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to cisplatin by suppressing endoplasmic reticulum stress and
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Background: Cisplatin is an effective chemotherapeutic drug for treating various cancers including non-
small cell lung cancer (NSCLC), but resistance to cisplatin remains the main limitation to its use in clinic.
Astragaloside IV (AS-IV), which is derived from Astragalus membranaceus, has been proven to participate in
various anti-cancer activities including anti-cancer, anti-oxidative, and anti-inflammatory functions.
Method: In this study, we explored the role of AS-IV in cisplatin chemoresistance to NSCLC cells by
establishing cisplatin-resistant the NSCLC cell lines, A549°* and 11299,

Results: Cisplatin inhibited viability and promoted apoptosis of A549“* and H1299* cells in a dose-
dependent manner. In addition, cisplatin upregulated the levels of autophagy-related proteins (Beclinl, LC3
II/T) and endoplasmic reticulum (ER) stress-related proteins (glucose regulated protein 78: GRP78, protein
kinase R (PKR)-like endoplasmic reticulum kinase: PERK), indicating that cisplatin caused autophagy and
ER stress in NSCLC cells. However, treatment combined with AS-IV dose-dependently suppressed cell
viability and increased the cell apoptosis rate in A549“* and H1299%* cells, suggesting that AS-TV elevated
the anti-tumor role of cisplatin in NSCLC cells. AS-IV treatment suppressed the expression of GRP78
and Beclinl. Inhibition of ER stress or autophagy both counteracted the inhibitory effect of AS-IV on
chemoresistance to cisplatin in NSCLC cells.

Conclusions: AS-IV sensitized NSCLC cells to cisplatin through suppressing ER stress and autophagy.
This study provides a novel strategy of cisplatin combined with AS-IV for the treatment of cisplatin-resistant
NSCLC patients.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most
common cancers and the primary cause of cancer-related
death around the world (1). At present, supplementary
therapy used to treat NSCLC patients following surgical
operation, and cisplatin is widely considered as a first-line
chemotherapeutic agent for NSCLC patients (2). However,
cisplatin resistance remains a main obstacle to achieving
successful chemotherapy (3). The cytotoxic mechanism
of cisplatin includes DNA damage and the suppression of
DNA synthesis in cancer cells, which prevent or increase
cancer cell death by regulating a range of signaling
pathways including autophagy and endoplasmic reticulum
(ER) stress (4,5).

The ER is an important organelle for protein folding and
maturation in eukaryotic cells. ER stress can be triggered by
exposure to chemotherapeutic agents and the accumulation
of misfolded proteins (6,7). The accumulation of misfolded
proteins in the ER cavity contributes to ER stress and the
activation of subsequent unfolded protein response (UPR),
thereby initiating the expression of chaperone proteins (8).
Moderate ER stress promotes survival of cancer cells and
enhances resistance to chemotherapy (9,10).

Autophagy is a common cellular process that degrades
aggregated or misfolded proteins in cells and damaged
organelles to maintain cell homeostasis (11). It is also a
form of programmed cell death, which is closely related
to apoptosis (12). Previous studies have reported that
autophagy plays a vital role in the drug resistance of cancer
cells. Bao et al. reported that induction of autophagy
contributes to cisplatin resistance in human ovarian cancer
cells (13), while Su er 4/. demonstrated that autophagy
inhibition enhances cisplatin sensitivity in nasopharyngeal
carcinoma cells (14). However, knowledge concerning the
precise mechanism of autophagy resistance to cisplatin in
NSCLC treatment remains extremely limited.

Astragaloside IV (AS-IV), a major active component of
Astragalus membranaceus, has anti-cancer, anti-oxidative,
and anti-inflammatory functions (15-17). Although AS-
IV is a potential treatment drug for NSCLC (17), the
relevant mechanism has not been elucidated. Thence, this
study aimed to investigate the effect of AS-IV on cisplatin
chemosensitivity in NSCLC cells, and the relationship with
endoplasmic reticulum stress and autophagy. In the current
study, the results of western blot suggested that cisplatin
seriously induced increasing of ER stress-related proteins
glucose regulated protein 78 (GRP78) and protein kinase
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R (PKR)-like endoplasmic reticulum kinase (PERK), also
enhanced expression levels of autophagy-related proteins
Beclinl and LC3 II/1. Fortunately, treatment combined
with AS-IV partly reversed these effects. Thus, we inferred
that AS-IV increased the chemosensitivity of NSCLC cells
to cisplatin through suppressing ER stress and autophagy.

Methods
Reagents and cell culture

NSCLC cell lines (A549, H1299) were purchased from
the American Type Culture Collection (ATCC). Cisplatin-
resistant A549 and H1299 cell lines, A549Cis and H1299Cis,
were established by constant exposure to cisplatin through
a process described previously (18). A549Cis and H1299Cis
cells were cultured in RPMI-1640 medium (Gibco,
Rockville, MD, USA) supplemented with 2 pM cisplatin
and 10% fetal bovine serum (FBS) at 37 °C with 5% CO,.
A549Cis and H1299Cis cells were moved to the cisplatin-
free medium for 2 weeks before subsequent experiments
were performed in order to eliminate the interference of
residual cisplatin. AS-1V, cisplatin, and rapamycin were

obtained from Sigma (St. Louis, MO, USA).

Cell viability assay

Cell Counting Kit-8 (CCK-8) assay was carried out to
detect cell viability. Different groups of cells were seeded
into 96-well plates at a density of 2x10’ cells per well, in
triplicate. After cells were treated with each concentration
of cisplatin for 24 h, 10 pL/well of CCK-8 solution
(Dojindo, Tokyo, Japan) was added, and the cells were
incubated in the dark at 37 °C for another 2 h. The optical
density (OD) was determined under 490 nm.

Cell apoptosis assay

Cell apoptosis was detected by Hoechst 33258 stain analysis.
In brief, 2x10° cells per well were washed with phosphate-
buffered saline (PBS) twice. Then, 1 mL of Hoechst 33258
reagent (Beyotime, Nantong, China) was added to each
well, and the cells were incubated at 37 °C for 30 min in
the dark. Next, the Hoechst 33258 reagent was removed,
and cells were washed with PBS 3 times (5 min x 3 times).
Morphological changes of apoptotic cells were observed
under an inverted fluorescence microscope, and images
were captured.

7 Thorac Dis 2020;12(7):3715-3724 | http://dx.doi.org/10.21037/jtd-20-2098



Journal of Thoracic Disease, Vol 12, No 7 July 2020

Flow cytometry

Cells were harvested to detecte cell apoptosis after 48 h
transfection. Cells were washed with pre-cooled PBS three
times, followed by being re-suspended using binding buffer
to a concentration of 1x10/mL to 5x10°%mL. Then, 100 pL
cell suspension was moved into a 5-mL tube, to which 5 pL
of Annexin V/fluorescein isothiocyanate (FITC) and 5 pL of
propidium iodide (PI) were added, followed by incubating
the tube under the dark for 15 min. Then, 400 pL
of 1x Annexin V binding buffer was added into the
tube. Cell apoptosis was analyzed using a FACScan flow
cytometer (BD Biosciences, USA).

Western blot analysis

The extraction of total protein from the treated cells
was carried out using radioimmunoprecipitation assay
(RIPA) lysis buffer (Beyotime, Nantong, China). The
concentration of protein was quantified with bicinchoninic
acid (BCA) protein measurement kit (Thermo Fisher
Scientific, USA). Proteins were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel and then transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Boston, MA,
USA). The membrane was blocked with 5% skim milk
at room temperature for 2 h, and then incubated with
anti-GRP78 antibody, anti-PERK antibody, anti-Beclinl
antibody, anti-LC3 I/II antibody, and anti-GAPDH
antibody (Cell Signaling Technology, USA) at 4 °C
overnight. Next day, the relative secondary antibody
was added, and the membrane was incubated at room
temperature for 1 h. Then, enhanced chemiluminescence
(ECL) reagent was added, and the membranes were
detected by chemiluminescence (GE Healthcare,
Piscataway, NJ, USA).

Statistical analysis

All data are presented as the mean = standard deviation (SD)
and were analyzed by SPSS19.0. The Student’s 7-test was
used to compare means of two groups and one-way analysis
of variance (ANOVA) was used for comparing means
of multiple samples. Values of P<0.05 were considered
statistically significant.
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Results

Cisplatin inhibited cell viability and induced apoptosis in
cisplatin-resistant NSCLC cells

In order to estimate the cytotoxicity of cisplatin treatment
on cisplatin-resistant NSCLC cells, A549Cis and H1299Cis
cells were incubated with each dose of cisplatin for 24 h.
CCK-8 assay was used to detect the cell viability rate.
The data showed that cisplatin application suppressed cell
viability in both A549Cis and H1299Cis cells (Figure 1A).
Meanwhile, results from Hoechst 33258 stain analysis
revealed that cisplatin dose-dependently induced apoptosis
in A549Cis and H1299Cis cells (Figure 1B). Hence, we can
surmise that cisplatin inhibited cell viability and induced
apoptosis in cisplatin-resistant NSCLC cells.

Cisplatin induced ER stress and autophagy in cisplatin-
resistant NSCLC cells

To further investigate whether ER stress and autophagy are
related to cisplatin-induced cell apoptosis in A549Cis and
H1299Cis cells, we examined the expression of ER stress-
related and autophagy-related proteins following cisplatin
treatment by Western blot. After A549Cis and H1299Cis
cells were treated with each concentration of cisplatin (0, 20,
and 60 pM) for 24 h respectively, the expression of GRP78
and PERK (two kinds of ER stress-related proteins) and
autophagy-related proteins (Beclinl, LC3 II/1) significantly
increased in a dose-dependent manner (Figure 24,B,C,D).
These results indicate that cisplatin induced ER stress and
autophagy in A549Cis and H1299Cis cells.

AS-1V augmented the anti-tumor effect of cisplatin dose-
dependently

The effect of AS-IV on the chemoresistance of NSCLC
cells to cisplatin was explored. The results suggested that
the combination of AS-IV and cisplatin suppressed cell
viability and increased the cell apoptosis rate in A549Cis
and H1299Cis cells in a dose-dependent manner compared
with the cisplatin 20 pM treatment group (Figure 34,B,C,D).
These findings demonstrate that AS-IV enhanced the
anti-tumor effect of cisplatin in NSCLC cells in a dose-
dependent manner.
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Figure 1 Cisplatin inhibited cell viability and induced apoptosis in cisplatin-resistant NSCLC cells. Cisplatin-resistant NSCLC cell lines,

A549°° and H1299°", were established and treated with each concentration of cisplatin. (A) Cell viability was measured by CCK-8 assay. (B)

Cell apoptosis was detected by Hoechst 33258 stain analysis (x400 magnification). Data are expressed as mean = SD of three independent

experiments. *P<0.05, **P<0.01, and ***P<0.001 compared with the cisplatin 0 pM group. NSCLC, non-small cell lung cancer.

AS-1V sensitized NSCLC cells to cisplatin through
suppressing ER stress and autophagy

We further examined the molecular changes of NSCLC
cells under AS-IV cotreatment to reveal the underlying
mechanism of AS-1V sensitization in the chemosensitivity to
cisplatin. Western blot results revealed that the expressions
of GRP78 and Beclinl were both markedly downregulated
after co-administration with AS-IV (Figure 44), indicating
that AS-IV might augment the antitumor effect of cisplatin
through inhibiting ER stress and autophagy. To verify
our hypothesis, autophagy activator, rapamycin (100 nM),
and ER stress inducer, tuniamycin (5 pg/mL), were used
to treat the cells. Our data showed that both rapamycin
and tuniamycin treatment increased cell viability and
decreased cell apoptosis in A549Cis and H1299Cis cells, as
compared with the AS-IV 16 ng/mL group. This suggests
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that induction of autophagy or ER stress counteracted the
inhibitory effect of AS-IV on chemoresistance to cisplatin
in NSCLC cells (Figure 4B,C,D,E). Our data demonstrate
that AS-IV sensitized NSCLC cells to cisplatin through
suppressing ER stress and autophagy.

Discussion

NSCLC is one of the most common malignant tumors, with
cisplatin being the predominant first-line chemotherapy for
NSCLC patients. However, acquired drug resistance limits
the application of cisplatin (19). As a chemotherapeutic
agent, cisplatin causes DNA lesioning and the suppression
of DNA synthesis in cancer cells. Cisplatin-caused DNA
damage can activate various signaling pathways which
induce cell death, mainly through apoptosis-related
pathways (20). Recent research indicates that cisplatin-
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Figure 2 Cisplatin induced ER stress and autophagy in cisplatin-resistant NSCLC cells. A549“* and H1299* cells were treated with
each concentration of cisplatin. (A,B,C,D) Relative expression of GRP78, PERK, Beclin1, and LC3I/IT in A549°* and H1299* cells were

determined by Western blot. Data are expressed as mean = SD of three independent experiments. *P<0.05 and **P<0.01 compared with

cisplatin 0 pM group. ER, endoplasmic reticulum; NSCLC, non-small cell lung cancer.

© Journal of Thoracic Dise

ase. All rights reserved.

7 Thorac Dis 2020;12(7):3715-3724 | http://dx.doi.org/10.21037/jtd-20-2098



Lai et al. AS-IV enhances chemosensitivity to cisplatin in NSCLC cells

3720

‘Al 2p1sofeSense ‘AT-SVY "dnoisd ui/Su () AT-SY PIs pareduiod [()'0>d .. PUB §0'0>d, StuawLIadxa Juapuadapur 22113 jo
S F ueour se passaidxs are eie(] “Anouwrolfd moyy Aq passasse sem 21e1 sisordode [[o0) (‘D) Aesse §-3[DHD) YSnoIyy pa1dalap sem AIIqeIa [[9D) (V) AI-SV JO SUONENUIUOD
JURIBHIP PIM pauIquiod uneldso T 07 yaim parean a1em S[[39 667 1H PUE 6+ SV “Apuspuadap-asop une[dsmo jo 10945 Jowmnue a3 pRuswsne A[-SY ¢ ansiy

A 0z unedsio
1

LA NIXINNY LA NIXINNY LA NIXINNY JLH-A NIXINNY

ILI3-A NIXINNY

O A o o0t L L o L o o0t 0 A0 o0t

0

(%) @184 SIsoydode |80

L L L T e

- 02 oz . S 2 -
A . E 0 20t
XX B om %6 %€ %L %60 %9 %50
29) 1% o1 2y 1% g 20 1 o
Juw/bu 91 AI-SVEA «066CH
Jw/bu g AI-SVYID -0
Jw/bu v AI-SYER o662 HH a
Jw/bu g AI-SVESR
WA oz F"__pm_n_w_O L1-A NIXINNY 114-A NIXNNY . u.___sze_”wzz« . 3113-A NIXINNY [ST——
N\ QA T L A ¢ Mg "y L L
\ o
\ :
\ @ F 124
\ : !
\ .m = ® 2 »
[ ; " E A .
\ W E 200 E 0 E 0L E 0 E 0L
\ -0 \nw, %6 %E %89 %80 %6y %7 %05 %0 xS %90
7/ sv5y B 2 iE o e i ) & g el iy x| IE g
SID'
i ol 014
Jw/Bu 9L AI-SY A 50678V 0)
Jw/bu g AI-SY D
Ju/Bu ¢ AI-SY B2 W 0z uneldsio A 0z unedsiy

Juw/bu g AI-SY E=R L

Jwy/bu 0 AI-SV B3
(@] @]
ol == o
< <
B 8 g
qu/bu 9L AIFSY 23 F qw/bu 91 AI-SY B2 * F
w/Bu g AI-SY @D S Tw/Bu g AI-SY D X
qw/bu ¥ AIFSY (=9 qu/bu v AI-SY B
qw/bu g AIFSY E=3 Jw/bu g AI-SY E=3
qw/bu o AI-SY s0B6CHH | qw/bu o AI-SY
00k m <

7 Thorac Dis 2020;12(7):3715-3724 | http://dx.doi.org/10.21037/jtd-20-2098

© Journal of Thoracic Disease. All rights reserved.



Journal of Thoracic Disease, Vol 12, No 7 July 2020 3721

A Cisplatin 20 pM
A549°° H1299%° © 8- 1.0
E : . E@AS-VongmL ¢ ) )
o Cisplatin 20 uM = Cisplatin 20 uM
p— 5] E=H AS-IV 8 ng/mL g 0.8
GRP78 [— S "E, 0.6 ESAs-Vieng/mL 5
! B T 0.6
Beclint | W s - c 0.4 2
GAPDH g é 1
|0 e emmem  wSCS @ o3 <
= & o2 ¢ 024
N N N N N v = 2
AR AR R A A ko) 5 i
N e—\*%vg\\‘\eﬁe\w(\ %’N%Qg«\*\ﬁ“ £ 00 € 0.0--5 e
A A549%  H1299°
EE As-IVOo ng/mL AS-IV 0 ng/mL
B B9 AS-IV 16 ng/mL C EZHAS-IV 16 ng/mL
100+ Cisplatin 20 M E= As-IV 16 ng/mL + Rapamycin 100+ Cisplatin 20 uM  Eas-v 16 ng/mL + Tuniamycin
£ z
S 3
:
8 3
A549%° H1299%* A549°%° H1299%°
D Gisplatin 20 pM ASIV 0 ng/mL
£ AS-IV 16 ng/mL
AS-IV 0 ng/mL AS-IV 16 ng/mL  AS-IV 16 ng/mL + Rapamycin E3 AS-IV 16 ng/mL + Rapamycin
404 Cisplatin 20 pM
AB49°" £ 304
©
%)
(%}
2 204
& #
& -
H1299°% 8 101 E
0- iy a E
] ] A549°° H1299%°
E Cisplatin 20 yM E@ASV 0 ng/mL
AS-IV 0 ng/mL AS-IV16 ng/mL  AS-IV 16 ng/mL + Tuniamycin B ASIV 16 ng/mL
E=J AS-IV 16 ng/mL + Tuniamycin
40 *Cisplatin 20 uM
A549% &
L
[
%)
8
Q
o
&
°
H1299% ©
0

A549°° H1299°°
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with 20 pM cisplatin combined with AS-TV along with rapamycin or tuniamycin. (A) Relative expression of GRP78 and Beclin1 in A549*
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induced ER stress and autophagy can inhibit cisplatin-
induced apoptosis in cancer cells (5). Therefore, suppressing
ER stress and autophagy induced by cisplatin might help to
augment the anti-tumor effect of cisplatin. In our present
study, we found that AS-IV, a major active component of
Astragalus membranaceus, can sensitize NSCLC cells to
cisplatin by suppressing ER stress and autophagy.

ER is an essential intracellular organelle in eukaryotic
cells with multiple functions including protein synthesis,
protein folding, stress reaction, and calcium ion level
modulation (21). It was reported that changes in the tumor
cell microenvironment or the effects of anti-tumor drugs
can provoke ER stress, resulting in the accumulation of
unfolded proteins in the ER lumen (22,23). ER stress can
trigger a UPR, which decreases the burden of protein
processing in the ER and increases the level of ER
molecular chaperones such as GRP78 and the ER stress
sensor protein, PERK (4). It has been shown that mild
ER stress promotes cell survival through UPR to mitigate
ER stress (24). However, severe ER stress can cause cell
apoptosis by activating the downstream apoptotic signaling
pathway (25). Lin et al’s study reported that human lung
cancer cells acquired cisplatin-resistance through ER
stress (26). Zhang et al. also indicated that cisplatin induced
ER stress in U251 human glioma cells (4). Similarly, our
present study suggests that cisplatin suppressed cell viability
and triggered apoptosis in cisplatin-resistant NSCLC cells;
the application of cisplatin upregulated the expression of
GRP78 and PERK, meaning that cisplatin induced ER
stress in NSCLC cells dose-dependently.

Autophagy is a common process in cellular health.
Autophagy maintains cell homeostasis by degrading
the intracellular aggregation of misfolded proteins and
damaged organelles (11). The key event of autophagy is
autophagosome formation, and Beclinl is integral in this
process. LC3-II is involved in autophagosomal membrane
formation associated with the completion of various cell
processes. The ratio of LC3-II to LC3-II I is used to
evaluate autophagy levels (27). Abundant research suggests
that autophagy plays an important role in regulating
chemoresistance in multiple types of cancer cells. A study
by Fukuda er al. reported that autophagy was related to
endometrial tumor growth and cisplatin resistance, and
that the inhibition of autophagy overcame the cisplatin
resistance of endometrial cancer cells (28). Furthermore, the
inhibition of autophagy was reported to enhance cisplatin-
induced cell death and apoptosis in human ovarian cancer
cells (13). The present study found that cisplatin increased
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the expression of Beclinl and promoted transformation
of LC3-I to LC3-II, suggesting that cisplatin advances
autophagy in NSCLC cells.

Recently, traditional Chinese medicine has gained
significant attention because of its potential antitumor
activities. AS-IV is a major active ingredient of Astragalus
membranaceus, a medicinal plant commonly used in East
Asia (29). Accumulating evidence suggests that AS-IV
can exert multiple anti-inflammatory and anti-oxidative
functions, and it has been used often for the treatment of
cardiovascular diseases (30), exerting its anti-tumor effects
to this end. AS-IV was also observed inhibiting colorectal
cancer epithelial-mesenchymal transition by promoting
miR-134 expression level which dramatically inhibited
the recombinant human cAMP responsive element
binding protein (CREB1) signaling pathway, and therefore
enhanced the sensitivity to chemotherapy (31). Additionally,
it was also shown that AS-IV also sensitizes NSCLC cells
to gefitinib via the regulation of Sirtuin 6 (SIRT6) (32). In
the current study, our results demonstrated that cisplatin
treatment combined with AS-IV dramatically enhanced
cisplatin sensitivity in NSCLC cells and enhanced the anti-
tumor effect of cisplatin. Moreover, we also found that
AS-1V inhibited the expression of GRP78 and Beclinl,
indicating that AS-IV suppresses ER stress and autophagy
in NSCLC cells dose-dependently. Inhibition of ER stress
or autophagy both counteracted the inhibitory effect of AS-
IV on chemoresistance to cisplatin in NSCLC cells. Our
results confirm that AS-IV can sensitize NSCLC cells to
cisplatin through suppressing ER stress and autophagy.

In summary, this study found that cisplatin triggers
autophagy and ER stress which, in turn, increases
chemoresistance in NSCLC cells. However, the
combination of AS-IV and cisplatin can sensitize NSCLC
cells to cisplatin and enhance the antitumor effect
of cisplatin by suppressing ER stress and autophagy.
These findings provide support for the potential clinical
application of AS-IV on cisplatin-resistant NSCLC patients.
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