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Abstract: Aim: Hepatic cirrhosis is a serious clinical problem caused by the accumulation of extracellular matrix,
which can ultimately progress into hepatic failure. Transforming growth factor-betal (TGF-B,) plays a pivotal role in
extracellular matrix production. Bone morphogenetic protein-7 (BMP-7), as a member of the TGF-B, superfamily, has
been well proved to be capable of reversing renal fibrosis in mice. In this study, we aim to investigate the potential
effect of BMP-7 on hepatic fibrosis in rats. Methods: Sprague-Dawley rats were randomly divided into five groups.
In the hepatic fibrosis model group (n=8), rats was treated with porcine serum at 0.5ml each time, twice a week.
In the negative control group (n=10), rats were intraperitoneally injected with equal amount and frequency saline.
Rats were injected with BMP-7 (100 pg/kg weight) before porcine serum intraperitoneal injection in the preventive
group (n=9). For the early (n=10) and late (n=8) treatment group, rats were received with BMP-7 (100 pg/kg weight)
every other day since the second and fourth week respectively after porcine serum injection. After eight weeks,
the degree of liver fibrosis in rats was evaluated and the expression of TGF-B, in liver tissues was detected by
Western blot and immunohistochemistry. Results: The grade of hepatic fibrosis was significant attenuated by BMP-7
prevention and treatment compared with the rats in negative control group (P<0.05). In addition, the expression
of TGF-B, greatly decreased in the BMP-7 preventive and treatment groups detected by both Western blot and
immunohistochemistry. Conclusions: BMP-7 can attenuate and even prevent the level of hepatic fibrosis in rats
through inhibiting the expression of TGF-B, in the liver fibrotic tissues. Therefore, it may be a potential clinical drug
for the prevention and treatment of hepatic fibrosis.
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Introduction

Hepatic fibrosis is a common pathological
process of many chronic hepatic diseases
which may result from the over-deposit of
extracellular matrix (ECM) and its components
changes [1]. ECM is mainly generated by
hepatic stellate cell (HSC), of which the
activation and proliferation is essential for the
development of hepatic fibrosis [2, 3]. Besides,
transforming growth factor-betal (TGF-B,) can
trigger the activation of HSC and further induce
its differentiation into myofibroblast that is the
main factor leading to hepatic fibrosis [4].

Bone morphogenetic protein-7 (BMP-7), as a
member of TGF-B superfamily, has been

reportedto have the activity of anti-inflammatory
and anti-fibrosis in the kidney fibrotic model.
Besides, it is reported to own an antagonistic
effect against TGF-B, [5]. Our previous study
has demonstrated that BMP-7 could reduce the
collagen generation of hepatic cell and HSC in
vitro. And the specific regulatory mechanism
has been investigated in our preliminary study
[6]. The study aimed to further discuss the
effect of BMP-7 on hepatic fibrosis in rats and
its possible mechanisms.

Methods and materials

Processes involved in the animal experiment
have been approved by both Animal Care and
Use Institutes and animal experimental ethics
committee of Tongji hospital.
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Table 1. Classification of hepatic fibrosis in rats

Group Metavir Scoring System  Sample size
FO F1 F2 F3 F4 (n)
Negative control 10 10
Positive control 2 6 8
Early treatment 2 6 2 10
Late treatment 1 5 2 8
Prevention 2 3 3 1 9

Chi-square test (X?) showed that there were significant differences
in each of the early treatment group, the late treatment group and
the prevention group as compared with the model group (P<0.05).
A significant difference was also found between the prevention
group and the late treatment group (P<0.05), while no significant
difference between the prevention group and the early treatment

group (P>0.05).

Hepatic fibrosis model

Sprague-Dawley (SD) rats were obtained from
Shanghai SLAC laboratory Animal Co. LTD. The
hepatic fibrosis models of 45 female rats (body
weight 150 + 10g) were established by
repeated intraperitoneal injection of porcine
serum.

Grouping and treatment

Rats were randomly divided into five groups. In
the hepatic fibrosis (positive control) group
(n=8), rats was treated with porcine serum at
0.5ml each time, twice a week. In the negative
control group (n=10), rats were intraperitoneally
injected with equal amount and frequency
saline. Rats were received the injection of
BMP-7  (Shanghai  Medical Instruments
Wholesale Department) at 100 ug/kg weight
before porcine serum injection in the preventive
group (n=9). For the early (n=10) and late (n=8)
treatment group, rats were injected with BMP-7
(100 pg/kg weight) every other day since the
second and fourth week respectively after
porcine serum intraperitoneal injection. After
eight weeks, liver tissues of rats in five groups
were collected.

Liver damage classification

The degree of hepatic fibrosis in rats was
assessed and the pathological sections were
examined by three senior pathologists in our
hospital. According to Metavir Scoring System,
the liver damage was classified into the
following 4 grades on the basis of inflammation,
necrosis, fibrosis and structural changes; FO:
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normal hepatic structure; F1: portal
(without septa) fibrosis; F2: portal (with
few septa) fibrosis; F3: septa fibrosis; F4:
cirrhosis.

Western blot

Proteins samples were extracted from
rats’ livers with a subcellular proteome
extraction kit (Merck kGaA, Darmstadt,
Germany) and the concentration was
examined by Lowry’s method. Samples
were mixed with gel-loading buffer and
boiled for 5min, separated in 12% poly-
acrylamide SDS-gel under reducing
conditions, and then transferred into a
polyvinylidene difluoride membrane. Non-
specific binding antibody was blocked by the
pre-incubation in 1 x Tris buffer containing 5%
skimmed milk for 1h at room temperature.
Then, membranes were incubated with primary
anti-TGF-B, antibodies at a dilution of 1:2000 in
1 x TBS containing 2% skimmed milk overnight
at 4°C. After washing three times, membranes
were incubated with second anti-goat antibod-
ies at 1:2000 dilutions for 1h at room tempera-
ture. Finally, bands were visualized on films
using an enzyme-linked chemiluminescence
kit.

Immunohistochemistry

Tissue samples were fixed with 10%
formaldehyde in phosphate buffered saline,
embedded in paraffin, and then cut into
sections in 4mm thickness. Sections were
heated for 45min at 60°C, processed in two
changes of xylene, and rinsed in a decreasing
ethanol series. Besides, samples were treated
with 3% H,0, for 30min in order to block
endogenous peroxidase activity. Antigens were
retrieved with 0.01M Na-citrate buffer (pH=6.0)
in @ microwave oven for 30min.

Sections were incubated with primary anti-
TGF-B, antibody overnight at 4°C. It was
detected by incubation with biotinylated
secondary antibody and then streptavidin
peroxidase for 45min at room temperature.
Finally, reaction products were visualized by
immersing sections in  diaminobenzidine
tetrachloride and  counterstained  with
haematoxylin. In addition, the immunoreactive
score was calculated by the product of staining
intensity multiplied positive cells percentage.
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Statistical analysis

Experimental data were analyzed by Chi*
square test (X?) in SPSS10.0. P<0.05 was
considered as statistical significance.

Results

The effects of BMP-7 on the level of hepatic
fibrosis

As shown in Table 1, the results of hepatic
fibrosis classification suggested that BMP-7
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Figure 1. The prevention and treatment effects of
BMP-7 on hepatic fibrosis in rats. The histopathologi-
cal manifestations (Masson staining) of liver tissues
in experimental rats: A. the negative control, x40; B.
the positive control, x40; C. the early treatment, x10;
D. the late treatment, x40; E. the prevention, x10.

had a visible preventive and therapeutic effect
on the hepatic fibrosis in rats.

The normal structure of liver tissues was
observed in the negative control group (Figure
1A). The early treatment (Figure 1C), late treat-
ment (Figure 1D) and prevention (Figure 1E)
group showed a significant difference (P<0.05)
of liver structure compared with the positive
control group (Figure 1B). In addition, a statisti-
cal difference (P<0.05) in the prevention group
was also observed compared with the late
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Figure 2. The effects of BMP-7 on TGF-3, expression
in liver tissues detected by Western blot: lane 1, the
positive control; lane 2, the late treatment; lane 3,
the early treatment; lane 4, the prevention; lane 5,
the negative control.

treatment group while no significant difference
with the early treatment group (P>0.05).

The effects of BMP-7 on TGF-$3, detected by
western blot

The results of Western blot showed that TGF-3,
expression in hepatic tissues of the preventive
and treatment group was significantly reduced
compared with the positive control group
(Figure 2). It suggested that BMP-7 significantly
inhibited the expression of TGF-B, in the rats’
hepatic tissues.

The effects of BMP-7 on TGF-3, detected by
immunohistochemistry

According to the results of immunohistochem-
istry, the expression of TGF-B, in the early treat-
ment (Figure 3C), late treatment (Figure 3D)
and prevention group (Figure 3B) decreased
significantly compared with that in positive con-
trol group (Figure 3A). It suggested that BMP-7
significantly inhibited TGF-B, expression of
hepatic tissues in rats.

Discussions

Marshall et al. proposed that bone ECM
contained certain components contributing to
the bone formation which was later confirmed
to be BMP. BMP is essential in the process of
embryonic development including the brain and
bone formation [7-9]. The signal transduction
of BMP is mediated by the transmembrane
serine/threonine kinase receptors [10, 11].
Recently, the cellular and molecular
mechanisms of BMP-7 are the research focus
around the world, however, the relationship
between BMP-7 and hepatic fibrosis was rarely
investigated. Recent studies have shown that
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the effect of BMP-7 was opposite to that of
TGF-B, which is one of the significant fibrogenic
factors for the occurrence and development of
hepatic fibrosis [12]. Therefore, this study
investigated the preventive and therapeutic
effects of BMP-7 in the hepatic fibrosis process.

In the study, varying levels of hepatic fibrosis in
rats were found between the preventive and
treatment group. In the preventive group where
BMP-7 was administered at the beginning of
the study, the number of rats with advanced-
stage hepatic fibrosis (Grades Ill and IV) was
significantly reduced. Besides, there were
statistical differences (P<0.05) in the early
treatment, late treatment and preventive group
compared with the positive control. Significant
difference (P<0.05) was also observed between
the preventive group and late treatment group,
which indicates that BMP-7 may have a
preventive effect in the early stage of hepatic
fibrosis. What’s more, the results of Western
blot showed that TGF-B, had a lower expression
in normal liver tissues and a higher expression
in hepatic fibrosis. After treating with
intraperitoneal injection of BMP-7, liver tissues
had a lower TGF-3, expression than the positive
control group. The expression level of TGF-B, in
the preventive group was lower than that in the
treatment group. In addition, the results of
immunohistochemistry showed that the level of
TGF-B, in the positive group was also higher
than that of the treatment group. Therefore, it
suggested that the mechanism of BMP-7
blocking the progress of hepatic fibrosis may
be involved in the inhibition of TGF-3, expres-
sion in liver tissues.

TGF-B, is one of the most important fibrogenic
growth factors and plays a vital role in the pro-
cess of initiating and promoting HSC differenti-
ation [13]. HSC is a kind of liver non-parenchy-
mal cell and the main source of ECM, which is
essential in the formation and development of
hepatic fibrosis and cirrhosis. With the increas-
ing activity of TGF-B, in the hepatic fibrosis, the
rising production and deposition of collagen
leads to liver dysfunction.

HSC activation is featured by the enhanced
expression and release of TGF-B,. It can inhibit
the synthesis of matrix metalloproteinases and
reduce the degradation of ECM by promoting
the secretion of tissue inhibitors of metallopro-
teinases. Consequently, the activation of rest-
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Figure 3. The effects of BMP-7 on TGF-B, expression in liver tissues detected by immunohistochemistry: A. the posi-
tive control, x40; B. the prevention, x10; C. the early treatment, x40; D. the late treatment, x10.

ing HSC and the up-regulated expression of
type |, Ill and IV collagen result in the occur-
rence and development of hepatic fibrosis [14].
Studies showed that BMP-7 could antagonize
the fibrogenic effects of TGF-B, in liver tissues
and was a significant peptide inhibiting fibrosis
in vivo [15]. Recent data have shown that
BMP-7 opposed the fibrogenic activity of TGF-B,
by suppressing the nuclear translocation of
Smad3 in glomerular mesangial cells and pul-
monary myofibroblasts [16, 17]. In addition,
BMP-7 antagonized the fibrogenic activity of
myofibroblasts not only by inhibiting the TGF-3/
Smad3 signal but also by inducing I1d2 and 1d3.
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Studies on renal injury found that the TGF-B,
induced signal transduction could be offset by
BMP-7, leading to reverse of epithelial cells dif-
ferentiation into mesenchymal cells [18]. Wang
et al. found that BMP-7 stimulated or induced
ECM degradation through matrix metallopro-
teinase-2, while this effect can be inhibited by
TGF-B, [19]. Another study carried by Saika et al.
revealed that BMP-7 prevented the formation
of lens fibrous tissues by inhibiting the epitheli-
al to mesenchymal transition (EMT) in rats [20].
Similarity, BMP-7 could attenuate renal fibrosis
by counteracting the TGF-B, mediated EMT,
reducing inflammatory cytokines release and
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maintaining the intracellular homoeostasis
[21-23].

One of the mechanisms that BMP-7 antagoniz-
es TGF-B, is the interference with phospho-
Smadl1/5/8 by Smad3 for specific DNA binding
and/or recruitment of co-factors [24]. Another
possible mechanism is enhanced Smad7
expression via Smad1 signalling [25]. Moreover,
BMP-7 can initiate intracellular pathways inde-
pendently of Smad and activate Jun N-terminal
kinase, p38 kinase and PI3 kinase/Akt [26,
27]. However, BMP-7 may have no or opposite
effectin other kinds of cells, such as hepato-
cytes or breast epithelial cells [28, 29].
However, the specific fibrogenic effect of BMP-7
is still controversial. Recent clinical studies
demonstrated that elevated levels of BMP-7 in
patients with chronic liver disease may be relat-
ed to the progression of liver fibrogenesis [29].
The significant difference of BMP-7 regulation
is that the main pathways leading to fibrosis in
HSC were not modulated by BMP-7, including
TGF-B, secretion and DNA binding activity of
Smad3/4 [30]. Therefore, the anti-fibrogenic
effect of BMP-7 in renal diseases models
seems to be secondary to the anti-inflammato-
ry and cytoprotective effect.

In the study, inhibitory effects of BMP-7 on
hepatic fibrosis in rats were clearly observed. It
suggested that BMP-7 had both preventive and
therapeutic effects on hepatic fibrosis by inhib-
iting the over-expression of TGF-B, in fibrotic
liver tissues. According to the previous study in
vitro, we have demonstrated that BMP-7 inhib-
ited the activity of TGF-B, signal channel protein
Smad2/3 in HSC [6]. Therefore, we conclude
that BMP-7 may be a potential clinical drug for
the prevention and treatment of hepatic
fibrosis.
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