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1  | INTRODUC TION

Lung cancer remains the leading cause of cancer-related deaths 
worldwide.1 Although many drugs have been developed and per-
formed to suppress tumor progression, chemotherapy often fails as 
the tumor cells acquire multidrug resistance (MDR).2,3 Thus, it is to 
find the molecular mechanisms of MDR in NSCLC that helps estab-
lish new therapeutic strategy.

Recently, it is reported non-coding RNAs was associated with 
tumor, such as, miRNA,4 lncRNA,5,6 and circRNA.7,8 CircRNA, a class 
of non-coding RNAs, covalently closed continuous loop without 

a 5'cap or a 3'Poly A tail.9,10 Previous researches pointed out that 
circRNAs played an important role in tumor. For example, RNA se-
quencing reveals the expression profiles of circRNA and indicates 
that circDDX17 acts as a tumor suppressor in colorectal cancer.11 A 
novel protein encoded by a circular RNA circPPP1R12A promotes 
tumor pathogenesis and metastasis of colon cancer via Hippo-YAP 
signaling.12 CircRNA_0023642 promotes migration and invasion of 
gastric cancer cells by regulating EMT.13 In addition, some studies 
pointed out that circRNAs are associated with MDR. For example, 
circular RNA-MTO1 suppresses breast cancer cell viability and re-
verses monastrol resistance through regulating the TRAF4/Eg5 
axis.14 Notably, it is reported circRNA also played a significant role in 
NSCLC.15,16 However, the chemoresistance regulatory mechanisms 
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Abstract
Background: CircRNAs have been found to play crucial roles in multiple tumor in-
cluding non-small cell lung cancer (NSCLC). Here, we researched the correlation be-
tween circRNA_103762 and chemotherapy resistance.
Methods: RT-PCR assay was performed to detect circRNA_103762 and DNA damage 
inducible transcript 3 (CHOP) expression. CCK8 assay was performed to examine cell 
proliferation and IC50 of different drug. Migration and invasion assay was used to 
detect cell migration and invasion.
Results: In our study, circRNA_103762 expression was upregulated in NSCLC tissues 
and cell. Knockdown of circRNA_103762 can inhibited cell proliferation, migration 
and invasion in NSCLC. In addition, downregulation of circRNA_103762 promoted 
CHOP expression and inhibited multidrug resistance (MDR) in NSCLC.
Conclusion: Together, we demonstrated that circRNA_103762 is upregulated in 
NSCLC and functions as an oncogene in NSCLC, and circRNA_103762 enhanced 
MDR by inhibited CHOP expression in NSCLC cells. These results will help us under-
stand the MDR of NSCLC, providing better effective therapy strategies for patients.
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of circRNA in NSCLC remain unclear. Thus, it is important to identify 
MDR-associated circRNA and as biomarkers or therapeutic targets.

In this study, we firstly reported expression of circRNA_103762 
in NSCLC tissues and cell lines and the function of circRNA_103762 
in NSCLC. In addition, we also found that circRNA_103762 pro-
moted chemotherapy resistance in NSCLC by targeting CHOP.

2  | MATERIAL S AND METHODS

2.1 | Subjects and sample collection

Sixty tissue samples were recruited from NSCLC patients. All samples 
were collected between December 2017 and May 2019. The study 
was approved by the ethics committee of Southern Medical University 
Cancer Institute and Hospital. Informed consent was written from all 
patients involved in this study. All methods were performed in accord-
ance with Health Insurance Portability and Accountability Act (HIPAA).

2.2 | Cell culture

Human normal lung cell line Beas-2B and NSCLC cell lines A549, 
NCI-H1299, H1650, and H358 were purchased from the Cell Bank 
of Type Culture Collection. All of these cell lines were cultured in 
DMEM medium containing 10% fetal bovine serum (HyClone) and 
were maintained at 37°C in an atmosphere of 5% CO2.

2.3 | Bioinformatics analysis

The microarray data of circRNA profiles in NSCLC samples and normal 
lung samples were from NCBI GEO Datasets (https://www.ncbi.nlm.nih.
gov/geo/query/ acc.cgi?acc=GSE11 2214). After applying log 2 transfor-
mation, GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/ ?acc=GSE11 
2214) was performed to analyze normalized microarray data.

2.4 | CCK8 assay

The NSCLC cell proliferation was detected performing CCK8 assay 
following the manufacturer's instructions. Briefly, at every 24 hours 
interval, 10 μL of CCK8 (Dojindo) was added to each well and 

incubated for 2 hours. The solution was examined spectrophoto-
metrically at 450 nm.

2.5 | Migration assay and invasion assay

Transwell filters (8 µm pore size; Millipore) coated with or without 
Matrigel (BD Biosciences) were performed to evaluate the metastasis 
of NSCLC cells. Cells were resuspended with serum-free medium and 
then seeded in the up chamber. A DMEM medium supplemented with 
10% FBS was used to add in the bottom chamber. The cells were cul-
tured for 48 hours. The cotton swabs were used to mechanically scrap 
the non-invasive cells on the up chambers. Then, the migrated or inva-
sive cells were stained with Hoechest 33342 and photographed using 
a light microscope as well as were counted the number.

2.6 | Cell apoptosis

The NSCLC cells were treated according to standard protocols of 
cell apoptosis kit (BD Biosciences). For this, cells were collected and 
incubated with PI (BD Biosciences) and FITC (BD Biosciences). Later, 
cell apoptosis was examined by flow cytometry (C6; BD Biosciences).

2.7 | Quantitative real-time PCR

Total RNA was collected using TRIzol reagent (Invitrogen) in accordance 
with the manufacturer's protocol. The recoverAll™ Total Nucleic Acid 
Isolation Kit (Applied Biosystems) were performed to isolated total RNA 
in accordance with the manufacturer's protocol treated with RNase-free 
DNase I (Qiagen) according to the manufacturer's instructions. For detec-
tion of gene expression, cDNA was synthesized by qPCR RT Kit (Toyobo) 
according to standard protocols. SYBR Green kit (Qiagen) was per-
formed to qPCR. The GAPDH was used for internal control. Quantitative 
real-time PCR was reacted to in triplicate in ABI StepOnePlus™ real-time 
PCR system (Applied Biosystems). The primers were showed in Table 1.

2.8 | Western blot

Western blot analysis was treated according to standard protocols 
as previously study.13 The following primary antibodies directed 

Gene Direction Gene Direction primer sequence (5′-3′)

circRNA_103762 Forward AAAACTATCTGGAATGCAGGAAGAGC

Reverse ACTTACCGTTTCACATCGGCC

CHOP Forward CTCCCAGAGCCCTCACTCTC

Reverse TGCTTGAGCCGTTCATTCTC

GAPDH Forward GAGTCAACGGATTTGGTCGT

Reverse TTGATTTTGGAGGGATCTCG

TA B L E  1   The primer sequences 
included in this study

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE112214
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE112214
https://www.ncbi.nlm.nih.gov/geo/geo2r/?acc=GSE112214
https://www.ncbi.nlm.nih.gov/geo/geo2r/?acc=GSE112214
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against the antigens were used: CHOP (1:1000, mouse monoclo-
nal; Cell Signaling). The second antibodies were from Cell Signaling. 
GAPDH was used as the control in the Western blots.

2.9 | Statistical analysis

Student's t test was used for statistical analysis. All data were shown 
represent the mean ± SD. Differences with a P < .05 were considered 
significant.

3  | RESULT

3.1 | CircRNA_103762expression was increased in 
NSCLC tissues and cell lines

The microarray data in the GEO dataset (GSE112214) were performed 
to initially examine circRNAs expression, and normalized microarray 
data were analyzed by using GEO2R after applying log2 transfor-
mation. The microarray data showed circRNA_103762 expression 

was upregulated in NSCLC tissues compared with normal tissues 
(Figure 1A). To further explore the expression of circRNA_103762 in 
NSCLC, circRNA_103762 expression was detected by RT-PCR assay. 
The results showed circRNA_103762 were increased in NSCLC tissues 
compared with adjacent normal tissues (Figure 1B). Notably, Kaplan-
Meier survival analysis showed higher circRNA_103762 expression in 
NSCLC patients was associated with lower survival rate (Figure 1C). 
The RT-PCR also showed that circRNA_103762 expression was re-
markably upregulated in NSCLC cell lines compared with normal lung 
cell line Beas-2B (Figure 1D). Thus, these results revealed that cir-
cRNA_103762 expression was remarkably increased in NSCLC tissues 
and cell lines and negatively correlated with NSCLC survival, suggest-
ing its dysregulation may promote to NSCLC progression.

3.2 | CircRNA_103762 downregulation suppressed 
cell Proliferation, migration, and invasion in NSCLC

To further examine the role of circRNA_103762 in NSCLC, si-cir-
cRNA_103762 specifically targeted at circRNA_103762 junction 
site were constructed and transfected into the H358 cell lines. 

F I G U R E  1   CircRNA_103762 expression was increased in NSCLC tissues and cell lines. A, GEO dataset (GSE112214) revealed that 
circRNA_103762 was remarkably upregulated in NSCLC tissues compared with normal tissues. B, Relative expression of circRNA_103762 
was examined by qRT-PCR in NSCLC tissues. C, The Kaplan-Meier survival analysis revealed that overexpression of circRNA_103762 group 
has a worse overall survival compared with the low expression of circRNA_103762 group. D, Relative expression of circRNA_103762 was 
examined by qRT-PCR in NSCLC cell line and Beas-2B. The data shown represent the mean ± SD (n = 3). *P < .05, **P < .01, ***P < .001
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The RT-PCR showed circRNA_103762 expression was downregu-
lated in H358/si-circRNA_103762 cell compared with H358/si-NC 
cell (Figure 2A). The CCK8 assay revealed that downregulation of 
circRNA_103762 inhibited the H358 cells proliferation (Figure 2B). 
In addition, the migration and invasion assay revealed that down-
regulation of circRNA_103762 inhibited migration (Figure 2C) and 
invasion (Figure 2D) in H358 cell. These results pointed out that cir-
cRNA_103762 acts as a tumor promoter in NSCLC.

3.3 | Drug resistance is associated with increased 
circRNA_103762 expression in H358 cell

To detect whether circRNA_103762 is involved in MDR, we estab-
lished a cisplatin-resistant lung cancer cell line (H358/CDDP). The 
CCK8 assay showed that IC50 values of different drugs were increased 
in H358/CDDP cell compared with H358 cell (Figure 3A). In addi-
tion, circRNA_103762 expression was upregulated in H358/CDDP 

F I G U R E  2   CircRNA_103762 downregulation suppressed cell Proliferation, migration, and invasion in NSCLC. A, Relative expression of 
circRNA_103762 in H358 cells transfected with si-circRNA_103762 or si-NC was detected by RT-PCR. B, CCK8 assay was used to detected 
H358 cells proliferation. C, Migration assay was used to detected cell migration. D, Invasion assay was performed to examined cell invasion. 
The data shown represent the mean ± SD (n = 3). *P < .05, **P < .01, ***P < .001. All siRNA is si-circRNA_103762
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cell (Figure 3B). To further examine the role of circRNA_103762 in 
NSCLC, si-circRNA_103762 specifically targeted at circRNA_103762 
junction site were constructed and transfected into the H358/CDDP 
cell. The RT-PCR showed circRNA_103762 expression was down-
regulated in H358/CDDP/si-circRNA_103762 cell compared with 
H358/CDDP/si-NC cell (Figure 3C). The CCK8 assay showed that 
IC50 values of different drugs were decreased in H358/CDDP/ si-
circRNA_103762 cell and H358/si-circRNA_103762 cell (Figure 3D). 
Thus, these results revealed that upregulation of circRNA_103762 is 
associated with MDR.

3.4 | CircRNA_103762 enhanced MDR by inhibited 
CHOP expression in NSCLC cells

Early reports pointed out that CHOP is related to tumor and plays 
a significant role in ER stress.17-19 CHOP expression can be induced 
by chemotherapeutic drugs and is associated with MDR.20 RT-PCR 
and Western blot assay showed that the CHOP expression was in-
creased in H358/si-circRNA_103762 cell compared with control 
group (Figure 4A,4) and the CHOP expression was decreased in 

H358/CDDP cell compared with H358 cell (Figure 4C,D). To fur-
ther explore whether circRNA_103762 enhanced MDR by inhib-
ited CHOP expression in NSCLC cells, we established a knocking 
down CHOP cell, namely H358/si-circRNA_103762/si-CHOP cell 
and H358/CDDP/ si-circRNA_103762/si-CHOP cell. The RT-PCR 
and Western blot showed the CHOP expression was decreased in 
H358/si-circRNA_103762/si-CHOP cell (Figure 4E,F) and H358/
CDDP/ si-circRNA_103762/si-CHOP cell (Figure 4G,H). in addition, 
The CCK8 assay showed that IC50 values of different drugs were 
increased in H358/si-circRNA_103762/si-CHOP cell (Figure 4I) and 
H358/CDDP/	 si-circRNA_103762/si-CHOP	 cell	 (Figure	 4J).	 Thus,	
circRNA_103762 enhanced MDR by inhibited CHOP expression in 
NSCLC cells.

4  | DISCUSSION

Recently, several researches have pointed out that circRNAs plays a 
significant roles in progression and metastasis in tumor. For example, 
circular RNA hsa_circ_0055538 regulates the malignant biological 
behavior of oral squamous cell carcinoma through the p53/Bcl-2/

F I G U R E  3   Drug resistance is associated with increased circRNA_103762 expression in H358 cell. A, The IC50 of different drugs on 
H358 and H358/CDDP cells. B, The circRNA_103762 expression was detected by RT-PCR in H358 and H358/CDDP cells. C, Relative 
expression of circRNA_103762 in H358/CDDP cells transfected with si-circRNA_103762 or si-NC was detected by RT-PCR. D, The IC50 of 
different drugs on H358, H358/si-circRNA_103762, H358/CDDP and H358/CDDP/si-circRNA_103762 cells. The data shown represent the 
mean ± SD (n = 3). *P < .05, **P < .01, ***P < .001. All siRNA is si-circRNA_103762
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caspase signaling pathway.21 Emerging roles of circRNA_001569 
targeting miR-145 in the proliferation and invasion of colorectal 
cancer.22 Circular RNA circ-ABCB10 promotes breast cancer pro-
liferation and progression through sponging miR-1271.23 In ad-
dition, circRNA can affect function of tumor by sponging miRNA. 
For example, circRNA_100269 is downregulated in gastric cancer 
and suppresses tumor cell growth by targeting miR-630.24 Circular 
RNA hsa_circ_0001982 promotes breast cancer cell carcinogenesis 
through decreasing miR-143.25 Circular RNA circMAN2B2 facilitates 
lung cancer cell proliferation and invasion via miR-1275/FOXK1 
axis.26 In this study, circRNA_103762 in NSCLC was firstly reported 
upregulation and found to be a tumor promoter.

Although circRNA has been found to be involved in tumorigene-
sis,14,27 circRNA is still rarely studied in MDR. in this study, we found 
that circRNA_103762 expression was upregulated in H358/CDDP 
cell. In addition, the expression of circRNA_103762 was increased in 
NSCLC patients after cisplatin chemotherapy compared with before 

cisplatin chemotherapy. We further confirmed that downregulation 
of circRNA_103762 expression can reduce IC50 values of different 
drugs. Therefore, circRNA_103762 can enhance MDR in NSCLC.

Early reports pointed out that CHOP is related to tumor and 
plays a significant role in ER stress.17-19 CHOP expression can be 
induced by chemotherapeutic drugs and is associated with MDR.20 
In this study, we discovered that circRNA_103762 knockdown 
promoted CHOP expression in H358/si-circRNA_103762 cell and 
H358/CDDP/ si-circRNA_103762 cell. Besides, CHOP knockdown 
would rescue IC50 values of different drugs of circRNA_103762 si-
lenced NSCLC cell lines. Thus, circRNA_103762 enhanced MDR by 
inhibited CHOP expression in NSCLC cells.

In conclusion, we demonstrated that circRNA_103762 is up-
regulated in NSCLC and functions as an oncogene in NSCLC, and 
circRNA_103762 enhanced MDR by inhibited CHOP expression 
in NSCLC cells. These results will help us understand the MDR of 
NSCLC, providing better effective therapy strategies for patients.

F I G U R E  4   CircRNA_103762 enhanced multidrug resistance by inhibited CHOP expression in NSCLC cells. The CHOP expression was 
detected by RT-PCR (A) and Western blot (B) in H358 and H358/si-circRNA_103762. The CHOP expression was detected by RT-PCR (C) 
and Western blot (D) in H358 and H358/CDDP. The CHOP expression was detected by RT-PCR (E) and Western blot (F) in H358, H358/
si-circRNA_103762 and H358/siRNA/si-CHOP. The CHOP expression was detected by RT-PCR (G) and Western blot (H) in H358, H358/
CDDP/si-circRNA_103762 and H358/CDDP/si-circRNA_103762/si-CHOP. I, The IC50 of different drugs on H358, H358/si-circRNA_103762 
and	H358/si-circRNA_103762/si-CHOP.	J,	The	IC50	of	different	drugs	on	H358/CDDP,	H358/CDDP/si-circRNA_103762	and	H358/
CDDP/si-circRNA_103762/si-CHOP. The data shown represent the mean ± SD (n = 3). *P < .05, **P < .01, ***P < .001. All siRNA is si-
circRNA_103762
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