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Abstract: Cardiac fibrosis is a maladaptive response to various stresses, characterized by increased interstitial
collagen deposition and progressive cardiac dysfunction. The transdifferentiation of fibroblasts into myofibroblasts
is an essential process in the pathogenesis of cardiac fibrosis. SIRT3, as a mitochondrial NAD*-dependent histone
deacetylase, has been demonstrated beneficial in many cardiovascular diseases. However, the specific mechanism
of its protective role in cardiac fibrosis needs to be elucidated further. Here, we determined the role of SIRT3 in
cardiac fibrosis by subjecting Sirt3-knockout mice to chronic Angll infusion for four weeks in vivo. In this study, the
Sirt3-knockout mice developed more serious cardiac fibrosis compared to wild-type controls. In vitro, primary car-
diac fibroblasts from Sirt3-knockout mice transdifferentiated into myofibroblasts spontaneously and this phenotype
conversion exaggerated after Angll stimulation. The SIRT3-KO myofibroblasts secret more fibrotic mediators includ-
ing TGF-B to promote cardiac fibrosis. In addition, the overexpression of SIRT3 by lentivirus transfection attenuated
myofibroblasts transdifferentiation. We further demonstrated that SIRT3 directly binds to and deacetylates STAT3
to inhibit its activity. Sequentially the downstream factor, known as NFATc2, showed a reduced expression. Taken
together, these results revealed that SIRT3 can protect against cardiac fibrosis by inhibiting myofibroblasts transdif-
ferentiation via the STAT3-NFATc2 signaling pathway.
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Introduction

Cardiac fibrosis is characterized by excessive
deposition of extracellular matrix with collagen
as the main component. It is an internal aspect
of a series of heart diseases such as myocar-
dial infarction, hypertension and metabolic
cardiomyopathy [1]. The accumulation of inter-
stitium leads to tissue stiffness and cardiac
diastolic dysfunction initially. However, persis-
tent stress eventually results in ventricular dila-
tion, combined diastolic and systolic heart fail-
ure [2]. Therefore how to prevent, even reverse
the progress of cardiac fibrosis, is of great
important significance.

Myofibroblasts rarely exist in normal myocardi-
um, which mainly originate from the transdiffer-
entiation of resident mesenchymal fibroblasts

in response to fibrogenic stimuli. The myofi-
broblastic phenotype is marked by expressing
a-smooth muscle actin (x-SMA), secreting mas-
sive collagen and other proteins [3]. In acute
myocardial injury model, the increased prolifer-
ation and transdifferentiation of cardiac fibro-
blasts promote adaptive fibrosis to preserve
structural integrity [4]. However, they also per-
sist in mature infarct scars after the initial
reparative process probably due to resistan-
ce to apoptosis [5]. Thus, understanding the
mechanisms of fibroblasts transdifferentiation
may facilitate a novel and useful strategy for
managing cardiac fibrosis.

SIRT3 is an NAD*-dependent mitochondrial
deacetylase, implicated in the maintenance of
mitochondrial homeostasis and various cellular
processes [6]. SIRT3-KO mice develop sponta-
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neous cardiac hypertrophy and interstitial fibro-
sis at the age of 8 week, and can be more
susceptible to hypertrophic stimuli [7]. They
develop age-related hearing loss and are prone
to develop cancer [8, 9]. Hirschey MD et al.
have demonstrated that SIRT3 deficiency ac-
celerated the development of metabolic syn-
drome on a high-fat diet [10]. However, the
underlying cellular and molecular mechanism
by which SIRT3 mediate cardiac fibrosis needs
to be further explored [11].

NFAT (nuclear factor of activated T cells) tran-
scription factor family contains four isoforms
with NFATc2 being the most abundantly expre-
ssed in the heart [12]. NFATc2-null mice sub-
jected to pressure overload displayed reduced
cardiac fibrosis [13]. STAT3 (Signal transducer
and activator of transcription) activation is
implicated in various organ dysfunctions, such
as pulmonary fibrosis [14] and cardiac hyper-
trophy [15]. However, whether SIRT3 could in-
fluence the activity of NFATc2 and STAT3 during
cardiac fibrosis remains to be explored.

Here, in the present study, we investigated the
protective role of SIRT3 and its specific mecha-
nism in fibroblasts transdifferentiation. To this
end, our results demonstrated that the SIRT3-
STAT3-NFATc2 signaling pathway was in charge
of alleviating fibroblasts transdifferentiation,
which could serve a protective mechanism in
Angll-induced cardiac fibrosis.

Materials and methods
Animal model

The animal protocols complied with the Animal
Management Rules of the Chinese Ministry of
Health (Document no. 55, 2001) and were ap-
proved by the Animal Care and Use Committee
of Shandong University. SIRT3-KO mice were
purchased from the Jackson Laboratories.
Wild-type (WT, 129S1/SvimJ) mice were pur-
chased from the Department of Laboratory
Animal Science of Peking University (Beijing,
China) as controls. All animals were fed with
chow diet and maintained under standard light-
ing (12:12 hour, day-night rhythm), temperature
(20°C-22°C), and humidity (50%-60%) condi-
tions. After 1 week of acclimatization, the 8-
week old male WT and SIRT3-KO mice were
randomly divided into four groups as follows:
WT, SIRT3-KO, WT+Angll and SIRT3-KO+Angll,
15 mice in each group. Mice were anesthetized
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with 2% isoflurane in oxygen, and Angll (Sigma
Aldrich, USA, dissolved in sterile ddH,0) was
subcutaneously infused at the rate of 2000
ng/kg/min for 28 days by implanting of Osmotic
Minipumps (Alzet micro-osmotic pump model
1007D; Alzet DURECT Corporation, Cupertino,
CA, USA).

Reagents

Antibodies against SIRT3 (rabbit monoclonal)
(D22A3) [5490], STAT3 (mouse monoclonal)
(124H6) [9139], Phospho-Stat3 (Tyr705) (rab-
bit monoclonal) (D3A7) [9145], NFATc2 (rabbit
monoclonal) (D43B1) [5861], Acetylated-Lysine
(rabbit polyclonal) [9441] were purchased from
Cell Signaling Technology (CST, UK). Primary
antibodies against collagen type | (rabbit poly-
clonal) [ab34710], collagen type Il (rabbit poly-
clonal) [ab7778], TGF-B1 (rabbit polyclonal) [ab-
92486], Fibronectin (rabbit polyclonal) [ab24-
13] were obtained from Abcam. GAPDH (mouse
monoclonal) [BM1623], a-SMA (mouse mono-
clonal) [BMO0O2] were bought from Boster.

Histology and immunohistochemistry

Hearts were fixed in 4% paraformaldehyde,
embedded in paraffin, and sectioned at 5-um
intervals. Hematoxylin and eosin was perform-
ed using standard procedures, and Masson’s
Trichrome and Picrosirius red staining were car-
ried out to evaluate extracellular matrix deposi-
tion. For immunohistochemistry, briefly, the
sections were incubated with primary antibod-
ies against collagen |, collagen Il overnight at
4°C. Then after being washed with phosphate-
buffered saline, the slides were incubated with
secondary antibodies at 37°C for 1 h. The
results were analyzed by an automated image
analysis system (Image-Pro Plus, Version 7.0,
Media Cybernetics, Silver Spring, MD, USA).

Cardiac fibroblasts isolation, culture, transfec-
tion and treatment

Cardiac fibroblasts were isolated from the
hearts of 1-3-day-old WT and SIRT3-KO mice as
previously described [16]. In brief, the ventricu-
lar tissue was excised and digested with type
Il collagenase (0.08%; Sigma-Aldrich Co.). The
cell suspensions were plated in a cell culture
dish, and most CFs adhered to the dish after 90
minutes. The cells were then maintained in
DMEM (GIBCO) containing 10% FBS and peni-
cillin-streptomycin (100 units/mL & 100 pg/
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Figure 1. SIRT3 deficiency aggravates Angll-induced murine interstitial fibrosis. A-C. Immunoblot analysis of the
short form of the SIRT3 was performed in WT and Angll-infused WT and SIRT3-KO mice hearts. GAPDH expression
was used as loading control. Bar graph shows the quantification of SIRT3 measured by densitometry analysis. D.
Hematoxylin and eosin staining of cardiac sections from control or Angll-treated WT and SIRT3-KO mice showed
cardiomyocytes dropout. E-G. Masson'’s trichrome and Picro-Sirius red staining of the myocardium was performed
to detect fibrosis. The graph showed the quantification of interstitial fibrosis in sham or Angll-treated WT and SIRT3-
KO mice. (n=5) Scale bar: 20 um. The data are presented as the means + SEM of three independent experiments.

*P<0.05, **P<0.01.

mL, Invitrogen, Carlsbad, CA) in a 5% CO, humi-
dified incubator at 37°C. We used CFs at pas-
sage 2 or 3. For Angll stimulated fibroblast-
to-myofibroblast transformation, cardiac fibro-
blasts were treated with Angll (107 mmol/L) for
48 h. The lentivirus of SIRT3 was purchased
from Shanghai Genechem Co., LTD. For all lenti-
virus experiments, the virus was used at a mul-
tiplicity of infection (MOI) of 10. For the RNA
interference part, the cardiac fibroblasts were
transfected with 50 nM of small interfering RNA
(siRNA) specific for STAT3 with Lipofectamine
2000 (Invitrogen) for 48 h. The sequence of
SiRNASTAT3 is (5-3") GGGUCUCGGAAAUUUAA-
CATTUGUUAAAUUUCCGAGACCCTT.

Immunofluorescence

Cardiac Fibroblasts were fixed in 4% parafor-
maldehyde for 25 min and then perforated with
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0.5% Triton X-100 for 20 min. After being
blocked in 1% bovine serum albumin at room
temperature for 30 min, the cells were then
incubated with primary antibodies including
anti-a-SMA, Collagen | and NFATc2 overnight at
4°C in a humidified chamber. After that, sec-
ondary antibodies (1:200, zhongshanjingiao,
China) were added. Nuclei were stained with
DAPI (Beyotime, Haimen). The images were ac-
quired and analysed by a laser scanning confo-
cal microscope (LSM710; Carl Zeiss, Germany).

Co-immunoprecipation

Co-immunoprecipitations were made on raft
complexes, using 1 pg of STAT3 or acetylated-
Lysine monoclonal antibody covalently cross-
linked on pan-rabbit IgG Dynabeads. Purified
rabbit 1gG was used for the negative controls.
Antigen capture was performed by overnight
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Figure 2. SIRT3-KO mice exhibit more collagen deposition. A-C. Immunostaining of collagen | and collagen IIl. The
bar graphs showed quantitative analysis of collagen | or collagen lll positive area. Scale bar: 50 um. D-I. Western
blot analysis in controls and Angll-infused WT and SIRT3-KO murine hearts. GAPDH expression was used as loading
control. Bar graphs showed the quantification of Collagen |, Collagen lll, Fibronectin, a-SMA and SIRT3 measured
by densitometry analysis. (n=5) The data are presented as the means + SEM of three independent experiments.
*P<0.05, **P<0.01.

incubation of IgG-loaded beads with a raft sam- copyranoside). Precipitated proteins were elut-
ple. Magnetic beads carrying the immune com- ed by boiling the beads for 5 min in RIPA buffer
plexes were subsequently washed five times in (150 mM NaCl, 25 mM Tris-HCI, pH 7.5, 5 mM
washing buffer (10 mM Tris-HCI, pH 7.4, NaCl EDTA, 0.5% sodium deoxycholate, 0.5% NP 40,
150 mM, 1% Triton X-100, 60 mM octyl-D-glu- 0.1% sodium dodecyl sulfate [SDS]). Samples
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were subjected to immunoblotting using a pri-
mary antibody against STAT3 or SIRT3 and a
secondary antibody that recognized only native
IgG.

Western blot analysis

Proteins were harvested from cell lysates and
freshly dissected mouse hearts using cell lysis
buffer. Western blot analysis was performed
as described previously [17]. The PVDF mem-
branes were blocked in 5% non-fat milk for 2
hours. Then, the blocked membranes were in-
cubated overnight with the primary antibodies
against collagen |, collagen lll, TGF-B1, Fibrone-
ctin, SIRT3, STAT3, P-STAT3 (Tyr-705), NFATc2,
GAPDH and o-SMA. After being washed with
Tris-buffered saline containing 0.1% Tween, the
membranes were incubated with the rabbit
or mouse secondary antibodies for 1 hour at
room temperature. The protein bands were
visualized with enhanced chemiluminescence
(Millipore) and the protein levels were detected
using an Image Quant LAS4000 chemilumines-
cence reader (GE, USA). Relative protein levels
were quantified by using Image J software.

Results

SIRT3 deficiency aggravated Angll-induced
murine interstitial fibrosis

To investigate the role of SIRT3 in cardiac fibro-
sis, we subjected both the wild-type (WT) and
SIRT3-knockout (SIRT3-KO) mice to chronic
Angll infusion for four weeks. Firstly, we mea-
sured SIRT3 protein expression in the hearts of
WT and WT+Angll group. The immunoblot analy-
sis showed that SIRT3 levels decreased by 21%
after Angll infusion compared to their WT con-
trols (Figure 1A, 1B). And it was confirmed that
SIRT3-KO mice didn’t express protein SIRT3 at
all (Figure 1C). Furthermore, we compared the
effect of Angll infusion on WT and SIRT3-KO
mice. HE staining showed more cardiomyocytes
loss and expanded cross-sections area in the
hearts of mice subjected to Angll, especially
the SIRT3-KO group (Figure 1D). Masson’s tri-
chrome and Picrosirius red staining indicated
that the fibrosis area fraction in SIRT3-KO mice
was higher compared to WT mice at baseline
and increased further after chronic Angll infu-
sion (Figure 1E-G). The Angll-treated SIRT3-KO
mice exhibited most collagen accumulation
showed by immunohistochemical staining of
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collagen | and collagen Il (Figure 2A-C). And we
also confirmed this phenomenon by western
blot (Figure 2D-I). Altogether, these results indi-
cated that SIRT3 might be involved in prevent-
ing collagen deposition and cardiac fibrosis.

SIRT3-KO fibroblasts transdifferentiated into
myofibroblasts spontaneously

We observed more a-smooth muscle actin
(-SMA), the marker of well-differentiated myo-
fibroblasts, expressed in the SIRT3-KO mice
(Figure 2D). To further investigate the role of
SIRT3 in fibroblasts transdifferentiation, we
isolated primary neonatal fibroblasts from WT
and SIRT3-KO mice (Figure 3A). Immunofluor-
escence staining of vimentin (positive) and
von Willebrand factor (negative) were used to
identify the fibroblasts (Figure 3B). Immuno-
blots and immunofluorescence analysis indi-
cated that SIRT3-KO fibroblasts exhibited more
a-SMA, collagen | and fibronection expres-
sion, which suggested fibroblasts transdiffer-
entiate into myofibroblasts in a spontaneous
way (Figure 3C-F). Then we infected fibroblasts
from WT neonatal mice with LV. SIRT3, and
the expression of a-SMA and collagen | de-
creased as SIRT3 expressed highly (Figure 3E,
3F). In summary, our data demonstrated that
SIRT3 plays a vital role in inhibiting fibroblast
transdifferentiation.

SIRT3-KO fibroblasts acquired more evident
phenotype conversion with Angll stimulation

We treated WT and SIRT3-KO fibroblasts with
Angll. SIRT3-KO fibroblasts with Angll stimula-
tion manifested maximum o-SMA expression
and concomitant elevation of collagen, fibro-
nectin (Figure 4A-E). The immunoblot analysis
of SIRT3-KO murine hearts and myofibroblasts
showed higher TGF-B compared to their con-
trols (Figure 4F-1). TGF-B plays critical role in
fibrogensis by promoting fibroblasts transdif-
ferentiation. It suggested that it existed posi-
tive feedback between TGF-B stimulation and
fibroblast transdifferentiation with SIRT3 de-
ficiency.

SIRT3 deacetylated and inhibited the activa-
tion of STAT3

Though these results demonstrated that SIR-
T3 could regulate fibroblasts transdifferention,
the underlying mechanism remains unclear. It
noticed that there was higher ratio of p-STAT3/

Am J Transl Res 2017;9(7):3258-3269
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Figure 3. SIRT3 protected against fibroblasts transdifferentiation in vitro. A. The morphological difference of the
second-passage WT and SIRT3-KO fibroblasts under an optical microscope. Scale bar: 200 pym. B. Identification of
primary cultured cardiac fibroblasts (CFs) by immunofluorescence staining (green) for vimentin and negative for von
Willebrand factor staining. Nuclei were stained with DAPI. Scale bar: 20 um. C, D. Western blot analysis of fibronec-
tin, a-SMA, and Collagen | was performed on primary WT and SIRT3-KO cardiac myofibroblasts. GAPDH expression
was used as loading control. The graphs showed the quantification of Collagen I, Fibronectin, a-SMA measured by
densitometry analysis. (n=5). E, F. Representative immunofluorescence images staining for a-SMA and Collagen I.
Nuclei were stained with DAPI. Scale bar: 20 ym. The data are presented as the means + SEM of three independent
experiments. *P<0.05, **P<0.01.

STAT3 in SIRT3-KO myofibroblasts, implying controls (Figure 5A, 5B). And SIRT3 overexpres-
more STAT3 activation compared to their WT sion reversed this phenomenon (Figure 5C,
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Figure 4. SIRT3-KO fibroblasts obtained more evident phenotype conversion after Angll stimulation. A-E. Western
blot analysis of fibrotic markers was performed in controls and Angll-treated WT and SIRT3-KO cardiac fibroblasts.
GAPDH expression was used as loading control. The graphs showed the quantification of Collagen I, Collagen llI,
Fibronectin and a-SMA measured by densitometry analysis. (n=5). F-l. Immunoblots show that SIRT3-KO murine
hearts and myofibroblasts secret more fibrogenic TGF-f. The graphs showed the quantification of TGF-B. GAPDH
expression was used as loading control. The data are presented as the means + SEM of three independent experi-

ments. *P<0.05, **P<0.01.

5D). We proposed the hypothesis that SIRT3
could deacetylate STAT3 to inhibit its activity.
We found SIRT3 deficiency was associated with
elevated acetylation level of STAT3 by immuno-
precipitation. Co-immunoprecipitation display-
ed that there exists interaction between SIRT3
and STAT3 (Figure 5E-G). It's concluded that
SIRT3 could deacetylate STAT3 and inhibit its
activity.

NFATc2 expression and nuclear translocation
were increased in SIRT3-KO myofibroblasts

Furthermore, we observed increased NFATc2
level in SIRT3-KO myofibroblasts and decreased
NFATc2 level in LV. SIRT3 myofibroblasts, com-
pared to the wild type controls (Figure 6A-D).
And SIRT3 deficiency promoted nuclear translo-
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cation of transcription factor NFATc2 in fibro-
blasts (Figure 6E). Following the infection of si-
STAT3 in SIRT3-KO fibroblasts, the NFATc2
expression was reduced markedly as well as
a-SMA (Figure 6F, 6G). These results indicated
STAT3-NFATc2 pathway was involved in the
myofibroblasts transdifferentiation.

Discussion

In our Angll-induced cardiac fibrosis model,
SIRT3 protein level was downregulated, which
is in line with other experimental models of can-
cer, obesity and diabetes [16, 18, 19]. The
mechanism of reduced SIRT3 expression dur-
ing stress is still unclear. It may be related
to the change of cellular NAD/NADH ratio or
reduced PGC-1a expression [10, 16]. Among

Am J Transl Res 2017;9(7):3258-3269
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in WT and SIRT3-KO myofibroblasts. GAPDH expression was used as loading control. The bar graph represents
protein quantification measured by densitometry analysis. (n=5). C, D. Western blot analysis of P-STAT3 and STAT3
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tein quantification measured by densitometry analysis. (n=5). E. Immunoblot analysis of STAT3 and ac-STAT3 was
compared between WT and SIRT3-KO myofibroblasts by immunoprecipitation. F. Immunoblot analysis of STAT3 and
ac-STAT3 was compared between WT and LV.SIRT3 myofibroblasts by immunoprecipitation. G. Cellular extracts were
immunoprecipitated with STAT3 antibody and analyzed with anti-SIRT3. The data are presented as the means *
SEM of three independent experiments.*P<0.05, **P<0.01.
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the seven different SIRT isoforms in mammals, of specific activators is of great importance.
SIRT3 is the only analog that has been shown Recently, a group of researchers have devel-
to be related to human longevity extension. oped some SIRT3 activators to attenuate car-
We also found that Sirt3-knockout mice devel- diac hypertrophy and organ fibrosis [16]. We
oped aggravated cardiac interstitial fibrosis are also looking forward to developing more
and cardiac dysfunction compared to the con- specific activators and correlative human
trols. The reduction of SIRT3 was found in aged research for further verification.

people with sedentary life style and its sup-

pressed activation is associated with metabol- In vitro, we discovered spontaneous transdif-
ic syndrome [16, 20]. Due to its important role ferentiation of primary SIRT3-KO fibroblasts
implicated in aging-related diseases, discovery defined by the expression of a-SMA and colla-
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Figure 6. STAT3-NFATc2 signaling pathway was involved in the SIRT3-mediated fibroblast transdifferention. A-D. Im-
munoblot analysis of NFATc2 in WT, SIRT3-KO and LV.SIRT3 myofibroblasts. GAPDH expression was used as loading
control. The bar graph represents protein quantification measured by densitometry analysis. (n=5). E. Representa-
tive immunofluorescence images indicated the subcellular location of NFATc2 in WT and SIRT3-KO myofibroblasts.
Nuclei was stained with DAPI. Scale bar: 20 um. The data are presented as the means + SEM of three independent
experiments. *P<0.05, **P<0.01. F, G. Immunoblot analysis of NFATc2, STAT3 and a-SMA of siRNA-STAT3 groups.
GAPDH expression was used as loading control. Bar graph represents protein quantification measured by densitom-
etry analysis. (n=5).

gen |. The SIRT3-KO fibroblasts obtained more rin-dependent way [24, 25]. That is, the secret-
evident phenotype conversion after Angll stim- ed TGF-B by myofibroblasts could stimulate car-
ulation. The well-transformed SIRT3-KO myofi- diac fibroblasts in return to form an autocrine
broblasts secret more TGF-B than wild-type feedback to maintain the fibrogenic microe-
controls apart from apparent morphological nvironment.

alterations. The activated myofibroblasts pro-

duce fibronectin in response to TGF-f3, thus pro- We tested the activity of STAT3 by measuring
viding scaffold for the subsequent deposition p-STAT3/STAT3 ratio and found higher p-STAT3/
of fibrillar collagen types | and Il [24, 22]. Our STAT3 ratio in SIRT3-KO myofibroblasts, which
results were in accordance with one previous is in agreement with the former result in pulmo-
discovery that SIRT3 deficiency induced TGF-3 nary arterial hypertension model [26]. However,
expression [23]. As a main fibrogentic me- it needs to be elucidated further about the
diator, TGF-B promoted fibroblasts phenotype specific interaction mechanism. Some study
conversion strongly in cell adhesion and integ- reported that STAT3 acetylation is necessary
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for angiotensin ll-induced pro-fibrotic respons-
es in kidney [27]. This inspired us into deeper
thinking. As a mitochondrial deacetylase, SIRT3
deacetylates various kinds of proteins, thereby
influencing their activities. STAT3 functions as
a transcription factor, shuttling between mito-
chondrion, cytoplasm and nucleus. We ass-
umed SIRT3 may deacetylate STAT3 to affect
the activation. Co-immunoprecipitation analy-
sis revealed that SIRT3 can directly bind to
STAT3. Further immunoprecipitation in WT and
SIRT3-KO myofibroblasts showed that the ac-
STAT3 was dramatically elevated in SIRT3-KO
myofibroblasts, whereas it is nearly undetect-
able after successful LV-SIRT3 transfection
into WT fibroblasts. Based on the previous
study carried out on SIRT1 and STAT3 [28], we
speculated that SIRT3 may regulate the phos-
phorylation of STAT3 by altering its acetylation
status. The limitation is that we didn’t test the
precise lysine residue of STAT3 which SIRT3
interacts with, but we plan to perform mass
spectrometry for further study.

Among all the four classical isoforms, the role
of NFATc2 in cardiac fibroblasts transdifferenti-
ationisambiguous [29]. We observed increased
nuclear translocation and expression of NFA-
Tc2 in the transformation of primary SIRT3-KO
fibroblasts. This implies that NFATc2 is involv-
ed in the SIRT3-mediated cardiac fibroblasts
transdifferentiation. Nevertheless, the mecha-
nism by which NFATc2 was influenced remains
unknown. In a previous study performed in pul-
monary artery smooth muscle cells [26, 30],
they concluded that NFATc2 expression and
activation were affected by its upstream regu-
lator STAT3. Transfecting SIRT3-KO fibroblasts
with si-STAT3 resulted in drastic downregula-
tion of NFATc2 along with obvious decreased
expression of a-SMA. Considering these find-
ings, we put forward that STAT3-NFATc2 signal-
ing pathway was involved in the SIRT3-mediated
fibroblast transdifferentiation.

In conclusion, these results together revealed
that SIRT3 can deacetylate STAT3 so as to
inhibit its activity and downstream NFATc2
expression and nuclear translocation. SIRT3-
STAT3-NFATc2 signaling pathway participates
in alleviating myofibroblasts transdifferentia-
tion, which plays a protective role in Angll-
induced cardiac fibrosis.
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Statistical analysis

All the results were obtained from at least
three independent experiments. Statistical an-
alysis was performed using GraphPad 6.0
Prism (version 5.00 for Windows, GraphPad
Software). Data are presented as the mean +
standard deviation. Student’s t-test was used
to assess between-group differences and the
results were considered statistically significant
at P<0.05.
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