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ABSTRACT

Background and objectives: As with depression, persistent depressive
disorder, recognized as dysthymia is one of the common psychiatric illnesses.
According to the World Health Organization, over 350 million among the
entire population, are affected by this condition. This study intends to cover
and narrate the association of candidate genes with persistent depressive
disorder.

Methods: A well-focused subject literature search should be chosen for this
study from PubMed and PubMed Central literature review or narrative review
is a type of review articles are used to focus on genetic variants are expected
to have only minute effects on the whole disease risk, and numerous genetic
factors amongst with environmental factors are possibly required for the
progress and developing of major depressive disorder.

Results: Genetic association of a depressive disorder is vital for clinical-based
studies, and also many researchers have suggested that common genetic
variants, gene expression and pathways are related to depression. Thus, it is
established those candidate genes are involved in the pathological process
of depressive disorder such as CRY1, CRY2, MAOA, 5-HTT; BDNF, IL, and FKBP5
are mainly concerned with anxiety and depressive disorders.

Conclusion: To conclude, our findings in genetic literature confirms that
association studies of candidate genes point to potential risk loci of persistent
depressive disorder may play an important role in early stage identification
and pathogenic risk assessment, thereby reducing the incidence among the
PDD human community. Depression can be treated efficiently and easily but
the main issue is to find out the associated risk factors and severity of the
depression.

KEYWORDS: Persistent depressive disorder; Candidate genes; SNPs;
Genetics, Environment

INTRODUCTION

Psychiatric disorders are described as a severe form of depression such as
clinical depression, bipolar disorder (BD), and schizophrenia (SCZ) that
are linked with higher rates of health problems throughout a person’s life.
The incidence of Major Depressive Disorder (MDD) among sufferers with a
physical sickness is reported to be approximately twofold to threefold greater
in the worldwide population and comorbidity with physical ailments such as
stroke; diabetes, cardiovascular disease, pain, and malignancy have become
a global health concern [1-3]. It is expected that one of three depressed
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patients might develop unfavorable persistent depression [4].

Persistent depressive disorder (PDD), recognized as dysthymia is
described as a depressive mood and is not severe as the leading
depression, however, it is chronic. It happens particularly as
women often are assigned lower levels of ability than men [5].
DD (Dysthymic disorder) is categorized into mood disorder
characterized by persistent depression along with any of the two
symptoms: eating disorders (overeating or less appetite), sleep
difficulties (insomnia or hypersomnia), attention deficiencies
(poor decision-making abilities and concentration difficulties),
and hopelessness [6]. The widespread comorbid condition with
dysthymia in kids and teenagers are anxiety disorders, conduct
disorder, learning disorders, attention deficit hyperkinetic
disorder, and mental deficiency. DD has higher comorbidity
with other psychological disorders, this serves as the reason
for the misinterpretations during the screening of dysthymia or
PDD [7,8]. In the 1980s, the prevalence of dysthymia in the U.S.
as presented by a survey was 3% (in the adult population) and
its comorbidity with other mental illnesses as estimated was
25%-30% [9]. When the GBD analysis has been carried out to
determine the burden of different depressive disorders in the
year 2010, depressive disorders were reported to be the second
main attributor to YLDs (years lived with disability) among
which dysthymia accounted for an average of 1.4% of YLDs and
0.5% of DALYs (disability adjusted life years) [10].

According to Vandeleur et al, the estimated prevalence of
DSM-5 PDD with 1) persistent major depressive episodes is
15.2%, and 2) pure dysthymia is 3.3%. Most times, dysthymia
moderately responds according to treatment, although some
residual symptoms remain, which the potential risk factors are
for relapse [11,12]. Recent research on treatment outcomes
of dysthymic patients suggests that the combination of
psychotherapy and pharmacotherapy has the best outcome
[13].

RISK FACTORS OF DYSTHYMIC DISORDER

Familial inheritance of dysthymia is one important factor
considered in studies of dysthymia. Generally, the family
history of mood or psychological disorders was recognized
as an important contributor to dysthymia. The occurrence
of dysthymia (DSM-IIl) in children whose parents were
diagnosed with primary unipolar major depression was much
higher compared to children of parents with no history of
psychological disorders. Higher rates of major persistent
depressive disorder in relatives of both dysthymia and MDD
patients were observed [14]. A higher risk of familial personality

disorders was also related to dysthymia, where the more the
relatedness to the affected individual, the higher is the risk of
dysthymia [15]. Various degrees of childhood adversity were
also reported to be predictors of dysthymia and co-morbid
dysthymia [16 and 17]. Experiencing stressors in early life
affects the levels of neurochemicals which might favor the
development of dysthymia [18]. Figure 1 explains the major risk
factors of depressive disorder.
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Figure 1: Major risk factors of depressive disorder.
FUNDAMENTAL GENETIC CONCEPTS

Based on the results of the Human genome project, nearly
20,000 nuclear genes were identified and most of them
function in the neuronal region (brain). Several traits are the
reflection of many genes and environmental factors. The
accountability of gene expression still while genes are present,
they do not always express themselves in the same way as the
complexities of this construct have important implications of
studying mental disorders. Traditional genetic studies are fairly
useful, where the evidence from these studies is the existing
support for the genetic foundation of psychological disorders.
This investigation produces the baseline of genetic influence,
distinguishing the comparative influence of heredity from that
of the environment [19]. But there is a limit to what common
genetic studies can reveal. They cannot recognize a specific
gene defect. Because of this limitation, researchers have been
eager to apply the innovative, powerful tools of modern
genetics to the study of psychological disorders.

GENETICS OF BEHAVIOR AND PSYCHOLOGICAL SICKNESS

The purpose of molecular genetics research of psychological
disorders is to classify and express cloned genes that contribute
to the risk of particular disorders and influence their way.
However, the connection between genes and mental disorders
iscomplex and intricate to assess [20,21]. Analysis about genetic
associations is a choice in conformity with linkage studies

Citation: RamakrishnanV, et al. (2021). Genetic variants associated with Persistent Depressive Disorder. Mathews J Psychiatry Ment Health. (6)1:31. n

DOI: https://doi.org/10.30654/MJPMH.10031



and one of the greatest strategies for identifying the genes
accountable for genetically multifaceted diseases in which there
is no recognized inheritance model, in which several genes
with small effects are most likely involved. The discoveries at
the genetic level should prove to transform influence on clinical
practices. However, behavioral and mental illness concerning
genetics is complex. This is consistent with the intricate wiring
of the brain and the variations in human behavior, however the
capability to that amount the advantages of genetics because
of action continues to be some years.

SNP detection and associating it with psychological disorders

The implementation of vital technological platforms for
facilitating gene invention is the success of the global Human
Genome Project and similar projects within the industry. They
aim to inform the genome sequence conditions and several
international projects aimed at identifying deviation in all
human genes among individuals. The major focus of variations
in recent studies is a gene sequence difference where a single
base is altered [22]. The SNP analysis is fairly easier to recognize
the locus of a human gene that contributes very larger effects
on phenotype than to recognize several loci where each
contributes a minute effect [23]. Over the past years, genome
wide association studies, commonly known as GWAS analyzes
the common SNPs and copy number variations (CNVs) and have
quickly substituted the candidate genes in association studies
(Figure 2). However, the identification of genetic variantsin MDD
vulnerability and other depressive disorders is quite challenging
[24]. Several Candidate gene approaches versus GWAS studies
observed depression and gene association, yet DD or PDD is
not widely studied. Several reasons behind the lesser number
of studies include the diagnostic difficulty, the comorbidity of
the disorder (double depression cases), and the similarity with
MDD (Major Depressive Disorder). The technological advances
including molecular methods and high-throughput analytical
techniques are potential for assessing every individual gene as
a viable candidate gene for the risk of psychological disorders,
or definitely, other phenotypes of interest.
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Figure 2: The general depiction of GWAS (case-control method).
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Cryptochrome Circadian Regulator 1 and 2 (CRY1 and CRY2)

The molecular mechanism of circadian clocks in mammals
involves the central SCN and peripheral clocks throughout the
body. The duration of the circadian cycle depends on certain
genes called clock genes such as CLOCK, ARNTL, PER, and CRY.
The transcriptional efficiency of the clock genes is maintained
by a natural light-dark based 24-hour rhythm mechanism [25].
The core genes such as ARNTL and CLOCK are mainly involved,
and the binding initiates a feedback loop in which CRY and PER
genes, and proteins play an imperative role. The transcriptional
and translational events of the clock components are important
for rhythm generation. Figure 3 explains the general feedback
loop of the clock signals in the SCN (suprachiasmatic nucleus)
that involves CLOCK, ARNTL, PER, and CRY2 genes and protein.
The down-regulation of the mentioned cycle will affect the
output pathways involving hormones, neuropeptides, mood,
and behavior. As several studies report, the circadian clock
period alterations are due to post-translational modifications
in the clock genes. The disturbances in the circadian clocks
and the expressional changes of the CRY7 and CRY2 genes
were observed in psychological and mood disorders such as
Bipolar disorder, winter depression, Major Depressive Disorder,
sleep disturbances, and metabolic disorders. These former
associations paved the way for researchers to find a possible
association of these circadian cycle regulatory genes with PDD.
CRY1 and CRY2 play a vital role in the circadian clock, and the
ratio of CRYT and CRY2 determines the life span of the circadian
clock.
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Figure 3: The feedback loop in SCN involving PER and CRY
gene.

Researchers had found that 73% amino acid of the CRY71
human (6-4 photoproduct) photolyase is the same as that of
CRY2. The purified human proteins, CRYT and CRY2 are viewed
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as maltose-binding fusion proteins up to the expectation
that encloses FAD and a pterin cofactor permanency [26].
Dysfunction of cell signaling pathways linking CRY1 and CRY2
may lead to depressive behaviors. Communication of these two
proteins directly with the Gsa, a subunit of the heterotrimeric
G protein [27], and the adenylyl cyclase pathway [28] decrease
the aggregation of these sites. This communication of the CRY
proteins is associated with downstream protein expression
and function [29]. Based on the inhibition, the cyclic adenosine
monophosphate signaling proceeds, leading to several
downstream cascades including the cyclic AMP reaction
element-binding protein action, and thereby contributing
to depressive-like behaviors [30]. Increased CRYT-CRY2 ratio
decreases the PER2-CRY2 import to the nucleus with its related
proteins and this, in turn, lengthens the circadian period.
The genetic association studies of dysthymia state that CRY2
and CRYT are not associated with DD, but haplotype analysis
reported rs10838524, rs7121611, rs7945565, and rs1401419 to be
associated with dysthymia [31]. A follow-up study proved the
association of all the former SNPs and rs3824872 [32].

Monoamine Oxidase A (MAOA)

The MAOA gene mapped in the X chromosome at p11.3 codes
for monoamine oxidase A that functions in the metabolism of
neuroactive or vasoactive amines such as dopamine, serotonin,
and norepinephrine which were proven to be involved in
several psychiatric illnesses [33]. The brain monoamine level is
important for the brain’s motor cognition, mood, and emotion
[34]. The MAOA gene polymorphisms such as rs1137070, 941T-G,
and rs1799835, an intron-2 dinucleotide repeat, and functional
length polymorphism in the upstream region of VNTR (u-VNTR)
were observed to affect the in-vitro transcriptional efficacy
of neuroactive amines and also in several behavioral and
neuropsychiatric illnesses such as the PD, ADHD, MDD, BD,
and AD. Studies report the significant relation of the MAOA
genotypes with childhood maltreatment, abuse in depression.
A study conducted by Cichetti et al, (2007) predicted that
adolescents with low MAOA levels along with a history of
maltreatments produce more depressive symptoms [35], while
another MDD symptomatology study concludes the association
of higher MAOA levels and abuse with MDD symptoms [36].

A study by Nikulina et al., in 2012 reported that the higher
MAOA levels (MAOA - H) with childhood maltreatment and
abuse as a vulnerable factor in females and the reasons behind
the sex specificity have also been explained [37]. A study
conducted in 2013 by Melas et al., reported the existence of
depressive symptoms in MAOA - L (low MAOA levels) females

with childhood maltreatments than those with MAOA-H thus
is contentious to the previous study [38]. There are several
studies relating MAOA genotypes to depressive symptoms
and treatment, yet, other studies provide evidence for their
nil association with depression and depressive symptoms.
However, in the case of PDD or dysthymia there is a very less
number of studies focusing on MAOA genotypes, yet, the result
of Nikulina et al. has given hope for the possible association
of this gene and its transcription levels in dysthymia. The
conclusion of the exact role of this polymorphism in PDD or DD
is in the hands of future studies.

SEROTONIN TRANSPORTER GENE (5-HTT)

The 5-HTTLPR
polymorphic region) is a 5’ proximal del-ins polymorphism

(5-Hydroxytryptamine transporter-linked
which is linked with the transcriptional efficiency and decreased
functioning of 5-HTT, which in turn, was related to altered
serotonin uptake from the synaptic clefts. The s-allele carriers
of 5-HTTLPR are observed with significantly lower transcription
levels of the promoter than those with the L-allele and causing
altered uptake of serotonin. As stated by several studies, the
transcriptional efficacy of 5-HTT interferes with the mood tone,
circadian cycle, sleep, motor function, sexual behavior, and
appetite. The involvement of this gene polymorphism in some
psychiatric disorders was not reported [39].

The 5-HTTLPR s-allele is accounted for higher risk of childhood
onset depressive disorder [40], whereas a study in 2000 stated
no nominal relationship between this polymorphism and
dysthymia in Brazilians [41]. However, the study by Verhagen
et al. investigated the polymorphism of 5-HTTLPR in MDD
and its comorbid disorders and observed the comorbidity of
dysthymia in 36.9% of MDD patients. The GEE analysis states
that the comorbidity of dysthymia in s-allele carriers was
significantly lesser compared with the I/l genotyped individuals
[39]. Studies also reported the significant interplay between
the polymorphisms in this gene and specific environmental
factors such as childhood maltreatment and sexual abuse in
depressive episodes [42]. Although a lesser number of studies
investigated the direct effects of the serotonin receptor
polymorphism in persistent depressive disorder there are MDD
and recurrent depression studies that prove the possibilities of
the involvement of this gene in PDD.

BRAIN-DERIVED NEUROGENIC FACTOR (BDNF)

Brain derived neurogenic factors are significantin neurogenesis,
neuronal cell properties such as plasticity and extensibility.
Depressive disorders and other neuropsychological disorders
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like Schizophrenia were related to decreased serum BDNF
levels and Val66Met polymorphism. A study determined that
the BDNF serum concentrations are higher in dysthymias
than those of the MDD patients, and was also observed with
a nominal difference when compared with controls [43]. In
contrast, a study determined that the serum BDNF levels of
dysthymic and patients with MDD are significantly lower than
controls, and did not note any difference in the concentrations
between the two depressed groups [44]. The existence of a
correlation between Val66Met and mood disorders is studied
in different populations, and also the methylation of BDNF is
observed to affect the susceptibility of depressive disorders
and its persistence in patients with the possible acute coronary
syndrome [45]. The over presentation of Met allele (Val66Met)
in BDNF was suggested to be linked with dysthymia in women
who experienced childhood problems [46].

BDNF gene polymorphisms are documented in several studies
including MDD, schizophrenia, childhood onset disorders,
bipolar disorders and other mood disorders. However, we
can observe contradictory outcomes in case of the risk of the
mentioned conditions, whereas, some studies report these
polymorphisms to have a potent role in the treatment and
diagnosis of several mood disorders. In the case of dysthymia,
although results were favorable to the relationship between
BDNF levels and dysthymia there is a need for a much larger
GWAS to elucidate the exact relationship of this gene with the
risk of PDD.

INTERLEUKIN (IL)

The cytokines and their effect on mood are widely studied
and data clarify a bi-directional relationship concerning the
cytokines and mood disorders [47]. The cytokines are observed
to influence neuroendocrine functioning and therefore will
further affect the neurovegetative functions [48]. The increased
production of IL-13 and IL-6 levels was observed in MDD and
Dysthymia (cells induced by mitogen), the IL-1f levels are
highly correlated with onset age and duration of the illness [49
and 50]. Yet, another study proved no correlating levels of IL-
1B and the psychological parameter [51]. The haplotypes of IL-1
gene were studied in Brazilian cohorts and the result suggested
several IL-1 haplotypes that are exclusive to dysthymic patients,
these haplotypes include IL-1RA, IL1-B, and IL1-a which in
several combinations might increase an individual’s risk of PDD
[52]. Even though studies report altered levels of interleukins IL-
1B, IL-6, IL-2 in PDD, until now, only one study investigated the
interleukin haplotypes in the progression of PDD. However, the
positive association of IL haplotypes with PDD was reported by

Fertuzinhos et al., and therefore the replication of this in various
populations can determine the efficacy and reliability of the
result.

PROTEIN KINASE C DELTA BINDING PROTEIN (PRKCDBP)

The protein kinase C delta binding protein plays a role in
synchronizing the circadian rhythm, where the synchronizing
process involves the maintenance of a stable PER2-CRY2
complex. The abnormal expression of CRY2 results in increased
expression of PER2 (period 2) and MAOA; the Nuclear receptor
subfamily 1 group D member 1 (NR1D1) links the circadian
clock and the mood events. The PER2 interacts with NR1D1
thereby resulting in a sequence of events by adipose tissue
leading to lowered mood or depression. A gain of function
mutation in the PRKCDBP thus seems to increase the circadian
period, whereas, a loss of function mutation shortens the same.
The association of the “A” allele of PRKCDBP rs1488864 was
reported with MDD, depressive disorders in general or (and)
dysthymia by Kovanen and colleagues. Although this study did
not concern dysthymia in specific for the PRKCDBP rs1488864
polymorphism, its association with depression disorders
(either depressive disorders (or) and dysthymia) was reported
[OR=1.5 (1.2-1.8), p=0.0009]. The haplotypes of the PRKCDBP
gene ATTA (rs1488864, rs2947030, rs16911940, rs10839553)
was also observed to be considerably related to depressive
disorders (OR=1.5 and p=0.001) and MDD [32]. Although this
study by Kovanen et al. observed the association of this gene
with depressive disorders (and dysthymia), there are several
limitations concerned with this study among which the limited
coverage of this gene is the main.

FK506 BINDING PROTEIN 5(FKBP5)

FK506 binding protein 5 is found to be connected with
regulating the GR (glucocorticoid receptor) sensitivity of
cortisol, and consequently, the FKBP5 gene expression affects
the cortisol secretion. Increased FKBP5 expression will lead to
decreased GR activity and thereby less efficient stress lowering
mechanisms. This GR-cortisol signaling impairment seems to be
an important biological attribute of mood disorders. The FKBP5
secretion alters GR activity, whereas, the FKBP5 expression
is regulated by the binding of the Androgen Receptor. The
study conducted by Velders et al., used candidate genes and
GWAS for the detection of genes linked with diurnal cortisol
secretion and their association with depression, they reported
the association of rs9470080 with the saliva cortisol levels
and clinical symptoms of depression. A Swedish population
study on rs1360780 reported that the minor T allele and the
genotype TT are associated with depression (MDD, mixed
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anxiety depression, and dysthymia) among men [40]. Several
studies reported the significance of this gene polymorphism in
the risk of MDD, gene-environment interactions in depressive
disorders, and treatment outcome of depression. These results
suggest the association between dysthymia and this gene.

Table 1: SNPs associated with Persistent Depressive Disorder.

Their involvement in the pathogenesis, risk and (or) treatment
outcomes must be elucidated by future studies. Table 1 gives
information on dysthymia or PDD associated SNPs reported by
several studies.

Gene Reference SNP/Haplotype OR P-value | Riskallele | Sample
origin
rs10838524 1.75 0.00002 G Sweden
Kovanen etdl, 2013 rs7121611 1.74 0.00002 A
rs7945565 1.71 0.00003 G
rs1401419 1.71 0.00004 G
CRY2 rs10838524 1.56 0.00009 G Sweden
rs7945565 1.59 0.00004 G
Kovanen etal., 20173° rs1401419 1.59 0.00004 G
rs7121611 1.59 0.00004 A
rs3824872 0.61 0.001 T
BDNF C.Lavebratt etal, 2010* rs6265 13 0.01 A Sweden
IL-1RA (allele 2%)/IL-1a (allele T*)/ - 0.002 - Brazil
IL-1 Fertuzinhos etal., 2004°° IL-1B (allele C*)
IL-TRA1.2/IL-1a C/T/ IL-B C/C - 0.012 -
PRKCDBP Kovanen etal., 20173° rs1488864 1.58 0.0002 A Sweden
FKBP5 C.lavebratt etal,2010* rs1360780 1.7 0.04 T Sweden

GENE-ENVIRONMENT INTERACTIONS

The gene-environment interactions are observed when one
or more gene variant(s) along with environmental factors
make an impact on the phenotype [53]. Genetic factors along
with environmental factors contribute to human disease by
conferring vulnerability, and if the disease occurs by influencing
severity and progression, the genetic analysis should prove as a
powerful tool for researching mental disorders. Environmental
factors were found to contribute to depression vulnerability,
such as exposure to several infections, deficiency of nutrients,
affectionate stress, societal disadvantage, racial minority,
childhood maltreatment, use of cannabis, and stress [54-58].
Childhood abuse and maltreatment has been stated that the
most imperative factors related with mood disorders such as
bipolar and depressive disorders [59]. Several studies found
the GxE relationship in depression, genes including BDNF,
HTR2A, MAOA, SLC64A are related to several environmental
factors such as childhood maltreatment, childhood adversity,
and stress [53]. It was also observed that the adversities

experienced during childhood result in changes in the brain
structures, in turn, leading to depression [59]. The exact role
of 5-HTTLPR in an increased risk of psychological disorders in
adults with history of childhood problems is questionable as
researches produce contradicting results [39]. The possible
interlink between MAOA, childhood problems and antisocial
behaviors was studied and as same as the former, studies on
this produced contrasting results [60,61]. A study in 2012 stated
the increased vulnerability of DD in women with a history of
problematic childhood. Studies which relate a genetic and
abnormal neurogenesis research on persistent depressive
disorder has consistently lagged behind that the research on
major depressive disorder, and should be high-priority. As they
described, many factors appear to contribute to persistent
depressive disorder, including slower cognitive development,
interpersonal, personality factors, emotional, environmental,
and certain biological factors [62]. The interaction of childhood
maltreatment and abusive events with genes in dysthymia was
observed in various studies and is depicted in table 2.
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Table 2: Gene-Environment interactions reported in PDD or DD.

Gene Environmental factors GXE* Reference
Childhood maltreatment | Individuals experiencing childhood maltreatment Brown etal., 2013
with the occurrence of short alleles of
5-HTTLPR(5Hydroxytryptamine transporter-linked
polymorphic region) are at risk of PDD.
SLC64A | Childhood maltreatment, | The study did not determine the involvement of Helen etal., 2013
Sexual abuse persistent depression in the chronic and recurrent
depressive episodes, yet support the reported
interactions between 5-HTTLPR polymorphism and
childhood maltreatment in persistent depression.
MAOA Childhood physical abuse, | The homozygous high-activity allele 4, 4 of MAOA Nikulina et al., 2012%
multiple maltreatment increases the vulnerability to DD in women with a
(females) history of physical abuse and maltreatment.
BDNF More than two childhood | A suggestive association of the Met-allele of Lavebratt et al., 2010
problems BDNF (Val66Met) with Depression (MDD, mixed
anxiety depression and dysthymia) in women with
childhood problems.
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