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Association study between
genetic monoaminergic
polymorphisms and OCD response
to clomipramine treatment
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ABSTRACT

In the present paper, we investigated the SHTTLPR and STin2 polymorphisms in the
promoter region of the serotonin transporter gene (SLC6A4), the G861C polymorphism
(rs6296) of the serotonin receptor 1D beta (HTR1B), the T102C (rs6113) and C516T (rs6305)
polymorphisms of the serotonin receptor gene subtype 2A (HTR2A), the DAT UTR, DAT
intron 8 and DAT intron 14 of the dopamine transporter gene (SLC6A3), the Val-158-Met
(rs4680) polymorphism of the COMT and the silent mutation G1287A (rs5569) in the
norepinephrine transporter gene (SLC6A2). We genotyped 41 obsessive-compulsive
disorder (OCD) outpatients, classified as good-responders (n=27) and poor-responders
(n=14) to treatment with clomipramine according to the Yale Brown Obsessive-Compulsive
Scale (YBOCS). Patients who achieved a reduction in symptoms of 40% or more in YBOCS
after 14 weeks of treatment were considered good-responders. Genotypes and alleles
distribution of the investigated polymorphisms were compared between both groups. We
did not find association between the studied polymorphisms and clomipramine response
in our sample.

Key words: OCD, clomipramine, serotonin receptor, serotonin transporter, dopamine
transporter, norepinephrine transporter.

Estudo de associacdo entre polimorfismos genéticos monoaminérgicos e resposta a
clomipramina no tratamento do TOC

RESUMO

No presente estudo, investigaram-se os polimorfismos SHTTLPR e STin2 da regido
promotora do gene transportador de serotonina (SLC6A4), o G861C (rs6296) do receptor
de serotonina 1D beta (HTR1B), os polimorfismos T102C (rs6113) e C516T (rs6305) do gene
do receptor da serotonina subtipo 2A (HTR2A), os polimorfismos UTR, intron 8 e intron
14 do gene transportador de dopamina (SLC6A3), o Val-158-Met (rs4680) da COMT e a
mutagdo G1287A (rs5569) do gene do transportador de norepinefrina (SLC6A2). Foram
genotipados 41 pacientes com transtorno obsessivo-compulsivo (TOC), classificados
como bons-respondedores (n=27) e maus-respondedores (n=14) ao tratamento com
clomipramina, por meio do uso da Escala de Sintomas Obsessivos-Compulsivos Yale
Brown (YBOCS). Foram considerados bons-respondedores os pacientes que tiveram
reducdo nos sintomas em 40% ou mais na YBOCS, apds 14 semanas de tratamento.
A distribuicdo dos gendtipos e alelos estudados foi comparada entre os dois grupos.
N3o foi encontrada associacdo entre estes polimorfismos investigados e a resposta a
clomipramina na amostra estudada.

Palavras-chave: TOC, clomipramina, receptor serotonérgico, transportador de serotonina,
transportador de dopamina, transportador de norepinefrina.
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Clinical and pharmacological data suggest the in-
volvement of the serotoninergic system in the treatment
of obsessive-compulsive disorder (OCD) patients due to
the effect of serotonin reuptake inhibitors (SRIs), such as
clomipramine. However, about 40-60% of the patients do
not respond to the treatment using these drugs'. Treat-
ment failure may occur not only because of the occa-
sional lack of efficacy of SRIs but also due to a lack of
medication compliance, adverse drug reactions, or drug
interactions. Individual genetic differences may also play
an important role in determining clinical responses to
medications and/or the adverse side effects experienced.

Pharmacogenetic investigations in other psychiatric
disorders have started to present some promising results.
Despite of the complexity underlying the biological pro-
cesses between psychiatric phenotypes and drug treat-
ments, the identification of some genetic variants associ-
ated with drug response in psychosis have been reported”.

The present study is a pharmacogenetic investigation
of OCD and clomipramine treatment response. We have
previously investigated the effect of socio-demographic
and clinical features on the short-term response to phar-
macological treatment in 41 OCD patients’. Now, using
the same data, we are looking at the distribution of some
genetic variants between the good and poor responders
to clomipramine.

The most important theory for explaining the biolog-
ical basis of clomipramine action is their ability to im-
prove monoaminergic transmission. Clomipramine acts
in the transmission of different biogenic monoamine sys-
tems: serotonin, noradrenaline, and dopamine. Since this
first theory, other explanations based on the ability of
clomipramine to act on the abnormal function of mono-
amine receptors or some impaired signalling pathways
have been suggested. Behavioural, electrophysiological,
and microdialysis studies have shown that serotonin re-
ceptors, mainly 5-HT1A, 5-HT1B, and 5-HT2C sub-
types, exert a key role in modulating clomipramine ac-
tivity. Indirect activation of neurotransmitter receptors
by clomipramine may also lead, via increases in endoge-
nous levels of serotonin in synapses in specific brain re-
gions to the activation of various G protein-coupled re-
ceptors, signal transduction, transcription factors, and
neurotrophic factors such as brain-derived neurotrophic
factor®. As catechol-O-methyltransferase (COMT) is one
of the enzymes that degrade catecholamines, such as do-
pamine and norepinephrine, polymorphisms that encode
such protein may also influence clomipramine action.

Thus, the investigated polymorphisms were from the
serotonergic, dopaminergic and noradrenergic systems.
They were: the serotonin-transporter-linked polymor-
phic region (SHTTLPR) and STin2 variable number of
tandem repeats (VN'TR) polymorphisms in the promoter
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region of the serotonin transporter gene (SLC6A4), the
G861C polymorphism (rs6296) of the serotonin receptor
1D beta gene (HTR1B), the T102C (rs6113) and C516T
(rs6305) polymorphisms of the serotonin receptor sub-
type 2A gene (HTR2A), the VNTR untranslated region
(UTR), VNTR intron 8 and intron 14 of the dopamine
transporter gene (SLC6A3), the Val-158-Met (rs4680)
polymorphism of the COMT gene (COMT) and the si-
lent mutation G1287A (rs5569) in the norepinephrine
transporter gene (SLC6A2).

METHOD

Study sample

Our sample consisted of 41 (male=23; female=18)
OCD outpatients, recruited by psychiatrists from the
Psychiatric Institute, University of Sdo Paulo Med-
ical School in Brazil. All patients were diagnosed with
OCD according to DSM-1V criteria® and were treated
with clomipramine, a tryciclic antidepressant and a SRI,
for 14 weeks [mean dose of 235.5 (+40.8) mg/day]. The
response to the drug was a reduction of 40% or more in the
Yale Brown Obsessive-Compulsive Scale (Y-BOCS) total
score. After 14 weeks, 27 patients were considered good re-
sponders and 14 were considered poor responders to clo-
mipramine. Further details can be found in Shavitt et al.’.

All patients provided written informed consent to
participate in the study, including permission for blood
collection for DNA analysis.

Genotyping
Genomic DNA was extracted directly from periph-
eral blood using Salting out protocol.

Investigated polymorphisms

5-HTTLPR - The insertion/deletion polymorphism
of 44bp (variants | e s) in the promoter region of the se-
rotonin transporter gene (SLC6A4) was analyzed using
primers and PCR conditions previously described by
Heils et al.®. After amplification the fragments (1=528bp
and s=484bp) were separated by electrophoresis in 2%
agarose gel and visualized under UV light.

Stin2 — A VNTR located in intron 2 of the SLC6A4
gene was analyzed according to the conditions described
by McKenzie and Quinn’. This VNTR has 9, 10 or 12
repetitions of a fragment with approximated 17 bp. After
amplification the fragments (9=250pb, 10=267pb and
12=300 pb) were separated by electrophoresis in aga-
rose gel and visualized under UV light.

HTR1B (G861C) — 5HT1DBeta genotype was de-
termined as a restriction fragment length polymorphism
(RFLP) after PCR amplification and digested with Hinc II
according to the method of Mundo et al.®. After ampli-
fication, the fragments (142bp, 310bp and 452bp) were
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separated by electrophoresis in 2% agarose gel and visu-
alized under UV light.

HTR2A (T102C) - Genotyping of the T102C poly-
morphism of the HTR2A receptor gene was done using
primers and conditions described by Warren et al.’. After
amplification, PCR products were digested with Msp!
and separated by electrophoresis in agarose gel and vi-
sualised under UV light. The fragments sizes were one
single band of 342bp for the allele 102T and two bands
of 216bp and 126bp for the allele 102C.

HTR2A (C516T) — The primers and PCR condi-
tions for the analysis of the C516T polymorphism of the
HTR2A receptor gene were described by was Arranz et
al.'’. The fragments were digested with Sau 961 enzyme
and separated by electrophoresis in agarose gel.

DAT UTR - A 40 bp VNTR polymorphism in of
the dopamine transporter gene (SLC6A3) was investi-
gated. Polymerase chain reaction (PCR) was carried out
using primers and conditions described by Vandengergh
et al.'’. After amplification the genotypes were deter-
mined by electrophoresis in 2% agarose gels stained with
ethidium bromide.

DAT intron 8 — A 30 bp VNTR polymorphism in
of the SLC6A3 gene was investigated. Polymerase chain
reaction (PCR) was carried out using primers and con-
ditions described by Guindalini et al.”*. After amplifica-
tion the genotypes were determined by electrophoresis
in agarose gels stained with ethidium bromide.

DAT intron 14 — Genotyping of the polymorphism
located in intron 14 of the SLC6A3 gene was done using
primers and PCR conditions described by Greenwood
and Kelsoe". After amplification the genotypes were de-
termined by electrophoresis in agarose gels stained with
ethidium bromide and viewed under UV light.

COMT (Val-158-Met) — The Val-158-Met polymor-
phism of the cathecol-o-methiltransferase (COMT) gene
was analyzed according to conditions described previ-
ously by Daniels et al."*. The fragments were digested
with Nlalll enzyme and separated by electrophoresis in
a 4% agarose gel.

NET (1287A/G) — The exonic silent polymorphism
(1287 A/G) of the noradrenaline transporter gene (NET)
was analyzed with primers and conditions described
by Jonsson et al."”>. PCR products were resolved on 2%
agarose gels and visualized by ultra-violate light after
ethidium bromide staining.

To avoid errors, the genotyping was read by two in-
dependently trained research technicians. When a dis-
agreement arose the genotyping was repeated.

Statistical analysis
Allelic and genotypic distributions of the polymor-
phisms studied were compared between good responders
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Table 1. Demographic and clinical characteristics of the sample.

Variables Total Percentage (%)
Age 20-30 22 537
31-40 13 317
>41 6 14.6
Sex Male 23 56.1
Female 18 439
Good-responders (>40% 27 65.8

reduction in YBOCS scores)

Poor-responders (<40% 14 342
reduction in YBOCS scores)

Total 41 100

and poor responders groups using Clump v1.9. p-values
smaller than 0.05 were considered to be significant. A
test for deviations from the Hardy-Weinberg equilibrium
was performed using the HWE program. For all statistic
tests the level of significance adopted was a<0.05, or 5%.
All groups were in Hardy-Weinberg equilibrium for the
polymorphism investigated.

RESULTS

Demographic variables are presented in Table 1.

No significant difference was observed in the geno-
type or allele distribution for good and poor responders
to clomipramine for any of the studied gene variants (Ta-
bles 2, 3 and 4).

DISCUSSION

In the present study ten genetic variants described
above were genotyped in 41 OCD patients, and the dis-
tribution of those variants were compared between the
groups of good-responders (n=27) and of the poor-re-
sponders (n=14) to clomipramine. This is one of the few
studies of pharmacogenetics involving OCD phenotype
despite of the negative results, i.e. no statistical signifi-
cant differences between the distribution of those vari-
ants and the two groups were found.

The other pharmacogenetic studies investigating the
S5HTTLPR polymorphism of the SLC6A4 gene in OCD
patients taking fluoxetine or clomipramine did not find
any significant difference between the groups of good and
poor responders'®". In 1998, McDougle et al."* found in
a sample of 33 OCD patients a higher frequency of the
L-allele (but not statistically significant) in the poorer re-
sponse group to SRIs (clomipramine, fluvoxamine, fluox-
etine, sertraline and paroxetine). Also in 1998, Cavallini et
al."” with the Cys23Ser polymorphism of the HTR2C gene
found no association between this polymorphism and
therapeutic response to clomipramine. In a more recent
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Table 2. Allele frequencies and genotype distribution of the serotonergic gene loci.

n Alleles p Genotypes p
S5HTTLPR L S LL LS SS
Good-responders 27 30(55.6%) 24 (44.4%) 027  7(259%) 16(59.3%) 4(14.8%) 0.54
Poor-responders 14 12(429%) 16(57.1%) 3(214%)  6(42.9%) 5(35.7%)
STin 2 9 10 12 9-12 10-10 10-12 12-12
Good-responders 27 - 20(37.0%) 34(63.0%) 036 - 5(185%) 10(37.0%) 12(44.5%) 035
Poor-responders 14 1(3.6%) 9(32.1%) 18(64.3%) 1(7.1%) 1(7.1%) 7(50.0%)  5(35.8%)
HTR1B G C GG GC CcC
Good-responders 27 42(77.8%) 12 (22.2%) 033 16(59.3%) 10(37.0%) 1(3.7%) 0.82
Poor-responders 14 19(67.9%) 9((32.1%) 6 (42.9%) 7 (50.0%) 1(7.%)
HTR2A (T102C) T C T TC CcC
Good-responders 27 12(22.2%) 42 (77.8%) 0.33 - 12 (44.4%) 15 (55.6%) 0.9
Poor-responders 14 9(32.1%)  19(67.9%) 1(7.1%) 7(50.0%) 6 (42.9%)
HTR2A (C516T) 1 2 12 22
Good-responders 27 11(204%) 43 (79.6%) 04 11(10.7%) 16 (59.3%) 032
Poor-responders 14 8(28.6%) 20 (71.6%) 8 (57.1%) 6 (42.9%)

Table 3. Allele frequencies and genotype distribution of the polymorphisms of the dopamine transporter gene (DAT).

N Alleles p Genotypes p
DAT UTR 8 9 10 11 9-9 10-8 10-9 10-10 11-10
Good-responders 27 1(1.9%) 18 (33.3%) 33(61.1%) 2(3.7%) 051  3(11.1%) 4 (3.7%) 12 (445%) 9(33.3%) 2(7.4%) 035
Poor—responders 14 - 14 (50.0%) 14 (50.0%) - 4 (28.6%) - 6(42.8%) 4 (28.6%)
DAT INTRON 8 2 3 2-2 2-3 3-3
Good-responders 27 19(352%) 35 (64.8%) 078 3(11.1%) 13 (48.2%) 11 (40.7%) 0.96
Poor-responders 14 9(321%) 19(67.9%) 1(7.1%) 7(50.0%)  6(42.9%)
DAT INTRON 14 S L SS SL LL
Good-responders 27 19(35.2%) 35 (64.8%) 095 21(778%) 5(185%)  1(3.7%) 0.92
Poor-responders 14 9(32.1%) 19 (67.9%) 11(78.6%) 3 (21.4%) -

Table 4. Allele frequencies and genotype distribution of the polymorphisms of the cathecolomethyltransferase (COMT) and
norephinetrine transporter genes.

n Alleles p Genotypes p
COMT H L HH HL LL
Good-responders 27 30 (55.6%) 24 (44.4%) 045 7 (25.9%) 16 (59.3%) 4(14.8%) 034
Poor-responders 14 18 (64.3%) 10 (35.7%) 7 (50.0%) 4 (28.6%) 3(21.4%)
NET G A GG AG AA
Good-responders 27 37 (68.5%) 17 (31.5%) 0.54 12 (44.4%) 13 (48.2%) 2 (7.4%) 0.76
Poor-responders 14 21 (75.0%) 7 (25.0%) 8(57.2%) 5(35.7%) 1(7.1%)
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study, Denys et al.*’ observed that in the paroxetine treated
patients, the majority of responders were homozygotic to
allele G of the 1438 G/A polymorphism of the HTR2A
gene. It was also observed that the majority of the pa-
tients who responded to treatment with venlafaxine car-
ried the S/L genotype of the 5-HTTLPR polymorphism.

The results of our investigation are in accordance
with most of the published reports, since no statistically
significant differences were observed either for the gen-
otype or for the allelic distributions in our sample. How-
ever, an important methodological limitation leading
to negative results in our and previous studies may be
the sample size. Most of the studies involving one spe-
cific drug had only a few dozen participant patients.
Another possible confounding factor could be popula-
tion stratification, especially when the studied sample
has a highly admixed ethnicity, such as in Brazil'. In
addition, physical characteristics are not adequate pre-
dictors of genomic ancestry in the Brazilian population,
which therefore render the ethnical matching in case-
controls studies difficult?. Phenotype criteria used for
the analysis may not reflect a correct division of good
and poor responders, due to the arbitrary selection of the
threshold or due to the relatively short follow-up period
of the drug response results. Finally, another limitation
of the present study is related to the absence of metabo-
lising genetic polymorphisms investigation. Drug-metab-
olising enzymes have been identified as a major source of
pharmacokinetic variability within and between patients.
Much focus has been given to genetic-based differences
in the activity of certain cytochrome (CYP) P450 en-
zymes responsible for the metabolism of a wide variety of
commonly used drugs, including clomipramine. Genetic
polymorphisms coding for these enzymes can influence
their ability to metabolise such drug. The P450 enzymes
have been classified according to their amino-acid ho-
mology: CYP1A, CYP2A6, CYP2B6, CYP2C, CYP2De6,
CYP2E], and CYP3A enzymes account for approximately
70% of human liver CYP. In order of the large number of
patients necessary, only few studies with limited power
directly assessing the question of possible association be-
tween these polymorphisms and antidepressant response
are available”. They indicate more predictive power for
the avoidance of adverse drug reactions rather than clin-
ical efficacy. However, no study analysing the possible in-
fluence of CYP450 polymorphisms on OCD response to
clomipramine treatment is yet available.

In conclusion, this study investigated 10 genetic vari-
ants from six loci in OCD patients with good and poor
response to clomipramine. In order to confirm the re-
sults, a replication in larger and independent samples is
mandatory and/or the performance of future meta-anal-
ysis of published data on this subject.
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