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Cancer-associated fibroblast-derived CCLS contributes
to cisplatin resistance in A549 NSCLC cells partially
through upregulation of IncRNA HOTAIR expression
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Abstract. Aberrant C-C motif chemokine ligand 5 (CCL5)
is associated with disease progression, poor prognosis and
chemotherapy resistance in human malignancy. The tumor
microenvironment (TME) contributes to chemotherapy
resistance. However, the role of cancer-associated fibroblasts
(CAFs)-derived CCLS5 is not well documented. Hence, the
present study aimed to investigate the effects of CAFs on
chemotherapy resistance in A549 non-small cell lung cancer
(NSCLC) cells and the underlying mechanism. Primary CAFs
isolated from patients with NSCLC were found to express and
secrete elevated levels of CCL5, which attenuated cisplatin
(DDP)-induced apoptosis, as indicated by flow cytometry
analysis. In addition, CCL5 upregulated the expression levels
of long non-coding RNA (IncRNA) HOX transcript antisense
RNA (HOTAIR) in the tumor cells, and silencing HOTAIR in
tumor cells enhanced the cytotoxic effect of cisplatin, char-
acterized by decreased cell viability and increased apoptotic
rate. Mechanistically, HOTAIR was found to inactivate the
caspase-3/BCL-2 signaling pathway in A549 NSCLC cells.
Collectively, the current study demonstrated that CAFs in the
TME may serve a crucial role in the higher expression levels
of CCL5 in tumors and that CAF-derived CCLS5 may promote
cisplatin resistance via upregulating IncRNA HOTAIR
expression.

Introduction
Lung cancer remains the leading cause of tumor-associated

death in the world. Globally, 2.09 million newly diagnosed
cases (accounting for 11.6% of the global cancer burden)
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and 1.76 million deaths (18.4% of total cancer deaths) were
estimated in 2018 (1). Non-small cell lung cancer (NSCLC)
represents a heterogeneous group of tumors that affects >80%
of all patients with lung cancer. The majority of patients with
advanced lung cancer are treated with chemotherapy (2).
Platinum-based drugs, especially cisplatin, are the standard
first-line chemotherapy for numerous types of cancer, including
NSCLC (3). However, cancer cells commonly acquire resis-
tance against cisplatin treatment resulting in high recurrence
rates (4-6). Thus, there is a need to clarify the molecular
mechanisms involved in cisplatin resistance to develop more
effective chemotherapy for NSCLC and other types of cancer.

Regulated upon Activation Normal T cell Expressed and
Secreted (RANTES), also known as C-C motif chemokine
ligand 5 (CCLS5), which is now widely recognized as an
inflammatory chemokine, modulates cancer cell migra-
tion, metastasis and chemotherapy resistance in human
malignancy (7,8). Increasing evidence has demonstrated
that altered CCLS5 expression is associated with disease
progression, aggressiveness, survival, prognosis and cisplatin
resistance in patients with melanoma, breast, lung and
pancreatic cancer (9-11). The CCL5/C-C motif chemokine
receptor 5 (CCRS) axis promotes tumor progression through
a variety of mechanisms: i) CCL5 promotes tumor growth in
an autocrine or paracrine manner (12); ii) CCL5 facilitates
cancer cell migration and invasion by remodeling the tumor
microenvironment (TME) through collagen degradation, inte-
grin activation and actin polarization (13); iii) CCLS5 enhances
chemotherapy resistance of cancer cells by increasing repair
responses to DNA damage (14); and iv) CCL5/CCRS interac-
tion promotes cancer stem cell expansion (15). Additionally,
CCLS facilitates cisplatin (DDP) resistance of cancer cells in
various human malignancies, including cervical, breast and
oral cancer (10,16,17). CCL5 can be produced and secreted by
tumors themselves or stromal cells in the TME (15).

Tumor progression depends on tumor-stromal cross-
talk (18). Cancer-associated fibroblasts (CAFs) are one
of the vital components in the TME. CAFs can remodel
and reprogram the tumoral extracellular matrix (ECM) to
facilitate the growth, metastasis and invasion of the neoplastic
lesion, generating a permissive niche for the invasive cancer
cells (19). CAFs secrete elevated levels of ECM proteins,
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such as fibronectin and type I collagen, express higher level
of caveolin-1, which can remodel fibronectin matrix, and
increase the expression and activation of matrix metallopepti-
dases (20). These processes contribute to remodeling the ECM
biochemically and mechanically. Among all CAF functions,
the current study focused on CAFs as important regulators of
chemotherapy resistance in NSCLC.

Long non-coding RNAs (IncRNAs) are described as
mRNA-like, non-protein coding RNA >200 nucleotides in
length (21). IncRNAs regulate diverse processes, including
chromatin dynamics, genomic reprogramming (22), gene
imprinting (23), transcription and post-transcriptional
processing (24,25). Increasing evidence has revealed that
IncRNAs serve a crucial role in the processes of tumor cell
proliferation, differentiation, apoptosis and metastasis (26,27).
HOX transcript antisense RNA (HOTAIR) is one of the few
most deeply-studied IncRNAs (28,29). HOTAIR is aberrantly
expressed in numerous types of cancer, including lung cancer,
and has been recognized as an oncogene in cancer develop-
ment (28). Higher HOTAIR expression has been associated with
tumor metastasis and poor prognosis in lung cancer (30-32).
Recently, HOTAIR has been reported to be involved in cispl-
atin resistance of cancer cells (33,34). However, it is currently
unclear whether HOTAIR serves a part in cisplatin resistance
in NSCLC and its respective mechanism.

The present study aimed to investigate whether CAFs
isolated from patients with NSCLC created a supportive TME
that affected the sensitivity of NSCLC cells to cisplatin.

Materials and methods

Isolation of primary fibroblasts. The present study was
approved by the medical ethical committee of Hanchuan
People's Hospital (Hanchuan, China). Written informed consent
was obtained from patients. Human CAFs were isolated from
primary tumor tissues, and normal fibroblasts (NFs) were
isolated from adjacent normal tissues (5 cm away from the
tumor tissues), respectively, from two patients with NSCLC at
pI2NOMO (female, aged 61 years) and pTINOMO (male, aged
63 years) stage undergoing surgical resection at Hanchuan
People's Hospital between February 2019 and October 2019
with informed consent from the patients. Primary fibroblasts
were isolated within 2 h after excision according to a previ-
ously published study (35). Briefly, the fresh tissues were
cut into small pieces ~1x1x] mmin size and were digested
with 1.5 mg/ml collagenase IV (Roche Applied Science) and
20 mg/ml trypsin (Sigma-Aldrich; Merck KGaA) at 37°C for
1 h. Subsequently, the mixture was filtered through a 40-ym
mesh (Falcon; Corning Life Sciences) and the cells were main-
tained in DMEM/F12 medium containing 10% FBS (both
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and
100 pg/ml streptomycin at 37°C in 5% CO,. The first passage
was conducted when cells reached ~80% confluency. The cells
(after 2-3 passages) were analyzed by immunofluorescence,
quantitative (q)PCR and western blotting for a-smooth muscle
actin (a-SMA), fibroblast activation protein (FAP) and fibro-
blast specific protein 1 (FSP1), which are highly expressed in
fibroblasts, to confirm the homology of fibroblasts.

To prepare conditioned medium of CAFs (CAF-CM) and
NFs (NF-CM) for subsequent in vitro experiments, CAFs and

NFs at a density of 2x10° were plated into a 25-cm? culture
flask in 5 ml RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS at 37°C in
5% CO, and cultured for 24 h. Subsequently, the medium was
replaced with RPMI-1640 with 0.5% FBS for another 24 h,
after which the culture medium was collected and centrifuged
at 3,000 x g at 4°C for 10 min. The supernatant was collected
as CM and stored at -80°C until further use.

Cell lines and cultivation. NSCLC A549 (lung adenocarci-
noma) and H1299 (lung large cell carcinoma) cell lines were
purchased from the China Center for Type Culture Collection,
and cultivated in RPMI-1640 medium supplemented with
10% FBS, 100 U/ml penicillin and 100 ug/ml streptomycin
in a humidified incubator with 5% CO, at 37°C. Cells in the
logarithmic growth phase were used for all experiments.

For cell treatment, cancer cells were incubated with
CAF-CM or NF-CM in combination with either anti-CCL5
antibody (0.1 pg/ml; cat. no. MAB678-SP; R&D Systems,
Inc.), CCRS5 antagonist (Met-RANTES; 0.1 pg/ml; cat.
no. 335-RM-025; R&D Systems, Inc.) or recombinant human
CCL5 (3 ng/ml; cat. no. 300-06; PeproTech, Inc.) for 6 h,
followed by treatment with 50 uM DDP (Sigma-Aldrich;
Merck KGaA) in the presence of CM for another 48 h.

Cell transfection. The small interfering RNA (siRNA)
against HOTAIR (siHOTAIR) and non-targeting control
siRNA (siNC) were purchased from Shanghai GenePharma
Co., Ltd.. The sequences of the two siRNAs were as follows:
siHOTAIR forward, 5'-AUUGAUUAGCUGUUUGUU
CCC-3'and reverse, 5-AAAGUCUAGACAAUAGAUGGC-3"
siNC forward, 5'-CUAUUGUCUAGACUUUUAUCU-3" and
reverse, 5'-GAAAUCUGGUACAAAGGAAAG-3'. Cells
were seeded into 6-well plates to 40-60% confluence and
then transfected with siHOTAIR or siNC at a concentration
of 60 nM using Lipofectamine 2000® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and Opti-MEM I Reduced
Serum Medium (Thermo Fisher Scientific, Inc.) following the
manufacturer's protocol. At 36 h after transfection, cells were
collected for subsequent experiments.

Cell viability analysis. Cell viability was determined using the
MTT assay. Briefly, A549 or H1299 cells were grown in 96-well
plates at a density of 5x10° cells/well and treated with 50 uM
DDP for 48 h. Subsequently, 20 1l MTT (5 pug/ul) was added
to each well at 37°C for 4 h. The reaction was stopped by the
addition of DMSO, and the optical density (OD) was detected
at 490 nm by Multiscan Spectrum (Bio-Tek Instruments, Inc.;
Agilent Technologies, Inc.). All experiments were repeated
three times, and the average OD for each experiment was
calculated.

Analysis of apoptosis by flow cytometry. Apoptosis was deter-
mined using an Annexin V-FITC/PI apoptosis detection kit (BD
Pharmingen; BD Biosciences) according to the manufacturer's
protocol. Briefly, 6x10° cells were seeded into 6-well plates and
incubated with DDP (50 M) for 24 h. Subsequently, cells were
harvested and incubated with FITC-Annexin V and propidium
iodide (PI) at room temperature for 15 min in the dark. The
apoptotic rate was analyzed using BD FACScan flow cytometer
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(Becton-Dickinson and Company). The data were analyzed
using the CellQuest software (version 5.1; Becton-Dickinson
and Company) Cells positive for Annexin V-FITC alone (early
apoptosis) and Annexin V-FITC/PI (late apoptosis) were calcu-
lated. All samples were examined in triplicate.

ELISA. The quantity of CCL5 in CM of CAFs, NFs, A549 and
H1299 cells was determined using a commercial ELISA kit.
Briefly, ~1x10° cells in 3 ml serum-free RPMI 1640 medium
were seeded in a 25-cm? flask for 48 h. Subsequently, CM
was collected and CCL5 quantity was assessed using human
RANTES ELISA Kit (CCL5) following the manufacturer's
instructions (cat. no. ab174446; Abcam). CCL5 quantities were
normalized to the cell number.

Western blotting. The cells were lysed with RIPA buffer
containing 1 mM PMSF and protease inhibitor cocktail
according to the manufacturer's instructions (Beyotime
Institute of Biotechnology). Protein concentrations were quan-
tified using a BCA kit (Beyotime Institute of Biotechnology).
Total protein (30 pg/lane) was separated by 10% SDS-PAGE
and transferred to polyvinylidene difluoride membranes.
After blocking with 5% skimmed milk in TBS containing
0.5% Tween-20 (TBST) for 1 h at room temperature, the
membranes were incubated with the following primary anti-
bodies overnight at 4°C: (-actin (1:1,000; cat. no. ab8226),
E-cadherin (1:5,000; cat. no. ab40772), Vimentin (1:1,000; cat.
no. ab92547), FAP (1:500; cat. no. ab53066), FSP1 (1:1,000; cat.
no. ab197896) (all Abcam), a-SMA (1:1,000; cat. no. 19245),
Bcl-2 (1:1,000; cat. no. 15071), cleaved-poly (ADP-ribose)
polymerase (PARP; 1:1,000; cat. no. 5625), PARP (1:1,000,
cat. no. 9532), cleaved-caspase-3 (1:1,000, cat. no. 9661)
and caspase-3 (1:1,000; cat. no. 9662) (all Cell Signaling
Technology, Inc.). After washing three times for 5 min each
with TBST, the membranes were incubated with the appro-
priate HRP-conjugated secondary antibodies (1:2,000; cat.
nos. 7076 and 7074, Cell Signaling Technology, Inc.) for 1 h at
room temperature. The signal was visualized using chemilu-
minescent reagents according to the manufacturer's protocols
(MilliporeSigma), and the protein bands were quantified using
ImagelJ software (Version 1.51; National Institutes of Health).

Reverse transcription (RT)-qPCR. For the RNA expression
analysis, TRIzol® (Invitrogen; Thermo Fisher Scientific,
Inc.) was used to extract total RNA in A549 cells, and the
RNA level of each group was examined. Subsequently,
5 ng RNA was reverse transcribed to cDNA using an RT
kit (Promega Corporation) following the manufacturer's
protocol. gPCR was performed with the GoTaq qPCR Master
Mix (Promega Corporation) on an Mx3005P Real-Time
PCR System (Stratagene; Agilent Technologies, Inc.). The
thermocycling conditions were as follows: 95°C for 10 min,
followed by 40 cycles of 95°C for 15 sec, 60°C for 30 sec
and 72°C for 30 sec. The primer sequences were as follows:
HOTAIR forward, 5'-GATCAGATGCCTGGGTCGAA-3'
and reverse, 5" AATGATTCTTGCTGGGGGCA-3'; a-SMA
forward, 5-TGCCTGCTCTCTGATGTTGG-3 and reverse,
5-GCTACCGAGCCCTGAGTTAC-3; FAP forward, 5-ATG
AGCTTCCTCGTCCAATTCA-3 and reverse, 5S-AGACCA
CCAGAGAGCATATTTTG-3; FSPI forward, 5-GATGAG

CAACTTGGACAGCAA-3 and reverse, 5-CTGGGCTGC
TTATCTGGGAAG-3; CCLS5 forward, 5-CCAGCAGTCGTC
TTTGTCAC-3 and reverse, 5S-CTCTGGGTTGGCACACAC
TT-3; CCR5 forward, 5S-TTCTGGGCTCCCTACAACATT-3
and reverse, S-TTGGTCCAACCTGTTAGAGCTA-3 and
GAPDH forward, 5'-GGAGCGAGATCCCTCCAAAAT-3'
and reverse, 5'-GGCTGTTGTCATACTTCTCATGG-3'. Each
experiment was performed at least three times. The gene
expression levels were calculated using the 2244 method (36)
GAPDH was used as an internal reference.

Immunofluorescence staining. Cells were washed three times
in cold PBS, and then fixed with 4% paraformaldehyde for
10 min at room temperature. After permeabilization with PBS
supplemented with 0.25% of Triton X-100 for 10 min at room
temperature, the cells were washed three times in PBS and
blocked with 1% BSA in PBS for 60 min at room temperature.
The following primary antibodies were used for immuno-
fluorescence staining, overnight at 4°C: anti-E-cadherin
(1:100, cat. no. 14472), anti-Vimentin (1:100, cat. no. 5741) and
anti-o-SMA (1:200, cat. no. 48938) (all from Cell Signaling
Technology, Inc.). The cells were washed again with PBS and
incubated with Alexa Fluor® 488- or Alexa Fluor® 594-conju-
gated secondary antibodies (1:500, cat. no. 4408, and 1:500 cat.
no. 8890 (respectively), Cell Signaling Technology, Inc.). DAPI
(1:1,000, Beyotime Institute of Biotechnology) was used for
counterstaining. The images were captured by a fluorescence
microscope (Olympus Corporation).

Statistical analysis. Each experiment was performed at least
three times independently. All data were presented as the
mean = SD. SPSS 20.0 software (IBM Corp.) was used for data
analysis. Comparisons between two groups were performed
using unpaired Student's t-test, and one-way ANOVA followed
by Bonferroni's post-hoc test was used to examine differ-
ences among =3 groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

Characterization of primary NFs and CAFs. Human CAFs were
isolated from primary tumor tissues, and normal fibroblasts
(NFs) were isolated from adjacent normal tissues, respectively,
from two patients with NSCLC. However, the specimen from
the patient at stage pI' INOMO was contaminated due to improper
operation during isolation of the NFs and CAFs. Therefore, the
NFs and CAFs used in subsequent experiments were all from
the other patient at stage pf2NOMO. The mesenchymal marker
vimentin and the epithelial marker E-cadherin were used to
identify homogeneity of isolated cells. Isolated CAFs highly
expressed vimentin, but expressed lower levels of E-cadherin
compared with NFs, as measured by western blot analysis
(Fig. 1A). Additionally, the expression levels of a-SMA, FAP and
FSP1 in CAFs were 1.47-,2.84- and 2.60-fold higher than those
in NFs (Fig. 1A). It is commonly agreed that CAFs are activated
fibroblasts that express mesenchyme-specific proteins a-SMA,
FAP and FSP1 (37,38). RT-qPCR analysis confirmed that the
expression levels of a-SMA, FAP and FSP1 were significantly
higher in CAFs than in NFs (Fig. 1B). Furthermore, immuno-
cytochemistry staining confirmed that CAFs and NFs both
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Figure 1. Characterization of primary isolated and cultivated NFs and CAFs. (A) Protein expression levels of E-cadherin, vimentin, a-SMA, FAP and FSP1 in
NFs and CAFs were detected by western blotting. The intensity of each experimental band was normalized to that of the loading control (f-actin). Each bar
represents the mean + SD of three relative intensity arbitrary units. (B) mRNA expression levels of CAF-specific genes, including a-SMA, FAP and FSP1, in
NFs and CAFs were detected by reverse transcription-quantitative PCR using GAPDH gene as the internal control. Results were expressed as the mean + SD,
and the means were calculated from =3 independent experiments. (C) Immunofluorescence staining showed the subcellular location and the expression
of E-cadherin, vimentin and a-SMA in NFs and CAFs. Scale bar, 10 ym. “P<0.01 and “"P<0.001 vs. NFs. CAF, cancer-associated fibroblast; NF, normal
fibroblast; a-SMA, a-smooth muscle actin; FAP, fibroblast activation protein; FSP1, fibroblast specific protein 1.

expressed vimentin, and that a-SMA expression was higher in
CAFs than in NFs (Fig. 1C).

CAF-CM promotes NSCLC cell resistance to cisplatin.
Considering the crucial role of the tumor stroma on tumor
growth and metastasis, the present study assessed whether
factors secreted by CAFs could affect the viability and
apoptosis of A549 cells. First, the role of CAF-CM on the
viability and apoptosis of A549 cells was analyzed. A549 and
H1299 cells were pre-incubated with CAF-CM or NF-CM for
24 h, and then treated with DDP in the presence of CM for
another 48 h. MTT assay revealed that A549 and H1299 cells
exhibited significantly higher cell viability with CAF-CM
treatment than with NF-CM treatment (Fig. 2A). To demon-
strate the effect of CAF-CM on apoptosis, A549 and H1299
cells were pre-treated with CAF-CM or NF-CM for 24 h
before the addition of DDP in the presence of CM for another
48 h, and the percentage of apoptotic cells was analyzed using
Annexin V-FITC/PI apoptosis staining. The apoptotic rates of
A549 cells treated with control, NF-CM and CAF-CM were
20.35+2.71, 20.52+2.27 and 10.35+0.85%, respectively, while
the apoptotic rates of H1299 cells treated with control, NF-CM
and CAF-CM were 20.71+1.72, 21.93+2.19 and 11.43+1.48%,
respectively, revealing that apoptosis was significantly
decreased by CAF-CM (Fig. 2B). Overall, these data indicated
that CAF-CM attenuated the pro-apoptotic effect induced by
chemotherapy in NSCLC cells.

Paracrine effect of CCLS in CAF-CM. In order to determine
whether CAF-secreted CCL5 may induce cisplatin resistance
in NSCLC cells, RT-qPCR was performed to assess CCL5
mRNA expression in NFs, CAFs and the two NSCLC cell

lines, A549 and H1299, revealing that CCL5 expression was
significantly higher in CAFs compared with in all other tested
cells (Fig. 3A). Additionally, ELISA results confirmed signifi-
cantly higher levels of CCL5 in CAF-CM compared with in
NF-CM (359.8+23.47 vs. 276+11.77 pg/ml, respectively) and
in A549 and H1299 cells (Fig. 3B). In addition, incubation with
CAF-CM induced resistance to DDP in NSCLC cells, which
was blocked by the anti-CCLS5 antibody (Fig. 3C).

To estimate whether the activation of CCLS5 signaling
in NSCLC cells was mainly caused by paracrine action of
CCLS5 secreted by CAFs, the expression levels of CCL5 and
CCRS in A549 and H1299 cells, in the presence or absence
of CAF-CM, were examined by RT-qPCR. As shown in
Fig. 3D, neither CCL5 nor CCRS5 expression was markedly
altered in the CAF-CM group compared with in the NF-CM
group, indicating that CCL5 pathway activation triggered
by CAF-CM was not the direct consequence of autocrine or
reverse-paracrine mechanisms. Paracrine activation of CCL5
by CAF-CM was further verified by the CCL5 blocking assays
using a neutralizing anti-CCLS5 antibody or a CCRS5 antagonist
(Met-RANTES). Cell viability results indicated that either
blockade of CCLS5 binding to its cognate receptor (Fig. 3C) or
inhibition of CCRS5 (Fig. 3E) alleviated the CAF-CM-induced
cisplatin resistance, indicating that CCL5 alone may be
sufficient to facilitate cisplatin resistance in NSCLC cell lines.

CAF-CM-derived CCL5 suppresses DDP sensitivity of
NSCLC cells partially by upregulating IncRNA HOTAIR
expression. Previous data have shown that HOTAIR is expres-
sion is markedly increased in human DDP-resistant NSCLC
tissues and cells. Silencing of HOTAIR partially reverses
the acquired cisplatin resistance in DDP-resistant NSCLC
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Figure 2. CAF-CM promotes non-small cell lung cancer cell resistance to cispl
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atin. (A) MTT assay was conducted to detect cell viability at 0, 24,48 and 72 h

in A549 and H1299 cells pre-treated with CAF-CM or NF-CM for 24 h before the treatment of DDP. (B) Flow cytometry analysis was used to assess apoptosis

of A549 and H1299 cells pre-treated with CAF-CM or NF-CM for 24 h before
were calculated from >3 independent experiments. “P<0.01, ““P<0.001 and "™
CM, conditioned medium; DDP, cisplatin; OD, optical density.

cells, both in vitro and in vivo (39). Thus, it was hypothesized
that CCL5 may induce tumor cell resistance to cisplatin via
regulation of IncRNA HOTAIR expression. To verify this, the
expression levels of IncRNA HOTAIR in A549 and H1299
cell lines were examined by RT-qPCR. As shown in Fig. 4A,
HOTAIR expression in tumor cells was significantly increased
when cells were incubated with CAF-CM compared with
NF-CM stimulation. Additionally, anti-CCL5 antibody treat-
ment significantly decreased HOTAIR expression by 2.06 and
2.00-fold in A549 and H1299 cells, respectively, compared
with CAF-CM treatment alone (Fig. 4B). Similarly, the CCR5
antagonist (Met-RANTES) significantly downregulated
HOTAIR expression by 1.74 and 1.75-fold in A549 and H1299
cells, respectively, compared with CAF-CM treatment alone
(Fig. 4C). These results demonstrated that CCL5 was at least
partially involved in promoting IncRNA HOTAIR expression
in both A549 and H1299 cells.

Recently, IncRNA HOTAIR has been found to serve a role
in tumor cell proliferation, migration and invasion (30,40,41).
Moreover, based on the association of increased IncRNA
HOTAIR expression with NSCLC advanced pathological
stage, lymph-node metastasis and poor prognosis (42), the
present study hypothesized that HOTAIR may serve a role in
NSCLC cell resistance to cisplatin. Therefore, its expression
was silenced using RNA interference to estimate the effect of
HOTAIR on tumor cell sensitivity to cisplatin. qPCR analysis
revealed that HOTAIR mRNA expression was significantly

the treatment of DDP. Results were expressed as the mean + SD, and the means
P<0.0001 vs. control. CAF, cancer-associated fibroblast; NF, normal fibroblast;

downregulated in siHOTAIR-transfected A549 cells
compared with in control cells transfected with siNC (Fig. 5A).
Additionally, cisplatin treatment significantly decreased
HOTAIR expression in siNC-transfected cells compared with
siNC-transfected cells without cisplatin treatment (Fig. 5SA).
Furthermore, the effects of HOTAIR on NSCLC cell sensitivity
to cisplatin were assessed by MTT assay. Consistent with the
aforementioned hypothesis, silencing HOTAIR in A549 cells
significantly sensitized these cells to cisplatin compared with
tumor cells transfected with siNC (Fig. 5B). Additionally, the
apoptotic rate of A549 cells transfected with siHOTAIR was
significantly higher than that in A549 cells transfected with
siNC with CAF-CM (21.87+2.70 vs. 12.07+£2.45%, respec-
tively), as detected by flow cytometric analysis (Fig. 5C). These
results indicated that silencing of IncRNA HOTAIR inhibited
NSCLC cell viability and increased apoptosis in vitro.

HOTAIR-knockdown suppresses CCLS5-induced cisplatin
resistance through activation of the PARP-dependent apop-
totic signaling pathway. Some studies (43,44) have revealed
that IncRNA HOTAIR is involved in enhancing cancer
cell proliferation by suppressing apoptosis (45). Therefore,
the present study investigated whether silencing HOTAIR
could abrogate the CCL5-induced cisplatin resistance in
NSCLC cell lines through the apoptotic signaling pathway.
The expression levels of apoptosis-associated proteins,
including cleaved PARP and cleaved caspase-3, in siNC- or
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Figure 3. CAFs secrete elevated CCLS to promote cell viability in NSCLC cancer cells via paracrine activation. (A) mRNA expression levels of CCL5 in CAFs,
NFs and two NSCLC cell lines by RT-qPCR using GAPDH gene as the internal control. (B) CCL5 in conditioned medium secreted by NFs and CAFs were
quantified by ELISA. "P<0.05, “"P<0.001 and “*"P<0.0001 vs. CAFs. (C) A549 and H1299 cancer cells were incubated with CAF-CM or NF-CM in combina-
tion with anti-CCL5 antibody (0.1 pg/ml) for 6 h followed by treatment with DDP for 48 h. Cell viability was determined by the MTT assay. (D) mRNA
expression levels of CCL5 and CCRS5 in NSCLC cell lines cultured with CAF-CM were assessed by RT-qPCR using GAPDH gene as the normalization
control. (E) A549 and H1299 cancer cells were incubated with CAF-CM or NF-CM in combination with CCRS5 inhibitor (Met-RANTES; 0.1 pg/ml) for
6 h followed by treatment with DDP for 48 h. Cell viability was determined by the MTT assay. 'P<0.05, “P<0.01 and ““P<0.001 vs. control; “P<0.05 and
"P<0.01 vs. DDP; ““P<0.01 vs. CAF-CM and DDP. Results were expressed as the mean + SD, and the means were calculated from =3 independent experi-
ments. RT-qPCR, reverse transcription-quantitative PCR; CAF, cancer-associated fibroblast; NF, normal fibroblast; CM, conditioned medium; DDP, cisplatin;
CCLS, C-C motif chemokine ligand 5; CCRS, C-C motif chemokine receptor 5; NSCLC, non-small cell lung cancer.

siHOTAIR-transfected NSCLC cells upon CCL5 treatment
(100 ng/ml) were examined by western blotting. The results
revealed that cleaved PARP and cleaved caspase-3 expression
was significantly upregulated in A549 cells transfected with
siHOTAIR compared with in cells with siNC transfection
(Fig. 5D). Moreover, the expression levels of cleaved PARP
and cleaved caspase-3 were significantly decreased in siNC
transfected-A549 cells, which were pre-treated with CCL5
for 24 h before the treatment of DDP, compared with siNC

transfected-A549 cells with DDP treatment alone (Fig. 5D).
By contrast, the expression levels of the anti-apoptotic protein
Bcl-2 were significantly upregulated in the siNC+DDP+CCL5
groups compared with that in the siNC+DDP group (Fig. 5D).
Additionally, Bcl-2 expression was significantly reduced in
siHOTAIR transfected-A549 cells compared with that in siNC
transfected-A549 cells (Fig. 5SD). These results suggested that
HOTAIR-knockdown promoted NSCLC cell sensitivity to
DDP via the apoptotic signaling pathway.
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Figure 4. CAF-CM increases HOTAIR expression in tumor cells in vitro. (A) HOTAIR expression in human NSCLC A549 and H1299 cell lines treated
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Overall, the current findings indicated that CAF-derived
CCL5 may serve a role in tumor cells by paracrine action,
upregulating IncRNA HOTAIR expression in tumor cells and
thus upregulating the expression levels of the anti-apoptotic
protein Bcl-2, ultimately leading to NSCLC cell resistance to
DDP. Therefore, the present study may provide a novel thera-
peutic strategy for patients with NSCLC with acquired DDP
resistance.

Discussion

Cisplatin-based chemotherapy schedule is a first-line
treatment against NSCLC, but cisplatin resistance among
patients with NSCLC has become increasingly severe,
contributing to chemotherapy failure and high recurrence and
mortality rates (46). The TME serves a crucial role in tumor
progression, metastasis and recurrence. CAFs, a dominant
component of the TME, serve a prominent functional role
in promoting cancer initiation, progression and therapeutic
resistance (47). In the present study, it was demonstrated
that CAFs from primary NSCLC tumor tissues had typical
myofibroblast characteristics, with high expression levels
of a-SMA, FAP and FSP1 (48,49), which were very low
or undetectable in NFs. Additionally, it was revealed that
CAF-CM could increase the viability of the NSCLC A549
and H1299 cell lines, and inhibit the induction of apoptosis
by cisplatin in these cells. However, the specimen from
one patient was contaminated during isolation of the NFs
and CAFs. The lack of additional CAFs/NFs cell lines to

support the findings of the present study is a limitation of the
present study. Further studies are necessary to isolate NFs
and CAFs from more patients with NSCLC and repeat some
key experiments of the present study. A previous study has
indicated that the interaction between CAFs and tumor cells
affects chemoresistance by inducing the secretion of survival
factors (50,51). For instance, elevated secretion of IL-6 from
CAFs mediates chemoresistance in NSCLC by promoting
epithelial-mesenchymal transition (51). In the present study,
higher levels of CCL5 were detected in the CAF-CM.
However, CCL5 also has some anticancer properties, since it
promotes antitumor immunity by inducing the recruitment of
anticancer tumor-infiltrating lymphocytes (52), natural killer
cells (53), dendritic cells (54), T helper cell type 1 and type 1
cytotoxic cells (55) to the TME, and therefore enhances the
infiltration of the tumor by different types of immune cells.
Usually, the elevated expression of a given chemokine can
improve the outcome for one type of cancer (56), but promote
the progression of other types of cancer. There is no single
CC chemokine that facilitates or suppresses the progression
of all types of cancer. Thus, a thorough understanding of the
pro-cancer and anticancer features of individual chemokines
may contribute to a prediction of the outcomes to improve
the efficacies of anticancer therapies. Although the role of
CCLS5 in cancer has been extensively studied, to the best of
our knowledge, no such studies have been conducted to date
to investigate the role of CAF-secreted CCL5 in chemore-
sistance of NSCLC. The present study described that CAFs
isolated from NSCLC tumor tissues expressed and secreted
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Figure 5. HOTAIR-knockdown abrogates CCL5-induced cisplatin resistance via activation of caspase-3-dependent apoptosis. (A) HOTAIR expression in A549
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higher amounts of CCLS5 than NFs, and CAF-derived CCL5
enhanced tumor cell resistance to cisplatin via paracrine
activation in NSCLC A549 and H1299 cell lines. Notably,
CCL5 was substantially expressed by both CAFs and NFs
(at least twice higher than A549 cells). However, NF-CM did
not induce HOTAIR expression in A549 or H1299 cells. A
possible explanation may be that CCLS5 is secreted from CAFs
and transferred to cancer cells mainly via exosomes rather
than via a soluble form, and CAF-derived exosomal CCL5
may be much higher than CCL5 in NF-derived exosomes;
thus, NF-CM seemed to have no effects on HOTAIR expres-
sion in A549 or H1299 cells in the present study. However,
this speculation needs to be confirmed by further research.
Li et al (57) has observed a significant upregulation of

TGF-B1 in CAF-derived exosomes compared with in normal
omentum fibroblasts-derived exosomes, which subsequently
activated SMAD2/3 signaling to promote an EMT phenotype
in ovarian cancer cells. However, whether CAF-derived CCL5
exerts its effect on A549 or H1299 cells via exosomes requires
to be further investigated. Notably, treatment with a neutral-
izing CCL5 antibody or CCRS inhibitor, Met-RANTES,
reversed CAF-CM-induced cancer cell chemoresistance. No
significant upregulation of CCL5 or CCR5 expression was
detected in cancer cells under CAF-CM treatment compared
with that under NF-CM treatment, further confirming that
CCLS secreted by CAFs is necessary to induce NSCLC
cancer cell chemoresistance. Another limitation of the present
study is the lack of clinical evidence to confirm the influence
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of CCLS5 expression on the survival and disease-free outcome
of patients with NSCLC. Further studies are required to
conduct in silico studies evaluating public datasets to evaluate
the influence of CCL5 expression on the outcome of patients
with NSCLC as evidence to corroborate the current findings.

Emerging evidence has revealed that numerous IncRNAs
exert crucial functions in tumorigenesis, indicating that they
could provide new insights into the biology of this disease.
Among these IncRNAs, IncRNA HOTAIR is one of the
well-studied IncRNAs in various types of cancer, including
lung cancer, and is reported to be dysregulated in various
types of cancer. Upregulation of HOTAIR expression has been
found in cervical cancer tissues and has been associated with
lymph node metastasis and decreased overall survival (58).
In diffuse large B-cell lymphoma, high HOTAIR expres-
sion is positively associated with a poor prognosis (59). In
breast cancer, high expression levels of HOTAIR promote
cancer development and progression (60). However, the
expression profile of IncRNA HOTAIR in NSCLC and its
association with cisplatin resistance are not fully understood.
The present study indicated that HOTAIR expression was
significantly increased in two NSCLC A549 and H1299 cell
lines stimulated with CAF-CM when compared with that in
these cells stimulated with NF-CM. Furthermore, silencing
of HOTAIR in NSCLC cells partly blocked CCL5-induced
cisplatin resistance. Additionally, HOTAIR-knockdown
suppressed cell viability and enhanced apoptosis. These
data indicated that HOTAIR served a crucial role in cell
proliferation and that its high expression was positively asso-
ciated with cisplatin resistance. Numerous studies (61-63)
have indicated that IncRNAs serve a crucial role in the
occurrence and progression of several types of cancer,
including NSCLC, acting as a reservoir for microRNAs and
regulating their downstream target genes (64). It has been
reported that HOTAIR targets polycomb repressive complex
2 and regulates H3K27 methylation and gene expression,
which ultimately promotes tumor progression and metas-
tasis (65,66). The present study revealed that knockdown of
HOTAIR abrogated CCL5-induced cisplatin resistance in
NSCLC cells by upregulating cleaved caspase-3 and cleaved
PARP levels and suppressing Bcl-2 expression.

In conclusion, the current study demonstrated an association
between CAF-derived CCL5, HOTAIR and chemoresistance.
CAF-derived CCL5 inhibited cisplatin-induced apoptosis
and induced tumor cell cisplatin resistance. Moreover,
CCLS5 enhanced tumor cell chemoresistance by upregulating
IncRNA HOTAIR expression and resulting in increased
anti-apoptotic protein Bcl-2 expression in cancer cells. The
present results supported CAF-secreted CCLS5 as a crucial
player in cisplatin-based chemoresistance. Therefore, targeting
the CAF-derived CCL5 axis may be of clinical significance
for reversing cisplatin resistance in patients with NSCLC.
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