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Abstract. Tumor vascular normalization involved in immune 
response is beneficial to the chemotherapy of tumors. 
Recombinant human endostatin (Endostar), an angiogenesis 
inhibitor, has been demonstrated to be effective in hepatocel-
lular cancer (HCC). However, its vascular normalization in 
HCC and the role of the immune response in angiogenesis 
were unclear. In the present study, effects of Endostar on tumor 
vascular normalization were evaluated in hepatoma 22 (H22) 
tumor-bearing mice. Endostar was able to inhibit the prolifera-
tion and infiltration of tumor cells and improve α-fetoprotein, 
tumor necrosis factor-α and cyclic adenosine 5'-phosphate 
levels in the serum of H22-bearing mice, as well as the 
protein expression levels of the immune factors interferon-γ 
and cluster of differentiation (CD)86 in liver tissue. Endostar 
also exhibited more marked downregulation of the levels 
of vascular endothelial growth factor, CD31, matrix metal-
loproteinase (MMP)-2, MMP-9 and interleukin-17 during 
day 3-9 treatment, resulting in short-term normalization of 

tumor blood vessels. The period of vascular normalization 
was 3-9 days. The results of the present study demonstrated 
that Endostar was able to induce the period of vascular 
normalization, contributing to a more efficacious means of 
HCC treatment combined with other chemotherapy, and this 
effect was associated with the immune response. It may be 
concluded that Endostar inhibited immunity-associated angio-
genesis behaviors of vascular endothelial cells in response to 
HCC. The results of the present study provided more reason-
able possibility for the combination therapy of Endostar for the 
treatment of HCC.

Introduction

Hepatocellular cancer (HCC) has been regarded as one of the 
most common malignancies responsible for cancer-associated 
mortality (1). Conventionally, radiotherapy and chemotherapy 
have been used in clinical practice for the treatment of HCC (2). 
Of note, these conventional therapies are not ideal due to the 
toxic side effects and easily induced tumor resistance (3). 
A previous study demonstrated that the tumorigenesis and 
deterioration of HCC depends on tumor cell proliferation, 
and is also associated with tumor angiogenesis (4). Thus, 
the treatment of blocking the supply for tumor blood to kill 
tumor cells was gradually recognized. Folkman (5) proposed 
a hypothesis that tumor growth relies on blood supply. It has 
been conside red that cancer does not depend on blood supply 
in the early period, but when the diameter of tumor grows 
>1 mm3 with the secretion of a variety of tumor angiogenesis 
factors (TAFs) (6). TAFs induce the proliferation and migra-
tion of endothelial cells, and generate new capillaries to ensure 
continued tumor growth and metastasis (7,8). Inhibition of 
tumor angiogenesis may be a useful therapeutic approach (9).

Recombinant human endostatin (Endostar), expressed and 
purified in Escherichia coli with an additional 9-amino-acid 
sequence and forming another his tag structure, was developed 
and approved by the State Food and Drug Administration of 
China in 2005 (10). It has been shown to promote the efficiency 
of chemotherapy in the treatment of advanced non-small cell 
lung cancer Phase I clinical trials, and also to be effective 
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in HCC (11,12). Endostar is able to selectively inhibit the 
proliferation, migration, adhesion and survival of endothelial 
cells (13). Studies have demonstrated that Rh-endostatin is 
able to transiently normalize tumor vasculature and promote 
chemotherapy drugs permeating into the tumor during the 
normalization window with synergistic efficacy (14,15).

The growth and progression of HCC may be achieved by 
enhancing tumor angiogenesis and tumor cell proliferation, 
and by creating an immunosuppressed microenvironment (16). 
It is well documented that tumor angiogenesis is induced 
by an activation of complement mediators, which favor 
an immunosuppressive microenvironment and also acti-
vate inflammation (17-19). Cellular immunity such as an 
interaction of cytotoxic T-lymphocyte-associated protein 4 
immunoglobulin (CTLA4-Ig)/cluster of differentiation (CD)86 
on interferon-γ (IFN-γ) and interleukin-17 (IL-17) involved in 
the tumor anti-angiogenesis stimulate the proliferation and 
migration of naturally quiescent endothelial cells, resulting in 
the expression of vascular endothelial growth factor (VEGF) 
receptor‑2 (VEGFR‑2), which are relevant for inflammatory 
and angiogenetic processes (20). Anti-angiogenic substances 
such as VEGF and VEGFR inhibitors, including endostatin, 
angiostatin, atrasentan and matrix metalloproteinase (MMP) 
inhibitors, inhibit endothelial cell proliferation and the forma-
tion of tumor angiogenesis (21,22). However, the effect of 
Endostar on vascular normalization in hepatoma 22 (H22) 
tumor-bearing mice and the role of immune response in angio-
genesis were unclear.

The aim of the present study was to evaluate the vascular 
normalization in H22 tumor-bearing mice, and to investigate 
the role of the immune response in angiogenesis, providing 
experimental evidence for clinical application.

Materials and methods

Chemicals and reagents. Endostar was provided by Simcere 
Pharmaceutical Group (Nanjing, China). RPMI-1640 medium 
and trypsin were provided by Nanjing KeyGen Biotech Co., Ltd. 
(Nanjing, China). Fetal bovine serum (FBS) was purchased from 
Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Antibodies against CD31 (cat. no. ab28364), hypoxia-inducible 
factor-1α (HIF-1α; cat. no. ab2185), MMP-2 (cat. no. ab37150), 
MMP-9 (cat. no. ab38898), VEGF (cat. no. ab46154), IFN-γ 
(cat. no. ab198801), IL-17 (cat. no. ab79056) and CD86 (cat. 
no. ab119857) were provided by Abcam (Cambridge, MA, 
USA). Mouse ELISA kits for tumor necrosis factor-α (TNF-α; 
MK1169), IFN-γ (MK1205), IL-17 (MK1445), α-fetoprotein 
(AFP; MK2689) and cyclic adenosine 5'-phosphate (cAMP; 
MK2893) were ordered from Wuhan Boster Biological 
Technology, Ltd. (Wuhan, China). A monoclonal β-actin anti-
body (sc-47778) was bought from Santa Cruz Biotechnology, 
Inc. (Dallas, TX, USA). The secondary antibody (horseradish 
peroxidase conjugated-anti-rabbit IgG) was obtained from 
Invitrogen (A‑11034; Thermo Fisher Scientific, Inc.).

Cell culture. The mouse H22 cell line was purchased from the 
Tumor Institute of the Chinese Academy of Medical Sciences 
(Shanghai, China). H22 cells were incubated in RPMI-1640 
medium containing 10% FBS, 80 U/ml penicillin and 
0.08 mg/ml streptomycin. Cells were cultured in an incubator 

at 5% CO2 and 37˚C. The medium was renewed every other 
day. These cells were detached by 0.25% trypsin containing 
0.01% EDTA and used for seeding. Cells passaged between 
three and four times were used for subsequent experiments.

H22‑bearing C57BL/6 mice and treatment. A total of 
86 male C57B L/6 (C57 black 6) mice at 6-8 weeks (18-22 g) 
were purchased from the Shanghai Laboratory Animal 
Center (Shanghai, China). All mice were maintained at the 
clean standard of laboratory animals. Mice were housed 
for 7 days to adapt to the environment and maintained at a 
temperature of 25˚C with a relative humidity of 45%. Animals 
were housed in the Experimental Animal Center of Jiangsu 
Province (Nanjing, China) on a 12/12 h light/dark cycle with 
food and water ad libitum. The animal experiment protocol 
was reviewed and approved by the Institutional Animal Care 
and Use Committee of the Jiangsu Provincial Academy 
of Chinese Medicine (Jiangsu, China). Cell suspension 
containing H22 cells (1x106 cells/ml; 0.2 ml) was injected 
into liver tissues of C57BL/6 mice. The mice with H22 cells 
were then randomly divided into two groups, with 40 mice 
in each group, and administered for 12 consecutive days. 
The other 6 mice were set as a blank control. The Endostar 
group was administered Endostar every day at the dose 
of 0.5 mg/kg. Mice in the model group and blank control 
group were treated with normal saline at the same amount as 
Endostar. The model group mice and Endostar-treated mice 
were sacrificed at days 1, 3, 6, 9 and 12, and HCC tissues 
were removed immediately.

Hematoxylin and eosin (H&E) staining. HCC tissues were 
fixed in 4% (w/v) paraformaldehyde at room temperature for 
24 h. A microscope slide was used to bear cryosections or 
rehydrated hepar tissue sections (4 µm thick). The sections 
were dewaxed in xylene and rehydrated through decreasing 
concentrations of ethanol. The slide was immersed in 
0.3% H2O2 for 30 sec with agitation by hand. The slide was 
then dipped into a Coplin jar containing Mayer's hematoxylin 
and agitated for 30 sec at 50˚C. The slide was rinsed in water 
for 1 min and stained with 1% eosin Y solution for between 
10 and 30 sec at 30˚C with agitation. Next, two changes of 
95% alcohol and two changes of 100% alcohol for 30 sec 
each were used to dehydrate the sections. The alcohol was 
extracted by washing twice with xylene. Drops of neutral 
gum (Bioworld Technology, Inc., St. Louis Park, MN, USA) 
were then added and covered with a coverslip. Liver tissues 
were stained with H&E and images were captured using a 
digital camera.

ELISA for immunological and tumor‑associated factors. 
ELISA was used to determine the levels of AFP, cAMP, TNF-α, 
IFN-γ and IL-17 in serum or HCC tissues of H22-bearing 
C57BL/6 mice. Blood was obtained from mice retinal veins 
under sterile conditions and then centrifuged at 1,000 x g for 
10 min at 4˚C. HCC tissues were lysed by adding 400 µl lysis 
buffer containing 20 mM sodium phosphate buffer, pH 7.4, 
1% Triton X-100, 150 mM NaCl and 5 mM EDTA (23). The 
lysate was left on ice for 30 min, vortex-mixed and centri-
fuged at 14,000 x g at 4˚C for 15 min. The supernatant was 
collected for subsequent use. ELISA was performed according 
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to the manufacturer's protocols. At the end of the reaction, the 
optical density value of samples was read at 450 nm using a 
microplate reader (SPECTRAmax 19.0; Molecular Devices, 
LCC, Sunnyvale, CA, USA).

Western blotting. Western blotting was used to determine 
the protein expression of CD31, HIF-1α, MMP-2, MMP-9, 
VEGF, TNF-α, IFN-γ, IL-17 and CD86. Following treatment 
with Endostar, HCC tissues of the model group mice and 
Endostar-treated mice were washed with saline. Subsequently, 
these tissues were lysed with ice-cold radioimmunoprecipita-
tion assay buffer containing 50 mM Tris, 1% Nonidet P-40 and 
2 mM EDTA, 11.5 µg/ml aprotinin, 120 mM NaCl, 11.5 µg/ml 
leupeptin, 100 mM sodium fluoride, 50 µg/ml phenylmeth-
ylsulfonyl fluoride and 0.2 mM sodium orthovanadate for 
30 min at 4˚C. The concentration of protein was quantified 
using the bicinchoninic acid method (Pierce; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
Subsequently, the same amount of protein (50 µg) from each 
sample was resolved by 12% SDS-PAGE and transferred to 
polyvinylidene fluoride membranes. Membranes were blocked 
with 5% bovine serum albumin (BSA; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) for 2 h at room temperature, 
washed three times in TBS-Tween-20, and incubated with 
primary antibodies against CD31 (dilution, 1:1,000), HIF-1α 
(dilution, 1:500), MMP-2 (dilution, 1:500), MMP-9 (dilution, 
1:500), VEGF (dilution, 1:500), TNF-α (dilution, 1:1,000), 
IFN-γ (dilution, 1:1,000), IL-17 (dilution, 1:1,000), CD86 (dilu-
tion, 1:1,000) and β‑actin (dilution, 1:500) overnight at 4˚C. 
Subsequently, membranes were incubated with the previously 
described secondary antibody (dilution, 1:5,000) for 1 h at 
room temperature. Finally, the protein bands were treated with 
enhanced chemiluminescent reagents (Pierce; Thermo Fisher 
Scientific, Inc.) for visualization. β-actin was used as a loading 
control.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. RT-qPCR was used to determine 
the mRNA expression of HIF-1α and VEGF. Total RNA of 
hepar samples was extracted using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). It was then reverse‑transcribed 
with a SuperScript III First-Strand Synthesis System for 
RT-qPCR following the manufacturer's protocol. The primers 
were as follows: HIF-1α forward, 5'-AAA CCT AAA TGT TCT 
GCC TAC-3' and reverse, 5'-GGA TGT TAA TAG CGA CAA 
AGT-3'; VEGF forward, 5'-AGG GAA GAG GAG GAG ATG 
AGA-3' and reverse, 5'-GGC TGG GTT TGT CGG TGT T-3'; 
GAPDH forward, 5'-ATG ACA TCA AGA AGG TGG TG-3' and 
reverse, 5'-CAT ACC AGG AAA TGA GCT TG-3'. Primers were 
selected and constructed using Primer Premier 5 (PREMIER 
Biosoft, Palo Alto, CA, USA). qPCR was performed with an 
ABI 7900 sequence detector (Thermo Fisher Scientific, Inc.) 
using the SYBR Green method and d (N)6 random hexamers. 
PCR thermocycling parameters were 95˚C for 10 min, and 
40 cycles of 95˚C for 15 sec and 60˚C for 1 min. GAPDH 
was used as an internal competitive reference standard; the 
comparative Cq (quantitative cycle) method was used to calcu-
late the relative changes in gene expression using the 2-ΔΔCq 
method (24). Each sample was run in triplicate, each experi-
ment was repeated three times.

Immunohistochemistry. The detailed operational procedure 
was performed as described previously (25). Briefly, mice 
were anesthetized with ether for 60 sec and then sacrificed 
by cervical dislocation. The tumor-bearing liver tissues were 
taken for fixing with 4% freshly prepared paraformaldehyde 
at room temperature in 0.1 M PBS (pH 7.2) for 24 h. The liver 
tissues were dehydrated by serial gradient concentrations 
of alcohol and then embedded in paraffin blocks. Sections 
of 4 µm thickness were cut and mounted on specific slides 
for immunohistochemistry. Following deparaffinization 
and dehydration with a graded series of alcohol (100, 95, 80 
and 70% for 2 min each) 3% hydrogen peroxide was used to 
block endogenous peroxidase for 20 min at room temperature. 
Following washing with PBS (pH 7.2), the sections were treated 
with 5% BSA (Sigma-Aldrich; Merck KGaA) for 30 min at 
37˚C to prevent non‑specific reactions. Sequentially, these 
sections were incubated with the primary antibodies, including 
anti-IL-17 (dilution, 1:500), anti-CD86 (dilution, 1:500) and 
anti-IFN-γ (dilution, 1:500) at 4˚C overnight. Sections were 
washed with PBS three times, and then incubated with the 
previously described secondary antibody (dilution, 1:1,000) at 
37˚C for 2 h. Finally, sections were stained with 3,3'‑diamino-
benzidine for 1 min at room temperature. The sections were 
visualized and images were captured under light microscopy at 
x200 magnification (IX71) using an Olympus image capturing 
system (Olympus Corporation, Tokyo, Japan), and the images 
were then analyzed and quantified using Image‑Pro Plus soft-
ware 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). PBS 
was used as primary antibody for normalization to the loading 
control.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. Statistical analysis was performed by one-way 
analysis of variance based on Student's two-tailed unpaired 
t-test or Dunnett's multiple comparisons test using SPSS soft-
ware (version 16.0; SPSS, Inc., Chicago, IL, USA). Image-Pro 
Plus software (version 6.0; Media Cybernetics, Inc.) was used 
for processing images. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Pathological observation of liver tissue. Following treatment 
for 5 days, H&E staining of liver tissues was performed to 
observe liver histological morphology injury. As presented 
in Fig. 1A, H&E staining revealed that liver tissues of H22 
cell-injected mice (HCC mice) possessed typical basic chara-
cteristics of tumor cells, with larger volumes and irregular 
shaped nuclei compared with mice in the blank control group 
(Fig. 1B). Following treatment with Endostar (0.5 mg/kg/day), 
the proliferation and infiltration of tumor cells was inhi-
bited (Fig. 1C).

Effects of Endostar on the levels of AFP and cAMP in 
H22‑bearing mice. As shown in Table I, the level of serum 
AFP produced by the majority of HCCs was significantly 
increased in HCC mice when compared with blank controls 
(28.19±3.26 ng/ml) (P<0.05). A positive association was 
observed between AFP level and treatment time; the level 
of AFP gradually increased with the extension of time from 



XU et al:  ENDOSTAR ON H22 TUMOR-BEARING MICE IS INVOLVED IN THE IMMUNE RESPONSE3440

day 3 to 9. Although no significant difference was observed 
in the AFP level between the Endostar-treated group and the 
model group on day 12, serum AFP levels were decreased 
significantly by the treatment of Endostar from days 3 to 9, 
compared with the model mice (P<0.05).

cAMP has previously been associated with HCC (26). The 
serum cAMP level was markedly decreased in H22-bearing 
mice from a peak on day 1 of 0.51±0.07 nmol/ml to a low 
of 0.07±0.01 nmol/ml on day 12 (P<0.05). Endostar treatment 

resulted in a significant increase in the cAMP level compared 
with the model group at the same day until day 12 (Table I). 
Therefore, it was hypothesized that Endostar may improve 
the levels of AFP and cAMP in H22-bearing mice following 
administration at days 3 to 9, meaning that the effective work 
time continued for 6 days.

Effects of Endostar on angiogenesis‑associated proteins in 
liver tissues at different treatment times. In order to screen 

Table I. Effect of Endostar on the levels of AFP, TNF-α and cAMP in hepatoma 22-bearing mice (n=6).

 AFP, ng/ml TNF-α, pg/mg cAMP, nmol/ml
 ------------------------------------------------------------------------- --------------------------------------------------------------------- ------------------------------------------------------------------
Day Blank Model Endostar Blank Model Endostar Blank Model Endostar

  1 28.19±3.26 29.21±9.01 29.13±4.56 0.41±0.04 0.95±0.12 0.63±0.14 0.63±0.17 0.51±0.07 0.52±0.12
  3  32.91±3.98a 30.17±6.11  3.51±0.91a 2.11±0.61c  0.45±0.08a 0.51±0.09
  6  36.42±4.66a 31.62±5.87c  5.36±0.74b 2.45±0.85d  0.42±0.09b 0.49±0.12c

  9  42.95±8.01b 35.21±4.03d  7.18±0.71b 3.27±0.97d  0.09±0.08b 0.39±0.09d

12  56.26±3.98b 49.82±4.65e  7.31±0.13b 7.08±1.01e  0.07±0.01b 0.16±0.03e

All experiments were performed at least three times. aP<0.05, bP<0.01, model vs. blank control; cP<0.05, dP<0.01, Endostar treatment vs. the 
model group at the same day; eP<0.01, the level at day 12 vs. the level at day 9 in the Endostar group. AFP, α-fetoprotein; TNF-α, tumor 
necrosis factor-α; cAMP, cyclic adenosine 5'-phosphate.

Figure 1. Pathological observation of liver tissue in different groups (hematoxylin and eosin staining; magnification, x400). (A) blank control group; (B) model 
group; (C) Endostar-treated group.
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the optimal normalization window, the effects of Endostar 
on angiogenesis-associated protein expression in liver tissues 
were investigated during the different treatment times, 
including on days 1, 3, 6, 9 and 12. Compared with the blank 
mice, the expression levels of VEGF, CD31, HIF-1α, MMP-2 
and MMP‑9 protein in the model group were increased signifi-
cantly, followed by a gradual increase in protein expression 
levels with increasing time periods. Notably, expression of 

these proteins decreased significantly in the Endostar treat-
ment group (P<0.05; Fig. 2A).

In the Endostar‑treated group, a significant decrease in 
VEGF was observed at a later day compared with the earlier 
day (day 6 compared with day 3, and day 9 compared with 
day 6; P<0.05). However, the level of VEGF was reversed to 
increase on day 12 (Fig. 2B). The level of CD31, an indicator of 
intra-tumoral microvessel density (MVD), was downregulated 

Figure 2. (A) Effects of Endostar on the expression of angiogenesis-associated proteins in mouse liver tissues during treatment. Protein from liver tissues was 
extracted and protein expression of (B) VEGF, (C) CD31, (D) HIF-1α, (E) MMP-2 and (F) MMP-9 was analyzed using Image-Pro Plus 6.0. All experiments 
were performed at least three times. Results are presented as the mean ± standard deviation (n=6). #P<0.05, ##P<0.01 vs. blank control; *P<0.05, **P<0.01 vs. the 
model group at the same day; &P<0.05, &&P<0.01, vs. day 9 in the Endostar group. $P<0.05, $$P<0.01, Endostar treatment vs. blank group. VEGF, vascular 
endothelial growth factor; CD31, cluster of differentiation 31; HIF-1α, hypoxia-inducible factor-1α; MMP, matrix metalloproteinase.
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significantly by Endostar treatment from days 3 to 9, compared 
with previous days (P<0.05; Fig. 2C), whereas HIF-1α, MMP-2 
and MMP-9 were downregulated significantly on day 9 
(P<0.05; Fig. 2D-F). Of note, the expression levels of angio-
genesis-associated proteins, including VEGF, CD31, MMP-2 
and MMP-9, in Endostar-treated group were significantly 
decreased compared with that in the model group (P<0.05), 
but no significant difference was observed when compared 
with the blank control. These results indicated that days 3 to 9 
may be the optimal normalization window for Endostar treat-
ment.

Effects of Endostar on the mRNA levels of HIF‑1α and 
VEGF in liver tissue of HCC mice. In order to confirm the 
aforementioned results, RT-PCR was used to determine the 
mRNA levels of HIF-1α and VEGF in tumor-bearing liver 
tissues. As presented in Fig. 3A, the mRNA level of HIF-1α 
was increased significantly on the third day in the model 
group when compared with the blank control group (P<0.05). 
Following treatment with Endostar, the HIF-1α mRNA level 
was decreased significantly when compared with the model 
group (P<0.05). The levels of VEGF mRNA also exhibited a 
similar trend (Fig. 3B). For HIF-1α and VEGF mRNA levels 
in the Endostar-treated group, the level of HIF-1α mRNA was 
decreased significantly on days 3, 6 and 9 (P<0.01), whereas 
VEGF mRNA levels were decreased on day 9 (P<0.01). These 
results also suggest that days 3 to 9 may be the optimal vascular 
normalization window for Endostar.

Effects of Endostar on TNF‑α in liver tissue of HCC mice. 
Immune factors are involved in the angiogenesis of HCC 
and contribute to the vascular normalization (27). TNF-α, an 
inflammatory cytokine, has been shown to be associated with 
HCC (28). The hepatic TNF-α level increased progressively 
in the model group with increasing time, and increased from 
low levels of 0.95±0.12 pg/mg at day 1 to 3.51±0.91, 5.36±0.74, 
7.18±0.71 and 7.31±0.13 pg/mg at days 3, 6, 9 and 12, respec-
tively (Table I). The TNF-α level was decreased significantly 
following administration at days 3 to 9 (P<0.05).

Effects of Endostar on IFN‑γ, IL‑17 and CD86 in liver tissue 
of HCC mice. In order to explore the effect of Endostar on 
angiogenesis in HCC mice, the levels of immune factors IFN-γ, 
IL-17 and CD86 were evaluated in the liver tissues on the sixth 
day. The levels of IFN-γ and CD86 in the model group were 
identified to be significantly lower compared with the blank 
control group (P<0.01). Results of immunohistochemistry 
(Fig. 4A), ELISA (Fig. 4B) or western blotting (Fig. 4C and D) 
demonstrated that Endostar was able to enhance the decreased 
IFN-γ level (P<0.01). Results of Fig. 5 showed that Endostar 
was able to enhance the decreased CD86 level (P<0.01). For 
IL‑17, a significant decrease was observed in model group, 
whereas this decrease was enhanced by the treatment of 
Endostar (Fig. 6). These results indicated that the immuno-
modulatory factors were involved in the angiogenesis of HCC 
mice and Endostar was able to promote vascular normaliza-
tion by regulating these factors.

Discussion

HCC is a primary cancer that leads to mortality, and the number 
of cases is increasing from year to year (29). The development 
of HCC is closely associated with angiogenesis (30). Endostar, 
a recombinant human endostatin for inhibiting angiogenesis, 
was developed originally for the treatment of lung cancer and 
was also used for HCC treatment (31). This mechanism can 
be achieved by inhibiting endothelial cell migration to inhibit 
tumor angiogenesis and to block the nutrient supply of tumor 
cells (32). Therefore, normalization of blood vessels of HCC 
serves an important role in the target of Endostar to tumor 
cells. In the present study, experimental evidence for the 
vascular normalization window of Endostar was provided and 
the role of immune response in anti-angiogenesis of Endostar 
was also examined.

In the present study, H22-bearing C57BL/6 mice were 
used to establish a HCC model. In a previous study, a rabbit 
VX2 model was used to evaluate the anti-angiogenic effects of 
Endostar (33). H22-bearing C57BL/6 mice were used for two 
reasons: i) mouse models are more convenient and economical; 

Figure 3. Effects of Endostar on the mRNA levels of (A) HIF-1α and (B) VEGF in liver tissue of hepatoma 22-bearing C57BL/6 mice. All experiments were 
performed at least three times. Results are presented as the mean ± standard deviation (n=6). #P<0.05, ##P<0.01, model vs. blank control. *P<0.05, **P<0.01, 
Endostar treatment vs. the model group at the same day. $$P<0.01, Endostar treatment vs. blank group. HIF-1α, hypoxia-inducible factor-1α; VEGF, vascular 
endothelial growth factor.
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Figure 4. Regulation of IFN-γ by Endostar in liver tissue of hepatocellular carcinoma mice. (A) Immunohistochemistry for IFN-γ. (B) ELISA for IFN-γ. 
(C) Western blotting for IFN-γ. Results are presented as the mean ± standard deviation (n=6). **P<0.01, model vs. blank control; ##P<0.01, Endostar treatment 
vs. the model group. IFN-γ, interferon-γ.

Figure 5. Regulation of CD86 by Endostar in liver tissue of HCC mice. (A) Immunohistochemistry for CD86; (B) Western blotting for CD86. Results are 
presented as the mean ± standard deviation (n=6). **P<0.01, model vs. blank control; ##P<0.01, Endostar treatment vs. the model group. CD86, cluster of 
differentiation 86.
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and ii) compared with that of rabbits, the mouse genome is 
more similar to that of humans. The established mice model has 
certain advantages for the anti-angiogenic effects of Endostar.

AFP is produced by the majority of hepatocellular carci-
nomas and is directly associated with the severity of the 
disease (34). Owing to the increased expression of AFP in 
pathological liver tissue, it remains the only serum marker for 
the diagnosis of HCC (35). The level of AFP in the serum is a 
marker for assessing the response to therapy and a marker of 
disease progression and survival of HCC (36). It has been iden-
tified that lysophosphatidic acid (LPA) is a marker of HCC (37), 
and LPA was known to be associated with tissue fibrosis (38) 
in patients with HCC. LPA has previously been linked to 
cellular signaling molecules (cAMP) and pro‑inflammatory 
cytokines (TNF-α) (39,40). In the present study, serum AFP 
and TNF-α were typically increased, whereas cAMP levels 
were markedly decreased in mice with HCC when compared 
with blank controls. Following treatment with Endostar, serum 
AFP levels and TNF-α were decreased significantly compared 
with mice in the model group from day 3 to 9. Endostar 
treatment resulted in significantly increasing cAMP levels 
compared with the model group at the same time until day 12. 
Therefore, it is hypothesized that Endostar may improve levels 
of AFP, TNF-α and cAMP in H22-bearing mice following 
administration at days 3 to 9, meaning that the effective time 
continued for 6 days.

Excessive proliferation of tumor cells resulted in tumor 
tissue hypoxia, leading to angiogenesis, increased drug 

resistance, enhanced metastatic ability and other adap-
tive responses (41). HIF-1α serves an important role in the 
hypoxic condition of internal tumors (42). Increased expres-
sion of HIF-1α is associated with oxygen content sensing and 
signaling in internal tumors (43). HIF-1α can promote the 
secretion of downstream cytokines, including extracellular 
matrix metalloproteinase inducer (EMMPRIN) (44), VEGF 
and MMP-9 (45). The results of the present study demonstrated 
increased expression of HIF-1α in liver tissues of model mice, 
whereas low expression was observed in the blank control 
and Endostar-treated groups. These results indicated that the 
aerobic condition in Endostar-treated groups was consistent 
with that in the blank control group, namely that angiogenesis 
of Endostar may be adjusted to vascular normalization to 
provide sufficient oxygen.

Certain cytokines are able to cause endothelial cell 
migration, adhesion and migration into the tumor tissue, to 
eventually achieve tumor angiogenesis (46). VEGF is the 
most important tumor angiogenesis-stimulating factor (47). 
VEGF protects endothelial cells against apoptosis, enhances 
vascular permeabi lity and increases expression of MMPs (48). 
MMPs are a group of zinc-dependent proteolytic enzymes that 
degrade extracellular matrix components, with the exception 
of polysaccharides. MMPs increase the permeability of capil-
laries, thus promoting recycling of liquid, endothelial cells and 
tumor cells leaking from the blood vessels (49). MMPs perform 
an important role in angiogenesis by directly contributing to 
the promotion of capillary growth in the sprouting model (50). 

Figure 6. Regulation of IL-17 by Endostar in liver tissue of hepatocellular carcinoma mice. (A) Immunohistochemistry for IL-17; (B) ELISA for IL-17; 
(C) Western blotting for IL-17. Results are presented as the mean ± standard deviation (n=6). **P<0.01, model vs. blank control; #P<0.05, Endostar treat-
ment vs. the model group. IL-17, interleukin-17.
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MMPs can be regulated by EMMPRIN and tissue inhibitor 
of metalloproteinases (51). Levels of angiogenic cytokines 
were significantly increased by MMPs in tumor tissue, and 
the level of anti-angiogenic factors was decreased, resulting 
in abnormal proliferation of tumor blood vessels, including 
increased microvascular density, tortuous shape, expansion 
and increased bifurcations (52). In the present study, Endostar 
was identified to normalize the structure and function of blood 
vessels within the tumor microenvironment temporarily by 
upregulating the expression of angiogenesis-promoting factors. 
The results suggested that the expression levels of angiogenic 
factors VEGF, MMP-2, MMP-9 and HIF-1α were decreased 
following Endostar treatment for 3 days. A normalization 
of vasculature was achieved with the decrease in MVD, the 
increase in collagen coverage and the decrease in leakage of 
blood vessel walls. However, this process lasted only 6 days. 
The tumor blood vessels achieved a short-term normalization, 
with a window period from day 3 to 9.

The immune response has been demonstrated to be involved 
in tumor anti-angiogenesis (53). Immune factors are involved in 
tumor development, angiogenesis and immune response (54). A 
previous study demonstrated that CTLA4-Ig/CD86 interaction 
on IFN-γ and IL-17 activated human umbilical vein endo thelial 
cell modulation in the expression of VEGFR-2, relevant for 
inflammatory and angiogenic processes (14). The blockade 
of CD86 ligands from binding to CD28 by the modulation of 
CTLA4-Ig on T cell costimulatory signals (55). The stimulated 
Th1/Th2 induced the secretion of cytokine IFN-γ by switching 
the Th1 to Th2 response (56). Regulatory T cells are able to 
differentiate into Th17 cells to produce IL-17 (57). The results of 
the present study indicated that Endostar treatment was able to 
increase IFN-γ and CD86 levels and decrease the level of IL-17 
in HCC mice. VEGF may serve an important role in tumor 
development, progression and immunosuppression associated 
with CD86 (58). Therefore, it was hypothesized that vascular 
normalization of Endostar may be associated with the suppres-
sion on Th17 response and regulation on Th1/Th2 imbalance.

To the best of our knowledge, the present study is the first 
to confirm that the vascular normalization window of Endostar 
for anti-angiogenesis is from day 3 to 9 in H22-bearing HCC 
mice. Its regulation of antitumor immunity was involved in the 
anti-angiogenesis activity. These results provide experimental 
evidence for the vascular normalization window applied in the 
combination of Endostar with other chemotherapy.
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