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Interaction between polymorphisms in serotonin transporter
(SLC6A4) and serotonin receptor 2A (HTR2A) genes predict
treatment response to venlafaxine XR in generalized anxiety

disorder

FW Lohoff'2, S Narasimhan' and K Rickels?

Variation in genes involved in serotonergic signaling is thought to be associated with antidepressant treatment response in
generalized anxiety disorder (GAD). We examined a possible interaction between the serotonin transporter gene (SLC6A4)
5-HTTLPR/rs25531 haplotype and the serotonin 2A receptor gene (HTR2A) single-nucleotide polymorphism (SNP) rs7997012 in
antidepressant treatment outcome in GAD. Patients diagnosed with GAD received venlafaxine XR treatment as part of an 18-month
relapse prevention study. Genotypes obtained for the 5-HTTLPR/rs25531 (La/La, La/S or S/S) haplotype and rs7997012 SNP (G or A)
in the European American population (n=112) were used for pharmacogenetic analysis. Our data show that subjects with
genotypes La/La + G/G or La/La+ G/A (n=28) had significantly lower Hamilton Anxiety Scale (HAM-A) scores than those with
genotypes La/S + A/A or S/S+ A/A (n=12) at 6 months (HAM-A difference = 10.7; P<0.0001). Single-marker analysis only showed
HAM-A differences of 4.3 (5-HTTLPR/rs25531: La/La versus La/S + S/S) and 4.8 (rs7997012: G/G + G/A versus A/A), showing for the
first time a significant gene-gene interaction between these markers.
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INTRODUCTION

Generalized anxiety disorder (GAD) is a highly prevalent chronic
psychiatric disorder with significant morbidity and mortality.
Antidepressant drugs are widely used for both acute and chronic
treatment of GAD; studies have shown antidepressants such
as escitalopram and venlafaxine (VEN) are both well tolerated
and effective. However, treatment response among patients is
often variable, with some responding well to antidepressants
while others fail treatment.' Only a third of patients achieve
remission in the acute phase of treatment,™ and many often
suffer relapse.®” The majority of pharmacogenetic studies of
antidepressant drugs have been studied in major depressive
disorder (MDD)® while only a few reports exist for anxiety
disorders.”™°

As the underlying neurobiological mechanisms of treatment
response are unknown, all current pharmacotherapy for GAD is
determined by the clinician based on the patient’s history.
Evidence has shown that genetic factors may influence treatment
response and tolerability to medication. Genes in the serotonergic
system have been widely studied in antidepressant pharmacoge-
netic studies, given that the serotonergic system has been the
main target of selective serotonin reuptake inhibitors (SSRIs)
and selective serotonin—-norepinephrine reuptake inhibitors
used to treat both GAD and MDD. Two promoter polymorphisms
in the serotonin transporter (5-HTT) gene (SLC6A4) have been
studied extensively in treatment response in MDD. The 5-HTTLPR

is an insertion/deletion polymorphism, with the long (L) allele
being associated with better response to antidepressants in
European Americans (EA)."" The 5-HTTLPR was thought to be
functionally bi-allelic, with the L allele having higher transcription
of SLC6A4 than the S allele.’>'® This finding has been supported
in vivo, with LL homozygotes having higher levels of 5-HTT than S
carriers."

However, recent studies have shown that the presence of an
a/g single-nucleotide polymorphism (SNP; rs25531) in the 5-HTT
promoter region forms a functional haplotype with the 5-HTTLPR,
with La carriers associated with the highest transcription and all
other alleles being low-activity alleles.”® It is possible that
functional differences between these alleles could result in
differential treatment response to antidepressants.'® A meta-
analysis by Serretti et al.'” in depression found 5-HTTLPR L carriers
had better response rates to various antidepressants; however, a
more recent meta-analysis that included new studies within the
past few years did not confirm this finding.'® One study in
depression showed that in the presence of the g SNP, the L allele
of 5-HTTLPR is associated with nonresponse to antidepressant
treatment."®

Although there have been many pharmacogenetic studies of
the 5-HTTLPR in depression with unclear findings, few studies
have looked at the effect of the 5-HTTLPR on antidepressants in
anxiety disorders. One study in obsessive-compulsive disorder
found no association with 5-HTTLPR genotype and response to
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antidepressants,?® although another study in panic disorder did
find an association with the 5-HTTLPR and response to
paroxetine.?’ Stein et al.®? found an association between the 5-
HTTLPR genotype and SSRI treatment response in social anxiety
disorder. They also saw a trend, although not significant, in the 5-
HTTLPR/rs25531 haplotype and SSRI treatment response.””> One
recent study by Lenze et al®® found a dominant effect of La
carriers and escitalopram treatment response in GAD. Together, it
appears the 5-HTTLPR/rs25531 haplotype may have a role in GAD
antidepressant treatment outcome.

The serotonin receptor 2A gene (HTR2A) has likewise been
implicated in antidepressant pharmacogenetic studies in MDD,
particularly the robust association of SNP rs7997012 and treat-
ment outcome in the STAR*D sample.?* Since then, several other
groups have replicated the finding. Peters et al.® used the same
sample and confirmed the association of the A allele and better
treatment outcome. Although others confirmed the association of
rs7997012 in independent samples, they found an association
with the G allele and better treatment response.?®?” We recently
reported a significant association of the G allele and better
treatment response to VEN in our GAD sample.”®

The rs7997012 is an intronic SNP, with no clear biological
function, although it might be in linkage disequilibrium with
another functional variant in the HTR2A gene. Three other coding
SNPs in the 5HTR2A gene, rs6311 (102T/C), rs6313 (1438 A/G) and
rs6314 have also been associated with antidepressant treatment
response in MDD (see Kato and Serretti® for review and meta-
analysis). Together, these studies indicate a strong role for variants
in SLC6A4 and HTR2A in antidepressant response in MDD and
anxiety disorders.

Although several pharmacogenetic studies have investigated
single polymorphisms or several polymorphisms within a single
gene, few studies have looked at gene-gene interactions in
antidepressant treatment response. Lin et al.*® found a significant
gene—gene interaction with markers in the SLC6A4 and HTR2A
genes and antidepressant treatment response in MDD; however,
they did not analyze either the 5-HTTLPR or the rs7997012 in their
study. Other studies have found significant interactions between
the HTRIA gene and the 5-HTTLPR>2® the HTR2A and CYP2D6
genes,®' and the HTR2A, the FKBP5 and the GRIK4 genes®’ in MDD.
To our knowledge, no one has investigated any gene-gene
interactions in the pharmacogenetics of anxiety disorders.

In this study, we investigated a possible gene-gene interaction
between the SLC6A4 5-HTTLPR/rs25531 haplotype and the HTR2A
SNP rs7997012 in antidepressant treatment response to VEN in
GAD. We show for the first time a significant interaction between
the 5-HTTLPR/rs25531 haplotype and SNP rs7997012 in antide-
pressant treatment outcome in GAD.

MATERIALS AND METHODS

Patients in this study participated in an 18-month relapse prevention study
that comprised three treatment phases:>? a 6-month open-label VEN XR
flexible-dose treatment phase (75-225mg day”; Phase 1), a 6-month,
randomized, double-blind, placebo-controlled relapse phase (Phase Il), and
a final 6-month, randomized, double-blind, placebo-controlled relapse
phase (Phase Ill). Primary pharmacogenetic analysis was conducted for the
first phase (Phase I). A brief summary of methodology is included here.*?

Subjects had to be 18 years or older and meet the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition criteria for GAD,
which was determined by the Structured-Clinical Interview and psychiatric
evaluation. Subjects also needed to have a score of >20 on the Hamilton
Anxiety Scale (HAM-A) at screen and at baseline, and a score of >4 on the
Clinical Global Impression (CGl)-Severity scale. Exclusion criteria included
any current anxiety spectrum Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition diagnosis at the threshold but not sub-threshold
level, current or past history of bipolar disorder, schizophrenia, other
psychotic disorders or dementia. Severely depressed subjects were
excluded with a HAM-D cutoff score of <18; a cutoff score of <2 on
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the suicide item of the HAM-D was used to exclude suicidal patients.
Subjects with an episode of major depression and substance abuse or
dependence in the past 6 months were also excluded. Occasional
recreational drug or alcohol use was not an exclusion criterion, thus
allowing our sample to represent GAD patients in the community. Patients
on a low daily dose of benzodiazepine anxiolytics or hypnotics were
allowed to enter the trial and were tapered off their benzodiazepine during
the first 12 weeks of VEN treatment.

Patients were recruited at the University of Pennsylvania Medical Center
with approval and oversight by the Institutional Review Board of the
University of Pennsylvania. Written informed consent was obtained before
performing any study procedures. After a 4- to 28-day screening period,
eligible patients were started on VEN 37.5mg for 1 week followed by
75mgday ' for the second week. After the second week, flexible dosing
was used in a range of 75-225 mg day ~'. Every attempt was made to raise
the patient’s daily dose to 225mg by week 8, unless adverse events
prevented this increase or the patient was in remission. Pill counts were
used as a measure of adherence.

In total, 156 patients (EA n = 112; African-Americans n =41; others n = 3)
were assessed for treatment response. However, only the EA population
(n=112) was used in the pharmacogenetic analysis to reduce population
stratification owing to ethnic differences in allele frequencies. The HAM-A
was used as a primary outcome measure, with response defined as HAM-A
reduction of >50% and remission was defined as HAM-A<7. The CGlI of
Improvement (CGI-I) score at 6 months was used as a secondary outcome
measure. Improvement was defined as CGI-l of 1 and 2, remission was
defined as CGI-l of 1. The last observation carried forward imputation
method was used for this study to account for missing data (patients who
were unresponsive, with a CGl-1>4, were discontinued).

Genotypes for the 5-HTTLPR and rs25531 were obtained using standard
procedures.12 Briefly, the 5-HTTLPR genotypes (L or S alleles) were
obtained using a standard PCR procedure, followed by a restriction
endonuclease digest to obtain the haplotype genotypes (La or Lg alleles).
Individuals with an Lg allele were considered equivalent to having an S
allele (Lg=S), similar to previous reports.”®> Genotyping of the HTR2A
variant rs7997012 was performed as described previously.?® In all, 10%
duplicates of subjects were genotyped for quality control. Genotype and
allele frequencies were compared between groups using x> contingency
analysis and Fisher’s exact test (where applicable). One-way analysis of
variance (ANOVA) was used to compare mean HAM-A scores between
groups. A two-tailed type | error rate of 5% was chosen for the analysis.

RESULTS

We previously reported genotype information for rs7997012 in our
GAD population.?® Genotype distributions for rs7997012 were in
accordance with Hardy-Weinberg Equilibrium, and the concor-
dance rate was 100% with respect to the 10% of samples that
were genotyped twice for quality control. Allelic frequencies for
the Caucasian samples were consistent with those reported in the
HapMap database for Utah residents with Northern and Western
Europe ancestry from the CEPH collection. Genotype distributions
for the 5-HTTLPR/rs25531 haplotype were also in accordance with
Hardy-Weinberg Equilibrium. The concordance rate was 100% for
the 10% duplicates that were genotyped for quality control.
Genotype frequencies for the 5-HTTLPR and rs25531 were
consistent with those previously reported.’*3

Treatment response to VEN over time based on the 5-HTTLPR/
rs25531 haplotype (La, Lg, S, where Lg =S) for the EA population
(n=112) using the HAM-A outcome measure is shown in Figure 1.
Subjects who were homozygous La/La showed a significant
reduction in HAM-A compared with S carriers (La/S+S/S; Lg=Y5)
at 6 months (La/La group mean HAM-A: 4.35 s.e.: 0.54; the La/
S+S/S group mean HAM-A: 867 se: 091; HAM-A
difference = 4.32; one-way ANOVA: F=9.207; P=0.003). Explora-
tory analyses showed a trend in association as early as week 12
(one-way ANOVA: F = 3.343; P=0.07), with significant associations
in week 16 (one-way ANOVA: F=4.733; P=0.03) and week 20
(one-way ANOVA: F=4.608; P=0.03).

Results for the EA sample using a categorical outcome measure
of response and remission (using HAM-A and CGI-l) at 6 months
for the haplotype is shown in Table 1. We found a genotypic
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association for HAM-A response (P=0.01) and remission (P=0.02)
and CGI-l improvement (P=0.003) and remission (P=0.003).
Again, we saw a dominant effect of S carriers (La/S +S/S; Lg=Y5)
and worse treatment outcomes. Subjects who were homozygous
La/La showed better treatment response (HAM-A response:
P=0.003; OR=12.16; CGI-| improvement: P=0.0008) and remis-
sion (HAM-A remission: P=0.007; OR=4.03; CGI-l remission:
P =0.0008) than La/S or S/S individuals.

Similarly, we have previously shown that EA patients (n=112)
with at least one G allele for HTR2A SNP rs7997012 showed
a significant reduction in HAM-A score when compared with the
A/A group at the main study endpoint of 6 months (HAM-A
difference between A/A and G/A + G/G groups: 4.80; see Figure 1
in Lohoff et al*®). Exploratory analysis showed that the difference
between groups was statistically significant as early as week 12.2°

§/5 (n=25)
- La/s (n=53)

=+ La/la (n=34)

HAM-A Score
- -
5] @

one way ANOVA
(La/La versus La/S
+S/S):

(*)p=0.07

“P<0.05

**p=0.003

Baseline Week2 Week4 Week6 Week3 Week 12 Week 16 Week 20 Week 24

Figure 1. Treatment response to VEN based on 5-HTTLPR/rs25531
haplotype is shown (EA n=112). Individuals with the Lg allele were
considered equivalent to S (La/S = La/Lg + La/S). Primary analysis at
week 24 (6 months) showed a significant dominant effect of the S
allele and worse response, with a HAM-A difference of 4.32 between
La/La and La/S+S/S groups. There were no significant differences
between La/S and S/S groups.

Based on the positive findings with these variants, we sought to
investigate a possible interactive effect between SLC6A4 and
HTR2A. We considered a dominant model for both markers (La/La
versus La/S + S/S for the 5-HTTLPR/rs25531 marker and G/G + G/A
versus A/A for rs7997012).

We labeled the 5-HTTLPR/rs25531 haplotype as marker 1 (M1)
and rs7997012 as marker 2 (M2). Genotypes that were associated
with better antidepressant response were labeled as positive (+)
for each marker (La/La=M1(+) for 5-HTTLPR/rs25531 and G/
A+ G/G=M2(+) for rs7997012). Genotypes associated with worse
antidepressant response were labeled as negative (—) for each
marker (La/S+S/S=M1(—) for 5-HTTLPR/rs25531 and A/A=
M2(—) for rs7997012). We then investigated if there was a
significant difference in antidepressant treatment response
between patients with two positive markers (M1(+)/M2(+)=
La/La+ G/G or La/La + G/A), patients with only one positive marker
(M1(+)/M2(—)=La/La+ A/A or M1(—)/M2(+)=La/S+ G/G or
La/S + G/A or S/S + G/G or S/S + G/A) and patients with no positive
markers (M1(—)/M2(—)=La/S+ A/A or S/S -+ A/A).

Treatment response to VEN in the EA population (n=112)
based on 5-HTTLPR/rs25531 and rs7997012 interaction is shown in
Figure 2. Subjects who had two positive markers (M1(+)/M2(+)
n=28) showed highly significant reduction in HAM-A compared
with subjects with no positive markers (M1(—)/M2(—) n=12) at
6 months M1(+)/M2(+) group mean HAM-A: 443 se. 0.66;
M1(—)/M2(—) group mean HAM-A: 15.08 s.e.: 2.23; HAM-A
difference = 10.7; one-way ANOVA: F=36.91; P<0.0001). Explora-
tory analysis showed a trend in association as early as week 8
(one-way ANOVA: F=3.05; P=0.089) with significant associations
in week 12 (one-way ANOVA: F=8.92; P=0.0049), week 16 (one-
way ANOVA: F=16.76; P =0.0002) and week 20 (one-way ANOVA:
F=13.54; P=0.0007).

There was also a significant difference between patients with
just one positive marker ((M1(+)/M2(—) or M1(—)/M2(+)
n=72) and patients with no positive markers (M1(—)/M2(—)
n=12) at 6 months (HAM-A difference: 7.9; one-way ANOVA:
F=11.83; P=0.001), with significant associations seen as early as
week 12 (one-way ANOVA: F=4.87; P=0.03). There were no

Table 1. 5-HTTLPR/rs25531 6 months outcome data
5-HTTLPR/rs25531 Sample n Genotype frequency P Allele P OR OR 95% confidence
frequency interval
La/La La/S S/S f(La)
Response HAM-A Responders 90 037 0.44 0.19 0.05 0.59 0.015 2.77 1.39-5.52
LOCF (33) (40) (17)
Non- 22 005 0.59 0.36 0.34
responders (1) (13) (8)
La/La versus La/S+S/S 0.015 12.16 1.56-94.6
Improvement CGI Improvers 91 0.37 0.42 0.21 0.015 0.58 0.04 2.51 1.25-5.04
LOCF (34) (38) (19)
Non- 21 0.00 0.71 0.29 0.36
Improvers (0) (15) (6)
La/La versus La/S+S/S 0.004 258 1.513-439.9
Remission HAM-A Remitters 75 0.45 0.39 0.16 0.10 0.60 0.05 2.08 1.18-3.66
LOCF (34) (29) (12)
Non- 37 0.24 0.49 0.27 0.42
remitters 9) (18) (10
La/La versus La/S +S/S 0.035 4.03 1.41-11.54
Remission CGI LOCF  Remitters 91 0.37 0.42 0.21 0.015 0.58 0.04 2.51 1.25-5.04
(34 (38) (19
Non- 21 0.00 0.71 0.29 0.36
remitters (0) (15) (6)
La/La versus La/S +S/S 0.004 258 1.513-439.9
Abbreviations: CGl, Clinical Global Impression; HAM-A, Hamilton Anxiety Scale; LOCF, last observation carried forward; OR, odds ratio; VEN, venlafaxine.
5-HTTLPR/rs25531 genotypes La/La, La/S and S/S and categorical outcomes HAM-A response/remission and CGI-I Improvement/remission to VEN treatment.
#° or Fisher's exact test was used to calculate all P-values.

The Pharmacogenomics Journal (2013), 464 -469

© 2013 Macmillan Publishers Limited




statistically significant differences between patients with two
positive markers (M1(+)/M2(+) n=28) and individuals with one
positive marker (M1(+)/M2(—) or M1(—)/M2(+) n=72). All
data presented are based on the last observation carried forward
data; results based on completers (EA n=288) showed similar
significant differences (data not shown). Drug doses did not differ
statistically significantly between groups (data not shown).
Results for the EA sample (n=112) using a categorical outcome
measure of response and remission (using HAM-A and CGl-l) at 6

30 M1 =5-HTTLPR/
rs25531

2 M2: HTR2A
rs7997012

20 &= M1()/M2() (n=12)

* M1(-)/M2(+) or
M1{+}/M2(-) (n=72)

- M1(+)/M2(+) (n=28)

15

HAM-A Score

ane way ANOVA
[M1(+)/M2(+) versus
M1(-)/M2(-)}:

10

(*)p=0.0887
*p=0.0049
##p<0.001
0 T T T T T T r T ,  ***p<0.0001

Baseline Week2 Weekd4 Week6 Week8 Week 12 Week 16 Week 20 Week 24

Figure 2. Treatment response to VEN based on 5-HTTLPR/rs25531
(M1) and HTR2A rs7997012 (M2) interaction is shown (EA n=112).
Each group contained the following genotypes: M1(—)/M2(—)=
La/S+ A/A or S/S+ A/A; M1(—)/M2(+)=La/S+ G/G or La/S+ G/A
or S/S+G/G or S/S+G/A; M1(+)/M2(—)=La/La+A/A; M1(+)/
M2(+ ) =La/La+ G/G or La/La+ G/A. Primary analysis at week 24 (6
months) outcome showed a significant HAM-A difference (10.7)
between M1(+)/M2(+) and M1(—)/M2(—) groups. There was also
a significant HAM-A difference (7.9) between M1(+)/M2(—) or
M1(—)/M2(+) and M1(—)/M2(—) groups at week 24. There were
no significant differences between M1(+)/M2(+) and M1(+)/
M2(—) or M1(—)/M2(+) groups.
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months for the interaction analysis is shown in Table 2. We found a
significant association between all three groups for HAM-A
response (P=0.0005) and remission (P=0.0025) and CGI-I
improvement (P=0.000009) and remission (P=0.0048). Interest-
ingly, we saw a dominant effect of individuals who had at least one
positive marker (M1(+)/M2(+) or (M1(+)/M2(—) or M1(—)/
M2(+) n=100) and better treatment response (HAM-A response:
P=0.0019 OR=7.93; CGI-l improvement: P=0.0001 OR=13.38)
and remission (HAM-A remission: P=0.0021 OR=7.71; CGH
remission: P=0.0055 OR = 6.00).

DISCUSSION

In this study, we report for the first time a significant interaction
between markers in the SLC6A4 and HTR2A genes in predicting
antidepressant treatment response in GAD. Using a dominant
model for both the 5-HTTLPR/rs25531 (La/La versus La/S -+ S/S)
and rs7997012 (G/G+ G/A versus A/A) markers, we show that
individuals who carry two positive markers (M1(+)/M2(+)
n=28) for both genes have significantly lower HAM-A scores
than individuals who carry no positive markers (M1(—)/M2(—)
n=12) for either gene at 6 months treatment outcome (HAM-A
difference = 10.7). This pharmacogenetic effect was increasingly
statistically significant over time (see Figure 2) and was confirmed
using categorical outcome measures (see Table 2).

Given that most double-blind placebo-controlled clinical trials
of antidepressant drugs in GAD show on average a HAM-A score
difference between drug and placebo of about 3-4,* our data is
highly clinical relevant as it indicates that inter-individual
differences in SLC6A4 and HTR2A variants contribute largely to
treatment response (HAM-A mean difference 10.7). In fact, based
on our data, individuals with M1(—)/M2(—) genotypes should
perhaps be given a different course of treatment (that is,
benzodiazepines). Interestingly, mean HAM-A differences for
single-marker analyses in each gene were 4.3 (5-HTTLPR/
rs25531: La/La versus La/S+S/S) and 4.8 (HTR2A rs7997012: G/

Table 2. 5-HTTLPR and HTR2A gene-gene interaction 6 months outcome data
5-HTTLPRXHTR2A Sample n Genotype frequency P OR OR 95% confidence
interval
MI(+)/ MI1(+)/M2(=)orMI1(=)/  MIi(=)/
M2(+) M2(+) M2(—)
Response HAM-A Responders 90 0.30 (27) 0.64 (58) 0.06 (5) 0.0005 — —
LOCF
Non- 22 0.04 (1) 0.64 (14) 0.32 (7)
responders
M1(+)/M2(+) and M1(+)/M2(—) and M1(—)/M2(+) versus M1(—)/M2(—) 0.0019 7.93 2.22-28.31
Improvement CGI Improvers 91 0.31 (28) 0.65 (59) 0.04 (4) 9x 10 ° — —
LOCF
Non- 21 0.00 (0) 0.62 (13) 0.38 (8)
improvers
M1(+)/M2(+) and M1(+)/M2(—) and M1(—)/M2(+) versus M1(—)/M2(—) 0.0001 13.38 3.53-50.82
Remission HAM-A Remitters 75 0.31 (23) 0.65 (49) 0.04 (3) 0.0025 — —
LOCF
Non- 37 0.14 (5) 0.62 (23) 0.24 (9)
remitters
M1(+)/M2(+) and M1(+)/M2(—) and M1(—)/M2(+) versus M1(—)/M2(—) 0.0021 7.71 1.95-30.59
Remission CGl Remitters 79 0.30 (24) 0.65 (51) 0.05 (4) 0.0048 — —
LOCF
Non- 33 0.12 (4) 0.64 (21) 0.24 (8)
remitters
M1(+)/M2(+) and M1(+)/M2(—) and M1(—)/M2(+) versus M1(—)/M2(—) 0.0055 6.00 1.66-21.64
Abbreviations: CGlI, Clinical Global Impression; HAM-A, Hamilton Anxiety Scale; LOCF, last observation carried forward; OR, odds ratio; VEN, venlafaxine.
Interaction between 5-HTTLPR/rs25531 genotypes La/La, La/S and S/S and HTR2A SNP rs7997012 G/A in categorical outcomes HAM-A response/remission and
CGI-l Improvement/remission to VEN treatment. M1(+)/M2(+) =La/La + G/G or La/La + G/A; M1(+)/M2(—) =La/La+ A/A; M1(—)/M2(+)=La/S+G/G or S/
S+ G/G or La/S+ G/A or S/S+ G/A; M1(—)/M2(—) = La/S + A/A or S/S+ A/A. Fisher's exact test was used to calculate all P-values.
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G+ G/A versus A/A), documenting an additive effect of the gene-
gene interaction in antidepressant treatment response.

In contrast to most pharmacogenetic studies of antidepressant
treatment outcome in either MDD or anxiety disorders that are
typically 8-12 weeks in length®® our study is the longest
pharmacogenetic study of antidepressant treatment response
today, with some patients completing 18 months of treatment.
Similar to our previous work, which show that chronic GAD
patients treated long-term with VEN do better over time,>* our
pharmacogenetic analysis documents that long-term treatment
outcome is also influenced by genetic variation. Individuals who
carry at least one positive marker (M1(+)/M2(+) or M1(+)/
M2(—) or M1(—)/M2(+)) should continue antidepressant
treatment beyond 8-12 weeks to maximize their potential for
response, while individuals that reach remission and are M1(+)/
M2(+) are at low risk for relapse.

The 5-HTTLPR/rs25531 has some documented functional effect
on SLC6A4 expression, with the La allele is associated with higher
transcription of SLC6A4, which may underlie its association with
better antidepressant treatment response.'”” Several studies
reported an association between the 5-HTTLPR and anxiety-
related traits, like neuroticism, with S carriers having higher
anxiety symptoms.'#3>3¢ Knockout mice for 5-HTT show increased
anxiety and depression symptoms, implying a functional role of
this transporter in both anxiety and depression. Imaging studies
based on the 5-HTTLPR showed higher activity in the amygdala in
S carriers.®” As antidepressants are efficacious in anxiety disorders
as well, it is possible that functional differences between the 5-
HTTLPR alleles could predict variability in antidepressant response
in anxiety disorders.'®

Although no clear data exist on the biological role of the HTR2A
rs7997012, there is much evidence suggesting a role of the HTR2A
receptor (HTR2A-R) in mood and anxiety disorders.® Several
antidepressants downregulate HTR2A-Rs in rodent and primate
forebrain, which correlate with the timeframe of therapeutic onset
in humans.>***' Null-mutant mice for the HTR2A-R have reduced
inhibition in conflict anxiety, without affecting fear-conditioned or
depression-related behaviors.*? Thus, the downregulation of
HTR2A-Rs under chronic SSRI therapy may also be correlated to
the anxiolytic effect of SSRIs. It is possible that variation in the
HTR2A  gene might contribute to the effectiveness of
antidepressants by having functional effects on HTR2A-Rs.

Our results should be considered in light of the limitations of
this study. First, it should be noted that DNA samples were
collected retrospectively after patients participated in the treat-
ment trial; thus, there may be an ascertainment bias. Future
studies should use a prospective clinical trial design to address
this concern adequately. Furthermore, future studies should also
include a placebo arm. In addition, we only had one measure of
adherence, so it is possible some of our patients were not
adhering to their medication. Future studies should more carefully
monitor this, possibly with plasma drug levels.

As most GAD patients are no longer treatment-naive, prior
treatment history may also be a confounding factor to consider in
future studies. Co-morbidity of anxiety disorders and depression is
common and should be considered carefully when interpreting
results. Although our sample was a primary GAD sample, with
current MDD as exclusion criterion, past episodes of MDD were
allowed, and patients may have had some moderate depressive
symptoms at baseline. Also, our sample size was small once we
separated based on ethnicity (EA n=112), requiring replication of
our results in a larger sample, particularly with a placebo arm.
Although there were no significant differences in drug dosage
between genotype groups in our study, future studies should also
look at plasma drug levels to ensure variable plasma drug
concentrations do not confound the results.

In summary, we show for the first time a gene—gene interaction
between markers in SLC6A4 and HTR2A genes and antidepressant
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treatment outcome in GAD. Our results suggest genotyping the 5-
HTTLPR/rs25531 haplotype and HTR2A SNP rs7997012 could be
clinically effective in predicting treatment response to VEN in GAD.
Replication using a prospective clinical trial design in a larger
population is necessary to confirm this finding.
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