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1 | INTRODUCTION

Abstract

This study aimed to investigate the anti-tumour effect of apatinib on extensive-
stage small cell lung cancer (SCLC) and elucidate the associated mechanisms. NCI-
H345 cells were selected as model cells because of high expression of vascular
endothelial growth factor (VEGF), VEGF receptor 2 (VEGFR2) and phosphorylated-
VEGFR2 (pVEGFR2). Cells were exposed to recombinant human VEGF (rhVEGF)
and apatinib. Cells were then divided into eight groups, namely, control, rhVEGF,
apatinib, rhVEGF+apatinib, serum-free medium (SM), SM+rhVEGF, SM-+apatinib
and SM+rhVEGF+apatinib. In comparison with the control group, cell proliferation
in vitro in apatinib, SM, SM+apatinib and SM+rhVEGF+apatinib groups was inhib-
ited, particularly in SM+apatinib group. The effect of apatinib on tumour growth in
vivo was investigated using a mouse xenograft tumour model. In comparison with
the control group, tumour sizes were reduced in apatinib-treated group on days 34
and 37. Immunohistochemical and immunofluorescence staining revealed that VEGF,
pVEGFR2, PI3K, AKT, p-ERK1/2, Ki-67 and CD31 in the tumour cells of apatinib-
treated group were downregulated compared with control group. Haematoxylin and
eosin staining revealed that apatinib promoted the necrosis of SCLC cells in vivo. In
conclusion, apatinib inhibited the growth of SCLC cells by downregulating the expres-
sion of VEGF, pVEGFR2, p-PI3K, p-AKT, p-ERK1/2, Ki-67 and CD31.

KEYWORDS
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developed for the treatment SCLC, but satisfying outcomes have

Small cell lung cancer (SCLC) is a type of poorly differentiated neu-
roendocrine tumour characterized by rapid growth, early metastasis,
and sensitivity to radiotherapy and chemotherapy.1 SCLC accounts
for 14% of lung cancer cases and is closely associated with smok-
ing. In fact, >95% of patients with SCLC have a history of smoking,
causing high-frequency gene mutations.® Several drugs have been

not been achieved.! Moreover, while the short-term objective re-
mission rate of SCLC is high, relapse and drug resistance occur in the
majority of patients within 6 months of remission, resulting in poor
long-term efficacy. Furthermore, the short doubling time of SCLC
cells and early distant metastasis complicate the accurate diagnosis
and adequate treatment. Patients with extensive stage-SCLC (ES-
SCLC) are particularly susceptible to recurrence after 4-6 cycles of
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platinum-based first-line chemotherapy, and the efficiency of cur-
rent second-line agents is poor.>* Recent studies have reported
novel therapeutic agents such as pegfilgrastim and irinotecan for
ES-SCLC.>”

SCLC tumours are characterized with high microvessel density
and a rich blood supply.® Vascular endothelial growth factor (VEGF)
is upregulated in the serum of the majority of patients with SCLC and
is negatively correlated with the sensitivity of chemotherapy and
survival time.® In the past decades, VEGF and the VEGF receptor
(VEGFR) have served important roles in tumorigenesis.”** The sup-
pression of VEGF expression by VEGF neutralizing antibody inhibits
tumour growth and metastasis,® and an increasing number of drugs,
such as bevacizumab and sunitinib, which target VEGF and VEGFR,
have been developed.”*?

Apatinib is a highly selective VEGFR2 inhibitor, which inhibits the
angiogenesis of nasopharyngeal carcinoma, non-Hodgkin lymphoma
and small-cell carcinoma of oesophagus.*®>™*¢ The clinical efficacy of
apatinib in advanced tumours, including relapsed or refractory non-
Hodgkin lymphoma, metastatic gastric cancer, colorectal cancer,
non-SCLC (NSCLC), neuroendocrine tumours and mesothelioma, has
been demonstrated in several clinical trials.***° Therefore, apatinib
may be a suitable therapeutic agent for the maintenance treatment
of patients with extensive-stage (ES)-SCLC. However, to the best
of the authors' knowledge, the efficacy of apatinib as maintenance
therapy in ES-SCLC has not been reported, and the efficacy, safety
and mechanisms of apatinib monotherapy in ES-SCLC deserve fur-
ther investigation. Accordingly, the present study aimed to investi-
gate the anti-tumour effect of apatinib in ES-SCLC by using in vivo
and in vitro models.

2 | MATERIALS AND METHODS

2.1 | Celllines, animals and apatinib

The human SCLC cell lines (NCI-H345 and NCI-H446) were ob-
tained from BeNa Culture Collection (BNCC). Cells were cultured
in complete RPMI-1640 medium (KeyGen Biotech) containing 10%
foetal bovine serum (Thermo Fisher Scientific) at 37°C in an incuba-
tor containing 5% CO,,.

Eight male nude mice (age, four weeks; weight: 16-20 g) were
obtained from Hunan SJA Laboratory Animal Co., Ltd. Animals were
housed at 22-25°C and had free access to food and water. No signs
of necrosis, infection or ulcer were observed during the experiment.
Experiments could not affect the normal activities and eating be-
haviour of the mice. The study protocol was approved by the Ethics
Committee of Jiangxi Provincial Tumor Hospital.

Apatinib mesylate tablets (250 mg/tablet, calculated as apati-
nib) were obtained from Jiangsu Hengrui Medicine Co., Ltd. For in
vitro use, tablets were dissolved in dimethyl sulphoxide to obtain
a 50 mM stock solution, which was subsequently diluted in RPMI-
1640 medium to produce the required working solutions. For in vivo
use, the tablet was dissolved in normal saline.

2.2 | Cellscreening and rhVEGF treatment

The levels of VEGF, VEGFR2, and pVEGFR2 in NCI-H345 and NCI-
H446 cells were examined by Western blot analysis to select the
ideal cell model. NCI-H345 and NCI-H446 cells were subsequently
treated with 30 ng/ml recombinant human VEGF (rhVEGF; cat. no
10542-HO8H; Sino Biological) for 0, 30, 60 and 120 min at 37°C.
The levels of VEGFR2 and pVEGFR2 in the cells were examined by

Western blot analysis to identify the optimal exposure time.

2.3 | Western blot analysis

Cells were lysed in radioimmunoprecipitation assay buffer
(Beyotime) at 4°C for 30 min and centrifuged for 10 min at 4°C and
9000 xg. Total protein concentration was quantified using bicin-
choninic acid assay. Proteins were subsequently denatured by boil-
ing for 5 min, and 30 ng protein/lane was separated via SDS-PAGE
(10%) for 1.5 h. The separated proteins were transferred to polyvi-
nylidene fluoride membranes (EMD Millipore) and blocked for 1 h at
room temperature with 2% bovine serum albumin (BSA, Beyotime).
The membranes were incubated with primary antibodies against
VEGF (1:1,000, cat. no. ab32151; Abcam), VEGFR2 (1:1,000, cat.
no. ab11939; Abcam), phospho-VEGFR2 (1:500, bs-2674R; Bioss)
and GAPDH (1:1,000, cat. no. TA-08; ZSGB-Bio) overnight at 4°C.
Following the primary incubation, membranes were incubated with
peroxidase-conjugated secondary antibodies (1:2,500, cat. nos.
ZB-2305 and ZB-2301; ZSGB-Bio) for 1-2 h at room temperature.
Protein bands were visualized using the SuperSignal® West Pico
chemiluminescent substrate (Thermo Fisher Scientific, Inc.) and a
ChemiDoc™ XRS+gel imaging system (Bio-Rad Laboratories, Inc.).
Protein expression was quantified using Quantity One software
(version 4.62; Bio-Rad Laboratories, Inc.) with GAPDH as the load-

ing control.

2.4 | Cell proliferation in vitro
NCI-H345 cells were seeded at a density of 10,000 cells per well in
a 96-well plate and cultured at 37°C and 5% CO, for 24 h. The cells
were treated with increasing concentrations of apatinib (50, 100,
150, 200 and 250 nM) for different durations (24, 48 and 72 h). The
concentration of apatinib was selected as previously described (17).
A total of 10 pL of cell counting kit-8 (CCK-8) solution were added
per well, and the cells were incubated for 2 h. Cell viability (%) was
calculated by measuring the absorbance at a wavelength of 570 nm
by using a microplate reader (cat. no. RT-6100; Rayto).

In addition, the cells were divided into eight groups as follows:
(i) control (without any treatment); (i) rhVEGF (cells were treated
with 30 ng/ml rhVEGF for 60 min); (iii) apatinib (cells were treated
with 250 nM apatinib for 60 min); (iv) rhVEGF+apatinib (cells were
treated with 30 ng/ml rhVEGF and 250 nM apatinib for 60 min); (v)
serum-free medium (cells were cultured in serum-free medium for
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12 h); (vi) serum-free medium+rhVEGF (cells were cultured in serum-
free medium for 12 h and then treated with 30 ng/ml rhVEGF for
60 min); (vii) serum-free medium+apatinib (cells were cultured in
serum-free medium for 12 h and then treated with 250 nM apatinib
for 60 min); and (viii) serum-free medium+rhVEGF+apatinib (cells
were cultured in serum-free medium for 12 h and then treated with
30 ng/ml rhVEGF and 250 nM apatinib for 60 min). Cell proliferation

was investigated in each group via CCK-8 assay.

2.5 | Tumour growth in vivo

Eight nude mice were anaesthetized by inhaling ether. A total of
1 x 107 NCI-H345 cells in 0.2 ml of normal saline were injected sub-
cutaneously into the right axillary region on day 0. Cerebral state
index, bunt suppression, electromyographic and signal quality index
were monitored to ensure that the animals were anaesthetized
rather than euthanized after exposure to ether. Tumour sizes were
calculated approximately twice a week by using the following equa-
tion: a x b x b/2, where a and b represent the long and short diam-
eters of the tumour, respectively. The long and short diameters of
the tumour were measured using a Vernier caliper. Mice were ran-
domly divided into the two following groups (n = 4 per group): (i)
apatinib-treated group, in which mice received 50 mg/kg apatinib by
gavage every day; and (ii) control groups, in which the mice received
isovolumetric normal saline by gavage every day. The last tumour
measurement was obtained 37 days after the cell injection, and the
mice were anaesthetized via intraperitoneal injection of 5% chloral
hydrate (400 mg per kg of animal body weight) and euthanized via
cervical dislocation. The tumour burden should be less than 10% of
the weight of the animal. Tumours were harvested for subsequent

investigation.

2.6 | Immunohistochemical analysis

Tumour tissues were fixed in 4% paraformaldehyde at room tem-
perature for 10 min, embedded in paraffin and cut into sections
(4 pm thickness). The sections were dehydrated in 70%, 80% and
90% ethanol solutions and dewaxed in xylene twice and rehydrated.
Antigen retrieval was performed by incubating the sections in citrate
buffer and heating in a high-pressure cooker for 2 min. The sections
were allowed to cool, washed with phosphate buffer solution (PBS),
and incubated in fresh 3% hydrogen peroxide for 10 min at room
temperature. The sections were washed thrice with PBS and incu-
bated with 5% BSA at 37°C for 30 min. The sections were incubated
with primary antibodies against VEGF (1:1,000, cat. no. ab32151;
Abcam), pVEGFR2 (1:1,000, bs-2674R; Bioss), PI3K (1:1,000,
AF5315; ABclonal Technology), p-PI3K (1:1,000, AP0854; ABclonal
Technology), AKT (1:1,000, ab8805; Abcam), p-AKT (1:1,000, bs-
2720R; Bioss), ERK1/2 (1:1,000, 4370; Cell Signaling), p-ERK1/2
(1:1,000, bs-3016R; Bioss) and Ki-67 (1:1,000, KG22487-4; KeyGen
Biotech) overnight at 4°C. The sections were washed thrice with

PBS and incubated with peroxidase-conjugated secondary antibod-
ies (1:2,500, cat. nos. ZB-2305 and ZB-2301; ZSGB-Bio) for 30 min
at 37°C. The sections were subsequently washed with PBS, stained
with diaminobenzidine for 5-10 min, rinsed with PBS for 1 min and
counterstained in haematoxylin for 3 min. The sections were dif-
ferentiated in hydrochloric alcohol for 15 s, incubated with bluing
buffer (Beyotime) at room temperature for 10 s and rinsed with
water for 1 min. Sections were mounted and evaluated using a light
microscope (CX41, Olympus Corporation). Semi-quantitative analy-
sis was performed using Image) software (version 1.8.0; National
Institutes of Health).

2.7 | Immunofluorescence analysis

The paraffin sections were dehydrated, dewaxed and rehydrated.
Antigen retrieval was performed by incubating the sections in citrate
buffer and heating in a high-pressure cooker for 2 min. The sections
were allowed to cool, washed with PBS and incubated with 0.5%
Triton X-100 for 20 min at room temperature. The sections were
washed thrice with PBS and incubated in 5% BSA at 37°C for 30 min.
The sections were subsequently incubated with primary antibodies
against CD31 (1:200, cat. no. ab32457; Abcam) overnight at 4°C. The
sections were washed thrice with PBS and incubated with alexa fluor
647-conjugated goat anti-rabbit IgG(H+L) (1:500, cat. no. A0468;
Beyotime) for 30 min at 37°C in the dark. The sections were stained
with 4',6-diamidino-2-phenylindole at room temperature for 5 min in
the dark, rinsed with PBS, mounted with neutral resin and observed
under fluorescence microscope (CKX53; Olympus Corporation).
Semi-quantitative analysis was performed using Image) software
(version 1.8.0; National Institute of Health).

2.8 | Haematoxylin and eosin staining

Tumour samples were washed, dehydrated in 70%, 80% and 90%
ethanol solutions, immersed in equal volumes of absolute alcohol and
xylene for 15 min, transparentized in xylene twice and immersed in
equal volumes of paraffin and xylene for 15 min. The samples were
subsequently embedded in paraffin and cut into 4 pm-thick sections,
which were baked, dewaxed and hydrated. Hydrated slices were im-
mersed in haematoxylin solution for 3 min, differentiated in hydro-
chloric alcohol for 15 s, and washed and incubated in bluing buffer
for 15 s. The sections were subsequently washed with running water
and immersed in eosin solution for 3 min, and washed, mounted and

examined under a light microscope (CKX41; Olympus Corporation).

2.9 | Statistical analysis

Data were presented as mean + standard deviation. Statistical anal-
ysis was performed using SPSS software (version 19.0; IBM Corp.).
One-way analysis of variance and Tukey post hoc test were used to
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compare the different groups. Significant difference was considered
at p < 0.05.

3 | RESULTS

3.1 | Cellline screening and rhVEGF exposure time
The levels of VEGF, VEGFR2 and pVEGFR2 in NCI-H345 and NCI-
H446 cells were assessed by Western blot analysis (Figure 1).
Although the ratio of pVEGFR2 versus VEGFR2 was similar between
the two cells, compared with NCI-H345 cells, the expression of
VEGF, VEGFR2 and pVEGFR2 in NCI-H446 cells was significantly
reduced (p < 0.05). Therefore, NCI-H345 cells were selected for ex-
perimentation. The levels of VEGFR2 and pVEGFR2 in NCI-H345
cells following treatment with rhVEGF for 0, 30, 60 and 120 min
were investigated by Western blot analysis (Figure 2). The ratio of
pVEGFR2 versus VEGFR2 was similar among various treatments.
However, the expression levels of VEGFR2 and pVEGFR2 in rhVEGF-
treated NCI-H345 cells were significantly upregulated compared
with the controls (p < 0.05). Considering that the expression levels
of VEGFR2 and pVEGFR2 were the highest at 60 min, this time point
was selected for experimentation.

3.2 | Cell proliferation in vitro

The proliferation rate of NCI-H345 cells treated with different con-
centrations of apatinib (50, 100, 150, 200 and 250 nM) for different
times (24, 48 and 72 h) is presented in Figure 3A. Apatinib reduced

cell proliferation at all concentrations and time points. Moreover, the

cell viability decreased with increasing concentration of apatinib.
Therefore, the highest concentration of apatinib (250 nM) was se-
lected for subsequent experimentation. However, considering that
a long exposure time may reduce cell proliferation and affect the
results, an exposure time of 60 min was selected.

The proliferation rate of NCI-H345 cells in the eight groups was
evaluated by the CCK-8 assay (Figure 3B). The cells in the control,
rhVEGF, rhVEGF+apatinib and serum-free medium+rhVEGF groups
exhibited similar proliferation rates (p > 0.05). In comparison with
the control group, the proliferation rate of cells in the apatinib,
serum-free medium, serum-free medium+apatinib and serum-free
medium+rhVEGF+apatinib groups significantly decreased, particu-

larly in the serum-free medium-+apatinib group (p < 0.05).

3.3 | Tumour growth in vivo

Tumour growth in mice following apatinib treatment was investi-
gated using a tumour xenograft model. Multiple tumours were not
presented in all mice. The tumour size-time curve is presented in
Figure 4. In comparison with the control group, tumour sizes in the
apatinib-treated mice were significantly reduced 34 and 37 days after
cell injection (p < 0.05). The tumour volume decreased on day 37.

3.4 | Expression of VEGF, pVEGFR2, PI3K, p-PI3K,
AKT, p-AKT, ERK1/2, p-ERK1/2 and Ki-67

The expression level of VEGF, pVEGFR2, PI3K, p-PI3K, AKT, p-AKT,
ERK1/2, p-ERK1/2 and Ki-67 in tumour tissues harvested from the

xenograft model was determined by immunohistochemical analysis
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FIGURE 2 Levels of VEGFR2
and pVEGFR2 in NCI-H345 cells

following treatment with treatment

with rhVEGF for 0, 30, 60 and 120 min
analysed by Western blotting. All blots

were normalized to GAPDH levels.
‘p < 0.05 vs. control. VEGFR2, vascular

endothelial growth factor receptor 3; p,
phosphorylated; rhVEGF, recombinant
human VEGF
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(Figure 5). In comparison with the mice in the control group, the ex-
pression levels of VEGF, pVEGFR2, p-PI3K, p-AKT, p-ERK1/2 and
Ki-67 in tumours obtained from apatinib-treated mice were signifi-
cantly downregulated (p < 0.05). Negative control staining by using
an irrelevant isotype antibody was performed to ensure that the

staining for the markers of interest was specific.

3.5

| CDS31 expression

The expression level of CD31 in tumour tissues harvested from the

xenograft model was determined by immunofluorescence analysis
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(Figure 6). In comparison with the mice in the control group, the ex-
pression level of CD31 in tumours obtained from apatinib-treated
mice was significantly downregulated (p < 0.05). Negative control
staining by using an irrelevant isotype antibody was performed to

ensure that the staining for CD31 was specific.

3.6 |

Haematoxylin and eosin staining

Representative haematoxylin and eosin staining images of the tu-
mour tissues obtained from apatinib-treated mice are presented

in Figure 7. The control group exhibited a uniform distribution of
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FIGURE 4 Tumour size-time curve exhibiting tumour growth
in a tumour xenograft model in apatinib-treated and control
mice. p < 0.05 vs. control

tumour cells and absence of necrotic areas. However, following
treatment with apatinib, large areas of necrosis in the tumour tissues
were observed.

4 | DISCUSSION

Apatinib mesylate is a small molecule VEGFR2 tyrosine kinase in-
hibitor developed in China that can be administered orally. Apatinib
competitively binds to the adenosine triphosphate binding site in
VEGFR2, thus blocking the downstream signalling pathways and
inhibiting tumour angiogenesis.'®?! VEGF has an angiogenesis-
promoting effect.?? Additionally, the VEGF autocrine signalling
pathway in tumour cells plays an important role in tumour growth.22
Tumour cells in different types of cancer, including cholangiocarci-

C,2%25 co-express VEGF

noma, hepatocellular carcinoma and NSCL
and VEGFRZ2, and the interaction between these two proteins pro-
motes the proliferation of tumour cells.?

The present study revealed that apatinib inhibited SCLC cell pro-
liferation in vitro, and this effect was inhibited by exogenous rhVEGF.
In addition, tumour sizes in apatinib-treated mice apatinib were
smaller than those of control mice. Therefore, apatinib inhibited the
growth of SCLC tumours in vitro and in vivo. The tumour volume on
day 37 decreased possibly because the effect of apatinib on the tu-

mour became increasingly obvious with prolonged administration

time. Additionally, the expression levels of VEGF and pVEGFR2 in tu-
mour tissues were downregulated following apatinib treatment, sug-
gesting that apatinib inhibited the expression of VEGF and pVEGFR2
in SCLC tumours.

The PI3K/AKT signalling pathway is involved in tumorigene-
sis and activates the expression of downstream genes or proteins
to induce cell proliferation, regulate downstream apoptotic or
anti-apoptotic genes, mediate haematopoiesis and angiogenesis,
and increase oxygen utilization by tumour cells by regulating glu-
cose transport and glycolysis-associated enzymes.27 ERK1/2 is
a member of the mitogen-activated protein kinase family.?® The
activation of ERK1/2 signalling pathway is closely associated with
the development and progression of various tumours, such as
renal cancer, hepatocellular carcinoma, prostatic carcinoma and
NscLC.? Apatinib does not affect the expression of total PI3K,
AKT and ERK1/2.172° The expression of p-PI3K and p-AKT in
SCLC tumours was remarkably decreased following apatinib treat-
ment, suggesting that apatinib may inhibit SCLC tumour growth
by inhibiting the PISK/AKT signalling pathway. The results of the
present study revealed that the expression levels of p-ERK1/2, Ki-
67 and CD31 in SCLC tumours were significantly reduced follow-
ing apatinib treatment, suggesting that apatinib may also inhibit
SCLC tumour growth by inhibiting the expression of p-ERK1/2,
Ki-67 and CD31. ERK1/2 is activated in NSCLC and is associated
with advanced tumours.?’ A limitation of the present study is that
Western blot experiments were not conducted to determine the
levels of the phosphorylated and total proteins mentioned above.
Ki-67 is a nucleoprotein involved in ribosomal RNA transcription
and is expressed at all stages of cell proliferation, except the
GO stage.®! Ki-67 inactivation inhibits ribosomal RNA synthesis,
and Ki-67 is used as a biomarker of cell proliferation.®! The Ki-67
index in pathological reports is closely associated with the differ-
entiation, invasion, metastasis and prognosis of tumours, such as
cervical cancer.®? Increased Ki-67 expression in tumours is asso-
ciated with increased degree of malignancy, increased tendency
for invasion and metastasis, and poor prognosis.33 CD31 is mainly
used to identify endothelial cells and evaluate tumour angiogen-

esis, which may indicate the rate of tumour growth.®*

Malignant
vascular endothelial cells generally retain antigens, thus allow-
ing the use of CD31 expression to diagnose haemangioma and
angiosarcoma.®*

The present study mainly aimed to determine the anti-tumour
effect of apatinib on ES-SCLC, but the research on related mech-
anisms is not systematic enough. Only the effects on some

pathways or indicators related to tumour are revealed. We will

FIGURE 5 Expression of VEGF, pVEGFR2, PI3K, p-PI3K, AKT, p-AKT, ERK1/2, p-ERK1/2 and Ki-67 in tumour tissues was determined
by immunohistochemical analysis. Negative control staining was performed using irrelevant isotype antibody. The control images were
obtained from the cells/tissues of control animals. The control staining image was the negative control, which was used to exclude the
non-specific reaction of the antibody. ‘p < 0.05 vs. control. VEGF, vascular endothelial growth factor, p, phosphorylated; VEGFR2, vascular
endothelial growth factor receptor 2; PI3K, phosphoinositide 3-kinase; AKT, protein kinase B; Ki-67, marker of proliferation Ki-67
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FIGURE 6 CD31 expressionin
tumour tissues was analysed by
immunofluorescence staining. CD31
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further explore the effects of apatinib on various solid tumours
and determine the effect of apatinib on the PI3K/AKT signalling
pathway.

In conclusion, the present study revealed that apatinib inhibited
SCLC tumour growth in vitro and in vivo by downregulating the ex-
pression of VEGF, pVEGFR2, p-PI3K, p-AKT, p-ERK1/2, Ki-67 and
CD31. These results suggest that the potential application of apati-
nib for the treatment of ES-SCLC requires further investigation and
may aid in the identification of novel therapeutic targets and diag-

nostic markers.

FIGURE 7 Representative
haematoxylin and eosin staining of tumour
tissues obtained from apatinib-treated
mice

ACKNOWLEDGEMENTS
This work was supported by the Beijing Xisike Clinical Oncology
Research Foundation (No. Y-HR2016-127).

CONFLICT OF INTEREST

The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Ning Zhong: Conceptualization (equal); Data curation (equal);

Formal analysis (equal); Investigation (equal); Methodology (equal);



ZHONG ET AL.

Validation (equal); Writing-original draft (equal); Writing-review
& editing (equal). Wei Zhuang: Conceptualization (equal); Data
curation (equal); Formal analysis (equal); Investigation (equal);
Methodology (equal); Validation (equal); Writing-original draft
(equal); Writing-review & editing (equal). Qian Huang: Data curation
(supporting); Formal analysis (supporting); Investigation (support-
ing); Methodology (supporting). Qiang Wang: Data curation (sup-
porting); Formal analysis (supporting); Investigation (supporting);
Methodology (supporting). Wenjian Jin: Conceptualization (lead);
Funding acquisition (lead); Project administration (lead); Resources
(lead); Supervision (lead); Visualization (lead); Writing-original draft
(equal); Writing-review & editing (equal).

DATA AVAILABILITY STATEMENT
The analysed data sets generated during the study are available from

the corresponding author on reasonable request.

ORCID
Wenijian Jin "2 https://orcid.org/0000-0003-2714-0014
REFERENCES

1. Fujita S, Masago K, Katakami N, et al. Transformation to SCLC
after treatment with the ALK inhibitor alectinib. J Thorac Oncol.
2016;11:e67-e72.

2. Slotman BJ, Faivre-Finn C, van Tinteren H, et al. Which patients
with ES-SCLC are most likely to benefit from more aggressive ra-
diotherapy: a secondary analysis of the Phase Ill CREST trial. Lung
Cancer. 2017;108:150-153.

3. Slotman BJ, Faivre-Finn C, van Tinteren H, et al. Identifying pa-
tients with extensive-stage small cell lung cancer (ES-SCLC) most
likely to benefit from intensive radiation therapy. Int J Radiat Oncol.
2016;96:5153-5154.

4. Gay CM, de Groot PM, Pietanza MC, et al. Durable, exceptional
response to temozolomide in a patient with extensive-stage small
cell lung cancer (ES-SCLC) metastatic to brain. Cancer Treat Res
Commun. 2016;10:17-20.

5. Spigel DR, Hainsworth JD, Shipley DL, et al. Amrubicin and carbo-
platin with pegfilgrastim in patients with extensive stage small cell
lung cancer: a phase Il trial of the Sarah Cannon Oncology Research
Consortium. Lung Cancer. 2018;117:38-43.

6. XuF,Ren X, ChenY, et al. Irinotecan-platinum combination therapy
for previously untreated extensive-stage small cell lung cancer pa-
tients: a meta-analysis. BMC Cancer. 2018;18:808.

7. Zhang X, Yu J, Zhu H, et al. Consolidative thoracic radiother-
apy for extensive stage small cell lung cancer. Oncotarget.
2017;8:22251-22261.

8. Meder L, Schuldt P, Thelen M, et al. Combined VEGF and PD-L1
blockade displays synergistic treatment effects in an autoch-
thonous mouse model of small cell lung cancer. Cancer Res.
2018;78:4270-4281.

9. Wang Y, Fei D, Vanderlaan M, et al. Biological activity of bevaci-
zumab, a humanized anti-VEGF antibody in vitro. Angiogenesis.
2004;7:335-345.

10. Alidzanovic L, Starlinger P, Schauer D, et al. The VEGF rise in blood
of bevacizumab patients is not based on tumor escape but a host-
blockade of VEGF clearance. Oncotarget. 2016;7:57197-57212.

11. Abdel-Aziz AK, Mantawy EM, Said RS, et al. The tyrosine kinase
inhibitor, sunitinib malate, induces cognitive impairment in vivo via,
dysregulating VEGFR signaling, apoptotic and autophagic machin-
eries. Exp Neurol. 2016;283:129-141.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wi LEYM

Faivre S, Delbaldo C, Vera K, et al. Safety, Pharmacokinetic,
and antitumor activity of SU11248, a novel oral multitarget
tyrosine kinase inhibitor, in patients with cancer. J Clin Oncol.
2006;24:25-35.

Peng QX, Han YW, Zhang YL, et al. Apatinib inhibits VEGFR-2 and
angiogenesis in an in vivo murine model of nasopharyngeal carci-
noma. Oncotarget. 2017;8:52813-52822.

Li L, Xiao S, Zhang L, et al. An open label, single-armed, explor-
atory study of apatinib (a novel VEGFR-2 tyrosine kinase inhibitor)
in patients with relapsed or refractory non-Hodgkin lymphoma.
Oncotarget. 2018;9:16213-16219.

Kang YK, Ryu MH, Park SR, et al. A phase Il study of apatinib, a
highly selective inhibitor of VEGFR-2, in patients with metastatic
solid tumors without standard treatment options. Ann Oncol.
2016;27:vi114-vi135.

Cheng Z, Meng L, Ding Z, et al. Expression of survivin, NF-kB
and VEGFR-2 and their relationship with apatinib therapy in
small-cell carcinoma of esophagus. Chin J of Oncol Prev and Treat.
2017;9:190-195.

Zhang H, Cao Y, Chen Y, et al. Apatinib promotes apoptosis of the
SMMC-7721 hepatocellular carcinoma cell line via the PI3K/Akt
pathway. Oncology Letters. 2018;15:5739-5743.

Ji G, Hong L, Yang P. Successful treatment of angiosarcoma
of the scalp with apatinib: a case report. Onco Targets Ther.
2016;9:4989-4992.

Zhao D, Hou H, Zhang X. Progress in the treatment of solid tu-
mors with apatinib: a systematic review. Onco Targets Ther.
2018;11:4137-4147.

Zhou Y, Tang F, Wang Y, et al. Advanced alveolar soft part sarcoma
responds to apatinib. Oncotarget. 2017;8:50314-50322.

Roviello G, Ravelli A, Polom K, et al. Apatinib: A novel receptor tyro-
sine kinase inhibitor for the treatment of gastric cancer. Cancer Lett.
2016;372:187-191.

Feng Q, Zhang C, Lum D, et al. A class of extracellular vesicles from
breast cancer cells activates VEGF receptors and tumour angiogen-
esis. Nat Commun. 2017;8:14450.

Peng H, Zhang Q, Li J, et al. Apatinib inhibits VEGF signaling and pro-
motes apoptosis in intrahepatic cholangiocarcinoma. Oncotarget.
2016;7:17220-17229.

Guo LY, Zhu P, Jin XP. Association between the expression of HIF-1a
and VEGF and prognostic implications in primary liver cancer. Genet
Mol Res. 2016;15:gmr.15028107.

Li Z, Guo C, Liu X, et al. TIPE2 suppresses angiogenesis and non-
small cell lung cancer (NSCLC) invasiveness via inhibiting Rac1 acti-
vation and VEGF expression. Oncotarget. 2016,;7:62224-62239.
Siveen KS, Prabhu K, Krishnankutty R, et al. Vascular endothelial
growth factor (VEGF) signaling in tumour vascularization: potential
and challenges. Curr Vasc Pharmacol. 2017;15:339-351.

Dey JH, Bianchi F, Voshol J, et al. Targeting fibroblast growth fac-
tor receptors blocks PI3K/AKT signaling, induces apoptosis, and
impairs mammary tumor outgrowth and metastasis. Cancer Res.
2016;70:4151-4162.

Ge LC, Wang HS. A commentary on "Involvement of activating
ERK1/2 trough G protein coupled receptor 30 and estrogen recep-
tor a/p in low doses of bisphenol A promoting growth of Sertoli
TM4 cells". Toxicol Lett. 2016;240:236-237.

Vicent S, Lépez-Picazo JM, Toledo G, et al. ERK1/2 is activated in
non-small-cell lung cancer and associated with advanced tumours.
BrJ Cancer. 2004;90:1047-1052.

Huang M, Huang B, Li G, et al. Apatinib affect VEGF-mediated cell
proliferation, migration, invasion via blocking VEGFR2/RAF/MEK/
ERK and PI3K/AKT pathways in cholangiocarcinoma cell. BMC
Gastroenterol. 2018;18:169.

Park S, Lee E, Rhee S, et al. Correlation between Semi-Quantitative
18F-FDG PET/CT Parameters and Ki-67 expression in small cell
lung cancer. Nucl Med Mol Imaging. 2016;50:24-30.


https://orcid.org/0000-0003-2714-0014
https://orcid.org/0000-0003-2714-0014

10048
—I—Wl LEY

32.
33.

34.

ZHONG ET AL.

Yu LL, Chen W, Lei XQ, et al. Evaluation of p16/Ki-67 dual staining
in detection of cervical precancer and cancers: a multicenter study
in China. Oncotarget. 2016;7:21181-21189.

Mohamedi Y, Fontanil T, Solares L, et al. Fibulin-5 downregulates
Ki-67 and inhibits proliferation and invasion of breast cancer cells.
Int J Oncol. 2016,;48:1447-1456.

Amicarella F, Muraro MG, Hirt C, et al. Dual role of tumour-
infiltrating T helper 17 cells in human colorectal cancer. Gut.
2017;66:692-704.

How to cite this article: Zhong N, Zhuang W, Huang Q, Wang
Q, Jin W. Apatinib inhibits the growth of small cell lung cancer
via a mechanism mediated by VEGF, PI3K/Akt and Ki-67/
CD31. J Cell Mol Med. 2021;25:10039-10048. https://doi.
org/10.1111/jcmm.16926



https://doi.org/10.1111/jcmm.16926
https://doi.org/10.1111/jcmm.16926

