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Abstract: The resistance of cancer cells to the anti-cancer drugs is the most important reason that affecting the efficacy of the

non-small cell lung cancer (NSCLC) chemotherapy; thus, to explore the underlying mechanism of drug resistance of NSCLC

medications is urgently needed for improving the therapeutic efficacy of current anti-NSCLC chemotherapies. The aim of

the present study is to explore the roles of exosomes in the chemosensitivity of A549 cells and the related mechanism. A549

cells and cisplatin resistant cell line A549/DDP derived exosomes were isolated, and the expressions of CXCR4 were

compared. Then, after cisplatin treatment, A549 cells were treated with exosomes, and the proliferation, apoptosis,

migration, and invasion of the cells were examined. Finally, the tumorigenic effect of A549/DDP derived exosomes were

also evaluated by cisplatin treated xenograft tumor mice models in vivo. We found that A549/DDP derived exosomes

increased the proliferation, migration, and invasion, and inhibited the apoptosis and cisplatin sensitivity of A549 cells.

CXCR4 was also significantly increased in cells treated with A549/DDP derived exosomes. Furthermore, A549/DDP

derived exosomes may also decrease the chemosensitivity of NSCLC cells to cisplatin in vivo. Our data suggested that

A549/DDP derived exosomes can affect the chemosensitivity of A549 cells to cisplatin, possibly by transporting CXCR4

to A549 cells. Our data may provide novel evidence for the investigation of drug resistance of NSCLC.

Introduction

Lung cancer is the most common type of cancer, and it is also
the leading causes of cancer-related motility worldwide (Toda
et al., 2020; Yang et al., 2019; Zhao et al., 2020). 85% of lung
cancer patients suffered from the non-small cell lung cancer
(NSCLC) (Incharoen et al., 2019; Toruner et al., 2020).
Results of previous studies suggested that NSCLC may
develop from a series of abnormal genetic changes in the
epithelial cells of lung tissue, which can further lead to the
uncontrolled growth of the cells and metathesis of the
tumor (Cancer Genome Atlas Research Network, 2012; Zhu
et al., 2015). In current clinical application, chemotherapy is
the most commonly used method for the treatment of non-
mutant NSCLC. However, the therapeutic efficacy of current
anti-NSCLC chemotherapies remains unsatisfactory, and the

long-term prognosis of patients with NSCLC remains poor
(Xu et al., 2019a; Xu et al., 2019b). It is believed that the
resistance of cancer cells to the anti-cancer drugs is the
most important reason that limits the efficacy of the anti-
NSCLC chemotherapy (Jin et al., 2019; Xu et al., 2019a).
Thus, to explore the underlying mechanism of drug
resistance of NSCLC treatments is urgently needed for
improving the therapeutic efficacy of current anti-NSCLC
chemotherapies.

Exosomes are a group of nanovesicles with the size of
50–150 nm, which are produced and secreted by all types of
cells. Exosomes can be detected in all human body fluids,
such as blood, urine etc. Exosomes have been identified as
efficient communication system between tumor cells, which
play important role in promoting tumor occurrence and
development (Graner et al., 2018). The contents of
exosomes include nucleic acids, proteins, lipids, and other
soluble factors (Whiteside, 2016). Exosome-related RNA
(miRNA, lncRNA, circRNA), protein, DNA and even
metabolites can change the progress of tumor cells (Zhang
and Yu, 2019). In addition, exosomes also have a strong
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influence on drug resistance through multiple mechanisms
(Olejarz et al., 2020). Therefore, tumor exosomes may be a
promising research area for inhibiting tumor development,
and potential biomarkers in cancer therapy.

It has been proved that circulating tumor exosomes may
transfer the nucleic acids or the proteins into different type of
cells and participate in the process of carcinogenesis in
different cancers (Li et al., 2020a; Schuldner et al., 2019; Xiao
et al., 2019). For example, exosomes derived from cancer
initiating cells can promote the metastasis of pancreatic
cancer through the CD44v6/Tspan8 signaling pathway (Sun
et al., 2019). Analysis of circulating tumor DNA/RNA in
glioma patients shows that circulating exosomal-derived RNA
can better predict tumor progression and resistance to
treatment compared with cell-free (cfDNA) (Pasqualetti et al.,
2019). Knockdown of syntaxin 6 significantly reduced the
exosome secretion in enzalutamide resistant cells, which
regulates enzalutamide resistance in prostate cancer (Peak et
al., 2020). Leukemic cells selectively transport miR-320 to
exosomes through HNRNPA1, which are endocytosed by
surrounding bone marrow mesenchymal stromal cells,
thereby inhibiting osteogenesis and promoting the growth of
tumor cells (Gao et al., 2019b). These studies suggesting that
exosomes contribute to the development and drug resistance
of cancer. Further exploration of its molecular mechanism
may provide a potential target for tumor treatment.

C-X-C chemokine receptor type 4 (CXCR4) is a specific
receptor of stromal-derived-factor-1, and it is also a G protein-
coupled receptor composed of 352 amino acids (Jubb et al.,
2019; Niimi et al., 2020). It has been proved that CXCR4 plays
an important role in tumorigenesis, development, and
metastasis (Ding et al., 2020; Oum et al., 2020). CXCR4 is
overexpressed in more than 23 different types of human
cancers, including kidney cancer, lung cancer, liver cancer,
breast cancer, etc. (Chatterjee et al., 2014). The high
expression of CXCR4 promotes the aggressiveness of tumor
cells, enhances chemoresistance and inhibits cell apoptosis.
Clinically, high CXCR4 expression may be related to the poor
prognosis of lung cancer patients (Zhu et al., 2020). It has
been reported that the CXCR4-inhibiting nanocomplex
reduces tumor fibrosis and promotes cytotoxic T lymphocytes
penetration, regulating the lung immune response, thereby
further enhancing the anti-PD-L1 immune response (Li et al.,
2020b). However, the roles of exosome-related CXCR4 in
chemotherapy resistance of lung cancer remains unclear.

In the present study, we will investigate whether
exosomes affect the chemosensitivity of NSCLC cells by
transporting CXCR4. Our results may provide theoretical
basis for investigation of drug resistance of NSCLC.

Materials and Methods

Cell culture
NSCLC cell line A549 and NSCLC cisplatin resistance cell line
A549/DDP were purchased from Cell bank of Chinese
Academy of Sciences (Shanghai, China). Both A549 and
A549/DDP cells were cultured in RPMI-1640 medium
(Invitrogen, USA) supplemented with 10% fetal bovine
serum, and 1% penicillin and streptomycin (Invitrogen,
USA) at 37°C in a 5% CO2 atmosphere. A549/DDP cells

were supplemented with 2 µg/mL cisplatin to maintain the
drug-resistant phenotype. Cells were passaged every other
day, and cells in the logarithmic growth phase were used for
further experiments.

Exosome isolation and characterization
To obtain A549 and A549/DDP-released exosome, cells were
collected and centrifuged. ExoPrep reagent was added to the
supernatant and incubated on ice for 1 h. The mixture was
then centrifuged, and the exosome pellet was re-suspended
in 100 μL phosphate-buffered saline (PBS). The exosome
samples were assessed using Western blot and transmission
electron microscope.

Transmission electron microscopy (TEM)
TEM was conducted to identify the purified exosome. Ten
microliter of exosome suspension was absorbed onto
carbon-coated cooper grids (200 mesh) for 1 min in a dry
environment. The grids were washed with distilled water for
2 min each and then negatively stained with 2% uranyl
acetate solution for 1 min. After air dry, the grids were
visualized using a transmission electron microscope
operated at 80 kV.

Cell transfection
SiRNA-CXCR4 and siRNA-NC were purchased from
GenePharma (Shanghai, China). A549/DDP cells were seeded
onto six-well plates for 24 h, then, transfected with siRNA-
CXCR4 and siRNA-NC using Lipofectamine 2000
(Invitrogen; Carlsbad, CA, USA) following the instructions of
manufacturers. Cells were collected for further experiments
after 48 h of transfection.

Cell viability assay
Cell viability was measured using Cell Counting Kit-8 (CCK-8)
assay (Promega, USA) in 96-well plates. 10% CCK-8 solution
was added to each well and the plate was incubated at 37°C
for 2 h. The absorbance at 450 nm was measured.

Cell apoptosis analysis
The cell apoptosis was estimated using flow cytometry. cells were
washed twice with cold phosphate-buffered saline (PBS) and re-
suspended in PBS. Then, cells were double-stained with Annexin
V-FITC and propidium iodide (PI) following the instructions of
manufacturer. Apoptosis was analyzed with a BD Biosciences
FACSCalibur Flow Cytometer (BD Biasciences, USA) and the
percentage of apoptotic cells was determined.

Wound healing assay
Cells were seeded into 6-well plates. Scratch wounds were
made through the cell monolayer with a 200 μL pipette tip
in each well, and the wells were washed with phosphate
buffer solution (PBS) to remove the detached cells. Images
were taken under a light microscope and wound distance
was measured in three locations for each well. Images are
shown as representatives of three independent experiments.

Transwell invasion assay
Cell invasion was evaluated by using 24-well transwell filters
(8 μm pores, Millipore, USA). Briefly, the upper chambers
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were coated with 100 μL of diluted Matrigel (BD, USA) and
exposed to UV light for 2 h. Cells were suspended at 3 ×
105 cells/mL in serum-free RPMI-1640 medium and a total
of 100 μL were added to the upper chamber. The lower
chamber of each well contained 1 mL of RPMI-1640
medium containing 10% FBS. After 24 h incubation, the
cells that penetrated into the lower chamber were fixed,
stained with crystal violet, and counted in five randomly
selected microscopic fields of each well. Images are shown
as representatives of three independent experiments.

Quantitative Real-Time PCR (RT-qPCR)
Trizol reagent was added to cells or exosomes to extract total
RNA. OD260/280 was measured to ensure the quality of the
extracted RNA, and 2% denaturing agarose gel
electrophoresis was applied to evaluate the RNA integrity.
Reverse transcription of total RNA to cDNA was performed
using SuperScript First strand cDNA synthesis kit (Life
Technologies, USA) according to the manufacturer’s
instructions. Gene expression was then measured using RT-
qPCR with SYBR-Green Master Mix kit (Life Technologies,
USA). GAPDH was used as the housekeeping gene. The
2−ΔΔCt method was used to calculate the relative expression
of mRNA to GAPDH. All the primers used for the
amplification of the genes are listed in Table 1.

Western blotting
Cells were washed with ice-cold PBS and total proteins were
extracted with RIPA lysis buffer. Tissue samples were
homogenized in the buffer and subsequently centrifuged to
obtain the total protein supernatants. The concentration of total
protein was determined using BCA Protein Assay Kit (Pierce,
USA). Equal amounts of protein extracts were separated on a
10% sodium dodecyl sulfate polyacrylamide gels (SDS–PAGE)
and transferred to polyvinylidene difluoride (PVDF)
membranes. The membranes were blocked in Tris buffered
saline Tween 20 (TBST) solution containing 5% skimmed milk

at room temperature for 2 h, and then incubated with primary
antibodies at 4°C overnight. The protein bands were detected
with horseradish peroxidase (HRP)-conjugated secondary
antibodies and visualized using enhanced chemiluminescence
detection system (Millipore, USA). Images are shown as
representatives of three independent experiments.

Xenograft tumor model
6-week-old C57BL/6 nude mice were purchased from Shanghai
Institutes for Biological Sciences, Chinese Academy of Sciences.
All animal experiments were completed at the Experimental
Animal Center of the University of Science and Technology
of China. The mice were housed under a 12-h light-dark
cycle, 25–27°C, and a humidity of about 40%. The mice were
allowed to eat and drink freely. This study was approved by
the Animal Ethics Committee of The First Affiliated Hospital
of USTC (Anhui Provincial Cancer Hospital). The animal
study has been performed in accordance with the Guide for
the Care and Use of Laboratory Animals of the National
Institutes of Health. A549 cells were treated with or without
A549/DDP-released exosomes. Then, 3 × 106 cells were
subcutaneously injected into 6-week-old C57BL/6 nude mice
and mice were treated with DDP. The formation of the
tumors was examined weekly. At week 5 post-implantation,
mice were anesthetized by an intraperitoneal injection of
pentobarbital sodium (100 mg/kg) followed by cervical
dislocation and the volume as well as the weight of the
tumors were measured (n = 6 mice per group).

Statistical analysis
All experiments were carried out in triplicate. All data were
analyzed using SPSS 19.0 software. The values were
presented as mean ± SD. Statistical significance was
analyzed using paired Student’s t-test. P-value below 0.05 is
generally considered statistically significant.

Results

Isolation and characterization of exosomes
Exosomes derived from A549 and A549/DDP cells were
isolated by sequential centrifugation and ExoPrep reagent.
The isolated exosomes were characterized by TEM and
Western blot analysis. In TEM analysis, we observed intact
circular particles, ranging in diameter from about 30 to
150 nm (Fig. 1A). Western blotting results showed that the

TABLE 1

The primer sequences of CXCR4, Bcl-2, Bax, Cleaved-caspase 3,
ZEB1, MMP9 and GAPDH for RT-qPCR

Gene Primer sequence (5’–3’)

CXCR4 F: TGACTCCAACAAGGAACCCTGC
R: CGAAGATGATGTCAGGGATAGTC

Bcl-2 F: CGACTTCTTCAGCATCAGGA
R: TGAGCCACAGGGAGGTTCT

BAX F: AGCTGCAGAGGATGATTGCC
R: CCCCAGTTGAAGTTGCCGTC

Cleaved-caspase 3 F: GCTGAACTGEGGTATTGAG
R: CCTGGAACATCGGATTTGATT

ZEB1 F: CTGCAGTCCAAGAACCACCCTTG
R: CCACACTCATGAGGTCTTTTACC

MMP9 F: GCACGACGTCTTCCAGTACC
R: GGTTCAACTCACTCCGGGAA

GAPDH F: CGAGCCACATCGCTCAGACA
R: GTGGTGAAGACGCCAGTGGA

FIGURE 1. Characterization of exosomes from A549/DDP cells. (A)
Representative TEM images of exosomes derived from A549 cells
showing exosome morphology and size range. Scale bar: 200 nm.
(B) The expression of exosome marker protein by Western blot.
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vesicles were highly positive for ALIX and CD63, which are
identified as specific markers for exosomes (Fig. 1B).

A549/DDP exosomes inhibited the anti-proliferative and
pro-apoptotic effects of DDP in A549 cells
Cell viability was analyzed using CCK8 assay. As shown in
Fig. 2A, cisplatin decreased the viability of A549 cells, and
exosomes + cisplatin treated A549 cells has shown a time-
dependent increase in cell proliferation compared with
cisplatin treated cells (Fig. 2A, P < 0.01). Next, flow
cytometry was used to detect the apoptotic extent in tumor
cells. The results showed that cisplatin increased the
apoptosis in A549 cells and exosome decreased the apoptosis
of cisplatin treated A549 cells (Fig. 2B, P < 0.01). Then, we
investigated the effect of A549/DDP exosomes on the
expression of apoptosis related proteins, Bcl-2, Bax, and
Cleaved-caspase 3, using RT-qPCR and Western blotting
assays. Our data suggested that cisplatin decreased the
expression of Bcl-2 and increased the expression of Bax and
Cleaved-caspase-3; while exosomes+cisplatin showed opposite
trends both in mRNA and protein levels (Figs. 2C and 2D,
P < 0.01). These were consistent with the results in Fig. 2B.

A549/DDP exosomes inhibited the anti-migration and
anti-invasion effects of DDP in A549 cells
The effects of exosomes derived from A549/DDP on cell
migration and invasion of cisplatin treated A549 cells were
examined. As shown in Fig. 3A, cisplatin decreased the
migration ability of A549 cells, and when A549 cells were
treated with cisplatin + exosomes, the migration was
increased comparing with the cisplatin group. A similar
result was observed in the transwell invasion assay, in
exosomes + cisplatin treated cells presented a higher
invasive potential comparing with the cisplatin treated
group (Fig. 3B, P < 0.01). Similarly, metastasis-associated
proteins (ZEB1 and MMP-9) were investigated by RT-qPCR
and Western blotting assays. As shown in Figs. 3C and 3D,
cisplatin decreased the mRNA and protein expression of
ZEB1 and MMP-9, while exosomes + cisplatin increased the
expression of ZEB1 and MMP-9, compared with cells
treated with cisplatin only.

Exosomal transfer of CXCR4 is functionally relevant
Then, the expression level of CXCR4 in exosomes derived
from A549 and A549/DDP cells were detected by RT-qPCR
and Western blot. As shown in Figs. 4A and 4B, the mRNA
and protein expression of CXCR4 was significantly
increased in exosomes derived from A549/DDP cells
compared with the A549 cells. Moreover, Figs. 4C and 4D
showed that CXCR4 mRNA and protein expressions
increased significantly in A549 cells treated with A549/DDP
derived exosomes. These results suggested that A549/DDP
exosomes may transport CXCR4 to A549 cells.

Knockdown of CXCR4 attenuate effects of exosomes derived
from A549/DDP in cisplatin treated A549 cells
To investigate whether CXCR4 related to the effects of
exosomes derived from A549/DDP in cisplatin treated A549
cells, the expression of CXCR4 was reduced in A549/DDP
cells. Our results showed that the mRNA and protein

expression of CXCR4 were notably decreased in cells
transfected with siRNA-CXCR4 compared with those
transfected with siRNA-NC (Figs. 5A and 5B, P < 0.001 or
P < 0.0001). Then, the cell proliferation in A549 cells was
examined using CCK-8 assay. DDP + exosomes demonstrated
a markedly increased of cell proliferation when compared
with the DDP group. However, knockdown the expression of
CXCR4 reversed this pro-proliferation effect (Fig. 5C).
Consistently, knockdown the expression of CXCR4 also
increased the rate of apoptosis reduced by DDP+ exosomes
(Fig. 5D, P < 0.0001).

A549/DDP exosomes inhibited the anti-tumor effects of DDP in
xenograft tumor mice models
Finally, the in vivo effects of exosomes derived from
A549/DDP were also investigated by nude mice xenograft
tumor models. As shown in Figs. 6A and 6B, the average
volume of the tumors was significantly increased in
exosomes+cisplatin group compared with the cisplatin
group at different time points. Moreover, after the mice
were sacrificed, the average weight of the tumors that
measured at the end of the experiment was also significantly
larger in exosomes+cisplatin group compared with the
cisplatin group (Fig. 6C, P < 0.01).

Discussion

NSCLC is one of the leading causes of death worldwide
(Toruner et al., 2020; Xu et al., 2019a). Although patients
with NSCLC have benefited from chemotherapy with the
improved overall survival, current chemotherapeutic agents
have serious side effects in patients. Therefore, the discovery
and development of the specific molecular targets necessitate
modulation in anti-cancer therapy.

Tumor cells are known to release exosomes into the
circulation (Gao et al., 2019a; Lin et al., 2019). In the
present study, we isolated and characterized A549 and
A549/DDP-derived exosomes using Western blot and TEM
analysis. Consistent with the general observation, exosomes
isolated have an intact circular membrane, ranging from
30–150 nm in a diameter. Exosomal membranes were also
enriched with exosome specific markers. Our data
confirmed that the microvesicles released from NSCLC cells
were exosomes in terms of their size, morphology, and
protein components.

Exosomes and their cargo can be transferred from one
cell to another, mediating cell-to-cell communication and
subsequently regulating cell biological functions (Gao et al.,
2019b; Schuldner et al., 2019). It has been previously
reported that exosomes can activate NSCLC cells by
interaction with them (Navarro et al., 2019). Exosomes have
also been associated with the chemosensitivity of different
type of cancer cells. Thus, we addressed the questions
whether cisplatin resistant NSCLC cells-derived exosomes
could have effects on chemosensitivity of NSCLC cells to
cisplatin. In the present study, the effects of A549/DDP
derived exosomes on the proliferation, apoptosis, migration,
invasion, and cisplatin sensitivity of A549 cells were
examined. We observed that A549/DDP derived exosomes
significantly inhibited the inhibitory effect of cisplatin on
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tumor cell proliferation, migration, and invasion, and also
inhibited the promotion of apoptosis. In addition, we also
found that exosomes have the same effect on the expression
levels of apoptosis and metastasis-related proteins. These
results suggested that A549/DDP derived exosomes can

inhibit the effects of cisplatin and increase the cisplatin
resistance of A549 cells.

CXCR4 was known to participate in the cisplatin
resistance of NSCLC cells (Asare-Werehene et al., 2020;
Federici et al., 2014; Wang et al., 2018). However, it is

FIGURE 2. A549/DDP exosomes inhibited the anti-proliferative and pro-apoptotic effects of DDP in A549 cells. (A) Cell proliferation was
measured by CCK8 assay. (B) Cell apoptosis was measured by flow cytometry assay. (C) The mRNA expressions of Bcl-2, Bax and Cleaved-
caspase-3 were examined using RT-qPCR. (D) The protein expressions of Bcl-2, Bax and Cleaved-caspase-3 were examined by Western
blotting, GAPDH was used as the loading control. All data shown are mean ± SD from three separate experiments. **P < 0.01.
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FIGURE 3. A549/DDP exosomes inhibited the anti-migration and anti-invasion ability of DDP in A549 cells. (A) Scratch wound assay was
used to assess the A549 migration. (B) Invasion ability of A549 cells was measured using the transwell assay. (C) The mRNA expression of
ZEB1 and MMP-9 were examined using RT-qPCR. (D) The protein expression of ZEB1 and MMP-9 were examined using Western
blotting, GAPDH was used as the loading control. All data shown are mean ± SD from three separate experiments. *P < 0.05, **P < 0.01.

716 MINGMING FANG et al.



unclear whether exosomes affect the chemotherapy
resistance of lung cancer by transporting CXCR4.
Interestingly, we observed that the expression of CXCR4
was significantly increased in exosomes derived from
A549/DDP cells compared with A549 cells, and when
A549 cells were treated with A549/DDP derived exosomes,
the levels of CXCR4 was significantly increased. These
results suggested that CXCR4 was involved in the cisplatin
resistance of A549 cells and can be transferred by
exosomes. Next, to investigate whether CXCR4 participates
in the cisplatin resistance promotion effect of A549/DDP
exosomes to A549 cells. We knocked down the expression
of CXCR4 in A549 cells. Our results showed that knocking

down the expression of CXCR4 can reverse the inhibitory
effects of exosomes on the anti-proliferative, anti-
migration, anti-invasion and pro-apoptotic of cisplatin in
A549 cells. These results suggest that A549/DDP exosomes
may affect the drug sensitivity of lung cancer cells by
transporting CXCR4.

Furthermore, we also confirmed the tumorigenic
behaviors of A549/DDP derived exosomes in cisplatin
treated xenograft tumor mice models in vivo. Our data
collectively suggested that A549/DDP derived exosomes may
affect the chemosensitivity of A549 cells by increasing the
proliferation, migration and invasion ability and inhibiting
the apoptosis of A549 cells.

FIGURE 4. A549/DDP exosomes
transport CXCR4 to A549 cells. (A)
Expression of CXCR4 mRNA level
in exosomes. (B) Expression of
CXCR4 protein level in exosomes.
(C) Expression of CXCR4 mRNA
level in A549 cells. (D) Expression
of CXCR4 protein level in A549
cells, GAPDH was used as the
loading control. Data are mean ±
SD from three separate experiments.
**P < 0.01, ***P < 0.001.
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FIGURE 5. Knockdown of CXCR4 attenuate effects of exosomes derived from A549/DDP in cisplatin treated A549 cells. (A) Expression of
CXCR4 mRNA was detected by RT-qPCR. (B) Expression of CXCR4 protein was detected by Western blot. (C) Cell proliferation was
measured by CCK8 assay. (D) Cell apoptosis was measured by flow cytometry assay. All data shown are mean ± SD from three separate
experiments. ***P < 0.001, ****P < 0.0001.
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Conclusion

In conclusion, we observed that A549/DDP derived exosomes can
affect the chemosensitivity of A549 cells to cisplatin, possibly by
transporting CXCR4 to A549 cells. Our data provide new
evidence for the investigation of drug resistance of NSCLC.
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