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The development of cardiac hypertrophy in response to increased
hemodynamic load and neurohormonal stress is initially a com-
pensatory response that may eventually lead to ventricular di-
lation and heart failure. Regulator of G protein signaling 5 (Rgs5) is
a negative regulator of G protein-mediated signaling by inactivat-
ing Gα(q) and Gα(i), which mediate actions of most known vaso-
constrictors. Previous studies have demonstrated that Rgs5
expresses among various cell types within mature heart and
showed high levels of Rgs5 mRNA in monkey and human heart
tissue by Northern blot analysis. However, the critical role of Rgs5
on cardiac remodeling remains unclear. To specifically determine
the role of Rgs5 in pathological cardiac remodeling, we used trans-
genic mice with cardiac-specific overexpression of human Rgs5
gene and Rgs5−/− mice. Our results demonstrated that the trans-
genic mice were resistant to cardiac hypertrophy and fibrosis
through inhibition of MEK-ERK1/2 signaling, whereas the Rgs5−/−

mice displayed the opposite phenotype in response to pressure
overload. These studies indicate that Rgs5 protein is a crucial com-
ponent of the signaling pathway involved in cardiac remodeling
and heart failure.
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The heart undergoes adaptive hypertrophic growth to augment
cardiac output in response to a variety of pathological stimuli

including hypertension, ischemia, pressure overload, and inheri-
ted gene mutations (1, 2). After a period of compensatory hyper-
trophy, the myocardium undergoes functional and histological
deterioration in the setting of ongoing stress. Although much is
known about the pathways that promote hypertrophic responses,
mechanisms that antagonize these pathways have not been as
clearly defined. The discovery and functional clarification of
antihypertrophic targets are equally important for understanding
the molecular mechanisms underlying cardiac hypertrophy.
Regulators of G-protein signaling (RGS) proteins are negative

regulators of G protein-mediated signaling that act as GTPase
accelerating proteins for heterotrimeric G proteins. One member
of the RGS protein superfamily, RGS5, is expressed in vascular,
cardiac, and skeletal muscle tissues (3). Indeed, it is a marker for
angiogenic pericytes during neovascularization associated with
skin wound healing and tumor angiogenesis (4, 5). RGS5 has been
reported to inhibit several Gαi- and Gαq-mediated signaling
pathways in cardiovascular tissues, including those acting via the
cardiovascular signaling molecules angiotensin II (Ang II) and
endothelin-1 (3, 6). Notably, ribozyme-mediated knockdown of
RGS5 results in selective upreglation of Ang II-mediated activa-
tion of ERK1/2 compared with other RGS proteins (3).
Clinical work has shown that certain combinations of multiple

SNPs in Rgs5 may confer risk for hypertension (6). Consistent
with a role for RGS5 in blood pressure regulation, mean arterial

blood pressures were lower in Rgs5-deficient mice compared
with WT controls (7, 8). Cho et al. (7) reported that the hypo-
tensive phenotype may be related to increased NO susceptibility
combined with increased and ERK1/2 activation in vascular
smooth muscle cells. In the heart, Rgs5 is known to be up-
regulated in atria tissue of mice that overexpressed β2-adrenergic
receptor, as well as in atria of rats that were chronically ad-
ministered the β-adrenergic agonist isoproterenol (9). However,
the role of Rgs5 as a regulator of cardiac hypertrophy and fi-
brosis has not previously been determined. In the present study,
we show that the cardiac constitutive expression of human Rgs5
protects against cardiac hypertrophy and fibrosis by blocking
MEK-ERK1/2 signaling, whereas Rgs5−/− mice displayed the
opposite phenotype in response to pressure overload. Our
studies with cardiac-specific transgenic Rgs5 mice and Rgs5−/−

mice suggest that Rgs5 is a crucial modulator of cardiac
remodeling and heart failure.

Results
Generation of Mice with Cardiac-Specific Overexpression of Human
Rgs5. To examine the function of endogenous Rgs5 in the mouse
heart in vivo, transgenic mice with cardiac-specific over-
expression of human Rgs5 (i.e., TG mice) were generated by
using the α-myosin heavy chain promoter. We identified five
transgenic founders by PCR analysis and established four in-
dependent lines. These lines were born in a normal Mendelian
distribution. They also exhibited normal reproductive rate and
sex distributions. The relative levels of Rgs5 protein expression
in the different lines were line no. 21 > 3 > 28 > 7. Among four
established lines of TG mice, line 3 was used for further
experiments (Fig. S1A). We analyzed Rgs5 protein levels in
various tissues by Western blot analysis using a human-specific
anti-Rgs5 antibody. We found a robust expression of human
Rgs5 protein in the heart, but did not detect it in other organs
(Fig. S1B). To investigate whether Rgs5 expression is regulated
by pressure overload, WT mice were subjected to aortic banding
(AB) for different durations. Rgs5 protein expression was in-
creased by 3.7-fold over basal levels in the second week of AB.
However, Rgs5 expression in the LV was markedly decreased
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compared with basal levels after 8 wk of AB (Fig. S1 C and D).
Thus, Rgs5 expression is regulated during LV remodeling in-
duced by chronic pressure overload.

Effect of Rgs5 on Cardiac Hypertrophy. To determine whether
cardiac overexpression of Rgs5 antagonized the hypertrophic
response to pressure overload, WT littermates and TG mice
were subjected to AB surgery or sham operation. TG mice
showed significant attenuation of hypertrophy after 4 wk of AB
compared with WT littermates, as measured by the ratios of
heart weight/body weight (HW/BW), lung weight/body weight
(LW/BW), and cardiomyocyte cross-sectional area (Table S1).

No significant differences were observed in the sham-operated
TG and WT mice. TG also inhibited cardiac dilation, wall
thickness, and dysfunction, as evidenced by improvements in
echocardiographic measurements (Table S1). Gross heart and
HE staining further confirmed the inhibitory effect of Rgs5 on
cardiac remodeling after AB (Fig. 1A). The induction of hyper-
trophic markers atrial natriuretic peptide (ANP), B-type natri-
uretic peptide (BNP), and β-MHC was also severely blunted in
TG mice in response to AB (Fig. 1C). To further test the role of
endogenous Rgs5 on cardiac hypertrophy, we applied AB to
Rgs5−/− and Rgs5+/+ mice. After 4 wk, AB caused significant
increases in HW/BW and CSA in both Rgs5−/− and Rgs5+/+ mice

Fig. 1. The effects of Rgs5 on cardiac hypertrophy. (A and B)
Gross heart andWGA-FITC and HE staining of sham andABmice
at 4 wk after surgery in TG and WT mice (A) and in Rgs5−/− and
Rgs5+/+ mice (B). Analysis of hypertrophic markers in TG andWT
mice (C) and in Rgs5−/− and Rgs5+/+ mice (D). Total RNA was
isolated from hearts of mice of the indicated groups, and ex-
pression of transcripts for ANP, BNP, and β-MHC induced by AB
were determined by real-time PCR analysis. Data represent
typical results of three to four different experiments as mean ±
SEM (n = 4–11mice per group). *P < 0.01 for WT/sham; #P < 0.01
for WT/AB after AB.
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compared with sham operation. Interestingly, the percentage
increases inHW/BW,LW/BW, andCSAwere significantly greater
in Rgs5−/− than in WT mice (Table S2). The results of echocar-
diographic measurements conducted at 4 weeks indicated that
cardiac function was decreased in both Rgs5−/− and Rgs5+/+ mice
(Table S2). Rgs5−/− mice hearts dilated after pressure overload,
with end-diastolic and end-systolic dimensions increasing and
fractional shortening decreasing more than in Rgs5+/+ mouse
hearts (Table S2). These echocardiographic data were supported
by morphologic analysis and more detailed invasive pressure–
volume analysis (Table S2 and Fig. 1B). AB-induced changes in
cardiac fetal genesANP,BNP, and β-MHCwere greater inRgs5−/−

than in Rgs5+/+ hearts (Fig. 1D). These results suggest that en-
dogenous Rgs5 negatively regulates the extent of cardiac hyper-
trophy in response to pressure overload.

Effect of Rgs5 on MEK-ERK1/2 Signaling Pathway. To explore the
molecular mechanisms through which Rgs5 impairs the hyper-
trophic response, we examined the state of activation of MAPK
in TG and WT hearts in response to pressure overload. We
found that the phosphorylated levels of MEK1/2, ERK1/2, p38,
and JNK1/2 were significantly increased in AB-infused WT
hearts. However, the increased level of MEK1/2 and ERK1/2
was almost completely blocked in TG hearts, whereas p38 and
JNK1/2 was similarly activated in the two groups (Fig. 2). Al-
though AKT signaling plays a crucial role in the regulation of
cardiac remodeling and apoptosis, we did not observe any dif-
ferences in AKT activation between WT and TG mice (Fig. 2).
Using Rgs5−/− and Rgs5+/+ mice, our further studies showed
that AB significantly increased MEK and ERK1/2 phosphory-
lation in both Rgs5−/− and Rgs5+/+ mice. The increase of MEK-
ERK1/2 signaling was more pronounced in Rgs5−/− than in
Rgs5+/+ mice (Fig. 2). Collectively, these data suggest that
constitutive expression of Rgs5 blunts the activation of MEK-
ERK1/2 signaling, although it has no effect on p38, JNK, or AKT
activation in hearts subjected to AB surgery. To further examine
the role of Rgs5 on MEK-ERK1/2 signaling in the heart, we used
Ad-Rgs5 to overexpress Rgs5 and Ad-shRgs5 to knock down
Rgs5 protein expression (Fig. S2A) and exposed cultured neo-
natal rat cardiomyocytes to 1 μM Ang II infected with Ad-Rgs5
or Ad-shRgs5. Further studies showed that Ang II induced
a significant phosphorylation of MEK and ERK1/2 that was al-

most completely blocked and sustained for all tested time points
by overexpression of Rgs5 (Fig. S2B). More importantly, de-
creased Rgs5 levels by infection of Ad-shRgs5 resulted in pro-
nounced activation of MEK and ERK1/2 in cardiac myocytes
(Fig. S2B). Our findings suggest that Rgs5 inhibits MEK-ERK1/2
signaling in vitro and in vivo in response to hypertrophic stimuli.
To examine whether MEK-ERK signaling has a causative role in
Rgs5-mediated inhibition of cardiac hypertrophy, further in vitro
experiments were performed. As expected, decreased Rgs5 lev-
els led to pronounced hypertrophy induced by Ang II as assessed
by ANP promoter activity and surface area measurements (Fig.
S2 C and D). This response was strongly blunted by U0126,
a MEK inhibitor that prevented ERK1/2 phosphorylation. These
results suggest that Rgs5 inhibits cardiac hypertrophy through
direct inhibition of MEK-ERK1/2 signaling in cardiac myocytes.

Effect of Rgs5 on Fibrosis. To determine the extent of fibrosis in
the heart, paraffin-embedded slides were stained with picrosirius
red (PSR). Marked perivascular and interstitial fibrosis were
detected in the WT mice subjected to AB by PSR staining. The
extent of cardiac fibrosis was remarkably reduced in TG mice
(Fig. 3A). Subsequent analysis of mRNA expression levels of
known mediators of fibrosis including Tgfβ1, procollagen, type I
α1 (Col1α1), procollagen type III α1(Col3α1), and connective
tissue growth factor (Ctgf), also demonstrated a blunted response
in TG mice (Fig. 3C). Importantly, fibrosis was negligible in
hearts from sham-operated Rgs5−/− and Rgs5+/+ mice. After
AB, the fibrosis were present in Rgs5+/+ mice, but much more
prominent in the Rgs5−/− mice (Fig. 3B). The expression of
markers for fibrosis was also higher in Rgs5−/− than Rgs5+/+

mice (Fig. 3D). To confirm our in vivo data, we examined the
effect of Rgs5 on collagen synthesis in isolated cardiac fibroblasts
by [3H]-proline incorporation assays. Cells were serum-starved
for 24 h in 0.5% FCS after infection with Ad-Rgs5 and Ad-
shRgs5, and then treated with 15 ng/mL TGF-β1 for the in-
dicated time. TGF-β1–stimulated [3H]-proline incorporation was
attenuated by infection with Ad-Rgs5 and promoted by infection
with Ad-shRgs5 (Fig. S3). To confirm the effects of Rgs5 on
collagen synthesis, luciferase assay demonstrated an increase of
promoter activity of CTGF with Rgs5 inhibition and the con-
verse with Rgs5 overexpression (Fig. S3). To further elucidate
the cellular mechanisms underlying the antifibrotic effects of
Rgs5, we assessed the regulatory role of Rgs5 on Smad cascade
activation. The increased level of Smad 2 phosphorylation and
Smad2/3 nuclear translocation was attenuated in TG mice and
promoted in Rgs5−/− mice in response to AB (Fig. 3E).

Inhibition of MEK-ERK1/2 Signaling Rescued Abnormalities in Rgs5−/−

Mice. The aforementioned experimental results suggested that
Rgs5 inhibits cardiac hypertrophy and fibrosis through blocking
MEK-ERK1/2–dependent signaling pathways. To further con-
firm these findings, we evaluated whether the abnormalities in
Rgs5−/− mice could be reversed through blocking MEK-ERK1/2
signaling using U0126 in vivo. We therefore treated Rgs5−/−

mice with U0126 or PBS solution following AB. Western blot
analysis showed that MEK and ERK1/2 phosphorylation levels
were almost completely abrogated in our U0126-treated samples
compared with the PBS solution–treated control mice (Fig. 4A).
The results showed that U0126 treatment significantly reversed
the deteriorative effects on cardiac dilation, wall thickness, and
cardiac morphology, as well as fibrosis in response to 2 weeks of
AB compared with PBS solution treatment in Rgs5−/− mice
(Table S3 and Fig. 4 B and C). U0126 treatment also significantly
reversed the increased mRNA levels of ANP, BNP, Ctgf, and
Col1α1compared with those PBS-treated groups (Fig. 4D).
These results suggest that inhibition of MEK-ERK1/2 signaling
markedly reverses the deteriorative effects on cardiac hypertro-
phy and fibrosis caused by absent Rgs5 expression in the heart.

Fig. 2. Effect of Rgs5 on MEK-ERK1/2 signaling pathway. Representative
blots of ERK1/2, p38, and JNK, and AKT phosphorylation and their total
protein expression at 4 wk after AB surgery in Rgs5 transgenic mice and WT
mice or in Rgs5−/− and Rgs5+/+ mice.
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These findings indicate that pharmacological inhibition of MEK-
ERK1/2 signaling rescues abnormalities in Rgs5−/− mice in re-
sponse to pressure overload.

Discussion
Previous studies have demonstrated that Rgs proteins play im-
portant role in the heart and vessels (3, 4). Rgs5 is a negative reg-
ulator of G protein-mediated signaling by inactivating Gα(q) and
Gα(i) (3, 4). However, its function during cardiac hypertrophy and
fibrosis was unclear. In the present study, we examined the role of
Rgs5 in cardiac hypertrophy and fibrosis by using cardiac-specific
Rgs5 transgenic mice and KOmice. The results demonstrated that
elevated levels of Rgs5 protein expression in transgenic mice pro-
foundly blunt hypertrophy, chamber dilation, and fibrosis via dis-
ruption of MEK-ERK1/2 signaling following chronic pressure
overload. Conversely, loss of Rgs5 results in an exaggerated re-
sponse of pathological cardiac remodeling and fibrosis. To our

knowledge, this is the first report to demonstrate an important role
of Rgs5 in the regulation of cardiac hypertrophy and fibrosis.
The mechanism by which Rgs5 mediates its antihypertrophic

effects remains unclear. Cardiac hypertrophy is part of a com-
pensatory response to mechanical loading and oxidative stresses

Fig. 3. The effects of Rgs5 on fibrosis. (A and B) PSR staining on histological
sections of the LV was performed on indicated mice 4 weeks after AB. (Scale
bar: 10 μm.) Fibrotic areas from histological sections were quantified using
an image analyzing system. (C and D) Real-time PCR analyses of Tgfβ1,
Col1α1, Col3α1, and Ctgf were performed to determine mRNA expression
levels in indicated mice. GAPDH was used as the sample loading control.
Data represent typical results of three different experiments as mean± SEM
(n = 4–6 mice/per group). *P < 0.01 for WT/sham. #P < 0.01 for WT/AB after
AB. (E) Representative blots of Smad-2 phosphorylation and Smad-2/3/4
translocation from indicated groups 4 wk after AB in Rgs5 transgenic mice
and WT mice or in Rgs5−/− and Rgs5+/+ mice (n = 4).

Fig. 4. Inhibition of MEK-ERK1/2 signaling rescued abnormalities in Rgs5−/−

mice. (A) U0126 blocked MEK1/2 and ERK1/2 phosphorylation mediated by
AB in Rgs5−/− mice. (B) Effects of U0126 on histological changes at 2 wk after
surgery. (C) The effects of U0126 on fibrosis. Left, PSR staining; Right, sta-
tistical results of fibrotic areas. (D) The effects of U0126 on hypertrophic and
fibrotic markers expression induced by AB in Rgs5−/− mice. mRNA was de-
termined by real-time PCR analysis. Data represent typical results of three to
five different experiments as mean ± SEM (n = 4–12 mice/per group). *P <
0.01 for PBS/sham values; #P < 0.01 for PBS/AB after AB.
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that initiallymaintains cardiac output (1–3).With persistent stress,
however, the compensatory hypertrophy can evolve into a decom-
pensated state with profound changes in gene expression, con-
tractile dysfunction, and extracellular remodeling. The signaling
mechanism thatmediates the critical transition from compensated
hypertrophy to decompensated heart failure remains elusive.
Recent studies demonstrated that MAPK signaling pathways
play a key role in the progress of cardiac hypertrophy (9–11). The
MAPK cascade consists of a sequence of successively acting ki-
nases, including p38, JNKs, and ERKs, and is initiated in cardiac
myocytes by stress stimuli (9–11). After it has been activated, p38,
JNKs, and ERKs phosphorylate a wide array of intracellular tar-
gets, which include numerous transcription factors, resulting in the
reprogramming of cardiac gene expression. The role that MEK1-
ERK1/2 plays in the regulation of cardiac hypertrophy is an area of
ongoing debate (9–11). It has been shown that ERK1/2 is activated
in cultured neonatal rat cardiomyocytes by agonist stimulation (12,
13). Activation of MEK1 augmented cardiac hypertrophy in cul-
tured cardiomyocytes whereas blocking MEK1 attenuated it.
Similarly, use of the MEK1 inhibitor U0126 demonstrated that
ERKs were required for the hypertrophic response induced by
Ang II andET-1 (12, 13).However, a number of additional studies
have disputed the importance ofMEK1-ERK1/2 in the regulation
of cardiac hypertrophy, and one study has suggested that ERK
activation prevents cardiac hypertrophy (9–11). To examine the
molecularmechanisms involved inRgs5’s ability to protect against
cardiac hypertrophy, we examined the status of MAPKs signaling
in our hypertrophic models. An important finding of this study is
thatMEKandERK1/2 activation were blocked almost completely
by cardiac expression of human Rgs5, whereas MEK and ERK1/2
phosphorylation levels were enhanced further by loss of Rgs5 ex-
pression in response to chronic pressure overload. However, the
phosphorylationofp38, JNK1/2, andAKTwasnot affectedbyRgs5.
Therefore MEK-ERK1/2 signaling was a critical pathway through
which Rgs5 influences cardiomyocyte growth. These findings are
consistent with two recent studies that showed that Rgs5 expression
blunts the activation of ERK1/2 in vascular smooth muscle cells (7,
14). We believe that inhibition of MEK-ERK1/2 signaling in the
context of the adult heart under stress, such as pressure overload,
may therefore provide a therapeutic strategy to regress cardiac hy-
pertrophy. Consistent with this notion, blocking MEK-ERK1/2
signaling by U0126 rescued deteriorative cardiac dysfunction and
dilation in Rgs5 mutant mice, indicating that the inhibitory ef-
fects of Rgs5 on cardiac hypertrophy are mediated through MEK-
ERK1/2 signaling.
Pathological cardiac hypertrophy is accompanied by interstitial

and perivascular fibrosis and approaches to limit collagen de-
position in the heart have been limited to date (15–18). Thepresent
study revealed that Rgs5 blocks cardiac fibrosis in vivo and inhibits
collagen synthesis in vitro. To our knowledge, our study is the first
to report inhibition of fibrosis and TGF-β1–induced collagen syn-
thesis in cardiac fibroblasts by Rgs5. In an attempt to elucidate the
mechanisms underlying the inhibitory effect of Rgs5 on fibrosis, we
analyzed key components of TGF-β1/Smad signal transduction.
Blockade of this signaling pathway was predicted to blunt fibrosis
(19). In line with these notions, our data suggest that Rgs5 abro-
gates Smad 2 phosphorylation and Smad 2/3 translocation in both
cultured cardiac fibroblasts and hypertrophied hearts, thus inhib-
iting collagen synthesis and fibrosis. Recent studies indicate that
TGF-β1/Smad signaling can be regulated by MEK-ERK1/2 sig-
naling (9–11).We therefore examined the effects ofMEK-ERK1/2
activation on fibrotic signaling and found that blocking MEK-
ERK1/2 activation led to significant inhibition, whereas activation
of MEK-ERK1/2 resulted in up-regulation of collagen synthesis
and Smad 2/3 signaling. Furthermore, pharmacological inhibition
of MEK-ERK1/2 signaling by U0126 markedly reversed the exag-
gerated fibrosis found in Rgs5−/−mice in vivo, indicating that Rgs5
attenuates fibrosis by blocking MEK-ERK1/2 signaling. In con-

clusion, the present study defines the role of Rgs5 in maintaining
cardiac contractility and in reducing fibrosis in response to hyper-
trophic stimuli. The subcellular mechanism for the protective role
of Rgs5 on the development of cardiac hypertrophy appears to be
related to inhibition of the MEK-ERK1/2 signaling pathway. Our
study provides insights into themechanisms of cardiac hypertrophy
and may have significant implications for the development of
strategies for the treatment of cardiac hypertrophy through tar-
geting of the Rgs5 signaling pathway.

Materials and Methods
Materials, Animals, and Animal Models. Antibodies for the MAPK pathways
were purchased from Cell Signaling Technology. The anti-Rgs5 antibody
(reactive with mouse or human) was purchased from Abcam. The [3H]-leucine
and [3H]-proline were purchased from Amersham. Other reagents were or-
dered from different company as described in SI Materials and Methods. All
protocols were approved by the Animal Care and Use Committee of Renmin
Hospital of Wuhan University. Human Rgs5 cDNA construct containing full-
length human Rgs5 cDNA was cloned downstream of the cardiac MHC
promoter. The detail for generation of cardiac specific transgenic mice of
Rgs5 and animal models are described in SI Materials and Methods.

Blood Pressure, Echocardiography, and Histological Analysis. A microtip cath-
eter transducer (SPR-839; Millar Instruments) was inserted into the right
carotid artery and advanced into the left ventricle. After stabilization for 15
min, the pressure signals and heart rate were recorded continuously with an
ARIA pressure–volume conductance system coupled with a Powerlab/4SP A/D
converter, stored, and displayed on a personal computer as described pre-
viously (18). Echocardiography was performed by Sonos 5500 ultrasound
(Philips) with a 15-MHz linear array ultrasound transducer; details are pro-
vided in SI Materials and Methods. For histological analysis, hearts were
excised, washed with saline solution, and placed in 10% formalin. Hearts
were cut transversely close to the apex to visualize the left and right ven-
tricles. Several sections of heart (4–5 μm thick) were prepared and stained
with H&E for histopathology or PSR for collagen deposition and then visu-
alized by light microscopy. For myocyte cross-sectional area, sections were
stained for membranes with FITC-conjugated wheat germ agglutinin (WGA;
Invitrogen) and for nuclei with DAPI. A single myocyte was measured with
an image quantitative digital analysis system (NIH Image, version 1.6). The
outline of 100 myocytes was traced in each group.

Recombinant Adenoviral Vectors, Cultured Neonatal Rat Cardiac Myocytes, and
Fibroblasts. We used replication-defective adenoviral vectors encoding for
the entire coding region of Rgs5 gene (Open Biosystems) under the control of
the cytomegalovirus promoter, and as a control, a similar adenoviral vector
encoding for the GFP gene (AdEasy XL adenoviral Vector system; Strategene).
We ordered three rat shRgs5 constructs from SuperArray (cat. no. KR42418G)
and then generated three Ad-shRgs5 adenoviruses and selected one that led
to a significant decrease in Rgs5 levels for further experiments. The details for
generation of adenoviral, neonatal rat cardiac myocytes, and fibroblasts are
provided in SI Materials and Methods.

Protein and Collagen Synthesis Assays and Surface Area. Protein and collagen
synthesis were assessed by [3H]-leucine and [3H]-proline incorporation as
described previously (19, 20). For the surface areas, the cells were fixed with
3.7% formaldehyde in PBS solution, permeabilized in 0.1% Triton X-100 in
PBS solution, and stained with α-actinin (Sigma) at a dilution of 1:100 by
standard immunocytochemical techniques. Details are provided in SI Mate-
rials and Methods.

Reporter Assays, Real-Time RT-PCR, and Western Blotting. The luciferase ac-
tivity was assessed as described in SI Materials and Methods. Real-time PCR
was used to detect the mRNA expression levels of hypertrophic and fibrotic
markers. Quantification of Western blots was performed by Odyssey in-
frared imaging system (Li-Cor Biosciences) to detect protein expression. The
secondary antibodies IRdye 800 antirabbit and IRdye 700 antimouse (Rock-
land) were used at 1:2,500 and 1:5,000, respectively, in Odyssey blocking for
1 h. The blots were scanned with the infrared Li-Cor scanner, allowing for
simultaneous detection of two targets (anti- phospho and –total protein) in
the same experiment. Details are provided in SI Materials and Methods.

Statistical Analysis. Data are expressed as means ± SEM. Differences among
groups were tested by two-way ANOVA followed by post hoc Tukey test.
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Comparisons between two groups were performed by unpaired Student t
test. P < 0.05 was considered to be significantly different.
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