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MicroRNA-130a, a Potential Antifibrotic Target in Cardiac Fibrosis

Li Li, PhD; Kelsey R. Bounds, BS; Piyali Chatterjee, PhD; Sudhiranjan Gupta, PhD

Background—Cardiac fibrosis occurs because of disruption of the extracellular matrix network leading to myocardial dysfunction.
Angiotensin Il has been implicated in the development of cardiac fibrosis. Recently, microRNAs have been identified as an
attractive target for therapeutic intervention in cardiac pathologies; however, the underlying mechanism of microRNAs in cardiac
fibrosis remains unclear. MicroRNA-130a (miR-130a) has been shown to participate in angiogenesis and cardiac arrhythmia;
however, its role in cardiac fibrosis is unknown.

Methods and Results—In this study, we found that miR-130a was significantly upregulated in angiotensin Il-infused mice. The
in vivo inhibition of miR-130a by locked nucleic acid— based anti-miR-130a in mice significantly reduced angiotensin Il-induced
cardiac fibrosis. Upregulation of miR-130a was confirmed in failing human hearts. Overexpressing miR-130a in cardiac fibroblasts
promoted profibrotic gene expression and myofibroblasts differentiation, and the inhibition of miR-130a reversed the processes.
Using the constitutive and dominant negative constructs of peroxisome proliferator-activated receptor y 3-'untranslated region
(UTR), data revealed that the protective mechanism was associated with restoration of peroxisome proliferator-activated receptor y
level leading to the inhibition of angiotensin Il-induced cardiac fibrosis.

Conclusions—Our findings provide evidence that miR-130a plays a critical role in cardiac fibrosis by directly targeting peroxisome
proliferator-activated receptor y. We conclude that inhibition of miR-130a would be a promising strategy for the treatment of

cardiac fibrosis. (/ Am Heart Assoc. 2017;6:e006763. DOI: 10.1161/JAHA.117.006763.)
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C ardiac fibrosis is a severe pathologic manifestation
resulting from an injury to the myocardium because of
pressure overload, ischemic insult, or metabolic stress. '3
The underlying molecular and morphological correlate of
cardiac fibrosis is the maladaptive changes in myocardial
structure via uncontrolled deposition of extracellular matrix
(ECM) proteins in the interstitium and perivascular region of
the heart.*” As a result, myocardial stiffness occurs that
alters the mechanics of the heart and impairs its function.
Cardiac fibroblasts represent the most abundant cell type in
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the mammalian heart and play a dominant role in cardiac
fibrosis.® ' A critical event in cardiac fibrosis is the
transformation of cardiac fibroblasts to myofibroblasts.'’
Myofibroblasts are the specialized cardiac fibroblasts formed
by irreversible acquisition of expression of o-smooth muscle
actin (a-SMA).""™'* The excessive deposition of ECM proteins
is thought to be produced by myofibroblasts,'*'>"'® and
inhibition of myofibroblasts may be effective to prevent
cardiac fibrosis.

MicroRNAs (miRNAs) are short, highly conserved RNA
sequences that control gene expression either by degradation
of mMRNA or repressing translational process.'® Recently,
miRNAs have been shown to be key modulators of diverse
cardiac diseases including cardiac fibrosis,?° ?” but the role of
miRNAs in cardiac fibroblasts activation, which includes
myofibroblasts differentiation, remains unknown. Angiotensin
Il (Ang 1), the major component of the renin-angiotensin
system, plays a critical role in cardiac fibrosis via inducing
production of collagens (type | and type Ill) and other ECM
constituents.'>?®?° Ang Il further activates transforming
growth factor B (TGFP) signaling to induce pro-fibrogenic
cascade.>**" In the context that Ang Il is directly involved in
the pathogenesis of cardiac fibrosis through altering an array
of gene expression,® whether miRNAs contribute to the
process may provide a new insight.
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Clinical Perspective

What Is New?

e Our study highlights the potential importance of micro RNA-
130a in the progression of cardiac fibrosis and offers a
possible therapeutic target (microRNA itself or the target
gene) for future intervention.

What Are the Clinical Implications?

.

Future studies are warranted to determine the effect of
microRNA-130a in the cardiac remodeling process in
conditionally overexpressed microRNA-130a transgenic
mice or knock-out model for therapeutic evaluation in
cardiac remodeling and fibrosis.

To date, little is known about the contribution of miR-
130a in cardiac pathology. The miR-130a is pro-angiogenic;
promoting endothelial cell migration implicated the role in
the angiogenic process®>>° and has also been shown to be
upregulated in patients with heart failure.?®” Interestingly,
miR-130a has been reported to play a role in smooth cell
proliferation,®® liver ~steatosis,®> or breast cancer*’;
however, its role in cardiac fibrosis is unknown, albeit a
recent study has demonstrated its role in cardiac
arrhythmia.*’

In this study, we investigated the role of miR-130a in
regulating cardiac fibrosis—related gene expression in an Ang
[l-infused mouse model. We have presented for the first time a
mechanistic role of miR-130a in cardiac fibrosis by modulat-
ing myofibroblasts phenotype and restoring the peroxisome
proliferator-activated receptors (PPAR) 7y level. Our result
indicated that miR-130a was significantly upregulated in the
mouse heart starting from day 3 to day 14 post Ang Il
infusion. Sufficient inhibition of miR-130a attenuated cardiac
fibrosis through directly restoring its target molecule PPARY
along with reducing the expression of collagens and myofi-
broblasts differentiation. Our results clearly demonstrate that
miR-130a contributes a critical role in Ang ll-induced cardiac
fibrosis.

Materials and Methods

Infusion of Ang Il and Administration of Locked
Nucleic Acid (LNA)-Anti-miR-130a in Mice

Animal care and all experimental procedures were conducted
with the approval of the Institutional Animal Care and Use
Committee at the Texas A&M Health Science Center and
Baylor Scott & White Health, and the Ethics Committee of
Animal Research at Peking University Health Science Center.
Male 9- to 10-week-old FVB/N mice received a single

intraperitoneal injection of LNA-anti-miR-130a at the dose of
5, 15, and 25 mg/kg or scrambled LNA (25 mg/kg). Three
days after injection, mice were euthanized and the hearts
were excised in order to detect miR-130a level. For Ang I
infusion, male 9- to 10-week-old FVB/N mice were implanted
with Alzet mini-osmotic pumps (Alza Pharmaceutics, Palo
Alto, CA) containing either normal saline or Ang Il (1.4 mg/kg
per day for 14 days) under sterile conditions. At 1, 3, and
7 days after surgery, Ang ll-infused mice received an
intraperitoneal injection of normal saline, LNA-anti-miR-130a
(25 mg/kg/injection), or scrambled LNA (25 mg/kg/injec-
tion). Systolic blood pressure was measured in conscious
mice by the noninvasive tail-cuff method using the CODA
blood pressure system (Kent Scientific, Torrington, CT)
according to the manufacturer’s instruction. After 2 weeks,
echocardiography was performed and the data were
recorded. The hearts were excised for biochemical, histolog-
ical, and molecular analysis.

Echocardiography

Transthoracic 2-dimensional echocardiography was per-
formed as described previously.*? **

Collection of Human Tissues

Nonfailing human hearts were obtained from organ donors
whose hearts were not suitable for transplantation but who
had no history of cardiac disease. The hearts were from
victims of motor vehicle accidents, gunshot wounds, or
cerebral vascular accidents without any known hemodynamic
abnormalities. Failing human hearts were obtained from
transplanted patients who had been diagnosed with hyper-
trophic cardiomyopathy. Tissues from failing human hearts
were collected at the time of transplantation. Ventricular
tissues were frozen in liquid nitrogen for storage at —80°C.
For determination of miR-130a expression, left ventricular
tissues were used. Collection of human tissues was in
accordance with institutional guidelines and was approved by
the institutional review board of the Cleveland Clinic. All
human sample collections were completed at the Cleveland
Clinic, Cleveland, OH.

Synthesis of LNA

The antisense sequence of miR-130a (LNA-anti-miR-130a)
was synthesized by Exiqon (Denmark) and 5 nucleotides or
deoxynucleotides at both ends of the antisense molecules
were locked. The sequence of LNA-anti-miR-130a and the
scramble are as follows:

mmu-miR-130a-3p T*T*T*T*A*A*C*A*T*T*G*C*A*C*T
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Scrambled A*C*G*T*C*T*A*T*A*C*G*C*C*C*A
(*=phosphorothioate)

The scrambled LNA consists of a sequence directed against a
Caenorhabditis elegans—specific miRNA with a comparable
LNA/DNA content.

Preparation of Neonatal Rat Cardiac
Fibroblasts

Primary neonatal rat cardiac fibroblasts were prepared as
described.?

Transfection of miRNA Mimetic and Inhibitor

The miRNA mimetic and inhibitor of miR-130a were designed and
purchased from Dharmacon (Pittsburgh, PA, USA). We used
miRIDIAN mimic mouse mmu-miR-130a (C-310399-05) and
miRIDIAN hairpin inhibitor mmu-miR-130a (IH-310399-07). Car-
diac fibroblasts were transfected with a final concentration of
50 nmol/L for miR-130a mimetic and inhibitor using Dharma-
FECT Duo Transfection Reagent according to the manufacturer’s
instruction (Thermo Scientific, Lafayette, CO, USA).

Enhanced Green Fluorescent Protein Reporters
Containing PPARy mRNA Sequences

Enhanced green fluorescent protein (EGFP) reporters contain-
ing wild-type and mutant PPARy 3’-UTR were kindly provided
by Dr M. Gorospe. The reporter assay was performed as
described previously.?®

Western Blot Analysis

Myocardial tissues or cells were lysed using RIPA lysis buffer
containing protease inhibitors and Western blotting along with
quantification of images were performed as described previ-
ously.** The antibodies for PPARY, o-SMA, and GAPDH were
purchased from Cell Signaling Technology (Danvers, MA,
USA). Antibody for GFP was from Proteintech Group, Inc
(Chicago, IL, USA).

RNA Isolation and Quantitative Reverse
Transcriptase Polymerase Chain Reaction
Analysis

The quantitative reverse transcriptase polymerase chain
reaction for miR-130a, collagen | (Col 1), collagen Ill (Col Ill),
connective tissue growth factor (CTGF), fibronectin (Fn),
matrix metalloproteinase 9, o-SMA, and PPARy was per-
formed using either human/mouse gene-specific primers as
described previously.***°

Morphological Examination

Masson’s trichrome-staining, fluorescein isothiocyanate con-
jugate—wheat germ agglutinin staining, and microscopy
images analysis were performed as described previously.*®**

Immunohistochemistry

Cardiac fibroblasts were fixed in 4% paraformaldehyde and
permeabilized in 0.2% Triton X-100 in PBS. Frozen sections
were fixed with pre-cooled acetone. Cardiac fibroblasts or
sections were stained with anti-o-SMA antibody overnight
at 4°C, then secondary antibody for 2 hours at 37°C.
Nuclei were stained with 4, 6-diamidino-2-phenylindole
(DAPI, Sigma-Aldrich). Fluorescence images were captured
by use of the Leica TCS SP5 confocal system as described
previously.*

Cross sections from paraffin-embedded ventricles were
deparaffinized and stained with the antibody for CD11b at 4°C
overnight, then incubated with the horseradish peroxidase—
conjugated secondary antibody at 37°C for 2 hours, and
reacted with diaminobenzidine substrate. Images were cap-
tured by using the Leica 550IW system (Leica, Mannheim,
Germany).

Statistical Analysis

Data are expressed as means+SEM. Data were analyzed
using Prism 5.0 GraphPad software (GraphPad, San Diego,
CA). Data from animal experiments that passed the Shapiro—
Wilk normality test were analyzed with 1-way ANOVA for
multiple groups followed by Tukey—Kramer post-tests. Data
from animal experiments that did not pass the Shapiro—Wilk
normality test were analyzed with the Kruskal-Wallis test
followed by Dunn’s multiple comparisons test. Data from cell
experiments were compared by Student ¢ test for 2 groups
and 1-way ANOVA for multiple groups followed by Tukey—
Kramer post-tests. P<0.05 was considered statistically
significant.

Results

Selective Inhibition of miR-130a Rescues Ang
ll-induced Cardiac Damage

MiR-130a expression is upregulated in Ang ll-infused
mice hearts

First, we detected the expression of miR-130a in heart tissues
of Ang ll-infused mice. MiR-130a expression was increased to
1.87-, 2.34-, and 2.45- (P<0.05) fold, respectively, at 3, 7, and
14 days after Ang Il infusion (Figure 1A). Similar expression
trend was observed in miR-130b (Figure 1B).
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Figure 1. Selective inhibition of miR-130a rescues Ang ll-induced cardiac damage. Wild-type mice were treated with Ang Il for 3, 7, and
14 d and myocardial expression of miR-130a (A) and miR-130b (B) was determined by gRT-PCR. Rnu6 was used as an internal control.
Cardiac miR-130a (C) and miR-130b (D) were determined by qRT-PCR in mice injected with the scrambled LNA (locked nucleic acid) at
25 mg/kg of body weight or LNA-anti-miR-130a at 5, 15, and 25 mg/kg of body weight for 3 d. Rnué was used as an internal control. A
through D, Data are expressed as means=+SE from 3 independent mice. *P<0.05 vs 0 d; &p<0.05 vs scrambled LNA. E, Cardiac miR-130a was
determined by qRT-PCR in control, NS+Ang Il, LNA-anti-miR-130a+Angll, and scrambled LNA+Ang Il groups. Rnu6 was used as an internal
control. F, Representative H&E staining images in control, NS+Ang I, LNA-anti-miR-130a+Angll, and scrambled LNA+Ang Il groups. Scale
bars indicate 30 um. G and H, Representative WGA (wheat germ agglutinin) staining images of left ventricles (G) and histogram of cardiac
myocyte cross-sectional area derived from WGA staining (H) (100 myocytes in each section were scanned and averaged for each group).
Scale bars indicate 25 pm (G). E and H, Data are expressed as means-SE from 6 independent mice. **P<0.01 vs control; *#P<0.01 vs
NS+Ang II; #¢P<0.01 vs scrambled LNA+Ang II. |, Representative LV (left ventricular) trace images showing the LV thickness and LV free wall
for control, NS+Ang Il, LNA-anti-miR-130a+Angll, and scrambled LNA+Ang Il groups, respectively. Ang Il indicates angiotensin II; mIR-130a,
microRNA-130a; NS, normal saline; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction.
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Table 1. Heart Weight/Body Weight Ratio of Ang Il-Infusion Mice Treated With LNA-Anti-miR-130a or Scrambled LNA

Control NS+Ang Il LNA-Anti-miR-130a+ Scrambled LNA+

(n=6) (n=6) Ang Il (n=6) Ang Il (n=6)
HW, mg 115.90+6.00 134.30+2.05* 124.30+2.58 131.80+5.76
BW, g 27.36+0.47 26.40+0.65 27.83+0.22 26.67+0.99
HW/BW ratio, mg/g 4.234+0.17 5.10+0.07" 4.474+0.11% 8 4.9440.08"

Data are expressed as means+SE. Ang Il indicates angiotensin Il; BW, body weight; HW, heart weight; LNA, locked nucleic acid; miR-130a, microRNA-130-a; NS, normal saline.

*P<0.05, 7P<0.01 vs control.
¥P<0.01 vs NS+Ang 1.
$P<0.05 vs scrambled LNA+Ang II.

Delivery of LNA-anti-miR-130a inhibits expression of
miR-130a

We assessed the inhibitory effect of LNA-anti-miR-130a. LNA-
anti-miR-130a at 5, 15, and 25 mg/kg of body weight was
injected intraperitoneally into mice. The miR-130a and miR-
130b expression in the ventricles was determined at 3 days
after injection. Expression of miR-130a was decreased by
20.39%, 42.40%, and 51.69% (P<0.05), respectively, at the
dose of 5, 15, and 25 mg/kg of body weight (Figure 1C).
LNA-anti-miR-130a had no effect on the myocardial expres-
sion of miR-130b, suggesting that the LNA anti-miR-130a is
specific for miR-130a but not miR-130b (Figure 1D).

We then examined the potential effect of LNA-anti-miR-
130a on miR-130a expression in Ang ll-treated mice. Com-
pared with the normal saline (NS)- and scrambled LNA-treated
mice, myocardial expression of miR-130a was reduced
significantly by LNA-anti-miR-130a treatment (NS+Ang I
versus LNA-anti- miR-130a+Ang I, 2.25+0.06 versus
1.3440.13, P<0.01; scrambled LNA+Ang Il versus LNA-anti-
miR-130a+Ang I, 2.004+0.26 versus 1.344+0.13, P<0.01)
(Figure 1E).

MiR-130a inhibition improves Ang ll-induced cardiac
dysfunction

We investigated whether LNA-anti-miR-130a exerts a protec-
tive effect in in vivo conditions. Ang Il infusion in the NS- and
scrambled LNA-treated mice resulted in cardiac hypertrophy
as revealed by the increase in heart weight:body weight ratio
(Table 1) and cardiac myocyte cross-section area (NS+Ang Il
versus control, 0.83+0.05 versus 0.47£0.03, P<0.01;
Scrambled LNA+Ang Il versus control, 0.8040.06 versus
0.47+£0.03, P<0.01) (Figure 1F through 1H). LNA-anti-miR-
130a treatment significantly reduced Ang ll-induced cardiac
hypertrophy, compared with the NS- and scrambled LNA-
treated mice (Table 1 and Figure 1F through 1H) (cardiac
myocyte cross-section area: LNA-anti-miR-130a+Ang Il versus
NS+Ang I, 0.5740.04 versus 0.83+0.05, P<0.01; LNA-anti-
miR-130a+Ang Il versus Scrambled LNA+Ang Il, 0.5740.04
versus 0.80+0.06, P<0.05). Echocardiography examination

showed that Ang Il infusion increased the left ventricular
posterior wall in diastole and systole and reduced the E/A
ratio in the NS-treated mice. These parameters were reversed
by inhibition of miR-130a. Scrambled LNA produced no effect
on Ang ll-induced cardiac dysfunction (Figure 11 and Table 2).

MiR-130a inhibition marginally reduces Ang ll-induced
blood pressure

Ang Il is a potent stimulus for increasing blood pressure level.
In this study, we also determined whether inhibition of miR-
130a reduced the blood pressure. Ang Il infusion into NS- and
scrambled LNA-treated mice for 2 weeks resulted in signif-
icant increase in systolic blood pressure to 167.61+2.86 and
168.504+2.16 mm Hg, respectively (P<0.01), compared with
the control mice in 2 weeks of treatment. LNA-anti-miR-130a
treatment marginally reduced the blood pressure level to
155.114+2.83 (P<0.05) compared with Ang ll-infused mice
(Table 3).

Inhibition of miR-130a Reduces Cardiac Fibrosis
and Myofibroblasts Differentiation In Vivo

Compared with the control group, the NS- and scrambled
LNA-treated mice subjected to continuous Ang Il infusion
showed a greater degree of cardiac fibrosis. Delivery of LNA-
anti-miR-130a significantly decreased collagen deposition as
determined by Masson’s Trichrome staining (NS+Ang Il versus
LNA-anti-miR-130a+Ang I, 11.2841.27 versus 5.20+1.08,
P<0.05; scrambled LNA+Ang Il versus LNA-anti-miR-
130a+Ang Il, 10.824+1.36 versus 5.20+1.08, P<0.05) (Fig-
ure 2A and 2B). Upregulation of collagen | (Col I), collagen IlI
(Col 1Il), connective tissue growth factor (CTGF), fibronectin
(Fn), and matrix metalloproteinase 9 in the hearts of Ang
Il-infused mice was attenuated by LNA-anti-miR-130a delivery,
as demonstrated by quantitative reverse transcriptase poly-
merase chain reaction, whereas scrambled LNA produced no
such effects (Figure 2C). Immunohistochemical analysis
showed rare expression of o-SMA in the control group but
increased o-SMA-positive staining cells in the NS- or
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Table 2. Echocardiography of Ang Il-Infusion Mice Treated With LNA-Anti-miR-130a or Scrambled LNA

LNA-Anti-miR-130a+ Scrambled LNA+

Control (n=6) Ang Il (n=6) Ang Il (n=6) Ang Il (n=6)
LvIDd 3.6540.14 3.07+0.20 3.33+0.41 3.15+0.23
LVIDs 2.5840.16 2.07+0.24 2.4140.15 2.18+0.20
LVPWd 0.6340.03 0.79+0.03" 0.6940.02* 0.77+0.02°
LVPWs 0.61+0.01 0.72+0.02° 0.64+0.03* 0.70+0.02*
E/A ratio 1.7040.06 0.99+0.14" 1.43+£0.11% 8 0.94+0.10"
FS% 30.31+2.34 33.65+3.89 29.13+2.98 32.11+3.60

Data are expressed as means=+SE. E/A ratio indicates ratio of early to late peak left ventricular filling velocities; FS, fractional shortening; LNA, locked nucleic acid; LVIDd, left ventricular
(LV) internal diameter in diastole; LVIDs, LV internal diameter in systole; LVPWd, LV posterior wall diameter in diastole; LVPWs, LV posterior wall diameter in systole; miR-130a, microRNA-

130-a.
*P<0.05, TP<0.01 vs control.
£p<0.05 vs Ang II.

$P<0.05 vs scrambled LNA+Ang 1.

scrambled LNA-treated group infused with Ang Il. Mice
treated with LNA-anti-miR-130a possessed fewer o-SMA-
positive myofibroblasts than the NS- or scrambled LNA-
treated mice (Figure 2D). The quantification of a-SMA-positive
myofibroblasts is shown in Figure 2E. In addition, our data
showed an upregulation of a-SMA gene expression in the
hearts of Ang Il-infused mice and was significantly attenuated
by LNA-anti-miR-130a delivery (Figure 2F).

MiR-130a Is Upregulated in Failing Human Hearts

We compared the expression of mature miR-130a in nonfail-
ing (normal) and failing human hearts (hypertrophic cardiomy-
opathy). Our results demonstrated that mature miR-130a
expression was significantly upregulated in failing hearts
compared with nonfailing human hearts (3.80-fold over
healthy controls, P<0.05) (Figure 3A). To further determine
whether these failing hearts evinced alteration of fibrotic
genes, we analyzed the mRNA expression of Col I, Col Ill, and
CTGF. Our data showed that both Col | and Col Ill (2.29- and
2.98-fold, respectively, P<0.05) and CTGF (2.55-fold, P<0.05)
were significantly increased in failing human hearts compared

with the nonfailing hearts (Figure 3B). Together, our result
indicates a strong association between miR-130a and cardiac
fibrosis.

MiR-130a Inhibits Ang ll-induced Myofibroblasts
Differentiation and Profibrotic Response in
Cardiac Fibroblasts

First, we assessed the efficacy of miR-130a mimic and inhibitor
transfection in cardiac fibroblasts stimulated with Ang Il. Data
presented in Figure 4A show that Ang Il treatment significantly
upregulated miR-130a expression. The mimic transfection
showed 757-fold miR-130a expression; however, we did not
observe any further cumulative effect in the presence of Ang Il.
The miR-130a inhibitor showed significant reduction of miR-
130a in both unstimulated- and Ang Il-treated cells (Figure 4A).
Together, our data indicated that the mimic and inhibitor
transfections are optimum. To define the role of miR-130a in
Ang lI-triggered profibrotic response, cardiac fibroblasts were
transfected with the miR-130a mimetic or inhibitor in the
presence or absence of Ang Il. Gene expression of Col I, Col Il
CTGF, and Fn was increased to 2.14- (P<0.01), 2.18- (P<0.01),

Table 3. Systolic Blood Pressure of Ang Il-Infusion Mice Treated With LNA-Anti-miR-130a or Scrambled LNA

LNA-Anti-miR-130a+ Scrambled LNA+
Control (n=6) NS+Ang Il (n=6) Ang Il (n=6) Ang Il (n=6)
0 wk 92.61+1.69 9417+1.73 96.94+2.53 98.61+2.12
1 wk 100.72+3.86 144.83+1.66* 142.444-2.48* 148.78+-2.82*
2 wk 102.39+3.61 167.61+-2.86* 155.11+2.83* T ¥ 168.50+2.16*

Data are expressed as means=SE. Ang Il indicates angiotensin Il; LNA, locked nucleic acid; miR-130a, microRNA-130-a.
*P<0.01 compared with the mice at 0-wk time point in each group.

P<0.05 vs NS+Ang II.
£p<0.05 vs scrambled LNA+Ang II.
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Figure 2. Inhibition of miR-130a reduces cardiac fibrosis and myofibroblast differentiation in vivo. Representative image of Masson’s
trichrome staining (A) and histogram of connective tissue percentage of hearts (B). Blue staining indicates connective tissue (n=6); 6 fields in
each sample were scanned and averaged. Scale bars indicate 30 um. C, Cardiac gene expression of Col I, Col Ill, CTGF (connective tissue
growth factor), Fn (fibronectin), and MMP-9 was determined by gRT-PCR. B-Actin was used as an internal control. D, Representative
immunofluorescence images of a-SMA in control, NS+Ang I, LNA-anti-miR-130a+Ang Il, and scrambled LNA+Ang Il groups. Green signals
represent o-SMA protein and blue signals represent nuclei. Scale bars indicate 20 pum. E, Quantification of a-SMA-positive myofibroblasts from
the immunofluorescence images of (D). Three fields in each sample were counted and calculated, n=6 in each group. F, Cardiac gene expression
of a-SMA was determined by qRT-PCR. B-Actin was used as an internal control. Data are expressed as means+SE from 6 independent mice.
**Pp<0.01 vs control; #P<0.05, #P<0.01 vs NS+Ang II; ¥P<0.05, ¥P<0.01 vs scrambled LNA+ANg II. Ang Il indicates angiotensin II; Col I, Col II,
collagen |, collagen Ill; CTGF, connective tissue growth factor; LNA, locked nucleic acid; miR-130-a, microRNA-130-a; MMP-9, matrix
metalloproteinase 9; NS, normal saline; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction; a-SMA, o-smooth muscle actin.

1.76- (P<0.05), and 2.57- (P<0.01) fold, respectively, in cells presence of Ang Il showed further increased expression of
treated with Ang Il, compared with the unstimulated cells. these fibrotic genes (Col |, 2.14£0.17 versus 2.9240.12,
Cardiac fibroblasts transfected with miR-130a mimetic in the P<0.05; Col lll, 2.18+0.11 versus 3.174+0.34, P<0.05; CTGF,
A B
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Figure 3. MiR-130a is upregulated in failing human hearts. A, Mature miR-130a expression was
determined by qRT-PCR in failing and nonfailing human hearts. Rnué was used as an internal control. B, The
mRNA expression of Col I, Col Ill, and CTGF were determined by qRT-PCR in failing and nonfailing human
hearts. GAPDH was used as an internal control. *P<0.05, vs nonfailing hearts (n=8 for nonfailing and n=12
for failing hearts). Col I, Col lll, collagen | indicate collagen Ill; CTGF, connective tissue growth factor; HCM,
hypertrophic cardiomyopathy; miR-130-a, microRNA-130-a; qRT-PCR, quantitative reverse transcriptase
polymerase chain reaction.
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Figure 4. MiR-130a inhibits Ang Il-induced myofibroblasts differentiation and profibrotic response in cardiac fibroblasts. A, Cardiac fibroblasts
were transfected with 50 nmol/L miR-130a mimetic or inhibitor in the presence and absence of 1 pumol/L Ang Il. The mature miR-130a
expression was determined by qRT-PCR. Rnué was used as an internal control. B through E, Cardiac fibroblasts were transfected with 50 nmol/
L mimetic or inhibitor of miR-130a for 12 h, and then stimulated with 1 pmol/L Ang Il for 48 h. Gene expression of Col | (B), Col lll (C), CTGF (D),
Fn (E), and o-SMA (F) was determined by qRT-PCR. B-Actin was used as an internal control. G, Protein expression of a-SMA was determined by
Western blot analysis. GAPDH was used as an internal loading control. Data are expressed as means+SE from 3 independent experiments.
*P<0.05, **P<0.01 vs control; #P<0.05 vs Ang Il. H, Representative immunofluorescence images of a-SMA. Red signals represent a-SMA
protein and blue signals represent nuclei. Scale bars indicate 25 um. Ang Il indicates angiotensin Il; Col I, Col Ill, collagen I, collagen Ill; CTGF,
connective tissue growth factor; Fn, fibronectin; miR-130-a, microRNA-130-a; gRT-PCR, quantitative reverse transcriptase polymerase chain

reaction.

1.76+0.13 versus 2.484+0.14, P<0.05; Fn, 2.5740.21 versus
3.61+0.25, P<0.05), compared with the Ang ll-treated cells.
The miR-130a inhibitor transfection in the presence of Ang Il
resulted in significant attenuation of mRNA expression of Col |
(2.144+0.17 versus 1.384+0.11, P<0.05), Col lll (2.18+0.11
versus 1.32£0.09, P<0.05), CTGF (1.76%0.13 versus
1.18£0.10, P<0.05), and Fn (2.5740.21 versus 1.73+£0.14,
P<0.05), compared with the Ang Il-stimulated cells (Figure 4B
through 4E).

Many effects of cardiac fibroblasts are mediated through
differentiation into the myofibroblasts phenotype that
expresses contractile proteins and exhibits increased migra-
tory, proliferative, and secretory properties. We detected the
effect of miR-130a on myofibroblasts differentiation in
cultured cardiac fibroblasts. Ang Il treatment increased the
mRNA and protein expression of o-SMA, compared with the
unstimulated cells. The miR-130a mimetic further elevated
the expression of a-SMA induced by Ang Il, whereas miR-130a
inhibitor restored the level of a-SMA (Figure 4F and 4G).
Immunofluorescence microscopy for o-SMA indicated that

miR-130a mimetic further facilitated whereas miR-130a
inhibitor impeded the Ang ll-induced myofibroblasts differen-
tiation (Figure 4H).

MiR-130a Attenuates Ang ll-Induced
Macrophages Infiltration and Myocardial
Inflammation

Activated macrophages are capable of secreting pro-inflam-
matory mediators and are essential for cardiac fibrotic
response triggered by Ang Il. Immunohistochemical analysis
showed a marked increase in CD11b* macrophages in the NS-
(25.67+3.40, P<0.01) or scrambled LNA-treated mice
(22.1143.00, P<0.01) infused with Ang Il, compared with
the control mice (1.78+0.46). Mice treated with LNA-anti-
miR-130a showed a significantly lower content in CD11b"
macrophages than the NS- or scrambled LNA-treated mice
(9.671+1.35, P<0.01) (Figure 5A and 5B).

To gain mechanistic insight, mRNA levels of a variety of
vascular genes, inflammatory cytokines, and chemokines
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Figure 5. MiR-130a attenuates Ang Il-induced macrophages infiltration and myocardial inflammation. A, Representative images of CD11b
staining cells in control, NS+Ang Il, LNA-anti-miR-130a+ Ang Il, and scrambled LNA+Ang Il groups. B, Averaged bar graphs of numbers of CD11b

+

+

cells per field (3 fields in each sample were counted, n=6 in each group). C, Gene expression of MCP1, RANTES, IL6, ICAM1, and VCAM1 was
determined by gRT-PCR. 18s was used as an internal control. **P<0.01 vs control; **P<0.01vs NS+Ang II; ¥*P<0.01 vs scrambled LNA+Ang Il. Ang
[l indicates angiotensin Il; ICAM 1, intercellular adhesion molecule 1; IL6, interleukin 6; LNA, locked nucleic acid; miR-130a, microRNA-130a; MCP1,
macrophage chemoattractant protein 1; NS, normal saline; gqRT-PCR, quantitative reverse transcriptase polymerase chain reaction.

were examined by quantitative reverse transcriptase poly-
merase chain reaction. Compared with the control group, Ang
[l-infused mice treated with NS- or scrambled LNA showed
markedly increased gene expression of monocyte chemotac-
tic protein 1 (NS+Ang II, 3.0540.20; Scrambled LNA+Ang Il
2.64+0.13), regulated on activation, normal T cell expressed
and secreted (NS+Ang I, 4.334+0.20; Scrambled LNA+Ang Il
3.6340.17), interleukin 6 (NS+Ang Il, 4.414+0.21; Scrambled
LNA+Ang Il, 4.54+0.15), intercellular adhesion molecule 1
(NS+Ang Il, 5.87+0.12; Scrambled LNA+Ang Il, 5.87+0.14),
and vascular cell adhesion molecule 1 (NS+Ang Il, 3.57+0.22,;
Scrambled LNA+Ang Il, 3.5440.25). Delivery of LNA-anti-miR-
130a significantly decreased the gene expression of the
above inflammatory mediators (monocyte chemotactic pro-
tein 1, 1.4040.10; regulated on activation, normal T cell
expressed and secreted, 1.5240.15; interleukin 6,
1.70+0.14; intercellular adhesion molecule 1, 2.374+0.21;
vascular cell adhesion molecule 1, 1.75+0.11) (Figure 5C).

MiR-130a Downregulates PPARy Expression in
Ang II-Treated Cardiac Fibroblasts

First, we detected the expression of miR-130a in Ang II-
stimulated cardiac fibroblasts. Treatment of cardiac fibrob-
lasts with Ang Il for 24 and 48 hours increased miR-130a to
1.86- (P<0.05) and 2.45- (P<0.01) fold, respectively (Fig-
ure 6A). Gene expression of PPARy was reduced to 59.35%
(P<0.05) and 41.26% (P<0.01), respectively, after treatment
with Ang Il for 24 and 48 hours (Figure 6B). We also observed
significant decrease of PPARYy protein levels with Ang Il
treatment (Figure 6C). The miR-130a mimetic transfection in

the presence of Ang Il showed further reduction of PPARY
expression in both mRNA expression and protein levels,
compared with the Ang Il-stimulated cells (P<0.05). Cardiac
fibroblasts transfected with miR-130a inhibitor in the pres-
ence of Ang Il showed restored expression of PPARy
(Figure 6D and 6E). PPARy mRNA and protein expression
was reduced by 23.52% and 23.47%, respectively, when
transfected with miR-130a mimetic alone, compared with the
unstimulated control cells (Figure 6D and 6E).

There was a significant reduction in PPARy mRNA expres-
sion and protein levels in the hearts of the NS- and scrambled
LNA-treated mice with Ang Il infusion, compared with the
control mice (P<0.01). Compared with the NS- and scrambled
LNA-treated mice, mice that received LNA-anti-miR-130a
injection showed restoration of PPARy mRNA (NS versus
LNA-anti-miR-130a, 0.514+0.06 versus 0.894+0.09, P<0.05;
scrambled LNA versus LNA-anti-miR-130a, 0.574+0.04 versus
0.89+0.09, P<0.05) and protein expression (NS versus LNA-
anti-miR-130a, 0.46£0.02 versus 0.84+0.10, P<0.05; scram-
bled LNA versus LNA-anti-miR-130a, 0.4240.04 versus
0.844-0.10, P<0.05) in heart (Figure 6F and 6G).

MiR-130a Directly Targets PPARy

To identify putative binding sites of miR-130a in the 3’-UTR of
PPARY transcript, we used the miRNA target predicted search
engine, TargetScan 5.2. As shown in miRNA: messenger RNA
alignment analysis, 3’-UTR of the PPARy gene contained miR-
130a binding sites and were highly conserved among different
species (Figure 7A). Based on the above analysis, HEK293
cells were transiently transfected with plasmids pEGFP,
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Figure 6. MiR-130a downregulates PPARY expression in Ang Il-treated cardiac fibroblasts. A through C, Cardiac fibroblasts were treated with
1 umol/L Ang Il for 24 and 48 h. The mature miR-130a expression (A) was determined by gRT-PCR. Rnu6 was used as an internal control. Gene
expression of PPARY (B) was determined by qRT-PCR. B-Actin was used as an internal control. Protein expression of PPARy (C) was determined
by Western blot analysis. GAPDH was used as an internal loading control. D and E, Cardiac fibroblasts were transfected with 50 nmol/L mimetic
or inhibitor of miR-130a for 12 h, and then stimulated with 1 umol/L Ang Il for 48 h. Gene expression of PPARy (D) was determined by qRT-
PCR. B-Actin was used as an internal control. Protein expression of PPARY (E) was determined by Western blot analysis. GAPDH was used as an
internal loading control. A through E, Data are expressed as means+SE from 3 independent experiments. *P<0.05, **P<0.01 vs control;
#p<0.05, #P<0.01 vs Ang Il. F and G, Determination of PPARy expression in control, NS+Ang II, LNA-anti-miR-130a+Ang II, and scrambled
LNA+Ang Il-treated groups. The PPARY mRNA level (F) was determined by qRT-PCR and B-Actin was used as an internal control. The PPARy
protein level (G) was determined by Western blotting. GAPDH was used as an internal loading control. F and G, Data are expressed as
means=+SE from 6 independent mice. *P<0.05, **P<0.01 vs control; #p<0.05 vs NS+Ang Il; &p<0.05 vs scrambled LNA+Ang Il. Ang Il indicates
angiotensin Il; LNA, locked nucleic acid; miR-130a, microRNA-130a; NS, normal saline; PPARY, peroxisome proliferator-activated receptor y
level; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction.

pEGFP-PPARy UTR, or pEGFP- PPARy UTRmut along with transfected cardiac fibroblasts with PPARy plasmid and/or
control siRNA or miR-130a mimetic, respectively. MiR-130a miR-130a mimic followed by Ang Il treatment for 48 hours.
mimetic potently suppressed EGFP expression from pEGFP- PPARY protein expression in cardiac fibroblasts transfected
PPARy UTR, but showed no influence on EGFP expression with PPARy plasmid was increased to 3.59-fold, compared
from pEGFP and pEGFP-PPARy UTR-mut (Figure 7B and 7C). with that in cells transfected with pCDNA (Figure 8A).
These results indicate that miR-130a targets 3'-UTR of PPARYy Compared with cardiac fibroblasts transfected with pCDNA,
mRNA and thereby inhibits PPARY mRNA and protein levels. PPARYy plasmid reduced the increased mRNA expression of

Col | (2.644+0.35 versus 1.41+0.15, P<0.05), Col 1l
) . . . (2.4440.13 versus 1.31+0.13, P<0.01), CTGF (2.54+0.12
PPARy.Attenugtes mlR—130a—Med|ated Profibrotic versus  1.2240.13, P<0.01), Fn (2.2740.25 versus
Effect in Cardiac Fibroblasts 1.24+0.20, P<0.05), and o-SMA (2.5040.22 versus
To assess the impact of PPARy on miR-130a-mediated 1.4610.17, P<0.05) in response to Ang Il. MiR-130a resulted
profibrotic effect in Ang Il-treated cardiac fibroblasts, we in further increased mRNA expression of these profibrotic
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Figure 7. MiR-130a directly targets PPARYy. A, An alignment between PPARy and miR-130a as predicted by TargetScan 6.2 analysis in various
animals as shown by vertical bars. The sequence alignment of putative miR-130a and its targeting site on 3’-UTR of PPARYy shows a high level of
complementarity and sequence conservation among vertebrates. B and C, HEK293 cells were transfected with 100 ng pEGFP, pEGFP-PPARy
UTR or pEGFP-PPARy UTR mut along with control siRNA or miR-130a mimetic, respectively. After 48 h of transfection, the EGFP gene expression
(B) and protein level (C) were determined by qRT-PCR and Western blotting, respectively. Data are expressed as means+SE from 3 independent
experiments. **P<0.01 vs control siRNA. miR-130a indicates microRNA-130a; pEGFP, plasmid carrying enhanced green fluorescent protein;

PPARY, peroxisome proliferator-activated receptor vy level; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction.

genes, which was attenuated by PPARY overexpression (Col |,
3.83£0.16 versus 1.70£0.19, P<0.01; Col Ill, 3.394+0.17
versus 1.55+0.14, P<0.01; CTGF, 3.70+0.10 versus
1.65+0.10, P<0.01; Fn, 3.86+0.16 versus 1.601+0.24,
P<0.01; o-SMA, 3.67+0.20 versus 1.784+0.19, P<0.01)
(Figure 8B through 8F).

Discussion

Our study demonstrates that cardiac miR-130a is upregulated
in Ang ll-infused mice and makes a contribution to the
pathogenesis of cardiac fibrosis leading to cardiac dysfunction.
Although miR-130a directly targets PPARy, miR-130a also
influences gene expression associated with cardiac fibrosis.
Furthermore, we elucidate for the first time that miR-130a plays
a key role in myofibroblasts differentiation. Overexpression of
miR-130a in cardiac fibroblasts increased expression of several
fibrotic genes including collagens, Fn and CTGF, enhanced
macrophages (MCP1), vascular (intercellular adhesion mole-
cule 1 and vascular cell adhesion molecule 1), and inflamma-
tory genes (regulated on activation, normal T cell expressed
and secreted and interleukin 6), and repressed PPARY.
Importantly, inhibition of miR-130a in mice hearts significantly
reduced Ang Il-induced a-SMA expression and cardiac fibrosis.
Finally, we corroborated our findings with human subjects and
provided evidence that miR-130a is critically involved in the
pathogenesis of cardiac fibrosis. Together, these results
indicate that miR-130a plays an important role in Ang II-
induced cardiac fibrosis and inhibition of miR-130a may offer a
therapeutic potential to treat cardiac fibrosis.

Cardiac fibrosis that occurs because of disturbance of the
ECM network ultimately leads to myocardial dysfunction.®*°

Deposition of excessive collagens and other matrix compo-
nents is the primary determinant of fibrotic myocardium and
is thought to be originated from myofibroblasts, the special-
ized cardiac fibroblasts formed by irreversible acquisition of
expressions of o-SMA.'®'" However, the molecular mecha-
nism underlying this process remains unknown. Recently it
has been determined that miRNAs elicit an important role in
many cardiac pathologies and they gained considerable
attention. A panel of dysregulated miRNAs has been cata-
logued in recent years for cardiac fibrosis including miR-133,
miR-29, miR-26, miR-21, or let-7i by targeting various fibrotic
genes with utilizing various mechanisms.?"***~>" We iden-
tified miR-130a as a potential candidate in cardiac remodel-
ing. MiR-130a appears to be widely expressed in diverse cell
types and regulates various cell functions through different
targets in different cell types. A recent report showed that
miR-130a is critical in cardiac arrhythmia, indicating a
potential role in cardiac disorders.*' However, the role of
miR-130a in cardiac pathologies such as cardiac fibrosis
remains elusive.

In this study, we clearly demonstrated that miR-130a is a
critical player in the Ang ll-induced cardiac fibrosis in a mouse
model. By selective blocking of miR-130a in Ang Il-infused
mice, our results showed the significant reduction in cardiac
mass (hypertrophy) and fibrosis compared with the untreated
mice. Mechanistically, our data revealed that miR-130a
inhibition selectively restored the PPARy level and impeded
the process of myofibroblasts differentiation. It is also not
uncommon that miRNA has multiple targets in a specific
biological process.>” While our study identified PPARy as a
target, the other potential targets cannot be ignored. The
ability of a single miRNA to control the expression of multiple
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Figure 8. PPARy attenuates miR-130a-mediated profibrotic effect in cardiac fibroblasts. A, Cardiac fibroblasts were transfected with 100 ng
PCDNA or PPARy plasmid for 48 h and protein expression of PPARy was determined by Western blotting. GAPDH was used as an internal
loading control. Data are expressed as means+SE from 3 independent experiments. *P<0.05 vs pCDNA. B through F, Cardiac fibroblasts were
transfected with 100 ng pCDNA or PPARy plasmid with or without 50 nmol/L miR-130a mimic for 24 h followed by Ang Il treatment for another
48 h. Gene expression of Col | (B), Col Il (C), CTGF (D), Fn (E), and o-SMA (F) were determined by qRT-PCR. B-Actin was used as an internal
control. Data are expressed as means+SE from 3 independent experiments. *P<0.05, **P<0.01 vs control; #P<0.05, #p<0.01 vs Ang
|I+pCDNA; 88p<0.01 vs Ang II+miR-130a+pCDNA. Ang Il indicates angiotensin II; Col I, Col Ill, collagen I, collagen Ill; CTGF, connective tissue
growth factor; miR-130-a, microRNA-130-a; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction; pCDNA, plasmid carrying
control DNA; PPARY, peroxisome proliferator-activated receptor vy level.

genes suggests that modulation of a single miRNA may
influence several signaling pathways associated with it. While
each target gene for miRNA is regulated individually, the
additive effect of other mRNA expressions is believed to be
the output of downstream signaling events such as fibrotic
cascade in this study. In this context, our data revealed that
mRNA expression of Col |, Col Ill, CTGF, and Fn was
significantly reduced after blocking of miR-130a. The PPARY,
a nuclear receptor/transcription factor, has been shown to
have the function of antimyocardial fibrosis.>® It has been
reported that PPARy has a wide spectrum of functions in
attenuating inflammation, inhibiting apoptosis, and reducing
oxidative stress, which may have a significant impact in
improving cardiac function from adverse remodeling.>* How-
ever, the underling mechanisms of PPARy modulation by
miRNA in the regulation of cardiac fibrosis remain elusive.

This study showed for the first time that miR-130a directly
targets PPARy in controlling cardiac fibrosis. Our data
demonstrated that overexpression of miR-130a repressed
the PPARY level and promoted the process of myofibroblasts
differentiation by enhancing a-SMA level, a critical morpho-
logical alteration marker in myofibroblasts differentiation.
Inhibition of miR-130a reversed the process. Our data further
elicit that all fibrotic genes including collagens, CTGF, and Fn
were significantly attenuated after inhibiting miR-130a in Ang
[l-induced cardiac fibrosis. Altogether, our study underscores
a pivotal role of miR-130a in cardiac fibrosis by targeting
PPARY.

Ang Il has been demonstrated to promote vascular
inflammation, and macrophage infiltration leading to the
development of fibrosis55757; however, the role of miR-130a in
this signaling is unknown. Data presented in this study
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showed an increased CD11b" immunoreactivity in Ang II-
infused hearts along with upregulation of vascular (intercel-
lular adhesion molecule 1 and vascular cell adhesion molecule
1), inflammatory (interleukin 6 and regulated on activation,
normal T cell expressed and secreted), and chemotaxis genes
(MCP1). The increased patterns of all these genes were
significantly reduced by the inhibition of miR-130a. Thus, the
present observation suggests that Ang Il-induced vascular
inflammatory signaling and macrophage infiltration cascade
are restored by miR-130a inhibition and, thereby, preventing
cardiac fibrosis.

Cardiac fibrosis that occurs as a result of aberrant
deposition of ECM protein is a highly debilitating process
leading to the development of heart failure. Despite the
progress in delineating the mechanisms of fibrosis, antifi-
brotic therapies never received salutary implementation. The
first line of therapies for cardiac fibrosis relies on angiotensin-
converting enzyme inhibitor, B-blocker, or angiotensin II-
receptor 1 blocker and shows promise in alleviating fibrosis;
however, the key effector molecules are now required for
more potent therapeutic intervention. In this context, our
investigation is providing a new insight for the treatment of
cardiac fibrosis. We demonstrated that Ang Il infusion in mice
showed significant fibrosis in the heart and was accompanied
by alteration of fibrotic genes, upregulation of miR-130a, and
compromised cardiac function. This observation is corrobo-
rated with human cardiac fibrosis. This increased fibrosis was
distinctly reduced by inhibition of miR-130a compared with
the Ang ll-infused group. The magnitude of miR-130a inhibitor
to attenuate the progression of cardiac fibrosis indicated its
therapeutic potential in future. It would be interesting to
further investigate the effect of ablation of miR-130a in the
heart in adulthood as global knock-out of miR-130a is
embryonically lethal.”®

Recent evidence showing the antifibrotic effect of miR-
130a in bleomycin-induced lung fibrosis by modulating a-SMA
and procollagen level in mice indicated the pivotal role of miR-
130a in another fibrosis model.”” Besides the report that Su
et al demonstrated the downregulation of miR-130a-3p in
macrophage-induced lung fibrosis, their identification of
PPARY as a target of miR-130a-3p supported our observation.
Our study found that miR-130a was increased significantly in
cardiac fibrosis, while inhibition of miR-130a reduced fibrosis
by targeting PPARYy, indicating miR-130a as a positive
regulator for cardiac fibrosis. Furthermore, in myocardial
infarction, setting delivery of lentivirus expressing miR-130a
into the mouse heart improves cardiac function, promotes
angiogenesis, and attenuates collagen deposition in the
infarcted myocardium. The protective effect of miR-130a
appears to be suppression of phosphatase and tensin
homolog deleted on chromosome ten (PTEN) expression and
activation of PI3K/Akt signaling.’® Both reports support our

observation and suggest a critical role for miR-130a in the
fibrotic phenomenon. Interestingly, miR-130a transgenic mice
developed spontaneous atrial arrhythmias by suppressing
connexin 43.*" Regional conduction abnormalities or arrhyth-
mia is reported to contribute to the development of both atrial
fibrosis and atrial fibrillation.’ Together with the afore
mentioned reports, our report underscores an association
between miR-130a and cardiac fibrosis, and PPARy con-
tributes a potential role in this process.

In conclusion, we have demonstrated a miR-130a-
mediated novel mechanism of cardiac fibrosis where myofi-
broblasts differentiation contributes a critical role. Along the
way, our study showed that PPARy is a key player in Ang II-
induced cardiac fibrosis. Restoring the PPARy level and
reversing the process of myofibroblasts differentiation by
inhibiting miR-130a further elicits a fine-tuning of the
activating process of multiple fibrogenic genes.
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