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GUIDE FOR AUTHORS

Aims and Scopes
Global Clinical and Translational Research is a new peer-
reviewed, a multidisciplinary scientific journal dedicated

to publishing articles regarding all areas of clinical and
translational research in humans or animals.

The journal aims to promote a unified platform on rese-
arch communications for basic scientists, medical doct-
ors, clinical and health professionals, social scientists
and social workers to share the most recent advances in
all areas of clinical and translational sciences.

The journal accepts original research articles, reviews,
mini-reviews, correspondence, case reports, short notes,
and rapid communications covering all aspects of clinical
and translational research. Papers about novel applicat-
ions of statistical methods or data science are also welco-
med. Specific fields of the papers to be published include
but not limited to
. Clinical research in human or animals, including id-
entification of genetic or molecular markers associ-
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ated with diseases or traits that have clinical imply-
cations;

e Translational research that based on clinical resea-
rch findings. For example, research findings provi-
de evidence for health professionals to improve hu-
man health conditions (T1 translational research),
and provide targets for basic scientists to study the
biological mechanism (T2 translational research);

e  (linical trials to evaluate the effectiveness of treat-
ment including pharmarmacological and non-phar-
macological approach such as traditional Chinese
medicine (TCM), with a molecular study to identify
biomarkers that could be used to evaluate effective-
ness;

e  Methodology papers that improve study design, sta-
tistical analysis;

e  Population-based survey on human health;

e  Negative results (We also publish summary data of
negative results);

e  (linical and translational research protocols.

Review process

All manuscripts are subject to peer review and are expec-
ted to meet standards of academic excellence. Upon su-
bmission, the Editorial Office will consult with associate
editors to have a preliminary check on the manuscript
submitted, and then decide to whether to send out for a
peer review. All reviewers’ identities will remain anony-
mous to the authors.

Sometimes, the journal implements a double-blinded
peer review process, but the review can have access to
the author information if they request and believe that
could help evaluate the manuscript.

Other types of papers

Correspondence is directly related to methods and inte-
rpretation of data presented in the recent publication in
our journal. While allowing to post comments on online,
we also publish the correspondence as an e-content in
our post categories. Commentaries and editorials are ge-
nerally for invited only.

Format of manuscript

Title page

The following information should be included

e  Papertitle

Full author names

Affiliations for each author

Email addresses and contact information on the cor-
responding author(s)

Abstract

Not exceed 200 words, should be structured as below for
all research articles; other articles should use non-stru-
ctured abstract.

e  Background:

e  Methods:

e  Results:

. Discussion:

e  Conclusion:

Keywords (3-5 keywords)

Maintext

Introduction. This section should be succinct, with no
subheadings.

Methods. Should contain all procedures with enough de-
tails so that they can be repeated.

Results. Both descriptive and analytic results.
Discussions. This should describe the implications and
significance of the findings, also highlighting the limitati-
ons of the study.

Conclusion (optional): This should clearly explain the
main conclusions of the work highlighting its importance
and relevance.

Conflict of interest.

If there is no conflict of interest, authors should state,
“The author(s) declare(s) that there is no conflict of inte-
rest regarding the publication of this paper.”

Acknowledgments (optional, including funding support
if available).

References

Authors are responsible for ensuring that the informat-
ion in each reference is complete and accurate. All refere-
nces must be numbered consecutively and citations of
references in the text should be identified using numbers
in square brackets (e.g., “as discussed by Smith [1]”; “as
discussed elsewhere [3, 4]”). All references should be cit-
ed within the text; otherwise, these references will be au-
tomatically removed. GCTR uses “Vancouver” style, as
outlined in the ICMJE sample references (https:// www.
nlm.nih.gov/bsd/uniform _requirements.html).

Supplementary material

Supplementary material, related to the work but not cri-
tical to the publication, is encouraged and made avail-
able as e-content.

Preparation of Figures

Upon submission of an article, authors are supposed to
include all figures and tables in the Word file of the man-
uscript. Figures and tables should not be submitted in se-
parate files. If the article is accepted, authors will be ask-
ed to provide the source files of the figures. Each figure
should be supplied in a separate electronic file. All fig-
ures should be cited in the paper in consecutive order.
Figures should be supplied in bitmap formats (Photo-
shop, TIFF, GIF, JPEG, etc.). Bitmap images should be of
300 dpi resolution atleast unless the resolution is intent-
ionally set to a lower level for scientific reasons. If a bi-
tmap image has labels, the image and labels should be
embedded in separate layers.

Preparation of Tables

Tables should be cited consecutively in the text. Every
table must have a descriptive title and if numerical meas-
urements are given, the units should be included in the
column heading. Vertical rules should not be used. A tab-
le should be well annotated and easy to read and interpr-
et with little reference to the text.
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The corresponding author will receive proofs by email.
Some editorial modification will be made after the manu-
scriptis accepted, so it is important to check proofs care-
fully. Corrected proofs must be returned to the publish-
er within 48 hours of receipt. The publisher will do ever-
ything possible to ensure prompt publication. It will, the-
refore, be appreciated if the manuscripts and figures con-
form from the outset to the style of the journal.

Copyright and Permission

When publishing in Global Clinical and Translational Res-
earch, the author(s) can assign copyright to the journal.
We request that permission should be sought from the
journal as the rights holder to produce any substantial
part of copyrighted work. To obtain permission, please
contact the editorial office as below.

The author(s) may choose to publish with us as an open-
access article under the terms and conditions of the Cre-
ative Commons Attribution License (CC BY 4.0, https://
creative-commons.org/licenses/by/4.0/), which permi-
ts unrestricted use, distribution, and reproduction in any
medium, provided the original work be properly cited.

The use of general descriptive names, trade names, tra-
demarks, and so forth in this publication, even if not spe-
cifically identified, does not imply that the relevant laws
and regulations do not protect these names.

While the advice and information in this journal are beli-
eved to be true and accurate on the date it is going to pre-
ss, neither the authors, the editors nor the publisher can
accept any legal responsibility for any errors or omissio-

ns that may be made. The publisher makes no warranty,
express or implied, with respect to the material contain-
ed herein.

Disclosure Policy

A competing interest exists when professional judgment
concerning the validity of research is influenced by a sec-
ondary interest, such as financial gain. We require that
our authors reveal any possible conflict of interest in
their submitted manuscripts.

Clinical Studies

Global Clinical and Translational Research aims to comp-
ly with the recommendations of the International Com-
mittee of Medical Journal Editors (ICMJE) on trials regist-
ration. Therefore, authors are requested to register the
clinical trial presented in the manuscript in a public trials
registry and include the trial registration number at the
end of the abstract. Trials must be registered prospectiv-
ely before patient recruitment has begun. We promote
transparency in clinical trial reporting.

In addition, the journal endorses the Principles and Gud-
elines for Reporting Preclinical Research by the National
Institutes of Health, which a considerable number of jou-
rnals have agreed to endorse (https://www.nih.gov/res-
earch-training/rigor-reproducibility /principles-guideli-

nes-reporting-preclinical-research). The journal also pr-
omotes the core set of standards for rigorous reporting
of study design (Adapted from Landis et al., Nature 2012).
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A brief summary of the papers appearing in this issue

Beginning with an editorial by the Editors-in-Chief, Dr.
Claude Hughes and Dr. Fengyu Zhang, this first issue of
the journal published seven papers, which features three
areas that the journal aims to focus, including genomic,
environmental and social medicine. The first paper is on
gastroschisis, a congenital abdominal wall defect that is
largely caused by the large environment; through geno-
me-wide association study, the second paper purely inv-
estigates the genetic variants associated with multiple
neuropsychiatric disorders. Two papers focus on the so-
cial aspects of human disorders including cervical survi-
vor and depression in older adults — lastly, two review
papers discussed gene-environment risk factors and alt-
ered gut microbiome in autism spectrum disorders
(ASD).

The increasing prevalence of gastroschisis: associated
factors, possible mechanisms, and potential mitigativ-
e interventions

The incidence of gastroschisis has increased globally ov-
er recent decades, but the cause of this increase is not el-
ucidated and etiology of gastroschisis has not determin-
ed. Hughes and Adibe conducted a selective review of
literature on risk factors of gastroschisis including mate-
rnal illnesses, medication use, and substance abuse, env-
ironmental exposure or agricultural chemicals. They hy-
pothesized two possible modes-of-action hypotheses: 1)
mechanical forces - mechanosensitivity and mechano-
transduction signaling, and 2) Ephrin-Eph receptor sig-
naling, which could be highly attractive research and de-
velopment opportunities, including preventive and miti-
gative intervention.

Common genetic variants shared among five major p-
sychiatric disorders: a large-scale genome-wide com-
bined analysis

Genetic correlation and pleiotropic effects among psych-
iatric disorders have been implicated. Xia et al. conduct-
ed a large genome-wide combined analysis of p-value for
about 8 million single nucleotide polymorphisms (SNPs)
in samples about 151,672 cases of schizophrenia, bipolar,
major depressive disorder, attention deficit-hyperactiv-
ity disorder, and autism spectrum disorder and equivale-
nt 284,444 controls of European ancestry based on the
data from the latest genome-wide association studies;
they found that SNPs mapped to 336 loci were shared by
three adult psychiatric disorders (schizophrenia, bipol-
ar and major depressive disorder), 73 loci shared by chil-
dhood disorders, and 47 genes by all five disorders at a
genome-wide significance. A large number of SNPs were
found in the extended major histocompatibility complex
(MHC) for three adult disorders, but none of them was
shared by two childhood disorders. The SNPs shared by
all five disorders were located in the regions that have
been identified as containing copy number variation ass-
ociated with autism and had largely neurodevelopment-
al functions. In addition, some of those genes have been
implicated for Alzheimer’s diseases (AD) and Parkinso-

n’s disease (PD). This study provides a valuable list of
genes from which to investigate genetic mechanism or
gene-gene interaction on the development of neuropsy-
chiatric disorders.

Consequences of cervical cancer treatment on sexual
health in cancer survivors: a qualitative study

There has been little information on the attitudes and
perceptions of cervical cancer survivors (CCS) toward
sexual activity subsequent to a diagnosis of cervical canc-
er and its treatment. Ye et al. conducted a qualitative st-
udy of 20 patients after surgical treatment; they found
that uncertainty, fear, and worry dominated the attitudes
and behaviors of CCS-related to sexual activity. Patient-
centered information on the change in sexual life and str-
ategies to cope with the physical and psycho-sexual seq-
uelae of treatment are needed.

An overview of genetic and environmental risk of auti-
sm spectrum disorder

It is evident that both genes and environment contribute
to the etiology of Autism Spectrum Disorder (ASD). Ou et
al. provided an overview of the genetic and environmen-
tal risk factors that have been associated with ASD. They
proposed that genes and environmental factors, as well
as their interactions, should be considered in the future
study, with the expectation that epigenetic studies will
lead to understanding the link between the environ-
ment and risk of ASD.

Altered gut microbiome in autism spectrum disorder:
potential mechanism and implications for clinical int-
ervention

Alarge number of individuals with ASD have gastrointes-
tinal problem, and recent studies demonstrate that the
endogenous gut microbiota has a close relationship with
ASD. Li et al. reviewed the reports of microbial dysbiosis
in ASD and discussed the recent evidence of biological in-
teractions among microbiota, metabolism, immunity, ne-
urodevelopment, behaviors, and the role of gut microbio-
me in the link between ASD and environmental risk fac-
tors. They suggest adjuvant treatments to consider in att-
empts to correct autistic behaviors.

Childhood adversity and depression among older ad-
ults: results from a longitudinal survey in China
Depressive symptoms in older adults are often mistaken
for symptoms of healthy aging and so may have not draw
timely attention clinically; and individual with depressi-
on may not receive appropriate treatment. Using data
from the China Health and Retirement Longitudinal Stu-
dy (CHARLS), Li et al. analyzed to examine the associat-
ion of childhood adversity and depression among older
adults; and found that the likelihood of depression was
significantly associated with poor parental mental status,
physical abuse, and emotional abuse during childhood.
Our study adds to research in the area of adverse childh-
ood events and its effect on adult psychological and phy-
sical well-being.
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Editorial

New Journal Launch: Global Clinical and Translational Research

Accepted October 30, 2018

We are proud to announce the launch of Global Clinical
and Translational Research, a new journal that aims to
promote clinical and translational research in the geno-
mic era from a global perspective. The journal will (1) pr-
ovide a unified platform of research communication for
basic scientists, medical doctors, other clinical health pr-
ofessionals, social scientists and social workers to share
the most recent advances in all areas of clinical and tran-
slational sciences; (2) introduce new techniques and me-
thodology such as genomics-based techniques and appr-
oaches to design and perform a new generation of clini-
cal research; (3) foster collaborative clinical research fr-
om a global perspective.

In the first two decades of the 21st century, strategies for
conducting biomedical research have been profoundly
influenced by the completion of the Human Genome Pro-
jects (HGP) [1]. The HGP is properly regarded as the ma-
jor groundbreaking accomplishment in human biology
as we moved from the 20th into the 21st century. Related
projects such as the International Haplotype Map of the
Human Genome Project (HapMap) and the development
of the tools of bioinformatics computer programs, espec-
ially the invention of genome-wide association techniq-
ues, have made it possible to dissect genetic architecture
of complex human diseases and health, and to identify
genetic variants that may impact the response of indivi-
duals or populations to pharmaceutical treatments, envi-
ronmental exposures to chemicals or toxicants and psy-
chosocial stressors. The findings from such research ov-
er the past decade have accelerated discoveries such as
identification of molecular targets of drugs and other
environmental or dietary compounds as well as novel ta-
rgets for further research and development of other li-
gands that may become new therapeutic medications
including and offer new evidence for population-based
interventions, or early and precision diagnostics.

With the increasingly available tools of bio-technology in
genomics and other "omics," the then U.S. President
Obama announced the precision medicine initiative in
2015. The goal of this initiative is to pioneer a new model
of biomedical and health research that promises to acel-
erate biomedical discoveries and translate them into new
tools, knowledge, and therapies for clinicians to select
which treatments will work best for which patients and
for public health professionals to better decide when and
how preventative measures should be taken. The conce-
pt of precision medicine is to develop treatment and pre-
vention strategies that take individual variability [2] into
account, which may involve the individual’s genetic hete-
rogeneity, life course experiences, and lifestyle. Ident-
ifying those individual factors will require a series of res-
earch activities across different populations to accomm-

odate variation in the genetic background including et-
hnicity, as well as local or regional environmental and di-
etary factors.

This new journal will be a vehicle to communicate those
new findings of clinical and translational research in the
era of genomics or other "omics." Without a doubt, follo-
wing the precision medicine initiative, clinical and tran-
slational research will be a robust global enterprise over
the next few decades; therefore, with wide application of
the new tools of biotechnology, more and more studies
will focus on discovery in human subjects through obs-
ervational and experimental approaches. Findings from
such studies can be translated not only into basic resea-
rch hypotheses that should lead to novel ideas for mech-
anistic biological research or biology but also into clinical
practices such as precision diagnosis and treatment, pre-
ventive interventions at a population level or enhanced
environmental health for entire communities [3]. The sc-
ope of translational research must greatly extend beyond
the traditionally defined "from bench to bedside and ba-
ck again” to a broad multidisciplinary and multilayered
process of discovery, implementation, and global public
health impact.

The journal will be edited by a multidisciplinary team le-
ad by Drs. Claude Hughes and Fengyu Zhang. Dr. Hughes’
broad experience includes pharmaceutical clinical trials;
practice of Obstetrics & Gynecology and Reproductive
Endocrinology & Infertility; modeling and biomarker de-
velopment; basic, clinical and population research in the
health of women across the lifespan, and the impact of
dietary and environmental chemicals in reproductive,
developmental and translational toxicology. Dr. Zhang's
research expertise focus conducting multidisciplinary
research on genetic and environmental determinants of
complex human disorders and population health, clinical
trial-based pharmacogenomics of treatment response, as
well as biomarker discovery; and he has a strong backgr-
ound in quantitative and data science.

The journal accepts original research articles, reviews,
mini-reviews, case reports, short notes, and rapid comm-
unications covering all aspects of clinical and translatio-
nal research. Papers about novel applications of statistis-
tical methods or data science are also welcomed.

Editors-in-Chief

Claude Hughes, MD PhD
Fengyu Zhang, PhD MS
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The Increasing Prevalence of Gastroschisis: Associated Factors, Possible
Mechanisms, and Potential Mitigative Interventions
Claude Hughes!" and Obinna O. Adibe?

ITherapeutic Science and Strategy Unit, IQVIA; Department of Obstetrics and Gynecology, Duke University Medical Center;
Epidemiology and Environmental Epigenetics Laboratory, North Carolina State University, Durham, NC, USA

2Departments of Surgery and Pediatrics, Duke University Medical Center, Durham, NC, USA

Received October 23, 2018; Accepted January 28, 2019

ABSTRACT

Background: Gastroschisis has increased globally over recent decades and this increase is not explained by demographic
changes in maternal age. Implicated risk factors for this increase include lifestyle behaviors, environmental exposures, low-
er socioeconomic status, lower body mass index, poor nutrition, smoking tobacco, using illicit drugs, alcohol, or analgesics
and genitourinary infections.

Methods: Selective review of the literature.

Results: Present hypotheses would only suggest avoidance of suspect exposures as protective interventions. To identify
safe and efficacious protective therapies, new cellular/molecular modes-of-action need to be considered. Plausible develop-
mental modes-of-action include a) changes in epigenetic programming of relevant stem or progenitor cells; b) mechanical
forces (cellular mechanosensitivity and mechanotransduction) signaling; and c) ephrin-Eph receptor multimodal signali-
ng. These developmental modes-of-action present plausible options for “druggable” molecules that could be developed into
protective or mitigative therapeutic agents for gastroschisis.

Conclusion: Possible interventions for modifiable factors in gastroschisis include 1) Delay childbearing. 2) Improve nutri-
tion for younger gravidas. 3) Pre-conceptional counseling to reduce embryonic exposures to the range of implicated lifest-
yle, environmental and medical factors. 4) Urge research colleagues to investigate the cellular and molecular mechanisms
underlying gastroschisis and to translate those insights into one or more safe and efficacious preventive or mitigative thera-
pies.

KEYWORDS

Druggable molecules; ephrin-Eph receptor; exposures; gastroschisis; mechanosensitivity and mechanotransduction;
protective therapeutics; risk factors; translational toxicology

OUTLINE 2) MOA - Ephrin-Eph receptor signaling
L. Introduction IV. Prospects for protective/mitigative therapies: rese-
1) The alarming demographic trend in gastroschisis arch and development needs

2) Clinical care, surgery and outcomes

3) Developmental factors and genomic modes-of-act- V. Summary

ion (MOA) References
4) Genetic, genomic, gene variants, epigenetics MOAs
IL. Risk factors I. INTRODUCTION
1) ll;/Iaternal illnesses, medication use and substance a- The alarming demographic trend in gastroschisis

use

2) Maternal nutrition and metabolic milieu Gastroschisis (GS) is a congenital abdominal wall defect
3) Environmental exposures in which the intestines, and sometimes, other organs, pr-
4) Distinct exposure category-agricultural chemicals otrude outside of the fetal abdomen through an opening

in the abdominal wall. The prevalence of gastroschisis is
on the rise, increasing two to four times in the last 45+
years in several regions around the world. Data spanning
the years of 1970-2015 demonstrate some variation ov-

I11. Potential MOA hypotheses
1) MOA-mechanical forces - mechano-sensitivity and
mechano-transduction signaling

* Correspondence: Claude Hughes, Email: claude.hughes@iqvia.com
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er time, but in general, this worrisome trend shows a
moderate ongoing increase [1; 2; 3; 4; 5; 6; 7].

While the observed increases in gastroschisis prevalence
are not explained by demographic changes in maternal
age or race/ethnicity, gastroschisis is strongly associat-
ed with young maternal age. The association of gastrosc-
hisis with young maternal age is most apparent among
mothers aged younger than 20 years. Nonetheless, Jones
et al. [3] documented significant increases in prevalence
in all age groups during 2006-2012 compared with 1995
-2005. These investigators also noted the most signifi-
cant increases occurred among younger Black mothers
even though the prevalence in Black mothers remains
lower than in White or Hispanic mothers.

The underlying cause or causes of these increases have
not been definitively established. Some proposed risk fa-
ctors include lifestyle behaviors, environmental exposo-
res, lower socioeconomic status, and lower body mass in-
dex, poor nutrition, smoking tobacco, using illicit drugs,
alcohol, or analgesics as well as genitourinary infections.

Clinical care, surgery and outcomes

The outcome for a fetus or infant who has gastroschisis
may be a stillbirth, neonatal death or uncomplicated sur-
gical correction. The Centers for Disease Control and Pre-
vention (CDC) estimate is that about 1,900 babies are
born each year in the United States with gastroschisis [1].
While 1-year survival rates may be approximately about
70% in some regions [5], if delivery of the infant occurs
at a tertiary care center with immediate neonatal inter-
vention, life expectancy for infants with gastroschisis can
exceed 90%. In virtually all cases, care of affected infants
exacts a significant emotional toll on parents and other
family members and imposes significant financial /health
care costs.

Keys et al. [8] performed a retrospective analysis in the
United Kingdom of all patients admitted to a tertiary neo-
natal surgical center with gastroschisis from January
1996 to December 2005. The primary outcome measures
were incidence, length of hospital stay, and the total cost
for all patients each year.

Over that interval of ten years, the incidence of gastros-
chisis rose 3-fold while the median cost per patient re-
mained relatively constant. Due to the increased incide-
nce of this malformation, the estimated annual cost to the
National Health Service (NHS) to care for this condition
in England and Wales had risen from £3.6 million in 1996
to more than £15 million in 2005.

Gastroschisis is defined as a full-thickness congenital ab-
ominal wall defect usually situated on the right side of
the umbilicus, with intestines protruding into the amni-
otic fluid without any protective membrane. The amnio-
tic fluid creates an inflammation of the bowel wall, called
perivisceritis. Associated with intestinal abnormalities
are malrotation and a degree of short bowel, volvulus,
perforation and atresia may be found [9]. The optimal
management of neonates with gastroschisis is unclear,
and there is significant morbidity [10]. Surgical mana-

gement includes techniques for primary repair in which
the intestinal contents are immediately reduced into the
abdomen, or silo placement and delayed repair if the ab-
dominal cavity is not able to accommodate the volume of
the intestine [11].

Infants with gastroschisis often need other complement-
ary treatments including intravenous nutrients, prophy-
lactic antibiotics, and careful control of body tempera-
ture. In utero exposure of the fetal intestine to the amni-
otic fluid may cause inflammation and bowel injury, re-
sulting in significant gastrointestinal problems during
the neonatal period after closure of the defect. Compli-
cations include prolonged ileus, sepsis, associated intes-
tinal atresia, malabsorption, wound infection, and necro-
tizing enterocolitis [11].

Kassa and Lilja [10] conducted a single-center retrospe-
ctive analysis of 79 neonates with gastroschisis spanning
1989-2009. Length of hospital stay (LOS), days of paren-
teral nutrition (PN), and survival were outcome measu-
res. Overall survival was 92%, and primary closure was
achieved in 80%. Median LOS was 25 days, and median
duration of PN was 17 days. Intestinal atresia, “vanish-
ing” gastroschisis, delayed repair, and prematurity all af-
fected outcome. Route of delivery and associated malfo-
rmations were not related to poorer outcome. Necrotiz-
ing enterocolitis did not occur in any of these patients.
Outcomes were favorable as measured by survival, LOS,
and days of PN. Primary predictors of poor outcome
were factors related to short bowel syndrome and delay-
ed repair.

Bergholz et al. [12] compared the outcome of newborns
with simple (sGS) and complex gastroschisis (cGS: gas-
troschisis with intestinal atresia, necrosis, perforation,
and/or volvulus) by conducting a systematic database
search, quality assessment and meta-analysis of relevant
articles which evaluated the mortality and morbidity of
newborns with cGS versus sGS. Of 19 identified reports,
13 eligible studies were included. The mortality of infa-
nts with cGS (16.67%) was significantly higher than sGS
(2.18 %, RR: 5.39). Infants with cGS are started on ente-
ral feedings later and they take longer to full enteral feed-
ings with a subsequent longer duration of parenteral nu-
trition. Their risk of sepsis, short bowel syndrome and
necrotizing enterocolitis is higher. They stay longer in
the hospital and are more likely to be sent home with en-
teral tube feedings and parenteral nutrition.

de Buys Roessingh etal. [9] performed a retrospective st-
udy covering the period from January 2000 to Decemb-
er 2007. The following variables were analyzed for each
child: weight, sex, APGAR (Appearance, Pulse, Grimace,
Activity, and Respiration) score, perforations, atresia,
volvulus, bowel length, subjective description of perivis-
ceritis, duration of parenteral nutrition, initiation of ent-
eral nutrition, time to full enteral intake, necrotizing en-
terocolitis, the average period of hospitalization, and mo-
rtality. Sixty-eight cases of gastroschisis were studied
that included 9 cases of perforations, 8 of volvulus, 12 of
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atresia and 49 with a subjective description of perivisc-
eritis (72%).

The mortality rate was 12% (eight deaths) and the aver-
age duration of total parenteral nutrition was 56.7 d (min
-max: 8-950; median: 22), with five cases of necrotizing
enterocolitis. The average length of hospitalization for
60 patients was 54.7 d (min-max: 2-370; median: 25.5).
The presence of intestinal atresia was the only factor cor-
related with prolonged parenteral nutrition, delayed ti-
me to full enteral intake, and more extended hospitaliza-
tion. In this study, intestinal atresia was the primary pre-
dictive factor for severity of gastroschisis.

Surgical repair should be offered promptly, commonly
on the first day after delivery to minimize infection risks.
Flap closure is an alternative to fascial closure for
gastroschisis. Youssef et al. [13] performed a systematic
review and meta-analysis of outcomes comparing these
surgical techniques. These investigators analyzed the fol-
lowing outcomes: mortality, ventilation days, feeding pa-
rameters, length of stay (LOS), wound infection, resource
utilization, and umbilical hernia incidence. Twelve studi-
es were included allowing evaluation of 1124 patients of
which 350 underwent flap closure (210 immediately;
140 post-silo). Their meta-analysis revealed no significa-
nt differences in mortality, LOS, or feeding parameters
between groups. Flap patients had fewer wound infec-
tions (OR=0.40; 95% CL: 0.22-0.74; and P=0.003). Flap
patients had an increased risk of an umbilical hernia, but
they were less likely to undergo repair (19% vs. 41%; P
=0.01). These investigators concluded that flap closure
has equivalent or superior outcomes to fascial closure for
patients with gastroschisis and suggest that with its pot-
ential advantages of bedside closure and reduced seda-
tion requirements; flap closure may represent the pre-
ferred closure strategy.

Developmental factors and genomic MOAs

Gastroschisis is a unique birth defect due to its associa-
tion with young maternal age and increasing global pre-
valence. In the absence of evidence of a specific genetic
cause or environmental teratogen, the underlying patho-
physiological mechanisms are undefined. A thoughtful
commentary by Opitz [14] considered whether gastrosc-
hisis is better characterized as a primary or secondary
malformation.

Opitz profiled primary malformations as a “developpm-
ental field defect” defined based on three cardinal cri-
teria as follows:

- Heterogeneity; namely, the demonstration of causal
heterogeneity of a malformation as evidence of id-
entical reactivity to different endogenous causes on
an embryonic primordium, common to all the clini-
cal entities under discussion.

- Homology in that the embryonic primordia in hum-
ans capable of being malformed have the identical
morphogenetic counterpart in more or less closely
related mammals or vertebrates with correspond-
ing molecular induction systems.

- Phylogeneity; from the concept of homology, it follo-
ws that corresponding anatomical structures in var-
ious species arising in response to more or less iden-
tical molecular induction cascades.

This is in contrast to a secondary malformation, which
would be observed in an individual who was presumably
genetically normal at conception but then experienced
altered morphogenesis due to exposure to some exogen-
ous stressor(s) such as chemical, physical, infectious, and
maternal metabolic or psycho-social factors.

Some non-genetic factors have been implicated in the oc-
currence of gastroschisis, but no single factor stands out
as a likely predominant cause. Drongowski et al. [15] rev-
iewed the antenatal history of 19 infants with gastroschi-
sis and 54 control infants born with a congenital anoma-
ly unrelated to gastroschisis. When compared to contro-
Is, mothers of infants with gastroschisis were more likely
to have used aspirin during pregnancy, to be taking oral
contraceptives at the time of conception or to use an ille-
gal drug, particularly cocaine.

Payne et al. [16] studied growth restriction in gastroschi-
sis to consider if placental factors might be a cause. Thes-
e investigators compared to birth weight (BW), crown-
heel length (LT), occipitofrontal circumference (OFC)
and ponderal index (PI) in 179 gastroschisis cases and
895 matched controls. Fetal ultrasounds (n=80) were re-
viewed to determine the onset of growth restriction and
placental histology was examined in 31 gastroschisis pa-
tients and 29 controls. Gastroschisis cases weighed less
than controls (BW, 2400+502 gvs. 2750+532 g; p<0.001
) and they had lower BW as a group compared to contr-
ols. Intrauterine growth restriction was symmetric with
gastroschisis patients having a shorter LT, smaller OFC
but larger ponderal index compared to controls. Growth
deficits appeared early in the second trimester and wors-
ened as gestation increased. Placental chorangiosis was
more common in gastroschisis patients than controls, ev-
en after removing all small for gestateonal age patients.

Mac Bird et al. [17] investigated associations between
potential maternal factors with the risk of gastroschisis
and omphalocele within a large population-based sam-
ple of participants enrolled in the National Birth Defects
Prevention Study between October 1997 and December
2003. Data were collected on 485 cases of gastroschisis,
168 cases of omphalocele, and 4967 controls. These inv-
estigators found the expected higher risk in younger wo-
men and lower risk in Black women but also found a mo-
derately increased risk of gastroschisis in women who
had smoked tobacco, taken ibuprofen or consumed alco-
hol.

Duong et al. [18] compared mothers of infants with birth
defects (n=10,825) and mothers of infants without birth
defects (n=6795) who participated in the multisite Nat-
ional Birth Defects Prevention Study between 1997 and
2005. They found that mothers of infants with gastro-
schisis were significantly more likely to report any use of
a hot tub in early pregnancy. Among the mothers who
reported using a hot tub more than once in the exposure
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period and remaining in it for more than 30 min, they
found significantly elevated risk (OR22.0) for gastroschi-
sis and some other birth defects.

In a related report, Agopian et al. [19] assessed the rela-
tionships between bathing habits during pregnancy and
the risk of 13 non-syndromic birth defects in the Nation-
al Birth Defects Prevention Study delivered during 2000-
2007. These investigators found that the risk for gastro-
schisis in offspring was increased among women who re-
ported showers lasting more than 15 compared to less
than 15 minutes. It is at least plausible that this observa-
tion might relate to the duration of exposure to high wat-
er temperatures for somewhat extended episodes during
early pregnancy.

Lin et al. [20] assessed maternal occupation and the risk
of significant birth defects. For gastroschisis, an increas-
ed risk was found for maternal occupations of entertain-
ers or athletes. In addition, they found a decreased risk
of gastroschisis for the maternal occupation of being a
non-preschool teacher.

Ortega-Garcia et al. [21] raised the possibility of psycho-
social stress as a potential risk factor for gastroschisis. In
a case-control study of gastroschisis in Spain from Dece-
mber 2007 to June 2013, these investigators found that
mothers of children with gastroschisis were younger,
smoked more cigarettes, used more illegal drugs, and su-
ffered domestic violence more frequently than the con-
trols.

In 2015, Skarsgard et al. [22] reported on their inves-
tigation of the threefold increase in gastroschisis in Cana-
da over the previous 10 years. They compared 692 gastr-
oschisis pregnancies from the Canadian Pediatric Surg-
ery Network and 4708 pregnancies from the Canadian
Community Health Survey. Younger maternal age, smok-
ing tobacco, a history of pregestational or gestational
diabetes, and use of medication to treat depression all
showed significant associations with increased risk of
gastroschisis.

Genetic, genomic, gene variants, epigenetics MOAs

Bugge et al. [23] published the first case report on fema-
le monozygotic (MZ) twins discordant for gastroschisis.
They found no family history of gastroschisis and no sus-
picious exposures during the pregnancy. Zygosity of the
infants was verified by DNA analysis using highly polym-
orphic microsatellites. Albeit only one case, this observa-
tion does not support an explanation via a simple inheri-
ted gene etiology.

There is an inbred mouse strain (HLG) that shows a high
incidence of gastroschisis after X-ray exposure of the zy-
gotes with about 10% of fetuses having this malforma-
tion after irradiation with 1 Gy. Assessment of data from
crossbreeding studies [24] suggests that a single-locus
inheritance is not a good fit, and two or three gene loci
are likely to be involved. Remarkably, additional eviden-
ce suggests that the elevated risk of gastroschisis can be
transmitted to the next mouse generation [25] and su-

ggests that the induced genomic instability might be a fa-
ctor in the known familial risk of gastroschisis.

In another mouse model of gastroschisis, for the AEBP1
(adipocyte enhancer binding protein) gene, isoform Aclp
(-/-) mice demonstrate a ventral wall defect that is simi-
lar to gastroschisis in humans [26].

Feldkamp etal. [26] reasoned that Aclp is a potential can-
didate gene for gastroschisis due to its developmental
expression, association with the extracellular matrix and
is essential for abdominal wall development. From this
mechanistic perspective, Feldkamp et al. proceeded with
assessing AEBP1 gene variants in 40 cases of infants with
gastroschisis. These investigators identified several nov-
el variants in AEBP1, but the frequency of these variants
did not significantly differ between the cases and the co-
ntrol group. Additionally, they used bioinformatics pro-
grams to predict the likely amino acid changes, and these
changes were predicted to be benign.

With the hypothesis that genes related to vascular comp-
romise may interact with environmental factors to affect
the risk of gastroschisis, Padula et al. [27] conducted a
population-based case-control study of 228 infants in Ca-
lifornia. They evaluated 75 genetic variants in 20 genes
and the risk of gastroschisis associated with maternal ag-
e, race or ethnicity, vitamin use, and tobacco smoking ex-
posure. These investigators found 11 gene variants with
increased risk and four variants with decreased risk of
gastroschisis for heterozygous or homozygous variants
genotypes and suggested that NOS3, ADD1, ICAM1, ICA-
M4, and ICAM5 warrant further investigation and may
interact with environmental exposures.

Makhmudi et al. [28] sought to assess the hypothesized
dual vascular/thrombotic pathogenesis of gastroschisis
in which it is argued that normal right umbilical vein in-
volution forms a possible site for thrombosis adjacent to
the umbilical ring. Accordingly, these investigators mea-
sured the frequency of three common prothrombotic po-
lymerphisms, MTHFR c.677C>T, F2 ¢.20210G>A, and F5
Leiden in 46 Indonesian gastroschisis patients and in 89
ethnicity-matched controls. While MTHFR c. 677C>T sh-
owed a significant association with gastroschisis (OR=
2.1), no affected infants had risk alleles for either F2 c.
20210G>A or F5 Leiden. This finding lends support to the
thrombotic pathogenesis hypothesis for gastroschisis.

As arobust alternative to the vascular pathogenesis hyp-
-othesis for the occurrence of gastroschisis, an umbilical
ring defect theory has been proposed, based on embry-
ological studies. [29; 30] The embryological argument is
that if a vascular insult to the vitelline artery were to be
the proximate cause of gastroschisis, then the entire mid-
gut should be injured rather than the abdominal wall,
which gets its vascular supply from the intersegmental
arteries. In turn, if insults to these vessels caused gastro-
schisis, then there is no explanation for the preponderan-
ce of gastroschisis occurring on the right rather than equ-
ally on the left. If the occurrence of gastroschisis does in-
deed derive from disordered development or inadequate
maintenance of the structural integrity of the umbilical
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ring and its amnion-epithelial connection, then cellular
and molecular systems that regulate tissue organizati-
on, cellular signaling, and movements while maintaining
the structural integrity of adjacent tissues should be eva-
luated.

IT RISK FACTORS

In 1990, Goldbaum et al. [31] reported on their assess-
ment of risk factors that might explain an observed incre-
ase in gastroschisis in residents of Washington State dur-
ing the interval 1984-1987. They reviewed birth certifi-
cates for 62 infants born with gastroschisis and 617 ran-
domly selected unaffected infants matched for birth year.
The four risk factors that "stood out” were a birth month
(higher risk in January, February, and March); mothers
age younger than 25 years and especially age younger
than 20 years; tobacco smoking during pregnancy; and
mothers receiving inadequate prenatal care. These inve-
stigators suggest that it is likely that other unidentified
behaviors and environmental exposures could explain
the risk associations with birth month, young maternal
age, and limited prenatal care.

In a different U.S. region, Chabra & Hall [32] assessed a
single center cluster of 10 cases of gastroschisis at the
Neonatal Intensive Care Unit at the University of Kentu-
cky Medical Center in 1996. These investigators then ret-
rospectively sought environmental or genetic causes.
They reviewed the maternal and patient medical records
for 36 neonates with gastroschisis admitted from Janu-
ary 1992 to December 1996. While there was evidence
that many of the mothers were teenagers, primiparous,
and had an increased frequency of tobacco smoking, they
found no evidence of temporal or spatial clustering in the
gastroschisis cases.

In an excellent comprehensive review about a decade
ago, Rasmussen and Frias [33] summarized what was
known about non-genetic risk factors for gastroschisis.
These authors highlighted several key observations that
in turn suggested directions for future research opportu-
nities. With some degree of disappointment, research ne-
eds mostly remain current and we hope to suggest some
new directions that merit attention.

Rasmussen and Frias noted that the etiology of gastrosc-
hisis is unknown, but the familial increased risk (approx-
imately 3.5%) in the families with a previous child with
gastroschisis suggested that genetic factors play a role in
its causation. While that genetic relationship is logical, it
is also true that cohabiting family members share many
of the same environmental exposures, so the same reas-
oning could apply to support the notion that a familial
pattern of risk may be attributable to sharing a common
multifactorial “risky” environment.

Beyond the widely demonstrated risk of younger mater-
nal age, other robust individual exogenous risk factors
are not as consistently found. There is some evidence th-
at exposures such as sociodemographic factors, maternal
medication use, substance use/abuse, workplace or envi-
ronmental chemical exposures do correlate with some
increased risk of gastroschisis. Since a prevailing hypo-

thesis is that gastroschisis is often due to some vascular
disruption during early development, it can be argued
that all of these are candidates for clinical or public heal-
th protective or mitigative interventions. For most of the-
se exposures, it is reasonable to suppose that gene-envi-
ronment interactions are key to manifestation of the out-
come of gastroschisis, and there is some evidence that
this notion is applicable to the risk factor of maternal to-
bacco smoking and the occurrence of variant alleles of
genes such as NOS3, NPPA, and ICAM1 involved in the
VEGF-NOS3 pathway [34].

Maternal illnesses, medication use, and substance
abuse

Several groups of investigators have studied the possible
impact of several exogenous factors in the risk of gastro-
schisis. Quite logically the efforts have focused on mater-
nal exposures in the periconception and early gestation-
al intervals when key embryonic developmental events
might be influenced in a cause and effect manner. Several
factors, including maternal demographics, medical illne-
sses, environmental exposures, use of prescribed and ov-
er-the-counter medications, consumption of ethanol, and
use of recreational drugs, have been assessed to some ex-
tent in the risk of gastroschisis.

Werler et al. [53] analyzed data from a case-control sur-
veillance program of birth defects from 1976-1990. They
compared maternal demographic, reproductive, and me-
dical factors and first-trimester environmental expoures
between 76 gastroschisis cases and 2,581 malformed
controls. They found the expected strong inverse associ-
ation with maternal age but also detected a relationship
of increased risk of gastroschisis with maternal ethanol
consumption, roughly doubling or trip-ling the risk.

In another study of multiple possible risk factors for gas-
troschisis, Torfs et al.[36] reported on several associat-
ions for maternal medications and environmental expo-
sures as follows:

- Hobby or occupational exposures to solvents (odds
ratio (OR)=3.8 or colorants (OR=2.30);

- Use of medications aspirin (OR=4.7) and ibuprofen
(OR=4.0) but not for acetaminophen;

- Periconceptional exposure to X rays (OR=2.5);

- Use of antibiotics, antinauseants, sulfonamides, or
oral contraceptives were not associated;

- Use of decongestants, pseudoephedrine (OR=2.1),
phenylpropanolamine (OR=10.0), group of all deco-
ngestants including oxymetazoline and ephedrine
(OR=2.4).

From these observations, the authors remarked that sin-
ce most of these associations were for vasoactive substa-
ances, their results support a vascular hypothesis for the
pathogenesis of gastroschisis.

Carrying forward the idea of vascular disruption as a cri-
tical component in the events that may lead to gastros-
chisis, Hume et al. [37] considered the potential effect of
prenatal cocaine exposure in gastroschisis. These inves-
tigators performed a retrospective case-control study
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based upon more than 68,000 delivery records at a single
hospital for 9 years. Transverse limb defects and gastro-
schisis were defined as cases, and non-disruption anom-
alies served as controls. In 190 cases of limb anomalies,
abdominal wall defects, and cleft lips, 119 cases had info-
rmation regarding maternal cocaine use during pregn-
ancy. Hume et al. found 7 of 34 vascular disruption cases
associated with cocaine exposure versus 12 of 85 other
malformations controls yielding an odds ratio for coca-
ine exposure and vascular disruption of 1.58 (95% CL:
0.55-4.47). Although there are limitations to these data,
these results did not seem to support the idea that pre-
natal cocaine exposure might influence gastroschisis risk
via a vascular disruption effect.

A few reports suggest an association between other dru-
gs of abuse and the occurrence of gastroschisis. In two
studies by one group of investigators [38; 39], maternal
exposures to recreational drugs were ascertained by
measurement of individual recreational drugs in mate-
rnal hair samples timed for the period of conception and
in different stages of pregnancy in expectant mothers
with a diagnosis of fetal gastroschisis and in a group of
wowen with a normal fetus as controls. Overall, these
investigators found evidence of recreational drug use in
18% of women with fetal gastroschisis and confirmed
the association of gastroschisis with young maternal age.
In another recent report, a higher prevalence of gastro-
schisis was found in regions with the US where rates of
opioid prescriptions were highly indicative of an associ-
ation between opioid use during pregnancy and gastro-
schisis. [40]

While most reports on gastroschisis derive from clinical
investigations, Burdan et al. [41] have presented data in
an animal model to compare the effects of drugs within a
single category, namely cyclooxygenase inhibitors. The
effects of prenatal exposure to various selective and non-
selective cyclooxygenase-2 (COX-2) inhibitors on abdo-
minal wall defects in the rat were assessed by a retrospe-
ctive analysis of laboratory data from several teratologi-
cal studies with COX-inhibitors (aspirin, DFU, DuP-697,
ibuprofen, paracetamol, piroxicam, propyphenazone, to-
Imetin) throughout 1997-2004. In 6744 live-born fetus-
es, abdominal wall defects were found in four animals
exposed to different non-selective COX inhibitors and
one case of gastroschisis in a rat exposed to a selective
COX-2 inhibitor. In their analysis of the various drugs,
only aspirin statistically increased the risk of abdominal
wall defects in rat fetuses with an expected ratio for
aspirin of 56 per 10,000 offspring.

A cluster of gastroschisis cases (n=14) was observed in
April 2007- April 2008 in Reno, Nevada. Elliott et al. [42]
performed a case-control study to identify potential risk
factors. In comparison to controls (n=57; matched 4:1 to
the case mothers by maternal date of birth within 1 year)
, gastroschisis was associated with the prepregnancy use
of methamphetamine (OR=7.15) or any vasoconstrictive
recreational drugs (methamphetamine, amphetamine,
cocaine, ecstasy) with OR of 4.46. These findings support

the notion that use of vasoconstrictive recreational drugs
is a risk factor for gastroschisis.

The commonly used drugs of alcohol (ethanol), tobacco,
and cannabis have also been implicated as risk factors for
gastroschisis. First, in the large multicenter National Bir-
th Defects Prevention Study (6622 control infants and
1768 infants with birth defects born in 1997-2005),
Richardson et al. [43] performed a case-control study to
assess any association between periconceptional alcohol
consumption and several birth defects including ompha-
locele and gastroschisis. These investigators found that
periconceptional alcohol consumption was associated
with omphalocele (OR=1.50; 1.15-1.96) and gastroschi-
sis (OR=1.40; 95% CL: 1.17-1.67). Second, as regards
maternal smoking, Hackshaw et al. [44] conducted a
meta-analysis using data from 172 articles with a total of
173,687 malformed cases and 11,674,332 unaffected
controls and reported a significant positive association
of maternal smoking with gastroschisis (OR=1.50, 95%
CL:1.28-1.76). Additionally, it has been hypothesized
that differences in genetic susceptibility may exist reg-
arding this association of smoking with gastroschisis. In
one study that investigated this possibility, Jenkins et al.
[45] analyzed five single nucleotide polymorphisms in
three genes (CYP1A1, CYP1A2, and NAT2) that encode
for enzymes involved in metabolism of some cigarette
smoke constituents in 108 non-Hispanic white and 62
Hispanic families who had infants with gastroschisis, and
1,147 non-Hispanic white and 337 Hispanic families who
had liveborn infants with no significant structural birth
defects (controls). While these investigators did identify
three suggestive associations among 30 potential associ-
ations, they concluded that these data did not support
the occurrence of effect modification between pericon-
ceptional maternal smoking and most of the xenobiotic
metabolizing enzyme gene variants assessed. Third,
using multiple logistic regression, van Gelder et al. [46]
reanalyzed associations between periconceptional can-
nabis use and 20 specific birth defects using data from
the National Birth Defects Prevention Study from 1997-
2005 for 13,859 case infants and 6,556 control infants
and found that after correction for exposure misclassi-
fication, cannabis use was associated with gastroschisis
with an OR of 1.7.

A modest number of prescription medications have also
been implicated as risk factors for gastroschisis when
mothers have used such drugs at various intervals from
preconception through approximately the third month of
pregnancy. It must be noted that any association of gas-
troschisis risk may be due either to a) the underlying
maternal disease for which a drug was prescribed, b) use
of the drug per se or c) the co-exposure of the embryo/
fetus to the maternal disease and the drug in question.
Nonetheless, the drugs for which there is some evidence
of an associated risk include venlafaxine [47], antiherp-
etic medications (acyclovir, valacyclovir or famciclovir)
[48], levonorgestrel/ethinylestradiol [49], antidepress-
ants [50], topical antivirals [50], and continuation of oral
contraceptives in early pregnancy [50]. As noted by
Given et al. [50], “While it is difficult to disentangle the
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effects of the medication and underlying indication, our
results add to the evidence base on preventable risk fact-
ors for gastroschisis. These risk factors may contribute
to the higher risk among young mothers, and geograp-
hical and temporal variation in prevalence.” Additiona-
lly, another infectious agent, chlamydia trachomatis, has
been suggested by Feldkamp etal. [51] as a risk factor for
gastroschisis based on observation of the unusual find-
ing of vacuolated amniotic epithelium with lipid droplets
in gastroschisis placentas, combined with some experi-
mental evidence of the trafficking of host lipids into the
chlamydia intracellular inclusions.

Maternal nutrition and metabolic milieu

In order to diminish the risk and/or severity of gastrosc-
hisis, other than identifying and limiting exposures to po-
ssible exogenous hazards, endogenous maternal factors
that could be favorably modified should be considered.
These factors, which include various exogenous-endoge-
enous (gene-environment) interactions, encompass at
least metabolic, nutritional, vascular, and inflammatory
components.

In a past animal study of gastroschisis, interactions of nu-
tritional factors and a smoking-related component were
studied. Singh [52] maintained pregnant CD-1 mice on
diets with two levels of protein and three levels of zinc,
and exposed half of each diet subgroup to either air
(control) or to 500 ppm carbon monoxide (CO) from ges-
tation days (GD) 8-18. At necropsy, fetal mortality and
malformations were increased by protein and zinc defi-
ciencies, and CO exposure increased fetal mortality. The
incidence of gastroschisis in the low protein/zinc defici-
ent/CO exposed group was 47%, and 60% of the litters
were affected. The incidence of gastroschisis in the rest
of the low protein/zinc diets/air or CO groups was zero.
In this model, gastroschisis is caused by the combinati-
on of protein-zinc deficiencies plus CO exposure during
gestation and thus may be relevant to human populati-
ons who may have nutritional deficiencies and exposure
to CO via environmental or maternal smoking (tobacco
or cannabis).

In another past study of 57 cases of gastroschisis and 506
controls, Torfs et al. [53] tested for DNA polymorphisms
of 32 genes representing enzymes involved in angiogen-
esis, blood vessel integrity, inflammation, wound repair,
and dermal or epidermal strength. These investigators
found that several gene polymorphisms were associated
with an increased risk for gastroschisis for heterozygot-
es (ICAM1 gly241arg; NOS3 glu298asp; NPPA 2238 T>C;
and ADD1 gly460trp) and that for the NPPA and ADD1
single-nucleotide polymorphisms (SNPs), the homozyg-
ote variants had a significantly higher risk than the het-
erozygotes. Additionally, three SNPs (NOS3; ICAM1; and
NPP) showed a strong interaction for risk with maternal
smoking, supporting the hypothesis that gene-environ-
mental interactions are a part of the vascular compro-
mise that is plausibly involved in the etiology of gastro-
schisis.

Maternal nutrition and either low maternal body mass or
maternal obesity have been considered in some studies
of gastroschisis. Waller et al. [54] assessed the relation-
ship between maternal obesity, overweight and under-
weight status, and 16 categories of structural birth defe-
cts in mothers enrolled in the National Birth Defects
Prevention Study who had index pregnancies between
October 1, 1997, and December 31, 2002. These investi-
gators found that mothers of offspring with omphalocele
were significantly more likely to be obese than mothers
of controls (ORs between 1.33 and 2.10) while mothers
of offspring with gastroschisis were significantly less
likely to be obese than mothers of controls. These results
suggested a strong inverse association of obesity with
gastroschisis. In another study, Siega-Riz et al. [55] eval-
uated the joint effects of maternal pre-pregnancy body
mass index and maternal age on the risk of gastroschisis.
These investigators reported that younger women who
had lower BMI were at highest risk of having an infant
with gastroschisis. For example, a 15-year-old woman
with a BMI of 17 has seven times the odds of having an
offspring with gastroschisis compared with a 24-year-
old woman with a BMI of 23. Finally, Paranjothy et al.
[56] emphasized the importance of maternal nutrition in
the etiology of gastroschisis in their study. These investi-
gators assessed high maternal alcohol consumption and
poor diet in the first trimester as risk factors in a case-
control study in the UK. Their results showed that high
consumption of fruits and vegetables during the first tri-
mester (OR=0.2), taking folic acid for at least 6 weeks
during the first trimester (OR=0.3) and increased body
fat percentage of total maternal body weight (OR=0.9)
were independently associated with reduced risk and
that cigarette smoking (OR=2.7) was an independent
factor for increased risk.

In summary, beyond the apparent need to reduce or avo-

id smoking by women in the prepregnancy and gestatio-
nal intervals, interventions to attain better nutritional
status in terms of both diet quality (intake of fruits and
vegetables) and adequacy of caloric intake particularly
for younger gravidas, must be part of the public health
effort to reduce the risk of gastroschisis in infants.

Environmental exposures

One general hypothesis for any disease showing an incr-
ease over time is that changing environmental, dietary or
occupational exposures might be a causal factor. There-
fore, a modest number of studies have tried to deter-
mine if various exposures from those sources might be
implicated in gastroschisis.

A few studies have assessed the risk of various birth def-
ects including gastroschisis in populations residing near
hazardous waste landfill sites. In the EUROHAZCON
study, Dolk et al. [57] studied the risk of congenital ano-
malies near hazardous-waste landfill sites in Europe. For
overall congenital anomalies, residence within 3 km of a
landfill site was associated with a significantly raised risk
(295 cases/511 controls living 0-3 km from sites, 794/
1855 living 3-7 km from sites) with an OR=1.33. For
gastroschisis alone, the risk was only borderline signifi-
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cant with OR=3.19 [0.95-10.77]). In another study in the
UK, Fielder et al. [58] studied the health of residents
living near the Nanty-Gwyddon landfill site. While their
neonatal data showed some complexity, they reported
that there was no consistent difference in the proportion
of low birth-weight infants before and after the opening
of the landfill site. Additionally, among resident living
near the site, there was an increased risk of newborns
having a congenital abnormality, but this was seen both
before (relative risk, RR=1.9; 95% CL: 1.3-2.85; P<0.001)
and after (RR=1.9; 95% CL: 1.23-2.95; P=0.003) its
opening. However, they noted that an observed cluster of
cases of gastroschisis was seen only after opening of the
site. Finally, a broader study in the UK also assessed the
risk of adverse birth outcomes in populations living near
landfill sites. Elliott et al. [59] identified populations
living within 2 km of 9,565 landfill sites operational at
some time between 1982 and 1997 and included more
than 8.2 million live births, 43,471 still-births, and
124,597 congenital anomalies (including terminations).
For all anomalies combined, the relative risk of a resid-
ence near landfill sites was not convincingly associated
with risk (slight decrease for unadjusted OR=0.92; slight
increase for adjusted OR=1.01). However, for abdominal
wall defects and surgical correction of gastroschisis and
omphalocele, they found adjusted risks with OR=1.08
(95% CL: 1.01-1.15) and OR=1.19 (95% CL: 1.05-1.34)
respectively. In summary, if there is any association of
residence near waste landfill sites and gastroschisis, then
the association is quite weak. The strength of evidence
does not support a public health advisory to relocate
residences away from such landfill sites to mitigate the
risk of gastroschisis.

Another hypothesized route of exposure that might infl-
uence gastroschisis risk is drinking water. One study [60]
in North Carolina considered this possibility. Root and
Emch traced drinking water to its sources and how those
sources related to the locations of textile mills. These inv-
estigators found no association between prenatal expo-
sure to upstream textile mill effluent and risk of gastro-
schisis; however, they did report an increased risk in
women who relied on public water systems that drew
from a surface water source rather than a ground-water
source.

Seemingly, limited consideration has been given to possi-
ble maternal occupational exposures as a risk factor for
gastroschisis. In a single report, Lupo et al. [61] studied
maternal occupational exposure to polycyclic aromatic
hydrocarbons (PAHs) in the National Birth Defects Prev-
ention Study. In this large data set, the prevalence of esti-
mated occupational PAH exposure was 9.0% in case mo-
thers (27 of 299) compared to 3.6% in control mothers
(107 of 2993). Remarkably, they found a significant asso-
ciation between occupational PAHs and gastroschisis
among mothers at or older than 20 years of age (adjusted
OR=2.53; 95% CL: 1.27-5.04); however, they did not find
such an association in mothers younger than 20 years
(adjusted OR=1.14; 95% CL: 0.55-2.33). The investigato-
rs noted that this observation might be meaningful since,
on the one hand, young maternal age is the most potent

known risk factor for gastroschisis while on the other
hand, most gastroschisis cases are born to mothers at age
of more than 20 years.

The plausibility of dietary or environmental chemicals as
teratogens that can cause congenital abdominal wall def-
ects including gastroschisis is generally supported by st-
udies in animal models [62; 60]. In attempting to trans-
late/correlate data from animal models with observati-
ons in human populations, at least one caution is waran-
ted. There may be discrepancies in the nomenclature
used by laboratory teratologists and that used by physi-
cians and epidemiologists. These differences may sub-
stantially matter since evidence broadly suggests that in
human populations, rates of omphalocele have not chan-
ged while gastroschisis rates have increased. With this
provision, compounds that have been implicated in ani-
mal models include mycotoxins [62] as well as a wide
range of other compounds, reported by van Dorp et al.
[63] to include induction of umbilical cord hernia by 8,
omphalocele by 9 and gastroschisis by 22 teratogens.

Distinct exposure category - agricultural chemicals

One distinct category of potential chemical exposures th-
at can be distinguished by possibly having shared occu-
pational, residential and/or dietary routes of exposure is
agricultural chemicals such as herbicides, fertilizers,
fungicides, pesticides, and petroleum products. Indeed, a
few reports suggest that some such exposures may be
risk factors for gastroschisis.

Waller et al. [64] conducted a retrospective, case-contr-
ol study using Washington State Birth Certificate and US
Geological Survey databases in 805 cases defined as all
live-born singleton infants with gastroschisis and 3616
controls. Gastroschisis occurred more frequently among
those who resided 25 km from a site of high atrazine
concentration (OR=1.6). The risk was related inversely
to the distance between the maternal residence and the
closest toxic atrazine site. In multivariate analysis, nulli-
parity, tobacco use, and spring conception were signifi-
cant predictive factors for gastroschisis. Based on these
data, these investigators remarked “maternal exposure
to surface water atrazine is associated with fetal gastro-
schisis, particularly in spring conceptions.” In a subseq-
uent study conducted in Texas using similar study tech-
niques, Agopian et al. [65] evaluated the relationship
between maternal atrazine exposure and gastroschisis
risk by maternal age in 1,161 gastroschisis cases and
8,390 controls. In this latter study [65], there was no
association of maternal atrazine exposure and gastro-
schisis risk in women under 25 years of age; however,
there was an increased risk for gastroschisis in offspring
of women at or older than 25 years with counties of resi-
dence that had higher levels of potential residential atr-
azine exposure. These investigators noted that these res-
ults suggest that the etiology of gastroschisis may vary
based on maternal age.

In an interesting study in an animal model, the possibility
of a derivative of two different classes of agricultural che-
micals (atrazine and nitrates) was assessed for inducti-
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on of embryonic malformations. Given the findings cited
above about atrazine as a possible risk factor for gast-
roschisis, consider as well that the U.S. Geological Survey
states on its website [The USGS Water Science School;
https://water.usgs.gov/edu/nitrogen.html] "Nitrate can
get into the water directly as the result of runoff of
fertilizers containing nitrate." Thus, Joshi et al. [66] stud-
ied the effects of developmental exposure of the chicken
to the potential reaction product of nitrate and atrazine
N-nitrosoatrazine (NNAT). These investigators treated
fertilized eggs with 0.06-3.63 pg NNAT and continued
incubation for five more days. With 90% survival, 23%
of embryos were malformed. Multiple malformations
were documented, among these gastroschisis.

Finally, two investigations have attempted to take a bro-
ader approach to assess the potential risk of gastroschi-
sis in association with exposures to various multiple
agricultural chemicals. Using data from the National
Birth Defects Prevention Study among employed wo-
men, Kielb et al. [67] conducted a multi-site case-control
analysis that included the following designations: any
occupational exposure (yes/no) to pesticides, to insect-
cides only, to both insecticides and herbicides (I +H) and
to insecticides, herbicides and fungicides (I+H+F). The
data showed that occupational exposure to [+H+F was
associated with the risk of gastroschisis among infants of
women at or older than 20 years (OR=1.88) but not for
women younger than 20 years of age. Shaw et al. [68]
studied 156 cases (infants/ fetuses with gastroschisis)
and 785 controls (infants without birth defects) regard-
ing early pregnancy agricultural pesticide exposures and
risk of gastroschisis in the San Joaquin Valley of Califor-
nia. The investigators analyzed associations of gastrosc-
hisis with 22 chemical pesticide groups and 36 specific
pesticide chemicals. No association was found with any
of the pesticide groups, and among the specific pesticide
chemicals, only exposure to petroleum distillates was
associated with an elevated risk (OR=2.5; 95% CL: 1.1-
5.6).

In summary, there are some data suggesting associations
between exposure to a few agricultural chemicals and
risk of gastroschisis. As a general public health approach,
it would be prudent to minimize exposure of women pre-
pregnancy and during early weeks/months of gestation
to commonly used agricultural chemicals for which there
is some concerning data.

III. POTENTIAL MOA HYPOTHESES

A few mode-of-action (MOA) hypotheses have been pro-
posed as explanations for associations of gastroschisis
with various exposures. As cited earlier in this article, se-
veral investigators have argued that a vascular compro-
mise MOA for gastroschisis seems to cogently link sev-
eral observations [27; 28; 33; 34; 36; 37; 53].

Other plausible hypotheses for gastroschisis were revie-
wed and two new hypotheses were advanced in back-to-
back publications [69; 70] a few years ago. Feldkamp M
etal. [69] carefully considered existing alternative embr-

yonic hypotheses for the occurrence of gastroschisis as
follows:

a) Failure of mesoderm to form in the body wall;

b) Rupture of the amnion around the umbilical ring
with subsequent herniation of bowel;

c) Abnormal involution of the right umbilical vein lea-
ding to weakening of the body wall and gut hernia-
tion; and

d) Disruption of the right vitelline (yolk sac) artery wi-
th subsequent body wall damage and gut herniati-
on.

e) These investigators commented that in their view,
that these hypotheses were not adequate to explain
how gastroschisis could occur, and thus proposed
an alternative embryonic hypothesis; namely,

f)  Abnormal folding of the body wall results in a vent-
ral body wall defect through which the gut herniat-
es, leading to the clinical presentation of gastrosch-
isis.

In the second of these two publications, Chambers et al.

[70] described conduct of a case-control study to comp-

are the prevalence of change in paternity with the index

pregnancy in 102 mothers of gastroschisis cases to that

in 117 mothers of non-malformed infants and in 78

mothers of infants with neural tube defects or oral clefts.

After adjustment for maternal age, change in paternity in

multigravid gastroschisis case mothers was higher (OR

=7.81; 95% CL: 2.80-21.88) relative to multigravid mo-
thers of malformed and non-malformed controls com-
bined. Based on these results, the investigators suggest

support for an additional hypothesis that maternal imm-

une factors may play a causative role in gastroschisis.

These several hypothesized MOAs are plausible but do
not offer the degree of detail about cellular or molecular
processes, signaling cascades and/or feedback (dys) reg-
ulation that is fully satisfying for a deep understanding of
the basis for the occurrence of this malformation. Addi-
tionally, at present these hypotheses do not suggest po-
tential protective (preventive or mitigative) interventi-
ons other than the general notion of avoidance of susp-
ect exposures. To take meaningful translational toxico-
logy/teratology steps and strive toward identifying one
or more safe and efficacious protective nutritional, life-
style or pharmaceutical therapies, new cellular/ mole-
cular MOAs need to be considered and investigated. We
suggest three as follows:
a) most tentatively, changes in epigenetic programing
of relevant stem or progenitor cells;
b) mechanical forces MOA meaning the mechanobio-
logy of collective cell behaviors; and
c) ephrin-Eph signaling as a developmental MOA.

As a dynamic field of study, epigenetics is seemingly inv-
olved in or relevant to almost every area of biological re-
gulation. We may have overlooked some reports, but we
have not seen published evidence suggesting that epige-
netic programming has been explicitly investigated in
gastroschisis. To illustrate the range of potential effects
that epigenetic mediation of exposures could exert, con-
sider the comments of Bateman et al. in a recent review
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[71]. These authors noted that several environmental
chemicals often-called endocrine disrupting chemicals
(EDCs) might induce the changes in mesenchymal stem
cells (MSCs). Such actions may include alterations in adi-
pogenic differentiation, osteogenic differentiation, activ-
ation of pro-inflammatory cytokines, oxidative stress,
trophic factor production, the immune-modulatory capa-
city of MSCs, differentiation into appropriate cellular lin-
eages, and paracrine signaling in wound healing. Several
of these effects could be a clue with relevance to basic
mechanisms by which gastroschisis occurs, at least in
some cases.

MOA - mechanical forces - mechanosensitivity and
mechanotransduction signaling

A potentially robust MOA underlying gastroschisis could
be in the mechanobiology of collective cell behaviors [72;
73; 74; 75; 76; 77]. Cells and cell collectives respond to
multiple non-mechanical signals and gradients such as
gradients of diffusible molecules and electrical fields but
also mechanical signals. Cells sense chemical and mech-
anical signals in their local microenvironment and both
classes of signals regulate gene expression programs in
the nucleus. With consideration of possible disordered
signaling in the occurrence of gastroschisis, the fates of
cells and cell collectives in development are subject to
mechanical and morphological cues that function as
critical signaling mechanisms. Ligands provide cues in
the extracellular matrix (ECM), but also physical proper-
ties including ECM stiffness, cell shape, cell-substrate
adhesion, cell-cell adhesions, and cytoskeleton architect-
ure all of which inform cells and cellular collectives of
their respective surrounding locale.

Mechanical properties of the external environment influ-
ence the coordinated behaviors of cells during key biolo-
gical processes such as morphogenesis and tissue remo-
deling [72; 73; 74; 75; 76; 77]. Collections of cells interact
with both the surrounding extra-cellular matrix and with
neighboring cells. The behavior of cellular collectives de-
pends upon active interactions among cells to affect their
movements. Mechanosensitive adhesion complexes reg-
ulate such collective movements at the cell-substrate int-
erface as well as cell-cell junctions. Both types of conec-
tions permit cellular responses but also propagate phy-
sical signals. From Vining and Mooney [75], “Mechanical
forces regulate cell fate decisions during organogenesis
as progenitor cells are directed to diverse specialized fu-
nctions in fetal organs.

Complex patterning depends on cell-ECM interactions.
Biochemical cues initiate morphogenesis, but the forma-
tion of cell layers that become organized into defined str-
uctures in organs requires physical traction forces on the
ECM, the physical properties of which provide a templa-
te for organ growth.

The concerted action of biochemical signals, cell-intrin-
sic forces, and cell-ECM interactions result in highly org-
anized patterns of development, such as fractal patterns
observed in branching morphogenesis. As development
progresses, intrinsic forces exerted by cells transition

from largely cell-cell to more cell-extracellular matrix
(ECM) transmission because of matrix content in tissues
increases."

There is a growing understanding of the mechanobiolo-
gy of collective cell movements. Single cells use actomyo-
sin contractility to exert traction forces on the extra-
cellular matrix (ECM) at integrin-based adhesions. Adh-
esion complexes play a role in mechanosensitivity and
mechanotransduction signaling in collective cell behave-
iors. Additionally, various physical properties of the cell-
ular environment can regulate collective cell behaviors,
tissue organization and cell-generated forces that enco-
mpass molecular, cellular and tissue levels. Single cells
and cells migrating in cell collectives polarize by extend-
ing lamellipodia at their contact with ECM or with other
cells at the boundary. On the scale of collective cell move-
ments, individual cells may exert traction on either the
ECM or on neighboring cells.

Cell division and extrusion also alter tissue movement
and contribute to the propagation of strain and velocity
waves driven by mechanobiochemical signals. Cells on a
leading edge also form focal adhesions.

Focal adhesions depend upon some key functional pro-
teins that regulate mechanical coupling of cells. A prom-
inent group consists of the cadherins including epithet-
lial (E)-cadherin, neuronal (N)-cadherin, placental (P)-
cadherin and vascular-endothelial (VE)-cadherin as well
as cadherin 6, cadherin 7 and cadherin 11. The junctional
protein afadin interacts with nectins in adherens juncti-
ons, which seem to support tissue integrity during collec-
tive cell migration and morphogenesis [75; 76; 77; 78;
79]. Additionally, zonula occludens proteins Z01, Z02,
and Z03, desmosomes and intermediary filaments, in
tight junctions also appear to contribute to intercellular
mechano-coupling [80].

From Ladoux and Mege [72], “Substrate geometry influ-
ences the mode of collective migration. In areas of posi-
tive curvature (for example, the tips of finger-like struc-
tures pointing into the gap), cells predominantly move
by active crawling. In areas of negative curvature (that s,
where the gap bows into the tissue), prominent actomy-
osin cables are formed. Actomyosin contractility and ac-
tive cell crawling operate additively in gap closure, lead-
ing to faster tissue velocity in regions of negative curvat-
ure. Cellular coordination, which is at the basis of vari-
ous phenomena, most prominently including tissue sha-
ping during morphogenesis, is a mechanoregulated, mul-
tiscale process integrating events on the molecular, cell-
ular and multicellular scales that can be observed at a wi-
de range of timescales, from milliseconds to days. Cellu-
lar mechanosensitivity and mechanotransduction sign-
aling is intimately integrated with transcriptional prog-
ramming, epigenetic modifications, and biochemical diff-
erentiation. Together these signals interact to influence
cell fates. Tatapudy et al. [73] have summarized inter-
relationships among metabolism, reactive oxygen speci-
es (ROS), intracellular pH (pHi), and cell morphology as
follows:
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“Metabolic inputs regulate epigenetics and cell sign-
aling to promote changes in cell fate. Glycolysis pro-
duces metabolic intermediates that feed into the fol-
ate and one carbon metabolism cycle to
a) Produce S-adenosylmethionine (SAM), which is
a cofactor for DNA methyl-transferases (DNM-
Ts) and histone methyl-transferases (HMTs).
b) Glucose-derived acetyl-CoA enters the tricarb-
oxylic acid (TCA) cycle to form citrate, which
can be converted back to acetyl-CoA by ATP-ci-
trate lyase. This source of acetyl-CoA (but not
acetyl-CoA derived from fatty acid oxidation)
contributes to the pool of nuclear acetyl-CoA
that is essential for histone acetylation by hist-
one acetyl-transferases (HATs).
c¢) a-ketoglutarate (a-KG), which is produced in
the TCA cycle and the cytoplasm, is an essential
cofactor for TET and Jumonji C enzymes, which
demethylate DNA and histones, respectively.
Increased oxidative phosphorylation also generates
reactive oxygen species (ROS), which promote oxid-
ation, carbonylation, and hydroxylation as well as
increase the levels of JNK and p38/MAPK pathway
activity.”

The three-dimensional organization of chromosomes in
the nucleus regulates gene expression patterns, and chr-
omosomal organization is regulated by nuclear mech-
ano-transduction [74]. These signals are sensed and tra-
nsduced in the nucleus through the cytoskeleton, and its
constituents of actin, microtubules and regulatory mole-
cules wherein actin exerts contraction and microtubules
exert compression. This regulatory relationship has been
hypothesized by Uhler and Shivashankar [74] as follows:
“...mechanosensing of the extracellular signals from the
microenvironment results in both activation of specific
transcription factors and modulation of the cytoskelet-
on-nucleus links, leading to the arrangement of a parti-
cular chromosome and gene neighborhoods. The partic-
ular chromatin spatial configurations and post-translat-
ional modifications are important for guiding transcript-
tion factors to their target genes and obtaining optimal
transcriptional outputs to maintain cellular homeosta-

»

SIS.

Mechanical coupling enables stem cells to respond to th-
eir local environment and to store information over time
[75]. For example, changes in ECM induced by cells early
in development can mechanically trigger changes in inte-
racting cells at a later stage. These interactions regulate
cell behavior and influence cell fates in development bo-
thin thatlocale and more distantly. In addition to intrins-
ic cell-generated forces, extrinsic shear, tension, and co-
mpression forces can be sensed by signaling molecules
such as ion channels, modified receptor-ligand and
mechanical changes in the cytoskeleton.

Mechanosensitivity signaling primarily depends upon
cell-cell adhesion complexes in early development. As pr-
ogenitor cells differentiate later in development, they pr-
oduce and adhere to ECM. As the ECM content of tissues
increases during development, cellular mechano-sensing

also increases allowing cells to respond to changes in E-
CM characteristics such as stiffness, adjacent deposition,
and local degradation.

MOA - Ephrin-Eph rceptor signaling

Eph proteins are transmembrane Tyr kinase receptors
that interact with ephrins, which are membrane-tether-
ed ligands. Eph receptors are grouped into EphA or EphB
subfamilies depending on whether they preferentially
bind to ephrin-As (membrane-anchored) or ephrin-Bs (
transmembrane ephrin ligands). This system provides
short-distance cell-cell signaling that affects the cellular
cytoskeleton, leading to cell-cell repulsion and sometim-
es cell-cell adhesion. This ephrin-Eph receptor mechan-
ism appears to play an important role in pattern forma-
tion and morphogenesis by influencing cell sorting and
positioning during developpment [84]. Since short-dista-
nce signaling between neighboring cells can be mediated
by Eph receptors and ephrin ligands, this system can dir-
ect cell repulsion, cell-cell adhesion, cell proliferation, ti-
ssue boundary formation, and cell migration. Regarding
possible relevance to the occurrence of gastroschisis, ep-
hrin-Eph signaling regulates developmental cell sorting
at tissue compartment boundaries which is plausibly im-
portant in normal abdominal wall formation.

Eph receptor-ephrin signaling is multimodal [84]. While
Eph proteins behave as classical receptors and ephrins
as their ligands, signaling also occurs in the counter-
direction with Eph receptor proteins acting as ligands for
the respective ephrins. This evokes simultaneous bidire-
ctional intracellular signals in the respective cells. The
complex pattern of Eph-ephrin signaling can be sumari-
zed as follows:

a) Forward signaling - signal transduction goes from
ephrins to Eph receptors;

b) Reverse signaling - signal transduction goes from
Eph receptors to ephrins;

c) Bidirectional signaling - signal transduction simul-
taneously activates downstream pathways for both
Eph receptors and ephrins;

d) Parallel signaling - signal transduction in which Eph
receptors and ephrins on the same cell; activate in
response to their respective ephrins and Eph rece-
ptors on a neighboring cell;

e) Anti-parallel signaling - signal transduction in
which there is simultaneous ephrin-Eph receptor
forward signaling but in counter directions.

Regarding molecular behavior on cell surfaces, Eph rec-
eptor-ephrin signaling depends upon interactions as
multimers in signaling clusters. These signaling clusters
appear to be important in cellular boundary formation
during embryonic development. On the one hand, some
embryonic boundaries are unstable and thus permit cell
movements, but later stable boundaries allow segmenta-
tion of groups of cells and establishment of distinct tissu-
es. A balance of adhesive and repulsive forces permit fo-
rmation of embryonic boundaries such as separation of
the cardinal embryonic germ layers, embryonic segmen-
tation and fractal-like development of the branched tub-
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ular networks including blood vessels, lymphatics, and
pulmonary architecture.

The erythropoietin-producing hepatocellular (Eph) fam-
ily of receptor tyrosine kinases regulate a multitude of
physicological and pathological processes. Noberini et al.
[85] performed a high throughput screen of small mole-
cules as potential ligands for the extracellular domain of
the EphA4 receptor. These investigators found that a 2,
5-dimethyl-pyrrolyl benzoic acid derivative, as well as a
number of other molecular ligands, could inhibit the int-
eraction of EphA4 with a peptide ligand and with natural
ephrin ligands. Among the investigational compounds,
two isomers acted as competitive inhibitors selectively
at the Eph-A4 and the closely related EphA2 receptor
[85; 86]. These findings demonstrated that small inhibit-
ory molecules could selectively target the Eph receptor-
ephrin signaling system.

IV. PROSEPCTS FOR PROTECTIVE/MITIGATIVE THE-
RAPIES: RESEARCH DEVELOPMENT NEEDS

The core “forward-looking” question is as follows:

- Are the exogenous risk factors for gastroschisis mo-
difiable?

Key corollary questions include

- How early can gastroschisis be diagnosed?

- Could early intervention allow mitigation that wou-
1d reduce the severity of individual cases by the inst-
itution of some safe and at least partially effective
therapy? In other words, could a therapy shift comp-
lex cases to be manifest as more straight-forward
cases of gastroschisis?

- Ultimately in the future, could true preventive (risk
reduction) interventions be proven and implemen-
ted to reduce some occurrences altogether?

While accelerated and delayed early embryonic growth
in utero can be measured by ultrasound between 6 and
ten gestational weeks [87], Khan et al. [88] summarized
the current prospects for in utero gastroschisis imaging
per se. Since gastroschisis represents a herniation of ab-
dominal contents through a paramedian full-thickness
abdominal fusion defect usually to the right side of the
umbilical cord, then in early pregnancy, loops of bowel
may be seen floating in the amniotic fluid. While gastro-
schisis is usually detected before 20 weeks of gestation
by ultrasound, with transvaginal ultrasound, the diagno-
sis can be made as early as 12 weeks of gestation. Alth-
ough antenatal ultrasound imaging is the primary means
for diagnosis, detection rates are only about 70%. Presu-
mably, diagnostic performance is limited by both being
operator dependent and due to artifacts in imaging such
that visualization of a 2-5 cm defect in the right para-
umbilical region to make the diagnosis of gastroschisis
can be missed. Finally, while the anterior abdominal wall
and umbilical cord insertion can be readily recognized
on ante-natal scanning, the inner aspect of the anterior
abdominal wall can be challenging to distinguish from
the abdominal viscera.

If we focus on our two hypothesized molecular/cellular
MOAs of Mechanosensitivity and Mechanotransduction

Signaling and Ephrin-Eph Receptor Signaling, then what
are the plausible “druggable” molecules that might play
arole in mediating the occurrence of gastroschisis, impl-
ying some role in development of skin, subcutaneous tis-
sue, fascia, muscle, peritoneum, possibly smooth muscle
and/or combinations of those tissues? Some unevaluate-
d possibilities exist. One facile resource in such a search
for druggable molecular targets is the Druggable Proteo-
me section within the Human Protein Atlas [89; https://
proteinatlas.org/humanproteome/druggable].This res-
ource is readily searchable for various functional and str-
uctural categories of human proteins. For the current pu-
rpose of seeking molecules that might be critical to nor-
mal or disordered development of the embryonic/fetal
abdominal wall, we would pose queries to seek mem-
brane-associated proteins that may relate to
a) linkage among adjacent cells or to extraellular cons-
tituents (Mechanosensitivity and Mechanotransdu-
ction Signaling) and
b) Ephrin-Eph Receptor Signaling molecules, and for
which there are data indicating substantial expres-
sion in relevant tissues such as skeletal muscle or
skin.

Using those simple cues, a modest number of druggable
molecules can be nominated as candidates for further re-
search and potential development as protective or mitig-
ative therapeutics.

This database tool groups targets for FDA approved dru-
gs by function as classes of enzymes, transporters, volt-
age-gated ion channels, G-protein coupled receptors, nu-
clear receptors, and CD markers. For the purpose of tran-
slational research in gastroschisis, cellular localization of
targets may offer an important corollary clue as to pot-
ential relevance for this developmental disorder. If such
structural and locational information heightens relevan-
ce, then integral membrane (IM; n=250), single pass tr-
ansmembrane (SPTM; n=101) and IM/SPTM (n=9) wo-
uld be worthy of prioritizing for research attention. Am-
ong those groups (IM, SPTM and IM/SPTM), a few mole-
cules appear to have some background data suggesting
relevance to abdominal wall development/maldevelop-
ment.

We do not claim that these nominees are known to medi-
ate gastroschisis, nor would we exclude many other pot-
ential molecular pathways or key cellular mediators. Ind-
eed, we hope to evoke new inquiries by investigators wi-
th a range of expertise and research skillsets to address
the challenge and opportunity that these mechanistic
prospects present.

As suggested by the prior section on Ephrin-Eph recep-
ptor signaling, we suggest that this pathway may be invo-
lved in mediating abdominal wall development and cou-
ld be modulated by medications or dietary component.
In addition to reports [85, 86] about small molecule lig-
ands for the EphA4 and EphA2 receptors, there are other
candidates as small molecule Eph receptor ligands. The
endogenous human compound lithocholic acid is a bile a-
cid produced by gut bacterial flora. Giorgio et al. [90] ha-
ve identified lithocholic acid (LCA) as a reversible comp-
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titive ligand that inhibits EphA2 receptor-ephrin-A1 bin-
ding and that LCA inhibited EphA2 phosphorylation in-
duced by ephrinA1-Fc in several cell lines without affect-
ing cell viability or other receptor tyrosine-kinase (EGFR,

VEGFR, IGFR1b, IRKb) activity. They noted that structu-
rally related bile acids neither inhibited Eph-ephrin bin-
ding nor Eph phosphorylation.

Table 1. Potentially druggable membrane-associated human proteins in gastroschisis related to hypothesized MOAs of

mechanosensitivity and mechanotransduction signaling or Ephrin-Eph receptor signaling

Postulated MOA

Nominated Druggable

Molecule(s)

Substantial expression in relevant tissue(s)

Mechanosensitivity and
Mechanotransduction Signaling?!

Ephrin-Eph Receptor Signaling?

Integrin subunit alpha V

Integrin subunit beta 1
Integrin subunit beta 7

Ephrin A3
Ephrin A4
Ephrin A5
Ephrin B1
Ephrin B2

Eph receptor Al
Eph receptor A3
Eph receptor A4
Eph receptor A7
Eph receptor A10
Eph receptor B2
Eph receptor B3
Eph receptor B4

Skin, smooth muscle
Smooth muscle
Skeletal muscle, skin

Skin

Skeletal muscle, skin
Skeletal muscle, skin
Skeletal muscle, skin
Skeletal muscle, skin
Skeletal muscle, skin
Skeletal muscle

Skin

Skeletal muscle, skin
Skeletal muscle, skin
Skeletal muscle, skin
Skin

Skeletal muscle

Other(s)3?

Matrix Metallopeptidases (MMPs)*
MMP 14
MMP 15
MMP 16

Skin
Skeletal muscle, skin
Skeletal muscle, skin

1Selected from 25 Integrin molecules.
2Selected from 22 Ephrin and Eph receptor molecules.

3Various other groups of molecules could be considered; MMPs are shown as an illustrative group.

4Selected from 23 MMPs.

A final speculative suggestion where one or more small
molecules might mediate protection against gastroschi-
sis occurrence is a recent report about gastroschisis and
maternal intake of phytoestrogens [91]. In that report,
Wadhwa et al. evaluated whether the risk of gastroschi-
sis was associated with maternal dietary intake of phyto-
estrogens. In the National Birth Defects Prevention Stud-
y, these investigators analyzed data on mothers of 409
gastroschisis cases and 3,007 controls with births in
2005-2010. From validated maternal food frequency qu-
estionnaire data, logistic regression analyses for each ph-
ytoestrogen was adjusted for maternal energy intake, ag-
e, BM], race/ethnicity, and first-trimester smoking. This
analysis showed that biochanin A, formononetin, and
coumestrol had significant non-linear associations with
gastroschisis. For these compounds, lower intakes were
associated with increased risk and associations were not
significant for the other phytoestrogens.

Since this profile of potentially protective isoflavones
and coumestans is somewhat characteristic of those that
occur in the group of legumes that include red clover, we
suggest that this group of plants would merit systematic
phytopharmacognosy research into prevention of gas-

troschisis in animal models and ultimately in human pre-
ventive clinical trials.

V. SUMMARY

In order to reduce the future occurrence and /or severity
of cases of gastroschisis, what public health, lifestyle, cli-
nical care, and therapeutic research and development
options appear to be plausible? We offer the following
recommendations as worthy of consideration knowing
that many of these will surely not be applicable in all
circumstances or for all gravidas:

1) Young maternal age - Provide younger adult women
and their male partners with information regarding
various advantages (including lowered risk of gas-
troschisis) for delaying childbearing along with acc-
ess to contraception choices.

2) Pre-pregnancy and gestational nutrition - Adopt
interventions to attain better nutritional status reg-
arding both diet quality (intake of fruits and vege-
tables) and adequacy of caloric intake particularly
for younger gravidas.

3) Recasting “prenatal care” to routinely include aces-
sible preconceptional counseling, leading into early
access to prenatal care per se could
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4)

reduce embryonic exposures to commonly use-
d medications such as aspirin, oral contracepti-
ves, ibuprofen, decongestants, venlafaxine, an-
tiherpetic medications (acyclovir, valacyclovir
or famciclovir), antidepressants, topical antivi-
rals;

reduce embryonic exposures to occupational/
residential chemicals (polycyclic aromatic hyd-
rocarbons, solvents, colorants, various agricult-
ural chemicals);

guidance to avoid episodes of excessive heat
stress;

possibly detection and reduction of episodes of
domestic violence;

optimize pre-conception control of diabetes as
well as early detection and control of gestatio-
nal diabetes;

early detection and treatment of chlamydia tra-
chomatis;

Very early ultrasound assessment of fetal anat-
omy is the most plausible means for earliest de-
tection of a gastroschisis defect, which would
be a requisite for instituting treatment with any
potential or (hopefully) proven therapy that m-
ay mitigate the severity of gastroschisis cases.

Lifestyle/recreational drugs - Use all valid means to
minimize prepregnancy and gestational use of toba-
cco, alcohol, cannabis and “recreational” drugs (co-
caine, methamphetamine, etc.) of abuse.

5) Broadly implore research colleagues to

a.

take on the challenge of defining the underlying
cellular and molecular mechanisms by which
various environmental factors impact the risk
and severity of gastroschisis and

to drive those insights across translational bou-
ndaries to provide one or more safe and effica-
cious preventive or mitigative therapeutics for
this developmental disease.

While we have hypothesized that druggable molecules in
the Mechanosensitivity and Mechanotransduction Sign-
aling and Ephrin-Eph Receptor Signaling pathways shou-
1d be highly attractive unique research and development
opportunities, the diverse range of exogenous factors im-
plicated in the occurrence of gastroschisis will likely me-
an that multiple signaling pathways may be relevant in
various distinct subsets of causal exposures.

CONFLICT OF INTERESTS

The authors declare that there is no conflict of interest
regarding the publication of this paper.

REFERENCES

1.

Parker SE et al. for the National Birth Defects Preven-
tion Network. Updated national birth prevalence esti-
mates for selected birth defects in the United States,
2004-2006. Birth Defects Res A Clin Mol Teratol.
2010; 88(12):1008-16.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bugge M, Holm NV. Abdominal wall defects in Denm-
ark, 1970-89. Paediatr Perinat Epidemiol. 2002:16 (1
):73-81.

Jones AM et al. Increasing prevalence of gastroschi-
sis 14 States, 1995-2012. MMWR. January 22, 2016:
65(2):23-6.

Collins SR et al. The rising prevalence of gastroschis-
is and omphalocele in Tennessee. ] Pediatr Surg. 2007
;42:1221-4.

Bugge M et al. Abdominal wall defects in Greenland
1989-2015. Birth Defects Res. 2017; 109(11):836-42.
D0i:10.1002/bdr2. 1025.

Lane C et al. A population-based study of prevalence
trends and geospatial analysis of hypospadias and
cryptorchidism compared with non-endocrine medi-
ated congenital anomalies. ] Pediatr Urol. 2017; 13(3)
:284.e1-7. doi: 10. 1016/j.jpurol.2017.02.007.
Mastroiacovo P et al. Gastroschisis and associated
defects: an international study. Am ] Med Genet Part
A.2007; 143A:660-71.

Keys C et al. Gastroschisis: the cost of an epidemic. ]
Pediatr Surg. 2008; 43:654-7.

de Buys Roessingh AS et al. Predictive factors at birth
of the severity of gastroschisis. World ] Gastrointest
Pathophysiol 2015; 6(4):228-34. Available from: URL
:http://www.wijgnet.com/2150-5330/full/v6/i4/
228.htm.DOI:http://dx.doi.org/10.4291/wjgp
.v6.i4.228.

Kassa A-M, Lilja HE. Predictors of postnatal outcome
in neonates with gastroschisis. ] Pediatr Surg. 2011;
46:2108-14.

Lund CH et al. Gastroschisis: incidence, complicati-
ons, and clinical management in the neonatal inten-
sive care unit. ] Perinat Neonatal Nurs. 2007; 21 (1):
63-8.

Bergholz R et al. Complex gastroschisis is a different
entity to simple gastroschisis affecting morbidity and
mortality—A systematic review and meta-analysis. ]
Pediatr Surg. 2014; 49:1527-32.

Youssef F et al. Flap versus fascial closure for gastr-
oschisis: a systematic review and meta-analysis. |
Pediatr Surg. 2016; 51(5):718-25. Do0i:10.1016/j.j-
pedsurg.2016.02.010.

Opitz JM Invited Comment: Gastroschisis. Am ] Med
Genet Part A. 2007; 143A:635-8.

Drongowski RA et al. Contribution of demographic
and environmental factors to the etiology of gastro-
schisis: a hypothesis. Fetal Diagn Ther. 1991; 6(1-
2):14-27.

Payne NR et al. Growth restriction in gastroschisis:
quantification of its severity and exploration of a
placental cause. BMC Pediatrics 2011, 11:90 http:
//www.biomedcentral.Com/1471-2431/11/ 90.
Mac Bird T et al. Demographic and environmental
risk factors for gastroschisis and omphalocele in the
National Birth Defects Prevention Study. ] Pediatr
Surg. 2009; 44(8):1546-51. doi: 10.1016/j.jpedsurg.
2008.10.109.

Duong HT et al. Maternal use of hot tub and major
structural birth defects. Birth Defects Res A Clin Mol
Teratol. 2011; 91(9):836-41.d0i:10.1002 /bdra. 208-
31.

Agopian A] et al. A case-control study of maternal ba-
thing habits and risk for birth defects in offspring. En-
viron Health. 2013; 12: 88. doi:10.1186/1476-069X-
12-88.

17


http://www.wjgnet.com/2150-5330/full/v6
http://www.wjgnet.com/2150-5330/full/v6
http://www.biomed/
http://www.biomed/

Hughes and Adibe

Glob Clin Transl Res. 2019; 1(1):4-20

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Lin S et al. Maternal occupation and the risk of major
birth defects: a follow-up analysis from the National
Birth Defects Prevention Study. Int ] Hyg Environ
Health. 2013; 216(3):317-23. doi: 10.1016/j.ijheh.
2012.05.006.

Ortega-Garcia JA et al. Violence against women and
gastroschisis: a case-control study. Int ] Environ Res
Public Health. 2013; 10(10):5178-90.d0i:10.3390/
ijerph 10105178.

Skarsgard ED et al. Maternal risk factors for gastro-
schisis in Canada. Birth Defects Res A Clin Mol Tera-
tol. 2015; 103(2):111-8. doi:10.1002/ bdra. 23349.
Bugge M et al. Monozygotic twins discordant for gas-
troschisis: case report and review of the literature of
twins and familial occurrence of gastroschisis. Am ]
Med Genet. 1994; 52(2): 223-6.

Hillebrandt S et al. Genetic analysis of the cause of
gastroschisis in the HLG mouse strain. Mutat Res.
1996 Nov 11; 372(1):43-51.

Streffer C. Transgenerational transmission of radiat-
ion damage: genomic instability and congenital mal-
formation. ] Radiat Res. 2006; 47 Suppl B: B19-24.
Feldkamp ML et al. AEBP1 gene variants in infants
with gastroschisis. Birth Defects Res A Clin Mol Tera-
tol. 2012; 94(9):738-42. doi:10. 1002 /bdra. 23041.
Padula AM et al. Gene variants as risk factors for gas-
troschisis. Am ] Med Genet A. 2016; 170 (11): 2788-
2802. doi: 10.1002/ajmg.a. 37883.

Makhmudi A et al. Effects of MTHFR c.677C>T, F2
¢.20210G>A and F5 Leiden polymorphisms in gastro-
schisis. ] Invest Surg. 2016; 29(2):88-92. doi:10. 3109
/08941939. 2015.1077908.

Rittler M et al. Gastroschisis is a defect of the umbili-
cal ring: evidence from morphological evaluation of
stillborn fetuses. Birth Defects Research (Part A).
2013; 97:198-2009.

Bargy F, Beaudion S. Comprehensive developpmen-
tal mechanisms in gastroschisis. Fetal Diagn Ther
2014;36:223-230 DOI: 10.1159 /000360080
Goldbaum G et al. Risk factors for gastroschisis. Tera-
tology. 1990 Oct; 42(4):397-403.

Chabra S, Hall BD. A cluster study of gastroschisis: si-
ngle center experience. ] Ky Med Assoc. 2008 Aug;
106(8):361-5.

Rasmussen SA, Frias JL. Non-genetic risk factors for
gastroschisis. Am ] Med Genet C Semin Med Genet.
2008; 148C (3):199-212. doi:10. 1002 /ajmg.c.30175.
Lammer EJ et al. Gastroschisis: a gene-environment
model involving the VEGF-NOS3 pathway. Am ] Med
Genet C Semin Med Genet. 2008; 148C (3):213-8.doi:
10.1002/ajmg. c. 30182.

Werler MM et al. Demographic, reproductive, medic-
al, and environmental factors in relation to gastrosch-
isis. Teratology. 1992; 45 (4):353-60.

Torfs CP et al. Maternal medications and environme-
ntal exposures as risk factors for gastroschisis. Tera-
tology. 1996; 54(2):84-92.

Hume RF et al. Vascular disruption birth defects and
history of prenatal cocaine exposure: a case control
study. Fetal Diagn Ther. 1997; 12(5):292-5.
Morrison JJ et al. Recreational drugs and fetal gastro-
schisis: maternal hair analysis in the periconception-
al period and during pregnancy. BJOG. 2005; 112
(8):1022-5.

David AL et al. A case-control study of maternal peri-
conceptional and pregnancy recreational drug use

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

and fetal malformation using hair analysis. PLoS One.
2014 Oct 31; 9(10): e111038. doi: 10.1371 /journal.
pone. 0111038.

Short T et al. Gastroschisis trends and ecologic link to
opioid prescription rates—United States, 2006-2015
.MMWR. 2019; 68:31-36.

Burdan F et al. Celosomy is associated with prenatal
exposure to cyclooxygenase inhibitors. Pharmacol
Res. 2006; 53(3):287-92.

Elliott L et al. Case-control study of a gastroschisis cl-
uster in Nevada. Arch Pediatr Adolesc Med. 2009; 163
(11):1000-6. doi: 10.1001/archpediatrics. 2009. 186.
Richardson S et al. Associations between periconcep-
tional alcohol consumption and craniosynostosis,
omphalocele, and gastroschisis. Birth Defects Res A
Clin Mol Teratol. 2011; 91(7):623-30.doi: 10.1002/
bdra.20823.

Hackshaw A et al. Maternal smoking in pregnancy
and birth defects: a systematic review based on 173
687 malformed cases and 11.7 million controls. Hum
Reprod Update.2011; 17(5):589-604.doi: 10.1093/
humupd/dmr022.

Jenkins MM et al. Maternal smoking, xenobiotic met-
abolizing enzyme gene variants, and gastroschisis
risk. Am ] Med Genet A. 2014; 164A (6):1454-63. doi:
10.1002/ajmg.a. 36478.

van Gelder MM et al. Using Bayesian models to assess
the effects of under-reporting of cannabis use on the
association with birth defects, national birth defects
prevention study, 1997-2005. Paediatr Perinat Epid-
emiol. 2014; 28 (5):424-33.doi: 10.1111/ppe. 12140.
Polen KN et al. Association between reported venla-
faxine use in early pregnancy and birth defects, nat-
ional birth defects prevention study, 1997-2007.
Birth Defects Res A Clin Mol Teratol. 2013; 97(1):28-
35. doi: 10.1002/bdra. 23096.

Ahrens KA et al. Antiherpetic medication use and the
risk of gastroschisis: findings from the National Birth
Defects Prevention Study, 1997-2007. Paediatr Peri-
nat Epidemiol. 2013; 27 (4):340-5. doi: 10.1111 /ppe.
12064.

Given JE et al. EUROmediCAT signal detection: an ev-
aluation of selected congenital anomaly-medication
associations. Br ] Clin Pharmacol. 2016; 82(4): 1094-
109. doi: 10.1111/bcp. 12947.

Given JE et al. Gastroschisis in Europe - A case-malfo-
rmed-control study of medication and maternal illn-
ess during pregnancy as risk factors. Paediatr Perinat
Epidemiol. 2017; 31 (6):549-559. do0i:10.1111/ppe.
12401.

Feldkamp ML et al. Chlamydia trachomatis is respon-
sible for lipid vacuolation in the amniotic epithelium
of fetal gastroschisis. Birth Defects Res. 2017; 109
(13):1003-1010. doi: 10.1002/bdr2.1062.

Singh J. Gastroschisis is caused by the combination of
carbon monoxide and protein-zinc deficiencies in mi-
ce. Birth Defects Res B Dev Reprod Toxicol. 2003; 68
(4):355-62.

Torfs CP etal. Selected gene polymorphisms and their
interaction with maternal smoking, as risk factors for
gastroschisis. Birth Defects Res A Clin Mol Teratol.
2006 Oct; 76(10):723-30.

Waller DK et al. Prepregnancy obesity as a risk factor
for structural birth defects. Arch Pediatr Adolesc
Med. 2007; 161(8):745-750.

18



Hughes and Adibe

Glob Clin Transl Res. 2019; 1(1):4-20

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Siega-Riz AM et al. The joint effects of maternal pre-
pregnancy body mass index and age on the risk of
gastroschisis. Paediatric and Perinatal Epidemiology
2009; 23: 51-57.

Paranjothy S et al. The role of maternal nutrition in
the etiology of gastroschisis: an incident case-cont-
rol study. Inter ] Epidemiol 2012; 41:1141-1152 doi:
10.1093/ije/dys092.

Dolk H et al. Risk of congenital anomalies near haz-
ardous-waste landfill sites in Europe: the EUROHAZ-
CON study. Lancet. 1998 Aug 8; 352(9126): 423-7.
Fielder HM et al. Assessment of impact on the health
of residents living near the Nanty-Gwyddon landfill
site: a retrospective analysis. BMJ. 2000 Jan 1; 320
(7226):19-22.

Elliott P et al. Risk of adverse birth outcomes in po-
pulations living near landfill sites. BMJ. 2001 Aug 18;
323(7309):363-8.

Root ED, Emch ME. Tracing drinking water to its sou-
rce: An ecological study of the relationship between
textile mills and gastroschisis in North Carolina.
Health Place. 2010; 16(5):794-802. doi: 0.1016/j.
health-place.2010.04.004.

Lupo PJ et al. Maternal occupational exposure to pol-
ycyclic aromatic hydrocarbons: effects on gastroschi-
sis among offspring in the National Birth Defects Pre-
vention Study. Environ Health Perspect.2012;120(6):
910-5.d0i:10.1289/ehp.1104305.

Wangikar PB et al. Effect in rats of simultaneous pre-
natal exposure to ochratoxin A and aflatoxin B1. I. m-
aternal toxicity and fetal malformations. Birth Def-
ects Res B Dev Reprod Toxicol. 2004; 71(6):343-51.
Van Dorp DR et al. Teratogens inducing congenital
abdominal wall defects in animal models. Pediatr Su-
rgInt. 2010; 26(2):127-39. doi: 10.1007 /s00383-009
-2482-z.

Waller SA et al. Agricultural-related chemical expos-
ures, the season of conception, and risk of gastrosch-
isis in Washington State. Am ] Obstet Gynecol 2010;
202:41.e1-6.

Agopian AJ et al. Maternal residential atrazine expo-
sure and gastroschisis by maternal age. Matern Child
Health J. 2013;17(10):1768-75.d0i:10.1007 /s10995-
012-1196-3.

Joshi N et al. Developmental abnormalities in chicken
embryos exposed to N-nitrosoatrazine. ] Toxicol Env-
iron Health A. 2013; 76 (17): 1015-22.d0i:10.1080/
15287394.2013. 831721.

Kielb C et al. Maternal periconceptional occupational
exposure to pesticides and selected musculoskeletal
birth defects. Int ] Hyg Environ Health. 2014; 217(2-
3):248-54.d0i:10.1016/j.ijheh. 2013. 06. 003.

Shaw GM et al. Early pregnancy agricultural pesticide
exposures and risk of gastroschisis among offspring
in the San Joaquin Valley of California. Birth Defects
Res A Clin Mol Teratol. 2014; 100(9):686-94.doi: 10.
1002 /bdra. 23263.

Feldkamp M et al. Development of Gastroschisis: Rev-
iew of Hypotheses, a novel hypothesis, and implicati-
ons for Research. Am ] Med Genet Part A. 2007; 143
A: 639-652.

Chambers C et al. Novel risk factor in gastroschisis:
change of paternity. Am ] Med Genet Part A. 2007;
143:53-659.

Bateman ME et al. The effects of endocrine disruptors
on adipogenesis and osteogenesis in mesenchymal
stem cells: a review. Front. Endocrinol. 2016; 7: 171.
doi: 10.3389/ fendo. 2016.00171.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Ladoux B, Mége R. Mechanobiology of collective cell
behaviours. Nat Rev Mol Cell Biol 2017; 18:743-757.
Tatapudy S et al. Cell fate decisions: emerging roles
for metabolic signals and cell morphology. EMBO re-
ports. 2017; 18 (12): 2105-2117.

Uhler C, Shivashankar G. Regulation of genome org-
anization and gene expression by nuclear mechano-
transduction. Nat Rev Mol Cell Biol. 2017; 18:717-
727.doi: 10.1038/nrm.2017 .101.

Vining K, Mooney D. Mechanical forces direct stem
cell behavior in development and regeneration. Nat
Rev Mol Cell Biol. 2017; 18:728-742.

Mongera A et al. A fluid-to-solid jamming transition
underlies vertebrate body axis elongateion. Nature.
2018;https://doi.org/10. 1038 /s41586-018-0479-2
(2018).

Lenne P-F, Trivedi V. Melting sculpts the embryo’s
body.Nature.2018;https://doi.org/10.1038/ d41586
-018-06108-7163.

Sawyer JK et al. A contractile actomyosin network
linked to adherens junctions by Canoe/afadin helps
drive convergent extension. Mol. Biol. Cell 22, 2491-
2508 (2011).

Sawyer JK et al. The Drosophila afadin homologue
Canoe regulates linkage of the actin cytoskeleton to
adherens junctions during apical constriction. J. Cell
Biol. 186, 57-73 (2009).

Mandai K. et al. Afadin: a novel actin filament-bind-
ing protein with one PDZ domain localized at cadhe-
rin-based cell-to-cell adherens junction. J. Cell Biol.
139, 517-528 (1997).

Ikeda W et al. Afadin: a key molecule essential for
structural organization of cell-cell junctions of polari-
zed epithelia during embryogenesis. ]. Cell Biol. 146,
1117-1132 (1999).

Zhadanov AB et al. Absence of the tight junctional
protein AF-6 disrupts epithelial cell-cell junctions
and cell polarity during mouse development. Curr.
Biol. 9, 880-888 (1999).

Choi W. et al. Remodeling the zonula adherens in res-
ponse to tension and the role of afadin in this respo-
nse. J. Cell Biol. 213, 243-260 (2016).

Kania A, Klein R. Mechanisms of ephrin-Eph signal-
ling in development, physiology and disease Nat Rev
Mol Cell Biol. 2016; 17:240-256.

Noberini R et al. Small molecules can selectively inhi-
bit Ephrin binding to the EphA4 and EphA2 recep-
tors. ] Biol Chem. 2008; 283(43): 29461-29472.

Qin H et al. Crystal structure and NMR binding reveal
that two small molecule antagonists target the high
affinity Ephrin-binding channel of the EphA4 recep-
tor. ] Biol Chem. 2008; 283 (43); 29473-29484.
Parisi F et al. Early first trimester maternal ‘high fish
and olive oil and low meat’ dietary pattern is associa-
ted with accelerated human embryonic developp-
ment. Eur ] Clin Nutr. 2018; 72:1955-62.

Khan A et al. Gastroschisis imaging. Medscape. 2016;
1-9.https://emedicine.medscape.com/article
/403800-print.

The Human Protein Atlas; The druggable proteome.
https://www.proteinatlas.org/humanproteome/dru
ggable

Giorgio C et al. Lithocholic acid is an Eph-ephrin
ligand interfering with Eph-kinase activation. PLoS
One 2011; 6(3): €18128. doi:10. 1371 /journal. pone.
0018128.

19


https://emedicine.medscape.com/
https://www.proteinatlas.org/humanproteome/druggable
https://www.proteinatlas.org/humanproteome/druggable

Hughes and Adibe Glob Clin Transl Res. 2019; 1(1):4-20

91. Wadhwa EL et al. Gastroschisis and maternal intake
of phytoestrogens. Am ] Med Genet A. 2016; 170(8):
2078-82.d0i:10.1002 /ajmg.a. 37659.

How to cite this article:
Hughes C and Adibe O. The increasing prevalence of gastroschisis: associated factors, possible mechanisms, and potential mitigative
interventions. Glob Clin Transl Res. 2019; 1(1):4-20

Copyright © 2019 by the Global Clinical and Translational Research

20




Xia, et al Glob Clin Transl Res. 2019; 1(1):21-30

Article

Common genetic variants shared among five major psychiatric disorders:
a large-scale genome-wide combined analysis

Lu Xial2, Kun Xia26, Daniel R Weinberger3, Fengyu Zhangl45*

1Global Clinical and Translational Research Institute, Bethesda, MD, USA;

2Center for Medical Genetics & Hunan Key Laboratory for Medical Genetics, College of Life Sciences, the Central South
University, Changsha, Hunan, China;

3Lieber Institute for Brain Development, Department of Psychiatry and Behavioral Sciences, Neurology, Neuroscience,
Institute of Genomic Medicine, Johns Hopkins University School of Medicine, Baltimore, MD, USA;

4The Second Xiangya Hospital & National Clinical Research Center for Mental Health Deriders, Central South University,
Changsha, Hunan, China;

5Peking University Huilongguan Clinical Medical School & Beijing Huilongguan Hospital, Beijing, China;

6Chinese Academy of Sciences Center for Excellence in Brain Science and Intelligences Technology (CENSIT), Shanghai,
China.

Received Feburary 7, 2019; Accepted Febueary 27, 2019

ABSTRACT

Background. Genetic correlation and pleiotropic effects among psychiatric disorders have been reported. This study aimed
to identify specific common genetic variants shared between five adult psychiatric disorders: schizophrenia, bipolar, major
depressive disorder, attention deficit-hyperactivity disorder, and autism spectrum disorder.

Methods. A combined p value of about 8 million single nucleotide polymorphisms (SNPs) were calculated in an equivalent
sample of 151,672 cases and 284,444 controls of European ancestry from published data based on the latest genome-wide
association studies of five major psychiatric disorder using Stouffer's Z-score method. SNPs that achieved genome-wide sig-
nificance (P<5x10-08) were mapped to loci and genomic regions for further investigation; and gene functional annotation
and clustering were performed to understand biological process and molecular function of the loci identified. We also exa-
mined CNVs and performed expression quantitative trait loci analysis for SNPs by genomic region.

Results. We found that 6,293 SNPs mapped to 336 loci are shared by the three adult psychiatric disorders, 1,108 variants
at 73 loci are shared by the childhood disorders, and 713 variants at 47 genes are shared by all five disorders at genome-
wide significance (p<5x10-08). Of the 2,583 SNPs at the extended major histocompatability complex identified for three ad-
ult disorders, none of them were associated with two childhood disorders; and SNPs shared by all five disorders were loc-
ated in the regions that have been identified as containing copy number variation associated with autism and had largely
neurodevelopmental functions.

Conclusion. We show a number of specific SNPs associated with psychiatric disorders of childhood or adult onset, illustrat-
ing not only genetic heterogeneity across these disorders but also developmental genes shared by them all. These results
provide a manageable list of anchors from which to investigate epigenetic mechanism or gene-gene interaction on the dev-
elopment of neuropsychiatric disorders and for developing a measurement matrix for disease risk that could potentially be
used for new taxonomy for precision medicine.

KEYWORDS

Psychiatric disorders; schizophrenia; bipolar disorder; major depressive disorder; attention deficit-hyperactivity disorder;
autism spectrum disorder; genome-wide association study; combined analysis.

INTRODUCTION over the past decade[1]. Many common genetic variants
have been associated with complex human disorders thr-
ough GWAS since the early studies in type 2 diabetes and
inflammatory bowel disease[2, 3]. As the application of
the GWAS approach has progressed, more and more gen-

The genome-wide association study (GWAS) has emerg-
ed as a compelling tool for investigating the genetic arch-
itecture and the etiology of complex human diseases

« Fengyu Zhang, zhangfy@gcatresearch.org, or Kun Xia, xiakun@sklmg.edu.cn
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ome-wide genotyped data have been accumulated, whic-
h has made it possible to conduct genome-wide meta-an-
alyses of multiple cohorts of GWAS samples[4]. The num-
ber of genome-wide association studies that involve a la-
rge number of patients and healthy controls are increas-
ing every year. As of 2017, about 40% of recent studies
are with a sample size of more than 50,000 individuals
[5], and some even with more than 200,000 [6,7]. With
samples of such size, investigators expect to identify var-
iants with lower frequency and smaller effect size, by ov-
ercoming genetic heterogeneity[8] to attain adequate
power to detect a genetic association. More importantly,
with the development of genotype imputation and large
whole-genome sequencing datasets available, it is feasi-
ble to assess the whole genome common variants for ass-
ociation with common complex human disorders with-
out whole genome sequencing of all sample individuals.

The lessons from GWAS include that association of gene-
tic variants with common human disorders is complex

and involves a matrix of polygenic and pleiotropic effects.

It has become clear that common complex human disor-
ders are affected by multiple variants in a polygenic way
[9]; whereas an individual variant may be associated wi-
th multiple diseases or traits (i.e., pleiotropic). Prelimin-
ary evidence of pleiotropic effects has been found in im-
mune-related disorders, various types of cancers, or neu-
ropsychiatric disorders[10]. For example, genetic varints
at 3p21, 10q24, and SNPs within two L-type voltage-gat-
ed calcium channel subunits, CACNA1C and CACNBZ have
been found to be shared by multiple psychiatric disord-
ers [11]. Coincidentally, genome-wide SNPs association
analysis has revealed that psychiatric disorders might
share a moderate to high degree of genetic correlation
[12]. Identification of the pleiotropic effects of specific
genetic variants on common complex human disorders is
a potentially important step in building the knowledge
network and a measurement matrix for disease risk for
developing a new taxonomy of human diseases, which
will play a fundamental role in achieving the goals of pre-
cision medicine [13, 14].

METHODS

Dataset and analysis. Individual SNP data used in this
study were obtained from the published data releases by
the Psychiatric Genomic Consortium that contained the
largest genome-wide association studies of schizophren-
ia (SCZ), bipolar disorder (BD) [15], and major depressi-
ve disorder (MDD) [7], attention deficit hyperactivity
disorder (ADHD) [16], and autism spectrum disorder
(ASD) [17]. Detailed information on the sample individ-
uals, original data process and analysis of individual sa-
mple cohort has been described previous in the individ-
ual studies. Of note, the ADHD sample mainly include a
population-based cohort of ADHD cases and controls fro-
m Denmark collected by the Lundbeck Foundation Initia-
tive for Integrative Psychiatric Research (iPSYCH), and
11 cohorts aggregated by the Psychiatric Genomics Cons-
ortium (PGC); the majority of the ASD sample was also
from iPSYCH ASD and five family-based samples of Euro-

pean ancestry, which contributed cases and pseudo-
controls.

The analysis was performed by calculating the combin-
ed p values of individual SNPs across the genome in mul-
tiple disorders. The Stouffer's Z-score method (1949), an
extension of classical Fisher's combined method (1925)
that has been employed in previous GWAS [18], was used
to have a two-sided test. The hypothesis would be "multi-
ple psychiatric disorders shared some common genetic
variants,” and under a null hypothesis, a statistic can be
calculated by a combined Z-score, which can be convert-
ed into p-value based on the inverse of the standard nor-
mal cumulative distribution. The Z-score is defined as Z=
.z,
Tk
the Z; is the inverse of the standard normal cumulative
distribution based on the p value for an individual SNP in
the ith disorder.

where kis the number of individual disorders, and

The analysis was limited to SNPs showing a consistent
direction of association at nominal significance (P< 0.05)
across disorders, to keep internal consistency and red-
uce heterogeneity, i.e., ruling out SNPs, which is highly
significant in one disorder, but not the other or shows
opposite allelic directionality across disorders. The
combined analysis was performed first for schizophrenia,
bipolar and major depressive disorder, i.e., the three ad-
ult psychiatric disorders that have been demonstrated a
moderate to high genetic correction, then for ADHD and
ASD, the two childhood neurodevelopmental disorders,
and finally for five disorders combined. A genome-wide
significance threshold (P<5x10-08) was employed.

SNP functional annotation and eQTL analysis. Individual
SNPs were mapped to a locus based on the dbSNP and
the HapMap data[19], and then the unmapped SNPs by
the database were manually verified with the UCSC
genome browser (GRCh37/hg19). Functional annotation
of associated loci was performed based on the DAVID
Bioinformatics Resource 6.8 using Gene Ontology (GO)
term [20]. The eQTL analysis was performed on the GTEx
dataset developped by the Genotype-Tissue Expression
(GTEx) Project; the gene expressions in human tissues
were based on the Human Protein Atlas (HPA) RNA-seq
(https://www.proteinatlas.org/).

RESULTS

Table 1 presents the number of sample individuals and
SNPs included in this study by the individual disorder.
Briefly, the schizophrenia and bipolar analysis consisted
of 53,555 cases (20,129 BD, 33,426 SCZ) and 54,065 con-
trols with 8,379,106 SNPs; the MDD study comprised
59,851 cases and 113,154 controls with 13,554,492
SNPs; the ADHD study included 20,183 cases and 35,191
controls with 8,047,420 SNPs; and the ASD study incl-
uded 9,112,386 SNPsin 18,381ASD cases and 22,664 co-
ntrols. The combined p values were calculated to identify
genetic variants shared by multiple disorders (Methods).
While the original data in the MDD study included a fair

22


https://www.proteinatlas-/

Xia, et al

Glob Clin Transl Res. 2019; 1(1):21-30

number of rare variants, we only focused on the common
variants (minor allele frequency, MAF>1%).

Table 1. Samples and number of SNPs by individual disorder

Disorder Sample No. variants Cases Control
Schizophrenia (SCZ) PGC 8,379,106 33,426 54,065
Bipolar disorder (BD) PGC 8,958,989 20,129 54,065
Major depressive disorder(MDD) PGC 13,554,492 59,851 113,154
Attention deficit hyperactivity disorder(ADHD) Combined 8,047,420 20,183 35,191
iPSYCH* 14,584 22,492
PGC-ADHD 5,499 12,599
Autism spectrum disorder (ASD) Combined 9,112,386 18,381 27,969
iPSYCH 13,076 22,664
PGC -ASD 5,305 5,305
Common SNPs in combined five disorders 6,467,684 151,672 284,444

*Cases and controls from Denmark collected by the Lundbeck Foundation Initiative for Integrative Psychiatric Research (iPSYCH);
PGC-ASD, Psychiatric Genomic Consortium--Autism spectrum disorders contained five family-based trio samples of European ancestry;
PGC-ADHD, Psychiatric Genomic Consortium--Attention deficit and hyperactivity disorder comprised 11 European, North American and

Chinese cohorts aggregated by the Psychiatric Genomics Consortium.

Common variants associated with schizophrenia, bipo-
lar and major depressive disorder

We identified 6,293 SNPs shared by three adult-onset di-
sorders at genome-wide significance (P<5x10-08). These
included 2,583 SNPs in the extended major histocompat-
ability complex (xMHC), which spans a 7.5-Mb region de-
fined by the SLC17A2 gene at the telomeric end to the
DAXX gene at the centromeric end of chromosome 6 (Ch-
r6:25,875,084-33,797,216, hgl9) and mapped to 421
loci (excluding tRNA genes)according to the gene map of
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strong linkage disequilibrium (LD) and clustered by gen-
omic region. Of the total non-xMHC SNPs, 3,654 SNPs
(98.5%) were mapped to 68 genomic regions, defined by
which flanking SNPs of any two regions were at least 1-
Mb apart. Based on the SNP functional prediction[19],
263 SNPs (8%) were at TFBS, and 109 SNPs (3.3%) were
conserved in vertebrates (Table S2).
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Figure 1. Scatter plots of p values (-log) for SNPs shared by psychiatric disorders. (x-Axis is SNPs in chromosomal order; A.1-A.3, 6,293
SNPs shared by three adult-onset disorders for association with an individual disorder; B.1-B.3, 1,108 SNPs shared by ADHDASD and for

associ-ation with ADHD and ASD).
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Among the 68 regions at non-xMHC loci, 51 regions did
not have an SNP associated with a particular disorder at
genome-wide significance; whereas other 17 regions co-
tained at least one SNPs in each region associated with
an individual disorder at genome-wide significance. In
the 51 regions that might be novel or specifically shared
by the three adult-onset disorders (Table 2), 15 regions
contained only a single SNPs; these included chrl: 1636-
46390 at NUF2, rs7581403 at MYT1L, chr2:185676179
at ZNF804A, chr2:193934836, rs13078307 at CNTN4, rs-
7613933 at WDR49,chr5:152167615, 1rs10239423 at
SP4, rs7905569 at IFITM8P, rs4837673 at DBC1|/MIR-
147, rs1828385 at LOC100120660/[LOC751600, chr18:

26337461,rs72903982 at KC6, chr20:43682549 at STK4,
chr20:48108321 at RYR2; and the other 36 regions cont-
ained about 80 genes, including DAMTSL3, ALPK3, ANK-
S1B, BRAF, COX8A, DCC, ENOX1, FGFR1, GABRA1, GABRG2,
GCKR, GRIN24, KCNB1, KCTD13, NFIX, PCLO, TRIMS8, and
BORCS7. Meanwhile, SNPs in the other 17 genomic regio-
ns, each containing at least one SNP associated with an
individual disorder at genome-wide significance, were
mapped to 85 genes; and some of which CACNBZ2, DRD2,
CACNA1C, CACNAI1, AS3MT, TSNARE1, KLC1, and SOCRS3
have been associated with schizophrenia, and EP300, VR-
K2, BAG5, APOPT1 have been associated with MDD at
genome-wide significance (Table 2) .

Table 2. Genomic regions and loci mapped by the 6,293 SNPs (3,710 at non-xMHC) shared by three adult-onset psychiatric

disorders at genome-wide significance.

Locus Chr SNP BP1 BP2 1D #SNP Mapped gene loci
1 1 rs200448 6701978 6765079 1 21 DNAJC11, CAMTAL,
2 1 rs4949240 30438197 30509225 22 38 PTPRU[IMATN1
3 ** 1 rs2841192 73307627 73856328 60 132 KRT8P21, LRRC44
4 1 rs6661796 79186203 79261383 192 43 IFI44{|[ADGR4L, ELTD1
5 1 chr1_16364 163646390 251 1 NUF2
6 ** 1 rs11587347 239198959 244025999 252 5 [RGS7, KMO, OPN3, WDR64, EX01, PLD5], ZNF238
7 2 rs7581403 2314997 2314997 257 1 MYTI1L
8 2 chr2_22499 22499207 28290347 258 458 BRE, C20rf16, GCKR, GPN1, RBKS, SUPT7L, KLHL29, MRPL32, MRPL33, ZNF512
9 ** 2 rs13011472 57961602 58308458 717 10 VRK2
10 2 rs56088823 96793024 96905568 727 13 ASTL, DUSP2, STARD7
11 2 chr2_18567 185676179 740 1 ZNF804A
12 2 chr2_19393 193934836 741 1 NA
13 2 chr2_19822 198226403 198940251 742 206 BOLL, MARS2, PLCL1, RFTN2
14 2 rs13020196 201071942 201244261 948 56 ERGIC3, SPATS2L
15 2 rs2551656 208371637 208531683 1005 84 CREB1, FAM119A
16 3 rs13078307 2565355 2565355 1090 1 CNTN4
1 ** 3 rs6802320 52241835 53475074 1091 523 ALAS1, DCP1A, DNAH1, GLT8D1,GLYCTK, GNL3, ITIH1, ITIH3, ITIH4, MUSTN1, SFMBT1,
*x TWF2, RFT1, MIR135A1, NEK4, NT5DC2, PBRM1,PHF7, WDR82, SPCS1, STAB1, TLR9, TMEM110
18 3 152176028 80655077 80693369 1613 6 [ROBO1, GBE1]
19 3 rs4146338 117493964 117772036 1619 84 L0OC728873/[1GSF11
20 3 rs7613933 167304189 167304189 1703 1 WDR49
21 4 rs56089943 48342682 48496368 1704 41 SLC10A4,TEC|[SLAIN2, ZAR1
22 4 rs1599125 118644885 118753686 1745 82 NT5C3P1/INDST3
2 ** 5 rs7716818 103684787 104089064 1827 271 NUDT12||RAB9P1
24 5 chr5_15216 152167615 152167615 2098 1 AK123826
25 5 rs2290732 161324898 161352075 2099 14 GABRA1, GABRG2
26 ** 6 rs2744301 25323143 25875567 2113 59 CARMIL1, SCGN, HIST1H2AA, SLC17A1, SLC17A3, HISTIH2APS2, SLC17A4
27 6 rs36014129 25884519 33797216 2172 2583 Extended MHC region
28 6 1528360639 50783501 50936376 4755 71 FTHP1, RPS17L4, TFAP2B,TFAP2D
29 6 rs9360557 73132745 73155701 4826 14 RIMS1, [KCNQ5]
30 6 rs12190758 93148341 93176175 4841 4 [EPHA7]
31 7 rs10239423 21503450 21503450 4845 1 SP4
32 7 rs4291157 24624449 24844736 4846 67 BLVRA, MRPS24, DFNAS5, MPP6, OSBPL3
33 7 rs2371213 82397302 82482281 4914 35 PCLO
34 7 rs10265001 140665521 140777030 4950 43 BRAF, MRPS33
35 8 rs6983972 9699144 9728595 4994 5 MIR597|| MIR124-1
36 8 chr8_33747 33747954 34021138 4999 5 DUSP26
37 8 rs57709857 38290424 38291844 5004 2 FGFR1
38 8 15790569 64621828 64621828 5006 1 IFITM8P
39 ** 8 rs10098073 143309504 143352779 5007 46 TSNARE1
40 9 rs9695226 22759396 22785141 5053 8 FLJ35282
41 9 rs4837673 122546769 122546769 5061 1 DBC1[| MIR147
42 ** 10 rs12777923 18661160 18775255 5062 81 CACNB2
43 ** 10 rs7893954 104318966 105059896 5143 233 ARL3, AS3MT, CNNM2, WBP1L, CYP17A1, NT5C2, INA, PCGF6, CXCL12,
SFXN2, SUFU, TRIM8, BORCS7
44 10 rs12761679 106512727 106747354 5376 19 SORCS3
45 11 rs7946546 63595648 63790521 5395 83 ATP5LP1,MARK2,MACROD1, RCOR2, NAA40, COX8A, OTUB1
46 ** 11 rs17601612 113317745 113412443 5478 25 DRD2, TMPRSS5
47 11 rs402320 131374917 131399805 5504 75 RREB1
48 ** 12 rs740416 2499892 2514270 5579 8 CACNAIC
49 12 rs1319892 99436519 99690240 5587 127 ANKS1B
50 ** 12 chr12_1236 123639761 5714 1 SSPN
51 13 rs9562504 44244876 44351241 5715 11 ENOX1
52 14 rs28645341 30174078 30182920 5726 3 PRKD1
53 14 rs36341 72390689 72454646 5729 14 RGS6, SIPA1L1
54 o 14 rs11160502 99667179 99731731 5743 4 BCL11B
55 ** 14 chr14_1039 103916280 104319989 5747 247 BAGS5, APOPT1, KLC1, TRMT61A, CKB, XRCC3, PPP1R13B, ZFYVE21
56 15 rs1828385 36355868 1 LOC100130660//LOC751603
57 15 rs2562774 84380096 85393240 5924 65 ADAMTSL3, ALPK3, ZSCAN2, SEC11A, WDR73, ZNF592,
58 ** 15 rs7168951 91406146 91437388 5989 24 BLM|[FURIN,FES,FURIN
59 16 rs11648559 9874699 9960879 6013 156 GRIN2A
60 16 rs12919683 29943367 30018500 6170 47 INO8OE, DOC2A, KCTD13, TAOK2
61 18 chr18_2633 26337461 6217 1 NA
62 18 rs72903982 39152991 6218 1 KC6
63 18 rs7505145 50711776 50870391 6219 30 Dee
64 18 rs56096694 52722378 53101598 6249 8 MAPILC3P, TCF4
65 19 rs17706798 13116172 13122612 6257 4 NFIX
66 20 chr20_4368 43682549 6261 1 STK4
67 20 chr20_4582 45829133 6262 1 RYR2
68 20 chr20_4810 48108321 48110279 6263 4 KCNB1[[PTGIS
69 ** 22 rs71799331 39974015 41617897 6267 27 CACNA1l, EP300, L3MBTL2, MCHR1//SLC25A17, MKL1

** loci where SNPs were associated with one of three disorders; #SNP, number of SNPs shared by three adult-onset psychiatric disorder
at genome-wide significance in each genomic region; [ ], genes nearby; NA, no gene available within about 1- Mb genomic region; SNP is
the first flanking SNPs of individual region; BP1 and BP2 are position of two flanking SNPs of individual gene region.

Functional annotation of the genes in the non-xMHC indi-
cated a few top biological processes, including urate met-

abolic process, protein phosphorylation, and sodium-de-
pendent phosphate transport. These loci are located ata-
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xon, postsynaptic membrane and postsynaptic density,
mitochondrion, cell junction, voltage-gated calcium cha-
nnel complex, and mitochondrial inner membrane; and
they have molecular functions of sodium phosphate sym-
porter activity, sodium-dependent phosphate transme-
mbrane transporter activity, protein binding, p53 bind-
ing, ephrin receptor binding, and voltage-gated calcium
channel activity involved in AV node cell action potential.
However, few of these clustering survived the correction
for multiple testing (Table S3).

ADHD and ASD shared loci

Our combined analysis 0f 8,047,420 SNPs in 38,266 cases
with ADHD or ASD and 63,160 controls identified 1,108
SNPs shared by the two childhood psychiatric disorders
at genome-wide significance (Figure 1B). These SNPs
were located at 47 genomic regions, of which flanking
SNPs of any two adjacent regions were at least 1-Mb apa-
rt. Majority of these 1,108 SNPs (88%) were located at
loci 1p34.2, 1p21.3, 4924, 5q14.3, 5q21.2, 6q13, 7g31.1,
10g25.1, 13q31.1, 16q22.2, 17q21.31, 20p11.23-11.22

(Table 3). All these loci have been reported to contain co-
py number variants (CNVs) associated with ASD in multi-
ple reports or different study populations, according to
the Simons Foundation Autism Research Initiative (SFA-
RI) CNV database (Table S4), The associated genes with
these CNVs included HIVP3, RIMS3, DYPD, PTBP2, TET2,
MEF2C, RIMS1, and SLC25A39. In addition, of the total 47
genomic regions identified in this analysis, five regions at
1p21.3,5q14.3,16q22.2,10925.1,20p11.23-11.22 conta-
ined at least one SNP associated with either ADHD or
ASD at genome-wide significance. The remain-ing 42 re-
gions that did not have an SNP associated with an indivi-
dual disorder at GWAS significance may harbor novel lo-
cifor ADHD and ASD. The detailed estimates of SNPs with
a minimum p-value at each genomic region are in the
supplementary data (Table S5). However, we did not find
any SNPs shared by ADHD and ASD in the xMHC where a
large number of SNPs in strong LD were found shared by
the three adult-onset disorders.

Table 3. Genomic regions and loci mapped by the 1,108 SNPs common to ADHD and ASD at genome-wide significance.

Region 1D Chr SNP1 BP1 SNP2 BP2 #S Mapped genes CNVs
1 1 1 rs35947542 43,983,679 rs3952787 44,323,244 54  JMJD2A,PTPRF,ST3GAL3 1p34.2
2 55 1 rs61783205 46,317,219 rs77881576 46,587,530 7  MAST2 1p34.1
3 62 1 rs222901 96,508,040 rs11307310 96,998,097 102 RP11-147C23.1,RP5-898/17.1, PTBP2 1p21.3
4 164 1 rs35518820 99,035,830 rs6662897 99,095,611 6 LOC729987||SNX7
5 170 2 rs76504400 1,722,904 rs76504400 1,722,904 1 PXDN
6 171 2 rs77966298 10,984,514 rs77966298 10,984,514 1 PDIA6 2p25.1
7 172 2 rs6711582 159,327,935 rs1548635 159,529,888 14  PKP4 2q24.1
8 186 2 rs75263467 174,601,275 rs75263467 174,601,275 1 SP3
9 187 3 rs74877867 20,493,116 rs14607701 20,621,759 5  MITF

10 192 3 rs56842404 70,253,808 rs62254854 70,266,538 2 RP11-231113.2,L0C100128160//FOXP1

11 194 3 rs11488172 82,320,385 rs11488172 82,320,385 1 GBE1

12 195 3 rs11710737 107,464,170 rs7634587 107,516,847 4  BBX

13 199 3 rs9855048 128,163,890 rs9855048 128,163,890 1 EEFSEC||DNAJB8

14 200 3 rs20033201 158,001,670 rs11707386 158,152,073 3 LOC730057||MAGI1,RSRC1

15 203 4 rs71297516 2,768,387 rs6422311 2,781,240 8  TNIP2||SH3BP2

16 211 4 rs14510234 31,147,972 rs20072120 31,151,465 4  RP11-617114.1

17 215 4 rs228619 103,569,283 rs223504 103,635,183 51  MANBA 4q24

18 266 5 rs71613075 87,514,778 rs2009730 87,933,568 95  CTC-498M16.4,LINC00461,TMEM161B-AS1 5q14.3

19 361 5 rs2635182 92,255,166 rs34523 92,303,352 6  CTC-458G6.2

20 367 5 rs7716818 103,684,787 rs323509 104,082,179 184  NUDTI12/[RAB9P1 5q21.2

21 551 5 rs6862136 144,495,743 rs6884441 144,512,659 4 LOC100132712[|ASSP10

22 555 6 rs9342783 70,852,493 rs3818327 70,861,135 16  COL19A1 6q13

23 572 7 154947694 52,181,844 rs4947694 52,181,844 1 COBL

24 573 7 rs34080086 105,017,329 chr7:10506 105,064,665 2 SRPK2

25 575 7 rs34291892 114,058,731 rs7799269 114,290,491 16  FOXp2 7q31.1

26 591 8 rs34458570 745,496 rs1532744 786,916 6  ERICHI-AS1

27 597 8 rs4739249 21,323,694 rs4739249 21,323,694 1 LOC100129163[|GFRAZ2,

28 598 8 rs11445716 144,749,175 rs11445716 144,749,175 1 ZNF251

29 599 9 rs13440322 31,026,272 rs28495892 31,064,791 9  LOC100130670/|LOC138412 9p21.1

30 608 10 rs45595836 16,691,399 rs45595836 16,691,399 1 RSU1

31 609 10 rs12769316 104,152,751 rs12772374 104,156,911 2 GBF1||NFKB2, NFKB2

32 611 10 rs61867293 106,563,924 rs11192280 106,776,925 34 SORCS3 10925.1

33 645 11 rs5793730 95,309,155 rs5793730 95,309,155 1 RP11-338H14.1/|[FAM76B

34 646 12 rs704067 89,726,027 rs60474271 89,776,845 13 DUSP6,POC1B,RP11-13A1.3

35 659 13 rs9544757 78,821,529 rs9530779 78,969,536 130  EDNRB||POU4F1 13q13.1

36 789 14 rs14080258 29,419,892 rs17638843 29,524,041 2 LOC100128215/[PRKD1

37 791 14 rs36063234 33,409,812 rs4981170 33,412,996 2 NPAS3

38 793 14 rs11263529 94,838,142 rs28929474 94,844,947 2 SERPINA1

39 795 15 rs11857683 87,769,703 rs8042805 87,779,902 3 LOC100132083||[TMEM83

40 798 15 rs11854401 93,929,730 rs8042369 93,957,898 8  UNQ9370/|LOC728292

41 806 16 rs17606532 72,333,127 rs12924285 72,653,326 13 LOC390739, LOC645478,UNQ9370 16q22.2

42 819 17 chr17:4396 43,965,129 rs71375338 44,332,793 5  MAPT 17q21.31

43 824 18 rs4144756 39,305,154 rs4144756 39,305,154 1 KC6, PIK3C3

44 825 19 rs13886705 37,439,641 rs13886705 37,439,641 1 ZNF569

45 826 20 rs6047225 21,054,496 rs6035892 21,549,424 280 KIZ,RPS15AP1,MRPS11P1,RPL24P2,NKX2-2, 20p11.23
PAX1,GSTM3P,XRN2,NKX2

46 1106 20 rs11480060 54,230,218 rs11480060 54,230,218 1 RPL12P4,CBLN4

47 1107 21 rs11775706 36,927,870 rs14491176 37,255,329 2 RUNX1

*, Regions where SNPs were associated with either ADHD or ASD; BP1 and BP2 are position for flanking SNP1 and SNP2.

Of the total 1,108 SNPs shared by ADHD and ASD, 1,095
SNPs were mapped to 63 genes including intergenic reg-

ions (Table S6) and 912 SNPs (82.3%) were annotated
based on the dbSNP[19]. We noted that five SNPs were
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non-synonymous (Table S7); 33 SNPs (3.62%) are locat-
ed at transcriptional factor binding site (TFBS), mostly at
20q11.23-11.22 involving three loci at RPL24P[[C20orf-
19, C200rf9, and RPS15AP1//XRN2(Table S8); 55 SNPs
(6.03%) are conserved in vertebrates and mostly located
at 5 genomic regions with CNVs (Table S9). These predi-
cted functional SNPs were located at MAST2, MANBA,
SERPINA, C200rf9, FOXP1, TMEM161B-AS1, GBF1||NFKB2,
PTBP2, PKP4, NUDT12[|RAB9P1, BBX, and EDNRB/| POU-
F4. Other SNPs shared by ADHD and ASD were located
at loci, including JMJD2A, PTPRF, ST3GAL3, SNX7, SGOL1
||[VENTXP7, EEFSEC[|[DNAJB8, MAGI1, RSRC1, TNIP2|| SH-
3BP2, KCTD16|[PRELID2, COL19A1, FOXP2, C8orf68, GFR-
A2, RSU1, FAM76B, PRKD1, NPAS3, TMEM83, MAPT, and
RPL12P4[|CBLN4 (Table 3). All these 63 genes together
annotated a few biological processes, cellular component,
and molecular functions, but none of these functional an-
notations and clustering were significant after multiple
testing correction (Table S10).

5q21.2 15q24-25
—% .
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Through a combined analysis of 6,391,075 SNPs availa-
ble common to all five studies, we identified 713 SNPs at
47 genes in 24 genomic regions (defined as above) shar-
ed by all five disorders at genome-wide significance (Fig-
ure 2A). We note that no SNPs were associayed with
schizophrenia (Figure 2B), Bipolar (Figure 2D) or ASD
(Figure 2E); but SNPs NUDT12[|[RAB9P on 5q21.2-21.3
and 10q24-25 have been associated with ADHD (Figure
2C) and MDD (Figure 2E), respectively. SNPs at NUDT12
//RABYP appear in strong LD in multiple original studies
(Figure 2 C, E, F) and SNPs at 10q24-25 were mapped to
multiple genes including BLOC1S2, CHUK, CWF19L1,
ERIN1, PKD2L1, and SORCS3. The locus 10q24 has been
identified in a previous genome-wide analysis of shared
effect by five psychiatric disorders.
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Figure 2. Scatter plots of p values (-log) for 713 SNPs shared by five disorders at genome-wide significance and signals for an individual
disorder (X-axis is the SNPs in the chromosomal order ). A) Combined signals for SNPs shared by five disorders; B) Signals with schizo-
phrenia; C) Signals association with ADHD, and SNPs at 15q24-25 associated with ADHD at genome-wide significance; D) Signals for bipo-
lar disorder; E) Signals for ASD; F) Signals for MDD, many SNPs at 5q21.2 were associated with MDD.

In the 22 novel genomic regions that did not contain an
SNP associated with the particular disorder at genome-
wide significance, six SNPs, including rs7945989 at PKP4,
rs9375138 at C6orf167,rs12376855 at PCSK5, rs67525-
828 at C1Z1,rs9804545 at CWF19L2,rs3099047 at CAST-

PERZ2, were shared by the five disorders (Table 4). Exc-
ept for CACNBZ that has been found shared by five disor-
ders, we found additional 40 gene loci in the remaining
regions, including A2BP1, RIMS1, DFNA5, CNTN4, MPPé,
PLC1, RFTNZ2, SLC30A9, PAQR3, ERLIN1, SORCS3, ZNF584,
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and ZNF132. The detailed estimates of flanking SNPs at

the total 24 regions are in the supplementary (Table S11).

Of the 24 genomic regions that harbored SNPs shared by
the five disorders, all had been reported with CNVs asso-
ciated with ASD (only 15q15.3 known for schizophrenia)
and more than half were identified with expression qua-
ntitative trait loci (eQTLs) (Table S12). About two-thirds
of the CNVs disrupted genes; for example, the CNV at 3p-
26.3 were associated with CNTN6 and CNTN4, 6q13 with
RIMS1, 7p15.3 with MPP6 and DFNA5, 16p13.3 with A2-
BP1, and 19q13.43 with ZNF584. In addition, we identifi-
ed SNPs in more than 13 genomic regions as eQTLs in hu-
man tissues through cis-association analysis of the flan-
king SNPs or alternatives with mRNA expression of the
mapped genes. The eQTLs affected gene expression of al-
most 20 genes, including ANKRD44, SF3BL, PLCL1, RFTN-
2, SLC30A9, PAQR3, NAA11, MPP6, DFNAS, CIZ1, DMM]1,
CYorf16, BLOC1S2, SORCS3, CWF19L2, STRCP1, ZN584,
RPSS, and SLC27A5 (Table 4). Additionally, we found that
SNP rs3099047 at CATSPERZ had cis-association with ab-
out 19 genes in the same region.

Further, we noted that 387 of 713 SNPs shared by five di-
sorders were discovered neither in the analysis of three
adult disorders or ADHDASD. However, they were invol-
ved in the majority of the genomic regions where the
shared 713 SNPs are located (Table S13). We also noted
that 146 SNPs were shared by both the three adult-onset
disorders and ADHDASD (Figure S1), and they were loca-
ted ata 400-kb intergenic region NUDT12//RAB9P1 on 5-
q21.2 and SORCS3 on 10q24-25. The SORCS3 encodes a
type-I receptor transmembrane protein, a member of the
vacuolar protein sorting 10 (VSP10) receptor family, and
had a biased expression in the human brain tissues of the
Human Protein Atlas dataset.

DISCUSSIONS

We conducted a genome-wide association combined an-
alysis of five major psychiatric disorders with an identif-
ication of 336 loci shared by three adult psychiatric dis-
orders, 63 loci by ADHD and ASD, and 47 independent lo-
ci in 24 genomic regions associated with the combined
all five disorders. The more loci shared among three ad-
ult disorders were consistent with a recent study that the
overlapping gene expression pattern in human brains th-
at SCZ, BD, and MDD have a moderate to high level of tra-
nscriptome correlation, but a low correlation with ASD,
indicated[23]. Our study reveal a different genetic archit-
ecture, in particular the xXMHC region, but some shared
common variants between the childhood and adult-
onset psychitric disorders.

In the present study, we found a substantial heterogen-
eity of genetic variants shared by three adult-onset psy-
chiatric disorders and two childhood disorders. The ana-
lysis of a large number of SNPs across the genome indic-
ated that the xMHC SNPs shared by three adulthood diso-
rders had stronger associations with SCZ and MDD than
bipolar disorder, but the two childhood disorders did not
share them. In addition, three adulthood psychiatric dis-
or-ders shared a number of non-xMHC loci including DR-

D2, GRIN2A, GABRA1, GABRG2, KCNB1, and CACNAI1, in
particular CACNAIC, TSNARE1, KLC1, MYTIL that have
been found differentially methylated in the human prefr-
ontal cortex between schizophrenia and controls[24],
suggesting that these variants may be associated with
the risk of the adulthood psychiatric disorders through
an epigenetic mechanism. However, none of these genes
were found overlapped with that mapped by the SNPs
shared by the two childhood disorders. Further, among
SNPs at 63 loci shared by ADHD and ASD, only two loci at
NUDT12|/|RAB9P1 and SORCS3 were common to the thr-
ee adult psychiatric disorders. Given that, 80% of SNPs
shared by two childhood disorders are located at geno-
mic regions with CNVs known for ASD; it may support
that CNVs contribute to the genetic causes of two child-
hood disorders significantly, at least for ASD[25]. Howe-
ver, this study was not aimed to focus on CNVs or rare
mutations, which have been implicated for the biology of
autism spectrum disorder[26].

Despite the noted heterogeneity for the loci between ad-
ult-onset and childhood disorders, new novel or specific
loci were identified for five disorders, and they indicate
that neurodevelopmental genes may play arole in the de-
velopment of a spectrum of major psychiatric disorders.
First, all of the loci shared by the five disorders were lo-
cated at genomic regions with CNVs reported for ASD. Pr-
evious studies have found that both microdeletions and
microduplications greater than 100-kilobases disrupt
genes in the neurodevelopmental pathway in schizophr-
enia[27]. Several genes identified are worthy of mention
here. A2BP1 has been identified as the top candidate gen-
e in one of two network modules revealed through trans-
criptome analysis of differentially expressed genes betw-
een autism and controls in post-mortem human brains
[28]. Disruption of CNTN4 has been shown to result in
developmental delay and contributing to the 3p deletion
syndrome [29]. CATSPER2 encodes a protein in the fam-
ily of cation channel proteins that localize to the flagellu-
m of spermatozoa; defects at this locus cause male infert-
ility, and further a single SNP rs3099047 at CATSPERZ2
was shown as a significant cis-association with nearly 20
genes in the GTEx dataset. Moreover, we noted that 102
SNPsina 5-Mb region on 10q24.31-25.1 were mapped to
multiple genes and they were eQTLs for BLOC1S2 and SO-
RCS3 in multiple human tissues; and 2-3 Mb de novo del-
etions within this region have been detected in individ-
uals with mental retardation and multiple congenital an-
omalies [30]. All these findings support that the genetic
variants shared by the five disorders play a role in neuro-
development and may through this general mechanism
contribute to risk for all psychiatric disorders.

Further, the loci shared by five disorders may have imp-
lications for common neurodegenerative disorders such
as Alzheimer's disease (AD) and Parkinson's disease
(PD). Of the loci shared by five psychiatric disorders,
genetic variants at SOCRS3 and CACNB2 have been assoc-
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iated with Alzheimer's disease, and both genes had a bi-
ased expression in normal brain tissues of the Human
Protein Atlas RNA-Seq data. Knockdown of SORCS3 in cell
culture leads to an increase in amyloid precursor protein
(APP) processing, and APP may be as a mediator of the
synapse pathology in the AD [31]. Common genetic vari-
ants at CACNBZ have been associated with AD or thr-
ough a within-locus SNP by SNP interaction [32]. In addi-
tion, we identified five SNPs at microtubule-associated
protein tau (MAPT) that were shared by ADHD and ASD.
Common genetic variants at MAPT have been associated
with the risk of the late-onset AD, and also of PD in an ea-
rly large family-based study [33], and shared by AD and
PD[34]. Mutations in MAPT have also been detected in
the early-onset AD and MAPT-related disorders, a group
of neurological disorders including frontotemporal dem-
entia with parkinsonism-17 (FTDP-17), progressive sup-
ranuclear palsy (PSP), cortico-basal degeneratetion (CB-
D), and mild late-onset parkinsonism, dementia with epi-
lepsy.

Finally, it is worth highlighting that our study identified
multiple shared genes CACNAIC, TSNARE1, KLC1, and
MYTIL for three adult disorders that have been found dif-
ferentially methylated in the human prefrontal cortex
between schizophrenia and controls in a recent study
[24]. Findings of genetic loci would provide a clue about
what kind of environment would have caused the high
methylation at individual genes associated with psychi-
atric disorders or a biological basis for conducting gene-
environment interaction analyses. While the collection of
environmental data is essential for a complete study of
the etiology for common human disorders in the future,
the effect that environmental factors exert on humans
has to be through the human genome. It would be a great
challenge to measure environmental factors across life-
span compared to measure the variants across the whole
genome. What is more, most of the lifestyle and behavi-
oral factors are not exogenous, and genetic variants mig-
htinfluence them. In addition to the further neurobiolog-
ical study, our study provides a manageable list of anch-
ors from which to investigate epigenetic mechanism or
gene-gene interaction on the development of neuropsy-
chiatric disorders.

In summary, we identify a sizeable number of genetic va-
riants shared by three psychiatric disorders diagnosed
during adulthood, by two childhood disorders, and by all
five disorders. These variants indicate genetic heteroge-
neity but also point to the genetic etiology of neurodeve-
lopment in five major psychiatric disorders or other neu-
rological disorders. Our study provides new insights into
genetic etiology and may have important implications for
precision neuropsychiatry or medicine.
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ABSTRACT

Background: The attitudes and perceptions of cervical cancer survivors (CCS) toward sexual activity subsequent to a dia-
gnosis of cervical cancer and its treatment are unknown. This study describes the experience of CCS in Hunan Chinese in
relation to sexuality and sexual function after cervical cancer treatment.

Methods: We used descriptive phenomenology to qualitatively assess these experiences. Purposive sampling was used to
recruit 20 CCS. Data were collected through in-depth interviews and analyzed according to Colaizzi’s method to explore the
essence of the experience in sexuality among CCS after cancer treatment.

Results: Uncertainty, fear, and worry dominated the attitudes and behaviors of CCS-related to sexual activity after treatment.
Four themes explain these complex emotional responses: 1) needing information; 2) dealing with sexual changes physic-
cally and emotionally; 3) communicating with a partner; 4) attribution of fault to her one-lifetime sexual partner.

Conclusion: Sexual life was influenced by the physical changes associated with cervical cancer treatment. These changes in
combination with inadequate information and limited communication led to uncertainty, fear and worry about engaging in
sexual activity and relationship distress. Chinese CCS need targeted and patient-centered information on the change in sex-
ual life caused by treatment, anticipatory guidance, and support in communication with providers and partners, and strate-
gies to cope with the physical and psycho-sexual sequelae of treatment, all of which must be congruent with their cultural
norms.
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Sexuality is an inherent component of a woman’s quality of
life and sexual health issues after gynecologic cancer treat-
ment which can profoundly affect the quality of life in the
ensuing survivorship [6-8]. Cervical cancer survivors (CCS)

INTRODUCTION

Cervical cancer is the second most common cancer in wo-
men in less developed countries and is the fifth most com-

mon cancer in women worldwide. In 2012 there were nea-
rly 530,000 new cases of cervical cancer patients in the
world [1]. There are 60,000 new cases diagnosed with cer-

vical cancer each year in China, which account for about 29%

of the world's total new incidence [2]. The screening and
early detection initiative through the "National Cervical
Cancer Screening Program" survivorship [3]. However, the
majority of women in China diagnosed with cervical cancer
receive surgery, often combined with radiotherapy and/or
chemotherapy. The side effects of multimodality therapy
can adversely affect sexuality and sexual function, resulting
in emotional and marital relationship distress [4, 5].

* Correspondence: Wenjuan Zhou, E-mail: wenddi.zhou@csu.edu.cn.

had a significant decline in sexual functions compared with
healthy people [9]. Surgery can alter sexual organs; surge-
ry and chemotherapy can induce premature menopause,
and radiotherapy can damage the vaginal mucosa often re-
sulting in stenosis and fibrosis [4]. Cancer treatment-ind-
uced menopause produces adverse effects including but
not limited to vasomotor symptoms, vaginal atrophy, pain-
ful intercourse, decreased libido and arousal and changes
in body image. Nearly half of cervical cancer survivors are
at risk for sexual dysfunction due to the menopausal sym-
ptom profile [8, 10]. The psychological sequelae may incl-
ude anxiety, fear of performance, guilt, depression, conce-
rns about appearance and worry about cancer recurence.
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Studies on the sexuality of cervical cancer patients in China
have predominantly focused on the effects of surgical treat-
ment [11, 12]. The attitudes toward sexuality among the
CCS in China and how they adapt to post-treatment chan-
ges in sexual function are relatively unknown. Culture is an
important consideration in understanding a woman'’s exp-
erience related to sexuality [5]. In general, Chinese women
have more conservative attitudes, beliefs, and behaviors
toward sexuality compared to women in Western society
[13, 14]. Chinese women often are uncomfortable with inti-
mate issues, and there is an accepted silence about dis-
cussing sexuality in traditional Chinese families [15]. We
have found no qualitative studies that describe the experi-
ence of sexual function after cervical cancer treatment fro-
m the perspective of Chinese women. The purpose of this
present study was to describe and understand the exper-
ience of sexual health after cervical cancer treatment in
women from Hunan, China.

METHODS
Research design

Descriptive phenomenology is a qualitative method to un-
derstand the essence of the life experience for persons who
have experienced the phenomenon of interest. Colaizzi’'s
methodological framework was used to guide this study
[16]. This framework offers a holistic view of objective and
subjective realities and provides direction and guidance to
capture the complexity of people’s life experiences. The
goal is to gain an understanding of the experience through
written and verbal description, identifying the distinct and
critical components of the phenomenon [17].

Study participants

The participants were recruited from the regional cancer
center of Hunan province and with the largest gynecologic
oncology department in Hunan, China. The physicians in
the Outpatient Department of the Hunan Cancer Hospital
assisted in the study by identifying and recommending
qualified survivors who returned to the hospital for a foll-
ow-up examination. Eligible participants diagnosed with
cervical cancer met the following criteria: >18 years old;
stage I, I1, or III cervical carcinoma with within 3 months to
3 years post-treatment; no severe mental disorder or dem-
entia; no current evidence of cancer recurrence; able to
read, write, and speak Chinese; willing to provide inform-
ed consent. Purposive sampling was used to identify those
women who experience the phenomenon of interest and
who had the potential to be rich informants. Demographic
characteristics of all participants were shown in Table 1.

Procedure

Semi-structured interviews were used to collect qualitative
data from participants. The interview guide consisted of
several open-ended questions (Table 2). Researchers rec-
orded the participants' non-verbal reactions during inter-
views and took notes of critical Information supplied by
participants. After each interview, detailed notes of the int-
erview process, including thoughts, feelings, and respon-
ses were recorded. All the interviews were conducted by

the same investigator [WZ] in a private office of the gyneco-
logic oncology clinic in the regional cancer center of Hunan
province where confidentiality and privacy could be maint-
ained. The interviews lasted 30 to 60 min and were audio-
taped. Interviews were then transcribed verbatim.

Table 1. Demographic Characteristics of Participants
(n=20).

Characteristic n %
Age

30-40 7 35
41-50 10 50
51-60 3 15
Marital Status

Married 17 85
Divorced 3 15
Education

College 2 10
High school 15 75
Primary school 2 10
Illiterate 1 5
Residence

Rural resident 18 90
Urban resident 2 10
Occupation

Housewife 6 30
Freelance 4 20
Village cadre 1 5
Farmer 8 40
Worker-employed 1 5

Ethical considerations

The Institutional Review Board of the regional cancer cen-
ter and the academic institution approved our study. The
informed consent was signed after participants were info-
rmed and stated that they fully understood. All participan-
ts were voluntary and anonymous, and they could stop the
interview at any time without any influence on their care.
Participant names were removed and replaced by coded
numbers. All data were locked and accessed only by the
investigator who had conducted the interviews (WZ).

Data analysis

After each interview, the transcriptions of recordings were
reviewed noting any pause, changes of tone, sighing, sobl-
ing, laughing and those were marked on the transcribed
interviews. Field notes and observations were also integr-
ated throughout the analysis. Data were entered into the
qualitative software program Nvivo 10.0 for data manage-
ment. The analysis was witnessed by instructors as well as
transcribed interviews and data analysis was performed
according to the seven-step procedure established by
Colaizzi (1978) [16]. Those steps included: 1) reading and
re-reading in order to obtain a general sense about the
whole content, 2) after reviewing the transcripts, significa-
nt statements/phrases relating to the experiences under
research were extracted, 3) formulation of meanings from
these significant statements, 4) sorting, meanings into cat-
egories, clusters of themes, and themes, 5) integrating find-
ings into an exhaustive description of the phenomenon
under study, 6) describing the fundamental structure of the
phenomenon and 7) validating the findings from the rese-
arch participants to compare the researcher's descriptive
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results with their experiences. The transcripts of interv-
iews were returned to participants for verification of auth-
enticity, accuracy, and completeness of information. In sub-
jects’ participants acknowledged and verified that the

Table 2. Interview Guide.

transcript was correct, that the analyses were correct and
the participants had accepted that these documents were
accurate.

Please tell me did cervical cancer treatments affect your sexual life? If yes, how?
e Probe 1: How long after the end of cancer treatments, did you resume your sexual life? How did you get the
information, which helped you make the decision to resume your sexual life?
e Probe 2: Before cancer treatments, did you consider their impacts on your sexual life? If yes, how?

Did the disease affect your self-perception? If yes, how?
Did the disease affect your body image? If yes, how?

Did cancer treatments affect the communication between you and your partner? If yes, how?
e Probe 3: How did your partner communicate with you about those changes of your sexual life?
Did cancer treatment affect your ability to be intimate sexually? If yes, how?

RESULTS
Themes

The findings of this study suggest that uncertainty, fear,
and worry are dominant emotional responses of the CCS-
related to inadequate information about sexual health
after treatment, physical changes and symptoms and
communication with partners, all of which negatively
affected the CCS' sexuality, sexual function and willing-
ness to engage in sexual activity and intimacy. Four the-
mes described the essence of the phenomenon of sexua-
lity and sexual function after cervical cancer treatment:
needing information, dealing with sexual changes-physi-
cally and psychologically, communicating with the part-
ner, and attribution of fault to her one-lifetime sexual
partner.

Needing information

A few participants gained information from formal sour-
ces, such as health care providers or educational mater-
ials.

“I have read some books; I know that appropriate
sexual life can improve physical and mental health. At the
return visit, a patient inquired the provider, and the
provider said that appropriate sex was beneficial to her
body and mind.” (Age 37, divorced, rural resident, high
school education, freelance)

However, informal information channels profoundly inf-
luenced many participants as personal experiences and
myths perpetuated by friends or family members within
their culture. These generated fear, anxiety, and worry
and negatively contributed to sexual function decision
behaviors.

“My aunt's sister who got uterus surgery at 17 years
old, and then she got married. I thought if she got married,
she must have a sexual life." (Age 46, married, rural
resident, high school education, freelance)

“I heard folk people said that I should not have too
much sex, and should not be together with a sexual par-
tner too frequently. People told me that for a long life-
time, my partner should not stay with me, and we should

be apart from each other" (Age 41, married, rural resi-
dent, high school education, farmer)

“I'have a little fear of sex. When I found this disease,
my husband and I slept together and the bleeding hap-
pened. For this kind of reasons, I am very scared of sex.”
(Age 45, married, rural resident, high school education,
housewife)

Dealing with sexual changes-physical and psycho-
logical responses

Participants described many adverse alterations in their
sexual health that influenced sexual function, activity,
and sexual responsiveness. Sexual desire and arousal
were diminished, menopause symptoms were common
including vaginal dryness, painful intercourse, and loss of
pleasure, satisfaction and orgasmic ability. Further, the
sexual and reproductive side effects resulting from treat-
ment for cervical cancer include premature menopause,
loss of fertility, and a reduction in vaginal elasticity, often
resulting in pain and impaired sexual function.

“After surgery, my abdomen was all cut off, so it is
empty inside now. When my husband had sex with me,
he said that it's empty. Sometimes, when I walk, hike or
step for a long time, I feel really painful, something inside
falling down, and uncomfortable inside.” (Age 41, marri-
ed, rural resident, high school education, housewife)

Body image played an important role in CCS sexual health.
For example, the surgical scar had a substantial negative
impact, created emotional distress and resulted in worry
about a negative partner response during sexual activity.
"There is a huge scar in my belly, at least 15 to 25 cm.
Frequently, it is itching, and I will scratch. Many times,
scratching makes me upset and annoyed, and I will lose
my temper to my husband. I would show my belly to my
husband, but [ was afraid that my husband would see me
ugly. Sometimes I would stop him to see the scar. I was
afraid that he would avoid me, dislike me." (Age 41, marr-
ied, rural resident, high school education, housewife)

Fear of cancer recurrence was a universal concern expre-
ssed by participants. The majority of Chinese cervical
cancer survivors lacked accurate information and belie-
ved that engaging in sexual activity could be related to
the relapse of cancer or genital infection.
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“I heard some women who got this disease said, if
my husband and I sleep together, I should be cautious of
inflammation. I was scared when heard these. Sometimes
I really want sex, but feel scared. If by any chance acid-
ent happens, [ will die.” (Age 44, divorced, rural resident,
primary education, farmer)

The physical changes because of cervical cancer treat-
ment resulted in physical and psychological distress and
a high degree of sexual dysfunction and relationship
strain.

Communicating with partners

Women appeared to have limited communication with
partners, little insight into how the partner was coping
was offered, and the CCS seemed to make decisions on
her own about engaging in sexual activity. We found
many couples can cope with the cancer diagnosis and
treatment, and were able to draw on support from each
other and their families. There was also evidence of the
partner’s concern for the woman’s health as a priority
over sexual function.

“He said he would respect my feelings. I asked him
what if my conditions would not endure sex. He said he
would follow my willing. He said he would respect my
choice, and his only wish was that I got a better life—
better to my health.” (Age 34, married, rural resident,
high school education, housewife)

“He is afraid of that if someday I die, he would have
no such companion anymore. He is thinking for the sake
of daily life, for a company, for reliance. Even there is no
talking between us, getting the sight of me is a routine of
his life” (Age 45, married, urban resident, high school
education, freelance)

To some couples, changes caused by cancer treatment
can lead to the end of their relationship. Infertility is a
consequence of hysterectomy, which the majority of par-
ticipants had as well as chemotherapy. For two partici-
pants, infertility caused significant distress and regretted
for the treatment decision due to divorce.

“While he wanted to divorce, I indeed did not. I
think that I would have a better life without this disease.
I always feel that if I have no cervical cancer surgery and
I still have the ability to give birth, I may want a marriage.
But [ have no ability now and have this disease with me,
I won't consider getting married.” (Age 37, divorced,
rural resident, college education, freelance, first divorce
due to infidelity of an ex-husband and second divorce due
to loss of fertility caused by cancer treatment)

We also found that some survivors feared to be unable to
meet the partner's sexual needs. Concerns about perfor-
mance and providing an adequate sexual life and satisfa-
ction for the partner transformed how the participant
viewed loyalty in their relationship. Moreover, some even
considered the idea of letting the husband go out and find
another woman as a buffer to their inability to resume
sexual life.

"Sometimes, he bothered me for sex. | was annoyed
and repulsed him. I was annoyed but afraid of speaking
out. Because I was upset, I got an idea in mind like, ‘You

go out! You go out to find other women! I will not care.
However, I didn't dare to speak out. [ was afraid that he
really went out to find other women. Honestly, I didn't
want to let him go." (Age 41, married, rural resident, high
school education, farmer)

Attribution of fault to her one-lifetime sexual partner

In addition to the relationship strain, some women
accused her partner of giving her disease. Generally,
those women only had one sexual partner in her whole
life. After diagnosis and treatment, they were aware of
cervical cancer risk factors, so they accused their only
partner as the cause of the disease.

“I am well-behaved. I have no affairs in my life.
However, my husband was a truck driver. I had heard of
gossips about his affairs. [ had fights with him on this
issue. Even I showed some evidence I found; he did not
admit. I believe the only possible cause of my disease is
my husband’s unclear behaviors.” (Age 46, married, rural
resident, high school education, freelance)

Those women developed negative feelings towards their
partner which could influence their sexual life after
cancer treatments. Those feelings can also be worsened
by the side effects of cancer treatments and fears of
cancer recurrence.

“Because of the fear and anger from my disease and
his behaviors, I feel hard to be intimate with him. Every
time we had sex, I recalled his affairs, and I lost feelings.
I blamed him that he is the one killing me." (Age 46,
married, rural resident, high school education, freelance)

Even some of them considered to divorce, but most of
them would not make the decision of divorce, because
culture and social norms bound traditional marriage. For
those women, divorce not only ends relationships in a
family but also affects their social functions in their
community.

"In my opinion, if you are married, you have to
remain to that family for the rest of your life. It is a great
shame for a woman to divorce her husband. So I chose to
stay with my husband, although we had bad feelings in a
sexual relationship." (Age 47, married, rural resident,
high school education, farmer)

DISCUSSIONS

Cancer-related sexual problems have a complicated
relationship with biologic, inter-personal, psychological,
and social- cultural factors [5]. The findings of this study
confirm that those factors are integrally related and
result in physical and psychological distress and
decreased the quality of life [4, 7, 18]. Sexual health is
recognized as vital to the quality of life for gynecologic
cancer survivors [7,8]. The themes in this study of
inadequate information, dealing with sexual changes,
communicating with partner, and attribution of fault to
her one partner were associated with emotionally
distressful responses related to the decreased quality of
life. In contrast to many studies published with cancer
survivors in the western world, the influence of Chinese
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culture was significant and must be integrated into all
interventions designed for Chinese CCS [5].

In contrast to a study with British CCS who reported
wanting more discussion and sex information from their
providers [19], the Chinese CCS in our study did not initi-
ate such conversations with their providers. In CCS com-
munication and relationship with their physicians, it is
very rare to discuss sex topics as an influence of Chinese
cultures and norms. Inquiries about sex are communi-
cated obliquely as “Is sleeping together allowed?” and
“Will this behavior cause problems?” Myths, reliance on
personal experiences, and the Chinese cultural influence
related to sexual attitudes were dominant factors in the
experience for participants in our study. Traditional held
Chinese beliefs about sex suggest that sexual life can
damage one’s energy and frequent sexual activity may be
harmful to health [13, 14]. Fear related to sexual activity
was also a common emotional response of participants
in our study.

Education supplied by health providers about physical
changes and strategies to manage the consequences of
those changes is a critical intervention to manage symp-
toms and to dispel myths associated with the conseque-
nce [8, 18]. However, the best way of addressing and dis-
cussing sexual issues has not yet been well established in
China and most likely are predominated by the traditi-
onal environment surrounding discussion of sexual func-
tion with patients, especially in the rural regions of China
where traditional cultures and norms are highly influ-
ential. Changing personal beliefs and community culture
could help develop strategies to deal with sexuality iss-
ues and create a basis for the rehabilitation professional
to provide a supportive and safe environment to assist
the CCS for their needs regarding sex after treatment.
Once communities understand the meaning and import-
acne of sexual health to overall health, like sex after cer-
vical cancer treatments, providers will be better able to
talk to patients about sex openly.

Partners of gynecologic cancer survivors are deeply affe-
cted by the change in their sexual lives and often have
strong and conflicting emotions of worry about the wom-
an's health, desire for sexual activity and some, guilt for
their desires of sex and intimacy [7]. There was evidence
of these responses in our study but also concerns about
not meeting the sexual needs of the partner and the
combined inadequate knowledge, lack of strategies to
manage symptoms and limited partner communication
often resulted in the CCS deciding to restrain, avoid or
reject sexual activity. In a study conducted in Australia
with cervical cancer survivors, couples were able to talk
about sexual life openly and frankly [19], in contrast, our
study showed limited or lack of partner communication.
Consideration of the sexual partner’s loyalty was identi-
fied in our participants. In a study with gynecological
cancer survivors in Hong Kong, 33% of participants rep-
orted that their husbands had an affair after a cervical
cancer diagnosis, while the remaining participants also
expressed their worries about that their husbands may
have affairs currently or in the future [20]. Psycho-edu-

cation interventions including the survivor and the part-
ner can be very successful in stabilizing and maintaining
quality partnered relationships and improving the sex-
uality and intimacy for the couple [4, 7, 8, 18, and 21].

Our study found an instance that some participants accu-
se their partner’s risk behaviors as the cause of their dis-
ease. The role of male behavior in cervical carcinogene-
sis has been reported in many research studies. For wo-
men with one lifetime sexual partner, it had reported wh-
en husbands had sexual relationships both before and
during the marriage, wives’ risk of getting cervical cancer
increased by 6.9 [22]. Most of our participants are from
rural regions which are usually constrained by tradition-
nal social norms such as arranged marriage, living with
husband’s family, taking household work, the stigma of
divorce, and restrictive moral supervision. Many of them
only have a one-lifetime sexual partner—their husband.
Meanwhile, those husbands, who have more power and
less constraint in the family, usually are the major family
economic support. In these traditional Chinese families,
disparities of social norms and inequality of labor and
power division exist between the two genders, which can
increase the risk of transmission of HPV infection from
men to women [23].

We found when women had been diagnosed with cerv-
ical cancer and learned about its risk factors, some of
them would try to trace what was the cause of her case
of the disease. For women who have a one-lifetime sexual
partner and negative experience of partner's infidelity,
they may attribute the fault to their one-lifetime sexual
partner, which can worsen their marital relationships
and negatively impact their sexual life. Strategies to imp-
rove this situation include providing CCS with informa-
tion about protective sexual behaviors and education in
healthy sexual psychology. More importantly, when inv-
estigators design sexual health studies in cervical cancer,
the social risks for women who participate as study sub-
jects need to be carefully considered.

The purposive sample of 20 participants provided suffi-
cient qualitative data to supply a rich description of their
experience. However, it may not have provided an exha-
ustive description as there were a limited number of
women >50 years, only two who reported the impact of
infertility, the number of years married was not known,
and the majority were of relatively low social status. Also,
only cervical cancer survivors were interviewed. Inter-
pretation of our data may have been enhanced by data
collected through interviews with gynecologic physici-
ans and survivors’ partner.

CONCLUSION

The sexual life of cervical cancer survivors was adversely
influenced by the physical changes induced by the cancer
treatment and further compromised by the emotional
responses, inadequate information, limited or lack of
communication, and attribution of fault to her one-life-
time sexual partner. The majority of women in this study
were <50 years of age and faced with dealing with cancer,
premature menopause, and significant surgical changes.
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These women struggle with multiple losses and at the
same time are trying to resume a sexual life. In an enviro-
nment of traditional Chinese culture and the silence of
discussing sexuality, it is a medical imperative to develop
educational and supportive interventions for Chinese
cervical cancer survivors to cope with their sexual life
and partner relationships.
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ABSTRACT

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder typically diagnosed in children in the first few years of
life. Genetic studies have demonstrated a moderate to high heritability of ASD, but only a limited number of single nucleo-
tide polymorphisms (SNPs) have been identified. Meanwhile, numerous single de novo rare variants and copy number vari-
ations have been detected in patients with ASD, which are likely caused by environmental factors. Here we provide an over-
view of genetic and environmental factors that may contribute to the risk of ASD and we recommend that further study sh-
ould be focused on both genes and environmental factors, as well as their interactions with the expectation that epigenetic

studies will lead to understanding the link between the environment and risk of ASD.

KEYWORDS

Genetic association; environmental risk factors; autism spectrum disorder

INTRODUCTION

Autism Spectrum Disorder (ASD) is a neurodevelopme-
ntal disorder characterized by 1) persistent deficits in
social communication and social interaction across multi-
ple contexts and 2) restricted, repetitive patterns of beha-
vior, interests, or activities [1]. Symptoms of ASD are pre-
sent in the early post-natal developmental period, and
more than 70% patients with ASD have co-morbdities
with other somatic diseases, developmental disorders, or
behavioral conditions, such as epilepsy, gastrointestinal
problems, intellectual disability, attention-deficit hypera-
ctivity disorder, anxiety, depression, aggressive and self-
injurious behaviors, etc [2]. Therefore, ASD is considered
to be a serious disorder that adversely affects individual
health and often times leads to lifelong disability. How-
ever, in the absence of any effective pharmacological tre-
atments and the need for special education and training
as the major approach to care for the children with ASD,
this disorder imposes a heavy burden on the family and
society. The lifetime cost of individuals with ASD was
estimated at 1.4-2.4 million dollars in the United States
and 0.92-1.5 million pounds (the US $1.4-2.2 million) in
the United Kingdom [3]. In addition, in regions that lack
special education resources, more than half of parental
employment is greatly affected by the burden of child-
care with the average loss of annual household income
associated with having a child with ASD estimated to be
RMB 44,077 ($7,226) in China [4].

* Correspondence: Jingping Zhao, Email: zhaojingping@csu.edu.cn.

The prevalence of ASD has increased greatly over the
past decades. While expanded diagnostic criteria may be
a significant contributor to the rising prevalence in ASD,
prevalence has increased from 0.5/1000 in the 1960s to
6.2-26.4/1000 in the 2000s [5-9]. Recent data for auti-
sm and developmental disabilities from a monitor-ing
network show the estimated prevalence of ASD to be
16.8/ 1000 (one in 59) in the United States [10]. A large-
scale study tracking 677,915 Danish children over seve-
ral decades reported that changes in reporting pra-ctices
might account for more than half (60%) of the incr-ease
in the observed prevalence of ASD [11]. However, this
study did not consider other factors such as changes in
envir-onmental exposures, which are likely to contribut-
te to the continuing rising in prevalence [12,13]. In this
review, we present recent findings in genetic and envi-
ronmental studies with discussion of their roles in the
pathogenesis of ASD and we provide our perspective of
gene-environment interactions that may help to dis-sect
the etiology of ASD.

GENETIC VARIANTS ASSOCIATED WITH RISK OF ASD

ASD is a complex disorder with strong genetic compon-
ents. Twin and population-based studies have demonstr-
ated that the heritability of ASD was high to 50-95% [14-
16]. In the past ten years, multiple approaches have been
used in the genetic study of ASD, including a genome-
wide association study (GWAS) [17], copy number varia-
tions (CNVs) analysis [18], whole-exome sequencing
(WES) [19] and whole genome sequencing (WGS) [20].
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These studies provide insight into the genetic etiology of
ASD and implicate biological processes in the occur-
rence of ASD [21].

Common variants

GWAS have identified a few common genetic risk factors
associated with ASD. The first large-scale GWAS was
conducted in a cohort of 780 families (n=3,101 subjects)
with ASD children of European ancestry populations and
a second cohort of 1,204 ASD patients and 6491 control
subjects, and identified six single nucleotide pol-
ymorphisms (SNPs) at an intergenic region between cad-
herin 10 (CDH10) and cadherin 9 (CDH9) [17]. These two
genes encoded neuronal cell-adhesion molecules, sugg-
esting a role of neuronal cell-adhesion molecules in the
pathogenesis of ASD. Meanwhile, linkage and associatio-
n mapping study were conducted with 1031 multiplex
autism families (1,553 affected offspring). While the ini-
tial analysis did not yield genome-wide significant asso-

ciations, genotyping of top hits in additional families ide-
ntified an SNP on chromosome 5p15 (-80 kb upstream
of SEMA5A, a gene implicated in axonal guidance) asso-
ciated with autism at genome-wide significance. The exp-
ression of SEMA5A was reduced in post-mortem human
brains from subjects with autism, further implicating ax-
onal guidance in the pathogenesis of ASD [22]. Subs-
equently, common variants located within MACROD2,
CNTNAP2, CACNA1C, and CACNBZ2 were associated with
ASD; however, all these studies were conducted in Euro-
pean ancestry populations [23-25]. Later, the first GWAS
in a Han Chinese population identified multiple genes
including TRIM33, BCAS2, AMPD1, DENND2C, and NRAS-
CSDE1 on 1p13.2 as genetic susceptibility loci to autism,
and these findings were replicated in three additional
cohorts of family-based samples of European ancestry
despite some genetic heterogeneity noted for these loci
[26]. Table 1 presents a summary of these findings.

Table 1. Common variants associated with Autism Spectrum Disorder.

Chr Gene SNP Pubmed ID
1 ACTNZ2 rs2297956 19812673
1 AMPD1 rs926938, rs761755 24189344
1 CSDE1 rs8453,rs11558867, rs10489525 24189344
1 DENND2C rs6537841, rs7539721 24189344
1 RASSF5 rs11118968 22843504
1 SLC22A15 rs12726299 22843504
1 TRIM33 rs6537825,rs1102800,rs383773, rs3827735 24189344
1 TRIM33 rs11582563,rs11585926, rs7511633, rs6661053 24189344
2 DNER rs6752370 22843504
2 ERBB4 rs1879532 22843504
2 GALNT14 rs10205350 22843504
2 PARD3B rs4675502 22843504
3 YEATS2 rs263025, rs263030 22843504
4 ZNF827 rs12331851 22843504
5 CTNND2 rs6891903 22843504
5 FER rs3797817 22935194
5 FLj46010 rs29456 22843504
6 CDKAL1 rs7741604 22843504
6 SLC22A3 rs12194182 22843504
7 CNTNAP2 rs1718101, rs7794745 22843504
7 RAC1 rs836474 22843504
7 SDK1 rs17134117 22935194
8 FAM135B rs2056412 22935194
10 PCDH15 rs1930165 22843504
10 SORCS1 rs7910584 22843504
11 GUCY1A2 rs11211996 22843504
11 NELL1 rs1429793 22935194
11 PC rs7122539 22843504
11 PICALM rs669556, rs618679, rs527162,rs2077815 24189344
11 ZBTB16 rs3782000 22843504
12 TMEM132B rs16919315 22843504
14 PPP2R5C rs7142002 20663923
14 SYNE2 rs2150291 22843504
16 TAF1C rs4150167 22843504
17 RPH3AL rs7207517 22843504
17 SLC39A11 rs9302952 22843504
18 LAMA1 rs600695 22843504
18 LIPG rs2000813 22843504
18 MYOM1 rs10853291 24189344
20 MACROD2 rs4141463,rs14135,rs6110458, rs1475531 20663923
20 SLC23A2 rs6053022 22843504
21 ERG rs2836439 22843504
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Common variants are very significant as genetic determi-
nants of autism. A recent study using the whole-genome
SNPs from a unique population-based family sample in
Sweden estimated the narrow-sense heritability to be
52.4%, which is mostly attributed to the common varia-
nts. However, no specific variant was found at a genome-
wide significance in this study [16]. This implies that
many genetic variants remain undetected, possibly due
to the limited sample size. Few previous genetic studies
have considered thepossible role of environmental fact-
ors as well as their interactions with genetic variants. Un-
like rare variants that may directly cause biological dys-
function, common genetic variants may affect the risk of
ASD through their interaction with environmental facto-
rs, influencing the expression of genes and then leading
to the development of ASD. Furthermore, the common
variants found so far implicate many biological mechan-
isms including cell-adhesion molecules, axonal guidance,
histone acetylation, calcium channel signal and transcri-
ption. This range of possible mechanisms certainly war-
ants further studies that incorporate genetic and envi-
ronmenttal factors simultaneously.

Rare de novo variants

The substantial research effort has been invested in ate-
mpts to discover rare variants that contribute to autism
through copy number variations analysis, whole-exome
sequencing and whole genome sequencing. The first sig-
nificant copy number variations analysis was perform-
ed in 111 families with sporadic cases of autism, 47 fam-
ilies with multiple cases of autism and 99 control fam-
ilies. De novo CNVs were identified in 10% of patients
with sporadic cases of autism, 3% of patients with affect-
ted first-degree relatives, and 1% of controls without a
diagnosis of autism. This indicates that de novo germline
mutations account for a proportion of ASD [18]. Subseq-
uently, more studies have searched for de novo mutati-
ons and found several sites or genes with de novo CNVs,
located at 15q11-13,16p11.2, 15924 or disrupting NRXN
1, CNTN4, NLGN1, UBE3A, PARK2, RFWD2, FBX040, SHA-
NK3, NLGN4X, DPP6, DPP10, PCDH9, ANKRD11, DPYD, PT-
CHD1, SHANK2, SYNGAP1, DLGAP2 and DDX53-PTCHD
[27-31] (Table 2).

Table 2. Copy number variations detected in individuals with Autism Spectrum Disorder.

Chr CNV Type Region Disrupted Genes Pubmed ID
1 dup 1925.1-q25.2 RFWD2 19404257
1 del 1p21.3 DPYD 18252227
2 del 2pl15-pl6.1 PEX13, FANCL 16963482
2 ins 2pl16.3 NRXN1 18179900
2 del 2pl6.4 NRXN1 17322880
2 dup 2q14.1 DPP10 18252227
3 del/dup 3p26.3 CNTN4 18349135
3 dup 3q26.31 NLGN1 20010541
3 dup 3q13.33 FBX040 19404257
6 del 6q25.2-q27, PARK2 19404257
6 del 6p21.32 SYNGAP1 19196676
7 del 7936.2 DPP6 18252227
8 dup 8p23.3 DLGAP2 17630015
11 del 11q13.3-q13.4 SHANK2 20531469
13 dup 13q21.32 PCDH9 18252227
15 del/dup 15q13 FAN1, MTMR10, TRPM1, KLF13, OTUD7A, CHRNA7 27459725
15 dup 15q11-13 UBE3A 19404257
15 del/dup 15924 More than 50 genes 21480499
16 del/dup 16pl1.2 ATP10A, GABRB3 18184952
16 del 16q24.3 ANKRD11 18252227
22 del 22q13.3 SHANK3 17173049
X del/dup X NLGN4X 12669065
X del Xp22.11 PTCHD1 18252227

A whole exome study of ASD first identified de novo single
point mutations in 4 out of 20 probands, particularly amo-
ng more severely affected individuals, in FOXP1, GRINZB,
SCN1A and LAMC3 [19]. Later, more than one hundred mu-
tational variants were detected; for example, at CHDS,
POGZ, NTNG1, KATANALZ2, SCN24, GIGYF2, MYT1L, CUL3,
DOCKS8, and ZNF292 [32-34]. Some rare variants have been
reported in multiple studies. Recently, 18 new candidate
genes were found in ASD by using a large whole-genome
sequencing in more than five thousand ASD families; and
there were an average of 73.8 de novo single nucleotide
variants and 12.6 de novo insertions and deletions or copy

number variations per ASD subject [35]. Many rare muta-
tions have been identified in at least three independent
studies (Table 3).

While contributing little to the heritability, all these studies
suggest that de novo rare variants play a role in the etiology
of ASD. The major pathways implicated for biological me-
chanisms include synaptic formation and stabilization, the
growth of dendrites and axons, neuron branches and migr-
ation [36]. A whole-exome sequencing study in more than
2,500 simplex families, each having a single child with ASD,
estimated that coding de novo mutations contribute to abo-
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ut 30% of all simplex diagnoses [32]. A whole-genome seq-
uencing study of 85 family-Quads (i.e., parents with one aff-
ected and one unaffected child) found 69.4% of the un-
affected siblings carried different ASD-relevant mutations
[20]. These studies indicate that rare de novo mutations

contribute substantially to individual liability and emphas-
izes that substantial genetic heterogeneity exists in ASD.
However, these rare de novo variants may be due to envir-
onmental exposures.

Table 3. Rare mutations that have been identified by at least three studies of Autism Spectrum Disorder.

Chr Gene

Pubmed ID

PRKCQ, CELFZ2, CAMK1D
TCERGIL

ECHS1, ANO9Y, PHRF1
MS4A4A, VWCE

C2CD3

MMP8

NLRX1, CBL, MCAM
MFRP, GRIK4

MED13L

NCORZ2, TMEM132B
CARKD, DCUN1D2, GAS6-AS2
CCDC88C, SMEK1, TRIP11
CREBBP, ADCY9, C160rf96
MYO01D, ASIC2, TMEM132E
ANKFN1, MSI2

TRAPPC8, KLHL14
HDHD2

PIK3R2, IFI30, ZNF43
BRSK1, NLRP11

CPSF3, PDIA6

SRBD1, PRKCE

FLJ30838, BCL11A

OOV VOO NININNOULADPWWWWNDNDNDNDNDDN

MBD5
9 NR4A2, UPP2
12 CSRNP1, CTNNB1
12 CACNA1D, CACNAZ2D3
15 TRIO, FBXL7
21 FBX010, CNTNAP3, PIP5K1B
21 PIP5K1B, APBA1, PTAR1
21 FBX010, CNTNAP3, PIP5K1B
22 DNM1, PTGES

29700473, 28965761, 26749308
28965761, 25363768, 26749308
28965761, 25363768, 25961944
28965761, 29700473, 25363768
28965761, 25961944, 26749308
25363768, 28965761, 26749308
25961944, 28965761, 25363768
25363768, 26749308, 28965761
26749308, 28965761, 25363768
25363768, 28965761, 26749308, 29700473
25363768, 28965761, 29700473
25961944, 28965761, 25363768
25961944, 25363768, 26749308
25363768, 26749308, 28965761
29700473, 26749308, 28965761
28965761, 25363768, 25961944
25363768, 28965761, 29700473
28965761, 25363768, 29700473
26749308, 25961944, 28965761
25961944, 26749308, 28965761
25363768, 28965761, 29700473
26749308, 29700473, 25363768
26749308, 23160955, 25363768
25363768, 29700473, 26749308
29700473, 26749308, 23160955
25418537, 26749308, 28965761, 29700473
25363768, 28965761, 26749308
25363768, 28965761, 26749308
26749308, 28965761, 25363768
25363768, 28965761, 26749308
28965761, 25363768, 25961944

ENVIRONMENTAL RISK FACTORS

The range of environmental risk factors in etiological
studies of ASD is very broad and includes not only factors
in the physical environment such as air pollution, heavy
metals, toxic substances, microorganism, and pharmacy-
ological medications, but also includes physiological, infe-
ctious and psychosocial environmental exposures to which
parents and/or offspring were exposed before or after bir-
th. For example; advanced parental age, allergic and auto-
immune diseases, mental stress and disorders, delivery mo-
de and premature birth have been suggested as risk fact-
ors for ASD [37]. A rigorous quantitative estimate of gene-
tic heritability of ASD and shared environment with twin
pairs have indicated that a large proportion of the variance
in the liability of ASD (58%) can be explained by the shared
environment in addition to moderate genetic heritability
(38%) [38]. Furthermore, many environmental factors
that may interact with genes have been associated with the

onset of ASD, and their influence may distribute across a
wide range of the early life, from germ cell to the early pos-
tnatal development [37,39] (Table 4).

Advanced parental age

Advanced parental age has been suggested as a risk factor
for ASD. A Western Australia population-based study com-
prising 465 cases, 481 siblings of the cases and 1,313 con-
trols has shown that ASD patients tend to be offspring of
older parents [40]. Additionally, a meta-analysis of epide-
miological studies showed that advanced paternal age is a
risk factor for ASD in the offspring [41]. Another review
and meta-analysis also supported an association between
advancing maternal age and risk of autism [42]. The poss-
ible underlying biological mechanism might be that de
novo genomic aberrations such as CNVs, mutations, or epi-
genetic alterations are associated with aging [43,44].
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Table 4. Main environmental factors associated with Autism Spectrum Disorder.

Main Type Details

Physical factors
Air pollution
Heavy metals
Toxic substances

PM2.5, PM10, NO2, 03, etc.
Lead, mercury, etc.
Pesticides, herbicides, other endocrine-disrupting chemicals (fragrance,

testosterone, etc.)

Medication drugs

Exposure to selective serotonin reuptake inhibitor (SSRIs), Benzodiazepines,

Valproate, or Antiviral drugs (acyclovir, etc.) medication during pregnancy

Physiological and pathological factors
Advanced age
Delivery mode
Allergic and autoimmune diseases
Infection and parasite

Paternal and maternal age

Cesarean delivery

Asthma, Atopic Dermatitis, etc.

Bacterial or viral infections, Toxoplasma gondii during pregnancy

Abortion Induced and threatened abortion

Premature birth
Psychological factors
Mental stress

Mental disorders

The gestational week of childbirth <37 weeks

Family issues and psychosocial stress during pregnancy
Major depressive disorder and other psychiatric problems

Gestational conditions

The association between infections in pregnancy and ASD
has long been noted. In the 1970s, Stella Chess found a
high prevalence of autism in children with congenital
rubella syndrome (CRS), which was 200 times that in the
general population [45]. Although rubella infections
have been greatly reduced in the past few decades, rec-
ent evidence linking ASD to rubella are still found [46].
In addition, viral, bacterial and parasitic infections inclu-
ding flu, measles, mumps, chickenpox, polio, pneumonia,
sinusitis, tonsillitis, and toxoplasma gondii, have also
been associated with ASD in retrospective and prospe-
ctive studies [47-49]. Recently, in a large prospective
study comprising 874 ASD and 874 matched controls
from the Finnish national birth cohort (n=1.2 million)
and the national psychiatric registries, parasitic infection
with toxoplasma gondii was consistently associated with
ASD [50]. The hypothesis of maternal immune activation
(MIA) may explain the link between diverse maternal
infections and ASD [51].

Psychosocial stress during pregnancy may increase the
risk of developmental abnormallities in offspring and has
been identified as a risk factor for mental disorder in chi-
ldren [52-54]. In the early 1990s, Ward reported that
mothers of autistic children were more likely to experi-
ence family issues and diagnoses of psychiatric problems
than the mothers of normal children [55]. A subsequent
study found that mothers of children with ASD were
more likely to have suffered from psychosocial stress in
pregnancy than mothers of typically developed children.
A higher number of maternal psychosocial stressors was
observed at 21-32 weeks gestation, with a peak at 25-28
weeks, who gave birth to children with autism [56]. Al-
though genestress interaction might be a potential expl-
anation, empirical studies are relatively scarce [54].

Mothers who used medications during pregnancy might
increase the risk of ASD in offspring. A Danish populat-
ion-based case-control study comprising 473 ASD and
4,712 controls showed that maternal use of medicine

during pregnancy may have a 1.5 fold increase in the risk
of ASD in offspring. Additionally, a detailed analysis of
different types of medications used during pregnancy
indicated that the use of psychoactive drugs was asso-
ciated with ASD [57]. Subsequently, a number of studies
reported that maternal exposure to selective serotonin
reuptake inhibitors (SSRIs) during pregnancy could incr-
ease the risk of ASD in offspring [58-60]. However, the
evidence of the association between SSRIs and ASD lacks
consistency [61,62]. Additionally, some neuropsychiatric
drugs such as benzodiazepines, valproate, and antiviral
drugs such as acyclovir are banned for pregnant women
due to their severe adverse effect on fetal nervous sys-
tem development.

Obstetric and perinatal conditions

Threatened abortion has been considered a risk factor
for ASD. A meta-analysis of studies showed that threat-
ened abortion could increase the risk of ASD in offspring
by 81% [63]. This possible association is confounded by
the fact that threatened abortion (a) has been associated
with many child developmental disorders and (b) is
likely caused by many factors such as fetal genetic def-
ects, the maternal reproductive environment, maternal
exposure to a toxic and harmful substance as well as phy-
sical and psychological trauma. Therefore the associ-ation
between threatened abortion and ASD might be compli-
cated and the two conditions might simply share a num-
ber of common risk factors. One population-based study
indicated that mothers of children with ASD had a higher
prevalence of threatened abortion than mothers of cont-
rols, however the cases did not differ from that seen in
their siblings [40]. Another population-based study inve-
stigated all live singleton births in Western Australia be-
tween January 1984 and December 1999 (n= 383,153)
and found that threatened abortion was only associated
with an increased risk of ASD with intellectual disability,
but not for ASD without intellectual disability [64]. The-
refore, further studies are needed that account for com-
prehensive phenotype measurements of children with
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ASD, the possible causes of threatened abortion as well
as other potential genetic and environmental factors.

Premature birth (<37 weeks) is associated with many
developmental disorders due to the immaturity of the
nervous system and has been identified as a significant
risk factor for ASD [65]. A previous small retrospective
study (n=91) found twenty-six percent of extremely pre-
term infants were positive in autism screening [66]. In a
subsequent prospective study investigating all births at
less than 26 weeks of gestation in the United Kingdom
and Ireland in 1995, extremely preterm births had signi-
ficant impairment in social communication compared to
their classmates, and 8% of extremely preterm births
were diagnosed with ASD [67]. In a recent report from
the Autism and Developmental Disabilities Monitoring
(ADDM) Network, the average population attributable
fractions of premature delivery were 4.2% for the 1994
cohort (n =703) and 2.0% for the 2000 cohort (n=1,339)
[68]. However, there are still some inconsistencies. For
example, the significant association between preterm
birth and ASD was not found in a cohort study in Sweden,
which was with 408 ASD and 2,040 matched controls
[69]. In another cohort study in Denmark with 473 ASD
and 4,712 matched controls, the association between
preterm birth and ASD was significant in the crude analy-
sis but became less significant when adjusted for mother
and fathers age, mothers citizenship, birthweight, Apgar,
birth defect and irregular fetal position [57]. It must be
noted that premature delivery is not an exogenous vari-
able since it may be affected by many other environmen-
tal factors and the maternal genetic background. In some
cases, prematurity may indeed be a key mediator of risk
for autism. Therefore, one or more studies with rigorous
design and sophisticated analyses may be needed to val-
idate or invalidate this association.

Cesarean delivery is common in more developed countr-
ies and has increased rapidly along with economic gro-
wth in less developed countries such as China [70]. Alth-
ough cesarean birth can avoid many adverse events of
natural childbirth, it may increase the risk of ASD in
offspring significantly [71]. Two population-based studi-
es found that ASD patients were more likely to be deli-
vered by an elective or emergency cesarean section [40,
69]. In a recent cohort study of ASD, the average popu-
lation attributable fractions for cesarean birth were 7.9%
for the 1994 cohort and 6.7% for the 2000 cohort [68].
Nevertheless, the association between cesarean birth
and ASD in offspring is still inconclusive. A Danish popu-
lation-based study found that only scheduled cesarean
sections were associated with infantile autism, and its
significance was influenced by many factors such as par-
ental age, birth weight, birth defects and aberent fetal
presentations [57]. Although the mechanism underlying
this association is unclear, anesthesia during childbirth,
the absence of passage through the birth canal, lack of
exposure to the maternal vaginal microbiome, and possi-
bly other factors might be involved.

Environmental pollution

Environmental pollution such as air pollution, pesticides,
herbicides, endocrine-disrupting chemicals (EDC), and
heavy metals can persistently affect offspring from expo-
sures across a range of developmental stages from the
germ cell stage through postnatal early childhood and
lead to an increased risk of ASD [37,72-74]. Most studies
focus on exposure in one or more of critical windows,
including (1) the first to the third trimester of pregnancy,
(2) the entire pregnancy, and (3) the postnatal period.
Fewer studies have been conducted to examine the effect
of exposure throughout all of the critical developmental
windows. Flores-Pajot et al. reported that exposure to
PM2.5 and NO2 during pregnancy or after birth was asso-
ciated with an increase in the risk of ASD while exposures
to 03 was weakly associated with ASD during either the
third trimester of pregnancy or the entire pregnancy
[75]. These findings imply that the effect of maternal exp-
osure to air pollution on neural development in offspr-
ings may vary with the type of pollution and the period
of pregnancy. Although many studies from the United
States indicate that exposure to air pollution in early life
is associated with ASD in children, European data sho-
wed that early-life exposure to low levels of NOx and
PMaio from road traffic did not appear to increase the risk
of ASD [76].

Furthermore, the effect of environmental factors or hor-
mone exposures may have differences by sex of the off-
spring. First, exposure to fragrances may lead to male
bias in the risk of ASD, and the possible mechanism is
that men may lack OXYP+ and AVPR+ neurons [77]. Sec-
ond, maternal exposure to prenatal and neonatal testo-
sterone of fetal origin may be associated with sexual dim-
orphism in ASD [78]. Finally, some toxic exposures may
interfere with conduction of electrical or chemical sign-
als during development and cause neurodevelopmental
disorders, whereas other exposures may disturb the en-
docrine and immune systems and evoke abnormal mate-
rnal immune responses which may, in turn, increase the
risk of ASD [73].

SUMMARY

While many genetic variants and environmental risk
factors have been identified in ASD, more attention shou-
ld be paid to the interacttion between genes and the
environment. To conduct these types of studies, cohorts
will need to be well-characterized in terms of genetics
and in terms of accurate measurements of maternal exp-
osures to environmental factors. Accounting for both
classes of variables (gene and environment) should incr-
ease the power to detect genetic variants that may be
more robustly associated with ASD. In the MIA hypo-
thesis, maternal immune activation during pregnancy is
considered as a general liability of risk of ASD and it may
make an individual more vulnerable to the influence of
genetic and environmental factors [51]. In terms of epi-
genetic mechanisms, environmental factors can mod-ify
the expression of genes via epigenetic changes which
may thereby lead to an increased risk of ASD [79]. All of
these hypotheses and potential interactions among them
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need to be further tested with more empirical studies.
For example, based on data from the Childhood Autism
Risks from Genetics and Environment (CHARGE) study
which started in 2006 [80], Kim et al. reported in 2017
that global copy number variation (duplication) may int-
eract with certain environmental factors (ozone) to incr-
ease the susceptibility of ASD [81].

We acknowledge the challenges in conducting such stud-
ies, especially when it comes to the interaction between
genes and the environment. First, quantitative measures
of the exposure to many environmental factors of many
types are a challenge to perform and many will need to
be carried out over various periods of time in order to
adequately document the levels and duration of such
exposures and how those attributes relate to various
developmental intervals. Not only are those measure-
ments of environmental factors costly and time-consu-
ming, genotyping large numbers of samples also dem-
ands substantial research resources.

Study of both genetic and environmental factors asso-
ciated with ASD can provide new evidence for effective
prevention or to identify novel drug targets for develo-
ping future therapies for ASD. Given that, the cost of chip-
based whole genome genotyping has dropped, it will be
possible to conduct one or more large-scale studies on
population-based samples. A cohort study with a follow-
up of a number of parents, especially for those exposed
to specific environmental factors of interest to examine
how the environment may cause the development of ASD
or other neurodevelopment disorder should be under-
taken. Those studies would provide opportunities to id-
entify high-risk sub-populations for prevention or early
therapeutic treatment(s). Finally, additional patient coh-
orts need to be established in order to monitor other co-
morbidities of ASD children during their critical stages of
development.
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ABSTRACT

Autism spectrum disorder is a heterogeneous neurodevelopmental disorder with an increased prevalence around the
world over the past two decades. Remarkably, a large number of individuals with ASD have gastrointestinal disorders.
Recent studies demonstrate that the endogenous gut microbiota has a close relationship with ASD according to the analyses
of human host intestinal microbial composition and animal model studies. Here, we review the reports of microbial dys-
biosis in ASD, and then discuss the recent evidence of biological interactions among microbiota, metabolism, immunity,
neurodevelopment, and behaviors. We also describe the role of the gut microbiome in the link between ASD and enviro-
nmental risk factors. Finally, we suggest adjuvant treatments to consider in attempts to correct autistic behaviors.

KEYWORDS

Gut microbiome; autism spectrum disorder; clinical interventions

INTRODUCTION

Autism spectrum disorder (ASD) is a common neurode-
velopmental disorder characterized by persistent defi-
cits in social communication as well as unusually restri-
cted and repetitive patterns of behavior or interests.
Partly due to the changes in the diagnostic criteria, the
prevalence of ASD has been reported from 0.60 to 2.64%
[1-3]. The number of ASD cases was estimated at 62.6
million around the world in 2015, and the costs of the
care for ASD children impose an enormous burden on
families [4, 5]. In addition, individuals with ASD often
experience co-morbid disorders including irritability,
aggression, sleeping problems, developmental delay and
epilepsy [6-8], which may cause additional medical exp-
enses.

While population-based family studies estimate the her-
itability approximate 50-90% [9, 10], only a few comm-
on variants that contribute to the heritability have been
associated with ASD. Previous large-scale genetic studies
have identified a number of rare variants such as copy
number of variants and single point mutations [11], and
the shared environmental influence was 30% [10]. ASD
children often have gastrointestinal problems such as
abdominal pain, diarrhea, and constipation [12-14], whi-
ch are associated with the microbiome, in particular, evi-
dence of Sutterella species have been found in the pati-

* Correspondence: Likuokuo@sklmg.edu.cn or xiakun@sklmg.edu.cn

ents diagnosed with ASD but not in the control children
with GI symptoms [15].

In this paper, we provide an overview of recent evidence
about the interrelation among the gut microbiome, meta-
bolism, immunology, and neurobiology. We review the
epidemiological studies of gastrointestinal diseases and
the composition of the gut microbiome in individuals
with ASD, and then discuss gut-immune function, neuro-
development, metabolism, and other environmental fac-
tors. Finally, we review the existing evidence at a mole-
cular level that might suggest some possible therapeutic
interventions.

GASTROINTESTINAL DISTURBANCES AND GUT MIC-
ROBIOTA

While the prevalence of digestive problems in ASD indi-
viduals has been reported varying at 23-70%, there is
evidence that individuals with ASD have more likelihood
of having gastrointestinal disorders [12]. A study found
a strong correlation between gastrointestinal symptoms
with autism severity [16], and altered gut microbiota has
been found in children with ASD.

Microorganisms in the gut are essential for the host and
play a crucial role in digestion [17, 18]. Nondigestible nu-
trients such as polysaccharides and cellulose can be fer-
mented by microbiota in the intestine to produce energy
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and short chain fatty acids [18]. The short chain fatty
acids, including butyrate produced by a single bacteria
strains, Clostridium tyrobutyricum (CBut), acetate and
propionate produced by Bacteroides thetaiotaomicron
(BEta), can influence the expression of the tight-junction
proteins (Z0-1, occludin, claudin-5) which are related to
blood-brain barrier permeability and thus may have a
secondary impact on the function of the brain [19].

Meanwhile, individuals with ASD have a different comp-
osition of microbiota in the gut compared with the neur-
otypical-developed children (NTD) [20]. Sutterella were
found in more than 50% of individuals with both ASD
and intestinal dysfunction, but not in the NTD children
with pure dysfunction of the gut [21,22]; and Kang repor-
ted lower levels of Prevotella, Coprococcus, and unclassi-
fied Veillonellaceae in the gut bacterial populations in
children with ASD [23]. It has been indicated that chang-
es in a few microbial species may lead to behavioral
problems but the mechanism is not defined.

METABOLIC DISTURBANCE AND GUT MICROBIOME

The metabolic disturbance has been observed in indivi-
duals with ASD. Compared to their unaffected siblings
and age-matched healthy controls, children with ASD
children tend to have a distinct profile of metabolic phen-
otyping in urine [24]. Through a metabolomic analysis,
docosahexaenoic acid (DHA) and sphingosine 1-phosph-
ate (S1P) in serum have been found to be lower in indi-
viduals with autism [25] and an elevated level of p-cresol
in urine has been identified and replicated in an indepe-
ndent study [26]. In the human gastrointestinal tract,
symbiotic bacteria play an indispensable role in degrad-
ing nondigestible carbohydrates.

Animal studies suggest that those metabolic changes are
likely due to an imbalance of the gut microbiome. Germ-
free mice show a significant difference in metabolites in
luminal contents of the colon compared with ex-germ
free mice which were with a gavage of feces from specific
pathogen-free mice [27], indicating that the microbiota
may profoundly influence the colonic luminal metabo-
lome. The metabolomic analysis also suggested that gut
microflora have significant effects on mammalian blood
metabolites [28].

When rats were treated with maternal high-fat diet
(MHFD) for several weeks, the level of acetate dramatic-
ally increased due to the gut microbiota-food interac-
tion. Acetate may increase glucose-stimulated insulin
secretion (GSIS) across the activated parasympathetic
nervous system [29]. This positive feedback may lead to
the development of obesity as a critical element of the
metabolic syndrome. Another study in mice shows thata
high-fat diet altered the composition of gut microbiota
including Bifidobacterium, which plays a functional role
in barrier-protection [30]. Further, in contrast with mice
with a gavage of heatkilled bacteria, mice with a gavage
of Akkermansia muciniphila showed maintenance of the
intestinal barrier and a reversal of high-fat-diet-induced
metabolic disorders, including fat-mass gain and insulin
resistance [31, 32].

Studies have shown that the gut microbiota modulates
ASD-related behaviors and affect the levels of specific
metabolites. Gastrointestinal barrier defect and alter-
ation of microbiota have been noted in maternal imm-
une activation (MIA) mouse model associated with ASD
[33]. MIA offspring treated with the human commensal
Bacteroides fragilis had a significant improvement in gut
permeability, microbial composition, and ASD-related
behaviors. This treatment also modulates the levels of
several specific metabolites, suggesting that gut bacterial
effect on the host metabolome affect behaviors. These
findings support a gut-microbiome-brain connection in a
mouse model of ASD.

IMMUNE DYSREGULATION AND GUT MICROBIOME

Immune dysregulation including maternal inflammation
or infection may increase the vulnerability of neurode-
velopment, such as ASD [34-38]. A study of brain tissues
and cerebrospinal fluid (CSF) have shown an activation
of microglia and astroglia or a marked increase in a small
cytokine monocyte chemoattractant protein 1 (MCP1) in
individuals with ASD [39]. A meta-analysis of 19 cytok-
ines in plasma and serum from 17 studies shows that
individuals with ASD have a marked elevation of prion-
flammatory cytokines, including interleukin (IL)-1, IL-6,
IL-8, interferon (IFN)-y, eotaxin, MCP1 in blood com-
pared with healthy controls [40]. However, consistent
data are still lacking for other cytokines, likely due to the
difference in the methodology, etiological variability and
population heterogeneity [41-43].

The immune system and gut-resident microbes have a
pronounced interaction [44]. In an animal model, MIA
causes an ASD-like phenotype and the maternal inflam-
mation during critical periods of the embryonic develo-
pment leads to an alteration of the immune system and
further disturbs the fetal environment, which may cause
aberrant behaviors in offspring [45]. MIA male mice offs-
pring show a lower rate of ultrasonic vocalizations, fewer
harmonic, and more complex voice, which may continue
into adulthood. Additionally, MIA offspring display incr-
eased repetitive or stereotyped behaviors, a mouse ver-
sion of the core symptoms of autism [33, 45, 46]. The
target region of MIA was located in the primary somato-
sensory cortex (S1DZ) [47] where there was an increase
in neural activities that project to the temporal associa-
tion cortex (TeA) or striatum in this cortical region,
which can in turn result in impaired sociability. More-
over, the inhibition of neural activity is sufficient to sup-
press the abnormal behaviors [47].

Despite the fact that immune activation contributes to
abnormal behaviors, it is not clear how microbes parti-
cipate in the induction of immune activation. In the
germ-free mice, the introduction of gram-positive gut-
residing segmented filamentous bacteria (SFB) can
cause an autoimmune disorder [48]. SFB increase the
number of T helper 17 (Tu17) cells, which differentiate
from CD4+T cells induced by the collaboration of TGF-b
and IL-6 and secrete IL-17 in promoting inflammatory
responses. Maternal colonization of SFB together with
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injection of poly (I:C) can stimulate the activity of Tu17
cells and lead to abnormal behaviors in offspring [49].
However, mice injected with poly(I:C) alone show a sig-
nificant increase in TNFa and IFN-B compared with
endotoxin-free phosphate-buffered saline (PBS)-inject-
ed mice, but not exhibit the change in the behaviors of
offspring. Treatment of pregnant mice with vancomycin
reducing SFB and the abnormal behaviors of offspring
can be rescued [49]. In contrast to SFB, some other micr-
obes are involved in suppressing the immune response
in the host. Mucosal colonization of Bacteroides fragilis
could suppress Tul7 response in germ-free mice [50].
The underlying mechanism may be that the polysaccha-
ride A on Bactericides fragilis promotes immunol-ogic
tolerance through increasing the proportion of regula-
tory T cells by action at the Toll-like receptor 2 [50,51].

Another potential bacterial modulator of MIA is the lipo-
polysaccharide (LPS) endotoxin located on the surface of
gram-negative bacteria. LPS can bind the Toll-like rece-
ptor receptors, which that trigger an immune response.
Maternal inflammation in mice triggered by LPS (E. coli
serotype 0111:B4) can cause a proliferation of neural
stem and progenitor cells in offspring, which also exhi-
bited autism-associated behaviors including reduced
ultrasonic vocalizations [52-54]. A study showed that
offspring of rats with maternal immune activation by LPS
had an alteration of specific gene expression profiles of
interneuron migration and oxidative stress without a
triggering a fetal immune response and exhibited redu-
ced social and exploratory behaviors [55].

GUT MICROBIOME AND NEURODEVELOPMENT

The microbial composition and function in the intestine
affect the development of nerve cells from the embryo to
adulthood. These effects include the differentiation of
neural stem cells, migration, and projection of immature
neurons to their destinations, the growth of axons and
dendrites, and the formation of synapses. While germ-
free mice exhibited an increase in adult neurogenesis in
the dorsal hippocampus, which plays a role in spatial lea-
rning and memory, the recolonization of microbiota in
germ-free adult mice cannot change this tendency, sug-
gesting a critical part of microbiota in early developpm-
ent life. This is consistent with the past demonstration
that stress or long-term antibiotic treatment may poten-
tially inhibit neurogenesis in the hippocampus [56].

Microglia are tissue macrophage cells located in the bra-
in that participate in immune responses including rem-
oval of dead cells and pathogens. Several studies found
that marked activation and augmented number of micro-
glia in different regions of the brain are pathophysiol-
ogic characteristics of ASD [39, 57, 58]. The complexities
of host microbiota can contribute to maturation and
function of microglia. Germ-free mice exhibited global
defects in microglia with altered cell proportions and an
immature phenotype, which show impaired innate imm-
une responses to LPS. The full repertoire of microbes or
SCFA is necessary and sufficient to restore impairment of
microglia stability [59].

Administration of antibiotics to the pregnant mice not
only influence gut microbiome composition but also aff-
ect the behavior of the offspring in locomotor activity
and anxiety. It has been shown that the behaviors of the
offspring from antibiotic-treatment pregnant-mice can
be rescued at week 4 when normal pregnant mice fost-
ered them from the post-natal day one [60]. Another
study found that female rats exposed to a diet containing
1% succinyl sulfa thiazole, a non-absorbable antibiotic,
during periconceptional period, can alter the offspring
behaviors without maternal infection, also likely due to
the alteration of maternal gut microbiota [61].

GUT MICROBIOME LINKS BETWEEN ASD AND ENVI-
RONMENTAL RISK FACTORS

Neurons are highly sensitive and vulnerable to environ-
mental factors such as maternal stress in early develop-
ment in humans, especially in the first three years. The
method of delivery, breastfeeding, maternal separation
and infection all may have an impact. The mode of obs-
tetrical delivery has a significant influence on the com-
position of the intestinal microbiota at the very begin-
ning of human life [62, 63]. Epidemiological studies rep-
ort that cesarean section (C-section) delivery is associa-
ted with the non-communicable chronic diseases incl-
uding immune and metabolic disorders [64]. Children
born by C-section including elective and emergency C-
section are more likely to have ASD, although this ten-
dency does not appears in sibling controls [65, 66].
Children delivered through C-section show a different
pattern of gut microbiome compared to infants born via
vaginal delivery. This difference seen in C-section infants
can be restored to that seen in vaginally delivered infants
by exposure to maternal vaginal fluids [67].

Maternal stress is another environmental factor that may
affect major physiological systems including neurodev-
elopmental disorders. Maternal stress increases the pro-
inflammatory state of the fetal central nervous system,
and such neuroimmune inflammation has been implic-
ated in ASD [68]. The microbiome of the maternal vagina
can be disturbed by the early-life stress and in turn inf-
luence the gut microbiome of offspring. For example, the
decrease of Lactobacillus in the maternal vagina of the
mouse model may lead to a reduction in the transmission
of this bacterium to offspring, which influence the off-
spring microbiota composition and metabolic processes
that are essential for normal neurodevelopment [69]. In
addition, prenatal stress induces impairment of novel
object recognition memory in a rat model, which shows
a significantly lower memory index measured by novel
object recognition test (NORT) [70].

Maternal infection with different types of agents (bacte-
rial, viral, parasitic, and fungal) and site of infection (gen-
itourinary infections and skin infections) during pregn-
ancy is another risk factor that can increase the prev-
alence of abnormal behaviors associated with autism [71,
72]. Maternal infection affects the maternal immune resp-
onses and the fetal neurodevelopmental environment at a
critical time. In utero exposure to valproic acid (VPA), a
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drug used to treat epilepsy and bipolar disorder, causes
a change in the composition of gut microbiota and furth-
er influences metabolism in a murine model of ASD [73].

Maternal exposure to pesticides and certain fungicides
such as pyraclostrobin, trifloxystrobin, famoxadone and
fenamidone in the environment or the food, is associated
with the neurodevelopmental disorders including ASD
[74, 75]. All these chemicals produce transcriptional cha-
nges in vitro that are similar to those observed in brain
samples from individuals with autism including stimu-
lation of free radical production and disruption of micro-
tubules in neurons. These effects can be reduced by
pretreating with a microtubule stabilizer, an antioxid-
ant, or with sulforaphane [76].

THE DIRECTION OF POTENTIAL INTERVENTIONS

So far, several potential mechanisms including immune,
metabolic and neurological pathways have been implicat-
ed by the use of animal and cellular models, and each of
these pathways can be considered as potential therapeu-
tic targets for one or more phenotypes of ASD. First, psy-
chotropic drugs including risperidone and aripiprazole
are often used to improve behavioral symptoms of ASD.
The atypical antipsychotic risperidone was the first drug
approved by the FDA for treating repetitive behavior and
hyperactivity, and it acts via modulation of the 5-HT and
dopamine neuronal systems, which are related to ASD
[77-81]. Second, sulforaphane or broccoli extracts can
reduce free radical production and protect microtubu-
les in neurons by inducing expression of Nrf2, which is a
transcription factor that regulates the expression of anti-
oxidant proteins and protect cells against oxidative dam-
age [74, 82, 83]. ASD children taking oral sulforaphane
for 18 weeks had improvement of phenotypes including
social interaction and communication after discontinue-
ing treatment about four weeks [76]. Third, oxytocin tre-
atment or activating oxytocin neurons can also restore
the ASD-like social behaviors in Cntnap2 knockout mice,
which shows a reduced number of oxytocin neurons [84].
Detailed discussions of the mechanism relating oxytocin
and neuromodulation in ASD as well as potential medical
treatments have been presented in the literature in the
past [85, 86].

Further, evidence shows the relationship between the in-
testinal microbiome and the function of the nervous sys-
tem. It has become plausible to consider using commens-
al probiotics to treat neurodevelopment diseases such as
ASD. For example, MIA mice offspring treated with a sin-
gle organism, Bacteroides fragilis, show improved ASD-
related defects in the core symptoms of communicative,
stereotypic, anxiety-like and sensorimotor behaviors [33,
45]. In another study in mice, Lactobacillus reuterias, a si-
ngle probiotic and a commensal strain, corrected the
social deficits in the MHFD offspring by inducing incre-
sed oxytocin [87].

Finally, fecal microbiota transplantation (FMT) has alre-
ady been used to alleviate intestinal diseases such as ir-
ritable bowel syndrome (IBS) and inflammatory bowel

disease (IBD), presumably by correcting the composition
of the gut microbiota [88-90]. A recent report indicates
that Microbiota Transfer Therapy (MTT) and then an ext-
ended fecal microbiota transplant (FMT) can improve
autism symptoms and alter the gut ecosystem [91]. In th-
is open-label study, autistic individuals with moderate to
severe gastrointestinal problems were treated with anti-
biotics for two weeks and then used a dose of standardiz-
ed human gut microbiota for 7-8 weeks. ASD-related sy-
mptoms showed a significant improvement.

Although the prospects are promising, potential negative
aspects of treatment on the subject must be considered.
Children treated with risperidone do not improve core
behaviors associated with autism, and improved sympt-
oms will return to the original state when the drug is dis-
continued. Moreover, children showed a significant gain
in weight due to an increased daily intake of food, especi-
ally carbohydrates that may have implications for risk of
insulin resistance and metabolic syndrome [92]. Microb-
iota transplantation may also disturb the balance of the
intestinal microbial composition. Individuals with recur-
rent Clostridium difficile infection who received FMT had
adverse events such as diarrhea, abdominal discomfort,
and even one death occurred because of aspiration duri-
ng sedation for FMT administered via colonoscopy in the
treatment of Clostridium difficile infection [93-96]. Whe-
ther diverse microbiota does benefit or harm to the ho-
meostasis of the intestine are still unknown at present,
and itis also not yet understood what microbes play vital
roles in the healthy functioning of the gut. Therefore, in-
depth characterization of defined communities or even
various individual microbial species that may ameliorate
ASD symptoms should be a focus in the future.

CONCLUSION

In summary, environmental risk factors contribute to the
development of ASD and the role of the gut microbi-ome
in host homeostasis is now well established. The gut
microbiome influences metabolism, immunity, and neu-
rophysiology and these converge to influence develop-
ment processes in the brain and following behaviors
(Figure 1). We have reviewed recent evidence for neuro-
development and behavior changes in both animal mod-
els and humans as influenced by gut microbiome status
for ASD-associated behaviors. However, the possible me-
chanism depends upon exposure to specific microbes,
beneficial or pathogenic, induction of certain phenotypes
in the immune system, the metabolic system, the central
nervous system, or the enteric nervous system.
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ABSTRACT

This study examined the association of childhood adversity with depression or severity of depressive symptoms among
Chinese older adults, using data from the China Health and Retirement Longitudinal Study (CHARLS). The data is from a
nationally representative sample of Chinese residents aged 45 or older and surveys of the sample population were cond-
ucted in 2011 and 2013; and individuals aged at 60 years or older, and interviewed for depressive symptom were included
in this study. Multiple logistic regression analyses showed that the likelihood of depression was significantly associated
with poor parental mental status, physical abuse, and emotional abuse during childhood. Our study adds to research in the
area of adverse childhood events and its effect on adult psychological and physical well-being.
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INTRODUCTION

Depression is a common and serious mental health prob-
lem in the general population and affects about 4-15%
of older adults [1]. According to the estimates of the
World Health Organization in 2017, depression is more
prevalent in the general population of North America.
The United States 2012-2013 National Survey estimated
that the 12-month and lifetime prevalence of depression
was 10.45% and 20.6%, respectively [2]. While the prev-
alence of depression is estimated to be lower in Asian
countries, the lifetime prevalence of suicide attempts in
patients with depression could be as high as 40% [3]. Me-
anwhile, depression symptoms in older adults are often
mistaken for other symptoms of normal aging and so do
not draw attention clinically, and patients do not get
treatment.

Studies have indicated that childhood adversity experi-
ence is not only associated with risk of suicide [4] and
risky behaviors such as alcohol misuse, risky sexual prac-
tices and criminal activities which persist into adulthoo-
od [5], but also with geriatric depression in later life [6].
Greater psycho-social adversity in childhood has been
associated with poorer physical capability in people of
middle age in Western societies [7]. Recently, a cohort
study has indicated that low childhood socioeconomic
status is associated with the onset of depression in Japan-
ese older adults [8]; childhood abuse has been associat-
ed with depression in later life in older persons in The

" Correspondence: Yue Li, Email:liyuefeiyang@126.com

Netherlands [9]. In this Dutch study, the investigators su-
ggested that older adults with a history of childhood abu-
se may be more negatively affected by stress or stressful
events, and presented data which suggested the dysre-
gulation of the hypothalamic-pituitary-adrenal (HPA) ax-
is [9]. In addition, the causes of depression in older adu-
Its are not clear, and study of childhood adversity may
help elucidate the etiology of depression in older adults.
Since no study has been conducted in the Chinese popul-
ations, we performed a study to examine the effect of
childhood adversity on depression symptoms and depr-
ession score among the elderly.

DATA AND METHODS

This study used the datasets from surveys conducted in
2011 and 2013 as a part of the China Health and Retire-
ment Longitudinal Study (CHARLS) [10]. The sample
included Chinese residents aged 60 years or older who
were interviewed as part of a nationally representative
sample of Chinese residents; and individuals who partici-
pated in the interviews conducted in both 2011 and 2013
were included for this study.

The depression outcome was measured using the Center
for Epidemiologic Studies Depression 10-item (CES-D10)
scale, a short self-report scale designed to measure depre-
ssive symptomatology in the general population [11].
Depression was defined when the total CES-D10 score
was greater than 10 and the total score of depression
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was obtained. The childhood adversities were measured
by five domains: physical abuse, emotional abuse, emoti-
onal neglect, the worse mental status of parents or guar-
dian, and a negative relationship of parents. Because the
sample was with a repeated- measure in both 2011 and
2013, we performed, after a descriptive analysis of depr-
ession by the childhood adversity, a multiple logistic reg-
ression analysis and a multiple linear regression with
random-effect model to examine the association of the
risk for depression and depressive symptom score with
the childhood adversity, respectively, in individuals who
were interviewed in the surveys at both years.

RESULTS

The baseline statistics of individual child hood adversity
measurement and coding are presented and score was
summarized by individual domains (Table 1). Depression
and the mean depression score were increased with
multiple domains of childhood adversity experienced.
Based on data from 2011, the rate of depression was sig-
nificantly elevated in individual older adults who exper-
ienced poor mental status of parents or guardians, such
as guardians who often felt nervous and anxious
(47.64%), guardians who often got upset easily or feel
panicky (50.97%), guardians who showed sadness or de-
pression lasting over two weeks (46.35%) compared wi-
th those who did not have these respective experiences
(P<0.0001). Individuals who experienced physical abuse
such as being beaten by the guardian (40.8%) and
emotional abuse such as the guardian being too strict
(40.5%) in childhood also had a significantly elevated

rate of depression in later adult life compared those who
did not have such experiences (P<0.0001) (Table 2).

While the rate of depression was a little lower, the find-
ings were consistently present in the follow-up survey
conducted in 2013. Individuals who experienced a child-
hood adversity were more likely to have depression in
2013 when the follow-up survey was conducted. These
associations of childhood adversity with depression in
later life were also consistent when the total score of
depression was analyzed in both 2011 and 2013.

After adjusting for covariates such as age, sexes, as well
as other variables that measure physical condition, mul-
tiple domains of childhood adversity experience were
associated with the rate of depression and total score of
depression in the combined analysis of the two surveys
together. Multiple logistic regression analysis of depr-
ession in both surveys (2011 and 2013) found that the
likelihood of depression was significantly associated wi-
th poor parental mental status (OR=1.44; 95% CL: 1.31-
1.57), physical abuse (OR=1.35; 95% CL: 1.12-1.65), and
emotional abuse (OR=1.23; 95% CL: 1.04-1.46) (Table 3).
In addition, we found that the poor parental mental heal-
th status during childhood was associated with depress-
ion symptom scores in later life (Beta =1.14; 95% CL:
0.95-1.33); and it was still significant even after adjust-
ing for the confounding factors (Beta=0.87; 95% CL:
0.71-1.04). Further, the number of total adverse events
experienced in childhood significantly increased the like-
lihood; and this may suggest a "dose-response" relation-
ship between childhood adversity and depression in later
life.

Table 1. Descriptive statistics and coding for the independent variables at the baseline in 2011 (n = 3,436).

Variable Code % Mean (SD)
Poor mental status of parents or guardian Sum score 0.55 (0.90)
Guardians often felt nervous and anxious 1, most, often or always 18.51

0, No or selfdom
Guardians often got upset easily or feel panicky 1, most, often or always 15.02

0, No or selfdom
Guardians' sadness or depression lasting over 2 weeks 1, Yes 21.54

0, No
Physical abuse Sum score 0.26 (0.44)
Beaten by guardians 1 = often or sometime 25.87

0 = seldom or never
Emotional abuse Sum score 0.33 (0.50)
Guardians were too strict 1, strict or too strict 33.41

0, no or little strict
Guardians treat siblings better than you 1, Yes 1.46

0, no
Emotional neglect Sum score 0.44 (0.68)
Female guardian often gave love and affection 1, No or selfdom 21.21

0, Sometimes or often
Female guardian often into watching over you 1, No or selfdom 23.52

0, Sometimes or often
Poor parental relationship Sum score 0.28 (0.60)
Parents often quarrel 1, Sometime or often 19.70

0, few or never
Your father often beat up your mother 1, Sometime or often 7.67

0, few or never
Your mother often beat up your father 1, Sometime or often 1.17

0, few or never
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Table 3. Multiple regression with a random-effect model estimates of childhood adversity on depression in older adults

(age = 60 years).
Depression as a binary Depressive score
Model 1 Model 2 Model 1 Model 2
OR  95%CL OR  95%CL Beta 95% CL Beta 95% CL

Physical abuse 143 (1.16,1.77) *** 135 (1.12,1.65) ** 0.44 (0.03,0.84) * 024 (-0.11,0.58)
Emotional abuse 1.32 (1.11,1.58) ** 1.23 (1.04,1.46) * 0.44 (0.09,0.78) * 027 (-0.03,0.57)
Emotional neglect 1.21 (1.01,146) * 1.08 (0.90,1.30) 0.44 (0.08,081) * 025 (-0.06,0.57)
Poor parental mental status ~ 1.59 (1.43,1.75) *** 144 (1.31,1.57) ** 1.14 (0.95,1.33) *** 0.87 (0.71,1.04) ***
Poor parental relationship 1.15 (0.99,1.34) 1.09 (0.95,1.26) 0.33 (0.03,0.62) * 0.21  (-0.04,0.46)

*** P<0.001,*P<0.01,* P<0.05; Model 1, Controlling for age, sex, marital status, resident; Model 2, Adjusting for additi-
onal physical status, such as living with children, Instrumental activities of daily living (IADL), number of chronic illness,
cognitive status, memory, sleep, type of medical insurance, community condition, education and previous occupation before

retirement.

DISCUSSIONS

Our findings provide novel evidence that childhood adv-
erse events affect the likelihood of depression and levels
of depressive symptom scores in later life in the Chinese
population which is consistent with previous studies in
older adults [8, 9] in other global regions. Previous stud-
ies have indicated that childhood adversity interacted
with pastyear stressful life events on the 12-month prev-
alence of major depression, post-traumatic stress disor-
der and anxiety disorder [12] in general populations bas-
ed on the National Epidemiological Survey of Alcohol and
Relate Conditions. Individuals with 3 or more childhood
adverse events may have a 2-fold increase in the risk of
developing depression when experiencing stressful eve-
nts during the past year compared to those without
suffering from the childhood adverse events. In addition,
a large meta-analysis of 18 case-control studies, 10 pros-
pective studies and 8 population-based studies demo-
nstrated a consistent association with moderate to high
effect size of childhood adversity with psychosis [13].

In summary, using a population-based longitudinal sur-
vey in older adults, we found evidence that childhood ad-
versity significantly increased the likelihood of depres-
sion in later life in residents of China. Mental health is
essential not only for child development but also for
health in later life. One limitation of our study is that we
did not have objective data on these childhood adverse
events but relied on recall of people in the survey, and it
is likely that people currently experiencing depression
will be more likely to remember adverse childhood even-
ts than people who are not depressed. Even with this
potential bias, our study adds to research in the area of
adverse childhood events and its effect on adult psycho-
logical and physical well-being. Further research is nee-
ded to find interventions that can be translated into real
life moderation of childhood adverse effects on subseq-
uent adult well-being.
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ing journals such as Nature, New Engl ] of Medicine, Ame-
rican Journal of Human Genetics, Endocrine Review,
PLoS Genetics, Human Molecular Genetics, Molecular
Psychiatry, Bioinformatics, and Molecular Cell Proteo-
mics

Xu-Feng Huang, MD, Ph.D., DSc, is Distinguished Profe-
ssor, School of Medicine; Theme Leader of Mental Health
(Clinic) of Illawarra Health and Medical Research Insti-
tute; Director, Centre for Translational Neuroscience;
Faculty of Science, Medicine, and Health, University of
Wollongong (UOW), Australia.

Dr. David St Clair, MD Ph.D,, is Professor in Psychiatry
at the University of Aberdeen in Scotland, UK and Hono-
rary Consultant Psychiatrist with NHS Grampian. He has
made a significant contribution to the genetics of schizo-
phrenia and is part of both the International Schizophre-
nia and SGENE consortia.

Susan Sumner, Ph.D,, is Professor of Nutrition at the
University of North Carolina at Chapel Hill and Director
of the NIH Eastern Regional Comprehensive Metabolom-
ics Resource Core. Her expertise is in metabolism and
metabolomics, and broad applications in studies of diet,
smoking, cancer, diabetes, obesity, cognitive developme-
nt, liver disease, natural products, maternal and child
health, and the environmental influence of disease com-
plements the nutrigenomics research.

Rigiang Yan, Ph.D,, is Professor and Chair of Neuros-
cience at The University of Connecticut School of Medi-
cine. He is Morris R and Ruth Graham Endowed Chairs
in biomedical sciences, recipient of MetLife Award for
Medical Research (the prestigious award for Alzheimer's
Research), Award for outstanding science at Cleveland
Clinic Foundation and Ralph Wilson Award.

Hui Zhang, Ph.D, is Associate Professor at St Jude
Children's Research Hospital, TN. His research interests
focus on longitudinal data analysis, survival data analysis,
computational neuroscience and count data in next-
generation sequence.

Youwen Zhou, MD Ph.D,, is Professor and physician-sci-
entist in dermatology at the Department of Dermatology
and Skin Science of the University of British Colum-bia.
Dr. Zhou is the past president of Canadian Society of Inv-
estigative Dermatology and served as an ad board mem-
ber for CIHR Institute of Musculoskeletal Health and
Arth-ritis (IMHA). Dr. Zhou has received multiple nation-
nal and international awards, including Barney Usher
Award for Outstanding Achievements from the Canadian
Dermatology Association



	20190101Cover
	GCAT20190101contents
	GCAT201901010000-In this issue
	GCAT201901010001
	GCAT201901010002
	GCAT201901010003
	GCAT201901010004
	GCAT201901010005
	GCAT201901010006
	GCAT201901010007
	GCAT201901010007-Associate Editors_Introduction



