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Genetic, Epigenetic, and Environmental

ln.fluences on Fetal Alcoho] Spectrum 28
Disorder: Implications for Diagnosis
Research and Clinica| Practice ’

Alexandre A. Lussier, Berardin

and Joanne Weinberg

Learning Objectives
By the end of this chapter, readers should be able to:

1. State the prevalence rates of FASD and describe
current diagnostic guidelines.

2. Understand evidence-based risk and protective fac-
tors that affect FASD outcomes.

3. Identify genes and cell signaling pathways involved
in FASD.

4. Discuss epigenetic mechanisms that bridge envi-

ronmental  stimuli  and neurodevelopmental
outcomes.

- Connect genetic variation and epigenetic modifica-
tions with programmed transcriptomic and pro-

leomic alterations underpinning alcohol-induced
deficits.

Alexandre A Luss;
+ Lussier and Berardi i i i
dl othe contibutgrs erardino Petrelli contributed equally with

e R

P'AHLUSsier

syc latrie

Geng, ic 2z?c1i\leur0developmcntal Genetics Unit, Center for
0o, MA USZE’ Massachusetts General Hospital,

iochemj« :
3 e:“w)' & Medical Genetics: Regenerative
Winye - SCienceg U X Rady College of Medicine, Rady Faculty
"'IDe C:]' Mversity of Manitoba
|| . » “dnady ?
Dtlre“b
; myuman:
5@ °‘"berg yuxndmlobu.ca; geoff.hicks @umanitoba.ca
dn
Megi,. ent of @
ic S Cely :
::'i‘rL]fe ciet:]lélerf; ?h)’ﬂltllogical Sciences, Faculty of
e‘maihjoa‘n f]iecl Canggy Dstitute, University of British Columbia,

'WCinberg@uhc.cu

) Ri. aty
B T (R
05ty et al.Wllz‘erlnnd AG 2023

0 Petrellj, Geoffrey G. Hicks,

6. Describe how the identification of new clinically
relevant biomarkers of FASD will lead to more

accurate and earlier identification of children at risk
for FASD.

Highlights

1. Fetal alcohol spectrum disorder (FASD) is a preva-
lent neurodevelopmental disorder that manifests
through a range of cognitive, adaptive, physiologi-
cal, and neurobiological deficits resulting from pre-
natal alcohol exposure.

2. The prevalence of FASD is estimated approxi-
mately 1-5%, higher than any other neurodevelop-
mental disorder.

3. The outcomes for individuals with FASD may be
influenced by a wide range of environmental fac-
tors, including socioeconomic, nutritional, stress,
and paternal effects, which can modulate its
manifestation.

4. Multiple genetic pathways may mediate the effects
of alcohol on development and may increase sus-
ceptibility to alcohol-induced deficits.

5. Epigenetic mechanisms may provide a link between
the environment and genetic susceptibility to alco-
hol, while acting as potential biomarkers of FASD.

6. Transcriptomic and proteomic alterations can influ-
ence the outcomes in individuals prenatally exposed
to alcohol and may act as potential biomarkers of
FASD.

Introduction

The adverse effects of prenatal alcohol exposure on ot:fspring
development were first described in papers by Lemoine and
colleagues [1] and then by Jones and colleagues [2], who
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drome (FAS)- The key
coined the term Fetal Alcohol Sy and pOSt-natal
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i It in behavioral, cogni-
ing brain that could resu :
Al e alterations. Since then, thou-

i ion, and adaptive .
::::isag;rgll;‘;cal smdief have conﬁrm.eq and cﬁorffldziizls)sl
extended these initial ﬁn(%it;gs.. dTSCZE;ng n(lzr;)isological

i sical, physiologica :
;lﬁl[;li)rl)z [3[)115}']. The tznfl fetal alcohol spectrum dlsordir
(FASD) was first introduced around the year 2000 to reco‘,c-l
nize more specifically this proad spectrum of effects, an
was formalized in April 2004 when experts from several
organizations (National Organization on Fetal Al'cohol
Syndrome, National Institutes of Health, Center for Disease
Control and Prevention, and Substance Abuse and Mental
Health Services Administration) developed a consensus defi-
nition of FASD [6]: “FASD is an umbrella term describing
the range of effects that can occur in an individual whose
mother drank alcohol during pregnancy,” noting that, “These
effects include physical, mental, behavioral, and (or) learn-
ing disabilities with possible lifelong implications”.

Despite this wealth of evidence of alcohol’s adverse
effects, there are numerous challenges in obtaining an accu-
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abnormalities associated with FAS may no
present, can change with age. Environme
impact physical, cognitive and behayj,
often difficult if not impossible to obtajy an ;
of maternal alcohol consumption, MOreoveraFcurate hi
whether facial abnormalities are presen; d’ifl;de
FASD from other disorders with OVerlap’pin ere
tures and/or neurobehavioral deficits can be Cl%aﬁh
increasingly evident that new diagnostic oo ln
vide sensitive biomarkers of prenatal alcohg =
that can be ethically applied would make 3 Signiﬁcposu-re ang
on the diagnosis and prevention of FASD, |t . snlllnmpacl
lished that early cognitive, educational, adaptive aned beslaly
ioral interventions can profoundly change lh; - ehay.
outcomes and quality of life of these individyals angizm]
families [8-10]. Knowing this impact, early screening loelnr
are essential to help identify at-risk children at a youﬂg: Z
and provide an objective clinical assessment that wil| allogw
these children access to early interventions and services
(Fig. 28.1). In this Chapter, we discuss the evidence suppor-
ing the emerging potential for genetic, epigenetic, transcrip-
tomic and proteomic approaches to elucidate further FASD
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(ly-life events, including prenatal alcohol expo
;{oev‘: dZ an overview of FASD and a brief histlc))r)sfu:)? ::: e
developme"t of diagnostic criteria, review risk and resilience
e that impact the expression of the disorder, discuss
e and epigenetic factors in FASD, and conclude b
lating these findings to the clinical context. ; ZOde

etiologys

FASD as a Common Neurodevelopmental
pisorder: Prevalence and Diagnosis

_ Updated clinjca]
lished over the last 1
IOM criteria and 4-

guidelines for FASD have been pub-
A 715 years, in general building on the
1g1t code, and include those by Hoyme

until recently, the prevalence of FASD was estimated at
approximately 10 per 1000 children, using clinic-based stud
ies or studies of individual communities [11]. However, it Y
now known that this is likely an underestimate of the, trul i
prevalence..Many children with FASD remain undiagnos g o
or are mi‘sdlagnosed; among other reasons, this might oc 3
when trained dysmorphologists are not availabje to makzu;

diagnosis or when individuals present with
S > neurobehavioral
deficits in th /S : neurodevel ; .
e ab.sence’ of dysmorphic features, and maternal 4 o opmental domains, with prenatal exposu
drinking history is unknown. A recent study utilizi : cohol either confirmed or unknown and (ii) FAS% B
. ing active- i . : L with
case ascertainment and a cross-sectional des; sentinel facial features, with evi i i
A sign to assess first el » With evidence of impairment i
graders at four community sites re st more identified neurod s
ported an estimated urodevelopmental domain
lence of FASD rangin ated preva-  prenatal e S, and confirmed
i g from 1.1% to 5.0% [11 : Xposure to alcohol. These Guideli .
findings may ot be ; 0% [11]. While these  category called “At i uidelines also specify a
generalizable to al] > gory called “At risk for neurodevel i
data suggest that the communities, these FASD, associated wi opmental disorder and
; prevalence of FASD is likely hi » associated with prenatal alcoho] S
previously thought. Moge 1kely higher than may help to identify indivi exposure,” which
.niﬁcantly higher than thatcz)vfe;’t;he pr eValenCe‘ of FASD is sig- recently, the Diaonogcl::cllwsduqls' hO AIS Al il
Ing Autism Spectrum Disorder ertf:ommon disorders, includ-  edition, from thej\men'can Ps tig_stlcal Manual (DSM), fifth
e . o i iation, i
20_16 [12], and Do) = S 1rr%ated at2.20%-3.31% in “neurobehavioral disorder ass);cilitr:ic A‘SSOCIanon’ o
L'in 1499 (or 0.67% e , €stimated at approximately exposure (ND-PAE)” (Ameri e wm_] P 1.'enatal alcohol
Prevalence of FAS[ highli E SA [13]. The relatively high 2013) under the ST H(ftan Psychiatric Association
Ognition, diagnosis B gtts the urgent need for better rec- given as an e S ordFunher Study” and also
A Variety o eatment strategies. € under “Other Specified
of diagnostj HE Neurodevelopmental Dj »
o stic euid ; P 1sorder (315.8)”. ND-
eI the years ¢, assist Clinic?a:l Sc°jlmes ha\{e.been developed clinical assessment that encompa(ssesth) il
Inrecognizing and diagnos-  tal and mental health issues associated ;O?;UIOGCV:Ilopmen-
1th prenatal alcohol

mg children
.- €Xposed ¢ g
oll : 0 alcoh . i i
OWing the iqep ol in utero (reviewed in [7]). exposure [20]; it can be diagnosed in either the pre
sence or

aleoh, tification of F
pﬂﬂia(l)le :ffects (FAE) [1 4 Was/?:t’rg:jeut;rdm:u;pectes fetal absence of physical effects of prenatal alcohol exposure
pressi 0 describe the requi - »
turesseen in p‘oﬂ of FAS, where some but not all of the fi iy conﬁxmed. Sestattonal- exposursioidleobol s
d AS ; efea- includes symptoms in three broad domains—neurocognitive
o

eficitg are present ]

c » and rec ioni

: an o ccur, ognizing that a range of functioning, self-regulation, and adaptive functioning—that
(=]

Orph €ven in the i i

i o:gg)’-.ln 1996, an Insti?:tien;e of o‘b\_nous facial dys- adversely impact the quality of life. The inclusion of FASD
gy entifieq gy, S 10 Med1.01{1e (IOM) com- in the DSM is a critical step forward in both b;imino FASD
o i 3 [{ S1: (1) Bl lre ated clinical diagnostic to the attention of clinicians and increasing uccessclo ;er;'ices
My Cteristic iy ol syndrome (FAS: evidence for individuals exposed to alcohol i x

dop el grow 1ofacial dysmorphology, prenatal and et

Chiciyg). Iestricti 4L 3

@) on, and CNS neurodevelopmental

M0t gy - Fartia] fo,
mzuen], Of the ¢ aract;l;;if_‘lc‘ohm syndrome (pFAS: some but Risk and Protective Factors for FASD: What Is
°Dm6ma1 IFO ol exp OqulC.s features of FAS and confirmed the Evidence? :
Mentyy ,bd'SOr er ( Aling)-, (3) Alcohol-related neurodevel-
behavi()r(:unofma]iti(:s ilnd. evidence of CNS neurodevelop-  Following the identification of FAS, research in both human
Or cognitivc abn %) .(?f 4 ?Omplex pattern of and animal studies blossomed, providing definitive evidence
Ormalities, with confirmed mater- linking prenatal exposure to alcohol with FAS. Initially, this
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: interpreted in 3 fairly S‘rzflghtfoing (U.S. Surgeon

link was 1 General’s warn s women

reflectedinthe first Su‘rgeonsuraeon
General 1981, p- 9): ‘The el
who are pregnant (or considering
alcoholic beverages an

of foods and drugs.” How I ot
proposed, as outcomes were hig

i e leve
understood of the relationship between th

sment of quan-
tors, researchers initialy focus es Ozrfge;i:tsion of alcohol
tity, frequency, patert, umln?,t ntly found a positive cor-
consumption. Studies have consnszl T o
relation between ma[emal.blood. ; hysical, physiological,
developmental alterations, including P_le d;,ﬁcits 124]
biological, cognitive, and be?mwo - a
;e:\;(;ver t;e greatest risk is associated w;lth ?;zll:())’deglcohol
binge erinking, which result:s in the highes 3
;)ervels [25-27]. In that regard,llt b;&c?:nge agiiegzt;?ﬂk?;er
sures of average consumption levels (¢.8-, .
and in fact may be mis
day o pe;::;:;h )a;:?slsrrlr?;:te :)]; etfl:: number of drinks per
g 2 .
fcac(ilsni;.n, or measures such as maximum drinks per occa;}on
or number of “binges” are more relevant .fc')r understa? ing
fetal exposure and risk in humans. The critical roles o tlm(;
ing and duration of exposure to risk are also well .documentel
[28]. Organs and systems in the embryo are partl'c1.1]arly \{u -
nerable to structural and/or functional abnormalities during
their period of most rapid growth and development. Two of
the most vulnerable periods for brain development, f?r
example, are the first half of the first trimester and the brain
growth spurt that occurs in the third trimester [29].
Nevertheless, prenatal alcohol exposure can impair brain
development during all stages of gestation, including effects
on neurogenesis, differentiation, and synaptogenesis [28—
31], as the brain develops over the entire gestational period
and into postnatal life. Moreover, data suggest that variables
such as quantity, frequency, pattern, timing, and duration of
alcohol consumption cannot fully explain fetal or child out-
comes. Increasing evidence suggests that numerous biologi-
cal and environmental variables can further exacerbate risk
or act as protective factors [10, 15, 25-217].

General advise ikl
pregnancy) not (0 ctt

fic guidelines Were
le, and little was
| of alcohol

ever, no Spect

Maternal and Environmental Factors

Body profile, age, gravidity, parity,
nal body profile is associated wi
than average height, weight and B

metabolism, The mater-
th birth outcomes: lower
MI are more often seen in

: FASD than in ¢
children are unaffected [26]. This may reflect Uﬂd:::u:-?t(i)s::

in these women, or possibly, that g
, Sibly, me of these wom
themselves may have FASD, The average rigi ofslfaviﬁg '
an

affected child and/or a more severely affecte e
increased in women wl.m are older and whg h
vidity (more pregnancies) and parity (more childrener 8ra.
pared with the risk for youn.ger WOTTlen who

holic content levels. Women who l.mvg children with FASp 1
d to be aware of the alcoho miscarriages and Stllll‘?lrths P25, 2061 e
associations is not entirely clear, but may be re
severity of addiction, such that these womep canm|
their alcohol intake during pregnancy. Confinueg
over time may also cause deterioration of health
tional status. In particular, May and colleagues 32]
that early age of initiating regular drinking may ex
the adverse effects of alcohol by increasing the
time that alcohol can affect biological and physiolg
cesses important for alcohol metabolism. These effects o

Qi Lussig 8ty

hild j

al
ave hj 50

A Sy,
also han mo

CAS0N for g,
lated to the
decregg,
drinking
nd nygg.
TCporteq
acerbate
mount of
gical pro-

vary from one individual to the next and within indyigygs
depending on nutrition, body weight, and physiologica] fy.
tors, as well as genetic and environmental influences [26).
Nutrition. Nutritional deficiencies has been linked 1
increased risk for adverse birth outcomes in general [25],
Importantly, alcohol intake can directly affect nutri‘e.ntintake,
resulting in primary malnutrition or undernutrition [33],
Because of its high energy value (7.1 .kcallg), .alcoho] may
displace other food in the diet; as calom.as proylded by alco-
hol are not associated with essential nutrients, 'mtal'(e of tlTes.e
“empty” calories can result in nutritional deﬁcxencnei. Tth: 01;
particularly problematic during pregnz.mcy bzlmd(lgc_ ;10%)
when nutrient requirements are cqnmdera lys e
higher thanin non-pregnant/non-lact.atmg femafe d e
issues may also play a role if a pgrhon of the foo
spent on alcohol in place of nutritious f90ds. o, 3
Secondary undernutrition is also an issue lac’e i
deleterious effects of alcohol occur 1n ﬂ;euzct ” lingi
virtually every level of the gastr01n.tt-38tll'1a act’i ation, 8
altered metabolism, transport, utlllZthlOIl;m
storage of most essential nutrients. For gzw ® e plae
the umbilical circulation and on blood ansport of essenm_ll
will reduce oxygen supply as well as & nly reported iy
nutrients to the fetus. The most C_Ommf?ects are shown
tional deficiencies and their major © o
Table 28.1 [33-35]. : p). SEP i major de'l
Socioeconomic Position (SE )‘b sad range OF % g
nant of health that encompasses & of el

on, 0 (X4
. ducatio fjuen

. ome, CEE¥C . oriD
economic factors, such as 1n¢ }nequalmes or " 50

level, etc., that can represent heall;,1 ] f notC ic slalUs'
an individual’s health outcomes$ [30)- cof‘omeln ol
here instead of the commonly US® (inguis 2 iris
(SES), as the latter does not dlsrclalc laraC\:Ji
resources and the status Of s Jh childre m

. . . Althoug ta O™ "D
socioeconomic factors [36] o F
have been identified in all. i
countries and epidemiolf’g‘f:a-duals inlo
may be more frequent in indivl

¢50Ci0C
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Nutritional deficiencies and related FASD effects

1
ble 28.
Ta - Major effects
Num'n/amiﬂo Decreased organ growth and development, braj
Pr%fl damage
acl‘ i Cardiovascular and nervous system function
Thial
[vitamin Bl] ivation of anti-oxid
poflavin Activation of anti-oxidant enzymes
Ri
[vitamin B2] - : -
vitamins B6 Cellular function, neurotransmitter synthesis,
itamins

nd B12 metabolism of glucose, lipids, proteins, alcoho]
a

yitamin E Anti-oxidant, slz.lbil.ily of free radicals

Selenium Cofactor for antioxidant enzymes, thyroid
hormones

Vitamin A Organog.cnf:sis, cell and neuronal growth and
differentiation

Vitamin C Anti-oxidant

Folic acid Premature birth, fetal malformations [eye, palate,

GI tract, kidneys, skeleton, nervous system
(including neural tube defects)]

Vitamin D and  DNA, RNA stability, preterm delivery, increased
zinc incidence of birth defects

Choline alcohol-induced alterations of the hippocampus
and prefrontal cortex (PFC)

DH3 [Omega-3  antioxidant mechanisms in the brain and liver

fatty acids]

(27, 37]. For example, the quantity of alcohol consumed
prior to knowledge of pregnancy, Total Distress score and
SEP, taken together, were more highly associated with the
diagnosis of an FASD than the quantity of alcohol consumed
[38]. Associations between low SEP and FASD likely stem
f_ro.m findings that lower SEP may be associated with poor
living conditions, poor nutrition, lower levels of education
and e_mployment, and high levels of stress, which are all
zzsrzcllz(l)ted with poorer birth outcomes. On average, infants
o a:;Ilnen In lower SEP conditions have lower birth
i e ength, sm.aller heafls, more malformations, and
e nS of attention deﬁcxt disorder, whether alcohol-
o FASPy « z(t:t[27, ?7]. Studies also suggest that the severity
0 nygy g $ 18 Influenced or m-odulated by the stability
Ng of the postnata] environment, which is also

assOciated :
w : :
l 1th SEP anq maternal education, as well as mari-

Al and emp]
Stegs, e Status [25],

omeOStasist;iSchfm be defined as a state of threatened
; o pe ;]ntem.al steady state [39]. Stressors, both
acuvateaseto )éc 0'10810111, can disturb homeostasis and
' respon i aadaptlve fesponses that enable the individual
Meostags Thn €ope with the stressors and thus restore
e the dUtopg .e two key Components of the stress system
O fligen o MiC neryoyg System that initiates a rapid “fight
(Hpa Vste p(:l?se’, a,".d the hypothalamic-pituitary-adrenal
:lx(.)"“l "Sponge ziflnlmﬂtes a slower and longer lasting hor-
as‘s ue tg 4, enrr e We will focus primarily on the HPA
Well pg s~ “Xlensive ang long-lasting effects on the body
ance for FASD. The HPA axis comprises a

sty f‘ Sreley
OF 1y
0 : i
Dses, llltlmately resulting in the release of

]

g cardiovascular tone and circu-
S, and Suppressing responses not immedi-
or coping, including digestion and the

increasin

: s vulnerability to infections
or dlseases, and even neurop death.

Not Surprising]
can have adverse
and fetal health,
tive, and physiol
has a marked p
Immune system
central nervous
Alterations in

Y, €Xposure to stressors during pregnancy
effects on pregnancy outcomes, maternal
an'd offspring's behavioral, Immune, cogni-
ogical development [40, 41]. Maternal stress
€gative impact on maternal endocrine and
8, which interact with each other and with the
System in an intimate bidirectional manner.
the activity and function of any one of these
Systems will affect the others, and insults that alter the activ-
ity of these Systems in the mother will affect the develop-
ment of fetal metabolic, physiological, endocrine, and
immune function, with potential long-term consequences for
development and health.

Importantly, alcohol consumption during pregnancy can
disrupt the normal hormonal interactions between the preg-
nant female and fetal systems, altering the normal hormone
balance, including the activity of the HPA axis. Compounding
the effect of prenatal alcohol exposure, children with FASD
often experience a high level of early life adversity (e.g.,
maltreatment, early caregiving disruption and contact with
the foster care system, poverty, and familial adversity) [10,
42, 43]. The adverse effects of early life adversity can paral-
lel in some ways the adverse effects of prenatal alcohol
exposure, particularly on physiological and behavioral out-
comes. In the human situation, however, it is difficult if not
impossible to separate the effects of prenatal alcohol €xpo-
sure from those of early life adversity, and studies evaluating
the impact of prenatal alcohol may, at least in some cases, be
studying both prenatal alcohol and environmental stress/
adversity and/or their interactions.

Paternal Factors

In contrast to the large body of research on the influence of
maternal factors on offspring outcome, much less attention
has been paid to the possible role of preconceptional paternal
factors. However, data indicate that a large proportion of
women who drink alcohol associate with men who also drink
alcohol [44]. Therefore, it is possible that at lf:zlst some of the
abnormalities attributed to the teratogenic effects of mate-mal
drinking may be related to or.exucerbated by paternal drink-
ing. While evidence for the 1mponanc'e of paternal factors
has emerged, the mechanisms responsible are not yet well
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Genetics of FASD

an environmental disorder,

: jall
Although FASD 18 essentially tic mechanisms may play

twin studies have shown that gg:_)e -
le in resilience or vulnerability to the effect§ of alco- %
2 e study, for example, while 1dent1c.
rdant for a specific FASD diagnosis,
[47]. Of these, four

exposure in utero. In on!
twins were 100% conco | o
fra.temal o showec} 56? ZOIclicigtr:roent diagnoses—partial
pairs of fraternal twins had GIVELS e
FAS versus neurobehavioral dlsordfar/alcohcfl €Xpo
despite sharing 50% of their genetic information and p]rse-
sumably receiving virtually identical alcohol ex.posure. y
contrast, full siblings who also share ~50% of their genomes,
but may have different levels of alcohol exposure, show only
41% diagnosis concordance. These findings suggest that
while fetal genetics likely play a key role in mediating the
effects of alcohol exposure during embryonic development,
environmental factors are also likely involved.

Here, we examine the underlying genetic mechanisms
that may predispose and further exacerbate the effects of
alcohol in animal models and humans, alike. To this end, we
will discuss gene networks that may be involved in the devel-
opment of the FASD sentinel facial features and potential
comorbidities. Of note, the majority of these pathways have
been identified through work in animal models, including
but not limited to Xenopus, zebrafish, chicks, and mice, as
these models allow for direct manipulation of genetic path-
ways and controlled alcohol exposure.

Genes and Cell Signaling Pathways Involved
in FASD

Numerous pathways and signaling cascades have been asso-
ciated with the development of physical alterations reminjs-
cent of the FASD sentinel features, including both genetic
pathways (i.e. bone morphogenetic protein (BMP), fibroblast
growth factor (FGF), sonic hedgehog (SHH) ] i S
(WNT) and biochemical factors (i.e. folic acid re’t' o S
hormones, etc.). In particular, these s; o,

crucial for the proper craniofacial

A.A, Lussjg ety
these networks and biochemical factors gpe altereq |

opmental alcohol exposure, potentially meq
of alcohol on the developing organism, g
Importantly, both the direct influences of
exposure on the expression of these o
tion within these pathways could lead to mq
ability to the effects of alcohol.
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SHH Mutations and Signaling Pathway
Impairments in FASD
Sonic hedgehog (SHH) mutations are most comm
ciated with craniofacial midline defects, such ash
cephaly and impairments in the frontonasal Prominence 3y
both maxillary and mandibular processes [48], These crapjj.
facial malformations are reminiscent of alcohol-indyceg it
niofacial malformations across different species [49-51),
Importantly, it is known that alcohol activates direct antago-
nists of SHH signaling, such as the cAMP pathway and pro-
tein kinase A [52]. Furthermore, SHH and its respective
pathways can be indirectly affected by anti-factor develop-
mental morphogens such as retinoic acid, FGF, BMP4, and
transforming growth factor -1 (TGFf-1) family member
genes, which disrupt SHH gradients in the primitive streak
and developing neural floor plate during gastrulation [53].
Of note, biochemical cross-talk between the cholesterol
and SHH pathways may contribute to craniofacial malformfl-
tions through SHH signaling. Indeed, the. SHH protein
requires the addition of cholesterol and palmnt'ate [(f beco$z
biologically active [54]. Without these modlﬁcatloggdw
SHH protein cannot be transported out of the cell oranl;sig-
lipid rafts within the plasma membrane for Uanspzﬁnd e
naling transduction. In addition, chol.esterol can.rei1 oy
Smo protein directly; Smo is an SHH ligand reqzé e
vation of the GliA pathway anq target g;‘;‘:e S
proper midline formation [55]. Given that ooy, SHH siant
also affected by alcohol exposure (see be °‘:’h’e entinel
ing may act as a key integration pathway for

tures of FASD.

only aggy,
oloprogep.

MR a
WNT Mutations and Signaling Pathway
Impairmentsin FASD od in p0a0f
Wingless (WNT) signaling is 1mP11C"10geni o slim lall(";ies
mental processes, including pr Opzr'fr?elrenliﬂﬁ"" ';Slllcuoh"l
well as cell fate specification a.“d lh ye show? that it
across different model organisms 02

. oin Sy a8
mu]llple p i !heg‘L
can impact the WNT pathway lilltr differcmialloﬂ 1:150 jndi

aberrant cell migration and C‘?llu Alcohol ¢ xPressi""
trulating embryo (reviewed 10 [57]);nga ot letion-“rl
rectly trigger the WNT pathway, e iation mlgf‘le” !
of gene targets required for dlffcrcz) he 1cfeslcﬂn lrﬂl’Jlr
proliferation and ultimately leadlnghol expos” y e
tosis [58]. Importantly, acute 80" o path®"

the WNT/B-catenin canonical 515
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centinel facial features.

FGF Signaling Pathway

Fibroblast growth factor (FGF) signaling is one of the most
important signaling factors in the developing embryo,
required for cellular proliferation, differentiation and migra-
tion, as well as proper axial development and craniofacial
formation, specifically for ossification of cranial bones and
suture homeostasis [61]. Given that several genes within this
pathway are downregulated by prenatal alcohol in animal
models, including FGF2, FGFS8, and FGFR?2, perturbation
of this crucial craniofacial development pathway by alcoho]
could potentially drive some of the sentinel features observed
in FASD [52, 62]. Of note, the FGF pathway also shows
extensive crosstalk with the SHH, WNT, and retinoic acid
pathways to control differentiation and patterning during

devel9pment, suggesting that it may act as a focal point for
genetic contributions to FASD [63].

BMP Signaling Pathway
zgg;;:o?hoger_lic protein (BMP) signaling is an important
e grfwsqctor. in the .de.veloping embryo, required for cel-
e (_ilfft.erfantlatlon.and apoptosis. Similar to fea-
e in1111 l.nd1v1duals with FASD, knock-out of BMP
leading s Pairs mesoderm and neural crest cell lineages,
dix, Skeletall), palate, and eye defects, as well as brain, car-
models g g cl,iapd tooth defects [64]. Studies in both mouse
X0y g, .mcal cohorts [65, 66] have shown that alcohol
fng gastrulation causes dysregulation of the

Signalip : _
S Such, jt G Saeads, leading to congenital heart defects.

M2y play o kePOSSibl'e that alterations in the BMP pathway
FASD, Y role in mediating cardiac-related deficits in
Reﬁnoic

Impa:

Aci :
Rex‘i’:(:irﬂef‘tgi?,iics';"cy and Signaling Pathway
ey faéu’)rt > Metabolized form of Vitamin A (retinol), is
n?facia], S z:ﬂ l'he de.velopmem, playing key roles in cra-
pr;fj i eﬁcie(;:l’cdn.d limb development. Importantly, reti-
miCr:Ce E ‘likeyc:.[ e.arly gastrulation has been shown to
fOrebrc? Ly, reduCe(‘;'}'o.faClal defects such as smaller eyes,
memeal Ventric]eg (6 axial development, and a lack of the
Matiop can .7’ 68]. Furthermore, retinoic acid sup-
Partially regeye the effects of acute alcohol

t of cartilage and bone formation, and neurg] crest
tissues [59]. Furthermore, disruption of cranial
rest cell migration due to aberrant WNT signaling

result in impaired fusion of the nasal and maxillary pro-
¢ s, leading to cleft lip and/or cleft palate formation
which,afe the same craniofacial regions where key FASD’
centinel features are found [60]. Taken together, this body of
work indicates that tht? WNT pathway is a target of alcoho]
and may play 2 role in the development of FASD and its

Cy may be an underlyineg f: . ;
olo ying factor in the eti-
gy of FASD, further exacerbating the developmental

effects of prenatal
al :
development. cohol  exposure during early

Susceptibility and Resilience Genes
and Factors in FASD

Although research has revealed
pathways impacted by alcohol d
into genetic factors that may fu
to FASD are not well underst
act to increase the risk of alco

many of the cell signaling
uring development, insights
rther predispose an individual
ood. Various maternal factors
! hol’s deleterious effects in the
develong fetus. In particular, the presence of genetic poly-
morphisms of alcohol-metabolizing €nzymes may increase
or decrease alcohol’s deleterious effects. For example

maternal polymorphisms manifesting as increased alcohoi
dehydrogenase activity and enhanced alcohol metabolism
have been associated with a decreased incidence of alcohol
teratogenicity [70, 71], possibly by impacting the capacity of
the maternal-fetal unit to metabolize alcohol. As the capacity
for alcohol metabolism among pregnant women can vary up
to eightfold (from 0.0025 to 0.02 g/dl/h), the variation in

phenotypic presentation of FASD in women consuming sim-

ilar doses of alcohol could be mediated, at least partly, by

genetic mechanisms.

Co-Morbidities with Other Developmental
Genetic Disorders

DiGeorge syndrome, also known as 22q11.2 deletion syn-
drome (22q11.2DS), is a sporadic autosomal dominant dis-
order caused by a 1.5-3 Mb microdeletion on chromosome
22 encompassing approximately 30 genes [72]. Interestingly,
22q11.2DS shares many craniofacial and cardiac malforma-
tions with FASD, CHARGE syndrome, and retinoic acid
embryopathy, including long philtrum, thin upper lip, upward
slanted palpebral fissures, and aortic arch abnormalities [73,
74]. CHARGE syndrome refers to a set of developmental
malformations that vary in their presentation, and include
ocular coloboma (C), heart disease (H), choanal atresia (A),
retarded growth and/or anomalies of the central nervous sys-
tem (R), genito-urinary defects and/ or hypogonadism (G),
and ear anomalies and/or deafness (E) [75]. In a recent study,
mutations in the CHD7 (Chromatin helicase DNA binding
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forma-
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HEac Jtered differentia-

result from 2
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protein 7) gene, an =
for proper chromatin

CHARGE syndrome p

tract volume an
deficit hyperactivity
als with FASD and Au
not a coincidence that
tions, as the malformations

i e 5rs
tion, proliferation, and mig . : e
whiclI; result in the hindbrain, frontonasal prominence

pharyngeal arch aberrations. Interestingly, Sulik et.alaiou;g
- 2 mouse model at embryonic day

that alcohol.expo-sure mfa i ey £ DiGeorge
causes craniofacial mal Or.mF cial (Shprintzen) syndrome:
syndrome and VeloCardioF ; hort phil-

: : /- abnormal pinnae, a short pi
micrognathia, low set_ ears, i
trum, midline clefts in the nose, .cl.efl palate, an o
hypertelorism [80]. T-Box TmnscnPUon Factor 1 (Zi .,CZ
gene deleted within the 22q11 region) hetero'zygous n:ll
can also phenocopy the craniofacial malfonpatlons fo'un n
DiGeorge Syndrome and in FASD [81]- Finally, while the
outcomes are more Severe, retinoic acid embryopathy and
Vitamin A deficiency syndrome produce craniofacial and
brain malformations and upper trunk anomalies (heart, lungs,
thymus, thyroid, for example) reminiscent of those seen in
FASD as well as other syndromes including DiGeorge and
CHARGE syndrome.

Of note, FASD sentinel facial features can vary as they
reflect outcomes of craniofacial development specific to the
time of alcohol exposure. As developmental processes have
exquisite temporal regulation, timing of the alcohol insult
will differentially affect the head, forebrain, and craniofacial
development, contributing to the FASD spectrum.
Nevertheless, the studies discussed above highlight the fact
that genetic underpinnings of characteristic features of FASD
suggest a powerful tool for further exploration of FASD eti-
ology. Taken together, hemizygous expression of neural crest
ce.ll (NCC) genes such as TBXI could provide researchers
with an opportunity to use 22q11.2DS as a model to study
NC(;-related aberrations that occur in FASD., Moreover, har-
nessing Yvhole genome sequencing, mutations and epigenetic
modulation of modifier genes can be utilized to understand
better the variable expressivity associated with 22q11.2DS
and Ot!ler N.CC-.related disorders, including the role of NCC
alterations in disorders such as FASD and CHARGE syn-

drome. Future studies will allow a b
ette i
the role of developmental s; ; Understandmg 2
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Although the exact molecular mechanjsm,
effects of prenatal alcohol exposure on neurobiop

tems are not yet fully elucidated, epigenetjc mech(;g{Cal Sys.
prime candidates for the programming effe Nism
mental factors on physiological and neyrq
tems, as they may bridge environmept
neurodevelopmental outcomes to inflye
behavior well into adulthood. Epigenetics referg to mog
tions of DNA and/or its regulatory factors, inc|y ding l?\ca.
matin and non-coding RNA, that alter the accessibyjlig rol-r
DNA to modulate gene expression and celly]a fu“cﬁoz
without changes to underlying genomic sequence [82}3
Patterns of epigenetic modifications, in general, fiide bee:i
closely associated with cell fate specification and differeniy.
tion, suggesting a crucial role for epigenetics in the Tegula-
tion of cellular functions [83]. For a detailed overviey of
studies of DNA modifications and developmental alcoh]
exposure, please refer to [84].
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DNA Methylation

DNA methylation is perhaps the most studied epigenctic
modification and involves the covalent attachment of 2
methyl group to the 5’ position of cytosine, typically occur
ring at cytosine-guanine dinucleotide (CpG) sites. In add:
tion to its association with gene expression, it also playsa
key role in the regulation of developmental P{Ogr‘fms [Ss:;
DNA methylation is also emerging as a polentx'al blm:jm[:lal-
for early-life exposures due to its stability over um;’:I m:nerous
leability in response to environmental cues [86]. Nu ol
studies have identified changes in apulk”
response to prenatal alcohol exposure,

(or total) levels to candidate gene approds | models de”
wide associations. Early findings from ammﬁcars (o "
onstrated that prenatal alcohol expostr® app marily atihe
the establishment of DNA methylation leve]r;};ing of QoW
bulk level, suggestive of broader fepr_ogra oweven
stream cellular and biological functions: oba decfff‘se
recent studies have shown that rathc.:r tha‘;;f oW $ Zlﬁuj
in DNA methylation, some genomic .resg ave atlelﬂ!’[_e'e 4
directions of effect [87]. These studlebe more § nsml;lesis
identify specific genetic loci that -mayusing bo -oshﬂ"‘
alcohol-induced epigenetic alteration, e stud®
and discovery-driven approac
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Jn animal models, our recent study showed that some DNA
methylation patterns are concordant between the brain and
blood of alcohol-exposed animals, suggesting that blood
(white blood cells) may be an important surrogate tissue for
the development of better FASD biomarkers [88], with criti-
cal implications for human studies. In humans, epigenetic
biomarkers show promise for early screening of at-risk indj-
viduals, as the DNA methylome retains a lasting signature of
gestational alcohol exposure in both the central nervous Sys-
tem and peripheral tissues (reviewed in [84]). Recently, DNA
methylation profiles in a large cohort of children with FASD

have established that epigenetic markers of prenatal alcohol

exposure and FASD might exist and could have clinjca] util-

ity [89]; importantly, these prenatal alcohol/FASD signatures

were validated in a second cohort [90]. These findings set the

stage for broader applications of DNA methylation in the
context of FASD, creating a framework upon which to build

fl'llllre epigenomic studies of FASD and the development of
biomarkers and assessment tools.

Chromatin Modifications

0

‘Oz:sﬁia;:b::e DNA meth.ylation lies the proteins—his-

regulate aCcessr?é) cht DNA.IH the _nucleus [91]. Histones
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ways and targets of alcohol-induced epigenetic alterations,
of note, recent studies have also used DNA methylation pat-
(erns 2 a potential biomarker of prenatal alcoho] exposure,

effect of alcohol and m

the timi
ming and dose-dependent effects of alcoho] during

tion to histone modifications, several

lar, alterationg to M

; » suggesting that changes in its
€xpression profil :
hol [93]. proiiles could mediate some of the effects of alco-

Non-coding RNA

The ﬁna.l layer of epigenetic regulation is mediated throuch
non-coding RNA (ncRNA), which performs a wide varie{;y
io:l regulatory ﬁ.mctions in t%le cell. These transcripts play
-portant roles in the regulation of messenger RNA and pro-
tein levels and are central to the integration of physiological
and mok.ecular cues necessary for brain development [94].
The atypical expression of many ncRNA in the brain has also
been associated with various neurological disorders, includ-
ing autism spectrum disorder, Fragile X, Rett syndrome,
schizophrenia, and anxiety-like disorder [95]. The vast
majority of research on the effects of alcohol on ncRNA has
focused almost exclusively on micro RNA (miRNA), partic-
ularly with regards to alcohol-induced neurodegeneration
and potential biomarkers of FASD (reviewed in [84]).
Overall, these studies identified differentially expressed
miRNAs with important roles in the development of deficits
associated with prenatal alcohol exposure, including facial
dysmorphisms, neuro-apoptosis, and altered neurodevelop-
ment. Of note, the best characterized and replicated miRNA
is miR-9, which displays altered expression patterns across
multiple models and ages of alcohol exposure. Given its role
in brain development and adult neural function, it may play
an integral part in mediating some of the long-term deficits in
FASD. Several miRNA have also been associated with pre-
natal alcohol later in adulthood, suggesting that they may
retain a lasting signature of alcohol exposure and potentially
act as biomarkers. A recent study followed up on this
approach, showing that a panel of miRNA from the plasma
of pregnant women who had consumed alcohol could predict
infant neurodevelopmental outcomes on the Bayley scales of
infant development at 6 and 12 months [96]. Although pre-
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individuals prenatally exposed to
to be involved in the down-
(PAE) on development. The
ural, craniofacial, cardiac,
to a deeper understand-

Fig.28.2 Schema
cally relevant outco Al .
role in susceptibility and resilience in
alcohol. Several genetic pathways appear
stream effects of prenatal alcohol exposure
resulting FASD-relevant im;_)aimlems to nel
immune, skeletal, and behavioral systems lead

liminary, these findings suggest that ncRNA could z.ict' as
viable biomarkers of alcohol exposure, while also pointing
to the biological underlying pathways influenced by alcohol;
these latter findings could have important implications for
the development of novel therapeutic interventions in FASD.

Considerations for Epigenetic Research
on FASD

It is important to note that the vast majority of studies on
epigenetic mechanisms have been performed in animal mod-
els and primarily in samples from male subjects, highlight-
ing the need for sex-specific investigations of prenatal
alcohol effects as well as replication of these findings using
clinical cohorts of individuals with FASD. Furthermore,
given that epigenetic modifications are sensitive to environ-
mental effects, it is crucial to replicate these findings in addi-
tional studies and take into consideration other risk and

resilience factors such ag SEP, nutrition, and genetic

background when  identifying new biomarkers. Several

epigenome-wide analyses haye shown associations of many

ion patterns, which could

PA Affected Pathways

evelopment

Craniofacial

Skeletal

Behavior

Hlle

Big Data — Omics
Prism

: Clinically Relevant
Biomarkers & Outcomes

ing of the molecular mechanisms lhul'drive FASD-dependent develop-
mental changes. Moreover, integration and analysis of large new
“omics” data sets hold much promise to identify clinically relevantbip-
markers and outcomes from infancy into adulthood that can provide
basis for early intervention and perhaps for discrimination among
FASD outcomes, life trajectories, and FASD co-morbidities

ers of the many other social, economic, environmental, and
nutritional risk factors for FASD. This will allow.for new
research directions that examine the 'socia! epxgene:is
underlying FASD outcomes. Future studies wxll'hlfe]y tanz
these into account to create more robust .assocxanons
biomarkers of prenatal alcohol exposure (Fig. 28.2).
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nave been identified in the brains of adult rodents, suggesting
that alcohol can have lasting effects on the neural transcrip-
tome [98, 99].
By contrast, alterations identified in the entire embryo or
brain likely reflect the systemic effects of alcohol on the
organism or CNS, respectively, and may reflect the broader
effects of alcohol on biological functions. In particular,
meta-analyses of gene expression patterns across multiple
studies, ranging from whole embryos on embryonic day 9 in
mice to the rat hippocampus on postnatal day 100, identified
ageneral inhibition of transcription by alcohol, regardless of
the model [97]. The differentially expressed genes identified
in the combined analyses were mainly involved in protein
.synlhesis, mRNA splicing, and chromatin function, suggest-
ing that alcohol may broadly influence the regulatory sys-
tems of the cell, irrespective of the timing and dosage of
alcohol Cexposure. More recent studies are beginning to focus
?:ni;t).emﬁc braifl regions, providing insight into some of the
e l;l:)al fieﬁcns observed following prenatal alcohol expo-
(POS.tna[ ar1 ;nstance, gene .expression patterns in the adult
iesiore ay 70) mouse hippocampus are altered by a third-
kL gmwciﬁlvalentp Postnatal days 1-10, the period of the
deohg) Whichspurt n rodfants) exposure to binge levels of
i carming anglay pOtent{ally l?e related to some of the spa-
ho] [100]_ recmem()fy Impairment associated with alco-
Paterng o ?nt stud).z alsp profiled gene expression
fetugeg eXposed ®tal cortical tissue from late first-trimester
hif thetn Kl) alcohol [101]. These embryos displayed a
Wideg e ai’tecrilt_balance of splicing isoforms in addition to
o rfmlm']s lo transcriptomic programs, suggest-
e " Y Influence the fine balance of splice vari-
Wtigy Y due t. Owever, these findings must be interpreted
lakep ether Otthe Sm‘all sample size (n = 2). Nevertheless,,
. alcc; Oese findings Support the suggestion that
Stent ©Xposure can have both transient and per-
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lar patterning, growth, and development, suggesting
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o environmental and cellular inputs, transcrip-

| alterations measured soon after alcohol exposure may
e intracellular response to the teratogen, rather than
ble programming effects of prenatal alcohol op the
Smnome- By contrast, gene expression profiling in the adyt
Efain, Jong after the removal of alcohol, may provide addi-
onal insight into the long-term effects of prenatal alcohol
o cellular programs. Although these latter effects
rousually subtler, long-lasting changes to the transcriptome
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Proteomic Alterations

s el th a high dose of alcohol on gesta-
n. a}' 8, mimicking a binge €Xposure, resulted in reduced
ammot}c fluid levels of alpha-fetoprotein (AFP) compared to
levels'm control dams [104], suggesting that AFP could
potentially be used as a biomarker for alcohol exposure.
Im.portantly, this proteomic analysis of amniotic fluid on ges-
tation day 17 (one day prior to birth) could discriminate
b.etween alcohol-exposed and unexposed embryos for high-
risk dysmorphogenesis [104]. Similarly, proteomic analysis
of placentas of rats exposed to alcohol from gestation day
5-19 (mimicking a more chronjc exposure) identified 45 sig-
nificantly altered placental proteins between alcohol-exposed
and control placentas: proteins involved in alcohol metabo-
lism (alcohol dehydrogenases and aldehyde dehydroge-
nases), as well as genes involved in cellular function, immune
function, nutrition, fetal and neurodevelopment, and implan-
tation was upregulated in the alcohol-exposed cohort com-
pared to pair-fed controls [102]. Finally, human placenta
proteomic profiles obtained from alcohol-exposed and non-
exposed pregnancies demonstrated significant reductions in
placental expression of VEGFR2 and annexin-A4, both of
which could serve as potential placental biomarkers for pre-
natal alcohol exposure [103]. Thus, proteomic profiling is a
tool which could be used to identify novel biomarkers of
FASD, while providing insight into its possible molecular
underpinnings.

Applications to Clinical Setting
and Conclusions

FASD is the most common cause of neurodevelopmental
impairments in the western world, with an estimated preva-
lence as high as 1.1-5%, affecting as many as 700,000
Canadians [11]. While prenatal alcohol exposure is the cause
of FASD, not all alcohol-exposed individuals develop obvi-
ous deficits associated with FASD. In addition, detennir!i_n‘g
if prenatal alcohol exposure has occurrc‘d isiortcn very diffi-
cult due to the often subjective nature of s?lt-repc?rts of alco-
hol consumption or the unavailability of the birth mother
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will not be sufficiently effective. Innovative and mtegll'an‘i’ﬁ

public education approaches are needed to allow coup ;Sll]
their reproductive years to understand better and more fully
the risk of alcohol consumption during pregnancy and pos-

sible FASD outcomes. T

New diagnostic tools that can provide sensitive blor.nark—
ers of prenatal alcohol exposure and that can .be eth.lcally
applied would make a significant impact in [ht? diagnosis and
prevention of FASD. The current diagnostic prochs for
FASD is comprehensive but extremely time-consuming and
costly, requiring a team of medical, psychological, educa-
tional and social specialists. Note, however, that instruments
are currently being developed that may help to expedite iden-
tification of individuals who might have been exposed to
alcohol prenatally [106]. This could increase the ability to
identify those who might be at risk for FASD, and these indi-
viduals could then be referred for the full team-based assess-
ment, which would expedite diagnosis. Although some
children with FAS can be identified in infancy, most FASD
diagnoses occur much later once children are in school or
even into adolescence and adulthood, and a large number of
children on the spectrum may never receive a diagnosis, par-
ticularly if they don’t have the dysmorphic facial features of
FAS [18]. That said, it is well established that early cogni-
tive, educational, adaptive, and behayioral interventions can
})-rofoundly c'hal.lg.e the long-term outcomes and quality of
1f.e ?f these individuals and their families [8, 10]. Knowing
ﬂ_“s Hupact, eflrly screening tools are essential to help iden-
:lfl)l; iit;ln:lscszhlldren ata yqung age and provide an objective
ssment that will allow thege children access to

heavy drinking in late pregnancy, which is often already
known in the person’s history, and may have little prediciye
value for FASD outcomes. The present review highlights the
emerging potential for genetic, epigenetic, transcriptomic
and proteomic approaches not only to elucidate FASD efiol
ogy, but also to serve as potential biomarkers or signatures of
early-life events, including prenatal alcohol exposure.

In this age of “big data” and larger child and adult cohor;
new frameworks on how to integrate genetic and epigencc
data with those of the many recent omics studies will not
only identify new clinically relevant biomarkers qf FASD}
but will help elucidate the underlying molecular etiology 0
FASD and the many FASD comorbidities and relaleq l;el:;
developmental disorders, as well as the molecular eu(?] 102150
that clinically distinguish them. New framf:works \:i,clms A
point the way to potential new treatments/mterve]l:) e
children with FASD and other neurodevelop

disorders.

Review Questions

1) Which of the following is the
prevalence?) neurodevelopmenta
a) Autism Spectrum Disorder
b) FASD
¢) ADHD
d) Cerebral Palsy

2) Most children with FASD 1€
misdiagnosed.
a) True ]
b) False agnosis

3) Vz’hich of the following is an FASD DY Mu

fistic?
. . ic an Sta
ing to the recent Diagnostic o

Edition. A
a) FASD with sentinel facid entified 1
impairment in 3 of ,mor‘fnalﬂ oS

1 1 lpI'L
mental domains, Wil
own
cither confirmed or unkn

most common
1 disorder?

are
] d of
ain undiagn®

o and ©

! ) 12) Geneti fes i :
) Women with one BASD child iave g SR ) Genetic studies in model organisms often recapitulate

next child having FASD.
a) True
b) False

6) Nutritional factors are risk factors for FASD because:

a) Alcohol is “empty” calories that may displace other

food in the diet

b) Alcohol may exacerbate specific nutritional deficien-

cies during pregnancy

¢) Deleterious effects of alcoho] in the placenta and the

gastrointestinal tract
d) All of the above

7) Which .of the following is NOT a risk factor for FASD?
a) Socioeconomic Position
b) Chronic Stress

g) Paterna] consumption of alcohol
) None, all are risk factors

Which of the followj
Incorrect?

8)
Ng statements regarding stress is

3) Materna] stress affect
adreng] (HPA) system
on the body
Materng] stress h
Materpg] endocrin

‘he. Stress effects
distinet from those
tre.ss Can be defip
_Stasm Or interng] st
m'sludies of FAS

s the hypothalamic—pituitary—
resulting in long lasting effects

as a marked negative impact on
€ and immune systems

of prenatal alcohol exposure are
of early life adversity

ed as a state of threatened homeo-
eady state

genetje i D provide the best evidence that
A0 Important role in FASD because:

al twine .
- 108 are a 100% concordant for a specific
b) By lagnosig

1S §
and S show only a 56% concordance
ot B
OtA

d)An
e)Bn

13) Genetic polymorphisms of alcohol

14) FASD comorbidities with other developmental

developmental craniofacial

children. Other FASD developmental outcomes often
less appreciated include (choose all that apply):

a) Congenital heart malformation .
b) Significant increased incidence
c) Eye defects

d) Dental defects

e) Hearing defects

f) Kidney and liver defects

and brain seen in FASD

of miscarriage

: metabolizing
€nzymes or in the genes and cell signaling pathways

involved in FASD may identify susceptibility and resil-
lence genes and factors of FASD.

a) True

b) False

. genetic
disorder include (choose all that apply):

a) Attention Deficit Hyperactivity Disorder (ADHD)
b) Autism Spectrum Disorder (ASD)

c) Cerebral Palsy (CP)

d) DiGeorge syndrome

e) Charge Syndrome

15) Epigenetics refers to modifications of DNA and/or its

regulatory factors that include (choose all that apply):
a) DNA Methylation

b) Changes in the DNA code
¢) Chromatin/Histone Modification
d) Changes in Non-coding RNA expression

16) Because epigenetics essentially is the interface between

genes and environment, changes in epigenetic marks
will not only capture those that are biomarkers of prena-
tal alcohol exposure, but those that are also biomarkers
of the many other social, economic, and nutritional risk
factors for FASD.

a) True

b) False
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ons that tightly associat

: | S i rovide
[7) Bpigere [:.conI:lochanges in gene expresls(lorsl :;1(111 IEK)ICCU_
e i tial biomarker :
i insight into poten : st
lmpom:;rll?ssrlr;gs involved in alcohol-induced defic
Jar mec
a) True o
ure ha
lf)’) lt:eailrfebiomarkers of prenatal alcohol €xpos
18) Pro |
. ; in
md}:dgd;:ed amniotic fluid levels of alpha fetoprote
a) Redu
jon of
b) (S?;};:icant reductions in placental expressl
VEGFRZ and annexin-A4

i AEE)
c) Presence of meconium fatty acid ethyl esters (F.
in newborn infants
d) All of the above
19) Concemns regarding these
all that apply): R ;
a) Procedures can carry mgmﬁcant.nsk .
b) Access to tissue and reproducible resu
limited i
c) Iilrgications of prenatal alcohol exposure are limited
to late pregnancy it
d) I({)esultspm;y have limited predictive value for FASD

biomarkers include (choose

may be

S . .

20) Ne:/u;::;rll]:works on how to integrate genetlc.: and zPl;

genetic data with those of the many recent omx'cs studie

will not only identify new clinically relevaflt biomarkers

of FASD but will help identify the underlying molecular

etiology of FASD.

a) True

b) False

Answers
1b. 2a. 3d, 4d, 5a, 6d, 7d, 8c, 9c, 10a/c/e, 11a, 12all, 13a,
14a/b/d/e, 15a/c/d, 16a, 17a, 18a, 19a/b/c/d, 20a
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Learning Objectives

o Readers will understand the potential of interven-
tions for children with FASD in supporting growth
and healthy development of this population.

* Readers will be able to identify targeted interven-

tion approaches for children with FASD.

llieaders will be able to identify Integrated interven-

tion approaches for children with FASD.

Readers will understand the core components of

successful intervention for children with FASD.

Highlights

* Both targeted and integrated
dpproaches have been shown to impro
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Introduction

;‘;’:aﬁlb‘t"};‘;i&: iliiffe:loggtefi :10 c?xperiencn success and pur-
Spectrum Disorder ,(FASD;H Ha Wlﬂ'l vl
populations where the naturean; trlllo c‘xceptlon-. & .c.omplex
be different for each individua;) fi ceiihfelong o L
cess and purpose can be diffi i patnway S

. cult. The goal of intervention
oo o g o e
for the individu;l Interventions are i nCUfmmg, Sl

_ _ . are intentional change strat-

n:glc'zs. designed with a goal in mind that matches what the
}ndmdual is aiming to achieve. Clinicians and researchers
Intervene in the lives of clients in an attempt to influence
change in a direction that is thought to be beneficial or infor-
mative. Health interventions are treatments, therapies, proce-
dures, or actions that are implemented in response to health
problems to improve conditions and achieve beneficial out-
comes [1]. Interventions should be built on existing strengths
and address areas of challenge to move towards healthy liv-
ing and quality of life, and not solely for the remediation of
deficits. Interventions must be implemented appropriately, in

a timely and proactive manner, and may be tailored to the

individual and their community. Importantly, communities

of support and individuals with FASD should be engaged in
developing intervention approaches to ensure that interven-
tions are meaningful and feasible.

There is evidence supporting both direct and indirect
intervention approaches to optimize growth opportunities for
children and adolescents. Direct, or targeted, interventions
are those that focus on specific skill growth and develop-
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