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Jia-Shen decoction-medicated serum inhibits
angiotensin-II induced cardiac fibroblast proliferation
via the TGF-f1/Smad signaling pathway
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Abstract. Jia-Shen decoction (JSD) is a traditional Chinese
medicine, which is used widely to treat chronic heart failure.
However, the underlying mechanism remains to be elucidated.
The present study aimed to investigate the mechanism under-
lying the effects of JSD on cardiac fibroblast (CF) proliferation
and differentiation. The CFs were obtained from the hearts of
neonatal (1-3-day old) Sprague-Dawley rats and treated with
JSD-medicated serum (JSDS) with or without angiotensin II
(Ang II). Cell proliferation was assessed using Cell Counting
Kit-8 reagent. In addition, the mRNA expression levels of
transforming growth factor-p1 (TGF-£1) and phosphorylated
small mothers against decapentaplegic (p-Smad)2/3 and their
protein expression levels were analyzed. CF proliferation was
significantly increased in the Ang II-treated group, compared
with the control group (P<0.05). The expression levels of
collagen, a-smooth muscle actin, TGF-f1 and p-Smad2/3
were also increased in the Ang Il-treated group (P<0.05).
Following JSDS treatment, the increased levels of collagen and
cell proliferation were inhibited, and the increased expression
levels of p-Smad2 and p-Smad3 were also inhibited (P<0.05).
These data suggested that JSDS may inhibit CF proliferation
via attenuating the TGF-f1/Smad signaling pathway.
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Introduction

Chronic heart failure (CHF) is the ultimate outcome for
the majority of cardiovascular diseases. Myocardial fibrosis
is a common pathological feature observed in numerous
patients with heart disease, and is hypothesized to be the final
common pathway, which ultimately results in irreversible
organ failure (1). Cardiac fibroblasts (CFs) are one of the most
important factors contributing to CHF, which may be activated
in response to hypertrophic stimuli, including angiotensin II
(Ang II) (2-8). Ang II has been shown to be important in
mediating cardiovascular diseases, and may be involved in the
pathogenesis of heart failure (9-16).

Previously, a number of natural products have been
used in the treatment of cardiovascular diseases, such as
Qiligiangxin, Osthole and Tanshinone ITA (17-22). Among
them, Chinese medicine has been investigated extensively,
and appears to be safe and effective. Jia-Shen decoction
(JSD), a type of Chinese medicine, has been routinely used
in treating patients with heart failure. Experimental inves-
tigation has shown that JSD can protect rats from hypoxia
and hypothermia, and promote diuresis in rats with heart
failure (23). It has also been used in the treatment of myocar-
dial injury in animal models, with functions in reducing the
size of myocardial infarction and improving cardiac function
following MI (17). However, the molecular mechanism under-
lying the effect of JSD in myocardial protection remains to
be fully elucidated.

The present study focused on the transforming growth
factor (TGF)-B1/small mothers against decapentaplegic (Smad)
signaling pathway, and investigated whether JSD-medicated
serum (JSDS) has a protective effect against Ang II-induced
cardiac fibrosis.

Materials and methods

Ethics statement. All procedures in the present study were
performed in accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals, which
was also approved by the Care of Experimental Animals
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Committee of the Henan University of Traditional Chinese
Medicine (Zhengzhou, China).

Isolation and culture of CFs. CFs were obtained from the
hearts of neonatal (1-3-day-old) Sprague-Dawley rats (Henan
Province Laboratory Animal Center (Zhengzhou, China), as
previously described (19,24-26). Briefly, following sacrifice
with an overdose of ether anesthesia, 20 neonatal hearts were
rapidly excised. The CFs were detached with collagenase 11
(Thermo Fisher Scientific, Inc., Thermo Fisher Scientific,
Inc., Waltham, MA, USA)/trypsin (Solarbio, Beijing, China)
for 5 min at 37°C for 5-6 digestion periods. The collected
cells were stained with trypan blue dye. cell suspension
(90 pl) was mixed with 10 ul of 0.4% trypan blue dye and
observed under a light microscope. Trypan blue-excluding
cells were plated in petri dishes at a density of 5x10° cells/ml.
The cultivation samples were incubated at 37°C in an atmo-
sphere containing 5% CO, in Dulbecco's modified Eagle's
medium (DMEM; Solarbio) supplemented with 10% bovine
serum albumin (Solarbio). The culture medium was replaced
90 min following plating to remove myocytes, which did not
attach to the dish. The identification of CFs was performed
using immunofluorescence staining with anti-vimentin for
fibroblasts. CFs at 80% confluence in the culture wells were
digested using 0.25% trypsin and then passaged at 1:2 dilu-
tions. Cells from the second to fourth passage were seeded at
a density of 1x10° cells/ml were utilized for the subsequent
experiments.

The cells were incubated at 37°C in an atmosphere
containing 5% CO, in serum-free DMEM supplemented with
0.1% bovine serum albumin for 24 h, and then exposed to
Ang IT (Sigma-Aldrich, St. Louis, MO, USA) for another 24 h.
At the completion of the experiments, the cells were washed
with cold phosphate-buffered saline (PBS) for subsequent
experiments.

Preparation of JSDS. The JSDS was modified, according
to a previous report (18). The 20 Sprague Dawley rats were
randomly divided into a JSD group (n=10) and a control group
(n=10). The rats were housed in a 20-25°C air-conditioned
room with a 12-h light-dark cycle and provided standard chow
with free access to tap water. The rats in the JSD group were
treated by intragastric administration of JSD (2.1 g/kg) three
times a day for 3 days. The rats in the control group received
intragastric administration of physiological saline twice a day
for 3 days. At 1 h following the final administration, the rats
were anesthetized using chloral hydrate intraperitoneally. Rats
were sacrificed by an intraperitoneal injection of an overdose
of chloral hydrate. Blood samples (10 ml) were then collected
from the abdominal aorta and centrifuged at 1,077 x g at room
temperature for 15 min. The serum was isolated and stored at
-80°C until further analysis.

Cell proliferation assay and measurement of hydroxyproline.
The cell suspension of CFs was inoculated into a 96-well
plate at a density of 1x10* cells/ml. The CFs were divided
into five groups: Control group, Ang Il-treated group, Ang
IT with 2.5% JSDS group, Ang II with 5% JSDS group, and
Ang II with 10% JSDS group. Following treatment, cell
proliferation was assessed using Cell Counting Kit-8 (CCKS)
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Table I. Sequences of the primers used in reverse transcrip-
tion-quantitative polymerase chain reaction analysis.

Primer Primer sequence (5'-3")
Gapdh-F ACAGCAACAGGGTGGTGGAC
Gapdh-R TTTGAGGGTGCAGCGAACTT
TGF-p1-F CTGCTGACCCCCACTGATAC
TGF-p1-R AGCCCTGTATTCCGTCTCCT
Collal-F GACTGTCCCAACCCCCAAAA
Collal-R TGGGTCCCTCGACTCCTATG
a-SMA-F GGAGATGGCGTGACTCACAA
a-SMA-R CGCTCAGCAGTAGTCACGAA

TGF-p1, transforming growth factor-f1; Collal, collagen type I;
a-SMA, a-smooth muscle actin; F, forward; R, reverse.

reagent (Dojindo Laboratories, Kumamoto, Japan) and cell
culture medium was collected for measuring hydroxyproline
content, according to the manufacturer's protocol. Cell culture
medium was collected for measuring hydroxyproline content,
according to the manufacturer's protocol (Nanjing Jiancheng
Technology, Inc., Nanjing, China). The absorbance values
(A450) were measured to evaluate cell numbers and estimate
cell proliferation.

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis for TGF-f31
a-smooth muscle actin (SMA) and collagen 1. The cell
suspension of CFs was inoculated into 6-well plates at a
density of 5x10° cells/ml. The CFs were divided into the
groups: Control group, Ang II-treated group, and Ang II with
10% JSD group. Following treatment, the mRNA expression
levels of TGF-p1, a-SMA and collagen I were assayed using
RT-gqPCR analysis. Total RNA was isolated by extraction
with TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. First strand
cDNA was synthesized from 1 ug of total RNA using the
cDNA Synthesis kit (Invitrogen; Thermo Fisher Scientific,
Inc.). qPCR was performed using a 20 pl reaction mixture that
contained 10 ul SYBR Green supermix (Invitrogen; Thermo
Fisher Scientific, Inc.), and 1 g cDNA with 0.5 mM of each
of the forward and reverse primer. The qPCR conditions
were as follows: 95°C for preheating for 10 min, and then
40 cycles of 95°C for 15 sec and 60°C for 1 min. To confirm
amplification specificity, each qPCR product was tested by
melting curve analysis. The reaction was conducted using an
Applied Biosystems 7300 Real-Time PCR system (Thermo
Fisher Scientific, Inc). The relative expression of mRNA was
calculated using the 244%4 method (27,28). GAPDH mRNA
was used as internal standard, and each results was normal-
ized to GAPDH. The sequences of all primers used in the
present study are presented in Table I.

Western blot analyses for TGF-B1 and p-Smad2/3. The
cardiac fibroblasts grown on 6-well plates were harvested
with 200 pl volume of ice-cold Pierce RIPA buffer (Thermo
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Figure 1. Characterization of primary cultured neonatal rat CFs. (A) Cell morphology of the first passage of neonatal rat CFs under an optical microscope.
Original magnification, x20. (B) Primary cultured CFs were subjected to immunofluorescence staining for vimentin to determine their purity. Red shows
vimentin staining; DAPI is shown in blue (nuclear). Original magnification, x40. CFs, cardiac fibroblasts.

Fisher Scientific, Inc.) supplemented with 10 xl/ml protease
inhibitor cocktail (Sigma-Aldrich). Following centrifugation
at 13,000 g for 30 min at 4°C, the supernatants were collected
and the total protein content was quantified using a Bradford
protein assay. Subsequently, 50 g of the total protein extracts
were electrophoresed on SDS-PAGE gels and blotted onto
polyvinylidene difluoride membranes. The proteins were
then blocked with 5% skimmed milk powder blocking solu-
tion for 60 min, and incubated overnight at 4°C with rabbit
polyclonal anti-TGF-B1 (1:400; cat. no. ab92486; Abcam,
Cambridge, UK), rabbit polyclonal anti-Smad2 (1:400;
cat. no. AB3849; EMD Millipore, Billerica, MD, USA),
rabbit monoclonal anti-p-Smad3 (1:400; cat. no. ab138659;
Abcam), and mouse monoclonal anti-GAPDH (1:5,000; cat.
no. G8795; Sigma-Aldrich) antibodies. Following incubation
with a secondary horeseradish peroxidase-conjugated bovine
anti-mouse (cat. no. sc-2380) and bovine anti-rabbit IgG (cat.
no. sc-2370) (1:2,000; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), densitometric analysis of the bands was
performed using Image J software 1.38 (National Institutes of
Health, Bethesda, MD, USA), and the values were normalized
with GAPDH protein.

Immunofluorescence assay for SMA, vimentin and collagen 1.
The cells grown on cover slips were fixed with 4% para-
formaldehyde for 10 min at room temperature. Following
permeabilization with 0.5% Triton-X100 for 10 min, the
fixed cells were blocked with 0.5% bovine serum albumin
(Solarbio, Beijing, China) for 30 min and then incubated over-
night at 4°C with the following primary antibodies: Mouse
monoclonal anti-vimentin (1:500; cat. no. ab8978; Abcam),
mouse monoclonal anti-a-SMA(1:500; cat. no. BM0001
Boster Biological Technology, Wuhan, China) and rabbit

polyclonal anti-type I collagen (1:200; cat. no. BM0325 Boster
Biological Technology). The immunoreactions were revealed
using specific anti-mouse fluorescein isothiocyanate-conju-
gated Affinipure Goat Anti-Mouse IgG (H+L) (1:200; cat.
no. SA0O0003-1; Boster Biological Technology) and anti-rabbit
Alexa Fluor 594-conjugated Goat Anti-Rabbit IgG Alexa
Fluor-conjugated IgG (H+L) (1:200; cat. no. SA00006-4;
Proteintech, Wuhan, China) for 1 h at room temperature.
Negative controls were included by omitting the primary
antibodies. Following washing with PBS, the immunolabeled
cells were observed under a fluorescence microscope (Leica
Microsystems, Mannheim, Germany). Densitometric analyses
of the intensities of the vimintin, a-SMA and collagen I
fluorescent signals were performed on digitized images using
Image J software.

Statistical analysis. All statistical analyses were performed
using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). All
data are expressed as the mean + standard error of the mean.
One-way analysis of variance was performed, with a post-hoc
least significant difference test for comparisons among groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Characterization of primary cultured neonatal rat CFs. The
first passage of neonatal rat CFs cultured in the present study
had the typical morphological characteristics of fibroblasts, as
evidenced by their spindle or polygonal shape and large ovoid
nucleus (Fig. 1A). The results of the immunofluorescence
staining revealed that these cells were positive for vimentin, a
marker of fibroblasts (Fig. 1B).
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Figure 2. Effects of different concentrations of Ang II on cell proliferation in CFs. (A) Neonatal rat CFs were treated with different concentrations of Ang II
for 24 h. (B) CFs were treated with different concentration of Ang II for 48 h. Data are presented as the mean + standard error of the mean. "‘P<0.05, compared
with the non-Ang Il-treated group. CFs, cardiac fibroblasts; Ang II, angiotensin II; OD, optical density.
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Figure 3. JSDS inhibits Ang II-induced cell proliferation and reduces collagen content in CFs. (A) Neonatal rat CFs were treated with different concentrations
of JSDS and Ang II (1 uM) for 24 h. The number of cells are presented as an OD value, determined using a cell count assay. (B) Content of hydroxyproline in
cell culture medium. "P<0.05, compared with the control group; “P<0.05, compared with the Ang II-treated group. Data are presented as the mean + standard
error of the mean. CFs, cardiac fibroblasts; JSDS, Jia-Shen decoction-medicated serum; Ang II, angiotensin II; OD, optical density.

JSDS inhibits Ang II-induced CF proliferation and collagen
content.To determine whether JSDS inhibited CF proliferation,
the neonatal rat CFs were incubated with different concentra-
tions of JSDS and Ang II (1 #M) for 24 and 48 h. (Fig. 2A
and B). The numbers of CFs were evaluated via cell count
analysis, represented as an optical density value, and the content
of hydroxyproline. Ang II significantly increased the number
of CFs and the hydroxyproline concentration in the medium.
JSDS effectively protected against the Ang II-induced prolif-
eration of CFs in a concentration-dependent manner (Fig. 3A
and B). Compared with the control group, the proliferation
and collagen content of the Ang II-treated group were signifi-
cantly increased (P<0.05). In the 10% JSDS-treated group
and 5% JSDS-treated group, the increases in proliferation and
collagen content were significantly decreased, compared with
the Ang II-treated group (P<0.05). No significant alterations
in the cell numbers or hydroxyproline levels were detected
following JSDS treatment without Ang II stimulation (data not
shown).

JSDS suppresses Ang Il-induced collagen synthesis in
CFs. Previous studies have shown that CFs may promote
the development of fibrosis by producing fibrosis-asso-
ciated factors, including collagen I and III (29-31). The

enhancement of collagen I and III represent the predominant
phenotype in cardiac fibrosis. Therefore, the present study
examined whether JSDS suppressed collagen synthesis
following Ang II stimulation. Compared with the control
group, Ang II significantly increased the mRNA expres-
sion of collagen I. The mRNA expression of collagen I was
downregulated following pre-treatment with JSDS (Fig. 4A).
Immunofluorescence staining showed that JSDS inhibited the
protein expression of collagen I in the CFs (Fig. 4B and C).
Taken together, these findings indicated that the CFs treated
with Ang II had enhanced secretory effects and that JSDS
may prevent the increased protein expression of collagen I.

As CFs can transform into myofibroblasts (MFs), the
present study determined whether JSDS can affect the pheno-
typic switching of CFs following treatment with Ang II. The
mRNA and protein expression levels of a-SMA were detected
using RT-qPCR analyses and immunofluorescence. The
results showed that the expression of a-SMA was significantly
increased following Ang II stimulation at the mRNA and
protein levels, which were decreased following JSDS treat-
ment (Fig. 5A-C).

JSDS suppresses Ang Il-induced TGF-f1 and p-Smad 2/3.
Following stimulation with Ang II, the mRNA levels of



1614 MOLECULAR MEDICINE REPORTS 14: 1610-1616, 2016

A T 41 i B o 0081
: s :
O 31 S 0.06 s
< ¢ > % : #
g Se s =1=
E 21 i g 004 % :
- —-E 2 :
: - u

%1- i:? 0.02- '6‘:-- |
S ERs 3 :
e 0- T T e 0.00- T § T

Angll(1pM) - + + Angll{(1pM) - +

JSDS - - + JSDS - -

C
- -
Figure 4. Effects of JSDS on Ang II-induced expression of collagen I in CFs. (A) mRNA expression levels of collagen I were assessed using reverse transcrip-
tion-quantitative polymerase chain reaction analysis. (B) Fluorescence intensity of the expression of collagen I. (C) Cellular collagen I was visualized using
fluorescein isothiocyanate-conjugated IgG in immunofluorescence staining. Representative images of the (a) control group, (b) Ang Il-treated group. and
(c) JSDS-treated group. Values are expressed as the mean + standard error of the mean (n=3). "P<0.05, compared with the control group; “P<0.05, compared

with the Ang II-treated group. Original magnification, x20, with representative images shown; n=3. CFs, cardiac fibroblasts; JSDS, Jia-Shen decoction-medi-
cated serum; Ang II, angiotensin II.
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Figure 5. Effects of JSDS on Ang II-induced expression of a-SMA in CFs. (A) mRNA expression levels of a-SMA in the different groups were assessed using
reverse trancsription-quantitative polymerase chain reaction analysis. (B) Fluorescence intensity of the expression of a-SMA. (C) Cellular a-SMA was visual-
ized using fluorescein isothiocyanateconjugated IgG by immunofluorescence staining. Representative images of the (a) control group, the (b) AnglI-treated
group and the (c) JSDS-treated group. Values are expressed as the mean + standard error of the mean (n=3). "P<0.05, compared with the control group;
"P<0.05, compared with the Ang II-treated group. Original magnification, x20, with representative images shown; n=3. CFs, cardiac fibroblasts; JSDS, Jia-Shen
decoction-medicated serum; a-SMA, a-smooth muscle actin; Ang II, angiotensin II.
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Figure 6. JSDS inhibits Ang II-induced relative mRNA and protein levels of TGF-f1 in CFs. (A) mRNA expression levels of TGF-f1 were assessed using
reverse transcription-quantitative polymerase chain reaction analysis. Data were normalized to GAPDH mRNA. (B) Cell lysates were analyzed to determine
the protein expression levels of TGF-f1 using western blot analysis. Values are expressed as the mean + standard error of the mean (n=3). "P<0.05, compared
with the control group; “P<0.05, compared with the Ang II-treated group. CFs, cardiac fibroblasts; JSDS, Jia-Shen decoction-medicated serum; TGF-f31,

transforming growth factor-f1; Ang II, angiotensin II.
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Figure 7. JSDS inhibits Ang II-induced expression of p-Smad2 and p-Smad3 in CFs. (A) Protein expression levels of p-Smad2 were determined using western
blot analysis. (B) Protein expression levels of p-Smad3 were determined using western blot analysis. Values are expressed as the mean + standard error
of the mean (n=3). "P<0.05, compared with the control group; “P<0.05, compared with the Ang Il-treated group. CFs, cardiac fibroblasts; JSDS, Jia-Shen
decoction-medicated serum; p-Smad, phosphorylated small mothers against decapentaplegic; Ang II, angiotensin II.

TGF-p1 in the CFs were significantly increased (P<0.05).
The administration of JSDS prevented this by downregulating
the mRNA level of TGF-f1 stimulated by Ang II (P<0.05;
Fig. 6A). The protein levels of TGF-p1 and p-Smad2/3 were
significantly increased when the cells were treated with Ang II.
The administration of JSDS prevented this, downregulating
the protein levels of TGF-B1 and p-Smad2/3 stimulated by
Ang IT (P<0.05; Figs. 6B, 7A and B).

Discussion

Ang II is one of the most important renin-angiotensin system
components, and is critical in cardiac remodeling (32). MFs
are involved in reparative fibrosis in the infarcted heart. The
differentiation of fibroblasts to MFs can be identified by certain

features associated with the cytoskeleton, particularly by the
expression of a-SMA (33), which can synthesize collagen and
generate a variety of fibrogenic factors, including TGF-f1 and
TNF-o.

In the present study, it was found that Ang II stimulation
increased cell proliferation and the collagen content of the
cells, particularly collagen I. In addition, Ang II stimula-
tion enhanced the mRNA and protein expression levels of
a-SMA in the CFs, indicating the differentiation of CFs into
MFs. Notably, the present study found that JSDS attenuated
the collagen content and mRNA expression of a-SMA, and
decreased the generation of type I collagen, confirming its
potential therapeutic value in MF treatment.

TGF-f1 is one of the fibrogenic factors, which can induce
the differentiation of CFs, and stimulate the synthesis of
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collagen and fiber connection protein. Smad proteins are
molecules located downstream of the TGF-f1 signal trans-
duction pathway. Smad2 and Smad3 can be phosphorylated
and activated through forming p-Smad2 and p-Smad3. The
latter becomes a transcription complex by further combining
with Co-Smads, following which it moves into the nucleus
and completes the process of intracellular signal transduc-
tion. In the present study, western blot analysis showed that
JSDS inhibited the protein expression levels of TGF-f1,
p-Smad2 and p-Smad3. In the control group, JSDS may
affect in the Smad signaling pathways, which were activated
in the process of myocardial fibrosis following treatment
with Ang II.

In conclusion, the present study showed that JSDS inhibited
proliferation, and decreased the expression levels of type I and
type III collagen. These results clearly demonstrated that JSDS
had a potential antifibrotic role, supporting the hypothesis that
JSDS can reverse CF transdifferentiation by suppressing the
expression of downstream targets, including TGF-1, p-Smad2
and p-Smad3. These findings provide a novel perspective in
understanding the molecular mechanism of the effects of JSDS
on CF transdifferentiation and cardiac fibrosis.
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