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Abstract: This study was to examine whether mast cell chymase exists in human keloids and exerts its profibrotic ef-
fect via transforming growth factor-3,/Smad signaling pathway. The number of mast cells and the expression levels
of chymase in keloids and normal skin were examined by immunohistochemistry assays. The mRNA expression and
activity changes of chymase in keloids and normal skin were determined by real-time quantitative PCR and radioim-
munoassay. After keloid fibroblasts were treated with different concentrations of chymase (0, 15, 30, 60, and 120
ng/mL) for various time periods, the proliferation of keloid fibroblasts, collagen synthesis, mRNA and protein expres-
sion of TGF-B,, and the protein expression of phosphorylated Smad2/3, Smad2/3 and Smad7 were investigated
using MTT assay, ELISA and Western blotting. Mast cells and chymase exist in keloid. Gene expression and activity
of mast cell chymase in keloid are significantly higher than those in normal skin. Chymase promotes keloid fibroblast
proliferation and collagen synthesis by activating TGF-B,. The activation of Smad protein signaling pathway by chy-
mase is related to the elevated P-Smad protein expression in keloid fibroblasts. Our data demonstrated that mast

cell chymase plays an important role in keloid formation through TGF-B,/Smad signaling pathway.
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Introduction

Keloid is a kind of benign tumor specific for
human skin, without potential characteristics
for becoming malignant. It cannot regress auto-
matically or grow outside of its original wound
edge, but can affect appearance or cause
organ deformity and dysfunction. One of the
key characteristics of keloid is abnormal eleva-
tion of fibroblast activities, which cause a great
amount of connective tissue proliferation and
hyaline degeneration and hence, leading to the
overgrowth of keloid. However, the mechanism
is still unclear.

Studies indicated that transforming growth fac-
tor (TGF)-B,/Smad signaling pathway is playing
an important role during the formation of keloid
[1] and the inhibition of TGF-B,-Smad signaling
pathway markedly reduces the formation of

keloid [2]. TGF-B, is one of the most important
cytokines that promote the proliferation of fibro-
blast and induce the production of extracellular
matrix. TGF-B, and TGF-B,/Smad signaling path-
way are involved in the occurrence and develop-
ment of several fibrotic diseases in liver [3], the
lungs, and skin [2, 4], etc. Smad proteins are
downstream signaling molecules of TGF-(3 that
mediate the intracellular signaling transduction
of TGF-B. Smad protein is a family of signaling
protein that participates in the intracellular
signal transduction of TGF-B superfamily [5]
and is the only known substrate for TGF-BR
cytoplasmic kinase [6]. Smad family proteins
can be classified into receptor-activated Smad
(R-Smad: Smadi, 2, 3, 5 and 8), common medi-
ator Smad (Co-Smad: Smad4) and inhibitory
Smad (I-Smad: Smad6 and 7) [7]. After TGF-B
binds to its receptors as a ligand, Smad2 and
Smad3 are activated to form a trimer with
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Table 1. Sources of human keloid and normal

skin tissues
. Age Site of  Famil Medical
Patients (yeirs) biopsy historil/ history
KFs 25 F Chest 12 months
33 F Ear + 10 months
23 F Ear 25 months
28 F Chest + 9 months
22 F Neck 10 months
NFs 20 F  Abdomen 2 years
25 F  Abdomen 1 year
27 M Crus - 3 years
40 F  Forearm 6 months
24 F  Forearm 8 months

Note: Keloid in chest and ear. Keloid is prone to occur in
earlobe, shoulder, chest and neck. In this study, most of the
keloid samples were obtained from earlobe and chest by
piercing.

Smad4 and the trimer is dislocated into the
nucleus to regulate the transcription of target
genes [8]. Inhibitory Smad6 and Smad7 can
bind tightly to the activated TGF-B-I receptor to
prevent R-Smad from phosphorylation. In addi-
tion, Smad6 can inhibit signal transduction by
inhibiting the binding of Smad4 and R-Smad
[9]. As a result, the biological effects of TGF-3
under physiological and pathological conditions
are achieved by the precise cooperation among
the various types of Smad proteins in the
TGF-B/Smad signaling pathway.

Chymase is a kind of serine protease that exists
in the secretory granules of mast cells. The
release and activation of chymase promote the
activation of TGF-B, by extremes of pH and by
plasmin [10]. Taipale et al. [11] showed that
chymase in human epithelial and endothelial
cells facilitated the release of TGF-B, from the
protein where it bound to. After human fibro-
blasts were cultured with mast cell chymase,
the concentration of TGF-B, increased signifi-
cantly, but the increased TGF-B, can be inhibit-
ed by chymase inhibitors. In addition, anti-
TGF-B, neutralizing antibodies completely in-
hibited the proliferation of fibroblasts induced
by chymase, indicating that chymase induced
cell proliferation by the activation of TGF-B,
[12]. TGF-B, is involved in several fibrotic dis-
eases and chymase-dependent activation of
TGF-B, facilitates the development of fibrotic
diseases [2-4].
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The present study is to determine whether
mast cell chymase exists in keloid and to inves-
tigate its function in TGF-B,/Smad signaling
pathway.

Materials and methods
Tissue sample collection

Fresh keloid and normal skin samples were
obtained from 5 healthy subjects with keloid
and another 5 healthy subjects that needed
reconstruction of body surface defects. All the
subjects were patients of the Department of
Burns and Plastic Surgery of The First Affiliated
Hospital of Xinjiang Medical University. This
study was approved by Ethics Committee of
Xinjiang Medical University and the informed
consent forms were signed by all the subjects.
The sources of human keloid and normal skin
tissues are listed in Table 1.

Immunohistochemical staining of mast cells
and mast cell chymase

The immunohistochemical staining of mast
cells and mast cell chymase was performed
with rabbit anti-human CD117 (C-Kit) polyclonal
antibody and mouse anti-chymase polyclonal
antibody as the primary antibodies (both anti-
bodies were purchased from Gene Company
Ltd.). The expression of CD117 and chymase
was determined by testing CD117 and chymase
antibodies in keloid and normal skin using
EnVision+ [13], in which the primary antibody is
diluted 1:500, and the secondary antibody is
anti-rabbit EnVision+ antibody. Brown staining
of cell membrane and cytoplasm under the
microscope is considered as positive staining.
The negative control is performed with phos-
phate-buffered saline (PBS) in place of primary
antibodies.

Real-time quantitative PCR analysis of mast
cell chymase in keloid and normal skin

For the analysis of human keloid and skin mast
cell chymase gene expression, we synthesized
specific primer pairs and evaluated the levels of
MRNA by real-time quantitative reverse tran-
scription PCR procedure. The human mast cell
chymase primers used in this study are: for-
ward, 5-CTG AGA GGA TGC TTC TTC CTG C-3,
and reverse, 5-AGA TCT TAT TGA TCC AGG GCC
G-3'. GAPDH primers are: forward, 5-AAC TCC
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ATC ATG AAG TGT GA-3’, and reverse, 5-ACT
CCT GCT TGC TGA TCC AC-3'. Total RNA was
extracted using Trizol reagent, treated with
chloroform/isopropyl alcohol/75% ethyl alco-
hol, and then stored in electrical refrigerators
at -80°C. For reverse transcription, 1.5 pg of
total RNA from each RNA preparation was
added to 20 uL of reaction mixture containing 1
uL oligo (dT) primer, 1 pL reverse transcriptase
and 4 uL buffer. The reaction mixture was incu-
bated at 37°C for 1 hour before being termi-
nated by heating at 85°C for 5 minutes. Then, 5
uL of the reaction solution was used for amplifi-
cation in 20 L real-time PCR reaction mixture
containing 10 yL SYBR Premix Ex Taq, 0.25 pL
target primer/0.25 yL B-actin primer, and 4.5
pL ddH,O (Takara Biotechnology (Dalian) CO.
LTD., China). PCR was performed using Thermal
Cycler Dice Real Time System (Bio-Rad, USA).
Cycling conditions of chymase were 95°C for 3
minutes, 35 cycles at 95°C for 45 seconds,
55°C for 45 seconds and 72°C for 45 seconds
with a final elongation at 72°C for 5 minutes.
Cycling conditions of B-actin were 95°C for 4
minutes, 35 cycles at 95°C for 30 seconds,
60°C for 30 seconds and 72°C for 2 minutes
with a final elongation at 72°C for 7 minutes.
The specificity of the PCR product was exam-
ined by dissociation curve analysis, and the
relative quantification of gene expression was
normalized to GAPDH that served as internal
standard.

Radioimmunoassay

Chymase activities in keloid and normal skin
tissues were determined by radioimmunoassay
[14]. The tissue samples (0.1 g) were rinsed
with saline before being cut into small pieces.
The tissues were then homogenized in liquid
nitrogen, put into 10 mL cooled sodium dihy-
drogen phosphate (50 mmol/L, pH 7.4) and
centrifuged at 4°C at 9,000 rpm. Supernatant
was discarded and the deposit was put into 10
mL cooled sodium dihydrogen phosphate (50
mmol/L, pH 7.4). Buffer solution was centri-
fuged at 4°C at 30,000 rpm after ultrasound
homogenization, and the supernatant contain-
ing chymase was collected. The above proce-
dure was repeated for three times. Sub-
sequently, each tissue suspension was divided
into three groups (500 uL/group). Ang | (6 ng)
was added into each group, lisinopril (ACE
inhibitor, 50 ymol/L) was added into group 2
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and aprotinin (20 umol/L) was added in group
3. The three groups were incubated at 37°C for
10 minutes and the reaction was terminated by
adding 1.5 mL 4°C ethanol. The amount of Ang
Il 'in each group was determined using radioim-
munoassay according to the manufacturer’s
instructions (Beijing North Institute of Bio-
technology, China). After the reaction, the enzy-
matic activities were calculated based on the
increase of Ang Il. The enzymatic activity in the
reaction without any inhibitor was total activity,
whereas the activity inhibited by lisinopril was
considered to be ACE activity and the residual
activity after inhibition by aprotinin was consid-
ered to be chymase activity. The amount of
enzymes required for producing 1 nmol Angll
per minute was defined as unit (U). Chymase
activity was expressed as U/mg.

Keloid cell culture

Keloid samples were treated with PBS contain-
ing ampicillin and streptomycin sulfate. The epi-
dermis and subcutaneous fat were rinsed off
from the keloid samples with PBS. The small
pieces of keloid samples (about 1 mm?3) were
incubated in the culture flasks containing
DMEM, 200 U/ml collagenase and 300 U/ml
hyaluronidase 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 centrifu-
gation at 1,000 g for 10 min. The collected cells
were incubated in 20% FBS (Sigma Chemical
Co., St. Louis, MO, USA) at 37°C for 6-8 h, fol-
lowed 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 invert-
ed microscope. Cells cultured for 3-6 passages
were used for further studies.

Cell proliferation assay

Cells in the logarithmic phase were prepared as
single-cell suspension for inoculation into
96-well plates. Cell density was adjusted to
3x10%/mL, and 200 mL of the suspension was
added to each well. Upon cell adherence,
DMEM containing 10% FBS was used instead.
The cells were divided into five groups. Chymase
(cat#: C8118, Sigma Chemicals Co., Ltd., USA)
dissolved in DMEM was added to five groups at
0, 15, 30, 60 and 120 ng/mL, respectively.
DMEM alone was added to the control group.
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There were six parallel samples for each group.
Cells were cultured for another 24, 48, 72 and
96 h before analyses. At the end of incubation,
20 pL of 0.5% 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were added
to each well, followed by incubation at 37°C for
4 h. The supernatant was discarded, and 150
puL of DMSO were added into each well. The
plates were shaken for 10 min to dissolve blue
formazan crystals. The growth status and mor-
phological 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
(Thermo Fisher Scientific, USA).

ELISA assay for type I collagen expression

Cells were cultured for 6, 12 and 24 h with chy-
mase in different concentrations. The levels of
type | collagen in the medium was determined
using ELISA kit according to the manufacturer’s
instructions (USCN, China). Briefly, ELISA plates
were coated with type | collagen antibody
(1:500; cat#: sc-8784-R, Santa Cruz Biote-
chnology, USA), and the non-specific binding
sites were blocked with PBS-bovine serum
albumin. Type | collagen standards or medium
samples were then added to the wells (100 uL/
well) and incubated for 2 h at room tempera-
ture. All samples and standards were measured
in triplicate.

RNA isolation and real-time quantitative PCR

The expression of TGF-B, and type | collagen
mRNA was determined by real-time quantita-
tive PCR. At the end of the incubation, total RNA
was extracted following the established meth-
od using Trizol reagent (Invitrogen, USA).
Complementary DNA was synthesized from 2
pg of total RNA with AMV reverse transcriptase
kit (Promega, USA) according to the manufac-
turer’s instructions. Real-time quantitative PCR
amplification was carried out on an 1Q5 real-
time PCR system (Bio-Rad, USA) using a SYBR
Premix Ex Taq kit (TAKARA BIOTECHNOLOGY
(DALIAN) CO., LTD., China) following the manu-
facturer’s instructions. Briefly, all real-time PCR
reactions were performed in a total reaction
volume of 20 ul. The experiment protocol con-
sists of 1 cycle of initial denaturation for 30 s at
95°C, 40 cycles of amplification for 5 s at 95°C,
30 s at 55°C and 60 s at 72°C, followed by
melting curve analysis in which the tempera-
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ture was increased from 65 to 95°C at 0.5°C
increments. Relative gene expression was cal-
culated using the 222€T method with initial nor-
malization of TGF-B, and type | collagen against
GAPDH. The sequences of the specific primers
were as follows: TGF-B, (158 bp), 5-ACA CCA
ACT ATT GCT TCA G-3’ (sense) and 5-TGT CCA
GGC TCC AAA TG-3’ (antisense); COL1A1 (147
bp), 5-CCC GGG TTT CAG AGA GAC AAC TTC-3
(sense) and 5-TCC ACA TGC TTT ATT CCA GCA
ATC-3’ (antisense); ANG (197 bp), 5'-CAA GGT
GGA GGG TCT CAC-3’ (sense) and 5-CTG ATG
CGG TCA TTG CTC-3’ (antisense); GAPDH (137
bp), 5-GCA CCG TCAAGG CTG AGAAC-3’ (sense)
and 5-TGG TGA AGA CGC CAG TGGA-3’ (anti-
sense). In all cases, each PCR trial was per-
formed with triplicate samples and repeated for
least three times.

Protein extraction and assay

Cells seeded on 6-well plates at a density of
5x10% cells/well were untreated or treated with
different reagents for indicated periods. At the
end of the incubation, cells were rinsed with ice
cold PBS and lysed in 500 L radioimmunopre-
cipitation (RIPA) buffer (BioTeke Corporation,
China) in the presence of protease inhibitor
cocktail (1 ug/mL phosphatase inhibitors, and
1 mM phenylmethanesulfonyl fluoride) for 30
min on ice. Total lysates were centrifuged
(12,000 g, 4°C, 10 min) to pellet cell debris.
The supernatant fraction was stored at -80°C
and used for the protein determination of TGF-
B, P-Smad2/3, Smad2/3, Smad7 and GAPDH.
Protein concentrations were determined with
BCA protein assay kit (BioTeke Corporation,
China).

Western blotting analysis

Prestained low molecular weight marker and
30 pg protein samples were subject to 12%
SDS-PAGE. Separated protein was transferred
onto polyvinylidene fluoride membranes that
were blocked in TBS-T (10 mM Tris [pH 7.6],
150 mM NaCl, and 0.1% Tween-20) containing
5% skim milk powder for 1 h at room tempera-
ture, followed by incubation with primary anti-
bodies TGF-B, (1:300, cat#: sc-146, Santa Cruz
Biotechnology, USA), P-Smad2/3 (phosphory-
lated Smad2/3, 1:1000, cat#: 8828s, Cell
Signaling Technology, USA), Smad2/3 (1:300,
cat#: sc-8332, Santa Cruz Biotechnology, USA),
Smad7 (1:300, cat#: sc-11392, Santa Cruz
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Figure 1. Staining of the mast cells. A and B: Mast cell anti-CD117 antibody staining. Mast cell membrane staining
is brown. A: Keloid, 400x, bar = 50 uym; B: Normal skin, 400x%, bar = 50 uym. C and D: Mast cell chymase staining.
Cytoplasm staining is brown. 400x, bar = 50 pym. A: Keloid, showing strong positive expression, 400x, bar = 50 ym;
B: Normal skin, 400x, bar = 50 pm.
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Figure 2. A: Quantitative analysis of chymase mRNA levels between keloid and normal skin. Real-time quantitative
PCR data are expressed as means + SD (n = 10). Asterisks indicate values that are significantly different from those
for normal skin (P < 0.05). B: Chymase activity in keloid and normal skin tissues as determined by radioimmunoas-
say. Data are expressed as means + SD (n = 10).

Biotechnology, USA), GAPDH (1:300, cat#: TBS-T, and incubated with alkaline phospha-
sc-25778, Santa Cruz Biotechnology, USA) tase conjugated secondary antibodies (1:1000,
overnight at 4°C. The blots were rinsed with cat#: 77054s, Cell Signaling Technology, USA)
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Figure 3. The effects of chymase on keloid fibroblast
proliferation. Cells were treated with chymase (0, 15,
30, 60 and 120 ng/ml) for 24, 48, 72 or 96 h. Cell
proliferation was determined by MTT assay. Data are
means + SD. Asterisks indicate significant differenc-
es (P < 0.05).

for 2 h at room temperature. Bands on Western
blots were visualized by BCIP/NBT kit (Life tech-
nologies, USA) according to the manufacturer’s
protocol. Optical densities of the bands were
scanned and quantified with image analysis
software, Quantity One (Bio-Rad, USA).

Statistical analysis

The data are presented as means + SD.
Statistical differences between groups were
assessed by one-way ANOVA, followed by LSD
post hoc test. Differences were considered sta-
tistically significant when P < 0.05.

Results
Mast cells and chymase exist in keloid

To test whether mast cell and mast cell chy-
mase exist in keloid, immunohistochemical
staining was performed. Our results showed
that the number of mast cells whose mem-
brane was stained into brown in keloid and the
brown granules that represented mast cell chy-
mase in the cytoplasm of keloid were both
more than those of normal skin tissues (Figure
1). This observation suggested that mast cell
and chymase existed in keloid and that mast
cells in keloid degranulated to release chymase
to exert effects.

Gene expression and activity of mast cell
chymase in keloid are significantly higher than
those in normal skin

To measure the expression and activities of
mast cell chymase in keloid, real-time quantita-
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tive PCR and radioimmunoassay were used.
The data demonstrated that the gene expres-
sion and activity of mast cell chymase in keloid
were significantly higher than those in normal
skin (P < 0.05) (Figure 2). The changes of the
number and activities of mast cells are impor-
tant in the abnormal healing process of the
wounded skin [15], in which chymase released
by mast cell activation and degranulation might
play some roles.

Fibroblast proliferation in keloid exhibits differ-
ent response to mast cell chymase compared
with that in normal skin

To determine cell proliferation, MTT assay was
employed. Data indicated that keloid fibroblast
proliferation was significantly increased after
being treated with 15 and 30 ng/mL mast cell
chymase compared with the control group (P <
0.01), and showed a time-dependent manner.
However, keloid fibroblast proliferation was
decreased as the increase of chymase concen-
tration (Figure 3). By contrast, previous reports
[16] showed that the fibroblast proliferation of
normal skin had concentration and time depen-
dent manners to the treatment of mast cell chy-
mase. This suggested that fibroblast prolifera-
tion in keloid had different response to mast
cell chymase compared with that in normal
skin.

Mast cell chymase promotes the production of
type | collagen, but the production decreases
after longer time of treatment

To test the expression of type | collagen, ELISA
assay was employed. The gene expression of
type | collagen in the groups treated with differ-
ent concentrations of mast cell chymase for 12
hours, was significantly higher than that in the
control group (P < 0.05). In the treatment
groups of 15 ng/mL and 120 ng/mL chymase,
the highest mRNA expression of type | collagen
appeared after 6 and 24 hours, respectively.
After being treated with different concentra-
tions of chymase for 6 hours, the concentration
of type | collagen produced by keloid fibroblasts
in the treatment group of 120 ng/mL was high-
er than that in the control group, whereas that
of other treatment groups were lower than that
in the control group. The concentration of type |
collagen in all groups were higher than that in
the control group after treatment for 12 hours
(P < 0.05), but were lower than that in the con-
trol group after treatment for 24 hours (Figure

Int J Clin Exp Pathol 2014:7(7):3596-3607
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Figure 4. A: The effects of chymase (0, 15, 30, 60 and 120 ng/ml) on type | collagen mRNA expression in keloid
fibroblasts. Data are means + SD. Asterisks indicate significant differences (P < 0.05). B: The effects of chymase
(0, 15, 30, 60 and 120 ng/ml) on type | collagen protein expression in keloid fibroblasts. Data are means + SD.
Asterisks indicate significant differences (P < 0.05).
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Figure 5. A: The effects of chymase (0, 15, 30, 60 and 120 ng/ml) on TGF-3, mRNA expression in keloid fibroblasts.
Data are means * SD. Asterisks indicate significant differences (P < 0.05). B: The effects of chymase (0, 15, 30, 60
and 120 ng/ml) on TGF-Bi protein expression in keloid fibroblasts. Data are means + SD. Asterisks indicate signifi-

cant differences (P < 0.05).

4). Our data suggested that mast cell chymase
promoted the production of type | collagen, but
the production decreased after longer time of
treatment.

TGF-B, expression in keloid fibroblasts is af-
fected by different concentrations of mast cell
chymase and different lengths of treatment
time

To examine the mMRNA and protein expression
of TGF-B,, realtime quantitative PCR and
Western blotting assays were used. After 24
hours of treatment with different concentra-
tions of mast cell chymase, the mRNA expres-
sion of TGF-B, in keloid fibroblasts was signifi-
cantly higher than the control group (P < 0.05)
with the 15 ng/mL group being the highest. By
contrast, the mRNA expression of TGF-B, after
6 and 12 hours of treatment with different con-
centrations of chymase was lower than the con-
trol group. These data indicated that the mRNA
expression of TGF-B, was significantly promot-
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ed by longer time of mast cell chymase treat-
ment. Western blotting analysis showed that
TGF-B, protein expression in keloid fibroblasts
being treated with 60 and 120 ng/mL chymase
was significantly higher than that in the control
group (P < 0.05) for the time points of 6, 12 and
24 hours, with the effect at 12 hour time point
being the most significant. By contrast, TGF-B,
protein expression in keloid fibroblasts being
treated with 15 and 30 ng/mL chymase was
lower than that in the control group (Figure 5).
These data suggested treatment with 60 and
120 ng/mL mast cell chymase promoted TGF-
B, protein expression in keloid fibroblasts.

Mast cell chymase upregulates Smad proteins
in keloid fibroblasts

To understand the effect of Smad proteins on
the TGF-B, expression and collagen synthesis
in keloid fibroblasts induced by mast cell chy-
mase, we investigated the protein expression
of phorphorylated Smad2/3 (P-Smad2/3) and

Int J Clin Exp Pathol 2014;7(7):3596-3607
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Figure 6. A: The effects of chymase (0, 15, 30, 60 and 120 ng/ml) on P-Smad2/3 protein expression in keloid fi-
broblasts. Data are means + SD. Asterisks indicate significant differences (P < 0.05). B: The effects of chymase (O,
15, 30, 60 and 120 ng/ml) on Smad2/3 protein expression in keloid fibroblasts. Data are means + SD. Asterisks
indicate significant differences (P < 0.05). C: The effects of chymase (0, 15, 30, 60 and 120 ng/ml) on Smad7
protein expression in keloid fibroblasts. Data are means + SD. Asterisks indicate significant differences (P < 0.05).

cytoplasmic Smad2/3 and Smad7 by Western
blotting. Western blotting analysis indicated
that, after being treated with 60 and 120 ng/
mL mast cell chymase for 6, 12 and 24 hours,
the levels of P-Smad2/3 in keloid fibroblasts
increased over treatment time and were all
higher than that of the control group (P < 0.05)
(Figures 6A and 7). By contrast, the levels of
P-Smad2/3 in keloid fibroblasts treated with
15 and 30 ng/mL mast cell chymase for 6, 12
and 24 hours were all lower than the control
group. After being treated with 60 and 120 ng/
mL mast cell chymase for 6, 12 and 24 hours,
the protein expression of Smad2/3 in keloid
fibroblasts were significantly increased com-
pared with the control group (P < 0.05). For the
treatment with 60 ng/mL chymase, Smad2/3
protein expression reached the peak after 24
hours; for the treatment with 120 ng/mL chy-
mase, Smad2/3 protein expression reached
the peak after 12 hours (Figures 6B and 7). For
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the treatment with 60 ng/mL chymase, Smad7
protein expression in keloid fibroblasts reached
the highest point after 6 hours and the lowest
point after 12 hours; for the treatment with
120 ng/mL chymase, Smad7 protein expres-
sion reached the peak after 12 hours. For both
60 and 120 ng/mL treatment groups, Smad7
protein expression was higher than the control
group after 24 hours (Figures 6C and 7). These
data suggested that 60 and 120 ng/mL mast
cell chymase upregulated proteins related to
Smad signal transduction in keloid fibroblasts.

Discussion

Keloid is a kind of chronic inflammatory fibrotic
disease with distinct histological features such
as abnormal increase of extracellular matrix,
inflammatory cell (e.g. mast cells) infiltration,
and aggregation of a large amount of cytokines
[17]. The inflammatory part of keloid is usually
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Figure 7. Western blots showing the levels of TGF-,, P-Smad2/3, Smad2/3, Smad7 and GAPDH in human keloid
fibroblasts treated with various concentrations of chymase (0, 60 and 120 ng/ml) for 6, 12 or 24 h.

red in color, with accompanied inflammatory
cells including mast cells and macrophages
[18]. Mast cells are considered to be the main
cells participating in the allergic skin inflamma-
tion [19], and their quantity and quality change
during abnormal skin wound healing, indicating
that mast cells play an important role in patho-
logical keloid formation [20]. After the activa-
tion of mast cells by degranulation, several
kinds of histamine, heparin and enzymes are
secreted [21]. Among the enzymes, chymase is
closely related to the fibrosis of tissues.
Chymase was first found in mast cells, but was
also found in human heart and vein tissues
later [22]. The most important function of chy-
mase is to regulate the production of Angll. In
addition, chymase promotes fibroblast prolifer-
ation in cardiac muscle and skin [23, 24], facili-
tates the release of TGF-B, that was bound to
extracellular matrix [25], degradates collagen,
and participates in inflammatory responses
[26]. Mast cell chymase exists in liver phospho-
lipids proteoglycan macromolecular complex-
es. Chymase in mast cells is usually very stable,
but can be released upon stimulation of mast
cells and hence, playing a central role in the
pathophysiological status of the cardiovascular
system [27] and an important role in the fibrotic
development of the lungs and cardiac muscles
[28].

It was reported that the proliferation ability,
anti-apoptotic ability and collagen synthesis
ability of keloid fibroblasts were higher than
that of normal skin fibroblasts, and that 15%
genes in keloid fibroblasts were upregulated
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[29, 30]. This suggests that the abnormality of
keloid fibroblasts is the main reason for keloid
proliferation and that keloid fibroblasts are dis-
tinct from normal skin fibroblasts [31]. Previous
studies indicated that mast cell chymase facili-
tated the proliferation of normal skin fibroblasts
in time and dose-dependent manners but had
no obvious effect on collagen synthesis [16].
Our study showed that 15 and 30 ng/mL mast
cell chymase promoted keloid fibroblast prolif-
eration, with 15 ng/mL chymase being the
most significant. However, 60 and 120 ng/mL
mast cell chymase showed no significant effect
on the proliferation of keloid fibroblasts.
Collagen synthesis in keloid fibroblasts was sig-
nificantly increased compared with the control
group after being treated with different concen-
trations of chymase for 12 hours, but was
decreased after 24 hours of treatment. This
result concurs with previous reports that keloid
fibroblasts are distinct from normal skin
fibroblasts.

TGF-B,, a molecule closely related to the depo-
sition of extracellular matrix and fibrotic diseas-
es, is a key factor in wound healing and keloid
formation [32, 33]. Our study showed that,
after being treated with different concentra-
tions of mast cell chymase, gene expression of
TGF-B, in keloid fibroblast was elevated over
time, with the effect with 15 ng/mL chymase
being the most significant. In addition, TGF-B,
protein expression in keloid fibroblasts treated
with 60 and 120 ng/mL mast cell chymase was
significantly higher than the control (P < 0.05)
with the expression after 12 hour treatment
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being the highest. Mast cell chymase promoted
the production of type | collagen but the pro-
duction was reduced after being treated for a
longer time. This might be caused by the degra-
dation of extracellular matrix by chymase [34].
Thus, our study indicates that mast cell chy-
mase promotes the production of TGF-B, that
facilitates keloid fibroblast proliferation and
collagen synthesis.

In cultured fibroblasts, chymase facilitates the
release of TGF-B, from the proteins it binds to.
In the skin fibroblasts, chymase significantly
increases fibroblast proliferation, which can be
inhibited by chymase inhibitors, but cannot be
inhibited by angiotensin Il receptor blockers
[25]. Chymase promotes protein expression of
TGF-B, in fibroblasts, but the increased TGF-B,
can be inhibited by chymase inhibitor Suc-Val-
Pro-Phe® (OPH),. In addition, anti-TGF-3, neu-
tralizing antibody totally inhibits proliferation
induced by chymase, indicating that chymase
induces cell proliferation through the activation
of TGF-B,. Previous studies showed that chy-
mase (< 60 ng/mL) promotes the expression of
TGF-B, in normal skin fibroblasts in a dose
dependent manner [16].

The present study also showed that mast cell
chymase significantly increased the protein
expression of P-Smad2/3, Smad2/3 and
Smad7, and higher doses of chymase only
enhancedthe protein expression of P-Smad2/3,
Smad2/3 and Smad7 over a longer treatment
time. The expression of Smad2/3 protein is
lower than that of P-Smad2/3, but lower con-
centration of chymase can promote the expres-
sion of Smad2/3. The phosphorylation of
Smad2/3 protein is a key step in the activation
of Smad signaling pathway [5]. The amount of
P-smad2/3 protein expression indicates the
degrees of the activation of Smad signaling
pathway. Thus, the above results demonstrated
that chymase can activate Smad signaling
pathway.

Smad7 is a key inhibitory protein in TGF-B, sig-
naling pathway. It competitively binds to the
activated TGF-BR-I, inhibits the phosphoryla-
tion of R-Smad, and exerts negative regulatory
effect on Smad signaling pathway. Our finding
that chymase increases Smad7 protein expres-
sion, concurs with the report that TGF-, induc-
es Smad7 protein expression in skin fibroblast
[19]. Chymase not only activates Smad2/3, but
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also induces the expression increase of Smad7
to form an autocrine negative feedback loop.
However, the levels of endogenous Smad7
expression induced by chymase are much
lower than the levels of P-Smad2/3 and are not
enough to antagonize the positive regulation
mediated by Smad2/3.

Chymase upregulates gene and protein expres-
sion of TGF-B, and promotes the phosphoryla-
tion of Smad2/3 protein. This suggests that
chymase activates TGF-B, and its intracellular
signal transduction molecule Smad proteins,
and that the activation of the TGF-B,/Smad sig-
naling pathway plays an important role in keloid
fibrosis induced by chymase.

In conclusion, our study demonstrated that
mast cell chymase is active in keloid, and pro-
motes fibroblast proliferation and collagen syn-
thesis. TGF-B,/Smad signaling pathway plays
an important role in the profibrotic response
mediated by chymase. This will be helpful for
the further research and development of keloid
therapeutics.
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