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Abstract
Decreasing hepatic fibrosis remains one of the major therapeutic challenges in hepatology. The present study aims to evaluate the

effect of Endostar on both CCl4-induced liver fibrosis in mice and a hepatic stellate cell (HSC) line. Two main models were studied:

(i) a liver fibrosis model was induced in BALB/c mice using CCl4 by intraperitoneal injection for six weeks. Six animal groups were

studied: group 1: normal animals; group 2: CCl4-induced liver fibrosis; group 3: CCl4þEndostar 20 mg/kg/d, six weeks; group 4:

CCl4þEndostar 10 mg/kg/d, six weeks; group 5: CCl4þEndostar 20 mg/kg/d, four weeks; group 6: CCl4þEndostar 10 mg/kg/d,

four weeks corresponded to different Endostar doses and duration of administration. Liver fibrosis was evaluated by histopatho-

logical staining and liver hydroxyproline content. Expressions of collagen type I, a-smooth muscle actin (�-SMA), TGF-�1 and

VEGFR were measured by real-time polymerase chain reaction (PCR). (ii) A liver cell model. HSC-T6 cells were cultured with or

without Endostar for 12 h or 24 h. Expressions of collagen type I, �-SMA, and TGF-�1 were measured by real-time PCR. Collagen I

and transforming growth factor b1 (TGF-b1) contents in cell supernatant were measured by enzyme-linked immunosorbent assay.

As compared to the group without Endostar, liver fibrosis scores and hydroxyproline content were decreased in both Endostar

groups (P< 0.05). Moreover, Endostar inhibited the hepatic expression of �-SMA, TGF-�1, Collagen-1, VEGFR1, and VEGFR2

mRNA (P< 0.05). In the HSC-T6 cell line model, Endostar profoundly inhibited the expression of �-SMA, Collagen-1, and TGF-�1

mRNA. Expressions of Collagen-1 and TGF-�1 protein were decreased in the Endostar group as compared to the normal controls

in the supernatant of HSC-T6 cells (P< 0.05). Endostar decreased both liver fibrosis in CCl4-induced mice and collagen synthesis

in HSCs in vitro. Therefore, this recombinant human endostatin is a promising compound for counteracting liver fibrosis.
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Introduction

Endostatin (ES) is an endogenous angiogenesis inhibitor
derived from collagen XVIII (C18), a proteoglycan found
in vessel walls and basement membranes.1,2 Studies have
shown that ES can release anti-angiogenic fragments to inhi-
bit angiogenesis and tumor growth by restricting endothe-
lial proliferation, migration, and inducing apoptosis of
endothelial cells.3 ES is not only efficient in tumor growth,
but also in liver fibrosis. The precursors of ES–C18 tran-
scripts were found in hepatocytes and bile duct epithelia
of normal and bile duct ligated (BDL)-induced fibrotic
livers and occasionally in arterial myocytes and hepatic

stellate cells (HSCs).4 However, no further studies investi-
gated the relationship between ES and liver fibrosis.

Endostar is a recently introduced recombinant human ES
designed by Chinese scientists.5 Endostar is soluble in the
blood and has a long half-life.6 Endostar was approved by
the State Food and Drug Administration, USA (SFDA) in
2005 for the treatment of non-small-cell lung cancer.5,7,8

Endostar has been considered as a valuable anti-angiogenic
agent, which was shown to suppress vascular endothelial
growth factor (VEGF)-stimulated proliferation, migration,
and tube formation of human umbilical vein endothelial
cells (HUVECs) in vitro.5 Liver fibrosis is a reversible scar-
ring response that can occur in all types of chronic liver
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injury. Ultimately, liver fibrosis leads to cirrhosis, which is
associated with nodule formation and organ contraction.9

Clinically, cirrhosis is associated with risks of severe liver
dysfunction and hepatocellular carcinoma. To date, there is
no established anti-fibrotic drug that can be used by clin-
icians. Recent evidence showed that angiogenesis modu-
lates the formation of liver fibrosis, portal hypertension
and hepatic carcinoma.10,11 Studies have shown that anti-
angiogenesis drugs, such as sorafenib and sunitinib,
can also inhibit liver fibrosis.12–14 The key role of HSCs
in the development of liver fibrosis has been largely
established.9,15

The present study aims to explore the possible inhibiting
effect of Endostar both in an in-vivo model of hepatic fibro-
sis and in an HSC-derived cell line in vitro.

Materials and methods
Mice model of CCl4-induced liver fibrosis

Endostar was purchased from Simcere Pharmaceutical
Research Co., Ltd (China). Male BALB/c mice weighing
18–20 g were obtained from Beijing Vital River Laboratory
Animal Technology Co., Ltd. Liver fibrosis was induced by
intraperitoneal (ip) injection of CCl4 (40% V/V CCl4 in corn
oil, 0.2 mL/100 g body weight, twice weekly) for six weeks
(5–8 animals per group). Six groups were studied: group 1:
normal mice; group 2: CCl4-induced liver fibrosis; group 3:
CCl4þEndostar (20 mg/kg/d for 6 weeks, Endostar was
given simultaneously with CCl4 injection for 6 weeks);
group 4: CCl4þEndostar (10 mg/kg/d for 6 weeks,
Endostar was given simultaneously with CCl4 injection
for 6 weeks); group 5: CCl4þEndostar (20 mg/kg/d for 4
weeks, CCl4 only was given to mice for 2 weeks, then
Endostar was given to mice simultaneously with CCl4 injec-
tion for another 4 weeks); group 6: CCl4þEndostar (10 mg/
kg/d for 4 weeks, CCl4 only was given to mice for 2 weeks,
then Endostar was given to mice simultaneously with CCl4
injection for another 4 weeks). The mice in group 1 received
corn oil ip in the same regimen as CCl4 treatment mice. The
same volume of saline was given to the control groups
(groups 1 and 2) and group 5 and 6 by ip compared to the
volume of Endostar in group 3. In groups 3 and 4, Endostar
was given at the same time as CCl4 injection. In groups 5
and 6, CCl4 only was given to mice for two weeks, then
Endostar was always administered to mice at the same
time as CCl4 injection for another four weeks. All protocols
and procedures were approved by the Animal Care and
Use Committee of Harbin Medical University, Harbin,
China. The animals were housed in an air-conditioned
room at 23–25�C with a 12 h dark/light cycle for one week
before initiation of the experiment. All animals received
appropriate care during the study with unlimited access
to chow and water.

Histological examination

Liver samples were obtained from control mice and mice
with CCl4-induced liver fibrosis, with or without Endostar
treatment 48 h after the last CCl4 induction. Part of the liver
was immediately snap-frozen in liquid nitrogen and stored

at �80�C until further use. Another was embedded in par-
affin and sliced into 4–5 mm sections. Sections were stained
with hematoxylin and eosin and Masson staining for histo-
pathological analysis and liver fibrosis evaluation. Each
sample was independently assessed and scored by two
pathologists, blinded to the study protocol, according to a
fibrosis score system.16 Liver fibrosis was divided into
seven stages: 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 incompletely devel-
oped; stage 4, C-C septa completely connected (pseudo-
lobule); stage 5, C-P (portal tract) bridging fibrosis, nodular
appearance �50%; and stage 6, nodular appearance >50%.
Hepatic hydroxyproline was measured using a hydroxy-
proline detection kit (Jiancheng Institute of Biotechnology,
Nanjing, China) according to the manufacturer’s instruc-
tions. The hydroxyproline content was expressed as mg/g
wet liver. Blood was collected from the inferior vena cava.
The serum levels of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), albumin, and total bilirubin
(TBIL) were assessed using routine laboratory methods.

Immunohistochemistry staining for a-SMA

a-Smooth muscle actin (a-SMA) was detected in paraffin-
embedded liver sections using a a-SMA-specific antibody
(mouse to monoclonal a-SMA, cat. no. A2547, Sigma, USA)
and an avidin–biotin complex immunoperoxidase method.
After antigen retrieval by immersion in EDTA (1 mmol/L,
pH 8.0) and boiling for 15 min in a microwave oven, sec-
tions were pre-blocked with normal goat serum for 10 min
and incubated for 2 h at room temperature with a-SMA
antibody (final concentration 1:200). Phosphate-buffered
saline (PBS) was used in place of the primary antibodies
for the negative controls. Following rinsing, the biotinylated
secondary antibody, avidin–biotin complex, and horserad-
ish peroxidase (Strept ABComplex; DAKO, USA) were
applied. Finally, the sections were washed with PBS, devel-
oped with diaminobenzidine tetrahydrochloride substrate
for 3 min, and counterstained with hematoxylin.

Computer-assisted semi-quantitative analysis was used
to evaluate the areas of positive a-SMA staining using
Image-ProPlus version 4.5 (Media Cybernetics, Silver
Spring, MD). The data for the a-SMA staining were
expressed as the mean percentage of the positively stained
area over the total tissue section area.17

Cell culture

The HSC-T6 cell line, kindly provided by Dr Scott L.
Friedman (Mount Sinai School of Medicine, NY), was cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM)
with 10% fetal calf serum (FCS). The cell viability of HSCs
was>90% for 24 h in the presence of 500mg/mL Endostar in
DMEM under serum-free conditions. After serum starva-
tion for 16 h, HSC-T6 cells were treated with VEGF
(100 ng/mL, R&D systems Inc. Minneapolis, MN, USA)18

or VEGF (100 ng/mL) plus Endostar (500 mg/mL, 250mg/
mL or 125mg/mL) in serum-free medium for 12 h or 24 h.
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Detection of mRNA levels of collagen I, a-SMA, TGF-b1,
VEGFR1, and VEGFR2 by real-time PCR

Total RNA was extracted from liver tissues and HSC-T6
cells by using the TRIzol Reagent kit (Invitrogen Life
Technologies, Carlsbad, CA) according to the manufac-
turer’s instructions. The quality of total RNA was verified
by ultraviolet absorbance spectrophotometry at 260 nm and
280 nm. cDNA was reversed transcribed using the High-
Capacity cDNA Reverse Transcription Kits (Applied
Biosystems, Foster City, CA), according to the manufac-
turer’s instructions. Reactions were as follows: 25�C for
10 min, 37�C for 150 min, 85�C for 5 s, and 4�C for 5 min,
before chilling on ice. cDNA was stored at �20�C for
future use.

Collagen I, �-SMA, TGF-�1, VEGFR1, and VEGFR2
mRNA levels were quantified by means of real-time
PCR. The sequences of the primers used are shown in
Tables 1 and 2. GADPH, a housekeeping gene, was used
as an internal control primer for target genes. All primers
were obtained from Invitrogen (Beijing, China). The
expression of mRNA was measured by SYBR Green
real-time PCR using an ABI 7500 instrument (Applied
Biosystems). PCR was performed in 20 mL buffer that con-
tained 2 mg cDNA, 1mL each primer, and 10 mL SYBR
Green PCR Master Mix (Applied Biosystems).
Comparative cycle threshold (Ct) calculations were all
relative to the control group. The expression of

mRNA relative to the control was derived by using the
equation 2���Ct.

Determination of collagen I and transforming growth
factor b1 (TGF-b1) in HSC-T6 cell supernatant

Cultured HSC-T6 cells were incubated in serum-free
medium in the presence or absence of Endostar for 12 h or
24 h. TGF-b1 and collagen I production was determined in
culture medium using enzyme-linked immunosorbent
assay (ELISA) kits (TGF-b1 ELISA kit, R&D Systems;
Collagen I ELISA kit, USCN LIFE, Wuhan, China).

Statistical analysis

The results are expressed as mean� standard deviation
(SD). Statistical analysis was performed using analysis of
variance (ANOVA) and unpaired Student’s t-test as appro-
priate. The non-parametric data were analyzed by the
Mann–Whitney U-test. P< 0.05 was considered statistically
significant. Statistical analyses were performed using SPSS
version 17.0 (SPSS Inc., Chicago, IL).

Results
Endostar inhibits liver fibrosis in CCl4-induced mice

There were no collagen fibers along the central vein in the
control group. In the CCl4 group, collagenous fibers were

Table 1 Primers for quantitative real-time PCR analysis used in animal experiment

Gene Primer sequence Accession number

GAPDH

(mouse)

F: 50-GCACAGTCAAGGCCGAGAAT-30

R: 50-GCCTTCTCCATGGTGGTGAA-30
XM_001476707.3

Col I a1

(mouse)

F: 50-TTCACCTACAGCACGCTTGTG-30

R: 50-GATGACTGTCTTGCCCCAAGTT-30
NM_007742.3

a-SMA

(mouse)

F: 50-TCAGCGCCTCCAGTTCCT-30

R: 50-AAAAAAAACCACGAGTAACAAATCAA-30
NM_007392.2

TGF-b1

(mouse)

F: 50-CCCGAACCCCCATTGCTGTCC-30

R: 50-AGGCGTATCAGTGGGGGTCAG-30
NM_011577.1

VEGFR1

(mouse)

F: 50-CCACCTCTCTATCCGCTGG-30

R: 50-ACCAATGTGCTAACCGTCTTATT-30
NM_010228.3

VEGFR2

(mouse)

F: 50-CAAACCTCAATGTGTCTCTTTGC-30

R: 50-AGAGTAAAGCCTATCTCGCTGT-30
NM_010612.2

GAPDH, glyceraldehyde phosphate dehydrogenase.

Table 2 Primers for quantitative real-time PCR analysis used in HSC-T6 cell experiment

Gene Primer sequence Accession number

GAPDH

(rat)

F: 50-CCTGCCAAGTATGATGACATCAAGA-30

R: 50-GTAGCCCAGGATGCCCTTTAGT-30
BC059110.1

Col I

(rat)

F: 50-CCTTTCTCCACCCCCTCTT-30

R: 50-TGTGTCTTTGGGGGAGACTT-30
NM_053304.1

a-SMA

(rat)

F: 50-TGCCATGTATGTGGCTATTCA-30

R: 50-ACCAGTTGTACGTCCAGAAGC-30
NM_001613.2

TGF-b1

(rat)

F: 50-CCTGGAAAGGGCTCAACAC-30

R: 50-CTGCCGTACACAGCAGTTCT-30
NM_021578.2

GAPDH, glyceraldehyde phosphate dehydrogenase.
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extended from the central vein and the portal area to the
hepatic lobules, with pseudo-lobule formation. With the
different doses and administration duration of Endostar
(20 and 10 mg/kg/d, 4 or 6 weeks), collagenous fibers
were decreased compared to the CCl4 (alone) group
(Figure 1a–f). The fibrosis scores in the four Endostar
groups were lower than in the CCl4 group (P< 0.05)
(Table 3). Endostar also reduced hydroxyproline concentra-
tion in liver tissue, reflecting decreased total hepatic colla-
gen content (P< 0.01) (Table 4).

Endostar improved liver function and reduced liver
inflammation

Serum ALT and AST levels were significantly decreased by
Endostar treatment (P< 0.01) while no significant changes
in serum TBIL levels were observed (Table 4). The serum
albumin level in the Endostar group was not significantly

increased versus CCl4-induced mice (P> 0.05). The number
of inflammatory cells and extent of liver necrosis were
decreased in the liver of Endostar groups compared to the
group 2 (CCl4 treatment alone) (Figure 2a–f).

Endostar inhibited a-SMA protein expression in mice

The expression of a-SMA, a typical marker of activated
HSCs, was assessed by immunohistochemistry to evaluate
the effect of Endostar on HSC activation during hepatic
fibrosis. There was no positive staining on slices from the
control group (Figure 3a). Six weeks of CCl4 induction led to
considerable increases in the amount of a-SMA positive
cells, which were distributed throughout the fibrotic
septa (Figure 3b).

The computer-assisted semi-quantitative analysis
revealed that groups 3, 4, 5, and 6 showed significantly
decreased a-SMA positive areas as compared with the
group 2 (P< 0.05), while there was no significant difference
between these four groups (Figure 3c, d, e, f, g).

Endostar inhibited collagen I, a-SMA, TGFb1, VEGFR1,
and VEGFR2 mRNA expression in mice

Results showed that CCl4 increased the mRNA expression
of collagen I, a-SMA, TGF-b1, VEGFR1, and VEGFR2 com-
pared to the normal control group (P< 0.01) (Figure 4).
Endostar inhibited these various mRNA expression com-
pared to the CCl4 group (P< 0.01).

Effect of Endostar on collagen I, a-SMA, and TGF-b1
expression in HSC-T6 cells

To assess the effect of Endostar on ECM production by
HSCs, we determined the expression of collagen I mRNA
in HSCs and collagen I concentrations in culture medium
after adjusting the number of cultured HSC-T6 cells.

Figure 1 Endostar attenuated the extent of liver fibrosis in CCl4-stimulated mice. a–f: Representative photomicrograph of Masson staining in the normal group 1

(panel a), CCl4 model group 2 (panel b), CCl4þEndostar (6 weeks 20 mg/kg) group 3 (panel c), CCl4þEndostar (6 weeks 10 mg/kg) group 4 (panel d), CCl4þEndostar

(4 weeks 20 mg/kg) group 5 (panel e), and CCl4þEndostar (4 weeks 10 mg/kg) group 6 (panel f), 100x magnification. The fibers are shown in blue. Less fibers were seen

in groups treated with Endostar (groups 3, 4, 5, 6) compared with the CCl4 model group 2. (A color version of this figure is available in the online journal.)

Table 3 Endostar attenuated CCl4-induced liver fibrosis

Score of liver fibrosis

0 1 2 3 4 5 6 Mean�SD

Group 1 (n¼ 7) 7 0 0 0 0 0 0 0

Group 2 (n¼ 8) 0 0 0 0 2 5 1 4.88�0.64

Group 3 (n¼ 5) 0 0 1 2 2 0 0 3.20�0.84*

Group 4 (n¼ 5) 0 0 1 3 0 1 0 3.20�1.10*

Group 5 (n¼ 6) 0 0 2 2 1 1 0 3.17�1.17*

Group 6 (n¼ 7) 0 0 1 1 3 2 0 3.86�1.07*

Group 1: normal control, group 2: CCl4 model, group 3: CCl4þEndostar (6 weeks

20 mg/kg), group 4: CCl4þEndostar (6 weeks 10 mg/kg), group 5:

CCl4þEndostar (4 weeks 20 mg/kg), and group 6: CCl4þEndostar (4 weeks

10 mg/kg).

*P<0.01 (Endostar group vs. CCl4 group).
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The level of collagen I increased after VEGF treatment and
was reduced by Endostar co-treatment compared to normal
control (P< 0.01) (Figure 5). Treatment of the cells with
increasing concentrations of Endostar led to a concentra-
tion-dependent suppression of collagen I production. After
exogenous VEGF (100 ng/mL) stimulation for 12 h, collagen
I mRNA expression reached 1.58-fold (P< 0.05) that of the
normal control. Endostar 500mg/mL, 250 mg/mL, and
125 mg/mL inhibited the expression of 1.18-fold, 1.29-fold,
and 1.41-fold, respectively (P< 0.05) (Figure 5a). The
changes of collagen I protein expression in the supernatant
were consistent with mRNA expression data (P< 0.05)
(Figure 5d).

Changes of a-SMA expression are often used to study the
extent of HSC activation. Therefore, in this study, the effect
of VEGF and Endostar on the activation of the HSC-T6 cells
was investigated by examining changes in �-SMA gene
expression. Results showed that after exogenous VEGF
(100 ng/mL) stimulation for 12 h, �-SMA mRNA expression
reached 2.03-fold (P< 0.05) that of the normal control,

whereas Endostar (500 mg/mL) inhibited the expression to
1.17-fold compared to normal control (P< 0.05). After 24 h
incubation, �-SMA mRNA expression reached 2.19-fold
(P< 0.05) that of the normal control, whereas Endostar
(500mg/mL) inhibited the expression to 1.26-fold compared
to normal control (P< 0.05) (Figure 5c).

TGF-b1 is one of the important factors in the develop-
ment of liver fibrosis.19,20 Therefore, we also detected the
level of TGF-�1 mRNA and protein expression. The
results showed that the level of both TGF-�1 mRNA
and protein increased after VEGF treatment compared
with normal HSC-T6 cell line and was reduced by
Endostar and VEGF co-treatment (Figure 5b, e).
Stimulation of HSC-T6 cells for 24 h with exogenous
VEGF strongly increased TGF-�1 gene expression by 1.7-
fold versus normal controls, whereas Endostar reduced
TGF-�1 expression to 1.3-fold compared with normal con-
trol (P< 0.05) (Figure 5b). The changes in TGF-b1 protein
expression in the supernatant were consistent with
mRNA expression (Figure 5e).

Figure 2 Endostar inhibited apoptosis, necrosis, and inflammation in hepatocytes. a–f: Representative photomicrographs of HE staining in the six groups (as defined

in Figure 1), 400x magnification. Endostar reduced CCl4-induced liver inflammation compared with the CCl4 model group 2. (Panel a) Normal group 1 mice showed

normal liver histology. (Panel b) In the CCl4 model group 2, large patchy hepatocyte eosinophilic necrosis and groups of inflammatory cells (arrow) were observed.

(Panel c, d) In groups 3 and 4, there was little hepatocyte injury and few inflammatory cells were seen. (Panel e) In group 5, focal necrosis and inflammatory cells (arrow)

were observed. (Panel f) In group 6, the liver cells only exhibited minor injury or minor edema or plasminic loose (arrow). (A color version of this figure is available in the

online journal.)

Table 4 Effects of Endostar on several markers in mice treated with CCl4

Group 1 (n¼7) Group 2 (n¼8) Group 3 (n¼5) Group 4 (n¼5) Group 5 (n¼ 6) Group 6 (n¼ 7)

Hydroxyproline (mg/g liver) 0.1� 0.04 92.0�4.6 40.8�5.9* 46.0�7.4* 38.6�7.8* 40.9�2.4*

ALT (IU/mL) 38.4� 5.9 149.5�19.4 110.4�11.6* 125.2�19.6* 108.2�21.6* 114.9�14.2*

AST (IU/mL) 41� 8.3 235.5�16.8 174.4�11.9* 179.2�14.5* 162.8�17.9* 181.9�20.6*

TBIL (mg/dL) 1.0� 0.1 1.9�0.2 1.8�0.2 1.8�0.3 1.7�0.3 1.8�0.3

Albumin (g/L) 34.8� 1.5 26.2�1.9 29.6�1.6 28.9�1.8 30.2�1.4 29.4�1.5

ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin.

Group 1: normal control, group 2: CCl4 model, group 3: CCl4þEndostar (6 weeks 20 mg/kg), group 4: CCl4þEndostar (6 weeks 10 mg/kg), group 5: CCl4þEndostar

(4 weeks 20 mg/kg), and group 6: CCl4þEndostar (4 weeks 10 mg/kg). Data are expressed as the mean�SD.

*P<0.01 (Endostar group vs. CCl4 group).
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Figure 3 Endostar suppresses a-SMA expression in CCl4-induced fibrotic mouse livers. Panel a–f: Representative photomicrographs of immunohistochemistry

staining in the six groups (as defined in Figure 1), 100x magnification. Endostar reduced a-SMA expression in the CCl4-induced liver compared with the CCl4 model

group 2. (A color version of this figure is available in the online journal.)

Figure 4 Endostar inhibited the expression of collagen I, �-SMA, TGF-�1, VEGFR1, and VEGFR2 mRNA in fibrotic mice. mRNA expression of collagen I, �-SMA,

TGF-�1, VEGFR1, and VEGFR2 were determined by real-time PCR in the liver treated with or without Endostar. Data were normalized to the internal control (GAPDH)

and expressed as the mean�SD. *P<0.01 (Endostar group vs. CCl4 group). Results showed that the expression of collagen I, �-SMA, TGF-�1, VEGFR1, and VEGFR2

mRNA was increased in the CCl4 group and decreased after Endostar treatment in the liver of fibrotic mice
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Discussion

Hepatic fibrosis is a major complication in chronic liver dis-
ease, leading to the risk of cirrhosis and ultimately to hep-
atic dysfunction and hepatocellular carcinoma. Treating the
cause of the liver disease may lead to fibrosis reversal.21

However, resorting to anti-fibrotic compounds represents
an important complementary approach and a major thera-
peutic challenge.

Angiogenesis and fibrosis are key components in devel-
opment, growth, wound healing, and regeneration.

As anti-angiogenic agents are likely to be delivered earlier
in an increasing proportion of patients in the course of life-
threatening diseases, probably in combination with add-
itional medications, the safety of anti-angiogenic treatment
is an issue of emerging importance.22 Endostar is a new
anti-angiogenic drug which is used in non-small-cell lung
cancer and hepatocellular carcinoma patients.23

Jia et al. have studied the major sources of the precursor
of ES–collagen XVIII (C18) in the fibrotic liver due to either
CCl4 injection or bile duct occlusion.24 The results showed
that C18 transcripts were found in hepatocytes and bile

Figure 5 Endostar inhibited the expression of collagen I, �-SMA, and TGF-�1 mRNA and the secretion of collagen I and TGF-b1 in HSC-T6 cells. mRNA expression of

collagen I, TGF-�1, and �-SMA was determined by real-time PCR in the HSC-T6 cells treated with VEGF and with or without Endostar (a, b, c). Data were normalized to

the internal control (GAPDH) and expressed as the mean�SD. *P<0.01 (Endostar group vs. VEGF group) (n¼ 6). Results showed that the expression of collagen I, �-

SMA, and TGF-�1 mRNA was increased in the VEGF group and decreased after Endostar treatment in HSC-T6 cells. Protein expression of collagen I and TGF-b1 in

HSC-T6 cell supernatant was determined by ELISA in HSC-T6 cells treated with VEGF and with or without Endostar (d, e). *P<0.01 (Endostar group vs. VEGF group)

(n¼6). Results showed that production of collagen I and TGF-b1 in HSC-T6 cell supernatant was increased in the VEGF group and decreased after Endostar treatment
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duct epithelia of normal and fibrotic livers, and occasionally
in arterial myocytes and HSCs. C18 mRNA levels remained
unchanged 72 h after CCl4 injection, while they increased in
biliary fibrosis. C18 expression remained constant in acute
fibrogenesis and was upregulated in biliary fibrosis.
Another recent study found that C18 mRNA was increased
48 h after a single dose of CCl4.25 We are not aware of other
studies aiming to detect the endogenous ES in the CCl4-
induced fibrotic animals.

A recent study has found that administration of Endostar
in healthy mice (14 mg/kg or 2 mg/kg injected intraperito-
neally for seven days) showed no detectable signs of injury
to the myocardial, lung and kidney tissues, and no differ-
ences in the density of microvessels were noticed in these
organs.26 The aim of our study was to detect the effective-
ness of Endostar on hepatic fibrosis.

In our study, we found that Endostar administration
decreased the liver fibrosis scores and serum markers of
liver damage (especially serum transaminases levels), indi-
cating that Endostar exhibited both anti-fibrotic and anti-
inflammatory effects in vivo.

HSCs are the key cells in collagen accumulation. They
correspond to perisinusoidal cells in the subendothelial
space between hepatocytes and sinusoidal endothelial
cells.27–29 HSC activation induces the release of VEGF and
platelet-derived growth factor (PDGF), which is important
for the sustained activation and proliferation of
HSCs.27,30–32 HSCs can be recognized by their vitamin A
autofluorescence, perisinusoidal orientation, and expres-
sion of the cytoskeletal proteins desmin and a-SMA.27 In
our study, we showed that exogenous VEGF increased the
expression of collagen I, a-SMA, and TGF-b1 in HSC-T6
cells, and that these effects could be blocked by Endostar.
Therefore, HSCs might be one of the Endostar target cells.

Liver fibrosis is a wound-healing response that is char-
acterized by increased and altered deposition of ECM in the
liver.9,28 The fibrosis process is rigorously controlled by sev-
eral growth factors and cytokines.30,33 TGF-b1, VEGF, and
its receptor are among the most potent factors in liver fibro-
sis development.10,18 Our results reinforce the concept that
TGF-b1, VEGF, and VEGFR play a major role in the fibrotic
liver. Previous results have shown that Endostar is a mul-
tiple receptor tyrosine kinase inhibitor targeting the ERK/
MAPK signaling pathways, as well as the VEGF-induced
tyrosine phosphorylation of KDR/Flk-1(VEGFR-2).5 Our
present results, showed that Endostar had a significant
inhibitory effect in vivo on the expression of TGF-b1,
VEGFR1, and VEGFR2 and the in-vitro expression of TGF-
b1 and VEGFR, indicated that Endostar might play a role in
counteracting liver fibrosis through the TGF-b and VEGF
transduction pathways.

Duncan et al. also explored the role of type XVIII colla-
gen, which is the precursor of ES, in acute liver injury.25 The
group found that ES could decrease liver inflammation and
hepatocyte necrosis in the acute CCl4-induced wild type
mice liver injury model (24 days), but without similar
effects in the col18a1�/�mice. This result was in agreement
with our own findings. We also found that ES could
decrease liver inflammation and hepatocyte necrosis in
the CCl4-induced liver fibrosis model (6 weeks). However,

the main aim of Duncan et al.’s study was to show that type
XVIII collagen was a functional component of the liver
matrix microenvironment and was of primary importance
for hepatocyte survival during injury and stress. The group
did not explore the role of ES in liver fibrosis. In our study,
we examined the role of ES in the CCl4-induced liver fibro-
sis mice and HSCs. It should be noted that our experimental
design did not allow to explore the Endostar effects on
normal mouse liver.

In conclusion, although, the present study demonstrates
that Endostar treatment was able to improve the liver histo-
logical changes and reduce collagen accumulation in CCl4-
induced liver fibrotic mice. Endostar had a similar inhibi-
tory effect on collagen synthesis in HSCs in vitro. TGF-b and
VEGFR were found to play a role in the mechanism of
Endostar reduction in liver fibrosis. Endostar may pave a
new road for the treatment of liver fibrosis.
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