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No direct association of serotonin transporter
(STin2 VNTR) and receptor (HT 102T>C)
gene variants in genetic susceptibility to
migraine
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Abstract. We aimed to find out if the serotonin receptor (HT102T>C) and serotonin transporter (STin 2) polymorphisms play any
role in genetic susceptibility of migraine. For the study, 217 migraine patients and 217 healthy controls (HC) were recruited and
genotyping was carried out using the Polymerase Chain Reaction and Restriction Fragment Length polymorphism (PCR-RFLP)
method. All results were Bonferroni corrected. We could notfind any significant differences in the genotype or allele frequencies
in case of HT 102 T>C polymorphism between migraine patients and healthy controls (P value= 0.224). No significant
association was seen at allele and carrier levels. Sub-grouping the patients on the basis of gender or on basis of migraine type i.e.
with or without aura also did not show any association. Similarly, no difference in genotype (P value= 0.236), allele (P value=
0.550) or carrier frequency (P value= 0.771) in STin 2 VNTR polymorphism was observed between migraine patients. However,
HT 102 TC genotype was observed to interact significantly with the STin 2.10/10 genotype in enhancing risk of migraine, both
with and without aura. In conclusion, the HT102 T>C receptor and the STin 2 VNTR transporter polymorphisms, did not
individually confer any significant risk of migraine or its clinical subtypes but the two polymorphisms appear to synergistically
influence susceptibility to migraine.
Serotonin transporter (STin2 VNTR) and receptor (HT 102T>C) polymorphisms; Migraine with aura (MA); Migraine without
aura (MO); Genetic susceptibility

1. Introduction

Several dysfunctional genes in the serotonergic sys-
tem are probable candidates to mediate susceptibility to
migraine. Serotonin releasing agents and certain sero-
tonin receptor agonists are shown to induce migraine-
like symptoms. Also, it has been observed that there
are changes in circulating levels of serotonin and its
metabolites during the phase of migraine attack [1].

∗Corresponding author: Dr. Balraj Mittal (Professor), Department
of Genetics, Raebareli Road, SGPGIMS, Lucknow-226014 (U P),
India. Tel.: +91 522 2668004-8, Ext. 2322; Fax: +91 522 2668973;
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Platelet capacity to take up 5-hydroxytryptamine (5-
HT) is diminished, while the release of stored 5-HT is
increased during migraine attacks [2]. Lower plasma
5-HT and relatively higher levels of 5-hydroxyindole-
acetic acid, a metabolite of 5- HT degradation, were
reported in migraineurs [3]. 5-HT receptor agonists
especially ergotamine derivatives and to a lesser extent
triptans exhibit a relatively high affinity for 5-HT1A
receptor [4]. Moreover, several anti-migraine drugs are
5-HT2 receptor antagonists and the 5-HT2 receptor ag-
onists m-CPP (meta-chlorophenylpiperazine) has been
shown to induce a migraine attack [1]. So, the role
of genes involved in serotonergic pathway as potential
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candidates in migraine pathogenesis cannot be ruled
out.

The activity of serotonergic system is under the con-
trol of the many genes, of which one of the 5-HT related
genes, the 5-HT2A receptor gene containing the HT-
102T>C polymorphism (rs6313) has been mapped to
chromosomal position 13q14.1-14.2 [5]. The 5-HT2A
receptor is a post-synaptic G protein-linked receptor
that activates phosphoinositide hydrolysis [6]. Till date,
two studies have been performed to find the role of
HT 102T>C polymorphism in migraine, in which one
study did not find any association [7], whereas anoth-
er study reported an association of the polymorphism
with migraine accompanied with aura (MA) [8].

The human serotonin transporter protein is encoded
by a single gene (the solute carrier member 6, family 4,
SLC6A4) located on chromosome 17q11.l-17q12 [9].
A 17-bp VNTR polymorphism (STin2) has been iden-
tified in second intron of the gene (rs57098334). The
polymorphism consists of a variable number of tandem
repeats (VNTR), with 3 alleles (STin2*12, STin2*10
and STin2*9) [10]. Although the biological function of
the 17-bp VNTR polymorphism is still not elucidated,
a number of studies have explored association of the
VNTR in migraine. Only a Turkish study had associ-
ated STin 2.10 allele to increased risk in migraine [10],
whereas three other studies have shown negative asso-
ciation [11–13].

Since there is inconsistency in the literature on the
association of HT 102T>C and STin 2 with migraine,
we performed the present case-control study to find
out if the HT102 T>C receptor and STin2 17 bp VN-
TR transporter polymorphisms play any role in genetic
susceptibility to migraine in the studied population.

2. Subjects and methods

Migraine patients attending the out-patient Neurol-
ogy clinic of Sanjay Gandhi Postgraduate Institute of
Medical Sciences, Lucknow (India) were interviewed
for the presence of phenotypic variations like differ-
ences in age of onset, frequency and severity of at-
tacks, environmental triggers, medication response and
the presence or absence of various aura symptoms. All
affected individuals were diagnosed as having either
migraine with aura (MA) or without aura (MO) by an
experienced clinical neurologist, using the criteria of
HCCIHS [14], but because of small sample size, we
have not used the patient’s sub-groups for our analysis.
The inclusion and exclusion criteria for the studied sub-

jects were same as reported in our previous study [15,
16]. We excluded patients with uncontrolled hyper-
tension (blood pressure>160/95), peripheral vascular,
ischemic bowel disease, history, symptoms, risk for
any cardiovascular disease or patients with thyroid dis-
orders. Finally 217 migraine patients, 84 having Mi-
graine with aura (MA), 133 of Migraine without au-
ra (MO) were recruited for the study. Normal con-
trol group (HC), 217 in number, comprised age and
sex-matched healthy and normotensive volunteers free
of any routine headache, neurological or vascular dis-
eases. The study was approved by Institutional Ethical
Committee. The demographic profile of the subjects
under study is shown in Table 1. The blood samples
for genotyping were taken with the understanding and
written consent of each subject, and our study conforms
with The Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki), printed in the British
Medical Journal (18 July 1964).

2.1. Laboratory protocol

3–4 ml of venous blood was taken from the subjects
in EDTA vials. The genomic DNA was extracted from
peripheral blood leucocytes pellet using the standard
salting out method [17]. The quantitation of DNA was
done by Nanodrop spectrophotometer (Thermo Scien-
tific).

2.2. Genetic analysis

Genotyping of the polymorphisms was performed
on DNA samples by polymerase chain reaction (PCR)
and restriction fragment length polymorphism analysis
(RFLP). Genotypes were performed blinded to disease
status, as samples were taken randomly for genetic
analysis.

2.2.1. Genotyping of HT 102T>C polymorphism
(rs6313)

PCR was performed in accordance to the conditions
described by Erdal et al. [8]. The 342 bp PCR product
was digested with 10 units ofMspI (Fermentas, Mary-
land, USA), using enzyme buffer supplied by the man-
ufacturer. After digestion, the 215 and 126 bp prod-
ucts products were electrophoresed on a 15% Polyacry-
lamide Gel at 90 V for 60 minutes.
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Table 2
HT 102 T>C and STin 2 polymorphism genotype frequency distribution in studied subjects

HT-102 T>C

Genotype distribution Allele distribution
N(%) N#(%)

Subjects N TT CT CC T C

Total
Migraine 217 69 (31.8) 117 (53.9) 31 (14.3) 255(58.8) 179(41.2)
MA 84 30 (35.7) 41 (48.8) 13 (15.5) 101 (59.8) 68 (40.2)
MO 133 39 (29.3) 76 (57.1) 18 (13.5) 154 (57.9) 112 (42.1)
HC 217 81 (37.3) 110 (50.7) 26 (12.0) 272 (62.7) 162 (37.3)

HT-VNTR

Genotype distribution Allele distribution
N(%) N#(%)

Subjects N ST12.12 ST12.10 ST10.10 ST12.12 ST10.10
Total
Migraine 217 110 (50.7) 72 (33.2) 35 (16.1) 292 (67.3) 142 (32.7)
MA 84 40 (47.6) 30 (35.7) 14 (16.7) 110(65.5) 58(34.5)
MO 133 70 (52.6) 42 (31.6) 21 (15.8) 182(68.4) 84(31.6)
HC 217 109 (50.2) 84 (38.7) 24 (11.1) 302(69.6) 132(30.4)

N, Total number of subjects; Healthy Controls; T, Wild allele of HT-102 T>C; C, Variant
allele of HT-102 T>C polymorphism; STin 2.12, Wild allele of HT VNTR; STin 2.10,
Variant allele of HT-VNTR polymorphism.

2.2.2. Genotyping of STin 2, 17 bp VNTR
polymorphism(rs57098334)

PCR amplification was done using the conditions
described by Yılmaza M et al. [10] and the amplified
products were run on 10% polyacrylamide gel. Alleles
containing 10 and 12 repeats could be identified.

2.3. Statistical analysis

All other analyses were done using SPSS version 15
(SPSS, Chicago, IL, USA). The entire analysis was age
and sex adjusted.χ2 test was applied for the analysis
of genotypic and allelic distributions. Logistic regres-
sion analysis was used to find out contribution of ge-
netic polymorphisms to the risk of disease. Two tailed
tests of significance were used throughout. The rela-
tive risk for different genotypes was estimated calcu-
lating the odds ratio (OR) and 95% confidence inter-
val (CI). P values of< 0.05 were considered statis-
tically significant. Additional statistic analyses using
Bonferroni correction were applied to adjust for mul-
tiple comparisons. Since we have performed 4 tests
in a sample per polymorphism (2 sub groups like MA
and MO and 2 SNPs), a Bonferroni correction was ap-
plied for multiple comparisons with all novel associ-
ations, with a correction factor derived from the no
of tests applied (P value after Bonferroni correction is
depicted as Pcorr), to avoid chances of type 1 error.
The coefficient of Bonferroni correction (Pcorr) in our
analysis in case of recessive, dominant and genotype

model as well as at allelic level was taken as 4 for
migraine patients throughout the analysis i.e. the cor-
rected P values for comparison was taken as Pcorr for
migraine patients= 0.05/4= 0.0125. Sample size and
power was calculated using software QUANTO Ver-
sion 1.0 (http://hydra.usc.edu/gxe), taking the design
to be matched case-control and the hypothesis to be
gene-only for each genetic marker. The significance
level of our study was set at 0.0125 in a two-sided test
after Bonferroni correction. In the inheritance mod-
el, we chose the log-additive one, which is the most
suitable model in polygenic diseases. Migraine disease
prevalence of 10% was assumed [18].

Setting the threshold for significance at 0.0125 , a
relative risk of 1.5, and assuming a minor allele fre-
quency of 37.3% (in case of HT 102T>C), and 30.4%
in case of STin 2, our study has power greater than 82%
in case of HT 102T>C polymorphism and 85% in case
of STin 2 polymorphism. Goodness of fitχ2-test was
used to check if genotypes were in Hardy–Weinberg
equilibrium. Gene-gene interaction for the polymor-
phisms was also performed using Logistic Regression
analysis to examine the possibility of combined effects
of the three polymorphisms in migraine susceptibility.
Association was expressed as odds ratios (OR) or as
risk estimates with 95% confidence intervals (CI). Sta-
tistical analysis was performed using SPSS software
version 15.0 (SPSS, Chicago, IL, USA).
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Table 3
Comparison of P value and Odds ratio associated with variantgenotype and allele frequencies in studied subjects

Genotype model Dominant model Allele level
(CC genotype) (CC+TC Vs CC) (C allele)

Subjects P Value OR(95% CI) P Value OR(95% CI) P Value OR(95% CI)

Migraine Vs HC 0.244 1.454 (0.755–2.729) 0.254 1.267 (0.844–1.902) 0.230 1.186 (0.898–1.567)
MA Vs HC 0.473 1.344 (0.600–3.011) 0.925 1.026 (0.599-1.760) 0.570 1.114 (0.767–1.620)
MO Vs HC 0.278 1.495 (0.723–3.091) 0.131 1.440 (0.897–2.310) 0.197 1.231 (0.898–1.689)

N, Total number of subjects; N#, Total chromosome number; HC, Healthy Controls; T, Wild allele of HT-102 T>C; C, Variant
allele of HT-102 T>C polymorphism; STin 2.12, Wild allele of HT VNTR; STin 2.10,Variant allele of HT-VNTR polymorphism.

3. Results

The genotype and allele frequencies of the studied
subjects in HT 102 T>C polymorphism and STin2
polymorphisms are shown in Table 2. Both polymor-
phisms were in Hardy-Weinberg equilibrium in healthy
controls (p value in case of HT102T>C polymorphism
= 0.469, and STin2= 0.452).

3.1. HT 102 T>C polymorphism

After applyingBonferroni correction, we did not find
any significant differences in the frequencies of geno-
types in case of HT 102 T>C polymorphism when mi-
graine patients were compared with healthy controls
(P value= 0.224). Similarly insignificant differences
were observed at allele level (Migraine Vs HC, P value
= 0.230). Also, no significant association was noticed
in dominant model (Migraine Vs HC, P value= 0.254)
(Table 3). In addition, no significant association was
observed even after sub-grouping the migraine patients
into MA and MO at genotype level, allele level or even
in case of dominant model (Table 3). We also looked for
association of genotypes with various migraine-related
clinical variables like pain intensity, migraine frequen-
cy per month, pulsatility, unilaterality and photopho-
bia but we could not find any significant association of
the genotypes with these clinical variables (Table 1) as
compared to HC (Data not shown).

3.2. STin2 17 bp VNTR polymorphism

Using STin2.12 as reference, no difference in geno-
type (P value= 0.236), allele frequencies (P value=

0.550) or STin2.10 allele carrier frequency (P value=

0.771) was observed between migraine patients and HC
(Table 3). On sub-grouping total migraine patients on
the basis of presence or absence of aura, again we did
not find any difference in genotype (For MA, P value
= 0.216; for MO, P value= 0.418), allele frequencies
(For MA, P value= 0.335; for MO, P value= 0.891)

Table 4
HT102T>C* STin 2 gene-gene interaction analysis

P value (OR; 95% CI)

Subjects HT102T>C1 * STin 22

(Interaction)

Migraine Vs HC 0.005 (3.249; 1.416–7.457)
MA Vs HC 0.030 (3.057; 1.114–8.387)
MO Vs HC 0.008 (3.356; 1.375–8.193)

HT102T>C1 , CT genotype and * STin 21, STin 12/10 genotype;
HT102T>C2, CC genotype; STin 22, STin 2 10/10 genotype; OR-
Odds ratio; CI-95% Confidence Interval.

or ST10 allele carrier frequency (For MA, P value=

0.772; for MO, P value= 0.516). Also, no significant
association was noticed in dominant model (Migraine
Vs HC, P value= 0.771, OR= 0.944, CI= 0.643–
1.387) (Table 3). We could not find any significant as-
sociation of the genotypes with these clinical variables
as compared to HC (Data not shown).

3.3. Gene gene interaction analysis

Although we could not find any association of HT
102T>C and STin2 polymorphisms in migraine indi-
vidually, the HT 102 TC genotype was found to inter-
act significantly to confer risk with the STin 2.10/10
genotypewhen migraine patients were compared to HC
(P value= 0.005; OR= 3.249; CI= 1.416–7.457)
(Table 4). The significant risk was observed both in
migraine patients with (P value= 0.030; OR= 3.057;
CI = 1.114–8.387) or without aura (P value= 0.008;
OR= 3.356; CI= 1.375–8.193) (Table 4).

4. Discussion

We could not find any association of individual HT
102T>C or STin2 polymorphismin migraine, while in-
teraction of the two polymorphisms showed significant
risk. The HC group in both polymorphisms followed
Hardy-Weinberg equilibrium in controls.

The variant C allele frequency of HT 102T>C poly-
morphism in HC (37.3%) matches with other stud-
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ies [7]. One Indian study reported the HT102 C allele
frequency to be 44%, although the number of controls
in their study was larger [19].

In agreement to our study, another study has reported
that102 T>C polymorphism of the 5-HT2A receptor
does not play a significant role in migraine [7]. How-
ever, Erdal et al. from Turkey showed significant in-
volvement of this polymorphism in determining mi-
graine with aura [8]. It may be pointed out that the
sample size in the Turkish study was very low and the
variant allele frequency of their control population also
differs from our results. However, we can not negate
the ethnic variation between the populations to account
for the difference.

The serotonin transporter intron-2 (STin 2) allele fre-
quency (30.4%) in our control subjects matches with
one Indian study from Kolkata [20]. Here also, we
could not find any association of STin 2 VNTR poly-
morphism with migraine. Similarly, no association of
STin 2 polymorphism with migraine was observed in
the Austrian population [21]. However, the presence
of STin 2.10 allele was shown to increase the risk of
migraine in a Turkish population [10]. Two other stud-
ies on migraine, one from Hungary [11], and the other
from Danish population [13] showed high prevalence
of STin 2.12/12 genotype in migraineurs than in con-
trols. Another study reported a trend toward significant
effect of the 12-repeat allele as a risk factor for MA in a
cohort of 44 Italian patients [12]. This controversymay
have resulted from the coexistence of different psycho-
somatic factors in the migraineurs who live in different
geographic regions, which may have an impact on the
study results [13].

In the present study, the HT 102T>C and STin2
polymorphisms were not found to be individually as-
sociated with migraine susceptibility but HT 102 TC
genotype was observed to interact significantly with the
STin 2.10/10 genotype in enhancing risk of migraine in
females. The reason for such synergistic interaction is
not understood. However, in literature, there are sever-
al examples of similar interactions. Significant gene–
gene interactions of serotonin system were observed be-
tween serotonin 2C receptor (5-HT2C) and tryptophan
hydroxylase 2 (TPH2), and among 5-HT2C, serotonin
transporter (5-HTT), monoamine oxidase A (MAOA)
and TPH2 in conferringsusceptibility to borderlineper-
sonality disorders [22]. These studies suggest possible
synergistic effect of genetic factors in influencing sero-
tonergic neurotransmission on susceptibility to certain
neurological disorders. But, due to our small sample
size, we are unable to draw a strong conclusion about
the synergistic role of the polymorphisms.

The TC genotype and C allele of 5-HT2A receptor
gene has been implicated in lower expression of re-
ceptors which are important not only for neurotrans-
mission mechanisms but are also linked to cell sig-
nalling [23]. The functional significance of serotonin
transporter intron-2 VNTR polymorphism (STin2) is
not well known [10]. The VNTR is believed to act
as a transcriptional regulator and has allele-dependent
differential enhancer-like properties. STin 2.10 and
STin 2.12- were found to differ in the strength of their
transcriptional inducing abilities, where STin 2.12/12
seems to have stronger enhancer-like properties than
the STin 2.10/10 and STin 2.10/12 forms [24]. Further-
more, the low-expressing 10-repeat allele was reported
to act dominantly [25]. Therefore, the polymorphisms
of the 5-HTT gene seem to be functional in modulating
5-HTT gene expression [25,26]. Also, platelets from
individuals homozygous for the 12-repeat allele appear
to have a lower affinity for serotonin uptake in compar-
ison to those heterozygous for the 10-repeat/9-repeat
allele [27]. Thus, based on ongoing discussion, lower
levels of serotonin transporter in STin 2.10/10 along
with HT 102 TC genotype may result in significantly
higher risk of migraine.

Till date, various studies conducted on serotonin
transporter and receptor polymorphisms have shown
controversial results, suggesting that the effect of the
disease causing allele of the polymorphisms would be
smaller due to influences of other genes and environ-
mental factors. Moreover, results of twin studies sug-
gest approximately 50% heritability of migraine with
multifactorial [28] polygenic inheritance, so the influ-
ence of other genes cannot be neglected.

In conclusion, although we did not find any signifi-
cance of the HT receptor (HT 102T>C) and transporter
(STin2 VNTR) gene polymorphisms in migraine, but
their interaction may confer significant risk which
stresses on the need to further explore this aspect in
different cohorts with larger sample size.
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C. Wöber-Bing̈ol and D.A. Collier. Family-based analysis of
serotonin transporter gene polymorphisms in migraine with
and without aura,Cephalalgia27 (2007), 773–780.

[22] X. Ni, D. Chan, K. Chan, S. McMain and J.L. Kennedy, Sero-
tonin genes and gene-gene interactions in borderline personal-
ity disorder in a matched case-control study,Prog Neuropsy-
chopharmacol Biol Psychiatry33 (2009), 128–133.

[23] I. Guillet-Deniau, A.F. Burnol and J. Girard, Identification and
localization of a skeletal muscle secrotonin 5-HT2A receptor
coupled to the Jak/STAT pathway,J Biol Chem272 (1997),
14825–14829.

[24] A. MacKenzie and J. Quinn, A serotonin transporter genein-
tron 2 polymorphic region, correlated with affective disorders,
has allele-dependent differential enhancer-like properties in
the mouse embryo,PNAS USA96 (1999), 15251–15255.

[25] D. Hranilovic, J. Stefulj, S. Schwab, M. Borrmann-
Hassenbach, M. Albus, Jernej B and Wildenauer D, Serotonin
transporter promoter and intron 2 polymorphisms:relationship
between allelic variants and gene expression,Biol Psychiatry
55 (2004) 1090–1094.

[26] K.P. Lesch, D. Bengel, A. Heils, S.Z. Sabol, B.D. Greenberg,
S. Petri, J. Benjamin, C.R. M̈uller, D.H. Hamer and D.L. Mur-
phy, Association of anxiety related traits with a polymorphism
in the serotonin transporter gene regulatory region,Science
274 (1996), 1527–1531.

[27] R. Kaiser, P.B. Tremblay, J. Schmider, M. Henneken, M. Det-
tling, B. Müller-Oerlinghausen, R. Uebelhack, I. Roots and
J. Brockm̈oller, Serotonin transporter polymorphisms: no as-
sociation with response to antipsychotic treatment, but as-
sociations with the schizoparanoid and residual subtypes of
schizophrenia,Mol Psychiatry6 (2001), 179–185.

[28] K.L. Gardner, Genetics of migraine: an update,Headache46
(2006), S19–S24. Review.


