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Abstract

Objective Apatinib is a noval antiangiogenic agents, and it has great clinical benefit. Immunotherapy has a low response
rate in patients with ovarian cancer, but combination with antiangiogenic therapy might improve the antitumour response.
The aim of our study was to assess the expression of programmed cell death 1 ligand 1 (PD-L1) in vivo and in vitro and the

potential effect of apatinib in combination with an anti-PD-1 antibody in mice with ovarian cancer.

Methods We assessed the expression of PD-L1 in vivo and in vitro by real-time quantitative reverse transcription-poly-
merase chain reaction (QRT-PCR), flow cytometry and western blotting in different concentrations. We constructed a xeno-
graft model and measured mouse weight and tumour size after treatment. Tumour tissues from the mice were subjected to

HE staining, and we detected Ki-67, CD4 and CD8 expression by immunohistochemical staining (IHC).

©2024 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.
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growth, providing evidence for clinical trials.

Results Apatinib monotherapy increased the expression of PD-L1 by dose-dependent, as determined by qRT-PCR, flow cy-
tometry, and western blotting in vivo and in vitro. Apatinib combined with an anti-PD-1 antibody had the most pro-
nounced antitumour effect on ovarian cancer among the combination treatment and the two monotherapies. The most obvi-

ous changes were a decrease in Ki-67 expression and increases in CD4 and CD8 expression.

Conclusions Our study showed that apatinib upregulates the expression of PD-L1 to exert antitumour effects. Apatinib in

combination with an anti-PD-1 antibody increased the immune response to lead to a remarkable reduction in tumour

Keywords Apatinib; Anti-PD-1; Ovarian Cancer; Immune response

Introduction

In 2020, ovarian cancer had the highest death rate
among gynaecological malignancies, accounting for 207,252
deaths [1]. Because the symptoms of ovarian cancer are un-
typical, the main treatment for early-stage disease is compre-
hensive staging surgery; the long-term survival rate of ear-
ly-stage disease is greater than 80-95% [2,3]. The current
standardized treatment for late-stage ovarian cancer is cy-
toreductive surgery plus platinum-based chemotherapy.
The first-line adjuvant systemic therapy is paclitaxel + car-
boplatin, with or without bevacizumab or PARP inhibitor
(PARPi) [4], which can prolong the median progres-
sion-free survival (PFS) but cannot prolong overall survival
(OS) [5]. Approximately 70% of patients relapse within 2-5
years, and the 5-year survival rate is 40-45%, with a median
PES of 16 months [6]. Eventually, platinum resistance leads
to patient death [7]. Therefore, effective and safe drugs are
needed to increase the survival rate and prolong the life of

patients.

Apatinib is a novel oral tyrosine kinase inhibitor
that combines with vascular endothelial growth factor recep-
tor-2 (VEGFR-2) to inhibit tumour proliferation, invasion
and metastasis via normalization of tumour vessels [8]. Pre-
vious studies revealed that apatinib could prolong OS and
median PFS in patients with malignancies including gastroe-
sophageal adenocarcinoma (GEA), non-small cell lung can-
cer (NSCLC), breast cancer and hepatocellular carcinoma
(HCC) [9]. Recently, based on phase II and III clinical trials
in gastric cancer, apatinib was approved by the China Food
and Drug Administration. The results showed that apatinib
had high safety and remarkable therapeutic efficacy in treat-
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ing patients with advanced gastric cancer [10,11]. Wang
[12] and Zhang [13] demonstrated that apatinib alone or in
combination with chemotherapeutic agents had promising
clinical efficacy and tolerable adverse effects in advanced, re-
current, platinum-resistant ovarian cancer. Furthermore,
our present study revealed that apatinib prevents tumour

growth in vivo and in vitro [14].

Immune checkpoint inhibitors (ICIs), such as
PD-1/PD-L1 axis, play an important role of antitumour.
PD-1 is expressed on tumour-specific T cells, and its ligand,
PD-LI, is expressed by tumour cells and activates immune
escape [15]. PD-1 combined with PD-L1 receptors can es-
cape immune surveillance in tumours and induce T-cell
apoptosis. ICIs, which can prolong patient survival, exhibit
satisfactory clinical efficacy for treating many malignant tu-
mours. Currently, PD-1/PD-L1 inhibitors are also approved
by the Food and Drug Administration for the treatment of
many solid tumours [16]. PD-1/PD-L1 inhibitors have been
proven to be effective in treating NSCLC and HCC [17].
However, the PD-1/PD-L1 axis plays an important role in
ovarian cancer, but only 10-15% of patients achieve a

durable response [18].

Previous research revealed that combined thera-
pies are more efficacious and safety than apatinib or
PD-1/PD-L1 inhibitors monotherapy in treating HCC, cer-
vical cancer, and colon cancer [19]. Studies have shown that
anti-VEGF therapy combined with anti-PD-1/PD-L1 thera-
py has better treatment outcomes and manageable toxicity,
with a better objective response rate (ORR) than an-
ti-PD-1/PD-L1 monotherapy (30% vs. 9%) [6,20].

Currently, there are no clinical trial data on the
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combination of apatinib with PD-1/PD-L1 inhibitors in
ovarian cancer. Our study was designed to assess the im-
mune response of apatinib combined with a PD-1 inhibitor

in ovarian cancer.

Methods
Reagents

Apatinib was obtained from Hengrui Medicine
Co., Ltd. (Jiangsu, China). For the in vitro studies, apatinib
was dissolved in 100% dimethyl sulfoxide (DMSO) and di-
luted to the desired concentration with Dulbecco's modified
Eagle's medium (DMEM) (Gibco, USA). For the in vivo

studies, apatinib was diluted in phosphate-buffered saline.
The antibodies used in this study were as follows:

Anti-PD-1 (aPD-1) mAb was purchased from Bio
X Cell (West Lebanon, NH, USA) (BE0273).

The PerCP/Cyanine5.5 anti-human CD274 (B7-
H1, PD-L1) antibody was purchased from Biolegend (San
Diego, CA, USA) (329738).

Anti-Ki67, anti-CD4, and anti-CD8 antibodies
(28074-1-AP, 67786-1-1g, 9896-1-AP) were purchased from
Proteintech (Wuhan, China).

Cell Culture

The human ovarian cancer cell line SKOV3, ES-2,
A2780 and murine ovarian serous carcinoma cell line ID8
were purchased from the American Type Culture Collec-
tion and cultured in Dulbecco's modified Eagle’s medium
(DMEM; Gibco, USA) supplemented with 10% foetal
bovine serum (FBS; Gibco, USA), 100 U/ml penicillin and
100 pg/ml streptomycin (penicillin-streptomycin-glu-
tamine; Gibco, USA) at 37°C in a humidified atmosphere of
5% CO2 in a Forma Steri-Cycle CO2 incubator (Thermo
Fisher Scientific, Massachusetts, USA).

Real-Time Quantitative Reverse Transcription-Poly-

merase Chain Reaction

Total RNA was isolated from SKOV3 cells using
TRIzol reagent (CWbiotech, Beijing, China), and RNA was

subsequently reverse transcribed with a PrimeScript RT rea-
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gent kit (TaKaRa, Otsu, Japan). The acquired cDNAs were
used as templates for real-time quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR) analysis
using SYBR Green PCR Master Mix (Bio-Rad, California,
USA). The relative RNA expression levels were calculated
using the 2-AACt method, with the target mRNA levels nor-

malized to those of B-actin.
Flow Cytometry

Flow cytometric analysis was also conducted to de-
termine the PD-L1 expression level in SKOV3 cells treated
with 5, 10, 20 and 30 uM apatinib. The cells were initially
seeded onto six-well plates at a density of 3 x 105 cells per
well. After a 24-h incubation period, the cells were treated
with apatinib at concentrations of 5, 10, 20 and 30 uM for
an additional 24 h, after which the cells were harvested and
washed twice with prechilled PBS. After washing with PBS,
the cells were stained with an anti-PD-L1 antibody (San Die-
go, CA, USA) (329738) at RT for 30 min. The stained cells
were analysed using a flow cytometer (FACS Aria ll; BD Bio-

sciences, San Jose, USA).

Mice and Tumour Models

Six-week-old female C57BL/6 mice were
purchased and housed under standard pathogen-free condi-
tions in the animal centre of the Institute of Analysis and
Testing, Beijing Academy of Science and Technology (Bei-
jing Physical and Chemical Analysis and Testing Center).
To establish in vivo models, 5x10° ID§ cells were subcuta-
neously injected into six-week-old C57BL/6 mice. When the
tumours reached a mean diameter of 6 mm, the mice were
randomly divided into four groups: control (PBS), apatinib
(30 mg/kg, every day), anti-PD-1 (5 mg/kg, every 3 days),
and apatinib (30 mg/kg, every 3 days) + anti-PD-1 (5
mg/kg, every 3 days). Throughout the treatment, the mice
were weighed, and their tumours were measured with a cal-
liper every 3 days. Tumour volume (V) was calculated using
the formula V = larger diameter x (smaller
diameter)’/2 mm”. After 15 days of treatment, when the tu-
mours reached an appropriate size, the mice were euth-
anized, and the tumours were excised, weighed, and either
stored at —-80°C or fixed with 4% paraformaldehyde for sub-
sequent examination. All animal experiments were ap-

proved by the Laboratory Animal Welfare and Ethics Com-
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mittee of the Institute of Analysis and Testing, Beijing
Academy of Science and Technology (Beijing Physical and
Chemical Analysis and Testing Center).

Western Blot

After SKOV3 cells were treated with 0, 5, 10, 20 or
30 uM of the indicated drug(s), protein was extracted from
the SKOV3 cells and xenograft tumour tissue via incubation
in lysis buffer (Beyotime). The protein concentrations were
quantified via a BCA protein assay kit (TIANGEN
BIOTECH, China). The proteins were separated by SD-
S-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). After blocking for 1 h with
nonfat milk (BD, USA), the membranes were incubated
with the primary antibody against PD-L1 (#ab213480,
1:1000; Abcam, Cambridge, UK) at 4°C overnight, after
which the membranes were washed 3 times with Tris-buf-
fered saline (TBS). Subsequently, the membranes were incu-
bated with HRP-conjugated secondary antibodies (#A0208,
1:10000; Beyotime) at room temperature for 2 h and
washed with TBS buffer 3 times. The protein signals were vi-
sualized via an enhanced chemiluminescence (ECL) detec-

tion system (Amersham, Bucks, UK).

Immunohistochemical Staining

Longitudinal sections (5 um) of the paraffin-
embedded tumours were kept at 60°C for 24 h in an oven,
deparaffinized with xylene and hydrated with an ethanol
gradient (100%-70%). Heat-induced antigen retrieval was
performed in citrate buffer in an MLS-3750 autoclave
(Sanyo, Japan) for 2 min. After incubation with 3% H,O, for
10 min, the slides were rinsed with water and incubated
with the primary antibodies against Ki67, CD4 and CD8
overnight at 4°C. The next day, the slides were rinsed and in-
cubated with the corresponding secondary antibody (Bei-
jing Zhongshan Golden Bridge Biotechnology Co., Ltd., Bei-
jing, China) for 30 min and then stained with 3,3'-diami-
nobenzidine (DAB) and haematoxylin. The slides were then
examined and photographed using an Axio Observer Al mi-

croscope (Zeiss, Germany).
Haematoxylin-eosin (H&E) Staining
Haematoxylin and eosin (HE) staining of ovarian
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tissues was conducted according to routine protocols. Brief-
ly, after deparaffinization and rehydration, 5-pm longitudi-
nal sections were stained with haematoxylin solution for 5
min, dipped 5 times in 1% acid ethanol (1% HCI in 70%
ethanol) and then rinsed in distilled water. Then, the sec-
tions were stained with eosin solution for 8 min, dehydrated
with graded alcohol and cleared in xylene. The mounted
slides were then examined and photographed using an Ob-

server Al fluorescence microscope (Zeiss, Germany).
Statistical Analysis

The data are presented as the mean values with
standard errors of the means. Statistical analysis was per-
formed with Prism GraphPad 6.0 software (GraphPad Soft-
ware, Inc., San Diego, CA, USA). Differences between
groups were examined by Student’s t test or one-way ANO-
VA followed by Bonferroni correction or two-way ANOVA
with multiple comparisons test for comparison of means. A
P value <0.05 indicated a significant difference, and a P val-
ue <0.01 indicated a statistically significant difference (*P <
0.05, **P < 0.01).

Results

Apatinib Increases the Expression of PD-L1 in

Ovarian Cancer Cells and in vivo Models

To investigate the effect of apatinib on PD-L1 ex-
pression in ovarian cancer cells, we selected the ovarian can-
cer cell lines SKOV3, ES-2, and A2780 and incubated them
with different concentrations of apatinib (0, 5, 10, 20 and 30
uM) for 24 h. qRT-PCR showed that apatinib upregulated
the mRNA expression of PD-L1 in a dose-dependent mann-
er and was most effective at 30 pM (Figure 1A). The
qRT-PCR results showed that the increase in PD-L1 mRNA
expression in the SKOV3 ovarian cancer cell line was the
most obvious. Therefore, in the following experiments, we
selected SKOV3 ovarian cancer cells for study. Cells treated
with apatinib were harvested and subjected to flow cytome-
try and western blot analysis. The PD-L1 protein level in the
cells was increased after apatinib treatment (Figure 1B).
Western blotting was used to explore the effect of apatinib
on the expression of the PD-L1 protein in mouse tumour tis-
sues. The results indicated that the expression of the PD-L1

protein in tumour tissues increased after the administration
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of apatinib (Figure 1C).
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Figure 1: Apatinib increased PD-L1 expression in ovarian cancer cells. a SKOV-3, ES-2, and A2780 ovarian cancer cells were treated with dif-
ferent concentrations of apatinib for 24 h, and PD-L1 mRNA expression was detected via RT-PCR. b SKOV-3 cells were treated with differ-

ent concentrations of apatinib for 24 h, and PD-L1 protein expression was detected via flow cytometry and Western blotting. ¢ SKOV3 (5 x
10°) cells were inoculated into the right flank of BALB/c mice. Mice were administered apatinib (30 mg/kg, every day). After 15 days, the mice
were sacrificed, and their solid tumours were isolated. The expression of PD-L1 in the tumour sections was analysed via western blotting. The

results are expressed as the mean + SEM from three independent experiments. *P < 0.05, **P < 0.01 vs. control.

Apatinib Combined with an Anti-PD-1 Antibody

We further examined the effect of the combina-
Significantly Inhibited Tumour Growth in vivo

tion of apatinib with an anti-PD-1 agent on tumour growth
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in vivo using a syngeneic mouse model of human ovarian
cancer after characterizing its effects on ovarian cancer cells
in vitro. As shown in Figure 2, compared with the control
treatment, treatment with apatinib alone or the anti-PD-1
antibody alone inhibited ID8 tumour growth. However, the
inhibitory effect of apatinib combined with anti-PD-1 thera-
py was significantly greater (Figure 2A). After 15 days, the
tumour volume in the apatinib combined with anti-PD-1
therapy group was significantly smaller than that in the neg-
ative control group and the apatinib alone and anti-PD-1

antibody alone groups (P < 0.01). No significant differences
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in the body weights of the mice were observed between the
groups before or after administration (Figure 2B). In addi-
tion, H&E staining of tumour tissue sections also indicated
that the combination of apatinib and an anti-PD-1 antibody
significantly increased the area of tumour necrosis com-
pared with that in the single-drug-treated group (Figure
2C). Immunohistochemical staining revealed a dramatic de-
crease in Ki67 expression after apatinib and anti-PD-1
cotreatment (Figure 2D). The results mentioned above
suggested that the combination of apatinib and an an-
ti-PD-1 antibody significantly inhibited the growth of trans-

planted tumours in mice.
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Figure 2: Apatinib combined with an anti-PD-1 antibody significantly inhibited tumour growth in vivo. a Images of tumours from mice in
the four groups. b The tumour sizes and body weights of ID8 ovarian cancer xenografts from mice. ¢ Paraffin sections of ID8 tumour tissues
were analysed via H&E staining. d The expression of Ki67 in ID8 tumour tissues was examined by IHC. The data are presented as the mean +

SEM of 6 mice per group. *P < 0.05, **P < 0.01 vs. the control or as indicated.
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Apatinib Combined with an Anti-PD-1 Antibody In-
creased the Infiltration of CD4+ T cells and CD8+ T

cells in vivo

The combination treatment had a significant anti-
tumour effect on, and we investigated whether the four treat-
ments had an impact on T-cell infiltration. The infiltration
of CD4+ and CD8+ T cells in tumour tissue was examined

by IHC. As shown in Figure 3, apatinib alone or anti-PD-1

Apatinib

CD4

CD8

therapy alone promoted the expression of CD4 and CD8.
However, the apatinib combined with anti-PD-1 antibody
group were further increased, as determined by IHC (Fig-
ure 3). The results suggested that the combination treat-
ment increased the infiltration of CD4+ and CD8+ T cells
compared with single-drug-treated group in the TME. This
enhances the activation of T cells to promote antitumour ef-

fects.

Anti-PD-1

Figure 3: Immunohistochemical staining of CD4+ and CD8+ T cells in tumour tissue. Apatinib combined with an anti-PD-1 antibody in-
creased the infiltration of CD4+ T cells and CD8+ T cells in vivo.

Discussion

The mortality rate of ovarian cancer is the highest
among gynaecologic malignancies because it is difficult to
diagnose in the early-stage and it has a high recurrence rate
in the late stage; these factors contribute to the low 5-year
survival rate. Anti-angiogenic drug combined with an-
ti-PD-1/anti-PD-L1 antibody inhibit the tumour growth,
synergistically. However, there are no clinical trials on the
treatment of ovarian cancer by the use of apatinib com-

bined with anti-PD-1 therapy.

Angiogenesis plays a crucial role in malignancy.
Tumour cells reduce the expression of VEGF while increas-
ing oxygen consumption and are in a hypoxic state.
Through many signalling pathways, VEGF and VEGFR pro-
mote the generation of new blood vessels to increase the
need for oxygen and nutrients, which leads to tumour

growth [21]. Apatinib is a selected targeted VEGFR-2 inhibi-

tor. Previous studies have indicated that apatinib promotes
the proliferation of endothelial cells and suppresses the gen-
eration of new blood vessels in tumour, which provides the-
oretical foundation for combined with other therapies [8].
Our study revealed that apatinib upregulates the expression
of PD-L1 in a dose-dependent manner, as determined by
qRT-PCR and flow cytometry, and the same results were ob-
served in the mouse model. Similarly, apatinib increased the
expression of PD-L1 in gastric cancer and colon cancer
[22,23], which may be related to IFN-y and hypoxia [24].
PD-L1, via IFN-y and hypoxia, inactivates T cells in tu-
mours to inhibit immune function [25]. In the xenograft
models, apatinib group also had anti-tumour effect, and it

was related to the upregulation of PD-L1.

ICIs are the effective drugs to treat many malignan-
cies. PD-1/PD-L1 axis is hotpot in immunotherapy. In
ovarian cancer, 47.9% of tumour cells exhibit high expres-

sion of PD-L1 [26]. However, clinical trials of anti-PD-1
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monotherapy have also shown limited clinical efficacy in pa-
tients with ovarian cancer, with a response rate of approxi-
mately 10% [27]. When combined with antiangiogenic
agents, such as anti-VEGF inhibitors, ICIs might synergisti-
cally inhibit the progression of tumours. Based on the signif-
icant efficacy and acceptable toxicity of the combination
treatment in other cancers, our study was designed to evalu-
ate the effect of apatinib combined with anti-PD-1 therapy

on ovarian cancer in vivo.

In the mouse model, the three experimental
groups inhibited tumour growth. However, the combina-
tion treatment had the most obvious effect. H&E staining re-
vealed the same results. However, there were no significant
differences in mouse survival between treatment groups.
On the basis of our findings, we draw conclusion that apa-
tinib combined with an anti-PD-1 antibody has a better clin-
ical effect in treating ovarian cancer but has no impact on
survival. Ki-67, a cell cycle-related nuclear protein, is a
marker of cell proliferation and tumour occurrence [28].
The degree of Ki-67 downregulation in the combined thera-
py group was greater than that in the other groups. In many
cancers, such as ovarian cancer, high Ki-67 expression is as-
sociated with poor prognosis and low OS [29]. Our studies
demonstrated that the combination treatment had better ef-
fects in terms of the inhibition of tumour proliferation com-

pared with monotherapy.

Tumour-infiltrating lymphocytes are the crucial
component of the adaptive immune response and consti-
tute the basis of immunotherapy [30]. CD8+ T cells exert an-
titumour effect, as well as CD4+ T cells, and a high level of
infiltration of CD8+ T cells is related to a better prognosis
[31]. However, the PD-1/PD-L1 axis decreases the infiltra-
tion of CD8+ T cells to induce immune evasion by increas-
ing IFN-y levels [32]. Moreover, VEGF reduces the level of
CD8+ T cells though TOX to inhibit the immune response
[33]. Our study showed that the three experimental groups
promoted the infiltration of CD4+ and CD8+ T cells into
the TME with varying degree, and the infiltration of CD4+
and CD8+ T cells in the combination therapy group was
greater than that in the other groups. Similar results have
been reported in digestive system malignancies [34]. CD8+
T cells interrupt angiogenesis by secreting IFN-y [25]. More-
over, CD8+ T cells upregulate the expression of PD-L1 via
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IFN-y [35,36]. In addition, similar results were observed in
a mouse subcutaneous model [37]. However, the mech-
anism through which apatinib combined with an anti-PD-1
agent affects the expression of IFN-y in ovarian cancer is un-
clear. Overall, our study showed that combination group
promoted immune response to decrease the tumour growth

compared the other groups.

In summary, apatinib increased the expression of
PD-L1 in vitro and vivo, possibly through a mechanism re-
lated to IFN-y. However, additional evidence is needed to
prove this. Apatinib combined with an anti-PD-1 agent ex-
erted a better antitumour effect in vivo and promoted the in-
filtration of T cells. This study provides evidence support-
ing the use of this strategy in clinical trials of ovarian can-

cer.
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