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Lithium is known to be efficient in treatment for mental disorders in people with bipolar disorder. 
The aim of the study was to identify bipolar disorder-specific microRNAs (miRNAs) that are associated with 
genes targeted by lithium treatment and lead to variance in the clinical response. miRNAs which are experi-
mentally validated and shown to have differential expression pattern in bipolar disorder were selected from 
online public databases miRTarbase and HMDD v3.2. Target prediction was carried out for each miRNA, 
and experimentally validated miRNA-target mRNA pairs were obtained and analyzed by miRTarbase, HMDD 
v3.2, TargetScan, and DIANA databases. miRNA-target genes that are associated with lithium was determined 
by the use of DrugBank. According to the in silico analysis, it has been found that IMPA1 gene was targeted 
by hsa-mir-34a and GRIA3 gene was targeted by hsa-mir-124. The present study demonstrated that IMPA1, 
GRIA3, hsa-mir-34a, hsa-mir-124 may have the potential to be used as molecular biomarkers for estimating 
and monitoring the response to lithium treatment in bipolar disorder. 
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Bipolar disorder (BD) which is a severe, com-
mon and chronic neuropsychiatric disorder 
with a heritability of approximately 70% is 

characterized by depression and mania [1]. The onset 
of BD is typically in adolescence or early adulthood 
and the physical and mental health, interpersonal 
relations, occupational and educational functioning 
of the patient is affected [2]. BD occurs in nearly 
1%-3% of population and the prevalence is equal in 
males and females. Bipolar disorder is multifactorial 
and complex disease with unclear aetiology [3]. 

Mood stabilizers are used for the treatment of 
bipolar disorder and among them, lithium is used 
for the prevention of depressive and manic episodes, 
death by suicide, suicide attempts, and has the 
strongest potential for the prevention of long-term 
relapse. On the other hand, response of lithium treat-
ment is highly variable, 30-40% of patients fail to 
respond and it has been supposed that genetic back-
ground is important for the variation of the lithium 

response. Even though, lithium has long been used in 
order to treat bipolar disorder, the molecular mecha-
nisms underlying its therapeutic effect is poorly un-
derstood [4, 5]. 

MicroRNAs (miRNAs) which are composed of 
approximately 22 nucleotides are endogenous non-
coding small RNA molecules and modulate gene ex-
pression. miRNAs were discovered in developmen-
tal studies conducted with Caenorhabditis elegans 
in 1993. Gene and protein expression is regulated 
by miRNAs by target mRNA cleavage, translational 
repression or mRNA deadenylation. Therefore, cel-
lular miRNAs are participated in the regulation of 
numerous biological processes such as differentia-
tion, cell proliferation, development, and apoptosis, 
and dysregulation of miRNAs has been correlated 
with various diseases such as cancer [6]. It has been 
suggested that miRNAs are potential predictors of 
response of treatment in multifactorial disorders. 
Moreover, microRNAs are involved in biological 
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pathways that modulate synaptogenesis, neuronal 
differentiation, and neurogenesis. Alterations in 
miRNA expression in response to lithium have been 
investigated in various studies [4, 7]. Hence, miRNA 
expression analysis may be used to modulate drug 
treatment in order to obtain optimal response in BD 
patients.

The aim of the present study was to identify 
bipolar disorder-specific miRNAs that are associated 
with genes targeted by lithium treatment  and lead 
to variance in the response and to better understand 
the molecular mechanism of action of lithium re-
sponse and the genetic variation that affects clinical 
response. In this regards, it has been hypothesized 
that miRNA expression might serve as a potential 
biomarker to estimate treatment efficacy in BD. 

Materials and Methods

Selection of miRNAs that are implicating in 
bipolar disorder. MicroRNAs (miRNAs) which 
are experimentally validated and shown to have 
differential expression pattern in bipolar disor-
der were selected from online public databases i.e. 
miRTarbase and HMDD v3.2: the Human micro-
RNA Disease Database version3.2. miRTarbase da-
tabase provides extensive information about experi-
mentally validated miRNA-target interactions [8]. 
HMDD database which is freely accessible obtains 
a remarkable number of miRNA-disease correlation 
entries from the literature in a manuel way [9].

Analyis of BD-specific-miRNA targets. Target 
prediction was carried out for each miRNA and 
experimentally validated miRNA-target mRNA 
pairs were obtained and analyzed by miRTarbase, 
HMDD v3.2, TargetScan, and DIANA databases. 
miRNA targets are generally identified via pairing 
between complementary regions in target mRNAs 
and miRNA seed sites. TargetScan that is freely 
available resource provides comprehensive infor-
mation about miRNAs of human, zebrafish, mouse, 
and the other vertebrates and their individual gene-
regulatory networks [10]. DIANA web tool is used 
for miRNA functional investigation. This database is 
utilized in order to determine targets of interest and 
to identify miRNA functions. The most frequently 
applied databases and algorithms involve DIANA-
TarBase V7.0, DIANA-miRPath v3.0, DIANA-mi-
croT-CDS, DIANA-lncBase v2.0, DIANA-mirExTra 
v2.0, DIANA-miRGen v3.0 [11].

miRNA target genes as drug-targets. We deter-
mined the miRNA-target genes that are associated 

with lithium by the use of DrugBank. The online 
web-tool DrugBank is a database involving exten-
sive molecular information about drugs, their tar-
gets, molecular mechanisms, and interactions and 
first idetified in 2006 [12]. 

Results and discussion

Bipolar disorder is a serious, complex and high-
ly heritable mental pathology. Bipolar disorder and 
its proper treatment have importance for the patient, 
the family and the society because of its chronic 
and recurrent course. World Health Organization 
(WHO) has declared that BD is one of the most com-
mon neuropsychiatric disorders for the individuals 
age with 15-44 [13]. Lithium has been used in order 
to treat bipolar disorder for approximately six years 
and still one of the most effective drug for BD [14]. 
On the other hand, 30-40% of BD patients do not 
respond to lithium and many patients show serious 
side effects such as thyroid suppression, acne, renal 
impairment, and weight gain because of genetic vari-
ations [15]. The underlying molecular mechanisms 
of BD is unclear. It has been determined that expres-
sion levels of numerous miRNAs are altered in the 
several samples of bipolar disorder patient. Hence, 
it has been suggested that miRNAs have potential 
roles for the pathogenesis of BD [16]. Therefore, it 
was reasoned that defining the target genes of BD-
specific miRNAs and lithium-targeted genes might 
provide remarkable insights into the fundamental 
molecular mechanisms of bipolar disorder. 

List of experimentally validated miRNAs ob-
tained from miRTarbase and HMDD v3.2 databases 
are shown in Table 1. Experimentally validated 
miRNAs and their target genes and their regula-
tion status are seen in Table 2 and Figure. VAMP2, 
NR4A2, BCL2, ESR1, BDNF genes are targeted by 
hsa-mir-206; BCL2, RNF41, FKBP5 genes are tar-

T a b l e  1. List of miRNAs taking role in bipolar 
disorder pathogenesis

hsa-mir-103-1 hsa-mir-206    
hsa-mir-124 hsa-mir-218-1
hsa-mir-132 hsa-mir-34a
hsa-mir-134 hsa-mir-449a
hsa-mir-137 hsa-mir-652
hsa-mir-138  hsa-mir-708
hsa-mir-15b hsa-mir-9-3
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T a b l e  2. List of genes targeted by the miRNAs and their regulation status in bipolar disorder

miRNA Gene Regulation
hsa-mir-206 VAMP2, NR4A2, BCL2, ESR1, BDNF Downregulation
hsa-mir-708 BCL2, RNF41, FKBP5 Downregulation
hsa-mir-652 CBS Downregulation
hsa-mir-134 YWHAZ, GABRB2 Downregulation
hsa-mir-15b FKBP1A, CACNA1B, BCL2, MAPK1, RTN4, MTHFR, DCTN5 Downregulation
hsa-mir-34a IMPA1, ADARB1, AKT1, CASP8, BCL2, TNF, CLOCK, RTN4, 

MAGI1, PDE4B, TGM2, PLCG1, SIRT1, VEGFA, DCTN5
Downregulation

hsa-mir-218-1 P2RX7 Downregulation
hsa-mir-132 MMP9, MAPK1, NCS1, RTN4, BDNF, SIRT1 Downregulation
hsa-mir-124 NFIX, LMAN2L, MLLT3, EGR2, ASTN2, AKT2, ADARB1, 

SLC1A4, RGS4, ROR1, NEDD4, GRIA3, UHMK1, DISC1, 
NRG1, SRSF3, CLOCK, SLC1A3, CXCL8, IMPACT, 
FGFR1, BDNF, SIRT1, VDR, NR3C2, DBNL

Downregulation

hsa-mir-449a BCL2, SIRT1, DCTN5 Downregulation
hsa-mir-137 RORA, DCLK1 Downregulation
hsa-mir-138 AKT1, HIF1A, BAG1, RARA, RELN Downregulation

geted by hsa-mir-708; CBS gene is targeted by hsa-
mir-652; YWHAZ, GABRB2 genes are targeted by 
hsa-mir-134; FKBP1A, CACNA1B, BCL2, MAPK1, 
RTN4, MTHFR, DCTN5 genes are targeted by hsa-
mir-15b; IMPA1, ADARB1, AKT1, CASP8, BCL2, 
TNF, CLOCK, RTN4, MAGI1, PDE4B, TGM2, 
PLCG1, SIRT1, VEGFA, DCTN5 genes are targeted 
by hsa-mir-34a; P2RX7 gene is targeted by hsa-
mir-218-1; MMP9, MAPK1, NCS1, RTN4, BDNF, 
SIRT1 genes are targeted by hsa-mir-132; NFIX, 
LMAN2L, MLLT3, EGR2, ASTN2, AKT2, ADARB1, 
SLC1A4, RGS4, ROR1, NEDD4, GRIA3, UHMK1, 
DISC1, NRG1, SRSF3, CLOCK, SLC1A3, CXCL8, 
IMPACT, FGFR1, BDNF, SIRT1, VDR, NR3C2, 
DBNL genes are targeted by hsa-mir-124; BCL2, 
SIRT1, DCTN5 genes are targeted by hsa-mir-449a; 
RORA, DCLK1 genes are targeted by hsa-mir-137; 
and AKT1, HIF1A, BAG1, RARA, RELN genes are 
targeted by hsa-mir-138. 

In recent years numerous studies have high-
lighted the consisting of miRNA-mediated modu-
lation of protein levels in drug response. Given the 
correlation we have constituted between miRNAs 
and bipolar disorder, we tried to identify whether 
miRNA target genes involved any therapeutically-
associated lithium-targets. In this study, it has been 
found that GSK3B, IMPA1, IMPA2, GRIA3 genes 
are targeted by lithium that is used for the treatment 

of bipolar disorder according to DrugBank online 
tool (see Table 3). Lithium has an inhibitor effect 
on GSK3B, IMPA1, IMPA2 genes while it potentia
tes GRIA3 gene. According to the in silico analysis, 
IMPA1 gene is targeted by hsa-mir-34a and GRIA3 
gene is targeted by hsa-mir-124. 

The phosphatidylinositol (PI) cycle is a main 
intracellular second messenger system in brain and 
in many other tissues. The dephosphorylation of 
inositol-1-phosphate to inositol is executed by the 
enzyme called inositol monophosphatase (IMPase) 
[17]. IMPases are encoded by two genes, IMPA1 
gene on chromosome 8q21.13-21.3 and IMPA2 gene 
on chromosome 18p11.2, in human [18]. It is known 
that lithium inhibits enzymatic activity of IMPase in 
vitro and in vivo and it is supposed to be associated 
with inositol depletion [19]. It has been found that 
IMPase enzyme activity and IMPA1 gene expres-
sion were altered in bipolar disorder [18]. It has been 
found that IMPA1 gene was inhibited by lithium and 
also downregulated by hsa-mir-34a according to the 
in silico analysis in this study.

Glutamate is one of the most significant neuro-
transmistter in the brain and it acts as a excitatory 
one. GRIA3, a subunit of ionotropic glutamate recep-
tors, also known as α-amino-3-hydroxy-5-methyl-4-
isoxazol-propionate (AMPA) receptors (AMPARs), 
have been fundamentally identified in the central 
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Figure. The interactions between the microRNAs that are implicated in bipolar disorder and their target 
genes. hsa-mir-206 downregulates VAMP2, NR4A2, BCL2, ESR1, BDNF genes; hsa-mir-708 downregulates 
BCL2, RNF41, FKBP5 genes; hsa-mir-652 downregulates CBS gene; hsa-mir-134 downregulates YWHAZ, 
GABRB2 genes; hsa-mir-15b downregulates IMPA1, ADARB1, AKT1, CASP8, BCL2, TNF, CLOCK, RTN4, 
MAGI1, PDE4B, TGM2, PLCG1, SIRT1, VEGFA, DCTN5 genes; hsa-mir-218-1 downregulates P2RX7 gene; 
hsa-mir-132 downregulates MMP9, MAPK1, NCS1, RTN4, BDNF, SIRT1 genes; hsa-mir-124 downregulates 
NFIX, LMAN2L, MLLT3, EGR2, ASTN2, AKT2, ADARB1, SLC1A4, RGS4, ROR1, NEDD4, GRIA3, UHMK1, 
DISC1, NRG1, SRSF3, CLOCK, SLC1A3, CXCL8, IMPACT, FGFR1, BDNF, SIRT1, VDR, NR3C2, DBNL 
genes; hsa-mir-449a downregulates BCL2, SIRT1, DCTN5 genes; hsa-mir-137 downregulates RORA, DCLK1 
genes; hsa-mir-138 downregulates AKT1, HIF1A, BAG1, RARA, RELN genes

nervous system [20, 21]. GRIA3 is significant me-
diator of synaptic plasticity and transmission and 
mutations in GRIA3 gene are associated with brain 
disturbances such as intellectual disability and sleep 
problems [22]. There is no study about the relatio-
ship between GRIA3 gene and bipolar disorder and 

lithium response in the literature. In this study, it has 
been determined that GRIA3 gene was activated by 
lithium and was downregulated by hsa-mir-124. 

Conclusions. The results in this study indicate 
that the relationship between IMPA1 gene and hsa-
mir-34a and the relationship between GRIA3 gene 
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and hsa-mir-124 may clarify the molecular mecha-
nism of the variable lithium response. The present 
study demonstrated that IMPA1 and GRIA3 genes 
and hsa-mir-34a and hsa-mir-124 might serve as a 
predictor of the lithium response in patients with bi-
polar disorder. Therefore, IMPA1, GRIA3, hsa-mir-
34a, hsa-mir-124 may have the potential to be used as 
molecular biomarker for estimating and monitoring 
the lithium response in bipolar disorder. Moreover, 
further in vitro and in vivo analysis of expression of 
IMPA1, GRIA3, hsa-mir-34a, hsa-mir-124 may pro-
vide comprehensive information about the clinical 
response of lithium treatment in bipolar disorder. 
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мРНК hsa-mir-34a та hsa-
mir-124 як біомаркери 
для прогнозування та 
моніторингу лікування 
літієм за біполярного 
розладу: аналіз in silico
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Відомо, що літій ефективно лікує психічні 
розлади в людей з біполярним розладом. Метою 
дослідження було ідентифікувати специфічні 
для біполярного розладу мРНК, що пов’язані з 
генами-мішенями дії літію за лікування та зу-
мовлюють відмінності клінічної відповіді. Екс

T a b l e  3. Target genes of lithium and functions of the target genes and effect of lithium on the target genes

Target Gene ID General function Action Organism
Glycogen synthase kinase-3 beta GSK3B Ubiquitin protein ligase binding Inhibitor Human
Inositol monophosphatase 1 IMPA1 Protein homodimerization 

activity
Inhibitor Human

Inositol monophosphatase 2 IMPA2 Protein homodimerization 
activity

Inhibitor Human

Glutamate receptor 3 GRIA3 Extracellular-glutamate-
gated ion channel activity

Potentiator Human

периментально перевірені мРНК із різним па-
терном експресії за біполярних розладів були 
відібрані із загальнодоступних онлайн-баз 
даних miRTarbase та HMDD v3.2. Для кожної 
мРНК прогнозували мішень та експерименталь-
но підтверджені пари мішень-мРНК отриму-
вали та аналізували за допомогою miRTarbase, 
HMDD v3.2, TargetScan та DIANA. Гени-мішені 
мРНК, пов’язані з дією літія, визначали за до-
помогою DrugBank. Аналіз in silico показав, що 
мішенню hsa-mir-34a був ген IMPA1, а мішенню 
hsa-mir-124 – був ген GRIA3. Дослідження по-
казало, що IMPA1, GRIA3, hsa-mir-34a, hsa-
mir-124 можуть мати потенціал молекулярних 
біомаркерів для оцінки та моніторингу реакції 
у разі лікування літієм за біполярних розладів.

К л ю ч о в і  с л о в а: біполярний розлад, 
літій, IMPA1, GRIA3, мРНК hsa-mir-34a, мРНК 
hsa-mir-124.
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