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miR-30c and miR-181a synergistically modulate pS3—p21 pathway
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Abstract p53—p21 pathway mediates cardiomyocyte hyper-
trophy and apoptosis and is upregulated in diabetic cardiomy-
opathy (DbCM). We investigated role of microRNAs in
regulating p53-p21 pathway in high glucose (HG)-induced
cardiomyocyte hypertrophy and apoptosis. miR-30c and miR-
181a were identified to target p53. Cardiac expression of
microRNAs was measured in diabetic patients, diabetic rats,
and in HG-treated cardiomyocytes. Effect of microRNAs over-
expression and inhibition on HG-induced cardiomyocyte
hypertrophy and apoptosis was examined. Myocardial
expression of p53 and p21 genes was increased and expression
of miR-30c and miR-181a was significantly decreased in dia-
betic patients, DbCM rats, and in HG-treated cardiomyocytes.
Luciferase assay confirmed p53 as target of miR-30c and miR-
181a. Over-expression of miR-30c or miR-181a decreased
expression of p53, p21, ANP, cardiomyocyte cell size, and
apoptosis in HG-treated cardiomyocytes. Concurrent over-ex-
pression of these microRNAs resulted in greater decrease in
cardiomyocyte hypertrophy and apoptosis, suggesting a syn-
ergistic effect of these microRNAs. Our results suggest that
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dysregulation of miR-30c and miR-181a may be involved in
upregulation of p53—p21 pathway in DbCM.
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Introduction

Diabetes is known to be associated with increased risk of
cardiovascular morbidity and mortality even in the absence
of hypertension and coronary atherosclerosis [1] and diabetic
patients are at greater risk of ventricular dysfunction and
heart failure [2]. Diabetes-induced cardiomyopathy (DbCM)
is characterized by cardiomyocyte hypertrophy, myocyte
apoptosis, and cardiac fibrosis [3]. Hyperglycemia has been
shown to promote cardiomyocyte apoptosis by activation of
p53 and several effector responses involving the local renin
angiotensin system (RAS) [4]. The increased cardiomyocyte
loss is suggested to induce compensatory hypertrophy of the
remaining viable cardiomyocytes [5]. Increased p53 levels
have been reported in DbCM and in various other models of
cardiac hypertrophy [6—16]. Monkemann et al. proposed that
deregulation of p53—p21 axis was involved in the diabetes-
induced myocyte apoptosis; they observed that p53-induced
p21 (WAF1/CIP1) gene binds to and inhibits a broad range of
cyclin—cyclin-dependent kinase complexes [17]. Golub-
nitschaja et al. showed that increased levels of p53 in car-
diomyocytes in early diabetes resulted in induction of p21
and 14-3-3 ¢ genes, which in turn triggered cell-cycle arrest
and DNA repair of these cells, resulting in their accumulation
in the G1 and G2 phases. They proposed that deregulated
p53—p21 pathway leads to decreased proliferative activity
and tissue degeneration in diabetic myocardium in later
stages of diabetes [18]. However, molecular mechanisms
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resulting in dysregulation of this pathway in diabetic heart
are not well studied.

microRNAs have emerged as one of the key players of
gene regulation, and dysregulated expression of several
microRNAs targeting genes involved in DbCM has been
reported in several different studies [19-21]. miR-30 and
miR-181a have been recently shown to regulate p53
expression in cardiomyocytes; for example, miR-30 was
found to suppress the expression of p53 and its downstream
target Drpl in cardiomyocytes [22]. Forini et al., showed
p53 as a direct target of miR-30 [23]. In a recent study,
Cheah et al. 2014 reported that miR-181a binds to TP53
gene and inhibits its expression, decreasing the synthesis of
p53 in head and neck cancer [24]. However, the role of
these microRNAs in regulating p53—p21 axis in DbCM is
lacking. Since p53-p21 axis has been found to play an
important role in DbCM pathophysiology, we investigated
if these microRNAs were involved in regulating the
expression of p53, p21 in DbCM. Our results show a sig-
nificantly decreased expression of miR-30c and miR-181a
in DbCM hearts, and over-expression of these miRNAs in
high glucose (HG)-treated cardiomyocytes decreased
expression of p53 and its downstream target p21 syner-
gistically and attenuated HG-induced cardiomyocytes
apoptosis and hypertrophy. To the best of our knowledge,
this is the first report showing involvement of synergistic
regulation of p53—p21 pathway by miR-30c and miR-181a
in DbCM.

Materials and methods
Animal model of diabetic cardiomyopathy

An animal model of diabetic cardiomyopathy was devel-
oped by high-fat diet (HFD) and two low-dose Streptozo-
tocin (STZ) as described previously [25]. Briefly, male
Wistar rats were fed HFD for 4 weeks, followed by two
injections of STZ (i.p. 30 mg/kg body weight), a week
apart. Sex- and body weight-matched control rats were
given an equal volume of citrate buffer. DbCM was con-
firmed by echocardiography, morphological, histopatho-
logical examination, and cardiac expression of
hypertrophic markers (ANP & B-MHC). All applicable
international, national, and/or institutional guidelines for
the care and use of animals were followed. This study was
performed in compliance with the “Guide for the Care and
Use of Laboratory Animals,” published by the National
Institutes of Health (National Institutes of Health publica-
tion 85-23, revised 1985). The study protocol was approved
(Approval number: 62/IAEC/358) by the Animal Experi-
mentation Committee of the Post Graduate Institute of
Medical Education and Research, Chandigarh India.
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Archived tissue samples

The formalin-fixed paraffin-embedded cardiac tissue sam-
ples were obtained from the Department of Histopathology
PGIMER, Chandigarh. The samples were stratified into
DbCM (n = 5) based on the following inclusion criteria:
Cases with history of Diabetes Mellitus for more than
5 years with clinical symptoms related to heart failure.
Patients with history of hypertension, coronary artery dis-
ease, or myocardial infarction and angina were excluded
from the study. In addition, patients with history of chronic
renal disease were also excluded from the study. Detailed
examination of the heart autopsy was done both grossly
and microscopically and the cases selected did not show
any coronary artery occlusion or any evidence of old or
fresh myocardial infarction. The control group (n =5)
included patients without history of diabetes mellitus and
cardiovascular diseases. The study was approved by the
institutional Ethical Review Committee, and was con-
ducted in accordance with guidelines of the Declaration of
Helsinki.

Cell culture

Rat cardiomyocyte cell line H9c2 was procured from
NCCS, Pune and cells were cultured in low glucose Dul-
becco’s Modified Eagle’s Medium (DMEM; Cat No-
31600-034; Life Technologies), supplemented with 10 %
fetal bovine serum (FBS). For High glucose treatment,
cells were starved in low glucose DMEM containing 0.1 %
FBS for 24 h and incubated with either 30 mM bp-glucose
(HG) or 5.5 mM (Normal) or 30 mM Mannitol (Osmotic
control, OC) for 48 h [26].

Phalloidin staining and morphometric analysis

Filamentous actin was stained with Alexa fluor® 488
phalloidin (Molecular Probes™ Invitrogen detection
technologies) and cardiomyocyte cross section area was
measured as described previously [26].

RNA extraction and real-time PCR (qRT-PCR)

To measure cardiac expression of various genes, total RNA
was extracted with mirVana™ microRNA isolation kit
(Ambion, USA) according to the protocol of the manu-
facturers followed by DNase I treatment lunit/ulL (Sigma-
Aldrich; AMPDI). Total RNA (1 pg) was used for cDNA
synthesis with RevertAid™ reverse transcriptase by using
RevertAid first strand cDNA synthesis kit (Fermentas Life
Sciences, EU). qRT-PCR was performed using the Real-
Time PCR 7500 (Applied Biosystem). For a final reaction
volume of 20 pL, the following reagents were added:
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10 uL SYBR Green Taq ReadyMix (Applied Biosystem),
0.5 pL of each forward and reverse primer (Primer list,
Table 1), 8 uL. dH,0, and 1 pL. cDNA. Melting curve
analysis was used to determine melting temperature (Tm)
of specific amplification products and primer dimers. The
data were normalized to 18S RNA to account for differ-
ences in reverse transcription efficiencies and amount of
template in the reaction [26].

microRNA analysis by qRT-PCR

Total RNA was isolated from cells or tissues using the mir-
Vana™ microRNA isolation kit (Ambion, USA) according
to the protocol of the manufacturers followed by DNase I
treatment lunit/uL. (Sigma-Aldrich; AMPDI1). microRNA-
specific cDNA was generated with high specificity micro-
RNA Ist strand cDNA synthesis kit (Agilent Technlogies,
USA). qRT-PCR was performed using 10 pL SYBR Green
Taq Ready Mix (Applied Biosystem), and 0.5 pL forward
primer for miR-30c (TGT AAA CAT CCT ACA CTC TCA
GC), miR-181a (AAC ATT CAA CGC TGT CGG TGA GT)
and 0.5 pL universal reverse primer (Agilent Technologies,
USA). The data were normalized to 18S RNA [26].

Western blotting

Cardiomyocyte cells H9c2 were lysed in RIPA lysis solution
[50 mM Tris—HCl pH 7.6, 150 mM NaCl, 1 mM EGTA, 1 %
Triton NP-40, 1 % sodium deoxycholate, 0.1 % SDS, 50 mM
NaF and 1X Protease inhibitor] and protein concentration was
estimated by quick start™ Bradford dye reagent 1X (BIO-
RAD USA). Equal amounts of protein lysate (50 pg/lane)
were resolved by SDS-PAGE and transferred onto PVDF
membrane at 30 V for 8 h/4 °C. PVDF membrane was
blockedin5 % nonfat dry milk in TBST for overnight at4 °C.
Primary antibodies for the detection of p5S3 (Cat no: sc-6243,
Santa Cruz Biotechnology, Dallas, Texas, USA), p21 (Cat
no: sc-397, Santa Cruz Biotechnology, Dallas, Texas, USA),
ANP (Cat no: sc-18811, Santa Cruz Biotechnology, Dallas,
Texas, USA), and B-tubulin (Cat no: sc-5274, Santa Cruz

Table 1 Primer sequences for qRT-PCR

Gene Sequence
p53 F 5'-GTCTACGTCCCGCCATAAAA-3’

R 5-AGGCAGTGAAGGGACTAGCA-3’
p21 F 5-GAAAACGGAGGCAGACCAG-3’

R 5-TTCAGGGCTTTCTCTTGCAG-3’
18S F 5'-CGCGGTTCTATTTTGTTGGT-3'

R 5'-AGTCGGCATCGTTTATGGTC-3
miR-30c F 5'-TGTAAACATCCTACACTCTCAGC-3’
miR-181a F 5'-AACATTCAACGCTGTCGGTGAGT-3'

Biotechnology, Dallas, Texas, USA) were used in the block-
ing buffer for 2 h at 37 °C under agitation on a rotary shaker.
Target protein reactive with primary antibodies was detected
with HRP-conjugated secondary antibodies for 2 h at 37 °C
and the bands were visualized by Clarity™ western ECL
substrate (BIO-RAD USA). The data were normalized to -
tubulin [26].

microRNA over-expression/inhibition studies

For microRNA over-expression, cardiomyocytes were
transfected with 40 nmol/L of microRNA mimics (Am-
bion, USA) using lipofectamine 2000 transfection reagent
(Invitrogen) according to the manufacturer’s instructions.
microRNA mimics was complexed with the transfection
reagent in Opti-MEM I reduced serum medium (Invitro-
gen) and added directly to cells. After 6 h, 1 % FBS was
added along with high glucose treatment for 48 h. To
inhibit microRNA expression, cardiomyocytes were trans-
fected with 40 nmol/L of microRNA inhibitor (Ambion,
USA), using lipofectamine 2000 transfection reagent (In-
vitrogen). Transfection using a scrambled sequence anti-
miR (Ambion, USA) was used as a negative control [26].

Luciferase reporter assay

Cardiomyocytes were seeded in 96-well plates and co-
transfected with luciferase plasmid 145-pGL3ctrl-3" UTR
(Addgene plasmid # 28175) which is a gift from Michael
Kastan [27], pRL-SV40P (Addgene plasmid # 27163)
renilla luciferase plasmid a gift from Ron Prywes [28] and
miR-30c mimics or miR-181a mimics or control using
Lipofectamine 2000 (Invitrogen). After 48-h incubation,
luciferase activity was measured using a noncommercial
dual luciferase enzyme assay system. Renilla luciferase
was used as internal control and the firefly luciferase
activity was calculated as the mean &= SD after being
normalized by Renilla luciferase activity [29].

microRNA co-transfection

To over-express microRNA expression, cardiomyocytes
were transfected with 20 nmol/L each of miR-30c mimics
(pre-miR-30c; ID PM11060; Ambion) and miR-181a
mimics (pre-miR-181a-5p; ID 10421; Ambion), using
lipofectamine 2000 transfection reagent (Invitrogen)
according to the manufacturer’s instructions. miR-30c
mimics and miR-181a mimics were complexed with the
transfection reagent in Opti-MEM 1 reduced serum med-
ium (Invitrogen) and added directly to cells. After 6 h 1 %
FBS was added along with HG treatment for 48 h. Trans-
fection using a scrambled sequence anti-miR (Ambion,
USA) was used as a negative control.
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Cell apoptosis assay by flow cytometry

HOc2 cells were seeded in 12-well plates at a suit-
able density and grown to 40 % confluency. miR-30c and
miR-181a mimics were complexed with the transfection
reagent in Opti-MEM I reduced serum medium (Invitro-
gen) and added directly to cells. After 6 h 1 % FBS was
added along with HG treatment for 48 h. Finally, the cells
were applied to apoptosis analysis. For flow cytometry
analysis, an Alexa Fluor® 488 Annexin V/Dead Cell
Apoptosis Kit (Invitrogen) was used and apoptotic rate was

Fig. 2 miR-30c and miR-181a directly target p53. a Schematics of the p
miR-30c and miR-181a putative binding site in rat p53 gene. b Luciferase
reporter activities of chimeric vectors carrying the luciferase gene and a
fragment of the p53 3’-UTR containing the binding sites of miR-30c or
miR-181a in control, mimic, and NC groups. ¢ p53 levels in HG-treated
cardiomyocytes transfected with miR-30c mimic, miR-30c inhibitor or
scrambled sequence. d p53 levels in HG-treated cardiomyocytes
transfected with miR-181a mimic, miR-181a inhibitor or scrambled
sequence. [# significantly different from 5.5 mM p-glucose; tsignifi-
cantly different from 30 mM p-glucose, mRNA levels are expressed as a
ratio to 18S; protein levels are expressed as a ratio to B-tubulin and
normalized to 5.5 mM p-glucose. *P < 0.05 considered significant.
Results are expressed as mean £ SD. All data shown are results from
minimum of three independent experiments, run in triplicate]

Fig. 1 p53 and p21 expression A P53 mRNA P53 protein
are increased in DbCM. a p53 .
expression (MRNA and protein) Control DbCM
in DbCM and in control group, _ B
b p21 expression (mRNA and P33 . 1 .- - 53kDa
protein) in DbCM and in control B-tubulin P - e - 55kDa
group, (n = 6/group). Results
are expressed as mean + SD. % 10 1 *
*P < 0.05 compared to control 4 * ° 5 81 T
group. ¢ p53 and d p21 protein § g 3 s 2 T
levels in HG and mannitol- % s é:: 8 61
treated cardiomyocytes. [Protein a S 2 2 .g 4 -
levels are expressed as ratio of b % 1 a9
target protein to B-tubulin, B L | I 5 27
normalized to 5.5 mM b- 0+ T J e 0 [ |- .
glucose. *P < 0.05 compared to Control Group ~ DbCM Group Control Group  DbCM Group
5.5 mM p-glucose. Data are
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Representative Western blot B p21 mRNA p21 protein
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analyzed by flow cytometry (FACS CantoTM II, Becton—
Dickinson) [30].

Statistical analysis

All results are shown as mean &+ SD and sample sizes are
mentioned in the figure legends. Student’s t test or
ANOVA was performed to compare the difference between
means. P value <0.05 was considered significant.

Results

p53 and p21 expression in Cardiomyocytes
was increased in high glucose-treated
cardiomyocytes and in DbCM hearts

High glucose-treated cardiomyocytes showed significantly
increased p53 and p2l protein expression (P < 0.05,
Fig. 1C and D) as compared to LG (Normal Glucose;
5.5 mM bp-glucose)-treated cells. Cardiac p53 and p21
levels were also significantly increased in DbCM rats as
compared to control group (P < 0.05) (Fig. 1a, b).

P53 holds conserved binding sites for miR-30c
and miR-181a: synergistic effect

RNAhybrid program showed that 3’-UTR of p53 mRNA
has ‘seed’ sequences and flanking nucleotides comple-
mentary to both miR-30c and miR-181a. The AG values
was calculated and found to be —16.9 kcal/mol and
—17.3 kcal/mol for the complementary binding between
miR-30c with 3-UTR of p53 mRNA and —20.8 kcal/mol
for miR-181a with 3’-UTR of p53 mRNA, respectively,
suggesting this molecule to be the potential target of miR-
30c and miR-181a (Fig. 2a).

Fig. 4 Effect of miR-30c and miR-181a over-expression and inhibi-p
tion on p21 expression and cardiomyocyte hypertrophy. a p21 levels
in HG-treated cardiomyocytes transfected with miR-30c mimic, miR-
30c inhibitor or scrambled sequence. b p21 levels in HG-treated
cardiomyocytes transfected with miR-181a mimic, miR-181a inhi-
bitor or scrambled sequence. ¢ ANP levels in HG-treated cardiomy-
ocytes transfected with miR-181a mimic, miR-181a inhibitor or
scrambled sequence. d Representative bright field image of car-
diomyocytes and morphometric analysis in HG-treated cardiomy-
ocytes with miR-181a mimics, miR-181a inhibitor or scrambled
sequence. [#significantly different from 5.5 mM bp-glucose; |
significantly different from 30 mM b-glucose. *P < 0.05 considered
significant. Results are expressed as mean £ SD. All data shown are
results from minimum of three independent experiments]

Luciferase assay validated p53 as a direct target
miR-30c and miR-181a

To validate whether p53 was a direct target of miR-30c and
miR-181a, cardiomyocytes were co-transfected with a 3'-
UTR luciferase reporter vector along with either miR-30c
mimic or miR-181a mimic, and 3’-UTR luciferase assays
were performed. Luciferase activity was significantly reduced
in cells co-transfected with miR-30c or miR-181aand 3’-UTR
Luciferase vector as compared with cells transfected with
luciferase vector alone (Fig. 2b). In order to determine whe-
ther miR-30c and miR-181a were regulating p53 expression in
cardiomyocytes in hyperglycemic milieu, we modulated cel-
lular expression of miR-30c or miR-181a, in vitro, by trans-
fecting HG-treated cardiomyocytes with either miR-30c- or
miR-181a-specific mimic or inhibitor. HG-treated car-
diomyocytes transfected with miR-30c or miR-181a mimic
showed a significantly decreased mRNA and protein expres-
sion of p53 as compared to HG-treated cardiomyocytes
(P < 0.05, Fig. 2c, d), whereas transfection with miR-30c or
miR-181a inhibitor resulted in significantly increased mRNA
and protein expression of p53 levels in these cells. These
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Fig. 3 Cardiac miR-30c and miR-181a are down regulated in DbCM.
a Cardiac miR-181a expression in the DbCM rats and controls
(n = 6/group). Data are expressed as mean = SD. *P < 0.05 com-
pared to control group. b miR-181a expression in H9¢c2 cardiomy-
ocytes treated with 30 mM bp-glucose or 5.5 mM b-glucose (LG).
[microRNAs levels were calculated as ratio of 18S and are

@ Springer

HG Osmotic

Control Subject DbCM Subject

normalized to 5.5 mM D-Glucose. Results are expressed as
mean £ SD. *P < 0.05 compared to 5.5 mM p-glucose. All data
shown are results from minimum of three independent experiments
run in triplicate]. ¢ Myocardial expression of miR-181a in DbCM
patients, (n = 5/group). Data are expressed as mean £ SD.
*P < 0.05 compared to control subjects
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Fig. 5 Synergistic effects of A P53 mRNA P53 protein
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results suggest that miR-30c and miR-181a directly regulate
p53 expression by binding to p53 3’-UTR region.

Cardiac miR-30c and miR-181a were decreased
in DbCM

Cardiac miR-181a expression was significantly decreased
(3.1 fold) in DbCM as compared to control group
(P < 0.05; Fig. 3a). HG-treated cardiomyocytes also
showed decreased expression of miR-181a as compared to
HG-treated cells (1.7 fold, P < 0.05) (Fig. 3b). Cardiac
expression miR-181a was also found to be significantly
decreased (2.3 fold, P < 0.05) in archived tissues of dia-
betic cardiomyopathy patients as compared to non-diabetic
control subjects (P < 0.05) (Fig. 3c). Cardiac miR-30c
expression was found to be significantly decreased in all
three models of DbCM [26].

miR-181a and miR-30c over-expression decreased
p21 expression and attenuated cardiomyocyte
hypertrophy

HG-treated cardiomyocytes transfected with miR-30c mimic
showed a significantly decreased expression of p21, whereas
in vitro inhibition of miR-30c with miR-30 antagomir resulted
in significantly increased expression of p2l1 (P < 0.05,
Fig. 4a). Over-expression of miR-30c mimic resulted in sig-
nificantly decreased expression of ANP and a significant
decrease in cardiomyocyte cross-sectional area as compared
to HG-treated cardiomyocytes, whereas transfection with
miR-30c inhibitor resulted in significantly increased expres-
sion of ANP and cross-sectional area in these cells [26].

A significant decrease in p21 expression (P < 0.05,
Fig. 4b), ANP expression, and cardiomyocyte cross-sec-
tional area (P < 0.05, Fig. 4c, d) was seen in HG-treated
cardiomyocytes transfected with miR-181a mimic as

compared to HG-treated cardiomyocytes. The cardiomy-
ocytes transfected with miR-181a inhibitor showed increase
in p21 expression (P < 0.05, Fig. 4b), ANP expression and
cell surface area in these cells (P < 0.05) (Fig. 4c, d).

miR-30c and miR-181a decreased HG-induced
cardiomyocyte apoptosis

Cardiomyocyte apoptosis is a modulator of cardiomyocyte
hypertrophy in diabetic cardiomyopathy, so we examined
the effect of miR-30c and miR-181a on cardiomyocyte
apoptosis under high glucose conditions, in vitro. We
observed a significant decrease in number of apoptotic cells
in HG-treated H9c2 cells transfected with either miR-30c
or miR-181a mimics as compared to non-transfected HG-
treated cells (11.9 vs. 18.3 %, and 10.5 vs. 18.3 %).

Concurrent over-expression of miR-30c and miR-
181a inhibited p53—p21 pathway, cardiomyocyte
apoptosis, and cardiomyocyte hypertrophy
synergistically

Concurrent over-expression of miR-30c and miR-181a
with miR-30c and miR-181a mimics resulted in greater
decrease in p53 and p21 expression in HG-treated car-
diomyocytes (P < 0.05) (Fig. 5a, b; Table 2). Concurrent
over-expression of these microRNAs also resulted in 0.64
and 0.26 fold decrease in ANP mRNA and protein
expression, as compared to miR-181a or miR-30c alone. It
also led to greater decrease in cross-sectional area of car-
diomyocytes (0.49 pm?, P < 0.05) as compared to miR-
181a or miR-30c alone (Fig. 5c, d; Table 2). Further,
combined over-expression of miR-30c and miR-181a
mimics resulted in greater decrease in apoptotic rate
compared to either miR-30c or miR-181a alone (7.9 vs.
11.9 or 10.5 %) (P < 0.05; Fig. 6a, b; Table 2).

Table 2 Combined effect of miR-181a and miR-30c on HG-induced cardiomyocyte Cell size and Apoptosis

Treatment Genes/cell size/apoptotic rate

p53 p21 ANP Cell size Apoptotic

rate
mRNA Protein Mrna  Protein mRNA Protein Cross- %
(fold)  (fold) (fold) (fold) (fold) (fold) sectional area
(um?)

Normal glucose (LG) 1 1 1 1 1 1 100
High glucose (HG) 4.14%% 1.71*%  336*  l.61%* 382*%  220%* 1.41* 120*
HG+ miR-181a mimic (40 nM) 2.04**  1.09% 1.30*  0.79* 1.40*  0.86*  0.92% 69.33%*
HG+ miR-30c mimic (40 nM) 1.53*  0.96* 1.14** 0.55*  0.95* 0.94* 0.81* 78.66*
HG+ miR-181a mimic (20 nM) + miR-30c mimic 0.88** 0.31%*% 0.74%* 0.39%% 0.64*% 0.26*%* 0.49* 52%

(20 nM)

* P <0.05, ¥ P <0.01
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Fig. 6 Synergistic effects of miR-30c and miR-181a on apoptosis.
a The combined effect of miR-30c and miR-181a on apoptosis was
examined by FCM (flow cytometry) analysis. Cells were analyzed for
apoptotic rate after staining with Annexin V-FITC and PI. [*signif-
icantly different from 5.5 mM p-glucose; 'significantly different from

Discussion

Cardiac hypertrophy along with myocyte loss and inter-
stitial fibrosis is an important pathological feature of dia-
betic cardiomyopathy. p53 has been shown to mediate
oxidative stress-induced cardiac cell death via induction of
p53—p21 pathway in diabetic cardiomyopathy [17]. How-
ever, the molecular mechanisms contributing to p53—p21
induction in DbCM remain obscure. In the present study,
we provide evidence that down regulation of miR-30c and
miR-181a may contribute to deregulation of p53-p21
pathway in diabetic cardiomyopathy. A significantly

@ Springer

30 mM p-glucose, “significantly different from either miR-30c or
miR-181a alone. *P < 0.05 considered significant. Results are
expressed as mean £ SD. All data shown are results from minimum
of three independent experiments, run in triplicate]. b One represen-
tative FCM analysis is shown in b

decreased expression of miR-30c and miR-181a in DbCM
hearts and in HG-treated cardiomyocytes observed in the
present study suggests that HG mediates down regulation
of these microRNAs in cardiomyocytes. A decreased
expression of miR-30c and miR-181a has been earlier
reported in pathological heart failure such as myocardial
infarction (MI), dilated cardiomyopathy (DCM), patho-
logical left ventricular hypertrophy, cardiac fibrosis,
apoptosis and human coronary artery SMCs [31-38].
Recently, Isserlin R et al. 2015 showed that apoptosis is a
hallmark of multiple etiologies of heart failure, including
dilated cardiomyopathy and silencing of miR-30c led to a
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strong apoptotic phenotype in cell culture, suggesting they
repress pro-apoptotic factors [39]. Feng et al., 2014 per-
formed global microRNA profiling in Transverse aortic
constriction (TAC) model of cardiac hypertrophy and
observed decreased miR-181a expression in array [38].
Reddy et al. 2012 have also reported decreased miR-181a
expression in hypertrophic cardiomyopathy [40]. However,
there are conflicting reports on miR-30c in DCM and
HCM; two recent studies have shown increased miRNA-
30c expression in DCM [41], and increased miR-181a
expression in cardiac tissue of hypertrophic cardiomyopa-
thy patients with MYBPC3 mutations [42]. We observed
that both miR-30c and miR-181a were down regulated in
DbCM. These contradictory roles of miR-30 and 181-a
may be due to different pathological triggers initiating the
cardiac hypertrophic response and the different experi-
mental systems employed. Moreover, the functional role of
these microRNAs ascribed to till date is based on in vitro
studies and its in vivo effects on the heart have not yet been
clearly established. Thus, status of these microRNAs in
heart failure still needs to be confirmed.

Both miR-30 and miR-181a have been reported to reg-
ulate p53 expression; for example, Li et al. 2010 showed
that miR-30 suppressed p53 and its downstream target
Drpl in cardiomyocytes [22] and Cheah et al. 2014 have
reported miR-181a to suppress p53 expression in head and
neck cancer [24]. Our bioinformatics data showed that both
miR-30c and miR-181a could potentially regulate p53 gene
expression: 3’-UTR and ORF region of p53 mRNA showed
‘seed’ sequences and flanking nucleotides complementary
to both miR-30c and miR-181a, suggesting this molecule to
be potential target of miR-30c and miR-181a. We carried
out luciferase reporter gene assay to further validate p53 to
be target of these microRNAs and our results showed miR-
30c and miR-181a directly regulated p53 expression by
binding to p53 3/-UTR region, thus confirming p53 to be
target gene of these microRNAs.

To explore the role of these microRNAs in DbCM, we
increased the cellular expression of these microRNAs
individually and also concurrently in HG-treated car-
diomyocytes and found that their over-expression resulted
in decreased expression of p53, p21 and attenuated HG-
induced cardiomyocyte hypertrophy and as evidenced by
decreased expression of hypertrophic marker (ANP) and
myocyte cell size. These results indicate that both miR-30c
and miR-181a may mediate HG-induced cardiomyocyte
hypertrophy by regulating p53—p21 axis.

We observed that concurrent over-expression of miR-
30c and miR-181a resulted in significantly decreased
number of apoptotic cells in HG-treated cardiomyocytes
indicating an anti-apoptotic response. miR-30c has been
earlier shown to regulate cardiomyocytes apoptosis through
suppressing the expression of p53 and targeting the

mitochondrial fission machinery [22]. We also found that
cardiomyocytes over-expressing both these microRNAs
either individually or together showed significant decrease
in p53 expression; however, when these microRNAs were
co-expressed together, the decrease in p53 was more pro-
nounced as compared to either miR-30c or miR-181a. Zhu
et al., have also reported high synergy interaction between
these two microRNAs in cardiovascular diseases [43]. Our
results further confirm that miR-30c and miR-181a act
synergistically to regulate p53 in cardiomyocytes. Thus,
our results suggest that HG-induced decrease in miR-30c
and miR-181a results in increased p53 expression leading
to increased cardiomyocyte apoptosis. The increased
apoptosis of cardiomyocytes has been reported to result in
cardiomyocyte cell loss leading to cell hypertrophy as a
compensatory mechanism [5]. We observed a significant
decrease in the cardiomyocytes cell size and expression of
hypertrophy marker, ANP in HG-treated cardiomyocytes
suggesting a role for these microRNAs in HG-induced
cardiomyocyte hypertrophy.

In conclusion, our results suggest down regulation of
cardiac miR-30c and miR-181a in diabetic milieu. These
microRNAs act synergistically in up-regulation of p53—p21
pathway in cardiomyocytes, thereby contributing to car-
diomyocytes loss and hypertrophy in DbCM. Hence,
appropriate manipulation of the expression of miR-30c and
miR-181a in cardiomyocytes might help prevent the initi-
ation and progression of diabetic cardiomyopathy.
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