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Report

Replication Study Supports Evidence for Linkage to 9p24 in Obsessive-
Compulsive Disorder
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Obsessive-compulsive disorder (OCD) is a severe psychiatric illness that is characterized by intrusive and senseless
thoughts and impulses (obsessions) and by repetitive behaviors (compulsions). Family, twin, and segregation studies
support the presence of both genetic and environmental susceptibility factors, and the only published genome scan
for OCD identified a candidate region on 9p24 at marker D9S288 that met criteria for suggestive significance
(Hanna et al. 2002). In an attempt to replicate this finding, we genotyped 50 pedigrees with OCD, using microsatellite
markers spanning the 9p24 candidate region, and analyzed the data, using parametric and nonparametric linkage
analyses under both a narrow phenotype model (DSM-IV OCD definite; 41 affected sib pairs) and a broad phenotype
model (DSM-IV OCD definite and probable; 50 affected sib pairs). Similar to what was described by Hanna et al.
(2002), our strongest findings came with the dominant parameters and the narrow phenotype model: the parametric
signal peaked at marker D951792 with an HLOD of 2.26 (e = 0.59), and the nonparametric linkage signal (NPL)
peaked at marker D9S1813 with an NPL of 2.52 (P = .006). These findings are striking in that D951813 and
D9S1792 lie within 0.5 cM (<350 kb) of the original 9p24 linkage signal at D9S288; furthermore, pedigree-based
association analyses also implicated the 9p24 candidate region by identifying two markers (D9S288 and

GATAG62F03) with modest evidence (P = .046 and .02, respectively) for association.

Obsessive-compulsive disorder (OCD [MIM 164230]) is
a severe psychiatric illness that is characterized by in-
trusive and senseless thoughts and impulses (obsessions)
and by repetitive behaviors (compulsions). OCD is es-
timated to affect 1%-3% of the population, and the
World Health Organization ranks OCD as 1 of the 10
most disabling medical conditions worldwide (Murray
and Lopez 1996). The concordance rate for OCD symp-
toms in MZ twins ranges from 80% to 87%, whereas
the concordance rate in DZ twins ranges from 47% to
50%. Overall, family studies report OCD prevalence
rates of 6.7%-15% in first-degree relatives of pediatric
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probands with OCD, and segregation analyses support
the presence of a major gene with dominant or codom-
inant transmission (for review, see Samuels and Nestadt
[1997], Pato et al. [2001], and Grados et al. [2003]).

The only published genome scan for OCD studied
seven pedigrees that have pediatric probands with OCD
and at least two affected relatives (Hanna et al. 2002).
The authors genotyped 56 subjects, using an 11.3-cM
microsatellite-marker map, and followed up their initial
findings on 2q, 9p, and 16q by genotyping additional
markers in the original subjects plus 10 additional family
members. The strongest finding was on 9p24, which
originally had a dominant parametric LOD score of 2.25
at D9S288. After fine mapping with a 1.5-cM average
microsatellite map, this LOD score fell slightly to 1.97
at D9S288. In an attempt to replicate the 9p24 finding,
the Johns Hopkins OCD research group genotyped
DNA samples from 50 pedigrees with OCD, using 13
microsatellite markers in the 9p24 region.

The 50 families in the study sample included all fam-
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Microsatellite Markers in 9p24 Candidate Region

LOCATION

Genetic Map

MICROSATELLITE (cM) Physical Map®
MARKERS Present Study Hanna et al. (2002) (Mb)
D9S1779 .00 .00 S1
D9S1858 .10 .10 .69
D9S129 2.90 2.90 1.85
D9S54 7.00 7.00 2.90
D9S288 9.90 9.90 3.94
D9S178 10.10 10.10 4.11
D9S1813 10.11 10.11 4.12
D951792 10.31 10.31 4.26
D9S199 15.32 15.32 4.50
GATA62F03 15.36 14.71 5.19
D9S1852 15.42 15.42 6.23
D9S281 16.02 16.02 6.85
D9S286 18.72 18.72 8.04

* Physical map locations were determined using UCSC Genome Browser
July 2003 freeze and NCBI human genome map build 34.3.

ilies from the Johns Hopkins OCD Family Study (Nes-
tadt et al. 2000) with an affected sibling pair for whom
DNA was available, as well as additional opportunistic
samples identified through Johns Hopkins clinics, OCD
support groups, or the Internet. Probands met DSM-IV
criteria for OCD (American Psychiatric Association
1994) and were clinically impaired, with a score >15 on
the Yale-Brown Obsessive Compulsive Scale (Goodman
et al. 1989). Probands with schizophrenia, mental re-
tardation, dementia, Tourette disorder, and OCD limited
to major depressive episodes were excluded from the
study. The probands were assessed by psychiatrists and
Ph.D. clinical psychologists using a number of diagnostic
instruments, including the Schedule for Affective Dis-
orders and Schizophrenia-Lifetime Anxiety version
(Mannuzza et al. 1986), the Yale-Brown Obsessive Com-
pulsive Scale (Goodman et al. 1989), and the Leyton
Obsessional Inventory (Cooper 1970). Children were as-
sessed using comparable age-appropriate instruments.
Collateral information was gathered from knowledge-
able informants, with the use of the Family Informant
Schedule and Criteria (Mannuzza et al. 1985). The first-
degree relatives were assessed in the same manner. In
some cases, the first-degree relatives were unavailable
for assessment or were unwilling to be assessed. In these
cases, information was gathered from two knowledge-
able informants. Best-estimate final diagnoses, with the
use of all available information, were assigned indepen-
dently by two psychiatrists expert in the diagnosis and
treatment of OCD. All subjects signed institutional re-
view board—approved informed consent forms prior to
enrollment in the study.

DNA samples from the 50 pedigrees with OCD (193
subjects) were sent to the Australian Genome Research
Facility for microsatellite-marker genotyping on an ABI
PRISM 377 DNA Sequencer (Applied Biosystems). All
samples were genotyped with the same 13 microsatellite
markers used in the original study (Hanna et al. 2002).
Prior to the analyses, the microsatellite-marker data was
screened for Mendelian inconsistencies by the use of
PedCheck version 1.1 (O’Connell and Weeks 1998) and
Unknown version 5.23 from the Linkage analysis pack-
age (Lathrop and Lalouel 1984). Haplotypes were man-
ually scanned for evidence of tight double recombinants
(<5 c¢M), and haplotype and allele-sharing data were
screened for evidence of previously unidentified identical
twins (Kruglyak et al. 1996; McPeek and Sun 2000).

On the basis of these additional screening procedures,
we determined that not all of the original 50 pedigrees
with OCD were suitable for the 9p24 replication study.
Prior to analyses, two of the pedigrees were removed
because of poor sample amplification, and two pedigrees
were removed because the only affected sib pairs in the
pedigree were identical twins. In addition, some of the
original 193 subjects were chosen for genotyping prior
to the completion of the consensus diagnostic procedure.
After the consensus diagnostic procedure was com-
pleted, 8 of the original 50 pedigrees did not contain an
affected sib pair. Although these eight trio pedigrees were
not useful as linkage pedigrees, they were included in
the 9p24 association analyses (see below).

The 13 genotyped microsatellite markers spanned a
distance of 19 c¢M, resulting in a 1.5-cM (average) mi-
crosatellite-marker density (table 1). The markers were
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originally ordered as in Hanna et al. (2002). Prior to
use, the locations of all markers were confirmed by cross-
reference to published genetic maps (Broman et al. 1998;
Kong et al. 2002) and physical maps (Kent et al. 2002;
Wheeler et al. 2004). The physical-map information al-
tered the location of one marker; GATA62F03 is now
placed centromeric to D95199. For the parametric link-
age analysis, we used the same linkage parameters as
Hanna et al. (2002). For both dominant and recessive
models, the penetrance was set at 0.5, and the pheno-
copy rate was set at 0.0052. The disease allele frequency
was set at 0.02 for the dominant model and at 0.20 for
the recessive model. Because of the variability of the age
at onset of OCD, unaffecteds were coded as unknown.
Founders were used to determine allele frequencies.
When founders were unavailable in the pedigree, a ran-
dom sibling was chosen to represent the family.

Parametric and nonparametric linkage analyses were
conducted using a narrow phenotype model (DSM-TIV
OCD definite) and a broad phenotype model (DSM-IV
OCD definite and probable) and were implemented by
GENEHUNTER version 2.1_r5 beta (Kruglyak et al.
1996). The narrow phenotype model included 35 ped-
igrees containing 138 total subjects, 91 subjects with
definite OCD, and 41 affected sib pairs. The broad phe-
notype model included 38 pedigrees containing 147 total
subjects, 95 subjects with definite OCD, 7 subjects with
probable OCD, and 50 affected sib pairs.

Under the narrow phenotype model, the nonpara-
metric linkage signal (NPL) peaked at marker D9S1813,
with an NPL of 2.52 (P = .006). The parametric signal
peaked nearby at marker D9S1792, with a dominant
HLOD of 2.26 (@ = 0.59) (fig. 1). The broad phenotype
model produced similar results; the NPL peaked at
marker D9S1813, with an NPL of 2.37 (P = .01),
and the parametric linkage signal peaked at marker
D9S§1792, with a dominant HLOD of 1.62 (o« = 0.51).
All four linkage peaks spanned the entire 9p24 candidate
region. Parametric recessive HLOD scores never ex-
ceeded 1.0 in any analysis.

We also tested the microsatellite-marker data for ev-
idence of association, using the pedigree-disequilibrium
test (PDT) (Martin et al. 2000). The PDT allows for the
inclusion of both nuclear and trio families and tests for
allelic and genotypic association with individual mark-
ers. The 46 pedigrees used in the association analyses
included the 38 linkage pedigrees and the 8 trio pedi-
grees. In all, the association sample had 179 total sub-
jects, including 105 subjects with definite OCD and 8
subjects with probable OCD.

The association analyses identified two markers
(D9S288 and GATA62F03) with P values <.05 (table
2). No other markers had significant signals under either
the narrow or the broad phenotype model. D95288
(9.90 cM) and GATA62F03 (15.36 cM) are separated
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by 5.5 ¢cM (1.25 Mb) on 9p24 and show no evidence
of pairwise linkage disequilibrium. Because of the limited
sample size, we did not perform haplotype-based asso-
ciation analysis.

This study aimed to test the hypothesis that 9p24 con-
tains a susceptibility gene for OCD, by use of a set of
50 pedigrees with OCD collected by the Johns Hopkins
OCD research group. This hypothesis was based on the
findings of Hanna et al. (2002) that described evidence
for suggestive linkage in seven pedigrees with OCD. Al-
though the original finding did not meet genomewide
significance, we believed that it was important to test
whether the finding was reproducible because this is the
only candidate region for OCD that meets suggestive
linkage criteria (Lander and Kruglyak 1995).

As in the Hanna et al. (2002) study, the narrow phe-
notype model combined with dominant parameters and
a penetrance of 0.5 gave the strongest parametric find-
ings in the present study (HLOD = 2.26; o = 0.59).
Our strongest nonparametric finding also came from the
narrow phenotype model (NPL of 2.52; P = .006). In
the original linkage report, the dominant parametric
linkage score peaked at marker D9S288 with a LOD
score of 1.97 (Hanna et al. 2002). Together, these find-
ings are striking in that they agree very well, especially
when it is noted that markers D951813, D951792, and
D9S288 lie within 0.5 ¢cM (<350 kb) of each other
(UCSC July 2003 freeze). This confirmatory finding has
significant implications, especially in psychiatric genet-
ics, because replication studies frequently generate lo-
calizations that vary substantially from the original
(Roberts et al. 1999).

Neither phenotype model produced a linkage score
that met criteria for significant linkage (Lander and
Kruglyak 1995). Nevertheless, our positive linkage find-
ings strengthen support for the original Hanna et al.
(2002) finding. A collaborative effort is now underway
to collect almost 300 sib-pair families and multiplex
families with OCD, which will provide the opportunity
to test this finding in a larger sample. However, even
with this relatively small sample of pedigrees, there is
evidence of interfamilial heterogeneity: only 59% of the
pedigrees showed evidence for linkage with the strongest
linkage signal. Incorporation of age at onset and other
OCD clinical characteristics in further linkage analyses
may be useful in identifying a subset of pedigrees with
even stronger linkage to 9p24.

The present study diverged in design from the Hanna
et al. (2002) study in two potentially important ways.
First, the present study ascertained small nuclear pedi-
grees, whereas the initial study ascertained multigener-
ational multiplex pedigrees. Second, the present study
excluded probands with Tourette disorder, whereas the
initial study contained three probands with a history of
Tourette disorder. Nevertheless, both samples implicated
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9p24. Our ability to replicate the 9p24 signal may have Table 2
be?n enhanced by the fact that 93% of the probands in Family-Based Association Signals Identified Using
this study have an early age at onset (<16 years old), the PDT
which is comparable to the early age at onset (<14 years
old) of probands in the Hanna et al. pediatric sample.

P FOR PHENOTYPE MODEL

It is important to note that the entire 9p24 candidate Narrow Broad
region spans 7.5 Mb and contains dozens of known and MARKER Sum  Average  Sum  Average
predicted genes (ucsc ]uly 2003 freeze). As a result of GATA62F03  .0233 0196 0218 0196
the very broad 9p24 linkage signals, all of these genes D9S288 0578 .0455  .0576  .0455
are legltlmat§ OCD positional candldate genes. One of NOTE—Both the sum statistics, which give more
them, encoding the neuronal and epithelial glutamate weight to larger families, and average statistics, which
transporter EAACI, is located ~350 kb centromeric to give equal weight to all families, were computed for
our NPL peak and has already been tested as a candidate each markelr-frlhesﬁli values were not corrected for the
gene for OCD. Veenstra-VanderWeele et al. (2001) con- tests at multiple afleles.
ducted an EAACI mutation screen in the seven pediatric
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probands with OCD from the Hanna et al. (2002) ped-
igrees. Veenstra-VanderWeele et al. identified two SNP
polymorphisms within exons that did not change the
amino acid sequence (synonymous cSNPs) and six in-
tronic polymorphisms that did not appear to affect pre-
dicted splice sites. A family-based test of association with
the use of two of the intronic SNPs did not identify
evidence of association with OCD. The Illumina Cor-
poration is currently genotyping chromosome 9 as part
of the HapMap project (International HapMap Con-
sortium 2003). The identification of haplotype tag SNPs
in the EAACI gene and in the rest of the 9p24 candidate
region will enable a more systematic screening for OCD-
associated markers and haplotypes.

In summary, this initial 9p24 replication study pro-
vides promising additional evidence for an OCD sus-
ceptibility gene in this region. Although it is possible
that this 9p24 signal is due to chance, support for this
finding is strengthened by the fact that the 9p24 signal
is observed in both parametric and nonparametric link-
age analyses, as well as by the tight colocalization with
the original 9p24 linkage finding.
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