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Abstract

Congratulations to the publisher, members of the edito-
rial board of the journal, all the authors and readers
for launching the World Journal of Medical Genetics
(WJMG) as a new member of the World series journal
family! Following the completion of the Human Genome
Project, medical genetic research has seen spectacular
progress over the last decade. The number of genes
that have been linked to Mendelian human traits has
grown exponentially and currently this process is peak-
ing with the access to robust genome-wide sequencing
power. The genomics revolution is also seen for eluci-
dation of rare and common DNA variants that increase
risk for common disorders. Given this fast progress,
there is an increasing need for making the results of
genetics and genomics studies rapidly and freely avail-
able to the larger community. Thus, the decision for in-
augurating this new journal is a timely one. The WJMG
is a peer-reviewed, open-access periodical centered in
all aspects of medical genetics research, with multidis-
ciplinary coverage: from human phenotype to genetic
and genomic mutations and variations to the study of
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Figure 1 Editor-in-Chief of the
World Journal of Medical Genet-
ics. Hans van Bokhoven, Professor,
PhD, Department of Human Genet-
ics, Molecular Neurogenetics Unit,
Nijmegen Centre for Molecular Life
Sciences and Donders Institute for
Brain, Cognition and Behaviour,
Radboud University Nijmegen Medi-
cal Centre, Nijmegen, The Nether-
lands.

pathological mechanisms. If you want to share new
results of your research with a link to medical genetics
with your peers, you will find the WJMG a good media
to publish your papers!

© 2011 Baishideng. All rights reserved.

Key words: Medical genetics; Genomics; Biomedical sci-
ences; Peer-reviewed; Open-access; Journal

Peer reviewer: Christophe Chevillard, PhD, INSERM U906,
School of Medicine Timone, 27 Bd Jean Moulin, 13385 Marseille
cedex 05, France

van Bokhoven H. What is the purpose of launching the World
Journal of Medical Genetics? World J Med Genet 2011; 1(1): 1-3
Available from: URL: http://www.wjgnet.com/2220-3184/full/v1/
il/1.htm DOTI: http://dx.doi.org/10.5496/wjmg.v1.i1.1

INTRODUCTION

I am Hans van Bokhoven, a full professor from the Rad-
boud University Nijmegen Medical Centre, Nijmegen,
the Netherlands (Figure 1) and the Editor-in-Chief of
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van Bokhoven H. Here comes the WMG

the World Journal of Medical Genetics (World | Med Genet,
WJMG, online ISSN 2220-3184, DOI: 10.54906). It is
my great honor to introduce the /MG as a new forum
for exchanging new results and sharing new hypotheses
relevant to clinical genetics and to fundamental and
diagnostic molecular genetics and genomics research.
Congratulations to the publisher, members of editorial
board of the journal, all the authors and readers for this
memortable event!

I am very pleased to announce that the first issue of
the WJMG, whose preparation was initiated on Decem-
ber 16, 2010, is officially published on December 27,
2011. The WJMG Editorial Board has now been estab-
lished and consists of 103 distinguished experts from 28
countries. What is the purpose of launching the WIMG
and what will the scope of the journal be? To start with
the last question, the WJMG will cover new develop-
ments in all areas of medical genetics: research on the
causes, the diagnosis and the management of hereditary
disorders in man. Medical genetics has taken a prominent
position in current medical practice and has branched
into many medical specialties, such as neurology, endocri-
nology, oncology, psychiatry, ophthalmology, dermatol-
ogy and many others.

Advances in elucidation of the etiology of the broad
spectrum of disorders have been propelled by the scien-
tific landmarks set by the Human Genome Project and
various other genome projects“’zl. In addition, techno-
logical improvements, such as microarray platforms and
next generation sequencing machines, have made genome
wide analyses feasible for individual laboratories. As a
consequence, there are currently over 3300 disorders list-
ed in OMIM (November 2011)[3] for which the molecular
basis is known and new genes are added each day. How-
ever, there are at least an equally large number of human
Mendelian disorders that are still to be resolved. In addi-
tion, genetic risk factors for common disorders are only
beginning to be resolved. Thus, knowledge about the
genetic contribution to human disease is still largely un-
explored and the knowledge of multigenic diseases is also
in progress. The high pace at which we can expect to find
new genotype-phenotype connections warrants the in-
troduction of the WJMG as a novel open access resource
for communicating such findings to the medical genetics
community. The WJMG will solicit contributions from all
subdisciplines, which include clinical genetics, metabolic
and biochemical genetics, cytogenetics, molecular genet-
ics, DNA diagnostics, mitochondrial genetics and genetic
counseling;

SCOPE

The WJMG aims to rapidly report the most recent results
in medical diagnostics, therapeutic techniques and equip-
ment, clinical medical research, clinical and experimental
techniques and methodology. Its purpose is to provide
a platform to facilitate the integration of clinical and
laboratory disciplines to highlight genotype-phenotype
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assoclations at a qualitative high level, which will help to
improve diagnostic accuracy and medical cate, and in the
longer run, therapeutic intervention. The journal publish-
es original articles and reviews on the following topics: (1)
Laboratory research, including but not limited to tech-
niques in DNA/RNA sequencing, whole-genome linkage
analyses and association studies, copy number variation
profiling, epigenetic modifications in health and disease,
clucidation of molecular and cellular pathways affected
by gene mutations, determination of transcription factor
binding sites, protein-protein interactions, preparation
and transformation of induced pluripotent stem cells,
animal models of human hereditary disorders and bioin-
formatics; and (2) Clinical genetics research on etiology,
epidemiology, pathogenesis, morphology and function,
signs and symptoms.

CONTENTS OF PEER REVIEW

In order to guarantee the quality of articles published in
the journal, WJMG usually invites three experts to com-
ment on the submitted papers. The contents of peer re-
view include: (1) whether the contents of the manuscript
are of great importance and novelty; (2) whether the
experiment is complete and described clearly; (3) whether
the discussion and conclusion are justified; (4) whether

the citations of references are necessary and reasonable;
and (5) whether the presentation and use of tables and
figures are correct and complete.

COLUMNS

The columns in the issues of the WJMG include: (1)
Editorial: to introduce and comment on the substantial
advance and its importance in the fast-developing ateas;

(2) Frontier: to review the most representative achieve-
ments and comment on the current research status in the
important fields and propose directions for the future re-
search; (3) Topic Highlight: this column consists of three
formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot
topic, and (C) a commentary on the 10 individual articles;
(4) Observation: to update the development of old and
new questions, highlight unsolved problems and provide
strategies on how to solve the questions; (5) Guidelines
for Clinical Practice: to provide guidelines for clinical
diagnosis and treatment; (6) Review: to systematically
review the most representative progress and unsolved
problems in the major scientific disciplines, comment
on the current research status and make suggestions on
future work; (7) Original Articles: to originally report the
innovative and valuable findings in medical genetics; (8)
Brief Articles: to briefly report the novel and innovative
findings in medical genetics; (9) Case Report: to report a
rare or typical case; (10) Letters to the Editor: to discuss
and make reply to the contributions published in the
WJMG, ot to introduce and comment on a controversial
issue of general interest; (11) Book Reviews: to introduce

December 27,2011 | Volume 1 | Issuel |



and comment on quality monographs of medical genet-

ics; and (12) Guidelines: to introduce consensuses and

guidelines reached by international and national academic

authorities worldwide on the research in medical genetics.

So, if you want to share exciting novel results of your

clinical, diagnostic or fundamental genetic research or

your vision of new developments in the field of medical
genetics research with your peers, the WJMG is a place
you can feel at home. The staff and editorial board look
forward to taking the WJMG to the top.

REFERENCES

1

Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC,
Baldwin J, Devon K, Dewar K, Doyle M, FitzHugh W, Funke
R, Gage D, Harris K, Heaford A, Howland ], Kann L, Le-
hoczky J, LeVine R, McEwan P, McKernan K, Meldrim J,
Mesirov JP, Miranda C, Morris W, Naylor J, Raymond C,
Rosetti M, Santos R, Sheridan A, Sougnez C, Stange-Thom-
ann N, Stojanovic N, Subramanian A, Wyman D, Rogers ],
Sulston J, Ainscough R, Beck S, Bentley D, Burton J, Clee C,
Carter N, Coulson A, Deadman R, Deloukas P, Dunham A,
Dunham I, Durbin R, French L, Grafham D, Gregory S, Hub-
bard T, Humphray S, Hunt A, Jones M, Lloyd C, McMurray
A, Matthews L, Mercer S, Milne S, Mullikin JC, Mungall
A, Plumb R, Ross M, Shownkeen R, Sims S, Waterston RH,
Wilson RK, Hillier LW, McPherson JD, Marra MA, Mardis
ER, Fulton LA, Chinwalla AT, Pepin KH, Gish WR, Chissoe
SL, Wendl MC, Delehaunty KD, Miner TL, Delehaunty A,
Kramer JB, Cook LL, Fulton RS, Johnson DL, Minx PJ, Clif-
ton SW, Hawkins T, Branscomb E, Predki P, Richardson P,
Wenning S, Slezak T, Doggett N, Cheng JF, Olsen A, Lucas
S, Elkin C, Uberbacher E, Frazier M, Gibbs RA, Muzny DM,
Scherer SE, Bouck JB, Sodergren EJ, Worley KC, Rives CM,
Gorrell JH, Metzker ML, Naylor SL, Kucherlapati RS, Nelson
DL, Weinstock GM, Sakaki Y, Fujiyama A, Hattori M, Yada T,
Toyoda A, Itoh T, Kawagoe C, Watanabe H, Totoki Y, Taylor
T, Weissenbach J, Heilig R, Saurin W, Artiguenave F, Brottier
P, Bruls T, Pelletier E, Robert C, Wincker P, Smith DR, Dou-
cette-Stamm L, Rubenfield M, Weinstock K, Lee HM, Dubois
J, Rosenthal A, Platzer M, Nyakatura G, Taudien S, Rump
A, Yang H, Yu J, Wang ], Huang G, Gu ], Hood L, Rowen L,
Madan A, Qin S, Davis RW, Federspiel NA, Abola AP, Proc-
tor MJ, Myers RM, Schmutz J, Dickson M, Grimwood ], Cox
DR, Olson MV, Kaul R, Raymond C, Shimizu N, Kawasaki K,
Minoshima S, Evans GA, Athanasiou M, Schultz R, Roe BA,
Chen F, Pan H, Ramser ], Lehrach H, Reinhardt R, McCom-
bie WR, de la Bastide M, Dedhia N, Blocker H, Hornischer K,
Nordsiek G, Agarwala R, Aravind L, Bailey JA, Bateman A,
Batzoglou S, Birney E, Bork P, Brown DG, Burge CB, Cerutti
L, Chen HC, Church D, Clamp M, Copley RR, Doerks T,
Eddy SR, Eichler EE, Furey TS, Galagan ], Gilbert JG, Har-
mon C, Hayashizaki Y, Haussler D, Hermjakob H, Hokamp
K, Jang W, Johnson LS, Jones TA, Kasif S, Kaspryzk A, Ken-
nedy S, Kent WJ, Kitts P, Koonin EV, Korf I, Kulp D, Lancet
D, Lowe TM, McLysaght A, Mikkelsen T, Moran JV, Mulder
N, Pollara V], Ponting CP, Schuler G, Schultz ], Slater G,

(49

TR
Jaishideng®

WIMG | www.wjgnet.com

van Bokhoven H. Here comes the WMG

Smit AF, Stupka E, Szustakowski ], Thierry-Mieg D, Thierry-
Mieg J, Wagner L, Wallis J, Wheeler R, Williams A, Wolf YI,
Wolfe KH, Yang SP, Yeh RF, Collins F, Guyer MS, Peterson
J, Felsenfeld A, Wetterstrand KA, Patrinos A, Morgan MJ, de
Jong P, Catanese JJ, Osoegawa K, Shizuya H, Choi S, Chen
Y]. Initial sequencing and analysis of the human genome.
Nature 2001; 409: 860-921

Venter JC, Adams MD, Myers EW, Li PW, Mural R], Sutton
GG, Smith HO, Yandell M, Evans CA, Holt RA, Gocayne JD,
Amanatides P, Ballew RM, Huson DH, Wortman JR, Zhang
Q, Kodira CD, Zheng XH, Chen L, Skupski M, Subramanian
G, Thomas PD, Zhang J, Gabor Miklos GL, Nelson C, Broder
S, Clark AG, Nadeau J, McKusick VA, Zinder N, Levine AJ,
Roberts RJ, Simon M, Slayman C, Hunkapiller M, Bolanos R,
Delcher A, Dew I, Fasulo D, Flanigan M, Florea L, Halpern
A, Hannenhalli S, Kravitz S, Levy S, Mobarry C, Reinert K,
Remington K, Abu-Threideh ], Beasley E, Biddick K, Bonazzi
V, Brandon R, Cargill M, Chandramouliswaran I, Charlab R,
Chaturvedi K, Deng Z, Di Francesco V, Dunn P, Eilbeck K,
Evangelista C, Gabrielian AE, Gan W, Ge W, Gong F, Gu Z,
Guan P, Heiman TJ, Higgins ME, Ji RR, Ke Z, Ketchum KA,
Lai Z, Lei Y, Li Z, Li ], Liang Y, Lin X, Lu F, Merkulov GV,
Milshina N, Moore HM, Naik AK, Narayan VA, Neelam B,
Nusskern D, Rusch DB, Salzberg S, Shao W, Shue B, Sun J,
Wang Z, Wang A, Wang X, Wang J, Wei M, Wides R, Xiao
C, Yan C, Yao A, Ye ], Zhan M, Zhang W, Zhang H, Zhao
Q, Zheng L, Zhong F, Zhong W, Zhu S, Zhao S, Gilbert D,
Baumhueter S, Spier G, Carter C, Cravchik A, Woodage T,
Ali F, An H, Awe A, Baldwin D, Baden H, Barnstead M,
Barrow I, Beeson K, Busam D, Carver A, Center A, Cheng
ML, Curry L, Danaher S, Davenport L, Desilets R, Dietz S,
Dodson K, Doup L, Ferriera S, Garg N, Gluecksmann A,
Hart B, Haynes J, Haynes C, Heiner C, Hladun S, Hostin
D, Houck ], Howland T, Ibegwam C, Johnson ], Kalush F,
Kline L, Koduru S, Love A, Mann F, May D, McCawley S,
McIntosh T, McMullen I, Moy M, Moy L, Murphy B, Nelson
K, Pfannkoch C, Pratts E, Puri V, Qureshi H, Reardon M, Ro-
driguez R, Rogers YH, Romblad D, Ruhfel B, Scott R, Sitter
C, Smallwood M, Stewart E, Strong R, Suh E, Thomas R, Tint
NN, Tse S, Vech C, Wang G, Wetter ], Williams S, Williams M,
Windsor S, Winn-Deen E, Wolfe K, Zaveri ], Zaveri K, Abril
JE, Guigoé R, Campbell M]J, Sjolander KV, Karlak B, Kejariwal
A, Mi H, Lazareva B, Hatton T, Narechania A, Diemer K,
Muruganujan A, Guo N, Sato S, Bafna V, Istrail S, Lippert R,
Schwartz R, Walenz B, Yooseph S, Allen D, Basu A, Baxen-
dale J, Blick L, Caminha M, Carnes-Stine J, Caulk P, Chiang
YH, Coyne M, Dahlke C, Mays A, Dombroski M, Donnelly M,
Ely D, Esparham S, Fosler C, Gire H, Glanowski S, Glasser K,
Glodek A, Gorokhov M, Graham K, Gropman B, Harris M,
Heil ], Henderson S, Hoover ], Jennings D, Jordan C, Jordan
J, Kasha J, Kagan L, Kraft C, Levitsky A, Lewis M, Liu X, Lo-
pez J, Ma D, Majoros W, McDaniel J, Murphy S, Newman M,
Nguyen T, Nguyen N, Nodell M, Pan S, Peck ], Peterson M,
Rowe W, Sanders R, Scott ], Simpson M, Smith T, Sprague
A, Stockwell T, Turner R, Venter E, Wang M, Wen M, Wu D,
Wu M, Xia A, Zandieh A, Zhu X. The sequence of the human
genome. Science 2001; 291: 1304-1351

Online Mendelian Inheritance in Man®. McKusick-Nathans
Institute of Genetic Medicine, Johns Hopkins University (Bal-
timore, MD). Available from: URL: http:/ /www.omim.org

S- Editor Wang JL L~ Editor Roemmele A E- Editor Zheng XM

December 27,2011 | Volume 1 | Issuel |



J M

World Journal of
Medical Genetics

Online Submissions: http:/ /www.wjgnet.com/2220-3184office

wjmg@wjgnet.com
doi:10.5496/ wjmg.v1.il.4

World | Med Genet 2011 December 27; 1(1): 4-10
ISSN 2220-3184 (online)
© 2011 Baishideng. All rights reserved.

EDITORIAL

Overlap of genetic influences in phenotypes classically
categorized as psychiatric vs medical disorders

Richard C McEachin, James D Cavalcoli

Richard C McEachin, James D Cavalcoli, Center for Compu-
tational Medicine and Bioinformatics, University of Michigan
Medical School, Ann Arbor, MI 48109, United States

Author contributions: McEachin RC and Cavalcoli JD col-
laborated on this work; All authors take responsibility for the
contents.

Supported by U54 DA021915, US National Institutes of Health
(currently to Cavalcoli JD, and previously to McEachin RC)
Correspondence to: Richard C McEachin, PhD, Research
Investigator, Center for Computational Medicine and Bioinfor-
matics, University of Michigan, Ann Arbor, MI 48109,

United States. mceachin@umich.edu

Telephone: +1-734-9989249 Fax: +1-734-9988571

Received: August 26,2011 Revised: October 25, 2011
Accepted: December 17, 2011

Published online: December 27, 2011

Abstract

Psychiatric disorders have traditionally been segregated
from medical disorders in terms of drugs, treatment,
insurance coverage and training of clinicians. This
segregation is consistent with the long-standing ob-
servation that there are inherent differences between
psychiatric disorders (diseases relating to thoughts,
feelings and behavior) and medical disorders (diseases
relating to physical processes). However, these dif-
ferences are growing less distinct as we improve our
understanding of the roles of epistasis and pleiotropy
in medical genetics. Both psychiatric and medical disor-
ders are predisposed in part by genetic variation, and
psychiatric disorders tend to be comorbid with medical
disorders. One hypothesis on this interaction posits that
certain combinations of genetic variants (epistasis) in-
fluence psychiatric disorders due to their impact on the
brain, but the associated genes are also expressed in
other tissues so the same groups of variants influence
medical disorders (pleiotropy). The observation that
psychiatric and medical disorders may interact is not
novel. Equally, both epistasis and pleiotropy are fun-
damental concepts in medical genetics. However, we
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are just beginning to understand how genetic variation
can influence both psychiatric and medical disorders.
In our recent work, we have discovered gene networks
significantly associated with psychiatric and substance
use disorders. Invariably, these networks are also sig-
nificantly associated with medical disorders. Recogniz-
ing how genetic variation can influence both psychiatric
and medical disorders will help us to understand the
etiology of the individual and comorbid disease phe-
notypes, predict and minimize side effects in drug and
other treatments, and help to reduce stigma associated
with psychiatric disorders.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Interaction between psychiatric and medical disorders has
been observed for decades!™, although this interaction has
not been well characterized with respect to the potential
for common underlying genetic etiology. Disorders such

as schizophrenia and diabetes ate predisposed by mul-
[4-6]

tiple interacting genetic and environmental influences
Identifying and understanding these interactions is criti-
cal to understanding the etiology of a range of common

complex diseases™ ™" including psychiatric and medical
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disorders that have very significant public health conse-
quences“’lz’w]. In assessing genetic influences on complex
disease, we use the term “epistasis” to mean “interaction
between genes”“s’l(ﬂ. This definition is broad, including
any mechanism by which the effect of one gene or genet-
ic variant influences the effect of another gene or genetic
variant, resulting in the observed phenotype (changes in
protein-protein binding, regulation of expression, post-
transcriptional processing, translation, post-translational
processing, activation/deactivation, translocation, re-
sponse to environmental stimuli, ex.). Complex diseases
also tend to be comorbid" ™, consistent with pleiotropy
having an influence on them. We use the term “pleiotropy”
to mean that multiple phenotypes are influenced by a

21,22] .
B2 Again, we use

single genetic variant or set of variants
a simple and broad definition, including cases where any
two or more phenotypes are influenced by a single variant
or set of variants. Based on our recent work!*"**!
observation is that epistasis and pleiotropy are both im-
portant in understanding the genetic etiology of complex
diseases. Note that environmental factors are important
in the etiology of complex diseases but here we focus on
genetic etiology. Also, while epistasis and pleiotropy apply
to any phenotypes, the focus of our work is on comorbid
diseases, where two or more complex disease phenotypes
are seen in a single individual.

We first highlight progress and challenges in assess-
ing genetic influences on psychiatric disorders as well as
interactions between psychiatric and medical disorders.
We then illustrate the roles of epistasis and pleiotropy in
a complex psychiatric/medical comorbidity, based on a
set of candidate genes that are statistically enriched (over-
represented) in both schizophrenia and breast cancer lit-
erature. Finally, we offer observations on the significance
of the overlap of genetic influences on psychiatric and
medical disorders.

GENETIC VARIATION IN PSYCHIATRIC
DISORDERS

Psychiatric disorders (schizophrenia, bipolar disorder,
major depressive disorder, ez.) and medical disorders

(diabetes, cancers, hypertension, ez.) are generally com-
mon complex diseases™, predisposed by multiple inter-
acting genetic and environmental influences. Substance
use disorders (addiction to or dependence on cocaine,
opium, alcohol, nicotine, ez.) are also complex diseases
and they are often categorized as psychiatric disorders.
Substance use disorders have characteristics of both
psychiatric and medical disorders because they influence
both behavior and physical condition, though they tend
to have very clear environmental influences (i.e. the sub-
stances of abuse). Heritability estimates for psychiatric
disorders range from 40% to 90%, depending on the
disorder and population tested®*, strongly consistent
with the hypothesis that genetic variation influences these
disorders. However, efforts to find reproducible evidence
of specific genetic influences have been frustrated due to
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locus heterogeneity, incomplete penetrance and interac-
tion with environmental factors” ", Efforts are currently
under way to improve the success of these studies by the
use of endophenotypes (sub-phenotypes), modeling the
impact of environmental variation, identification of rare
variants influencing the phenotype and the use of larger
study populations or meta-analysis to improve power in
hypothesis testing[27’28].

We have been pursuing a related approach for sev-
eral years, leveraging epistasis and pleiotropy to improve
the detection of sets of genetic variants associated with
psychiatric disorders comorbid with substance use disor-
ders"*"”*. We first noted that psychiatric and substance
use disorders are often comorbid”” and, in most popula-
tions tested, epidemiological evidence indicates that indi-
viduals diagnosed with psychiatric disorders are over-rep-
resented for substance use disorders and vice versa® .
Data about genetic variants that influence psychiatric or
substance use disorders is inherently noisy due to diverse
populations and behaviorally based phenotype classifi-
cations. However, using the principles of epistasis and
pleiotropy, we identify genetic variants at the intersection
of a pair of comorbid diseases, effectively highlighting
the association signal for the comorbidity and revealing
biologically relevant gene sets which may be relevant to
the molecular basis of the phenotype. Subsequently, we
identify a network of genes that are candidates for in-
fluencing the comorbid phenotype. Interestingly, while
we start out searching for candidate genes related to the
psychiatric/substance use comorbidity, we invariably see
medical disorders significantly over-represented in anno-

. . 18,19,23
tation for genes in these networks'®' ",

INTERACTION OF PSYCHIATRIC AND
MEDICAL DISORDERS

Consortia have been formed to improve the detection

of genetic variation influencing medical disorders and
B7.589 although the
complexity of the genetic influences involved remain

these groups have seen some success

challengingwm‘ Interestingly, interaction between psychi-
atric and medical disorders has been observed for many
years” (e.g. colon cancer and breast cancer have
been associated with schizophreniaw’], coronary disease
has been associated with depressionwm), although the
observed interactions do not necessarily point to genetic
influences. For example, antipsychotics prescribed to
schizophrenics (an environmental influence) may make

50,51
o1, However,

them more vulnerable to hyperglycemia
the observed interactions may well be due to some com-
mon element that predisposes both conditions”™ and
common underlying genetic variation represents an im-
portant possible etiology. As a simple example, a variant
in transcription factor TCF7L.2 was recently found to in-
crease risk for both diabetes and schizophrenia, although
this single variant explains only a small amount of varia-
tion in either disease”’. We hypothesize that explaining
a greater portion of the genetic influence on a given
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Table 1 Gene2MeSH results

Gene Entrez MeSH descriptor MeSH qualifier PubMed Citations Fold 1 P value
symbol gene ID citations expected change
AKT1 207 Schizophrenia Genetics 26 8.97 2.9 314 2.97E-06
Breast Neoplasms Pathology 91 36.40 2.5 782 1.63E-14
COMT 1312 Schizophrenia Genetics 176 6.96 253 4107.4 5.06E-186
Breast Neoplasms Genetics 68 28.33 24 5518 8.43E-11
CYP2D6 1565 Schizophrenia Drug therapy 45 4.89 9.2 330.0 1.28E-28
Breast Neoplasms Drug therapy 42 20.00 2.1 24.5 9.59E-06
ERBB4 2066 Schizophrenia Genetics 6 0.59 10.1 90.4 1.63E-08
Breast Neoplasms Pathology 27 4.43 6.1 114.9 5.28E-14
NRG1 3084 Schizophrenia Genetics 98 1.85 53.1 5011.8 2.84E-140
Breast Neoplasms Pathology 24 7.50 3.2 36.1 7.39E-07
SOD2 6648 Schizophrenia Genetics 16 3.64 4.4 428 1.07E-06
Breast Neoplasms Genetics 50 14.71 3.4 85.1 9.33E-14

The intersection of Gene2MeSH output for MeSH “descriptor: Schizophrenia” and MeSH “descriptor: Breast neoplasms” yields 6 genes significantly

over-represented in PubMed abstracts annotated for both descriptors. Fold changes are calculated within Gene2MeSH as citations observed/expected. 3

statistics and their corresponding P-values are also developed from these values. This gene set became input to the GeneGo modeling.

comorbidity can be accomplished by leveraging epistasis
and pleiotropy in modeling the combined phenotype.

MODELING

We have previously reported modeling interactions among
clusters of candidate genes for comorbid psychiatric and
substance use disorders'***! to help us understand how
the genetic influences impact the comorbidity and how
the relevant substances interact with the genes involved.
Summarizing the process, we firstly identify a set of
candidate genes for the comorbidity »ia: genome wide
expression or association studies, literature mining, Gen-
e2MeSHP" and/or the Genetic Association Database[ssl;
secondly, establish biological context for the set of genes
by modeling their interactions »ia: Prioritizing Disease
Genes by Analysis of Common Elements””, Gene Rela-
tionships Among Implicated Loci?” and/or GeneGolSSJ;
and thirdly, identify, report and interpret over-represented
concepts in annotation for genes in these networks via:
the Database for Annotation Visualization and Integrated
Discovery™, ConceptGen™ and/or GeneGo™,

As expected, the genes in the networks developed are
significantly over-represented for annotation consistent

with psychiatric and substance use disorders. However,
we noted that each of these networks is also significantly
over-represented by genes annotated for their roles in
medical disorders. This observation in multiple studies
leads us to hypothesize that, in a genetic sense, distinc-
tions made between psychiatric and medical disorders are
arbitrary.

Candidate gene selection

To illustrate how psychiatric and medical disorders share
constellations of genetic influences, we followed the
observed interaction between schizophrenia and breast
cancer™. To minimize the chance of pursuing a spurious
association, we searched PubMed for [“schizophrenia”

(MeSH Terms) AND “breast neoplasms”(MeSH Terms)]
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and found 43 papers annotated for this comorbidity. We
then began a candidate gene search using Gene2MeSH™,
which identifies genes that are significantly over-repre-
sented (P-value < 107) in annotation for PubMed ab-
stracts that are also annotated for given Medical Subject
Headings (MeSH). Note that, while we recognize that a
simple PubMed search may be subject to publication bias,
Gene2MeSH overcomes this bias in calculating signifi-
cance values. We searched for human genes over-repre-
sented for MeSH annotation “descriptor: Schizophrenia”
(145 genes) and MeSH annotation “descriptor: Breast
Neoplasms” (164 genes). We selected the 6 genes at the
intersection of these sets for follow-up analysis (Table 1).

Biological contextualization

To place the 6 candidate genes identified in our Gen-
e2MeSH search into context, we used GeneGo’s Meta-
Core database of protein-protein and protein-small
molecule interactions to build a gene network model of
the candidate genes, plus their closest interactors, using
the following parameter settings: (1) shortest paths algo-
rithm; (2) merged network; (3) no canonical pathways;
(4) 2 maximum steps in the path; (5) show disconnected
seed nodes; (6) show shortest path edges only; (7) discard
low trust interactions; (8) use functional interactions; (9)
use binding interactions; and (10) do not use compound-
target interactions.

Enriched concepts

The resulting network (Figure 1) is organized by cellu-
lar compartment and shows the close and multi-layered
interactions among these 6 genes and their interactors.
Note that Figure 1 has 31 icons representing 43 genes
because some of the icons represent dimerized proteins
that act as a single unit. Based on MetaCore data, Ge-
neGo calculates that the larger network is significantly
enriched for genes annotated for brain diseases, cancers
and hormone sensitive disorders (Table 2). This annota-
tion is consistent with the hypothesis of shared genetic
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Figure 1 Systems biology model. GeneGo modeling shows how the 6 candidate genes identified by Gene2MeSH (circled in blue) interact with a tight-knit set of 37
additional genes, 13 of which regulate gene expression, and 5 of which are hormone responsive. The network also highlights the multiple positive and negative feed-
back cycles contained in the network. See www.genego.com for description of icons, colors and links in the figure.

Table 2 Over-represented disease annotation for systems

biology model

Disease Percent of P value

network genes

annotated (%)
Ovarian neoplasms 76.74 5.80E-29
Ovarian diseases 76.74 3.24E-27
Adnexal diseases 76.74 3.89E-27
Mesothelioma 48.84 2.04E-26
Neoplasms, mesothelial 48.84 2.50E-26
Gonadal disorders 76.74 4.23E-26
Genital neoplasms, female 79.07 8.70E-26
Hyperoxia 30.23 2.10E-23
Genital diseases, female 83.72 4.75E-22
Astrocytoma 72.09 4.82E-22
Neoplasms, connective and soft tissue 62.79 1.64E-21
Glioblastoma 69.77 3.67E-21

The 43 genes in the GeneGo model developed from the 6 candidate genes
show significant over-representation for cancers, especially hormone
sensitive cancers, and brain diseases, including brain cancers. P values
characterizing the significance of enrichment are calculated within the
GeneGo software based on a hypergeometric distribution.

vulnerability to schizophrenia and breast cancer, and em-
phasizes that these disorders are genetically related to the
broader phenotypes. The “hubs” for the network shown
in Figure 1, the genes with the most interactions, are An-
drogen receptor (33 interactions) and Estrogen receptor
1 (32 interactions), consistent with hormone response.
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Other notable hubs include p53, strongly associated with
cancers'"’ (30 interactions), and Estrogen receptor 2, a
homolog to Estrogen receptor 1 (22 interactions). Of
the 43 genes in this network, 22 are transcription factors,
consistent with an important role for regulation of gene
expression.

“Adnexal Diseases” and “Hyperoxia” are over-repre-
sented phenotypes (Table 2) that we have not been able
to place into the context of brain disorders or cancers.
Equally, “positive regulation of nitrogen compound met-
abolic process” is the most significantly over-represented
Gene Ontology biological process in the annotation for
these genes (P-value: 3.49 X 107) and, again, we have not
been able to place this process into context. These may
represent spurious associations. However, based on our
previous experience, we hesitate to dismiss the evidence
for these associations. They could represent novel puzzle
pieces that will be appreciated only when other pieces are
discovered and put into context. This was the case when
we first noticed that medical disorders were significantly
enriched in annotation for networks based on psychiat-
ric/substance use comorbidities.

IMPLICATIONS

Genetic variation’s influence on complex disease is agnos-
tic to categorization of psychiatric ss medical disorders.
We present a view on comorbidity research that opens
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the door to analysis of new combinations of related phe-
notypes, which could also shed light on single-disorder
phenotypes. We propose that, based on epidemiological
evidence, we can search for genetic influences on comot-
bidities that might otherwise seem unrelated®. Over-
represented concepts found in annotation for genes in
these networks serve as positive controls in model build-
ing and provide insight into the biological context of the
genetic influences. These insights may also provide novel
background on fundamental processes that would not
be evident without the network model. These insights
can then be applied to improve our understanding of
the comorbidity and each of the single-disorder pheno-
types. The methods we desctibe are not biased by disease
terminology and are only biased based on the literature
and gene set categorizations and annotations. By using
multiple data sources we hope to minimize that bias but
recognize that it still exists.

Therapy and drug side effects

At least 16 genes in the network in Figure 1 are annotated
in GeneGo’s MetaDrug database as being known targets
for currently available therapeutic drugs. Arguably, any of
these drugs has potential for therapeutic use in schizo-
phrenia or breast cancer, as well as the related phenotypes
seen in Table 2. The multiple positive and negative feed-
back loops evident in Figure 1 are also indicative of the
complex nature of epistasis in this comorbidity. Develop-
ment of drugs for therapeutic use can benefit from this
work by incorporating the understanding that these genes
have complex interactions that must be considered when
targeting any one of them or any combination of them.
In the larger sense, this network is not unique in model-
ing comorbid psychiatric and medical disorders; rather
this is the pattern that we have seen in previous work
and it is consistent with side effects seen in a range of
treatment protocols[“’m. By improving our understand-
ing of the multiple interacting genetic and environmental
influences on any disease phenotype, we should be able
to better predict therapeutic interactions and side effects,

and reduce their negative effects on the patient'”,

Replication of association

A challenging facet of complex disease research is the
frequent failure to replicate significant findings in follow-
on analyses””. The hypothesis that epistasis and pleiotro-
py are important in complex comorbidities is consistent
with these observations where, for example, in one study
the direction of association for a given comorbidity is
positivel%J and in other study the direction is negativemj.
The alternate direction of correlation should actually be
viewed as additional evidence of a relationship between
common gene variants and these diseases. A model con-
sistent with this phenomenon posits that a given set of
genetic variants could be positively associated with both
a psychiatric disorder and a medical disorder, while the
same gene set with a slight change in variation, perhaps
in a different population, could reverse the direction of
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effect for one of the disorders. Equally, minor changes
in other interacting genes or environmental effects could
yield population specific, gender specific or environment
specific effects that hamper replication efforts.

Stigma

A significant challenge for psychiatric patients is the stigma
associated with diagnosis and treatment for their disorders,
interfering with essentially every facet of their lives'”. Part
of this stigma comes from the preconception that there is
something inherently different about psychiatric disorders
when compared with medical disorders. This stigma is also
the result of our lack of understanding of the etiology of
psychiatric disorders and, in many cases, our inability to
effectively treat these disorders. The growing recognition
that psychiatric disorders are influenced by the same com-
plex interacting genetic and environmental influences that
predispose medical disorders, which are better accepted
by society, may help to ease the stigma associated with
psychiatric disorders. Overcoming this stigma may then
lead individuals back to productive lifestyles and healthier
relationships!'?.,

CONCLUSION

Psychiatric and medical disorders have traditionally been
segregated, in part due to our understanding that psychi-
atric disorders are fundamentally different from medical
disorders. In some ways this is true, although our im-
proved understanding of both epistasis and pleiotropy in
genetic predisposition to complex diseases makes the dis-
tinctions less cleat. The methods we have been develop-
ing provide a way to identify common genetic influences
on psychiatric and medical disorders that might otherwise
seem distinct. These methods use existing annotation
of genes and pathways, and the vast amount of biologi-

cal and medical research literature currently available, to
identify genes involved in comorbidities. The hope is that
by identifying potential common genetic variants in co-
morbid diseases, we can improve medicine by better un-
derstanding basic molecular processes and gene or path-
way Interactions; leverage common therapeutic agents
already developed for different diseases or disorders; and
raise awareness of the potential for genetic etiology that
is common across medical and psychiatric disorders.
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Abstract

Identification of the cell origin of human neoplasms
remains a challenging but important task in cancer re-
search. The outcomes in this area of study may allow
us to design novel strategies for early cancer detection
and targeted cancer therapeutics. Skin is a great organ
to study cancer stem cells because stem cells in skin
have been well investigated and approaches of genetic
manipulation in specific cell compartments are avail-
able to mimic clinical skin cancer in a mouse model.
Recently, by using different genetic engineered mouse
models, several groups have tried to discover which cell
type in skin was responsible for the initiation of basal
cell carcinoma, the most common type of skin cancer.
These studies raised more questions but also showed
more ways for future investigation.

© 2011 Baishideng. All rights reserved.
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CELL ORIGIN OF BASAL CELL
CARCINOMA

Basal cell carcinoma (BCC) is one of the most common
human cancers, so named based on its histological simi-
larity to basal keratinocytes). Almost all BCCs exhibit
activation of the Hh signaling pathway, which is a critical
regulator of cell proliferation, tissue differentiation and
tissue polaritym. In normal skin, Hh signaling is tempo-
rally and spatially controlled to regulate hair follicle (HF)
growth and morphogenesis'”, but dys-regulated in BCC
due to loss-of-function mutations in PTCH1 or gain-
of-function mutations in SMO™. Basal keratinocytes of
skin are composed of different types of cells, including
stem cells residing within the interfollicular epidermis
(IFE) and HF™, Tt is still not clear which cell type 1s
responsible for BCC formation. Recently, several groups
reported new data to demonstrate the cell origin of BCC
by activating Hh signaling in different cell populations in
mouse skin.

Youssef ef a/* used different promoter-driven induc-
ible cre expression, including keratin 14, Shh and keratin
15, to activate Hh pathway by induced expression of
active SMO mutant, SmoM2. They found that murine
BCCs almost exclusively derive from cells in IFE but not
HFs. These results are not expected, based on the previ-
ous theory that BCC is HF-derived tumor. It is known
that Hh signaling is physiologically required for HF
growth zia stimulation of proliferation of HF progeni-
tors, and these cells might be naturally preferential to
mediate Hh pathway-driven tumorigenesis. Soon after,
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Expression of SmoM2, Gli1
or GLI2AN induces BCC
|
IFE

Injury

_r»---a@ BCC

Expression of GLI2AN

induces BCC Expression of SmoM2 does not causes

BCC in Bu but forms BCC after
recruited to wound healing site in IFE

IR treatment of Ptch1-/+ mice or
expression of GLI2AN induces BCC

Figure 1 Different models used for cell origin investigation of basal cell
carcinoma. IFE: Interfollicular epidermis; SG: Sebaceous gland; Bu; Bulge.

Wang ez al” reported that development of BCCs in ion-
irradiated Ptch1™" mice were mainly from HF bulge cells.
Through lineage tracing study, they found that the great
majority of BCCs arose from K15-positive bulge cells.
So, these two groups reached opposite conclusions about
the putative cell of origin of BCC. One explanation for
this discrepancy is that, in the two mouse models, forced
expression of mutant Smo and loss of Ptchl may be dif-
ferent in biological effects. In addition to the inhibition
of Hh signaling, Ptchl can bind cyclin B1 directly to pre-
vent nuclear translocation of cyclin B1, and thus inhibit
cell cycle progressionm. Indeed, Wang 7 al” compared
the location of cyclin B1 in tumors arising in the two
models, and found more cyclin Bl accumulation in BCC
of IR-treated Ptch1"" mice than that of SmoM2 mice,
indicating that nuclear cyclin B1 might facilitate BCC
arising from follicle in their model.

No matter how Hh signaling is activated, Gli2 is the
primary transcriptional effector for the Hh signaling
pathwaym. Grachtchouk ez a/"” engineered mice express-
ing GLI2 activator (GLI2AN) selectively in different cell
compartments of epidermis using a novel mouse model,
in which Cre-lox and tet-regulated system are combined
together to control not only tissue and temporal expres-
sion, but also the expression level of GLIZAN. Using this
new system, they found that a BCC-like skin tumor could
arise from different cell types in epidermis, such as Lgr5+
secondary hair germ in the resting HE outer root sheath
in growing HF, IFE and sebaceous gland, but cells in
follicle bulge were resistant to GLI2AN-induced hypet-
plasia, probably because of increased apoptosisle. After
they reduced GLI2AN expression level in basal cells by
administrating a lower dose of doxycycline, mice devel-
oped a BCC-like abnormality, similar to lesions seen in
mice expressing mutant Smo, which was thought to be a
weaker Hh pathway activator in skin"". All these data to-
gether can provide another explanation for why Youssef
et al” only saw IEF origin of BCC in K14:SmoM2 mouse

(49

Boichidengs  WIMG | www.wjgnet.com

12

and SmoM2 mutant failed to produce tumors from fol-
licle stem cells in keratin 15-Cre mice.

The resistance of bulge cells to Hh pathway-induced
transformation is probably due to the restriction of bulge
microenvironment. It was reported that expression of
negative regulators of the Hh pathway, such as Gli3 and
Sufu, was up-regulated in follicle bulge stem cell niche!?
where a quiescent microenvironment was maintained"”.
However, during wound healing, as shown by the other
two groupsm’ﬁ], bulge stem cells with high Hh signaling
activation were recruited to wounding sites and give rise
to tumors in the newly formed epidermis. These data in-
dicate that identification of the BCC cell origin becomes
more difficult due to the changing tumorigenic potential
during cell migration.

The different models used for cell origin investigation
of BCC are shown in Figure 1.

CONCLUSION

In these recent publications, researchers are trying to

address the cell of origin of BCC using a genetically
engineered mouse model to activate Hh signaling in dif-
ferent epidermal compartments. All these results are
simply based on one mechanism that high-level Hh sig-
naling alone in keratinocytes can produce murine BCC,
but these results over simplify the real situation. The
cellular origin of BCCs may not be the same cell type in
all circumstances, depending on the tissue condition, the
targeted component of the Hh pathway for the study
as well as the cell population being targeted. The situa-
tion becomes further complicated when considering the
movement of these mutant cells before tumor formation.
It is fair to say these publications bring more curiosity to

the field.
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Abstract

Genetic interactions are functional crosstalk among dif-
ferent genetic loci that lead to phenotypic changes,
such as health or viability alterations. A disease or lethal
phenotype that results from the combined effects of
gene mutations at different loci is termed a synthetic
sickness or synthetic lethality, respectively. Studies of
genetic interaction have provided insight on the rela-
tionships among biochemical processes or pathways.
Cancer results from genetic interactions and is a major
focus of current studies in genetic interactions. Various
basic and translational cancer studies have explored
the concept of genetic interactions, including studies of
the mechanistic characterization of genes, drug discov-
ery, biomarker identification and the rational design of
combination therapies. This review discusses the im-
plications of genetic interactions in the development of
personalized cancer therapies, the identification of treat-
ment-responsive genes, the delineation of mechanisms
of chemoresistance and the rational design of combined
therapeutic strategies to overcome drug resistance.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Genetic interactions are functional crosstalk among genes
of different loci that regulate or compensate for one
another in many signaling and/or metabolic pathways,
leading to phenotypic changes, including disease status
(sickness) or viability alterations (lethality or semilethali-
ty). Unlike the dominance caused by interactions between
alleles of the same genetic locus, the interactions of dif-
ferent genetic loci may lead to unexpected phenotypic
changes that are different from the effects of mutations
in each individual gene. An example of a typical pheno-
typic change caused by genetic interaction is synthetic
lethality or synthetic semilethality; in brief, homozygous
mutations in two genes result in normal viability in living
organisms when the mutations exist separately but be-
come lethal or semilethal (viability reduced but not com-
pletely abolished) when they occur simultaneously'.
Because a lethal phenotype can be easily identified,
synthetic lethality has frequently been used as a research
tool for identifying interactions among genes. Global
gene knockout studies in yeast showed that about 20%
of genes in Saccharomyces cerevisiae (S. cerevisiae) are essential
for growth on a rich glucose-containing medium, whereas
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about 80% of the approximately 6200 predicted genes
are nonessential, suggesting that the genome is buffered
from the lethal effects of genetic disorders in more than
4700 genes that may have redundant functions associ-
ated with essential processes[w. Thus far, global synthetic
lethality analysis in yeast has generated substantial new
information on genetic interactions that compensate for
one another in biologically essential processes | Informa-
tion on genetic interactions has been used to predict the
function of uncharacterized genes and decipher complex
regulatory relationships among biochemical processes or
pathways[sl
being exploited by various investigators to identify genes

. The principle of genetic interactions is also

that are crucial to the survival of certain oncogene-trans-

formed cells®™”
[10,11]

aPY

cell death in a subset of oncogene-transformed cells

I or genes that sensitize cells to chemother-
or to find small molecules that selectively lnﬁlgﬁe
Thus, the principles of genetic interaction have become
a research platform for characterizing gene functions,
discovering novel anticancer agents, identifying molecular
biomarkers for personalized therapy and designing effec-
tive combination therapies to overcome drug resistance.
Applications of genetic interactions in anticancer drug
discovery were recently reviewed in several articles!™"",
This review will discuss potential applications of genetic
interaction in personalized therapy and in the rational de-
sign of multimodality therapy.

NETWORKS OF GENETIC INTERACTIONS

The functional interactions among genes are more com-
prehensive than the physical interactions among proteins.
Studies in yeast have shown that, on average, each gene
may have more than 40 genetic interactions'**", whereas
yeast proteins may have an average of 8 physical interac-
tions per protein™. A study used 74 genes known to be
involved in genomic integrity in S. cerevisiae to search for
genetic interactions with those genes resulted in the iden-
tification of a network of 4956 unique pairs of genetic
interactions involving 875 genes | Within this network,
several novel components and functional modules or
minipathways were defined that are important for DNA
integrity, including those involved in DNA replication,
postreplication repair, homologous recombination and
oxidative stress responsem]. More recently, several groups
of researchers used a gene knockdown approach to
search for genes that are synthetic lethals to the oncogen-
ic KRAS gene and identified numerous synthetic lethal
partners with mutant KRAS gene in various human can-
cer cells”. For example, a genome-wide RNAI screening
in the isogenic human colon cancer cell line DLD-1 with
and without oncogenic KRAS led to the identification
of 368 lethal interaction candidate genes with a stringent
cutoff and 1613 genes with relaxed statistical criteria®.
Genes involved in the regulation of several biological
processes ot pathways, including nucleic acid metabolism,
ribosome biogenesis, protein neddylation or sumoylation,
RNA splicing, the cell cycle, mitosis and proteasome
complexes, were found to be required as additional sup-
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Figure 1 Diagram of genetic interactions. A: The essential biological func-
tion E is regulated by pathways A and B. A functional change in either of these
pathways, such as a mutation in A1 or B1, is insufficient to induce dysfunction
of E. However, the simultaneous presence of a mutation in A1 and a mutation
in any of B1, B2 or B3 induces dysfunction of E (or phenotype changes). Thus,
A1 has genetic interaction with B1, B2 and B3, and vice versa; B: The essential
biological function E is regulated by pathway A alone, in which A2 is a multipro-
tein complex composed of X, Y and Z, while A3 has homologues of a.,  and y.
Genetic interaction may exist among X, Y and Z, and among A3a., 3 and y.

port to maintain the Ras oncogenic state’”, Thus, genetic
interactions are more complicated and comprehensive
than physical interactions.

Several models have been proposed to account for
genetic interactions” ™, including the components of
parallel pathways that together regulate an essential bio-
logical function, subunits of an essential multiprotein
complex and components of a single linear essential
pathway (Figure 1). Synthetic genetic array analysis and
synthetic lethality analysis by microarray in yeast revealed
that genetic interactions occurred the most frequently
between genes with the same mutant phenotype, between
genes encoding proteins with the same subcellular local-
ization, and between genes involved in similar biological
processes or bridging bioprocesses o . Although genetic
interactions were more frequent than expected between
genes encoding proteins within the same protein complex
and among gene pairs encoding homologous proteins,
relatively few synthetic lethal interactions (only 1%-2%)
fall into these two categories *l Most of the genetic inter-
actions were identified among functionally related genes
or among genes that function in parallel or compensating
pathways [2,5,18,24] )

STRATEGIES FOR PERSONALIZED CAN-
CER THERAPY

Activating mutations in oncogenes and growth factor
receptors are known to play critical roles in tumorigenesis
and in the malignant evolution of cancers™". Several
oncogenes or growth factor receptors have been suc-
cessfully targeted by small molecule inhibitors and/or
monoclonal antibodies for cancer treatment. Genetic
changes, such as gene amplifications or mutations in the
corresponding genes, have been used as predictive bio-
markers for identifying patients who would benefit from
a particular treatment” . Cancers overexpressing HER2
were shown to respond favorably to the monoclonal an-
tibody trastuzumab®*”. Similatly, the epidermal growth
factor receptor (EGFR) inhibitors etlotinib and gefitinib
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were found to be more effective against EGFR mutant
cancers™, whereas imatinib was highly effective against
cancer cells with BCR-ADbI fusion proteinm.

Therapeutic benefits can also be obtained by target-
ing oncogenes and tumor suppressor genes indirectly
through genetic lethal interactions. Functional altera-
tions in some oncogenes or tumor suppressor genes may
render the mutant cells more susceptible to a functional
change in another gene. Therefore, the mutant cells
can be eliminated through pharmaceutical intervention
that leads to synthetic lethality. Selective cytotoxicity of
poly (ADP-ribose) polymerase 1 (PARP1) inhibitors in
BRCAT and BRCA2 mutant cancer cells is mediated
through genetic interaction between 2P4ARP7 and BRCAs.
PARPT is required for DNA single-strand break (SSB)
repair because PARP1”" mice have defective DNA SSB
repair and increased homologous recombination, sister
chromatid exchange and chromosome instability™,
On the other hand, BRCA7 and BRCAZ2, whose loss-of-
function mutations predispose carriers to breast, ovarian
and other types of cancers™™ are required for homolo-
gous recombination of DNA double-strand break (DSB)
repair®™”, PARP7 may not be directly involved in DSB
repair and homologous recombination since PARP1”
embryonic stem cells and embryonic fibroblasts exhibited
normal repair of DNA DSBs™. Nevertheless, concut-
rent blockage of DNA DSB repair, resulting from a
mutation in BRCA genes and DNA SSB repair due to
PARP1 inhibition, is fatal to a cell®™. As a result, BRCA
mutant cells are 1000 times more sensitive to PARP1 than
are BRCA wild-type cells™. Clinical trials also showed
that cancer patients with BRCA7 or BRCA2 mutations
responded favorably to an orally active PARP1 inhibitor,
olaparib (AZD2281)*"*,

Functional changes in several genes involved in DNA
DSB repair pathways, such as ATM™, RAD54™ and
BRIT7™ genes, have been found to be highly associated
with susceptibility to radiotherapy and the DNA cross-
linking agent mitomycin C, suggesting that mutations in
those genes may be used as biomarkers of susceptibility
to radiotherapy or DNA-damaging chemotherapeutic
agents. The ATM gene encodes the ataxia telangiectasia
mutated (ATM) protein kinase that is rapidly activated
when DNA DSBs occur in eukaryotic cells™”. Activated
ATM phosphorylates a variety of proteins involved in
cell cycle checkpoint control, apoptosis and DNA repair
pathways, including p53, CHK2, BRCA1, H2AX and
FANCD2""* A recent study indicated that interactions
of ATM and p53, two commonly mutated tumor sup-
pressor genes, should be explored to determine their
ability to predict clinical response to genotoxic chemo-
therapiesm]. In p53-deficient tumor cells, inactivation of
ATM or of its downstream molecule CHK2 was suf-
ficient to sensitize the cells to the genotoxic chemothera-
peutic agents cisplatin and doxorubicin™. Interestingly,
inhibition of ATM or of CHK2 resulted in a substantial
survival benefit in p53 wild-type cells. Several clinical
trials of CHK1/CHK2 inhibitors in combination with
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genotoxic agents for cancer treatment are currently under
50] . . . .
way™. The p53 inactivation that occurs in about 50% of

[51]
may serve

human cancers because of genetic mutations
as a biomarker for the efficacy of combination therapies
containing cisplatin and doxorubicin plus inhibitors of
ATM and CHK2.

Another indirect approach is targeting a downstream
component in a single linear essential pathway. Evidence
has shown that BRAF mutant cancer cells can be selec-
tively killed by inhibitors of mitogen-activated protein
(MAP) kinase (MEK), a substrate of Raf protein ki-
nases”™™. The RAS/RAF/MEK/Erk pathway is one of
the critical signal transduction cascades of most growth
factor receptors and is pivotal in oncogenesis[53’54]. RAF
kinases are activated by RAS upon the stimulation of ex-
tracellular ligands, such as growth factors, cytokines and
hormones. Activated RAF phosphorylates and activates
the dual-specificity protein kinase MEK, which in turn
phosphorylates both tyrosine (Tyr185) and threonine
(Thr183) residues of extracellular-signal-regulated kinase
(ERK) proteins[sﬂ, leading to activation of ERK1/ERK2.
Various constitutively active mutations of the BRAF
gene have been identified in human cancers, including
60%-70% of malignant melanomas, 36%-50% of thyroid
cancers, 5%-22% of colorectal cancers, 30% of serous
ovarian cancers and lower percentages of other can-
cers™. The strong dependence of BRAF mutant tumors
on MEK activity may provide a personalized therapeutic
strategy for patients with this type of cancer™

Overexpression of the MYC oncogene was reported
to upregulate the expression of the tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) death
receptor DR5, thereby sensitizing tumor cells to TRAIL-
induced apoptosism. An analysis of the knockdown of
510 genes encoding known and predicted kinases, pro-
teins with known functions in TRAIL-mediated signal-
ing pathways, or proteins with unknown functions also
revealed that siRNA against PAK7 and AKT7 strongly
enhanced TRAIL activity, whereas siRNA against MYC
or the WNT transducer TCF4 inhibited TRAIL-induced
apoptosis, indicating that the MYC and WNT pathways
are required for TRAIL-mediated apoptosis[sg]. On the
other hand, deficiency of the tumor suppressor gene ade-
nomatous polyposis coli (APC) was found to cause accu-
mulation of [-catenin in the nucleus, which interacts with
TCF4 and promotes TCF4’s binding to c-MYC promoter
and overexpression of c-MYCP”. Deletion of the MYC
gene rescued the phenotypes caused by deletion of the
APC gene, despite the presence of high levels of nuclear

ﬁ—catenin[(’m

. Thus, MYC overexpression is a critical com-
ponent in the malignancy of APC-defective cancers. A
recent study showed that the combination of TRAIL and
all-trans-retinyl acetate, another death receptors inducer,
significantly enhanced apoptosis induction in APC gene-
defective tumor cells and premalignant cells® indicating
that this combination can be useful for chemoprevention
and personalized therapy in patients with APC-defective
cancers.
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SYSTEMATIC ANALYSIS OF GENES
ASSOCIATED WITH TREATMENT RE-
SPONSE

Genetic interaction has been exploited as a research tool
to identify genes or biomarkers associated with treatment
responses. Studies of the Food and Drug Administra-
tion (FDA)-approved anticancer agents in a panel of
yeast mutants revealed that the DNA cross-linking agent
cisplatin displayed high specificity for mutants defective
in postreplication repair, whereas the topoisomerase 11
inhibitor mitoxantrone was highly specific for defects in
DNA DSB repairm]. Because many human disease-relat-
ed genes are conserved with their yeast counterpartsmw,
yeast has been exploited for mechanistic study of clini-
cally relevant compoundsl“’ﬁq. A genome-wide screen of
yeast heterozygotes with therapeutic compounds could
reveal not only the possible targets but also synthetic le-
thal partners of the tested compounds'®”. For example,
heterozygotes of TRX?2, a nonessential gene involved in
antioxidative stress, were found to be sensitive to campto-
thecin, whereas heterozygotes of genes involved in exo-
some rRNA processing were identified as possible lethal
partners with 5-fluorouracil®”. An analysis of more than
1000 structurally diverse compounds, including drugs ap-
proved by the FDA and the World Health Organization,
in yeast whole-genome heterozygous and homozygous
deletion collections showed that genes involved in endo-
somal transport, vacuolar degradation, aromatic amino
acid biosynthesis or encoding of some transcription fac-
tors may function as multidrug-resistance genes because
their deletion renders yeast sensitive to multiple drug
treatments'®. Nevertheless, information obtained from
yeast studies needs to be validated in human cell systems
before the results can be translated into clinical applica-
tions.

The advent of gene knockdown technology allows us
to perform systematic analysis of genes associated with
treatment response in human cancer cells. Whitehurst
et al" used a library of more than 84000 chemically syn-
thesized siRNAs targeting 21127 unique human genes
to screen for gene targets that specifically reduce cell vi-
ability in the presence of an otherwise sublethal dose of
paclitaxel in the human non-small cell lung cancer line
NCI-H1155. Their study identified a set of 87 candidate
genes whose knockdown sensitized cells to paclitaxel and
some of the genes increased the sensitization of lung
cancer cells to paclitaxel by more than 1000 times. Multi-
ple genes encoding core components of the proteasome,
proteins involved in the function of microtubules, post-
translational modification and cell adhesion, or cancer/
testis antigens were found to be associated with the sen-
sitivity of paclitaxel'”. A similar approach has been used
by Astsaturov ¢ al'"! for identification of genes associated
with response to EGFR inhibitors. Analysis of a siRNA
library targeting 638 genes encoding proteins with evi-
dence of functional interaction with the EGFR signaling
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network, including those transcriptionally responsive to
inhibition or stimulation of EGFR, led Astsaturov ¢ /'
to identify 61 genes whose knockdown sensitized the
A431 cervical adenocarcinoma cell line to the EGFR
inhibitors etlotinib or cetuximab!!. Most of those genes
encode proteins connected in a physically interacting
network, including kinases and phosphatases. Neverthe-
less, a further test in 7 other cell lines for sensitization to
etlotinib or cetuximab showed that none of the tested
genes sensitized all cell lines, although several of them
sensitized 3-5 of the cell lines"", suggesting that genetic
interactions are highly dependent on cell context.

MECHANISMS OF RESISTANCE AND
RATIONAL DESIGN OF COMBINATION
THERAPY

Genetic interactions could be the underlying mechanisms
of resistance to targeted cancer therapies. The same
concept may allow us to develop strategies to overcome
this resistance. Mutation analyses of primary cancers for
genes encoding kinases or genes with known associa-
tions with cancers have revealed that an individual tumor
may harbor 50 or more mutations in such genesm’w’m.
Several important signaling pathways might cooperatively
be involved in the oncogenesis and malignant evolution
B3O Thus, cancer itself is a result of genetic
interactions. Tumor cells, xenograft tumors and primary
tumors may carry multiple concomitantly activated on-

of cancers

cogenes or inactivated tumor suppressor genes. As a re-
sult, interrupting a single pathway is often insufficient to
induce cell death in most cancer cells because redundant
input from various pathways drives and maintains down-
stream signaling; thus, single-agent therapies have limited
efficacy™". Consequently, combinations of targeted
agents are frequently required for effective anticancer
therapy or for overcoming drug resistance!”. Numerous
combination regimens of targeted agents are currently
being investigated at either the preclinical or clinical lev-
™" The information about networks of genetic inter-
actions may facilitate the rational design of combinatorial
therapy to enhance therapeutic efficacy.

The SRC oncogene encodes a nonreceptor tyrosine
kinase that interacts with multiple receptor tyrosine kinas-
es (RTKSs), including EGFER, vascular endothelial grow
factor receptor (VEGFR), platelet-derived growth factor
receptor (PDGFR), fibroblast growth factor receptor,
insulin-like growth factor 1 receptor, hepatocyte growth
factor receptor and others”™”". Recruiting SRC to recep-
tor tyrosine kinases activates SRC and triggers a cascade
of downstream signaling promoting cell proliferation,
survival and invasion, as well as angiogenesis. Moreover,
SRC can interact synergistically with RTKs by phos-
phorylating RTKS and modulating their activities”" ™.
Increased SRC activity is associated with resistance to
conventional anticancer agents, such as cisplatin[81] and
gemcitabine[w], and targeted anticancer agents, such as
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EGFR, FGFR,
VEGFR, IGFR, Her2
PDGFR, HGFR

Figure 2 Growth factor activated pathways and their crosstalks. Growth
factors, such as epidermal growth factor (EGF), vascular endothelial grow fac-
tor (VEGF), fibroblast growth factor (FGF), hepatocyte growth factor (HGF),
insulin-like growth factor (IGF) and platelet derived growth factors (PDGF),
interact with their receptors and activate the common downstream pathways,
such as PI3K/AKT, RAS/RAF/MAPK and SRC/JAK/STAT pathways. Moreover,
there are crosstalks among those pathways in regulating transcription factors
and apoptotic/survival proteins. Inhibiting a single target or blocking a single
pathway is often not sufficient to induce apoptosis in cancer cells.

geﬁnitibm] and trastuzumab®™. Simultaneous targeting of
SRC and Her?2 sensitizes multiple trastuzumab-resistant
breast cancer cells to trastuzumab i vitro and in vive™
Inhibiting SRC also sensitized KRAS mutant colorectal
tumors to cetuximab®. Combined inhibition of SRC
and EGFR sensitized pancreatic tumor cells to gem-
citabine®. These results demonstrated that combination
therapy consisting of SRC and RTKSs inhibitors could be
an effective strategy for overcoming resistances to a vati-
ety of anticancer agents.

Both EGFR and hepatocyte growth factor receptor
MET)™ play important roles in carcinogenesis' ™.
Once activated by their ligands, EGF and hepatocyte
growth factor, respectively, EGFR and MET activate
common downstream pathways, including the PI3K/
AKT, RAS/RAF/MAPK and SRC/JAK/STAT path-
ways (Figure 2). Therefore, elevated activity of MET
may negate the effects of anti-EGFR therapeutic agents.
Indeed, focal amplification of MET in EGFR-inhibitor-
sensitive lung cancer cell lines rendered the cells resistant
to anti-EGFR treatment by maintaining ERBB3/PI3K/
AKT activitym. MET amplification was observed in lung
cancer specimens that had developed resistance to gefi-
tinib or etlotinib and in untreated tumors’""?. Treatment
of resistant cells with a tyrosine kinase inhibitor for either
MET or EGFR could not induce cytotoxicity in resistant
cells, whereas combined targeting of MET and EGFR
resulted in substantial growth inhibition of resistant cells
and complete suppression of ERBB3/PI3K/AKT activ-
itylm’()z]. Such a therapeutic combination strategy over-
came resistance to the EGFR inhibitor erlotinib in an
EGFR mutant lung cancer tumor model, both 7 vitro and

L 93]
m vivo
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Crosstalk among downstream pathways of growth
factors is also common. The RAS/RAF/MEK/ERK
and PI3K/AKT pathways crosstalk and regulate many
common downstream targets (Figure 2), such as fork-
head transcription factors” ™%, the TSC2/mTOR com-
plexmloﬂ, BAD""*"™ and caspase—9“05’m(ﬂ. It is expected
that high levels of PI3K/AKT activity can negate antitu-
mor activity induced by MEK/ERK inhibition. Indeed,
inhibition of MEK/ERK is sufficient to suppress cell
growth or induce apoptosis in cells with low levels of
AKT activity but is ineffective in cells with high levels
of AKT activity“oﬂ. Combination treatment with MEK
and AKT inhibitors was more effective than either single
agent alone in human non-small cell lung cancer models
in vitro and in vivd™".

CONCLUSION

Genetic interaction is likely to be involved in every bio-
logical process and has been used as a research platform
in various areas of biomedical research. It will continue
to be a powerful research tool for both basic and trans-
lational studies. Knowledge of the networks of genetic
interactions is expected to be translated into clinical ap-
plications, in particular for the treatment of cancers.
Note that genetic interactions may be highly depen-
dent on cell context. For a particular gene, genetic inter-
action may vary in different cell lines. Therefore, it is not
unexpected that different candidate genes were obtained
when the same oncogenic KRAS gene was used to quety
its genetic lethal interactions in various cell lines”, or
that a candidate gene identified in one cell line may not
necessarily be applicable to another cell line"". Therefore,
individualized therapeutic interventions will be required
for patients with cancer, even though their cancers may
hatrbor the same oncogene or tumor suppressor gene mu-
tations. Nevertheless, it is possible that certain key nodes
may exist in the networks of genetic interactions that will
allow us to develop a common strategy to overcome re-
sistance detived from different genetic interactions™
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Abstract

We have witnessed tremendous success in genome-
wide association studies (GWAS) in recent years. Since
the identification of variants in the complement factor
H gene on the risk of age-related macular degenera-
tion, GWAS have become ubiquitous in genetic studies
and have led to the identification of genetic variants
that are associated with a variety of complex human
diseases and traits. These discoveries have changed
our understanding of the biological architecture of com-
mon, complex diseases and have also provided new
hypotheses to test. New tools, such as next-generation
sequencing, will be an important part of the future of
genetics research; however, GWAS studies will continue
to play an important role in disease gene discovery.
Many traits have yet to be explored by GWAS, espe-
cially in minority populations, and large collaborative
studies are currently being conducted to maximize the
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return from existing GWAS data. In addition, GWAS
technology continues to improve, increasing genomic
coverage for major global populations and decreasing
the cost of experiments. Although much of the variance
attributable to genetic factors for many important traits
is still unexplained, GWAS technology has been instru-
mental in mapping over a thousand genes to hundreds
of traits. More discoveries are made each month and
the scale, quality and quantity of current work has a
steady trend upward. We briefly review the current key
trends in GWAS, which can be summarized with three
goals: increase power, increase collaborations and in-
crease populations.
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INTRODUCTION

Genome-wide association studies (GWAS) were motivat-
ed by new thinking about approaches for mapping traits
to genomic regions and several developments in large
scientific projects, such as the completion of the homo sa-
piens reference sequence by the Human Genome Project!”
and the cataloging of common genetic variants by the
International HapMap Project””. GWAS are based on
the premise that densely genotyped common, or high fre-
quency, alleles will have statistical power to detect causal
associations with traits at nearby, ungenotyped common
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polymorphisms through short-range linkage disequilib-
rium (LD). LD is the nonrandom association between
pairs of alleles'”. The basis for this strategy is the com-
mon disease common variant (CDCV) hypothesism, in
which it is proposed that high-prevalence traits are most
likely determined by high-frequency genetic variants. This
approach has been proven effective in many scenarios for
mapping small genomic regions to traits (see the National
Human Genome Research Institute Catalog of Published
Genome-Wide Association Studies, http://www.genome.
gov/GWAStudies/)™. Many of these newly associated
regions would not have been considered good candi-
dates for targeted genotyping studies based on biological
knowledge or previous linkage evidence, illustrating the
difficulty of improvising a hypothesis based on the mo-
lecular biology of a gene and its products.

Since the identification of variants in the complement
factor H (CFH) gene associating with the risk of age-relat-
ed macular degeneration (AMD)“O], GWAS have become
ubiquitous in genetic epidemiology and have led to the
identification of genetic variants that are associated with
a variety of human diseases and traits, such as type 10
and type 2 diabetes™ ™", inflammatory bowel disease
Crohn’s disease!”'™, breast cancer!'”, human height[zm and
body mass index""

[1e]

, to name a few. It has revolutionized
the search for genetic contributions to complex traits”>"”

In GWAS, the tests of association with traits are con-
ducted at between hundreds of thousands to millions of
densely spaced single nucleotide polymorphisms (SNPs).
GWAS require no a priori biological knowledge and are
therefore an agnostic method for localizing the genetic
effects of complex human diseases. These study designs
rely on genotyping platforms which are designed by as-
say manufacturers and genotyping in cases and controls,
families that contain multiple affected individuals or ran-
dom subjects from the population if a quantitative trait is
the focus of the investigation. These platforms come pri-
marily from two manufacturers, Affymetrix (http://www.
affymetrix.com/) and Illumina (http://www.illumina.
com/), and the rationale for the SNPs assayed differs be-
tween these companies. The Illumina approach to GWAS
design employs haplotype tagging to select SNPs based
on local correlation with other nearby SNPs, such that
redundant genetic variation containing very similar sta-
tistical information is not assayed. The Affymetrix plat-
forms use a different design, where the human genome
is saturated with SNPs that are selected based on their
location between two restriction enzyme sites. Regardless
of platform, the goal of GWAS is to evaluate the majot-
ity of common alleles for association with traits through
pairwise correlation with assayed SNPs.

Despite the large size of GWAS data, computational
tools make GWAS feasible to analyze on standard desk-
top computer hardware™. However, the large number
of hypothesis tests in GWAS creates a challenge for sta-
tistical testing. An often-cited genome-wide significance
level is 5 X 10°, based on the assumption of one million
independent pieces of genetic information in the hu-
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[25,26]
man genome

verified”. Few studies have adequate sample size to
maintain the power needed to detect small to moderate
effect sizes that predominate in GWAS. The current ap-
proach for elucidating genes that influence complex dis-
ease Is to increase the power in GWAS through increased
sample sizes assembled by collaboration among research
groups[z()’}m.

As of June 01 2011, 906 publications have been docu-
mented and 4514 SNPs have been associated with hu-
man disease and traits at a significance level of 107 in the
Catalog of the Published GWAS (http://www.genome.
gov/GWAStudies)”". Given the flood of GWAS pub-
lications in recent years, this review is not all-inclusive
but highlights the key trends in current approaches to
GWAS.

, and less stringent thresholds were also

INCREASE POWER

Increase sample size

The often-cited first success in GWAS (defined as at
least 100K SNPs), the discovery of CFH in AMD, used a
small data set (by current standards) of only 96 cases and
50 controls genotyped using the Affymetrix GeneChip
Mapping 100K set of microarraysm]. This study proved
the concept of a “brute force” approach to scan the
entire human genome for human diseases. Soon after,
researchers started using larger sample sizes to augment
power in GWAS. In 2007, the Wellcome Trust Case Con-
trol Consortium carried out GWAS of seven common
diseases using 14000 cases and 3000 shared controls™.
The need for statistical power (through the incorporation
of larger sample sizes) and the requirement for indepen-
dent replication of association signals also motivated
researchers to employ meta-analysis, often with the aid of
genotype imputation, to overcome the limitations associ-
ated with each individual GWAS analysis.

Early meta-analyses in GWAS reported success in Par-
kinson’s disease™ and Type 2 diabetes™ . A meta-anal-
ysis combines results from multiple independent studies
with similar data to address related research hypotheses.
It is a more powerful approach to estimate the true effect
size than analysis of data from a single study. In recent
genetic studies, meta-analysis has led to many successful
discoveries of genetic variants with different phenotypes,
including type 1 diabetes™, type 2 diabetes™, chronic
kidney disease™ retinal microcirculation””] serum lipid
concentrations™, glucose and insulin responsem], fasting
glucose homeostasis™, blood pressure and hyperten-
sion™!] atrial fibrillation™, Crohn’s disease®”, metabolic
syndromeml, human heightlzu’45], body mass index”" and
blood pressurew’w. Meta-analyses of several thousands
of samples for human diseases™*" and even a quarter-
million individuals for common human traits

Pl are be-
coming more common. In addition to increasing sample
size, meta-analysis allows researchers to bypass the poten-
tial Institutional Review Board (IRB) issues of individual-
level data sharing, as meta-data do not increase the risk of
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study subjects being re-identified and their personal infor-
mation made public.

Increase genomic coverage

The density and number of assayed SNPs in GWAS
products have improved rapidly, from the Affymetrix
100K array used in the AMD GWAS to the currently
often used, the Affymetrix 6.0 (> 1 million markers) and
the Illumina Human 1M (> 1 million markers). Leverag-
ing the advances in the HapMap project[2’4’5] and the 1000
Genomes Project (1 KGP)™ the Tllumina HumanOmni
2.5 (about 2.5 million markers) is also available and the
Illumina HumanOmni 5M (about 5 million markers) will
soon become a reality (http://www.illumina.com/). For
estimates of genomic coverage for various platforms, see
Barrett ez o/ and Li et ol

The recent invention of genotype imputation has
become a cost-effective approach to increase genomic
coverage in large genomic scans. It not only enables the
pooling of GWAS results from different genotyping
chips with different SNPs, which meta-analyses have
benefited significantly from, but also increases the power
of genome scans”’. Genotype imputation methods uti-
lize haplotypes inferred from a densely genotyped refer-
ence panel of subjects with known ethnicity to infer the
conditional probabilities of missing genotypes in a study
sample genotyped at a subset of SNPs™!, Imputation
of genotypes also leverages publicly available resources
such as the International HapMap Project data®*” and
resequencing data from the 1KGP™,

Most of the meta-analyses to date have used the Hap-
Map Phase II reference panels (about 3 million markers).
The 1KGP reference panel, with about 16 million vari-
ant sites™ will most likely become the reference panel
of choice for future GWAS. This allows researchers to
evaluate many more SNPs than are provided by GWAS
manufacturers, or to fill-in SNPs that are only in one
study in a meta-analysis without increasing the genotyp-
ing cost of the study.

The dilemma, that significant GWAS hits so far only
explain a small proportion of heritability, has shifted
researchers’ attention from GWAS genotyping chips to
sequencing, with the belief that rare variants might be the
culprit for the missing heritability. It was also predicted
that DNA sequencing would become a routine tool in
genetic research®™,

The cost of data generation, storage and processing
and bioinformatics analysis add another level of difficulty
to whole-genome sequencing experiments in large sam-
ples. The per-subject cost for generating individual-level
genotype data from GWAS is still much less than the
cost of resequencing at a depth that is sufficient for mak-
ing genotype calls throughout the genome. As a result,
especially for traits for which GWAS have not yet been
conducted on a large-scale, we believe that array-based
GWAS assays will continue to be important, especially
with the aid of genotype imputation and new design of
high-density GWAS chips.
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Some recent research has shown that association test-
ing from sequence data may provide slightly more statisti-
cal power than variant-based genotyping on a per-subject
basis"™ using two recently developed tests of associa-

B4 However, we note that due to the large differ-

tion
ence in the cost of resequencing to the cost of variant-
based genotyping, on a per-unit of resources basis, many
more subjects could be genotyped with variant-based
methods than could be resequenced. As a result, the sta-
tistical power to detect an association might be better in
a large sample of variant-based genotypes than in a small
sample of sequence-based genotypes, utilizing the same
resources.

Furthermore, once GWAS have elucidated novel
regions, targeted resequencing for direct association of
alleles in implicated regions can be performed at a frac-
tion of the cost of whole-genome or whole-exome rese-
quencing. Therefore, the use of GWAS can offer benefits
at subsequent stages of an investigation and reduce the
overall costs of novel locus discovery compared to an
approach that relied exclusively on resequencing. The
marriage between GWAS arrays and sequencing is likely
to be the future, e.g. GWAS arrays followed by targeted
sequencing or whole genome sequencing followed by
GWAS custom arrays. Regardless of the strategy taken,
good coverage of important loci and sufficient sample
size to detect associations with rare alleles are indispens-
able.

INCREASE COLLABORATIONS

The requirement for large sample sizes and replications

have motivated massive scientific collaborations. Many
new genetic consortia have arisen due to the challenges
of conducting successful investigations with GWAS, e.g,
the Diabetes Genetics Replication And Meta-analysis
Consortium”, the Cohorts for Heart and Aging Re-
search in Genomic Epidemiology (CHARGE) Con-
sortium®’] the Meta-Analyses of Glucose and Insulin-
related traits Consortium™, the Genetic Investigation of
ANthropometric Traits consortium™, the Genetics of
Obesity-related Liver Disease consortium™, the Chronic
Kidney Disease consortium™, the Global Blood Pressure
Genetics consortium””, the Candidate-gene Association
Resource consortium”™ and the Coronary Artery Dis-
case (C4D) Genetics Consortium'™. Genetic consortia
targeting Asian populations have also been formed, e.g
the Asian Genetic Epidemiology Network consortium™,
which includes 12 GWAS studies of Asian participants
(http:/ /agenconsortium.org/). By using prospective co-
hort studies, the CHARGE consortium has been very
successful in producing numerous high-impact publica-
tions on a vatiety of phenotypes. Publications from these
consortia sometimes are co-authored by over a hundred
researchers, illustrating the collaborative nature of mod-
ern genetic epidemiology. This trend is unprecedented in
the field and is likely to continue as technology matures
and the cost of experiments using the latest tools in-
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creases beyond the ability of any single research group to
afford highly-powered studies.

INCREASE POPULATIONS

A rare trait allele may not be annotated in the databases
of common variants maintained by the HapMap project
or the National Center for Biotechnology website dbSNP
(http:/ /www.ncbinlm.nih.gov/projects/SNP/), thereby
excluding the possibility of detecting that SNP through
imputation and subsequent association analysis. The ge-

netic determinants for a trait may also be unique for each
population of human subjects, where sensitive functional
gene or regulatory regions are perturbed by independent
sets of rare mutations that occurred after geographic or
cultural barriers led to increased genetic distance™. Thus,
the same associated allele from GWAS across multiple
ethnic groups does not necessarily imply the same un-
derlying architecture of causal alleles in LD and it should
not be expected that a causal allele in one population will
have the same association in another population with a
distinct demographic history.

Recent studies show that multi-ethnic GWAS can
improve the power for novel locus discovery®!. A recent
example of the association of the variants in KCNQ1
with type 2 diabetes in East-Asian population samples[(’z’ﬁ‘ﬂ
were not identified in earlier GWAS in European sam-
plesm. The associated SNP, +s2283228, has a minor allele
frequency (MAF) of about 40% in East-Asian samples.
However, the MAF in European samples is only about 5%.
At this level of MAF, there is simply not enough power
at the GWAS significance level of 5 X 10™ to detect as-
sociation in European samples conducted earlier than
the two Fast-Asian samples” ™ ™
alleles may be population-specific, which also highlights
the importance of conducting GWAS in samples of non-
European ancestry "’

Eatly GWAS conducted in Parkinson disease’s (PD)
did not yield results that reached genome-wide signifi-

6% ~ Associations with PD have been replicated

I Moreover, some risk

cance
in the candidate gene and GWAS contexts, including
those described eatly in PD association studies, such as
a-synuclein (SNCA)™ ™ and the microtubule-associated
protein tau (M.APT) inversion region on chromosome 17
in European-ancestry subjectslmsgj, as well as ubiquitin-
specific protease 24" ELAV-like 4™ monoamine
oxidase B", Apolipoprotein E”” and the mitochondrial
haplogroupsmm]. The consistency of results, particu-
larly for SNCA and MAPT, suggest that the failure to
reach genome-wide significance in previous studies is
due to the relatively small GWAS datasets. More recently,
GWAS-based investigations into the genetic determinants
of PD have been more fruitful, definitively identifying
several associated regions in the genes MAPT, SNCA,
HI.A-DRB5, BST1, GAK and LRRK2, ACMSD, STK39,
MCCC1/LAMP3, SYT11, and CCDC62/HIPIR in both
Caucasian and Asian patients, although the MAPT as-
sociation seems to be the result of a chromosomal inver-

. . 105-110
sion only present in Europeans' "',
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The public health impact and economic burden of
obesity is substantial as obesity is associated with in-
creased risks for type 2 diabetes mellitus, cardiovascular
disease, dyslipidemia, hypertension, sleep apnea and
L 10 the US, the obesity epi-
demic disproportionately affects certain ethnic minorities,

several forms of cancer

including Mexican and African-Americans' . Mexican
Americans are the fastest growing minority group in the
US and are expected to represent 18% of the US popu-
lation by 2025 (http://www.census.gov/). Obesity and
comorbid conditions such as diabetic retinopathy have
higher prevalence in Mexican Americans than in Euro-

. 114-116
pean Americans! 1

, which will introduce significant
social and economic costs if the corresponding genetic
research is left far behind.

The PAGE network (Population Architecture us-
ing Genomics and Epidemiology) is a National Human
Genome Research Institute funded initiative designed to
characterize GWAS-identified variants in cohorts, includ-
ing individuals of ancestral groups other than European-
decent, to determine if the variants identified are globally
associated with various complex traits'' . Investigators
in PAGE are exploring traits that have undergone exten-
sive evaluation in GWAS including lipids, obesity, type 11
diabetes, stroke, and vatrious cancers. Mote information
about the PAGE network can be found at http://www.

pagestudy.org/.

CONCLUSION

The study of epidemics of heritable diseases and knowl-
edge about the genetic architecture of complex human
traits has developed rapidly in the last two decades. These
advances have been primarily due to improvements in
genotyping technology and a commensurate increase in
the amount and availability of data with which to de-
scribe and understand the nature of genetic variation in
human populations. During this period, genetic studies
of human traits have moved away from a focus on as-
saying a small number of loci to identify regions of link-
age to traits in family studies to samples of hundreds of
thousands of study subjects assaying millions of SNPs
for statistical association with traits using a variety of
study designs. There is perhaps no better example of this
than GWAS, a fundamental tool that has reshaped the
way that studies ate designed, collaborations are forged
and thinking about the architecture of complex human
traits.

Because of the rapid pace of discoveries resulting
from GWAS and the promise of many more from newer
technologies, it seems reasonable to look forward to a
time when patients have their genomes genotyped or
sequenced and analyzed to provide a personal profile of
disease susceptibilities, drug compatibilities and other
heritable traits. Approaches continue to rapidly evolve for
employing GWAS but it is likely that the approach will be
a viable way to discover the connections between inter-
individual genetic variation and phenotypes for the fore-
seeable future.
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INSTRUCTIONS TO AUTHORS

GENERAL INFORMATION

World Journal of Medical Genetics (World | Med Genet, WMG, online
ISSN 2220-3184, DOI: 10.5496) is a bimonthly peer-reviewed,
online, open-access (OA), journal supported by an editorial board
consisting of 103 experts in medical genetics from 28 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "priority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJMG and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of 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 system to evaluate its innovative-
ness, 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 review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization
of the benefits of authors: Since WJMG is an open-access journal,
readets around the wotld can immediately download and tead, free
of charge, high-quality, peer-reviewed articles from WJMG official
website, thereby realizing the goals and significance of the com-
munication 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 lim-
its, 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 conclu-
sion; 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 con-
struction so that every employee, in an open, fair and transparent
environment, could contribute their wisdom to edit and publish
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high-quality articles, thereby realizing the maximization of the per-
sonal benefits of editorial board members, authors and readers, and
yielding the greatest social and economic benefits.

Aims and scope

WJMG aims to rapidly report the most recent results in medical
diagnostics, therapeutic techniques and equipment, clinical medical
research, clinical and experimental techniques and methodology.
Its purpose is to provide a platform to facilitate the integration of
clinical and laboratory disciplines to highlight genotype-phenotype
associations at a qualitative high level, which will help to improve di-
agnostic accuracy and medical care, and in the longer run, therapeu-
tic intervention. The journal publishes original articles and reviews
on the following topics: (1) Laboratory research, including but not
limited to techniques in DNA/RNA sequencing, whole-genome
linkage analyses and association studies, copy number variation
profiling, epigenetic modifications in health and disease, elucida-
tion of molecular and cellular pathways affected by gene mutations,
determination of transcription factor binding sites, protein-protein
interactions, preparation and transformation of induced pluripotent
stem cells, animal models of human hereditary disorders and bioin-
formatics; and (2) Clinical genetics research on etiology, epidemiol-
ogy, pathogenesis, morphology and function, signs and symptoms.

Columns

The columns in the issues of WJMG will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the current research status
in the important fields, and propose directions for the future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (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
strategies on how to solve the questions; (5) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in medical genetics; (8) Brief Articles: To briefly report the
novel and innovative findings in medical genetics; (9) Case Report: To
report a rate or typical case; (10) Letters to the Editor: To discuss and
make reply to the contributions published in WJMG, or to introduce
and comment on a controversial issue of general interest; (11) Book
Reviews: To introduce and comment on quality monographs of
medical genetics; and (12) Guidelines: To introduce consensuses and
guidelines reached by international and national academic authorities
worldwide on the research in medical genetics.

Name of journal
World Journal of Medical Genetics

ISSN
ISSN 2220-3184 (online)

Editor-in-Chief
Hans van Bokhoven, Professor, PhD, Department of Human
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Genetics and Department of Cognitive Neurosciences, Radboud
University Nijmegen Medical Centre, PO Box 9101, 6500 HB Ni-
jmegen, The Netherlands

Editorial Office

World Journal of Medical Genetics

Editorial Depattment: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wimg@wjgnet.com

http:/ /www.wjgnet.com

Telephone: +86-10-85381891

Fax: +86-10-85381893

Indexed and Abstracted in
Digital Object Identifier.

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 (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standatd errors. Give the number of obsetrvations and subjects ().
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 calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any poten-
tial bias, IWJMG 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:
Conflicts 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 clearly 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

(49

Boichidengs  WIMG | www.wjgnet.com

II

should also draw attention to the Code of Ethics of the World Medi-
cal 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
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 pet-
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 (expetimental procedutes) section must
clearly indicate that appropriate measures 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 atticle to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manusctipts should be submitted through the Online Submission
System at: http://www.wjgnet.com/2220-3184office. Authors
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2220-3184/
g_info_20100722180909.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
wimg@wijgnet.com, ot 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 pro-
hibited.
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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 mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

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

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

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the 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 JE, 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 sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, 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 +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts ate 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 WJMG, 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,
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Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

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

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P val-
ues where approptiate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 + 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

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

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http://www.wignet.com/2220-3184/¢_info_20100725072755.htm.

1llustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleatly
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.wjgnet.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 exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: .; B .5 Gy De s Er L Bl Gr Lt Tt is 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
cleatly 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 seties of P values, ‘P < 0.05 and ‘P < 0.01 are used. A third
seties of P values can be expressed as “P < 0.05 and ‘P < 0.01. Other
notes in tables or under illustrations should be expressed as 'E’E °F;
or sometimes as other symbols with a supetsctipt (Arabic numerals) in
the upper left corner. In a multi-curve illustration, each curve should
be labeled with @, 0, m, 0, A, A\, ez, in a certain sequence.
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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-
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™?”. If 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 ensure
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/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers 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.13.5396].

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. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID 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/wjg:13.
6356]

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-
thoea. Shijie Huaren Xiaohna Zazhi 1999; T: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2006; In press

Organization as author
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]
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v

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. J Uro/
2003; 169: 2257-2261 [PMID: 12771764 DO1:10.1097/01.ju.
0000067940.76090.73]

No anthor given

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

Volume with supplement

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 DOI1:10.1046/
j.1526-4610.42.52.7 x]

Issue 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. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley |. 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 investigator’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

Author(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 ], 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.cde.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 F (in italics), chi square test as
y’ (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-
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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 pg/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, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http:/ /www.wjgnet.com/2220-3184/
g info_20100725073806.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,
CSFE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

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

Restriction enzymes: EcwRI, Hind1, BanHI, Kbo 1, Kpn 1, et.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http:/ /wwwwignet.com/2220-3184/¢_info_20100725071
851.htm

Fronder: http:/ /www.wignet.com/2220-3184/¢_info_201007250719
32.htm

Topic highlight: http:/ /wwwwignet.com/2220-3184/¢_info_201007
25072121.htm

Obsetvation: http://www.wignet.com/2220-3184/¢_info_20100725
072232.htm

Guidelines for basic research: http://wwwwijgnet.com/2220-3184/
g _info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwignet.com/2220-3184
/g_info_20100725072543 htm

Review: http:/ /wwwwignet.com/2220-3184/g_info_2010072507265
6.htm

Original articles: http://wwwwijgnet.com/2220-3184/¢_info_20100
725072755.htm

Brief articles: http:/ /wwwwjgnet.com/2220-3184/g_info_20100725
072920.htm

Case report: http:/ /wwwwignet.com/2220-3184/g_info_201007250
73015.htm

Letters to the editor: http://www.wignet.com/2220-3184/¢_info_20
100725073136.htm

Book reviews: http:/ /wwwwignet.com/2220-3184/¢_info_2010072
5073214.htm
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Instructions to authors

Guidelines: http:/ /wwwwignet.com/2220-3184/g_info_2010072507
3300.htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of
WJMG. The revised version including manuscript and high-reso-
lution image figures (if any) should be re-submited online (http://
www.wignet.com/2220-3184office/). The author should send the
copyright transfer letter, responses to the reviewers, English lan-
guage Grade B certificate (for non-native speakers of English) and
final manuscript checklist to wimg@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-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3184/¢_info_20100725073726.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2220-3184/
g_info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

IWJMG will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.curekalert.org). The tte for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

WJMG is an international, peer-reviewed, Open-Access, online
journal. Articles published by this journal are distributed under
the terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is propetly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The related
standards are as follows. Publication fee: 1300 USD per article. Edi-
torial, topic highlights, original articles, brief articles, book reviews
and letters to the editor are published free of charge.
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