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CircRNA-MSR Regulates LPS-Induced
C28/12 Chondrocyte Injury through
miR-643/MAP2Ké6 Signaling Pathway

Zhen Jia' and Qing-Jun Wei'

Abstract

Objective. Osteoarthritis (OA) is a degenerative joint disease characterized by deterioration of articular cartilage functions.
Previous studies have confirmed the role of circular RNAs (circRNAs) in OA, but the role of mechanical stress—related
circRNA (circRNA-MSR) in OA is unknown. Design. The human chondrocytes C28/12 were cultured and treated with
lipopolysaccharide (LPS) to establish the OA model. The mRNA and protein levels were measured by qRT-PCR or
Western blot. Cell viability was analyzed by MTT assay. Flow cytometry was carried out to detect cell apoptosis. The
levels of TNF-q, IL-1p, and IL-6 were determined by enzyme-linked immunosorbent assay (ELISA). Pull-down assay was
conducted to measure circRNA-MSR-related miRNA. Dual-luciferase reporter gene detection was performed to detect
the target relationships between miR-643 and circRNA-MSR or Mitogen-activated protein kinase kinase 6 (MAP2K®).
The RNA—fluorescence in situ hybridization (RNA-FISH) assay was conducted to verify the localization of circRNA-MSR
and miR-643. Results. The expressions of circRNA-MSR were upregulated in LPS stimulated C28/I2 cells. Knockdown of
circRNA-MSR can inhibit LPS-induced apoptosis, inflammatory response, and extracellular matrix (ECM) degradation, and
promote cell C28/12 cells proliferation. Moreover, circRNA-MSR directly targeted miR-643. RNA-FISH exhibited that
circRNA-MSR may act as a competing endogenous RNA (ceRNA) of miR-643. Over-expression of miR-643 could alleviate
LPS-induced C28/12 chondrocyte injury and promote cell proliferation. Besides, miR-643 directly bound to MAP2Ké
mRNA. MiR-643 inhibition or MAP2Ké overexpression can reverse the role of circRNA-MSR knockdown on LPS-treated
chondrocytes. Conclusion. circRNA-MSR can upregulate MAP2K6 by targeting miR-643, thereby inhibiting cell proliferation
and promoting apoptosis of C28/I2 cells.
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(TNF)-a., interleukin (IL)-1, and oncostatin M (OSM) to
stimulate cartilage degradation.’ Therefore, it has become
the focus of clinical research to find the regulation mecha-
nism of chondrocyte injury.

Circular RNAs (circRNAs) are newly found endogenous
noncoding RNAs, which develop covalent closed loops and
serve as miRNA sponges that regulate gene expression

Introduction

Osteoarthritis (OA) is a kind of degenerative disease that is
characterized by structural damage and functional failure
of articular cartilage. The etiology of OA is complex,
including inflammation, oxidative stress, cartilage degra-
dation, and so on.! The progression of OA presents irre-
versibility, mainly showing swelling, pain, stiffness, and
even limited movement of the joint, which greatly affects
people’s quality of life.> Chondrocytes are the only resident
cells in the extracellular matrix (ECM) and are essential to
maintain the dynamic balance between anabolism and
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catabolism in the ECM.>* The degree of chondrocyte apop-
tosis in OA patients is closely associated with the degrada-
tion of articular cartilage, and the incidence of chondrocyte
apoptosis is high in the severely degenerated cartilage
matrix.* The activation of macrophages and synovial lining
cells can lead to the release of inflammatory cytokines,
including inflammatory cytokines tumor necrosis factor
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through binding to targeted miRNAs and further affect
the pathophysiological process of multiple diseases,
such as atherosclerosis and nervous system disorders.®’
Chondrocyte ECM-related circRNA (circRNA-CER)
regulates the expression of matrix metalloproteinase 13
(MMP13) by serving as a competing endogenous RNA
(ceRNA) during OA, and participating in the degradation
process of chondrocyte ECM.”® As reported in previous
study, circRNA_Atp9b acts as a ceRNA that binds to miR-
138-5p and regulates OA progression by mediating ECM
catabolism and inflammation of chondrocytes.” The previ-
ous study identified that the expression of circRNA-MSR
increased in chondrocytes under mechanical stress.'
Moreover, circRNAs-MSR knockdown could inhibit the
expression of TNF-o and promote ECM formation.'”
However, there are few reports on the molecular mecha-
nism of circRNA-MSR on OA process, and it is of value for
further research.

MiRNAs are noncoding RNAs that are 17- to 25-nucle-
otide long. MiRNA can regulate genes expression by
directly binding to the 3’-untranslated region (3'-UTR) of
the target mRNAs. Interestingly, miR-643 was reported to
be involved in tumor and inflammatory disease.'’"'> A
study by Wang et al.'? has identified that miR-643 can act
as a tumor suppressor in osteosarcoma by directly target-
ing zinc finger E-box-binding homeobox 1 (ZEB1). Zhao
et al.'' showed that miR-643 can attenuate lipopolysac-
charide (LPS)-induced activation of nuclear factor-«B
(NF-xB) pathway and inflammatory factors secretion
by targeting tumor necrosis factor receptor-associated
factor 6 (TRAF6) during endometritis progression.
Based on Circular RNA Interactome prediction databases,
miR-643 is identified as a target of circRNA-MSR.
However, the interaction between circRNA-MSR and
miR-643 in chondrocytes as well as the underlying mecha-
nism is largely unknown.

Mitogen-activated protein kinase kinase 6 (MAP2K6)
is an upstream kinase of the p38/MAPK signal pathway,
which can be activated under the status of stress and
inflammation.'> MAP2K6 plays a key role in multiple
physiological and pathological processes, such as cell
cycle regulation, cell growth, development, division,
apoptosis, and inflammatory reactions.'> Previous study
has demonstrated that the expression of MAP2K6 is
upregulated in OA patients.'* Nevertheless, the role of
MAP2KG6 in the progression of OA remains unknown.

In this study, we have focused on a signaling cascade as
reported in the cartoon (see Supplemental Material) and
our data evidenced that circRNA-MSR can up-regulate
MAP2K6 expression by targeting miR-643, thereby
inhibiting chondrocyte proliferation and promoting cells
apoptosis. These data might expand our insight to under-
stand the molecular mechanism of circRNA-MSR in OA
progression.

Materials and Methods

Cell Culture and Treatment

The human chondrocytes C28/12 were purchased from the
American Type Culture Collection (Manassas, VA, USA)
and cultured in complete Roswell Parker Memorial Institute
(RPMI)-1640 medium (Gibco-BRL, USA) containing 10%
fetal bovine serum (FBS, Gibco-BRL) at 37 °C with 5%
CO,. LPS was utilized to stimulate C28/12 cells to establish
the model of OA in vitro." In this study, to construct the OA
model, cells were treated by 0, 1, 5, and 10 pg/mL LPS
(Sigma, USA), respectively for 12 hours.

Cell Transfection

The circRNA-MSR or MAP2K6 overexpressed vectors
(circRNA-MSR or MAP2K6) were generated by inserting
the corresponding full-length sequences into pcDNA3.1
vector (ThermoFisher Scientific, USA), with pcDNA3.1
empty vector (vector) as the negative control. The si-
circRNA-MSR, miR-643 mimic and miR-643 inhibitor,
as well as their corresponding negative controls (si-NC,
0e-NC, inhibitor NC) were designed and provided by
GenePharma (Shanghai, China). For cell transfection, C28/
12 cells were adjusted the density at 60% and inoculated on
6-well plate, then cell transfection was performed by
Lipofectamine 3000 reagent (Invitrogen, USA) for 48
hours according to the manufacturer’s instructions.

RNA Extraction and Quantitative RT-PCR

Total RNA in LPS-treated C28/12 cells was extracted using
Trizol reagent (Invitrogen, USA) as per the manufacturer’s
instructions. The OD value was measured to determine the
concentration and purity of RNA. Total RNA was reverse
transcribed into ¢cDNAs using the high-capacity cDNA
reverse transcription kit (Applied Biosystems, USA)
according to the protocols provided by the manufacturer.
Quantitative reverse transcription—polymerase chain reac-
tion (QRT-PCR) assay was conducted using the TagManTM
MicroRNA Assay Quantitative PCR Kit (4427975, Applied
Biosystems) and SYBR Green real-time PCR Master mix
(Toyobo, Japan) on ABI PRISM 7300 Sequence Detection
system (Applied Biosystems, CA, USA). GAPDH and U6
were used as the endogenous references. The specific
primer sequences used in this work were listed as follows:

circRNA-MSR (F): 5'-TCAAGTTCGCTGACAGGTCC-3'
circRNA-MSR (R): 5'-CGGCTCAGCTCTTCTCTAGC-3'
miR-643 (F): 5'-GCCCACTTGTATGCTAGCTC-3'
miR-643 (R): 5-GTGCAGGGTCCGAGGT-3'
MAP2KG6 (F): 5'-TCAATGCTCTCGGTCAAGTG-3'
MAP2K6 (R): 5'-GTGATGCCCAGACTCCAAAT-3’
GAPDH (F): 5'-CTGACTTCAACAGCGACACC-3'



Jia and Wei

787S

GAPDH (R): 5'-GTGGTCCAGGGGTCTTACTC-3'
U6 (F): 5'-CTCGCTTCGGCAGCACA-3’
U6 (R): 5'-AACGCTTCACGAATTTGCGT-3'

Total Protein Extraction and Western Blot Assay

C28/12 cells were lysed using the RIPA reagent (Beyotime,
China) and the protein levels were quantified by the BCA
protein assay kit (Bio-Rad Laboratories, USA). The equal
amount of total protein for each sample was separated by
sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidine fluoride
(PVDF) membranes (Invitrogen, USA). Then the proteins
were blocked with 5% skimmed milk diluted in Tris-
buffered saline (TBS) containing 0.1% of Tween 20 (TBST
buffer). The protein specific primary antibodies including
anti-MMP13 (1:2000 dilution, Abcam, UK), anti-aggrecan
(1:1000 dilution, Abcam, UK), anti-collagen II (1:3000
dilution, Abcam, UK), anti-Bax (1:1000 dilution, Cell
Signaling Technology, USA), anti-Bcl-2 (1:1000 dilution,
Cell Signaling Technology, USA), anti-cleaved-caspase-3
(1:500 dilution, Abcam, UK) and anti-GAPDH antibody
(1:1000 dilution, Bioss, China) were added and incubated
overnight at 4 °C. The secondary horseradish peroxidase
conjugated goat anti-rabbit IgG antibodies (1:5000 dilution,
Beyotime Biotechnology, China) were incubated for 1 hour
at room temperature. Subsequently, the membranes were
rinsed with the TBST buffer 3 times for 10 minutes, respec-
tively. The target proteins were visualized using enhanced
chemiluminescence reagent (Beyotime, China). The rela-
tive band density of each protein was analyzed using the
ImageJ software.

MTT Assay

Cell viability was measured by MTT assay using the MTT
kit (Sigma, USA) in line with the manufacturer’s protocol.
C28/12 cells were inoculated at 1 X 10* cells per well into a
96-well plate, and then treated by 0, 1, 5, and 10 pg/mL
LPS, respectively. The cells were received until reaching
80% confluence. 10 pL of MTT reagent (0.5 mg/mL) were
added to each well and incubated for 4 hours. Then 100 uL.
of dimethyl sulfoxide (DMSO; Sigma, USA) was added to
each well and the cells were incubated for 1 hour for disso-
lution. The absorbance at 490 nm was detected and ana-
lyzed using a microplate reader (Bio-Rad, USA). The cell
viability was determined by normalizing to the correspond-
ing control group.

Apoptosis Detection by Annexin V-FITC/Pl With
Flow Cytometry

Cell apoptosis of C28/12 cells was determined by flow
cytometry using annexin V-FITC/PI staining kit (Invitrogen,

USA). The C28/12 cells were trypsinized, rinsed with cold
phosphate buffered saline (PBS) buffer and stained with
annexin V-FITC/PI solution diluted in 1 X binding buffer.
Then flow cytometry detection was conducted using the
FACScan flow cytometer (Beckman Coulter, USA). The
cell apoptosis rate was analyzed by FlowJo software (ver-
sion 10, TreeStar, USA) and calculated by the percentage
of cells with annexin V-FITC-positive and PI-positive/
negative.

Detection of Inflammatory Factors by ELISA

(C28/12 cells were inoculated at 4 X 10* cells per well into
a 24-well plate, and then treated by 5 pg/mL LPS. The
supernatant of C28/12 cells was collected and centrifuged
at 2000 X g for 20 minutes at 4 °C. After dilution, the
levels of TNF-a, IL-1f, and IL-6 in cell supernatant were
quantitatively detected using the specific ELISA Kkits
(ThermoFisher Scientific, USA) following the instru-
ment. The optical density (OD) value at 450 nm was
recorded by Flexstation 3 microplate reader (Molecular
Devices, USA). The standard curve was created and ana-
lyzed by CurveExpert 1.3 software (Cabit Information
Technology, China) program and normalized to cell pro-
tein concentrations.

Pull-Down Assay

The pull-down assay was performed to determine circRNA-
MSR-associated miR-643 through specific biotin-labeled
circRNA-MSR probe. A total of 1 X 107 C28/12 cells were
harvested, lysed, and sonicated. The circRNA-MSR probe
was incubated with C-1 magnetic beads (Life Technologies,
USA) for 2 hours at 25 °C. Cell lysate was incubated with
circRNA-MSR probe or oligo probe overnight at 4 °C.
After rinsing with washing buffer, the RNA mixture was
eluted and extracted with RNeasy Mini Kit (Qiagen,
Germany) for qRT-PCR assay.

Dual-Luciferase Reporter Gene Detection

The fragment of wide-type (WT-circRNA-MSR) or mutant-
type (MUT-circRNA-MSR) CircRNA-MSR involving the
possible binding site of miR-643 was cloned and inserted
into pMIR-REPORT plasmid (Obio Technology, China).
Meanwhile, wild-type or mutant MAP2K6 fragment was
constructed and inserted downstream of the luciferase
reporter gene of the pMIR-REPORT plasmid. C28/12
cells were co-transfected with miR-643 mimics and the
luciferase reporter plasmid using Lipofectamine 3000
(Invitrogen, USA). After 48 hours of transfection, the
relative ratio of Rluc/Luc was analyzed using the Dual-
Luciferase reporter system (Promega, USA) as per the
instructions.
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RNA-FISH Assay

The RNA—fluorescence in situ hybridization (RNA-FISH)
assay was conducted to verify the localization of circRNA-
MSR and miR-643 in C28/12 cells in accordance with the
manufacturer’s protocol (Sino Biological Inc., China).
After the fixed slides were dehydrated, the probes point to
circRNA-MSR and miR-643 were added to the slides and
pre-denatured at 78 °C for 5 minutes. Subsequently, hybrid-
ization was performed overnight at 42 °C. Cell nucleus was
counterstained with 4,6-diamidino-2-phenylindole (DAPI,
Sigma, USA). Images were tested with the Zeiss LSM 700
Meta confocal microscope (Jena, Germany).

Statistical Analysis

All the tests in this study were repeated at least 3 times with
similar results. The measurement data were represented by
means * standard deviations (SD). The pairwise compari-
son was conducted by using student ¢ test. The results of the
Student 7 test are shown in the Figure 3C and D. For multi-
group comparison, nonparametric analysis of variance
Friedman test was applied for paired data to firstly compare
multiple groups and then the Dunn’s post hoc test was used
to find pairwise differences among 2 groups. P < 0.05 rep-
resented the difference was statistically significant.

Results

The Expression of circRNA-MSR Is Upregulated
in C28/12 Cells With LPS Treatment

The cell viability of C28/12 cells was determined by MTT
assay. As shown in Figure 1A, the relative cell viability of
C28/12 cells after LPS treatment was remarkably decreased,
and in a dose-dependent manner. Flow cytometry was used
to quantify LPS-induced cell apoptosis, and the results
showed that cell apoptosis was increased following expo-
sure to LPS with dose-dependence (Fig. 1B). qRT-PCR
assay showed that the expression levels of circRNA-MSR
in LPS stimulated C28/12 cells were upregulated and was
dose-dependent (Fig. 1C).

Knockdown of circRNA-MSR Can Inhibit
LPS-Induced Cell Apoptosis and Promote
Proliferation of C28/12 Cells

To explore the effect of circRNA-MSR on LPS-induced cell
apoptosis, C28/12 cells were transfected with siRNAs target-
ing circRNA-MSR (si-circRNA-MSR), and the correlative
tests were carried out. As shown in Figure 2A, qRT-PCR
results indicated that the level of circRNA-MSR was upreg-
ulated in C28/I2 cells induced by LPS and significantly
decreased after circRNA-MSR knockdown. Subsequently,
MTT assay indicated that the cell activity of LPS-induced

C28/12 cells was remarkably decreased, while that was
increased after circRNA-MSR knockdown (Fig. 2B).
Moreover, the apoptosis rate of C28/12 cells induced by LPS
was dramatically increased while it is decreased after knock-
down of circRNA-MSR (Fig. 2C). Besides, it was found that
cellular inflammatory cytokines TNF-a., IL-1p, and IL-6 lev-
els were increased in LPS-induced C28/12 cells and remark-
ably decreased after circRNA-MSR knockdown (Fig. 2D).
The protein expressions of pro-apoptotic factors Bax and
cleaved-caspase 3, anti-apoptotic factor Bcl-2, ECM degra-
dation markers aggrecan, collagen II, and MMP13 were
detected by Western blot assay. As shown in Figure 2E, Bax,
cleaved-caspase-3, and MMP13 expression increased and the
expression of Bcl-2, aggrecan, and collagen II decreased in
C28/12 cells after LPS stimulation, while knockdown of cir-
cRNA-MSR decreased the expression level of Bax, cleaved-
caspase 3, and MMP13 and promoted the expression of
Bcl-2, aggrecan, and collagen II. These results indicated that
knockdown of circRNA-MSR could alleviate cell apoptosis
and ECM degradation caused by LPS.

miR-643 Is the Molecular Target of circRNA-
MSR

To further analyze the mechanism of circRNA-MSR on
LPS-induced C28/12 cell apoptosis, its downstream target
genes were investigated. As shown in Figure 3A, LPS
treatment of C28/I2 cells could reduce the level of miR-
643 in a dose-dependent manner. In addition, knockdown
of circRNA-MSR could resist the inhibition of LPS on
miR-643. Meanwhile, overexpression of circRNA-MSR
could reduce the expression of miR-643, while knock-
down of circRNA-MSR could elevate the level of miR-
643 (Fig. 3B). Pull-down assay was conducted to measure
circRNA-MSR-related miRNA through a specific biotin-
labeled circRNA-MSR probe. As shown in Figure 3C,
miR-643 could be enriched on the biotin-labeled circRNA-
MSR probe in C28/12 cells. Dual-luciferase reporter gene
assay indicated that fluorescence intensity of the group
co-transfected with WT-circRNA-MSR and miR-643
mimic was reduced compared with that of the group co-
transfected with WT-circRNA-MSR and mimic NC, and
the fluorescence intensity of MUT-circRNA-MSR group
was basically unchanged (Fig. 3D). Furthermore, RNA-
FISH assay was performed in C28/12 cells to measure the
immune-localization, and the results showed that circRNA-
MSR and miR-643 co-localized in cytoplasm (Fig. 3E).

Overexpression of miR-643 Inhibits LPS-Induced
C28/12 Chondrocytes Apoptosis and Promotes
Cell Proliferation

To confirm the role of miR-643, C28/I2 cells were trans-
fected with miR-643 mimic and stimulated by LPS. The
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Figure |. CircRNA-MSR level was increased in C28/I2 cells with lipopolysaccharide (LPS) stimulation. (A) Cell viability of

C28/12 cells after LPS induction was measured by MTT assay. (B) Cell apoptosis of C28/12 cells induced by LPS was determined

by flow cytometry. (C) The expression of circRNA-MSR in C28/12 cells with LPS treatment was measured by quantitative reverse
transcription—polymerase chain reaction (QRT-PCR) assay. The measurement data were expressed in term of mean * standard
deviation. *P < 0.05, **P < 0.01. All the above assays were executed for three times. Multiple comparisons were using nonparametric

analysis of variance.

results of qRT-PCR assay showed that miR-643 levels
decreased in C28/12 cells after LPS induction and increased
after miR-643 overexpression (Fig. 4A). As shown in
Figure 4B, cell viability was dramatically decreased in
C28/12 cells with LPS treatment, while miR-643 mimic
transfection could alleviate LPS-induced decrease of cell
viability. Moreover, the apoptosis of C28/12 cells induced
by LPS was remarkably increased while it is decreased after
overexpression of miR-643 (Fig. 4C). Cellular inflamma-
tory cytokines (TNF-o, IL-13, and IL-6) levels were
detected. The results showed that TNF-a, IL-1f3, and IL-6
levels in LPS-induced C28/12 cells was obviously increased,
and that in C28/12 cells with miR-643 mimic transfection
was decreased significantly (Fig. 4D). Besides, it was found
that LPS stimulation resulted in increased the expression of
Bax, cleaved caspase-3, and MMPI13 and decreased the
expression of Bcl-2, aggrecan, and collagen II in C28/12
cells, while overexpression of miR-643 could reduce the
expression levels of Bax, cleaved caspase-3, and MMP13,
and promote expression of Bel-2, aggrecan, and Collagen 11
(Fig. 4E). The results indicated that overexpression of miR-
643 could alleviate the apoptosis and ECM degradation
caused by LPS.

miR-643 Can Target MAP2K6 and Inhibit Its
Expression

To further explore the mechanism of miR-643 on LPS-
induced C28/12 cell injury, its downstream target genes

were investigated. As shown in Figure 5A and B, LPS
treatment could increase MAP2K6 mRNA and protein
level in C28/12 cells and showed a dose-dependent trend.
Overexpression of miR-643 alleviates the increased
MAP2K6 mRNA and protein expression induced by LPS
stimulation (Fig. SC and D). Furthermore, dual-luciferase
reporter gene experiments showed that compared with the
group co-transfected with mimic NC and WT-MAP2KG6,
the fluorescence intensity of WT-MAP2K6 and miR-643
mimic co-transfection group decreased markedly, while
the fluorescence intensity of the MUT-MAP2K6 group
was basically unchanged (Fig. SE). Collectively, it was
suggested that miR-643 can directly target MAP2K6 and
inhibit its expression.

circRNA-MSR Inhibited Proliferation and
Promoted Apoptosis of C28/12 Cells through
miR-643/MAP2Ké Signaling Pathway

As shown in Figure 6A, compared with the control group,
miR-643 level was decreased and MAP2K6 mRNA level
was increased in the LPS-treated group. Compared with
LPS treatment group, miR-643 level was upregulated and
MAP2K6 mRNA level was downregulated in C28/12 cells
with circRNA-MSR knockdown. Moreover, compared with
the LPS + si-circRNA-MSR + inhibitor NC group, the
miR-643 level in the LPS + si-circRNA-MSR + miR-643
inhibitor group decreased markedly, while the MAP2K6
mRNA level increased obviously. Transfection of MAP2K6
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Figure 2. CircRNA-MSR knockdown suppressed lipopolysaccharide (LPS)-induced apoptosis of C28/I2 cells and enhanced cell
viability. (A) The expression of circRNA-MSR in C28/12 cells was measured by quantitative reverse transcription—polymerase chain
reaction (QRT-PCR) assay. (B) Cell viability of C28/I2 cells was measured by MTT assay. (C) Cell apoptosis of C28/I2 cells was
determined by flow cytometry. (D) The tumor necrosis factor-o. (TNF-a), interleukin (IL)-1f3, and IL-6 levels were detected by
enzyme-linked immunosorbent assay (ELISA). (E) The expression levels of Bax, cleaved-caspase-3, matrix metalloproteinase- |3
(MMP13), Bcl-2, aggrecan, and Collagen Il were measured by Western blot in C28/12 cells. The measurement data were represented
by mean = standard deviation. *P < 0.05, **P < 0.01, ***P < 0.001. All the above assay were executed independently 3 times.
Multiple comparisons were using nonparametric analysis of variance.

overexpression vector can increase MAP2K6 mRNA level
but has no effect on miR-643 level. The results of MTT and
flow cytometry assay indicated that compared with the

control group, LPS treatment group showed decreased cell
viability and increased apoptosis, while compared with the
LPS-treated group, the cell viability was elevated, and
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Figure 3. MiR-643 is proved to be the molecular target of circRNA-MSR. (A, B) The expression of miR-643 in C28/12 cells was
measured by quantitative reverse transcription—polymerase chain reaction (QRT-PCR) assay. (C) Pull-down assay was conducted to
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apoptosis was reduced after circRNA-MSR knockdown
(Fig. 6B and C). Besides, Inhibition of miR-643 or overex-
pression of MAP2K6 can resist the effect of circRNA-MSR
knockdown on LPS-treated C28/12 cells, resulting in
decreased cell viability and increased apoptosis of C28/12
cells. These results suggested that circRNA-MSR inhibits
proliferation and promotes apoptosis of C28/12 cells via
miR-643/MAP2K6 pathway. The results of ELISA showed
that compared with the control group, the secretion of
inflammatory cytokines (IL-1p, IL-6, TNF-a) increased in
the LPS-treated group, while the secretion of IL-1f3, IL-6,
and TNF-a was decreased after knockdown of circRNA-
MSR compared with the LPS-treated group (Fig. 6D).
Meanwhile, inhibition of miR-643 or overexpression of
MAP2KG6 resists the effect of circRNA-MSR knockdown
and increased the secretion of inflammatory factors
(Fig. 6D). In addition, compared with the control group, the
expressions of MAP2K6 and MMP13 protein in the LPS
treatment group were increased, while the expressions of
aggrecan and collagen II were decreased (Fig. 6E). After
transfection with si-circRNA-MSR, the expressions of
MAP2K6 and MMP13 were reduced, and aggrecan and col-
lagen II expressions were enhanced. Inhibition of miR-643

or overexpression of MAP2K6 can resist the effect of cir-
cRNA-MSR knockdown (Fig. 6E). The above data impli-
cated that circRNA-MSR promotes inflammatory factors
secretion of chondrocytes and ECM degradation through
miR-643/MAP2K6 pathway.

Discussion

OA has been shown to be a kind of degenerative disease
which is characterized by deterioration of articular cartilage
functions and osteophyte formation.'® It was reported that
circRNA-MSR (hsa_circ_0005567) was increased in carti-
lage tissue of OA patients.! Knockdown of circRNA-MSR
inhibits inflammatory cytokine TNF-o expression and pro-
motes the degradation of ECM.! However, there are few
reports on the molecular mechanism of circRNA-MSR
regulating OA process, so it is of great value for further
research. Human normal chondrocytes C28/12 cells stimu-
lated by LPS were served as the model of OA." It was
proved here that the expression levels of circRNA-MSR in
LPS stimulated C28/12 cells were upregulated and was
dose-dependent, indicating that circRNA-MSR was likely
to be involved in the disease progression of OA. Knockdown
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Figure 4. Overexpression of miR-643 alleviates chondrocyte injury caused by lipopolysaccharide (LPS). (A) The expression of miR-
643 in C28/12 cells was measured by quantitative reverse transcription—polymerase chain reaction (QRT-PCR) assay. (B) Cell viability
of C28/12 cells was measured by MTT assay. (C) Cell apoptosis of C28/I2 cells was determined by flow cytometry. (D) The tumor
necrosis factor-o. (TNF-av), interleukin (IL)-1f, and IL-6 levels were detected by enzyme-linked immunosorbent assay (ELISA). (E) The
protein expressions of Bax, cleaved-caspase-3, matrix metalloproteinase-13 (MMPI3), Bcl-2, aggrecan, and collagen |l were measured
by Western blot in C28/12 cells. The measurement data were represented by mean * standard deviation. *P < 0.05, **P < 0.0,

*#kP < 0.001. All the above assays were executed independently 3 times. Multiple comparisons were using nonparametric analysis of
variance.

of circRNA-MSR can inhibit LPS-induced apoptosis, circRNAs has been proved to modulate gene expression
inflammatory cytokine secretion and ECM degradation, at the transcriptional level or post-transcriptional level.!” In
and promote proliferation of C28/12 cells. These results elu-  this study, it was found that circRNA-MSR was co-located
cidate that circRNA-MSR plays a vital role in the process of ~ with miR-643 in the cytoplasm, suggesting that circRNA-
OA and may be a target of OA treatment. MSR might function as a miRNA sponge. The Circular
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RNA Interactome prediction website indicated that cir-
cRNA-MSR could target miR-643. Pull-down assay and
dual-luciferase reporter gene detection conducted here vali-
dated the interacting relationship between miR-643 and cir-
cRNA-MSR. All these results suggest that circRNA-MSR
directly target miR-643 by acting as a sponge, and miR-643
may also play a regulatory role in OA progression.

Up to now, more and more miRNAs have been found to
have potential implications of cartilage homeostasis and
OA progression.'® For example, miR-145 negatively regu-
late TNF-a-modulated signaling cascade and induction of
cartilage matrix degradation in OA process by restraining
the MKK4-JNK/p38-c-Jun/ATF2 axis.!” miR-146a could
promote cell proliferation and suppress apoptosis of chon-
drocytes in OA through directly targeting TRAF6 to repress
its expression and inhibiting the activation of NF-«xB signal
axis.?” As demonstrated by Zhao et al.,'' miR-643 can inhibit
endometritis caused by LPS by targeting TRAF6. Besides,
the downregulation of TRAF6 inhibits IL-1B-induced

chondrocyte apoptosis.?! Therefore, it is speculated that
miR-643 may alleviate the OA process. Here, our findings
first imply that miR-643 exhibited anti-inflammatory and
anti-apoptotic effects on C28/12 cells with LPS treatment.
In mechanism, we demonstrated that miR-643 could
directly target MAP2K6. While it has been proved that
stress and inflammation can induce MAP2K6 activation.??
Tang et al?®* demonstrated that circ 016719 mediated the
expression of MAP2K6 markedly contributed to neuron
cell apoptosis induced by ischemia/reperfusion. Based on
these studies, we speculated that MAP2K 6 may play a regu-
latory role by participating in the proliferation and apopto-
sis of chondrocytes during OA process. As demonstrated in
this study, miR-643 could directly target MAP2K6, and
inhibition of miR-643 or overexpression of MAP2K6 can
resist the effects of circRNA-MSR knockdown on LPS-
treated C28/12 cells. In the current work, it was showed that
circRNA-MSR could upregulate the expression of MAP2K6
by targeting miR-643, thereby inhibiting chondrocyte
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proliferation and promoting apoptosis, inflammatory fac-
tors secretion, and ECM degradation.

Taken together, our study demonstrated that circRNA-
MSR expression level was increased in LPS stimulated C28/
12 cells. CircRNA-MSR down-regulation alleviated LPS
induced C28/12 cells apoptosis, inflammatory factors secre-
tion and extracellular matrix degradation and promoted cell
proliferation. Mechanically, circRNA-MSR might act as a
sponge for miR-643 to regulate MAP2K6 signaling path-
way, which provided a novel target for the cascades in LPS-
induced chondrocyte injury. These findings suggested that
circRNA-MSR/miR-643/MAP2K6 axis could be used as
diagnostic biomarkers in OA treatment. However, chondro-
cyte injury is one of the factors that contribute to OA. Thus,
the regulatory mechanism of circRNA-MSR in synovium
tissue or other cell types in OA still need exploration.
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