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Background: The role of multidrug resistance 1 gene (MDR1 or ABCBI) polymorphism G2677T was studied in relation to par-
oxetine therapeutic efficacy and its side effects, as well as its association with selected demographic and clin-
ical characteristics of patients with depressive disorder.

Material/Methods: To evaluate therapeutic efficacy, all patients (n=61) were rated at week 0, 2, 4, and 6 using the Hamilton Rating
Scale for Depression (HAMD-21). They were labelled as “responders” (a decrease in HAMD >50%) and “nonre-
sponders”. The frequency of the side effects of nausea and sexual dysfunction were assessed using the Utvalg
for Kliniske Undersogelser rating scale. The PCR-restriction fragment length polymorphism method was used
for genotyping.

Results: A significantly enhanced therapeutic efficacy of paroxetine was observed in patients carrying at least one T
allele at week 4 (GG versus GT: 0.049; GG versus GT+TT: 0.035) and week 6 (GG versus TT: 0.001; GG versus
GT+TT: 0.016; GG+GT versus TT: 0.003; G versus T: 0.001). On the other hand, carriers of the T allele showed
only a nonsignificant increase in HAMD-21 score reduction. In the present study, no significant association be-
tween G2677T polymorphism and side effects was detected. However, we found a marginally significant dif-
ference between GG and GT genotypes regarding family history of depressive disorder (p=0.049).

Conclusions: Our study provided evidence for the potential effect of MDR1 G2677T polymorphism on paroxetine therapeu-
tic efficacy, and eventually on depressive disorder family history. Larger multicenter studies and studies across
other ethnic groups are needed to elucidate the contradictory implications of G2677T polymorphism with de-
pressive disorder and its treatment.
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Background

Treatment-resistant depression is a common problem in the
treatment of major depressive disorder (DD), with 60-70% of
all patients meeting the criteria for treatment-resistant depres-
sion [1,2]. It has been hypothesized that genetic factors con-
tribute to the variability of antidepressant drug efficacy [3,4].
Additionally, it has been shown that genetic markers involved
in the brain bioavailability of antidepressants and/or toxic sub-
stances seem to be better predictors of clinical response than
those related to antidepressant plasma concentrations [5].

P-glycoprotein (P-gp) is the transmembrane efflux pump cod-
ed by the gene of multidrug resistance 1 (MDR1 or ABCBI),
which was initially discovered as the precursor to a protein
associated with failure of cancer chemotherapy. It has been
confirmed that over-expression of MDR1 causes resistance in
cultured tumor cells [6]. Generally, P-gp plays an important
role in regulating absorption, distribution, and elimination
of drugs [7]. It is strategically positioned to “barrier localiza-
tions” (the apical membrane of the gastrointestinal tract, the
biliary canalicular membrane of hepatocytes, blood cells, and
the luminal membranes of proximal tubular epithelial cells in
the kidney), including blood-brain barrier and blood-cerebro-
spinal fluid (CSF) barrier, and thus modulates the accumula-
tion of different xenobiotics in the brain [8-10].

Many drugs have been shown to be P-gp substrates, and P-gp
activity may influence their pharmacokinetic parameters, in-
teractions, and finally therapeutic efficacy, as well as occur-
rence of drug side effects [11-17]. Similarly, many antidepres-
sants interact with P-gp [4,18]. Some in vitro studies 19] and
in vivo studies [20-22] have also demonstrated the involve-
ment of paroxetine, as a selective serotonin reuptake inhibitor
(SSRYI), in P-gp inhibitory activity as well as a substrate of P-gp.

Currently, more than 100 variants in the MDR1 gene have been
reported. One of these, the nonsynonymous single nucleotide
polymorphism (SNP) (Ala893Ser/Thr) localized in exon 21 and
codon 893, G2677T/A (rs2032582) has been found to be as-
sociated with altered expression, activity, and the substrate
specificity of P-gp [23-26].

Recent reports showed that individuals who had the TT geno-
type had a lower P-gp messenger RNA expression than those
carrying GG genotype [25]. Moreover, variant alleles of the
G2677T/A polymorphism were nonsignificantly associated with
lower P-gp expression in the placenta [23]. On the contrary,
some pharmacokinetic studies reported an opposite effect of
the 2677T variant allele, i.e., an increase in efflux activity or
impact on plasma and CSF concentration of antidepressants
compared with the G2677 allele [24,27].
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Only a few clinical studies have evaluated the associations be-
tween G2677T/A polymorphism and the therapeutic response
to paroxetine, with mixed and inconsistent results [28-33].
Additionally, evidence of a better response in TT carriers of
G2677T/A polymorphism (OR=0.75, 95% Cl: 0.58-0.97; p=0.03)
observed in a meta-analysis evaluating MDR1 variants in rela-
tion to antidepressant treatment outcomes [34], was not con-
firmed in a later meta-analysis [35]. However, only five stud-
ies included in the meta-analysis were studies on paroxetine.

Based on earlier published data, our study focused on deter-
mining the relevance of the MDR1 (G2677T) polymorphism to
treatment response of paroxetine (efficacy and side effects) as
well as its association with selected demographic and clinical
characteristics of patients with DD in the Slovakian population.

Material and Methods

The study sample was comprised of patients with a diagnosis
of DD (first depressive episodes and recurrent depressive dis-
order) according to ICD-10: (n=61; 40 females and 21 males,
mean age=40.85; SD=12.828; females/males ratio: 1.90). All
patients were of Slovakian origin (Caucasians) from different
regions of Eastern Slovakia. Research protocol was approved
by ethical committee of P. ). Safarik University and written in-
formed consent was obtained from each participant prior to
inclusion. Diagnostic assessments and ratings were made by
two experienced psychiatrists who were kept blind to the di-
agnosis made by one to another and to the genotypes.

Inclusion criteria were: age 18-65 years, diagnosis of DD, six
weeks of continuous paroxetine treatment, at least 18 points
at baseline on the Hamilton Rating Scale for Depression, 21-
item version (HAMD-21) (Hamilton, 1960). Exclusion criteria
included: drug or alcohol abuse, organic brain syndrome and
personality disorders, psychotic symptoms, pregnancy, electro-
convulsive therapy within the previous six months, and ther-
apy with another known P-gp substrate. Likewise, concomi-
tant psychotropic drugs were not allowed, except a low dose
of symptomatic benzodiazepine treatment for a minimal dura-
tion. The patients were assessed according to HAMD-21 scale
at week 0, 2, 4, and 6. They were either drug free or post wash-
out phase of an ineffective antidepressants (three weeks for
fluoxetine and one week for other antidepressants). Paroxetine
was administered at an initial dose of 10-20 mg/day and in-
creased to reach a dose of 40 mg/day from day 12-15 until
the end of the trial. Participants were labelled as “respond-
ers” (REs; a decrease in HAMD-21 >50%) and “nonresponders”
(NREs). Remission was defined as a score <7 points on HAMD-
21 at week 6. Paroxetine tolerance was assessed through the
Utvalg for Kliniske Undersogelser (UKU) rating scale of side
effects at baseline and after 2, 4, and 6 weeks of treatment,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

3137




CLINICAL RESEARCH

with a focus on the frequency of the side effects of nausea
and sexual dysfunction.

DNA extraction and genotyping

Anti-coagulated (Na,EDTA) blood samples were obtained
from the antecubital vein of patients with DD, and DNA
was extracted and purified using the Wizard® Genomic
DNA Purification Kit (Promega Corporation, USA). The
G2677T polymorphism (rs 2032582) in the MDR1 gene
was analyzed by PCR-RFLP assay using the primer se-
quences F: 5’-TTACCCAGAATATAGCAAATCTTGG-3’ and R:
5’-CATATTTAGTTTGACTCACCTTCTCAG-3’. The PCR reaction mix-
ture contained: approximately 200 ng of genomic DNA, 1xPCR
Buffer with 1.5 mM MgCl, (Solis BioDyne, Estonia), 200 pM
deoxynucleotide triphosphate (dNTP) mix (Jena Bioscience,
Germany), 0.4 pM of each primer (Sigma-Aldrich, Germany) and
1U HOT FIREPol® DNA Polymerase (Solis BioDyne, Estonia). PCR-
grade water was added to bring the final volume to 25 pL. The
amplification consisted of an initial polymerase activation step
for 15 minutes at 95°C and initial denaturation step for 30 sec-
onds at 95°C followed by 40 cycles of denaturation at 95 °C for
30 seconds, annealing at 56°C for 30 seconds, and extension
at 72°C for 30 seconds. Terminal elongation was performed
at 72°C for three minutes. The PCR products were digested
at 37°C overnight using 10 units Hpy 188/ restriction endonu-
clease (New England Biolabs, UK). The restriction fragments
obtained were separated by electrophoresis on a 3% agarose
gel for 90 minutes at 140 V and analyzed after staining with
GelRed (Biotium, USA) under ultraviolet light. Electrophoretic
pattern showed one band (198 bp) for homozygous GG gen-
otype, two bands (198 bp, 173 bp) for heterozygous GT gen-
otype and one band (173 bp) for homozygous TT genotype.
Due to the low population frequency of the more recently de-
scribed 2677A allele (<2% in Caucasians) [33,37,38], this vari-
ant was not genotyped in the present study.

Statistical analyses

SPSS software for Windows (version 15.0, USA) and GraphPad
Prism 5 (GraphPad Software, Inc., USA) were used for statisti-
cal analyses. A p value of <0.05 was taken as statistically sig-
nificant. Chi-square or Fisher’s exact tests were performed to
compare contingency tables. The Hardy-Weinberg equilibrium
(HWE) assumption was assessed for tested group by comparing
the observed numbers of each genotype with those expected
under the HWE for the estimated allele frequency. Codominant,
dominant, recessive, and over dominant genetic models were
used to analyze the association between a polymorphism and
phenotype. The most commonly used model, the codominant
model, was used for all SNPs. Odds ratios (OR) and the cor-
responding 95% confidence intervals (95% Cl) were used for
calculating the relative associations. All quantitative changes
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were evaluated using Mann-Whitney U test, or Kruskal-Wallis
H test, for comparison of more than two independent groups.

Results

Genotype and allelic distribution of MDR1 (G2677T)
polymorphism

All obtained blood samples were successfully genotyped for
the MDR1 (G2677T) polymorphism. The G allele was found
to be more frequent in our study. Overall frequencies of the
G2677T genotypes GG, GT, and TT in the patient samples were
23 (37.71%), 29 (47.54%), and nine (14.75%), respectively. The
genotype distribution among patients was in accordance with
HWE law (p=1.000), likewise, in the sample of REs (p=1.000)
and among NREs (p=0.332).

The demographic and clinical characteristics of the patients
(sex, mean age, family history of DD, smoking history, sui-
cide history, suicide ideation, first episode, admission, sever-
ity of episodes and remission, and HAMD-21 baseline) were
differentiated according to MDR1 genotypes and alleles are
shown in Table 1. We observed significant associations be-
tween G2677T polymorphism and family history of depression
(Table 1). Overall positive family history of DD was found to
be more frequent among patients carrying GT genotype than
patients carrying GG genotype (OR=3.49; 95% Cl=1.07-11.40;
p=0.049; codominant model), or GG+TT genotypes (OR=3.69;
95% Cl=1.25-10.92; p=0.020; over dominant model).

Allele and genotype associations of MDR1 (G2677T) with
therapeutic efficacy (TE) of paroxetine

The association between MDR1 G2677T polymorphism in
exon 21 and therapeutic response to paroxetine (according
to HAMD-21 scale) at weeks 2, 4, and 6 of treatment were as-
sessed in all patients (n=61). Generally, there was a gradual
increase in the RE/NRE ratio during paroxetine therapy. The
RE/NRE ratio was 0.196 at week 2 (RE: 10; 16.39%) and it in-
creased to 0.794 at week 4 (REs: 27; 44.26%; p<0.001; OR=4.05;
95% Cl=1.74-9.43), and to 1.259 at week 6 (REs: 34; 55.74%;
p<0.0001; OR=6.42; 95% Cl=2.76-14.96).

A statistically significant association was found between REs
and NREs according to the polymorphism of MDRI G2677T
and successful treatment with paroxetine. Statistical analysis
showed a significantly increased chance of treatment response
in patients carrying at least one T allele at week 4 (OR=3.49;
95% Cl=1.07-11.40; p=0.049; codominant model: GG versus
GT) and week 6 (OR=34.65; 95% Cl=1.79-672.0; p=0.001; co-
dominant model: GG versus TT; OR=20.49; 95% Cl=1.13-370.6;
p=0.003; recessive model). The difference in allele frequencies
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Table 1. Demographic and clinical characteristics of depressive patients in relation to genotypes of MDR1 (G2677T) polymorphism.

Genotypes p-Value

Variable (%) L
- GT (n=29) TT (n=9) (OR; 95% CI)

HAMD-21 baseline 27.13+10.48 26.72+8.44 25.2249.56 Ns

DD in family history — family history of depression; suicide history — lifetime suicide attempts; suicide ideation — suicide ideation
present by current episode; first episode — first episode of depression; admission “Yes” — inpatients, “No” — outpatients;
HAMD-21 — Hamilton Rating Scale for Depression; Ns — non-significant; 2 codominant model (GG vs. GT); ® recessive model;

* a significant association.
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Table 2. Distributions of genotypes and alleles of MDR1 (G2677T) gene polymorphism in relation to therapeutic efficacy (according

HAMD-21) to paroxetine.

Genotype RE NRE OR (95% CI) p Value
Week 2
”””””””” &G 20 @2 3600 10 R
”””””””” o 23 @y 6 600 174 (038788 0714
”””””””” ™ s asn 1 (100 08 (008926 1000
”””””””” Galele 63 (618 12 600 100 (R
”””””””” Talele 39 (82 8 @400) 108  (040-287) 0882
"""""" Weekd
"""""""" G 17 (000 6 @2 100 R
”””””””” o 13 @82 16 (593) 349 (L07-1140)  0049*
”””””””” ™ 4@ 5 (8% 35 (0701774 0213
”””””””” GeTT 17 (00) 21 @78 100  (Refy
”””””””” &G 17 (5000 6 (22 029 (009088 0035
”””””””” Galele 47 69y 28 (19 100 (R
”””””””” Talele 21 (309 26 @81) 208  (099-436) 0052
”””””” Week6
”””””””” &G 15 (56 8 (3% 100  @Refr
”””””””” o 12 @4 17 (500) 266 (086-825) 0103
”””””””” ™ 000 9 (65 3465 (179-6720) 0001*
”””””””” GWTT 12 @44 26 (65 100  (Refy
”””””””” 66 15 (56 8 (35 025 (008074 0016
”””””””” GG+GT 27 (1000) 25 (3% 100  Refx
”””””””” ™ 000 9 (65 2049 (113-3706) 0003
”””””””” Galele 4 (78 33 @485 100 (R
”””””””” Talele 12 @22 35 (515 371  (167-825)  0001*

RE — responders; NRE — non-responders; OR — odds ratio; Cl — confidence interval; 2 codominant model; ® dominant model; ¢ recessive

model; * a significant association.

between NREs and REs was also statistically significant at
week 6 (OR=3.71; 95% Cl=1.67-8.25; p=0.001). On the other
hand, patients carrying GG genotype had lower chance to be
responders at week 4 (OR=0.29; 95% CI=0.09-0.88; p=0.035;
dominant model) and week 6 (OR=0.25; 95% CI=0.08-0.74;
p=0.016; dominant model). Data are shown in the Table 2.

On the other hand, we found no statistically significant dif-
ferences in both HAMD-21 score at week 0, week 2, week 4,
and week 6 and the percentage of HAMD-21 score reduction
from baseline to week 2, week 4, and week 6 among alleles
and genotypes (Table 3; Figure 1). However, the percentage of

HAMD-21 score reduction was the highest in the patients car-
rying the TT genotype or T allele at week 2, week 4 and week 6.

Furthermore, there were no differences in sex, age, family his-
tory, smoking history, suicide history, suicide ideation, first epi-
sode, admission, severity of episodes and remission, and HAMD-
21 baseline score between REs and the NREs (data not shown).

MDR1 gene variants and side effects of paroxetine

The relation between G2677T polymorphism of MDR1 gene and
the occurrence of the two most frequent adverse side effects
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Table 3. MDR1 (G2677T) polymorphism in relation to HAMD-21 scores and percentage of HAMD-21 score reduction from baseline to
weeks 2, 4, 6 during paroxetine treatment (Kruskal-Wallis test and Mann-Whitney test).

HAMD-21

21.41+11.71

18.33+6.38

p Value

HAMD-21 (%)

19.20+41.80

24.54+21.87

GT 14.31+13.23 45.26+52.84 x?=1.339
T 9seae  df-2p-0453 61042932 df-2,p=0512
e 151141214 MWU-152750 - a086s5562 MW U=159950
o 127441087 7--124;p=0215 513164230 2--086p=0390

HAMD-21 — Hamilton Rating Scale for Depression; MW — Mann-Whitney.

Figure 1. Average HAMD-21 scores of patients with DD in three
groups according their genotypes of MDR1 G2677T
polymorphism at weeks 0, 2, 4, 6.

of paroxetine therapy (sexual dysfunction and nausea) in our
patient sample were also evaluated. The frequency of nau-
sea at week 0, week 2, week 4, and week 6 was: 22 patients
(36.07%; 18 females and four males), 17 patients (27.87%; 12
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females and five males), 13 patients (21.31%; 10 females and

3500 M Genotype GG three males), 11 patients (18.03%; 10 females and one male),

30.00 :genotypeGT respectively, while frequency of sexual dysfunction was 17

| . T enotype TT i o X

L 25.00 patients (27.87%; 10 females and seven males); 22 patients

S 2000 \L\ (36.07%, 13 females and nine males), 24 patients (39.34%; 13

% 15.00 I e i females and 11 males), and 17 patients (27.87%; nine females
= T .............. and eight males), respectively.

00+ ?

>00 There was no significant difference in side effects of paroxetine

0.00 — between females and males. Similarly, no significant differences

Il'l's'eall Lgvvevleaeflgr Livvevleaeflfser Lgv\;leaeflzser between the occurrence of these two side effects were found in

samples differentiated by the genotype and allele frequencies

of MDR1 G2677T polymorphism (statistical data not shown).

Discussion

Genomic medicine, which is the use of information from ge-
nomes and their derivatives to guide medical decision-making,
is a key component of personalized medicine, and is a rapid-
ly advancing field of healthcare [39].
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The main concern of our study was to investigate whether
MDR1 (G2677T, rs2032582) polymorphism influence short-term
response to paroxetine, its selected side effects, as well as se-
lected demographics and clinical characteristics of the patients
with DD. To our knowledge, this is the first study that evaluat-
ed MDR1 G2677T polymorphism in relation to paroxetine re-
sponse and its side effects (nausea and sexual dysfunction)
in the same patient sample, as well as the first study assess-
ing this association in a Slovakian population.

Recently, MDR1 genotyping has attracted research attention re-
garding the possibility of personalized treatment through identi-
fication of REs and NREs to a certain class of pharmacotherapy.
The selection of the tested SNP in DD patients in this analy-
sis was based on knowledge that paroxetine belongs to P-gp
substrates and/or inhibitors [19-22]. From the two most com-
mon assessed SNPs (MDR1 C3435T and G2677T/A) in relation
to antidepressants, we chose the latter. In contrast to C3435T
polymorphism, G2677T/A leads to amino acid exchange [23].
Additionally, several studies have found an association with
altered expression, activity, the substrate specificity of P-gp or
pharmacokinetics of paroxetine [23-26]. Due to the low popu-
lation frequency of the more recently described 2677A allele (<
2% in Caucasians) [33,37,38], this variant was not genotyped
in the present study. We found that patients carrying at least
one T allele had a significantly increased chance of therapeu-
tic efficacy at week 4 and week 6. The difference in allele fre-
quencies between the REs and the NREs was statistically sig-
nificant at week 6. On the other hand, participants carrying the
GG genotype had a lower chance of being a responder at week
4 and week 6. However, these results should be interpreted
with caution. Taking a 50% cutoff point, the obtained results
may depend on the initial value. Therefore, we also evaluat-
ed the percentage of HAMD-21 score reduction from baseline
to week 2, week 4, and week 6 among alleles and genotypes.
Despite nonsignificant differences, we observed the highest
percentage of HAMD-21 score reduction in the patients car-
rying the TT genotype or T allele at week 2, week 4, and week
6. In accordance with our results, Kato et al. showed a signif-
icant decrease in HAM-D score reduction (%) in patients car-
rying the variant alleles (T/A) of the G2677T/A polymorphism
at week 6 of paroxetine treatment in a Japanese study pop-
ulation [29]. Moreover, the same authors found that the wild
variants haplotype (3435C-2677G-1236T) was significantly as-
sociated with poor response. Other authors have reported that
MDR1 variants of G2677T polymorphism were not associated
with therapeutic response to paroxetine using the HAMD-17
scale in Croatian patients with DD [30]. Similarly, studies per-
formed in Germany, Switzerland, and the United States failed
to show the importance of G2677T polymorphism for parox-
etine treatment [28,31,32].
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No study aimed at MDR1 G2677T/A in relation to paroxetine
outcomes reported an importance of G allele for better thera-
peutic response. On the other hand, Nikish et al. reported that
GG/GT genotypes were associated with a better treatment re-
sponse and higher plasma and CSF concentrations in depres-
sive patients [27]. However, the study evaluated citalopram,
another drug belonging to the SSRI group. Recently, two meta-
analyses evaluating MDR1 variants in relation to antidepres-
sant treatment outcomes have been published. The authors
of the one meta-analysis [35] could not confirm better thera-
peutic response to paroxetine in TT carriers of G2677T/A poly-
morphism which had been observed in a previous meta-analy-
sis [34]. Besides paroxetine, other SSRIs have been assessed in
relation to G2677T polymorphism. Gassé et al. demonstrated
that the T allele was significantly associated with higher clini-
cal improvement with fluoxetine therapy in children and ado-
lescent patients from Spain using scales including the Clinical
Global Impression-Improvement scale [5]. The study patients
were diagnosed with DD, obsessive-compulsive disorder, or
generalized anxiety disorder. Surprisingly, the authors failed
to show a significant association between the polymorphism
G2677T and plasma levels of fluoxetine or its active metabo-
lite (S)-norfluoxetine. Moreover, Taiwanese DD patients with
GG genotype had a worse antidepressant response to fluox-
etine, as well to venlafaxine [40].

From the literature, it is well known that the effect of SSRIs is
noticeable after a few weeks. In our study, we observed thera-
peutic response already at week 2 in 10 participants (16.39%),
whereas the RE/NRE ratio significantly increased from week
2 to week 4 (p<0.001), and to week 6 (p<0.0001). Other au-
thors reported a larger number of REs at week 2 (58.62%) after
paroxetine therapy for depression [41]. Overall, an increased
therapeutic efficacy over time was found in other short-term
treatment analyses [29,30]. Since paroxetine can act as a P-gp
inhibitor [4], long-term studies are needed in the future.

The occurrence of adverse side effects after antidepressant
therapy is another important problem. As the prevalence and
severity of side effects follow interindividual variations, it is
reasonable to hypothesize a genetic basis for drug tolerabil-
ity [42]. Therefore, we performed a statistical analysis of the
association of MDR1 G2677T polymorphism with two side ef-
fects of paroxetine (nausea and sexual dysfunction) referred
to in the summary of product characteristics as very common
(>1/10). The occurrence of other drug side effects was too low
to evaluate. Despite better therapeutic response to paroxetine
in T allele carriers in our analysis, we did not find any evidence
that G2677T polymorphism could influence the occurrence and
severity of sexual dysfunction and nausea during paroxetine
therapy. It is difficult to ascertain whether negative findings
are due to a lack of influence of the tested SNP on the adverse
effects or due to distinct characteristics of our sample (overall
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low frequency of side effects). However, the frequency of side
effects of paroxetine in our study was slightly higher than the
reported adverse effects by other authors [43,44]. Another ex-
planation of nonsignificant results could be due to the possibil-
ity of different impacts of the polymorphism on various tissues
and organs. Moreover, these side effects could also be symp-
toms of depression and not explicitly side effects of paroxetine.
A recently published small Czech study analyzed G2677T poly-
morphism in relation to selected symptoms of sexual dysfunc-
tion after paroxetine treatment in women with bulimia ner-
vosa and anxiety disorders [33]. It was demonstrated that G
allele carriers were significantly at higher risk of orgasm disor-
der and lubrication development problems. No significant dif-
ferences in the distribution of the MDR1 G2677T/A genotypes
between patients with and without drug side effects were con-
firmed in the study evaluating therapeutic response to several
SSRIs including paroxetine [45]. Regarding other antidepres-
sants, Ozbey et al. showed significantly higher frequencies in
venlafaxine-induced akathisia in TT/TA carriers of G2677T/A
polymorphism [46]. This relationship was not observed for the
therapeutic efficacy of venlafaxine.

Additionally, selected demographic and clinical patient charac-
teristics were assessed in relation to G2677T polymorphism. We
found only marginally significant differences between GG and
GT genotypes regarding family history of depression. Positivity
of family history of DD was more often observed in patients
with GT genotype. Based on findings that P-gp also protects
the brain not only from many drugs but also from neurotox-
ic substances, the association between MDR1 polymorphisms
and susceptibility to DD was evaluated. First, a Japanese study
showed that the frequencies of GA and AA genotypes, as well
as A allele of MDR1 G2677T/A polymorphism were significant-
ly higher in patients with mood disorders than in controls [47].
Another Japanese analysis reported no significant difference in
genotype or allele distribution regarding G2677T polymorphism
in DD patients [48]. On the other hand, a significant protective
role of T allele of G2677T/A polymorphism and 1236T-2677T-
3435T haplotype was found in male Portuguese individuals
with DD [4]. Furthermore, Chinese individuals carrying TG hap-
lotype of rs1045642-rs2032582 had significantly (53%) lower
risk of developing DD [50]. These findings support the need of
other case-control studies of the impact of G2677T polymor-
phism in relation to susceptibility to DD.

There are a few other issues that should be discussed regarding
the inconsistent results of studies evaluating MDR1 G2677T/A
polymorphism in relation to antidepressants or DD. First, stud-
ies were done in patients with different ethnicities. It should
be noted that P-gp expression and influence of MDR1 polymor-
phisms may vary depending on ethnicity and environmental
factors [51]. Enrollment of mixed patient sample regarding eth-
nicity in the relevant study was also reported [28]. Second, the
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findings from several studies, including meta-analyses, looked
at other antidepressant agent or evaluated several different
antidepressants in the same sample. However, it was hypoth-
esized that the substitution of Thr or Ser for Ala due to MDR1
G2677T polymorphism would affect the geometric precision of
the interaction site and the secondary structure of P-gp [23].
Thus, the contradictory results might be due to different ef-
fects of variant alleles on specific drugs [52]. Therefore, an-
tidepressants should be evaluated individually in the future.
Moreover, previous analyses differed in their end-points; and
equally important, several studies included patients not only
with DD but also with other psychiatric disorders. Thus, other
factors might have influenced previous study results, such as
non-antidepressant drug and food interactions.

Overall, the main limitation of our study was the relatively
small sample size. Therefore, we cannot exclude the possi-
bility of bias and our preliminary results must be interpreted
with caution. Additionally, paroxetine plasma concentrations
were not measured in this study. However, it has been report-
ed that the serum concentration of the antidepressant does
not have to correlate with the therapeutic response in hu-
man studies, which may be because the brain concentrations
depend mainly on blood-brain efflux [5,53]. Also, the lack of
analysis of other pharmacokinetic genes, such as CYP2D6, that
might have a possible effect to therapeutic response could be
a limitation; however, several studies reported that polymor-
phisms such as CYP2D6 are not always linked with paroxetine
response [28,54,55]. It is also possible that the functional ef-
fects of MDR1 variants may in fact be in linkage disequilib-
rium with the true causative variants, as it was shown in re-
cent studies [29,31,50].

Conclusions

Our findings confirmed the potential significant influence of
T allele of MDR1 G2677T polymorphism on paroxetine short-
term treatment response but did not find the same significance
for percentage HAMD-21 score reduction and side effect oc-
currence. Larger multicenter prospective studies and well-de-
signed pharmacokinetic studies of paroxetine are needed to
elucidate contradictory implications of MDR1 G2677T/A poly-
morphism in patients with DD.
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