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1 Although the pathogenesis of scleroderma is not fully understood, activation of connective-tissue-
type mast cells (CTMCs) has been implicated in various fibrotic diseases.

2 Our previous study showed that the number of CTMCs was markedly increased during fibrous
proliferation in the skin of a scleroderma model, namely tight-skin (Tsk) mice. Because mast cells
express numerous bioactive factors, such as cytokines, growth factors, proteases, and others, it is
crucial to identify the primary factors that may be involved in the pathogenesis of scleroderma. Our
previous study also showed that a CTMC-specific protease, chymase-4, was selectively upregulated in
accordance with the development of skin fibrosis in Tsk mice.

3 To further elucidate the role of chymase secreted from CTMCs, we evaluated the therapeutic
effects of a synthetic chymase-specific inhibitor, SUN-C8257, on the development of skin fibrosis in
Tsk mice. SUN-C8257 (50mgkg�1 day�1) was administered via intraperitoneal injection in 13-week-
old Tsk mice for a period of 2 weeks.

4 Treatment with SUN-C8257 significantly reduced chymase activity by 43% and the chymase-4
mRNA level by 47%, and also decreased the thickness of the subcutaneous fibrous layer of Tsk mice
by 42% compared with that of Tsk mice injected with vehicle.

5 Furthermore, immunohistochemical analysis revealed that transforming growth factor (TGF)-
beta1 staining in the fibrous layer of Tsk skin was markedly reduced by the treatment with SUN-
C8257. This chymase inhibitor may prevent the chymase-dependent pathway that activates the latent
TGF-beta1 in fibrous tissue, and may exhibit beneficial effects that inhibit the development of fibrosis.

6 In conclusion, our results strongly support the assumption that CTMC-derived chymase may play
a key role in the pathogenesis of scleroderma.
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Introduction

Scleroderma, also called progressive systemic sclerosis, is a

multisystem disorder that is characterized by fibrosis and

massive deposition of an extracellular matrix in the skin and

various organs. Scleroderma has a worldwide distribution and

affects all races. The prevalence of scleroderma in U.S.A. is

estimated to be 276 cases per million (Mayes et al., 2003).

Although the pathogenesis of scleroderma is not understood

completely, numerous lines of evidence suggest the involve-

ment of mast cells in the process of skin fibrosis. In the early

stage of scleroderma patients, the number of mast cells in the

clinically involved skin is greater than that in controls

(Hawkins et al., 1985; Nishioka et al., 1987). Mast cells in

rapid progressive scleroderma have been shown to be activated

with a remarkable degree of degranulation (Claman, 1989).

Seibold et al. (1990) indicated that activation and proliferation

of mast cells preceded the onset of clinical fibrosis. Moreover,

a clinical trial showed that treatment with ketotifen, which

inhibits degranulation of mast cells, prevented the progression

of scleroderma (Gruber & Kaufman, 1990). On the basis of

these observations, it is postulated that mast cells play a major

role in the clinical progression of skin changes in scleroderma

(Levi-Schaffer, 1995).

Mast cell activation has been recognized in scleroderma in

mice. The tight-skin (Tsk) mouse, a genetic mouse model for

human scleroderma, shows widespread disorder of connective

tissues. The spontaneous mutation causing Tsk phenotype is

located on chromosome 2 (Green et al., 1976). In the skin, Tsk

mice develop the genetically linked fibrosis involving dermis

and subcutaneous loose connective tissue (Green et al., 1976;

Menton et al., 1978; Jimenez & Christner, 1994). Previous

studies suggested that mast cells are also involved in the

pathogenesis of skin fibrosis in Tsk mice. The total number of

mast cells and the proportion of degranulating mast cells in

cutaneous tissue of Tsk mice were both significantly increased

compared to control mice (Walker et al., 1985). Mast cell

involvement in the pathogenesis of Tsk mice was further

investigated with mast cell-deficient mutant mice carrying the

Tsk locus generated by selective interbreeding between Tsk

and w/wv mice (Everett et al., 1995). That report showed that

the increase in the number of skin mast cells was correlated

with development of fibrosis in old Tsk mice. Treatment with

an antiallergic drug, cromolyn, which prevents mast cell
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degranulation, also inhibits the development of skin fibrosis in

Tsk mice (Walker et al., 1987). These findings suggest

a causal relationship between skin fibrosis and mast cell

activation in Tsk mice, as well as in patients with scleroderma.

However, the precise role of mast cells in the pathogenesis of

scleroderma still remains unclear. Because mast cells express

numerous bioactive factors such as cytokines, growth factors,

proteases, and others, it is crucial to identify the primary

factors that induce fibroblast activation and deposition of the

extracellular matrix.

Two types of mast cells, connective-tissue-type mast cells

(CTMCs) and mucosal-type mast cells, have been recognized

based on the differences in their localization, ultrastructural

morphology, and content of neutral proteases. The subset of

mast cells that is increased in number and shown to be in an

activated state in the involved tissues is mostly the CTMC

subset as judged from its granular ultrastructure and positive

staining for heparin (Claman, 1993). Chymase is a protease

that is exclusively expressed by mast cells. Unlike humans,

mice have more than one chymase isoform. Among these

isoforms, mouse chymase-4 (usually called mouse mast cell

protease-4, MMCP-4) is specifically expressed by mature

CTMCs (Huang et al., 1991; Springman & Serafin, 1995).

Therefore, mouse chymase-4 can be regarded as the functional

equivalent to human chymase. Our previous study showed that

number of CTMCs and the chymase activity were increased in

the skin of Tsk mice. Moreover, the mRNA level of chymase-

4, but not other isoforms such as chymase-2 and chymase-5,

was elevated during the development of skin fibrosis (Kakizoe

et al., 2001). These findings suggest that the chymase-4

liberated from CTMCs is one of the important factors in

the promotion of fibrosis in the skin of Tsk mice. To clarify

the precise causality between skin fibrosis and upregulated

chymase expression, an experiment with a specific inhibitor for

chymase is highly required. Recently, a nonpeptide chymase-

specific inhibitor, SUN-C8257, was newly synthesized (Fuka-

mi et al., 2000). In the present study, the functional role of

chymase in the pathogenesis of scleroderma was further

investigated by treatment with a specific inhibitor for chymase.

Methods

Chymase inhibitor

The nonpeptide chymase inhibitor 3-[(3-amino-4-carboxy)

phenylsulfonyl]-7-chloroquinazoline 2,4(1H,3H)-dione (SUN-

C8257) was provided by Suntory Ltd (Osaka, Japan). The IC50

values for human chymase, mouse chymase-4, and human

chymotrypsin were 0.31, 0.89, and 23 mM, respectively (Fukami
et al., 2000; Watanabe et al., 2002). The IC50 value for both

bovine trypsin and human leukocyte elastase was greater than

100 mM (Fukami et al., 2000; Watanabe et al., 2002).

Animal preparation and drug administration

Tsk mice (C57BL/6-Tskþ /þpa) and control mice (C57BL/6J)

were obtained from the Jackson Laboratory (Bar Harbor, ME,

U.S.A.). Our previous study showed that the subcutaneous

fibrous layer in Tsk mice at the age of 5 weeks was already

significantly thicker than that in control mice. Thickening

of the fibrous layer in Tsk mice was markedly accelerated

between 10 and 20 weeks of age (Kakizoe et al., 2001).

Therefore, the age of 13 weeks was selected as the starting

point for the administration of the chymase inhibitor. A

previous report showed that intraperitoneal injection of SUN-

C8257 for 6 weeks inhibited the increase of dermal mast cell

counts in dermatitis tissues induced by 2,4-dinitrofluoroben-

zene in a dose-dependent manner, and that 50mgkg�1 dose

(intraperitoneal, once a day) was sufficiently effective (Tomi-

mori et al., 2002). The same dose was used for the present

study. Five male Tsk mice and six control C57BL/6J mice

were treated with intraperitoneal injections of SUN-C8257

(50mg kg�1 day�1, once a day) for 2 weeks without any

apparent side effects. Separate sets of five Tsk and six control

C57BL/6J mice received injections containing only the vehicle

during the same period. After the animals were killed by

administration of an overdose of pentobarbital, dorsal skins

from the interscapular region were collected for histological

analysis and for determinations of chymase activity and for

the mRNA level of chymase-4. This study was conducted in

accordance with the Guiding Principles for the Care and Use

of Laboratory Animals approved by the Committee of

Shimane University School of Medicine.

Histological analysis

Using a light microscope, morphologic characteristics of skin

sections from Tsk mice were compared with those from control

mice. The number of mast cells in the dermis and subcutaneous

fibrous layer was counted on toluidine blue-stained sections.

Mast cell numbers were determined as the number of cells per

square millimeter, as described previously (Kakizoe et al.,

2001). The thickness of the subcutaneous fibrous layer was

measured with an image-analyzing system (Image Pro, Media

Cybernetics, Silver Spring, MD, U.S.A.) using Azan-stained

sections. The thickness of the subcutaneous fibrous layer from

10 representative sites was averaged and used as the index of

fibrous proliferation. For detection of chymase and transform-

ing growth factor (TGF)-beta1 in paraffin sections of the skin,

polyclonal rabbit antibodies against chymase (kindly provided

by Dr G.H. Caughey; Fang et al., 1999) and against TGF-beta1

(Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.) were

used. Paraffin sections were treated overnight at 41C with

primary antibodies against chymase (1 : 10,000 dilution) or

TGF-beta1 (1 : 500 dilution), or equal amounts of nonimmune

serum (control for the specificity of antibodies). The antibodies

were then detected with a DAKO ENVISION kit (Dako-

cytomation, Tokyo, Japan) by the standard method and

visualized with DAB substrate (Dakocytomation) for TGF-

beta1 or with TrueBluet peroxidase substrate (Kirkegaard and

Perry Laboratories, Gaithersburg, MD, U.S.A.) for chymase.

Measurement of chymase activity

Chymase was extracted from the dorsal skin and its activity

was measured as described previously (Nishikori et al., 1998).

Briefly, skin specimens were minced and homogenized in 10

volumes of 20mM sodium phosphate buffer (pH 7.4). The

homogenate was then twice centrifuged at 20,000� g for

30min and the supernatant liquid was discarded. The resulting

pellet was resuspended and homogenized in five volumes of

high ionic-strength buffer consisting of 10mM sodium

phosphate buffer (pH 7.4), 2M KCl, and 0.1% polyoxyethylene
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octylphenyl ether. The homogenate was agitated overnight at

41C, and then centrifuged at 20,000� g for 30min. The final

supernatant liquid was used as the chymase extract. Chymase

activity (mU per mg of protein) was estimated as the

hydrolysis rate of suc-Phe-Pro-Phe-p-nitroanilide (BACHEM

Feinchemikalen, Bubendorf, Switzerland) at 371C. This

chromogenic substrate, however, may be cleaved not only by

chymase but also by other peptidases that were possibly

carried over into the final tissue extract. Thus, nonspecific

peptidases may interfere with the accurate measurement of

chymase activity. A solution for this problem is as follows.

Aprotinin inhibits the activities of most serine-class proteases

except chymase, whereas chymostatin completely inhibits

chymase activity. Therefore, the net chymase activity was

determined by subtracting the hydrolysis activity in the

presence of both chymostatin and aprotinin from that in the

presence of aprotinin alone.

Quantitative reverse transcriptase–polymerase chain
reaction (RT–PCR) analysis

The mRNA level of chymase-4 was measured by the

quantitative RT–PCR method, as described previously (Shiota

et al, 1997; 1998; Kakizoe et al., 2001). Briefly, the PCR

primers for chymase-4 were selected according to the chymase-

4 cDNA sequence (sense primer: 50-ACCACTGAGAGAGGG
TTCACAGC-30; antisense primer: 50-GAAGACTCTGATG
CACGCAGGTC-30). Competitive RT–PCR was performed in

100 ml of PCR buffer containing 2ml of the RT reaction

mixture, 25 pmol of the sense and antisense primers, 100mM
each deoxynucleotide, 10mM Tris–HCl (pH 8.3), 50mM KCl,

1.5mM MgCl2, 2.5U Taq DNA polymerase, and chymase-4

competitor DNA. The PCR products for target chymase-4 and

the competitor were 654 and 490 bp, respectively. The

amplification conditions for chymase-4 were 941C for 1min,

631C for 1min, and 721C for 1min over 45 cycles. The

integrated density of PCR products was measured as described

previously (Kakizoe et al., 2001).

Statistical analysis

All data are expressed as means7s.e.m. When a single

treatment group was compared with a control group,

statistical analysis was performed using Student’s t-test.

Multiple comparisons were made by analysis of variance

followed by the post hoc Bonferroni/Dunn’s test. Differences

were considered significant at a level of Po0.05.

Results

Effect of chymase inhibitor on fibrous proliferation
and mast cell numbers of the skin in Tsk mice

In 15-week-old mice, microscopy revealed a remarkable

thickening of the subcutaneous fibrous layer beneath panni-

culus carnosus muscle in the dorsal skin in vehicle-treated Tsk

mice (Figure 1a), whereas the fibrous layer in control C57BL/

6J mice was much thinner (Figure 1c). Specifically, the

thickness of the fibrous layer from vehicle-treated Tsk mice

was 7.5 times higher than that in vehicle-treated control

C57BL/6J mice (Figure 2a). SUN-C8257 markedly reduced the

thickness of subcutaneous fibrous layer in Tsk mice by 42%

(Po0.05), compared with that in vehicle-treated Tsk mice

(Figures 1b and 2a). In contrast, SUN-C8257 showed no effect

on the fibrous layer in the control mice (Figure 2a). In contrast

to the fibrous layer in Tsk mice, microscopy revealed

no significant pathological abnormalities in the panniculus

carnosus muscle layer in Tsk mice. There was no statistically

significant difference in the thickness of the panniculus

carnosus muscle layer and the dermis between Tsk mice and

control C57BL/6J mice, nor between the vehicle-treated mice

and the SUN-C8257-treated mice (data not shown). Thus,

SUN-C8257 was shown to be specifically effective in reducing

the thickness of the subcutaneous fibrous layer in Tsk mice.

The number of mast cells in the skin of the vehicle-treated mice

was 2.6 times higher than that in the skin from vehicle-treated

Figure 1 Effect of a chymase inhibitor on the skin fibrous proliferation in Tsk and control C57B/6J mice. Skin fibrosis was
analyzed with Azan-stained sections from a vehicle-treated Tsk mouse (a), SUN-C8257-treated Tsk mouse (b), and vehicle-treated
control C57BL/6J (c). The blue color staining indicates the presence of collagen. In vehicle-treated Tsk mouse, thick blue-stained
fibrous layer was detected beneath panniculus carnosus muscle layer (a), whereas fibrous layer in SUN-C8257-treated Tsk mouse
was thinner than that in vehicle-treated Tsk mouse (b). The fibrous layer in control C57BL/6J mice was obviously thin (c). F: fibrous
layer, M: panniculus carnosus muscle layer. Scale bar¼ 100 mm.
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C57BL/6J mice acting as a control. However, treatment with

SUN-C8257 for 2 weeks produced no effect on the number of

mast cells in the skin of Tsk mice or in the control C57BL/6J

mice (Figure 2b).

Effect of chymase inhibitor on chymase activity
and chymase-4 mRNA level

The chymase activity and mRNA level of chymase-4 in the

dorsal skin of vehicle-treated Tsk mice were 3.8 and 4.4 times

higher, respectively, as compared to vehicle-treated control

C57BL/6J mice (Figure 3a and b). However, the mast cell

count in the vehicle-treated control Tsk mice was 2.6 times

higher than that in the skin of vehicle-treated control C57BL/

6J mice (Figure 2b). These results suggest that the reason for

the increase in chymase activity and the chymase mRNA level

in the skin of vehicle-treated Tsk mice cannot be simply

explained by the increase in the number of mast cells in the

skin of Tsk mice. The function of each mast cell may also be

activated in the skin of Tsk mice. SUN-C8257 treatment

significantly inhibited the skin chymase activity (by 43%) and

mRNA levels of chymase-4 of Tsk mice (by 47%, Po0.05)

compared with those of vehicle-treated Tsk mice (Figure 3a

and b). However, in our present study, the number of mast

cells was not changed by treatment with SUN-C8257 for 2

weeks (Figure 2b). These results suggest that short-term

treatment with chymase inhibitor may be effective for

stabilizing each mast cell function and in inhibiting chymase

gene expression. In contrast, SUN-C8257 showed no signifi-

cant effect on chymase activity nor on the mRNA level of

chymase-4 in the dorsal skin of the control C57BL/6J mice

(Figure 3a and b). Although the reason for the negative effect

of SUN-C8257 on normal C57BL/6J mice is unclear, SUN-

C8257 may be more effective on the disordered skin tissue in

Tsk mice where mast cells are activated.

Immunohistochemical localization of TGF-beta1
and chymase

Immunohistochemical analysis of the skin of vehicle-treated

Tsk mice revealed strong staining of TGF-beta1 in fibroblasts

and extracellular matrix in the proliferative fibrous layer

beneath panniculus carnosus muscle layer, and weak TGF-

beta1 staining in endothelial cells, fibroblasts, and the

extracellular matrix in the dermis (Figure 4a). However,

staining of TGF-beta1 in the fibrous layer of the skin of Tsk

mice treated with SUN C8257 was very weak compared to that

of vehicle-treated Tsk mice (Figure 4a and b). TGF-beta1

production in the fibrous layer of Tsk mice was suppressed by

the treatment with SUN C8257. In the proliferative fibrous

layer of vehicle-treated Tsk mice, strong TGF-beta1 staining

was also detected in mast cells (Figure 5a), which were

identified by toluidine blue (Figure 5b). In the proliferative

fibrous layer of the vehicle-treated Tsk mice, strong staining of

chymase was also found in the mast cells (Figure 5c), which

were identified by toluidine blue (Figure 5d). CTMCs in the

fibrous layer were one of the major sources for TGF-beta1

production.

Discussion

The present study demonstrated for the first time that a newly

synthesized specific inhibitor for chymase, SUN-C8257,

decreased the chymase activity and suppressed the gene

expression of chymase-4 (CTMC-specific chymase) and

furthermore it effectively attenuated fibrous proliferation in

the skin of Tsk mice. These results strongly support our

assumption that CTMC-derived chymase may play a key role

in the development of fibrosis in the Tsk mice.

Chymase is a chymotrypsin-like serine protease and is most

likely involved in the immune and inflammatory responses by

hydrolyzing a variety of substrates including extracellular
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matrix (Vartio et al., 1981; Banovac & de Forteza, 1992),

vasoactive substances (Reilly et al., 1982; Caughey et al., 1988;

Wypij et al., 1992), cytokines (Mizutani et al., 1991; Longley

et al., 1997), metalloproteases (Saarinen et al., 1994), and

lipoproteins (Paananen & Kovanen, 1994). These properties of

chymase may be relevant to the mechanisms of tissue

remodeling. Although its precise in vivo pathophysiological

role and the actual substrate for chymase have yet to be

Figure 4 Effect of a chymase inhibitor on immunohistochemical staining of TGF-beta1. Histological cross-sections of the skin
tissues from vehicle-treated Tsk mouse (a), SUN-C8257-treated Tsk mouse (b), and vehicle-treated control C57BL/6J mouse (c)
were incubated with antibody against TGF-beta1, and then the tissue-bound antibody was detected with the DAKO ENVISION
kit and DAB substrate. Sections were then counterstained with hematoxylin. The brown color staining indicates the presence of
TGF-beta1. F: fibrous layer; M: panniculus carnosus muscle layer. Scale bar¼ 100mm.

Figure 5 Immunohistochemical localization of TGF-beta1 and chymase. Histological cross-sections of skin tissues from vehicle-
treated Tsk mouse were incubated with polyclonal antibody against TGF-beta1 or chymase. The antibody against TGF-beta1 was
detected with the DAKO ENVISION kit and DAB substrate. The brown color staining indicates the presence of TGF-beta1 (a). To
identify mast cells, adjacent section to that in part (a) was stained with toluidine blue. On reacting with toluidine blue, mast cells
showed metachromasia, which is in red-purple color (b). The antibody against chymase was detected with the DAKO ENVISION
kit and TrueBlue peroxidase substrate. Sections were then counterstained with eosin. Positive staining of chymase was revealed by
dark blue color (c). To identify mast cells, adjacent section to that in part (c) was stained with toluidine blue. Mast cells were stained
with red-purple color (d). Arrows point to mast cells. Scale bar¼ 50 mm.
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determined, recent observations have focused on the profi-

brotic function of chymase through activation of latent TGF-

beta1 (Taipale et al., 1995), which plays a key role in the

regulation of extracellular matrix gene expression in tissues.

Since TGF-beta1 is expressed in most tissues in a latent form,

the activation of latent TGF-beta1 by chymase is especially

crucial in local tissues. Overexpressed chymase in connective

tissues is believed to also exaggerate the destruction of

extracellular matrix, and furthermore, the excessive amount

of growth factors such as TGF-beta1, which bind to the

extracellular matrix, would be liberated by chymase in a

bioactive free form. A recent study has shown that mast cells

also produce a latent form of TGF-beta1, which is immedi-

ately converted by cosecreted chymase into active form of

TFG-beta1 (Lindstedt et al., 2001). In one study, immuno-

histochemical analysis of the skin from scleroderma patients

showed that TGF-beta was localized in fibroblasts, endothelial

cells, and extracellular matrix; however, no significant staining

of TGF-beta was detected in the skin from normal subjects

(Gabrielli et al., 1993). In addition, expression of TGF-beta

receptors was higher in scleroderma fibroblasts than in normal

fibroblasts (Kawakami et al., 1998). These findings suggest

that activation of TGF-beta signaling system may be a crucial

factor in the pathogenesis of scleroderma. Our immunohisto-

chemical analysis also revealed that strong staining of TGF-

beta1 was localized to fibroblasts and extracellular matrix in

the fibrous layer of skin of Tsk mice. Interestingly, mast cells

located in the fibrous layer are also one of the major sources of

TGF-beta1 in this same model. An important finding in

the present study is that the immunostaining of TGF-beta1

in the fibrous layer was clearly reduced by treatment with the

chymase inhibitor. Chymase inhibitors may prevent the

chymase-dependent pathway that activates latent TGF-beta1

in the fibrous layer, thereby exhibiting beneficial effects by

inhibiting the development of fibrosis.

Another important profibrotic factor produced by chymase

is angiotensin (ANG) II. When chymase was upregulated in

cardiomyopathic hearts with extensive fibrosis and mechani-

cally injured arteries yielding intimal and adventitial fibrosis,

chymase-dependent ANG II formation in those tissues was

significantly activated (Shiota et al., 1993; 1997; 1998; 1999).

Mouse chymase-4 is also known to be highly efficient in

converting ANG I to ANG II (Caughey et al., 2000). Thus, it

can be presumed that a chymase inhibitor may exhibit its

beneficial effect, at least in part, by reducing chymase-

generated ANG II in scleroderma tissues.

The chymase inhibitor SUN-C8257 is a potential tool for

specifically inhibiting the enzymatic activity of chymase.

However, a chymase inhibitor may have additional effects on

mast cell function and the gene regulatory mechanism of

chymase. One of the important findings in our present study is

that mouse chymase-4 gene expression in the skin of Tsk mice

was significantly inhibited by SUN-C8527. SUN-C8257 has

also been shown to reduce chymase gene expression in the

failing heart and to prevent cardiac fibrosis (Matsumoto et al.,

2003). Although the precise gene regulatory mechanism of

chymase is yet unknown, degranulation of mast cells may

trigger the onset of gene expression of chymase. A recent study

showed that the gene expression of chymase and also of TGF-

beta1 were upregulated after mast cell degranulation induced

by compound 48/80 (Lindstedt et al., 2001). Interestingly,

chymase has been reported to induce degranulation of mast

cells (Schick et al., 1984). Furthermore, another recent study

clearly showed that a selective chymase inhibitor stabilized the

human skin mast cells and reduced the histamine release by up

to 80% (He et al., 1999). These results suggest that chymase

may trigger further activation of mast cells and induction of

mast cell-derived factors including chymase itself. Chymase

inhibitors may regulate mast cell function by inhibiting the

mechanism for chymase-induced activation of mast cells.

The number of mast cells in tissues depends on infiltration

of progenitor cells from circulation and also on the rate of

their proliferation and survival in the tissues. The stem cell

factor (SCF)/c-kit signaling system is one of the most

important factors in the regulation of the number of mast

cells in local tissues. Chymase was shown to cleave the

membrane-bound SCF and produce bioactive soluble SCF

(Longley et al., 1997). Although the functional difference

between membrane-bound SCF and soluble SCF in vivo is

unknown, recent reports showed that treatment with the

chymase inhibitor SUN-C8257 for 5–6 weeks reduced the

number of mast cells in dermatitis tissues (Tomimori et al.,

2002; Watanabe et al., 2002). These results suggest that

chymase may regulate the mechanism of mast cell accumula-

tion in local tissues by producing soluble SCF from

membrane-bound SCF that is associated with surrounding

cells such as fibroblasts and keratinocytes (Tomimori et al.,

2002). However, the present study showed no effect of SUN-

C8527 on the number of skin mast cells in Tsk mice, although

the number of skin mast cells was significantly higher in

vehicle-treated Tsk mice than in the control C57BL/6J mice.

Mast cells are known to survive for an extensive period of

time once they migrate into local tissues and differentiate into

mature cells. The half-life of the newly formed mast cells has

been estimated to be approximately 40 days (Enerback &

Lowhagen, 1979). In our study, Tsk mice were treated with a

chymase inhibitor for only 2 weeks. Long-term treatment may

be necessary to reduce the number of mast cells in local tissues.

Nonetheless, our study clearly showed that short-term treat-

ment with the chymase inhibitor SUN-C8527 sufficiently

inhibited gene expression of chymase-4 and the development

of fibrosis in the skin of Tsk mice, although the number of

mast cells was not changed. These results suggest that short-

term treatment with a chymase inhibitor may be effective in

stabilizing the various mast cell functions and in inhibiting

chymase gene expression. Further experimentation is necessary

to clarify whether or not fibrous proliferation in Tsk mice is

suppressed further when the number of mast cells is also

decreased by long-term treatment with a chymase inhibitor.

In conclusion, treatment of Tsk mice with a new synthetic

inhibitor of chymase, SUN-C8257, attenuated fibrous prolif-

eration in the Tsk skin. As a specific chymase inhibitor, SUN-

C8257 was not only effective in suppressing the enzymatic

activity of chymase in the skin tissues of Tsk mice, but it also

showed additional beneficial effects. Further studies with

chymase inhibitors are warranted to uncover the true roles of

chymase in vivo and to confirm the significant involvement of

mast cells in the pathogenesis of fibrotic disorders.
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