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ABSTRACT
Objective: This study was designed to investigate the potential molecular mechanisms by which exosomes mediate the transfer
of drug resistance between lung cancer cells by microRNA (miRNA, miR-21).
Methods: Exosomes from cell supernatants were extracted by kit, their morphology and size were observed by electron
microscopy, and exosome-specific proteins were detected by Western blot. The uptake of PKH26-labeled exosomes by cells transfected
with green fluorescent plasmids was observed by laser confocal microscopy. MiR-21 mimic/inhibitor or PTEN overexpression plasmids
were transfected into cells to regulate the expression levels of miR-21 and PTEN in cells. Expression levels of miR-21 and PTEN in
lung cancer cells were determined by RT-qPCR, Northern blot and Western blot. The CCK-8 method was used to detect cell activity
under cisplatin treatment and to calculate IC50. The clone formation experiment verified the sensitivity of different cells to cisplatin.
Results: Compared with the parent cells A549, the expression of miR-21 in A549/DDP was significantly increased, and the
regulation of miR-21 level in lung cancer cells could affect the sensitivity of cells to cisplatin. MiR-21 levels in exosomes (exo/DDP)
derived from A549/DDP were significantly higher than in those derived from A549 cells. The results showed that exo/DDP could be
absorbed by A549 cells. CCK-8 and clone formation experiments showed that after incubating with exo/DDP, the sensitivity of A549
cells to cisplatin decreased significantly and IC50 increased significantly. RT-qPCR and Western blot results showed that after coincubating exo/DDP in A549 cells, the expression of miR-21 was significantly increased, while that of PTEN was decreased. Meanwhile,
by regulating the expression levels of miR-21 and PTEN, this experiment further confirmed that miR-21 could regulate the expression
of PTEN, thus affecting the sensitivity of lung cancer cells to cisplatin.
Conclusion: Exosomes secreted by cisplatin-resistant lung cancer cells can transmit miR-21, thereby affecting the level of miR21 in recipient cells. This, in turn, regulates the expression of cell PTEN and induces cisplatin resistance in lung cancer cells. This study
provides a new approach and target to reverse drug resistance in lung cancer.
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Introduction
Lung cancer is one of the most common malignant tumours in the world, with obvious clinical
symptoms(1, 2) and extremely high mortality. The average survival time of lung cancer patients is only
a few months, and the one-year survival rate is less
than 20%(3). At present, drug resistance in the course
of chemotherapy is an important reason for the poor
prognosis of lung cancer(4). Therefore, to improve

the prognosis of lung cancer patients and explore the
potential mechanism of chemotherapy resistance of
lung cancer, it is crucial to find effective therapeutic
targets. Cisplatin, a common and effective anticancer drug, is widely used to treat malignant tumours,
including lung cancer, breast cancer, bladder cancer
and head and neck squamous cell cancer(5, 6). Cisplatin mainly inhibits DNA replication and transcription
by cross-linking with DNA, thus inducing the death
of cancer cells(7). Recently, some researchers believe
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that tumour microenvironment plays an important
role in tumour therapy(8). Moreover, exosome (exo)
plays an important role in the tumour microenvironment. In different tumour types, exosomes released
by drug-resistant cells can induce tumour cells to
generate chemotherapy resistance(9-11).
Exosomes are microvesicles from polyvesicles,
generally between 30 nm and 150 nm in diameter.
They can participate in intercellular signal communication by transmitting intracellular active components, including proteins, messenger RNA (mRNA),
microRNA (miRNA) and long non-coding RNA(12,
13)
. Studies have shown that exosomes can mediate
miRNA to promote tumour development, induce tumour invasion and metastasis, and generate chemoradiotherapy resistance(14). In breast cancer, exosomes
can promote breast cancer metastasis by activating
the NF-κB signalling pathway through the mediation
of miR-222(11). In ovarian cancer, exosomes secreted
by tumour-associated fibroblasts mediate miR-21 to
target APAF1 in tumour cells, thereby inhibiting tumour cell apoptosis and inducing taxol resistance in
tumour cells(15). In gastric cancer, exosomes secreted
by tumour-associated macrophages induce cisplatin
resistance by mediating miR-21(16). However, the
mechanism of miR-21 in exosomes in the generation
of cisplatin resistance in lung cancer cells has not
been elucidated.
In this study, we investigated the role of miR21 in drug resistance transmission by using a cisplatin-resistant cell line model of lung cancer combined
with exosome function, providing a new potential
therapeutic target for lung cancer patients.

USA), miR-21 mimic, miR-21 inhibitor and pcDNA3.1-PTEN plasmids were transfected into the
corresponding cell lines. The transfection efficiency
was determined by the cell fluorescence intensity
48 h after transfection, and subsequent experiments
were conducted. These included:
• miR-21 mimic sequence: 5 ‘-UAGCUUAUCAGACUGAUGUUGA-3’ and
• miR-21 inhibitor sequence: 5 ‘-UCAACAUCAGUCUGAUAAGCUA-3’.

Materials and methods

Exosome extraction and electron microscopy
identification
A549 and A549/DDP cells were cultured in a
20 ml culture dish. After the cell density reached
50%, they were replaced with a complete medium
containing 10% foetal bovine serum excluding exosomes. When the cell density reached 90%, the cell
supernatant was collected. An exosome extraction kit
(QIAGEN, Germany) was used to extract exosomes
from cell supernatants according to the instructions.
The 20 ul exosome suspension was fixed with
4% glutaraldehyde in a 0.1 M phosphate buffer (pH
7.4) for 2 h. The fixed exosomes were dropped onto
a carbon-coated copper grid, allowed to sit for 5 min
and then immersed in a 2% solution of phosphotungstic acid for 1 min. The images were then observed
and photographed with an electron microscope at an
acceleration voltage of 80 kV.

Materials
Human lung adenocarcinoma cell A549 was
purchased from the Shanghai Institute of the Chinese Academy of Sciences. Lung adenocarcinoma
cisplatin-resistant cell line A549/DDP was constructed by parental sensitive cell A549 gradually
induced with low doses of cisplatin. PCR primers,
miR-12 mimic, miR-21 inhibitor and PTEN overexpression plasmids were all synthesized by Shanghai
Gene Pharma Co., Ltd.
Cell culture and transfection
Cells were cultured in DMEM (containing 10%
foetal bovine serum) at 5% CO2 and 37oC saturated humidity. According to the instructions of the
transfection reagent Lipofectamine2000 (Invitrogen,

Cell activity determination and clone formation experiment
Cell viability was measured using a CCK-8 kit
(Beyotime, Shanghai). After digestion with trypsin,
cells were inoculated into 96-well plates at a density
of 5000 cells per well. The cells were adherent overnight and cultured for 48 h with different concentrations of cisplatin. Then, CCK-8 reagent was added
and incubated at 37oC for 4 h. The absorbance value
of each hole at 490 nm was detected by microplate,
and the cell activity was recorded and calculated.
The experiment was set up six double holes and repeated three times independently. Lung cancer cells
were inoculated in a 6-well plate at a density of 200
cells per well. The cells were attached to the wall and
cultured with different concentrations of cisplatin for
48 h. The normal medium was replaced for another
two weeks. After the six-well plate was washed with
PBS, 1% crystal violet dye (containing 30% formaldehyde) was added. After 20 min, [what] was rinsed
with water and air-dried. Then photos were taken
and [what?] were counted.
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Exosome uptake experiment
Exo/DDP from A549/DDP was labelled with
a PKH26 red fluorescent dye (Sigma, USA) as described in the instructions, and a plasmid vector with
green fluorescence (GFP) was transfected into A549
cells. PKH26-labelled exosomes were added to the
fluorescent A549 cells and co-incubated for 24 h.
The exosomes were then observed and photographed
under a laser confocal microscope.
PCR

Real-time quantitative reverse transcription

Cell RNA was extracted with Trizol (Vazyme,
Shanghai) according to instructions. Reverse transcription of mRNA and miRNA was performed using Takara’s reverse transcription kit, followed by
real-time quantitative PCR using Takara’s SYBR
Premix EX Taq kit. Primer sequences are shown in
Table 1.
Primer

Sequence (5’-3’)

miR-21 forward

AGAAATGCCTGGGTTTTTTTGGTT

miR-21 reverse

TTGGGAATGCTTTTCAAAGAAGGT

U6 forward

CTCGCTTCGGCAGCACACA

U6 reverse

AACGCTTCACGAATTTGCGT

PTEN forward

ACCCCTTCATTGACCTCAACTA

PTEN reverse

TCTCGCTCCTGGAAGATGGTGA

β-actin forward

ATGTGCAAGGCCCGCTTCG

β-actin reverse

TTAATGTCACGCACGATTTCC
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RNA integrity. Then it was hybridized with Digoxin-labelled cDNA probe (PCR DIG probe synthesis
kit, Roche, Germany). After the hybridization, the
membrane was washed and tablet was developed.
Statistical analysis
In this study, GraphPad Prism7 software was
used for statistical analysis. The measurement data
are expressed as mean ± standard deviation (x̅±s).
Mean differences between groups were compared by
paired t-test or independent sample t-test.
Results
miR-21 level in lung cancer cells affects cell
sensitivity to cisplatin
To explore the function of miR-21 in lung cancer cisplatin-resistant cells A549/DDP, we first identified cisplatin resistance in two cell lines. CCK-8
results showed that there was a significant difference
in cisplatin sensitivity between the two cells (IC50:
A549 vs A549/DDP = 5.178 μM vs 23.72 μM; p<.05)
(Figure 1A).

Table 1: Primer Sequences.

Western blot
The total cell protein was extracted with RIPA
containing protease inhibitors, and the protein concentration was determined with the BCA kit (KeyGEN). The 30 μg protein samples were separated
by electrophoresis in 10% SDS polyacrylamide gel
and transferred to PVDF membrane. The strips were
sealed with 5% skim milk for 1 hour and incubated overnight at 4oC with the primary antibody. The
next day, the secondary antibody was incubated at
room temperature for 2 h and exposed to colour on
the BioRAD gel imager using ECL kit. PTEN, antibodies -actin, and secondary antibodies were all
purchased from CST (USA).
Northern blot
The total RNA extracted from cells was quantitatively denatured by Nanodrop, and 20-μg samples
were added to each well. RNA was separated in 1%
denatured agarose formaldehyde gel, transferred to
a nylon membrane, fixed by UV lamp and observed

Figure 1: miR-21 level in lung cancer cells affects cell
sensitivity to cisplatin.

(A) the sensitivity of cells to cisplatin was detected by the CCK8 method and IC50 was calculated (A549 vs A549/DDP =
5.178μM vs 23.72 μM). (B) RT-qPCR was used to detect the
expression of miR-21 in the cells. (C) Northern blot analysis
showed that miR-21 expression in drug-resistant cells A549/
DDP was significantly higher than that in parent cells A549.
(D) RT-qPCR was used to verify the expression of miR-21 after
transfection. (E-F) IC50 of cisplatin cells was determined by the
CCK-8 method (A549 NC vs A549 miR-21 mimic = 6.172 μM
vs 40.22 μM). (G) RT-qPCR was used to verify the expression of
miR-21 in cells. (H–I) cisplatin IC50 of A549/DDP cells (NC vs
miR-21 inhibitor = 21.94 μM vs 10.09 μM). **p<.01.

Subsequently, the expression of miR-21 in the
two cell lines was detected by RT-qPCR and Northern blot. The results showed that miR-21 expression
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in cisplatin-resistant cells A549/DDP was significantly up-regulated compared with that in parent
cells A549 (Figure 1B-C). To evaluate whether miR21 can affect the sensitivity of lung cancer cells to
cisplatin, we transfected miR-21 mimics into A549
cells to increase miR-21 expression (Figure 1D). The
results of cell viability experiments showed that after
the expression of miR-21 was up-regulated, cisplatin
inhibited cells significantly, and IC50 of A549 miR21 mimic cells to cisplatin was significantly higher
than that of parental cells (Figure 1E-F).
At the same time, we transfected miR-21 inhibitor into A549/DDP cells to inhibit the expression
of miR-21 (Figure 1G). These results were consistent with expectations. Cisplatin resistant cells A549/
DDP recovered their cisplatin sensitivity after miR21 expression was inhibited (Figure 1H-I). These results indicated that the level of miR-21 in lung cancer
cells affects the sensitivity of cells to cisplatin.
MiR-21 is highly expressed in exosomes secreted by cisplatin-resistant cell lines of lung cancer
To investigate whether exosome-derived miR21 is associated with cisplatin resistance in lung
cancer cells, we collected cell supernatants of A549
and A549/DDP and extracted exosomes from them.
In this study, exosome morphology and size were
observed by electron microscopy (Figure 2A), and
exosome-specific proteins were detected by Western blot (Figure 2B). The exosomes obtained in this
study were bilayer structures with sizes between 30
nm and 150 nm.
Western blot showed a high expression of
specific protein CD63 on exosome membrane and
low expression of endoplasmic reticulum-specific protein Calnexin. MiRNAs were extracted from
exosomes and the contents of miR-21 exosomes
were determined by RT-qPCR and Northern blot. As
shown in Figure 2C-D, miR-21 levels in exosomes
from drug-resistant strains were higher than those
from A549 cells.
Exosomes secreted by cisplatin-resistant cell
lines can transmit drug resistance
To further explore whether exosomes can transmit cellular drug resistance, we incubated the exosomes (exo/DDP) from drug-resistant cells A549/
DDP with the parent cells A549, with the exosomes
secreted by A549 itself (exo/A549) with A549 as a
negative control.
We observed the changes in the sensitivity of
cells to cisplatin after co-incubation. Laser confocal
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scanning microscope images showed exo/DDP uptake by A549 cells (Figure 3A). After co-hatching, a
cell viability experiment and a clone formation experiment were conducted. The results showed that
after hatching with exo/DDP, the sensitivity of A549
cells to cisplatin decreased significantly and IC50
increased significantly (Figure 3B-E). All the above
experiments confirmed that exosomes secreted by
cisplatin-resistant cell line A549/DDP could transmit drug resistance.

Figure 2: miR-21 was highly expressed in exosomes secreted by cisplatin-resistant cell lines of lung cancer.

(A) exosomes were extracted from the cell supernatant and observed under an electron microscope with a scale of 50 nm. (B)
exosomes were identified by Western blot using exosome-specific
protein CD63 and endoplasmic reticulum-specific protein Calnexin, with β-actin as an internal reference. (C) RT-qPCR was
used to detect miR-21 levels in cell-derived exosomes. (D) the level of miR-21 in exosomes was detected by Northern blot. **p<.01.

Figure 3: Exosomes secreted by cisplatin-resistant cell
lines can transmit drug resistance.

(A) co-incubation experiment of exosomes and cells. Images of
exosomes uptake were taken by laser confocal microscopy. The
stable expression of green fluorescent protein (GFP) in A549 cells, and exosomes derived from A549/DDP were labelled with red
fluorescent dye (PKH26). (B–C) the CCK-8 method was used to
detect and calculate the changes of cisplatin IC50 in A549 cells
after co-incubation with exosomes from different sources (exo/
A549 vs exo/DDP = 4.108 μM vs 11.48 μM). (D–E) clone formation experiment to observe the changes of cisplatin sensitivity
of A549 cells after co-incubation with exosomes from different
sources. **p<.01
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Exosomes secreted by drug-resistant cells can
transmit miR-21 and affect the expression of PTEN
in cells
To reveal the mechanism of exosomes transmitting cell drug resistance, RT-qPCR analysis and
detection found that after incubating with drug-resistant cell-derived exosomes exo/DDP, miR-21
expression in recipient cells A549 was significantly
increased (Figure 4A). Bioinformatics search results
showed that miR-21 may bind to the 3' non-coding
region (3' UTR) of tumour suppressor gene PTEN
mRNA (Figure 4B) to inhibit PTEN expression.
RT-qPCR and Western blots analysis showed that
the mRNA and protein levels of PTEN in A549 cells
were significantly reduced after incubation with exo/
DDP (Figure 4C-D). These data indicate that exosomes can transmit miR-21 and affect the expression level of PTEN in recipient cells.
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protein levels of PTEN in transfected plasmid A549/
DDP cells (Figure 5D) by RT-qPCR and Western
blot. CCK-8 and clonogenesis experiments showed
that after upregulation of PTEN, the resistance of
A549/DDP cells to cisplatin significantly decreased,
and IC50 significantly decreased (Figure 5F-I).
These results suggest that miR-21 can regulate the
expression of PTEN in cells by targeting the 3' UTR
region of PTEN, thus affecting the sensitivity of
lung cancer cells to cisplatin.

Figure 5: miR-21 induced cisplatin resistance in lung
cancer cells by inhibiting PTEN expression.
Figure 4: Exosomes secreted by drug-resistant cells can
transmit miR-21 and affect the expression of PTEN in
cells.

(A) miR-21 expression level in recipient cells A549 after incubation with exosomes (exo/DDP) from A549/DDP by RT-qPCR.
(B) The predicted binding site of miR-21 to the 3' UTR region of
human PTEN gene. (C) RT-qPCR was used to detect the mRNA
expression level of PTEN in cells. (D) The level of PTEN protein
in cells was detected by Western blot. **p<.01.

miR-21 induces cisplatin resistance in lung
cancer cells by inhibiting PTEN expression
To confirm that miR-21 in lung cancer cells can
induce cisplatin resistance by inhibiting PTEN, we
up-regulated the expression level of miR-21 in A549
cells and down-regulated miR-21 in A549/DDP
cells. RT-qPCR and Western blot results showed that
both mRNA and protein levels of PTEN were inhibited after miR-21 was up-regulated, while PTEN
levels were significantly increased after miR-21 was
down-regulated (Figure 5A-C). These results proved
that miR-21 could inhibit the expression of PTEN in
lung cancer cells.
Subsequently, we transfected pcDNA3.1-PTEN
overexpressed PTEN in drug-resistant cell line
A549/DDP cells, and we verified the mRNA and

(A-B) RT-qPCR was used to verify the mRNA level of PTEN in
cells. (C) Western blot analysis of PTEN protein expression in
cells. (D) RT-qPCR results showed that the mRNA level of PTEN
in A549/DDP cells was lower than that in A549 cells. (E) The
protein level of PTEN in cells was detected by Western blot. (F-G)
IC50 value of cisplatin after A549/DDP transfection was detected
by the CCK-8 method (pcDNA3.1-no-load vs pcDNA3.1-PTEN =
28.13 μM vs 11.62 μM). (H-I) the changes in cisplatin sensitivity
of A549/DDP cells after transfection with plasmids were observed
in the clonal formation experiment.**p<.01.

Discussion
Current studies suggest that miRNA can alter
the expression of target genes by interfering with endogenous RNA, thereby promoting or inhibiting tumour progression(17). MiR-21, one of the most studied miRNA, is overexpressed in most cancers and
shows carcinogenic activity(18). Studies have shown
that miR-21 can promote the growth of liver cancer
cells and inhibit cell apoptosis in glioblastoma(19). At
the same time, overexpression of miR-21 can induce
chemotherapy resistance in tumour cells, such as
breast cancer and ovarian cancer(20, 21). In lung cancer, studies have demonstrated that miR-21 plays
an important role in the proliferation, invasion and
apoptosis of tumour cells(22). In this study, we found
that miR-21 levels in cisplatin-resistant cells A549/
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DDP were significantly up-regulated compared with
parental cells. By up-regulating or inhibiting the level of miR-21 in cells, it was further proved that miR21 was related to the sensitivity of cells to cisplatin.
At the same time, this study showed that the expression of miR-21 in recipient cells increased after
co-incubating with exosomes of drug-resistant cell
origin. This may be one of the mechanisms by which
exosomes mediate the development of acquired drug
resistance in lung cancer cells.
PTEN is a tumour suppressor gene that negatively regulates intracellular PI3K levels and regulates a variety of cell functions, including cell
proliferation, invasion, drug resistance and intracellular transport, by inhibiting the Akt signalling pathway(23). In NSCLC, the PTEN-PI3K/AKT pathway
plays an important role in regulating cell cycle, promoting apoptosis, inducing drug resistance and other
processes(24). LncARSR can promote the resistance
of liver cancer cells to adriamycin by regulating the
PTEN-PI3K/Akt pathway(25). Studies have shown
that miR-21 can directly target the 3' UTR region
of PTEN to regulate its expression(26). Changes in
miR-21/PTEN levels have been observed in gefitinib-resistant lung cancer patients(27). In this study, the
negative regulatory effect of miR-21 on PTEN expression was verified by regulating the expression of
miR-21 in lung cancer cells. The final rescue trial in
the study further confirmed that miR-21 induced cisplatin resistance in lung cancer cells in a PTEN-dependent manner.
In summary, exosomes secreted by drug-resistant lung cancer cell lines can transmit miR-21, thereby affecting the level of miR-21 in recipient cells,
thus regulating the level of cell PTEN to induce cisplatin resistance in lung cancer cells. This study further enriches the research on the mechanism of cisplatin resistance in lung cancer and provides a new
approach and target for drug development to reverse
the resistance of lung cancer.
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