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ABSTRACT The aim was to evaluate the impact of ABCB1 polymorphisms, C1236T and G2677T/A on the
incidence of depression, its progression and effectiveness of antidepressant treatment in Polish population.
Analyses were performed in 92 patients with recurrent depressive disorder (rDD) using automated sequencing. The
obtained data were correlated with the results for C3435T polymorphism published earlier. Following that, a
haplotype analysis was performed. For G2677T/A, the severity of depressive symptoms was higher among
patients with GG. The more severe course of disease, the more frequently the lack of A or T allele was observed.
Moreover, better effectiveness of the therapy was indicated in individuals with 1236 CC as well as in 2677 GG.
Additionally, association of C1236T and (C1236T-G2677T/A-C3435T) haplotype with depression development
was observed. Simultaneously, G2677T/A was connected with the severity of depressive symptoms. Both of the
examined polymorphisms have influence on the effectiveness of antidepressant medications.
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INTRODUCTION

Depression is one of the commonest and wide-
spread diseases. It is now estimated that the num-
ber of adults with depressive disorders in Polish
population is over one million (EZOP-Polska 2012).
One of the types of depression is rDD which is
described as the tendency of an individual to re-
cur depressive episodes with intervals with lack
of depression symptoms. Despite the high prev-
alence of depression, researchers still know too
little about the pathogenesis of this illness. There
are certain risk factors which may predispose to
depression development: gender, economic dis-

advantages, educational level or co-existing
chronic illnesses.  However, it is sometimes diffi-
cult to determine whether depression is a cause
or a consequence of different diseases. Suggest-
ed causes also include hereditary factors. People
who have someone with depression in their im-
mediate family, run a much higher risk to develop
this disease (Sullivan et al. 2000).

It has been recently suggested that polymor-
phisms of ABCB1, especially single nucleotide
polymorphism (SNP) C3435T, may be associated
with prevalence of depression (Fujii et al. 2012;
Ozbey et al. 2014). The researchers’ previously
published results confirmed this hypothesis
(Jeleñ et al. 2015). In addition, it has been sug-
gested that other common SNPs (for example,
C1236T, G2677T/A) and several haplotypes cre-
ated by the above mentioned ABCB1 SNPs are
associated with the development of depression
(Xie et al. 2015). Each of these SNPs occurs with
a high prevalence in Caucasian population, thus
presumptive medical consequences of their pres-
ence may concern a significant number of peo-
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ple. There is a possible link between these SNPs
and the gene expression, function and the amount
of active P-glycoprotein (P-gp), encoded by
ABCB1 (Hitzl et al. 2004; Shou et al. 2012). More-
over, physiological localization (for example, in-
testine, liver, kidneys, blood-brain or blood-pla-
centa barrier), the main function (protection the
cells of the body from toxic xenobiotics) and sub-
strate specificity of P-gp (for example, anticancer
drugs, β-blockers, antibiotics, steroids, antiar-
rhythmics and antidepressants) suggest its in-
fluence on bioavailability as well as effect of most
popular drugs. The relation between neurologi-
cal side effects (Ozbey et al. 2017), suicides (Ra-
hikainen et al. 2018) or the effectiveness of cer-
tain medicines (Wolking et al. 2015), particularly
SSRIs (Amare et al. 2017), and the selected ABCB1
polymorphisms was shown. Also, in the research-
ers’ aforementioned study, the association be-
tween C3435T and the efficacy of the therapy
were indicated (Jeleñ et al. 2015). Nevertheless,
the issue of this relationship remains inconsis-
tent, while ABCB1 seems to be an important can-
didate gene in creating a model of personalized
psychiatry (Amare et al. 2017).

Objectives

The main objective of this study was to eval-
uate C1236T and G2677T/A polymorphisms of
ABCB1 and to determine if they have any influ-
ence on predisposition to development of depres-
sion, the course of the disease and the effective-
ness of antidepressant medication. This paper
also included the link of data obtained for exam-
ined polymorphisms with results received by re-
searchers in preliminary research for SNP C3435T. 

MATERIAL  AND  METHODS

Study Group

Ninety-two adult patients (33 males and 59
females) with rDD were enrolled in the study.
These participants were unrelated Polish subjects
recruited from patients of J. Babinski Memorial
Psychiatric Hospital in Lodz, hospitalized be-
tween 2008 and 2014 and selected according to
the inclusion criteria of ICD-10 (F32.0-7.32.2,
F33.0-F33.8) (World Health Organization 1993).
Exclusion criteria were as follows: the presence
of axis I and II disorders other than a depressive
episode, the diagnosis of somatic diseases and

injuries of the central nervous system, inflamma-
tory or autoimmune disorders, and unwillingness
to give informed consent. The study was approved
by the Ethical Committee of the Medical Universi-
ty of Lodz (No RNN/566/08/KB). All participants
had provided a consent before enrollment.

All participants had been interviewed prior to
the main study procedure, using the standard-
ized Composite International Diagnostic Interview
(CIDI) (Patten 1997) and information about the
age of patients, severity and duration of the dis-
ease were collected. The median age was 52.0
(range 21.0 - 63.0). The median age of patients when
depression started was 46.0 (range 14.0 – 61.0).
Depression symptoms were assessed by a psy-
chiatrist using a 17-item version of Hamilton De-
pressive Rating Scale (HDRS) (Demyttenaere and
De Fruyt 2003). The median HDRS (7.0 – 37.0, min-
imum-maximum) was 22.0. The number of subjects
with mild (HDRS 7-12), moderate (HDRS 13-17),
severe (HDRS 18-29) and very severe depression
(HDRS 30+) were 6, 17, 55, and 14, respectively.

During hospitalization patients received dif-
ferent types of antidepressant drugs or a combi-
nation of them (12 subjects – selective serotonin
reuptake inhibitors (SSRIs), 16 subjects - SSRIs
with antidepressant of another group, 5 subjects
– venlafaxine of the serotonin and norepineph-
rine reuptake inhibitors (SNRIs), 19 subjects -
venlafaxine with another antidepressant, 20 sub-
jects - agomelatine, 11 subjects – a combination
of other antidepressants). For other subjects, no
information about the course of treatment was
available. After the therapy, the severity of de-
pressive symptoms was assessed again, by the
same psychiatrist using HDRS test. Eighty-five
(85) patients were examined. The median HDRS
after the therapy was 7.0 (range 0 – 22.0). Antide-
pressant activity was evaluated as the change in
the score on the rating scale (effectiveness of
pharmacotherapy = initial HDRS – HDRS after
treatment). The median HDRS change was 15
(range 2.0 – 35.0).

The clinical data of the subjects are summa-
rized in Table 1.

Control Group

The control group consisted of 96 (39 men
and 57 women, median age of the group: 33 years)
healthy blood donors recruited from the same
geographical area as the patients. The results of
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genotyping and detailed characteristics of healthy
individuals were published previously (Jamroziak
et al. 2009).

Genotyping

Genomic DNA was isolated from peripheral
blood leukocytes according to the standard phe-
nol/chloroform procedure, dissolved in distillat-
ed water and stored at -20°C. The SNPs C1236T
and G2677T/A of ABCB1 was genotyped using
the automated sequencing (Sanger dideoxy se-
quencing) as reported previously (Zebrowska et
al. 2012). An example of the results of automated
sequencing of SNP C1236T is shown in Figure 1.

 Haplotype analysis, based on statistical meth-
ods, allowed to reveal the interrelation between
the three described SNPs and its relevance for
the occurrence and treatment of depression in
Polish population. To the researchers’ knowledge,
no similar studies had been performed before in
Polish population.

Haplotype and Statistical Analysis

Statistical analyses were performed using
STATISTICA (data analysis software system),
version 10 from StatSoft, Inc. (2011). For assess-
ment of deviation from Hardy-Weinberg equilib-
rium (HWE) a chi-square test of homogeneity was
performed. Genotype and allele frequencies be-
tween the investigated group and healthy volun-
teers were compared. To evaluate the relation-
ship between the presence of particular geno-
types and alleles and clinical features, such as
gender, age of patients when depression started,
value on the initial HDRS and change on this
scale under treatment, the following elements were
used: chi-square test, T-test, Mann-Whitney U
test, ANOVA and post hoc Scheffe test. An odds
ratio with a ninety-five percent confidence in-
terval was estimated by means of logistic re-
gression. In view of low distribution of A allele
for SNP G2677T/A, heterozygotes GT and GA
were combined into one group.  Similarly, individ-
uals with TT and AT genotypes were analyzed
together.

EH program, Software created by Professor
Jürg Ott from Rockefeller University in New York
was applied to estimate frequencies of particular
haplotypes. The chi-square test of independence
was performed to compare haplotype frequen-
cies between the investigated groups.

 For all analyses, a p value of < 0.05 was con-
sidered to be statistically significant.

RESULTS

Of the ninety-two patients enrolled, the re-
sults of genotyping were available for ninety, for

Table 1: Clinical characteristic of the study group

Cases  Mean  Median Min-Max SD

Age (years) 92 49.0 52.0 21.0 – 63.0 10.0
Age when depression started (years) 92 42.6 46.0 14.0 – 61.0 11.1
Initial HDRS 92 22.5 22.0 7.0 – 37.0 6.8
HDRS after therapy 85 8.3 7.0 0.0 – 22.0 4.0

Initial HDRS - Severity of depressive symptoms before treatment
HDRS after therapy - Severity of depressive symptoms after treatment

Fig. 1. An example of results of automated se-
quencing SNP C1236T for three patients with dif-
ferent genotypes (patient 1 – CC, patient 2 –TT
and patient 3 – CT genotype)
Source: Author
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each of the investigated SNP. For two of them,
the quality of PCR product was poor, and as re-
sult, they were excluded from the final analyses
for each SNP.

Predisposition to Depression Development

Both investigated SNPs were in HWE in the
study group. The genotype and allele frequen-
cies of the polymorphisms among the controls
and cases are shown in Table 2.  Statistically sig-
nificant association between C1236T and pres-
ence of rDD was detected (p=0.0432). CT het-
erozygotes were associated with 1.09 times and
TT homozygotes with 1.20 times higher risk of
rDD compered to CC homozygotes. Simulta-
neously, the trend towards a higher incidence of
presence of at least one allele C (p=0.0610) among
controls than cases and lack of differences in
occurrence of at least one allele T frequencies
between these two groups was observed. Con-
trary to the situation with SNP C1236T, no differ-
ence in the G2677T/A genotype and allele distri-
bution between the patients and controls was
found. When similar correlations were sought
separately in the subgroups of men and women,
a statistically significant difference between cas-
es and controls was observed only among men,
what is probably related to the different number
of subgroups cases (data not presented).

The haplotype frequency estimated is based
on genotype frequencies. When the frequencies

of particular haplotypes (C1236T-G2677T/A-
C3435T) among cases and controls were com-
pared, significant differences were observed
(p=0.0000). Lower frequency of C-G-C and T-T-T
but also increased C-T-T and T-G-C subjects in
healthy controls than in patients were found.
Furthermore, haplotype C-T-C occurred only in
controls, whereas C-A-C and C-A-T were indi-
cated only in patients with rDD. The T-T-T and C-
G-C haplotype was most common in cases, where-
as the C-G-C and C-T-T in controls. Table 3 in-
cludes the detailed data.

Table 2: Distributions of genotypes and alleles for the two investigated SNPs in rDD patients and
controls

C1236T (rs1128503) Casesn=90 Controls** p-value Odds 95%
n=96  (χ2 test)   ratio   CI

Genotype* CC 32 (35.6) 28 (29.1) 0.0423 1.00 -
C T 35 (38.9) 54 (56.3) 1.09 0.73-1.65
T T 23 (25.5) 14 (14.6) 1.20 0.53-2.71

Allele C* C present 67 (74.5) 82 (85.4) 0.0610
C absent 23 (25.5) 14 (14.6)

Allele T* T present 58 (64.4) 68 (70.9) 0.3516
T absent 32 (35.6) 28 (29.1)

G2677T/A (rs2032582)

Genotype* GG 28 (31.1) 32 (33.3) 0.4974 1.00 -
AG or GT 44 (48.9) 51 (53.2) 1.21 0.79-1.85
AT or TT 18 (20.0) 13 (13.5) 1.45 0.62-3.41

Allele G* G present 72 (80.0) 83 (86.5) 0.2376
G absent 18 (20.0) 13 (13.5)

Allele A or T* A or T present 62 (68.9) 64 (66.7) 0.7459
A or T absent 28 (31.1) 32 (33.3)

* n – The number of subjects (frequencies, in percentage, are shown in parentheses)
** Data taken from publication (Jamroziak et al. 2009)

Table 3: Haplotype (C1236T-G2677T/A-C3435T)
distribution in patients with rDD and in controls

Whole Cases  Controls p-value
group  (n=88) (n=96)

(n=184)  frequen-   frequen-
frequen-  cies cies

cies

C-A-C 0.0007 0.0073 0.0000 0.0000
C-G-C 0.2985 0.3393 0.2035
C-T-C 0.0346 0.0000 0.0720
C-A-T 0.0183 0.0325 0.0000
C-G-T 0.1229 0.1482 0.0903
C-T-T 0.0847 0.0181 0.2071
T-A-C 0.0000 0.0000 0.0000
T-G-C 0.1007 0.0554 0.1883
T-T-C 0.0383 0.0071 0.0675
T-A-T 0.0000 0.0000 0.0000
T-G-T 0.0567 0.0139 0.1168
T-T-T 0.2446 0.3782 0.0545

n – The number of subjects
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In the further analysis, differences in haplo-
types frequencies between patients and controls
compared separately with the subgroups of men
and women were evaluated. The results obtained
among women were similar in the whole study
(Table 4). Additionally, in affected women, the C-
G-C haplotype occurred with the same frequency
as T-T-T and none of them had the T-T-C haplo-
type. The comparison of the patients and the con-
trols among the investigated men also presented
a statistical significance (p=0.0008) (Table 5). In-
terestingly, there were no male patients with C-A-
C and T-G-T haplotypes. Furthermore, the fre-

quency of C-T-T was significantly higher, while
T-T-T appreciably lower in healthy men than in
males with rDD.

Demographic Factors

No association between genotypes and gen-
der or age when depression started was found.
Similarly, frequencies of C1236T-G2677T/A-
C3435T haplotypes did not differ between rDD
males and rDD females or between the two groups
of rDD patients divided by a median age at the
onset of the disease (data not presented; to eval-
uate the correlation between the presence of gen-
otypes/alleles and gender or age of patients when
depression started, chi-square test, Mann-Whit-
ney U test and ANOVA were used).

Course of Disease

To determine whether the investigated poly-
morphisms might be associated with the severity
of the disease, the analysis of initial HDRS score
among patients with particular genotypes and
allele was performed. No association between
C1236T (genotypes as well as alleles) and HDRS
score before antidepressants administration was
observed (data not presented). Instead, a statis-
tically significant correlation comparing initial
HDRS between patients of different G2677T/A
genotypes was found (Table 6). The mean initial
HDRS score was higher among patients with the
GG genotype in comparison with heterozygotes
AG or GT only (p=0.0023). For an allelic variant
analysis, the mean initial HDRS score was lower
in subjects with A or T allele than in subjects
without it (p=0.0011). Statistical analyses of the
haplotypes frequencies between patients with low
and high initial HDRS value indicated there were
of no significant difference in C1236T-G2677T/A-
C3435T distribution in both, divided into two cat-
egories by median (data not presented).

Effectiveness of Pharmacotherapy

As a parameter for evaluation of treatment
effectiveness, the mean of HDRS score change
was assumed. In relation to both examined ABCB1
polymorphisms, means of HDRS score change
were higher in wild homozygotes, 1236 CC and
2677 GG, than in the heterozygotes 1236 CT
(p=0.0307) and 2677 AG or AT (p=0.0179), respec-
tively. The presence of wild allelic variant in both

Table 4: Haplotype (C1236T-G2677T/A-C3435T)
distribution among female rDD patients and
female controls

All women   Women  Healthy p-value
(n=113)  with rDD women
 frequen-    (n=56)  (n=57)

cies frequen- frequen-
cies cies

C-A-C 0.0031 0.0111 0.0000 0.0000
C-G-C 0.3128 0.3871 0.2186
C-T-C 0.0391 0.0000 0.0816
C-A-T 0.0146 0.0246 0.0000
C-G-T 0.0966 0.1205 0.0567
C-T-T 0.1001 0.0192 0.2133
T-A-C 0.0000 0.0000 0.0000
T-G-C 0.1093 0.0393 0.1875
T-T-C 0.0357 0.0000 0.0736
T-A-T 0.0000 0.0000 0.0000
T-G-T 0.0609 0.0246 0.1249
T-T-T 0.2278 0.3737 0.0437

n – The number of subjects

Table 5: Haplotype (C1236T-G2677T/A-C3435T)
distribution among men with rDD and in controls

All men Men  Healthy p-value
(n=71)  with rDD men

 frequen-    (n=32)  (n=39)
cies frequen- frequen-

cies cies

C-A-C 0.0000 0.0000 0.0000 0.0008
C-G-C 0.2771 0.2621 0.1992
C-T-C 0.0277 0.0000 0.0384
C-A-T 0.0211 0.0469 0.0000
C-G-T 0.1587 0.1900 0.1399
C-T-T 0.0647 0.0166 0.1994
T-A-C 0.0000 0.0000 0.0000
T-G-C 0.0850 0.0791 0.1677
T-T-C 0.0398 0.0182 0.0819
T-A-T 0.0000 0.0000 0.0000
T-G-T 0.0566 0.0000 0.1086
T-T-T 0.2693 0.3871 0.0649

n – The number of subjects
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SNPs had no effect on the efficiency of antide-
pressant therapy. Nevertheless, the mean HDRS
change was lower in subjects with at least one
1236 T (p=0.0081) or 2677 A or T (p=0.0047) allele
than in subjects without it. Detailed data are in-
cluded in Table 7. No significant effect of the
ABCB1 haplotype on HDRS change after treat-
ment was identified (data not presented).

Summarizing, in the Polish population 1236
TT genotype and 1236T-2677T-3435T haplotype
of ABCB1 gene were associated with predisposi-
tion to rDD development. Simultaneously, 2677
GG were connected with the increased severity
of depressive symptoms. Furthermore, at least
one 1236 T allele or 2677 T/A allele is linked to a
worse effect of an antidepressant therapy.

DISCUSSION

In recent years, three ABCB1 SNPs C1236T,
G2677T/A and C3435T have been extensively
studied in many populations. In this study, the
genotype and allele frequencies of the first two
of the above mentioned polymorphisms in Polish
population were evaluated. The indicated frequen-
cy of particular genotypes and allele the synony-
mous C1236T, localized in exon 12 were compara-
ble with Portuguese major depressive disorder
(MDD) patients (Santos et al. 2014) and relevant-
ly different from Asian patients with depression
(Kato et al. 2008; Fujii et al. 2012; Xie et al. 2015).
Similar observations were demonstrated for
G2677T/A, nonsynonymous triallelic polymor-

phism located in exon 21. Thus, the hypothesis
about the impact of origin on the percentage of
particular allelic variants in different populations
was confirmed again.

Since the haplotype assessment provides a
better understanding of interactions between
polymorphisms, a correlation between C1236T,
G2677T/A and previously examined C3435T was
investigated. According to reports from literature,
a strong linkage disequilibrium between these
three SNPs was observed (Kroetz et al. 2003; Jean-
nesson et al. 2007). In all studied participants,
nine different haplotypes were identified, the most
common of which were T-T-T and C-G-C. These
results differ slightly from the ones obtained in
Caucasians (Santos et al. 2014) as well as Asian
study populations (Kato et al. 2008).

ABCB1 Genotypes, Alleles and Haplotype
Associated with Depression Risk

In order to assess the effects of polymor-
phisms on the disease development, it was nec-
essary to perform genotyping on a group of
healthy individuals. The frequencies of C1236T
and G2677T/A genotypes and alleles in this co-
hort were not different than in other healthy indi-
viduals in Caucasian populations such as Czech
(Pechandová et al. 2006), German (Hoffmeyer et
al. 2000; Cascorbi et al. 2001), Swiss (Gex-Fabry et
al. 2008), Croatian (Mihaljevic-Peles et al. 2008),
Serbians (Milojkovic et al. 2011), Portuguese (San-
tos et al. 2014), Macedonian (Naumovska et al.
2014) and Polish (Rubiœ et al. 2012).

Table 6: G2677T/A genotype and allele frequencies in relation to the severity of symptoms in HDRS
score before treatment

ABCB1 G2677T/A                        Initial HDRS

Genotype n Mean Min-Max         SD p-value

GG 28 25.7 13.0 – 37.0 6.3 0.0023*

AG or GT 44 20.1 10.0 – 36.0 6.4
AT or TT 18 22.4 7.0 – 37.0 6.4

G allele n Mean Min-Max          SD

Present 72 22.3 10.0 – 37.0 6.9 0.9355Ä

Absent 18 22.4 7.0 – 37.0 6.4

A or T allele N Mean Min-Max          SD

Present 62 20.8 7.0 – 37.0 6.5 0.0011Ä

Absent 28 25.7 13.0 – 37.0 6.3

*ANOVA test
ÄT-test
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This study shows that the ABCB1 C1236T
polymorphism is associated with the susceptibil-
ity to the development of rDD in the examined
Polish patients. TT genotype and T allele seems
to be associated with a predisposition to disease
development. Santos et al. (2014) published the
negative results in a case-control study, on a
slightly smaller group of Portuguese subjects.
Furthermore, the same authors observed the pro-
tective role of T allele in a relatively small group
of 21 male individuals (Santos et al. 2014). The
researches’ results confirmed the hypothesis that
depression predisposition may be gender specif-
ic, but in his study, the unfavorable effect of C
allele was detected. To the researches’ knowledge,
there have been only these two studies in which
association between C1236T, G2677T/A SNPs and
depression risk in Caucasian subjects was inves-
tigated. In Asian population, Xie et al. (2015) indi-

cated the association between the presence of
1236 T allele and depression, whereas the results
obtained by Fujii et al. (2012) were negative. Un-
fortunately, a limited number of studies makes a
realistic assessment difficult.

Contrarily to one positive result in Chinese
Han population (Xie et al. 2015), no correlation of
polymorphism G2677T/A with the presence of
depression in other Asian (Fujii et al. 2012) and
Caucasian (Santos et al. 2014) groups of patients
was stated. The present study observed that, in
contrast to patients with rDD, none of the exam-
ined healthy individuals was a carrier of allelic
variant A. Thus, this allele appears to be associ-
ated with a predisposition to disease but the low
proportion of 2677 A allele in the general popula-
tion does not provide reliable statistical analy-
ses. However, in Asian populations, where high
frequency of A allele is characteristic, the link of

Table 7: Genotype and allele frequencies in relation to symptoms reduction under treatment in HDRS
score

ABCB1 C1236T               HDRS change after therapy

Genotype n Mean  Min-Max         SD       p-value

CC 28 17.9 5.0 – 29.0 6.8 0.0307*

C T 35 14.1 5.0 – 25.0 4.6
T T 21 13.9 2.0 – 35.0 7.6

C allele n Mean                       Min-Max                        SD

Present 63 15.8 5.0 – 29.0 6.0 0.2564Ä

Absent 21 13.9 2.0 – 35.0 7.6

T allele n Mean                       Min-Max                        SD

Present 56 14.0 2.0 – 35.0 5.8 0.0081Ä

Absent 28 17.9 5.0 – 29.0 6.8

ABCB1 G2677T/A
Genotype n Mean                       Min-Max                        S.D.                    p-value

GG 26 18.2 6.0 – 29.0 6.2 0.0179*

AG or GT 42 13.8 5.0 – 25.0 5.2
AT or TT 15 14.4 2.0 – 35.0 8.4

G allele n Mean                      Min-Max                         S.D.

Present 68 15.5 5.0 – 29.0 6.0 0.5681Ä

Absent 15 14.4 2.0 – 35.0 8.4

A or T allele n Mean                       Min-Max                        S.D.

Present 57 13.9 2.0 – 35.0 6.1 0.0047Ä

Absent 26 18.2 6.0 – 29.0 6.2
*ANOVA test

ÄT-test
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this variant with mood disorders was proved only
in one study to date (Qian et al. 2006).

This study showed that the 1236T-2677T-
3435T occurred more frequently among depres-
sive patients than in controls. When a similar
analysis was conducted separately for women
and men, the same conclusions were drawn. The
results obtained by Santos et al. (2014) who stat-
ed the protective role of T-T-T haplotype in the
male and no correlation in total Portuguese group,
are inconsistent with the researchers’ results
again. Interestingly, the researchers’ findings were
partly confirmed in the studies of Asian popula-
tions. On the one hand, Fujii et al. (2012) conclud-
ed that the 1236TT-3435TT predispose to MDD,
on the other hand, Xie et al. (2015) observed that
2677G-3435T is associated with the lower risk of
MDD development. Further studies are neces-
sary to clarify the discrepancies.

The presented results as well as previous
studies showed that inheriting T allele in three
most popular ABCB1 SNPs increases the proba-
bility of the brain cells damage by their exposure
to high concentrations of endo- and exogenous
toxins. Insufficient removal of toxins through the
blood-brain barrier may be the direct cause of
this condition. It is well established that the P-gp
molecules localized in the brain capillary endot-
helial cells are one of the main barriers for toxic
compounds from the bloodstream. According to
Salama et al. (2006), 1236T-2677T-3435T signifi-
cantly decreases the activity of this protein in
vitro. If similar phenomena occur in vivo, it may
confirm the hypothesis about the influence of
the loss of normal function of P-gp on suscepti-
bility to many disorders including depression.

Demographic Factors and the Risk of
Depression

In this study, no correlation of polymorphism
C1236T, G2677T/A and 1236-2677-3435 haplotype
with the age or gender of depressive patients was
found. These findings were identical to those
shown in the study performed on Japanese indi-
viduals and other Caucasian population with
MDD (Kato et al. 2008; Mihaljevic-Peles et al.
2008).

Course of Disease and ABCB1 Polymorphisms

Researchers observed that C1236T is not cor-
related with the severity of depressive symptoms

before treatment. These findings are consistent
with the results obtained by other researchers
(Kato et al. 2008). 2677 GG genotype is associat-
ed with the increased severity of the disease in
comparison to AG or GT genotypes only. Besides,
allelic variant A or T decrease these symptoms.
Thus, the obtained data are not entirely consis-
tent. Similar results during an analogous analysis
of C3435T in these populations were found. More-
over, it is difficult to provide an answer to the
question why no modified P-gp predisposes to
the increased severity of the symptoms in the
current state of knowledge. One of the possible
explanations may be the hypothesis that the de-
scribed SNPs are linked with other polymorphism/
s which are responsible for this effect. On the
other hand, neither Kato et al. (2008) nor Mihal-
jevic-Peles et al. (2008) found any association
between HDRS baseline score and ABCB1 SNPs.
Data published by these authors were proven by
the researchers’ haplotype analysis that indicat-
ed no differences in 1236-2677-3435 haplotype
distribution between patients with low and high
initial HDRS.

Therapeutic Response and ABCB1
Polymorphisms

P-gp is a transporter with a wide range of sub-
strates. Among these substrates, a number of
antidepressants are included, for example, amit-
ryptyline and its metabolites (for example, nortrip-
tyline), citalopram, escitalopram and venlafaxine
(Uhr et al. 2003; Karlsson et al. 2013a). The only
exception is fluoxetine (Uhr et al. 2000). Accord-
ing to the findings published earlier, some poly-
morphisms may change the protein function and/
or expression leading to different effects of treat-
ment depending on the allelic variant. These ob-
servations were confirmed in this study. Better
effectiveness of the therapy was indicated in pa-
tients with 1236 CC genotype than CT, while the
presence of T allele was associated with a poor
response to antidepressants. The researchers’
results are inconsistent with the negative find-
ings of Kato et al. (2008) and Singh et al. (2012). It
is important to emphasize that a number of the
investigated Japanese subjects was low and that
the characteristic feature of Asian populations is
a significantly higher frequency of allele T than
among Caucasians. Another explanation of the
observed dissimilarities is a substrate specificity
of P-gp which may differ, depending on the pres-
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ence of particular allelic variants. This hypothe-
sis was put forward by Karlsson et al. (2013b),
who observed that 1236 CC or CT increase the
risk of lethal intoxication after taking venlafaxine,
but not citalopram. On this basis, it can be con-
cluded that the investigated polymorphisms may
alter the substrate specificity of P-gp also.

Researchers showed that 2677 GG genotype
was associated with a better effect of therapy
compared with AG or GT. Also, the presence of at
least one allelic variant G predisposes to a better
response. These findings overlap with those ob-
tained by Nikisch et al. (2008) who indicated that
GG and GT genotype were more frequent in the
responders, while TT in the non-responders after
citalopram administration. Other researchers’ re-
sults contrasts with the researchers’ findings.
Laika et al. (2006) indicated the lack of associa-
tion between G2677T/A and the therapeutic re-
sponse to amitryptyline among Caucasian pa-
tients. Negative findings of other studies per-
formed with escitalopram and paroxetine were
also reported (Gex-Fabry et al. 2008; Mihaljevic-
Peles et al. 2008; Singh et al. 2012). In the Japa-
nese population 2677 TT, TA or AA genotypes
indicated the increased reduction of disease
symptoms after paroxetine treatment (Kato et al.
2008). In research carried out on the Slovakian
population the influence of 2677 T allele on par-
oxetine short-term treatment response (4 and 6
weeks) was confirmed, however, it did not con-
firm the same significance for HDRS score reduc-
tion parameter (Vancova et al. 2018). This con-
trast eventuates from ethnic differences in 2677
allele distributions.

According to some data, SNP 2677 may be
related to the tolerability of medications (Ozbey
et al. 2017) or suicide attempts (Blázquez et al. 2016).
Due to limited clinical data, evaluation of these
parameters was not the subject of this paper.

Contrary to Kato et al. (2008), the researchers’
could not find any connection between 1236-
2677-3435 haplotype and the effectiveness of
depression treatment. Surprisingly, there was lack
of association between haplotype and therapy
results while it was present when particular poly-
morphisms and effectiveness of treatment were
evaluated. These findings suggest the presence
of a link between the examined SNPs and other
gene polymorphism. Rahikainen et al. (2018)
found that female citalopram users with T-T-T
haplotype have more side effects, making them
more susceptible to suicide. These observations

indicate the need for gender based segregation
in future research.  It is worth emphasizing that
the effect of disease treatment is the result of
interactions between environment, epigenetic
modifications and genetic factors. Therefore, only
further studies involving many aspects of the
therapy may contribute to better understanding
of causes of depression and treatment resistance.

CONCLUSION

The examined SNPs have influence on the ef-
fectiveness of antidepressant medications, par-
ticularly in wild homozygotes. It could lead to
better understanding the neurobiology of depres-
sion that will help researchers uncover a number
of novel targets for antidepressant therapies.
Besides, the allelic variants of ABCB1 gene poly-
morphisms seems to be promising markers, which
in the near future may play an important role in
personalization of depression treatment. Selec-
tion of the appropriate medication and its admin-
istration using the proper dose will allow: to di-
minish the side effect, reduce to the minimum the
period of the time when patients have severe
symptoms and prevent the subsequent episodes
of disease.

RECOMMENDATIONS

Research should be continued to enlarge the
study group, especially the number of men and
women should be comparable. Moreover, a larger
number of subjects makes it possible to identify
subgroups according to the type of antidepres-
sants intake. The exclusion criteria should also
include concomitant medicines which are induc-
tors and inhibitors of P-gp. The effect of their
actions makes it difficult to assess the impact of
ABCB1 polymorphisms on the effectiveness of
the treatment. Further studies should be carried
out to investigate the importance of ABCB1 for
the treatment with antidepressants. It will lead to
improving the efficiency and comfort of treatment
with antidepressants for patients and, which
should be underlined, to the decrease in the num-
ber of suicides among people with depression.

LIMITATIONS

There are some inherent limitations to this
study. The first one being the number of patients
enrolled in the study group, which is low. The
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second, is the usage of different drugs from var-
ious classes or combinations of medicines tai-
lored to the individual needs of patients. This
makes it impossible to analyse the impact of the
investigated polymorphisms on a particular P-gp
substrate therapy in comparison with the non-
substrate one. Finally, researchers did not include
all ABCB1 genetic polymorphisms that, accord-
ing to the available data, could affect the clinical
effects of antidepressant pharmacotherapy, such
as rs 2032583. Taking only 3 SNPs into consider-
ation during haplotype analysis, may limit the in-
terpretation of the results.
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