
INTRODUCTION 

epression presents a significant Dglobal health burden, impacting 
1millions worldwide.  Major Depressive 

Disorder (MDD) is characterized by 
emotional instability, reduced activity, 
anhedonia, and disturbances like sleep 
and appetite changes, affecting 
a p p r o x i m a t e l y  4 . 7 %  o f  t h e  

2,3population.  By 2030, the World Health 
Organization projects it to become the 

2leading cause of disability.  

Diagnosing depression relies heavily on 
subjective symptom assessment due to 

4the lack of reliable biological markers.  
Although antidepressants are effective 
for many, about one-third of patients do 

5not respond satisfactorily.  This 

highlights the need for biomarkers to 
improve diagnosis and treatment 
outcomes in psychiatry. MicroRNAs 
(miRNAs) have emerged as promising 
biomarker candidates for depression. 
These  sma l l  non-cod ing  RNA 
molecules, composed of 17 to 25 
n u c l e o t i d e s ,  r e g u l a t e  p o s t -
transcriptional gene expression, 

6influencing various cellular processes.  
They achieve this by binding to partially 
complementary sequences in the 3' 
untranslated region of target messenger 
RNAs (mRNAs), leading to mRNA 
d e g r a d a t i o n  o r  t r a n s l a t i o n a l  

7suppression.  

Despite advancements, accurately 
predicting miRNA targets remains 
challenging with current bioinformatics 
tools. miRabel stands out as a superior 
resource, offering enhanced predictive 
capabil ities compared to other 
algorithms like MBSTAR, miRWalk, 

8 , 9E x p r Ta r g e t ,  a n d  m i R M a p .  
Bioinformatics has evolved over two 
decades, revolutionizing biological 
research and facilitating the effective 
management and analysis of extensive 

8data.  It bridges biological details with 
knowledge storage and exploration, 
supporting various domains, including 

9clinical medicine.  Despite challenges, 
miRabel addresses limitations by 
providing superior predictions, crucial 
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ABSTRACT

OBJECTIVE: To investigate the associations of miRNA-132, miRNA-182, and 
miRNA-124 with long-term depression and elucidate their target genes and 
translational implications utilizing miRabel, a bioinformatics tool. 

METHODS: This study is a part of a randomized controlled trial conducted in 
Psychiatry OPD of a teaching hospital, Peshawar, Pakistan from February-2021 till 
December-2021. It's a computational study using miRabel which is a miRNA 
target prediction instrument. This software improves bioinformatic analysis by 
anticipation of microRNAs targets by grading and grouping.  

RESULTS: By utilizing the miRabel software, our research reveals that miRNA-
132, miRNA-182, and miRNA-124 target a total of 123 genes involved in long-
term depression. Out of these genes, twelve (PRKCB, PLA2G4A, PRKCG, 
GNAZ, GNAO1, GUCY1B3, GNAI2, PLCB3, PPP2R1A, PLCB2, GNA11, and 
GUCY1A2) display significant potential impact, with scores close to 1.0 (0.9). 
These particular genes exhibit a stronger influence compared to other target 
genes of miRNA-132, miRNA-182, and miRNA-124 concerning long-term 
depression. Our investigation also revealed that these genes target several 
pathways, including beta-catenin independent WNT signaling, corticotropin-
releasing hormone relating pathway, ErbB communicating path, G protein 
signaling, glutamic acid  attachment, triggering  of AMPA receptors, GnRH 
communication, Ras signaling, Serotonin and anxiety-related events, 
communication by WNT, signaling by GPCR, MAPK pathway, NO/cGMP/PKG 
neural-preservation, phosphodiesterases neuronal tasks, neuroinflammation and 
glutamatergic signing, along with several other pathways. 

CONCLUSION: miRNAs such as miRNA-132, miRNA-182, and miRNA-124, 
identified via comprehensive bioinformatic analysis, show potential as depression 
biomarkers and treatment targets. Insight into their roles and target genes within 
depression pathways could inspire innovative treatment strategies.
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for exploring miRNA functions in 
biological contexts. Our study leverages 
this to analyze targeted genes and 
pathways associated with specific 
miRNAs, aiming to illuminate molecular 
pathways underlying MDD and identify 
potential biomarkers for further 
i nves t i g a t ion  and  therapeu t i c  
intervention. 

METHODS 

This research is a component of a 
project (the role of ascorbic acid in the 
expression of miRNA and improvement 
of mood in patients with depression: a 
randomized control trial) conducted in 
a teaching hospital 's psychiatry 
outpatient department (OPD) in 
Peshawar, Pakistan, spanning from 
February 2021 to December 2021. 
Within this study, bioinformatic analysis 
was performed using the software 
miRabel. This software encompasses a 
comprehensive repository of miRNAs, 
genes, and signaling pathways, akin to an 
exploration toolkit. 

The miRabel dataset encompasses 
comprehensive human outcomes 
derived from four prominent miRNA 
target prediction algorithms: miRanda, 

10,11PITA, SVmicrO, and TargetScan.  This 
software can freely accessed via the 
following website: http://bioinfo.univ-
rouen.fr/mirabel/. Upon visiting this 
website, there will be three options: 
miRNAs, genes, and signaling pathways. 
Then, choose the miRNAs exploration 
option, and a separate page will be 
presented. This page contains 
information about the potential targets 
of miRNAs and their associated 
pathways. To proceed, enter the 
specific miRNAs you're interested in, 
such as hsa-miR-132, hsa-miR-182, and 
hsa-miR-124, and select the relevant 
p a t h w a y,  s u c h  a s  " l o n g - t e r m  
depression," from the drop-down 
menu. Afterward, click the "compute" 
button. Another page will open, 
displaying a table containing information 
about the genes impacted by the 
s e l e c t e d  m i R N A s  a n d  t h e i r  
corresponding target scores in the 
context of long-term depression. The 
complete entries will be copied and 
subsequently sorted in descending 
order. Genes were ranked according to 
their scores like those with scores, so 

approaching 1, such as 0.99, were 
ranked higher than those with scores 
like 0.98, and so forth. Each gene is 
accompanied by three icons: one for 
NCBI, another for Ensembl, and a third 
for Gene Cards. Clicking on any of these 
icons will provide comprehensive 
information about the selected genes, 
including their name, gene ID, and 
associated pathways. Since this is a 
computational study, all the relevant 
details are obtained from this software 
and then correlated with existing 
literature on depression.

RESULTS

In long-term depression, the target 
genes of miRNA-132 are given in Table I.

In this research, we centered on miR-
132 and its involvement in long-term 
depression. We identified a total of 38 
target genes of miR-132 associated with 
this condition. Among these target 
genes, seven showed a particularly high 
potential impact with a score of 0.9, 
indicating their close relevance to miR-
132-mediated long-term depression. 
These high-impact genes include 
PLA2G4A, PRKCB, PRKCG, GNAZ, 
GNAO1, GUCY1B3, and GNAI2

1. PRKCB Gene: PRKCB encrypts a 
protein kinase that performs diverse 
roles in biological activities, namely B 
cell triggering, apoptosis introduction, 
endothelial cell expansion, and intestinal 
sugar consumption. Experiments on 
mice proposed that this kinase may also 
adjust neuronal activities and be 
associated with fear-induced disputed 
behavior after pressure and strain 
exposure. PRKCB shows higher 

12expression in the brain.

2. PLA2G4A Gene: The present gene 
encrypts a  component of  the 
cytoplasmic phospholipase A2 category 
IV group, which catalyzes the 
d e c o m p o s i t i o n  o f  m e m b r a n e  
phospholipids, liberating icosanoic acid. 
This icosanoic acid is then chemically 
processed to produce eicosanoids, 
essential lipid-based essential hormones 
that modulates hemodynamics and 
inflammatory feedbacks PLA2G4A is 
expressed in the brain, urinary bladder, 

13and adrenals.

3. PRKCG Gene: PRKCG is associated 
with Protein kinase C (PKC) family and 

is exclusively exhibited in the brain and 
spinal cord, particularly in neurons. 
Corresponding protein kinase performs 
a crucial function in nerve cells activities, 
including long-term potentiation (LTP) 
and long-term depression (LTD). 
Defects in PRKCG have been linked to 
n e u r o d e g e n e r a t i v e  d i s o r d e r  
spinocerebellar ataxia-14 (SCA14). The 
gene shows increased expression in the 

14brain and testis. 

4. GNAZ Gene: The product of GNAZ 
belongs to a G protein subdivision 
spec i a l l y  pa r t i c i p a te s  i n  s i gn  
transduction in pertussis toxin-
insensitive systems. It plays significant 
participation in keeping up the ionic 
harmony of cochlear liquid, which is 
necessary for auditory function. GNAZ 
exhibits wide expression across various 

15tissues, including the brain.

5. GNAO1 Gene: GNAO1 encrypts 
the alpha subdivision of the Go 
heterotrimeric G-protein signal-
processing network. Mutations inside 
gene are linked to initial-onset epileptic 
encephalopathy. GNAO1 is expressed 

16prominently in the brain and testis.

6. GNAI2 Gene: GNAI2 encrypts an 
alpha subdivision of guanine nucleotide-
binding proteins (G proteins). It takes 
part a vital character in the hormone-
based modulation of adenylyl cyclase by 
binding guanine nucleotides. The gene 
exhibits widespread expression in 
various tissues, including spleen, bone 

17marrow, and brain.

7. GUCY1B3 Gene: GUCY1B3 
encrypts the beta subdivision of solvable 
guanylate cyclase (sGC), an enzyme 
responsible for converting GTP into 
cGMP. The encrypted protein holds an 
HNOX domain, acting just as receptor 
for molecules like nitric monoxide, 
oxygen, and nitrovasodilator drugs. 
GUCY1B3 is expressed in various 
tissues, including the brain and 

18placenta.

miR-132 regulates a network of target 
genes involved in long-term depression. 
The identified high-impact genes 
provide valuable insights into the 
molecular mechanisms underlying this 
mental health condition. Further 
investigation of these genes and their 
associated pathways may contribute to 
the recognition of probable biomarkers 
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and curative goals for managing long-
term depression

In long term depression the objective 
genes of miRNA-182 are given in Table 
II.

We investigated miR-182 and its 
involvement in long-term depression, 
identifying a total of 37 target genes 
associated with this condition. Among 
these target genes, four displayed the 
highest potential impact with a score of 
0.99, indicating their close relevance to 
m i R- 1 8 2 - m e d i a t e d  l o n g - t e r m  
depression. These high-impact genes 
include PLCB3, PPP2R1A, PLCB2, and 
GNAZ.

1. PLCB2 Gene: PLCB2 encodes a 
phosphodiesterase responsible for 
hydrolyzing phosphatidylinositol 4,5-
bisphosphate, causes production of 
intracellular mediators, inositol 1,4,5-
trisphosphate (IP3), and diacylglycerol. 
Its activation is facilitated by G proteins, 
and it is engaged in the wave's 
conversion tracks of the type 2 taste 
receptor. The transcript ion of 
corresponding gene can be regulated by 
nuclear factor kappa B, and its protein 
product serves as an essential regulator 
of platelet responses. PLCB2 exhibits 
broad expression in various tissues, 
including spleen, bone marrow, and 

19several others. 

2. GNAZ Gene:  The protein 
expressed by this gene linked to a G 
protein subdivision associated in 
signaling pathways within pertussis 
toxin-insensitive systems. Widely 

15expressed in brain tissue.

3. PLCB3 Gene: Corresponding gene 

is linked to the phosphoinositide 
phospholipase C beta enzyme group, 
playing a crucial role in catalyzing the 
producing of intracellular mediators, 
diacylglycerol, and inositol 1,4,5-
trisphosphate from phosphatidylinositol 
during G-protein-linked receptor-
mediated signal transportation. 

Substitute splicing generates numerous 
transcript versions, resulting in 
funct iona l  d ivers i ty.  PLCB3 is  
extensively demonstrated in several 
tissues, including duodenum, small 

20intestine, brain, and others.

4. PPP2R1A Gene: PPP2R1A encrypts 
a fixed regulative subdivision of protein 
phosphatase 2, among four major 
Ser/Thr phosphatases that negatively 
control cell development and fractions. 
Protein phosphatase 2 comprises a 
heteromeric core enzyme, consisting of 
a catalytic subdivision and a persistent 
supervisory subdiv is ion,  which 
associates with several governing 
subdivision. The continuous principle 
subdivision A, encoded by PPP2R1A, 
acts as a supporting molecule, 
facilitating the group of the catalytic 
subdivision along with an inconsistent 
regulative B subdivision. The genetic 
code expresses an alpha isotype of the 
fixed regulative subdivision A, and 
alternative joined transcript forms have 
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Table I: Target genes of miR-132 and its potential 
impact on the target genes

Target genes of miR-132
Potential impact of miR-
132 on the target genes

PRKCB, PLA2G4A, PRKCG, GNAZ, GNAO1, 
GNAI2 and CY1B3

0.99

GUCY1A2, PRKG2, PRKG1, GNAS, GRID2, 
HRAS, CACNA1A, PLCB1,C7orf16, NRAS and 
ITPR3

0.98----0.91

GRM1, GRIA1, GNAI3, IGF1R, PPP2R1B, 
PPP2CA,GUCY1A3,ITPR2, GRIA2, GNA13, 
PLCB4, GNA12,1, KRAS, APK3 and PPP2CB

0.89----0.0007

Table II: Target genes of miR-182 and its potential impact 
on the target genes

Target genes of miR-182
Potential impact of miR-
182 on the target genes

PLCB2, GNAZ, PLCB3 and PPP2R1A. 0.99

GNA12, GUCY1A2, GRID2, ARAF, GNA11, PLCB1, 
C7orf16, GUCY1B3, GNAI2 and MAP2K1

0.98----0.93

PLA2G4D, GNAS, ITPR2, GRIA2, GNAI1, KRAS, 
GUCY1A3, NRAS,PRKCB, PRKCA, GRIA3, MAPK1 
IGF1, GNAI3, GRIA1, PPP2R1B, PLCB4, GNAO1, 
ITPR1, GNAQ, IGF1R , GNA13 and GRM1

0.89----0.003

Table III: Target genes of miR-124 and its potential impact 
on the target genes

Target genes of miR-124
Potential impact of miR-
124 on the target genes

GNA11, PPP2R1A and GUCY1A2 0.99

RKCB, C7orf16, PLCB2, MAP2K1, GNAQ, PPP2CA, 
ITPR2, GRID2, PLA2G4F, PPP2CB, PRKCG, CRHR1 
and PLA2G4C.P

0.98----0.91

ITPR1, LYN, GUCY1B3, IGF1, HRAS, PLA2G4D, 
GNAS, GNAO1, IGF1R, PRKG2, PPP2R1B, GNAZ, 
GRIA1, RAF1, GRIA3, KRAS, PRKCA, MAPK1, PLCB4, 
GNA12, ARAF, GNA13, PRKG1, GNAI1, GNAI3, 
RM1, GNAI2, NRAS, ITPR3, GRIA2, PLCB1 and RYR1

0.88----0.0007

Identification of target genes and pathways regulated by miRNA-132, miRNA-182, and miRNA-124 in depression: a bioinformatics analysis



been described. PPP2R1A exhibits 
widespread presence in various tissues, 
including heart, adrenal, brain, and 

21others.

miR-182 targets a network of genes 
involved in long-term depression, and 
the four identified high-impact genes 
provide valuable insights into the 
molecular mechanisms underlying this 
mental health condition. Further 
exploration of these genes and their 
associated pathways may lead to the 
discovery of prospective biomarkers 
and curative objectives for managing 

long-term depression.

In long term depression, the target 
genes of miR-124 are given in Table III.

In our investigation of miR-124 and its 
role in long-term depression, we 
identified a total of 48 target genes 
associated with this condition. Among 
these target genes, only three 
demonstrated the highest potential 
impact with a score of 0.99, signifying 
their close relevance to miR-124-
mediated long-term depression. These 
high-impact genes include GNA11, 

PPP2R1A, and GUCY1A2.

1. GNA11Gene: Corresponding 
protein encrypted by GNA11 is a 
representat ive of  the guanine 
nucleotide-binding proteins (G 
proteins) family, that play vital roles as 
restrainers or sensors in numerous 
transmembrane signaling network. G 
proteins consist of three units: alpha, 
beta, and gamma. GNA11 encrypts 
particular alpha subunits, specifically 
subunit alpha-11. Transformation in this 
gene have been connected with two 
conditions: hypocalciuric hypercalcemia 
type II (HHC2) and hypocalcemia 
dominant 2 (HYPOC2). Individuals with 
HHC2 and HYPOC2 reveals reduced 
o r  e n h a n c e d  r e s p o n s i v e n e s s  
correspondingly, to alterations in 
extracellular calcium levels. GNA11 
exhibits broad expression in various 
tissues, including small intestine, 

22duodenum, brain, and others.

2. PPP2R1A Gene: Discussed 
21previously with miRNA-182.

3. GUCY1A2 Gene: Soluble guanylate 
cyclases are protein complexes 
composed of heterodimers that 
facilitate the turning of GTP to 3',5'-

33KMUJ 2024, Vol. 16  No.1

miR-132 miR-182 miR-124

PLA2G4A PPP2R1A PPP2R1A

PRKCB PLCB3 GNA11

PRKCG PLCB2 GUCY1A2

GNAZ GNAZ

GNAO1

GUCY1B3

GNAI2

Table IV: Comparison of the target genes of miR-132, miR-182 and 
miR-124 having high potential impact

Table V: Target genes and pathways related to depression

Target Genes Pathways

PRKCB

Beta-catenin independent WNT signaling, Corticotropin-releasing hormone signing tract, ErbB signaling 
pathway, G protein signing tract, Glutamic acid banding, triggering of AMPA receptors and synaptic flexibility, 
GnRH Signaling Pathway, Ras signaling,5-hydroxytryptamine (5-HT) and apprehension, 5-hydroxytryptamine (5-

12HT) and worries-linked incidents, Signing by WNT, Wnt signalizing.

PLA2G4A
 Signal amplification, Metabolism of lipids, Signaling Pathways, MAPK signaling pathwayRas signaling, Signaling by 

14GPCR, GPCR downstream signalling.

PRKCG
Beta-catenin independent WNT signaling, ErbB signaling pathway, G protein signaling pathways, Glutamic acid 
banding, triggering of AMPA receptors and synaptic flexibility, MAPK signaling pathway, Ras signaling, Signaling by 

15WNT, Signaling by WNT and Wnt ignaling.

GNAZ
16G protein signaling pathways, GPCR downstream signalling and Signaling by GPCR.

GNAO1
17Corticotropin-releasing hormone communicating track and G protein signalizing routes.

GNA12
18G protein signalizing routes, GPCR downstream signalling, MAPK signing tracks, Signalizing by GPCR.

GUCY1B3
19NO/cGMP/PKG moderated neuronal shielding and Phosphodiesterases in neural activities.

PLCB2
20WNT signaling, Alzheimer's disease, Sensory Perception, Neuroinflammation and glutamatergic signaling.

PPP2R1A
ErbB1 downstream signaling, Focal point adherance: PI3K-Akt-mTOR-signing track and Wnt signing track and 

22multipotent

GNA11
Corticotropin-releasing hormone communicating track, G protein signalizing routes and Prostaglandin and 

23leukotriene metabolism in senescence.
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cyclic GMP and pyrophosphate. 
GUCY1A2 encodes  the  a lpha  
subdivision of this compound, which 
links along a beta subdivision to set up 
the guanylate cyclase enzyme, 
specifically triggered by nitrogen 
monoxide. Two transcription different 
forms have been identified for the 
already stated gene, producing different 
isoforms. GUCY1A2 exhibits broad 
expression in various tissues, including 
endometrium, placenta, brain, and 

23others.

miR-124 targets a network of genes 
involved in long-term depression, and 
the three identified high-impact genes 
provide valuable insights into the 
molecular mechanisms underlying this 
mental health condition. Further 
exploration of these genes and their 
associated pathways may give rise to the 
detection of possible biomarkers and 
curative designs for managing long-term 
depression.

In long term depression, the target 
genes of miRNA-132, miRNA-182 and 
miRNA-124 with the highest potential 
impact of 0.99 are given in table IV. 

It shows that miRNA-132, miRNA-182 
and miRNA-124 have two common 
genes GNAZ gene and PPP2R1A gene, 
with a potential impact of 0.99. 

Table V shows the target genes and 
pathways related to depression.

DISCUSSION 

Utilizing the miRabel software, our 
findings indicate that miR-132, miR-182, 
and miR-124 collectively target 123 
genes involved in long-term depression. 
Among these genes, twelve (PRKCB, 
PLA2G4A, PRKCG, GNAZ, GNAO1, 
GUCY1B3, GNAI2, PLCB3, PPP2R1A, 
PLCB2, GNA11, and GUCY1A2) 
demonstrate the highest potential 
impact, with a score of 0.9, indicating a 
strong inf luence on long-term 
depression.

MicroRNAs (miRNAs) are endogenous 
small RNA particles that perform a 
critical function in post-transcriptional 
gene modulation by causing controlled 
mRNA degradation or inhibiting 

.24transcription.  In 2015, a study 
conducted by Guo X and colleagues 
involved a cohort of Han Chinese 

individuals diagnosed with depression. 
The findings revealed a down-
regulation of PRCKB1 gene impression 
in circulating white blood cells among 

2 5the depressed persons.  Our 
bioinformatic analysis has additionally 
demonstrated that the PRKCB gene 
ranks among the top target genes for 
these three miRNAs. Specifically, miR-
132 exhibits a notable potential impact 
of 0.99, while miRNA-182 shows a 
potential impact of 0.23, and miRNA-
124 demonstrates a substantial 
potential  impact of 0.98. The 
subsequent target gene on our list is 
PLA2G4A, and it is tasked with 
encoding a member of the cytosolic 
phospholipase A2 class IV family-line. 
Our bioinformatic analysis has revealed 
that miRNA-132 exerts a significant 
potential impact of 0.99 on this 
particular gene.

In earlier studies, Su KP and his research 
team investigated a group of individuals 
with chronic hepatitis C viral disease to 
explore the potential consequences of 
seven single nucleotide polymorphisms 
in the COX2 and PLA2 genes on the 
progress of  depression during 
interferon management. Their results 
indicated that hereditary deviations 
within the COX2 and PLA2 genes 
extend the vulnerability to IFN-α- 
influenced depression, probably by 
influencing the levels of EPA and DHA. 
Furthermore, the PLA2 genotype was 
correlated with somatic manifestations 
in individuals with depression, as per 

26their findings.

Our study has shown that miR-132 
exerts a substantial potential impact of 
0.99, while miRNA-124 demonstrates a 
significant potential impact of 0.95 on 
the PRKCG gene. The protein 
encrypted by this gene is associated to 
the PKC community and is exclusively 
expressed in the brain and spinal cord, 
with its distribution limited to neurons. 
Panday GN and colleagues conducted a 
study to assess the mRNA impression 
levels of different PKC isoforms in the 
prefrontal cortical section among 
normal control individuals, persons with 
depression who passed away by suicide, 
and those with depression who did not 
die by suicide. They observed a notable 
reduction in mRNA impression of PKC 
and a decrease in protein impression in 

each of the membrane or cytosol 
fraction of PKC isoforms. Their findings 
led to the conclusion that particular 
deregulation of particular PKC isoforms 
occurs in the autopsy brains of both 
individuals with depression who died by 

27suicide and those who did not.  Our 
investigation revealed that the GNA12 
gene is also targeted by miRNA-132, 
miRNA-182, and miRNA-124, with 
respective potential impacts of 0.99, 
0.98, and 0.07, as indicated by miRabel. 
According to existing literature, 
Tsolakidou A and colleagues conducted 
an animal-based investigation aimed at 
identifying genes that respond, either 
leading or misleading, to distress. Their 
study unveiled that Guanine nucleotide 
attaching protein, alpha inhibiting 2 
(GNAi2), and amyloid β (A4) precursor 
protein (APP) were identified as stress-
modulated genes in the paraventricular 
nucleus regarding hypothalamus 

28(PVN).

Our investigation also revealed 
particular selected genes are associated 
in several pathways, including Beta-
catenin independent WNT signaling, 
corticotropin-releasing hormone 
signing track, ErbB signing pathway, G 
protein signalizing routes, glutamic acid 
banding, triggering of AMPA receptors 
and synaptic flexibility, GnRH signalizing 
p a t h w a y,  R a s  s i g n a l i n g ,  5 -
hydroxytryptamine (5-HT) pathway, 
signaling by WNT, GPCR downstream 
trafficking, signaling by GPCR, MAPK 
signaling route, NO/cGMP/PKG 
moderated neuronal preservation, 
phosphodiesterases in neural activities 
neuroinflammation and glutamatergic 
signing, Alzheimer and other disorders, 
and other routes. Literature shows that 
β-Catenin independent WNT signaling 
pathway has been associated with 
altered social interactions and repetitive 

2 9behaviors observed in autism.  
Dysfunction in the glutamatergic 
neurotransmission and AMPAR-
mediated synaptic transmission has 
been linked to depression, and NMDA 

30receptor antagonists,  like ketamine 
s h o w  p r o m i s i n g  e f f e c t s  a s  

31antidepressants.  The central Renin-
Angiotensin System (RAS) has a notable 

32aspect in the pressure effect  and can 
accept an influential aspect in the 
pathological process of depression, 
given along dysfunction of the HPA axis 

34 KMUJ 2024, Vol. 16  No.1
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observed in depression. The MAPK 
33pathway, , as well as the PI3K-Akt-

3 4mTOR signal ing pathway,  are 
implicated within depression, and 
dysregulation regarding these pathways 
may add to the beginning and 
advancement  of  the d isorder.  
Neuroinflammation and glutamatergic 
signaling are implicated in depression. 
Increased inflammation markers in 
major depressive disorder are linked to 
higher basal ganglia glutamic acid, 
caus ing anhedonia and neuro-
behavioral slowing. Research suggests 
that elevated inflammatory cytokines 
impact the reaction to glutamic acid 
antagonists like ketamine, indicating 
that inflammation may contribute to 
depress ive  symptoms through 

35disrupted glutamate metabolism.

These findings indicate that the 
potential target genes and linked 
pathways of miRNA-132, miRNA-182, 
and miRNA-124 are associated with 
related pathological processes involved 
in depression.

CONCLUSION 

In conclusion, miRNAs, particularly 
miRNA-132, miRNA-182, and miRNA-
1 2 4 ,  s h o w  r e l e v a n c e  i n  t h e  
pathophysiology of depression and offer 
potential as innovative biomarkers and 
therapeutic targets for depression 
treatment. Understanding the purpose 
of these miRNAs and their target genes 
in depress ion-related s ignal ing 
pathways may pave the way for novel 
and effective therapeutic approaches in 
the future.
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