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Background: Osteosarcoma (OS) is a very aggressive cancer. Nevertheless, how circular
RNA (circRNA) contributes to OS progression remains unclear. Here, we aimed to research
the functions of circMMP9 in OS progression.

Methods: Gene expression was determined via qRT-PCR. siRNA was used to knock down
circMMP9. Proliferation was analyzed using CCK8 and colony formation assays. Migration
and invasion were measured using Transwell assay.

Results: circMMP9 was overexpressed in cancer tissues. Overexpressed circMMP9 was correlated
with advanced tumor stage and predicted poor prognosis. circMMP9 knockdown exhibited a tumor-
suppressive phenotype via suppressing proliferation, migration and invasion. Besides, decreased
circMMP9 level promoted OS cellular apoptosis. Mechanistically, cicMMP9 was shown to be
located in the cytoplasm and sponge miR-1265. Furthermore, miR-1265 directly targeted CHI3L1.
CHI3L1 levels were modulated by circMMP9/miR-1265 axis. Rescue experiments indicated that
circMMP9 contributes to OS development through the miR-1265/CHI3L1 pathway.
Conclusion: Our findings provide a novel insight about how circRNA regulates OS progression.
Keywords: circMMP9, miR-1265, CHI3L1, osteosarcoma, progression

Introduction

(0OS) is one of the most aggressive bone tumors among young people.' OS causes
the third largest number of deaths worldwide among children.? Although therapeu-
tic strategies against OS have been developed in recent decades, patients with
metastasis still display poor outcomes.” Thus, it is important to explore the mole-
cular mechanism of OS development and progression and screen out novel ther-
apeutic targets for OS treatment.

Circular RNA (circRNA) is a type of noncoding RNAs characterized by the
existence of a close loop. In the past years, circRNAs have been reported to exert
critical functions in the initiation and progression of various cancers.* Many evidences
indicate that a lot of circRNAs are aberrantly expressed in tumor tissues and participate
in the regulation of proliferation, migration and invasion.> For instance, circSLC8A1
is downregulated in bladder cancer tissues and suppresses cancer development via
upregulating PTEN and restraining miR-130b/miR-494 activity.’ circPTPRA level is
decreased in non-small cell lung cancer (NSCLC) and it inhibits tumor metastasis
through interacting miR-96-5p.* Circ_0020123 is overexpressed in NSCLC tissues and
contributes to cancer development via sponging miR-488.” Additionally, several evi-
dences also show many circRNAs are dysregulated in OS tissues.'®!" circTADA2A
was identified to promote OS cell migration and invasion while hsa circ_ 0004674
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increases the chemo-resistance of OS cells.'®!" Thus,
circRNA may also have essential roles in OS and more
investigations are required.

CircMMP9 has been shown to promote glioblastoma
development.'? CircMMP9 is highly expressed in GBM
cells and accelerates proliferation, migration and invasion.'
We also observed circMMPY9 upregulation in OS tissues.
However, its role in OS remains unknown. In this study, we
showed circMMP9 was overexpressed in OS tissues and pre-
dicted poor prognosis. CircMMP9 knockdown suppressed
proliferation, migration and invasion. Mechanistically,
circMMP9 was found to sponge miR-1265 and upregulate
CHI3LI1. In conclusion, our results reveal that circMMPY/

miR-1265/CHI3L1 axis modulates OS progression.

Materials And Methods

Patient Samples

Fifty-one pairs of OS tissues and adjacent normal controls
were obtained from Wenzhou Central Hospital. Prior to
surgery, all patients received no chemotherapy or radio-
therapy. Tissues were stored in liquid nitrogen. This study
was approved by the Ethics Committee of Wenzhou
Central Hospital. Experiments involving human tissues
were conducted in accordance with the Declaration of
Helsinki. Written informed consents were provided by
the participants.

Cell Culture

Human OS cell lines (U20S, HOS, Saos2 and MG63
cells) and osteoblast cell line hFOB 1.19 were from
Shanghai Academy of Sciences. Cells were cultured with
Dulbecco’s modified Eagle’s medium (DMEM, Gibco)
containing 10% fetal bovine serum (FBS), penicillin (100
U/mL) and streptomycin (100 pg/mL) and maintained at
37°C with 5% CO,.

RNA Transfection

siRNAs against circMMP9 (5-GUGGAGGCGCAGAUG
GUGGAU-3') or CHI3L1 (5-AUGUAAGACUCGGGA
UUAGUA-3") and negative controls were purchased from
GenePharma (Shanghai, China). siRNAs (50 nM), miRNA
mimics (50 nM) and miRNA inhibitors (50 nM) were trans-
fected using Lipofectamine™ RNAIMAX
(Invitrogen) based on the manufacturer’s protocols. After

into cells

transfection for 48 h, transfection efficiency was validated by
gRT-PCR as described below.

RNA Extraction And Quantitative Real-

Time PCR (qRT-PCR)
Total RNAs
(Invitrogen) and the RNA quality was monitored using

were isolated wusing TRIzol reagent
NanoDrop 2000. Then, total RNA was reversely tran-
scribed into cDNA wusing a reverse transcription kit
(Takara, Tokyo, Japan). Then, qPCR was completed
using SYBR-Green PCR kit (QIAGEN, Hilden,
Germany) on an ABI 7300 Fast Real-Time PCR system.
Relative expression was normalized to GAPDH and cal-
culated based on the 2 " method. Primer sequences
were as follows: circMMP9 (Forward, 5'-CCAGTTACAA
GT TTAGGGCTGT-3’ and reverse, 5-TGTCTCCATTT
GCTTCTTCTTCA-3"), CHI3L1 (Forward, 5-CCCAACC
TGAAGACTCTCTTG-3' and reverse, 5'-CCAAGATAGC
CTCCAACACC-3') and GAPDH (Forward, 5-GCCATC
ACAGCAACACAGAA-3' and reverse, 5'-GCCATACCA

GTAAGCTTG CC-3).

CCK8 Assay

Transfected OS cells were seeded into the 96-well plates
and cultured for indicated days. Then, 20 pl CCKS solu-
tion was added and incubated for 4 hrs, followed by
detection of absorbance at 450 nm using a microplate
reader at 490 nm (Thermo Fisher, Massachusetts, USA).

Transwell Assay

The migration and invasion were determined by using
Transwell plates (8 um pore membrane, Costar,
Cambridge, MA, USA). The detailed protocols were
In brief, 2x10* cells per well
were seeded into the serum-free medium of the upper

described previously.'?

chamber. The lower chamber was filled with complete
medium. After cultured for 48 hrs, the migrated or invaded
cells were fixed, stained and counted.

Colony Formation Assay

Transfected OS cells were seeded into the 6-well plates
and maintained for 14 days. Then, the colonies were fixed
and stained with 0.5% crystal violet. The numbers of
colonies were finally counted using the ImagelJ software.

Dual-Luciferase Reporter Assays

The sequences of circMMP9 or CHI3L1 were inserted into
the pGL3 luciferase vector (Promega, USA). For lucifer-
ase reporter assay, the luciferase reporter vector and miR-
1265 mimics or controls were co-transfected into U20S
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cells. Forty-eight hours later, the luciferase activity was
determined using the Dual-Luciferase Reporter Assay
System (Promega, USA) according to the manufacturer’s
instruction.

Cytoplasmic And Nuclear RNA Isolation
The cytoplasmic and nuclear fractions were isolated using
PARIS Kit (Life Technologies, Carlsbad, CA, USA)
according to the manufacturers’ instructions, followed by
qRT-PCR analysis.

Caspase Activity Assay
The activities of caspase-3/7 were measured using caspase-3/
7 activity kit following the manufacturers’ instructions.

Statistical Analysis

Statistical analysis was completed using Graphpad Prism 6
software and results were expressed as mean =+ standard
deviation. Comparisons between experimental group and
control group were performed using Student’s #-test or one-
way ANOVA. qRT-PCR was used to determine circMMP9
low or high expression in tissues. Clinical data were analyzed
using Fisher’s exact test, Kaplan—Meier curves with log-rank

A B

test. A P-value (<0.05) was considered as statistically
significant.

Results
circMMP9 Was Overexpressed In OS

To investigate the correlation between circMMP9 expres-
sion and OS development, its expression in OS tissues was
analyzed. circMMP9 level was higher in OS tissues than
that in adjacent normal ones (P<0.05; Figure 1A). Besides,
circMMP9 expression was increased in OS tissues with
larger tumor size and advanced stages (P<0.05; Figure 1B
and C). Moreover, we found that circMMP9 expression
was positively correlated with metastasis, but not gender
or age (Table 1). Then, circMMP9 expression in OS cell
lines was further researched. As shown, increased
circMMP9 expression was observed in OS cell lines com-
pared to hFOBI1.19 cells (Figure 1D). OS samples were
divided into two subgroups based on circMMP9 level.
Kaplan—Meier curve indicated that circMMP9 overexpres-
sion predicted a low survival rate (Figure 1E). Finally, we
analyzed the localization of circMMP9 in OS cells and
found that circMMP9 was expressed in cytoplasm of
U20S cells (Figure 1F).
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Figure | circMMP9 was overexpressed in OS. (A) Relative expression of circMMP9 in 51 OS tissues and corresponding adjacent normal ones. (B) Analysis of circMMP9
expression in different tumor sizes of OS tissues. (C) CircMMP9 was positively correlated with TNM stage. (D) circMMP9 was overexpressed in OS cell lines. (E) Kaplan—
Meier analysis of overall survival rate based on circMMP9 expression in OS tissues. (F) The subcellular localization of circMMP9 was analyzed. *P<0.05.
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Table |
Clinicopathological Parameters In OS

Association Between circMMP9 Expression And

Clinicopathological Low High P-value

Parameters (n=27) (n=24)

Gender 0.7724
Male 18 17
Female 9 7

Age (years) 0.5793
<20 15 I
=220 12 13

Tumor size (cm) 0.0229*
<5 16 6
>5 I I8

TNM 0.0047%*
I+l 18 6
N+v 9 I8

Distant metastasis 0.0246*
Negative 17 7
Positive 10 17

Note: *P<0.05 and **P<0.01 by Fisher’s exact test.

Knockdown Of circMMP9 Showed An
Anti-Tumor Phenotype

To investigate the potential roles of circMMP9, we knocked
down it in U20S and Saos2 cells (Figure 2A). CCK8 and
colony formation assay obviously indicated that circMMP9
knockdown inhibited the cellular viability and colony num-
bers (Figure 2B and C), suggesting circMMP9 depletion
suppressed proliferation. Transwell assay showed that the
cell numbers of migration and invasion were significantly
declined after circMMP9 silencing (Figure 2D and E).
Moreover, we found that circMMP9 knockdown increased
the activity of Caspase-3/7 (Figure 2F), indicating circMMP9
knockdown promoted apoptosis.

circMMP9 Modulated The miR-1265/
CHI3LI Axis

Then, we analyzed the potential mechanism using bioinfor-
matics methods. Through Circlnteractome and TargetScan
tools, we found that circMMP9 may be a sponge for miR-
1265 and miR-1265 may directly target CHI3L1. We identi-
fied their potential interactive sites and mutated the sites
(*P<0.05; Figure 3A). Luciferase reporter assay showed that
miR-1265 mimic suppressed the activity of circMMP9-wt or
CHI3L 1-wt reporter (*P<0.05; Figure 3B and C), demonstrat-
ing their interactions. Additionally, circMMP9 knockdown led

to increased expression of miR-1265 (*P<0.05; Figure 3D).
And miR-1265 knockdown inhibited the mRNA level of
CHI3L1 (*P<0.05; Figure 3E). Moreover, CHI3L1 expression
was regulated by circMMP9 mediated inhibition of miR-1265
(*P<0.05; Figure 3F). Of note, we observed that miR-1265
expression was negatively correlated with circMMP9 and
CHI3L1 in OS tissues (Figure 3G).

circMMP9/miR-1265/CHI3LI Axis

Contributed To OS Progression

Through qRT-PCR, we found that miR-1265 was down-
regulated in OS tissues while CHI3L1 was upregulated
(Figure 4A and B), suggesting their potential roles in OS
progression. To determine the roles of circMMP9/miR-
1265/CHI3L1 axis, we performed rescue assays. We
found that miR-1265 inhibitors rescued the proliferation,
migration, invasion and apoptosis in U20S and Saos2
cells with circMMP9 knockdown (Figure 4C-F).
Moreover, knockdown of CHI3L1 further suppressed the
proliferation, migration and invasion while promoting
apoptosis in U20S and Saos2 cells transfected with si-
circMMP9 and miR-1265 inhibitors (Figure 4C—F). Taken
together, circMMP9/miR-1265/CHI3L1 axis plays a key
role in regulating OS progression.

Discussion
Until now, the pathological mechanism in OS is still
unclear. Several evidences indicate that the dysregulation
of oncogenes and anti-tumor genes is correlated with OS
development and progression.” In this research, we
explored how circMMP9 regulates OS progression. We
showed circMMP9 expression was upregulated in OS tis-
sues and correlated with advanced stage and metastasis.
CircMMP9  upregulation predicted poor prognosis.
Knockdown of circMMP9 inhibited the malignant beha-
viors of OS cells. And circMMP9 was identified to sponge
miR-1265, causing upregulation of CHI3L1.

circRNAs are a type of novel noncoding RNAs. The
study about their function is emerging in recent years.
Although researches about circRNAs are rather limited,
their important functions have been widely demon-
strated, especially in tumor biology.'* In OS, several
important circRNAs have been identified. For example,
circ-0001785 promotes OS growth and metastasis via
inhibiting miR-1200 to increase HOXB2 1.1
CircTADA2A enhances OS cell proliferation and inva-
sion through restricting miR-203a and upregulating
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Figure 2 Knockdown of circMMP9 showed an anti-tumor phenotype. (A) CircMMP9 level was decreased by siRNA transfection in U20S and Saos2 cells. (B) CCK8 assay
for analysis of cell proliferation. (C) Colony formation assay was performed to detect proliferation. (D and E) Migration and invasion were determined by Transwell assay.
(F) Cellular apoptosis was determined by using a Caspase-3/7 activity detection kit. *P<0.05.

CREB3.'° Additionally, circRNA CDRlas has been
identified to increase OS growth and serve as a diag-
nostic marker.'® In this study, we identified circMMP9
as a tumor driver in OS. We showed that circMMP9
was overexpressed in OS tissues and predicted poor
prognosis. CircMMP9 knockdown suppressed the pro-
liferation, migration and invasion in vitro. Our findings
suggest circMMP9 might be a novel therapeutic target
for OS intervention.

The circRNA-miRNA-mRNA network has been indicated
to participate in the regulation of tumorigenesis.'”*'® circRNA
could interact with the response element of miRNA and inhibit
the activity of miRNA."® For instance, circRNA ¢TFRC is the
sponge for miR-107 to participate in bladder cancer
development.”® CircPSMC3 interacts with miR-296-5p to
repress gastric cancer development.®! Hsa-circ-0014359
sponges miR-153 to increase glioma tumorigenesis.** In our
study, we identified cicMMP9 as the sponge for miR-1265.

We then demonstrated their interaction via luciferase reporter
assay and showed that miR-1265 level was inhibited by
circMMP9. MiR-1265 is a poorly explored miRNA. A
research shows that miR-1265 inhibits gastric cancer cell
growth and promotes apoptosis.>> Whether miR-1265 regu-
lates OS progression remains unclear. Our data showed that
miR-1265 expression was downregulated in OS tissues and
suppressed the proliferation, migration and invasion of OS
cells, suggesting miR-1265 as a novel tumor suppressor in
OS. Afterwards, we further identified the target of miR-1265.
We showed that miR-1265 directly bound to the 3" UTR of
CHI3L1 mRNA and inhibited its expression. The oncogenic
roles of CHI3L1 have been well studied in several tumors,
such as hepatocellular carcinoma, ovarian cancer and cervical
cancer.”*2® However, the function of CHI3L1 in OS is not
clear. We also indicated that CHI3L1 expression was upregu-
lated in OS tissues. And CHI3L1 expression was modulated
by circMMP9/miR-1265 axis. Finally, we demonstrated that
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conducted to confirm the interactions among circMMP9, miR-1265 and CHI3LI. (D) circMMP9 knockdown promoted miR-1265 expression. (E) miR-1265 inhibited CHI3LI
expression. (F) Analysis of CHI3LI expression after transfection with indicated plasmids. (G) Expression correlation among circMMP9, miR-1265 and CHI3LI in OS tissues. *P<0.05.
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Figure 4 circMMP9/miR-1265/CHI3LI axis contributed to OS progression. (A and B) Determination of miR-1265 and CHI3LI expressions in OS tissues by gRT-PCR. (C)
Proliferation was measured by CCK8 assay. (D and E) Migration and invasion were measured by Transwell assay. (F) Detection of the activity of Caspase-3/7. *P<0.05.

CHI3L1 knockdown inhibited the proliferation, migration and
invasion while enhancing apoptosis in OS cells. Our results
identified CHI3L1 as a new oncogene in OS.

In conclusion, our research identified a novel mechan-
ism that circMMP9/miR-1265/CHI3L1 axis contributes to

OS cell proliferation, migration and invasion. However,
there are some limitations in our work. For example, it
would be best to run a Cox-proportionate Hazard Model
analysis to see if there would be any difference and how

the expression can affect survival when the TNM staging
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is

taken into consideration as a potential confounding

factor.
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