éﬁ SPANDIDOS

E) PUBLICATIONS

MOLECULAR MEDICINE REPORTS 2: 953-961, 2009

The urotension II antagonist SB-710411 arrests
fibrosis in CCL, cirrhotic rats
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Abstract. Urotensin II (UII) is a relatively novel peptide
that functions as a potent vasoactive mediator throughout
the human body, and also possesses mitogenic and fibrogenic
potential. Recent reports showed increased plasma levels
of UII in human cirrhotic populations; these levels were
correlated with the severity of the disease. We therefore
hypothesized that the blockade of UII signaling would arrest
the progression of hepatic fibrosis in a rat model of cirrhosis.
Cirrhosis was induced in rats by carbon tetrachloride.
SB-710411 was used as the UII antagonist. Treatment lasted
8 weeks. Plasma hyaluronic acid (HA) and laminin (LN)
were evaluated by radioimmunoassay, and plasma UII was
determined by ELISA for the quantity of hydroxyproline
(Hyp) in the liver tissues. Fibrosis was assessed histologi-
cally. The activated hepatic stellate cells (HSCs) were
assessed by a-smooth muscle actin innunostaining. The
relative mRNA expression of UII/G protein-coupled receptor
(UT), collagen I, collagen 111, transforming growth factor 31
(TGF-p1) and tissue inhibitor of metalloproteinase-1
(TIMP-1) in the liver was determined by real-time reverse
transcriptase-polymerase chain reaction. Western blot
analysis was used to assess liver levels of UT. The mitogenic
activity of UIl on HSC-T6 cells was also evaluated. Animals
with cirrhosis showed increased plasma UIIL. UII/UT mRNA
expression was up-regulated in the liver. Plasma levels of
UII were also positively correlated with HA, LN and Hyp.
In vivo, treatment with SB-710411 significantly reduced
fibrosis development and down-regulated the profibrogenic
cytokines TGF-f1 and TIMP-1. In vitro, UII induced the
proliferation of HSCs. This mitogenic effect was signifi-
cantly inhibited by 10 M SB-710411 (p<0.05). These data
suggest that the selective blockade of UT has an arresting
effect on fibrosis progression in vivo, and inhibits UII-
mediated HSC proliferation in vitro.
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Introduction

Portal hypertension occurs in large part through changes in
hepatic resistance. In cirrhosis, increased intrahepatic resistance
results from both vascular factors and fibrosis (1). Liver fibrosis
is characterized by the deposition of extracellular matrix
(ECM), mainly fibrillar collagen, and the substitution of
normal hepatocytes. The progression to fibrosis induces
hepatocellular dysfunction and portal hypertension due to
increasing intrahepatic vascular resistance (2-5).

Several vasoactive mediators, such as nitric oxide and
endothelin, have been shown to be involved in increased vascular
tone in cirrhosis (1). Urotensin II (UII) is also considered a
potential mediator of intrahepatic portal hypertension, as
plasma levels of UII were found to be increased in patients
with cirrhosis and its administration induced the elevation of
portal pressure (6,7). UII is a vasoactive cyclic neuropeptide
that activates the G protein-coupled receptor (UT) and exerts
various cardiovascular effects. UIl may influence different
pathways depending on the cells and the vascular compart-
ment where the receptor is located (8). Both UII and its receptor
are expressed on the endothelial cells of the arteries, veins and
bile ducts, as well as on sinusoidal lining cells in the liver
(9,10). UT mRNA expression is up-regulated in cirrhotic rats
(6). Recently, several physiological roles for UII have been
identified, including a role in the pathogenesis and mainte-
nance of high blood pressure, and the stimulation of fibroblast
proliferation and collagen synthesis (11). Despite major
advances in the treatment of liver cirrhosis, the disease remains
a severe public health problem. Therefore, the identification of
novel therapeutic targets for liver cirrhosis treatment is critical
to the development of more beneficial treatment strategies.

UII receptor antagonist can reduce portal pressure in
cirrhotic rats and improve renal function in diabetic rodents
and patients (7,12). However, its possible therapeutic potential
in the control of fibrosis progression has not been examined.
In the current study, the protective effects of a UT antagonist
on liver fibrosis in rats were investigated.

Materials and methods

Animals and experimental design. Thirty male Sprague Dawley
rats, 11-12 weeks of age and weighing 250-300 g, were used
in the experiment. Cirrhosis was induced by the intragastric
administration of 50% carbon tetrachloride (CCL,) dissolved
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in corn oil for 3 days/week according to a previously described
method (13). Animals were obtained from the Animal Center
(Beijing, P.R. China). Animal care and experimental protocols
were in compliance with the Animal Management Rules of
China (Documentation no. 55, 2001, Ministry of Health) and
the Guide for Care and Use of Laboratory Animals (Capital
Medical University Friendship Hospital, P.R. China).

Experimental groups. The rats (n=30) were randomly divided
into three experimental groups. The first group was untreated
(n=8, normal control group); the second was administered only
CCL, (Beijing Chemical Factory, PR. China) (n=11, cirrhosis
group); the third was simultaneously administered CCL, and
1 pg/kg of body weight/day of the UII receptor antagonist Cpa-
D-Cys-Pal-D-Trp-Lys-Val-Cys-Cpa-NH, (SB-710411; Phoenix
Pharmaceutical Inc., CA, USA) by hypodermic injection (n=11,
SB-treated group) (14-16). At the end of the experimental period,
the animals were sacrificed under ether anesthesia and terminally
bled via cardiac puncture. The liver of each animal was removed.
Blood was sampled via cardiac puncture and centrifuged, and
the serum was stored at -20°C until use. Liver specimens were
immediately snap-frozen and stored in liquid nitrogen for the
determination of hydroxyproline (Hyp) and the extraction of
total RNA. The remaining tissues were fixed in 10% formalin
and embedded in paraffin for histological examination.

Histological analysis. Formalin-fixed sections (5 pm) of the
right and left liver lobes were stained with hematoxylin and
eosin (H&E), Gordon-Sweet reticulin and Masson trichrome.
Fibrosis was assessed histologically as follows: stage 0, no
fibrosis; stage 1, short fibrous tissue in central venule (C);
stage 2, fibrous C-C septa appearance; stage 3, C-C fibrous
septa developed incompletely; stage 4, C-C septa completely
connected (pseudo-lobule); stage 5, C-P (Portal Tract) bridging
fibrosis, nodular appearance <50%; stage 6, nodular appearance
>50% (17). Immunohistochemical staining of a-smooth muscle
actin (a-SMA) was performed by the avidin-biotin-peroxidase
complex method. Semiquantitative analysis of immunoposi-
tive cells was carried out with a Olympus DP71 color digital
camera (Olympus, Tokyo, Japan) and the Image-pro plus
image analyzing system (Medialy Bernetics Inc., USA) in ten
intralobular ocular fields (magnification x400) per specimen,
excluding the a-SMA-positive cells in the portal area.

Measurement of hepatic hydroxyproline content. Hepatic
tissue (200 mg wet weight) was hydrolyzed using a hydroxy-
proline kit (sample alkaline hydrolysis method) according to
the manufacturer's guidelines (Jian Cheng Bioengineering
Institute, Nanjing, P.R. China). Absorptance was measured by
spectrometry at a wavelength of 550 nm, and the quantitation of
Hyp levels was calculated against the standard curve (Y = A +
BX, A=0.034, B=0.081, R=0.996) of 4-hydroxy-1-proline after
the color development reaction. Hydroxyproline levels were
expressed as ug of Hyp/g of liver.

Urotensin II, hyaluronic acid and laminin plasma levels. UIl
plasma levels were determined using an enzyme immunoassay
kit (Phoenix Biotech Co., Ltd., Beijing, PR. China) based on the
principle of a ‘competitive’ enzyme immunoassay, according
to the manufacturer's guidelines (18). Serum hyaluronic acid
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(HA) and laminin (LN) were calculated with a clinical radio-
immunoanalyzer (GambylOcr DPC, USA) according to the
manufacturer's protocol (Haiyan, Shanghai, P.R. China).

RNA extraction and complementary DNA synthesis. Snap-
frozen liver biopsy tissues stored at -80°C were homogenized,
and total RNA was extracted using the Trizol Reagent kit
(Invitrogen Life Technologies). The amount of RNA recovered
was quantitated, and its quality was verified by ultraviolet absor-
bance spectrophotometric examination at 260 and 280 nm.
Total RNA (4 pg) was mixed with 2.5 ul (5.125 yM) of random
hexamer primers (Takara Biotechnology, Japan) in 9 ul of
water and incubated for 5 min at 70°C. After cooling on ice
for 2 min, 10 ul M-MLV 5X reaction buffer, 10 ul of 10 nM
of dNT, 2 ul of 40 TU/ul recombinant RNAsin Ribonuclease
inhibitor and 2 pl of 200 IU/ul of M-MLV RT (Promega Corp.,
WI, USA) were consecutively added. Nuclease-free water was
added to a final volume of 50 pl. Reactions were conducted at
42°C for 60 min and 95°C for 5 min, and terminated at 4°C for
5 min before chilling on ice. The cDNA were stored at -20°C
for future use. Parallel reactions for each RNA sample were
run in the absence of M-MLV RT (genomic control) to assess
the degree of any contaminating genomic DNA.

Real-time polymerase chain reaction. Gene expression of
UIlL, UT, collagen I, collagen III, TIMP-1 and TGF-31 was
quantified by means of real-time PCR. The sequences of these
primers are shown in Table I (4). GAPDH, a housekeeping
gene, was used as an internal control. Primers for target genes
and GAPDH were obtained from SBS Genentech (Beijing,
PR. China). The expression of candidate gene mRNA was
measured by SYBR Green real-time PCR using an ABI 7300
instrument (Applied Biosystems, Forster, CA, USA) according
to the manufacturer's instructions. PCR was performed
in 20 pl buffer containing 1 pl cDNA, 1 ul of each primer
and power SYBR Green PCR master mix 10 ul (Applied
Biosystems). Comparative cycle threshold (Ct) calculations
were all relative to the control group. GAPDH Ct values were
subtracted from gene Ct values to yield a Ct value. AACt
values were achieved by subtracting the average control ACt
value, and the expression of UII, UT, collagen I, collagen III,
TIMP-1 and TGF-f1 relative to the control was derived using
the equation 2-24¢t (19). The derived normalized values were
the average of three runs.

Western blot analysis for urotensin. Protein was extracted
(Protein Extractor IV; DBI, P.R. China) from liver samples,
homogenized and assayed using the bicinchoninic acid method
(Pierce BCA Protein Assay kit; Thermo Fisher Scientific Inc.,
IL, USA). The 100-ug protein samples were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (80 V for 15 min on a 5% acrylamide stacking
gel and 120 V for 1 h on a 12% running gel), and then trans-
ferred (390 MA, 45 min) to polyvinylidene fluoride (PVDF)
membranes (Millipore, Bedford, MA, USA). The membranes
were soaked in Tris-buffered saline (10 mmol/l Tris-HCI and
250 mol/I NaCl) containing 5% nonfat powdered milk and 0.1%
Tween-20 for 2 h to block non-specific sites, then incubated
with primary antibody overnight at 4°C in blocking solution.
The resulting blots were washed and incubated with secondary
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Table I. Primer sequences used to detect collagen I, collagen 111, TGF-f1, TIMP-1 and UII/UT.

Gene Primer sequence Product size (bp) Accession no.

GADPH F: CCT GCC AAG TAT GAT GACATC AAG A 75 BC_059110
R: GTA GCC CAG GATGCCCTTTAGT

Ull F: CAG AAG CAG AGG GAAGCCTA 68 NM_019160
R: CAAGCT TCC CCTTGG AGT G

UT F: CAT TGG GCT GCT CTATGT CC 60 NM_020537
R: AAA GAA GCT TGC TGA GATAGCC

Collagen I F: CAT GTT CAG CTT TGT GGA CCT 94 NM_053304
R: GCA GCT GAC TTC AGG GGA TGT

Collagen III F: GGG ATC CAATGA GGG AGA AT 97 NM_032085
R: GCTCCATTC ACCAGT GTGTTT

TGF-p1 F: AGAAGT CAC CCG CGT GCT AA 107 NM_021578
R: TCC CGAATG TCT GAC GTATTG

TIMP-1 F: TCC TCT TGT TGC TAT CAT TGA TAG CTT 148 NM_053819
R: CGC TGG TAT AAG GTG GTC TCG AT

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; TGF-f1, transforming growth factor-p1; TIMP-1, tissue inhibitor of metalloproteinase-1;

UL, urotensin II; UT, urotensin II receptor or GPR14.

Table II. Effect of SB-710411 on the fibrosis change score of CCL,-induced cirrhosis.

Treatment Fibrosis score

0 1 2 3 4 5 6
Control rats (no.) 8 0 0 0 0 0 0
CCL,*treated rats (no.) 0 0 0 0 2 4 2
SB-treated® rats (no.) 0 0 3 3 2 0 0

Rats with stages 0, L, II, III, IV, V and VI received a point score of 0, 1, 2, 3, 4, 5 or 6. Average scores were calculated by multiplying the
number of rats by their individual point score and dividing the sum score by the number of animals in each treatment group (n=8/group; *p<0.01
compared to the normal control group; *p<0.01 compared to the normal control and cirrhosis groups).

antibody for 2 h at room temperature. Immunoreactivity was
visualized using an enhanced chemiluminescence kit (Thermo).
Films were scanned using a Bio-Rad imaging system (Bio-Rad
Laboratories Ltd., CA, USA). Antibody dilutions were as
follows: goat polyclonal anti-UT antibody (1:200; Santa Cruz
Co., CA, USA) and HRP-linked sheep anti-goat IgG (1:2000;
Immunology Consultants Laboratory Inc., OR, USA).

Rat liver hepatic stellate cell culture and proliferation assay.
The effect of SB-710411 on Ull-stimulated rat liver hepatic
stellate cell (HSC) proliferation was investigated in rat HSC-T6
donated by Professor Friedman (Mount Sinai Medical Center).
Initially, the T6 cells were plated at an equal density of 5x10°
cells/well in a 96-well plate in Dulbecco's modified Eagle's
medium (DMEM) with 10% bovine serum medium (50 U/
ml penicillin and 50 mg/ml streptomycin) for 48 h (37.0°C,
5% CO,), followed by serum starvation in DMEM/0.01%
bovine serum albumin (BSA) (with 50 U/ml penicillin and
50 mg/ml streptomycin) for 48 h. Subsequently, cells were

incubated with DMEM/10% serum media, DMEM/0.01%
BSA media or DMEM/0.01% BSA media with 10° to 104 M
rat UII (Phoenix Biotech), or with DMEM/0.01% BSA media
with 104 M UII + 10 to 10-* M SB-710411 for 48 h. The number
of live cells was measured using the thiazolyl blue (MTT)
cell proliferation assay (Sigma) by reading the absorbance at
450 nm according to the manufacturer's instructions.

Statistical analysis. Results are the means £ SD. Comparisons
were made using the unpaired Student's t-test and one-way
ANOVA, following by the Student Newman-Keuls test.
Linear regression analysis was performed by the method of
least squares, with the aid of the statistical program SPSS 17.0.
A p-value <0.05 was considered statistically significant.

Results

Pathological examination. Three rats from the cirrhosis and
SB-treated groups died during the experiment. No deaths
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Figure 1. Histologic findings: comparison of liver architecture of normal control, cirrhosis and SB-710411-treated rats. (A) Normal control rats (H&E); (B)
cirrhotic rats (H&E); (C) SB-710411-treated rats (H&E); (D) normal rats (Gordon-Sweet reticulum and Masson trichrome); (E) cirrhotic rats (Gordon-Sweet
reticulum and Masson trichrome); (F) SB-710411-treated rats (Gordon-Sweet reticulum and Masson-trichrome) (original magnification x50). (E) In the
cirrhosis group, extensive portal-portal and portal-central fibrous linkage, distortion of liver architecture and marked regeneration nodules were observed. (F)
SB-710411 treatment markedly reduced liver fibrosis as compared with the cirrhosis group.

occurred among the control rats. Due to the small number
of animals in this study, the mortality rate was not analyzed.
Histopathologic findings of rat liver tissues are shown in
Fig. 1 and Table II. The liver of CCL,-injured rats showed
massive fatty changes, gross necrosis and broad infiltration
of lymphocytes (Fig. 1B). The severity of hepatic fibrosis was
more pronounced, with thick and often completed fibrotic
centro-central septa (Fig. 1F). SB treatment significantly
reduced the mean score of fibrosis as compared with the cir-
rhosis group (Fig. 1G, Table II). To clarify the mechanism by
which SB-710411 attenuates the development of liver fibrosis
induced by CCL,, we examined the a-SMA-positive cells.
CCL, injections over eight weeks led to a progressive increase
in the number of a-SMA-positive cells in the pericentral zone
and fibrotic septa, infiltrating the lobules from the edges of the
septa and at the junction between the thick fibrotic band and
the parenchyma (Fig. 2B). Morphometric analysis (Fig. 2D)

confirmed that SB-710411 treatment significantly reduced the
area occupied by a-SMA-positive cells as compared with the
CCL,-induced cirrhotic rats.

Urotensin 11, hyaluronic acid and laminin plasma levels. UIl
levels were significantly higher in the plasma of cirrhotic rats
than in that of normal control rats. Treatment with SB-710411
induced a significant decrease in plasma UII levels (Fig. 3A).
The level of serum fibrosis indexes, such as HA and LN,
increased more significantly in cirrhotic rats than in control
rats (Fig. 4A and B). In SB-710411-treated rats, the levels of
plasma HA and LN were decreased (Fig. 4A and B).

Changes in hepatic hydroxyproline concentration. Changes in
hepatic collagen were measured by means of Hyp quantification.
The cirrhosis group had an increased liver Hyp concentration
compared with the normal control group (p<0.01), while the
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Figure 2. Effects of SB-710411 treatment on the distribution and quantification of a-smooth muscle actin (a-SMA)-positive hepatic cells during the progression
of carbon tetrachloride (CCL,). Hepatic fibrosis was induced (original magnification x400). Representative photomicrographs of a-SMA-immunostained liver
sections from (A) normal, (B) cirrhotic and (C) SB-treated rats. (D) Quantification of the number of a-SMA-positive cells in normal (n=8), cirrhotic (n=8) and
SB-710411-treated (n=8) rats ("p<0.01 compared with the 8-week-treated CCL, livers).
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liver Hyp concentration in the SB-treated group was decreased
compared with the cirrhosis groups (p<0.01) (Fig. 4C).

Changes in hepatic UII, UT, collagen I, collagen III, TIMP-1
and TGF-1 mRNA expression. Real-time PCR demonstrated

a significant increase in UII/UT mRNA expression in the
hepatic tissue of the CCL,-treated rats compared with the
controls (Fig. 5A and B; p<0.01). UII/UT mRNA expression
in the hepatic tissue of the SB-treated rats had a tendency to be
decreased compared with the cirrhotic rats. The mRNA levels
of collagen I (COL-I) and collagen III (COL-III) were signifi-
cantly increased in cirrhotic rats compared with the controls.
SB-710411 treatment significantly attenuated the increase in
mRNA levels of COL-I and COL-III (Fig. 6A and B). To clarify
the mechanism by which SB-710411 attenuates the develop-
ment of liver fibrosis induced by CCL,, we examined hepatic
tissue inhibitor levels of metalloproteinase-1 (TIMP-1) mRNA
and transforming growth factor 31 (TGF-1). The mRNA
levels of TIMP-1 and TGF-f31 were significantly increased in
cirrhotic rats compared with the controls. SB-710411 treatment
tended to attenuate the increase in mRNA levels of TIMP-1
and TGF-p1 (Fig. 6C and D).

Western blot analysis of G protein-coupled receptor. A 60-kDa
band, indicative of UT expression, was observed for the liver.
Western blot analysis demonstrated a significant increase in
UT protein expression in the liver of cirrhotic rats compared
with the controls. SB-710411 decreased UT protein expression
(Fig. 5C and D), similar to UT gene expression (Fig. 5B).

Hepatic stellate cell proliferation assay. UIl demonstrated
potential low efficacy mitogenic effects on rat liver HSCs, as it
significantly induced the proliferation of these cells at 10-'°M
and 104 M following incubation for 48 h (p<0.05) (Fig. 7).
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Treatment with the UT antagonist SB-710411 at a concentration
of 103 M almost completely inhibited 10-*M Ull-induced HSC
proliferation (p<0.01).

Discussion

Several studies have shown that urotensin II (UII) plasma
levels are increased in patients with liver cirrhosis and portal
hypertention (6,7). These UII plasma levels were negatively
correlated with mean arterial pressure and positively corre-
lated with portal pressure and the severity of the liver disease,
as assessed using the Child-Pugh score (6,7). Recently, several
physiological roles for UII have been identified, including a role
in the pathogenesis and maintenance of high blood pressure,
and in the stimulation of fibroblast proliferation and collagen
synthesis (11). In the present study, UIl mRNA in liver and the
plasma levels of the vasoactive peptide UII were up-regulated
in cirrhotic rats. The plasma UII was positively correlated
with hyaluronic acid (HA) and laminin (LN) levels (Fig. 5C
and D). Additionally, the results of real-time PCR and Western
blot analysis showed that UII receptors were markedly well
expressed in the cirrhotic rat liver. Furthermore, UIl was
shown to have a mitogenic effect on hepatic stellate cells
(HSCs), which may contribute to liver fibrosis. These findings
demonstrate that Ull is crucially involved in liver cirrhosis, and
suggest a potential therapeutic role for selective UT antagonism
in the treatment of liver fibrosis. Based on these findings, the
efficacy of the blockade of UII by the UT antagonist SB-710411
was evaluated in CCL, cirrhotic rats. This blockade of UII by
SB-710411 led to a significant decrease in fibrosis, as well as a
reduction in collagen deposition.

Hepatic fibrosis is a long-term consequence of chronic
hepatic injury caused by alcohol abuse or hepatitis virus infec-
tion, and is characterized by extensive fibrous scarring of the
liver and hepatic dysfunction (2-5). During liver fibrogenesis,
activated HSCs synthesize a large amount of connective
tissue components, composed mainly of extracellular matrix
(ECM), HA, LN, and fibril-forming collagen types I and III
(20-23). Evidence has recently been presented regarding the
impressive capacity of the liver to remodel, even in cases of
advanced fibrotic change (24,25). Furthermore, it has been
suggested that ECM degradation and HSC apoptosis are the
most important factors affecting reversibility. It may be that
the resolution of hepatic fibrosis requires the elimination of
causative agents and suitable reductions in pro-inflammatory
cytokine levels. Nevertheless, the role of HSCs in this reversal
is likely to be of central importance. Moreover, activated
HSCs produce ECM and secrete pro-inflammatory cytokines,
contributing to portal hypertension by contracting the intra-
hepatic vasculature (26,27). Therefore, the prevention of HSC
activation or apoptotic induction by controlling these processes
might normalize hepatic fibrosis and prevent the development
of cirrhosis or portal hypertension.

Immunohistochemical staining also showed significant
reductions in a-SMA-positive cells in the animals adminis-
tered a UII blockade (SB-treated group), which is indicative
of HSC activation. Thus, the results provide evidence that a
UII blockade can inhibit HSC activation via the suppression
of activated UIIl and UT expression in the liver. In order to
determine whether UII possessed mitogenic activity in the
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HSCs, it was demonstrated that UII induced HSC prolifera-
tion. These findings were complemented by the observation
that Ull-induced proliferation in rat HSCs was inhibited by the
use of the UT antagonist SB-710411.

TIMP-1 is capable of inhibiting matrix metalloproteinase
activity, and therefore plays a role in regulating collagen
degradation (28). In the SB-710411-treated cirrhosis group,
SB-710411 limited the progression of fibrosis and the up-
regulation of collagen I and TIMP-1 mRNA, two genes chiefly
expressed by HSCs during fibrogenesis (28). These changes
indicate that SB-710411, directly or indirectly, reduced the
number and/or activation of matrix-producing cells, thereby
blocking fibrosis progression. In addition, it is worth noting
that UII is positively correlated with HA and LN, which are
closely associated with the pathogenesis of hepatic fibrosis
(29-33). UII may therefore be a useful non-invasive serum
marker for estimating the degree of liver fibrosis.

TGF-B1, derived from both paracrine and autocrine
sources, remains the classic fibrogenic cytokine (34). UII
significantly increased COL-I and COL-III mRNA expression
and 3H-proline incorporation. Cell culture studies have
demonstrated that TGF-1 is up-regulated in cardiac fibro-
blasts by UII via UT, and that it modulates the profibrotic effects
of UII (35). Furthermore, Wang et al, utilizing an endothelial
cell culture, found that UII increased the expression of COL-I
mRNA and protein, and conversely decreased the expression of
MMP-1 mRNA and protein as well as the activity of MMP-1
(36). In the present study, the expression of TGF-$1 mRNA and
collagen was decreased in the Ull-blocked groups, which
suggests that UII also plays an key role in hepatic fibrosis by
inducing the expression of potent cytokines.

The comparison of SB-710411 with other receptor antago-
nists in similar models indicates a large therapeutic potential
for this antagonist. Of note, when administered chronically, a
congener of bosentan, one of the endothelin receptors, had no
haemodynamic effect but worsened fibrosis, since the endothelin
system may participate in the autocrine loop that counteracts the
development of liver fibrogenesis (37). On the other hand, the
use of angiotensin-converting enzyme inhibitors was reported
to markedly reduce portal pressure (38). However, these results
were not reproduced in subsequent studies, in which significant
reduction in arterial pressure, glomerular filtration rate and
almost negligible effects on the hepatic vein pressure gradient
were observed (39). Therefore, the use of these drugs may not be
advisable in patients with cirrhosis and portal hypertension (40).

A recent study by Trebicka et al using cirrhotic bile duct
ligation rats showed that palosuran, another UT antagonist,
reduced portal pressure without changing mean arterial pres-
sure (9). Oral treatment with palosuran induced a further
significant increase in plasma UII levels. In contrast to
Trebicka's work, we found UII levels to be significantly lower
in SB-710411-treated cirrhotic rats compared to cirrhotic rats
without SB-710411 treatment. It is possible that a chronic feed-
back mechanism affected UII synthesis in our study. However,
the existence of marked differences between the prior inves-
tigation and the current study regarding the antagonist used
(SB-710411 vs. palosuran), the experimental model (CCL, vs.
bile duct ligation rats) and the experimental design (preventive
effect for 8 weeks vs. therapeutic effect for 3 days) makes it
difficult to identify the reason for this discrepancy. Moreover,
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responses to palosuran cannot be replicated with alternate UT
antagonists, such as SB-710411 (41). Although drug efficacy
cannot be directly compared because of variations in study
parameters, it is evident that SB-710411 attenuated fibrosis
in a fashion similar to other therapeutic modalities, including
angiotensin-converting enzyme inhibitors.

In conclusion, the present study provides novel evidence

that UT antagonists exert an arresting effect on fibrosis pro-
gression through the inhibition of the proliferation of HSCs.
These findings suggest an important therapeutic role for UT
antagonists in liver fibrosis.
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