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Abstract

Background: Chemoresistance is one of the major obstacles for tumor treatment.
Circular RNAs (circRNAs) have been confirmed to play vital roles in chemoresistance
of cancer, including esophageal squamous cell carcinoma (ESCC). We investigated the
roles and mechanisms of circ_0007142 in cisplatin (DDP) resistance of ESCC.
Methods: Quantitative real-time polymerase chain reaction (qQRT-PCR) was conducted
to determine the levels of circ_0007142, DOCK1 mRNA, microRNA-494-3p (miR-
494-3p) and LIM And SH3 Protein 1 (LASP1) mRNA. RNase R assay was conducted to
analyze the characteristic of circ_0007142. Cell Counting Kit-8 (CCK-8) assay was per-
formed to evaluate IC50 of DDP. Flow cytometry analysis, 5-ethynyl-2’-deoxyuridine
(EdU) assay and transwell assay were carried out to examine cell apoptosis, prolifera-
tion and invasion, respectively. Dual-luciferase reporter assay was employed to verify
the association between miR-494-3p and circ_0007142 or LASP1. Murine xenograft
assay was conducted to investigate the role of circ_0007142 in DDP resistant in vivo.
The protein level of LASP1 in tumors was measured by Immunohistochemistry (IHC)
analysis.

Results: Circ_0007142 was upregulated in DDP-resistant ESCC tissues and cells.
Circ_0007142 knockdown improved DDP sensitivity, induced cell apoptosis and ham-
pered cell proliferation and invasion in DDP-resistant ESCC cells. Circ_0007142 func-
tioned as the sponge for miR-494-3p and miR-494-3p inhibition reversed the impacts
of circ_0007142 knockdown on DDP resistance, cell apoptosis, proliferation, and in-
vasion. LASP1 was a target of miR-494-3p, and the effects on DDP resistance, cell
apoptosis, growth, and invasion mediated by LASP1 downregulation were rescued by
miR-494-3p inhibition. Moreover, circ_0007142 knockdown enhanced DDP sensitiv-
ity in vivo.

Conclusion: Circ_0007142 improved DDP resistance of ESCC by upregulating LASP1
via sponging miR-494-3p.
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1 | INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is a common malignant
gastrointestinal tumor with high mortality and morbidity.l’2 The
overall prognosis is still not optimistic though great efforts have
been made in the treatment of ESCC.>* Chemotherapy is one of
the methods for the treatment of tumors, but multidrug resistance
(MDR) is the main cause of tumor chemotherapy failure.” Cisplatin
(DDP) is a first-line drug for the treatment of diverse human tumors
in the clinic, including ESCC.® However, the acquisition of DDP re-
sistance in the process of therapy seriously affects the treatment
effect of ESCC.” Thus, it is of great significance to understand the
mechanism of DDP resistance in ESCC.

Circular RNAs (circRNAs) are a family of covalently closed RNA
molecules, which are not affected by RNA exonuclease and the ex-
pression is more stable and difficult to be degraded.2*! In recent
years, more and more studies have shown that circRNAs are closely
related to drug resistance of diverse human cancers.*?*3 For instance,
Zhu et al. reported that circPVT1 was evidently elevated in drug-
resistant osteosarcoma (OS) cells and associated with the resistance
of OS cells to doxorubicin and DDP.* Huang et al. implicated that
circAKT3 was increased in DDP-resistant gastric cancer (GC) cells
and improved DDP resistant of GC.1° Zhao et al. revealed that Cdrlas
was conspicuously reduced in DDP-resistant ovarian cancer and its
upregulation hampered cell growth and facilitated cell apoptosis me-
diated by DDP in ovarian cancer.’® Moreover, circ_0007142 has been
identified as an oncogene in colorectal cancer® and lung adenocar-
cinoma.'® But up to now, there has been no report on the function
of circ_0007142 in the carcinogenesis and drug resistance of ESCC.

MicroRNAs (miRNAs), a set of ncRNAs with about 22 nucleo-
tides, modulate genes expression at the post-transcriptional level via
recognizing the 3’-untranslated region (3'UTR) of target messenger
RNAs (mRNAs).19 Mounting evidence verified that miRNAs were as-
sociated with drug resistance of ESCC. For example, Imanaka et al.
suggested that there was an elevation in miR-141 in DDP-resistant
ESCC cells and the ectopic expression of miR-141 improved DDP
resistance via promoting cell growth.?° Liu et al. manifested that
downregulation of miR-455-3p repressed chemoresistance and
tumorigenesis in Escc.? MiR-494-3p has been confirmed to re-
press ESCC malignancy by targeting CLPTM1L??> and PFN2.%°
Nevertheless, the function of miR-494-3p in the resistance of ESCC
to DDP remains unclear.

LIM and SH3 protein 1 (LASP1), an actin-binding protein, was
aberrantly expressed in some human cancers, including ESCC.?*%> A
previous report implicated that LASP1 contributed to ESCC progres-
sion via promoting cell growth and metastasis.>’ Moreover, several
studies claimed that LASP1 was associated with chemoresistance
in some human cancers.?®?” However, it has not been reported the
precise role of LASP1 in drug resistance of ESCC.

Here, we investigated the expression patterns of circ_0007142,
miR-494-3p and LASP1 in DDP-resistant ESCC. Moreover, their
functions and underlying mechanisms in DDP resistance of ESCC
were further explored.

2 | MATERIALS AND METHODS

2.1 | Tissues collection

After the study was permitted by the Ethics Committee of The First
Affiliated Hospital of USTC, and written informed consents were
signed by all participants, 30 DDP-resistant ESCC tissues and 30
DDP-sensitive ESCC tissues were collected from ESCC patients
who received DDP-based treatment at the First Affiliated Hospital
of USTC. The collected tissues were preserved at -80°C. The clin-
icopathologic features of these patients were presented in Table 1.

2.2 | Cellculture

ESCC cells (KYSE150, ECA109, TE1, and KYSE410) and normal
human esophageal epithelial cells (HEEC) were bought from BeNa
Culture Collection (Beijing, China). DDP-resistant ESCC cells (TE1/
DDP and KYSE410/DDP) were constructed by treating TE1 cells and
KYSE410 cells with gradually increased doses of DDP (10%-20% in-
crease per time, Solarbio, Beijing, China) at an initial dose of 2 mmol/L
until the concentration reached 35 mmol/L over a 2-month period.
All cells grew in Dulbecco's modified Eagle's medium (DMEM; Gibco)
including 10% fetal bovine serum (FBS; Gibco) and 1% penicillin/
streptomycin (Gibco) in an incubator containing 5% CO, at 37°C.
To maintain DDP resistance of TE1/DDP and KYSE410/DDP cells,
2 uM DDP was added into the medium.

2.3 | Cell transfection

Short hairpin  RNA (shRNA) targeting circ_0007142 (sh-
circ_0007142), shRNA targeting LASP1 (sh-LASP1), and their control

TABLE 1 The clinicopathologic features of esophageal squamous
cell carcinoma patients

Characteristics

n=60

Age (years)

<60 22

>60 38
TNM grade

I+I1 27

/v 33
Lymph node metastasis

Positive 35

Negative 25
Tumor size

<5cm 29

>5cm 31

Abbreviation: TNM, tumor-node-metastasis.
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(sh-NC); circ_0007142 overexpression vector (circ_0007142) and its
control (pcDNA); mimics of miR-494-3p (miR-494-3p) and its con-
trol (miR-NC); inhibitors of miR-494-3p (anti-miR-494-3p); and its
control (anti-miR-NC) were bought from GenePharma. The trans-
fection of TE1/DDP and KYSE410/DDP cells was conduced using
Lipofectamine 2000 (Invitrogen).

2.4 | Real-time quantitative reverse transcription-
polymerase chain reaction (RT-qPCR)

Total RNA in ESCC tissues and cells was isolated via RNAiso
Plus (Takara). For RNase R treatment, total RNA was treated
with or without RNase R (Epicentre) for 20 min at 37°C. Reverse
transcription experiment was conducted through HiScript® I}
Reverse Transcriptase Kit (Takara) or miRNA 1st Strand cDNA
Synthesis Kit (Vazyme). Then, RT-qPCR was performed with
BeyoFast™ SYBR Green gPCR Mix (Beyotime) on ABI 7900
Real-Time PCR system (Applied Biosystems). The relative ex-
pression was measured with glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) or small nuclear RNA U6 as internal
control via the 272 method. The primers were as follows:
circ_0007142: (F: 5-CTGGAACTCTGCCTCAGGAT-3' and R:
5-CCTCGGTACCACCCTTCATA-3'); DOCK1: (F: 5-ACCGAGGTTA
CACGTTACGAA-3' and R: 5-TCGGAGTGTCGTGGTGACTT-3’);
LASP1: (F: 5-GGTGCGGCAAGATCGTGTA-3' and R: 5-TGCA
GGTCTCGCAATGGAA-3'); miR-494-3p: (F: 5-GGGTGAAACAC
ACACGGGAA-3’ and R: 5-GGCAGGTCCGAGGT-3’); GAPDH: (F:
5'-AGAAGGCTGGGGCTCATTTG-3' and R: 5-AGGGGCCATCCA
CAGTCTTC-3’); and Ué: (F: 5-GCTCGCTTCGGCAGCACATA-3’
and R: 5-CCTCGCTTCGGCAGCACATA-3').

2.5 | Subcellular fraction assay

The nuclear and cytoplasm were separated using PARIS Kit
(Invitrogen) in line with the manufacturers’ instructions. The levels
of circ_0007142, U6 (control for nuclear transcript) and GAPDH
(control for cytoplasm transcript) were examined by RT-qPCR

assay.

2.6 | Cell Counting Kit-8 (CCK-8) assay

CCK-8 assay was conducted to analyze DDP resistance. In brief, TE1,
KYSE410, TE1/DDP, and KYSE410/DDP cells were treated with dif-
ferent doses (0, 10, 20, 30, 40, and 50 um) of DDP (Solarbio) and
then seeded into 96-well plates. Afterward, 10 uL CCK-8 (Beyotime)
was added and incubated for an additional 2 h. The optical density
value at 450 nm was examined on a microplate reader (Bio-Rad).
The 50% inhibitory concentration of DDP (IC, ) was analyzed by the

relative survival curve.

2.7 | Flow cytometry analysis

After relevant transfection, the apoptosis of TE1/DDP and
KYSE410/DDP cells was evaluated through the Annexin V-
fluorescein isothiocyanate (FITC)/propidium iodide (Pl) Apoptosis
Detection Kit (Beyotime). Briefly, transfected cells were har-
vested, washed, and resuspended. Then, 5 ul Annexin V-FITC and
5 ul Pl were added and maintained for 15 min in the dark to stain
cells. The apoptotic cells were analyzed with a flow cytometry (BD

Biosciences).

2.8 | 5-Ethynyl-2’-deoxyuridine (EdU) assay

Cell proliferation was assessed by using EdU assay kit (Solarbio).
In brief, the transfected TE1/DDP and KYSE410/DDP cells
(1 x 10* cells/well) were plated into 24-well plates and incubated
for 2 h with EdU. After washing with PBS (Solarbio), the cells were
fixed in 4% paraformaldehyde (Sigma-Aldrich), and then, 2 mg/ml
glycine (Sigma-Aldrich) was added to neutralize paraformaldehyde
(Sigma-Aldrich). Next, the cells added with penetrant (0.5% Triton
X-100 in PBS) for 10 min and washed with PBS (Solarbio). The cells
were then dyed with EdU according to the manufacturers’ instruc-
tions. The results were detected under a fluorescence microscope
(Olympus).

2.9 | Transwell assay

A Transwell chamber (Corning Incorporated) coated with Matrigel
(Solarbio) was utilized to examine the invasion of TE1/DDP and
KYSE410/DDP cells. Transfected TE1/DDP and KYSE410/DDP
cells were suspended in serum-free DMEM (Gibco) and plated in the
upper chamber. DMEM (Gibco) including 10% FBS (Gibco) was added
to the bottom chamber. After 48 h, the invasive cells were treated
with methanol and stained with crystal violet (Solarbio). The stained

cells were observed and counted with a microscope (Olympus).

2.10 | Western blot assay

Total protein was isolated from ESCC tissues and cells using RIPA
buffer (Beyotime). The proteins were separated through sodium
dodecyl sulfonate-polyacrylamide gel (SDS-PAGE; Solarbio) after
being quantified via a BCA Protein Quantification Kit (Vazyme).
Then, the samples were transferred onto polyvinylidene difluoride
membranes (PVDF; Pall Corporation, New York, NYC, USA) and
blocked in skim milk for 2 h. Next, the membranes were incubated
with primary antibodies against P-glycoprotein (P-gp; ab3366;
Abcam), glutathione S-transferase m (GST-m; ab53942; Abcam),
LASP1 (ab156872; Abcam), or GAPDH (ab8245; Abcam) and cor-
responding secondary antibody (ab150077; Abcam). The protein
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bands were analyzed with an enhanced chemiluminescence assay
kit (Beyotime).

2.11 | Dual-luciferase reporter assay

The sequences of circ_0007142 including wild-type or mutant bind-
ing sequences of miR-494-3p were amplified and inserted into a
psi-CHECK?2 vector (Promega) to generate luciferase reporter vec-
tors WT-circ_0007142 and MUT-circ_0007142, respectively. The
sequences of LASP1 3'UTR including wild-type or mutant bind-
ing sequences of miR-494-3p were cloned into a pmirGLO vector
(Promega) to form LASP1 3'UTR-WT and LASP1 3'UTR-MUT, re-
spectively. MiR-494-3p or miR-NC was transfected into TE1/DDP
or KYSE410/DDP cells together with relevant vector. The luciferase
activity was examined through dual-luciferase reporter assay kit
(Promega) 48 h post-co-transfection.

2.12 | Invivo experiment

Six-week-old nude mice were bought from Shanghai SLAC Laboratory
Animals Co., Ltd and divided into four groups (n = 7). TE1/DDP cells
transfected with sh-NC or sh-circ_0007142 were injected into the
nude mice. 8 days later, the mice were intraperitoneally adminis-
trated with phosphate buffer saline (PBS; Solarbio) or 6 mg/kg of
DDP (Solarbio) every 3 days. Tumor volume was examined every
3 days and calculated using the formula: (length x width?)/2. On Day
26, the mice were euthanized and tumors were harvested, weighed

and preserved at -80°C for RT-qPCR assay. The research was per-
mitted by the Ethics Committee of Animal Research of The First
Affiliated Hospital of USTC.

2.13 | Immunohistochemistry (IHC) assay

The tumor tissues were fixed in formalin (Sigma-Aldrich) overnight,
dehydrated with ethanol, embedded with paraffin (Sigma-Aldrich),
and then sliced to 5 mm. Next, the samples were treated with xy-
lene (Sigma-Aldrich) and ethanol to remove paraffin (Sigma-Aldrich).
Next, the sections were blocked with normal nonimmune animal
serum for 30 min, incubated with antibody against LASP1 (ab156872;
Abcam), Ki67 (ab15580; Abcam), MMP9 (ab38898; Abcam) over-
night and corresponding secondary antibody (ab150077; Abcam) for
1 h. Thereafter, IHC reactions were examined with DAB kit (Sigma-
Aldrich). Finally, the results were observed under a microscope
(Olympus).

2.14 | Statistical analysis

The data collected from three independent experiments were exhib-
ited as mean + standard deviation (SD), processed by using GraphPad
Prism 7 software (GraphPad Inc., La Jolla, CA, USA). The difference
was analyzed via Student's t-test or one-way analysis of variance
(ANQOVA). Spearman's correlation analysis was utilized to analyze the
linear relationship between miR-494-3p and circ_0007142 or LASP1.
p-value less than 0.05 was considered to be significantly different.
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FIGURE 1 High expression of circ_0007142 in DDP-resistant ESCC tissues and cells. (A-C) According to GEO dataset GSE131969,
circ_0007142 was upregulated in ESCC tissues. (D) The level of circ_0007142 in DDP-resistant and DDP-sensitive ESCC tissues was
detected via RT-qPCR. (E) The level of circ_0007142 in ESCC cells (KYSE150, ECA109, TE1, and KYSE410 cells) and HEEC cells was
determined through RT-gPCR. (F) The expression of circ_0007142 in HEEC, TE1, TE1/DDP, KYSE410, and KYSE410/DDP cells was
examined by RT-gPCR. (G and H) The expression levels of circ_0007142 and linear DOCK1 mRNA in TE1/DDP and KYSE410/DDP cells
treated with or without RNase R were examined by RT-gPCR assay. (I and J) The expression of circ_0007142 in the nuclear and cytoplasm of
TE1/DDP and KYSE410/DDP was determined by RT-qPCR assay. *p < 0.05
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3 | RESULTS
3.1 | Circ_0007142 was upregulated in DDP-

resistant ESCC tissues and cells

Through analyzing GEO dataset GSE131969 (https://www.ncbi.
nim.nih.gov/geo/geo2r/?acc=GSE131969), hsa_circ_0007142 was
found to be elevated in ESCC patients compared with normal pa-
tients (Figure 1A-C). To determine the role of circ_0007142 in DDP
resistance of ESCC, RT-gPCR was firstly performed to examine the

expression of circ_0007142 in DDP-resistant and DDP-sensitive
ESCC tissues. The data exhibited that circ_0007142 was highly
expressed in DDP-resistant ESCC tissues in reference to that in
DDP-sensitive ESCC tissues (Figure 1D). Next, the expression
of circ_0007142 in HEEC cells, ESCC cells (KYSE150, ECA109,
TE1, and KYSE410 cells) and DDP-resistant ESCC cells (TE1/DDP
and KYSE410/DDP cells) was measured. The results implied that
circ_0007142 was conspicuously elevated in ESCC cells compared
with that in HEEC cells; moreover, the expression of circ_0007142
was higher in TE1/DDP and KYSE410/DDP cells compared with
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FIGURE 2 Silencing of circ_0007142 evidently reduced DDP resistance in DDP-resistant ESCC cells. (A) IC,, of DDP in TE1/DDP

and KYSE410/DDP cells was assessed by CCK-8 assay. (B-G) TE1/DDP and KYSE410/DDP cells were transfected with sh-NC or sh-
circ_0007142. (B) The expression of circ_0007142 in TE1/DDP and KYSE410/DDP cells was measured by RT-gPCR. (C) IC,, value of DDP in
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flow cytometry analysis. (E) The proliferation of TE1/DDP and KYSE410/DDP cells was analyzed by EdU assay. (F) The invasion of TE1/DDP
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DDP cells were examined through Western blot assay. *p < 0.05
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that in TE1 and KYSE410 cells (Figure 1E,F). RNase R assay in-
dicated that circ_0007142 was resistant to RNase R treatment,
while linear DOCK1 was digested by RNase R (Figure 1G,H).
Moreover, we found that circ_0007142 was mainly enriched in the
cytoplasm of TE1/DDP and KYSE410/DDP cells (Figure 11,J). All
these data implied that the dysregulation of circ_0007142 might
be associated with DDP resistance in ESCC.

3.2 | Knockdown of circ_0007142 enhanced DDP
sensitivity in DDP-resistant ESCC cells

To investigate the functional role of circ_0007142 in DDP resist-
ance in ESCC cells, DDP-resistant cells (TE1/DDP and KYSE410/
DDP cells) were established by incubating TE1 and KYSE410 cells
with differentconcentrations of DDP. Asillustrated by CCK-8 assay,
IC;, of DDP in TE1/DDP and KYSE410/DDP cells was drastically
increased compared with that in TE1 and KYSE410 cells, indicat-
ing the production of DDP resistance in TE1/DDP and KYSE410/
DDP cells (Figure 2A). Then, we transfected sh-circ_0007142 or
sh-NC into TE1/DDP and KYSE410/DDP cells to knock down the
expression of circ_0007142 and the knockdown efficiency was
evaluated by RT-gPCR. As shown in Figure 2B, sh-circ_0007142
transfection resulted in a distinct decrease in circ_0007142 ex-
pression in TE1/DDP and KYSE410/DDP cells compared with
that in sh-NC transfected cells. CCK-8 assay displayed that IC;,
of DDP in TE1/DDP and KYSE410/DDP cells transfected with
sh-circ_0007142 was reduced, suggesting that the sensitivity of
TE1/DDP and KYSE410/DDP cells to DDP was enhanced after
circ_0007142 knockdown (Figure 2C). The results of flow cytom-
etry analysis implicated that depletion of circ_0007142 caused an
obvious increase in the apoptosis of TE1/DDP and KYSE410/DDP
cells in reference to control group (Figure 2D). EdU assay indicated
that circ_0007142 silencing repressed the capacity of TE1/DDP
and KYSE410/DDP cells to proliferate (Figure 2E). Transwell assay
manifested that cell invasion was markedly inhibited in TE1/DDP
and KYSE410/DDP cells transfected with sh-circ_0007142 com-
pared with sh-NC group (Figure 2F). Furthermore, we determined

the protein levels of drug-resistant markers (P-gp and GST-7x) using

Western blot assay. We found that P-gp and GST-mt were all de-
creased in TE1/DDP and KYSE410/DDP cells following transfec-
tion with sh-circ_0007142 when compared to those in TE1/DDP
and KYSE410/DDP cells transfected with sh-NC (Figure 2F,G).
Collectively, circ_0007142 downregulation led to an enhancement
in DDP sensitivity in DDP-resistant ESCC cells.

3.3 | Silencing of circ_0007142 enhanced DDP
sensitivity by modulating miR-494-3p in DDP-
resistant ESCC cells

In order to investigate the underlying mechanism of circ_0007142
in regulating DDP resistance in DDP-resistant ESCC cells, online
software packages starBase v2.0 and circinteractome were utilized
to search the potential target of circ_0007142. As presented in
Figure 3A, miR-1277, miR-186, and miR-494-3p were predicted to
be the targets of circ_0007142 and circ_0007142 knockdown led
to a distinct elevation in miR-494-3p expression in TE1/DDP cells
(Figure 3A). The binding sites between circ_0007142 and miR-494-3p
were exhibited in Figure 3B. Then, dual-luciferase reporter assay
was performed to verify the relationship between circ_0007142 and
miR-494-3p. The results indicated that the luciferase activity in TE1/
DDP and KYSE410/DDP cells co-transfected with WT-circ_0007142
and miR-494-3p was remarkably suppressed compared with that in
WT-circ_0007142 and miR-NC co-transfected group; however, the
luciferase activity was not affected in MUT-circ_0007142 group
(Figure 3C,D). As exhibited in Figure 3E, miR-494-3p level was re-
duced in DDP-resistant ESCC tissues compared with DDP-sensitive
ESCC tissues (Figure 3E). Moreover, miR-494-3p was weakly ex-
pressed in ESCC cells compared with that in HEEC cells; moreover,
there was a lower expression of miR-494-3p in DDP-resistant ESCC
cells compared with that in DDP-sensitive ESCC cells (Figure 3F,G).
As suggested by Spearman's correlation analysis, there was an
inverse correlation between circ_0007142 expression and miR-
494-3p expression in ESCC tissues (Figure 3H). Next, the expression
levels of circ_0007142 and miR-494-3p in TE1/DDP and KYSE410/
DDP cells transfected with sh-NC, sh-circ_0007142, pcDNA, or
circ_0007142 were determined via RT-qPCR. The data presented

FIGURE 3 Circ_0007142 downregulation repressed DDP resistance by negatively regulating miR-494-3p expression in DDP-resistant
ESCC cells. (A) The potential targets of circ_0007142 were predicted by starBase v2.0 and circinteractome, and their expression in TE1/DDP
cells transfected with sh-NC or sh-circ_0007142 was detected by RT-qPCR assay. (B) The potential binding sites between circ_0007142
and miR-494-3p were shown. (C and D) The luciferase activity in WT-circ_0007142 or MUT-circ_0007142 and miR-NC and miR-494-3p
co-transfected TE1/DDP and KYSE410/DDP cells was determined by dual-luciferase reporter assay. (E) The expression of miR-494-3p

in DDP-resistant and DDP-sensitive ESCC tissues was detected by RT-qPCR assay. (F and G) The expression of miR-494-3p in HEEC,
KYSE150, ECA109, TE1, KYSE410, TE1/DDP, and KYSE410/DDP cells was determined by RT-qPCR assay. (H) The linear correlation
between circ_0007142 and miR-494-3p in ESCC tissues was analyzed. (I and J) The levels of circ_0007142 and miR-494-3p in TE1/DDP
and KYSE410/DDP cells transfected with sh-NC, sh-circ_0007142, pcDNA, or circ_0007142 were examined using RT-gPCR. (K-Q) Sh-NC,
sh-circ_0007142, sh-circ_0007142+anti-miR-NC, or sh-circ_0007142+anti-miR-494-3p was transfected into TE1/DDP and KYSE410/DDP
cells. (K) The expression of miR-494-3p in TE1/DDP and KYSE410/DDP cells was detected via RT-qPCR. (L-O) IC,, of DDP, cell apoptosis,
proliferation, and invasion of TE1/DDP and KYSE410/DDP cells were assessed through CCK-8 assay, flow cytometry analysis, EdU assay,
and Transwell assay, respectively. (P and Q) The levels of P-gp and GST-xt in TE1/DDP and KYSE410/DDP cells were measured through

Western blot assay. *p < 0.05
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that the expression of circ_0007142 was drastically reduced and

the expression of miR-494-3p was dramatically improved in TE1/
DDP and KYSE410/DDP cells transfected with sh-circ_0007142,
while circ_0007142 transfection led to opposite results (Figure 31,J).
As presented in Figure 3K, the elevated expression of miR-494-3p
caused by sh-circ_0007142 was effectively overturned following

Bl sh-circ_0007142
Il sh-circ_0007142+anti-miR-NC
Il sh-circ_0007142+anti-miR-494-3p

anti-miR-494-3p transfection in TE1/DDP and KYSE410/DDP cells.
The above data suggested that circ_0007142 negatively modulated
miR-494-3p expression by direct interaction.

Subsequently, the functional roles of circ_0007142 and miR-
494-3p in altering DDP resistance in DDP-resistant ESCC cells
were investigated. The decreased IC;, value of DDP in TE1/



8of 12
B2 | \WILEY

CHANG ET AL.

~ N G
(A) (B) (©) (D) (E) o @ ofeta &
Laspy T R GLEDELED
TE1/DDP . KYSE410/DDP . GAPDH ™™= S we v s v
> 2
£157 m mirNC 515 Bl miR-NC :s —_— 25 N
£ | Bm miR4sa-3p g B miR-4%4-3p <5 5.,
8 2 22
LASP1 3'UTR-WT 5'UGUCACUCCAGGCAUAU(|§UliIlil(ic 3| 8. % 1. g g 4 a2 i
] s S s S g
) < o x o %
miR-494-3p 3'CUCCAAAGG-GCACAUACAAAGU 5" | 5 S s £2, 2840
3o =20 =3 s <
[ i
© 2 x X & 5 os
LASP1 3'UTR-MUT 5'UGUCACAGGAGCCAAUACAAAGC 3'| 2 g £ @ ]
o T 00 — - o
& o LASP1 3UTR-WT LASP1 3'UTR-MUT x LASP1 3'UTR-WT LASP1 3'UTR-MUT Sensitive Resistant Sensitive Resistant
a0 33
(3 b
o ¢
F) o (@ H et 0 ?
of MO _ WO N AP AP A «© 2N "‘e g NS
o @ @ o e 0 oM et M RS
LASP] " WS D | - - LASP1 P == e LASP| WllD NS = w— —
GAPDH S ww wiw . - GAPDH ----- GAPDH W s e s s
. § ¢ 08933 KYSE410/DDP
c ‘2 "] p<0.001 1.5
-5 ¢ |2t 5 3 *
G0z 3 & a3 *
L sq  ° 24 5800 —
s = Ja 48
o X 2 o v X X
2 e 2 B %
S84 32 5o sgos
o 2 © 9 xS
a g a &
¢ O N ' Q E 0 1 2 3 o0
& & & © ¢
¥ < 0\0 q’@é} h’S\O Relative miR-494-3p expression Go‘\“o o ))f’?\ & )‘?‘w
& ety
5‘\»"’ Eal
= Cont
Bl sh-NC
(J) = Control (K) ] r:ontrcol (L) = contrl (M) Bole
B hikser h-LASP Bl sh-NC sh- +anti-miR-
Bl sh-LASP1+anti-miR-NC = SN EASP T santi-miRNG B sh-LASP1 B sh-LASP1+anti-miR494-3p
50,8 Sh-LASP+ant.mR 454-3p 25 Sh-LASPt#anti-miR 4343 B sh-LASP1+anti-miR-NC CREY —
—_ — 60- Ml sh-LASP1+anti-miR-494-3p 8 'l‘ "
S £ * L0 g 3 * 3
El — N 2 2 g 100 I
% %0 — S5 8 H
a8 M 5 4 -
5 20 % 10 = S s0
5 @
g g s 5 H
< a 5
[ o w z 0
TE1DDP  KYSE410/DDP TE1DDP  KYSE410/DDP TEUDDP  KYSE410/DDP a TE1/DDP  KYSE410/DDP
(S
- Control NO_ o
(N) -v:‘\slq)‘gh TE1/DDP 0 m«‘,\«\‘?‘)‘ - Controf (YSE410/DDP
N < - Shihse1 ( ) & - sh-NC
Ry 5 sh-LASP1 +anti-miR-NC Ax2S (xS 5 .. BE shiLASP1
AX2 %" w 15 - sh-LASP1+anti-miR-494-3p S o R g,? f 7 15 - sh-LASP1+anti-miR-NC
AN @ ‘\\( \\ \,P‘ AP @ shLASP1+antimiR494-3p
QSO NC AP? PO 14 oo o 2
00 & O o &1 --- %10 — £ *
X 3 1
P-gp " W e —— - Z Pap - £ iF:
£ £
GST-I7 S - — —— %o. GST-TT S S s = —— gm
o g
GAPDH ™™ ™= = ey 2 GAPDH S s s -
3 O he
& P-gp GST-1r 5 P-gp GST-1r

FIGURE 4 MiR-494-3p inhibition ameliorated the influence of LASP1 knockdown on DDP resistance in DDP-resistant ESCC cells. (A) The
potential binding sequences between miR-494-3p and LASP1 were predicted by starBase v2.0. (B and C) The interaction between miR-494-
3p and LASP1 was verified through dual-luciferase reporter assay. (D and E) The mRNA and protein levels of LASP1 in DDP-resistant and
DDP-sensitive ESCC tissues were determined through RT-qPCR assay and Western blot assay, respectively. (F) The protein expression of
LASP1 in HEEC, TE1, TE1/DDP, KYSE410, and KYSE410/DDP cells was examined via Western blot assay. (G) The correlation between miR-
494-3p and LASP1 was analyzed via Spearman's correlation analysis. (H-O) TE1/DDP and KYSE410/DDP cells were transfected with sh-NC,
sh-LASP1, sh-LASP1+anti-miR-NC, or sh-LASP1+anti-miR-494-3p. (H and 1) The protein level of LASP1 in TE1/DDP and KYSE410/DDP
cells was examined through Western blot assay. (J-M) IC,, of DDP, cell apoptosis, proliferation, and invasion in TE1/DDP and KYSE410/DDP
cells was assessed by CCK-8 assay, flow cytometry analysis, EdU assay, and Transwell assay, respectively. (N and O) The protein levels of
P-gp and GST-mt in TE1/DDP and KYSE410/DDP cells were determined via Western blot assay. *p < 0.05

DDP and KYSE410/DDP cells mediated by sh-circ_0007142 was
notably restored following miR-494-3p inhibition, as revealed
by CCK-8 assay (Figure 3L). Flow cytometry analysis showed
that the promotion in the apoptosis of TE1/DDP and KYSE410/
DDP cells caused by circ_0007142 knockdown was conspic-
uously repressed following miR-494-3p depletion (Figure 3M
and Figure S1A). As revealed by EdU assay and Transwell assay,
downregulation of circ_0007142 resulted in remarkable reduc-
tion in cell proliferation and invasion in TE1/DDP and KYSE410/
DDP cells, whereas the effects were weakened after the knock-
down of miR-494-3p expression (Figure 3N,O and Figure S1B,C).
Furthermore, the decreased levels of P-gp and GST-n mediated
by circ_0007142 deficiency were also reversed by miR-494-3p

inhibition in TE1/DDP and KYSE410/DDP cells (Figure 3P,Q). To
sum up, circ_0007142 knockdown inhibited DDP resistance in
DDP-resistant ESCC cells via sponging miR-494-3p.

3.4 | Inhibition of miR-494-3p attenuated the
enhancement of DDP sensitivity mediated by
LASP1 knockdown in DDP-resistant ESCC cells

Through searching starBase v2.0, LASP1 was predicted to be a target
gene of miR-494-3p and their potential binding sites were displayed
in Figure 4A. The data of dual-luciferase reporter assay revealed that
the co-transfection of LASP1 3'UTR-WT and miR-494-3p resulted in



CHANG ET AL. 9 of 12
wiLEy-|22
FIGURE 5 Downregulation of (A) o b?’Q
circ_0007142 downregulated LASP1 .Q}; Q_)?
expression through sponging miR-494-3p «é‘\ ,\;ﬁ“ TE1/DDP
in DDP-resistant ESCC cells. (A and B) TE1/DDP x?r‘\ x’b&
TE1/DDP and KYSE410/DDP cells were «\@ «\Q /\,\bﬂ' -
transfected with sh-NC, sh-circ_0007142, S @
sh-circ_0007142+anti-miR-NC, or sh- S O @ 7 5
'(,‘\ 'é .\ L Sl\ (4
circ_0007142+anti-miR-494-3p, and the & & & F o 2
level of LASP1 in TE1/DDP and KYSE410/ LASP1 — e — %
DDP cells was measured by Western blot x
assay- 'p < 0.05 GAPDH "= s s s s
O O
(B) (&Q;\@Q}
KYSE410/DDP & &
N qu’
,\,\&" ,\.\{J' K
QQ QQ QQ s *
Q Q Q byl 9 *
R P W 1
& & &S % 8 1.0 R
¢ F o 35
o X
LASP1 --——- %zos
) -a 9
[T
0.0-
o) C C a0
00‘\“ “X\“QQ1\D‘ .\@"\ Agbcfb
C:\‘O/ );'b‘\\\' \'\,‘(\&
& 1\5"1 'L*a“
000 01\&
\d Y
& O

a suppression in the luciferase activity in TE1/DDP and KYSE410/
DDP cells in comparison with LASP1 3'UTR-WT and miR-NC co-
transfected group, while the co-transfection of LASP1 3'UTR-MUT
and miR-494-3p or miR-NC did not affect the luciferase activity
(Figure 4B,C). The mRNA and protein levels of LASP1 were all ob-
viously elevated in DDP-resistant ESCC tissues compared with that
in DDP-sensitive ESCC tissues (Figure 4D,E). The protein level of
LASP1 was distinctly increased in TE1 and KYSE410 cells in refer-
ence to that in HEEC cells; moreover, the protein level of LASP1 was
higher in TE1/DDP and KYSE410/DDP cells than that in TE1 and
KYSE410 cells (Figure 4F). As determined by Spearman's correlation
analysis, there was a negative correlation between the expression of
LASP1 and miR-494-3p in ESCC tissues (Figure 4G). Subsequently,
to explore the roles of miR-494-3p and LASP1 in regulating DDP re-
sistance in DDP-resistant ESCC tissues, we transfected sh-NC, sh-
LASP1, sh-LASP1+anti-miR-NC, or sh-LASP1+anti-miR-494-3p into
TE1/DDP and KYSE410/DDP cells. The results of Western blot assay
implicated that the expression of LASP1 was strikingly reduced in
TE1/DDP and KYSE410/DDP cells transfected with sh-LASP1, while
anti-miR-494-3p transfection partially recovered the reduction
(Figure 4H,1). CCK-8 assay proved that the resistance of TE1/DDP
and KYSE410/DDP cells to DDP was reduced following the down-
regulation of LASP1, as demonstrated by decreased IC;, value; how-
ever, the effect was abolished after miR-494-3p inhibition (Figure 4J).

The data of flow cytometry analysis manifested that LASP1 knock-
down markedly facilitated cell apoptosis in TE1/DDP and KYSE410/
DDP cells, whereas miR-494-3p inhibition partly overturned this
impact (Figure 4K and Figure S1A). The proliferation of TE1/DDP
and KYSE410/DDP cells was repressed by LASP1 knockdown, while
miR-494-3p inhibition reversed the impact (Figure 4L and Figure
S1B). Transwell assay indicated that the invasion of TE1/DDP and
KYSE410/DDP cells was greatly hampered by LASP1 knockdown,
while miR-494-3p downregulation effectively abrogated this influ-
ence (Figure 4M and Figure S1C). Silencing of LASP1 led to marked
downregulation in the levels of P-gp and GST-n in TE1/DDP and
KYSE410/DDP cells, while deficiency of miR-494-3p restored the
effects, as illustrated by Western blot assay (Figure 4N,0). All these
data demonstrated that miR-494-3p modulated DDP resistance in
DDP-resistant ESCC cells via targeting LASP1.

3.5 | Circ_0007142 knockdown suppressed LASP1
expression via sponging miR-494-3p in DDP-resistant
ESCC cells

In order to further confirm the relationship of circ_0007142, miR-
494-3p,and LASP1,sh-NC,sh-circ_0007142, sh-circ_0007142+anti-
miR-NC, or sh-circ_0007142+anti-miR-494-3p was transfected into
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FIGURE 6 Downregulation of circ_0007142 improved DDP sensitivity of ESCC in vivo. sh-NC or sh-circ_0007142 transfected TE1/DDP

cells were introduced into the mice, and the mice were treated with

PBS or 6 mg/kg of DDP every 3 days after 8 days. (A) Tumor volume was

examined every 3 days. (B) Tumor weight was measured after 26 days. (C and D) The levels of circ_0007142 and miR-494-3p in the tissues
collected from the mice were detected through RT-qPCR. (E and F) The levels of LASP1, Ki67, and MMP9 in the tissues collected from the
mice were measured by Western blot assay and IHC assay. *p < 0.05

TE1/DDP and KYSE410/DDP cells, and then, the protein level of
LASP1 was examined by western blot assay. The results implicated
that there was an obvious reduction in LASP1 expression in TE1/
DDP and KYSE410/DDP cells transfected with sh-circ_0007142,
whereas this reduction was abolished by anti-miR-494-3p transfec-
tion (Figure 5A,B). Taken together, circ_0007142 could positively
regulate the expression of LASP1 by sponging miR-494-3p in DDP-
resistant ESCC cells.

3.6 | Knockdown of circ_0007142 reduced DDP
resistance of ESCC in vivo

To further verify the functional role of circ_0007142 in vivo, we es-
tablished a xenograft tumor mouse model by injecting sh-NC or sh-
circ_0007142 transfected TE1/DDP cells into the mice. After 8 days,
the mice were treated with PBS or 6 mg/kg of DDP every 3 days.
As shown in Figure 6A,B, tumor volume and weight were notably
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decreased by circ_0007142 knockdown or DDP treatment. The data
of RT-gPCR revealed that circ_0007142 was evidently reduced and
miR-494-3p was evidently elevated in the tumor tissues harvested
from sh-circ_0007142 group compared with that in tumor tissues
harvested from sh-NC group (Figure 6C,D). Moreover, Western blot
assay and IHC assay showed that LASP1, Ki67, and MMP9 levels were
reduced in the tumor tissues harvested from sh-circ_0007142 group
compared with sh-NC group (Figure 6E,F). These data suggested that
circ_0007142 knockdown enhanced DDP sensitivity in vivo.

4 | DISCUSSION

As a new type of ncRNAs, circRNAs have been proved to play vital
roles in many pathological processes, including drug resistance.?®%?
In the study, we explored the functional role of circ_0007142 in DDP
resistance of ESCC. We found that circ_0007142 was increased in
DDP-resistant ESCC and silencing of circ_0007142 enhanced DDP
sensitivity in ESCC via miR-494-3p/LASP1 axis.

It has been reported that circ_0007142 promoted colorectal
cancer cell growth and metastasis and hampered apoptosis by al-
tering miR-455-5p/SGK1 axis and miR-122-5p/CDC25A axis.**3!
Multiple circRNAs could serve as oncogenes and participate in
drug resistance in human cancers.32%3 In this study, we observed
that circ_0007142 was markedly improved in DDP-resistant
ESCC tissues and cells. Thus, we speculated that circ_0007142
participated in the development of DDP resistance in ESCC.
Functionally, depletion of circ_0007142 enhanced DDP sensitiv-
ity, induced cell apoptosis, and repressed cell proliferation and
migration in DDP-resistant ESCC cells. GST-7 is secreted by mul-
tidrug resistance-associated proteins and can reduce the cytotox-
icity of chemotherapeutic agents.®* P-gp is an energy-dependent
transporter and can bind to drugs and ATP to provide energy for
the efflux of chemotherapy drugs and reduce the concentration of
drugs.®® Interestingly, hsa_circ_0007142 silencing decreased the
levels of P-gp and GST-nt in DDP-resistant ESCC cells. Moreover,
hsa_circ_0007142 knockdown markedly suppressed the resistance
of ESCC to DDP in vivo. These data suggested that circ_0007142
was closely related to DDP resistance of ESCC.

It has been determined that circRNAs can act as miRNAs sponges
to alter genes expression in cancers.% In this study, circ_0007142
was identified as a sponge for miR-494-3p. MiR-494-3p expression
was drastically reduced in ESCC cells. Zhang et al. determined that
miR-494-3p was weakly expressed in ESCC, and the elevated expres-
sion of miR-494-3p hampered cell growth and metastasis and facil-
itated cell apoptosis in ESCC by targeting CLPTM1L.?? Herein, we
explored the function of miR-494-3p in the modulation of DDP resis-
tance in ESCC for the first time. We observed that miR-494-3p was
reduced in DDP-resistant ESCC. Inhibition of miR-494-3p effectively
restored the impacts of circ_0007142 deficiency on DDP resistance,
cell apoptosis, and metastasis in DDP-resistant ESCC. These findings
suggested that miR-494-3p improved DDP sensitivity in ESCC.
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In addition, we identified that LASP1 was a target gene of miR-
494-3p. Takeshita et al. reported that LASP1 knockdown repressed
ESCC cell progression via acting as a target of miR-203.%738 Zhong
et al. disclosed that LASP1 was increased in glioblastoma and its
downregulation enhanced temozolomide sensitivity in vitro and in
vivo.?” LASP1 was drastically elevated in DDP-resistant ESCC tissues
and cells. Knockdown of LASP1 reduced DDP resistance and cell
metastasis and promoted cell apoptosis in DDP-resistant ESCC cells,
whereas these influences were abolished by miR-494-3p inhibition.

In summary, we explored the role of circ_0007142 in DDP
resistance for the first time. These results uncovered that
circ_0007142 knockdown reduced the resistance of DDP-resistant
ESCC cells to DDP via miR-494-3p/LASP1 axis. This study is of great
significance for the comprehensive understanding of drug resistance

mechanism in tumor cells.
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