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Abstract

A non-synonymous, single nucleotide polymorphism (SNP) in the gene coding for steroid 5-a-
reductase type 2 (SRD5A2) is associated with reduced conversion of testosterone to
dihydrotestosterone (DHT). Because SRD5AZ participates in the regulation of testosterone and
cortisol metabolism, hormones shown to be dysregulated in patients with PTSD, we examined
whether the V89L variant (rs523349) influences risk for post-traumatic stress disorder (PTSD).
Study participants (N = 1,443) were traumatized African-American patients of low socioeconomic
status with high rates of lifetime trauma exposure recruited from the primary care clinics of a
large, urban hospital. PTSD symptoms were measured with the post-traumatic stress symptom
scale (PSS). Subjects were genotyped for the V8IL variant (rs523349) of SRD5AZ2. We initially
found a significant sex-dependent effect of genotype in male but not female subjects on
symptoms. Associations with PTSD symptoms were confirmed using a separate internal
replication sample with identical methods of data analysis, followed by pooled analysis of the
combined samples (N = 1,443, sex x genotype interaction £< 0.002; males: n = 536, £< 0.001).
These data support the hypothesis that functional variation within SRD5AZ2 influences, in a sex-
specific way, the severity of post-traumatic stress symptoms and risk for diagnosis of PTSD.
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INTRODUCTION

A large body of research has identified abnormalities in the regulation of cortisol and
testosterone in patients with post-traumatic stress disorder (PTSD). PTSD is a debilitating,
stress-related psychiatric disorder associated with trauma exposure. The lifetime prevalence
of PTSD in the general population has been estimated to be 5-10% [Kessler et al., 1995]
with higher rates of PTSD observed among combat veterans [Hoge et al., 2004; Dohrenwind
et al., 2006] and individuals living in areas of high violence [Alim et al., 2006; Gillespie et
al., 2009]. Patients with PTSD exhibit basal levels of urinary cortisol excretion that are
lower than those of healthy subjects [Yehuda et al., 1995; Bierer et al., 2006; Wheler et al.,
2006] and enhanced negative feedback inhibition on measures of hypothalamic—pituitary—
adrenal (HPA) axis function [Yehuda et al., 1993; Newport et al., 2004; Griffin et al., 2005;
Yehuda et al., 2006]. However, other studies have found no differences in plasma cortisol
[Wheler et al., 2006] or increased cerebrospinal fluid (CSF) [Baker et al., 2005] and salivary
[Inslicht et al., 2006] cortisol levels in patients with PTSD. Abnormalities in testosterone
secretion have also been identified in clinical studies examining individuals subjected to
extreme and prolonged stress or diagnosed with PTSD. Plasma testosterone was reduced in
soldiers participating in a physically and psychologically stressful training exercise [Morgan
et al., 2000], and CSF testosterone was reduced in patients with PTSD compared to normal
controls [Mulchahey et al., 2001]. Conversely, salivary testosterone was elevated in
American survivors of the Iranian Hostage Crisis [Rahe et al., 1990] and plasma testosterone
was positively correlated with risk for avoidance symptoms in subjects with combat-related
PTSD [Spivak et al., 2003], but no difference in serum testosterone was found in East
German refugees with PTSD [Bauer et al., 1994]. Given these varied findings, it is possible
that enzymatic processes that regulate cortisol and testosterone levels, in addition to the
conversion of these steroids to their metabolites, may provide more consistent association
with pathology than peripheral hormone levels alone [Yehuda et al., 2009].

Steroid 5-alpha-reductase (5aRD) plays a central role in the metabolism of testosterone,
cortisol, and progesterone [Russell et al., 1994; Wilson, 2001]. Best known for its role in the
conversion of testosterone (T) to 5-alpha dihydrotestosterone (DHT), 5aRD also reduces
cortisol to 5-alpha-tetrahydracortisol and progesterone to 5-alpha-dihydroprogesterone, the
precursor of the anxiolytic neurosteroid allopregnanolone. In humans, two major isoforms of
5aRD have been identified that are coded by two separate genes (SRD5A1 & SRD5A2) and
display distinct patterns of tissue distribution [Russell et al., 1994]. SRD5A1 codes for type |
5aRD (5aRD1) which is estimated to be responsible for production of approximately one-
third of the circulating fraction of DHT [Gisleskog et al., 1998] and is expressed in the
sebaceous glands of skin, and in liver, muscle, and brain [Thigpen et al., 1993; Stoffel-
Wagpner et al., 1998; Stoffel-Wagner et al., 2000; Ellis et al., 2005]. SRD5AZ2 codes for type
I1 5aRD (50RD2) and is expressed in prostate, seminal vesicle, epididymis, hair follicles,
and liver [Thigpen et al., 1993] but not in the brain [Stoffel-Wagner et al., 1998; Stoffel-
Wagpner et al., 2000]. Clinical studies conducted with 5aRD2 deficient pseudohermaphrodite
patients have demonstrated the critical role of 5aRD2 in the production of DHT required for
virilization during development and cortisol metabolism [Peterson et al., 1985; Andersson et
al., 1991].

Considering the role of 5aRD2 in metabolism of these stress and sex steroids, we
investigated whether the VV89L variant of SRD5AZ influences risk for post-traumatic stress
symptoms and diagnosis of PTSD. SRD5A2-V89L (rs523349) is a non-synonymous,
functional polymorphism consequent to a G to C transversion that results in a valine to
leucine substitution at codon 89. This polymorphism has been associated with a reduced
capacity (~33% to 42%) in vitro for the enzymatic conversion of T to DHT in Leu/Leu
samples compared to valine carriers [Makridakis et al., 2000]. However, there are no
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available data describing the effects of SRD5A2-V89L on either cortisol or progesterone
metabolism. This SNP has been variably associated with risk for prostate cancer [Li et al.,
20104, b] but association with risk for PTSD or other forms of psychiatric disease has not
been reported. We conducted our analysis in a heavily traumatized civilian, African-
American population, and the validity of our findings in the primary sample was evaluated
by an internal replication sample of similar size.

MATERIALS AND METHODS

Sample and Sample Recruitment

We have previously described the demographic characteristics of our study population, a
primary care sample of convenience, in genetic association and epidemiological studies of
trauma exposure [Binder et al., 2008; Bradley et al., 2008; Gillespie et al., 2009; Ressler et
al., 2011]. Subjects were approached in the waiting rooms of the primary care or obstetrical-
gynecological clinics of a large urban, public hospital while waiting for their own or their
companion's medical appointments. Participating subjects provided written informed
consent, completed a verbal interview, and provided a salivary sample. At the conclusion of
the interview, subjects were given the option of further study participation involving
donation of a blood sample and collection of additional phenotypic data. Data and DNA
from the subjects in Samples 1 and 2 were collected concurrently in the manner described
above. The samples are located on separate genotyping plates and the subjects comprising
Sample 1 are those that we use as a discovery sample and for whom we have a blood and
saliva sample as well as more extensive phenotype data. Subjects in Sample 2 are
individuals for whom we have saliva samples only and a less extensive set of phenotype data
and are used as an internal replication data set. All procedures in this study were approved
by the Institutional Review Boards of Emory University School of Medicine and Grady
Memorial Hospital.

Subject Assessment Procedure

Participants completed a battery of verbal self-report measures that are described below. To
mitigate the effects of illiteracy on subject questionnaire comprehension, each instrument
was read to the subjects. Each subject was paid $15.00 for participation in this phase of the
study.

Demographics Form

The demographics form is locally developed and assesses subject age, self-identified race,
education, income, employment, and disability status.

Personal Medical History Form

The personal medical history form is locally developed and assesses subject past medical,
surgical and psychiatric/substance abuse history as well as allergies and currently prescribed
medications.

Childhood trauma questionnaire (CTQ)—The CTQ [Bernstein et al., 1994, 1997] is a
28-item, self-report inventory assessing three types of child abuse: sexual, physical, and
emotional. Cutoff scores for each category have shown excellent sensitivity and specificity
in correctly classifying cases of abuse [Bernstein et al., 1997, 2003]. The CTQ vyields a total
score and subscale scores for each of the three types of child abuse. Bernstein and Fink
[1998] established scores for mild, moderate, and severe for each type of abuse. To
summarize the level of exposure to child abuse trauma, we summed the total number of
different types of child abuse trauma to create a 3-level categorical variable (0, 1, =2)
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reflecting number of types of child abuse trauma because in our prior work [Binder et al.,
2008; Bradley et al., 2008; Gillespie et al., 2009] it relates in a predictable and consistent
manner with a number of measures of adaptive functioning and trauma related functioning.

Traumatic events inventory (TEI)—The TEI [Schwartz et al., 2005] is a 14-item
instrument for lifetime history of traumatic events. For each event, the TEI assesses
experiencing, witnessing, and confrontation of traumatic events where appropriate. For our
analysis, we did not utilize the TEI items assessing trauma exposure during childhood since
we used the CTQ to assess childhood trauma exposure. To summarize the level of exposure
to trauma other than child abuse, we summed the total number of different types of non-
child abuse trauma exposure reported by each subject and created a 3-level categorical
variable (0, 1, =2) reflecting number of types of non-child abuse trauma experienced. The
total number or types of trauma exposure variable was created and used in our data analysis
because in our prior work [Binder et al., 2008; Bradley et al., 2008; Gillespie et al., 2009]
and in other research on the impact of trauma exposure [Anda et al., 2006] it relates in a
consistent manner with a number of measures of adaptive and trauma related functioning.

PTSD symptom scale—The PSS is a psychometrically valid 17-item self-report scale
assessing the extent of PTSD symptom severity [Falsetti et al., 1993; Coffey et al., 1998;
Foa and Tolin, 2000; Schwartz et al., 2005; Schwartz et al., 2006] over the prior 2 weeks.
Consistent with prior literature, we summed the PSS frequency items (“0: not at all” to “3:
=5 times a week™) to obtain a continuous measure of PTSD symptom severity ranging from
0 to 51. DSM-1V diagnosis of PTSD was made on the basis of presence of DSM-IV criteria
A-E based on response to the PSS questionnaire.

Beck depression inventory—Depressive symptoms were assessed with the 21-item
BDI [Beck et al., 1961], a commonly used continuous measure of level of depressive
symptoms [Beck et al., 1988]. We used the summation of BDI score as our primary measure
of depressive symptom severity.

Genetic Methods

DNA extraction—DNA was collected from saliva, using Oragene DNA sample collection
kits (DNA Genotek), or from blood collected in EDTA vacuum tubes. DNA was extracted
from saliva using the Purelink Genomic DNA kit (Invitrogen Corp., Carlsbad, CA or from
blood using MagAttract DNA Blood M48 kit (Qiagen, Valencia, CA). All DNA was
quantified using PicoGreen (Invitrogen Corp.) and normalized to a concentration of 5-10

ng/ul.

Genotyping and quality control—DNA was plated into 384 well plates at 5 ng for
Tagman genotyping and 20 ng for Sequenom genotyping. All DNAs were dried down prior
to performing reactions. Sequenom genotypes were collected using the iPLEX chemistries
and the MassARRAY system (Sequenom, Inc., San Diego, CA). Tagman reactions were
performed using Tagman SNP Genotyping Assays along with Tagman Genotyping Master
Mix (Applied Biosystems, Inc., Foster City, CA). Alleles were discerned using the 7900HT
fast real-time PCR system. Negative controls and within and across plate duplicates were
used for quality control. Discordant samples were removed prior to analysis. For all
Sequenom genotypes there was a 41.4% duplication rate and 0.04% discordance rate. The
duplication rate for Tagman genotypes was 30.0%. There were no within method
discordants. SNP rs523349 was genotyped using both Tagman and Sequenom with an across
method duplication rate of 32.6%, an across method discordance rate of <0.05%, and an
overall call rate of 95.2%. All negative controls passed QC. Prior to performing association
studies with SRD5A2, we examined SRD5A2-V89L genotype frequencies (n, %) in
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African-American subjects (N=1,443) which were GG-Val/Val (779, 54.0%), GC-Val/Leu
(565, 39.1%), CC-Leu/Leu (99, 6.9%); minor allele frequency (C-Leu) was 26.5%, which is
consistent with the frequency of this allele in other studies [Febbo et al., 1999; Makridakis et
al., 2000]. These genotypes were in Hardy Weinberg Equilibrium (HWE £> 0.8).

Statistical Analysis

RESULTS

We assessed differences in the demographic variables using SPSS (v. 19). Because the
variables were not normally distributed, non-parametric methods were used. Mann-Whitney
U-tests were performed to assess differences in continuous demographic (age), post-
traumatic stress symptom (PSS total score and PSS subscale scores), and depressive
symptom (BDI total score) variables between study samples. For categorical variables (sex,
income, education, employment, childhood and adult trauma exposure, substance abuse, and
suicide attempts), we used chi-squared tests to determine statistical differences between
study samples. All tests of association were run using PLINK software version 1.07 [Purcell
et al., 2007]. We used linear regression to model the effect of genotype and other covariates
on PSS and other quantitative outcome variables, and logistic regression for categorical
outcome variables. Except where noted, we tested for association under an additive (allelic)
model where the number of copies of the C allele was allowed to influence the outcome
variable linearly. To ensure that our results did not depend on distributional assumptions, we
verified key results with permutation tests. We used PLINK to carry out 100,000
permutations; in each permutation, trait values were randomly shuffled across individuals,
the association test was re-performed, and the #statistic was recorded. Permutation Pvalues
were then estimated as the proportion of permutations for which the £statistic exceeded the
original in magnitude.

Demographics of Participants

This study utilized two different, concurrently obtained, cohorts (Samples 1 and 2) from the
Grady Trauma Project [e.g., Binder et al., 2008; Bradley et al., 2008; Gillespie et al., 2009;
Ressler et al., 2011]. Since PTSD symptoms were the primary outcome variables, we limited
analyses to subjects who had experienced at least one criterion A trauma based on the
traumatic events inventory. Subjects in this study were founSd to have experienced levels
and types of traumas as we have previously described. Study Sample 1 consisted of 834
African American individuals, 780 of whom met criterion A for experience of trauma. Study
Sample 2 consisted of 713 African American subjects, 663 of whom met trauma criteria.
Thus the two samples combined consisted of 1,443 subjects that had experienced at least one
severe trauma. The demographic characteristics, childhood and adult trauma exposure
histories, substance abuse history, post-traumatic, and depressive symptom severity for the
separate and combined samples are listed in Table 1.

We examined sample differences with respect to demographic variables of age, sex, income,
education, and employment. Of these, the only differences between Samples 1 and 2 were
age (Sample 1 was older) and that a greater percentage of Sample 2 subjects were employed
with marginally lower incomes (Table I). There were 37% men in the total sample, with
38% in Sample 1 and 36% in Sample 2. We examined level of trauma history between
groups and found that there was a tremendous amount of trauma exposure in this population,
with subjects experiencing, on average, five criterion A traumas in their lifetime. There were
no significant differences between samples with respect to childhood or adult trauma
exposure (Table ). We also examined prevalence of current substance abuse, history of
suicide attempt, extent of depressive and post-traumatic stress symptoms, and percent of
subjects with current PTSD based on the DSM-1V criteria of the PTSD symptoms.
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Approximately 33% of the subjects met criteria for current PTSD, and there were no
differences between the groups on any of these variables (Table I).

SRD5A2 V89L Association With Total PTSD Symptoms in Men

We initially examined whether there was an association between the SRD5A2-VV89L
polymorphism and the extent of PTSD symptoms in Sample 1 (Table II). Because we
anticipated sex-dependent effects of the SRD5A2-V89L variant considering its prominent
role in testosterone metabolism, we examined male and female subjects separately. We
observed an association between the C allele and total PTSD symptoms, as measured by
PSS, in male subjects (n=298, T=2.169, £=0.03) but not in female subjects (n=482, T=
-0.452, P>0.6). We next performed the same analysis in Sample 2 (Table 1) and again
observed an association between the C allele and PSS score in male subjects (n=238,
T=2.604, P=0.01) but not female subjects (n=425, T=-0.703, £>0.4).

For the remainder of the studies, we performed all analyses on the combined study
population (N=1,443), stratifying by sex. When we combined Samples 1 and 2 (N=1,443) in
a stratified analysis, we observed the same pattern (Fig. 1A and Supplementary Figs. 1 and
2) in which the C allele was associated with PSS score in male subjects (=536, T=3.372,
P=0.0008, permutation £=0.0010) but not female subjects (n=907, T=-0.811, £>0.4). This
result was robust to a sensitivity analysis that excluded the 20.4% of subjects exposed to >1
childhood trauma (P=5.1x107° in males). To test whether the association between SRD5A2-
V89L and PSS differed significantly by sex, we performed an interaction analysis on males
and females combined controlling for study sample. We observed a significant interaction
between sex and genotype (N=1,443, T=3.206, £=0.0014), suggesting a sex-dependent
association between SRD5A2-\V/89L and PSS.

We also assessed whether level of trauma (including childhood trauma) was responsible for
the association of SRD5A2-V89L and PSS score in male subjects. Even though trauma (as
measured by the variable TEI) was a significant predictor of PSS score in our model
(T=11.19), the significant association between genotype and PSS score remained (N=559,
T=3.648, P=0.00029). We did not observe an interaction between SRD5A2-VV89L and TEI
when predicting PSS score in males (P>0.1). When including childhood trauma (as
measured by the continuous CTQ variable) in our model, again the association between
genotype and PSS score in males remained significant (N=559, T=2.663, £=0.0010). The
interaction between SRD5A2-V/89L and CTQ when predicting PSS score in males was
suggestive but not significant (P=0.052).

Controlling for Admixture Within the Sample Population

To adjust for potential confounding due to admixture in our all-African-American sample,
we relied on a published panel of ancestry informative markers (AIMs) that was developed
for admixture mapping in African Americans [Tian et al., 2006]. For a subset of our sample
(N=587) for which genotypes for 1,019 of these AIMs were available, we re-fit the above
models both including and excluding the first two principal components of these AIMs as
covariates (further principal components were not significant according to a Tracy—Widom
test [Patterson et al., 2006]). In each case, the estimated effect size did not change
substantially with inclusion versus exclusion of the principal components, suggesting that
the associations reported above are not the result of confounding due to admixture.

SRD5A2-V89L Association With Individual PTSD Symptom Clusters

We next examined whether the number of C alleles was associated with severity of
individual PTSD symptom clusters, as measured by the three subscales of the PSS
(avoidance/numbing, hyperarousal, and intrusive/re-experiencing). In males, we found a
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significant association with PTSD symptom severity on all three PSS subscale scores (Fig.
1B-D). The hyperarousal subscale had the most robust association (n=535, T=3.151,
P=0.0017, permutation ~P=0.0018) followed by the avoidance/numbing subscale (n=536,
T=3.111, P=0.0020, permutation £=0.0020) and the intrusive/re-experiencing subscale
(n=536, T=2.934, £=0.0035, permutation ~=0.0038); there were no associations with PSS
subscales in females (P>0.3).

SRD5A2-V89L Association With PTSD Diagnosis

As our prior data suggest that continuous measures of PTSD symptoms may be a more
powerful measure of biological risk than categorical diagnostic measures, we initially
examined PTSD symptoms with total score on PSS or its subscales as our outcome.
However, we also wanted to assess the association between SRD5A2-V89L genotype and
categorical diagnosis of PTSD as an outcome. To do this, we tested for an association
between SRD5A2-VV89L genotype and the presence versus absence of PTSD-proxy
diagnosis based on responses to PSS following DSM-IV criteria (see Table 111 for SRD5A2-
V89L genotype frequencies in subjects with/without a categorical proxy-diagnosis of
PTSD). We observed a significant association between SRD5A2-VV89L genotype and proxy-
diagnosis of PTSD in male subjects (N=536, £=0.013, permutation £=0.013; OR=1.456,
Cl=1.083-1.957). Conversely, SRD5A2-V/89L genotype did not predict PTSD proxy-
diagnosis in females (N=907, P=0.207; OR=0.8671, CI=0.6949-1.082). As above, we
observed a significant sex by genotype interaction (N=1,443, T=2.788, P=0.005).

SRD5A2-V89L Is Not Associated With Depression Symptoms

PTSD is often comorbid with other stress-related psychiatric disorders such as depression
and substance abuse. Thus we analyzed whether the associations reported above for PTSD
also occur with depression or whether the observed effects may actually be due to
depression comorbidity. When controlling for study sample, there was no relationship
between SRD5A2-V89L genotype and depression symptoms (BDI total score) in men or
women; furthermore, there was no interaction with sex (N=1,443, T=-0.536, ~>0.5). We
also examined rates of current substance abuse (not shown) and again found no relationship
between SRD5A2-V89L genotype and substance abuse in men or women and no interaction
effect (N=1,443, T=0.487, P>0.6).

DISCUSSION

The central finding of our study is that functional variation at the SRD5A2-V89L locus
exerts a sex-dependent influence on the severity of post-traumatic stress symptoms and risk
for PTSD diagnosis. Male subjects with a Val/Leu or Leu/Leu genotype had more PTSD
symptoms and an increased rate of PTSD diagnosis using the PSS measure, compared with
male subjects with a Val/Val phenotype. Conversely, the V89L genotype did not
significantly contribute to the severity of PTSD symptoms or rate of PTSD diagnosis in
female subjects.

SRD5AZis an important modulator of androgen levels. Comparative research conducted
across a variety of species has demonstrated the anxiolytic effects of androgen
administration [Archer, 1976; Vandenheede and Bouissou, 1993; Boissy and Bouissou,
1994; Aikey et al., 2002; Frye et al., 2008]. Acute testosterone administration also reduces
subcortical fear [van Honk et al., 2005] and fear-potentiated startle in human female
experimental subjects [Hermans et al., 2006]. Preclinical research using rodents has shown
that reduction in the expression of fear examined with contextual (hippocampally mediated),
but not cued (amygdala-mediated), models of fear learning is predominantly dependent on
the DHT metabolite 3-alpha androstanediol glucuronide (3AG) [Edinger et al., 2004; Frye et
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al., 2004, 2008]. 3AG is synthesized from DHT through the action of 3-alpha
hydroxysteroid dehydrogenase [Stoffel-Wagner, 2003] and although it has low affinity for
the androgen receptor, 3AG is a potent neurosteroid exerting inhibitory effects through
actions on the GABA-A receptor [Frye et al., 19963, b].

Since SRD5AZ2 s not expressed, or only expressed at very low levels, in the brain [Stoffel-
Wagner, 2003], variation in SRD5A2-VV89L must act through the alteration of peripheral
steroid metabolism to affect PTSD. This could occur through increased peripheral
production of 3AG that might then act centrally to alter PTSD symptoms. Clinical studies
examining 5aRD activity, or the functional effects of the SRD5A2-V/89L genotype on
5aRD?2 activity, commonly use circulating levels of 3AG as a quantitative trait measure of
50RD activity [Ross et al., 1992; Wong et al., 1995; Gann et al., 1996; Ahn et al., 2009].
Ethnicity appears to interact strongly with V89L genotype to moderate plasma concentration
of 3AG as circulating levels of 3AG are lowest in Asian men with the Leu/Leu genotype
[Makridakis et al., 1997; Hsing et al., 2001] but do not appear to vary significantly by
genotype in Caucasian men [Makridakis et al., 1997; Febbo et al., 1999; Allen et al., 2001]
or African-American men [Makridakis et al., 1997]. In our study, which was African-
American in composition, we did not measure plasma 3AG so we are unable to address the
effect of genotype on 3AG levels alone or as a mediating variable with respect to PTSD
symptoms.

5aRD is also involved in cortisol metabolism and preclinical research suggests that 5-alpha
reduced glucocorticoids may activate the glucocorticoid receptor [Mclnnes et al., 2004].
Research conducted in rodents suggests that even small changes in the peripheral
metabolism of cortisol have the capacity to alter the activity of the HPA axis [Paterson et al.,
2007]. Recent findings in survivors of the Holocaust show reduced cortisol metabolism by
5aRD and 11-B-hydroxysteroid dehydrogenase type 2 [Yehuda et al., 2009]. Finally,
increased cortisol metabolism was found in patients with schizophrenia spectrum disorders
mediated by a different SRD5A2 variant (rs6732223) [Steen et al., 2010]. With regards to
our findings of rs523349 association with male, but not female, PTSD, it has also been
shown that sexual dimorphism may occur in the activity of 5aRD [Finken et al., 1999].

Progesterone, like cortisol, is also a substrateof 5a0RD and may be reduced to 5-a-
dihydroprogesterone, the immediate precursor of the anxiolytic neurosteroid,
allopregnanolone. Reduced levels of allopregnanolone have been reported in the CSF of
premenopausal women with PTSD that are negatively correlated with the intensity of re-
experiencing symptoms [Rasmusson et al., 2006]. Preclinical research using a mouse social
isolation model (reviewed in [Pinna et al., 2008; Pinna, 2010]) has identified a sexually
dimorphic effect of social isolation on the development of impulsive aggression and
increased contextual fear conditioning in male mice. These changes in behavior and learning
correspond in a time-dependent manner with downregulation of corticolimbic
allopregnanolone and the decay of 5a0RD1 isozyme mRNA expression within the
hippocampus and amygdala. With respect to our present findings related to PTSD risk, we
believe that it is unlikely that our results are due to an effect of the SRD5A2-VV89L
polymorphism on the progesterone pathway and allopregnanolone synthesis since SRD5A2
is expressed minimally within the brain and we are not aware of any data demonstrating a
kinetic effect of this polymorphism on the synthesis of 5-a-dihydroprogesterone.

Considered broadly, the current findings complement our recent report of a polymorphism in
the gene coding for the PAC1 receptor which showed a differential association of an
estrogen-sensitive gene on PTSD symptoms in women but not men [Ressler et al., 2011].
Others have demonstrated that estrogen and DHEA levels may also be important mediators
of symptoms in traumatized women [Rasmusson et al., 2004; Milad et al., 2010]. Taken
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together, these data provide evidence that gonadal hormones and other sex-specific
biological modulators may be critical factors leading to different mechanistic pathways to
PTSD in men and women. Within the current analysis, we did not find an interaction of
trauma exposure severity with SRD5A2-V89L, but future studies should analyze this
possibility in more detail.

In summary, we describe a robust association between PTSD and a functional
polymorphism in the SRD5AZ2 gene, which has previously been shown to result in altered
levels of steroid metabolism. We find that SRD5A2-V89L is strongly associated with PTSD
symptoms and PTSD diagnosis in traumatized men but not women. Further appreciation of
the biological role of SRD5A2 will likely enhance our understanding of the pathogenesis of
PTSD and suggest new diagnostic, prevention, and treatment approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Sex and genotype-dependent (allelic model) effects in the combined sample on total post-
traumatic stress symptoms (A) and symptom cluster-specificpost-traumatic stress symptoms
(B-D). PSS, post-traumatic stressdisorder symptomscale; PTSD, post-traumatic stress
disorder. Bars represent the means=SE, and sample sizes are represented at the base of each

bar.
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TABLE 1

Demographic and Clinical Characteristics of the Primary and Replication Samples

N Mean Std.error P-value
Sex (% female)
Sample 1 780 61.8%
Sample 2 663 64.1%

Total 1,443  62.9% 0.37
Age

Sample 1 775 40.3 0.5

Sample 2 661 38.3 0.5

Total 1,436 39.4 0.4 0.01

House monthly income (%<$500/month)

Sample 1 780 59.2%

Sample 2 663 64.4%

Total 1,443 61.6% 0.05
Highest grade completed (%>high school)

Sample 1 779  76.0%

Sample 2 662 77.9%

Total 1,441 76.9% 0.92
Currently employed (%)

Sample 1 780 27.6%

Sample 2 663 34.2%

Total 1,443  30.6% 0.01
Current substance problem (%)

Sample 1 780 6.4%

Sample 2 663 5.0%

Total 1,443 5.8% 0.24
Suicide attempt (%)

Sample 1 758 17.0%

Sample 2 659 15.6%

Total 1,417 16.4% 0.48
Childhood trauma (%>1 trauma)

Sample 1 780 21.4%

Sample 2 663 19.3%

Total 1,443 20.4% 0.47
Adult trauma (%>1 trauma)

Sample 1 780 68.1%

Sample 2 663 66.4%

Total 1,443 67.3% 0.38
PSS total score

Sample 1 780 13.3 0.4

Sample 2 663 12.9 0.5
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N  Mean
Total 1,443 13.1
PSS intrusive score
Sample 1 780 3.2
Sample 2 663 3.2
Total 1,443 3.2
PSS avoidance/numbing score
Sample 1 780 5.4
Sample 2 663 5.1
Total 1,436 53
PSS hyperarousal score
Sample 1 777 47
Sample 2 663 4.6
Total 1,440 4.7

Current PTSD diagnosis (%; caps subsample)

Sample 1 780 33.8%

Sample 2 663 32.8%

Total 1,443 33.4%
BDI total score

Sample 1 780 14.5

Sample 2 663 14.7

Total 1,436 14.6

Std. error

0.3

0.1
0.2
0.1

0.2
0.2
0.1

0.2
0.2
0.1

0.4
0.5
0.3

P-value
0.47
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TABLE Il

PTSD Symptom Score in Male and Female Subjects as a Function of Genotype in Samples 1 and 2

N Mean Std.error

Sample 1
Male
Val/Val 167 11.3 0.9
VallLeu 116 15.4 1.2
Leu/Leu 15 12.7 3.7
Female
Val/Val 265 13.7 0.8
VallLeu 181 13.0 0.9
Leu/Leu 36 133 2.3
Sample 2
Male
Val/Val 121 11.2 11
VallLeu 102 14.3 13
Leu/Leu 15 18.9 4.4
Female
Val/Val 226 12.9 0.8
VallLeu 166 13.7 1.0
Leu/Leu 33 9.4 17

PTSD, post-traumatic stress disorder.
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TABLE Il

Genotype Frequency in Male and Female Subjects With and Without PTSD Diagnosis Based on DSM-1V
Diagnosis From the PSS Scale

N Percent Std.error

No PTSD
Male
Val/Val 208 58.4% 2.6
VallLeu 128 36.0% 25
Leu/Leu 20 5.6% 1.2
Female
Val/Val 321 53.1% 2.0
Val/lLeu 233  385% 2.0
Leu/Leu 51 8.4% 11
PTSD
Male
Val/Val 80 44.4% 3.7
Val/Leu 90 50.0% 3.7
Leu/Leu 10 5.6% 1.7
Female
Val/Val 170 56.3% 2.9
Val/Leu 114 37.7% 2.8
Leu/Leu 18 6.0% 14

PSS, Post-traumatic stress disorder symptom scale; PTSD, post-traumatic stress disorder.
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