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Apatinib sensitizes chemoresistant NSCLC cells to doxetaxel
via regulating autophagy and enhances the therapeutic
efficacy in advanced and refractory/recurrent NSCLC
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Abstract. The prognosis of advanced non-small cell lung
cancer (NSCLC) is poor; therefore, identifying novel treat-
ment strategies for patients with NSCLC is important. The
present study aimed to investigate the efficacy of apatinib plus
docetaxel vs. docetaxel alone, as well as their effects on regu-
lating autophagy markers in patients with advanced NSCLC.
Furthermore, it was evaluated whether apatinib sensitized
chemoresistant NSCLC cells to docetaxel via regulating
autophagy. A total of 39 patients with advanced NSCLC were
consecutively enrolled and treated with apatinib plus docetaxel
(n=19) or docetaxel alone (n=20) for four treatment cycles.
The treatment response, adverse events and expression levels
of autophagy markers [(light chain 3 a (LC3A) and Beclin-1]
were evaluated in tumor samples, which were obtained via
biopsy, before treatment and after 2-cycle treatment. In addi-
tion, in a mechanistic in vitro experiment, apatinib, docetaxel,
the autophagy activator rapamycin and the autophagy inhibitor
3-methyladenine (3-MA) were used to treat docetaxel-resis-
tant A549 (A549/DTX) cells alone or in various combinations.
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The expression levels of LC3A, Beclin-1, poly (ADP) ribose
polymerase (PARP) and phosphorylated (p)-AKT were
detected via western blotting, while the cell apoptosis rate was
detected with an Annexin V/PI assay. The overall remission
rate (37 vs. 10%; P=0.047) and disease control rate (84 vs. 45%;
P=0.011) were increased in the Apatinib plus docetaxel group
compared with the Docetaxel group. Most of the adverse
events were mild and tolerable, and there was no difference
between the two groups except for total hypertension and
hand-foot syndrome, which were higher in the Apatinib plus
docetaxel group). Compared with the levels prior to treatment,
Beclin-1 and LC3A remained unchanged post-treatment in
the Apatinib plus docetaxel group, while they were increased
in the Docetaxel group. Docetaxel increased LC3A, Beclin-1
and p-AKT expression levels, PARP cleavage and the cell
apoptosis rate in A549/DTX cells, and rapamycin further
enhanced, while 3-MA reduced these effects of docetaxel.
Moreover, apatinib repressed LC3A, Beclin-1, p-AKT expres-
sion levels and promoted the cell apoptosis rate in A549/DTX
cells and docetaxel-treated A549/DTX cells. In conclusion,
apatinib synergize the effect of docetaxel in treating patients
with advanced NSCLC and chemoresistant NSCLC cells via
inhibiting autophagy.

Introduction

Lung cancer is the leading cause of cancer-associated mortality
worldwide, among which non-small cell lung cancer (NSCLC)
accounts for >85% (1). Although numerous improvements
have been achieved in therapeutic methods including surgical
strategy, neo-adjuvant therapy, targeted drugs and molecular
markers, the prognosis of NSCLC remains far from satisfac-
tion, particularly for advanced cases who fail to benefit from
tumor resection (2). Furthermore, chemotherapy-based treat-
ment remains the primary option for patients with advanced
NSCLC, while a proportion of patients experience chemo-
resistance, post-response progression and metastasis after
chemotherapy, which represents a considerable bottleneck for
their clinical treatment (3). Therefore, it is an urgent challenge
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to identify novel and effective treatment options to improve the
prognosis of these patients with advanced NSCLC.

Apatinib, as a novel small-molecule anti-angiogenesis
agent, exerts a favorable anti-tumor effect in terms of inhib-
iting the proliferation and migration of endothelial cells,
reducing angiogenesis and micro-vascularization of tumors via
selectively binding or inhibiting vascular endothelial growth
factor receptor-2 (VEGFR-2) and suppressing its downstream
signal transduction pathways (4,5). Despite increased evidence
of the efficacy of apatinib in treating advanced cancer types,
including gastric cancer, colorectal cancer and ovarian
cancer, its application in NSCLC has rarely been investigated
and only a few studies with small sample sizes have been
performed (6-9). Apatinib has been reported to attenuate
multi-chemotherapy drug resistance in several cancer types
using in vitro experiments and may enhance the efficacy of
chemotherapy in treating patients with advanced cancer types
in clinical settings (10,11). Moreover, apatinib is able to regu-
late autophagy in serval cancer types, including anaplastic
thyroid cancer, colon cancer and osteosarcoma, and autophagy
is considered a key factor in NSCLC chemoresistance and
metastasis (12). Based on the abovementioned findings, it
was hypothesized that apatinib may be able to synergize the
efficacy of chemotherapeutics in the treatment of NSCLC via
regulating autophagy.

Therefore, the present study aimed to investigate the effi-
cacy and safety of apatinib plus docetaxel vs. docetaxel alone,
and their effects on regulating autophagy markers in patients
with advanced NSCLC. In addition, it was evaluated whether
apatinib was able to sensitize the cells to docetaxel-induced
apoptosis in chemoresistant NSCLC cells via regulating
autophagy.

Materials and methods

Patients. A total of consecutive 39 patients (age, 47-75 years;
26 male patients and 13 female patients) with advanced
NSCLC, who underwent apatinib plus docetaxel treat-
ment or docetaxel alone treatment, were retrospectively
enrolled in The First Affiliated Hospital of Nanjing Medical
University between January 2017 and December 2018. The
inclusion criteria were as follows: i) Diagnosed with primary
NSCLC at stage IV or recurrent metastatic NSCLC refrac-
tory/intolerant to standard therapy; ii) age =18 years; iii) a
baseline Eastern Cooperative Oncology Group performance
status score of 0-1 (13); iv) adequate hematologic, hepatic
and renal functions; v) cessation of other anti-tumor thera-
pies for =1 month prior to enrollment; vi) presence of =1
measurable lesion defined by Response Evaluation Criteria
in Solid Tumors version 1.1 (RECIST 1.1) (14); and vii) a
survival prognosis of >3 months. Furthermore, the exclusion
criteria were as follows: i) Previously treated with immu-
notherapy; ii) untreated metastases of the central nervous
system; iii) uncontrolled blood pressure with medication
(>140/90 mmHg); iv) serious infection or autoimmune
disease; v) bleeding tendency; and vi) hepatopathy, nephrop-
athy, cardiopathy, respiratory disease or uncontrollable
diabetes.

The present study was approved by the Ethics Committee
of The First Affiliated Hospital of Nanjing Medical University,
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and all patients provided written informed consent prior to
enrollment.

Treatment and assessment. Patients were divided into two
groups: The Apatinib plus docetaxel group (n=19) and the
Docetaxel group (n=20). In the Apatinib plus docetaxel group,
patients received apatinib (500 mg/day, orally; Heng Rui
Pharmaceutics; www.hrs.com.cn) and docetaxel (60 mg/m?,
intravenously; Heng Rui Pharmaceutics) on day 1 every 3 weeks
for a total of four treatment cycles. In the Docetaxel group,
patients received docetaxel (60 mg/m?, intravenously; Heng
Rui Pharmaceutics) on day 1 every 3 weeks for a total of four
cycles. The treatment response was evaluated after four cycles
of treatment, referring to the RECIST 1.1 criteria, as follows:
Complete remission (CR), partial remission (PR), stable
disease (SD) or progressive disease. Then, the overall remission
rate (ORR) was calculated as CR + PR, and the disease control
rate (DCR) was calculated as CR + PR + SD. In addition,
adverse events (AE) were recorded and evaluated according to
the National Cancer Institute Common Terminology Criteria
for AE (version 4.0; www.meddramsso.com).

Immunohistochemistry (IHC) analysis. It has been reported
that apatinib regulates autophagy in various cancer types
and autophagy is considered as a key factor in chemotherapy
drug resistance (12,15-17). Therefore, the expression levels of
autophagy markers, light chain 3o (LC3A) and Beclin-1, were
detected in tumor tissues pre-treatment and post-treatment
using ITHC analysis. Lung tumor tissues, obtained via biopsy
pre-treatment (before treatment) and post-treatment [after two
cycles of treatment (~42 days)], were available from only three
patients in the Apatinib plus docetaxel group and three patients
in the Docetaxel group, and these tissues were subjected to
THC analysis.

The tumor tissue section (thickness, 4 ym), which was fixed
with 4% paraformaldehyde (Sigma-Aldrich; Merck KGaA)
at 4°C for 24 h and embedded in paraffin (Sigma-Aldrich;
Merck KGaA), was deparaffinized, rehydrated and subjected
to antigen retrieval, which was followed by blocking with 10%
goat serum (Sigma-Aldrich; Merck KGaA) at 37°C for 1 h
and 0.3% H,0, to block non-specific binding and peroxidase
activity, respectively. Subsequently, primary anti-Beclin-1
(1:100; cat. no. bsm-33315M) and anti-LC3A antibodies (1:100;
cat. no. bsm-33309M; both Beijing Biosynthesis Biotechnology
Co., Ltd.) were added and incubated at 4°C overnight.
Subsequently, the samples were incubated with secondary
horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG
(H+L) antibody (1:10,000; cat. no. A27036; Invitrogen; Thermo
Fisher Scientific, Inc.) at 37°C for 60 min. The tissue sections
were stained with diaminobenzidine (Sigma-Aldrich; Merck
KGaA) at 37°C for 5 min and counterstained with 0.5% hema-
toxylin (Sigma-Aldrich; Merck KGaA) at room temperature for
5 min. The THC staining results were observed under a Nikon
ECLIPSE E200 light microscope (Nikon Corporation; magni-
fication, x400), and assessed for staining intensity and density
of positively stained cells according to a previously described
method (18), with an THC staining score of 0-12 for each section.

Cell culture. Human NSCLC cells (wild-type A549) and
docetaxel-resistant A549 cells (A549/DTX) were purchased
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from the Type Culture Collection of the Chinese Academy
of Sciences. Cells were cultured in 90% RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Zhejiang Tianhang Biological Technology Co.,
Ltd.) and 100 U/ml penicillin (Sigma-Aldrich; Merck KGaA)
and streptomycin (Sigma-Aldrich; Merck KGaA) at 37°C in a
humidified atmosphere containing 5% CO,.

Determination of A549/DTX cells. To determine the docetaxel
resistance of A549/DTX cells, 0,2.5,5, 10 or 20 M docetaxel
(Abmole Bioscience Inc.) was added to treat A549/DTX cells
and wild-type A549 cells for 24 h at 37°C. Cell viability
was detected using Cell Counting Kit-8 (Sigma-Aldrich;
Merck KGaA) according to the manufacturer's instructions at
a wavelength of 450 nm. Then, the relative cell viability was
calculated by referring to the viability of cells treated with
0 uM docetaxel in each cell type.

Docetaxel, rapamycin and 3-methyladenine (3-MA) treat-
ments of A549/DTX cells and subsequent analyses. In order to
investigate whether autophagy promotes docetaxel resistance
in A549/DTX cells, 10 uM docetaxel (Abmole Bioscience
Inc.), 20 M autophagy activator rapamycin (Sigma-Aldrich;
Merck KGaA) and 50 mM autophagy inhibitor 3-MA
(Sigma-Aldrich; Merck KGaA) were used alone or in combina-
tion to treat the cells simultaneously at 37°C. The concentration
of docetaxel was selected based on the ICs, value of docetaxel
in A549/DTX cells reported in a previous study (19). The
concentrations of rapamycin and 3-MA were in reference to
our previous study (20).

After 48 h of treatment, the protein expression levels of
LC3A, Beclin-1, poly(ADP) ribose polymerase (PARP) and
phosphorylated (p)-AKT were determined via western blot
analysis in each group of cells. Moreover, the apoptotic rate in
each group of cells was determined with an Annexin V/PI double
staining kit (Calbiochem; Merck KGaA) using a FACSCanto 11
flow cytometer (BD Biosciences), according to the manufac-
turer's protocol. The data was analyzed using FlowJo software
(version 7.6; BD Biosciences) (21).

Apatinib and docetaxel treatment of A549/DTX cells and
subsequent experiments. In order to investigate whether
apatinib synergizes the anti-cancer effect of docetaxel on
A549/DTX cells via regulating autophagy, 10 uM apatinib
(Selleck Chemicals) and 10 xM docetaxel (Abmole Bioscience,
Inc.) were used alone or in combination to treat the cells at 37°C.
After 48 h of incubation, the protein expression levels LC3A,
Beclin-1, PARP and p-AKT were determined via western
blot analysis, while the apoptosis rate was determined using a
Annexin V/PI double staining kit (Calbiochem; Merck KGaA),
according to the manufacturer's protocol, in each group of cells.

Apatinib and docetaxel treatments of wild-type A549 cells
and subsequent assays. In order to investigate whether
apatinib synergizes the anti-cancer effect of docetaxel in
wild-type A549 cells via regulating autophagy, 10 M apatinib
(Selleck Chemicals) and 10 M docetaxel (Abmole Bioscience,
Inc.) were used to treat wild-type A549 cells alone or in
combination at 37°C. After 48 h of treatment, the expression
levels of LC3A and Beclin-1 were determined via western blot
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analysis, and the cell apoptosis rate was determined with an
Annexin V/PI double staining kit (Calbiochem; Merck KGaA),
according to the manufacturer's protocol, in each group of
cells.

Western blot analysis. After isolation of total protein with
RIPA lysis and extraction buffer (Thermo Fisher Scientific,
Inc.), the protein concentration was quantified with the
Pierce™ BCA Protein assay kit (Thermo Fisher Scientific,
Inc.). Subsequently, 20 pg protein samples were separated
using 4-20% SDS-PAGE (Nanjing KeyGen Biotech Co., Ltd.)
and then transferred onto Immobilon®-P Transfer membranes
(Merck KGaA). After blocking with 5% non-fat milk for 2 h
at 37°C, membranes were incubated with primary antibodies,
including anti-Beclin-1 (1:1,000; cat. no. bs-1353R; Beijing
Biosynthesis Biotechnology Co., Ltd.), anti-LC3A (1:1,000;
cat. no. bsm-33309M; Beijing Biosynthesis Biotechnology
Co., Ltd.), anti-p-AKT antibody (1:1,000; cat. no. 4058;
Cell Signaling Technology, Inc.), anti-PARP antibody
(1:1,000; cat. no. 9532; Cell Signaling Technology, Inc.) and
anti-B-actin antibody (1:10,000; cat. no. sc-58679; Santa Cruz
Biotechnology, Inc.), overnight at 4°C. Subsequently, the
membranes were incubated with rabbit anti-mouse IgG-HRP
(1:5,000; cat. no. sc-358917; Santa Cruz Biotechnology,
Inc.) or goat anti-rabbit IgG-HRP (1:5,000; cat. no. sc-2004;
Santa Cruz Biotechnology, Inc.) for 1 h at room temperature.
The bands were visualized using ECL kit (Nanjing KeyGen
Biotech Co., Ltd.) followed by exposure to X-ray film (Kodak).

Reverse transcription-quantitative (RT-q)PCR. After the
extraction of total RNA using PureZOL RNA isolation
reagent (Bio-Rad Laboratories, Inc.), it was reverse transcribed
to cDNA using the ReverTra Ace qPCR RT kit (Toyobo
Life Science) at 37°C for 15 min. Subsequently, gPCR was
performed using the KOD SYBR qPCR mix (Toyobo Life
Science) to quantify the mRNA expression levels of LC3A and
Beclin-1. The thermocycling conditions used for gPCR were
as follows: Initial denaturation at 98°C for 2 min; 40 cycles of
denaturation at 98°C for 10 sec and annealing and extension
at 61°C for 30 sec. The quantified results were determined using
the 224% method with (3-actin as the internal reference (22).
The sequences of the primers were as follows: LC3A
forward, 5SS AGCGAGTTGGTCAAGATCATC3' and reverse,
5'GGTTTCCTGGGAGGCGTAGA3Z'"; Beclin-1 forward,
5S'TCAGAGATACCGACTTGTTCCTTACS3' and reverse,
5S'ACTGCCTCCTGTGTCTTCAATC3'; and p-actin forward,
5'TCGTGCGTGACATTAAGGAGAA3J' and reverse, SAGG
AAGGAAGGCTGGAAGAGTS3.

Statistical analysis. The experiments were performed in tripli-
cate. Statistical analyses were performed using SPSS software
version 22.0 (IBM Corp.), and plots were generated using
GraphPad Prism Software version 7.00 (GraphPad Software,
Inc.). Data are presented as the mean + standard deviation
for continuous variables and n (%) for categorical variables.
Comparisons between two independent groups of continuous
data were analyzed using an unpaired Student's t-test.
Comparisons between two independent groups of categorical
data were analyzed usingthe ¥’ test or Fisher's exact test.
Comparison between two paired groups was performed
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using the paired t-test. Multiple comparisons among groups
was performed using one-way ANOVA followed by Tukey's
multiple-comparisons test. P<0.05 was considered to indicate
a statistically significant difference.

Results

Basic characteristics of patients. A total of 14 males and five
females, aged 47-75 years, including six patients with adeno-
carcinomas and 13 with squamous cell carcinomas, were
included in the Apatinib plus docetaxel group. Moreover,
12 males and eight females, aged 48-75 years, including
10 patients with adenocarcinomas and 10 with squamous cell
carcinomas, were included in Docetaxel group. There was no
difference in sex, age or histological type between the two
groups (all P>0.05).

Treatment efficacy. After the four cycles of treatment, the CR
was the same (0 vs. 0%; P=1.000), while the ORR (37 vs. 10%;
P=0.047) and DCR (84 vs.45%; P=0.011) were increased in the
Apatinib plus docetaxel group compared with the Docetaxel
group, respectively (Table I). These results indicated that
apatinib plus docetaxel was more efficient compared with
docetaxel alone in treating patients with advanced NSCLC.

AEs occurrence. The occurrences of total hypertension
(58 vs. 0%, P<0.001) and total hand-foot syndrome (26 vs. 0%,
P=0.014) were significantly higher in the Apatinib plus
docetaxel group compared with those in the Docetaxel group,
respectively. However, no differences in any other AEs, such as
neutropenia, were present between the Apatinib plus docetaxel
group and the Docetaxel group (Table II). Moreover, all the
AEs in the two groups were mild and tolerable.

Autophagy markers. Representative IHC staining images are
presented in Fig. 1A. Semi-quantitative IHC scoring demon-
strated that in the Docetaxel group, Beclin-1 (P<0.01) and
LC3A (P<0.05) expression levels were increased after two
cycles of treatment compared with the levels prior to treatment
(Fig. 1B and C), while in the Apatinib plus docetaxel group,
the expression levels remained similar after two cycles of treat-
ments compared with the pre-treatment score (both P>0.05;
Fig. 1B and C). These results suggested that apatinib attenu-
ated autophagy in advanced NSCLC induced by docetaxel for
=2 cycles (treatment duration, 42 days).

Validation of docetaxel resistance of A549/DTX cells.
A549/DTX cells demonstrated increased relative cell viability
compared with wild-type A549 cells under 2.5, 5, 10 and
20 uM docetaxel treatment (P<0.05), which suggested that
A549/DTX cells were docetaxel resistant (Fig. S1).

Combination treatments on A549/DTX cells. A549/DTX
cells were treated with 10 xM docetaxel, 20 M rapamycin
and 50 mM 3-MA alone or in combination (Fig. 2). Docetaxel
treatment increased the protein expression levels of LC3A,
Beclin-1, p-AKT and PARP in A549/DTX cells compared
with the control (P<0.05; Fig. 2A and D). Rapamycin plus
docetaxel treatments further increased the protein expression
levels of LC3A, Beclin-1, p-AKT and PARP compared with

HU et al: APATINIB SYNERGIZES DOCETAXEL IN TREATING ADVANCED NSCLC

Table I. Treatment response between the Apatinib plus
docetaxel group and the Docetaxel group.

Docetaxel Apatinib plus
Parameter group docetaxel group P-value
CR,n (%) 0(0) 0(0) 1.000
PR, n (%) 2 (10) 7@37) 0.047
SD, n (%) 7(35) 9 47) 0433
PD, n (%) 11 (65) 3 (16) 0.011
ORR, n (%) 2 (10) 7 (37) 0.047
DCR,n (%) 9 (45) 16 (84) 0.011

Docetaxel group, n=20. Apatinib plus docetaxel group, n=19. CR,
complete remission; PR, partial remission; SD, stable disease; PD,
progressive disease; ORR, overall remission rate; DCR, disease
control rate.

docetaxel treatment in A549/DTX cells (P<0.05; Fig. 2A),
while 3-MA plus docetaxel treatments reduced LC3A,
Beclin-1, p-AKT and PARP expression levels compared with
docetaxel treatment in A549/DTX cells in A549/DTX cells
(P<0.05; Fig. 2D). Furthermore, the mRNA expression levels
of LC3A and Beclin-1 exhibited similar trends to the protein
expression levels in most groups of A549/DTX cells (P<0.05;
Fig. 2B, C,E and F).

The cell apoptotic rate was decreased in the Rapamycin
group (P<0.01), while it was increased in 3-MA group (P<0.01)
and Docetaxel group (P<0.001) compared with the Control
group (Fig. 3A and B). In addition, the cell apoptotic rate was
reduced in the Docetaxel plus Rapamycin group (P<0.05), but
it was enhanced in the Docetaxel plus 3-MA group compared
with Docetaxel group (P<0.05; Fig. 3A and B). These results
suggested that autophagy attenuated the effect of docetaxel to
induce apoptosis in A549/DTX cells.

Apatinib synergized the effect of docetaxel in the treatment of
A549/DTX cells via regulating autophagy. Apatinib (10 M)
and docetaxel (10 uM) were used to treat A549/DTX cells
alone or in combination. Apatinib reduced the protein expres-
sion levels of LC3A, Beclin-1 and p-AKT in docetaxel-treated
A549/DTX cells (P<0.05), while the expression of PARP was
not notably affected (P>0.05; Fig. 4A). Moreover, the mRNA
expression levels of LC3A and Beclin-1 exhibited similar
trends to their protein expression in each group of A549/DTX
cells (P<0.05; Fig. 4B and C).

The cell apoptotic rate was increased in Docetaxel alone
and Apatinib alone groups compared with the control group
(both P<0.001), but also in the Apatinib plus docetaxel group
compared with the Docetaxel group (P<0.05) and Apatinib
group (P<0.01; Fig. 4D and E). Thus, it was indicated that
apatinib synergized the effect of docetaxel in treating
A549/DTX cells via suppressing autophagy.

Synergism of apatinib with docetaxel in treating
wild-type A549 cells. Apatinib (10 xM) and docetaxel (10 M)
were used to treat wild-type A549 cells alone or in combina-
tion. In wild-type A549 cells, docetaxel had a less pronounced
effect on enhancing the autophagy markers LC3A and
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Table II. Adverse events between the Apatinib plus docetaxel group and the Docetaxel group.

Docetaxel group

Apatinib plus docetaxel group

Parameter Grade 1-2 Grade 3-4 Total Grade 1-2 Grade 3-4 Total P-value®
Neutropenia, n (%) 15 (75) 0(0) 15 (75) 16 (84) 0(0) 16 (84) 0476
Thrombocytopenia, n (%) 4 (20) 0 (0) 4 (20) 5 (26) 0 (0) 5(26) 0.640
Anemia, n (%) 4 (20) 0 (0) 4 (20) 2 (11) 0 (0) 2 (11) 0412
Hypertension, n (%) 0 (0) 0 (0) 0 (0) 10 (53) 1(5 11 (58) <0.001
Hand-foot syndrome, n (%) 0(0) 0 () 0(0) 5 (26) 0(0) 5(26) 0.014
Fatigue, n (%) 4 (20) 0(0) 4 (20) 7@37) 0(0) 7@37) 0.243
Proteinuria, n (%) 0(0) 0(0) 0(0) 3(16) 0(0) 3(16) 0.064
Hemorrhage, n (%) 0 (0) 0 (0) 0 (0) 1(5) 0 (0) 1(5) 0.297
Oral mucositis, n (%) 1(5) 0 (0) 1(5) 0 (0) 1(5) 1(5) 1.000
Nausea, n (%) 16 (80) 0 (0) 16 (80) 15 (79) 0 () 15 (79) 0.935
Diarrhea, n (%) 0(0) 0 () 0(0) 0(0) 0(0) 0(0) 1.000
Hyperbilirubinemia, n (%) 4 (20) 0(0) 4 (20) 3(16) 0(0) 3(16) 0.732
Elevated transaminase, n (%) 2 (10) 0 (0) 2 (10) 2(11) 0(0) 2 (11) 0.957
*Comparison of total adverse events. Docetaxel group, n=20. Apatinib plus docetaxel group, n=19.
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Figure 1. Beclin-1 and LC3A expression levels pre- and post-treatment. (A) IHC staining images for Beclin-1 and LC3A pre- and post-treatment in the Apatinib
plus docetaxel group and Docetaxel group (magnification, x400). (B) IHC semi-quantitative score of Beclin-1 expression. (C) IHC semi-quantitative score of
LC3A expression. "P<0.05. IHC, Immunohistochemistry; LC3A, light chain 3a; NS, not significant.

Beclin-1, while apatinib exhibited a notable effect to repress
autophagy markers (Fig. SA). Furthermore, the cell apop-
tosis rate was significantly increased in the Docetaxel alone
and Apatinib alone groups compared with the control group
(both P<0.001), and also in the Apatinib plus docetaxel group
compared with the Docetaxel group (P<0.05) and Apatinib
group (P<0.05; Fig. 5B and C). These results suggested that

apatinib exhibited a synergistic effect with docetaxel in the
treatment of wild-type A549 cells.

Discussion

The present study demonstrated that: i) Apatinib plus docetaxel
improved the treatment efficacy and attenuated autophagy
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Figure 2. LC3A, Beclin-1, AKT, p-AKT and PARP expression levels following treatment with rapamycin, 3-MA and docetaxel. (A) LC3A, Beclin-1, AKT,
p-AKT and PARP protein expression levels after rapamycin and docetaxel treatment. (B) LC3A and (C) Beclin-1 mRNA expression levels after rapamycin and
docetaxel treatment. (D) LC3A, Beclin-1, AKT, p-AKT and PARP protein expression levels after 3-MA and docetaxel treatment. (E) LC3A and (F) Beclin-1
mRNA expression levels after 3-MA and docetaxel treatment. P<0.05, “P<0.01 and "*P<0.001. LC3A, light chain 3a; p-AKT, phosphorylated AKT;
3-MA, 3-methyladenine; PARP, poly (ADP) ribose polymerase.
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Figure 3. Cell apoptotic rate of A549/DTX cells affected by rapamycin, 3-MA and docetaxel treatment. (A) Representative flow cytometry images of cell
apoptosis and (B) bar graph presenting the cell apoptosis rate following treatment with rapamycin, 3-MA and docetaxel. "P<0.05, “P<0.01 and *"P<0.001.
3-MA, 3-methyladenine.

compared with docetaxel alone in patients with advanced on A549/DTX cells; and iii) apatinib sensitized A549/DTX cells
NSCLG; ii) autophagy reduced the cytotoxic effect of docetaxel  to the cytotoxic effect of docetaxel by repressing autophagy.
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Figure 4. LC3A, Beclin-1, AKT, p-AKT and PARP expression levels and cell apoptosis rate of A549/DTX cells following apatinib and docetaxel treatment.
(A) LC3A, Beclin-1, AKT, p-AKT and PARP protein expression levels after apatinib and docetaxel treatment. (B) LC3A mRNA expression after apatinib
and docetaxel treatment. (C) Beclin-1 mRNA expression after apatinib and docetaxel treatment. (D) Representative flow cytometry images of cell apoptosis
and (E) bar graph presenting the cell apoptosis rate following treatment with apatinib and docetaxel. "P<0.05, “P<0.01 and ““P<0.001. LC3A, light chain 3a;

p-AKT, phosphorylated AKT; PARP, poly (ADP) ribose polymerase.
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Figure 5. LC3A and Beclin-1 expression levels, and cell apoptosis rate of wild-type A549 cells following apatinib and docetaxel treatment. (A) LC3A and
Beclin-1 expression levels after apatinib and docetaxel treatment. (B) Representative flow cytometry images of cell apoptosis and (C) bar graph presenting the
cell apoptosis rate following treatment with apatinib and docetaxel. "P<0.05, “P<0.01 and "“P<0.001. LC3A, light chain 3a.

Anti-angiogenesis drugs plus chemotherapy have been
introduced to treat several types of cancer at the advanced
stage, including advanced/metastatic urothelial carcinoma,
advanced gastric cancer and advanced NSCLC, as second-line
treatments or beyond (23-25). For instance, ramucirumab

plus docetaxel prolongs progression-free survival and overall
survival compared with docetaxel alone in patients with
stage IV NSCLC, when administered during or after a first-line
platinum-based chemotherapy regimen (25). As the first
independently developed small-molecule anti-angiogenesis
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agent in China, apatinib has attracted increased attention in
the oncology field (4). Previous studies examining apatinib
plus chemotherapy in treating advanced cancer have focused
on cancer types including gastric, colorectal and ovarian
cancer, while studies reporting on its use in treating NSCLC
are currently limited (8,9). For instance, in a single-center,
open-label, dose-escalating phase I trial it was observed that
apatinib plus docetaxel was well tolerated and exhibited
promising efficacy in patients with advanced lung adeno-
carcinoma; however, the study only included 12 patients and
lacked a control group who only receive docetaxel (8). Another
multi-center, prospective study revealed that apatinib plus
docetaxel achieved an ORR of 33% and a DCR of 67% in the
treatment of patients with advanced non-squamous NSCLC,
but the study only included 14 patients and also lacked a group
treated with docetaxel as a control (9).

In the present study, in order to assess the efficacy and
safety of apatinib plus docetaxel in treating advanced NSCLC,
39 patients with primary NSCLC at stage IV or recurrent
metastatic NSCLC refractory/intolerant to standard therapy
were enrolled and treated with apatinib plus docetaxel or
with docetaxel alone. The results indicated that apatinib
plus docetaxel achieved a higher ORR (37 vs. 10%) and
DCR (84 vs. 45%) compared with docetaxel alone in these
patients. Furthermore, in the tumor tissue of patients treated
with docetaxel, the expression levels of Beclin-1 and LC3A
were increased post-treatment compared with to those prior
to treatment, while these remained unchanged in the apatinib
plus docetaxel-treated group. Thus, it was suggested that
apatinib may enhance the efficacy of docetaxel via attenuating
autophagy in patients with advanced NSCLC. A possible
explanation for the present findings is that autophagy signifi-
cantly contributes to the resistance of NSCLC to docetaxel,
while apatinib inhibits autophagy via regulating pathways,
including AKT/mTOR and VEGFR2/STAT3/Bcl-2, in
cancer (15-17), and therefore, its application enhances the
efficacy of docetaxel in patients with advanced NSCLC. This
hypothesis was further evaluated via the subsequent in vitro
experiments of the present study. Moreover, as previously indi-
cated, apatinib increases the uptake of docetaxel into NSCLC
cells and drug-resistant NSCLC cells (19), which may explain
how apatinib improved the treatment outcome of docetaxel in
patients with advanced NSCLC in the current study.

Docetaxel resistance is a critical issue in treating advanced
NSCLC, and its potential underlying mechanisms have
been elucidated, including the implication of intracellular
multidrug resistance-associated protein P-glycoprotein, lung
resistance protein, glutathione transferase and t-structural
changes of intracellular microtubules topoisomerase (26). In
addition, it has been reported that high-mobility group box
1-mediated autophagy contributes to docetaxel resistance in
lung adenocarcinoma (27), while another study revealed that
Klotho-mediated autophagy was closely involved in chemo-
therapy resistance (including docetaxel resistance) in lung
cancer (28). In the present study, it was also demonstrated
that autophagy attenuated the cytotoxic effects of docetaxel
on A549/DTX cells, which was in line with these previous
findings.

With regards to the autophagy regulation of apatinib,
this drug was previously reported to regulate autophagy via
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controlling the AKT/mTOR pathway in anaplastic thyroid
cancer (15). Moreover, apatinib can modulate autophagy
markers and the AKT/mTOR pathway in colon cancer (16),
as well as regulate autophagy and apoptosis of osteosarcoma
cells via the VEGFR2/STAT?3/Bcl-2 signaling pathway (17).
However, to the best of our knowledge, its regulation of
autophagy in NSCLC has not been previously reported.
The present results suggested that in the Docetaxel group,
Beclin-1 and LC3A expression levels were increased in
NSCLC tumor tissues post-treatment compared with that
prior to treatment, while these remained unchanged in the
Apatinib plus docetaxel group. Therefore, it was speculated
that apatinib may also regulate autophagy in docetaxel-treated
patients with advanced NSCLC. Furthermore, the results of
the in vitro experiments indicated that autophagy attenuated
the cytotoxic effect of docetaxel on A549/DTX cells. Thus,
the effect of apatinib to regulate autophagy in the presence of
docetaxel in A549/DTX cells was further investigated, which
demonstrated that apatinib sensitized A549/DTX cells to the
cytotoxic effects of docetaxel via repressing autophagy. The
possible mechanism may be that apatinib inhibits autophagy
via regulating the AKT/mTOR and VEGFR2/STAT3/Bcl-2
pathways (15-17), leading to an increase in the anti-cancer
efficacy of docetaxel. However, the detailed molecular mecha-
nisms underlying apatinib-mediated inhibition of autophagy
were not investigated in the present study, which was a limit of
the present study and requires further investigation.

In conclusion, apatinib synergizes the effect of docetaxel in
treating patients with advanced NSCLC or recurrent/refractory
NSCLC, as well as chemoresistant NSCLC cells via regulating
autophagy. The present findings may provide novel evidence
for the combined application of apatinib and docetaxel in
treating advanced NSCLC and recurrent/refractory NSCLC.
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