
World Journal of 
Diabetes
World J Diabetes  2011 April 15; 2(4): 49-58

ISSN 1948-9358 (online)

www.wjgnet.com



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

STRATEGY ASSOCIATE 
EDITORS-IN-CHIEF
Undurti Narasimha Das, Ohio
Min Du, Wyoming
Gregory I Liou, Georgia
Zhong-Cheng Luo, Quebec
Demosthenes B Panagiotakos, Athens

GUEST EDITORIAL BOARD 
MEMBERS
Cheng-Cheng Hsiao, Keelung
Low-Tone Ho, Taipei
Yung-Hsi Kao, Taoyuan
Eing-Mei Tsai, Kaohsiung

MEMBERS OF THE EDITORIAL 
BOARD

 Argentina

Eduardo Spinedi, La Plata

 Australia

Sof Andrikopoulos, Victoria
Hugh Russell Barrett, Western
Bernhard T Baune, Townsville 
Grant Brinkworth, Southern
Louise JM Brown, Northern
Josephine Maree Forbes, Victoria
Anandwardhan A Hardikar, Victoria

Peter J Little, Victoria
Dianna Josephine Magliano, Victoria
Beverly Sara Muhlhausler, Southern
Christopher Nolan, Canberra
Greg Tesch, Victoria
Jack Ronald Wall, New South Wales 

 Austria

Helmuth Martin Borkenstein, Graz
Friedrich Mittermayer, Vienna
Markus Paulmichl, Salzburg
Stefan Pilz, Graz
Harald Sourij, Graz
Ludwig Wagner, Vienna

 Belgium

Luc F Van Gaal, Edegem

 Brazil

Monica Levy Andersen, São Paulo
Rodrigo Jorge, Ribeirão Preto
Bernardo L Wajchenberg, São Paulo

 Canada

Subrata Chakrabarti, Ontario
Mervyn Deitel, Toronto
Tian-Ru Jin, Ontario

Arulmozhi D Kandasamy, Alberta
Ismail Laher, Vancouver
Zhong-Cheng Luo, Quebec
RS McIntyre, Toronto
Raj Padwal, Alberta
Ciriaco A Piccirillo, Quebec
Valerie Taylor, Ontario
Cory Toth, Calgary
André Tremblay, Quebec
James Roscoe Wright, Alberta
Xi-Long Zheng, Alberta

 China

Jie Chen, Nanjing
Bernard MY Cheung, Hong Kong
William Chi-Shing Cho, Hong Kong
Tian-Pei Hong, Beijing
Qin Huang, Shanghai
Po Sing Leung, Hong Kong
Lie-Gang Liu, Wuhan
Jin-Sheng Qi, Shijiazhuang
Cheuk Chun Szeto, Hong Kong
Kathryn Tan, Hong Kong
Guang-Da Xiang, Wuhan 
Bao-Feng Yang, Harbin
Shu-Yu Yang, Xiamen
Zai-Qing Yang, Wuhan
Shan-Dong Ye, Hefei
Zhi-Guang Zhou, Changsha

 Czech Republic

Martin Haluzik, Praha

The World Journal of Diabetes Editorial Board consists of 323 members, representing a team of worldwide experts 
in diabetes mellitus. They are from 38 countries, including Argentina (1), Australia (13), Austria (6), Belgium (1), 
Brazil (3), Canada (14), China (21), Czech Republic (3), Denmark (9), Egypt (2), Finland (3), France (5), Germany 
(17), Greece (10), Hungary (2), India (10), Ireland (2), Iran (2), Israel (5), Italy (25), Japan (17), Malta (1), Netherlands 
(5), New Zealand (3), Oman (1), Poland (4), Romania (1), Singapore (2), South Korea (9), Spain (14), Sweden (3), 
Switzerland (1), Thailand (2), Turkey (9), United Arab Emirates (2), United Kingdom (11), United States (83), and 
Venezuela (1).

Editorial Board
2010-2015

Ⅰ April 15, 2011WJD|www.wjgnet.com



Michal Krcma, Plzen
Terezie Pelikanova, Prague

 Denmark

Charlotte Brøns, Gentofte
Jens D Mikkelsen, Copenhagen O
Flemming Dela, Copenhagen N
Kristine Færch, Gentofte
R Scott Heller, Gentofte
Sandahl Christiansen, Arhus C
Filip K Knop, Hellerup
Esben T Vestergaard, Aarhus N
Milan Zdravkovic, Søborg

  Egypt

Moshira  AH Rateb, Cairo
Mona Farag Schaalan, Cairo

 Finland

Gang Hu, Helsinki
Qing Qiao, Helsinki
Karoliina Wehkalampi, Helsinki

 France

Jean-Philippe Lavigne, Nîmes Cedex
Marie-Claude Morice, Massy
Gérard Said, Paris
Sophie Visvikis Siest, Nancy
Didier Vieau, Villeneuve d’Ascq cédex

 Germany

Ioanna Gouni Berthold, Cologne
Roland Büttner, Heidelberg
Hammes Hans-Peter, Mannheim
Andrea Icks, Düsseldorf
Ulrich Arthur Julius, Dresden
Michael Kluge, Munich
Matthias Laudes, Köln
Ralf Lobmann, Stuttgart
Karsten Müssig, Tübingen
Rafael T Mikolajczyk, Bremen
Nahid Parvizi, Neustadt a. Rbg
Thomas Peter Reinehr, Datteln
Michael Ristow, Jena 
Sven Schinner, Duesseldorf
Ovidiu A Stirban, Bad Oeynhausen
Silvia Anette Wein, Kiel
Christian Wrede, Berlin

 Greece

Moses S Elisaf, Ioannina
Nikolaos Kadoglou, Thessaloniki
Gerasimos E Krassas, Krini
Demosthenes B Panagiotakos, Athens

Nikolaos Papanas, Alexandroupolis
Dimitrios Papazoglou, Alexandroupolis
Melpomeni Peppa, Athens
Nicholas K Tentolouris, Athens
Konstantinos Tziomalos, Thessaloniki
Elias Zintzaras, Larissa

 Hungary

György Jermendy, Maglodi
Karoly Racz, Szentkiralyi

 India

Sarika Arora, New Delhi
Subhabrata Chakrabarti, Hyderabad
Tapan K Chaudhuri, New Delhi
Kanwaljit Chopra, Chandigarh
Ravinder Goswami, New Delhi
SP Murthy, Bangalore
Viswanathan Mohan, Chennai
Anoop Misra, New Delhi
A Ramachandran, Egmore Chennai
Geetha Vani Rayasam, Haryana

 Ireland

Amar Agha, Dublin
Mark Philip Hehir, Dublin

 Iran

Mohammad Abdollahi, Tehran
Ahmad Esmaillzadeh, Isfahan

 Israel

Shimon Efrat, Tel Aviv
Oren Froy, Rehovot
Eleazar Shafrir, Jeusalem
Haim Werner, Tel Aviv
Marina S Zimlichman, Holon

 Italy

Antonio Aversa, Rome 
Alessandro Bartolomucci, Parma
Giuseppina Basta, Pisa
Simona Bertoli, Milano
Fabio Broglio, Torino
Renzo Cordera, Genova
Maurizio Galderisi, Naples
Ezio Ghigo, Turin
Carla Giordano, Palermo
Riccarda Granata, Turin
Giorgio Iervasi, Pisa
Paolo Magni, Milan
Melania Manco, Rome
Piero Marchetti, Pisa

Lucia Pacifico, Rome
Stefano Palomba, Catanzaro
Giampaolo Papi, Carpi
Piermarco Piatti, Milano
Dario Pitocco, Rome
Manfredi Rizzo, Palermo
Raffaella Rosso, Genoa
Giuseppe Schillaci, Perugia
Giovanni Targher, Verona
Alberto Verrotti, Chieti
Andrea Viggiano, Napoli

 Japan

Masato Asahina, Chiba 
Takuya Awata, Saitama-ken
Satoshi Inoue, Tokyo
Takashi Kadowaki, Tokyo
Noriyuki Koibuchi, Gunma
Norikazu Maeda, Osaka
Kazuaki Nishio, Tokyo
Kenji Okumura, Nagoya 
Toshiyasu Sasaoka, Toyama
Michio Shimabukuro, Okinawa
Kohzo Takebayashi, Saitama
Takashi Togo, Yokohama
Jun Udagawa, Izumo
Takuya Watanabe, Tokyo
Toshihiko Yada, Tochigi
Daisuke Yasuhara, Kagoshima 
Tohru Yorifuji, Kyoto 

 Malta

Charles Savona Ventura, Msida

 Netherlands

Sander Kersten, Wageningen
Edwin Mariman, Maastricht
Don Poldermans, Rotterdam
François Pouwer, LE Tilburg
Suat Simsek, Alkmaar

 New Zealand

Paul Hofman, Auckland
Peter E Lobie, Auckland
Elaine Rush, Auckland

 Oman

Jumana S Saleh, Muscat

 Poland

Jerzy Beltowski, Lublin
Alicia H Dydejczyk, Krakow
Maciej Owecki, Poznań
Dorota Anna Zieba, Krakow

Ⅱ April 15, 2011WJD|www.wjgnet.com



 Romania

Elena Ganea, Bucharest

 Singapore

S Thameem Dheen, Singapor
Yung Seng Lee, Singapore

 South Korea

Won Mi Hwang, Seoul
Eui-Bae Jeung, Chungbuk
Ju-Hee Kang, Incheon
Sin Gon Kim, Seongbuk-Gu
Young-Gyu Ko, Seoul
Kang-Beom Kwon, Chonbuk 
Byung-Hyun Park, Jeonbuk
Seungjoon Park, Seoul
Kun-Ho Yoon, Seocho-Gu

 Spain

M Lusia Bonet, Palma de Mallorca
Manuel VCarrera, Barcelona
Justo P Castaño, Cordoba
Javier Espino, Badajoz
Oreste Gualillo, Santiago
Emilio Herrera, Madrid
Amelia Marti, Pamplona
Ricardo V García Mayor, Vigo
JF Navarro-González, Tenerife
Maria Javier Ramirez, Pamplona
José MG Sáez, Barcelona
Helmut Schröder, Barcelona
Segundo Carmen Segundo, Cádiz
SimRafael Simó, Barcelona

 Sweden

Mozhgan Dorkhan, Malmö
Shao-Nian Yang, Stockholm
Weili Xu, Stockholm

 Switzerland

Pascal Bovet, Lausanne

 Thailand

N Charoenphandhu, Bangkok
Viroj Wiwanitkit, Bangkok

 Turkey

Ugur Cavlak, Denizli
Teoman Dogru, Ankara
Abdurrahman F Fidan, Afyonkarahisar
Muammer Karadeniz, Bornova-Izmir
Cevdet Kaya, Istanbul
Fahrettin Kelestimur, Kayseri
Mustafa Şahin, Mecburi Hizmet
Ilker Tasci, Ankara
Belma Turan, Ankara

 United Arab Emirates

Ernest A Adeghate, Al Ain
Samir M Awadallah, Sharjah

 United Kingdom

Chen Bing, Liverpool
Peter John Grant, Leeds
Lora Katherine Heisler, Cambridge 
Nigel Hoggard, Scotland
Andreas F Kolb, Scotland
Stefan Marciniak, Cambridge
Moffat Joha Nyirenda, Scotland
Thozhukat Sathyapalan, Yorkshire
Latika Sibal, Newcastle upon Tyne 
Abd A Tahrani, Birmingham
G Neil Thomas, Birmingham

 United States

Hwyda A Arafat, Pennsylvania
Sanford A Asher, Pennsylvania
Daniel C Batlle, Illinois
David SH Bell, Alabama
Donald W Bowden, North Carolina
Lu Cai, Kentucky
Jack D Caldwell, Pennsylvania 
Anna C Calkin, California
Roberto A Calle, Connecticut
Heping Cao, Los Angeles
Krista Casazza, Birmingham
Xiao-Li Chen, Saint Paul
Craig Ian Coleman, Connecticut
Patricia Ann D’Amore, Massachusetts
Michael Harvey Davidson, Illinois
Samuel C Durso, Maryland
Alexander M Efanov, Indiana
Amy Zhihong Fan, Georgia
Alessia Fornoni, Florida
Gunjan Y Gandhi, Florida
Raimund Hirschberg, California
Michael Francis Holick, Massachusetts
Rachel Mary Hudacko, New Brunswick
Hieronim Jakubowski, New Jersey

Marilyn Jefferson, New York
Hong-Lin Jiang, Virginia
Richard Evers Katholi, Springfield
Tomoshige Kino, Bethesda
Julienne K Kirk, North Carolina
Renu A Kowluru, Michigan
Lewis H Kuller, Pennsylvania
Blandine Laferrère, New York
Sang Yeoup Lee, Mayo Clinic
Cong-Jun Li, Maryland
Shuo Lin, Los Angeles
Dong-Min Liu, Virginia
Zhen-Qi Liu, Charlottesville
Jian-Xing Ma, Oklahoma City
Xin-Laing Ma, Pennsylvania
Kenneth Maiese, Michigan
Sridhar Mani, Bronx
Suresh Mathews, Auburn
Lauraar McCabe, East Lansing
Murielle Mimeault, Nebraska
Reema Mody, Grayslake
Mohammad R Movahed, Tucson
Charles B Nemeroff, Georgia
Steven Nissen, Ohio
Wei-Hong Pan, Baton Rouge
Inga Peter, New York
Gretchen A Piatt, Pennsylvania
Wei Qiao Qiu, Massachusetts
Cristina Rabadán-Diehl, Maryland
Rajendra S Raghow, Memphis
Swapnil Rajpathak , New York
Mohammed S Razzaque, Boston
Beverly AS Reyes, Pennsylvania
Juan M Saavedra, Maryland
Vallabh O Shah, Albuquerque
Carol Ann Shively, North Carolina
Anders AF Sima, Michigan
Rajan Singh, Los Angeles
Rakesh K Srivastava, Texas
Bangyan Stiles, California
Yu-Xiang Sun, Houston
Ya-Xiong Tao, Alabama
John A Tayek, Torrance,
John Gaylord Teeter, Connecticut
Carlos M Telleria, South Dakota
Michael L Traub, Staten Island
Guillermo E Umpierrez, Georgia
Margrit Urbanek, Illinois
Hong-Jun Wang, Boston
Mark E Williams, Massachusetts
Guangyu Wu, Los Angeles
Zhong-Jian Xie, San Francisoco
Yisang Yoon, New York
Yi-Hao Yu, New York
Kevin CJ Yuen, Portland
Cui-Lin Zhang, Maryland

 Venezuela

Fuad Lechin, Caracas

Ⅲ April 15, 2011WJD|www.wjgnet.com



49	  Age related changes in pancreatic beta cells: A putative extra-cerebral site of 

            Alzheimer’s pathology

Maj M, Ilhan A, Neziri D, Gartner W, Berggard T, Attems J, Base W, Wagner L

54	  Insulin-producing cells are bi-potential and differentiators prior to proliferation 

            in early human development

Yang KM, Yong W, Li AD, Yang HJ

Contents

EDITORIAL

Monthly  Volume 2  Number 4  April 15, 2011

April 15, 2011|Volume 2|Issue 4|WJD|www.wjgnet.com I

BRIEF ARTICLES



Contents
World Journal of Diabetes

Volume 2  Number 4  April 15, 2011

I              Acknowledgments to reviewers of World Journal of Diabetes

I           Meetings

I-V         Instructions to authors

Yang KM, Yong W, Li AD, Yang HJ. Insulin-producing cells are bi-potential and 

differentiators prior to proliferation in early human development

World J Diabetes 2011; 2(4): 54-58 

http://www.wjnet.com/1948-9358/full/v2/i4/54.htm

World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 1948-9358, DOI: 10.4239), 
is a monthly, open-access, peer-reviewed journal supported by an editorial board of  323 
experts in diabetes mellitus research from 38 countries.

The major task of  WJD is to report rapidly the most recent results in basic and 
clinical research on diabetes including: metabolic syndrome, functions of  α, β, δ and 
PP cells of  the pancreatic islets, effect of  insulin and insulin resistance, pancreatic islet 
transplantation, adipose cells and obesity, clinical trials, clinical diagnosis and treatment, 
rehabilitation, nursing and prevention. This covers epidemiology, etiology, immunology, 
pathology, genetics, genomics, proteomics, pharmacology, pharmacokinetics, pharma
cogenetics, diagnosis and therapeutics. Reports on new techniques for treating diabetes 
are also welcome.

I-III       Editorial Board     FLYLEAF

ACKNOWLEDGMENTS

APPENDIX

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Le Zhang                           Responsible Science Editor: Hai-Ning Zhang
Responsible Electronic Editor: Le Zhang 	         Proofing Editorial Office Director: Hai-Ning Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 
World Journal of  Diabetes

LAUNCH DATE
April 15, 2010

SPONSOR 
Beijing Baishideng BioMed Scientific Co., Ltd., 
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China 
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com

EDITING
Editorial Board of World Journal of  Diabetes, 
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-5908-0038
Fax: +86-10-8538-1893
E-mail: wjd@wjgnet.com
http://www.wjgnet.com

PUBLISHING
Baishideng Publishing Group Co., Limited,
Room 1701, 17/F, Henan Building, 
No.90 Jaffe Road, Wanchai, 
Hong Kong, China
Fax: +852-3115-8812
Telephone: +852-5804-2046

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

SUBSCRIPTION
Beijing Baishideng BioMed Scientific Co., Ltd., 
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com

ONLINE SUBSCRIPTION 
One-Year Price 216.00 USD

PUBLICATION DATE
April 15, 2011

ISSN
ISSN 1948-9358 (online)

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

STRATEGY ASSOCIATE EDITORS-IN-CHIEF
Undurti Narasimha Das, Ohio
Min Du, Wyoming
Gregory I Liou, Georgia
Zhong-Cheng Luo, Quebec
Demosthenes B Panagiotakos, Athens

EDITORIAL OFFICE
Hai-Ning Zhang, Director
World Journal of  Diabetes
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-5908-0038
Fax: +86-10-8538-1893
E-mail: wjd@wjgnet.com
http://www.wjgnet.com

COPYRIGHT
© 2011 Baishideng. Articles published by this Open-
Access journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduc
tion in any medium, provided the original work is pro
perly cited, the use is non-commercial and is otherwise 
in compliance with the license.

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

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1948-9358/g_info_20100107165233.
htm. 

ONLINE SUBMISSION 
http://www.wjgnet.com/1948-9358office

ABOUT COVER

April 15, 2011|Volume 2|Issue 4|WJD|www.wjgnet.com II

AIM AND SCOPE



 EDITORIAL

Age related changes in pancreatic beta cells: A putative 
extra-cerebral site of Alzheimer’s pathology

Magdalena Maj, Aysegul Ilhan, Dashurie Neziri, Wolfgang Gartner, Tord Berggard, Johannes Attems, 
Wolfgang Base, Ludwig Wagner

Magdalena Maj, Aysegul Ilhan, Dashurie Neziri, Wolfgang 
Gartner, Wolfgang Base, Ludwig Wagner, Department of Inter­
nal Medicine Ⅲ, Division of Neph­rology and Dialysis, Medical 
University of Vienna, 1090 Vienna, Austria
Tord Berggard, Alligator Bioscience AB, SE-223 70 Lund, Sche­
elevägen 19, Sweden
Johannes Attems, Newcastle University, Institute for Ageing and  
Health, Newcastle upon Tyne, NE4 5PL, United Kingdom
Author contributions: Maj M, Berggard T, and Wagner L wrote  
this manuscript; Ilhan A and Neziri D were responsible for manus­
cript correction and discussion; Gartner W and Base W partici­
pated in manuscript correction and critical review; and Attems J 
was responsible for consultation and discussion.
Supported by the Grant from the National Bank of Austria, No. 
13402, and the Fund of the Major of the City of Vienna, No. 
08052
Correspondence to: Ludwig Wagner, MD, Department of In­
ternal Medicine Ⅲ, Medical University of Vienna, Waehringer 
Guertel 18-20, 1090 Vienna, 
Austria. ludwig.wagner@meduniwien.ac.at
Telephone: +43-1-40400-4319  Fax: +43-1-40400-7790
Received: May 28, 2010         Revised: March 29, 2011
Accepted: April 5, 2011
Published online: April 15, 2011 

Abstract
Frequent concomitant manifestation of type 2 diabetes 
mellitus (T2DM) and Alzheimer’s disease (AD) has 
been recently demonstrated by epidemiological studies. 
This might be due to functional similarities between 
β-cells and neurons, such as secretion on demand of 
highly specific molecules in a tightly controlled fashion. 
An additional similarity represents the age-related 
alteration of hyperphosphorylated tau in AD patients. 
Similarly, alterations have been identified in β-cells of 
T2DM patients. The islet amyloid polypeptide has been 
associated with β-cell apoptosis. As a consequence of 
increasing age, the accumulation of highly modified pro- 

teins together with decreased regenerative potential 
might lead to increasing rates of apoptosis. Moreover, re- 
duction of β-cell replication capabilities results in redu
ction of β-cell mass in mammals, simultaneously with 
impaired glucose tolerance. The new challenge is to 
learn much more about age-related protein modifica
tions. This can lead to new treatment strategies for 
reducing the incidence of T2DM and AD. 

© 2011 Baishideng. All rights reserved.

Key words: Type 2 diabetes mellitus; Pancreatic beta 
cells; Age; Alzheimer’s disease; Hyperphosphorylated 
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INTRODUCTION
Prevalence of  impaired glucose tolerance and type 2 dia-
betes mellitus (T2DM) is increasing among the elderly in 
humans. The absolute number of  T2DM patients is rising 
worldwide, particularly in industrialized countries. This is 
not only because of  the higher incidence of  obesity and 
reduced physical exercise, but is also due to the longer 
life expectancy in these countries, as well as superior food 
quality, and the availability of  highly effective medication. 
However, a longer life span brings with it age-associated 
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wjd@wjgnet.com
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diseases such as diabetes mellitus type 2, cognitive disor-
ders, and Alzheimer’s disease (AD). Primarily, one would 
not expect that these two very different forms of  age 
related complications (TD2M and AD) to have any con-
nection. Yet, epidemiological studies have demonstrated 
that, when compared with age matched individuals with 
absence of  cognitive dysfunction[1,2] , impaired glucose tol-
erance and T2DM is more prevalent among AD patients. 
The link between these entities with different loci of  path-
ological processes might be found in similar key mediators 
or signaling pathways. In both, the pancreatic beta cell 
and neurons of  the central nervous system, secretion on 
demand of  highly specific molecules represents a genuine 
task. This is mediated via a tightly controlled exocytosis 
process. The SNARE (soluble N-ethylmaleimide-sensitive-
factor attachment protein receptor) protein complex gears 
transmitter and insulin secretion at neurons and beta cells, 
respectively. The SNARE complex exerts its function at 
the neuronal synapse and in the β-cell, using already pre-
primed mature granules. Three so called SNARE proteins 
participate in fusing the vesicles to the plasma membrane: 
the vesicle-associated membrane protein (VAMP, also 
called synaptobrevin); syntaxin, an integral plasma mem-
brane protein; and the synaptosomal-associated protein 
of  25 kDa (SNAP-25), anchored to the plasma mem-
brane via a palmitoyl group. Together, these three proteins 
form a helical bundle consisting of  four amphipathic 
helices, or SNARE motifs, two of  which are contrib-
uted by SNAP-25[3]. It is believed that assembly of  the 
SNARE complex proceeds in a zipper-like fashion from 
the N-terminal end of  the interacting helices toward the 
C-terminal membrane anchors. In this way, assembly of  
the proteins in the opposing membranes pulls the mem- 
branes together[4]. At the beginning of  membrane fusion,  
the SNARE proteins are located in still separated mem-
branes (so-called trans-complexes) and, after fusion, the 
trans-membrane segments of  the SNAREs are present in 
the same membrane (cis-complexes). To restore the cell  
for new exocytosis events, the cis-complexes are then dis-
assembled by NSF (N-ethylmaleimide-sensitive factor) 
and additional cofactors[5], and vesicles containing VAMP 
are recycled. Secretagogin, a novel hexa EF-hand calcium-
binding protein was recently found to interact with SN
AP-25[6]. Further complex interdependencies will be dem-
onstrated in establishing inter-actoms[7].

ALZHEIMER’S PATHOLOGY IN 
PANCREATIC β-CELLS
As most cellular processes are regulated by multi-protein 
complexes, abolishing or enhancing a protein-protein 
interaction may have a profound impact and possibly 
manifests in distinct diseases. Since protein-protein intera- 
ctions are critical events for a wide range of  physiological 
and pathological processes, the precise control of  these 
interactions and their biological consequences present a 
major challenge and opportunity for modern drug design[8].  
Hyperphosphorylation and glycosylation might induce im- 

pairment of  the protein interaction machinery. As protein 
expression deficiencies of  SNARE members have been 
demonstrated in the brain at the Lewy body variant of  
AD patients[9], there might exist forms of  T2DM in which  
pancreatic β-cells undergo similar expression deficiencies, 
but this is still a matter of  investigation.

In contrast to neuronal transmitters, insulin does not 
undergo a reuptake into β-cells. The premature insulin 
granules[10] have to be transported to the cell periphery 
along microtubules via an energy-consuming process using 
kinesin[11]. In this respect, microtubular dynamics as well as 
microtubule-associated protein tau (MAPT), also named 
tau, play an important role. Abnormalities in tau protein 
structure such as tangles and hyperphosphorylated tau ag- 
gregates were identified in the brains of  AD patients[12,13] 
about 30 years ago. This has led to the technical term 
tauopathy and has been defined as detergent insoluble tau 
aggregates forming tangels and neuritic plaques[14]. Very 
recently, hyperphosphorylated tau, representing a factor 
responsible for the inhibition of  microtubule assembly and  
microtubule disruption[15], has been identified in pancreatic  
islets of  Langerhans of  T2DM patients[16]. In contrast, this 
was not found in pancreatic islets of  healthy individuals. 
Such data have been confirmed by in vitro studies using in- 
sulinoma tissue and cell lines from rodents[17]. At least six  
individual tau isoforms have been identified in these ro
dent β-cell lines, of  which two are of  higher molecular 
weight than the brain derived isoforms. Insoluble aggre- 
gates were isolated and demonstrated. Most interestingly, a 
slight but not significant up-regulation of  tau[18] expression 
could be defined at the gene level using expression screens 
when comparing normal age matched donor islets with 
pancreatic islets from T2DM patients. 

Although tau has become an important molecule in 
defining AD pathology, it is not  solely responsible for disea
se development[19]. In the brain, extracellular beta amyloid 
deposits are the second main hallmark of  AD pathology. 
Interestingly, a homologous protein[20] named islet amyloid 
polypeptide (IAPP)[21] is present in beta cells, which is intri- 
guing in this respect. It is co-expressed and secreted with  
insulin by pancreatic beta cells[22,23]. The IAPP has a pro- 
pensity to misfold and aggregate into cytotoxic oligomers, 
which result in islet amyloid deposits found in T2DM 
patients[24]. Oligomers of  human IAPP are known to cause  
membrane disruption[25], and are therefore involved in the 
mediation of  β-cell apoptosis in T2DM. Interestingly, the 
single amino acid mutation (proline substitution) in ro- 
dent IAPP hinders the formation of  IAPP deposits[22], and  
rodents do not spontaneously develop diabetes characteri
zed by islet amyloid deposits[26]. This, in turn, has led to 
the development of  transgenic rats expressing the human 
variant of  IAPP[27]. The transgenic rat model indeed 
resembles the T2DM of  humans closely, and provides 
proof  that this molecule is involved in derangement of  
β-cell function.  It is of  note that, using these models, 
it has been shown that the toxic effect of  human IAPP 
on β-cell apoptosis is initiated by a threshold-dependent 
effect[26]. 
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MODIFICATIONS OF INSULIN SECRETION
Insulin secretion from pancreatic beta cells has been mo
nitored in a pulsatile mode under physiological conditi
ons[28,29]. The frequency of  pulses changes depending on 
the blood glucose level, and can be influenced by drugs 
such as sulfonylurea[29]. Most interestingly, impairment of  
this mode of  secretion has been observed much earlier 
than the abnormal glucose tolerance could be measured[30]. 
Each pulse of  insulin release is preceded by an increase 
of  intracellular calcium[29]. This tightly controlled mecha
nism as reviewed by Tengholm and Gylfe[31] is deranged 
in individuals with impaired glucose tolerance and dia
betes[32,33]. Additionally, an age-dependent change in pul
satile insulin secretion has been demonstrated in animal 
models[34] as well as in humans[35].

β-CELL REPLICATION AND AGE
It has been demonstrated in rodent models that the beta 
cell mass is the result of  a balanced mode of  replication 
and apoptosis[36,37]. An adjusted increase in replication 
has been found in obesity of  rodents[38] and humans[39]. 
Moreover, the adaptive increase in beta cell mass has been 
shown to have important biological relevance for the in-
creased insulin demand in pregnancy[40,41,42]. Furthermore, 
as depicted in rats, these adaptations are necessary to bal-
ance the age-related insulin resistance building up within 
12 mo of  birth[34]. Data beyond this age are not available 
from rats, though it has to be speculated that this β-cell 
replicative potential decreases in rodents in an age-depen-
dent manner[43] as it has been shown for humans[44]. In 
younger individuals, β-cell mass can adapt to increase in 
body mass in order to maintain glucose tolerance within 
the normal range, this seems not to be the case in older 
individuals.

β-CELL APOPTOSIS AND AGE
Although T2DM has been associated with increased β- 
cell apoptosis[44,45,46], it does not necessarily mean that there  
is an increase in apoptosis going along with the age. How- 
ever, there exists clear evidence that islet amyloid polypep- 
tide increases with age at the islet of  Langerhans[47,48]. This 
physiological peptide can cause apoptosis in its oligomeric 
form[25,45,49,50]. In addition to this, hyperphosphorylated tau 
protein can accumulate within the islet of  Langerhans, as 
mentioned above[16]. Rodent models suggest that increased 
apoptosis might be responsible for the decrease in β-cell 
mass[26,27,51,52]. 

PROTECTIVE EFFECTS
It has been suggested that several protective effects exist  
to prevent neuronal death[53,54]. The former author descri
bes that the calcium-binding protein secretagogin might ex- 
hibit a neuro-protective effect. This protein is highly ex
pressed at the pancreatic islet of  Langerhans, and might in
deed exert important sensing capabilities at the calcium spi- 

kes preceding each pulse of  insulin secretion[55]. Some pre- 
liminary data have been suggested in recent work, which 
might indicate that this protein provides more resistan- 
ce to β-cell stressors under in vitro conditions[17]. Similarly,  
chaperon proteins have been implicated in refolding pro- 
teins back into their normal structure, following derange
ment from their native structure due to exposure to toxins 
or disease-mediated changes in body temperature[56,57]. 

Further basic research work will be necessary to teach 
us how age-related changes in β-cells can be reduced, pre
vented and counteracted.
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Abstract
AIM: To investigate the differentiation and migration of 
endocrine cells to form the pancreatic islets of Langer
hans in early human development. 

METHODS: Embryonic pancreas of 6-14 wk gestation 
was observed using immunocytochemistry methods in 
early human development. 

RESULTS: Insulin and glucagon are expressed in the 
same epithelium cells in the pancreas. In addition, in
sulin-producing cells also secrete somatostatin in early 
human embryonic development and these insulin-pro
ducing cells also express nestin. 

CONCLUSION: Pancreatic duct epithelial cells that can 
produce insulin in early human development are pre
cursors and still have the potential to differentiate other 
endocrine cells. These progenitors have differentiated 
before migration from primary ductal epithelium to form 
the pancreatic islets.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
For decades, investigators have been studying pancreatic 
development in the hope of  isolating a stem cell that 
could be induced to generate new β-cells. Recent clinical 
trials indicate that transplantation of  isolated islets, com-
bined with immune suppressive therapy, can cure type 
Ⅰ diabetes[1]. This further raises the hopes of  patients 
and researchers that a stem cell therapy for this disease 
is feasible. The problem is where to find such stem cells 
and how to control their differentiation. We know that 
the islets of  Langerhans in the pancreas are specialized 
endocrine micro-organs composed of  four distinctive 
cell types; insulin-producing β-cells, glucagon-producing 
α−cells, somatostatin-producing δ-cells and pancreatic 
polypeptide producing pp cells. During embryonic devel-
opment, four endocrine cells of  the pancreatic islet derive 
from a common set of  epithelial cells that originate in 
the early gut endoderm[2]. The pancreas derives from two 
patches of  epithelium that bud dorsally and ventrally from 
the gut epithelium, between the stomach and duodenum, 
beginning (in the mouse) at approximately embryonic day 
9 (E9). Prior to and during budding, the organ primor-
dium expresses the homeodomain protein Pdx1/Ipf1; 
all pancreatic cell types derive from Pdx1+progenitors[3,4]. 
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After budding, the pancreatic primordia begin dramatic 
growth and branching while reorienting and fusing into a 
single bipolar organ. As we know, all adult pancreatic cells 
derive from Pdx1-expressing progenitors. During bud out-
growth, Pdx1 expression shifts from uniform to biphasic 
at high levels in β-cells and lower levels in undifferentiated 
precursors[5,6]. Inactivation of  Pdx1 after bud formation, 
using the tTA system[7], prevents both islet and acinar dif-
ferentiation; this general function in development may re-
flect a role in multipotent progenitors or stem cells. A key  
regulator of  endocrine development is the bHLH protein 
Neurogenin3 (Ngn3), which is expressed exclusively in 
endocrine precursor cells and subsequently downregu-
lated during differentiation[4,8]. Its absolute requirement 
for islet cell development[9] suggests that Ngn3 promotes 
endocrine fate in cells descended from Pdx1C progenitors. 
Moreover, misexpression of  Ngn3 is sufficient to induce 
endocrine differentiation throughout the gut epithelium[10]. 
Ngn3 is ordinarily expressed in scattered cells of  the epi-
thelium; broader misexpression of  Ngn3 in the early pan-
creas, using the Pdx1 promoter, results in complete diver-
sion of  the organ to an endocrine fate[10,11].

Lineage studies[12] illuminate additional aspects of  en-
docrine development. Previously, cells co-expressing gluca
gon and insulin in the early pancreatic bud were suggested 
to represent bi-potential progenitor cells[13]. However, us-
ing the glucagon or insulin promoter to drive Cre-depen-
dent lineage marking, it was found that adult β-cells derive 
from progenitors that had never expressed glucagon and 
vice-versa for α-cells. Surprisingly, it was also found that 
β-cells, but not α-cells, derive from progenitors that did 
express pancreatic polypeptide, although PP expression is 
not maintained in β-cells. Expression data, therefore, can 
be an unreliable guide to lineage.

During embryonic development, a cascade of  tran-
scriptional factors control β-cells formation in the pancre-
as. Different transcription factors control distinct check-
points along the pathway to the differentiated β-cells. The 
first step of  pancreatic epithelial cells towards an endo-
crine fate is controlled by neurogenin 3. Loss of  neuro-
genin 3 function in mice results in a complete absence of  
endocrine cell differentiation[9]. β-cell competence factors 
likely include the NK-homeodomain genes Nkx2.2 and 
Nkx6.1[14,15]. Both of  these factors act either downstream 
of  or in parallel to Ngn3, as Ngn3 expression is normal 
in mice lacking Nkx2.2 or Nkx6.1[11]. Nkx2.2 mutants 
completely lack insulin expression; in place of  normal 
β-cells, islets contain a large population of  cells apparently 
arrested “just short” of  β-cell fate. Nkx6.1 mutants have 
a phenotype that is both more and less dramatic: a small 
number of  insulin-producing cells are generated during 
early pancreatic development but the normally exponen-
tial increase in β-cell generation that initiates during the 
secondary transition is completely absent and no imma-
ture β-like cells are formed.

There is considerable evidence suggesting that the dif-
ferentiation of  Pdx-1+ progenitor cells into pancreatic islet 
cells occurs by a multi-step process, involving successive 
changes in the antigenic profile of  the stem cells. Pdx-1 

cells co-expressing insulin and glucagon appear at E 9.5 in 

the pancreatic bud of  mice before full morphogenesis of  
the pancreas[5]. From an embryonic development study, we 
found that at 6 wk gestation, the pancreatic primordium 
has branched and there is a lack of  secreting role in the 
epithelial cells. At 10 wk gestation, the pancreatic ductal 
epithelial cells begin expressing insulin glucagon and so-
matostatin before migration from the duct. Interestingly, 
a few epithelial cells simultaneously express insulin and 
glucagon or insulin and somatostatin. Moreover, these in-
sulin-producing cells also express nestin, which continues 
until the 14 wk when the process of  islet formation be-
gins. We conclude that endocrine cells differentiation prior 
to the migration and insulin-producing cells in pancreatic 
epithelium are endocrine progenitors, with bipotential in 
early human development.

MATERIALS AND METHODS
Human embryonic tissue
Embryo samples of  6 cases (6 to 14 wk gestation, based on  
menolipsis and the size of  the fetus) were obtained from  
donors at the department of  Jiming Obstetrics hospital  
from first trimester spontaneous abortions. The investiga
tion complies with the principles of  the Declaration of  
Helsinki and has been approved by the Ethics Committee 
of  SiChuan University where it was performed. The subje
cts gave informed consent to the work. 

Tissue preparation
The embryonic tissues were fixed with 4% paraformalde
hyde in phosphate buffer and 5 μm thick paraffin sections 
were mounted on silanized slides for immunocytochemical 
labeling. 

Immunocytochemistry
For immunocytochemical labeling, we chose the strepta-
vidin-biotin-peroxidase kits (Beijing Zhongshan Biotech-
nology Co. Ltd., Beijing, China). Mouse anti-insulin, glu-
cagons, PCNA and rabbit anti-nestin and somatostatin 
were purchased from Santa Cruz Co. Ltd. (America). Im-
munocytochemistry sections were first blocked with 10%  
normal goat serum for 20 min at room temperature and 
incubated with primary antisera (Insulin: 1:300, Gluca-
gon: 1:300, Somatostatin: 1:300, PCNA: 1:500, Nestin: 
1:1000) overnight at 4℃. Then primary antisera were 
washed with phosphate-buffered saline (PBS) and incuba- 
ted with the biotin labeled secondary mouse or rabbit an-
tisera (1:100) for 2 h at 37℃, followed by a second PBS 
wash. Finally, slides were incubated with streptavidin for 1  
h at 37℃, or streptavidin conjugated immunofluores-
cence FITC/Cy3, and washed extensively with PBS. Af-
ter treatment with Streptavidin Affinity Complex (SABC), 
the tissues were oxidized by diaminobenzidine (Sigma, 
America) and counterstained with hematoxylin for micro-
scopic observation. Fluorescence was visualized with a 
Nikon microscope. Double staining was according to the 
details of  HistostainTM-DS kits (BeiJing Zhongshan Bio-
technology Co. Ltd., Beijing, China). During the whole 
procedure, PBS was applied as a negative control in 
place of  a primary antibody. Microscopy and imaging of  
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the immunostained sections and the sections with hae-
matoxylin and eosin (H&E) was done with an Olympus 
microscope (Model CX4IRF, Olympus Optical Co. Ltd.). 
At least 10 sections were observed from each pancreas.  
Images were recorded with a digital camera (C-5050zoom, 
Olympus Optical Co. Ltd.). The final images were as-
sembled with Adobe Photoshop 7.0. The reaction results 
for the SABC method was yellow-brown adjacent to the  
top of  cell or in cytoplasm of  pancreatic tissues of  human  
embryo. The immunofluorescence reaction is red or gree- 
n but the cross-reaction was yellow. The reaction results 
of  double staining (DS) were indigo and scarlet. The tis-
sues of  the control were all negative. 

RESULTS
The pancreas derives from two patches of  epithelium 
that bud dorsally and ventrally from the gut epithelium, 
between the stomach and duodenum. At 6 wk gestation, 
the pancreatic primordia begin to grow and branch. The 
growing epithelia cells concentrate and have polarity 
(Figure 1). The growing epithelium was surrounded 
by mesenchymal cells. At this stage, no insulin-positive 
cells and nestin+ cells were detected. Pancreatic epithelia 
cells begin to auto-secrete at 11 wk gestation. A large 
number of  primary pancreatic duct and insulin (Figure 
2), glucagon and somatostatin (data not shown) positive 

cells could be seen located the pancreatic epithelium. 
The positive reaction epithelia cells still remained in the 
duct and did not migrate. At this stage, the pancreatic 
premordia began dramatic growth with curvature and 
branching. With double staining, we detected some 
epithelial cells that co-express insulin and glucagon and 
somatostatin (Figure 3). The same insulin –producing 
epithelial cell co-expressed glucagon and somaotostaitin 
lasting up to 12 wk gestation. At this stage endocrine cells 
began to aggregate. To our surprise, we did not detect 
the proliferation of  pancreatic epithelial cells to express 
antigen PCNA in this stage of  epithelium differentiation 
but PCNA show the strong reaction in the liver (data not 
shown).

For the immunofluorescence, we observed that the in- 
sulin-producing epithelial cells not only co-express gluca
gon and somatostatin but also express nestin (Figure 4).  
The expression of  nestin occurred in pancreatic epithe
lium (11 wk) and lasted until the formation of  islets (14 
wk). The insulin reaction is stronger than nestin. Mean
while, a few insulin negative epithelia cells also express 
nestin. However, the endocrine cells began to differentiate 
and move from pancreatic ductal epithelium to form the 
islets. When the islet began to form, the insulin-positive 
cells still can be seen in ductal epithelial cells. 

DISCUSSION
Pancreas development is a complex process that requires 
the timely expression of  numerous factors; among them, 
the neurogenin3 and neuroD1/BETA2 drive endocrine 
differentiation. But the cell fate induced by ectopic Ngn3 
expression is predominantly or exclusively α-cells. The 
ability to identify endocrine precursor cells was based on 
neurogenin3 expression. Previous studies suggested the 
cascade of  transcription factors controlling islet cell differ-
entiation[5,6-14]. It has been suggested that the early insulin/
glucagon co-expression cells represent a transition state 
as cells differentiate from the early glucagon expressing 
cells into mature β-cells[11,12]. However, the investigation 
in mouse development does not support this view[14] be-
cause they do not detect significant replication of  insulin-
expressing cells. Maturation of  the small early population 
of  insulin/glucagon co-expressing cells can not explain 
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Figure 1  Staining by hematoxylin-eosin in embryonic pancreas exhibited pancreatic primary duct at 6 wk gestation.  A: The first-order bifurcation; B: The 
second-order bifurcation; C: The third-order bifurcation. Arrows show the duct beginning bifurcation. Bars = 200 μm.

Figure 2  Expression of insulin in fetal pancreas. Immunohistochemical 
staining is shown for insulin in pancreatic duct epithelium of 11 wk gestation. 
Arrow shows β-cell has differentiated before migration from duct. Bars = 50 μm.
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the much larger number of  mature β-cells that appear 
after E13. Furthermore, Herrera and colleagues have used 
lineage tracing in transgenic mouse model to show that 
the glucagon promoter is not active in the progenitor cells 
for mature β-cells[11,16].

In our study, we determined the expression of  insulin, 
glucagon, somatostatin and nestin in early human embry-
onic pancreas development. We found that at 10 wk ges- 
tation, a few epithelial cells in pancreatic duct begin ex-
pressing insulin, glucagon and somotostaitin. It suggest-
ed that endocrine cells differentiated prior to migration. 
Double staining shows that a few epithelial cells co-ex-
press insulin/glucagon or insulin/somatostatin. But we 
could not detect the cells co-expressing glucagon/soma-
tostatin. This suggested that insulin producing cells also 
have the potential to secrete glucagon or somatostatin. 
In addition, at the same gestational age, immunofluores-
cence staining showed that insulin-producing epithelium 
also expresses nestin, a marker that generally is consid-
ered as pancreas stem cell labeling[17]. All of  this suggests 
that insulin producing epithelia cells are endocrine pro-
genitors and bipotential cells. In contrast, we detected 
endocrine cells differentiation instead of  proliferation 
in gestational age 6-14 wk, showing differentiation prior 
to proliferation. Therefore, we support that most of  the 
β-cells in the late fetal pancreas must develop from non-
hormone-expressing progenitor cells.

The above mentioned reminds us of  mouse stud-
ies[17,18]. They identified that mature islets contain a stem 
cell population that can be induced to differentiate into 
insulin-producing cells following islet injury. Fernandes 
and his colleagues identified two subsets of  PDX-1+ β 
precursor cells in islet in mouse studies: the IN+/GLU+/

PDX-1+ cell type which can lead to monospecific β-cells 
in embryo. Whereas IN+/SOM+/PDX-1+ β cells, a cell 
type at a more advanced stage in the cellular hierarchy, 
are proposed to generate IN+ cells in regenerating islets 
of  adults. It may be a hypothesis that progenitor from 
embryo set aside in islets lasts till the late postnatal life 
of  adult. The transcription factor PDX-1 is expressed 
in pancreatic precursor cells and becomes restricted to 
β-cells in the mature islet where it controls insulin tran-
scription [19].

A similar transient expression of  nestin was proposed  
to occur in the human insulin-producing β-cell precur-
sors[17,20]. In our study we found the β-cells which secreted  
hormone in the duct prior to moving from duct, sugges- 
ting insulin may be a vital cytokine to promote the migra-
tion of  β-cells and formation of  islets. In addition, these 
insulin producing cells not only co-express glucagon or 
somatostatin but also express nestin and last up to the 
formation of  islets. It indicated that insulin-producing 
cells are pancreatic stem cells and always remain in islets 
themselves. So we support the view that regeneration of   
β-cells after β-cells impaired showing the stem cells re-
maining of  islets themselves[18]. Recently, to determine 
whether nestin can be used to identify β-cell progenitors 
in the developing human pancreas, nestin+ cells were 
purified by using an enhancer/promoter-driver selection 
plasmid to determine whether nestin+ cells differentiated 
into β-cells[21]. The experimental result suggested that 
nestin is not a specific marker of  β-cell precursors in the 
developing human pancreas. According to our investi-
gation, the expression of  nestin may not be a specific 
marker of  β-cell precursors but insulin-producing cells 
co-expressing glucagon or somatostatin in pancreas of  
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Figure 4  Double immunofluorescence staining in  
fetal pancreas insulin (FITC label, green) and 
nestin (Cy3 label, red). A: At 11 wk, bar = 100 μm; 
B: At 14 wk, bar = 100 μm. Arrow shows that islet has 
formed and insulin-producing cells express nestin.
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Figure 3  Immunohistochemical 
double staining in fetal pancreas. 
A: For insulin glucagon (indigo) and 
insulin (scarlet); B: For somatostatin 
(indigo) Insulin (scarlet). Arrows 
showing the duct epithelia cell co-
expressing insulin, glucagon or 
somatostatin at 11 wk gestation. Bars 
= 200 μm.
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early human development show that these cells have bi-
potential. Simultaneously, these insulin-producing cells 
with nestin-positive reactions suggest that these cells are 
progenitors of  islet. Nestin is localized specifically to the 
mesenchyme of  the developing human pancreas but not 
to any epithelial cell population. Furthermore, after iso-
lation, nestin+ cells do not differentiate into β-cells, nei- 
ther in vitro nor in vivo[21,22]. We hypothesize that expression  
of  nestin shows the cells have the power of  differentia-
tion which can be differentiated under certain times and 
certain conditions, other than multipotential stem cells.
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the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International Com
mittee of  Medical Journal Editors to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, 
to our knowledge, is http://www. clinicaltrials.gov sponsored by 
the United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
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/1948-9358office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://www.wjgnet .com/1948-9358/
g_info_20100107165233.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjd@wjgnet.com, or by telephone: +86-10-59080038. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly 
prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Auth
ors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
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name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One 
author may be represented from two institutions, for example, Ge
orge Sgourakis, Department of  General, Visceral, and Transplan
tation 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 F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039 Fax: +86-10-85381893

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

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
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 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communi
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107165233.htm. 

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

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

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
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unless they are used repeatedly and the abbreviation is helpful to 
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The language of  a manuscript will be graded before it is sent for 
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