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Abstract: Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) have been used as first-line recom-
mended therapy for EGFR mutant non-small cell lung cancer patients. However, epithelial-mesenchymal transition
(EMT) can reduce EGFR-TKI sensitivity and lead to resistance. This study was designed to investigate the reversal
effect of astragalus polysaccharides (APS) on gefitinib resistance (GR) and to elucidate the underlying mechanisms.
PC9 and HCC827 lung cancer cells were stimulated by TGF-B1 to develop EMT-associated GR cells. Cell prolifera-
tion, migration and apoptosis assays were used to confirm the effect of gefitinib on GR cells and the therapeutic
effect of APS on GR cells after knockdown and over-expression of related signaling pathways. Reverse transcription
polymerase chain reaction, western blotting, and immunofluorescent staining assays were used to evaluate the ex-
pression levels of E-cadherin, N-cadherin, vimentin, PD-L1, and SREBP-1. Furthermore, proliferation and migration
abilities were enhanced, while apoptosis ability was weakened in EMT-associated GR cells. After over-expression of
PD-L1, expression levels of N-cadherin, vimentin and SREBP-1 increased, while expression of E-cadherin decreased.
After knockdown of PD-L1 or SREBP-1, E-cadherin expression increased, while expression of N-cadherin and vi-
mentin decreased. Further studies revealed that APS promoted apoptosis and reduced proliferation and migration
abilities in GR cells. Moreover, APS increased expression of E-cadherin and decreased expression of N-cadherin
and vimentin, indicating that it may be related to inhibition of the PD-L1/SREBP-1/EMT signaling pathway. Based
on these findings, it can be concluded that APS can reverse acquired resistance to gefitinib in lung cancer cells by
inhibiting the PD-L1/SREBP-1/EMT signaling pathway.
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Introduction with EGFR-TKIs [3]. Research has shown that
approximately half of the patients developed

Lung cancer is a common malignant tumor and epithelial-mesenchymal transition (EMT) after

its morbidity and mortality rank first in the
world. Non-small cell lung cancer (NSCLC)
accounts for ~80-90% of lung cancers. Lung
adenocarcinoma is the main pathological type
of NSCLC, accounting for ~50-60% of NSCLC
types. NSCLC five-year survival rate is only 15%
[4]. In terms of treatment, epidermal growth
factor receptor-tyrosine kinase inhibitors (EG-
FR-TKIs) have a significant effect on EGFR mu-
tant NSCLC and have been used as first-line
recommended treatment for these patients [2].
However, most patients may develop resis-
tance 9-13 months after the initial treatment

using EGFR-TKIs [4].

EMT refers to transformation of cells from the
epithelial to mesenchymal phenotype, which is
closely related to occurrence, in-situ invasion,
and distant metastasis of tumors [5, 6]. It is
also closely related to NSCLC prognosis and its
sensitivity and resistance to EGFR-TKIs [7, 8].
Therefore, EMT may be closely related to the
generation of acquired EGFR-TKI resistance in
NSCLC patients. Current studies have confir-
med that EMT in cancer cells is closely related
to up-regulation of programmed death ligand 1
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(PD-L1) [9]. PD-L1 is an important regulatory
molecule of the immune system [10]. Cancer
cells can up-regulate PD-L1 expression, thus
inhibiting the function of T cells and antigen-
presenting cells, thereby causing immune es-
cape of cancer cells. It has been reported that
EGFR-TKIs can down-regulate the expression of
PD-L1 in lung cancer cells [11]. Studies have
shown that PD-L1 induces EMT in cells by acti-
vating sterol regulatory element-binding protein
1 (SREBP-1) and is involved in promoting inva-
sion and metastasis of skin and kidney cancer
cells [12, 13]. SREBP-1 is a major transcription
factor regulating expression of lipid synthesis
genes and is involved in the occurrence and
development of cancers. Abnormal expression
of SREBP-1 exists in many kinds of cancers,
including lung adenocarcinoma, prostate can-
cer, and breast cancer [14]. It has been report-
ed that inhibition of SREBP-1 increases lung
adenocarcinoma sensitivity to gefitinib [15].

Some studies [16, 17] have shown astragalus
polysaccharides (APS) inhibits metastasis in
non-small cell lung carcinoma cell lines and
clinical feasibility of APS for maintenance ther-
apy in patients with lung cancer. Moreover, the
combined treatment of APS significantly im-
proved clinical symptoms [17, 18]. Traditional
Chinese medicine can act on multiple targets,
participating in overall regulation and having
the advantage of improving or reversing drug
resistance. This study was designed to explore
whether APS could reverse the acquired resis-
tance of lung adenocarcinoma cells to gefitinib
by inhibiting the PD-L1/SREBP-1/EMT signaling
pathway.

Materials and methods
Cell culture and treatment

Human lung adenocarcinoma cell lines (PC9,
HCC827, Cell Resource Center of the Chinese
Academy of Medical Sciences, Beijing, China)
were cultured in 5% CO, at 37°C in RPMI 1640
(Hyclone, USA) supplemented with 10% fetal
bovine serum (FBS, Excell, Australia), 100 U/
mL penicillin, and 100 U/mL streptomycin.
Cells treated with 10 ng/mL transforming
growth factor-B1 (TGF-B1, Peprotech, USA) for
six days were used in the following experiments
as an example of morphological and EMT phe-
nomena. The culture medium was replaced
every two days. TGF-B1 was dissolved in citric
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acid (pH 3.0) to a concentration of 10 ug/mL,
stored at -20°C, and diluted in culture medium
to the required concentration of 10 ng/mL.
Gefitinib (AstraZeneca Medicine, UK) was dis-
solved in DMSO to a concentration of 20 mM,
stored at -20°C, and diluted in culture medium
to the required concentration (0.1-20 uM). APS
(Pujingkangli Technology, China) were dissolved
in DMSO to a concentration of 28 mg/mL,
stored at -20°C, and diluted in culture medium
to the required concentration of 200 mg/L.

Small interfering RNA (siRNA) transfection

PD-L1-siRNA (STB0O010934A), SREBP-1-siRNA
(STBOOO7997A), and negative control siRNA
were purchased from RiboBio (Guangzhou,
China). Transfection was performed using jet-
PRIME transfection reagent (Polyplus Trans-
fection, France) following the manufacturer’s
instructions. The culture medium was changed
12 h after transfection. Cells were harvested
after 24 h for use in various assays.

Construction of expression plasmids and
transfection

The entire coding sequence of human PD-L1
was inserted into the mammalian expression
plasmid pcDNA3.0 along with the N-terminal
Flag tag. Cells were transfected with the con-
struct plasmid.

RNA isolation and reverse transcriptase-poly-
merase chain reaction (RT-PCR)

Total RNA was isolated from cell lines and tis-
sues using Trizol reagent (Thermo, USA). A total
of 2 ug RNA were reverse transcribed into sin-
gle-strand cDNA in 20 uL of reaction buffer
using a reverse transcriptase kit (TIANGEN,
China). For RT-PCR, each experiment was per-
formed in 20 pL of reaction volume according
to the manufacturer’s protocol. Thermal cycle
conditions were as follows: 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 30 s and 60°C
for 1 min. The primers used for real-time PCR
are listed in Table 1. GAPDH was chosen as an
internal control. All reactions were carried out
in triplicate to evaluate their reproducibility.

Protein quantification and western blot analy-
Sis

Protein was extracted and lysed in the RIPA buf-
fer. After quantification using the BCA method,
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Table 1. Primers used for RT-PCR

Name Accession No. Sequences (5'-3’) Product size (bp)

E-cadherin for human NM_004360 Forward CGAGAGCTACACGTTCACGG 119
Reverse  GGGTGTCGAGGGAAAAATAGG

vimentin for human NM_003380 Forward AGTCCACTGAGTACCGGAGAC 98
Reverse =~ CATTTCACGCATCTGGCGTTC

N-cadherin for human NM_001792 Forward TGCGGTACAGTGTAACTGGG 123
Reverse  GAAACCGGGCTATCTGCTCG

PD-L1 for human NM_014143 Forward TGGCATTTGCTGAACGCATTT 120
Reverse  TGCAGCCAGGTCTAATTGTTTT

SREBP-1 for human NM_001005291 Forward CGGAACCATCTTGGCAACAGT 141
Reverse ~ CGCTTCTCAATGGCGTTGT

GAPDH for rat NM_001256799 Forward ACAACTTTGGTATCGTGGAAGG 101
Reverse ~ GCCATCACGCCACAGTTTC

30 pg of protein were re-suspended in Laem-
mli buffer, separated by 12% SDS-PAGE, and
then transferred to a membrane and subjected
to immunoblotting. Membranes were incubat-
ed with primary antibodies (anti-E-cadherin:
#3195, Cell Signaling; anti-vimentin: #5741,
Cell Signaling; anti-N-cadherin: #14215, Cell
Signaling; anti-PD-L1: ab213524, Abcam; anti-
SREBP-1: ab28481, Abcam; and anti-GAPDH;
#ab6276, Abcam) at 4°C overnight, followed by
incubation with an HRP-conjugated secondary
antibody. GAPDH was used as an internal con-
trol. All antibodies were diluted with a TBST buf-
fer solution (primary antibodies: 1:1000, sec-
ondary antibodies: 1:5000). The ECL reagent
was used for protein detection. Membrane im-
munocomplexes were visualized using Image
Lab Software (BIO-RAD) with Immobilon Wes-
tern Chemiluminescent HRP Substrate (Milli-
pore, USA).

Cell proliferation assay

CellTiter 96 AQueous One Solution Cell Pro-
liferation Assay kit (Dojindo, Japan) was used to
determine the viability of cells with different
treatments according to the manufacturer’s
protocol. Cells with or without transfection for
the duration of 24 h were seeded in 96-well
plates. After 4 h, cells were exposed to gefitinib
and/or APS (vehicle was used as a control) in
fresh medium for additional 72 h. After washing
with PBS, cells in each well were incubated with
10 L of CellTiter 96 AQueous One Solution
reagent mixed with 100 uL of culture medium
at 37°Cfor 2 h in a humidified atmosphere with
5% CO,. The supernatant culture medium was
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collected and absorbance at 450 nm was
recorded using a 96-well plate reader.

Cell apoptosis assay

Annexin V-FITC/propidium iodide (PI, 70-AP101-
30, MultiSciences, China) double-staining was
used to measure apoptosis of human lung ade-
nocarcinoma cells according to the manufac-
turer’s protocol. Human lung adenocarcinoma
cells were seeded into 12-well plates and then
harvested after different treatments. The cells
were then fluorescently labeled for detection of
apoptotic and necrotic cells by adding 5 L of
annexin V-FITC and 5 uL of PI to each sample.
Samples were mixed gently and incubated at
room temperature in the dark for 15 min. Just
before flow cytometry analysis, 300 L of bind-
ing buffer were added to each sample (BD
Bioscience, USA). Acquired data were analyzed
using FlowJo software (Treestar Inc, USA).

Transwell migration assay

Transwell migratory apparatus (Costar, Corning
Costar, MD, USA) was used for the migration
assay. Approximately 1x10° cells with different
treatments in 200 pyL of RPMI 1640 medium
were placed in the upper chamber and 1 mL of
complete RPMI 1640 medium was placed in
the lower chamber. After 24-48 h in culture,
cells were fixed in 4% paraformaldehyde meth-
anol for 30 min and then stained with 0.1%
crystal violet in PBS for 30 min. Cells on the
upper side of the filters were removed with cot-
ton-tipped swabs and the filters were washed
with PBS. Cells on the underside of the filters
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were viewed and counted under a microscope
(Leica, Germany).

Immunofluorescent staining

Slides with cells undergoing different treat-
ments were washed in PBS three times, fixed
with 4% paraformaldehyde in PBS for 15 min,
and permeabilized with 0.3% Triton X-100 in
PBS for 10 min. Non-specific binding sites were
blocked by a 15-min incubation in 20% normal
donkey serum (Solarbio, Beijing) in PBS. The
cells were then incubated with primary antibod-
ies at 4°C overnight. After three 5-min washes
with PBS, cells were incubated with anti-rabbit
Alexa Fluor 488-conjugated secondary anti-
bodies (1:200, Thermo, USA) for 2 h at room
temperature. Following three 5-min washes
with PBS, cells were mounted on slides with
mounting medium with DAPI (Molecular Probes,
USA). Cells were examined and photographed
with a confocal microscope (FV300, Olympus).

Statistical analysis

All experiments were carried out at least three
times. Data were represented as means =+
SEM. Differences between groups were calcu-
lated using Student’s t-test. Statistical signifi-
cance was defined as P<0.05 for a two-tailed
test. All statistical analyses were carried out
with Graphpad Prism 7.0 software.

Results

Establishment of EMT-associated lung adeno-
carcinoma cells

EMT-associated lung adenocarcinoma cells
PC9 and HCC827 were established as des-
cribed previously [19]. Cells stimulated with
TGF-B1 (10 ng/mL) showed remarkable mor-
phological changes into spindle-shaped cells
with loose cell connections (Figure 1A, 1B).
EMT markers were examined to evaluate
whether EMT had occurred in lung adenocarci-
noma cells. It was found that vimentin and
N-cadherin protein expression was elevated,
while E-cadherin expression was lower in both
cell types compared to their respective paren-
tal cells (Figure 1C, 1D). EMT marker mRNA
expression was also examined using RT-PCR. It
was shown that mRNA expression of vimentin
and N-cadherin was significantly increased,
while E-cadherin mRNA expression was de-
creased after TGF-B1 stimulation. These results
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were consistent with those of western blot
assays (Figure 1E, 1F).

Relationship between EMT-associated lung
adenocarcinoma cells and gefitinib resistance
(GR)

This study sought to determine the relationship
between EMT-associated lung adenocarcinoma
cells and GR. It was found that gefitinib-induced
inhibition of proliferation and promotion of
apoptosis were weakened in EMT-associated
lung adenocarcinoma cells (Figure 2A-D). In
addition, the inhibition effect of gefitinib on
lung adenocarcinoma cell migration was also
significantly weakened. This indicated that
EMT-associated lung adenocarcinoma cells
were resistant to gefitinib (Figure 2E, 2F).

Expression of PD-L1 and SREBP-1 in EMT-
associated lung adenocarcinoma cells

To investigate potential roles of PD-L1 and
SREBP-1 in EMT-associated lung adenocarci-
noma cells, their expression levels were detect-
ed. It was found that PD-L1 and SREBP-1
expression levels were significantly increased
in these cells (Figure 3A, 3B).

EMT is regulated in lung adenocarcinoma cells
via the PD-L1/ SREBP-1 signaling pathway

The PD-L1/SREBP-1 signaling pathway role in
promoting EMT in lung adenocarcinoma cells
was further explored. E-cadherin, N-cadherin,
and vimentin are well-established EMT bio-
markers. In this study, western blot, RT-PCR,
and immunofluorescence (IF) data showed that
over-expression of PD-L1 promoted expression
of SREBP-1, induced a decrease in E-cadherin
expression, and increased vimentin and N-
cadherin expression in NSCLC cells (Figure 4).
PD-L1 and SREBP-1 gene knockdown with spe-
cific siRNAs decreased expression of vimentin
or N-cadherin and increased expression of
E-cadherin (Figure 5A-D). In addition, IF stain-
ing was also used to examine the expression of
E-cadherin and vimentin (Figure 5E, 5F).
Results showed that EMT was regulated by the
PD-L1/SREBP-1 signaling pathway.

APS reversed GR in EMT-associated lung ad-
enocarcinoma cells

In our present study, the inhibitory concentra-
tion of APS in GR cells was 187.7 mg/L. An APS
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Figure 1. Effects of TGF-B1 on expression of E-cadherin, N-cadherin and vimentin. Cells were stimulated by TGF-1
(10 ng/mL) at different times (DO, 2, 4, and 6). A, B. Cells stimulated with TGF-B1 exhibited morphological changes
into spindle-shaped cells with loose cell connections. Observations were made using a light microscope (x200).
C, D. Western blot results showed that vimentin and N-cadherin expression levels increased significantly, while E-
cadherin expression decreased after TGF-B1 stimulation. E, F. RT-PCR results showed that vimentin and N-cadherin
expression levels increased significantly, while E-cadherin expression decreased after TGF-B1 stimulation. Data are
represented as mean + SEM (n=3). All experiments were repeated at least three times and representative data are
shown. **P<0.01, compared to DO group. A, C, E. HCC827 cells; B, D, F. PC9 cells.

concentration of 200 mg/L was selected for
this study according to experimental results
and relevant literature [20]. The proliferation
inhibition rate of GR cells treated with gefitinib
and APS was higher than that of GR cells treat-
ed with gefitinib (Figure 6A, 6B). Cell apoptosis
assay showed that APS could further promote
apoptosis of GR cells (Figure 6C, 6D). After
treatment with APS combined with gefitinib, GR
cells’ migration ability was further reduced
(Figure 6E, 6F).
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APS reversed GR by regulating the PD-L1/
SREBP-1/EMT signaling pathway

Lung adenocarcinoma cells were treated with
APS for 48 h after TGF-B1 stimulation for six
days. Western blot and RT-PCR data showed
that APS can reduce expression of PD-L1 and
SREBP-1 and increase expression of E-cadherin,
thus enhancing sensitivity of GR cells (Figure
7). In order to further verify whether APS can
reverse GR cell resistance via the PD-L1/
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Figure 2. Effects of gefitinib on lung adenocarcinoma cells with EMT (cells were stimulated with TGF-B1 [10 ng/mL]
for six days). Cells with EMT treated with or without gefitinib (G, 1 uM, D1). A-D. Cell proliferation and apoptosis as-
says showed gefitinib effects on proliferation inhibition and apoptosis promotion were weakened in EMT-associated
lung adenocarcinoma cells. Data represent percentage of annexin V single positive (early apoptosis) and annexin
V/PI double positive (late apoptosis) cells. Lower left quadrant contains the vital (double negative) population, up-
per left quadrant contains the damaged (annexin V-/Pl+) cells, upper right quadrant contains the late apoptotic
(annexin V+/PI+) cells, and lower right quadrant contains the early apoptotic (annexin V+/PI-) population. E, F.
Cell migration assays showed the effect of gefitinib on migration inhibition in lung adenocarcinoma cells was also
significantly weakened. Data are represented as mean + SEM (n=3). All experiments were repeated at least three
times and representative data are shown. *P<0.05, **P<0.01, compared to control group. A, C, E. HCC827/EMT
cells; B, D, F. PCO/EMT cells.
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Figure 4. Effects of PD-L1 over-expression on expression of SREBP-1, E-cadherin, N-cadherin, and vimentin in lung
adenocarcinoma cells. A, B. Western blot results showed that over-expression of PD-L1 promoted expression of
SREBP-1, induced a decrease in E-cadherin expression, and increased vimentin and N-cadherin expression in lung
adenocarcinoma cells. C, D. RT-PCR also showed that SREBP-1, vimentin, and N-cadherin expression was increased
and E-cadherin expression was decreased. E, F. Immunofluorescent staining showed that SREBP-1 and vimentin
expression was increased and E-cadherin expression was decreased. Data are represented as mean + SEM (n=3).
All experiments were repeated at least three times and representative data are shown. **P<0.01, compared to

control group. A, C, E. HCC827 cells; B, D, F. PC9 cells.

lus methyl glycoside, kaempferol, and querce-
tin, which have a variety of pharmacological
effects [21]. It has been showed that APS can
improve the quality of life in patients with
digestive system cancer [22, 23]. Some stud-
ies have also shown that APS have unique
advantages in regulating the immune response,
inhibiting tumor proliferation, promoting apop-
tosis, and improving cancer resistance [24-31].
It has been shown that APS can exert an anti-
tumor effect in mouse lung cancer [32, 33].
This study demonstrated that APS can effec-
tively inhibit proliferation and migration of GR
lung cancer cells in vitro, suggesting that APS
can reverse GR. This effect may be due to the
inhibition of the PD-L1/SREBP-1/EMT signal-
ing pathway.

In recent years, EGFR-TKIs have become impor-
tant molecular target drugs for treatment of
NSCLC. However, acquired resistance inevita-
bly occurs during the application process, seri-
ously affecting patient quality of life and sur-
vival. In acquired resistance, secondary muta-
tion at the EGFR T790M site and c-met gene
amplification accounted for ~50-60% of chang-
es, while 40% of the resistance mechanism
remain unclear [34]. Currently, third-generation
EGFR-TKIs and c-met inhibitors can be select-
ed for acquired drug resistance caused by sec-
ondary mutation at the T790M site of EGFR
and c-met gene amplification. However, a con-
siderable proportion of drug resistance still
exists without corresponding treatment strate-
gies. EMT is a common mechanism underlying
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the resistance to EGFR-TKIs, beyond secondary
EGFR mutation. EMT accompanied by a loss of
E-cadherin and increase in vimentin expres-
sion, is a process in which epithelial cells lose
their polarity and adhesion, gain migratory abili-
ties, and adopt a mesenchymal phenotype
[35]. This mesenchymal phenotype has been
shown to be associated with aggressive biologi-
cal behavior, such as increased migration and
invasion [36-38]. So far, no available drugs spe-
cifically kill cancer cells via EMT and novel treat-
ment strategies that overcome or prevent EMT
are needed. Studies have shown that APS can
enhance sensitivity of NSCLC, ovarian cancer,
and liver cancer cells to chemotherapeutic
drugs [16, 39, 40]. Therefore, the effect of APS
on EMT was also investigated. It was found that
APS significantly improved expression of epi-
thelial marker E-cadherin and reduced expres-
sion of mesenchymal markers N-cadherin and
vimentin. APS also inhibited proliferation and
migration and promoted apoptosis of EMT-
associated GR cells. Therefore, these data indi-
cate that APS can effectively reverse EMT in GR
lung adenocarcinoma cells, which may lead to
further inhibition of migration in lung cancer
cells. However, the underlying mechanism re-
mains unknown.

The underlying EMT mechanisms have been
extensively studied in recent years. It has been
reported that PD-L1 over-expression promotes
EMT and cancerization of skin epithelial cells,
suggesting that EMT is closely related to the
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Figure 5. Effects of PD-L1 or SREBP-1 knockdown on expression of E-cadherin, N-cadherin, and vimentin in GR cells with EMT. A, B. Western blot results showed that
PD-L1 or SREBP-1 gene knockdown decreased expression of vimentin and N-cadherin and increased expression of E-cadherin. C, D. RT-PCR showed that expression
of E-cadherin was increased. E, F. Inmunofluorescent staining showed that expression of vimentin was decreased and expression of E-cadherin was increased. Data
are represented as mean + SEM (n=3). All experiments were repeated at least three times and representative data are shown. *P<0.05, **P<0.01, compared to
control group. A, C, E. HCC827/GR/EMT cells; B, D, F. PC9/GR/EMT cells.
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Figure 6. Effects of APS on GR cells with EMT. Cells were treated with gefitinib (G, 1 uM, D1) and/or APS (200 mg/L, D1). A, B. Cell proliferation assays showed that
proliferation inhibition rate of GR cells treated with gefitinib and APS was higher than that of GR cells treated with gefitinib. C, D. Cell apoptosis assays showed that
after treatment with APS combined with gefitinib, GR cell apoptosis ability was enhanced. Data represented percentage of annexin V single positive (early apoptosis)
and annexin V/PI double positive (late apoptosis) cells. Lower left quadrant contains the vital (double negative) population, upper left quadrant contains the dam-
aged (annexin V-/Pl+) cells, upper right quadrant contains the late apoptotic (annexin V+/PI+) cells, and lower right quadrant contains the early apoptotic (annexin
V+/Pl-) population. E, F. Cell migration assays showed that GR cell migration ability was weakened. Data are represented as mean + SEM (n=3). All data are repre-
sentative of at least three independent experiments. *P<0.05, **P<0.01, compared to control group. A, C, E. HCC827/GR/EMT cells; B, D, F. PC9/GR/EMT cells.
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Figure 7. Effects of APS (200 mg/L, D2) on expression of E-cadherin, N-cadherin, vimentin, PD-L1 and SREBP-1
in GR cells with EMT. A, B. Western blot showed that APS can reduce expression of PD-L1, SREBP-1, N-cadherin,
and vimentin and concurrently increase expression of E-cadherin. C, D. RT-PCR results showed the expression of E-
cadherin was increased and PD-L1 and SREBP-1 expression levels were decreased. Data are represented as mean
+ SEM (n=3). All data are representative of at least three independent experiments. **P<0.01, compared to control
group. A, C. HCC827/GR/EMT cells; B, D. PC9/GR/EMT cells.

immune escape signaling pathway [12]. PD-L1
is closely related to EMT, invasion, and metas-
tasis of breast, lung, and kidney cancers and
other malignant tumors [41, 42]. Recent stud-
ies have shown that PD-L1 is one of the main
mechanisms for tumor resistance induced by
the interaction between tumor cells and the
tumor microenvironment. The up-regulation of
PD-L1 expression in tumor cells is often closely
related to the occurrence of EMT [9, 43].
Studies have shown that PD-L1 can induce
EMT in cells by activating SREBP-1, thereby pro-
moting invasion and metastasis of skin and
renal cancer cells [12, 13]. SREBP-1 is one of
the key transcriptional regulators of lipid

1653

metabolism and cellular growth. The process of
lipogenesis has been shown to be involved in
the progression of cancer and maintenance of
cancer stem cells [44]. SREBP-1 activity has
been found to maintain cancer cell proliferation
and tumor growth. Studies on the PD-L1/
SREBP-1 signaling pathway are rare. It has
been reported that SREBP-1 is regulated by
PD-L1 in renal cell carcinoma (RCC) cells [45].
The PD-L1/SREBP-1 signaling pathway has
been shown to be involved in RCC cell metasta-
sis [13]. SREBP-1 has been found to mediate
the initial stages of EMT [46]. In the present
study, PD-L1 over-expression promoted SREBP-
1 expression, increased E-cadherin expression,
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Figure 8. Effects of gefitinib (G, 1 uM, D1) and/or APS (200 mg/L, D1) on GR cells with EMT after knockdown of
PD-L1 or SREBP-1. A, B, E, F. Cell proliferation assays showed that the ability of APS to inhibit proliferation of GR
cells was decreased. C, D, G, H. Cell migration assays showed that the ability of APS to inhibit cell migration was
also weakened. Data are represented as mean + SEM (n=3). All experiments were repeated at least three times
and representative data are shown. **P<0.01, compared to control group. A, C, E, G. HCC827/GR/EMT cells; B, D,
F, H. PC9/GR/EMT cells.
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and decreased expression of vimentin and
N-cadherin in lung cancer cells, suggesting that
it promoted EMT. PD-L1 over-expression also
enhanced lung cancer cells proliferation and
migration and weakened their apoptotic ability.
This effect may be attributed to EMT occur-
rence. All of the aforementioned results we-
re reversed when PD-L1 and SREBP-1 were
knocked down, suggesting that the PD-L1/
SREBP-1/EMT pathway may be involved in
acquired resistance to gefitinib. APS did not
only restore GR cell sensitivity to gefitinib, but
also inhibited the EMT process by blocking the
PD-L1/SREBP-1 pathway.

In conclusion, the present study demonstrates
that APS can reverse EMT and significantly
inhibit the proliferation and migration of GR
lung cancer cells and promote their apoptosis.
The underlying mechanism may depend on
inhibition of the PD-L1/SREBP-1/EMT signaling
pathway.
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