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CircPTK2 inhibits cell cisplatin (CDDP) resistance by targeting miR-942/TRIM16 
axis in non-small cell lung cancer (NSCLC)
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ABSTRACT
In recent years, the problem of cancer resistance has become more and more prominent, seriously 
affecting treatment efficiency. Circular RNAs (circRNAs) play an important role in cell progression 
and cancer mechanisms. However, there is a lack of systematic studies on its function in non-small 
cell lung cancer (NSCLC) resistance. CircPTK2, microRNA-942 (miR-942), and Tripartite motif 16 
(TRIM16) levels were detected by Real-time quantitative reverse transcriptase PCR (qRT-PCR). 
Extracellular acidification rate (ECAR), glucose consumption, and lactate production were assessed 
using the Seahorse XF96 Glycolysis Analyzer, glucose, and lactate assay kits, respectively. The 
protein expression was measured with the western bolt Transwell assay was used to determine 
migration and invasion of transfected cells. (4-5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay and flow cytometry were applied to carry out cell proliferation and apop-
tosis, respectively. The relationship among circPTK2, miR-942, and TRIM16 were determined by 
using the dual-luciferase reporter assay and RIP assay. circPTK2 (hsa_circ_0008305) and TRIM16 
were low expressed, while miR-942 was significantly highly expressed in NSCLC tissues and cell 
lines. Moreover, overexpression of circPTK2 remarkably inhibited cell growth, metastasis, and 
glycolysis in A549/CDDP and H1299/CDDP cells. Promotion of miR-942 or inhibition of TRIM16 
could reverse the effects of high circPTK2 expression on cell growth, metastasis, and glycolysis in 
A549/CDDP and H1299/CDDP cells. CircPTK2 overexpression inhibited the growth of A549/CDDP 
cells in vivo. Furthermore, circPTK2 weakened CDDP resistance of NSCLC through modulating miR- 
942/TRIM16 axis, providing a novel sight for the treatment of NSCLC and improving the under-
standing of the CDDP resistance mechanism of NSCLC.
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Background

Lung cancer is one of the malignant tumors with 
high morbidity and mortality, which poses a great 
threat to human health and life [1]. Eighty-five 
percent of them were non-small cell lung cancer 

(NSCLC) [2]. In the past years, chemotherapy is 
still the main treatment for NSCLC, and cisplatin 
(CDDP) is the most common chemotherapy drug 
for NSCLC treatment [3,4]. Although CCDP- 
based chemotherapy can improve survival in 
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patients with NSCLC, drug resistance has seriously 
affected the effectiveness of NSCLC treatment. To 
improve the survival rate of patients with NSCLC, 
it is necessary to explore the potential regulatory 
mechanism of CDDP resistance in NSCLC cells.

CircRNA is a type of non-coding RNA that is 
abundant in cells and is involved in transcription 
and translation regulation [5,6]. Studies have 
shown that the structure of the circRNA molecule 
is closed-loop and will not be affected by exonu-
cleases, whose expression is more stable in cells 
[5]. More than that, the function of circRNA has 
been extensively studied. The most important 
function is to bind miRNAs as miRNA-sponges 
and regulate post-transcriptional mRNA expres-
sion. The existence of this mechanism has been 
verified in various diseases, including liver cancer, 
nonalcoholic steatohepatitis and hepatocellular 
carcinoma [7–9]. In NSCLC, some regulatory 
mechanisms of circRNA have been studied, such 
as circ_0001649, circ_0007534 and circ_0067934, 
which were related to cell progression [10–12]. In 
addition, wang et al. reported that hsa_-
circ_0008305 (circPTK2) was suppressed in 
NSCLC and regulated TGF-β-induced epithelial- 
mesenchymal transition and metastasis [13]. 
However, its function has not been elucidated in 
the chemo-resistance and treatment of NSCLC.

microRNAs (miRNAs) are also important reg-
ulators of cancer development and formation. 
Many studies have found that miRNAs not only 
participate in the regulation of cancer develop-
ment [14,15], but also have important research 
significance for disease diagnosis and treatment 
[16–18]. miR-942 has been shown to regulate cell 
proliferation and apoptosis in esophageal squa-
mous cell carcinoma, human liver fibrosis and 
NSCLC [19–21]. Consistent with yang et al study 
[21], we found that miR-942 was highly expressed 
in NSCLC, meanwhile, miR-942 expressed lowly 
in NSCLC/CDDP cells compared with that in 
NSCLC cells, but its related regulatory mechan-
isms remain unclear.

Tripartite motif 16 (TRIM16) is a member of 
the TRIM protein family, which plays an impor-
tant role in cancers. PY Kim et al reported that 
enhanced TRIM16 expression could promote cell 
apoptosis in cancer cells, especially neuroblastoma 
cells [22,23]. Moreover, many studies determined 

that TRIM16 was an important tumor suppressor 
in various cancers, including NSCLC, hepatocellu-
lar carcinoma, ovarian cancer, and breast cancer, 
and was related to cell migration, invasion and 
EMT [24–27]. In this study, we found that 
TRIM16 expression has changed in NSCLC and 
NSCLC/CDDP cells, but the specific resistance 
mechanism of how it is involved in the progres-
sion of NSCLC cells is unclear.

In this paper, we predicted the targeting down-
stream factors of circPTK2 based on bioinfor-
matics and validated the regulatory role and 
mechanism of circPTK2 in NSCLC based on clas-
sic cytological experiments. Here, we aim to verify 
the role of circPTK2 in the malignant behavior 
and cisplatin resistance in NSCLC and to clarify 
whether the involvement of circPTK2 in NSCLC 
function was mediated by miR-942/TRIM16 axis.

Materials and Methods

Patients and tissues

NSCLC tissues and the adjacent non-cancerous tis-
sues were collected from 50 patients who had no 
adjunctive treatment prior to the surgery in The 
Second People’s Hospital of Yibin, Yibin between 
September 2014 and July 2018. And the patient’s 
informed consent has been obtained. All experi-
ments have been approved by the Ethics 
Committee of The Second People’s Hospital of 
Yibin, Yibin. All collected tissues were quickly put 
into liquid nitrogen before being stored at −80°C.

Cell cultured and transfection

The NSCLC cell lines (A549 and H1299) and their 
CDDP-resistant cell lines (A549/CDDP and 
H1299/CDDP cells), as well as normal lung epithe-
lial cell lines (16HBE), were purchased from the 
Cell Bank of the Chinese Academy of Sciences. 
The cell lines were cultured in RPMI 1640 medium 
(Gibco, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (FBS) in a humidified 
atmosphere with 5% CO2 at 37°C.

The overexpression of cirPTK2 plasmids 
(circPTK2) and inhibition TRIM16 plasmids (si- 
TRIM16#1: 5ʹ-AACCTGCATGGTGAATTACTG 
TGAA-3ʹ, si-TRIM16#2: 5ʹ-CGCATCAGGTGAA 
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CATCAAACTGCA-3ʹ), as well as their negative 
control (vector or si-con) were constructed and pur-
chased from GenePharma (Shanghai, China). miR- 
942 inhibitors and mimics (anti-miR-942 and miR- 
942) were purchased from RiboBio (Guangzhou, 
China). All plasmids and oligos were transfected 
into cell lines by using Lipofectamine 3000 (Life- 
Technologies, Carlsbad, CA, USA) according to the 
manufacturer’s instructions

Real-time quantitative reverse transcriptase PCR 
(qRT-PCR)

Total RNAs from clinical tissues and cell lines 
were isolated using TRIzol (Thermo Fisher 
Scientific, Carlsbad, CA, USA) and followed by 
treatment with 3 U/mg DNase I (Qiagen, 
Hilden, Germany) at 37°C for 15 min. 2 mg of 
total RNA was reversed transcribed into cDNA 
using the PrimeScript® RT reagent Kit (Takara, 
Shiga, Japan). For the circPTK2 and TRIM16, 
the Reverse Transcription Reagents (Applied 
Biosystems, Foster City, CA) were performed to 
detect their expression. For the miR-942, the 
TaqMan® MicroRNA Reverse Transcription kit 
(Applied Biosystems) was used to measure its 
expression. The relative RNA expressions were 
calculated by using the 2 −ΔΔCt method [28]. 
Expression of β-actin or U6 was used as an 
endogenous control for TRIM16, circPTK2, or 
miR-942.

circPTK2 forward:5ʹ-AGAAGGTGAACGGGC 
TTTG-3ʹ

circPTK2 reverse: 5ʹ-TTTTGGCCTTGACAGA 
ATCC-3ʹ

TRIM16 forward: 5ʹ-CGAGATGGAGAAGAG 
TAAGCAGG-3ʹ

TRIM16 reverse: 5ʹ-CCCGAGAGTTTATCCT 
TCAGCC −3ʹ

miR-942 forward: 5ʹ-GCGCGCTCTTCTCTG 
TTTTGGC −3ʹ

miR-942 reverse: 5ʹ-GTGCAGGGTCCGAGGT-3ʹ
β-actin forward: 5ʹ-GGAAATCGTGCGTGACA 

TTA-3ʹ
β-actin reverse: 5ʹ-GGAGCAATGATCTTGAT 

CTTC −3ʹ
U6 forward: 5ʹ-CGCTTCGGCAGCACATAT 

AC-3ʹ
U6 reverse: 5ʹ-TTCACGAATTTGCGTGTCAT-3ʹ

Subcellular fractionation assay

Generally, 5 × 106 A549 and H1299 cells were 
rinsed twice in pre-chilled PBS, followed by sus-
pension in cytoplasm lysis buffer. After being cen-
trifuged for 4 min, the upper solution was 
transferred into a clean tube and the nuclear pellet 
was introduced in nucleus lysis buffer. After being 
isolated by TRIzol (Thermo Fisher Scientific), the 
isolated RNA was detected using qRT-PCR, nor-
malizing to GAPDH (cytoplasmic control) and β- 
actin (nuclear control).

Western blot

The protein level of TRIM16 was detected using 
Western blot, according to the experimental 
procedures recorded in the previous publications 
[29]. Briefly, transfected cells were lysed in 
Radioimmunoprecipitation assay (RIPA) lysis buf-
fer with protease inhibitor (Thermo Fisher 
Scientific) to extract total protein. The protein 
quantification was measured by the BCATM 

Protein Assay Kit (Pierce, Appleton, WI, USA). 
Then the equivalent protein (50 µg) was added to 
the sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) to obtain the target 
protein. Next, the target proteins in the gel were 
transferred onto polyvinylidene difluoride (PVDF) 
membranes and incubated with primary antibo-
dies against TRIM16 (ab72129, 1:2000, Abcam, 
Cambridge, MA, USA), hexokinase 2 (HK2, 
ab227198, 1:5000, Abcam), B-cell lymphoma pro-
tein 2 (Bcl-2)-associated X (BAX, ab32503, 1:2000, 
Abcam), Matrix metalloproteinase 2 (MMP2, 
ab92536, 1:1000, Abcam), Proliferating cell nuclear 
antigen (PCNA, ab18197, 1:1000, Abcam), and β- 
actin at 4°C overnight. The membranes were then 
incubated with second antibodies (Horseradish 
peroxidase-conjugated IgG antibody). Finally, the 
Western blot intensities were detected using LAS 
4000 Image Reader (Fujifilm, Tokyo, Japan)

(4-5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) assay and IC50 
detection

Cell proliferation of transfected cells was measured 
using MTT assay, based on the prior publications 
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[30]. Briefly, transfected cells were seeded into 96 
well plates at a density of 5000 cells/well, and 
added into 20 µL MTT solution (5 mg/ml). After 
being incubated the plates at 37°C for 4 hours, 
150 µL of DMSO was added to each well and 
incubated at 37°C for 15 min. The absorbance at 
490 nm was detected using a microplate reader 
(BioTek, Winooski, VT, USA) to assess cell 
proliferation.

The transfected cells were incubated for 24 hours 
in 96 well plates and then treated with the concen-
trations of cisplatin (0.01, 0.1, 1, 10, 100, 1000 µM) 
for 48 h. Next, the MTT solution and DMSO were 
added into wells respectively. Finally, cell prolifera-
tion was detected as the above description of us. 
IC50 is the concentration at which the cell survival 
rate is half that of the control sample.

Cell invasion and migration

This assay was performed as previously described 
[31]. Cell invasion and migration of transfected 
cells were detected using transwell assay. For migra-
tion assay, 5 × 104 transfected cells in RPMI 1640 
medium with FBS were seeded into the upper 
chamber. For invasion assay, 1 × 105 transfected 
cells in RPMI 1640 medium with FBS were seeded 
into the upper chamber with a Matrigel-coated 
membrane (Corning Life Sciences, Lowell, MA). 
Then, the lower chamber was added into RPMI 
1640 medium with 10%FBS. Incubation for 24 h 
later, the cells in the upper chamber were removed 
and strained and counted using a light microscope 
to assess cell invasion and migration.

Cell apoptosis

As previously described [32], cell apoptosis of 
transfected cells was measured using a PI/ 
Annexin V-FITC Apoptosis Detection Kit (BD 
Biosciences, San Jose, CA). Briefly, transfected 
cells were double-stained with propidium iodide 
and fluorescein isothiocyanate (FITC)-Annexin 
V and then were analyzed using a flow cytometer 
(Gallios, Beckman, USA) [33]. Also, the caspase 3 
activity in A549/CDDP and H1299/CDDP cells 
was determined using the Caspase 3 Activity 
Assay Kit (Beyotime, Shanghai, China), based on 
the user’s guidebook.

Extracellular acidification assay

In short, 1 × 104 transfected A549/CDDP and 
H1299/CDDP cells were introduced into the 
Seahorse XFe 96 Extracellular Flux Analyzer 
(Seahorse Bioscience, Billerica, MA, USA), fol-
lowed by baseline measurements. Whereafter, glu-
cose, oligomycin (oxidative phosphorylation 
inhibitor), and 2-DG (glycolytic inhibitor) were 
sequentially injected into each well at indicated 
time points. Finally, ECAR was measured using 
XF96 Wave software (Seahorse Bioscience).

Glucose consumption and lactate production 
assay

For glucose consumption assay, transfected A549/ 
CDDP and H1299/CDDP cells were harvested and 
the cell supernatant was collected, followed by the 
assessment of glucose concentration using a glu-
cose assay kit (Sigma-Aldrich, St. Louis, MO, 
USA), as per the operation manual. Glucose con-
sumption was calculated via subtracting the glu-
cose concentration in the collected medium at the 
specified time from the glucose concentration in 
the original fresh medium.

For lactate production assay, the concentration 
of lactate in the collected cell medium was deter-
mined using a lactate assay kit (BioVision, 
Milpitas, CA, USA). Lactate production was calcu-
lated via measuring the lactate concentration in 
the collected medium at the specified time minus 
the lactate concentration in the original fresh med-
ium. These assays were performed as previously 
described [34].

Dual-luciferase reporter assay

The wild type (WT) circPTK2 or TRIM16 sequences 
containing the binding sites for miR-942 were 
inserted into the pGL3 promoter vector (Promega, 
Madison, WI, USA), named circPTK2-WT or 
TRIM16-WT, the mutate type (MUT) sequences 
not containing binding sites for miR-942 were also 
inserted into pGL3 promoter vector (Promega), 
named circPTK2-MUT or TRIM16-MUT. Then 
these vectors were co-transfection with miR-942 or 
anti-miR-942 and their control (miR-con, anti-miR- 
con) into A549/CDDP and H1299/CDDP cells by 
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using Lipofectamine 3000 (Life-Technologies) 
according to the manufacturer’s instructions. After 
incubation for 48 hours, the luciferase activity of 
each experiment was measured with the dual- 
luciferase Reporter Assay System (Promega).

RNA immunoprecipitation (RIP) assay

The EZ-Magna RIP Kit (Millipore, Billerica, MA, 
USA) was used in RIP assay [35]. According to the 
manufacturer’s protocols, cells were lysed in RIP 
lysis buffer containing proteinase and RNase inhibi-
tors, then were co-incubated with 100 µL RIP lysates 
and the human anti-Ago2 antibody or mouse IgG 
antibody. Proteinase K buffer was added to digest the 
protein. The immunoprecipitated RNAs were 
extracted and then were used to detect the enrich-
ment of TRIM16 and circPTK2 using qRT-PCR.

Fluorescence in situ hybridization (FISH)

Briefly, RiboBio (Guangzhou, China) designed and 
synthesized the oligonucleotide-modified probe 
sequence for circPTK2 and miR-942. Cell nucleus 
was counter-stained with 4,6-diamidino-2-phenylin-
dole (DAPI, Cell Signaling Technologies, Danvers, 
USA) for 30 min. According to the producer’s 
instructions, the slides were observed by FV10i con-
focal microscope (Olympus, Tokyo, Japan).

Animal experiment

The animal experiment was approved by the 
Ethical Committee for Animal Research of The 
Second People’s Hospital of Yibin, Yibin. A total 
of 15 BALB/c female nude mice were purchased 
from the Hubei Research Center of Laboratory 
Animal (Wuhan, China). A549/CDDP cells trans-
fected with Mock, LV-con or LV-circPTK2 were 
subcutaneously injected into mice. Long and short 
diameters (L and W) of the tumor were measured 
using an vernier caliper each week. After 5 weeks, 
the mice were killed and tumor weights were mea-
sured. The tumor volumes = length × width 2 /2.

Statistical Analyses

The data analysis was analyzed and performed 
using GraphPad Prism 7.0 (GraphPad Software 

Inc., La Jolla, CA). All data were presented as 
mean ± standard deviation (S.D.). Statistical sig-
nificance of two groups was analyzed using 
a Student’s t-test, Statistical significance of three 
or more groups were detected using one-way ana-
lysis of variance (ANOVA). P values < 0.05 was 
considered statistical significant.

Results:

CircPTK2 was relatively low expressed in NSCLC 
tissues and cell lines

To identify the role of circPTK2 in NSCLC, its 
expression pattern was detected using qRT-PCR 
assay. As shown in Figure 1(a), the expression of 
circPTK2 in NSCLC tissue was significantly 
lower than that in normal tissue. In addition, 
the expression of circPTK2 in NSCLC cell lines 
(A549, H1299, H460 and SW900) was signifi-
cantly lower than that in normal cells (Figure 1 
(b)) and we selected A549 and H1299 cell lines 
for the following research. Figure 1(c,d) showed 
that circPTK2 is stable and insensitive to RNase 
R. In addition, circPTK2 expression was signifi-
cantly lower with Oligo(dT)18 primers than that 
with Random primers, but PTK2 mRNA expres-
sion with Oligo(dT)18 primers have no effect on 
that with Random primers in A549 and H1299 
cells (Figure 1(e,f)). Besides, circPTK2 was pre-
dominantly located in the cytoplasm of A549 
and H1299 cells, suggesting the potential post- 
transcriptional regulatory mechanism of circPTK2 
in NSCLC cells (Figure 1(g,h)). These results sug-
gested that circPTK2 played roles in NSCLC.

Overexpression of circPTK2 reduced CDDP 
resistance in A549 and H1299 cell lines

In order to further understand the function of 
circPTK2 in NSCLC cells, overexpressed circPTK2 
cell lines were constructed and stably expressed in 
A549/CDDP and H1299/CDDP cell lines (Figure 2 
(d)). In the experiment, we found that the cell 
viability was decreased with the increase of CDDP 
concentration (Figure 2(a,b,e,f)). Moreover, the 
IC50 of A549/CDDP and H1299/CDDP cells were 
significantly higher than that of A549 and H1299 
cells. The expression of circPTK2 was decreased in 
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Figure 1. CircPTK2 (hsa_circ_0008305) was relatively low expressed in NSCLC tissues and cell lines. (a) Relative expression of 
circPTK2 in NSCLC tissues and normal tissues. (b) Relative expression of circPTK2 in NSCLC cell lines (A549, H1299, H460 and SW900) 
and normal cells (16 HBE). (c and d) Relative expression of circRNA and PTK2 mRNA with or without RNase R. (e and f) circPTK2 
expression and PTK2 mRNA expression were detected using oligo(dT)18 primers than that with Random primers in the reverse 
transcription products of A549 and H1299 cells. (g and h) The cellular localization of circPTK2 in NSCLC cells was analyzed by 
Subcellular fractionation assay.*p < 0.05.

Figure 2. Overexpression of circPTK2 reduced CDDP resistance in A549 and H1299 cell lines. (a and b) Determination of IC50 
in A549, A549/CDDP, H1299 and H1299/CDDP at the concentrations of cisplatin (0.01, 0.1, 1, 10, 100, 1000 µM). (c) The expression of 
circPTK2 was detected in A549, A549/CDDP, H1299 and H1299/CDDP. (d) The expression of circPTK2 was detected in vector and 
circPTK2 groups of A549/CDDP and H1299/CDDP. (e and f) Determination of IC50 in vector and circPTK2 groups of A549/CDDP and 
H1299/CDDP at the concentrations of cisplatin (0.01, 0.1, 1, 10, 100, 1000 µM). *p < 0.05.
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A549/CDDP and H1299/CDDP cells compared 
A549 and H1299 cells (Figure 2(c)). Moreover, 
circPTK2 overexpression effectively reduced IC50 
of A549/CDDP and H1299/CDDP cell lines 
(Figure 2(e,f)), implying that circPTK2 overexpres-
sion could decrease CDDP-resistance of NSCLC.

Overexpression of cirPTK2 inhibited cell growth 
in A549/CDDP and H1299/CDDP cells

In order to further study the effect of circPTK2 on 
the growth of A549/CDDP and H1299/CDDP cells, 
we measured the cell proliferation, migration, inva-
sion, and apoptosis in each group. MTT results 
showed that the overexpression of circPTK2 signif-
icantly inhibited the proliferation of A549/CDDP 
and H1299/CDDP cells (Figure 3(a)). The results of 
transwell analysis showed that migration and inva-
sion of A549/CDDP and H1299/CDDP cells were 
significantly reduced in the circPTK2 group, com-
pared with the vector group (Figure 3(b,c)). 

Meanwhile, increasing the expression of circPTK2 
significantly increased the apoptosis rate of A549/ 
CDDP and H1299/CDDP cells (Figure 3(d)). 
Similar to the flow cytometry results, the upregula-
tion of circPTK2 elicited an apparent enhancement 
in caspase-3 activity in A549/CDDP and H1299/ 
CDDP cells (Figure 3(e)). Additionally, to evaluate 
the effect of circPTK2 on glycolysis in CDDP- 
resistant cells, we examined the glycolytic capacity 
in A549/CDDP and H1299/CDDP cells. As illustrated 
in figure 3(f), transfection of circPTK2 led to 
a substantial decline in ECAR in A549/CDDP and 
H1299/CDDP cells. Meanwhile, we also analyzed the 
relevant indicators of glycolysis in A549/CDDP and 
H1299/CDDP cells. Data exhibited that glucose con-
sumption and lactate production were notably 
reduced after the overexpression of circPTK2 in 
A549/CDDP and H1299/CDDP cells (Figure 3(g,h)). 
In addition, Western blot assay also showed that the 
upregulation of circPTK2 resulted in a significant 
decrease in HK2 (glycolytic enzyme), MMP2 

Figure 3. Overexpression of cirPTK2 inhibited cell growth in A549/CDDP and H1299/CDDP cells. (a) Cell proliferation was 
measured in vector and circPTK2 groups of A549/CDDP and H1299/CDDP using MTT assay. (b and c) Cell migration and invasion 
were measured in vector and circPTK2 groups of A549/CDDP and H1299/CDDP using Transwell assay. (d) Cell apoptosis was 
measured in vector and circPTK2 groups of A549/CDDP and H1299/CDDP using flow cytometry. (e) Caspase-3 activity analysis in 
vector or circPTK2-transfected A549/CDDP and H1299/CDDP cells. (f) Extracellular acidification rate (ECAR) analysis presented the 
glycolytic capacity of A549/CDDP and H1299/CDDP cells transfected with vector and circPTK2. (g and h) Glucose consumption and 
lactate production were detected in vector and circPTK2 groups of A549/CDDP and H1299/CDDP using glucose and lactate assay kits. 
(i) HK2, BAX, MMP2, and PCNA protein levels were determined in vector and circPTK2 groups of A549/CDDP and H1299/CDDP using 
Western blot assay. *p < 0.05.
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(migration/invasion marker), PCNA (proliferation 
marker), and an evident increase in BAX (apoptosis 
marker) in A549/CDDP and H1299/CDDP cells 
(Figure 3(i)). All results showed that increased 
circPTK2 expression significantly suppressed cell 
growth, metastasis, and glycolysis of A549/CDDP 
and H1299/CDDP cells in NSCLC.

miR-942 was negatively regulated by circPTK2 in 
A549/CDDP and H1299/CDDP cells

In order to further verify the chemoresistance 
mechanism of circPTK2 in cancer cells, we pre-
dicted that hsa_circ_0008305 (circPTK2) and 
miR-942 had targeted binding sites through the 
Circular RNA Interactome (Figure 4(a)). The vali-
dation of the dual-luciferase reporter assay showed 
that overexpression of miR-942 significantly inhib-
ited the relative luciferase activity of circPTK2- 
WT, and conversely, low expression of miR-942 
significantly increased the relative luciferase activ-
ity of circPTK2-WT in A549/CDDP and H1299/ 

CDDP cells. Either miR-942 transfection or anti- 
miR-942 transfection had no effect on the luciferase 
activity of circPTK2-MUT group (Figure 4(b,c)). 
The results of RIP also indicated that circPTK2 
could bind to miR-942 in A549/CDDP and 
H1299/CDDP cells (Figure 4(d,e)). In addition, 
miR-942 expression was significantly inhibited by 
circPTK2 transfection but induced by si-circPTK2 
in A549/CDDP and H1299/CDDP cells (figure 4(f, 
g)). What’s more, we found that circPTK2 and miR- 
942 were mainly distributed in the cytoplasm of 
NSCLC cells (Figure 4(h)). Therefore, these results 
indicated that circPTK2 was negatively correlated 
with miR-942.

TRIM16 was a target mRNA of miR-942 in A549/ 
CDDP and H1299/CDDP cells

To understand the mechanisms by which miR-942 
in NSCLC progression, bioinformatics software 
microT-CDS was used and results predicted the 
binding sites between miR-942 and TRIM16 

Figure 4. miR-942 was a target miRNA of circPTK2 in A549/CDDP and H1299/CDDP cells. (a) Circular RNA Interactome results 
showed a high binding site sequence between circPTK2 and miR-942. (b and c) Luciferase activity was measured when the miR-942 
bound to circPTK2 in A549/CDDP and H1299/CDDP. (d and e) circPTK2 and miR-942 existed in the production precipitated by anti- 
Ago2 in A549/CDDP and H1299/CDDP. (f and g) the relative expression of miR-942 was detected in A549/CDDP and H1299/CDDP. (h) 
The cellular localization of circPTK2 and miR-942 in NSCLC cells was analyzed by FISH assay. *p < 0.05.
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(Figure 5(a)). Also, we found that the expression 
level of TRIM16 in NSCLC tissue was significantly 
reduced compared with that in normal tissue (Fig 
S1A). When miR-942 transfection or anti-miR-942 
transfection was combined with TRIM16-WT, 
luciferase was significantly decreased or increased 
in A549/CDDP and H1299/CDDP cells (Figure 5 
(b,c)). RIP assay also verified that miR-942 could 
bind with TRIM16 in A549/CDDP and H1299/ 
CDDP cells (Figure 5(d,e)). Western blot results 
showed that protein expression of TRIM16 was 
significantly inhibited or promoted by overexpres-
sion of miR-942 or inhibition of miR-942 in A549/ 
CDDP and H1299/CDDP cells (figure 5(f,g)). 
Therefore, TRIM16 was a target mRNA of miR- 
942 in A549/CDDP and H1299/CDDP cells.

Promotion of miR-942 or inhibition of TRIM16 
could reverse the effects of high circPTK2 
expression on cell growth in A549/CDDP and 
H1299/CDDP cells

To further understand the detailed regulatory 
mechanism of circPTK2. First, we measured the 
expressions of miR-942 and TRIM16 in A549 and 
A549/CDDP or H1299 and H1299/CDDP cells. 
The results showed that the expression of miR-942 
was significantly increased in A549/CDDP and 
H1299/CDDP cells, while the protein expression 
of TRIM16 was significantly decreased (Figure 6 

(a,b)). In addition, the transfection efficiency of si- 
TRIM16#1 and si-TRIM16#2 was detected and 
shown in Figure S1B. Si-TRIM16#1 showed the 
higher fold change, so we selected it for subsequent 
experiments. The MTT assay indicated that over-
expression of circPTK2 significantly inhibited the 
cellular activity of A549/CDDP and H1299/CDDP, 
but this phenomenon was reversed by overexpres-
sion of miR-942 or inhibition of TRIM16 (Figure 6c 
and 6d). Cell migration and invasion were inhibited 
by circPTK2 transfection in A549/CDDP and 
H1299/CDDP cells, which were weakened by 
higher expression of miR-942 or lower expression 
of TRIM16 (Figure 6e to 6h). In addition, increas-
ing miR-942 expression or decreasing TRIM16 
expression significantly weakened the promoting 
effect of circPTK2 transfection on A549/CDDP 
and H1299/CDDP cell apoptosis (Figure 6i and 
6j), accompanied by declined caspase-3 activity 
(Figure 6k and 6l). In terms of glycolysis, the inhi-
bitory of ECAR, glucose consumption, and lactate 
production caused by circPTK2 overexpression was 
overturned by miR-942 mimic or si-TRIM16 in 
A549/CDDP and H1299/CDDP cells (Figure 6m- 
6r). Synchronously, we also detected proliferation, 
metastasis, apoptosis, or glycolysis-related markers 
in A549/CDDP and H1299/CDDP cells. As pre-
sented in Figure 6s-6t, miR-942 up-regulation or 
TRIM16 knockdown could abolish circPTK2- 
mediated decrease in HK2, MMP2, PCNA protein 

Figure 5. TRIM16 was a target mRNA of miR-942 in A549/CDDP and H1299/CDDP cells. (a) microT-CDS results showed a high 
binding site sequence between TRIM16 and miR-942. (b and c) Luciferase activity was measured when the miR-942 bound to TRIM16 
in A549/CDDP and H1299/CDDP. (d and e) TRIM16 and miR-942 existed in the production precipitated by anti-Ago2 in A549/CDDP 
and H1299/CDDP. (f and g) the relative protein expression of TRIM16 was detected in A549/CDDP and H1299/CDDP. *p < 0.05.
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levels, and increase in BAX protein level in A549/ 
CDDP and H1299/CDDP cells. Therefore, 
circPTK2 regulated TRIM16 by binding to miR- 
942 to affect the cell growth, metastasis, and glyco-
lysis of A549/CDDP and H1299/CDDP cells

CircPTK2 overexpression inhibited the growth of 
A549/CDDP cells in vivo

To further explore the effects of circPTK2 in vivo, 
the nude mice were subcutaneously injected with 

A549/CDDP cells with or without stable circPTK2 
overexpression. The data showed that the tumor 
volumes of the LV-circPTK2 group were signifi-
cantly lower than that of LV-NC and Mock groups, 
especially at week 5 (Figure 7a). Otherwise, the 
tumor weight of LV-circPTK2 was also notably 
smaller than that of LV-con and Mock groups 
(Figure 7b). These results determined that the pro-
motion of circPTK2 could decrease CDDP resis-
tance of A549 cells and inhibit the growth of 
A549/CDDP cells in vivo. Moreover, the expression 

Figure 6. Promotion of miR-942 or inhibition of TRIM16 could reverse the effects of high circPTK2 expression on cell 
growth in A549/CDDP and H1299/CDDP cells. (a and b) The relative mRNA and protein expression of TRIM16 was measured in 
A549, A549/CDDP, H1299 and H1299/CDDP cell lines. (c and d) Cell proliferation was detected in vector, circPTK2, circPTK2+ miR-con, 
circPTK2+ miR-942, circPTK2+ si-con, circPTK2+ si-TRIM16 groups in A549/CDDP and H1299/CDDP. (E to H) Cell migration (e and f) 
and invasion (g and h) were detected in vector, circPTK2, circPTK2+ miR-con, circPTK2+ miR-942, circPTK2+ si-con, circPTK2+ si- 
TRIM16 groups in A549/CDDP and H1299/CDDP. (i and j) Cell apoptosis was measured in vector, circPTK2, circPTK2+ miR-con, 
circPTK2+ miR-942, circPTK2+ si-con, circPTK2+ si-TRIM16 groups in A549/CDDP and H1299/CDDP. (k and l) Caspase-3 activity was 
analyzed in vector, circPTK2, circPTK2+ miR-con, circPTK2+ miR-942, circPTK2+ si-con, circPTK2+ si-TRIM16 groups in A549/CDDP 
and H1299/CDDP. (m-r) ECAR, glucose consumption, and lactate production were assessed in vector, circPTK2, circPTK2+ miR-con, 
circPTK2+ miR-942, circPTK2+ si-con, circPTK2+ si-TRIM16 groups in A549/CDDP and H1299/CDDP. (s and t) The protein levels of 
HK2, BAX, MMP2, and PCNA protein levels were determined in vector, circPTK2, circPTK2+ miR-con, circPTK2+ miR-942, circPTK2+ si- 
con, circPTK2+ si-TRIM16 groups in A549/CDDP and H1299/CDDP. *p < 0.05.
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of circPTK2 and the protein expression of TRIM16 
were significantly increased while the expression of 
miR-942 was inhibited in LV-circPTK2 group, 
compared with that in LV-con and Mock groups 
(Figure 7c to 7e). These results indicated that over-
expression of circPTK2 could decrease the CDDP 
resistance of the tumor.

Discussion

With the development of sequencing technology, 
a large number of circRNAs have been found to be 
abnormally expressed in cancers cells, providing 
new ideas for the treatment and mechanism 
research of diseases [36–38]. circRNA is 
a circular RNA that is relatively stable expressed 
in cells and plays an important role in human 
diseases, including cancer and neurological dis-
eases [39,40]. Studies have shown that circRNA 
has important regulatory functions in breast can-
cer, such as circMTO1 and circANKS1B [41–43]. 
Accumulating studies reported that circRNA is 
also involved in cell progression and proliferation 
in cancers, including NSCLC [44,45]. Otherwise, 
circRNA is also closely related to CDDP resistance. 
For example, overexpression of circPVT1 could 
enhance doxorubicin and cisplatin resistance of 
osteosarcoma cells by regulating ABCB1 [46]. 

Although the research of chemo-resistance mechan-
isms is beneficial to improve the treatment and effi-
ciency of diseases, related research remains scarce. In 
this study, we found that circPTK2 was involved in 
the CDDP resistance mechanism of NSCLC. 
Moreover, circPRK2 had been reported to play 
a key role in other cancers. For example, circPTK2 
was the differential expression in bladder cancer and 
improved its proliferation and migration [47]. 
Meanwhile, circPTK2 also was related to metastatic 
in colorectal cancer and acted as a novel therapeutic 
target for cancer [48]. Additionally, it has been 
reported that tumor cells always prefer aerobic gly-
colysis metabolism (also known as the Warburg 
effect) to obtain energy. That is, glycolysis can 
provide sufficient energy for cell proliferation and 
indirectly reflect the degree of cell metabolism 
[49,50]. In this paper, we further verified that 
circPTK2 up-regulation could inhibit cell growth, 
metastasis, and glycolysis of NSCLC/CDDP cells 
in vivo. Consistently, the suppressive effect of 
circPTK2 overexpression on NSCLC/CDDP cell 
growth was also verified in vitro. These results 
implied that upregulated circPTK2 expression 
decreased the CDDP resistance of NSCLC and 
enhanced the sensitivity of NSCLC cells to CDDP.

The regulatory network of circRNA has been 
shown to bind miRNA to regulate mRNA expression 

Figure 7. CircPTK2 overexpression inhibited the growth of A549/CDDP cells in vivo. (a and b)The tumor volumes and tumor 
weight of Mock, LV-con and LV-circPTK2 groups were measured in vivo. (C to E) The relative expression of circPTK2 and miR-942, as 
well as the protein expression of TRIM16 was detected in Mock, LV-con and LV-circPTK2 groups. *p < 0.05.
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in various cancers. For example, circRNA_103808 
affected colorectal cancer cell proliferation and 
migration by binding to the miR-543-3p/FOXO4 
axis [51]. In this study, miR-942 has been proven 
to be a target miRNA for circPTK2 in NSCLC/ 
CDDP cells by a dual-luciferase reporter assay. 
Some studies have shown that miR-942 mediated 
cell activation, proliferation, metastasis, and glycoly-
sis in cancers [52–54]. In this paper, miR-942 over-
expression significantly reduced the effects of 
circPTK2 overexpression on A549/CDDP and 
H1299/CDDP cells. However, its regulatory network 
also played an important function in cancers. MiR- 
942 targeted RRM2B to affect cell growth in hepato-
cellular carcinoma and regulated BARX2 to modu-
late NSCLC cell progression [21,55].

In this paper, we found that miR-942 directly 
targeted TIRM16 in NSCLC/CDDP cells, and 
thought that TIRM16 was a new target of miR- 
942 in NSCLC. TRIM16 is an E3 ubiquitin ligase 
that plays an important role in the transcription 
and apparent modification of mRNA [23]. 
TRIM16 has been proven to be an important 
tumor suppressor, which affects the proliferation, 
autophagy of cancer cells [22,56,57]. Some stu-
dies have also shown that TRIM16 can be used as 
a drug target in melanoma [58,59]. The focus of 
research on drug resistance has not yet begun. In 
our study, we verified that inhibited TRIM16 
expression could reverse the effects of high 
circPTK2 expression on cell growth, metastasis, 
and glycolysis in A549/CDDP and H1299/CDDP 
cells. Therefore, we determined that circPTK2 
weakened the CDDP resistance of NSCLC 
through modulating the miR-942/TRIM16 axis.

Conclusion

It is well known that multiple miRNAs co-regulate 
mRNA or a single miRNA regulates multiple mRNAs 
in the miRNA/ mRNA regulatory network. The reg-
ulation pattern of circRNA/miRNA is similar to that 
of miRNA/mRNA. In NSCLC, TRIM16 has been 
verified to be a target gene of miR-135 and is involved 
in the sensitivity of NSCLC to Gefitinib [60]. This 
evidence indicated that the circRNA/miRNA/mRNA 
regulatory network plays a non-negligible role in the 
drug resistance mechanism of NSCLC.

List of abbreviations

NSCLC: non-small cell lung cancer
CDDP: cisplatin
TRIM16: Tripartite motif 16
circPTK2: hsa_circ_0008305
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3. TRIM16 was a direct target of miR-942.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

The author(s) reported there is no funding associated with 
the work featured in this article.

Availability of Data and Materials

All data generated or analyzed during this study are included 
in this article.

Ethics Approval and Consent to Participate

The design of this protocol follows the tenets of the 
Declaration of Helsinki, approved by the Ethics Committee 
of The Second People’s Hospital of Yibin.

ORCID

Yongfu Wang http://orcid.org/0000-0001-6442-4118

References

[1] Bade BC, Dela Cruz CS. Lung Cancer 2020: epidemiol-
ogy, Etiology, and Prevention. Clin Chest Med. 2020;41 
(1):1–24.

[2] Sher T, Dy GK, Adjei AA. Small cell lung cancer. Mayo 
Clin Proc. 2008;83(3):355–367.

[3] Barlesi F, Gervais R, Lena H, et al. Pemetrexed and 
cisplatin as first-line chemotherapy for advanced 
non-small-cell lung cancer (NSCLC) with asympto-
matic inoperable brain metastases: a multicenter 

3662 Y. WANG ET AL.



phase II trial (GFPC 07-01). Ann Oncol. 2011;22 
(11):2466–2470.

[4] Schaake-Koning C, van Den Bogaert W, Dalesio O, 
et al. Effects of concomitant cisplatin and radiotherapy 
on inoperable non-small-cell lung cancer. N Engl 
J Med. 1992;326(8):524–530.

[5] Ebbesen KK, Kjems J, Hansen TB. Circular RNAs: 
identification, biogenesis and function. Biochim 
Biophys Acta. 2016;1859(1):163–168.

[6] Meng S, Zhou H, Feng Z, et al. CircRNA: functions 
and properties of a novel potential biomarker for 
cancer. Mol Cancer. 2017;16(1):94.

[7] Caiment F, Gaj S, Claessen S, et al. High-throughput 
data integration of RNA-miRNA-circRNA reveals 
novel insights into mechanisms of benzo[a]pyrene-in-
duced carcinogenicity. Nucleic Acids Res. 2015;43 
(5):2525–2534.

[8] Jin X, Feng CY, Xiang Z, et al. CircRNA expression 
pattern and circRNA-miRNA-mRNA network in the 
pathogenesis of nonalcoholic steatohepatitis. 
Oncotarget. 2016;7(41):66455–66467.

[9] Xiong DD, Dang YW, Lin P, et al. A circRNA-miRNA- 
mRNA network identification for exploring underlying 
pathogenesis and therapy strategy of hepatocellular 
carcinoma. J Transl Med. 2018;16(1):220.

[10] Liu T, Song Z, Gai Y. Circular RNA circ_0001649 acts 
as a prognostic biomarker and inhibits NSCLC pro-
gression via sponging miR-331-3p and miR-338-5p. 
Biochem Biophys Res Commun. 2018;503 
(3):1503–1509.

[11] Qi Y, Zhang B, Wang J, et al. Upregulation of circular 
RNA hsa_circ_0007534 predicts unfavorable prognosis 
for NSCLC and exerts oncogenic properties in vitro 
and in vivo. Gene. 2018;676:79–85.

[12] Wang J, Li H. CircRNA circ_0067934 silencing inhibits 
the proliferation, migration and invasion of NSCLC 
cells and correlates with unfavorable prognosis in 
NSCLC. Eur Rev Med Pharmacol Sci. 2018;22 
(10):3053–3060.

[13] Wang L, Tong X, Zhou Z, et al. Circular RNA hsa_-
circ_0008305 (circPTK2) inhibits TGF-β-induced 
epithelial-mesenchymal transition and metastasis by 
controlling TIF1γ in non-small cell lung cancer. 
Molecular Cancer. 2018;17(1):140.

[14] Aghanoori MR, Mirzaei B, Tavallaei M. MiRNA mole-
cular profiles in human medical conditions: connecting 
lung cancer and lung development phenomena. Asian 
Pac J Cancer Prev. 2014;15(22):9557–9565.

[15] Romero-Cordoba SL, Salido-Guadarrama I, Rodriguez- 
Dorantes M, et al. miRNA biogenesis: biological impact 
in the development of cancer. Cancer Biol Ther. 
2014;15(11):1444–1455.

[16] McGuire A, Brown JA, Kerin MJ. Metastatic breast 
cancer: the potential of miRNA for diagnosis and treat-
ment monitoring. Cancer Metastasis Rev. 2015;34 
(1):145–155.

[17] Tie Y, Liu B, Fu H, et al. Circulating miRNA and 
cancer diagnosis. Science in China Series C, Life 
sciences. 2009;52(12):1117–1122

[18] Wang Y, Tian Y. miRNA for diagnosis and clinical 
implications of human hepatocellular carcinoma. 
Hepatol Res. 2016;46(1):89–99.

[19] Ge C, Wu S, Wang W, et al. miR-942 promotes cancer 
stem cell-like traits in esophageal squamous cell carci-
noma through activation of Wnt/β-catenin signalling 
pathway. Oncotarget. 2015;6(13):10964–10977.

[20] Tao L, Xue D, Shen D, et al. MicroRNA-942 mediates 
hepatic stellate cell activation by regulating BAMBI 
expression in human liver fibrosis. Archives of 
Toxicology. 2018;92(9):2935–2946.

[21] Yang F, Shao C, Wei K, et al. miR-942 promotes tumor 
migration, invasion, and angiogenesis by regulating 
EMT via BARX2 in non-small-cell lung cancer. 
Journal of Cellular Physiology. 2019;234 
(12):23596–23607.

[22] Marshall GM, Bell JL, Koach J, et al. TRIM16 acts as 
a tumour suppressor by inhibitory effects on cytoplas-
mic vimentin and nuclear E2F1 in neuroblastoma cells. 
Oncogene. 2010;29(46):6172–6183.

[23] Bell JL, Malyukova A, Holien JK, et al. TRIM16 acts as 
an E3 ubiquitin ligase and can heterodimerize with 
other TRIM family members. PloS One. 2012;7(5): 
e37470.

[24] Huo X, Li S, Shi T, et al. Tripartite motif 16 inhibits 
epithelial-mesenchymal transition and metastasis by 
down-regulating sonic hedgehog pathway in 
non-small cell lung cancer cells. Biochem Biophys Res 
Commun. 2015;460(4):1021–1028.

[25] Li L, Dong L, Qu X, et al. Tripartite motif 16 inhibits 
hepatocellular carcinoma cell migration and invasion. 
Int J Oncol. 2016;48(4):1639–1649.

[26] Tan H, Qi J, Chu G, et al. Tripartite Motif 16 Inhibits 
the Migration and Invasion in Ovarian Cancer Cells. 
Oncol Res. 2017;25(4):551–558.

[27] Yao J, Xu T, Tian T, et al. Tripartite motif 16 sup-
presses breast cancer stem cell properties through reg-
ulation of Gli-1 degradation via the 
ubiquitin-proteasome pathway. Oncol Rep. 2016;35 
(2):1204–1212.

[28] Livak KJ, Schmittgen TD. Analysis of relative gene 
expression data using real-time quantitative PCR and 
the 2(-Delta Delta C(T)) Method. Methods. 2001;25 
(4):402–408.

[29] Liu Y, Yang C, Zhao Y, et al. Overexpressed 
methyltransferase-like 1 (METTL1) increased chemo-
sensitivity of colon cancer cells to cisplatin by regulat-
ing miR-149-3p/S100A4/p53 axis. Aging (Albany NY). 
2019;11(24):12328–12344.

[30] Dong Y, Xu T, Zhong S, et al. Circ_0076305 regulates 
cisplatin resistance of non-small cell lung cancer via 
positively modulating STAT3 by sponging miR-296-5p. 
Life Sci. 2019;239:116984.

BIOENGINEERED 3663



[31] Lu H, Xie X, Wang K, et al. Circular RNA hsa_-
circ_0096157 contributes to cisplatin resistance by pro-
liferation, cell cycle progression, and suppressing 
apoptosis of non-small-cell lung carcinoma cells. 
Molecular and Cellular Biochemistry. 2020;475(1– 
2):63–77.

[32] Zhu X, Han J, Lan H, et al. A novel circular RNA 
hsa_circRNA_103809/miR-377-3p/GOT1 pathway reg-
ulates cisplatin-resistance in non-small cell lung cancer 
(NSCLC). BMC Cancer. 2020;20(1):1190.

[33] Zhang Q, Miao Y, Fu Q, et al. CircRNACCDC66 
regulates cisplatin resistance in gastric cancer via the 
miR-618/BCL2 axis. Biochem Biophys Res Commun. 
2020;526(3):713–720.

[34] Li Y, Zang H, Zhang X, et al. Exosomal Circ-ZNF652 
Promotes Cell Proliferation, Migration, Invasion and 
Glycolysis in Hepatocellular Carcinoma via miR-29a- 
3p/GUCD1 Axis. Cancer Manag Res. 2020;12: 
7739–7751.

[35] Chen H, Gu B, Zhao X, et al. Circular RNA hsa_-
circ_0007364 increases cervical cancer progression 
through activating methionine adenosyltransferase II 
alpha (MAT2A) expression by restraining 
microRNA-101-5p. Bioengineered. 2020;11(1):1269–1279.

[36] Fan C, Lei X, Fang Z, et al. CircR2Disease: a manually 
curated database for experimentally supported circular 
RNAs associated with various diseases. Database. 
2018;2018:1–6.

[37] Lukiw WJ. Circular RNA (circRNA) in Alzheimer’s 
disease (AD). Front Genet. 2013;4:307.

[38] Nicolet BP, Engels S, Aglialoro F, et al. Circular RNA 
expression in human hematopoietic cells is widespread 
and cell-type specific. Nucleic Acids Res. 2018;46 
(16):8168–8180.

[39] Patop IL, Kadener S. circRNAs in Cancer. Curr Opin 
Genet Dev. 2018;48:121–127.

[40] Shao Y, Chen Y. Roles of Circular RNAs in Neurologic 
Disease. Front Mol Neurosci. 2016;9:25.

[41] Nair AA, Niu N, Tang X, et al. Circular RNAs and 
their associations with breast cancer subtypes. 
Oncotarget. 2016;7(49):80967–80979.

[42] Liu Y, Dong Y, Zhao L, et al. Circular RNA-MTO1 
suppresses breast cancer cell viability and reverses 
monastrol resistance through regulating the TRAF4/ 
Eg5 axis. Int J Oncol. 2018;53(4):1752–1762.

[43] Zeng K, He B, Yang BB, et al. The pro-metastasis effect 
of circANKS1B in breast cancer. Molecular Cancer. 
2018;17(1):160.

[44] Wei S, Zheng Y, Jiang Y, et al. The circRNA 
circPTPRA suppresses epithelial-mesenchymal transi-
tioning and metastasis of NSCLC cells by sponging 
miR-96-5p. EBioMedicine. 2019;44:182–193.

[45] Jin M, Shi C, Yang C, et al. Upregulated circRNA 
ARHGAP10 Predicts an Unfavorable Prognosis in 
NSCLC through Regulation of the miR-150-5p/GLUT- 
1 Axis. Mol Ther Nucleic Acids. 2019;18:219–231.

[46] Kun-Peng Z, Xiao-Long M, Chun-Lin Z. 
Overexpressed circPVT1, a potential new circular 
RNA biomarker, contributes to doxorubicin and cis-
platin resistance of osteosarcoma cells by regulating 
ABCB1. Int J Biol Sci. 2018;14(3):321–330.

[47] Xu ZQ, Yang MG, Liu HJ, et al. Circular RNA hsa_-
circ_0003221 (circPTK2) promotes the proliferation 
and migration of bladder cancer cells. J Cell Biochem. 
2018;119(4):3317–3325.

[48] Yang H, Li X, Meng Q, et al. CircPTK2 (hsa_-
circ_0005273) as a novel therapeutic target for meta-
static colorectal cancer. Mol Cancer. 2020;19(1):13.

[49] Lunt SY, Vander Heiden MG. Aerobic glycolysis: meet-
ing the metabolic requirements of cell proliferation. 
Annu Rev Cell Dev Biol. 2011;27(1):441–464.

[50] Abbaszadeh Z, Çeşmeli S, Avcı Ç B. Crucial players in 
glycolysis: cancer progress. Gene. 2020;726:144158.

[51] Bian L, Zhi X, Ma L, et al. Hsa_circRNA_103809 regu-
lated the cell proliferation and migration in colorectal 
cancer via miR-532-3p/FOXO4 axis. Biochem Biophys 
Res Commun. 2018;505(2):346–352.

[52] Xu Q, Zhou L, Yang G, et al. Overexpression of 
circ_0001445 decelerates hepatocellular carcinoma pro-
gression by regulating miR-942-5p/ALX4 axis. 
Biotechnology Letters. 2020;42(12):2735–2747.

[53] Fasihi A, Soltani BM, Ranjbaran ZS, et al. Hsa-miR-942 
fingerprint in colorectal cancer through Wnt signaling 
pathway. Gene. 2019;712:143958.

[54] Shan Z, An N, Qin J, et al. Long non-coding RNA 
Linc00675 suppresses cell proliferation and metastasis 
in colorectal cancer via acting on miR-942 and Wnt/β- 
catenin signaling. Biomed Pharmacothe. 2018;101: 
769–776.

[55] Zhang Q, Zhu B, Qian J, et al. miR-942 promotes 
proliferation and metastasis of hepatocellular carci-
noma cells by inhibiting RRM2B. Onco Targets Ther. 
2019;12:8367–8378.

[56] Bell JL, Malyukova A, Kavallaris M, et al. TRIM16 
inhibits neuroblastoma cell proliferation through cell 
cycle regulation and dynamic nuclear localization. Cell 
Cycle (Georgetown, Tex). 2013;12(6):889–898.

[57] Chauhan S, Kumar S, Jain A, et al. TRIMs and 
Galectins Globally Cooperate and TRIM16 and 
Galectin-3 Co-direct Autophagy in Endomembrane 
Damage Homeostasis. Dev Cell. 2016;39(1):13–27.

[58] Sutton SK, Carter DR, Kim P, et al. A novel compound 
which sensitizes BRAF wild-type melanoma cells to 
vemurafenib in a TRIM16-dependent manner. 
Oncotarget. 2016;7(32):52166–52178.

[59] Nagy Z, Cheung BB, Tsang W, et al. Withaferin 
A activates TRIM16 for its anti-cancer activity in 
melanoma. Sci Rep. 2020;10(1):19724.

[60] Wang N, Zhang T. Downregulation of MicroRNA-135 
Promotes Sensitivity of Non-Small Cell Lung Cancer to 
Gefitinib by Targeting TRIM16. Oncol Res. 2018;26 
(7):1005–1014.

3664 Y. WANG ET AL.


	Abstract
	Background
	Materials and Methods
	Patients and tissues
	Cell cultured and transfection
	Real-time quantitative reverse transcriptase PCR (qRT-PCR)
	Subcellular fractionation assay
	Western blot
	(4-5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay and IC50 detection
	Cell invasion and migration
	Cell apoptosis
	Extracellular acidification assay
	Glucose consumption and lactate production assay
	Dual-luciferase reporter assay
	RNA immunoprecipitation (RIP) assay
	Fluorescence insitu hybridization (FISH)
	Animal experiment
	Statistical Analyses

	Results:
	CircPTK2 was relatively low expressed in NSCLC tissues and cell lines
	Overexpression of circPTK2 reduced CDDP resistance in A549 and H1299 cell lines
	Overexpression of cirPTK2 inhibited cell growth in A549/CDDP and H1299/CDDP cells
	miR-942 was negatively regulated by circPTK2 in A549/CDDP and H1299/CDDP cells
	TRIM16 was atarget mRNA of miR-942 in A549/CDDP and H1299/CDDP cells
	Promotion of miR-942 or inhibition of TRIM16 could reverse the effects of high circPTK2 expression on cell growth in A549/CDDP and H1299/CDDP cells
	CircPTK2 overexpression inhibited the growth of A549/CDDP cells invivo

	Discussion
	Conclusion
	List of abbreviations
	Highlights
	Disclosure statement
	Funding
	Availability of Data and Materials
	Ethics Approval and Consent to Participate
	References

