World Journal of

World ] Biol Chem 2012 March 26; 3(3): 41-60

IS

&g 1
Boienidenge WWW.Wjgnet.com

8/l erty JauOUSIly: 1ot




J b

World Journal of
Biological Chemistry

A peer-reviewed, online; open-access journal of biological chemistry

Editorial Board

2009-2013

The World Journal of Biological Chemistry Editorial Board consists of 529 members, representing a team of worldwide
experts in biochemistry and molecular biology. They are from 40 countries, including Argentina (1), Australia (7),
Austria (2), Belgium (6), Brazil (5), Bulgaria (1), Canada (18), Chile (1), China (36), Czech Republic (1), Denmark
(1), Finland (3), France (14), Germany (17), Greece (4), India (9), Iran (2), Israel (5), Italy (26), Japan (43), Lithuania
(1), Mauritius (1), Mexico (2), Netherlands (7), New Zealand (2), Norway (4), Portugal (4), Romania (1), Russia (2),
Singapore (5), South Africa (1), South Korea (19), Spain (18), Sweden (4), Switzerland (2), Thailand (2), Turkey (1),
Ukraine (1), United Kingdom (19), and United States (231).

EDITOR-IN-CHIEF
Yin-Yuan Mo, Springfield

STRATEGY ASSOCIATE
EDITORS-IN-CHIEF
Christine Blattner, Karlsruhe
Steven Howard Caplan, Omaha
Sic L Chan, Orlando

Shiyou Chen, Athens
Wen-Xing Ding, Kansas
Huabei Guo, Athens

ShouWei Han, Atlanta

Takashi Kuzuhara, Tokushima
Benfang Lei, Bozeman
Giuseppe Lippi, Verona
Hui-Yu Liu, Research Triangle Park
Emil Martin, Houston

Tadahiro Numakawa, Tokyo
Takashi Okamoto, Nagoya
Jeremy G Richman, San Diego
Noula D Shembade, Miami

GUEST EDITORIAL BOARD
MEMBERS

Woei-Jer Chuang, Tainan
Shie-Liang Hsieh, Taipei
Wen-Chun Hung, Tainan
Ya-Mei Bai, Taipei

Ming-Chieh Ma, Hsinchung
Tang-Long Shen, Taipei

MEMBERS OF THE EDITORIAL
BOARD

Argentina

Maria I Vaccaro, Buenos Aires

(49

Jg;s:;:eng@ WIJBC | www.wjgnet.com

L7

\

Australia
Beric Henderson, Sydney
Maria Hrmova, Adelaide
Tao Liu, Sydney
Brett A Neilan, Sydney
Jiake Xu, Perth
Hongyuan Yang, Sydney
Hong Zhou, Sydney

I
I Austria

Dubravko Rendic, Vienna
Guenther Witzany, Buermoos

Han Asard, Antwerp

Rudi Beyaert, Ghent

Zeger Debyser, Leuven
Robert Kiss, Brussels
Ghislain Opdenakker, Leuven
Dirk Saerens, Brussel

.
Brazil

Vasco Azevedo, Belo Horizonte

Eliana Barreto-Bergter, Rio de Janeiro
Jorg Kobarg, Campinas

M da Graca Naffah-Mazzacoratti, Sido Paulo
André LS Santos, Rio de Janeiro

Bulgaria
Zdravko Lalchev, Sofia

I I ICanada

Abedelnasser Abulrob, Ottawa
Ala-Eddin Al Moustafa, Montreal
Annie Angers, Montreal
Miodrag Belosevic, Edmonton
Sirano Dhe-Paganon, Ontario
Eleftherios P Diamandis, Toronto
Sheng-Tao Hou, Ottawa

Simon Labbé, Sherbrooke

Hoyun Lee, Sudbury

Olivier Lesur, Sherbrooke

Gang Li, Vancouver

Rongtuan Lin, Montreal

Hongyu Luo, Montreal
Jean-Pierre Perreault, Sherbrooke
Marco AM Prado, London
Patrick Provost, Quebec

Zhiguo Wang, Montreal
Xiaolong Yang, Kingston

L Chile

Enrique Brandan, Casilla

*
* *

*

China

Raymond Cheung, Hong Kong
Stephen Chung, Hong Kong
Jing-Yuan Fang, Shanghai

March 26, 2012




(49

3.;[::;.,@ WJBC | www.wjgnet.com March 26, 2012




MAM van Steensel, Maastricht
Ronald JA Wanders, Amsterdam
Dietbert Neumann, Maastricht

New Zealand

Alexander V Peskin, Christchurch
Christian Hartinger, Auckland

I Norway

K Kristoffer Andersson, Oslo
Ugo Moens, Tromsg

J Preben Morth, Oslo

Herve Seligmann, Oslo

Portugal

Manuel Aureliano, Faro

Carlos Alberto da Silva Conde, Porto

Carlos Bandeira Duarte, Cantanhede
Ceu Figueiredo, Porto

I I Romania

Anca V Gafencu, Bucharest

Vladimir S Bondar, Krasnoyarsk
Ilya V Demidyuk, Moscow

G:
:

Sohail Ahmed, Singapore
Surajit Bhattacharyya, Singapore
Kah-Leong Lim, Singapore
Jianxing Song, Singapore

Bor Luen Tang, Singapore

Singapore

>‘ South Africa

Ugo Ripamonti, Johannesburg
Y g

W%  south Korea

Jae Youl Cho, Chuncheon
Cheol Yong Choi, Suwon
Dalwoong Choi, Seoul
Hueng-Sik Choi, Gwangju
Kang-Yell Choi, Seodemun Gu
Sin-Hyeog Im, Gwangju
Byeong-Churl Jang, Daegu
Min-Seon Kim, Seoul
Byoung-Mog Kwon, Daejeon
Seong-Wook Lee, Yongin
Sung Joong Lee, Seoul

Lee Bok Luel, Busan

Yuseok Moon, Yangsan
Jongsun Park, Taejeon

Dong Min Shin, Seoul

Kweon Yu, Daejon
Jung Weon Lee, Seoul
Sung-Hoon Kim, Seoul
]

& :
I Spain
Jose M Andreu, Madrid
Joaquin Arino, Cerdanyola del Valles
Joaquin Arribas, Barcelona
Jesus Avila, Madrid
Antonio Casamayor, Cerdanyola
Antonio Celada, Barcelona
Francisco Ciruela, Barcelona
Senena Corbalan, Murcia
Antonio Felipe, Barcelona
Tino Krell, Granada
Pedro A Lazo, Salamanca
Wolfgang Link, Madrid
Jorge Martin-Pérez, Madrid
Faustino Mollinedo, Salamanca
Guillermo Montoya, Madrid
Rosario Mufioz, Madrid
Julia Sanz-Aparicio, Madrid
Manuel Vazquez-Carrera, Barcelona

I
- - Sweden

Bo Akerstrom, Lund

Leonard Girnita, Stockholm
Johan Lennartsson, Uppsala
John Ulf Rannug, Stockholm

ﬂ Switzerland

Dietmar Benke, Ziirich
Roger Schneiter, Fribourg

I Thailand
Pimchai Chaiyen, Bangkok

Veerapol Kukongyviriyapan, Khon Kaen

Necla Caglarirmak, Manisa

Ukraine
Eugene S Kryachko, Kiev

N\ L7

P41 United Kingdom

Per Bullough, Sheffield

Wayne Grant Carter, Nottingham
Marco Falasca, London

Julian Leether Griffin, Cambridge
Kristiina Hilden, Nottingham
Adam D Hughes, Argyll
Lin-Hua Jiang, Leeds

Zhi-Liang Lu, Edinburgh

Peter Monk, Sheffield

Elizabeth Lara Ostler, Brighton
Ihtesham Ur Rehman, Sheffield

Cliff Taggart, Belfast

David ] Timson, Belfast

Patrick ] Twomey, Suffolk
Elisabetta Verderio, Nottingham
Stephen Geoffrey Ward, Bath
Lu-Gang Yu, Liverpool

Barry Roger Barraclough, Liverpool

United States

Ruhul Abid, Boston

Nihal Ahmad, Wisconsin
Stephen Alexander, Columbia
Andrei T Alexandrescu, Storrs
Seth L Alper, Boston

Suresh V. Ambudkar, Maryland
Douglas Andres, Lexington
Insoo Bae, Washington

Scott R Baerson, University
Omar Bagasra, Orangeburg
Yidong Bai, San Antonio
Andrei V Bakin, Buffalo

Joe B Blumer, Charleston
Jonathan S Bogan, New Haven
Joseph T Brozinick, Indianapolis

Michael Bruce Butterworth, Pittsburgh

Nickolay Brustovetsky, Indianapolis
Huaibin Cai, Bethesda

Blanca Camoretti-Mercado, Chicago
Daniel GS Capelluto, Blacksburg
Subrata Chakrabarti, Boston
Subbaiah C Chalivendra, Colorado
Yongchang Chang, Phoenix
Yung-Fu Chang, Ithaca
Xian-Ming Chen, Omaha
Guanjun Cheng, Philadelphia
Wen-Hsing Cheng, College Park
Xiaodong Cheng, Galveston
Kuo-Chen Chou, San Diego

John William Christman, Chicago
Daret St Clair, Lexington

Katalin Csiszar, Honolulu
Mu-Shui Dai, Portland
Siddhartha Das, EI Paso

John S Davis, Nebraska

Channing Joseph Der, Chapel Hill
Nikolay V Dokholyan, Chapel Hill
Jing-Fei Dong, Seattle

Zheng Dong, Augusta

Sinisa Dovat, Madison

Guangwei Du, Houston

Penelope Duerksen-Hughes, Loma Linda

Sherine Elsawa, Rochester
Ahmed Faik, Athens

Huizhou Fan, Piscataway

Yong Fan, Pittsburgh
Qingming Fang, Pittsburgh
Victor Faundez, Atlanta
Changjian Feng, Albuquerque
Jay William Fox, Charlottesville
Irwin Fridovich, Durham
Yuchang Fu, Birmingham
Alexandros Georgakilas, Greenville
Shibnath Ghatak, Charleston
Alasdair M Gilfillan, Bethesda
Jeffrey M Gimble, Baton Rouge
Antonio Giordano, Philadelphia
Channe Gowda, Hershey
Vsevolod V Gurevich, Nashville

Young-Joon Surh, Seoul Eugenio Sanchez-Moran, Birmingham James Hagman, Denver

(49

a3

Beishideng  WJBC | www.wjgnet.com 11 March 26, 2012



(49

3.;[::;.9@ WJBC | www.wjgnet.com March 26, 2012




/{/ (]‘ 5 World Journal of
Biological Chemistry

Contents Monthly Volume 3 Number 3 March 26, 2012

REVIEW 41 Transforming growth factor-g and smooth muscle differentiation
Guo X, Chen SY

BRIEF ARTICLES 53 Biochemical analysis of the interactions of IQGAP1 C-terminal domain with
CDC42

Elliott SE, Allen G, Timson DJ

(4 9

3‘.;.:,’.2.,9@ WIJBC | www.wjgnet.com 1 March 26,2012 | Volume 3 | Issue 3 |



Contents

World Journal of Biological Chemistry
Volume 3 Number 3 March 26, 2012

ACKNOWLEDGMENTS I

Acknowledgments to reviewers of World Journal of Biological Chemistry

APPENDIX |

I-v

Meetings

Instructions to authors

ABOUT COVER

Editorial Board Member of World Journal of Biological Chemistry, Hui-Ling Chiang,
PhD, Professor, Department of Cellular and Molecular Physiology, Penn State Col-
lege of Medicine, 500 University Drive, Hershey, PA 17033, United States

AIM AND SCOPE

World Journal of Biological Chemistry (World ]| Biol Chem, W]BC, online ISSN 1949-8454, DOLI:
10.4331), is a monthly, open-access, peer-reviewed journal supported by an editorial board of
529 experts in biochemistry and molecular biology from 40 countries.

The major task of WJBC'is to rapidly report the most recent developments in the
research by the close collaboration of biologists and chemists in area of biochemistry
and molecular biology, including: general biochemistry, pathobiochemistry, molecular
and cellular biology, molecular medicine, experimental methodologies and the diagnosis,
therapy, and monitoring of human disease.

FLYLEAF I-111

Editorial Board

EDITORS FOR

Responsible Electronic Editor: Dan-Ni Zhang

Responsible Assistant Editor: Jian-Xia Cheng

Responsible Science Editor: Jian-Xia Cheng

THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma
NAME OF JOURNAL Microbiology, Immunology and Cell Biology, Southern | PUBLICATION DATE
World Journal of Biological Chemistry Illinois University School of Medicine, Springfield, IL. | March 26, 2012

62702, United States
ISSN , COPYRIGHT
ISSN 1949-8454 (online) EDITORIAL OFFICE © 2012 Baishideng. Articles published by this Open-
LAUNCH DATE Jian-Xia Cheng, D_lrec_tor ) Access journal are distributed under the terms of
February 26, 2010 World Journal of Biological Chemistry . the Creative Commons Attribution Non-commercial

? Room 903, Bullldmg D, Ocean Intcmamona..l C'entcr, License, which permits use, distribution, and repro-
FREQUENCY g;fé ]lDO%r(l)gzsslhéaht;nZahonglu, Chaoyang District, duction in any medium, provided the original worl
Monthly Telephone: +86-10-85381892 is prop_erlyj cited, thc use 1.5 non c_ommercml and is
otherwise in compliance with the license.

Fax: +86-10-85381893 P

EDITING N

Editorial Board of World Journal of Biological Chemistry,
Room 903, Building D, Ocean International Center,

No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-85381892

Fax: +86-10-85381893

E-mail: wibc@wijgnet.com

http:/ /www.wjgnet.com

EDITOR-IN-CHIEF

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

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

PUBLISHER

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

No.90 Jaffe Road, Wanchai, Hong Kong, China
Fax: +852-31158812

Telephone: +852-58042046

E-mail: bpg@baishideng.com

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/1949-8454/¢_info_20100316155305.htm

ONLINE SUBMISSION

Yin-Yuan Mo, PhD, Associate Professor, Medical | http://www.wjgnet.com http:/ /www.wignet.com/1949-8454office/
Roiehidengs WJBC | www.wjgnet.com i March 26,2012 | Volume 3 | Tssue 3 |



wWJBC

World Journal of
Biological Chemistry

Online Submissions: http:/ /www.wjgnet.com/1949-8454office

wjbc@wjgnet.com
doi:10.4331/ wijbc.v3.i3.41

World ] Biol Chem 2012 March 26; 3(3): 41-52
ISSN 1949-8454 (online)
© 2012 Baishideng. All rights reserved.

REVIEW

Transforming growth factor-$ and smooth muscle

differentiation

Xia Guo, Shi-You Chen

Xia Guo, Shi-You Chen, Department of Physiology and Pharma-
cology, University of Georgia, Athens, GA 30602, United States
Author contributions: Guo X and Chen SY contributed to this
paper.

Supported by Grants from National Institutes of Health, No.
HL093429 and No. HL107526 to Dr. Chen

Correspondence to: Shi-You Chen, PhD, Department of
Physiology and Pharmacology, University of Georgia, 501 D.W.
Brooks Drive, Athens, GA 30602, United States. sc229@uga.edu
Telephone: +1-706-5428284 Fax: +1-706-5423015

Received: December 7,2011 Revised: January 19,2012
Accepted: January 26, 2012

Published online: March 26, 2012

Abstract

Transforming growth factor (TGF)-B family members
are multifunctional cytokines regulating diverse cel-
lular functions such as growth, adhesion, migration,
apoptosis, and differentiation. TGF-s elicit their effects
via specific type I and type II serine/threonine kinase
receptors and intracellular Smad transcription factors.
Knockout mouse models for the different components
of the TGF-B signaling pathway have revealed their
critical roles in smooth muscle cell (SMC) differentia-
tion. Genetic studies in humans have linked mutations
in these signaling components to specific cardiovascular
disorders such as aorta aneurysm and congenital heart
diseases due to SMC defects. In this review, the current
understanding of TGF-B function in SMC differentiation
is highlighted, and the role of TGF-B signaling in SMC-
related diseases is discussed.

© 2012 Baishideng. All rights reserved.

Key words: Transforming growth factor g; Smad; Smooth
muscle cell; Differentiation; Cardiovascular diseases
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TGF-B SIGNALING TRANSDUCTION

Transforming growth factor- (TGF-f) is the found-
ing member of the TGF-f superfamily that comprise
TGF-s, activins, bone morphogenetic proteins (BMPs),
and growth and differentiation factors (GDFs)". Three
TGF-B isoforms (TGF-B1, TGF-B2, and TGF-f33) have
been identified in mammals. In most cases, these iso-
forms exhibit similar functional properties and regulate
various cellular activities including cell growth, differ-
entiation, apoptosis and extracellular matrix synthesis
in endothelial cells and vascular smooth muscle cells
(SMCs)**.

TGF- ligands are synthesized as latent precursor
molecules (LTGF-f), which are activated iz proteolytic
cleavage by endoproteases such as furin”. Active TGF-f
signaling is transmitted through two types of transmem-
brane serine/threonine protein kinase receptors: TGF-B
type I (TBR 1) and type I (TPRIN™"™?. TGF-B first
binds to TBRII with the assistance of the membrane-
anchored proteoglycan betaglycan TGF-f receptor Il
(TBR]H)“‘”, which leads to heterotetrameric complex
formation with TBRI, resulting in TPRI phosphoryla-
tion*"”. TPBRI (also known as activin receptor-like kinase

March 26,2012 | Volume 3 | Issue 3 |



Guo X et a/. TGF-B and SMC differentiation

5; ALK5) transduces TGF-f signaling in most cell types
although the signaling can also be mediated by ALK1 or
other type I receptors in certain cell typesm’m. Activated
TPBRI propagates signaling by recruiting and phosphory-
lating receptor-regulated Smad (R-Smad) proteins. ALK5
phosphorylates Smad2 and Smad3, while ALK1 phos-
phorylates Smad1, Smad5, and Smad8. Activated Smads
form a complex with the common Smad (Smad4) and
then are translocated into the nucleus, where they regu-
late target gene expression by binding to regulatory pro-
moter DNA alone or interacting with other transcription
factors!"™"”).

Smad3 homomer can form DNA-binding complexes
through its MH1 domain independent of Smad4. But
Smad2 cannot bind to DNA without Smad4 because
of the lack of the additional 30 amino acids present in
Smad3 MH1 domain. Smad4 and phosphorylated Smad3
bind multiple 5~ AGAC-3’ sequences called Smad binding
elements (SBEs) and GC-rich sequencesm. Smad2 and
Smad3 interact with a number of common and distinct
transcription factors for SBE selectivity and specific gene
transcriptionm. In most cases, Smad-binding transcrip-
tion factors can function independent of Smads in con-
trolling a specific gene transcription. However, Smad in-
teracts with these transcription factors to modulate their
transcriptional activity by recruiting co-activators or co-
repressors” >, For example, Smads recruit transcription
coactivator p300/CBP, which has histone acetyltransfer-
ase activity, to facilitate the initiation of transcription[zo].
In addition to p300/CBP, various other transcription fac-
tors such as Forkhead, homeobox, zinc-finger, AP1, Ets,
and basic helix-loop-helix families have also been shown
to act in concert with Smad proteinsm’zﬂ‘ The diversity of
Smad/co-factor combinations enables the regulation of
the transcription of a vast amount of target genes. The
differential expression of these factors in different cells
are thought to contribute, at least in part, to the cell type-
specific responses observed upon TGF-f3 stimulation!”.

TGF-B/Smad signaling pathway is regulated in mul-
tiple steps by different factors. SARA (SMAD anchor for
receptor activation) presents R-Smads to the activated
receptor complexes”™, while TMEPAI (transmembrane
prostate androgen-induced protein) sequesters R-Smad
proteins from active participation in TGF-p signaling”.
Inhibitory Smad (I-Smad), Smad6 or Smad7, inhibits
R-Smad binding to TGF-§ receptorm'w. Smad Phos-
phorylation is reversed by phosphatases such as PPM1A
and PDP in order to create a rapid activation-deactivation
cycle’?
ubiquitinized by E3 ligases for proteasomal degrada-

. [34,35] .. .o .
tion””". In addition, transcriptional repressors Ski and
SnoN also regulate TGF-f3 signaling by interacting with
Smad proteins”*””,

In addition to the canonical Smad signaling pathway
that directly regulates the transcription of Smad-depen-
dent target genes, TGF-f function can also be mediated
by Smad-independent pathways including MAPK signal-
ing pathways, such as p38 MAPK and c-Jun NH2-termi-

3 . .
). Moreover, activated Smad proteins may be
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nal kinase, phosphatidylinositol 3-kinase/Akt pathway,
and Wnt signalingms].

TGF- SIGNALING IN SMOOTH MUSCLE
DIFFERENTIATION DURING EMBRYONIC
DEVELOPMENT

SMC differentiation is an integral part of embryonic vas-
cular development. Vascular development in the embryo

starts with the formation of a primitive vascular network
from endothelial precursors through a process known as
vasculogenesis. This primary vessel network undergoes
angiogenesis to grow into a complex vascular system
through branching and remodeling”™. Recruitment and
differentiation of SMC progenitor cells are essential pro-
cess for both vasculogenesis and angiogenesis. The func-
tion of SMCs is to stabilize nascent vessels by inhibiting
excessive endothelial cell proliferation and migration. In
addition, SMCs express vasoactive peptides, growth fac-
tors and cytokines which are important for the overall
function of vasculature. After birth, the principal func-
tion of SMCs is to regulate pulse pressure and blood flow
through contraction™”. SMCs are capable of reversibly
modulating their phenotype during postnatal development
and can de-differentiate into proliferative, matrix synthetic
cells in response to vascular injury™*. Abnormal SMC
differentiation or function contributes to a number of
cardiovascular disorders including congenital heart dis-
eases, aortic aneurysm, atherosclerosis, hypertension, and
restenosis’ .

TGF-B signaling plays pivotal roles in SMC differen-
tiation during vascular development as well as phenotypic
switching in disease states”?. The importance of TGF-f3
signaling pathway in SMC differentiation during embry-
onic development has been demonstrated by numerous
studies”. Gene-targeting studies in mice have shown that
a loss of TGF-f signaling components generally leads to
abnormal differentiation and maturation of the primitive
vascular network, resulting in defective vessels losing in-
tegrity of the vessel wall. One of the defects is the failure
of smooth muscle cell recruitment and/or differentia-
tion”". 50% of mice with both alleles of TGF- gene
deleted die in utero around 10.5 dpc due to abnormalities
in yolk sac vessel development. The vascular defects are
caused, at least in part, by the failed differentiation of
mesenchymal precursors into vascular SMCs™. In young
mice with one allele of the TGF-f3 gene deleted, the lev-
els of both TGF-f and smooth muscle differentiation
markers are reduced as compared with that of wild-type
mice. This regulation of smooth muscle differentiation
by TGF-f also occurs dynamically in the adult animals™,
Quantitative immunofluorescence data in rat arteries
demonstrate that levels of smooth muscle differentiation
markers correlate with the levels of TGF-3 expression[sﬂ.

TPRRII is unique and essential for TGF-f signal-
ingm. SMC-specific deletion of TBERII gene is the best
method to generate mice with ablation of TGF-f signal-

March 26,2012 | Volume 3 | Issue 3 |



ing in SMCs. Langlois and colleagues have generated mice
with conditional deletion of the gene in cells expressing
SMC-specific marker SM22q. Their results have shown
that all SM22a-Cre/TBRII -floxed embryos die between
E14.5 and the end of pregnancy. All mutant embryos
display profound vascular abnormalities in the descend-
ing thoracic aorta including irregular thickness, occasional
aneurysms and elastic fiber disarray. Importantly, VSMC
differentiation is impaired in the descending thoracic aorta
in these embryos. TBRII gene deletion in the VSMCs of
the descending thoracic aorta diminishes the number of
smooth muscle o-actin (oi-SMA)-positive VSMCs in the
media at E11.5. These results suggest that TGF-f3 plays an
irreplaceable role in the differentiation of VSMCs in the
descending thoracic aorta during mouse development”.

The role of TRRII in SMC differentiation has also
been demonstrated by tissue-specific knockout of TR I
gene in neural crest cells. During embryonic development,
neural crest cells migrate to various locations within the
embryo and differentiate into non-neural tissues. One sub-
population named cardiac neural crest can differentiate to
SMCs of ascending aorta and great arteries by a number
of growth factors including TGF-B™*. TGF-B function
in this process is demonstrated by neural crest-specific ab-
lation of TPRRII using Cre-loxP system. TBRII protein is
specifically deleted in neural crest and neural crest-derived
cells by mating TBRII -floxed mice with Wnt1-Cre mice.
Mouse hearts with TBRII deletion display truncus arte-
riosus together with ventricular septal defects. In addition,
the mutant mice exhibit abnormal patterning of the arter-
ies atising from the aortic arch, the main cause of mortal-
ity in human DiGeorge patients. Importantly, although
the mutant neural crest cells are able to migrate and form
aorto-pulmonary septum at E10.5, they do not contribute
to the development of the smooth musculature and fail to
adopt a smooth muscle cell fate. The absence of neural
crest-derived smooth muscle cells in mutants explains
the defective separation of the aorta from the pulmonary
trunk, leading inevitably to a truncus arteriosus. Although
a later report using the same strategy has failed to identify
SMC defect, which is likely due to, as discussed by the au-
thors, an in vivo compensatory mechanism or the use of
a different TBR II -floxed mouse line!, TGF-f signaling
appears to be crucial in SMC differentiation from neural
crest cell during embryonic development.

ALKS, a type I receptor, has been shown to be in-
volved in the induction of epicardial to mesenchymal
cells, one of the processes by which differentiated smooth
muscle cells are produced. Ablation of Alk5 in epicardial
lineages using Gata5-Cre mouse lines results in the failure
of TGF-B-induced epicardial to mesenchymal cell transi-
tion. Late-term mutant embryos lacking epicardial Alk5
display defective formation of the SMC layer around cot-
onary arteries and aberrant formation of capillary vessels
in the myocardium®. In addition to ALKS5, ALK1 is also
required for the differentiation and recruitment of vascu-
lar SMCs to the vascular endothelium cells because ALK1
knockout embryos contain no VSMCs'™®. Mice mutant

K

gnizmoﬁng@) WJBC | www.wjgnet.com

43

Guo X et a/. TGF-B and SMC differentiation

for ALLK1 develops arterio-venous malformations (AVMs),
a serious condition characterized by shunting between the
arterial and venous circulations.

Endoglin (also known as CD105) is a homodimeric
membrane glycoprotein located on cell surface of vas-
cular endothelial cells, hematopoietic cells, neural crest
stem cells, e, Endoglin has been identified as a part
of the TGF-f receptor complexes and can be co-precip-
itated with TBRII and TBRI in endothelial and leukemic
cells"*7. Endoglin has a pivotal function in the develop-
ment of the cardiovascular system and in vascular remod-
eling. Mice lacking endoglin gene die during embryonic
development due to cardiovascular abnormalities ™.
In contrast to the mice lacking TGF-§ or its signaling
receptors, the process of vasculogenesis occurs normally
in endoglin mutant embryos. However, the second stage
of vascular development, angiogenesis, is affected as
shown by the absence of organized vessels in yolk sacs.
Therefore, endoglin is important in angiogenesis rather
than in vasculogenesis. Importantly, disrupted develop-
ment of SMC in the yolk sac is observed in endoglin null
mice. One important mechanism underlying the limited
number of SMC in the vessel walls is the reduced avail-
ability of TGF-f protein levels. In endoglin knockout
mice, the lacking of TGF-f pathway in endothelial cells
of the yolk sac leads to the decreased phosphorylation of
Smad2 in the mesothelial layer, which eventually inhibits
the recruitment and differentiation of mesenchymal cells
into VSMCs"™,

Smad proteins are important components of TGF-f3
signaling pathway“’4’22’23]. Smad5 is expressed predomi-
nantly in mesenchyme and somites during embryogenesis
and in many tissues of the adult. The Smad5 homozy-
gous mutant embryos (Smad5ex6/ex6) exhibit pheno-
types similar to those of TGF-f and TBRII knockouts.
Smad5ex6/ex6 embryos die at E10.5-11.5 due to defects
in angiogenesis which requires extensive interactions of
endothelial cells with pericytes or smooth muscle cells.
Smad5ex6/ex6 embryos have dilated blood vessels, and
the layer of endothelial cells is dissociated from mes-
enchymal cells, suggesting that the interaction between
the endothelial and mesenchymal cells is affected. Many
Smad5ex6/ex6 embryos suffer massive apoptosis of
mesenchymal cells. The abnormal blood vessels display
a decrease in the thickness of SMC layer, indicating that
the differentiation of mesenchymal cells into SMC is im-
paired in Smad5ex6/ex6 mutants®’,

MOLECULAR MECHANISMS OF TGF-3-
INDUCED SMC DIFFERENTIATION

SMCs are defined by specific molecular markers and
contractile functions. Smooth muscle a-actin (a-SMA)
and SM22q are eatly markers of developing SMCs while
calponin, caldesmon, and smooth muscle myosin heavy
chain (SMMHC) ate late markers. The principal function
of SMCs is to regulate pulse pressure and blood flow
through contraction™. In order to understand the under-
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lying mechanisms of TGF-B-induced SMC differentia-
tion, several 7n vitro models have been developed including
primary cultured VSMCs'"", C3H10T1/2 (10T1/2, a mul-

" and

tipotent mouse embryonic mesenchymal cell line)
neural crest Monc-1 cells (pluripotent neural crest stem
cells)™, e, TGF-f has been shown to induce these cells
to change into a polatized and elongated SMC morphol-
ogy accompanied by an up-regulation of SMC contractile
"% These models have significantly contributed
to the understanding of transcriptional regulation of
genes essential for SMC function. Three TGF-f3 respon-
sive elements have been identified: the TGF-f§ control
element (T'CE), the SBE, and the CArG box. Mutation
of any of these elements abolishes TGF-f induction. In
addition, crosstalk between TGF-f3 and Notch signaling
is found to be involved in SMC differentiation. Moreovet,
microRNA is recently emerging as an important regulator

for TGF-B-induced SMC differentiation.

proteins

TCE/KLF4/KLF5

TCE is a cis-element in SMC promoter region and highly
conserved across species in multiple SMC marker genes
including a-SMA, SM22a, SMMHC and calponin[ssl.
Mutation of TCE in a-SMA or SM22¢. promoter region
abolishes TGF-B-induced a-SMA and SM22q promoter
activity in cultured SMCs"™ ™. The importance of TCE in
the regulation of a-SMA and SM22q, promoter activity
was further studied in transgenic mice with wild-type and
TCE-mutant promoters coupled to a LacZ reporter gene.
TCE mutations completely block the promoter activity in
directing TacZ transcription in arterial SMCs"™**". Both
o-SMA and SM22qg TCE form a TGF-f-dependent
complex with nuclear proteins in electrophoretic mobil-
ity shift assays (EMSAs)™*. Mutation of SM22¢, TCE
completely abolishes this complex formation®™, GKLEF/
KIF4, a Kruppel-like transcription factor (KLF) contain-
ing three C2H2 zinc fingers, specifically binds to SM22q
or a-SMA TCE. Interestingly, KI.LF4 represses rather
than activates TCE activity. Overexpression of KLF4
inhibits TGF-B-stimulated increase in SM22¢, or a-SMA
promoter activity in 10T1/2 cells. KLLF4-mediated repres-
sion of the promoter activity is TCE-dependent because
in rat aortic SMCs, KILF4 overexpression inhibits the
activity of wild type a-SMA promoter but has no effect
on the activity of TCE mutant o-SMA promoter[gﬂ. In
addition, inhibition of KILF4 with antisense morpholinos
increases o.-SMA and SMMHC expression[gﬂ. TGF-B in-
hibits KILF4 expression in cultured SMCs through induc-
tion of microRINA-143 (miR-143) and miR-145, leading
to a reduction of KILF4 transcripts and decreased KILLF'4
protein expression[%’sg].

Studies of KILF4 lead to the finding of another
Kruppel like factor, a GKLF-related basic transcriptional
element-binding protein (KLF5). KILF5 binds specifically
to SM22¢, TCE", Overexpression of KLF5 enhances
TGF-B-dependent SM22-LacZ promoter activity in
10T1/2 cells, while reversing KLF4-mediated tepression
of a-SMA promoter activity induced by SRF in NIH3T3
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cells. These studies suggest that TCE may act as an acti-
vator or a repressor of SMC marker genes depending on
the stoichiometry of specific binding factors.

SBE/Smad signaling

As mentioned earlier, Smads are major intracellular medi-
ators of TGF- signaling pathway. When Smad2/Smad3
is phosphorylated, they are translocated into nuclear to
regulate gene transcription. Smads bind to SBE (CAGA
or GTCT) to regulate gene transcription. SBE is an
important TGF-3 responsive element in the promoter
region of SMC marker genes and thus regulates SMC dif-
ferentiation. Mutation of SBE in SM22q promoter inhib-
its TGF-B-induced SM22¢, promoter activity in 1071 /2,
Balb3T3 and Monc-1 cells”™"". Transgenic embryos
with SBE-mutated SM22q promoter show diminished
transcription activation potential of the promoter in the
arteries’ . TGF-B induces a nuclear complex bound to
the SBE sequence, and mutation of the SBE blocks this
inducible interaction, indicating that SBE is required for
the formation of the TGF-B-inducible complex. Smad3
and Smad4 but not Smad?2 are present in these inducible
complexes. The Smad3 binding to the SBE of SM22q
promoter in vivo is demonstrated by chromatin immu-
noprecipitation assay"". Tt appears that Smad3, but not
Smad2 or Smad4, activates SBE activity. Smad3 increases
the transactivation of SBE reporter but not the mutant
SBE reporter. Therefore, Smad3 is the major mediator
of TGF-B-induced SM22¢, transcription, and SBE in the
SM22q. promoter is a direct target of Smad3.

In addition to Smad, several other pathways such as
RhoA also mediate TGF-§ signaling. RhoA is a member
of Rho GTPase family that has intrinsic GTPase activity
and can shuttle between an inactive GDP-bound state
and an active GTP-bound state””. RhoA is highly ex-
pressed in mature VSMCs. RhoA and p160 Rho kinase
(ROCK), a downstream effector of RhoA, regulate the
expression of a-SMA and sm22¢."7, Overexpression of
RhoA or activation of RhoA in cultured VSMCs causes
a contractile phenotype and organized arrangement of
actin and myosin. On the other hand, inhibition of RhoA
leads to a loss of actin and myosin filaments, indicating
that RhoA plays a key role in regulating SMC contrac-
tile function™”, RhoA/ROCK regulates the expression
and nuclear translocation of SRF in SMCs, and ROCK
inhibitor decreases SRF enrichment to CArG regions
of a-SMA and SMMHC promoters”™>", Tt appears that
RhoA activates SMC marker gene expression via both
Rock-dependent and independent pathways in rat pulmo-
nary artery SMCs"”". Our studies show that RhoA regu-
lates TGF-B-induced SMC differentiation #iz modulating
Smad signaling. RhoA is activated as early as 5 minutes
following T'GF-f induction. Inhibition of RhoA blocks
TGF-B-induced expression of a-SMA, SM22q and cal-
ponin and reverses TGF-B-induced morphology altera-
tion and contractility, indicating that RhoA is essential in
TGF-B-stimulated SMC differentiation. Dominant nega-
tive RhoA blocks Smad2 and Smad3 phosphorylation,
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Figure 1 Transforming growth factor-f in smooth muscle cell differentia-
tion. In the initiation stage of smooth muscle cell (SMC) differentiation, trans-
forming growth factor (TGF)-B rapidly activates Smad signaling, leading to the
activation of SMC early marker genes and cell fate determination by interacting
with other transcription factors (TFs). At later stages, myocardin or MRTFs,
via interacting with SRF, Smads and other TFs, enforce and accelerate SMC
differentiation and maturation. In both the initial or later stages, other signaling
pathways including PI3K, MAPK, RhoA, Notch, and miRNA may participate in
the regulation of the differentiation process by interacting with TGF-f3 signaling
molecules or downstream targets.

resulting in an impaired nuclear translocation and tran-
scriptional activity, which eventually inhibits SMC marker
gene expression. Conversely, constitutively active RhoA
significantly enhances Smad-dependent promoter activ-
ity[%J. These results suggest that RhoA cross-talks with
Smad to regulate TGF-B-induced SMC differentiation.

CArG/SRF and myocardin
Almost all SMC-specific genes have conserved CArG
elements with a consensus sequence CC(A/T-rich)sGG
in their promoter regions. CArG box, also called serum
response element, is involved in TGF-B-induced SMC
marker gene expression ziz binding of SRE/"*1%,
Overexpression of SRF increases SMC marker expres-
sion in 10T1/2 cells. Moteovet, cell morphology changes
from flat to elongated shape in SRF-transfected 10T1/2
cells"™. TGF-B induces SRF protein expression and en-
hances its binding activity to the CArG boxes in inducing
SMC phenotype™ ™. CAtG box mutation disrupts
SRF binding and completely abolishes TGF-B-induced
transcriptional activation of SMC marker genes”oo]. SRF
appears to interact with Smad3 upon TGF-f induction
and regulates Smad3 transactivation of SM22q, promotet.
Myocardin is a transcriptional cofactor of SRF and is
highly expressed in aortic medial SMCs""””. Overexpres-
sion of myocardin leads to a high induction of calponin
and o-SMA with a cell morphological alteration from flat
to spindle shape in several cell lines"""". In addition,
overexpression of myocardin stimulates SM22a., oi-SMA
and SMMHC promoter activities in mouse ES cells",
siRNA knockdown of myocardin significantly reduces

K
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transcriptional activity of o-SMA, SM22¢ and SMMHC
in aortic SMCs"". Myocardin-null embryos die at E10.5
and lack the differentiation of vascular SMCs™". Myo-
cardin induces SMC marker transcription in a CArG-
dependent manner"™, Moreover, myocardin alone is suf-
ficient to induce a SMC-like contractile phenotypems].

Myocardin is also involved in TGF-B-induced SMC
differentiation. Myocardin appears to directly interact with
Smad3 in a CArG box-independent manner. Myocardin
enhances TGF-B-induced alteration of cell morphology
and SM22¢, transctiption in 10T1/2 cells™, Overexpres-
sion of myocardin and Smad3, but not Smad2, leads to
a synergistic increase of SBE promoter activity. More-
over, myocardin enhances Smad3-mediated activation
of SM22¢,, SMMHC and a-SMA promoter activities”.
Taken together, both SRF and its transcription cofactor
myocardin play important roles in TGF-B-induced SMC
differentiation.

Although myocardin is considered to be a master re-
gulator of SMC differentiation, the expression of some
SMC-associated genes such as smoothelin-B is indepen-

1219 10 addition, some progenitor

dent of myocardin
cells such as A404 expressing a low level of myocardin
are not converted to SMC phenotype without retinoic
acid (RA) induction""; Conversely, other SMC progeni-
tors such as 10T1/2 cells can be converted to SMC phe-
notype by overexpression of myocardin"", suggesting
that a threshold level of myocardin is required for SMC
differentiation. In vivo studies show that the expression
of early SMC marker genes such as SM22¢ and o-SMA
emerges prior to detectable myocardin mRNA in the
embryonic dorsal aorta, indicating that myocardin has
a minor role in the initiation of SMC differentiation in

. [104,111-113
some vascular tissues

I A recent report shows
that myocardin null embryonic stem cells can readily
form vascular SMCs in the setting of chimeric knockout
mice. The results from this study provide novel evidence
that myocardin is essential for development of visceral
SMCs and ventricular myocytes but is dispensable for
development of atrial myocytes and vascular SMCs!",
Our in vitro studies demonstrate that myocardin may not
participate in the initiation of TGF-B-induced SMC dif-
ferentiation because the early SMC markers are induced
preceding the induction of myocardin. It appears that
Smad3 activation by TGF-f3 has blocked the expression
of myocardin. Smad3 blocks myocardin transcription by
interacting with Nkx2.5, which prevents Nkx2.5 from
activating myocardin promoter’ . Our data suggest that
Smad may mediate the initiation of TGF-f-induced SMC
differentiation, while myocatdin is likely to contribute to
the maturation of SMCs during a later stage (Figure 1).

TGF+3 and notch signaling

Like TGF-B, Notch signaling induces SMC differentia-
tion""""". Once ligands (such as Delta-like or Jagged)
bind to Notch receptor (Notchl, Notch2, Notch3 and
Notch4), the Notch intracellular domain (NICD) is
cleaved and translocated into the nucleus to interact with
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the DNA-binding protein CSL (CBF-1, suppressor of
hairless, and Lag-1, also known as RBP-Jk), mastermind-
like (MAML), and other transcriptional coactivators to
modulate the expression of Notch target genes that
regulate cell fate decisions™. Numerous data show that
Notch induces SMC specific marker expression includ-
ing a-SMA, SM22q., calponin and SMMHC in a number
of cell lines""*"™""”. Notch signaling specific inactivation
in the neural crest causes cardiac outflow tract defects
with decreased expression of SMC markers' %, Although
there are four types of Notch receptor, only Notchl and
Notch3 are expressed in VSMCs. In adult Notch3” mice,
VSMCs show deficiency in postnatal maturation stage.
The expression of late stage SMC marker smoothelin B
1s significantly inhibited in mutant arteries, suggesting a
pivotal role of Notch3 in the maturation of VSMCs!"™,
It appears that TGFE-f3 cross-talks with Notch signal-
ing in the regulation of SMC differentiation. TGF-§ and
Notch have cooperative effect on SMC differentiation'".
In human SMCs, both Jagged] and Notch induce SMC
marker expression. SMCs embedded within collagen
matrix exhibit a greater contractile response with both
TGF-B and NICD comparing to individual treatment.
CBF1 interacts with Smad2/3, which leads to an in-
creased Smad2/3 transcriptional activity. In addition,
Notch increases TGF-B-induced binding of Smad2/3
to SMC marker promoter. As most of SMC marker
gene promoters contain CBF1 and Smad consensus
binding sites, it is possible that NICD/CBF1 complex
binding to adjacent promoter region, which provides a
cis regulatory signal to promote Smad binding, In addi-
tion to the mature SMCs, TGF-§ and Notch also show
cooperative activity in SMC differentiation of huMSCs
and embryonic stem cells. TGF-f induces Jaggedl ex-
pression in huMSCs, suggesting that Notch activation
mediates TGF- signaling during huMSC differentiation
into SMC. Knockdown of Jagged1 using shRNA inhibits
TGF-B-induced SMC marker expression in huMSCs'"*.
Although TGF-f and Notch cooperate in most of cases,
TGF-f appears to inhibit Notch 3 in SMC differentiation
of 10T1/2 cells[m], suggesting that TGF- and Notch

signaling pathways interacts in a cell-specific manner.

MicroRNA

MicroRNA (miRNA) are small non-coding RNAs that
function as negative regulators of gene expression by
associating with the complementary sequences in the
3" untranslated regions (UTRs) of mRNAs, resulting in
mRNA degradation and/or translational inhibition**'*!,
A number of studies have shown that miRNAs plays
a role in VSMC phenotype switch!"?*", TGF-B/BMP
regulate around 20 miRNAs"™" which control expression
of protein-coding genes associated with epithelial-mes-
enchymal transition, skeletal muscle cell differentiation,
and cell proliferation, ez P2 iR-143 and miR-145,
which are encoded as a gene cluster, target KILF4 and
play a critical role in regulating VSMC phenotype! >,
miR-143 or miR-145 VSMC knock-out mice exhibit
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abnormal vascular tone and reduced contractile gene ex-
pression“‘m. The expression of miR-143 and miR-145 is
repressed during platelet-derived growth factor (PDGF)-
induced VSMC dedifferentiation and during neointimal
formation"”". Recent studies indicate that miR143/145
plays a role in TGEF-B-induced SMC differentiation™"".
TGF-B stimulates miR143/145 expression in a dose-
and time-dependent manner in VSMC. TGF-B-induced
miR143/145 expression is myocardin /SRF-, p38-, and
Smad4—dependentm(’], Both CArG box and SBE are es-
sential for TGF-B-dependent activation of miR143/145
enhancer™, BMP-4 also induces miR143/145 expres-
sion. TGF-B and BMP-4 induction of miR143/145
results in down-regulation of KLF4"™, Interestingly,
BMP-4 induces miR143/145 through myocardin-related
factor A (MRTFA), but not myocardin, suggesting that
TGF-p and BMP4 signaling regulate KLLF4 expression
through different mechanisms®”.

TGF-$ IN SMC-RELATED DISEASES

The principal postnatal function of SMCs is to regulate
[40]

pulse pressure and blood flow through contraction
SMCs are capable of reversibly modulating their pheno-
type during postnatal development and can de-differen-
tiate into proliferative, matrix synthetic cells in response
to vascular injury[41’42]. TGF-f regulates both SMC differ-
entiation during embryonic development and postnatal
phenotypic switching[74’75’137]. Overexpression of TGF-3
increases the neointimal formation and smooth muscle
proliferation and differentiation in balloon injury mod-
el Therefore, it is conceivable that TGF-B plays an
important role in the re-differentiation phenomenaﬂm.
TGF-B has been shown to be involved in the develop-
ment of many cardiovascular diseases including ath-
erosclerosis, congenital heart diseases, aortic aneurysm,
hypertension and hereditary hemorrhagic telangiectasia,
et Many of these diseases are due to the failed
regulation of SMC function or differentiation.

Atherosclerosis

Atherosclerosis is triggered in response to chronic injury
to the vascular endothelium by various risk factors. It is
a progressive disease characterized by the formation of
a plaque in the inner lining of large arteries. VSMC pro-
liferation, migration, and hypertrophy are involved in the
development of atherosclerosis. VSMCs play a maladap-
tive role in the lesion development and the progression
of the disease!*". TGF-B directs the response of SMC
to the injury. In animals, deletion of a single allele of the
TGF-B gene increases its susceptibility to endothelial cell
activation and vascular lipid lesion formation in response
to pro-atherogenic stimuli such as a lipid-rich diet"*.
TGF-B stimulates SMC proliferation at low concentra-
tions via both PDGF-dependent and -independent man-
ner. Ribozyme oligonucleotides against TGF-f increase
vascular inflammation, accelerate lipid lesion formation,
and shift the plaque morphology towards an unstable
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phenotype!*. Inhibition of TGF-p signaling in ApoE
deficient mice, an animal model for atherosclerosis, sug-
gest that the cytokine is critical for the production of ex-
tracellular matrix and the maintenance of a stable plaque
phenotype through SMC phenotypic regulation“%’mﬂ.
Indeed, SMC in stable lesions express greater amounts of
TGF-f than unstable lesions. MacCaffrey e al"™ demon-
strate that SMCs isolated from atherosclerotic plaque tis-
sue expressed less TBRII than SMCs from healthy vessel
wall. These data directly or indirectly show that TGF-3
plays a pivotal role in the maintenance of normal blood
vessel wall architecture.

Congenital heart diseases

Defective TGF- signaling causes congenital heart dis-
eases (CHD) during embryonic developmentm. CHD are
the most commonly occurring birth defect in humans.
Moderate and severe forms of congenital heart disease,
including outflow tract defects and aortic arch anomalies,
occur in 6 per 1000 live births"*”. Several studies have
shown that cardiac neural crest contribute SMCs to the
ascending and arch portions of the aorta and the duc-
tus arteriosus. A number of congenital human diseases
such as heart and outflow tract malformations are now
attributed to failure of cardiac neural crests to differenti-
ate into aortic arch complex“sm. Patients with Alagille
syndrome always have CHD with right-sided outflow
tract defects and tetralogy of Fallot influenced by cardiac
neural crests. Patients with DiGeorge syndrome (DGS)
always have congenital defects with heart and outflow
tract malformations influenced by cardiac neural crest,
Mice with TBRI mutation in neural crest develop all
the morphological features of DGS. The hearts of TR
Il -mutant mice display a truncus arteriosus together with
a ventricular septum defects (VSD) at E18. Both control
and TPR II -mutant neural crest cells are able to populate
the pharyngeal apparatus and form aorto-pulmonary
septum at E10.5. However, TBR Il -mutant neural crest
cells in the aorto-pulmonary septum do not develop into
smooth muscle cells”'. The absence of neural crest de-
rived SMCs in mutants explains the defective separation
of the aorta from the pulmonary trunk, leading inevitably
to a truncus arteriosus. Thus, TGF- regulation of neural
crest differentiation rather than migration plays a crucial
role in the etiology of DiGeorge syndrome.

Thoracic aortic aneurysms and dissections

Combination of human molecular genetics and animal
modeling has demonstrated the involvement of TGF-f
signaling in aortic aneurysm””, Mutations in TBRI and
TPRI result in a spectrum of genetic conditions, as-
sociating with thoracic aortic aneurysms and dissections
(TAAD)"™. Mutations in TBRII are initially identified in
individuals with a Marfan-like connective tissue syndrome
with TAAD and skeletal features of Marfan syndrome
(MFS). TBRI and TBRI mutations are subsequently
described in individuals with Loeys-Dietz syndrome
(LDS), a syndrome characterized by TAAD in children
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and young adults, arterial tortuosity, aneurysms and dis-
sections of peripheral arteries. TBRII mutations also
lead to descending aortic disease and aneurysms of other
arteries. An arginine residue of TBRII at position 460
has been identified as a mutation “hot spot” for TAAD.
Structural analysis has revealed that the amino acid sub-
stitutions may interfere with the receptor’s ability to trans-
duce signalsmﬂ. In aortic SMCs explanted from patients
with TBRII mutations, the expression of SMC contrac-
tile proteins is decreased compared with controls. In vivo
expression of contractile proteins is also decreased in
aortas from patients with TBRII mutations relative to
unaffected aortas. The failed expression of SMC contrac-
tile proteins in TRR I -mutant SMCs may influence the
contractile function of SMCs, which contributes to the

pathogenesis of TAAD™",

Hypertension

Hypertension is defined as a sustained diastolic pres-
sure of > 90 mmHg or a systolic blood pressure > 140
mmHg. Hypertension is another disease that related
to SMC phenotypic switching. Although the etiology
is extremely complex and varies among individuals, a
common feature in the majority of cases of hyperten-
sion is an increase in peripheral resistance as a result of
increased SMC contractility and vascular remodeling that
are related with the phenotypic switching of smc,
Primary pulmonary hypertension (PPH) is a rare dis-
ease with symptoms of fatigue, anorexia, an increase in
pulmonary arterial pressure, right ventricular failure and
death™. PPH is caused by mutations in either of two
genes: the BMP type Il receptor gene (BMPR-1I) and
ALK-1""" BMPR-1I mutations increase the incidence
of PPH. BMP-2, -4 and -7 have been shown to inhibit
SMC proliferation but increase the SMC marker expres-
sion in cultured pulmonary artery SMCs (PASMCs).
PASMCs derived from the pulmonary arteries of patients
with PPH exhibit abnormal growth responses to TGF-f3.
TGF- B inhibits serum-induced proliferation of PASMC
from healthy individuals while stimulates cell proliferation
of PASMCs from patients with PPH"*.

Hereditary hemorrhagic telangiectasia

Hereditary hemorrhagic telangiectasia (HHT) is an auto-
somal dominant vascular disorder which always happened
in nasal, mucocutaneous, gastrointestinal, pulmonary,
cerebral, and hepatic vascular beds. The common syn-
dromes are nose bleeding, skin telangiectases, gastrointes-
tinal bleedinglm”. Pulmonary arteriovenous malformations
(PAVM) are always present in 20% of HHT populations.
Genetic analyses reveal that Endoglin are responsible for
type I HHT"*' As aforementioned, Endoglin form
TGF-B receptor complexes with TBRI and TBRI to
modulate the phosphorylation of TBRI and TBRII and
plays a pivotal role in angiogenesis as demonstrated in
the Eng’/ " mice. Eng’/’ embryos show a defective devel-
opment of VSMCs because of the reduced availability
of active TGF-f protein. The lack of TGF-f inhibits
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the recruitment and the differentiation of mesenchymal
cells into VSMCs, leading to weak vessel walls, which
may contribute to the development of HHT™. In addi-
tion to Endoglin, ALK-1 and Smad4 are also involved
in HHT", ALK-1 gene heterozygous mutation causes
type I HHT-2""Y, Recently, a remarkable ALK1 germi-
nal and somatic mosaicism charactetized by the presence
of two distinct mutant alleles and a non-mutant ALK1
allele are identified in a woman with HHT and PAH"".
It is proposed that genetic background and/ot environ-
mental factors (second hits), in addition to the mutations
in Endoglin and ALK-1 genes, may also play an impor-
tant role in the development of vascular malformations
in HHT patients. Park and colleagues demonstrate using
ALK-1-knockout mice that excisional skin wounding, as
a second hit, is essential for the development of AVMs in
HHT. These results provide new insights for understand-
ing the pathogenesis of HHT'".

CONCLUSION

SMC differentiation and phenotypic modulation play
critical roles in embryonic cardiovascular development
as well as pathological conditions in adults. TGF-f and
its downstream signaling molecules including receptors,
coreceptors and intermediate Smad proteins are all in-
dispensible for the SMC differentiation or phenotypic
modulation. As aforementioned, TGF-f itself can acti-
vate multiple signaling pathways such as MAPK, PI3K
and RhoA. In addition, TGF-f signaling crosstalks with
other pathways including Notch and SRF/myocardin.
These diversified interactions ensure a precise cell fate
determination and maturation of SMCs. Among the vari-
ous SMC regulators, TGF-f3/Smad signaling appears to
be critical in regulating the initiation of SMC differentia-
tion. Defective TGF-f signaling leads to development
of several prominent cardiovascular diseases including
congenital heart diseases, aortic aneurysm, hypertension,
neointimal hyperplasia observed in vascular injury and
atherosclerosis, efc.
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Abstract

AIM: To understand the interaction of human IQGAP1
and CDC42, especially the effects of phosphorylation
and a cancer-associated mutation.

METHODS: Recombinant CDC42 and a novel C-termi-
nal fragment of IQGAP1 were expressed in, and puri-
fied from, Escherichia coli. Site directed mutagenesis
was used to create coding sequences for three phos-
phomimicking variants (S1441E, S1443D and S1441E/
S1443D) and to recapitulate a cancer-associated mu-
tation (M1231I). These variant proteins were also ex-
pressed and purified. Protein-protein crosslinking using
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide was
used to investigate interactions between the C-terminal
fragment and CDC42. These interactions were quanti-
fied using surface plasmon resonance measurements.
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Molecular modelling was employed to make predictions
about changes to the structure and flexibility of the
protein which occur in the cancer-associated variant.

RESULTS: The novel, C-terminal region of human IQGAP1
(residues 877-1558) is soluble following expression and
purification. It is also capable of binding to CDC42, as
judged by crosslinking experiments. Interaction appears
to be strongest in the presence of added GTP. The
three phosphomimicking mutants had different affini-
ties for CDC42. S1441E had an approximately 200-fold
reduction in affinity compared to wild type. This was
caused largely by a dramatic reduction in the associa-
tion rate constant. In contrast, both S1443D and the
double variant S1441E/S1443D had similar affinities to
the wild type. The cancer-associated variant, M12311I,
also had a similar affinity to wild type. However, in
the case of this variant, both the association and dis-
sociation rate constants were reduced approximately
10-fold. Molecular modelling of the M1231I variant,
based on the published crystal structure of part of the
C-terminal region, revealed no gross structural changes
compared to wild type (root mean square deviation of
0.564 A over 5556 equivalent atoms). However, pre-
dictions of the flexibility of the polypeptide backbone
suggested that some regions of the variant protein had
greatly increased rigidity compared to wild type. One
such region is a loop linking the proposed CDC42 bind-
ing site with the helix containing the altered residue. It
is suggested that this increase in rigidity is responsible
for the observed changes in association and dissocia-
tion rate constants.

CONCLUSION: The consequences of introducing nega-
tive charge at Ser-1441 or Ser-1443 in IQGAP1 are dif-
ferent. The cancer-associated variant M12311 exerts its
effects partly by rigidifying the protein.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The IQGAP family of proteins function at the interface
between cellular signalling and the cytoskeleton . They
receive information from a variety of signalling molecules,
including kinases, small GTPases, growth factor recep-
tors and calcium sensors” !, This information is relayed
directly to the actin cytoskeleton through interaction with
filamentous actin (F-actin) which promotes filament bun-
dling and caps the “barbed ends” of the filaments™ ™,
There are also indirect influences on the actin cytoskele-
ton mediated through the Wiskott-Aldrich Syndrome Pro-
tein (WASP) family***) and with microtubules mediated
via cytoplasmic linker protein 170 (CLIP-170) and adeno-
matous polyposis coli (APC) protein”"*. The IQGAP
proteins are named after two key regions within them-the
calmodulin binding 1Q-motifs and GTPase activating pro-
tein (GAP) related domain (GRD). Although the GRD
does bind the small GTPases CDC42 and Rac1™, it does
not function as the GTPase activator. Indeed, the available
evidence suggests that it inhibits the catalytic activity of
small GTPases™™”. This is consistent with sequence data
and structural predictions. GAPs function by inserting
an “arginine finger” into the active site of small GTPases
which acts as a proton donor in the enzymatic mechanism
of GTP hydrolysis® ", IQGAPs lack this arginine residue
and ate thus not expected to be able to enhance the rate
of GTP hydrolysis.

Humans have three IQGAP isoforms, IQGAP1, IQGAP2
and IQGAP3 with the first of these being the best
characterised™. Like family members from other spe-
cies they share a common domain organisation in which
the actin-binding calponin homology domain (CHD) is
at the N-terminus of the protein, the IQ-motifs are ap-
proximately in the middle of the primary sequence and
the GRD is towards the C-terminus (Figure 1). There is
no complete, three-dimensional structure of an IQGAP
available, but it is assumed that the various domains fold in
such a way to enable communication between them. It is
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Figure 1 A schematic representation of human IQGAP1. The domains are
shown on a linear representation of the protein sequence. The folded protein
is unlikely to be arranged in a linear fashion and it is possible that some of
these domains contact each other. CHD: Calponin homology domain (residues
44-159); WW: WW domain (679-712); 1Q: IQ-motifs containing region (745-864);
GRD: GAP-related domain (1004-1237); RGC: Ras-GAP C-terminal domain
(1563-1657). The definitions of the domain boundaries are those of Briggs and
Sacks”.,

also anticipated that there is considerable capacity for con-
formational change in the molecule in order to receive, inte-
grate, interpret and output signals. The structutes of some
isolated domains have been determined. The structure of
the CHD from human IQGAP1 has been solved by NMR
spectroscopy and an x-ray structure of part of the GRD is
also available”™, Molecular modelling has predicted largely
a-helical structures for the I1Q-mortifs 7,

In vitro biochemical studies on IQGAPs have tended
to rely on fragments of the protein which are amenable
to recombinant expression and purification in bacterial
systems. CDC42 and Racl interaction with the GRD is
promoted by the presence of GTP". Phosphorylation of
human IQGAPT1 at Ser-1443, however, promotes interac-
tion with CDC42 in the absence of nucleotide™. This
phosphorylation, along with one at Ser-1441, promotes
outgrowth of neurites””.

Given the protein’s involvement in the transduction
of information from signalling pathways to the cytoskel-
eton, it is not surprising that it has been implicated in
P5¥ However, only one cancet-
associated mutation in the coding sequence of the Iggap?
gene has been identified; this mutation results in the
amino acid change M12311"". Tt is not clear how this
change affects the function of IQGAP1, although it does
lie in the GRD prompting the hypothesis that it interferes
with GTPase binding. However, this has not been tested
experimentally.

Here, we identified a novel, biochemically amenable
fragment from the C-terminal region of human IQGAP1
and confirmed that it is active, as judged by it ability to
bind CDC42 in a crosslinking experiment. We then de-
scribe a detailed, quantitative investigation into the affin-
ity of this interaction in the absence of added GTP. To
probe the molecular consequences of phosphorylation in
this region we used “phosphomicking” variants in which
serine residues are replaced with negatively charged
ones. We also recapitulated the cancer-associated variant
M12311I in order to investigate its binding properties and
carried out molecular modelling studies to provide fur-
ther understanding the consequences of this alteration.

various types of cancer

MATERIALS AND METHODS

Expression and purification of wild type and variant
human IQGAP C-terminal region

The sequence encoding amino acids 877-1558 in human
IQGAP1 was amplified by polymerase chain reaction
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(PCR) using the Kazusa cDNA clone KIAA0051"" as a
template. The sequence was inserted into the pET-46 Ek/
LIC (Metck, Nottingham, United Kingdom) by ligation
independent cloning according to the manufacturer’s in-
structions. Insertion into this vector introduces sequence
encoding the amino acids MAHHHHHHVDDDDK at
the 5-end of the coding sequence. The complete coding
sequence was verified (MWG Biotech, Ebersburg, Get-
many). The plasmid was transformed in to competent
Escherichia coli (E. coljy HMS174(DE3). Colonies result-
ing from these transformations were picked and grown,
shaking at 37 C, overnight in 5 mL of Luria-Bertani me-
dium supplemented with 100 ug/ mL of ampicillin. This
overnight culture was diluted in to 1 L of Luria- Bertani
medium supplemented with 100 pg/mL of ampicillin and
grown, shaking at 37 ‘C until the cell density, as estimated
by the 4600 sm reached 0.6 to 1.0 (typically 3-4 h). The cul-
ture was the induced by the addition of 1 mmol/L IPTG
and grown for a further 3 h. Cells were harvested by cen-
trifugation (4200 g for 15 min), resuspended in 20 mL of
buffer R [50 mmol/L. Hepes-OH, pH 7.5, 150 mmol/L
sodium chlotide, 10 %(v/v) glycerol] and stored, frozen at
-80 C until required.

These cell suspensions were thawed and then disrupt-
ed by sonication (three 30 s pulses of 100 W, with 30-60 s
gaps in between to allow cooling of the cells). Cell debris
was removed by centrifugation (20 000 g for 15 min) and
the supernatant applied to a 1 mL nickel-agarose column
(His-Select, Sigma, Poole, United Kingdom) which had
been previously equilibrated in buffer A [50 mmol/L
Hepes-OH, pH 7.5, 500 mmol/L sodium chloride, 10
%(v/v) glycerol]. The cell extract was allowed to pass
through the column by gravity flow and the column was
washed with 20 mL of buffer A. Protein was eluted with
three 2 mL washes of buffer B (buffer A supplemented
with 250 mmol/L imidazole). Protein containing fractions
were identified by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and dialysed overnight
at 4 'C against buffer D (buffer R supplemented with 2
mmol/L dithiothreitol). The protein concentration was
determined by the method of Bradford™, using bovine
serum albumin as a standard. Aliquots (50-100 plL) of the
protein were stored frozen at -80 C.

Mutations were introduced in to the coding sequence
using the “QuikChange” protocol™ and verified by
DNA sequencing, Each variant protein was expressed in,
and purified from, E. /i using essentially the same pro-
cedure as outlined above for the wild type.

Expression and purification of human CDC42

The complete coding sequence of human CDCA42 was
amplified by PCR using IMAGE clone 3626647" as a
template and inserted into pET-46 Ek/LIC. The DNA
sequence of the insert was verified. The expression and
purification of the protein was catried out using the same

protocol as for IQGAP1-CTD.

K
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Crosslinking of CDC42 and IQGAP

GTP bound CDC42 was prepared by incubating a mix-
tures of 6 pmol/L CDC42, 0.9 mmol/L GTP and 0.9
magnesium chloride on ice for 30 min. Nucleotide-deplet-
ed ND) CDC42 was prepared by incubating 6 pmol/L
CDC42 with 5 mmol/L EDTA on ice for 30 min. Pro-
tein-protein crosslinking was carried out using 1-Ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC). Methods
were based on those previously used for the detection of
interaction between the atrial myosin essential light chain
and F-actin™", Untreated, GTP-loaded or ND CDC42 (3
umol/TL) was mixed with IQGAP(DR6) (3 pmol/L) and
incubated for 30 min at 22 C. EDC was then added to
a final concentration of 0.6 mmol/L and the incubation
continued for a further 60 min. Products were analysed by

SDS-PAGE.

Surface plasmon resonance

Surface plasmon resonance was measured using a BI-
Acote 3000 instrument (BIAcore, Uppsala, Sweden).
Prior to analysis all proteins wete dialysed into HBS Buf-
fer (BIAcore; 10 mmol/L Hepes, pH 7.4, 150 mmol/L
NaCl). CDC42 was immobilised onto a CM5 sensor chip
(BIAcore) using N-hydroxysuccinimide (NHS)/EDC
chemistry. The surface was activated with a mixture of
100 mmol/L NHS and 400 mmol/L EDC for 30 min.
CDC42 (25 umol/L) was then flowed over the surface for
two 7 min petiods and the surface was then blocked and
deactivated with 1 M ethanolamine for 30 min. Immo-
bilisation of CDC42 resulted in a change in the response
units (RU) of approximately 1400 RU.

Binding was measured by flowing 0.5 pmol/L to 2.5
umol/L IQGAP(DRG) over the surface for 300 s (asso-
ciation phase) followed by buffer for 300 s (dissociation
phase). In between binding measurements, the surface
was regenerated by the injection of sodium hydroxide (5
mmol/L for 220 s). For each binding measurements con-
trols were carried out in parallel in which the protein was
flowed over a cell which had been activated with NHS/
EDC and blocked with ethanolamine. To determine the
response due to interaction between IQGAP(DRG6) and
CDC42, the readings for the controls were subtracted
from the experimental ones. The association and dissocia-
tion rate constants (k. and Aq, respectively) and the dis-
sociation equilibrium constant (Kp) were determined by
non-linear curve fitting of the data using BIAevaluation
software.

Molecular modelling

The structure of human IQGAP1, residues 962-1345 (PDB
3FAY) P was taken as a starting point for molecular mod-
elling studies. This structure file describes one, unbroken
polypeptide chain. The selenomethionine residues in this
structure were altered to methionine using PyMol (www.
pymol.org) and the resulting structure energy minimised
using YASARA™, Residue 1231 in this minimised struc-
ture was altered to isoleucine, and the mutated structure

March 26,2012 | Volume 3 | Issue 3 |
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Figure 2 Proteins used in this study. The recombinant expression and pu-
rification of (A) IQGAP1(DR6) and (B) CDC42 monitored by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). In both (A) and (B), U,
extract from cells prior to induction; |, extract from cells 2-3 h after induction; S,
soluble material remaining after sonication; F, material which flowed through the
column without binding; W, material removed in the washing steps; E, elutions;
M, molecular mass markers (with their masses shown to the side of the gel in
kDa). In the case of CDC42, F and W were combined into a single sample.

re-minimised using YASARA. Polypeptide flexibility was
estimated by generating 500 conformers in the momen-
tum motion type mode of FIRST/FRODAN with an
energy cut off of -1 kcal/ mol™*,

RESULTS

Identification of a biochemically tractable C-terminal
fragment of human IQGAP1

Previous reports demonstrated that a fragment beginning
at residue 864 and continuing through to the C-terminus of
the protein (residue 1657) can be expressed in, and purified
from, E. col, albeit at relatively low levels™. We noted that
the structure of the Ras-GAP C-terminal domain (RGD),
a 112 amino acid residue region at the extreme C-terminus
of the protein has been deposited in the Protein Data
Bank (PDB ID: 1XO0H). From this we reasoned that there
must be a domain boundary in the region of residue 1545.
Therefore, a region beginning at residue 877 and finishing
at 1558 was expressed. This fragment, which we named
IQGAP1(DRO), can be purified with good yield, typi-
cally 1-2 mg per litre of E. ¢/ culture (Figure 2A). Similar
purities and yields were achieved with the various variant
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Figure 3 Interaction between IQGAP1 and CDC42. An interaction be-
tween IQGAP1(DR6) and CDC42 can be detected by EDC crosslinking in
the presence of GTP. In the absence of EDC (lanes headed -EDC), a mixture
of IQGAP(DR6) and CDC42 (lane C) behaves the same on SDS-PAGE as
IQGAP1(DR6) and nucleotide-depleted CDC42 (lane ND) and as IQGAP1(DR6)
and GTP-loaded CDC42 (lane GTP). In the presence of the crosslinker (lanes
headed +EDC), crosslinking was not observed between IQGAP(DR6) and
CDC42 (C) or IQGAP(DR6) and nucleotide-depleted CDC42 (ND). However
an additional band, corresponding to approximately the combined molecular
masses of IQGAP(DR6) and CDC42 is seen with GTP-loaded CDC42 (GTP).

proteins also described in this work (data not shown). Full
length, recombinant, human CDC42 could also be purified
in good yield (Figure 2B).

Interactions between CDC42 and IQGAP1(DR6)
Recombinant, human CDC42 was shown to interact with
the C-terminal domain fragment. The two proteins could
be cross-linked using the reagent EDC which is specific
to carboxylate and amino groups (Figure 3). This demon-
strates that the recombinant C-terminal fragment is likely
to be folded and is functional. The amount of crosslinked
product was greatest in the presence of GTP (Figure 3).

Effects of phosphomimicking mutations

To investigate the effects of phosphorylation at serines
1441 and 1443, the phosphomimic variants S1441E,
S1443D and S1441E/S1443D were constructed. These
amino acid changes insert negative charges into the struc-
ture at the sites which can be phosphorylated. Similar mu-
tants have been shown to recapitulate the effects of phos-
phorylation in an iz vive cell model®. Since it has been
hypothesised that phosphorylation increases the affinity
for CDCA42 in the absence of GTP", this interaction was
investigated by surface plasmon resonance. Interaction
between the wild type and immobilised CDC42 could be
detected by surface plasmon resonance in the absence of
added GTP (Figure 4). Fitting of these data resulted in
rate constants for the association and dissociation phases
of the reactions (4 and 4d) and, consequently, a value for
the dissociation constant (Kp) (Table 1). It was noted that
these fits were not perfect with some non-random residu-
als (not shown). This may indicate that there is heteroge-
neity in the preparations and/or that the binding event is
more complex. However, for the purposes of compari-
son, the simple bimolecular interaction model was used
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Figure 4 Interaction of IQGAP-CTD and CDC42 can be detected by
surface plasmon resonance. Typical sensorgrams resulting from flowing
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see Materials and Methods). From top to bottom, wild type, S1441E, S1443D,
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Table 1 Binding parameters for the interaction of
IQGAP1(DRé6) and CDC42

IQGAP1(DR&) variant 4:/l.mol".s™ kals™ Ko/pmol/L
Wild type 4900 £100 (6.5 0.5) x 10° 1.3+0.13
S1441E 1241 (27+0.03) x10°  220+21
51443D 5800 £100 (4.7+0.2)x10°  0.81+0.048
S1441E/S1443D 3600+100 (4.0+0.2) x 10° 1.1+0.086
M12311 1800+100 (1.7+0.2)x10°  0.90%0.16

These were determined by surface plasmon resonance. The values are
reported #* their standard errors as determined by the BIAevaluation
fitting programme (see Materials and Methods).

throughout.

All three phosphomimic vatiants also bound to CDC42
in the absence of additional nucleotide. However, in the
case of S1441E, the affinity was reduced by two orders of
magnitude. This arises mainly because of a reduction in
the association rate constant. It should be noted that this
reduced value (12 Lmol"s™) is very low and, therefore, may
be subject to greater error than the other values. Interest-
ingly, the double mutant (S1441E/S1443D) binds with a
similar affinity to the wild type (Table 1).

Effects of the cancer-associated mutation, M12311

The ability of the disease-associated variant to interact
with CDC42 was tested by surface plasmon resonance.
These experiments suggest that it is able to do so with
similar affinity to the wild type protein. However, both
the association and dissociation rate constants are re-
duced compated to wild type (Table 1).

To help understand the biochemistry of the M12311
variant protein, a molecular model was constructed based
on the crystal structure of the GRD. This suggested that
the overall fold is not greatly changed by the substitution
of this methionine for isoleucine (rmsd between the wild
type and variant protein 0.564 A over 5556 equivalent at-
oms). The residue lies towards the surface of the protein,
away from the predicted GTPase binding site. In addition
to gross structural changes, the functions of proteins can
be affected by the flexibility of the molecule™”. Com-
putational estimation of the backbone flexibility of the
molecule suggested that the M12311 variation results in
changes in flexibility at a number of sites within the pro-
tein (Figure 5A). The site with the greatest loss of flex-
ibility is a loop (Ser-1212 to Leu-1217) which links the
a-helix containing residue 1231 with residues predicted
to play a key role in the CDC42 binding site (Tyr-1192 to
Arg-1194; Figure 5B). This loss of flexibility may affect
the dynamics of small GTPase interaction.

DISCUSSION

These experiments establish a new fragment from the
C-terminal region of human IQGAP1 which is amenable
to biochemical analysis. The fragment interacts with
CDC42, and the strength of interaction is increased in
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Figure 5 Predicted structural consequences of the M1231l, cancer associ-
ated, mutation. A: The predicted effects on backbone flexibility as determined
by FIRST/FRODAN (see Materials and Methods) are plotted as the difference
in cumulative flexibility between the M12311 variant and wild type. Thus, a
negative value represents in loss in flexibility of the variant compared to wild
type. The greatest predicted rigidification occurs around residue 1214 and is
indicated with an arrow; B: A model of the GAP-related domain of the M12311
variant is shown in cyan, with lle-1231 in magenta and indicated with an arrow.
The N-terminus of the fragment is marked (N) and the C-terminus can be seen
close to this in space. Key residues predicted to be involved in CDC42 interac-
tion (Thr-1046 and Tyr-1192 to Arg-1194) are shown in red. A loop (Ser-1212 to
Leu-1217) predicted to be more rigid in the variant compared to the wild type
is shown in yellow. It links the helix containing residue 1231 and part of the
CDC42 binding site.

the presence of GTP. Interestingly, previous work has
demonstrated, using isothermal titration calorimetry, an
interaction between a C-terminal fragment of IQGAP
(residues 962-1345) and GTP-loaded CDC42, but not
with CDC42 purified in the absence of added nucleo-
tides (assumed to be GDP-loaded)™. This may indicate
that the additional residues present in the IQGAP1(DRO)
fragment are important in CDC42 interaction in the
absence of GTP. The phosphomimicking variants sug-
gest that phosphorylation of the two serine residues has
different effects. While the S1443D variant has slightly
increased affinity for CDC42, the affinity of S1441E is
decreased and introduction of a negative charge at both
sites restores the affinity to essentially wild type levels.
This suggests that there may be crosstalk between the
two serines within the C-terminal domain. The results
from the cancer-associated variant emphasise the impoz-
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tance of considering changes in protein flexibility, as well
as changes to overall structure.
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Background

IQGAP family proteins act as “molecular telephone exchanges” collecting infor-
mation from a variety of cellular signalling pathways, integrating this informa-
tion and passing it on to the cytoskeleton. They are multi-domain proteins and
biochemical studies have tended to concentrate on elucidating the roles of the
individual domains. Given their role in organising the cytoskeleton in response
to cellular signalling, it is not surprising that IQGAPs are implicated in a number
of diseases, including bacterial infections and cancers.

Research frontiers

Human IQGAP1’s activity can be regulated by phosphorylation at serines 1441
and 1443. There is also a cancer-associated mutation, M12311. All these resi-
dues lie in the C-terminal, GTPase-binding region of the protein. The molecular
consequences of these changes on the affinity of IQGAP1 for CDC42 have not
been investigated in detail previously.

Innovations and breakthroughs

We demonstrate that phosphomimicking alterations at residues 1441 and 1443
have different effects on the affinity for CDC42. The M12311 variant has similar
affinity for wild type, but the association and dissociation rate constants are
both reduced. Molecular modelling suggests that this variant does not cause
any significant structural changes to the protein, but that it does reduce mobility
in a key loop which links the residue 1231 to the putative CDC42 binding site.
Applications

The biochemically amenable, functional fragment of human IQGAP1 which we
identify will have application in further biochemical studies on this protein. If fur-
ther cancer-associated mutations are discovered in Iggap1 it will be interesting
to compare results and see if these also alter the flexibility of the protein.

Terminology

Cancer-associated mutation: A mutation in the gene sequence encoding a pro-
tein which is associated with a higher risk of cancer. Care should be taken not
to assume that the mutation causes cancer. CDC42: A small GTPase involved
in regulating the cytoskeleton in eukaryotic cells; Crosslinking: A method for de-
tecting interactions between proteins. It is especially useful for capturing short-
lived, transient interactions (which are often found in signalling complexes);
IQGAP: A family of cytoskeletal scaffolding proteins. Humans have three-
IQGAP1, IQGAP2 and IQGAP3.

Peer review

This manuscript is worthy of publishing because the contents do accord with
the Journal scopes and the biochemical characterization provides insight to un-
derstand IQGAP/CDCA43 interaction. The technique is sound; but the discussion
is not thorough.
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to the pursuit of the maximum personal benefits in a well-considered
optimal manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial board
members: The primary task of editorial board members is to give a
peer review of an unpublished scientific article via online office sys-
tem to evaluate its innovativeness, scientific and practical values and
determine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information in
that field at first hand. As leaders in their field, they have priority to
be invited to write articles and publish commentary articles. We will
put peer reviewers’ names and affiliations along with the article they
reviewed in the journal to acknowledge their contribution; (2) Maxi-
mization of the benefits of authors: Since WJBC is an open-access
journal, readers around the world can immediately download and
read, free of charge, high-quality, peer-reviewed articles from WJBC
official website, thereby realizing the goals and significance of the
communication between authors and peers as well as public reading;
(3) Maximization of the benefits of readers: Readers can read or use,
free of charge, high-quality peer-reviewed articles without any limits,
and cite the arguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent literature so as to
validate the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion; and
(4) Maximization of the benefits of employees: It is an iron law that a
first-class journal is unable to exist without first-class editors, and only
first-class editors can create a first-class academic journal. We insist
on strengthening our team cultivation and construction so that every
employee, in an open, fair and transparent environment, could con-
tribute their wisdom to edit and publish high-quality articles, thereby
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realizing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

Aims and scope

The major task of WJBC'is to rapidly report the most recent devel-
opments in the research by the close collaboration of biologists and
chemists in area of biochemistry and molecular biology, including:
general biochemistry, pathobiochemistry, molecular and cellular
biology, molecular medicine, experimental methodologies and the
diagnosis, therapy, and monitoring of human disease.

Columns

The columns in the issues of WJBC will include: (1) Editorial: To
introduce and comment on major advances and developments in the
field; (2) Frontier: To review representative achievements, comment
on the state of current research, and propose directions for future re-
search; (3) Topic Highlight: This column consists of three formats, in-
cluding (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the 10
individual articles; (4) Observation: To update the development of old
and new questions, highlight unsolved problems, and provide strate-
gies on how to solve the questions; (5) Guidelines for Basic Research:
To provide guidelines for basic research; (6) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment;
(7) Review: To review systemically progtress and unresolved problems
in the field, comment on the state of current research, and make sug-
gestions for future work; (8) Original Articles: To report innovative
and original findings in biochemistry and molecular biology; (9) Brief
Articles: To briefly report the novel and innovative findings in bio-
chemistry and molecular biology; (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 IWJBC, or to introduce and comment
on a controversial issue of general interest; (12) Book Reviews: To
introduce and comment on quality monographs of biochemistry and
molecular biology; and (13) Guidelines: To introduce Consensuses and
Guidelines reached by international and national academic authorities
wortldwide on the research in biochemistry and molecular biology.

Name of journal
World Journal of Biological Chemistry

ISSN
ISSN 1949-8454 (online)

Editor-in-chief

Yin-Yuan Mo, PhD, Associate Professor, Medical Microbiology, Im-
munology and Cell Biology, Southern Illinois University School of
Medicine, Springfield, IT. 62702, United States

Editorial office

World Journal of Biological Chemistry

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

Telephone: +86-10-85381892

Fax: +86-10-85381893

E-mail: wjbc@wjgnet.com

http:/ /www.wignet.com
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Indexed and abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Directory
of Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

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

Biostatistical editing

Statistical review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used in
the paper, including #test (group or paired comparisons), chi-squared
test, Ridit, probit, logit, regression (lineat, curvilinear, or stepwise),
correlation, analysis of variance, analysis of covariance, e#. The te-
viewing points include: (1) Statistical methods should be described
when they are used to verify the results; (2) Whether the statistical
techniques are suitable or correct; (3) Only homogeneous data can be
averaged. Standard deviations are preferred to standard errors. Give
the number of observations and subjects (7). Losses in observations,
such as drop-outs from the study should be reported; (4) Values such
as ED50, D50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney);
and (5) The word ‘significantly’ should be replaced by its synonyms (if
it indicates extent) or the P value (if it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any poten-
tial bias, WJBC requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conlflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
org/ethical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations|, and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization]. [Name of individual] owns stocks and shares in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
or it should be stated cleatly in the text that all persons gave their
informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the Wortld Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
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review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview boatd.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measutres were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age 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/1949-8454office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wignet.com/1949-8454/g_info_
20100316155305.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wibc@
wijgnet.com, or by telephone: +86-10-85381892. 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 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
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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 ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

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

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 Na-
tional 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, af-
filiation, 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, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.
Telephone: +86-10-85381892 Fax: +86-10-85381893

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 W]BC, review-
ers 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, Shang-
hai, 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 Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
wtite the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
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less than 294 words): You should present P values where appropriate
and must provide relevant data to illustrate how they were obtained,
e.g 6.92 1 3.86 15 3.61 + 1.67, P < 0.001; CONCLUSION (no mote
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 articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, 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, editotial, topic high-
light, case teport, letters to the editors, can be found at: http:/ /www.
wignet.com/1949-8454/¢_info_20100316160646.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e#., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate 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.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wijgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.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 leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For ex-
ample: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A:..;B: .5 C ;D Ee L Fe s Ge e Tt s our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., 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. *P <
0.05, °P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, O, A, /\, e/, in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals ac-

March 26,2012 | Volume 3 | Issue 3 |



Instructions to authors

cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability™”, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references! ", we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensutre
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrezedb=pubmed and http://www.crossref.org/Sim-
pleTextQuety/, respectively. The numbets will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.539¢].

Style for book references

Authors: the name of the first author should be typed in bold-
faced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all authors and include the PNIID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
63506]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson |, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat/ Acad Sei US.A
20006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP0000035706.28494.
09]

Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01 ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
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2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184]

Volume with supplenent

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: §93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 X]

Lssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRS.A
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Aunthor(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming, EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data

Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
XZ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numerals such as 23, 243, 641 should be read 23243 641.
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The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1949-8454/
g _info_20100309232449.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
7 mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BawHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8454/¢_info_20100316
155524.htm

Frontier: http://www.wjgnet.com/1949-8454/¢_info_20100312
091506.htm

Topic highlight: http:/ /www.wjgnet.com/1949-8454/¢_info_2010
0316155725.htm

Obsetvation: http:/ /wwwwijgnet.com/1949-8454/¢_info_20100316
155928.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1949-8454/
g info_20100312092119.htm

Guidelines for clinical practice: http://wwwwijgnet.com/1949-84
54/g_info_20100312092247.htm

Review: http://wwwwijgnet.com/1949-8454/¢_info_2010031616
0234.htm

Original articles: http://wwwwignet.com/1949-8454/¢_info_2010
0316160646.htm

Btief articles: http://wwwwijgnet.com/1949-8454/¢_info_201003
12092528.htm

Case report: http://wwwwignet.com/1949-8454/¢_info_20100316
161452.htm

Lettets to the editor: http://www.wjgnet.com/1949-8454/¢_info_
20100309232142.htm

Book reviews: http://wwwwignet.com/1949-8454/¢_info_201003
12092929 htm

Guidelines: http://wwwwignet.com/1949-8454/¢_info_20100312
093057.htm

K

;gua;:,ﬁ.,f,@ WIJBC | www.wjgnet.com

Instructions to authors

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of W]BC.
The revised version including manuscript and high-resolution image
figutes (if any) should be te-submitted online (http://www.wignet.
com/1949-84540ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wibc@wijgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
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