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The Effects of MicroRNAs on Cardiomyopathy in a Rat Model
of Streptozotocin-induced Diabetes Mellitus

Streptozotosin ile indiiklenen Diabetes Mellitus Sican Modelinde
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ABSTRACT

Objective: Diabetic cardiomyopathy (DCM) is characterized by
complex pathophysiological events. miRNAs play a role in the
DCM. In our study, the potential of miRNAs as a biomarker in
the diagnosis and treatment of DCM was evaluated in the diabetes
model induced by streptozotocin in rats.

Methods: Therefore, miRNAs obtained from rat heart tissue were
analyzed by microarray, and twelve miRNAs (rno-miR-200c-3p,
rmo-miR-129-5p, rno-miR-150-3p, rno-miR-3584-5p, rno-miR-
34c-3p, rmo-miR-342-3p, rno-miR-466b-3p, rno-miR-466¢-3p,
rno-miR-31a-3p, rno-miR-15b-5p, rno-miR-196b-3p, and rno-
miR-208a-5p) with changed expression levels were validated by
real-time polymerase chain reaction analysis.

Results: As a result of the validation, it was determined that three
miRNAs (rno-miR-15b-5p, rno-miR-196b-3p, and rno-miR-
208a-5p) were downregulated, one miRNA (rno-miR-200c-3p)
was upregulated (p<0.05). MiR-15b-5p, miR-196b-3p, miR-200c-
3p, and miR-15b-5p are involved in the regulation of DCM, and
the GRAP2 gene is one of the possible targets of these miRNAs.

Conclusion: miR-200c-3p has diagnostic value and may be a
biomarker candidate.

Keywords: Diabetic cardiomyopathy, miRNA expression,
biomarker, streptozotocin

(074

Amag: Diyabetik kardiyomiyopati (DKM), karmagik patofizyolojik
olaylarla karaketerizedir. miRNA’lar DKM'de rol oynamaktadir.
Calismamizda sicanlarda streptozotosin ile olusturulan diyabet
modelinde miRNA’larin DKM 'nin tani ve tedavisinde biyobelirteg
olarak potansiyeli degerlendirildi.

Yontemler: Bu nedenle, sican kalp dokusundan elde edilen
miRNAlar mikroarray ile analiz edildi ve on iki miRNAnin
(rno-miR-200¢-3p, rno-miR-129-5p, rno-miR-150-3p, rno-miR-
3584-5p, rno-miR-34c-3p, rno-miR-342-3p, rno-miR-466b-3p,
rno-miR-466¢-3p, rno-miR-31a-3p, rno-miR-15b-5p, rno- miR-
196b-3p ve rno-miR-208a-5p) degisen ekspresyon seviyeleri gercek
zamanli polimeraz zincir reaksiyonu analizi ile dogruland..
Bulgular: Dogrulama sonucunda, ti¢ miRNA'nin (rno-miR-15b-
5p, rno-miR-196b-3p ve rno-miR-208a-5p) downregiile oldugu
ve bir miRNA'nin (rno-miR-200c-3p) upregiile oldugu belirlendi
(p<0.05). miR-15b-5p, miR-196b-3p, miR-200c-3p ve miR-208a-
5p, DKM’nin diizenlenmesinde yer almakta ve GRAP2 geni, bu
miRNA’larin olas1 hedeflerinden biridir.

Sonug: miR-200c-3p tanisal degere sahiptir ve biyobelirteg aday1
olabilir.

Anahtar Kelimeler: Diyabetik  kardiyomiyopati, miRNA
ckspresyonu, biyobelirteg, streptozotosin
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Introduction

Diabetic  cardiomyopathy (DCM) is
diastolic relaxation abnormalities in its early stages and later
by dyslipidemia, hypertension, and heart failure (1). Insulin
resistance, hyperinsulinemia, and hyperglycemia are independent
risk factors for the development of DCM (2). Systemic metabolic
disorders, inappropriate activation of the renin-angiotensin-

characterized by

aldosterone system, subcellular component abnormalities,
oxidative stress, inflammation, and dysfunctional immune
modulation can lead to the development of DCM (3). These
abnormalities promote cardiac tissue interstitial fibrosis, heart
stiffness/diastolic dysfunction, and then systolic dysfunction,
precipitating heart failure (4). The dysregulation of coronary
endothelial cells and exosomes contribute to the pathology
of DCM (5). Interstitial fibrosis, myocyte hypertrophy, and
increased contractile protein glycosylation in heart tissue are seen
in DCM (6). Systolic and diastolic dysfunction is observed in
patients with DCM (7).

Mitogen-activating protein kinases (MAPKSs) signaling pathway
is dysregulated in DCM (8). Increased activity of MAPKs has
been demonstrated in the streptozotocin (STZ)-induced diabetes
model (9).

miRNAs are highly expressed in the cardiovascular system and
may play a role in cardiovascular development and diseases (10).
miRNAs regulate gene expression by inhibiting translation or
allowing mRNA to be degraded (11).

The GRB2-related adapter protein 2 (GRAP2) is a member of the
GRB2/Sem5/Drk family. This protein is involved in leukocyte-
specific protein tyrosine kinase signaling (https://www.genecards.
org/cgi-bin/carddisp.pl?gene=GRAP2). In cardiac hypertrophy, it
manifests itself with an increase in response to pressure overload
against mechanical stress. GRAP2 performs this function by
activating MAPK through RAS, ROS, and other signaling
molecules. GRAP2 regulates fibrosis, fetal gene induction, and
cardiomyocyte growth (12). Adapter proteins regulate insulin
signaling in diabetic patients work in coordination with substrates
such as GRAP2 and increase IRS2 phosphorylation. The uptake
of GRAP2, which is an obstacle to maintaining the balance
between cell death and survival, is inhibited, insulin signaling
is impaired, and the diabetic neuropathy process is contributed
(13). The ability of GRAP2 to be regulated by miRNAs is an
important target both in terms of understanding its potential in
diseases and terms of its diagnostic value.

In this study, the expression levels of DCM-related miRNAs were
determined in the STZ-induced diabetes model. Additionally,
target genes and signaling pathways of miRNA were identified
by bioinformatic analysis.

Methods
Animals and Experimental Modeling of Diabetes

Fifteen male Sprague Dawley rats (300-400 g) were used. The
rats were obtained from Marmara University Experimental

36

Animal Research Center. Rats were kept under controlled
temperature (22 °C+1 °C) and humidity (60%) conditions on a
12-hour light/dark cycle with access to food and water. Rats were
divided into two groups; diabetes (n=9) and control (n=6). The
rats were given a single i.p. injection of 60 mg/kg streptozotocin
(STZ; Sigma, St. Louis, MO) in 10 mM sodium citrate (Sigma,
St, Louis, MO) buffer (pH 4.6) (14). Two days after the STZ
injection, blood glucose levels were measured with an Accu-
Chek Go (Roche) glucometer. Rats with blood glucose levels
above 200 mg/dL were considered diabetic. After 6 weeks, the
weights of the rats were measured. Intracardiac blood was drawn
from the anesthetized rats, and the heart tissues were removed.
The left ventricle of the heart was dissected and stored at -80 °C
for gene expression analysis. A portion of the left ventricle was
taken in 10% formaldehyde for histological analysis.

RNA Extraction Procedure

Homogenization was performed by adding 50 mg of heart tissue
and 450 pL of lysis buffer solution to tubes with ceramic beads.
Total RNA isolation was performed according to the kit (GenUP
TM Total RNAKit-biotechrabbit) protocol. RNA purity and
quantification were performed with a spectrophotometer
(Thermo Scientific™ NanoDrop™ 2000, Massachusetts, USA).
The RNA pool was created by mixing an equal amount of RNA
from the heart tissues of rats in diabetes and control groups in an
equal amount of 100 ng/pL in a tube for each group.

Microarray Profiling of miRNAs

The Affymetrix GeneChip microRNA 4.0 Array was used to
analyze miRNA expressions (Ay-ka Limited Company). In this
array, 1.250 miRNAs belonging to Rattus norvegicus species
were screened and 2-fold or more changes were detected in 81
miRNAs. The 12 most upregulated and most downregulated
miRNAs were selected. The criteria for this selection were folded
change 22 and p<0.05.

Complementary DNA (cDNA) Analysis

cDNA synthesis was performed from 10 ng total RNA by reverse
transcription PCR using the kit (qScript™ microRNA Synthesis
Kit- VWR).

miRNA Expression Analysis

miRNA expression analyses were performed by real-time
polymerase chain reaction (RT-PCR). RT-PCR amplifications
were performed with Syber Green PCR Master mix (Perfecta®
SYBR Green FastMix® Reaction Mixes-VWR, Beverly,
California) using the BIORAD-CFX Connect RT-PCR system.
Each sample was analyzed in duplicate. For the relative analysis
of miRNA expressions in heart tissue, an endogenous control
U6 gene (15) was used. The reaction mixture was prepared as
20 pL total volume, 10 pL 2X SYBR Green SuperMix, 0.4 pL
advanced primer (Rat U6 for tissue endogenous control), 0.4
pL reverse primer (Universal PCR primer), 8.2 pL nuclease-
free water, and 1 pL cDNA. Thermal cycling conditions were
programmed for 10 min at 95 °C, followed by 5 seconds at 95
°C, 15 seconds at 60 °C, and 15 seconds at 70 °C 40 cycles.
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By performing a melting curve analysis in the extension step,
RT was programmed to make a reading from 70 °C to 90 °C
in 0.2 seconds in 0.5 °C increments. Up and down-regulation
of miRNAs using the obtained cDNAs was determined by RT-
PCR. Each sample was analyzed in duplicate. Samples were
standardized by U6 endogenous control (ACT). The relative
quantification of the standardized samples was calculated by the
244€T method (16).

Bioinformatic Analysis

The miRDB database was used to find potential target genes for 4
miRNAs (http://mirdb.org/cgi-bin/search.cgi). In selecting target
genes, those with miRNA: target gene matching scores between
70% and 100% were preferred. Obtained results were verified
with TargetScan 7.2 (http://www.targetscan.org/vert_72/). The
common target of these 4 miRNAs was determined to be the
GRAP?2 gene. These miRNAs and target genes were searched in
CDM by searching the HMDD database (https://www.cuilab.
cn/hmdd). MiRPathDB (https://mpd.bioinf.uni-sb.de/mirnas.
html?organism=hsa), Reactome (https://reactome.org/), and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
databases (https://www.genome.jp) /kegg/pathway.html) was
used to detect metabolic pathways involving the GRAP2 gene.
These genes were evaluated in both species using the Human-
Mouse: Disease Connection database (http://www.informatics.
jax.org/mgihome/projects/aboutHMDC.shtml). Finally, because
multiple miRNAs target the same gene, the mirDIP database
(microRNA Data Integration Portal) was used to identify the
target of this miRNA (http://ophid.utoronto.ca/mirDIP/index.

jsp#r).
Histological Analysis

Heart tissues were fixed in 10% formaldehyde and then passed
through an increasing alcohol series. Heart tissue was embedded
in paraffin and 4 pum sections were cut. The slides were treated
with hematoxylin eosin, and Masson trichrome stain (Atom
Scientific, UK). The samples were examined under a light
microscope according to the Kiernan protocol (17) (Nikon
Model Eclipse E200MV R and Nikon Digital Imagine Camera).
To evaluate histopathological changes in the heart muscle and
fibers, slides were graded histopathologically, and “0” was
considered negative, “1” mild, “2” moderate, and “3” severe (17).

Statistical Analysis

Statistical analysis was performed using Graphpad Prism 5.0
(Graphpad Software, San Diego, Ca, USA). All data were

expressed as mean * standard deviation. One-way analysis of
variance (ANOVA) and Tukey’s test were used in the evaluation
between the groups. Mann-Whitney U test was used for
comparisons between the means of myocyte diameters of groups.
p-value was accepted as 0.05. Receiver operating characteristic
(ROC) curve was performed, and area under the curve was
assessed for the specificity and sensitivity of miRNAs. The data
were analyzed using the statistical package SPSS (Release 11.5,
SPSS Inc, Chicago, IL, USA) for Windows.

Results

Bodyweight measurements and blood glucose values at the
beginning of the study and 6 weeks after STZ administration
are given in Table 1. At the end of 6 weeks, a significant decrease
in body weight and hyperglycemia were observed in the diabetes
group. The blood glucose levels of the diabetic rats showed a
significant increase compared to the control group.

Gene Chip microRNA 4.0 Array Analysis

Twelve miRNA genes, 4 of which were the most upregulated and
8 were the most downregulated genes, were selected. Fold change
>2 and p<0.05 values were used in this selection (Table 2).

miRNA Expression Analysis

It was found that miR-200c-3p, miR-15b-5p, miR-196b-3p,
and miR-208a-5p showed a significant difference in diabetic
rats compared with the control group (p<0.05) (Figure 1). The
regulation status of these miRNAs was demonstrated Table 3,
Figure 2.

miRNA Bioinformatics Analysis

In the target gene analyses for 4 miRNA and DCM, 220 genes for
DCM, 36 genes for miR-200c-3p, 3.573 genes for miR-15b-5p,
649 genes for miR-196b-3p, 4786 genes for miR-208a-5p were
compared. The GRAP2 gene was detected in both miRNAs and
DCM (Supplement table 1). In the pathway analysis for GRAP2,
4 signal pathways and 11 sub-pathways that could be related to
DCM were detected. According to the Reactome database, it was
determined that the intercellular signal transduction pathway was
receptor tyrosine kinase. Then, 11 effective sub-pathways and
signal diagrams were obtained for these signal pathways. Signal
diagrams were detected as TCR signaling, Fc epsilon receptor
(FCER1) signaling, DAP12 interaction, and FLT3 signaling.
The subpathways were identified as FGFR, NTRK2, EGEFR,
ERBB2, MET, PDGE IGF12, Insulin receptor, VEGE EBB4,
and SCF-KIT. These results were the same for homo sapiens and

Table 1. Changes in body weight and blood glucose values of rats before and after STZ administration

Bodyweight (g) Blood glucose (mg/dL)
Groups First After 6 weeks First After 6 weeks
Control 346.3+11.6 358.8+7.7 93.80+2.01 96.88+1.64
Diabetes 371.9+£5.08 271.5+6.32" 98.99+1.81 471.48+30.26*

Data are presented as mean + standard deviation,

“p<0.001, different according to the first application in the diabetes group,
*p<0.001, different according to the control group.

STZ: Streptozotocin
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Table 2. miRNA fold changes according to microarray analysis

miRNAs Fold change Accession numbers Primer sequences
rno-miR-200¢-3p 4.15 MIMATO0000873 TAATACTGCCGGGTAATGATG
rno-miR-129-5p 3.89 MIMAT0000600 CTTTTTGCGGTCTGGGCTTGC
rno-miR-150-3p 3.82 MIMATO0017133 CTGGTACAGGCCTGGGGA
rno-miR-3584-5p 3.55 MIMAT0017875 GGGAGGAGTCCAGGAGGC
rno-miR-34c-3p -7.02 MIMAT0004723 AATCACTAACCACACAGCCAGG
rno-miR-342-3p -8.07 MIMAT0000589 TCTCACACAGAAATCCACCCGT
rno-miR-466b-3p -36.47 MIMATO0017285 ATACATACACACACACATACAC
rno-miR-466¢-3p -9.58 MIMAT0017287 TATACATGCACACATACACAC
rno-miR-31a-3p -9.72 MIMAT0000810 AGCAAGATGCTGGCATAGCTG
rno-miR-15b-5p -9.9 MIMAT0000784 TAGCAGCACATCATGGTTTACA
rno-miR-196b-3p -19.37 MIMATO0017171 TCGACAGCACGACACTCCTTCA
rno-miR-208a-5p -60.8 MIMATO0017155 GAGCTTTTGGCCCGGGTTATAAC
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Figure 1. miRNA expression differences diabetes and control groups
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Mus musculus (miRNAs have a high degree of seed sequence
homology for both species). KEGG pathway analysis showed
that the GRAP2 gene (K07366) was primarily effective in the
T-cell receptor signaling pathway. Two signaling pathways were
featured in this study: Calcium signaling (nt06120) and TGR-
NFAT signaling pathway (N01106). The results were checked in
the Reactome database and it was determined that the GRAP2
gene was effective in the secondary messenger system. The cellular
localization of GRAP2 was shown to be cytoplasm, cytosol,
endosome, nucleoplasm, nucleus, and plasma membrane. It
was determined that GRAP2 was highly expressed in the heart
and pericardium and its molecular function is protein binding
(Figure 3) (Reactome) (18). In our analysis to determine which of
the four miRNAs targeting the same gene could bind primarily,
miR-200c-3p had a high degree of target activity, while the other

Table 3. miRNA fold change and regulation status according
to expression analysis

miRNAs Diabetes (fold change) Regulation
rno-miR-200c-3p 16.56 Upregulated
rno-miR-129-5p 4.93 Upregulated
rno-miR-150-3p 0.23 Upregulated
rno-miR-3584-5p 5.86 Upregulated
rno-miR-34¢-3p 3.87 Downregulated
rno-miR-342-3p 0.22 Downregulated
rno-miR-466¢-3p 3.81 Downregulated
rno-miR-31a-3p 1.61 Downregulated
rno-miR-15b-5p 10.14 Downregulated
rno-miR-196b-3p 23.70 Downregulated

rno-miR-466b-3p 3.75
16.53

Downregulated

rno-miR-208a-5p Downregulated

3 miRNAs (miR-15b-5p, miR-196b-3p, and miR-208a-5p)

were found to have moderate target efficiency.
ROC Curve Analysis

In the ROC analysis for four miRNAs, miR-200c-3p had the
potential to be biomarkers (p<0.05) (Table 4, Figure 4), and heart
tissue miRNAs were expressed differently in DCM. In addition,
this miRNA was thought to be associated with the DCM.

Histopathological Analysis

Myocyte diameters were measured in each of the sections taken
from six different heart tissues obtained from the control group
(16.35+0.66) and nine different heart tissues obtained from the

2 0 2
Row ZScore

rno-miR-466b-3p
rno-miR-129-5p
rno-miR-3584-3p
rno-miR-34c-3p
rno-miR-208a-5p
rno-miR-150-3p
rno-miR-196b-3p
rno-miR-342-3p
rno-miR-15b-5p
rno-miR-466¢-3p
rno-miR-31a-3p

rno-miR-200c-3p

Figure 2. The Heatmap differentially expression of miRNAs.
Average linkage and spearman rank correlation were used
in the analysis of the data. X1-X1.8; diabetes group, X2-X2.5;
control group

Figure 3. GRAP2 function in T-cell
GRAP2: GRB2-related adapter protein 2
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diabetes group (31.45+0.74) group. The mean myocyte diameter
in diabetes was found to be high (p<0.05). Additionally,
hypertrophic cardiomyocytes were found in the ventricular
region of rats in the diabetes group (Figure 5C, D, E, F) and
cardiomyocytes showing pale acidophilic staining in these regions
were also remarkable (Figure 5D). Occasional vacuolization was
observed in some cardiomyocytes (Figure 6D). In the diabetes
group, more intense connective tissue staining and increased
interstitial cardiac fibrosis were observed (Figure GE, F).

Discussion

Diabetes mellitus is a progressive, chronic, and metabolic disease
characterized by hyperglycemia and glycosuria, which develops
due to insufficient insulin secretion in the pancreas and/or
insufficient response of tissues to insulin (19). Controlling
hyperglycemia significantly decreases diabetes-related mortality
rates and acute complications (20).

The incidence of morbidity and mortality in diabetic patients
increases with complications (21). Increased levels of free radicals
contribute to the development of diabetes complications by
causing oxidation-related cell damage in many tissues, especially
the endothelium (22). Type 1 and type 2 diabetes are primary
risk factors for cardiovascular diseases (23). Studies have reported
that miRNAs regulate cardiomyocyte hypertrophy, myocardial
fibrosis, cardiomyocyte apoptosis, mitochondrial dysfunction,
myocardial electrical remodeling, epigenetic modification, and

ROC Curve
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Figure 4. Comparison of sensitivity and specificity of the
four miRNAs diabetes and control groups

Figure 5. Hematoxylene and eosin staining in control and

diabetes samples of myofibril

Figure 6. Hematoxylene and eosin staining in control and

diabetes samples for cardiomyocyte hypertrophy

Table 4. ROC curve analysis of four miRNAs for control and diabetes groups

Compared

Tissue Test variables AUC 95% CI p-value

groups

rno-miR-200¢-3p 0.815 [0.535-0.963] 0.018
Diabet i

rno-miR-15b-5p 0.537 [0.269-0.790] 0.823
versus Heart

rno-miR-196b-3p 0.630 [0.349-0.857] 0.394
control

rno-miR-208a-5p 0.611 [0.333-0.844] 0.492

AUC: Area under the curve, CI: Confidence interval, ROC: Receiver operating characteristic
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Specificity

77.78
22.22
66.70
77.78

Sensitivity

83.33
100
66.70
50

Criterion

>27.70
>23.28
<29.00
<27.13
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various other pathophysiological processes (24). Additionally,
the expression levels of DCM-related miRNAs affect the
pathophysiology of the diabetes (25).

miRNA expression levels change similarly in cardiac pathologies
such as cardiac hypertrophy, heart failure, and myocardial
infarction (26). The cardiac expression of miR-200c s significantly
upregulated in diabetic rats (27). miR-200c has specific activity
on the functions of dual-specificity phosphatase-1 (DUSP-1),
a MAPK phosphatase that regulates the phosphorylation of
p-ERK, p-JNK, and p-p38. The expression of miR-200c is high
in this model. miR-200c inhibition reduces cardiac hypertrophy
by activating DUSP-1 in cardiomyocytes in the diabetes model.
In another study, the downregulation of miR-200c protects
cardiomyocytes from apoptosis due to hypoxia (28). In our
study, miR-200c-3p was upregulated. It can be thought that the
upregulation of miR-200c is associated with DCM pathology.

It is reported that Spl-mediated matrix metalloproteinase-9
(MMP-9) expression plays an important role in diabetic wound
healing. miR-129 and miR-335 are known to inhibit MMP-9
expression by targeting Sp1 (29). These two miRNAs upregulated
lead to MMP-9 downregulation, which in turn promotes wound
healing. There are no studies on the expression of this miRNA in
DCM. However, computational studies have shown that miR-
129 is upregulated during heart failure (30). Our results showed
that the upregulation of miR-129a-5p might be involved in the
DCM process, although it was not statistically significant.

In a hypertension model in rats, miR-3584 was reported to be
upregulated (31). In another study, miR-3584 was upregulated
in plasma in patients with pulmonary arterial hypertension (32).

A study indicated that 19 miRNAs in C2C12 myotubes regulated
mitochondrial metabolism in skeletal muscle.

Four of these miRNAs (miR-34c-3p, miR-150-5p, miR-196b-
3p, and miR-320a) were reported to be associated with skeletal
muscle mitochondrial function in humans (33). Another study
found that miR-34c was overexpressed and suppressed in
hypertrophic cardiomyopathy, resulting in improved cardiac
function (34). In our study, miRNA-34c and miRNA-196b
expressions were downregulated, and miR-150 expression was
upregulated. Therefore, it can be thought that miR-34c and
miR-196b have a triggering role in the pathogenesis of DCM.

miR-15 is dysregulated in cardiovascular and neurological diseases
(35). Dysregulation of miR-15b has been shown to cause ROS
generation, which controls ATP production, leading to heart
disease (35). In our study, miR-15b expression was shown to be
downregulated. Contrary to these studies, miR-15b-5p targets
the 5" untranslated (UTR) regions of genes. The 3’ and 5’ regions
in the gene have different functions. 5 UTRs are important in
gene regulation by miRNAs as they are translational control
regions of gene expression. Thus, the stability of the gene can
be checked (36). Since a miRNA can target more than one gene,
tissue-specific miRNAs have a fundamental role in demonstrating
their activity in diseases (37). The expression of this miRNA in
the cardiac tissue is high and our results show that its expression

in DCM is quite high compared to the controls (Fold change
=10.14). miR-15b-5p can be an epigenetic regulator in the
pathology of DCM.

The target genes of miR-466-3p are transcription factors and
kinases that are actively involved in cell cycle, apoptosis and other
cellular events (38). miR-466-3p is thought to be responsible for
lung and breast cancer and cardiovascular system diseases. miR-
466 may play an important role in DCM as it affects proteins
known to be closely associated with inflammation. In our study,
miR-466 was downregulated and this miRNA might play a role
in the pathogenesis of DCM.

miRNA analyses were performed in rat cardiomyocytes on
postnatal day 0 and day 10 (39). miR-31a-5p expression increased
on the 10* day in isolated cardiomyocytes and this increase
terminated the cell cycle. However, it is unclear how miR-31a-
5p affects mature cardiomyocyte proliferation. miR-31a-5p
is a negative modulator in the cardiac fibrogenic epithelial-
mesenchymal transition of epicardial mesothelial cells. miR-
31a-5p was found to be specifically increased in human atrial
fibrillation; this was thought to cause loss of atrial dystrophin
and neuronal nitric oxide synthase (40).

In our study, the downregulation of miR-31a-5p was also
detected. The opposite of the results reported in previous studies
could be explained by the presence of a possible compensatory
mechanism. In this way, it may be aimed to increase dystrophin
and neuronal nitric oxide synthase levels in response to the
development of cardiomyopathy. Another study on atheromatous
plaques suggested that miR-31 had an anti-inflammatory effect.
Therefore, the downregulation of miR-31a-5p in our study
can be explained by the fact that inflammation is one of the
main factors in cardiomyopathy. miR-31a-5p plasma level was
significantly decreased in heart failure patients compared to
healthy volunteers (41). Our results are similar to this study.

In miR-208a silenced mice, the loss of miR-208a caused
significant expression of multiple skeletal muscle contractile
protein genes that were not normally expressed in the heart
(42). In our study, it was thought that downregulation of miR-
208a was a compensatory mechanism that develops against the
pathogenesis of cardiomyopathy. Also, miR-208a is released
from damaged cardiomyocytes in the bloodstream. The increased
levels of miR-208a may be an important marker in the diagnosis
of DCM. Similarly, in a study with mice, it was found that the
plasma concentration of miR-208-a increased in myocardial
damage and showed a significant correlation with cardiac
troponin plasma concentration, and this might be an important
indicator of myocardial damage (43,44).

Considering the histopathological results; in the control group,
the nuclei of the heart muscle cells were centrally located, their
cytoplasm was pale and the intercalated disc was normal. Hydropic
degeneration, increase in nuclear size, and occasional vesiculation
were observed in myocytes in the diabetes group. Additionally,
trichrome staining revealed mild to moderate fibrosis in the
interstitial area. Differentstudies have shown thatdifferent miRNAs
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are involved in the pathogenesis of cardiomyocyte hypertrophy
in DCM (45-49). One of the main features of DCM is cardiac
fibrosis and its cause is excessive accumulation of extracellular
matrix proteins. In diabetic heart tissue, miRNA regulation may
occur under the influence of diabetes. It is inevitable to regulate
fibrosis through signaling pathways in cardiac endothelial cells,
fibroblasts and myocytes. miRNA dysregulation is associated with
structural changes in cardiac tissue.

miR-150 expression level was significantly decreased in
cardiomyocyte hypertrophy (45). In our study, cardiomyocyte
hypertrophy was observed in the diabetes group, consistent with
the results of this study. In another study, degenerative changes
were reported in the STZ-induced diabetes model (50). In other
studies, the intracellular pH level decreases with acidosis of the
cell, and multiple enzyme activities occur (51). Basic groups are
given to the environment by the denaturing of the structural
and enzymatic cytoplasm proteins by activated enzymes showing
affinity to acid dyes (eosin), causing acidophilic staining of
the cytoplasm (52). In our study, pale acidophilic staining was
observed in diabetic rats. In the STZ-induced diabetes model,
there was minimal change in ventricular muscle cells in the 8-10-
week period in rats (53).

Where more than one miRNA targets a single gene, free
energy and sequence specificity may indicate that the miRNA
is efficiently bound (54). In our study, we determined the
conservation of miRNAs with the target gene, GRAP2, using
TargetScan. miR-200c-3p has a higher probability of matching
than other miRNAs. It is predicted that the pathological effects
of GRAP2, which is regulated by these 4 miRNAs, on DCM are
realized in T-cell signaling. In DCM, cytokines and chemokines
are secreted by inflammatory cells in the heart tissue. These
substances cause the development of cardiomyocyte hypertrophy
and remodeling of the extracellular matrix. This activation triggers
the release of several cytokines by affecting various inflammatory
cells and cardiac damage is induced. In STZ-induced mice, the
myocardium has a higher T-cell infiltration (55).

Study Limitations

The expression level of the GRAP2 gene, which is the target gene
of miR-200c-3p, can be examined.

Conclusion

The GRAP2 gene may play a role in the T-cell receptor function
of miRNAs and that their downregulation may contribute to
the pathology of DCM. GRAP2 expression can be examined.
It is also possible that miR-200c¢-3p can be used as epigenetic
regulators or biomarkers in DCM.
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