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Abstract—The search for molecular genetic markers of depression has been going on for more than two
decades, and it began with molecular studies of the genes of the neurotransmitter systems, primarily serotonin
and dopamine. However, for most genes, the results of such studies remain contradictory. In the last decade,
anew approach has been used to study the genetics of multifactorial diseases—a genome-wide search for asso-
ciations. This method made it possible to supplement the list of potential genetic risk factors for depression
with new genes that require additional research. The review describes two different approaches to the study
of the genetics of depression, as well as current problems and recent advances in this field.
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INTRODUCTION

Depression represents a disease characterized by
a stable mood decrease, reduced activity and energy,
anhedonia, impaired attention, sleep, and appetite,
and other symptoms. In the literature, the terms
“major depressive disorder,” “major depression,”
“clinical depression,” and ‘“unipolar depression”
exist, actually stating a rather heterogeneous disease
characterized by variability in symptoms and etiology
[1]. Neurobiological and molecular genetic studies of
depression have to unravel its pathogenesis and to pro-
vide the development of more precise universal classi-
fication of depressive disorders and methods of ther-
apy based on it. However, the heterogeneity of depres-
sion complicates the organization of these studies.

At present, ICD-11 (International Classification of
Diseases, WHO 2018) and DSM-V (The Diagnostic
and Statistical Manual of Mental Disorders of the
American Psychiatric Association, 2013) can be used
to obtain information on types of depressive disorders
and their diagnosis. According to ICD-11, depressive
disorders belong to mood disorders and include
depressive episode and recurrent depressive disorder,
which in turn are divided into mild, medium, and
severe subtypes with or without psychotic symptoms;
depressive disorders also include dysthymia (chronic
depression), mixed depressive and anxiety disorder,
premenstrual dysphoric disorder, and others. Accord-
ing to the DSM-V, depressive disorders include major
depressive disorder (MDD), which identifies single
and recurrent episode, which can also be classified by
the severity and the presence or absence of psychotic

symptoms and the stage of disease (complete or partial
remission, current episode). In addition, according to
DSM-V, depressive disorders also include chronic
depressive disorder (dysthymia), premenstrual dys-
phoric disorder, and depressive disorders related to
other clinical states; in turn, they are classified by the
current stage of the disease, age at onset, and other
additional characteristics. Moreover, DSM-V identi-
fies the following symptoms that may accompany
depression: psychotic, melancholic, anxious, cata-
tonic, and atypical, as well as seasonal or postpartum
manifestations of the disease. Other characteristics of
depression, such as therapy response (for instance,
resistance) and etiology, i.e., the presence of previous
life events, do not comprise distinct categories in these
classifications of depressive disorders, although they
are used in clinical practice [2]. In addition, ICD-11
has a separate category of stress-related disorders,
including prolonged grief disorder, which represents
atypically prolonged and severe experience of loss.
DSM-V attributes adaptation disorder, including that
with depressive mood, to stress-related disorders.

Therefore, both classifications differentiate depres-
sive disorders primarily by the specificity of the course
of disease. At the same time, diversity of symptoms
indicates a heterogeneous state of the “depression dis-
order” term, while depressive symptoms also accom-
pany other diseases.

According to twin and family studies, the heritabil-
ity of depression is about 37% [3]. The majority of
studies devoted to the search for hereditary causes of
depression are designed as “case—control” studies,
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where “cases” are patients with depression and “con-
trols” are a general population sample or respondents
whose absence of depressive symptoms was deter-
mined by a questionnaire. “Cases” frequently include
patients diagnosed with “major depressive disorder,”
while the use of a certain type of depression, such as
recurrent depression, is rare. The studies of depression
with different distinct symptoms, such as anxiety, mel-
ancholy, and others, are rarely conducted. Some stud-
ies are focused not on the diagnosis, but on the severity
of depressive symptoms in a presumably mentally
healthy population or in patients with other diseases.

The search for genetic variants associated with
depression is conducted in two directions. First
includes candidate gene studies, i.e., the genes pre-
sumably associated with the disease. Such studies
often consider childhood trauma or recent stressful
events as additional factors in order to assess the role of
genes and environment in development of disease.
The second approach involves whole genome search
(GWAS—Genome-Wide Association Studies). In this
case, millions of genetic variants are compared
between healthy individuals and patients with depres-
sion. The review describes the results obtained by the
two main approaches in the largest and latest studies
on depression genetics, related to the analysis of can-
didate genes and the search for novel genes via associ-
ation analysis of polymorphic genomic markers.

CANDIDATE GENE STUDIES

The search for molecular genetic markers associ-
ated with depression was initiated more than two
decades ago with the study of genes related to metabo-
lism of biogenic amines. According to the monoamine
theory, the main cause of depression is an impaired
regulation of neurotransmitter systems, primarily
serotonergic and dopaminergic ones. These systems
represent the targets for the majority of antidepres-
sants, such as MAO inhibitors and selective serotonin
reuptake inhibitors (SSRIs). Moreover, the genes
related to neuronal growth and development, regula-
tion of transcription, immune system functioning, and
stress response are actively studied. The most exam-
ined candidate genes associated with depression are
shown in Table 1.

Serotonergic System Genes

Serotonin is one of the most studied neurotrans-
mitters involved in the pathogenesis of depression.
Caspi et al. [4] demonstrated the effect of polymor-
phism in the promoter region (5-HTTLPR) of the
serotonin transporter gene (SLC6A4) and stressful life
events on the risk of developing depression. The
VNTR (variable number of tandem repeats) polymor-
phism is located in the promoter region of the SLC6A44
gene, whose allelic variants differ in the number of
GC-rich repeats 20—23 bp in length. The S allele con-
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tains 14 tandem repeats in the promoter region, and
the L allele contains 16 repeats. The short allele is
associated with a lower level of expression and, hence,
with a reduced reuptake and prolonged serotonin
action in the synaptic cleft [5, 6]. Caspi et al. [4]
reported that carriers of at least one S allele (i.e., S
and SL genotypes) had a higher risk of developing
depression as a response to stressful life events and/or
childhood abuse and a higher suicide risk than LL
genotype carriers.

Studies conducted after the publication of Caspi
etal. [4] have extremely contradictory results. Two
meta-analyses including 54 and 23 studies confirmed
that the S allele increased the risk of depression [7, 8].
At the same time, two other smaller scale meta-analy-
ses failed to confirm a statistically significant associa-
tion [9, 10]. A recent meta-analysis combining data
from 31 studies also did not confirm higher vulnerabil-
ity to depression in S-allele carriers under the influ-
ence of stressful life events compared to L-allele carri-
ers [11]. In contrast to the study of Caspi et al., this
meta-analysis included only those results that were
obtained from samples exceeding 300 individuals.

Ten years after the detection of VNTR polymor-
phism, SNP (single-nucleotide polymorphism)
rs25531 was detected in the sixth repeat in the same
region of the SLC6A4 gene, which represents adenine
exchange to guanine, affecting gene expression. This
polymorphism is more frequent in the L allele,
although it may also be present in the .S allele. The L
allele together with .S allele was reported to be associ-
ated with a decreased expression compared to the L,
allele. A difference in expression levels is explained by
a close proximity of polymorphism to the binding site
of AP2 transcription factor, which inhibits expression
of the L allele. Therefore, the L;Lg, LsS, and SS
genotypes are distinguished by a low level of serotonin
transporter expression [12].

The inconsistency of results with respect to the
effect of 5-HTTLPR polymorphism on liability to
depression might be due to the fact that the impact of
rs25531 in gene expression was not considered in these
studies. However, recent sex-specific studies consid-
ering this SNP confirmed its role together with
5-HTTLPR on risk of neuroticism, anxiety, and
depression only in men [13]. The study comprised
1139 mentally healthy individuals, whose anxiety and
depression levels were assessed via questionnaire. Two
other studies involving war veterans confirmed that
carriers of the § and L alleles demonstrated more
problems with adaptation after participating in mili-
tary conflicts and higher liability to anxiety disorders
[14, 15]. Obviously, additional research of serotonin
transporter gene polymorphism is required, which
would be based on a three-allele model (S, Lg, and L,
alleles) and involve larger samples of patients with
diagnosed depression and a control group.
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Several studies were directed to the analysis of sero-
tonin receptor genes HTRIB, HTRIA, and HTR2A.
Single nucleotide polymorphism C1019G (rs6295)
was detected in the promoter region of the HTRIA
gene, which affected gene expression. Transcription
factor NUDR binds only to the C allele [16]. Binding
of this factor may enhance or weaken gene expression
depending on localization at a pre- or postsynaptic
membrane [17]. It was demonstrated that G-allele car-
riers had higher liability to depression and affective
disorders [18, 19]. Allelic variants of HTR2A gene
polymorphisms have been described, the most exam-
ined of which are A1438G (rs6311) and T102C
(rs6313). However, no recent meta-analyses reported
statistically significant associations of these variants
with risk of depression [20, 21].

According to post mortem studies, G861C (rs6296)
polymorphism in the HTR1B gene affects the density
of receptors via increased activity of gene expression,
and the density of receptors was higher in G-allele car-
riers [22, 23]. Recent studies demonstrated that the
C allele, associated with a decreased gene expression,
could be related to enhanced risk of developing
depression [24]; however, no association with suicidal
behavior was observed [25].

The MAOA gene is actively studied as a possible
molecular genetic marker of depression, since it
encodes monoamine oxidase A. MAOA is responsible
for degradation of biogenic amines, including sero-
tonin, and, hence, reduces the period of their action in
a synaptic cleft. Allelic polymorphism in the promoter
gene region representing VNTR polymorphism with
30 bp repeats was first described by Sabol et al. [26].
The authors detected four allelic variants containing 3,
3.5, 4 and 5 repeats and demonstrated that variants
with three and five repeats were characterized by a
reduced expression level compared to alleles with 3.5
and 4 repeats. This may indicate the optimal length of
promoter region, whose deviations result in a
decreased gene expression [26]. MAOA is of interest
for sex-specific studies of depression because of its
location on chromosome X. Several studies point to
the association of more active alleles with depression
in women [27] and bipolar disorder in men [28]. How-
ever, the majority of other studies indicate the associ-
ation between a low-activity allele and depression
[29-31].

One of the meta-analyses demonstrated the role of
MAOA VNTR polymorphism in risk of depression
only in an Asian population in both men and women;
however, no association was observed in Caucasians
[32]. Another meta-analysis failed to confirm the
association of MAOA polymorphism with the risk of
developing depression [33]. The studies considering
the interaction of MAOA with other genes and envi-
ronmental factors confirmed its involvement in the
risk of depression. For instance, it was reported that a
combination of allelic variants of the MAOA gene asso-
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ciated with a reduced expression and the 5-HTTLPR
S allele could enhance risk of depression in adolescent
girls, whereas boys were characterized by risk of
depression associated with a weakened MAOA expres-
sion combined with 5-HTTLPR L allele [34]. More-
over, epigenetic factors, including methylation of the
CpG site located within exon 1 and intron 1, were also
reported to affect MAOA expression. Hypermethyla-
tion in this region was associated with depression in
women [35].

Probably, additional research examining a com-
bined effect of serotonergic system genes in pathogen-
esis of depressive disorders is required.

Dopaminergic System Genes

Among dopaminergic system genes, the genes
encoding dopamine receptors DRD2 and DRD4 and
dopamine transporter SLC6A3 (DATI) are the most
studied.

The 3'-untranslated region of the DRDZ2gene includes
SNP representing C to T exchange (rs1800497 or restric-
tion fragment length polymorphism TaqlA), which
affects gene expression. Post mortem studies revealed
that carriers of the T allele (or A7) had a lower density
of DRDZ2 receptors in the brain compared to carriers of
the C allele (42) [36]. It was reported that the T allele
was related to early manifestation of anxiety and
depression in preschoolers [37] and was associated
with higher vulnerability to stressful life events in ado-
lescents and increased risk of depression as a response
to maltreatment or stress in childhood [38]. According
to the results of a meta-analysis including five studies
of this SNP, individuals bearing the homozygous 77T
genotype were associated with higher risk of mood dis-
orders compared to 7C and CC genotype carriers; the
association was significant in a mixed sample rather
than in Europeans [39]. Another large-scale meta-
analysis also confirmed the effect of rs1800497 on risk
of depression, but only in an Asian population, not in
Europeans and a mixed sample [40].

The DRD4 gene is one of the most variable genes.
Multiple variants of the DRD4 gene represent the
result of a different number of 48 bp tandem repeats
(2—11 repeats, 2R— 1 IR alleles, respectively), also dif-
fering in nucleotide sequence [41]. The 2R, 4R, and 7R
alleles are the most frequent. In vitro studies demon-
strated that expression level of the 7R variant of the
gene was lower compared to 2R and 4R alleles [42].
According to the results of a meta-analysis combining
data of 12 studies, the 2R allele may represent a risk
factor for mood disorders, including unipolar depres-
sion and bipolar disorder [43]. Other researchers
demonstrated the association of alleles with seven or
more repeats with depression with comorbid mari-
juana abuse [44], behavioral problems in children
caused by a reduced level of maternal sensitivity [45],
and severe posttraumatic stress disorder in adults [46].
Vol. 56
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At the same time, cortisol measurement as a response
to stress in healthy individuals demonstrated that 7R-
allele carriers had lower cortisol response to stress. The
same study observed interaction between the DRD4
and 5-HTTL PR genotypes: carriers of the L, L, geno-
type had lower cortisol release compared to carriers of
the S'and L alleles only in the case of the presence of
at least one copy of the 7R allele [47].

The expression of the dopamine transporter gene
(DATI) is caused by VNTR polymorphism in the
3'-untranslated region of the gene. VanNess et al. [48]
demonstrated in vitro that the /0R allele (10 repeats)
had 50% higher expression compared to the 9R allele.
A recent study demonstrated association between the
9R allele and severity of depression in patients of both
sexes [49].

Dopamine metabolism is also related to the COMT
gene, whose product catechol-O-methyltransferase is
responsible for degradation of catecholamines, includ-
ing dopamine. Single nucleotide polymorphism G/A
(Val/Met) in exon 4 affects enzyme activity. The G
(Val) variant correlates with higher activity [50] and,
according to a recent study, may be associated with
early onset depression; this association is especially
significant for homozygote carriers [51]. At the same
time, a large meta-analysis including 21 studies failed
to confirm association between Val/Met polymor-
phism and any type of depression in men, women, and
a total sample [52].

Since depression is a polygenic disorder, the stud-
ies involving several genes simultaneously are of inter-
est. One such study was based on the use of a ten-point
scale to assess a combined effect of five genes of the
dopaminergic system: DRDI, DRD2, DRD3, COMT,
and DATI. Each individual scored from 0 to 2 for each
gene: one point for each allele enhancing dopamine
transfer. The study revealed that reduced dopamine
transfer was associated with increased risk of depres-
sion and that dopaminergic system genes enhance the
effect of each other in modulating mental health [53].

Other Candidate Genes

Searches for genetic variants responsible for liabil-
ity to depression were conducted also among the genes
related to neuronal development and growth, func-
tioning of the hypothalamic-pituitary-adrenal system
responsible for stress with transcription regulation,
and many other processes.

The BDNF (brain-derived neurotrophic factor) is
a protein involved in growth and development of den-
drites and axons, formation of synapses, and defense
of neurons. The BDNF plays an important role at dif-
ferent stages of neurogenesis within both prenatal
development and adulthood [54]. The brain-derived
neurotrophic factor is encoded by the BDNF gene,
which is characterized by the presence of exonic SNP
(Val66Met) resulting in valine exchange to methi-
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onine. Polymorphism is located in a domain responsi-
ble for molecules binding controlling intracellular
transport of both mRNA and protein. The presence of
methionine instead of valine results in a reduced
secretion of BDNF [55]. It was demonstrated that
Val66Met polymorphism could affect the risk of
depression. According to the results of a recent post
mortem study, the level of brain-derived neurotrophic
factor was lower in depressed patients and in individu-
als with severe stress at early age and/or with suicide
attempts [56]. In this study, a conclusion that the
66Met allele was associated with increased risk of
depression was made. A study comprising 2000 indi-
viduals reported that the allelic variant of 66 Met was
associated with enhanced risk of neuroticism [57].
Other studies demonstrated the effect of this polymor-
phism on depression symptoms in schizophrenia [58]
and Alzheimer’s disease [59]. Another study based on
2679 individuals examined a combined effect of
5-HTTLPR and Val66Met in the BDNF gene together
with childhood maltreatment. The results indicated
that individuals who reported any type of childhood
abuse had a significantly higher risk of depression in
the case of simultaneous presence of the S allele in the
serotonin transporter gene and 66Met allele in the
BDNF gene [60].

The FKBPS5 gene is involved in hypothalamic-pitu-
itary-adrenal system functioning and its expression is
enhanced as a response to stress. The FKBP5 gene
encodes protein reducing receptor sensitivity to corti-
sol, thus providing a rapid decrease in cortisol effect
via negative feedback [61]. The gene intron consists of
single nucleotide polymorphism C/T (rs1360780).
The T allele results in increased gene expression after
activation of glucocorticoid receptors, impaired regu-
lation of stress response, and prolonged cortisol
release [62]. The data that the T allele might be related
to depression have been published [63—65]. The
CRHRI (corticotropin-releasing hormone receptor 1)
gene is also related to the cascade of reactions initiated
by stress. One study examined 15 SNPs and two of
them (rs110402 and rs7209436) appeared to be associ-
ated with depression. Depression severity was
increased in homozygous genotype carriers of the
more frequent allelic variant (CCin rs7209436 and GG
in rs110402) who reported childhood abuse. At the
same time, homozygous carriers of rare allelic variants
(TT and AA, respectively) with reported childhood
trauma had lower predisposition to developing depres-
sion in adulthood. No statistically significant differ-
ences were detected in a group of patients without psy-
chological trauma. This makes it possible to suggest
a defense effect of rare allelic variants of the CRHRI1
gene [66]. Later, these results were confirmed in anal-
ogous studies [67, 68].

The SIRTI (silent information regulator-1) gene
encodes deacetylase, whose substrates include his-
tones, transcription factors, and some other proteins.
Deacetylase modifies the affinity of these proteins for
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DNA, thus regulating transcription activity [69].
Moreover, SIRT] is involved in inflammation, apop-
tosis, and cell growth [70, 71].

One of the last studies, which included 20 SNPs
located in this gene, detected that rs2236318 (T/A) was
the most statistically significant. Individuals bearing the
homozygous 77 genotype were prevailing among
depression patients compared to the control group [72].

GENOME-WIDE ASSOCIATION STUDIES

In recent decades, the development of genetic
technologies provided a wide use of GWAS for the
search for genetic factors of different diseases, includ-
ing psychopathologies. In contrast to candidate gene
studies, genome-wide research has no initial hypothe-
sis on the involvement of certain genes in disease
pathogenesis. A standard GWAS scheme represents a
comparison of sequence of the patient’s genome with
a distinct diagnosis with genomic sequences of a con-
trol group in order to determine allelic variants more
frequent in this disease. The criteria of statistical sig-
nificance for GWAS results are corrected for the study
with multiple independent tests; therefore, the p-value
has to be under 5 X 1078 (in the standard level of sig-
nificance, p-value < 0.05) [73].

A recent review described the results of GWAS of
depression published in the period from 2009 to 2018
[74]. The first study (2009) failed to detect genetic risk
factors under the level of statistical significance. The
CIDI (Composite International Diagnostic Inter-
view) was used for depression diagnosis. Nevertheless,
the findings of this study made it possible to conclude
that the PCLO (Piccolo presynaptic cytomatrix protein)
gene was associated with depression, since 11 of 200 most
significant SNPs were located within a region 167 kb
in length containing this gene [75].

In 2013, the PGC (Psychiatric GWAS Consor-
tium) conducted a meta-analysis of nine GWAS of
clinical depression with a total group containing 9240
patients and a control group of 9519 subjects. This
analysis failed to detect any statistically significant
findings. The most significant SNPs were rs11579964
neighboring the CNIH4, NVL, and WDR26 genes and
rs7647854 near C3orf70 and EHHADH [76].

Hek et al. [77] carried out a meta-analysis (n =
34549) of GWAS of depressive symptoms
(CHARGE—Cohorts for Heart and Aging Research
in Genomic Epidemiology). The severity of symptoms
was assessed with CESD (Center for Epidemiologic
Studies Depression Scale). On the basis of the results,
rs8020095 (p = 1.05 x 10~7) was the most significant,
which is located in the intronic region of the GPHN
gene, mutations in which were associated with epi-
lepsy [77, 78]. Nevertheless, the results of these GWAS
did not achieve the required level of statistical signifi-
cance and they failed to be replicated.
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In 2015, the results of the CONVERGE (China,
Oxford and Virginia Commonwealth University
Experimental Research on Genetic Epidemiology)
Consortium, which conducted GWAS on the basis of
a smaller but thoroughly phenotypic sample [79].
Since the study aimed to analyze a maximally pheno-
typically homogenous group, the sample consisted of
5303 Chinese women with recurrent depression and a
control group of 5337 individuals checked for the
absence of depressive symptoms. Low-coverage
sequencing was used. The data obtained were screened
using an independent sample. As a result, two genetic risk
factors residing chromosome 10 were identified:
rs12415800 is neighboring the SIRT'I gene (p = 2.53 X
10719, and rs35936514 is located within the intronic
region of the LHPP gene (p = 6.45 x 10~'2). Moreover,
a group of patients with melancholic depression
(depression subtype was diagnosed according to
DSM-1V) was examined. The significance of SIRT/
locus association exceeded the previous one in this
sample. However, the authors pointed that the identi-
fied SNPs were less frequent in European populations
compared to their sample [79]. Such studies make it
possible to suggest that different genes may impact the
formation of the same multifactorial phenotypic trait
in different ethnic groups.

The study conducted by SSGAC (Social Science
Genetic Association Consortium) was based on
another strategy making it possible to increase the
sample size [80]. The authors combined samples with
heterogeneous depression parameters. The study
included the results from PGC and GERA (Resource
for Genetic Epidemiology Research on Adult Health
and Aging), which consisted of patients with major
depressive disorder. These findings were combined
with data obtained from the UK Biobank, which
included patients’ responses to the questions on their
emotional state during the last two weeks. Therefore,
the total sample comprised both patients with clinical
depression and depressive symptoms. As a result, the
sample included 180866 individuals. The authors suc-
ceeded in detecting two significant SNPs: rs7973260
(p = 1.8 x 107?) located in the intronic region of the
KSR2 gene and rs62100776 (p = 8.5 x 10~°) located in
the intronic region of the DCC gene [80].

In 2016, another large-scale search for associations
was performed by 23andMe using 15 million SNPs
[81]. Genomic data obtained from 75607 individuals
who indicated the presence of major depressive disor-
der in their interview and 231747 respondents without
diagnosed depression serving as a control group were
used in the analysis. The study identified two distinct
regions containing SNPs with p-value < 1 x 108 and
five loci with p-value < 5 x 10~8. The most significant
was 1512552 (p = 1.23 x 107'2) located in the 3'-
untranslated region of the OLFM4 (olfactomedin 4)
gene. The OLFM4 gene regulates various functions
beyond the CNS: differentiation of cells, immune
Vol. 56
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response, and inflammation; its expression is
increased in different cancers [82]. This gene is known
to be also expressed in the amygdala and temporal lobe
[83]. This gene is involved in development of neurons
and formation of synapses [83].

Another SNP rs10514299 (p = 4.35 x 10712) is
located in the region between the MEF2C and
TMEM161B genes. Both genes are also expressed in
the brain. All results under the significance criteria
were compared to data obtained in the previous PGC
study. The subsequent analysis included only those
SNPs which were detected in both studies. The
remaining SNPs were additionally examined in
another sample with similar demographic characteris-
tics (45773 patients and 106354 individuals from the
control group). The findings from three studies (the
first study of 23andMe, PGC, and replication study of
23andMe) were combined to determine the total sta-
tistical significance of each SNP, which resulted in 17
significant SNPs, 15 of which were located in gene-
containing regions [81].

A recent large-scale meta-analysis of GWAS con-
taining 130664 patients and 330470 individuals from
the control group identified several significant SNPs
and confirmed the impact of several previously
reported SNPs [84]. The main group for meta-analysis
included 29 studies which diagnosed depression using
standard approaches (direct interview with a psycho-
therapist). In addition, six studies which diagnosed
depression via other methods, for instance, question-
naires, were conducted. All seven groups were focused
on the cases of “clinical depression.” As a result of the
study, 44 loci were detected, 33 of which were novel,
while 14 coincided with previous findings in studies of
clinical depression or depressive symptoms. One of the
most significant SNPs (rs12552) is located in the
3'-untranslated region of the OLFM4 gene, which has
been previously mentioned in the 23andMe study. The
second SNP (rs1432639) is proximal to the NEGR]I
gene (neuronal growth regulator 1). NEGRI affects
axonal length and synaptic plasticity in the cortex,
hippocampus, and hypothalamus [85, 86] and regu-
lates formation of synapses in the hippocampus [87].

New associations were reported with the RBFOX1
(Fox-1 family of RNA-binding proteins) and LRFN5
(Leucine-rich repeat and fibronectin type-III
domain-containing protein 5) genes. Interestingly,
two independent significant SNPs (rs8063603 and
rs7198928) are simultaneously localized in the
intronic region of the RBFOXI gene. This gene
encodes the protein regulating transcription of multi-
ple proteins, the majority of which are expressed in
neurons. Fox- 1 is responsible for the alternative splic-
ing of the PACAP receptor (peptide activating ade-
nylate cyclase in hypophysis) and is involved in the
regulation of corticotropin-releasing hormone release
as a response to stress [88].
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The LRFNS5 gene contains a depression-related
SNP in the intronic region (rs4904738). This gene
encodes a protein involved in formation of synapses
[89] and in inhibition of neuroinflammation [90].
Therefore, reduced expression of LRFN5 may cause
enhanced neuroinflammatory response.

The data of all discussed GWAS are shown in Table 2.

CONCLUSIONS

The results of the aforementioned studies demon-
strate the achievements that have been made in under-
standing the pathogenesis of depression. Several
assumptions regarding genetic risk factors have been
confirmed, although the results of single gene studies
remain contradictory. The monoamine theory still
remains the most studied one in depression pathogen-
esis. However, the meta-analyses did not always con-
firm the association of serotonergic and dopaminergic
system genes.

Contradictory findings of molecular genetic mark-
ers of depression may be caused by several factors.
First, the “cases” group usually includes patients with
both anxiety and melancholic and other subtypes of
clinical depression. Considering a significant differ-
ence in symptoms and therapy of various subtypes of
depression, the mechanisms of their development
and, hence, genetic risk factors may be different. Sec-
ond, the search for associations usually is based on the
inclusion of functionally significant loci, i.e., those
affecting gene expression or gene product activity.
However, several genes were reported to have a com-
plex mechanism of expression regulation. For
instance, the expression of the serotonin transporter
gene is affected by both VNTR polymorphism in the
promoter region and SNP in the same region located
in one of the repeats [12]. Therefore, it is reasonable to
use a multiallelic model which would consider the
impact of polymorphisms affecting gene expression.

However, the main reason for the inconsistency of
results is probably a polygenic nature of depression.
Multiple factors affect the risk of developing depres-
sion. Many genes with different molecular functions
may be associated with depression liability, while the
contribution of each individual gene is rather small
[84]. Therefore, the study of combinations of allelic
variants of different genes can become especially
informative.

Moreover, associations of both neurotransmitter
system genes and genes related to the development,
growth, and protection of neurons, inflammation,
transcription, and other important processes have
been observed. Genetically determined impairments
in these processes can also contribute to the pathogen-
esis of depressive disorders.

Frequently, genome-wide association studies fail to
confirm the results of candidate gene studies. This
may be relevant to both previously described reasons
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and to the specificity of the method itself, which
allows search for associations with SNPs rather than
with VNTR polymorphism [74]. The first GWAS did
not result in statistically significant findings; however,
later it was possible to identify several associations and
to confirm them in replication samples. To increase
the GWAS efficacy, it is recommended to use large
samples. It is expected that in 2020 the data of a sam-
ple of one million individuals would become available
[84]. The results also depend on the study design.
Groups of patients diagnosed with “clinical depres-
sion” can be valuable for the search for allelic vari-
ants common to all types of depression. At the same
time, the use of groups being homogeneous by diag-
nosis and other phenotypic parameters can make it
possible to identify allelic variants characteristic of a
certain subtype of depression and help to detect eth-
nic, gender, and other specific parameters of devel-
opment of disease.

In this regard, the development of new approaches
to the study of depression is discussed. For instance,
the data on the association of genomic polymorphic
markers or candidate gene variants with antidepres-
sant effect in samples of patients with certain depres-
sion subtypes remain insignificant. Such studies could
be informative for both assessment of the significance
of certain genotypes in the development of this pathol-
ogy and for the development of personalized medi-
cine.

Therefore, more thorough and precise understand-
ing of the nature of depression will help to personalize
the diagnosis and treatment of the disease. In addi-
tion, further research of the mechanisms of develop-
ment of disease can serve as a basis for the search for
new targets in pharmacotherapy, which is especially
relevant in consideration of a high percentage of
patients with recurrent depression.
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