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Background: The circular RNA (circRNA) antisense to the cerebellar degeneration-related
protein 1 transcript (CDR1as)/micro RNA-7(miR-7) signal axis has been investigated in many
diseases via regulation of the target genes of miR-7, which participates in the carcinogenesis and
metastasis. However, the clinical role and function of CDR1as/miR-7 pathway in osteosarcoma
(OS) remain to be identified.

Materials and methods: Noncancerous bone tissues (n=18) and OS tissues (n=38) were used
to determine the expressions and roles of CDR 1as and miR-7. We knocked down the expression
of CDR1as via siRNAs in OS cell lines to analyze its function in vitro and in vivo.

Results: CDR1as was upregulated in OS tissues with significant diagnostic value (cutoff
value: 1.613). OS patients with high tumor size, Enneking stage, and distant metastasis have
high CDR1as levels, but the miR-7 as tumor suppressor negatively correlated with CDR1as.
Inhibition of CDR 1as in OS cell lines U20S and MG63 with high CDR 1as levels, leading to de-
repressed miR-7 levels, impaired cell vitality and increased apoptosis and G1/S arrest in parallel
with reduced ability of cell migration, which, however, could be restored by miR-7 inhibitor.
Mechanistically, knockdown of CDR1as could restore the availability of miR-7 and inhibit the
target genes of miR-7 including EGFR, CCNE1, PI3KCD, and RAF 1. Moreover, CDR1as also
upregulated N-cadherin and inhibited E-cadherin to promote the epithelial-mesenchymal tran-
sition via miR-7 for cell migration. CDR1as inhibition in vivo also induced tumor regression
with decreased PCNA levels, and miR-7 inhibitor could reverse these effects via upregulation
of EGFR, CCNE1, PI3KCD, and RAFI. The expressions of these genes were confirmed to be
higher in CDR1as-high OS samples than in CDR1as-low OS samples.

Conclusion: These findings suggested that the CDR 1as/miR-7 signal axis could be the molecular
target for the treatment of OS.
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Introduction

As the most common primary malignant bone tumor, osteosarcoma (OS) is a leading
cause of cancer-related death among children and adolescents with an annual estimated
incidence of about 4 million worldwide. The peak age of OS patients is predominantly
from 10 to 20 years.' Due to the introduction of combinatorial surgical resection with
chemotherapy, the prognosis of OS in younger patients has improved markedly from
<20% to around 70% at 5 years for patients who present without known metastases.
Unfortunately, there are still at least 40% OS patients who respond poorly to chemo-
therapy, resulting in eventual death due to the recurrence and metastasis of tumors.>*
Thus, it is indispensable to identify efficient diagnostic markers and critical molecular
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mechanisms underlying pathogenesis and progression of
this disease.

Noncoding RNAs (ncRNAs) constitute the majority of the
human transcribed genome with no protein-coding capacity,
play diverse roles in a multitude of cellular processes, and
have been implicated in many pathological conditions. The
ncRNAs comprise a diverse range of RNA species including
micro RNA (miRNA) and long ncRNA.** Circular RNAs
(circRNAs) are a new class of IncRNAs which do not have 5’
or 3’ ends but are covalently linked to form a closed circular
structure and regulate gene expression at the transcriptional
or posttranscriptional level by binding to miRNAs or other
molecules.® CircRNAs are tissue and cell-type specific, are
developmentally regulated, and exist during various human
diseases and life processes, such as diabetes development,
tissue development, atherosclerotic vascular disease risk,
cardiac hypertrophy, and cancer.”®

Antisense to the cerebellar degeneration-related protein 1
transcript (CDR 1as) is the most investigated circRNA which
contains 63 binding sites for miR-7.° Knockdown of CDR 1as
or overexpression of miR-7 promotes the degradation of miR-
7-target mRNAs. Knockdown of the CDR1as/miR-7 signal
from the mouse genome leads to displayed impaired senso-
rimotor gating, a deficit in the ability to filter out unnecessary
information associated with neuropsychiatric disorders.’
CDR1as was found to be reduced in the islets of diabetic db/
db mice with impaired insulin secretion and reduced B-cell
proliferation and survival.'"” The CDR 1as/miR-7 signal has
also been investigated in cancer, including hepatocellular
carcinoma, bladder cancer, colorectal carcinoma (CRC), and
esophageal squamous cell carcinoma (ESCC).!! For example,
CDR1as was significantly upregulated in CRC tissues com-
pared with matched normal mucosae, and its overexpression
was associated with poor patient survival and may serve as
a therapeutic target for reducing EGFR-RAF1 activity via
miR-7 in CRC patients.'? However, the role of CDR 1as/miR-7
signal in OS is unclear.

This study investigated the expression of CDR 1as/miR-7
signal in OS tissues and identified its potential diagnostic role
and function during the growth, apoptosis, and metastasis of
OS cells in vitro and in vivo.

Materials and methods

Tumor samples

Ethical approval for the study was obtained from the Ethics
Committee of Gongli Hospital of Pudong New Area. The
samples used in this study were de-identified due to the
subsequent copy, cryopreservation, and storage time, thus

the ethics committee agreed to waive the related informed
consent in this retrospective study. The OS tissues (n=38)
and adjacent non-tumor tissues (n=18) were obtained from
patients who had undergone surgical resection of OS in the
Gongli Hospital of Pudong New Area according to its ethi-
cal and legal standards. The median age was 18 years (range
8-25 years), the median tumor size was 6 cm, and 17 out
of 38 patients were found to have distant metastases. The
tumor stages were confirmed according to the Enneking
staging system.

RNA extraction and RT-qPCR

Total RNA was extracted to determine the expression of
CDRIlas, miR-7, EGFR, PIK3CD, CCNEI1, and RAF1 by
using TRIzol® reagent (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s instructions.
A260/A280 nm >1.8 was qualified for quantitative analysis.
Reverse transcription reaction was carried out to synthesize
cDNA. qPCR was performed on 7500 Real-Time PCR detec-
tion system (Thermo Fisher Scientific). The expression levels
of genes were estimated via 2724 method and were normal-
ized to GAPDH and U6 for gene expression. The primer of
genes used in this study are listed in Table 1.

Cell lines and reagents

Five OS cell lines U20S, MG63, 143B, HOS, and Saos2 cells
and one human osteoblastic cell line hFOB1.19 cells were
used in this study and were purchased from the cell bank of
the Chinese Academy of Sciences (Shanghai, China), and
cultured in DMEM (HyClone; Thermo Fisher Scientific
(China) Co., Ltd., Shanghai, China) containing 10% FBS

Table | The primer of genes

Gene Primer 5-3’
CDRIlas F: TAGTACGTCGTGCCCTGA

R: CACTTGACGTGCAGCATC
GAPDH F: ACACCCACTCCTCCACCTTT

R: TTACTCCTTGGAGGCCATGT
miR-7 F: CCACGTTGGAAGACTAGTGATTT

R: TATGGTTGTTCTGCTCTCTGTCTC
ué F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

CCNEI F: ATGAAGAAGTTGAACCATGCCA
R: CCTCCAGAACAGTATTCCATTGC
EGFR F: AGGCACGAGTAACAAGCTCAC

R: ATGAGGACATAACCAGCCACC
RAF F: GGGAGCTTGGAAGACGATCAG
R: ACACGGATAGTGTTGCTTGTC
F: AAGGAGGAGAATCAGAGCGTT
R: GAAGAGCGGCTCATACTGGG

PIK3CD
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(Thermo Fisher Scientific) in an atmosphere of 5% CO, at
37°C. Three different siRNAs for CDR1as were conducted
by RiboBio (Guangzhou, China). The antibodies used in
this study including anti-EGFR, PIK3CD, CCNE1, RAF]1,
and PCNA were obtained from Cell Signaling Technology
(Denver, MA, USA) and Santa Cruz Biotechnology Inc.
(Dallas, TX, USA). The oligonucleotide sequences of miR-7
mimics, inhibitors, and negative control were purchased
from GenePharma (Shanghai, China). The lentivirus vector
of siRNA-CDR1as, miR-7 mimics, inhibitor, and negative
control was conducted by GeneChem (Shanghai, China).
The Renilla luciferase reporter vector psiCHECK2-CDR las
with wild-type or mutant miR-7 binding site was conducted
by GenePharma.

Cell transfection

The U20S and MG63 cell lines were cultured to about
80% confluence in 12/96-well plates and then using Lipo-
fectamine 2000 (Thermo Fisher Scientific) were transfected
with indicated agents for 24, 48, or 72 hours according to
the manufacturer’s instructions.

Luciferase reporter assay

The U20S cells were co-transfected containing psiCHECK2-
CDR1as and miR-7 mimics. Luciferase activity was measured
using the Dual-Luciferase Reporter Assay System (Promega
Corporation, Fitchburg, WI, USA). Firefly luciferase acted
as a reporter gene for normalized control. The activities of
Firefly and Renilla luciferase were evaluated successively
by applying dual-luciferase reporter assay system (Promega
Corporation) in 48 hours after transfection. All the assays
were repeated for at least three times.

CCK-8 assay

The U20S and MG63 cell lines were transfected with siRNA-
CDR1as, miR-7 mimics, inhibitor, and negative control for 24,
48, or 72 hours. Then the cells were harvested and washed with
PBS, and then cell counting kit-8 (Dojindo Molecular Technolo-
gies, Kumamoto, Japan) mixed with DMEM was used for cell
viability assay according to the manufacturer’s instructions. The
absorbance was measured at 450 nm by a microplate reader.

Hoechst assay

The U20S and MG63 cell lines were transfected with siRNA-
CDR1las, miR-7 mimics, inhibitor, and negative control
for 72 hours. The cells were harvested and incubated with
Hoechst 33342 (5 pg/mL; Sigma-Aldrich Co., St Louis, MO,

USA) for 10 minutes at room temperature. Following wash-
ing with 0.5% TritonX-100 in PBS, the changes in nuclear
morphology were observed under a fluorescence microscope
(Olympus Corporation, Tokyo, Japan).

Flow cytometry

The cell apoptosis and cell cycle were analyzed by flow cytom-
etry. Briefly, the cells were harvested and washed with PBS.
Two microliters of annexin V mixed with 2 pL of propidium
iodide (PI; eBioscience, Waltham, MA, USA) was used to
stain cells at 4°C for 30 minutes for apoptosis analysis. In
addition, the cells were harvested, washed with PBS, and fixed
in 70% ethanol at 4°C overnight. After fixation, the cells were
washed with PBS before suspension in RNase A/PI solutions
(100 mg/mL RNase A and 5 pg/mL PI) and were incubated
at room temperature for an hour. The results were analyzed
using a flow cytometry provided with the Cell-Quest software.

Transwell assay

At 24 hours after transfection, 2x10* cells were suspended
with 200 pL of serum-free medium and then seeded into the
upper chambers (8 mm pore size; Costar [Corning Incorpo-
rated, Corning, NY, USA]). Medium containing 10% FBS
was added to the bottom chamber as a chemoattractant. The
cells were incubated at 37°C for 24 hours for the migration
assay. Subsequently, cells at the top chamber were removed
with cotton swabs, and those on the lower surface were fixed
with methanol, stained by crystal violet, and counted under
an inverted microscope.

Western blot

To determine the expression of EGFR, PIK3CD, CCNEL, and
RAF1, the whole protein extracts were lysed and separated
as previously described.'* The blots were visualized using the
ECL-Plus reagent (EMD Millipore, Billerica, MA, USA).
GAPDH was used as the loading control in the Western blotting.

Immunofluorescence assays and

immunohistochemistry

Immunofluorescence assays were performed to determine
the expression of EMT markers E-cadherin and N-cadherin
as previously described,’ and the coverslips were mounted
onto the glass slides with neutral gum and observed under
an FV10i confocal microscope (Olympus Corporation).
Immunohistochemistry assays were performed to estimate the
expression of PCNA on 2-pm-thick, formalin-fixed, paraffin-
embedded specimen sections as previously described.!'
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Tumor model

To investigate the role of CDR1as/miR-7 signal in OS in
vivo, U20S cells were infected with lentivirus-RNAi-siRNA-
CDRas, miR-7 mimics, inhibitor, and negative control (MOI
=10). A total of 2x10° U20S cells were subcutaneously
co-injected in the rear flank of nude mice (six per group).
Results are presented as the mean tumor size (mm?) (V (cm?)
= width? (cm?)*length (cm)/2) for every group at various time
points until the endpoint of the experiment. The animal study
was approved by institutional animal research committee
of Gongli Hospital of Pudong New Area, and the animals
were cared for following the guidelines of Gongli Hospital
of Pudong New Area for use and care of laboratory animals.

Statistical analyses
The Prism statistical software package (Version 5.0; Graph-
Pad Software, Inc., La Jolla, CA, USA) was used in this

study to perform the statistical analyses. Unpaired #-test or
Mann—Whitney U test was used to compare the two groups,
and multiple group comparisons were analyzed with one-way
ANOVA. P<0.05 was considered statistically significant. All
experiments were performed at least three times.

Results
Participation of upregulated CDRlas in

the progression of OS

We first investigated the clinical significance of CDR1as
in OS. Relative normal bone tissues (n=18) and OS tissues
(n=38) were used to estimate the expression of CDR1as, and
the results indicated that the CDR1as level was enhanced in
OS samples when compared with the noncancerous bone
tissues (Figure 1A). The receiver operating characteristic
curve analyses showed that the level of CDR 1as was a good
diagnostic marker to discriminate OS samples from healthy
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Figure |1 CDRIas is upregulated in OS tissues.
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Notes: (A) The expression of CDRIas in relative normal bone tissues (n=18) and OS tissues (n=38) was determined by qPCR. (B) The diagnostic value of CDRlas was
analyzed by ROC curve analyses. The clinicopathological characteristics including (C) gender, (D) age, (E) tumor size, (F) tumor localization, (G) Enneking stage, and (H)

metastasis were analyzed. *P<0.05, ***P<0.001; data represent meanSD.

Abbreviations: OS, osteosarcoma; CDR | as, antisense to the cerebellar degeneration-related protein | transcript; ns, not significant; qPCR, quantitative real time polymerase

chain reaction; ROC, receiver operating characteristic.
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samples, and the cutoff value was 1.613 (AUC =0.857)
(Figure 1B). According to the clinicopathological character-
istics of OS patients, the CDR1as expression was analyzed.
The CDRI1as levels were similar in different patients with
the age, gender, and tumor localization, but higher CDR 1as
levels were found in patients with high Enneking stage, tumor
size, and pulmonary metastasis (Figure 1C—H). These data
indicated that CDR 1as was involved in the progression of OS.

MiR-7 as tumor suppressor during the

development of OS

Since miR-7 often functions as a tumor suppressor and is
inhibited by CDR1as in multi-types of cancer, we inves-
tigated the clinical role of miR-7 in OS. The expression
pattern of miR-7 was conversed to CDR1as. The miR-7
level was reduced in OS tissues (Figure 2A) and showed a
relative poor diagnostic value for OS samples (cutoff value

=0.787 and AUC value =0.686) (Figure 2B). The patients’
age, gender, tumor size, and tumor localization showed no
relation to the expression of miR-7 (Figure 2C-F). But miR-7
was downregulated in patients with high Enneking stage and
metastasis (Figure 2G—H), suggesting the tumor suppressive
role of miR-7 in OS.

CDR las antagonization and inhibition of
miR-7 in OS in vitro

We next aimed to confirm the relationship between CDR1as
and miR-7 in OS. The expression of CDR 1as negatively cor-
related with the expression of miR-7 in OS tissues (Figure
3A). In addition, five OS cell lines U20S, MG63, 143B,
HOS, and Saos2 cells and one human osteoblastic cell
line hFOB1.19 cells were used to confirm the upregulated
CDRI1as level and the downregulated miR-7 level in OS
cell lines (Figure 3B and C). Knockdown of CDR1as by
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Figure 2 miR-7 as tumor suppressor in OS.

Notes: (A) The expression of miR-7 in relative normal bone tissues (n=18) and OS tissues (n=38) was determined by qPCR. (B) The diagnostic value of miR-7 was analyzed
by ROC curve analyses. The clinicopathological characteristics including (C) gender, (D) age, (E) tumor size, (F) tumor localization, (G) Enneking stage, and (H) metastasis

were analyzed. *P<0.05, **P<0.01; data represent meanSD.

Abbreviations: ns, not significant; OS, osteosarcoma; qPCR, quantitative real time polymerase chain reaction; ROC, receiver operating characteristic.
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siRNA-2 in U20S, MG63 cell lines, which harbored high
level of CDRI1as, could restore the expression of miR-7
(Figure 3D and E). The luciferase reporter assays were also
performed and a luciferase reporter vector of CDR1as with
full-length (wild-type or mutant miR-7 binding sites) was co-
transfected with miR-7 mimics into U20S cells (Figure 3F).
The results showed that miR-7 mimics could significantly
impair the luciferase activity of wild-type reporter, but not
the mutant-type. These data indicated that CDR1as could
regulate miR-7 in OS.

CDRIas knockdown restricts tumor

growth and migration via miR-7

The function of CDR1as/miR-7 signal in OS cells was
determined. The U20S and MG63 cell lines were transfected
with miR-7 mimics, siRNA-CDR1as with or without miR-7
inhibitor. The results showed that knockdown of CDR 1as and
miR-7 mimics could inhibit the cell vitality of OS cells, but the
miR-7 inhibitor abrogated the effects of siRNA-CDR1as and
restored the cell vitality (Figure 4A). Similarly, the apoptosis
and cell cycle were determined by Hoechst assay (Figure 4B)
and flow cytometry (Figure 4C and D). The results showed that
knockdown of CDR 1as and miR-7 mimics promoted apopto-
sis and G1/S arrest, which could be recovered by the inhibi-
tion of miR-7 in two OS cell lines. Moreover, the ability of
migration of U20S and MG63 cell lines was also determined
by Transwell assay (Figure 4E). We found that knockdown of

Figure 3 CDRIas inhibits miR-7 in OS.

CDRIlas and miR-7 overexpression significantly impaired
the ability of migration, but inhibition of miR-7-inhibited
CDR1as knockdown induced migration arrest. These findings
demonstrated that CDR 1as could promote tumor growth and
migration via miR-7 in OS cell lines in vitro.

Upregulation of targeted genes of miR-7
and EMT phenotype by CDRlas

CDR1as has been reported to antagonize the availability of
miR-7 via regulation of its target genes. Thus, we here ana-
lyzed the miR-7 pathway under the knockdown of CDR1as
in two cell lines. The target genes including EGFR, CCNE I,
PIK3CD, and RAF I were involved in cell proliferation, apop-
tosis, cell cycle, and metastasis. The mRNA (Figure 5A) and
protein expressions (Figure 5B) of these target genes were
remarkably attenuated by miR-7 mimics and siRNA-CDR 1as,
but were restored by miR-7 inhibitor in U20S and MG63
cell lines with CDR1as inhibition, indicating that CDR1as
could upregulate these oncogenes via inhibition of miR-7
in OS cells. Moreover, TGF-B-induced EMT phenotype of
OS cells was also analyzed (Figure 5C). CDR1as knock-
down downregulated epithelial phenotype with reduced
E-cadherin and upregulated mesenchymal phenotype with
increased N-cadherin, leading to the inhibition of TGF-f3-
induced EMT. MiR-7 inhibitor could abrogate the CDR1as
knockdown-induced restoration of miR-7 and enhanced the
EMT phenotype in OS cell lines.

Notes: (A) The correlation between CDRlas and miR-7 was analyzed in tumor tissues. (B, C) The expression of CDRlas and miR-7 was determined in five OS cell lines
U20S, MG63, 143B, HOS, and Saos2 cells and one human osteoblastic cell line hFOBI.19 cells. (D) The efficacy of knockdown of CDRlas by three siRNAs was estimated
in U20S and MG63 cell lines. (E) After the transfection of siRNA-CDR las-2, the expression of miR-7 was assessed by qPCR. (F) The U20S cell line was transfected with
miR-7 mimics and the luciferase reporter vector psiCHECK2-CDRlas containing mutation at miR-7 binding sites and the luciferase activity were determined. *P<0.05,

**P<0.01, data represent meanSD.

Abbreviations: OS, osteosarcoma; CDRlas, antisense to the cerebellar degeneration-related protein | transcript; NC, negative control; ns, not significant; qPCR,

quantitative real time polymerase chain reaction.
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Figure 4 CDRlas promotes the cell growth and migration via miR-7 in OS cells.

Notes: The U20S and MG63 cell lines were transfected with miR-7 mimics, siRNA-CDR las with or without miR-7 inhibitor; then (A) the cell vitality, (B, C) apoptosis,
(D) cell cycle, and (E) migration were estimated by CCK-8, Hoechst assay, flow cytometry, and Transwell assay, respectively. *P<0.05, **P<0.01, ***P<0.001; data represent

mean+SD.

Abbreviations: CDRas, antisense to the cerebellar degeneration-related protein | transcript; CCK-8, cell counting kit-8.

CDR | as inhibition in vivo induces tumor

regression via miR-7 pathway

The function of CDR1as/miR-7 signals in vivo during the
development of OS was analyzed. The xenograft model of
human U20S cells was established and the nude mice were
administered conditional tumor cells with miR-7 overexpres-
sion, CDR 1as knockdown, or miR-7 inhibition via lentivirus
vector. The results showed that mice with CDR1as knock-
down and miR-7 mimics had delayed tumor growth (Figure
6A) and lower tumor weight (Figure 6B) than the control
mice, but simultaneously inhibition of miR-7 in mice with
CDR1as knockdown restored the tumor growth with upregu-
lated expression of proliferation index PCNA (Figure 6C).

Meanwhile, the target genes of miR-7 in tumor tissues were
also regulated by CDR1as in vivo (Figure 6D).

Furthermore, the expressions of EGFR, CCNE1, PIK3CD,
and RAF1 in OS patients were analyzed according to the
median expression of CDR1as (>median: CDR1as-High;
<median: CDR 1as-LOW). The results confirmed that patients
with high CDR 1as levels had high expression of target genes
of miR-7 (Figure 6E-H), suggesting that the tumorigenic role
of CDR1as/miR-7/target genes pathway in OS.

Discussion
Clinical diagnostic data show that OS is predominantly in the
second decade of life and in elderly individuals, and >80% of
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Figure 5 CDRIas upregulates the target genes of miR-7 and EMT phenotype.
Notes: The U20S and MG63 cell lines were transfected with miR-7 mimics, siRNA-CDR las with or without miR-7 inhibitor; (A) the mRNA and (B) protein expression of

EGFR, CCNEI, PIK3CD, and RAF| were determined by qPCR and Western blot. In addition, after the induction of EMT by TGF-f (10 ng/mL), (C) the EMT markers including
E-cadherin and N-cadherin were analyzed by immunofluorescence. *P<0.05, **P<0.01; data represent mean+SD.
Abbreviations: CDRas, antisense to the cerebellar degeneration-related protein | transcript; qPCR, quantitative real time polymerase chain reaction.

Figure 6 Knockdown of CDRlas inhibits tumor growth via miR-7 signals.

Notes: The U20S cells were transfected with miR-7 mimic, CDRlas siRNA, or miR-7 inhibitor via lentivirus vector and subcutaneously into nude mice (n=6). (A, B) The
mean tumor size (mm?) and tumor weight were analyzed. (C) The expression of PCNA in each group was estimated by immunohistochemistry. (D) The expressions of EGFR,
CCNEI, PIK3CD, and RAFI in tumor tissues were determined by Western blot. (E-H) According to the median expression of CDRlas in tumor samples of OS patients,
the expressions of EGFR, CCNEI, PIK3CD, and RAF| were determined by qPCR. *P<0.05, **P<0.01, ***P<0.0011; data represent meanSD.

Abbreviations: CDRas, antisense to the cerebellar degeneration-related protein | transcript; NC, negative control; qPCR, quantitative real time polymerase chain

reaction.
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patients appeared to have pulmonary metastasis with 5-year
survival only at 20%. The combination of surgery and chemo-
therapy for OS treatment by inhibiting cell growth or invasion
has been investigated during the last decade. However, the
molecular mechanisms involved in OS progress remains to
be further elucidated.''¢ In this study, the circRNA CDR1as
was significantly upregulated during the development of OS
with efficient diagnostic value and promoted the cell growth
and migration via antagonizing the tumor suppressor miR-7
to elevate its target genes EGFR, CCNE1, PIK3CD, and RAF 1
in OS patients for tumor growth in vitro and in vivo.

Accumulating evidence is now unveiling the importance
of circRNA-mediated regulatory mechanisms in cancer
pathogenesis. Owing to the lack of free ends and resistance
to exonucleolytic degradation, high cellular stability is a
common circRNA feature, which underlines the potential
of being as diagnostic markers in cancer.!' Circ-CBFB was
markedly overexpressed during the progression of chronic
lymphocytic leukemia (CLL) and could serve as a diagnostic
and prognostic biomarker for CLL patients.!” Circ-ITCH was
found to be downregulated in glioma tissues and cell lines and
showed a relatively high diagnostic accuracy. Kaplan—Meier
assay revealed that decreased circ-ITCH level was associated
with poor survival of glioma patients.'® Similarly, we found
that the expression of CDR 1as was significantly elevated in
OS samples with efficient diagnostic value. High expression
of CDR 1as was found in patients with high tumor size, stage,
and metastasis in OS. Although the upregulated CDR 1as has
been reported in hepatocellular carcinoma, bladder cancer,
CRC, and ESCC,!:" this is the first time we investigated its
role in OS.

MiR-7 have been recognized as tumor suppressor to sup-
press tumor growth. Shi et al reported that miR-7 suppresses
cell proliferation and induces apoptosis of breast cancer cells
mainly by targeting REGY." miR-7 also attenuated the abili-
ties of invasion and self-renewal of breast cancer stem-like
cells to suppress brain metastasis by modulating KLF4.?° In
this study, we found that miR-7 was downregulated in OS
samples with high tumor stage and metastasis. Recently, the
interaction between miR-7 and circRNA CDR1as has been
intensively identified. MiR-7 expression was downregulated
in hepatocellular carcinoma (HCC) tissues, and knockdown
of CDR1as suppressed the HCC cell proliferation and inva-
sion through targeting miR-7 to reduce the expression of
CCNEI! and PIK3CD.? CDR 1as could also specifically target
miR-7 in non-small-cell lung cancer (NSCLC) to reduce its
expressions and increase its target gene RELA expression,
implicating that the ciRS-7/miR-7/NF-kB axis could exert

pronounced impacts on the proliferation, migration, inva-
sion, and apoptosis of NSCLC cells.?> We here found that the
CDR1as/miR-7 signal promoted the cell vitality and inhibited
apoptosis and migration via regulation of downstream genes
including proliferation, apoptosis, cell cycle, and metastasis-
related EGFR, CCNE1, PIK3CD, and RAF1 and suppression
of EMT phenotype in OS cells. These studies demonstrated
the common tumorigenic role of CDR1as signal in different
types of cancer.

Conclusion

We identified that CDR1as was upregulated in OS tissues
and predicted a poor clinical outcome. CDR1as was able
to promote cell growth and migration, and inhibited miR-
7-induced apoptosis and G1/S arrest via restoration of EGFR,
CCNEI1, PIK3CD, and RAF1 levels and EMT phenotype in
OS cells. Targeting the CDR1as/miR-7 signal would be a
potential strategy for the treatment of OS.
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