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Introduction
Suicide is one of the leading causes of death throughout the world; it ranks among the
top 10 causes of death for individuals of all ages and is the leading cause of death in
males under 35 years old.1,2
A decrease in the concentrations of serotonin metabolites (in particular the serotonin 5-hydroxyindoleacetic) in patients with suicide behavior (suicide attempt and
suicide) suggests that the serotonergic system is associated with suicide behavior.3,4
Studies have consistently proposed that genes of the serotonergic system could play
an important role in suicide.5,6 For example, in SH-SY5Y cells, the administration
of human interferon-alpha modifies the HTR2C mRNA editing, and this could be a
mechanism of drug-induced depression or suicidal side effects in humans.7,8 It has
also been proposed that the serotonin receptor 2C (HTR2C) gene9,10 contributes to
suicide behavior.11
The HTR2C belongs to the family of 5-HT2 receptors, which has three members:
5-HT2A, 5-HT2B, and 5-HT2C.1 The gene that encodes the HTR2C is located on
the long arm of the X chromosome at position 24; and it contains six exons and ﬁve
introns, spanning at least 230 kb.12 One of the most common variants of the HTR2C is
559
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Background: The aim of this case–control study was to explore the association by gender
between the HTR2C gene variants and suicidal behavior in a Mexican population.
Subjects and methods: A total of 183 suicide attempters and 208 healthy volunteers were included
in this study. We genotyped five polymorphisms of HTR2C (rs547536, rs2192372, rs4272555,
rs6318, and rs2428707), then measured the association by genotype, allele, and haplotype.
Results: In the female group, we found an association between two polymorphisms of the
HTR2C (rs4272555 and rs2428707) and suicide attempts. The C allele of the single-nucleotide
polymorphism (SNP) rs4272555 was associated with a decreased risk of suicide attempt
(P=0.01, odds ratio =0.26, 95% confidence interval: 0.09–0.79), whereas the G allele of the SNP
rs2428707 was associated with an increased risk of suicide attempt (P=0.01, odds ratio =3.68,
95% confidence interval: 1.24–10.90). No significant association was observed between the other
polymorphisms studied (rs547536, rs2192372, rs6318) or haplotypes with suicide attempts.
Conclusion: These findings suggest a possible risk factor of the HTR2C gene in the pathology of suicidal behavior in Mexican population. More studies are necessary to confirm this
association.
Keywords: suicide, serotonin receptor, HTR2C gene, Mexican population, polymorphism
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the Cys23Ser (rs6318), which is a functional polymorphism
(C/G at position 68) that results in the substitution of cysteine
for serine at position 23 of the N-terminal extracellular
domain.2,13,14 In the last few years, several authors have
reported an association between the HTR2C polymorphism
and suicidal behavior.15 Furthermore, in analyses performed
by gender, a negative association has been observed between
the HTR2C polymorphism and suicidal behavior.14,16 Other
polymorphisms of HTR2C that also have been studied in
suicide behavior are rs547536, rs2192372, rs2428707, and
rs4272555;14 however, no association has been established
in several populations. Therefore, the association between
the HTR2C gene remains controversial, given that the available case–control studies have obtained both positive and
negative findings.13–15,16–20 In addition, to date, the relationship between the HTR2C gene and suicide behavior in the
Mexican population has not yet been studied.
As the HTR2C gene is located on chromosome X,
the objective of this work was to analyze the association
by gender between five genetic variants of HTR2C gene,
rs547536, rs2192372, rs6318, rs2428707, and rs4272555,
and suicide attempt in a Mexican population.

Subjects and methods
A total of 187 unrelated patients, of whom 110 (58.8%) were
females and 77 (41.2%) were males who had attempted suicide, were included in this study. We defined suicide attempt
as a self-harm behavior with at least some intent to end one’s
life. The subjects were recruited from the outpatient service of
the General Hospital of Comalcalco in the state of Tabasco,
Mexico. We also included 223 healthy subjects as controls
(146 females [65.5%], 77 males [34.5%]) who were recruited
from the blood donor center at the same hospital. We want to
emphasize that all the individuals in this study were exclusively from Comalcalco and had parents and grandparents of
Mexican origin so as to reduce ethnic variation and stratification effects. However, markers of ancestry were not tested.
All patients who had attempted suicide between January
2013 and December 2013 were included. We considered
as exclusion criteria patients who had an organic disorder
or self-injury behavior, patients who had concomitant
diagnoses of mental retardation or drug dependence, and
patients with somatic or neurological illnesses that impaired
psychiatric evaluation.

Clinical evaluation
All the individuals (suicide patients and healthy subjects) were evaluated by trained psychiatrists or clinical
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psychologists with a Master’s degree as the minimum education level. For all of them, the lifetime diagnoses were
determined using the Diagnostic and Statistical Manual of
Mental Disorders – Fourth Edition (DSM-IV) criteria following appropriate interviews (Structured Clinical Interview
for DSM-IV [SCID] I and II).21 The suicide patients were
classified in one of the following psychiatric diagnoses:
schizophrenia spectrum disorders n=32 (17.1%), mood disorders n=59 (31.5%), stress-related disorders n=73 (39.0%),
and substance-related disorders 23 (12.4%).

Ethics statement
Written informed consent was obtained from all subjects
after the procedures had been fully explained to them. The
subjects did not receive any economical remuneration.
The study was approved by the local Ethics and Research
Committee of División Académica Multidisciplinaria de
Comalcalco (DAMC)-Universidad Juárez Autónoma de
Tabasco (UJAT) (UJAT-DAMC-2012-02). The study was
performed in compliance with the ethical standards of the
1964 Declaration of Helsinki.

Genotype assays
Genomic DNA was isolated from whole blood samples using
standard procedures that have been previously reported.9,22
Genotyping of the HTR2C variants rs547536, rs2192372,
rs4272555, rs6318, and rs2428707 was performed using the
TaqMan® (Applied Biosystems Inc, Foster City, CA, USA)
SNP Genotyping Assay obtained from Applied Biosystems. We
followed the manufacturer’s genotyping protocol. We selected
five single-nucleotide polymorphisms (SNPs) of the HTR2C
gene found in the promotor and introns of the gene (Table 1).

Statistical analysis
First, the Hardy–Weinberg equilibrium for the HTR2C variants was determined using Pearson’s goodness of fit χ2 test. For
female controls, the genotype frequencies of rs6318, rs2428707,
and rs4272555 did not deviate from Hardy–Weinberg
Table 1 HTR2C variants considered in the present case–control
study in a Mexican population
Polymorphism

Position
(relative position)

Alleles

Role

rs547536
rs2192372
rs6318
rs2428707
rs4272555

113811080 (-7471)
113891773 (73223)
113965735 (147185)
114000359 (181809)
114083625 (265075)

A/T
A/G
C/G
A/G
C/T

Promoter
Intron
Coding sequence
Intron
Intron

Note: Data from snpper.chip.org.25
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equilibrium (P.0.05); however, the genotype frequencies of
rs547536 and rs2192372 did deviate from Hardy–Weinberg
equilibrium (P,0.05). The observed deviations were not likely
to be due to laboratory error. Random blind duplicates of up
30% of the samples were used as a quality control measure,
and we obtained consistent results.
Then, χ2 and Fisher’s exact tests were used to compare the
genotype and allele frequencies between cases and controls.
Finally, the Haploview 4.2 (Broad Institute, Cambridge, MA,
USA)23 was employed to calculate the linkage disequilibrium
(LD) of the markers. The level of significance was set at 0.05.
For multiple comparisons, the significance level was set at
P=0.016 (0.05/5) using Bonferroni correction. We included
five SNPs in the analysis.

Results
SNP association analysis
The demographic characteristics of the cases (mean
age: 25.96 years, standard deviation [SD]: 9.26 range:
14–56 years) and comparison group (mean age: 31.95 years,
SD: 13.03 range: 14–61 years) in this Mexican population
are presented in Table 2.
Table 3 shows the genotype and allele frequencies of the
HTR2C variants rs547536, rs21923372, rs6318, rs2428707,
and rs4272555 in the suicide attempters and control groups.
The HTR2C variants rs4272555 and rs2428707 were significantly associated with suicide attempt in this Mexican population. In the female group, the G allele of the SNP rs2428707
was associated with an increased risk of suicide attempt
(P=0.01, odd ratio [OR] =3.68, 95% confidence inrterval
[CI]: 1.24–10.90), while the C allele of the SNP rs4272555
was associated with a decreased risk of suicide attempt

(P=0.01, OR =0.26, 95% CI: 0.09–0.79). The distributions of
the HTR2C variants rs547536, rs21923372, and rs6318 were
not significantly different between the subjects with suicidal
behavior and the control group (Table 3). Subsequently,
for the SNPs that showed a significant association, we
summarized the evidence and performed a meta-analysis.
The results of the meta-analysis (Supplementary materials)
showed a nonsignificant association for the rs2428707 (fixed
effects: OR: 1.21, 95% CI: 0.80–1.82, P(Q)=0.03) and for
the rs4272555 (fixed effects: OR: 0.56, 95% CI: 0.16–1.94,
P(Q)=0.03) (Figures S1–S4 and Tables S1 and S2).

Haplotype association analysis
The LD (linkage disequilibrium) in this Mexican population was measured for all markers examined in this case–
control study (rs547536, rs2192372, rs6318, rs4272555,
and rs2428707). Block 1 (Figure 1) shows the LD measurements. We conducted a haplotype analysis of the same five
markers and did not find a significant association between
suicide attempt and any of the examined haplotypes (P.0.01,
Table 4).

Discussion
The aim of the present study was to assess the association
between the HTR2C variants rs547536, rs2192372, rs6318,
rs2428707, and rs4272555 and suicide attempt in a Mexican
population. To our knowledge, this is the first association
analysis between HTR2C polymorphisms and suicidal
behavior performed in a Latin American population. We
found that the G allele of rs2428707 was associated with
an increased risk of suicidal behavior in females; however,
this is not similar to the results of previous studies. 14,20

Table 2 Sociodemographic features of controls and suicide attempters in a Mexican population
Sociodemographic features
Gender (n [%])
Males
Females
Marital status (n [%])
Single
Married
Separated/divorced
Widowed
Socioeconomic level (n [%])
High
Middle
Low
Age (in years)

Controls (%)

Cases (%)

χ2

df

P-value

77 (34.5)
146 (65.5)

77 (41.1)
110 (58.9)

1.91
–

1
–

0.16
–

100 (44.8)
104 (46.7)
9 (4.0)
10 (4.5)

94 (50.3)
79 (41.2)
9 (4.8)
5 (2.6)

2.12
–
–
–

3
–
–
–

0.54
–
–
–

3 (1.3)
142 (63.7)
78 (35.0)

6 (3.3)
93 (49.7)
88 (47.0)

8.72
–
–

2
–
–

0.01*
–
–

Average (SD)
31.95 (13.03)

Average (SD)
25.96 (9.26)

t
-4.04

F
52

P-value
,0.001*

Note: *P-value: statistical significance (0.05).
Abbreviation: SD, standard deviation.
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Table 3 Genotype and allele distributions of HTR2C variants in a Mexican population
Polymorphism

Genotype

rs547536
Female non-attempters, n (%)
Female suicide attempters

AA
39 (27.0)
22 (20.9)
ns

AT
35 (24.3)
27 (25.7)

TT
70 (48.6)
56 (53.3)

AA
25 (17.2)
11 (10.3)
ns

AG
18 (12.5)
17 (16.0)

GG
102 (70.3)
78 (73.6)

CC
3 (2.0)
0
ns

CG
8 (5.5)
5 (5.2)

GG
134 (92.4)
91 (947)

AA
6 (4.1)
0
ns

AG
9 (6.1)
4 (4.1)

GG
131 (89.8)
93 (95.9)

CC
131 (89.7)
94 (95.9)
ns

CT
9 (6.1)
4 (4.0)

TT
6 (4.1)
0

Male non-attempters, n (%)
Male suicide attempters, n (%)
rs2192372
Female non-attempters, n (%)
Female suicide attempters
Male non-attempters, n (%)
Male suicide attempters, n (%)
rs6318
Female non-attempters, n (%)
Female suicide attempters
Male non-attempters, n (%)
Male suicide attempters, n (%)
rs2428707
Female non-attempters, n (%)
Female suicide attempters

Male non-attempters, n (%)
Male suicide attempters, n (%)
rs4272555
Female non-attempters, n (%)
Female attempters

Male non-attempters, n (%)
Male attempters, n (%)

A
T
113 (39.3)
175 (60.7)
71 (33.8)
139 (66.1)
ns
24 (38.8)
38 (61.2)
39 (53.5)
34 (46.5)
ns
A
G
68 (23.5)
222 (76.5)
39 (18.4)
173 (81.6)
ns
8 (12.3)
57 (87.7)
13 (16.8)
64 (83.2)
ns
C
G
14 (4.8)
276 (95.1)
5 (2.6)
187 (97.3)
ns
3 (4.3)
68 (95.7)
1 (1.5)
66 (98.5)
ns
A
G
21 (7.1)
271 (92.8)
4 (2.0)
190 (98.0)
P=0.01, χ2=6.28, OR =3.68,
95% CI: (1.24–10.90)
3 (4.1)
69 (95.8)
2 (3.0)
65 (97.0)
ns
C
T
271 (61.2)
21 (38.7)
192 (46.5)
4 (53.4)
P=0.01, χ2=6.40, OR =0.26,
95% CI: (0.09–0.79)
69 (97.1)
2 (2.8)
62 (89.8)
7 (10.2)
ns

Note: Statistically significant values are presented in bold (P,0.05).
Abbreviations: ns, nonsignificant; OR, odds ratio; CI, confidence interval.

This discrepancy could be due to differences of the sample
sizes used. The number of control subjects used in those
previous studies and our study were similar; however, the
number of cases in our study were fewer than what the German and Italian populations used in previous studies.14,20
Another possible explanation for this discrepancy is the
heterogeneity between the studies. In our study, the absence
of the A allele of rs2428707 and the T allele of rs4272555
in the female group, could be ethnic-dependent because
the allelic and genotypic distributions we observed were
different from those reported in the literature.14,20 Third, the
“positive results” of this study are modest because we did
not exclude the presence of false positives, even when the
results were corrected by Bonferroni’s. For major evidence,
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we performed a meta-analysis that included studies that
have been reported up to date and observed a no-association.
However, we considered that the low number of studies, the
low number of samples, and the presence of heterogeneity
in the analysis reduced the statistical power to detect a possible association between the HTR2C polymorphisms and
suicidal behavior. In consequence, more studies that analyze
this association are needed.
Our analysis also showed an opposite effect for the
rs4272555 and suicide; we observed that in females, the
C allele of the rs4272555 is a protective allele against
suicidal behavior. It is fundamental to consider these
findings with caution for the following reasons: First, the
LD analysis indicated stronger linkage disequilibrium for
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Figure 1 LD in HTR2C markers (rs547536, rs2192372, rs4272555, rs6318, and
rs2428707) in suicide attempters and controls in a Mexican population.
Abbreviation: LD, linkage disequilibrium.

rs2428707 and rs4272555 than for the other HTR2C variants. Second, the small sample size of our study may have
resulted in a weaker statistical association than other studies
with a larger study population. Therefore, it is necessary
to analyze other populations and increase the sample size,
without the presence of the heterogeneity, in order to have
conclusive results.
The HTR2C Cys23Ser (rs6318) polymorphism is perhaps the most extensively studied for a possible association
with suicidal behavior11,13,14,17–20 and self-injury.24 The present study did not find an association between the HTR2C
Cys23Ser (rs6318) and suicidal behavior. However, this
finding is in accordance with previous studies14,20 performed
in Caucasian and Chinese populations.18,19 In contrast, in a
recent study by Karanovic et al,11 an association between
the C allele of HTR2C rs6318 and suicide attempt was
observed. Karanović et al11 included 165 suicide attempters
Table 4 Haplotypes for HTR2C markers rs547536 (A/G),
rs2192372 (A/T), rs4272555 (C/T), rs6318 (C/G), and rs2428707
(A/G) in controls and suicide attempters
HTR2C
haplotypes

Frequencies

Cases,
controls ratios

χ2

P-value

TACGC
TGCGC
ATCGC
ATGAT
AACGC

0.57
0.19
0.15
0.01
0.01

0.56, 0.59
0.19, 0.18
0.14, 0.16
0.02, 0.007
0.02, 0.006

0.49
0.001
0.59
3.41
2.95

0.48
0.97
0.44
0.06
0.08

Neuropsychiatric Disease and Treatment 2017:13

and 188 controls, which is similar to what we used in the
present study; however, their controls were subjects with
psychiatric diseases other than suicidal behavior and our
controls were subjects without any psychiatric disorders.
Hence, these findings need to be replicated before any strong
conclusions can be drawn.
The results of our study should be interpreted in the
context of its limitations. Studies using larger samples are
necessary to identify small effects related to these polymorphisms. Second, although we perform a Bonferroni correction and performed a meta-analysis, the small sample size
and the small number of the studies (respectively) do not
ensure the absence of false positives. Finally, we did not
analyze the clinical features of suicide attempters that may
predispose them to this behavior.

Conclusion
Our results suggest an association between the rs2428707 and
rs4272555 polymorphisms of HTR2C in Mexican females
with suicidal ideation. Future research must examine the
potential mediating effects of the HTR2C gene variants to
highlight the importance of the serotonin system in suicidal
behavior, with special focus on the receptor gene HTR2C.
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Figure S1 OR and forest plot for the meta-analysis of rs2428707.
Note: G allele vs A allele with heterogeneity.
Abbreviations: OR, odds ratio; CI, confidence interval.
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Figure S2 Egger’s funnel plot indicating publication bias for studies included in the meta-analyses.
Note: G allele vs A allele with heterogeneity.
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Figure S3 OR and forest plot for the meta-analysis of rs4272555.
Note: T allele vs C allele with heterogeneity.
Abbreviations: OR, odds ratio; CI, confidence interval.
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Figure S4 Egger’s funnel plot indicating publication bias for studies included in the meta-analysis of rs4272555.
Note: T allele vs C allele with heterogeneity.

Table S1 Descriptive characteristics of two studies analyzing the role of the HTR2C gene variant rs2428707 in suicide attempt
Study

Sample size, female
(cases-controls)

Population

Diagnoses

Alleles
controls

Serretti et al1 (2007)
Our study

174 controls
146 controls 97 cases

German and Italian
Mexican

Suicide attempt
Suicide attempt

Alleles cases

A

G

A

G

51
21

297
271

43
4

253
190

Table S2 Descriptive characteristics of two studies in the meta-analysis of the HTR2C gene variant rs4272555 in suicide attempt
Study

Sample size, female
(cases-controls)

Population

Diagnoses

Alleles
controls

Serretti et al1 (2007)
Our study

174 controls
146 controls 97 cases

German and Italian
Mexican

Suicide attempt
Suicide attempt

Alleles cases

C

T

C

T

296
271

52
21

253
192

43
4
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