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Gao et al.: Role of circ_0084927 in Lung Cancer Cell Sensitivity to Cisplatin

To investigate the role of circ_0084927 in lung cancer cell sensitivity to cisplatin. Half-maximal inhibitory 
concentration value of cisplatin was detected by cell counting kit-8. circ_0084927 and microRNA-634 
expression were determined by reverse transcription quantitative polymerase chain reaction. Cell 
counting kit-8, scratch healing, colony formation as well as Transwell experiments were used for 
analyzing cell viability, scratch healing rate, clone number and invasive ability, respectively. Dual-
luciferase reporter method was utilized to validate targeting relationship. The half-maximal inhibitory 
concentration value of cisplatin and circ_0084927 expression were increased in A549/DDP cells, whereas 
microRNA-634 expression displayed an opposite result in comparison with A549 cells (p<0.05). Relative 
to the DDP+si-NC group, the cell optical density value, scratch healing rate, clone numbers and invasion 
numbers were significantly reduced in the DDP+si-circ_0084927 group (p<0.05). Optical density value, 
scratch healing rate, clone numbers as well as invasion numbers in the DDP+microRNA-634 group were 
significantly reduced relative to the DDP+microRNA-NC group (p<0.05). Circ_0084927 directly bound 
to microRNA-634. Relative to the DDP+si-circ_0084927+anti-microRNA-NC group, optical density 
value, scratch healing rate, clone numbers as well as invasion numbers in the DDP+si-circ_0084927+anti-
microRNA-634 group were increased (p<0.05). Interference with circ_0084927 reduced the cisplatin 
resistance of lung cancer cells by promoting microRNA-634.
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In 2020, there were about 1.796 million deaths 
from lung cancer worldwide, making it the leading 
cause of cancer death worldwide[1]. Smoking 
remains the main risk factor. Non-small cell 
lung cancer, which grows and divides slowly 
and spreads, and metastasizes relatively late, is 
a major subtype of lung cancer and cisplatin is 
currently the main treatment agent for the disease. 
However, chemotherapy resistance severely 
limits the therapeutic effect of cisplatin, leading 
to poor prognosis. Studying the mechanism 
of cisplatin resistance may provide effective 
treatment strategies for lung cancer. Circular 
RNAs (circRNAs) are Ribonucleic Acids (RNA) 
molecules that commonly bind to microRNAs 
(miRNAs) to regulate gene expression[2]. circRNA 
has been differentially expressed in various 

cancers and participated in cell proliferation and 
cell cycle, thus mediating tumorigenesis and 
drug resistance[3]. circ_0084927 is involved in 
malignant pleural effusion associated with lung 
adenocarcinoma[4]. Other studies have indicated 
that the high expression of circ_0084927 promotes 
the formation and invasion of cervical cancer 
tumors, and circ_0084927 absence inhibits cervical 
cancer cell malignant phenotypes[5,6]. However, 
whether circ_0084927 controls cisplatin resistance 
in lung cancer remains unclear.
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miR-634 is a tumor-related miRNA. miR-634 
expression is downregulated in liver cancer as well 
as cervical cancer tissues, and its overexpression 
affects cell migration and cycle progression, and 
promotes cell apoptosis, thus exerting an anti-
tumor activity[7,8]. miR-634 mediated cisplatin 
resistance in ovarian cancer and up-regulation of 
miR-634 can re-sensitize drug-resistant ovarian 
cancer cells to cisplatin[7]. Target prediction 
software has shown that there are binding sites 
between miR-634 and circ_0084927, but there are 
no relevant studies on the regulation of cisplatin 
resistance by circ_0084927 and miR-634 in lung 
cancer. This study analyzed circ_0084927 and 
miR-634 expression and investigated the effect 
of circ_0084927 and miR-634 under cisplatin 
treatment on A549/DDP cell phenotypes with the 
hope of providing an effective target for reversing 
cisplatin resistance in lung cancer.

MATERIALS AND METHODS

Cells and reagents:

A549 and A549/DDP (American Type Culture 
Collection, Manassas, Virginia, United States 
of America), cisplatin (P4394; Sigma Aldrich, 
Shanghai, China), Trizol and first strand 
complementary Deoxyribonucleic Acid (cDNA) 
synthesis kit (FastKing RT Kit) (Biolab, Beijing, 
China), SYBR Premix Ex TaqII (TaRaKa, Dalian, 
China), Cell Counting Kit-8 (CCK-8) kit, anti- 
Glyceraldehyde-3-Phosphate Dehydrogenase 
(GAPDH) antibody (AF1186), anti-E cadherin 
antibody (AF6759), goat anti-rabbit IgG (A0208), 
rabbit anti-N-cadherin antibody (AF0243) 
(Beyotime, Shanghai, China), recombinant 
luciferase reporter plasmid, plasmid cloning DNA 
(pcDNA), miRNA mimics, anti-miRNA and small 
interfering RNA (si-RNA) (Synbio technologies, 
Suzhou, China) and Transwell chambers (Costar, 
Shanghai, China).

Methods:

circ_0084927 and miR-634 expression analysis: 
Total Ribonucleic Acid (RNA) was isolated with 
Trizol reagent, and reverse transcription was 
conducted using FastKing RT Kit, followed by 
Reverse Transcription-quantitative Polymerase 
Chain Reaction (RT-qPCR) based on the 
SYBR Premix Ex TaqII Kit. circ_0084927 

and miR-634 expression were calculated 
through the 2-∆∆Ct method. circ_0084927 
5-CTGGTGCAGCAAGATGGAAC-3 and 
5-CTGCACCTCCCTTGGCAATA-3, GAPDH 
5-GAAGAGAGAGACCCTCACGCTG-3 and 
5 - A C T G T G A G G A G G G G A G AT T C A G T- 3 , 
miR-634 5-CAGTCTCAAACCAGCACC-3 
and 5-TATGGTTGTTCACGACTCCTTCAC-3, 
U6 5-CTCGCTTCGGCAGCACA-3’ and 
5’-AACGCTTCACGAATTTGCGT-3’.

Cell culture: A549 and A549/DDP cells were 
cultured in Dulbecco's Modified Eagle Medium 
(DMEM) medium and inoculated into 24-well 
plates. Cells at 60 % confluence were introduced 
with plasmid or oligonucleotide according to 
Lipofectamine™ reagent instructions. The A549/
DDP cells were transfected with pcDNA-
circ_0084927, si-circ_0084927 and controls. 
A549/DDP cells transfected with si-circ_0084927, 
miR-634 mimics, si-circ_0084927+anti-miR-634 
and controls were treated with 2.5 μg/ml cisplatin 
for 24 h.

Detection of cell viability: Cells were inoculated 
into 96-well petri dishes and administrated with 
DDP (1.25, 2.5, 5, 10, 20, 40 μg/ml) for 24 h[9]. 
After that, cells were incubated with CCK-8. The 
Optical Density (OD) of each well was detected 
with a microprocessor, and proliferation inhibition 
rate was finally determined. In addition, A549/
DDP cells transfected with oligonucleotides alone 
or jointly were inoculated in 96-well plates and 
added with cisplatin. Then, samples were analyzed 
based on the above method. 

Colony formation experiment: 5×102 cells were 
inoculated in petri dishes for 12-14 d until cell 
colonies appeared. After fixation and staining, 
the number of clones greater than 50 cells was 
determined.

Cell migration analysis by scratch healing 
assay:  After the transfected cells were treated with 
cisplatin, 1×104 cells each group were inoculated 
incubated at 37° to 80 % confluence in 6-well 
plates, and a straight line was drawn on the surface 
of single layer cells with the tip of pipetting gun. 
Cell debris was removed, and cells were incubated 
in an incubator at 37°. The 6-well plates were 
placed under a microscope and photographed to 
determine the width of scratches.
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Cell invasion analysis: Transfected A549/DDP cells 
were added to the top chamber pre-coated with 
Matrigel for invasion analysis. After incubating at 
37° for 24 h, the cells in the lower compartment 
were fixed and stained. The number of invasive 
cells was determined under a microscope.

Western blot: After being treated with cisplatin for 
24 h, transfected A549/DDP cells were precooled. 
After quantification, 30 μg of protein samples was 
transferred to polyvinylidene fluoride membrane 
by Sodium Dodecyl-Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE). Anti-E-cadherin, 
anti-N-cadherin and anti-GAPDH were used to 
incubate membranes at 4°. After the membrane 
was fully washed using washing buffer, detection 
of antigen-antibody complex on membrane was 
performed by chemiluminescent reagent. Quantity 
One® software was used to quantify protein 
expression.

Dual-luciferase reporter assay: Wild-Type (WT) and 
Mutant Type (MUT) sequences of circ_0084927 
were amplified and inserted into the PGL4 vector 
respectively to generate recombinant plasmids 
WT-circ_0084927 and MUT-circ_0084927. The 
above recombinant plasmids were transfected into 
A549/DDP cells with miR-634 mimics or miR-NC. 

Relative luciferase activity was analyzed using 
dual luciferase detection system.

Statistical methods:

Each experiment was repeated three 
times with three multiple wells each time. 
Measurement data are expressed by (x̄±s). 
Independent sample t test, univariate analysis 
of variance and LSD-t test were used to 
compare the differences. p<0.05 indicated 
statistically significant.

RESULTS AND DISCUSSION

As shown in Table 1, the proliferation inhibition 
rate of A549/DDP cells was significantly lower 
than that of A549 cells at the same concentration 
of cisplatin (1.25, 2.5, 5, 10, 20 or 40 μg/
ml) (p<0.05). The Half-Maximal Inhibitory 
Concentration (IC50) value of A549/DDP cells 
was significantly higher than that of A549 cells 
(31.04±5.60 vs. 8.72±1.64, p<0.05).

As shown in Table 2, circ_0084937 expression 
was increased in A549/DDP cells relative to 
A549 cells (4.15±0.34 vs. 1.00±0.00, p<0.05), 
while miR-634 expression was lower (0.42±0.04 
vs. 1.00±0.00, p<0.05).

TABLE 1: ANALYSIS OF PROLIFERATION INHIBITION RATE (x̄±s, n=9)

Group
Concentration of cisplatin (μg/ml)

IC50 (μg/ml)
1.25 2.5 5 10 20 40

A549 8.75±0.67 26.04±2.19 41.02±3.95 54.41±5.06 66.43±5.69 80.78±6.84 8.72±1.64

A549/DDP 5.11±0.44* 8.58±0.62* 16.81±1.33* 24.21±2.18* 40.24±3.91* 57.05±4.36* 31.04±5.60*

t 13.623 23.013 17.426 16.444 11.38 8.777 11.475

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with before treatment, *p<0.05

Group circ_0084937 miR-634

A549 1.00±0.00 1.00±0.00

A549/DDP 4.15±0.34* 0.42±0.04*

t 27.794 43.5

p 0.000 0.000

Note: Compared with A549, *p<0.05

TABLE 2: circ_0084927 AND miR-634 EXPRESSION IN CISPLATIN-RESISTANT LUNG CANCER CELLS 
(x̄±s, n=9)
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of miR-634 mimics and WT-circ_0084927 co-
transfected cells was lower than that of miR-
NC and WT-circ_0084927 co-transfected cells 
(0.36±0.03 vs. 1.01±0.07, t=25.605, p<0.05). 
But, the relative luciferase activity of miR-
634 mimics and MUT-Circ_0084927 group 
was similar with that of miR-NC and MUT-
Circ_0084927 co-transfected cells (1.00±0.07 
vs. 1.03±0.06, t=0.976, p=0.344). miR-634 
expression in the pcDNA-circ_0084927 group 
(0.45±0.04) was lower than that of the pcDNA 
group (1.00±0.00) (p<0.05). miR-634 expression 
in the si-circ_0084927 group (3.22±0.34) was 
higher than that of the si-NC group (1.02±0.06) 
(p<0.05), as shown in Table 5.

Relative to DDP+si-circ_0084927+anti-miR-
NC group, the expression levels of miR-634 
(0.24±0.03 vs. 1.00±0.00) and E-cadherin 
protein (0.32±0.03 vs. 0.65±0.05) in the DDP+si-
circ_0084927+anti-miR-634 group were 
decreased (p<0.05), while OD value (0.66±0.04 
vs. 0.35±0.03), the number of cell colonies 
(79.04±5.75 vs. 36.93±3.09), scratch healing rate 
(57.08±5.17 vs. 22.45±2.11), invasion number 
(89.24±7.86 vs. 43.73±4.09) and N-cadherin 
protein level (0.68±0.06 vs. 0.30±0.03) were 
significantly increased (p<0.05), as shown in 
fig. 4 and Table 6.

As shown in fig. 1 and Table 3, relative to 
DDP+si-NC group, circ_0084927 expression 
(0.34±0.03 vs. 1.00±0.00), OD value (0.36±0.04 
vs. 0.75±0.05), number of cell colonies 
(39.91±4.09 vs. 87.45±6.51), scratch healing rate 
(24.31±2.22 vs. 65.36±5.05), invasion number 
(46.82±4.19 vs. 107.94±11.12) and N-cadherin 
production (0.31±0.03 vs. 0.77±0.06) of A549/
DDP cells in DDP+si-circ_0084927 group were 
decreased (p<0.05), but E-cadherin production 
was significantly increased (0.63±0.05 vs. 
0.23±0.02, p<0.05).

As shown in fig. 2 and Table 4, relative to 
DDP+miR-NC group, miR-634 (3.12±0.24 
vs. 1.00±0.00) and E-cadherin protein levels 
(0.55±0.04 vs. 0.22±0.02) in A549/DDP cells in 
DDP+miR-634 group were increased (p<0.05), 
but OD value (0.40±0.04 vs. 0.77±0.05), 
the number of cell colonies (42.92±4.08 vs. 
89.28±6.58), scratch healing rate (31.57±3.16 
vs. 66.83±4.84), number of invasion (53.37±5.09 
vs. 109.71±11.64) and N-cadherin production 
(0.40±0.04 vs. 0.79±0.06) were significantly 
decreased (p<0.05).

circRNA interactive predicted the presence of 
continuous binding sites between miR-634 and 
circ_0084927 (fig. 3). Relative luciferase activity 

Fig. 1: The effects of interference with circ_0084927 expression combined with cisplatin on A549/DDP cell phenotypes
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Fig. 2: Effects of miR-634 overexpression combined with cisplatin (2.5 μg/ml) on related-protein expression

Group circ_0084927 OD value 
(450 nm)

Number of 
colonies

Scratch 
healing rate 

(%)

Number of 
invasion

E-cadherin 
protein

N-cadherin 
protein

DDP+si-NC 1.00±0.00 0.75±0.05 87.45±6.51 65.36±5.05 107.94±11.12 0.23±0.02 0.77±0.06

DDP+si-
circ_0084927 0.34±0.03* 0.36±0.04* 39.91±4.09* 24.31±2.22* 46.82±4.19* 0.63±0.05* 0.31±0.03*

t 66.000 18.272 18.551 22.324 15.43 22.283 20.572

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with DDP+si-NC group, *p<0.05

TABLE 3: THE EFFECTS OF INTERFERENCE WITH circ_0084927 EXPRESSION COMBINED WITH CISPLATIN 
ON A549/DDP CELL PHENOTYPES (x̄±s, n=9)

Group miR-634 OD value (450 
nm)

Number of 
colonies

Scratch 
healing rate 

(%)

Number of 
invasion

E-cadherin 
protein

N-cadherin 
protein

DDP+miR-NC 1.00±0.00 0.77±0.05 89.28±6.58 66.83±4.84 109.71±11.64 0.22±0.02 0.79±0.06

DDP+miR-634 3.12±0.24* 0.40±0.04* 42.92±4.08* 31.57±3.16* 53.37±5.09* 0.55±0.04* 0.40±0.04*

t 26.5 17.335 17.964 18.3 13.304 22.137 16.225

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with DDP+miR-NC group, *p<0.05

TABLE 4: EFFECTS OF miR-634 OVEREXPRESSION COMBINED WITH CISPLATIN (2.5 μg/ml) ON A549/
DDP CELL PHENOTYPES (x̄±s, n=9)

Fig. 3: The continuous binding sites between miR-634 and circ_0084927
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TABLE 5: circ_0084927 REGULATED miR-634 (x̄±s, n=9)

Group miR-634

pcDNA 1.00±0.00

pcDNA-circ_0084927 0.45±0.04*

si-NC 1.02±0.06

si-circ_0084927 3.22±0.34#

F 448.736

p 0.000

Note: Compared with pcDNA group, *p<0.05 and compared with si-NC group, #p<0.05

Fig. 4: Protein expression analysis by Western blot

Group miR-634 OD value 
(450 nm)

Number of 
colonies

Scratch 
healing rate 

(%)

Number of 
invasion

E-cadherin 
protein

N-cadherin 
protein

DDP+si-circ_0084927+anti-
miR-NC 1.00±0.00 0.35±0.03 36.93±3.09 22.45±2.11 43.73±4.09 0.65±0.05 0.30±0.03

DDP+si-circ_0084927+anti-
miR-634 0.24±0.03* 0.66±0.04* 79.04±5.75* 57.08±5.17* 89.24±7.86* 0.32±0.03* 0.68±0.06*

t 76 18.6 19.353 18.605 15.409 16.978 16.994

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with DDP+si-circ_0084927+anti-miR-NC group, *p<0.05

TABLE 6: DOWN-REGULATION OF miR-634 REVERSED THE EFFECTS OF circ_0084927 EXPRESSION 
INTERFERENCE COMBINED WITH CISPLATIN (2.5 μg/ml) IN A549/DDP CELLS (x̄±s, n=9)

Cisplatin is a common anticancer agent widely 
utilized in multiple malignancies including lung 
cancer, but patients often develop resistance 
after several cycles of cisplatin therapy, which 
limits the clinical efficacy of cisplatin and can 
lead to tumor recurrence. Recent studies have 

shown that dysregulation of non-coding RNAs 
including circRNAs is related to cisplatin 
resistance. Previous evidence pointed out that 
circ_103809 was increased in cisplatin-resistant 
lung cancer cells, and its silencing enhanced the 
repressive influence of cisplatin on lung cancer 
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cell vitality[10]. circ_102272 was significantly 
elevated in liver cancer and promoted cisplatin 
resistance[11]. Sun et al.[12] reported that circ-
MCTP2 sensitized gastric cancer cells to 
cisplatin via increasing MTMR3 production 
through association with miR-99a-5p. Therefore, 
exogenous alteration of circRNA expression may 
be a novel therapeutic strategy against cisplatin 
resistance.

circ_0084927 is increased in cervical cancer, 
breast cancer, colorectal cancer and other 
cancers, and promote cancer progression by 
inhibiting cell apoptosis and inducing cell 
proliferation and migration[13-15]. In this study, 
circ_0084927 content in A549/DDP cells 
was increased when compared with control, 
suggesting that abnormal circ_0084927 
expression is involved in lung cancer cell 
sensitivity to DDP. Functional analysis revealed 
interference with circ_0084927 expression 
decreased A549/DDP cell proliferation and 
motility under cisplatin treatment, suggesting 
that interference with circ_0084927 expression 
could improve cisplatin sensitivity in lung 
cancer cells. Abnormal EMT contributes to the 
highly malignant characteristics of cancer cells 
and chemotherapy resistance[16,17]. Activation 
of Epithelial-Mesenchymal Transition (EMT) 
is closely related to chemotherapy resistance 
of lung cancer, and targeting EMT increases 
chemotherapy sensitivity and inhibits lung 
cancer progression[18,19]. This study revealed 
circ_0084927 knockdown combined with 
cisplatin significantly down-regulated 
N-cadherin expression and up-regulated 
E-cadherin, suggesting that interference with 
circ_0084927 may overcome cisplatin resistance 
by inhibiting EMT in lung cancer cells.

The carcinogenic effect of circ_0084927 in 
cervical cancer and breast cancer is related to 
the regulation of miRNA expression[13,14]. To 
determine the mechanism of circ_0084927 in DDP 
resistance in lung cancer, this study conducted 
dual-luciferase report analysis to confirm miR-
634 was the target of circ_0084927. Recovery 
of miR-634 expression sensitized drug-resistant 
cells to temozolomide[20]. Long noncoding RNA 
ZXF1 inhibited lung cancer cell growth via up-
regulating the miRNA[21]. miR-634 inhibited 
radiation resistance in breast cancer cells through 

downregulating STAT3[22]. In this study, miR-
634 content was reduced in A549/DDP cells. 
Increasing miR-634 expression under cisplatin 
treatment resulted in decreased A549/DDP 
cell colony-forming, invasion and migration 
ability, reduced N-cadherin production as well 
as increased E-cadherin production. These 
results indicated that overexpression of miR-
634 reversed cisplatin resistance in lung cancer 
cells. Interference with circ_0084927 expression 
and miR-634 mimics in lung cancer had the 
same effect on enhancing cisplatin sensitivity in 
lung cancer, and that circ_0084927 negatively 
regulated miR-634 expression, suggesting that 
circ_0084927/miR-634 molecular axis regulates 
cisplatin sensitivity in lung cancer. Under 
cisplatin treatment, downregulation of miR-634 
relieved the effects of circ_0084927 absence on 
A549/DDP cell phenotypes, further confirming 
that circ_0084927 targeted miR-634 to promote 
cisplatin resistance. However, the downstream 
target of miR-634 remains to be further explored.

In conclusion, interference with circ_0084927 
inhibited lung cancer cell proliferation and 
motility, and increased cisplatin sensitivity by 
promoting miR-634. Therefore, interference 
with circ_0084927/miR-634 molecular axis may 
be an important strategy to overcome cisplatin 
resistance in lung cancer.
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