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Circ-CCDC66 accelerates proliferation
and invasion of gastric cancer via binding

to miRNA-1238-3p
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Abstract. — OBJECTIVE: The aim of this study
was to examine the expression of circ-CCDC66
in gastric cancer (GC) tissues and cell lines, as
well as its correlation with the prognosis of GC.
Moreover, the regulatory effects of circ-CCDC66
on biological behaviors of GC cells and its mo-
lecular mechanism were explored.

PATIENTS AND METHODS: The relative ex-
pression level of circ-CCDC66 in GC tissues and
cell lines was determined by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR).
The correlation between the circ-CCDC66 level
and overall survival of GC patients was analyzed
as well. The potential influences of circ-CCDC66
on proliferative and invasive abilities of GC cells
were evaluated through 5-Ethynyl-2’-deoxyuri-
dine (EdU), colony formation and transwell assay,
respectively. Meanwhile, the cell cycle progres-
sion and apoptosis of GC cells affected by circ-
CCDC66 were determined. In addition, the direct
target miRNA of circ-CCDC66 was predicted and
verified by bioinformatics method and Dual-Lu-
ciferase reporter gene assay, respectively.

RESULTS: Circ-CCDC66 was significant-
ly up-regulated in GC tissues and cell lines.
Up-regulation of circ-CCDC66 indicated mark-
edly worse prognosis of GC patients. Transfec-
tion of circ-CCDC66-siRNA remarkably attenuat-
ed proliferative and invasive abilities of BGC-823
and MGC-803 cells. Besides, GC cells were ar-
rested in the G0/G1 phase, and the apoptotic
rate was remarkably elevated after circ-CCDC66
knockdown. The Dual-Luciferase reporter gene
assay verified that circ-CCDC66 bind to miRNA-
1238-3p by competing with LHX2 (LIM-homeo-
box domain 2). MiRNA-1238-3p was significant-
ly down-regulated in GC cells, whereas LHX2
was up-regulated. Furthermore, overexpression
of miRNA-1238-3p in GC cells markedly sup-
pressed the LHX2 level.

CONCLUSIONS: Circ-CCDC66 is highly ex-
pressed in GC tissues and cell lines. Knock-
down of circ-CCDC66 attenuates proliferative
and invasive abilities of GC cells. Our results in-
dicate that circ-CCDC66/miRNA-1238-3p/LHX2
axis may be a promising target for GC treatment.
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Introduction

Gastric cancer (GC) is a common malignancy
in the digestive system, with high morbidity and
mortality. The incidence of GC remains high over
the world, especially in Asia. The occurrence and
development of GC are complex involving both
internal and external factors. From the perspec-
tive of pathogenic biology, Helicobacter pylori
infection is closely correlated with GC devel-
opment'. Meanwhile, the pathogenesis of GC is
related to dietary, lifestyle and genetic factors as
well?. Clinical symptoms of early-stage GC are
concealed. GC patients are prone to experience
peritoneal, local and distant metastases at ad-
vanced stages. Currently, the 5-year survival of
advanced GC is less than 20%. If precise diagno-
sis and comprehensive treatment are performed in
time before tumor invasion of the basement mem-
brane, the 5-year survival of GC patients may be
up to 90%°. Hence, searching for molecular hall-
marks of GC contributes to improving its diag-
nostic rate at an early stage.

CircRNAs are a kind of non-coding RNAs with
diverse functions. It has been found that circRNA
is widely distributed in the cytoplasm of eukary-
otic cells, and is mainly produced by variable
shear processing of precursor mRNA (pre-mR-
NA)*. Recent studies have identified important
regulatory functions of circRNAs. In particular,
circRNA can competitively bind to intracellular
miRNAs as a miRNA sponge, thereby blocking
the effect of miRNAs on target genes. Meanwhile,
it regulates parental gene expressions, as well as
splicing and transcription processes. Additionally,
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circRNA can bind to RNA-binding protein (RBP)
or interact with other RNAs through base-pair
pairing’. CircRNA is conserved and differential-
ly expressed in different species. Compared with
linear RNA, circRNA is resistant to RNase and
exerts strong stability. In recent years, circRNA
has been well concerned as a promising diagnos-
tic and therapeutic target for malignant tumors®.
CircRNA has been reported to exert a great in-
fluence on the occurrence and development of GC.
For example, circular RNA-ZFR regulates the ex-
pression of phosphate and tension homology de-
leted on chromosome ten (PTEN) by sponging
miR-130a/miR-107. This can eventually inhibit the
proliferative ability and promote the apoptosis of
GC cells’. Cyclic RNA LARP4 down-regulates
LATSI by sponging miR-424-5p, further inhibiting
proliferative and invasive abilities of GC cells®. Cir-
cRNA 100269 is down-regulated in GC and inhib-
its cell growth by targeting miR-630°. Meanwhile,
circ-CCDC66 is up-regulated in several types of
tumors. Current studies'®'! have also demonstrated
that overexpression of circ-CCDC66 accelerates the
malignant phenotypes of tumor cells and is closely
regulated to poor prognosis. In this work, we ex-
plored the function of circ-CCDC66 in the progres-
sion of GC and the possible underlying mechanism.

Patients and Methods

Sample Collection

50 paired GC tissues and adjacent normal tis-
sues were surgically resected from GC patients.
Collected tissue samples were immediately pre-
served in liquid nitrogen for use. None of the en-
rolled GC patients received preoperative therapy,
and they denied any family history. Informed
consent was obtained from patients and their fam-
ilies before the study. This study was approved
by the Ethics Committee of Hongkou Branch of
Changhai Hospital.

Cell Culture and Transfection

GC cell lines (BGC-823, MGC-803, SGC-7901
and AGS) and gastric mucosal cell line (GESI)
were provided by Cell Bank, Chinese Academy
of Science (Shanghai, China). All cells were cul-
tured in Roswell Park Memorial Institute-1640
medium (RPMI-1640; Gibco, Grand Island, NY,
USA) containing 10% fetal bovine serum (FBS;
Gibco, Grand Island, NY, USA), 100 U/mL pen-
icillin and 0.1 mg/mL streptomycin in a 5% CO,
and 37 °C incubator.

Until 70% of confluence, the cells were trans-
fected with relative plasmid according to the in-
structions of Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). After 6 hours, the fresh
medium was replaced, followed by incubation for
another 24 h.

RNA Extraction

Tissues were first fully lysed in 1 mL of TRIzol
(Invitrogen, Carlsbad, CA, USA). After incuba-
tion at room temperature for 5 min, 200 uL of
chloroform was added, mixed and stand at room
temperature for 5 min. After centrifugation at 4
°C and 12,000 rpm for 15 min, the supernatant
was transferred into a new RNase-free centrifuge
tube. Isopropanol with the same volume of the
supernatant was added for harvesting RNA pre-
cipitate by centrifugation. Extracted RNA was
air dried, quantified and dissolved in diethyl py-
rocarbonate (DEPC) water (Beyotime, Shanghai,
China). RNA samples were preserved at -80°C for
subsequent experiments.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

Total RNA was extracted from tissues and cells
using the TRIzol kit (Invitrogen, Carlsbad, CA,
USA). The RNA concentration was measured by
an ultraviolet spectrophotometer (Hitachi, Tokyo,
Japan). Subsequently, extracted RNA was reverse
transcribed into complementary deoxyribose nu-
cleic acid (cDNA) according to the instructions of
PrimeScriptTM RT MasterMix kit (Invitrogen,
Carlsbad, CA, USA). Quantitative Real Time-Poly-
merase Chain Reaction (QRT-PCR) reaction condi-
tions were as follows: 95°C for 2 min, followed by
40 cycles at 95°C for 1 min, 60°C for 1 min and
72°C for 1 min, and extension at 72°C for 7 min.
The relative expression level of the target gene was
calculated by the 24 method. Primer sequences
used in this study were listed in Table 1.

5-Ethynyl-2*- Deoxyuridine (EdU) Assay
Cells were first labeled with 50 wmol/L EdU
(Solarbio, Beijing, China) at 37°C for 2 h. Sub-
sequently, the cells were fixed with 4% para-
formaldehyde for 30 min and incubated with
Phosphate-Buffered Saline (PBS; Gibco, Grand
Island, NY, USA) containing 0.5% Triton-100 for
20 min. After washing with PBS containing 3%
bovine serum albumin (BSA), 100 uL of dying
solution was added to each well, followed by 30-
min incubation in the dark. After that, the nuclei
were stained with 4°,6-diamidino-2-phenylindole
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Table I. The sequences related to the study.

Gene

Primer sequence

miR-1238-3p F:
miR-1238-3p R:
Circ-CCDC66 F:
Circ-CCDC66 R:
GAPDH F:
GAPDHR:

U6 F:

U6 R:

LHX2 F:

LHX2 R:

GTCGTATCCAGTGCAGGG
CGACGCTTCCTCGTCTG
TCTCTTGGACCCAGCTCAG
TGAATCAAAGTGCATTGCCC
AGCCACATCGCTCAGACAC
GCCCAATACGACCAAATCC
CTCGCTTCGGCAGCAGCACATATA
AAATATGGAACGCTTCACGA
CCGCCGCGATGCTGTTCCACAGTC
GAGTCATTAGAAAAGGTTGGTAAGAGTC

(DAPI; Sigma-Aldrich, St. Louis, MO, USA) for
5 min. Apollo-positive cells and DAPI-positive
cells were captured using a confocal laser scan-
ning microscope. Finally, the ratio of EdU-posi-
tive cells was calculated.

Colony Formation Assay

Cells were first seeded into 6-well plates with
300 cells per well and cultured for 10-14 days.
Subsequently, the cells were fixed with 4% para-
formaldehyde for 15 min and stained with 0.1%
violet crystal for 30 min. After removing the
staining solution, formed colonies were aired
dried and observed under a microscope (Leica,
Wetzlar, Germany). Finally, the number of colo-
nies was counted.

Flow Cytometry Analysis

Transfected cells were incubated with 5 ul of
Annexin V-FITC (fluorescein isothiocyanate) and
10 uL of Propidium lodide (PI) in the dark for 15
min in strict accordance with Annexin V-FITC/PI
apoptotic determination kit (Vazyme, Nanjing, Chi-
na). Cell apoptosis was determined using BD FACS-
Canto II flow cytometry (BD Biosciences, Franklin
Lakes, NJ, USA) and analyzed by FlowlJo software.

Transwell Invasion Assay

The concentration of transfected cells was first
adjusted to 3.0x10/mL. 100 uL/well suspension
was added to the upper side of the transwell cham-
ber (Millipore, Billerica, MA, USA) pre-coated
with Matrigel (BD Biosciences, Franklin Lakes,
NJ, USA). Meanwhile, 600 uL of medium con-
taining 20% FBS was added to the lower side.
After 48 h of incubation, invasive cells were fixed
with methanol for 10-15 min, and dyed with 0.5%
crystal violet for 20 min. The number of penetrat-
ing cells was counted under a microscope. 5 fields
were randomly selected for each sample.
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Dual-Luciferase Reporter Gene Assay

Wild-type and mutant-type Luciferase vec-
tors of circ-CCDC66/LHX2 (LIM-homeobox
domain 2) were first constructed, namely circ-
CCDC66/LHX2 WT and circ-CCDC66/LHX2
MUT, respectively. Subsequently, the cells were
co-transfected with circ-CCDC66/LHX2 WT or
circ-CCDC66/LHX2 MUT and miRNA-1238-3p
mimics or NC for 24 h. After that, the cells were
fully lysed and centrifuged at 10,000 g for 5 min.
Finally, 100 uL of supernatant was harvested for
determining the Luciferase activity (Promega,
Madison, WI, USA).

Western Blot

Total protein was extracted from cells using ra-
dioimmunoprecipitation assay (RIPA; Beyotime,
Shanghai, China). The concentration of extracted
protein was determined by the bicinchoninic acid
(BCA) method. The protein samples were electro-
phoresed on polyacrylamide gels and transferred
onto polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). After
blocking with 5% skimmed milk, the membranes
were incubated with primary antibodies (Cell
Signaling Technology, Danvers, MA, USA) at
4°C overnight. After rinsing with Tris-Buffered
Saline with Tween 20 (TBST; Sigma-Aldrich, St.
Louis, MO, USA), the membranes were incubat-
ed with corresponding secondary antibody. Im-
munoreactive bands were exposed by enhanced
chemiluminescence (ECL; Thermo Fisher Scien-
tific, Waltham, M A, USA) and analyzed by Image
Software (NIH, Bethesda, MD, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 software was used for all statistical
analyses. GraphPad Prism 7 (La Jolla, CA, USA)
was used for figure editing. Experimental data
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were expressed as mean =+ standard deviation. cells was remarkably reduced after transfection
Intergroup differences were analyzed by #-test. of circ-CCDC66-siRNA, suggesting inhibited
p<0.05 was considered statistically significant. invasive ability (Figure 2D). Knockdown of circ-
CCDCo66 significantly attenuated the proliferative
Results and invasive abilities of GC cells.

Circ-CCDC66 Was Upregulated in GC Knockdown of Circ-CCDC66 Arrested Cell

Tissues and Cell Lines Cycle and Induced Apoptosis of GC
The relative expression level of circ-CCDC66 Flow cytometry revealed that GC cells were
in 50 paired GC tissues and adjacent normal tis- mainly arrested in the G0/G1 phase after transfec-

sues was determined by qRT-PCR. The results tion of circ-CCDC66-siRNA (Figure 3A). Mean-
revealed that circ-CCDC66 was significantly while, the apoptotic rate of GC cells with circ-
up-regulated in GC tissues relative to adjacent CCDC66 knockdown increased markedly (Figure

normal tissues (Figure 1A). Identically, the circ- 3B). The results demonstrated that up-regulation
CCDC66 level was markedly higher in GC cell of circ-CCDC66 accelerated GC progression via
lines when compared with gastric mucosal cell accelerating cell cycle progression and suppress-

line (Figure 1B). Therefore, we speculated that ing cell apoptosis.

circ-CCDC66 might play a carcinogenic role in

the progression of GC. By analyzing follow-up Circ-CCDC66 Could Bind to MiRNA-1238-3p

data, Kaplan-Meier curves indicated the signifi- Potential miRNAs binding to circ-CCDC66

cant worse prognosis of GC patients with a high- were predicted by bioinformatics method, and

er level of circ-CCDC66 (Figure 1C). Hence, the miRNA-1238-3p was screened out (Figure 4A).

up-regulation of circ-CCDC66 predicted poor The binding relationship between circ-CCDC66

prognosis of GC patients. and miRNA-1238-3p was verified by the Dual-Lu-
ciferase reporter gene assay. The results showed

Knockdown of Circ-CCDC66 Suppressed that the Luciferase activity in BGC-823 cells

Proliferative and Invasive Abilities co-transfected with miRNA-1238-3p mimics and
of GC Cells circ-CCDC66 WT plasmid decreased significant-
Transfection efficacy of circ-CCDC66-siRNA ly. However, no marked changes were observed

in BGC-823 and MGC-803 cells was verified in Luciferase activity after co-transfection with
by qRT-PCR (Figure 2A). EdU assay illustrated miRNA-1238-3p mimics and circ-CCDC66 MUT
that transfection of circ-CCDC66-siRNA in GC plasmid (Figure 4B). Furthermore, miRNA-1238-
cells significantly decreased the ratio of EdU-pos- 3p was identified significantly down-regulated in
itive cells (Figure 2B). Similarly, knockdown of GC cell lines (Figure 4C). Transfection of circ-
circ-CCDC66 markedly reduced the number of CCDC66-siRNA remarkably up-regulated miR-
formed colonies in GC cells (Figure 2C). Tran- NA-1238-3p expression in GC cells (Figure 4D).
swell assay showed that the number of invasive The above data demonstrated that circ-CCDC66
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Figure 1. Circ-CCDC66 was up-regulated in GC tissues and cell lines. 4, Relative level of circ-CCDC66 in 50 paired GC
tissues and adjacent normal tissues determined by qRT-PCR. B, Relative level of circ-CCDC66 in GC cell lines (BGC-823,
MGC-803, SGC-7901 and AGS) and gastric mucosal cell line GES1 determined by qRT-PCR. C, Kaplan-Meier curves re-
vealed overall survival in GC patients with high or low level of circ-CCDC66. *p<0.05; **p<0.01; ***p<0.001.
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Figure 2. Knockdown of circ-CCDC66 suppressed proliferative and invasive abilities of GC cells. 4, Transfection efficacy
of circ-CCDC66-siRNA and circ-CCDC66-NC in BGC-823 and MGC-803 cells. B, EdU assay revealed the percentage of
EdU-positive cells in BGC-823 and MGC-803 cells transfected with circ-CCDC66-siRNA or circ-CCDC66-NC (magnifica-
tion 20x). C, Colony formation assay revealed the number of formed colonies in BGC-823 and MGC-803 cells transfected
with circ-CCDC66-siRNA or circ-CCDC66-NC. D, Transwell assay revealed the number of migratory cells in BGC-823 and
MGC-803 cells transfected with circ-CCDC66-siRNA or circ-CCDC66-NC (Magnification 20x). *p<0.05; **p<0.01.

could bind to miRNA-1238-3p and negatively reg- 4E). Luciferase activity decreased remarkably

ulate its expression in GC. in MGC-803 cells co-transfected with miRNA-
1238-3p mimics and LXH2 WT plasmid, sug-
MiRNA-1238-3p Could Bind to LHX2 gesting their binding relationship (Figure 4F).

LXH2 was predicted as the target gene of miR- Subsequent qRT-PCR data showed that LHX2
NA-1238-3p that could directly bind to it (Figure was highly expressed in GC cells (Figure 4G).
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Figure 3. Knockdown of circ-CCDC66 arrested cell cycle and induced apoptosis of GC. 4, Flow cytometry revealed the per-
centage of cells in GO/G1, S and G2/M phases in BGC-823 and MGC-803 cells transfected with circ-CCDC66-siRNA or circ-
CCDC66-NC. B, Apoptotic rate in BGC-823 and MGC-803 cells transfected with circ-CCDC66-siRNA or circ-CCDC66-NC.

#£p<0.05; **p<0.01.

Moreover, overexpression of miRNA-1238-3p
markedly down-regulated both mRNA and pro-
tein levels of LHX2 (Figure 4H, 4I). Therefore,
miRNA-1238-3p was proved to exert its biologi-
cal role in GC progression via degrading LHX2.

Discussion

World Health Organization (WHO) reported that
there are 1 million new cases of GC in 2018 glob-
ally, with more than 780,000 deaths. According to
the reports proposed by the American Cancer So-
ciety, the 5-year survival of early-stage (Stage 1A)
and advanced-stage (Stage [V) GC patients is 71%
and 4%, respectively. There are five layers of the
stomach wall, and early-stage GC barely metasta-
sizes. Local resection of GC in Stage I can effec-
tively control the progression of GC'2. Invasion and
metastasis are important biological characteristics
of malignant tumors, as well as the leading causes
of tumor death®. Current studies have found that

invasive and metastatic GC generally leads to ma-
lignant progression and poor prognosis. Therefore,
genetic testing and screening as early as possible
are vital methods for preventing tumor diseases'.
Furthermore, it is of clinical importance to search
for the molecular mechanism of GC invasion and
metastasis.

CircRNA is abundantly present in plants and
animals. It mainly existed in the cytoplasm of
eukaryotic cells in the form of exon cyclization.
Only a small part of circRNA presents in the nu-
cleus in the form of intron cyclization'®. CircRNA
is structurally and functionally stable. The half-
life of circRNA transcript is over 48 h, which is
much longer than most of the mRNAs. The strong
stability of circRNA allows it to become an im-
portant regulator in disease progression'®. Previ-
ous studies have found that circRNA serves as an
oncogene or tumor suppressor gene in malignan-
cies. For instance, circVAPA is up-regulated in
colorectal cancer and exerts a carcinogenic role
by binding to miR-101". CircBACH2 mediates
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the progression of papillary thyroid carcinoma
by sponging miR-139-5p to regulate LMO4 ex-
pression'®. In addition, circRNA c¢TFRC acts as
a sponge for microRNA-107 to promote bladder
cancer progression'’.

In this study, we mainly explored the effects
of circ-CCDC66 on the biological behaviors of

GC cells, as well as the underlying mechanism.
Our results found that circ-CCDC66 was remark-
ably up-regulated in GC tissues and cell lines.
The results suggested that circ-CCDC66 might
promote the progression of GC. Meanwhile, sig-
nificantly worse overall survival was observed in
GC patients with a higher level of circ-CCDC66.
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Figure 4. Circ-CCDC66 competed with LHX2 for binding to miR-1238-3p. A4, Predicted binding sequences between circ-
CCDC66 and miR-1238-3p. B, Luciferase activity in BGC-823 cells co-transfected with miR-1238-3p mimics/NC and circ-
CCDC66 WT/MUT. C, Relative level of miR-1238-3p in GC cell lines (BGC-823, MGC-803, SGC-7901 and AGS) and gastric
mucosal cell line GES1 determined by qRT-PCR. D, Relative level of miR-1238-3p in BGC-823 and MGC-803 cells trans-
fected with circ-CCDC66-siRNA or circ-CCDC66-NC. E, Predicted binding sequences between LHX2 and miR-1238-3p. F,
Luciferase activity in MGC-803 cells co-transfected with miR-1238-3p mimics/NC and LHX2 WT/MUT. G, Relative level of
LHX2 in GC cell lines (BGC-823, MGC-803, SGC-7901 and AGS) and gastric mucosal cell line GES1 determined by qRT-
PCR. H, Relative level of LHX?2 in BGC-823 and MGC-803 cells transfected with miR-1238-3p mimics or NC. I, Protein level
of LHX2 in BGC-823 and MGC-803 cells transfected with miR-1238-3p mimics or NC. *p<0.05; **p<0.01.
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Knockdown of circ-CCDC66 markedly attenu-
ated the proliferation and invasion of GC cells.
Moreover, knockdown of circ-CCDC66 arrested
cell cycle progression in G0/G1 phase and in-
duced apoptosis of GC cells. In addition, through
bioinformatics prediction and functional confir-
mation, we found that circ-CCDC66 could bind
to miRNA-1238-3p and inhibit its expression.

Bioinformatics method predicted that circ-
CCDC66 could bind to miRNA-1238-3p by
competing with LHX2. As a member of the
LIM homology domain protein family, LHX2
(LIM-homeobox domain 2) regulates lymphoid
and neuronal differentiation, and brain and eye
development***', LHX2 is also involved in the
formation and development of a variety of tu-
mor cells. For example, microRNA-506 inhibits
the inactivation of the Wnt/B-catenin pathway by
down-regulating LHX2, thereby inhibiting the
growth and metastasis of nasopharyngeal car-
cinoma*”. MiR-124 inhibits the migration and
invasion of non-small cell lung cancer cells by
down-regulating LHX2*. In the present study,
miRNA-1238-3p expression was significantly
down-regulated in GC cell lines, while LHX2
was up-regulated. Overexpression of miRNA-
1238-3p in GC cells markedly decreased LHX2
expression. The above results suggested that circ-
CCDC66 might up-regulate the expression of
LHX2 by binding to miRNA-1238-3p, thus accel-
erating the progression of GC by promoting cell
proliferation and invasion.

Conclusions

We found that circ-CCDC66 is up-regulated
in both GC tissues and cell lines. Knockdown
of circ-CCDC66 attenuates the proliferative and
invasive abilities of GC cells. Furthermore, circ-
CCDC66/miRNA-1238-3p/LHX2 axis may serve
as a potential therapeutic target for GC.
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