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Abstract

Background: Osteosarcoma (OS) is a highly recurrent malignancy occurring among
adolescents. The goal of this research was to scrutinize the role and action mechanism
of KLF3-AS1 in OS.

Methods: Western blotting and quantitative reverse transcription real-time PCR were
conducted to ascertain the mRNA expressions of miR-338-3p, KLF3-AS1, and MEF2C
in OS cell lines and tissue samples. Colony formation and CCK-8 experiments were
done to evaluate the proliferative capacity of the cells. Western blotting was also ex-
ecuted to measure the relative expressions of the proteins Bcl-2 and Bax. RNA immu-
noprecipitation and dual luciferase reporter experiments were carried out to validate
the target relationships among MEF2C, KLF3-AS1, and miR-338-3p. Mouse xenograft
models were created to assess the influences of KLF3-AS1 on the growth of tumors
in vivo.

Results: Elevated levels of KLF3-AS1 and MEF2C and reduced amounts of miR-338-3p
were identified in OS. KLF3-AS1 targeted miR-338-3p, and miR-338-3p further tar-
geted MEF2C. Silencing KLF3-AS1 induced apoptosis and attenuated proliferation
in vitro and repressed the tumor growth in vivo. Inhibiting miR-338-3p inverted the
cancer-suppressing effects of KLF3-AS1 silencing. Meanwhile, loss of MEF2C par-
tially eliminated the effects brought about by miR-338-3p downregulation, namely
the stimulation of cell growth and suppression of apoptosis.

Conclusions: Silencing of KLF3-AS1 could repress the growth of cells and induce ap-
optosis by regulating miR-338-3p/MEF2C in OS. This suggests that the regulatory
axis KLF3-AS1/miR-338-3p/MEF2C is a prospective target for OS treatment.
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1 | INTRODUCTION

Osteosarcoma (OS) is a severe bone malignancy mainly occurring
among adolescents under twenty-five years old.*Itis generally char-
acterized by bone pain and dysfunction.? Although various options

for OS treatment, such as aggressive surgery and chemoradiotherapy,

have improved the 5-year survival rate to approximately 60%, some
OS patients still suffered from high rate of recurrence.’ Therefore,
comprehending the pathogenesis of OS is imperative to formulate
efficacious therapeutic procedures.

Long non-coding RNA (IncRNA) are 200 nt in length and can

regulate post-transcription.* LncRNAs have been reported to have

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC.

J Clin Lab Anal. 2022;36:€24698.
https://doi.org/10.1002/jcla.24698

wileyonlinelibrary.com/journal/jcla 1o0f11


www.wileyonlinelibrary.com/journal/jcla
mailto:﻿
https://orcid.org/0000-0002-9308-6354
mailto:liangliu37@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/

2of11
2o | \WILEY

CHEN anD LIU

a participation in the tumorigenesis of 05.57 For instance, INcRNA
TTN-AS1 is overexpressed in a tumor burden mouse model. It re-
presses cancer cell apoptosis, eventually accelerating OS develop-
ment.> On another case, the high expression of INcRNA SNHG4 can
induce cell growth in 0S% and is also closely associated with the
poor prognosis of OS patients.” Notably, some recent researches
demonstrated that IncRNA KLF3-AS1, located at chromosome 4p14,
has been confirmed to serve an anti-tumor role in the develop-
ment of esophageal squamous cell carcinoma® and gastric cancer.’
Nonetheless, accurate knowledge on the function of KLF-AS1 in the
occurrence and development of OS is relatively rare.

MicroRNAs (miRNAs), which are 16-25nt in length, inversely
regulate genes' expressions by degrading their target mRNAs.1°
Recently, the biological function of miRNAs in OS progression has
drawn increasing attention.**™*® For example, miR-1225-5p is a
tumor-inhibiting factor in OS which impedes OS development.!
Upregulating miR-505 can markedly reduce cell proliferation in
05.12 At the same time, both miR-143-3p and miR-429 have been
confirmed to be prognostic markers for OS patients.® Of note, miR-
338-3p has been found to be a relevant tumorigenesis regulator in
05.1*13 Jia et al. have reported that inhibiting miR-338-3p remark-
ably promotes the viability and increase the colony numbers of OC
cells.** Additionally, it has been confirmed that miR-338-3p interacts
with IncRNAs to act on OS progression. For instance, Zhang et al.
have documented that IncRNA CASC15 modulates miR-338-3p to
affect OS progression.!® Until now, whether miR-338-3p can inter-
act with KLF3-AS1 in OS progression remains unclear.

In the current report, we concentrated on KLF3-AS1’s expression
level and possible functions in OS cells and tumor xenograft models.
In addition, this study also puts emphasis on the action mechanism
of KLF3-AS1 in the cellular processes of OS cells. Our findings may
contribute information and insights on possible clinical therapeutic

biomarkers for OS.

2 | MATERIALS AND METHODS

2.1 | Reagents and animals

ScienCell provided the human normal osteoblast hFOB 1.19. OS
cell lines HOS, Saos-2, and SW1353 were obtained from American
Type Culture Collection (ATCC). Dulbecco's modified Eagle medium
(DMEM), fetal bovine serum (FBS), and the Lipofectamine 3000 were
sourced from Invitrogen. KLF3-AS1-siRNA (si-Inc), MEF2C-siRNA
(si-MEF2C) and its negative control (si-NC), small hairpin targeting
KLF3-AS1 (sh-Inc) and its sh-NC, miR-338-3p mimic, mimic-NC, miR-
338-3p inhibitor (inhibitor), and inhibitor-NC were all acquired from
Sangon Biotech. The CCK-8 kit and dimethyl sulfoxide (DMSQO) used
for cell viability assays were procured from Aladdin. Crystal violet
and RIP assay-related kit were from Sigma Aldrich. Primary anti-
bodies (MEF2C, cat.no. ab211493; GAPDH, cat.no. ab8245; Bcl-2,
cat.no. ab194583; and Bax, cat.no. ab32503), and HRP-conjugated

secondary antibody (cat.no. ab6789) were bought from Abcam. The
radioimmunoprecipitation assay (RIPA) buffer, enhanced chemilu-
minescence (ECL) detection kit, and PARIS™ Kit were from Thermo
Fisher Scientific. The Total RNA Extraction Kit was acquired from
Promega; the First-Strand cDNA Synthesis Kit was from APExBIO
Technology; and from Qiagen, we acquired a SYBR Green FAST
Mastermix Kit (Dusseldorf, GER). Four- to five-week-old female
BALB/c nude mice weighing 20-28g, from Esebio, were used to es-

tablish tumor xenograft models.

2.2 | Collection of cancer samples

From May 2019 to June 2021, tumors and normal adjacent tissues
were acquired from 37 patients suffering from OS. The inclusion cri-
teria were as follows: (1) The patients diagnosed with OS through
histological examinations; (2) the patients without any treatments
prior their admission; (3) the patients without OS history. The exclu-
sion criteria were as follows: (1) The patients diagnosed with concur-
rent malignant tumors, mental illness, heart dysfunction, or others;
(2) the patients who were pregnant or lactating. All subjects, or their
respective guardians, provided a written informed consent. The eth-
ics committee of Huangshi Central Hospital, Affiliated Hospital of
Hubei Polytechnic University, Edong Healthcare Group granted ap-
proval for this study.

2.3 | OScell culture

HFOB 1.19 and 3 OS cell lines were grown in DMEM with an added
10% FBS and then kept in an environment with 5% CO, and a tem-
perature of 37°C. After achieving 80%-90% confluence, cells at pas-

sages three to five were utilized for all the experiments.

2.4 | Celltransfection

The transfection had been conducted in strict compliance with the
protocol. Si-KLF3-AS1, si-MEF2C, miR-338-3p mimic, miR-338-3p
inhibitor, and their respective NCs were introduced individually
into the OS cell lines for 48 h with the aid of a Lipofectamine 3000.
Finally, the cells that had been successfully transfected were gath-

ered for the subsequent experiments.

2.5 | Subcellular localization assay

A PARIS™ Kit was used on SW1353 and Saos-2 cells to separate their
cytoplasmic and nuclear fragments and extract their RNA. The levels
of the RNA expression were then assessed via qRT-PCR. The con-
trols adopted for the cytoplasm and nucleus were GAPDH and U6,
respectively.
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2.6 | Western blotting

The Saos-2 and SW1353 cells were dissolved in a RIPA buffer to ex-
tract the total protein. Afterward, a total of 30 pg of protein that had
been electrophoresed using a 10% SDS-PAGE gel was transferred
onto polyvinylidene fluoride (PVDF) membrane. The membrane was
blocked at room temperature with 5% bovine serum albumin. We
then added the primary antibodies including Bax (dilution, 1:2000),
Bcl-2 (dilution, 1:2000), cleaved caspase-3 (dilution, 1:2000), MEF2C
(dilution, 1:2000), and GAPDH (dilution, 1:2000) on the membrane
and incubated 24 h at 4°C. Thereupon, the horseradish peroxidase
(HRP)-conjugated secondary antibody (dilution, 1:5000) was added
onto the membrane, then it was incubated for another 1 h. GAPDH
was adopted as the internal reference. Finally, an ECL detection Kit
was utilized to better visualize the bands. They were then observed
using Gel-Pro Analyzer 4.0 (Media Cybernetics, Silver Spring). All the
antibodies were from Abcam.

2.7 | qRT-PCR

A Total RNA Extraction Kit was utilized for the extraction of the total
RNA from the OS tumors and cells. The First-Strand cDNA Synthesis
Kit was subsequently used to produce cDNA. PCR was accomplished
under the Applied Biosystems (ABI) 7500 Real-Time PCR System
with the aid of a SYBR Green FAST Mastermix. Table 1 lists all the
primers used. The mRNA expressions of KLF3-AS1 and MEF2C were
normalized to GAPDH while miR-338-3p was to Ué. The gene ex-

AACt

pression was determined by applying the 2 approach.

2.8 | Cell viability assay

Saos-2 and SW1353 cells were inoculated into culture plates with
96-wells (5000 cells/well) and then cultivated for 24, 48, and 72h.
Following the incubation at the specified durations, CCK-8 solution

(10 pl) was pipetted into the wells before they were incubated for

TABLE 1 Primer sequences used for qRT-PCR analysis

Gene Primer sequence (5'-3')

Forward: 5'-CTGTAGGCGCGCTCTTTCTTT-3'
Reverse: 5-TCCGACCAAAGTTTGCCAAG-3'

RNA KLF3-AS1

miR-338-3p Forward: 5-TGCGGTCCAGCATCAGTGAT-3'
Reverse: 5'-CCAGTGCAGGGTCCGAGGT-3'
MEF2C Forward:

5'-GAACGTAACAGACAGGTGACAT-3'
Reverse: 5'-CGGCTCGTTGTACTCCGTG-3'
ué Forward: 5'-CTCGCTTCGGCAGCACA-3'
Reverse: 5'-AACGCTTCACGAATTTGCGT-3'
Forward: 5-~AGAAGGCTGGGGCTCATTTG-3'
Reverse: 5'-AGGGGCCATCCACAGTCTTC-3'

GAPDH

two more hours at 37°C. Cell viability was then determined using a

microplate reader with a 450 nm filter.

2.9 | Cell colony assay

SW1353 and Saos-2 cells (1000cells/well) were inoculated into 6-
well culture plates and cultivated at 37°C. The culture medium was
changed every 3days. Around 14 days later, the cells were rinsed,
fixed, stained, and maintained at 25°C. The number of cells was tal-
lied with the aid of an Olympus light microscope.

2.10 | Flow cytometry

Annexin V-FITC Apoptosis Detection Kit (Beyotime) was used for
flow cytometry. 1x10° SW1353 and Saos-2 cells after transfection
were collected and added 195 ul Annexin V-FITC binding buffer, 5 pl
Annexin V-FITC, and 10 pl PI. After incubation cells for 20 min with-
out light, the apoptosis rate was determined by flow cytometry (BD
FACSCalibur).

2.11 | Dualluciferase reporter assay

The KLF3-AS1 and MEF2C sequences containing miR-338-3p bind-
ing sites were combined to pGL3 vectors to construct KLF3-AS1-wild
type (WT), MEF2C-WT, KLF3-AS1-mutant (MUT), and MEF2C-MUT.
The constructed vectors were individually transfected with either a
miR-338-3p mimic or mimic-NC into the SW1353 and Saos-2 cells
using Lipofectamine 3000. Afterward, the relative luciferase ac-
tivities were estimated under a Dual-Glo Luciferase assay system

(Promega).

2.12 | RNA immunoprecipitation (RIP) assay
SW1353 and Saos-2 were treated in a RIP lysis buffer, conjugated to
magnetic beads, and then incubated with 1gG or anti-Ago2 (1:3000).
Subsequently, the proteins were digested using K buffer (150 pl). The
enrichment of the RNA was determined via qRT-PCR.

2.13 | Mouse xenograft model

The nude BALB/c mice were separated into groups of 5 mice ad libi-
tum: the sh-Inc and the sh-NC groups. Sh-NC and sh-Inc were each in-
tegrated first into lentivirus vectors prior their transfection into Saos-2
cells (1x 10° cells/100 ul). Afterward, the transfected cells were admin-
istered subcutaneously into the nude mice. The tumor volumes were
measured weekly. After 5weeks, 50mg/kg of pentobarbital sodium
was used to anesthetize the mice before they were euthanized. The
tumor xenografts were then collected and weighted.
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2.14 | Statistical analysis

Data analysis was done in SPSS Statistics V22.0, and the values were
indicated in the form of mean+SD. Student's t test was adopted to
gauge the differences between two groups. Meanwhile, one-way
ANOVA plus Tukey's post hoc test or two-way ANOVA with Sidak's
multiple comparisons test were applied for multiple groups. MiR-
338-3p's associations with KLF3-AS1 and MEF2C were ascertained
using Pearson's correlation coefficient. p <0.05 was counted as sta-

tistically significant.

3 | RESULTS

3.1 | Silencing KLF3-AS1 induces apoptosis and
represses the proliferation of OS cells in vitro and
reduces in vivo tumor growth

The expression of KLF3-AS1 in OS tissues was determined first. As
presented in Figure 1A, the expression levels of KLF3-AS1 were
higher among the tumors than in normal tissues. As expected, unlike in
hFOB 1.19 cells, we observed the overexpression of KLF3-AS1 among
SW1353, HOS, and Saos-2 cells (Figure 1B). Saos-2 and SW1353
cells were chosen for the succeeding experiments. As presented in
Figure 1C, KLF3-AS1 is predominantly distributed in the cytoplasmic
region, with an approximate cytoplasm/nucleus ratio of 70%/30%,
suggesting that KLF3-AS1 may exert post-transcriptional functions.
Thereafter, si-Inc/NC were introduced into the OS cells to study the
influences of KLF3-AS1 on their growth in vitro. As presented in
Figure 1D, KLF3-AS1 levels were decreased after si-Inc transfection, in-
dicating that the transfection experiments were successful. Afterward,
we explored the consequences of silencing KLF3-AS1 on the prolifera-
tive capacity of OS cells. We uncovered that knocking-down KLF3-AS1
greatly repressed the cells' viability (Figure 1E). Meanwhile, the num-
ber of OS clones was less in those transfected with si-Inc than in those
with si-NC (Figure 1F). Western blotting revealed that KLF3-AS1 si-
lencing remarkably elevated the protein leves of Bax and cleaved cas-
pase 3 but reduced Bcl-2 expression in OS cells (Figure 1G). The flow
cytometry proved that KLF3-AS1 silencing increased apoptosis rate
(Figure 1H). At last, the effect of KLF3-AS1 knockdown on solid tumor
was investigated. As displayed in Figure 2, the injection of SW1353
cells stably transfected with sh-Inc remarkably reduced the tumor
weight and tumor volume. This evidences that KLF3-AS1 knockdown
repressed the growth of tumors in vivo. These outcomes suggest that
KLF3-AS1 is a possible pathogenic IncRNA in OS and that its silencing
can impede the progression of OS.

3.2 | Identifying miR-338-3p as a KLF3-AS1 target

As illustrated in Figure 3A, a latent miR-338-3p and KLF3-AS1 bind-
ing site was identified using LncBase Predicted v.2 (http://carol
ina.imis.athena-innovation.gr/diana_tools/web/index.php?r=Incba

sev2/index-predicted). Luciferase reporter assays revealed lower
luciferase activities in the KLF3-AS1-WT/miR-338-3p mimic trans-
fected ones than in those with KLF3-AS1-WT/mimic-NC. As for
the KLF3-AS1-MUT/miR-338-3p mimic group, there had been no
significant alterations in luciferase activities (Figure 3B). To further
substantiate the binding, RIP assays were performed using Ago2 an-
tibody, indicating the preferential enrichment of KLF3-AS1 on the
Ago2-conjugated beads (Figure 3C). Lower levels of miR-338-3p
have been observed among OS tumors (Figure 3D) and cell lines
(Figure 3E) in comparison with the normal samples. Moreover, it was
revealed that the miR-338-3p and KLF3-AS1 levels in the OS sam-
ples had a significantly negative association (Figure 3F). The above
data show that KLF3-AS1 can target miR-338-3p, thus negatively

modulating miR-338-3p expression.

3.3 | MiR-338-3p inhibition attenuates the
repressive effects of KLF3-AS1 silencing on OS
cell growth

To further scrutinize the interaction of KLF3-AS1 with miR-338-3p
during the progression of OS in vitro, the miR-338-3p inhibitor was
introduced into the OS cells. MiR-338-3p expression was remark-
ably increased after silencing KLF3-AS1. Even so, this was revers-
ible by miR-338-3p inhibitor transfection (Figure 4A). Through
functional analyses, we uncovered that inhibiting miR-338-3p pro-
moted cell viability and increased the number of cells (Figure 4B,C).
Meanwhile, transfecting miR-338-3p inhibitor also reduced the pro-
tein levels of Bax and cleaved caspase 3 but elevated Bcl-2 protein
levels (Figure 4D). The apoptosis rate was reduced after the cells
with transfection of miR-338-3p inhibitor (Figure 4E). These findings
imply that miR-338-3p inhibition could stimulate proliferation and
repress apoptosis of OS cells. Interestingly, we further found that in-
hibiting miR-338-3p could invert the repressive effects of KLF3-AS1
silencing on proliferation and its stimulating effect on apoptosis in
OS cells (Figures 4B-E). These findings further verify that KLF3-AS1
directly targets miR-338-3p to affect OS progression.

3.4 | MiR-338-3p targets MEF2C

The binding site of MEF2C and miR-338-3p was determined via
starBase (https://starbase.sysu.edu.cn/) (Figure 5A) and further con-
firmed via luciferase reporter assay. The outcomes from the assay
evidenced that miR-338-3p mimic was capable of reducing the lu-
ciferase activities of the MEF2C-WT vectors in both SW1353 and
Saos-2 but had no impact on the luciferase activity of the MEF2C-
MUT vector (Figure 5B). Expression analysis revealed the overex-
pression of MEF2C in OS tumors and cell lines in contrast to the
controls (Figure 5C,D). Furthermore, miR-338-3p's expression in
OS tumors was discovered to be inversely associated with that of
MEF2C (Figure 5E). Our data support that miR-338-3p regulates
MEF2C and that MEF2C is a downstream gene of miR-338-3p.
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FIGURE 1 Silencing KLF3-AS1in OS
cells induces apoptosis and represses
proliferation in vitro and reduces in

vivo tumor growth. (A) Relative KLF3-
AS1 expression in tumors and normal
tissues was ascertained via qRT-PCR.
“p<0.001 vs. Normal. (B) Relative KLF3-
AS1 expression in hFOB 1.19 cells and
among the OS cell lines was determined
via gRT-PCR. “p<0.001 vs. hFOB 1.19
cells. (C) Relative KLF3-AS1 levels within
the nucleus and cytoplasm of Saos-2 and
SW1353 cells was determined through
the subcellular localization assay. (D)
Relative KLF3-AS1 levels in SW1353 and
Saos-2 after transfecting with si-KLF3-
AS1 (si-Inc) or si-NC were determined
via gRT-PCR. "p<0.001 vs. si-NC. (E)
The viability of SW1353 and Saos-2 cells
after transfecting with si-NC or si-Inc
was estimated via CCK-8 experiment.

”p <0.001 vs. si-NC. (F) The number

of cell colonies of SW1353 and Saos-2
after transfecting with si-Inc or si-NC
was assessed by colony formation assay.
“p<0.001 vs. si-NC. (G) Protein levels

of Bcl-2, cleaved caspase 3, and Bax

in SW1353 and Saos-2 cells after their
transfection with si-Inc or si-NC assessed

via western blotting. Hp<0.001 vs. si-NC.

(H) Apoptosis rate in SW1353 and Saos-2
cells after their transfection with si-Inc or
si-NC was identified by flow cytometry.
“p<0.001 vs. si-NC

3.5 |

Si-MEF2C was introduced into OS cells to look into the interaction
of MEF2C with miR-338-3p. As displayed in Figure 6A, MEF2C was

MiR-338-3p downregulation suppresses OS
cell growth in vitro via targeting MEF2C
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colonies and viability of

cells were reduced in contrast to that of

the si-NC group. Western blotting showed that after the MEF2C
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transfected with sh-KLF3-AS1 (sh-Inc) or sh-NC. n = 5 mice per group. “p<0.001 vs. sh-NC
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3p expression in SW1353 and Saos-2 cells after being transfected with si-Inc, si-NC, miR-338-3p inhibitor (inhibitor), inhibitor-NC, or
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determined by Western blotting. (E) Apoptosis rate in SW1353 and Saos-2 cells after their transfection with si-Inc, si-NC, inhibitor, inhibitor-
NC, or si-Inc+inhibitor was identified by flow cytometry. “p<0.05 and “p<0.001 vs. si-NC; **p<0.001 vs. inhibitor-NC; ®p <0.05 and

$3p <0.001 vs. si-Inc+inhibitor
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FIGURE 5 MiR-338-3p targets MEF2C.
(A) The miR-338-3p and MEF2C binding
site predicted using starBase. (B) The
luciferase activity in SW1353 and Saos-2
cells that had a combined transfection

of pGL3-MEF2C WT or pGL3-MEF2C
MUT plus either a miR-338-3p mimic

or a mimic-NC was measured via dual
luciferase reporter experiment. "p<0.001
vs. mimic-NC. (C) Relative MEF2C levels
in tumors and normal tissues as quantified
via qRT-PCR. “p<0.001 vs. Normal. (D)
Relative MEF2C levels in hFOB 1.19 cells
and among the OS cell lines as determined
via qRT-PCR. "p<0.001 vs. hFOB 1.19
cells. (E) Association of MEF2C and
miR-338-3p expressions in OS tissues

as indicated by Pearson's correlation
coefficient
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deletion in both SW1353 and Saos-2 cells, the protein levels of
Bax and cleaved caspase 3 increased, and that of Bcl-2 decreased
(Figure 6D). Flow cytometry identified that si-MEF2C led to the in-
crease in apoptosis rate (Figure 6E). Furthermore, we learned that
the deletion of MEF2C in OS cells partially eliminated miR-338-3p
inhibitor's stimulating effect on proliferation and suppressive effect
on apoptosis (Figure 6B-E). Our findings demonstrate that miR-338-
3p's interaction with MEF2C can regulate tumorigenesis in OS.

4 | DISCUSSION

OS is one of the most prevalent bone malignancies among juve-
niles.’® LncRNA KLF3-AS1 is abnormally expressed and serves
as an inhibitor in numerous human cancers, including ESCC?® and
GC.? In the current study, we demonstrated that, contrary to previ-
ous results, KLF3-AS1 was overexpressed in OS cells and tumors.
Therefore, we speculated that KLF3-AS1 may act as an oncogenic
factor in OS. Additionally, the action mechanism of KLF3-AS1 was
also uncovered, suggesting that silencing of KLF3-AS1 could repress
OS cell growth via miR-338-3p/MEF2C.

Relative expression of MEF2C

Accumulating evidence have confirmed that the overexpressed
IncRNAs can function as vital regulators in OS tumorigenesis.?”*8
For example, FLVCR1-AS1 repression can limit the proliferative and
invasive capacities of OS cells.'” PCAT6 interference decreases cell
viability and metastasis in 0s.18 However, in both ESCC and GC,
the metastasis and proliferation of cancer cells may significantly be
suppressed by KLF3-AS1 overexpression.®? Our results were oppo-
site to these previous works as they indicated that knocking-down
KLF3-AS1 did not only repress the in vitro cell proliferation, but it
also limited in vivo tumor xenograft growth. Interestingly, previous
studies have uncovered the inhibitory influence of KLF3-AS1 silenc-
ing on cell proliferation in osteoarthritis, a type of degenerative joint
disease that manifest as chondrocytes apoptosis.'”?® These data
further imply that KLF3-AS1 silencing may attenuate the develop-
ment of OS by controlling cancer cell proliferation.

Emerging studies have documented miR-338-3p's anti-tumor
role in a variety cancer, such as cervical,21 breast,22 and colorectal®®
cancers. On those previous reports, miR-338-3p downregulation
has been observed during cancer progression. Herein, a reduction
in miR-338-3p was observed in OS cells and tissues. Similarly, nu-

merous studies have discovered that miR-338-3p is downregulated

FIGURE 6 Downregulating miR-338-3p inhibits the growth of OS cells in vitro via targeting MEF2C. (A) MEF2C protein levels in Saos-2
and SW1353 cells after transfecting with si-MEF2C, si-NC, inhibitor, inhibitor-NC, or si-MEF2C +inhibitor were determined via western
blotting. (B) Viability of Saos-2 and SW1353 cells after transfecting with si-MEF2C, si-NC, inhibitor, inhibitor-NC, or si-MEF2C +inhibitor
was measured via the CCK-8 experiment. (C) The cell colonies of SW1353 and Saos-2 cells transfected with si-MEF2C, si-NC, inhibitor,
inhibitor-NC or si-MEF2C +inhibitor were evaluated via the colony formation assay. (D) Bax, cleaved caspase 3, and Bcl-2 protein levels in
SW1353 and Saos-2 cells after their transfection with si-MEF2C, si-NC, inhibitor, inhibitor-NC, or si-MEF2C+ inhibitor were determined
via Western blotting. (E) Apoptosis rate in in SW1353 and Saos-2 cells after their transfection with si-MEF2C, si-NC, inhibitor, inhibitor-NC,
or si-MEF2C+ inhibitor was identified by flow cytometry. 'p<0.001 vs. si-NC; *p<0.05 and **p <0.001 vs. inhibitor-NC; *p <0.05 and

%% <0.001 vs. si-MEF2C +inhibitor
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in OS tissues and that it inhibits the development of 0S.14?42> Our
findings evinced that miR-338-3p may be a beneficial miRNA in OS
tumorigenesis. Additionally, miR-338-3p has been confirmed to
be regulated by IncRNAs, such as IncRNA CASC15'® and IncRNA
LINC00707,2° to affect OS progression. Interestingly, miR-338-3p
was also determined as KLF3-AS1’s downstream target in the cur-
rent study. Hence, we speculated that KLF3-AS1 may also serve
as miR-338-3p's competing endogenous RNA to exert functions in
OS tumorigenesis. As expected, we further found that miR-338-3p
downregulation could invert KLF3-AS1 silencing's inhibitory ef-
fect on OS cell proliferation and stimulating effect on apoptosis.
Therefore, we conclude that silencing of KLF3-AS1 represses OS cell
growth via miR-338-3p regulation.

MEF2C, a member of MEF2 family, is generally characterized as
a transcription factor associated with myogenic differentiation.?’
Recently, the oncogenic role of MEF2C in cancers has been draw-
ing an increasing amount of attention. Agatheeswaran et al. found
that MEF2C is overexpressed in myeloid leukemia.?® Zhang et al.
observed an increased MEF2C in liver cancer, whereas its knock-
down inhibits cell growth and protects cancer cells against chemo-
resistance.?? Ni et al. demonstrated that silencing of MEF2C not
only represses endometrial carcinoma metastasis and proliferation
of cells in vitro but also hampers tumor xenograft growth in vivo.°
Herein, we also observed that MEF2C was overexpressed in OS cells
and tumors, suggesting that MEF2C may also be an underlying onco-
protein in OS progression. Furthermore, MEF2C was verified to be
miR-338-3p's direct target gene. Therefore, we further speculated
MEF2C may evoke a miR-338-3p-mediated occurrence and develop-
ment of OS. Unsurprisingly, loss of MEF2C partially diminished the
stimulating effect of miR-338-3p downregulation on the prolifera-
tion of OS cells. Collectively, we believe that silencing of KLF3-AS1
limited the proliferation of cells in OS via the miR-338-3p/MEF2C
axis.

Surely, there were limitations presented in this research. First,
the clinical sample size for this investigation was small, so a rela-
tively larger sample size should be considered in the future. Second,
the interaction of KLF3-AS1 with the miR-338-3p/MEF2C axis was
not demonstrated in animal models. Third, the detailed mechanisms
of KLF3-AS1/miR-338-3p/MEF2C axis-related pathways associated
with OS progression need further exploration.

5 | CONCLUSION

To sum up, KLF3-AS1 overexpression has been observed in OS cell
lines and tumors. Loss of KLF3-AS1 attenuates OS progression by
inhibiting cell growth through miR-338-3p/MEF2C axis. Our find-
ings have uncovered new mechanism under the OS pathogenesis

and contribute a prospective target for the treatment of OS.
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