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Chymase induces profibrotic response via transforming growth
factor-f1/Smad activation in rat cardiac fibroblasts
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Abstract Mast cell-derived chymase is implicated in
myocardial fibrosis (MF), but the underlying mechanism
of intracellular signaling remains unclear. Transforming
growth factor-f1 (TGF-f1) is identified as the most
important profibrotic cytokine, and Smad proteins are
essential, but not exclusive downstream components of
TGF-f1 signaling. Moreover, novel evidence indicates that
there is a cross talk between Smad and mitogen-activated
protein kinase (MAPK) signaling cascade. We investigated
whether chymase activated TGF-f1/Smad pathway and its
potential role in MF by evaluating cardiac fibroblasts (CFs)
proliferation and collagen synthesis in neonatal rats. MTT
assay and *H-Proline incorporation revealed that chymase
induced CFs proliferation and collagen synthesis in a dose-
dependent manner. RT-PCR and Western blot assay dem-
onstrated that chymase not only increased TGF-f1
expression but also upregulated phosphorylated-Smad2/3
protein. Furthermore, pretreatment with TGF-f1 neutraliz-
ing antibody suppressed chymase-induced cell growth,
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collagen production, and Smad activation. In contrast, the
blockade of angiotensin II receptor had no effects on chy-
mase-induced production of TGF-f1 and profibrotic action.
Additionally, the inhibition of MAPK signaling had no
effect on Smad activation elicited by chymase. These results
suggest that chymase can promote CFs proliferation and
collagen synthesis via TGF-f1/Smad pathway rather than
angiotensin II, which is implicated in the process of MF.
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Introduction

Myocardial fibrosis (MF) is a consequence of various
cardiovascular diseases [1-3] and characterized by prolif-
eration of cardiac fibroblasts (CFs) and excessive
deposition of extracellular matrix collagen [4, 5]. It has
long been considered that MF is a major determinant and
common pathway leading to end-stage heart failure
regardless of the initial cause of the disease [2, 3, 6, 7].
Therefore, there has been growing interest in the investi-
gation of mechanism underlying fibrosis in recent years
[1-5]. Nowadays, chymase, a chymotrypsin-like serine
protease which is contained in the secretory granules of the
mast cells, has attracted a great deal of attention with
regard to the conversion of angiotensin II (Ang II) from
Ang I [8-11] and the cleavage of latent transforming
growth factor-f1 (TGF-f1) to an active form [12]. Chy-
mase is relatively abundant in mammalian hearts, including
human and rat hearts [8, 11], and also has been found to
play a central role in many pathophysiological conditions
of cardiovascular system [8—11, 13-15]. Although, it is
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commonly accepted that mast cell chymase-dependent Ang
II pathway is associated with cardiac remodeling process
[8-10], the relative role of chymase-mediated TGF-f1
forming system in MF has not been well established.

A significant body of literature demonstrates that TGF-
f1, a key mediator responsible for MF in both experimental
and human cardiac diseases [2, 3, 5, 16-18], exerts pro-
nounced effects on fibroblast proliferation [19-22] and
extracellular matrix production in vitro [5, 23]. Moreover, a
major advance in understanding TGF-f1 post-receptor sig-
naling is the identification of Smad proteins [24, 25] despite
novel evidence suggests that there are Smad-independent
pathways in TGF-f signaling recently [24, 26]. Whether
chymase-dependent TGF-f1 formation contributes to acti-
vation of Smad signaling and its profibrotic effects in CFs
are still poorly understood. Further insight into the mecha-
nism may have important therapeutic implications.

The present study thereby was to investigate the direct
effects of chymase on cell proliferation and collagen syn-
thesis, and its intracellular signaling transduction in rat
CFs. Our results reveal a novel mechanism by which
chymase can activate TGF-f1/Smad pathway and thus
exert an important effect on MF through facilitating CFs
growth and collagen synthesis.

Materials and methods
Cell culture

All experimental protocols were approved by the Animal
Experiments Committee of the Fourth Military Medical
University. CFs were isolated and cultured from 1- to
3-day-old neonatal Sprague—Dawley rats as described pre-
viously [27]. All experiments were performed on Passage
2-3. The purity of CFs was greater than 98% on the basis of
positive staining for vimentin and negative staining for o-
smooth muscle actin and von Willebrand factor. Studies
were conducted on CFs, which were grown to 80% con-
fluence and serum-starved for 48 h in serum-free medium
before treatment. Then the CFs were treated with different
reagents either alone or co-incubation for designated times
in the presence of 1% fetal bovine serum (FBS).

Cell proliferation assay

Tetrazolium (3-(4,5-dimcthyl thioazol-2-yl)-2,5-diphenyl-
tetrazolium bromide, MTT) assay was performed to mea-
sure cell numbers. CFs were seeded in a 96-well plate at a
density of 0.5 x 10* cells/well. The serum-starved cells
were unstimulated or stimulated with chymase (7.5-30 ng/ml)
for 24 h. Some cells were pretreated with chymase
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inhibitor (10 uM), or TGF-f1 neutralizing antibody
(50, 100 pg/ml), AT1 blocker valsartan (10 uM), AT2
blocker PD123319 (10 uM) for 1 h, and incubated for 24 h
in the presence of 30 ng/ml chymase. Afterwards, 20 pl of
5% MTT solution was added in each well and incubated
with cells for 4 h. The supernatant was aspirated and then
150 pl of DMSO was added. Absorbance (A) value was
measured at 490 nm of wavelength with enzyme-linked
immunoassay system.

Collagen synthesis assay

The collagen synthesis was determined by measuring *H-
Proline incorporation. In brief, CFs were plated on 24-well
culture dishes at a density of 3 x 10* cells/well, and treated
with or without different reagents as mentioned above. The
cells were labeled with *H-Proline (4 nCi) for the last 4 h,
then fixed in 10% trichloroacetic acid, and lysed in 0.3 N
NaOH. Aliquots from four wells for each treatment with
1 ml scintillation fluid were counted in a liquid scintillation
counter. The data were normalized to cell numbers.

RNA isolation and RT-PCR

The expression of TGF-f1 mRNA was determined by RT-
PCR assay. At the end of the incubation, total RNA was
extracted following the established method [28]. Comple-
mentary DNA was synthesized from 2 pg of total RNA
with AMV reverse transcriptase kit (Promega, WI)
according to the manufacturer’s instruction. Then PCR
amplifications were performed. All samples were subjected
to RT-PCR for housekeeping gene GAPDH as an internal
standard. The sequences of the specific primers were as
follows: TGF-f1 (531 bp) 5-GAC TCC TGC TGC TTT
CTC C-3' (sense); 5'-GCG GTC CAC CAT TAG CAC-3’
(antisense); GAPDH (231 bp) 5-ACG GCA AAT TCA
ACG GCA CAG TCA-3' (sense); 5'-TGG GGG CAT CGG
CAG AAG G-3' (antisense). The mixture was heated ini-
tially for 5 min at 94°C followed by 35 cycles (45 s at
94°C, 30 s at 60°C, and 45 s at 72°C). A final extension
was performed at 72°C for 10 min. Afterwards, the PCR
products were separated by electrophoresis on 1.2% aga-
rose gel stained with ethidium bromide. The bands were
visualized and quantificated with image analysis software
(Quantity One, Bio-Rad).

Protein extraction and assay

Cells were seeded on 6-well plates at a density of
5 x 10* cells/well and untreated or treated with different
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reagents for indicated periods. At the end of the incubation,
cells were rinsed with ice-cold phosphate-buffered saline
(PBS) and lysed in 500 pl RIPA buffer (50 mM Tris—HCI,
pH 7.4; 150 mM NaCl; 1% NP-40; 0.5% sodium deoxy-
cholate; 2 mM EDTA; 0.1% SDS) in the presence of
protease inhibitor cocktail (1 pg/ml aprotinin, 1 pg/ml
leupeptin and 1 mM PMSF) for 30 min on ice. Total
lysates were centrifuged (14,000g, 4°C, 10 min) to pellet
cell debris. The supernatant fraction was stored at —80°C
and used for the protein determination of TGF-£1, Smad7
and Smad?2/3. For phosphorylated-Smad2/3 protein detec-
tion in nuclear fraction, the isolated nuclei from CFs, using
the Nuclear Isolation Kit (Sigma-Aldrich, Canada)
according to the manufacturer’s instructions, were resus-
pended in the above lysis buffer adding 0.1% Triton X-100
and phosphatase inhibitors (10 mM NaF, 1 mM sodium
orthovanadate, and 20 mM f-glycorophosphate). This
lysate was subject to sonication for 5 s (repeated five
times) to disrupt nuclear membranes. The subsequent
procedure was the same as mentioned above. Protein
concentrations were determined with the BCA protein
assay kit (Pierce, Rockford, IL).

Western blot analysis

Prestained low-molecular-weight marker and 20 pg of
protein from samples were subject to 10% SDS-PAGE.
Separated protein was transferred onto PVDF membranes
which was blocked in TBS-T (10 mM Tris, pH 8.0,
150 mM NaCl, and 0.1% Tween 20) containing 5% skim
milk powder for 1 h at room temperature, followed by
incubation with primary antibodies overnight at 4°C. The
blots were rinsed in TBS-T, and incubated with secondary
antibodies for 2 h at room temperature. Bands on Western
blots were visualized by enhanced chemiluminescence
(ECL) detection kit (Amersham International, Arlington
Heights, IL) according to the manufacturer’s protocol.
Optical densities of the bands were scanned and quantified
with image analysis software (Quantity One, Bio-Rad).

Isolation and purification of mast cell chymase

Serosal mast cells were isolated from the pleural and per-
itoneal cavities of rats and stimulated to exocytose their
chymase-containing cytoplasmic granules, as described
previously [29]. Rat chymase was purified from the iso-
lated granule remnants to apparent homogeneity according
to the Refs. [12, 30]. To verify the purity of chymase, the
enzyme was alkylated with 4-vinylpyridine and further
purified by reversed-phase (RP) high-performance liquid
chromatography (HPLC) on a 0.21 x 15.0 cm column

(Poros R2, PerSeptive Biosystems). The chymase, which
eluted from the RP column as a single peak both before and
after alkylation, was then dried and digested with trypsin.
The enzyme was electrophoresed on a SDS-PAGE and then
transferred to a polyvinylidene difluoride membrane
(Millipore). Amino terminal sequencing of the membrane
containing electroblotted enzyme was performed on a
protein sequencer (Applied Biosystems model 477A). The
purity of chymase is more than 95% by SDS-PAGE, and its
specific activity was 1 unit/pg when measured spectro-
photometrically (Unit Definition: One unit will hydrolyze
1.0 pM of N-benzoyl-L-tyrosine ethyl ester (BTEE) per
minute at pH 7.8 at 25°C).

Reagents

All reagents for cell culture were purchased from Gibco-
BRL (MA, USA). Antibodies raised against the following
proteins were used: TGF-f1, Smad7, f-Actin and
HRP-conjugated secondary antibodies (Santa Cruz, CA),
P-Smad2/3 (Upstate Biotechnology, Lake Placid, NY),
Smad2/3 (Cell Signaling Technology, Beverly, MA). TGF-
f1 neutralizing antibody was purchased from R&D
Systems (Minneapolis, MN). The chymase inhibitor Suc-
Val-Pro-Phe’(OPh), and other laboratory grade reagents
were from Sigma (Saint Louis, MO).

Statistical analysis

The data are presented as means £ SD. Statistical differ-
ences between groups were assessed by one-way ANOVA,
followed by the LSD post hoc test. Differences were con-
sidered statistically significant at P < 0.05.

Results

Chymase promotes CFs proliferation and collagen
synthesis

The effects of chymase on cell proliferation and total
collagen synthesis of CFs were determined by MTT assay
and *H-Proline incorporation. As shown in Fig. 1A, B,
treatment with chymase (15-30 ng/ml) for 24 h signifi-
cantly increased both A49g Value and incorporation of H-
Proline in a dose-dependent manner, whereas no significant
difference was shown at 7.5 ng/ml compared with the
control (P > 0.05). To further confirm these changes were
induced by chymase, we observed the effects of Suc-Val-
Pro-PheP(OPh)z, a chymase inhibitor (CHI), on the chy-
mase-stimulated profibrotic response. Compared with the
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30 ng/ml chymase group, the A4y Value and *H-Proline
incorporation were reduced by 38% and 35%, respectively,
when these cells were pretreated with 10 pM CHI
(Fig. 1A, B). However, CHI (10 M) alone had no sig-
nificant influence on these effects (data not shown).

Chymase increases TGF-/1 mRNA and protein
expressions in CFs

The mRNA and protein levels of TGF-fi1 in CFs were
detected by RT-PCR and Western blot assay, respectively.
Stimulation with chymase (15-30 ng/ml) for 3 h signifi-
cantly upregulated TGF-f1 mRNA expression in a dose-
dependent fashion (Fig. 2). The maximal mRNA level was
approximately 2-fold at 30 ng/ml chymase (0.843 £ 0.031)
compared with the untreated control (0.417 &+ 0.021),
although no significant effect was observed at 7.5 ng/ml
(0.463 4+ 0.035, P > 0.05). Meanwhile, incubation with
chymase at the dose of 30 ng/ml for different periods
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Fig. 1 Chymase promotes cell proliferation and collagen synthesis in
a dose-dependent manner in rat CFs, which is reversed by TGF-f1
neutralizing antibody. CFs were serum-starved for 48 h, then
stimulated with chymase (Chy) at indicated concentrations for 24 h.
Some cells were pretreated with chymase inhibitor (CHI, 10 uM),
TGF-f1 neutralizing antibody (TGF-Ab, 50, 100 pg/ml), valsartan
(Val, 10 uM) or PD123319 (PD, 10 puM) for 1 h, and incubated for
24 h in the presence of 30 ng/ml Chy. Control cells only received
vehicle. MTT assay (A) and *H -Proline incorporation (B) were
employed to determine cell proliferation and collagen synthesis.
Values are means + SD and each bar represents six independent
measurements. *P < 0.05, **P < 0.01 versus the control group;
4p <0.05, 44p < 0.01 versus the Chy (30 ng/ml) group
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(3-6 h) obviously increased TGF-f1 protein level in a time-
dependent manner (Fig.3), and the maximal value
(1.167 £ 0.058) noted by 6 h was up to 2.5-fold compared
with the control (0.487 £ 0.025). We also found that
co-incubation with CHI (10 uM) significantly attenuated
the TGF-f1 mRNA and protein expressions induced by
30 ng/ml chymase (0.553 £ 0.030 vs. 0.843 £ 0.031 and
0.713 £ 0.035 vs. 1.167 £ 0.058, respectively, P < 0.01).

To examine whether Ang II was involved in production
of TGF-f1 caused by chymase, Ang II type-1 receptor
(AT1) blocker valsartan and Ang II type-2 receptor (AT2)
blocker PD123319 were incubated with CFs for 1 h prior to
chymase. Our study showed that neither valsartan (10 uM)
nor PD123319 (10 uM) had effects on the chymase-
induced TGF-1 mRNA and protein expressions (Figs. 2
and 3). These data demonstrate that chymase obviously
upregulates TGF-f1 level independently of Ang II in CFs.

TGF-f1 is involved in chymase-induced CFs
proliferation and collagen synthesis

As chymase increased mRNA and protein expressions of
TGF-f1 in CFs, we thereby further explored whether TGF-
f1 was implicated in the chymase-mediated cell prolifer-
ation and collagen synthesis using a specific TGF-f1
neutralizing antibody to block the effect of TGF-f1. As
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Fig. 2 Chymase induces TGF-f1 mRNA expression in a dose-
dependent fashion independently of Ang II in rat CFs. The growth-
quiescent CFs were treated with chymase (Chy) at the indicated
concentrations for 3 h before harvest. Some cells were pretreated with
chymase inhibitor (CHI, 10 uM), valsartan (Val, 10 uM) or
PD123319 (PD, 10 uM) for 1 h followed by stimulation with
30 ng/ml Chy for 3 h. A representative image of electrophoresis of
RT-PCR products in top panel and relative densitometric analysis
expressed as ratio of TGF-f1/GAPDH in bottom panel are shown.
Data are shown as means + SD and represent three independent
experiments. **P < 0.01 vs. the control group; ALp <0.01 versus
the Chy (30 ng/ml) group
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Fig. 3 Chymase induces TGF-f1 protein expression in a dose-
dependent manner independently of Ang II in rat CFs. The
synchronized cells were incubated with 30 ng/ml chymase (Chy)
for the given periods before harvest. Some CFs were preincubated
with chymase inhibitor (CHI, 10 uM), Val (10 uM) or PD (10 uM)
for 1 h followed by addition with 30 ng/ml Chy for 6 h. A represen-
tative Western blot of TGF-f1 in top panel and relative densitometric
analysis expressed as ratio of TGF-f£1/ f-Actin in bottom panel are
shown. Data are shown as means £ SD and represent three indepen-
dent experiments. **P < 0.01 versus the control group; 44P < 0.01
versus the Chy (6 h) group

shown in Fig. 1A, B, chymase at 30 ng/ml markedly
increased A4o0 Value and *H-Proline incorporation, which
were significantly reversed by pretreatment with TGF-f1
neutralizing antibody (50, 100 pg/ml) in a dose-dependent
manner. In contrast, these effects were not affected by
pretreatment with valsartan (10 pM) and PD123319
(10 uM). Taken together, our results indicate that TGF-f1
is responsible for the chymase-mediated increases of CFs
growth and collagen synthesis, which represents an auto-
crine action of CFs.

Chymase increases Smad2/3 phosphorylation in CFs

To determine the role of Smad proteins in chymase-
induced cell proliferation and collagen synthesis, we
observed the expressions of nuclear phosphorylated-
Smad2/3 (P-Smad2/3) and cytoplasmic Smad2/3, Smad7
protein in CFs (Fig. 4). Western blot analysis showed that
addition of 30 ng/ml chymase resulted in a strong increase
of nuclear P-Smad2/3 peaking at 6 h (0.940 £ 0.046).
After that, the activation of Smad2/3 was decreased mildly
and remained higher level above the control
(0.420 £ 0.036) by 24 h. In contrast, the level of Smad2/3
maintained constant in response to chymase during the
whole observed time, indicating that chymase had no effect
on Smad2/3 production. The expression of Smad7 protein

was examined only at relatively low level (0.297 £ 0.042)
in the cytosolic fraction in quiescent CFs, and was not
significantly changed after chymase treatment. All these
data suggest that chymase lead to activation of Smad
signaling associated with P-Smad2/3 upregulation in CFs.

Chymase-induced Smad activation is TGF-f1
dependent

To address whether TGF-f1 or mitogen-activated protein
kinase (MAPK) was implicated in chymase-induced Smad
activation, we tested the effects of TGF-f1 neutralizing
antibody, p38 MAPK inhibitor SB203580, and ERK
inhibitor PD98059 on chymase-mediated expressions of
Smad proteins by Western blot assay. As shown in Fig. 5,
pretreatment with TGF-f1 antibody (100 pg/ml) markedly
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Fig. 4 Chymase induces upregulation of P-Smad2/3 in rat CFs. The
growth-arrested cells were untreated or treated with 30 ng/ml
chymase for the given periods and then protein levels were measured
by Western blot. A representative Western blot of Smads in top panel
and means £ SD data of three independent experiments in bottom
panel are shown. *P < 0.05, **P < 0.01 versus the control group
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Fig. 5 Chymase-induced activation of Smad is mediated by TGF-f1,
not by MAPK signaling. The growth-arrested CFs were treated with
or without chymase (Chy, 30 ng/ml) for 12 h alone or preincubated
with TGF-f1 neutralizing antibody (TGF-f-Ab, 100 pg/ml),
S$B203580 (20 uM), PD98059 (20 pM) for 1 h before 30 ng/ml
Chy treatment. A representative Western blot of P-Smad2/3 in top
panel and means = SD data of three independent experiments in
bottom panel are shown. **P < 0.01 versus the control group;
A4p < 0.01 versus the Chy (30 ng/ml) group

diminished chymase-induced activation of Smad signaling
by reduction of Smad2/3 phosphorylation, whereas
SB203580 (20 uM) and PD98059 (20 uM) did not change
the P-Smad2/3 level caused by chymase. These findings
imply that chymase activates the Smad pathway through
a TGF-f1-dependent mechanism rather than MAPK
signaling.

Discussion

There are two main conclusions that can be drawn from
this report. First, chymase promotes CFs proliferation and
collagen synthesis through a TGF-f1-dependent mecha-
nism. Second, chymase activates Smad pathway associated
with increased P-Smad2/3 protein in CFs, which is medi-
ated by TGF-f1, not by MAPK signaling. Therefore, our
results raise the possibility that chymase might exert a key
role on MF accompanied with increased cell proliferation
and collagen synthesis via the TGF-f1/Smad signaling
pathway.

A number of experimental results suggest that chymase
plays an important role in the progression of cardiovascular
diseases [9, 10, 13—15]. Even though increased activity of
chymase has always been presumed to be associated with

@ Springer

MF in vivo [10, 14], it has remained obscure whether this
association is causal. In order to investigate a cause—effect
relationship between chymase and MF, we characterized a
direct effect of chymase on CFs of neonatal rats in vitro.
Although, chymase has been reported to inhibit vascular
smooth muscle cells growth [15], its effects on the prolif-
eration of CFs and collagen metabolism are still unknown.
Our work provides us first hand evidence that chymase can
promote CFs proliferation and collagen synthesis, but the
mechanism remains to be defined.

Considerable evidence displays that chymase not only
induces Ang II generation by an “alternate” pathway
[8—11] but also activate TGF-f1 from latent form [12]. Our
study further showed that chymase led to dose- and time-
dependent increase in TGF-f1 expression on both mRNA
and protein levels of CFs, while the AT1 and AT2 blocker
had no effect on the expression of TGF-f1 induced by
chymase, indicating that Ang II is not participated in the
production of TGF-f1 in rat chymase-treated CFs. This
discovery is consistent with the previous study showing
that rat chymase is able to generate and active TGF-f1, but
not Ang II in vitro [12].

The functional roles of chymase-induced TGF-f1
expression in the CFs are subsequently analyzed. It is well-
documented that TGF-f1 presents pleiotropic effects and
regulates a diverse range of cellular responses including
proliferation, apoptosis, differentiation, and collagen pro-
duction. Particularly, the effect of TGF-£1 on proliferation
is cell-type dependent [31]. It is interesting to note that
TGF-f1 exerts completely different growth effects on CFs.
Although there are reports suggesting TGF-f1 inhibits
proliferation in CFs [32, 33], extensive evidence supports
that TGF-f1 is able to stimulate CFs proliferation both in
neonatal rat [19-21] and adult human [22]. These dis-
crepant effects of TGF-f1 on cell proliferation may reflect
not only species difference but also the cell state of dif-
ferentiation and specific experimental conditions [34, 35].
Our results demonstrate that the CFs proliferation and
collagen synthesis elicited by chymase are reversed by
TGF-f1 neutralizing antibody, whereas, the AT1 and AT2
blocker do not alter these profibrotic effects in response to
chymase. Accordingly, it can be concluded that TGF-f1 is
responsible for the chymase-mediated increases of CFs
growth and collagen synthesis independently of Ang II.
Our study is similar to the study of Li et al. [21] showing
that superoxide stimulates cell proliferation in neonatal rat
CFs through upregulation of TGF-f1.

The intracellular signaling pathway that regulates chy-
mase-induced profibrotic effects was also assessed in our
in vitro model. In recent years, receptor-regulated Smads
(R-Smads, including Smad2 and Smad3) and inhibitory-
Smad7 (I-Smad7) have been well characterized as key
downstream effectors of TGF-f signaling, and it is clear
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that one of the initial steps of the activation of Smad
pathway is the phosphorylation of R-Smads and Smad7
prevents R-Smads activation, thereby downregulates the
TGF-f3-signaling [24, 25]. Considering the pivotal role of
chymase in the production of TGF-f1, we hypothesized
that chymase might activate Smad signaling. Here, we
observed that P-Smad2/3 in nuclear section was upregu-
lated quickly after treatment with chymase, suggesting that
activation of Smad2/3 might be one of the intracellular
mechanism by which chymase mediated MF. In contrast to
Smad2/3, we detected a weak expression of Smad7 protein
in quiescent CFs, which was not markedly altered in chy-
mase-treated CFs. However, Mori et al. [36] suggest that
endogenous Smad7 is upregulated by TGF-f in normal
skin fibroblasts. In fact, we also observed a slight upreg-
ulation of Smad7 at 3 h after chymase treatment, but the
change was not significant compared to the control. This
might indicate that Smad7 expression in neonatal rat CFs is
very low and is not robustly induced by TGF-$1. More
recently, increasing data provide novel evidence that Smad
proteins are not exclusively activated by the classic TGF-
p-triggered mechanism [25, 37], and there is a cross talk
between Smad and MAPK signaling cascade [25, 38, 39].
Our results manifest that chymase-induced Smad activation
is mediated by TGF-f1, not by MAPK signaling in rat CFs.

In conclusion, the present study provides us a novel
insight into the role of chymase-dependent TGF-f1/Smad
activation in vitro despite the relevance of this interaction
needs verification in vivo in genetic models. In this regard,
defining that production of TGF-f1 associated with Smad2/
3 phosphorylation is essential for chymase-mediated
fibrosis could contribute to the development of therapeutic
strategies.
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