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Introduction
Major depressive disorder (MDD) has a significant impact on social health, bringing
considerable direct and indirect costs to society. Many pharmacological antidepressant
treatments with proven efﬁcacy have been available for years; yet, not all depressed
patients benefit from speciﬁc efﬁcacious antidepressants. Even with optimal qualitycontrolled conditions, only about two-thirds of patients show symptomatic improvement in the first round of treatment, while only 50% show full remission (no or only
minimal residual symptoms) within 12 weeks; also, for two-thirds of patients, up to
four treatment trials are needed to achieve full remission.1 Response and remission
to medication is highly variable, and there are several potential explanations for the
variability of drug-response rates, including symptom heterogeneity, environmental,
social, and genetic factors.
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Objective: Genetic variabilities within the serotoninergic system may predict response or
remission to antidepressant drugs. Several serotonin receptor (5-HTR) gene polymorphisms
have been associated with susceptibility to psychiatric diseases. In this study, we analyzed
the correlation between 5-HTR1A and 5-HTR2A polymorphisms and response or remission to
selective serotonin reuptake inhibitors (SSRIs) drugs.
Methods: Two hundred and ninety patients who met the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition criteria for major depressive disorder were involved in
this study. SSRIs (fluoxetine, paroxetine, citalopram, or sertraline) were selected randomly for
treatment. The Hamilton Rating Scale for Depression was used to evaluate the antidepressant
effect. To assess 5-HTR gene variabilities, two single-nucleotide polymorphisms in 5-HTR1A
(rs1364043 and rs10042486) and three in 5-HTR2A (rs6311, rs6313, and rs17289304) were
genotyped by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry using
the Sequenom MassARRAY Analyzer 4 system.
Results: There were 220 responders and 70 nonresponders (120 remissioners and 170 nonremissioners) after 6 weeks of treatment. We found no association between any of the five 5-HTR1A
and 5-HTR2A gene polymorphisms and antidepressant drug response or remission (P0.05).
It is worth mentioning that TT genotype frequency of rs10042486 was significantly different
from the CT genotype frequency between responders and nonresponders, although the significance was not maintained after correcting for multiple testing.
Conclusion: Thus, 5-HTR1A and 5-HTR2A gene polymorphisms may not play an important
role in antidepressant drug response or remission.
Keywords: genetic association, major depressive disorder, SSRIs
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Pharmacogenetic studies provide the opportunity for
identifying robust predictors of individual responses to
antidepressants, potentially allowing personalized treatment
for a given patient.
Candidate genes for pharmacogenetic studies include
those involved in drug metabolism (eg, tryptophan hydroxylase 1 and cytochrome P450), drug targets (eg, serotonin
transporter and serotonin 2A receptor), and potential disease
mechanisms (eg, FK506 binding protein 5 and brain-derived
neurotrophic factor).
Plenty of evidence suggests that both serotonin 1A and
2A receptors (5-HTR1A and 5-HTR2A, respectively) play
an important role in the etiology of depression and clinical
effects of antidepressants. Significantly impaired 5-HTR1A
function has been reported to increase the risk of major
depression,2 while animal model showed increased regional
5-HTR1A receptor expression after chronic electroconvulsive
shock.3 Furthermore, in postmortem studies from depressed
patients, those who underwent long-term antidepressant
treatment showed increased serotonergic neurotransmission
mediated by 5-HTR1A.4 In humans, the role of 5-HTR1A in
the antidepressant response is now well established.5 Similarly, 5-HTR2A antagonists are effective antidepressants in
humans.6 In animal models of depression, 5-HTR2A may
also mediate some antidepressant effects.7
In this study, we examined the involvement of 5-HTR2A
(rs17289304, rs6311, and rs6313) and 5-HTR1A (rs10042486
and rs1364043) genes in the antidepressant effect of selective
serotonin reuptake inhibitors (SSRIs). All the single-nucleotide polymorphisms (SNPs) we selected were reported to be
associated with antidepressant response in published papers
including genome-wide association studies.8–10 Most of them
were tagSNPs from the HapMap and functional SNPs in the
regulatory regions. Ultimately, the study of personalized
medicine may lead to the use of genetic testing for guiding
antidepressant use in clinical practice.

Methods
Subjects
A total of 290 depressed patients (18–55 years old) fulfilling the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition criteria for MDD and with a
minimum Hamilton Depression Rating Scale (HAMD)
score of 18 were recruited from April 2005 to September
2006. Diagnosis was confirmed by psychiatric examination
performed by board-certified and experienced psychiatrists.
Patients were new cases or had not taken any antidepressant
treatment at least 2 weeks before recruitment and with no
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history of electroconvulsive therapy. Patients with other axis I
psychiatric disorders (including schizophrenia, rapid cycling
bipolar disorder, dementia, generalized anxiety disorder,
obsessive–compulsive disorder, and substance abuse), axis II
disorders (including personality disorders), major medical/
neurological disorders, abnormal laboratory baseline values,
and pregnancy were excluded.
All participants were of unrelated Chinese Han origin,
and shared similar geographic and sociodemographic data.
The Institutional Ethics Committee of Sichuan University
approved this study and written informed consent was
obtained from each participant.

Treatment
All patients received treatment for a 6-week period with
SSRIs. Among the participants, 59.31% (172 out of the 290)
were new cases for antidepressant treatment. Patients were
randomly selected for treatment with fluoxetine, paroxetine,
citalopram, or sertraline (paroxetine 20–40 mg once a
day [qd], fluoxetine 10–40 mg qd, citalopram 20–40 mg qd,
or sertraline 50–150 mg qd). Other psychotropic medications were not permitted during the study, except for
benzodiazepine prescribed occasionally with a minimum
dosage at bedtime for insomnia.

Data collection
On study enrollment, 5 mL of peripheral venous blood was
collected from each participant for genotyping. Patients’
conditions were assessed by trained psychiatrists blinded to
genotypes and who were responsible for providing a detailed
objective protocol for each patient. A 17-item HAMD was
used to evaluate treatment efficacy at baseline and 1, 2, 4,
and 6 weeks following treatment initiation. Clinical response
was defined as 50% decrease in total HAMD score on treatment completion, and clinical remission as a final HAMD
score 8.11
In total, eleven patients were excluded due to absent blood
samples or genotyping failure. Another three patients did not
complete the study due to intolerable adverse effects. Overall,
a cohort of 290 patients was included in the final analysis.

DNA extraction and genotyping
Genomic DNA was extracted from venous blood leukocytes
using standard phenol–chloroform method. Considering
potential function and frequency, five SNPs in 5-HTR genes
were selected from Single Nucleotide Polymorphism Database (http://www.ncbi.nlm.nih.gov) or previous literature.
Of these five SNPs, rs1364043 and rs10042486 are located
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downstream and upstream, respectively, of 5-HTR1A,
rs17289304 and rs6311 lie upstream of 5-HTR2A, and rs6313
is in the 3′ untranslated region of 5-HTR2A. Genotyping of
all SNPs was performed by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometer using MassARRAY® Analyzer 4 platform (Sequenom, San Diego, CA,
USA). All primers were designed by the accompanying
software Spectrodesigner. The polymerase chain reactions
(PCRs) were carried out in a total volume of 5 μL, with 10 ng
genomic DNA using the cycling conditions recommended
by the manufacturer. Multiplexing and homogeneous massextension processes were used to produce primer extension
products. Detailed information on the primers and polymerase
chain reaction conditions are available on request. Genotype
determination was performed by researchers blinded to the
clinical outcomes of antidepressant treatment.

Statistical analysis

Hardy–Weinberg equilibrium was calculated using χ2 tests,
and linkage disequilibrium (LD) analysis was performed
using SHEsis software (Shanghai Jiao Tong University,
Shanghai, People’s Republic of China).12 LD of all pairs
of SNPs within each gene was estimated with D′ as the
standardized measurement. Haplotype construction was
initially performed on HaploView (Broad Institute of MIT
and Harvard, USA) and further analysis was carried out
on SHEsis. Comparisons of genotype/allele and haplotype
frequencies between responders and nonresponders, and

remissioners and nonremissioners were performed for each
polymorphism using χ2 or Fisher’s tests. P-values were corrected for allelic and genotype association analysis using
Bonferroni correction. Probability of a type I error was set at
a maximum level of 0.05. All analyses were performed using
SPSS Version 17.0 (SPSS Inc., Chicago, IL, USA).

Results
Characteristics of study subjects
The clinical and demographic characteristics of the
290 patients (220 responders and 70 nonresponders, and
120 remissioners and 170 nonremissioners) included in this
study are summarized in Table 1. There were no significant differences in HAMD-17 baseline, age, sex, marriage
status, family history, and body mass index between
responders and nonresponders or between remissioners and
nonremissioners.

5-HTR genotype and allele frequencies
Genotype distributions in the total cohort were in Hardy–
Weinberg equilibrium (Table 2). Genotype and allele
frequencies of the five SNPs (rs6311, rs6313, rs1364043,
rs10042486, and rs17289304) are summarized in Table 3.
For rs10042486, there was a significant difference in genotype frequency between responders and nonresponders
(P=0.012), although the difference was no longer significant
after correcting for multiple testing. Allele frequencies of
rs10042486 in responders were not significantly different

Table 1 Clinical and demographic characteristics of responders/nonresponders and remissioners/nonremissioners
Group

Responder

Nonresponder

n=220

n=70

Remissioners

Nonremissioners

n=120

n=170

Age (years)
Age at onset (years)

35.62±13.65
32.90±14.69

37.39±12.16
35.00±12.01

0.34
0.28

35.00±14.16
32.17±15.65

36.78±12.68
34.26±12.91

0.26
0.22

BMI

21.72±3.38

HAMD baseline

24.28±4.80

22.55±6.10

0.16

21.59±3.70

22.15±4.49

0.26

25.00±5.18

0.35

24.49±4.77

24.34±4.96

HAMA baseline

0.8

20.73±6.65

21.08±6.10

0.73

20.80±6.56

20.79±6.56

0.99

HAMD-6 week

5.96±3.46

18.33±7.69

0.05

3.47±2.07

11.48±6.16

0.05

HAMA-6 week

5.84±6.40

16.26±13.94

0.05

4.17±7.55

10.11±8.88

0.05

112 (50.90)
108 (49.10)

29 (48.00)
41 (52.00)

0.17

51 (42.5)
69 (57.5)

90 (52.94)
80 (47.06)

0.08

82
121
17

21
45
4

0.39

45
65
8

58
101
13

0.74

30
190

13
57

0.48

19
101

24
146

0.61

Sex, n (%)
Male
Female
Marital status, n
Never married
Married
Divorced or widowed
Family history, n
Yes
No

P

P

Note: Data presented as mean ± standard deviation unless stated otherwise.
Abbreviations: BMI, body mass index; HAMD, Hamilton rating scale for depression; HAMA, Hamilton rating scale for anxiety.

Neuropsychiatric Disease and Treatment 2016:12

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

1625

Dovepress

Dong et al

Table 2 Hardy–Weinberg equilibrium analysis
Locus

Genotype

rs6311
Observed value
Expected value

Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 3.238.70.175 on 21-Jan-2021
For personal use only.

rs6313
Observed value
Expected value
rs1364043
Observed value
Expected value
rs10042486
Observed value
Expected value
rs17289304
Observed value
Expected value

from nonresponders (P0.05). Genotype and allele frequencies of the other polymorphisms in responders or remissioners
were not significantly different from those in nonresponders
or nonremissioners (P0.05).
Pairwise LD among the five markers is presented in
Table 4. Haplotype analysis was performed and the estimated
haplotype frequencies are summarized in Table 5. Haplotypes
were rejected if the estimated haplotype frequencies
were 3% in both groups. The results showed that rs6311
and rs6313 polymorphisms displayed LD (D′=0.94) in
subjects. However, no haplotype was associated with antidepressant response or remission.

Discussion
SSRIs are a widely prescribed medication and currently
one of the preferred treatments for major depression.13,14
However, not all patients benefit from use of these drugs.
Many studies have shown that ~40% of patients respond
partially, or not at all, to antidepressants.15,16 In this study, we
found a 76% response rate and 42% remission rate at 6 weeks
of treatment with SSRIs, similar to previous studies.17
Reduced expression of 5-HTR gene is considered a hypothetical risk factor that may explain some of the differences
in clinical response to drugs targeting this receptor. In the
present study, we found no correlation between rs10042486
in 5-HTR1A and treatment response to SSRIs in patients with
MDD. Many other studies in this field have reported inconsistent results. In Kato et al’s18 study, an association between
rs10042486 and treatment response in Japanese subjects with
major depression was found. The same association was also
observed in schizophrenia, as Crisafulli et al19 reported that
rs10042486 was associated with schizophrenia and clinical
improvement on Positive and Negative Syndrome Scale total
1626
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TT
104
97.90
TT
108
100.24
GG
109
111.1
TT
185
180.83
TT
262
261.73
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CT
129
141.19
CT
125
140.51
GT
141
136.79
TC
88
96.34
TG
27
27.55

CC
57
50.90
CC
57
49.24
TT
40
42.10
CC
17
12.83
GG
1
0.73

χ2

P-value

2.16

0.14

3.54

0.06

0.27

0.60

2.17

0.14

0.12

0.73

scores as well as Positive and Negative Syndrome Scale
positive and negative scores. However, Zhao et al20 reported
the opposite conclusion in a Chinese cohort, and Villafuerte
et al21 also found no association between rs10042486 and
response to citalopram in the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study.
Little attention has been paid to rs1364043. We did
not find any association between rs1364043 and either
SSRI treatment response or remission. However, in the
STAR*D study, Villafuerte et al21 reported that individuals
homozygous for the G allele of rs1364043, and a haplotype
containing this allele, showed a better response over time
to citalopram. Kato et al’s study also observed significant
association between improved response to antidepressants
and rs1364043 T/T genotype carriers in 137 Japanese major
depression subjects.18
Genetic variation in 5-HTR2A has been widely implicated
in a variety of neuropsychiatric disorders,22 although it has not
been convincingly demonstrated that it affects antidepressant
treatment outcome. Our study did not find any association
between 5-HTR2A (rs17289304, rs6311, and rs6313) and
treatment outcome. Linkage analysis identified LD between
rs6311 and rs6313, but the haplotype was not associated with
treatment outcome. This is consistent with another Chinese
study conducted by Li et al.23 Similarly, Andre et al24 found no
signiﬁcant interaction between 5-HT2A gene SNPs (rs6311,
rs6313, and rs7997012) and SSRI treatment response. The
STAR*D research by McMahon et al25 also found that neither
rs6311 nor rs6313 showed significant association with treatment response or remission. Viikki et al26 reported that either
rs7997012 or rs6311 within 5-HTR2A was not significantly
associated with Montgomery–Asberg Depression Scale
score change, but interaction between the SNPs and sex
Neuropsychiatric Disease and Treatment 2016:12
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Nonresponders

rs17289304
Responders

Nonresponders

rs6313
Responders

Nonresponders

rs6311
Responders

Nonresponders

rs10042486
Responders

GG
85
(38.64)
24
(34.29)
TT
146
(66.36)
39
(55.71)
TT
79
(35.91)
25
(35.71)
TT
82
(37.27)
26
(37.14)
TT
200
(95.24)
62
(88.57)

GT
103
(46.82)
38
(54.29)
CT
58
(26.36)
30
(42.86)
CT
99
(45.0)
30
(42.86)
CT
98
(44.56)
27
(38.57)
GT
19
(4.28)
8
(11.43)
0 (0)

TT
32
(14.54)
8
(11.42)
CC
16
(7.27)
1
(1.43)
CC
42
(19.09)
15
(21.43)
CC
40
(18.18)
17
(24.29)
GG
1
(0.48)

Genotype frequency
(%)

0.672

0.4852

0.9035

0.0123

0.5352

P-value
Genotype

submit your manuscript | www.dovepress.com

Dovepress

0.86
0.01
0.00
0.06

rs6311
rs6313
rs1364043
rs10042486
rs17289304

0.84

0.84

G
273
(62.05)
86
(61.43)
T
350
(79.55)
108
(77.14)
T
257
(58.41)
80
(57.14)
T
262
(59.55)
79
(56.43)
T
419
(95.23)
132
(61.21)

0.01
0.00
0.04

0.94

T
167
(37.95)
54
(38.57)
C
90
(20.45)
32
(22.86)
C
183
(41.59)
60
(42.86)
C
178
(40.45)
61
(43.57)
G
21
(4.77)
8
(5.71)

Allele
frequency (%)

rs6313

0.9035

0.0615

0.84

FDR
adjusted

Note: For each pair of SNPs, D′ and r2 values are shown above and below the diagonal, respectively.
Abbreviation: SNP, single-nucleotide polymorphism.

rs6311

D′/r2

Table 4 Pairwise polymorphism linkage disequilibrium

Abbreviations: FDR, False-discovery rate; SNP, single-nucleotide polymorphism.

5-HTR2A

rs1364043
Responders

5-HTR1A

Nonresponders

SNP

Gene

0.6562

0.514

0.7914

0.544

0.8959

Nonremissioner

rs17289304
Remissioner

Nonremissioner

rs6313
Remissioner

Nonremissioner

rs6311
Remissioner

Nonremissioner

rs10042486
Remissioner

Nonremissioner

rs1364043
Remissioner

SNP

0.24
0.00

0.10
0.15

rs1364043

P-value
Genotype
GG
41
(34.17)
68
(40)
TT
74
(61.67)
111
(65.29)
TT
42
(35)
62
(36.47)
TT
45
(37.5)
63
(37.06)
TT
105
(87.5)
157
(92.35)

GT
62
(51.67)
79
(46.47)
CT
36
(30)
51
(30)
CT
53
(44.17)
76
(44.71)
CT
51
(42.5)
74
(43.53)
GT
14
(11.67)
13
(7.65)
0.244

0.983

0.909

0.441

0.592

P-value
Genotype

0.01

0.05
0.01
0.75

rs10042486

0 (0)

TT
17
(14.17)
23
(13.53)
CC
10
(8.37)
8
(4.71)
CC
25
(20.83)
32
(18.82)
CC
24
(20)
33
(19.41)
GG
1
(0.83)

Genotype frequency
(%)

Table 3 Genotype and allele frequencies of 5-HTR gene SNPs between responders/nonresponders and remissioners/nonremissioners

G
144
(60)
215
(63.24)
T
184
(76.67)
273
(80.29)
T
137
(57.08)
200
(58.82)
T
141
(58.75)
200
(58.82)
T
224
(93.33)
327
(96.18)

T
96
(40)
125
(36.76)
C
56
(23.33)
67
(19.71)
C
103
(42.92)
140
(41.18)
C
99
(41.25)
140
(41.18)
G
16
(6.67)
13
(3.82)

Allele
frequency (%)
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0.89
0.71
0.12
0.78

rs17289304

0.122

0.986

0.676

0.293

0.429

P-value
Genotype
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0.06
0.34
0.02
0.79
0.09
0.85 (0.61–1.19)
0.13 (0.02–0.96)
0.83 (0.19–3.45)
1.34 (0.95–1.87)
89.99 (37.5)
1.01 (0.4)
3.01 (1.3)
145.99 (60.8)
140.84 (41.4)
11.16 (3.3)
5.16 (1.5)
182.84 (53.8)
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could explain 14% of the variance in Montgomery–Asberg
Depression Scale score change, prompting the suggestion
that rs6311 may not independently influence treatment
outcome, but play a role by interacting with other factors.
However, the association between rs6311 in 5-HT2A receptor
and response to SSRIs has been reported in Asian and Caucasian people.8,27,28 Many factors may contribute to these
inconsistent results in the same candidate gene (eg, sample
size, definition of response or remission, and antidepressant
choice). In our study, only SSRIs were used, in order to
minimize the influence of drug variety. In addition, many of
these studies were performed on a small sample size within
a short-term follow-up period, which may cause possible
false-negative or -positive results. Ethnic differences may
also play an important role in generating inconsistent results.
For example, Drago et al29 reviewed studies focusing on
rs10042486 polymorphism in 5-HTR1A gene and found that
the allele prevalence in different populations showed extreme
variations (eg, C=0.517 in Caucasian, 0.133 in Han Chinese,
0.125 in Japanese, and 0.271 in sub-Saharan African).
There are several limitations in our study. We did not
measure plasma levels of the medications, although these
effects are probably minor as there is no identified correlation between plasma SSRI concentration and clinical
response.30,31 Other limitations include small sample size and
short follow-up periods. Moreover, as we did not use a control
group, a placebo effect may reinforce the study limitations.
In conclusion, we found no association between 5-HTR1A
and 5-HTR2A polymorphisms and SSRI therapeutic response
in Chinese Han MDD patients. However, in view of the
importance of 5-HTR in the mechanism of SSRIs’ antidepressant action, further studies with large sample size should
be performed to explore the association between SNPs in
5-HTR genes and antidepressant effects.

0.71

Acknowledgments
Abbreviations: CI, confidence interval; OR, odds ratio.

0.65
0.54
0.38
0.64
172.89 (39.3)
10.11 (2.3)
5.11 (1.2)
251.89 (57.2)
C-C
C-T
T-C
T-T

57.96 (41.4)
2.04 (1.50)
3.04 (2.2)
76.96 (55.0)

0.91 (0.62–1.35)
1.59 (0.35–7.27)
0.53 (0.13–2.22)
1.09 (0.74–1.62)

Global
P-value
P-value
OR (95% CI)
Responders
n=220 (%)
Nonresponders
n=70 (%)
Haplotype

Table 5 Haplotype distribution in responders/nonresponders and remissioners/nonremissioners

Nonremissioner
n=170 (%)

Remissioner
n=120 (%)

OR (95% CI)
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