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Abstract. - OBJECTIVE: To investigate the
effect of micro ribonucleic acid (miR)-26a on
diabetes-induced myocardial injury in rats by
targeting the gene of phosphate and tension ho-
mology detected on chromosome ten (PTEN). i anules in rats in the
MATERIALS AND METHODS: Male Wistar rats

aged 8-9 weeks old were divided into the control <0.05). Compared with the
group (n=10), GK group (n=10), and miR-26a ag- agomir group had marked-
omir group (n=10) according to the body weight. EL-stained brown particles
MiRanda and TargetScan target gene prediction nd in immunohistochemical
software were used to predict and analyze the protein was in lighter color af-

e control group, with a clear myo-

target gene of miR-26a-5p. The expressighns
- dial cell stripe structure. Compared with that
group, PTEN protein in the GK group

miR-26a agomir group
s breakage and solid

the diabetic rats were detected by quant
Reverse Transcription-Polymerase Chain -
tion (QRT-PCR). Hematoxylin-eosin (HE) stailglo parison with that in the GK group, the color of
PTEN protein in miR-26a agomir group became

significantly lighter. Moreover, the Western blot-
ting results demonstrated that, compared with
those in the control group, the Caspase-3 and
Bax protein expressions in the GK group were
significantly raised, while Bcl-2 protein expres-
i o ~ sion was notably reduced (p<0.05). Besides, in
PTEN, b- i comparison with the GK group, miR-26a ago-
mir group evidently elevated Caspase-3 and Bax
protein expressions and a notably increased
Bcl-2 protein expression (p<0.05).
CONCLUSIONS: We showed that miR-26a can
and PTEN 3’UTR protect against myocardial injury in diabetic rats

ases with the by regulating PTEN.
those in the

Western blotti
RESULTS:
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hat of miR-26a was
.05). In comparison
up, the mRNA expres-
ificantly decreased, but Introduction

ignificantly raised in miR-

Diabetes is a kind of chronic and metabolic dis-
e control group, the myocardial order disease, typically characterized by signifi-
rs were intact with clear texture but no frac- cantly increased blood lipid and glucose, as well
e, and the solid necrosis did not appear in as abnormal glucose metabolism in the body'?.
jardial cells. In the GK group, the myocar- The disease is mainly caused by the destruction
prs were disorderedly arranged and in- of islet cells and abnormal insulin secretion®*

304 Corresponding Author: Yong Zhang, MD; e-mail: 1539210298@qqg.com




Effect of miR-26a on diabetic rats with myocardial injury by targeting PTEN

Statistics®>” have revealed that the incidence rate
of diabetes shows a year-by-year increasing trend,
and that of the accompanying cardiovascular and
cerebrovascular diseases is also on the rise year
by year. Korkmaz-Icoz et al® have shown that the
incidence rate of myocardial infarction in diabetic
patients is higher than those in patients with other
diseases, and the clinical manifestations of myo-
cardial infarction include severe heart failure, a
larger myocardial infarction area, rapid develop-
ment of the disease, refractoriness, and deadlines.
According to some reports, the occurrence and
development of diabetes are related to numerous
signal pathways.

The gene of phosphate and tension homology
deleted on chromosome ten (PTEN) is an an-
ti-cancer-related gene closely associated with
various cancers. It has been found in many inves-
tigations that the expression of PTEN in tissues
from patients with cervical cancer, liver cancer,
ovarian cancer, and colon cancer is significantly
different from that in normal tissues. Moreover,
some works’'! have indicated that PTEN is close-
ly correlated with diabetes. PTEN may be a gene
target for the treatment of diabetes. It can pa
ipate and function in the insulin-signali
way when it is damaged'?. In addition, PTH
activate the PI3K/Akt pathway by suppressi
expression of TGF-B1, thus causing renal fib
in diabetic rats".

In spite of the association of
many diseases in the body, t
in diabetic rats has been r3
ly, there is no literature
anism between PTE
diabetic rats. In thi

al injury 1n
of micro ri-

and a certain ex-
of heart failure

-grade male Wistar rats aged
and weighing (200+20) g were

diabetes. According to the bod

el group was randomly subdivi§
group (n=10) and miR-26
MiR-26a agomir was inj

ume of normal sali
cardium in the con
24 h later, the r
taken out and

enyang, China), fluorescence
ase Chain Reaction (qPCR)
ables (TaKaRa, Otsu, Shiga,
tting primary antibody goat

A), secondary antibody rabbit an-
20 se horseradlsh peroxidase (HRP) and miR-
i Kit (Tiangen Biotechnology, Beijing,
D-5A bench top low speed centrifuge
(Jintan Changzhou Instrument Factory, Jintan,
China), TGL-16G centrifuge (Shanghai Anting
Scientific Instrument Factory, Shanghai, China),
PT-3502B microplate reader (Thermo Fisher Sci-
entific, Waltham, MA, USA), electrothermal con-
stant-temperature dry box (Shanghai Yuejin Med-
ical Devices Factory, Shanghai, China), electric
boiling sterilizer (Shanghai Chemical Import and
Export Co., Ltd., Shanghai, China), and HH-4 dig-
ital thermostatic water bath (Jintan Walter Experi-
mental Instrument Co., Ltd., Jintan, China).

Prediction of Downstream Target Genes
of MiR-26a

MiR-26a and PTEN were analyzed with Tar-
getScan database. Based on the results, PTEN in-
volved in the regulation of myocardial cell func-
tion was selected, as the research object through
literature report and gene function analysis.

Fluorescence qPCR

The rat heart samples in liquid nitrogen were
taken out, and the total RNA in the heart was ex-
tracted by TRIzol method (Invitrogen, Carlsbad,
CA, USA), followed by Reverse Transcription
(RT) according to the RT kit instructions. With
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RT product complementary deoxyribose nucleic
acid (cDNA) as a template, the target gene was
amplified based on the instructions of the qRT-
PCR kit. The reaction system for fluorescence
gPCR: 10 pL of gPCR Master Mix (2%), 1 pL
of PCR reverse primer, 2 pL of cDNAs, 11 pL
of ddH,O. The final result was calculated by the
244 method. The primer sequences for gqRT-PCR
are listed in Table I.

Hematoxylin-Eosin (HE) Staining

The heart samples fixed for 24 h were taken
out, washed with clear water, dehydrated with
ethanol, embedded in paraffin, and sliced into
sections. Subsequently, the sections were stained
with hematoxylin at room temperature for 10 min,
washed with clear water for 30 min, soaked in 1%
hydrochloric acid for 30 s, and washed with clear
water for 30 s. Then, they were stained with eosin
at room temperature for 5 min, dehydrated with
ethanol, and sealed with neutral glue in a ventilat-
ed environment. Finally, the changes in the myo-
cardial tissues were observed under a microscope.

Detection of Apoptosis Via Terminal,
Deoxynucleotidyl Transferase dUTI
End Labeling (TUNEL) Assay

The sections prepared in 1.2.3 were deh
ed with ethanol at gradient concentrations (
80%, 90%, and 95%) treated with protem

followed by washing wit
the sections were ad
converter-POD for

, the apoptosis
under the mi-

CAGGGTCCGAGGTATTC3'
GGAAAGGGACGAACTGGTG3'
5'CATAGCGCCTCTGACTGGGAZ'
S'AGGTCGGTGTGAACGGATTTG3'
S'TGTAGACCATGTAGTTGAGGTCA3'
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al cells was examined by TUNEL assay,
brown nucleus after staining representg
were the TUNEL-positive cells.

Immunohistochemistry
The sections made in 1.2.3 ¥
and washed with PBS for 3

d ehydrated

room temperature for
with PBS for 3 times
the sections were a
sponding PTEN,

(diluted at
ature for 20 min, followed

DAB for incubationat room temperature
5 min and sealgd with running water. Lastly,
expression of N protein was observed un-
the microscop,

sues of the rats were removed from
nitrogen, added with radioimmunoprecipi-
(RIPA) lysate containing phenylmeth-
sulfonyl fluoride (PMSF) (Beyotime, Shanghai,
China), and homogenized using a glass homoge-
nizer for 4 min. Then, the homogenized liquid was
taken out and centrifuged at 12000 rpm for 10 min.
The supernatant was sucked out, mixed well with
Sxprotein loading buffer and boiled for 3 min. After
SDS-PAGE, the sample proteins were transferred
onto a polyvinylidene difluoride (PVDF) mem-
brane (Millipore, Billerica, MA, USA), which was
then put into 5% skim milk powder solution and
sealed at room temperature for 1 h. After that, the
PVDF membrane was added with the correspond-
ing antibody (diluted at 1:1000), incubated over-
night at 4°C, and washed with TBST for 3 times
with 5 min each. Thereafter, the corresponding
antibody containing HRP (diluted at 1:5000) was
added for blocking at 37°C for 1 h, and the color
was developed using the color-developing solution.
At last, the Quantity One software was employed
for the quantitative analysis.

The

Statistical Analysis

The Statistical Product and Service Solutions
(SPSS) 18.0 software (SPSS Inc., Chicago, IL,
USA) was adopted to analyze the experimental
data. The intra-group comparison was expressed
as mean + standard deviation (X+s), while the in-
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Position 41-47 of PTEN 3' UTR 5" ...ACACCAUGAASAUAAACUUGAAL. . .

(1111
hsa-miR-26a-5p il UOGGAUAGG ACCUALUG AACUT

Position 1261-1268 of PTEN 3' UTR 5’ ... ACUGUUAGGGAAUUUUACUUG AL, . .

[T
hsa-miR-26a-5p 3 UCGGAUAGGACCUAAUGAACUU

Position 2619-2626 of PTEN 3' UTR 5’ .. .UUACAUGUCUG AAGUUACUUG AA. . .

[TITTL
hsa-miR-26a-5p 3 UCGGAUAGGACCUAAIGALCUU

Position 3800-3807 of PTEN 3' UTR 5’ ...CUAAAGGACUUUUUGUACUUGAAL. .

[T
hsa-miR-26a-5p 3 UCGGAUAGGACCUAAUGAACUU

Figure 1. Correlation between miR-26a and PT

ter-group comparison was conducted by One-way
analysis of variance. p<0.05 suggested that the
difference was statistically significant.

Results

Correlation Between MiR-26a and PTEN

The TargetScan database was utilized to seek
the binding sites between miR-26a-5p and PTEN
3’UTR (Figure 1). There were 6 pairs of cqus
mentary bases with the same sequence i
3’UTR and miR-26a-5p, indicating that m
has a correlation with PTEN.

sections were observed under an
ical microscope, and it was found that in the
Fup, the myocardial fibers were intact
1th clear texture but no fracture, and the solid
necrosis did not appear in the myocardlal cells
Messenger RNA (mRNA) Expressi (Figure 3A). In the GK group, the myocardial fi-
of MiR-26a and PTEN in tj [ bers were disorderedly arranged and incomplete
of Diabetic Rats with an unclear edge and burrs (Figure 3B). The

Compared with the cont myocardial fibers in the miR-26a agomir group
had notably increased t were in order, with less breakage and solid necro-
PTEN (p<0.05) and ¢ sis (Figure 3C).
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8 2. MiRNA expressions of PTEN and miR-26a in the myocardium of diabetic rats. Note: "p<0.05 and “p<0.01 vs.
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GK group, and (C) MiR-26a agomir group.

Apoptosis of Myocardial Cells in Diabetic
Rats Detected via TUNEL

Through the observation of the TUNEL-stained
sections, it was found that compared with those
in control group (Figure 4A), TUNEL-stained
brown granules in the rats in the GK group were
remarkably increased (p<0.05) (Figure 4B). Com-
pared with the GK group, miR-26a agomir group
markedly decreased the TUNEL-stained brown
particles (p<0.05) (Figure 4C).

had evidently reduced the Caspase-3 and
proteins and_notably increased Bcl-2 pro-
ting that the myocardial cell
ntly relieved (Table II).

Discussion

_ ¥ is a common chronic and metabolic
the immunohistochemical sections. It was di sorder disease, and it is divided into four types.
ered that PTEN protein was in lighter color 4 ype 1 diabetes is manifested as the complete
staining in the control group, with & loss of the islet function, whose clinical treatment
dial cell stripe structure (Fig method is long-term insulin injection. Type 2 dia-
with that in the control gro betes refers to the loss of part of the islet function.
Type 3 diabetes is characterized by a temporary
increase in blood glucose in women during the
gestation period and self-healing without medica-
tion. Type 4 diabetes is generally caused by hor-
mone drugs. Type 3 and type 4 diabetes are un-
common with relatively low incidence rates. Most
patients in China suffer from type 2 diabetes, and
type 1 diabetes mainly attacks teenagers. Accord-
ing to the data from the China Report on Diabe-
tes'* in 2010-2018, the estimated number of dia-
betic patients nationwide is 280 million. It is thus

ure 5B), and the color of §
agomir group became g

Wes of Bel-2, Bax, and Caspase-3 protein bands in each group.

al density value Control group GK group MiR-26a agomir group

Target protein/p-actin 0.90+0.15 1.97+0.27* 1.3840.21®
Target protein/B-actin 1.38+0.39 0.76+0.50° 1.12+0.46°
Target protein/B-actin 0.42+0.17 0.97+0.37* 0.76+0.22:
Target protein/B-actin 0.37+0.24 0.72+0.41* 0.56+0.22®
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Figure 4. Myocardial tissue apoptosis of diabetic rats in each group observed via TUNE

group, (B) GK group, and (C) MiR-26a agomir group.

clear that there are a relatively large proportion of
diabetic patients in China, and the prevention and
treatment for diabetes are especially pivotal. As a
metabolic disease, diabetes is characterized by an
increased blood glucose content!>!®,

PTEN is an anti-cancer gene closely associ-
ated with many cancers. It has been considered
as a tumor suppressor gene since its discovery in
1997'. PTEN can also regulate insulin signals in
fat, bone, liver, and other tissues and participate
in the occurrence and development of insulgasre-
lated diseases”. Recently, miRNAs have a
increasingly more attention. MiRNAs carh

degrade target RNAs, and suppress the func
of mRNAs after transcription'®. According to

is able to activate the R
pathway by targeting
stitial fibrosis of the

(B) up and (C) MiR-26a agomir group.

to have
quence, iR-26a has a significant
correlation with PT miR-26a can function

examine the expressfons of miR-26a and
N in the myggardial tissues in each group.
at miR-26a expression had a
with PTEN mRNA expres-
ium of diabetic rats. In other
A expression was decreased
se of miR-26a expression, and vice
With type 2 diabetes as an example, after
the PTEN expression by injecting
1R-26a agomir into the heart, PTEN protein ex-
pression in the rat myocardium was remarkably
reduced (p<0.05), and the injury degree was de-
creased. The expressions of the apoptosis-related
proteins, caspase-3, and Bax, were evidently low-
ered, while the expression of the anti-apoptosis
protein Bcl-2 was significantly raised (p<0.05).
The above findings indicate that miR-26a can tar-
get PTEN, reduce the diabetes-induced apoptosis
of myocardial cells by inhibiting the PTEN ex-
pression, and alleviate myocardial cell injury. In
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5. Expression of PTEN protein in the myocardial tissues of diabetic rats in each group (400x). Note: (4) Control group,
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Figure 6. Protein expressions of Bcl-2, Bax, and Caspase-3 6)
in the myocardial tissues detected by Western blotting.
this work, only the correlat ion between miR-26a 7)

and PTEN and apoptosis-related indicators were
detected, which revealed that miR-26a could tar-
get PTEN and protect against myocardial injury
in diabetic rats. However, there are a large number
of determinants of diabetes and many signaling
pathways affecting the occurrence and develop-
ment of diabetes, for these reasons, the signaling
pathway related to PTEN protection was ng
ified in this report. This study laid a cert
oretical and experimental foundation for
research on the mechanism of miR-26a in pr&
ing against myocardial injury in diabetic rats
targeting PTEN.
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