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Background: To investigate the suppressing effects of vascular endothelial growth factor (VEGF)-mediated 
angiogenesis at different treatment schedules by applying apatinib combined with transarterial embolization 
(TAE).
Methods: Forty ideal liver cancer rat models were randomly divided into four groups based on different 
administration methods of apatinib [control group (CG): TAE only; Combined Group 1 (CG1): apatinib 
administration 3 days pre-TAE; Combined Group 2 (CG2): apatinib administration simultaneously with 
TAE; Combined Group 3 (CG3): apatinib administration 3 days post-TAE]. The characteristics of liver 
cancer, the expression of VEGF and microvascular density (MVD) as determined by CD34, and the overall 
survival (OS) were compared among the groups.
Results: The tumor sizes of the liver on the 10th day after treatment were significantly larger when 
compared to the baseline sizes (P<0.05), and tumor growth in the combined groups was significantly slower 
than that of CG (P<0.05). The OS of rats was significantly different between the combined groups and 
control group (P<0.05), which were 19.9±3.21, 31.2±6.48, 27.1±5.59, and 25.9±6.06 days in groups CG, 
CG1, CG2 and CG3, respectively. Significant differences were observed between groups CG1 and CG3. 
The expression levels of VEGF in groups CG1, CG2 and CG3 were 45.6±9.88, 70.8±14.11 and 75.3±9.82, 
and were significantly lower than that in control groups (85.8±11.26). The MVD in CG (109.7±10.32) 
reached the peak value when compared to those in the three combined groups (46.4±19.22, 75.7±15.97, 
and 90.5±12.71, all P<0.05). Furthermore, overexpression of VEGF and MVD showed significant positive 
correlation with poor OS.
Conclusions: These findings demonstrated that apatinib treatment enhanced anti-tumor effects of TAE 
via reducing tumor angiogenesis, suppressing tumor growth, and prolonging the OS of rats with liver 
tumors. Early administration of apatinib showed better therapeutic effects.
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Introduction

Liver cancer is one of the most common malignancies 
with bad prognosis, and it is also the second most lethal 
tumor after pancreatic cancer (1,2). In 2017, there were 
approximately 854,000 new cases with liver cancer and 
810,000 cases of deaths worldwide. More than half of 
the total number of cases and deaths were accounted in 
China alone (3). Transarterial embolization (TAE) and 
transarterial chemoembolization (TACE) are two widely 
used locoregional therapies for unresectable hepatocellular 
carcinoma (HCC) (4,5) and are recommended as first-line 
therapies for patients with intermediate-stage HCC in the 
guidelines (3). TAE induces marked ischemic tumor necrosis 
by obstructing tumor-feeding arteries. Nevertheless, there 
are a significant number of HCC patients (50–86%) with 
residual viable tumors (6), and tumor angiogenesis plays a 
great role in them.

Angiogenesis is the process by which new blood vessels 
develop from the existing vasculature in tumors for 
enhancing the supply of oxygen and nutrients to support 
tumor growth, and is regarded as one of the hallmarks 
in tumor malignant behaviors. Multiple evidences have 
indicated that vascular endothelial growth factor (VEGF) 
is the most important inducer during the process of 
angiogenesis (7,8). Abnormal overexpression of VEGF 
secreted by tumor and stromal cells has profound 
consequences in tumor microenvironment, leading to solid 
tumorigenesis and invasion, and increasing the risks of 
metastatic dissemination and other malignant behaviors 
(8,9). According to the previous studies, VEGF showed 
marked elevation in majority of HCC patients after 
TAE (10,11), exerting its functions in angiogenesis and 
lymphangiogenesis, and acting as a conduit for malignant 
biological behavior via VEGFR-2-dependent signaling 
pathway (12-14). Therefore, there is a significant clinical 
application value of VEGF-2-blocking antibodies.

Apatinib can inhibit tumor neovascularization and play 
an anticancer role by effectively binding and inhibiting 
VEGF receptor 2 (VEGFR-2) (15,16). Previous findings 
had proved the promising clinical efficacy of apatinib 
in advanced HCC (17). Also the therapeutic effects of 
apatinib combined with TACE showed encouraging 
outcomes in HCC patients (18-20) .  However, our 
preliminary experimental study had revealed differences in 
the administration time of targeted drug in rats with liver 
tumor after VEGF injection, demonstrating different anti-
tumor therapeutic efficacies (21). Similarly, different studies 

have adopted different models and administration time of 
targeted drug in patients undergoing TACE, which led to 
controversies across these trials (22-24). Therefore, in this 
study, the optimal administration time among different 
treatment schedules for using apatinib combined with TAE 
was investigated. 

Methods

Materials

Walker-256 tumor cells  were purchased from the 
Laboratory Animal Center of Sun Yat-sen University. 
The experimental animals were also purchased from the 
Laboratory Animal Center of Sun Yat-sen University. 
Gelfoam was purchased from Jinling Pharmaceutical, 
Nanjing, China. Both rabbit anti-rat VEGF-165 polyclonal 
antibody and rabbit anti-rat CD34 polyclonal antibody were 
purchased from BOSTER, Inc, Wuhan, China.

Establishment of xenograft tumor models

All experiments in this study were carried out in accordance 
with the approved guidelines of Institutional Animal Care 
and Use Committee, Sun Yat-Sen University (No: SYSU-
IACUC-2018-000086). All animals were maintained in 
the Laboratory Animal Center of Sun Yat-sen University 
under specific pathogen-free conditions (SPF) and provided 
sterilized food and water.

Walker-256 tumor cells were thawed at −80 ℃ and 
cultured as previously described (25). The establishment 
of walker-256 tumor-bearing donor rats was performed as 
previously described (21). Tumors were recognized after 
about 10 days, and subcutaneous tumors of approximately 
1 cm in diameter were detected at the injection site on the 
lateral thigh.

In situ liver cancer after implantation of subcutaneous 
tumors was performed. The animals were acclimatized 
to the laboratory conditions for 1 week prior to the 
experiments. Next, the Sprague-Dawley (SD) rats (weighing 
150–200 g) with subcutaneous tumors were obtained from 
a donor animal by mincing them into small cubes of about 
1.0 mm3. The rats were then laparotomized by making a 
midline abdominal incision under intraperitoneal anesthesia 
with 3% pentobarbital sodium at a dose of 50 mg/kg under 
sterile conditions. In the abdominal cavity, the accessory left 
liver lobe was protruded laterally and a subcapsular tunnel 
was made by 22-gauge short-beveled needles. Next, a fish-

file:///C:\Users\lenovo\AppData\Local\youdao\dict\Application\7.0.1.0227\resultui\dict\?keyword=pentobarbital
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like fleshy tumor tissue cube was inserted into the tunnel 
via the needle and the wound was covered by a small piece 
of gelfoam in case of hemorrhage. The rats were then 
immediately returned to their home cages to recover after 
surgery and regain normal activity the next day.

Experimental processing

The xenograft tumor models were allowed to establish 
for 10 days, and then magnetic resonance imaging (MRI) 
(Magnetom Avanto 3.0 T; Siemens, Washington, DC) 
was performed to evaluate whether or not the liver tumor 
models were successfully established and to analyze 
the characteristics of liver tumor. The main scanning 
parameters were as follows: repetition time (TR) 1,500 ms 
and echo time (TE) 82.0 ms for T1WI; TR 508.7 ms and 
TE 1.5 ms for T2WI (slice thickness =3 mm).

The xenograft tumor models of the aforementioned 
established 40 rats were randomly allocated into 4 groups 
in accordance with different administration methods 
of apatinib with 10 rats in each group. Control group 
(CG): TAE only; Combined Group 1 (CG1): apatinib 
was administered 3 days before TAE; Combined Group 2 
(CG2): apatinib was administered simultaneously with TAE; 
and Combined Group 3 (CG3): apatinib was administered 
3 days after TAE. TAE was performed by hepatic artery 
ligation (HAL), which was done by ligating the main branch 
of left hepatic artery. Apatinib was administered everyday 
for 10 days at a dose of 50 mg/kg by oral gavage (15). 

Imaging and pathological examination

MRI was performed to analyze tumor growth and liver 
tumor characteristics 10 days after apatinib administration. 
The maximum diameter of liver tumor was calculated 
according to the RECIST criteria (26). The figure of 
tumor growth was drawn based on tumor size and time of 
implantation. Tumor tissues were excised from the rats after 
their natural death.

Immunohistochemical (IHC) examination was performed 
to evaluate the expression of both VEGF and CD34 in rat 
liver tumor biopsies. Tumor tissues were fixed in formalin, 
and embedded in paraffin by labeled streptavidin avidin 
biotin (LSAB) method. In brief, the tissue sections were 
dewaxed in xylene, rehydrated and then were dehydrated. 
After that, the tumor tissues were immersed in 10 mM 
Tris and 0.5 MEDTA at pH 9.0 and then were subjected 
to microwave twice for 15 min. The sections were then 

undergoing incubation with 3% H2O2 for 10 minutes to 
quench the activity of endogenous peroxidase. After that, 
the sections were incubated overnight at 4 ℃ with primary 
antibodies (dilutions: VEGF-165, 1: 40; CD34, 1: 40). The 
rabbit anti-rat VEGF-165 polyclonal antibodies and rabbit 
anti-rat CD34 polyclonal antibodies were used. 

Immunostaining

Immunostaining was conducted independently and blindly 
by two experienced pathologists using light microscope 
(DM2500, Leica, Germany). The number of epithelial 
cells showing immunoreactivity for VEGF was determined 
by counting the brown-colored positive cells at ×200 
magnification in each slide, in which 5 fields were randomly 
selected to count the stained epithelial cells. The staining 
of endothelial cells for CD34 was performed to evaluate 
the microvascular density (MVD) and tumor angiogenesis. 
Five areas with the most prominent vascular density (hot 
spots) in each slice were selected at ×100 power field and 
the average number of microvessel was calculated based 
on the number of vessel profiles in all the five ‘hot spots’ 
under ×200 magnification. Any cell cluster or a microvessel 
with/without lumen showing positive CD34 staining was 
counted as a vessel, and this was performed according to the 
Weidner method (27). 

Statistical analysis

All statistical analyses were performed using SPSS ver. 20.0 
software. All values were expressed as means ± SEM, and 
significant differences among the groups were analyzed 
by one-way ANOVA followed by LSD test. Survival 
analysis and curves were determined using Kaplan-Meier 
method, and overall survival (OS) among the groups was 
compared using log-rank test. Spearman rank correlation 
coefficients were utilized to analyze the correlations of OS 
and the expressions of VEGF and MVD. The difference 
was considered to be statistically significant if the error 
probability value was less than 0.05 (P<0.05).

Results

Walker 256 liver tumors

An MRI scan was performed to investigate whether the 
liver cancer models were successfully established and to 
determine the location and size of the tumor on the 10th 
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day after inoculation of Walker-256 tumor cells. After 
that, the models with tumor diameter of 1.6–2.4 cm were 
selected as experimental animals and the size of liver tumor 
was taken as the baseline. The MRI with high decent quality 
showed localization of the nodular masses in the liver, 
with a slightly hypointense mass in T1WI and a slightly 
hyperintense mass in T2WI without obvious demarcation 
between the tumor and surrounding normal liver tissue 
(Figure 1A,B). MR scan was again performed 10 days after 
the intervention, and the maximum diameter of the tumor 
was calculated according to the RECIST criteria (26).  
As shown by MR imaging, the size of intrahepatic tumors 
showed a significant increase when compared to the 
baseline (P<0.05), and the signal intensity was usually 
inhomogeneous and showed low intensity in the periphery 

and high signal intensity in the center with no uniformity 
in T2WI (Figure 1C,D,E,F).The size of the tumor in CG, 
CG1, CG2 and CG3 groups were 5.27±0.45, 4.86±0.32, 
4.81±0.33, and 4.83±0.31 cm, respectively (Figure 2). The 
subjects in the groups showed significant differences to 
apatinib treatment when compared to the control, while no 
significant difference was observed between apatinib groups.

Survival of animals in each experimental group

The follow-up experiments were conducted in 10 animals of 
each group. As shown in Figure 3, rats treated with apatinib 
(31.2±6.48, 27.1±5.59, and 25.9±6.06 days in groups CG1, 
CG2 and CG3 group, respectively) had significantly longer 
life than those without apatinib treatment (19.9±3.21 days 

B

E

C

F

A

D

Figure 1 Representative MR images of liver cancer. (A) Rat liver lesion (red circle) on day 10 of tumor tissue implantation was slightly 
hypointense on T1WI; (B) the aforementioned lesion (red circle) was slightly hyperintense on T2WI; (C) T2WI MRI axial scans of rat liver 
cancer in control group 10 days after intervention; (D) T2WI MRI axial scans of rat liver cancer in apatinib administration 3 days pre-TAE 
group 10 days after intervention; (E) T2WI MRI axial scans of rat liver cancer in apatinib administration simultaneously with TAE group 
10 days after intervention; (F) T2WI MRI axial scans of rat liver cancer in apatinib administration 3 days post-TAE group 10 days after 
intervention. MR, magnetic resonance.
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in control group) (Figure 3). The survival time was gradually 
decreased according to different administration schedules 
in CG1, CG2 and CG3 groups and showed significant 
differences between the group GC1 when compared to 
GC3 (P=0.037). However, the results showed no significant 
differences between CG1 and CG2 (P=0.103) and CG2 and 
CG3 (P=0.628) groups.

Pathological findings 

The liver tumor specimens were excised to conduct 
HE staining and IHC examination after natural death. 
Histopathologic examination (Figure 4) results revealed that 
the tumor area showed signs of nonspecific inflammation 
with destruction of normal lobular architecture and the 
tumor atypical cells were irregular and arranged in sheets 
or nested pattern with round or oval nuclei and pale 
eosinophilic cytoplasm. The tumor cells demonstrated 

that the hyperchromatic nuclei were surrounded by scanty 
cytoplasm, which showed a pleomorphic and high mitotic 
activity with dual and even multi-core. There were no 
cellular structures in the area of eosinophilic necrosis. 
More importantly, large necrosis areas were observed in the 
tumor tissues of apatinib groups, and the number of tumor 
cells was significantly lower than that of the CG. As shown 
in Figure 4, early administration of apatinib before TAE 
resulted in larger range of tumor necrosis. 

Studies showed that the VEGF expression was 
upregulated in liver tumors, and inhibition of VEGF 
function impaired tumor vascularization (8,9). Herein, 
VEGF expression and MVD as determined by CD34 
in liver tumors were studied (Figures 5,6). The VEGF 
immunoreactivity was localized in the cytoplasm of cancer 
cells, which was stained in brown color (Figure 5). As 
shown in Figures 5,7A, the number of VEGF-positive cells 
as detected by IHC are much more in CG (85.8±11.26) 
when compared to apatinib groups (45.6±9.88, 70.8±14.11, 
and 75.3±9.82 in groups CG1, CG2 and CG3 group, 
respectively), showing statistically significant differences 
(P<0.05). The results showed that the expression of VEGF 
demonstrated a gradual decrease from group CG1 to 
group CG3 (Figure 7A), and significant difference occurred 
between group CG1 and groups CG2 and CG3 (P<0.05). 
Nevertheless, there was no significant difference in groups 
CG2 and CG3 (P=0.38) (Figure 5). Specific staining of 
capillary-like vessels by anti-CD34 was mainly observed 
as brown or dark-brown staining in the tumor tissues  
(Figure 6). The trend of MVD expression was similar to 
that of VEGF in the four groups, and the MVD expression 
was 109.7±10.32, 46.4±19.22, 75.7±15.97, and 90.5±12.71 
in groups CG, CG1, CG2, and CG3, respectively, which 

Figure 2 The average diameter of liver tumor at different timings. 
(A) Control group (CG); (B) combined Group 1 (CG1): apatinib 
administration 3 days before TAE; (C) combined Group 2 (CG2): 
apatinib administration simultaneously with TAE; (D) combined 
Group 3: apatinib administration 3 days after TAE control group.
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Figure 3 Survival curves and average survival time of rats in four groups. (A) Control group (CG); (B) combined Group 1 (CG1): apatinib 
administration 3 days before TAE; (C) combined Group 2 (CG2): apatinib administration simultaneously with TAE; (D) Combined Group 
3 (CG3): apatinib administration 3 days after TAE control group (*, P<0.05 between the groups as shown by horizontal line).
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Figure 4 Representative HE imaging of liver cancer microscopically (×200). (A) Control group (CG); (B) combined Group 1 (CG1); (C) 
combined Group 2 (CG2); (D) combined Group 3 (CG3). 
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Figure 5 Immunohistochemical staining showed a positive VEGF reaction (×400). （A） Control group (CG); (B) combined Group 1 (CG1); 
(C) combined Group 2 (CG2); (D) combined Group 3 (CG3).  
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Figure 7 IHC analysis of expressions of VEGF and MVD in the four groups. (A) Control group (CG); (B) combined Group 1 (CG1); (C) 
combined Group 2 (CG2); (D) combined Group 3 (CG3) (*, P<0.05 between the two groups as shown by horizontal line).

Figure 6 Immunohistochemical staining showed a positive CD34 reaction (×200). Positive CD34 was identified by dark-brown staining. (A) 
Control group (CG); (B) combined Group 1 (CG1); (C) combined Group 2 (CG2); (D) combined Group 3 (CG3). 
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showed statistically significant differences in any two groups 
(P<0.01) (Figure 7B).

Correlation between tumor biological parameters 

VEGF and MVD are considered as important biomarkers 
for assessing the angiogenic activity of tumors and the 
results revealed an intense positive association. Our study 
(Figure 8) proved that the expression of VEGF showed a 
positive association with MVD and a positive correlation 

coefficient of 0.948. A negative correlation was also 
found between OS and VEGF expression (correlational 
coefficient, −0.869). Similarly, the MVD and OS showed a 
negative correlation of −0.891.

Discussion

HCC is a major public health problem with characteristics 
of high incidence, rapid progression and high mortality 
(3,28-30). TACE and TAE were recommended as first-
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Figure 8 Correlation of OS and tumor angiogenesis. (A) The expression of VEGF was negatively correlated with MVD (R =0.948); (B) the 
expression of MVD was negatively correlated with OS (correlational coefficient, −0.869); (C) the correlation between MVD and OS was also 
negative at −0.891. MVD, microvascular density; OS, overall survival.
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line treatment strategies, improving patient prognosis in 
patients with advanced HCCs (4,5,31-35). However, the 
survival benefits for patients undergoing these treatments 
are relatively modest (3), and the pitfalls of TAE in 
HCC included tumor residues and recurrence, in which 
aberrations in tumor angiogenesis played a key role (13). 
At present, VEGF is the strongest angiogenic factor in 
this process (36), and the expression of VEGF in remnant 
peripheral tumor tissues becomes higher, more invasive 
and metastatically active after TAE (37,38). Therefore, 
inhibiting high expression levels of VEGF in tumor cells 
induced by TAE may become an important link to improve 
the long-term efficacy of TAE.

As a highly selective VEGFR-2 blocker, apatinib 
combined TACE was proved to be safe and improved the 
OS and progression-free survival in patients with HCC 
(18,19). Although the therapy of targeted drugs including 
sorafenib combined with TACE had been proved effective 
and safe, the differences in the timings of anti-angiogenic 
treatment in patients undergoing TACE across these trials 
remain controversial (24,39). Furthermore, the efficacy of 
differences in timings of apatinib administration combined 
with TACE still remained unknown. In the study, a liver 
cancer model using walker-256 tumor cells was established 
in SD rats. Furthermore, MRI was performed to efficiently 
monitor the progression of liver cancer and used to assess 
the subsequent therapeutic efficiency (21,40). As shown in 
Figure 1, tumor size as shown demonstrated a significant 
increase when compared to the baseline (2 cm in diameter 
with a spout protruding a further 20%) according to the 
RECIST criteria (26). The signal intensity of the tumor in 
the groups post-treatment was inhomogeneous and showed 
low intensity in the periphery and high signal intensity in 
the center with no uniformity in T2WI (Figure 1C,D,E,F). 

This meant that necrotic fractions were proportional to 
the area of the tumor. As expected, the differences in the 
size of tumors significantly decreased in groups subjected 
to apatinib when compared to CG, proving that apatinib 
could inhibit tumor growth in vivo. Similarly, studies were 
proved that apatinib can delay xenograft tumor growth  
in vivo (41). Yet no significant differences in the size of liver 
tumors occurred between any other combined therapy 
groups. Nonetheless, a difference in cell viability within 
tumor tissues was identified pathologically. As shown 
in Figure 4, large areas of eosinophilic necrosis without 
cellular structure were observed in the tumor tissues 
of combined groups, whereas little necrotic areas were 
observed in the CG (Figure 4A). Obviously, the range of 
tumor necrosis in early administration of apatinib was 
largest. As is well known, tumor necrosis is mainly due 
to lack of blood supply. Herein, tumor angiogenesis was 
studied by IHC staining. As shown in Figure 5, the VEGF 
expression showed a significantly lower in apatinib-treated 
groups when compared to the CG. And the expression 
of VEGF was gradually decreased from group CG1 to 
group CG3 (Figure 7A) with significant difference between 
group CG1 and groups CG2 and CG3. Furthermore, the 
trend of MVD expression was almost identical to that of 
VEGF in the four groups, and statistically differences were 
observed between any two groups. The OS of rats treated 
with apatinib combined with TAE was significantly longer 
than those without apatinib treatment, which was shown in 
Figure 3. Moreover, the OS of rats in groups CG1, CG2, 
and CG3 showed a decreasing trend based on different 
administration regimens with significant differences 
between CG1 and CG3. Nevertheless, no significant 
difference was observed in groups CG1 and CG2 (P=0.103) 
and groups CG2 and CG3 (P=0.628). Taken together, these 
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results fully confirmed that early administration of apatinib 
demonstrated better outcomes. Several lines of evidence 
indicate that is angiogenesis was associated with tumor 
initiation and poor prognosis in HCC (42-44). Therefore, 
to analyze the relationship between MVD, VEGF, and 
OS, spearman rank correlation was performed. As shown 
in Figure 8, the expression of VEGF showed a strongly 
positive association with that of MVD, and there was a 
negative correlation between OS and VEGF expression 
(correlational coefficient, −0.869). Similarly, the correlation 
was also negative at −0.891 between MVD and OS. 

Conclusions

In our study, liver xenograft tumor models were successfully 
established and their survival, tumor growth and the 
characteristics were analyzed via MRI. Apatinib treatment 
enhanced the anti-tumor effects of TAE via reducing tumor 
angiogenesis, suppressing tumor growth, and prolonging 
the OS of liver tumors of rats. Early administration of 
apatinib before TAE demonstrated better therapeutic 
effects.
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