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Abstract. Resistance to platinum-based drugs, such as cisplatin 
(CDDP), has been one of the major factors adversely affecting 
the clinical prognosis of patients with advanced non-small cell 
lung cancer (NSCLC). While it has been demonstrated that 
dysregulation of microRNAs (miRNAs) may contribute to cispl-
atin resistance in NSCLC, the underlying mechanisms remain 
largely unclear. In the present study, the effect of exosomal 
miR-1273a on cisplatin sensitivity of NSCLC was investigated. 
Microarray analysis was conducted to analyze the miRNA 
expression profiles in exosomes isolated from A549 cells 
treated with or without CDDP, and miR-1273a was found to be 
the most prominently downregulated miRNA in CDDP-treated 
exosomes. Overexpression of miR‑1273a significantly increased 
the cytotoxicity of CDDP and induced apoptosis in A549 cells. 
Syndecan binding protein (SDCBP) was predicted to be a 
direct target of miR-1273a by bioinformatics and was found to 
be downregulated by miR-1273a in A549 cells. Furthermore, 
decreased plasma exosomal miR-1273a and increased plasma 
SDCBP levels were found to be associated with worse thera-
peutic outcomes of patients with advanced NSCLC receiving 
platinum-based chemotherapy. These findings suggest that 
miR-1273a is closely associated with the development of 
cisplatin resistance and may serve as a potential prognostic 
biomarker and therapeutic target for NSCLC.

Introduction

Lung cancer is the most common malignant tumor world-
wide, and its morbidity and mortality rank first among 

all cancers (1). The most common histological subtype is 
non-small cell lung cancer (NSCLC), accounting for more 
than 80% of all lung cancer cases (2). Unfortunately, the 
majority of patients with NSCLC are at an advanced stage at 
the time of initial diagnosis, and have missed the opportunity 
to undergo surgery, which results in a poor prognosis (3). 
Although platinum-based chemotherapy is currently the 
standard first‑line treatment for these patients, some NSCLC 
patients are not sensitive to platinum-based chemotherapy, 
with an overall response rate of only 30% (4,5). In addition, 
most patients with NSCLC eventually develop resistance to 
the chemotherapy, thus greatly limiting the clinical appli-
cation of chemotherapeutic drugs and leading to a worse 
prognosis. Therefore, it is crucial to explore the molecular 
mechanism underlying the low response rate of NSCLC to 
platinum-based chemotherapy.

Exosomes are nanoscale membrane vesicles secreted 
by cells into the extracellular space to mediate intercellular 
communication (6). Therefore, exosomes are not only important 
carriers of bioactive substances, but also crucial mediators for 
information exchange between cells (7,8). It has been demon-
strated that exosomes can transmit biological information by 
transporting coated contents, such as microRNAs (miRNAs), 
long non-coding RNAs (lncRNAs) and proteins, and partici-
pate in the malignant processes of NSCLC through various 
pathways (9,10). miRNAs are a family of small non-coding 
RNAs that can alter gene expression post-transcriptionally, 
thereby regulating tumor cell proliferation, migration, invasion 
and metastasis, angiogenesis and apoptosis as well as genomic 
instability (11,12). Since miRNAs in exosomes have the ability 
to regulate gene expression, are stable in the extracellular 
environment and display strong resistance to degradation, 
they may be widely used as diagnostic biomarkers of cancers 
and other diseases (13). More importantly, secreted exosomal 
miRNAs may be taken up by recipient cells, and then regulate 
a variety of biological processes such as proliferation, differ-
entiation and apoptosis by inhibiting the expression of target 
genes (14-16).

In recent years, miRNAs in exosomes have attracted 
considerable attention as the changes in the type and amount 
of miRNAs in exosomes are associated with the resistance 
of NSCLC cells to chemotherapeutic drugs (17). A recent 
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study demonstrated that miRNAs were differentially 
expressed in the exosomes of cisplatin (CDDP)-resistant and 
CDDP-sensitive NSCLC cells. In CDDP-resistant NSCLC 
cell lines, the amount of miR-100-5p was significantly 
decreased in exosomes and was functionally involved in 
CDDP resistance of NSCLC (18). It should be noted that plat-
inum stimulation may also change the expression profiles of 
miRNAs, many of which are considered to be responsible for 
drug resistance (19). However, few studies have focused on the 
expression of miRNAs in exosomes stimulated by platinum 
drugs and the effect of these miRNAs on the sensitivity of 
NSCLC to platinum drugs. In the present study, microarray 
analysis was performed to examine the differential expres-
sion profiles of exosomal miRNAs in the NSCLC cell line 
A549 with or without CDDP treatment, and miR-1273a was 
identified as a candidate miRNA involved in the sensitivity of 
A549 cells to CDDP. In addition, the expression of miR-1273a 
in plasma exosomes of patients with advanced NSCLC before 
and after CDDP chemotherapy was further evaluated to 
confirm the clinical significance.

Materials and methods

Cell culture and human specimens. A549 cells were purchased 
from the American Type Culture Collection (ATCC) and 
grown in RPMI-1640 medium supplemented with 10% FBS 
(Biological Industries) and 100 U/ml penicillin-streptomycin 
at 37˚C in an atmosphere of 95% air and 5% CO2. Plasma 
samples were collected from 49 patients with advanced 
NSCLC at Daping Hospital, Chongqing, China from January 
to December 2018 and stored at ‑80˚C until use. The average 
age of the patients was 57.0±9.8, 32 (65.3%) were male and 
17 (34.7%) were female patients. All patients received standard 
first‑line platinum‑based chemotherapy (Table S1). To evaluate 
therapeutic outcomes, the patients were divided into responder 
[complete response (CR) + partial response (PR)] and 
non-responder [stable disease (SD) + progressive disease (PD)] 
groups according to the Response Evaluation Criteria In Solid 
Tumors (version 1.1) (20). The present study was conducted 
in accordance with the principles outlined in the Declaration 
of Helsinki, and was approved by the Ethics Committee of 
Daping Hospital (ratification no 2018113).

Isolation of exosomes. When the cells had grown to reach 
a confluence of ~70%, the culture medium was replaced 
with fresh RPMI-1640 containing 10% Exosome-Depleted 
FBS (VivaCell). After 48 h of incubation, the supernatant 
was collected and the exosomes were extracted according 
to the following steps. The supernatant was centrifuged 
at 10,000 x g for 30 min at 4˚C and filtered by a 0.22‑mm 
filter. Subsequently, the exosomes were precipitated twice 
by ultracentrifugation at 100,000 x g for 70 min at 4˚C. The 
isolated exosomes were added into the culture medium of the 
cells for further analysis. To isolate exosomes from patient 
plasma, plasma samples were centrifugated at 10,000 x g for 
20 min at 4˚C, and the plasma exosomes were isolated by 
the Total Exosome Isolation Kit (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
The collected exosomes were resuspended in sterile PBS and 
stored at ‑80˚C until use.

Transmission electron microscopy (TEM) and nanoparticle-
tracking analysis (NTA). Exosome sample were added to 
copper grids at room temperature for 5 min, stained with 2% 
uranyl acetate solution for 1 min, dried for 20 min at room 
temperature, and then observed using TEM (JEOL, Ltd.). NTA 
was performed by a nanoparticle tracing assay (ZetaVIEW 
S/N 17-310; Particle Metrix GmbH) and analyzed using 
ZetaVIEW 8.04.02 software (Particle Merix GmbH).

Western blotting. Cells and exosomes were lysed in RIPA 
Lysis Buffer (Beyotime Institute of Biotechnology). A total 
of 20 µg protein was then separated by 10% SDS-PAGE 
and then transferred onto a PVDF membrane according 
to methods described previously (21). Antibodies against 
CD63 (dilution 1:500; cat. no. ab59478), CD9 (dilution 1:500; 
cat. no. ab58989), Alix (dilution 1:500; cat. no. ab117600), 
Calnexin (dilution 1:500; cat. no. ab92573) and β-actin 
(dilution 1:500; cat. no. ab8226) were purchased from 
Abcam. Antibody against syndecan binding protein (SDCBP; 
dilution 1:1,000; cat. no. 22399-1-AP) was purchased from 
Proteintech (Sanying Biotechnology, Inc.). The band intensity 
of the western blot images was quantified using Image Lab 
software (version 1.2.0.12, Bio-Rad Laboratories, Inc.).

Cellular uptake of exosomes. Exosomes were stained with 
PKH26 and incubated with A549 cells at 37˚C for 4 h, and then 
the cells were fixed with 4% paraformaldehyde for 15 min at 
room temperature. The nuclei were stained with DAPI. For the 
control group, PKH26 was added to an equal amount of PBS 
and then used to treat A549 cells. The fluorescence‑labelled 
exosomes were observed under a confocal microscope 
(PerkinElmer, Inc.) at x400 magnification.

Analysis of cell viability and apoptosis. For cell viability 
analysis, the A549 cells were seeded onto 96-well plates at a 
density of 5,000 cells per well and incubated for 12 h. The cells 
were then treated with the indicated concentration of CDDP 
for an additional 48 h, and the cell viability was determined 
using Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute 
of Biotechnology), according to the manufacturer's instruc-
tions. For apoptosis analysis, the cells were seeded onto 6-well 
plates at a density of 2x105 cells per well and cultured for 
24 h. Subsequently, the cells were seeded into 6-well plates 
overnight and then treated with 2 µg/ml CDDP. After 36 h of 
CDDP treatment, the apoptotic cells were detected with the 
Annexin V‑FITC kit (CalbioChem) and quantified using flow 
cytometry (Gallios, Beckman Coulter).

Microarray analysis of exosomal RNA. Microarray analysis 
was performed to detect differentially expressed miRNAs 
using Affymetrix GeneChip miRNA 4.0 array (Affymetrix, 
Thermo Fisher Scientific, Inc.). GeneChip® Scanner 3000 7G 
(Affymetrix, Thermo Fisher Scientific, Inc.) was used to scan 
the arrays. CEL files obtained from the Affymetrix GeneChip 
were analyzed by the Gminix-Cloud Biotechnology 
Information (GCBI) platform (http://www.gcbi.com.cn) using 
Affymetrix default analysis settings and global scaling as the 
normalization method. SAM method was used to analyze 
the difference (22). According to the filter condition |Fold 
Change|>2, the final difference results were obtained.
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Transfection experiment. When the cells reached 50% 
confluence, 20 nM miR‑1273a mimic or inhibitors or nega-
tive control (Guangzhou RiboBio Co., Ltd.) were mixed with 
10 µl of HiPerfect transfection reagent (Qiagen GmbH), and 
then transfected into A549 cells according to the HiPerfect 
transfection reagent operating instructions. The sequence 
of miR-1273a mimic sense was GGG CGA CAA AGC AAG 
ACU CUU UCU U and antisense was AAG AAA GAG UUU 
UGC UUU GTC GCC C. The sequence of miR-1273a inhibitor 
was CAG UAC UUU UGU GUA GUA CAA. The sequence of 
mimics-control was as follows: Sense, UUU GUA CUA CAC 
AAA AGU ACU G and antisense, CAG UAC UUU UGU GUA 
GUA CAA A. The sequence of inhibitor-control was CAG UAC 
UUU UGU GUA GUA CAA. After 48 h of transfection, the cells 
were used for the subsequent experiment.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis. Total RNA was extracted from 
exosomes or cultured cells using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). cDNA was synthesized from 
200 ng total RNA and amplified by RT‑qPCR using TB Green 
PremixExTaq II (Takara Biotechnology Co., Ltd.). The ther-
mocycling condition for miRNA consisted of 95˚C for 20 sec 
followed by 40 cycles of 10 sec at 95˚C, 20 sec at 60˚C and 10 sec 
at 70˚C; for mRNA: 95˚C for 5 min followed by 39 cycles of 
10 sec at 95˚C, 15 sec at 60˚C and 20 sec at 72˚C. Cel‑miR‑39 
was used as an external control in exosomes, and U6 was used 
as an internal reference in cells. β-actin was used as the endog-
enous control to normalize the expression of SDCBP. All the 
primers were synthesized by Guangzhou RiboBio Co., Ltd. 
The relative expression level of miRNAs and mRNAs were 
calculated by the 2-ΔΔCt method (23). The expression level of 
miRNAs in plasma exosomes was calculated using the log2 
(2-ΔCtx1010) formula, as previously described (24).

Quantitation of SDCBP by ELISA. Plasma was collected from 
NSCLC patients and assessed by ELISA using the SDCBP 
ELISA kit (catalog no. MK4079A, Meike Biotechnology Co., 
Ltd.), according to the manufacturer's instructions.

Statistical analysis. Statistical analyses were performed 
by GraphPad Prism software 7.0 (GraphPad Software, 

Inc.) or statistical package SPSS (IBM SPSS Statistics for 
Windows, version 19.0). Parametric data are expressed as the 
means ± standard deviation (SD). Difference analyses between 
different cell groups were compared with Student's t‑test. 
Difference analyses between different patient groups were 
compared with Mann-Whitney U test. The expression levels 
of miR-1273a before and after chemotherapy were compared 
with Wilcoxon paired non-parametric test. Correlation was 
analyzed using Pearson correlation. P<0.05 was considered to 
indicate statistically significant differences.

Results

Identification of isolated exosomes from CDDP‑treated A549 
cells. A549 cells were treated with 2 µg/ml CDDP for 48 h 
based on dose-response evaluation (Appendix S1 and Fig. S1), 
and the exosomes were then isolated from the cell culture 
medium. To ensure successful isolation of exosomes from 
A549 cells, the collected exosomes were observed by TEM and 
analyzed by nanoparticle tracking and western blotting. The 
expected size range of exosomes and bilayer membrane-shaped 
morphology were readily observed using TEM (Fig. 1A). NTA 
demonstrated that the mean particle diameter was 30-150 nm 
(Fig. 1B). Western blotting demonstrated that the exosomes 
were positive for the exosomal markers CD9, CD63 and 
ALIX, but negative for calnexin (an endoplasmic reticulum 
protein) (Fig. 1C).

Exosomes secreted from CDDP-treated cells reduce the sensi-
tivity of A549 cells to CDDP. Before examining the effects 
of exosomes isolated from CDDP-treated NSCLC cells on 
NSCLC sensitivity to CDDP treatment, it was investigated 
whether exosomes can be taken up by A549 cells. Compared 
with control cells, following incubation with PKH26-stained 
exosomes for 4 h, a large number of PKH26 fluorescence‑labeled 
exosomes appeared inside the A549 cells (Fig. 2A), suggesting 
that the cells can take up exosomes. In order to investigate 
the effects of exosomes secreted by CDDP-treated cells on 
the sensitivity of NSCLC cells to cisplatin treatment, A549 
cells were co-cultured with PBS (used as control), EXOCDDP 
(exosomes isolated from the culture medium of CDDP-treated 
cells) for 48 h. Compared with the control group, the cell 

Figure 1. Characterization of exosomes from CDDP-treated A549 cells. (A) Representative transmission electron microscopy micrograph of isolated exosomes 
from A549 cells (scale bar, 200 nm). (B) Nanoparticle tracking analysis of the size distribution of isolated exosomes. (C) Western blotting analysis of the 
exosomal markers ALIX, CD63, and CD9 and the non-exosomal marker calnexin in A549 cells and exosomes isolated from A549 cells. CDDP, cisplatin.
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viability of the EXOCDDP group was significantly enhanced 
following treatment with various concentrations of CDDP 
(Fig. 2B). Consistently with these findings, the apoptotic rate 
of the EXOCDDP group was significantly reduced compared 
with that of the control group (25.03±1.24 vs. 10.23±2.76%, 
respectively; P<0.01; Fig. 2C). These results suggest that the 
transmission of exosomes derived from CDDP-stimulated 
cells may reduce the sensitivity of A549 cells to CDDP.

Changes in microRNA expression profiles in exosomes 
derived from CDDP‑treated A549 cells. Numerous studies 
have demonstrated that miRNAs play an important role in 
exosome-mediated chemoresistance. Therefore, miRNAs 
may be involved in EXOCDDP-mediated CDDP resistance. 
Microarray analysis was performed to examine the expression 
profiles of miRNAs in EXOCDDP. Exosomes derived from A549 
cells (EXO) were used as control. Compared with the control 
group, a total of 276 miRNAs in EXOCDDP were altered >2‑fold 
(Fig. 3A). In particular, there was a >5‑fold difference in the 
expression of 9 miRNAs between the two groups. Among 
those, the expression of miR-297, let-7d-3p, miR-200b-3p, 
miR-3065-5p, miR-338-3p and miR-30e-3p was upregulated, 
whereas the expression of miR-1273a, miR-138-5p, and 
miR-627-5p was downregulated (Table I). Next, the expres-
sion levels of the above mentioned 9 miRNAs were further 
confirmed by RT-qPCR analysis. As shown in Fig. 3B, 
compared with control exosomes, the RT-qPCR results on the 
changes in the 9 miRNAs in EXOCDDP were consistent with the 
microarray data. Since the expression difference of miR-1273a 
was the most prominent among these miRNAs, miR-1273a 
was selected for further experiments.

Overexpression of miR-1273a enhances the sensitivity of 
A549 cells to CDDP. Given the decreased expression of 
miR-1273a in EXOCDDP, it was hypothesized that miR-1273a 
acts as a tumor suppressor. To explore whether miR-1273a 
affects CDDP sensitivity, A549 cells were transfected with 
miR-1273a mimic or mimic negative control (NC) (Fig. 4A), 
followed by treatment with different concentrations of 
CDDP. The CCK-8 assay demonstrated that overexpression 
of miR‑1273a significantly increased the toxicity of CDDP at 
different concentrations (Fig. 4B). Consistently, the apoptosis 
analysis revealed that overexpression of miR‑1273a signifi-
cantly enhanced CDDP-induced apoptosis compared with 
the control group (25.28±1.23 vs. 38.75±3.01%, respectively; 
P<0.01; Fig. 4C). Furthermore, it was also observed that 
miR-1273a in exosomes can enhance the sensitivity of A549 
cells to cisplatin by exosomal transmission (Appendix S1 and 
Fig. S2). These results indicate that miR-1273a may enhance 
CDDP sensitivity in A549 cells.

SDCBP may be one of the downstream targets of miR-1273a. 
To explore the mechanisms underlying the regulatory role of 
miR-1273a in cell sensitivity to CDDP, it was next attempted 
to identify the target gene of miR-1273a. TargetScan (www.
targetscan.org) and microRNA.org (www.microrna.org) were 
first used to identified the 3'‑untranslated region (UTR) of SDCBP 
which was identified as the potential target binding region of 
miR-1273a (Fig. 5A). The expression of SDCBP was detected by 
both RT-qPCR and western blot analyses after A549 cells were 
transfected with miR-1273a mimic or mimic negative control. 
As shown in Fig. 5B and C, RT-qPCR and western blotting 
analyses revealed that overexpression of miR‑1273a significantly 

Figure 2. Exosomes secreted from CDDP‑treated cells reduce the sensitivity of A549 cells to CDDP. (A) Exosomes labelled by fluorescent PKH26 were visual-
ized by laser confocal microscopy (scale bar, 32 nm). (B) A549 cells pre-treated with PBS or EXOCDDP were further incubated with various concentrations of 
CDDP for 48 h. Cell viability was determined by the Cell Counting Kit-8 assay (*P<0.05, **P<0.01 vs. the A549+PBS group). (C) Cell apoptosis rates were 
analyzed by flow cytometry (**P<0.01 vs. the A549+PBS group). EXOCDDP, exosomes isolated from the culture medium of CDDP-treated cells; CDDP, cisplatin.
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decreased the expression of SDCBP at both the mRNA and 
protein levels. Furthermore, according to our findings (Fig. S2B), 
miR‑1273a was significantly downregulated in EXOCDDP and 
upregulated in EXOmimic (exosomes from miR-1273a mimic 
transfected cells). To verify whether miR-1273a could regulate 
SDCBP expression through exosome-mediated delivery, A549 
cells were treated with EXO, EXOCDDP or EXOmimic for 48 h, and 
the expression of SDCBP in cells was detected by RT-qPCR 
and western blotting analyses. Compared with EXO-treated 
cells, SDCBP expression was significantly increased in the 
EXOCDDP-treated cells but decreased in EXOmimic-treated cells 
(Fig. 5D and E). These results indicated that SDCBP may be a 
promising downstream target of miR-1273a.

Exosomal miR-1273a in plasma is associated with the thera-
peutic effect of platinum-based chemotherapy in NSCLC. 
Exosomes are known to contain a variety of proteins and 
RNAs from tumor cells (25). Several studies have reported 
that exosomal miRNAs are secreted into the plasma, and 
these miRNAs may thus be used as potential biomarkers for 
the diagnosis of different types of cancer (26). To further 
confirm whether exosomal miR‑1273a in the plasma reflects 
the therapeutic effect of platinum-based chemotherapy in 
NSCLC, exosomal miR-1273a was measured in the plasma in 
49 patients with advanced NSCLC receiving platinum-based 
chemotherapy. Exosomes isolated from the patient plasma 

samples displayed typical oval-shaped vesicles on TEM exam-
ination, with a diameter of 30-150 nm (Fig. 6A). Furthermore, 
the exosomal markers CD9 and CD63 in isolated exosomes 
from 4 random plasma samples were detected by western blot-
ting (Fig. 6B), and the appropriate particle size distribution of 
isolated exosomes was confirmed by NTA (Fig. 6C).

Next, we examined the miR-1273a and SDCBP expression 
levels in NSCLC patients based on the therapeutic outcomes. 
As shown in Fig. 6D, the level of plasma exosomal miR-1273a 
in the non-responder group was significantly reduced 
after chemotherapy, whereas the level of plasma exosomal 
miR‑1273a in the responder groups did not differ significantly 
before and after chemotherapy. These results indicate that 
decreased exosomal miR-1273a during chemotherapy may be 
associated with poor outcome of cisplatin therapy in patients 
with NSCLC. The expression of miR-1273a and SDCBP in 
NSCLC patients after chemotherapy was next examined. The 
level of exosomal miR-1273a in the non-responder group was 
significantly lower compared with that in the responder group, 
whereas the expression of SDCBP was significantly higher in 
the responder group (Fig. 6E and F). Furthermore, a negative 
correlation between plasma exosomal miR-1273a and plasma 
SDCBP expression was identified (Fig. 6G). Based on the 
results mentioned above, it may be inferred that decreased 
exosomal miR-1273a may reduce the therapeutic effect of 
platinum-based agents by regulating SDCBP expression.

Figure 3. Expression profiles of microRNAs in the EXOCDDP and control groups. (A) Hierarchical cluster analysis of exosomal miRNA expression profiles in 
the EXOCDDP and control groups. (B) The fold-changes in the expression of 9 miRNAs were determined and compared by reverse transcription-quantitative 
PCR and microarray analyses. EXOCDDP, exosomes isolated from the culture medium of CDDP-treated cells; CDDP, cisplatin.

Table I. Top 9 miRNAs with differential expression (fold change >5) between the EXO and EXOCDDP groups.

Upregulation  Fold Rank Downregulation  Fold Rank

hsa-miR-297 8.69 1 hsa-miR-1273a 13.76 1
hsa-let-7d-3p 6.49 2 hsa-miR-138-5p 6.05 2
hsa-miR-200b-3p 5.90 3 hsa-miR-627-5p 5.03 3
hsa-miR-3065-5p 5.65 4   
hsa-miR-338-3p 5.21 5   
hsa-miR-30e-3p 5.20 6   

EXO, exosomes derived from A549 cells; EXOCDDP, exosomes isolated from the culture medium of CDDP-treated cells; CDDP, cisplatin.
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Discussion

Platinum-based chemotherapy has been the major treatment 
method for patients with advanced NSCLC for more than 
30 years (27). However, resistance to platinum during the 
course of therapy greatly limits the therapeutic efficacy (28). 
Previous research has demonstrated that exosomes derived 
from CDDP-resistant NSCLC cells exhibit a differential 
miRNA expression profile compared with CDDP-sensitive 

cells. Futhermore, exosomal miR-100-5p and miR-425-3p were 
found to be involved in the development of cisplatin resistance 
in NSCLC (18,29). However, cisplatin resistance may occur 
rapidly in the early stages of chemotherapy in several NSCLC 
cases (30). Therefore, unlike previous studies, the present study 
mainly focused on the role of exosomal miRNAs in CDDP 
resistance under condition of short-term CDDP stimulation.

The present study demonstrated that exosomes secreted by 
CDDP-stimulated cells can reduce cell sensitivity to CDDP, 

Figure 5. SDCBP may be a downstream target of miR‑1273a. (A) Prediction of miR‑1273a binding site in the 3'‑untranslated region of SDCBP by TargetScan. 
(B and C) After transfecting cells with miR-1273a mimics, the expression of SDCBP was detected by reverse transcription-quantitative PCR and western blot 
analyses, respectively (**P<0.01 vs. the NC group). (D and E) After treating cells with EXO, EXOmimic, or EXOCDDP, the expression of SDCBP was detected 
by reverse transcription-quantitative PCR and western blot analyses, respectively (*P<0.05 vs. the A549+EXO group). SDCBP, syndecan binding protein; 
EXO, exosomes derived from A549 cells; EXOCDDP, exosomes isolated from the culture medium of CDDP-treated cells; EXOmimic, exosomes from miR-1273a 
mimic-transfected cells; CDDP, cisplatin.

Figure 4. Overexpression of miR-1273a enhances the CDDP sensitivity of A549 cells. (A) After A549 cells were transfected with miR-1273a mimic or negative 
control, the relative expression of miR-1273a was determined (**P<0.01 vs. the NC group). (B) A549 cells transfected with miR-1273a mimic or negative control 
were exposed to the indicated concentrations of CDDP for 48 h, and cell viability was determined by the Cell Counting Kit-8 assay (*P<0.05, **P<0.01 vs. the A549 
NC group). (C) Apoptosis rates in cells transfected with miR‑1273a mimic were analyzed by flow cytometry (**P<0.01 vs. the the A549 NC group). CDDP, cisplatin.
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which was consistent with the findings of Xiao et al (31). Next, 
our microarray analysis revealed that the level of exosomal 
miR-1273a exhibited the most notable change under CDDP 
treatment; therefore, it was hypothesized that the change in 
exosomal miR-1273a level is associated with CDDP resistance 
of A549 cells under CDDP stimulation. Of note, although most 
studies have shown that increased miRNA levels in exosomes 
promote the malignant behavior of tumors, several studies have 
found that decreased exosomal miRNAs may also mediate 
tumor progression (32). Therefore, the decreased miR-1273a 
levels in exosomes may still make sense under CDDP treatment. 
A recent study demonstrated that miR-1273a overexpression 
abrogated the oncogenic function by rescuing the expression 
of activator protein-1, interferon regulatory factor-4, CDX-2 
and Zic-1 in colon cancer cells (33), highlighting its potential 
role as a tumor suppressor miRNA. Consistently, the present 
study revealed that miR-1273a increased the sensitivity of 
NSCLC cells to CDDP and an increase in the amount of 
miR-1273a in exosomes promoted cell apoptosis. However, 
drug resistance is likely the combined result of several factors. 
As our microarray data also revealed other miRNA changes, 
additional miRNAs that may affect the sensitivity of NSCLC 
cells to CDDP must be further investigated.

A large number of studies have demonstrated that 
microRNAs delivered by exosomes maintain their biological 
activity after reaching the recepient cells, and then play a role 
by inhibiting their target genes (34). To this end, exosomes with 

high expression of miR-1273a were constructed, and it was 
observed that the drug sensitivity of cells was also increased 
after co-incubation with these miR-1273a-rich exosomes 
(Appendix S1 and Fig. S2). Furthermore, it was hypothesized 
that SDCBP may be a downstream target of miR-1273a, based 
on the bioinformatics prediction of its binding site and its 
oncogenic role in cell survival, stemness and chemoresistance, 
in various types of human cancer (35,36). It was next confirmed 
that miR-1273a overexpression inhibited the expression of 
SDCBP at both the mRNA and protein levels. Furthermore, 
co-incubation of cells with exosomes containing miR-1273a 
at different expression levels may also result in changes in the 
SDCBP expression in receptor cells. However, the effect of 
SDCBP on cisplatin sensitivity in NSCLC must be thoroughly 
explored in future studies.

Numerous studies have confirmed that exosomal miRNAs 
may be used as biomarkers for early cancer detection and 
monitoring compared with traditional blood-based cancer 
markers (37-39). The present study also demonstrated a 
significant reduction in exosomal miR‑1273a in the plasma 
of patients who were not sensitive to platinum-based chemo-
therapy. In agreement with our in vitro results, there was 
a corresponding increase in SDCBP levels in the plasma 
of non-responders. Currently, the detection of exosomal 
miR-1273a in the plasma appears to be an effective and conve-
nient method for evaluating the efficacy of chemotherapy. 
Due to the unique biological characteristics of exosomes, 

Figure 6. The levels of exosomal miR‑1273a in the plasma are correlated with the therapeutic efficacy of platinum‑based chemotherapy in NSCLC. 
(A) Morphology of the isolated exosomes from patients was determined by transmission electron microscopy (scale bar, 200 nm). (B) The expression 
of exosomal markers CD63 and CD9 was detected by western blotting. (C) Nanoparticle tracking analysis of exosomes derived from NSCLC patients. 
(D) Expression of plasma exosomal miR-1273a in the non-responder and responder groups before and after chemotherapy (**P<0.01; ns, not significant). 
(E) Expression of plasma exosomal miR-1273a in the responder and non-responder groups after chemotherapy (*P<0.05). (F) Expression of plasma SDCBP in 
the responder and non-responder groups after chemotherapy (*P<0.05). (G) Pearson's correlation analysis revealed an association between the expression of 
miR-1273a and SDCBP (SDCBP expression values are log2 transformed). SDCBP, syndecan binding protein; NSCLC, non-small cell lung cancer.
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such as stability, biocompatibility, permeability, low toxicity 
and low immunogenicity, they may be used as a chemothera-
peutic drug delivery system (40,41). Thus, plasma exosomal 
miR-1273a may also be used in the future as a promising 
therapeutic molecule for NSCLC patients who are not sensi-
tive to chemotherapy.

In conclusion, it was herein demonstrated that decreased 
exosomal miR-1273a reduced the sensitivity of NSCLC to 
CDDP. In addition to cell-based evidence, it was further 
observed that the expression of miRNA-1273a in plasma 
exosomes was significantly decreased in patients who were 
not sensitive to chemotherapy. These effects may be associated 
with the regulatory effect of miR-1273a on SDCBP. Therefore, 
for NSCLC patients who are not sensitive to chemotherapy, 
exosomal miR-1273a may prove to be a useful biomarker and 
feasible treatment strategy.
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