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Review and meta-analysis of antidepressant
pharmacogenetic findings in major depressive disorder
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This systematic review summarizes pharmacogenetic studies on antidepressant response and
side effects. Out of the 17 genes we reviewed, 8 genes were entered into the meta-analysis
(SLC6A4, HTR1A, HTR2A, TPH1, gene encoding the B-3 subunit, brain-derived neurotrophic
factor (BDNF), HTR3A and HTR3B). TPH1 218C/C genotype (7 studies, 754 subjects) was
significantly associated with a better response (odds ratio, OR=1.62; P=0.005) with no
heterogeneity between ethnicities. A better response was also observed in subjects with the
Met variant within the BDNF 66Val/Met polymorphism (4 studies, 490 subjects; OR=1.63,
P=0.02). Variable number of tandem repeats polymorphism within intron 2 (STin2) 12/12
genotype showed a trend toward a better response in Asians (STin2: 5 studies, 686 subjects;
OR=3.89, P=0.03). As for side effects, pooled ORs of serotonin transporter gene promoter
polymorphism (5-HTTLPR) | (9 studies, 2642 subjects) and HTR2A —1438G/G (7 studies, 801
subjects) were associated with a significant risk modulation (OR=0.64, P=0.0005) and
(OR=1.91, P=0.0006), respectively. Interestingly, this significance became more robust when
analyzed with side effect induced by selective serotonin reuptake inhibitors only (5-HTTLPR:
P=0.0001, HTR2A: P<0.0001). No significant result could be observed for the other variants.
These results were not corrected for multiple testing in each variant, phenotype and
subcategory. This would have required a Bonferroni significance level of P<0.0023. Although
some heterogeneity was present across studies, our finding suggests that 5-HTTLPR, STin2,
HTR1A, HTR2A, TPH1 and BDNF may modulate antidepressant response.
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Introduction

Major depressive disorder is a severe and increasingly
important disease for its high prevalence and associa-
tion with serious consequences such as suicide and
substantial negative impact on social health, with
both direct and indirect considerable costs world-
wide." The introduction of antidepressant drugs
(ADs) has revolutionized the treatment of mood
disorders. However, even though different classes of
ADs have been used to treat depressive symptoms, the
treatment efficacy is considerably incomplete and 60—
70% of patients do not experience remission and 30—
40% do not show a significant response.* Moreover, it
usually takes 2—4 weeks to respond to antidepressants
and, accordingly, clinical guidelines recommend to
wait for at least 4-6 weeks before switching to another
AD when an antidepressant response is not achieved.
This delays patients to reach remission with high
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risks of clinical worsening and premature disconti-
nuation.® Eventually, as for side effects, it is not
possible to predict their occurrence as there is a wide
interindividual variability, side effects are so common
(40-90%*) that the clinical choice of a specific drug is
partially determined by the probability of unwanted
effects occurrence, based on the general knowledge of
the drugs’ properties and patient clinical status.
Therefore, to minimize the disorder duration and
the medical costs and to reduce the occurrence of side
effects, it would be useful to know in advance the best
therapeutic tool that is likely to be effective and
tolerable for each patient. The genetically determined
investigation of pharmacological responses would
be much helpful in this direction.>® However, the
growing body of research in this field makes it
difficult to summarize each candidate gene contribu-
tion to ADs response and intolerance. A useful
previous contribution is mainly focused on pharma-
cokinetic aspects.”

This paper summarizes available literature of
pharmacogenetic studies on depression from the
pharmacodynamic point of view and aggregates such
information into concise recommendations with
meta-analysis techniques.®*°
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Materials and methods

Methods of pharmacogenetics data selection

To identify studies eligible for this meta-analysis, we
searched Medline for all publications available up to
March 2008 focusing on therapeutic response and
adverse drug reactions of antidepressants in relation
to genetic parameters. References were retrieved
from Medline using search combinations of the
terms: ‘affective’, ‘depression’, ‘mood’, ‘antidepres-
sant’, ‘polymorphism’, ‘genetic’, ‘gene’, ‘treatment
response’, ‘side effect’ and ‘adverse drug reactions’.
We also used reference lists from identified articles
and reviews to find additional articles not indexed by
Medline. Additionally we used data from our one in-
press article.’ Studies were included in the current
meta-analysis if they evaluated the association be-
tween clinical response or intolerance to antidepres-
sants treatments and genetic polymorphism in adult
patients diagnosed with major depressive disorder
according to Diagnostic and Statistical Manual of
Mental Disorders-IV criteria. Studies were excluded
from the analysis if outcome for treatment response
was not evaluated as response or remission rate on a
depression scale, and studies with overlapping
patient samples were excluded to only include the
study with the larger number of patients. Remission
was defined as a final Hamilton Rating Scale for
Depression (HAM-D) total score of 7 or less and
response was defined as at least 50% decrease in
HAM-D or Montgomery and Asberg Depression
Rating Scale (MADRS) total score. For the analysis,
we followed the following protocol to minimize the
heterogeneity of treatments and assessments across
studies. The response rate was used if assessed within
4 weeks after treatment because it is a sensitive
measure to evaluate speed of response'®'® and the
remission rate was instead used if evaluated at 6 or
more weeks when possible, and, in defect of data, we
used different observation lengths. Given the lack of
unequivocal data about dominance for each single
nucleotide polymorphism (SNP) genotype pooling,
we tested the most reported assortment of variants.
Bipolar disorder was excluded only to include the
major depressive disorder, if separated data were
available. If possible, subjects with concomitant
medication such as lithium, pindolol or other psy-
chotropic drugs were excluded from analysis. When
needed, further analyses stratified by the ethnicity or
class of ADs was performed. Hardy—Weinberg equili-
brium was examined in studies where genotype
frequencies were included. Data were entered into
the Cochrane Collaboration review manager software
(RevMan version 4.2) and analyzed by RevMan
analysis 1.01. Heterogeneity between the studies
was assessed with y?-test. Individual and pooled
odds ratio (OR) and associated 95% confidence
intervals (CIs) were calculated. We presented the
result by random effect model when significant
heterogeneity, defined with a threshold of P<0.10,
was observed otherwise the result by fixed-effect
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model was presented. To control for potential pub-
lication bias, the funnel plots, OR against s.e. log OR,
were presented and formally analyzed by the method
of Egger et al.,"* which is based on a weighted linear
regression of standard normal deviation of the OR
(standardized effect) on the inverse of the s.e. of the
OR (precision). The larger the deviation of each study
from the funnel curve, the more pronounced the
asymmetry. Additionally in case of a first positive
paper, we calculated the common ORs with stratified
data from the first paper viewpoint with the Mantel—
Haenszel method, then we also meta-regressed the
individual study effect size against year of publica-
tion. Candidate genes for the review were selected
if evaluated by two or more studies and entered to
meta-analysis if data for the same polymorphism from
three or more studies were available except for
serotonin transporter gene promoter polymorphism
(5-HTTLPR) on treatment response that we previously
reported.” No statistical correction for the meta-
analysis was applied for 11 main analyses and 11
subcategorical analyses in accordance with standard
of the field;"**" however, we repeated analyses
correcting for those factors.

Review and meta-analysis results

Serotonergic system

Serotonin transporter. Serotonin transporter gene
promoter polymorphism: 5-HTTLPR. The molecular
mechanism of ADs action, in particular, selective
serotonin reuptake inhibitors (SSRIs), involves the
inhibition of the serotonin transporter and thus
modulates the serotonergic activity. The human
gene-encoding serotonin transporter (SLC6A4),
located on chromosome 17q11.1-q12,** is poten-
tially involved in mood regulation and this makes
it an ideal candidate for pharmacogenetic studies.
Heils and co-workers identified a functional
polymorphism in the transcriptional control region
upstream of the SLC6A4-coding sequence (5-
HTTLPR), it is a 44-bp insertion/deletion involving
2U in a sequence of 16-repeat elements that could
affect SLC6A4 expression.?® Indeed the 1 5-HTTLPR
allele has twice the SLC6A4 expression in the basal
state than the s form. Since 1998, the 5-HTTLPR has
been investigated as a marker of ADs response in
more than 20 studies (Table 1). Allele frequencies of
this variant between Caucasians and Asians are
different, the s allele being present in 42% of
Caucasians but in 79% of Asians.®® Nakamura
et al.®® examined the polymorphic region in detail
and identified 10 sequence variants, concluding that
the alleles previously reported as s and I should be
further divided into four and six allelic variants,
respectively. Alleles consist of a number of repetitive
elements; the most frequent 14-repeat s allele was
named 14A. The 14A and 14D variants differ from
each other for the sixth repeat, the 14C variant differs
from the 14A variant for the 11th repeat and the 14B
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variant is different from the 14D variant for the
seventh repeat. According to the 16-repeat 1 alleles
(16A, 16B, 16C, 16D, 16E and 16F), they differ from
each other for the sixth, seventh and eighth repeats,
16A being the most frequent.

Pharmacogenetic ~ studies of 5-HTTLPR: As
regarding 5-HTTLPR efficacy on treatment response,
we only present the summary of related studies in
Table 1 because, as described in ‘Materials and
methods’ section, we already reviewed and per-
formed a meta-analysis that resulted in a significant
association between 5-HTTLPR 1 variant and better
response compared to s variant in both remission
rate and response rate in Asian and Caucasian
populations. Since then, three studies reported
efficacy of some other polymorphisms linked to 5-
HTTLPR on ADs response. We have investigated the
antidepressant response to fluvoxamine in 228
depressed individuals carrying different 1 and s
variants according to the Nakamura findings and we
have observed a better and faster response in among 1
carriers according to the type of 1 allele. Specifically,
16F 1 carriers showed only a partial response,
although 16D 1 carriers showed a marginally signi-
ficantly better response than 16A 1 allele carriers.*
Similarly, Hamilton and co-workers**** reported a
significant association of a functional SNP (rs25531)
located just upstream of the 5-HTTLPR, indicating the
same variant, with antidepressant response to
fluoxetine treatment. In the presence of the G allele
of this SNP, the 1 allele of 5-HTTLPR seems to be
associated with nonresponse, although this is the case
for the s allele in presence of the A allele of the SNP.
However, we do not have sufficient data to meta-
analyze this finding.

As for side effects of the traditional 5-HTTLPR, in a
double-blind study of geriatric outpatients s-allele
carriers treated with paroxetine showed a worse
tolerability and higher discontinuation rates com-
pared to 1/l homozygotes, although in a subgroup on
mirtazapine the s allele was associated with a better
tolerability and fewer discontinuations*® (Table 1).
Other studies confirmed s variant as associated with

side effects induced by SSRIs*®® including the large
STAR*D sample®* and by various ADs.?” Furthermore
s allele was shown to identify patients at risk for
developing insomnia and agitation with fluoxetine
treatment,®" although one study focusing on children
showed higher risk of l-allele carriers for agitation
induced by citalopram.®® Other studies reported no
association between 5-HTTLPR variants and adverse
reactions induced by SSRIs.??47:°158

Meta-analysis of 5-HTTLPR on side effects: For
meta-analysis, the study by Ng et al.>* was excluded
because of defect of available data. Pooled OR of nine
studies of side-effects rate induced by ADs including
2642 subjects was significant with a reduced risk of
side effects for the 1 allele (0.64, CI: 0.49-0.82,
P=0.0005; Figure 1).3220:47:50:52,55.57,58,61  Gtronger
significance was observed in pooled OR of eight
studies when considering only SSRIs-induced side
effects with 2323 subjects (0.58, CI: 0.45-0.77,
P=0.0001).3240-47:52,55,57.58.61  Thijg ggsociation was
reduced when comparing 1 homozygotes to s-allele
carriers (OR=0.72, CI: 0.55-0.95, P=0.02). This
significance reduction could be because of the
exclusion for lack of data of the high-weight study
by Perlis et al. or it might indicate a dominant effect of
| variant. Four studies specified gastrointestinal side
effects induced by SSRIs but the pooled OR of
gastrointestinal side effects with 435 subjects was
not significant (0.71, CI: 0.44-1.13, P=0.15);3**7°°58
however, a trend similar to the previous one was
observed. These results indicate 5-HTTLPR as a
possible predictor for intolerance to ADs, especially
to SSRIs, as well as for treatment response. Given the
heterogeneity among studies, further studies that
evaluate specific side-effects symptoms are needed.

VNTR polymorphism within intron 2: Ogilvie
et al® identified a variable number of tandem
repeats polymorphism within intron 2 (STin2)
variant that contains 9, 10 or 12 copies of 16- or 17-
bp repeats.®® STin2, such as 5-HTTLPR, can influence
SLC6A4 transcription and this polymorphism may
have a synergistic effect with 5-HTTLPR.®* STin2

Study I/land /s s/s OR (fixed) Weight OR (fixed)

n/N n/N 95% Cl % 95% Cl
Takahasi, 2002 5/24 11/30 _ 5.41 0.45 [0.13, 1.56]
Perlis, 2003 7/27 8/9 — 6.21 0.04 [0.00, 0.42]
Murphy, 2004 34/189 14/55 _ 12.42 0.64 [0.32, 1.31]
Kato, 2006 18/40 21/60 _t 6.45 1.52 [0.67, 3.44]
Popp, 2006 19/92 6/17 _ 5.61 0.48 [0.16, 1.46]
Hu, 2007 124/1352 45/303 _ 46.64 0.58 [0.40, 0.84]
Smits, 2007 137/158 43/51 _ 6.04 1.21 [0.50, 2.94]
Tanaka, 2008 6/31 15/41 _ 7.28 0.42 [0.14, 1.24]
Wilkie, 2008 11/126 4/37 _ 3.94 0.79 [0.24, 2.64]
Total (95% Cl) 361/2039 167 /603 < 100.00 0.64 [0.49, 0.82]
Test for heterogeneity: Chiz = 13.34, df = 8 (P = 0.10), I> = 40.0%
Test for overall effect: Z = 3.49 (P = 0.0005)

0.1 0.2 05 1 2 5 10

Risk with s/s

Risk with 1/land |/s

Figure 1 5-HTTLPR and side effects. Outcome data for 1/1 and 1/s versus s/s.
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allele frequencies between Caucasians and Asians are
different, the 1 allele being present in 59% of
Caucasians but in 89% of Asians.*®

Pharmacogenetic studies of STin2: STin2 12
variant was associated with ADs better response in
a Korean sample*”*® but subsequent studies could
not replicate it with negative®*'**%® or opposite
results®®*®” (Table 1). Furthermore, Kim et al*®
reported that subjects carrying both STin2712/12
and 5-HTTLPR-s/s had the highest response rate
compared to those of the other three genotype
groups; Moreover, Bozina et al®® reported more
sophisticated haplotype analyses indicating that
a combination of the s variant of STin2—-12 and 5-
HTTLPR-s variant was overrepresented in the group
of nonresponders, although haplotypes with STin2—
10 and 5-HTTLPR-1 were overrepresented in the
group of responders. One study reported association
of STin2-12 with less side effects induced by various
kind of ADs but with a retrospective approach;>°
however, other studies found no associations.??:°%:57

Meta-analysis of STin2 on treatment efficacy: We
performed a meta-analysis of STin2 for treatment
response retrieving seven studies with 979
subjects.?7:31:4146:249.5357 The study by Peters et al.**
with 96 subjects was excluded from this analysis and
also from subsequent analyses for HTR1A, HTR2A
and TPH1 for lack of sufficient data. The pooled OR
was significant (1.78, CI: 1.31-2.41, P=0.0002) but
with evidence for large heterogeneity across studies

Pharmacogenetics of antidepressant treatment
M Kato and A Serretti

(P<0.00001). The pooled OR in Asian populations
was highly significant as well (3.71, CI: 2.43-5.66,
P<0.00001) though heterogeneity across studies
still remained. Because of the observed significant
heterogeneity among studies we additionally
performed a random effect model meta-analysis. The
pooled OR was higher than those of fixed effect model
but the P-value turned to no significance (2.17, CIL:
0.76—6.23, P=0.15; Figure 2a); however, the pooled
OR in Asians remained marginally significant (3.89,
CI: 1.18-12.85, P=0.03). In detail, the OR was
because of the sum of two studies by the same
author showing a better response effect of the 12 of 12
genotype.?”*® Moreover, those two studies had the
lowest weight. However, the OR of all studies
performed in Asian populations was higher than 1
whereas lower than 1 in Caucasians.

Meta-analysis of STin2 on side effects: As for side
effects, the pooled OR of four studies with 535
subjects was not significant in both fixed (0.78, CL:
0.43-1.42, P=0.42) and random effect models (0.91,
CI: 0.27-3.07, P=0.88; Figure 2b).??°%°>57 The OR was
higher than 1 with less side effects of 10 of 10 carriers
in all studies except in one retrospective study;
however, the pooled OR excluding the retrospective
study was not significant either. These results could
indicate a possible association between STin2 and
clinical response to ADs in opposite directions in
different ethnicities, a phenomenon already observed
and previously discussed regarding 5-HTTLPR.'>%
This ethnic difference might be because of the

a Study 12/12 10/12and 10/ 10 OR (random) Weight OR (random)
n/N n/N 95% Cl % 95% Cl

Kim, 2000 83/96 4/24 » 13.38 31.92 [9.40, 108.39]
Ito, 2002 26/39 9/15 _—t 13.36 1.33 [0.39, 4.56]
Yoshida, 2004 42/65 8/15 _ 13.72 1.60 [0.51, 4.97]
Hong, 2006 71/190 10/34 _ 14.94 1.43 [0.65, 3.17]
Kim, 2006 118/174 6/34 —> 14.46 9.83 [3.85, 25.11]
Bozina, 2007 25/53 40/77 _ 15.23 0.83 [0.41, 1.66]
Wilkie, 2008 10/69 29/94 —_ 14.92 0.38 [0.17, 0.85]
Total (95% Cl) 375/ 686 106 /293 < 100.00 2.17 [0.76, 6.23]
Test for heterogeneity: Chi? = 53.64, df = 6 (P < 0.00001), I2 = 88.8%
Test for overall effect: Z=1.45 (P = 0.15)

0.1

02 05 1 2 5 10

Favourable response 10/10 and 10/12  Favourable response 12/12

b Study 12/12and 10/12 10/10 OR (random) Weight OR (random)
N nIN 95% Cl % 95% CI

Takahasi, 2002 16/53 0/1 ¢ » 10.90 1.32 [0.05, 34.13]
Popp, 2006 10/68 15/41 — = 38.41 0.30 [0.12, 0.75]
Smits, 2007 153/176 30/36 — = 37.38 1.33 [0.50, 3.54]
Wilkie, 2008 15/138 0/22 =) 13.30 5.65 [0.33, 97.81]
Total (95% Cl) 1947435 45 /100 e 100.00 0.91 [0.27, 3.07]
Test for heterogeneity: Chiz = 7.23, df = 3 (P = 0.06), |2 = 58.5%
Test for overall effect: Z=0.16 (P = 0.88)

0.1

Risk with 10/10

Figure 2
Outcome data for 12/12 and 10/12 versus 10/10.

02 05 1 2 5 10

Risk with 12/12 and 10/12

(a) STin2 and treatment response. Outcome data for 12/12 versus 10/12 and 10/10. (b) STin2 and side effects.
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different allele frequency and its functional linkage to
other polymorphism such as 5-HTTLPR whose effect
also varies among ethnicities.

Serotonin receptors. Serotonin receptors are among
the most important candidates for modulation of ADs
response as most ADs increase the concentration of
serotonin present in the synaptic cleft. The increased
amounts of serotonin will then act on postsynaptic
and presynaptic receptors.

Serotonin-1A receptor. The Serotonin-1A receptor
(5-HT1A) gene (HTR1A), mapped on chromosome
5q11.2-13, is intronless and it spans about 1200 bp. A
total of 50 SNPs are known so far and most of them are
in strong linkage disequilibrium (LD) because of its
short and intronless extension.®® Among them
—1019C/G (rs6295), in the promoter region of the
gene, has been found to be associated with an altered
expression and the function of HTR1A.%7%° This
variant was involved in the regulation of the
transcription rate of the HTR1A gene. When the G
allele is present, it prevents the binding of the
putative repressor to DNA, leading, in this way, to
an increase of 5-HT1A auto receptors and to a
reduction of serotonergic neurotransmission.”® For
this variant, discrepancy of allele frequency could be
observed between ethnicities; the G allele being
present in about 50% of Caucasians, but only in
21% of Asians.”™”*> When performing a meta-analysis
about —1019C/G, we have to consider the genotyping
definition of this SNP in advance. We realized that
the genotyping definition of C/G was not correct in
two previous pharmacogenetic studies and one
association study by the same research group in
Asian depressed patients.*®”*7* In fact, the restriction
enzyme cutting produced results opposite to the
published ones. That is, many authors consider the
C allele as uncut while the G allele is uncut. Therefore
their result that patients with the C/C genotype had a
significantly better response than patients with the G
allele actually means that G/G genotype carriers had a
better response compared to C-allele carriers. Further,
two earlier studies by Arias et al.”*”® presented
the same miss-definition. These miss-definitions
with opposite result were confirmed by private
correspondence with authors of these studies.*®7%747°

Pharmacogenetic studies of HTR1A: In Caucasian
samples, we previously observed a moderate liability
effect of G variants in antidepressant response in
bipolar disorder but not in major depression”®
(Table 2). The study by Lemonde et al.,”” reporting
the response of G variants as worse compared to C/C
in patients prescribed with flibanserin but not with
fluoxetine should be considered as a negative result
from the perspective of the type of prescribed drug.
One study reported similar findings with less
responders in G/G carriers in a small sample.®®
Although the study by Baune et al®® revealed
opposite findings as also in the one by Arias et al.,”®
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but this significance could be seen only after
considering the genetic variation together with the
5-HTTLPR. Thus, results seem discrepant in
Caucasian samples; however, most studies reported
negative findings.**”*777° In the Asian population,
three studies reported significant results with better
response for G/G compared to C-allele carriers.'"*%7?
A different 272Gly/Asp (rs1800042) polymorphism
was explored in Japanese depressive outpatients
treated with fluvoxamine’® (Table 2). Asp-allele
carriers showed a more marked reduction in
depressive symptomatology compared to Gly/Gly
homozygotes. This finding was not confirmed by
subsequent studies,”*”? although this polymorphism
was found to be in strong LD with —1019C/G.”*
We previously reported a significant association of
treatment response with two other SNPs, rs10042486
in the promoter region and rs1364043 is in
downstream region, and also found that the
minor allele homozygous combination —1019G-
rs10042486C-rs1364043T (all in strong LD) was
robustly associated with a better response and fast
remission (Table 2)."* Further variants with large
samples should be investigated to cover all the gene.?'

Meta-analysis of HTR1A —1019C/G on treatment
efficacy: In Figure 3, we reported the meta-analysis
results based on six studies and including data from
893 subjects. The study by Yu and co-workers was
excluded from the analysis because the analyzed
sample was the same as the study by Hong and co-
workers.**”? The study by Levin et al.”® was excluded
for the lack of description about assessment
procedure with no use of common assessment tools
such as HAM-D or MADRS and because it was a
retrospectively assessed study. The study by Baune
et al.®*® was excluded because of the defect of available
data. The assessment definitions were widely
different across studies. Our study showed both
response and remission rate at weeks 2, 4 and 6.""
Studies of Lemonde et al.”” and Hong et al.,*® assessed
response rate at week 4. Other studies assessed
remission rate but one study evaluated it at 1 year
after treatment®® whereas other studies at week 6-
12.7>7% The pooled OR of six studies including 893
subjects was not significant (1.00, CI: 0.69-1.46,
P=0.98)."46:7577782 No heterogeneity could be seen
among studies; however, there were also evident
ethnic differences between Asian and Caucasian
populations; in fact an OR of all studies performed
in Caucasians was lower than 1 whereas higher than 1
in two Asian studies. Pooled OR of the studies in
Caucasian only was not significant; however, in Asian
studies only the effect was significant (4.56 CI: 1.42—
14.69, P=0.01), although only two studies with 361
subjects were included. At this time —1019C/G of
HTR1A could be therefore considered as a possible
predictor for ADs response in the Asian population.
Ethnic differences based on different allele
frequencies among ethnicities and other SNPs
possibly linked to this SNP could be reasons of this
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Study G/G C/GandC/C OR (fixed) Weight OR (fixed)

n/N n/N 95% Cl % 95% ClI
Serretti, 2004 39/67 118/195 —J— 45.66 0.91 [0.52, 1.60]
Lemonde, 2004 21/31 63/87 —_—e— 19.33 0.80 [0.33, 1.94]
Arias, 2005 21/32 70/98 _ 21.45 0.76 [0.33, 1.79]
Hong, 2006 7/10 74/214 _—) 3.59 4.41 [1.11, 17.57]
Parsey, 2006 2/9 7/13 —— 8.06 0.24 [0.04, 1.66]
Kato, 2008 6/7 72/130 — =) 1.90 4.83 [0.57, 41.29]
Total (95% Cl) 96/ 156 4047737 <o 100.00 1.00 [0.69, 1.46]
Test for heterogeneity: Chi2 = 9.33, df = 5 (P = 0.10), |2 = 46.4%
Test for overall effect: Z=0.02 (P = 0.98)

0.1

0.2

05 1 2 5 10

Favourable response G/C and C/C  Favourable response G/G

Figure 3 HTR1A —1019C/G and treatment response. Outcome data for G/G versus C/G and C/C.

discrepancy. Further studies should investigate the
association of HTR1A with ADs response, especially
in Asian samples.

Serotonin-2A receptor (5-HT2A): 5-HT2A gene
(HTR2A) is located in position 13q14-q21, it
consists of three exons separated by two introns and
it spans over 20 kb.?*#* Two important common SNPs
102T/C (rs6313) and —1438A/G (rs6311) are in almost
complete LD, that is, T allele of 102T/C is in complete
LD with the A allele at —1438A/G as well as C allele of
102T/C SNP with G allele at —1438A/G.?>® Allele
frequencies of these variants were not different
between Caucasians and Asians, the —1438G (102C)
allele being present in about 50% of subjects. A
postmortem brain study found that the C variant of
102T/C was associated with lower messenger
ribonucleic acid (mRNA) and lower protein
expression compared to the T variant.?” Another
study reported that the presence of the A variant of
—1438A/G significantly increased promoter activity
compared to the G variant.?® However, one study
failed to replicate the in mRNA
expression.®®

differences

Pharmacogenetic studies of HTR2A: Some studies
reported an association of HTR2A —1438G variants or
102C variants with good response to ADs,*”*%%
whereas other studies gave no association
(Table 3).41:42:46:57.91.92.98  Ag concerns other SNPs
within this gene, three studies investigated the
nonsynonymous SNP rs6314, although results were
inconsistent.?**?*” One study showed a marginal
association of —1420C/T (rs6306) with SSRI
response. Two studies analyzing a large number of
SNPs reported one SNP in the 3' UTR, rs1923882, and
two SNPs in the second intron, rs3125 and rs7997012,
as associated with ADs response.**®

As for association with intolerance to ADs, five
studies found significant associations of —1438G/G or
102C/C with appearance of side effects*”°7949%:97
although two studies found no association.”®??

Meta-analysis of HTR2A —1438A/G (102 T/C) on
treatment efficacy: Figure 4a presents results of the
meta-analysis for HTR2A —1438A/G and 102 T/C. In
this analysis, 102C variant was considered as —1438G

Molecular Psychiatry

whereas 102T as —1438A, as previously described.
The study by Minov et al., Mcmahon et al. and Kang
et al. were excluded from the analysis because data of
response or remission rate were not available.?®9%9®
Pooled OR of seven studies of response or remission
including 1012  subjects = demonstrated a
nonsignificant result (1.06 CI: 0.78-1.44, P=0.69;
Figure 4a).*'#%47579092 However, we found a
marginal significance in pooled OR of four studies
with 429 subjects evaluating response rate to SSRIs
treatment only with favorable response in the G/G
genotype carriers compared to A/G or A/A carriers
(1.69 CI: 1.03-2.75, P=0.04).*%%79°92 This analysis
turned out to include only studies in Asian
population.

Meta-analysis of HTR2A —1438A/G (102 T/C) on side
effects: As for side effects, interestingly, pooled OR
of seven studies with 801 subjects was significant
(1.91, CI: 1.32—2.78, P=0.0006; Figure 4b)*757-38:93-95.97
with an higher risk of side effects for the G/G
genotype, furthermore pooled OR of side-effects rate
induced by SSRIs only, including 590 subjects was
highly significant (2.33, CI: 1.53-3.56, P<0.0001).
Four studies specified gastrointestinal symptom
induced by SSRIs and interestingly the pooled OR
of gastrointestinal side effect with 311 subjects was
significant (2.30, CI: 1.26—4.21, P=0.007) in the same
direction of the total side effects even with smaller
number of subjects.*”*®%% These results suggest that
—1438A/G and 102 T/C SNP of HTR2A could be
useful predictors for intolerance to ADs in particular
to SSRIs, and have a possibility to be a predictor for
treatment response to SSRIs in Asian population.
Also for this SNP, we found inconsistent results
between Asian and Caucasian samples although the
allele frequencies are the same in both ethnicities.
This may lead to the hypothesis that other SNPs
linked to this SNP or cultural or social differences
could also influence ADs response. A more complete
coverage of the gene would in any case be
preferable.”®

Serotonin-3A and -3B receptors (5-HT3A and 5-
HT3B): To date, five subtypes of 5-HT3 genes (HTR3)
have been cloned, HTR3A and HTR3B have been best
characterized and identified to have some genetic



Pharmacogenetics of antidepressant treatment

M Kato and A Serretti

483

"$}08J0 OPIS JO SISA[RUB-BIOW OJUI POISIUL,
*9UI0DINO JUSUI)BAI} JO SISA[BUE-BIOUI OJUI paIsjud,
‘porey uemdtuI[D—ASojorewo}dwAg aatssarde( jo A103ueAu] YOINY)
‘D-SAID ‘peyodar jou YN ‘Iepiosip aalssardep Iolewr ‘qUIN ‘o1eos Suney uoissaide( Siaqsy-A1owodiuoy ‘SYAVIA ousl yg 101dedel uruojoisg ‘yYZy.LH ‘uoissarda
10y oe0g Suney uoTWRH ‘(-INVH (Adeiayl earstnauosonose ‘107 ‘suotsseadwy [eqors) [edrur) ‘190 depiosip reodiq ‘g ‘Snip juesserdeopriue ‘(v :SUOIRIABIQQY

ueISY

UBISEONED)
ueISY
ueISY

uerseonen)
Apso

PaxIN

ueISY

ueIsY

UBISY
ueIsy
UBISBONE))
Apsoy
uelseonen)
ueisy

UueIsy

UBISBONE))

paujep JoN

aurjaxored

£q peonpur easNeBU [Y}IM UOT)BIDOSSE ON
Z00°0=d ‘L/L PUe D/ UBY} SWOINO0 JUSUIIEDI}
I9))9q Pamoys [/DFTEISI L00'0=4 ‘@unoexored
£q peonpur syoepje apIs [HM PajeIIOSSE )/HZ0T

9UWIODINO JUdUNBAI] IIM UONBIO0SSE ON
$10°0 =4 ‘ounaxored

Aq paonpul easneu }IM PaJRIDOSSE 5/

7€0'0 =4 ‘9WO0DINO JUSUIIBAI]} I8))8( POMOTYS /5
220'0=d ‘SISS £q peonpur

UOTIOUNJSAP [BNXOS 9I0UWI Y}IM PIIBIDOSSE 5)/5)

200000°0=d
‘9UI0DINO JUSUIIBSI) YIIM POJRIDOSSE 10L66LST

UIODINO JUSUIIBAI] [[}IM UOTJBIDOSSE ON
r00'0=d

‘S)09JJ0 OpIS [BUNSAIUIONSES oY} YHM POJRIOOSSE
9d<2dAD JO I8zZI[oqejot MO M J[8[[V O

$£0'0 =4 ‘OWO0D)NO0 JUSWBAI} 18)}9q POMOYS ©)/)
QUIODINO JUSWIIBAI} }IM UOTJBIJIOSSE ON

auIod)no

JusuUI}RAI) JIM POIRIDOSSE (9Z0°'0=d) SZ1EST
pue (020'0=d) ¥1€9sI ‘(92000°0=d) 288€CH1SI
aurdezeyrru jo asotp)

3Mm Jou Inq (100°0=4) S199]j0 apls aunexored
0} dNp UOTIBNUIJUOISIP YIIM POIRID0OSSE /D)
wﬁﬂbm%o\rﬂﬂ

Aq peonpul BOSTIBU [}IM UOTJBIDOSSE ON

QUIODINO JUSWIBAI} [}IM UOTJBIDOSSE ON
100°0=d

‘9W02)N0 JUSUIIBST) 10}}8( POMOYS B[ DOZHT—
QUWI0DINO JUSUBAI} THIM D)/ L,Z0T JO UOTJBIDOSSE ON
€20°0=d

‘9UI0D)NO JUSUI)BAT} 18}}8( PAMOYS d[A[[B DZOT

0/120T VZILH

L/Ov1e9st
0/120T VZILH
D/V8EYL—
VZdlH

D/V8EYT—
VILH
O/V8EVL—
VILH

SANS VZd.LH
Surpnpour
SANS894

0/L20T VZILH

D/V8EYL—
VZdlH

D/V8EFT—
VZdLH
O/V8eYI—
VZIdlLH

/1201
D/V8EFT—
Surpnpour

SANS 4T VZILH

0/120T VZILH
D/V8EVL—
VZd1lH
D/V8EVI—
VZIlH

L/002¥1-
0J/L20T VZILH
L/Ov1E9sT
0/L20T VZILH

(21) 100)50 PTS

(e10ur 10

9) 109]J9 9PIS UOISSTWIAL
asuodsal (T-INVH

(8) @8ueyp

91005 1Zd-INVH

(9) s109330 op1s adueyo
8I00$ UOTSSTWAT
asuodsal 17-INVH

(9) ¥o8y0 opIS

(9) uorssTwax
asuodsal 91D)-SATD

#) asuodsal TZ(-INVH

(21) 10830 BpIg

(%) @8ueyp

9I09S UOTSSTUWIAT
asuodsal 1ZQ-INVH
(9) #Suet a100s

asuodsal SYQVIN

(z1) esuodsax 9D

(8) 080 opIS

(9) 100g30 BpPIS
(9) @3ueyD 81008

asuodsal SYQVIN

(9) @3ueyD 81008
uotsstwal 1Z-INVH
(%) 19D #8ueyd
81008 LT(-INVH

auIjexXoIed
Iaplosip AIxuy + qaN
SQV SnoleA QU

surdezeMIN QN

QUTUIEXOAT]
Io aunexored (N

SIISS snoLeA ddN

urerdoreyr) aydures
I+dV.LS WoL AdnN

aunsxonyd AdiN

auturexoAn(y QAN

wexdore}r) AN

uwerdeUTIN QAN

auljexonyd AdN

aurdeze)jary
Io sunexored AN

QUTWEXOAN]] AN

aUTWEXOAN[ (AN
Iofopurd Io/pue
wnIyyy 5 eunexored 10
oururexoAn[d AN + dd
LOd

pUue sqV SNoLeA QAN

s1BOA
0°L% (£8/S€) TL=N

(e7dures [e103) s1eah
P'ev ‘(IN)EIT=N
s1eak ¢'0g

‘(z£/62) TOT=N

sIeak /'¢H

‘(¥%/9S) 00T =N
s1eak

9'9Z (02/19) 18=N
(erdures

[®101) s1eok /'z%
‘(MN) 8€¥ +688=N
s1eak 0'b%
‘(TET/€6) ¥CT=N

s1eak
€0% ‘(6¥%/4%) 96 =N

s1eak
£'2S ‘(16/02) 1L=N
s1eak
1S (2S/82) 08=N

sIeak
1€ ‘(6¥%/4¥%) 96 =N

s1eak 7'z
‘(921/021) 9%Z=N
s1eak

T'1S ‘(2€/22) ¥S=N
sIRaA

216 ‘(ce/22) ¥S=N

sIeak 6°'1G
‘(842/0€1) 80V =N
(e7dures e301) sreak
6'6% ‘(IN) ¥OT =N

qes [P 19 BYBUE],

qeze [P 19 OP[TM

ao'[D 70 SUBY

qesy [P 19 03B
‘1o 19 doystg

az6

o0TD 19
UORNON

eoy [0 19 mﬁom

qse'[0 10 DINZNG

eos [P 19 104D

o1 [0 12 BPIYSOX

NN CIEE

areT0 19 Aqdimyy
qee'[D 19 BPTYSOX

eze [P 19 0}BS

erg [P 12 UISTL)

6z [P 19 AOUIN

Aponuyyg

insay

JUDLIDA

(yaam)
potiad Apnjs pup a[pog

3nap

paqriosard pup sisouSviq

28D uvawr

‘(aypuraf/arpur)
spoalqns fo saquinn

sroyny

asuodsar juessardepriue pue swsrydiowdod suel yz 10jdeoar utuojores ¢ a[qer,

Molecular Psychiatry



Pharmacogenetics of antidepressant treatment
M Kato and A Serretti

o

484

a Study -1438G/G or 102C/C others OR (fixed) Weight OR (fixed)
n/N n/N 95% Cl % 95% Cl

Cusin, 2002 41/75 177/265 —_ ] 44.31 0.60 [0.36, 1.01]
Sato, 2002 7/11 28/43 _ 5.19 0.94 [0.24, 3.72]
Yoshida, 2004 12/20 38/60 _ 9.51 0.87 [0.31, 2.45]
Choi, 2005 16/23 23/48 4 5.68 2.48 [0.87, 7.12]
Hong, 2006 17/40 64/184 —_— 16.45 1.39 [0.69, 2.78]
Kato, 2006 17/20 40/60 ———s—3 3.75 2.83 [0.74, 10.82]
Wilkie, 2008 15/56 24/107 _ 15.11 1.27 [0.60, 2.67]
Total (95% Cl) 125 /245 3941767 <> 100.00 1.06 [0.78, 1.44]
Test for heterogeneity: Chiz = 10.13, df =6 (P = 0.12), I2=40.8%
Test for overall effect: Z = 0.39 (P = 0.69)

0.1

0.2

05 1 2 5 10

Favorable response other variants Favorable response -1438G/G or 102C/C

b study -1438G/G or 102C/C others OR (fixed) Weight OR (fixed)
N N 95% Cl % 95% Cl

Yoshida, 2003 5/11 11/43 B e 6.16 2.42 [0.62, 9.54]
Murphy, 2003 25/79 26/167 _ 28.78 2.51 [1.33, 4.72]
Suzuki, 2006 22/27 55/69 —_ 14.45 1.12 [0.36, 3.48]
Kato, 2006 13/25 26/75 4 15.74 2.04 [0.82, 5.11]
Bishop, 2006 14/21 37/60 —_— 16.13 1.24 [0.44, 3.54]
Tanaka, 2008 5/10 16/51 _t 6.61 2.19 [0.55, 8.64]
Wilkie, 2008 7/56 8/107 —_— 12.13 1.77 [0.61, 5.16]
Total (95% Cl) 917229 1797572 - 100.00 1.91 [1.32, 2.78]
Test for heterogeneity: Chiz = 2.41, df = 6 (P = 0.88), 2= 0%
Test for overall effect: Z = 3.42 (P = 0.0006)

Risk with other variants  Risk with -1438G/G or 102C/C

Figure 4 (a) HTR2A —1438A/G(102T/C) and treatment response. Outcome data for —1438G/G or 102C/C versus other
variants. (b) HTR2A —1438A/G(102T/C) and side effects. Outcome data for —1438G/G or 102C/C versus other variants.

polymorphisms.*®*%* HTR3A is located directly
downstream of HTR3B on chromosome 11, it
consists of nine exons and spans over 15 kb whereas
HTR3B also consists of nine exons but with a length
of over 41kb.'%>7'* Tremblay et al.'®” found a
significant association between homozygosity for the
—100 to —102 AAG deletion variant of the HTR3B and
the intensity of vomiting and nausea after cancer
chemotherapy with antiemetics. Tzvetkov et al.’®®
recently showed a different transcriptional regulation
of the HTR3B gene in the peripheral and the central
nervous system that leads to the expression of
transcripts with variations in the 5’-coding sequence.

Pharmacogenetic studies of HTR3A and 3B: Table 4
shows pharmacogenetic studies of HTR3A and 3B.
We previously observed a significant association of
HTR3A 178C/T T/T carriers with better response to
SSRIs, although no association of this SNP with side
effects including nausea could be observed.*” Two
other studies also found no association of HTR3A
195C/T as well as 178C/T SNPs with gastrointestinal
symptom induced by SSRIs.?>'°” One of these studies
found a significant association of HTR3B 129Tyr/Ser
(rs1176744) polymorphism with nausea induced
by paroxetine’®” whereas others could not found
any association with fluvoxamine-** or paroxetine®®
-induced nausea. We previously reported no
significant correlation between SSRIs induced side
effects including nausea and HTR3B —100 to —102
AAG insertion/deletion polymorphism,*” although
another study found a significant association.®

Molecular Psychiatry

Meta-analysis of HTR3A 178C/T on side
effects: The pooled ORs of three studies with 254
subjects about the influence of HTR3A 178C/T on
total side effects (1.64, CI: 0.81-3.31, P=0.17) as well
as on gastrointestinal side effects (1.70, CI: 0.80-3.62,
P=0.17; Figure 5) were not significant possibly
because of small sample size because ORs of all
studies were higher than 1.3 with more frequent side
effects for C/C carriers.*”%>'%”

Meta-analysis of HTR3B 129Tyr/Ser on side
effects: The pooled ORs of three studies including
246 subjects about the influence of HTR3B 129 Tyr/
Ser variant on total side effects was not significant
with some heterogeneity across studies (2.04, CI:
0.66—6.34, P=0.22; Figure 6).°%°'97 All studies
investigating pharmacogenetic effect of HTR3A and
3B used SSRIs in Japanese samples. Given the small
number of studies performed only in Japanese
subjects, further studies will be needed.

Serotonin-6 receptor (5-HT6). 5HT-6 gene (HTR6)
is coded in position 1p36-p35 and it spans over
15 kbp with three exons and two introns.’*® A mutant
receptor in which serine 267 was changed to lysine
shows a 10-fold higher affinity for serotonin than the
native receptor and it demonstrates agonist-
independent activity.'"’

Pharmacogenetic studies of HTR6: Three studies
investigated the involvement of a silent cytosine to
thymidine polymorphism at position 267 (267C/T;
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Study C/IC C/Tand T/T OR fixed Weight OR fixed
n/N n/N 95% CI % 95% Cl
Suzuki, 2006 63/76 14/20 _t 31.07 2.08 [0.67, 6.41]
Sugai, 2006 12/57 3/21 —_— 28.37 1.60 [0.40, 6.35]
Kato, 2006 33/66 6/14 —_— 40.56 1.33 [0.42, 4.27]
Total (95% Cl) 108 /199 23 /55 <~ 100.00 1.64 [0.81, 3.31]
Test for heterogeneity: Chiz = 0.29, df =2 (P = 0.86), 2= 0%
Test for overall effect: Z=1.38 (P = 0.17)
0.1 02 05 1 2 5 10
Risk with C/T and T/T Risk with C/C
Figure 5 HTR3A 178C/T and side effects. Outcome data for C/C versus C/T and T/T.
Study Tyr/Tyr Tyr/Ser and Ser/Ser OR random Weight OR random
n/N n/N 95% Cl % 95% Cl
Sugai, 2006 11/35 4/43 ———® ) 30.92 4.47 [1.28, 15.63]
Suzuki, 2006 42/54 35/42 —_— 35.15 0.70 [0.25, 1.97]
Tanaka, 2008 15/38 6/34 —=——  33.93 3.04 [1.02, 9.10]
Total (95% Cl) 68/127 45/119 — 100.00 2.04 [0.66, 6.34]

Test for heterogeneity: Chi2 = 6.08, df =2 (P = 0.05), 2 =67.1%
Test for overall effect: Z = 1.24 (P = 0.22)

0.1

Risk with Tyr/Ser and Ser/Ser

0.2

05 1 2 5 10
Risk with Tyr/Tyr

Figure 6 HTR3B 129Tyr/Ser and side effects. Outcome data for Tyr/Tyr versus Tyr/Ser and Ser/Ser.

rs1805054), within the first exon of HTR6, in ADs
response®”°®1%% hut the results were inconsistent
(Table 4). Meta-analysis could not be performed for
lack of sufficient data from these studies. Further, the
functional efficacy of this SNP has not been
identified. Further functional and pharmacogenetic
studies about SNPs within HTR6 with larger samples
in homogenous ADs treatment are needed.

Serotonin biosynthesis

Tryptophan hydroxylase. Tryptophan hydroxylase 1:
Tryptophan hydroxylase (TPH) has two isoforms
coded by TPH1 and TPH2 genes. TPH1 is located to
chromosome 11 (11p15.3-p14),"** predominantly
expressed in peripheral organs such as the gut,
pineal gland, spleen and thymus and less frequently
in the brain compared to TPH2."***** A recent study
found that TPH1 was expressed preferentially during
the late developmental stage in the mouse brain and it
had higher affinity for tryptophan as well as a stronger
enzyme activity than TPH2 in a condition reflecting
that of the developing brainstem.''® A biallelic SNP
on position 218 (TPH1 218A/C) is located in intron 7
and is in strong LD with TPH1 779A/C.""® To date, no
definite information is available about the possible
functional consequences of the TPH1 218A/C poly-
morphism. But the location as a potential GATA
transcription factor-binding site, lower cerebrospinal
fluid concentrations of 5-hydroxyindoleacetic acid in
male healthy volunteers with the TPH1 A allele and
complete LD with functional polymorphism in the
promoter region of the TPH1 suggest the possibility
that it can affect TPH gene expression.''®''® Allele

Molecular Psychiatry

frequencies of TPH1 218A/C are not different between
Asian and Caucasian samples, the A allele being
present in about 45% of subjects.*®**%~"*

Pharmacogenetic studies of TPH1: TPH1 218A
allele was found to be associated with worse
response to ADs treatment in some studies,*'®?%"**
although no significant association could be seen
with intolerance as well as treatment response in
other studies®?#»46:121:125.124 (Tahle 5). Another study
also reported no effect of the TPH1 218A/C SNP on
fluoxetine treatment but with a significant effect of
three different TPH1 polymorphisms in the promoter
region: —7180T/G, —7065T/C and —5806T/G.**

Meta-analysis of TPH1 218A/C on treatment
efficacy: In Figure 7, the meta-analysis for TPH1
218A/C retrieving seven studies with data from 754
subjects was performed.**'"*"'?* The pooled OR was
significant (1.62, CI: 1.15-2.27, P=0.005) with no
evidence for  heterogeneity across  studies.
Interestingly, the significant OR 1is because of
the sum of three studies that evaluated remission
rate with favorable improvement in the C/C
genotype.''>'?>1?> This significance could be also
demonstrated in pooled OR of six studies with 661
subjects evaluating SSRIs treatment only (1.71 CI:
1.20-2.44, P=0.003).26:119-122.124 Thege results could
indicate a significant association of TPH1 218A/C
with clinical response to ADs, in particular with
achievement of remission.

Tryptophan hydroxylase 2. Tryptophan hydroxy-
lase 2 is in position 12q21.1, and its variations have
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Study C/IC A/C and A/A OR (fixed) Weight OR (fixed)
n/N n/N 95% CI %o 95% Cl
Serretti, 2001a 34/42 53/79 4 13.08 2.08 [0.85, 5.14]
Serretti, 2001b 18/25 17/52 —_—s—) 5.77 5.29 [1.86, 15.10]
Yoshida, 2002 6/10 29/44 B 8.02 0.78 [0.19, 3.18]
Ham, 2005 23/30 48/63 —_— 13.48 1.03 [0.37, 2.86]
Hong, 2006 27/70 54/154 —f 38.68 1.16 [0.65, 2.09]
Ham, 2007 13/21 29/84 B — 8.24 3.08 [1.15, 8.29]
Kato, 2007 16/23 39/57 —_— 12.73 1.05 [0.37, 3.01]
Total (95% Cl) 137 /221 269 /533 <o 100.00 1.62 [1.15, 2.27]
Test for heterogeneity: Chiz = 10.52, df = 6 (P = 0.10), I> = 42.9%
Test for overall effect: Z=2.79 (P = 0.005)

0.1

05 1 2 5 10

Favorable response A/C and A/A Favorable response C/C

Figure 7 TPH1 218A/C and treatment response. Outcome data for C/C versus A/C and A/A.

been associated with major depression’*® and suicidal

behavior.®” Zhang et al.'®® found that 5HT levels
from cells expressing Arg447 were reduced by
approximately 55% compared to cells expressing
Pro447. Moreover, in individuals with major
depression, Zhang et al.'®*® identified another
functional SNP, 1463G/A, which replaces the highly
conserved Arg441 with His and resulted in
approximately 80% loss of function in serotonin
production when TPH2 was expressed in PC12
cells. They also found the association of the mutant
allele of this SNP with susceptibility to major
depression while no association was found with
bipolar disorder patients, although an inconsistent
result was also reported.'**

Pharmacogenetic studies of TPH2: Pharmaco-
genetic studies by Peters et al.** found a marginal
association of three SNPs, rs1843809, rs1386492
and rs1487276, within TPH2 with antidepressant
response to fluoxetine. Another study reported no
association of three nonsynonymous SNPs with
treatment resistance to ADs'?® (Table 5).

In addition to these SNPs, other recently investi-
gated polymorphisms have been associated with
different expression or function of TPH2 or impact
on depressive or suicidal history,"***** with possible
interesting suggestions for pharmacogenetic investi-
gations. SNPs used in these investigations were
widely different from each other with varying results.
Further studies with genotyping selection based on
appropriate procedures such as functional SNP,
tagging SNP or haplotypes that covers overall TPH2
gene are needed.

Norepinephrinergic system. Norepinephrine trans-
porter: The SLC6A2 gene encodes a norepinephrine
transporter and it is localized in position 16q12.2. A
total of 267 genetic variations of this gene are known
so far."** This transport system is the target for dual
serotonin/norepinephrine reuptake inhibitors, SNRIs
as well as tricyclic antidepressants.

Pharmacogenetic studies of NET: Recently the T
allele of the —182T/C (rs2242446) polymorphism in
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the promoter region was found to be associated with a
better response to SNRI, milnacipran, compared to C
allele, whereas the 1287G/A (rs5569) polymorphism
was not associated with SNRI response in Japanese
patients with major depression*' (Table 6). On the
contrary, a study in a Korean sample found a
significant association between 1287G/A G/G
carriers and better response to nortriptyline.** Such
findings need further replication, particularly in
Caucasian samples, despite the fact that functional
consequences of these SNPs remain unclear.

Monoamine catabolism. Monoamine oxidase A:
The gene encoding monoamine oxidase A (MAO-A)
is located in position Xp11.23,"*" it is composed by 15
exons and 155 variations are known so far. A VNTR
located 1.2kb upstream, the MAO-A coding
sequences was reported to affect the transcription of
the MAO-A promoter: alleles with 3.5 or 4 copies of
the repeat sequence are transcribed 2—10 times more
efficiently than those with 3 or 5 copies of the repeat,
suggesting an optimal length for the regulatory
region.™!

Pharmacogenetic studies of MAO-A: Four studies
reported no influence of this polymorphism on SSRIs
treatment efficacy in patients with major depressive
disorder**°*'** or on MAO-1,"** whereas one study
reported a significant better response of the three-
repeat variant compared to four-repeat variant in
female patients'*® (Table 6). However, meta-analysis
could not be performed for lack of sufficient data
from these studies. As for side effects, no efficacy
of this polymorphism was also reported, invest-
igating fluvoxamine-induced nausea.®® Significant
associations have been also reported in other SNPs
of MAO-A**"%" (Table 6). MAO-A gene polymorphism
efficacy on ADs response is therefore still not unequi-
vocal and results seems discrepant depending on
gender and the class of prescribed ADs.

Catechol-O-methyltransferase: The  Catechol-O-
methyltransferase (COMT) gene has been mapped to
chromosome 22 (22q11.1-q11.2)."** Lachman et al."**
reported a functional G to A SNP at codon 158 leading
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to a Val to Met substitution in membrane-bound-
COMT (and in position 108 in soluble COMT). It has
been shown that the Met allele results in a 3- to 4-fold
lower enzymatic activity than the Val allele.”*
Consistently with the previously shown assumption,
this polymorphism has been associated with higher
risk of suicidal behavior and personality traits.'*®

Pharmacogenetic studies of COMT: Two pharmaco-
genetic studies found similar effects of this SNP
on ADs treatment indicating that Val variant was
associated with better response to mirtazapine,™®
citalopram™® and milnacipram.’® Out of these, two
studies could not found this efficacy on response to
paroxetine'®®'*° (Table 6).

Intracellular signal transduction pathways. G-
protein -3 subunit: G-proteins are key components
of intracellular signal transduction in all cells of the
body, including neurons. The gene encoding the -3
subunit (GNB3), located on chromosome 12p13,'*°
includes 11 exons and 10 introns. A polymorphism in
GNB3 exon 10, GNB3 825C/T (rs5443), has been
found to modulate signal transduction and ion
transport activity.’*” Allele frequencies of this
variant between Caucasians and Asians are
different, the T allele being present in 30% of
Caucasians but in 50% of Asians,?*#6-148149

Pharmacogenetic studies of GNB3: Thus far, some
studies reported significant associations of the T
variant with better response to various classes of
antidepressant,'***° to SSRIs**® and to nortriptyline
in less than 25-year-old subjects®* whereas other
studies found no association of this SNP with
SSRIs***%151 and mirtazapine response.'®” One study
also found opposite results’®® (Table 7). As for side
effects no significant association was reported.®”'>"*%?

Meta-analysis of GNB3 825C/T on treatment
efficacy: The meta-analysis for GNB3 825C/T
retrieved eight studies with data from 1387
subjects. 3461481497152 Because of lack of reported
response/remission rates in the study by Zill
et al.,"” we derived those data from figures in the
paper. From the study of Joyce et al.,, the most
common genotype pooling, that is C/C versus C/T
and T/T, was not available; therefore, we considered
C/T and T/T as T/T but we also repeated the analysis
excluding this paper without any significant
change. The pooled OR demonstrated no significance
(1.13, CI: 0.89-1.43, P=0.31; Figure 8) with no
heterogeneity across the studies. This could indicate
no contribution of this SNP to ADs response, although
further studies are needed.

Other candidate genes. Brain-derived neurotrophic
factor: Recent data suggest that ADs increase the
synthesis and signaling of brain-derived neurotrophic
factor (BDNF), and BDNF signaling appears to be
involved in behavioral effects induced by ADs.™*
BDNF secretion and intercellular trafficking are
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regulated by a functional polymorphism in the
BDNF gene (chromosome 11p13), resulting in a
valine to methionine substitution in the 5’ pro-
region (66Val/Met; rs6265)."°°

Pharmacogenetic studies of BDNF: Five studies
investigated the efficacy of this polymorphism'?*%¢-'%°
or other SNPs™®"° on ADs response with
inconsistent results (Table 8). Study by Gratacos
et al.’™ was excluded from the consequent meta-
analysis because of lack of available data.

Meta-analysis of BDNF 66Val/Met on treatment
efficacy: Pooled OR of four studies about 66Val/
Met including 490 subjects was significant (1.63, CIL:
1.08-2.46, P=0.02; Figure 9) with a favorable
response in Met allele carriers.’®®'*¢'%% Given the
importance of BDNF in antidepressant response and
the small number of studies, further studies are
greatly needed. A homozygosis effect was also
observed with a favorable response of Val/Met
subjects;'®® this effect could bias our results in the
direction of a reduced significance.

Other candidate genes potentially playing a role in
the antidepressant response are presented in Table 8.
An intronic insertion (I)/deletion (D) polymorphism
in the angiotensin-converting enzyme (ACE) has a
dramatic impact on substance P levels and may affect
ADs activity. Indeed, the D allele, which determines
higher ACE plasma levels,’”" was associated with
higher substance P levels'”? and a faster response to
ADs treatments,"®® especially among women,"'®*
although negative results were also reported.’®* Some
genes coding for components of the hypothalamic—
pituitary—adrenal axis have been explored as mod-
ulators of ADs response. Corticotrophin-releasing
hormone receptor 1 gene (CRHR1) is a promising
candidate as CRHR1 antagonists have consistently
demonstrated ADs properties in experimental ani-
mals and humans."”®"”* Research on CRHR1 pharma-
cogenetics is at a very early stage; however, two
studies identified contribution of three SNP haplo-
type to ADs response.’®”'%® The influence of SNPs
within the gene encoding the hsp90 co-chaperone
FKBP5 (a part of the mature glucocorticoid receptor
(GR) heterocomplex that regulates GR sensitivity) was
also investigated by four studies with inconsistent
results.’®®% Two studies investigated the efficacy of
dystrobrevin-binding-protein 1 gene (DTNBP1) that is
involved in the glutamatergic pathway in brain,'”>*"®
on ADs response, without consistent results.*®*'”°

Publication bias analysis: We applied a series of
strategies to investigate possible publication biases.
Figure 10 presented the funnel plots for the
statistically significant meta-analyses, OR against
s.e. log OR. No publication bias was presented in
the present study by Egger et al.’s analysis."* As for
HTR1A in Asian, small numbers of studies make it
difficult to analyze the symmetry by the model of
Egger; however, this plots appeared symmetrical,
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Study C/T and T/T C/C OR (fixed) Weight OR (fixed)

n/N n/N 95% Cl % 95% Cl
Zill, 2000 13/27 3/10 —_ ) 1.73 2.17 [0.46, 10.20]
Joyce, 2003 33/80 38/79 _ 17.15 0.76 [0.40, 1.42]
Serretti, 2003 168/266 125/224 - — 38.16 1.36 [0.94, 1.95]
Lee, 2004 51/87 9/19 _— 4.67 1.57 [0.58, 4.26]
Hong, 2006 62/178 19/46 R 15.02 0.76 [0.39, 1.47]
Kang ,2007 22/81 5/20 _t 4.46 1.12 [0.36, 3.44]
Wilkie, 2007 20/80 19/83 —_—t 10.68 1.12 [0.55, 2.31]
Kato, 2008 44/74 19/33 _—] 8.13 1.08 [0.47, 2.48]
Total (95% Cl) 413/873 237/514 <> 100.00 1.13 [0.89, 1.43]
Test for heterogeneity: Chiz2 = 5.04, df =7 (P = 0.65), I2= 0%
Test for overall effect: Z = 1.03 (P = 0.31)

0.1 02 0.5 1 2 5 10

Favorable response C/C

Favorable response C/T and T/T

Figure 8 GNB3 825C/T and treatment response. Outcome data for C/T and T/T versus C/C.

indicating an absence of publication bias. As
presented in Tables and Figures, in 3 (STin2, TPH1
218A/C and GNB3 825C/T) out of 10 variants
included in the meta-analysis, the first paper
reported a significant result. The common ORs of
these variants estimated by Mantel-Haenszel method
were similar to the pooled ORs (STin2: OR=1.97, CIL:
1.49-2.60, P<0.00001; TPH1 218A/C: OR=1.56, CI:
1.13-2.16, P=0.007 and GNB3 825C/T: OR=0.95, CIL:
0.76-1.18, P=0.654) and no significant heterogeneity
was observed between ORs of the first published
study and the following ones except for STin2,
although both ORs of this variant were higher than
1.6. No significance could be observed against
publication year in meta-regression analysis either.
These results indicate that first publication bias
should not be a confounding effect on our results.
However, publication of positive results only could
make negative findings unavailable and this may bias
the result in a way not possible to control for.

Discussion

We reviewed a panel of candidate genes in the field of
pharmacogenetic studies on ADs response and side
effects and performed meta-analyses for treatment
response with STin2, HTR1A -1019C/G, HTR2A
—1438A/G (102T/C), TPH1 218A/C, GNB3 825C/T
and BDNF 66Val/Met variants and for side effects
with 5-HTTLPR, STin2, HTR2A —1438A/G (102T/C),
HTR3A 178C/T and HTR3B 129Tyr/Ser. The results of
our meta-analyses indicate a better treatment re-
sponse to ADs with TPH1 218C/C, and BDNF 66Met
as well as with the previously reported 5-HTTLPR-1
and also a contribution of STin2-12/12, HTR1A
—1019G/G and HTR2A —1438G/G (102C/C) toward a
better response to Ads, particularly, in the Asian
population. Moreover, 5-HTTLPR-l and HTR2A
—1438A (102T) were also associated with less ADs
(and particularly SSRI)-induced side effects. We also
observed that this specifically applies to HTR2A
—1438A/G (102T/C) for gastrointestinal symptoms,
but for 5-HTTLPR the small number of studies does
not allow to identify a specific pattern. This is in line
with the gastrointestinal expression of the three genes
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and particularly with the fact that HTR2A is located
on smooth muscle cells in the gut and vessels as well
as on postsynaptic neurons."””

All the polymorphisms considered presenting sig-
nificant results are known to be functional and can
modulate gene transcription and gene/protein expres-
sion,?*°%0987.88 except for TPH1 218A/C. Although
clear functional influence remains unknown about
TPH1 218A/C, previous studies suggested the possi-
bility that this SNP may affect gene expression.”***"®
However, prediction at clinical levels needs more
variance explained® but our result can provide
evidence to investigate association of ADs response
and intolerance with the combination of the identi-
fied liability polymorphisms, in addition to pre-
viously reported important pharmacokinetic genes
that contribute to function of cytochrome P450
enzyme or P-glycoprotein.”'”®'7® In fact, genes inter-
act in a complex way, with some gene variants acting
additively with others, in a multiplicative way or
with a compensatory effect,'®*'®! that is, a number of
susceptibility genes interacting with each other and
with the environment. Heterogeneity across the
studies including ethnic difference could also make
it difficult for these candidates to be translated into
treatment recommendations. Clearly, different results
between ethnicities were observed for treatment
response with STin2, HTR1A —1019C/G and HTR2A
—1438A/G (102T/C), possibly because of efficacy of
other polymorphisms, different allele frequency,
differential effect depending on specific symptoms
and cultural or social differences between Asians and
Caucasians.'®*~'®* Our protocol of meta-analysis could
minimize the heterogeneity among studies as much as
possible but the considerable range of methodologies
including heterogeneity of prescribed ADs, concomi-
tant medications, length of treatment and assessment
procedures for side effects may still bias the result of
the present meta-analysis as well as limit the
representativeness of our findings. Additionally, the
wide range of sampling source (inpatients versus
outpatients and primary versus tertiary settings),
diagnostic procedure and environmental confounding
variables (life events, social support and tempera-
ment) are considered as potentially modulators to the
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Study Va/Met and Met/Met Val/Val OR (fixed) Weight OR (fixed)
n/M /M 95% Cl % 95% CI
Tsai, 2003 28/82 9/28 25.28 1.09 [0.44, 2.73]
Choi, 2006 45/57 12/26 — =) 9.93 4.38 [1.61, 11.89]
Yoshida, 2006 56/84 29/50 34.67 1.45 [0.70, 2.98]
Wilkie, 2007 13/46 26/117 30.12 1.38 [0.63, 3.00]
Total (95% Cl) 1427269 76/ 221 - 100.00 1.63 [1.08, 2.46]

Test for heterogeneity: Chiz = 4.75, df = 3 (P = 0.19), |12 = 36.9%
Test for overall effect: Z=2.32 (P = 0.02)

0.1

Favorable response Val/Val

0.2

05 1 2 5 10
Favorable response Val/Met and Met/Met

Figure 9 BDNF 66Val/Met and treatment response. Outcome data for Val/Met and Met/Met versus Val/Val.
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0.4 .o N 0.2 Loa
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5-HTTLPR and side effects OFR (fixed) STin2 and treatment response in Asian ~ OF (fxed) HTR1A and treatment response in Asian  OR (fixed)
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HTR2A and treatment response to SSRIs  OR (fixed) HTR2A and side effects OR (fixed) TPH and treatment response OR (fixed)
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Figure 10 Funnel plots of s.e. (log OR) by the OR on statistically significant meta-analyses. Each dot represents one paper.

s.e. (log OR) =standard error of the log OR.

results of pharmacogenetic studies.*® Furthermore, for
the assessment of side effects, there was not a
standard tool that was used in pharmacogenetic
studies and this might prevent replication of findings.
Imbalance of published papers about key candidates
was seen between Asians and Caucasians; therefore,
some candidates should be investigated more in
Caucasians (STin2, HTR2A, 3A and 3B) and others
in Asians (HTR1A). To improve homogeneity for
future studies, our published methodological guide-
lines should also be considered.’® Alternative ap-
proaches wusing as an example genome-wide
association studies could also help for candidate
gene detection but only if complemented with
detailed clinical descriptions.
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Finally, further controls of gene expression by copy
number of variation (CNV) or methylation should be
investigated in this field. Our results were not
corrected for multiple testing; however, even after
applying Bonferroni correction with 22 analysis (6
treatment responses, 5 side effects, 3 subethnicities, 3
submedications, 3 subsymptom and 1 alternative
grouping of variant) with the significance level set
to P&lt;0.0023, associations still remain significant
for the variants with sufficient number of studies
(5-HTTLPR, HTR2A —1438A/G), although it turn to
nonsignificance for the other variants and subcatego-
rical analyses with small number of studies. However,
such correction is likely to be excessively conserva-
tive and not suitable for the meta-analysis.



To the best of our knowledge, our study is the first
article investigating the association of a series of
pharmacodynamic variants with treatment response
and intolerance to ADs treatment with a meta-analytic
technique. Another partial meta-analysis has been
reported but from the pharmacokinetic perspective or
only about antipsychotic response.”

In conclusion, we summarized 90 studies and meta-
analyzed them to aggregate such information into
concise recommendations. Five variants within four
genes (SLC6A4, HTR1A, HTR2A, TPH1 and BDNF)
may contribute to the ADs treatment response and/or
intolerance. Although the significant results of pooled
ORs in this meta-analysis seem a moderate effect, it is
in line with the hypothesis of minor effect genes and
it adds an important piece of information for future
pharmacogenetic studies in ADs response and could
be a further step to the clinical use of gene profiles as
predictors of therapeutic efficacy.
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