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Summary

Purpose: The purpose of this study was to elucidate the
influence of Apatinib combined with cisplatin on changing
the phenotypes of TPC-1 cells.

Methods: VEGFR2 levels in thyroid carcinoma tissues and
adjacent normal ones were detected by quantitative real-time
polymerase chain reaction (qRT-PCR). Then, the viability
of TPC-1 cells induced with different doses of Apatinib and
cisplatin was determined by cell counting kit-8 (CCK-8).
Migratory and invasive abilities and apoptosis of TPC-1
cells induced with Apatinib combined with cisplatin were
assessed. The protein levels of p-VEGFR2, VEGFR2, p-Akt,
Akt, p-mTOR and mTOR in TPC-1 cells influenced by the
treatment of Apatinib combined with cisplatin were exam-
ined by Western blot.

Introduction

The incidence of thyroid carcinoma (TC) has
gradually increased in recent years [1]. Advanced
TC patients suffer a poor life quality because of
distant metastasis [2]. Anaplastic thyroid cancer
(ATC) is the most fatal TC because of strong inva-
siveness, high rate of distant metastasis and drug
resistance. The incidence of ATC is only 1.5%,
while its median survival is 3-9 months [3-5]. Sur-
gical resection of local ATC, and combined post-
operative chemotherapy and radiotherapy could
effectively prolong the survival of ATC patients.

Results: VEGFR2 was upregulated in thyroid carcinoma
tissues. Cisplatin treatment markedly suppressed viabil-
ity, migratory and invasive abilities, and stimulated apo-
ptosis of TPC-1 cells, which were further strengthened by
combination treatment of Apatinib. Apatinib treatment
strengthened the anti-tumor influence of cisplatin on TPC-
1 cells through downregulating p-VEGFR2, p-Akt and
p-mTOR.

Conclusions: Apatinib strengthens the anti-tumor influ-
ence of cisplatin in thyroid carcinoma through VEGFR2-
Akt-mTOR pathway.
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Cisplatin, which kills cancer cells through damag-
ing DNAs, is commonly applied for ATC [6]. How-
ever, cisplatin treatment could not achieve a satis-
fied outcome due to cisplatin resistance. Therefore
novel effective strategies for ATC are urgently
required.

It is well known that angiogenesis is of sig-
nificance in tumor development and metastasis.
Vascular endothelial growth factor (VEGF) and
its homoreceptor VEGFR, are critical mediators
in tumor progression [7,8]. VEGFR2 exerts an im-
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portant role in angiogenesis through most pro-
angiogenic factors, serving as a key linkage for
integrating pro-angiogenic signals in the tumor
microenvironment [9]. Therefore, blockage of the
VEGFR2 pathway is considered to be a potential
tumor treatment.

Apatinib, a novel, small molecular oral drug
with anti-angiogenic effects [10], is an inhibitor of
VEGFR2 and its downstream pathways [11]. It is
reported that Apatinib blocks VEGF pathway, thus
inducing tumor cell apoptosis and inhibiting pro-
liferation [12,13]. Besides, Apatinib could suppress
the proliferative ability of ATC both in vivo and in
vitro [14]. Nevertheless, the anti-tumor effect and
drug-resistance of Apatinib in ATC, and the under-
lying mechanism, remain to be clarified.

In this paper, we mainly assessed the influ-
ences of Apatinib in cisplatin-induced apoptosis
stimulation and metastasis inhibition in TPC-1
cells, and potential changes in VEGFR2-Akt-mTOR
pathway.

Methods

Clinical samples

ATC tissues and adjacent normal ones were collect-
ed from 30 ATC patients and stored at -80°C. Patients and
their families in this study have been fully informed and
signed the informed consent.

Cell culture

TC cell line TPC-1 (Cell Bank, Shanghai, China) was
cultured in Roswell Park Memorial Institute 1640 (RPMI
1640) (HyClone, South Logan, UT, USA) containing 10%
fetal bovine serum (FBS) (HyClone, South Logan, UT,
USA), 100 pg/mL penicillin and 100 mg/mL streptomy-
cin. Then the cell line was treated with different doses
(0, 5, 10, 20 or 50 pM) of cisplatin and Apatinib.

Cell counting kit-8 (CCK-8)

Cells were inoculated in 96-well plates with 5x10°
cells/well and induced with cisplatin combined with Ap-
atinib for 72 h. At the appointed time points, absorbance
value at 450 nm of each sample was recorded using the
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Figure 1. VEGFR2 was upregulated in ATC. A: VEGFR2 levels in adjacent normal tissues and ATC tissues (*p<0.05,
compared with adjacent). B: Viability of TPC-1 cells induced with 0, 5, 10, 20 or 50 uM cisplatin (*p<0.05, compared
with O pM group). C: Viability of TPC-1 cells induced with 0O, 5, 10, 20 or 50 pM Apatinib (*p<0.05, compared with 0 pM
group). D: Viability of TPC-1 cells induced with 5 pM cisplatin combined with 0O, 5, 10, 20 or 50 pM Apatinib (*p<0.05,

compared with 0 pM group; *p<0.05, compared with 5 pM
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Figure 2. Apatinib strengthened pro-apoptotic influence of cisplatin in TPC-1 cells. A: Apoptotic rate of TPC-1 cells
treated with blank control, 5 pM cisplatin, 10 pM Apatinib or 5 pM cisplatin combined with 10 pM Apatinib for 72 h.
B-D: Relative levels of Bax (B), Bcl-2 (C) and caspase-3 (D) in TPC-1 cells treated with blank control, 5 uM cisplatin, 10
pM Apatinib or 5 pM cisplatin combined with 10 pM Apatinib for 72 h. (*p<0.05, compared with Control group).
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Figure 3. Apatinib strengthened the anti-metastatic influence of cisplatin in TPC-1 cells. Migratory (A) and invasive
numbers (B) of TPC-1 cells treated with blank control, 5 pM cisplatin, 10 pM Apatinib or 5 uM cisplatin combined with
10 pM Apatinib for 72 h. (*p<0.05, compared with Control group).
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CCK-8 kit (Dojindo Laboratories, Kumamoto, Japan) for
plotting the viability curves.

Flow cytometry

Cells were inoculated in 6-well plates with 2x10°¢
cells/well. After 48 h treatment of cisplatin combined
with Apatinib, cells were collected, washed in pre-cold
phosphate buffered saline (PBS) twice, and re-suspend-
ed in 500 pL of binding buffer containing 5 pL of An-
nexin V-FITC (fluorescein isothiocyanate) and 5 pL of
propidium iodide (PI) in the dark. Thirty min later, cell
apoptosis was determined by flow cytometry at 488 nm
excitation and 600 nm emission.
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Western blot

Cells were lysed for isolating cellular protein and
electrophoresed. Protein samples were loaded on poly-
vinylidene fluoride (PVDF) membranes (Millipore, Bill-
erica, MA, USA). Subsequently, non-specific antigens
were blocked in 5% skim milk for 2 h, and membranes
reacted with primary and secondary antibodies for in-
dicated time. Band exposure and analyses were finally
conducted.

Quantitative real-time polymerase chain reaction (qRT-PCR)

TRIzol method (Invitrogen, Carlsbad, CA, USA) was
applied for isolating cellular RNA. Through reverse tran-
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Figure 4. Apatinib strengthened anti-tumor influence of cisplatin on TPC-1 cells through inactivating VEGFR2-Akt-mTOR
pathway. A: Western blot analyses on p-VEGFR2, VEGFR2, p-Akt, Akt, p-mTOR and mTOR in TPC-1 cells treated with
blank control, 5 pM cisplatin, 10 pM Apatinib or 5 pM cisplatin combined with 10 puM Apatinib for 72 h. B-D: Relative
protein levels of p-VEGFR2 (B), p-Akt (C) and p-mTOR (D) in TPC-1 cells treated with blank control, 5 pM cisplatin, 10
pM Apatinib or 5 pM cisplatin combined with 10 pM Apatinib for 72 h. (*p<0.05, compared with Control group).
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scription of RNA, the extracted complementary deoxy-
ribose nucleic acid (cDNA) was used for PCR detection
using the DBI Bestar SybrGreen gPCR Master Mix (DBI
Bioscience, Shanghai, China) on Stratagene Mx3000P
Real-Time PCR system (Agilent Technologies, Santa
Clara, CA, USA), with glyceraldheyde 3-phosphate de-
hydrogenase (GAPDH) as the internal reference.

Transwell assay

Transwell inserts (8 pm, Costar, Dallas, TX, USA)
pre-coated with diluted Matrigel (BD Biosciences, Frank-
lin Lakes, NJ, USA) were prepared. Cells suspended in
serum-free medium were applied on the upper chamber
of transwell inserts with 2x10* cells per insert. Medium
containing 10% FBS was applied in the bottom. After
24 h of cell culture, cells still on the upper side were
removed and those penetrating to the bottom were fixed
and dyed in 2% crystal violet. Finally, the penetrating
cells were captured and calculated.

Statistics

GraphPad Prism 7 (La Jolla, CA, USA) was used for
all statistical analyses. Data were expressed as mean
+standard deviation (SD). The t-test was used for analyz-
ing differences between two groups. P<0.05 indicated
significant difference.

Results

VEGFR2 was upregulated in ATC

Compared with adjacent normal tissues, VEG-
FR2 was upregulated in ATC tissues (Figure 1A). In
TPC-1 cells treated with different doses of cisplatin,
cell viability decreased dose-dependently (Figure
1B). Similarly, viability was gradually reduced in
TPC-1 cells induced with increased doses of Apat-
inib (Figure 1C). It is noteworthy that viability was
dose-dependently reduced in TPC-1 cells treated
with 5 pM cisplatin combined 0, 5, 10, 20 or 50 pM
Apatinib (Figure 1D). The above results suggested
that Apatinib could strengthen the anti-prolifera-
tive effect of cisplatin in TPC-1 cells.

Apatinib strengthened the pro-apoptotic influence of
cisplatin on TPC-1 cells

Either cisplatin or Apatinib treatment in-
creased the apoptotic rate in TPC-1 cells. Notably,
treatment of Apatinib combined with cisplatin
remarkably elevated the apoptotic rate than sin-
gle treatment (Figure 2A). In addition, the rela-
tive levels of Bax and caspase-3 were upregulated
by cisplatin or Apatinib treatment, and the up-
trend was much more significant after combina-
tion treatment (Figure 2B). Moreover, Bcl-2 was
much more downregulated following combina-
tion treatment compared with those treated with
single drug (Figure 2C, 2D). Therefore, Apatinib

strengthened the pro-apoptotic influence of cis-
platin in TPC-1 cells.

Apatinib strengthened the anti-metastatic influence of
cisplatin in TPC-1 cells

After 72 h treatment of 5 pM cisplatin com-
bined with 10 pM Apatinib in TPC-1 cells, migra-
tory and invasive cell numbers were markedly
reduced compared with those treated with either
cisplatin or Apatinib (Figure 3A,3B). It could be
seen that the inhibitory role of cisplatin in mi-
gratory and invasive abilities of TPC-1 cells were
strengthened by Apatinib.

Apatinib strengthened the anti-tumor influence of cis-
platin in TPC-1 cells through inactivating VEGFR2-
Akt-mTOR pathway

Western blot analyses uncovered that cisplatin
treatment alone could downregulate p-Akt and p-
mTOR compared with controls. Notably, Apatinib
combined with cisplatin markedly strengthened the
downregulation of p-Akt, p-mTOR and p-VEGFR2
(Figure 4A-4D), indicating that Apatinib strength-
ened the anti-tumor influence of cisplatin in ATC
by inactivating VEGFR2-Akt-mTOR pathway.

Discussion

ATC is a rare undifferentiated cancer with an
extremely high mortality [15]. The one-year survival
of ATC is as low as 20% [16]. Therapeutic efficacy of
traditional treatments for ATC, including surgical
procedures, chemotherapy and isotope interven-
tion, is far away from satisfaction [17,18]. Tumor
angiogenesisisakeyeventduring tumor metastasis
[19,20]. Through binding to and activating VEGFR2,
VEGF exerts apro-angiogenesis effect [21]. Previous
studies have demonstrated the critical functions of
VEGFR2 in multiple types of tumors [22-26]. In this
article, we found that VEGFR2 was highly expressed
in ATC tissues, suggesting the potential of VEGFR2
to be a promising biomarker.

Apatinib is an anti-angiogenic agent and a
tyrosine kinase inhibitor that selectively inhibits
VEGFR2 level. It strongly inhibits angiogenesis
thus alleviates tumor growth through blocking
VEGF and its receptors. Apatinib is reported to be
effective in radioactive iodine refractory differenti-
ated thyroid carcinoma and ATC [27,28]. Tumor cell
phenotypes are basic features influencing tumor
progression [29]. In particular, cell apoptosis is of
significance in maintaining cell survival [30]. Here,
our experiments suggested that Apatinib remark-
ably enhanced the role of cisplatin in suppressing
viability, migratory and invasive abilities, as well
as triggering apoptosis in TPC-1 cells.
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Akt pathway is a fundamental signaling path-
way in tumor cell survival, which is able to affect
various pathological processes [31]. Overactivated
Akt/mTOR pathway contributes to an environment
favorable to tumor cell survival [32-34]. Feng et al
[35] proposed that Apatinib induces cell apopto-
sis and autophagy in ATC cells through the Akt/
mTOR pathway. By blocking VEGFR2-Akt-mTOR
pathway, suppression of angiogenesis has become
a potential anti-tumor therapy [36,37]. Our findings
uncovered that cisplatin treatment could markedly
downregulate p-Akt and p-mTOR, while p-VEGFR2
level was not affected. Notably, the treatment of
cisplatin combined with Apatinib further reduced
the relative levels of p-Akt and p-mTOR, and down-
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Conclusions

Apatinib strengthens the anti-tumor role of
cisplatin in thyroid carcinoma through VEGFR2-
Akt-mTOR pathway.

Conflict of interests

The authors declare no conflict of interests.

autophagy in colon cancer cells. Iran ] Basic Med Sci
2017;20:990-5.

13. Hu X, Zhang J, Xu B et al. Multicenter phase II study of
apatinib, a novel VEGFR inhibitor in heavily pretreated
patients with metastatic triple-negative breast cancer.
Int J Cancer 2014;135:1961-9.

14. Jin Z, Cheng X, Feng H et al. Apatinib Inhibits Angio-
genesis Via Suppressing Akt/GSK3beta/ANG Signal-
ing Pathway in Anaplastic Thyroid Cancer. Cell Physiol
Biochem 2017;44:1471-84.

15. Are C, Shaha AR. Anaplastic thyroid carcinoma: biol-
ogy, pathogenesis, prognostic factors, and treatment
approaches. Ann Surg Oncol 2006;13:453-64.

16. Smallridge RC, Copland JA. Anaplastic thyroid carcino-
ma: pathogenesis and emerging therapies. Clin Oncol
(R Coll Radiol) 2010;22:486-97.

17. Cabanillas ME, Zafereo M, Gunn GB, Ferrarotto R. Ana-
plastic Thyroid Carcinoma: Treatment in the Age of Mo-
lecular Targeted Therapy. ] Oncol Pract 2016;12:511-8.

18. Haghpanah V, Fallah P, Tavakoli R et al. Antisense-
miR-21 enhances differentiation/apoptosis and reduces
cancer stemness state on anaplastic thyroid cancer. Tu-
mour Biol 2016;37:1299-308.

19. Chen W, Zhou H, Ye L, Zhan B. Overexpression of

SULT2B1b Promotes Angiogenesis in Human Gastric

Cancer. Cell Physiol Biochem 2016;38:1040-54.

Meng F, Chen X, Song H, Lou G. LAPTM4B down regu-

lation inhibits the proliferation, invasion and angio-

genesis of HeLa cells in vitro. Cell Physiol Biochem
2015;37:890-900.

21. Eremina V, Quaggin SE. The role of VEGF-A in glo-

merular development and function. Curr Opin Nephrol

Hypertens 2004;13:9-15.

Liu K, Ren T, Huang Y et al. Apatinib promotes au-

tophagy and apoptosis through VEGFR2/STAT3/BCL-2

signaling in osteosarcoma. Cell Death Dis 2017;8:e3015.

Peng H, Zhang Q, Li J et al. Apatinib inhibits VEGF

signaling and promotes apoptosis in intrahepatic chol-

angiocarcinoma. Oncotarget 2016;7:17220-9.

20.

22.

23.



Apatinib enhances the anti-tumor activity of cisplatin on thyroid carcinoma

619

24.

25.

26.

27.

28.

29.

30.

Liu Z, Qi L, Li Y, Zhao X, Sun B. VEGFR2 regulates
endothelial differentiation of colon cancer cells. BMC
Cancer 2017;17:593.

Ma JL, Zhang T, Suo FZ et al. Lysine-specific demethy-
lase 1 activation by vitamin B2 attenuates efficacy of
apatinib for proliferation and migration of gastric can-
cer cell MGC-803. J Cell Biochem 2018;119:4957-66.

Hu X, Cao J, Hu W et al. Multicenter phase II study of
apatinib in non-triple-negative metastatic breast can-
cer. BMC Cancer 2014;14:820.

Lin Y, Wang C, Gao W, Cui R, Liang J. Overwhelming
rapid metabolic and structural response to apatinib in
radioiodine refractory differentiated thyroid cancer.
Oncotarget 2017;8:42252-61.

Jin Z, Cheng X, Feng H et al. Apatinib Inhibits Angio-
genesis Via Suppressing Akt/GSK3beta/ANG Signal-
ing Pathway in Anaplastic Thyroid Cancer. Cell Physiol
Biochem 2017;44:1471-84.

Hou S, Lin Q, Guan F, Lin C. LncRNA TNRCG6C-AS1
regulates UNC5B in thyroid cancer to influence cell
proliferation, migration, and invasion as a compet-
ing endogenous RNA of miR-129-5p. J Cell Biochem
2018;119:8304-16.

Eisenberg-Lerner A, Bialik S, Simon HU, Kimchi A. Life
and death partners: apoptosis, autophagy and the cross-
talk between them. Cell Death Differ 2009;16:966-75.

31.

32.

33.

34,

35.

36.

37.

Zhang J, Yu XH, Yan YG, Wang C, Wang W]J. PI3K/
Akt signaling in osteosarcoma. Clin Chim Acta
2015;444:182-92.

Blume-Jensen P, Hunter T. Oncogenic kinase signalling.
Nature 2001;411:355-65.

Hu HZ, Yang YB, Xu XD et al. Oridonin induces apopto-
sis via PI3K/Akt pathway in cervical carcinoma HeLa
cell line. Acta Pharmacol Sin 2007;28:1819-26.

Pene F, Claessens YE, Muller O et al. Role of the phos-
phatidylinositol 3-kinase/Akt and mTOR/P70S6-kinase
pathways in the proliferation and apoptosis in multiple
myeloma. Oncogene 2002;21:6587-97.

Feng H, Cheng X, Kuang ] et al. Apatinib-induced pro-
tective autophagy and apoptosis through the AKT-
mTOR pathway in anaplastic thyroid cancer. Cell Death
Dis 2018;9:1030.

Chin HK, Horng CT, Liu YS et al. Kaempferol inhibits
angiogenic ability by targeting VEGF receptor-2 and
downregulating the PI3K/AKT, MEK and ERK pathways
in VEGF-stimulated human umbilical vein endothelial
cells. Oncol Rep 2018;39:2351-7.

Ducreux M, Osterlund P, Pignon JP. Angiogenesis in-
hibition in the second-line treatment of metastatic
colorectal cancer-A definite conclusion? Semin Oncol
2017;44:129-31.

JBUON 2021; 26(2): 619



