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Abstract: Apatinib is an oral tyrosine kinase inhibitor that targets VEGFR2 signaling and shows potent antitumor 
effects in various cancers. In this study, we explored the efficacy of apatinib against oral squamous cell carcinoma 
(OSCC). The relationships between VEGFR2 protein expression and clinical variables were investigated in OSCC pa-
tients. OSCC tissues had higher VEGFR2 levels than paracancerous tissues. Compared to patients with low VEGFR2 
expression, patients with high VEGFR2 expression had poorer overall survival (OS) and disease-free survival (DFS). 
Apatinib significantly induced G0/G1 phase arrest and apoptosis, inhibited cell growth and colony formation ability, 
and blocked autophagic flux by downregulating p-AKT and p-mTOR signaling via the VEGFR2/AKT/mTOR pathway 
in vitro. Moreover, the inhibition of ERK phosphorylation increased apatinib-induced apoptosis in vitro and in vivo. 
Apatinib synergized with SCH772984 to achieve a more significant suppression of tumor growth than individual 
treatment, suggesting the combination of apatinib and SCH772984 as a potent OSCC therapy.
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Introduction

Of the tumors that affect the oral and maxillofa-
cial region, oral squamous cell carcinoma 
(OSCC) represents one of the most commonly 
occurring malignancies. With continual prog-
ress in diagnosis and treatment strategies,  
the 5-year OS of OSCC patients has been 
improved to 50%-60%, while that of patients 
with advanced disease decreases to 30%-40% 
[1-3]. Local and distant tumor recurrence is  
the main cause of death in locally advanced 
OSCC. Our research focuses on improving the 
survival of these patients. Owing to the toxic 
side effects and low efficacy of chemothera-
peutic drugs, the development of targeted ther-
apy has opened up a new approach for the 
treatment of oral cancer, particularly for 
patients with advanced, recurrent and meta-
static oral cancer.

Therapeutic strategies targeting vascular endo-
thelial growth factor receptors (VEGFRs) have 

been extensively studied because of the impor-
tant roles of VEGFRs in carcinogenesis [4, 5]. 
Apatinib is a tyrosine kinase inhibitor targeting 
VEGFR-2, which can induce apoptosis and 
autophagy, and inhibit tumorigenesis and devel-
opment in anaplastic thyroid cancer [6], hepa-
tocellular carcinoma [7] and osteosarcoma [8]. 
As the first small-molecule antiangiogenic 
agent, apatinib has been approved by the State 
Food and Drug Administration as a third-line 
treatment for gastric cancer [9]. In addition, 
clinical trials in other tumors have confirmed 
the efficacy and safety of apatinib [10-12]. 
However, whether apatinib has similar antitu-
mor effects in OSCC patients has not been 
retrieved.

In this study, we evaluated the antitumor effect 
of apatinib and its potential mechanism in 
OSCC in vitro and in vivo. We further explored 
potential treatment combinations based on the 
mechanism of apatinib.
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Materials and methods

Clinical samples

The study included 57 patients from January 
2011 to June 2014 in Shanghai Jiaotong 
University Affiliated Ninth People’s Hospital 
diagnosed with locally advanced OSCC. All 
patients underwent standard treatment (sur-
gery + postoperative radiotherapy). Cancer tis-
sue and adjacent normal tissue specimens 
were collected for western blot analysis from 
13 OSCC patients. The Ethics Committee of the 
Ninth People’s Hospital approved this study. All 
patients agreed to the use of their tumor tissue 
for the study. The primary outcome variable of 
this study was overall survival (OS), defined as 
the rate of death from any cause. Disease-free 
survival (DFS) was defined as the time until 
tumor recurrence or death for any reason.

Cells and chemicals

Four OSCC cell lines (HB96, CAL27, HN6, and 
HN4) were applied in the present study. The 
CAL27 cells were purchased from the Ameri- 
can Type Culture Collection (ATCC) (Manassas, 
USA). HB96 cell line was derived from our previ-
ous OSCC in vitro cell carcinogenesis model, 
the HN6 and HN4 cells were a gift from the 
National Institutes of Health (USA). Defined 
keratinocyte serum-free medium (Invitrogen, 
USA) were used to culture HIOEC cells. Apatinib 
was supplied by Hengrui Medicine Co., Ltd. 
(Jiangsu, China), and chloroquine (CQ), Bafi- 
lomycin A1 (Baf A1) and SCH772984 (SCH) 
were obtained from Selleck Chemicals 
(Houston, USA).

Cell viability assay and colony formation assay

A density of 1000 OSCC cells (HB96, CAL27, 
HN6, and HN4) per well was cultured in medi-
um for 12 h before being exposed to apatinib 
and SCH. The supernatant of each well was 
removed, and fresh medium containing 10% 
CCK-8 solution (Dojindo, Japan) was added to 
each well. The absorbance (450 nm) was mea-
sured to determine the cell viability after 2 h of 
incubation at 37°C. For the colony formation 
assay, 500 cells (HB96, CAL27, and HN6) per 
well were seeded in 6-well plates. Neutral para-
formaldehyde and stained with crystal violet 
solution was used to fix the cells after 2 weeks. 
Colonies containing 50 to 100 cells were count-

ed. This experiment was performed three 
times.

Wound healing assay

OSCC cells (HB96, CAL27, and HN6) were seed-
ed in plates. When the cell density of each well 
reached 90%-95% confluence, the cells were 
starved in DMEM (no fetal bovine serum) for 12 
h. A scratch was then made using a pipette tip, 
and fresh medium or apatinib (20 µM) was 
added to each well. The wound was photo-
graphed at 0, 6 and 12 h. Cell migration was 
determined by calculating the percentage of 
the wound closure area using ImageJ 
software. 

Cell cycle analysis and apoptosis assay

After treatment, the OSCC cells (HB96, CAL27 
and HN6) were washed and fixed according to 
the standard protocols. PI/RNase staining buf-
fer (BD Pharmingen, San Diego, CA, USA) was 
used for cell cycle labeling. The cell samples 
were assayed by flow cytometer (FACSCalibur™, 
BD Biosciences, USA), then FlowJo software 
(BD Biosciences) was used to analyze the 
results.

For the apoptosis assay, a FITC-annexin V apop-
tosis detection kit (BD Biosciences, USA) was 
applied to double-stain the apoptotic and 
necrotic cells. Apoptosis of OSCC was evaluat-
ed by flow cytometry and FlowJo software.

Western blot assay and antibodies

Total protein extraction according to a standard 
procedure. Briefly speaking, the concentration 
of the extracted proteins (20 µg/lane) was 
determined using a Bradford assay (BCATM, 
USA) and separated on 6% to 15% SDS-PAGE. 
The primary antibody at a 1:1000 dilution and 
the fluorescently labeled anti-rabbit or anti-
mouse IgG secondary antibodies (7076 and 
7704, Cell Signaling Technology, USA) at a 
1:10000 dilution. β-Actin (1226, Cell Signaling 
Technology) was used as an internal control. 
The primary antibodies: rabbit anti-cleaved 
fragment of human PARP (5625, Cell Signaling 
Technology), anti-VEGF receptor 2 (2478, Cell 
Signaling Technology), anti-cleaved fragment  
of caspase-3 (9664, Cell Signaling Technology), 
anti-caspase-3 (9662, Cell Signaling Tech- 
nology), anti-p21 (2947, Cell Signaling Tech- 
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nology), anti-cyclind 1 (2947, Cell Signaling 
Technology), anti-p62 (ab109012, Abcam, 
Cambridge, UK), and anti-LC3B (43566, Cell 
Signaling Technology), mTOR pathway anti- 
body sampler kit (9964, Cell Signaling Tech- 
nology), phospho-AKT pathway antibody sam-
pler kit (9916, Cell Signaling Technology) and 
p-Erk1/2 pathway sampler kit were purchased 
from Cell Signaling Technology (9911, Cell 
Signaling Technology).

Autophagic flux assay 

OSCC cells (CAL27, HB96, HN6 and HN4) were 
inoculated in 6-well plates, then transfected 
with the GFP-mRFP-LC3 construct for 24 h. 
Apatinib and CQ were then added. After cultur-
ing for a further 12 h, PBS was used to wash 
the cultured cells three times before observing 
with a confocal microscope (Zeiss, Baden-
Wurttemberg, Germany). 

Transmission electron microscopy

After treatment with apatinib, 2% glutaralde-
hyde was used to immobilize the CAL27, HN6, 
HN30 and HB96 cells. The cells were then fixed 
with 1% OsO4 for 2 h, dehydrated with ethanol, 
and injected with epoxypropane. The samples 
were prepared as previously described [13]. 
JEM 1230 transmission electron microscope 
(JEOL, USA) was used to analyze those samples 
at 60 kV. The image analysis mainly used a 
5000× or 20000× angle of view.

Tumor xenografts

The detailed method used was consistent with 
that in our previous report [14]. Briefly, A total of 
2 × 106 CAL27 cells were suspended in mixed 
liquor (DMEM plus Matrigel), and a total volume 
of 0.1 mL per injection site. The mice with 100-
150 mm3 tumor xenografts were randomly 
divided into the following four groups (n=6 
each): control group, apatinib group, SCH group, 
and apatinib + SCH group. In the control group, 
the mice were treated with saline each day; in 
the apatinib group, the mice were orally admin-
istered apatinib solution (150 mg/kg) each 
day; in the SCH group, the mice were treated 
with i.p. injections of SCH (5 mg/kg); and in the 
apatinib + SCH group, the mice were treated 
with apatinib solution (150 mg/kg) and SCH (5 
mg/kg) each day. The development and pro-
gression of solid tumors were monitored every 

2 days. The mice were humanely euthanized 
when the tumor length over 1.5 cm. The tumor 
volume (V) = L (tumor length) × W (tumor 
width)2/2. Xenograft samples were collected 
and underwent next test.

Immunohistochemistry

Microscopic examination of Ki67 and VEGFR2 
immunohistochemical staining was performed 
by two pathologists. The detailed method used 
was consistent with that in our previous report 
[14]. Results can be evaluated by a semiquanti-
tative method that assigns an H-score to OSCC 
samples [15]. In brief, the immunohistochemi-
cal staining score was defined by multiplying 
the percentage of positive cells by the staining 
intensity, then the assessment of protein 
expression was defined as negative (≤ median 
score) or positive (> median score).

Statistical analysis

All data were analyzed with IBM SPSS Statistics 
23 (IBM Corporation, Armonk, NY, USA) and 
GraphPad Prism 6 (GraphPad Software, San 
Diego, CA, USA). Continuous variables are rep-
resented as the mean ± SD. The means of the 
samples were compared using either an 
unpaired, two-tailed Student’s t-test or one-way 
ANOVA. A threshold value P<0.05 indicated sta-
tistical significance.

Results

VEGFR2 is highly expressed in oral squamous 
cell carcinoma and is associated with poor 
survival

The western blot results of tissues from 13 
OSCC patients showed higher levels of VEGFR2 
in OSCC tissues than in paracancerous tissues 
(P<0.005) (Figure 1A, 1B). The VEGFR2 protein 
level was higher in the four OSCC cell lines than 
in HIOEC cells (Figure 1C). Among the four 
OSCC cell lines tested, the CAL27, HB96 and 
HN6 cell lines showed higher VEGFR-2 levels 
than the HN4 cell line.

To evaluate the correlation between the level of 
VEGFR2 expression and prognosis in OSCC 
patients, VEGFR2 expression was estimated by 
immunohistochemical staining in the 57 OSCC 
patient cohort (Figure 1D). No obvious differ-
ences were detected in VEGFR2 expression 
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Figure 1. VEGFR2 expression was elevated in OSCC tissue and was associated with a poor prognosis. A, B: Western 
blot showing higher VEGFR2 expression in OSCC tissue compared to adjacent healthy tissue. ***P<0.001. C: West-
ern blot assay of VEGFR2 expression in OSCC cell lines. β-Actin was used as a control. D: Immunohistochemistry 
staining of VEGFR2 in OSCC samples (200×). E, F: Kaplan-Meier curves showing the relation between VEGFR2 
expression and overall survival and disease-free survival in 53 OSCC patients.
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based on clinical variables (Supplementary 
Table 1). We investigated the relationship 
between VEGFR2 levels and OS/DFS in OSCC 
patients, and Kaplan-Meier analysis indicated 
that high VEGFR2 expression indicated poor OS 
(P<0.039) and poor DFS (P<0.008) (Figure 1E, 
1F).

Apatinib inhibited the proliferation, clone for-
mation, invasion and migration of OSCC cells

To assess the effects of apatinib on OSCC cells 
in vitro, cell viability assays, colony formation 
assays, wound healing assays and transwell 
matrix assays were performed. Our results 
showed that the growth of CAL27 and HB96 
cells was suppressed by apatinib in a time- and 
dose-dependent manner (Figure 2A). However, 
in HN6 and HN4 cells, the suppression of cell 
viability was unchanged at 48 h and 72 h. The 
IC50 (48 h) values of apatinib in CAL27, HB96, 
HN6 and HN4 cells are shown in Figure 2A; 
these values were used for subsequent assays. 
Compared with the negative control, apatinib 
treatment suppressed colony formation in a 
dose-dependent manner; 20 µM apatinib sig-
nificantly inhibited over 80% number of CAL27 
and HB96 cell colonies, and 10 µM apatinib 
effectively decreased over 80% number of HN6 
cell colonies (Figure 2B). Transwell matrix 
assays and wound healing assays were used to 
assess the effect of 20 µM apatinib on invasion 
and migration of Cal27, HB96 and HN6 cells. It 
was observed that 20 µM was sufficient to 
inhibit the invasion and migration of the OSCC 
cell lines. The wound area (Figure 2C) and the 
number of invading cells (Figure 2D) were sig-
nificantly different between the apatinib and 
negative control groups.

Apatinib promoted cell apoptosis and induced 
cell cycle arrest in CAL27, HB96 and HN6 cells

The expression levels of cleaved PARP, total 
caspase 3 and cleaved caspase 3 (key apop-
totic proteins) in CAL27, HB96 and HN6 cells 
after treatment with gradient concentrations of 
apatinib were analyzed by western blotting. 
Compared to the negative control group, the 
levels of total caspase 3 was decreased, but 
the cleaved caspase3 and PARP were markedly 
increased after treatment with apatinib in a 
dose-dependent manner in CAL27, HB96 and 
HN6 cells (Figure 3A). Moreover, compared 
with the negative control group, the 20 µM apa-

tinib-treated group had an increased propor-
tion of annexin-V-positive OSCC cells (Figure 
3B, 3C), suggesting that apatinib inhibited the 
growth of OSCC cells by promoting apoptosis. 
Flow cytometry analysis of the cell cycle 
revealed that the G0/G1 phase was mainly 
arrested after apatinib treatment, while the 
proportion of G2/M and S phase cells was 
decreased (Figure 3D, 3E). Consistent with the 
cell cycle alterations, we observed significant 
upregulation of P21 and downregulation of 
cyclin D1 (Figure 3A). These results showed 
that apatinib promoted OSCC cell apoptosis 
and G0/G1 phase arrest.

Apatinib inhibited autophagy in OSCC cells

During the development of autophagy, LC3 
(map-lc3) in the cytoplasm enzymatically disso-
ciates a small segment of polypeptide to form 
lc3-I, which binds to phosphatidylethanolamine 
and becomes the autophagosome membrane 
form, lc3-II. P62 is a marker of autophagic flux, 
which closely related to the initiation and inhibi-
tion of autophagic flux. As shown in Figure 4A, 
4B, LC3II expression gradually increased in a 
time- and dose-dependent manner, and P62 
expression also showed an increasing trend in 
CAL27, HB96, HN6 and HN4 cells. The increase 
in LC3II and P62 expression indicated that 
autophagy initiation was normal while its down-
stream steps were inhibited, and phagocytes 
and lysosomes were unable to fuse. Moreover, 
we observed that apatinib-induced autophagy 
flux was maintained when autophagosome 
degradation was inhibited with bafilomycin A1 
(Baf A1), no significant changes have been 
seen in the increasing level of LC3II (Figure 4C). 
To further detect autophagic flux (Figure 4E), 
the cells underwent adenoviral infection with a 
vector carrying mCherry-GFP-LC3B. Under fluo-
rescence microscopy, mCherry-GFP-LC3B was 
observed in the cytoplasm in the form of dif-
fuse yellow fluorescence (the combined effect 
of mCherry and GFP) when no autophagy was 
occurring, while clusters on the autophago-
some membrane were visible as yellow puncta 
(LC3B puncta) in the presence of autophagy. 
After the fusion of autophagosomes and lyso-
somes, GFP fluorescence was partially quen- 
ched and was visible as red puncta. The fluo-
rescence microscopy images revealed that the 
number of yellow puncta was more obviously 
increased in CAL27 and HB96 cells in the apa-
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Figure 2. Apatinib inhibited the proliferation, migration and invasion of OSCC cells. A: CAL27, HB96, HN6 and HN4 cells were cultured in media containing various 
concentrations of apatinib for 24, 48, and 72 h. Cell viability was detected by CCK8 assay to identify the apatinib IC50 value at 48 h in CAL27, HB96, HN6 and HN4 
cells. B: Colony formation assay of CAL27, HB96 and HN6 cells. Each datapoint is representative of three independent experiments. The data are representative 
of three independent experiments. C: Wound healing assay in CAL27 and HB96 cells treated with or without 20 μM apatinib for 6 h and 12 h. The migration index 
(the ratio of migration distance to total distance) was used to measure the movement ability. D: Apatinib suppressed the invasion of OSCC cells (CAL27, HB96 and 
HN6); the invasion index was measured by transwell assay. ***P<0.001 vs control group.
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Figure 3. Apatinib-induced apoptosis and cell-cycle arrest. A: The cells were treated with apatinib (5, 10, 15, 20 μM) for 24 h. Protein expression of cleaved-PARP, 
caspase 3, cleaved caspase 3, P21 and cyclinD1 in CAL27, HB96 and HN6 cells was measured by western blot. β-Actin was used as a control. B, C: Apatinib-induced 
apoptosis in OSCC cells. Apoptosis were detected by annexin V-FITC and propidium iodide (PI) staining. D, E: Apatinib causes G0/G1 cell-cycle arrest in OSCC cells. 
Apatinib (20 μM) or dimethyl sulfoxide (DMSO) was added to the culture medium of CAL27, HB96 and HN6 cells. Cell-cycle distribution assessment was performed 
after 70% ethanol fixing and PI staining. The data are representative of three independent experiments. **P<0.01, ***P<0.001.
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tinib group (20 µM, 24 h) than in the negative 
control group (Figure 4F). Furthermore, the 
western blot and immunofluorescence results 
indicated that the function of apatinib was con-
sistent with the traditional autophagy inhibitor 
CQ (Figure 4D, 4F). Compared to the starvation 
group, the number of yellow puncta was 
increased, but the number of red puncta was 
decreased in the merged image in the apatinib 
group. In addition, electron microscopy images 
showed that CAL27 and HB96 cells treated 
with apatinib had higher numbers of autopha-
gosomes compared to the negative control 
(Figure 4G). These findings revealed that apa-
tinib inhibited autophagy by suppressing auto- 
phagosome-lysosome fusion.

Apatinib suppresses VEGFR2 signaling 
through the VEGFR2/AKT/m-TOR signaling 
pathway

Apatinib reportedly inhibits cancer growth by 
interfering in the VEGFR2/AKT/mTOR and RAF/
MEK/ERK signaling pathways [6, 16]. In the 
current study, western blotting revealed that 
VEGFR2, p-mTOR and p-AKT expression in 
CAL27, HB96 and HN6 cells was decreased in a 
dose-dependent manner after treatment with 
apatinib for 24 h (Figure 5A). The amount of 
total AKT and mTOR protein in HB96 and HN6 
cells did not change after treatment with low 
concentrations of apatinib but decreased after 
treatment with high concentrations. Interes- 
tingly, exposure to apatinib increased the level 
of p-ERK in CAL27, HB96 and HN6 cells in a 
dose-dependent manner but had little influ-
ence on the total level of ERK protein.

Tumor suppression induced by apatinib is in-
creased by an ERK inhibitor in vivo and in vitro

The ERK signaling pathway is reportedly associ-
ated with the occurrence, development and 
metastasis of tumors. Based on our results 
showing that apatinib inhibits activation of the 
Akt/mTOR signaling pathway and enhances 
ERK phosphorylation in OSCC cells, we com-
bined apatinib with ERK inhibitors to enhance 
the antitumor effect in OSCC. Low concentra-
tions of apatinib (10 µM) significantly reduced 
the IC50 of SCH in CAL27, HB96 and HN6 cells 
(Supplementary Table 2). Western blotting 
revealed that apatinib combined with SCH sig-
nificantly inhibited the phosphorylation of AKT 
and ERK (Figure 5B). Compared with the effect 

of apatinib or ERK inhibitors alone, the effect of 
combination therapy on apoptosis was dramati-
cally increased (Figure 5C).

To evaluate whether apatinib and ERK inhibi-
tors have similar anticancer effects on OSCC 
tumors in vivo, we established xenograft mod-
els by subcutaneously injecting CAL27 cells. 
Apatinib treatment with or without SCH led to 
obvious tumor suppression, while no significant 
tumor suppression was observed in the SCH-
treated group compared with control (Figure 
6A). Furthermore, apatinib combined with SCH 
treatment exerted a greater inhibitory effect on 
the tumor volume than either drug alone (Figure 
6A, 6B). No significant difference in body weight 
between groups (Figure 6C). The xenograft 
immunohistochemical results showed that 
treatment with apatinib plus SCH resulted in 
the most significant decrease in Ki67 expres-
sion of all tested groups (Figure 6D, 6E). Taken 
together, these findings strongly indicate that 
the ERK inhibitor SCH enhances the antitumor 
effect of apatinib in vivo.

Discussion

Apatinib is a highly selective tyrosine kinase 
inhibitor of VEGFR2 whose antitumor effects on 
a variety of tumors have been confirmed in mul-
tiple studies [6, 18-20]. In the present study, 
apatinib was found to activate apoptosis and 
inhibit autophagy by suppressing the AKT/
mTOR signaling pathway. Apatinib-induced 
apoptosis was enhanced by cotreatment with 
an ERK inhibitor, both in vitro and in vivo. 

It has been reported that apatinib can promote 
autophagy and apoptosis in osteosarcoma [8], 
colorectal cancer [21] and anaplastic thyroid 
cancer [6]. As the two main mechanisms lead-
ing to programmed cell death [22], recent stud-
ies have shown that apoptosis and autophagy 
are interrelated in signaling pathways [23]. 
Here, we found that apatinib inhibited OSCC 
cell proliferation in vitro while inducing apopto-
sis in a time- and dose-dependent manner. The 
role of autophagy in cancer is complex. Ma- 
croautophagy (hereafter referred to as autoph-
agy) is a cell survival pathway that can help pre-
vent bioenergy failure caused by metabolic 
stress, maintain the quality and quantity of pro-
teins and organelles, and improve many 
aspects of tumor growth, including the occur-
rence, development and maintenance of a 
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Figure 4. Apatinib inhibits autophagy in OSCC cells. A: OSCC cells were incubated in medium containing 5, 10, 20 
and 40 μM apatinib for 24 h, and the expression of P62 and LC3-II was measured by western blot. B: OSCC cells 
were incubated in medium containing 20 μM apatinib for 12, 24 and 48 h, and the expression of P62 and LC3-II 
was measured by western blot. C: OSCC cells were incubated in medium containing 20 μM apatinib for 24 h with or 
without Baf A1 (50 nM), and the expression of LC3-II was measured by western blot. D: OSCC cells were incubated 
in medium containing 20 μM apatinib for 24 h with or without CQ (50 nM), and the expression of P62 and LC3-II was 
measured by western blot. β-Actin was used as the control. E, F: Representative images of early autophagosomes 
(yellow dots generated from overlapping GFP and mCherry puncta), shown as yellow points, and late autolysosomes 
(red dots generated from RFP puncta), shown as red points. CAL27-GFP-mcherry-LC3 and HB96-GFP-mcherry-LC3 
cells (transfected with the GFP-mcherry-LC3 lentivirus) treated with 20 μM apatinib for 24 h, starvation, or 50 nM CQ 
for 12 h. ***P<0.001. G: Autophagic vacuoles (red arrows) were seen in CAL27 and HB96 cells incubated in apatinib 
(20 μM) for 48 h. Few autophagic vacuoles were seen in the control group. These experiments were repeated three 
times.
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Figure 5. Apatinib induced an antitumor effect through the AKT/mTOR pathway and was enhanced by SCH. A: 
CAL27, HB96 and HN6 cells treated with or without apatinib (0, 5, 10, 20 and 40 μM) for 24 h. The expression of 
total VEGFR2, total AKT, phosphorylated AKT, total mTOR, phosphorylated mTOR, total ERK, phosphorylated ERK 
and GAPDH was detected by western blot. B: Cells were treated with apatinib (20 μM) with or without SCH (10 μM) 
for 24 h. Western blots of p-AKT, and p-ERK extracts from CAL27, HB96 and HN6 cells. C: CAL27, HB96 and HN6 
cells were treated with apatinib (20 μM), SCH (10 μM), or apatinib + SCH for 24 h. The ratio of apoptotic cells was 
measured by annexin V-FITC and propidium iodide (PI) staining. These experiments were repeated three times.
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Figure 6. The ERK inhibitor SCH enhanced the in vivo antitumor effect of apatinib. A: Apatinib plus SCH showed a 
more significant antitumor effect than treatment with apatinib or SCH alone. B, C: Comparison of the tumor growth 
curves and mouse weights between the groups treated with and without apatinib and SCH (tumor volumes and 
weights were determined every 2 days after treatment initiation). D, E: Representative HE and IHC staining for Ki67 
and VEGFR2, performed in the four tumor sample groups. *P<0.05, **P<0.01, ***P<0.001. 

malignant state. As cancer cells grow, spread, 
and form solid tumors, they face harsh condi-
tions such as hypoxia and nutritional deficien-
cies, which may hinder their growth and lead to 
cell death. Under these conditions, autophagy 
maintains or even enhances tumorigenesis 
[24]. The inhibition of autophagy has been 
shown to enhance apoptosis in anaplastic thy-
roid cancer [6] and osteosarcoma cells [8]. 
However, in this study, we found that the 

expression of LC3II increased gradually in a 
time- and dose-dependent manner, while P62 
expression also showed an increasing trend in 
four OSCC cell lines, indicating that autophagy 
initiation was normal while its downstream 
steps were inhibited, suggesting that phago-
cytes and lysosomes could not fuse. Compared 
with the starvation and CQ groups, the apatinib 
group showed a similar level of autophagic flux 
inhibition in OSCC cells. Our study demonstrat-
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ed that apatinib inhibited VEGF-mediated cell 
proliferation, migration and invasion in the 
OSCC cell lines, possibly by inducing apoptosis 
and reducing autophagy through blocking the 
VEGFR2-dependent AKT/mTOR pathway.

Signaling through the Akt/mTOR pathway can 
be initiated by several mechanisms. This signal-
ing pathway is one of the major survival gate-
ways in tumor cells, and accumulating evidence 
has shown that an overactive AKT/mTOR path-
way promotes tumor cell survival [25]. As a 
downstream target of VEGFR, the PI3K-AKT-
mTOR signaling pathway is closely related to 
the induction of apoptosis and autophagy and 
is the focus of VEGFR-targeted therapy in other 
cancers [6, 7]. The current study found that 
apatinib decreased p-AKT and p-mTOR levels in 
a dose-dependent manner in four OSCC cell 
lines. SC79, a specific agonist of AKT, restored 
apatinib-induced autophagy in OSCC cells.

The ERK signaling pathway is involved in endo-
thelial cell proliferation and VEGF-mediated 
cancer cell survival [4]. However, in our study, 
we found that apatinib markedly enhanced ERK 
phosphorylation but did not affect the level of 
total ERK protein. A possible reason for this is 
that a single inhibitor of the AKT signaling path-
way activates the ERK pathway, similar to the 
AKT inhibitor honokiol, which inhibits activation 
of Akt while enhancing the phosphorylation of 
ERK1/ERK2 [26]. Moreover, MEK/ERK upregu-
lation is related to radiotherapy, cisplatin and 
cedoximab resistance, suggesting the com-
bined use with MEK inhibitors for HSCNN 
patients [27, 28]. Thus, combining inhibition of 
the Akt/mTOR pathway and ERK signaling path-
way may be a feasible method [25]. Drug resis-
tance is a universal and important phenome-
non in cancer treatment. Many chemotherapies 
and targeting drugs lead to drug resistance, 
which can decrease their therapeutic efficacy. 
Activation of the ERK signaling pathway may be 
one of the causes of apatinib resistance, and 
combination with ERK inhibitors may enhance 
the antitumor effect of apatinib. We applied the 
ERK inhibitor SCH and detected its combined 
effect with apatinib on OSCC cells and found 
that apatinib-induced apoptosis was enhanced 
by SCH both in vitro and in vivo. Thus, ERK 
inhibitors as potential combination of apatinib 
might show an attractive therapeutic strategy 
for OSCC. 

Conclusions

This is the first study to show that apatinib 
exhibits antitumor effects on OSCC cells in vitro 
and in vivo, and provides a reliable mechanism 
by which apatinib induces apoptosis and sup-
presses autophagy via the AKT/mTOR pathway. 
Moreover, blocking the ERK signaling pathway 
enhanced the antitumor effect of apatinib in 
OSCC cell lines both in vitro and in vivo. These 
findings indicate that targeting ERK combined 
with apatinib may be an attractive therapeutic 
strategy for OSCC.
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Supplementary Table 1. Demographic and clinical 
data of all patients (N=57)

Total Low high
P

(N=57) (N=15) (N=42)
Age (years) 0.949
    Median 59 59 59
    Range 24-69 24-68 33-69
        <60 30 8 22
        ≥60 27 7 20
Gender 0.727
    Female 13 4 9
    Male 44 11 33
Smoking statusa 0.768
    Positive 36 9 27
    Negative 21 6 15
Alcohol statusb 0.704
    Positive 27 7 20
    Negative 30 8 22
Tumor site 0.714
    Tongue 25 7 18
    Gingiva 12 2 10
    Buccal 5 2 3
    Palate 7 1 6
    Floor of mouth 8 3 5
cT stage 0.653
    T2 10 2 8
    T3 16 3 13
    T4 31 10 21
cN stage 0.339
    N0 20 3 17
    N1 12 3 9
    N2 25 9 16
Disease stage 0.263
    III 10 1 9
    IV 47 14 33

Supplementary Table 2. Apatinib significantly re-
duced the IC50 of SCH in OSCC cells
Cell lines Chemicals IC50 (um, 48 h)
CAL27 SCH 92.33 ± 7.437

+apatinib (10 um) 52.80 ± 4.823
HB96 SCH 56.81 ± 5.633 

+apatinib (10 um) 14.34 ± 0.8135 
HN6 SCH 31.85 ± 1.948

+apatinib (10 um) 1.024 ± 0.1452 
SCH: an ERK inhibitor. IC50: half maximal inhibitory concentration.


