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Abstract: Apatinib is a specific VEGFR-2 inhibitor that blocks transmission of the VEGF/VEGFR-2 signaling path-
way by competitively binding to the VEGFR-2 intracellular tyrosine ATP binding site and exerting biological effects.
Different levels of VEGFR-2 expression in different lung cancer cells and the cell lines with low and high expression
of VEGFR-2 were selected, and the effect of apatinib on their proliferation was observed in vitro and in vivo. In vitro
studies showed that apatinib significantly inhibited the proliferation of VEGFR-2 high-expression lung cancer cell
lines H1975 and H446 in a concentration-dependent manner, mainly by promoting apoptosis and cell cycle arrest.
For the lung cancer cell line A549 with low VEGFR-2 expression, the same concentration of apatinib had no inhibi-
tory effect. In vivo studies showed that both H1975 and H446 xenografts were significantly inhibited by low- and
high-dose apatinib, while in A549 cells, low-dose apatinib had no significant inhibitory effect. Therefore, apatinib
has different inhibitory effects on different lung cancer cells, and the inhibitory effect on lung cancer cells with high
VEGFR-2 expression is more significant by promoting apoptosis and inducing cell cycle arrest in vitro and in vivo.
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Introduction

The incidence and mortality of lung cancer
ranks first among all cancers [1], and because
its early symptoms are not obvious, combined
with the lack of effective early diagnoses, most
lung cancer patients are diagnosed in advanced
stages [2]. Currently, there is still no effective
treatment for advanced lung cancer. Although
new cytotoxic drugs and molecular targeted
drugs are continuously developed, the 5-year
survival rate of patients with advanced lung
cancer is still low [3]. Improving the efficacy of
treatments for patients with lung cancer and
prolonging their survival is an urgent need for
clinicians.

Folkman proposed that tumor growth depends
on the formation of tumor blood vessels and
thus proposed that anti-angiogenesis will be
an important method for the treatment of tu-
mors [4]. A variety of growth factors and their
corresponding receptors are involved in tumor

angiogenesis in which vascular endothelial gr-
owth factors (VEGFs) and their vascular endo-
thelial growth factor receptors (VEGFRs) play
major roles [5, 6]. The VEGFR family members
comprise three types: VEGFR-1, VEGFR-2 and
VEGFR-3 [7]. The VEGF/VEGFR-2 signaling path-
way plays an important role in tumor angiogen-
esis, cell proliferation, invasion and migration.
Therefore, blocking this signaling pathway and
inhibiting tumor angiogenesis has become a
new area of tumor-targeted therapy [8].

Apatinib is a small molecule tyrosine kinase
inhibitor that selectively inhibits the phosphory-
lation of VEGFR-2 and its tyrosine by competi-
tively binding to the VEGFR-2 intracellular tyro-
sine ATP binding site. Kinase activity blocks
the transmission of the VEGF/VEGFR-2 signal-
ing pathway and inhibits tumor angiogenesis,
thereby inhibiting tumor growth [9, 10]. Cur-
rently, apatinib is mainly used in the treatment
of advanced gastric cancer as third-line or ab-
ove [11]. Research on the treatment of lung


http://www.ijcem.com

Effect of apatinib on lung cancer cells

cancer with apatinib is mainly focused on the
clinical study of patients with non-small cell
lung cancer. LIU reported that a clinical trial of
apatinib in patients with advanced non-small
cell lung cancer found that patients with apa-
tinib had a median PFS of 4 months and a dis-
ease control rate of 61.76% [12]. Cases of
effective treatment of small cell lung cancer
with apatinib have also been reported [13].

Apatinib has a therapeutic effect in patients
with advanced lung cancer and can improve
patient PFS and DCR to some extent. However,
there are few basic studies on the effects of
apatinib on lung cancer cells, especially the dif-
ferent types of lung cancer cells, and the me-
chanism of action has not been reported. For
this study five lung cancer cell lines were select-
ed with different expression levels of VEGFR-2
and determined the effect of apatinib on pro-
liferation in vitro and in vivo and observed the
safety of apatinib. This study may provide a
theoretical basis for the more rational applica-
tion of apatinib in patients with advanced lung
cancer.

Materials and methods
Cell culture

The human lung cancer cell lines A549, HCC-
827, H2228, H1975 and H446 cells were pur-
chased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). All cell
lines were maintained in RPMI-1640 (HyClone,
USA) supplemented with 10% FBS (Gibco, NY),
100 U/mL penicillin (HyClone, USA), 50 mg/mL
streptomycin (HyClone, USA), and 2 mmol/L
glutamine in a humidified CO, incubator at
37°C. All cells were passaged for less than 3
months before renewal from frozen, early-pas-
sage stocks obtained from the indicated so-
urces.

Reagents and antibodys

Apatinib (Selleck, s2221, Shanghai, China) was
dissolved in 0.1% DMSO (Sigma Aldrich) at a
concentration of 10, 20 mmol/L and stored at
-20°C for vitro testing. Apatinib mesylate (Heng
Rui, Jiangsu, China) were ground into powder
and dissolved 0.5% CMC (Solrbio, Shanghai,
China) for vivo testing. Primary antibodies
against AKT (ab8805), phosphor-AKT (ab8932),
ERK (ab54230), phospho-ERK (ab201015), el-
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FAE (ab205824), phosphor-elFAE (ab2008-
58); HIF-1a (ab51608), VEGF (ab46154), CD31
(@b28364), B-actin (ab8227) were purchased
from abcam (Cambridge, MA, USA). Primary
antibodies against PARP (9532), caspase3 (96-
62), cleaved-caspase3 (9664), cyclinB1 (4138),
P53 (9282), VEGFR-2 (2472), Ki67 (9449) and
anti-rabbit or anti-mouse 1gG horseradish per-
oxidase (HRP)-linked secondary antibodies we-
re purchased from Cell Signaling Technology
(Boston, MA, USA).

Cell proliferation

Five lung cancer cells were plated into 96-well
plates (2000~4000/well) in 100 ul of complete
medium, and six parallel wells were assigned to
each group, as well as a negative control (with-
out cells). After overnight incubation, cells we-
re exposed to various concentrations (0, 1, 10,
50, 100, 250 uM) of apatinib for a further 72
hours. Cell proliferation was evaluated by Cell
Counting Kit 8 (CCK8, BestBio, Shanghai,
China). Briefly, the inhibitory rates of each cell
line with different concentration of apatinib
were calculated by comparing the OD values of
the experimental groups to that of the empty
group. The half maximal inhibitory concentra-
tion (IC,,) of apatinib that could inhibit growth
by 50% were calculated by concentration-
response cure fitting using GraphPad Prism
5.0 software. Each IC_  value was expressed as
the mean + SD.

Colony formation assays

For the clonogenic assays, five tumor cell lines
in the logarithmic growth phase were seeded
in 6-well plates in complete culture medium
either the vehicle control or two concentration
of apatinib (10 and 20 uM) for two weeks. Each
group was allotted three plates. The colonies
that formed on each plate were stained with
crystal violet, and the number of colonies were
counted by Image J software. The colony forma-
tion rate (%) was expressed as the mean + SD.

Cell cycle analysis

For the cell cycle assays, three tumor cell lines
include A549, H1975 and H446 were harvest-
ed and washed twice with cold PBS and then
were fixed with pre-chilled 70% ethanol for 24 h
at 4°C. The fixed cells were washed and resus-
pended in 200 uL of PBS plus 200 pL of RNase
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A'in a water bath at 37°C for 30 min. Next, the
cells were filtered and incubated with 300 pL of
propidium iodide at 4°C for 30 min in the dark.
The stained cells were detected by flow cytom-
etry and were analyzed using ModFit LT 4.1
software.

Assessment of apoptosis

The treated cells were washed twice with PBS,
resuspended in binding buffer at a density of 1
x 107 cells/mL and then were stained using an
annexin V-FITC-PI apoptosis detection kit (BD,
USA) for 20 min at room temperature in the
dark according to the manufacturer’s proto-
cols. Thereafter, the labeled cells were detect-
ed by flow cytometry and were analyzed using
FlowJo 7.6 software. Next, tunel apoptosis de-
tection kit was used to detect apoptosis of
three kind cells treated by different concentra-
tion apatinib according to the manufacturer’s
manual (Yeasen, China).

Immunofluorescence assay

Cells were seeded on coverslips and were fixed
with 4% paraformaldehyde for 30 min at room
temperature. After permeabilization with 0.2%
TX-100 (Sigma, x 100) for 10 minutes at room
temperature, cells were incubated with cleaved
caspase 3 antibody at 4°C for 12 h. After wash-
ing with PBS, cells were incubated with Flu-
orescein-Conjugated Goat anti-Rabbit IgG (H+L)
for 1 h. Immunofluorescence images were vie-
wed under fluorescence microscope (Olympus |
x 81, Japan). Cleaved caspase 3 were quanti-
fied with the Image J software. Mean fluores-
cence of the nuclear staining was obtained by
selecting the “measure” option. After deducting
any background staining, the mean fluores-
cence of at least 50 cells from each treatment
was used for statistical analysis. Data was rep-
resented as mean + SD.

Western blot analysis

Cells and tissues were lysed by radio immuno-
precipitation assay (RIPA, Beyotime, China) buf-
fer containing phenyl methane sulfonyl fluoride
(PMSF, Solarbio, China) with mild sonication.
The concentrations of total proteins were mea-
sured by the BCA Protein Assay Kit (Beyotime,
China). Equal amounts of protein were sub-
jected to 10% sodium dodecyl sulfate polya-
crylamide gel electrophoresis (SDS-PAGE) and
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blotted on polyvinylidene fluoride (PVDF, Milli-
pore, Billerica, USA). Protein bands were visual-
ized via enhanced chemiluminescence (ECL,
Millipore, USA) and were analyzed using the
western blot imaging system (AI600 images,
GE, USA), followed by measurement of the den-
sity of each band using Image J software.

RNA preparation and RT-PCR analysis

Total RNA were isolated with Trizol reagent
(Invitrogen, USA). The reverse transcription re-
actions were performed by use of Reverse Tr-
anscription Reagent kits (Takara, Japan). Real-
time PCR was conducted with SYBR Green mix
(Takara, Japan). The primer for VEGFR-2 was
designed as 5’-ACCCCTTGAGTCCAATCACACA-3’
(forward), 5-CTTCCTCCAACTGCCAA TACCA-3’
(reverse); The primer for GAPDH was designed
as 5-GGAAGCT TGTCATCAATGGAAATC-3’ (for-
ward), 5-TGATGACCCTTTTGGCTCCC-3’ (rever-
se). The expression of VEGFR-2 mRNA was cal-
culated and normalized using the 2%2Ct me-
thod relative to GAPDH.

Tumor xenograft mouse models

Five to six week old female BALB/c nude mice
were purchased from Nanjing University Bi-
omedical Research Institute (Nanjing, China).
All animal experiments were performed in the
animal research center of Shandong Medical
Academy in accordance with the National In-
stitutes of Health guide for the care and use of
laboratory animals. A549, H1975, and H446
cell lines were selected to construct three nude
mouse xenograft models. Approximately 2 x
1068 cells were suspended in 0.2 ml of PBS, sub-
cutaneously injected into the right chest wall of
each nude mouse, and tumors formed in
approximately 10 days. The tumor volume was
calculated as L x W2/2 (L and W are the leng-
th and width of the tumor, respectively). The
nude mice with transplanted tumor volumes of
50-150 mm? were selected for intervention
grouping. There was no significant difference in
the average volume of transplanted tumors
between the nude mice before intervention.
Fifteen tumor-bearing nude mice from each of
the three cell lines were randomly divided into
three groups according to a random number
table. The animals were treated for 21 consec-
utive days once daily by oral gavage with apa-
tinib (80, 120 mg/kg) or vehicle. The dose of
apatinib refers to previously published litera-
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ture. The body weight and the tumor volume
were recorded every 3 days by the same per-
son. At harvest, the mice were sacrificed under
anesthesia. The tumor tissues were fixed in 4%
paraformaldehyde for immunohistochemistry
or stored at -80°C for western blotting, and
blood was harvested for ELISA assays. The
heart, liver, kidney, thyroid and pancreas were
fixed in 4% paraformaldehyde and electron
microscopy fixative for H&E staining and elec-
tron microscopy specimen preparation respec-
tively. All animal experiments were perform-
ed with the approval of Shandong University
Animal Care and Use Committee.

Immunohistochemical staining

For immunohistochemical staining, the trans-
planted tumor tissues were fixed in 4% parafor-
maldehyde, and paraffin blocks were prepared
after dehydrating and embedding. A series of 3
mm sections were obtained from each paraffin
block. Each slice was baked at 65°C for 1 hour
and dewaxed by xylene. Then, the slides were
dehydrated using ethanol and antigens were
repaired by EDTA. The peroxidase was removed
using 3% H,0, and blocked using 5% BSA for
30 minutes. Incubation with the primary anti-
body was conducted overnight at 4°C. The sec-
tions were incubated with a biotin secondary
antibody for 20 minutes at room temperature.
Targeted proteins were visualized using the per-
oxidase substrate diaminobenzidine. Staining
intensities were estimated in five random fields
per section by three independent observers
individually.

Toxicological study

Hematoxylin and eosin staining: For hematoxy-
lin and eosin (H&E) staining, the heart, liver,
kidney, thyroid, and pancreas tissues of the
mice were fixed in 4% paraformaldehyde and
embedded in paraffin and then cut into 4 um
sections. The sections were stained with both
hematoxylin and eosin and then photographed
using a light microscope.

Electron microscope specimen production

The heart, liver, kidney, thyroid, and pancreas
tissues of the mice were fixed in 3% glutaral-
dehyde at 4°C for 4 hours and then washed
with 0.1 M sodium dicarboxylate buffer and
soaked in 1% citric acid at 4°C for 2 hours.
Next, the tissues were washed with 0.1 M sodi-
um diformate buffer twice and were dehydrated
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by graded ethanol. The tissues were permeat-
ed with propylene oxide, completely embedded
in an embedding solution, and placed ina 40°C
incubator for 12 hours. Then, the slides were
transferred to an embedding plate and incubat-
ed at 60°C for 48 hours. After the fabrication,
the ultrastructure of the organs were observ-
ed by transmission electron microscopy (JEOL,
Japan).

Serum biochemistry

Blood samples were obtained from the vein of
the inner canthus while the mice were under
anesthesia from a 1% pentobarbital sodium
intraperitoneal injection. All of the nude mice
were fasted for more than 8 hours before tak-
ing blood. Blood was allowed to coagulate at
room temperature for 30 minutes and was cen-
trifuged at 3,000 rpm for 10 minutes to sepa-
rate the serum. Biochemical tests for the level
of ALT, AST, BUN, Cr, LDH-L, CK and glucose in
serum were performed. ELISA Kits (cloud clone,
USA) were used to detect the concentration of
FT, and FT, in the serum. The specific proce-
dure followed the steps provided by the ELISA
kit. All tests were repeated 3 times, and the
data are represented as the mean + SD.

Statistical analysis

All the experiments in our research were con-
ducted at least three times individually. The
results are presented as mean + standard devi-
ation (SD).

Data were analyzed using GraphPad Prism
software(version 5.0). The Two-way ANOVA was
used to value the overall statistical significance
for the means of multiple samples. A P-value of
less than 0.05 was considered statistically sig-
nificant (*represent P values<0.05).

Results

Apatinib exerts anti-proliferative activity
against lung cancer cells in vitro

CCK8 assay was performed on a panel of five
lung cancer cell lines (A549, HCC827, H2228,
H1975, ad H446). The results show that as the
concentration of apatinib increased, the inhibi-
tion of proliferation of the five lung cancer cell
lines were increased. In five lung cancer cells,
the inhibition of proliferation of H1975 and
H446 were more obvious. When the concentra-
tion of apatinib reached 50 yM, the inhibition
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rate of H1975 and H446 were 54.6 + 5.48%
and 65.74 + 2.05%, respectively, while the inhi-
bition rates of A549, HCC827 and H2228 we-
re 11.36 + 0.89%, 12.80 + 1.26%, and 19 +
0.75%, significantly lower than H1975 and
H446. There were similar results at 48 and 72
hours (Figure 1A-C). The results showed that
the IC,, values of apatinib for the five lung can-
cer cells at 24 hours were as follows: A549:
186.5 + 4.86 uM, HCC827: 181.86 + 4.86 uM,
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five lung cancer cell lines at 72
hours. D and E. Relative expres-
sion levels of VEGFR-2 protein. F.
Relative mRNA levels of VEGFR-2
in five cell lines. G and H. Effect
of apatinib on colony formation of
five cells. As the concentration of
apatinib increased, the number
of colonies did not decrease sig-

. nificantly for A549, HCC827 and
o H2228 cells (P>0.05); While the
number of colonies decreased
significantly compared with the
vehicle group in H1975 and
H446 cells (*P<0.05).
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H2228: 223.85 + 11.7 yM, H1975: 31.12 +
1.38 uM, and H446: 13.94 + 1.88 M. The IC,
values of H1975 and H446 were significantly
lower than that of the other three lung cancer
cells (P<0.05). Over time, the IC,  values of apa-
tinib for the five lung cancer cell lines decreased
to some extent, but the IC50 values of H1975
and H446 were still significantly lower than that
of other lung cancer cell lines (P<0.05) (Table
1).
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Table 1. IC_  values for apatinib of five cells at
different times (uM)

Times

Cells
24 h 48 h 72 h

A549 186.6+59 161.1+54 155.3+4.8
HCC827 157.4+5.7 1442+75 139.3+6.2
H2228 233.8+14.3 210.2+ 184 192.4+9.9
H1975 31.2+1.8* 187+24* 146+ 1.2*
H446 13.9+23* 114+21* 99+0.7*

The IC, values of apatinib for five lung cancer cell lines at
different times, *p<0.05.

Relative VEGFR-2 protein and mRNA expres-
sion levels

The CCKS8 results confirmed that in these five
lung cancer cell lines, the inhibitory effects of
apatinib on H1975 and H446 were more obvi-
ous. Apatinib specifically binds to VEGFR-2 to
exert its biological effects, and the expression
of VEGFR-2 in the five cell lines was different,
leading to different inhibition effects of apa-
tinib. Expression of VEGFR-2 protein and mRNA
was observed by Western blot and qPCR. We-
stern blot analysis showed that the expression
levels of VEGFR-2 protein in H1975 and H446
cell lines were significantly higher than those in
the other three cell lines (Figure 1D and 1E).
Similar results were observed at the RNA level
(Figure 1F). The qPCR results showed that the
relative expression levels of VEGFR-2 mRNA in
H1975 and H446 were significantly higher than
that of the other three lung cancer cells.

Colony formation assay

To further observe the effects of different con-
centrations of apatinib on the proliferation of
different lung cancer cells, colony formation as-
say was performed. A549, HCC827 and H2228
cells were selected to represent VEGFR-2 low
expressing cell lines, and H1975 and H446
cells were selected to represent VEGFR-2 high
expressing cell lines. A difference in the prolif-
eration of lung cancer cell lines with different
expression levels of VEGFR-2 after apatinib tre-
atment was observed. Following 2 weeks of cul-
ture, apatinib inhibited the number of the colo-
nies formed by H1975 and H446 cells in a
dose-dependent manner. However, apatinib did
not inhibit the formation of colonies in A 549,
HCC827 and H2228 cells (Figure 1G and 1H).
Collectively, these results revealed that apa-
tinib can inhibit the formation of colonies in
VEGFR-2 high-expression lung cancer cell lines.
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Cell cycle regulation

The capacity of apatinib to induce cell cycle
arrest was demonstrated in H1975 and H446
cells, but not in the A549 cell line. Apatinib
induced a dose-dependent G2 phase arrest in
H1975 and H446 cells. At 0, 10 and 20 uM
apatinib, the G2 phase ratio of the H1975 and
H446 cells increased significantly (H1975: 7.45
+ 1.13%, 19.2 + 2.12%, and 41.2 + 0.98%,
respectively; H446: 10.09 + 0.80, 20.33 +
1.31%, and 45.47 + 1.02%, respectively). There
was a significant difference in the comparison
(P<0.05) (Figure 2B and 2C). However, the
effect on A549 cells was minor, as there was
no significant difference compared with the
control group (Figure 2A). Western blot was
used to detect the expression of cyclin B1 and
p53, which were G2 phase related proteins.
The results showed that with the increase of
apatinib concentration, the expression of cyclin
B1 were decreased while p53 increased in
H1975 and H446 cell lines. There was a sig-
nificant difference compared with the control
group (P<0.05) (Figure 2E and 2F). Changes in
the expression levels of the two proteins led to
an increase in the proportion of cells staying in
the G2 phase, inhibiting their conversion to the
M phase, thereby inhibiting the proliferation of
both cell lines. For A549 cells, the expression
levels of cyclin B1 and p53 were not significant-
ly different from those in the control group
(P>0.05) (Figure 2D). Therefore, apatinib can
induce dose-dependent G2 phase arrest in
H1975 and H446 cell lines with high expres-
sion of VEGFR-2.

Effects on apoptosis

The effects of different concentrations of apa-
tinib on the apoptosis of A549, H1975 and
H446 cells were detected by flow cytometry
and a TUNEL assay. The flow cytometry results
showed that the apoptosis rates of H1975 and
H446 cells in the O, 10 and 20 uM groups were
as follows: H1975: 1.9 + 1.47%, 7.8 + 1.50%,
and 15.9 + 1.92%; H446: 0.98 + 0.42%, 15.2
+ 2.65%, and 32.6 + 2.68%. As the concentra-
tion of apatinib increased, the apoptosis rate of
H1975 and H446 cells increased significantly
in a dose-dependent manner compared to the
control group (P<0.05). In the A549 cells, the
percentage of apoptosis was lower after treat-
ment with apatinib, and there was no statisti-
cally significant difference from the control
group (P>0.05) (Figure 3A).
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Figure 2. Apatinib induced cell cycle arrest in three cell lines. A-C. A549, H1975 and H446 cells were treated with O,
10 or 20 uM apatinib for 24 hours and the cell cycle was analyzed by flow cytometry. D-F. Effect of apatinib on the
expression of cyclin B1 and p53 was tested by western blotting in A549, H1975 and H446 cells, respectively. The
cells were treated with O, 10 or 20 yM apatinib for 24 hours. Representative results are shown, and similar results

were obtained in three other independent trials.

The TUNEL test results were similar to the flow
results. The results showed that the apoptosis
rates of H1975 and H446 cells in the O, 10, and
20 uM apatinib groups were as follows: H1975:
0.53 + 0.22%, 18.6 £ 2.31%, and 34.5 + 2.91;
H446: 0.88 £ 0.57%, 28.1 + 3.9%, and 55.9 +
6.2%. There was a statistically significant dif-
ference (P<0.05) for the H197 and H446 cells,
but there was no significant difference in the
percentage of apoptosis between the three
groups in A549 cells (P>0.05) (Figure 3B).
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Western blot results showed that the relative
expression of c-caspase3 and c-PARP in H1975
and H446 cells increased significantly with the
increase of apatinib concentration (P<0.05).
However, there was no significant difference in
the relative expression of c-caspase3 and
c-PARP in A549 cells (P>0.05) (Figure 4B). The
results of an immunofluorescence assay show-
ed that the fluorescence intensity of c-cas-
pase3 in H1975 and H446 cells was signifi-
cantly higher than in the control group after
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Figure 3. Effects of apatinib on the apoptosis rates of A549, H1975 and H446 cells were detected by flow cytometry
and TUNEL assay. A. Apoptosis rates for A549, H1975, and H446 cells treated with O, 10, or 20 uM apatinib for 24
hours were detected by flow cytometry. B. The apoptosis rates of A549, H1975 and H446 cells were detected by

TUNEL assay.

treatment with apatinib (P<0.05), while no
increase in the fluorescence intensity of c-cas-
pase3 was observed in A549 cells (Figure 4A).
It was further confirmed that apatinib could in-
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duce apoptosis by activating the caspase3
pathway in a dose-dependent mannerin H1975
and H446 cell lines with high VEGFR-2 expre-
ssion.

Int J Clin Exp Med 2019;12(6):6703-6719



Effect of apatinib on lung cancer cells

A H1975 H446 AS49
¢ 10 Apatinib 20puM inil e
Apatinbor 10 20uM 0 puik cr 10 L Apatinib Ctr 10 20uM f 08
PARP ) w— — %Eus PARP o e PARP (D S S Ego.s
39 S04
— i . — g k
cPARP j o2 . e e il 1
0.0 B-actin 0.0
L —— — :*‘ sﬁl ! Practin S —— S ——— P
H1975 H446 AS49
Apatinib cr 10 20uM . 10 Apatinib cy 10 20pM Apuisle C&k 0. 20N g
Pro-caspase3  m—_—GE—NGG %'i . Procaspase) — e— Pro-caspese’ E‘EM
Y 06
c-caspasel - e E g CCASPISE] o ——— ccaspasel i 50_4
3

fr02

oo D |

504 .
£z 02
pactin S SN —— DO —— —
£ o

&

B Control Apatini 10uM Apatini 20uM

- . . .
o . . .
- . . .

Figure 4. Effects of apatinib on the expression of apoptosis-related proteins were tested by western blotting and
immunofluorescence. A. Relative expression of c-caspase3 and ¢-PARP in A549, H1975, and H446 cells treated
with O, 10, or 20 uM apatinib for 24 hours was detected by Western blotting. B. Expression of c-caspase3 in A549,
H1975 and H446 cells treated with O, 10, or 20 uM apatinib for 24 hours was analyzed by immunofluorescence

»

A549

n
=

5 @

(Fold change)

active caspase3 level
o

P

(Fold change)
2

active caspasel level

e
S

= NN
@ o o

(Fold change)
>

active caspase3 level

e
@

o

detection.

Tumor growth and immunohistochemistry

The in vivo antitumor efficacy of apatinib was
evaluated in A549, H1975 and H446 cancer
cells by utilizing BALB/c nude mouse xenograft
models. The animals were repeatedly adminis-
tered vehicle or apatinib once daily via oral
gavage (80 mg/kg/day and 120 mg/kg/day)
for 21 consecutive days. In the nude mouse
xenograft model using A549 cells, there was no
significant difference in the volume of the 80
mg/kg apatinib group compared with the con-
trol group (P>0.05) while the volumes of the
xenografted tumors in the 120 mg/kg group
were significantly smaller than that of the con-
trol group (P<0.05) (Figure 5A). In the nude
mouse xenograft model using H1975 and H446
cells, compared with the control group, the vol-
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umes of the xenografted tumors of the 80 mg/
kg and 120 mg/kg groups were significantly
smaller than that of the control group, and the
tumors in the 120 mg/kg group were more sig-
nificantly reduced (P<0.05). Therefore, apatinib
exhibited dose-dependent antitumor efficacy in
the mice with xenografted H1975 and H446
lung cancer cells (Figure 5B and 5C).

Immunohistochemical staining was performed
to determine the expression of CD31, Ki67 and
c-caspase3d in different groups of xenografted
tumor tissues. In the xenografted tumor tissu-
es formed by A549 cells, there was no signifi-
cant difference in the expression of CD31, Ki67
or c-caspase3 of the apatinib 80 mg/kg group
compared with the control group (P>0.05), whi-
le the number of CD31-positive micro-vessels
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Figure 5. Apatinib inhibits tumor growth in A549, H1975 and H446 xenograft models. BALB/c nude mice xeno-
grafted with A549, H1975 and H446 cells were treated with vehicle or apatinib (80, 120 mg/kg, po, qd) for 21 days.
The tumor growth curves are plotted in (A-C). Immunohistochemical staining of the expression of CD31, Ki67 and
c-caspase3 in the different groups of xenografted tumor tissues (D-F).

were significantly reduced, the number of Ki67-
positive cells were significantly decreased, and
the expression of c-caspase3 were significantly
increased (P<0.05) in the 120 mg/kg group
(Figure 5D). In the xenografted tumor tissues
formed by H1975 and H446 cells, compared
with the control group, the number of CD31-
positive micro-vessels were significantly reduc-
ed, the number of Ki67-positive cells were sig-
nificantly decreased, and the expression of
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c-caspase3 was significantly increased in bo-
th the 80 mg/kg and 120 mg/kg groups in a
dose-dependent manner (P<0.05) (Figure 5E
and 5F).

Related signaling pathways of xenograft tu-
mors

Apatinib exhibited dose-dependent suppressi-
on of VEGFR-2 activation and downstream sig-
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naling in A549, H1975, and H446 tumor tis-
sues. In A549 tumor tissues, the expression
levels of p-AKT, p-Erk, p-elF4E1, HIF-1a, and
VEGF of downstream signaling pathways were
significantly decreased in the 120 mg/kg group
(P<0.05), but there was no difference in their
expression between the 80 mg/kg group and
the control group (P>0.05) (Figure 6A). In the
H1975 and H446 tumor tissues, the expres-
sion levels of p-AKT, p-Erk, p-elF4E1, HIF-1q,
and VEGF protein in the 80 mg/kg and 120
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mg/kg groups were significantly lower than
control group, and with a dose-dependent effi-
cacy (Figure 6B and 6C). All assays were
repeated three times, and the images in the
article were the most representative.

Toxicological study
Apatinib were well tolerated in all of the tested

groups, with no mortality or significant loss of
body weight (<5% relative to the vehicle-ma-
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tched controls) observed during treatment (Fi-
gure 7A). There was no statistically significant
difference in ALT, AST, BUN, Cr, CK, or LDH-L in
serum between the different groups (P>0.05),
while the blood glucose levels of the high dose
apatinib group were significantly higher than
that of control group (P<0.05). The levels of FT3
and FT4 were significantly lower than in the
control group (P<0.05) (Figure 7B). No typical
pathological damage was found in HE staining
of various organs, but the ultrastructure of vari-
ous organs, such as the endoplasmic reticulum
and mitochondria, under electron microscope
had different degrees of damage, and the dam-
age in the high dose group were more obvious
(Figure 7C and 7D).

Discussion

Inhibition of tumor neovascularization provides
a new therapeutic approach for patients with
advanced lung cancer [14, 15]. Since the first
anti-angiogenic targeting drug bevacizumab
was used clinically, numerous clinical studies
have confirmed that bevacizumab combined
with chemotherapy or targeted therapy can sig-
nificantly improve the survival of patients with
advanced non-small cell lung cancer [16, 17].
For example, studies have shown that TP che-
motherapy combined with bevacizumab can
significantly prolong PFS and OS in patients
with advanced non-squamous NSCLC [18].
Apatinib is a specific VEGFR-2 antagonist that
competitively binds to VEGFR-2, blocks VEGF-
mediated signaling, inhibits tumor angiogene-
sis, and thus controls tumor growth [19]. There
have been more than 30 clinical studies on the
treatment of advanced lung cancer with apa-
tinib [20]. Most patients had advanced progr-
essive non-small cell lung cancer, and a few
patients had small cell lung cancer. Most of the
treatments were concentrated in the third line
or above treatment. In all of the clinical studies,
the median PFS was more than 5 months, and
the disease control rate reached 60-85% [21-
23]. The clinical results of apatinib confirmed
that patients can benefit in the short term, but
resistance developed rapidly, and improved
long-term OS was not obvious [24]. There is a
desire to improve the efficacy of apatinib in
clinical practice.

VEGFR-2 is mainly expressed on the surface of
vascular endothelial cells and promotes the

6715

formation of new blood vessels after binding to
VEGF [25]. The increase of tumor neovascular-
ization is closely related to tumor proliferation,
invasion and metastasis. Blocking tumor angio-
genesis can control tumor growth and metasta-
sis to some extent. Apatinib competitively binds
to VEGFR-2 on tumor vascular endothelial cells,
blocks the binding of VEGF/VEGFR-2, reduces
tumor angiogenesis, and starves tumors, the-
reby inhibiting tumor growth indirectly. How-
ever, whether apatinib as a targeted drug can
directly act on tumor cells and inhibit their
growth is unknown. For apatinib to have a direct
inhibitory effect on lung cancer cells, the sur-
face of lung cancer cells must express VEGFR-
2. If lung cancer cells express high VEGFR-2,
such lung cancer cells can be targeted for treat-
ment with apatinib. Apatinib is less effective on
cells that do not express VEGFR-2. Among the
common lung cancer cell lines are those that
highly express VEGFR-2, and the inhibitory
effect of apatinib on lung cancer cells with high
or low expression of VEGFR-2 is unknown. This
study demonstrates that apatinib has different
inhibitory effects on the proliferation of lung
cancer cell lines with different VEGFR-2 expres-
sion levels in vitro and in vivo, thus providing a
theoretical basis for further optimizing the tre-
atment strategy of apatinib in clinical practice.

This study selected common lung cancer cell
lines A549, HCC827, H2228, H1975, and H4-
46, the first four of which are lung adenocarci-
noma cells, which represent wild type, EGFR
mutant, ALK mutant, and EGFR mutant with a
T790M mutation cell lines, and H446 is a small
cell lung cancer cell line. By detecting the
expression of VEGFR-2 at both mRNA and pro-
tein expression levels, we determined that
H1975 and H446 lung cancer cell lines highly
expressed VEGFR-2, and the other three cell
lines expressed VEGFR-2 at a lower level. A
CCK-8 test confirmed that the same concen-
tration of apatinib had the most obvious inhibi-
tory effect on the H1975 and H446 cell lines,
and the IC,, level was significantly lower than
that of the other three lung cancer cells. Using
a colony formation assay, cell cycle detection
and apoptosis assay, we determined that apa-
tinib can effectively inhibit the proliferation of
H1975 and H446 cells and promote apoptosis
in a dose-dependent manner. However, in the
other three lung cancer cell lines with low
expression of VEGFR-2, low and high concen-
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trations of apatinib could not effectively inhibit
proliferation and the cell cycle arrest was not
obvious, and no obvious apoptosis was ob-
served. Apatinib has obvious inhibitory effects
on H1975 and H446 cells in vitro, and no neo-
vascularization was tested in vitro. Therefore,
apatinib does not inhibit vascularization in this
instance but inhibits the proliferation of lung
cancer cells with high VEGFR-2 expression by
directly acting on VEGFR-2 on the surface of
these two lung cancer cells and inhibiting the
activation of downstream signaling pathways.
Additionally, studies have confirmed that there
is cross-talk between the VEGF pathway and
the downstream effectors of the EGFR pathway
[26]. Once the downstream proteins of the
VEGF pathway are affected, they can also af-
fect proliferation via the EGFR signaling path-
way. Therefore, for lung cancer cells that hi-
ghly express VEGFR-2, apatinib can significantly
inhibit proliferation.

From the results of in vivo studies, apatinib has
an inhibitory effect on transplanted tumors of
Ab549, H1975 and H446 lung cancer cells.
However, for the transplanted A549 tumors, 80
mg/kg apatinib could not effectively inhibit
tumor growth while 120 mg/kg apatinib signifi-
cantly inhibited tumor growth. In the nude mice
transplanted with H1975 and H446 cells, 80
and 120 mg/kg administration groups showed
significant anti-tumor effects in a dose-depen-
dent manner. The inhibitory effect of apatinib
on nude mice xenografts formed by high VEGFR-
2 expressing lung cancer cells is superior to
that of low expression lung cancer cell lines.
However, unlike the in vitro results, apatinib
showed almost no inhibition in vitro in A549
cells. In nude mouse xenograft models, howev-
er, there are numerous vascular endothelial
cells, which highly express VEGFR-2, due to the
presence of tumor blood vessels. Therefore,
apatinib can indirectly inhibit tumor growth,
though this inhibition was not observed in the
80 mg/kg group. In the high-dose group, apa-
tinib’s indirect inhibition of tumor growth was
observed. In transplanted tumors formed by
H1975 and H446 cells with high VEGFR-2 ex-
pression, apatinib not only inhibited tumor gr-
owth by inhibiting tumor angiogenesis but also
directly acted on tumor cells to directly inhibit
tumor growth. At low doses, it can significantly
inhibit xenograft growth, and the antitumor
effect was significantly better than in A549 ce-
lIs with low VEGFR-2 expression. The results of
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the study partially reveal why there is a differ-
ence in the efficacy of the clinical application
of apatinib in the treatment of lung cancer
patients, which may be related to the differen-
tial expression of VEGFR-2 in lung cancer cells.

To further investigate the mechanism by which
apatinib inhibits xenografts, changes were ob-
served in the levels of the relevant signaling
pathway proteins. Apatinib can reduce neovas-
cularization, inhibit proliferation, promote apop-
tosis and effectively control the growth rate of
xenografts in nude mice through multiple cell
pathways. Studies have reported that the mo-
st important signaling pathways are AKT and
ERK [27]. Apatinib can effectively reduce the
phosphorylation level of key proteins in the ab-
ove signaling pathways, thereby further reduc-
ing the phosphorylation of eukaryotic initiation
factor 4E1, which plays an important role in
promoting tumor cell proliferation and inhibit-
ing apoptosis and neovascularization [28].
Apatinib reduces the phosphorylation level of
4E1, thereby effectively inhibiting tumor prolif-
eration and promoting apoptosis. Additionally,
the phosphorylation levels of key proteins in
the above signaling pathways were reduced,
which can reduce the expression of hypoxia-
inducible factor 1a. When the level of HIF1a is
decreased, the level of VEGF secreted by tumor
cells decreases, effectively inhibiting the for-
mation of new blood vessels [29]. The results
confirm that apatinib can inhibit tumor growth
through multiple signaling pathways, and key
proteins on these pathways can become tar-
gets for new anti-tumor drugs.

This study found that apatinib has obvious ef-
fects on H1975 and H446 both in vitro and in
vivo. Therefore, patients with EGFR expression
accompanied by L858R and T790M mutations
and small cell lung cancer may benefit from
small molecule anti-angiogenic drugs acting on
VEGFR such as apatinib. At present, in patients
with EGFR accompanied by L858R and T790M
mutations, osimertinib is the first choice [30].
Apatinib was more effective for the H1975 cell
line, but whether osimertinib combined with
apatinib would be more effective remains to be
confirmed in clinical studies. Significantly, for
patients with resistance to osimertinib with
L858R/T790M/C797S mutations [31], apa-
tinib may be beneficial, which will require more
clinical studies to confirm.
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Small cell lung cancer accounts for approxi-
mately 15% of lung cancer [32]. Compared with
non-small-cell lung cancer, the biological be-
havior of small cell lung cancer is more aggr-
essive. There are many driving genes in non-
small-cell lung cancer, and targeted therapy
can be selected under the guidance of molecu-
lar markers [33]. However, the pathogenesis
and driving genes of small cell lung cancer are
not clear yet, and targeted therapy is not appli-
cable [34]. At present, relevant basic research
via genome sequencing has determined that
small cell lung cancer has changes in signaling
pathway genes, but it is not clear whether these
are driving genes. Treating small cell lung can-
cer remains difficult and improving the survi-
val of patients with small cell lung cancer is
urgently needed in clinical practice. Currently,
the main first-line chemotherapy for small cell
lung cancer is etoposide combined with plati-
num. Although early efficacy is obvious, the
long-term effect is poor, and the overall median
survival time of patients is shorter [35]. Can
anti-angiogenic drugs be applied to the treat-
ment of small cell lung cancer? From the results
of our study, small cell lung cancer cells express
high levels of VEGFR-2, and the results confirm
that apatinib had a good inhibitory effect on
small cell lung cancer in vitro and in vivo.
Clinical cases have reported that apatinib has
an effect on small cell lung cancer [36]. In ongo-
ing clinical research, apatinib monotherapy or
combination chemotherapy and radiotherapy
for small cell lung cancer have gradually been
extended to second-line or first-line clinical
research, seeking a new breakthrough for the
treatment of small cell lung cancer patients.

Apatinib has an inhibitory effect on lung can-
cer cells with high VEGFR-2 expression, but its
safety and damage to major organs have not
been reported. The main side effects of apa-
tinib are hypertension, proteinuria, fatigue, and
hand-foot syndrome in clinical trials [37]. The
overall tolerance of the animals was accept-
able, and there was no significant difference
in body weight. HE staining of the heart, liver,
and kidney tissues showed no obvious patho-
logical damage under a light microscope. How-
ever, under transmission electron microscopy,
the ultrastructure of these organs was dam-
aged to some extent, and the damage was
more obvious in the high dose group, including
mitochondria of cardiomyocytes, hepatocytes,
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and renal tubular epithelial cells beginning to
vacuolize, mitochondrial mites becoming de-
stroyed, part of the endoplasmic reticulum ex-
panding, and the nucleus appearing pyknotic.
The results indicated that the application of
apatinib resulted in damage to some organs,
but under the current dose and times, there
was no significant pathological damage under
light microscope or changes in liver or kidney
function or myocardial enzymes. However, at-
tention should be paid to the damage of these
organs after long-term treatment. For endo-
crine glands, the pancreas and thyroid were
chosen for observation. There was still no ob-
vious pathological damage under light micro-
scope, but under the electron microscope, the
endoplasmic reticulum system showed obvious
expansion, some mitochondrial damage was
obvious, and blood glucose and thyroid hor-
mone levels also changed significantly in the
high dose group. These findings indicated that
endocrine gland damage by apatinib is more
obvious and worthy of clinical attention. Studies
have found that anti-angiogenic therapy drugs
cause different degrees of damage to different
organs, which may be related to the expression
of VEGFR in different vascular endothelial ce-
lIs. Endocrine glands express higher levels of
VEGFR and are more likely to be damaged [38].
Clinical treatments must focus on the function
of these organs.
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