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Abstract. Wound healing is a complex process, with various 
intracellular molecules and cytokines involved. Chymase is 
a chymotrypsin-like serine protease originally found to be 
a mast cell protease. In this study, to further investigate the 
role of chymase in the process of wound healing, the effects 
of chymase on cell proliferation and cytokine activation 
in human skin fibroblasts were determined. To determine 
cell proliferation, MTT assay was employed. The cells were 
harvested and total proteins were extracted and detected by 
western blotting. It was found that in vitro cell treatments with 
chymase led to dose-dependent increases of skin fibroblast 
proliferation. Moreover, the treatment of cells with chymase 
for 6 h induced dose-dependent increases in the expression 
levels of transforming growth factor (TGF)-β1 and interleukin 
(IL)-1β, although higher doses (120 ng/ml for TGF-β1; 60 and 
120 ng/ml for IL-1β) did not facilitate the detected cytokine 
expression. In addition, treatment for longer periods of time 
(12 or 24 h) did not increase TGF-β1 or IL-1β expression. The 
results from our study will strongly facilitate the understanding 
of the roles of chymase in the process of wound healing.

Introduction

Wound healing consists of multiple processes, such as inflam-
mation, proliferation and maturation (1). These molecular 
processes are characterized by certain molecular events involved 
in the participation of particular molecules. Negative effects on 
the wound healing process result in chronic wounds (2). Not 
only is it a challenge to cure chronic wounds, but they also have 
adverse effects on the lives of patients. Furthermore, chronic 
wounds lead to long-term medical costs. Therefore, it is impor-
tant to facilitate a quick wound healing process and prevent the 
development of chronic wounds.

Chymase is a chymotrypsin-like serine protease originally 
found to be a mast cell protease (3). Mast cell chymase is 
involved in the processes of tissue fibrosis, such as liver fibrosis 
(4), cardiac fibrosis (5,6), pulmonary fibrosis (7) and peritoneal 
adhesion formation in hamsters (8,9). It has been reported 
that chymase induces the growth of cultured canine Tenon's 
capsule fibroblasts (10) and mitogenic response in 3T3 fibro-
blasts (11). However, it is unclear whether chymase plays a role 
in wound healing, although a previous report suggested that 
chymase may play a role in burn wound healing in mice (12).

Certain cytokines, such as transforming growth factor 
(TGF)-β1 and interleukin (IL)-1β, play important roles in the 
process of tissue formation (13,14). It has been reported that 
chymase contributes to the release of TGF-β1 in cardiomyop-
athic hamsters (15). In rat cardiac fibroblasts, chymase induces 
profibrotic response via TGF-β1/Smad activation (16). Chymase 
also leads to the activation of paracrine TGF-β1 signaling upon 
stimulation of rat serosal mast cells (17). However, it is unknown 
whether chymase stimulates the expression of TGF-β1 and 
IL-1β in the wound healing process.

In this study, human skin fibroblasts were cultured in vitro 
and treated with chymase at various concentrations. It was 
found that the cell proliferation was significantly increased 
by chymase in a dose-dependent manner. Furthermore, a 6-h 
treatment with 60 ng/ml chymase had a maximum effect on 
the stimulation of TGF-β1 expression. In addition, a 6-h treat-
ment with 30 ng/ml chymase had a maximum effect on the 
stimulation of IL-1β expression.

Materials and methods

Cell culture. Human skin samples were obtained from fresh 
surgical specimens from patients (aged 3-7 years), who under-
went an elective circumcision at the First Affiliated Hospital of 
Xinjiang Medical University in Urumqi, China. Skin samples 
were treated with PBS containing ampicillin and streptomycin 
sulfate. The epidermis and subcutaneous fat were rinsed off 
from the skin samples with PBS. The skin samples in small 
pieces (~1 mm3) were incubated in the culture flasks containing 
DMEM, 200 U/ml collagenase and 300 U/ml haluronidase at 
4˚C overnight.

Cells were treated with PBS containing 0.25% trypsinase 
and 0.02% EDTA at 37˚C, terminated by the addition of FBS, 
and then collected by centrifugation at 1,000 x g for 10 min. 
The collected cells were incubated in 20% FBS (Sigma 
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Chemical Co., St. Louis, MO, USA) at 37˚C for 6-8 h, followed 
by continued culture in DMEM medium containing 10% FBS. 
The medium was changed every 2-3 days. Cell growth and 
morphological developments were observed under an inverted 
microscope. Cells cultured for 3-6 passages were used for 
further study.

MTT assay. To determine cell proliferation, MTT assay was 
employed. Cells in the logarithmic phase were prepared as 
a single-cell suspension for inoculation into 96-well plates. 
Cell density was adjusted to 2.5x104/ml, and 200 ml of the 
suspension was added to each well. Upon cell adherence, 
DMEM containing 10% calf serum was used instead. The 
cells were divided into six groups. Chymase (Sigma Chemical 
Co.) dissolved in DMEM was added to five groups at 7.5, 15, 
30, 60 and 120 ng/ml, respectively, and DMEM alone was 
added to the control group. There were six parallel samples 
for each group. Cells were cultured for another 6, 12 or 24 h 
before analyses. At the end of incubation, 20 ml of 0.5% MTT 
were added to each well, followed by incubation at 37˚C for 
4 h. The supernatants were discarded, and 150 ml of DMSO 
were added into each well. The plates were shaken for 10 min 
to dissolve blue formazan crystals. The growth status and 
morphological changes of the cells were detected under an 
inverted microscope. The absorbance was determined at 
490 nm (optical density value) using a Synergy HT microplate 
reader (Molecular Devices, Sunnyvale, CA, USA).

ELISA. Cells were cultured for 6, 12 and 24 h with chymase 
in different concentrations, respectively. The levels of collagen 
type I in the medium were determined using the ELISA kit 
(BD Biosciences, Franklin Lakes, NJ, USA), according to the 
manufacturer's instructions. Briefly, ELISA plates were coated 
with collagen type I antibody (cat#: sc-8784-R; 1:500; Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and non-specific 
binding sites were blocked with PBS-bovine serum albumin. 
Collagen type  I standards or medium samples were then 
added to the wells (100 ml/well) and incubated for 2 h at room 
temperature. All samples and standards were measured in 
triplicate.

Western blotting. Cells were harvested and total proteins were 
extracted. The proteins were separated with 12% SDS-PAGE 
gels and transferred to PVDF membranes. Western blotting 
was performed according to the manual of the Western Breeze 
Chromogenic Western Blot Immunodetection kit (Invitrogen, 
Carlsbad, CA, USA). Briefly, the PVDF membranes were incu-
bated for 1 h at 4˚C with the primary antibody after blocking 
with block solution. The primary antibodies used in this study 
were human anti-TGF-β1 (cat#: sc-146; 1:500; Santa Cruz 
Biotechnology), human anti-IL-1β (cat#: sc-7884; 1:500; Santa 
Cruz Biotechnology) and human anti-GAPDH (cat#: sc-25778; 
1:500; Santa Cruz Biotechnology). After incubation with the 
primary antibody, the membranes were probed with the appro-
priate alkaline phosphatase-conjugated secondary antibody 
(anti-mouse or anti-rabbit; 1:20,000; Invitrogen), and then incu-
bated with BCIP/NBT substrate for alkaline phosphatase until 
the appearance of a purple band. The efficiency of the transfer 
was confirmed by staining the membrane with Ponceau S. The 
relative intensity of the immunoreactive bands was quantified 

using a computer-assisted densitometry program (BioRad Tech, 
Hercules, CA, USA).

Statistical analyses. The results are expressed as the means ± 
standard deviation (SD). Analysis of variance and Dunnett's 
t-test were performed to evaluate the differences between 
groups, using SPSS10.0 software. Statistical differences were 
considered to be significant when the p-value was <0.05.

Results

Chymase facilitates the proliferation of skin fibroblasts. To 
investigate whether chymase affects the proliferation of human 
skin fibroblasts, cells were treated with chymase at various 
concentrations (0, 7.5, 15, 30, 60 and 120 ng/ml). The morpho-
logical changes of the cells treated with or without chymase for 
6, 12 or 24 h were observed under an inverted microscope. It 
was found that the untreated human skin fibroblasts exhibited 
long, bipolar shapes, but grew slowly during the time course 
from 6 to 24 h (Fig. 1A). However, when the cells were treated 
with gradually increasing concentrations (7.5, 15, 30, 60 and 
120 ng/ml) of chymase for different times (6, 12 or 24 h), it 
was observed that the cells proliferated more rapidly and that 
the intercellular space decreased at a faster rate compared to 
the untreated cells. All of these results suggest that treatments 
with chymase significantly stimulate the proliferation of skin 
fibroblasts.

To quantify the effects of chymase on skin fibroblasts 
in vitro, MTT assays were performed. As shown in Fig. 1B, 
MTT assay results indicated that, compared to the untreated 
cells (0 ng/ml chymase), the proliferation of the cells treated 
with chymase (7.5, 15, 30, 60 and 120 ng/ml) was significantly 
increased at all of the detected time-points (6, 12 or 24 h) 
(p<0.01). Furthermore, the cell proliferation was increased 
in a dose-dependent manner. All of these experiments were 
repeated three times with similar results.

Chymase increases the expression of TGF-β1 and IL-1β in 
skin fibroblasts. The experiments shown above suggest that 
chymase facilitates the proliferation of skin fibroblasts. It is 
known that the regulation of cell proliferation is often tightly 
correlated with changes in the levels of cytokines. To detect 
whether chymase affects the levels of cytokines in the treated 
cells, total proteins of cells treated with or without chymase for 
6, 12 or 24 h were harvested. Western blotting was performed 
to determine TGF-β1 and IL-1β levels, using GAPDH as the 
loading control (Fig. 2A). The band densities were measured 
and the density ratios of TGF-β1 to GAPDH and those of IL-1β 
to GAPDH from three repeated experiments are presented in 
Fig. 2B and C, respectively.

As shown in Fig. 2A and B, detection at 6 h post-treatment 
indicated that, compared to the untreated cells, the expression 
of TGF-β1 was up-regulated in the cells treated with chymase 
(7.5, 15, 30 and 60  ng/ml) in a dose-dependent manner 
(p<0.01). Higher doses (120 ng/ml) or treatment for longer 
periods of time (12 or 24 h) did not enhance the up-regulation. 
Therefore, these results suggest that the expression of TGF-β1 
is up-regulated in cells treated with chymase for 6 h in a dose-
dependent manner when the dose level is <60 ng/ml. A dose 
>60 ng/ml does not increase the up-regulation.
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As shown in Fig. 2A and C, detection at 6 h post-treatment 
indicated that, compared to the untreated cells, the expression 
of IL-1β was increased in the cells treated with chymase (7.5, 
15 and 30 ng/ml) in a dose-dependent manner (p<0.01). Higher 
doses (60 and 120 ng/ml) or treatment for longer periods of 
time (12 or 24 h) did not increase IL-1β expression effectively. 
These results suggested that a 6-h treatment with 30 ng/ml 
chymase had a maximum effect on the stimulation of IL-1β 
expression.

Effect on the collagen synthesis of skin fibroblasts. Previous 
studies have reported that mast cell chymase activates the 
expression of matrix metalloproteinases (MMP)2 and MMP9, 
and therefore facilitates the degradation of the extracellular 
matrix (18). However, its effect on type I collagen secreted by 
skin fibroblasts remains unclear. To determine the effect of 
chymase treatment on the levels of collagen type I in cultured 
skin fibroblasts, skin fibroblasts were treated with chymase 
at various concentrations and collagen levels were analyzed 
by ELISA. The ELISA results indicated that the expression 
levels of collagen type I were similar at all the concentrations 
of chymase for 6, 12 and 24 h (p>0.05) (Fig. 3), suggesting that 
chymase does not significantly affect the levels of collagen 
type I in cultured skin fibroblasts.

Discussion

Skin fibroblasts are the main cell type involved in the process 
of human wound healing (19). Although it is known that 
chymase simulates the proliferation of rat cardiac fibroblasts 
(12), it is not clear whether chymase plays a role in human skin 
fibroblasts. In this study, the effects of chymase on skin fibro-
blasts in vitro were investigated. It was found that in vitro cell 

treatments with chymase led to a dose-dependent increase in 
skin fibroblast proliferation (20). Moreover, it was found that 
cell treatments with chymase for 6 h induced dose-dependent 
increases in the expressions of TGF-β1 and IL-1β, although 
higher doses (120 ng/ml for TGF-β1; 60 and 120 ng/ml for 
IL-1β) did not further enhance the up-regulation of cytokine 
expression. In addition, treatment for longer periods of time 
(12 or 24 h) did not increase TGF-β1 or IL-1β expression. Our 
results will strongly facilitate the understanding of the roles of 
chymase in the process of wound healing.

In the present study, we found that chymase significantly 
increased the expression of TGF-β1 and IL-1β in skin fibro-

Figure 1. Chymase facilitates fibroblast proliferation. (A) Fibroblasts were 
treated with chymase at various concentrations (0, 7.5, 15, 30, 60 and 120 ng/
ml). Cells were observed under an inverted microscope at three different time-
points (6, 12 and 24 h) (magnification, x400). (B) The effects of chymase on 
fibroblast proliferation were measured by MTT assay. Cells were treated with 
chymase (0, 7.5, 15, 30, 60 and 120 ng/ml) for 6, 12 or 24 h. Cell proliferation 
was detected by MTT assay. Data represent the means ± SD (*p<0.05).

Figure 2. Chymase affects the expression of TGF-β1 and IL-1β proteins in cul-
tured skin fibroblasts. (A) Western blots showing the levels of TGF-β1, IL-1β 
and GAPDH in human skin fibroblasts treated with various concentrations of 
chymase (0, 7.5, 15, 30, 60 and 120 ng/ml) for 6, 12 or 24 h. (B) Expression of 
TGF-β1 in comparison to GAPDH expression (*p<0.01). All data are presented 
as the means ± SD. (C) Expression of IL-1β in comparison to GAPDH expres-
sion (*p<0.01). All data are presented as the means ± SD.

Figure 3. Expression of collagen type I in cultured skin fibroblasts treated with 
chymase. No significant effect was observed in the groups treated with various 
concentrations of chymase (0, 7.5, 15, 30, 60 and 120 ng/ml) for 6, 12 and 24 h 
(p>0.05).
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blasts. However, when the cells were treated with chymase at 
higher concentrations (120 ng/ml for TGF-β1; 60 and 120 ng/
ml for IL-1β), the stimulatory effects of cytokine expression 
by chymase were slightly decreased. This is possibly due to 
the fact that cytokines are regulated only to a limited extent.

It was previously reported that chymase may contribute 
to wound healing in mice (12,21). We found that in vitro cell 
treatments with chymase led to a dose-dependent increase 
in skin fibroblast proliferation. Furthermore, cell treatments 
with chymase for 6 h induced dose-dependent increases in the 
expressions of TGF-β1 and IL-1β. These in vitro data provide 
the necessary basis for further studies on how to positively 
regulate the wound healing process by controlling the concen-
tration of chymase in vivo.
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