficient antiviral therapy, this 
change in attitude needs to become a reality. 

Where and how to start to face this critical situation 
in Latin America? One recommendation is that both 
politicians and authorities must consider viral hepatitis 
as a health problem in their respective region, and 
establish support strategies to investigate the burden 
of HCV infection. It is no longer safe to assume that 
any health issue can be resolved without recognizing 
the magnitude of the situation. 

In the medical communities, a good start would 
be to establish a partnership between the academic 
sector, researchers, and physicians, instead of inde
pendently acting on their own. This collaborative shift 
could strengthen the figure of the MD/PhD in each 
medical society. This may be achieved if alongside, the 
academic institutions in LA make every effort towards 
higher standards of education and professionalism. 
This would greatly strengthen the quality of the 
medical associations with academic leaders that 
contribute with knowledge publishable in indexed 

necessarily apply to their respective countries or 
communities. 

Furthermore, many of these physicians focus on 
his/her private practice and have negligible interest 
in understanding the reality of the disease in their 
community or country of origin. A reminder of the 
Hippocratic Oath is “We as doctors should seek the 
best benefit for the patients, including those who do 
not have access to treatment“. 

Likewise, in the majority of LA countries, there are 
no specialists in hepatology. Patients living with liver 
diseases are treated mainly by a gastroenterologist 
or internist[54]. However, with the introduction of 
the new effective antivirals, and the possibility of 
the pharmaceutical industry involvement, medical 
specialists from different fields now claim the liver-
diseased patient. Thus, a specialty or subspecialty in 
hepatology supported by academic institutions should 
be established as soon as possible. 

pharmaceutical industry
The pharmaceutical industry has declared a res
ponsibility to eradicate HCV by creating agreements 
based on the economy of each country for the 
marketing of the antiviral drugs. In general, the 
standard procedure for the pricing of these drugs is 
to achieve a full refund of the R and D investment in 
the developed countries, intermediate reimbursement 
in the middle-income countries, and the possibility to 
offer a generic product at a lower and accessible cost 
for the low-income countries (defined as a win-win 
situation). 

Unfortunately, there are still some well-known 
challenges to overcome in many developing countries, 
such as corruption and slow bureaucracy to introduce 
these drugs[55]. Additionally, the lack of precise epide
miological information about HCV infection is an 
ongoing difficulty. 

Another obstacle is performing the diagnostic tests. 
Each patient should be evaluated before treatment 
because not all patients that are positive for anti-HCV 
antibodies have detectable viral loads or have a similar 
grade of liver damage. Thus, a pretreatment algorithm 
including initial and follow-up viral loads, genotyping 
and identification of possible resistance mutations, 
and staging of liver damage (fibrosis/cirrhosis) should 
be considered. A conservative estimate of the costs 
of these tests may exceed up to $2000 to $4000 
United States dollars before paying at least $10000 
to $80000 United States dollars for a three-month 
period of treatment[56]. If the patient is a potential non-
responder or present with advanced liver damage, this 
cost may rise even higher. 

Considering these conditions several options have 
been proposed, such as the establishment of non-
profit societies that aid in the funding of these high 
costs for the poor. This creates a risky situation, given 
the lack of transparency and poor attitudes of some 
key players previously mentioned, there is a chance 
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international journals. In countries such as Spain and 
Brasil, the use of the h-index (Hirsch-index) has been 
considered to grant membership to their respective 
National Academy of Medicine. 

Another important change would be to educate the 
younger generations that the purpose of belonging 
to a medical society is not only to be their president 
or chairperson. As mentioned above, the ultimate 
goals are to provide prestige and effectiveness by 
contributing to new knowledge about their country or 
city in matters of health. The higher income groups 
require treatments, however, so does the general 
population. If we reconsider and always remember 
the Hippocratic Oath, this will help to reflect and 
advance the field quickly to achieve these goals. 

To conclude, the disclosure of the clinicians 
(speakers), in regards to their sponsorship by the 
pharmaceutical industry, should be regulated by 
law and enforced by an ethical practice. Likewise, 
academics, scientists, medical practitioners and the 
pharmaceutical companies should equally engage and 
commit to solving the problem of HCV infection in this 
region of the world. Moreover, grants given by the 
pharmaceutical industry in LA to support research in 
liver disease would be extremely beneficial. These are 
recommendations that need to be heavily considered 
by all key players. 
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Abstract
Iran is known as an endemic country for hepatitis E 

virus (HEV) infection, while there are variations in 
the epidemiology of HEV infection throughout the 
country. The available epidemiological studies in 
different regions of Iran show HEV seroprevalence 
of 1.1%-14.2% among general population, 4.5% 
-14.3% among blood donors, 6.1%-22.8% among 
injecting drug users, 6.3%-28.3% among hemodialysis 
patients, 1.6%-11.3% among patients infected 
with other hepatitis viruses, 27.5% among patients 
with chronic liver disease, 30.8% among kidney 
transplant recipient patients, and 10%-16.4% among 
human immunodeficiency virus-infected patients. 
These variations reflect differences in the status of 
public health and hygiene, risk factors, and routes 
of transmission in different regions and groups. 
Therefore, it is necessary to review the epidemiology 
of HEV infection to determine the most prevalent risk 
factors and routes of transmission, and to evaluate 
the effectiveness of preventive strategies employed 
in the public health services of the country. Moreover, 
the other epidemiological aspects of HEV, including the 
genotypic pattern, extra hepatic manifestations, and 
incidence of chronic infection need to be investigated 
among Iranian population to expand the current 
knowledge on the epidemiology of HEV and to clarify 
the real burden of HEV infection. Therefore, this review 
was performed to provide a general overview regarding 
the epidemiology of HEV in Iran. 

Key words: Hepatitis E virus; General population; 
Blood donors; Injecting drug users; Hemodialysis; 
Immunocompromised patients; Chronic liver disease; 
Prevalence; Epidemiology; Iran
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Core tip: Iran is considered as an endemic country 
for hepatitis E virus (HEV) infection, while there are 
variations in the epidemiology and prevalence of 
hepatitis E throughout the country. These variations 
reflect differences in the life styles, status of public 
health, risk factors, and routes of transmission in 
different groups and geographical regions of Iran. 



Therefore, this study was conducted to review the 
epidemiological aspects of HEV infection in Iran. 

Taherkhani R, Farshadpour F. Epidemiology of hepatitis E 
virus in Iran. World J Gastroenterol 2016; 22(22): 5143-5153  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i22/5143.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i22.5143

INTRODUCTION
Hepatitis E virus (HEV) is the causative agent of 
hepatitis E infection[1]. This infection is usually 
asymptomatic or acute self-limiting[1] but might lead 
to fulminant hepatitis or even long-term chronic 
infection and cirrhosis with a high rate of mortality 
due to severe liver failure in high-risk groups, such as 
pregnant women, organ transplant recipient patients, 
immunocompromised patients, and those with pre-
existing liver problems[1-6]. HEV is predominantly 
transmitted via the fecal-oral route; however, trans
mission of HEV through blood transfusion, organ 
transplantation, hemodialysis, placenta and sexual 
intercourse is also possible[1,7,8]. Among these, sexual 
transmission of HEV is less common and has mostly 
been reported in homosexual males[7,9]. 

HEV is a small spherical virus with a positive-
sense RNA genome and an icosahedral non-enveloped 
capsid[5,10-12]. The viral genome contains three partially 
overlapping open reading frames[5,13,14]. HEV has 
been classified into the family Hepeviridae, the genus 
Orthohepevirus, and the species Orthohepevirus 
A[1,15]. There are four genotypes of HEV capable of 
causing human infection with different epidemiological 
features[3,16]. These genotypes have further been 
subdivided into 24 subgenotypes[5,17,18]. Genotypes 
1 and 2 are only recognized in human beings, 
while genotypes 3 and 4 are found in domestic 
and wild animals as well[7,19-21]. Despite this genetic 
heterogeneity, only one serotype has been recognized 
so far[1,5,22]. 

HEV genotypes differ in their severity, patho
genecity, mortality rates, mode of transmission, age 
distribution, and geographical distribution[1,7-9,23]. HEV 
genotype 1 is frequently found in North Africa and 
Asia[9]. HEV genotype 2 is more common in West 
Africa and Mexico[7,9]. HEV genotype 3 is considered to 
have a worldwide distribution and is more prevalent 
in several European and American countries, as well 
as Japan, China, Australia, and New Zealand[7,9,10]. 
HEV genotype 4 has been reported in Asian countries 
and more recently in Central Europe[5,9,23]. Genotypes 
3 and 4 appear to be less virulent than genotypes 
1 and 2[1,24]. HEV genotype 1 is associated with the 
most cases of fulminant hepatitis and high mortality 
during pregnancy[8,10]. While HEV genotype 3 is the 

cause of almost all cases of chronic HEV infections 
worldwide[5,7,8]. Infection with HEV genotype 4 seems to 
be asymptomatic and mostly remains undiagnosed[6,9].

Hepatitis E is usually an asymptomatic or acute 
self-limited infection and only requires supportive care. 
However, when fulminant or chronic hepatitis arises, 
therapeutic intervention is an obligation[9,10]. Reduction 
of immunosuppressive therapy is considered as the 
first-line therapy in immunocompromised patients 
with chronic HEV infection. Nevertheless, at the same 
time, it can increase the risk of graft rejection[3,5,9,25-27]. 
In such conditions, organ transplant recipient patients 
benefit most from antiviral therapy, including pegylated 
interferon (peg-IFN) monotherapy or combination 
therapy with ribavirin and peg-IFN[3,10,25]. 

These antiviral agents are associated with severe 
side effects. IFN-therapy may result in acute graft 
rejection[3,5,8,25]. Ribavirin administration induces severe 
hemolytic anemia; and when the dose of ribavirin 
is reduced, the viral clearance is not achieved[8]. 
Therefore, the combination of ribavirin with a reduc
tion in the doses of immunosuppressive drugs has 
been found to be the most promising treatment 
option[5,10,25]. In addition, these antiviral drugs should 
be administered with caution during pregnancy due 
to their teratogenicity[10,27,28]. Early delivery of fetus 
or termination of pregnancy should be considered 
as another option to save mothers’ lives[28,29]. Ad
ministration of the antiretroviral drugs in human 
immunodeficiency virus (HIV)-positive patients can 
result in an increase in the proportion of T helper cells 
and subsequently clearance of HEV infection[25].

Considering the side effects and limitations of the 
currently available treatment regimens as well as 
the absence of a specific antiviral treatment for HEV 
infection, preventive measures and vaccination against 
HEV infection are the most desirable approaches for 
controlling HEV infection[25,30]. HEV vaccines using 
the truncated forms of capsid protein have been 
evaluated in human clinical trials, and one of them, 
HEV 239 vaccine, has been approved in china in 2011. 
Although this vaccine has shown promising results, 
it is not commercially available worldwide[5,20,27,31]. 
Therefore, preventive measures are still known to 
be the best option. Providing clean drinking water 
supplies, improving the hygienic infrastructure and 
sanitary status, washing hands and vegetables 
properly, boiling drinking water, and avoiding con
sumption of undercooked foods and unpeeled fruits 
are some of these preventive measures[1,5,11,23,31,32]. 
In addition, proper chlorination of water supplies, 
sanitary preparation of food, and public awareness 
regarding the possible routes of HEV transmission are 
essential to reduce the risk of exposure to HEV in the 
community[1,11,23]. 

HEV has infected one-third of the world’s popu
lation[13,17]. In addition, 20 million new cases and 3.3 

Taherkhani R et al . HEV in Iran

5144 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com



million acute cases of HEV infection occur globally each 
year[3,33], and HEV-related hepatic failure is responsible 
for approximately 56600 deaths per year[33,34]. The 
mortality rate of HEV infection is 1%-2% in the general 
population[17], but it may rise to 10%-25% in pregnant 
women[7,20] and over 75% in individuals with pre-
existing liver problems[20]. 

HEV is a considerable global health concern. 
Although HEV infection was traditionally believed to be 
limited to developing countries, currently it is known 
that this infection has a worldwide distribution with 
different epidemiological patterns[9]. In developing 
countries where the infection is endemic, acute 
outbreaks or large epidemics of hepatitis E occur 
due to contamination of water supplies mainly at 
the time of heavy rainfall or following floods. These 
outbreaks are largely due to genotypes 1 and 2 and 
more frequently affect young adult males[1,3,5,8,9,18]. 
Whereas in developed countries, HEV infection is 
non-endemic and mostly occurs as sporadic locally-
acquired disease due to consumption of contaminated 
food supplies. The infection is due to genotypes 3 and 
4 and predominantly found among middle-aged elderly 
males throughout the year[1,3,5,9,18].

Apart from variations in the global epidemiological 
patterns of HEV, there is a wide range of variation 
in the prevalence and epidemiology of HEV infection 
within a country[5,16,35,36]. These variations reflect 
differences in the lifestyle, status of public health, risk 
factors, and routes of transmission in different regions 
and groups[35-37]. It is therefore necessary to review the 
epidemiology of HEV infection to determine the most 
prevalent risk factors and routes of transmission and 
to evaluate the effectiveness of prevention strategies 
employed in the public health services of a country. 
These epidemiological studies are not only essential for 
improving the current strategies to minimize the risk 
of acquiring HEV infection in the society but also clarify 
the real burden of HEV infection. 

This study has the objective to review the epidemiology 
of hepatitis E in Iran, a vast country located in the Middle 
East, with an extension of about 1700000 km2 and 
an estimated population of 70 million inhabitants in 
different provinces with various ethnicities[38].

HEV IN GENERAL POPULATION
With an overall prevalence rate of more than 5% 
in the general population, Iran is considered as an 
endemic country for HEV infection[36,39]. However, the 
seroprevalence of hepatitis E in the general population 
varies considerably in different parts of the country, 
ranging from 0.0% to 0.9% for anti-HEV IgM and 
1.1% to 14.2% for anti-HEV IgG and the total HEV 
antibodies in different studies[35,39-46] (Table 1[35,39-46]). 
Differences in the lifestyles, risk factors, levels of 
exposure, the geographic regions, study population, 
study periods, sample sizes, time of sampling, and 

the diagnostic accuracy of kits used to determine anti-
HEV antibodies in various studies can explain these 
variations[35-37]. However, the role of public health 
services, hygienic conditions, socioeconomic status, and 
environmental factors should not be dismissed[36,37,42]. 

The predominant mode of transmission in Iran is 
fecal-oral route, especially feces-contaminated drinking 
water; however, the other routes of transmission 
might also have a minor role in the spread of HEV but 
with undetermined importance[35,43,47]. Food-borne 
transmission of zoonotic origin is unlikely, since wild 
animal hunting and swine farming are prohibited 
in Iran[35]. Person-to-person transmission is most 
likely rare in Iran, since no association between the 
household size and seroprevalence rate of HEV has 
been reported[42]. Overall, the importance of the other 
probable routes of transmission in spread of HEV 
infection in the society still requires to be determined. 

Despite the epidemiological pattern in developing 
countries, where HEV most often affects young 
adults[1,5,9], the seroprevalence rate in Iran increases 
with age due to cumulative exposure to HEV over time 
with the highest prevalence rate among middle-aged 
and elderly individuals aged over 50 years[35,36,40,41,45]. 
Another possible reason is improvement in public 
hygiene, sanitation, sewage disposal and drinking 
water supply systems, which has resulted in decreased 
prevalence of HEV infection in young population of the 
country over time[36,47]. 

Except two reports[44,45], in the majority of studies, 
the seroprevalence of HEV was higher in females 
compared to males. However, none of these differences 
were significant[35,36,39-42]. In rural areas, inhabitants 
were more likely to be positive for HEV serological 
markers compared to individuals living in urban 
areas[39,43]. Appropriate access to the public health 
services, sewage disposal systems, and safe water 
supplies in cities can explain these differences in 
the seroprevalence rates regarding the place of 
residence[35,37,43]. Taken together, in studies from Iran, 
socioeconomic status, level of sanitation, population 
density, age, level of education, and place of residency 
were found to be risk factors for acquiring HEV 
infection in the society[35,42,43,48]. 

In one study from Iran, the prevalence of anti-HEV 
IgG antibody in the general population was as high as 
46.1% in South-West of the country[36]. The reason of 
this high endemicity is most likely Karun River as the 
drinking water source of the inhabitants, where the 
city sewage is also discharged in. It is also worthy to 
note that the participants in the mentioned study were 
all adults, mostly middle-aged and elderly adults[36]. 
Iran is located in the Middle East between HEV high 
endemic countries on the eastern and western borders. 
This considerable geographic location has affected 
epidemiological pattern of HEV infection in Iran[35,47]. 

A few occasional waterborne outbreaks of hepatitis 
E have also occurred in Iran[47]. The first documented 
outbreak was reported in Kermanshah city, West of 
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infection if HEV RNA is detected[1,16]. Some patients in 
viremic phase of infection do not show anti-HEV IgM 
responses[49]. Majority of risks are due to the presence 
of HEV RNA in blood of apparently healthy donors with 
normal levels of liver enzymes and negative anti-HEV 
IgM, which is indicative of asymptomatic viremia[7,18]. 
In these instances, blood transfusion is capable of 
trasmitting HEV infection despite negative serological 
markers. Therefore, HEV is a potential threat to blood 
safety[7,18]. 

Since 2005, Japan has implemented HEV RNA 
testing of all donors along with screening for elevated 
liver enzymes levels[7]. While some other countries 
perform selective HEV screening for high-risk reci
pients[8]. The necessity to screen all blood donations or 
at least a part of them for HEV infection needs to be 
considered in Iran.

Studies on the seroprevalence of HEV in blood 
donors are limited in Iran and mainly have been 
conducted in main cities, while the seroprevalence 
varies from 4.5% to 14.3% in these studies[49-55] (Table 
1[49-55]). Despite this high prevalence, screening of blood 
donors for HEV is not performed in the blood banks of 
Iran until more evidence becomes available regarding 
the potential threat of HEV to blood safety[49,53]. In 
addition, the risk of incidence and transmission of 
hepatitis E by blood transfusion in Iran is unknown. 
Since the studies in Iran have only reported the rate 
of seropositivity, which is incapable of estimating 
the rate of viremic blood donors[49,53]. Therefore, 
additional studies to investigate the possibility of HEV 
transmission through blood transfusion seem to be 
necessary. Even if the risk of transmission through 
blood transfusion is low, we should not neglect the 
importance of this infection. Since HEV causes serious 
consequences in high-risk recipients, who often require 
blood transfusion. Therefore, access to HEV-free blood 
and blood products is the highest priority for this group 
of patients[4,7,18,50]. 

The seroprevalence of HEV among hemophilia and 
thalassemia patients in Iran is lower than expected and 
is in the range of that found in the general population 
of Iran[56]. The reason of this low prevalence may be 
that the blood donor population in Iran has mostly 
been consisted of young individuals, while HEV mostly 
affects middle-aged or old population in Iran[49,50,54]. 
This suggests that blood transfusion may not be a 
risk factor for transmission of HEV infection among 
hemophilia and thalassemia patients in Iran[56]. Still, 
more studies are required to confirm this issue. 

HEV IN INJECTING DRUG USERS
With having approximately 180000 injecting drug 
users (IDUs) among Iranian adults aged 15-64 years, 
Iran is considered one of the countries with the highest 
numbers of injection drug users in the world[38]. While 
only two studies have assessed the possible effect 
of injecting drug use on the seroprevalence of HEV 

among IDUs in Iran[57,58]. Alavi et al[57] reported high 
seroprevalence of HEV in IDUs (22.8%) compared 
to inhalant drug users (9.1%) and oral opiate drug 
users (6.2%) and suggested an association between 
injection drug abuse and HEV seropositivity in Ahvaz 
in 2005-2006. While some other studies from France, 
the United States (US), and Denmark have rejected 
this association[59-62]. Keramat et al[58] reported high 
prevalence of HEV in IDUs (6.1%) compared to non-
IDUs control group (1.5%) and found no relationship 
between duration of injection and HEV seroprevalence 
in Hamadan in 2011-2012.

These studies indicated high seroprevalence of 
HEV infection among IDUs in Iran[57,58], while this 
seroprevalence was not influenced by the type of 
substance abused but was associated with the route 
of administration[57]. According to the results of these 
studies, IDUs in Iran are at risk of acquiring HEV 
infection most likely due to exposure to infected blood 
through sharing syringe[58]. As a result, injection 
drug use was proposed as a possible route of HEV 
transmission. However, still more investigations are 
required to confirm this issue.

HEV IN HEMODIALYSIS PATIENTS
The seroprevalence of hepatitis E among patients on 
maintenance hemodialysis (HD) varies considerably 
from 4% to 28.3% in different cities of Iran[63-69] (Table 
1[63-69]). The reason of this vast geographic variation 
in different HD centers is unknown, but it may be due 
to the different levels of safety strategies in HD units, 
as well as the public health and prevalence of HEV 
infection in the community[30,64,69]. In some studies, 
HEV seroprevalence in HD patients is lower than or 
in the range of HEV seroprevalence in the general 
population of Iran[64,65,67], indicating a low risk of 
exposure to HEV in these areas or maybe a negligible 
HEV transmission in HD centers. While in some other 
studies, it is noticeably higher than HEV seroprevalence 
in the general population, which may be indicative 
of parenteral transmission of HEV infection[30,63,66,69]. 
Similar high prevalence of anti-HEV antibodies in HD 
patients has been reported in Egypt (22.9%)[70], Japan 
(30%)[71], and Turkey (20.6%)[72]. In contrast, reports 
from Italy (6.0%)[73], Brazil (6.2%)[74], and Spain 
(6.3%)[75] have indicated a low seroprevalence of HEV 
among HD patients. 

The seroprevalence of HEV infection among Iranian 
HD patients was associated with almost no risk factor 
in most of these studies[63,64,67,68]. While duration of HD 
was significantly associated with HEV seropositivity in 
two studies[65,69]. In addition, in one study, 41.7% of 
HEV seropositive HD patients had a history of blood 
transfusion[69]. These studies support the nosocomial 
transmission of HEV infection[30,47,65]. While the others 
indicate a rare acquisition of HEV infection through 
hemodialysis[64,67]. Overall, the epidemiology of HEV 
infection among HD patients in Iran seems to be 
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a controversial issue due to these variations in the 
results of so far conducted studies. Therefore, more 
extensive or comprehensive studies in different 
geographical regions of Iran are required to resolve 
these conflicts between the results and to determine 
the exact epidemiological pattern of HEV infection 
among HD patients.

Considering the clearance of a significant level of anti-
HEV antibodies during the process of dialysis as well as 
weak antibody responses due to chronic renal disease, a 
considerable proportion of HEV seropositive HD patients 
may be reported as seronegative[30,67,69,76-81]. Except one 
study[65], the serum levels of liver enzymes were normal 
or low in HEV seropositive patients on maintenance 
hemodialysis due to the fast reduction of these enzy
mes to the normal levels[30,67]. Therefore, some HEV-
infected HD patients may remain undiagnosed. These 
HD patients with inapparent HEV infection might be 
the main source of HEV transmission as a nosocomial 
infection in HD units[30]. Overall, neither anti-HEV 
antibodies nor level of liver enzymes can be valid 
diagnostic markers in case of HEV infection among HD 
patients[30]. Therefore, serious safety measures and 
proper screening of HD patients for hepatitis E in HD 
centers should be considered to prevent transmission 
of HEV during the process of hemodialysis.

HEV IN PATIENTS INFECTED WITH 
OTHER HEPATITIS VIRUSES
Viral hepatitis infections are believed to be associated 
with an increased risk of hepatitis E occurrence, and 
co-infection or superinfection with HEV will enhance 
the risk of liver failure[11,17,82,83]. In recent years, several 
studies have reported high prevalence of hepatitis 
E among patients with chronic viral hepatitis and 
supported the possibility of parenteral transmission of 
HEV[30,82,84], while other studies have demonstrated a 
low occurrence of these co-infections or superinfections 
and found no association between HEV and other 
viral hepatitis[85,86]. This variation in the prevalence 
of HEV among patients with other viral hepatitis 
reflects differences in the routes of transmission and 
distribution of these hepatotropic viruses in different 
parts of the world. Although HEV is predominantly 
transmitted via the fecal-oral route, the possibility 
of parenteral transmission has also been reported in 
endemic countries[82,87].

Currently, only a few reports are available regarding 
the prevalence of HEV infection among patients with 
viral hepatitis in Iran. Keyvani et al[51] reported high 
prevalence of anti-HEV antibody in HBV (11.3%) and 
HCV (7%)-infected patients compared to healthy 
blood donors (4.5%) in Tehran. In another study 
by Karimi Elizee et al[56], the seroprevalence of HEV 
among thalassemia and hemophilia patients with 
chronic hepatitis C was reported to be 1.6% and 3.2%, 
respectively, which is similar to HEV seroprevalence in 

Iranian general population. Kelishadi et al[77] reported 
the absence of anti-HEV IgG antibody in GB virus 
C positive hemodialysis patients in Gorgan. These 
studies were unable to determine the effect of hepatitis 
E on the clinical outcomes of the other viral hepatitis. 
Overall, data concerning dual infection with hepatitis E 
and the other viral hepatitis in Iran are scarce, and the 
routes of HEV transmission in this group of patients 
are unclear. Therefore, further studies are required to 
determine the association between HEV and other viral 
hepatitis in Iran. 

HEV IN IMMUNOCOMPROMISED AND 
IMMUNOSUPPRESSED PATIENTS
HEV infection in immunocompromised and immuno
suppressed patients may lead to chronic hepatitis 
E, with an increased risk of developing liver fibrosis 
and cirrhosis, and subsequently lower survival of 
the infected patients[9,10,27]. Chronic HEV infection is 
characterized by the persistent presence of detectable 
HEV-RNA in serum and stool for more than 6 mo (more 
than 3 mo in organ transplant recipient patients) 
along with persistently elevated liver enzymes[3,5,8,9,33]. 
So far, chronic hepatitis E has been observed in HIV-
infected patients, organ transplant recipient patients, 
and those with hematological malignancies, who 
receive anticancer chemotherapy[5,10,25-27,88]. However, 
the possibility of HEV chronicization in other patients 
with immunosuppressive conditions is currently under 
investigation, and this chronic infection may identify in 
more categories of patients in near future[3].

More recently, some cases of chronic HEV infection 
have also been observed in elderly immunocompetent 
individuals[8]. While no report of chronic infection has 
been documented in pregnant women and infants[16,28]. 
Almost all cases of chronic hepatitis E have been 
observed following infection with HEV genotype 
3[3,5,7,25]. The first case of chronic hepatitis E caused 
by HEV genotype 4 has recently been identified in a 
Chinese patient[3,9]. 

The seroprevalence of hepatitis E among organ 
transplant recipient patients varies from 2.3% to 
43.9% in different studies[5]. While the prevalence 
of HEV infection based on the detection of viral 
RNA ranges from 0.9% to 3.5%[5]. This prevalence 
among transplant recipient patients with elevated 
liver enzymes is 4.3%-6.5%[5]. The chronicity 
rate of hepatitis E is approximately 60% in organ 
transplant recipient patients without therapeutic 
interventions[25,26,30]. 

Indeed, progression to chronicity in immuno
compromised patients could be mediated by inability 
to clear the virus after acute infection, which is related 
to the degree of immunosupression and immunological 
status of transplant recipient patients at the time of 
HEV infection as well as the time period between the 
transplantation and incidence of HEV infection[3,5,10,29].
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Therefore, suboptimal HEV-specific cellular 
immune responses, low lymphocyte and platelet 
counts, the occurrence of HEV infection immediately 
after transplantation, and the use of more effective 
immunosuppressive drugs such as tacrolimus are 
risk factors for the incidence of chronic hepatitis E in 
immunocompromised patients following exposure 
to HEV[1,3,5,26,88]. Even the presence of anti-HEV IgG 
antibodies prior to re-exposure to HEV cannot exclude 
the chance of reinfection in transplant recipient 
patients, and such reinfections may lead to chronic 
infection[3]. The main route of HEV transmission in 
immunocompromised patients seems to be fecal-oral, 
especially via consumption of contaminated food[3,5,16]. 
However, acquisition of HEV infection following blood 
transfusion and liver transplantation is also possible 
but seems to be uncommon[3,5,26]. Most patients 
with chronic hepatitis E are asymptomatic, and the 
rest show nonspecific symptoms, including fatigue, 
fever, abdominal pain, asthenia, and very rarely 
jaundice[5,25]. Chronic hepatitis E can rapidly progress 
to liver fibrosis, cirrhosis, and subsequently fatal 
liver failure in immunocompromised patients[3,5,25]. In 
addition, numerous hepatitis E-associated extrahepatic 
manifestations, including neurological, hematological, 
musculoskeletal, renal manifestations, as well as acute 
pancreatitis, autoimmune thyroiditis, myocarditis, 
mixed cryoglobulinemia, thrombocytopenia, arthralgia, 
Henoch-Schonlein purpura, myasthenia gravis, hae
molysis, membranous glomerulonephritis associated 
with immunological disorders and many others have 
been reported in patients with acute or chronic HEV 
infection[7,9,25,33,89,90]. 

Such extrahepatic complications sometimes 
outshine clinical manifestations of hepatic injury, 
and the causative agents, hepatitis E, might not be 
suspected. Therefore, the probability of hepatitis E in 
extrahepatic manifestations should be considered[33]. 

Chronic hepatitis E results in graft loss and 
subsequently retransplantation in organ transplant 
recipient patients. However, recurrent hepatitis E 
and subsequently progressive chronic infection after 
retransplantation may also occur if the viral clearance 
is not achieved before retransplantation[5].

In this situation, early diagnosis of hepatitis E 
in this group of patients is the highest priority. The 
diagnosis should be based on the detection of HEV 
RNA in serum, cerebrospinal fluid (CSF) in case of 
neurological complications or stool samples, not levels 
of liver enzymes and results of serological tests[3,26,33,91]. 
Since various factors can elevate liver enzymes, 
including drugs, toxin, graft rejection, infections, and 
biliary tract dysfunction[30]. Furthermore, the presence 
of chronic HEV infection in organ transplant recipient 
patients is sometimes accompanied by normal liver 
enzymes[30]. In addition, the delay or absence of 
seroconversion and loss of anti-HEV antibodies are 
frequently observed in this group of patients due 

to immunosuppressive conditions, which result in 
suppression of antibody development over time[5,91]. 
Therefore, immunocompromised or immunosuppressed 
patients with chronic HEV infection may have normal 
liver enzymes and negative serological tests[26,30,81].

In these conditions of uncertainty, the awareness 
of physicians regarding chronic HEV infection is crucial. 
Since most cases of chronic HEV infection may be 
missed due to the lack of HEV consideration among 
physicians or inappropriate choose of diagnostic 
assays[3,25].

Reports on HEV prevalence in immunocompromised 
patients in Iran are scarce. Rostamzadeh Khameneh 
et al[81] assessed the seroprevalence of HEV among 91 
Iranian kidney transplant recipient patients. Overall, 
the seroprevalence of HEV was 30.8%. Joulaei et al[80] 
reported a HEV seroprevalence of 16.4% among 158 
HIV-infected individuals in Shiraz in 2013. In another 
study by Ramezani et al[79], the seroprevalence of 
HEV infection was found to be 10% among 100 HIV-
positive individuals in Tehran in 2012. These limited 
studies were unable to determine the incidence 
and prevalence of chronic HEV infection among 
immunocompromised patients in Iran. Since only the 
seroprevalence of anti-HEV IgG antibodies has been 
assessed, while HEV-RNA has not been measured 
in these studies[81,88]. Therefore, more studies are 
required to gain insight into the burden of chronic HEV 
infection in Iran.

CONCLUSION
However, Iran is classified as an endemic region 
for HEV infection, but we do not know much about 
this infection in Iran. The available epidemiological 
data have demonstrated the seroprevalence of HEV 
infection in different groups and regions of Iran, while 
the presence of HEV-RNA has not been evaluated 
in the studies published so far. In addition, the 
distribution pattern of HEV genotypes is unknown in 
Iran. 

From historical aspect, hepatitis E is not new 
in Iran but is underestimated due to the lack of 
awareness amongst physicians and inappropriate 
diagnosis of the infection. The importance of HEV 
infection as a main public health problem cannot 
be neglected any longer. The identification of HEV-
associated extrahepatic manifestations and chronic 
hepatitis E in immunocompromised patients has 
attracted attention to the study of HEV in recent years. 
While these new aspects of so thought acute self-
limited hepatitis remain unknown in Iran. Overall, still 
a long way is ahead to determine the epidemiological 
patterns of HEV in Iran. To approach this goal, further 
epidemiological investigations at the national level 
are needed to more clearly delineate the incidence 
and prevalence of HEV infection in Iran. In addition, 
nationwide efforts should be pursued to control and 
prevent HEV infection in Iran. 
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Abstract
AIM: To develop a new rat model we wanted to gain a 
better understanding of stricture formation in Crohn’s 
disease (CD).

METHODS: Chronic colitis was induced locally by the 
administration of 2,4,6-trinitrobenzenesulfonic acid 
(TNBS). The relapsing inflammation characteristic 
to CD was mimicked by repeated TNBS treatments. 
Animals were randomly divided into control, once, 
twice and three times TNBS-treated groups. Control 
animals received an enema of saline. Tissue samples 
were taken from the strictured colonic segments and 
also adjacent proximally and distally to its 60, 90 or 
120 d after the last TNBS or saline administrations. 
The frequency and macroscopic extent of the strictures 
were measured on digital photographs. The structural 
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features of strictured gut wall were studied by light- and 
electron microscopy. Inflammation related alterations in 
TGF-beta 2 and 3, matrix metalloproteinases 9 (MMP9) 
and TIMP1 mRNA and protein expression were deter
mined by quantitative real-time PCR and western blot 
analysis. The quantitative distribution of caspase 9 was 
determined by post-embedding immunohistochemistry.

RESULTS: Intestinal strictures first appeared 60 d 
after TNBS treatments and the frequency of them 
increased up to day 120. From day 90 an intact lamina 
epithelialis, reversible thickening of lamina muscularis 
mucosae and irreversible thickening of the muscularis 
externa were demonstrated in the strictured colonic 
segments. Nevertheless the morphological signs of 
apoptosis were frequently seen and excess extracellular 
matrix deposition was recorded between smooth muscle 
cells (SMCs). Enhanced caspase 9 expression on day 90 

in the SMCs and on day 120 also in myenteric neurons 
indicated the induction of apoptosis. The mRNA 
expression profile of TGF-betas after repeated TNBS 
doses was characteristic to CD, TGF-beta 2, but not 
TGF-beta 3 was up-regulated. Overexpression of MMP9 
and down-regulation of TIMP1 were demonstrated. The 
progressive increase in the amount of MMP9 protein in 
the strictures was also obvious between days 90 and 
120 but TIMP1 protein was practically undetectable at 
this time.

CONCLUSION: These findings indicate that aligned 
structural and molecular changes in the gut wall rather 
than neuronal cell death play the primary role in 
stricture formation.

Key words: Crohn’s disease; Rat model; TGF-beta; 
Intestinal strictures; MMP9; TIMP1

© The Author(s) 2016. Published by Baishideng Publishing 
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Core tip: Intestinal strictures in Crohn’s disease (CD) 
cause hardly treatable complications in patients. 
The aim of this study was to find the correlation be
tween the intestinal stricture formation, the damaged 
innervation of smooth muscle cells (SMCs) and the 
changed expression of TGF-beta 2, 3 and MMP9/TIMP1 
in rats with CD by using different light- and electron 
microscopic and molecular biological methods. Our 
findings indicate that disintegration of SMCs due to the 
up-regulation of TGF-beta 2 and off-balance in MMP9/
TIMP1 expression rather than neuronal cell death play 
the primary role in the formation of intestinal strictures 
in CD.

Talapka P, Berkó A, Nagy LI, Chandrakumar L, Bagyánszki M, 
Puskás LG, Fekete E, Bódi N. Structural and molecular features 
of intestinal strictures in rats with Crohn’s-like disease. World J 
Gastroenterol 2016; 22(22): 5154-5164  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i22/5154.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i22.5154

INTRODUCTION
Despite the fact that the formation of obstructive 
strictures is the leading cause of surgical intervention 
in patients with Crohn’s disease (CD), little is known 
about their etiopathogenesis, and no direct therapies 
are available for the effective prevention or reversal of 
this condition[1]. Lasting deep remission has emerged 
as a major therapeutic goal in CD[2,3]. This implies 
not only alleviation of the symptoms, but also the 
achievement of complete mucosal healing, with the 
accompanying decrease in the risk of irreversible 
pathological alterations of the gut wall[4]. However, total 
mucosal regeneration to prevent stricture formation is 
unattainable[5,6].

The spread of fibrosis deep into the gut wall leads 
to disorganization of the lamina muscularis mucosae 
(LMM) and thickening of all layers of the gut wall due 
to the accumulation of extracellular matrix (ECM) 
elements[5,6]. Previous studies have demonstrated 
that the cytokines transforming growth factor-beta 
(TGF-β) isoforms and the tissue-degrading matrix 
metalloproteinases (MMPs) are the key contributors to 
these processes[7,8]. Both TGF-beta and its receptors 
are overexpressed in the intestine of CD patients. 
However, the expression of the TGF-beta isoforms 
varies with the nature of the tissue. Fibrotic tissue 
exhibits a reduced expression of TGF-beta 3 and an 
enhanced expression of TGF-beta 2[9-11]. MMPs are 
secreted as inactive zymogens which must undergo 
proteolytic cleavage to become active, and their 
activity is regulated by specific tissue inhibitors of 
metalloproteinases (TIMPs)[12-14]. The MMPs do not 
simply degrade ECM as their name might suggest, but 
are also responsible for the homeostatic regulation 
of the ECM. Previous studies have shown that the 
gene transcription of MMP9 is inducible and that the 
promoter region is highly responsive to most growth 
factors and cytokines. They directly cleave and activate 
growth factors into active ligands, and therefore 
regulate their bioavailability and/or activity[15-17]. In 
consequence of these complex interactions of the 
regulatory processes, the development of the intestinal 
strictures characteristic of CD cannot be explained 
simply by the lower or higher expression of one or 
other of these factors. The key driver of stricture 
formation rather appears to be an off-balance between 
the TGF-betas, MMPs and TIMPs which develops 
in the chronic phase of inflammation. MMP9 is the 
most abundant MMP expressed in colonic tissue from 
CD patients, and may therefore be regarded as a 
biomarker in the evaluation of the clinical activity of 
inflammatory bowel diseases (IBDs)[18].

The intestinal symptoms common among CD 
patients are often related to enteric neuropathy. The 
evidence suggests that both the quantitative properties 
and function of the myenteric neurons are altered 
substantially by intestinal inflammation[19-22] and in 
fact complete loss of the myenteric neurons has been 
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observed in the strictured regions[23]. However, the 
extent to which the deficient innervation of the smooth 
muscle cells (SMCs) and/or the imbalance in the 
regulation in the molecular events behind the tissue 
remodelling are responsible for the stricture formation 
remains unclear.

We recently reported on a rat model of chronic 
colitis where the mortality was negligible despite the 
severity of the intestinal symptoms. We demonstrated 
that experimentally provoked recurring periods of 
acute inflammation exerted a preconditioning effect 
against the mucosal damage and reduced the rapid, 
significant and widespread loss of myenteric neurons 
observed after the induction of the colitis[24]. In the 
present work, we used this model to investigate the 
long-term consequences of acute inflammation on the 
structural and molecular alterations in the strictured 
gut wall. The aim of the study was to investigate 
the possible coincidence between the expressions of 
TGF-betas, MMP9 and TIMP1 behind the structural 
remodelling of the strictured gut wall. The structural 
findings at the light- and electron microscopic levels 
and the molecular findings at the mRNA and protein 
levels will be discussed.

MATERIALS AND METHODS
Animal model
All procedures involving experimental animals were 
approved from the Local Ethics Committee for Animal 
Research Studies at the University of Szeged. Adult 
male Sprague-Dawley rats weighing 200-220 g were 
used throughout the experiments. The animal protocol 
was designed to minimize pain or discomfort to the 
animals. The rats were acclimatized to laboratory 
conditions (23 ℃, 12 h/12 h light/dark, 50% humidity, 
ad libitum access to food and water) for two weeks 
prior to experimentation. Colitis was induced locally 
under pentobarbital anaesthesia (45 mg/kg ip) by the 
administration of 2,4,6-trinitrobenzenesulfonic acid 
(TNBS; Sigma-Aldrich, St. Louis, MO, United States; 
10 mg) dissolved in 0.25 mL of 25% ethanol, as 
described earlier[24]. Repetitive relapsing inflammation 
(RRI) was mimicked through repeated administration 
of the same TNBS doses. The rats were treated once (n 
= 8), twice (n = 7) or three times (n = 8) with TNBS, 2 
weeks passed between the treatments. Control rats (n 
= 18) received an enema of 0.25 mL of 9 g/L saline at 
the same time as the TNBS was administered. The rats 
were weighed and monitored daily for activity, bloody 
diarrhoea and mortality and were sacrificed 60, 90 or 
120 d after the last TNBS or saline administrations.

Tissue handling
The animals were killed by cervical dislocation 
under pentobarbital anaesthesia. After this the last 
8 cm region of the descending colon from the anus 
was dissected. Digital photographs were taken to 

evaluate the frequency and macroscopic extent of the 
strictures. Three colonic tissue samples were taken 
from each animal: the stricture itself and samples 
adjacent proximally and distally to it. Colonic samples 
of age-matched controls were also collected. Small 
pieces (2-3 mm) of the colonic segments for light- 
and electron microscopic morphometry and post-
embedding immunohistochemistry were fixed in 
20 g/L formaldehyde and 20 g/L glutaraldehyde 
solution and embedded in Epon (Electron Microscopy 
Sciences, Hatfield, PA, United States). Gut segments 
for molecular studies were cut along the mesentery 
and pinched flat. After longitudinal cutting, the mucosa 
and submucosa were removed. Half of the colon 
samples were immediately frozen in liquid N2 and later 
processed for western blot analysis. The other half 
were incubated overnight at 4 ℃ in RNA Later (Qiagen, 
Venlo, The Netherlands) and stored at -80 ℃ until 
processing for quantitative real-time PCR (qRT PCR).

Light- and transmission electronmicroscopic 
morphometry
The Epon blocks were used to prepare semithin 
(0.7 µm) sections, which were stained with 10 g/L 
toluidine blue solution for the light-microscopic 
study. In the selected area of interest in the semithin 
cross-sections, all the layers of the gut wall were 
well oriented. The thicknesses of the LMM and the 
external circular (CM) and longitudinal (LM) smooth 
muscle layers were measured at random points with 
Image J 1.44 (National Institute of Health, Bethesda, 
MD, United States). The same Epon blocks were 
used to prepare ultrathin (70 nm) sections and the 
samples were mounted on nickel grids. Three grids 
per block were stained with uranyl acetate (Merck, 
Darmstadt, Germany) and lead citrate (Merck) and 
were examined and photographed with a Philips CM 
10 electronmicroscope equipped with a MEGAVIEW 
II camera. The width of 15 tight junctions (TJs), 
i.e., the distance between adjacent enterocytes, 
was measured at a magnification of × 46000 in the 
control samples and in the strictures by using the 
AnalySIS 3.2 program (Soft Imaging System GmbH, 
Münster, Germany). The distance between SMCs was 
determined to evaluate the expansion of the ECM 
within the muscularis externa (ME). Ten montage 
photographs per intestinal segment were made at a 
magnification of × 10500 and the distance of SMCs 
was evaluated in limited-size (2000 nm × 2000 nm) 
grids for all images, at the intersection of the grid 
lines, perpendicularly to the cells and calculated by 
using the AnalySIS 3.2 program. The mean distance 
was calculated by using the AnalySIS 3.2 program.

Post-embedding immunohistochemistry
The Epon-embedded tissue blocks used previously for 
the morphometry also served for the post-embedding 
immunohistochemistry of caspase 9, as described 
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gene to normalize the expression data. The results were 
expressed as mean ± SD.

Western blotting analysis and gelatine zymography
Tissue samples were homogenized in TRIS-mannitol 
buffer and the total cellular protein was then dena
turated (mixing and boiling with v/v 20 mmol/L Tris 7-9, 
3 mmol/L EDTA, 20 g/L sodium dodecyl sulphate (SDS), 
100 g/L mercaptoethanol and 200 g/L glycerol) from 
each sample as described earlier[26]. Aliquots of 10 µg 
of total cellular protein were electrophoresed by 100 
g/L SDS-polyacrilamide gel, and transferred to nitro-
cellulose membrane (Amersham, Buckinghamshire, 
United Kingdom). Two hours after blocking (with PBS 
pH 7.4, 2.5 g/L Tween 20 (v/v) and 50 g/L non-fat 
dried milk), the membranes were probed with anti-
MMP9 mouse monoclonal antibody (Abcam PLC, 
Cambridge, United Kingdom; final dilution 1:1000) or 
TIMP1 (H150) rabbit polyclonal antibody (Santa Cruz 
Biotechnology Inc., Santa Cruz, CA, United States; 
final dilution 1:1000) for 2 h, and then incubated with 
horseradish peroxidase-conjugated anti-mouse or anti-
rabbit antibody (Santa Cruz Biotechnology Inc., Santa 
Cruz, CA, United States; final dilution 1:2000) for 1 
h at room temperature with extensive PBS-Tween 20 
washing between. Immunoreaction was visualized 
with an Immobilon Western HRP Substrate enhanced 
chemiluminescence system (Millipore Corporation, 
Billerica, MA, United States) and scanned with a LI-
COR C-DiGit™ Blot Scanner (Li-Cor Corporate, Lincoln, 
NE, United States).

The activity of MMP9 was determined by ge
latine zymography, performed by diluting colonic 
homogenates in zymogram sample buffer (Bio-Rad, 
Hercules, CA, United States) and electrophoresing 
the samples in precast 100 g/L SDS-PAGE containing 
gelatine (20 mg/mL; Sigma-Aldrich, St. Louis, MO, United 
States) at 120 V until resolution was achieved. The 
gels were removed from their casings, gently rinsed 
in ddH2O, placed onto a shaker in 1X renaturation 
buffer (Bio-Rad, Hercules, CA, United States) for 40 
min, and then placed in 1X development buffer (Bio-
Rad Hercules, CA, United States). With change of the 
buffer once at 20 min, the gels were next incubated at 
37 ℃ for 20 h and stained with Coomassie Blue (Bio-
Rad, Hercules, CA, United States) for 40 min before 
being destained in water for 1 h and scanned with a 
LI-COR C-DiGit™ Blot Scanner.

RESULTS
General observations
Despite the severity of the acute intestinal inflammation 
of the TNBS-treated rats, the mortality was negligible: 
only 2 rats died throughout the 120-d experimental 
period. By 1 d following the TNBS treatment, all the 
animals had developed symptoms such as weakness, 
weight loss and bloody diarrhoea. However, by 7 or 8 

earlier[25]. Briefly, ultrathin sections from each block 
were sequentially incubated with anti-caspase 9 
(Sigma-Aldrich, St. Louis, MO, United States; final 
dilution 1:50) primary antibodies overnight, followed 
by protein A-gold-conjugated anti-rabbit (18 nm gold 
particles, Jackson ImmunoResearch, West Grove, 
PA, United States; final dilution 1:20) secondary 
antibodies for 3 h, with extensive washing between. 
Sections were counterstained with uranyl acetate and 
lead citrate, and then examined and photographed 
with a Philips CM10 electronmicroscope equipped 
with a MEGAVIEW II camera. The numbers of gold 
particles were counted on digital photographs at 
a magnification of × 25000 in 10 SMCs and at a 
magnification of × 34000 in 5 myenteric ganglia (MGs) 
per colonic segment in each experimental groups with 
the AnalySIS 3.2 program.

Statistical analysis
Statistical analysis of the histological results was per
formed by using one-way ANOVA and the Newman-
Keuls test with GraphPad Prism 4.0 (GraphPad 
Software, La Jolla, CA, United States), and a probability 
P < 0.05 was set as the level of significance. The results 
were expressed as mean ± SE. The statistical methods 
of the study were reviewed by Mária Bagyánszki from 
University of Szeged.

Quantitative real-time polymerase chain reaction
Tissue samples were homogenized in AccuZol (Bioneer, 
Daejeon, South Korea) directly before qRT PCR. 
Total RNA was prepared from tissue homogenates as 
suggested by the manufacturer (Bioneer, Daejeon, 
Korea). The reverse transcription was achieved by 
using a High Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, United States) 
as described earlier[24]. qRT PCR was performed in 
an Exicycler 96 (Bioneer, Daejeon, Korea) in a total 
volume of 20 µL containing 10 µL of FastStart SYBR 
Green PCR Master Mix, 1 µL of specific primer (0.5 
pmol/µL) and 50 ng of cDNA template. The PCR 
program began with a 15-min initial step at 95 ℃, 
followed by 45 cycles of 15 s at 95 ℃ for denaturation, 
45 s at 60 ℃ for annealing and 25 s at 72 ℃ for 
extension. The sequences of primers were derived 
from NCBI RefSeq Database entry NM_031131.1 for 
TGF-beta 2 (forward: 5’ agtgggcagcttttgctc 3’ and 
reverse: 5’ gtagaaagtgggcgggatg 3’), NM_013174.2 
for TGF-beta 3 (forward: 5’ gaagagggccctggacac 3’ 
and reverse: 5’ gcgcacacagcagttctc 3’), NM_031055.1 
for MMP9 (forward: 5’cctctgcatgaagacgacataa 3’ and 
reverse: 5’ ggtcaggtttagagccacga 3’) and NM_053819.1 
for TIMP1 (forward: 5’ cagcaaaaggccttcgtaa 
3’ and reverse: 5’ tggctgaacagggaaacact 3’). 
Hypoxanthine guanine phosphoribosyltransferase 
(HPRT) (NBCI RefSeq Database entry: NM_012583.2; 
forward: 5’ gaccggttctgtcatgtcg 3’ and reverse 5’ 
acctggttcatcatcactaatcac 3’) was used as a housekeeping 
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d after TNBS administrations, all the visible symptoms 
accompanied by acute inflammation had resolved. By 
day 60 following TNBS treatments, all the rats that had 
previously been exposed to acute colitis had regained 
their initial body weight and strictures had appeared in 
each TNBS-treated group. We, therefore, investigated 
the structural and molecular characteristics of the 
strictured gut wall from this timepoint on. Whereas the 
numbers and sizes of the strictures increased in time 
and with the number of TNBS treatments, they always 
developed within the previously inflamed colonic 
areas (Figure 1) and, once they had appeared, their 
structure and molecular characteristics did not differ. 
To avoid repetitions therefore, representative results 
will be presented here, obtained after the processing 
of tissue samples collected exclusively after the third 
TNBS administration.

Light microscopy
Representative images of toluidine blue-stained 
semithin sections of colon where the thickness of the 
ME was measured are shown in Figure 2. Such colonic 
sections were collected for measurements on days 90 
and 120 following TNBS administrations and also from 
age-matched controls. The strictured colonic regions 
displayed normal mucosal architecture and clearly 
defined, yet thickened muscle layers (not shown). 
Morphometric analyses revealed the approximately 
2-fold thickening of the LMM and layers of the ME in 
the strictured region relative to the control samples on 
90 d. While further significant thickening of the ME was 
measured beyond day 90 after TNBS administrations, 
the thickness of the LMM at later than 90 d was similar 
to that in the controls (Figure 2).

Transmission electronmicroscopy
Transmission electronmicroscopic examination of 
the colonic epithelium in the strictured region on 
days 90 and 120 after TNBS administrations showed 
that the apical surface of the enterocytes with intact 
brush-border and closed TJs was similar to that in 
the controls (Figure 3). The width of the TJs between 
adjacent enterocytes was evaluated morphometrically 
and was always found to be less than 3 nm (data 
not shown). However, autophagosome-like double-
membrane vesicles of different sizes were frequently 
seen within the enterocytes (Figure 3).

Because of the excess accumulation of ECM 
elements in the strictured colonic regions, the SMCs 

had moved away from each other significantly by day 
90 after TNBS administrations, and by 120 d there 
was more than 2-fold increase in the distance between 
adjacent SMCs as compared with the controls (Figure 
4). Because of the ECM deposition, the SMCs also 
moved away from the MGs (Figure 4). By day 120 
post-TNBS treatments, swollen and empty confluent 
vacuoles and autophagosomes were frequently seen in 
the SMCs and also in their close environment, together 
with different cell organelles in the strictured colonic 
areas (Figure 4). The vast majority of the axons 
appeared normal, but necrotic axons were seen rarely 
in the MGs (Figure 4). Quantitative post-embedding 
immunohistochemistry in the strictured areas revealed 
a progressive increase in the number of gold particles 
indicating caspase 9 antigen in the SMCs and MGs 
relative to the control samples (Figure 5). The caspase 
9-labelling gold particles in the MGs were mainly 
associated with the mitochondria (Figure 5), the 
ultrastructure of which was well preserved even 120 d 
after TNBS treatments.

Quantitative changes in TGF-beta, MMP9 and TIMP1 
mRNA and protein expression
On day 90, the TGF-beta 2 mRNA was up-regulated, 
while the TGF-beta 3 mRNA was down-regulated in 
the strictured gut wall and also in the colonic segments 
adjacent proximally and distally to the strictures as 
compared with the controls. The TGF-beta 2 mRNA 
expression progressively increased, while the TGF-beta 
3 mRNA expression further decreased by day 120 in 
all three segments (Figure 6A).

A marked overexpression of MMP9 mRNA was de
tected in all the colonic segments examined on days 
90 and 120 after TNBS treatments (Figure 6B). At 
the same timepoints, the TIMP1 mRNA expression 
was up-regulated in the colonic segments adjacent 
proximally and distally to the strictures, but was down-
regulated in the strictures themselves (Figure 6B). 
MMP9 and TIMP1 expression was also evaluated at 
the protein levels. Although a high amount of MMP9 
protein was demonstrated in the tissue samples from 
the control rats, the progressive increase in the amount 
of MMP9 protein in the strictures was obvious between 
days 90 and 120 (Figure 6C). Gelatine zymography 
demonstrated that an active form of MMP9 protein 
rather than pro-MMP was expressed (Figure 6C). While 
the amount of TIMP1 protein also decreased acutely 
between days 90 and 120 in the control samples, it was 

Figure 1  Representative micrographs from the distal colon of rats with chronic colitis 90 d after the first (A), second (B) or third (C) treatment with 
2,4,6-trinitrobenzenesulfonic acid. The frequency and size of the strictures (arrows) increased in the time and with the number of 2,4,6-trinitrobenzenesulfonic acid 
(TNBS) administrations.
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practically undetectable in the strictures (Figure 6C).

DISCUSSION
We recently reported on a rat model in which all
eviated inflammatory damage in association with the 
persistent up-regulation of HO-1 were salient features 
in the acute phase of intestinal inflammation induced 
by repeated TNBS administrations[24]. The same 
model was used in the present work to investigate 
the structural and molecular events leading to the 
formation of a strictured gut wall. Concerning the long-
term consequences of the acute inflammation in this 
model, all the visible symptoms had resolved by day 
60 after TNBS administration, the body weight of the 

treated rats was similar to that of the age-matched 
controls, and intestinal strictures developed in all 
of the rats that had previously displayed intestinal 
inflammation. These findings accord well with the 
clinical observations that mucosal healing and clinical 
remission alone cannot be treatment endpoints in CD, 
because this does not prevent later stricturing[27,28]. 
The increases in size and frequency of the strictures 
observed here after 60 d provide experimental evidence 
in favour of the view that strictures, once present, 
gradually progress and, once fibrosis develops, it cannot 
be reversed[29].

Aligned thickening of all the muscle layers in the 
strictured gut wall until up to day 90 after TNBS 
administrations was characteristic. Whereas the thic

Figure 2  Thickness of the smooth muscle layers in the colon of control animals and in rats treated three times with 2,4,6-trinitrobenzenesulfonic acid. 
A: Representative light micrographs of a toluidine blue-stained semithin section from the colon of a control rat; B: TNBS-treated rat on day 120 of the experimental 
period. Bar: 25 µm. Significant thickening of the LMM (C), CM (D) and LM (E) was demonstrated in the strictured gut wall of the TNBS-treated rats (S) relative to 
the controls (C) on day 90. Whereas a further significant thickening was measured in the CM and LM on day 120, the thickness of the LMM was similar to that in the 
controls at this timepoint. Data are expressed as mean ± SE. bP < 0.001 TNBS-treated groups vs age-matched controls; dP < 0.001 2,4,6-trinitrobenzenesulfonic acid 
(TNBS)-treated group on day 90 vs TNBS-treated group on day 120. LMM: Lamina muscularis mucosae; CM: Circular muscle layer; LM: Longitudinal muscle layer; 
MG: Myenteric ganglion.
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kening of the ME progressed further and became 
a decisive element of the strictured gut wall, the 
thickness of the LMM did not change after day 90, and 
did not differ from that in the controls by the end of the 
experimental period. Since the LMM is most involved 
in maintaining the mucosal integrity[30], we suppose 
that the earlier cessation of excess ECM deposition in 
the LMM is a consequence of the differential regulation 
of inflammation-related events here through cytokines 
derived from the epithelium[31,32].

At 90 and 120 d following TNBS administrations, 
transmission electronmicroscopy showed that the 
structures of the epithelium necessary to maintain the 
barrier functions were intact. However, the frequent 
presence of double-membrane autophagosomes 
indicated high levels of intracellular stressors in 
the previously affected epithelium. It has been 
well documented that induction of autophagy is a 
determining factor for the maintenance of cellular 
homeostasis in chronic colitis[33,34]. The importance of 
autophagy in the pathogenesis of chronic intestinal 
inflammation has also been demonstrated by genome-
wide association studies which indentified a link 
between the genes involved in autophagy regulation 
and IBDs[35,36].

While the rapid and widespread loss of myenteric 
neurons was a characteristic feature of the onset of 

acute inflammation[24], the precise timing of the cellular 
events in the chronic phase leading to the intestinal 
stricturing here showed that the SMCs in the ME were 
affected first in these processes. Since the excess 
deposition of ECM in the ME was sustained throughout 
the experimental period, the SMCs progressively 
moved away from each other and also from the 
MGs, leading eventually to deficient innervation and 
severe cellular damage. After day 60 following TNBS 
treatments, the appearance of autophagosomes, 
the leakage of cellular contents and the increasing 
number of gold particles labelling caspase 9 expression 
indicated that all three types of cell death mechanisms 
had already progressed in the SMCs by day 90 when 
necrotic axons were only rarely seen in the MGs. As 
the pathological environment became more extensive 
with time, by day 120 after TNBS administration locally 
severe neuronal injury also occurred in the strictured 
tissue as a significant sign of chronic inflammation, 
similarly as described in other models[23,37]. As regards 
the timing of the events, we presume suppose that the 
neuronal injury is a consequence and not the cause of 
the stricturing processes.

Evidence from both animal models[38,39] and human 
studies[18,40,41] has suggested that the up-regulation 
of TGF-beta 2 and of MMP9 may be considered 
to be biomarkers in the post-inflammatory tissue 

A B

C D

Figure 3  Representative electron micrographs of two neighbouring enterocytes from the colon of control animals (A, C) and in rats treated three times 
with 2,4,6-trinitrobenzenesulfonic acid. On days 90 (B) and 120 (D) following the third 2,4,6-trinitrobenzenesulfonic acid (TNBS) administration, both the microvillar 
surface and the width of the apical intercellular tight junctions (arrows) of the enterocytes in the strictured regions were similar to those in the age-matched controls (A 
on day 90 and C on day 120). However, autophagosomes (asterisks) and lysosomes (arrowheads) were commonly observed within the epithelial cells of the strictured 
gut wall. Bars: 200 nm.

*
*

*

*

*

* *

Talapka P et al . Stricture formation in Crohn’s disease



5161 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

remodelling leading to stricturing in CD. The mRNA 
expression profile of the TGF-beta isoforms, the up-
regulation of TGF-beta 2 and the down-regulation of 
TGF beta 3 in the colonic segments examined in our 
model accorded well with the distinctive expressional 
profile of the secreted TGF-beta isoforms in human CD 
primary intestinal myofibroblasts[41]. The spreading of 
this characteristic expression pattern both proximally 
and distally to the strictures indicated the bidirectional 
diffusion of the disease along the colon in our model. 
We also detected progressive up-regulation of MMP9 
mRNA in all three colonic segments, suggesting again 
the proximally and distally directed diffusion of the 
pathological environment. However, the MMP9 up-
regulation in the strictured gut wall was coupled with 
the down-regulation of TIMP1, and an increased 
amount of active MMP9, but no TIMP1 protein was 
detected here, indicating a stricture-specific off-
balance in the production of proteases and their 
inhibitors. This expression pattern is very reminiscent 

of that which develops in the fistulae in approximately 
one-third of patients with CD[42]. The apparent 
differences in expression profiles between our study 
and the literature data in tissue samples prepared 
from the control guts could be explained by the 
different methodological approaches. The novelty of 
our studies was that we prepared tissue homogenates 
for molecular studies not from the mucosa overlying 
the strictures, but exclusively from the ME, where the 
background events of the chronic inflammation leading 
to stricture formation actually occurred.

In conclusion, The structural and molecular events 
leading to stricturing as a long-term consequence of 
acute intestinal inflammation that were demonstrated 
earlier in animal models and in human studies also 
characterized the stricture formation induced in our rat 
model by repeated TNBS administrations. Since the 
exact timing of the stricturing processes was possible 
in this model, we reached the conclusion that, in 
contrast with the general view, the ME, and not the 

Figure 4  Ultrastructural alterations within the colon of control animals and in rats treated three times with 2,4,6-trinitrobenzenesulfonic acid. Excess depo
sition of extracellular matrix (ECM) was observed within the smooth muscle layers in the ultrathin sections derived from the strictured region (A); Electronmicroscopic 
morphometry revealed that the distance between adjacent smooth muscle cells (SMCs) was significant larger in the strictured gut wall of the 2,4,6-trinitrobenzenesulfonic 
acid (TNBS)-treated rats (S) as compared with the gut wall of the control rats (C) on day 90 (B); A further significant increase in the mean separation distance of the SMCs 
was recorded on day 120 post-TNBS treatment (B). Data are expressed as mean ± SE. bP < 0.01, dP < 0.001 TNBS-treated groups vs age-matched controls; fP < 0.001 
TNBS-treated group on the day 90 vs TNBS-treated group on day 120. Representative electron micrograph of the strictured colonic area 120 d after the third TNBS 
administration (C). Because of ECM accumulation, the SMCs also moved away from the myenteric ganglia (MGs). Swollen and empty confluent vacuoles of different sizes 
(arrows) were frequently seen in the SMCs and also in their close environment. Rupture of the plasma membrane and subsequent leakage of the cell organelles into the 
microenvironment, e.g., the mitochondria (M) and autophagosomes (hollow arrow), were frequently seen in the intercellular spaces (insert). However, the vast majority of 
the axons appeared normal; necrotic axons were rarely seen in the MGs (asterisks). N: Nucleus. Bars: 1 µm and 200 nm (insert).
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Background 
Intestinal strictures are characteristic complications of Crohn’s disease (CD) 
affecting more than one third of all patients. Its can lead to partial or total 
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epithelial barrier or the MGs, was the primary target 
of the events leading to stricture formation. Moreover, 
this TNBS-induced rat model has provided the first 
experimental demonstration of the molecular diffusion 
of the disease both proximally and distally along the 
gut wall. The off-balance in MMP9/TIMP1 expression 
profile found strictly within the border of the strictures 
may well allow use of this model to investigate the 
molecular mechanisms leading to fistulated CD.
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Figure 5  Post-embedding immunogold labelling for caspase 9 in the 
smooth muscle cells and myenteric ganglia in the colon of control 
animals and in rats treated three times with 2,4,6-trinitrobenzenesulfonic 
acid. Representative electron micrograph of a myenteric ganglion (MG) from 
the strictured gut wall (S) 120 d after the third 2,4,6-trinitrobenzenesulfonic 
acid (TNBS) administration (A). The 18 nm gold particles labelling caspase 9 
immunoreactivity (arrows) were mainly associated with mitochondria (M). Bar: 
200 nm. The number of gold particles in the S was increased significantly in 
the smooth muscle cells on day 90 (B) and also in the MGs on day 120 (C) as 
compared with the gut wall in the control rats (C). Data are expressed as mean 
± SE. bP < 0.01, dP < 0.001 TNBS-treated groups vs age-matched controls; fP < 
0.01 TNBS-treated group on the day 90 vs TNBS-treated group on day 120.

Figure 6  Relative mRNA and protein expression of transforming growth 
factor-beta 2 and 3, matrix metalloproteinase 9 and tissue inhibitor of 
metalloproteinases 1 in the colon of control animals and in rats treated 
three times with 2,4,6-trinitrobenzenesulfonic acid. TGF-beta 2 was up-
regulated in the strictured region (S) and also in the adjacent proximal (P) and 
distal (D) segments of the colon as compared with the controls (C) on day 90 
and day 120 (A). TGF-beta 3 gene repression was detected both 90 and 120 
d after the third TNBS treatment in each colonic segment (A). The marked 
overexpression of MMP9 mRNA was confirmed in each colonic segment in the 
chronic phase of the inflammation (B). TIMP1 mRNA expression was detected 
in the P and D colon segments at both timepoints examined, but in the S the 
gene was down-regulated (B). Data are expressed as mean ± SD. 90 d after 
the third TNBS treatment, a decreased MMP9 protein level was detected in 
the S relative to the C (C, upper). Nevertheless, on day 120 the MMP9 protein 
expression was similar to that in the C. The activity of MMP9 was determined 
by gelatine zymography (C, lower). An active form of the MMP9 protein rather 
than pro-MMP9 was expressed in the C and S segments at both timepoints 
examined. Well-detectable amounts of TIMP1 protein were revealed only in the 
control samples from day 90 (C, right side).
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intestinal obstruction with potentially life-threatening consequences. Although 
the treatment of the chronic complications of CD is a serious medical problem, 
the pathogenesis, factors, and cell types involved in stricture formation are 
largely unknown. 

Research frontiers
Despite of the huge amount of animal models and human studies, the structural 
and molecular events leading to stricturing as a long-term consequence 
of acute intestinal inflammation are still not clear until today. Besides, the 
ultrastructure of the intestinal strictures is still unknown.

Innovations and breakthroughs
This TNBS-induced rat model has provided the first experimental demonstration 
of that, in contrast with the general view, the muscularis externa, and not the 
epithelial barrier or the myenteric ganglia, was the primary target of the events 
leading to stricture formation.

Applications 
The authors hypothesize form the results derived our rat model with chronic 
colitis and very low mortality that the experimentally provoked recurrent 
relapsing inflammations characteristic to CD can provoke the recrudescence 
of the strictures post-surgically despite of the complete mucosal healing and 
restoring myenteric neuronal injury.

Terminology 
The authors described earlier that experimentally provoked repetitive relapsing 
inflammations develop preconditioning effect by speeding up mucosal healing 
and restoring myenteric neuronal injury.

Peer-review
This is a well-written manuscript with carefully designed and described 
experiments. The observations are interesting and certainly add to our 
knowledge in the inflammation-induced fibrosis in the large intestine.
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Abstract
AIM: To determine whether high-protein, high-fat, and 
low-carbohydrate diets can cause lesions in rat livers.

METHODS: We randomly divided 20 female Wistar 
rats into a control diet group and an experimental 
diet group. Animals in the control group received an 
AIN-93M diet, and animals in the experimental group 
received an Atkins-based diet (59.46% protein, 31.77% 
fat, and 8.77% carbohydrate). After 8 wk, the rats were 
anesthetized and exsanguinated for transaminases 
analysis, and their livers were removed for flow 
cytometry, immunohistochemistry, and light microscopy 
studies. We expressed the data as mean ± standard 
deviation (sd) assuming unpaired and parametric data; 
we analyzed differences using the Student’s t -test. 
Statistical significance was set at P  < 0.05.
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RESULTS: We found that plasma alanine amino
transferase and aspartate aminotransferase levels 
were significantly higher in the experimental group 
than in the control group. According to flow cytometry, 
the percentages of nonviable cells were 11.67% ± 
1.12% for early apoptosis, 12.07% ± 1.11% for late 
apoptosis, and 7.11% ± 0.44% for non-apoptotic death 
in the experimental diet group and 3.73% ± 0.50% 
for early apoptosis, 5.67% ± 0.72% for late apoptosis, 
and 3.82% ± 0.28% for non-apoptotic death in the 
control diet group. The mean percentage of early 
apoptosis was higher in the experimental diet group 
than in the control diet group. Immunohistochemistry 
for autophagy was negative in both groups. Sinusoidal 
dilation around the central vein and small hepatocytes 
was only observed in the experimental diet group, 
and fibrosis was not identified by hematoxylin-eosin or 
Trichrome Masson staining in either group.

CONCLUSION: Eight weeks of an experimental diet 
resulted in cellular and histopathological lesions in rat 
livers. Apoptosis was our principal finding; elevated 
plasma transaminases demonstrate hepatic lesions. 

Key words: Apoptosis; Liver injury; High-protein diet; 
High-fat diet; Low-carbohydrate diet

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Obesity is a serious and growing health 
problem. A high-protein, high-fat, and low-carbohydrate 
diet known as the Atkins diet has been adopted 
since the 1970s. Many people adhere to this diet in 
an attempt to lose weight, and it has recently been 
introduced for children with difficult-to-control seizures 
and elderly suffering from Alzheimer’s and Parkinson’
s diseases. The benefits and effects of the Atkins 
diet remain unclear, especially in hepatic metabolism. 
Since the primary metabolic reactions involving 
macronutrients occur in the liver, it is essential to 
understand the potential hepatic lesions that can result 
from dietary modifications.

Monteiro MEL, Xavier AR, Oliveira FL, Filho PJS, Azeredo 
VB. Apoptosis induced by a low-carbohydrate and high-protein 
diet in rat livers. World J Gastroenterol 2016; 22(22): 5165-5172  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i22/5165.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i22.5165

INTRODUCTION
The prevalence of obesity is increasing worldwide 
among adults, youth, and children; this serious health 
problem requires widespread public mobilization in the 
search for solutions. Extremely high numbers of people 
adhere to special diets in an attempt to lose weight[1]. 
A high-protein, high-fat, and low-carbohydrate diet 

was announced by the American cardiologist Robert 
C. Atkins in the mid-1970s as the best and healthiest 
way to become slim[2]. This so-called “Atkins diet” or 
“protein diet” has continued to be viewed as “a matter 
of love or hate”[3]. This diet was recently introduced for 
children with difficult-to-control seizures and elderly 
with Alzheimer’s and Parkinson’s diseases[4]. Despite 
numerous medical publications related to the Atkins 
diet, the results from a majority of such studies are 
inconclusive and have failed to demonstrate benefits 
and effects, especially in hepatic metabolism[5].

Several studies have reported associations between 
a high-protein diet and alterations in the liver[6], 
intestinal mucosa[7], kidneys[8,9], pancreas[10], adipose 
tissue[11], and bones[9,12]. Since the primary metabolic 
reactions involving macronutrients occur in the liver, it 
is essential to understand the potential hepatic lesions 
that may result from dietary modifications. It has been 
shown that high-fat or low-carbohydrate diets can 
cause hepatic steatosis related to excessive demand 
for fatty acids from diet and from adipose tissues as 
a consequence of gluconeogenesis[5]. In a recently 
published study, a high-protein diet (independent of 
the amount and type of fat or carbohydrate) was found 
not to lead to steatosis and may actually reverse it[13].

Hepatic cells are important targets for lesions in the 
presence of excessive dietary components since they 
are absorbed through the intestinal mucosa and quickly 
reach the liver through the portal vein[6]. Among 
macronutrients, carbohydrates and fat are largely 
responsible for the observed alterations since they 
promote changes in gene transcription and glycolytic 
and lipogenic enzymes [sterol responsive binding 
protein 1/2 (SREBP) and the mammalian target of 
rapamycin - mTOR), insulin, and adipokines][14].

Hepatocytes respond to injuries via various mecha
nisms, of which the most important are autophagy, 
apoptosis, and non-apoptotic death[15]. Autophagy may 
be considered to be an adaptive process associated 
with different types of liver injury, such as nutrient 
deprivation, insufficient growth factor, hypoxia, and the 
accumulation of fat in hepatocytes. Autophagy can be 
reversed if conditions improve. The cell digests its own 
components for use as an energy substrate; and when 
these components are insufficient to maintain cell 
homeostasis, either apoptosis or non-apoptotic death 
occurs[16,17]. Apoptosis, a cellular suicide program, is a 
natural process that is necessary to remove damaged, 
senescent, or mutagenic cells that have completed 
their mission. However, this process may lead to the 
development of various liver diseases. It is responsible 
for the development of nonalcoholic fatty liver disease 
(NAFLD) and nonalcoholic steatohepatitis (NASH) 
when the capacity of hepatocytes to store free fatty 
acids from the diet is exceeded[18]. Apoptosis is an 
active process that requires energy; when energy 
is insufficient, the process decelerates and non-
apoptotic death begins. Non-apoptotic death differs 
from apoptosis in many ways since it sparks an 
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inflammatory response that can aggravate the initial 
lesion[15,18].

Additional histopathological studies of livers of 
animals fed a low-carbohydrate and high-protein 
diet are required since the results to date have been 
conflicting[19,20].

Here, we hypothesized that a high-protein (59.46%), 
high-fat (31.77%), and very low-carbohydrate (8.77%) 
diet can cause hepatocyte lesions, as identified by 
flow cytometry and immunohistochemistry (IHC). We 
aimed to correlate the cytometry findings with light 
microscopy alterations and plasma transaminase 
levels.

MATERIALS AND METHODS
Animals
The experimental study was performed from March-
May 2015 in the Experimental Nutrition Laboratory of 
the Nutrition College, Fluminense Federal University, 
Niterói, RJ, Brazil. The animal protocol minimized pain 
and discomfort to the rats. The experiment used 20 
female Wistar rats (Rattus norvegicus) ranging in age 
from 11-13 wk. The animals weighed 211-249 g and 
were reared at the Laboratory Animal Facility of the 
Oswaldo Cruz Foundation, Ministry of Health, Rio de 
Janeiro, Brazil. The animals were kept in group cages 
with four animals each, for adaptation, over the course 
of 5 d, receiving water and laboratory diet ad libitum. 
After this period, the rats were separated randomly 
into two groups of 10 animals each [the control diet 
group (CDG) and the experimental diet group (EDG)] 
and individually housed in polypropylene cages with 
controlled temperature (24 ± 2 ℃) and humidity (60% 
± 10%) and an alternating light-dark cycle consisting 
of 12 h of lightness and darkness.

Diets
The CDG diet consisting of the AIN 93M diet[21] was 
formulated for the maintenance of adult rats by the 
American Institute of Nutrition in 1993; we based the 
elaborated EDG diet on the Atkins diet. Both groups 
received water and an ad libitum diet for 8 wk. The 
diets were prepared by Pragsoluções Biociências 
Comércio e Serviços, LTD, Jaú, São Paulo, Brazil. 
The control diet had the following composition: 
carbohydrate (76.98%), protein (13.56%), and 
fat (9.46%). The experimental diet was composed 
of carbohydrate (8.77%), protein (59.46%), and 
fat (31.77%). The amount of vitamins, minerals, 
L-cysteine, choline, and fiber were the same in the two 
groups, and tert-butylhydroquinone was calculated 
as 0.002 mg per gram of fat, all based on AIN 93M 
determinations (Tables 1 and 2).

Experimental procedures and sample collection
On the morning of the day of sacrifice, all of the 
animals underwent vaginal smears to determine their 
estrous cycle phase. Animals in estrus were separated 

and given no more access to food. After 8 h of fasting, 
the animals were anesthetized via an intraperitoneal 
injection of a solution containing 11.50 mg/100 g 
body mass of ketamine and 0.10 mg/100 g body 
mass of xylazine and were exsanguinated by cardiac 
puncture[22]. They were then sacrificed one at a time, 
alternating between the experimental and control 
group. The blood was placed in a heparinized tube and 
centrifuged for 20 min at 314 rad/s, and the plasma 
was separated and stored at -80 ℃ until analysis. The 
liver was removed after withdrawing the blood, and six 
liver fragments measuring 1 cm3 each were washed 
gently with NaCl 0.9%, submerged in a recipient with 
the same solution and stored in the freezer at -4 ℃ for 
2 h prior to performing flow cytometry.

Analytical methods
We measured plasma aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) levels using 

5167 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

Table 1  Composition of control diet (AIN-93M)

Ingredients g/100 g CH (g) PTN (g) LIP (g) FI (g)

Cornstarch    46.5   39.52
L-cysteine        0.18   0.18
Choline bitartrate        0.25   0.25
Mineral mix        3.50     0.77
Vitamin mix   1     0.97
Tert-butylhydroquinone          0.008
Fiber   5 5
Soybean oil   4   4
Casein (> 85% Protein) 14 11.06
Sucrose 10   10.00
Dextrinized cornstarch    15.5   13.95
Kcal (%)   338.8 260.84 45.96 32
Macronutrients (%) 100   76.98 13.56        9.46  

The control diet group was fed this diet for 8 wk, elaborated by the 
American Institute of Nutrition in 1993 for laboratory rodents, with 
adequate percentages of macronutrient carbohydrate (CH), protein (PTN) 
and Lipids (LIP), vitamins, minerals and fiber (FI). 

Table 2  Composition of experimental diet (based on the 
Atkins diet)

Ingredient (g/100 g) CH (g) PTN (g) LIP (g) FI(g)

Agar    2 2
L-cysteine         0.18 0.18
Choline bitartrate         0.25 0.25
Mineral mix        3.5      0.77
Vitamin mix     1      0.97
Tert-butylhydroquinone            0.028
Fiber     5 5
Sucrose     6 6
Casein(> 85% protein)   20 16
Powdered chicken breast   60 36   12
Soybean oil     2     2
Kcal (%)      352.68 30.96 209.72 112
macronutrients (%) 100   8.77   59.46    31.77  

The experimental diet group was fed this diet for 8 wk, elaborated by the 
authors based on the Atkins diet. The percentage of macronutrients was 2:1 
carbohydrate (CH) + protein (PTN)/lipids (LIP) with fiber (FI). The others 
ingredients had the same amount as recommended for the AIN-93M.
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was used for flow cytometry. The statistical analyses 
were reviewed by a biomedical statistician. The IHC 
and optical microscopy were based on observational 
evaluation by an expert. 

RESULTS
Plasma transaminases
Plasma ALT and AST levels were significantly higher in 
the EDG than in the CDG. The mean ALT in the EDG 
was 61.70 ± 4.16 U/L compared with 28.10 ± 4.06 
U/L in the CDG (P < 0.0001). AST in the EDG was 
238.30 ± 15.85 U/L and 179.20 ± 13.86 U/L in the 
CDG (P = 0.0117).

Flow cytometry
Flow cytometry revealed a significantly higher percentage 
of nonviable cells in the EDG compared with the CDG 
(30.85% ± 2.20% and 13.22% ± 1.43%, respectively; 
P < 0.0001).

In the EDG, the percentages of nonviable cells 
were 11.67% ± 1.12% for early apoptosis, 12.07% 
± 1.11% for late apoptosis, and 7.11% ± 0.44% for 
non-apoptotic death. In the CDG, the comparable 
values were 3.73% ± 0.50% for early apoptosis, 5.67% 
± 0.72% for late apoptosis, and 3.82% ± 0.28% for 
non-apoptotic death (Figure 1).

When comparing the nonviable cells in the two 
groups, only the mean percentage of early apoptosis 
was statistically significant (Table 3).

Considering only non-apoptotic death and total 
apoptosis (early + late), the EDG demonstrated 
23.99% ± 2.12% non-apoptotic death and 76.01% 
± 2.12% total apoptosis (P < 0.0001); the CDG 
exhibited 29.20% ± 1.29% non-apoptotic death and 
70.80% ± 1.29% total apoptosis (P < 0.0001). 

Immunohistochemistry
IHC was negative for autophagy in both groups.

automatic analysis (Vitalab Selectra E, Vital Scientific, 
Spankaren, Netherlands) with commercial kits from 
BioSystems Reagents and Instruments (Barcelona, 
Spain) located in the Multidisciplinary Research 
Support Laboratory (LAMAP), School of Medicine, 
UFF, Niterói, RJ, Brazil. The flow cytometry used the 
following fluorescein isothiocyanate (FITC) Annexin V 
Apoptosis Detection Kit I components: 10X Annexin 
V Binding Buffer; FITC Annexin V; propidium iodide 
solution from BD Pharmingen (San Diego, CA, United 
States). The flow cytometer was the FACF-Calibur 
BD model. The liver fragments were fixed in Bouin’s  
solution, processed in graded alcohols and xylene, 
embedded in paraffin blocks, stained for optical 
microscopy [hematoxylin-eosin (HE) and Trichrome 
Masson (TM) stains], and prepared for IHC. Alexa fluor 
647 rat anti-mouse blimp-1 from BD Pharmingen was 
used for identifying autophagy by IHC. We performed 
flow cytometry and IHC in the Biomedical Science 
Institute of the Federal University of Rio de Janeiro, Rio 
de Janeiro, RJ, Brazil. We relied on a Zeiss (Oberkochen, 
Germany) Axioscop 20 microscope and Canon (Tokyo, 
Japan) G10 camera JPG with 14.7 megapixels at the 
Pathology Department of the School of Medicine, UFF, 
Niterói, RJ, Brazil for the optical microscopy.

Statistical analysis
The results of this study are presented using descriptive 
statistics, such as arithmetic mean and standard 
deviation. The two-tailed unpaired Student’ t test was 
used to compare means between the two groups. It 
was considered that 95% confidence interval contains 
the true difference between the means (P < 0.05). An 
F test was performed to prove that the data came from 
two groups that have identical standard deviations 
(and thus identical variances). The computer program 
used was Graphpad-Prism version 6.0e (La Jolla, CA, 
United States) for Mac OS X, 2015, and WinMDI 2.9 
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Figure 1  Flow cytometry in hepatocytes from the experimental diet group and control diet group at 8 wk. Annexin-V was used to identify late apoptosis and 
non-apoptotic death and propidium iodide for early apoptosis. A-% early apoptosis; B-% non-apoptotic death; C-% late apoptosis; D-% viable cells. EDG: Experimental 
diet group; CDG: Control diet group. 
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Optical microscopy
Upon examining the livers of the rats in the EDG, 
the pathologist identified marked sinusoidal dilation 
around the central vein, with smaller perisinusoidal 
hepatocytes compared with rats in the CDG, which 
showed no alteration. The central vein was normal 
in both groups. Five animals in the CDG had isolated 
periportal cytoplasmic microvesicles compared with 
three animals in the EDG. Small and heterogene
ously distributed structures were found in the liver 
of all animals in both groups; these structures likely 
corresponded to deposition of glycogen. In the EDG, 
these structures decreased and even absent in some 
zones. The pathologist observed acute and chronic 
inflammatory periportal cells in both groups, which 
are considered to be normal in rats. Fibrosis was not 
identified by HE or TM in either group (Figure 2). 

DISCUSSION
As expected, we found that a high-protein, high-
fat, and low-carbohydrate diet caused cellular and 
histopathological lesions in the livers of experimental 
rodents. ALT and AST were increased in the EDG 
compared with the CDG. Since these tests are 
considered to be precise liver function tests, our results 
confirmed the presence of liver damage involving 
hepatocyte destruction with plasmatic membrane 
disruption and late-phase apoptosis and non-apoptotic 
death in the EDG[23,24].

In a study by Jean et al[25], a group of animals that 
received a diet consisting of 50% protein exhibited 
high ALT and normal AST compared with controls that 
received a modified AIN-93M diet. The results were 
interpreted as hepatic lesions since ATL is a specific 
liver enzyme located in the hepatocyte cytoplasm; AST 
can also be expressed by muscles and kidneys[23,25]. 
Oarada et al[6] demonstrated that when rats were fed 
increasing amounts of protein (35%, 40%, 45%, and 
50%), ALT and AST increased to the same degree. 
These authors accordingly concluded that protein-
independent of other macronutrients and energy 
consumption-was a risk factor for liver injury. In a 
recent study, Kostogrys et al[26] found no changes 
in plasma transaminase levels with a diet of 50.0% 
protein, 37.7% fat, and 12.3% carbohydrate, although 
the liver was enlarged compared to animals receiving 
the AIN93-M diet. Comparing our results with those 

noted in the literature may be difficult since the 
percentages of macronutrients fed to the rats vary 
from one study to another.

Flow cytometry confirmed the hepatic damage, 
as demonstrated by increased plasma transaminase 
levels; 30.85% of the hepatocytes were nonviable in 
the EDG compared with 13.22% in control animals. 
Nonviable cells in the CDG included 3.73% early 
apoptosis, 5.67% late apoptosis, and 3.82% non-
apoptotic death. These findings in the control group 
can be considered to be physiological since apoptosis 
and non-apoptotic death represent a continuous 
process that is responsible for maintaining the balance 
between proliferation and cellular death. Non-apoptotic 
death is part of the same process since it is the 
ultimate fate of cells that undergo apoptosis[24].

Apoptosis was markedly increased in the EDG, 
with 11.67% early apoptosis, 12.07% late apoptosis, 
and 7.11% non-apoptotic cells exhibiting a non-
physiological state. Any dysregulation of apoptosis 
is deleterious and results in tissue damage[15]. 
Similar results were found by Chiang et al[27] who 
demonstrated that mice receiving an 8-wk diet with 
60% protein exhibited changes in bodyweight, liver 
histology, and expression of apoptosis and fibrosis.

Another important finding of the present study was 
that the percentage of early apoptosis, degeneration of 
mRNA, was significantly higher in the EDG (37.34%) 
compared with that in the CDG (28.43%) (P < 0.0001), 
indicating that apoptosis was progressing in the 
liver[18]. This finding might be evidence that the rats 
did not adapt to the experimental diet over the 8 wk of 
the study.

IHC was negative for autophagy in both groups. 
Autophagy was likely not found in this study because 
the percentage of nonviable cells increased (i.e., the 
cytoprotective mechanism was probably suppressed), 
and apoptosis continued to be active since early 
apoptosis was higher in the experimental group than in 
the control group. The two pathways are controlled by 
common mechanisms: when autophagy is inhibited, 
apoptosis is induced[16-18]. For comparison, we note 
that Garbow et al[5] fed animals a similar diet and 
found autophagy among others alterations.

A histological examination of the rats’ livers in the 
EDG revealed sinusoidal dilation around the central 
vein with smaller perisinusoidal cells compared to the 
livers of control animals. Similarly Bollo et al[28] found 
small hepatocytes around the central vein in alpine 
chamois during winter and considered this change an 
adaptation to under-nutrition. Bollo et al[28] asserted 
that the central vein region was a metabolic zone 
from which nutrients were distributed to the rest of 
the organ. The hepatocytes atrophied, and the size 
of the core was reduced. This probable adaptation to 
inadequate nutrition could be considered a strategy to 
minimize energy expenditures.

Cytoplasmic microvesicles were observed in 
five rats fed the control diet and three rats fed the 
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Table 3  Nonviable cells in experimental diet group and 
control diet group

 Early apoptosis Late apoptosis Non-apoptoic death

EDG1 37.34% ± 1.30% 38.67% ± 1.73% 24.00% ± 2.12%
CDG1 28.43% ± 1.19% 42.37% ± 1.10% 29.20% ± 1.29%
P-value < 0.0001 0.0882 0.0512

1Each value expressed as mean ± SD (n = 10) significance P < 0.05. EDG: 
Experimental diet group; CDG: Control diet group. 
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experimental diet. The stain method that we used 
was unable to differentiate fat from water. Other 
authors have recovered similar results. Lacroix et al[19], 
in an experimental study with rats fed a high-protein 
diet (50%) versus a normal-protein diet (14%) over 
the course of 6 mo, found no serious histological 
lesions in either group. Rats in the normal-protein 
diet group exhibited more microvesicular hepatic 
steatosis than rats in the high-protein group. Ca
raballo et al[13] showed that rats fed a high-protein 
and high-fat diet did not develop steatosis compared 
with rats fed a high-fat and low-protein diet; they 
concluded that the high-protein diet had an anti-
steatotic effect on rat livers regardless of the amounts 
of others macronutrients that the rats ingested. On 
the other hand, Garbow et al[5] found hepatocellular 
damage, inflammatory response, severe hepatic 
steatosis, apoptosis, and autophagy in mice that 
were fed a ketogenic diet (low-carbohydrate, low-
protein, high-fat) for 12 wk. Only Caraballo et al[13] 
used a stain specific to fat. For energy, high-protein 
diet associated gluconeogenesis improves glucose 
disposal from amino acids and glycogen and reduces 
fat deposition; neo-lipogenesis does not occur[20]. 
York et al[29] showed that a low-carbohydrate diet 
might be an option to treat patients with NAFLD and 
NASH since such a diet improves liver histology and 
reduces fat deposits, insulin resistance, and metabolic 
syndrome. Although the prevalence of NAFLD in rich 

countries is between 20% and 30% and this condition 
is considered to be part of the Metabolic Syndrome, 
which is responsible for high morbidity and mortality, 
many aspects of its pathology and treatment remain 
only partially understood. Apoptosis is considered 
an important point of NAFLD lesion and a common 
mechanism of hepatic injury[15,30].

We found that the amount of glycogen was likely 
lower in the experimental group and that both groups 
exhibited a heterogeneous glycogen distribution. 
Since the animals of each group were sacrificed in 
an alternating fashion, changed in glycogen content 
cannot be due to the duration of fasting. It was not 
possible to be certain that it was glycogen since 
no specific stain (periodic acid-Schiff reagent PAS) 
was conducted. Caraballo et al[13] reported similar 
results in animals fed a high-protein and high-
fat diet. However, with a low-fat and low-protein 
diet, glycogen was not decreased and was instead 
concentrated in the periportal area. With a high-fat 
and low-protein diet, the glycogen was concentrated 
in the pericentral area[28]. In contrast, when Azzout-
Marnich et al[20] compared two diets with 14% and 
50% protein, respectively, glycogen levels were not 
different between the groups, but hey considered 
glyconeogenesis to be the primary pathway of the 
high-protein diet metabolism. Caraballo et al and 
Azzout-Marniche et al[20] also did not use a specific 
stain for glycogen.
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Figure 2  Staining of liver fragments at 8 wk: experimental diet group and control diet group. A: Normal central vein, functional sinusoidal dilation, and small 
hepatocytes in the EDG (HE, original magnification 400 ×); B: Normal central vein, sinusoidal cells, and hepatocytes in the CDG (HE, original magnification 400 ×); C: 
Zones without glycogen in the EDG (HE, original magnification 400 ×); D: Homogeneous distribution of glycogen in the CDG (HE, original magnification 400 ×). EDG: 
Experimental diet group; CDG: Control diet group; HE: Hematoxylin and eosin.
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COMMENTS
Background
The authors did an experimental study comparing two groups of rats, one fed 
an experimental diet based on Atkins' (59.46% protein, 31.77% fat, and 8.77% 
carbohydrate) and the other an AIN-93M diet, so that they could study the effect 
of the experimental diet on hepatic metabolism. The modification of dietary 
components might result in hepatic cell damage since they are important 
targets for lesions when excessive macronutrients are absorbed and go through 
the intestinal mucosa to reach quickly the liver through the portal vein.

Research frontiers
The prevalence of obesity is increasing and may be considered a serious health 
problem. Worldwide, many people adopt various diets to lose weight without 
a particular orientation. The Atkins diet is a low-carbohydrate and high protein 
diet formulated by Dr. Robert Atkins in 1972. More recently, it was introduced 
for children with difficult-to-control seizures and elderly with Alzheimer’s and 
Parkinson’s diseases. Despite these indications, the effect of the diet on hepatic 
metabolism remains unclear.

Innovations and breakthroughs
This study demonstrated a strong association between low-carbohydrate, high-
protein, and high fat diet and hepatic apoptosis, as identified by flow cytometry. 
These changes were correlated with alterations found by optical microscopy 
and may be due to metabolic changes.

Applications
A better understanding of the mechanism underlying hepatic lesions associated 
with this diet in rats and its effects on human metabolism is essential. The 
article emphasizes that the use of this diet should be used with caution for 
children, adults, and elders.

Terminology
alanine aminotransferase) and aspartate aminotransferase are two enzymes 
found mainly in the liver that are considered hepatic markers of liver damage. 
Flow cytometry is a biophysical laser technology that was employed in this cell 
study; it detects cells in early apoptosis, late apoptosis, and nonapoptotic death.

Peer-review
Rats fed a low-carbohydrate, high-protein, and high-fat diet for 8 wk have 
hepatic cellular damage, as demonstrated by flow cytometry.
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 COMMENTS

We found no evidence for inflammation in the 
liver, as expected, since apoptosis (76.01%) was 
the primary mechanism of hepatocyte damage in 
the experimental group, not non-apoptotic death 
(23.99%). Furthermore, literature results have shown 
that apoptosis does not lead to a local inflammatory 
response[18].

Although neither group exhibited evidence of 
fibrosis, apoptosis may be considered not only 
an important mechanism of liver injury but also a 
contributor to liver fibrosis[27,31,32]. It is probable that if 
the rats had received the experimental diet for a longer 
period of time, fibrosis may have eventually appeared.

Additional studies are necessary to determine the 
exact mechanism by which changes in the percentage 
of macronutrients induce apoptosis. The lack of 
suitable nutrients may be considered to be a possible 
hypothesis. Gluconeogenesis, the primary metabolic 
pathway associated with a low-carbohydrate diet, 
leads to an increased production of keto acids and 
fatty acids, but they may not be the better energy 
substrate for hepatic cells[33]. When gluconeogenesis 
occurs, mitochondria exert important functions in 
energy metabolism (i.e., the oxidation of fatty acids 
and oxidative phosphorylation for the production of 
adenosine triphosphate). Dysregulation of this pathway 
results in energy deficiencies and/or the production of 
reactive oxygen species that may be responsible for 
cell damage[34-36].

In conclusion, this study furthers our understanding 
of the hepatic cellular and histological changes caused 
by a high-protein, high-fat, and low-carbohydrate 
diet. The findings revealed that rats fed this diet had 
elevated levels of plasma transaminases and a higher 
percentage of nonviable cells in flow cytometry, 
which is evidence of hepatic lesions. Apoptosis was 
the principal pathway of hepatic injury. The primary 
findings from the optical microscopy-small hepatocytes 
and a decreased amount of glycogen-correlated well 
with changes in flow cytometry and can be attributed 
to modification of essential macronutrients to the liver. 
No inflammation or fibrosis was found in the livers of 
either the experimental or control animals. A better 
understanding of the mechanism of hepatic lesions 
associated with a high-protein, high-fat, and low-
carbohydrate diet requires investigating the metabolic 
effects of diet in the liver.
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Abstract
AIM: To elucidate the molecular mechanisms leading 
to development of functionally impaired dendritic cells 
(DCs) in chronic hepatitis C (CHC) patients infected 
with genotype 3 virus.

METHODS: This prospective study was conducted on 
the cohorts of CHC individuals identified as responders 
or non-responders to antiviral therapy. Myeloid DCs 
were isolated from the peripheral blood of each subject 
using CD1c (BDCA1)+ DC isolation Kit. Monocytes 
from healthy donor were cultured with DC growth 
factors such as IL-4 and GM-CSF either in the presence 
or absence of hepatitis C virus (HCV) viral proteins 
followed by LPS stimulation. Phenotyping was done 
by flowcytometry and gene expression profiling was 
evaluated by real-time PCR.

RESULTS: Non-responders [sustained virological 
response (SVR)-ve] to conventional antiviral therapy 
had significantly higher expression of genes associated 
with interferon responsive element such as IDO1 
and PD-L1  (6-fold) and negative regulators of JAK-
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STAT pathway such as SOCS  (6-fold) as compared to 
responders (SVR+ve) to antiviral therapy. The down-
regulated genes in non-responders included factors 
involved in antigen processing and presentation 
mainly belonging to major histocompatibility complex 
(MHC) Class-Ⅱ family as HLA-DP , HLA-DQ  (2-fold) 
and superoxide dismutase (2-fold). Cells grown in 
the presence of HCV viral proteins had genes down-
regulated for factors involved in innate response, 
interferon signaling, DC maturation and co-stimulatory 
signaling to T-cells, while the genes for cytokine 
signaling and Toll-like receptors (4-fold) were up-
regulated as compared to cells grown in absence of 
viral proteins.

CONCLUSION: Underexpressed MHC class-Ⅱ genes 
and upregulated negative regulators in non-responders 
indicate diminished capacity to present antigen and 
may constitute mechanism of functionally defective 
state of DCs.

Key words: Dendritic cells; Hepatitis C; Non-responders; 
Negative regulators; major histocompatibility complex 
Class-Ⅱ genes

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The study was aimed to understand the 
mechanisms of dendritic cells dysfunction during 
chronic hepatitis C (CHC) infection. The findings 
highlight the association between different immune 
response genes and viral persistence in non-
responders to antiviral therapy. Up regulation of 
negative regulators and down-regulation of molecules 
involved with antigen presentation seems to associate 
with non-responsiveness to antiviral therapy. Some 
novel pathways can be targeted to achieve better 
management of CHC patients.

Tomer S, Chawla YK, Duseja A, Arora SK. Dominating 
expression of negative regulatory factors downmodulates major 
histocompatibility complex Class-Ⅱ expression on dendritic cells 
in chronic hepatitis C infection. World J Gastroenterol 2016; 
22(22): 5173-5182  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i22/5173.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i22.5173

INTRODUCTION
Hepatitis C virus (HCV), a positive sense single 
stranded RNA virus, infecting around 180 million 
people worldwide, is becoming a significant global 
health problem[1,2]. Transmitted through infected blood 
and body fluids, it is responsible for chronic hepatitis, 
which ultimately leads to life threatening liver diseases 
like fibrosis, cirrhosis, steatosis and finally causing 
hepatocellular carcinoma (HCC), thus a need for liver 

transplant[3]. Genotype 3 of HCV being more prevalent 
in South Asia, accounts for more than 50% of all 
the genotypes[4]. Although more patients infected 
with genotype 3 respond successfully to therapy as 
compared to genotype 1, yet approximately 25%-30% 
patients fail to achieve sustained virological response 
(SVR) and are considered as non-responders (NR) to 
antiviral therapy containing IFN-α and ribavirin, offered 
till recently[5,6].

Dendritic cells (DC) are professional Antigen- 
presenting cells (APC) having the unique property 
to induce a primary immune response[7]. Antigen 
uptake, processing and presentation to naïve T-cells 
for activation of the immune system are the main 
functions carried out by DC. There have been studies 
reported from our laboratory which showed that 
DC are numerically, functionally and phenotypically 
dysfunctional in patients infected with CHC[8,9]. 
The study also showed that functionally defective 
monocyte-derived dendritic cells (moDC) from 
CHC patients who did not achieve SVR, failed to 
reconstitute the capacity to mature, indicating that the 
dysfunctional status of DC in CHC patients was directly 
associated with the persistence of the virus.

The expression of many genes is responsible for 
regulation of DC maturation. They involve genes 
associated with antigen processing and presentation[10], 
interferon α, β response[11,12], cytokine signaling[13], 
adhesion and migration[14], phagocytosis[15], interferon 
responsive elements[16], anti-inflammatory process[17], 
negative regulators of JAK-STAT pathway[18] and genes 
involved in TLR mediated signaling[19].

Effective cellular immune response directed against 
HCV is mediated through T-cell and DC crosstalks[20]. 
A subdued adaptive immune response in chronic 
HCV patients might be due to the suboptimal antigen 
presentation and signaling via impaired DCs in these 
individuals. So, in the proposed study, we wanted to 
find out whether this non-responsiveness to standard 
anti-viral therapy in a proportion of CHC patients is 
associated with the virus-modulated expression of 
certain genes, which may culminate into dysfunctional 
status of DC (maturation as well as functional defects). 
So, we planned to investigate the expression levels 
of a set of selected genes in the myeloid dendritic 
cells (MDC) of CHC patients with the hypothesis that, 
an analysis of the association of immune response 
genes and non-responsiveness to therapy may reveal 
molecular mechanisms of DC dysfunction in the non-
responders.

MATERIALS AND METHODS
Ethical statement
The study was approved by the Institute Ethics 
Committee of the PGIMER, Chandigarh (Reg. No. 
NKG/947). An informed written consent was obtained 
from all the subjects before taking blood samples.
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Subjects and sampling
A total of 20 CHC patients were recruited for the study. 
Patients were divided into two groups on the basis of 
response to therapy in terms of SVR i.e., HCV RNA 
negative at 24 wk after cessation of antiviral therapy. 
Patients achieving SVR (SVR+ve) were considered 
as “Responders” whereas those who failed to achieve 
SVR (SVR-ve) were termed as “non-responders”. 
Responders (n = 10, MDC-R) and Non-responders (n 
= 10, MDC-NR) were recruited on the basis of inclusion 
and exclusion criteria. Inclusion criteria included 
patients positive for anti-HCV antibodies and serum 
HCV RNA, HCV RNA genotype 3 only, no prior history 
of any treatment for HCV, negative for auto-antibodies 
(ANA, SMA, LKM, AMA and PCA) and non-viral factors 
(alcoholism, inherited metabolic disorders). Exclusion 
criteria included patients with HBV, HCV genotype 1, 2 
or 4, HIV and other co-infections, patients with regular 
use of hepato-toxic drugs and alcohol intake and any 
evidence of auto-immune or metabolic disease. Venous 
blood was taken in heparin vacutainer vials (BD) 
from each recruited patient in the hepatology clinic of 
PGIMER, Chandigarh. Age and sex matched healthy 
volunteers were recruited as control subjects (HC; n = 
10). Inclusion criteria for HC included those subjects 
who had normal liver function tests with no history of 
jaundice or viral hepatitis infection in the past.

PBMC isolation and enrichment of myeloid dendritic 
cells using magnetic beads
Plasma was stored at -80  ℃ before isolation. From 
heparinised blood, peripheral blood mononuclear 
cells (PBMCs) were isolated by ficoll-hypaque density 
gradient centrifugation using Hisep (Himedia, Mumbai, 
India). MDC enrichment was performed by using CD1c 
(BDCA-1)+ Dendritic Cell Isolation Kit (MiltineyiBiotec, 
Germany) following manufacturer’s instructions. 
Briefly, the procedure included two steps: In the 
1st step, CD1c (BDCA-1) expressing B cells labeled 
with CD19 magnetic microbeads got depleted by 
separation over a MACS column placed in a magnetic 
field of a MACS Separator. In the second step, CD1c 
(BDCA-1)+ MDC labeled with CD1c-Biotin and Anti-
biotin microbeads in B cell depleted flow-through 
fraction were retained within the column and eluted 
after removing the column from magnetic field. These 
cells (MDC) were used for further experiments.

Flow cytometric analysis for purity check
PBMCs and MDCs (10 μl each) were stained with 
fluorochrome-labeled antibodies (2 μl): Allophy
cocyanin (APC)-conjugated anti-HLA-DR, Fluorescein 
isothiocyanate (FITC)-conjugated Lineage Cocktail 1 
(Lin1: CD3, CD14, CD16, CD19, CD20, CD56) and 
Phycoerythrin-Cy5 (PE-Cy5) - conjugated anti-CD11c 
from BD Biosciences (San Jose, CA, United States) for 
15 min in the dark. Cells washed with staining buffer 
for 5 min at 1400 rpm were re-suspended in buffer 

for acquisition on Flowcytometer (FACS Calibur, BD, 
United States). Percent purity was calculated.

Generation of monocyte-derived DCs from HCs PBMCs
monocyte-derived dendritic cells (moDCs) were 
derived according to the method described by Romani 
et al[21] and modified in our laboratory[8]. Cells were 
cultured in the presence (moDC-Ag) or absence 
(moDC-N) of HCV viral proteins. Briefly the PBMCs 
were isolated from venous blood as described above. 
Cells were suspended in RPMI 1640 medium (Sigma-
Aldrich) and monocytes were made to adhere for 2 h 
at 37  ℃ (Plate adherence method). After incubation, 
non-adherent cells were removed. Adherent cells 
were cultured in the DC culture medium (DCCM) 
consisting of RPMI 1640 supplemented with: 2 
mmol/L L-glutamine, 5 mmol/L HEPES buffer, 100 IU/
ml penicillin and 100 μg/ml streptomycin, 10% fetal 
bovine serum (GIBCO), 20 ng/ml recombinant human 
GM-CSF (Peprotech Asia) and 20 ng/ml recombinant 
human IL-4 (Peprotech Asia) at 37  ℃ in a humidified 
incubator with CO2 volume fraction, 50 ml/L CO2 for 
six days. The cells were cultured in different sets as: 
either in presence or absence of viral proteins: core, 
NS3, NS4 and NS5 (Peprotech Asia). At the end of 
six days, these moDCs were stimulated with bacterial 
lipopolysaccharide (LPS) and further cultured for 48 
h in maturation cocktail which comprised of DCCM 
with LPS (500 ng/ml). On the 8th day, moDCs were 
harvested and gene expression studies were carried 
out.

Gene expression analysis (RNA extraction, cDNA 
preparation and real time PCR)
MDCs and moDCs were centrifuged and dissolved 
in 1 mL TRIzol (Sigma, United States). RNA was 
extracted and reverse transcribed to cDNA using the 
RT2 First Strand Kit (Qiagen, Germany) according the 
manufacturer’s protocol, and cDNA was stored at 
-20  ℃ till further use. A custom PCR array (RT2 Custom 
Profile PCR Array Human, Qiagen) was designed 
which included a panel of immune-stimulatory genes 
(ISGs) and genes involved in DC functioning (Table 
1). Real-time PCR was undertaken using RT SYBR 
Green Master Mix (Qiagen, Germany) in a 96-well PCR 
plate pre-dispensed with primers in a Light Cycler 480 
(Roche, Germany). Values were normalized against 
housekeeping genes (GAPDH, β-actin) in the same 
sample. Each experiment included positive PCR control 
(PPC), reverse transcription control (RTC) and human 
genomic DNA contamination (HGDC) control. Ct values 
were obtained for calculation of delta-CtCt and further 
analysis.

Statistical analysis
Statistical analysis for viral load (baseline and 4 wk) 
and other clinical features were done using GraphPad 
Prism software v 5.03 statistical package. Parametric 
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Flow cytometric analysis of MDC
For phenotyping and purity of the isolated MDC, the 
cells negative for Lineage (CD3, CD14, CD16, CD19, 
CD20, CD56) and dual positive for CD11c and HLA-
DR were gated. Percent enrichment of MDC was 65% 
after magnetic sorting as compared to 10% in PBMCs 
before sorting.

Gene expression profiles by PCR array
The gene expression profiles of the selected genes 
(as in Table 1) using custom-designed PCR array 
are shown in the heat map of genes indicating the 
differentially expressed genes (Figure 2). The genes 
upregulated or down-regulated are shown in Figure 3.

Upregulated genes
Non-responders (MDC-NR) vs Responders 
(MDC-R) group: Genes involved in negative signaling 
of JAK-STAT pathway, such as suppressor of cytokine 
signaling (SOCS1; six-fold, SOCS2, SOCS4 and 
SOCS5 all two-fold) and genes involved with down-
modulation of immune response such as Indoleamine 
2,3-Dioxygenase (IDO1) and Programmed death-

and non-parametric t-tests were carried out and P < 
0.05 was considered significant. For flow cytometry 
results, Cellquest software (BD Biosciences, United 
States) was used. Analysis of up-regulated and down-
regulated genes was done using web based online 
software RT2 Profiler PCR array data analysis version 
3.5 software. To check interactions and associations 
between different genes, string software available 
online was used.

RESULTS
Clinical and demographic details of patients
A total of 20 patients were recruited for the study. 
Their clinical and demographic parameters like gender, 
age, genotype, liver enzyme (AST-ALT) levels, total 
bilirubin/conjugated bilirubin, Alkaline Phosphatase 
(ALP) levels were recorded (Table 2). At the baseline, 
there was no significant difference in the viral loads of 
responders vs non-responders, but when compared 
between baseline vs 4 wk (at RVR - rapid virological 
response) the viral load became undetectable in 
responders, while remained detectable in non-
responders although was significantly decreased 
(Figure 1). Also, the degree of liver fibrosis (LSM - 
liver stiffness measurements) which provides useful 
information in prognostication, therapeutic planning, 
and assessment of the impact of treatment in chronic 
liver diseases, was significantly increased in non-
responders (p < 0.05), which suggests that the 
persistence of virus in the liver leads to cirrhosis of the 
liver.
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Table 1  List of selected genes for custom PCR array

CD209 CSF1R ADAMDEC1 PDCD1 HLA-DPB1 HLA-DQA1 HLA-DQB1 HMOX1 ITGB2 CD40 CD80 CD86
CD83 LY75 LAMP3 ARHGDIB CCL5 CCL8 TLR2 CCL22 CCR7 CXCR3 CXCR4 CXCL6
CXCL9 CXCL10 CXCL11 CXCL12 CXCL16 ITGAX ICAM1 VCL TLR8 NFKB1 NFKB2 CD1A
CD1B CD1C CD52 S100A4 RELB IDO1 CD274 IFNAR1 IFNAR2 IRF1 IRF3 CD44
IRF7 IRF9 STAT1 STAT2 ADAR EIF2AK2 IFI6 IFI27 IFI35 OAS1 OAS2 OAS3
PRKRA SOD2 MX1 MX2 ISG15 ISG20 IFIT1 FAS LITAF IFIT3 IFITM1 ITIH2
GBP1 GBP2 PIAS1 PIAS2 SOCS1 SOCS2 SOCS3 SOCS4 SOCS5 IL28B TRIM22 RARRES3
TAP1 TAP2 RELA TLR3 TLR4 TLR7 TLR9 GAPDH ACTB HGDC RTC PPC

Table 2  Clinical characteristics of study subjects

Parameter Responder Non-responder

Mean viral load (IU/ml)   6.09 ± 0.29 5.97 ± 0.81
Mean age (yr) 42.0 ± 2.8  47 ± 2.9
Male/Female 6/4 8/2
Mean TB/CB (mg/dl)   0.75 ± 0.10   1.25 ± 0.20
Mean AST (U/L)   94.77 ± 23.40 102.3 ± 12.7
Mean ALT (U/L) 155.4 ± 45.2 111.2 ± 18.3
Mean AP (U/L) 94.50 ± 8.20 160.00 ± 24.44
Mean A/G (mg/dl)   1.25 ± 0.10   1.74 ± 0.10
(Fibrosis) Median LSM (kPa) 6.10 23.50 (P = 0. 01)

TB/CB: total bilirubin/conjugated bilirubin; AST: Aspartate transaminase; 
ALT: Alanine transaminase; AP: Alkaline phosphatases; A/G: Albumin/
globulin; LSM: Liver stiffness measurement.

10

8

6

4

2

0

Vi
ra

l l
oa

d

P  = 0.03

P  = 0.45

Re
sp

on
de

r 0
 w

k

Non
-re

sp
on

de
r 0

 w
k

Re
sp

on
de

r 4
 w

k

Non
-re

sp
on

de
r 4

 w
k

Figure 1  Difference between viral load in responders to antiviral therapy 
(at 0 and 4 wk) vs non-responders (0 and 4 wk). No significant difference 
in the viral loads of responders vs non-responders at baseline, but when 
compared between baseline vs 4 wk (at RVR - rapid virological response) the 
viral load became undetectable in responders, while remained detectable in 
non-responders.
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ligand 1 (PD-L1) were found to be significantly 
upregulated (two-fold or more) in non-responders as 
compared to responders to therapy (Figure 4).

Further, the genes for antiviral innate response such 
as TLR, ISGs and JAK/STAT pathway were also found 
to be up-regulated in non-responders as compared 
to responders to antiviral therapy.TLR3 which is 
activated by viral RNA (HCV RNA) was four-fold up-
regulated whereas TLR4 and TLR7 showed two-
fold up-regulation in non-responders. The genes for 
Interferon regulatory factors (IRF 7 and IRF 9) and the 
Interferon stimulatory genes (ISG15 and ISG20) were 
also found to be significantly (six-fold) upregulated in 
non-responders. Further, the genes involved in JAK-
STAT signaling, the STAT1 and STAT2, showed two-
fold upregulation along with the increased expression 
of IFN-induced proteins with tetratricopeptide repeats 
(IFIT1; six-fold, IFIT3; two-fold), IFN-Inducible 
transmembrane family (IFITM1; two-fold), Interferon-
induced GTP-binding protein encoding gene (MX1, 
MX2; both two-fold), 2′,5′-oligoadenylate synthetase 
(OAS1; six-fold, OAS2; two-fold), IFN-inducible genes 
(IFI6; two-fold, IFI27; two-fold, IFI35; four-fold), 
Adenosine deaminase acting on RNA (ADAR; two-
fold) and eukaryotic translation initiation factor 2-alpha 
kinase 2 (EIF2AK2; two-fold). Also gene associated 
with apoptosis such as Fas cell surface death receptor 
(FAS) showed increased expression (two-fold) in non-
responders to antiviral therapy.

moDC from healthy donor differentiated in 
presence (moDC-Ag) or absence (moDC-N) of 
viral proteins: Sixteen genes were upregulated in 
the moDC differentiated from monocytes grown in 
presence of HCV viral proteins as compared to the 
cells grown in absence of proteins. Amongst these, 
included the chemokine and their receptor genes 
(CXCR3, CXCR6, CXCL12, CCL8; all two-fold) and Toll-
like receptor genes (TLR2, TLR4, TLR9; all two-fold).

Downregulated genes
Non-responders (MDC-NR) vs Responders 
(MDC-R) group: The genes downregulated in non-
responders as compared to responders included the 
genes belonging to MHC-Class Ⅱ family (HLA-DPB1, 

HLA-DQA1, HLA-DQB1) and Superoxide dismutase 
(SOD), the enzyme involved in transforming toxic 
superoxide anion radicals into hydrogen peroxide 
and oxygen for protecting DNA from oxidative stress 
showed two-fold reduced expression in non-responders 
as compared to responders (Figure 4).

DCs from healthy donor grown with (moDC-Ag) 
or without (moDC-N) viral proteins: A decreased 
expression of 21 genes in the cells grown in presence 
of viral proteins was observed as compared to the 
cells grown in absence of proteins. The genes found 
down-regulated (two-fold) include the ones involved 
in innate response and Interferon signaling (EIF2AK2, 
IFI27, OAS1, OAS2, MX1, IFIT1, IFIT3, GBP1, GBP2, 
ISG20); the genes involved with DC maturation (CD83, 
LY75, LAMP3) and genes involved in delivering co-
stimulatory signals to T-cells (CD40, CD80, CD86) 
(Figure 4).

DISCUSSION
Non-responsiveness to antiviral therapy has been 
linked to defective phenotype of MDC by previous 
reports including our laboratory[8,9]. This indicates a 
direct association of immune defects with response to 
treatment in CHC, which could be attributed to many 
reasons such as (1) defect in IFN-α interactions with 
its receptors on MDCs; (2) defect in signal transduction 
machinery after this interaction; and (3) abnormal 
expression of certain transcription factors and immune 
response genes which are involved with the activation 
and maturation of DCs.

Although it has already been reported that there 
are functional and maturation defects in MDCs during 
CHC infection, yet the molecular mechanisms involved 
have not been fully elucidated[8]. The present study was 
designed with a view to understand these mechanisms 
and the role of different immune response genes that 
are involved in regulation of DC functions and may be 
associated with non-responsiveness to therapy and 
viral persistence during CHC. In order to achieve the 
objectives, gene expression profiles were studied in 
MDC isolated from the peripheral blood of CHC patients 
put on standard anti-viral treatment consisting of 
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Figure 2  Heat map showing the expression of all the genes in different groups recruited. Graphical representation showed up-regulated and down-regulated 
genes in all the recruited groups. NR: Non-responder; HC: healthy controls; HT: healthy treated; RESP: Responder.
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Type 1 IFN and ribavirin, some of those who achieved 
SVR were termed “responders” and those who did 
not achieve SVR were termed “non-responders”. The 
differentially expressed genes were identified after 
analysis of the expression profile results. Further, 
these findings were confirmed in an ex vivo moDC 
model where gene expression profiles were analyzed 
in monocytes from a healthy donor, differentiated 
to DC, either in presence or absence of some HCV 
proteins, using same custom-designed PCR array. 
Interestingly results from both these experiments 
although not exactly overlapping, yet revealed the set 
of genes down-regulated in “non-responders” or in 
cells grown in presence of viral proteins were those, 
which are involved with DC maturation and function. 
Similarly the genes that were found to be up-regulated 

in these cells were mainly of the negative regulators of 
DC functions suggesting that the continuous presence 
of virus or viral proteins in individuals infected with 
HCV, would facilitate the development of functionally 
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Figure 3  Clustergram showing up-regulated and down-regulated gene 
expression in dendritic cells of A: moDCs from healthy volunteer 
differentiated in presence of HCV viral proteins (Test group) and moDCs 
differentiated in absence of viral antigens (control group); B: Responders 
and non-responders. Graph showing the differentially expressed genes in 
different groups. Green represents the lower expression of a particular gene 
and red represents the higher expression of a particular gene in that particular 
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Figure 4  Multigroup plot showing A: up-regulation of down modulatory 
genes (negative regulators) in MDC-NR (non-responders) as compared 
to MDC-R (responders); B: Down-regulated genes in MDC-NR (Non-
responders) as compared to the MDC-R (Responders); C: Down-
regulation of genes involved with DC maturation and co-stimulatory 
molecules in the cells differentiated in the presence of viral antigens 
(moDC-Ag) as compared to cells without antigens (moDC-N). The genes 
which are negative regulators of JAK-STAT such as suppressors of cytokine 
signaling (SOCS), protein inhibitors of activated STATs are up-regulated in 
non-responders as compared to responders whereas the genes which belong 
to MHC class Ⅱ family such as HLA-DPB1, HLA-DQA1 and HLA-DQB1 and 
dendritic cell maturation marker such as CD83 is down-regulated in non-
responders as compared to responders.
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defective phenotype of DCs in these individuals. 
The monocytes cultured and differentiated in the 

presence of HCV viral proteins to dendritic cells in a 
culture system ex vivo, in the present study, induced 
the development of a defective phenotype of DCs 
with hampered maturation capabilities in a similar 
manner and also confirmed the findings from CHC 
patient experiments as described above. The analysis 
of gene expression profiles of these cells revealed 
downregulated expression of some important genes 
associated with DC maturation (LAMP3 and LY75), 
co-stimulatory signaling (CD80 and CD86) and many 
immune-stimulatory genes, the ISGs (EIF2AK2, IFI27, 
OAS1, OAS2, MX1, ISG20, IFIT3, IFIT1, GBP1 and 
GBP2), which are the first line of defense in innate 
antiviral immunity, suggesting that persistence of HCV 
down-modulates the host defense mechanisms and 
make conditions favorable for its own survival. These 
results are consistent with the earlier reports, which 
also indicated that different HCV viral proteins disrupt 
the host IFN signaling and ISGs to establish chronic 
infection[22].

Entry of the virus in the host results in up-
regulation of many TLRs like TLR2, TLR3, TLR4, TLR7, 
TLR8 and TLR9 on PBMCs and monocytes[23]. The 
expression of TLR3, TLR4 and TLR7 was also found 
to be increased on the MDC of non-responders in our 
study, suggesting the immune activation due to the 
constant presence of viral RNA. Besides, RARRES 
(Retionic acid receptor responder protein 1), which is 
also activated by viral RNA, was also upregulated in 
non-responders. The TLR7 and RARRES cause IRF7 
activation and induction of Type1 IFN gene, leading 
to activation of JAK-STAT signaling and upregulated 
expression of STAT1, STAT2 and IRF9, which further 
lead to enhanced expression of ISGs namely IFIT1, 
IFIT3, ISG15, ISG20, ADAR, GBP1, PRKRA, EIF2AK2 
(PKR), IFITM1, MX1, MX2, OAS1, OAS2, IFI16, IFI27 
and IFI35. The administration of exogenous IFN and 
upregulation of ISGs may be effective to a certain 
limit because virus replication and copy number gets 
significantly reduced from baseline to week 4 (RVR) in 
these patients, but complete removal was not achieved 
as viral load was still detectable, which suggests that 
there are other factors that are associated with the 
persistence of the virus.

The possible reasons may be attributed to 
dampening of the immune response (functionally 
impaired immature CD4+ cells) by Type 1 IFN, which 
leads to impaired T-cell immunity as evident in these 
patients. Moreover the genes important for optimal 
antigen presentation like MHC-Ⅱ (HLA-DP, HLA-DQ) 
and co-stimulatory molecules (CD80, CD86) as well as 
the homing receptors like CCR7 were all found to be 
down-regulated in MDC from non-responder patients 
as compared to responders in our study, which again 
supports the hypothesis that such maturation defective 
DCs with hampered antigen-presenting and migration 
capabilities would be responsible for the generation of 

functionally impaired set of immature T-cells, which 
are incapable of clearing the virus in CHC. Also, it 
has been reported earlier that excessive or prolonged 
IFN-αβ signaling is associated with severe disease 
in HIV infection and favors the replication of virus in 
the host[23]. Although HCV has different mechanisms 
to down-regulate Type 1 IFN production, still ISGs 
are induced in infected hepatocytes in most of the 
chronically infected CHC patients. Earlier reports 
suggest that HCV patients having high pre-existing 
levels of ISGs are less likely to respond to IFN-α 
therapy in comparison to those with lower levels[24].

Besides, the genes for factors such as SOCS1, 
SOCS2, SOCS4 and SOCS5 which negatively 
regulate the inflammatory pathways such as JAK-
STAT signaling[25]; PDL1 responsible for exhaustion 
of T-cell function and its blocking on DCs shown to 
enhance T-cell activation[26,27]; IDO1 which alters DC by 
decreasing its APC function and capable of suppressing 
local T-cell immune responses and promoting systemic 
tolerance[28], were all up-regulated in non-responders. 
Our findings corroborate the study reported earlier that 
up-regulation of PD-1 and SOCS-1 inhibitory molecules 
mediates functional impairment of the early immune 
response during HCV infection[29]. 

The expression of CD209 (DC-SIGN), a molecule 
expressed more on immature DCs and involved in 
innate immune responses also plays a critical role 
in viral pathogenesis, was also upregulated in non-
responders[30,31]. Immature DCs bind more strongly 
to E1 and E2 (HCV Envelope proteins) through DC-
SIGN with a difference in internalization pathway. 
These HCV viral like particles are targeted to non-
lysosomal compartment in immature DCs and are 
protected from lysosomal degradation[32]. Thus, HCV 
may use DC-SIGN as an entry portal and facilitate viral 
infection of nearby hepatocytes and also use these 
DCs as reservoirs resulting in establishment of viral 
infection. HIV gp120 also binds to DC-SIGN and results 
in horizontal and vertical transfer and also helps in 
spreading the virus in the host[33].

HCV induces chronic increase in hepatic oxidative 
stress which plays an important role in pathogenesis 
of HCV[34]. Expression of genes of the factors involved 
with stress conditions such as Heme Oxygenase 
(HMOX1) was up-regulated in non-responders, 
suggesting higher oxidative stress in these patients. 
Since the HMOX1 catabolizes heme to bilirubin, this 
might be responsible for significantly higher bilirubin 
levels observed in non-responders as compared to 
responders. The HMOX1 being mainly expressed in 
immature DCs and its overexpression induces down-
regulation of co-stimulatory molecules on DCs, might 
be responsible for inhibition of T-cell proliferation 
in CHC[35]. On the other hand, SOD responsible for 
transforming toxic superoxide anion radicals, showed 
down-regulated expression in non-responders 
resulting in increased levels of reactive oxygen species 
(ROS) and oxidative stress in these patients, might 
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be responsible for increased apoptosis of cells, which 
is also supported by up-regulated expression of FAS 
gene observed in these patients in our study. Thus, 
these patients are unable to destroy superoxide anion 
radicals, which are normally produced within the cells 
and are toxic to biological systems. Earlier report has 
also shown increased levels of HMOX1 and decreased 
levels of SOD2 in PBMC of patients with CHC[36].

In summary, our study indicates that there is 
up-regulation of negative regulators and down-
regulation of molecules involved with maturation 
and antigen-presentation on DCs of non-responders. 
This imbalanced state, possibly modulated by the 
continuous replication of HCV, results in the generation 
of maturation-defective phenotype of DCs which are 
not capable of presenting the viral antigens to the 
naïve T-cells and lead to the generation of functionally 
defective immature T-cells incapable of clearing 
the virus (Figure 5). Whether this defective state of 
DCs in these patients is the cause or effect of viral 
persistence, is not really clear, but possibly this vicious 

cycle might be the cause of non-responsiveness to 
anti-viral therapy. Never the less, the study points to 
some novel pathways that may be targeted to achieve 
better management of this chronic disease.

COMMENTS
Background
In patients infected with hepatitis C, it had already been reported that dendritic 
cells are numerically, functionally and phenotypically dysfunctional. Also 
functionally defective monocyte-derived dendritic cells (DCs) from chronic 
hepatitis C (CHC) patients who did not achieve sustained virological response 
(SVR) failed to reconstitute the capacity to mature, indicating the dysfunctional 
status of DC in CHC patients, however the molecular mechanisms regulating 
this defect have not been elucidated.

Research frontiers
Previous experiments have indicated that CHC patients having dysfunctional 
dendritic cells led to therapy non-responsiveness in these patients.

Innovations and breakthroughs
The expression profile of selected genes related to hepatitis C virus (HCV) 
infection have been studied in various hepatocytes cell lines but, the role 
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Figure 5  Interactions between different interferon stimulatory genes and negative regulatory genes of immune system. Using string software, possible 
interaction pathways between different Interferon Stimulatory genes and Negative regulatory genes were drawn. Negative regulators such as SOCS, PIAS when 
upregulated results in the inhibition of STAT and GBP genes which in turn result in the induction of transcription of many genes involved in innate immunity and 
interferon signaling such as IRF7, IRF9 and ISG20. ISG: interferon stimulatory genes.
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of dendritic cells in non-responsiveness to antiviral therapy has not been 
elucidated as yet.

Applications
The molecular profile of dendritic cells on their role to standard therapy may be 
used in better prognosis and will help in designing newer therapeutic modalities 
that might help in better management of non-responders who do not respond to 
extended regimens to antiviral therapy.

Terminology
SVR - HCV RNA negative 24 wk after cessation of treatment. It is the best 
predictor of a long-term response to treatment.

Peer-review
The paper of Tomer S et al discusses the effects of HCV on DCs isolated from 
PBMC of IFNα-treated HCV patients. The comparisons in gene expression 
have been done between the responders and non-responders to treatment vs 
DC from healthy donors exposed or not to HCV proteins. This is an interesting 
attempt to elucidate the role of HCV-infection in impairment of DC function and 
to link this situation to non-responsiveness to IFNα treatment, which provides a 
promising connection to translational research.
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Abstract
AIM: To investigate the effect of miR-106b on tumor 
progression in hepatitis B virus (HBV)-associated 
hepatocellular carcinoma (HCC).

METHODS: A total of 120 patients who underwent 
liver resection for HCC at National Cheng Kung 
University Hospital were enrolled in the present study. 
MicroRNA (miRNA) array was first used to screen the 
miRNA expression profiles in HCC patients. The clinical 
records were retrospectively analyzed, and correlations 
with the miRNA expression profiles were evaluated. 
The mRNA expression levels of the miR-106b-25 
cluster (miR-106b, miR-93 and miR-25), and MCM7 in 
tumor and non-tumor samples were quantitated using 
quantitative real-time reverse transcription-polymerase 
chain reaction (q-RT-PCR) analysis, and correlations in 
the levels of miR-106b, miR-93 and miR-25 expression 
were calculated. Kaplan-Meier overall and disease-
free survival rates of HBV-associated HCC patients 
were analyzed using the log-rank test based on miR-
106b expression. The comparison of the miR-106b 
expression levels in patients with different clinical 
outcomes was analyzed using Mann-Whitney U  tests. 
Furthermore, a hepatitis B virus X protein (HBx) 
expression plasmid was transfected into Huh7 and Hep 
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3B cells. The expression levels of the miR-106b-25 
cluster and MCM7 in HBx-expressing Huh7 and Hep 3B 
cells were detected using q-RT-PCR. 

RESULTS: miRNA array screening showed that miR-
106b and its cluster, miR-93 and miR-25 were up-
regulated in HCC patients (P  < 0.01). The value of 
miR-106b expression in HBV-associated HCC patients 
was significantly higher than that in HCV- (P  < 0.05) or 
non-B/non-C- (P  < 0.001) associated HCC patients. The 
expression of the miR-106b-25 cluster was significantly 
higher in tumor tissue (P  < 0.001) and associated with 
the host gene, MCM7, in clinical specimens from HBV-
associated HCC patients. Furthermore, the expression 
levels of miR-106b, miR-93 and miR-25 were positively 
correlated in HBV-associated HCC tissues (miR-106 vs  
miR-93, r  = 0.75; miR-93 vs  miR-25, r  = 0.69; miR-
106b vs  miR-25, r  = 0.33). The overall and disease-
free survival curves showed that high-miR-106b 
expression was correlated with the poor prognosis 
of HBV-associated HCC. HCC differentiation was 
significantly correlated with miR-106b expression (P  < 
0.05). Lower miR-106b expression levels resulted in the 
well differentiation of HCC. Moreover, the expression of 
the miR106b-25 cluster and MCM7 was up-regulated in 
Huh7 and Hep 3B cells after transfection with the HBx 
expression plasmid.

CONCLUSION: The data obtained in the present study 
suggests that HBx enhances miR-106b transcription to 
promote tumor progression in HBV-associated HCC.

Key words: miR-106b; Hepatitis B virus; Hepatocellular 
carcinoma; Tumor progression; Hepatitis B virus X 
protein

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The role of miR-106b in tumor progression 
of hepatitis B virus (HBV)-associated hepatocellular 
carcinoma (HCC) and how it be regulated are still 
unclear. In this study, we analyzed the expression 
levels of miR-106b in HBV-associated HCC tissues and 
correlated the data with clinical records of patients. 
Our results indicated that miR-106b expression was up-
regulated and related with tumor progression in HBV-
associated HCC. In addition, hepatitis B virus X protein 
may contribute to enhance the transcription of miR-
106b. These findings provide potential diagnostic and 
therapeutic targets for HBV-associated HCC.

Yen CS, Su ZR, Lee YP, Liu IT, Yen CJ. miR-106b promotes 
cancer progression in hepatitis B virus-associated hepatocellular 
carcinoma. World J Gastroenterol 2016; 22(22): 5183-5192  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i22/5183.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i22.5183

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks among the 10 
most common cancers in the world and is a major 
cause of cancer death in Southeast Asian countries[1,2]. 
The carcinogenesis of HCC is a multi-factor, multi-step 
and complex process, associated with chronic and 
persistent hepatitis B virus (HBV) infection[3,4]. Chronic 
hepatitis infection causes liver inflammation damage, 
subsequent fibrosis, liver cell regeneration and liver cell 
proliferation leading to the malignant transformation 
of the liver[5]. Most HCC patients die as a result of 
the rapid tumor progression and hepatic resection or 
transplantation is the only potential curative treatment 
for HCC patients when the HCC is diagnosed early[6]. 
However, the effective diagnostic and therapeutic 
targets remain unclear.

Several mechanisms of HBV-related tumorigenesis 
have been proposed[5]. HBV X (HBx) protein has 
recently been implicated as an oncoprotein in HBV-
related tumorigenesis and HCC progression[7,8]. 
Previous studies have shown that HBx modulates 
cytoplasmic signal transduction pathways, such as Ras/
Raf-1, through the transactivation of cellular signaling 
molecules to promote HCC proliferation[9]. 

MicroRNAs (miRNAs) are small non-protein coding 
gene (19-22 or 19-25 nucleotides) with important 
role in the regulation of gene expression at the post-
transcriptional level[10]. Studies have demonstrated that 
miRNA plays a role in the regulation of fundamental 
cellular processes, including development and 
proliferation, cell fate determination and apoptosis[10,11]. 
Nearly 60% of human genes are controlled through 
miRNAs[11]. Several studies have shown that miRNA 
might affect on numerous types of cancer, and the 
dysregulation of miRNA has been associated with 
certain cancer types[11-14]. The dysregulated miRNA 
promotes or suppresses tumorigenesis through the 
down-regulation tumor suppressor gene or oncogene 
expression[15,16]. The miR-106b-25 polycistron is located 
within intron 13 of the minichromosome maintenance 
protein 7 (MCM7) genes on chromosome 7q22.1[17]. 
The results of previous sequence study indicated 
that miR-106b-25 is homologous with the known 
oncogene miR-17-92[18]. Previous studies have shown 
that the miR-106-25 cluster is overexpressed as a 
group of oncogenic miRNAs in many cancer types 
including prostate cancer, breast cancer, and gastric 
cancer[14,19-21]. MCM7, the host gene of the miR-106b-25 
cluster, belongs to a family of the minichromosome 
maintenance (MCM) complex, comprising six replication 
proteins including MCM2, MCM3, MCM4, MCM5, 
MCM6 and MCM7 (termed MCM2-7). Previous studies 
have implicated MCM7 in the replication licensing and 
synthesis of DNA[22,23]. The expression of MCM7 can 
be a prognostic indicator in diverse cancers, such as 
prostate cancer, ovarian cancer, endometrial cancer, 
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etc[24-26]. Moreover, the dysregulation of MCM7 might be 
involved in tumor development and associated with the 
miR-106b-25 cluster.

In the present study, we analyzed the expression 
levels of miR-106b in HBV-associated HCC tissues and 
correlated the data with the clinical records of patients 
to clarify the role of miR-106b in tumor progression 
and regulation in HBV-associated HCC. These results 
indicated that miR-106b expression is up-regulated 
and associated with tumor progression in HBV-
associated HCC. In addition, HBx might enhance miR-
106b transcription. Thus, these findings highlight a 
potential diagnostic marker and a therapeutic target 
for HBV-associated HCC.

MATERIALS AND METHODS
Patients and HCC tissue
A total of 120 patients who underwent liver resection 
for HCC at the National Cheng Kung University Hospital 
from September 2012 to July 2015 were enrolled in 
the present study. Informed consent regarding use 
of specimens for this research was obtained from 
all patients and all protocols were reviewed and 
approved through the National Cheng Kung University 
Hospital Institutional Review Board. The patients 
were regularly followed up at clinical visits every 1 to 
3 mo after curative surgery. The patients included 94 
(78%) males and 26 (22%) females ranging in the 
age from 34 to 90 years (mean age 61.6 years). The 
median follow-up time was 35 mo (range, 1 to 118.8 

mo). At the end of the follow-up, 25 patients had 
died of disease. HCC patients were divided into two 
study cohorts: 12 patients with distinct types of HCC 
were included in the 1st cohort to screen the miRNA 
expression profile using miRNA array, and the other 
108 HBV-associated HCC patients were enrolled in 
the 2nd cohort for further analysis of the role of miR-
106b in HBV-associated HCC. The characteristics of 
the HCC patients are listed in Table 1. The HCC tissue 
specimens were collected during surgery. The clinical 
records of the patients were retrospectively analyzed 
and correlated with the miRNA expression profiles. 
In the survival analysis, the mean of miR-106b level 
in adjacent non-tumor tissues was defined as the 
threshold (0.4 arbitrary unit from q-RT-PCR analysis). 
Samples with miR-106b expression levels higher than 
the threshold were classified into the “high-expression 
of miR-106b” group. Patients with levels lower than 
the threshold were classified into “low-expression of 
miR-106b” group. The overall and disease-free survival 
rates of patients were calculated using the Kaplan-
Meier analysis.

Cells
Human hepatocellular carcinoma, Hep-3B 2.1-7 and 
Huh7 cells (American Type Culture Collection) were 
maintained in Dulbecco’s modified Eagle’s medium 
(DMEM, Hyclone) and minimum essential medium 
(MEM, Hyclone) containing 10% fetal bovine serum 
(FBS, GIBCO) and 100 IU of penicillin, 100 μg of 
streptomycin, and 0.25 μg of amphotericin B per 
milliliter, respectively. The cells were cultured in a 
humidified incubator with 5% CO2 at 37 ℃.

RNA extraction and real-time RT-PCR
Total RNA was extracted using the RNeasy Plus Mini Kit 
(QIAGEN) according to the manufacturer’s instructions. A 
total of 500 ng RNA was used to synthesize cDNA using 
a quantitative reverse transcription (RT) kit (Qiagen). 
The expression levels of miRNAs were analyzed using 
the TaqMan MicroRNA Assay Kit (Applied Biosystems) 
according to the manufacturer’s instructions. The mRNA 
levels of human GAPDH and MCM7 were detected 
using the validated specific primers/probes of TaqMan 
Gene Expression Assays (Thermo Fisher Scientific) and 
the TaqMan Universal PCR Master Mix (Thermo Fisher 
Scientific). Real-time PCR assays were performed 
using the StepOne Real-Time PCR System (Applied 
Biosystems). The signals for miRNAs and inducible 
cellular MCM7 mRNAs were normalized to a small 
nuclear RNA, RUN48 and the mRNA signal of the 
housekeeping gene, human GAPDH.

Plasmid and transfection
The HBx protein expression plasmid was isolated 
and purified using the Plasmid Midi Kit (Qiagen). 
The Plasmid was transiently transfected into Hep-3B 
2.1-7 and Huh7 cells using HyfectTM DNA transfection 
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Table 1  Characteristics of hepatocellular carcinoma patients 
in the present study1

Characteristics Patient numbers n  (%)

1st Cohort 
(n  = 12)

2nd Cohort 
(n  = 108)

Total 
(n  = 120)

Gender
   Male   8 (67) 86 (80)   94 (78)
   Female   4 (33) 22 (20)   26 (22)
Age (yr)
   < 50 0 (0) 15 (14)   15 (13)
   ≥ 50   12 (100) 93 (86) 105 (87)
Viral infection
   HBV   5 (42) 108 (100) 113 (94)
   HCV   6 (50) 0 (0)   6 (5)
   Non-B/Non-C 1 (8) 0 (0)   1 (1)
HCC differentiation
   Well 1 (8) 20 (19)   21 (18)
   Moderate   8 (67) 76 (70)   84 (70)
   Poor   3 (25) 11 (10)   14 (11)
   Unknown 1 (1)   1 (1)
Pathological staging
   Stage Ⅰ 1 (8) 39 (36)   40 (33)
   Stage Ⅱ   9 (75) 51 (47)   60 (50)
   Stage Ⅲ   2 (17) 18 (17)   20 (17)

1A total of 120 hepatocellular carcinoma (HCC) patients were divided into 
two cohorts. A total of 12 HCC patients with distinct types of HCC were 
included in the 1st cohort, and the remaining 108 hepatitis B virus (HBV)-
associated HCC patients were enrolled in the 2nd cohort.
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Mann-Whitney U tests. The results are expressed as 
the mean ± SEM. A P value of less than 0.05 (P < 0.05, 
P < 0.01, P < 0.001) was considered significant.

RESULTS
miR-106b expression was up-regulated in HCC patients
Dysregulated miRNAs is a common characteristic of 
human tumors that could play an important role in 
oncogenesis or tumor suppression. To investigate 
the different miRNA expression profiles in HCC 
patients, we used miRNA array to analyze the miRNA 
expression patterns in 12 patients with distinct types 
of HCC including HBV-associated HCC, HCV-associated 
HCC, and non-B/non-C HCC in the 1st study cohort. 
The top 12 dysregulated miRNAs in HCC patients are 
listed in Figure 1A. miR-106b and the members of 
its associated cluster, miR-93 and miR-25 were up-
regulated in HCC patients (Figure 1A). The value of 

reagent (LEADGENE) according to the manufacturer’s 
instructions. The expressions of HBx protein in the cell 
lines was confirmed using q-RT-PCR with HBx-specific 
primers/probe.

Statistical analysis
Statistical evaluation was completed using GraphPad 
Prism software version 5.01 (GraphPad, Inc., San 
Diego, CA, United States). The normal distribution 
of variables was assessed prior to selecting the 
tests to use for statistical analyses. The W value for 
the Shapiro-Wilk’s method and the D value for the 
Kolomogorove method were used in the tests for 
normality. The values of miRNAs and MCM7 mRNA 
were analyzed using either the nonparametric one-
way analysis of variance or unpaired t test, and the 
survival rates were analyzed using log rank analysis. 
The correlation between the patient outcomes and 
the miR-106b expression profiles were analyzed using 

Figure 1  miRNA array analysis of the miRNA expression patterns in patients with distinct types of hepatocellular carcinoma (n = 12). A: The top 12 miRNAs 
significantly dysregulated in the tumor regions of hepatocellular carcinoma (HCC) patients based on statistical results (P < 0.01); B: miR-106b expression levels in 
tumor regions of patients with hepatitis B virus (HBV) -associated HCC, HCV-associated HCC, and non-B/non-C HCC; C: q-RT-PCR analysis of miR-106b expression 
values in the tumor and adjacent non-tumor regions of patients. Fold-increases were calculated after comparing the results with the miR-106b expression levels in 
normal liver samples. Data represent the mean ± SD. aP < 0.05, bP < 0.001 vs HCV. 
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miR-106b expression in HBV-associated HCC patients 
was significantly higher than that in HCV- (P < 0.05) 
or non-B/non-C- (P < 0.001) associated HCC patients 
(Figure 1B). Furthermore, the levels of miR-106b 
expression in the 12 patients were confirmed using 
q-RT-PCR. In most cases, the values of miR-106b in 
the tumor regions were higher than in non-tumor 
regions (Figure 1C). These results indicated that miR-
106b was significantly up-regulated in the tumor 
regions of HCC patients, particularly HBV-associated 
HCC patients.

miR-106b-25 cluster was co-transcribed with its host 
gene, MCM7 in HBV-associated HCC
miR-106b is located in an intergenic region embedded 
within intron 13 of the MCM7 gene in chromosome 
7q22.1. This miRNA belongs to a cluster comprising 
miR-93 and miR-25 (Figure 2A). To determine whether 
the miR-106b promoter transcribes the associated 

gene or this gene is co-transcribed with the host gene, 
MCM7, Mass array EpiTyper was performed to detect 
the methylation landscape of MCM7 in the 12 patients. 
The results demonstrated that only the promoter 
and 3’-UTR of MCM7 could be detected within the 
methylation landscape suggesting that miR-106b is 
also co-transcribed with its host gene, MCM7 in HCC 
(data not shown). To further confirm whether the 
expression of miR-106b is higher in the tumor tissues 
of HBV-associated HCC patients, we expanded the 
sample size to 108 patients and validated the miRNA 
levels through q-RT-PCR in the 2nd study cohort. 
The results showed that the miR-106b levels were 
significantly higher in tumor tissues compared with 
normal tissues (P < 0.001) and this phenomenon was 
observed in more than 70% of HBV-associated HCC 
patients (Figure 2B). In addition, the expression of 
miR-93 and miR-25 was significantly up-regulated in 
the tumor tissues of HBV-associated HCC patients (P < 
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Figure 2  The mRNA expression levels of the miR-106b-25 cluster and MCM7 in tumor and non-tumor regions of hepatitis B virus-associated hepatocellular 
carcinoma patients (n = 108). A: Schematic representation of the miR-106b-25 cluster of miRNA (miR-106b, miR-93 and miR-25) within the 13th intron of the MCM7 
gene. The yellow boxes represent pre-miRNAs. The blue boxes represent mature miRNAs; B-E: miR-106b (B), miR-93 (C), miR-25 (D), and MCM7 (E) expression 
levels in the tumor and non-tumor regions of hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) patients, determined using q-RT-PCR. bP < 0.001 NT 
vs T. a.u.: Arbitrary unit.
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0.001) (Figure 2C and D). The mRNA expression level 
of the MCM7 gene was also significantly increased in 
tumor regions compared with the adjacent non-tumor 
regions (P < 0.001) (Figure 2E). Furthermore, the 
expression of miR-106b, miR-93 and miR-25 showed 
a positive correlation in HBV-associated HCC tissues 
(miR-106 vs miR-93, r = 0.75; miR-93 vs miR-25, r = 
0.69; miR-106b vs miR-25, r = 0.33) (Figure 3A-C). 
These results indicated that the miR106b-25 cluster is 
up-regulated in the tumor regions and co-transcribed 
with its host gene, MCM7 in HBV-associated HCC.

Up-regulation of miR-106b expression corresponds with 
decreased survival time in HBV-associated HCC patients
We further evaluated the relationship between the 
miR-106b expression and clinical outcomes in HBV-
associated HCC patients; the patients were divided 
into two groups, high miR-106b expression and low 
miR-106b expression and the overall and disease-
free survival rates in these two groups were analyzed. 
The data showed a negative correlation between the 
miR-106b expression level and survival time of HBV-
associated HCC patients (Figure 4A and B). Relatively 
poor overall and disease-free survival rates were 
observed for the individuals in the high miR-106b 
expression group (overall survival in the 5th year: 
65%; disease-free survival in the 5th year: 40%) 
compared with the low miR-106b expression group 
(overall survival in the 5th year: 93%; disease-free 

survival in the 5th year: 57%) (P < 0.05). These results 
demonstrated that poor prognosis is correlated with 
HBV-associated HCC patients with higher miR-106b 
expression.

miR-106b expression levels are correlated with HCC 
differentiation
The demographic and clinical features of patients 
were retrospectively analyzed and correlated with 
the miR-106b expression profiles to determine the 
specific features associated with miR-106b expression. 
HCC differentiation but not underlying liver disease, 
microvascular invasion, tumor number, tumor size, 
recurrence after surgery, and pathological staining 
were significantly correlated with miR-106b expression 
(Table 2). The miR-106b expression level in patients 
with well HCC differentiation (2.24 ± 0.44 a.u.) was 
significantly lower than that in patients with moderate 
(5.32 ± 1.00 a.u.) and poor HCC differentiation (4.85 
± 1.02 a.u.) (well vs moderate, P=0.0359; well vs 
poor, P=0.0145). These results indicated that low 
levels of miR-106b expression result in well HCC 
differentiation.

HBx promotes miR-106b expression in HCC cells
Next, we investigated the mechanism of how miR-
106b expression is regulated in HBV-associated HCC. 
HBx protein is necessary for HBV replication and acts 
as a trans-activator for the modulation of the signaling 

Figure 3  The correlation analysis miR-106b vs miR-93, miR-106b vs miR-25, and miR-93 vs miR-25 expression in tumor regions of patients with hepatitis 
B virus-associated hepatocellular carcinoma (n = 108). A: The correlation between miR-106b and miR-93 expression; B: The correlation between miR-106b and 
miR-25 expression; C: The correlation between miR-93 and miR-25 expression. Data represent the correlation coefficient (r). a.u.: Arbitrary unit. HCC: Hepatocellular 
carcinoma; HBV: Hepatitis B virus.
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pathways involved in the HBV replication and HCC 
development. To determine whether HBx protein 
contributes to the regulation of miR-106b expression 
in HBV-associated HCC, we used an HBx protein 
over-expression system. Huh7 and Hep 3B cells 
were transiently transfected with an HBx-expression 
plasmid, and subsequently the expression levels of 
the miR-106b-25 cluster and MCM7 were analyzed. 
The levels of miR-106b, miR-93, and miR-25 were 
significantly increased (all P < 0.05), peaking at 6 h 
post transfection in both Huh7 and Hep 3B cells (Figure 
5A and B). The MCM7 mRNA levels were also gradually 
increased after 6 h post transfection compared with 
the un-transfected control group in both Huh7 (P < 
0.01) and Hep 3B (P < 0.05) cells (Figure 5C and D). 
These results suggested that the HBx protein might 
contribute to the up-regulation of the miR-106b-25 
cluster and MCM7 in HBV-associated HCC.

DISCUSSION
HCC ranks as the third leading cause of cancer-related 
deaths worldwide with increasing cases in many 
countries[1,27]. Increasing evidence has shown that 

many miRNAs are dysregulated in HCC and play a 
crucial role in the development of HCC by affecting cell 
proliferation, apoptosis, migration, etc[28]. Therefore, 
the identification of a key miRNA associated with 
tumor progression in HCC could provide an accurate 
marker for diagnosis and a new direction for a novel 
therapeutic approach. In the present study, we found 
that miR-106b plays an important role in tumor 
progression in HBV-associated HCC.

Recent studies have demonstrated that several 
miRNAs are involved in the life cycle and infectious 
processes of HBV and HBV-associated liver diseases, 
including fibrosis, cirrhosis and HCC[29,30]. Herein, 
we observed the up-regulation of the miR-106b-25 
cluster in HCC, particularly in HBV-associated HCC. 
The expression of miR-106b, miR-93 and miR-25 was 
positively correlated in HBV-associated HCC tissues, 
consistent with the results of previous study showing a 
similar correction pattern in gastric cancer, suggesting 
the co-transcription of miR-106b-25 in biosynthesis[31]. 
Interestingly, the correlation coefficients between each 
other were not consistent, indicating that additional 
mechanisms might be involved in the regulation of 
miRNA expression. Notably, the up-regulation of 

Table 2  Correlation analysis of clinical outcomes with miR-
106b expression profiles (n  = 108)1

Patient numbers 
n  (%)

P  value Significant2

Underlying liver disease 0.374 NS
   Liver cirrhosis 39 (36)
   Non-cirrhosis 69 (64)
HCC differentiation
   Well vs moderate 24 (22) vs 74 (69) 0.036 a

   Well vs poor 24 (22) vs 9 (8) 0.015 a

   Moderate vs poor 74 (69) vs 9 (8) 0.238 NS
   Unknown 1
Microvascular invasion 0.856 NS
   Yes 30 (28)
   No 78 (72)
Tumor number 0.798 NS
   Single tumor 87 (81)
   > 1 tumor 21 (19)
Tumor size (cm)3 0.812 NS
   < 5 72 (67)
   ≥ 5 36 (33)
Recurrence after surgery 0.687 NS
   Yes 58 (54)
   No 50 (46)
Pathological staging
   Stage Ⅰ vs stage Ⅱ 39 (36) vs 51 (47) 0.968 NS
   Stage Ⅰ vs stage Ⅲ 39 (36) vs 18 (17) 0.625 NS
   Stage Ⅱ and stage Ⅲ 51 (47) vs 18 (17) 0.575 NS

Total patients, n = 108

1The patient characteristics are summarized based on the clinical outcomes. 
Demographic and clinical features of patients were retrospectively analyzed 
and correlated with the miR-106b expression profiles; 2The correlation 
between miR-106b expression values and the patient numbers of each 
clinical outcome parameter were analyzed using Mann-Whitney U tests. 
aP < 0.05 was considered significant; 3Tumor size represents the maximum 
diameter of the tumor nodule. The diameter of the largest nodule was 16 
cm. NS: No significant difference; HCC: Hepatocellular carcinoma. 
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miR-106b but not miR-93 and miR-25 expression 
corresponds to decreased survival times, increased 
recurrence rates and HCC differentiation in HBV-
associated HCC patients (data not shown). This effect 
might reflect the different biological functions of 
individual miRNAs. Previous studies have indicated 
that miR-106b and miR-93 directly target the cell-
cycle inhibitor, CDKN1A (p21), and miR-25 inhibits cell 
apoptosis through the down-regulation of a the pro-
apoptotic gene, BCL2L11 (Bim), in gastric cancer[31]. 
Other studies have shown that miR-106b is not only 
involved in cell cycle inhibition but might also play an 
anti-apoptosis role in cancer cells[32]. The data obtained 
in the present study, support the idea that miR-106b 
has a greater effect on promoting tumor progression 
compared with the other members in the same cluster.

However, HBV-associated protein regulates the 
expression of several miRNAs to assist with viral 
replication and survival and HCC development[33,34]. 
In a previous study, we showed that HBx protein up-
regulates mTOR signaling through IKKβ to increase 
cell proliferation and VEGF production in HCC[35]. 
Furthermore, HBx protein is highly expressed in the 

cytoplasm of hepatocytes after HBV infection, thereby 
promoting tumorigenesis through the induction of 
mitochondrial dysfunction, involving several signaling 
pathways associated with tumorigenesis through 
the regulation of non-coding RNAs (ncRNAs) and 
epigenetic changes[8,34,36]. The results of present 
study showed that HBx over-expression promoted 
the transcription of miR-106 in HCC cell lines. This 
finding might explain why miR-106b was remarkably 
up-regulated in HBV-associated HCC but not in 
other types of HCC. However, the precise regulatory 
mechanism of HBx in miR-106b expression should be 
further investigated. 

Based on these results, the miR-106b-25 cluster 
was co-transcribed with its host gene, MCM7 in HBV-
associated HCC. Previous studies have indicated that 
MCM proteins are involved in critical steps of DNA 
synthesis[37]. MCM proteins bind to DNA replication 
origins during the initiation step, and subsequently 
the MCM proteins provide the helicase activity to 
unwind the template DNA ahead of the fork for DNA 
elongation. In primary gastric tumors and normal 
mucosa, the mRNA expression of MCM7 is precisely 
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Figure 5  The mRNA expression levels of miR-106b-25 cluster and MCM7 in hepatitis B virus X protein-transfected hepatocellular carcinoma cell lines (n = 
3). The hepatitis B virus X protein (HBx) protein expression plasmid was transiently transfected into Huh7 and Hep-3B cells. miR-106b, miR-93, miR-25, and MCM7 
expression levels at 0 (control), 6, 12, and 24 h post transfection were detected using q-RT-PCR. A: miRNAs expression levels in HBx-transfected Huh7 cells; B: 
miRNAs expression levels in HBx-transfected Hep-3B cells; C: MCM7 expression levels in HBx-transfected Huh7 cells; D: MCM7 expression levels in HBx-transfected 
Hep-3B cells. Data represent the mean ± SD. aP < 0.05, bP < 0.01, dP < 0.001 vs control. a.u.: Arbitrary unit. HCC: Hepatocellular carcinoma.
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correlated with the expression of the miR-106b-25 
cluster[18]. The detailed regulatory mechanism between 
miR-106b-25 and MCM7 and whether MCM7 is 
involved in the miR-106b-mediated influence on HBV-
associated HCC need to be further examined.

In conclusion, the results of present study indicate 
that miR-106b is up-regulated and co-transcribed 
with its host gene MCM7 in HBV-associated HCC. The 
up-regulation of miR-106b expression corresponds 
with a decrease in survival time, and an increase in 
the recurrence rate and HCC differentiation in HBV-
associated HCC patients. Furthermore, HBx over-
expression increased the RNA levels of the miR-
106b-25 cluster and MCM7 in human hepatocellular 
carcinoma cell lines. These results suggest that HBx 
enhances the transcription of miR-106b to promote 
tumor progression in HBV-associated HCC. These 
findings provide a potential diagnostic marker and 
therapeutic target for HBV-associated HCC.
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Abstract
AIM: To investigate the anti-proliferation and radio
sensitization effect of chitooligosaccharides (COS) on 
human colon cancer cell line SW480.

METHODS: SW480 cells were treated with 0, 1.0, 2.0, 
3.0, 4.0 and 5.0 mg/mL of COS for 48 h. CCK-8 assay 
was employed to obtain the cell survival ratio of SW480 
cells, and the anti-proliferation curve was observed with 
the inhibition ratio of COS on SW480 cells. The RAY 
+ COS group was treated with 1.0 mg/mL of COS for 
48 h, while both the RAY and RAY+COS groups were 
exposed to X-ray at 0, 1, 2, 4, 6 and 8 Gy, respectively. 
Clonogenic assay was used to analyze cell viability 
in the two groups at 10 d after treatment, and a cell 
survival curve was used to analyze the sensitization 
ratio of COS. The RAY group was exposed to X-ray at 
6 Gy, while the RAY+COS group was treated with 1.0 
mg/mL of COS for 48 h in advance and exposed to X-ray 
at 6 Gy. Flow cytometry was employed to detect cell 
cycle and apoptosis rate in the non-treatment group, as 
well as in the RAY and RAY + COS groups after 24 h of 
treatment. 

RESULTS: COS inhibited the proliferation of SW480 
cells, and the inhibition rate positively correlated with 
the concentration of COS (P  < 0.01). Cell viability 
decreased as radiation dose increased in the RAY and 
RAY+COS groups (P  < 0.01). Cell viabilities in the 
RAY+COS group were lower than in the RAY group 
at all doses of X-ray exposure (P  < 0.01), and the 
sensitization ratio of COS on SW480 cells was 1.39. 
Compared with the non-treatment group, there was a 
significant increase in apoptosis rate in both the RAY 
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and RAY + COS groups; while the apoptosis rate in 
the RAY+COS group was significantly higher than in 
the RAY group (P  < 0.01). In comparing these three 
groups, the percentage of G2/M phase in both the RAY 
and RAY + COS groups significantly increased, and 
the percentage of the S phase and G0/G1 phase was 
downregulated. Furthermore, the percentage in the G2/
M phase was higher, and the percentage in the S phase 
and G0/G1 phase was lower in the RAY + COS group vs  
RAY group (P  < 0.01). 

CONCLUSION: COS can inhibit the proliferation of 
SW480 cells and enhance the radiosensitization of 
SW480 cells, inducing apoptosis and G2/M phase arrest.

Key words: Chitooligosaccharides; Cancer of colon; 
Radiotherapy; Radiosensitization; Apoptosis; Cell cycle

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In this study, the colorectal cancer cell 
line SW480 that is homologous with colon-rectum 
was used as the research tool. It was confirmed 
that chitooligosaccharides (COS) not only directly 
blocked SW480 cell proliferation, but also enhanced 
radiotherapy effects. Furthermore, COS induced a 
large amount of SW480 cell apoptosis, and induced a 
large number of cells to remain in the G2/M phase with  
radiation-sensitive killing effect. Thus, the sensitivity of 
SW480 cells to radiation was effectively enhanced 1.39 
times. This is beneficial for the therapeutic effect.

Han FS, Yang SJ, Lin MB, Chen YQ, Yang P, Xu JM. 
Chitooligosaccharides promote radiosensitivity in colon cancer 
line SW480. World J Gastroenterol 2016; 22(22): 5193-5200  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i22/5193.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
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INTRODUCTION
According to the latest Chinese cancer epidemic profile 
survey, the 2010 cancer morbidity and mortality rates 
in China were 235.23/100000 and 148.81/100000, 
respectively. Among these cancers, colorectal cancer 
incidence and mortality have shown an obvious 
predominantly evident upward trend again, causing 
this to be the focus of medical experts[1-4]. In China, 
colorectal cancer has a prevalence of 16.14%, allowing 
a leap up to fifth place among cancers; and the 
incidence in males is as high as 18.75%. In 2012, 
over 250000 colorectal cancer cases were added 
nationwide; this total accounts for 18.6% in the 
world[5,6]. China has become a big focus at the forefront 
of colorectal cancer research, since efficient and low 
toxicity treatments are needed. Since the discovery of 
radiation, radiotherapy has lasted for centuries as the 

main indispensable weapon against cancer that is active 
in clinic. Statistics have shown that more than 70% 
and 50% of cancer patients are in need of this kind of 
therapy in China and the United States, respectively[7,8]. 
Although radiotherapy has great significance for cancer 
treatment, killing cancer cells could injure healthy 
tissues, causing malignant complications. This has been 
a researcher’s hurdle that is difficult to bypass. However, 
radiosensitizers then emerged as a necessity of the 
times. Chitooligosaccharides (COS) are products of 
chitin, having good solubility and a high absorption rate, 
making the ratio of the carbohydrate polymer more 
advantageous for biological applications; and they have 
become the new favorite of medical researchers[9,10]. 
Although there have been many reports about COS 
anticancer effects[11-14], there are few studies on the 
applications of radiation sensitization. In this study, 
human colon cancer SW480 cells were selected and 
treated with COS application in parallel with radiation, 
to verify that COS can enhance radio sensitivity for 
colorectal cancer cell line; this is reported below. We 
expect to further explore this superior and low-damage 
anticancer therapies. 

MATERIALS AND METHODS
Seven COS concentration levels were established 
and 3-hole samples were simultaneously cultured in 
parallel with each level SW480 cells were subcultured 
to the logarithmic phase (human colon cancer cells 
SW480; Shanghai Cell Institute of Chinese Academy 
of Sciences). After digestion, the cells were diluted 
to a concentration of 5 × 104 cells/mL according to 
the 0.1 mL/hole access in a 96-well plate. A suitable 
environment was set (CO2 incubator, Shanghai Gemtop 
Scientific Instrument CO.,Ltd.) for adherent growth, 
and diluted COS (Chitooligosaccharides, Shanghai 
Huich Biotech Inc.) was replaced after 24 h with fresh 
medium at 0.11 mL/hole, and added into each well 
at COS concentrations of 0, 0.5, 1.0, 2.0, 3.0, 4.0 
and 5.0 mg/mL After 48 h of COS application, CCK-8 
reagent (CCK-8 Kit, Shanghai Liruibio Technology Co., 
Ltd.) was added along the pore walls at 0.01 mL/hole. 
Then, the culture plate was tapped to mix reagent 
and culture medium. After four hours of sufficient 
reaction, OD absorbance at λ = 450 nm was detected 
at all levels. The experiment was repeated three times 
to investigate the inhibitory effect of COS on SW480 
cell proliferation. Accordingly, 1.0 mg/mL of COS 
concentration was selected for follow-up studies. 

Six X-ray dose levels were established and levels 
were divided into the RAY group and RAY+COS group; 
each group was simultaneously cultured in parallel 
with the 3-hole sample. According to 0-, 1- and 2-Gy 
dose levels at 200/well, 4- and 6-Gy dose levels at 
400/well, and 8-Gy dose level at 800/well inoculation 
amounts, respectively, different concentrations of 
single-cell suspensions in 6-well culture plate were set 
in an incubator with a suitable environment for growth 
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adherence. After six hours, appropriate amounts of 
COS were added into each well to reach a 1.0 mg/mL 
concentration in the RAY + COS group, while equal 
amounts of infiltrating medium were added into each 
hole and cultured for 48 h in the RAY group. Both 
groups were stamped with 1-cm thick tissue analogs in 
the culture plates and X-ray irradiated (Electron linear 
accelerator, Nanjing Chuang Rui Ying Biotechnology 
Co., Ltd.) at a distance of 100 cm with a dose rate of 2 
Gy/min. Incubation continued for 10 d, the cells were 
washed, fixed and stained again; then, the number of 
cells were counted as 50 or more units of cell clusters. 
The experiment was repeated three times for statistical 
data, and the cell survival curve was draw up from the 
final slope of the DO value obtained by sensitizing ratio 
SER = D0 (RAY)/D0 (RAY + COS).

The three groups were established simultaneously 
in parallel with the 3-hole samples. The concentration 
of 1 × 105/mL cell suspension was inoculated into 
6-well culture plate with a suitable growth-adherent 
environment for 24 h. In the RAY + COS group, the 
correct amount of COS was added to reach a 1.0 mg/
mL concentration. In the non-treatment group and 
RAY group, equal amounts of medium were added. In 
the RAY group and RAY + COS group, infiltration was 
carried out for 48 h and samples were exposed to 6-Gy 
X-ray irradiation. After replacing with fresh medium, 
cells were cultured for 48 h. After digestion, rinsing, 
dilution and other treatments were performed to 
determine the cell cycle stage and extent of apoptosis 
in each group. 

Statistical analysis
Using SPSS19.0 statistical software for statistical 
analysis, OD value, survival rate, apoptosis rate and 
cell cycle distribution ratios were presented as mean 
± SD. OD values for each COS concentration level and 
cell survival rates at X-ray dose levels were compared 
among multiple groups using ANOVA analysis and 
compared between the two groups using SNK-q test. 
For the RAY group and RAY + COS group, cell survival 
rates under different X-ray doses, cell cycle control 

experiments among the three groups, and apoptosis 
rates between the three groups were compared by 
t-test. P < 0.05 was considered statistically significant.

RESULTS
Inhibitory effect of COS on SW480 cell proliferation
In comparing the COS concentration of the OD value in 
the 0 mg/mL group, OD values progressively reduced 
at all levels as COS concentration increased, and the 
difference was statistically significant (P < 0.01). After 
48 h of treatment with 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 
μmg/mL of COS concentration, SW480 cell survival 
rates were significantly lower than in the negative 
control group; and the differences were statistically 
significant (P < 0.01). The inhibition rate and the 
concentration of COS showed a positive correlation 
(Table 1, Figure 1).

Comparison of effects of different radiation dose on cell 
survival rate between groups
With an irradiation dose of 0 Gy as a reference stan
dard, survival rate in the RAY and RAY + COS groups 
progressively reduced with increased radiation dose, 
and the difference was statistically significant (P < 
0.01). The reduction in cell survival rate was greatest 
in the RAY + COS group. At dose levels 1, 2, 4, 6 
and 8 Gy, survival rate in the RAY+COS group was 
significantly lower than in the RAY group, and the 
difference was statistically significant (P < 0.01). SER 
was 1.39 for COS in SW480 cells (Table 2, Figure 2).

Cell apoptosis rate between groups
Compared with proliferation in the non-treatment 
group, apoptosis rate in the RAY and RAY + COS 
groups increased sharply, the differences were 
statistically significant (P < 0.01). Apoptosis rate in the 
RAY+COS group also revealed a significant increase 
compared with the RAY group, and the difference was 
statistically significant (P < 0.01; Table 3, Figure 3).

Comparison of cell cycle distribution between groups
Compared with the non-treatment group, the pro
portion in G2/M phase in the RAY and RAY + COS 

5195 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

Table 1  Inhibition of chitooligosaccharides for the proliferation 
of SW480 cells

COS concentration 
(mg/mL)

OD (mean ± SD) Inhibition rate

0 1.019 ± 0.007 -
0.5  0.969 ± 0.0051   4.91%
1.0  0.908 ± 0.0082 10.89%
2.0  0.804 ± 0.0063 21.10%
3.0  0.692 ± 0.0074 32.09%
4.0  0.580 ± 0.0065 43.08%
5.0  0.433 ± 0.0086 57.51%
P 0 -
F 137.6 -

Compared with COS concentrations in the 0 mg/mL Group: 1P = 0.000, q 
= 17.437; 2P = 0.000, q = 31.326; 3P = 0.000, q = 80.047; 4P = 0.000, q = 99.096; 
5P = 0.000, q = 142.849; 6P = 0.000, q = 165.379. COS: Chitooligosaccharides.

60

50

40

30

20

10

0
0.0           0.5           1.0           2.0          3.0           4.0           5.0
                            COS concentration (mg/mL)

In
hi

bi
tio

n 
ra

te
 (

%
)

Figure 1  Inhibition curve of chitooligosaccharides for proliferation of SW480 
cells.

Han FS et al . Radiosensitization effects of chitooligosaccharides



5196 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

morbidity[15-17]. Statistical data from international 
cancer research institutions have indicated that China's 
2012 annual new-onset cases of colorectal cancer 
reached 1.47 times that of cases in 2006, and the 
total incidence grew by nearly 50% in six years[18]. 
Regarding the incidence of colorectal cancer in China, 
the annual growth rate rose sharply to more than two 
times the international average[19]. This situation is not 
optimistic, and the exploration of more effective drugs 
and treatment without delay is of great significance. 

Inhibitory effect of COS on proliferation of colon cancer 
SW480 cells
Derived from the depolymerization of chitosan, COS 
has been considered as the human healthy “almighty” 
guardian by the biomedical field. It can improve body 
acid-base balance, activate immune function, remove 
blood lipids, lower blood sugar, and regulate a variety 
of physiological activity[20-22]. Particularly, it has anti-
tumor effects, which have been a research focus for 
domestic and foreign scholars in recent years. Based 
on historical reports, COS has a widespread growth-
blocking effect on HL-60, RBL-2H3, SGC-7901 and 
tumor cell lines of other organs, and there are a 
variety of ways to achieve this effect[23-25]. In this study, 
the colorectal homologous colorectal SW480 cell line 
was the target. This study confirms that COS directly 

groups significantly increased, while the proportions in 
S and G0/G1 phase all reduced; the differences were 
statistically significant (P < 0.01). Compared with the 
RAY group, the proportions in S phase and G0/G1 
phase in the RAY + COS group were smaller, while the 
G2/M phase was significantly longer; the differences 
were statistically significant (P < 0.01). See Table 4, 
Figure 4.

DISCUSSION
Rapid economic growth gives rise to the rapid 
development of science and technology. However, 
improvements in medical technology have failed in 
stopping cancer from affecting human health. Modern 
unhealthy diets and living habits stimulate and 
mainly cause the continuous rise in colorectal cancer 

Table 2  Comparison of cells survival rates for different 
radiation doses between the RAY and RAY + COS group

Irradiation dose 
(Gy)

Cell survival rate (%)

RAY RAY + COS

0 99.22 ± 3.51 99.17 ± 4.061

1 90.67 ± 3.82 85.30 ± 3.382

2 73.69 ± 3.45 56.11 ± 2.953

4 45.95 ± 3.41 28.64 ± 2.764

6 23.84 ± 2.20 12.53 ± 2.035

8   8.68 ± 1.75   3.81 ± 1.166

P 0 0
F 182.7 243.2

Compared with RAY group: 1P = 0.978, t = 0.028; 2P = 0.006, t = 3.158, 3P = 
0.000, t = 11.619; 4P = 0.000, t = 11.837; 5P = 0.000, t = 11.335; 6P = 0.000, t = 
6.959. COS: Chitooligosaccharides.
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Figure 2  Cells survival rates at different radiation doses between the RAY 
and RAY + COS groups. COS: Chitooligosaccharides.
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Figure 3  Cell apoptosis comparison between the three groups.

Table 3  Comparison of cell apoptosis rates among the three 
groups

Groups Cell apoptosis rate

Non-treatment group 1.79 ± 0.37
RAY group  9.33 ± 1.051

RAY + COS group  22.64 ± 1.272,3

Compared with the control group: 1P = 0.000, t = -20.318; 2P = 0.000, t 
= -47.286; compared with the RAY Group: 3P = 0.000, t = -24.232. COS: 
Chitooligosaccharides.

Table 4  Comparison of cell cycle distribution among the 
three groups 

Groups S (%) G0/G1 (%) G2/M (%)

Non-treatment 
group

30.15 ± 0.82 39.41 ± 1.05 30.44 ± 0.68

RAY group 22.48 ± 0.741 30.51 ± 0.862 47.01 ± 0.523

RAY + COS group   18.89 ± 0.654,7   24.34 ± 0.465,8   56.77 ± 0.286,9

Compared with the control group: 1P = 0.000, t = 20.832; 2P = 0.000, t = 
19.672; 3P = 0.000, t = -58.070; 4P = 0.000, t = 32.283; 5P = 0.000, t = 39.438; 6P 
= 0.000, t = -107.412; compared with the RAY group: 7P = 0.000, t = 10.935; 
8P = 0.000, t = 18.979; 9P = 0.000, t = -49.577. COS: Chitooligosaccharides.
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blocks SW480 cell proliferation, and its inhibitory effect 
increases with the concentration of COS application 
showing increase in increments; 5 mg/mL of COS 
treatment for 48 h induced SW480 cell viability to 
decrease by 57.51%.

COS enhances SW480 cell sensitivity to radiation
Radiotherapy has an irreplaceable position in the 
treatment of cancer. It is widely used in various stages 
of the disease course; preoperatively it shrinks tumors 
to create conditions for radical enterectomy, it removes 
residues postoperatively to prevent recurrence, and it 
cooperates with chemotherapy to prevent metastasis. 
Early radiotherapy for nasopharyngeal carcinoma, skin 
cancer and cervical cancer has a possibility of more 
than 9% cure[26-28]. Early exposure to radiotherapy 
also can improve the 5-year survival rate from 70% to 
80% for esophagus and prostate cancer[29,30]. Although 
radiotherapy has significantly prevents pain in patients 
with organ disease, there are also shortcomings. 
Radiation attack precision is limited, and often im
plicates normal tissue surrounding lesions, leading 
to tissue damage, which adds to the double burden 
of cancer patients both physically and mentally. This 
study found that X-rays have a mass destruction effect 
on SW480 cells, and cell death increased with radiation 
dose; while before radiotherapy, COS application 
obviously makes the cell survival rate decrease, COS 
can effectively increase SW480 cell sensitivity to 
radiation by 1.39 times. Furthermore, this controlled 
experiment has shown that the RAY + COS group 
had significantly improved treatment efficacy with 
the increase in apoptosis rate, and the cell cycle 
distribution changed significantly.

COS achieves radiosensitization by promoting SW480 
cell apoptosis
Apoptosis maintains homeostasis in the body. However, 
it has an independent regulatory program that takes 
the initiative to open the “die” mode to conserve 
limited resources when cells are faced with adverse 
living conditions. Tumor cells lose this order of re
gulation and fall into a disordered and uncontrolled 
proliferation cycle. Radiation-induced apoptosis has 
been demonstrated for a long time[31-34]. COS combined 

with radiotherapy reverses the deactivation of the 
mechanism of apoptosis in a cancer cell to a greater 
degree, and pulls it back to its normal life trajectory. 
The complexity of the entire process of cell apoptosis 
involves cooperation of multiple genes and proteins. 
Krysko’s research has indicated that COS can activate 
apoptosis promoter Caspase-3[35,36]. Tan believes that 
COS can damage mitochondrial membrane stability 
and release Cyt C into the cytosol[37]. Mates has also 
reported that COS can down-regulate environmental 
GSH activity and stimulate oxidative damage[38,39]. A 
number of conclusions have confirmed that COS has a 
positive effect on the apoptosis of tumor cells.

COS achieves radiosensitization by changing the SW480 
cell cycle distribution 
The mechanism of action of radiotherapy is to destroy 
DNA strand integrity including breaking the connection 
of ester bond sequences and destroying base modi
fications. From the initial point of its life cycle, 
radiotherapy blocks various physiological functions of 
the tumor cell and genetic information delivery[40,41]. 
Cell cycle distribution has a deep influence on radio
therapy[40,42-45]. Flow cytometry analysis revealed that 
COS treatment leaves a large number of SW480 cells 
stranded in the G2/M phase that is very sensitive to 
radiation, while reducing the G1 phase and S phase 
that are responsible for DNA damage repair, reducing 
the resistance of cancer cells to radiotherapy and 
enhancing its therapeutic effect. Radiation biological 
research pointed out that in order to ensure a smooth 
and orderly replication, the whole proliferation process 
speed is controlled at G1, S and G2 levels, respectively, 
by three regulatory processes[46-49], speculating that 
COS control in cell cycle distribution is most likely 
related to the start-up and expression of these three 
processes.

In summary, COS not only directly arrests SW480 
cell growth, but also helps radiotherapy. COS induces 
SW480 cells apoptosis accompanied by a large number 
of proliferation process changes. Thus, this greatly 
enhances radiation lethality and has a beneficial 
therapeutic effect. In-depth exploration of COS as 
radiosensitizer is expected to bring a new dawn for the 
life of colorectal cancer patients.

Figure 4  Comparison of cell cycle distribution among the three groups. A: Non-treatment group; B: RAY group; C: RAY + COS group. COS: Chitooligosaccharides.
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COMMENTS
Background
Modern unhealthy diets and living habits are major causes that stimulate the 
prevalence of colorectal cancer to continue to soar. In China, colorectal cancer 
has a prevalence of 16.14%, which has clinically already leapt up to fifth place 
among cancers; and the incidence in males is as high as 18.75%. In 2012, 
over 250000 cases of patients were added nationwide; this total accounts for 
18.6% in the world. China has become a big focus in the forefront of colorectal 
cancer research, and efficient and low toxicity treatments are needed. Although 
radiotherapy has great significance for cancer treatment, killing cancer cells 
could injure healthy tissues, causing malignant complications. This has been 
a researcher’s hurdle that is difficult to bypass. Radiosensitizers have now 
emerged as a timely aid.

Research frontiers
In order to reduce the toxicity of radiotherapy, current research has focused on 
primarily two aspects: increase in the accuracy of positioning, and enhancement 
of radiation radiosensitivity of tumor tissues. Using radiation sensitizers has 
become popular because it is simple to apply. Previous studies have shown 
that radiosensitization mechanisms include improved cell hypoxia, increased 
DNA damage and influence of the cycle phase distribution. In addition to 
5-fluorouracil, cisplatin and gemcitabine, the conventional radiotherapy 
sensitizers, C225, L-778-123 and COX-2 inhibitors and other new sensitizers 
have gained attention in recent years. Further interdisciplinary approaches have 
also started to introduce new drugs and new mechanisms of action in the field 
of radiation sensitizer agents.

Innovations and breakthroughs
Derived from the depolymerization of chitosan, COS has been considered as 
the human healthy “almighty” guardian by the biomedical field. It can improve 
body acid-base balance, activate immune function, remove blood lipids, lower 
blood sugar, and regulate a variety of physiological activity. Particularly, it has 
anti-tumor effects, which has been a research focus by domestic and foreign 
scholars in recent years. Based on historical reports, COS has a widespread 
growth blocking effect on HL-60, RBL-2H3, SGC-7901 and tumor cell lines of 
other organs, and there are a variety of ways to achieve this effect. Although 
there are many reports about COS anticancer effects, there are few studies on 
the applications of radiation sensitization. In this study, human colon cancer 
SW480 cells were selected and treated with COS application in parallel with 
radiation, to verify that COS can enhance radiosensitivity in colorectal cancer 
cell lines.  

Applications
This study showed that chitooligosaccharides can effectively enhance the 
sensitivity of SW480 cancer cells to radiation; chitosan oligosaccharide 
combined with radiotherapy treatment would be helpful and promising 
for colorectal cancer. Regarding the effect of chitooligosaccharides on 
radiosensitization, an in-depth study would be expected to explore this efficient 
and low-damage anticancer therapeutic breakthrough.

Peer-review
This is a very interesting study about the chitooligosaccharide promotion of 
radiosensitivity in a colon cancer line. The study is well designed and the 
manuscript is well written. 
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Abstract
AIM: to explore the preventive and therapeutic 
effects of Faecalibacterium prausnitzii  (F. prausnitzii ) 
supernatant on dextran sulfate sodium (DSS) induced 
colitis in mice. 

METHODS: Forty C57BL/6J male mice were randomly 
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INTRODUCTION
Inflammatory bowel diseases (IBD), including 
Crohn’s disease (CD) and ulcerative colitis (UC), are 
multifactorial ailments characterized by intestinal 
inflammation. Although the precise etiology and 
pathogenesis of IBD are not fully elucidated, 
multiple factors contribute to IBD, including genetic 
background, environment, intestinal flora imbalance, 
and immune disorder[1-4]. It has been hypothesized 
that an undesired intestinal mucosal immune response 
to intestinal flora imbalance contributes to the onset of 
IBD in genetically susceptible individuals. 

A T helper (Th)17 cell is defined as a cell producing 
the cytokine interleukin (IL)-17A, but it also can 
secrete many other cytokines, such as IL-17F, IL-6, 
and IL-23, during an inflammatory response[5]. Th17 
cells are characterized by the expression of the tran
scription factor retinoic acid-related orphan receptor 
(RORγt), and there is growing evidence that Th17 cells 
are paramount in the development of human auto
immune diseases, including IBD[6-8]. In the intestine 
of IBD patients, elevated numbers of Th17 cells and 
increased RORγt and IL-17 levels are found[9]. The 
differentiation of Th17 cells from naïve CD4+ T cells 
is known to be affected by multiple cytokines, such 
as transforming growth factor (TGF)-β, IL-6, IL-4, and 
IL-23[10,11]. IL-6 plays a key role in cooperating with 
TGF-β to initiate Th17 differentiation, while IL-4 inhibits 
Th17 differentiation. 

Faecalibacterium prausnitzii (F. prausnitzii) is the 
major bacterium of the Clostridium leptum group, and 
is one of the most abundant anaerobic bacteria in the 
human gut[12]. F. prausnitzii plays an important role in 
maintaining the intestinal health and providing energy 
to the colonocytes[13]. A recent study indicated that 
F. prausnitzii levels were decreased in IBD patients 
compared with healthy controls[14]. Previously, we 
confirmed in animals that both the bacteria and its 
supernatant relieved trinitro-benzene-sulfonic acid 
induced colitis in rats[15]. Nevertheless, the specific 
mechanism is largely unclear.

Dextran sulfate sodium (DSS) induced colitis is a 
well-established animal model for IBD pathogenesis, 
and it has been used in preclinical studies for over 
two decades[16,17]. Furthermore, it has been shown 
that the clinical features and pathological changes of 
DSS-induced colitis in mice were similar to human 
UC[18]. Here, we determined whether the F. prausnitzii 
supernatant could relieve DSS-induced colitis in mice 
by reducing Th17 cells and inflammatory cytokines.
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divided into four groups: control group, model group, 
treatment group, and prevention group. Mice were 
weighed daily. On day 10, the colon length was 
measured, the colorectal histopathologic damage score 
(HDS) was assessed, and plasma interleukin (IL)-17A, 
IL-6, and IL-4 levels were detected by enzyme-linked 
immunosorbent assay. The expression of transcription 
factor retinoic acid-related orphan receptor-γt (RORγt) 
and IL-17A in colon inflammatory mucosa tissue were 
determined by immunohistochemical assay, and the 
expression levels of RORγt mRNA, IL-17A mRNA, and 
IL-6 mRNA were detected by real-time quantitative 
polymerase chain reaction (PCR). The proportion of 
Th17 in mononuclear cells in spleen was assayed by 
fluorescence activated cell sorter. 

RESULTS: When compared with the model group, the 
colon length (P  < 0.05) and body weight (P  < 0.01) in 
the treatment and prevention groups were significantly 
increased, and the colon HDS was decreased (P  < 
0.05 and P  < 0.01). There was no statistical difference 
between the treatment group and prevention group. 
After treatment with F. prausnitzii  supernatant, the 
plasma levels of IL-17A and IL-6 (P  < 0.05), the 
protein and mRNA expression of IL-17A and RORγt, 
and the Th17 cell ratio of spleen cells (P  < 0.01) 
were significantly decreased compared to the model 
group. Plasma IL-4 level in the prevention group was 
significantly higher than that in the model group (P < 
0.05), but there was no significant difference between 
these two groups in the expression of IL-6 in both the 
plasma and colon mucosa tissues.

CONCLUSION: F. prausnitzii  supernatant exerts 
protective and therapeutic effects on DSS-induced colitis 
in mice, probably via  inhibition of Th17 differentiation 
and IL-17A secretion in the plasma and colon 
mucosa tissues. It can also improve colitis in mice by 
downregulating IL-6 and prevent colitis by upregulating 
IL-4.

Key words: Faecalibacterium prausnitzii ; Ulcerative 
colitis; Animal model; Th17 cell; Treatment; Prevention
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Core tip: Faecalibacterium prausnitzii  (F. prausnitzii ) 
supernatant has anti-inflammatory and immune 
regulatory activity. This study showed that the preventive 
and therapeutic use of F. prausnitzii  supernatant could 
ameliorate dextran sulfate sodium (DSS)-induced 
colitis in mice by inhibiting Th17 cell differentiation and 
inflammatory cytokines release.

Huang XL, Zhang X, Fei XY, Chen ZG, Hao YP, Zhang S, 
Zhang MM, Yu YQ, Yu CG. Faecalibacterium prausnitzii 
supernatant ameliorates dextran sulfate sodium induced colitis 
by regulating Th17 cell differentiation. World J Gastroenterol 



MATERIALS AND METHODS
Animals 
All experiments were approved by the Experimental 
Animal Ethical Committee of Nanjing Drum Tower 
Hospital, the Affiliated Hospital of Nanjing University 
Medical School. Forty male C57BL/6J mice aged 8-10 
wk and weighing 18-22 g were obtained from the 
Animal Center, Nanjing Drum Tower Hospital (Nanjing, 
China). The mice were allocated equally and randomly 
to four groups: control group, model group, treatment 
group, and prevention group. The group divisible 
design is shown in figure 1. The period of observation 
was 10 d. In the first 5 d, the mice in the prevention 
group were given supernatant of F. prausnitzii (five 
times concentrated, 0.1 mL/10 g) through gavage 
once a day, while the other groups received the same 
dosage of medium. For the next 5 d, all groups, except 
for the control group, were treated with 3.0% DSS in 
their drinking water ad libitum, the treatment group 
was fed F. prausnitzii supernatant by gavage once a 
day.

Mice were weighed daily and sacrificed by cervical 
dislocation at day 10. Colons were dissected, and the 
distance from cecum to anus was measured. The colon 
tissues were fixed in 4% formalin for later pathological 
examination and immunohistochemical study. The 
peripheral blood and spleen were isolated for testing 
Th17 cells and cytokines.

F. prausnitzii culture 
F. prausnitzii (ATCC 27766, Manassas, VA, United 
States) was cultured anaerobically at 37 ℃ in LYHBHI 
medium [main component of brain-heart infusion 
medium (37 g/L, BD, Franklin Lakes, NJ, United 
States), yeast extract (5 g/L, Oxoid, Basingstoke, 
United Kingdom), cellobiose ( 1 g/L, Sigma, St. Louis, 
MO, United States), maltose (1 g/L, Amresco, Solon, 
OH, United States), hemin (5 mg/L, Sigma), and 
cysteine (0.5 g/L, Sigma)]. The number of live bacteria 
(colony-forming units, CFU) was calculated according 
to optical density (OD) at 600 nm. The supernatant 
was collected from cultures with 109-1010 CFU/ml 
(OD = 1.9). Sterile culture medium acted as placebo. 
Bacterial supernatant and sterile culture medium were 

lyophilized and stored at -80 ℃. They were thawed 
and diluted to five times concentrated solution with 
phosphate buffered saline (PBS) before administration.

Colon histopathologic grading
The histopathologic grading of colon damage was 
scored by two blinded pathologists under microscope 
based on Neurath Scoring criteria as previously 
described[19]. In short, 4: transmural leukocyte 
infiltrations, high vascular density, loss of goblet cells, 
and thickening of the colon wall; 3: high level of 
leukocyte infiltration, thickening of the colon wall, high 
vascular density; 2: low level of leukocyte infiltration; 
1: very low level of leukocyte infiltration; and 0: no 
inflammation. 

Isolation of splenic mononuclear cells
Splenic mononuclear cells were isolated from spleens 
through Ficoll–Isopaue density gradient centrifu
gation[20]. Fresh spleens were placed in Roswell Park 
Memorial Institute (RPMI)-1640 (Gibco, Carlsbad, NY, 
United States) and mechanically disrupted by a 2 ml 
syringe plunger into cell suspensions. Cell suspensions 
were repeatedly aspirated with a sterile Pasteur 
pipette and gently filtered through a 200 μm strainer. 
Splenic single-cell suspensions were layered over an 
equal volume of Ficoll-Hypaque Solution (Haoyang 
BioScience Corporation, Tianjin, China) per spleen 
and centrifuged at 1500 rpm for 20 min. The band 
of leukocyte enriched fraction at the interface was 
collected after centrifugation at 1800 rpm for 10 min 
without brake. The resulting splenic mononuclear cell 
density was counted in a hemocytometer, and viability 
was assessed by Trypan blue staining.

fluorescence activated cell sorter analysis of Th17 in 
mononuclear cells
Flow cytometry followed routine procedures by using 2 
× 106 cells per sample. The splenic mononuclear cells 
were stimulated by phorbol-12-myristate-13-acetate 
(PMA), ionomycin, and brefeldin A for 5 h at 37 ℃ in 
a 5% CO2 incubator, then labeled with fluorescein 
isothiocyanate (FITC) anti-mouse CD4 (eBioscience, 
San Diego, CA, United States) and APC anti-mouse 
CD3 (eBioscience). After permeabilization and fixed 
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Control group Medium Medium

Model group Medium 3.0% DSS

Treatment group Medium 3.0% DSS and F. prausnitzii  supernatant

Precention group F. prausnitzii  supernatant 3.0% DSS

D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

Figure 1  Flow diagram of the study design. DSS: dextran sulfate sodium; F. prausnitzii: Faecalibacterium prausnitzii.
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a microscope at 200 × magnification. 

Statistical analysis
The GraphPad Prism version 5.0 (La Jolla, CA, United 
States) was used for data analysis. Data are presented 
as mean ± SD and were analyzed using one-way 
analysis of variance. P < 0.05 was considered to be 
statistically significant.

RESULTS
symptoms and body weight of mice
Mice became symptomatic (e.g., bloody diarrhea, 
weight loss, shakes andsloth) by day 3 of drinking 
3.0% DSS ad libitum. The symptoms worsened with 
prolonged 3.0% DSS drinking time.

The mice in the model group had obvious weight 
loss compared to the control group (P < 0.001), and 
the mice from the model group weighed significantly 
less than those from the treatment and prevention 
groups. There was no significant difference in weight 
loss between the treatment group and prevention 
group (Figure 2). 

colon length and pathological changes
Compared with the control group, the mice in the 
model group had markedly shorter colon length (7.89 
± 1.536 vs 4.92 ± 0.925, P < 0.001), more serious 
colon damage, and higher histopathologic damage 
scores (0.8 ± 0.632 vs 3.7 ± 0.483, P < 0.01). 
Histological examination of model group mice showed 
that the normal colon mucous membrane structure 
disappeared, extensive ulceration developed, and a 
large number of inflammation cells infiltrated. However, 
culturing supernatant of F. prausnitzii in treatment 
and prevention group mice significantly ameliorated 
the colon damage by increasing colon length (P < 
0.01 and P < 0.05) and reducing high histopathologic 
damage scores (P < 0.05) as compared with model 
group (Figure 2). 

Th17 cell percentage change in splenic mononuclear 
cells
The ratio of Th17 cells in splenic mononuclear cells 
of the model group was significantly higher than 
that of the control group (4.02 ± 1.111 vs 1.34 ± 
0.417, P < 0.001). It was obviously decreased after 
preventive and therapeutic application of F. prausnitzii 
supernatant (4.02 ± 1.111 vs 2.60 ± 0.839, P < 
0.01 and 4.02 ± 1.111 vs 2.21 ± 1.030, P < 0.05), 
and there was no significant difference between the 
treatment and prevention groups (Figure 3). 

IL-17A, IL–6, and IL-4 levels in peripheral plasma
Plasma IL-17A, IL-6, and IL-4 levels of the control 
group were significantly different from the model 
group [15.73 ± 4.382 (pg/ml) vs 28.44 ± 4.116 (pg/
ml) P < 0.01, 81.19 ± 13.609 (pg/ml) vs 111.82 ± 

treatment, cells were labeled with PE anti-mouse 
IL-17 (eBioscience). The stained cells were tested by 
flow cytometry (BD, San Jose, CA, United States) and 
analyzed by the Cell Quest software.

enzyme-linked immunosorbent assay cytokines in 
murine plasma
Cytokines (IL-17A, IL-6, IL-4) were measured using a 
commercially available enzyme-linked immunosorbent 
assay kit (Yunhan Biological Technology Corporation, 
Shanghai, China) according to the manufacturers’ 
instructions.

Real-time quantitative polymerase chain reaction
Total RNAs were extracted from mid-colon samples 
taken from mice in each group using the Trizol 
reagent (Invitrogen, Carlsbad, CA, United States) 
with the following procedure. The concentration 
was determined by NanoDrop TM 1100 (NanoDrop 
Technologies, Wilmington, DE, United States). Total 
RNA was reversely transcribed into cDNA using reverse 
transcription kit. The polymerase chain reaction (PCR) 
reactions were performed in a 96-well Optical Reaction 
Plate (Applied Biosystems, Foster City, CA, United 
States) with the following procedure: degeneration 
95 ℃ for 30 s, annealing 95 ℃ for 5 s, 40 cycles of 
60 ℃ for 34 s. All primers and probes used in this 
study are listed in table 1. 

Immunohistochemistry
Paraffin slides of colon were re-hydrated in different 
concentrations of ethanol and washed in PBS. Sections 
were microwaved in sodium citrate buffer. After 
blocking with 10% goat serum for 30 min, sections 
were incubated with rabbit anti-rat IL-17 antibodies 
(Abcam, Cambridge, United Kingdom) overnight at 
4 ℃. Slides were then incubated with the corresponding 
secondary antibody (Zsbio, Beijing, China), labelled 
with horseradish peroxidase, developed using a 
diaminobenzidine (DAB) reaction, and counterstained 
with hematoxylin. Cells stained with the antibodies 
were calculated by random selection of five fields under 
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Table 1  Polymerase chain reaction primers gene sequences

Target gene Primer sequence Product length 
(bp)

ROR-γt forward: GACGGCCAACTTACTCTTGG 109
reverse: AGAAACTGGGAATGCAGTGG

IL-17A forward: TCCCTCTGTGATCTGGGAAG 154
reverse: CTCGACCCTGAAAGTGAAGG

IL-6 forward:
CGGAGAGGAGACTTCACAGAG

105

reverse: CATTTCCACGATTTCCCAGA
GAPDH forward: CATGGCCTTCCGTGTTCCTA   83

 reverse:
TGTCATCATACTTGGCAGGTTTCT

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; IL: Interleukin; 
ROR-γt: Related orphan receptor-γt.

Huang XL et al . F. prausnitzii  supernatant ameliorates mice colitis



14.369 (pg/ml) P < 0.05, 79.91 ± 12.245 (pg/ml) vs 
38.16 ± 9.507 (pg/ml) P < 0.001]. The plasma levels 
of IL-17A in the treatment and prevention groups were 
significantly lower than that in the model group (P < 
0.05). Plasma IL-6 level in the treatment group was 
also significantly less than that in the model group 
(P < 0.05), but the difference was not statistically 
significant between the prevention group and model 
group. On the contrary, level of plasma IL-4 in the 
prevention group was obviously higher than that in the 
model group (P < 0.05), while no difference was found 
between the treatment group and the model group 
(Figure 3).

expression of cytokines and RORγt mRNA in colon 
mucosal tissue
The expression of IL-17A, IL-6, and RORγt mRNA 
in colon tissue of mice in the model group was 
significantly higher than that in the control (P < 0.001) 
and treatment groups (P < 0.05). When compared 
with the model group, the expression of IL-17A and 
RORγt mRNA in colon inflammatory tissue of the 
treatment and prevention groups was significantly 
decreased (P < 0.01 or P < 0.05). There was no 
difference, however, in IL-6 between the model group 
and prevention group. As shown in figure 4, the 
expression of cytokines and RORγt mRNA in colon 

mucosal tissue did not significantly differ between the 
treatment and prevention groups. 

Immunohistochemistry
To investigate the effects of IL-17A and RORγt on colon 
tissue, we conducted immunohistochemical staining 
of proinflammatory cytokines in tissue sections. 
Consistent with the results of quantitative real time 
PCR, the expression of IL-17A and RORγt in the colon 
tissue of model group mice was significantly increased 
compared to that in the control group (P < 0.001) and 
treatment group (P < 0.05). Although the expression 
of RORγt in colon tissue was declined after protective 
use of F. prausnitzii, there was no difference between 
the model and prevention groups (Figure 5). 

DISCUSSION
In this study, we found that F. prausnitzii supernatant 
ameliorated colitis in mice by regulating Th17 cell 
differentiation and inhibiting the excretion of relevant 
inflammatory cytokines. We also found that F. 
prausnitzii supernatant was effective in the treatment 
and prevention of DSS-induced mice colitis by 
inhibiting differentiation of Th17 cell.

Both living F. prausnitzii and F. prausnitzii super
natant, which contains a mixture of secreted products, 
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have been shown to have an anti-inflammatory 
effect[21]. Compared to F. prausnitzii, its supernatant 
could be more effective therapeutically, as it may 
have a longer shelf-life, which would facilitate delivery, 
handling, and administration[22]. However, the exact 
composition and the anti-inflammatory mechanism 
of F. prausnitzii supernatant are currently largely 
unknown. Therefore, we explored the effects and 
immune mechanisms of F. prausnitzii supernatant 
on DSS-deduced colitis. Our study showed that the 
plasma levels of IL-17A and IL-6, the protein and 
mRNA expression of IL-17A and RORγt in intestinal 

mucosa, and the Th17 cell ratio of spleen cells 
(P < 0.01) in supernatant treatment group were 
significantly decreased compared to those in the model 
group. This finding indicated that the therapeutic use 
of F. prausnitzii supernatant could ameliorate DSS-
induced colitis through inhibiting Th17 cells. Carlsson 
et al[23] previously demonstrated that the supernatant 
of F. prausnitzii affected the function of the intestinal 
barrier.

Th17-related gene polymorphisms are associated 
with IBD susceptibility[24]. Th17-derived cytokines, 
such as IL-17A, IL-6, and IL-22, have been shown 
to be upregulated in the inflamed intestine of IBD 
patients[25,26]. IL-17A is a strong inflammatory 
cytokine, which can enhance cell permeability and 
promote the generation of other pro-inflammatory 
cytokines and chemokines[27]. Animal experiments, 
however, have found that neither IL-17A knockout 
nor neutralization of IL-17 could protect DSS-
administrated mice from colitis, suggesting that the 
role of IL-17 in intestinal inflammation may not be 
entirely pathogenic[14,28]. Adequate expression of IL-
17A plays an important role in maintaining intestinal 
immune function. Consistent with previous studies, 
we found that IL-17A levels in the plasma, spleen, 
and colon tissue were significantly increased in mice 
with colitis and that these levels were remarkably 
downregulated in mice treated with F. prausnitzii culture 
supernatant. Therefore, F. prausnitzii supernatant 
could attenuate DSS-induced mice colitis, possibly by 
inhibiting the expression of IL-17A[15,29].

We also found that levels of IL-6 in plasma 
and colon tissues of colitis mice were significantly 
reduced after F. prausnitzii supernatant treatment. 
F. prausnitzii supernatant could alleviate mice colitis 
by downregulating IL-6 levels and inhibiting Th17 
cell differentiation, thus leading to reduced secretion 
of inflammatory cytokines (such as IL-17A and IL-6) 
and attenuation of the local inflammatory response. 
However, the regulation of IL-6 expression in the 
treatment and prevention groups was inconsistent, 
suggesting that there might be other ways of inhibiting 
Th17 differentiation. Fu et al[29] demonstrated that 
boosting of Th2 associated cytokines (IL-4, IL-13, 
and IL-10) can reverse Th17-mediated intestinal 
inflammation. We also found that plasma IL-4 levels in 
mice of the prevention group were significantly greater 
than those in the model group. 

In conclusion, F. prausnitzii supernatant can 
prevent DSS-deduced colitis in mice by inhibiting the 
generation of Th17 cells in the spleen and intestinal 
mucosa, leading to a reduction of IL-17A and IL-6 
levels and attenuation of intestinal inflammation. This 
study provides the theoretical basis for the application 
of F. prausnitzii supernatant in UC treatment and 
prevention. However, what specific substances in the 
supernatant of F. prausnitzii possess biological activity 
needs to be elucidated in future studies. The safety 
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and efficacy of F. prausnitzii supernatant also warrant 
further investigation by more large scale clinical trials.
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Research frontiers
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Abstract
AIM: To evaluate gut microbial dysbiosis in two visceral 
hypersensitive models in comparison with irritable 
bowel syndrome (IBS) patients and to explore the 
extent to which these models capture the dysbiosis of 
IBS patients. 

METHODS: Visceral hypersensitivity was developed 
using the maternal separation (MS) rat model and 
post-inflammatory rat model. The visceral sensitivity 
of the model groups and control group was evaluated 
using the abdominal withdraw reflex score and 
electromyography in response to graded colorectal 
distention. The 16S ribosomal RNA gene from fecal 
samples was pyrosequenced and analyzed. The 
correlation between dysbiosis in the microbiota and 
visceral hypersensitivity was calculated. Positive 
findings were compared to sequencing data from a 
published human IBS cohort.

RESULTS: Dysbiosis triggered by neonatal maternal 
separation was lasting but not static. Both MS and post-
inflammatory rat fecal microbiota deviated from that of 
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the control rats to an extent that was larger than the 
co-housing effect. Two short chain fatty acid producing 
genera, Fusobacterium  and Clostridium XI , were 
shared by the human IBS cohort and by the maternal 
separation rats and post-inflammatory rats, respectively, 
to different extents. Fusobacterium  was significantly 
increased in the MS group, and its abundance positively 
correlated with the degree of visceral hypersensitivity. 
Porphyromonadaceae  was a protective biomarker for 
both the rat control group and healthy human controls. 

CONCLUSION: The dysbiosis MS rat model and the 
post-inflammatory rat model captured some of the 
dysbiosis features of IBS patients. Fusobacterium , 
Clostridium XI  and Porphyromonadaceae  were 
identified as targets for future mechanistic research.

Key words: Animal model; Irritable bowel syndrome; 
Microbiota; Pyrosequencing; 16S rRNA gene

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Dysbiosis of the gastrointestinal microbiota 
and hypersensitivity to colonic distension are critical 
features of irritable bowel syndrome (IBS). For 
animal models, the correlation between dysbiosis in 
the microbiota and visceral hypersensitivity remains 
unknown. This study identified common biomarkers 
between the animal models and IBS patients, which 
may be targets for future mechanistic research.

Zhou XY, Li M, Li X, Long X, Zuo XL, Hou XH, Cong YZ, Li 
YQ. Visceral hypersensitive rats share common dysbiosis features 
with irritable bowel syndrome patients. World J Gastroenterol 
2016; 22(22): 5211-5227  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i22/5211.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i22.5211

INTRODUCTION
The human intestinal tract is home to trillions of bacteria 
that have co-evolved with their host over millennia[1]. 
Their combined genomes, called a metagenome, 
contain 150-fold more genes than do the human hosts, 
and they provide functions that humans otherwise do 
not have[2]. Complex interactions exist between the gut 
microbiota and the host[3]. Irritable bowel syndrome 
(IBS) is a common gastrointestinal disorder that is 
characterized by abdominal pain and alterations in 
bowel habits; statistically, IBS affects 7%-10% of people 
worldwide[4]. Accumulating evidence has indicated that 
the gut microbiota may participate in the pathogenesis 
of IBS[5]. Because collecting fecal samples both before 
and after a gastrointestinal infection from the same 
IBS patients is unfeasible for clinics, only gut dysbiosis 
in standing IBS patients has been evaluated to 
date[6,7]. However, how gut microbiota abnormalities 

arise and are maintained over time is unclear. These 
questions are critical for interventions targeting the 
microbiota, such as probiotic usage. In this work, we 
used visceral hypersensitive rat models to investigate 
the longitudinal changes of gut microbiota.

Currently, both post-infectious/inflammatory models 
and stress-related models have been frequently used 
to study the pathophysiology of IBS[8,9]. There are 
more than 12 major post-infectious/post-inflammatory 
models to mimic post-infectious IBS, which occurs 
after an initial episode of acute gastrointestinal 
infection. Chemicals such as trinitrobenzene sulfonic 
acid (TNBS)[10], mustard oil[11] and dextran sulfate 
sodium[12] were used to cause mucosal injury in 
the post-inflammatory models, and pathogens 
such as Trichinella spiralis[13] and Campylobacter[14] 
were used to infect the gut; both led to visceral 
hypersensitivity. Stress-related models[15] could also 
induce the modulation of visceral pain, and this may 
involve changes in the brain-gut axis[9]. However, one 
of the unsolved problems is the extent to which these 
models recapture the characteristics of gut dysbiosis 
in IBS patients. In this work, we used two visceral 
hypersensitive models, the TNBS post-inflammatory 
(pTNBS) model and the maternal separation (MS) 
model, to investigate: (1) whether and the extent to 
which these models reproduce the disturbance of gut 
microbiota in a similar way to that of the IBS patients; 
and (2) whether microbial dysbiosis, if it exists, is 
static or shifting in these visceral hypersensitive 
models. We also hoped to identify targets in the 
models’ gut microbial communities that are suitable 
for use in developing probiotics to specifically modulate 
the microbiota.

MATERIALS AND METHODS
Animal maintenance and modeling
Sprague-Dawley rats were purchased from the animal 
center of Shandong University of Traditional Chinese 
Medicine. The rats were allowed to habituate for 7 d to 
the breeding facility prior to mating. They were kept 
under standardized specific pathogen-free conditions 
(21-22  ℃, 12:12-h light-dark cycle) with access to 
pellet food and water ad libitum. All experiments were 
approved by the Ethical Committee and Institutional 
Animal Care and Use Committee of Qilu Hospital 
(KYLL-2013-005), and the methods were performed 
in strict accordance with the Animal Management 
Rules of the Chinese Ministry of Health. The overall 
design and co-housing relationship of involved rats are 
indicated in Figure 1A.

The MS visceral hypersensitive models were 
developed as previously described[15]. Briefly, rat pups 
that were randomly assigned to the MS group were 
stressed by separating them from their mothers for 3 h 
daily between postnatal days 2-14. The control group 
(Ctl) received normal breeding during this session. All 
pups were weaned on postnatal day 22, and only the 
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male pups were used for the following study. Because 
some MS pups naturally died before they aged, 5 
male rats were randomly chosen from those that were 
sampled at week 3 but did not survive to week 8. We 
indicated this group as the MS early death (MS_D) 
group. By including the MS_D group, we could test 
whether the dysbiosis caused by MS stress was more 
severe in the early dying pups. 

After the second fecal collection at week 8, half of 
the control group was randomly assigned to the post-
TNBS inflammation group (pTNBS). The pTNBS group 
was fasted for 24 h with free access to tap water, 
and then 0.4 ml of 5% (v/v) TNBS (P2297, Sigma, 
Shanghai, diluted to 0.8 ml using 50% ethanol) was 
administered into the colorectum. 

Visceral hypersensitivity evaluation
After the last fecal collection at week 12, visceral 
hypersensitivity was evaluated using both the abdominal 
withdraw reflex (AWR) score and electromyography in 
response to graded colorectal distention (CRD). Graded 
CRD was induced by rapidly injecting (0.2, 0.4, 0.6, 0.8, 
1.0, and 1.2 ml) saline into a urinary catheter balloon 
placed in the colon over 1 s and maintaining the 
distention for 20 s. AWR score was recorded according 
to a previously described method[16]. To represent the 
overall visceral sensitivity, a visceral hypersensitive 
index (VHI) for each rat was calculated by summing 
the rank of the AWR score at 0.4, 0.6, 0.8 and 1.0 of 
the total balloon volume.

The visceromotor responses (VMRs) to CRD were 

5213 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

Figure 1  Study design and visceral sensitivity evaluation. A: Schematic flow chart showing the treatment and co-housing relationship of involved rats. For each 
code, such as “B8”, the character “B” indicates the nest and number 8 indicates the number of rats. They were cohoused until “B4”, which indicates that four of them 
were randomly chosen and cohoused together. The asterisk indicates fecal samples that failed to return the sequencing data; B: Abdominal withdrawal reaction (AWR) 
score in response to the graded colorectal distention (CRD); C: Visceromotor response (VMR) score in response to graded CRD. MS: maternal separation; MS_D: MS 
early death; pTNBS: TNBS post-inflammatory.
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index between groups were compared using the 
Kruskal-Wallis test (KW) or a student’s t-test in SAS 
V.9.3 statistical software. The heatmap plot with 
dendrograms was drawn using the heatplot function 
in the made4 packages in R (version 3.1.1). For 
primary component analysis (PCA), the axis value 
of all 80 samples was calculated together using the 
prcomp function in the stats package in R, and then 
the samples were plotted by each time point (week 
3, 8, and 12). Within each time point, samples were 
clustered based on the Euclidian distance using the 
vegdist and hclust in the vegan package. According to 
the cluster results, the PCA plot points were grouped 
and connected using the ordispider and ordiellipse 
functions, where the ellipse was estimated to cover 
75% of the dots in this group. The distribution of 
each group in each cluster was checked using Fisher’
s exact test in SAS. The community dissimilarity was 
tested by the weighted and unweighted UniFrac test 
using Mothur. The specific taxa that were differentially 
present in each group were identified using the LEfSe 
[linear discriminant analysis (LDA) coupled with effect 
size measurements] method with an LDA cut-off value 
of 2.0[18]. The Spearman correlation between the VHI 
and the taxonomy richness was calculated using the 
cor.test function in the stats package in R.

Comparing rat models and human IBS cohort
We downloaded the published 16S rRNA V4 region 
Miseq sequencing data by Jeffery et al[6]. This data set 
was analyzed by the same pipeline described above. 
We used LEfSe analysis on this dataset. Each positive 
finding from the rat experiment was checked against 
the human cohort. The relationship between human 
and rat biomarkers was indicated using a Venn plot.

RESULTS
Modeling and visceral hypersensitivity evaluation 
The design and co-housing relationship of the rats 
involved in this study is shown in Figure 1A. Twenty-
six of the 27 rats in this study (7 Ctl, 7 pTNBS, and 
12 MS, see Figure 1B) were evaluated using AWR. 
The VHI score was calculated by summing the rank 
of the AWR score at 0.4, 0.6, 0.8 and 1.0 of the total 
balloon volume. A significant difference existed in the 
VHI among the three groups (χ 2 = 9.98, df = 2, P = 
0.0068, KW). The VHI difference in the pTNBS to Ctl 
comparison was 38.4 (95%CI: 15.7 to 61.0, P < 0.05), 
and the VHI difference in the MS to Ctl comparison 
was 32.9 (95%CI: 12.7 to 53.0, P < 0.05). There 
was no significant difference in the MS to pTNBS 
comparison, with a VHI difference of 5.48 (95%CI: 
-14.7 to 25.7, P > 0.05). Nineteen of the 27 rats 
were evaluated by VMRs (Figure 1C). The VMR index 
for each rat was calculated by summing the rank of 
electromyography spikes at 0.4, 0.6, 0.8 and 1.0 of the 
total balloon volume. The VMR index among groups 
was insignificant although the control group tended to 

quantified through electromyography of the rat obliqus 
external abdominis. Briefly, 5 d after embedding an 
electrode in the rat obliqus externus abdominis, the 
raw electromyography was recorded, rectified and 
quantified by counting the increased spike bursts 
during a 20 s window after graded CRD stimulation. 
The VMR index for each rat was calculated by summing 
the rank of electromyography spikes at 0.4, 0.6, 0.8 
and 1.0 of the total balloon volume. 

Fecal sample collection, DNA extraction, and 
pyrosequencing
Fecal samples were collected 3, 8 and 12 wk after 
birth. The samples from the pTNBS group at weeks 3 
and 8 were indicated as Ctl-pTNBS and were analyzed 
as the controls because their treatment was the same 
as that for the Ctl group. A chart illustrating the overall 
treatment, fecal collection and model evaluation time 
points is shown in Figure 1A.

The samples were snap-frozen in liquid nitrogen 
and stored at -80  ℃. Genomic DNA was extracted 
with a TIANamp Stool DNA Kit according to the 
manufacturer’s instructions (Cat# DP328, Tiangen, 
Beijing). DNA purity and concentration were measured 
using a Nanodrop2000 (Thermo Fisher). The DNA 
samples were shipped to Majorbio (Shanghai), where 
the DNA integrity check, PCR amplification, DNA 
quantification, emPCR (using Roche GS FLX Titanium 
emPCR Kits) and pyrosequencing of the 16S rRNA 
gene V3 to V1 region (using Roche Genome Sequencer 
FLX+) were performed according to their optimized 
protocols. The sequencing results were archived in the 
Short Reads Achieve (number pending).

Taxonomy quantification using 16S rRNA gene 
sequences
Raw sequencing data were prepared using Mothur v 
1.33.0 according to their proposed 454 SOP (http://
www.mothur.org/wiki/454_SOP)[17]. The raw sff files 
were decoded, denoised, trimmed and then aligned 
to Silva references (Release 102) using the default 
parameters. Chimeras were detected using the 
chimera.uchime command and were then removed. 
Distances between sequences were calculated with a 
cutoff value of 0.15. The sequences were clustered to 
the same operational taxonomic units (OTUs) if their 
distances were less than 0.03. The Shannon index 
and the inverse Simpson index (1/D) were calculated 
to indicate the diversity in each sample. Both indexes 
were calculated using Mothur, and the detailed formula 
can be accessed online (http://www.mothur.org/wiki/
Shannon and http://www.mothur.org/wiki/Simpson). 
The OTU table was converted to biom files and the 
taxa abundance from domain to genus levels was 
generated using the summarize_taxa.py command in 
QIIME v1.8.0.

Statistical analysis
The richness of each taxonomy and the Shannon 
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be lower than the MS and pTNBS groups (43.5 vs 86.5 
and 60, respectively, χ 2= 2.235, df = 2, P = 0.3271, 
KW). Overall, these data indicate that both the MS and 
pTNBS groups developed visceral hypersensitivity at a 
comparable level.

DNA sequence data and microbial diversity comparison
A total of 489556 valid reads were assigned to 80 
sequenced samples after barcode trimming. Sequence 
length varied between 230 and 327 bp per read. After 
removing chimeras and non-bacterial reads, 434594 
reads remained. Each fecal sample included 3313 to 
8161 reads. Based on a 97% species similarity, 2413 
OTUs were identified from all of the fecal samples. 
Good’s coverage for each sample varied from 95.57% 

to 99.72%. The rarefaction curve reached a plateau 
for most samples, suggesting that the present study 
captured the dominant phylotypes.

We first compared the microbial diversity among 
groups using the Shannon index and the inverse 
Simpson index (Figure 2). By week 3, the inverse 
Simpson index was significantly higher in the Ctl group 
(χ 2 = 7.34, df = 2, P = 0.0254, KW). By week 8, the 
Shannon index and the inverse Simpson index were 
similar between the control group and the MS group. 
By week 12, the MS group has the lowest Shannon 
index (χ 2 = 7.67, df = 2, P = 0.217, KW) and inverse 
Simpson index (χ 2= 6.06, df = 2, P = 0.0483, KW) 
compared with other groups. The pTNBS group had 
roughly same diversity indexes compared to the Ctl 
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Figure 2  Microbial diversity. Shannon index (upper panel) and inverse Simpson (lower panel) of fecal microbiota at weeks 3, 8 and 12. Asterisk indicates P < 0.05 
in pairwise comparison. MS: maternal separation; MS_D: MS early death; pTNBS: TNBS post-inflammatory.
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group. These data indicate that the MS model, but not 
the pTNBS model, developed fecal microbiota with 
reduced diversity in a non-static manner.

Dysbiosis of major phyla
We then investigated whether differences in the 
phylum abundance exist at different time points (Figure 
3). Bacteroidetes was the dominant phylum across all 
samples, and Firmicutes and Proteobacteria were the 
second and third most abundant phyla. No significance 
was reached for these three phyla at any of the 3 time 
points. The Firmicutes to Bacteroidetes (F/B) ratio was 
not significantly different (P > 0.05, KW).

Fusobacteria was abundant by week 3 (up to 0.25) 
and dropped to zero in most control rats. No difference 
in Fusobacteria existed by week 3 and week 8; 
however, by week 12, the MS group had significantly 
more Fusobacteria (χ 2= 6.83, df = 2, P = 0.0328, KW, 
P < 0.05 in MS-Ctl comparison). The control group had 
significantly more Actinobacteria than the MS group at 
week 8 (P =0.0034, χ 2 = 8.58, df =1, KW). However, 
by week 12, the pTNBS group had significantly more 
Actinobacteria than the Ctl and MS groups (χ 2 = 8.07, 
df = 2, P = 0.0176, KW, P < 0.05 in the pTNBS-Ctl and 
pTNBS-MS comparison). These data suggest that the 
dysbiosis of the major phyla may be phase dependent 
and different among the visceral hypersensitive rat 
models.

PCA and cluster analysis 
We based the cluster analysis and PCA on the OTU 
data from the 16S rRNA gene pyrosequencing. The 
primary components for all 80 samples were calculated 
from the relative abundance of the 2413 OTUs. The 
relative importance of the first 20 primary components 
is plotted in Figure 4A. Primary component 1 and 
primary component 2 explained 27.7% and 14.6% 
of the total variance, respectively (Figure 4A). The 
differences in the primary components between the 
time points and experimental groups are listed in Table 
1. Primary component 1 mainly reflected the effect 
of time points (χ 2 = 37.7, df = 2, P = 0.0000, KW). 
Primary components 2 and 4 reflected the effect of 
experimental groups on fecal microbiota composition. 
The other 3rd, 6th, and 9th components were different 
both among time points and among groups.

We then used cluster analysis to test whether the 
groups would fall into the same or different clusters. 
At each time point, the samples were fitted into the 
3 top clusters based on the Euclidean distance. We 
designated the names of each cluster according to the 
samples it included. By week 3, the normal cluster 
included 8 Ctl, and the MS cluster included 4 MS and 
4 MS_D samples. The mixed cluster included 6 Ctl, 6 
MS and 1 MS_D samples (Figure 4B). The 3 groups’ 
distribution in the clusters was significantly different (P 
= 1.702 × 10-4, Fisher’s test). This result suggests that 
MS caused dysbiosis in rat models at early ages.

By week 8, the 27 fecal microbiota samples 
clustered into 3 mixed clusters (Figure 4C). The 
control group dominated mixed cluster 3 (12/16) 
while the MS group dominated mixed cluster 2 (7/8). 
The cluster distribution of the MS and control groups 
was significantly different (P = 0.0114, Fisher’s test). 
By week 12, the 24 fecal microbiota samples formed 
3 clusters (Figure 4D). The MS cluster included 5 
MS samples, and the mixed cluster included roughly 
the same number of samples from the Ctl (n = 6), 
MS (n = 5), and pTNBS (n = 7) groups. Another 
“orphan” cluster included only one control sample. 
The difference among groups was significant (P = 
0.0150, Fisher’s test). These data suggest that the 
dysbiosis triggered by MS during childhood is still 
substantial in a fraction of adult rats. Four weeks after 
TNBS administration, the fecal microbiota of the post-
inflammatory rat model was more similar to that of the 
control group as revealed by PCA and cluster analysis.

We tracked the longitudinal dysbiosis of 23 rats 
whose fecal samples were collected at all 3 time 
points. We analyzed whether the 10 MS rats clustered 
to the different or same clusters at week 3 and 
week 12. Seven out of 10 rats shifted to different 
clusters (mixed-to-MS or MS-to-mixed) from week 3 
to week 12. The agreement Kappa value for cluster 
classification at week 3 and week 12 was -0.4000 
(95%CI: -0.9566 to 0.1566). This result indicates that 
although MS stress generated an isolated dysbiosis 
cluster in a fraction of rats, each rat’s gut microbiota 
might shift between the less disturbed (mixed) cluster 
and the severely disturbed (MS) cluster.

UniFrac test on animal models and co-housing effect
We further tested the effect of modeling and co-
housing on fecal microbiota using the weighted and 
unweighted UniFrac test (Table 2). A phylogenetic 
tree was built for all samples at each time point, 
and weighted and unweighted UniFrac scores were 
calculated to evaluate the community similarity. 
According to the unweighted UniFrac test, we found 
that by week 3, the fecal community in Ctl and MS 
groups was significantly different (P < 0.001). The co-
housing effect caused community dissimilarity in the 
2 houses of control rats (B8 vs C6, P < 0.001) but 
not in the 2 houses of MS rats (D3 vs G5, P = 0.507). 
By week 8, the co-housing effect was non-significant 
within the MS and Ctl groups, but the difference was 
still significant between these two groups. By week 12, 
a significant community difference existed among the 
Ctl, MS, and pTNBS groups; the co-housing effect was 
not obvious within any of the groups. The weighted 
UniFrac test was significant in all of the above 
comparisons. Overall, these data suggest that both the 
MS model and the pTNBS model developed dysbiosis 
of the fecal microbiota, and the differences were not 
caused by the co-housing relationship.
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Figure 3  Phyla abundance by weeks 3, 8 and 12. Asterisk indicates P < 0.05 in pairwise comparison. P > 0.05 (no significant), unless the P-value is drawn in the 
plot box. MS: maternal separation; MS_D: MS early death; pTNBS: TNBS post-inflammatory.
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Biomarkers and correlation to visceral hypersensitivity
We performed linear discriminant analysis coupled with 
effect size measurement (LEfSe) analysis at different 
time points to screen biomarkers for each group 
(Figure 5, Figure S1-3). By week 3, 29 samples were 
analyzed using LEfSe. The control group was strongly 
associated with higher abundances of unclassified 

Bacteroidales, Veillonella, Treponema, and unclassified 
Clostridiales. The MS group was associated with 
higher abundances of unclassified Burkholderiales, 
Coprobacillus, and Clostridium_XIVa. By week 8, 27 
samples were analyzed. The MS group was associated 
with higher abundances of Helicobacter, unclassified 
Burkholderiales, and unclassified Desulfovibrionaceae, 
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Figure 4  primary component analysis and cluster analysis by time points. Primary components were calculated from the relative abundance of all 2413 OTUs. A: 
The percentage of variances explained by the first 20 primary components. The primary component was separately plotted at week 3 (B), week 8 (C), and week 12 (D). 
The cluster analysis divided the samples into three clusters, and the samples in the same cluster were connected together. The ellipse was estimated to cover 75% 
of dots in this cluster. Each cluster was named according to the samples involved in this cluster. The MS group formed isolated clusters, indicated as “MS cluster”, at 
week 3 and week 12. MS: maternal separation; PCA: Primary component analysis.

Table 1  Importance and meaning of the first 10 primary components of fecal microbiota

Primary component % of variance Difference among time points (n  = 80, df  = 2) Difference among groups (n  = 80, df  = 3) 

χ 2 p -value χ 2 p -value

1 27.7% 37.67931  0.000001 4.6999109 0.19514 
2 14.6% 1.352165 0.50861 20.4278998  0.000141 
3 11.4% 6.165561  0.045831 8.6830899  0.033821 
4 8.5% 0.719395 0.69789 21.7793862  0.000071 
5 6.1% 0.623716 0.73209 4.6400976 0.20013 
6 4.5% 8.388254  0.015081 9.3688439  0.024771 
7 4.1% 0.844768 0.65548 0.7871023 0.85255 
8 3.2% 0.412918 0.81346 6.6021743 0.08572 
9 2.2% 8.880049  0.011801 9.9866961  0.018681 
10 1.7% 1.762893 0.41418 2.6274074 0.45270 

1The P-value is less than 0.05.
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which all belong to Proteobacteria. The control group 
was associated with higher abundances of Barnesiella, 
Actinobacteria, Clostridium_XI, Allobaculum, and 
Odoribacter.

To investigate whether the differentially abundant 
taxa correlated with the visceral hypersensitivity 
level, we listed the biomarkers in each group by week 
12, and calculated their Spearman correlation to 
the VHI both within the respective group and across 
groups (Table 3). By week 12, Fusobacterium was 
associated with the MS group (LDA Score = 2.766). 
The Fusobacterium abundance was also significantly 
and positively correlated with the VHI across the all 
24 samples by week 12 (r = 0.4564, P = 0.0250). 
Unclassified Erysipelotrichaceae was associated with 
the control group (LDA Score = 3.097) and significantly 
and negatively correlated with the VHI across groups 
(r = -0.4944, P = 0.0140). These data suggest that 
Fusobacterium may participate in the pathogenesis of 
visceral hypersensitivity and that Erysipelotrichaceae 
might protect against the hypersensitivity.

Comparing visceral hypersensitive rat models to IBS 
patients
Next, we asked to what extent visceral hypersensitive 
rats’ dysbiosis resembles that of IBS patients. We 
downloaded the pyrosequencing data published by 
Jeffery et al[6], which included 37 IBS patients and 
20 controls. We used the LEfSe method to analyze 
disease and healthy biomarkers in human fecal 
samples (Figure 6A); this data was further compared 
to the data from our animal models (Figure 6B). 
We identified 36 biomarkers of IBS patients and 
15 biomarkers of human controls[6] (Figure 6A). 
The biomarkers of disease were largely different in 
human IBS and visceral hypersensitive rats, and only 
a few disease or control biomarkers were shared 
between the human study[6] and our rat model study. 
Fusobacteria marginally increased in IBS patients 

compared with human controls[6] (P = 0.063, KW, 
Figure 6C). The MS rat model did not share increased 
common biomarkers with human patients. Both control 
rats and human health controls have fecal microbial 
markers of Porphyromonadaceae and unclassified 
Porphyromonadaceae (Figure 6B). In the IBS cohort 
published by Jeffery et al[6], Porphyromonadaceae 
was significantly lower in the IBS groups (P = 0.0006, 
KW, Figure 6D), and the MS rats also had lower 
Porphyromonadaceae concentrations (P = 0.0097, 
KW, Figure 6D). The genus Clostridium_XI (belonging 
to family Peptostreptococcaceae, order Clostridiales) 
was a biomarker of both IBS patients and pTNBS 
rats (Figure 6E). Clostridium_XI accounted for up to 
6% of the fecal microbiota in the IBS group and was 
significantly higher than the level in the healthy control 
group (P = 0.0484, KW). Additionally, Clostridium XI 
also colonized at a higher level in the pTNBS rats (P = 
0.0422, KW).

DISCUSSION
In this study, we found that (1) both the MS and 
the pTNBS rat models developed dysbiosis of fecal 
microbiota; (2) the fecal microbiota of the MS model 
was characterized by a lower diversity and a higher 
level of Fusobacteria at week 3 and week 12. A 
fraction of the MS rats formed an isolated MS cluster 
that indicated clear-cut dysbiosis in comparison to 
the controls but the rats in this cluster tended to 
alternate; (3) the pTNBS model was characterized 
by higher Actinobacteria but did not develop any 
isolated clusters; (4) among the biomarkers observed 
by week 12, the Fusobacterium positively and 
unclassified Erysipelotrichaceae negatively correlated 
to visceral hypersensitivity; and (5) in comparison to 
a previously published fecal microbial profile in human 
IBS patients[6], Porphyromonadaceae was a protective 
biomarker for both healthy humans and rat controls; 
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Table 2  Weighted and unweighted UniFrac test on experiment groups and co-housing

Time point Comparison Number of samples to 
build phylogenetic tree 

Weighted UniFrac test Unweighted UniFrac test

Weighted UniFrac score P -value Unweighted UniFrac score P -value

Week 3 Ctl-MS 29 0.863902 < 0.0010 0.957176 < 0.00101

Ctl-MS_D 29 0.926521 < 0.0010 0.963861    0.01301

MS-MS_D 29 0.833168 < 0.0010 0.909242    0.2790
Ctl(B8)-Ctl(C6) 29 1.000000 < 0.0010 1.000000 < 0.00101

MS(D3)-MS(G5) 29 1.000000    0.0070 1.000000    0.5070
Week 8 Ctl-MS 27 0.719683 < 0.0010 0.951668    0.01901

Ctl(B8)-Ctl(C6) 27 0.83063 < 0.0010 0.955082   0.0870
MS(D3)-MS(G5) 27 0.617715 < 0.0010 0.874196    0.5220

Week 12 Ctl-MS 24 0.754046 < 0.0010 0.944729    0.03901

Ctl-pTNBS 24 0.942882 < 0.0010 0.978698    0.01601

MS-pTNBS 24 0.828407 < 0.0010 0.973938    0.01301

Ctl(B4)-Ctl(C3) 24 0.928051 < 0.0010 0.976209   0.3200
MS(D3)-MS(G5) 24 0.771421 < 0.0010 0.912219   0.4550
pTNBS(B4)-pTNBS(C2) 24 1.000000 < 0.0010 1.000000   0.6390

1The P-value is less than 0.05. MS: maternal separation; pTNBS: TNBS post-inflammatory.
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Clostridium_XI was a shared biomarker for human IBS 
patients and pTNBS rats.

Rodent models have been frequently used to study 
the pathogenesis and treatment of IBS, where the 
intestinal microbiota plays an important role. Before 
this study, dysbiosis in IBS rat models had not been 
specifically profiled, and whether any members in 
microbial community were correlated to visceral 
hypersensitivity was not known. We evaluated the 
fecal microbiota of MS and control rats at three time 
points and found that dysbiosis happened shortly 
after weaning (third week) and at the adult phase (12 
wk). The pTNBS rat model did not develop an isolated 
microbial cluster but had biomarkers of Barnesiella, 
Clostridium_XI, and unclassified Ruminococcaceae. 
Through the unweighted UniFrac test, we found that 
the co-housing effect was no more significant at week 
8 or week 12. Thus, both models developed significant 
dysbiosis of the fecal microbiota.

Approximately 10% of IBS patients believe that 
their symptoms began with an infectious illness, 
and prospective studies have shown that 3% to 

36% of enteric infections lead to IBS symptoms[19]. 
Understanding underlying gut microbial dysbiosis 
associated with PI-IBS is critical for the prevention and 
management of this disease. Campylobacter jejuni, 
Campylobacter rodentium, and Salmonella enterica 
are available bacterial infectious murine models that 
mimic aspects of the pathogenesis of post-infectious 
IBS[8]. In this study, two rat models, MS and pTNBS, 
were not given any specific infector but were colonized 
more frequently by Fusobacterium and Clostridium XI, 
respectively. The latter includes the Clostridium difficile, 
Clostridium litorale, and Clostridium lituseburense. 
These two genera were also found to increase or 
tend to increase in the downloaded Miseq 16S rRNA 
gene sequencing data from Jeffery’s IBS cohort[6]. 
Thus, these two bacteria may be common dysbiosis 
features across human and rat models. In a chip-
based study by Jalanka-Tuovinen et al[7], C. cellulosi 
and its relatives (members from Clostridium cluster 
IV) significantly decreased in IBS-D patients. Thus, 
whether Clostridium plays a mechanistic role in the 
pathogenesis of IBS warrants further study.
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Figure 5  Microbial markers for different groups at weeks 3, 8 and 12. Biomarkers for each time point were calculated using the LEfSe Method. The abundances 
of taxa at the phylum, class, order, family, and genus levels were compared between the groups. Taxa with different abundances between groups and with an LDA 
score larger than 2.0 were considered to be a biomarker; biomarkers were indicated with corresponding colors on the cladogram. See also Figure S1, S2, and S3. 
MS: maternal separation; MS_D: MS early death; pTNBS: TNBS post-inflammatory.
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By week 12, Fusobacterium colonized in significantly 
greater abundance in MS rats, and its abundance 
was positively correlated with higher VHI scores. The 
Fusobacteria phylum also tends to be higher in published 
IBS cohorts[6]. Fusobacterium was invasive to the 
gut epithelial cells and has already been documented 
as being involved in the pathogenesis of colorectal 
adenoma[20-22] and inflammatory bowel disease[23,24]. 
This represents the first study documenting that 
Fusobacterium was involved in visceral hypersensitivity. 
Whether the increased colonization of Fusobacterium 
caused low grade inflammation and thus contributed to 
visceral hypersensitivity is not currently known. Moreover, 
both Fusobacterium and members in Clostridium are 
known short chain fatty acid (SCFA) producers[24-26]. 
The low fermentable oligo-, di-, and monosaccharides 
and polyol (FODMAP) diet has been shown to be an 
efficacious therapy for the reduction of IBS symptoms 
in randomized controlled trials[27-29]. Supplementing 
food containing FODMAP to IBS patients and healthy 
people would trigger gastrointestinal symptoms to a 
larger extent in the patient group[30]. However, the 
mechanism of treatment with a low FODMAP diet 
and why IBS patients are more sensitive to FODMAP 
remains unknown[31]. In this study, we identified 
two butyric producing taxa, Fusobacterium and 
Clostridium, which significantly correlate to visceral 

hypersensitivity or are disease biomarkers. Their 
colonization may render patients more ready to 
produce SCFA and gas in the presence of FODMAP. It 
was reported that the butyrate-producing Clostridium 
cluster XIVa significantly increased in IBS patients 
consuming a typical high FODMAP diet compared with 
those on a low FODMAP diet[32]. Farmer et al[33] showed 
that caecal intraluminal pH was significantly lower in 
IBS patients compared to controls. Thus, the detailed 
mechanistic role of Fusobacterium and Clostridium in 
IBS warrants further study.

Porphyromonadaceae is a family belonging to the 
order of Bacteroidales and the class Bacteroidetes. 
Among others, Barnesiella and Butyricimonas are 
genera under Porphyromonadaceae. Unfortunately, 
the biological function of Porphyromonadaceae has 
not been characterized in detail, and little attention 
has been paid to their role in gastrointestinal diseases. 
A previous study documented that Barnesiella was 
enriched in dextran sulfate sodium-induced colitis[34]. 
In our study, Barnesiella was also enriched 4 weeks 
after TNBS instillation. Whether Barnesiella promoted 
the inflammation or was passively enriched under 
inflammatory conditions was not determined in the 
current study. A recent review paper[35] summarized 
29 relevant original research articles concerning 
microbiota analysis and IBS. Durbán’s pyrosequencing 
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Table 3  Abundance of different taxa among groups by week 12 and correlations to visceral hypersensitivity

Taxonomy LDA score 
(Log10) Group

Across groups (n  = 24) Within group

r_all_sample p_all_sample r_ingroup p_ingroup

Actinobacteria 2.338

Control
n = 7

 0.1835 0.3906  0.2041 0.6606 
Actinobacteria|Actinobacteria 2.338  0.1835 0.3906  0.2041 0.6606 
Actinobacteria|Actinobacteria|Coriobacteriales|Coriobacteriaceae|Unclassified 2.192  0.2639 0.2127  0.2041 0.6606 
Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae 4.610 -0.1005 0.6405  0.1429 0.7825 
Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Unclassified 4.543 -0.1344 0.5313  0.1429 0.7825 
Fibrobacteres 2.435 -0.3601 0.0839 -0.0741 0.8745 
Fibrobacteres|Fibrobacteria 2.435 -0.3601 0.0839 -0.0741 0.8745 
Fibrobacteres|Fibrobacteria|Fibrobacterales 2.435 -0.3601 0.0839 -0.0741 0.8745 
Fibrobacteres|Fibrobacteria|Fibrobacterales|Fibrobacteraceae 2.435 -0.3601 0.0839 -0.0741 0.8745 
Fibrobacteres|Fibrobacteria|Fibrobacterales|Fibrobacteraceae|Fibrobacter 2.435 -0.3601 0.0839 -0.0741 0.8745 
Firmicutes|Bacilli|Lactobacillales|Streptococcaceae 2.710  0.1215 0.5717  0.4447 0.3174 
Firmicutes|Bacilli|Lactobacillales|Streptococcaceae|Streptococcus 2.710  0.1215 0.5717  0.4447 0.3174 
Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Unclassified 3.097 -0.4944  0.01401 -0.1429 0.7825 
Firmicutes|Negativicutes|Selenomonadales|Unclassified 2.396 -0.2047 0.3374  0.7027 0.0782 
Firmicutes|Negativicutes|Selenomonadales|Unclassified|Unclassified 2.396 -0.2047 0.3374  0.7027 0.0782 
Fusobacteria 2.766

MS
n = 10

 0.4564  0.02501  0.2067 0.5667 
Fusobacteria|Fusobacteria 2.766  0.4564  0.02501  0.2067 0.5667 
Fusobacteria|Fusobacteria|Fusobacteriales 2.766  0.4564  0.02501  0.2067 0.5667 
Fusobacteria|Fusobacteria|Fusobacteriales|Fusobacteriaceae 2.766  0.4564  0.02501  0.2067 0.5667 
Fusobacteria|Fusobacteria|Fusobacteriales|Fusobacteriaceae|Fusobacterium 2.766  0.4564  0.02501  0.2067 0.5667 
Proteobacteria|Gammaproteobacteria 4.622  0.1809 0.3976  0.0667 0.8648 
Proteobacteria|Gammaproteobacteria|Aeromonadales 4.622  0.1757 0.4115  0.0667 0.8648 
Proteobacteria|Gammaproteobacteria|Aeromonadales|Succinivibrionaceae 4.622  0.1757 0.4115  0.0667 0.8648 
Proteobacteria|Gammaproteobacteria|Aeromonadales|Succinivibrionaceae|
Anaerobiospirillum

4.622  0.1757 0.4115  0.0667 0.8648 

Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Barnesiella 3.607
pTNBS

n = 7

-0.1501 0.4840 -0.0180 0.9694 
Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae 3.776  0.1946 0.3623  0.0180 0.9694 
Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Clostridium_XI 3.776  0.1946 0.3623  0.0180 0.9694 
Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Unclassified 5.014 -0.0322 0.8813 -0.1982 0.6701 

1The P-value is less than 0.05. LDA: linear discriminant analysis; MS: maternal separation; pTNBS: TNBS post-inflammatory.
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study[36] found that the family Porphyromonadaceae 
was increased in the fecal samples of IBS subjects. In 
our study, the Porphyromonadaceae was highest in 
the control group by week 12. The discrepancy may 
be explained by the different nature between human 
patients and rat models.

IBS is a human disease with multifactorial patho
physiology[37], and the prevalence of IBS is associated 
with social-economic factors[38]. To date no available 
model could ideally model the IBS pathogenesis. IBS 
is heterogeneous and thus unlikely to be modeled in 
any single model. Although common biomarkers were 
found between human IBS patients and rat models, 
the limitations of rat models should also be taken 
into consideration. The pTNBS model was triggered 
by a pro-inflammatory molecule (TNBS). Therefore, 
this model resembles the human inflammatory bowel 
disease to some extent and can only mimic the post-
infectious IBS, which is associated only to a percentage 
of patients. Furthermore, the causal relationship 
between visceral hypersensitivity, dysbiosis, and 
the symptoms of IBS is not clear and remains to be 
untangled in the future. 

In summary, both the MS and the post-inflammation 
rat models developed dysbiosis in the fecal microbiota, 
and the models captured parts of the dysbiosis features 
of human IBS patients. The potential pathogenic role 
of Fusobacterium and Clostridium XI, as well as the 
protective role of Porphyromonadaceae warrants further 
mechanistic study.
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Abstract
AIM: To investigate the factors influencing the 
occurrence of gastric varioliform lesions (GVLs) and 
their possible link with gastric cancer.

METHODS: A 1:1 matched case-control study was 
performed to retrospectively analyze data from 
1638 chronic gastritis patients who had undergone 
gastroscopy at one of two Chinese hospitals between 
2009 and 2014. Patients with GVLs (cases) were 
compared to those without such lesions (controls). 
Endoscopic and pathological findings were recorded, 
along with interview information on Helicobacter pylori  
(H. pylori ) infection, medical, drug and family histories, 
lifestyle and eating habits. The association between 
each factor and the occurrence of GVLs was estimated, 
and then multivariate conditional logistic regression was 
used to evaluate the independent factors.

RESULTS: The frequency and severity of glandular 
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atrophy, intestinal metaplasia (IM) and low-grade 
intraepithelial neoplasia were significantly increased in 
the GVL group (P  < 0.01). Overall analysis showed that 
H. pylori  infection [3.051 (2.157, 4.317), P  <0.001], 
allergic respiratory diseases [3.636 (2.183, 6.055), P  
< 0.001], work-related stress [2.019 (1.568, 2.600), 
P  < 0.001], irregular meals [2.300 (1.462, 3.619), 
P  < 0.001], high intake of spicy food [1.754 (1.227, 
2.507), P  = 0.002] and high intake of fresh fruit [0.231 
(0.101, 0.529), P  = 0.001] were significantly correlated 
with the occurrence of GVLs (positively, except for the 
latter). Stratified analyses indicated that pickled food 
consumption in patients over 50 years old [7.224 (2.360, 
22.115), P  = 0.001] and excessive smoking in men 
[2.013 (1.282, 3.163), P  = 0.002] were also positively 
correlated, and that, for antral GVLs, vegetable 
consumption [0.491 (0.311, 0.776), P  = 0.002] was 
negatively correlated. 

CONCLUSION: Seven risk factors and two protective 
factors are determined for GVLs, which were found to 
be associated with premalignant abnormalities.

Key words: Gastric cancer; Gastric varioliform lesions; 
Precancerous lesion; Risk factor; Varioliform gastritis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: To our knowledge, this is the first case-control 
study investigating the factors influencing the formation 
of gastric varioliform lesions, which were supposed to 
be associated with gastric neoplasia in previous reports. 
Our results indicate a potentially increased cancer 
risk for the affected patients, and that Helicobacter 
pylori  infection, allergic respiratory diseases, high 
work-related stress, irregular meals, high intake of 
spicy food, pickled food consumption in elder people, 
excessive smoking in men, consumption of vegetables 
and high intake of fresh fruit are found to be correlated 
with the occurrence of gastric varioliform lesions.

Zou TH, Zheng RH, Gao QY, Kong X, Chen XY, Ge ZZ, Chen 
YX, Zou XP, Fang JY. Factors affecting occurrence of gastric 
varioliform lesions: A case-control study. World J Gastroenterol 
2016; 22(22): 5228-5236  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i22/5228.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i22.5228

INTRODUCTION
Varioliform gastritis (VG), or “octopus sucker” gastritis 
in the foreign literature and verrucous gastritis in the 
national literature, is a disease with a characteristic 
endoscopic manifestation but no specific clinical 
symptoms. The major endoscopic feature is the 
presence of gastric varioliform lesions (GVLs), namely, 
widespread small lesions, manifesting as round, oval 

or irregularly shaped elevations, often possessing 
a central umbilical-like depression covered in gray-
colored secretion or tiny bleeds. In 1947, Moutier and 
Martin[1] first described two cases of this distinctive 
gastric mucosal disease, and then in 1978, Lambert 
et al[2] classified the disease, according to its site of 
occurrence, into “diffuse” VG when spread throughout 
the stomach, and “antral” VG when restricted to 
the antrum. These two forms of VG are thought 
to have different etiopathogenesis and histological 
manifestations[3]. VG has been recognized as a 
protruded type of chronic erosive gastritis in the 
Consensus on Chronic Gastritis in China (2012)[4], 
but endoscopists more often present the diagnosis as 
chronic gastritis with varioliform lesions. 

Until recently, very little was known about the 
etiopathogenesis of GVLs. Malfertheiner et al[5] 
reported that the Helicobacter pylori (H. pylori) 
infection rate was 89% among 37 patients with GVLs, 
and their clinical symptoms and mucosal inflammation 
were substantially improved after effective eradication 
of the infection. In the national literature, most 
authors support this point of view and regard H. 
pylori as the main cause of GVLs. On the other hand, 
several studies have provided compelling evidence 
that type Ⅰ hypersensitivity may play a role[6]. Andre 
et al[7] found a large number of IgE-containing cells 
in the affected gastric mucosa and a significantly 
increased incidence of allergic diseases in patients 
with GVLs, as compared with the normal population. 
Furthermore, they performed a randomized double-
blind placebo-controlled trial to compare clinical and 
endoscopic outcomes in patients treated with sodium 
cromoglycate, cimetidine or placebo[8]. The result 
stated that treatment with sodium cromoglycate 
greatly improved both sets of outcomes, whereas 
treatment with cimetidine or placebo showed 
no appreciable effect. Other previously reported 
pathogenic factors include hyperacid[9] and viral 
infection[10].

Some reports suggest a possible association 
between GVLs and gastric neoplasia. In 1960, Munoz 
Monteavaro et al[11] observed “in situ” carcinomatous 
transformation in a patient with VG, and other groups 
have reported similar findings more recently[12,13]. The 
elevated lesions can persist and transform into sessile 
polyps and appear as a gastric carcinoma several 
years later; as a result, the disease was classified as 
a precursor to gastric cancer at the World Congress 
of Gastroenterology (WCOG) in 1994. Diverse 
risk factors are involved in gastric carcinogenesis, 
including bacterial, environmental, dietary and genetic 
variables[14]. Numerous epidemiological studies have 
attempted to shed light on the factors impacting 
gastric neoplasia and precancerous lesions; these 
include a history of diabetes[15], aspirin consumption[16], 
excessive smoking[17] and drinking[18], pickled food 
consumption[19], tea consumption[20], amongst others. 
However, the results are somewhat inconsistent due 
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to the ethnic diversity and limited sample size. A 
recent systematic review concluded that smoking, 
drinking, red meat and pickled food were risk factors, 
and that fresh vegetables and fruit may be protective; 
there was insufficient evidence to draw conclusions 
regarding coffee, tea or seafood[21]. GVLs may 
share some of these risk factors, and clarifying the 
matter should provide a better understanding of this 
potentially premalignant condition, allowing physicians 
to better identify at-risk patients and to devise more 
effective treatment strategies. Therefore, we carried 
out a retrospective 1:1 matched bi-center case-control 
study, analyzing endoscopic and pathological data from 
1638 patients with chronic gastritis. The association 
between potentially relevant variables and the 
occurrence of GVLs was systematically evaluated, with 
an aim to find independent risk factors and protective 
factors.

MATERIALS AND METHODS
Study sample and selection criteria
A 1:1 matched case-control study was conducted, 
analyzing data from outpatients who had undergone 
gastroscopy at Renji Hospital, Shanghai Jiao-Tong 
University School of Medicine or the Nanjing Drum 
Tower Hospital, Nanjing University School of Medicine 
between 2009 and 2014. A total of 1638 chronic 
gastritis patients were enrolled, all of which fell into 
one of two categories: those with GVLs (cases; n = 
819) or those without such lesions (controls; n = 819).

To populate the case group, we searched the 
electronic databases of the aforementioned hospital 
endoscopic centers, using the following keywords: 
“varioliform gastritis” or “with gastric varioliform 
lesions” or “with erosive elevations”; then we closely 
examined the corresponding patient images and 
selected those patients having at least three typical 
lesions. Any disagreement was discussed by T.H. 
Zou and R.H. Zheng before reaching a consensus. 
Control patients, who were diagnosed with chronic 
gastritis at the same time, but without varioliform 
lesions, were matched one by one with the case group 
members, based on gender, age ± 2 years, month of 
examination and endoscopist. The exclusion criteria 
were strictly adhered to and were as follows: those 
who had no biopsy, those who were diagnosed with 
gastric cancer and those who had undergone partial 
or total gastrectomy. For those who had repeated 
examinations, we only recorded data from the first 
diagnostic gastroscopy.

Data extraction
The endoscopic and pathological findings were 
recorded. All the patients were required to undergo a 
gastroscopy with biopsies for the diagnosis. All parts 
of the upper gastrointestinal tract were carefully 
examined for any lesions by experienced endoscopists, 

and at least two biopsies were taken from the antrum. 
If suspected lesions were found, 2 to 5 more biopsies 
were taken. Pathological examinations for chronic 
gastritis were made by experienced pathologists 
according to the visual analogue scale (VAS) in 
the updated Sydney System[22,23] that is associated 
with the Consensus on Chronic Gastritis in China. 
Histological diagnosis of intraepithelial neoplasia was 
made based on the World Health Organization (WHO) 
classification[24]. To concretely differentiate the severity 
of inflammation, glandular atrophy or IM in the present 
study, a scheme was introduced using the following 
calculation: grading index = (S1 × B1 + S2 × B2 +…+ Sn 

× Bn)/Bn, where S is the severity of a particular biopsy 
specimen, B is the number of the relevant specimen 
and n is the quantity of specimens[25].

H. pylori infection was detected using a H. pylori 
rapid urease test during endoscopic examination, 
HE and Giemsa staining of biopsy specimens, and 
a 13C urea breath test. We defined a positive result 
as meeting one of the following two criteria: (1) the 
rapid urease test or HE staining was positive; or (2) 
if both urease and HE results were negative, yet the 
specimen was highly inflamed, Giemsa staining was 
added or a 13C urea breath test was performed, and a 
positive outcome was considered indication of H. pylori 
infection. A 13C urea breath test was subsequently 
used when evaluating the effect of eradication on H. 
pylori infection.

A questionnaire was designed by the authors and 
it was used to conduct telephone interviews with all 
patients in the study. The investigators were trained 
to be polite and methodical during interviews and they 
avoided calling patients at working, or otherwise busy 
hours. The questionnaire requested information on 
the patient’s gender, age, H. pylori infection history, 
medical history, allergic diseases, drug history, family 
history, long-term lifestyle and eating habits. H. pylori 
infection history was categorized according to four 
different conditions: currently infected, but with no 
previous history of infection; chronic (repeated or 
persistent) infection; past infection that has been 
completely eradicated; no current or past infection. 
Allergic diseases consisted of bronchial asthma, allergic 
rhinitis, allergic skin disease, drug allergy, etc. The 
presence of allergic diseases was mainly based on the 
interview data, and the authors made the judgment 
with reference to the guideline of diagnosis for each 
disease. Lifestyle variables included sleep quality, 
work-related stress, tobacco smoking and alcohol 
consumption. Eating habits comprised irregular meals, 
intake of spicy food, pickled food, fried food, fresh fruit 
and vegetables; consumption of a particular food type 
over four time per week was considered high.

Statistical analysis
Statistical analyses were performed using SPSS 
Version 20.0 (SPSS Inc., Chicago, IL, United States). 
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Single-factor analysis was used to estimate the 
association between each potential factor and GVLs, 
and then multivariate conditional Logistic regression 
analysis was applied to determine the independent risk 
and protective factors. Odds ratios (ORs) with 95% 
confidence intervals (95%CIs) were used to assess the 
magnitude of the associations. A two-sided P-value < 
0.05 was considered statistically significant.

RESULTS
The systematic database search yielded 268538 man-
hours of gastroscopy over the five-year period of 
interest. Following the inclusion/exclusion criteria and 
the 1:1 matched design, 1638 subjects were selected 
to populate the case and control groups. A flow chart 
of the selection process is presented in Figure 1. There 
were 448 men and 371 women in the case group, 
with a mean age of 53.40 ± 11.41 years (ranging 
from 18 to 87 years old). The basic, endoscopic and 
pathological characteristics of the case group are 
shown in Table 1.

Analysis of histological data 
We compared the frequencies of H. pylori infection, 
glandular atrophy, IM and intraepithelial neoplasia 
between the cases and controls using a χ 2 test. The 
difference was significant for H. pylori infection (OR 

Measurement data were compared between the two 
groups using a paired t-test; where appropriate, 
numerical data were subjected to a chi-square test, 
while categorical data using a Mann-Whitney test. 
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01/01/2009 - 01/01/2014 
Renji Hospital: 162288 

man-hours of gastroscopy 
assessed for eligibility

01/01/2009 - 31/06/2013 
Nanjing Drum Tower 

Hospital: 106250 man-hours 
of gastroscopy

Total man-hours accepted: 268538

1003 pairs met inclusion criteria

Cases: input ‘varioliform gastritis’ or ‘gastric 
varioliform lesions’ or ‘erosive elevations’ 
into the endoscopic system; select the ones 
having at least 3 lesions

Controls: follow the 1:1 matched design 
(gender, age, time, endoscopist)

Excluded: (1) patients had no biopsy during examination; 
(2) patients diagnosed with gastric cancer; (3) patients 
underwent partial or total gastrectomy for any reason

1638 people included, comprising 
819 patients for each group

1352 people underwent further 
analysis via telephone interview

Excluded in the telephone interview:
(1) People with incomplete or incorrect 
contact number
(2) People who declined to answer the 
questionnaire

Figure 1  Flow chart of participant selection in the case-control study. 

Table 1  Characteristics of the case group  n  (%)

Characteristic

In total 819 (100)
Hospital
Renji 491 (60.0)
Drum tower 328 (40.0)
   Age (yr)
      < 50 278 (33.9)
      ≥ 50, < 60 289 (35.3)
      ≥ 60 252 (30.8)
   Gender
      men 448 (54.7)
      women 371 (45.3)
   Illness part
      antral form 806 (98.4)
      diffuse form 13 (1.6)
   H. pylori infection
      H. pylori (+) 263 (32.1)
      H. pylori (-) 556 (67.9)
   Histology
      glandular atrophy 363 (44.3)
      IM 265 (32.4)
      intraepithelial neoplasia  92 (11.2)

H. pylori: Helicobacter pylori.
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= 2.275, 95%CI: 1.801-2.872, P < 0.01), especially 
in the patients with diffuse GVLs. We also noted 
statistically significant findings in the pooled analysis 
for the association between glandular atrophy, with 
or without IM, and the formation of such lesions. 
Furthermore, a significantly increased risk of low-
grade intraepithelial neoplasia was observed in the 
case group (OR = 1.468, 95%CI: 1.052-2.049, P = 
0.023); this is known to be a premalignant condition. 
When the patients were further stratified according to 
VG form, the differences between patients with antral 
lesions and their matched controls were significant for 
glandular atrophy and IM, but not for intraepithelial 
neoplasia. On the other hand, diffuse lesions were 
strongly associated with all these histological 
parameters, including intraepithelial neoplasia. The 
results of the overall and stratified analyses are 
presented in Table 2. 

Indices for grading inflammation, glandular atrophy 
and IM were calculated separately for the GVL patients 
and their matched controls. Paired t-tests showed that 
all these indices were significantly increased in the 
case group (P < 0.01).  

Analysis of telephone interview data
For 49 patients, the contact number was incomplete or 
incorrect, and 94 declined to answer the questionnaire. 
Thus, there was a total of 1352 participants, comprising 
676 people from each group; the answering ratio was 
82.5%. Single-factor analyses of potential factors 
demonstrated that current infection with H. pylori (OR 
= 2.203), chronic infection with H. pylori (OR = 2.493), 
bronchial asthma (OR = 6.837), allergic rhinitis (OR = 
2.963), family history of gastric cancer (OR = 1.926), 
high work-related stress (OR = 1.871), irregular meals 
(OR = 1.703), and high intake of spicy food (OR = 
1.540) were positively associated with the occurrence 
of GVLs, while high intake of fresh fruit was negatively 
associated (OR = 0.721). 

We found a negative correlation between current 

and chronic infection with H. pylori (Pearson coefficient, 
-0.113), and a positive correlation between bronchial 
asthma and allergic rhinitis (Pearson coefficient, 
0.151). No correlation was found for any other factors. 
For subsequent analyses, we combined current and 
chronic infection into a single “H. pylori infection” 
category, and asthma and rhinitis were combined into 
“allergic respiratory diseases”. Based on the results of 
single-factor analyses, we included the factors with a 
P-value less than 0.05 into the multivariate conditional 
Logistic regression equation. The adjusted analysis 
suggested that H. pylori infection, allergic respiratory 
diseases, high work-related stress, irregular meals and 
high intake of spicy food were independent risk factors 
for the formation of GVLs; and that high intake of 
fresh fruit was an independent protective factor. Table 
3 shows the overall results of the single-factor and 
multivariate analyses.

Stratified analysis of telephone interview data
The participants were stratified by age, gender and VG 
form, and the results of the subsequent analysis are 
shown in Table 4. For those under 50 years old, high 
intake of fried food was significantly more common in 
the GVL group (P = 0.038) under univariate analysis; 
however, the correlation was not significant in the final 
multivariate analysis, suggesting that fried food intake 
may be a confounding factor. In those ≥ 50 years 
old, univariate and multivariate analyses indicated 
that pickled food consumption was a new independent 
risk factor for GVLs. In males, excessive smoking 
was also found to be a new independent risk factor, 
while in females, allergic skin diseases seemed to be 
a confounding factor. For antral form, single-factor 
analyses showed significant differences between cases 
and controls for fried food consumption and intake of 
vegetable side dishes, but only the latter factor was 
confirmed as an independent factor by the adjusted 
multivariate analysis. For diffuse form, current or 
chronic H. pylori infection was found in more than half 
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Table 2  Overall and stratified analyses of histological data in the case-control study

Case Control OR [95%CI] P -value

Overall analysis
   H. pylori (+) 263 141 2.275 [1.801, 2.872] < 0.001b

   Glandular atrophy 363 271 1.610 [1.317, 1.967] < 0.001b

   IM 265 182 1.674 [1.343, 2.087] < 0.001b

   Intraepithelial neoplasia   92   65 1.468 [1.052, 2.049]    0.023a

Antral form
   H. pylori (+) 254 139 2.208 [1.745, 2.794] < 0.001b

   Glandular atrophy 341 268 1.472 [1.202, 1.803] < 0.001b

   IM 409 179 3.609 [2.908, 4.479] < 0.001b

Intraepithelial neoplasia   79   65 1.239 [0.878, 1.747]    0.222
Diffuse form
   H. pylori (+)     9     2 12.375 [1.828, 83.767]     0.015a

   Glandular atrophy   13     3 < 0.001
   IM   11     3    0.005
Intraepithelial neoplasia   12     0 18.333 [2.522, 133.26] < 0.001b

aP < 0.05; bP < 0.01, the case group vs the control group. H. pylori: Helicobacter pylori. 
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of the affected patients, whereas only two matched 
controls had ever been infected. The diffuse form 
seemed to be more highly correlated with H. pylori 
infection, but with only thirteen pairs of participants 
making up the sample, no more than a general 
tendency could be assessed. Allergic respiratory 
diseases and a family history of gastric cancer were 
more frequent in patients with diffuse varioliform 
lesions vs matched controls.

DISCUSSION
As is widely accepted, intestinal-type gastric car
cinogenesis is a multi-stage process, developing from 
chronic gastritis through a series of precancerous 
abnormalities to gastric carcinoma[26,27]. In addition, H. 
pylori infection is thought to be the key promoter[28,29]. 
These precursor conditions include chronic atrophic 
gastritis with or without IM, with a reported malignancy 
rate of 0.5%-1%[30,31], and intraepithelial neoplasia[32], 
which is classified from low to high grade according to 
WHO specifications. It is reported that 0%-15% of low-
grade intraepithelial neoplasia could progress to high-
grade, which has an extremely high malignancy rate 
of 25%-85%[33]. In the present study, the frequency 
and severity of glandular atrophy, IM and low-grade 
intraepithelial neoplasia were significantly elevated in 
the case group, indicating that the presence of GVLs is 
a potential risk factor for cancer. Nevertheless, no high-
grade intraepithelial neoplasia was observed, and the 
results were inconsistent when analysis was restricted 
to antral varioliform lesions. Thus, this malignancy 
risk should be further investigated via a large-scale 
prospective study.

In view of the association between GVLs and H. 
pylori infection status, the literature is somewhat 
inconclusive[34]. Our analysis showed a statistically 
significant difference in infection rates between GVL 
patients (32.1%) and controls (17.2%). The adjusted 
analysis of the interview data indicated that H. pylori 
infection, especially chronic persistent infection, was a 
pathogenic factor. In contrast, no correlation existed 
where infections had been successfully treated. Thus, 
H. pylori eradication and regular endoscopic follow-ups 
should be key components of the treatment for GVLs.

European researchers have suggested that there 
may be an allergic component in the pathogenesis 
of the disease, specifically that excessive histamine 
release could play a central role[7,35]; however, no 
evidence for this has been reported for Chinese 
patients. Interestingly, we found that the frequency 
of allergic diseases was increased in patients with 
varioliform lesions, in particular bronchial asthma and 
allergic rhinitis. There were 112 GVL patients (16.6%) 
with at least one allergic disease, and the multivariate 
analysis confirmed that allergic respiratory disease was 
an independent risk factor. Family history of gastric 
carcinoma has been reported as a risk factor for 
gastric carcinogenesis[36,37], but it was not associated 
with GVLs in our study. Diffuse form appeared to have 
a more positive association with allergic diseases and 
family history of gastric cancer, yet the results were 
not conclusive owing to the limited sample size, and 
will thus need to be verified by larger studies in the 
future.

In the pooled multivariate analysis, the independent 
risk factors were high work-related stress, irregular 
meals, and high intake of spicy food, and the one 
potentially protective factor was high intake of fresh 
fruit. The stratified analyses indicated that pickled food 
consumption in people over 50 years old and excessive 
smoking in men were also risk factors. Intake of 
vegetable side dishes was found to be negatively 
correlated with the antral form of GVLs. Indeed, 
certain habits of daily life could serve as important risk 
factors for gastric cancer. Previous studies revealed 
a close association between negative psychological 
factors like nervousness or anxiety and susceptibility 
to neoplasia[38,39]. Our participants with high work-
related stress could have an increased risk of gastric 
malignancy, which may be related to constant anxiety-
induced stimulation of the sympathetic system. 
Smoking is also considered a pathogenic factor for 
multiple cancers. A 50-year observational study 
of 34439 British doctors indicated that cigarette 
smoking was a risk factor in the progression of 14 
different cancers including gastric carcinoma[40]. In the 
present study, excessive smoking in men contributed 
significantly to the risk of GVLs, but not in women, 
indicating possible male predominance in the morbidity 
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Table 3  Overall single-factor and multivariate analyses of impact factors in the case-control study

Impact factor Univariate analysis Multivariate analysis

OR 95%CI P -value OR 95%CI P -value

H. pylori infection 2.329 [1.802, 3.011] < 0.001b 3.051 [2.157, 4.317] < 0.001b

Allergic Res. Dis. 3.745 [2.365, 5.930] < 0.001b 3.636 [2.183, 6.055] < 0.001b

Family history of GC 1.926 [1.059, 3.503]    0.029a 1.628 [0.801, 3.309]    0.178
Stress ↑ 1.871 [1.344, 2.603] < 0.001b 2.019 [1.568, 2.600] < 0.001b

Irregular meals 1.703 [1.184, 2.449]    0.004b 2.300 [1.462, 3.619] < 0.001b

Spicy food ↑ 1.540 [1.156, 2.052]    0.003b 1.754 [1.227, 2.507]    0.002b

Fresh fruit ↑ 0.721 [0.533, 0.974]    0.033a 0.231 [0.101, 0.529]    0.001b

aP < 0.05; bP < 0.01, the case group vs the control group. H. pylori: Helicobacter pylori. 
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of the disease. Concerning food consumption, pickled 
foods have been associated with the development of 
esophageal and gastric cancers, which can damage 
gastric mucosa and exacerbate the inflammation 
caused by H. pylori[41]. In recent times, Chinese 
dietary habits have changed dramatically. Pickled 
food may now be less popular in younger sections 
of the population, whereas spicy foods have greatly 
increased in popularity. Although capsaicin in spicy 
food has been shown to help counter the growth of 
H. pylori[42], we found that high intake of spicy food 
was a risk factor for varioliform lesions. The reason 
could be related to oncogene exposure or a chemical 
process during production. Meanwhile, the present 
study also provided factors that potentially offer some 
protection against GVLs. Intake of fresh vegetables 
and fruit has been reported to beneficial for avoidance 
of gastric neoplasia[43], which is consistent with the 
corresponding reduction in the frequency of GVLs seen 
in our study. 

Several limitations of the present study must be 
taken into account. First, it is a retrospective analysis, 
for which recall bias and selection bias cannot be 
completely removed; a prospective study would be 
required to establish a convincing causal relationship 
between the factors and the disease. Second, the 
conclusions of the stratified analyses may be of limited 
value because of the small sample size, especially in 
the diffuse form group. Thus, some of the results in 
our study should be interpreted cautiously. Third, other 
relevant variables such as body mass index (BMI), 
hyperlipidemia, ABO blood group, consumption of 
coffee, carbonated drinks and bean products were not 
included; in addition, several factors such as the type 
of cigarette or alcohol consumed, medication dose and 
professional mental scale were not precisely classified. 
If the above factors were included in the multivariate 
regression equation, our results could have been very 
different. Future studies should therefore use a more 
complete set of variables.
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Table 4  Stratified single-factor and multivariate analyses of impact factors in the case-control study

Factor  Case Control Univariate analysis Multivariate analysis

OR [95%CI] P -value OR [95%CI] P -value

Age < 50 yr
   H. pylori infection   69   37 2.224 [1.419, 3.487] < 0.001b 1.968 [1.222, 3.170] 0.005b

   Allergic Res. Dis.   34   11 3.445 [1.700, 6.978] < 0.001b 3.784 [1.715, 8.347] 0.001b

   Stress ↑   41   24 1.858 [1.083, 3.189] 0.023a 1.452 [1.076, 1.960] 0.015a

   Irregular meals   40   25 1.723 [1.008, 2.946] 0.045a 2.207 [1.112, 4.381] 0.024a

   Fried food ↑   56   38 1.622 [1.025, 2.567] 0.038a 1.459 [0.846, 2.517] 0.174
   Spicy food ↑   50   33 1.654 [1.021, 2.681] 0.040a 1.838 [1.011, 3.342] 0.046a

Age ≥ 50 yr   
   H. pylori infection 151   79 2.386 [1.745, 3.263] < 0.001b 3.402 [2.149, 5.386] < 0.001b

   Allergic Res. Dis.   51   14 3.988 [2.173, 7.319] < 0.001b 4.894 [2.164, 11.069] < 0.001b

   Stress ↑   68   39 1.879 [1.237, 2.855] 0.003b 2.265 [1.594, 3.219] < 0.001b

   Irregular meals   44   27 1.699 [1.032, 2.798] 0.035a 1.680 [0.918, 3.074] 0.092
   Picked-food cons. 149 122 1.334 [1.001, 1.778] 0.049a 7.224 [2.360, 22.115] 0.001b

   Spicy food ↑   86   62 1.481 [1.036, 2.117] 0.031a 1.786 [1.114, 2.863] 0.016a

   Fresh fruit ↑ 387 405 0.637 [0.409, 0.993] 0.045a 0.422 [0.178, 1.001] 0.050
Male
   H. pylori infection 116   67 2.054 [1.458, 2.893] < 0.001b 3.445 [2.114, 5.612] < 0.001b

   Allergic Res. Dis.   42   10 4.599 [2.272, 9.310] < 0.001b 6.563 [2.832, 15.209] < 0.001b

   Smoking   99   76 1.410 [1.003, 1.981] 0.047a 2.013 [1.282, 3.163] 0.002b

   Stress ↑   63   34 2.023 [1.298, 3.154] 0.002b 2.096 [1.489, 2.950] < 0.001b

   Irregular meals   52   34 1.614 [1.021, 2.551] 0.039a 2.201 [1.262, 3.839] 0.005b

   Spicy food ↑   79   57 1.488 [1.022, 2.165] 0.037a 2.167 [1.285, 3.653] 0.004b

Female
   H. pylori infection 104   49 2.727 [1.850, 4.021] < 0.001b 3.031 [1.897, 4.844] < 0.001b

   Allergic Res. Dis.   43   15 3.183 [1.726, 5.867] < 0.001b 3.502 [1.691, 7.255] 0.001b

   Allergic skin Dis.   15     5 3.106 [1.114, 8.660] 0.023a 3.223 [0.966, 10.748] 0.057
   Stress ↑   46   29 1.694 [1.032, 2.780] 0.036a 1.873 [1.356, 2.589] < 0.001b

   Irregular meals   32   18 1.872 [1.026, 3.415] 0.039a 2.027 [0.905, 4.538] 0.086
   Spicy food ↑   57   38 1.619 [1.036, 2.530] 0.033a 2.185 [1.236, 3.861] 0.007b

Antral form
   H. pylori infection 211 114 2.248 [1.734, 2.914] < 0.001b 3.124 [2.192, 4.452] < 0.001b

   Allergic Res. Dis.   80   25 3.552 [2.237, 5.639] < 0.001b 3.432 [2.062, 5.712] < 0.001b

   Stress ↑ 107   63 1.833 [1.315, 2.554] < 0.001b 1.984 [1.544, 2.550] < 0.001b

   Irregular meals   83   52 1.681 [1.168, 2.422] 0.005b 2.191 [1.407, 3.412] 0.001b

   Fried food cons. 202 169 1.281 [1.007, 1.629] 0.044a 1.338 [0.955, 1.876] 0.091
   Spicy food ↑ 133   95 1.500 [1.124, 2.002] 0.006b 1.705 [1.188, 2.447] 0.004b

   Vegetable Cons. 227 262 0.797 [0.637, 0.996] 0.046a 0.491 [0.311, 0.776] 0.002b

aP < 0.05; bP < 0.01, the case group vs the control group. H. pylori: Helicobacter pylori. 
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To the best of our knowledge, this is the first case-
control study investigating the factors influencing the 
formation of GVLs. The results suggest a potentially 
increased cancer risk for the affected patients, and 
that H. pylori infection, allergic respiratory diseases, 
high work-related stress, irregular meals, high 
intake of spicy food, pickled food consumption in 
older people, and excessive smoking in men were all 
positively correlated with the occurrence of GVLs. In 
contrast, consumption of vegetables and high intake 
of fresh fruit were found to be negatively correlated 
and therefore potentially protective. In summary, our 
results suggest that formation of GVLs can be reduced 
by maintaining a healthy lifestyle and positive attitude, 
while ensuring that allergic diseases and H. pylori 
infection are treated effectively. We suggest that a 
prospective study should be carried out in the future to 
examine the morphological and pathological evolution 
of GVLs, and thereby clarify their relationship with 
gastric malignancy. A large-scale, well-designed clinical 
trial is also warranted to provide more precise and 
robust conclusions on this matter.
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Abstract
AIM: To investigate the long-term oncologic outcomes 
and prognostic factors in patients with obstructive 
colorectal cancer (CRC) at multiple Japanese institutions.

METHODS: We identified 362 patients diagnosed with 
obstructive colorectal cancer from January 1, 2002 to 
December 31, 2012 in Yokohama Clinical Oncology 
Group’s department of gastroenterological surgery. 
Among them, 234 patients with stage Ⅱ/Ⅲ disease 
who had undergone surgical resection of their primary 
lesions were analyzed, retrospectively. We report the 
long-term outcomes, the risk factors for recurrence, 
and the prognostic factors.

RESULTS: The five-year disease free survival and 
cancer-specific survival were 50.6% and 80.3%, 
respectively. A multivariate analysis showed the ASA-
PS (HR = 2.23, P  = 0.026), serum Albumin ≤ 4.0 g/dL 
(HR = 2.96, P  = 0.007), T4 tumor (HR = 2.73, P  = 
0.002) and R1 resection (HR = 6.56, P  = 0.02) to be 
independent risk factors for recurrence. Furthermore, 
poorly differentiated cancers (HR = 6.28, P  = 0.009), 
a T4 tumor (HR = 3.46, P  = 0.011) and R1 resection 
(HR = 6.16, P  = 0.006) were independent prognostic 
factors in patients with obstructive CRC.

CONCLUSION: The outcomes of patients with 
obstructive CRC was poor. T4 tumor and R1 resection 
were found to be independent prognostic factors for 
both recurrence and survival in patients with obstructive 
CRC. 

Key words: Obstructive colorectal cancer; Prognostic 
factor; Survival

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Obstructive colorectal cancer (CRC) still have 
poor prognosis. However, the prognostic factor of 
obstructive CRC is unclear. The aim of this article is 
to clarify the long-term outcome and the risk factors 
for obstructive CRC at multiple institutions. The five-
year disease free survival and cancer-specific survival 
were 50.6% and 80.3%, respectively. T4 tumor and R1 
resection were independent prognostic factors for both 
recurrence and survival. 
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Masashi M, Akira W, Kentaro S, Nobuyuki K, Natsuko S, Jun 
W, Yasushi I, Chikara K, Itaru E. Long-term outcomes and 
prognostic factors of patients with obstructive colorectal cancer: 
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2016; 22(22): 5237-5245  Available from: URL: http://www.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer in Japan, and the incidence of CRC has been 
increasing rapidly. CRC is difficult to diagnose due to it 
early atypical symptoms and signs. Around 7%-16% 
of patients with colorectal malignancy present with 
acute colorectal obstruction[1-3]. It is generally accepted 
that right sided obstructive CRC can best be treated 
by right hemicolectomy with ileocolic anastomosis. 
On the other hand, the optimal treatment for left-
sided obstructive CRC remains controversial[4-7]. The 
treatment options range from an emergency radical 
operation, such as Hartmann’s procedure, to bowel 
decompression using metallic stents or transanal 
tube or proximal diversion with a subsequent staged 
resection. The choices of surgical intervention for 
obstructive CRC vary greatly, according to the tumor 
location, general condition of the patients, and the 
experience level of the surgeons[8]. Therefore, It has 
been reported that CRC patients with obstruction 
have an advanced stage and worse long-term survival 
compared to non-obstructive CRC[3,9-11]. Although the 
negative impact of obstruction on the postoperative 
outcomes has been well documented, few studies have 
examined the outcomes of obstructive CRC patients in 
Japan[11-13]. Furthermore, the risk factors for recurrence 
and the prognostic factors are unclear owing to the 
small number of patients in previous study.

The aim of this study is to investigate the long-term 
oncologic outcomes and prognostic factors in patients 
with obstructive CRC at multiple Japanese institutions.

MATERIALS AND METHODS
Three hundred and sixty-two patients who were diagnosed 
to have obstructive colorectal cancer from January 2002 
to December 2012 at the Yokohama Clinical Oncology 
Group’s Department of Gastroenterological Surgery 
(10 institutions) were enrolled. Obstructive CRC 
was diagnosed based on medical history, physical 
examination, abdominal computed tomography (CT), 
and colonoscopy, and the surgical findings. We first 
performed emergency decompression of bowel 
obstruction by ileostomy/colostomy or the insertion of 
a decompression tube, or emergency resection of the 
primary lesion. The type of decompression method 
was chosen according to the surgeon’s judgment and 
preference. Patients with distant metastatic lesions 
(n = 103), who only underwent stoma creation and 
best supportive care (n = 23), stage Ⅰ (n = 2) were 
excluded from this study. As a result, 234 patients 
who underwent surgical resection were analyzed 
retrospectively (Figure 1). The prognostic factors 
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influencing survival and risk factors for recurrence 
were analyzed.

Clinicopathological information was obtained from 
the medical records of the patients including gender, 
age, The American Society of Anesthesiologists 
(ASA)-physical status (PS), serum albumin, CEA, 
preoperative decompression, location of the tumor, 
tumor size, differentiation of the tumor, depth of the 
tumor, intramural lymphatic invasion, intramural 
vascular invasion, lymph node dissection, number of 
lymph nodes harvested, lymph node involvement, 
postoperative complication, anastomotic leakage, 
curability, and adjuvant chemotherapy. There were 
missing values for BMI in 13 patients, for serum 
albumin in 14 patients, for CEA in 19 patients, for 
tumor size in 4 patients, for lymphatic invasion in one 
patient and for harvested lymph nodes in 10 patients 
because this was a retrospective study. 

Japanese D3 lymphadenectomy is equivalent 
to complete mesocolic excision (CME) with central 
vascular ligation (CVL)[14]. D2 lymphadectomy includes 
pericolic and intermediate nodes region, and D0-1 
includes only pericolic nodes region. 

Statistical analysis
The disease-free survival (DFS) and cancer-specific 
survival (CSS) were estimated using the Kaplan-Meier 
method, and statistical significance was determined 
by the log-rank test. A multivariate analysis was 
performed using the Cox proportional hazard model to 
examine the independent prognostic factors and risk 
factors of recurrence. A P value of < 0.05 indicated 
statistical significance. All analyses were performed 
using the IBM SPSS, version 21 (SPSS Inc., Chicago, 
IL, United States).

This study received approval from the institutional 
review board of Yokohama City University.

RESULTS
Characteristic of the patients
The clinicopathological characteristics of the patients 

are summarized in Table 1. There were 234 patients 
who underwent surgical resection for obstructive 
CRC. The median age of the patients was 71 years 
(range 35-96) and there were 141 (60.3%) men and 
93 (39.7%) women. Of these patients, 183 patients 
(72.2%) received preoperative decompression by 
colostomy/ileostomy (n = 56) or transanal tube 
insertion (n = 127)[15]. The most common tumor 
site was the sigmoid colon (n = 95). Other primary 
tumors were located in the descending colon (n = 
36), ascending colon (n = 33), transverse colon (n = 
33), rectum (n = 27), and cecum (n = 10). Among 
the 234 patients in this study, 165 patients (70.5%) 
had obstructing cancers at a site distal to the splenic 
flexure. T4 tumors were found in 125 patients (53.4%). 
There were 113 stage Ⅱ patients and 121 stage Ⅲ 
patients. In the stage Ⅲ cases, 90 patients had N1 
disease and 31 patients had N2. 

A total of 219 patients (93.6%) underwent R0 
resection of the primary lesion. The reasons of R1 
resection (n = 15) were positive surgical margins in 
11 patients, other organ involvement in 3 patients and 
residual lymph node metastasis in 1 patient.

Ninety-one of the 234 patients underwent adjuvant 
chemotherapy. The chemotherapeutic regimen was 
oral 5-fluorouracil (5-FU) in 47 patients, oral 5-FU plus 
leucovorin in 36, oxaliplatin-based chemotherapy in 5, 
and a Roswell Park Memorial Institute (RPMI) regimen 
in 3[16]. 
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Table 1  Clinicopathological characteristic of patients with 
obstructive colorectal cancer  n  (%)

Variable Category n  = 234

Gender Male  141(60.3)
Female   93 (39.7)

Age (yr)1     71 (35-96)
ASA Ⅰ 70 (30)

Ⅱ  128 (54.7)
Ⅲ    36 (15.3)

Location of tumor Cecum 10 (4.3)
Ascending colon   33 (14.1)
Transverse colon   33 (14.1)
Descending colon   36 (15.4)

Sigmoid colon   95 (40.6)
Rectum   15 (10.5)

Decompression  + 183 (78.2)
-   51 (21.8)

CEA (mg/dL) 1         4.9 (0.3-2470)
Serum albumin1      3.4 (1.4-4.9)
Tumor size(mm)          48 (10-140）
Depth of tumor pT3 109 (46.6)

pT4a   93 (39.7)
pT4b   32 (13.7)

Lymph node involvement N0 113 (48.3)
N1   90 (38.5)
N2   31 (13.2)

R0 resection + 219 (93.6)
- 15 (6.4)

Adjuvant chemotherapy +   91 (38.9)
    - 143 (61.1)

362 patients with 
obstructive colorectal cancer

Excluded from analysis
   Stage Ⅰ (n  = 2)
   Stage Ⅳ (n  = 103)
   Non primary resection (n  = 23)

234 patients with resection of 
obstructive colorectal cancer 

Figure 1  Study flowchart. 

1Median (range).
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Risk factors for recurrence 
The risk factors for recurrence according to our 
analysis are shown in Table 3. According to a univariate 
analysis, the factors associated with recurrence were 
age ≥ 75 years (P = 0.011), ASA-PS (P = 0.017), 
serum albumin ≤ 4.0 g/dL (P = 0.001), T4 tumor (P 
= 0.001), and R1 resection (P < 0.001). A multivariate 
analysis of these factors confirmed significant 
differences for ASA-PS (HR = 2.234, P = 0.026) serum 
albumin (HR = 2.967, P = 0.007), depth of tumor 

Long-term outcomes
The median follow-up interval was 39 mo. The five-
year DFS and CSS for all patients were 50.6% and 
80.3%, respectively. The 5-year DFS of the patients 
with stage Ⅱ and stage Ⅲ disease were 47.4% and 
55.1%, respectively. The 5-year CSS were 78.7% 
and 82.0%, respectively. There were no significantly 
differences in both the DFS and CSS between stage Ⅱ 
and stage Ⅲ disease (P = 0.856, P = 0.560) (Figures 
2 and 3).

Recurrence site
A total 71 patients (30.3%) experienced recurrence 
during the study follow-up (Table 2). The most 
common site of recurrence was the liver (n = 27, 
11.5%), followed by the lung (n = 22, 9.4%), 
peritoneum (n = 21, 9.0%), and local recurrence (n = 
9, 3.8%). Other sites of recurrence included the non-
regional lymph nodes (n = 6), anastomosis (n = 3), 
abdominal wall (n = 2), and pleural dissemination (n 
= 2). The rate of the recurrence sites did not differ 
substantially between stage Ⅱ and stage Ⅲ disease 
(data not shown).
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Figure 2  Kaplan-Meier curves showing the disease free survival after 
primary tumor resection in patients with obstructive colorectal cancer. A: 
All stage (n = 234); B: Stage Ⅱ (n = 114, blue line), Stage Ⅲ (n = 120, green 
line). 

Figure 3  Kaplan-Meier curves showing the cancer-specific survival rates 
after primary tumor resection in patients with obstructive colorectal 
cancer. A: All stage (n = 234); B: Stage Ⅱ (n = 114, blue line), Stage Ⅲ (n = 
120, green line).

Table 2  Patterns of recurrence following colorectal resection 
of obstructive colorectal cancer (n  = 71)

Site of recurrence n  (%)

Liver   27 (11.5)
Lung 22 (9.4)
Peritoneal dissemination 21 (9.0)
Local recurrence   9 (3.8)
Lymph node   6 (2.6)
Anastomosis   3 (1.3)
Abdominal wall   2 (0.9)
Pleural dissemination   2 (0.9)

1.0

0.8

0.6

0.4

0.2

0.0

D
is

ea
se

 f
re

e 
su

rv
iv

al

0                           5                        10
                           t /yr

1.0

0.8

0.6

0.4

0.2

0.0

D
is

ea
se

 f
re

e 
su

rv
iv

al

0                           5                        10
                           t /yr

Stage Ⅲ

Stage Ⅱ

B

A 1.0

0.8

0.6

0.4

0.2

0.0

Ca
nc

er
-s

pe
ci

fic
 s

ur
vi

va
l

0                                5                               10
                                 t /yr

1.0

0.8

0.6

0.4

0.2

0.0

Ca
nc

er
-s

pe
ci

fic
 s

ur
vi

va
l

0                                5                               10
                                t /yr

Stage Ⅲ

Stage Ⅱ

B

A

Atsushi I et al . Long-term outcomes of obstructive colorectal cancer



(HR = 2.728, P = 0.002) and curability (HR = 6.555, 
P = 0.02). There were no differences in the relapse 
rate according to whether the patients underwent 
preoperative decompression or not. Furthermore, 
lymph node involvement was also not associated with 
recurrence.

Prognostic factors for CSS
The prognostic factors for CSS are shown in Table 
4. A univariate analysis identified age ≥ 75 (P 
= 0.027), poorly or mucinous differentiation(P = 
0.001), T4 tumor (P = 0.001), D0 or D1 lymph node 
dissection(P = 0.0014), R1 resection (P < 0.001) as 
poor prognostic factors. According to a multivariate 
analysis, poorly differentiated cancers or mucinous 
differentiation (HR = 6.282, P = 0.009), T4 tumor (HR 
= 3.458, P = 0.011) and R1 resection (HR = 6.162, 
P = 0.006) were independent prognostic factors in 
patients with obstructive CRC (Figure 4). 

DISCUSSION
In the present study, we evaluated the long-term 
oncologic outcomes and prognostic factors in patients 
with obstructive CRC in multiple Japanese institutions. 
Most previous studies have reported that patients 
with obstructive CRC have significantly poorer 
oncologic outcomes than patients with nonobstructive 
CRC[9,11,12,17]. Obstructive tumors have been reported 
to have a more advanced stage than nonobstructive 
tumors[11,18]. The reported 5-year survival ranges 
between 36% to 64.6% in patients with obstructive 
CRC[11,17,19,20]. Our retrospective data showed 5-year 
CSS to be 80.3%, which was higher than the 
previously reported findings. One reason for the good 
outcomes might be that Japanese standard surgical 
procedures include complete tumor resection and 
extended D2/D3 lymph node dissection, including 
the pericolic, intermediate and most central lymph 
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Table 3  Result of the univariate and multivariate analysis of risk factors for recurrence

Factor n Univariate analysis Multivariate analysis

3-yr RFS 5-yr RFS P  value HR (95%CI) P  value

Gender M 141 59.2% 47.6% 0.409
F   93 66.8% 54.7%

Age (yr) ≥ 75   96 55.0% 42.4% 0.011 1.228 (0.659-2.290) 0.518
< 75 138 67.3% 55.9%

ASA-PS 1   71 75.7% 64.8% 0.017 2.234 (1.101-4.535) 0.026
2-3 163 56.6% 44.6%

BMI (kg/m2) ≥ 25   28 66.0% 49.7% 0.951
< 25 193 62.7% 52.7%

Serum albumin (g/dL) ≤ 4.0 172 54.9% 41.3% 0.001 2.967 (1.342-6.560) 0.007
> 4.0   48 79.7% 73.1%

CEA (mg/dL) ≥ 5.0 102 52.4% 44.8% 0.052
< 5.0 113 74.1% 54.2%

Decompression + 183 62.9% 50.7% 0.572
-   51 60.5% 50.4%

Location of  tumor Right side   69 62.5% 55.5% 0.738
Left side 165 62.1% 48.7%

Tumor size (mm) ≥ 50   99 61.0% 48.8% 0.384
< 50 121 63.9% 54.1%

Differentiation of tumor tub1,tub2 222 63.7% 51.2% 0.080
 por, muc   12 36.7% 36.7%
Depth of tumor T3 108 73.5% 64.7% 0.001 2.728 (1.467-5.072) 0.002

T4 126 53.0% 38.7%
Intramural lymphatic invasion + 157 61.4% 53.2% 0.600

-   73 64.4% 45.2%
Intramural vascular invasion + 164 60.3% 49.3% 0.683

-   70 68.1% 57.4%
Lymph node involvement + 120 65.7% 47.4% 0.856

- 114 59.1% 53.2%
Lymph node dissection D0,D1   31 44.3% 44.3% 0.067

D2,D3 199 64.7% 50.8%
No. of lymph nodes harvested < 12   73 54.8% 44.5% 0.085
 ≥ 12 151 66.4% 52.5%
Postoperative complication +   78 57.3% 44.7% 0.071
(≥ Grade 2) - 156 64.7% 53.5%
Anastomotic leakage +   18 71.1% 56.9% 0.562

- 191 61.7% 50.0%
Curability R0 219 66.4% 54.8% < 0.001 6.555 (1.344-31.970) 0.020

R1   15   7.6%   0.0%
Adjuvant chemotherapy +   91 66.2% 55.6% 0.069

- 143 59.8% 47.2%
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nodes. West et al reported that the Japanese surgical 
procedures as well as CME with CVL eradicates tumors 
more effectively than the conventional procedures[14]. 
In our study, D2/D3 lymph node dissection was 
performed in about 70% of all patients.

Several authors have suggested preoperative 
obstruction to be a prognostic factor in CRC[12,17]. 
However, there are few data concerning the prognostic 
factors associated with obstructive CRC patients[4,19]. 
Jiang et al[4] reported a delayed resection to provide a 
better oncologic outcome than a primary resection for 
obstructive left-sided colorectal cancer. Other authors 
have showed that decompression followed surgery is 
better than emergency surgery in terms of the primary 
anastomosis rate, the stoma rate, the morbidity rate, 
the successful treatment of the patient’s comorbidities, 
and preparation for elective surgery[21,22]. According 
to our results, however, no difference in the prognosis 
was found in regard to whether patients underwent 

preoperative decompression or not, It therefore 
remains inconclusive as to which approach may be 
superior to the other. 

Malignant obstruction can occur in any part of the 
colon and rectum, however, the risk varies at different 
locations. In present study, 70.5% of the obstructive 
CRC occurred in the left-sided colon and most of them 
occurred in the sigmoid colon. This tumor distribution 
is similar to what has been reported by other 
series[11,19]. Our results showed that the prognosis 
was not different between right-sided and left-sided 
obstructive CRC. 

Obstructive tumors are reported to be associated 
with a more advanced stage than nonobstruction[11,18]. 
Our data showed 53.4% to have T4 tumors, and 
51.7% had positive lymph nodes. This is one of the 
reasons why obstructive CRC has a worse prognosis. 
In present study, especially, a T4 tumor was found 
to be a risk factor for recurrence in patients with 

5242 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

Table 4  Result of the univariate and multivariate analysis of prognostic factors for cancer-specific survival

Factor n Univariate analysis Multivariate analysis

3-yr CSS 5-yr CSS P  value HR(95%CI) P  value

Gender M 141 88.3% 80.8% 0.924
F   93 87.8% 79.7%

Age (yr) ≥ 75   96 82.2% 71.6% 0.027 1.464 (0.647-3.310) 0.360
< 75 138 91.9% 85.4%

ASA-PS 1   71 86.0% 83.5% 0.710
2-3 163 89.0% 78.7%

BMI (kg/m2) ≥ 25   28 92.0% 85.8% 0.389
< 25 193 87.3% 80.0%

Serum albumin (g/dL) ≤ 4.0 172 85.6% 82.6% 0.536
> 4.0   48 87.7% 76.2%

CEA (mg/dL) ≥ 5.0 102 86.7% 80.0% 0.715
< 5.0 113 90.5% 82.0%

Decompression + 183 88.4% 81.7% 0.514
-   51 87.1% 74.8%

Location of  tumor Right side   69 82.6% 70.5% 0.103
Left side 165 90.4% 84.3%

Tumor size (mm) ≥ 50   99 84.1% 76.9% 0.291
< 50 121 90.4% 85%

Differentiation of tumor tub1, tub2 222 89.9% 82.5% 0.001 6.282 (1.584-24.909) 0.009
 por, muc   12 50.0% 50.0%
Depth of tumor T3 108 95.7% 92.3% 0.001 3.458 (1.324-9.031) 0.011

T4 126 81.1% 69.2%
Intramural lymphatic invasion + 157 90.8% 82.7% 0.449

-   73 86.9% 79.4%
Intramural vascular invasion + 164 94.2% 90.1% 0.152

-   70 85.9% 76.7%
Lymph node involvement + 120 92.5% 82.9% 0.332

- 114 84.0% 77.7%
Lymph node dissection D0, D1   31 60.7% 60.7% 0.014 0.958 (0.300-3.056) 0.942

D2, D3 199 90.4% 83.0%
No. of lymph nodes harvested < 12   73 83.3% 78.3% 0.314
 ≥ 12 151 91.1% 81.0%
Postoperative complication +   78 85.9% 75.6% 0.644
(≥ Grade 2) - 156 89% 82.5%
Anastomotic leakage +   18 100% 100% 0.069

- 191 87.1% 78.7%
Curability R0 219 91.3% 84.7% < 0.001 6.162 (1.692-22.445) 0.006

R1   15 39.7% 19.9%
Adjuvant chemotherapy +   91 87.7% 81.8% 0.800

- 143 88.8% 79.4%
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obstructive CRC.
Seventy-one patients had a recurrence of the disease 

as the first event in our study. The distant metastasis 
rate is significantly higher in obstructed patients when 
compared with nonobstructed patients[17]. The common 
sites of recurrence were the liver (11.5%) and lung 
(9.4%), which were similar to previous reports[23]. 
An interesting finding in the present study is that 
patients with obstructive CRC showed a higher rate 
of peritoneal dissemination (9.0%) than previously 
reported (1.9%-3.5%) in nonobstructive CRC[24,25]. 
These findings suggested that obstructive CRC was 
locally advanced cancer consisting of T4 tumors 
and which may be unexpectedly exposed during R1 
resection. Therefore, reducing the rate of performing 
R1 resection might be a key to achieving improved 
surgical results. 

In our study, patients with stage Ⅱ disease and 
those with stage Ⅲ disease had similar poor outcomes 
in terms of the 5-year DFS and CSS. This finding 
suggests that lymph node involvement, which is a well-
known prognostic factor, does not have any significant 
impact on the outcomes in patients with obstructive 
CRC. One of the reasons for this finding is due to the 
fact that Japanese standard lymph node dissection 

procedures for advanced colorectal cancer include 
D2/D3 lymph node dissection, which is nearly the 
same method as that performed for CME and CVL[14]. 
In our clinical oncology group, lymphadenectomy for 
colorectal cancer was routinely performed during the 
study period. Therefore, a T4 tumor was identified 
as the most important prognostic factor, in which 
the 5-year DFS and OS were 38.7% and 60%, 
respectively. 

In the present study, a lower level of albumin was 
also a predictive factor for survival. The serum albumin 
levels have recently been studied as the Glasgow 
Prognostic Score (GPS), based on a combination 
of albumin and C-reactive protein (CRP). Several 
authors have revealed the GPS to have prognostic 
value in patients with advanced colorectal cancer[26,27]. 
However, we failed to collect data of CRP because this 
was a retrospective analysis. It is estimated that low 
albumin levels are associated with a decreased survival 
time because a low albumin level likely reflects some 
type of systemic compromise[28]. 

Our results demonstrated that poorly differen
tiated tumors or mucinous differentiated tumors are 
also predictive factors for survival. Histologically, 
poorly differentiated CRC represents from 4.8% to 
23.2% of all colorectal cancers[29]. The rate of poorly 
differentiated tumors was not higher than that 
described in previous reports. Poorly differentiated 
cancers have been linked to adverse prognoses in 
many studies[30]. 

Recently, several authors have suggested the 
feasibility of performing preoperative chemotherapy 
without the routine use of radiation therapy for locally 
advanced rectal cancer and a high R0 resection 
rate[31,32]. Furthermore, the FOxTROT Collaborative 
Group demonstrated the feasibility of performing 
preoperative chemotherapy for locally advanced 
colon cancer[33]. Our result suggested that obstructive 
colorectal cancer is also locally advanced cancer. 
Therefore, preoperative chemotherapy after the 
decompression of bowel obstruction may also be useful 
for the management of obstructive colorectal cancer. 

Our retrospective study had several important 
limitations. First, there were several missing data and 
we could not obtain the clinical course related to the 
treatment of patients after recurrence. Second, the 
adjuvant therapy, which affects the outcome, was not 
uniform. 

In conclusion, in addition to generally accepted 
knowledge, we found that T4 tumor and R1 resection 
were prognostic factors for both recurrence and 
survival. These results suggested that a curative 
resection of the tumor is very important and that 
systemic treatment for preventing distant metastasis, 
such as peritoneal dissemination associated with 
T4 tumors, is necessary in patients with obstructive 
colorectal cancer. 
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Figure 4  Kaplan-Meier curves showing the cancer-specific survival rates 
in patients with T4 tumor and R1 resection. A: T3 (n = 108, blue line); T4 (n 
= 126, green line); B: R0 (n = 219, blue line), R1 (n = 15, green line).

1.0

0.8

0.6

0.4

0.2

0.0

Ca
nc

er
-s

pe
ci

fic
 s

ur
vi

va
l

0                          5                        10
                           t /yr

1.0

0.8

0.6

0.4

0.2

0.0

Ca
nc

er
-s

pe
ci

fic
 s

ur
vi

va
l

0                          5                        10
                           t /yr

R0

B

A

R1

T3

T4

Atsushi I et al . Long-term outcomes of obstructive colorectal cancer



ACKNOWLEDGMENTS
We are grateful to the many members of the Yokohama 
Clinical Oncology Group and Dr. Mari S Oba (Department 
of Biostatistics, Yokohama City University) whose 
comments were extremely valuable throughout the 
course of our study. 

COMMENTS
Background
Colorectal cancer (CRC) is one of most common cancer in the world. Around 
7%-16% of patients with colorectal cancer present with acute colorectal 
obstruction. It has been reported that CRC patients with obstruction have an 
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Abstract
AIM: to identify rates of post-discharge complications 
(PDC), associated risk factors, and their influence on 
early hospital outcomes after esophagectomy.

METHODS: We used the 2005-2013 American College 
of Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP) database to identify patients ≥ 
18 years of age who underwent an esophagectomy. 
These procedures were categorized into four operative 
approaches: transhiatal, Ivor-Lewis, 3-holes, and 
non-gastric conduit. We selected patient data based 
on clinical relevance to patients undergoing esopha
gectomy and compared demographic and clinical 
characteristics. The primary outcome was PDC, and 
secondary outcomes were hospital readmission and 
reoperation. The patients were then divided in 3 
groups: no complication (Group 1), only pre-discharge 
complication (Group 2), and PDC patients (Group 3). 
A modified Poisson regression analysis was used to 
identify risk factors associated with developing post-
discharge complication, and risk ratios were estimated.

RESULTS: 4483 total patients were identified, with 
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esophageal neuromotor dysfunction (achalasia, spasm, 
scleroderma)[2]. Over 5000 esophagectomies are 
performed in the United States and United Kingdom 
annually[3]. Despite improved surgical techniques and 
intensive care unit therapy[4], post-esophagectomy 
mortality and morbidity rates remain suboptimal, 
ranging from 7%-28%[5,6] and 10%-27%[7], respectively. 
Moreover, readmission rates after esophagectomy range 
from 5%-25%[8,9], and the overall 5-year survival rate 
following esophagectomy range from 15%-40%[10,11]. 

These dismal outcomes after esophagectomy, 
compounded with national health policy changes by 
the Centers for Medicare and Medicaid Services (CMS) 
and the Affordable Care Act that emphasize reducing 
hospital readmission rates to improve health care 
quality, have spurred growing interest in investigating 
quality measures related to esophagectomy. Although 
several studies have explored esophagectomy compli
cations and readmission[12-16] none to date have delved 
into risk factors associated specifically with post-
discharge complications (PDC) after esophagectomy. 
Given that approximately a third of post-operative 
surgical complications occur post-discharge, and that 
PDC may differ from pre-discharge complications[17], 
we hypothesize that several clinical factors may 
increase risk for developing PDC after esophagectomy. 

Using 2005-2013 data from the American College 
of Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP), we sought to identify the rate 
of PDC, their associated risk factors, and their influence 
on early hospital outcomes including readmission and 
reoperation. We believe that understanding these 
risk factors will provide additional insights to improve 
esophagectomy quality outcomes.

MATERIALS AND METHODS
Data source 
This study is a retrospective analysis using the 
2005-2013 ACS-NSQIP database. ACS-NSQIP is a 
nationally-validated, risk-adjusted, and outcomes-
based program created for the purpose of measuring 
and improving surgical quality care[18,19]. The program 
collects data on patients undergoing surgery from over 
650 participating hospitals of varying size and academic 
affiliation[20]. Eligibility criteria for hospital participation 
include: hiring a surgical clinical reviewer who uses a 
standardized format to capture and review data from 
clinical records, identifying a Surgeon Champion to 
lead the program at the hospital, agreeing to program 
protocols, meeting minimum case standards, and 
paying an annual participation fee to ACS. Prospective, 
systematic data collection is performed on 150 
preoperative and intraoperative variables, in addition 
to 30-d postoperative morbidity and mortality. This 
study was reviewed and approved by the Institutional 
Review Board of the Johns Hopkins University School of 
Medicine.
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8.9% developing PDC within 30-d after esophagectomy. 
Patients who experienced complications post-discharge 
had a median initial hospital length of stay (LOS) of 9 
d; however, PDC occurred on average 14 d following 
surgery. Patients with PDC had greater rates of wound 
infection (41.0% vs  19.3%, p  < 0.001), venous 
thromboembolism (16.3% vs 8.9%, p  < 0.001), and 
organ space surgical site infection (17.1% vs  11.0%, p 
= 0.001) than patients with pre-discharge complication. 
The readmission rate in our entire population was 
12.8%. PDC patients were overwhelmingly more likely 
to have a reoperation (39.5% vs  22.4%, p  < 0.001) 
and readmission (66.9% vs  6.6%, p  < 0.001). BMI 
25-29.9 and BMI ≥ 30 were associated with increased 
risk of PDC compared to normal BMI (18.5-25).

CONCLUSION: PDC after esophagectomy account for 
significant number of reoperations and readmissions. 
Efforts should be directed towards optimizing patient’s health 
pre-discharge, with possible prevention programs at 
discharge. 

Key words: reoperation; hospital readmission; post-
discharge complications; esophagectomy; outcomes 
research

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In this study, we used the 2005-2013 
ACS-NSQIP database to identify the rate of post-
discharge complications, their associated risk factors, 
and their influence on early hospital readmission 
after esophagectomy. This report demonstrates that 
post-discharge complications after esophagectomy 
account for a significant number of reoperations 
and readmissions. We believe that implementing 
prevention strategies to decrease common post-
discharge complications like venous thromboembolism 
and infection should be considered, and that directing 
our energies toward optimizing patient health prior to 
discharge may improve overall surgical outcomes.
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INTRODUCTION
Esophagectomy is the mainstay treatment for locali
zed esophageal carcinoma without medical contrain
dications[1]. It can also be indicated for certain 
benign conditions, including high-grade dysplasia 
in Barrett’s esophagus, caustic ingestion, reflux 
esophagitis complications, esophageal stricture, and 



Study population
Patients ≥ 18 years of age who underwent an esopha
gectomy (defined as current procedural terminology 
codes 43107, 43108, 43112, 43113, 43117, 43118, 
43121, 43122, or 43123) were included. These 
procedures were then categorized into four operative 
approaches: transhiatal (if the chest was not entered 
and the stomach was used as a conduit), Ivor-Lewis 
(if the anastomosis was done in the chest and the 
stomach was used as a conduit), 3-holes (if the 
anastomosis was done in the neck, the chest was 
entered and the stomach was used as a conduit), and 
intestinal conduit (if any of the above approaches were 
used but intestine, either large or small, was used as a 
conduit). Patients who had missing data for days from 
operation to discharge, and days from operation to 
complication (for patients who had complication) were 
excluded. Patients who were not discharged within 
30-d of operation were also excluded. Lastly, patients 
who died during initial hospitalization were excluded 
from the analysis that aimed to identify risk factors 
associated with PDC (univariate logistic regression), as 
these patients were not at risk for PDC. 

Baseline characteristics of patients
We selected patient data based on clinical relevance 
to patients undergoing esophagectomy and compared 
demographic and clinical characteristics. Three groups 
of patients were defined: no complication (Group 1), 
only pre-discharge complication (Group 2), and PDC 
patients (Group 3). Patients with esophageal/gastric 
cancer were defined with a diagnosis (International 
Classification of Diseases, 9th Revision, codes of 150, 
150.1, 150.2, 150.3, 150.4, 150.5, 150.8, 150.9, 151, 
151.0). 

Outcomes
The primary outcome was PDC, which we defined as 
an event for which the time interval (days) between 
the initial operation and a complication was greater 
than the interval from operation to discharge. The 
secondary outcomes included hospital readmission 
(2011-2013) and reoperation (2012-2013). Compli
cation types included from ACS-NSQIP were investi
gated. Prolonged length of stay and prolonged 
operative time, defined as stay or time greater than 
the 75th percentile, respectively, were also investigated. 

Statistical analysis
Categorical variables were compared using Pearson’s χ2 
test or Fisher’s exact test when appropriate. Student’s  
t-test or ANOVA were used to compare continuous 
variables. Modified Poisson regression analysis 
was performed to identify factors associated with 
developing a PDC, and risk ratios (RR) were estimated. 
A p-value of p < 0.05 was determined statistically 
significant. We performed all data analyses and 
management using Stata/MP version 14 (StataCorp 

LP, College Station, TX, United States). 

RESULTS
Study population
A total of 4872 patients underwent esophagectomy 
between 2005 and 2013. However, 389 (7.98%) 
patients were not discharged before the 30-day 
period and were excluded for this very reason. 4483 
patients represented our study population, including 
2497 (55.7%) patients who had no postoperative 
complications, 1588 (35.4%) who had at least one 
pre-discharge complication, and 398 (8.9%) who had 
at least one PDC. The mean age was 63.1 years, with 
80.0% male and 85.9% whites. The mean BMI was 
27.9 kg/m2. PDC patients tended to be slightly older 
with greater ASA class, BMI, and more comorbidities 
including diabetes and, dyspnea compared to no 
complication group (Table 1). 

Unadjusted outcomes
The overall PDC rate was 8.9%. Patients who expe
rienced PDC had a median initial length of hospital 
stay of 9 d; however, PDC occurred on average 14 
d after surgery. Among procedure types, PDC rates 
were 35.7% for transhiatal, 34.1% for Ivor Lewis, 
36.9% for 3-holes, and 44.3% for intestinal conduit. 
Interestingly, PDC rates remained similar over the 
studied years (8.3% in 2005-2006 vs 8.9% in 2013) 
(Figure 1). Of the patients who experienced PDC, 127 
of them (31.9%) also had pre-discharge complications. 
The overall readmission rate (2011-2013) after 
esophagectomy was 12.8%. Only from 2012 NSQIP 
identified if readmissions were likely related to 
the principle surgical procedure. There were 253 
readmissions (253/1989, 12.72%) between 2012 and 
2013 and 83.8% (212/253) of these readmissions 
were related to the initial surgical procedure. PDC 
patients were overwhelmingly more likely to have 
a reoperation (39.5% vs 22.4% for 2012-2013, p 
< 0.001) and to be readmitted (66.9% vs 6.6% for 
2011-2013, p < 0.001). Moreover, pre-discharge and 
PDC differed by complication types (Figure 2). PDC 
patients had greater rates of wound infection (41.0% 
vs 19.3%), VTE (16.3% vs 8.9%), and organ space 
SSI (17.1% vs 11.0%) (p ≤ 0.001 for each) than pre-
discharge complication patients (Table 2). Although 
30-day mortality rates were greater for patients who 
experienced PDC, this finding was not statistically 
significant. 

Risk factors associated with post-discharge 
complications
Univariate modified Poisson regression analysis re
vealed that greater BMI, specifically BMI 25-29.9 (RR 
= 1.37, 95%CI: 1.08-1.74) and BMI ≥ 30 (RR = 1.34, 
95%CI: 1.04-1.72), were associated with increased 
risk of PDC, compared to normal BMI (18.5-25) (Table 3).
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DISCUSSION
Although several studies have investigated post
operative complications and readmissions following 
esophagectomy, none to our knowledge have 
explored the distinct role of PDC on early hospital 
outcomes. This is the first study to use ACS-NSQIP 
to examine the rate of PDC, their associated risk 
factors, and their influence on early hospital outcomes 
after esophagectomy. ACS-NSQIP offers a unique 
opportunity to assess at a national, multi-institutional 
level these specific health quality measures that 
may be unavailable in other large, population-level 
databases. Our retrospective analysis demonstrates 
that PDC occur at a low rate but account for a 
significant number of reoperations and readmissions. 
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Table 1  Baseline demographic and clinical characteristics of patients undergoing esophagectomy  n  (%)

Characteristic Group 1 Group 2 Group 3 P  value

No complication Pre-discharge complication Post-discharge complication

n  = 2497 (55.70) n  = 1588 (35.42) n  = 398 (8.88)

Age, mean (median) 62.5 ± 11.2 (63) 63.9 ± 10.8 (65) 63.4 ± 10.9 (64)    0.001
Age group (yr)    0.048
   < 60   921 (36.88)   513 (32.30) 143 (35.93)
   60-69   862 (34.52)   579 (36.46) 126 (31.66)
   70-79   602 (24.11)   407 (25.63) 109 (27.39)
   ≥ 80 112 (4.49)   89 (5.60) 20 (5.03)
Male1 2042 (81.88) 1220 (76.83) 325 (81.66) < 0.001
Race    0.088
   White 2135 (85.50) 1363 (85.83) 352 (88.44)
   Black   76 (3.04)   62 (3.90)   6 (1.51)
   Other/unknown   286 (11.45)   168 (10.26)   40 (10.05)
ASA classification1 < 0.001
   No disturb/mild disturb   611 (24.50)   237 (14.92)   88 (22.17)
   Serious disturb 1746 (70.01) 1161 (73.11) 269 (67.76)
   Life threat/moribund 137 (5.49)   190 (11.96)   40 (10.08)
Body mass index, mean (median) 27.9 ± 6.4 (27) 27.7 ± 6.3 (26.9) 28.4 ± 6.2 (27.6)    0.132
Body mass index group1 (kg/m2)    0.013
   < 18.5 68 (2.75)   59 (3.75)   9 (2.26)
   18.5-24.9 761 (30.72)   522 (33.14) 100 (25.13)
   25-29.9 905 (36.54)   532 (33.78) 159 (39.95)
   ≥ 30 743 (30.00)   462 (29.33) 130 (32.66)
Diabetes 341 (13.66)   300 (18.89)   75 (18.84) < 0.001
Current smoker 616 (24.67)   434 (27.33)   86 (21.61)    0.033
Dyspnea 209 (8.37)   205 (12.91)   48 (12.06) < 0.001
History of COPD 131 (5.25) 156 (9.82) 23 (5.78) < 0.001
Weight loss   468 (18.74)   301 (18.95)   73 (18.34)    0.959
Steroid use   74 (2.96)   42 (2.64) 12 (3.02)    0.820
Emergency case   18 (0.72)   39 (2.46)   3 (0.75) < 0.001
Diagnosis    0.002
   Benign disease   355 (14.22)   289 (18.20)   56 (14.07)
   Esophageal/gastric cancer 2142 (85.78) 1299 (81.80) 342 (85.93)
Year of operation    0.012
   2005-2007   293 (11.73)   223 (14.04)   41 (10.30)
   2008-2010   746 (29.88)   409 (25.76) 109 (27.39)
   2011-2013 1458 (58.39)   956 (60.20) 248 (62.31)

1Different denominator due to missing data: gender (Total n = 4480; Group 1 n = 2494; Group 2 n = 1588; Group 3 n = 398); functional status (n = 4481; 2497; 
1586; 398); ASA class (n = 4479; 2494; 1588; 397); BMI (n = 4450; 2477; 1575; 398). ASA: American Society of Anesthesiology; COPD: Chronic obstructive 
pulmonary disease; BMI: Body mass index.
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Figure 1  Post-discharge complications rates after esophagectomy by 
year.
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Higher BMIs were associated with increased risk 
of PDC. PDC were different than pre-discharge 
complications and potentially preventable.

Of the patients with PDC, wound infection, 

pneumonia, and VTE were among common PDC that 
could serve as targeted areas for quality improvement. 
These PDC are consistent with prior studies examining 
perioperative complications after esophagectomy[21,22]. 
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Figure 2  Proportion of pre-discharge vs post-discharge complications after esophagectomy for each morbidity.

Table 2  Observed unadjusted rates of pre- and post-discharge outcomes after esophagectomy  n  (%)

Outcome Total (n  = 1986) Group 2 Group 3 P  value

Pre-discharge complication Post-discharge complication

n  = 1588 (79.96) n  = 398 (20.04)

30-d mortality1 140 (7.05) 104 (6.55) 36 (9.05) 0.082
Overall morbidity
   Wound infection   470 (23.67)   307 (19.33) 163 (40.95) < 0.001
   Pneumonia   535 (26.94)   444 (27.96)   91 (22.86)    0.040
   Urinary tract infection 112 (5.64)   91 (5.73) 21 (5.28)    0.725
   Venous thromboembolism   207 (10.42)   142 (8.94)   65 (16.33) < 0.001
   Cardiac complication 108 (5.44)   92 (5.79) 16 (4.02)    0.163
   Shock/sepsis   518 (26.08)   422 (26.57)   96 (24.12)    0.319
   Unplanned intubation   420 (21.15)   368 (23.17)   52 (13.07) < 0.001
   Bleeding transfusion   584 (29.41)   526 (33.12)   58 (14.57) < 0.001
   Renal complication   59 (2.97)   50 (3.15)   9 (2.26)    0.351
   On ventilator > 48 h   439 (22.10)   396 (24.94)   43 (10.80) < 0.001
   Organ space SSI   242 (12.19)   174 (10.96)   68 (17.09)    0.001
   Reoperation 12-13   235 (25.97)   160 (22.38)   75 (39.47) < 0.001
Serious Morbidity2 1102 (55.49)   901 (56.74) 201 (50.50)    0.025
Year of operation    0.142
   2005-2007   264 (13.29)   223 (14.04)   41 (10.30)
   2008-2010   518 (26.08)   409 (25.76) 109 (27.39)
   2011-2013 1204 (60.62)   956 (60.20) 248 (62.31)
Length of stay, d (median) 11.7 ± 5.4 (10) 15.0 ± 6.3 (14) 10.3 ± 4.3 (9) < 0.001
Prolonged length of stay3   765 (38.52)   707 (44.52)   58 (14.57) < 0.001
Operative time, min (median) 342.3 ± 134.7 (328) 358.6 ± 145.6 (343) 350.4 ± 133.1 (335.5)    0.308
Prolonged operative time4   570 (28.70)   467 (29.41) 103 (25.88)    0.164
Readmission 2011-2013   226 (19.07)   62 (6.60) 164 (66.94) < 0.001

1In-hospital and post-discharge mortality among patients with pre or post-discharge complications. The overall mortality rate was 3.12% (140/4483); 
2Serious morbidity: cardiac complication, shock/sepsis, unplanned intubation, on ventilator > 48 h, organ space SSI, and reoperation 2012-2013; 3Defined as 
length of stay > 75th percentile; 4Defined as operative time > 75th percentile. SSI: Surgical site infection.
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Interventions to reduce PDC, such as adopting best 
practices to prevent wound infection and VTE, may 
improve esophagectomy outcomes. In one study, 
selective anticoagulant thromboprophylaxis using a 
DVT risk factor index significantly decreased DVT rates 
after esophageal cancer surgery[23]. Another study 
showed that low molecular weight heparin prophylaxis 
resulted in a 72% reduction in DVT risk after general 
surgery[24]. These suggest that efforts aimed to reduce 
common complications after surgery may also be 
effective and applicable to esophagectomy and should 
be continued after discharge. Interestingly, PDC 
rates have remained similar over the studied years, 
revealing likely no significant changes in practice or 
indications.

Our modified Poisson regression analysis demon
strates several factors that may increase the risk of 
PDC and therefore enable us to stratify higher-risk 
patients for perioperative risk assessment. These 

include patients with BMI 25.0-29.9 and BMI ≥ 
30, compared to normal BMI 18.5-25.0. Although 
obesity is associated with higher incidence of medical 
comorbidities like hypertension, diabetes, and 
cardiovascular disease[25], the association of BMI and 
complications after esophagectomy is conflicting. 
Several studies have suggested that overweight 
and obese patients may have increased risk for 
complications after esophagectomy, such as longer 
operative times[26] and greater risks for anastomotic 
leaks[27], respiratory complications[27], and surgical 
site infections[28]. However, other studies have shown 
that obese patients do not have more postoperative 
complications and longer hospital stays compared to 
non-obese patients[14,29,30]. Several routine measures 
implemented in the hospital setting to decrease the 
most common post-operative complications (i.e., early 
mobilization, incentive spirometry and pulmonary 
toilet, DVT prophylaxis, daily dressing changes) 
are not continued after discharge, and the lack of 
preventive actions may impact obese patients more 
than non-obese. As such, appropriate interventions 
for higher BMI patients may be beneficial and may 
include enhanced perioperative management of 
patient comorbidities, preoperative risk stratification, 
additional patient education, continuation of pulmonary 
toilet, exercise programs, and DVT prophylaxis 
after discharge and earlier follow-up. For example, 
one study has shown that performing preoperative 
risk analysis on pulmonary function and general 
status when selecting patients for transthoracic 
esophagectomy reduced postoperative morbidity 
rates[31]. Interventions targeting higher BMI patients 
undergoing esophagectomy may therefore reduce PDC 
rates.

We decided to separate the patients with pre-
discharge complications to keep our groups as 
homogeneous as possible for fair comparison. Since 
these patients have a longer hospital stay (median 
LOS 14 d), a 30-d follow-up may not be long enough 
to record PDC. It was interesting, however, to see that 
the most common types of PDC are different than 
those occurring in the initial post-operative period. 
This information is helpful to the physician to identify 
patients at risk of PDC and to plan preventative 
measures.

The overall readmission rate in our study is 12.8%, 
consistent with another study’s rate of 18.6%[12]. 

From our study, 39.5% of PDC patients underwent 
reoperation (2012-2013) compared to 22.4% of 
pre-discharge complication patients. This suggests 
that reoperation may have been indicated due to 
complications that developed after discharge and 
subsequent delays in management. Even more 
striking is our finding that 66.9% of PDC patients 
were readmitted, compared to 6.6% of pre-discharge 
complication patients. Recent changes in health policy 
and reimbursements have brought issues of health 
care costs to the forefront, resulting in some hospital 
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Table 3  Unadjusted risk and risk ratio for post-discharge 
complications after esophagectomy

Risk factor PDC risk (n/total) RR (95%CI)

Overall PDC risk 398/4379 (9.09) -
Procedure type
   Ivor-Lewis 196/2219 (8.83) Ref
   Transhiatal 115/1261 (9.12) 1.03 (0.83-1.29)
   3-holes     66/730 (9.04) 1.02 (0.78-1.34)
   Intestinal conduit       21/169 (12.43) 1.41 (0.92-2.15)
Age group (%)
   < 60 143/1562 (9.15) Ref
   60-69 126/1529 (8.24) 0.90 (0.72-1.13)
   70-79   109/1082 (10.07) 1.10 (0.87-1.39)
   ≥ 80     20/206 (9.71) 1.06 (0.68-1.65)
Male (%) 325/3505 (9.27) 1.11 (0.87-1.41)
Race (%)
   White 352/3763 (9.35) Ref
   Black       6/137 (4.38) 0.46 (0.21-1.00)
   Other/unknown     40/479 (8.35) 0.89 (0.65-1.22)
ASA classification (%)
   No disturb/mild disturb     88/930 (9.46) Ref
   Serious disturb 269/3104 (8.67) 0.92 (0.73-1.15)
   Life threat/moribund       40/341 (11.73) 1.24 (0.87-1.76)
Body mass index (%)
   18.5-24.9 100/1347 (7.42) Ref
   < 18.5       9/129 (6.98) 0.94 (0.49-1.81)
   25-29.9   159/1561 (10.19) 1.37 (1.08-1.74)
   ≥ 30 130/1310 (9.92) 1.34 (1.04-1.72)
Diabetes (%)       75/692 (10.84) 1.24 (0.98-1.57)
Current smoker (%)   86/1111 (7.74) 0.81 (0.64-1.02)
Dyspnea (%)       48/436 (11.01) 1.24 (0.93-1.65)
History of COPD (%)     23/297 (7.74) 0.84 (0.56-1.26)
Weight loss (%)     73/812 (8.99) 0.99 (0.77-1.26)
Steroid use (%)     12/124 (9.68) 1.07 (0.62-1.84)
Emergency case         3/52 (5.77) 0.63 (0.21-1.90)
Esophageal/gastric cancer 
(%)

342/3707 (9.23) 1.11 (0.84-1.45)

Prolonged length of stay1 (%)     58/938 (6.18) 0.63 (0.48-0.82)
Prolonged operative time2 (%) 103/1087 (9.48) 1.06 (0.85-1.31)

1Defined as length of stay > 75th percentile; 2Defined as operative time 
> 75th percentile. PDC: Post-discharge complication; RR: Risk ratio; 
ASA: American Society of Anesthesiology; COPD: Chronic obstructive 
pulmonary disease.
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administrations advocating for earlier discharge of 
patients. Readmission has become a major focus 
from health care quality and cost-savings standpoints. 
However, the use of readmission as a quality metric 
is still debatable[32,33]. In the case of esophagectomy, 
efforts to reduce costs by promoting earlier discharge 
may increase readmission[16], reoperation, and PDC 
rates; hospital readmission after esophagectomy 
for esophageal cancer is also associated with poor 
survival[12]. One study has shown that postoperative 
complications lead to greater readmission rates after 
colon resection[34]. In bariatric surgery patients, PDC 
account for a substantial source of patient morbidity 
and readmissions[17]. Rather than emphasizing shorter 
hospital lengths of stay, putting more energy into 
preventing complications after esophagectomy, and 
optimizing patient health prior to discharge instead 
may lead to improved surgical quality outcomes and 
reduced hospital spending.

Despite the advantages of ACS-NSQIP, the data
base does pose some limitations to our study. ACS-
NSQIP does not contain consistent information on 
tumor histology, margins, stage, surgical history, 
neoadjuvant chemotherapy (within 30 d preope
ratively), and neoadjuvant radiation (within the last 
90 d) that could otherwise provide greater context in 
interpreting our results. Several complications com
mon to esophagectomy, such as anastomotic leaks, 
chyle leak, and delayed gastric emptying, are not 
captured in the database. ACS-NSQIP also identifies 
30-d postoperative readmission rather than 30-d 
post-discharge readmissions, which may introduce 
immortal person-time bias and lead to shorter number 
of follow-up days for patients with longer hospital 
stays. Although PDC could lead to greater mortality, 
because ACS-NSQIP does not capture data beyond 
30-d postoperatively, further studies examining long-
term outcomes including mortality is warranted. 
Readmission data is available only from 2011-2013, 
but the large patient sample population within that 
cohort should prevent significant alterations in our 
conclusions. It is also uncertain whether our findings 
are applicable to all hospital settings, as hospital 
participation is voluntary and comprised primarily 
of academic, tertiary-care centers. Hospital size, 
setting, patient volume, teaching status, and individual 
surgeon experience also cannot be adjusted for. 

In summary, PDC after esophagectomy account for 
a significant number of reoperations and readmissions. 
Adopting best practices to reduce common PDC like 
VTE and infection, and performing interventions for 
higher-risk individuals such as those with high BMI, 
should therefore be considered.
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COMMENTS
Background
Esophagectomy is the mainstay treatment for esophageal carcinoma and can 
also be indicated for benign conditions with end-stage organ dysfunction or 
perforation. Despite improved surgical and medical care, post-esophagectomy 
mortality and morbidity rates remain suboptimal. Such disappointing outcomes 
after esophagectomy, compounded with national health policy changes that 
emphasize reducing hospital readmission rates and improving health care 
quality, have spurred growing interest in investigating quality measures related 
to esophagectomy. Using 2005-2013 data from the American College of 
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP), we 
sought to identify the rate of post-discharge complications, their associated risk 
factors, and their influence on early hospital outcomes including readmission 
and reoperation.

Research frontiers
Although several studies have explored post-esophagectomy complications 
and readmission, none to date have delved into specifics of post-discharge 
complications and risk factors associated with them. The results from this study 
offer additional insights to improve esophagectomy quality outcomes.

Innovations and breakthroughs
no other studies have investigated the specific outcomes of post-discharge 
complications after esophagectomy. In this study, The authors demonstrated 
that post-discharge complications after esophagectomy occur a median of 14 d 
postoperatively and account for a significant number of reoperations and 
readmissions. Moreover, pre- and post-discharge complications differed by 
type, with venous thromboembolism and infection occurring more commonly 
after discharge.

Applications
These research findings can be applied to predict, identify, and prevent adverse 
outcomes in patients who have undergone esophagectomies. Implementing 
strategies to decrease common post-discharge complications like venous 
thromboembolism and infection should be considered, and directing our 
energies toward optimizing patient health prior to discharge may improve 
overall surgical outcomes.

Peer-review
This is a review of the ACS-NSQIP esophagectomy database, meant to identify 
post-discharge complications. It has a huge sample, a clear presentation and 
analysis, and an interesting discussion. It is without doubt an important topic 
deserving of evaluation.
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Abstract
AIM: To detect the expression of the long noncoding 
RNA HOTAIR in colon cancer and analyze its relation
ship with clinicopathological parameters of colon cancer. 

METHODS: Total RNA was extracted from 80 colon 
cancer tissues and matched tumor-adjacent normal 
colon tissues and reverse transcribed. Quantitative 
polymerase chain reaction was used to detect the 
expression of HOTAIR. The relationship between 
the expression of HOTAIR and clinicopathological 
parameters of colon cancer was analyzed. 

RESULTS: The expression of HOTAIR was significantly 
higher in colon cancer tissues than in matched tumor-
adjacent normal colon tissues (P  < 0.05). HOTAIR 
expression was significantly higher in cases with lymph 
node metastasis than in those without metastasis; in 
lowly differentiated and undifferentiated cases than 
in highly and moderately differentiated cases; and in 
stages Ⅲ + Ⅳ cases than in stages Ⅰ + Ⅱ cases (P  < 
0.05). 

CONCLUSION: HOTAIR expression is upregulated 
in colon cancer, suggesting that HOTAIR plays an 
important role in the tumorigenesis, development and 
metastasis of colon cancer. HOTAIR may act as an 
oncogene and represents a new molecular target for 
the treatment of colon cancer.

Key words: HOTAIR; Long non-coding RNA; Oncogene; 
Colon tumor
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MATERIALS AND METHODS
Clinical materials and reagents
Eighty patients with pathologically proven colon cancer 
who underwent surgery at our hospital from Sep­
tember 2011 to September 2013, and had complete 
clinical records, were included. All patients provided 
written informed consent, and the study protocol 
was approved by the Medical Ethics Committee of 
Zhengzhou University. The mean age of the patients 
was 64 ± 16 years. There were 46 patients with 
stage Ⅰ or Ⅱ disease, and 34 patients with stage Ⅲ or 
Ⅳ disease. Forty-one patients had well or moderately 
differentiated tumors, and 34 patients had poorly 
differentiated or undifferentiated tumors. No patients 
had undergone radiotherapy or chemotherapy before 
surgery. Tumor tissues and normal colon tissues at 
least 7 cm away from the tumor were taken, frozen in 
liquid nitrogen within 30 min and preserved for further 
use.

Trizol was purchased from Invitrogen. The reverse 
transcription kit and DNA ladder were purchased 
from Takara. Primers for qPCR were designed and 
synthesized by Shanghai GenePharma. The qPCR kit 
was purchased from Thermo.

RNA preparation and reverse transcription 
Tissue samples preserved in liquid nitrogen were put 
into an RNase-free mortar with liquid nitrogen and 
pulverized. For each 100 mg of tissue, 1 mL of Trizol 
was added. RNA preparation was then performed 
following the manufacturer’s instructions. The obtained 
RNA was dissolved in DEPC-treated water, and the 
RNA concentration was measured using a micro UV-
Vis fluorescence spectrophotometer (e-spect, Malcom, 
Japan). The obtained RNA was preserved at -80 ℃ for 
further use.

RNA reverse transcription was performed using a 
reverse transcription kit in a 20-µL system, containing 
11 µL of DEPC-treated water, 1 µL of total RNA, 4 µL 
of 5 × buffer, 1 µL of RNase inhibitor, 2 µL of dNTPs, 
and 1 µL of reverse transcriptase. Reaction parameters 
were 42 ℃ for 60 min and 95 ℃ for 5 min. The 
obtained cDNA was preserved at -80 ℃ for further use.

qPCR: qPCR was performed in a 20-µL system 
containing 1 µL of cDNA, 10 µL of 2 × Master Mix 
with 0.03 × ROX added, 1 µL of forward primer (final 
concentration of 0.5 µmol/L), 1 µL of reverse primer, 
and 8 µL of DEPC-treated water on a Mx3005p cycler. 
PCR amplification was performed in triplicate. Cycling 
parameters were 95 ℃ for 7 min, followed by 40 cycles 
of 95 ℃ for 15 s and 60 ℃ for 30 s. 

Statistical analysis
The expression levels of HOTAIR in tissues are 
expressed as mean ± sd and were compared using a 
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Core tip: This study aimed to detect the expression of 
HOTAIR in colon cancer and analyze its relationship 
with clinicopathological parameters of colon cancer. 
Total RNA was extracted from 80 colon cancer tissues 
and matched tumor-adjacent normal colon tissues 
and reverse transcribed. HOTAIR expression was 
upregulated in colon cancer, suggesting that it may play 
an important role in the tumorigenesis, development 
and metastasis of colon cancer. HOTAIR might acts as 
an oncogene and could be a new molecular target for 
the treatment of colon cancer.

Luo ZF, Zhao D, Li XQ, Cui YX, Ma N, Lu CX, Liu MY, Zhou 
Y. Clinical significance of HOTAIR expression in colon cancer. 
World J Gastroenterol 2016; 22(22): 5254-5259  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v22/i22/5254.htm  
DOI: http://dx.doi.org/10.3748/wjg.v22.i22.5254

INTRODUCTION
Colon cancer is a clinically common, highly malignant 
tumor of the digestive tract. Although drugs targeting 
epidermal growth factor receptor (EGFR) and KRAS 
mutations have significantly extended the survival of 
some colon cancer patients[1-3], only a small number 
of patients can benefit from these drugs because of 
the complex etiology of this malignancy. Overall, the 
effects of current therapies for colon cancer are not 
satisfactory[4,5]. 

Long noncoding RNAs (lncRNAs) are non-protein 
coding transcripts of around 200 nucleotides, which 
exist widely in the genome and can regulate gene 
expression[6]. HOTAIR is one of the extensively studied 
lncRNAs in recent years. Many studies have indicated 
that HOTAIR plays an important role in breast cancer, 
pancreatic cancer, liver cancer, gastric cancer, esophageal 
cancer and non-small cell lung cancer[7-10]. Studies 
in colon cancer suggest that HOTAIR is an important 
oncogene that affects the biological behavior of colon 
cancer[11] and can serve as an independent risk factor[12]. 
The latest research suggests that the expression of 
HOTAIR is associated with tumor metastasis[13]. 

In the present study, we detected the expression 
of HOTAIR in 80 colon cancer tissue samples by 
quantitative polymerase chain reaction (qPCR). Based 
on the clinical and pathological parameters of colon 
cancer patients, we analyzed the possible role of 
HOTAIR in colon cancer development, metastasis and 
sensitivity to treatment, with an emphasis on the role 
of HOTAIR in colon cancer treatment. The findings 
will provide a theoretical basis for developing a new, 
targeted therapy for colon cancer.



two-sample t-test. Statistical analyses were performed 
using SPSS13.0. P-values < 0.05 were considered 
statistically significant.

RESULTS
Agarose gel electrophoresis of qPCR products
The length of the expected PCR product for HOTAIR is 
91 bp, and agarose gel electrophoresis showed that 
qPCR yielded PCR products of expected size (Figure 1).

Expression of HOTAIR is higher in colon cancer tissues 
than in tumor-adjacent normal colonic tissues
QPCR analysis showed that, although the expression 
of GAPDH showed no significant differences, the Ct 
value of HOTAIR was significantly lower in colon cancer 
tissues than in tumor-adjacent normal colonic tissues, 
suggesting that HOTAIR expression is upregulated 
in colon cancer. When the relative expression 
level is expressed as N (N = 2-∆Ct, ∆Ct = CtHOTAIR - 
CtGAPDH

[14]), the relative expression level of HOTAIR 
was significantly higher in colon cancer tissues than 
in tumor-adjacent normal colonic tissues (P < 0.05, 
Figure 2).

Relationship between HOTAIR expression and 
clinicopathological parameters in colon cancer
HOTAIR expression was significantly correlated with 
lymph node metastasis, tumor differentiation and TNM 
stage (P < 0.05). HOTAIR expression was significantly 
higher in cases with lymph node metastasis than in 
those without metastasis, in lowly differentiated and 
undifferentiated cases than in highly and moderately 
differentiated cases, and in stages Ⅲ + Ⅳ cases than 
in stages Ⅰ + Ⅱ cases. By contrast, HOTAIR expression 
had no significant correlation with patient gender, age 
or tumor size (P > 0.05) (Tables 1-3).

Relationship between HOTAIR expression and survival 
in colon cancer
The Kaplan-Meier method was used to assess the 
impact of HOTAIR expression on survival of patients 
with colon cancer. The cumulative survival rate was 
significantly higher in patients with low HOTAIR 
expression than in those with high HOTAIR expression 
(P < 0.05) (Figure 3).

Risk factors for prognosis of colon cancer patients
Using prognosis of colon cancer patients as the 
dependent variable and factors possibly influencing 
the prognosis as independent variables, Cox multiple 
regression analysis was performed. The results showed 
that TNM stage, lymph node metastasis and HOTAIR 
expression were independent risk factors for prognosis 
of colon cancer patients.

Relationship between HOTAIR expression and prognosis 
in colon cancer
The relationship between prognosis of colon cancer 
patients after chemotherapy and HOTAIR expression 
was analyzed. The results showed that high HOTAIR 
expression was associated with poorer prognosis 
(Figure 4).

DISCUSSION
Colon cancer is a common malignancy[15,16]. With the 
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Figure 1  Quantitative polymerase chain reaction products of HOTAIR.
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Figure 2  Expression of HOTAIR in colon cancer. The expression of HOTAIR 
in colon cancer is significantly higher in colon cancer tissues than in tumor-
adjacent normal colonic tissues.
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KRAS mutations have been effective in some patients 
with colon cancer[1-3], molecular targeted drugs, which 
often target only one or several molecules, are not 
suitable for all patients because of the complexity 
etiology of colon cancer. Therefore, there is an urgent 
need to find new therapeutic targets.

LncRNAs are non-protein coding transcripts of 
around 200 nucleotides that are widely distributed in 
the genome. Many lncRNAs can bind to DNA binding 
proteins and alter the chromosome state to participate 
in the regulation of many genes[6,19]. HOTAIR is an 
lncRNA located in the HOXC locus, and it can interact 
with polycomb repressive complex 2 and mediate 
the histone H3 lysine 27 methylation and lysine 4 
demethylation in the HOXD locus, in which EZH2 also 
plays an important role[9,20,21]. HOTAIR can alter the 
state of chromosomes, thus affecting the expression 
of many genes. Researchers have found that HOTAIR 
expression is upregulated in cancer tissue samples 
from patients with breast cancer, pancreatic cancer, liver 
cancer, gastric cancer, or non-small cell lung cancer, 
and the expression is even higher in metastatic tissue. 

development of diagnostic technology, advances in 
endoscopy and imaging techniques, as well as the 
clinical application of the carcinoembryonic antigen 
assay, have greatly improved the early diagnosis 
and treatment effect of colon cancer[17,18]. Patients 
with early colon cancer have localized lesions, and 
surgery with adjuvant radiochemotherapy is the 
preferred treatment, which is often associated 
with a good prognosis. However, because of the 
unbalanced regional development in China, many 
patients with colon cancer, especially those in rural 
regions, are diagnosed at advanced stages, and some 
patients even present with metastases as the first 
manifestation. Although drugs targeting EGFR and 
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Table 1  Primers used for quantitative polymerase chain 
reaction

Primer Sequence

HOTAIR
Forward 5'-CAGTGGGGAACTCTGACTCG-3'
Reverse 5'-GTGCCTGGTGCTCTCTTACC-3'
GAPDH
Forward 5'-GTCAACGGATTTGGTCTGTATT-3'
Reverse 5'-AGTCTTCTGGGTGGCAGTGAT-3'

Table 2  Relationship between HOTAIR expression and 
clinicopathological parameters in colon cancer

Clinicopathological 
parameter

No. of cases HOTAIR 
expression

P  value 

Age (yr)
   < 6 49 3.69 ± 1.94 0.188
   ≥ 60 31 3.45 ± 1.55
Gender
   Male 43 3.91 ± 1.85 0.761
   Female 37 3.23 ± 1.68
Tumor size (cm)
   < 7 38 3.59 ± 1.59 0.599
   ≥ 7 42 3.60 ± 1.81
Lymph node metastasis
   Yes 48 4.27 ± 1.54 0.024
   No 32 3.11 ± 1.92
Tumor differentiation
   High and moderate 41 2.93 ± 1.62 0.019
   Low and undifferentiated 39 4.35 ± 1.82
TNM stage
   Ⅰ + Ⅱ 46 3.17 ± 1.77 0.034
   Ⅲ + Ⅳ 34 3.87 ± 1.66

Table 3  Cox multiple regression analysis of risk factors for 
prognosis of colon cancer patients

Variable Regression 
coefficient

SE χ 2 P  
value

OR 95%CI for OR

Lower Upper

TNM stage  0.732 0.345 4.489 0.034 2.0790 1.056 4.090
Lymph node 
metastasis

-2.512 1.088 5.325 0.021 0.0081 0.010 0.685

HOTAIR 
expression

-2.048 0.785 6.806 0.090 0.1290 0.028 0.601

Survival (mo)

Hotair (high)

Hotair (low)
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Figure 3  Relationship between HOTAIR expression and survival in colon 
cancer. The cumulative survival rate was significantly higher in patients with 
low HOTAIR expression than in those with high HOTAIR expression (P < 0.05). 
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Figure 4  Relationship between HOTAIR expression and prognosis in 
colon cancer. aP < 0.05 vs PD group.
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Both in vivo and in vitro studies have confirmed that 
upregulated expression of HOTAIR enhances the ability 
of tumors to invade and metastasize[7-9]. The aim of 
this study was to detect the expression of HOTAIR in 
tissue samples from patients with colon cancer, analyze 
the relationship between HOTAIR expression and 
clinicopathological parameters and explore the role of 
HOTAIR in colon cancer development and metastasis. 

The results showed that the expression of HOTAIR 
is upregulated in colon cancer, suggesting that HOTAIR 
may act as an oncogene in the development of colon 
cancer. We also discovered that HOTAIR expression 
was significantly higher in lowly differentiated and 
undifferentiated cases compared with highly and 
moderately differentiated cases; in stages Ⅲ + Ⅳ 
cases compared with stages Ⅰ + Ⅱ cases; and in 
cases with lymph node metastasis compared with 
those without. These results are similar to the findings 
of a previous study[22]; however, that study found 
that the expression of HOTAIR did not differ signifi­
cantly between cases with and without lymph node 
metastasis, but was significantly higher in cases with 
liver metastasis compared with those without. The 
present study did not compare the HOTAIR expression 
between cases with and without liver metastasis. Low 
differentiation, late stage or lymph node metastasis in 
colon cancer are often associated with poor prognosis; 
therefore, our findings need to be validated by studies 
with a larger sample size. 

Although HOTAIR might affect response to therapy 
in some tumors; for example, HOTAIR is associated 
with resistance to chemotherapy in ovarian cancer 
and sarcoma[23,24], there have been no reports in colon 
cancer. Our study, together with previous research, 
found that HOTAIR has an impact on the biological 
behavior of colon cancer[13], and detecting the level 
HOTAIR in blood could be used to predict prognosis 
of colon cancer. We speculated that this finding may 
be related to the role of HOTAIR in chemotherapy 
resistance, and this, therefore, was the focus of this 
study. We found that tumors with high expression of 
HOTAIR tended to develop resistance to chemotherapy, 
which may be the reason that high expression of 
HOTAIR is associated with a poor prognosis.

This finding also suggested that it is essential 
to explore the relationship between HOTAIR and 
resistance to chemotherapy in vitro, as well as the 
impact of HOTAIR on the biological behavior of tumor 
cells. Several studies have revealed that HOTAIR has 
an important role in tumor metastasis. On the basis 
of these findings, our subsequent follow-up study will 
expand the sample size to conduct prognostic and 
survival analyses to further define the relationship 
between HOTAIR and tumor metastasis in colon 
cancer, to explore the mechanism of pathogenesis of 
this malignancy and provide new targets for molecular 
therapy for colon cancer patients. 
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Abstract
AIM: To explore the effects and mechanism of action 
of antidepressant mirtazapine in functional dyspepsia 
(FD) patients with weight loss.

METHODS: Sixty depressive FD patients with weight 
loss were randomly divided into a mirtazapine group 
(MG), a paroxetine group (PG) or a conventional 
therapy group (CG) for an 8-wk clinical trial. Adverse 
effects and treatment response were recorded. The 
Nepean Dyspepsia Index-symptom (NDSI) checklist 
and the 17-item Hamilton Rating Scale of Depression 
(HAMD-17) were used to evaluate dyspepsia and 
depressive symptoms, respect ively. The body 
composition analyzer was used to measure body weight 
and fat. Serum hormone levels were measured by 
ELISA.

RESULTS: (1) After 2 wk of treatment, NDSI scores 
were significantly lower for the MG than for the PG and 
CG; (2) After 4 or 8 wk of treatment, HAMD-17 scores 
were significantly lower for the MG and PG than for the 
CG; (3) After 8 wk of treatment, patients in the MG 
experienced a weight gain of 3.58 ± 1.57 kg, which 
was significantly higher than that observed for patients 
in the PG and CG. Body fat increased by 2.77 ± 0.14 
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180 patients who were diagnosed with FD, 16.67% of 
patients had a weight loss from 5% to 10% of their 
initial body weight, and 4.44% had a weight loss of > 
10% of their initial body weight[11]. Our previous multi-
center research study of 1057 FD patients showed 
that with the onset of dyspepsia symptoms, 19.58% 
had lost ≥ 5% of their initial body weight during the 
previous 12 mo or less. FD patients with weight loss 
had lower body mass index, more frequent physician 
visits, higher psychological disorders, poorer appetite 
and lower quality of life[12]. 

Antidepressant mirtazapine is clinically used in 
the treatment of depression or anxiety disorders. 
In recent years, many clinical trials associated with 
antidepressants for FD have indicated that antide
pressants are effective in treating FD patients[13-15]. A 
case report about mirtazapine in the treatment of an 
FD patient with depression reported that the patient’
s indigestive symptoms, appetite, depression, and 
quality of life were improved after taking mirtazapine 
for 4 wk[16]. However, studies that have focused on the 
parts of the body that are involved in weight gain and 
the underlying mechanisms have been rare. 

Clinical observations have shown that increases 
in appetite and food intake, and consequent weight 
gain occur in some patients undergoing mirtazapine 
treatment. Whereas such side effects may limit the 
general application of mirtazapine in antidepressant 
therapy, these very same effects proved to be 
beneficial in treating FD patients with weight loss.

Therefore, expanding upon previous work[12,17], in 
this study we comprehensively explored the effect of 
mirtazapine on depressive FD patients with weight 
loss by dynamic observation not only of the changes 
in dyspepsia and depressive symptoms but also the 
modifications of body weight and fat distribution and 
the levels of serum hormones. 

MATERIALS AND METHODS
Ethics statement
This study was a prospective, randomized, controlled 
trial in depressive FD patients with weight loss and was 
approved by the hospital ethics committee (Clinical trial 
registration number: ChiCTR-TRC-13003161). Written 
informed consent was obtained from the patients 
according to the Declaration of Helsinki.

Patients
In this prospective study, 60 patients were recruited 
between September 2011 and June 2013 from the 
gastroenterology outpatient clinic of Guangzhou 
Nansha Central Hospital. All the patients fulfilled the 
following criteria[12]: (1) diagnosed with FD according 
to Rome Ⅲ criteria; (2) with a weight loss of ≥ 5% of 
initial body weight since the onset of symptoms; (3) 
diagnosed with depression by psychiatrists according to 
the Chinese Classification of Mental Disorders (CCMD-3) 
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kg, the body fat ratio rose by 4%, and the visceral fat 
area increased by 7.56 ± 2.25 cm2; and (4) For the 
MG, serum hormone levels of ghrelin, neuropeptide 
Y (NPY), motilin (MTL) and gastrin (GAS) were 
significantly upregulated; in contrast, those of leptin, 
5-hydroxytryptamine (5-HT) and cholecystokinin (CCK) 
were significantly downregulated. 

CONCLUSION: Mirtazapine not only alleviates 
symptoms associated with dyspepsia and depression 
linked to FD in patients with weight loss but also 
significantly increases body weight (mainly the visceral 
fat in body fat). The likely mechanism of mirtazapine 
action is regulation of brain-gut or gastrointestinal 
hormone levels.

Key words: Mirtazapine; functional dyspepsia; weight 
loss; depression

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A part of functional dyspepsia (FD) patients 
were found with weight loss in recent studies. As an 
antidepressant, mirtazapine was found not only to 
alleviate symptoms associated with dyspepsia and 
depression linked to FD with weight loss, but also to 
significantly increase body weight (mainly the visceral 
fat in body fat). Moreover, the likely mechanism of 
mirtazapine action is the regulation of brain-gut or 
gastrointestinal hormone levels.
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antidepressant mirtazapine in functional dyspepsia patients with 
weight loss. World J Gastroenterol 2016; 22(22): 5260-5266  
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INTRODUCTION
Functional dyspepsia (FD) is a common clinical syndrome 
characterized by chronic and recurrent symptoms in the 
gastroduodenal region in the absence of any organic 
or metabolic disease that explains the symptoms[1]. It 
impairs the patient’s quality of life and work efficiency, 
and increases the utilization of medical resources[2-4]. 
Psychosocial factors may play an important role in FD 
and lead to the use of antidepressant and anxiolytic 
agents in FD management[5]. 

Weight loss is a common symptom of digestive 
diseases, and may indicate an organic disease[6]. 
However, the indicators of weight loss for the diagnosis 
of an organic disease are limited[7-9]. Tack et al[10] found 
that of 40 FD patients, 55% had a weight loss that was 
> 5% of initial body weight. In a study investigating 
laboratory parameters and the nutritional status of 



and scores of the Hamilton Rating Scale of Depression 
(HAMD) over 18; and (4) ranged in age from 18 to 65 
years; and (5) signed informed consent statements.

The following exclusion criteria were adopted: 
(1) organic diseases such as peptic ulcers, atrophy 
or erosive gastroduodenal lesions, tumors, and 
esophagitis by gastroscopic examination; (2) liver, gall
bladder, pancreas, spleen and bowel organic disease 
by laboratory, B ultrasonic or X-ray examination; 
(3) dyspepsia symptoms and weight loss that were 
explained by metabolic or infectious diseases such as 
diabetes, hyperthyroidism, or tuberculosis; (4) anorexia 
nervosa and patients with body weight management 
problems; (5) age < 18 or > 65 years; (6) pregnancy 
or breast feeding; (7) disabilities; (8) current use 
of other drugs in clinical research or use of similar 
drugs in the last half-month; (9) in a severe anxiety 
or depressive state, or with suicidal tendencies; (10) 
current use of non-steroidal anti-inflammatory drugs, 
steroids, or drugs affecting gastric acid secretion; and 
(11) contraindications for paroxetine or mirtazapine 
use including hypersensitivity, liver dysfunction or renal 
failure.

Grouping
Sixty depressive FD patients with weight loss were 
randomly divided into a mirtazapine group (MG), 
a paroxetine group (PG) or a conventional therapy 
group (CG) with 20 patients in each. The trial period 
spanned 8 wk. The CG was treated with histamine 
type 2 receptor antagonists or proton pump inhibitors 
or prokinetic agents; MG was treated with mirtazapine 
(Remeron®, N.V. Organon, Holland, 30 mg/d); and PG 
was treated with paroxetine (Seroxat®, SK&F, China, 
20 mg/d). All protocols were based on conventional 
therapy. 

Assessments
Adverse effects and treatment response were recorded 
and data collected at specific time points. These were 
before treatment (for baseline determination), 2 wk, 
4 wk, 6 wk and 8 wk of treatment for the following 
assessments: dyspepsia symptoms were evaluated 
with NDSI; depressive symptoms, with HAMD-17; and 
the change in body weight and the distribution of body 
fat with the body composition analyzer (InBody720, 
Biospace, South Korea). Serum hormone levels were 
measured at baseline, 4 wk and 8 wk; expression 
levels of ghrelin, leptin, neuropeptide Y (NPY), 
5-hydroxy tryptamine (5-HT), cholecystokinin (CCK), 
motilin (MTL) and gastrin (GAS) were assayed by 
ELISA.

NDSI: The NDSI evaluated the frequency, intensity, 
and practical impediments of 15 GI symptoms 
(including epigastric pain, epigastric burning, post
prandial fullness, and early satiety) over a 2-wk 
period. We recorded each subscale score concerning 

daily activities/work (13 items), knowledge and 
control (7 items), eating/drinking (3 items), and sleep 
disturbance (2 items)[18]. We added each item score 
within each subscale to produce a subscale score. Low 
scores indicate mild symptoms.

HAMD-17: The rating standards of the HAMD[19] were 
as follows: no depression (0-6), mild depression (7-17), 
moderate depression (18-24), and severe depression 
(> 25). A higher score indicates worse depression.

Body composition analyzer (InBody720): Patient 
requirements included: empty stomach, empty 
bladder, light clothes and no shoes for measurement in 
the early morning on the body composition analyzer. 
Patients with a pacemaker or with metal in the body 
were excluded from measurement on this instrument.

Treatment response: Treatment response was 
defined as a > 50% reduction in the NDSI score. The 
response was calculated as: [(score at treatment - 
score at baseline)/score at baseline] × 100. The treat
ment responses of the three groups were calculated 
independently.

Statistical analysis
Data analyses were performed using SPSS 13.0 
software (SPSS Inc., Chicago IL, United States), 
and measurement data are reported as the mean ± 
SD, and were compared across groups using one-
way ANOVA and the Student-Newman-Keuls test for 
multiple comparisons. Count data were compared 
across groups using a χ 2 test. All tests were two-tailed 
and P < 0.05 was considered statistically significant.

RESULTS
Study participants
A total of 60 depressive FD patients with weight 
loss were enrolled in the study. All patients were 
randomized to receive mirtazapine, paroxetine or 
conventional treatment. No patient was lost to follow-
up. The baseline characteristics of the patients are 
shown in Table 1. No differences were observed among 
the three groups in gender, age, height, weight, body 
mass index (BMI) or body loss when diagnosed.

Improvement of dyspepsia symptoms
As shown in Figure 1A, the patients’ dyspepsia symp
toms gradually improved over the course of treatment 
in the three groups. After 2 wk, the NDSI score was 
significantly lower in the MG than in the PG and CG (P 
< 0.05 for all), and this trend continued until the end 
of the study. Since 6 wk, NDSI score of the PG was 
significantly lower than that of the CG (P < 0.05). 

Improvement of depressive symptoms
Patients’ depressive symptoms were improved in the 
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all); thus, there was no significant body weight change 
over the test period in either the PG or CG. 

Further analysis of body weight and its composition 
is shown in Table 2. After 8 wk of treatment, 19 
patients in the MG presented an increase in body 
weight and BMI. The patients in the MG gained 3.58 
± 1.57 kg, which was significantly higher than that 
gained in either the PG, at 0.53 ± 0.44 kg or the CG, 
at 0.56 ± 0.45 kg (P < 0.05). However, no obvious 
change of body weight was observed in the PG or CG 
throughout treatment. Body fat is one of the main 
components contributing to body weight. Over the 
course of treatment, body fat increased by 2.77 ± 0.14 
kg; the body fat ratio rose by 4%; and visceral fat 
area was increased by 7.56 ± 2.25 cm2 (P < 0.05). No 
significant change in muscle volume was detected over 
the treatment period. 

Changes in expression levels of serum hormones
After 4 wk and 8 wk of treatment in MG, the levels 
of ghrelin, NPY, MTL, and GAS were significantly 
upregulated, while the levels of leptin, 5-HT and CCK 
were significantly downregulated (P < 0.05). After 
8 wk of treatment, significant differences appeared 
between the levels in the MG and those in the PG and 
CG (P < 0.05). Moreover, at 4 wk in the PG, the levels 
of NPY, MTL and GAS sharply increased, whereas 

three treatment groups (Figure 1B). At all time points, 
the HAMD-17 score was significantly lower in the 
MG and PG than in the CG (P < 0.05). After 2 wk of 
treatment, the HAMD-17 score was sharply lower in 
the MG than in the PG (P < 0.05); however, at 4 wk, 
the score of PG became very close to that of the MG 
and remained so until the end of the study.

change of body weight and its composition
As shown in Figure 2, the patients’ body weights were 
not significantly different before treatment among the 
three groups. As treatment progressed, body weight 
of patients in the MG gradually increased. At 6 wk and 
8 wk, patients’ body weights were significantly heavier 
in the MG than those in the PG and CG (P < 0.05 for 
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Table 1  General characteristics of study patients

Variable MG (n  = 20) PG (n  = 20) CG (n  = 20) P  value

Gender (M/F) 8/12 11/9 7/13 0.725
Age (yr)   43.45 ± 11.50   37.75 ± 10.78 39.95 ± 6.84 0.914
Height (cm) 163.81 ± 12.36 162.36 ± 10.06 160.72 ± 10.63 0.834
Weight (kg) 49.77 ± 6.79 48.93 ± 5.89 48.22 ± 5.57 0.973
BMI (kg/m2) 18.73 ± 5.62 18.65 ± 4.73 18.84 ± 6.38 1.005
Body loss when 
diagnosed

  3.42 ± 0.54   3.72 ± 0.64   3.69 ± 0.71 0.872

MG: Mirtazapine group; PG: Paroxetine group; CG: Conventional group.
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the levels of 5-HT and CCK decreased. There was no 
obvious difference in CG hormone expression levels 
over the treatment period (Table 3).

Adverse effects and treatment response
The adverse effects associated with the different 
protocols were recorded for the 20 patients assigned to 
each treatment group: in the MG, these were dizziness 
(10%), lethargy (15%), and fatigue (15%); in the PG, 
they were dizziness (15%), lethargy (20%), nausea 
(5%) and fatigue (20%). As these adverse effects 
were mild, they dissipated without treatment within 1 
wk. No obvious adverse effects were reported in the 
CG. 

After 8 wk, 85% of patients in the MG, and 80% in 
the PG responded positively to treatment, which were 

significantly higher than that (55%) found in the CG; 
however, there was no significant difference in the 
results between the MG and PG.

DISCUSSION
FD is a common psychosomatic disease associated 
with a variety of mental disorders including anxiety, 
depression, panic attacks, and post-traumatic stress 
disorder, of which anxiety and depression are the 
most common. Negative spiritual, psychological and 
social factors can accelerate the onset of FD symptoms 
and exacerbate them and thereby ultimately affect 
treatment efficacy. However, at present, the impact 
of such factors on the incidence and progression of 
FD is not very clear; one intriguing possibility is that 
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Figure 2  change of body weight. aP < 0.05, MG vs PG; cP < 0.05, MG vs CG. MG: Mirtazapine group; PG: Paroxetine group; CG: Conventional group.

Table 2  Change of body weight and its composition in mirtazapine group

Variable Baseline 2 wk 4 wk 6 wk 8 wk

Body weight (kg) 49.77 ± 6.79 51.35 ± 6.80  52.36 ± 6.60a  53.07 ± 6.46a  53.35 ± 6.52a

BMI (kg/m2) 18.73 ± 5.62 18.97 ± 5.43  19.70 ± 4.52a  19.87 ± 4.62a  20.07 ± 5.23a

Body fat (kg)   8.36 ± 2.53   9.28 ± 2.33  11.05 ± 1.92a  11.09 ± 1.87a  11.13 ± 2.86a

Body fat ratio (%)   0.17 ± 0.02   0.18 ± 0.04    0.20 ± 0.07a    0.20 ± 0.09a    0.21 ± 0.08a

Visceral fat area (cm2) 35.27 ± 8.12 36.12 ± 8.05  41.68 ± 9.23a  42.02 ± 9.14a    42.83 ± 10.64a

Muscle volume (kg) 38.25 ± 7.53 38.26 ± 7.49 38.46 ± 6.84 38.52 ± 6.64 38.62 ± 6.77

aP < 0.05 vs baseline. BMI: Body mass index.

Table 3  Changes of expression level of serum hormones

Group Ghrelin (ng/mL) Leptin (ng/mL) NPY (pg/mL) 5-HT (ng/mL) CCK (pg/mL) MTL (pg/mL) GAS (pg/mL)

MG Baseline 4.62 ± 1.53 9.87 ± 4.65 107.52 ± 26.21 237.83 ± 56.94 392.36 ± 27.21 32.53 ± 6.28 56.37 ± 21.15
4 wk      6.02 ± 3.43a,c,e      7.25 ± 3.47a,c,e  114.56 ± 25.10a  208.47 ± 52.48a  221.69 ± 23.77a      49.46 ± 6.10a,c,e      48.37 ± 11.93a,c,e

8 wk      8.97 ± 3.64a,c,e      4.03 ± 2.77a,c,e     149.27 ± 39.53a,c,e      176.92 ± 53.38a,c,e      183.85 ± 27.65a,c,e     66.28 ± 3.97a,c,e      41.61 ± 10.52a,c,e

PG Baseline 4.68 ± 2.12 9.07 ± 4.65 105.12 ± 29.52 232.83 ± 50.94 390.82 ± 27.54 31.98 ± 9.34 54.98 ± 15.24
4 wk 5.12 ± 2.23 8.75 ± 3.05  112.31 ± 15.10a  215.32 ± 24.91a  291.57 ± 31.76a  40.37 ± 8.23a 52.37 ± 12.97
8 wk  6.01 ± 3.27a 8.25 ± 2.13  114.27 ± 28.53a  210.17 ± 49.17a  283.85 ± 47.15a  53.28 ± 6.84a  48.61 ± 11.17a

CG Baseline 4.89 ± 2.47 8.87 ± 2.65 104.93 ± 17.95 235.81 ± 61.82 391.75 ± 24.96 36.26 ± 6.22 54.23 ± 26.83
4 wk 5.48 ± 2.15 8.32 ± 3.57 108.92 ± 29.64 211.26 ± 46.28 224.67 ± 23.45 43.92 ± 7.24 49.21 ± 12.15
8 wk 6.93 ± 2.35 8.02 ± 1.45 121.43 ± 13.92 208.95 ± 38.29 303.12 ± 26.76 55.53 ± 5.98 43.34 ± 13.72

aP < 0.05 vs baseline in the same group; cP < 0.05, MG vs PG; eP < 0.05, MG vs CG. MG: Mirtazapine group; PG: Paroxetine group; CG: Conventional group; 
NPY: Neuropeptide Y; 5-HT: 5-hydroxytryptamine; CCK: Cholecystokinin; MTL: Motilin; GAS: Gastrin.
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they may work to change gastrointestinal motor or 
sensory function through the brain-gut axis. Weight 
loss is a common symptom of digestive diseases, 
and may indicate an organic disease[6], but recently, 
certain studies have found that patients with functional 
gastrointestinal diseases often showed weight loss[11,20]. 

Currently, there is no very effective treatment for 
depressive FD patients with weight loss, because of the 
chronic and recurrent characteristics of the disease. 
Antidepressants are often used to treat patients with 
depression. One of these, mirtazapine, a serotonin-
norepinephrine reuptake inhibitor that is clinically 
used for the treatment of depression, acts rapidly 
with positive effects on sleep disorders, appetite loss, 
depressive symptoms, etc. 

Herein, we analyzed the effects of mirtazapine on 
depressive FD patients with weight loss. Mirtazapine 
showed higher efficacy in relieving dyspeptic 
symptoms and lowering NDSI scores when compared 
to paroxetine and conventional treatment, and 
was equal to paroxetine in mitigating depressive 
symptoms. After 8 wk of treatment, 85% of MG 
patients were classified as treatment responsive, a 
proportion higher than 80% as observed in the PG, 
and significantly higher than 55% as seen in the CG. 
This may be related to specific aspects of mirtazapine 
action that not only may alleviate depression and 
improve the function of the nervous system, but also 
regulate gastrointestinal motor or sensory function.

In this study, we show that mirtazapine treatment 
of depressive FD patients with weight loss not only 
effectively treated symptoms of dyspepsia and 
depression, but also induced significant weight 
gain, an effect not observed with either paroxetine 
or conventional treatment. Specifically, 80% of 
the patients experienced weight gain after 4 wk of 
treatment with mirtazapine; furthermore, 95% of 
these patients continued to gain weight until the end 
of the treatment. The average weight gain was 3.58 
± 1.57 kg, resulting in significantly higher weight 
than the baseline weight recorded before treatment. 
In humans, weight is mainly composed of muscle 
volume, body fat, and inorganic salts, and muscle 
volume and body fat are the most affected. Through 
dynamic observation of the weight distribution of 
the various body components, we found that muscle 
volume stayed relatively constant throughout 
treatment, whereas body fat significantly changed. 
Body fat, which includes subcutaneous fat, visceral 
fat, muscle clearance fat, proved to be the main 
contributor to body weight gain. Further analysis of 
body fat distribution revealed that visceral fat showed 
a marked increase with mirtazapine treatment at 4 
wk and 8 wk, which indicated that visceral fat was the 
key element responsible for the observed body weight 
gain. 

Generally, significant imbalances of visceral fat 
are known to increase the incidence of cardiovascular 

disease, digestive disease, urinary disease, etc. In our 
study, although visceral fat did indeed increase after 8 
wk of mirtazapine treatment, body fat ratios remained 
at normal levels. We speculate that most of the 
patients were at a low level of body weight and BMI 
before treatment, and even underweight according 
to BMI, whereas muscle volume remained at normal 
levels throughout; thus, the amount of body fat 
must have been seriously deficient before treatment. 
Moreover, through appetite growth and symptom 
relief, muscle volume may have gradually increased 
with treatment, whereas overall body fat may have 
grown at a slower rate. 

In recent years, functional gastrointestinal disease 
has been closely associated with dysregulation 
of the brain-gut axis. The brain-gut axis, which is 
regulated by neuroendocrine and immune factors, is 
a bipolar system between the gastrointestinal tract 
and brain that is affected by psychosocial factors. The 
coordination between the central nervous system 
and gastrointestinal contractility is regulated through 
a variety of brain-gut peptides and gastrointestinal 
hormones. In this study, the levels of ghrelin, NPY, 
MTL, and GAS which may increase appetite, food 
intake or gastrointestinal dynamic promotion were 
significantly upregulated, whereas the levels of leptin, 
5-HT and CCK which may decrease food intake, block 
gastrointestinal motility or increase gastrointestinal 
sensitivity were significantly downregulated. 

In conclusion, antidepressant mirtazapine not only 
improved patients’ conditions concerning indigestive 
and depressive symptoms, but also increased appetite 
and body weight (mainly the visceral fat in body 
fat), much more effectively than either paroxetine 
or conventional therapy. The clinical efficacy of 
mirtazapine may be mediated in part through the 
regulation of brain-gut or gastrointestinal hormones. 
To clarify these effects and the underlying mechanisms 
of mirtazapine action in FD patients with weight loss 
will require bigger sample sizes, and multi-center, 
randomized controlled trials in future studies.

COMMENTS
Background
Functional dyspepsia (FD) is a common psychosomatic disease associated 
with a variety of mental disorders, and weight loss was often found in FD 
patients. Such patients had lower body mass index, more frequent physician 
visits, higher psychological disorders, poorer appetite and lower quality of life. 
In recent years, many clinical trials indicated that antidepressant mirtazapine 
are effective in treating FD patients. Whereas some side effects may limit the 
general application of mirtazapine in antidepressant therapy, these may prove 
to be beneficial in treating FD patients with weight loss. 

Research frontiers
This study comprehensively explored the effect of mirtazapine on depressive 
FD patients with weight loss by dynamic observation not only of the changes in 
dyspepsia and depressive symptoms but also the modifications of body weight 
and fat distribution and the level of serum hormones. 
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Innovations and breakthroughs
This study showed that antidepressant mirtazapine not only improved patients’ 
conditions concerning indigestive and depressive symptoms, but also increased 
appetite and body weight, mainly the visceral fat in body fat, much more 
effectively than either paroxetine or conventional therapy. The clinical efficacy 
of mirtazapine may be mediated in part through the regulation of brain-gut or 
gastrointestinal hormones.

Applications
The findings can supply the evidence for the clinical application of mirtazapine 
in FD patients with weight loss.

Terminology
The Nepean Dyspepsia Index-symptom is a scale that evaluates the frequency, 
intensity, and practical impediments of 15 gastrointestinal symptoms.

Peer-review
This is a good and practical study in which the authors found that the beneficial 
effects and mechanism of action of antidepressant mirtazapine in FD patients 
with weight loss. It is believed that the findings can provide a new angle and 
evidence for the clinical application of mirtazapine in FD patients with weight 
loss.
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Abstract
AIM: To demographically and clinically characterize 
inflammatory bowel disease (IBD) from the local 
registry and update data previously published by our 
group.

METHODS: A descriptive study of a cohort based on 
a registry of patients aged 15 years or older who were 
diagnosed with IBD and attended the IBD program at 
Clínica Las Condes in Santiago, Chile. The registry was 
created in April 2012 and includes patients registered 
up to October 2015. The information was anonymously 
downloaded in a monthly report, and the information 
on patients with more than one visit was updated. The 
registry includes demographic, clinical and disease 
characteristics, including the Montreal Classification, 
medical treatment, surgeries and hospitalizations for 
crisis. Data regarding infection with Clostridium difficile  
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(C. difficile ) were incorporated in the registry in 2014. 
Data for patients who received consultations as second 
opinions and continued treatment at this institution 
were also analyzed. 

RESULTS: The study included 716 patients with IBD: 
508 patients (71%) were diagnosed with ulcerative 
colitis (UC), 196 patients (27%) were diagnosed with 
Crohn’s disease (CD) and 12 patients (2%) were 
diagnosed with unclassifiable IBD. The UC/CD ratio 
was 2.6/1. The median age was 36 years (range 
16-88), and 58% of the patients were female, with a 
median age at diagnosis of 29 years (range 5-76). In 
the past 15 years, a sustained increase in the number 
of patients diagnosed with IBD was observed, where 
87% of the patients were diagnosed between the 
years 2001 and 2015. In the cohort examined in the 
present study, extensive colitis (50%) and colonic 
involvement (44%) predominated in the patients 
with UC and CD, respectively. In CD patients, non-
stricturing/non-penetrating behavior was more frequent 
(80%), and perianal disease was observed in 28% 
of the patients. There were significant differences in 
treatment between UC and CD, with a higher use of 
corticosteroids, and immunosuppressive and biological 
therapies was observed in the patients with CD (P  < 
0.05 and P  < 0.01). Significant surgical differences 
were also observed: 5% of the UC patients underwent 
surgery, whereas 38% of the CD patients required 
at least one surgery (P  < 0.01). The patients with 
CD were hospitalized more often during their disease 
course than the patients with UC (55% and 35% of the 
patients, respectively; P  < 0.01). C. difficile  infection 
was acquired by 5% of the patients in each group at 
some point during the disease course. Nearly half of 
the patients consulted at the institution for a second 
opinion, and 32% of these individuals continued 
treatment at the institution. 

CONCLUSION: IBD has continued to increase in the 
study cohort, slowly approaching the level reported in 
developed countries.

Key words: Inflammatory bowel disease; Crohn’s disease; 
Ulcerative colitis; South America; Latin America; Chile; 
Epidemiology

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Several studies have found that the incidence 
of inflammatory bowel disease (IBD) has increased 
over the past several decades, even in countries where 
the frequency was extremely low. Industrialization, 
increased physician awareness, advancements in 
diagnostic methods and better access to medical 
services are factors that might explain this increase. 
Although few epidemiological studies have been 
conducted in Latin America, these analyses have 
described an increased incidence of IBD. In the present 
study, we analyzed single-center data of 716 patients 

with IBD. We collected data from a considerable 
number of patients diagnosed with IBD, enabling the 
demographic and clinical characterization of these 
individuals.

Simian D, Fluxá D, Flores L, Lubascher J, Ibáñez P, Figueroa C, 
Kronberg U, Acuña R, Moreno M, Quera R. Inflammatory bowel 
disease: A descriptive study of 716 local Chilean patients. World 
J Gastroenterol 2016; 22(22): 5267-5275  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i22/5267.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i22.5267

INTRODUCTION
Inflammatory bowel disease (IBD) includes a 
spectrum of typically progressive chronic diseases, 
including Crohn’s disease (CD), ulcerative colitis (UC) 
and unclassified colitis. Unclassified colitis occurs in 
patients who have clinical and endoscopic evidence of 
chronic IBD affecting the colon without small bowel 
involvement and no definitive histological or other 
evidence suggesting either CD or UC[1]. Although 
IBD mortality is low, the onset of this disease during 
early adulthood and its chronicity as a lifelong disease 
result in a significant decline in the quality of life of 
the patients and a heavy burden on the healthcare 
system due to high treatment costs[2]. Natural history 
studies have helped identify subsets of patients whose 
disease prognosis can be stratified according to clinical 
features. These data might improve the management 
of patients with IBD by defining changes in disease 
phenotype and risks of relapse, hospitalization and 
surgery[3].

Several studies have reported that the incidence of 
IBD has markedly increased over the latter part of the 
20th century, whereas other studies have suggested 
a plateau or even a decline in IBD incidence in certain 
geographical areas[4,5]. However, an increase in these 
diseases has been described in countries where their 
frequency was very low[6-9]. IBD has been associated 
with the industrialization of nations[10,11], and thus, the 
increasing incidence of these diseases in developing 
countries might reflect this phenomenon. However, 
other factors, such as increased physician awareness, 
advancements in diagnostic methods and better access 
to medical services, such as colonoscopies, should be 
considered[12]. Although few epidemiological studies 
have been conducted in developing Latin American 
countries, these analyses have also described an 
increased incidence of IBD[13-19]. As we previously 
published, the incidence and prevalence of IBD in Chile 
are unknown; however, consistently with two other 
studies, our data suggest increases in the numbers 
of local cases of CD and UC[16,18,20]. The objective 
of this study was to demographically and clinically 
characterize IBD from a local registry and thereby 
update previously published data.

Simian D et al . Chilean experience in inflammatory bowel disease
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MATERIALS AND METHODS
This was a descriptive study of a cohort based on a 
registry of patients aged 15 years and older, diagnosed 
with IBD according to clinical, endoscopic, histological 
and radiologic findings and attending the IBD program 
at Clínica Las Condes in Santiago, Chile. The registry 
was created in April 2012 and includes patients 
who attended the program until October 2015. 
Retrospective data were obtained from those patients 
diagnosed prior to the indicated date. The registry is 
composed of online forms available in the electronic 
medical record of each patient that were completed 
by gastroenterologists and colorectal surgeons during 
clinic visits. On each subsequent visit, the information 
was prospectively updated as deemed necessary. The 
information was anonymously downloaded in a monthly 
report, and the information for patients with more 
than one total visit was updated. The registry includes 
demographic, clinical and disease characteristics, 
such as extension, location and behavior, changes in 
diagnosis from UC to CD, phenotype changes in CD, 
medical treatment, surgeries and hospitalizations for 
crisis. Data concerning Clostridium difficile (C. difficile) 
infection were incorporated into the registry in 2014. 
A polymerase-chain reaction assay for C. difficile 
detection was requested for patients presenting with 
moderate-to-severe activity. In CD, the Montreal 
Classification was used to define the phenotype as 
follows: B1, non-stricturing/non-penetrating; B2, 
stricturing; and B3, penetrating. A “p” was added 
to any of these classifications in case of perianal 
disease. The same classification was used to define 
the location of the disease: L1, ileum; L2, colon; L3, 
ileocolonic; and L4, concomitant upper gastrointestinal 
involvement. The extension of UC was defined 
according to the Montreal Classification: E1, ulcerative 
proctitis; E2, left-sided UC (distal UC); and E3, 
extensive UC (pancolitis)[1]. However, because Clínica 
Las Condes is a tertiary center that receives patients 

from locations throughout the country, the data for 
patients who received consultations as a second 
opinion and continued treatment at this institution 
were also analyzed. Patients with two or more visits 
over the next year were considered patients who 
were continuing treatment with the IBD program at 
this institution. This study was approved through the 
Institutional Ethics Committee.

Statistical analysis
The data were analyzed using the R Commander 
program. Continuous variables did not have a normal 
distribution and were described based on medians and 
ranges and compared using the Mann Whitney rank 
test for independent groups. Qualitative categorical 
variables were described with absolute frequency and 
percentage, and we used the χ 2 test for comparative 
statistical analysis. When the sample was less than 
20, Fisher’s exact test was used. Differences with a p 
value less than 0.05 were considered to be statistically 
significant. A biomedical statistician conducted a 
statistical review of the present study.

RESULTS
The study included 716 patients with IBD: 508 
patients (71%) were diagnosed with UC, 196 patients 
(27%) were diagnosed with CD, and 12 patients 
(2%) were diagnosed with unclassifiable IBD. The 
UC/CD ratio was 2.6/1. The median age was 36 years 
(range 16-88), and 58% of the patients were female, 
with a median age at diagnosis of 29 years (range 
5-76). Most patients with UC and CD were diagnosed 
between the ages of 20 and 29 years (Figure 1), 
without differences in gender. However, 22 patients 
(3%) were diagnosed when over 60 years of age. In 
the past 15 years, a sustained increase in the number 
of patients diagnosed with IBD has been observed, 
and significant increases were obtained from the 
comparison of the periods 1971-1985, 1986-2000 and 
2001-2015, with 87% of patients diagnosed in the last 
period. The frequency of patients with IBD distributed 
according to the year of diagnosis is shown in Figure 
2, illustrating an increase in the diagnosis of new cases 
of UC and CD over time. The demographic and disease 
characteristics of patients are shown in Table 1. In 
both UC and CD patients, articular symptoms were the 
most frequent extraintestinal manifestations. Primary 
sclerosing cholangitis (PSC) was diagnosed in eight 
patients (2%) with UC and two patients (1%) with CD.

Extent, location and behavior of IBD
Regarding the extent of UC, 50% of patients had 
extensive colitis. In CD, 44% of patients had colonic 
involvement, and only 3% of patients presented 
with concomitant upper disease. One patient in the 
registry presented with isolated perianal disease, and 
CD was confirmed through biopsies of the fistula, 
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Figure 1  Frequency of patients with ulcerative colitis and Crohn´s disease 
at age of diagnosis. UC: Ulcerative colitis; CD: Crohn´s disease.
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UC patients and CD patients (Table 3). Mesalamine 
was used to treat 98% of UC patients and 68% of CD 
patients. Patients with CD received corticosteroids, 
mesalamine and immunosuppressive agents at equal 
frequency. A comparison of both groups revealed that 
the use of corticosteroids and immunosuppressive 
and biological therapies was significantly higher 
in patients with CD. A total of 102 patients (14%) 
were treated with biological therapy; specifically, 
83 patients received infliximab, 13 patients received 
adalimumab, one patient received certolizumab 
pegol, one patient received golimumab and four 
patients received natalizumab. Biological therapy was 
initiated one year (median) after diagnosis for patients 
diagnosed since 2010 (39 patients) because biological 
therapy has become more accessible since then.

Surgery in IBD 
A comparison revealed that more CD than UC patients 
required surgery. Specifically, only 27 UC patients 
(5%) underwent surgery, whereas 75 CD patients 
(38%) underwent surgery (p < 0.01) (Table 3). Fifty 
of the patients diagnosed with CD (25%) underwent 
intestinal resection, and six of these patients (3%) 

which demonstrated granulomas. Non-stricturing/non-
penetrating behavior was predominant in CD (80%). 
Stricturing and penetrating behavior was observed 
in 10% and 9% of patients, respectively. Perianal 
disease was observed in 28% of the patients with CD 
(Table 2). During the course of IBD, the diagnosis of 
19 patients changed: one patient with unclassifiable 
IBD was newly diagnosed with CD, and 18 UC patients 
were newly diagnosed with CD. In six patients, CD 
was posteriorly diagnosed because these individuals 
developed perianal fistulas. In addition, 16 patients 
with CD showed modified behavior, nine of these 
patients showed changes from non-stricturing/non-
penetrating to stricturing disease and seven of them 
showed changes from non-stricturing/non-penetrating 
to penetrating disease. In addition, two patients who are 
included in the 16 patients mentioned above developed 
perianal disease. Changes in disease extension were 
observed in 36 UC patients. Specifically, 12 of these 
36 patients presented disease extension from proctitis 
to left colitis, and the remaining 24 patients exhibited 
disease extension from proctitis or left colitis to 
extensive colitis.

Medical treatment for IBD
Significant differences in treatment were found between 
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Figure 2  Frequency of patients with inflammatory bowel disease 
distributed by year of diagnosis. IBD: inflammatory bowel disease; UC: 
Ulcerative colitis; CD: Crohn´s disease.

Table 1  Demographic and disease characteristics  n  (%)

UC (n  = 508) CD (n  = 196)

Smoking habit
Active 47 (9) 31 (16)
Discontinued   75 (15) 34 (17)
Family history of IBD   59 (12) 19 (10)
Extraintestinal manifestations
Articular 156 (31) 87 (44)
Dermatological 11 (2) 10 (5)
Ocular   8 (2)   3 (2)
Other 31 (6) 15 (8)

UC: Ulcerative colitis; CD: Crohn´s disease.

Table 2  Extent, location and behavior of inflammatory bowel 
disease according to the montreal classification  n  (%)

UC (n  = 508) CD (n  = 196)

UC Extent
   E1: Ulcerative proctitis 142 (28)
   E2: Left sided UC 112 (22)
   E3: Extensive UC (pancolitis) 254 (50)
CD Location
   L1: Ileal 53 (27)
   L2: Colonic 87 (44)
   L3: Ileocolonic 55 (28)
   L4: Upper gastrointestinal 5 (3)
CD Behavior
   B1: Non-stricturing/non-penetrating 157 (80)
   B2: Stricturing   20 (10)
   B3: Penetrating 18 (9)
   p: Perianal disease   55 (28)

UC: Ulcerative colitis; CD: Crohn´s disease. 

Table 3  Medical treatment, hospitalizations and surgery in 
patients with inflammatory bowel disease  n  (%)

UC (n  = 508) CD (n  = 196) P  value

Corticosteroids 297 (58) 133 (68) < 0.05
Mesalazine (oral, local or both) 497 (98) 133 (68) < 0.01
Immunosupressive agents 166 (33) 132 (67) < 0.01
Ciclosporine   7 (1)   2 (1)
Biologic therapy 34 (7)   67 (34) < 0.01
Surgery 27 (5)   75 (38) < 0.01
Intestinal resection 27 (5)   50 (25) < 0.01
Hospitalizations 176 (35) 108 (55) < 0.01
1 113 (64)      50 (46.3) < 0.01
2-3   45 (26)      35 (32.3)
≥ 4   18 (10)      23 (21.3) < 0.011

1Fisher´s Test. UC: Ulcerative colitis; CD: Crohn´s disease. 

Year of diagnosis

Simian D et al . Chilean experience in inflammatory bowel disease



required surgery for posteriorly based perianal disease. 
In addition, 24 CD patients (12%) underwent surgery 
due only to perianal disease, and one patient underwent 
a loop ileostomy.

Hospitalization and C. difficile infection
CD patients were hospitalized more often during the 
disease course than UC patients (55% and 35% of 
patients, respectively; p < 0.01). In addition, 21.3% 
of the CD patients had more than four hospitalizations 
compared with 10% of the UC patients (p < 0.01). The 
median number of hospitalizations for both was 2, with 
ranges from 1 to 24 for UC and 1 to 40 for CD (Table 3).

As previously described, data concerning C. difficile 
infection were incorporated into the registry in 2014, 
and a total of 490 patients (344 UC patients and 
141 CD patients) were analyzed. No differences in 
the prevalence of infection was found between the 
groups, and 5% of the patients in each group acquired 
C. difficile infection at some point during the disease 
course.

Second opinion
The data obtained from the registry showed that 328 
patients (46%) received consultations at the institution 
for a second opinion. Most of these patients (72%) 
were diagnosed with UC, and 107 of the 328 patients 
(32%) continued treatment at this center. However, 
130 patients were not analyzed because these 
individuals received consultations late in 2015 and 
had therefore not completed more than one year of 
treatment since the first consultation at this institution. 
In addition, many patients live in other cities and 
receive consultations only for complex situations.

DISCUSSION
The number of patients in the registry more than 
doubled compared with the number detailed in 
our previous publication[20]. This increase not only 
allowed us to better characterize these patients but 
also facilitated a comparison with studies conducted 
worldwide. This population increase reflects not only 
the recognition of this institute as a referral center 
but also the increased rate of IBD diagnoses in recent 
years.

The cohort UC/CD ratio in 2014 was 2.9/1, and 
the current ratio has increased 2.6/1, showing a slow 
approaching to the ratio reported in developed countries 
(1/1)[6,13,21,22]. However, genetic, environmental and 
geographic factors may influence this difference. A 
gender-based analysis showed that the percentages 
of UC and CD were slightly higher in women, which 
is consistent with the results obtained by other 
series[13,14,17]. The median age at diagnosis was 29 
years, and 64% of patients were diagnosed between 
20 and 39 years of age. No second peak was observed 
at an older age, which is consistent with the results 

from recent studies[6,7,23-25].
An active smoking habit was almost twice as 

frequent in patients with CD (16%) compared with 
patients with UC (9%), regardless of whether the 
patients with CD received counseling and were told of 
the particular deleterious effect of smoking. This finding 
demonstrates that smoking education is important 
and that smoking cessation should be emphasized on 
every visit. Nonetheless, the frequencies of patients 
with active smoking habits observed in the present 
study were low compared with the frequency of active 
smokers in the general population. The last National 
Health Survey has demonstrated that 40.6% of the 
adult population smokes regularly, indicating that 
cigarette smoking is an important health problem in 
Chile and that other factors, such as environmental 
factors, may be influencing the increase in the diagnosis 
of CD[26].

A family history was obtained for 12% and 10% of 
the patients diagnosed with UC and CD, respectively, 
similarly to the results reported by Moller et al[27], 
who published a much larger study. The analysis of 
the clinical characteristics revealed that the most 
frequent extra-intestinal manifestation was articular 
symptoms, with frequencies of 31% and 44% in UC 
and CD patients, respectively. In previous studies, 
musculoskeletal manifestations were described as the 
most common extra-intestinal manifestation, and UC 
patients are more affected than CD patients. However, 
the percentage of affected patients was lower than that 
observed in the present study (20%-30%)[28]. It has 
been suggested that the risk of developing peripheral 
arthritis increases with an increase in the extent of 
IBD activity[29,30], and 70% of patients diagnosed with 
CD who showed musculoskeletal manifestations had 
either colonic or ileocolonic involvement, whereas 
55% of the patients diagnosed with UC who showed 
musculoskeletal manifestations had pancolitis. This 
observation reflects the recognition of this institution 
as a tertiary referral center that receives complex 
patients. In addition, the etiology of peripheral arth
ritis in IBD might reflect a combination of genetic 
predisposition and exposition to the luminal bacterial 
bowel contents[30].

The analysis of the extent of UC showed that half 
of the patients had extensive colitis, different from the 
frequency described in previous studies, which reported 
that distal location predominates[9] and that extensive 
colitis varies between 20 and 40%[7,9,19,22,24,31]. Even a 
previous study published in Chile, which involved two 
different institutions, reported 38% and 15% extensive 
colitis; notably, the frequency of 15% was previously 
reported at our institution 10 years ago[18], before 
this institution was recognized as a referral center 
and before its association with an IBD program. The 
higher percentage of extensive colitis observed in the 
population examined in the present study might reflect 
the fact that it was conducted at a tertiary referral 
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center and included refractory cases that were difficult 
to treat.

Colonic involvement was more frequent in the 
CD patients examined in the present cohort, with a 
frequency of 44%. This finding is consistent with the 
results of a study conducted in Brazil, which found 
that colonic involvement predominates, although at 
a lower frequency (36%)[19]. Non-structuring/non-
penetrating behavior was more frequently observed 
in the cohort examined in the present study, with 
a frequency of 80%. This value is consistent with 
the frequency described in previous studies, which 
showed that inflammatory phenotypes predominate 
during the first years of the disease[24]. During the 
disease course, approximately 10% of patients with 
non-stricturing/non-penetrating behavior exhibited a 
modification of this characteristic to a more aggressive 
behavior. However, other studies have reported that 
31% to 60% of patients exhibit a disease progression 
to a more severe behavior[32-34]. Indeed, after 40 
years, most patients experience complications and 
are classified as having a penetrating, or less often, a 
stricturing disease[16]. These differences might reflect 
the short follow-up period used in the present study. 
Additionally, it has been reported that colonic disease 
remains uncomplicated or inflammatory for many 
years[24], so predominant colonic involvement found 
in our study might play a role in this progression. 
Another factor potentially explaining this difference is 
that the patients at this institution were aggressively 
treated upon diagnosis with an “accelerated step-up 
approach”, involving the initiation of biological therapy 
a median of one year after diagnosis for patients 
diagnosed since 2010; thus, patients might have a 
lower probability to exhibit a change in behavior[35,36].

During the IBD course, 12 patients (2.3%) with 
an initial diagnosis of UC developed perianal fistulas 
or showed ileal involvement, changing their diagnosis 
to CD, as confirmed through histological and image 
analyses. Previous studies have described a 5%-10% 
change in diagnosis after 25 years of the disease 
course[37]. This finding might reflect the short follow-up 
period in the present study.

The analysis of IBD treatment revealed that 
mesalamine was the most used drug in UC treatment 
(98%), whereas corticosteroids, mesalamine and 
immunosuppressive agents were used at equal 
frequencies (67%-68%) in CD treatment. In the 
present study, despite the frequent use of mesalamine 
for patients with CD, the use of this agent in CD is 
controversial. Indeed, the European Crohn’s and 
Colitis Organization Consensus recently stated that 
oral aminosalicylates are not recommended for the 
treatment of mild to moderate CD[38]. However, both 
the American and British National Gastroenterology 
Associations recommend the use of high-dose 
5-aminosalicylic acid as the first-line treatment of mild 
ileal, ileocolonic or colonic CD[38]. Because we had a 

high percentage of patients with colonic involvement, 
treatment with mesalamine could have had some 
implications because the action of mesalamine is 
predominantly topical at the site of inflammation, 
particularly within the colon[38]. However, many of 
these patients received mesalamine, regardless of 
the severity of the disease, prior to evaluation at this 
institution, possibly resulting from misinformation 
regarding the role of mesalamine in CD. On the other 
hand, according to the latest clinical guidelines, the 
use of immunosuppressive and biological therapies 
is significantly higher in CD patients compared with 
UC patients, as observed in the present study. In 
the series examined in the present study, the use of 
infliximab in UC treatment (7%) was similar to that 
reported in other countries[31,39,40]; however, the use 
of this drug in CD treatment (34%) was considerably 
higher than that detailed in Saudi Arabia, Israel and 
some European countries, which report frequencies 
between 2% and 10%[31,40]. Similarly, the use of 
immunomodulators was considerably higher in both 
groups compared with that observed in some European 
countries[31]. This discrepancy reflects the type of 
center where the present study was conducted, i.e., a 
tertiary center that treats patients with more complex 
diseases. Unfortunately, the use of adalimumab and 
certolizumab pegol was extremely low in the cohort 
examined in the present study, reflecting the low 
coverage of these therapies by insurance companies. 
In addition, vedolizumab is still not available for use in 
Chile.

The investigation of the use of surgery for IBD 
treatment revealed that 38% of the CD patients 
required surgery for either intestinal resection or 
perianal disease. The frequency of intestinal resection 
was significantly higher in CD patients (25%) 
compared with that of colectomy in UC patients 
(5%), a result consistent with the findings reported 
by Niewiadomski et al[41], who showed that the risk of 
intestinal resection in CD was 13% after one year and 
26% after five years. However, the colectomy rates in 
UC obtained in this study were 2% and 13% after one 
and five years, respectively. Notably, the early use of 
immunomodulators and biological therapies during the 
disease course could reduce the risk of surgery[24,42], 
particularly for those patients who achieve mucosal 
healing[43].

Relatively few data are available regarding the 
hospitalization rates in population-based cohorts[44,45]. 
The CD patients in the cohort examined in the present 
study had significantly more hospitalizations than the 
UC patients; however, higher percentages of patients 
belonging to both groups in this cohort were affected 
compared with the frequencies obtained in previous 
studies[41,46]. Nevertheless, it has previously been 
reported that more than one-third of UC patients 
require hospitalization within one year after diagnosis in 
the biological era[44]. Among the UC patients examined 
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in the present study, 35% required hospitalization at 
some point during the disease course. The disease 
extent at diagnosis and the need for steroids and 
anti-TNF therapy were associated with the risk of UC-
related hospitalization[44]. For CD, a 52.7% cumulative 
risk of hospitalization within ten years of diagnosis has 
previously been described[45]. Among the CD patients 
in the present study, 55% required hospitalization at 
some point during the disease course.

The analysis of our data concerning IBD and C. 
difficile infection demonstrated that this bacterium was 
equally prevalent in patients with UC and patients with 
CD (5%). Notably, it is difficult to clinically distinguish 
between C. difficile infections and IBD flare-ups 
because both pathologies have similar presentations, 
i.e., diarrhea and abdominal pain. Indeed, C. difficile 
might mimic or even trigger an IBD flare-up, and 
screening is therefore recommended at every flare-
up experienced by these patients[47]. Because IBD 
patients with concomitant C. difficile infections have 
been associated with longer hospital stays, colectomy 
and even higher mortality, the diagnosis of this 
bacterial infection is important[48]. The data obtained 
in the present study differ from those detailed in 
previous publications, which reported that UC patients 
exhibit increased susceptibility to C. difficile compared 
with CD patients[48-50]; however, previous studies 
have reported that one of the major risk factors for C. 
difficile infection in patients with IBD is colonic IBD[51], 
and 44% of the patients with CD in the present study 
showed colonic involvement. Importantly, only patients 
with moderate-to-severe activity were examined for 
C. difficile infections, and hence, these data might be 
underestimated because patients with mild activity 
were not examined.

In conclusion, IBD has continued to increase in 
the present cohort, slowly approaching the levels 
reported in developed countries. The association of this 
institution with a multidisciplinary IBD program has 
improved the characterization of these patients and 
had therefore improved management options.

Limitations
The present study was conducted in a private single 
tertiary center, which may have resulted in bias 
because many of the patients received consultations 
for second opinions. Some of these individuals were 
inadequately treated, whereas others are refractory 
to therapy; therefore, these patients could represent 
more complex cases. In addition, more drugs are 
available for treatment in our center compared 
with those available at the public hospitals in Chile. 
In addition, the presented findings were obtained 
retrospectively, implying a selection bias. Nevertheless, 
we collected data from a considerable number of 
patients diagnosed with IBD, enabling a demographic 
and clinical characterization of these individuals. 
Unfortunately, in the present study, we were unable to 

determine incidence or prevalence rates because we 
did not receive patients from a determinate geographic 
area.
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Abstract
AIM: To evaluate the assessment of primary biliary 
cirrhosis degree by acoustic radiation force impulse 
imaging (ARFI) and hepatic fibrosis indicators. 

METHODS: One hundred and twenty patients who 
developed liver cirrhosis secondary to primary biliary 
cirrhosis were selected as the observation group, 
with the degree of patient liver cirrhosis graded by 
Child-Pugh (CP) score. Sixty healthy individuals were 
selected as the control group. The four indicators of 
hepatic fibrosis were detected in all research objects, 
including hyaluronic acid (HA), laminin (LN), type Ⅲ 
collagen (PC Ⅲ), and type Ⅳ collagen (Ⅳ-C). The liver 
parenchyma hardness value (LS) was then measured 
by ARFI technique. LS and the four indicators of liver 
fibrosis (HA, LN, PC Ⅲ, and Ⅳ-C) were observed in 
different grade CP scores. The diagnostic value of LS 
and the four indicators of liver fibrosis in determining 
liver cirrhosis degree with PBC, whether used alone or 
in combination, were analyzed by receiver operating 
characteristic (ROC) curve. 

RESULTS: LS and the four indicators of liver fibrosis 
within the three classes (A, B, and C) of CP scores in 
the observation group were higher than in the control 
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group, with C class > B class > A class; the differences 
were statistically significant (P  < 0.01). Although 
AUC values of LS within the three classes of CP 
scores were higher than in the four indicators of liver 
fibrosis, sensitivity and specificity were unstable. The 
ROC curves of LS combined with the four indicators 
of liver fibrosis revealed that: AUC and sensitivity 
in all indicators combined in the A class of CP score 
were higher than in LS alone, albeit with slightly 
decreased specificity; AUC and specificity in all indicators 
combined in the B class of CP score were higher than 
in LS alone, with unchanged sensitivity; AUC values 
(0.967), sensitivity (97.4%), and specificity (90%) of 
all indicators combined in the C class of CP score were 
higher than in LS alone (0.936, 92.1%, 83.3%). 

CONCLUSION: The diagnostic value of PBC cirrhosis 
degree in liver cirrhosis degree assessment by ARFI 
combined with the four indicators of serum liver fibrosis 
is of satisfactory effectiveness and has important 
clinical application value.

Key words: Acoustic radiation force imaging technology; 
Hepatic fibrosis index; Primary biliary cirrhosis; Diagnostic 
value

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: One hundred and twenty patients who had 
developed liver cirrhosis from primary biliary cirrhosis 
were assessed by ARFI imaging and hepatic fibrosis 
index alongside sixty healthy individuals. The ROC 
curves of LS combined with four liver fibrosis indexes 
showed that the AUC values (0.967), sensitivity 
(97.4%), and specificity (90%) of all indexes combined 
in the C grade of CP score were higher than in those of 
LS alone (0.936, 92.1%, and 83.3%). The diagnostic 
value of PBC cirrhosis degree in liver cirrhosis degree 
assessment by ARFI combined with the four indicators 
of serum liver fibrosis is of satisfactory effectiveness 
and has important clinical application value.

Zhang HC, Hu RF, Zhu T, Tong L, Zhang QQ. Primary biliary 
cirrhosis degree assessment by acoustic radiation force impulse 
imaging and hepatic fibrosis indicators. World J Gastroenterol 
2016; 22(22): 5276-5284  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i22/5276.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i22.5276

INTRODUCTION
Primary biliary cirrhosis (PBC) is a chronic cholestatic 
disease[1] that can develop into liver fibrosis, cirrhosis[2-4], 
and even lead to liver failure[5]. When a patient is already 
in the liver cirrhosis stage, accurate diagnosis, and 
assessment of the extent of liver cirrhosis is vital to the 

diagnosis, treatment, and prognosis of the disease[6]. 
Therefore, exploring a high value examination method 
to diagnose liver cirrhosis is very significant[7-9]. It has 
been reported that liver cirrhosis can be divided into 
three classes according to the Child-Pugh (CP) scoring 
criteria, and the accuracy of their assessment methods 
have been demonstrated[10-13]. Although liver biopsy 
is still currently the preferred diagnostic method 
for cirrhosis, the resulting trauma to the patient’
s body leads to low acceptance[14-17]. Serum fibrosis 
indicators are a non-invasive examination method of 
cirrhosis diagnosis with a wide range of applications[18], 
however its accuracy in the assessment of cirrhosis 
degree remains to be studied[19]. Acoustic radiation 
force impulse imaging (ARFI) is a new ultrasound 
elastography technique[20] that can detect the 
hardness of the liver parenchyma for liver disease 
accurate assessment, and is non-invasive, simple, 
repeatable[21-23], and it can effectively compensate 
for the lack of liver biopsy and serum liver fibrosis 
markers. ARFI technology in China remains at 
the clinical development phase[24-26]. However, 
comparative studies of ARFI technology and other 
methods to assess the degree of liver cirrhosis and 
joint applications are few[27-30]. This study intends to 
use the CP score as a grading standard, as well as to 
observe the comparison of ARFI technology measured 
serum fibrosis markers alone and in combination 
with diagnostic accuracy to find a more satisfactory 
diagnostic method for PBC, with the aim of providing 
a theoretical basis for the clinical diagnosis and 
treatment of liver cirrhosis.

MATERIALS AND METHODS
General information
From January 2014 to September 2015, 120 patients 
with primary cholestatic cirrhosis that had developed 
to the stage of cirrhosis and were admitted to 
Huashan Hospital (Baoshan Branch Affiliated to Fudan 
University, Shanghai, China) were selected as the 
observation group. The patients consisted of 35 males 
and 85 females, with an average age of 56.33 ± 7.42 
years. Patients were divided into different groups 
according to Child-Pugh score as follows: grade A, 
39 cases; grade B, 43 cases; and grade C, 38 cases. 
Meanwhile, 60 healthy subjects were chosen as the 
control group, and consisted of 24 males and 36 
females, with an average age of 54.27 ± 8.31 years. 
General information on the differences between these 
two groups was not statistically significant (P > 0.05). 
This study was approved by the ethics committee.

Diagnostic criteria
The degree of liver cirrhosis in patients was diagnosed 
based on symptoms, signs, CT, MRI, biochemical 
examination, and liver biopsy results.
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Inclusion criteria
(1) Diagnosed with PBC that has developed to liver 
cirrhosis; (2) healthy subjects with no hepatobiliary 
diseases; (3) independent and able to cooperate with 
the test; and (4) provided written informed consent.

Exclusion criteria
(1) Patients with liver cancer or heart, lung, or other 

vital organs diseases; (2) disturbance of consciousness 
or mental illness; and (3) patients who provided written 
informed consent, but failed to cooperate with the test.

Child-Pugh scoring criteria
Patients were scored according to hepatic encephalopathy, 
peritoneal effusion, total bilirubin and albumin content, 
prolonged prothrombin time, and other conditions. 
Child-Pugh classification criteria (Table 1): class A, 5-6 
points; class B, 7-9 points; and class C, ≥ 10 points.

Research methods
Liver fibrosis index detection: (1) After fasting, 
5 ml of morning blood samples were collected 
from patients and kept at room temperature for 
approximately 30 min; (2) serum was separated and 
stored at -70  ℃; and (3) four indexes of liver fibrosis 
were determined using fluorescence immunoassay: 
hyaluronic acid (HA), laminin (LN), procollagen Ⅲ (PC
Ⅲ), and collagen Ⅳ (Ⅳ-C).

ARFI detection: Siemens ACUSON S2000 color 
ultrasound diagnostic apparatus was used to conduct 
ARFI detection. (1) After fasting, the patient was 
placed on the left lateral position with the right 
hand on the head, and the right lobe of the liver 
tissue was detected; (2) elastic sampling frame 
was perpendicular to the surface of the liver, with a 
depth of approximately 2-5 cm while avoiding the 
surrounding blood vessels, and the patient was asked 
to hold their breath; and (3) the update button was 
pressed, a high-strength low-frequency pulse was 
launched, and the transverse shear wave velocity 
(Vs) was received. Units were in m/s and the value 
was recorded. Measurements were repeated 10 times 
and Vs were averaged to determine liver parenchyma 
hardness LS value.

Statistical analysis
SPSS 17.0 statistical software was used for all data 
results. LS value and the four indicators of liver fibrosis 
were measurement data presented as mean ± SD, 
with groups compared using two independent samples 
t-test. To evaluate the diagnostic value of LS value and 
the four serum indicators for liver fibrosis detected 
by ARFI (HA, LN, PCⅢ, and Ⅳ-C) for PBC, receiver 
operating characteristic (ROC) curve analysis with 
the area under the ROC curve (AUC), sensitivity and 
specificity representations were used. P < 0.05 was 
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Table 1  Child-Pugh scoring criteria

Indicator Score

1 point 2 point 3 point

Hepatic encephalopathy (grade) None Slight Occasional drowsiness
Ascites None Small amount of diuretics can be controlled Numerous
Total bilirubin (μmol/L) < 34 34-51 > 51
Albumin (g/L) > 35 28-35 < 28
Prolonged prothrombin time(s)   < 4 4-6   > 6

C

B

A

Figure 1  Observation group CP scores in the three classes. A: CP score 
patients with cirrhosis (Vs = 1.83 m/s); B: CP score patients with cirrhosis (Vs = 
2.24 m/s); C: CP score patients with cirrhosis (Vs = 2.92 m/s). 
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specificity were high compared with PCⅢ; AUC and 
sensitivity were high compared with HA, but with lower 
specificity; AUC and specificity were high compared 
with LN and Ⅳ-C, but with lower sensitivity (Figure 
2C).

ROC curve analysis of LS value in the observation 
group combined with the four indicators of serum liver 
fibrosis
LS values detected by ARFI in the observation group 
combined with the four indicators of serum liver 
fibrosis in the ROC curve show the following (Table 
4): in each indicator of CP score grade A, the AUC and 
sensitivity were higher than the LS value detected 
by ARFI alone, although its specificity decreased 
slightly (Figure 3A); in CP score grade B, the AUC 
and sensitivity were higher than LS detected by ARFI 
alone, with sensitivity being constant (Figure 3B); in 
CP score grade C, the AUC, sensitivity, and specificity 
were higher than the LS values detected by ARFI alone 
(Figure 3C).

DISCUSSION
Cholestatic liver cirrhosis is a chronic liver disease with 
a long and gradual progression to liver cirrhosis[31-34]. 
An accurate assessment of early liver cirrhosis can 
effectively prevent further liver damage that can 
result in liver failure[35-37]; this has great significance 
for the diagnosis, treatment, and prognosis of chronic 
liver disease[38-40]. In this study, by comparing the 
diagnostic values of AFRI detected LS values and the 
four indicators (HA, LN, PCⅢ, and Ⅳ-C) of serum 
liver fibrosis alone or in combination, we aimed to 
accurately and effectively explore this examination 

considered statistically significant.

RESULTS
Test result indicators in the two groups
CP scores, LS values, and the four serum indicators 
for liver fibrosis in the three classes (A, B, and C) of 
patients in the observation group were significantly 
higher than controls; the difference was statistically 
significant (P < 0.01). In the observation group, CP 
scores in the three classes of patients, LS values (Figure 
1), and the four serum indicators for liver fibrosis 
revealed that class C > class B > class A; differences 
were statistically significant (P < 0.01), as shown in 
Table 2. 

ROC curve analysis of LS value and the four indicators 
of serum liver fibrosis in the observation group
ROC curve analysis of LS values and the four 
diagnostic indicators of liver fibrosis of CP rates in 
different cirrhosis grades and each index of the AUC 
showed: grade C > grade B > grade A, as well as that 
the sensitivity and specificity were different (Table 3). 
Comparison of results of CP levels of LS values and the 
four indicators of liver fibrosis in the ROC curve are as 
follows:

In CP score grade A, LS values in the AUC and 
the specificity were high compared with serum liver 
fibrosis, albeit with lower sensitivity (Figure 2A).

In grade B, the AUC value of LS and specificity 
were high compared with HA and Ⅳ-C, but with lower 
sensitivity; AUC and sensitivity were high compared 
with LN and PCⅢ, but with lower specificity (Figure 
2B).

In grade C, AUC values of LS, sensitivity, and 
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Table 2  Test results of two groups of indicators (mean ± SD)

Item Control group (n  = 60) Observation group

A class (n  = 39) B class (n  = 43) C class (n  = 38)

LS value (m/s)   1.03 ± 0.03   1.90 ± 0.07a   2.31 ± 0.02a   2.92 ± 0.17a

HA (ng/mL)   54.96 ± 21.13   431.01 ± 118.04a   619.03 ± 164.28a   857.13 ± 192.05a

LN (ng/mL)   79.11 ± 15.37 116.14 ± 18.77a 153.42 ± 36.25a 211.09 ± 30.18a

PCⅢ (ng/mL)   89.91 ± 18.76 142.51 ± 30.07a 227.93 ± 69.11a 367.39 ± 99.21a

Ⅳ-C (ng/mL) 51.32 ± 9.27 104.58 ± 42.17a 168.99 ± 32.14a 193.36 ± 30.22a

aP < 0.01 vs the control group.

Table 3  Receiver operating characteristic curves results of different CP score classifications of liver cirrhosis with different indicators 
of diagnosis

Item A Class B Class C Class

AUC Sensitivity Specificity AUC Sensitivity Specificity AUC Sensitivity Specificity 

LS value 0.852 57.9% 93.3% 0.911 97.4% 75.0% 0.936 92.1% 83.3%
HA 0.694 97.4% 55.0% 0.852 97.4% 65.0% 0.888 63.2% 96.7%
LN 0.707 97.4% 43.3% 0.746 46.2% 96.7% 0.828 97.4% 58.3%
PCIII 0.741 57.9% 86.7% 0.823 53.8% 96.7% 0.871 86.8% 75.0%
IV-C 0.688 78.9% 56.7% 0.785 97.4% 51.7% 0.889 94.7% 73.3%
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method for the assessment of cirrhosis degree.

LS values and the four indicators of serum liver fibrosis 
in observation and control groups
Liver stiffness increases as chronic liver disease 
develops to liver fibrosis and cirrhosis. In this study, 
the LS value results and four indicators of serum liver 

fibrosis in the observation group showed class C > 
class B > class A trends; the level of indicators were 
significantly higher. LS values and the four indicators 
of serum liver fibrosis of cirrhotic patients were higher 
than in the control group; this increased as liver 
cirrhosis degree increased. This also proves that ARFI-
detected LS values and the four indicators of serum 
liver fibrosis can reflect changes in the degree of 
cirrhosis. Studies have reported[41] that AFRI-detected 
LS values increased as the degree of hepatic fibrosis 
increased; this can be widely used in patients with 
chronic liver disease. In recent years, this research 
has garnered more attention. The four serum fibrosis 
indicators for liver damage can be assessed via 
changes in each indicator, and thus can effectively 
diagnose cirrhosis. However, its detection accuracy for 
liver cirrhosis degree remains as yet unconfirmed[42].

ROC curve analysis of LS values and the four indicators 
of liver fibrosis
In the ROC curve analysis of LS value and the four 
indicators of liver fibrosis, we found the following: LS 
value and the four indicators of liver fibrosis in the 
AUC are present in class C > class B > class A trends, 
and that the diagnostic accuracy of each indicator can 
increase with increased liver cirrhosis degree (i.e., each 
indicator can assess the degree of cirrhosis). While 
each indicator for the diagnostic value of different 
grades of liver cirrhosis are different, a comparison of 
results from the ROC curves show that the CP score of 
the three classes in the AUC were higher than in the 
four indicators of liver fibrosis, but that its sensitivity 
and specificity were unstable. CP score class A: LS 
values were higher than that of serum-specific liver 
fibrosis, but with lower sensitivity; CP score class B: LS 
values and specificity were higher than HA and Ⅳ-C, 
but with lower sensitivity (sensitivity was higher than 
LN and PCⅢ, but with lower specificity); CP score class 
C: LS values and sensitivity were higher than HA, but 
with lower specificity (specifically was higher than LN 
and Ⅳ-C, but with relatively lower sensitivity). The 
results show that the diagnostic value of LS values is 
high compared to the four indicators of liver fibrosis 
and that it has high diagnostic accuracy, although 
its diagnostic sensitivity and specificity is unstable. 
The sensitivity of the four indicators of liver fibrosis 
for the diagnosis of cirrhosis degree is strong, but its 
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Figure 2  Comparison of the results of CP levels of LS values and the four 
indicators of liver fibrosis in the ROC curve. A: CP score for each indicator; B: 
CP score of the various indicators; C: CP score of the various indicators. 

Table 4  Receiver operating characteristic curve analysis for 
LS values combined with the four indicators of serum liver 
fibrosis

LS value Combination

AUC Sensitivity Specificity AUC Sensitivity Specificity 

A Class 0.852 57.9% 93.3% 0.881 68.4% 91.7%
B Class 0.911 97.4% 75.0% 0.973 97.4% 85.0%
C Class 0.936 92.1% 83.3% 0.967 97.4% 90.0%
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specificity and overall diagnostic value are insufficient. 
Detection of the four indicators of serum liver fibrosis 
can effectively diagnose cirrhosis, but lacks specificity 
in the accurate assessment of cirrhosis degree; 
thus, its technical support requires improvement[43]. 
The most commonly used method for the clinical 
diagnosis of cirrhosis is liver biopsy. However, due 

to its invasiveness, it has low acceptance limitations 
and causes more distress in clinical diagnosis and 
treatment to a certain extent[44-46]. On the other hand, 
ARFI ultrasound is a non-invasive detection technology. 
The degree of liver fibrosis can be determined by 
detecting LS value, which can compensate for the 
weakness of liver biopsy in detecting liver fibrosis[47].

ROC curve analysis of LS value combined with the four 
indicators of liver fibrosis 
In the observation group, the results of the ROC curve 
analysis of LS value combined with the four indicators 
of serum liver fibrosis revealed that the CP score of 
the three classes combined with the diagnosis of AUC 
values were higher than ARFI-detected LS values 
alone, with sensitivity and specificity also improving. 
CP score class A: combined diagnosis sensitivity was 
higher than the LS value, albeit with slightly decreased 
specificity; CP score class B: the combined diagnostic 
specificity value was higher than the LS value, but 
sensitivity remained unchanged and there was no 
reduction; CP score class C: combined diagnostic 
sensitivity and specificity values were higher than the 
LS value. These results show that combined diagnosis 
improves the diagnostic accuracy of single-use LS 
values, and that diagnostic sensitivity and specificity 
can be guaranteed. The combined diagnostic value of 
LS values is high compared to the four indicators of 
liver fibrosis. It also proves that the LS value combined 
with the four indicators of serum liver fibrosis in 
the diagnosis of cirrhosis degree is higher than the 
diagnostic value of each indicator alone.

Limitation and prospects
Requirements for AFRI examination in patients 
were stringent. This may be due to insufficient 
coordination between doctors and patients, which 
affects the accuracy of the examination[48-50]. The 
detection operation for the four indicators of serum 
liver fibrosis is relatively simple, but also has its own 
shortcomings. Combined diagnosis can therefore play 
a complementary role and help improve diagnostic 
accuracy. Furthermore, LS values and indicators of 
liver fibrosis by way of motion detection can assist 
doctors in understanding the condition of a patient’s  
liver disease, which is of great significance in the 
diagnosis and prognosis of liver cirrhosis.

In summary, the clinical diagnostic value of AFRI-
detected LS value for determining liver cirrhosis degree 
is high compared to the four indicators of serum 
liver fibrosis. The diagnostic value of two combined 
diagnostics was more satisfactory compared to the 
indicators alone. Thus, detection by AFRI technology 
combined with the four indicators of serum liver 
fibrosis may serve as a powerful tool for determining 
liver cirrhosis degree, which has important clinical 
value and is worthy of wide promotion.
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Figure 3  Receiver operating characteristic curve analysis for LS values 
combined with the four indicators of serum liver fibrosis. A: CP score of all 
indicators combined; B: CP score of all indicators combined; C: CP score of all 
indicators combined.
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COMMENTS
Background
Primary biliary cirrhosis (PBC) is a chronic cholestatic disease that may develop 
into liver fibrosis, cirrhosis, and even lead to liver failure. When the patient is 
already in the liver cirrhosis stage, the accurate diagnosis and assessment of 
the extent of liver cirrhosis is vital in the diagnosis, treatment, and prognosis of 
the disease. Therefore, exploring a high value examination method to diagnose 
liver cirrhosis is very significant.

Research frontiers
It has been reported that liver cirrhosis can be divided into three classes 
according to the Child-Pugh (CP) scoring criteria, and the accuracy of their 
assessment methods have been demonstrated. Although liver biopsy is still 
currently the preferred diagnostic method for cirrhosis, the resulting trauma 
to the patient’s body leads to low acceptance. Serum fibrosis indicators are 
a non-invasive examination method of cirrhosis diagnosis with a wide range 
of applications; however its accuracy in the assessment of cirrhosis degree 
remains to be studied. Acoustic radiation force impulse imaging (ARFI) is a 
new ultrasound elastography technique that can detect the hardness of the 
liver parenchyma for liver disease accurate assessment, and is non-invasive, 
simple, repeatable, and can effectively compensate for the lack of liver biopsy 
and serum liver fibrosis markers.

Innovations and breakthroughs
The clinical diagnostic value of AFRI-detected LS value for determining the 
degree of liver cirrhosis is high compared to the four indicators of serum liver 
fibrosis (HA, LN, PCIII, and IV-C). The diagnostic value of two combined 
diagnostics was more satisfactory compared to the indicators alone. Thus, 
detection by AFRI technology combined with the four indicators of serum liver 
fibrosis may serve as a powerful tool for determining liver cirrhosis degree, 
which has important clinical value and is worthy of wide promotion.

Applications
The diagnostic value of cirrhosis degree with PBC through liver cirrhosis degree 
assessment by ARFI combined with the four indicators of serum liver fibrosis is 
more satisfactory compared to the indicators alone and has important clinical 
application value. Results have shown that the higher the LS value, the higher 
the degree of liver fibrosis. This also confirmed that the diagnostic value of LS 
value was higher than that of the four indicators of liver fibrosis and, despite 
high diagnostic accuracy, that the diagnostic sensitivity and specificity were 
not stable. Further, the diagnosis value of liver cirrhosis degree for LS value 
combined with the four serum liver fibrosis was higher than each index alone.

Peer-review
The diagnostic value of cirrhosis degree with PBC through liver cirrhosis 
degree assessment by ARFI combined with the four indicators of serum liver 
fibrosis is more satisfactory compared to the indicators alone and has important 
clinical application value. The combination of AFRI and serum liver fibrosis four 
indicators can be used as a powerful tool to evaluate the degree of cirrhosis. It 
has important clinical application value and is worthy of clinical application.
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Abstract
AIM: To address the therapeutic efficacy of various 
treatment regimens in genotype 3 selecting randomized 
clinical trials and prospective National Cohort Studies.

METHODS: (1) PEG-INF-based therapy including 
sofosbuvir (SOF) + RBV for 12 wk vs  SOF + RBV 24 
wk; (2) SOF + RBV therapy 12 wk/16 wk vs  24 wk; 
and (3) the role of RBV in SOF + daclatasvir (DCV) 
and SOF + ledipasvir (LDV) combinations. This meta-
analysis provides robust information with the intention 
of addressing treatment strategy for hepatitis C virus  
genotype 3. 

RESULTS: A combination treatment including SOF + 
RBV + PEG-IFN for 12 wk notes better SVR than with 
only SOF + RBV for 12 wk, although its association with 
more frequent adverse effects may be a limiting factor. 
Longer duration therapy with SOF + RBV (24 wk) has 
achieved higher SVR rates than shorter durations (12 
or 16 wk). SOF + LDV are not an ideal treatment for 
genotype 3. 

CONCLUSION: Lastly, SOF + DCV combination is 
probably the best oral therapy option and the addition 
of RBV does not appear to be needed to increase SVR 
rates substantially.

Key words: Hepatitis C; Genotype 3; Sofosbuvir; 
Daclatasvir; Ledipasvir
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Core tip: The landscape of therapy for hepatitis C 
virus infection is changing rapidly. In genotype 3, 
the improvement in SVR rates has not been hugely 
spectacular, being considered the most difficult 
genotype to treat and representing a major challenge. 
The advent of direct acting antivirals has not solved all 
questions about the treatment, while challenges remain 
such as the use of RBV, the duration of PEG-IFN-free 
treatment and whether PEG-IFN still plays an important 
role. These questions are difficult to elucidate with the 
current data because of the small number of patients 
included in clinical trials (particularly, those with 
cirrhosis) and their different designs.

Ampuero J, Reddy KR, Romero-Gomez M. Hepatitis C virus 
genotype 3: Meta-analysis on sustained virologic response rates 
with currently available treatment options. World J Gastroenterol 
2016; 22(22): 5285-5292  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i22/5285.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i22.5285

INTRODUCTION
The landscape of therapy for hepatitis C virus 
(HCV) infection is changing rapidly[1]. Ideally, new 
drugs should be all-oral regimen (once-daily, single 
pill) with pangenotypic activity, and have short 
treatment course (no more than 12 wk), and with high 
sustained virological response (at least 90%-95%). 
A multitude of direct acting antivirals (DAAs) have 
been developed with or without pegylated interferon 
(PEG-IFN) and ribavirin (RBV)[2], and others are 
being tested in promising clinical trials[3]. In genotype 
3, the improvement in SVR rates has not relatively 
suboptimal and is  being considered the most difficult 
genotype to treat and thus representing a major 
challenge[4]. Unique clinical features of genotype 3 
and possible reasons for suboptimal response are: 
(1) a close relationship with insulin resistance and 
disturbances in lipid metabolism[5]; and (2) fibrosis 
progression[6] and higher incidence of hepatocellular 
carcinoma[7]. 

The advent of DAAs has not solved all questions 
regarding the treatment in genotype 3, and with 
emerging new challenges such as RBV use[8], duration 
of PEG-IFN-free treatment and whether PEG-IFN 
still plays an important role[9]. These questions are 
difficult to elucidate with the current data because of 
the small number of patients included in clinical trials 
(particularly, those with cirrhosis) and their different 
designs. In fact, more valuable data have been 
derived from prospective observational studies (clinical 
practice), and beyond randomized clinical trials. In 
this study, we aimed to address key questions on 
treatment outcomes through a meta-analysis.

MATERIALS AND METHODS
Data sources and search
The search strategy was in accordance with the re
commendations of meta-analysis of clinical trials and 
observational studies. We searched in MEDLINE, EMBASE 
and Cochrane Library databases (to November 2015), 
as well as abstracts published and presented at EASL 
and AASLD (to November 2015) to identify potentially 
relevant publications in English language. We included 
FDA-approved DAA therapies that included SVR as 
a primary end point. Search terms were: “hepatitis 
C”, “genotype 3”, “HCV treatment”, “sofosbuvir”, 
“ledipasvir”, “daclatasvir”, “ribavirin”, “interferon”. The 
preceding terms were combined with appropriate 
Boolean logic. Manual search of cited bibliographies 
was also performed. Duplicated publications were 
deleted. Two researchers independently performed 
the literature search and data abstraction with regard 
to the inclusion and exclusion criteria by reading titles 
and abstracts. When reading titles and abstracts did 
not allow identification of eligible studies, articles 
were read in full. Relevant reviews and letters to the 
editor were excluded from the analysis, but read 
in full to identify potential relevant original studies. 
Disagreements between two observers were resolved 
by discussion.

Study selection criteria and data extraction
We selected randomized clinical trials (preferably) and 
prospective National Cohort Studies in which therapies 
were administrated in different arms. Therefore, 
studies including only a combination testing different 
doses or being administrated to different subset 
of patients were excluded. Inclusion and exclusion 
criteria (studies involving genotypes other than 3) 
were defined prior to initiation of the literature search. 
Twelve studies were included and classified according 
to the aims (Figure 1). The following data were 
extracted: (1) Study: year of publication, number of 
patients, location, design; (2) Patients: stage of liver 
disease (cirrhosis or chronic hepatitis), previous HCV 
treatment (naïve or treatment-experienced); (3) HCV 
treatment regimen and duration; and (4) SVR rates.

Objectives
We aimed to address the therapeutic efficacy of 
various treatment regimens in genotype 3. Firstly, 
we compared a PEG-INF-based therapy including 
sofosbuvir (SOF) + RBV during 12 wk with SOF + 
RBV 24 wk. Secondly, we assessed the importance of 
extending the course of SOF + RBV therapy (12 wk/16 
wk vs 24 wk). Thirdly, we analyzed the role of RBV in 
SOF + daclatasvir (DCV) and SOF + ledipasvir (LDV) 
combinations.

Statistical analysis
Statistical analysis was performed using the Meta-Disc 

Ampuero J et al . Treatment of HCV genotype 3

5286 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com



software 1.4[10], considering: (1) a summary of data 
from individual studies; (2) an investigation of the 
studies homogeneity, graphically and statistically; (3) 
calculation of clustered indexes; and (4) exploration of 
heterogeneity. Our assumption of heterogeneity was 
tested for each planned analysis using the Cochran-Q 
heterogeneity and I2 statistics (low, moderate, and 
high heterogeneity according to I2 values of 25%, 
50%, and 75%, respectively)[11]. Random effects 
model using Der Simonian and Laird method and fixed 
effects model were used according to the presence of 
heterogeneity. To check for publication bias, we used 
the Begg and Egger tests. Only two-sided tests with 
a significance level of 0.05 were used. Confidence 
intervals (CIs) of individual studies were determined 
or approximated from the available data. Further, 
we assessed the quality of the studies using the 
‘‘Quality Assessment of Diagnostic Accuracy Studies” 
(QUADAS) tool for observational studies (≥ 10 were 
considered as high-quality studies[12]) and Jadad scale 
for randomized clinical trials (≥ 3 were considered as 
high-quality ones[13]).

RESULTS
Comparison between INF-based and IFN-free regimens
We evaluated four studies that met the selection 
criteria and that were identified using the search 
strategy described. Studies characteristics are shown in 
Table 1. Pooled data included 807 patients. The meta-
analysis demonstrated that triple therapy including 
SOF + RBV + PEG-IFN was able to achieve higher SVR 
rates (92.5%; 236/255) than SOF + RBV (75.2%; 

415/552), using fixed effects model [OR = 3.51 
(95%CI: 2.08-5.92)] (Figure 2A). We found neither 
heterogeneity between these studies [(Cochran-Q = 
0.94; df = 3, P = 0.8157); inconsistency I2 = 0%, and 
τ2 = 0.0000)] nor publication bias [(Begg test: Kendall’
s tau 1.70, P = 0.1); (Egger test: -1.14, P = 0.37)].

Course of SOF + RBV treatment
We included four studies involving 850 patients. The 
meta-analysis demonstrated that a 24 wk-course of 
SOF + RBV (85.5%; 501/586) combination was better 
than 12 wk-16 wk (70%; 185/264) in terms of SVR 
rates, using random effects model [OR = 3.51 (95%CI: 
1.59-7.70)] (Figure 2B). We found a moderate 
heterogeneity between these studies [(Cochran-Q = 
7.77, df = 3, P = 0.0511); inconsistency I2 = 61%, 
and τ2 = 0.3718], but no publication bias [(Begg test: 
Kendall’s tau 0.34, P = 0.73); (Egger test: 0.81, P = 
0.50)]. Three of these studies evaluated SVR rates 
according to the presence of cirrhosis. In non-cirrhotic 
patients, longer therapy of SOF + RBV (89.7%; 
218/243) achieved higher SVR rates than shorter one 
(78.2%; 144/184) using random effects model (OR 
2.44 (95%CI: 1.41-4.23). We did find a moderate 
heterogeneity between these studies [(Cochran-Q = 
4.42; df = 2, P = 0.11); inconsistency I2 = 55%, and 
τ2 = 0.3987], with no publication bias. Similarly, this 
effect was observed in cirrhotic population (78.5%; 
73/93 vs 55%; 38/69) using the random effects model 
[OR  = 2.79 (95%CI: 1.34-5.78)].

Role of RBV in SOF + DCV and SOF + LDV combinations
Additionally, we assessed the role of adding RBV in 
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Records identified through 
database searching (n  = 542)

Records screened (n  = 207)

Full-text articles and abstracts 
assessed for eligibility (n  = 30)

Studies included in quantitative synthesis 
(meta-analysis) (n  = 121)

SOF + RBV + PEG-
IFN vs  SOF + RBV

(n  = 4)

SOF + LDV 12 wk/16 wk 
vs  SOF + LDV 24 wk 

(n  = 4)

SOF + DCV vs  SOF + 
DCV + RBV 

(n  = 4)

SOF + LDV vs  SOF + 
LDV + RBV 

(n  = 2)

177 excluded by specific criteria:
   Other genotypes than 3
   Letters/case reports/editorials
   Did not report outcome of interest (SVR rate)
   Inadequate definition of cases

18 excluded by:
   Retrospective design
   Arms consisting only in testing different doses
   Same therapy for different subgroups

Figure 1  Flow chart of studies screened and included in meta-analysis. 1Two studies included in two different sub-meta-analysis. SOF: Sofosbuvir; DCV: 
Daclatasvir; LDV: Ledipasvir; PEG-IFN: Polyethylene glycol interferon.
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demonstrated that adding RBV was important to 
achieve better SVR rates (81%; 111/137 vs 62.5%; 
20/32), using fixed effects model [OR = 3.30 (95%CI: 
1.35-8.04)] (Figure 2D). We did not find heterogeneity 
between these studies [(Cochran-Q = 0.61, df = 1, P 
= 0.4335); inconsistency I2 = 0%, and τ2 = 0.0000], 
and no publication bias was found [(Begg test: Kendall’s 
tau 0.01, P = 0.99)].

DISCUSSION
New challenges have emerged in the evolving era of 
HCV therapy, particularly with  genotype 3, and these 

IFN-free regimens. Four studies have evaluated this 
point regarding the combination treatment of SOF + 
DCV. Pooled data included 502 patients. The meta-
analysis demonstrated that adding RBV was not 
essential to achieve optimal SVR rates (83%; 173/209 
vs 86.3%; 253/293), using fixed effects model [OR = 
1.09 (95%CI: 0.35-3.40)] (Figure 2C). We did not find 
heterogeneity between these studies [(Cochran-Q = 
2.38; df = 3, P = 0.4981); inconsistency I2 = 0%, and 
τ 2 = 0.0000], and did not seem to have publication 
bias. On the other hand, two studies have evaluated 
the role of adding RBV in SOF + LDV combination. 
Pooled data included 169 patients. The meta-analysis 
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Table 1  Overall characteristics of studies included in meta-analysis

Ref. Year Patients characteristics Study design Outcome (SVR %)

Alqahtani et al[31] 2015 HCV mono-infected patients a) SOF + RBV + PEG-IFN (n = 18) a) 89%
TARGET cohort b) SOF + RBV (n = 133) b) 65%

Randomized by cirrhosis and previous treatment
50% Treatment naïve

51% Cirrhosis
Chulanov et al[32] 2014 HCV mono-infected patients a) SOF + RBV 16 wk (n = 30) a) 87%

Russian multicenter cohort b) SOF + RBV 24 wk (n = 31) b) 90%
Randomized by cirrhosis

100% Treatment naïve
18% Cirrhosis

Dalgard et al[33] 2015 HCV mono-infected patients a) SOF + RBV + PEG-IFN 12 wk (n = 25) a) 92%
Scandinavian cohort study b) SOF + RBV 24 wk (n = 33) b) 79%

51% Treatment naïve
82% Cirrhosis

Foster et al[17](BOSON) 2015 HCV mono-infected patients a) SOF + RBV + PEG-IFN 12 wk (n = 181) a) 93%
Randomized study b) SOF + RBV 16 wk (n = 181) b) 71%

51% Treatment naïve c) SOF + RBV 24 wk (n = 182) c) 84%
31% Cirrhosis

Foster et al[27] 2015 HCV mono-infected patients a) SOF + DCV 12 wk (n = 7) a) 71%
NHS England Early Access Program b) SOF + DCV + RBV 12 wk (n = 113) b) 81%

100% Decompensated Cirrhosis c) SOF + LDV 12 wk (n = 7) c) 57%
d) SOF + LDV + RBV 12 wk (n = 61) d) 72%

Gane et al[29] (ELECTRON-2) 2015 HCV mono-infected patients a) SOF + LDV 12 wk (n = 25) a) 64%
Randomized study b) SOF + LDV + RBV 12 wk (n = 26) b) 100%

50% Treatment naïve c) SOF + LDV + RBV 12 wk (n = 50) c) 82%
32% Cirrhosis

Hezode et al[34] 2015 HCV mono-infected patients a) SOF + DCV 12 wk (n = 26) a) 85%
French Compassionate Use Program b) SOF + DCV + RBV 12 wk (n = 4) b) 100%

27% Treatment naïve c) SOF + DCV 24 wk (n = 35) c) 91%
94% Cirrhosis d) SOF + DCV + RBV 24 wk (n = 13) d) 92%

Ingiliz et al[35] 2015 HCV-HIV co-infected patients a) SOF + RBV + PEG-IFN 12 wk (n = 31) a) 94%
German multicenter cohort study b) SOF + RBV 24 wk (n = 23) b) 91%

50% Treatment naïve38% Cirrhosis
Sulkowski et al[22](PHOTON) 2014 HCV-HIV co-infected patients a) SOF + RBV 12 wk (n = 42) a) 67%

International multicenter cohort b) SOF + RBV 24 wk (n = 123) b) 89%
25% Treatment naïve

Sulkowski et al[36] 2014 HCV mono-infected patients a) SOF + DCV 24 wk (n = 13) a) 92%
Randomized study b) SOF + DCV + RBV 24 wk (n = 5) b) 80%

100% Treatment naïve
14% Cirrhosis

Welzel et al[28] 2015 HCV mono-infected patients a) SOF + DCV 24 wk (n = 11) a) 100%
European Compassionate Use Program b) SOF + DCV + RBV 24 wk (n = 13) b) 85%

72% Cirrhosis
Zeuzem et al[37] (VALENCE) 2014 HCV mono-infected patients a) SOF + RBV 12 wk (n = 11) a) 27%

Randomized study b) SOF + RBV 24 wk n = 250) b) 84%
41% Treatment naïve

24% Cirrhosis

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; SOF: Sofosbuvir; DCV: Daclatasvir; LDV: Ledipasvir; PEG-IFN: Polyethylene glycol 
interferon.

Ampuero J et al . Treatment of HCV genotype 3



include the ongoing role of PEG-IFN, the addition of 
RBV and the adequate duration of the therapy[13]. 
The rapid development and use of DAAs in several 
heterogeneous studies including small number of 
patients has made robust guideline development and 
recommendation rather challenging. Thus, a meta-
analysis is needed pooling all patients to address these 
questions.

In this new era, PEG-IFN is being abandoned 
as part of standard HCV therapy because of the 

association with serious adverse effects (and the 
parenteral administration)[14]. From now on, PEG-IFN 
will not be used for genotypes 1, 2 or 4 anymore. For 
genotype 3, there are only two DAAs (SOF and DCV) 
with a significant inhibitory activity in vitro[15]. In this 
context, PEG-IFN could potentially play a role in HCV 
treatment and could be the last such indication for its 
use. We demonstrated that the addition of PEG-IFN 
to SOF + RBV 12 wk was superior to only SOF + RBV 
combination (92% vs 75%, OR = 3.51). BOSON study 
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Diagnostic OR (95%CI)
Alqahtani (2015)   4.23 (0.93-19.20)
Foster (2015) 3.77 (2.04-6.98)
Dalgard (2015)   3.10 (0.58-16.42)
Ingiliz (2015)   1.38 (0.18-10.61)

Pooled Diagnostic OR = 3.51 (2.08-5.92)
Cochran-Q  = 0.94; df  = 3 (P  = 0.8157)
Inconsistency (I 2) = 0.0%
Tau2 = 0.0000

Diagnostic OR (95%CI)
Zeuzem (2014) 14.00 (3.56-55.06)
Sulkowski (2014)   4.23 (1.79-10.01)
Foster (2015) 2.18 (1.31-3.64)
Chulanov (2015) 1.44 (0.29-7.04)

Pooled Diagnostic OR = 3.51 (1.59-7.71)
Cochran-Q  = 7.77; df  = 3 (P  = 0.0511)
Inconsistency (I 2) = 61.4%
Tau2 = 0.3718

Diagnostic OR (95%CI)
Sulkowski (2014) 0.33 (0.02-6.65)
Foster (2015) 1.75 (0.32-9.66)
Welzel (2015) 0.20 (0.01-4.64)
Hezode (2015)   2.10 (0.24-18.45)

Pooled Diagnostic OR = 1.09 (0.35-3.40)
Cochran-Q  = 2.38; df  = 3 (P  = 0.4981)
Inconsistency (I 2) = 0.0%
Tau2 = 0.0000

Diagnostic OR (95%CI)
Gane (2015)   4.19 (1.43-12.24)
Foster (2015) 1.94 (0.39-9.60)

Pooled Diagnostic OR = 3.30 (1.35-8.04)
Cochran-Q  = 0.61; df  = 1 (P  = 0.4335)
Inconsistency (I 2) = 0.0%
Tau2 = 0.0000

SOF + RBV                    SOF + RBV + PEG-IFN

SOF + RBV 12/16 wk              SOF + RBV 24 wk

SOF + DCV                      SOF + DCV + RBV

0.01                                       1                                       100.0  
                                Diagnostic OR

0.01                                       1                                       100.0  
                                Diagnostic OR

0.01                                       1                                       100.0  
                                Diagnostic OR

SOF + LDV                      SOF + LDV + RBV

0.01                                       1                                       100.0  
                                Diagnostic OR

Figure 2  Odds ratio (95%CI) and Forest plot for SVR rates.  A: SOF + RBV + PEG-IFN vs SOF + RBV combinations; B: SOF + RBV 12 wk/16 wk vs SOF + RBV 
24 wk combinations; C: SOF + RBV 12 wk/16 wk vs SOF + RBV 24 wk combinations; D: SOF + LDV vs SOF + LDV + RBV combinations.

D

C

B

A
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represents the main study evaluating this comparison, 
and it included nearly two hundred patients per 
arm[16]. Additionally, DCV has been evaluated in 
combination with PEG-IFN + RBV, although SVR rates 
were not higher than those patients treated with dual 
standard therapy (65% vs 59%)[17]. Both EASL and 
AASLD recommend SOF + RBV + PEG-IFN as a good 
alternative in non-cirrhotic and compensated-cirrhotic 
patients[18]. On the other hand, no data is available 
evaluating SOF + RBV + PEG-IFN vs SOF + DCV.

We analyzed the combination of SOF + RBV, in 
terms of duration of therapy. To date, this combination 
has been evaluated for 12, 16 and 24 wk duration. 
We compared SOF + RBV 12 wk/16 wk vs SOF + 
RBV 24 wk, and the latter achieved higher SVR rates 
(89% vs 70%, OR = 3.51). Furthermore, SOF + RBV 
12 wk (56%) was associated with poorer SVR rates 
than dual standard therapy with PEG-IFN + RBV 24 
wk (63%) in FISSION study[19], and showing similar 
results than POSITRON study (61%)[20]. Both studies 
demonstrated that SOF + RBV combination 12 wk 
was suboptimal, especially in the cirrhotic population. 
In FISSION study, a longer course of therapy (16 wk) 
with SOF + RBV showed better results than a shorter 
one (62% vs 30%)[21]. Overall SVR rates with SOF + 
RBV 12/16 wk were about 60%, which is considered 
suboptimal  in the evolving era of  hepatitis C therapy 
where response rates far below 90% are considered 
suboptimal. We included four studies that evaluated 
the course of 24 wk of SOF + RBV and noted an 
overall SVR rate around 90%. In addition, PHOTON 
study confirmed the extrapolation of these results in 
HIV-co-infected patients[22]. Taking into account all of 
these results, EASL and AASLD guidelines recommend 
extending SOF + RBV treatment to 24 wk (especially 
indicated in non-cirrhotic population).

In this meta-analysis, we demonstrated that SOF + 
LDV combination needs the addition of RBV to achieve 
optimal SVR rates in patients with genotype 3 (81% 
vs 62%, OR = 3.30). In contrast, RBV did not play any 
role in the combination of SOF + DCV because it did 
not improve SVR rates. DCV and LDV are HCV NS5A 
inhibitors[23], although DCV shows a pangenotypic 
activity[24] while LDV has a low activity in genotypes 
2 and 3[25]. Currently, SOF + DCV combination is the 
first option to treat patients with genotype 3 in EASL 
guidelines, 12 wk in non-cirrhotic and 24 wk (with 
RBV) in cirrhotic patients. This recommendation is 
mainly based on ALLY-3 study in which SOF + DCV 
12 wk achieved 97% and only 58% SVR in non-
cirrhotic and cirrhotic population respectively[26]. The 
UK Early Access Program did not show any impact 
of adding RBV to SOF + DCV 24 wk in cirrhotic 
patients (70% vs 71%)[27], as well as the European 
Compassionate Use Program in patients at high risk 
of hepatic decompensation or death within 12 mo 
(100% vs 85%, P = NS)[28]. In a relatively small study, 
ELECTRON-2 trial, SOF + LDV for 12 wk achieved 
suboptimal SVR rates while the addition of RBV 

substantially increased it (100% in non-cirrhotic naïve 
patients, and 89% in non-cirrhotic and 73% in cirrhotic 
treatment-experienced patients)[29]. However, this 
trial should be interpreted with caution because it has 
very limited data from a phase Ⅱ single-center study 
and comprising a homogenous population which could 
limit the generalizability of the results. This, together 
with the high EC50 of LDV for genotype 3[30], has lead 
EASL and AASLD to not recommend SOF + LDV±RBV 
combination for genotype 3.

Recommendations made by EASL and AASLD 
guidelines were based on few data derived from 
randomized clinical trials and, due to the rapid and 
wide use in clinical practice, modified by prospective 
national cohorts. This meta-analysis provides solid 
and robust information to address several important 
questions, regarding the treatment of HCV genotype 
3. First, combination including SOF + RBV + PEG-IFN 
shows better results than only SOF + RBV, although 
its association with adverse effects may limit the use 
(i.e., cirrhotic population). Second, longer therapies 
including SOF + RBV (24 wk) have higher SVR rates 
than shorter ones (12 or 16 wk). Therefore, SOF + 
RBV for 24 wk are ideal. Third, SOF + LDV should not 
be used in genotype 3 and, if so, necessarily with RBV. 
Lastly, SOF + DCV combination is probably the best 
option and the addition of RBV does not appear to be 
needed to increase substantially the SVR rates.
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Abstract
We report on a patient diagnosed with Peutz-
Jeghers syndrome (PJS) with synchronous rectal 
cancer who was treated with laparoscopic restorative 
proctocolectomy with ileal pouch-anal anastomosis 
(IPAA). PJS is an autosomal dominant syndrome 
characterized by multiple hamartomatous polyps 
in the gastrointestinal tract, mucocutaneous pig
mentation, and increased risks of gastrointestinal and 
nongastrointestinal cancer. This report presents a 
patient with a 20-year history of intermittent bloody 
stool, mucocutaneous pigmentation and a family 
history of PJS, which together led to a diagnosis of 
PJS. Moreover, colonoscopy and biopsy revealed the 
presence of multiple serried giant pedunculated polyps 
and rectal adenocarcinoma. Currently, few options 
exist for the therapeutic management of PJS with 
synchronous rectal cancer. For this case, we adopted 
an unconventional surgical strategy and ultimately 
performed laparoscopic restorative proctocolectomy 
with IPAA. This procedure is widely considered to 
be the first-line treatment option for patients with 
ulcerative colitis or familial adenomatous polyposis. 
However, there are no previous reports of treating PJS 
patients with laparoscopic IPAA. Since the operation, 
the patient has experienced no further episodes 
of gastrointestinal bleeding and has demonstrated 
satisfactory bowel control. Laparoscopic restorative 
proctocolectomy with IPAA may be a safe and effective 
treatment for patients with PJS with synchronous rectal 
cancer.

Key words: Peutz-Jeghers syndrome; Laparoscopy; Ileal 
pouch-anal anastomosis; Restorative proctocolectomy; 
Multiple polyps in gastrointestinal tract

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

CASE REPORT

5293 June 14, 2016|Volume 22|Issue 22|WJG|www.wjgnet.com

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i22.5293

World J Gastroenterol  2016 June 14; 22(22): 5293-5296
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.



Core tip: Few options currently exist for the the
rapeutic management of Peutz-Jeghers syndrome 
with synchronous rectal cancer. Here, we present a 
patient diagnosed with Peutz-Jeghers syndrome with 
synchronous rectal cancer treated with laparoscopic 
restorative proctocolectomy with ileal pouch-anal 
anastomosis (IPAA). The patient has experienced 
no further episodes of gastrointestinal bleeding and 
has demonstrated satisfactory bowel control. To our 
knowledge, this is the first report on laparoscopic 
restorative proctocolectomy with IPAA performed 
for the treatment of Peutz-Jeghers syndrome with 
synchronous rectal cancer.

Zhong ME, Niu BZ, Ji WY, Wu B. Laparoscopic restorative 
proctocolectomy with ileal pouch-anal anastomosis for Peutz-
Jeghers syndrome with synchronous rectal cancer. World J 
Gastroenterol 2016; 22(22): 5293-5296  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i22/5293.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i22.5293

INTRODUCTION
Peutz-Jeghers syndrome (PJS) is a rare, hereditary, 
autosomal dominant disorder characterized by multiple 
hamartomatous polyps in the gastrointestinal tract 
(mainly in the jejunoileum but also in the stomach 
and colon) and mucocutaneous pigmentation. It has 
also been reported to be associated with a high risk of 
malignancy, with a lifetime cancer risk of up to 93%, 
and it is caused by a germline mutation in the STK11 
gene[1,2]. 

Few options currently exist for the therapeutic 
management of PJS with synchronous rectal cancer. 
Surgical strategies are commonly used to treat the 
sequelae of PJS, such as small bowel intussusception 
or neoplastic lesions, which may require enterectomy. 
To date, no studies have focused on PJS patients 
treated with laparoscopic restorative proctocolectomy 
with ileal pouch-anal anastomosis (IPAA). 

Here, we present a patient diagnosed with PJS 
with synchronous rectal cancer that was treated with 
laparoscopic restorative proctocolectomy with IPAA.

CASE REPORT
A 42-year-old female patient presented with a 20-year 
history of intermittent bloody stool, poor appetite, 
abdominal pain and body-weight loss. Twenty years 
prior, she had experienced occasional abdominal pain, 
which subsided without treatment. Her family history 
confirmed that her father and children had similar 
symptoms. She had presented to our emergency 
department one month prior with acute gastrointestinal 
hemorrhaging.

Physical examination showed scattered, punctate, 
dark-blue areas of pigmentation on her lips (figure 

1) and the distal parts of her fingers. The patient was 
pale and extremely emaciated. Her body mass index 
(BMI) was 16. Rectal examination (in the knee-chest 
position) revealed the presence of a soft mass in 
the rectal lumen that was 6 cm from the anal verge, 
approximately 3 cm in diameter, located at nine o’
clock, and difficult to move. 

Laboratory tests revealed that she had iron 
deficiency anemia (69 g/L hemoglobin). Her serum 
CA125 and serum CEA levels were within the normal 
limits. A computed tomography scan of the abdomen 
and pelvis revealed the presence of multiple polyps 
in the ileum and colorectum. Colonoscopy revealed 
the presence of multiple serried giant pedunculated 
polyps, with involvement of the rectum, sigmoid 
colon, descending colon, transverse colon and part of 
the ascending colon. In addition, a large cauliflower-
like mass was identified at 7 cm from the anal verge 
(Figure 2). Biopsy of the tumor was performed, which 
revealed that the cauliflower-like mass was rectal 
adenocarcinoma (Figure 3A).

Finally, PJS with synchronous rectal adenocar
cinoma was diagnosed. Surgical intervention consisting 
of laparoscopic restorative proctocolectomy and IPAA 
with a covering ileostomy was performed. During the 
operation, the patient was noted to have areas of 
intussusception of the small bowel secondary to the 
giant polyps. Several adenomatoid polyps were found 
at locations 30, 50 and 70 cm from the Treitz ligament, 
and consequently, enterotomy and polypectomy were 
performed. 

The final pathological examination confirmed 
the diagnosis of moderately differentiated rectal 
adenocarcinoma (Figure 3B). Of the 37 lymph nodes 
examined, metastatic adenocarcinoma was detected 
in 3, and hamartomas with atypical hyperplasia 
were identified in the polyps, thereby confirming the 
diagnosis of PJS. 

The patient underwent ileostomy closure 6 mo 
later. After 14 mo of follow-up, no further episodes of 
gastrointestinal bleeding occurred. This patient has 
demonstrated satisfactory bowel control to date. Her 
Wexner incontinence score is zero, indicating that she 
has no fecal incontinence. Her defecation frequency 
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Figure 1  Scattered, punctate, dark blue macules on the mucosa of the lips.



is 1-2/d. In addition, she is very satisfied with the 
cosmetic results. 

One month ago, this patient underwent gas
troenterography, and several polyps were found in the 
small bowel. As a result, double balloon enteroscopy 
(DBE) was performed. The ileal polyps were removed 
using an endoscopic snare.

DISCUSSION
PJS is an inherited, autosomal dominant disorder 
with variable inheritance and is characterized by 
hamartomatous polyps in the gastrointestinal tract, 
mainly in the small bowel, as well as pigmented 

mucocutaneous lesions. It is also characterized by 
increased risks for gastrointestinal and nongastro
intestinal cancer. The prevalence of PJS is estimated to 
be between 1 in 50000 and 1 in 200000 individuals[2]. 

In this case, the patient had typical manifestations 
and a family history of PJS. Thus, it was not difficult 
to diagnose her. In addition, colonoscopy and biopsy 
revealed the presence of synchronous midrectal 
cancer. 

Few options currently exist for the therapeutic 
management of PJS with synchronous rectal cancer. 
Surgical strategies are commonly used to treat the 
sequelae of PJS, such as small bowel intussusception 
or neoplastic lesions. Enterotomy and polypectomy or 
limited resection is considered to be the procedures of 
choice. Polypectomy using DBE is now recommended 
for small bowel polyps[3]. DBE is well recognized 
as a new enteroscopic method that allows for the 
examination and treatment of the jejunum and ileum 
in almost all patients. However, it cannot completely 
replace the surgical treatment of malignancies. 

In the present case, we adopted an unconventional 
surgical strategy and performed laparoscopic res
torative proctocolectomy and IPAA with a covering 
ileostomy.

Laparoscopic restorative proctocolectomy with IPAA 
is generally considered to be the first-line treatment 
option for patients with ulcerative colitis or familial 
adenomatous polyposis (FAP)[4]. However, no previous 
reports have focused on treating PJS patients with 
laparoscopic IPAA.

This report describes a patient who presented with 
severe gastrointestinal hemorrhage. Multiple polyps 
were found in her gastrointestinal tract, most of which 
were located in the colorectum and not the small 
bowl. Giant pedunculated polyps covered the patient’s 
rectum, sigmoid colon, descending colon, transverse 
colon and part of the ascending colon, and surgery 
was necessary. In addition, colonoscopy and biopsy 
indicated the presence of a midrectal malignancy. Due 
to the locations of the giant polyps and the midrectal 
malignancy, restorative proctocolectomy with IPAA 
was considered. This procedure effectively minimizes 
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Figure 2  Colonoscopy revealed the presence of multiple polyps and a rectal cauliflower-like mass.

Figure 3  Biopsy revealed that the rectal mass was rectal adenocarcinoma 
(A) and postoperative pathological examination showed moderately 
differentiated rectal adenocarcinoma (B). 
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high-grade intraepithelial neoplastic changes. The final pathological examination 
confirmed the diagnosis of moderately differentiated rectal adenocarcinoma.

Treatment
The patient was treated with laparoscopic restorative proctocolectomy with ileal 
pouch-anal anastomosis (IPAA).

Experiences and lessons
The authors suggest that laparoscopic restorative proctocolectomy with IPAA 
may be a safe and effective treatment for treating patients with PJS with 
synchronous rectal cancer, with the advantage of minimal invasiveness.

Peer-review
In this manuscript, the authors reported a patient with PJS with synchronous 
rectal cancer who was treated with laparoscopic restorative proctocolectomy 
with ileal pouch-anal anastomosis. Overall, this case report is very interesting, 
and worthy to be published.
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the risk of recurrence through the maximal removal 
of the involved bowel tissue while maintaining bowel 
continence. A large, retrospective cohort study from 
the Cleveland Clinic has shown that IPAA is a relatively 
safe and effective procedure with a low perioperative 
mortality rate of 0.1%[5]. Compared to conventional 
laparotomy, laparoscopic restorative proctocolectomy 
with IPAA is associated with less blood loss, fewer 
respiratory complications, a faster return of bowel 
function and a shorter hospital stay[6,7]. In addition, 
patients are satisfied with laparoscopic surgery[5], 
which significantly improves cosmesis and quality of 
life. In this case, the patient has not suffered from 
further episodes of gastrointestinal bleeding or fecal 
incontinence since the operation, and she is satisfied 
with the cosmetic results and the therapeutic effects.

We suggest that laparoscopic restorative procto
colectomy with IPAA may be a safe and effective 
treatment for PJS with synchronous rectal cancer in 
patients similar to the one presented in this report. 
However, this procedure cannot be applied to all 
patients with PJS. Polyps in the small intestine still 
require endoscopic polypectomy or resection of the 
involved regions of the small intestine.
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Abstract
Development of portal vein tumor thrombus deterio
rates the prognosis of hepatocellular carcinoma, while 
surgical treatment can offer a promising prognosis for 
selected patients. However, the possibility of residual 
lesions in portal vein after conventional thrombectomy 
is a main risk factor leading to postoperative re
currence. Therefore, ensuring the complete removal 
of tumor thrombus during operation is critical to 
improve prognosis. For the first time, we report here 
one case of hepatocellular carcinoma with portal vein 
tumor thrombus in which cystoscope was successfully 
applied as a substitute of intravascular endoscope to 
visualize the cavity of the portal vein. The patient was 
a 61-year-old man with a 7-cm tumor in the right lobe 
of the liver, with tumor thrombus invading the right 
branch and adjacent to the conjunction of the portal 
vein. After removal of the tumor, the Olympus CYF-VA2 
cystoscope was used to check the portal vein from the 
opening stump of the right branch of the portal vein. In 
this case, residual thrombus tissue was found near the 
opening stump and the conjunction of the portal vein. 
The residual lesion was carefully retrieved from the 
stump after retraction of the cystoscope. The procedure 
was repeated until no residual lesion was found. The 
whole duration time of thrombectomy was 22.5 (15 + 
7.5) min. The patient was free from recurrence at 8 
months after the procedure. Our work indicated that 
the cystoscope is a suitable substitute, with a proper 
size and function to check the portal vein system and 
ensure the curability of thrombectomy. Although well-
designed clinic trails are still needed, this procedure 
may further improve the postoperative prognosis 
of hepatocellular carcinoma with portal vein tumor 
thrombus. 

Key words: Hepatocellular carcinoma; Portal vein 
tumor thrombus; Surgical treatment; Thrombectomy; 
Cystoscope
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the intravascular endoscope to visualize the cavity of 
the portal vein. 

CASE REPORT
This study was approved by our Institutional Review 
Board and written informed consent was obtained from 
the patient for this research. A 61-year-old man with 
hepatitis B virus infection presented to our department 
with a 7-cm HCC in the right lobe of the liver, with 
tumor thrombus that had invaded the right branch 
and was adjacent to the conjunction of the portal 
vein. Figure 1 shows a 3D reconstruction of the tumor 
and PVTT. The patient had Child-Pugh class A liver 
function and the other laboratory tests were normal. 
Intraoperative assessment confirmed the preoperative 
diagnosis. During operation, Pringle’s maneuver 
was applied distal to the PVTT to occlude the blood 
inflow using a clamp/unclamp cycle of 15 min/5 min. 
According to characteristics of the tumor and the PVTT, 
a right semi-hepatectomy was carried out with a clamp 
crushing method.

After removal of the tumor, the Olympus CYF-VA2 
cystoscope was used to check the portal vein. First, 
the streamlined tip was inserted into the opening 
stump on the right branch of the portal vein. The 
function of flush-and-suction was used to keep the 
field of view clear. In this case, scattered PVTT tissue 
was found near the opening stump. Further inspection 
revealed a residual lesion near the conjunction of the 
portal vein (Figure 2A and B). Then, the cystoscope 
was retracted from the stump and the residual PVTT 
was carefully retrieved using a clamp. After that, 
the portal vein cavity was reexamined meticulously 
from the main trunk to the left secondary branch by 
bending the flexible tip and drawing the insertion 
tube in and out. The procedure was repeated until no 
residual lesion was found (Figure 2C and D). Then, 
the stump was closed using a continuous suture. The 
whole duration time of the thrombectomy was 22.5 (15 
+ 7.5) min. The patient was discharged home without 
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Figure 1  3D reconstruction of the tumor and portal vein tumor thrombus. 
A 7-cm hepatocellular carcinoma (white arrow) was located in segments Ⅴ, Ⅵ 
and Ⅶ. The tumor thrombus (black arrow) extended into the right branch and 
was adjacent to the conjunction of the portal vein.

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Inability to ensure the curability of the 
thrombectomy has been a main obstacle to improving 
postoperative prognosis of hepatocellular carcinoma 
with portal vein tumor thrombus, especially for cases 
with invasion in the main trunk of the portal vein. 
In this report, we firstly applied the cystoscope as 
an intravascular endoscope to investigate the cavity 
of the portal vein after primary tumor removal. The 
cystoscope offered a clear view of the portal vein cavity 
from the main trunk to the secondary branch, indicating 
its suitability as a substitute with a proper size and 
function to check the portal vein system.
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INTRODUCTION
Hepatocellular carcinoma (HCC) has a propensity 
to invade the intrahepatic vasculature, especially 
the portal vein system, leading to the formation of 
portal vein tumor thrombus (PVTT). PVTT is the most 
important significant factor for a poor prognosis, 
with a median survival of only 2.7 mo if patients are 
untreated[1]. Although sorafenib was recommended 
by the Barcelona Clinic Liver Cancer (BCLC) guideline 
as the only therapy for these patients, recent studies 
have demonstrated that surgical resection may offer 
a more promising prognosis for selected HCC patients 
with PVTT[2,3].

In the surgical operation, when the PVTT and tumor 
could not be resected en-bloc, thrombectomy was 
carried out after the removal of tumor. Theoretically, 
when thrombectomy was performed, squeezing or 
fragmenting the tumor thrombus could not be avoided, 
which would increase the risk of scattering tumor 
tissue within the portal vein cavity. What’s more, there 
will be a possibility of residual PVTT tissues adhering 
to the inner wall of the portal vein even after careful 
extraction[4-6]. Those factors may lead to the early 
intrahepatic recurrence of tumor or PVTT[6]. Therefore, 
ensuring the complete removal of PVTT during 
operation is critical to improving the prognosis. With 
the development of endoscopy, it is theoretically ideal 
to achieve this goal by direct visual observation under 
intravascular endoscope. However, to the best of our 
knowledge, there is currently no angioscope specially 
designed for the portal vein system. Here, we describe 
one case of an HCC patient with PVTT in which the 
cystoscope was successfully applied as a substitute to 



complications on postoperative day 7 and was free 
from recurrence at 8 mo after the procedure when the 
last follow-up was attended.

DISCUSSION
Curative resection of tumor and complete removal of 
PVTT is essential to improve the oncological prognosis 
of HCC patients with PVTT. For PVTT confined to the 
ipsilateral branch of the portal vein, en-bloc resection 
of the ipsilateral portal vein branch containing the 
tumor thrombus has been recommended, whenever 
the liver remnant is sufficient[4,7]. However, for patients 
with PVTT extending to the main portal trunk, or 
patients with insufficient liver remnant after en-bloc 
resection, thrombectomy would be inevitably carried 
out after resection of the primary tumor. Patients who 
underwent thrombectomy have been reported to have 
a poor prognosis, with a 6-mo PVTT recurrence rate of 
63.8% and the 1-year intrahepatic recurrence rate of 
78.8%[4]. For these patients, residual or disseminated 
tumor thrombus in portal vein may be a significant risk 
factor leading to the high recurrence rate[6]. Therefore, 
it is crucial to eliminate the risk of residual thrombus 
while performing thrombectomy. Fortunately, the portal 
vein has no blood flow inside during the application 
of Pringle’s maneuver, allowing the possibility of 
endoscopic inspection. In this case, the cystoscope 
we used could view the portal vein cavity clearly from 
the main trunk to the secondary branch, indicating 
it is a suitable substitute with a proper size and 
function to check the portal vein system. Despite the 

possibility that a microscopic lesion may still exist, this 
procedure theoretically eliminated the possibility of a 
residual and scattered macroscopic tumor thrombus 
in the portal vein and further ensured curability of the 
thrombectomy. This procedure may further improve the 
postoperative prognosis of HCC with PVTT. It will also 
be worthwhile to carry out a well-designed clinical trail 
to measure the significance of intravascular endoscopy 
to prove the postoperative prognosis of HCC with PVTT.

COMMENTS
Case characteristics
A 61-year-old man presented to our department with a 7-cm hepatocellular 
carcinoma (HCC) in the right lobe of the liver, with tumor thrombus invading the 
right branch and adjacent to the conjunction of the portal vein.

Treatment
Using a cystoscope to check the portal vein cavity after removal of the tumor in 
surgical treatment of HCC with portal vein tumor thrombus (PVTT).

Term explanation 
PVTT means “portal vein tumor thrombus”.
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The cystoscope we used could view the portal vein cavity clearly from the main 
trunk to the secondary branch, indicating it is a suitable substitute with a proper 
size and function to check the portal vein system in the surgical treatment of 
HCC with PVTT.

Peer-review
This is a novel idea to ensure the curability of hepatectomy for HCC with PVTT. 
The effectiveness of the treatment will require a well-designed clinical trail to 
further confirm.
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A B
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Figure 2  Endoscopic images of portal vein before and 
after thrombectomy. A: Before thrombectomy, endoscopy 
revealed scattered tissue of tumor thrombus near the opening 
stump; B: Residual tumor thrombus was adhered to the inner 
wall of the portal vein near the conjunction; C: After repeated 
retraction of the residual tumor thrombus, endoscopy revealed 
a clean inner wall of the portal vein with no macroscopic 
thrombus remaining; D: The left secondary branch of the portal 
vein was clean with no scattered thrombus.
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