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Abstract
Introduction: Behavioral undercontrol is a we#itablished risk factor for substanse disorder,
identifiable at an early ageell before the onset of substance use. Howekerbiological
mechanististructureunderlying the behavioral undercontrol/substguse relationghis not
well understood. fie enzyme catech@l-methyltransferase (COMT) catabolizes dopamine and
norepinephrine’in the prefrontal cortex and strigthrain regions involved in behavioral
control. The"goal of this work was to investigtte association between genetic variation in
COMT functioning andronto-striatalbrain functioning duringuccessfuinhibitory contro| a
critical aspectof behavioral contrtMethods:Particpants weré5 (22 female)7—12 year olds
who were ‘genotyped for the functiof@DMT Val**®et (rs4680) single nucleotide
polymorphism and underwent functional magnetic resonance imaging while performing a go/no-
go task. The majority of the sample (80%) had at least one parent with a histoghot ake
disorder and were thus at heightened risk for substance use disBetris: There was a
significantymain effect of genotype on brain activation in left and right putamemyduri
successfulversus failed inhibition and in right inferior frontal gyrus/indutang successful
inhibition*versus baseline. Folloup tests revealed thigtet homozygotes hagkeater activation
in each region relative to Val homozygotes. Conclusidhsseresults are relevant for
understanding how specific genes influence brain functioning related to underlkifarctss

for substance use disordensd other disinhibitory psychopathologies.

Introduction
Substance use initiation by age 13 is associated with greater risk of developing a
substance usedisorder (SU@rant & Dawson, 1997) and can have a negative impact on
academic aechievement, family and peer relationships, and psychosocial matuctiden($erg
et al, 2004Understanding the biological risitructurethatdrivesearly substance use onset
may aid in the developmeaf more effective prevention strategies to reduce the incidence and
impact of SUD.
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One of the most robust risk factors for SUD, identifiable prior to the initiation of
substance usés behavioral undercontr@MicGueet al, 2001; Zucker, Heitzeg, & Nigg, 2011).
Poor inhibitory control has been proposexdanunderlying cognitive mechanism contributing to
behavioral undercontrol (Zucket al, 2011). At the neural level, the mesolimbic dopaminergic
pathway is fundamentally related to these opera{iDafiey et al, 2008; Diergaarde et al.,

2008). The.dopamine system undergoes dramatic change during adolescence, concomitant with
substance usaitiation and escalatio(Lucianaet al, 2012; Spear, 2011lt.is also centrally

related to the“reinforcement potiahbf drugs of abuse (Everitt & Robbins, 2005; Robinson &
Berridge, 2000), and has been implicated in pre-existing vulnerability to addigto@ride &

Li, 1998; Volkewet al, 2002).An emerging literature describes the impaal@baminergic

genetic variatioron brain functioning during inhibitory control in healthy young adults

(Cumminset al,;2012)and typically developing adolescefBraetet al, 2011).

An important modulator of dopamine activity in the prefrontal cortex and striattima is
enzyme catechd@-methyltransferase, which catabolizes dopamine and norepinephrinegChen
al., 2004)./Asfunctional valine (Val) to methionine (Met) substitution at codon 158 in the gene
that codesforcatech@-methyltransferaseJOMT Val**®Met; rs4680) results in a 3—4 fold
enzymatie:activityncreaseand concomitant synaptic dopamneeluctionin individuals
homozygeus for the Val allele (Chenal, 2004). Studies of healthy youilges 814) have
found theCOMT Met allele to be associated witletterinhibitory control(Diamondet al,

20049, particularly in maleg¢Barnettet al, 2007).A recent largescale studyf healthy
adolescents'(mean age 1AMhite et al, 2014) found &£ OMT x sexinteractionin the pre
supplementary ' motor area durisigpsignal inhibitory control, with male Val homozygotes
showing the highest brain activity relative to the other two male genoiypgesnales, however,
this pattern was, not observedipporting other evidendkat sex moderates the effects<G@dMT
on brain activity, (reviewed in Harrison & Tunbridge, 2008).

This.study sought to better understand the association betwe@®MEVal'**Met
polymorphism and brain activity during inhibitory control prior to significant substarecanus
males and femaleat high risk for SUQON = 65) Participantsvere7-12 years oldvith minimal
history ofsubstance us8ased on previous wolBarnettet al, 2007; Diamongkt al, 2004),
we expected to finbetter inhibitory controperformance among those with at least one Met
alleleas well agyreater brain activity during inhibitory control in frontal and striatal areas among
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Val homozygotes.n light of sexrelated findingdgrom prior studies, walso expected effects to

be stronger in malgbanin females

Material and Methods
Participants

Participants weré5 right-handed youth(22female), aged 7-8.2.9 years ahe time of
thefMRFscan' = 10.4,SD= 1.17). They wereecruited from théMichigan Longitudinal
Study MLS;"Zuckeret al, 1996; Zuckeet al, 2000), an ongoingnulti-wavestudy of
communityrecruitedfamilies with and without parentalcohol use disordeEighty percent of
participants insthe current sample had at least one parent with an alcohol use d\didgder.
assessmentre’conductedvery three years startimghen the children are age® adolescents
and young adults are also assessed every year from age laried-were excludeduring
MLS recruitmentf the target child displayed evidence of fetal alcohol effects or the mother
reported drinking during pregnancy. Exclusiongatal alcoholcharacteristics included prenatal
or postnatakgrowth retardation or both, central nervous system involvement, and dktcacter
facial dysmorphology (Loukastal., 2001; Sokol & Clarren, 1989%ull details on assessment
and data‘eellection in the MLS can be found elsewhere (Z@tkadr 2000.

Forthe present study, participants were excluded if they had: neurological, acute, o
chronic medical illness; cumg active Axis | disorder (not including past mood disorder or
current or'past anxietyisorder, conduct disordear ADHD); current or recent (within 6
months) treatment with centrally active medications; MRI contraindications such as metal
implants orelaustrophobia; 1Q less than 70; or history of psychosis indegtee relatives.
Participants who were taking medication ADHD were asked to abstain at least 48 hours
before the, MRI scarBeeTable 1 for demographic and psychometric variables.

Parems/guardians of participants provided written informed consent and participants
provided written informed assent. Study materials and procedures were approved by the
University oftMichigan Medical Schodhstitutional Review Bard.

Measures

Genotypes. COMT Val***Met (rs4680) was genotyped by a 5’ exonuclease allelic

discrimination TagMan assay, provided by Applied Biosystems from the Drug Memalpaisel

! A subset of these participants= 50) is the same as those from Hareeal, 2014.
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(Life Technologies, Grand Island, NY) and allelic discrimination analysis wésrped using
the software SDS v2.2.2 (Applied Biosystems, Foster City, CA). This SNP is partlibdithea
addiction biology SNP array designed by Hodgkingbal. (2008). The panel includes SNPs
from 130 candidate genes for alcoholism, addictions, and disorders of mood and anxiety and is
genotyped_using thlllumina GoldenGate platforrbout half of the larger overall MLS sample
was genotyped by both the Tagman assay and the lllumina Addiction panel, and no discrepancies
were observedin >200 samples. There was no significant deviation from Hardy-Weinberg
equilibriumin‘either the overall or the fMRI subsample.

Psychometricmeasures Theschool age Child Behavior Checkli§IBCL; Achenbach
& Rescorlg; 2001)vas used to assessternalizing (e.g., aggressiveje-breaking) ad
internalizing (e<g., anxious, depressive) symptomology, as reported by parenWechsler
Intelligence Scale for ChildreM(ISC-11l; Wechsler 1991 was used to assess fatale 1Q.
Family history ofAUD was defineds follows A subject was consideréamily history positive
(FH+) if one_or both parentsverhadadiagnosis oklcohol abuse or dependence, according to
Diagnosticrand/Statistical Manual of Mental DisordelfsEdition (DSM-IV; APA, 1994)
criterig if neither parent met these criteria the subject was consitiergly history negative
(FH-). In‘addition, family history of AUD during the child’s lifetime was also spedif~or
diagnoses«(e.g., ADHD, major depressive disorder, conduct disofescprputerized
Diagnostic Interview Schedule for Children (C-DISC; Shaffer, Fisher, Luadsab, &
SchwabStone, 2000) was given and diagnoses were tallied based on\D&fteria.

Substance use was assessed every three years between ages 6 andH€altithral
Daily Living=Questionnairas part of the regular MLS assessment schedule. Questions covered
use of marijuana, alcohol (more than a sip), cigarettes, and other drugs. htdleyage at
which use occurred and the quantity/frequency of use was recorded. Subsequent annual
assessments. (i.e., starting at age 11) involved the Drinking and Drug History F@hildoen
(Zucker & Eitzgerald, 1994), which also covers age of use as well as quantity arehtrggf
alcohol, marijuana, nicotine, and other drug use. For the purpodesaibing this study
sample substanceise was dichotomized (yes/no).
Stimuli and Task

A go/no-go taskDurstonet al, 2002; Heitzeget al, 2010; Hardeet al, 2014; Heitzeg
et al, 2014) was used to probesponse inhibitionor the ability to suppress a prepotent
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responseParticipants were instructed to respond with a button press to target stimuli (all letters
except “X"; P =.75) and to withhold the button press to taget stimuli (X ; P = .25.
Stimulus duration was 500 ms with an inter-stimulus interval of 38§@uring which a black
screen with a white fixation cross was display&itiresponses that occurred within 3000 ms
after stimulus.onset were counteirapid mixedtrial eventrelated design was used.
Participants completes rurs, eachhaving 49 trials and lasting 3mbin. Rates of false alarms
(pressing the"button for a naarget stimulusfAs), hits (pressing the button for a target
stimulus) misseqnot pressig the button for a target stimujusnd correct rejection®ot
pressing the button for a nearget stimulusCRs) wererecorded. Reaction tim¢seasured
from the beginning of stimulus presentation)-#s and hitsverealso recordedrinally, a
measuref sensitivity,d’, was calculated aghit) — z(false alarm)Becausédhe corresponding
score istoo when hit rate is 1.0 (i.e., 100%), it is common practice to recalculate hit rate as 1—
1/(2N), whereN is the number dfargetstimuli (Macmillan &Kaplan, 1985; Stanislaw &
Todorov, 1999). This was done for the five participants with hit rates of 1.0 (3 femaleg;2lmal
Met/Met, IVallMet, 3 Val/Val)SeeTable 2for task performance measures.
fMRI Data ‘Acquisition and Statistical Analysis

Whele-brain blood oxygen level-dependent (BOLD) functional images were acquired on
a 3.0T GEsSigna scanner (Milwaukee, WI) using T2*-weighted single-shot combindd spira
in/out sequences (Glover & Law, 2001) (TR 2000 ms, TE 30 ms, flip angle 90 degrielest-fi
view 200 mm, matrix size 64 x 64, slice thickness 4 mm, 29 slices).rdggidtion anatomical
T1 scans weralsoobtained for spatial normalization. Motion was minimized with foam padding
around theshead and instructing participants omtip@rtarce of keeping still.

Functional images were reconstructed using an iterative algofdbthet al, 2005
Suttonet al, 2003) and motion corrected usiR§L v5.0.2.2 (FMRIB, Oxford, UK). Runs
exceeding.3nm.translation oB° rotation were excludédimage preprocessing was completed
using SatisticalParametridMapping (SPMERRID:SCR_007037]Wellcome Institute of
Cognitive Neurology, Oxford, UK). Functional images were spatially normalized to theédbnt

2 The number of runs excluded was as follows: Met/Met ®théle = 1); Val/Met = 6 (female = 2); Val/Val = 8
(female = 4). A 2 (sex) x 3 (genotype) analysis of varigAd8OVA) on the number of runs excluded was not
significant for the main effect of sex, main effe€genotype, or interaction (adk > .270). Sex x genotype
ANOVAs on average motion, defined as the mean difference from onm&db the next (calculated for rotation
and translation, respectively), were also not $icgnit for the main effct of sex, main effect of genotype, or
interaction (allps > .148).
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Neurological Institute (MNI) templat@nd smoothed with a 6 mfull-width at halfmaximum
(FWHM) smoothing kernel. Low frequency noise was removed with apagk-filter (128 sec).

Image processing was done in SPM8. False alarms, correct rejectiogs, taatswere
modeled separately with tisgéandard hemodynamic response function (event duration 4000 ms
from stimulus.onset), along with six realignment parametedswhite matter signal intensity as
nuisance variable®ur primary construct of interest was activation associated with successful
inhibitory control.For each participant, images that represented the hemodynamic response
associated WitlERsvs. FAs (i.e., successful vs. failed inhibition) a@dRs vs.implicit baseline
were computedComparing CR activity with FA activity hofthe simulus (nontarget or “no-
go”) constantsln addition, an implicit baseline was used as opposed to target (i)etriagp”
because ofithe*high frequency of target trials relative to the other event tygwis @Dal,

2013).

At the group level, me-samplet-tests in SPM8 were used to detactivationassociated
with correct rejections (i.e., CRs vs. FAs, CRsbaseline) We performed a wholbrain search
at a familywisererror (FWE) corrected thresholdp .05 and a voxel extent25; significant
clusters in‘prefrontal and striatal areas (i.e., those associated with COMT functioning) were
identified;sandoeta values were extracted using MarsBaR (Btedt, 2002) andmported into
IBM SPSSStatisticsv.22 (BM Corp, 2013)for further analysis.

Demographic, psychometric, and taskperformance measures Fisher’s exact testor
oneway analysis of varianceANOVA) were used to test for differences across genaiype
demographicand psychometric variabl€al{le 1). Differencegelated to sex and genotype on
go/nogo tasksmeasures (hit rate, hit reaction tifakse alarm ratefalse alarnreaction timeand
d’) were testeavith a multivariate analysis of variance (MANOVA; means and standard
deviations, inTable 2).

Neuroimaging measures Two-way ANOVASs (sex x genotype) were used to test main
effectsand.the.interaction of sex and genotype on brain activity, restriceegrificantfrontal
and subcortical clusters from the osemplet-tests of &®s vs. FAs and CRs vs. basel{ffable
3). Correction,for testing multiple comparisons was applied using the Benjaioahiberg false
discovery rate (FDR) procedure (Benjamini & Hochberg, 1995;.05,m = 8) for each of the
three effects (i.e., main effect of genotype, main effectxafiageraction of sex and genotype).
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Results

Psychometric Variables

There were no signifantgenotype group differencegsted via onevay ANOVAS or
Fisher’s exact testfor participant sexy(= .940), age[§ = .485), rac€ (p = .124), parental
history of AUD. ever p = .377;in child’s lifetime:p = .883), 1Q (p = .897), externalizing
symptomology46 = .154), internalizing symptomology € .102),DSM-IV diagnoss (@ll ps =
476) or'substance usp € .554) (Table 1).
Go/No-Go TaskPerformance Measures

Task performance measures (i.e., hit rate, false alarnbraten presseaction timesd’;
Table 2) werestesteavith a MANOVA with two factorgmale vs. femaleMet/Met vs. Val/Met
vs. Val/Val)i There was significanteffect of sexon task performance measureg,55) = 2.53,
p = .039 follow-uptests revealed a significant effect of sex on false alarmrite9) = 9.81p
=.003 (males > females). There were also tlend| effects of sex od’, F(1,59) = 3.65p =
.061 (females > males) and hit reaction tifg,,59) = 3.12p = .083 {emales > malgsThere
were no othesignificant effects
Imaging Results

Main effects of successful inhibition

CRswvs. FAs. A onesamplet-test on the contrast of correct rejections (CRs) vs. false
alarms (FAsghowedsignificantactivation in the right and lefiutamen igure 1, Table 3.

CRsyvs. Baseline. The contrast of CRs vs. baseline showsigaificant activation in
severafrontaland subcortical brain are@Bable 3). Specifically, significantlusters werdound
thebilateraleaudatebilateral supplementary motor area (SMA)/mid cingylizti pre-
/postentralgyrus,left inferior frontal gyrus (IFG)/operculumight orbitofrontal corteXOFC),
andright IEG/insula

Effects.of sex, genotype, and sex x genotype

Two-way ANOVAS (sex xgenotype were performedh SPS3usingsignificant clusters
from theSPMonesamplet-tests of main effectsf successful inhibitionTiable 3). There was a
significant main effect of genotype in right aleft putamenFigure 1) and right IFG/insula
(Figure 2). These effects remained significant after controlling for testing multiple comparisons.

Follow-up tests revealed thet both thdeft and right putamen, both Met/Met homozygotes and

% See Supplemental Material for imaging analyses regarding radeitgthn
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Val/Met heterozygotes had significantly higher activity tNal/Val homozygotes. Imight
IFG/insulg Met/Methomozygotes had significantly higher activity théal/Val homozygotes.

There was also a main effect of sex inlgfelFG/operculumand a sex by genotype
interaction inthe, right putamerpilateralcaudate, antkft IFG/operculumHowever, these
findings did.net pass correction fowltiple comparisons

Correlations with task performancemeasures

In the“full sampleactivity in the right OFC was significantly negatively correlated with
hit rate,r(65)==.25,p = .048andd’, r(65) = -.28,p = .025.Activity in the right IFG/insula was
also significantly negatively coriaied withd', r(65) = -.26,p = .038. When testing correlations
in males andemales separatagtivity in three regions was significantly negatively correlated
with hit ratein femalesbut not in malesleft IFG/operculumy(22) = -.53p = .010;right OFC,
r(22) = -.46,p =:031; andight IFG/insula,r(22) =-.50,p = .019.Also in females, there was a
significant negative correlation betwedrand activity in left IFG/operculunm(22) = -51p =
.016as well agight IFG/insulay(22) = -.44,p = .039.In males, there was a significant negative
correlationsbetweed’ and activity in right OFCy(43) = -.34,p = .023.

Discussion

This*study investigated the association betweeCM T Val**®et polymorphism and
neural activity during response inhibition in male and female youth atrisigtier SUD. During
the successful inhibition of a prepotent motor response, a network of regions includefy the
and right putamerbilateralcaudate, andght IFG/insulawere activated, consistent with prior
reports of response inhibitiaircuitry (Buchsbaunet al, 2005; Garavaet al, 1999; Simmonds
et al, 2008). hreeregions activated during successful inhibitsiowed a significant nra
effectof genotype—eft and right putamen angght IFG/insula—with Met/Met homozygotes
havinghigher. activity tharval/Val homozygotes, contrary to hypotheses that Val/Val
homozygotes would show the highest levels of brain activity. Also contrary to hypotheses that
effects would'be stronger in males, no significant interactions with sex wereethser

Forthe,contrast of correct rejections vs. false alarms (CRs vs. FAs), we found significant
activation in the left and right putamen that was also significantly associateG@MT
genotypelt has been suggested that greater activation of the putamen during successful
compared with failed inhibition may reflect dopaminergic processes associated wismd-al
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error learningHolroyd & Coles, 2002; Stevers al, 2009).The right IFG/insula is a region
classically associated with successful inhibitory cor(eal., Aronet al, 2003) and may act by
exerting goal-directed influences consistent with executive control of bel{Stewenst al,
2007).

Despite.the associations among mesolimbic dopamine, inhibitory control, khak ris
SUD, the effects of th€OMT Val**®Met polymorphism on brain activation during response
inhibition have'not been examined in high-risk youth. The function of the COMT enzyme is to
degrade dopamine, with the Met version of the polymorphism coding for the low activity
enzyme and resulting in higher levels of dopamine. Our findimdjsatethatthe highest BOLD
activity duringrinhibitory control is exhibited by those with the highest dopamine levels (i.e.,
Met/Met homozygotes)Accordingly, lowerlevels ofBOLD activity corresponded with losv
levels of dopamine (Val/Val homozygote€pnsidering there were no significant differences in
task perfomance related to genotygbesefindingscan be interpreted dswer efficiency
during suceessful inhibitiom Met/Met individualsrelative to theval/Val homozygotesyith
Val/Met heterezygotes displaying intermediate levels of efficieliéy.important to note,
however, thatithe interpretation of lower efficiency in Met/Met participants is not specific to any
one underlying mechanism (see Poldrack, 2015). Potential biological processeslthat ¢
explain differential activation in the contexXtsamilar task performance between groups include
performing different cognitive processes or neural computations. It is alsiblpabat groups
differ on neural computation intensity or timing.

Thesextant human and anintiérature suggests thabgnitive task performance and
dopamine ‘econcentration follow an inverted U relationship (Arnsten & Goldman-R#&€8;
Bilder et al, 2004; Mattayet al, 2003), with too little or too much dopamine resulting in
reduced cognitive functioningshe nature of this association with regarcCOMT is well-
established.in.adults; it is tiMet/Met genotype thalies at the top of the curve amsthus the
optimal polymorphism (e.g., Egat al, 2001). A study of healthy adult subjects in which the
COMT enzyme was pharmacologically manipulated further supports this: Adratiost of
tolcapone,a €COMT enzyme inhibitor, improved executive functioning in subjects with the
Val/Val genotype, but worsened performance in Met/Met subjects (&pald 2007). However,
there is also substantial evidenhes relationship is not static throughout development.
Dopaminergic concentrations increase in eadymid-adolescencbefore dropping throughout
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adulthood (reviewed in Spear, 2008ifectively shifting thdocation of theCOMT genotypes on
the inverted Urom childhood to adolescence to adulthomviewed inWahlstrom, Collins,
White, & Luciana, 2010 Thus, the advantage belongs to Val/Met heterozygotes during
adolescence (Wahlstroet al, 2007) and, as we found here, Val/Val homozygtdste
childhood.

Here we found that Val/Val subjects had reduced brain activity during successful
inhibitory control in the absence of genotyiedated task performance differences. Thinking
more broadly'aboutOMT andimpulsivity in general, the literature- based primarily on adult
samples—is not clear Theoretically, the ¥l alleleis thought to lead to weakenguhibitory
control ang: aspropensitp impulsivity by way of enhancing flexibilitywhereas th#etalleleis
thought to'enhanadehibitory controlby dampening cortical noise (reviewed in Congdon &
Canli, 2008) Boettiger et al.(2007) indeed found that Val&/individuals demonstratedraore
impulsive pattern of choice behavior than the other two genotypes on a temporal discounting tas
in healthyadults. On the other hand, also in a sample of healthy &hdtszde-Souzaand
colleaguesZ013) repordthat the norplanning impulsiveness factor of tBarratt
Impulsiveness:Scalel (Patton, Stanford, & Barratt, 199&8as higher in Met/Mesubjectghan
in Val/Vaksubjects. Other studies have found this germpataérn as wellDeYoung et al. (2010)
and Biederman et.a2008) both found that tHdet allelewas associated with ADHD
symptomsFinally, a reent studyof male children and adolescefasind significantly higher
hyperactiveimpulsive and inattentive scores in Met/Met individu@srkovicet al, 2013)
Indeed, hesrelationship betwed@OMT and impulsivity is not clear-cut, but is nonetheless
essentiaformunderstanding how genetic variation, behavior such as inhibitory control and
impulsivity, brain function, and substance use problems are related.

Disinhibitory psychopathologies, including substance use problems, are often comorbid
with other disorders. Thus, these findings may have broader implications in tetstsfof a
variety of other/psychopathologies as willadults, COMT has been associated wyrefrontal
functioning.and executive control in schizophrenia (Ehlis et al., 2007), social cognibigiolar
disorder §oeirede-Souzaet al., 201, as well as risk foobsessiveeompulsive disorder
(Azzam & Mathews, 2003) and early onsedjor depressive disorddvi@ssat et al., 2005As
this study is part of a largengoing longitdinal projectit will be critical to follow these
participants throughout their teens and twenties in order examine linksdretiae present
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results and the future development of disinhibitory and other psychopathologies, including
substance usgroblems.

Contrary to recent work (Whitet al, 2014), we did not fingignificantsex x genotype
interactiorgin brain regions associated with successful response inhibiti@ncorrecting for
testing multiple comparisons. However, given the young age of the participants insie pre
study (10.4 years) relative to those in the White et al. study (14.0 years), one possiihisity i
these interaction effects appear later in developnpenbhaps with the onset of puberty. Indeed,
evidence suggests thegtrogen may inhibit COMT activitfXie et al, 1999; Schendzielort
al., 2011), an effect that may contribute to sex differenc€0MT polymorphismeffectsin
older samplesAnother possibility is thagiven the limited distribution of participantsrass
combinations of sex and genotype, our ability to detect sex x genotype interaetons
artificially restricted Future work in larger samples using a longitudinal design beginning in
childhood and including measurement of hormonal concentratitirsnablea more complete
understanding of sex differencesGOMT polymorphism effects on inhibitory control.

Regarding task performance measuves didfind that males had more false alarms than
females indicating a more impulsive responding styleaareater difficulty inhibiting a
prepotentiresponseven prior to adolescenckhere is mixed support in the literature for males
being more“impulsive than females (e@ampbell& Muncer, 2009) Thosestudies that have
found sex differences related to impulsivity have focys@darily on risky or dangerous
impulsivity.rather than a more pure form that involves spontaneous action without the element of
risk or dangeralt is important tioteherethat the go/n-go paradigm is not typically considered
a measuretofriskimpulsivity. Still, these findings fit with the heightened prevalence of ADHD
and other{disinhibitory behavior in boys relative to girls (APA, 2@¥yermeisteet al, 2007).

In the present saoie, although just five of the eight participants diagnosed with ADHD were
male it is also possible that the heightened hyperactivity and impulsivity often seen iwitloys
ADHD relative.to girls with ADHD (APA, 2000; Gaub & Carlson, 1997; Hasson & Goldgnri
Fine, 2012 playedsomerole. These findings are also interesting in tighthe fact that use of
various substancdmsfrequently been found to be higher in boys than girls (SAMHSA, 2014;
Johnstoret al, 2015) (though recent trends suggest less disparity than before). thgain,
highlights the importance of following these participants throughout development irtmrder
better understand the association between inhibitory control and later substance use.
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We abko found negative correlations between task measures and brain activity in the right
OFC and IFG/insula in the full sample. Specifically, we found significant letioes withd' (a
measure of sensitivity or discriminability) and hit rate, both of whaglect constructs that are
distinct from inhibitory control. The correlations indicate that greater discriminability between
go and nogo.stimuli was associated with less activation in the OFC and IFG/insula. In light of
the main effect‘'of genotype in tHeG/insula, with Val/Val subjects showing the lowest levels of
activity "the'negative correlation between discriminability and IFG/insula activity may be further
evidence of'a‘cognitive advantage for Val/Val homozygotes in childhood. Future studies wit
more subjects may find significant task performance differences by genotype torctims
preliminarysinterpretation.

To our knowledge, this is the first fMRI study to examine the effects GOMT
Val***Met polymorphism on brain activity during response inhibition in children at isdtfor
SUD, butprior to thér onset of significant substance useeCOMT Val**®Vlet polymorphism
was found.to be associated with brain activity during response inhibition inikkgthildren
aged 7-12pwitlval/Val individuals showing the lowest levels of brain activity in three regions.
This adds to a-growing body of literature suggesting the importarganefic variation in
COMT in“eagnitive control and extends it to include higgk youthperforming response
inhibition.Fhese results ardsorelevant for understandifngw specificgenes influence brain
functioning related to SUD and other psychopatholodfiegll be important for 6llow-up
studiesto continue elucidating theathway from dopamineelated genes such @OMT, to
inhibition-relatedcognitive functioning, and finally to disinhibitory psychopathological
outcomes,ineluding substance abuse.
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Figure Legends
Figure 1. Correct Rejections vs. False Alarniain Effect of Genotype
Whole-brain main effects analysis of correct rejections vs. false alarms showed activation in left
and right'putamen. These regions are significant at a fammsly{FWE) corrected threshold pf
< .05, with-a'25 voxel extent. The color bar representsues and thg-coordinate is in
Montreal Neurological InstituteMNI) space. Bar graphs depsignificant main effects of
genotypeon mean cluster blood oxygenation lewidpendent (BOLD3ignal Error bars are +/

1 standardserrot. = left; R = right.Coordinates and statistics can be foundiable 3.

Figure 2. Correct Rejections vs. Baseline, Main Effect of Genotype

One cluster from the wholerain main effects analysis of correct rejections vs. baseline showed
a significant.main effect of genotyfeght inferior frontal gyrus [IFG]/insula, circled) his

region is significant at a famiwise (FWE) corrected threshold pk .05, with a 25 voxel

extent. Theseolor bar represetgmlues and thg-coordinate is in Montreal Neurological

Institute (MNI),space. The bar graph depictsignificant main effect of genotype on mean

cluster blood oxygenation level-dependent (BOLD) sigaatbr bars are +/1 standard error.

Coordinates and statistics can be foundiable 3.
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Table 1. Demographic and Psylmometric Variables

Met/Met Val/Met Val/Val Total Sample Test
n 11 34 20 65
Demographic Data
Sex (M/R) 8/3 22/12 13/7 43/22 p=.940"
F(2,62 =0.73
Age at ScanMean (SD) 104 (1.08) 10.2 (122 106 (1.14) 104 (1.17) 0= 485
Race and Ethnicit{gb) p=.124
Caucasian 13.8 27.7 18.5 60.0
Hispanic 0.0 10.8 0.0 10.8
African American 15 10.8 6.2 18.5
Biracial 15 3.1 6.2 10.8
Parental AUD_(FH+/FH-)
Ever 8/3 26/8 182 52/13 p=.377"
In Child’sLifetime 6/5 22/12 13/7 41/24 p=.883"
Substance Use* (Yes/No) 4/6 8/26 6/14 18/46 p = .554"
101.7 102.4 103.8 102.7 F(2,59) =0.11
IQ: Mean (SD)*
(9.70) (12.02) (16.00) (12.93) p=.897
Symptomology Mean (SD)
o 6.6 10.5 7.0 8.7 F(2,62) =1.93
CBCL Externalizing
(5.80) (8.91) (5.09) (7.56) p=.154
o 3.8 7.7 53 6.3 F(2,62) =2.37
CBCL Internalizing
(3.07) (6.94) (3.83) (5.75) p=.102
DSM-IV Lifetime Diagnosis (count)
ADHD, any type 0 5 3 8 p=.536"
Generalized Anxiety Disorder 0 0 0 0 -
Major Depression Disorder 0 0 0 0 -
Oppositional Defiant Disorder 1 4 2 7 p = 1.000"
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Conduct Disorder 0 0 1 1 p=.477"
Motion Parameters. Mean (SD)
) F(2,62) =2.33
Translation (mny=* 0.046 (0.027) 0.035 (0.018) 0.031(0.013) 0.036 (0.019) 106
p=.
. F(2,62) = 2.46
Rotation (degrees)* 0.053 (0.03) 0.039(0.021) 0.0% (0.016 0.040(0.022) 094
p=.
F(2,62) =1.33
Runs excluded 0.09 (0.30) 0.18 (0.46) 0.40 (0.82) 0.23 (0.58) 971
p=.

Note SD = standard deviation; AUD = alcohol use disorder; FH+ = alcohol use disorder in one
or both parents; FH- = alcohol use disorder in neither parent; CBCL = Child Bek#eacklist
(Achenbach & Rescorla, 200DSM-IV = Diagnostic and Statistical Manual of Mental

Disorders IV(APA, 1994) ADHD = attentiondeficit hyperactivity disorder; mm = millimeters
~Fisher’'s exacttest

*One subject'was missing drinking and drug history scores (Met/Met)

** Threesubjects were missing I€oreq1 Met/Met, 2 Val/Met)

***Defined as the mean difference from one volume to the next
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Table 2.Go/No-Go Task PerformanceMeasures

Cope24

Met/Met Val/Met Val/Val
M F M F M F
Hits (%) 91.58 (13.78) | 89.73 (2.39) 93.30 (10.97) 95.82 (2.87) 95.82 (4.60) 97.30 (3.22)
Hit RT (ms) 452.51 (48.82)| 508.83 (28.69)| 495.82 (103.29) 582.36 (255.58)| 483.62 (109.08) 562.48 (90.61)

FalseAlarms) (%)

57.40 (19.41)

30.57 (16.73)

48.34 (19.00)

42.63 (19.21)

50.38 (17.14)

29.54 (21.86)

False Alarm*RT (ms)

436.35 (71.23)

459.97 (22.22)

443.00 (75.57)

499.44 (167.81)

435.15 (91.80)

488.11 (71.00)

d’

1.54 (0.66)

1.83 (0.62)

1.84 (0.83)

2.08 (0.96)

1.93 (0.65)

2.80 (0.99)

Note Means with standard deviations in parentheses. M, mdiemiale; RT, reaction time; mmillisecondsd’ is a measure of

sensitivity.and is calculated a@it) — z(false alarm)

This article is protected by copyright. All rights reserved




Running Title: fMRI ofinhibitory controlandCOMT

Cope25

Table 3. Main Effects of Two Go/No-Go Task Contrasts andwo-Way ANOVA Tests of Genotypex Sex

‘ t- FWE Main Effect of Main Effect of Interaction
X z
y value p-value GenotypeF(2,59) SexF(1,59) F(2,59)
CRs vs. FAs
F =5.83 F=3.18
R. Putamen 20 18 -2 131 6.40 .001 p = .005 p=.259 p=.049
partial *=.16 partial %= .10
F=5.76
L. Putamen -14 16 -4 136 6.33 .001 p =.005 p=.976 p=.422
partial = .16
CRs vsiBaseline
F=3.93
B. Caudate 16 24 -6 789 7.90 <.001 p=.582 p=.245 p=.025
partial %= .12
B. SMA/Mid Cingulate -6 10 42 1093 7.24 <.001 p=.164 p=.310 p=.108
L. Pre/PostentralGyrus -60 2 22 142 6.07 .002 p=.084 p =.096 p=.404
F =5.03 F=3.32
L. IFG/Operculum 68 -8 4 31 6.01 .002 p=.126 p=.029 p=.043
partial = .08  partial °=.10
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36 50 -12 60 6.00

R. IFG/Insula 46 14 -2 42 5.85

Cope26

002 p= 374 p=.124 p=.118
F=5.20
.004 p = .008* p=.363 p=.641
partial #?= 15

Note L =left, R =right, B = bilateral k = cluster size, CR = correxjection, FA = false alarnSMA = supplementary motor area,

IFG = inferior frontal gyrus, OFC = orbitofrontal corfex= eta Coordinates are in Montreal Neurological Institute (MNI) space.

Results(from'SPM8)are significant at famikwise error rate (FWE) correct@dk .05 with a 25 voxel extent threshold; one peak

voxel is reported per cluster.

*Main effeets and/or interactionB@dm SPSS) gnificant at falsediscovery rate (FDR) correctgdk .05 (Benjamini-Hochberg

procedureQ= .05,m = 8). A measure of effect size (partigi) is given for effect§from SPSS}ignificant afp < .05 (uncorrected).
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Supplemental Material

The association between genotype and race/ethnicity was examined2 A&i8her’s
exact test of genotype (Met/Matal/Met; Val/Val) x race (Caucasian + Hispanifrican
American +.Biracial) was not significart € .405). As a validation of this nonsignificant
association, a ongamplet-test on thdMRI contrast of correct rejections vs. false alarms was
run again 'with*onlyCaucasian and Hispanic subjecis=(46). Results were substantively the
same as inthefull sampl € 65). At a family-wise error (FWE) corrected thresholdpof .05,
with a 25 voxel lextent, two clusters were found: left putamen-16,y = 16,z=-4; k=112 t-
value= 6.49) andight putamenx = 20,y = 20,z=-2; k = 152;t-value = 7.11)These clusters
were extraeted'using MarsB4Brettet al, 2002) andwo-way ANOVAs were performed in
SPSSas in the full sample. Séggure S1for a comparison afesults withthe full samplell =

65) and with Caucasian and Hispanic subjects anty46) (effects of genotype shown).

Figure S1kegend Left and Right Putamen BOLD Signal in the Full Sample=(65) and in
Caucasian‘and Hispanic Subjecis=(46)

Results from the full sample and from Caucasian and Hispanic subjects onlyio tterect
rejections:vs. false alarntdusters: left putamen (panel A) and right putamen (panel B). BOLD =

blood oxygenation leveddependent.
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