Gastroenterology

Altered endothelial

functions in IBD Dendritic
cell

Nitric
oxide +

2

o Microbial &
¥ antigens @

Altered
barrier

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




/{/ J World Journal of
Gastroenterology

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

Editorial Board

2010-2013

The World Journal of Gastroenterology Editorial Board consists of 1144 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 60 countries, including Albania (1), Argentina (8),
Australia (29), Austria (14), Belgium (12), Brazil (10), Brunei Darussalam (1), Bulgaria (2), Canada (20), Chile (3),
China (69), Colombia (1), Croatia (2), Cuba (1), Czech (4), Denmark (8), Ecuador (1), Egypt (2), Estonia (2), Finland
(8), France (24), Germany (75), Greece (14), Hungary (10), India (26), Iran (6), Ireland (7), Israel (12), Italy (101),
Japan (112), Jordan (1), Kuwait (1), Lebanon (3), Lithuania (2), Malaysia (1), Mexico (10), Moldova (1), Netherlands
(29), New Zealand (2), Norway (11), Pakistan (2), Poland (11), Portugal (4), Romania (3), Russia (1), Saudi Arabia
(3), Serbia (3), Singapore (10), South Africa (2), South Korea (32), Spain (38), Sweden (18), Switzerland (11),
Thailand (1), Trinidad and Tobago (1), Turkey (24), United Arab Emirates (2), United Kingdom (82), United States
(249), and Uruguay (1).

HONORARY EDITORS-IN-CHIEF Natalia A Osna, Omaha Ta-Sen Yeh, Taoyuan
James L Boyer, New Haven Wei Tang, Tokyo Hsu-Heng Yen, Changhua
Ke-Ji Chen, Beijing Alan BR Thomson, Edmonton Ming-Whei Yu, Taipei
Martin H Floch, New Haven Harry HX Xia, Hanover
Emmet B Keeffe, Palo Alto Jesus K Yamamoto-Furusho, Mexico MEMBERS OF THE EDITORIAL
Geng-Tao Liu, Beijing Yoshio Yamaoka, Houston BOARD
Lein-Ray Mo, Tainan
Eamonn M Quigley, Cork ASSOCIATE EDITORS-IN-CHIEF
Rafiq A Sheikh, Sacramento You-Yong Lu, Beijing - .
Nicholas J Talley, Rochester John M Luk, Singapore Albania
Ming-Lung Yu, Kaohsiung Hiroshi Shimada, Yokohama Bashkim Resuli, Tirana
PRESIDENT AND EDITOR-IN- GUEST EDITORIAL BOARD
CHIEF MEMBERS
Lian-Sheng Ma, Beijing Chien-Jen Chen, Taipei Argentina

Yang-Yuan Chen, Changhua Julio H Carri, Cérdoba
ACADEMIC EDITOR-IN-CHIEF Jen-Hwey Chiu, Taipei Eduardo de Santibafies, Buenos Aires
Tauseef Ali, Oklahoma City Seng-Kee Chuah, Kaohsiung Bernardo Frider, Buenos Aires
Mauro Bortolotti, Bologna Wan-Long Chuang, Kaohsiun Carlos J Pirola, Buenos Aires
Tarkan Karakan, Ankara Ming-Chih Hou, Taipei Bernabe Matias Quesada, Buenos Aires
Weekitt Kittisupamongkol, Bangkok Kevin Cheng-Wen Hsiao, Taipei Silvia Sookoian, Buenos Aires
Anastasios Koulaouzidis, Edinburgh Po-Shiuan Hsieh, Taipei Adriana M Torres, Rosario
Bo-Rong Pan, Xi'an Tsung-Hui Hu, Kaohsiung Maria Ines Vaccaro, Buenos Aires
Sylvia LF Pender, Southampton Wen-Hsin Huang, Taichung
Max S Petrov, Auckland Chao-Hung Hung, Kaohsiung ﬁ
George Y Wu, Farmington [-Rue Lai, Taipei

Teng-Yu Lee, Taichung Australia
STRATEGY ASSOCIATE Ching Chung Lin, Taipei Leon Anton Adams, Nedlands
EDITORS-IN-CHIEF Hui-Kang Liu, Taipei Richard Anderson, Victoria
Peter Draganov, Florida Hon-Yi Shi, Kaohsiung Minoti V Apte, New South Wales
Hugh J Freeman, Vancouver Chih-Chi Wang, Kaohsiung Andrew V Biankin, Sydney
Maria C Gutiérrez-Ruiz, Mexico Jin-Town Wang, Taipei Filip Braet, Sydney
Kazuhiro Hanazaki, Kochi Cheng-Shyong Wu, Chia-Yi Christopher Christophi, Melbourne
Akio Inui, Kagoshima Jaw-Ching Wu, Taipei Philip G Dinning, Koagarah
Kalpesh Jani, Baroda Jiunn-Jong Wu, Tainan Guy D Eslick, Sydney
Javier S Martin, Punta del Este Ming-Shiang Wu, Taipei Michael A Fink, Melbourne

(4 9

Jg.,;ﬁ:ﬂ,g@ WJG | www.wjgnet.com I January 7, 2011



(49

,gu;ﬁfe..g@ WIJG | www.wjgnet.com January 7, 2011




Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsirnki
Jukka-Pekka Mecklin, Jyvaskyla
Minna Nystrom, Helsinki

Pauli Antero Puolakkainen, Turku
Juhani Sand, Tampere

Lea Veijola, Helsinki

I I France

Claire Bonithon-Kopp, Dijon
Lionel Bueno, Toulouse

Sabine Colnot, Paris

Catherine Daniel, Lille Cedex
Alexis Desmouliere, Limoges
Thabut Dominique, Paris
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Jean Paul Galmiche, Nantes cedex
Boris Guiu, Dijon

Paul Hofman, Nice

Laurent Huwart, Paris

Juan Iovanna, Marseille
Abdel-Majid Khatib, Paris
Philippe Lehours, Bordeaux
Flavio Maina, Marseille

Patrick Marcellin, Paris

Rene Gerolami Santandera, Marseille
Annie Schmid-Alliana, Nice cedex
Alain L Servin, Chatenay-Malabry
Stephane Supiot, Nantes
Baumert F Thomas, Strasbourg
Jean-Jacques Tuech, Rouen

Frank Zerbib, Bordeaux Cedex

Erwin Biecker, Siegburg
Hubert Blum, Freiburg
Thomas Bock, Tuebingen

Dean Bogoevski, Hamburg
Elfriede Bollschweiler, Kdln
Jtrgen Borlak, Hannover
Christa Buechler, Regensburg
Jurgen Biining, Liibeck

Elke Cario, Essen

Bruno Christ, Halle/Saale
Christoph F Dietrich, Bad Mergentheim
Ulrich R Félsch, Kiel

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

Ralph Graeser, Freiburg

Axel M Gressner, Aachen

Nils Habbe, Marburg

Thilo Hackert, Heidelberg
Wolfgang Hagmann, Heidelberg
Dirk Haller, Freising

Philip D Hard, Giessen

Claus Hellerbrand, Regensburg
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin

Andrea Hille, Goettingen

Joerg C Hoffmann, Berlin
Philipe N Khalil, Munich
Andrej Khandoga, Munich
Jorg Kleeff, Munich

Ingmar Konigsrainer, Tiibingen
Peter Konturek, Erlangen

Germany

(49

Foienidenge  WIG | www.wijgnet.com

Stefan Kubicka, Hannover
Joachim Labenz, Siegen

Michael Linnebacher, Rostock
Jutta Elisabeth Liittges, Riegelsberg
Peter Malfertheiner, Magdeburg
Oliver Mann, Hamburg

Peter N Meier, Hannover

Sabine Mihm, Géttingen

Klaus Monkemidiller, Bottrop
Jonas Mudlter, Erlangen
Sebastian Mueller, Heidelberg
Robert Obermaier, Freiburg
Matthias Ocker, Erlangen
Stephan Johannes Ott, Kiel
Gustav Paumgartner, Munich
Christoph Reichel, Bad Briickenau
Markus Reiser, Bochum

Steffen Rickes, Magdeburg

Elke Roeb, Giessen

Christian Rust, Munich

Hans Scherubl, Berlin

Martin K Schilling, Homburg
Joerg F Schlaak, Essen

Rene Schmidt, Freiburg

Andreas G Schreyer, Regensburg
Karsten Schulmann, Bochum
Henning Schulze-Bergkamen, Mainz
Manfred V Singer, Mannheim
Jens Standop, Bonn

Jurgen M Stein, Frankfurt

Ulrike S Stein, Berlin

Wolfgang R Stremmel, Heidelberg
Harald F Teutsch, Ulm

Hans L Tillmann, Leipzig
Christian Trautwein, Aachen
Joerg Trojan, Frankfurt

Arndt Vogel, Hannover
Siegfried Wagner, Deggendorf
Frank Ulrich Weiss, Greifswald
Fritz von Weizsicker, Berlin
Thomas Wex, Magdeburg

Stefan Wirth, Wuppertal

Marty Zdichavsky, Tiibingen

. I
. _
Greece

Helen Christopoulou-Aletra, Thessaloniki
T Choli-Papadopoulou, Thessaloniki
Tsianos Epameinondas, loannina
Toannis Kanellos, Thessaloniki

Elias A Kouroumalis, Heraklion

Toannis E Koutroubakis, Heraklion
Michael Koutsilieris, Athens

Andreas Larentzakis, Athens

Emanuel K Manesis, Athens

Spilios Manolakopoulos, Athens
Konstantinos Mimidis, Alexandroupolis
George Papatheodoridis, Athens

Spiros Sgouros, Athens

Evangelos Tsiambas, Ag Paraskevi Attiki

[ ]
N Hungary

Gyorgy M Buzas, Budapest
Laszl6 Czako, Szeged
Gyula Farkas, Szeged
Peter Hegyi, Szeged

Peter L Lakatos, Budapest

1

Yvette Mandi, Szeged
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest

I 1ndia

Philip Abraham, Mumbai

Vineet Ahuja, New Delhi

Giriraj Ratan Chandak, Hyderabad
Devinder Kumar Dhawan, Chandigarh
Radha K Dhiman, Chandigarh
Pankaj Garg, Panchkula

Pramod Kumar Garg, New Delhi
Debidas Ghosh, Midnpore

Uday C Ghoshal, Lucknow
Bhupendra Kumar Jain, Delhi
Ashok Kumar, Lucknow

Bikash Medhi, Chandigarh

Sri P Misra, Allahabad

Gopal Nath, Varanasi

Samiran Nundy, New Delhi
Jagannath Palepu, Mumbai
Vandana Panda, Mumbai
Benjamin Perakath, Tamil Nadu
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Barjesh Chander Sharma, New Delhi
Virendra Singh, Chandigarh
Rupjyoti Talukdar, Guwahati
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh

Mohammad Abdollahi, Tehran
Peyman Adibi, Isfahan
Seyed-Moayed Alavian, Tehran
Seyed Mohsen Dehghani, Shiraz
Reza Malekzadeh, Tehran
Alireza Mani, Tehran

I Ireland

Billy Bourke, Dublin

Ted Dinan, Cork
Catherine Greene, Dublin
Ross McManus, Dublin
Anthony P Moran, Galway
Marion Rowland, Dublin

s Israel

Simon Bar-Meir, Hashomer
Alexander Becker, Afula
Abraham R Eliakim, Haifa
Sigal Fishman, Tel Aviv
Boris Kirshtein, Beer Sheva
Eli Magen, Ashdod
Menachem Moshkowitz, Tel-Aviv
Assy Nimer, Safed

Shmuel Odes, Beer Sheva
Mark Pines, Bet Dagan
Ron Shaoul, Haifa

Ami D Sperber, Beer-Sheva

January 7, 2011



I I Italy

Donato F Altomare, Bari
Piero Amodio, Padova

Angelo Andriulli, San Giovanni Rotondo

Paolo Angeli, Padova

Bruno Annibale, Rome

Paolo Aurello, Rome
Salvatore Auricchio, Naples
Antonio Basoli, Rome
Claudio Bassi, Verona
Gabrio Bassotti, Perugia
Mauro Bernardi, Bologna
Alberto Biondi, Rome

Luigi Bonavina, Milano
Guglielmo Borgia, Naples
Roberto Berni Canani, Naples
Maria Gabriella Caruso, Bari
Fausto Catena, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome

Dario Conte, Milano
Francesco Costa, Pisa
Antonio Craxi, Palermo
Salvatore Cucchiara, Rome
Giuseppe Curro, Messina
Mario M D’Elios, Florence
Mirko D’Onofrio, Verona
Silvio Danese, Milano
Roberto de Franchis, Milano
Paola De Nardi, Milan
Giovanni D De Palma, Naples
Giuliana Decorti, Trieste
Gianlorenzo Dionigi, Varese
Massimo Falconi, Verona
Silvia Fargion, Milan
Giammarco Fava, Ancona
Francesco Feo, Sassari
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Mirella Fraquelli, Milan
Luca Frulloni, Verona
Giovanni B Gaeta, Napoli
Antonio Gasbarrini, Rome
Edoardo G Giannini, Genoa
Alessandro Granito, Bologna
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Achille Iolascon, Naples
Angelo A Izzo, Naples

Ezio Laconi, Cagliari
Giovanni Latella, L’Aquila
Massimo Levrero, Rome
Francesco Luzza, Catanzaro
Lucia Malaguarnera, Catania
Francesco Manguso, Napoli
Pier Mannuccio Mannucci, Milan
Giancarlo Mansueto, Verona
Giulio Marchesini, Bologna
Mara Massimi, Coppito
Giovanni Milito, Rome
Giuseppe Montalto, Palermo
Giovanni Monteleone, Rome
Luca Morelli, Trento
Giovanni Musso, Torino
Mario Nano, Torino

Gerardo Nardone, Napoli
Riccardo Nascimbeni, Brescia
Valerio Nobili, Rome

Fabio Pace, Milan

Nadia Peparini, Rome

(4 9

Jg‘,.-:ﬁ:e,,g@ WJG | www.wjgnet.com

Marcello Persico, Naples
Mario Pescatori, Rome
Raffaele Pezzilli, Bologna
Alberto Piperno, Monza
Anna C Piscaglia, Rome
Piero Portincasa, Bari
Michele Reni, Milan

Vittorio Ricci, Pavia

Oliviero Riggio, Rome

Mario Rizzetto, Torino
Ballarin Roberto, Modena
Gerardo Rosati, Potenza
Franco Roviello, Siena
Cesare Ruffolo, Treviso
Massimo Rugge, Padova
Marco Scarpa, Padova

C armelo Scarpignato, Parma
Giuseppe Sica, Rome

Marco Silano, Rome
Pierpaolo Sileri, Rome
Vincenzo Stanghellini, Bologna
Fiorucci Stefano, Perugia
Giovanni Tarantino, Naples
Alberto Tommasini, Trieste
Guido Torzilli, Rozzano Milan
Cesare Tosetti, Porretta Terme
Antonello Trecca, Rome
Vincenzo Villanacci, Brescia
Lucia Ricci Vitiani, Rome
Marco Vivarelli, Bologna

Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Masahiro Arai, Tokyo
Hitoshi Asakura, Tokyo
Kazuo Chijiiwa, Miyazaki
Yuichiro Eguchi, Saga
Itaru Endo, Yokohama
Munechika Enjoji, Fukuoka
Yasuhiro Fujino, Akashi
Mitsuhiro Fujishiro, Tokyo
Kouhei Fukushima, Sendai
Masanori Hatakeyama, Tokyo
Keiji Hirata, Kitakyushu
Toru Hiyama, Higashihiroshima
Masahiro lizuka, Akita
Susumu Ikehara, Osaka
Kenichi Ikejima, Bunkyo-ku
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki
Shunyji Ishihara, Izumo
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Hajime Isomoto, Nagasaki
Yoshiaki Iwasaki, Okayama
Satoru Kakizaki, Gunma
Terumi Kamisawa, Tokyo
Mototsugu Kato, Sapporo
Naoya Kato, Tokyo
Takumi Kawaguchi, Kurume
Yohei Kida, Kainan

Shogo Kikuchi, Aichi
Tsuneo Kitamura, Chiba
Takashi Kobayashi, Tokyo
Yasuhiro Koga, Isehara
Takashi Kojima, Sapporo
Norihiro Kokudo, Tokyo
Masatoshi Kudo, Osaka
Shin Maeda, Tokyo

Japan

v

Satoshi Mamori, Hyogo
Atsushi Masamune, Sendai
Yasushi Matsuzaki, Tsukuba
Kenji Miki, Tokyo

Toshihiro Mitaka, Sapporo
Hiroto Miwa, Hyogo

Kotaro Miyake, Tokushima
Manabu Morimoto, Yokohama
Yoshiharu Motoo, Kanazawa
Yoshiaki Murakami, Hiroshima
Yoshiki Murakami, Kyoto
Kunihiko Murase, Tusima
Akihito Nagahara, Tokyo
Yuji Naito, Kyoto

Atsushi Nakajima, Yokohama
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Akimasa Nakao, Nagogya
Shuhei Nishiguchi, Hyogo
Mikio Nishioka, Niihama
Keiji Ogura, Tokyo

Susumu Ohmada, Maebashi
Hirohide Ohnishi, Akita
Kenji Okajima, Nagoya
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo

Naoaki Sakata, Sendai
Yasushi Sano, Chiba
Tokihiko Sawada, Tochigi
Tomohiko Shimatan, Hiroshima
Yukihiro Shimizu, Kyoto
Shinji Shimoda, Fukuoka
Yoshio Shirai, Niigata
Masayuki Sho, Nara
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Yoshihisa Takahashi, Tokyo
Toshinari Takamura, Kanazawa
Hiroaki Takeuchi, Kochi
Yoshitaka Takuma, Okayama
Akihiro Tamori, Osaka
Atsushi Tanaka, Tokyo

Shinji Tanaka, Hiroshima
Satoshi Tanno, Hokkaido
Shinji Togo, Yokohama
Hitoshi Tsuda, Tokyo
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Yoshiyuki Ueno, Sendai
Mitsuyoshi Urashima, Tokyo
Takuya Watanabe, Niigata
Satoshi Yamagiwa, Niigata
Taketo Yamaguchi, Chiba
Mitsunori Yamakawa, Yamagata
Takayuki Yamamoto, Yokkaichi
Yutaka Yata, Maebashi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Yuichi Yoshida, Osaka
Kentaro Yoshika, Toyoake
Hitoshi Yoshiji, Nara

Katsutoshi Yoshizato, Higashihiroshima

Tomoharu Yoshizumi, Fukuoka

= Jordan

Ismail Matalka, Irbid

January 7, 2011



(49

,gu;ﬁ::..g@ WIJG | www.wjgnet.com January 7, 2011




A
JBaishideng®

Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona

Belén Beltran, Valencia

Adolfo Benages, Valencia

Josep M Bordas, Barcelona

Lisardo Bosca, Madrid

Luis Bujanda, San Sebastidn

Juli Busquets, Barcelona

Matilde Bustos, Pamplona

José Julian calvo Andrés, Salamanca
Andres Cardenas, Barcelona

Antoni Castells, Barcelona
Fernando ] Corrales, Pamplona

J E Dominguez-Mufioz, Santiago de Conpostela
Juan Carlos Laguna Egea, Barcelona
Isabel Fabregat, Barcelona

Antoni Farré, Barcelona

Vicente Felipo, Valencia

Laureano Fernandez-Cruz, Barcelona
Luis Grande, Barcelona

Angel Lanas, Zaragoza
Juan-Ramoén Larrubia, Guadalajara
Maria IT Lépez, Jaén

Juan Macias, Seville

Javier Martin, Granada

José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid

Mireia Miquel, Sabadell

Albert Parés, Barcelona

Jestis M Prieto, Pamplona

Pedro L Majano Rodriguez, Madrid
Joan Rosell6-Catafau, Barcelona
Eva Vaquero, Barcelona

H N
- - Sweden

Lars Erik Agréus, Stockholm

Mats Andersson, Stockholm
Roland Andersson, Lund

Mauro D’ Amato, Huddinge
Evangelos Kalaitzakis, Gothenburg
Greger Lindberg, Stockholm
Annika Lindblom, Stockholm

Sara Lindén, Goteborg
Hanns-Ulrich Marschall, Stockholm
Par Erik Myrelid, Linkdping

Ake Nilsson, Lund

Helena Nordenstedt, Stockholm
Kjell Oberg, Uppsala

Lars A Pahlman, Uppsala

Stefan G Pierzynowski, Lund

Sara Regnér, Malmd

Bobby Tingstedt, Lund

Zongli Zheng, Stockholm

ﬂ Switzerland

Pascal Bucher, Geneva
Michelangelo Foti, Geneva
Jean L Frossard, Geneva
Andreas Geier, Ziirich
Pascal Gervaz, Geneva

Gerd A Kullak-Ublick, Ziirich
Fabrizio Montecucco, Geneva
Paul M Schneider, Ziirich
Felix Stickel, Berne

Bruno Stieger, Ziirich

Inti Zlobec, Basel

(4 9

WJG | www.wjgnet.com

k\l Trinidad and Tobago

Shivananda Nayak, Mount Hope

Turkey

Sinan Akay, Tekirdag

Metin Basaranoglu, Istanbul
Yusuf Bayraktar, Ankara

A Mithat Bozdayi, Ankara
Hayrullah Derici, Balikesir
Eren Ersoy, Ankara
Mukaddes Esrefoglu, Malatya
Can Goen, Kutahya

Selin Kapan, Istanbul

Aydin Karabacakoglu, Konya
Cuneyt Kayaalp, Malatya
Kemal Kismet, Ankara
Seyfettin Koklii, Ankara
Mehmet Refik Mas, Etlik-Ankara
Osman C Ozdogan, Istanbul
Biilent Salman, Ankara
Orhan Sezgin, Mersin

Ilker Tasci, Ankara

Miige Tecder-Unal, Ankara
Ahmet Tekin, Mersin

Mesut Tez, Ankara

Ekmel Tezel, Ankara

Ozlem Yilmaz, Izmir

B united Arab Emirates

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

NN\ 7
V/A ﬂ United Kingdom

Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Mohamed H Ahmed, Southampton
Basil Ammori, Salford

Lesley A Anderson, Belfast
Chin Wee Ang, Liverpool

Yeng S Ang, Wigan

Anthony TR Axon, Leeds
Kathleen B Bamford, London
Jim D Bell, London

John Beynon, Swansea

Chris Briggs, Sheffield

Geoffrey Burnstock, London
Alastair D Burt, Newcastle

Jeff Butterworth, Shrewsbury
Jeremy FL Cobbold, London
Jean E Crabtree, Leeds

Tatjana Crnogorac-Jurcevic, London
William Dickey, Londonderry
Sunil Dolwani, Cardiff

Emad M El-Omar, Aberdeen

A M El-Tawil, Birmingham
Charles B Ferguson, Belfast
Andrew Fowell, Southampton
Piers Gatenby, London

Daniel R Gaya, Edinburgh

Anil George, London

Rob Glynne-Jones, Northwood
Jason CB Goh, Birmingham
Gianpiero Gravante, Leicester

VI

Brian Green, Belfast

William Greenhalf, Liverpool
Indra N Guha, Nottingham

Stefan G Hiibscher, Birmingham
Robin Hughes, London

Pali Hungin, Stockton

Nawfal Hussein, Nottingham
Clement W Imrie, Glasgow

Janusz AZ Jankowski, Oxford
Sharad Karandikar, Birmingham
Peter Karayiannis, London

Shahid A Khan, London

Patricia F Lalor, Birmingham

John S Leeds, Sheffield

Ian Lindsey, Oxford

Hong-Xiang Liu, Cambridge
Dileep N Lobo, Nottingham
Graham MacKay, Glasgow

Mark Edward McAlindon, Sheffield
Anne McCune, Bristol

Donald Campbell McMillan, Glasgow
Giorgina Mieli-Vergani, London
Jamie Murphy, London

Guy Fairbairn Nash, Poole

James Neuberger, Birmingham
Patrick O'Dwyer, Glasgow
Christos Paraskeva, Bristol
Richard Parker, North Staffordshire
Thamara Perera, Birmingham
Kondragunta Rajendra Prasad, Leeds
D Mark Pritchard, Liverpool
Alberto Quaglia, London

Akhilesh B Reddy, Cambridge
Kevin Robertson, Glasgow
Sanchoy Sarkar, Liverpool

John B Schofield, Kent

Marco Senzolo, Padova

Venkatesh Shanmugam, Derby
Paul Sharp, London

Chew Thean Soon, Manchester
Aravind Suppiah, East Yorkshire
Noriko Suzuki, Middlesex

Simon D Taylor-Robinson, London
Frank I Tovey, London

A McCulloch Veitch, Wolverhampton
Vamsi R Velchuru, Lowestoft
Sumita Verma, Brighton
Catherine Walter, Cheltenham
Julian RF Walters, London

Roger Williams, London

United States

Kareem M Abu-Elmagd, Pittsburgh
Sami R Achem, Florida

Golo Ahlenstiel, Bethesda
Bhupinder S Anand, Houston

M Ananthanarayanan, New York
Balamurugan N Appakalal, Minneapolis
Dimitrios V Avgerinos, New York
Shashi Bala, Worcester

Anthony ] Bauer, Pittsburgh

Kevin E Behrns, Gainesville
Roberto Bergamaschi, New York
Henry ] Binder, New Haven
Edmund ] Bini, New York

Wojciech Blonski, Philadelphia
Mark Bloomston, Columbus
Edward L Bradley III, Sarasota
Carla W Brady, Durham

January 7, 2011



A
JBaishideng®

David A Brenner, San Diego
Adeel A Butt, Pittsburgh
Shi-Ying Cai, New Haven

Justin MM Cates, Nashville
Eugene P Ceppa, Durham
Jianyuan Chai, Long Beach
Ronald S Chamberlain, Livingston
Fei Chen, Morgantown
Xian-Ming Chen, Omaha
Ramsey Chi-man Cheung, Palo Alto
Denesh Chitkara, East Brunswick
Clifford S Cho, Madison

Parimal Chowdhury, Arkansas
John David Christein, Birmingham
Thomas Clancy, Boston

Ana ] Coito, Los Angeles

Ricardo Alberto Cruciani, New York
Joseph ] Cullen, Iowa City
Mark ] Czaja, New York

Mariana D Dabeva, Bronx
Jessica A Davila, Houston

Conor P Delaney, Cleveland
Laurie DeLeve, Los Angeles
Anthony ] Demetris, Pittsburgh
Sharon DeMorrow, Temple

Bijan Eghtesad, Cleveland
Yoram Elitsur, Huntington
Mohamad A Eloubeidi, Alabama
Wael El-Rifai, Nashville

Sukru H Emre, New Haven
Giamila Fantuzzi, Chicago
Ashkan Farhadi, [rvine

Ronnie Fass, Tucson

Martin E Ferndndez-Zapico, Rochester
Alessandro Fichera, Chicago
Josef E Fischer, Boston

Piero Marco Fisichella, Maywood
Fritz Francois, New York

Glenn T Furuta, Aurora

T Clark Gamblin, Pittsburgh
Henning Gerke, lowa City
Jean-Francois Geschwind, Baltimore
R Mark Ghobrial, Texas

John F Gibbs, Buffalo

Shannon S Glaser, Temple

Ajay Goel, Dallas

Jon C Gould, Madison

Eileen F Grady, San Francisco
James H Grendell, New York
John R Grider, Richmond

Anna S Gukovskaya, Los Angeles
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Hai-Yong Han, Phoenix
Yuan-Ping Han, Los Angeles
Imran Hassan, Springfield
Charles P Heise, Madison

Lisa ] Herrinton, Oakland

Oscar Joe Hines, Los Angeles
Samuel B Ho, San Diego

Steven Hochwald, Gainesville
Richard Hu, Los Angeles

Eric S Hungness, Chicago

Jamal A Ibdah, Columbia

Atif Igbal, Omaha

Hartmut Jaeschke, Tucson
Donald M Jensen, Chicago
Robert Jensen, Bethesda

Leonard R Johnson, Memphis
Andreas M Kaiser, Los Angeles
JingXuan Kang, Charlestown
John'Y Kao, Michigan

Randeep Singh Kashyap, New York
Rashmi Kaul, Tulsa

(4 9

WJG | www.wjgnet.com

Jonathan D Kaunitz, Los Angeles
Stephen M Kavic, Baltimore

Ali Keshavarzian, Chicago

Amir Magbul Khan, Marshall
Kusum K Kharbanda, Omaha
Chang Kim, West Lafayette

Dean Y Kim, Detroit

Miran Kim, Providence

Burton I Korelitz, New York

Josh Korzenik, Boston

Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Shiu-Ming Kuo, Buffalo

Michelle Lai, Boston

Michael Leitman, New York
Dong-Hui Li, Houston

Ming Li, New Orleans

Zhiping Li, Baltimore

Gary R Lichtenstein, Philadelphia
Chen Liu, Gainesville

Zhang-Xu Liu, Los Angeles
Craig D Logsdon, Houston

Kaye M Reid Lombardo, Rochester
Michael R Lucey, Madison

Kirk Ludwig, Wisconsin

James D Luketich, Pittsburgh
Patrick M Lynch, Houston

John S Macdonald, New York
Willis C Maddrey, Dallas
Mercedes Susan Mandell, Aurora
Christopher Mantyh, Durham
Wendy M Mars, Pittsburgh

John Marshall, Columbia

Robert CG Martin, Louisville
Laura E Matarese, Pittsburgh
Craig ] McClain, Louisville
Lynne V McFarland, Washington
David ] McGee, Shreveport
Valentina Medici, Sacramento
Stephan Menne, New York
Didier Merlin, Atlanta

George Michalopoulos, Pittsburgh
James M Millis, Chicago

Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Huanbiao Mo, Denton

Robert C Moesinger, Ogden
Smruti R Mohanty, Chicago
John Morton, Stanford

Peter L Moses, Burlington
Sandeep Mukherjee, Omaha
Million Mulugeta, Los Angeles
Michel M Murr, Tampa

Pete Muscarella, Columbus

Ece A Mutlu, Chicago

Masaki Nagaya, Boston

Laura E Nagy, Cleveland

Aejaz Nasir, Tampa
Udayakumar Navaneethan, Cincinnati
Stephen JD O’Keefe, Pittsburgh
Robert D Odze, Boston
Giuseppe Orlando, Winston Salem
Pal Pacher, Rockuville

Georgios Papachristou, Pittsburgh
Jong Park, Tampa

William R Parker, Durham
Mansour A Parsi, Cleveland
Marco Giuseppe Patti, Chicago
Zhiheng Pei, New York

CS Pitchumoni, New Brunswiuc
Parviz M Pour, Omaha

Xiaofa Qin, Newark

Florencia Georgina Que, Rochester
Massimo Raimondo, Jacksonville

VII

Raymund R Razonable, Minnesota
Kevin Michael Reavis, Orange
Robert V Rege, Dallas

Douglas K Rex, Indianapolis
Victor E Reyes, Galveston

Basil Rigas, New York

Richard A Rippe, Chapel Hill
Alexander S Rosemurgy, Tampa
Philip Rosenthal, San Francisco
Raul ] Rosenthal, Weston

Joel H Rubenstein, Ann Arbor
Shawn D Safford, Norfolk

Rabih M Salloum, Rochester
Bruce E Sands, Boston

Tor C Savidge, Galveston
Michael L Schilsky, New Haven
Beat Schniiriger, California
Robert E Schoen, Pittsburgh
Matthew James Schuchert, Pittsburgh
Ekihiro Seki, La Jolla

Le Shen, Chicago

Perry Shen, Winston-Salem
Stuart Sherman, Indianapolis
Mitchell L Shiffman, Richmond
Shivendra Shukla, Columbia
Bronislaw L Slomiany, Newark
Scott Steele, Fort Lewis

Branko Stefanovic, Tallahassee
Lygia Stewart, San Francisco
Luca Stocchi, Cleveland

Daniel S Straus, Riverside
Robert Todd Striker, Madison
Jonathan Strosberg, Tampa
Christina Surawicz, Seattle
Patricia Sylla, Boston

Wing-Kin Syn, Durham

Yvette Taché, Los Angeles
Kazuaki Takabe, Richmond
Kam-Meng Tchou-Wong, New York
Klaus Thaler, Columbia

Charles Thomas, Oregon
Natalie | Torok, Sacramento
George Triadafilopoulos, Stanford
Chung-Jyi Tsai, Lexington
Thérese Tuohy, Salt Lake City
Andrew Ukleja, Florida

Santhi Swaroop Vege, Rochester
Aaron Vinik, Norfolk

Dinesh Vyas, Washington
Arnold Wald, Wisconsin

Scott A Waldman, Philadelphia
Jack R Wands, Providence
Jiping Wang, Boston

Irving Waxman, Chicago
Wilfred M Weinstein, Los Angeles
Steven D Wexner, Weston

John W Wiley, Ann Arbor
Jackie Wood, Ohio

Jian Wu, Sacramento

Wen Xie, Pittsburgh

Guang-Yin Xu, Galveston

Fang Yan, Nashville

Radha Krishna Yellapu, New York
Anthony T Yeung, Philadelphia
Zobair M Younossi, Virginia
Liging Yu, Winston-Salem

Run Yu, Los Angeles

Ruben Zamora, Pittsburgh
Michael E Zenilman, New York
Mark A Zern, Sacramento

Lin Zhang, Pittsburgh

Martin D Zielinski, Rochester
Michael A Zimmerman, Colorado

January 7, 2011



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 17 Number 5 February 7, 2011
EDITORIAL 545 What's hot in inflammatory bowel disease in 2011?

Danese S
TOPIC HIGHLIGHT 547 Recent advances in cytokines: Therapeutic implications for inflammatory

bowel diseases

Bouguen G, Chevaux JB, Peyrin-Biroulet L

557 Intestinal microbiota in inflammatory bowel disease: Friend of foe?

Fava F, Danese S

567 Defensins couple dysbiosis to primary immunodeficiency in Crohn’s disease

Chamaillard M, Dessein R

572 Extraluminal factors contributing to inflammatory bowel disease

Batra A, Stroh T, Siegmund B

578 Role of the endothelium in inflammatory bowel diseases

Cromer WE, Mathis JM, Granger DN, Chaitanya GV, Alexander JS

594 Haemostatic system in inflammatory bowel diseases: New players in gut
inflammation

Scaldaferri F, Lancellotti S, Pizzoferrato M, De Cristofaro R

ORIGINAL ARTICLE 609 Bacteriocinogeny in experimental pigs treated with indomethacin and
Escherichia coli Nissle
Bures J, Smajs D, Kvetina J, Forstl M, Smarda J, Kohoutova D, Kunes M, Cyrany J,

Tacheci I, Rejchrt S, Lesna J, Vorisek V, Kopacova M

618 Analysis of the urinary peptidome associated with Helicobacter pylori
infection

Xiao D, Meng FL, He LH, Gu YX, Zhang JZ

(49

T

Boishidenge ~ W]G | www.wjgnet.com 1 February 7, 2011 | Volume 17 | Issue 5 |



World Journal of Gastroenterology

SelilEi Volume 17 Number 5 February 7, 2011

625 Influence of CXCR4/SDF-1 axis on E-cadherin/B-catenin complex expression
in HT29 colon cancer cells

Wang L, Li CL, Wang L, Yu WB, Yin HP, Zhang GY, Zhang LF, Li S, Hu SY

BRIEF ARTICLE 633 Natural history of cytomegalovirus infection in a series of patients diagnosed
with moderate-severe ulcerative colitis

Criscuoli V, Rizzuto MR, Montalbano L, Gallo E, Cottone M

639 Natural history of heartburn: A 10-year population-based study

Olafsdottir LB, Gudjonsson H, Jonsdottir HH, Thjodleifsson B

646 Percutaneous aspiration and drainage with adjuvant medical therapy for
treatment of hepatic hydatid cysts

Yasawy M1, Mohammed AE, Bassam S, Karawi MA, Sharig S

651 A population-based case-crossover study of polyethylene glycol use and
acute renal failure risk in the elderly

Choi NK, Chang Y, Jung SY, Choi YK, Lee J, Lee JH, Kim JY, Park BJ

657 Effects of intestinal mucosal blood flow and motility on intestinal mucosa

Wang YB, Liu J, Yang ZX

662 Suspended moxibustion relieves chronic visceral hyperalgesia and decreases
hypothalamic corticotropin-releasing hormone levels

Zhou EH, Wang XM, Ding GH, Wu HG, Qi L, Liu HR, Zhang SJ

666 Narrow-band imaging endoscopy with and without magnification in diagnosis
of colorectal neoplasia

Zhou QJ, Yang JM, Fei BY, Xu OS, Wu WQ, Ruan HJ

671 Fast-track rehabilitation program vs conventional care after colorectal
resection: A randomized clinical trial

Wang G, Jiang ZW, Xu J, Gong JE, Bao Y, Xie LF, Li JS

CASE REPORT 677  In-vivo characterization of DALM in ulcerative colitis with high-resolution
probe-based confocal laser endomicroscopy

De Palma GD, Staibano S, Siciliano S, Maione F, Siano M, Esposito D, Persico G

(49

3.,;:;::..9@ WJG | www.wjgnet.com I February 7, 2011 | Volume 17 | Issue 5 |



Contents

World Journal of Gastroenterology

Volume 17 Number 5 February 7, 2011

ACKNOWLEDGMENTS I

Acknowledgments to reviewers of World Journal of Gastroenterology

APPENDIX I Meetings
I-VI  Instructions to authors
ABOUT COVER Cromer WE, Mathis JM, Granger DN, Chaitanya GV, Alexander JS.
Role of the endothelium in inflammatory bowel diseases.
World J Gastroentero/ 2011; 17(5): 578-596
http://www.wjgnet.com/1007-9327/full/v17/i5/578.htm
World Journal of Gastroenterology (World | Gastroenterol, W]G, print ISSN 1007-9327, DOI:
AIM AND SCOPE 10.3748) is a weekly, open-access, peer-reviewed journal supported by an editorial board of
1144 experts in gastroenterology and hepatology from 60 countries.

The major task of WJG is to report rapidly the most recent results in basic and clinical
research on esophageal, gastrointestinal, liver, pancreas and biliary tract diseases, Helicobacter
pylori, endoscopy and gastrointestinal surgery, including: gastroesophageal reflux disease,
gastrointestinal bleeding, infection and tumors; gastric and duodenal disorders; intestinal
inflammation, microflora and immunity; celiac disease, dyspepsia and nutrition; viral hepatitis,
portal hypertension, liver fibrosis, liver cirrhosis, liver transplantation, and metabolic liver
disease; molecular and cell biology; geriatric and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

FLYLEAF I-VII  Editorial Board
EDITORS FOR Responsible Assistant Editor: Xiao-Fang Lin Responsible Science Editor: I/ X«

Responsible Electronic Editor: Wer-Hua Ma
Proofing Editor-in-Chief: Lian-Sheng Ma

THIS ISSUE

Proofing Editorial Office Director: Jian-Xia Cheng

NAME OF JOURNAL
World Journal of Gastroenterology

LAUNCH DATE
October 1, 1995

RESPONSIBLE INSTITUTION
Department of Science and Technology of Shanxi
Province

SPONSOR

Taiyuan Research and Treatment Center for Digestive
Diseases, 77 Shuangta Xijie, Taiyuan 030001, Shanxi
Province, China

EDITING

Editorial Board of World Journal of Gastroenterology,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-5908-0039

Fax: +86-10-8538-1893

E-mail: wjg@wjgnet.com

http:/ /www.wjgnet.com

PUBLISHING

Baishideng Publishing Group Co., Limited,
Room 1701, 17/F, Henan Building,

No0.90 Jaffe Road, Wanchai, Hong Kong, China
Fax: +852-3115-8812

Telephone: +852-5804-2046

E-mail: baishideng@wjgnet.com
http://www.wignet.com

SUBSCRIPTION

Beijing Baishideng BioMed Scientific Co., Ltd.,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-8538-1892

Fax: +86-10-8538-1893

E-mail: baishideng@wignet.com

http:/ /www.wignet.com

PRINT SUBSCRIPTION
RMB 245 Yuan for each issue, RMB 11760 Yuan for
one year.

ONLINE SUBSCRIPTION
One-Year Price 864.00 USD

PUBLICATION DATE
February 7, 2011

CSSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (onlinc)

HONORARY EDITORS-IN-CHIEF
James L. Boyer, New Haven
Ke-Ji Chen, Bejjing

Martin H Floch, New Haven
Geng-Tao Liu, Bezjing
Emmet B Keeffe, Palo Alto
Lein-Ray Mo, Tainan
Eamonn M Quigley, Cork
Rafiq A Sheikh, Sacramento
Nicholas ] Talley, Rochester
Ming-TLung Yu, Kaohsinng

PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Bejjing

ACADEMIC EDITOR-IN-CHIEF
Tauseef Ali, Oklahoma

Mauro Bortolotti, Bologna

Tarkan Karakan, Ankara

Weekitt Kittisupamongkol, Bangkok
Anastasios Koulaouzidis, Edinburgh
Gerd A Kullak-Ublick, Ziirich
Bo-Rong Pan, Xi'an

Sylvia LF Pender, Southanpton

Max S Petrov, Auckland

George Y Wu, Farmington

STRATEGY ASSOCIATE EDITORS-IN-CHIEF
Peter Draganov, Florida

Hugh J Freeman, Iancouver

Maria Concepcion Gutiérrez-Ruiz, México
Kazuhiro Hanazaki, Kochi

Akio Inui, Kagoshima

Kalpesh Jani, Baroda

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

Wei Tang, Tokyo

Alan BR Thomson, Edmonton
Harry HX Xia, Hanover

ASSOCIATE EDITORS-IN-CHIEF
You-Yong Lu, Bejjing

John M Luk, Pokfilam

Hiroshi Shimada, Yokobama

EDITORIAL OFFICE

Jian-Xia Cheng, Director

World Journal of Gastroenterology

Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-5908-0039

Fax: +86-10-8538-1893

E-mail: wjg@wignet.com

http:/ /www.wignet.com

COPYRIGHT

© 2011 Baishideng, All rights reserved; no part of
this publication may be reproduced, stored in a re-
trieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, record-
ing, or otherwise without the prior permission of
Baishideng. Authors are required to grant Warld Journal
of Gastroenterolggy an exclusive license to publish.

SPECIAL STATEMENT

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

INSTRUCTIONS TO AUTHORS

Full instructions are available online at http://www.
wignet.com/1007-9327/g_info_20100315215714.htm.
If you do not have web access please contact the
editorial office.

ONLINE SUBMISSION
http:/ /www.wignet.com/1007-9327office

(49

Boiovideng>  WJG | www.wijgnet.com

1T

February 7, 2011 | Volume 17 | Issue 5 |




W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 / wjg.v17.i5.545

World ] Gastroenterol 2011 February 7; 17(5): 545-546
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2011 Baishideng. All rights reserved.

EDITORIAL

What's hot in inflammatory bowel disease in 2011?

Silvio Danese

Silvio Danese, IBD Center, Division of Gastroenterology,
IRCCS Istituto Clinico Humanitas, Via Manzoni 56, 20089, Ro-
zzano, Milan, Italy

Author contributions: Danese S contributed all to the paper.
Correspondence to: Dr. Silvio Danese, MD, PhD, IBD Cen-
ter, Division of Gastroenterology, IRCCS Istituto Clinico Hu-
manitas, Via Manzoni 56, 20089, Rozzano, Milan,

Italy. sdanese@hotmail.com

Telephone: +39-2-82244771 Fax: +39-2-82244590
Received: January 4, 2011  Revised: January 18, 2011
Accepted: January 25, 2011

Published online: February 7, 2011

Abstract

Ulcerative colitis and Crohn’s disease (CD) are the two
major forms of inflammatory bowel disease (IBD). In
this highlight topic series of articles, the most recent
advances in the IBD field are reviewed, especially the
newly described cytokines, including the therapeutic
implications for their manipulation. In addition, the in-
terplay between the intestinal microbiota and the host is
reviewed, including the role of defensins and dysbiosis
in CD pathogenesis. Finally, the importance of the non
immune systems such as endothelial cells and the he-
mostatic system are highlighted as new players in IBD
pathogenesis.

© 2011 Baishideng. All rights reserved.

Key words: Crohn’s disease; Ulcerative colitis; Inflam-
matory bowel disease; Immunology; Pathogenesis
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(W]G), we have selected an expert group that is actively
involved in the investigation of inflaimmatory bowel dis-
ease (IBD) pathogenesis.

Crohn’s disease (CD) and ulcerative colitis (UC) are
the two major forms of IBD.

These diseases still pose major clinical and therapeu-
tic challenges to the gastroenterological comunity.

It is now clear that CD and UC represent two dis-
tinct forms of chronic inflammation of the gastroin-
testinal tract and have different causes and pathogenic
mechanisms. Still, the factors underlying the appearance
of both CD and UC ate roughly the same, and include
a temporal association with progressive changes in the
environment, an intrinsic genetic predisposition, the ex-
istence of a rich enteric flora, and an abnormal immune
reactivity which is ultimately responsible for damaging
the gut and causing clinical manifestations. Even though
the categories of underlying factors are roughly the
same, there are variations in each category as well as dif-
ferences in how the underlying factors interact. The end
result is two related but distinct disorders named CD
and UC. In this special issue of WJ]G, differences and
similarities of the etiopathogenic factors in each form
of IBD will be illustrated and discussed in each review
assessing the newly described cytokines', the interplay
between the intestinal microbiota and the host”, the
role of defensins and dysbiosis™ and the importance of
extraluminal factors'” and non immune systems such as
endothelial cells™ and the hemostatic systernm as new
players in IBD pathogenesis.

Since the recognition of IBD as a perplexing and
challenging clinical entity, the investigation of its patho-
genic mechanisms has gone through repeated cycles of
new hopes, new knowledge, and new realities. Infectious,
allergic, dietary, psychosocial, environmental, microbial,
vascular, metabolic, immune and other basic theoties
have been put forward, most of them to be rebuked, if
not ridiculed. At the moment, we appear to have settled
down on a unifying but still wide-ranging hypothesis that
IBD results from complex interactions between evolv-

February 7, 2011 | Volume 17 | Issue 5 |
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ing environmental changes induced by society progress,
a still undefined number of predisposing genetic muta-
tions, an incredibly complex gut microbiota that may be
constantly varying, and the intricacies of individual im-
mune systems. The ability to integrate all these various
components into a single cohesive and logical pathway
of disease that explains all aspects of IBD appears still
a bit distant at the moment. On the other hand, if we
look back at where we stood only two or three decades
ago, the progress achieved in our understanding of IBD
pathogenesis and the way it has changed our approach
to therapy is just short of spectacular.

Although we have made tremendous advances in dis-
ease pathogenesis, among the many diseases that exist,
IBD is the one for which the exact etiology remains ob-
scure and the mechanisms underlying tissue injury appear
to be exceedingly complex. This certainly seems to be the
case for the two main forms of IBD, namely CD and UC.

(49
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Received: March 1,2010  Revised: March 22, 2010

Accepted: March 29, 2010 INTRODUCTION

Published online: February 7, 2011 Ulcerative colitis (UC) and Crohn’s disease (CD) are immune-
mediated disorders of the intestine. Accumulating data
suggests that inflammatory bowel disease (IBD) results
from an inappropriate inflammatory response to intestinal
Abstract microbes in a genetically susceptible host”. Emerging
Inflammatory bowel diseases (IBDs) are complex and evidence suggests that disease development implicates
chronic disabling conditions resulting from a dysregulated a dysregulated dialogue between the intestinal flora and

dialogue between intestinal microbiota and components components of both the innate and adaptive immune sys-
of both the innate and adaptive immune systems. Cyto-

kines are essential mediators between activated immune
and non-immune cells, including epithelial and mes-
enchymal cells. They are immunomodulatory peptides
released by numerous cells and these have significant
effects on immune function leading to the differentiation
and survival of T cells. The physiology of IBD is becom-
ing a very attractive field of research for development of
new therapeutic agents. These include cytokines involved
in intestinal immune inflammation. This review will focus
on mechanisms of action of cytokines involved in IBD

Active IBD is defined as an infiltration of the lamina
propria by innate immune cells [neutrophils, macro-
phages, dendritic and natural killer (NK) T cells] and
adaptive immune cells (B and T cells). Increased num-
bers and activation of these cells in the intestinal mucosa
enhance local levels of tumor necrosis factor-a, (TNF-q)
and several proinflammatory interleukins IL)*”. Cyto-
kines are essential mediators of the interaction between
activated immune cells and non-immune cells, including

and new therapeutic opportunities for these diseases. epithelial and mesenchymal cells™".
Recent advances in the study of the regulation of key
© 2011 Baishideng. All rights reserved. cytokines during major forms of IBD promise the devel-
opment of more effective mechanism-based therapiesm.
Key words: Inflammatory bowel disease; Ulcerative coli- ~ Given that many of these involve regulation of dynamic
tis; Crohn'’s disease; Cytokine; Pathophysiology; Biologi- biological processes, it is likely that the most effective
cal therapy agents will fall within the broad rubtic of biologic thetapy.
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The prototypic example of the ability of a biologic agent
to effectively change the therapeutic landscape is provided
by anti-TNF-q, first demonstrated through clinical valida-
tion of the prototypic agent infliximab". The advent of
anti-TNF-o agents has changed the way of treating IBD
refractory to standard medications™”,

Advances in the understanding of IBD pathophysiolo-
gy have become a very active area for the development of
novel therapeutic agents. New targets for biologics include
cytokines involved in intestinal immune inflammation that
have led to new therapeutic opportunities”o’“]. Although
IBD etiology is unknown, some molecules which are in-
volved in the physiopathology have been identified and
can be targeted by biological therapiesm]. This review will
focus on cytokines involved in the dysregulated inflamma-
tory response in IBD and targeted by biological therapies.

CYTOKINE NETWORK AND IMMUNITY

Cytokines (from greek cyto: cell; kinos: movement) are
substances that are secreted by specific cells of the im-
mune system and carry signals locally between cells, with
extensive use in cellular communication. The term “cyto-
kine” encompasses a large and diverse family of polypep-
tide regulators that are produced widely throughout the
body by cells of diverse embryological origin. Basically,
the term “cytokine” has been used to refer to the immu-
nomodulating agent. Interferon was the first cytokine to
be described in 1957". The clinical efficacy of targeting
TNF-q indicates that cytokines are potential therapeutic
targets in IBD".

Cytokines have profound effects on immune func-
tions' . Beyond the classical T helper Th1/Th2 paradigm
indicating predominant Th1-mediated responses dominat-
ed by the production of interferon-y (IFN-y) in CD and
an exaggerated Th2-like inflammation in UC characterized
by an increased production of IL-13"" there has been a
surge of information with regard to the role of innate im-
munity in IBD pathogenesis. Thus new data on adaptive
immunity ate emerging, indicating that: (1) the mucosal
Th1 and Th2 responses of CD and UC may be actually
secondary to defects of the innate immune response; (2)
the dysfunction of regulatory T cells may be contributing
to mucosal immune abnormalities; and (3) the newly de-
sctibed Th17 cells are also prominently involved in the gut
inflammatory response in both forms of IBD™".

The differentiation and survival of T cells depend on
the relative amount of key regulatory cytokines produced
mainly by macrophages and dendritic cells"”. In the pres-
ence of I.-12 and IFN-y, naive CD4+ T cells adopt a
Th1 phenotype which then activate macrophages that
release I1L-1, IL-6 and TNF-q.. Thus this creates a positive
feedback loopﬁ’é’m. In the presence of 1L-4, naive CD4-T
cells adopt a Th2 phenotype[lz’m]. The Th17 development
is triggered by both IL-6, 1L-21, IL.-23 and transform-
ing growth factor- (TGF-B), leading to secretion of the
IL-17 cytokine family and T1.-22", Although the function
of Th17 cells is not clearly known, there is probably an
important part of this T cell population which expresses
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Figure 1 Overview of T cell differentiation and interleukin pathways. IL: In-
terleukin; IFN: Interferon; TGF: Transforming growth factor; TNF: Tumor necrosis
factor; TL1A: TNF-like factor 1A.

I1-23 receptors. This has been recently demonstrated as
an IBD susceptibility gene in genome-wide association
studies.

In contrast, TGF-f and IL-10 modulate differentiation
of naive T cells to T regulatory cell subgroups leading to
high amounts of IL-10 and TGF-f, and are able to sup-
press bystander T cell activation. This could be defective
in IBD""". There is a complex network between these
different cell populations in the case of inflammation as,
for example, in the negative crossregulation of the differ-
entiation of Th17 cells by Th2 cells (IL-4, IL-27) and Th1
cells {FN-y) (Figure 1),

PROINFLAMMATORY CYTOKINES
TNF family: TNF-o. and TNF-like factor 1A

Mechanisms of action: TNF-q, is a major mediator of
inflammation in the gut™™, It is synthesized by several
cells including intestinal epithelial cells but predominantly
by cells of the monocyte line and T lymphocytes'.
TNF-a is 2 homotrimeric protein that mediates its diverse
biologic effects through 2 distinct receptors known as
TNF-q receptor type | expressed on all nucleated cells
and TNF-q receptor type II restricted to cells of hema-
topoietic lineagem. Through the activation of nuclear
factor-kB (NF-kB), TNF-q induces the expression of
various genes such as urokinase plasminogen activator,
cyclooxygenase II (COX II) and vascular endothelial
growth factor (VEGF)”. By this method, TNF-q has
multiple biological effects such as increasing leukocyte
recruitment (induction of leukocyte adhesion mol-
ecules)”™ modulation of nitric oxide (NO) production
(increasing the vascular permeability)[zo’ml, induction of
secretion of proinflammatory cytokinespl], and the prolif-
eration and differentiation of immune cells™, TNFSF75
encodes TNF-like factor 1A (TL1A), which is a TNF-
like molecule that mediates co-stimulation of Thl and
Th17 cells. It is required for optimal differentiation of
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Drug name Efficacy (% of induction of remission/% sustained remission) Approved (FDA/Europe)

Luminal CD Fistulizing CD uc Luminal CD Fistulizing CD uc
Infliximab (Remicade®) 33/45 55/36 38.8/23.1 Yes/Yes Yes/Yes Yes/Yes
Adalimumab (Humira®) 36/36 No RCT No RCT Yes/Yes No/No No/No
Certolizumab (Cimzia®) 35/48 No RCT No RCT Yes/No No/No No/No

CD: Crohn’s disease; UC: Ulcerative colitis; FDA: US food and drug administration; RCT: Randomized controlled trial.

Th17 cells®*?. Variants in the TNFSF75 gene contribute
to overall CD suscq.‘>tibi]ityl33’34J and an increased produc-
tion of TL1A has been observed in CD™, Interestingly,
in mice, colitis was prevented and attenuated by an anti-

TL1A antibody™.

Results of clinical trials (Table 1): Three anti-TNF
agents, namely infliximab, adalimumab and certolizumab
pegol have been approved by the US Food and Drug
Administration for the treatment of luminal CD. In Eu-
rope, certolizumab has not yet received approval for IBD.
Infliximab has also been approved for fistulizing CD and
UC. In luminal CD, infliximab was effective in induc-
ing clinical remission in 33% of patients compared with
only 4% of a placebo group at week 4 (P = 0.005)"", and
in maintaining clinical remission (45% in the infliximab
group s 21% in the placebo group, P < 0.005). Adalim-
umab was also significantly more effective than placebo
in inducing clinical remission (36% »s 12%, P < 0.001)*,
and more effective than placebo in maintaining clinical
remission at week 56 (36% s 16%). Infliximab and adali-
mumab have also been shown to be more effective than
placebo in maintaining steroid-free remission at 1 year” .
Regarding certolizumab pegol, results from large random-
ized, placebo-controlled trials are more controversial, with
no improvement at week 6 and different long-term re-
sponse rates between trials™*. In fistulizing CD, 55% of
the patients who received 5 mg/kg infliximab had com-
plete fistula closure, as compared with only 13% of the
patients assigned to placebo (P = 0.000)™. In UG, 2 large
randomized, placebo-controlled studies, namely the ACT
1 and ACT 2 trials, evaluated the efficacy of infliximab
for induction and maintenance therapy in UC™. In both
trials, at week 8, neatly two-thirds of patients in the group
receiving 5 mg of infliximab had had a clinical response, as
compared with one-third of patientsin the placebo group
(P < 0.001).

Regarding the safety of anti-TNF agents, the Crohn’s
Therapy, Resource, Evaluation, and Assessment Tool reg-
istry, including 3179 CD patients who received infliximab,
demonstrated that this agent was not an independent pre-
dictive factor of serious infections"™, In a meta-analysis
of 21 placebo-controlled trials enrolling 5356 individuals,
anti-TNF therapy did not increase the risk of death, ma-
lignancy or serious infection when compared to control
arms”). However, a longer duration of follow-up and a
larger number of patients are required to better assess the

safety profile of anti-TNF agents in CD.
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Mechanisms of action of anti-TNF-o agents remain
pootly known. Neutralization of TNF-q, in the inflamed
mucosa is unlikely to be a sufficient explanation. Anti-
body-dependent cytotoxicity also induces apoptosis or
lysis of TNF-a-producing cells. This mechanism involves
the Fc portion of antibodies that increases the pro-apop-
totic factor caspase—BHéJ.

IL-12, p40/IL-23, p40

Mechanisms of action (Figure 2): 1L-12 is a key cy-
tokine that drives the inflammatory response mediated
by Thl cells™™. As such, it underlies both normal host
responses to a variety of intracellular bacterial, fungal
and protozoan pathogens, and abnormal inflammatory
responses linked to many autoimmune diseases, such as
CD™. Indeed CD is characterized by increased production
of IL-12 by antigen-presenting cells in intestinal tissue™ "',
I1-23, secreted by antigen-presenting cells, is also a central
cytokine involved in the differentiation and function of
Th17 cells”. The 11.-23-Th17 interaction mediates mictro-
bial defenses and intestinal inflammation”>”. Individual
properties of I11-23 are also underscored by identification
of the gene encoding the receptor for this cytokine as
modifying host susceptibilit;r[8’54’55]. These 2 most potent
Th1- and Th17-activating cytokines, IL-12 and 1L.-23 are
both composed of a p40 subunit and therefore, a p40
antibody may have therapeutic potential in inhibiting both
Th1-activating I1.-12 and Th17-activating 11.-23"".

Results of clinical trials (Figure 2 and Table 2): IL-12
and I1.-23 are targeted by one humanized 11.-12/23 anti-
body, ABT-874. It has shown promising results in a phase
II dose-ranging study comprising 79 patients with CD™.
Seven weeks of uninterrupted treatment with 3 mg/kg
ABT-874 resulted in higher response rates than placebo
(75% wvs 25%, P = 0.03). Another dose-ranging study
comparing efficacy, safety and pharmacokinetic of intra-
venous infusions of ABT-874 s placebo in subjects with
active CD is ongoing, A double-blind, placebo-controlled,
parallel-group, crossover study, assessing ustekinumab in
104 patients with CD has been completedm. The clinical
response to ustekinumab was significantly greater than
the group given placebo at weeks 4 and 6 (52%-54% vs
22%0-39%, P < 0.05) but not at week 8 (49% w»s 40%, P
= 0.34). Interestingly, the effect was most prominent in
patients treated previously with infliximab at weeks 4,
6 and 8 (59% in the ustekinumab group »s 25%-26% in
the placebo group, P < 0.05). A phase 2, randomized,
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I-12

IL-12RB1

7&

ABT-874
Ustekinumab

IL 23
IL- 12R[&1
IL 23R

Figure 2 Therapeutic blockade of the interleu-
kin-12/interleukin-23 pathway at the common
p40 subunit of both cytokines. IL: Interleukin.

@
7

Study Drug name Targeted Indication No. of Follow-up Clinical response  Clinical remission (%) SAE (%)
cytokine patients (%)
Mannon et al™*” ABT-874 1L-12/23 CD 79 8 wk 69 38 10
Sandborn et al™! Ustekinumab 1L-12/23 CD 131 8 wk 49 19 4
Sands et al®™ Apilimod mesylate  IL-12/23 CD 220 168 d 25.7 NA NS
Ito et al' Tocilizumab IL-6 CD 36 12 wk 80 20 13
Hommes et al®” Fontolizumab IFN-y CD 133 28d 38-44 19-31 45
Reinisch et al'®” Fontolizumab IFN-y CD 201 29d 31-38 21 13.6
Van assche et al”  Daclizumab IL-2 ucC 159 8 wk 25-33 2-7 43125
Schreiber et al®™ rhulL-10 IL-10 CD 320 29d NA 23.5 7
Schreiber et al®™ rhulL-10 IL-10 ucC 94 28 d NA! NA' 75
Colombel et al™ Tenovil 1L-10 Postoperative CD 65 12wk  46% of patients with endoscopic recurrence 9
Sands et al™ rhIL-11 IL11 CD 148 8 wk 31.5 36.7* NS
Herrlinger et al™ rhIL-11 IL-11 CD 51 12 wk 19° Y 8
Pena-Rossi et al™ IFN-Bla IFN-Bla ucC 194 12 wk NA 20-29.2 12.3
Tilg et al®™ PEG-IFN-a IFN-o ucC 60 12 wk NA 40 15

"No difference between placebo and rhulL-10 treatment; *More headache, edema and increased platelet count; *Significantly inferior than prednisolone;

*Significantly superior than placebo at a dose of 15 microg/ kg weekly. SAE: Severe adverse event; IL: Interleukin; IFN: Interferon; CD: Crohn’s disease; UC:

Ulcerative colitis; NA: Not available; NS: Not significant.

double-blinded, placebo-controlled study has evaluated
the efficacy of apilimod mesylate, an oral IL.-12 and 1L-23
inhibitor in treating 220 patients with moderate-to-severe
CD. The enrollment was closed eatly because it did not
demonstrate efficacy over placebol57J

IL-6
Mechanisms of action: 1L-6 is produced by various cells
such as T cells, B cells, monocytes, fibroblasts, osteoblasts,
keratinocytes, endothelial cells, mesangial cells and some
tumor cells™. This cytokine specifically binds to the I1L-6
receptor (IL-6R) or a soluble IL-6R, forming the I1.-6/1L-
6R complex that binds to gp130 and activates intracellular
pathways including JAK/STAT signaling, tyrosine phos-
phatase SHP2 and NF-xB™. Many cells express gp130,
hence IL-6 is a pleiotropic multi-functional cytokine act-
ing as both a proinflaimmatory and an antiinflammatory
cytokine“z’sgj. It is involved in terminal differentiation of
B cells, differentiation and activation of T cells, induction
of a hepatic acute-phase response, hematopoiesis and fe-
et Thus activated 11.-6 plays a major role in its own
amplification and then in the chronic phase of inflamma-
tion helped by mononuclear cell accumulation at the site
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of injury, through continuous monocyte chemoattractant
protein-1 secretion, angioproliferation and antiapoptotic
functions of T cells™ . Plasma soluble I1.-6R is increased
in patient with CD and IL-6 plasma concentrations in-
crease in active CD*

Results of clinical trials (Table 2): Tocilizumab binds
to both the membrane-bound and the soluble forms of
human IL-6R with high affinity and speciﬁcityl‘%’w. Tocili-
zumab has shown promising results in a small phase I /I
study (# = 36) that met its primary endpoint. At 12 wk,
the response rate was higher in patients given an 8 mg/kg
infusion of tocilizumab every 2 wk than in those given
placebo (80% #5 31%, P = 0.019) and is accompanjed by a
decrease in C-reactive protein concentration™". However,
only 2 of 10 patients went into remission, compared with
none of 13 in the placebo group (P = 0.092), without
significant improvement in mucosal healingp’w. Improve-
ment in disease activity in a patient with UC associated
with Takayasu arteritis has been reported after treatment
with tocilizumab®. A placebo-controlled phase I study
on the safety and biological effects of ¢326, an inhibitor
of IL-6, in CD is ongoing,
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IFN-y

Mechanisms of action: Type II INE, also called IFN-y,
is a proinflammatory cytokine secreted by Th1-cells™.
IFN-y drives expression of major histocompatibility
complex class Il on antigen-presenting cells, modulates
lipopolysaccharide responsiveness in intestinal epithelial
cells, and increases chemokine secretion. It also activates
macrophages, Th1 lymphocytes in a positive feedback
loop, NK cells and endothelial cells"**7. Concentrations

of IFN-y are increased both in UC and CD.

Results of clinical trials (Table 2): Fontolizumab has
been assessed in 3 phase I /Il dose-ranging studies en-
rolling a total of 374 patients with moderate to severe
CD"™™ Fontolizumab at doses of up to 4 mg/kg im-
proved endoscopic lesions and decreased concentrations
of C-reactive protein™"", but no study met its primary
endpoint, which was defined as induction of clinical
response at 1 mo[“’m]; thus the development of fontoli-

zamab for CD has been stopped”’.

IL-2 family

Mechanisms of action: IL-2 is produced mainly by
activated T cells”". Tn addition to promoting T cell prolif-
eration and activation, IL-2 increases cytokine production
and modifies the functional properties of B cells, NK
cells, and macrophages. Thus, it improves the activated
macrophage microbicidal and cytotoxic activities and
promotes secretion of hydrogen peroxide, TNF-a and
I1-6". 112 signals through a heterodimeric (ory) or tri-
meric oy high-affinity receptor complex”. Studies have
proved a role for IL-2 in IBD pathogenesis, for example
the calcineurin inhibitor cyclosporin, which inhibits I1L-2
production, is effective in the treatment of severely active
UC™ 1121, an TL-2 cytokine family member expressed
by activated CD4+ T cells and NK T cells, is a key regu-
lator in production of Th17 cells. It also increases the
proliferation of Th1 cells, CD4+ and CD8+ lymphocytes
and regulates the profile of cytokines secreted by these
cells"”™. Indeed, 11.-21-deficient mice are protected
from experimental colitis, possibly through the failure to
generate the Th17 response[75]. Furthermore, blockade
of endogenous IL-21, with an antagonisitic IL-21R/Fc,
ameliorated dextran sulphate sodium colitis in mice™. No
studies have been performed in humans as yet.

Results of clinical trials (Table 2): Two antibodies
against the a-chain of the IL-2 receptor (CD25), namely
daclizumab and basiliximab, have been studied to mimic
the activity of cyclosporinem"m]. Despite promising re-
sponse rates observed in an uncontrolled trial, a random-
ized, double-blind, placebo-controlled, dose-ranging trial
failed to demonstrate an increased remission or clinical
tesponse both at high (2 mg/kg intravenously at weeks 0, 2,
4, and 6) and low doses (1 mg/kg intravenously at weeks
0 and 4) in 159 treated patients with daclizumab for active
uc™,
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ANTIINFLAMMATORY CYTOKINES
IL-10

Mechanisms of action: I1.-10 is secreted by a wide vari-
ety of cells and has pleiotropic effects on T cells, B cells,
myeloid cells, and other cell types™. T1.-10 has suppres-
sive antiinflammatory activity on T' cells, macrophages,
and dendritic cells (among other cells) in humans, as
well as in animal models of inflammatory diseases®”. Tn
particular, mice deficient in IL-10 or the I11.-10 receptor
undergo spontaneous development of intestinal inflam-
mation, similar to human disease™*”. Even though 1L-10
effectively treats colitis in mouse models and suppresses
inflammatory cytokine production 7 vitro in intestinal
cells from IBD patients[sﬂ, unfortunately clinical trials us-
ing recombinant IL.-10 to treat IBD in humans have been
largely disappointing™.

Results of clinical trials: A placebo-controlled study was
conducted in 329 patients with moderate-to-severe CD
and in 94 patients with UC and did not demonstrate any
significant improvement in response and remission rates
compared to placebo™*. Also, no evidence of prevention
of endoscopic recurrence in CD by subcutaneous 11.-10
injections was observed in a placebo-controlled trial of 65
CD patientslw]. Animal studies showed that local admin-
istration of IL-10 to the colon wia genetically engineered
Lactococcus lactis bacteria administered orally allowed for the
achievement of high colonic mucosal concentrations of
[12,88]

I1-10, potentially resulting in increased efficacy ™.

IL-11

Mechanisms of action: 11.-11 is a pleiotropic cytokine
from mesenchymal cell originlg()]. It exhibits potent antiin-
flammatory activity on macrophages and T cells by inhib-
iting the secretion of pro-inflammatory cytokines™”? and
has shown beneficial effects on intestinal mucosa in sever-
al animal IBD models"™”. However one study suggested
that the expression of the IL-11 receptor a-chain in the
mucosa was restricted to epithelial cells, and although
reducing apoptosis, it had no antiinflammatory effects on

these cells™.

Results of clinical trials: In a placebo-controlled study
in 76 active CD patients, subcutaneously administered
recombinant human IL-11 was shown to be safe and well
tolerated””. In a second placebo-controlled study in 148
patients comparing 2 doses of subcutaneously admin-
istered recombinant human I1.-11, it was significantly
superior in inducing remission after 6 wk when compared
to placebo™. In contrast, a recent trial showed significant
inferiority of recombinant human 11.-11 when compared
to prednisolone in inducing remission in active CD and in
obtaining a clinical responsem.

Type I IFNs
Mechanisms of action: Type I IFNs consist of 14 ¢
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Biological therapy

. @ ABT-874/1695/
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@ Tocilizumab
(atlizumab)/Chugai
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Figure 3 Cytokine therapies and inflammatory bowel disease: pipeline compounds.

isoforms and 3, €, m, and k isoforms™. Immunoregulatory
therapy with type [ IFNs such as IFN-q or IFN-f can
inhibit production of TNF-o and IFN-y, antagonize the
IFN-y signaling pathway and increase production of the
antiinflammatory cytokine IL-10. It has also been shown
to be immunoregulated by enhanced regulatory T lympho-
cyte and NK cell activity™,

Results of clinical trials: Several type I IFNs have been
studied in UC. A phase 2 placebo-controlled, dose-ranging
trial, studied IFN-B1a in 194 patients with moderately ac-
tive UC. Clinical outcomes, including the proportion of
patients achieving endoscopically confirmed remission,
were not statistically significantly superior in the IFN-f1a
treatment groups over placebo”. A randomized, placebo-
controlled trial of pegylated IFN-o in 60 patients with ac-
tive UC did not show any efficacy in clinical response and
response rate despite a significant decrease in levels of C
reactive protein'”.

WHERE DO WE GO FROM HERE?

In 2010, infliximab represents the pinnacle of the thera-
peutic pyramid of IBD treatment. However, this anti-
TNF agent has several limitations. First, despite its wide-
spread use in IBD, 20% of patients still require surgery[%].
Second, about 10% of patients are primary non-respond-
ers to infliximab and only one-third of IBD patients are
in clinical remission at 1 year™. Third, the annual risk of
loss of response is 13% per patient—year[g()]. Finally, inflix-
imab treatment optimization with combination therapy
can be considered, but this must be weighed against the
increased risk of serious infections and perhaps lym-
phoma. These data underscore the urgent need to develop
new drug classes.

Humanized I1.-12/23 antibodies seem the most
promising therapy for the future: (1) IL-23 is an essential
mediator for the differentiation and amplification of the
proinflammatory Th17 pathway; (2) its role is underscored
by the increased host susceptibility for IBD in cases of
polymorphism of the gene encoding the receptor for this
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cytokine; and (3) the effective results observed in a recent
randomized, controlled trial, particularly in cases of in-
fliximab withdrawal. Phase Il trials are ongoing in IBD
patients.

Recent advances in the pathophysiology of IBD have
led to the identification of additional cytokine pathways
representing potential therapeutic targets. Numerous
other cytokines are currently under investigation: 11.-27,
produced mainly by dendritic cells, acting in the differ-
entiation of both Th1 and Th2 cells; IL-32, produced by
NK cell-activated lymphocytes and epithelial cells, pro-
viding a proinflammatory amplification pathway in the
innate immune responses to bacteria’; 11.-31, preferen-
tially produced by T cells skewed towards a Th2 pheno-
type, playing a role in the acute phase of inflammation
by maintaining proliferation of B and T cells'. Further
studies are needed to fully explore their different roles in
human IBD, and their biological significance, to eventu-
ally determine the therapeutic implications (Figure 3).

To overcome anti-TNF therapy failure in IBD, one
way would be to develop more targeted therapy“ool. A
humanized TNF receptor-1 specific antagonistic antibody
for selective inhibition of TNF action has shown interest-
ing results in animal experiments"”. Avimer proteins or
nanobodies look promising, offering multiple advantages
with a low immunogenicity, a high ligand affinity, a high
specificity, oral bioavailability and a low cost""!l. Another
way would be to use cytokine therapy in association with
other anti-cytokine agents. The efficacy of TNF-q an-
tagonist agents alone reflects probably the pleiotropic
effects of TNF-o”. An effective treatment strategy for
patients might therefore involve the blockade of multiple
cytokines in order to intervene in several pathways[mzl.
Animal studies in rheumatoid arthritis showed that anti-
CD4 therapy acts synergistically with anti-TNF-q, in
improving established collagen-induced arthritis"™. In
IBD, a safety study suggested several positive trends in
improving efficacy when natalizumab was added to inflix-
imab treatment"™. Further investigations are necessary to
better evaluate the cost-effectiveness and long-term safety
profile of these associations.
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CONCLUSION

Despite recent advances in the pathophysiology of IBD,
leading to the identification and understanding of several
cytokine pathways, anti-TNF-o agents still represent the
pinnacle of the therapeutic pyramid of IBD treatment.
The humanized IL-12/23 antibodies appear to be the
most promising therapy. Future directions could include
the development of more targeted therapy or therapeutic
blockade of multiple cytokines in order to intervene in
several pathways.
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Abstract

Inflammatory bowel disease (IBD) arises from disruption
of immune tolerance to the gut commensal microbiota,
leading to chronic intestinal inflammation and mucosal
damage in genetically predisposed hosts. In healthy in-
dividuals the intestinal microbiota have a symbiotic rela-
tionship with the host organism and possess important
and unique functions, including a metabolic function (i.e.
digestion of dietary compounds and xenobiotics, fer-
mentation of undigestible carbohydrates with production
of short chain fatty acids), a mucosal barrier function
(i.e. by inhibiting pathogen invasion and strengthening
epithelial barrier integrity), and an immune modula-
tory function (i.e. mucosal immune system priming and
maintenance of intestinal epithelium homeostasis). A
fine balance regulates the mechanism that allows co-
existence of mammals with their commensal bacteria.
In IBD this mechanism of immune tolerance is impaired
because of several potential causative factors. The gut
microbiota composition and activity of IBD patients are
abnormal, with a decreased prevalence of dominant
members of the human commensal microbiota (i.e.
Clostridium 1Xa and IV groups, Bacteroides, bifidobac-
teria) and a concomitant increase in detrimental bac-
teria (i.e. sulphate-reducing bacteria, £scherichia col).
The observed dysbiosis is concomitant with defective
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innate immunity and bacterial killing (i.e. reduced mu-
cosal defensins and IgA, malfunctioning phagocytosis)
and overaggressive adaptive immune response (due
to ineffective regulatory T cells and antigen presenting
cells), which are considered the basis of IBD pathogen-
esis. However, we still do not know how the interplay
between these parameters causes the disease. Studies
looking at gut microbial composition, epithelial integrity
and mucosal immune markers in genotyped IBD popu-
lations are therefore warranted to shed light on this ob-
scure pathogenesis.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic, relaps-
ing inflammatory disorder affecting the gastrointestinal
tract which involves an imbalanced host-commensal
microbiota interaction. Crohn’s disease (CD) and ulcer-
ative colitis (UC) are commonly included in the collec-
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tive term IBD, although the two diseases present with
distinct pathogenesis, symptomatology, inflammatory
profiles and gut microbiota composition. Inflammation
associated with CD is discontinuous, may extend deeply
into the submucosal regions and occurs anywhere along
the alimentary canal. In UC, inflammation involves only
the superficial layers of the intestinal mucosa and is lo-
calised to regions of the gut most highly colonized by
bacteria, starting at the distal colon and moving proxi-
mally along the large bowel. CD is predominantly as-
sociated with a type 1 helper-T-cell (Thl) and type 17
helper-T-cell (Th17) immune responses, characterized
by increased production of interleukin (IL)-12, IL-23,
1L-27, interferon-y (IFN-y) and tumor necrosis factor
(TNF)-a. Diversely, UC seems to be associated with
a type 2 helper-T cell (Th2) immune response, mainly
leading to raised levels of IL-5 and transforming growth
factor-3 (TGF—[})[Z]. The etiology of IBD is complex and
multifactorial, where environmental, genetic and immu-
nological components appear to play a role”.

A consistent body of evidence implicates the gut mi-
crobiota in the pathogenesis of IBD, including the consid-
eration that inflammation mainly occurs in the intestinal
sites with the highest bacterial concentration (in UC), that
antibiotic treatment often results in amelioration of dis-

. [41
case syrnptorns

, and that germ-free mice do not sponta-
neously initiate colitis”. The most extensively investigated
hypothesis is that IBD development might be due to an
altered immune response and a disrupted mechanism of
host tolerance to the non-pathogenic resident microbiota,

leading to an elevated inflammatory response.

THE HUMAN INTESTINAL MICROBIOTA

The adult human gut contains around 10" bacterial cells
and up to an estimated 1000 different bacterial species,
thus constituting the largest microbial community associ-
ated with the human body'”. Recent studies using culture-
independent molecular microbiological techniques have
shown that the most abundant bacterial phyla found in
the healthy human large intestine are the Gram-negative
Bacteroidetes and the Gram-positive, low GC% Firmicuted®”.
Proteobacteria, Actinobacteria, Fusobacteria and Verrucomicrobia
phyla are relatively less abundant, but nonetheless are
known to play important roles in human health”. The
same studies have described the vast diversity of bacterial
species and identified the dominant bacterial groups to
be Clostridium coccoides (C. coccoides)-Eubacterium rectale, Clos-
tridium leptum (C. leptum), Bacteroides-Prevotella, Bifidobacterinm
species and Atopobinm species[sl. The gut microbial spe-
cies composition varies greatly between individuals, with
each individual harboring a unique collection of bacte-
rial species, which is highly stable over time”. Zoetendal
et al"" also showed that the gut microbiota composition
of spouses, who were living in the same environment and
had similar eating habits, showed the least degree of spe-
cies similarity, while siblings showed increased similarity in
species make-up. Interestingly, the gut microbiota profiles
of identical twins showed a high degree of similarity, but
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were yet distinct. These findings highlight that genetic fac-
tors play an important role in gut microbiota development,
although environment also drives species acquisition.
Studies have shown that the vast majority of intestinal
bacteria are novel, new to science and so far resist cultiva-
tion using traditional culture techniques, necessitating the
use of culture-independent molecular microbiology tech-
niques, such as 16S rRNA gene probing and polymerase
chain reaction (PCR)-based strategies.

Recently, the human body together with its gut micro-
biota has been referred to as a “superorganism” comprised
of human and bacterial genesm. It has been estimated that
the human gut microbiome consists of 100 times more
genes than the human genome. Therefore, the presence
of the intestinal microbiota enriches the human organism
with important functions, especially functions involved
in deriving energy from nutrients which escape diges-
tion in the upper gut and the metabolism of xenobiotics.
The gut microbiota acts as a “metabolic organ”, through
breakdown of complex indigestible dietary carbohydrates
and proteins, with consequent generation of fermentation
end-products (short chain fatty acids, ethanol and gas) and
also through production of vitamins, ion absorption and
conversion of dietary polyphenolic compounds into their
active form"*"”. The commensal microbiota contribute
to the “barrier effect”, which constitutes a real obstacle
to pathogen invasion of the intestinal mucosa. Recent
studies have shown that a modulation of the gut micro-
biota through dietary supplementation with a prebiotic
(i.e. oligofructose) increases epithelial barrier integrity by
increasing the expression of tight junctions proteins (i.e.
Z0-1 and occludin), with a mechanism that is dependent
on the augmented secretion of the GLP-2 gut hormone!".
The immune regulatory function of the intestinal micro-
biota consists of priming the mucosal immune system and
maintenance of intestinal epithelium homeostasis. Studies
in germ-free animals have demonstrated that the normal
functioning of intestinal epithelial cells (IEC) and of the
underlying immune cells are impaired in the absence of
the gut microbiota. IEC expression of microbial recogni-
tion receptors, defensins and antimicrobial peptides are
reduced in germ-free animals'™'". Defective development
of gut-associated lymphoid tissues, antibody production
(i.e. slgA) and maturation of isolated lymphoid follicles
have also been shown in germ-free animals, together with
reduced Peyer’s patches and mesenteric lymph node num-
ber and dimension"™"".

IMMUNE TOLERANCE TO THE
COMMENSAL MICROBIOTA

In health, finely balanced mechanisms regulate the host’s
immunological tolerance to the continuous stimulus of the
resident gut microbiota and their metabolic end-products.
Microbial recognition by antigen presenting cells (i.e. den-
dritic cells, DC) and epithelial cells is mainly carried out
through sensing of conserved microbial-associated mo-
lecular patterns (MAMPs) by toll-like receptors (TLR), ca-

pable of detecting a variety of bacterial components, such
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as lipopolysaccharide (LPS), lipoproteins, CpG DNA™
and by nucleotide-binding oligomerisation domain (NOD)-
like receptors (NLR), which recognise peptidoglycan mol-
ecules on the bacterial cell wall™”. In healthy hosts the pro-
inflammatory pathways associated with TLR and NLR are
suppressed by inhibitory molecules of both human and
bacterial origin [i.e. cyclooxygenase-2 (COX-2) inhibitors;
LPS; A20; peroxisome proliferator-activated receptor-y
(PPAR-y); nuclear factor-kB (NF-kB) inhibitor IxkB-a;
interferon-a,/B (IFN-o./); intetleukin-10 (IL-10); TGF-B;
eicosanoids] PL2 - Activated innate immune cells, such as
mucosal DC, constantly sample luminal microbial antigens
and present them to adaptive immune cells. Recent studies
have shown that the intestine is home to specialised DC,
whose function it is to induce a highly tolerogenic response
from T and B cells, through induction of regulatory T cells
(Treg) and secretion of IgA, respectivelym’zﬂ. Commensal
bacteria actively coordinate the host tolerogenic response,
either through DC-mediated conversion of naive T cells
into Treg, or through direct ligation of TLRs on the sur-
face of Treg, Certain resident bacterial populations, often
referred to as “beneficial bacteria” (i.e. lactobacilli and
bifidobacteria) can influence DC differentiation towards
a more undifferentiated and monocyte-like phenotype,
which may account for DC immune tolerance™. More-
ovet, incubation of monocyte-derived DC with probiotic
bacteria was shown to induce DC maturation and cytokine
secretion, with strain-specific cytokine secretive proﬁlesm.
Repetitive TLR stimulation due to commensal bacterial
exposure induces down-regulation of the NF-kB path-
way and stimulates production of antimicrobial peptides
(.e. defensins)m]. Also, chronic NOD-2 stimulation has
been demonstrated to lead to down-regulation of pro-
inflammatory cytokines (TNF-q, IL-8, IL-1) in primary
human monocyte-derived macrophages after pre-treatment
with muramyl dipeptide (MDP) and re-stimulation with
NOD-2, TLR-2 and TL.R-4 ]_igandspg]. Therefore, the host’
s mechanism of tolerance to the resident microbiota offets,
at the same time, protection from unwanted inflammatory
responses and from pathogen invasion. Microbial ligands
have also been shown to modulate the expression levels of
miR-155, a miRNA that is involved in immune homeosta-
sis and whose absence causes a reduction in Treg numbers
in miR-155-deficient mice™. However, since commensal
and pathogenic bacteria possess many common motifs that
are immunologically recognised by the host, how the host
can tolerate resident bacteria whilst being able to mount an
effective inflammatory response to invading pathogens is
still not fully understood. Nonetheless, pathogenic bacte-
ria do differentiate themselves from commensals by their
behaviour; breaching the intestinal epithelial barrier and,
in healthy individuals, eliciting strong inflammatory reac-
tions when they trigger MAMPs basolaterally on epithelial
cells™.

In IBD, the homeostatic mechanisms that allow co-
existence of the host organism and the commensal mi-
crobiota are disrupted. Polymorphisms in TLR (TLR4
D299G associated with CD and UC; TLR7 L8OP and
TILLR2 R753G, associated with pancolitis) and NLR (i.e.
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three mutations in NOD 2/CARD15 gene, Arg702Trp,
GH908Arg, and a frameshift deletion mutation at Lex7007,
accounting for about 80% of all CD-associated muta-
tions) have been implicated in increased susceptibility
to IBD"”". However, not everyone who carries these
mutations develops IBD, indicating that other etiologic
mechanisms might underlie IBD pathogenesis.

INTESTINAL MICROBIOTA IN IBD

Evidence from several recent studies has highlighted that
gut microbiota composition and activity in IBD patients
are abnormal. In particular, several studies have demon-
strated that IBD patients are characterized by a reduced
abundance of dominant members of the gut microbiota.
Through a combination of PCR of total bacterial ge-
nomic DNA with universal bacterial primers and clone
sequencing of 16S rRNA genes, Frank ez al™ showed
that in mucosal biopsies taken from CD and UC patients
there was reduced abundance of rRNA sequences associ-
ated with Firmicutes and Bacteroidetes, and a concomitant
increase in 16S tRNA sequences of Proteobacteria and Ae-
tinobacteria, compared to non-IBD controls. In particular,
the decreased relative abundance of the Firmicutes phylum
was due to decreases in populations of Clostridium Xa
and IV groups. As a consequence of this dysbiosis, the
relative abundance of Eunferobacteriaceae was increased in
IBD patients compared to healthy controls, although their
absolute numbers remained unaltered. No differences
were observed in fecal and mucosal bacterial population
numbers between CD and UC patients. These findings
are common to several other studies, which also observed
decreased clostridia concentrations in IBD" although
not always accompanied by a decrease in Bacteroides™ .
Aberrancies in Bifidobacterium populations in IBD have
also been previously observed in another study, where
significantly lower counts of bifidobacteria were found in
rectal biopsies of patients with UC compared to patients
without UCP, By employing fluorescent iz situ hybrid-
ization (FISH), Macfatlane 7 al™ showed that bacteria
belonging to the C. /eptum phylogenetic group were sig-
nificantly less abundant in fecal samples of CD patients
compared to healthy individuals. Moreover, through a
metagenomic approach, the same authors reported a con-
spicuous loss of microbial diversity in CD, mainly due to
a reduction of operational taxonomic units (OTU) within
the C. coccoides group and the C. Jeptum group. A reduction
in bacterial diversity was also previously observed by Ott
¢t al® after analysis of mucosa-associated microbiota of
CD and UC patients through a combination of single
strand conformation polymorphism (SSCP) fingerprint,
cloning and real time PCR. Additionally, Zhang ez al™”
more recently showed that bacterial diversity of lactobacilli
and C. leptum group as determined by denaturing gradi-
ent gel electrophoresis (DGGE) analysis was also lower
in ulcerated tissues compared to the non-ulcerated tissues
within the same UC individual. These results suggest that
microbial alteration in IBD patients might be caused by
the physiological state of the intestinal mucosa. How-
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ever, little is known about how inflimmatory mediators
(e.g pro-inflammatory cytokines and chemokines) on the
gut wall affect bacterial populations 7 vivo. We do know;,
however, that altered microbial composition may impact
on important physiological processes in the intestinal en-
vironment. Clostridium and Bacteroides species are the main
producers of short chain fatty acids (SCFA) in the human
colon. Decreased clostridia of groups IV and X1Va, the
main butyrate-producing bacteria in the gut, could there-
fore explain the decreased SCFA concentrations found
in fecal samples of IBD patients. Among the SCFA pro-
duced upon carbohydrate fermentation, butyrate serves as
a major source of energy for colonic epithelial cells™ and
as an inhibitor of pro-inflammatory cytokine expression in
the intestinal mucosa, through a mechanism that involves
hyperacetylation of histones and suppression of NF-xB
signalingm]. Moreover, butyrate reinforces the mucosal
barrier by inducing production of mucin and antimicrobial
peptides, and by strengthening epithelial barrier integrity
through directly increasing the expression of tight junction
proteinsml. A decrease of butyrate levels could therefore
be involved in the increased inflammatory state character-
istic of IBD, and butyrate is already considered to be of
possible therapeutic value in treating IBD™**, Stimulation
of butyric acid production could be achieved through
repopulation of clostridial clusters IV and XIVa, or even
through probiotic therapy with lactic acid bacteria, by in-
creasing butyrate production through enhancement of cat-
bohydrate fermentation (i.e. by supplementation with bu-
tyrogenic prebiotics such as inulin or oligofructose). Lactic
acid can be employed as substrate for the production of
high concentrations of butyrate by clostridial cluster XIVa,
in a process also known as cross—feedingm. Faecalibacterinm
prausnitzii (F. prausnitzii), a prevalent member of the hu-
man gut microbiota belonging to clostridial cluster IV and
an important butyrate producer, has been recently shown
to be less abundant in the intestinal microbiota of IBD pa-
tients"*, In vitro and in vivo animal studies have also dem-
onstrated the anti-inflammatory and anti-colitic properties
of supernatants from I pransnityii cultures in peripheral
blood mononuclear cells or in mouse models of colitis,
respectively[48]. This effect appeared to be due to an as yet
unidentified metabolite produced by the microorganism,
but was shown to be independent of butyrate production.

Overgrowth of a class of microorganisms referred to
as sulphate-reducing bacteria (SRB) was also previously
observed in IBD gut microbiota in concomitance with a
decrease in clostridia of groups IV and X1Va, especially
in UC and pouchitis patients”™’. SRB metabolize sulphate
into hydrogen sulphide, which is toxic to colonocytes,
blocks butyrate utilization, induces cell hyperprolifera-
tion, and inhibits phagocytosis and bacterial killing[sﬂ. It
was previously demonstrated that the presence of intesti-
nal microorganisms is necessary for induction of dextran
sodium sulphate (DSS) colitis in animal models, thus
emphasizing the possible role of SRB in IBD, through
their reduction of sulphate in DSS into the cytotoxic
and inflammatory trigger molecule H2S"™. SRB numbers
or their metabolic activity were found to be significantly
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higher in studies comparing UC patients to controls or
to UC patients in remission” ",

In the search for a putative microbial cause of IBD,
the theory of bacterial pathogen-induced intestinal in-
flammation has also been put forward. A wide range of
microorganisms have been suggested as etiologic agents
of IBD, including mycobacteria, Listeria monocytogenes
(L. monocytogenes), Chlamydia, Enterobacteriaceae [including
strains of Escherichia coli (E. coliy and Helicobacter] and also
P However, when con-
sidering the diversity of IBD lesions and disease course,
and the fact that no single pathogenic agent can routinely
be isolated from diseased tissue, there is no conclusive
evidence that a single pathogen is the cause of the disease.
Among the Enterobacteriaceae genus, E. coli is the bacterium
most commonly related to IBD. It was observed that IBD
patients harbor increased Enterobacteriaceae, in particular
E. coli belonging to the B2+D group (i.e. with increased
virulent potential), compared to controls®™. Adherent
invasive E. co/i was commonly found in ileal CD patients,
particularly associated with ileal mucosal lesions™"". On
the other hand, E. ¢/ isolated from UC patients was less
invasive compared to CD"*. Mycobacterinm avium subspe-
cies paratubercnlosis (MAP) is an obligate intracellular patho-
gen that causes spontaneous granulomatous enterocolitis
in cattle by evading phagocytosis. Therefore, MAP infec-
tion would be favored in those individuals with defective
innate immunological defenses, such as CD patients. MAP
presence was found with significantly higher frequency in
CD patients compared to non-IBD controls, but not in all
individuals'®”. No significant correspondence was found
between CD-associated NOD-2 polymorphisms, especial-
ly in ileal CD, and MAP infection™®. Moreover, clinical
studies failed to demonstrate the efficacy of antimycobac-
terium triple antibiotic therapy in inducing persistent re-
sponse in CD patients®”. Detection of MAP by molecular
techniques (i.e. detection of insertion element-900 (IS-900)
by PCR) has the limitation of picking up environmental
mycobacteria and presents high variability among labo-
ratories’”” ™. Hence, the etiologic role of MAP in IBD
pathogenesis remains to be demonstrated.

Therefore, microbial dysbiosis consisting of a decrease
in beneficial bacteria and their metabolic end-products,
together with an increase of detrimental bacterial popula-
tions and their toxic metabolites, might alter gut luminal
environment; thus contributing to the pathogenesis of

IBD.

reoviruses and paramyxovirus

COMPROMISED EPITHELIAL BARRIER
FUNCTION, DEFECTIVE INNATE IMMUNE
RESPONSE TO BACTERIA AND LOSS OF
IMMUNOTOLERANCE

Efficient functioning of the gut mucosa is achieved by
means of a combination of intact epithelial barrier and ef-
fective bacterial killing through secretion of antimicrobial
peptides (e.g defensins), secretory IgA and phagocytosis.
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Figure 1 Suggested mechanism of inflammatory bowel disease pathogenesis. Intestinal dysbiosis in inflammatory bowel disease (IBD) consists of decreased
prevalence of putative beneficial bacteria (e.g. bifidobacteria) and concomitant increase in detrimental bacterial (e.g. sulphate-reducing bacteria). This microbial
imbalance causes reduced intraluminal levels of butyrate (because of decreased production through fermentation and decreased utilization due to increased HzS
levels), thus contributing to down-regulation of epithelial tight junction protein expression and increased epithelial permeability. Epithelial barrier dysfunction brings
about increased bacterial translocation through the lamina propria, which is worsened by decreased luminal IgA and defensin concentrations. Killing of bacteria
reaching the lamina propria through the “leaky” epithelium is also impaired by a genetically predisposed defective phagocytosis by macrophages. Ineffective bacterial
clearance leads to excessive toll-like receptor (TLR) stimulation, secretion of pro-inflammatory cytokines and activation of innate and T-cell mediated immune
responses. The disrupted mechanism of tolerance in epithelial cells and antigen presenting cells (APC) amplifies innate immune cell recruitment (i.e. neutrophils).
Additionally, defective T-reg and APC cause excessive T-cell response (Th1 and Th17), with consequential intensification of the inflammatory response and
granulomatous reaction. IL: Interleukin; IFN-y: Interferon-y; TNF: Tumor necrosis factor; TGF-B: Transforming growth factor-B; LPS: Lipopolysaccharide.

In IBD these mechanisms of mucosal defence are com- IBD, and especially CD, presents with a characteristic
promised at all levels and they all contribute to disease pro- increased epithelial permeability, due to underexpression
gression. A potential mechanism of pathogenesis of IBD of certain tight junction proteins [e.g. claudins, junction
is summarized in Figure 1. Disease arises from the initial adhesion molecule-A (JAM-A)] concomitant with up-reg-
epithelial barrier dysfunction that brings about increased ulation of other pore-forming proteins (i.e. claudin-2)""",
bacterial translocation through the lamina propria, where Defective bacterial clearance due to impaired defensin
microbial antigens elicit a strong inflammatory response, and IgA production contributes to increased bacterial
due to ectopic (i.e. basolateral) TLR stimulation, activa- translocation from the gut lumen across the lamina pro-
tion of the NF-kB pathway and consequent induction of ptia. a-Defensins (i.e. human defensin 5 and 6 (HD5 and
pro-inflammatory chemokine and cytokine secretion. This HDO)) are antibactericidal compounds produced by Pa-
inflammatory process is aggravated by the decreased in- neth cells efficacious against Enterobacteriaceae (e.g. E. coli,
nate immune defense (i.e. reduced luminal defensin and Salmonella typhimurinm, L. monocytogenes) and Bacteroides vul-

IgA, defective phagocytosis in IBD), which amplifies the gatus, and were found significantly reduced in association
magnitude of bacterial translocation through the “leaky” with ileal CD, in particular in patients with NOD-2 muta-

epithelial layer. Disease progression mainly results from a tions">”. On the other hand, colonic CD, but not UC,
mote global defective immunoregulation and immunotol- was observed to be associated with lower copy number
erance in response to the initial inflammatory insult, due to of B-defensins 2 and 3, which are the main antimicrobial
overaggressive T cell reaction, dysfunctional regulatory T peptides found in the colon. This reduction in B-defensins
cells and antigen presenting cells (APC) (Figure 1). was shown to be due to a chromosomic polymorphism,
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since chromosome 8 presented with a lower copy number
of B-defensin 2 in colonic CcD"",

Microbial clearance can also be impaired because of
reduced levels of protective secretory IgA (SIgA) in IBD.
IgA constitutes the most abundant immunoglobulin phe-
notype present in the human body"™. In the gut, IgA is
produced by lamina propria B cells, then translocates to
the lumen by attaching to a basolateral receptor on epithe-
lial cells, and finally is transported to the luminal surface of
epithelial cells, where it forms SIgA clusters that elicit mul-
tiple roles in the intestinal lumen. Firstly, IgA in the mucus
layer entraps bacteria and dietary antigens, down-regulates
epitope expression on the bacterial cell surface and, there-
fore, regulates microbial intestinal colonization”™. More-
ovet, SIgA prevents pathogen attachment and invasion of
epithelial cells and removes bacteria breaching the epithe-
lial barrier by translocating them back to the lumen and by
promoting their clearance by dendritic cells, neutrophils
and phagocytes[sofsz]. In IBD, intestinal IgA is usually re-
duced and this is compensated for by increased secretion
of IgG, which induces pro-inflammatory cytokine produc-
tion and mounting of adaptive immune responses to the
resident microbiota™. Mucosal secretory IgG was found
to be significantly higher in UC and CD patients com-
pared to control patients with irritable bowel syndrome'™
In addition, the same study showed that both CD and UC
patients presented with increased mucosal IgG bound to
fecal bacterial cytoplasmic antigens compared to control
patients with irritable bowel syndrome and to non-IBD
controls with intestinal inflammation™”.

Malfunctioning bacterial killing in IBD has also re-
cently been linked to dysfunctional autophagy. Autophagy
is a constitutive pathway of cellular homeostasis and organ-
elle turnover. However, it has recently been demonstrated
that autophagy plays a key role in innate and adaptive
immunity. Macrophages use autophagy to capture and
effectively kill intracellular and extracellular invading bac-
terial pathogens, including Legionella, E. coli, Streptococcus
and Mycobacterium species, by fusion of the phagocytic
compartment with the lysosome[gs’%]. Epithelial cells also
employ autophagy to kill invading bacteria and the gene
ATG 16L7 has been shown to be necessary for starting
the autophagic process against the cytoplasmic invasion
of Salmonella g/p/az'mmmm[sﬂ. Mutations in ATG 7617 have
recently been associated with CD, thus implicating defec-
tive bacterial killing by autophagy in 1IBD"™. Autophagy
impairment might also influence the adaptive immune
response to bacteria, since autophagy is involved in
major histocompatibility complex (MHC) class II load-
ing in the lysosome, where the autophagic cytoplasmic
content is also delivered™. Therefore, a defect in the
autophagy pathway could influence antigen presentation
by APC, epithelial cells and immune surveillance. Finally,
autophagy has been implicated in the regulation of T cell
death and proliferation, and ATG 7617 is central to these
autophagy-regulated processes[sgl. Alteration of ATG
76L.17 in CD might therefore, at least in part, explain the
pathologic behaviour of T cells in IBD. In IBD the coex-
istence of compromised epithelial barrier and defective
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innate immunity aggravates the impaired mechanism of
tolerance to the resident microbiota and causes inflam-
matory granulomatous reaction (Figure 1). Defective in-
teraction between regulatory T lymphocytes in the lamina
propria and epithelial cells is central to the process of loss
of tolerance, through a mechanism that involves NF-xB
signaling, Epithelial NF-kB activation in healthy hosts is
normally suppressed by anti-inflammatory cytokines pro-
duced by the underlying T lymphocytes, such as TGF-f3
and IL-10, while in IBD Th1- and Th17-type immune
responses are predominant and lead to chronic inflam-
mation and worsening of the epithelial layer damagem.
Perpetuation of the epithelial damage causes increased
basolateral as opposed to physiological apical stimulation
of TLR-9 receptors, thus causing activation, rather than
blockade, of NF-xB signalingm. This leads to a vicious
cycle of aberrant immune response, mucosal inflamma-
tion, altered microbiota composition and/or activity and
increased mucosal permeability, which would explain the
persistent and recurrent nature of IBD.

THERAPEUTIC IMPLICATIONS OF
GUT MICROBIOTA-HUMAN HOST
INTERACTION

The increasing understanding of the gut microbiota-host
immune system interaction has recently drawn interest
towards a modulation of intestinal bacterial communities
as a novel potential adjuvant in IBD therapy. Although an-
tibiotic therapy constitutes an established therapeutic tool
for the treatment of specific IBD-associated symptoms
(e.g. abscesses and fistulae), as well as a possible preventive
measure, research studies that demonstrate antibiotic ef-
ficacy in IBD are still limited"". Promising outcomes have
been observed after gut microbiota modulation through
probiotic, prebiotic and synbiotic supplementation in CD
and UC to change IBD-associated dysbiosis. Treating
CD patients with the probiotic strain E. o/ Nissle 1917
has been shown to induce remission more rapidly than
untreated control patients, although it did not influence
the number of patients achieving remission””. In UC,
E. coli Nissle 1917 was proven as effective as mesalazine

93,94] . P
B39 Maintenance of remission

in maintaining remission
after probiotic supplementation was observed in a study
with the yeast probiotic Saccharomyces boulardii (reduced
percentage of relapses in probiotic + mesalamine-treated
CD patients, compared to control mesalamine-treated CD
patients), although the significance of the study is some-
what restricted because of the low number of subjects
involved (# = 32)"". Positive results were also observed
in a double-blind, randomised controlled trial with Bifido-
bacterium breve and Bifidobacterium bifidum fermented milk
supplementation in 20 UC subjects for 12 wk, where
a significant decrease of clinical indices was observed
compared to unsupplemented controls””. The probiotic
mixture VSL#3 showed convincing effects in the main-
tenance of remission in UC patientsm’m], and it was later
shown to prevent the onset of pouchitis[m”. On the other
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hand, the data with regard to VSL#3 supplementation
in CD are still preliminary. VSL#3 supplementation did
not result in a reduction in post-surgical relapse when ad-
ministered to pediatric CD patients, compared to control
mesalamine-treated patients[m]. In general, it appears that
this probiotic supplementation is more effective in reduc-
ing disease onset or recurrence, rather than diminishing
active inflammatory symptoms.

Prebiotic supplementation with inulin was shown
to improve clinical condition in pouchitis patients, and
to increase tolerance (i.e. through decreased TLR-2 and
TLR-4 expression on DC) and fecal bifidobacteria levels
in CD patients[
pre-biotics in a single preparation) also showed potential
therapeutic effect, although the number of studies in
IBD is still limited. Supplementation of the inulin-derived
prebiotic, Synergy-1, together with Bifidobacterinm longum,
in 18 UC patients for 4 wk significantly decreased rectal

pro-inflammatory cytokine levels and down-regulated the
[106]

103-105) Synbiotics (i.e. a synergy of pro- and

expression of inflammation-associated 3-defensins

In summary, some evidence has already indicated a
promising therapeutic effect of pro-, pre- and synbiotics
in IBD. However, the studies are still very few, under-
powered and their design and selection of active agent
are sometimes less than optimal. Indeed, this topic de-
serves further investigation in studies using an adequate
number of subjects and employing functional food
products targeting the gut microbiota, that have been
specifically selected for their anti-inflammatory proper-
ties from preliminary 7z vitro and animal studies.

CONCLUSION

Despite the observation that IBD is associated with an
abnormal gut microbiota composition, the question as
to whether the altered gut microbial dysbiosis is a cause
of disease or a consequence of the inflammatory state
of the intestinal environment still remains unanswered.
Although several studies implicate the gut microbiota in
IBD pathogenesis, so far no pathogenic/infectious mi-
croorganism has been identified as sole disease causing
agent. It is more likely that microbial dysbiosis and lack
of beneficial bacteria, together with genetically predis-
posed increased epithelial permeability, bacterial translo-
cation into the lamina propria, defective innate immunity
and loss of tolerance to the resident microbiota, may
lead to the abnormal inflammatory response and granu-
lomatous reaction characteristic of IBD. A modulation
of the gut microbiota through pro-, pre- and synbiotics,
specifically designed to reduce IBD-associated dysbiosis
and inflammation, constitutes an interesting approach in
the field of novel therapeutic approaches for IBD.
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Abstract

Antimicrobial peptides, including defensins, are essen-
tial effectors in host defence and in the maintenance of
immune homeostasis. Clinical studies have linked the
defective expression of both o- and B-defensin to the
reduced killing of certain microorganisms by the intes-
tinal mucosa of patients suffering from ileal and colonic
Crohn’s disease (CD), respectively. Only recently have
the events leading to defective expression of defensins
in CD been further elucidated, and are discussed herein.
These events may account for CD-associated alterations
in the microbiome and may subsequently precipitate the
development of granulomatous inflammatory lesions in
genetically-predisposed patients. We also address how
these discoveries may pave the way for the develop-
ment of a molecular medicine aimed at restoring gut
barrier function in CD.
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INTRODUCTION

So fat, in silico mining of human genomic databases have
identified or predicted more than one hundred defensin-
related sequences”. Based on their amino-acid sequences,
these human peptides are divided into two categories, the
o- and B-defensins (DEFA and DEFB, respectively). Al-
though some defensins are not fully characterized, these
molecules are cationic polypeptides smaller than 4 kDa.
DEFA and DEFB possess six conserved cysteine residues
that are linked in a 1-6, 2-4 and 3-5 pattern for DEFA and
in a 1-5, 2-4 and 3-5 pattern for DEFB. Structural stud-
ies showed that the tertiary configuration of both DEFA
and DEFB consist of triple-stranded f-sheet structures
that are stabilized by three intramolecular disulfide bonds.
DEFA and DEFB are stored within proteinaceous gran-
ules and are secreted through molecular mechanisms that
still remain to be elucidated.

Of at least six human DEFA that are expressed within
the gut mucosa, DEFA1-4, also referred to as Human
Neutrophil Peptide 1 to 4, are predominantly secreted
from azurophilic granules of polymorphonuclear leuko-
cytes, while DEFA5 and DEFAG ate primatily contained
in the apically-oriented secretory granules of Paneth cells.
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The latter is one of the four major epithelial cell lineages
that reside at the base of the crypt of Lieberkiihn in the
small intestine. In addition to DEFA, only four human
B-defensins (DEFB1 to DEFB4) have been studied in
the past few decades. DEFB1 to DEFB4 are primarily
expressed by epithelia of diverse gastrointestinal tissues,
including stomach, small intestine and colon™.

Biologically-active defensins are released upon the
proteolytic processing of their proforms by certain en-
zymes' including trypsin for DEFA5 and DEFAG in
humans® and matrilysin for cryptdins in mice!”. This
suggests that appropriate control of homeostatic quanti-
ties of both defensins and defensin-activating proteases
may ultimately dictate the outcome of the gut immu-
nological response to intruding pathogens and to com-
mensal microorganisms that are permanently present.
Our understanding of the regulatory mechanisms that
maintain appropriate expression of these antimicrobial
factors, which are discharged within the intestinal lumen,
is at an early stage. However, recent experimental and
clinical findings, which are discussed hereafter, provide
us with preliminary answers on how failure to maintain
optimal defensin function may lead to dysbiosis and to
the development of chronic inflammatory lesions.

THE ANTIMICROBIAL ACTIVITY OF
DEFENSINS

The membrane integrity of a broad spectrum of micro-
organisms, including enveloped viruses, protozoa, bacteria
and some fungi, is sensitive to the amphiphilic nature of
defensins (Figure 1). Over the past decade, several models
have been proposed to explain how defensin may induce
non-oxidative killing of microorganisms. Notably, the
Shai-Matsuzaki-Huang model provides a reasonable struc-
ture-function explanation for the antimicrobial character
of defensins’, whereby the cationic property of these an-
timicrobial effectors may disrupt the phospholipid bilayer
as a detergent. Defensins may promote the formation
of micelles by electrostatic forces to negatively-charged
components of the microbial membrane, including lipo-
polysaccharide from Gram negative bacteria and lipotei-
choic acids from Gram positive bacteria. Conversely, the
nosocomial Gram positive bactetia Staphylococcus epidermidis
and Staphylococcus anrens are thought to repulse the killing
activity of defensins by expressing a membrane-bound
molecule with a high density of negative chargeng and by
modifying its lipid membrane through Mprfm, respectively.
Similarly, both the two-component system PhoP/PhoQ
and lipopolysaccharide are involved in resistance to de-
fensins in the facultative intracellular bacterium Salmonella
typhimurinm (S. ljp/)z'muﬁum)“o], providing a mechanism
whereby certain pathogens may circumvent innate im-
mune mechanisms. Additional investigations are now
eagetly awaited to determine whether luminal secretion of
certain defensins may influence immune homeostasis in
any part of the gastrointestinal tract.

Genetically engineered mice that express the human
DEFAS5 showed oral resistance to salmonellosis"". Con-
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versely, matrilysin deficiency is linked to enhanced sus-
ceptibility to oral infection by S. Q/p/?z'mmmm[()]. Similatly,
genetic ablation of the Crohn’s disease (CD) predisposing
NOD?2 gene leads to reduced expression of certain crypt-
dins and to enhanced susceptibility to orogastric Listeria
monocytggenes infection”. More importantly, molecular
analyses point to profound changes in the composition of
the gut microbiome from DEFEAS-transgenic mice”. As
a consequence, an abnormal T cell homeostasis, includ-
ing fewer interleukin 17 (IL-17)-producing lamina propria
T cells, and an overt resistance to colonization of the il-
eum by segmented filamentous bacteria were observed in
DEFAS5-transgenic mice!™. The gastrointestinal tract, in
a large proportion of the human population, is colonized
by Gram positive anaerobic segmented filamentous bac-
teria that are thought to regulate both Th17 differentia-
tion"*"” and secretory immunoglobulin A production”*'".
Besides DEFAS, a physiological role for mouse -defensin
1 (mDefB1) in host defence has been primarily unveiled
in the pulmonary and urinary tract. Genetic ablation of
mDefB1 expression failed to impede the outcome of lung
infection by Haemaphilus influenzad"™, but also resulted in
enhanced bacterial burden of Staphylococcns in the bladder
when compared to controls'”. However, even if certain
pathogenic microorganisms inhibit the secretion and/or
killing activity of defensins™ the latter still provide partial
protection against infection, suggesting another prophy-
lactic role for these key elicitors of mammalian immunity.

THE IMMUNOREGULATORY FACET OF
DEFENSINS

In essence, defensins are regarded as “natural antibiotics”,
but accumulating immunological investigations revealed
that these long-held antimicrobial peptides may also
educate the gut immune system through multiple mecha-
nisms (Figure 1). Indeed, it has been known for some
time that DEFA1 is not only involved in the attraction
of monocytes to inflammatory sites”, but also of T cells
and immature dendritic cells™. Recent immunological
investigations have now revealed that this phenomenon is
not restricted to a-defensins. Notably, B-defensins were
chemotactic for T cells™, dendritic cells™, monocytesm’25J
and mast cells™ Interestingly, the presence of a disulfide
bridge was required for DEFB2 to recruit immunocytes
through the C-C chemokine receptor 6. Besides their
direct chemoattracting function, certain defensins may
also contribute to the recruitment of immune cells by
eliciting the expression of co-stimulatory molecules and
secretion of a subset of cytokines and chemokines by a
myriad of cell types through receptor-dependent mecha-
nisms”, Notably, DEFB2 and DEFB3 have been char-
acterized as signalling ligands per se for some membrane-
bound pathogen-recognition receptors, including the toll-
like receptors 4 and 2, respectively[zo’mj. The expression
of the co-stimulatory molecules CD80, CD86 and CD40
is consistently enhanced after exposure of monocytes
and dendritic cells to recombinant DEFB3 in a MyD88-
dependent manner””. Likewise, treatment of immature
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Figure 1 Model of defensin-mediated control of luminal microbiota and maintenance of immune homeostasis in the gut. PPAR: Peroxisome proliferator-activated

receptor.

dendritic cells with exogenous recombinant DEFA1 and
DEFB1 enhanced the expression of CD80, CD86, CDA40,
the maturation marker CD83, and HLA-DR"". Moreover,
both neutrophil-derived defensins and DEFB2 have been
involved as positive regulators of neovasculogenesis and
wound healingmw, but our understanding of the underly-
ing mechanisms still remains incomplete.

TOWARDS A CAUSAL LINK BETWEEN
DEFENSINS AND CROHN’S DISEASE
DEVELOPMENT

In recent years, defensins have been observed to be nega-
tive regulators of both infectious diseases and of chronic
inflammatory diseases, including CD. As many as 4 million
adults are affected by CD in Europe and North America,
and there is no cure for this relapsing-remitting granu-
lomatous illness. CD is traditionally charactetized by the
development of transmural inflammatory lesions that may
affect any part of the bowel. The ileal and colonic mucosa
of patients with CD show impaired antimicrobial activity
against major components of the microbiota, which is not
found in biopsies of healthy subjects or patients with ul-
cerative colitis, another inflammatory bowel disease™ . In
a clinical study by Wehkamp and collaborators, decreased
expression of both DEFA5 and DEFAG was linked to the
development of CD-associated lesions in the small intes-
tine™". More recently, decreased expression of DEFB1
was observed in CD patients with colonic involvement"”.,
While the transcript level of the neutrophil chemoattrac-
tant IL-8 is a surrogate marker of inflammation, it failed
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to correlate with DEFAS and DEFBT transcript levels in
Crohn’s ileitis and colitis, respectivelyl35’381. Similatly, levels
of DEFAS5 and DEFB1 were not modulated by most
current therapies for CD™. Collectively, these findings re-
inforce the notion that decreased expression of defensins
may result in excessive inflaimmation which is the basis
of CD. Furthermore, consistent with the chemoattracting
function of defensins, trauma to intestinal ot cutaneous
epithelia in CD patients is also associated with impaired
neutrophil attraction when compared to controls™’. De-
creased expression of defensins in CD may account for
defective local microbial killing and for reduced attraction
of immunocytes to mucosal breaches, but what causes the
impaired expression of defensins?

To determine the mechanisms underlying the defect in
defensins in ileal and colonic CD, the promoter of both
DEFAS5 and DEFB1 were screened for potential disease-
associated vatiants. Genetic errors in a regulatory region
downstream of the human DEFA5 gene were found
to predispose to ileal CD development'. In the ileum,
both NOD2 and the Wnt-signalling pathway transcrip-
tion factor Tcf712 were characterized as positive regulatory
molecules of DEFA5 expression in human and of certain
cryptdins in mice!>>*. Notably, patients carrying the
1007fs NOD2 mutation and those with lowered expres-
sion of Tcf712 showed a significantly decreased transcript
level of DEFA5™. We recently showed in the colon, that
engagement of the peroxisome proliferator-activated re-
ceptor peroxisome proliferator-activated receptor (PPAR)-y
with rosiglitazone triggered epithelial DEFB1 expression
in vitro and in vivo™. Dysregulated PPAR-y production
consistently results in reduced antimicrobial activity of the
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mucosa against major components of the microbiota in
mice'™. Furthermore, the single nucleotide polymorphism
rs1800972, which is located within the promoter region of
the human DEFBT gene, was also found to be protective
towards colonic CD developmer1t[38’44

I and to positively
regulate the expression of DEFB1™,

CONCLUSION

At present, the therapeutic management of CD is far
from optimal. Approximately 25% of patients fail to
respond to current biologics and/or to immunosuppres-
sive drugs. Given the essential role of defensins in main-
taining gut homeostasis, defensin deficiency requires to
be corrected in CD. Recent experimental investigations
provided preliminaty answers to this problem by identify-
ing the PPAR-y agonist rosiglitazone as a potent inducer
of a subset of [-defensin in mouse colon™, opening the
way for the potential correction of gut barrier function
in CD. The development of a mucosal-delivery system
for PPAR-y agonists is now eagerly awaited to improve
their therapeutic efficacy, while avoiding potential sys-
temic side effects. Finally, it is worth noting the regulatory
role of additional nuclear receptors, including vitamin D
and PPAR-B, in regulating the expression of other anti-
microbial peptides, including certain defensins™™*. The
potential synergistic effects of these regulatory factors on
the expression of intestinal defensins remains to be ad-
dressed. Drugs and diets which can modulate the expres-
sion of defensins may thereby protect against colitis and
colitis-associated cancer by maintaining sufficient levels of
these versatile antimicrobial peptides.
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Abstract

Many identified and yet unknown factors contribute to
the pathogenesis of inflammatory bowel disease (IBD).
The genome-wide association studies clearly support
the earlier developed concept that IBD occurs in geneti-
cally predisposed individuals who are exposed to distinct
environmental factors, which together result in dysregu-
lation of the mucosal immune system. Thus, the ma-
jority of previous studies have focused on the immune
response within the intestinal wall. The present review
aims to emphasize the contribution of three extralumi-
nal structures to this inflammatory process, namely the
mesenteric fat tissue, the lymphatics and the microvas-
culature. Broadening our view across the intestinal wall
will not only facilitate our understanding of the disease,
but will also us to identify future therapeutic targets.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The genome-wide association studies in recent years have
contributed significantly to the understanding of the patho-
genesis of inflammatory bowel disease (IBD)". The results
obtained from these studies have not only confirmed the
relevance of earlier characterized pathways, but equally
have opened novel avenues. One possible hypothesis for
the etiology of IBD is that the mucosal immune system is
hyper-responsive to luminal antigens (e.g. dietary factors,
commensal bacteria) in genetically predisposed individu-
als”. This hypothesis is limited to the intestinal lumen and
wall. Focusing on Crohn’s disease, the inflammation is not
restricted to the luminal side of the intestinal wall. Rather,
transmural inflammation presents as the dominant pheno-
type, which leads to the question of whether extraintesti-
nal/extraluminal structures conttibute to the inflammatory
process. In the present overview, three extraluminal struc-
tures are discussed, which have been demonstrated to play
a role in the regulation of intestinal inflammation, namely
the mesenteric fat tissue, microvasculature and lymphatics

(Figure 1).

MESENTERIC FAT TISSUE

Historic view
Crohn BB himself provided the first evidence that the
mesenteric fat tissue might play a role in the pathogen-
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Figure 1 Extraluminal structures contributing to Crohn’s disease. The figure
illustrates the potential contribution of the extraluminal structures of mesenteric
fat tissue, lymphatics and microvasculature to the dysregulation of the mucosal
immune system.

Microvasculature Mesenteric fat

esis of Crohn’s disease, by describing local hypertrophy
of the mesenteric fat adjacent to inflamed intestinal seg-
ments”. This phenomenon, which is also called “creeping
fat” or “fat wrapping” is restricted to Crohn’s disease,
and is not observed in ulcerative colitis or other forms
of chronic intestinal inflammation.

Anatomical view

The characteristic “fat wrapping” seen only in Crohn’s dis-
ease represents fat hypertrophy that results in partial cover
of the intestinal citcumference, which is defined as > 50%
coverage of the intestinal surface by adipose tissue and oc-
curs in both the large and small bowel. The localization of
this “creeping fat” correlates with transmural inflammation,
ulceration, and stricture formation”. These observational
results have been underlined by magnetic resonance imag-
ing that quantified the amount of intra-abdominal fat in
relation to total body fat, which indicates that the intra-
abdominal fat but not total body fat increases'’, Adipocytes
within this hypertrophied fat are significantly smaller, but a
fourfold increase in the total number of adipocytes is pres-
ent in the mesentery of Crohn’s disease patients as com-
pared to controls”. How can we explain this observation
and what might be the possible contribution to disease?

Adipocytes and chronic inflammation

Each lymph node in our body is in close proximity to adi-
pose tissue. Once the lymph nodes are activated, the num-
ber of adipocytes increases, which allows for the supply of
sufficient energy for a functional immune systernl("sl. How-
ever, is the role of the mesenteric fat tissue restricted to
energy supply? In the first studies to analyze the expression
of pro-inflammatory mediators in fat tissue, an increase of
tumor necrosis factor (INF)-a and the adipokine leptin
was demonstrated in the fat tissue of Crohn’s disease pa-
tients, in comparison to non-inflammatory controls”. In
addition, adipocytes express C-reactive protein, and there
is a significant correlation between serum C-reactive pro-
tein levels and increased mesenteric fat density in Crohn’s
disease!”. What is the relevance of these mediators released
by the adipose tissue?

Adipokines
Various adipokines ate released by adipose tissue. The
relevance of adipokines in IBD has been summarized
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recently in broad detail"”. The adipokines characterized
best with regard to intestinal inflammation are leptin and
adiponectin, respectively.

Leptin is a 16-kDa peptide predominantly produced by
adipocytes, which signals the status of satiety to the hypo-
thalamus'"", Leptin deficiency or non-function of the long
isoform of the leptin receptor (OB-Rb) is associated with
massive obesity in mice and humans. From a structural
point of view, leptin can be classified as a helical cyto-
kine"”. Thus, the structure of leptin suggests a regulatory
function within the immune system. In humans, leptin de-
ficiency is rare, but results in impaired T-cell proliferation
and is associated with increased mortality in childhood due
to infection'". In mice, leptin deficiency has been associ-
ated with protection from dextran sodium sulfate (DSS)-,
oxazolone- and trinitrobenzene sulfonic acid (TNBS)-
induced colitis. In addition, results from the transfer model
of colitis indicate that leptin serves as crucial T-cell stimu-
lator in intestinal inflammation""". In addition, leptin
stimulates the proliferation of naive CD4" T cells and af-
fects T-cell polarization“s’m’w]. In Crohn’s disease, increased
expression of leptin mRNA as well as protein in the hy-
pertrophic mesenteric fat has been reported”**'!. Together
with data from animal studies, a pro-inflammatory role for
leptin in Crohn’s disease has been suggested.

Adiponectin, a 30-kDa polypeptide, contributes 5-
10 pg/mL to 0.01% of plasma proteins, and hence is the
most abundant adipokine in the circulation™. Adipo-
nectin has a high affinity to form trimers that can further
multimerize to polymers, which results in various high and
low molecular isoforms. The biological significance of the
different high and low molecular forms is not finally un-
derstood. In Crohn’s disease patients, adiponectin mRNA
and protein release is upregulated in hypertrophied adi-
pose tissue, as compared to normal adipose tissue from
the same subjects, or mesenteric adipose tissue from ul-
cerative colitis patients and controls™. Data concerning
the effects on disease severity in experimental models of
colitis are conflicting. Whereas one group has observed
increased susceptibility to the chemically induced model
of DSS colitis™, another has reported protection against
DSS- as well as TNBS-induced colitis in adiponectin-
deficient mice™. To confuse the issue even more, a third
study has reported that adiponectin deficiency does not
affect the outcome of disease in interleukin (IL)-10-
deficient mice that develop colitis spontaneously™. In the
model of chronic TNBS-induced colitis in rats, the size
of mesenteric adipocytes is decreased, and production
of adiponectin, besides other mediators, is increased in
perinodal mesenteric fat™”. As a result of the conflicting
effects mediated by adiponectin on immune cells, both
pro- and anti-inflammatory consequences of altered adi-
ponectin production in IBD are possible. However, adi-
ponectin does seem to modulate immune responses, and
abnormal production could thus be involved in the altered
responsiveness of immune cells that occurs in IBD.

Recent data from genetic studies have added indepen-
dent support for such dysregulated production of adipo-
nectin and leptin in Crohn’s disease. In mice, deficiency
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of the autophagy gene Atgl6ll results in upregulation
of leptin as well as adiponectin mRNA expressionm]. In
humans, the ATG16L1 risk allele is associated with an
increased risk of developing Crohn’s disease™. Further
cross-population studies are needed to ascertain whether
this mutation is the cause of the altered leptin and adipo-
nectin production in the hypertrophic fat of Crohn’s dis-
ease patients. However, so far, it is tempting to speculate
that the ATG106L1 risk allele and the subsequent altered
production of adipokines might contribute to the predis-
position to Crohn’s disease.

The data described above indicate that adipokines are
able to regulate the acquired immune response and that
the production of some is altered in mesenteric fat of
IBD patients. What kind of stimulus is required to mod-
ify the production of these adipokines in patients with
Crohn’s disease? Translocation of luminal antigens (e.g
bacteria) from the intestinal lumen to the adipose tissue
could offer this stimulus, presuming that adipocytes and
pre-adipocytes express innate receptors.

Adipocytes as cells of the innate immune system

The release of free fatty acids by adipocytes following li-
popolysaccharide (LPS) stimulation, and hence responsive-
ness of fat cells to bacterial components, was first detected
over 30 years agom. In line with these historic data, the
expression of toll-like receptor (TLR)4 and TLR2 was
described in adipocytes generated from the 3T3-L1 cell
line”". Furthermore, our group and others have demon-
strated that adipocytes and their precursors from mice and
humans express TLR1-TLR11 and that specific stimulation
induces secretion of immune regulatory mediators™ ",
In addition, data from our group indicate expression of
functional nucleotide oligomerization domain (NOD) pro-
teins-1 and -2 on pre—adipocytesps]. Expression of these
NOD proteins in adipocytes and pre-adipocytes is further
regulated by TNF-g or LPS (NOD?2), respectively, IFNy
(NOD1)™. This observation is of particular interest, since
mutations in the NOD2 gene have been associated with
an increased risk of developing Crohn’s disease™™. Thus,
adipocytes and pre-adipocytes share functional properties
of immune cells, which suggest an active role in defense
against bacterial and viral antigens 7z vivo. Hence, adipo-
cytes and pre-adipocytes could represent a yet ignored
population of innate immune cells.

A working model could be that primary increased pro-
duction of pro-inflammatory mediators in the mesenteric
fat due to genetic predisposition might contribute to the
development of Crohn’s disease. Additionally, the massive
cytokine production in the inflamed colon, in addition to
translocalizing bacteria, could further induce the produc-
tion of pro-inflammatory mediators in the adjacent adi-
pose tissue, thus inducing a vicious cycle, in which inflam-
matory conditions in the intestine and the mesenteric fat
support each other.

LYMPHATICS

The lymphatic system is closely connected to and within the
intestine, and is a neglected structure. In 2008, Van Kruiningen
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et al”” reminded us of their presence in a concise review.
They reviewed the pathological descriptions of Crohn’s
disease in the era before antibiotic, corticosteroid, immu-
nomodulatory and biological therapy. These pathologists
described lesions in the basal portion of the lamina pro-
ptia, in the superficial and deep submucosa, and in the sub-
serosa, which suggested lymphatic disease. These lesions
comprised lymphocytic thrombi within the lymphatics and
multiple large aggregates of lymphocytes with or without
multi-nucleated giant cells, a picture consistent with chronic
lymphangitis””. The granulomas of Crohn’s disease appear
to be in and around the very thin-walled lymphatics that
are found adjacent to small vessels™”. This further supports
the idea that lymphatics might directly contribute to the
pathogenesis of this disease.

Almost more intriguing are the rat and pig models
in which regional lymphatics of the small intestine were
obstructed with sclerosing agents[41’4zj. These animals
subsequently developed segmental intestinal disease that
was characterized by many of the alterations that occur in
Crohn’s disease, including lymphocytic and granulomatous
changes. Remarkably, enteroenteric as well as enterocuta-
neous fistulas developed in these models, which are not
seen in animal models routinely used todayl41’42]. Addi-
tional observations have pointed out that the distribution
and character of these lesions represent obstructive lym-
phocytic lyrnphangitism]. In these older studies, the con-
nection between the shorter segments of Crohn’s disease
in the jejunum and the longer segments in the ileum, with
the shorter vasa recta of the jejunum and the longer lym-
phatic collecting ducts of the ileum, was emphasized[”’w.

Very recent work by Vetrano ez al*" has provided fur-
ther experimental data underlining the relevance of lym-
phatics in IBD™, They have concentrated on the expres-
sion of D6, a promiscuous decoy receptor and scaven-
ger for CC chemokines that plays a non-redundant role
in the control of the inflammatory response in various
organs. Vetrano et " have demonstrated upregulation
of D6 in human colitis. The expression could be local-
ized to lymphatic vessels and leukocytes in the mucosa.
Do6-deficient mice showed an increased susceptibility to
experimental colitis when compared to wild-type mice.
Via bone-marrow chimeras, the regulatory function of
D6 in colitis has been tracked to the stromal/lymphatic
compartment, and a contribution of hematopoietic cells
could be excluded. Thus, these data further emphasize
the regulatory role of the lymphatic system in intestinal
inflammation.

In line with these observations, Van Kruiningen ef al”
have suggested recently to focus again on the lymphatic
damage in Crohn’s disease, and the identification of pos-
sible harmful agents that cause lymphangitis and lesions
in the lymphatic endothelium. Although the lymphatics
are not completely separated from the intestine, they rep-
resent the second structure that should be reevaluated in
Crohn’s disease.

MICROVASCULATURE

In similar close proximity to the intestinal wall is the
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microvasculature that is embedded in the mesenteric fat
tissue, which thus provides an additional link as outlined
below.

Whether increased vascularization as assessed by mes-
enteric angiography or Doppler ultrasound reflects Crohn’s
disease activity is disputedm]. Recent evidence for angio-
genesis playing a role in IBD pathogenesis has prompted
interest in anti-angiogenic therapies for IBD"*"", Remark-
ably, angiogenesis plays a crucial role in various chronic
inflammatory disorders such as artherosclerosis, rtheuma-
toid arthritis, peptic ulcer, IBD, psoriasis, and Alzheimer’s
disease™. Growth of new blood vessels is intrinsic to
inflammation and is associated with structural changes,
including activation and proliferation of endothelial cells
and capillary and venule remodeling, all of which result
in an expansion of the tissue microvascular bed™". As
inflammation evolves, vessels expand to supply nutrients
that sustain the accumulation of activated immune cells,
and in the chronic phase, local immune cells overproduce
endothelial cell growth factors*’.

This expansion of the vascular network facilitates
several mechanisms. The influx of inflammatory cells
increases the nutrient supply that allows the metabolically
active immune response to take place, and the activated
endothelium contributes to the local production of cy-
tokines, chemokines, and matrix metalloproteinases[52’53]
In chronic inflammatory disorders, infiltration by mac-
rophages and lymphocytes, tissue damage and repair oc-
cur concurrently, and the newly formed vessels become
permanent[51’54]. The anatomical expansion and increased
activation of the remodeled microvascular bed foster fur-
ther influx of immune cells, and angiogenesis and inflam-
mation become co-dependent processes[s‘ﬂ. Both innate as
well as adaptive immune responses promote angiogenesis.

Thus, the endothelium, and more specifically, the en-
dothelial cells of the microvasculature seem to assume a
central function, because they are not only capable of gen-
erating a range of mediators, but also display distinct ad-
hesive molecule patterns, to activate a unique sets of genes
and form capillariesm‘%s]. In addition, endothelial cells act
depending on the body compartment heterogeneity™” !,
An example is the expression of mucosal addressin cellular
adhesion molecule-1 by Peyer’s patches and high endothe-
lial venules to recruit a4B7 homing receptor-positive naive
lyrnphocytes[&]. Similatly, endothelial cells from brain, liver,
and other organs express distinct surface markers, protein
transporters, and intracellular enzymes'®™. This hetero-
geneity becomes of particular interest when considering
the regulation of organ-specific inflammation; in our case,
intestinal inflaimmation. The distribution and infiltration
of leukocytes is tightly regulated by numerous homing and
adhesion molecules on the surface of microvascular and
immune cells®”. At inflamed sites, endothelial cells still
control the type and number of immune cells that extrava-
sate into the interstitium in a dysregulated fashion'™*”.

An additional cell population has been identified to
play a crucial role in the process of cell infiltration »ia the
endothelium in areas of inflammation, namely platelets.
They normally circulate without attaching to the endotheli-
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um, but do so when the endothelial cells become activated,
and platelet adherence triggers inflammation'”. Activated
platelets produce massive amounts of pro-inflammatory
mediators and interact with various other cell popula-
fions®®

cruit leukocytes through a platelet-dependent mechanism,

| In inflamed ateas, the microvasculature can re-

but at the same time, platelet recruitment is leukocyte
dependentm. The details of this crucial interaction have
been summarized by other reviews!".

A number of animal studies have proven that the pro-
cess of angiogenesis can be taken advantage of as a
therapeutic approach. Hence, in models of DSS-induced
inflammation, as well as spontaneous colitis in IL-10-
deficient mice, angiogenesis occurs. However, when this
angiogenesis is inhibited, clinical severity and the signs
of histological inflammation decrease signiﬁcantlym.
Furthermore, vascular endothelial growth factor A that
induces angiogenesis has been recently shown to be up-
regulated in samples from patients with IBD, and in mice
with colitis. The overexpression of VEGF-A in mice
exposed to DSS was followed by deterioration of disease
and an additional increase in angiogenesis when com-
pared to DSS-exposed wild-type mice!™

PERSPECTIVE

Considering the factors that contribute to intestinal in-
flammation, particularly in Crohn’s disease, we should
avoid restricting ourselves to the luminal site and immune-
cell infiltration, but rather include the extraluminal struc-
tures discussed in this review. This broadened view might
help us in understanding the disease, and more impor-
tantly, in identifying novel therapeutic targets.
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Abstract

Inflammatory bowel diseases (IBD) are a complex group
of diseases involving alterations in mucosal immunity
and gastrointestinal physiology during both initiation
and progressive phases of the disease. At the core of
these alterations are endothelial cells, whose continual
adjustments in structure and function coordinate vas-
cular supply, immune cell emigration, and regulation
of the tissue environment. Expansion of the endothe-
lium in IBD (angiogenesis), mediated by inflamma-
tory growth factors, cytokines and chemokines, is a
hallmark of active gut disease and is closely related to
disease severity. The endothelium in newly formed or
inflamed vessels differs from that in normal vessels in
the production of and response to inflammatory cyto-
kines, growth factors, and adhesion molecules, alter-
ing coagulant capacity, barrier function and blood cell
recruitment in injury. This review examines the roles
of the endothelium in the initiation and propagation of
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IBD pathology and distinctive features of the intestinal
endothelium contributing to these conditions.
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INTRODUCTION

Inflammatory bowel diseases (IBD) include Crohn’s dis-
ease (CD), ulcerative colitis (UC) (and indeterminate coli-
tis), which share several inflammatory characteristics with
other chronic immune disturbances including immune
activation, leukocyte infiltration into tissues and increased
vascular densitym. In UC, the colon shows a continuous,
superficial inflammation, while CD occurs as patchy trans-
mural inflammation which may affect any region of the
gastrointestinal tract. Genetic susceptibilities may play an
important role in the development of IBD** with poly-
morphisms in CARD15/NOD2 haplotypes (especially in
Caucasians) and HLA-DR haplotypes (especially in Asian
IBD) and possible defects in interleukin (IL)-23, IL-2, and
IL-10 signaling[z’lmj. IBD is more prevalent in developed
nations" ', with several mechanisms being considered to
explain disease pathology including environment, hygiene
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and altered gut flora" ™. These different contributing

causes may underlie divergent forms and patterns of IBD,
which ultimately may lead to a redefinition of different
sub forms of UC and CD.

While the mechanisms initiating and sustaining IBD
may differ, both UC and CD may reflect dysfunction
within antigen-presenting cells (e.g. dendritic cells) or
excess activation of CD4" T-cells (resembling T-cell dis-
turbances in psoriasis). Reduced activation of T-cells in
some forms of CD appear to allow gut microbiota that
have breached the gut epithelium to trigger microvas-
cular inflammation>*"*'%, The activation of immune
responses in IBD release inflaimmatory cytokines [e.g.
tumor necrosis factor (INF)-a] and growth factors [e.g
vascular endothelial growth factor (VEGF)-A] into gut
tissues provoking gut inflammation and injury[s’ﬁ]. An-
tibodies produced against “normal” gut antigens (e.g
anti-colon, anti-mucin, anti-tropomyosin) have been
found in IBD and are suggested to activate cytotoxic T
lymphocytes, further increasing inflammation'”. As IBD
progresses, cytokine-mediated inflammation and epithe-
lial apoptosis disturb the intestinal barrier, to allow pen-
etration of gut flora beyond the lamina propria causing
intense inflammatory responses'" while also provoking
endothelial microvascular permeability[w].

Another key event in IBD progression is the expan-
sion of the intestinal microvasculature. Angiogenesis in
IBD sustains inflammation through alterations in the en-
dothelial lining of these vessels. The endothelium regu-
lates recruitment of inflammatory cells, tissue damage
(e.g. vasogenic edema), and production of inflammatory
mediators'”*?, In this review we describe the key roles
of the endothelium in mediating and aggravating inflam-
mation in IBD (Figure 1).

ENDOTHELIAL CELLS IN IBD

Endothelial cells (ECs) are the major constituent of the
microvasculature that line blood and lymphatic vessels.
ECs during IBD undergo rapid and remarkable changes
in response to elevated levels of cytokines and growth
factors often producing injury to gut tissues. Normally
ECs provide an anti-adhesive and selectively permeable
exchange bartier™. Even though ECs have long been
recognized as participants in inflammation their roles in
intestinal inflammation during IBD are not yet clear. The
unique physiological and molecular characteristics of gut
microvessels may help explain several characteristics of
IBD. The close relationships between gut metabolism,
tissue perfusion, microvascular expansion and immune
cell infiltration are unclear but suggest that microvas-
cular alterations may be maladaptive in IBD. Intestinal
vascular ECs basally exhibit unique properties which
may contribute to IBD. Haraldsen ez a/*" first described
characteristics of human intestinal ECs (HIMECs) in
long-term cultures and differences from ECs of differ-
ent origin. For example lipopolysaccharide (LPS) only
transiently increases HIMEC adhesion molecule ex-
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pression, while causing long-lasting increases in human
umbilical vein ECs (HUVECS)[ZS]. Nilson e a/*” found
that HIMEC cultures produce different cytokines (IL-1f3,
IL-3 and IL.-6) upon stimulation with inflammatory cyto-
kines (e.g. TNF-q, IL-1) compared to HUVECs. Binion
et al”” have shown distinctive HIMEC properties such
as constitutive inducible nitric oxide (NO) synthase
(iNOS) as well as unique adhesive determinants, and that
these properties were altered in IBD and may underlie
endothelial dysfunction in IBD development.

ENDOTHELIAL NO IN IBD

Endothelial-derived NO reduces leukocyte and platelet
adhesion to the endothelium™, mediates flow-depen-
dent and agonist-dependent vasodilatation, and couples
VEGF-A signaling with NO-dependent permeabil-
ity™?, NO-mediated endothelial permeability involves
2 separate mechanisms: (1) increased guanylate cyclase
and phospholipase C activity which increases intracel-
lular Ca*";and (2) permeability mediated by Erk1/2 ia
Ras/Raf/PKC causing increased actin contracdhquzg’33’34j.
Increased p38 mitogen-activated protein kinase (MAPK)
signaling, Rho-GTPase activity and increased Ca”" re-
lease mediated by upregulated cytokines and growth
factors may also represent possible mechanisms for in-
creased endothelial permeabﬂjtym’m.

Endothelial nitric oxide synthase (eNOS)-detived NO
1s a radical scavenger not only absorbing Oz but also gen-
erating the potent oxidant ONOO". eNOS expression is
reduced in IBD; eNOS deficiency in IBD is exacerbated
by arginase-mediated depletion of substrate as well as
eNOS uncoupljngp&w. Decreased eNOS activity in IBD
reduces endothelium-dependent vasodilation, leading to
ungoverned oxidant formation, prominent in IBD"'. De-
letion of eNOS (eNOS’/) increases severity of experimen-
tal IBD"** consistent with protective roles of NO against
inflammation. NO may prevent development of endothe-
lial inflammatory and hyper-adhesive phenotype in IBD
by suppressing cytokine-induced EC adhesion molecules
(ECAMs) and matrix metalloproteinases (MMPs)™*, Tn-
creased endothelial oxidant stress (e.g. in IBD) also disturbs
tight junctional organization i p38, p42/44 MAPK'" ™",

Sera from patients with CD reduce, while UC sera in-
crease eNOS in HUVECs; both UC and CD sera increase
iNOS™. This may reflect differences in anatomic origins
of the endothelium i.e. venous »s intestinal. HIMEC
iNOS expression appears to be a unique feature of gut
microvessels. In HIMECs, iNOS appears at least as im-
portant a source of NO as eNOS. Binion ez a/”, have
shown that HIMECs persistently express iNOS, and that
iNOS-derived NO limits leukocyte adhesion in normal
HIMECs. Paradoxically iNOS inhibition increases binding
of leukocytes. Thus, while leukocyte-derived iNOS may
drive inflammation, HIMEC expression of iNOS limits
the inflammatory responses (leukocyte adhesion, perme-
ability, vasodilatation) in the gut, and decreased endothelial
iNOS abundance and activity in IBD may represent an
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Figure 1 Inflammation triggers a change in the endothelium of the intestinal vasculature in response to the cytokines, chemokines and growth factors re-
leased by immune cells leading to increased angiogenesis, adhesion molecule expression, leukocyte extravasation, decreased endothelial barrier function
and increased coagulation. TNF: Tumor necrosis factor; IL: Interleukin; iNOS: Inducible nitric oxide synthase; eNOS: Endothelial nitric oxide synthase; VEGF: Vascular
endothelial growth factor; MMPs: Matrix metalloproteinases; VCAM: Vascular cell adhesive molecule; ICAM: Intracellular adhesive molecules.

underrated basis of TBD pathology”*". HIMECs derived Despite elevated NO abundance, downstream guanylate
from CD patients also show a persistent loss of iNOS cyclase signaling appears to be depressed in DSS colitis
expression”’. Interestingly, iNOS can be decreased by in- leading to decreased cGMP in the inflamed intestine™.
jury to normal HIMECs (opposite to most tissues which Under these conditions, cGMP dependent protective NO
mobilize iNOS in response to injurym) suggesting that effects may be masked by pro-oxidant effects of NO me-
during injury, reduced iINOS might trigger inflammatory tabolites. Conner ¢ /™ and Grisham ez aF*" revealed an
responses. Even with the loss of endothelial iNOS, there important role of the 26S proteasome in the regulation

is often increased NO in tissues surrounding the area of of endothelial nuclear factor-kB (NF-xB) and cumulative
inflammation. Despite decreased endothelial iINOS de- iINOS NO production and adhesion molecule expression.
rived-NO, IBD frequently exhibits increased leukocyte re- Cumulatively, these studies suggest that intestinal homeo-
cruitment and activation of gut epithelial cells to increase stasis is controlled by distinctive and compartmentalized

overall NO production!™. Krieglstein ez a/*! found that ~ NO sources, and that excess NO formation may support
tissue-derived iNOS, and to some extent leukocyte iNOS, the pathophysiology of IBD.

mediate colitis injury, but could not specifically distinguish
between tissue and endothelial contributions of iINOS in ENDOTHELIAL TOLL-LIKE RECEPTORS
colitis. Aoi e# a/” have suggested that iNOS-derived NO

plays an important role in gut healing after injury through AND IBD
induction of VEGE, necessary for angiogenesis in wound The gut is an otgan supporting a high bactetial load; despite

healing. We have previously shown that excess NO physical and chemical bartiers, some bacterial antigens will
may play an important role in IBD exacerbation. Using ultimately penetrate the gut wall to activate gut microvas-
STAT-6"" mice (which have high iNOS levels) in dextran  cular ECs through Toll-like receptor (TLR) signaling!*”.
sulfate sodium (DSS) colitis, we found more severe IBD The intestinal microvascular endothelium also differs from
in STAT-6" mice correlate with extraordinary NO flux ECs of other origins in TLR responses. For example,
suggesting that excess NO may also drive gut injury[sﬂ. repeated exposure and activation of TLR4 in HIMECs
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leads to development of lipopolysaccharide tolerance;
however HUVECs lack such a mechanism, indicating the
importance in controlling endothelial-dependent inflam-

253657 Protease

mation and host commensal interactions
activated receptors activate transforming growth factor
(TGF)-B to induce TLR4 and lead to increased disease
severity in IBD"™, TLR5 is constitutively expressed in all
ECs, and is of particular interest in gut pathophysiology.
TLR5, a receptor for ﬂagel]jn[()m, is constitutively expressed
on the basolateral surface of the gut endothelial (an epi-
thelial) layers'”. TLR5 signaling induces endothelial inter-
cellular adhesion molecule-1, TNF-a production and leu-
kocyte binding and emigrationl(’”. Loss of TLR5 activity
in murine models leads to the development of infectious
as a result of deficient and improper responses to normal
flora and pathological microorganisms[m’ézj. Conversely,
endothelial TL.R3 has been shown to be protective in the
DSS model of acute colitis. This process is mediated by
interferon (IFN) type 1 induction of IL-10, a potent anti-
inflammatory cytokine™. However, Heidemann ez /Y in
2007 found that IL-12 expression and its associated gene
products were also induced by TLR3 signaling in addition
to increased adhesion and transmigration of leukocytes
and TLR functions in the gut remain complex, and re-
quires further study.

IBD-ASSOCIATED CYTOKINES AND
CHEMOKINES EFFECTS ON GUT ECs

During inflammation there is an increase in plasma levels
of inflammatory cytokines, including 11.-6, 1L-23, IL.-12
and TNF-q, in both human IBD and animal IBD mod-
els’*". Kawachi ez a/***" examined cytokine alterations in
the adoptive T-cell transfer and the IL-107 IBD models
and found 1L-1, IL-6, IL-18 and TNF-q were uptregulated
in both models. Many of the inflammatory cytokines
that are upregulated in IBD are pro-angiogenic, the best
examples being IL-17 (produced by invasive Th17 cells)
and TNF-q, produced by several tissue types, including in-
filtrating immune cells (macrophages and monocytes)* "
and the endothelium™. EC produce inflammatory media-
tors in response to activation by immune cells and altera-
tions in the tissue microenvironment'™*"".

TNF-a is one example of a cytokine with pleiotropic
effects on the endothelium in IBD, ranging from adhesion
molecule induction [vascular cellular adhesion molecule
(VCAM)-1 and mucosal addressin cellular adhesion mol-
ecule MAdCAM)-1], promoting interaction of platelets
with ECs and inducing expression of pro-angiogenic
growth factors such as VEGF-AP*"" Defects in the
activity of the anti-inflammatory cytokines such as 11.-10
may play a role in the establishment of some IBD, and
I1.-10 deficient mice (IL—lO’/) develop IBD spontane-
ously, while other animal models of colitis show reduced
injury when treated with exogenous IL-10%™7, Interest-
ingly Oshima e a/'”' observed that pretreatment of ECs
with I1-10 prevented IFN-y mediated endothelial barrier
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disruption, indicating that an important role of 1L.-10 may
be to prevent cytokine mediated EC barrier disturbances
which initiate and exacerbate disease. This is supported
by the finding that several EC adhesion molecules such as
intercellular adhesion molecule ICAM)-1, VCAM-1 and
MAdCAM-1 are increased in IL-107" mouse colitis and
may mediate leukocyte recruitment in this model .

Over 40 chemokines in 4 separate families interact
with as many as 19 receptors to regulate trafficking of leu-
kocytes. Of these, several chemokines may mediate leuko-
cyte trafficking to the gut and colon dysfunction in IBD.
Papadakis ¢t a/”" showed that CCL.2 and CCL5"" mice
are protected from colitis. Interestingly, Barcelos ez al™
and Wu ez a/™ showed that CCL5 and CCL3 can induce
inflammatory angiogenesis in a murine sponge model and
promote angiogenesis in murine tumors. Eyman e/ al™
have also shown that CCL5 upregulates pro-angiogenic
genes. CCL25 interacting with its receptor on CCR9"
leukocytes plays a major role in the early stages of ex-
perimental TBD pathogenesis”’. CXCL8 (IL-8) another
pro-angiogenic chemokine, is known to be stored in
EC Weibel-Palade bodies, can be rapidly secreted, and
induces HIMEC proliferation in culture »ia binding to
CXCR2™™ Although angiogenesis may support injury
IBD, IL-8 may be dysregulated in some forms of IBD.
IL-8 seems to be downregulated in leukocytes and in the
endothelium of patients with CD. There appeats to be no
upregulation in the endothelium of UC patients, suggest-
ing a possible link to TGF-f1 over expression in IBD™*,
In contrast, Scaldaferri ez a/*"** found that intestinal
fibroblasts treated with TNF-q, produce 1L-8 and mono-
cyte chemoattractant protein-1 vz p38/p42/44 mitogen-
activated protein kinase.

CX3CL1/fractalkine is a chemokine expressed by EC,
can be upregulated by TNF-q, IL-1, LPS and IFN-y, and
is highly upregulated in IBD*"". CX3CL1 can function
as an endothelial adhesive determinant to recruit a sub-
population of dendritic cells and macrophages that have
high CX3CR1 expression. CXCL1 can be shed from the
surface of the ECs (in response to increased IL-1f in
IBD). This form of CX3CL1 acts as a chemoattractant
for CD4" and CD8" T-cells™. Sans ¢ a/”" reported that in
fact there is enhanced recruitment of CX3CR1 expressing
T-cell to the gut vz interactions with CX3CL1. CXCR4/
SDF-1q, and its ligand CXCL12 is an important che-
mokine/receptor pair in angiogenesis, but have received
very little attention in IBD. Heidemann ez /* reported
that blocking this CXCR4/CXCL12 interaction is suf-
ficient to inhibit migration and proliferation of HIMECs
in response to VEGF-A. CXCR4/SDF-1q plays an im-
portant role in the recruitment of EC precursors to sites
of angiogenesis, and may be impaired in IBD, leading to
the conclusion that this pathway may be interrupted” .
Midkine, another chemokine of great interest is increased
in serum and is associated with tumor drug resistance and
poor cancer prognosis” . Midkine is also upregulated in
IBD serum, and has prognostic value like VEGE, TNF-q,
sVCAM and VCAMP*”"™ Midkine has a pronounced
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angiogenic effect, like some other inflammatory factors,

and also increases the levels of surface glycosaminogly-

cans on ECs to favor recruitment of circulating leuko-
. [103]

cytes in IBD" .

INCREASED ENDOTHELIAL ADHESION
MOLECULE EXPRESSION IN IBD

Inflammation in IBD is characterized by increases in both
blood and lymphatic vessels in the intestine. This increase
in endothelial surface area provides a powerful means of
increasing leukocyte recruitment with the mobilization
of ECAMs including selectins™. Animal models of IBD
(IL-107", 1L-27", SAMP1/Yit and T-bet”), like human
IBD, all show ECAM upregulation is linked to disease
severit;rléé’l%lOGJ, allowing use of adhesion antagonists in
IBD therapy™ """, Endogenous endothelial-derived
inhibitors of leukocyte binding (e.g. sVCAM-1) may also
be downregulated in IBDP"* " and could provide new
diagnostic or anti-adhesive strategies.

P and E-selectins, glycoproteins expressed on the sur-
face of platelets and other leukocytes, are also expressed
on the sutface of activated or inflamed endothelium in IBD.
P-selectin can interact with ECAMs such as VCAM-1/
ICAM-1, as well as with O-glycans collectively referred to
as petipheral lymph node addressins (PNAds) containing
sialyl Lewis X moieties!' "), P-selectin at least partially
mediates rolling and recruitment of gut-infiltrating leu-
kocytes in IBD, with approximately 50% increase in gut
P-selectin in UC 25 control groups; serum levels of soluble
P-selectin, an inhibitor of selectin binding, are decteased
in IBD patients[m()’m’m]. Increased platelet P-selectin, with
the enhanced prothrombotic surface of the gut EC in
IBD increases thrombus formation and tissue damage by
ischemic injury[m]. E-selectin, a relative of P-selectin is
expressed solely on the surface of activated ECs during
inflammation and is a major contributor to leukocyte roll-
ing injury. E-selectin is not stored in Weibel-Palade bodies
and must be produced in response to inflammatory stimuli
such as IL-1, TNF-¢ and VEGE-A""*"". In contrast to
sP-selectin, sE-selectin is not downregulated in IBD and in
CD, and actually increases in comparison to controls' .

High endothelial venules (HEV) are specialized post-
capillary venules that allow trafficking of leukocytes be-
tween immune (e.g Peyer’s patches) and vascular compart-
ments, and are increased in IBD"". I-selectin expressed
on leukocytes (after activation) binds PNAd on HEV and
recruits leukocytes expressing L-selectin in IBD. The gut
and brain selective adhesion determinant, MAdCAM-1 is
also expressed on HEV, and in UC MAdCAM-1 O-glyco-
sylation increases, allowing greater L-selectin binding[118].
MAdCAM-1 interacts with q4f37 integrins on the surface
of a subset of naive CD4" T-cells"""*. MAdCAM-1
induction is found only in chronically inflamed gut endo-
thelium and suggests that in IBD there is a fundamental
alteration in the phenotype and gene expression pattern
in the inflamed intestinal EC™, Mizushima ez /"' dem-
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onstrated that inhibition of angiotensin-II type 1 recep-
tors reduced TNF-¢, dependent MAdCAM-1 expression
and reduce the severity of DSS-induced colitis, possibly
linking vasoregulation and inflammation. In HIMEC
MAdCAM-1 is also expressed inversely with cell density,
with proportionally greater levels of MAdCAM-1 found at
low densities. This indicates that in newly formed vessels,
larger amounts of MAdCAM-1 may be available to recruit
leukocytes to these “leaky and permissive” vessels' >,

ICAM-1, another important ECAM in IBD binds
LFA-1 (aLb2), Mac-1 (aMb2) and a4f2 integrins, and is
expressed by inflamed ECs to mediate the firm adhesion
of leukocytes to activated ECs"**'*|, ICAM-1 has a unique
relationship with VEGF-A; Goebel ¢z 2/ reported that
HIMECs constitutively express ICAM-1, which is signifi-
cantly upregulated following treatment with 50 ng/mL
VEGF-A, linking inflammation and angiogenesis. In ad-
dition to direct activation and upregulation of ICAM-1
by VEGE, Zitterman et a/ "7 found that VEGF treatment
also sensitizes cells to TNF-¢, induced ICAM-1 mobiliza-
tion. Normally ICAM-1 concentrates at EC junctions, but
is redistributed to apical surfaces of ECs under inflamma-
tory conditions where it supports firm adhesion of leuko-
cy”cesm]. In the adoptive T-cell transfer model of murine
IBD, Ostanin ¢z a/"™” found that T-cells that lack LFA-1,
(a T-cell ICAM-1 ligand), fail to induce disease, reveal-
ing a critical role for EC modulated immune responses.
ICAM-1 was the one of the first clinical targets in IBD,
but an antisense IBD therapy showed limited success”"

VCAM-1, an ECAM highly expressed on the luminal
surface of activated ECs in IBD, mediates the adhesion
of a4l expressing lymphocytes. In HIMECs, the ex-
pression of VCAM-1 is regulated by the PI3K/NF-xB
signaling pathway and its stimulation by mediators can be
inhibited by curcumin'”, Like ICAM-1, VCAM-1 can
also up regulated by VEGF-A iz NF-xB""""*. Studies
in the picrylsulfonic acid model of UC using radiolabeled
anti-VCAM-1 antibodies show that leukocyte infiltration
and histological damage are proportionate to VCAM-1 ex-
pression in the gut microvasculature'”. In addition, in the
DSS model of UC, there is an upregulation of VCAM-1
which if blocked (by specific antibodies) attenuates dis-
ease activity, while ICAM-1 and MAdCAM-1 blockade do
not protect in this manner ',

CD31/PECAM-1 expressed by ECs and leukocytes
mediates homophilic binding between activated ECs and
leukocytes especially during extravasation. CD31 is found
on the endothelial surface and in endothelial junctions.
Work by Romer ¢ @/ found that CD31 is not upregu-
lated in response to inflammatory cytokines but is redis-
tributed from cellular junctions. CD31 blockade inhibits
leukocyte transmigration, and CD31 inhibition in IBD
reduced leukocyte rolling and firm adhesion suggesting a
unique role for CD31 in IBD or in the function of the gut
microvasculature!™",

Originally considered a mesenchymal stem cell mark-
er" CD146 is now described as a novel immunoglob-
ulin super family adhesion molecule which is increased in
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gut tissue of IBD patientsmg]. The function of CD146 in
IBD is not completely understood, but has potential roles
in inflammation since it supports rolling and invasion
of natural killer T-cells"™. The upregulation of CD146
in IBD, like ICAM-1 and VCAM-1, may be driven by
VEGF-A overexpression during IBD"". Additionally, the
soluble form of CD146, regulates endothelial and leuko-
cyte CD146 interactions with their ligands, and is reduced
in IBD, enhancing leukocyte extravasation ™", Inter-
estingly Tsiolakidou ez al™ determined that new vessels
formed in IBD are disproportionately CD146". Inflamed
ECs from CD and UC patients show an increased ability
to recruit naive T-cells and macrophages to the intestinal
immune compartment after stimulation with several in-
flammatory cytokines, but not with LPS¥'"*), These data
are consistent with IBD not being initially driven by im-
mune cells, but rather by the endothelial response to an
increased inflammatory mediatory load.

PLATELETS AND COAGULATION IN IBD

Platelet and leukocyte aggregation as well as activation
of the coagulation cascade increase during IBD, reflect-
ing loss of the non-thrombogenic EC phenotype in IBD.
Thrombi aggravate inflammation by binding of micro in-
farcts to the endothelial surface often leading to ischemic
inflammation in the intestinal microvasculature!™”. Mes-
enteric venous thrombosis has been observed in a fraction
of IBD cases, and thrombotic processes are being recog-
nized in altered perfusion, inflammation and tissue injury
in IBD""". Indeed, subclinical thrombosis is common in
IBD, and is a major source of morbidity in approximately
25% of IBD deaths'™. Increased markers of coagulation
include thrombin anti-thrombin complex, tissue factor
and fibrinopeptide B™, and can be described early in IBD.
Factor X1lla, a fibrin-stabilizing coagulation factor (and
agonist for VEGFR-2), is increased in IBD, while factor
X1II TT has an increased number of mutations in IBD
patients compared to controls suggesting links between
thrombosis, angiogenesis and inflammation. However,
Bernstein ¢ al™, Dardik ez a/*™ and Vrij et al™*” reported
that factor X III activity is reduced in IBD patients.

In addition to increased levels of coagulation cascade
proteins in IBD, CD40, CD40L and soluble CD40L are
increased in IBD. CD40, expressed on several cell types
(including ECs) is involved in inflammatory and immune
activation, and interacts with CD40L on T-cells. Danese
et al"! suggested that the primary source of sCD40L
was from activated platelets. CD40 signaling increases
production of pro-inflammatory cytokines and chemo-
kines by ECs and surrounding tissue'*”. CD40L release
also leads to binding of platelets and immune cells to
ECs by increasing tissue factor, ECAM expression and
pro-thrombotic phenotype in HIMECs"*"*. Danese
et al”" suggested that a possible therapeutic benefit of
TNF-qa blockade was downregulation of CD40/CD40L
signaling in IBD. A still unanswered question is whether
coagulation is a secondary or initiating event in inflam-
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mation. It is worth mentioning that individuals with
coagulation cascade disorders (e.g. hemophilia, factor V
deficiency and von Willebrand disease) rarely develop
IBD". The opposite of the previous observation is also
true; patients with IBD have an increased likelihood of
having genetic pro-thrombotic disease Factor V Lie-
den"*. This evidence strongly links thrombus formation
as a possible trigger of IBD and suggests prognostic
factors which may increase risk of IBD development.

ENDOTHELIAL BARRIER DYSFUNCTION
IN IBD

The maintenance of normal vascular barrier supports
nutrient and Oz exchange, osmotic balance and leukocyte
abundance in the extracellular compartment. In IBD,
increased vascular permeability leads to tissue edema
and damage in both human IBD and animal models of
IBD". This alteration in solute permeability of the vas-
culature is not restricted to the gut microcirculation but is
widespread affecting the vasculature of other organs in-
cluding the brain"*!. Several classes of mediators in IBD
alter both solute permeability and angiogenic balance,
including angiogenin (an angiogenic peptide with ribo-
nuclease activity), chemokines (e.g, 1L-8, IL.-10), coagula-
tion factors (thrombin), cytokines (IFN-y, IL-13), and
growth factors, most notably VEGE, the most potent and
important blood vascular angiogenic growth factor and an
important inflammatory mediator” "1 Tolstanova
et al"™ found that VEGE-A inhibition by neutralizing an-
tibodies reduced vessel permeability in the iodoacetamide
model of colitis. Downregulation of anti-inflammatory
cytokines e.g. IL.-10 may play an equally important role in
increasing endothelial permeability. Oshima ez al" have
shown increased vascular permeability in the 11.-107"
colitis model due to loss of 1L-10 inhibition of IFN-y in-
duced junctional degradation; also II.-10 protects against
IFN-y mediated loss of human microvascular barrier.

Leukocytes, e.g. neutrophils and monocytes, can de-
grade endothelial junctions through protease secretion
and upregulation. Cytokines and growth factors also
induce MMP-9, MMMP-3 and MMP-1"""""", resulting in
degradation of junctional and matrix targets”sz]. Neutro-
phil elastase is elevated in IBD and can degrade vascular
endothelial cadherin, important in maintaining junctional
apposition, adhesion and barrier function” ", Endo-
thelial junctional adhesion molecule-A is also dysregu-
lated in IBD, and is closely linked to disease activity in
DSS colitis™™'*.

ANGIOGENESIS IN IBD

Angiogenesis (increased blood vessel density) in IBD
increases the area of endothelium available for exchange,
but also for extravasation of blood constituents into sur-
rounding tissue to increase disease severity in 1IBD™,
Increased vessel formation in IBD may represent recruit-

ment of endothelial progenitor cells, vascular intussuscep-
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tion (splitting) and extension from existing vessels'™”. In-
creased angiogenesis is observed in animal (2,4,6-trinitro-
benzene sulphonic acid (TNBS), DSS and iodoacetamide)
colitis models and in human colitis. However, inflamma-
tory angiogenesis in IBD does not simply match increased
tissue mass. Vessels formed during inflammation are dif-
ferent from those formed during normal development.
These vessels are immature, lacking investment with peri-
cytes. They express ECAMs, leak, are hypoperfused, often
stenose and are hyperthrombotic, with an elevated ability
to respond to growth factors" " actively supporting
IBD progressionmg’]64’]68]. Spalinger ez al™ and Maconi
et al'™ concluded that there is an increased blood vessel
density in the intestines of CD and UC patients and that
increased vascular density in IBD was directly correlated
with increased IBD disease severity. This is also true in
animal models of IBD like TNBS- and DSS-induced coli-
tis models"**'™,

Growth factors, especially VEGF-A, dramatically
alter several aspects of the colon microvascular endo-
thelial phenotype, resembling a de-differentiation (loss
of maturity) of the vessels which can reflect changes
in vascular support cells, e.g. pericytes/smooth muscle,
that surrounds the capillaries. Inflamed tissues display
increased vascular density resulting from the formation
of new vessels during angiogenesis. These changes result
in decreased perfusion, increased solute permeability
(via cytokines and VEGF-A induced junction remodel-
ing) and contractility, as well as increased leukocyte and
platelet adhesiveness" """ Ganta ¢ a/'* have dem-
onstrated that in angiotensin-2 knockout mice (using the
DSS model of UC), loss of the peticytes around vessels
resulted in diminished angiopoietin-1 signaling that de-
stabilized the endothelial layer, increased leukocyte re-
cruitment to the tissue, increased vessel permeability and
induced vessel hyper-proliferation. Blood and lymphatic
vessels are hyperstabilized by angiopoietin-2 deficiency,
and show diminished inflammatory remodeling as well
as decreased capacity to recruit leukocytes suggesting a

link between maturity and inflammatory capact A1

ENDOTHELIAL CELL AND ANGIOGENIC
GROWTH FACTOR INTERACTIONS IN
IBD

VEGF-A is the first described and best known VEGE,
which controls developmental angiogenesis, wound healing
and pathology“”’m. Bousvaros ¢t al'”, Kapsoritakis ef al""
and Ozawa ¢t a/' ' all found elevated VEGF-A levels in
plasma and tissue during active human and animal 1BD,
often twice normal"’""""**'"™>'"™ However, Chidlow ez a/'*
have reported that DSS diminishes levels of VEGF-A
as well as VEGF-C and VEGF-D, suggesting complex,
concentration-dependent and inhibitor-regulated effects
of VEGF in different animal models of IBD. Danese
et al'™ and Scaldaferti ez /' have shown that inhibition
of VEGF signaling can attenuate disease activity in the
DSS model of UC while overexpression of VEGF-A in-

(4 9

Boishidengs  WIG | www.wjgnet.com

584

creases disease sevetity in the same model"”"", VEGE-A
is released by several cell sources (e.g. neutrophils, platelets,
macrophages, pericytes, fibroblasts, ECs, and colonic epi-
thelial cells) and is transcriptionally activated by hypoxia
through hypoxia inducible factor 1o, and message stabili-
zation via eukaryotic translation initiation factor 4e™'""*,
Interestingly Birmingham e# al"™ have shown that activated
colonic epithelium represents an important source of
VEGF-A, and injury or inflammation of the colon epithe-
lium may provide a local stimulus for blood vessel growth.
Invasive leukocytes, specifically neutrophils, granulocytes,
macrophages and platelets, are increased in tissue during
active IBD, and are also important sources of VEGF-A in
inflamed tissues' ™", Salivary secretions also contain
high levels of VEGF-A and VEGF-C, which have been
suggested as important sources of these growth factors in
IBD"™ released site-specifically during denudation. Apart
from VEGFs, other angiogenic growth factors, e.g basic
fibroblast growth factor (bFGF), TGF-3 and platelet-
derived growth factor (PDGF) are upregulated in IBD and
may be of clinical relevance™'™,

TGF-f is an important regulator of the cell cycle and
apoptosis, especially in mucosal immune cells. The expres-
sion of TGF-f and its 2 receptors (TGFR1 and TGFR2)
are increased in IBD, specifically UC; however, it appears
that the levels are decreased in CD"”. In IBD either tachy-
phylaxis develops for TGF-f3 (UC), or the lack of TGF-§
(CD) allows mucosal immune cells to proliferate when
they would have undergone apoptosis“%’m”. Early studies
on the role of TGF-f in IBD indicated a protective role;
more recent studies may point to a pathological role of
TGF-p signaling in BD""" In fact, TGF-f is important
in the formation of fibrosis in the colon of IBD patients
by stimulating the transition of many cell types to fibro-
blasts'””. Over one-third of the fibroblasts responsible for
inflammatory fibrotic injury may actually originate from
the transformation of ECs to fibroblasts (not counting
contributions of pericytes to fibroblast formation). There-
fore the vasculature may provide a significant proportion
(if not the majority of fibroblasts) and associated fibrosis
in IBD"*" bEGF, a potent mitogen for the cells of
mesodermal origin, stimulates EC proliferation, activates
MMPs resulting in proteolysis of extracellular matrix, and
increases cellular motﬂityml]. Even though levels of bFGF
are elevated in IBD there is no correlation with the stage
or severity of the disease. However, the contribution of
bFGF in the initiation or maintenance of IBD should not
be discounted™. PDGF is a close relative to VEGF and
1s upregulated in IBD. PDGF is predictive of both oxida-
tive stress and angiogenesis in the intestine!®”. PDGF
is released in response to inflammatory and thrombotic
stimuli. PDGF increases P-selectin expression on ECs and
induces histamine secretion which induces other effects
such as increased vascular leakagel197’198]

ENDOTHELIAL PROGENITOR CELLS AND
VESSEL SPROUTING IN IBD

Recruitment of endothelial progenitor cells (EPCs) may
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contribute to angiogenesis in IBD, although reduced num-
bers of VEGFR2", CD34", CD133" cells (endothelial,
bone marrow, and stem cell markers) have been reported
in IBD", and EPCs from IBD have reduced antigenic ac-
tivity™. These findings suggest that recruitment of EPCs
is unlikely to be a source of increased vessels, however,
these findings are from patients with established disease
as initial angiogenesis in eatly stages of IBD may rely on
EPCs. Apart from EPC recruitment, angiogenic sprouting
is active in IBD; sprouting ECs referred to as “tip” cells,
are highly motile with distinct gene expression compared
to that in quiescent ECs™. VEGF-A induces the tip cell
phenotype and also guides vessel sprouting, indicating that
in IBD, VEGF might induce new vessel formation in this
way”". Normally, not all sprouts survive, many undergo-
ing apoptosis, (vessel “pruning”) suggesting that high
levels of VEGF prevent endothelial apoptosis resulting in

K .. . 201
increased numbers of surviving sprouts in 1BD™",

INHIBITORS OF VASCULAR ENDOTHE-
LIAL EXPANSION IN IBD

While increased pro-angiogenic growth factors increase
angiogenesis, reductions in anti-angiogenic factors (seen
in the DSS model of colitis) may be as important for
permitting expansion of the vascular endothelium'**'",
Angiopoietin-1 a competitive inhibitor of Ang-2, binds
to the Tie-2 receptor and inhibit vascular remodeling,
Angiopoietin-2 is upregulated during inflammation and
angiogenesis““’zm
to allow ECs to maximally respond to cytokines and
growth factors. Work by Ganta ef a/'*” found that angio-
poietin-2 signaling also appears to be necessary for neu-
trophil infiltration, and blood and lymphatic vessel pro-
liferation in DSS colitis. Interestingly angiopoietin-2 can

be upregulated by both bFGF and VEGE, potent pro-

[203-205]

and competes with angiopoietin-1,

angiogenic growth factors also upregulated in IBD

Anglostatin, a fragment of plasminogen generated by
MMPs has anti-angiogenic and anti-proliferative effects on
ECs and blocks vessel maturation'™”. During IBD, levels
of MMPs are elevated and generate angiostatinlmj. In fact
2 models of experimental colitis (iodoacetamide, TNBS)
show increased angiostatin, and may represent a feedback
control for angiogenesis™”. Interestingly, the effect of
angiostatin hinges less on inhibition of EC proliferation,
but more on inhibiting final vessel maturitylzns]. Much like
angiostatin, endostatin results from the cleavage of col-
lagen type X VI yielding an anti-angiogenic fragment that
is upregulated in experimental colitis®"*". Endostatin
reduces EC migration and proliferation; however like
angiostatin, endostatin fails to block angiogenesis in the
TNBS model, but may play a role in disease progression
and maintenance by impairing vessel maturity and tissue
healing by antagonizing VEGF-A induced tissue repairmﬂ.
Interestingly Deng e# al™™ showed mesalamine treatment
of iodoacetamide colitis restored levels of endogenous
angiogenesis inhibitors, endostatin and angiostatin helping
reduce disease severity.
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Soluble VEGF receptors (sVEGFRs) are truncated
forms of VEGFR1 or VEGFR2 genes”! that under nor-
mal physiological conditions maintain tissue avascularity (e.g
in the cornea) and might be dystegulated in IBD. During
inflammation, sVEGFR1 inhibition seems to be lost (e.g in
the case of an alkali burn)*"*"”, sVEGFR2 seems to plays
an important role in the inhibition of lymphangiogenesis
compared to sVEGFR1, but sVEGFR2 blocks transplant
rejection which points out its greater immunomodulatory
effect™. Additionally, Scaldaferri ez a/'"" found that over
expression of sVEGFR1 reduced disease severity in the
DSS model of colitis, suggesting that loss of this mol-
ecule in IBD would be detrimental. Interestingly the anti-
angiogenic VEGFs, alternate splice variants of VEGFs,
are downregulated in several inflammatory diseases, and
are linked to the alteration of the cytokine milieu in the tis-
sues”™*"7. These inhibitory VEGFs make up a majority of
the VEGF load in the normal intestinal micro-environment
with approximately 20 times greater levels in the healthy
gut[zm. Currently, the levels of these inhibitory VEGFs are
unknown in IBD, but may provide a new avenue for anti-
angiogenic therapies, we are pursuing this possibility which
is currently showing great promise (unpublished data).

IBD THERAPIES

It is increasingly clear that IBD therapies affect the mi-
crovasculature, and that the microvasculature is a central
target in IBD, coordinating cell infiltration, solute perme-
ability, cytokine/chemokine production and gut immu-
nological responses. An increasing number of drugs that
show efficacy in treating IBD have now been found to
affect the endothelium. Accumulating evidence suggests
inhibition of angiogenesis as a secondary mechanism of
action for many IBD therapies including anti-TNF-q, an-
tibodies, and some immunosuppressive agents (cyclospo-
rine A)***, Scaldaferti ez a/” found TNF-¢ mediated
lymphocyte adhesion and chemotaxis across intestinal
microvascular ECs depends on expression of 1ICAM-1,
VCAM-1 and fractalkine in the affected ECs mediated
by p38 MAPK, p42/44 MAPK and JNK. Danese ¢f a/'"
found that anti-TNF-q therapies can reduce thrombus
formation and adhesion to the endothelium by interfer-
ing with CD40/CDA40L signaling. Integrin-blocking anti-
bodies have been used in the treatment of IBD, but not
without a controversial side effect. Natalizumab (Tysabri),
an o4-integrin blocking monoclonal antibody originally
developed for use in the treatment of multiple sclerosis,
but has recently been approved for the treatment CDP*!,
AJM300, a peptide blocker for a4 integrins, successfully
blocked a4 -VCAM-1 and MAdCAM-1 adhesion and
prevented exacerbation in IBD models™?". However,
recent preclinical trials using AJM300 failed to inhibit
disease progressionlzo’m. Rafiee ¢t al” found that 2 drugs
used in IBD, thalidomide and cyclosporine-A, are anti-an-
glogenic; thalidomide targets TNF-a and VEGE-A, while
cyclosporin-A targets VEGF-A alone™*!. Studies by
Ogawa et al”" determined that HIMEC expression of the
inflammatory mediators IL-6 and cyclooxygenase (COX)-2

February 7, 2011 | Volume 17 | Issue 5 |



Cromer WE et a/. Endothelial roles in IBD

by LPS were inhibited by butyrate, and that butyrate also
inhibited HIMEC angiogenesismuzﬂ. Despite its anti-
i . [223,227,228] . .

inflammatory properties , cyclosporin-A increases
leukocyte binding, unlike thalidomide which reduces leu-

kocyte binding to HIMECs™",

IBD-INDUCED ANGIOGENESIS AND
COLORECTAL CANCER

The risk of developing cancer is elevated by inflamma-
tion, and the link between IBD and colorectal cancer
(CRC) is convincingmg%”. Inhibition of angiogenesis in
CRC by bevacizumab (anti-VEGF monoclonal antibody)
improves clinical outcomes, revealing the importance of
angiogenesis in the progression from IBD to CRC™. As
stated before, IBD in human disease and animal models
is associated with an increase in vascular density, and it is
possible this vascular endothelial expansion may enable
CRC"™**'¥I CRC incidence may depend on COX expres-
sion (seen in adenomatous polyposis coli, pre-cancerous le-
sions enriched in COX™**”, COX-2 is incteased in human
IBD and IBD models, and may promote CRC through
angiogenesisp%’%ﬂ. COX-2 promotes EC proliferation by
prostaglandin induction of VEGF-A, important for tumor
angiogenesis[237’238]. Chan ¢ al™ reported that the regular
use of aspirin, a non-selective COX inhibitor, significantly
reduced the risk of COX-2" CRC, which constitutes ap-
proximately 67% of human CRC*”**, Additionally
COX-2 inhibition reduces tumor growth and increased
tumor apoptosis, and is associated with reduced tumor an-
giogenesis[238’24l’242]. Conversely, Ishikawa e 2/**” found that
COX-deficient animals were not protected from tumor
formation in azoxymethane (tumor promoter)-induced
colorectal cancer, and concluded that COX expression was
not a major determinant of tumor formation in UC. While
COX expression may not be not necessary for tumor for-
mation in UC, COX-2 upregulation is only one mechanism
for increased angiogenesis in IBDP"™ VEGF-A and
other angiogenic factors are upregulated independent of
COX-2 in IBD; therefore, while COX-2 may be important
in CRC in the absence of IBD, expansion of the vascula-
ture in IBD through other mechanisms may contribute to
the development and growth of CRC!**,

CONCLUSION

A unique combination of genetic and environmental fac-
tors may contribute to development of IBD. ECs are now
recognized as central and fundamental elements in IBD
pathophysiology. ECs are indirectly affected by many IBD
medications, which are increasingly targeting ECs directly.
As treatments for IBD are developed and refined there
will be an increased interest in inhibiting functions of
ECs in IBD such as immune cell recruitment and inflam-
matory angiogenesis, and improving beneficial lymphatic
function. Use of endogenous inhibitors of leukocyte
binding (sVCAM) and peptides (AJM300) may become

novel therapies which supplement or replace current anti-
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adhesion treatments. Additional studies on the interac-
tions between the gut microvasculature, platelets and their
regulation of inflammatory angiogenesis may provide new
avenues for treatments that not only reduce thrombosis
but also several clinical manifestations of IBD. Inhibition
of inflammatory growth factors, cytokines and chemo-
kines that promote angiogenesis by the use of “traps” or
decoy receptors, alone or in combination, in addition to
current treatments could provide greater anti-inflammato-
ry effects by reducing endothelial expansion in IBD. More
importantly, work in our laboratory suggests that endog-
enous angiogenic inhibitors (VEGEF164b) have great po-
tential in the treatment of IBD. Future studies promoting
therapeutic intervention by combining anti-angiogenic,
anti-immune and anti-inflammatory agents as treatment
options focusing on the endothelium as core/vital for
IBD pathogenesis will provide greater specificity and ef-
ficacy for treating CD and UC patients.
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INTRODUCTION

Inflammation and coagulation are two crucial systems in

Abstract

Inflammation and coagulation constantly influence each
other and are constantly in balance. Emerging evidence
supports this statement in acute inflammatory diseases,
such as sepsis, but it also seems to be very important
in chronic inflammatory settings, such as inflammatory
bowel disease (IBD). Patients with Crohn’s disease and
ulcerative colitis have an increased risk of thrombo-
embolic events, and several abnormalities concerning
coagulation components occur in the endothelial cells of

mammals. They constantly influence each other and are
constantly in balance. In particular, inflammatory pro-
cesses can promote coagulation which, in turn, can also
sustain inflammation. The inter-dependence of the two
processes is confirmed by clinical settings whete the in-
herited or acquired deficiency of natural anticoagulants is
associated with an increase in inflammatory processes' .
This observation is particulatly relevant in acute in-

intestinal vessels, where most severe inflammatory ab- ~ flammatory diseases, such as.sePSiS[1]> but it also seems to
normalities occur. The aims of this review are to update ~ P¢ very important in chronic inflammatory conditions,
and classify the type of coagulation system abnormali-  such as inflammatory bowel disease (IBD).

ties in IBD, and analyze the strict and delicate balance Patients with Crohn’s disease (CD) and ulcerative
between coagulation and inflammation at the mucosal ~ colitis (UC) have an increased risk of thromboembolic
level. Recent studies on possible therapeutic applica-  events™, which appears to be more frequent when IBD is
tions arising from investigations on coagulation abnor-  in an active phase”” and is affecting the whole colon™*".
malities associated with IBD pathogenesis will also be However, it is worth noting that, in a large study, one-
briefly presented and critically reviewed. third of thromboembolic complications occurred during
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disease quiescence, supporting the hypothesis of a greater
prothrombotic tendency in IBD, independent of disease
activity".

The incidence of thromboembolic events in patients
with IBD has been reported to be 1%-8%"*". Patients
with IBD have a 3-fold increased risk for deep vein
thrombosis and pulmonary embolism compared with the
general population™""", In addition, TBD patients experi-
ence more thromboembolic events at a younger age than
the general population or patients affected by rheumatoid
arthritis ot celiac disease™”.

Finally, indirect evidence that vascular thrombosis may
be involved in the pathogenesis of IBD was provided by
an epidemiological study performed on a large cohort of
subjects with hemophilia or von Willebrand’s disease™".
In this population, in which more than 9000 patients were
included (6000 patients with hemophilia and more than
3000 with von Willebrand’s disease), IBD occurred less
frequently than expected, and it was suggested that inher-
ited hemorrhagic disorders might be protective against
BD".

Most available reports tried to explain the increased
thromboembolic risk in IBD by analyzing different com-
ponents of the coagulation cascade, such as serologi-
cal/phenotypical markers and genetic pro-thrombotic
mutations/polymorphisms. Several studies exist on major
pro-thrombotic genetic predispositions and IBD. Most
published data demonstrate that there is no difference in
the prevalence of Factor V Leiden between IBD patients
and healthy controls™ ™ as well as PT gene G20210A
mutation™”", Polymorphisms of Methylenetetrahydrofo-
late reductase, the enzyme involved in the re-methylation
pathway of homocysteine metabolism, have been found
to have discordant results in IBD patients compared to
controls™ ", Other studies looking at the prevalence of
Antithrombin T deficiency" """, Protein C*" and Protein
S deficiencies”" in TBD have been contradictory or equiv-
ocal®™!, suggesting that these factors, although possibly
related to IBD pathogenesis, are not genetically related to
IBD™. Finally, the inherited Val34Leu factor X I poly-
morphism, which is protective against thrombosis, has
been evaluated in IBD patientsB’M. Available data demon-
strated no significant difference in the prevalence of this
polymorphism in IBD patients with respect to the general
population’.

Taken together, the information on genetic factors
does not explain the greater risk of venous thrombosis in
CD and UC*?", On the contrary, a pathogenesis-oriented
approach suggests that the coagulation abnormalities oc-
curring in IBD are very likely the result of the biological
and biochemical effects exerted by the activation of the
inflammatory machinery (cells, cytokines, ¢#.) in these dis-
orders. Furthermore, activation of the coagulation cascade
can in turn sustain activation of inflammatory reactions,
promoting the vicious circle between chronic inflamma-
tion and thrombosis.

In this review, we will firstly describe single quantita-
tive abnormalities of coagulation factors observed in
IBD and cellular components closely involved in the co-
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agulation pathway. We will then describe the mechanisms
by which these abnormalities interfere with intestinal
mucosa homeostasis. Finally, the possible therapeutic im-
plications emerging from the unraveling of coagulation
abnormalities associated with IBD pathogenesis will also
be briefly presented and critically reviewed

QUANTITATIVE ALTERATIONS OF
HEMOSTATIC FACTORS IN IBD

Coagulation is a complex system, which can be sche-
matically divided into different pathways, referred to as
“intrinsic”, “extrinsic” and “common” pathwayslm. An
important role is also played by the fibrinolysis system,
which controls clot dissolution, and the family of serine
protease inhibitors, which inhibits many coagulation en-
zymes. We will use this classification to better summarize
findings concerning the linkage between the coagulation

system and inflammation associated with IBD.

The extrinsic pathway

The extrinsic pathway is initiated by tissue damage that
exposes tissue factor (IF) to blood, causing the forma-
tion of TF/FVIa, which circulates at low levels in the
bloodstream. It is thought that high factor Vlla activity is
associated with an increased risk of ischemic myocardial
events in men over 40 years of age[g’zgl It is the main deter-
minant of the laboratory assay referred to as prothrombin
time (PT). No definitive data are available on changes
of the extrinsic pathway in IBD. Most of the data avail-
able report no significant difference in PT among active
UC and/or CD and control patients[3’8’3o]. Other studies
reported different findings showing that PT values and
platelet levels are predictors of CD activity index in fe-
male patients”. Levels of factor Vlla seem to be higher in
active IBD compared to controls™”*. This finding sug-
gests the existence of a pro-thrombotic tendency in IBD
patients, arising from activation of the extrinsic pathway.

The intrinsic pathway

Activation of the “intrinsic” pathway of coagulation leads
to formation of factor Xa (FXa)™. This process stems
from previous activation of Factor IX and FVII, with for-
mation of the tenase complex, that is FVlla-factor [Xa on
the membrane of platelets and endothelial cells™. As FVII
strongly accelerates the formation of FXa, recent studies
showed that inherited high levels of FVIl (> 140%) can
be considered a risk factor for venous thromboembolic
disorders™. No significant difference in APTT value
or FVII level was observed in IBD patients compared to
controls™. However, higher APTT levels were found in
other reports, although this finding may be the expression
of mere consumption of some coagulation factors upon
their activation'”. Other investigations found that factor
Xla and Xla levels, were higher in active IBD patients
compared to patients in the quiescent phasel&ss]. This find-
ing may be in agreement with studies showing that higher
levels of FXla and FXlla may be considered coagulation

February 7, 2011 | Volume 17 | Issue 5 |



Scaldaferri F et a/. Coagulation and IBD

markers associated with increased risk for thromboem-
bolic disorders™ !,

The common pathway

FXa thus occupies a central position in the coagulation
cascade as a convergence point between the intrinsic and
extrinsic pathway. In fact, in the presence of its cofactor
FVa, FXa converts prothrombin to thrombin®. The
common pathway is considered the main determinant of
both PT and APTT assays. In observational studies, FX
a and FVa levels were significantly elevated in active IBD
patients compared to those in patients with disease remis-
sion™*”. The protease-mediated stimulus for inflamma-
tory reactions, particularly for FXa and thrombin, is me-
diated by cleavage of membrane cleavable receptors and
will be discussed below.

The thrombin-generating system

Markers of the thrombin generating system directly in-
volve zymogen prothrombin but also other side-products
of prothrombin cleavage such as prothrombin fragment
142 (Fi+2) and the thrombin-antithrombin complex (TAT).
Prothrombin levels in active IBD patients were signifi-
cantly higher than those in patients with inactive disease
or control patientsls’m’n’”’m. The same observation was
also made for Fi+2 and TAT, suggesting that thrombin
generation might be an early event in IBDP*##,

Factor X Il

Coagulation factor X1l is a plasma transglutaminase in-
volved in the crosslinking of fibrin, the last step of the
coagulation cascade and a connective tissue factor con-
tributing to the wound healing process. It circulates as a
heterotetrameric molecule consisting of two identical pro-
enzyme subunits (factor X I A) and two carrier protein
subunits (factor X IIIS).

A study by Chiarantini e al™ reported decreased fac-
tor X1I (FXI) levels, especially in acute phases of the
disease, and deposits of FXIII have been detected in
both affected and macroscopically normal bowel muco-
sa”"" 1 Those results were confirmed by several other
reports, comparing IBD patients to control subjects as
well as patients affected by diverticulitis and rheumatoid
subjects[46’47J. As anticipated above for other coagulation
factors, this finding does not play an etiopathogenetic
role in IBD but may represent only the result of chronic
consumption of this enzyme associated to deposition of
fibrin at the level of inflamed vessels in enteric mucosa.

The system of natural coagulation inhibitors

The system of coagulation inhibitors is composed of a
family of proteins, globally referred to as serpins, a typi-
cal example of which is antithrombin (AT), and by the
protein C pathway, in which a series of different proteins
(such as protein C and protein S) and membrane receptors
[thrombomodulin (TM), endothelial protein C receptor
(EPCR)] are involved. AT is the physiological inhibitor
of thrombin, factor Xa, FIXa, FXla and FXlla. There is a
growing body of evidence that AT is not only an inhibitor
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of blood coagulation, but it is also able, when present at
high concentrations, to reduce the inflammatory responses
of endothelial and other cells™ ™. Thus, AT was shown to
reduce the mortality of patients with severe sepsis in a re-
cent clinical trial™. AT-induced attenuation of inflamma-
tory responses might be linked to endothelial production
of prostacyclin and inhibition of leukocyte and endothelial
cell expression of pro-inflaimmatory mediators zia sup-
pression of nuclear factor (NF)-kB activation™™"!, Fur-
thermore, AT prevents water-immersion restraint stress-
induced gastric mucosal injury in rats by promoting the
endothelial release of PGLP. In addition, non-uniform
information exists on the quantitative expression of these
components in IBD. Overall, it seems that no differences
in the levels of protein st protein C™ and ATITP* ex-
ist among IBD patients compared to controls. However,
in studies comparing the levels of these molecules in
the active »s inactive form of the disease or in controls,
lower levels of protein C, ATl and protein S were ob-
served® " 1 4 single study, higher levels of protein
S and C in IBD patients compared to controls were also
reportedm. These conflicting results indicate that changes
in systemic levels of these inhibitors do not necessarily
reflect the local loss of inhibition of coagulation occurring
within enteric mucosa in IBD. Hence, a new approach has
tried to correlate an enhanced production of thrombin
in IBD with a possible loss of function in natural antico-
agulants mostly occurring on the endothelium of enteric
mucosa. This issue will be addressed in the section below.

The fibrinolytic system
In normal hemostasis, the fibrinolytic system allows re-
moval of a fibrin clot when the damaged vessel wall is re-
stored. Activation and regulation of fibrinolysis occurs by
multiple proteins and results in the generation of plasmin.
Plasminogen may be activated by tissue plasminogen acti-
vator (tPA) or urokinase plasminogen activator (uPA). The
latter binds to a cellular receptor [urokinase plasminogen
activator receptor (UPAR)] resulting in enhanced activation
of cell-bound plasminogen and its main role is the induc-
tion of pericellular proteolysis[sﬂ. tPA is the most potent
activator of plasminogen in plasma and the main regula-
tor of fibrinolysis. After stimulation, tPA is locally released
into the circulation from the endothelial cells where it is
produced. tPA-mediated plasminogen activation is facili-
tated by a fibrin surface, which restricts fibrinolysis to the
site of thrombus formation™. Moreover, once bound to
fibrin, tPA is protected from inhibition by plasminogen
activator inhibitor 1 (PAI-1), its principal inhibitor in plas-
ma™. The level of PAI-1 in blood usually exceeds that of
tPA; thus, in general, no active tPA circulates in plasma[sg].

az-Antiplasmin is the primary physiological inhibi-
tor of plasmin, as it can very rapidly inhibit plasmin in
plasma™. However, plasmin is partly protected from -
antiplasmin inhibitory activity when the enzyme is bound
to fibrin™). During thrombus formation, or-antiplasmin
is cross-linked to fibrin by factor X Illa, facilitating local
inhibition of fibrinolysis"".

Another important player in the fibrinolytic system is
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thrombin-activatable fibrinolysis inhibitor (TAFI), which
directly connects coagulation and fibrinolysis. It is activated
by thrombin, but its activation is over 1000-fold enhanced
by the thrombin-TM complex. Activated TAFI removes
carboxyl-terminal lysine residues from partially degraded
fibrin. Consequently, the binding of plasminogen and tPA
to fibrin clots is decreased, which attenuates clot lysis™.,

Reduced activity of the fibrinolytic system has been
described in IBD'* Indeed, a reduction in activators
(such as tPA) and an increase in inhibitors (such as PAI
and TAFI) of the fibrinolytic system have been described
in IBD patients™**. This condition would favor pro-
thrombotic mechanisms.

Cellular elements involved in the coagulation pathway

The haemostatic system is composed not only of soluble
proteins and enzymes but also of different cell types.
Platelets and endothelial cells play a central role in the
maintenance of a physiological balance between pro- and
anti-coagulant mechanisms. Moreover, accumulating evi-
dence indicates that platelets and endothelial cells, besides
their well-known haemostatic functions, play a role in in-

. . . . 6
flammation and its resolution mechanisms'”.

Platelets

Platelets can release a number of mediators of the inflam-
matory response, including cytokines, chemokines, nitric
oxide (NO) and eicosanoids. Furthermore, they interact
with polymorphonuclear cells (PMN) and monocytes,
regulating their extravasation and recruitment at sites of
inflammation. Along these lines, platelets have the enzy-
matic machinery to synthesize both pro- and anti-inflam-
matory eicosanoids. As an example, platelets contain 2-li-
poxygenase (12-LO), a key enzyme in the biosynthesis of
the lipoxins (LXs), arachidonic acid metabolites with po-
tent anti-inflammatory properties[GSJ. LX formation during
platelet/PMN interactions occurs 7 vivo and represents a
main stop signal of inflammation™. Thus, a sustained in-
flammatory response, as it occurs in IBD may originate by
both increased formation of pro-inflammatory mediators,
and reduction in counter-regulatory signals.

Platelet integrin GPIba is a ligand of P-selectin, a
transmembrane adhesion molecule present on endothelial
cells, and supports platelet rolling on activated endothe-
lium. P-Selectin binding to P-Selectin Glycoprotein Li-
gand 1 (PSGL-1) stimulates the release of microparticles
bearing tissue factor on their surface by leukocytes™”.
P-selectin is split as a soluble form (sP-selectin) that stim-
ulates expression and exposition on the monocyte surface
of further tissue factor' . Microparticles, together with
sPselectin, are considered the main factors responsible for
the high procoagulant status of blood in inflammation'.
During adhesion to endothelium, platelets release pro-
inflammatory cytokine CD40-ligand (CD40L) (CD154,
¢p39) that can stimulate the endothelium, stabilize platelet
aggregates, their binding to blood cells and vascular wall
cells and promote stable thrombus formation™. CD40L
is expressed on activated platelets and also on immune
system cells activated during inflammation (activated
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CD4"™ T cells, basophils, and mast cells)m]. This factor is
a transmembrane protein related to tumor necrosis factor
(INF)-a.. The inducible CD40L on platelets binds to the
CDA40 receptor on endothelial cells and on monocytes,
macrophages, and smooth muscle cells (SMCO)"™. The
CD40/CDA40L interaction plays an important role in in-
flammation and atherothrombosis”™”. Through binding to
the ligand, CD40 induces the inflammatory response in-
dependent of cytokines. The pro-inflammatory activity of
CDA40L also occurs on platelets and other cells by stimula-
tion of the expression of chemokines [monocyte chemo-
tactic protein 1 (MCP-1)], interleukins (IL-6, IL-8), pro-
inflammatory adhesive molecules [vasculat cell adhesive
molecule-1 (VCAM-1)], intracellular adhesive molecules
(ICAM-1, CD54), and P-/E-selectins.

Notably, the activity of CD40L induces the exptession
of tissue factor, which, as mentioned above, is the major
inducer of blood coagulation, and suppresses the expres-
sion of TM, which is a thrombin cofactor in activation of
the protein C anticoagulant systemm. Upon binding of
CDA40L to the CDA40 receptor, intracellular signaling re-
sults in activation of the transcriptional factor NF-kB and
its translocation into the nucleus. This event induces the
expression of new molecules of CD40L and CD40. The
interaction of CD40 expressed by endothelial cells with
CDA40L exposed on activated platelets stimulates the syn-
thesis of a powerful pro-inflammatory mediator, platelet
activating factor (PAF), which induces platelet aggregation
with leukocytes and also contributes to remodeling of
vessels, stimulating neo—angiogenesism.

Platelet activation is associated with the metalloprote-
ase-mediated split of a soluble fragment of the CD40-li-
gand (sCD40L)™. Soluble CD40L was shown to promote
blood coagulation by two mechanisms: induction of tissue
factor expression on monocytes and activation of platelets
via interaction with integtin ot I b/ 3. The sCD40L bind-
ing to integrin o Il b/B3 activates platelets at high shear
stress and stabilizes arterial thrombi' . Increased levels of
CD40L on platelets and sCD40L in circulating blood were
found in clinical settings characterized by thrombosis as-
sociated with inflammation, such as unstable angina, myo-
cardial infarction and other cardiovascular diseases’ ™.

Thus, a realistic scenario shows that platelet activation
during inflammation and expression of adhesive proteins,
P-selectin and integrins, leads to their aggregation with
leukocytes and the release of contents of intracellular
granules. In conclusion, platelet-platelet and platelet-leu-
kocyte aggregates produce a cell surface, which provides
activation of both blood coagulation and inflammation.

The association between active IBD and thrombocy-
tosis was first recognized in 1968 and it became clear that
patients with IBD also have increased numbers of circu-
lating platelet aggregates and activated platelets compared
with healthy controls” ™. More recently, it was demon-
strated in studies from different groups that supranormal
platelet-leukocyte aggregates are frequently present in pa-
tients with IBD compared with both healthy and inflam-
matory controls™. In other studies, significant changes in
platelet volume were also observed™*. In particular, an
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increase in platelet count™ and a statistically significant
decrease in MPV was noted in patients with colitis com-
pared with healthy controls. Moreover, MPV of active
colitis patients was significantly lower than that of the
inactive phase of the disease. It is, however, difficult to
correlate this finding with the functional alterations that
could be responsible for the platelet-mediated thrombotic
mechanisms summarized above. It may be hypothesized
that in IBD the reduction in MPV may be associated with
a peripheral platelet activation responsible for an exalted
formation of platelet-platelet, platelet-PMN and platelet-
endothelium adducts. This process would mainly involve
younger platelets which have a bigger volume. Thus,
the overall reduction of MPV could reflect the relative
prevalence in circulating blood of less reactive platelets,
which are older and smaller™. In a very recent study, an
enhanced expression of CD40/CD40L in intestinal epi-
thelial cells was demonstrated®. In particular, endoscopy
biopsies taken from CD and UC patients showed a posi-
tive immunofluorescence staining for CD40 in intestinal
epithelial cells of inflamed ileal or colonic mucosa, while
no staining was observed in uninvolved intestinal seg-
ments"™. These findings provide, for the first time, direct
evidence for the epithelial expression and modulation of
CDA40 in IBD-affected mucosa and indicate its involve-
ment in the pro-inflammatory and platelet-activating func-
tion of inflamed intestinal cells.

Finally, another paper from our group showed that
in vitro activated platelets directly increase CD40L expres-
sion by intestinal endothelial cells, leading them to interact
with other immune cells and sustain intestinal chronic
inflaimmation. This pathway has been proposed as a new
mechanism of chronic inflammation, as a result of the
complex interplay among different cell types in the intesti-
nal mucosa

Endothelium
In a normal artery, endothelium creates a non-thrombo-
genic surface that acts as a selectively permeable barrier.
Endothelium plays a key role in response to vascular in-
jury, regulating leukocyte adhesion, platelet activation and
adhesion and blood coagulation. Endothelium expresses
and responds to multiple active substances, including cell
adhesive molecules, cytokines and chemokines, to accom-
plish these functions®™", Injury to a vessel wall results
in the triggering and propagation of inflammatory and
coagulation events. The cell adhesion molecules (CAM)
are expressed onto the surface of activated endothelial
cells and attach leukocytes and platelets. Adhesive proteins
provide for the binding and spreading of leukocytes, their
rolling, and their further transmigration across endothe-
lium. There are three major classes of CAM: selectins, the
immunoglobulin superfamily CAM and integrins. Some
integrins in turn can be receptors of CAM and the endo-
thelial adhesion molecule, von Willebrand factor (VWE),
which binds platelets.

Weibel-Palade bodies in endothelial cells and platelet
a-granules contain and release platelet P-selectin (CD62P,
GMP140) responsible for adhesion of leukocytes, their
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rolling, and for stabilization of platelet aggregatesm’gﬂ. The
lectin-containing N-terminal domain of P-selectin binds
to PSGL-1 on monocytes, neutrophils and plateletsm’gz].

E-selectin (CD62E) is another molecule exposed on
the endothelial cell surface that can bind to PSGL-1 in
response to mechanical injury and inflammatory media-
tors as 11-1f3, TNF-q, bacterial toxins and oxidants™. P-
and E-selectin mediate rolling of activated and quiescent
platelets on activated endothelium similar to the mecha-
nism of leukocyte roHinng.

The immunoglobulin supetfamily CAM includes ICAM-1
(CD54), ICAM-2 and VCAM-1, which are expressed by
many cell types including endothelial and SMC. In response
to vascular injury, these cells upregulate expression of
ICAM-1 and VCAM-1"", engaged in leukocyte adhesion.
Adhesion of platelets to injured endothelium is controlled
by VWE, a multimeric protein, whose molecular weight
ranges from 0.5 to 20 million Da™ and is stored and re-
leased from Weibel-Palade bodies in endothelial cells™.
Hence, VWF is considered a matker of endothelial injury.
The VWF molecule contains domains responsible for
binding blood coagulation factor VI and platelet integrins
such as glycoprotein transmembrane complexes GPIb/
IX/V and integrin . I b3 (GP 11 b/a), as well as col-
lagenw. VWF binds subendothelial collagens and after
immobilization attaches to platelets »iz the membrane
complex GPIba-IX- V™. VWE may be involved in the
pathogenesis of acute thrombotic occlusion of stenosed
arteries, where high shear stress promotes the formation
of “stretched” VWF conformers, which are suitable for
binding to platelets and subendothelial components[ssl.
P-Selectin could serve as an anchor site for the ultra large
VWF multimers on the surface of activated endothelium,
to facilitate their cleavage at the Tyr1605-Met1606 pep-
tide bond by the disintegrin and metalloproteinase with
thrombospondin motif-13 (ADAMTS-13)"". Microvas-
cular dysfunction has been clearly demonstrated in IBD
patients and involved several aspects of endothelium
biochemical physiologym’gg]. In particular, such dysfunc-
tion involves an alteration in nitrogen and reactive oxygen
species balance, whete the microvascular endothelium fails
to generate NO, a potent vasodilator and anti-aggregating
agent, forming instead elevated levels of superoxide an-
ion™, However, the mechanism responsible for the loss
of endothelial nitrogen oxide in IBD gut microvessels also
involves additional biochemical pathways. Previous studies
showed an acquired deficient transcription of nitric oxide
synt}%;(}]se 2 (NOS2) in chronically inflamed IBD endothe-
lium"™

that decreased production of nitrogen oxide in IBD en-

| Furthermore, more recently, it was demonstrated

dothelial cells can also arise from the induction by many
inflammatory cytokines (IL2, TNF-o) of the enzyme argi-
nase (isoform I and II)"". This enzyme converts L-Arg
into urea and L-ornithine, precursors for polyamines and
L-proline compounds, which are vital to tissue homeosta-
sis and wound repairlmj. Arginase | and II compete with
inducible NOS (iNOS, NOS2), the most relevant induc-
ible pathway for the production of NO, for L-Arg, which

) . . . 03
is their common substrate in endothelial cells""”. Thus, an
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increased arginase activity in IBD may contribute to inhibit
the production of a potent antithrombotic agent such as
nitric oxide. The increased production of reactive oxygen
species in inflamed endothelium may also contribute to
oxidative stress in VWF molecules, which become unre-
sponsive to proteolysis by ADAMTS-13 and the accumu-
lation of ultra large VWFE multimers" . The latter are the
most haemostatically active forms of VWF and, favoring
platelet adhesion and aggregation, may contribute to mi-
crovascular thrombosis in IBD.

To conclude, endothelium plays an essential role in
inflammation due to its central “gatekeeper” function,
which controls the quality and quantity of leukocytes
that transmigrate from the vasculature into the interstitial
space, regulates vascular tone and promotes platelet adhe-
sion and aggregation. The latter function directly affects
the haemostatic system and may clearly favor thrombotic
phenomena. Several papers reviewed over the last few
years suggest an activated status of endothelium in the
course of TBD™”,

A COHERENT SCENARIO FOR
UNBALANCED HAEMOSTASIS IN IBD

At this point a question arises as to whether the haemo-
static and inflammatory alterations briefly described in
the above paragraphs could be functionally linked in a
coherent framework.

Globally, the coagulation system in IBD patients seems
to sustain pro-thrombotic mechanisms, involving both
soluble factors and cells, such as platelets, endothelium
and leukocytes. This conclusion is supported by results
obtained from new laboratory assays. The conventional
and global coagulation tests such as PT and APTT both
have low sensitivity and specificity and do not contain
sufficient amounts of TM or glycosaminoglycans. Thus,
these assays do not automatically reflect the coagulation
reactions and their inhibition as they occur #n vivo"™>"".
In contrast, the latest generation of methods that moni-
tor the tissue factor induced thrombin generation in the
presence of TM are credited as better laboratory tools to
represent the balance of pro- and anti-coagulant forces
operating in plasma'”""™, Tn a recent study from Saibeni
et al'™ endogenous thrombin potential, a parameter of
the thrombin generation curve, was significantly higher
in IBD patients than controls only when the test was per-
formed in the presence of TM. This new assay strongly
suggests that in IBD, as anticipated above, the increased
generation of thrombin is mainly linked to a partial loss
of function of natural anticoagulant pathways, and pat-
ticulatly of the TM-PC system.

Thus, systemic coagulation alterations in IBD may be
recognized using more sophisticated techniques, which
better reflect the 7# vivo setting, Furthermore, pathogenic
considerations suggest that the coagulation imbalance in
IBD could be particulatly relevant in the vasculature of
enteric mucosa, where inflaimmation shows the majority
of destroying effects.
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THE INFLAMMATION-COAGULATION
INTERPLAY WITHIN THE INTESTINAL
MILIEU

In addition to the demonstration that coagulation abnot-
malities and thromboembolic complications are clinically
relevant events in IBD, they have been shown to exert ef-
fects at the mucosal level, where a coagulative imbalance
exists".

In fact, one of the eatliest abnormalities in CD mu-
cosa is the presence of platelet thrombi cross-linked with
fibrin in the mucosal microvasculature'””. This feature,
however, is not specific for CD and can be found in other
idiopathic IBD""", The involvement of the microcircula-
tion in IBD pathogenesis is underlined by the analysis of
a segment of the small and/or large bowel durting active
IBD which reveals vasodilatation, venocongestion, edema,
infiltration of large inflammatory cells and ulcerations' .
This picture is the result of an unregulated intestinal
inflammation with a consequent abnormal immune re-
sponse and production of inflammatory cytokines, which,
in turn, sustain the activation of the microvascular endo-
thelium and subsequent recruitment of more leukocytes
into the intestinal wall. This uncontrolled inflammatory
response produces dramatic alterations in gut microvascu-
lar function which contributes greatly to perpetuating the
inflammatory damage observed in IBD"'"?.,

Coagulation factors mainly interact with local endo-
thelium, although this interaction is potently conditioned
by many features of the mucosal immunity.

The principal link between endothelium and the coag-
ulation cascade is determined by Protease-activated recep-
tors (PARs)""”. PARs, and in particular PAR-1 and PAR-2,
are cellular receptors activated after proteolytic cleavage
by enzymes' ¥, mainly thrombin and activated factor X.
Only a single study reports over-expression of PAR1 in
patients with IBD""! and there are no data available on
animal models addressing its role in IBD. The expression
of PAR2, which is greatly increased in patients with UC
and CD"'“"™and the functional consequences of its acti-
vation in animal models are more widely documented.

Next to expression in the intestine, PAR expression
in enteric neurons might be highly relevant for IBD be-
cause PARs can mediate gut inflammation #a neurogenic
mechanisms. Interestingly, PAR activation on submucosal
and myenteric neurons causes severe edema in rat models.
Morteover, the local activation of PAR2 but not PAR1 in
the gut causes colitis through a neurogenic mechanism'"'’,
Taken together, these results point towards PAR2 expres-
sion/cleavage as a cardinal factor in IBD.

The APC-TM system is the natural pathway by which
the pro-inflammatory activity of PAR-1 and 2 signaling is
contra-balanced. In the following section major findings
on how thrombin, factor X and APC contribute to IBD,
will be shown and briefly discussed.

Thrombin
Once thrombin is sequentially activated through the in-
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trinsic and extrinsic pathway, it not only amplifies the
coagulant process but it can also favor inflammation
induced by other stimuli, either through ischemia (conse-
quent upon thrombosis), indirectly through the generation
of downstream mediators or directly »iz signals through
protease-activated receptors (PAR) sl

Thrombin activates PARs, thereby establishing a link
between activation of coagulation and pathophysiology
of IBD. Indeed, thrombin signals through PAR1, PAR3 (in
mouse) and PAR4, while tissue factor (TF)/FVlla activates
PAR2, and FXa activates PAR1 and PAR2"'*"*".

In addition to promoting platelet activation, thrombin

[121] and

exerts influence over monocytes, macrophages
neutrophils in processes related to tissue repair at the
site of injury"™", Thrombin also interacts through an
equilibrium high affinity binding with the N-terminus of
Gplba of platelets and endothelial cells"*+'#, Notably, on
platelet membrane, binding of thrombin to Gplb, acceler-
ates cleavage of PAR1 by the enzyrne“%]. Thrombin also
affects endothelial cells through various pathways includ-
ing NF-xB, early growth response factor-1 and GATA
binding proteins“zﬂ. Thrombin signaling might result in
post-transcriptional changes, including calcium influx, cy-
toskeletal reorganization, and release of soluble mediators,
growth factors, and matrix metalloproteinases. In addi-
tion, thrombin signaling results in changes in downstream
gene transcription, for example increasing the expression
of genes involved in cell proliferation, inflammation, leu-

. . [128130
kocyte adhesion, vasomotot tone, and hemostasis! 1,

Factor Xa
Borensztajn ef al™ suggested that Factor Xa signaling
through PAR2 contributes to the progression of IBD
and fibro-proliferative responses. Because FXa is a well-
known PAR2 agonist, FXa-induced PAR2 activation is
gaining attention in intestinal pathology. Accordingly, in
a variety of endothelial iz vitro systems, ' Xa induces an
array of pro-inflammatory responses and the deposition
of connective tissue growth factor'*""" Tt also leads
to the activation of NF-kB, and the release of 11.-6, I1.-8,
and MCP-1 on endothelial cells as well as fibroblasts*""*".
Moreover, on endothelial cells, FXa induces the expres-
sion of E-selectin and both intracellular ICAM-1 and
VCAM-1, resulting in leukocyte adhesion"' """ In
synergy with tumor necrosis factor, FXa induces TF ex-
ression zia inhibition of its negative regulators IkBa and
A20""P Most of these responses are mediated »iz PAR2
activation, although some studies showed minor involve-
ment of PAR1"*",

Although the potential pro-inflammatory role of FXa
on epithelial cells of the gastrointestinal tract is not fully
investigated, studies on Hela cells showing that FXa in-
duces activation of the pro-inflammatory transcription
factor NF-kB, suggest that it plays an important role!' %",
Finally, FXa also affects immune cells inducing the pro-
duction of IL-2 by lymphocytesmg]. Evidence that FX
a may mediate inflammatory responses 7 vivo has come
from several studies. In particular, Cirino ¢ /™" demon-
strated that FXa induces the formation of edema when
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injected subcutaneously in a rat paw inflammation model,
via local recruitment of mast cells.

The PC pathway

Traditionally described as a major anti-coagulant system,
the protein C (PC) pathway, consisting of TM, the EPCR
and activated PC (APC), is gaining increasing attention
as an important regulator of microvascular inflamma-
tion, and in particular intestinal inflammation observed in
IBD". The anticoagulant function of the PC pathway
has been reviewed extensively ", The main compo-
nents of the PC system are the cell membrane receptor
for PC, referred to as EPCR, the integral membrane gly-
coprotein TM, and two vitamin K-dependent plasma pro-
teins, the zymogen PC, and the cofactor protein S. Upon
cleavage of a dodecapeptide from the N-terminus of
the light chain of PC by the thrombin-TM complex, the
zymogen PC is activated to PC. Protein C per se is a poor
substrate for thrombin. Allosteric binding of free throm-
bin to TM enhances, by several orders of magnitude, the
thrombin-PC interaction and subsequent conversion of
PC zymogen into its proteolytically active form, APC.
The rate of PC activation by the TM-thrombin complex
is further enhanced when the substrate PC zymogen is
bound to its receptor, EPCR, which is able to reduce the
K value of the catalytic interaction with thrombin. The
extent of 7z vivo PC activation is therefore greatly linked
to the bioavailability of PC, thrombin and, critically, by
the density of TM and EPCR molecules expressed on
endothelial cells. With the exception of disseminated in-
travascular coagulation, consumptive coagulopathy and
defective biosynthesis, thrombin bioavailability in first
approximation reflects the intensity of coagulation acti-
vation. Within such limits, it was shown that thrombin
formation and generation of APC are strongly correlat-
ed"™. APC is formed mainly within the microcirculation,
where endothelial cells express high levels of TM. As a
consequence, due to the very small intravascular volume,
the concentraton of TM may be > 100 nmol/L, greatly
exceeding the Ka value of the thrombin-TM interaction.
Under these conditions, any amount of formed throm-
bin is rapidly and completely bound to TM. At variance
with this situation, expression of TM is much lower in
the endothelium of larger arteries and veins. Notably,
EPCR expression is inversely related to that of TM, as it
is more abundant in large vessel endothelium than in mi-
crocapillary beds. Thus, the efficiency and extent of APC
formation differs considerably between different organs.
The anticoagulant activity of the PC pathway includes
the limited proteolysis by APC of the activated forms of
coagulation factors V and VIl (FVa and FVlla), thereby
limiting active thrombin generation. Protein S, in turn, co-
operates with APC in inactivating F'Va and FVlla, exerting
an accelerating effect*. The current model of APC sup-
pression of excessive thrombin generation assumes that
the EPCR-bound pool of endothelial cell-associated APC
plays a more important role for FV inactivation than the
circulating plasma pool of APC. In part, this may be ex-
plained by the fact that binding of APC to cell surfaces is
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mediated only by EPCR, implying that the site of EPCR
expression largely dictates the site of the anticoagulant
function of APC. This model is fully consistent with the
finding that FVa is highly susceptible to proteolytic deg-
radation by APC when it is associated with the endothelial
cell surface. FVa is instead refractory to APC cleavage in
the platelet-associated prothrombinase cornplexﬂm. Other
mechanisms can potentially limit the anticoagulant activity
of APC on, or close to platelets, i.e. inhibition of APC by
the vitronectin-plasminogen activator inhibitor-1 com-
plex, secondary to local release of plasminogen activator
inhibitor-1 from activated platelets, and the inhibition of
protein S activity by platelet factor 4 released from platelet
oc—grantllesmg’lsol. Notably, platelet factor 4 can inhibit the
anticoagulant function of APC alone, but not its ability to
cleave and activate PAR-1. Thus, the interaction of plate-
let factor 4 may potentially redirect APC function toward
anti-inflammatory and cytoprotective signaling pathways.

Overall, the relatively poor ability of APC to suppress
thrombin generation in forming platelet aggregates might
support effective and localized platelet-dependent hemo-
stasis while sustaining the systemic anticoagulant potential.
Thus, the APC activity in the presence of platelets may be
considered another example of the compartmentalized
haemostatic system.

Recently, it was demonstrated that surface-immobi-
lized PC supports in a GPIba- and apolipoprotein E re-
ceptor 2-dependent manner the adhesion and aggregation
of platelets under flow conditions'™". Thus, the ability of
zymogen to engage these receptors raises the question as
to whether PC immobilization occurs 7 vivo and whether
changes in PC plasma levels are associated with altered
platelet adhesion and aggregation.

Protein S circulates in blood in complex with a car-
rier protein, C4b-binding protein“sz]. The level of C4b-
binding protein increases in clinical settings characterized
by inflammation. Hence, the amount of bound protein
S increases, causing a decrease of free protein S concen-
tration ™. It is known that the anticoagulant function
of protein S is exerted by its free form. Thus, systemic
inflammatory conditions may represent a risk factor for
protein-S dependent thrombotic disorders*”. Finally, pro-
tein S exerts both APC-dependent and aPC-independent
anticoagulant effects. The APC-dependent mechanism,
involving the cofactor function of protein S for the ac-
celeration of APC-mediated degradation of factors VII
and V, is likely the physiologically dominant pathway. The
APC-independent anticoagulant activity of protein S is
attained by stimulating the inhibition of tissue factor (TF)
by tissue factor pathway inhibitor (T FPI)"™. The latter
blocks the intermediate complex of TF-FVIla-F Xa, there-
by preventing substrate exchange of already activated FX
a for new FX. Protein S enhances the inhibitory interac-
tion of TFPI with the TF initiation complex, and thereby
limits the extent of thrombin generation in plasma. This
APC-independent anticoagulant activity of protein S is
most pronounced at low TF levels. Due to the anticoagu-
lant effects described above, severe protein S deficiency is
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associated with severe thrombotic disordets.

The relevance of the PC system for the prevention
of atherothrombotic diseases is further corroborated by
studies in animals. Some interesting aspects of iz vivo PC
activation were unraveled by analyzing the role of EPCR
in the response of mice to an inflammatory challenge
with lipopolysaccharide (LPS)[WH. In these studies, mice
lacking EPCR showed substantially enhanced activation
of coagulation, concomitantly with reduced APC forma-
tion attributable to the absence of EPCR. Yet, the plasma
APC levels in LPS-challenged EPCR-deficient mice were
almost identical to that measured in wild-type animals.
The authors of this study then showed that in wild-type
mice a large fraction (approximately 40%) of APC did not
enter the systemic circulation but remained bound to en-
dothelial cell-associated EPCR at its site of activation. It
is this sequestered APC pool that is completely missing in
EPCR deficient mice, and its absence apparently accounts
for all the pro-coagulant and pro-inflammatory effects of
EPCR deficiency in mice"™",

Recent studies have shown that the anti-inflammatory
effect of APC, at least in part, is mediated through the
EPCR-dependent proteolysis of PAR-1 in endothelial
cells"™". This finding seems paradoxical, as it is known
that the cleavage of PAR-1 by thrombin elicits potent pro-
thrombotic and pro-inflammatory responses[m. It is well
known that thrombin is mainly responsible for the activa-
tion of PC in the presence of TM and that the enzyme
also cleaves PAR-1 with a high catalytic efficiency, which
is 3-4 orders of magnitude higher than that of APC. This
finding raises the question as to how APC in the presence
of thrombin is able to produce physiologically significant
cleavage of PAR1 associated with protective signaling
events' L as is presented in Figure 1. Notably, both APC
and PC bind to EPCR with a similar equilibrium constant,
so that it can be hypothesized that thrombin can increase
the local concentrations of EPCR-bound APC"". This
phenomenon may induce channeling of the protease di-
rectly into the signaling pathway.

In a very elegant study, Rezaie and coworkers demon-
strated that the critical receptors required for both protein
C activation (ITM and EPCR) and APC cellular signaling
(EPCR and PAR-1) pathways colocalize in the membrane
lipid rafts of endothelial cells. The co-localization of EPCR
and PAR-1 in lipid rafts of endothelial cells is a fundamen-
tal requirement for the cellular signaling activity of APC,
which leads to anti-inflammatory and anti-apoptotic cellular
effects, such as phosphorylation of mitogen-activated pro-
tein kinase' ™ and suppression of NFkB expressionﬂm]

TM co-localization with these receptors on the same
membrane mictodomain can also recruit thrombin to
activate the EPCR-bound protein C, therefore elicit-
ing PAR-1 signaling events that are involved in the APC
protective pathways“so] linked to dissociation of caveolin
subunits (Figure 1). These findings explain how thrombin
effectively channels endogenous APC to the protective
signaling pathways, through cleaving the same receptor of
thrombin.
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Figure 1 Models of protease-activated receptor-1 cleavage and activation by either activated protein C or thrombin when endothelial protein C receptor
is occupied by its ligand protein C. A: The unoccupied endothelial protein C receptor (EPCR) is associated with caveolin-1 (Cav-1) within lipid rafts of endothelial
cells. Upon thrombin cleavage of protease-activated receptor (PAR)-1, a pro-inflammatory signal is generated through G12/13 and Gq under these conditions; B:
The occupancy of EPCR by protein C (PC) results in dissociation of EPCR from Cav-1. This process is linked with the coupling of PAR-1 to Gi. Thrombin cleavage of
PAR-1 initiates an antiinflammatory response under these conditions; C: The same as (B) except that the EPCR and PAR-1 dependent protective signaling response
is mediated by activated protein C (APC) (adapted from"™).

The APC pathway in IBD . THERAPEUTIC PERSPECTIVES FOR
TM and EPCR expression is diminished in the colonic

mucosal microvasculature of IBD patients™ ' but is COAGULATION ABNORMALITIES IN IBD

increased in their sera, suggesting increased she(.iding of Based on the reported findings from several studies, one
TM and EPCR from cells. Inﬂarr}mzl.t(?ry cytoklne§ a.lso can conclude that the PC pathway is strategically located
down-regulate TM and EPCR by inhibiting transcription 4t the crossroads between coagulation and inflammation,

on cultured intestinal endothelial cells (HIMEC)"™. These  where it exerts entirely unexpected roles in the damage
changes in TM and EPCR expression would be expected that occurs in chronic inflammatory conditions" ™, Unrav-
to affect the conversion of protein C in its activated form, eling the pathogenic role of the PC pathway offers a very
which, in addition to its anticoagulant properties, also has promising tool in the therapeutic arsenal against IBD as
potent anti-inflammatory activityms], as described above. well as many other chronic inflammatory diseases. Inflam-

Restoring the function of the PC pathway has anti-in- mation most likely mediates systemic hypercoagulability
flammatory effects on HIMEC, by decteasing pro-inflam- through various cytokines, which can affect the coagula-
matory cytokines secretion as well as adhesion molecules tion cascade at numerous points as well as platelet quantity
induced by TNF-q stimulation """, Furthermore, and function. Unfortunately, pethaps due to this diversity
restoration of APC by supplementation reduces stress- of prothrombotic abnormalities that can exist in IBD
induced gastric mucosal injury in rats by inhibiting the de- patients and their likely multifactotial etiology, no specific
crease in gastric mucosal blood flow through attenuation therapy has ever been proposed in any clinical randomized
of the activated neutrophil-induced endothelial cell injury trial to correct the cytokine-linked pro-inflammatory un-
via inhibition of TNF-g production*”. balance and pro-thrombotic phenomena occurring in IBD.

Opverall, it can be concluded that a homeostatic bal- Notably, unfractioned (UFH) and low-molecular-weight
ance exists between thrombin and APC in coagulation and heparins (LMWHSs), apart from their known anticoagu-
inflammation. In particulat, activated thrombin promotes lant/antithrombotic activities, display a broad spectrum
the generation of APC and the two molecules influence of immune modulating and anti-inflammatory properties,
the extent of both fibrin (clot) formation and the inflam- such as modulation of cytokine production, T-lymphocyte
matory response. This mechanism is mediated mainly by cytotoxic activity!”" and inhibition of leukocyte adhe-

the cleavage of PAR-1 by either APC or thrombin on sion, activation and trafficking" . Based on these features,
endothelial cells. Through binding to EPCR, APC would these molecules have been proposed for the treatment
reverse the pro-inflammatory effects of thrombin on the of IBD. Some open studies suggested the efficacy of
same PAR""'*, UFH"™" and LMWHs"™ for the treatment of active
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UC. Conversely, large controlled studies using UFH and
LMWHs did not show a clear efficacy "™, Moreover, a
recent meta-analysis by Shen e# al'™ indicated no signifi-
cant additive benefit for heparins in the treatment of ac-
tive UC. However, all studies included in the meta-analysis
were very heterogeneous about their clinical, methodolog-
ical and pharmacological features.

These studies, not only considered different definitions
for response and remission, but also used different hepa-
rins, with theoretically very different anti-inflammatory
activities'”. For these reasons, it is still difficult to set the
real value of this therapeutic approach in IBD.

Recently, experimental data on animal models of IBD
suggested efficacy of LMWHs, when selectively delivered
in the site of disease, compared to the other route of
administration. The multimatrix oral formulation MMX
releasing parnaparin sodium at three different doses was
evaluated in a clinical trial in patients with mild-to-mod-
erate UC activity"™. This study, carried out on ten UC
patients, showed no relevant side effects, including either
interference with haemostatic parameters or increased
bleeding. After treatment, seven patients were in clini-
cal remission and only one achieved endoscopic healing,
However, in a recent meta-analysis it was found that there
is no evidence to support the use of UFH or LMWH
for the treatment of active UC. In this study no further
trials examining these drugs in patients with UC were
warranted, except perhaps a trial of UFH in patients with
mild disease®". Furthermore, it has to be outlined that
any benefit found using heparins in this clinical setting
should be weighed against a possible increased risk of rec-
tal bleeding, especially in patients with active UC.

In conclusion, a direct therapeutic approach for con-
trolling inflammation-driven imbalances in the coagulation
system in IBD patients is not yet available. The growing
body of evidence concerning the molecular and cellular
perturbations in this setting should be unraveled to pro-
mote a more efficacious, pathogenesis-oriented therapy
for these disordets.

CONCLUSION

Overall, this paper was designed to underline the delicate
and unstable equilibrium, at the mucosal level, between
inflammation and coagulation. This complex equilibrium
actively participates in the pathogenesis of several inflam-
matory disorders, in particular IBD.

Although the majority of available reports have looked
at alterations in single coagulation components in IBD
patients, no clear evidence of single alterations have been
demonstrated to be crucial in IBD development. On the
contrary, it is evident that several factors, with diverse
relevance, are involved in maintaining chronic inflamma-
tion as well as a pro-coagulant profile in IBD. These fac-
tors include mainly classical coagulation components as
well as inhibitors, and also cells, such as endothelium and
platelets, which interact extensively at the mucosal level.
Pathways that seem to play a major role in IBD patho-
genesis are the APC, thrombin and Factor Xa pathways.

(49

Boishidengs  WIG | www.wjgnet.com

603

Scaldaferri F et a/. Coagulation and IBD

The delicate balance between these pathways, affecting
different mucosal cell types, is responsible for controlling
endothelium, leukocyte activation and trafficking, cyto-
kines and chemokines secretion as well as the coagulation
cascade. Despite a better understanding of the interaction
between coagulation and inflammation, very few drugs
targeting the coagulation pathways are available or under
evaluation for clinical purposes. In conclusion, further
studies are required to better characterize the relationship
between coagulation and inflammation in different IBD
patients and to identify good therapeutic targets.
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Abstract

AIM: To evaluate bacteriocinogeny in short-term high-
dose indomethacin administration with or without pro-
biotic Escherichia coli Nissle 1917 (EcN) in experimental

pigs.

(4 9
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METHODS: Twenty-four pigs entered the study: Group
A (controls), Group B (probiotics alone), Group C (in-
domethacin alone) and Group D (probiotics and in-
domethacin). EcN (3.5 x 10" bacteria/d for 14 d) and/or
indomethacin (15 mg/kg per day for 10 d) were admin-
istrated orally. Anal smears before and smears from the
small and large intestine were taken from all animals.
Bacteriocin production was determined with 6 different
indicator strains; all strains were polymerase chain reac-
tion tested for the presence of 29 individual bacteriocin-
encoding determinants.

RESULTS: The general microbiota profile was rather
uniform in all animals but there was a broad diversity
in coliform bacteria (parallel genotypes A, B1, B2 and
D found). In total, 637 bacterial strains were tested,
mostly Escherichia coli (E. colf). There was a higher
incidence of non-£. coli strains among samples taken
from the jejunum and ileum compared to that of the
colon and rectum indicating predominance of £. coli
strains in the large intestine. Bacteriocinogeny was
found in 24/77 (31%) before and in 155/560 (28%)
isolated bacteria at the end of the study. Altogether,
13 individual bacteriocin types (out of 29 tested) were
identified among investigated strains. Incidence of four
E. coli genotypes was equally distributed in all groups
of £. coli strains, with majority of genotype A (ranging
from 81% to 88%). The following types of bacteriocins
were most commonly revealed: colicins Ia/Ib (44%),
microcin V (18%), colicin E1 (16%) and microcin H47
(6%). There was a difference in bacteriocinogeny be-
tween control group A (52/149, 35%) and groups with
treatment at the end of the study: B: 31/122 (25%, P
= 0.120); C: 43/155 (28%, P = 0.222); D: 29/134 (22%,
P = 0.020). There was a significantly lower prevalence
of colicin Ib, microcins H47 and V (probiotics group, P
< 0.001), colicin E1 and microcin H47 (indomethacin
group, P < 0.001) and microcins H47 and V (probiotics
and indomethacin group, 7 = 0.025) compared to con-
trols. Escherichia fergusonii (E. fergusonif) was identi-
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fied in 6 animals (6/11 isolates from the rectum). One
strain was non-colicinogenic, while all other strains of
E. fergusonii solely produced colicin E1. All animals
started and remained methanogenic despite the fact
that EcN is a substantial hydrogen producer. There was
an increase in breath methane (after the treatment) in
5/6 pigs from the indomethacin group (C).

CONCLUSION: EcN did not exert long-term liveability
in the porcine intestine. All experimental pigs remained
methanogenic. Indomethacin and EcN administered
together might produce the worst impact on bacterioc-
inogeny.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) repre-
sent the group of most commonly used drugs worldwide.
NSAIDs may cause severe injury to all parts of the gas-
trointestinal tract. The pathogenesis of NSAID-induced
entero- and colopathy is more multifactorial and complex
than formerly assumed but is not yet fully understood. A
combination of local and systemic effects plays an impor-
tant role in pathogenesis. NSAID-induced entero- and
colopathy is a stepwise process involving direct mucosal
toxicity, mitochondrial damage, breakdown of intercel-
lular integrity, enterohepatic recirculation and neutrophil
activation by luminal contents including bacteria. Unlike
upper gastrointestinal toxicity, cyclo-oxygenase-mediated
mechanisms are probably less important” . Intestinal bac-
teria play a significant role in the pathogenesis of NSAID-
induced entero- and colopathy. In experimental studies,
NSAIDs cannot induce enteropathy in germ-free rats'”.
Probiotic bacteria are live micro-organisms which,
when administered in adequate amounts, confer a health
benefit on the host”. Probiotics likely function through
enhancement of the barrier function of the gut, immuno-
modulation, and competitive adherence to the mucus and
epitheliumw. Probiotic bacteria may exert a systemic anti-
inflammatory effect” and modulate apoptosis[sl. Probiot-
ics have been suggested for amelioration or prevention of
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various diseases including antibiotic-associated diarrhoea,
irritable bowel syndrome and inflammatory bowel dis-
ease. Further possible beneficial effects are being studied
(including anti-cancer potential, lowering of serum cho-
lesterol levels and blood pressure reduction, ez)”"". Tt has
been hypothesised that probiotic bacteria might reduce
the adverse effects of NSAIDs on the small and large
intestine. However, initial studies provided controversial
results, both with ameliorating and deteriorating out-
comes'*"”., NSAID-induced small intestinal injury is Toll-
like receptor 4 dependentm. Probiotic Escherichia coli Nissle
1917 (EcN) might ameliorate experimental colitis (induced
by dextran sodium sulphate) iz Toll-like receptor 2 and 4
pathways' ",

Colicins and microcins, members of the bactetiocin
family, are produced by bacteriocinogenic strains of Esch-
erichia coli (E. coli) and some related species of Enterobacte-
riaceae. They atre toxic to susceptible bactetial strains of the
same family"**". However, some bacteriocins also exert
an inhibitory effect on eukatyotic cells, including observed
antineoplastic action i vitro and in vive™ ™. Bacteriocins
might induce apoptosis™ as some regulators of apoptosis
(e.g. Bcl family with pro- and anti-apoptotic members)
share similar structures with pore-forming colicins””. The
possible role of bacteriocins was also investigated in clini-
cal studies on bacillary dysentery™, inflammatory bowel
disease™ and colorectal cancer™. Bacteriocins might have
a dual role: they may act as both antibiotics and probiot-
s, One of the most commonly used probiotic bacterial
strains, EcN, is a producer of microcins H47 and MPH,

The aim of this study was to evaluate bacteriocinog-
eny in short-term high-dose indomethacin administration
with or without probiotic bacteria EcN in an experimental
porcine model. A small adult pig can be used in experi-
ments as a representative of an omnivore due to its rela-
tively similar gastrointestinal functions in comparison with

[35-38]
man .

MATERIALS AND METHODS
Ethics

The Project was approved by the Institutional Review
Board of Animal Care Committee of the Institute of
Experimental Biopharmaceutics, Academy of Sciences of
the Czech Republic, Record Number 1492006. Animals
were held and treated in accordance with the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes””.

Animals

Twenty-four healthy mature (4-5 mo old) female pigs (Sus
scrofa f. domestica, hybrids of Czech White and Landrace
breeds) weighing 33.0 £ 1.7 kg, were included in our
study. The animals were divided into four groups: Group
A (controls, 6 animals), Group B (probiotics alone, 7 =
6), Group C (indomethacin alone, » = 6) and Group D
(probiotics and indomethacin, # = 6). All animals were fed
twice a day (standard assorted food Al of equal amounts).
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Drug and probiotic bacteria administration
EcN (3.5 X 10" live bacteria/d for 14 d) and/or indo-
methacin (Indomethacin suppositories, Berlin-Chemie,
Germany; 15 mg/kg per day for 10 d) were administrat-
ed as one-shot dietary bolus to hungry pigs.

Autopsy

Twenty-four hours after the last drug and/or probiotic
bacteria administration (groups B to D) or after 14 d of
stabling (Group A), the pigs were sacrificed (after 24 h
of fasting) by means of pharmacological euthanasia (iv
administration of embutramide, mebezonium iodide and
tetracaine hydrochloride - T61, Intervet International BV,
Boxmeer, the Netherlands; dose of 2 mL per kg) and
exsanguinated. Immediate autopsy was performed and
smears for bacterial cultures were taken.

Bacterial culture, isolation and identification

Before the experiment anal smears were taken from all
animals. At autopsy, smears from mucosa of the jejunum,
ileum, caecum, transverse colon and rectum were taken
from each animal and immediately inserted into a trans-
port liver-entiched broth. Standard primary cultures wete
inoculated on blood and MacConkey agars (24 h at 37°C),
followed by standard clone isolation. Up to 9 different
colonies of coliform bacteria were isolated from each
sample (on blood, MacConkey and deoxycholate agars).
Particular bacteria were precisely identified by the Vitek2
system (BioMérieux, Marcy I'Etoile, France). All bacterial
strains were frozen in cryotube vials at minus 90°C until
bacteriocin genotyping,

Analysis of bacteriocin production

The bacteriocin production of all strains was tested in
parallel on 4 different agar plates containing (1) TY me-
dium; (2) nutrient broth; (3) TY medium supplemented
with mitomycin C; and (4) TY medium supplemented
with trypsin. The TY medium consisted of yeast extract
(Hi-Media, Mumbai, India) 5 g/L, tryptone (Hi-Media)
8 g/L, sodium chloride 5 g/L; the TY agar consisted of
a base layer (1.5%, w/v, solid agar) and a top layer (0.7%,
w/v, soft agat). A Difco™ nuttient broth (Difco Labora-
toties, Sparks, MD) 8 g/L, NaCl 5 g/L, was used for pro-
duction of relatively unenriched 1.5% (w/v) agar plates.
Mitomycin C (0.01%, w/v) and trypsin (0.1%, w/v) were
used for induction of colicin production and for protease
sensitivity tests, respectively. The previously described set
of E. el indicator strains including E. /i K12-Row, C6
(), B1, P400, and S40 was used to identify the producer
strains together with Shigella sonnei 17 indicator*™*"". To
test bacteriocin production, the agar plates were inocu-
lated by needle stab and the plates were incubated at 37°C
for 48 h. The tested macrocolonies were then killed with
chloroform vapours and each plate was then overlaid
with a thin layer of soft agar containing 107 cells/mlL. of
an indicator strain and the plates were incubated at 37°C
overnight. All investigated E. co/i strains were tested on
four parallel plates against 6 indicator strains stated.
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Bacteriocin  Primer 5'-sequence-3' Length
type name of PCR
product (nt)

A ColA-F CGTGGGGAAAAGTCATCATC

ColA-R GCTTTGCTCTTTCCTGATGC 475
B colicinB-F  AAGAAAATGACGAGAAGACG

colicinB-R GAAAGACCAAAGGCTATAAGG 493

D ColD-F CTGGACTGCTGCTGGTGATA

ColD-R  GAAGGTGCGCCTACTACTGC 420
El colicinE1l-F  TGTGGCATCGGGCGAGAATA

colicinEl-R  CTGCTTCCTGAAAAGCCTTTT 650

E2 ColE2-F TGATGCTGCTGCAAAAGAG

ColE2-R TTCAAAGCGTTCCCTACCAC 409
E3 ColE3-F TAAGCAGGCTGCATTTGATG

ColE3-R TCGGATCTGGACCTTTCAAC 413
E4 ColE4-F GAAGGCTGCATTTGATGCT

ColE4-R CGGATCCGGACCTTTAATTT 409
E5 ColE3-F TAAGCAGGCTGCATTTGATG

ColE5-R TTGAATTCTCGAATCGTCCA 430
E6 ColE6-F ACCGAACGTCCAGGTGTT

ColE6-R TTTAGCCTGTCGCTCCTGAT 399
E7 ColE7-F GCATTCTGCCATCTGAAAT

ColE7-R CTTCTGCCCACTTTCTTTCG 431
E8 ColE3-F  TAAGCAGGCTGCATTTGATG

ColE8-R  GACTGATTGGCTTGTCGTGA 449
E9 ColE3-F  TAAGCAGGCTGCATTTGATG

ColE9-R GACTTTTCTCCCTCCGACCT 418
Ia Colla-F GCATGCAAATGACGCTCTTA

Colla-R ~ GAGGACGCCAGTTCTCTGTC 473
b Collb-F  AACGAGTGGGTCGATGATTC

Collb-R CCTTTTCTGCGCTCGTATTC 464
Js ColJs-F TCAAAATGTTTGGGCTCCTC

ColJs-R TAATCTGCCCTGTCCCACTG 254
K ColK-F  CAGAGGTCGCTGAACATGAA

ColK-R TCCGCTAAATCCTGAGCAAT 469
M ColM-F  GCTTACCACTTCGCAAAACC

CoIM-R GAGCGACTCTCCGATAATGC 429
N ColN-F AGCTTGGCGAGTATCTTGGA

CoIN-R CAACACAGCCCCGAATAAAC 401
S4 ColS4-F  TATATGGCCCAACTGCTGGT

ColS4-R  CGTAAGGACGGACACCTGTT 456
8) ColU-F  TGATTGCTGCGAGAAAAATG

ColU-R TCTGACAGCCTCTCCCTGTT 485
Y ColY-F  GCAGGCAGAAAAGAACAAGG

ColY-R CGGACGTTATTTGCCTTCAT 477
5 Col5-F CATTGGCAAAAGCGAAATCT

Col5-R TGCAACTCTGGAAACAATCG 443
10 Col10-F GGTTACCGGATTTCCTGGAT

Col10-R TTCTAGATGCTTGGCCCACT 448

PCR: Polymerase chain reaction.

Identification of individual colicin types

All investigated strains were tested with colony poly-
merase chain reaction (PCR). A bacterial colony was
resuspended in 100 pl. of sterile water and 1 pl. of this
suspension was added to the PCR reaction. Individual
colicin types (colicins A, D, E2-E9, Ia, Ib, Js, K, M, N,
S$4, 0, Y, 5 and 10) were detected using PCR with primers
designed using the Primer3 program. The list of primer
pairs and the corresponding length of PCR products are
listed in Table 1. Control bacterial producers stemmed
from our stock and comprised E. /i BZB2101pColA -
CA31, BZB2102 pColB - K260, BZB2103 pColD -
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Parameter Small intestine Colon and rectum
Bacterio-  Types of bacteriocin producers No. of unique  Bacterio- Types of bacteriocin producers No. of unique
cinogeny (No. of strains) bacteriocin cinogeny (No. of strains) bacteriocin
producers producers
Group A 22/55(40%) E1 (1); E1,Ta, V (1); E1, V (2); Ia 11 30/94 (32%) B (1); B, H47, Ib, K, M (2); B, M (1); C7, E1, Ib, 17
(2); Ia, B, K, M, H47 (2); Ia, H47, V (1); E1 (1); E1, Ia (1); E1, Ia, V (1); E1, V (2);
V (2);1a, V (6); Ib (3); J25 (1); S4, E7 (1); H47,1a, V (1); H47, S4 (1); H47, V (2); Ia
U (1); %4,V (1) (6);1a, V (4); Ib (3); M (1); $4, V (1)
GroupB  11/43 (26%) E1 (7);1a (2); Ia, V, H47 (1); b (1) 4 20/79 (25%) B, H47,K, M, Ia (1); B, M (1); E1 (4); E1, V (1); 7
Ia (11); Ia, V (1); Ib (1)
Group C  17/58 (29%) B, M,V (1);1a (1);1a, V (7); Ib (6); 5 26/97 (27%) B, 1a, (1); E1, Ib (1); J25, Ia (1); 1a (5); Ia, E7, V (1); 9
54 (2) Ta, H47 (1); Ia, M (1); Ia, V (8); Ib (7)
GroupD  9/45(20%) E1 (3); E1,Ia (1); E1, Ta, V (1); E1, 7 20/89 (22%) E1 (4); E1,Ta (1); E1, Ta, V (1); E1, Ib (2); H47, V 9

Ib (1); Ta (1); T, V (1); Ib (1)

(1); Ta (7); Ta, V (1); Ib (2); Ib, V/ (1)

Small intestine: Bacterial strains isolated from mucosa of the jejunum and ileum; Colon and rectum: Bacterial strains isolated from mucosa of the caecum,

transverse colon and rectum; Group A: Control animals with no treatment; Group B: Probiotics alone (see text for details); Group C: Indomethacin alone (see

text for details); Group D: Probiotics and indomethacin (see text for details); Bacteriocinogeny: Number of bacteriocinogenic strains out of all tested; Types:

Particular bacteriocin types found in single isolates; M: Colicin M, not for microcin M.

CA23, BZB2107 pColE4 - CT9, BZB2108 pColE5 -
099, BZB2150 pColE6 - CT14, BZB2120 pColE7 -
K317, BZB2279 pColla - CA53, BZB2202 Collb - P9,
BZB2116 pColK - K235, PAP1 pCol101M - BZBNC22,
BZB2123 pCoIN - 284, E. 189BM pColE2 - P9, E. coli
385/80 pColE1, pColV, E. c/i 185M4 pColE3 - CA38,
E. coli W3110 pColES8, W3110 pColE9, E. coli K-12
pColS4, Shigella boydii M592 (serovar 8) pColU, E. coli
K339 pColY, Sh. sonnei pColJs, E. coli pCol5, E. coli
pColl0, E. coli 449/82 pColX (microcin B17), E. coli
313/66 pColG (microcin H47), E. ¢o/i 363/79 pColV (mi-
crocin V), E. co/i TOP10F” pDS601 (microcin C7), E. coli
D55/1 (microcin J25), and E. co/i B1239 (microcin L). Se-
quentially related colicin genes (colicins E2-E9, Ia-1b, U-Y,
and 5-10, respectively) often yielded PCR products with
primer pairs of related colicin types and therefore all these
PCR products were sequenced. The PCR detection prim-
ers for colicins B and E1 and for 6 microcin types includ-
ing B17, C7, H47, J25, 1, and 'V, were taken from Gordon
et al®™. The phylogenetic group of each E. w/i strain was
determined using the triplex PCR protocol according to
Clermont ¢ al*". Sequence analysis was performed us-
ing Lasergene software (DNASTAR, Inc., Madison, WI,
USA).

Hydrogen and methane breath testing

Hydrogen and methane breath tests were performed
before and the morning following completion of the
treatment, carried out under general anaesthesia in spon-
taneously breathing animals. Alveolar air was aspirated
by means of percutaneous puncture of the trachea. Im-
mediate measurement of hydrogen and methane was ac-
complished in triplicate by means of gas chromatography
(Microlyzer DP Plus Quintron, Milwaukee, WI, USA).
Results were expressed as parts per million (ppm).

Statistical analysis
Data were statistically analysed with Xz with Yates cor-
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rection and by Mann-Whitney rank sum test. Statistical
software was used for this analysis (SigmaStat version 3.1,
Jandel Co., Erkrath, Germany).

RESULTS

The general microbiota profile was rather uniform in all
animals but there was a broad diversity in coliform bacte-
ria (parallel genotypes A, B1, B2 and D found). In total,
637 bacterial strains were tested, mostly E. co/i. The re-
maining isolates comptrised Salmonella enterica ssp Arizonae
(21 isolates), Pasteurella aerogenes (20), Escherichia fergusonii
(E. fergusonity (11), Aeromonas hydrophila/ caviae (9), Klebsiella
preunmoniae (8), Enterobacter cloacae (4), Morganella morganii (4),
Citrobacter braakii (2), Citrobacter youngae (2), Citrobacter freun-
dii (), Acinetobacter hyoffii (1) and Pseudomonas aeruginosa (1).
There was a higher incidence of non-E. ¢/ strains among
samples taken from the jejunum and ileum compared to
that of the colon and rectum indicating predominance of
E. coli strains in the large intestine (data not shown).
Bactetiocinogeny was found in 24/77 (31%) before
and in 155/560 (28%) isolated bactetia at the end of the
study. Altogether, 13 individual bacteriocin types (out of
29 tested) were identified among investigated strains. In-
cidence of four E. co/i genotypes was equally distributed
in all groups of E. /i strains, with majority of genotype
A (ranging from 81% to 88%). The following types of
bacteriocins were most commonly revealed: colicins Ia/Ib
(44%), microcin V (18%), colicin E1 (16%) and microcin
HA47 (6%). There was a difference in bacteriocinogeny
between control group A (52/149, 35%) and groups with
treatment at the end of the study: B: 31/122 (25%, P =
0.120); C: 43/155 (28%, P = 0.222); D: 29/134 (22%, P
= 0.020). See Table 2 for details. There was a significantly
lower prevalence of colicin Ib, microcins H47 and V (pro-
biotics group, P < 0.001), colicin E1 and microcin H47
(indomethacin group, P < 0.001) and microcins H47 and
V (probiotics and indomethacin group, P = 0.025) com-
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Group Hydrogen before Hydrogen after Statistical significance Methane before Methane after Statistical significance
A N/A 3.50 +2.81 N/A N/A 69.33 + 56.64 N/A

B 6.0 +2.82 200 NS 106.50 + 94.05 80.00 £ 48.02 NS

C 1.17 £0.41 5.0+3.29 NS 34.67 + 25.65 66.17 +38.83 NS

D 20+1.16 6.0+6.0 NS 60.75 + 34.77 62.00 +27.71 NS

Group A (controls with no treatment, n = 6), Group B (probiotics alone, n = 6), Group C (indomethacin alone, n = 6) and Group D (probiotics plus

indomethacin, n = 6). N/ A: Not applicable; NS: Not significant.

pared to controls (Table 2). E. fergusonii was identified in
6 animals (6/11 isolates from the rectum). One strain was
non-colicinogenic, while all other strains of E. fergusonii
solely produced colicin E1.

Data on porcine alveolar breath analysis of hydrogen
and methane are given in Table 3. All animals started and
remained methanogenic. Differences between groups
were not statistically significant. There was an increase in
breath methane (after the treatment) in 5/6 pigs from the
indomethacin group (C).

DISCUSSION

Probiotic bacteria might act in three different ways: they
are able to modulate the host’s defence mechanisms, they
have a direct impact on other micro-organisms and finally
probiotic effects may be based on actions affecting micro-
bial products like toxins, host products (e.g. bile salts) and
food ingredientsw.

Our hypothesis for this study was that (1) indometha-
cin would suppress bacteriocin production of Enterobac-
teriaceae; (2) probiotic bacteria EcN would colonise the
porcine gastrointestinal tract permanently; (3) they would
protect intestinal microbiota from suppressive action of
indomethacin; and (4) EcN would convert the starting
methanogenic phenotype of pigs to a hydrogenic one.
Surprisingly, most of our presumptions were not proved.

There is no simple way to explain this. The first ques-
tion that should be addressed is a possible role of human
probiotic bacteria in the porcine gastrointestinal tract. It
is necessary to consider whether human probiotics can
be also assumed to act as probiotic mictobiota for do-
mestic pigs. Criteria for probiotics of human origin were
proposedlm, however, potential probiotic bacteria iso-
lated from porcine faeces are usually tested 7 vitro to be
active against two or three common porcine pathogens
onlymsol.

Genotype B2 and production of microcin H47 were
considered as markers of EcN in our study. None of
our 637 isolates comprised these bacteria. Viability and
sufficient amount of bacteria were ensured before their
administration in our project. According to our results,
it is unlikely that EcN could exert long-term viability in
the porcine intestinal tract. Other swine studies by several
authors” ™" were able to identify intestinal colonisation by
EcN in pigs and piglets but not by all of them®. There is
no final proof of long-term colonisation of the gastroin-
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testinal tract by EcN in healthy humans. In an interesting
study by Schierack ez a/™, probiotic Enterococcus faecinm
supplementation showed no significant effect on the num-
bers and diversity of Ewnferobacteriaceae species, or on the
total counts, diversity and distribution of virulence gene-
positive E. co/i strains in healthy domestic pigs.

Aspirin and some NSAIDs, including indomethacin,
influence intestinal bacteria® . Indomethacin might
exert some impact on intestinal microbiota in our study,
as there was an increase in breath methane after the treat-
ment in 5/6 pigs from the indomethacin group. Another
interesting result from our current study showed a marked
lower prevalence of colicin Ib, microcins H47 and V (pro-
biotics group), colicin E1 and microcin H47 (indomethacin
group) and microcins H47 and V (EcN and indomethacin
group) compared to controls. We interpret this differ-
ence as a sign of adverse effects of probiotics and/or
indomethacin on potcine microbiota. Bacteriocinogeny in
controls (35%) was higher compared to the indomethacin
(28%), probiotic (25%) and indomethacin and probiotic
groups (22%). This evident trend did not reach statistical
significance for the probiotic group (B) and indomethacin
group (C). However, there was a statistically significant
difference between controls and indomethacin and pro-
biotic group (D). We can assume that indomethacin and
EcN comprise the worst impact on bacteriocinogeny in
the porcine gastrointestinal tract. This would be consistent
with other studies showing that other probiotics might
deteriorate NSAID-induced injury to the intestine!”’

Composition of food, especially supplements with pre-
biotics, might influence the probiotic effect of intestinal
bacteria®"*”. This factor is unlikely to play an important
role in our study. All animals received identical assorted
food with cereals, animal fat, soya oil and a mix of supple-
ments (lysine, threonine, methionine, lactic acid).

In our current study, the microbiota profile was rather
uniform in all animals due to identical breed and feed.
However, there was a broad diversity in coliform bacteria;
the main four genotypes A, B1, B2 and D were identi-
fied in parallel. Similar diversity was also found in other
porcine studies, with prevailing group AP, Dixit e o/’
showed that differences among individual pigs accounted
for 6% of the observed genetic diversity, whilst 27% of
the genetic variation could be explained by clonal com-
position differences among gut regions (isolates obtained
from the duodenum, ileum, colon and faeces of 8 pigs).
Finally, the absence of virulence genes in these com-
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mensals indicates that they may be suitable as a probiotic
consortium, particularly if they also display increased
adherence to enterocytes and antagonistic activity against
pathogenic strains of E. coli*”.

E. fergusonii was identified as a new species of En-
terobacteriaceae in 1985°Y. ‘This is considered to be an op-
portunistic pathogen of farm animals including domestic
pigs™. We identified E. fergusonsi in 6 animals, all pigs were
healthy without any sign of infective disease. Interestingly
10/11 isolated bacteria solely produced colicin E1. Coli-
cins produced by E. fergusonii strains closely resemble co-
licins encoded by E. cw/*". In a previous series of human
isolates, only 6/50 (12%) strains were bacteriocinogenic, 3
of which produced colicin E1'".

In humans, all intestinal hydrogen and methane ate
produced by so called “hydrogenic and methanogenic”
bacteria®™”. However, most authors do not usually
specify which particular bacteria constitute these produc-
ers. Hydrogen is produced by bacterial fermentation of
saccharides in the intestinal lumen. Concurrently, hydro-
gen is consumed by other intestinal bacteria to synthesise
methane, acetate and hydrogen sulphide. Methane is syn-
thesised solely by bacteria in the intestine (four mols of
hydrogen and one mol of carbon dioxide create one mol
of methane and water). This reaction reduces the volume
of gas that would otherwise be present in the colon” ™.
The question of intestinal methane producers has not
been definitely solved yet. We hypothesised that com-
mon coliform bacteria could also synthesise methane!”,
however, this assumption was not proved by our further
studies”™"”. McKay ez /™ found that several anaerobes
(Bacteroides, Clostridinm and others) produced hydrogen but
rarely methane. Hydrogen is also produced by Enterobacteri-
acea”. In adult Caucasians, only 30%-50% of people pro-
duce methane while hydrogen is produced by 90%-98%
of peoplem. Kien e7 a/* found low breath hydrogen and
higher methane in piglets (even in a subgroup supple-
mented with lactulose). In our current study, all animals
revealed a solely methanogenic phenotype (by the analysis
of their alveolar breath). This fact could be explained as
they came from an identical breed and received the same
assorted food. All animals remained methanogenic despite
the fact that EcN is a substantial hydrogen producerm.
This further supports our finding that EcN 7977 did not
have major impact on porcine intestinal microbiota.

In conclusion, it is unlikely that probiotic EcN could
exert long-term liveability in the porcine intestine. All
experimental pigs remained methanogenic, despite the
fact that EcN is a substantial hydrogen producer. The in-
domethacin and probiotic group had a significantly lower
rate of bacteriocinogeny compated to controls with no
treatment. These control pigs revealed higher bacterio-
cinogeny with simultaneous production of up to five
different bacteriocins per single strain. Indomethacin and
probiotics administered together might provide the worst
impact on bacteriocinogeny in the potcine gastrointesti-
nal tract.
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COMMENTS

Background

Non-steroidal anti-inflammatory drugs (NSAIDs) represent the group of most
commonly used drugs worldwide. NSAIDs may cause severe injury to all parts
of the gastrointestinal tract. The pathogenesis of NSAID-induced entero- and
colopathy is more multifactorial and complex than formerly assumed but has
still not been fully understood. A combination of local and systemic effects plays
an important role in pathogenesis. NSAID-induced entero- and colopathy is
a stepwise process involving direct mucosal toxicity, mitochondrial damage,
breakdown of intercellular integrity, enterohepatic recirculation and neutrophil
activation by luminal contents including bacteria. Unlike upper gastrointestinal
toxicity, cyclo-oxygenase-mediated mechanisms are probably less important.
Intestinal bacteria play a significant role in the pathogenesis of NSAID-induced
entero- and colopathy. In experimental studies, NSAIDs cannot induce enter-
opathy in germ-free rats.

Research frontiers

Probiotic bacteria are live micro-organisms which, when administered in ad-
equate amounts, confer a health benefit on the host. Probiotics likely function
through enhancement of the barrier function of the gut, immunomodulation, and
competitive adherence to the mucus and epithelium. Probiotic bacteria might
exert a systemic anti-inflammatory effect and modulate apoptosis. Probiotics
have been suggested for amelioration or prevention of various diseases includ-
ing antibiotic-associated diarrhoea, irritable bowel syndrome and inflammatory
bowel disease. Further possible beneficial effects are being studied (including
anti-cancer potential, lowering serum cholesterol levels and blood pressure
reduction, efc.). It has been hypothesised that probiotic bacteria might reduce
the adverse effects of NSAIDs on the small and large intestine. However, initial
studies provided controversial results, both with ameliorating and deteriorating
outcomes.

Innovations and breakthroughs

Based on the current study, it is unlikely that probiotic Escherichia coli Nissle
1917 (EcN) could exert long-term liveability in the porcine intestine. Genotype
B2 and production of microcin H47 were considered as markers of EcN in the
study. The authors did not find such bacteria among any of the 637 isolates.
All experimental pigs remained methanogenic, despite the fact that EcN is a
substantial hydrogen producer. The indomethacin and probiotic group had a
significantly lower rate of bacteriocinogeny compared to controls with no treat-
ment. These control pigs revealed higher bacteriocinogeny with simultaneous
production of up to five different bacteriocins per single strain. Indomethacin
and probiotics administered together might produce the worst impact on bacte-
riocinogeny in the porcine gastrointestinal tract.

Applications

Bacteriocins might induce apoptosis as some regulators of apoptosis (e.g. Bcl
family with pro- and anti-apoptotic members) share similar structures with pore-
forming colicins. Bacteriocins might have a dual role: they may act as both
antibiotics and probiotics. One of the most commonly used probiotic bacterial
strains, EcN, is a producer of microcins H47 and M.

Terminology

Colicins and microcins, members of the bacteriocin family, are produced by
bacteriocinogenic strains of Escherichia coli and some related species of En-
terobacteriaceae. They are toxic to susceptible bacterial strains of the same
family. However, some bacteriocins also exert an inhibitory effect on eukaryotic
cells, including observed antineoplastic action in vitro and in vivo.

Peer review

This is an innovative manuscript in basic research, which adequately addresses
the ethics of the experiment. Its presentation is accurate but very complex in
the reading and interpretation of many variables.
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Abstract

AIM: To investigate the relationship between urinary
peptide changes and Helicobacter pylori (H. pylori) in-
fection using urinary peptidome profiling.

METHODS: The study was performed in volunteers (n
= 137) who gave informed consent. Urinary peptides
were enriched by magnetic beads based weak cation
exchange chromatography and spectrums acquired by
matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) mass spectrometry (MS). ClinProTools
bicinformatics software was used for statistical analysis
and the recognition of peptide patterns. The marker
peptides were identified by LTQ Obitrap XL tandem MS.

RESULTS: Approximately 50 proteins or peptides which
loaded onto the magnetic beads were detected by MAL-
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DI-TOF MS. By optimizing the parameters of the model,
the Genetic Algorithm model had good recognition
capability (97%) and positive predictive value (94%).
Based on the model, 2 markers with molecular masses
of 6788 and 1912 Da were found that differentiated
between H. pylori positive and negative volunteers.
The m/z 1912 sequence was parsed as SKQFTSSTSYN-
RGDSTF. The peptide was identified as isoform 1 of the
fibrinogen o chain precursor, whose concentration in
urine was markedly higher in 4. pylori infected volun-
teers than in 4. pylori non-infected ones.

CONCLUSION: The appearance of urinary fibrinogen
degradation products is caused by an active H. pylori-
induced process.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Helicobacter pylori (H. pylori) is a Gram-negative, micro-
aerophilic bacterium adapted for sutrvival in the human
stomach, where it can cause chronic gastritis and peptic
ulcer disease and is an important risk factor that may lead
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to gastric cancer. Great progress has been made in under-
standing H. pylori pathogenicity since its discovery 25 years
ago. H. pylori infection has been proposed as a risk factor
not only for gastrointestinal diseases but also for cardio-
vascular diseases such as peripheral arterial disease”’ and
atherosclerosis™. In addition, some studies have shown
that H. pylori infection is associated with Henoch-Schon-
lein purpura”™ and membranous nephropathy™. Purpura
nephritis is one of the serious complications of Henoch-
Schonlein purpuram. As a result of its long delitescence,
rapid growth of drug resistance and the ease of infection,
H. pylori infection has become a prominent chronic diges-
tive system disease.

Recent progress in proteomic analysis and strategies
for the identification of clinically useful biomarkers in
biological fluids has shown that urine can be an excel-
lent non-invasive reservoir’ ", By virtue of its nonin-
vasiveness and the availability of specimens, peptidome
profiling of human urine is now becoming an important
method for detecting novel disease-associated mark-
ers'"""?, Bruker Daltonics provides the mass spectrometry
(MS)-based ClinProt™ system solution for preparation,
measurement and visualization of peptides and proteins
in body fluid"”. The Profiling Kit MB-WCX (Magnetic
Beads based Weak Cation Exchange Chromatography)
was developed for the enrichment of proteins and pep-
tides from biological samples based on cation exchange
chromatography ptior to mattix-assisted laser desorption/
ionization time-of-flight MS (MALDI-TOF MS) analysis.
Successful applications and reproducibility of the MB-
WCX beads using serum, plasma and urine samples was
demonstrated in various studies"*'". Nanoliquid chroma-
tography coupled to micro-electrospray ionization tan-
dem MS (ESI-MS/MS) has become a powerful tool for
identification and quantification in peptide analysis due
to its higher sensitivity”7’18]. In this study, we analyzed the
urine peptidome profiles of H. pylori infected and non-
infected volunteers by the ClinProt™ system, followed by
MALDI-TOF MS, and we identified the biomarkers using
Aquity nano-ultra-performance liquid chromatography
coupled to a Thermo LTQ Otbitrap high resolution/
high accuracy ultra-performance liquid chromatography

(UPLC)-ESI-MS/MS.

MATERIALS AND METHODS

Protein/peptide marker discovery in urine

Urine specimen collection: Urine samples were collected
from healthy volunteers (#» = 137, 70 male, 67 female) who
did not have cardiovascular diseases and had received a
health checkup 3 mo prior to the study, and gave written
informed consent before participation. The volunteers
received "C-urea breath tests to determine whether they
were infected with H. pylori, and their midstream urine was
collected the following morning“gj. Urine samples were
kept at a low temperature with ice and were transferred to
the laboratory within 2 h, centrifuged at 3000 g for 20 min,
aliquotted and stored at -80°C until use.
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Urinary peptide enrichment

The urine samples were thawed at room temperature for
30 min, adjusted to pH 7, and centrifuged again. Urinary
peptides were separated using MB-WCX kit (Bruker Dal-
tonics, Bremen, Germany; particle size < 1 pm; mean
pore size, 40 nm; specific surface area, 100 cm’/g). The
magnetic beads were mixed thoroughly on a vortex device
for 1 min, then a 30 pL. urine sample was diluted in 60 pLL
MB-WCX binding solution, and 10 yuL. WCX beads were
added. After thorough stirring, sample mixtures were
incubated for 1 min at room temperature. The tube was
placed into the magnetic separator and the beads at the
wall of the tube were collected for 1 min. The supernatant
was removed by using a pipette. Wash buffer (100 pL) was
added to the tube, which was moved back and forth in the
magnetic separator 10 times. The beads were collected at
the tube wall for 1 min and the supernatant was removed
carefully using a pipette. Elution buffer (5 pL) was added
and the beads dissolved at the tube wall by pipetting up
and down intensively 10 times. The beads were collected
at the tube wall for 2 min and the clear supernatant was
transferred into a fresh tube. Stabilization buffer (5 pL)
was added to the eluate.

MALDI-TOF data acquisition

Sample solution (1 pL) was dropped onto an AnchorCh-
ip™ 600-um target (Bruker Daltonics) and dried. Next,
1 pL of freshly prepared a-cyano-4-hydroxycinnamic
acid [0.4 mg/ml. matrix solution in ethanol/acetone (2:1,
v/v)] was added onto the sample and crystallized. MALDI-
TOF MS analysis of the peptidome profile was per-
formed using an autoflex™ instrument (Bruker Dalton-
ics), equipped with a N2 laser (A = 377 nm), with the ion
source voltage as follows: source 1, 120 kV; ion source 2,
18.6 kV; lens 7.6 kV. The pulsed ion extraction delay was
320 ns and operated in positive ion linear mode (LP-Clin-
Prot) with a total of 450 shots (30 shots at each of 15
different spot positions) per sample. All signals with a sig-
nal-to-noise ratio > 3 in a m/z range of 1000-10000 Da
were collected with the AutoXecute tool of the flexCon-
trol™ acquisition software (version 3.0; Bruker Dalton-
ics). Mass calibration was performed with the standard
calibration mixture of peptides and proteins (CPS, prepa-
ration method in the MB-WCX operation manual, MW
range 1000-10000 Da).

Statistical data analysis

The spectra were analyzed statistically using Clin-Prot™
(version 2.2 B; Bruker Daltonics) bioinformatics soft-
ware. Parameters were as follows: peak definition: signal
to noise ratio > 3; statistical analysis: Wilcoxon/Kruskal-
Wallis; area normalization: against total ion count; integra-
tion: end point level; mass recalibration: maximal peak
shift of 500 ppm; sort mode: ~test P-value/analysis of
variance (ANOVA). The spectra from 90 samples (40 in
the H. pylori infected group and 50 in H. pylori non-in-
fected group) were used to build models and 47 samples
(23 in the H. pylori infection group and 24 in the H. pylori
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non-infected group) were used in model verification by
the Genetic Algorithm (GA), Quick classifier, and Super-
vised Neural mathematical algorithms. The parameters
k-nearest neighbor classification (KNN), maximal num-
ber of generations (MNG) were optimized and the best
model was determined. The performance of the models
was evaluated by recognition capability (RC) and posi-
tive predictive value (PPV): RC = TP/# where TP is the
number of true positives (correctly classified) in a data
set and 7 is the number of samples in a data set and PPV
= TP/(TP + FP) where FP is the number of false posi-
tives (misclassified). The best model (RC and PPV values
are a maximum one of 1) was implemented to deter-
mine the marker peptides. The P-value of the Anderson-
Datling test (PAD) which can give information about the
normal distribution: < 1 not normally distributed, > 1
normally distributed, the P-value of the #test (2 classes)
or ANOVA test (> 2 classes) (PTTA, preferable for nor-
mal distributed data) or the P-value of the Wilcoxon test
(2 classes) or Kruskal-Wallis test (> 2 classes) (PWKW,
preferable for abnormally distributed data) was used to
confirm significant differences. If the PWKW or PTTA
value was < 0.05, the protein/peptide was confirmed to
be significantly different.

Identification of significant peptides by nano UPLC-ESI-
MS/MS

UPLC: The peptides from urine samples (the differential
peptides are relatively abundant) were eluted from the mag-
netic beads and were analyzed by nano-UPLC-ESI-MS/
MS using a nano Aquity UPLC (Waters Corporation, Mil-
ford, USA) coupled to a LTQ-Orbitrap mass spectrometer
(Thermo Fisher Scientific, Bremen, Germany). Samples
of 5 uL (the sample was diluted by 2 times) were loaded
on a C18 precolumn (Symmetry®C18, 5 um, 180 pm X
20 mm, nanoAcquity™Column) at 15 pL/min in 5%
acetonitrile (Sigma-Aldrich, St Louis, MO, USA), 0.05%
trifluoroacetic acid (Sigma-Aldrich) for 3 min. The precol-
umn was switched online with the analytical column (Sym-
metry*C18, 3.5 um, 75 pm X 150 mm, nanoAcquity™
Column) equilibrated in 95% solvent A (5% acetonitrile,
0.1% formic acid; Sigma-Aldrich) and 5% solvent B (95%
acetonitrile, 1.2% formic acid). Peptides were eluted using
a 5% to 80% gradient of solvent B over 60 min at a flow
rate of 400 nl./min.

UPLC-MS/MS and data analysis

The LTQ Orbitrap XL mass spectrometer was operated in
the data-dependent mode to switch automatically between
MS and MS/MS acquisition. Full-scan survey MS spectra
with 2 microscans (m/z 400-2000) were acquired with
the Orbitrap with a mass resolution of 100000 at m/z
400, followed by 10 sequential LTQ-MS/MS scans. Dy-
namic exclusion was used with 2 repeat counts, 10 s repeat
duration and 60 s exclusion duration. For MS/MS, charge
state 1 was rejected and precursor ions were activated us-
ing 25% normalized collision energy at the default activa-
tion q of 0.25. The mass spectra were searched against
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Model Algorithms KNN MNG Max. peaks RC (%) PPV (%)

1 GA 5 60 7 90.5 83.0
2 GA 3 60 10 91.3 85.1
3 GA 7 60 15 96.5 93.6
4 GA 3 60 20 9313 Gl
5 GA 5 60 25 933 87.2
6 SNN 25 78.5 63.8
7 QC 25 78.8 66.0

Model 3 was the best. GA: Genetic Algorithm; QC: Quickclassifier; SNN:
Supervised Neural Network; KNN: k-nearest neighbor classification;
MNG: Maximal number of generations; RC: Recognition capability; PPV:
Positive predictive value.

the human International Protein Index (IPI) database (IPI
human v3.45 fasta with 71983 entries) using Bioworks
software (Version 3.3.1; Thermo Electron Co.) based on
the SEQUEST algorithm. To reduce false positive iden-
tification results, a decoy database containing the reverse
sequences was appended to the database. The parameters
for the SEQUEST search were as follows: no enzyme, the
variable modification was oxidation of methionine, pep-
tide tolerance, 10 ppm, MS/MS tolerance, 1.0 Da. Posi-
tive protein identification was accepted for a peptide with
Xcorr of greater than or equal to 3.20 for triply and 2.86
for doubly charged ions, and all with ACn = 0.1, peptide
probability < 2e-3.

RESULTS
Urinary peptidome profiling

"C-urea breath tests showed that 74 volunteers were
H. pylori negative and 63 volunteers were H. pylori posi-
tive (delta over baseline > 4). About 50 peaks with signal-
to-noise ratios greater than 5 were detected between m/z
1000 and 10000 in urine from the volunteers (Figure 1).
The average intensities of peaks for the negative group
and positive group are shown in Figure 2A, and the com-
plete spectra from both the healthy group and the H. pylori-
infected group are shown in Figure 2C.

Statistical data analysis and classification

When parameter KNN = 7, MNG = 60 and Max.peaks
= 15, the GA model was the best fit: RC = 96.5%, PPV
= 93.6% (Table 1). All the data PAD were < 1, so the
data were abnormally distributed and PWIKW was used to
confirm marker peptides. Two markers that differentiated
between the H. pylori non-infected group and the H. pylori
infected group (PWKW < 0.05) with molecular masses
of 6788 and 1912 Da were found in urine (Table 2). The
content of these peptides in urine was markedly higher in
H. pylori infected volunteers than in non-infected subjects

(Figure 2B and D).
Identification of peptides

The peptides from urine were separated using nano-
UPLC. Product-ion-spectra of the doubly charged mol-
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Figure 2 Differentially expressed low-mass peptides in human urine. A: The average intensities of matrix-assisted laser desorption/ionization time-of-flight peaks
for the healthy group (red line), and the H. pylori-infected group (green line); B, D: The enlarged picture m/z 6788 and m/z 1912, respectively, the healthy group (red
line) and the H. pylori-infected group (green line); C: The complete spectra from both the healthy group (red line) and the H. pylori-infected group (green line).

ecule m/z 957.436 for the 1912 Da peak was recorded
with the linear ion trap (Figure 3A) and the sequence was
patsed as SKQFTSSTSYNRGDSTF following MS/MS
(Figure 3B). The sequence was identified as isoform 1 of
fibrinogen o chain precursor (AC: IP100021885) using the
IPI database with Xcorr 3.201 (doubly charged ion), ACn
= 0.267, P = 1.10E-04 and MS/MS tolerance 0.26 Da.
Unfortunately, the m/z 6788 peak sequence was not iden-
tified. Because it was possible that the peptide m/z 1912
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was from H. pylori, the sequence was searched against all
the species in the NCBInr. The fibrinogen was identified
again as a fragment of human fibrinogen [gi| 4503689 | re
£ NP_000499.1]| fibrinogen, o polypeptide isoform o-E
preproprotein (Homo sapiens)].

DISCUSSION

Urine is an especially attractive medium for biomarker

February 7, 2011 | Volume 17 | Issue 5 |
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Index Mass DAve PTTA PWKW PAD

56 6787.91 8.11  0.0000242 < 0.000001 0.00000418
9 1911.86 39.52  0.00847 0.00545 < 0.000001
23 3210.11 16.1 0.538 0.195 < 0.000001
27 3688.78 1499  0.538 0.195 < 0.000001

DAuve: Difference between the maximal and the minimal average peak
area/intensity of all classes; PTTA: P-value of t-test (2 classes) or ANOVA
test (> 2 classes); PWKW: P-value of Wilcoxon test (2 classes) or Kruskal-
Wallis test (> 2 classes); PAD: P-value of Anderson-Darling test.
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analysis, because urine can be obtained in large quanti-
ties using noninvasive procedures, and ample material is
available for analysis and assessment of reproducibility.
In addition, repeated sampling from the same individual
is simple, facilitating longitudinal studies. Urine generally
contains proteins and peptides of lower molecular mass
(< 30 kDa) that are highly soluble. These features facili-
tate analysis of such polypeptides in their natural state,
without any need for additional manipulation. Urinary
polypeptides are stable and generally do not undergo sig-
nificant proteolysis for several hours after collection™"
Urine has been known, or at least has been suspected, to
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reflect pathological changes for centuries. Even eatly path-
ological changes are thought to be associated with disease-
specific changes in the urinary proteome™. In this study,
we found 2 specific factors in human urine that were
associated with H. pylori infection by urinary peptidome
profiling, Urinary fibrinogen degradation products (FDP)
increased with H. pylori infection.

Fibrinogen is a major plasma protein (340 kDa) that
consists of pairs of 3 different polypeptide chains, o, 3,
and v, joined by disulfide bonds to form a symmetric di-
meric structure. The NHz-terminal regions of all 6 chains
form the central E-domain®., Fibrinogen is directly in-
volved in the clotting process as a clotting factor and is
synthesized in hepatocytesm]. In addition, fibrinogen has
a variety of other functions, such as a mediated platelet
aggregation response’”’. Many studies have found that an
elevated level of plasma fibrinogen is an important risk
factor for cardiovascular and cerebrovascular thrombotic
diseases”*" and renal failure™.

Fibrinogen can be digested either by plasmin or
thrombin. When fibrinogen is cleaved by plasmin, it re-
leases 2 D fragments (the COOH termini of the q, 3, and
y chains), one E fragment (the NHz termini of the a, f3,
and y chains), and several smaller fragments including a
small peptide, 3 1-42 (the NH2 terminus of the f-chain).
Cleavage by thrombin releases the two fibrinopeptides A
and B (FpA and FpB) from the NHa termini of the o and
[ chains, respectively, while exposed polymerization sites
form electrostatic bonds between the E-domain of one
molecule and the D-domain of an adjacent one. Factor
XllIla, a transglutaminase, then introduces y-glutamyl-e-
amino-lysine isopeptide cross-links between D domains
of adjacent fibrin monomers, generating a stable polymer
known as fibrin. Then, fibrin can be broken down by plas-
min cleavage into the 3-stranded coils found between the
D and E domains, yielding a D dimer, D fragment, and fi-
brin E fragment (which lacks the fibrinopeptides A and B)
and smaller fragmentsmj. FDP, such as D-dimer, E-frag-
ment and a, B-chain, have been widely studied in cardio-
vascular disease and cancer-related research fields™”". The
m/z 1912 peptide is a fragment of an FDP (site 580-590).
Our study shows that the peptide m/z 1912 in urine was
significantly increased in patients with H. pylori infection.

The normal glomerular basement membrane has a
filtration function, and the average pore size is 5.5 nm.
Therefore, under normal citcumstances, some small mo-
lecular weight proteins can filter through tiny potes in the
glomerular membrane. Because of endocytosis, the major
proteins are normally reabsorbed when they pass through
the proximal tubule, so there is low protein content in
urine, a tandom urinary protein of 0-80 mg/L. Although
there are many kinds of fibrinogen degradation frag-
ments, large fragments are retained by the glomerulus or
are taken up by the renal tubule, therefore only small pep-
tides are normally seen in the urine. In this study, the pep-
tides or proteins below 10 kDa in the urine were captured
by weak cation beads, so only the marker peptides 1912
and 6788 were detected, while the fragments of FDP that
exceeded 10 kDa were not captured.
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The reasons why H. pylori infection results in an FDP
increase in urine are not clear. Our preliminary studies
have shown that H. pylori will lead to human gastric ad-
enocarcinoma epithelial cell calreticulin phosphorylation,
and dephosphorylation of its calcium-binding protein
(nucleobindin-2), which affects cell calcium ion chan-
nels™, Fibrinogen achieves its biological functions by
being degraded by plasmin or thrombin. The activities
of plasmin and thrombin are regulated or progressively
activated by calcium ions; therefore, the changes in the
calcium ion channels will affect the fibrinolytic system. In
short, the changes in FDP in urine are important for gain-
ing a comprehensive understanding of the pathogenesis

of H. pylori.
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Abstract

AIM: To study the influence of CXCR4/stromal cell-
derived factor-1 (SDF-1) axis on E-cadherin/B-catenin
complex expression in HT29 colon cancer cells and its
underlying mechanisms.

METHODS: Effect of SDF-1 on E-cadherin/B-catenin
expression was detected by immunocytochemistry.
E-cadherin and B-catenin mRNA expression levels were
measured by reverse transcriptase-polymerase chain
reaction. SDF-1-induced phosphorylation of phosphati-
dylinositol 3-kinase (PI3K)/AKT and B-catenin was de-
tected by Western blotting.

RESULTS: The E-cadherin and p-catenin mRNA ex-
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pression levels in HT29 cells were lower 48 h after
incubated with SDF-1 at the concentrations of 20 and
40 ng/mL (P < 0.05). SDF-1-induced significant phos-
phorylation of PI3K/AKT and p-catenin. AMD3100 and
LY294002 inhibited the phosphorylation of PI3K/AKT
and p-catenin.

CONCLUSION: SDF-1 down-regulates the E-cadherin/
B-catenin complex expression in HT29 cells by decreas-
ing mRNA synthesis and increasing p-catenin phosphor-
ylation.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common can-
cers and the second leading cause of cancer-related death
in the Western world. Death usually results from its un-
controlled metastasis. Although the 5-year survival rate
approaches 90% for patients with local CRC, it has de-
creased to 19% for patients with distant metastasis'". The
metastatic process of CRC consists of a series of individ-
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ual steps, which are required to establish the diagnosis of
metastatic lesions™. A number of molecules have been
implicated in the metastatic process of CRC.

Chemokines ate a group of chemoattractant cytokines
that mediate several cellular functions. Stromal cell-detived
factor-1 (SDF-1) is expressed in stromal cells, including
fibroblasts and endothelial cells™”, and interacts specifi-
cally with the seven-transmembrane, G protein-coupled
receptor CXCR4'. Recent studies showed that chemo-
taxis effect of CXCR4/SDF-1 axis is telated with lymph
node and liver metastasis of CRC"". Although there is
evidence that the CXCR4/SDF-1 signaling pathway is in-
volved in the metastatic process of CRC, the precise mo-
lecular mechanism undetlying SDF-1-induced chemotaxis
effect has not been completely elucidated.

E-cadherin, a transmembrane glycoprotein located at
the adheren junction, mediates calcium-dependent cell-
cell adhesion'""?. C terminus of E-cadherin is linked to
o-catenin and actin cytoskeleton through the association
with 3-catenin. Strong cell-cell interactions result in a tight
cell cluster as a community, and constrain cells from mov-
ing away. It has been shown that dysregulation of E-cad-
herin/B-catenin complex expression is responsible for
the invasion and metastasis of CRC"", indicating that
the CXCR4/SDF-1 axis is correlated with E-cadherin/
[-catenin complex expression in invasion and metastasis
of CRC.

This study was to observe whether SDF-1 can alter
E-cadherin/B-catenin expression in HT29 colon cancer
cell line. In addition, the E-cadherin/ B-catenin mRNA ex-
pression level was measured and the phosphorylation of
phosphatidylinositol 3-kinase (PI3K)/AKT and B-catenin
was examined to provide insights into the mechanism un-
detlying the change in E-cadhetin/-catenin expression.

MATERIALS AND METHODS

Reagents

Antibodies against E-cadherin and B-catenin, and p-f3-
catenin antibody (Set33/37) and p-AKT antbody (Ser473)
were purchased from Cell Signaling Technology (Bevetly,
MA, USA). Peroxidase-conjugated goat anti-rabbit IgG
and peroxidase-conjugated goat anti-mouse IgG were pur-
chased from Santa Cruz Biotechnology Inc. (Santa Cruz,
CA). SDF-1 was bought from Pepro Tech Inc. (Rocky
Hill, NJ, USA). AMD3100 was purchased from Sigma
Aldrich, USA and LY29400 was bought from Beyotime,
China.

Cell culture

Human colon cancer HT29 cell line was obtained from
the American Type Culture Collection (ATCC; Manassas,
VA, USA). Tumor cells were cultured in RPMI-1640 (In-
vitrogen product), supplemented with 10% newborn calf
setum (Shanghai Mafa Corporation), 100 U/mL penicil-
lin, and 100 mg/ml. streptomycin in a humidified incuba-
tor containing 5% CO2 and 95% air at 37°C.

(49

Boishidongs  WIG | www.wjgnet.com

626

Cell proliferation assay

Exponentially growing HT29 cells were seeded in 96-well
plates in RPMI-1640 containing 3% newborn calf serum
at a density of 2 X 10" cells/well. After 24 h, either PBS
or AMD3100 (100 ng/mL) was added and incubated for
2 h. SDF-1 was added into three wells daily at different
concentrations (10, 20 and 40 ng/mL). MTT assay (Am-
ersham Biosciences, USA) was performed after 24, 48
and 72 h. Absotbance was measured at 570 and 630 nm
(630 nm as the reference wave length). The results were
expressed as a mean of three wells in each group. Pro-
liferation rate of HT29 cells was calculated by the ab-
sorbance of experimental groups divided by that of the
control group. The results were expressed as a mean of
three individual experiments.

Cell chemotaxis and migration assay

Migration of HT29 cells was assessed in a HTS tran-
swell-24 system (Corning, Acton, MA, USA) with 8-um
membrane pores. After rehydration for 2 h, RPMI-1640
and different SDF-1 concentrations (10, 20 and 40 ng/ml.)
were added into the lower chamber (0.5 mL per well) and
2 x 10" cells treated with PBS or AMD3100 (100 ng/mlL.)
were added into the upper chamber 30 min before assay.
Afterincubated at 37°C for 24 h, Matrigel and cells on the
upper side of the membrane were wiped off with PBS-
rinsed cotton swabs and invading cells migrated to the
lower surface of the membrane were photographed and
counted under an inverted light microscope at 100 X mag-
nification. Six random fields were counted for each well.
Migration of HT?29 cells was assayed in triplicate.

Immunocytochemistry

To obsetve the effect of SDF-1 on E-cadherin/B-catenin
complex expression, HT29 cells were seeded in 24-well
plates with glass slides at a density of 2 X 10° cells/well
in RPMI-1640 medium in the absence of serum. After
incubated overnight, either PBS or CXCR4 antagonist
AMD3100 (100 ng/mL) was added and incubated for 2 h.
Then, SDF-1 was added at different concentrations (10,
20 and 40 ng/mL). Glass slides were collected after in-
cubated for 24 and 48 h with SDF-1. Cells were washed
thrice with PBS prior to fixation with 4% formaldehyde
in PBS. Then, the cells were covered with 3% H20:2-
methanol for 30 min at room temperature to inactivate
the endogenous peroxidase. A methanol permeabilisa-
tion step was needed for B-catenin, during which cells
were covered with ice-cold 100% methanol for 10 min
in a freezer. After rinsed thrice with PBS, the cells were
covered with 5% normal goat serum for 30 min at room
temperature to block the non-specific binding, Primary
rabbit anti-E-cadherin antibodies and mouse anti-f3-
catenin antibodies were applied to the slides and incu-
bated overnight at 4°C. Slides were washed three times
with PBS. Secondary antibodies were applied for 1 h at
room temperature. Finally, the slides were stained with
0.025% diaminobenzidine tetrahydrochloride containing
4% H20: for 1-20 min, counterstained with hematoxylin

February 7, 2011 | Volume 17 | Issue 5 |



Wang L et a/. Influence of CXCR4/SDF-1 axis on E-cadherin/p-catenin

for an appropriate period of time, and analyzed under a
light microscope. The level of nonspecific background
staining was established for each measurement using
control cells processed in the same way without expo-
sure to primary antibodies.

Reverse transcriptase-polymerase chain reaction
analysis

HT29 cells (1 X 10° treated as in immunocytochem-
istry were collected and washed three times with 1 X
PBS. Total RNA was extracted using trizol reagents and
quantified by ND-1000 UV-visible spectrophotometry.
cDNA was synthesized from 1 pg of total RNA using
Revert Aid™ M-MuLV reverse transcriptase. Reaction
mixture contained 4 pl. of 5 X reaction buffer, 2 ul. of
10 mmol/L dNTP mix, 1 pg of Oligo(dT)18, 1 ug of
total RNA, 0.5 pL of ribonuclease inhibitor, and 200 U
Aid™ M-MulV reverse transcriptase in a total volume
of 20 uL. PCR contained 2.5 pL. of 10 X PCR buffer,
1.5 uL of 25 mmol/L MgClz, 0.5 uL of 10 mmol/L
dNTP mix, 0.8 umol/L B-catenin primer, 0.04 umol/L
GAPDH primer (for B-catenin) and 0.8 pmol/L E-cad-
herin primer, 0.1 umol/L B-actin primer (for E-cadherin),
3 uL of ¢cDNA and 25 U Tag polymerase in a total
volume of 25 pl.. The sequences of gene-specific prim-
ers ate 5-"TTTGCGTGAGCAGGGTGC-3' (forwatd)
and 5-GCTGCATATGTCGCCACACC-3' (revetse)
for B-catenin, 5-CCACCCATGGCAAATTCCATGG-
CA-3' (forward) and 5'-TCTAGACGGCAGGTCAG-
GTCCACC-3' (reverse) for GAPDH, 5'-GATTCT-
GCTGCTCTTGCTGT-3' (forward) and 5'-CCTGGT-
CTTTGTCTGACTCTG-3' (reverse) for E-cadherin,
5-CCTTCCTGGGCATGGAGTCCT-3' (forward) and
5-GGAGCAATGATCTTGATCTT-3' (reverse) for
B-actin, respectively. The PCR conditions for B-catenin
were as follows: denaturing at 94°C for 5 min, followed
by 35 cycles at 94°C for 30 s, at 63°C for 30 s, at 72°C for
1 min, and a final extension at 72°C for 7 min. The PCR
conditions for E-cadherin were as follows: annealing at
58°C for 5 min, followed by 35 cycles at 94°C for 30 s, at
63C for 30 s, at 72°C for 1 min, and a final extension at
72°C for 7 min. The PCR products were separated on a 2%
agarose gel in 1 X TAE, visualized with ethidium bromide
staining by BIO-RAD Gel Dos1000, and quantified using
the Molecular Analyst software version 1.5 using GAPDH
as an internal control for -catenin, and fB-actin as an
internal control for E-cadherin. The hue value was calcu-
lated as the ratio of each group and the internal control
group. Results were expressed as the mean value of three
individual experiments.

Western blotting

To study the effect of SDF-1 on phosphorylation of
various signaling proteins, HT29 cells were treated with
20 ng/mL SDF-1 for different periods of time (from
1 min to 2 d) or with different concentrations of SDF-1
(5-100 ng/mL) for 30 min after overnight starvation of
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growth factors. Cell lysates were analyzed for the pres-
ence of phosphorylated AKT and B-catenin by phospho-
specific antibodies to the specific phosphorylation sites
of AKT (Ser473) and B-catenin (Ser33/37). For ex-
periments using inhibitors, HT29 cells were pretreated
with AMD3100 (100 ng/mL) or PI3K/AKT inhibitor
LY294002 (20 umol/ L) for 2 h, followed by stimulation
with 20 ng/mL SDF-1. After each treatment, 4 X 10°
HT29 cells wete collected and washed three times with 1
x PBS. Cytoplasm and membrane extracts were acquired
according to the instruction datasheet of Pierce Biotech-
nology Corporation and quantified by Bradford protein
assay. Different extraction proteins were separated by
SDS-PAGE and transferred onto the PVDF membrane.
Membranes were blocked with 5% BSA for 2 h at room
temperature, incubated overnight at 4°C with primary an-
tibodies (p-B-catenin 1:1000, p-AKT 1:1000 and B-actin
1:400) and washed three times prior to incubation with
HRP-conjugated secondary antibodies (peroxidase conju-
gated goat anti rabbit IgG 1:10000) for 1 h at room tem-
perature. Protein expression was visualized by chemilu-
minescence and quantified using the multigauge software.
[B-actin was used as a loading control. Data were shown as
the ratio of phosphorylation and loading control. Western
blotting assay was performed in triplicate.

Statistical analysis

All data were analyzed using the SPSS 16.0 and expressed
as mean T SD. Statistical significance of differences was
determined by Student’s #test in two groups and one-way
ANOVA among multiple groups. P < 0.05 was considered
statistically significant.

RESULTS

SDF-1 enhanced viability of HT29 colon cancer cells

The viability of HT29 cells in any experiment groups was
not different from that in control group 48 h after incu-
bated with SDF-1. The cells grew much faster with a pro-
liferation rate of 129% and 135%, respectively (P < 0.05)
72 h after incubated with SDF-1 at the concentrations of
20 and 40 ng/mIL. AMD3100 plus SDF-1 inhibited the
cell growth. AMD3100 alone had no effect on cell prolif-

eration.

SDF-1 promoted migration of HT29 colon cancer cells

MTT assay revealed no significant difference in viability of
HT?29 colon cancer cells in any experiment groups within
24 h after incubated with SDF-1. Therefore, the migration
of HT29 colon cancer cells was assayed 24 h after incu-
bated with SDF-1 to exclude the influence of cell viability.
The migration ability of HT29 cells was significantly great-
er in experiment groups than in control group 24 h after
incubated with SDF-1 at the concentration of 10 ng/mL
(149 + 133 s 92.3 + 12.4, P = 0.041), 20 ng/mL (161 *
13.5 15 92.3 + 124, P = 0.023), and 40 g/mL (187.5 + 14
v592.3 £ 12,4, P < 0.001). AMD3100 plus SDF-1 inhibited
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Figure 1 Effect of stromal cell-derived factor-1 (20 ng/mL) on E-cadherin
expression (x 400). A: E-cadherin expression in HT29 cells; B: Significantly
lower E-cadherin expression level 48 h after incubated with stromal cell-derived
factor-1 (SDF-1) (P < 0.05); C: AMD3100- inhibited E-cadherin expression; D: No
effect of AMD3100 alone on E-cadherin expression. Arrows mean the expression
of E-cadherin; Bars indicate mean + SD of six random fields. °P < 0.05.
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Figure 2 Effect of stromal cell-derived factor-1 (20 ng/mL) on E-cadherin mRNA
expression after 24 h (A) and 48 h (B) in different groups. Bars represent mean
+ SD of three individual experiments. P < 0.05. SDF-1: Stromal cell-derived factor-1.

the migration of HT29 cells. AMID3100 alone had no ef-
fect on cell migration.
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Figure 3 Effect of stromal cell-derived factor-1 (20 ng/mL) on p-catenin ex-
pression after 48 h (x 400). A: B-catenin expression in HT29 cells; B: Significant-
ly lower B-catenin expression level 48 h after incubated with stromal cell-derived
factor-1 (SDF-1) (P = 0.031); C: AMD310-inhibited B-catenin expression; D: No
effect of AMD3100 alone on B-catenin expression. Arrows mean the expression
of B-catenin; Bars indicate mean + SD of six random fields. *P < 0.05.

SDF-1 down-regulated activation of CXCR4 and E-cad-
herin expression at protein and mRNA levels
Immunocytochemistry assay showed that E-cadherin was
significantly expressed in HT29 cells (Figure 1A). No
change was found in E-cadherin expression 24 h after in-
cubated with SDF-1. The E-cadherin expression level was
significantly lower 48 h after incubated with SDF-1 at the
concentrations of 20 and 40 ng/mL (P < 0.05, Figure 1B).
HT29 cells treated with AMD3100 prior to administra-
tion of SDF-1 did not decrease the E-cadherin expression
level. However, HT29 cells treated SDF-1 dectreased the
E-cadherin expression level (Figure 1C). AMID3100 alone
had no effect on the E-cadherin expression (Figure 1D).
The changes of E-cadherin expression in HT29 cells are
demonstrated in Figure 1E.

Reverse transcriptase-polymerase chain reaction (RT-
PCR) analysis demonstrated that the E-cadherin mRNA
expression level was lower 48 h after incubated with
SDF-1 at the concentrations of 20 and 40 ng/mL (P <
0.05). AMD3100 plus SDF-1 inhibited the E-cadherin
mRNA expression. AMD3100 alone had no influence on
E-cadherin mRNA expression (Figure 2A and B).

SDF-1 down-regulated -catenin expression at protein
and mRNA levels

[B-catenin was strongly stained in HT29 cells not incu-
bated with SDF-1 (Figure 3A). The B-catenin expression
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Figure 4 Effect of stromal cell-derived factor-1 (20 ng/mL) on p-catenin mRNA expression after 24 h (A) and 48 h (B) in different groups. Bars represent
mean + SD of three individual experiments. °P < 0.05. SDF-1: Stromal cell-derived factor-1.
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Figure 5 Effect of stromal cell-derived factor-1 on the phosphorylation of PI3K/AKT and f-catenin. A: Phosphorylation of PI3K/AKT and B-catenin after incu-
bated with stromal cell-derived factor (SDF) at different periods of time (1, 5, 10, 15, 30, 60, 120 min and on days 1 and 2); B: Phosphorylation of PI3K/AKT and B-catenin
after incubated with SDF-1 at different concentrations (5, 10, 20, 40 and 100 ng/mL) for 30 min; C and D: SDF-1 increases phosphorylation of PI3K/AKT and B-catenin
in HT29 cells in a time- and dose-dependent manner. Bars represent mean + SD of triplicate experiments. *P < 0.05.

level was lower 24 and 48 h after incubated with SDF-1 Involement of phosphorylation of PI3K/AKT and

at the concentrations of 20 and 40 ng/mL (P < 0.05,  pB-catenin in SDF-1-induced down-regulation of E-cad-
Figure 3B). The B-catenin expression level was slightly herin/B-catenin expression

lower in AMD3100- treated HT29 cells (Figure 3C). The phosphorylation of PI3K/AKT and B-catenin was

AMD3100 alone had no influence on B-catenin expres- detected to observe whether phosphorylation is involved
sion (Figure 3D). The changes of B-catenin expression in down-regulation of E-cadherin/B-catenin complex
in HT29 cells are demonstrated in Figure 3E. expression, which demonstrated that SDF-1 increased the

RT-PCR analysis demonstrated that the B-catenin phosphorylation of AKT and [B-catenin. The B-catenin
mRNA expression level was lower 24 and 48 h after incubat- was evidently activated at 5 min and the AKT was sig-

ed with SDF-1 at the concentrations of 20 and 40 ng/mL nificantly phosphorylated at 15 min after incubated with
(P < 0.05, Figure 4A and B). AMD3100 plus SDF-1 inhib- SDF-1. The phosphorylation of [3-catenin reached its peak
ited the B-catenin mRNA expression. AMD3100 alone did 30 min after incubated with SDF-1. Then, -catenin was
not influence the B-catenin mRNA expression. evidently phosphorylated for 2 d (Figure 5A and C). The
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Figure 6 AMD3100 and LY294002 inhibit stromal cell-derived factor-1-
induced phosphorylation of PI3K/AKT and (3-catenin while AMD3100 or
LY294002 alone has no effect on phosphorylation of PI3K/AKT and f3-catenin.
SDF-1: Stromal cell-derived factor-1.

phosphorylation of AKT reached its peak at 15-60 min
after incubated with SDF-1, remained there for 2 h, and
then slowly declined. To determine the dose-dependent
effect of SDF-1 on the phosphorylation of PI3K/AKT
and B-catenin, HT29 cells were treated with SDF-1 at dif-
ferent concentrations (0, 5, 10, 20, 40 and 100 ng/mL)
for 30 min. Then, cell lysates were analyzed for the phos-
phorylation of PI3K/AKT and B-catenin. Administration
of SDF-1 for 30 min increased the phosphorylation of
PI3K/AKT and B-catenin in a dose-dependent manner.
PI3K/AKT and B-catenin were phosphorylated after
incubated with SDF-1 at the concentration of 5 ng/ml
and reached its peak after incubated with SDF-1 at the
concentration of 100 ng/mlL (Figure 5B and D).

Inhibition of PI3K/AKT prevented phosphorylation of
SDF-1-induced 3-catenin

To investigate the relation between PI3K/AKT and
[B-catenin, AMD3100 and 1.Y294002 were used to inhibit
the effect of SDF-1 and the signal transmission through
PI3K/AKT, which showed that AMD3100 inhibited the
phosphorylation of PI3K/AKT and B-catenin (Figure 6).
Further study demonstrated that administration of
LY294002 prior to SDF-1 also prevented the phosphory-
lation of PI3K/AKT and B-catenin (Figute 6), suggesting
that B-catenin is phosphorylated via the PI3K/AKT, and
may be the downstream signaling molecule of PI3K/
AKT.

DISCUSSION

Although the CXCR4/SDF-1 biological axis contributes
to organ-selective metastasis of tumorsns"m, the mecha-
nism undetlying the effect of chemotaxis remains unclear.
In this study, the relation between CXCR4/SDF-1 axis
and E-cadherin/B-catenin complex expression was ob-
served. Experiment on HT29 colon cancer cell line was
performed because it shows a high expression level of
CXCR4"™. SDF-1 promoted the proliferation of HT29
cells, thereby contributing to primary tumor formation
and down-regulated the E-cadherin/ [B-catenin expression
by reducing the mRNA expression levels and decom-
posing their complex formation by phosphorylating the
PI3K/AKT and B-catenin. AMD3100 and LY294002
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blocked the two processes mediated by SDF-1, suggesting
that they may be effective anti-metastatic agents, at least
against CRC.

It was reported that CXCR4/SDF-1 axis-induced che-
motaxis effect plays a role in the invasion of CRC cells" ",
A number of molecules, such as vascular endothelial
growth factor, matrix metalloproteinase (MMP)9, and
MMP2, have been implicated in SDF-1-induced CRC inva-
sion'"”. E-cadherin is not only an adhesion molecule but
also a tumor suppressor as well as the most important
epithelial marker™. In most cancers of epithelial origin,
E-cadherin mediates cell-cell adhesion. Loss of E-cad-
herin-mediated cell-cell adhesion is implicated in tumor
invasion and metastasis”*. Recent studies showed that
Krippel-like factor 4 inhibits epithelial to mesenchymal
transition by regulating E-cadherin gene expression™. In
our study, the E-cadherin expression level at protein and
mRNA levels was lower 48 h after incubated with SDF-1
at the concentrations of 20 and 40 ng/mlL, suggesting
that E-cadherin is involved in SDF-1-induced chemotaxis
effect. In this study, the molecular mechanism undetlying
SDF-1-induced chemotaxis effect was studied. The E-cad-
herin mRNA expression level was lower after incubated
with SDF-1, which may account for the down-regulation
of E-cadherin expression.

Tumor invasion is a complex process and loss of E-
cadherin-mediated cell adhesion is not sufficient to con-
fer an invasive phenotype to tumor cells. Cell migration
requires precise control, which is altered or lost when tu-
mors become invasive and metastatic. It has been shown
that decreased [B-catenin expression is often related with
the absent or reduced E-cadherin, which contributes
to the development of several cervical carcinoma cell
P42 A recent study revealed that B-catenin mem-
brane/cytosolic expression level is significantly lower in
primary tumors than in corresponding matched metas-
tases, suggesting that the low [3-catenin expression level
may be a prognostic factor for the occurrence of metas-
tasis and a worse outcome™. In this study, the [-catenin
protein and mRNA expression levels were significantly
lower 48 h after incubated with SDF-1 at the concentra-
tions of 20 and 40 ng/ml, suggesting that [-catenin is
involved in SDF-1-induced chemotaxis effect. Changes in
[B-catenin may also lead to the degradation of E-cadherin/
[-catenin complex and alter cytoskeleton, thus promoting
cell migration.

Growth factors, such as epidermal growth factor, in-
duce B-catenin and plakoglobin phosphorylation, resulting
in breakage of E-cadherin binding to actin cytoskeleton
and contact disassembly”. In this study, the phosphory-
lation of B-catenin was increased after incubated with
SDF-1, indicating that SDF-1 induces phosphorylation of
[-catenin. Phosphorylation of -catenin reduces [3-catenin
and may lead to decomposition of E-cadherin/B-catenin
complex. G protein-coupled receptor activation results in
PI3K and downstream AKT activation™. In this study,
SDF-1- induced phosphorylation of PI3K/AKT and
[B-catenin in a time- and dose-dependent manner. Finally,

lines
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whether SDF-1 induces -catenin phosphorylation iz
PI3K/AKT was also studied. Given that both AMD3100
and 1.Y294002 inhibited the phosphorylation of PI3K/
AKT and B-catenin, B-catenin may be the downstream
signaling molecule of PI3K/AKT, indicating that the
phosphorylation of B-catenin may account for the down-
regulation of B-catenin, and the breakage of E-cadherin/
[-catenin complex. The phosphorylation of [-catenin
may exett its effect v the PI3K/AKT pathway.

In conclusion, down-regulation of E-cadherin/B-
catenin complex expression is involved in SDF-1-induced
chemotaxis. The decreased E-cadherin mRNA expression
and the down-regulated 3-catenin expression may account
for the down-regulation of E-cadherin. CXCR4/SDF-1
axis stimulates the phosphorylation of PI3K/AKT and
B-catenin. The down-regulation of [-catenin may be in-
duced by the decreased f-catenin mRNA expression and
the increased phosphorylation of PI3K/AKT. PI3K in-
hibitor .Y294002 inhibits the SDF-1-induced phosphory-
lation of PI3K/AKT and B-catenin. 3-catenin may be the
downstream signaling molecule of PI3K/AKT.

ACKNOWLEDGMENTS

The authors thank Cui-Ling i and Hai-Peng Yin for their
excellent technical support in this study.

COMMENTS

Background

CXCRé/stromal cell-derived factor-1 (SDF-1) axis-mediated chemotaxis effect
is crucial in organ-selective metastasis. E-cadherin/B-catenin complex plays an
important role in colorectal tumorigenesis. Relatively little is known about the
role of E-cadherin/B-catenin in CXCR4/SDF-1 axis-mediated chemotaxis effect.

Research frontiers

Recent studies demonstrated that the CXCR4/SDF-1 signaling pathway is
involved in the metastatic process of colorectal cancer (CRC). In addition, in-
hibiting the interaction of SDF-1 and CXCR4 with CXCR4 antagonist AMD3100
prevents the chemotactic migration of CRC cells. However, the underlying mo-
lecular mechanism has not been elucidated.

Innovations and breakthroughs

Down-regulation of E-cadherin/@3-catenin complex is involved in SDF-1-induced
chemotaxis effect in HT29 colon cancer cells. Moreover, decreased mRNA syn-
thesis and increased [B-catenin phosphorylation may down-regulate E-cadherin/
jB-catenin. To the best of our knowledge, this is the first study that analyzes the
relation between CXCR4/SDF-1 axis and E-cadherin/B-catenin complex.

Applications

This study demonstrated the relation between E-cadherin/p-catenin complex
and SDF-1-induced chemotaxis effect in HT29 colon cancer cells, thus provid-
ing a possible molecular mechanism underlying the SDF-1-induced chemotaxis
effect.

Terminology

SDF-1, also know as CXCL12, belongs to the CXC chemokine family and
interacts specifically with the seven-transmembrane, G protein-coupled recep-
tor CXCR4. E-cadherin is not only an adhesion molecule but also a tumor
suppressor as well as the most important epithelial marker. -catenin is a key
component of adheren junctions, necessary for homophilic cell-cell adhesion.
In addition to the membrane-associated pool, B-catenin plays a role in cell-
signaling and gene transcription.

Peer review

This is a well designed study, which may explain the development of colorectal
metastasis in vitro.
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Abstract

AIM: To evaluate the natural history of human cytome-
galovirus (HCMV) infection in a series of 28 ulcerative
colitis patients in whom the search for HCMV was posi-
tive.

METHODS: A series of 85 patients with moderate-se-
vere ulcerative colitis flare-up were evaluated for a HCMV
search by performing a haematoxylin and eosin stain,
immunohistochemical assay and nested polymerase
chain reaction on rectal biopsies. Among 85 screened
patients (19 of whom were steroid resistant/dependant),
28 were positive for HCMV; after remission the patients
were followed up clinically and histologically.

RESULTS: Among the 22 patients with complete follow-
up, in 8 (36%) patients HCMV-DNA persisted in the in-
testinal specimens. Among the HCMV positive patients,
4 (50%) experienced at least one moderate-severe
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flare-up of colitis without evidence of peripheral HCMV.
Among the 14 HCMV negative patients, 3 with pouches
developed pouchitis and 5 out of 11 (45%) experienced
a colitis flare-up.

CONCLUSION: Our preliminary results suggest that
HCMV may remain in the colon after an acute colitis flare-
up despite remission; it seems that the virus is not re-
sponsible for the disease relapse.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The etiology of inflammatory bowel disease (IBD) is
still unknown. The most current hypothesis is that IBD
derives from an unsuitable and exaggerated immune re-
sponse to normal mucosal resident bacterial microflora,
likely induced by an external agent, in genetically predis-
posed individuals. Among the external agents, environ-
mental factors unquestionably play a major role in the
pathogenesis of IBD. Evidence of associations of bacte-
rial factors derives from both human and animal studies.
The virus takes an unclear part in the pathogenesis and
disease development, but is probably involved.
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In recent years several papers have described the link

between viral infection and IBD onset, reactivation or

[1-4]

No clear data is available on the natural history of

HCMYV infection superimposed on IBD. The following
questions remain unanswered: (1) does the virus disappear
after remission of acute colitis relapse? (2) does the persis-
tence of the virus detected by sensitive assays increase the
risk of relapse?

The aim of this study was an attempt to answer the

questions raised above and to evaluate the natural history
of human cytomegalovirus (HCMYV) infection after a se-
vere colitis exacerbation.

MATERIALS AND METHODS

From 1997 to 2007, a prospective study was conducted
on 85 patients with ulcerative colitis who were admit-
ted to the Medicine department of V. Cervello Hospital
in Palermo due to a severe colitis attack (according to
the Truelove-Witts criteria) (Figure 1). All patients were
treated with conventional and standardized corticosteroid
treatment (1 mg/kg per day) and were endoscopically
evaluated with a different approach: from 1997 to 1999
sigmoidoscopy was performed only in steroid resistant
patients (17 patients) whereas from 2000 to 2007 sigmoid-
oscopy was performed in all patients (68 patients) at ward
admission, taking systematically rectal biopsies. There-
fore a total of 85 patients (Table 1) was investigated for
HCMY infection with 3 different techniques.

The rectal biopsies were immediately fixed with 10%

buffered formalin for 2 h to obtain tissue fixation; after-
watds the preparation was subjected to several processes
(lavage, dehydration, clearing, paraffin impregnation and
embedding) to prepare sections with a thickness of 3-4 pum.

The histologic specimens were examined using the

following techniques: (1) Light microscopy with hema-
toxylin and eosin (HE) stain in order to document the
microscopic disease activity and allow the detection of
cytomegalic cells, markers of infected viral cells. Cy-
tomegalic cells, which are 2-or 4-fold larger (25-35 pm)
than surrounding cells, contain a basophilic intranuclear
inclusion (8-10 pum) eccentrically placed and sometimes
surrounded by a clear halo giving it an “owl’s eye” ap-
pearance, and thickened nuclear membrane, frequently
associated with smaller granular intracytoplasmatic inclu-
sions. Intranuclear inclusions were observed in epithelial,
endothelial, stromal and smooth muscle cells. A biopsy
was regarded as positive by light microscopy for HCMV if
a single cell showed intranuclear or cytoplasmic inclusions
and cytomegalic characteristics (Figure 2); (2) Immunobhis-
tochemical (ICH) procedure for HCMV performed on a
paraffin- embedded section with monoclonal mouse anti-
bodies anti-Human CMV (clone BM204) and conjugated
to a peroxidase-labeled amino acid polymer by peroxidase-
antiperoxidase (PAP) method in order to detect viral pro-
teins. Nuclear or cytoplasmic antigen was identified by the
typical brown reaction product of the PAP method; and
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Patient characteristics Total HCMV+  HCMV-
Sex (M/F) 50/35 19/9 31/26
Age at ward admission (yr)
=50 17 40
<50 11 17
Disease extension
Left sided colitis 39 11 (39) 28 (49)
Subtotal and pancolitis 46 17 (61) 29 (51)
Previous azathioprine treatment 21 11 (39) 10 (17.5)
Previous biologic treatment 9 2(7) 7 (12)
Active disease at sigmoidoscopy
Severe 51 16 (57) 35 (61)
Mild/moderate 34 12 (43) 22 (39)
Onset of disease (new diagnosis) 5 4 (14) 1(2)
Reactivation (established disease) 80 24 (86) 56 (98)
85 patients admitted
from 1997-2007 for an
ulcerative colitis attack
1997-1999 2000-2007

All consecutive 68
patients underwent a
rectal biopsy tested with
HE-ICH-PCR

Only 17 steroid-resistant
patients were screened
with rectal biopsies tested
with HE-ICH-PCR

6 HCMV
positive
patients

11 HCMV
negative
patients

22 HCMV
positive
patients

46 HCMV
negative
patients

Figure 1 Series studied. HCMV: Human cytomegalovirus; ICH: Immunohisto-
chemical; PCR: Polymerase chain reaction; HE: Hematoxylin and eosin.

Figure 2 Original reproduction of epithelial cytomegalic cells (arrows) in
rectal biopsy (hematoxylin and eosin stain, 40 x).

(3) Nested polymerase chain reaction («PCR): (a) DNA
extraction: DNA was extracted from 10 mm sections of
paraffin wax embedded tissues. Five sections were cut
with a standard microtome from every paraffin wax block
and transferred into a 1.5 mIL microtube. To prevent cross
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contamination between the samples, the microtome blade
was washed with xylene and ethanol after sectioning of
each block. DNA extraction was performed using a con-
ventional method. The conventional method consisted of
xylene/ethanol dewaxing followed by overnight protein-
ase k digestion in lysis buffer. The sample was heated at
95°C for 5 min to inactivate the proteinase K. We checked
the quality of samples by PCR for the housekeeping gene
b-globin (fragment of 268 bp); and (b) Detection of viral
DNA: Nested PCR was used to detect the presence of vi-
ral DNA in colon tissues. Two pairs of primers annealed
to the gB region of HCMV. Primers used for the first-
round product and second-round PCRs are as follows (5'
to 3"): first-round primer 1, GAGGACAACGAAATC-
CTGTTGGGCA,; first-round primer 2, GTCGACG-
GTGGAGATACTGCTGAGG; second-round primer
3, ACCACCGCACTGAGGAATGTCAG, and second-
round primer 4, TCAATCATGCGTTTGAAGAGGTA,
to obtain a CMV fragment of 100 bp.

PCR reaction mixture contained 0.5 U Tag polymerase,
1 X PCR Buffer (50 mmol/L KCl and 10 mmol/L Tris-
HCI (pH 8.4), 0.2 mmol/L of each dNTPs, 1.5 mmol/L
MgClz, 10 pmol of each primers and 100-200 ng of ex-
tracted DNA. The conditions for the first-round PCR were
as follows: denaturation at 94°C for 5 min, followed by
35 cycles of denaturation at 94C for 1 min, annealing at
55°C for 1 min and extension at 72°C for 1 min followed by
5 min final extension at 72°C.

The conditions for second-round PCR wete as follows:
denaturation at 94°C for 5 min, followed by 25 cycles of
denaturation at 94°C for 1 min, annealing at 55°C for 1 min
and extension at 72°C for 1 min followed by 5 min final
extension at 72°C.

The PCR amplification products were run on 2% aga-
rose gel and stained with ethidium bromide and visualized
under ultraviolet light.

HCMV-pp65 antigenemia
All patients were also tested for HCMV-pp65 antigene-
mia in peripheral leukocytes by CMV-CINAKkit (Argene®
Biosoft). The samples wete considered positive for ac-
tive HCMYV infection using a cut-off value of 5 positive
fluorescent nuclei/2 X 10° leukocytesm; between 1 to
4 positive cells the result was considered questionable
and the blood sample was repeated after 48 h to value a
possible increase of cell nuclei positivity. If we detected
histopathological examination positive we considered
the patient HCMV-infected but not surely with active
replication; if both tests (histology and pp65 antigen-
emia) were positive we judged the patients candidates
for antiviral treatment due to a probable active replica-
tion. However the last decision about antiviral treatment
was related to the disease activity without significant
improvement of the disease course after treatment for
underlying disease.

Sigmoidoscopy was performed in patients reaching
clinical remission in order to control endoscopic activity
and the presence of HCMV.
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HCMV + HCMV-
(HE-ICH/PCR)

Total patients 28 57
Steroid dependent/resistant (%) 68 19
Medical remission 22 (78) 51 (89)
Surgical remission 6 (21) 6 (10.5)
Death 3 (10) 0
Persistence of HCMV DNA+ at follow-up 8 (28.5) 0

HCMV: Human cytomegalovirus; ICH: Immunohistochemical; PCR:
Polymerase chain reaction; HE: Hematoxylin and eosin.

The patients were followed clinically as outpatients
quarterly to evaluate the remission time, the number of
relapses, the immunosuppressive therapies and the need
for surgery.

We define as remission a combination of clinical pa-
rameters (stool frequency < 3 per day with no bleeding);
the term relapse is used to define a flare of symptoms in
a patient with established ulcerative colotis (UC) who is in
clinical remission, either spontaneously or after medical or
surgical treatment.

In the case of clinical relapse, sigmoidoscopy was per-
formed with multiple biopsies and a search for HCMV in
rectal biopsies by the 3 methods and peripheral pp65anti-
genemia was conducted.

Moreover the asymptomatic patients were examined
by colonoscopy every year in order to follow up the natu-
ral history of HCMV infection regarding histologic per-
sistence, to understand more cleatly the possible role of
“bystander” or promoter to the disease relapse.

Oral and written informed consent was obtained from
each patient before any procedure.

The rate of surgery and clinical relapse rates in the 2
groups of patients (HCMV positive and negative) were
compared using y~ test.

RESULTS

The median clinical and endoscopic follow-up was 40 mo.

Among the 85 patients evaluated for HCMYV infec-
tion from 1997 to 2007, in 28 (12 women and 16 men)
the intestinal biopsy resulted positive by routine HE/ICH
staining and «PCR assay according to the standard meth-
ods previously described. The overall prevalence data was
33% (Table 2). There was no association between HCMV
and active immunosuppressive or biologic treatment. Ten
patients among a total of 28 also displayed positive pp65
antigenemia (35%). Out of 10 positive patients for both
histology and pp65 antigenemia, 7 received antiviral treat-
ment (5 with ganciclovir and 2 with foscarnet) because of
steroid resistance and clinical disease worsening, achieving
remission in 5 patients. In these 5 treated patients HCMV
disappeared at the first endoscopic control. Two patients
were operated on because of a rapid clinical disease wors-
ening: 1 patient died due to toxic megacolon. Among the
3 patients not treated with antiviral therapy for a contrain-
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1 2 3 4 5 6 7 8 9

10

Figure 3 Ethidium bromide-stained 2% agarose gel demonstrating de-
tectable second-round human cytomegalovirus products of nested poly-
merase chain reaction. Lane 1: Molecular size marker; Lanes 2-9: Positive
patient samples; Lane 10: Positive control.

dication, 1 achieved remission with therapy for underlying
disease, 2 patients were operated on for intractable disease
and 1 of these 2 patients died due to post-operative com-
plications.

Among the 18 patients who were histologically posi-
tive but pp65 antigenemia negative, 2 were operated on
for intractable disease and 1 died; 16 improved with
conventional therapy. Among the overall number of 28
patients who tested positive for HCMYV, 6 underwent
total colectomy (21%), 2 of them treated with antiviral
treatment. Among the 57 patients who were negative for
HCMYV detection, 6 patients were operated on (10.5%).

Among the 25 surviving patients, 22 remained on
follow-up (19 on medical remission and 3 with ileoanal
pouch anastomosis) because 3 refused to undertake regu-
lar clinical and colonoscopic controls.

The 3 patients operated on underwent endoscopic and
histological assessment of the ileoanal pouch during fol-
low-up, showing a moderate grade of pouchitis according
to PDAI 1 year after surgery, without detection of HCMV
in the pouch.

Eighteen patients achieved clinical remission with
medical treatment and 1 patient became steroid-depen-
dent; all were followed up for an average period of 46 mo,
all were clinically and endoscopically evaluated in accor-
dance with the methods described above.

During the routine endoscopic and biopsy controls
11/19 patients were negative for HCMV detection both
by traditional histology with HE and ICH in the intesti-
nal biopsies and by -PCR assay, whereas 8 were positive
for HCMV viral DNA detection by -PCR (Figure 3) and
negative on light microscopy (HE and ICH) and on pp65
antigenemia.

Among the 8 patients in which positivity for HCMV-
DNA persisted in the intestinal biopsies, 3 were treated
with antiviral therapy at first detection of HCMYV. Four
experienced (50%) an early-moderate colitis flare up
(within 3 mo) during the follow-up without detection of
pp65 antigenemia in the peripheral leukocytes (Figure 4).
A patient achieved remission with conventional steroid
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Patient Age (yr)/ Immunomo- Disease Outcome
No. sex dulators at relapse

HCMV diagnosis
1 42/F Aza No Remission with 5-asa
2 71/M No Yes Remission with IFX
B 58/M Aza Yes Procto-colectomy
4 74/M No Yes Remission with TFX
5 65/F No No Remission with 5-asa
6 65/M No Yes Remission with steroid
7 45/M Aza No Leukapheresis-IFX
8 28/M No No Remission with Aza

HCMV: Human cytomegalovirus; Aza: Azathioprine; IFX: Infliximab.

treatment, 2 patients became steroid-dependent and were
treated with anti-TNF therapy, both achieving remission.
The fourth patient, who was steroid-dependent, intolerant
to azathioprine and with a contraindication to anti-TNF
therapy, underwent a total colectomy due to severity of
disease. None were treated with antiviral treatment due to
absence of positive antigenemia (Table 3). Among the 11
HCMYV negative patients 5 (45%) experienced a reactiva-
tion of colitis and achieved remission with steroid treat-
ment.

After remission, 8 patients (among 22) were treated with
azathioprine (in 5 of them HCMV-DNA was present when
the treatment was started) and 14 patients were treated with
mesalazine (3 HCMV-DNA positive).

The Xz test comparing surgical intervention among
positive HCMV (21%) and negative HCMV (10.5%) pa-
tients was not statistically significant (P = 0.17, odds ratio
2.32).

The y” test comparing the relapse rate among HCMV
positive (50%) and negative (45%) patients was not statis-
tically significant (P = 0.36).

DISCUSSION

Our study was an attempt to answer two recurrent ques-
tions about the role of HCMYV in IBD. The questions
are about HCMV disappearance after remission of acute
colitis relapse: we have demonstrated that HCMV pet-
sists in the colon after recovery of a colitis flare with
a HCMYV co-infection in a series of UC patients and
remains detectable by sensitive methods such as «:PCR
without histological/ICH virus detection in a minotity of
patients. From this small series the persistence of virus in
the colon of UC patients does not favour disease relapse
because the virus persists in a latent state. The absence of
pp65 antigenemia during the follow-up relapse and the
response to the conventional corticosteroid treatment do
not suggest a remarkable role of HCMYV in the re-activa-
tion. Furthermore, it is unlikely that immunosuppressive
treatment favours relapse of UC when HCMYV persists in
the colon.

To establish a connection between HCMV and UC
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28 HCMV+ patient
10 patients (Agpp65 +) <——— patients

7 treated with antiviral

5 remission 2 operated on

1 exitus

2 died
3 refused follow-up

22 patients with complete follow-up

19 medical remission patients

Annual colonoscopy and biopsy

Clinical outpatient every 3 mo

/

8 patients with persistent HCMV-
DNA at PCR on rectal biopsies

—> 4 clinical remission

4 (50%) experienced a colitis flare-up

N\

11 patients with no viral detection

3 operated on with ileo-anal pouch patients

|

Annual pouchscopy and histologic assessment

Moderate pouchitis
HCMV negative

5 (45%) experienced a colitis flare-up

/ N\

1 remission 1 colectomy
with steroids

2 remission
with IFX

All remission with steroids

Figure 4 Follow-up human cytomegalovirus+ patients. IFX: Infliximab; HCMV: Human cytomegalovirus; PCR: Polymerase chain reaction.

more reports are needed. The interaction with the im-
mune system plays a key role in the pathogenesis of
HCMYV disease, and the main determinant is an immu-
nological impairment. As mentioned above, even most
primary infections in humans are asymptomatic. No trace
of the infection is observable except for seroconversion.
In recent years, however, the disease has become more
common probably due to the widespread use of immu-
nosuppressants in oncology, in transplantation medicine
and in chronic disease”.

What happens in intestinal tissue after persistence of
HCMV-DNA is not known; maybe the colonic epithelial
cells harbour the latent virus that became detectable us-
ing the highly sensitive PCR assay. The reactivation of
virus from latency may depend on a complex interplay of
biological factors with the host that, above all in patients
with UC, are not cleatly understood. Experimental stud-
ies suggest that latent CMV infection in the mouse may
modulate mucosal immunity altering the susceptibility to
gut microbiota without viral teactivation!”.

Dimitroulia ¢z a/” demonstrated that HCMV is fre-
quently detected in IBD patients, showing that the virus
genome was detected in intestinal tissue by polymerase
chain reaction in 32.9% of the total IBD patients, while
the HCMV genome in the blood was detected in 27.1%
of these patients. Matsuoka e# al” showed that HCMV is
frequently reactivated in a series of active UC seropositive
patients, but that reactivation has little effect on the clini-
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cal course and that most of the colitis reactivation with
positive HCMYV responds to conventional immunosup-
pressive therapies.

Kou e a/'” demonstrated that the detected copy
number of HCMV-DNA by PCR method is higher in
the inflamed colonic tissue than in non inflamed colonic
tissue in patients with UC refractory to immunosuppres-
sive therapy. The author strongly supported the hypoth-
esis that HCMV infection is involved in exacetbation of
patients with IBD and the early detection of genome in
intestinal tissue is important for an eventual change to the
therapeutic approach.

We show that patients with HCMV infection were
more frequently operated on than those without super-
imposed HCMV (even though not statistically significant)
and this may suggest that the virus is a marker of risk of
surgical treatment. This observation is an agreement with
Cooper ez al' that showed in 1977 that HCMV infection
might be responsible for acute toxic dilatation with in-
creased colonic resection rate.

In patients who have undergone proctocolectomy we
did not detect HCMV in the follow-up biopsies of the
ileal pouch. Casadesus 7 al' detected HCMV in a small
series of patients with UC who underwent proctocolecto-
my and hypothesize that the virus may play an etiological
role in pouchitis; other case reportsm’m demonstrate that
HCMV is a rare but possible cause of refractory pouchitis
to be considered for antiviral therapy.
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In conclusion, our preliminary results suggest that
HCMYV may remain in the colon despite remission, prob-
ably activating a delicate balance with the host immune
system in order to avoid its elimination, but the effects are
not clear. The variability of genotypes may give an answer
to the virulence and cell tropism so that we might be able
to understand the different behaviour related to different
host conditions.

A multicentre study including a more numerous popu-
lation (almost 500 patients) with a longer follow-up is war-
ranted to define whether the virus infection causes a disease
complication or its presence does not alter the course of
disease.

Limitations of the study

A limitation of study is that the assessment is based
upon very few patients but it is very difficult to find a
large population; possibly a multicentre study would
solve this problem.

We performed the PCR assay that detects only the
presence of viral DNA in colon tissues. Maybe a quantita-
tive assay that can distinguish between active and latent
disease would give some useful information to correlate
the replication of HCMV with bowel disease activity.
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Background

Cytomegalovirus (CMV) infection has been described as a cause of relapse of in-
flammatory bowel disease (IBD), in particular in ulcerative colotis patients, espe-
cially those receiving high-dose corticosteroid therapy. No clear data is available
on the natural history of human CMV (HCMV) superimposed on IBD.
Research frontiers

The paper aimed to answer two questions concerning HCMV infection in ulcer-
ative colitis patients.

Innovations and breakthroughs

This paper looks at the role of long-term HCMV persistence in patients with
moderate to severe ulcerative colitis together with the likelihood this brings of
relapse in patients that both cleared and did not clear the infection.
Applications

This is one of the first studies investigating the persistence of HCMV in colonic
tissue of ulcerative patients after an acute flare up of disease.

Terminology

Nested polymerase chain reaction is a molecular assay that detects HCMV
DNA using specific primers that amplify the gB region of HCMV. HCMV-pp65
antigenemia is an assay for polymorphonuclear leukocytes.
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Peer review
| think there are some useful observations in the study, but some clarifications
are needed.
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Abstract

AIM: To study the natural history and prevalence of
heartburn at a 10-year interval, and to study the effect
of heartburn on various symptoms and activities.

METHODS: A population-based postal study was car-
ried out. Questionnaires were mailed to the same age-
and gender-stratified random sample of the Icelandic
population (aged 18-75 years) in 1996 and again in
2006. Subjects were classified with heartburn if they
reported heartburn in the preceding year and/or week,
based on the definition of heartburn.

RESULTS: Heartburn in the preceding year was reported
in 42.8% (1996) and 44.2% (2006) of subjects, with
a strong relationship between those who experienced
heartburn in both years. Heartburn in the preceding
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week was diagnosed in 20.8%. There was a significant
relationship between heartburn, dyspepsia and irritable
bowel syndrome. Individuals with a body mass index (BMI)
below or higher than normal weight were more likely to
have heartburn. Heartburn caused by food or beverages
was reported very often by 20.0% of subjects.

CONCLUSION: Heartburn is a common and chronic
condition. Subjects with a BMI below or higher than
normal weight are more likely to experience heartburn.
Heartburn has a great impact on daily activities, sleep
and quality of life.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is one of the
most prevalent diseases worldwide!!. GERD is a chronic
condition which usually manifests symptomatically, is a
great burden for patients, and has significant socioeco-
nomic implications”. The prevalence of predominant
gastroesophageal reflux symptoms appears to be stable
over time"”. Heartburn is the typical GERD symptom
and may be induced by vatious physiological and patho-
physiological mechanisms'". Heartburn, coupled with
acid regurgitation and odynophagia, are considered to be
highly specific for GERD'".
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Functional heartburn is defined as episodic retrosternal
burning in the absence of GERD, histopathology-based
motility disorders or structural explanations”. Heartburn
alone has a prevalence of 17%-42% in Western popula-
tions™>*7,

The prevalence of upper gastrointestinal symptoms in
the general population is high and symptoms are associ-
ated with significant health-care utilization and diminished
quality of life'”. In contrast, the natural history of heart-
burn has received limited attention and few epidemio-
logical studies have focused on heartburn. Subjects with
upper gastrointestinal symptoms are more likely to use
prescription medication and are more likely to have seen
a physician about symptoms than those with heartburn',
There has been more focus on GERD than heartburn.

The aim of this present study was therefore to evalu-
ate the natural history of heartburn in the Icelandic popu-
lation prospectively over a 10-year period, as well as to
evaluate different factors which ate affected by heartburn
both physically and sociodemographically. A parallel publi-
cation based on the same database, focusing on functional
dyspepsia (FD), has been publishedm as has another paral-
lel publication regarding irritable bowel syndrome (IBS) ol

MATERIALS AND METHODS

Participants and setting

In 1996 an epidemiological study of gastrointestinal dis-
eases was cartied out in Iceland"”, involving 2000 inhabit-
ants in the range of 18-75 years of age. The individuals
were randomly selected from the National Registry of
Iceland. Equal distribution of sex and age was secured in
each age group. In 2006 we attempted to contact all the
same individuals as in 1996 as well as adding 300 new in-
dividuals in the 18-27 age group who were also randomly
selected from the National Registry. A study questionnaire
and explanatory letter were mailed to all eligible individu-
als at baseline. Reminder letters were mailed at 2, 4 and
7 wk, using the Total Method of Dillman'", Individuals
who indicated at any point that they did not want to par-
ticipate in the study were not contacted further.

The questionnaire

The Bowel Disease Questionnaire (BDQ)"™'" was trans-
lated and modified for this study. The questionnaire was
designed as a self-report instrument to measure symptoms
experienced over the previous year and to collect the sub-
ject’s past medical history''".

The Icelandic version of the BDQ questionnaire ad-
dresses 47 gastrointestinal symptoms and 32 items that
measure past illness, health care use, items on sociode-
mographic and psychosomatic symptoms, together with
a valid measure of non-gastrointestinal (non-GI) somatic
complaints ascertained through the Somatic Symptom
Checklist (SSC)"". The SSC includes questions on 12
non-GI and 5 GI symptoms or illnesses. Individuals are
instructed to indicate, on a 5-point scale, how often each
symptom has appeared and how bothersome it has been.
There were few changes to the later questionnaire (2000)
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which addressed 51 gastrointestinal symptoms and 33
items that measure past illness, health care use, and so-
ciodemographic and psychosomatic symptoms items. The
2006 Questionnaire furthermore addressed 17 items to
identify heartburn and items related to heartburn.

Criteria for identifying heartburn
Subjects were classified with heartburn if they reported
heartburn according to the following definition: Heart-
burn is a burning sensation in the retrosternal area (behind
the breastbone). The pain often rises in the upper abdo-
men and may radiate to the chest.

Transition between disorders from initial and final
surveys

A transition model used by Halder ¢z a/'" was modified
and applied for this study. The responses from the initial
(1996) and final (2000) surveys were matched for each
subject to examine the changes between disorders at an
individual level for the 5 categories (FD, IBS, heartburn,
frequent abdominal pain and no symptoms). A 5 X 5
table was used to model these multiple changes and col-
lapsed into 6 groups, as illustrated in Table 1. Those with
the most symptoms were prioritized higher. Those who
developed more symptoms and those who reported fewer
symptoms could be categorized into their respective
groups. There were six patterns of symptoms, identified
as follows: (1) symptom stability; (2) symptom increase;
(3) symptom decrease; (4) symptom onset; (5) became as-
ymptomatic; and (6) none of these symptoms.

Mortality data
For the 2006 survey we identified all deceased individuals

with the assistance of the National Registry of Iceland
(Thjodskra.

Statistical analysis

Tables were constructed to show frequency and percent-
age. Categorical data were analyzed using the y” test. The
type | error protection rate was set at 0.05. The exact P
is listed in the tables and text. All the research data wete
imported into SPSS (Statistical Package of Social Science)
software.

Ethics

The National Bioethics Committee of Iceland and The
Icelandic Data Protection Authority (Personnvernd) gave
their permission for the research.

RESULTS

Demographic data of involved individuals

In 1996 the response rate was 66.8% (1336/2000). Of
the 1336 individuals who participated in 1996, 81 were
deceased by 20006, five subjects were unable to answer,
mainly because of old age, and 70 could not be traced to
a current address. This left 1180 individuals, out of whom
799 responded. Therefore, the response rate in 2006 was
67.7% (799/1180). The mean age of the individuals in
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FGID in 1996 Proportion of FGID in 2006 based on primary survey disorder (%)

FD IBS Heartburn Frequent abdominal pain No symptoms
FD (n=111) 52.3' 21.6° 14.4° 1.8° 9.9*
IBS (1 = 152) 25.0° 30.3' 19.7° 46 20.4*
Heartburn (1 = 173) 12.1° 12.1° 39.3' 46 31.8*
Frequent abdominal pain (1 = 39) 12.8° 23.1° 17.9° 15.4' 30.8*
No symptoms (1 = 324) 3.4° 9.9° 17.3° 6.2° 63.3°

'Stable; *Increased symptoms; *Decreased symptoms; ‘Became asymptomatic; *Developed symptoms; ‘Remaining asymptomatic. FGID: Functional gastro-
intestinal disorder; FD: Functional dyspepsia; IBS: Irritable bowel syndrome.

Individuals who smoked wete not mote likely to have

heartburn than those who did not smoke. Individual

Population 2006 (%)  Respondents 2006 (%) alcohol consumption within the study group changed
during the 10-year period of 1996 to 2006. Alcohol con-

Cenle sumption was not associated with heartburn.
Male 50.3 422
Female 49.7 57.8
Age (y7) Transitions among symptom subgroups between the
28-35 195 14.52 initial and final surveys
Sl 249 20.40 As described in the Methods section, the groups in this
46-55 238 2215 . . .
I oy - analys§ were defined as mutuallyf exclusive using a symp-
6675 104 15.14 tom hierarchy so that each subject appears in only one
76-85 6.8 8.26 category for both the 1996 and 2006 surveys. There was
Total number 173859 799 a “no symptoms” category for those who did not meet
any of the criteria applied for functional gastrointestinal
disorders. Due to the hierarchical classification only a few
1996 was 42 years, in 2006 it was 43 years, and 41 years parﬂcipants occurred in some categories_
for non-respondents in 2006. Women were more likely to Thete was a substantial change in numbers in all the cat-
respond than men in both years. A larger proportion of egoties over time (Table 1). The group “no symptoms” was
women than men responded again in 2006 (57.8%) than the most common (63.3%). Of the heartburn group 39.3%
had responded in 1996, as is common in similar studies. were stable and 31.8% reported “no symptoms”; 24.2% re-
The responders represented the population in all major ported increased symptoms and 4.6% decreased symptoms.
factors concerning sex and age distribution. The response Of the FD group 52.3% remained stable and 9.9% re-
rate was also higher for older subjects than for younger ported “no symptoms” in 2006. Most of the subjects who
ones. The age distribution and demographic details of the were in the IBS group, or 30.3% of the total, were stable
study cohort are presented in Tables 2 and 3. over the 10-year period; 20.4% reported “no symptoms” in
2006 and 25.0% showed an increase in symptoms over the
Heartburn 10-year follow-up 10 years. In 2006, 15.4% of the subjects reported stable fre-
At the 10-year follow-up, individuals were asked if they quent abdominal pain, 30.8% reported “no symptoms” and
had experienced heartburn in the preceding year; 42.8% in 53.8% reported increased symptoms.
1996 and 44.2% in 2006 reported heartburn. There was a The distribution of the 6 transition groups was: 22.3%
strong relationship between those who experienced heart- symptom stability, 12.6% symptom increase, 10.9% symp-
burn in 2006 and those who reported heartburn in 1996. tom decrease, 14.9% developed symptoms, 13.6% became
Two thirds of those who teported heatrtburn in 1996 also asymptomatic, and 25.7% had no symptoms in either

experienced heartburn in 2006. However, one third of 1996 or 2006.
those who reported heartburn in 2006 had not experi-

enced it 10 years eatlier. Heartburn in subjects in 2006

Almost all who were on medication for heartburn In the 2006 questionnaire individuals were asked addi-
reported relief with the medication. Individuals reported tional questions regarding heartburn during the preceding
acid reflux once a month or more in 11% of cases in 1996 week. Heartburn during the preceding week was reported
and 10% of cases in 2006. by 20.8% of the subjects (19.0% male, 22.1% female). Of

There was a significant relationship between heartburn these, 60.5% reported taking medicine for heartburn. In-
and dyspepsia and between heartburn and IBS, both in creasing age was not a significant factor in prevalence of
1996 and in 20006. heartburn/reflux disease. Age was, however, a significant

Individuals of normal weight [body mass index (BMI) factor associated with the use of medication for heartburn
18.5-24.9] were less likely to expetience heartburn than in- (Figure 1). Most subjects took ranitidine or esomeprazole

dividuals with a BMI below or higher than normal weight. for their symptoms (Figure 2).
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Table 3 Sociodemographic characteristics and the development and disappearance of heartburn

n Never HB (%) Lost HB (%) Retained HB (%) Developed HB (%) $? P-value
Gender 1.687 0.640
Male 330 40.3 145 30.3 14.8
Female 441 415 14.7 26.5 17.2
Age group (yr) 15.542 <0.05"
66-85 170 54.8 10.6 27.1 10.6
36-65 488 37.3 16.4 29.3 17.0
28-35 113 40.7 133 24.8 21.2
BMI (kg/m’) 21.685 <0.01°
>30 154 31.8 14.3 37.0 16.9
>25and < 30 314 37.3 14.3 315 16.9
<25 286 49.3 15.0 19.9 15.7
Level of education 6.156 0.724
> 4 years’ further education 225 39.6 12.9 28.9 18.7
3-4 years’ further education 279 41.9 17.6 25.1 154
<3 years’ further education 92 39.1 13.0 33.7 14.1
No further education 161 41.6 13.0 29.8 15.5
Employment status 6.276 0.099
Employed 574 39.7 15.5 27.0 17.8
No employment 189 44.4 12.2 31.7 11.6
Alcohol 4503 0.609
= 7 drinks per week 43 372 9.3 349 18.6
1-6 drinks per week 404 39.1 14.6 28.2 18.1
No alcohol 309 43.0 15.5 27.5 13.9
Smoking 8.773 0.187
Smokers, > 15 cigarettes per day 63 349 20.6 254 19.0
Smokers, < 15 cigarettes per day 113 319 17.7 345 159
No smoking 496 43.5 13.7 26.2 16.5

°P < 0.05, °P < 0.01. HB: Heartburn; BMI: Body mass index.

100 . . S
% Table 4 Heartburn and relationship to medication, food/bev-
erages and tiredness
80
S 70
= Variable n % of heartburn
% 60 prior week
g 5o
c 40 On constant medication 30 273
° Medication only when experiencing symptoms 77 85.6
L 30 -
© Tiredness (lethargy)
20 Frequent 20 132
10 Sometimes/seldom 73 48.0
0 Never 59 38.8
26-35 36-45 46-55 56-65 66-75 76-85 Heartburn caused by food and beverages
Age (yr) Very often 32 20.0
Sometimes/seldom 118 73.8
Figure 1 Age and use of medication. Never 10 6.3
Increased heartburn caused by specific food
Very often 35 227
40 - Sometimes/seldom 92 59.7
35 L 33.7 Never 27 17.5
30 -
24.2 . .
25 22.1 27.3% reported they were on constant medication.
R 20 Most individuals (85.6%) reported taking medication only
15 - when they experienced symptoms (Table 4), although
10k there was some overlap here between groups. Six subjects
5 reported having had an operation for reflux disease.
Tiredness or lethargy was reported as occurring fre-
0 o .
O o® 0 S 98 quently by 13.2% of subjects, repQrted rarely or seldom
& oo 0‘(\@9"" & 55 6\"‘6\@ by 48%, and reported as never having occurred by 38.8%
- g (Table 4).
Heartburn caused by food or beverages was reported
Figure 2 Which medication do you take? as occurring very often by 20%, 73.8% reported some or
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Variable n % of heartburn
prior week

Felt bad

Frequent 21 13.1

Sometimes/seldom 119 74.4

Never 20 12.5
Less food and beverages consumption

Frequent 9 59

Sometimes/seldom 77 50.3

Never 67 43.8
Less family activities

Frequent 1 0.6

Sometimes/seldom 32 20.8

Never 121 78.6
Trouble with sleeping

Frequent 9 58

Sometimes/seldom 70 452

Never 76 49.0
Felt hopeless, worried or impatient

Frequent 9 58

Sometimes/seldom 42 27.3

Never 103 66.9
Felt worried or scared for their health

Frequent 5 32

Sometimes/seldom 47 30.3

Never 103 66.5
Felt irritable

Frequent 21 13.6

Sometimes/seldom 80 51.9

Never 53 34.4
Neglect specific food or alcohol

Frequent 36 23.1

Seldom 66 423

Never 54 34.6
Affects their daily activities

Frequent 3 1.9

Sometimes/seldom 32 20.5

Never 121 77.6
Unable to move (sports, hobbies and outside of home)

Frequent 3 1.9

Sometimes/seldom 34 21.8

Never 119 73.6

minimal heartburn and 6.3% never. Increased heartburn
caused by a specific food was reported as occurting very
often by 22.7% and sometimes by 59.7%. A specific food
significantly more often provoked considerable heartburn
in women than in men (Table 4).

As can be seen in Table 5, heartburn can affect symp-
toms or activities in many cases. Three out of four heart-
burn subjects claimed that they felt badly sometimes or
seldom. One out of three heartburn subjects felt hopeless,
anxious or impatient. And one out of three also reported
being worried or scared because of heartburn every week.

Only 1.9% of the subjects reported that heartburn
frequently affected their daily activities, whereas one fifth
claimed that their daily activities were only sometimes ot
seldom affected by heartburn. Three out of four subjects
reported that heartburn made them irritable. And one out
of four heartburn subjects reported that heartburn result-
ed in less family activities, affected their daily activities and
meant they were unable to move in sports, hobbies and
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outside of home. Half of the heartburn subjects reported
trouble with sleeping because of heartburn.

Many heartburn subjects reported less food and bev-
erage consumption and that they avoided specific food
or alcohol because of the heartburn.

DISCUSSION

In this study our main focus was on the natural history of
heartburn over a 10-year period in an Icelandic popula-
tion. The only other long-term study, to our knowledge,
that has focused on heartburn is a long-term community
study in Sweden covering a maximum of 7 years'. There
are strengths and weaknesses in both studies, but taken
together they give a reasonably accurate picture of the
natural history of heartburn.

The strength of our study is the use of a stable, homo-
geneous and well-informed population. The sample was
randomly selected from the National Registry of Iceland
and represented the nation as a whole in selected age
groups. The population of Iceland was around 300 thou-
sand inhabitants at the time of the study and the sample
was approximately 1% of the whole population from all
around the country. The BDQ), the questionnaire used,
assesses the whole range of gastrointestinal functional dis-
orders.

The prevalence of heartburn is high in Iceland. More
than two out of five subjects reported heartburn in the
preceding year. Half of those reported heartburn in the
preceding week. Heartburn was reported as still existing
after 10 years for 2 out of 3 subjects in the study. The
study by Agréus ez al” showed that the prevalence of pre-
dominant gastroesophageal reflux symptoms appears to
be stable over time. Results from studies of patients sug-
gest that GERD is a chronic disease in most cases™' ",
One third of subjects who did not report heartburn in
1996 had developed heartburn 10 years later. So even
though the total prevalence of heartburn was almost the
same in both 1996 and 20006, there was a change among
over one third of subjects reporting heartburn.

Heartburn subjects with a BMI either lower than or
higher than normal weight were more likely to experience
heartburn than subjects with normal weight. A study by
Aro et al'™ found that reflux symptoms are linked to obe-
sity and specifically that the presence of gastroesophageal
reflux symptoms was linked to reflux esophagitis in the
obese population. Festi ef al"™ concluded that it was likely
that GERD and obesity are in some way linked and that it
was possible to hypothesize that GERD may be a curable
condition through the control of body weight. This may
also be true for heartburn.

The transition analysis showed a substantial change
in numbers in all the categories. The stability of each
disease varied. FD subjects were the most stable through-
out the 10 years (52.3%). Of the heartburn group 39.3%
were stable, as were 30.3% of the IBS group and 15.4%
of the frequent abdominal pain group. A quarter of the
heartburn group had increased symptoms in 10 years,
4.6% decreased symptoms and one third developed no
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symptoms in 10 years. There was a significant relation-
ship between IBS and heartburn as well as FD and heart-
burn.

Half (45.1%) of the subjects who reported heart-
burn in the preceding year experienced heartburn in the
previous week. Food and beverages play a large part in
eliciting heartburn; very often in 20.0% of the cases and
sometimes in 73.8% of the cases. Subjects also very often
experienced increased heartburn caused by a specific food
in 22.7% of the cases. Heartburn did not seem to be the
cause for less food and beverage consumption, but one
out of five heartburn subjects did avoid a specific food or
alcohol because of heartburn. Festi ef a/" report that no
definitive data exist regarding the role of diet and specific
foods or drinks in GERD clinical manifestations'"”.

Heartburn is associated with feeling tired (61.2%),
feeling bad (87.5%) and with irritation (65.5%). One third
felt worried or scared for their health because of heart-
burn symptoms and one third also felt that heartburn
caused them to feel hopeless, worried or impatient (33.1%).
Every fifth heartburn subject reported that heartburn af-
fected activities such as daily and family activities, as well
as that heartburn caused them to be unable to move not-
mally and therefore affected their participation in sports,
hobbies and outdoor activities. This effect of heartburn
on normal life and activities may have affected the sub-
jects in the manner of a chronic condition throughout the
10 years of the study, and therefore had a great impact
on quality of life. This finding is in line with McDougall
et al'” who showed in their study on reflux esophagitis
and quality of life that it was not bodily pain and vitality
that were impaired, but general health and social function.

Three out of five of all the heartburn subjects in 2006
reported taking medicine for heartburn. Almost all the
subjects who were on medication for heartburn reported
relief provided by the medication. Age was a significant
factor for the use of medication for heartburn. Most sub-
jects took ranitidine or esomeprazole for their symptoms.

Few studies have addressed the impact of nocturnal
reflux symptoms in heartburn subjects. A study by Farup
et al™” showed that the prevalence of nighttime heartburn
in GERD patients under routine care was high, up to
49% for 1 of 3 years. A population-based survey in the
United States claimed that the overall prevalence of noc-
turnal GERD symptoms was 10%, with 74% of subjects
with GERD symptoms fitting the criteria for nocturnal
GERD". In our study, sleep was frequently affected in
5.8% of cases and 45.2% of heartburn subjects were
sometimes or seldom troubled with sleeping in the prior
week. These numbers can be expected to be higher for the
preceding year, since we asked specifically about the pre-
ceding week.

There are some limitations to our study. The subjects
were not specifically interviewed or examined to evalu-
ate the possibility of organic disease. However, a 10-year
(postal) follow-up went some way towards making an
organic cause of symptoms unlikely. Furthermore, since
the response rate was 66.8% in 1996 and 67.7% in 2006, a
dropout bias cannot be excluded.

(4 9

_gu;ﬁfmg@ WJG | www.wjgnet.com

644

In summary, heartburn is a common condition in the
population of Iceland. The prevalence is slightly higher
than reported elsewhere. Heartburn is a chronic condition,
affecting every fifth person every week. Heartburn subjects
with a BMI lower or higher than normal weight were more
likely to experience heartburn than subjects of normal
weight. Heartburn did not seem to result in less food and
beverage consumption, but one out of five heartburn sub-
jects did avoid a specific food or alcohol because of the
heartburn. Heartburn had a great impact on daily activities
and quality of life. Half of the heartburn subjects experi-
enced sleep disturbances because of this condition.

COMMENTS

Background

Heartburn is a signature symptom of gastroesophageal reflux disease (GERD),
which is a cluster of symptoms and signs associated with regurgitation of stom-
ach acid up to the pharynx and mouth. Patient-based studies of GERD have
shown high prevalence and chronicity, particularly in Western societies. GERD
is associated with significant health-care utilization and diminished quality of
life. Heartburn, coupled with acid regurgitation and painful swallowing are con-
sidered to be highly specific for GERD. Very few epidemiological studies have
been performed with regard to heartburn, and only one has been population-
based. The natural history of GERD or heartburn has received little attention.
The pathophysiology of GERD and heartburn is basically unknown.
Research frontiers

The prevalence of upper gastrointestinal symptoms in the general population
is high and symptoms are associated with significant socioeconomic conse-
quences. The prevalence and natural history of heartburn is of importance as
well as its association with functional dyspepsia and irritable bowel syndrome,
and sociodemographic factors such as body mass index (BMI). The aim of the
present study was therefore to evaluate the natural history of heartburn in the
Icelandic population prospectively over a 10-year period, as well as to evalu-
ate different factors which are associated with heartburn both physically and
sociodemographically.

Innovations and breakthroughs

The prevalence of heartburn is high in Iceland. More than two out of five subjects
reported heartburn in the preceding year. Half of those reported heartburn in the
preceding week. Heartburn was reported as still existing after 10 years for 2 out of
3 subjects in the study. Heartburn subjects with a BMI either lower or higher than
normal weight were more likely to experience heartburn than subjects with normal
weight. There was an association between heartburn, functional dyspepsia and
irritable bowel syndrome and patients floated over time between these categories.
This suggests a common etiopathogenesis of these disorders. The quality of life
was diminished due to a variety of factors such as worries, irritability, intolerance
to specific foods and sleep disturbance.

Applications

The prevalence and natural history of heartburn and its risk factors are important
for management and prognosis. Heartburn can be regarded as a reliable sur-
rogate marker of GERD. This study creates a database for future studies and
hopefully stimulates studies in other countries. Secular prevalence trends and
international comparison can contribute towards understanding of the pathophysi-
ology of the disease.

Terminology

A 10-year follow-up population-based, questionnaire study of the Icelandic
population was performed. The primary aim was to study the prevalence and
natural history of heartburn. Subjects were classified as having heartburn if they
reported heartburn according to the following definition: Heartburn is a burning
sensation in the retrosternal area (behind the breastbone). The pain often rises
in the upper abdomen and may radiate to the chest.

Peer review

Heartburn alone has a prevalence of 17%-42% in Western populations and is asso-
ciated with extensive health care expenses and diminished quality of life. Compara-
tive international population-based studies are needed to document secular trends
and to elucidate the reasons for the different prevalence in various countries.
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Abstract

AIM: To determine the efficacy and success of percuta-
neous aspiration irrigation and reaspiration (PAIR) in the
management of hepatic hydatidosis.

METHODS: Twenty-six patients with 32 hepatic hydatid
cysts had PAIR. Twenty-two patients received at least
2 wk of drug therapy before the procedure was carried
out to reduce the risk of recurrence from spillage dur-
ing the procedure. The procedure was performed under
local anesthesia with a 19-gauge 20 cm long needle,
the cyst was punctured, cystic content (approximately
30 mL) was aspirated by a 12-14 F pigtail catheter and
aspirated fluids were sent for analysis. Once the cyst
was almost empty, two-thirds of the net amount of ma-
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terial aspirated was replaced by hypertonic saline and
left in the cavity for about 30 min, with the catheter left
in place for reaspiration of most of the fluid. When the
amount of fluid drained was less than 10 mL per 24 h,
the drainage catheter was removed.

RESULTS: All 32 cysts showed evidence of immediate
collapse after completion of the procedure, and before
discharge from hospital, ultrasound examination showed
fluid reaccumulation in all cysts. Serial follow-up showed
a progressive decrease in the size and change in the ap-
pearance of cysts. To confirm the sterility of these cystic
cavities, seven cysts were reaspirated on average 3 mo
after the procedure. Investigations revealed no viable
scolices.

CONCLUSION: PAIR using hypertonic saline is very ef-
fective and safe with proper precautions.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Until 1980, surgery was the only method of treatment for
hepatic hydatidosis. Despite improved surgical techniques
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and use of scolicidal compounds, a high incidence of
hydatid cyst recurrence and dissemination is still a major
problem. Spillage is known to occur at surgery“’z]. On the
other hand, medical therapy is associated with side effects
and it is effective only in some cases and need several
courses to reach a response with albendazole alone” | but
the outcome is better with combined therapym. In recent
years, percutancous drainage of hepatic hydatid cysts
(HHC) has emerged as a minimally invasive, safe therapy,
and a potential alternative to surgery. Different meth-
ods have been applied with variable success and healing
rates” .

In this study, we prospectively assessed the value of
percutaneous drainage with adjuvant medical therapy
in 26 patients with confirmed 32 HHC over an average
follow-up period of 10 years.

The Armed Forces Hospital in Riyadh is a well-known
tertiary center in the region and is a 1000-bed hospital
with facilities for hepatobiliary and liver transplant ser-
vices. Percutaneous aspiration irrigation and reaspiration
(PAIR) was introduced into the hospital in 1993. Between
1985 and1992 albendazole was used alone in the manage-
ment of hydatid cysts, and in 1993 praziquantel was added
to albendazole as combination therapy.

Previously we reported our first patient with percu-
taneous drainage of a hydatid cyst of the liver in 1994",
and our first patient with a lung hydatid cyst with pleural
effusion in 1991

MATERIALS AND METHODS

The study involved 26 patients (14 males and 12 females;
age range 13-53 years) with 32 HHC (Table 1). Eleven
patients were recently diagnosed with HHC and had no
previous medical or surgical intervention. Seven patients
had cyst recurrence following surgical excision. Eight pa-
tients had received long-term medical treatment with al-
bendazole and praziquantel for an average of 24 mo with
only a pattial response of less than 30% reduction in size
of the cysts. Nineteen patients had a solitary cyst and
four others had multiple liver cysts. Three patients had
extra hepatic disease in the lung (# = 2) and spleen (z = 1).
Twenty-six cysts were located in the right lobe of the liv-
er, five in the left, and one in the caudate lobe. All patients
were complaining of right upper quadrant pain and/or
pressure symptoms and had an abdominal ultrasound
(US) examination. The average diameter was 10.2 cm
(range, 5.5-18.5 cm). The diagnosis was confirmed by
imaging modalities and positive serology (indirect hemag-
glutination titer > 1:128) in all patients. The cysts were
classified by US according to the Gharbi ez al classifica-
tion into Type I (» = 4), Type II (» = 8), Type Il (» =
2) and Type IV (#» = 18) (Table 2). Two of the Type IV
cysts had a thin rim at their periphery. Four patients had
abnormal liver function tests, 10 had elevated erythrocyte
sedimentation rate, and six had high eosinophil count.
The 26 patients and their results were evaluated by all
relevant staff i.e. surgeons, gastroenterologist and senior
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Type of patient Site of cyst Multiple liver cyst

or extrahepatic

Prolonged medical therapy  Right liver lobe (8)
with albendazole (8) Left liver lobe (1)
Recovered post surgery (7)  Right liver lobe (4)
Left liver lobe (1)
Caudate lobe (1)
Right liver lobe (8)
Left liver lobe (3)

Lung cyst (1)

Multiple cysts (2)

New patients (11) Multiple cysts (4)
Lung cysts (1)

Spleen cysts (1)

Cyst type No. of cysts

4
8
2
18

=2 5= —

radiologist. Management options i.e. a pharmacological
approach, surgical intervention and PAIR were explained
and all the above patients chose PAIR. Informed consent
prior to the procedure was obtained from all patients.
In 22 patients, albendazole 400 mg twice daily and pra-
ziquantel 50 mg/kg daily was given orally for at least 2
wk prior to and 4 wk after the procedure to all patients
to reduce the risk of possible hydatid cyst fluid spillage
and dissemination into the peritoneal cavity. The patient
fasted overnight. The procedure was performed under
heavy sedation (midazolam 5 mg iv and pethadine 50 mg
im) with close monitoring to treat any potential compli-
cation including anaphylaxis. Under aseptic conditions,
a Teflon sheath needle (19 gauge, 20 cm long; Meditech)
was introduced percutanecously through the biopsy port
of the 3.5 MHz probe into the cyst under US guidance
(Aloka SSD 680). The puncture was made through thick
normal liver tissue surrounding the cyst and whenever
possible the right intercostal route was used to minimize
the risk of hydatid fluid spillage into the peritoneum
(Figure 1A). Once the cyst is punctured, a small amount
of fluid (10-30 mL) was aspirated for cyst decompres-
sion followed by insertion of a 12F or 14F (van Son-
nenberg sump drainage, Meditech) catheter, the use of
such a large catheter was to prevent catheter clogging by
membranes and daughter cysts during aspiration. Once
the cyst was almost empty, injection of contrast medium
under fluoroscopic control was performed to exclude cyst
communication with the biliary system. Two-thirds of
the aspirated material was replaced by hypertonic saline
(23.4%) and left in the cavity for 20-30 min. The fluid was
then reaspirated as much as possible and the catheter was
left in place to drain by gravity. Immediately after aspira-
tion, examination of fluid to identify scolices, hooklets,
pieces of laminated membranes or daughter cysts were
performed in the parasitology laboratory. After the proce-
dure, the patients wete closely observed for possible com-
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Figure 1 Ultrasound examination. A: Puncture of the hydatid cyst and inser-
tion of a catheter; B: End of percutaneous aspiration irrigation and reaspiration
procedure; C: Six months later, aspiration showed only granulation and necrotic
tissue without any evidence of hydatidosis.

plications for 48 h. The drainage catheter was left in place
for an average period of 3 d (range, 2-6 d) (Figure 1B)
and removed when the amount of fluid drained was less
than 10 mL/24 h. Follow-up examination in the form
of clinical assessment, blood tests, serology and imag-
ing examination with US and/or computed tomography
(CT), were performed at 1, 2 and 3 mo after drainage for
an average period of 6 mo (range, 2-11 mo), followed by
6-monthly blood tests and yearly imaging for an average
petiod of 10 years.

RESULTS

All 32 cysts were successfully treated by PAIR, with relief
of symptoms in all 26 patients with an average hospital
stay of 6 d. There was collapse of all cysts immediately
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Complications No. of patients

Anaphylactic reaction 1
Urticarial rash 2
Hypernatremia 2
Fever 10
Pleural effusion 6
Total 21

after completion of percutaneous drainage and removal
of the drainage catheter. Before discharge from hospital,
US examination showed fluid reaccumulation in all cysts
within an average of 2 d after catheter withdrawal reach-
ing an average size of 59% (range, 48%-74%) compared
to the size of the cysts before drainage. Serial follow-up
CT and US examination showed a progressive decrease
in the size and change in the appearance of the cysts.
Two patterns of healing were observed, the first was a
predominantly cystic cavity with detached membranes.
All the cystic cavities lost their rounded contour appear-
ance suggestive of being under less tension. The second
pattern was a predominantly solid mass.

Asymptomatic fluid reaccumulation following drain-
age and catheter removal happened in nearly all cysts
with an average size of 59% (range, 48%-74%) compared
to the predrainage cyst size. However, on regular follow-
up examinations, a progressive decrease in the residual
cavity with two distinctive healing patterns was observed.
A cystic residual cavity with internal membranes was
predominantly seen in patients with Type [ -1 cysts,
and a solid mass was predominantly seen in patients with
Type IV cysts. The complex large Type IV HHC with a
predominantly solid component showed better results
following drainage, with an overall reduction in size of
51.5% compared to 29% in patients with Type I and 1I
cysts in whom the cysts had a predominantly fluid com-
ponent.

To confirm the sterility of the residual cystic cavities,
seven out of 32 cysts were reaspirated, three at an average
of 3 mo after drainage, and four at an average of 6 mo
after drainage. All reaspirated cyst cultures for microot-
ganisms were negative, and microscopy revealed debris
of hydatid membranes and hooklets in some cases but
no viable scolices (Figure 1C). Serial follow-up serologi-
cal examination showed a 2-fold elevation in the indirect
hemagglutination titer following drainage in 18 patients
compared to the titer level before drainage, and it re-
mained elevated at an average follow-up period of 16 mo.
No major complications developed during or after the
procedure except for a mild anaphylactic reaction which
responded very well to immediate treatment (Table 3).
Two patients developed urticarial reactions 8 h follow-
ing drainage, but responded well to antihistamines and
steroids. Fever occurred in 10 patients but was mild and
transient, and cultures of fluid from the drainage catheters
were negative. Minimal right pleural effusion occurred in
six patients. The liver cysts in these six patients were rela-

February 7, 2011 | Volume 17 | Issue 5 |



tively large and reached the right hemidiaphragm. Howev-
et, the pleural effusion was small and resolved completely
before the patients were discharged. Two patients devel-
oped transient hypernatremia and one patient showed an
anaphylactic reaction during the procedure but responded
to immediate management. No radiological evidence of
reactivation of aspirated cysts was seen during the average
of follow-up of 10 years.

DISCUSSION

Surgery is considered as the standard treatment for HHC.
However, surgery is not without risks and there is a high
incidence of dissemination, infection and recurrence of
2% to 25%, with morbidity of 0.5% to 4%, Further-
more, surgery is not advisable in elderly patients with car-
diac or pulmonary disease, nor in recurrent cases. Medical
treatment alone in the form of mebendazole, and recently
albendazole and praziquantel, have been used as an alter-
native therapy to surgery, but the success rate in terms of
a reduction in size of HHC and the change in echotexture
has been variable! ™. Another prospective randomized
study compared albendazole, percutaneous drainage and
both modalities combined. These studies showed that cyst
size reduction was best achieved by the combined therapy
when compared to albendazole or percutaneous drainage
alone™?, Percutancous drainage of HHC was started by
Mueller ¢ a/*, and since then several seties of percutane-
ous drainage have been published with no single fatality
related to the procedure has been reportedm’zﬂ. Reversible
anaphylactic shocks, mild to severe allergic reactions, and
pleural effusions have been reported in the recent litera-
ture™? and any other complications were minor and
infrequent. The reason for the pleural effusion is probably
due to diaphragmatic irritation by the sudden collapse of
the cyst following drainage and/or catheter manipula-
tion during the procedure. However, pleural effusion was
discovered incidentally during follow-up and in US ex-
amination, and was small and resolved completely before
the patients were discharged. Fever was also a common
complication, occurring in 10 patients, but was mild and
transient, and cultures of fluid from the draining catheter
were negative. Two patients developed an urticarial reac-
tion hours following drainage but the patients responded
well to antihistamines and steroid therapy. Only one pa-
tient developed an anaphylactic reaction which required
immediate intubation and management, but there was a
full recovery.

Drainage of complex Type IV cysts have been at-
tempted before. Eighteen cysts in our series belonged to
this group, including two patients with a partially calcified
wall with multiple daughter cysts, in whom active disease
was confirmed by serology and clinical assessment prior
to the procedure and microscopy following drainage.
It should be remembered that a calcified cyst does not
mean always mean an inactive cyst. In our study, a 12F or
14F catheter was used to drain all types of HHC. Such
large caliber catheters have not been used before in per-
cutaneous drainage. We used a large catheter in order to

(4 9

_gu;ﬁfm,@ WJG | www.wjgnet.com

649

Yasawy MI et a/. Treatment of hepatic hydatid cysts

minimize clogging of the catheters by membranes and
daughter cysts, and to ensure that all the cyst cavities were
completely evacuated, though finer catheters might be
safer, despite frequent clogging. Future studies will clarify
this and many other issues. Follow-up indirect hemag-
glutination tests were performed in all patients. There was
slight elevation of the indirect hemagglutination titer in
18 patients after the procedure and it remained elevated
in comparison to the predrainage value during an average
follow-up period of 16 mo. This observation has been re-
ported by others®™ and we believe that a longer follow-
up period is needed for the indirect hemagglutination titer
to start decreasing,

Our results have shown that percutancous drainage
of all types of HHC with adjuvant medical therapy is
minimally invasive, safe and effective therapy with proper
precautions. It can be used as an alternative to surgery,
and in some cases is supetior to surgery. Further evalua-
tion by means of organized multicenter studies and long-
term evaluation will answer questions regarding the use
of a larger caliber or fine catheter, types of sedation or
anesthesia, duration and requirement of adjuvant medical
therapy, possible recurrence and many other unanswered
questions.

COMMENTS

Background

Human hydatid disease (Echinococcosis) was recognized by Hippocrates over
2000 years ago. Al Razi and Avicenna made references in 900 AD and 11200
respectively and was described as liver cysts filled with water. However, it is
still seen all over the world and is endemic and common in many countries i.e.
Africa, central Asia, the Mediterranean, South America and Middle East and
remains a problem for the World Health Organization. It is a slow growing cyst
and may produce no symptoms for up to 10 years. In the most common form of
the disease (Echinococcosis granulosis) dogs are the definitive host. Humans
and sheep are the intermediate victims. Therefore, human hygiene and dogs’
sanitation (removing the tapeworm from the dog) are essential issues in the
prevention of this disease.

Research frontiers

Any organ and any part of the body could be affected but the most common
sites are the liver and lungs. Over the recent decades substantial improvement
has been made in the diagnosis and management of hydatid disease, through
diagnostic tools such as imaging procedures including ultrasound (US), com-
puted tomography (CT), magnetic resonance imaging and endoscopic retro-
grade cholangiopancreatography.

Innovations and breakthroughs

Concerning treatment, until recently the only definitive treatment for hydatid
disease had been surgery. Different surgical techniques and procedures have
been carried out and even in some cases, a liver transplant has been required.
Advances in drug therapy has been influenced by the introduction of albenda-
zole and accelerated by addition of praziquantel, but this requires a long period
of treatment i.e. up to a year or more, and is not effective for everyone.
Applications

Percutaneous aspiration irrigation and reaspiration (PAIR) under direct US or
CT guidance is a real achievement in the management of hydatid disease. The
procedure was associated with reversible complications, no mortality, very short
hospitalization and minimal cost. All 32 cysts showed evidence of immediate
collapse after completion of the procedure. Serial follow-up showed progressive
decrease in the size and change in the appearance of the cysts. At 10 years
follow-up, the longest follow-up in the literature, there was no evidence of recur-
rence. Therefore, the authors confirm and believe that PAIR using hypertonic
saline with adjuvant medical therapy has encouraging results and, with appro-
priate precautions, is very safe.
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Peer review

The authors retrospectively analyzed a series of 26 patients whose hydatid liver
cysts were treated with percutaneous aspiration and hypertonic solution injec-
tion. Albendazole was given prophylactically and after the procedure. The study
might provide some confirmation of the efficacy of a non-surgical approach to
the treatment of liver hydatidosis.
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Abstract
AIM: To evaluate the possibility of an association be-
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tween polyethylene glycol (PEG) and acute renal failure
(ARF) in elderly patients using a health insurance claims
database.

METHODS: We conducted a population-based case-
crossover study using information obtained from Korean
Health Insurance Review and Assessment Service (HIRA)
claims from January 1, 2005 to December 31, 2005
(Seoul, Korea). The study population consisted of elderly
patients who received PEG prior to experiencing their first
ARF-related hospitalization from April 1, 2005 to Decem-
ber 31, 2005. For each patient, one case and two control
periods were matched. PEG use in a 2- or 4-wk window
period prior to hospitalization for ARF was compared
with PEG use in two earlier 2- or 4-wk control window
periods. Conditional logistic regression analysis was used
to estimate odds ratios (ORs) and 95% CI, adjusting for
concomitant uses of diuretics, angiotensin converting
enzyme inhibitors, non-steroidal anti-inflammatory drugs,
antibiotics, anti-cancer drugs, and contrast media.

RESULTS: Within the HIRA database which contained
1093262 elderly patients, 1156 hospitalized ARF cases
were identified. Among these cases, PEG was prescribed
to 17 (1.5%) patients before hospitalization. The ad-
justed ORs when applying the 2- and 4-wk window
periods were 0.4 (95% CI: 0.03-5.24) and 2.1 (95% CI:
0.16-27.78), respectively.

CONCLUSION: No increased risk of ARF was found in
elderly PEG users. However, based on the limited num-
ber of study subjects, further analysis should be per-
formed to confirm these results.

© 2011 Baishideng. All rights reserved.
Key words: Polyethylene glycol; Acute renal failure;

Adverse drug reaction; Health insurance claims data-
base; Case-crossover
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INTRODUCTION

Colonoscopy is a common diagnostic or therapeutic
procedure. As early detection of colorectal cancer can
significantly decrease mortality!", regular screening is
recommended for those aged 50 years or over”. The suc-
cess and accuracy of colonoscopy are largely dependent
on appropriate cleansing of the colon™. Ideally, a colon
preparation would provide safe and rapid cleansing with
little or no discomfort to patients’. Currently, polyeth-
ylene glycol (PEG) bowel preparation and oral sodium
phosphate (NaP) are predominantly used as bowel cleans-
ing agents before colonoscopy based on the fact that they
are effective and generally well tolerated” . PEG is a non-
digestible, non-absorbable, osmotically-balanced laxative
lavage solution that does not cause physiologic changes
and can even be administered to patients in poor general
condition™"”.

However, several recent studies have raised concerns
about the safety of oral NaP preparations due to their
reported association with an increased risk of serious
electrolyte disturbances and renal failure!™. Conversely,
although a large volume of PEG produces discomfort to
the examinee, it is considered to be a relatively safe agent.
Therefore, there has been a tendency to prescribe PEG
more than NaP for renally impaired or eldetly patientsm].
Recently, several studies have shown that the risk of renal
impairment is similar between PEG and NaP users™'.
In addition, a case report has raised a possible association
between the use of PEG and acute renal failure (ARF)"".
The patient in that case was a 55-year-old male without
pre-existing renal disease who visited the emergency room
with severe abdominal pain and frequent diarrhea after
ingesting PEG 2 h earlier as pre-treatment for a follow-
up colonoscopy. He was diagnosed as having prerenal
ARF and improved after intensive fluid administration.
Also, a recent cohort study revealed that following colo-
noscopy, those over 65 years of age without preexisting
renal disease were at risk for impaired renal function"”.
Unfortunately, most of the evidence for PEG risk to date
has been based on a limited number of hospital patients
or the case report mentioned.

There have been no quantitative epidemiological stud-
ies analyzing a relationship between PEG preparation and
the development of ARF using a national health insur-
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ance database. Therefore, this case-crossover study was
performed to evaluate the risk of ARF following the use
of PEG among eldetly patients using information gath-
ered from a Korean national health insurance database.

MATERIALS AND METHODS

Data source

We used the Korean Health Insurance Review and As-
sessment Service (HIRA) database that contains infor-
mation on all claims including prescribed medications
for approximately all 50 million Koreans'”. We obtained
claims data for elderly patients (age 65 years or older)
that had been submitted by healthcare providers based in
Seoul between January 1, 2005 and December 31, 2005.
Seoul is the capital and largest city of South Korea. A
megacity with a population of over 12 million, it is one
of the largest cities in the world. The study database
contained information on 1093262 eldetly patients with
11842586 prescriptions'”. This study was exempted from
review by the Institutional Review Board of the Seoul
National University College of Medicine/Seoul National
University Hospital because researchers only accessed a
de-identified database which included age, gender, diagno-
sis, and a list of prescribed drugs.

Study design

We employed a case-crossover approach, using cases at pre-
vious time points as their own controls, thereby eliminat-
ing time-invariant confounders between subjects through
within-subject difference comparisonslzoj. In this design,
only patients experiencing an event of interest were in-
cluded and their exposures were measured during case-
and control-time windows. Accordingly, the number hav-
ing medication available in the case period (which is the
period immediately before the event of interest) is com-
pared with the number having medication available in the
control period (which is a period prior to but of the same
length as the case period)™. Thus this design eliminates
the effects of many potential confounders by keeping
characteristics such as age, gender, socioeconomic status,
and comorbidity fixed”"*.

Study subjects

The study population consisted of patients 65 years of
age or older who received PEG prior to their first ARF-
related hospitalization ICD-10 code: N17) from April 1,
2005 to December 31, 2005. The index date was defined
as the first hospital admission date for ARFE. To identify
initial ARF admission patients, we excluded those with
pre-existing ARF during the preceding 3 mo, from Janu-
ary 1, 2005 to March 30, 2005.

Case and control periods

For each patient, one case and two control periods were
matched to inctrease the study power and improve the
precision of the estimates””. The time windows, of 2 and
4 wk, were used to determine the petiods over which as-
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Figure 1 Definition of hazard and control periods in this case-crossover
study. Hazard period was defined as the 2- or 4-wk window before the index
date. A 4-wk washout period was chosen between the end of the hazard period
and the start of the control period. Two consecutive control periods were de-
fined as 2- or 4-wk windows.

sessment of drug exposure occurred. We defined the case
petiod as a 2- or 4-wk window prior to the index date. A
4-wk washout period was chosen between the end of the
case period and the start of the control petiod. Two con-
secutive control periods were also defined as 2- and 4-wk
windows (Figure 1). Accordingly, for each patient, PEG
prescription in each window period ptior to hospitaliza-
tion for ARF was compared with PEG prescription in
two eatlier control-window periods.

Statistical analyses

Descriptive statistics were used to illustrate the charac-
teristics of the first ARF-hospitalized patients by age and
gender. For the study population, the distribution of diag-
noses on the day of PEG presctiption was analyzed. Di-
agnoses were constructed from records made at the time
of PEG prescription and grouped as colorectal cancer
(ICD-10 codes: C18-C21, D12), gastric or duodenal ulcer,
gastritis or duodenitis, intestinal disorders (IK25-K59), re-
nal disease (N03-N20), fibrosis and cirrhosis of the liver
(K74), liver cancer (C22), and pancreatic cancer (C25).
Conditional logistic regression analysis was used to esti-
mate odds ratios (ORs) and 95% CI. The date of PEG
exposure was regarded as the date of PEG prescription
in the database. Use of concomitant medications that
could induce ARF*** was included and evaluated in the
model. Concomitant drugs included diuretics, angiotensin
converting enzyme (ACE) inhibitors, angiotensin receptor
blockers (ARBs), non-steroidal anti-inflammatory drugs
(NSAIDs), aminoglycosides, $-lactams, sulfonamides,
anti-viral agents, antimycotics, anti-cancer drugs, and
contrast media. We assessed PEG prescriptions and uses
of concomitant drugs included in the case- or control-
window periods. Exposure to PEG and other concomi-
tant drugs was considered as a dichotomous variable in
the model (exposed at least once during each specific time
window: yes or no). Statistical analysis was performed us-
ing the SAS statistical application program (Release 9.1,
SAS Institute Inc., Cary, NC, USA).

RESULTS

The total number of elderly patients who had at least one
claim for any healthcare service in Seoul between Janu-
ary 1, 2005 and December 31, 2005 was 1093262. Their
mean age was 71.0 = 6.1 years and 59.9% were female.
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Table 1 Characteristics of elderly patients who had at least
one claim for any healthcare service in Seoul between January

1, 2005 and December 31, 2005 and those who were
hospitalized for acute renal failure among the population 7 (%)

Total of elderly patients Patients hospitalized for ARF

Age (yr)
mean + SD 72.0+6.1 759+7.3
65-69 472614 (43.2) 270 (23.4)
70-74 297348 (27.2) 260 (22.5)
75-79 179562 (16.4) 272 (23.5)
80-84 96131 (8.8) 197 (17)
=85 47607 (4.4) 157 (13.6)
Sex
Male 438795 (40.1) 587 (50.8)
Female 654497 (59.9) 569 (49.2)
Total 1093262 (100) 1156 (100)

ARF: Acute renal failure.

Table 2 Characteristics of elderly patients with polyethylene

glycol prescription prior to hospitalization for acute renal
failure

n (%)

Age (yr)

mean + SD 70.6 +4.6

65-69 8 (47.1)

70-74 5(29.4)

75-79 3 (17.6)

80-84 1(5.9)
Sex

Male 14 (82.4)

Female 3 (17.6)
Diagnoses on the day of PEG prescription

Colorectal cancer 6(35.3)

Gastric or duodenal ulcer, gastritis or duodenitis, 6 (35.3)

intestinal disorders

Renal disease 3 (17.6)

Fibrosis and cirrhosis of liver 2 (11.8)

Liver cancer 1(5.9)

Pancreatic cancer 1(5.9)
Total 17 (100)

PEG: Polyethylene glycol.

Among them, we identified 1156 patients hospitalized for
ARF with a mean age of 75.9 & 7.3 years. Patient sex was
split relatively equally with males accounting for 50.8%
of cases (Table 1). Among the cases of ARE, 17 (1.5%)
had received PEG prior to their hospitalization. Their
mean (SD) age was 70.6 (4.6) years and 82.4% (14 cases)
of them were male. The most frequent diagnoses on the
day of PEG prescription were colorectal cancer (35.3%),
gastric or duodenal ulcer, gastritis or duodenitis, or intes-
tinal disorders (35.3%) (Table 2). Using the 2- and 4-wk
windows, the crude ORs for ARF were 0.7 (95% CI:
0.07-6.41) and 1.3 (95% CI: 0.22-7.99), respectively. After
adjusting for the use of concomitant drugs the adjusted
ORs applying the 2- and 4-wk windows were 0.4 (95%
CI: 0.03-5.24) and 2.1 (95% CI: 0.16-27.78), respectively
(Table 3).
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Time-window Case Control  Crude OR  Adjusted OR
period period  period (95% CI)'  (95% CI)?
(n =17) (n = 34)

2wk

PEG non-users 16 31 1 1

PEG users 1 3 07(0.07-641) 0.4 (0.03-5.24)
4 wk

PEG non-users 15 31 1 1

PEG users 2 3 13(0.22-7.99) 2.1 (0.16-27.78)

!Calculated by conditional logistic regression; *Calculated by conditional
logistic regression adjusted for use of nephrotoxic drugs (diuretics,
angiotensin converting enzyme inhibitors, angiotensin receptor blockers,
non-steroidal anti-inflammatory drugs, aminoglycoside, B-lactams, anti-
viral agents, antimycotics, anti-cancer drugs, and contrast media). PEG:
Polyethylene glycol; OR: Odds ratio.

DISCUSSION

This population-based case-crossover study showed that
PEG did not increase the risk of ARF in elderly patients.
When several different time-window periods were ap-
plied, the use of PEG was not associated with ARF risk.
This study supports findings of previous reports which
have suggested that PEG does not increase the risk of
ARF"*?) Known PEG-associated common adverse
effects include volume-related symptoms of abdominal
tullness, nausea, and bloating, with minimal discomfort™.
Also, previous tesults of a prospective, randomized, multi-
center, controlled trial comparing PEG plus ascorbic acid to
NaP solution in 352 patients had shown that PEG use was
associated with fewer adverse events and no clinically rel-
evant changes in laboratory values””. In a study addressing
age, 557 patients were stratified into two groups, > 60 years
and < 60 years of age, all of whom received either PEG
or a cathartic preparation for colonoscopy, barium enema,
ot elective colon surgery[zsl. Patients in the older age group
reported significantly fewer cramps (P < 0.05) and no dif-
ferences in overall discomfort compared to their younger
PEG counterparts, confirming the generally accepted un-
derstanding that PEG is safe and tolerable! >,

In our study, we excluded patients admitted with a
diagnosis of ARF 3 mo before the study starting date;
therefore we could infer that PEG did not increase the
risk of ARF among patients without recent worsening of
renal function. However, because decreased renal func-
tion is extremely common in elderly personsm], the study
population might have asymptomatically decreased renal
function. Further studies should be performed to exam-
ine the possibility that PEG could worsen existing renal
impairment and hasten its progtression to ARE. Moreover,
although the study results did not show a statistically sig-
nificant risk for ARF in PEG users, it may be desirable to
ensure adequate hydration before, during, and after PEG
bowel preparation and provide renal function monitoring
before and after colonoscopy in high risk patients.
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We applied a case-crossover design optimal for evalu-
ating short-term effects after transient exposures, par-
ticularly by removing time-invatiant between-subject con-
founding factors . Results of clinical trials are sometimes
difficult to generalize to clinical practice and rarely detect
adverse event incidents because they include only small
numbers of highly selected patients. Also, the estimates
of adverse drug effects derived from observational studies
are vulnerable to unmeasured or unknown confounding
factors, associated with both the exposure and the out-
come™. Actually, a previous cohort study which aimed to
compare the risk of renal dysfunction related to the use
of PEG and NaP mentioned that its results could be af-
fected by potential selection bias"". The cohort study was
conducted using clinical records of patients undergoing
colonoscopy in one hospital. Accordingly, the baseline pa-
tient characteristics might have affected which drugs were
prescribed and the two groups were not comparable”™”,
In the present study, using the case-crossover technique,
only cases with incident renal failure were considered and
their PEG exposures were compared during two different
time-windows. Since inherent confounders remain invari-
ant over time, the case-crossover design which is optimal
for transient exposures with short-term effects has an
advantage in that it can minimize between-subject con-
founding and assure an optimal sample sizeP"!

This study has several strengths. Firstly, we evaluated
patients from an entire target population of over one mil-
lion elderly derived from the national health insurance
claims database in Seoul, South Korea, rather than use a
sample population. Therefore, our results reflect unbiased
real world conditions. Nevertheless, we identified only 17
cases of ARF following PEG use. This means that there is
little possibility the PEG would increase the risk of ARE
Secondly, this study included elderly patients who are not
usually involved in clinical trials or safety studies, but are
at high risk of renal failure related to bowel preparations.
Thirdly, although we controlled unmeasured confounders
which were stable over time by using a case-crossover de-
sign, we further adjusted for other medication use which
could affect the development of ARF such as diuretics,
ACE inhibitors, ARBs, $-blockers, NSAIDs, aminoglyco-
sides, B-lactams, anti-viral agents, antimycotics, anti-cancer
drugs, and contrast media™**,

However, our results should also be interpreted with
caution. Although ARF is generally defined as an abrupt
and sustained decline in the glomerular filtration rate
(GFR)™, we defined incident cases of ARF as hospitaliza-
tion with diagnosis of ARF in the HIRA database. Since
the database did not contain laboratory test results such as
GFR, a validation study was used to compare the diagno-
sis derived from the HIRA database with the actual diag-
nosis in the patients’ medical records. The overall positive
predictive value of the diagnoses was 81.8% in cases of
hospitalized patientsm. Also, ARF as defined in this study
only included symptomatic and serious events requiring
hospitalization. We defined the date of PEG exposure as
the prescription date of PEG; however, there could be a
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difference of several days or more between the date of
prescription and actual administration. Nonetheless, the
date of PEG administration followed the prescription, so
the period from the actual PEG exposure date to ARF
hospitalization might in fact be shorter than calculated.

In this study, PEG was found not to be associated
with an increased risk of ARF in elderly patients. How-
ever, further studies should be conducted to confirm an
association or lack thereof.
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Abstract

AIM: To investigate the role of intestinal mucosal
blood flow (IMBF) and motility in the damage of intes-
tinal mucosal barrier in rats with traumatic brain injury.

METHODS: Sixty-four healthy male Wistar rats were
divided randomly into two groups: traumatic brain injury
(TBI) group (7 = 32), rats with traumatic brain injury;
and control group (7 = 32), rats with sham-operation.
Each group was divided into four subgroups (7 = 8) as
6, 12, 24 and 48 h after operation. Intestinal motility
was measured by the propulsion ratio of a semi-solid
colored marker (carbon-ink). IMBF was measured with
the laser-Doppler technique. Endotoxin and D-xylose
levels in plasma were measured to evaluate the change
of intestinal mucosal barrier function following TBI.

RESULTS: The level of endotoxin was significantly higher
in TBI group than in the control group at each time point
(0.382 £+ 0.014 EU/mL vs 0.102 + 0.007 EU/mL, 0.466
+ 0.018 EU/mL vs 0.114 + 0.021 EU/mL, 0.478 + 0.029
EU/mL 15 0.112 £ 0.018 EU/mL and 0.412 + 0.036 EU/mL
vs 0.108 + 0.011 EU/mL, P < 0.05). D-xylose concentra-
tions in plasma in TBI group were significantly higher
than in the control group (6.68 = 2.37 mmol/L vs 3.66 +
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1.07 mmol/L, 8.51 £+ 2.69 mmol /L 1s 3.15 £ 0.95 mmol/L,
11.68 = 3.24 mmol/L vs 3.78 £ 1.12 mmol/L and 10.23
+ 2.83 mmol/L vs 3.34 £ 1.23 mmol/ L, P < 0.05). The
IMBF in TBI group was significantly lower than that in the
control group (38.5 + 2.8 PU vs 45.6 + 4.6 PU, 25.2 +
3.1PUws48.2 +53PU, 21.5+ 2.7 PU s 44.9 + 2.8 PU,
29. 4 + 3.8 PU 15 46.7 £ 3.2 PU) (P < 0.05). Significant
decelerations of intestinal propulsion ratio in TBI groups
were found compared with the control group (0.48% +
0.06% vs 0.62% + 0.03%, 0.37% = 0.05% vs 0.64% =
0.01%, 0.39% + 0.07% vs 0.63% = 0.05% and 0.46%
+ 0.03% vs 0.65% = 0.02%) (P < 0.05).

CONCLUSION: The intestinal mucosal permeability is
increased obviously in TBI rats. Decrease of intestinal
motility and IMBF occur early in TBI, both are impor-
tant pathogenic factors for stress-related damage of
the intestinal mucosal barrier in TBI.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Multiple system organ dysfunction syndrome (MODS) of-
ten occurs following the stress of severe trauma, burn and
acute necrotic pancreatitis“'ﬂ. However, its exact mecha-
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nism remains unclear. The gut origin hypothesis suggests
that damage of intestinal mucosal barriers as a result of
these stress permits bacterial and endotoxin translocation,
which triggers systemic immunoinflammatory response
to release cytokines and inflaimmatory mediators. All of
these might exacerbate systemic inflammatory response
syndrome (SIRS) and MODS. Many patients with severe
traumatic brain injury (IBI) often die of MODS", but
not of the injury itself. So to prevent SIRS and MODS in
TBI patients is one of the important factors that affect
the prognosis and sequelea.

Our previous studies have found the damage of intes-
tinal mucosal morphology and barrier function following
TBIY. Although very common, the pathophysiology of
this stress-related change is far from understood.

Fortunately, researches over the past decades have
provided insight into the potential mechanisms respon-
sible for the pathogenesis of stress-induced gastrointes-
tinal dysfunction. The stressful situation is a multi-fac-
torial disorder involving dysregulation within the brain-
gut axis. Upon activation of the brain-gut axis by stress,
the release of brain-gut peptides can profoundly affect
gastrointestinal physiology and it is frequently associated
with gastrointestinal motor, gastrointestinal mucosal
blood flow (IMBF), enteric and central nervous system
irregularities, and neuroimmune dysregulationm.

The aim of this study was to further elucidate the
effects of TBI on intestinal motility and IMBE, and to
explore the putative mechanism of this stress-induced
change in the TBI process.

MATERIALS AND METHODS

Animal model of TBI

Sixty-four healthy male Wistar rats, weighing 200-250 g
(provided by Experimental Animal Center of Genetics
and Developmental Biology Institute, Chinese Academy
of Sciences), were randomly assigned to TBI model group
(n = 32) and control group (# = 32). Each group was
divided into four subgroups as 6, 12, 24 and 48 h after op-
eration (7 = 8). Experimental procedures complied with
the ethical requirements for animal care.

Establishment of animal models

TBI group (2 = 32): RATS with traumatic brain injury by
free falling body method"”. Rats were deprived of food for
12 h prior to experiment, and then was anesthetized with
injection of 10% chloral hydrate (0.4 mI./100 g) and fixed
on a stereotaxic apparatus. Scalp was cut along the median
line and exposed the skull under steriled conditions. At
the point of 2.0 mm rearward from the coronal suture
and 2.0 mm left to the sagittal suture, open a 3.5 mm
diameter bone window and maintain the integrity of the
duramater. Then 20 g metal bar was released and fallen
freely from 50 cm height to strike the meninges to cause
the brain injury.

Control group (7 = 32): rats with sham-operation with
skull open operation alone and no brain injury.
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Determination of endotoxin

One mL blood was collected from portal vein and placed
into an apyrogenic tube (containing heparin) immediately.
The levels of endotoxin were measured by chromogenic
limulus amebocyte lysate test. The test kit was purchased
from Shanghai Yihua Clinical Technology Company
(Shanghai, China).

Measurement of D-xylose concentrations in plasma
Intestinal permeability was quantified by D-xylose concen-
trations in plasma. The 5% D-xylose solution of 1.5 mL
was administered into the stomach by gastric tube feeding,
and blood samples were collected into chilled tubes con-
taining 100 U heparin 1 h later. The blood was centrifuged
at 3000 r/min at 4°C for 10 min. The plasma was stored
at -70°C until assayed. Levels of D-xylose in plasma were
measured with D-xylose kit.

Measurement of IMBF

IMBF was measured with Laser Doppler Flowmetry (LDF)
equipment (PeriFlux System 5000, Perimed, Sweden). The
laser probe was inserted through a small enterotomy at the
point that 20 cm from pylorus of the jejunal sac and held
in a fixed position in the chamber solution at a distance of
1-2 mm above the mucosa. The measurement was taken
as the average flow over a 10-min period following an ini-
tial 20-min petiod of stabilization.

Measurement of intestinal transit

Rats were fasted for 24 h prior to experiment, and 0.5 mL
carbon-ink was administered into the stomach by gastric
tube feeding. Twenty min later, the rats were killed at each
time point, their intestines were removed from the pylorus
through the ileocecal junction. The distance of carbon-
ink from the pylorus to the most distal point of stain was
expressed as migration distance. Results were expressed as
propulsion ratio (%) of the migration distance to the total
length of the small intestine (the distance between the py-
lorus and the ileocecal junction).

Statistical analysis

Software SPSS 11.0 was used for the statistical analysis.
The data were expressed as mean * SD. Experimental
results were analyzed by unpaired 7 test and P < 0.05 was
considered as significant difference.

RESULTS

Serum endotoxin levels

There were significant differences of endotoxin levels
between the TBI group and control group at each time
point (0.382 £ 0.014 EU/mL 25 0.102 £ 0.007 EU/mL,
0.466 + 0.018 EU/mL »s 0.114 + 0.021 EU/mL, 0.478
+ 0.029 EU/mL »5 0.112 = 0.018 EU/mL and 0.412 +
0.036 EU/mL »s 0.108 + 0.011 EU/mL, P < 0.05, re-
spectively). As shown in Table 1, the endotoxin was sig-
nificantly increased 6 h after TBI, and reached the peak
at 24 h, and then declined at 48 h, but was still higher
than that of the control group.
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Groups é6h 12 h 24 h 48 h

Control  0.102+0.007 0.114+0.021 0.112+0.018 0.108 £0.011

TBI 0.382+£0.014" 0.466 +0.018" 0.478 £0.029" 0.412 £ 0.036"
*P < 0.05 vs control. TBI: Traumatic brain injury.

Groups é6h 12 h 24 h 48 h

Control 3.66 £1.07 315£0.95 3.78 £1.12 3.34£1.23

TBI 6.68+237°  851+269" 11.68+3.24" 10.23+283"

*P < 0.05 vs control. TBI: Traumatic brain injury.

D-xylose concentrations in plasma

D-xylose concentrations in plasma in TBI rats were
significantly higher than in the control group (6.68 £
2.37 mmol/L »s 3.66 + 1.07 mmol/L, 8.51 + 2.69 mmol/L
»s 3.15 £ 0.95 mmol/L, 11.68 £ 3.24 mmol/L »s 3.78
+ 1.12 mmol/L and 10.23 * 2.83 mmol/L vs 3.34 *
1.23 mmol/L, P < 0.01, respectively), indicating that the
intestinal mucosal barrier was damaged (Table 2).

Changes of IMBF

As shown in Table 3, IMBF was significantly lower in TBI
group than that in the control group (38.5 £ 2.8 PU »s545.6
1 4.6PU, 252+ 31 PU 1482 £53PU, 215 £ 2.7 PU us
449 + 28 PU, 29. 4 £ 3.8 PU »s46.7 £ 3.2 PU) (P < 0.05).
It began to decrease at 6 h, reached the lowest at 24 h, and
did not reach the baseline by 48 h.

Changes of intestinal transit

The overall mean ratio of intestinal propulsion under TBI
stress was lower than that of the control group (0.48%
+ 0.06% »s 0.62% £ 0.03%, 0.37% % 0.05% vs 0.64% *
0.01%, 0.39% £ 0.07% »s 0.63% * 0.05% and 0.46% *
0.03% »s5 0.65% % 0.02%) (P < 0.05), indicating that TBI
stress could inhibit small intestinal motility (Table 4).

DISCUSSION

Gastrointestinal dysfunction is a common complication
of stress. Damage of the gastrointestinal function, es-
pecially of the gastrointestinal barrier function, permits
translocation of enterogenic bacteria and endotoxins,
triggers systemic immunoinflammatory response to re-
lease cytokines and inflammatory mediators, which is an
important initiator as well as a stimulator for occurrence
of SIRS, sepsis and MODS following major stress'.
The stress including severe trauma, hemorrhagic shock,
severe pancreatitis and burn"™"". So the gastrointestinal
barrier function is one of the important factors that af-
fect the prognosis and sequelea.

Intestinal mucosal barrier function could be evalu-
ated by measuring the permeability of saccharide mo-
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Groups é6h 12h 24 h 48 h

Control 456+4.6 482+53 449+28 46.7£3.2

TBI 385£28 252+3.1° 21.5+£2.7° 29.4+38"
*P < 0.05 vs control. TBL: Traumatic brain injury.

Groups é6h 12 h 24 h 48 h

Control 0.62 £0.03 0.64 £0.01 0.63 £0.05 0.65 £ 0.02

TBI 0.48 +0.06° 0.37 £ 0.05° 0.39+0.07° 0.46 +0.03°

*P < 0.05 vs control. TBL: Traumatic brain injury.

lecular probe. Lactulose/mannitol and D-xylose have
previously been used to assess intestinal mucosal per-
meability!*"™. Shi ez a/'”, reported that chronic restraint
stress could cause damage of the intestinal barrier func-
tion and increased intestinal permeability to D-xylose.

In this study, we used endotoxin and plasma D-xylose
to evaluate the intestinal mucosa bartier function. We found
that the endotoxin and plasma D-xylose levels in the TBI
group were significantly higher than in the control group at
6 h following TBI, and reached its peak at 24 h, and then
declined at 48 h, but still markedly higher than that in the
control group. All of these demonstrated that TBI stress
could be an initiating factor to increase the permeability of
intestinal mucosa, suggesting that the intestinal mucosal
barrier dysfunction initiated at the eatly stage of TBL

At present, the specific pathogenesis and progress
of the intestinal mucosal barrier damage still remain
unclear. Stress is known to alter ingestive behaviors and
associated physiological events such as gastric acid secre-
tion and gastrointestinal motility. Mast cells translate the
stress signal that has been transmitted through brain-
gut axis to release a wide range of neurotransmitters and
proinflammatory mediators, some of them atre brain-
gut peptides, such as 5-HT, SP, CGRP, CRP, CCK, NO,
NE and VIP. Evidences implicated that the brain-gut
peptides ate involved in these physiological effects which
can change the intestinal motility, modulate tight junc-
tion proteins and increase the intestinal permeabilityw‘m.
Animal studies suggest that cholecystokinin (CCK) acts
via a vagal afferent pathway to decrease gastrointestinal
motility"” and substance P can stimulate a contractile
function of smooth muscle!”. Studies in animal models
showed that burn injury and cardiopulmonary bypass
markedly down-regulated the expression of occludin and
tight junction associated protein ZO-1 in intestinal mu-
cosa of rats. The close correlation between expression
of tight junctions and plasma levels of diamine oxidase
or d-lactate supports the hypothesis that intestinal per-
meability increases during and after stress events because
of decreases in the expression of tight junctions™*",
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IMBF plays a vital role in intestinal mucosal defense
system. Sufficient IMBF brings oxygen and nutrients to
the mucosal cells, maintains the normal structure and
function of intestinal mucosa and is closely associated
with the pathogenesis and healing of intestinal muco-
sal lesions™. Our results revealed that IMBF decreased
significantly at the eatly stage of TBI, and the intestinal
mucosal permeability increase occurred at the same time.
As intestinal mucosa is very sensitive to the shortage of
blood and oxygen, ischemia/repetfusion (I/R) is the main
pathogenesis of intestinal mucosal damage. The physiopa-
thology of intestinal mucosal damage by I/R is not fully
understood. But, it is believed that cytotoxic substances
such as free radicals, nitric oxide, pro-inflammatory cyto-
kines, leukotrienes, serotonin and other related products,
play important roles”*". I/R not only damages the intes-
tinal mucosal barrier function but also alters the gastroin-
testinal motility™!,

It is widely believed that delayed intestinal motility
could cause small intestinal bacterial overgrowth (SIBO).
Gangarosa”™ demonstrated that intestinal motility served
as a normal cleansing mechanism of the intestine. Leveau
et al”" noticed a delay in intestinal transit time, appearing
as an early event in acute pancreatitis, preceding SIBO,
and suggested that impairment in intestinal motility may
play a role in the development of SIBO. Tsukada ez a 2530
demonstrated that the small intestinal transit was signifi-
cantly inhibited by restraint stress. Our results revealed
that, at the early stage of TBI, the intestinal propulsion
ratio decreased significantly as compared with control
group (P < 0.05). Damage of intestinal mucosal barrier
function occurred at the same time, indicating that the
inhibition of intestinal motility might be another vital
factor of gastrointestinal barrier dysfunction.

The mechanism may be explained by the fact that the
prolonged small intestinal transit makes it possible that the
small intestinal content remains in the intestinal tract for a
long time, preceding SIBO, increasing the chance of bacte-
rial and endotoxin translocation and producing a great deal
of gas. The defect of intestinal barrier and the above factors
of small intestinal dysfunction may enhance each other.

In summary, the damage of intestinal mucosal barrier
function following TBI is caused by multiple factors, the
close correlation between decrease of intestinal blood
flow and motility and increase of intestinal permeability
supports the hypothesis that both of them might play a
very important role in the regulation of intestinal epithe-
lial barrier dysfunction during and after TBI. Therefore,
maintaining intestinal barrier function is a systematic
engineering project. Further research that more precisely
characterizes the role of intestinal mucosal blood flow
and intestinal motility in these diseases could put new in-
sights into the new therapies for stress-induced injury of
intestinal mucosal barrier function.

COMMENTS

Background

Multiple system organ dysfunction syndrome (MODS) often occurs following
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the stress of traumatic brain injury (TBI). Athough being very common, the
pathophysiology of this stress-related change is far from understood. The gut
origin hypothesis suggests that damage of intestinal mucosa barriers as a re-
sult of these stress permits bacterial and endotoxin translocation, which triggers
systemic immunoinflammatory response to release cytokines and inflammatory
mediators. All of these might exacerbate the systemic inflammatory response
syndrome (SIRS) and MODS.

Research frontiers

Gastrointestinal dysfunction is a common complication of stress. Damage of
gastrointestinal function, especially of the gastrointestinal barrier function is an
important initiator as well as a stimulator for occurrence of SIRS, sepsis and
MODS following major stress, including severe trauma, hemorrhagic shock,
severe pancreatitis and burn. Studies in animal models showed that brain-gut
axis/ brain-gut peptides are involved in these physiological effects which can
change the intestinal motility, modulate tight junction proteins and increase in-
testinal permeability.

Innovations and breakthroughs

The specific pathogenesis and progress of stress-induced damage of intestinal
barrier function remain unclear. But, disruption of the intestinal mucosal pro-
tection is certainly involved. Intestinal blood flow plays a vital role in intestinal
mucosal defense system and intestinal motility served as a normal cleansing
mechanism of the intestine. This study revealed that the intestinal blood flow
and motility decreased significantly at the early stage of TBI, and the intestinal
mucosal permeability increase occurred at the same time. The results suggest-
ed that both might be important pathogenic factors for intestinal barrier function
damage during and after TBI.

Applications

Many patients with severe TBI often die of MODS, but not of the injury itself. So
to protect the mucosal barrier function at the early stage of TBI will be of signifi-
cance for reducing the stress-related SIRS and MODS.

Terminology

Brain-gut axis is composed of main regulatory cores in the central nervous sys-
tem that are connected to peripheral (enteric and autonomic) nervous systems
through a series of networks of afferent and efferent nerves. Brain-gut peptide
is named because of its distribution in both nervous system and gastrointestinal
tract. Intestinal mucosal barrier function include mechanical barrier, chemical
barrier, immunologic barrier and biological barrier, any damage of these barriers
will damage the intestinal mucosal barrier function.

Peer review

This is a well conducted randomized controlled trial on animal models. The
authors presented the results of their study that decreased intestinal blood
flow and motility occur early in TBI, which supports the hypothesis that both
are important pathogenic factors for increasing the intestinal permeability. So
resuming the intestinal blood flow and motility might be a useful method for
maintaining intestinal barrier function during and after TBI.
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Abstract

AIM: To evaluate the effect of suspended moxibus-
tion (SM) on rectal sensory thresholds and to analyze
the possible mechanisms involved in SM treatment of
chronic visceral hypersensitivity (CVH) in rats.

METHODS: SM was administered once daily to 37-d-
old CVH rats for 7 d. The two pairs of acupoints (ST25
and ST37, bilateral) were simultaneously treated with
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SM. Each treatment lasted for 30 min. Rats undergoing
treatment with SM were not anesthetized. Untreated
CVH rats and normal rats were used as controls. The
abdominal withdrawal reflex was determined 30-90 min
after the seven treatments. The hypothalamic cortico-
tropin-releasing hormone (CRH) mRNA level was mea-
sured using real-time quantitative reverse transcription-
polymerase chain reaction.

RESULTS: We found that SM treatment significantly
decreased visceral sensitivity to colorectal distention in
this rat model. In treated animals, SM also decreased
the relative hypothalamic CRH mRNA expression level to
control levels.

CONCLUSION: Lower hypothalamic CRH levels may
mediate the beneficial effects of SM in this rat irritable
bowel syndrome model.

© 2011 Baishideng. All rights reserved.

Key words: Chronic visceral hypersensitivity; Corticotro-
pin-releasing hormone; Irritable bowel syndrome; Rat;
Suspended moxibustion
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INTRODUCTION

Irritable bowel syndrome (IBS) is a functional disorder
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characterized by chronic recurring abdominal pain or
discomfort and altered bowel habits'". Several recent stud-
ies have demonstrated that electro-acupuncture (EA) can
decrease chronic visceral hypersensitivity (CVH) in a rat
IBS model induced by mechanical colotectal irtitation in
the postnatal periodp’(’]. Previously, we reported that EA
in this model can decrease hypothalamic corticotropin-
releasing hormone (CRH) levels”. CRH, a 41 amino acid
peptide produced mainly in the paraventricular nucleus
of the hypothalamus, is regarded as a major mediator of
the stress responsem. IBS patients are reported to be hy-

Pl and stressful life events are

persensitive to routine stress
known to contribute to the clinical course of IBS!"".

Moxibustion is an alternative or complementary therapy
that is also used to treat IBS. Methods of moxibustion in-
clude suspended moxibustion (SM, also known as warm-
ing moxibustion), scarring moxibustion and herb-partition
moxibustion. Previously, we reported that both sM" and
herb-partition moxibustion” could decrease CVH in a rat
IBS model induced by mechanical colotectal irtitation in
the postnatal period. Moreover, we found that rats were
relaxed or asleep during SM, indicating that the procedure
was not stressful to the animals' . Therefore, in the pres-
ent study, we focused on whether SM could decrease hy-
pothalamic CRH levels in rats.

MATERIALS AND METHODS

Animals

We used a rat model of CVH"Y induced by mechanical
colorectal irritation during postnatal development. Neo-
natal male Sprague-Dawley rats (5 d old) were obtained
from the Experiment Animal Center, Shanghai Univer-
sity of Traditional Chinese Medicine. The animals were
maintained in a plastic cage containing corn chip bedding
at a controlled temperature (21°C) in a light-dark cycle
(12 h:12 h). The maximum number of rats per cage was
five. All rats were used strictly in accordance with the Na-
tional Institutions of Health Guide for the Care and Use
of Laboratory Animals.

Neonatal rats were subjected to daily mechanical co-
lorectal distention (CRD) from the age of 8 d to the age of
21 d. Neonatal rats received CRD twice daily, at 30-min in-
tervals using a procedure modified from previous studies ",
A balloon constructed from a condom (length 20.0 mm
and diameter 3.0 mm) was inserted rectally into the de-
scending colon. The balloon was distended with 0.5 mL
air for 1 min. It was then deflated and withdrawn. The rats
were reared until they reached adulthood (at least 6 wk
old), and behavioral responses to visceral pain induced by
acute CRD were then examined. SM was administered to
CVH rats (n = 8) for 7 d. CVH rats without SM (# = 8)
and normal rats (7 = 8) were used as controls. After seven
treatments, the abdominal withdrawal reflex (AWR) was
monitored over a period of 30-90 min. The animals were
then sacrificed by intraperitoneal anesthesia using sodium
pentobarbital (80 mg/kg), and the hypothalamus was iso-
lated immediately and frozen in liquid nitrogen.
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SM treatment

In the CVH + SM group, one ignited moxa stick was sus-
pended perpendicularly 2 cm above Tianshu (ST25)"" and
Shangjuxu (§T37) (5 mm lateral to the antetior tubercle
of the tibia and 20 mm below the knee joint). ST25 and
ST37 were the two key acupoints chosen in this study
based on our clinical treatment of patients with IBS since
the 1980s. The two pairs of acupoints (ST25 and ST37)
were simultaneously treated with SM. Each treatment con-
sisted of 30 min of moxibustion (15 min for each pair of
acupoints). SM was administered once daily to CVH rats
for 7 d. The animals were not anesthetized before SM, but
were held in the supine position in one gloved hand. Rats
from both the normal group and CVH group were also
held in one gloved hand in the supine position, but not
treated with SM!"" these were used as controls.

Colon stimulation and testing of the AWR

Behavioral responses to CRD in young adult rats were
assessed by recording AWR scores, using a procedure
modified from previous studies™”. After anesthesia with
diethyl ether, a balloon (3 cm in length, made using one
finger of a latex glove) was inserted into the descending
colon. The rats were then housed in small lucite cubicles
(20 cm X 8 cm X 8 cm) on a platform and allowed to
wake up and adapt for 20 min. CRD was induced by
rapidly inflating the balloon at pressures of 20, 40, 60
and 80 mmHg for a duration of 10 s. AWR scores were
observed by two blinded observers using the scale devel-
oped by Al-Chaer ef al"”.

Real-time quantitative reverse transcription-polymerase
chain reaction

Total RNA was isolated from the hypothalamus using
TRIZOL Reagent (TAKARA Biotechnology Co., Ltd.,
China), and quantified using a UV-3000 spectrophotom-
eter (UNICO, USA). First-strand cDNA was synthesized
using oligo(dT)15 primer, Moloney murine leukemia virus
reverse transcriptase (TAKARA Biotechnology Co., Ltd.,
China), and 4 pl. RNA. CRH and GAPDH (housekeep-
ing gene) primers were designed in different exons to
amplify cDNA using ABI Prism 7500 SDS Software
(Applied Biosystems Co., Ltd., USA). CRH primers were:
sense 5“TGGCCTGCAGTGCAATGC-3' and antisense
5-CCTGGCACTCAGAATAATTCACAC-3'". Real-
time quantitative polymerase chain reaction (qQPCR) was
performed with 5 pL. of first-strand cDNA reaction in
the presence of 0.5 pul. ANTP, 10 pl. specific buffer, 1 L.
Tag polymerase, SYBR green fluorescent dye and the ap-
propriate sense and antisense primers (0.5 pl) in a final
volume of 50 pL. (QPCR™ Core Kit, Shanghai DaWei’
K Biology Technology Co., Ltd., China). PCR was carried
out using the 7500 Sequence Detection System (Applied
Biosystems). The reaction conditions were as follow: initial
denaturation for 5 min at 95°C followed by 40 cycles with
denaturation at 95°C for 15 s and annealing and extension
at 60C for 45 s. Three SYBR cycle threshold values were
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Group n AWR score Group n CRH mRNA (relative expression)
20 mmHg 40 mmHg 60 mmHg 80 mmHg Normal 8 0.29 +0.03
b,d
Normal 8 013013 038+018 075+025 150033 CVH 8 3.62£0.23
CVH 8 138+018" 1.80+025" 275+025" 3502 027" CVH +SM 8 047 +0.06

CVH+SM 8 025+0.16 050+019 113+030 1.63+0.18

AWR: Abdominal withdrawal reflex; SM: Suspended moxibustion; CVH:
Chronic visceral hypersensitivity. P < 0.01 vs normal group; ‘P < 0.01 vs
CVH + SM group.

averaged for each sample, and the RNA input for the tat-
get gene was calculated from the standard cutve.

Statistical analysis

All values are expressed as mean * SE. Statistical analy-
ses were performed using one-way ANOVA followed
by Fisher’s PLSD procedure using SPSS 10.0 (SPSS Inc,,
USA). Dunnett’s T3 test was used if variances wete un-
equal. P < 0.05 was considered to be significant.

RESULTS

AWR scores in response to graded CRD at 20, 40, 60
and 80 mmHg

As shown in Table 1, the AWR scores in response to grad-
ed CRD (20, 40, 60, and 80 mmHg) in the normal control
group were lower than in the CVH group (P < 0.01). SM
treatment significantly reduced AWR scores in the CVH
rats in response to CRD (20, 40, 60 and 80 mmHg).

Relative hypothalamic CRH mRNA expression

The relative CRH mRNA expression level was significantly
higher in the CVH group than in the normal control group
(P < 0.01). However, the relative CRH mRNA expression
level was markedly lower in the CVH + SM group than in
the normal control group (P < 0.01) (Table 2).

DISCUSSION

In our previous study, we found that SM depressed AWR
scores following CRD stimulation at 20 mmHg. However,
in this study SM depressed AWR scores following CRD
stimulation at 20, 40, 60 and 80 mmHg, which may be
due to the increased number of treatments (1 treatment
vs 7 treatments), and acupoints (1 pair of acupoints vs 2
pairs of acupoints). Overall, the results of this experiment
demonstrated the efficacy of SM in decreasing CVH in a
rat IBS model induced by mechanical colorectal irtitation
in the postnatal period.

We previously reported that EA can decrease the hy-
pothalamic CRH levels in a rat IBS model"”. Moreover,
the rats were relaxed or asleep during SM, indicating that
the procedure was not stressful to the animals"". Stress
is known to lead to central CRH release, and we have
confirmed that hypothalamic CRH levels are elevated in
IBS rats. In the present study, we focused on whether SM
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CRH: Corticotropin-releasing hormone; SM: Suspended moxibustion;
CVH: Chronic visceral hypersensitivity. "P < 0.01 vs normal group; P < 0.01
vs CVH + SM group.

could dectease hypothalamic CRH expression level in rats.
Our results showed that the relative hypothalamic CRH
mRNA expression level also decreased in IBS rats, sug-
gesting that the modulation of hypothalamic CRH may
mediate the decreased visceral sensitivity arising from SM.

The effects of CRH on different tissues are mediated
via CRH receptors on the cell membrane, CRH recep-
tors are expressed in different brain regions“s’m and in
several peripheral organsm. Both central CRH receptor 1
(CRH-R1) and peripheral CRH-R1 are believed to be re-
sponsible for colorectal distension-induced sensitization!.
Moreover, the activation of CRH-R2 reduces visceral sen-
sitivity induced by colorectal distension in conscious rats.

We hope that this study will pave the way for further
studies on the relationship between CRH, CRH receptors,
and SM. It will be necessary to determine whether SM
can regulate the expression or activity of CRH receptors
in IBS rats. Further experiments with CRH receptor an-
tagonists would shed light on the functional relationship
between SM and changes in CRH levels.

In conclusion, SM increased pain thresholds in a rat
model of IBS and decreased relative hypothalamic CRH
mRNA expression level. We suggest that reduced hypo-
thalamic CRH levels may mediate the beneficial effects of
SM in a rat IBS model induced by mechanical colorectal
irritation in the postnatal petiod.
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Terminology

Moxibustion is an alternative or complementary therapy and is also used to
treat IBS. Methods of moxibustion include SM (also named warming moxibus-
tion), scarring moxibustion and herb-partition moxibustion. In the SM treatment,
one ignited moxa-stick was suspended perpendicularly above the acupoints.
Peer review

The paper is very interesting. But there are some questions to be addressed
before publication.
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Abstract

AIM: To evaluate the diagnostic efficacies of narrow-
band imaging (NBI) endoscopy with and without high
magnification in distinguishing neoplasia from non-
neoplasia colorectal lesions.

METHODS: A total of 118 patients with 123 colorectal
lesions examined by NBI endoscopy in the Zhejiang Pro-
vincial People’s Hospital from September 2008 to April
2010 were enrolled in this study. These lesions were
classified by pit pattern and capillary pattern, and then
assessed by histopathology.

RESULTS: Ten lesions not meeting the diagnostic crite-
ria were excuded, the overall diagnostic accuracy of NBI
endoscopy in distinguishing neoplasia from non-neoplasia
colorectal lesions was 91.2% (103/113), and that of
NBI endoscopy with and without high magnification was
93.0% (40/43) and 90.0% (63/70), respectively. Both
were significantly higher than that of conventional colo-
noscopy reported in the literature (P < 0.05), but there
was no significant difference between the two groups (P
> 0.05).

CONCLUSION: Besides NBI magnifying endoscopy,
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NBI endoscopy without magnification may also be used
to distinguish neoplasia from non-neoplasia colorectal
lesions.

© 2011 Baishideng. All rights reserved.

Key words: Narrow-band imaging; Colorectal neoplasia;
Magnifying endoscopy; Non-magnifying endoscopy; Di-
agnosis
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INTRODUCTION

Colorectal cancer is a common gastrointestinal malignhancy
with a slow process in occurrence and development involv-
ing multi-steps, multi-stages and multiple genes, and most
of them arise from preexisting adenomas and have an
adenoma-carcinoma sequence[l’ | Early detection and re-
moval of colorectal adenomas may greatly reduce both the
incidence of colorectal cancer and cancer-related death'.
Electronic colonoscopy is considered to be an effec-
tive examination for the detection of colorectal neoplastic
lesions”. However, it is difficult to assess pre-malignant
and early neoplastic lesions precisely using conventional
white light endoscopy. In chromoendoscopy, a biocom-
patible dye, such as indigo carmine, can strengthen the
surface structure of epithelial lesions"”, but the operation
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is relatively cumbersome, time-consuming and costly,
not conducive to observe the vasculat structure, and may
damage the DNA of epithelial cells.

Narrow-band imaging (INBI) is a novel technology
that emerged in endoscopic diagnosis of eatly cancer, and
it has better targeting for biopsy and higher diagnostic ac-
curacy than conventional videoendoscopy by enhancing
the visualization of surface mucosal and vascular patterns
on the polyp surface!”. Our study aimed to verify the
diagnostic accuracy of NBI endoscopy in distinguish-
ing neoplasia from non-neoplasia colorectal lesions, and
evaluate the diagnostic efficacies of NBI endoscopy with
and without high magnification.

MATERIALS AND METHODS

Patients

The patients who have poor bowel preparation, familial
adenomatous polyposis, infectious bowel disease, inflam-
matory bowel disease and colorectal cancer were excluded.
A total of 118 patients with 123 colorectal lesions exam-
ined by NBI endoscopy in the Zhejiang Provincial People’s
Hospital from September 2008 to April 2010 were enrolled
in this study. Forty-six and 77 lesions were examined by
NBI endoscopy with and without high magnification.

NBI and colonoscopy

A standard videoendoscopy system with two light sourc-
es was used for examination. One light source was for
the standard optical filter (broadband) and the other was
for the NBI system. The control knob on the grip of the
endoscope allows single touch exchange of the standard
filter for the NBI filter. Olympus CV-260SL, CLV-260SL,
CF2401, H260AZI and SONY LMD-2140MD were used
respectively for the endoscopic host, source, conventional
endoscopy, magnifying endoscopy and monitor.

Methods

Researching methods, observation tables and patient’s
informed consent were obtained before the study. Poly-
ethylene glycol lavage solution and diprivan propofol were
used for bowel preparation and intravenous anesthesia,
respectively, and the whole examination process was man-
aged by an experienced endoscopist (the second author).
The scope was entered to the ileocecal part using con-
ventional observation mode, and back with white light
and NBI. The lesions were classified by pit pattern and
capillary pattern with NBI immediately when they were
detected, and then biopsied or resected for pathological
diagnosis by an experienced pathologist. The endoscopist
and pathologist were unaware of each other’s diagnosis,
and finally the NBI endoscopic diagnosis was assessed
based on the pathological diagnosis.

"The NBI endoscopic diagnostic criteria followed Kudos"”
classification of mucosal pit pattern and Sano’s™ classifica-
tion of capillary pattern. We developed the comprehensive
diagnostic criteria: Pit I + CP1 as hyperplastic polyp, Pit
M. + CP2 or Pit IV + CP2 as adenoma, and Pit V + CP3
as adenocarcinoma.
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Narrow- Pathological diagnosis Total

. ban.d Hyper- Tubular
Imaging  plastic adenoma adenoma
diagnosis  polyp

Villous Adenocar-
cinoma

Pit pattern I 38 9 0 0 47
s 0 0 0 1 1

mL 4 51 1 0 56

Y 0 0 6 0 6

Vv 0 0 0 13 13

Capillary CP1 B85 4 0 0 39
pattern CP2 7 56 7 0 70
CP3 0 0 0 14 14

Statistical analysis

Statistical differences of diagnostic accuracies were ana-
lyzed by the Mann-Whitney U test and X2 test. P < 0.05
was considered significantly different.

RESULTS

Among the 118 patients, 73 were males and 45 were fe-
males, with a mean age of 57.54 £ 14.01 years (range,
19-86 years). The location of the lesions was as follows:
53 in rectum, 22 in sigmoid colon, 14 in descending co-
lon, 21 transverse colon and 13 in ascending colon, with a
mean size of 10.13 £ 7.79 mm (range, 3-40 mm).

Pathologically, lesions were divided into non-neoplastic
lesions, including hyperplastic and inflammatory lesions
(42) and neoplastic lesions, including tubular adenoma (60),
villous adenoma (7) and adenocarcinoma (14).

Based on the Kudo’s classification of mucosal pit
pattern and Sano’s classification of capillary pattern,
the lesions were classified with NBI and assessed by
histopathology. The diagnostic accuracy, sensitivity and
specificity to distinguish between non-neoplastic and
neoplastic colorectal lesions were 94.7% (72/76), 88.9%
(72/81) and 90.5% (38/42) for pit pattern delineation;
and 91.7% (77/84), 95.1% (77/81) and 83.3% (35/42)
for capillary pattern delineation, respectively (Table 1).
According to the comprehensive diagnostic criteria, Pit
II + CP1 (Figure 1A and B) was defined as hyperplas-
tic polyp, Pit IIL + CP2 (Figure 1C and D) or Pit [V +
CP2 (Figure 1E and F) as adenoma, and Pit V + CP3
(Figure 1G and H) as adenocarcinoma. Ten lesions failed
to meet the diagnostic criteria. The overall diagnostic
accuracy of NBI endoscopy in distinguishing neoplas-
tic from non-neoplastic colorectal lesions was 91.2%
(103/113) and that of NBI endoscopy with and with-
out high magnification was 93.0% (40/43) and 90.0%
(63/70), respectively (Table 2). Both wete significantly
higher than that of conventional colonoscopy reported
in the literature” (P < 0.05), but there was no significant
difference between the two groups (P > 0.05).

DISCUSSION

NBI is a novel imaging technology that uses special nar-
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Figure 1 Narrow-band imaging endoscopic evaluation and the corresponding pathological images. A, B: A hyperplastic polyp with narrow-band imaging (NBI)
magnifying endoscopy: the pits were asteroid, slightly larger than normal, with spacious space, and there was no significant microvascular structure. A: Pit I + CP1
(H260AZI); B: Hyperplastic polyp, 100 x; C, D: A tubular adenoma with NBI conventional endoscopy: the pits were tubular, larger than normal, showing oval microvas-
cular structure. C: Pit L + CP2 (CF240l); D: Tubular adenoma, 400 x; E, F: A villous adenoma with NBI conventional endoscopy: The pits were branching or gyrus-
like, showing oval capillary. E: Pit IV + CP2 (CF240l); F: Villous adenoma, 100 x; G, H: An adenocarcinoma with NBI magnifying endoscopy: the pits in the cancerous
part completely disappeared, showing irregular angiogenesis network. G: Pit V + CP3 (H260AZl); H: Adenocarcinoma, 200 x.

row-band filters in the endoscopic system, which allow the mucosal surface light penetration, thereby enhancing
for a more detailed visualization of the mucosal architec- the visualization of the fine capillary vessel structure on
ture and vascular pattern. Current NBI technology limits the surface layer'". According to a previous pilot study by
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Pathological NBI without magnification NBI with magnification
EEERES Consistent Inconsistent Consistent Inconsistent
Hyperplastic 21 3 12 1
polyp

Adenoma 37 4 20 2
Adenocarcinoma 5 0 8 0
Total 63 7 40 3

NBI: Narrow-band imaging.

Machida ¢z a/”, NBI with magnifying endoscopy achieved
better visualization of the mucosal vascular network
pattern than conventional white light imaging, and the
diagnostic accuracy was higher than that of conventional
colonoscopy and equivalent to chromoendoscopy. Fut-
thermore, compared with chromoendoscopy, the NBI
observation has the advantage of convenient application
without the necessity of dye spraying, thus the procedute
can be shortened in time and an overlooked lesion with
accumulation of dark-blue dye at the dependent portion
of colon can also be avoided"".

According to previous pathological studies, most of
the colorectal cancers arise from preexisting adenomas
and such an adenoma-carcinoma sequence, and the ad-
enoma shares many architectural features with the carci-
noma in terms of vascular architecture including vessel
diameter and spatial distribution which is considerably
different from that in the non-neoplastic portion of
colonic mucosa'”. Therefore, NBI endoscopy has a sig-
nificant advantage in the diagnosis of colorectal dysplasia
accompanied with microvascular changes. In recent years,
BB have shown that the diag-
nostic accuracy of NBI endoscopy in distinguishing neo-
plastic from non-neoplastic colorectal lesions was higher
than that of conventional colonoscopy and equivalent
to chromoendoscopy. In our study, we used Kudo’s clas-
sification of mucosal pit pattern and Sano’s classification
of capillary pattern, and the diagnostic accuracy, sensitiv-
ity and specificity to distinguish between non-neoplastic
and neoplastic colorectal lesions were 94.7% (72/76),
88.9% (72/81) and 90.5% (38/42) for pit pattern delinea-
tion, which is similar to the data reported in the literature
(92.7%, 95.7% and 87.5%), significantly higher than that
of conventional endoscopy (82.9%, 80.0% and 81.8%0)"";
and 91.7% (77/84), 95.1% (77/81), 83.3% (35/42) for
capillary pattern delineation, which is slightly lower than
the data reported in the literature (96.6%, 97.1% and
91.8%)", but there was no significant difference. It may
be related to the relatively small number of the cases in
this study. In addition, it is possible that endoscopists
who are familiar with NBI endoscopy may also improve
the diagnostic accuracy, but this requires further investi-
gation.

In recent years, as NBI combined with magnifying en-
doscopy could enhance the contrast detailed morphologi-
cal changes in the mucosal surface and clearly visualize
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the microvascular structures, most studies described the
use of NBI endoscopy with magniﬁcationm‘”ﬂ], but few
data about diagnostic accuracy of NBI endoscopy with-
out magnification were reported. However, magnifying
endoscopy is not clinically used as standard endoscopic
equipment in most institutions, not only in China but
also in Japan and some Western countries, because mag-
nifying endoscopy is much more expensive. This greatly
restricted the wide application of NBI magnifying en-
doscopy. In order to evaluate the diagnostic efficacies of
NBI conventional endoscopy in distinguishing neoplastic
from non-neoplastic colorectal lesions, we compared the
diagnostic accuracy of NBI with and without high mag-
nification. The results showed that the overall diagnostic
accuracy of NBI endoscopy in distinguishing neoplas-
tic from non-neoplastic colorectal lesions was 91.2%
(103/113), and that of NBI endoscopy with and without
high magnification was 93.0% (40/43) and 90.0% (63/70),
respectively. Both were significantly higher than that
of conventional colonoscopy reported in the literature,
but there was no significant difference between the two
groups. Therefore, we believe that NBI endoscopy with-
out high magnification could also greatly improve the
diagnostic accuracy and may also be used to distinguish
neoplastic from non-neoplastic colorectal lesions instead
of NBI magnifying endoscopy. However, as the sample
was relatively small in our study, it was not clear whether
NBI without high magnification could improve the detec-
tion rate in the mass population screening; this requires
further study and investigation.

As a new non-invasive endoscopic method, the diag-
nostic efficacies of NBI combined with magnifying en-
doscopy in distinguishing neoplastic from non-neoplastic
colorectal lesions has been confirmed by extensive litera-
tures' "%, We found in our study that the endoscopic
system installed with the NBI system enables the clini-
cians to significantly improve the diagnostic accuracy.
Therefore, even the institutions without the expensive
magnifying endoscopy equipment can also use con-
ventional NBI endoscopy to get an accurate diagnosis.
Although these findings need to be confirmed in large
prospective trials, this initial experience with conventional
NBI endoscopy is encouraging and holds promise for
future application in prospective studies. In addition, en-
doscopists, through training in NBI endoscopic practice,
may also improve their own diagnostic accuracy and raise
the detection rate of colorectal neoplasia™.

COMMENTS

Background

Narrow-band imaging (NBI) is a novel technology developed for endoscopic
diagnosis of early cancer, and it has a higher diagnostic accuracy than conven-
tional endoscopy by enhancing the visualization of surface mucosal and vascu-
lar patterns on the lesion surface.

Research frontiers

In recent years, as NBI combined with magnifying endoscopy could enhance
the contrast detailed morphological changes in the mucosal surface and clearly
visualize the microvascular structures, most studies described the use of NBI
endoscopy with magnification, but few data about diagnostic accuracy of NBI
endoscopy without magnification were reported.
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Innovations and breakthroughs

Compared with NBI magnifying endoscopy, NBI endoscopy without magnifica-
tion may be used in distinguishing neoplasia from non-neoplasia colorectal
lesions.

Applications

NBI endoscopy enables clinicians to significantly improve their diagnostic accu-
racy. Even those institutions equipped without magnifying endoscope can also
use NBI conventional endoscopy to get an accurate diagnosis.
Terminology

NBI is a novel imaging technology that uses special narrow-band filters in the
endoscopic system, which allow for a more detailed visualization of the mucosal
architecture and vascular pattern.

Peer review

This paper compares narrow band imaging with and without high magnification
in 100 patient with colorectal lesions over an 18 mo period. The authors show
that both of these techniques are more accurate than conventional colonoscopy
in distinguishing between neoplastic and non-neoplastic lesions with similar
sensitivity. A larger study would have had more value.
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Abstract

AIM: To compare the fast-track rehabilitation program
and conventional care for patients after resection of
colorectal cancer.

METHODS: One hundred and six consecutive patients
who underwent fast-track rehabilitation program were
encouraged to have early oral feeding and movement
for early discharge, while 104 consecutive patients un-
derwent conventional care after resection of colorectal
cancer. Their gastrointestinal functions, postoperative
complications and hospital stay time were recorded.

RESULTS: The restoration time of gastrointestinal func-
tions in the patients was significantly faster after fast-
track rehabilitation program than after conventional care
(2.1 dws 3.2d, P < 0.01). The percentage of patients
who developed complications was significantly lower
30 d after fast-track rehabilitation program than after
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conventional care (13.2% vs 26.9%, P < 0.05). Also,
the percentage of patients who had general complica-
tions was significantly lower 30 d after fast-track reha-
bilitation program than after conventional care (6.6% vs
15.4%, P < 0.05). The postoperative hospital stay time
of the patients was shorter after fast-track rehabilitation
program than after conventional care (5dvs 7 d, P <
0.01). No significant difference was observed in the re-
admission rate 30 d after fast-track rehabilitation pro-
gram and conventional care (3.8% vs 8.7%).

CONCLUSION: The fast-track rehabilitation program
can significantly decrease the complications and shorten
the time of postoperative hospital stay of patients after
resection colorectal cancer.

© 2011 Baishideng. All rights reserved.

Key words: Perioperative care; Fast track; Rehabilita-
tion; Colorectal cancer resection
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INTRODUCTION

The concept of fast track rehabilitation program has been
recently introduced with the intent to improve the man-
agement, stress, complications, shorten hospital stay time
and reduce cost of patients after resection of colorectal
cancer . Fast track rehabilitation program is basically a
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multidisciplinary perioperative care strategy for patients
after resection of colorectal cancer, including preopera-
tive education, effective anesthesia, postoperative analgesia
techniques, early oral nutrition and ambulation®"". How-
ever, the previous researches were mainly focused on the
postoperative complications after conventional care rather
than on the general complications after fast-track rehabili-
tation program. This study was to compare the complica-
tions, restoration of gastrointestinal functions, and hospital
stay time of postoperative colorectal cancer patients after
fast -track rehabilitation program and conventional care.

MATERIALS AND METHODS

Patients and procedures

Two hundred and thirty patients who underwent resection
colorectal cancer in the Research Institute of General Sur-
gery, Jinling Hospital (Nanjing, China) in July 2007 to Au-
gust 2009 were enrolled in this study. Of the 230 patients,
115 who underwent resection of colorectal neoplastic
disease served as a fast-track rehabilitation grogram group,
and 115 who underwent resection of colorectal cancer
served as a conventional care group. Nine patients with
non-selective admission, preoperative distant metastasis,
stoma, emergency situations, scheduled total colectomy or
abdominoperineal resection, contraindications for epidu-
ral anesthesia or early ambulation were excluded from the
fast-track rehabilitation grogram group, and 11 from the
conventional care group. Finally, 106 patients in the fast-
track rehabilitation program group and 104 patients in the
conventional care group were analyzed in this study.

The contents of fast-track rehabilitation program in-
clude preoperative education of patients with no bowel
preparation and fasting but with carbohydrate containing
liquids 2 h before surgery, analgesia with routine oral non-
steroidal anti-inflammatory medications and minimization
of opioid pain management, avoidance of perioperative
fluid overload, no routine use of nasogastric tubes, early
removal of bladder catheters, early feeding and enforced
ambulation on the day of surgery. In the fast track re-
habilitation program group, minimal-access surgery or
transverse curved incision used included right-sided
hemicolectomy through a right horizontal incision above
the umbilicus, sigmoid resection through a curved inci-
sion in the left iliac fossa and low anterior rectal resection
through a mini-laparotomy in the subumbilicus which was
extended toward the curvature if necessary. Principles of
the perioperative care are shown in Table 1.

Discharge criteria for patients in both groups were the
same, including tolerance to fluids and solid diet, adequate
oral analgesia, passage of flatus or stool, and no surgical
complication, basic self-care ability, and acceptance of dis-

charge.

Clinical outcome

The intestinal function was defined as passage of flatus,
morbidity requiring treatment during the first 30 postop-
erative days, postoperative hospital stay time, and readmis-
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sion rate. No patient was lost during the follow-up. Gen-
eral complications were defined as those occurred in the
cardiovascular, pulmonary, thromboembolic, urinary sys-
tems, while surgical complications were defined as wound
complication, anastomotic leak, and bowel obstruction
requiring reoperation as previously described".

Statistical analysis

Statistical analysis, based on an intention-to-treat analysis,
was performed with the SPSS version 16.0 (Chicago, 1L,
USA). Mann-Whitney test was used to compare the con-
tinuous variables. Xz test and Fisher’s exact test were used
to compare the discrete variables. P <0.05 was considered
statistically significant.

RESULTS

Of the 230 enrolled patients (115 in the fast track reha-
bilitation grogram group and 115 in the conventional care
group), 210 were analyzed (106 in the fast track rehabili-
tation program group and 104 in the conventional care
group). The relevant characteristics of patients and the
types of surgery are shown in Table 2. No significant dif-
ference was observed in age, ASA status, types of surgery
and tumor stages between the two groups.

The intestinal function of patients in the fast track re-
habilitation program group and conventional care group
became normal 2 d (range, 1-6 d) and 3 d (range, 1-8 d),
respectively, after resection of colorectal cancer (P < 0.01).
The median postoperative hospital stay time was 5 d
(range, 2-41 d) and 7 d (range, 3-55 d), respectively, for
the patients in the fast track rehabilitation program group
and conventional care group (P < 0.01). The postopera-
tive rehabilitation was also faster in patients of the fast
track rehabilitation program group than in those of con-
ventional care group. On the day of surgery, 11 patients
(35%) in the fast track rehabilitation program group and
no patient in the conventional care group were able to
walk. On postoperative day 1, 56 patients (53%) in the
fast track rehabilitation program group and 24 patients
(23%) in the conventional care program group were able
to walk. On postoperative day 2, 90 patients (85%) in the
fast track rehabilitation program group and 61 patients
(59%) in the conventional care group were able to walk (P
< 0.01) (Table 3).

The urethral catheter in 81 patients (81%) of the fast
track rehabilitation program group and in 21 patients
(20%) of the conventional care group was removed on
day 1 after resection of colorectal cancer (P < 0.05), and
in 97 patients (92%) of the fast track rehabilitation pro-
gram group and in 47 patients (45%) of the conventional
care group on day 2 after resection of colorectal cancer
(P < 0.05). Urinary retention occurred in 5 patients (5%)
of the fast track rehabilitation program group and in 16
patients (15%) of the conventional care group. Urethral
catheter was inserted again in 4 patients of the fast track
rehabilitation program group and in 12 patients of the
conventional care group.
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Fast track rehabilitation program

Conventional care

Preoperative

Day before surgery
Bowel preparation
Carbohydrate load
Diet

Day of surgery
Pre-operative fasting
Nasogastric tubes

Pre-anesthetic medication

Anesthesia

Surgical management

Surgical drains

Early post-operative care

Postoperative care
Day 1 after surgery

Day 2 after surgery

Day 3 after surgery

Patients and their relatives
were informed about the surgical procedure and
postoperative course

No bowel preparation was performed
4 units (preOp®)
Last meal 6 h before operation

No, 2 units (preOp®) 2 h before surgery

No unless nausea and vomit

No

General anesthesia

Remifentanil 1 pg/kg per minute

Propofol 2-4 mg/kg per hour

Cisatracium 0.15 mg/kg

Ondansetron 4 mg

Bupivacaine 0.25% 20 mL (incision)

Epidural catheter

T10-T12

Test: 3 mL 2% lidocaine with epinephrine
Bupivacaine 0.5% (6 + 6) mL

Minimal invasive incision

Infiltration of surgical wounds with Bupivacaine
No, unless required in circumstances and discarded in
early time (usually on postoperative day 1)

Use of epidural catheter (0.125% Bupivacaine with
2.5 ug/mL Fentanyl)

First oral drink 2 h after surgery

1V infusion of Ringers lactate 1.5 L/d
Mobilization in the evening (> 2 h out of bed)

Oral intake > 2 L (including 4 units CHL liquids)
Semi-solid food intake

Stop IV fluid administration

Remove urine catheter

Expand mobilization (> 6 h out of bed)

Remove epidural add Diclofenac 3 x 50 mg/d
Normal diet

Expand mobilization (> 8 h)

Plan discharge

Continue as on day 2 till discharge criteria fulfilled

Patient were educated in the standard manner

Two oral sachets of fleet® bowel preparation
No
Last meal at midnight

Yes

Routine placement

Oral diazepam 10 mg

General anesthesia

Remifentanil 1 pg/kg per minute
Propofol 2-4 mg/kg per hour
Cisatracium 0.15 mg/kg
Ondansetron 4 mg

Median laparotomy approach
No infiltration of surgical wounds with local anesthetic drugs
Routine placement usually discarded the day before discharge

Analgesia by bolus administration of diclofenac or morphine
No oral application scheme

IV infusion of Ringers lactate 2.5 L/d

No mobilization scheme

Diet increased on daily basis

1V fluid administration (2.5 L/d) till adequate oral fluid intake
Mobilization according to attending surgeon

Continue as on day 1 till discharge criteria fulfilled

Continue as on day 2 till discharge criteria fulfilled

Table 2 Characteristics of patients and their diagnosis

Table 3 Postoperative rehabilitation and hospital stay time of

two groups 77 (%)

Fast track Conventional P value
rehabilitation care group Fast track Conventional P value
group (n = 106) (n = 104) rehabilitation care group

Median age (range, yr) 57 (38-69) 55(40-67) 0462 T R )
Male/female 65/41 60/44 0.393 Walk on surgery day 11 (35) 0 (0) 0.001
Colon/rectum 73/33 63/41 0.110 Walkon D 1 56 (53) 24 (23) 0.000
ASA score 0.384 Walkon D 2 90 (85) 61 (59) 0.001

I 27 32 - Days until flatus 0.001

I 60 56 - mean + SD 21+£20 32+25 -

jul 19 16 o Median (range) 2 (1-6) 3 (1-8) -
Operation 0.721 Hospital stay time (d) 0.001

Right hemicolectomy 30 24 mean + SD 51+3.1 76+48 -

Left hemicolectomy 18 26 Median (range) 5 (2-41) 7 (3-55) -

Sigmoid colectomy 28 32

Anterior resection 30 22
TNM stage 0.741

I 19 17 The nasogastric tube was maintained for 1-4 d in 3 pa-

1?1 gi gé tients (3%) of the fast track rehabilitation program group
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and for 1-11 d in 84 patients (81%) of the conventional
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Fast track Conventional P value
rehabilitation care group
group (7 = 106) (n = 104)
Overall complications 20 39 0.015
Patients with complications 14 28 0.016
General complications 10 23 0.042
Patients with general 7 16 0.048
complications
Cardiac 2 5 -
Pulmonary 3 8 -
Thromboembolic 1 3 -
Urinary tract 2 5 -
Other 2 2 -
Overall surgical 10 16 0.221
complications
Patients with surgical 7 12 0.230
complications
Wound infection 4 7 -
Anastomotic leakage 4 2 -
Bowel obstruction 2 b -
Death 2 1 0.572

care group (P < 0.01). The nasogastric tube was reinserted
in 4 patients (4%) of the fast track rehabilitation program
group and in 12 patients (11%) of the conventional care
group due to nausea and vomit (P < 0.05).

No significant difference was observed in re-admission
rate between the two groups within 30 d after resection of
colorectal cancer. Four patients (4%) in the fast track re-
habilitation program group were readmitted due to wound
infection, and 9 patients (9%) in the conventional care
group were readmitted due to bowel obstruction, vomit
and wound infection.

The incidence of complications was 19% in patients
of the fast track rehabilitation program group and 38%
in those of the conventional care group (P < 0.05) during
the first 30 postoperative days. One or more complica-
tions occurred in 14 patients (13%) of the fast track re-
habilitation program group and in 28 patients (27%) of
the conventional care group (P < 0.05). The overall inci-
dence of general complications was lower in patients of
the fast track rehabilitation program group than in those
of the conventional care group (P < 0.05). The incidence
of complications in the cardiac and pulmonary system
was also significantly lower in patients of the fast track
rehabilitation program group than in those of the con-
ventional care group (P < 0.05). A significant difference
was observed in surgical complications between the two
groups. Two patients died in the fast track rehabilitation
program group due to cardiovascular failure and multiple
organ failure, respectively. One patient died in the con-
ventional care group due to cardiovascular failure. The
types of complications are listed in Table 4.

DISCUSSION

The results of the present study indicate that fast-track
rehabilitation program can significantly accelerate the
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restoration of gastrointestinal function and reduce the post-
operative complications as well as hospital stay time of
patients after resection of colorectal cancer. The results
of this study show that preoperative education of pa-

. . . . - 13
tients, epidural anesthesia or regional anesthesia”!

, early
ambulation and early postoperative oral nutrition are the
important predictors for the rehabilitation of patients af-
ter resection of colorectal cancet.

Preoperative education of patients is regarded as one
of the crucial factors for fast-track rehabilitation. It is
necessary to explain the detailed treatment plan, different
stages of fast-track rehabilitation program and relevant
measures for recovery for the patients in order to make
them better understand the importance of fast-track re-
habilitation program. Better cooperation of patients can
bring better outcomes of fast track rehabilitation pro-
gram. Generally, since the gastric emptying time of solid
meal and fluid is 6 and 2 h, respectivelym, the patients
should be encouraged to have liquid meal 2 h before op-
eration instead of fasting. It has been shown that preop-
erative oral carbohydrate is safe and can efficiently reduce
Complicationsﬁsﬂ.

The role of epidural anesthesia or regional anesthesia
in fast-track rehabilitation program should be stressed.
Postoperative epidural analgesia can avoid stress-induced
neurological, endocrinological and homeostatic changes
or the blocking of sympathetic nerve-related surgical
stress response, reduce complications such nausea, vom-
iting and enteroparalysis after operation, early ambula-
tion, improve the intestinal function and shorten the
hospital stay time of patients after resection of colorectal
cancer "™, In this study, epidural analgesia significantly
shortened the bedridden time and potentially reduced the
cardiopulmonary and thromboembolic complications.
The rate of cardiopulmonary and thromboembolic com-
plications was much lower in patients of the fast track
rehabilitation program group than in those of the con-
ventional care group (P < 0.05).

Early postoperative oral nutrition also plays an essen-
tial part in fast-track rehabilitation program. Food intake
can stimulate gastrointestinal peristalsis, and early feeding
during the first 24 h after surgery promotes the recovery
of ileus. It has been illustrated that early postoperative
oral nutrition attenuates catabolism and potentially de-
creases infectious complicationsps’zm. Consistent with this,
eatly postoperative oral nutrition has been suggested as
a routine procedure of abdominal surgerym. Enforced
postoperative mobilization of patients can reduce protein
loss due to long-term bedridden, pulmonary infection
and venous thrombosis. In this study, complete analgesia,
control of nausea and vomiting, early postoperative oral
nutrition and eatly ambulation efficiently reduced the
postoperative complication of ileus and improved the
recovery of intestinal function.

In this study, the early removal of gastric tube and
urcthral catheter decreased not only the infectious com-
plications in cardiopulmonary and urinary systems but
also the symptoms of patients. The shortened fasting
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time, preoperative carbohydrate load and intraoperative
fluid restriction effectively protected against homeostasis
in patients after resection of colorectal cancer. The out-
come of fast-track rehabilitation program was better than
that of conventional care.

Fast track rehabilitation program can improve the
symptoms of patients after resection of colorectal can-
cer better than conventional care, thus benefiting their
surgery, anesthesia, pain management, physical therapy
and social work. The primary work of fast track rehabili-
tation program is the preoperative education of patients
to make them understand the whole plan and the aim of
each stage. Therefore, it is necessary to get the coopera-
tion from nurses, because they need to work profession-
ally and nicely. Although there must be lots of difficulties
in fast track rehabilitation program, it is an inevitable
stage to test a new set of rules and guidelines.

Recently, laparoscopic surgery, applied in treatment
of colorectal and early gastric cancer, can significantly
reduce trauma and speed up the rehabilitation of patients
after surgery. It was reported that the hospital stay time is
shorter and the morbidity and readmission rate ate lower
after laparoscopic surgery” . However, these studies
only compared open surgery with laparoscopic surgery
rather than laparoscopic surgery with fast-track rehabili-
tation programm’zgj. Therefore, further studies are needed
to focus on the potential influence of laparoscopy-
assisted surgery with or without fast-track rehabilitation
program on the recovery of patients after resection of
colorectal cancer. Laparoscopic surgery and fast-track
rehabilitation program can effectively promote the re-
covery of patients after resection of colorectal cancer.
We believe that laparoscopic surgery in combination with
fast track rehabilitation program is significantly advanta-
geous over other procedures for patients after resection
of colorectal cancet.

In conclusion, fast track rehabilitation program plays
an important role in the recovery of patients after resec-
tion of colorectal cancer, which can accelerate the res-
toration of their gastrointestinal function, decrease their
postoperative complications, and shorten their hospital
stay time.

COMMENTS

Background

Fast-track rehabilitation program, first reported by Kehlet et al, can reduce the
postoperative complications and hospital stay time of patients after resection
of colorectal cancer without compromising the surgical outcome. The concept
of fast track rehabilitation program has been recently introduced in colorectal
surgery. It is basically a multidisciplinary perioperative care strategy for patients
after resection of colorectal cancer.

Research frontiers

The previous studies seemed to compare the postoperative complications
rather than the general complications of fast tract rehabilitation program and
conventional care.

Innovations and breakthroughs

The gastrointestinal function, postoperative complications, and hospital stay
time of patients after resection of colorectal cancer were studied during their
fast track rehabilitation program. The accelerated restoration of gastrointestinal
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function and decreased postoperative complications may shorten the hospital
stay time of patients after resection of colorectal cancer.

Applications

Surgical care has changed dramatically over the past half century and will
continue to improve with the time. Extensive studies on the optimized care will
allow us to develop more appropriate perioperative surgical care programs for
patients after resection of colorectal cancer.

Terminology

Fast track rehabilitation program, basically a multidisciplinary strategy for
patients after resection of colorectal cancer, is to optimize the preoperative,
perioperative and postoperative factors for reducing their physiological and psy-
chological stress surgery.

Peer review

This manuscript describes a prospective randomized trial comparing fast track
rehabilitation program and conventional care for patients after resection of
colorectal cancer. The data are sound support the hypothesis of the authors.
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Abstract

Recently, the use of confocal laser endomicroscopy (CLE)
in the diagnosis of chronic ulcerative colitis (CUC) was
reported. In this brief report we aimed to assess the ap-
plication of probe-based CLE to characterize colonic mu-
cosa and dysplasia in CUC. The study involved a patient
presenting long-standing CUC. Confocal imaging of both
the inflamed mucosa, a circumscribed lesion (dysplasia-
associated lesional mass), and adjacent colonic mucosa
are demonstrated and the correlation between the CLE
and histological images. Inflamed mucosa and dysplasia
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showed specific alteration of crypt architecture, cellular
infiltration, and vessel architecture with an excellent
correlation between CLE and standard histological ex-
amination.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The term dysplasia-associated lesional mass (DALM) has
been adopted to describe the group of endoscopically
visible lesions, within the colitic colon (in the coutse of
IBD), that refers to a heterogeneous population of lesions
that demonstrate plaque-like, mass, stricture, sessile, or pe-
dunculated morphology, that have an associated dysplasia
in the surrounding mucosa'”,

With recent rapid advances in videoendoscopic instru-
ment systems, improved endoscopic skills, and improved
detection techniques such as pan-colonic dye spraying, the
proportion of lesions that are discovered macroscopically
is likely to increase'’.

Recently, the use of confocal laser endomicroscopy
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(CLE) in the diagnosis of chronic ulcerative colitis (CUC)
was reported™”.

This report describes the CLE findings in a case of
DALM in CUC in correlation with histopathology diag-

nosis.

CASE REPORT

A 48-year-old woman with a 23 years history of left-sided
ulcerative colitis underwent a surveillance colonoscopy.

A mild anemia (hemoglobin level, 110 g/L) with low
serum iron levels (210 pg/L); normal value, 53-167 ug/I)
and a high erythrocyte sedimentation rate (37 mm/L per
hout; normal value, 1-10 mm/L per hour) were the only
blood chemistry abnormalities identified.

Colonoscopy revealed a left-sided Mayo CU-1 CUC with
a 2 cm plaque-like lesion at the sigmoid colon (Figure 1A
and B). A morphological characterization of the lesion
with CLE was undertaken.

Probe-based CLE procedure

The procedure was performed using the Cellvizio® En-
domicroscopy System (Mauna Kea Technologies, Paris,
France) by a Coloflex UHD-type probe (1 pum lateral
resolution; 12 frames/s).

This system uses a 2.5-mm catheter probe (Coloflex
UHD-type probe) that is inserted through the endoscope-
working channel to obtain dynamic imaging of the
mucosa. This probe has a field of view of 240 pum X
200 pm, with a lateral resolution of 1 pum. Probe-based
CLE (pCLE) imaging data were collected at a scan rate of
12 frames/s with a scanning field of 30000 pixels. Single
video frames were reconstructed into 1 larger static image
(4 mm X 2 mm) by a special computer software (“mosaic-
ing” Mauna Kea Technologies).

Five mililiters of 10% sodium fluorescein were in-
jected intravenously before CLE image acquisition as a
contrast agent.

Confocal imaging of both the inflamed mucosa, the
circumscribed lesion (DALM), and adjacent colorectal
mucosa was performed by placing the tip of the probe in
direct contact with the target tissue site.

Mucosal biopsy specimens were collected from the
observation sites using biopsy forceps. Fixed samples
were embedded in paraffin and sectioned transversely, and
stained with hematoxylin-eosin to facilitate the compari-
son between confocal images and histology.

PCLE Images
pCLE imaging of inflamed mucosa showed dilation of
crypt openings, more irregular arrangement of crypts, and
enlarged spaces between crypt, crypt destruction, and/or
crypt fusion and crypt abscess. Microvascular alterations
with fluorescein leaks into the crypt lumen (therefore
making the lumen brighter than the surrounding epithe-
lium) were observed (Figure 2A and B).

DALM was characterized by “dark” cells, with mucin
depletion and goblet cell/crypt density attenuation; the
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Figure 1 Conventional “white light” imaging of a plaque-like lesion of sig-
moid colon in ulcerative colitis (A) and 0.5% indigo carmine chromoscopy
of the lesion (B). The lesion is “unmasked” and clearly delineated.

Figure 2 Confocal (A) and histological (B) images of colonic mucosa show-
ing the switch from normal mucosa to inflamed mucosa. Normal crypt archi-
tecture is classically represented by ordered and regular crypt orifices covered
by a homogeneous epithelial layer with visible “black-hole” goblet cells within the
subcellular matrix (long thin arrows). Inflamed mucosa showing irregular arrange-
ment of crypts, crypt fusion (red circles) and capillaries alterations (short arrows)
and inflammatory cells (lymphocytes: long thick arrows). Magnification, x 200.

architectural pattern was irregular, as well as the epithelial
thickness, with villiform structures and “dark” epithelial
border. The blood vessels were dilatated and irregulatly-
branching, with poor orientation to adjunct tissue, and
fluorescein extravasation (Figure 3A and B).

pCLE imaging of colorectal mucosa adjacent to lesion
(1 to 2 cm around DALM) showed the switch from the
inflamed mucosa, to the neoplastic mucosa as evidenced

by DALM (Figure 4).
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Figure 3 Confocal images of colonic mucosa evidencing the switch from
the inflamed mucosa, to the neoplastic mucosa. Inflamed mucosa (green
rectangle) is characterized by dilation of crypt openings, enlarged spaces be-
tween crypt, and microvascular alterations with fluorescein leaks into the crypt
lumen (white arrow) therefore making the lumen brighter than the surrounding
epithelium. Dysplastic mucosa (red rectangle) is characterized by “dark” cells,
irregular architectural patterns with villiform structures and a “dark” epithelial
border. Histology images show high-power hematoxylin and eosin stain of the
tissue sampled, evidencing respectively inflamed area with features suggestive
of chronic ulcerative colitis (green rectangle) and low grade dysplasia (red rect-
angle). Magnification, x 200.

Figure 4 Confocal (A) and histological (B) images of dysplasia-associated
lesional mass showing “dark” cells, with mucin depletion and goblet cell/
crypt density attenuation; the architectural pattern is irregular, as well as
the epithelial thickness, with villiform structures and “dark” epithelial bor-
der (red rectangles). There is gross distortion of the vascular architecture with
tortuous and dilated vessels (white arrows). The hematoxylin and eosin stain
histology shows a low grade dysplasia (red rectangle; hematoxylin and eosin
staining; original magnification, x 200).

DISCUSSION

CLE is a new technology that has enabled endoscopists to
collect real-time iz vivo histological images or “virtual biop-
sies” of the gastrointestinal mucosa during endoscopy.
CLE can be performed currently with 2 devices: one
integrated into an endoscope (Pentax, Japan, herein termed
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eCLE) and one as a stand-alone probe (herein termed
pCLE) capable of passage through the accessory channel
of most endoscopes (Cellvizio, Mauna Kea Technologies,
Paris, France)m]. There are no data, at present, compar-
ing pCLE with eCLE to demonstrate the superiority of
any one system. pCLE has several advantages and disad-
vantages compared with eCLE. Advantages include the
greater versatility of pCLE probes, which can be used in
conjunction with virtually any endoscope (high-resolution
endoscopes, NBI, cholangioscope, e#.), ad hoc usage (such
as when a lesion is detected with a normal endoscope)
and acquisition at video frame rate of 12 frames/s. al-
lowing 7n vivo imaging of capillary flow. Disadvantages
include a slightly lower resolution (approximately 1 um
compared with 0.7 um for eCLE) and smaller field of
view (240-600 pm).

Recently, the use of eCLE in the diagnosis of CUC
was reported. Watanabe ez al™ and i et al” reported on
real-time inflammation activity assessment by CLE. The
inflammation activity assessment includes crypt architec-
ture, cellular infiltration, and vessel architecture. These
studies evidenced that images taken with the CLE pro-
vided information that was equivalent to conventional his-
tology, differentiating between active and non-active CUC
patients during ongoing endoscopy.

Hurlstone ef a/'” assessed the clinical applicability and
predictive power of the CLE for the # »ivo differentiation
of ALM and DALM in CUC. The study evidenced that
ALM and DALM can be differentiated with a high overall
accuracy, enabling the safe selection of patients suitable for
endoluminal resection »s immediate referral for surgery.

To the best of our knowledge, this is the first report
that addressed the application of pCLE for the in vivo
characterization of colonic mucosa and DALM in a pa-
tient with CUC during ongoing videocolonoscopy.

Our study showed that the pCLE system permits
high-quality cellular, subsurface vascular and stromal im-
aging /n vive, with an excellent correlation between CLE
and standard histopathologic examination for both in-
flammation and dysplasia in ulcerative colitis.

Post-acquisition specifically-developed software (“mo-
saicing”, Mauna Kea Technologies) was used to recon-
stitute the dynamic high-resolution pictures into a larger
static image. By the use of mosaicing, the image area
could be increased 2- to 4-fold, and image definition could
be further enhanced to allow finer detail visualization.
As a result of the large static image comprising of many
single pictures of a video sequence, evaluation of the
examination is easier and more efficient. Thereby, these
features lead to an excellent correlation between CLE and
standard histopathologic examination (Figures 1-4).

The main aspect of inflamed mucosa consisted of
dilation of crypt openings, enlarged spaces between crypt,
and microvascular alterations with fluorescein leaks into
the crypt lumen (therefore making the lumen brighter
than the surrounding epithelium); DALM showed typical
neoplastic features of Mainz CLE criteria for prediction
of intraepithelial neoplasia'! (Figure 4).
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In conclusion, this is the first study to address the novel

applicability of pCLE for the 7z vivo characterization of
mucosal inflammation and dysplasia in CUC. With appro-
priate training and careful patient selection, CLE imaging
may become a suitable imaging modality in patients with
CUC. The ability to target biopsies to areas suggestive of
dysplasia 7 vive allows rapid, highly accurate diagnosis “on
table”, reducing inappropriate, non-significant histopa-

thology.
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ogy from 60 countries.

The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Maximization of personal benefits
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a country, a university, a center, a department, and even a scientist,
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novative achievements published, as well as evaluating research per-
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flora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
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introduce and comment on major advances and developments in
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ment on the state of current research, and propose directions for
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problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original find-
ings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
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international and national academic authorities worldwide on basic
research and clinical practice gastroenterology and hepatology.
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endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the pri-
vacy and secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained
during mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/1007-9327office. Authors
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wijgnet.com/1007-9327/
g _info_20100315215714.htm) before attempting to submit on-

February 7, 2011 | Volume 17 | Issue 5 |



line. For assistance, authors encountering problems with the On-
line Submission System may send an email describing the prob-
lem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manusctipt online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is
strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required in-
formation for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should
be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the
version to be published. Authors should meet conditions 1, 2, and 3.

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

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

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, prov-
ince, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,

country number, district number and telephone or fax number,

e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.

(49

Boishidengs  WIG | www.wjgnet.com

1

Instructions to authors

Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in ]G,
reviewers of accepted manuscripts will be announced by publish-
ing the name, title/position and institution of the reviewer in the
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There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific re-
quirements for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of ““To investigate/
study/...”; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g. 6.92 & 3.86 us 3.61
+ 1.67, P < 0.001; CONCLUSION (no more than 26 wotds).

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles and brief arti-
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tions: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case repott,
letters to the editors, can be found at: http://www.wignet.
com/1007-9327/g_info_20100315215714.htm.

Hlustrations

Figures should be numbered as 1, 2, 3, ¢#., and mentioned clear-
ly in the main text. Provide a brief title for each figure on a sep-
arate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wignet.com/1007-9327/13/4520.
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uniform legends for the same subjects. For example: Figure 1
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B:..; Ci.; D Ees Fro; Ge L It is our principle to publish
high resolution-figures for the printed and E-versions.
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Notes in tables and illustrations
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