
Purpose: To investigate the therapeutic effect of combining 
32P colloid radiotherapy with endostatin anti-angiogenesis 
therapy on hepatocellular carcinoma (HCC) cells. 

Methods: HCC mouse models were prepared using H22 
cells and randomly divided into four groups. The mice were 
administered phosphate buffered saline (PBS), 32P colloid, 
secretory endostatin encoding plasmid and combination 
of 32P and endostatin, respectively. Seven, 14 and 21 days 
after treatment the mice were sacrificed. Expression of en-
dostatin was confirmed using western blot. Tumor growth 
rate, microvessel density (MVD) in the solid tumor and ap-
optotic index (AI) of tumor cells was analyzed using immu-
nohistochemistry and TUNEL methods.

Results: (1): From the western blot results, 1400 bp en-

dostatin specific protein bands were observed in the sam-
ples from groups 3 and 4, but not in the other two groups; (2): 
The tumor growth rate of groups 2, 3 and 4 was significantly 
decreased compared to group 1 and that of group 4 was signif-
icantly lower than group 2 and 3 (3): The MVD of group 1 was 
greatly higher than in the other groups (4): The AI of group 4 
was dramatically higher than in the other groups. 

Conclusions: 32P colloid radiotherapy or endostatin an-
ti-angiogenesis therapy were able to inhibit the growth of 
HCC cells in vivo, while the combination of 32P and endosta-
tin showed much better therapeutic effect in HCC treatment. 
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Accounting for 85-90% of all primary liver 
cancers, HCC ranks as the fifth most common pri-
mary cancer and the third leading cause of can-
cer-related deaths globally [1]. Currently, curative 
therapy options for HCC include surgical resec-
tion and liver transplantation [2]. However, due 
to the absence of early disease symptoms, rapid 
tumor progression and invasion-related spread-
ing during early tumor stages, the prognosis for 
HCC is poor and only 10-20 % of patients are con-
sidered eligible for surgical treatment [3,4]. Thus 
there are great demands for novel therapeutic tac-

tics for HCC. 
Radiotherapy has been widely used in var-

ious clinical malignant and pain management 
applications in the last 20 years [5,6]. It is able to 
deliver a highly concentrated absorbed dose to 
the targeted tumor while sparing the surround-
ing normal tissues. 32P is a high-energy pure β−
emitter with near ideal nuclear characteristics 
(T1/2 of 14.3 days, moderately high energy of 
β− particles, maximum Eβ of 1.71 MeV). Besides 
that, the low cost and abundant availability of 
32P makes it a promising therapeutic radioiso-
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tope for tumors [7]. Extensive use of 32P-chro-
mic colloid for pleural and peritoneal effusions 
secondary to primary malignancies has been 
reported [8,9] and it has been approved by FDA 
as an antitumor radiopharmaceutical [10]. 32P 
exhibits great antitumoral activity by inducing 
central tumor liquefaction [11]. Currently, tech-
nologic advances have provided the means to 
deliver tumoricidal doses of radiation therapy 
to patients with unresectable HCC, while avoid-
ing critical normal tissues, providing the op-
portunity to use radiation therapy for curative 
intent treatment of HCC. However, angiogenic 
factors are upregulated in tumors in response 
to radiotherapy which might lead to tumor and 
endothelial radioresistance [12].

Consensus has been reached that solid tum-
ors rely on angiogenesis for sustained growth and 
hematogenous metastatic spread [13,14]. Conse-
quently, the concept of targeting the tumor vas-
culature with antiangiogenic agents has emerged 
as an attractive new strategy in the treatment of 
cancer [15-17]. Among these agents, endostatin, 
a 20 kDa C-terminal proteolytic fragment of col-
lagen XVIII, has received the greatest attention 
[18]. Significant antitumor effects of endostatin 
have been reported in a variety of established 
tumor models of mouse, rat and human origins 
with low toxicity and acquired drug resistance  
[19-21]. However, antiangiogenic therapies, such 
as endostatin, cannot kill tumor cells directly. The 
greatest potential may be realized when used in 
conjunction with conventional therapies. HCC is 
a hypervascular tumor and angiogenesis plays a 
critical role in tumor growth and metastasis [22]. 
However, the research of endostatin combined 
with radiotherapy on HCC treatment is relatively 
limited. 

This study investigated the therapeutic ef-
fect of the combination of 32P colloid radiother-
apy and endostatin anti-angiogenesis therapy on 
HCC using an orthotopic hepatoma mouse model. 
Specifically, HCC mouse models were prepared 
using H22 cells and were administered randomly 
PBS, as control, 32P colloid, secretory endostatin 
encoding plasmid and combination of 32P and en-
dostatin, respectively. Mice were sacrificed at the 
7th, 14th and 21st day after treatment. Expression 
of endostatin was firstly confirmed using western 
blot. The tumor growth rate, MVD and AI of tu-
mor cells were further analyzed to evaluate the 
therapeutic effect on HCC. 

Methods

Materials

The mouse hepatoma cell line H22 was purchased 
from Shanghai Institute of Cell Biology, Chinese Acad-
emy of Sciences. Four to six weeks old imprinting 
control region (ICR) mice, weighing 18-22 g were pur-
chased from Shanghai Laboratory Animal Center, Chi-
nese Academy of Science. All animals were maintained 
in pathogen-free conditions and handled in strict ac-
cordance with the PR China legislation of the use and 
care of laboratory animals. The plasmid encoding se-
cretory endostatin was obtained from Beijing Medical 
University. 32P colloid with diameter of 20-50 nm and 
radiopurity of 99% was purchased from Beijing Atomic 
Hi-Tech Co., LTD (Beijing, China).

HCC model preparation

Establishment of orthotopically implanted HCC 
mice model was established following the method de-
scribed elsewhere [23]. Firstly, H22 cells were trans-
ferred into the abdominal cavity of an ICR mouse. After 
6-8 days, the ascitic fluid was  taken from the mouse 
and diluted with normal saline to a concentration of 
1×107 cells/ml, and 0.2 ml was inoculated through sub-
cutaneous injection at the right armpit of the mouse. 
They were then randomly divided into four groups (15 
mice per group): (1) control group (saline), (2) 32P group 
(intratumor injected with 0.3 mCi 32P colloid), (3) en-
dostatin group (intratumor injected with 20 μg secreto-
ry endostatin encoding plasmid) and (4) combination of 
32P and endostatin group. Another 5 HCC mouse mod-
els were prepared and sacrificed on the 7th day for the 
calculation of original tumor size (V0). 

Data collection

Seven, 14 and 21 days after treatment, HCC mouse 
models were sacrificed and tumors were segregated for 
the evaluation for therapeutic effects (5 mice per group 
each time). 

Endostatin expression

The expression of endostatin in tissue homoge-
nates from liver tumors subjected to different treat-
ments was measured using western blot as described 
elsewhere [24].

Tumor growth rate

The tumor volume was monitored by measuring 
the tumor diameters in two dimensions. The tumor vol-
umes were calculated as V = L×W2/2 (L: long diameter, 
W: short diameter) and tumor growth rate was deter-
mined as f = Vt/V0 (Vt: the tumor volume at different 
time points, V0: the initial tumor volume).
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Microvessel density

Tumors were fixed in formalin and embedded in 
paraffin. The sections were then probed with a mono-
clonal rat anti-mouse CD31 antibody (Beckman, USA), 
followed by a biotinylated polyclonal rabbit anti-rat 
IgG antibody (Beckman, USA). The positive reaction 
was detected using the DAB substrate kit (Amresco, 
USA), and the sections were counterstained with hema-
toxylin. Finally, the microvessels were calculated with 
an Nikon microscope at x200 magnification.

Apoptotic index

The apoptotic cells in the tumor tissues were 
detected using the terminal deoxynucleotidyl trans-

ferase-mediated nick end labeling assay (TUNEL) 
(Sabc, Beijing, China) according to the manufacturer’s 
instructions. Images were obtained by a Nikon fluores-
cence microscope at x200 magnification. The apoptotic 
cells were counted in 5 high power fields in each slide. 
The percentage of apoptotic cells among the total num-
ber of tumor cells defined the apoptotic index.

Statistics 

Statistical analysis was performed using the SPSS 
software, version 16.0. The data were expressed as 
mean±SD, and significant differences were assessed us-
ing Student’s t-test. p<0.05 was considered statistically 
significant.

Figure 1. Western blot analysis of endostatin in homogenate of liver tumors from mice administered PBS, 32P, 
endostatin, and combination of 32P and endostatin for 21 days. Different letters indicate statistical difference 
(N=4, p<0.05).

Table 1. Tumor growth rate (mean±standard deviation) in HCC mice models administrated with PBS (control), 
32P, endostatin and combination of 32P with endostatin

Group 7 d 14 d 21 d

Control (PBS) 8.51 ± 1.48 23.95 ± 3.38 47.36 ± 9.08
32P 4.26 ± 0.95* 15.68 ± 2.34* 27.31 ± 4.15*

Endostatin 6.18 ± 0.86* 13.05 ± 2.45* 21.63 ± 4.20*

Combination 2.27 ± 0.92* 4.38 ± 1.34* 5.95 ± 2.59*

*significant difference compared to control (p<0.01), d: days
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Results

Endostatin expression

To confirm the successful transfection of 
endostatin, the expression of endostatin in the 
homogenate of liver tumors 21 days after treat-
ment was analyzed using western blot. A 1400 
bp endostatin specific band was observed in the 
samples of the mice administered endostatin, or 
combination of 32P and endostatin but could not 
be observed in control mice and mice adminis-
tered 32P colloid alone (Figure 1). Further, the 
amount of endostatin expressed in mice treated 
with combination of 32p colloid and endostatin 
was significantly higher than those treated with 
endostatin alone. These results indicated that 
endostatin has been successfully transfected 
into liver tumors.

Tumor growth rate

Tumor growth rate was assessed to evaluate 
the tumor inhibitory effect of 32P, endostatin, and 
combination of 32P with endostatin. As shown in 
Table 1, tumor growth rate in the control group 
was 8.51±1.48, 23.95±3.38, 47.36±9.08 at the 7th, 
14th and 21st day, respectively. In the irradiation 
group and endostatin plasmid injection group, the 
tumor growth rate was significantly slower than 
in the control group. Interestingly, the tumor 
growth rate in group 2 (32P) was much slower than 
the growth in group 3 (endostatin) on the 7th day, 
but the value tended to be similar at the 14th and 
21st day. In sharp contrast, the tumor growth rate 
in group 4 (combination of 32P and endostatin) 
was dramatically slower than in the other three 
groups during the whole treating period with val-
ues of  2.27±0.92, 4.38±1.34 and 5.95±2.59 in the 
7th, 14th and 21st day, respectively.

Microvessel density and apoptotic index

To evaluate the mechanism of the antitumor 
effect of 32P, endostatin and combination of 32P 
with endostatin, the intratumoral vascularization 
was assessed by immunohistology and MVD of tu-
mor sections from different groups on the 21st day 
(Table 2). The MVD in mice administered PBS, 32P, 
endostatin and combination of 32P with endosta-
tin was 68.37±12.62, 51.52±8.87, 43.36±8.02 and 
36.89±5.71, respectively. The MVD of groups 2 
and 3 was greatly decreased compared to the con-
trol. It decreased further when 32P was combined 
with endostatin.

In order to estimate the apoptosis in tumor 
tissues, the tumor sections were stained with 
TUNEL reagent. Compared with the control group, 
the number of apoptotic cells was increased in 
the other groups and the AI is shown in Table 2  
where it can be seen that the AI of tumor cells in 
groups 2 and 3 was significantly higher than that 
of the control group, and the highest index was 
obtained when combination of 32P and endostatin 
was administerd. This suggests that 32P radiother-
apy combined with endostatin inhibited the an-
giogenesis in tumors, which promoted increased 
apoptosis.

Discussion

HCC is the third most common type of cancer 
worldwide, causing over 370,000 deaths per year, 
with approximately half of them in China [25]. 
The complicated and unclear mechanism of HCC 
development makes the conventional therapy op-
tions, such as surgical treatment, chemotherapy 
and radiotherapy, unable to achieve satisfactory 
results. Since the middle of the last century, it 
has been realized that there is an important re-
lation between tumor development/metastasis 
and angiogenesis. Tumor growth and metastases 
could be inhibited by angiogenesis inhibitors (e.g. 
endostatin) by specifically inhibiting endothelial 
proliferation and angiogenesis [26]. In our study, 
it was found that administration of endostatin in 
HCC mouse model was able to decrease the MVD 
in the solid tumor, contributing to slower tumor 
growth rate and higher AI. This result was con-
sistent with the literature that endostatin inhib-
ited Lewis lung carcinoma, fibrosarcoma, murine 
hemangioendothelioma (Eoma) and B16 melano-
ma, whose volume was about 100–200 mm3 [27]. 

The effect of endostatin is based on the inhibi-
tion of vascular bed formation by selectively sup-
pressing the endothelial cell compartment within 

Table 2. Microvessel density in tumor sections and 
apoptotic index of tumor cells in HCC mice models 
administered PBS (control), 32P, endostatin and combi-
nation of 32P with endostatin

Group MVD AI

Control (PBS) 68.37 ± 12.62 5.08 ± 1.33
32P 51.52 ± 8.87* 18.36 ± 2.42*

Endostatin 43.36 ± 8.02* 16.17 ± 2.14*

Combination 36.89 ± 5.71* 29.28 ± 3.01*

*significant difference compared to control (p<0.01). MVD: 
microvascular density, AI: apoptotic index, HCC: hepatocellular 
carcinoma



Endostatin plus 32P in hepatocellular carcinoma1046

JBUON 2015; 20(4): 1046

a tumor, but overexpression of endostatin did not 
influence the morphology, proliferation, or migra-
tion of tumor cells. Therefore, combining conven-
tional treatment strategies with endostatin might 
be the necessary way out to increase the overall 
efficacy of  treatment [28]. Considering that angio-
statin-mediated impairment of the tumor vascula-
ture may restrict the access of the cytotoxic drugs 
to the tumor mass, regional radiotherapy appears 
better option than chemotherapy to be combined 
with endostatin treatment [26,29]. 

Preclinical data suggested that angiogenic 
factors are upregulated in tumors in response to 
radiotherapy [30] and the expression of proangi-
ogenic factors is thought to be a potent survival 
factor that may lead to tumor and endothelial radi-
oresistance [12,31]. In our study, the higher tumor 
growth rate in 14th and 21st day compared to the 
7th day was possibly due to the upregulation of 
angiogenic factors after 32P irradiation treatment. 
However, when 32P treatment was combined with 
anti-angiogenesis treatment using endostatin, 
the tumor growth rate remained low during the 
treatment period. It was suggested that endothe-

lial cell proliferation is increased in tumors after 
irradiation but is blocked by the concurrent ad-
ministration of endostatin, and the combination 
of endostatin with radiation enhances endothelial 
cell apoptosis. In our study, when the combina-
tion of 32P and endostatin was applied on tumor 
bearing mice, the AI of tumor cells was signifi-
cantly larger than in the control group and when 
only radiotherapy or endostatin were used. These 
observations were consistent with other reports 
that exposure of the cells to 2Gy gamma-rays 
reduced the time to reach the maximum expres-
sion level of endostatin and also increased the 
amount of secreted endostatin protein (p<0.001) 
[32]. These can be explained hypothesizing that 
the expression of vascular endothelial growth fac-
tor, interleukin-8, and matrix metalloproteinase-2 
are increased after irradiation in tumors, and this 
increase is blocked by endostatin [31]. 

32P colloid radiotherapy or endostatin an-
ti-angiogenesis therapy were able to inhibit the 
growth of liver tumor in vivo, while the combi-
nation of 32P and endostatin showed much better 
therapeutic effect in HCC treatment.
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