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Effects of Bevacizumab on VEGF/VEGFR and PI3K/AKT
Pathways in Cutaneous Ovarian Cancer
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Qiu et al.: To Investigate the Effect of Bevacizumab in Ovarian Cancer

To investigate the effect of bevacizumab on epithelial ovarian cancer by regulating vascular endothelial growth
factor/vascular endothelial growth factor receptor and phosphoinositide 3-kinase/protein kinase B pathway.
OVCARS3 cells were divided into control (group A) and experimental (group B) group. The group A did not
receive any treatment, while the group B treated human ovarian cancer cells OVCAR3 with bevacizumab.
The cell proliferation was detected by cell counting kit 8, the cell migration and invasion were detected by
Transwell assay, and the apoptosis was detected by flow cytometry. The expression of proteins was detected by
Western blot. The proliferation, migration and invasion of ovarian cancer cells in the group B were decreased.
The apoptosis rate of ovarian cancer cells in the group B was increased, the phosphorylated-phosphoinositide
3-kinase and phosphorylated-protein kinase B protein in the group B was reduced than group A. The vascular
endothelial growth factor in ovarian cancer cells in the group B was down-regulated and the vascular
endothelial growth factor receptor was increased. Bevacizumab inhibits the development and metastasis of
ovarian cancer by regulating vascular endothelial growth factor/vascular endothelial growth factor receptor
and phosphoinositide 3-kinase/protein kinase B pathways, which may be a potential strategy for the treatment
of the disease.
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Epithelial Ovarian Cancer (OV) is the common
malignant tumors in female reproductive system,
and its incidence ranks 3™ in gynecological
reproductive system tumors. The occurrence of the
disease is a complex process with multi-step and
multi-factor participation!'). At present, the main
method to treat OV is surgical resection of tumor
cells and systemic chemotherapy supplemented
with platinum drugs and paclitaxel?. Because of
its deep anatomical location, hidden onset and
atypical early symptoms, OV is often diagnosed
in the middle and late stage, and the prognosis of
patients is not ideal. It is reported that invasion
and metastasis are the main causes of clinical
treatment failure and death in patients with OV,
so inhibiting the invasion and metastasis of OV
cells is very important for the treatment of OVEl.
Vascular endothelial growth factor (VEGF) is a
highly specific molecule that regulates the dynamic
balance between angiogenesis and angiogenesis.
Together with VEGFR, it participates in the
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regulationoftumorcellproliferation, differentiation
and apoptosis, and affects the progression of OV
and other malignant tumors!*.Studies have shown
that Bevacizumab exerts its anti-tumor effect by
blocking the binding of VEGF to its receptor and by
inhibiting tumor angiogenesis!®. Phosphoinositide
3-Kinase (PI3K)/Protein Kinase B (AKT) pathway
has been confirmed to be phosphorylated and
activated in a variety of human cancer tissues,
participates in the process of anti-apoptosis
and regulates tumor angiogenesis. Inhibition
of PI3K/AKT signal pathway phosphorylation
can inhibit tumor angiogenesis!®. It is not clear
whether bevacizumab affects the progression of
OV by regulating VEGF/VEGFR and PI3K/AKT
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pathways. Therefore, this study investigated the
effect of bevacizumab on VEGF expression and
angiogenesis mediated by Reduced Expression in
Immortalized Cells (REIC)/Dickkopf (Dkk)-3 in
oV.

MATERIALS AND METHODS
Cell culture:

Human OV cell line OVCAR3 cells were purchased
from the cell bank of Chinese Academy of Sciences
and cultured in 10 % Fetal Bovine Serum (FBS)
medium at 37° and 5 % Carbon dioxide (CO,)
concentration. This experiment was approved by
the ethics committee of our hospital.

Experimental reagents and instruments:

FBS and Dulbecco’s Modified Eagle Medium
(DMEM) medium were purchased from American
Gibco company, 3-(4,5-Dimethylthiazol-2-yl)-2,5
Diphenyl Tetrazolium Bromide (MTT) from
Shanghai Shenggong Bioengineering Co., Ltd.,
apoptosis detection kit from Beijing Qunxiao
Keyuan Biotechnology Co., Ltd., rabbit anti-
human uncut caspase-3 (pro-caspase-3) and
activated caspase-3 (cleaved caspase-3) antibodies
were purchased from SantaCruz company.
Inverted fluorescence microscope was purchased
from Nanjing Beidan Medical Co., Ltd.; enzyme
labeling instrument was purchased from Shandong
Jingdao Optoelectronic Technology Co., Ltd.;
AnnexinV-Fluorescein Isothiocyanate (FITC)/
Propidium lodide (PI) apoptosis kit was purchased
from Wuhan Punosai Life Technology Co., Ltd.)
and Electrochemiluminescence (ECL) luminous
reagent was purchased from Hunan Yinuoweizhen
Technology Co., Ltd.

Drug treatment:

Human OV cells OVCAR3 were selected as the
object of study and were divided into two groups;
control group (group A) and experimental group
(group B). The group A did not receive any
treatment, while the group B used bevacizumab
(Shanghai Roche Pharmaceutical Co., Ltd.,
Batch No: S20210044) 50 pg/ml to treat OV cells
OVCAR3.

Cell viability detection:

The cell viability was detected by Cell Counting
Kit 8 (CCKS8) counting kit, and the two groups of
human OV cells OVCAR3 weretreated respectively.
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5x103 cells were inoculated in each hole. CCK8
solution was added after 48 h of culture, and then
the absorbance of cells in each group was detected
by enzyme labeling instrument.

Detection of cell migration and invasion ability:

The ability of cell migration and invasion was
detected by Transwell method. Human OV
OVCAR3 cells in logarithmic growth phase were
put into the superior chamber of Transwell, which
could be coated or not coated with Matrigel matrix
glue. The culture medium containing FBS was
added to the lower chamber of Transwell. After
12 h of culture, the superior ventricular cells
were removed; the inferior ventricular cells were
fixed and stained, and observed by fluorescence
microscope.

Apoptosis detection:

Annexin V-FITC double staining was used to
detect the apoptosis of human OV cells OVCAR3.
The two groups of cells were inoculated in a 6-well
plate. After 24 h of culture, the cells were washed
with PBS and then re-suspended in binding buffer,
Annexin V-FITC reagent and PI staining solution
were added. After incubation, the level of apoptosis
was detected by kit instructions.

Western blot method:

The expressions of VEGF/VEGFR and PI3K/
AKT pathway proteins were detected by Western
blot method. Two groups of treated OVCAR3
cells were used to extract protein and detect the
protein content. The proteins were separated by
electrophoresis, transferred into membranes, then
sealed, incubated overnight at room temperature
with antibodies against VEGF/VEGFR and PI3K/
AKT pathway proteins and monoclonal antibodies
against B-actin (Abcam company, dilution ratio
1Rom 2000), incubated with secondary antibodies
(Abcam company, dilution ratio 1100 000) at
room temperature for 1 h, developed with ECL
luminescent reagent, measured photosensitive
bands with Imagel] software, and used B-actin as
internal reference. The relative expression levels
of VEGF/VEGFR and PI3K/AKT pathway proteins
in each group were analyzed.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS)
24.0 software was used to analyze the data. The
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measurement data were expressed by (independent
x+s). Independent sample t-test was used for
comparison between groups, and single factor
analysis of variance was used for comparison
between groups. The difference was statistically
significant (p<0.05).

RESULTS AND DISCUSSION

The cell proliferation in the group B was decreased
than group A as shown in Table 1 and fig. 1. The
number of migration and invasion of OV cells in

the group B was reduced than group A as shown in
Table 2 and fig. 2.

The apoptosis rate of OV cells in the group B was
increased than group A as shown in Table 3 and
fig. 3. The p-PI3K and p-AKT protein in the group
B was decreased than group A as shown in Table
4 and fig. 4.

The expression of VEGF in OV cells in the group
A was down-regulated, while the VEGFR was
increased than group A as shown in Table 5 and
fig. 5.

TABLE 1: THE PROLIFERATION OF OV CELLS BETWEEN THE TWO GROUPS

OD value (450 nm)

G
rotp n oh 24 h 48 h
A 3 0.3720.04 0.4220.05 0.58:0.05
B 3 0.21:0.02 0.25:0.02 0.32+0.03
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Fig. 1: Proliferation of OV cells between the two groups
Note: (M ): Control group and (" ): Experimental group

24h 48h

TABLE 2: MIGRATION AND INVASION OF OV CELLS (xts)

Group n Number of migration Number of invasion
A 137.84+2.47 100.78+1.86

B 50.15+1.28 32.41+0.85

t 54.596 57.907

p <0.001 <0.001

May-June 2024

Indian Journal of Pharmaceutical Sciences

1078



Comparison of migration situations

(individual)

160
140
120
100 -
80

40
20

www.ijpsonline.com

120

100

@
o
L

£
o
I

Comparison of invasion situation
(individual)
@
S
1

n
o
1

control group

T

experimental group

Fig. 2: Migration and invasion of OV cells between the two groups

TABLE 3: APOPTOSIS OF OV CELLS (%)

control group experimental group

Group n Cell apoptosis
A 3 2.07+0.08

B 3 15.27+0.24

t 90.374

p <0.001
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Fig. 3: Apoptosis of OV cells between the two groups
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TABLE 4: PHOSPHORYLATION LEVEL OF PI3K/AKT PATHWAY

Group n p-PI3K p-AKT
A 3 1.04+0.07 1.02+0.05
B 3 0.76+0.07 0.51+0.08
t 28.14 29.329
p <0.001 <0.001
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Fig. 4: Phosphorylation level of PI3K/AKT pathway between two groups of OV cells
Note: (I ): Control group and (7 ): Experimental group
TABLE 5: EGF/VEGFR PATHWAY PROTEINS IN OV CELLS
Group n VEGF VEGFR
A 3 1.09+0.18 1.05+0.14
B 3 0.77+0.10 1.68x0.21
t 3.174 4.526
p 0.034 0.004
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Fig. 5: EGF/VEGFR pathway proteins between two groups of OV cells
Note: (l): Control group and (I ): Experimental group
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The most important biological characteristics of
OV are infiltration and implantation metastasis
to the surrounding tissue. 70 % of OV patients
have abdominal metastasis when they are
diagnosed, and the vast majority of patients will
die of complications caused by metastatic foci.
Therefore, effective prevention and treatment of
tumor cell invasion and metastasis of OV is the
focus of the current research!”-#!.

VEGF promotes the oral squamous cell
carcinoma behavior!®, involved in the regulation
of endometrial cancer cell migration, invasion
and angiogenesis!'”, and inhibited migration and
invasion of human hepatocellular carcinoma cell
line LM3" It can be seen that VEGF is highly
expressed in many kinds of malignant tumors,
which can promote the malignant migration and
invasion of tumor cells and promote angiogenesis.
At the same time, it is involved in the invasion and
apoptosis of OV cells!'>3, As a specific targeting
drug, bevacizumab inhibits the proliferation,
migration and invasion of tumor cells, regulates
angiogenesis and inhibits tumor progression by
inhibiting its specific binding to VEGFR!"*. Here,
the expression of VEGF in OV cells in the group
B was down-regulated. At the same time, it was
found that the proliferation of OV cells in the
group B was reduced than group A. The results
of Transwell detection showed that the migration
and invasion ability in the group B was reduced
than group A. It is suggested that the anti-tumor
effect of bevacizumab is achieved by inhibiting
the expression of VEGF. Bevacizumab inhibits the
activity of VEGF/VEGFR and down-regulates the
VEGF protein through competitive binding with
VEGFR, thus inhibiting the invasion, migration
and angiogenesis of OV, which is consistent with
the results in other tumor cells!'>!.

p85 and pll0 are the regulatory and catalytic
subunits of PI3K. When activated, inositol
3-Akt-5-phosphatidylinositol 5-triphosphate is
produced. Its activation can lead to a series of Akt-
dependent or Akt-independent signal transduction
and promote tumor cell proliferation. As one of
the downstream target molecules of PI3K, the
increase of Akt phosphorylation level can lead to
the activation of PI3K/Akt pathway and activate
the anti-apoptosis mechanism, glucose metabolism
and protein synthesis of tumor cells. Activated
PI3K/Akt can activate its downstream molecules
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through TSC1/2 complex, promote abnormal
angiogenesis and participate in the regulation
of malignant progression of tumor cells!'®l, The
p-PI3K/p-Akt protein in the group B was reduced
than group A. The amount of apoptosis of OV
cells in the group B was increased. It is suggested
that bevacizumab can promote the apoptosis of
OV cells by inhibiting the activation of PI3K/Akt
phosphorylation.

To sum up, bevacizumab inhibits the malignant
biological characteristics of OV by regulating
VEGF/VEGFR and PI3K/Akt pathways. This study
shows that bevacizumab not only specifically
blocks the binding of VEGF and VEGFR, but
also inhibits the malignant progression of OV by
reducing VEGF expression and inhibiting PI3K/
Akt phosphorylation activation.
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