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Abstract: Obsessive-compulsive disorder (OCD) is a neuropsychiatric disease and a complex genetic illness. Genetic
studies have demonstrated that both biological and environmental factors are important in the etiology of OCD. OCD
family studies published since the 1930’s provide strong evidence for increased recurrence rates among relatives of pro-
bands, reflecting an approximate four-fold increased risk compared to relatives of controls. Twin studies have further
reported increased heritability estimates in child (45—-65%) versus adult (27-47%) OCD samples. Attempts to narrow
down the search for OCD vulnerability genes have included genome-wide linkage scans, reporting regions of interest
for OCD on chromosomes 9p and 10p, and for compulsive hoarding on 3q and 14. More than 80 OCD candidate
gene studies have been reported over the last decade, primarily selected for study due to their proximal location to link-
age peaks (positional candidates) or their putative etiologic role in neurotransmitter pathways or anatomy related to
OCD (functional candidates). Specifically, genes within serotonin, dopamine and glutamate pathways and those in-
volved in white matter formation have been the center of focus. The glutamate transporter gene SLC1AL1 is the only
one of these that has been consistently associated across OCD samples, although not at genome-wide significance levels.
The relatively small sample sizes and broad heterogeneity of samples have been limitations of OCD genetic studies to
date. Most recently, a collaborative group of over 20 international research sites has undertaken a genome-wide associa-
tion study (GWAS) of OCD, in further search of common single nucleotide polymorphism (SNP) markers, copy num-

ber variants (CNVs) and other rare genetic events that may contribute to its etiology.

Obsessive-compulsive disorder (OCD) is an anx-
iety disorder characterized by repetitive thoughts,
images, impulses, or behaviors that cause signifi-
cant time loss, distress, and/or impairment of func-
tioning. This illness is highly morbid and disabling
in its severe forms and affects children, adolescents,
and adults. Genetic studies have demonstrated that
both biological and environmental factors are im-
portant in the etiology of OCD (1). With respect to

environmental factors, stressful events have been

associated with OCD onset in childhood (2), peri-
natal, and adult forms of the illness. With respect to
nongenetic biological factors, several illnesses have
also been associated with OCD, including tempo-
ral lobe epilepsy (3), autoimmune diseases such as
systemic lupus erythematosus (4, 5) and Crohn’s
disease (6, 7) and infectious processes (8—10). With
respect to potential genetic factors, family studies of
OCD report increased prevalence of this disorder
among relatives, and twin studies have confirmed
that a genetic component underlies the illness. Seg-
regation analyses performed on multigenerational

families suggest that this disorder is difficult to
model using Mendelian approaches. In molecular
genetic work, linkage studies have attempted to
identify regions in which OCD vulnerability genes
may lie and numerous candidate genes studies have
been studied for potential association with the
OCD phenotype. Most recently, a collaborative
group of more than 20 OCD research sites has un-
dertaken a  genome-wide association study
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Table 1. Recurrence Rates among Relatives in OCD Family Studies

Proband Relatives

Publication Years

Obsessive Compulsive lliness

Obsessive Compulsive Features

Control Relatives

Family history studies

1930-1986 0-0.198
Adult family studies 0CD

1987-2006 0.007-0.117
Child family studies

1990-2005 0.050-0.227

Adapted from Pauls (1).
NA, not applicable.

0.07-0.327 NA
Subclinical 0CD 0CD
0.046-0.156 0-0.027
0.065 0.009-0.026

Subclinical 0CD

0-0.030

0.015

(GWAS) in search of common or rare susceptibility
genetic variants.

Family studies of OCD-affected individuals pub-
lished since the 1930s provide strong evidence for
familiality of the disorder (Table 1). As OCD
symptoms are frequently hidden, even from rela-
tives, family studies in which relatives are not di-
rectly interviewed about their own diagnoses prob-
ably underestimate recurrence rates. To date there
have been 15 OCD family studies in which relatives
received structured interviews (11-26). Seven of
these focused on childhood OCD (11-13, 19, 21,
22, 25), all of which reported significantly higher
OCD rates among relatives than general popula-
tion or control rates. Recurrence risks were also
much higher than familial rates reported in adult
OCD studies. Although reported rates of OCD
among relatives of adults with OCD were approx-
imately 2 times that among control subjects, the
rate of OCD among relatives of children and ado-
lescents with OCD was increased approximately
10-fold in those studies for which control rates were
available. The most recent controlled family study
(26) ascertained OCD probands from both Euro-
pean population and clinic samples, reporting in-
creased OCD rates among relatives from both sam-
ples. This study’s findings also parallel results of
earlier studies completed in the United States (17,
18, 23) with families ascertained through treatment
facilities. Finally, a meta-analysis of data from
1,209 first-degree relatives (27) studied before
2001 reported a significantly increased OCD recur-
rence risk among proband versus control relatives
[Mantel-Haenszel summary odds ratio=4.0 (95%
confidence interval=2.2—7.1)]. The unadjusted ag-
gregate risk for relatives of OCD probands was
8.2%, compared with 2.0% for relatives of control
subjects. These results demonstrate that at least
some cases of OCD are familial, which may be at-
tributed to combined genetic and/or environmen-
tal effects.
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Twin studies help to determine whether genetic fac-
tors are important in the etiology of complex disor-
ders, thus providing greater etiological specificity than
family studies (Table 2). The concordance rate differ-
ences between monozygotic and dizygotic twins pro-
vide an estimate of heritability (defined as the percent-
age of phenotypic variance attributed to genetic
factors). In a meta-analysis of twin studies published
between 1929 and 2005, van Grootheest et al. (28)
reported heritability estimates ranging between 45
and 65% in children and between 27 and 47% in
adults. In the only additional twin study published
since 2005, Bolton et al. (29) examined a community
sample of 854 6-year-old twins and concluded that
shared etiological factors exist for OCD and tics and
for OCD and other anxiety disorders. Four complex
segregation analyses of OCD have been conducted to
estimate the “goodness of fit” for specific familial pat-
terns of transmission (30—33). These suggested that
some genes of major effect are probably involved in
this disorder, although OCD transmission is difficult
to model.

Genome-wide linkage studies are molecular ge-
netic studies that atctempt to identify regions in the
genome that may contain vulnerability genes.
None of the three of these studies completed to date
in OCD (34-30) yiclded genome-wide significant
findings, although they did identify genomic re-
gions of interest for future research. Hanna et al.
(34) completed a genome scan on seven families
identified through childhood OCD probands.
They reported a lod score (logarithm of the odds
ratio for linkage) of 2.25 (1.97 after fine mapping)
for marker D95288 on chromosome 9p. Willour et
al. (37) genotyped 50 OCD pedigrees (37) in an
atcempt to replicate these findings. The largest lod
scores observed in this study were for markers
D9S1792 (heterogeneity lod=2.26) and D9S1813
(nonparametric linkage= 2.52, p=0.000), lying
within 350 kb of the marker with the strongest
finding reported by Hanna et al.
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Table 2. Twin Studies of OCD and OC Behaviors

Diagnostic Focus

Twin Pairs (N)

MZ Concordance

DZ Concordance

0C neurosis

Tienari (1963) 11 10/11 G

Inouye (1965) 14 8/10 1/4
DSM-11I/DSM-I1II-R OCD Twin Pairs (N) MZ Concordance DZ Concordance

Carey and Gottesman (1981) 30 13/15 7/15

Torgerson (1983) 12 0/3 0/9

Andrews et al. (1990) 48 0/18 0/30
DSM-IV Twin Pairs (N) MZ Tetrachoric r DZ Tetrachoric r

Bolton et al., (2007) 854 0.57 (0.24-0.80) 0.22 (—0.02 to 0.43)
0C behaviors Twin Pairs (N) Heritability estimate (h?)

Young et al. (1971) 32 0

Torgerson (1980) 99 0.18 (men); 0.23 (women)

Clifford et al. (1984) 419 0.44 (traits); 0.47 (symptoms)

Jonnal et al. (2000) 527 0.33 (obsessions); 0.26 (compulsions)

Eley et al. (2003) 4,564 0.65 (OC behavior)

Hudziak et al. (2004) 4,246 0.45-0.61

Adapted from Pauls (1).

Table includes only studies with samples of >10 twin pairs. MZ, monozygotic, DZ, dizygotic; OC, obsessive-compulsive.
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The second OCD genome-wide linkage study
included sib-pairs and multigenerational members
of 219 families. These authors reported the stron-
gest linkage in examination of compulsive hoarding
only on chromosome 3q27-28 [Kong and Cox lod-
(all) score [KAC(all)] score=2.67] for OCD (35)
and on chromosome 14 [KAC(all)=2.9 for fami-
lies with one affected relative and 3.7 for families
with two or more affected relatives] (38). In the
third OCD genome-wide linkage study 26 multi-
generational families were genotyped. The maxi-
mum nonparametric lod (nlod) score was equal to
2.43 for markers located on chromosome 10p15.
Unfortunately, when combined with data from the
previous genome scan (34), the maximum nlod
score was decreased to 1.79. In further follow-up
via family-based association analysis of single nucle-
otide polymorphisms (SNPs) in this 10p15 region,
however, association was detected with three adja-
cent SNPs. This included the amino acid variant
152271275 in the 3’ region of adenosine deaminase
acting on RNA 3 (ADAR3) (p<<0.05).

Because sample sizes in all three linkage studies
were quite small, these findings should be inter-
preted with caution. Nonetheless, the fact that Wil-
lour et al. (37) observed suggestive linkage in the
same chromosome 9p region as reported by Hanna
et al. (34, 36) is noteworthy. In addition, as dis-
cussed in the following paragraphs, four indepen-

dent studies have reported an association between
OCD and the glutamate transporter gene SLCIAI,
which is located in this region of 9p. However,
illustrating the inconsistency of OCD genetic find-
ings (potentially related to OCD heterogeneity
across samples), this region did not show any evi-
dence for linkage in the study completed by Shu-
gart et al. (35).

As noted above, family and twin studies have
provided evidence that OCD is both familial and
genetic. Segregation analyses have clarified that
transmission does not occur in a simple Mendelian
fashion and are in keeping with patterns seen for
complex genetic disorders. In an effort to identify
regions containing OCD vulnerability loci, whole
genome linkage scans have reported some regions
of suggestive linkage, and analyzing the subpheno-
type of hoarding led to an improved linkage signal.
However, at best linkage scans are only able to iden-
tify broadly defined genomic regions, which con-
tain numerous genes. An alternate approach, via
candidate gene studies, searches for associations be-
tween OCD and specific genes, selected based upon
their location or function.

More than 80 OCD candidate gene studies have
been reported over the last decade (1). These have
mainly been selected for study because of their
proximal location to linkage peaks (positional can-
didates) or their putative etiological role in neuro-
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Table 3. Candidate Gene Studies of OCD
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Positive Negative Sample Size Ranges
Studies  Studies Significance:

Candidate Gene (N) (N) Cases Controls Families Lowest p Value
Serotonin-related genes

Serotonin transporter 3 6 54-347 82-749 35-54 0.018

Serotonin transporter promoter 0 6 79-180 112-479  43-86 >0.05

Serotonin receptor 2A 4 8 55-156 54-420 54 0.00007

Serotonin receptor 2C 0 3 75-79 172-202 NA >0.05

Serotonin receptor 1B (1 Dap) 2 6 77-156  129-134 32121 0.006

Tryptophan hydroxylase 1 2 75 172 63-71 0.035
Dopamine-related genes

Dopamine receptor 4 (D2D4) 5 1 12-118 49-172 34 0.018

Dopamine receptor 2 1 1 67-110 54-110 NA 0.014

Dopamine receptor 3 0 3 67-103 54-103 NA >0.05

Dopamine transporter (DAT) 0 3 71-103  103-172 NA >0.05
Monoamine-related genes

Monamine oxidase A (MAQA) 2 0 71122 124129  51-110 0.019 (males)

Catechol-0-methyl transferase (COMT) 5 5 17-373 35-462  67-110 0.0002 (males)

Extraneuronal monoamine transporter, EMT (SLC22A3) 0 1 84 204 NA >0.05

Glutamate transporter (SLC1A1) 4 0 325 662 66-157 <0.001

Glutamate receptor subtype 2B (GRIN2B) 1 0 NA NA 130 0.002

Kainite glutamate receptor 2 (GRIK2) 1 0 156 156 141 0.03
GABA-related gene

GABA type B receptor 1 1 0 NA NA 159 0.006
Neurotropic-related genes

Brain-derived neurotropic factor (BDNF) 1 2 347 749 54-164 0.02

Neurotrophin-3 receptor gene (NTRK3)* 1 0 153 324 NA 0.005
White matter-related genes

Myelin oligodendrocyte (MOG) 1 0 NA NA 160 0.022

Oligodendrocyte lineage transcription factor 2 (OLIG2) 1 0 NA NA 66 0.004

Adapted from Hemmings SM, Stein DJ: The current status of association studies in obsessive-compulsive disorder. Psychiatr Clin North Am 2006; 29:411-44.

NA, not applicable.
*Association with the hoarding phenotype.

transmitter pathways or anatomy related to OCD
(functional candidates). Specifically, genes within
serotonin, dopamine, and glutamate pathways and
those involved in brain white matter have been the
center of focus, outlined in the following para-
graphs.

White matter volume abnormalities have been
noted in both child (39) and adult (40) OCD sam-

ples. In addition, diffusion tensor imaging studies
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have reported white matter connectivity abnormal-
ities in OCD (41). Following from this, white mat-
ter genes including OL/G2 (42) and MOG (43)
have been studied with reported association in
small family-based samples.

Undil recently, serotonin remained the leading
target for investigations of the neurochemical un-
derpinnings of OCD, largely because of the efficacy
of selective serotonin reuptake inhibitors (SSRIs) in
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Figure 1. Published Candidate Gene SLC1A71 Related Associations
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Fyer AJ, Piacentini J, Pauls DL, Bienvenu 0J, Riddle MA, Liang KY, Nestadt G: A family-based association study of the glutamate transporter gene SLC1A1 in ob-
sessive-compulsive disorder in 378 families. Am J Med Genet B Neuropsychiatr Genet 2009; 150B(6):886 —92.

LD, linkage disequilibrium.
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its treatment (44). As such, numerous serotonin-
related genes have been studied in OCD (Table 3).
The most commonly studied of these is the seroto-
nin transporter gene. In a meta-analysis stratifying
OCD samples, a significant association was identi-
fied with the l-allele of the serotonin transporter
polymorphism in family-based association studies
with child and Caucasian samples (45).

The dopamine neurotransmitter has also been
implicated in OCD etiology. OCD-like behaviors
in humans have been reported to emerge after ad-
ministration of dopamine receptor 2 agonists and
stimulants (46). Augmentation efficacy has also
been reported for atypical antipsychotics, which act
on serotonin and dopamine receptors (47). How-
ever, association studies of dopamine-related genes
to date have reported only mixed results. There is
also a complex interaction between glutamatergic,
dopaminergic, and serotoninergic neurons (48,

49).

There has been a convergence of evidence across
various lines of research supporting the putative
role of glutamate in OCD (50, 51). Functional
OCD neuroimaging studies have consistently re-
ported metabolic hyperactivity in the cortico-
striato-thalamo-cortical circuitry (52-55). Con-
centrations of glutamate have been found to be
increased in the CSF of OCD-affected adults (56)
and decreased in the anterior cingulate cortex of
children with OCD (57). Rosenberg et al. (57, 58)
conducted an elegant series of studies suggesting
a notable role of glutamate in childhood OCD.
Altered glutamate receptor levels have also been re-
ported in OCD-implicated brain areas within
subjects with OCD (59). Moreover, promising
augmentation trials of glutamate-modulating
agents riluzole (60) and memantine (61) have been
completed. OCD animal model studies also sup-
port a role for glutamate in OCD. Knockout mice
for the striatum-expressed SAPAP3 gene (coding

FOCUS t1HE JOURNAL OF LIFELONG LEARNING IN PSYCHIATRY




for a protein at corticostriatal glutamatergic excita-
tory synapses) reportedly developed facial lesions,
repetitive grooming behaviors, and anxiety that
were reversed separately with SSRI administration
and with gene replacement (62). In a recently pub-
lished Nature paper (63), Slitrk5 deficient mice also
demonstrated OCD-like behaviors diminishing
with SSRI treatment and showed glutamate recep-
tor composition changes. Moreover, glutamate re-
ceptor gene (GRIK2)-deficient mice have shown
significantly less fear memory and fewer anxious
behaviors than wild type mice (46, 64). Lastly,
treatment with glutamate-related medications has
reduced marble-burying behavior (another OCD
animal model) in mice (65). Glutamate-related
genes that have been associated with OCD in small
studies to date include the glutamate transporter
SLCIAI (66-69) and glutamate receptors
GRIN2B (70) and GRIK2 (71). In addition, an as-
sociation between the previously mentioned SA-
PAP3 gene and pathological grooming behaviors
(but not OCD) in humans has been found (72).

Unfortunately, there has been a failure to consis-
tently replicate nearly all OCD candidate gene
study findings. Further, none of the OCD candi-
date gene association studies reported to date have
had sufficient power to demonstrate genome-wide
significance. Among OCD candidate gene studies,
the glutamate transporter gene SLCLIAI (66—69)
is the only one of these that has been repeatedly
associated across OCD samples. Of note, this gene
has also been associated with atypical antipsychot-
ic-induced obsessive-compulsive symptoms (73)
and with autism, a disorder frequently associated
with obsessive-compulsive behaviors (Figure 1)
(74).

In summary, OCD is a complex genetic disorder
that seems to also be strongly influenced by envi-
ronmental and nongenetic biological processes.
Moreover, it is possible that subtypes of this heter-
ogeneous disorder exist, with independent or over-
lapping etiological factors. The twin and family
studies summarized in this review suggest that com-
bined influences from OCD vulnerability genes
play a notable role in OCD etiology. However,
given that the linkage studies and essentially all of
the candidate genes studies to date provide only
suggestive evidence for OCD risk genes of moder-
ate to large effect, GWASs of OCD are warranted
as the next step in understanding the genetic basis
of OCD. GWASs are preferred over more tradi-
tional linkage studies or candidate gene studies as
they provide enhanced ability to identify risk genes
of relatively small effect. These GWASs have the

focus.psychiatryonline.org
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capability to examine both common SNP markers
as well as copy number variants and other rare ge-
netic events. There is emerging evidence that com-
plex disorders may result from both rare genes of
major effect and a combination of common genes
of lesser effect, requiring very large sample sizes. In
an effort to meet this need, the International OCD
Foundation Genetics Collaborative is currently con-
ducting a GWAS of OCD on samples contributed
from 21 different research sites from around the
world. It is anticipated that individual or combined
results from GWAS markers will eventually further
illuminate knowledge about the impact of underlying
genetic etiological factors on OCD, allowing for clin-
ical translational applications of these findings.
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