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Chymase inhibition protects diabetic rats from renal lesions
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Abstract. The present study aimed to investigate the effects
of a chymase inhibitor on renal injury in diabetic rats. A
total of 24 Sprague-Dawley rats were randomly divided into
the following groups: The control group (n=7), the diabetes
group (DM group; n=7), and the DM + chymase inhibitor
group (DM + Chy-I group; n=10). Diabetes was induced via
an intraperitoneal injection of streptozotocin (65 mg/kg). Rats
in the DM + Chy-I group were administered 1 mg/kg chymase
inhibitor [Suc-Val-Pro-Phe?-(OPh),] daily for 12 weeks by
intraperitoneal injection. Subsequently, kidney weight, various
biochemical parameters and blood pressure were measured.
In addition, the expression levels of fibronectin (FN), type IV
collagen (CollV), transforming growth factor (TGF)-f1 and
vascular endothelial growth factor (VEGF) were determined by
immunohistochemistry and reverse transcription polymerase
chain reaction. Compared with in the DM group, the levels
of serum cholesterol and urinary albumin/creatinine were
decreased in the DM + Chy-I group (P<0.05). Furthermore,
chymase inhibition reduced the overexpression of FN, CollV,
TGF-p1 and VEGF (P<0.05) in the renal tissue of diabetic rats.
These results indicated that chymase inhibition may reduce the
excretion of urinary albumin and the deposition of extracel-
lular matrix components in the kidney of diabetic rats. These
effects may be mediated by altered expression of the VEGF
and TGF-p1 pathways. In conclusion, chymase inhibition may
be considered a potential method for the treatment of renal
damage.

Introduction

Nephropathy, which is one of the most common complications
of diabetes, is characterized by proteinuria, renal dysfunction,
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and end stage renal disease. However, the precise mechanisms
underlying the progression of diabetes mellitus-induced
renal injury remain unclear. Huang et al (1) reported that
the expression of angiotensin-converting enzyme (ACE)
was significantly upregulated in tubular epithelial cells and
infiltrating mononuclear cells in diabetic kidneys. In addition,
diabetic kidneys exhibited significantly increased chymase
expression in mesangial cells and vascular smooth muscle
cells, and increased chymase deposition was detected in the
collagen-rich extracellular matrix (ECM) alongside diffused
and nodular glomerulosclerosis, tubulointerstitial fibrosis, and
vascular sclerosis (1). In a hamster model of unilateral ureteral
obstruction, treatment with a chymase inhibitor significantly
reduced angiotensin (Ang) II levels, significantly decreased
the mRNA expression levels of a-smooth muscle actin, type I
collagen and transforming growth factor (TGF)-f1 in renal
tissue, and appeared to ameliorate tubulointerstitial injury.
However, chymase inhibition did not alter systolic blood pres-
sure, or the protein levels of renal ACE and Ang II receptor
type 1 (2).

As a chymotrypsin-like serine protease, chymase is
synthesized in mast cells, endothelial cells and mesenchymal
cells. Chymase is secreted directly into the interstitium, and is
responsible for the synthesis of <80% of Ang II in the human
heart (3). Chymase is inactivated in the blood immediately
after release, thus indicating that chymase is only active in
local tissues (4). Human and hamster chymases have been
reported to activate the conversion of Ang I to Ang II, and
contribute toward TGF-31 activation (5), whereas rat chymase
activates TGF-p but not Ang II (6). In the present study, a
rat model was selected to determine the role of chymase in
diabetes mellitus-associated renal injury, without the Ang II
effects.

Suc-Val-Pro-Phe®-(OPh), [also known as (OPh),] specifi-
cally inhibits chymase without affecting ACE activity, and has
a degradation half-life of 20 h in human plasma (half maximal
inhibitory concentration=2.8 nmol/l) (7). Therefore, (OPh),
may act as a stable and strong chymase inhibitor in vivo (8),
and was used in the present study to investigate the role of
chymase in diabetic renal injury.

Materials and methods

Materials. Male Sprague-Dawley rats (180-200 g) were
purchased from Beijing Vital River Laboratory Animal



122

Technology Co., Ltd. (Beijing, China). The chymase
inhibitor (Oph), was generously provided by Dr. Shinji Takai
(Department of Pharmacology, Osaka Medical College,
Osaka, Japan). Monoclonal mouse anti-fibronectin (FN;
sc-8422), rabbit anti-type I'V collagen (CollV; sc-11360) and
mouse anti-TGF-B1 (sc-52893) antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).
The horseradish peroxidase (HRP)-conjugated secondary
antibody from the EliVision™ Super kit were purchased
from Fuzhou Maixin Biotechnology Development Co., Ltd.
(Fuzhou, China). The polyclonal rabbit anti-vascular endothe-
lial growth factor (VEGF; ab46154) antibody was purchased
from Abcam (Cambridge, UK). The Total RNA extraction kit
(TRIzol) was purchased from BioTeke Corporation (Beijing,
China), oligo-(dT) primers and Moloney Murine Leukemia
Virus (M-MLV) Reverse Transcriptase were purchased from
SunBio Corporation (Dongan-gu, Republic of Korea). The
RNase inhibitor was purchased from Takara Biotechnology
Co., Ltd. (Dalian, China), and the Polymerase Chain Reaction
(PCR) Amplification kit (Taq) was from Sangon Biotech Co.,
Ltd. (Shanghai, China).

Animal experiment. The rats were housed at 21+2°C at
a temperature of 55+2% with a 12 h/12 h light cycle in a
specific-pathogen-free laboratory. The rats received standard
rat chow and ad libitum access to tap water. The rats were
randomly divided into the following groups: The control
group (n=7), in which the rats received an injection of 0.1 M
acetate buffer; and the diabetes (DM) group (n=7), in which
the rats received a single intraperitoneal (i.p.) injection of
streptozotocin (STZ; 65 mg/kg in 0.1 M acetate buffer; pH 4.4;
Sigma-Aldrich, St. Louis, MO, USA), in order to produce a
diabetic rat model. A total of 72 h after the STZ injection,
non-fasting blood glucose levels were measured with a
portable glucose meter (Optium Xceed; Abbott Laboratories
Co., Ltd., Shanghai, China) using whole blood samples
obtained from snipped tails, subsequent to anesthesia with
40 mg/kg intraperitoneal 2% pentobarbital sodium. The rats
were considered diabetic when blood glucose levels reached
16.7 mmol/l. Rats treated with STZ were then intraperitone-
ally administered the chymase inhibitor (OPh), (1 mg/kg
daily), in order to generate the DM + Chy-I group (n=10). Rats
in the control and DM groups were treated with the same
volume of saline. The whole experiment lasted 12 weeks. To
avoid ketosis and acidosis and improve long-term survival,
non-fasting glycaemia was measured once a week, and when
serum glucose was greater than 25 mmol/l, rats in the DM
and DM + Chy-I groups received 2 U insulin (Humulin NPH;
Lilly Suzhou Pharmaceutical Group Co., Ltd., Suzhou, China)
subcutaneously. All related animal research was approved by
the Ethics Committee of the Peking University First Hospital
(Beijing, China).

At the end of the treatment period, all rats were housed
individually in metabolic cages for 24 h for the collection
of urine, in order to determine protein and creatinine clear-
ance, which were measured using the Hitachi 7150 Automatic
Biochemical Analyzer (Hitachi, Ltd., Tokyo, Japan). Blood
pressure was measured when the rats were conscious by the
tail cuff method. All rats were sacrificed by cervical dislo-
cation after 12 weeks of (OPh), treatment under 40 mg/kg
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intraperitoneal 2% pentobarbital sodium anesthesia. Blood
samples were obtained from the abdominal aorta, and were
used for serum biochemical analyses using the Hitachi 7150
Automatic Biochemical Analyzer. Blood and urine samples
were collected into chilled tubes and were stored at -80°C
until further use. The left kidney was excised, weighed, and
cut into two halves; one half was fixed with 10% formalin and
2.5% glutaraldehyde, and the other half was prepared for renal
morphological analysis. The right kidney was excised and
maintained at -80°C for mRNA extraction.

Immunohistochemical staining. Paraffin-embedded tissue
sections (3 ym for light microscopy; 4 pm for immunohis-
tochemistry) were dewaxed with dimethylbenzene (Beijing
Yili Fine Chemicals Co., Ltd., Beijing, China), hydrated with
ethanol, treated with 5% H,0,, and were incubated in a micro-
wave in 0.01 M citrate buffer/pepsin for antigen retrieval for
10 min. Subsequently, the sections were rehydrated in phos-
phate-buffered saline (PBS) for 15 min, and were blocked
with goat serum (AR 0009; Boster Biological Technology
Co., Ltd., Pleasanton, CA, USA) at room temperature for
20 min to reduce nonspecific binding. The sections were
then incubated with the following primary antibodies: Mouse
monoclonal anti-FN (1:300), mouse monoclonal anti-CollV
(1:300), rabbit polyclonal anti-VEGF (1:200) and mouse
monoclonal anti-TGF-B1 (1:200), overnight at 4°C. After
rinsing, the sections were incubated with anti-mouse/rabbit
HRP-conjugated secondary antibodies from the EliVision™
Super kit for 30 min at room temperature, followed by
visualization with 0.05% diaminobenzidine. The negative
control sections underwent the same protocol; however,
primary antibodies were replaced with PBS. Images of the
renal tissue sections were digitally captured and quantita-
tively assessed using a microscope (Leica DM1000; Leica
Microsystems, Wetzlar, Germany) with Leica QWin Pro V2.8
(Leica Microsystems), and computer-assisted image analysis
software (Image-Pro Plus software, version 5.02; Media
Cybernetics, Inc., Rockville, MD, USA). The sections were
coded (allocated a number) by an investigator; however, the
images were digitally captured and analyzed by a different
investigator who was unaware of the coding. Images of each
section were captured using the Leica DM 1000 stereomicro-
scope with a digital camera. The areas positive for the target
proteins were automatically calculated by the software, and
the affected areas were divided by the total area of micro-
scopic fields. A total of 20 glomeruli were examined for
each rat, and the average percentage of positive lesions was
obtained for each animal. The tubulointerstitial area did not
include the area of the glomeruli.

Reverse transcription PCR (RT-PCR). The mRNA expres-
sion levels of FN, CollV, TGF-p1, VEGF and rat mast cell
proteinase-1 (RMCP-1) were detected by RT-PCR. (3-actin
was used as an internal standard. The expression levels of the
target genes were normalized to the levels of f-actin in each
sample. Subsequent to homogenization of the tissues, total
RNA was extracted from the frozen renal tissues using an
RNA extraction kit. Subsequently, the RNA (5 pg) underwent
RT to generate cDNA using Superscript II M-MLV reverse
transcriptase (200 U/ul), oligo (dT) 12-18 primers (50 uM;
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Table I. Comparison of blood pressure and serum biochemical markers between the groups.

Systolic Diastolic Total

pressure pressure  Blood glucose cholesterol HDL LDL Triglyceride  Albumin
Group (mmHg) (mmHg) (mmol/1) (mmol/l)  (mmol/l) (mmol/1) (mmol/1) (gl
Control 123.71£13.30 100.05+12.27  8.44+1.99 1.5240.26 1.06+£0.16 0.25+0.0.08 0.70+0.26  38.37+1.39
DM 135.71+11.16  93.37+19.95 48.40+12.13* 2.31+0.30* 1.18+0.12 0.40+£0.09* 2.12+1.28 34.11+£3.00*
DM + Chy-I  136.50+8.92 99.35+9.15 40.48+16.31 1.95+0.31** 1.06+0.23 0.31+£0.10 1.92+1.66 35.33+2.83"

Data are presented as the mean =+ standard deviation. DM, diabetes; DM + Chy-I, diabetes + chymase inhibitor; HDL, high-density lipoprotein;

LDL, low-density lipoprotein. “P<0.05, vs. the control group; "P<0.05, vs. the DM group.

Table II. Comparison of urinary albumin, urinary ACR and KW/BW between the groups.

Urinary albumin Urinary ACR Serum creatinine
Group (mg/24 h) (mg/g) (umol/1) CCr (ml/min) KW/BW
Control 1.20+0.97 70.21+40.30 25.54+2.33 0.45+0.36 3.67+£0.40
DM 42.57+43.92* 1,380.67+950.44* 22.39+3.8 1.32+1.10° 8.03+£1.43¢
DM + Chy-1I 17.88+12.20 340.34+150.23%° 23.36+4.1 1.34+0.59° 7.7+1.321°

Data are presented as the mean + standard deviation. DM, diabetes; DM + Chy-I, diabetes + chymase inhibitor; ACR, albumin/creatinine ratio;
CCr, creatinine clearance; KW/BW, kidney weight/body weight. *P<0.05, vs. the control group; °P<0.05, vs. the DM group.

1 pl; SunBio Corporation) and RNase-free ddH,O (7.5 ul).
The RT reaction was conducted in a mixture containing
5X first-strand M-MLV buffer, 1 mmol/l dNTP and
20 mol/l dithiothreitol RNase inhibitor (40 U/ul), at 42°C for
50 min. The PCR reaction mixture consisted of 1 ul cDNA,
20 pmol/l primers (SunBio Corporation), 2 Il 10X PCR
buffer, 0.4 mmol/l dNTPs, and 2.5 U Taqg polymerase. PCR
was performed using a Bioer PCR amplification instrument
(GeneQ; Hangzhou Bioer Technology Co., Ltd., Hangzhou,
China) with the following conditions: Pre-denaturation at
95°C for 5 min; followed by 30 cycles of amplification at
95°C for 30 sec, annealing at 55°C for 30 sec and extension at
72°C for 30 sec; and a final extension step at 72°C for 5 min.
The PCR primer sequences were as follows: B-actin, sense
5'-CTG AACCCTAAGGCCAACC-3', antisense 5'-CTG
AACCCTAAGGCCAACC-3' (309 bp); FN, sense 5'-CAG
TTTGTGGAAGTGACCGA-3', antisense 5-TGGAGG TTA
GTGGGAGCATA-3' (272 bp); CollV, sense 5'-GTGCGG
TTTGTGAAGCACCG-3, antisense 5'-GTTCTTCTC ATG
CACACTTC-3' (363 bp); TGF-p1, sense 5-TATAGC AAC
AATTCCTGGCGS3', antisense 5'-CAGAAG TTGGCATGG
TAGCC-3' (446 bp); RMCP-1, sense 5'-GGA CCAGAA
CCAAGTGAGA-3', antisense 5'"TTG AAAGTGTTGAAC
CAGGA-3' (328 bp); and VEGF, sense 5'-CAATTGAGA
CCCTGGTGGACAT-3' and antisense 5-TTGATCCGCATG
ATCTGCATAG-3' (169 bp).

The PCR products were subsequently separated by
electrophoresis on 2% agarose gels, stained with ethidium
bromide (Santa Cruz Biotechnology, Inc.) and visualized
by ultraviolet (UV) transillumination (Clinx CUV 20 A;
Shanghai Clinx Science Instruments Co., Ltd., Shanghai,
China). The ratio of the 2 DNA bands (target DNA and

[(-actin) densities was measured using a Gel Image Analysis
system (Alphalmager; ProteinSimple, San Jose, CA, USA)
under UV light.

Statistical analysis. Statistical analyses were performed
using SPSS for Windows, version 11.5 (SPSS Inc., Chicago,
IL, USA). All values are presented as the mean + standard
deviation. Comparisons of data between multiple groups
were made using one-way analysis of variance, followed by
Student-Newman-Keuls. P<0.05 was considered to indicate a
statistically significant difference.

Results

Biochemical analysis. In the present study, the effects of
chymase inhibition were investigated on diabetic renal injury
in an STZ rat model. Preliminary experiments performed on
the STZ-treated rats determined that 12 weeks was the optimal
treatment duration for renal pathological analyses. No differ-
ences in serum creatinine, blood pressure and triglyceride
levels were detected among the control, DM and DM + Chy-I
groups. In the DM group, the kidney weight/body weight
ratio, blood glucose levels, urinary albumin levels, low-density
lipoprotein (LDL) levels and endogenous creatinine clearance
rate (CCr) were significantly increased compared with in the
control group. However, chymase inhibition had no effect
on these factors (Tables I and II). CCr was elevated in the
12-week STZ-treated rats, which is considered a symptom of
the glomerular hyperfiltration phase of diabetic nephropathy.
The total serum urinary albumin/creatinine ratio (ACR) and
cholesterol levels were significantly higher in the DM group
compared with in the control group. However, these factors
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Figure 1. Chymase inhibition decreased the expression of FN in diabetic rat renal tissues. (A) Diabetic kidneys exhibited strong FN immunostaining, which
was reduced by treatment with the chymase inhibitor (OPh), (magnification, x400). (B) Percentage FN-positive area in the glomeruli and tubulointerstitium
of the various groups. Data are presented as the mean + standard deviation. "P<0.01, vs. the control group; “P<0.01, vs. the DM group. (C) Reverse transcrip-
tion polymerase chain reaction analysis demonstrated that chymase inhibition decreased the expression of FN in diabetic kidneys. Data are presented as the
mean + standard deviation. "P<0.05, vs. the control group; “P<0.05, vs. the DM group. FN, fibronectin; DM, diabetes group; DM + Chy-I, diabetes + chymase

inhibitor group.

were significantly reduced in the DM + Chy-I group by 84.42
and 24.64%, respectively (Tables I and II).

Effects of chymase inhibition on ECM deposition and RMCP-1
expression. The present study investigated the expression of
FN and CollV, which are two typical markers of diabetic renal
injury. Immunohistochemical analysis revealed that the protein
expression of FN was significantly increased in glomeruli and
at the renal tubulointerstitium in diabetic rats, as compared
with in the control rats (2.49-fold increase in glomeruli and
4.98-fold increase in tubulointerstitium). However, in the
DM + Chy-I group, the intensity of FN staining was mark-
edly decreased in these regions (by 55.15% in glomeruli and
50.59% in tubulointerstitium) (Fig. 1A and B). RT-PCR was
also performed to detect FN gene expression in the various
groups (Fig. 1C). Compared with in the normal control group,
FN expression exhibited a 2.45-fold increase in the DM group,
whereas chymase inhibition reduced FN expression by 25.35%.
These results indicate that chymase inhibition may limit the
expression of ECM components.

The previously discussed findings were confirmed by
detection of the renal expression of another main component
of the ECM, CollV. In the DM group, CollV was localized
in the same regions as in the control group; however, its
expression was significantly increased (5.23-fold increase
in the glomerular mesangial area and 3.00-fold increase

in tubulointerstitium). Treatment with a chymase inhibitor
decreased the staining intensity of CollV (to 37.75% in the
glomerular mesangial area and to 65.27% in tubulointer-
stitium) (Fig. 2A and B). RT-PCR analysis revealed that the
expression levels of CollV were increased in the diabetic rat
renal tissues by 1.61-fold compared with in the control group,
whereas chymase inhibition downregulated the expression of
CollV by 17.24% (Fig. 2C). Quantitative analysis confirmed
that chymase inhibition reversed the deposition of ECM
components.

The expression levels of RMCP-1 were significantly higher
in the diabetic renal tissues compared with in the normal renal
tissues, as revealed by RT-PCR (0.288+0.026 vs. 0.709+0.054;
P<0.01). Furthermore, treatment with a chymase inhibitor
reduced the expression levels of RMCP-1 (Fig. 3).

Effects of chymase inhibition on the expression of VEGF. The
expression of VEGF was concentrated in renal tubules. While,
in normal glomeruli, VEGF was expressed sporadically in
epithelial cells. Immunostaining revealed increased expression
of VEGF protein in the kidneys of the DM group compared
with in the control group (10.52-fold increase in glomeruli and
4.03-fold increase in tubules). However, this overexpression
was inhibited following treatment with the chymase inhibitor
(OPh), (to 63.65% in glomeruli and to 38.35% in tubules)
(Fig. 4A and B). In addition, in the DM group, the mRNA
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Figure 2. Chymase inhibition decreased the expression of ColIV in diabetic rat renal tissues. (A) Diabetic kidneys exhibited increased CollV immunostaining,
which was reduced by treatment with the chymase inhibitor (OPh), (magnification, x400). (B) Percentage CollV-positive area in the glomeruli and tubuloin-
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Figure 3. Chymase inhibition decreased the expression of RMCP-1 in
diabetic rat renal tissues. Reverse transcription polymerase chain analysis
demonstrated that chymase inhibition decreased the expression of RMCP-1
in diabetic kidneys. Data are presented as the mean + standard deviation.
“P<0.01, vs. the control group; “P<0.05, vs. the DM group. RMCP-1, rat
mast cell proteinase-1; DM, diabetes group; DM + Chy-I, diabetes + chymase
inhibitor group.

expression levels of VEGF were significantly increased by
2.33-fold compared with in the control group. Treatment with
the chymase inhibitor (OPh), reversed the increases in VEGF
mRNA expression (Fig. 4C).

Effects of chymase inhibition on the expression of TGF-{1.
Immunohistochemical analysis revealed that TGF-f1 was

upregulated in the glomerular mesangium and tubular cells of
the diabetic rats (2.69-fold increase in glomeruli and 1.51-fold
increase in tubulointerstitium) (Fig. SA and B). Conversely,
chymase inhibition reversed the overexpression of TGF-f1 in
diabetic rats (to 73.43% in glomeruli and to 81.36% in tubu-
lointerstitium). RT-PCR analysis revealed that the renal tissues
from the DM group exhibited increased TGF-f1 mRNA
expression, as compared with the control rats (82.22+11.35 vs.
124.15+4.32; P<0.05), whereas chymase inhibition reduced the
expression of TGF-f1 in diabetic renal tissues (124.15+4.32 vs.
103.07+ 6.30; P<0.05) (Fig. 5C).

Discussion

The present study established an in vivo model to explore the
potential preventive effects of the chymase inhibitor (OPh),
on renal lesions in diabetic rats. In a previous study, almost
all renal mast cells in patients with diabetic nephropathy were
shown to produce chymase (9). The present study determined
the expression of chymase in rat renal tissues. The expression
levels of the chymase encoding gene, RMCP-1, were markedly
enhanced in diabetic kidneys. A previous study demonstrated
that the mRNA expression levels of chymase were upregu-
lated in glucose-stimulated mesangial cells (10). Mast cells
are thought to be the main source of chymase; however, the
present study failed to identify abundant mast cells in renal
tissues by toluidine blue staining (data not shown). This result
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is consistent with the findings of a previous study, in which
Cristovam et al (10) demonstrated that mast cells were absent
in both control and diabetic kidneys, thus suggesting that
chymase is synthesized by resident renal cells.

Disordered lipid metabolism is a common feature of
diabetes mellitus. In the present study, the chymase inhibitor
(OPh), lowered cholesterol levels in diabetic rats via an
unknown mechanism. Consistent with these findings, it has
been previously reported that arterial chymase is activated
when cholesterol levels are elevated in animals fed a high-lipid
diet (11). Mast cell chymase actively degrades high-density
lipoprotein and thus generates defective particles that are
unable to initiate cholesterol efflux from the arterial wall (12).

The majority of patients with diabetic nephropathy
develop hypertension, alongside proteinuria. In the present
study, no obvious differences were observed in blood pres-
sure between the rat groups. (OPh), lowered urinary ACR
in diabetic rats but did not affect blood pressure or blood
glucose levels, thus indicating that this chymase inhibitor
exerts its effects on renal lesions independent of hyperten-
sion and hyperglycemia.

FN and CollV are the main components of the ECM.
ECM deposition occurs in the early stage of renal disease. An
indication of ECM overaccumulation is abnormally increased
FN levels, which is a main feature of glomerular sclerosis and
interstitial fibrosis. In addition, an imbalance between CollV
synthesis and degradation directly affects ECM deposition,
and abnormally high levels of CollV in patients with renal
disease have been closely associated with the severity of
diabetic nephropathy (13).

In vitro, rat and human chymases have been reported to
degrade FN, which has an important role in the attachment
of cultured vascular smooth muscle cells (14). Conversely,
chymase inhibition has been reported to downregulate the
expression of FN and CollV in animal models of ischemia
and fibrosis (15,16). These results, together with the findings
of the present study, suggested that chymase may participate
in ECM deposition in diabetes-induced renal fibrosis, and that
chymase inhibition could attenuate the progression of diabetic
nephropathy. These findings may also explain the reduction in
urinary protein secretion induced by chymase inhibition.

VEGEF has important roles in blood vessel growth, endo-
thelial survival and microvasculature maintenance. VEGF
is abundantly expressed in glomerular epithelial cells, also
known as podocytes, and tubular epithelial cells, whereas the
glomerular and peritubular capillary endothelial cells express
VEGTF receptors (17). VEGF renal expression is decreased
in several animal models of kidney disease, and VEGF
administration is protective (18). However, plasma VEGF
levels in patients with diabetic nephropathy are increased,
and suppressing VEGF has been shown to improve diabetic
nephropathy in animal models (19-22). In diabetic models,
VEGF secretion and the expression of its receptors are
increased by high glucose concentrations in the kidneys (23).
In addition, patients with diabetes and overt proteinuria
express higher levels of VEGF, and excretion of urinary
VEGF is increased in those with a higher degree of protein-
uria (24). In the present study, diabetic rats exhibited higher
urinary ACR and increased VEGF expression in renal tissues,
which is consistent with the findings of previous animal
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studies and clinical observations (23,24). Chymase inhibition
reduced urinary protein excretion and the mRNA expres-
sion levels of VEGF in diabetic rats, thus suggesting that the
chymase inhibitor may decrease urinary protein excretion
and renal lesions via its inhibition of VEGF. It has previously
been reported that the chymase-Ang II-VEGF pathway may
operate in granulation tissues as the primary mediator of
angiogenesis (25). However, the results of the present study
did not indicate the involvement of this pathway in VEGF
regulation of chymase. Chymase may induce VEGF via the
VEGF paracrine loop in glomeruli, as reported previously
in podocyte-specific VEGF-deficient mice (26). VEGF itself
stimulates collagen and FN expression in mesangial cells and,
in turn, enhances TGF-p1l-induced ECM accumulation (27).
TGF-p1 and VEGF interact with each other, and increased
secretion of VEGF, induced by TGF-f1, may be a possible
explanation for the role of TGF-f1 in the development of
albuminuria (28).

Chymase strongly promotes accumulation of inflammatory
cells, and also converts TGF-f3 and matrix metalloproteinase-9
precursors to their active forms. These multiple functions
of chymase may have an important role in the development
and promotion of various types of disease (29). TGF-fl is a
critical cytokine in cell proliferation, ECM deposition and
fibrosis. It stimulates glomerular mesangial cells and tubular
epithelial cells, and enhances the expression of Coll, III, IV
and other non-collagen glycoproteins (30,31). In the present
study, chymase inhibition depressed the upregulation of
TGF-f1 in diabetic rats, alongside urinary albumin secretion.
These results indicated that TGF-1 may have an important
role in chymase-induced renal damage. It has previously been
reported that chymase converts the TGF-$1 precursor to its
active form (15). Autocrine TGF-f1 may also have a critical
role in the growth and basal CollV production of renal tubular
epithelial cells (14,32). Increased levels of TGF-p1 have been
observed in both clinical and experimental models of diabetes,
and the deleterious effects of high glucose levels are attributed
primarily to the autocrine action of TGF-B1 (33). Autocrine
TGF-p1 signaling in proliferating proximal tubule cells
usually exceeds the levels that are necessary for physiological
regeneration (34), thus indicating that chymase inhibition may
downregulate TGF-f1 expression by depressing its activation,
as shown in the present study.

In conclusion, the results of the present study indicated that
chymase may participate in diabetic renal fibrosis by inducing
excessive ECM deposition, probably via its regulation of
TGF-p1 and VEGF. The chymase inhibitor (OPh), reversed
the effects of chymase as a fibrogenic factor by restraining
the expression of TGF-B1 and VEGF. In addition, chymase
inhibition resulted in a reduced urinary ACR and alleviated
diabetic renal fibrosis. These results indicated the potential of
chymase inhibitors for the treatment of diabetic nephropathy;
however, the mechanisms underlying the regulation of VEGF
and TGF-p1 by chymase require further investigation.
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