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Generalized anxiety disorder (GAD) is a chronic psychiatric disorder with
significant morbidity and mortality. Antidepressant drugs are the preferred
choice for treatment; however, treatment response is often variable. Several
studies in major depression have implicated a role of the serotonin receptor
gene (HTR2A) in treatment response to antidepressants. We tested the
hypothesis that the genetic polymorphism rs7997012 in the HTR2A gene
predicts treatment outcome in GAD patients treated with venlafaxine XR.
Treatment response was assessed in 156 patients that participated in a
6-month open-label clinical trial of venlafaxine XR for GAD. Primary analysis
included Hamilton Anxiety Scale (HAM-A) reduction at 6 months. Secondary
outcome measure was the Clinical Global Impression of Improvement (CGl-I)
score at 6 months. Genotype and allele frequencies were compared between
groups using x? contingency analysis. The frequency of the G-allele differed
significantly between responders (70%) and nonresponders (56%) at
6 months (P=0.05) using the HAM-A scale as outcome measure. Similarly,
using the CGI-I as outcome, the G-allele was significantly associated with
improvement (P=0.01). Assuming a dominant effect of the G-allele,
improvement differed significantly between groups (P=0.001, odds
ratio=4.72). Similar trends were observed for remission although not
statistically significant. We show for the first time a pharmacogenetic effect of
the HTR2A rs7997012 variant in anxiety disorders, suggesting that
pharmacogenetic effects cross diagnostic categories. Our data document
that individuals with the HTR2A rs7997012 single nucleotide polymorphism
G-allele have better treatment outcome over time. Future studies with larger
sample sizes are necessary to further characterize this effect in treatment
response to antidepressants in GAD.
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Introduction

Generalized anxiety disorder (GAD) is a highly prevalent chronic psychiatric
disorder with significant morbidity and mortality. Currently, antidepressant
drugs are the preferred choice for acute and chronic treatment; however,
treatment response is often variable ranging from 40-70%,'~* with some patients
responding well to medications while others fail treatment. In general, only a
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third of GAD patients achieve remission in the acute phase
of treatment,*> and those patients achieving an initial
response often suffer relapse.®” The underlying neurobiolo-
gical mechanisms of treatment response remain unknown,
and currently all pharmacotherapy for GAD is essentially
determined on a ‘trial and error basis’. However, growing
evidence suggests that genetic factors influence treatment
response and tolerability to medication. The majority of
pharmacogenetic studies of antidepressant drugs have been
carried out in populations with major depressive disorder
(MDD)?® while only a few reports exist for anxiety disorders.’

Recent data indicate a potential role of the gene encoding
the serotonin receptor 2A (HTR2A) and treatment response
to antidepressant drugs in MDD. Several small studies of
various antidepressant drugs in various MDD samples have
been previously investigated for polymorphisms in the
HTR2A gene and treatment response and/or adverse events
(for review Kato and Serretti®). While some studies were
positive others could not confirm previous results; however,
new interest in the HTR2A gene was generated by recent
findings of pharmacogenetic studies using the large
STAR*D sample.’® McMahon et al.'* genotyped 68 candidate
genes in 1953 patients with MDD from the STAR*D trial who
were moderately depressed and treated open-label with
citalopram for up to 12 weeks. The main finding was a
robust association between the rs7997012 single nucleotide
polymorphism (SNP) in the HTR2A gene and treatment
outcome.'" Since then, several other groups have indepen-
dently replicated the finding (Table 1). Peters et al. (2009)
used the same sample and reconfirmed the association.
Lucae et al.'? confirmed an association of the rs7997012 SNP
and antidepressant treatment response in two samples of the
German origin. Horstmann et al.'*® could also replicate the
association of the rs7997012 SNP in a sample from Munich,
but found stronger support for the HTR2A SNP rs17288723.
Uher et al.** could not confirm the rs7997012 SNP in the
genome-based therapeutic drugs for depression sample;
however, they found several other SNPs (1s9316233,
1s7324218 and 1rs2224721) in the HTR2A gene associated
with treatment response to antidepressants. Taken together,
several studies document a role of the HTR2A variant

17997012 and antidepressant treatment response in MDD,
with similar effect sizes.

In this study, we addressed the following question: does
the HTR2A rs7997012 variant predict antidepressant treat-
ment response in patients with anxiety disorders? We show
for the first time a pharmacogenetic effect of the HTR2A
1s7997012 variant in GAD, suggesting that pharmacogenetic
effects cross diagnostic categories. Our data document that
individuals with the HTR2A rs7997012 SNP G-allele have
better treatment outcome over time.

Subjects and methods

Patients for this study participated in an 18-month, one-
center, relapse prevention study that comprised three
treatment phases.'> A 6-month open-label venlafaxine XR
(VEN) flexible-dose treatment phase (75-225mg per day)
(Phase I), a 6-month randomized, double-blind, placebo-
controlled relapse phase (Phase II) and a final 6-month
randomized, double-blind, placebo-controlled relapse phase
(Phase III). Pharmacogenetics analysis was carried out only
for patients from Phase I. Detailed methodology of the
clinical trial is described elsewhere.'® Briefly, to be included
in the study, subjects had to be 18 years or older and meet
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria for GAD as determined by
the Structured Clinical Interview and a psychiatric evalua-
tion. Patients had to have sufficient symptoms to require
anxiolytic drug therapy, including 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 Impressions-Severity
(CGI-S). Patients were also assessed with the 17-item Hamil-
ton Depression Scale (HAM-D). A HAM-D cutoff score of <18
was used to exclude more seriously depressed patients, and a
cutoff score of <2 on the suicide item of the HAM-D was used
to exclude suicidal patients. Patient health was determined by
physical examination, medical history, and if necessary,
laboratory tests and electrocardiogram.

Exclusion criteria were any current anxiety spectrum
DSM-IV diagnosis at the threshold but not sub-threshold

Table 1 Positive pharmacogenetic studies of the HTR2A SNP rs7997012
Study Phenotype N Antidepressant  Ethnicity Trial length Results OR OR dominant model
treatment (weeks) GG+GA vs AA
McMahon et al.'® MDD 1953  Citalopram Mixed 12 A/A=18% reduction 2.26 response *Unavailable
(STAR*D) in risk for being
nonresponder
Peters et al.”® MDD 1953  Citalopram Mixed 12 A-allele associated 1.43 response *Unavailable
(STAR*D) 1.52 remission
Lucae et al.'? MDD (85%) 186 Various European 6 G-allele associated 1.31 remission 5.99 remission
Bipolar (15%) with better outcome
Horstmann et al.'> MDD 305 Various European 5 G-allele associated 1.57 remission 2.07 remission
with better outcome
Lohoff et al., GAD 112 Venlafaxine XR  European 24 G-allele associated 1.50 response 3.35 response

present study

with better outcome 1.88 improvement 4.98 improvement

Abbreviations: GAD, generalized anxiety disorder; MDD, major depressive disorder; OR, odds ratio; SNP, single nucleotide polymorphism.

* Indicates trend since P value is slightly above 0.05.
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level, current or past history of bipolar disorder, schizo-
phrenia, other psychotic disorders or dementia. An episode
of major depression in the previous 6 months or depressive
symptomatology at intake (HAM-D>18), and substance
abuse or dependence during the past 6 months were further
exclusion criteria. Occasional recreational drug or alcohol
use was not an exclusion criterion, thus allowing our sample
more closely to represent GAD patients in the community.
Urine drug screens for benzodiazepines (BZ), opiates and
tetrahydrocannabinol were conducted at regular intervals.
Female patients who were pregnant, breast feeding or had a
positive urine pregnancy test were excluded. Fertile females
had to use an accepted contraceptive method, and urine
pregnancy tests were performed at regular intervals. Patients
on a low daily dose of BZ anxiolytics or on hypnotics were
allowed to enter the trial, and were tapered off their BZ
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 proce-
dures. After the 4-28 days screening period, eligible patients
were started on VEN 37.5mg for 1 week followed by 75 mg
per day for the second week. After the second week, flexible
dosing was used in a range of 75-225mg per 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. After 12 weeks of
treatment, patients who were unimproved or worse, having
a Clinical Global Impression of Improvement (CGI-I) of >4,
were discontinued from the program as unresponsive.
Patients minimally improved (CGI-I score of 3) were
continued in the program to assess whether or not longer
than 3 months of treatment may produce further clinical
improvement.

DNA was obtained, and treatment response was assessed
in 156 patients (European-Americans (EA) n=112; African-
Americans (AA) n=41; others n=3) that participated in the
6-month open-label phase of venlafaxine XR. Mean age of
our population was 49.6 years (range: 18-85 years), and the
gender distribution included 64 males and 92 females
(males =41% and females = 59%). Primary analysis included
HAM-A reduction at 6 months, response was defined as
HAM-A reduction of >50% and remission was defined
as HAM-A <7. Secondary outcome measure was the CGI-I
score at 6 months. Improvement was defined as CGI-I of 1
and 2, remission was defined as CGI-I of 1. The last
observation carried forward (LOCF) imputation method
was used for this study to account for missing data. Due to
differences in allele frequencies for the rs7997012 SNP
between ethnic groups (EA minor allele frequency: 0.37-
0.45; AA minor allele frequency: <0.01), primary analysis
was carried out separated by ethnicity. Genotyping of the
HTR2A variant 157997012 was performed using Applied
Biosystems (ABI) (Foster City, CA, USA) ‘Assays-on-demand’
as per manufacturer protocol. Quality control was main-
tained by genotyping 10% duplicates of subjects. Genotype
and allele frequencies were compared between groups
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using x 2 contingency analysis. A two-tailed type I error
rate of 5% was chosen for the analysis.

Results

Genotype distributions were in accordance with Hardy—
Weinberg equilibrium. The concordance rate was 100% with
respect to the 10% of samples that were genotyped twice for
quality control. Allelic frequencies were consistent with
those reported in the HapMap database for Utah residents
with Northern and Western Europe ancestry from the CEPH
collection. Treatment response to VEN based on genotype
for the EA sample using the HAM-A outcome measure over
time (last observation carried forward (LOCF)) is shown in
Figure 1. Patients with at least one G-allele showed significant
reduction in HAM-A score when compared with the A/A
group at the main study endpoint of 6 months (A/A group
mean HAM-A: 11.38, s.e.: 1.64; G/A+ G/G group mean HAM-
A: 6.58, s.e.: 0.71; one-way analysis of variance (ANOVA):
F=7.15; P=0.0086). Exploratory analysis showed that the
difference between groups was statistically significant as early
as week 12 (one-way ANOVA: F=3.67; P=0.057), week 16
(one-way ANOVA: F=5.44; P=0.021) and week 20 (one-way
ANOVA: F =4.48; P=0.036).

Results for the EA sample (n=112) using a categorical
outcome measure of response/improvement and remission
are shown in Table 2. We observed a significant association
for response (HAM-A) and improvement (CGI-I) after 6
months of treatment. In addition, similar to previously
reported findings,'>'*> we show a dominant effect of the
G-allele (see also Figure 1). Patients with one or two copies
of the rs7997012 G-allele did respond significantly better
than patients with an A/A genotype (P=0.02; odds ratio
(OR) =3.35), and showed better improvement at 6 months
(P=0.002, OR=4.98). For the combined sample (n=156),
the frequency of the G-allele differed significantly between
responders (70%) and nonresponders (56%) at 6 months
(P=0.05) using the HAM-A scale as outcome measure.
Similarly, using the CGI-I as outcome, the G-allele
was significantly associated with improvement (P=0.01).
Assuming a dominant effect of the G-allele, and a recessive
effect of the A-allele, improvement differed significantly
between groups (P=0.001, OR=4.72). Similar trends were
observed for remission in the combined sample although
not statistically significant (data not shown).

As the majority of our patients were already participating
in various treatment phases of this clinical trial at the time
we collected DNA, our sample should be considered
nonrandom and overrepresents completers. Completer rates
were for the EA sample: baseline: n=112; week 12: n=103;
week 24: n=389, which represents an attrition rate of ~21%.
In comparison, the attrition rate for the first 6 months of our
clinical treatment trial was ~42%.'5 Exploratory analysis of
only EA completers at week 24 (n=89) reveals statistically
significant differences between genotype groups (A/A group
mean HAM-A: 8.41, s.e.. 1.41; G/A+G/G group mean
HAM-A: 4.62, s.e.: 0.55; one-way ANOVA: F=6.24; P=0.01).
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Table 2 6-month outcome data: response/improvement (HAM-A) and remission (CGl), European-American sample (n=112)

HTR2A rs7997012 Sample n Genotype frequency P* Allele frequency [ OR
G/G G/A A/A f(G)
Response HAM-A LOCF Responders 920 0.36 0.51 0.12 0.060 0.62 0.227 1.50
Nonresponders 22 0.36 0.31 0.31 0.52
G dominant A recessive (G/G+G/A vs A/A) 0.024 3.35
Improvement CGI LOCF Improvers 91 0.37 0.51 0.11 0.007 0.63 0.063 1.88
Non-improvers 21 0.33 0.28 0.38 0.47
G dominant A recessive (G/G+G/A vs A/A) 0.002 4.98
Remission HAM-A LOCF Remitters 75 0.38 0.49 0.12 0.24 0.63 0.182 1.46
Non-remitters 37 0.34 0.43 0.24 0.54
G dominant A recessive (G/G+G/A vs A/A) 0.094 2.35
Remission CGI LOCF Remitters 79 0.127 0.494 0.380 0.314 0.373 0.258 0.71
Non-remitters 33 0.242 0.424 0.333 0.455
G dominant A recessive (G/G+G/A vs A/A) 0.642 0.81

Abbreviations: CGl, Clinical Global Impression; HAM-A, Hamilton Anxiety Scale; LOCF, last observation carried forward; OR, odds ratio.

* Indicates trend since P value is slightly above 0.05.
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Figure 1 HTR2A rs7997012: treatment response to venlafaxine XR

(VEN) (last observation carried forward (LOCF)) based on genotype
(European—-Americans (EA) sample, N=112).

As the HTR2A 157997012 variant was initially reported to
be involved in treatment response to antidepressant drugs in
MDD populations, we conducted secondary analysis using a
depression rating scale to evaluate a potential role of this
genetic marker on depressive symptomatology in EA GAD
patients (n=112). HAM-D scores were available for baseline,
week 12 and week 24. There were no statistically significant
differences between genotype groups in HAM-D score using
LOCF data at baseline or week 12; however, we observed a
significant difference in HAM-D score at week 24 between
patients with the A/A genotype (mean: 9.33; s.e.: 1.17) and
G/A+ G/G group (mean: 5.31; s.e.: 0.51; F=9.83; P=0.002).

Discussion

In the present study, we show for the first time a pharma-
cogenetic effect of the HTR2A rs7997012 variant in anxiety
disorders. Our data document that individuals with at least
one G-allele have better treatment outcome to VEN over time
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(Figure 1). Interestingly, this pharmacogenetic effect was
increasingly statistically significant as time progressed, with
a mean HAM-A difference between the A/A group and the
G/A + G/G group of 4.8 at 6 months. Similar to our previous
clinical studies that show that GAD patients benefit most
from long-term antidepressant treatment,'> we document
here that treatment response in GAD is furthermore influ-
enced by the HTR2A rs7997012 variant. Our results suggest
that patients with GAD who have at least one G-allele should
continue antidepressant treatment beyond 12 weeks, in order
to maximize their potential for response and remission.

Interestingly, several previous studies in MDD have
documented a role of the HTR2A rs7997012 variant in treat-
ment response to antidepressants (Table 1). Similar to reports
in depression and despite our relatively small sample size,
we observed strong effect sizes in particular when consider-
ing a dominant model, suggesting that the rs7997012 variant
might be a predictor of the general ability to respond to
antidepressant therapy regardless of underlying DSM-IV
diagnosis. This is further supported by our observation that
GAD patients treated with VEN showed also a genotype-
dependent improvement in depressive symptomatology at 6
months (A/A: HAM-D=9.33, G/A+G/G: HAM-D=15.31;
P=0.002). It is still unknown, if the HTR2A variant will also
have an effect on non-pharmacological interventions, and
future studies will have to incorporate other treatment
modalities and preferably a placebo arm.

While no clear data exist on the biological role of the
HTR2A 157997012 SNP, a large body of evidence suggests
a role of the HTR2A receptor (HTR2A-R) in mood and
anxiety disorders as well as other psychiatric disorders.'®
The HTR2A-R is a G-protein postsynaptic receptor widely
expressed in human brain and implicated in prefrontal-
subcortical circuits regulating mood/anxiety. Neurobio-
logical data suggest that the HTR2A-R has an important
role in antidepressant drug action as several antidepressants
downregulate HTR2A-Rs in rodent and primate forebrain
correlating with the timeframe of therapeutic onset in



humans.'”"'? Selective HTR2A-R antagonists are effective
in animal models of depression, further strengthening
the involvement of the HTR2A-R in mood and anxiety
disorders.?°=2? Interestingly, a recent report documented
that null-mutant mice for the HTR2A-R have reduced
inhibition in conflict anxiety, without affecting fear-condi-
tioned or depression-related behaviors.?® This anxiolytic
effect is consistent with the downregulation of HTR2A-Rs
under chronic selective serotonin reuptake inhibitor
therapy. It is thus feasible to hypothesize that variation in
the HTRA2 gene might contribute to the effectiveness of
antidepressants by having functional effects on HTR2A-Rs.
To our knowledge, there are no data available documenting
an allele-specific effect of rs7997012 on HTR2A signaling
in vitro. Future studies are needed in this area.

Although our results document a role of the HTR2A gene
and treatment response to VEN in GAD, there are also
several limitations that should be considered carefully. First,
it should be noted that patients in this study participated in
an 18-month long-term treatment trial of GAD, and DNA
samples were collected retrospectively and overrepresent
completers, thus there might be an ascertainment bias.
Future studies will have to use a prospective clinical trial
design to adequately address this concern. Another limita-
tion includes the lack of a placebo arm thus limiting the
specificity of HTR2A 157997012 variant on treatment
response to VEN. While it is ethically questionable to
withhold FDA-approved treatment from GAD patients for
an extended period of time, such as a 6-month double-blind
placebo-controlled treatment trial, future studies could
include comparison drugs and/or interventions in order to
assess the specificity of the 1s7997012 variant on treatment
outcome. Comorbidity 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. Interest-
ingly, our GAD patients improved also on the HAM-D scale
depending on the rs7997012 genotype. Future studies with
various phenotypic definitions, such as anxious-depression,
versus strict GAD might be warranted.

From a genetic perspective, there are several limitations of
our study that should be considered. We investigated only
one SNP in the HTR2A gene, based on the a priory hypothesis
that this variant, which was previously associated with
antidepressant treatment response in MDD, will also have
an effect in a sample of GAD patients treated with
antidepressant drugs. It is possible that other variants or
haplotypes have an effect on treatment response to anti-
depressant drugs. Future studies will have to comprehen-
sively genotype the HTR2A gene region for common and rare
variants that might influence HTR2A-R biology and ulti-
mately treatment outcome. The rs7997012 is an intronic SNP,
for which no clear biological function has been identified,
and might be in linkage disequilibrium with another
functional variant in the HTR2A gene. This possibility is
supported by the observation that both alleles were asso-
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ciated in different directions in various studies. While
McMahon et al (2006) and Peters et al (2009) observed better
outcome with the A-allele, Lucae et al.'?> and Horstmann
et al.'® and our results suggest that the G-allele predicts better
outcome. One main difference between these studies was the
use of a mixed-ethnicity sample by McMahon et al (2006) and
Peters et al (2009). Another concern of our study is the
possibility of a false-positive finding due to population
stratification. Although our primary analysis only included
individuals of European descent due to the fact that the
17997012 A-allele is nearly absent in individuals of African
descent, undetected differences in population structure
might contribute to false-positive results.>*° Effective stra-
tegies to control for these stratification issues include the use
of genomic controls in future studies.>*?’

In conclusion, we show for the first time a pharmaco-
genetic effect of the HTR2A rs7997012 variant in anxiety
disorders, supporting the hypothesis that variants in the
HTR2A gene predict treatment outcome to antidepressant
drugs, independent of underlying DSM-IV diagnostic cate-
gory. Our results require careful replication using a pro-
spective clinical trial design to further characterize this
effect in treatment response to antidepressants in GAD.

Conflict of interest
The authors declare no conflicts of interest.

Acknowledgments

This research was supported by US Public Health Research Grant
MHO065963 (KR) and KOSMHO080372 (FWL). The data for this study
were collected between 2005 and 2009. We want to thank Wyeth
Laboratories for providing all study medication. We also thank
Rachel Hodge for technical assistance in genotyping and Dana
Patsch for assisting in management and quality assurance for this
project. This study was registered under clinical trails.gov.Identifier
NCT00183274. KR has received honoraria and served as a con-
sultant or on advisory boards to Cephalon, Eli Lilly, Hoffman-La
Roche, Jazz Pharmaceuticals, Johnson & Johnson, Novartis Pharma-
ceuticals, Pfizer, Epix (PreDix) Pharmaceuticals and PGx Health LLC.
KR received research grants (issued to the University of Pennsylva-
nia) from AstraZeneca, Epix Pharmaceuticals, Genaissance Pharma-
ceuticals (PGxHealth LLC), NIMH, Pamlab, Pfizer and Wyeth
Laboratories. All other authors report no financial relationships
with commercial interests.

References

1 Baldwin DS, Nair RV. Escitalopram in the treatment of generalized
anxiety disorder. Expert Rev Neurotherapeutics 2005; 5: 443-449.

2 Gelenberg A, Lydiard RB, Rudolph RL, Aguiar L, Haskins |JT, Salinas E.
Efficacy of venlafaxine extended-release capsules in nondepressed
outpatients with generalized anxiety disorder: a 6-month randomized
controlled trial. JAMA 2000; 283: 3082-3088.

3 Rickels K, Downing R, Schweizer E, Hassman H. Antidepressants for the
treatment of generalized anxiety disorder. A placebo-controlled
comparison of imipramine, trazodone, and diazepam. Arch Gen
Psychiatry 1993; 50: 884-895.

4 Rickels K, Rynn M, lyengar M, Duff D. Remission of generalized anxiety
disorder: a review of the paroxetine clinical trials database. |/ Clin
Psychiatry 2006; 67: 41-47.

The Pharmacogenomics Journal



HTR2A and antidepressant treatment response in GAD
FW Lohoff et al

26

10

11

12

13

14

15

16

Rickels K, Rynn M. Pharmacotherapy of generalized anxiety disorder.
| Clin Psychiatry 2002; 63(Suppl 14): 9-16.

Andrews G, Sanderson K, Slade T, Issakidis C. Why does the burden of
disease persist? Relating the burden of anxiety and depression to
effectiveness of treatment. Bull World Health Organ 2000; 78: 446-454.
Pollack MH. Refractory generalized anxiety disorder. |/ Clin Psychiatry
2009; 70(Suppl 2): 32-38.

Kato M, Serretti A. Review and meta-analysis of antidepressant
pharmacogenetic findings in major depressive disorder. Mol Psychiatry
2010; 15: 473-500.

Tiwari AK, Souza RP, Muller DJ. Pharmacogenetics of anxiolytic drugs.
| Neural Transm 2009; 116: 667-677.

Rush AJ, Fava M, Wisniewski SR, Lavori PW, Trivedi MH, Sackeim HA
et al. Sequenced treatment alternatives to relieve depression (STAR*D):
rationale and design. Control Clin Trials 2004; 25: 119-142.

McMahon FJ, Buervenich S, Charney D, Lipsky R, Rush AJ, Wilson AF
et al. Variation in the gene encoding the serotonin 2A receptor is
associated with outcome of antidepressant treatment. Am | Hum Genet
2006; 78: 804-814.

Lucae S, Ising M, Horstmann S, Baune BT, Arolt V, Muller-Myhsok B
et al. HTR2A gene variation is involved in antidepressant treatment
response. Eur Neuropsychopharmacol 2010; 20: 65-68.

Horstmann S, Lucae S, Menke A, Hennings JM, Ising M, Roeske D et al.
Polymorphisms in GRIK4, HTR2A, and FKBP5 show interactive effects in
predicting remission to antidepressant treatment. Neuropsychopharma-
cology 2010; 35: 727-740.

Uher R, Huezo-Diaz P, Perroud N, Smith R, Rietschel M, Mors O et al.
Genetic predictors of response to antidepressants in the GENDEP
project. Pharmacogenomics | 2009; 9: 225-233.

Rickels K, Etemad B, Khalid-Khan S, Lohoff FW, Rynn MA, Gallop R|.
Time to relapse after 6 and 12 months’ treatment of generalized anxiety
disorder with venlafaxine extended release. Arch Gen Psychiatry 2010;
67:1274-1281.

Norton N, Owen M]. HTR2A: association and expression studies in
neuropsychiatric genetics. Ann Med 2005; 37: 121-129.

The Pharmacogenomics Journal

20

21

22

23

24

25

26

27

28

Strome EM, Clark CM, Zis AP, Doudet D). Electroconvulsive shock
decreases binding to 5-HT2 receptors in nonhuman primates: an in vivo
positron emission tomography study with setoperone. Biol Psychiatry
2005; 57: 1004-1010.

Drevets WC. Neuroimaging studies of mood disorders. Biol Psychiatry
2000; 48: 813-829.

Peremans K, Audenaert K, Hoybergs Y, Otte A, Goethals I, Gielen | et al.
The effect of citalopram hydrobromide on 5-HT2A receptors in the
impulsive-aggressive dog, as measured with 1231-5-1-R91150 SPECT.
Eur | Nucl Med Mol Imaging 2005; 32: 708-716.

Aloyo V|, Berg KA, Spampinato U, Clarke WP, Harvey JA. Current status
of inverse agonism at serotonin2A (5-HT2A) and 5-HT2C receptors.
Pharmacol Ther 2009; 121: 160-173.

Berg KA, Harvey JA, Spampinato U, Clarke WP. Physiological relevance
of constitutive activity of 5-HT2A and 5-HT2C receptors. Trends
Pharmacol Sci 2005; 26: 625-630.

Berg KA, Harvey JA, Spampinato U, Clarke WP. Physiological and therapeutic
relevance of constitutive activity of 5-HT 2A and 5-HT 2C receptors for the
treatment of depression. Prog Brain Res 2008; 172: 287-305.

Weisstaub NV, Zhou M, Lira A, Lambe E, Gonzalez-Maeso J, Hornung P
et al. Cortical 5-HT2A receptor signaling modulates anxiety-like
behaviors in mice. Science (New York, NY) 2006; 313: 536-540.
Freedman ML, Reich D, Penney KL, McDonald GJ, Mignault AA,
Patterson N et al. Assessing the impact of population stratification on
genetic association studies. Nat Genet 2004; 36: 388-393.

Pritchard ]JK, Donnelly P. Case-control studies of association
in structured or admixed populations. Theor Popul Biol 2001; 60:
227-237.

Devlin B, Roeder K. Genomic control for association studies. Biometrics
1999; 55: 997-1004.

Bacanu SA, Devlin B, Roeder K. The power of genomic control. Am |
Hum Genet 2000; 66: 1933-1944.

Peters EJ, Slager SL, Jenkins GD, Reinalda MS, Garriock HA, Shyn Sl et al.
Resequencing of serotonin-related genes and association of tagging
SNPs to citalopram response. Pharmacogenet Genomics 2009; 19: 1-10.



	Serotonin receptor 2A (HTR2A) gene polymorphism predicts treatment response to venlafaxine XR in generalized anxiety disorder
	Introduction
	Subjects and methods
	Results
	Discussion
	Acknowledgements
	References




