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Silencing of circ-PRKCH protects against lipopolysaccharide
(LPS)-evoked chondrocyte damage and extracellular matrix loss

by the miR-140-3p/ADAMI10 axis
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Abstract. Circular RNAs (circRNAs) have been implicated in the pathology of osteoarthritis (OA). Nev-
ertheless, the precise actions of circRNA protein kinase C eta (circ-PRKCH, hsa_circ_0032131) on OA
pathogenesis are still undiscovered. Cell viability and apoptosis were determined using Cell Counting-8
Kit (CCK-8) assay and flow cytometry, respectively. The levels of circ-PRKCH, microRNA (miR)-140-
3p and a-disintegrin and metallopeptidase domain 10 (ADAM10) mRNA were tested by quantitative
real-time polymerase chain reaction (QRT-PCR) and Western blot. Targeted interplays among circ-
PRKCH, miR-140-3p and ADAMI10 were verified by dual-luciferase reporter assay. circ-PRKCH was
up-regulated in OA tissues and lipopolysaccharide (LPS)-evoked C-28/12 cells. circ-PRKCH knockdown
alleviated LPS-evoked cell injury and extracellular matrix (ECM) loss in C-28/12 cells. Mechanistically,
circ-PRKCH acted as a miR-140-3p sponge. Moreover, the silencing of circ-PRKCH exerted a protective
role in LPS-evoked C-28/12 cells by up-regulating miR-140-3p. ADAM10 was a direct target of miR-
140-3p, and miR-140-3p overexpression mitigated LPS-evoked C-28/12 cell injury and ECM loss by
down-regulating ADAM10. Furthermore, circ-PRKCH mediated ADAMI10 expression via sponging
miR-140-3p in C-28/12 cells. Our present study suggested that circ-PRKCH silencing alleviated LPS-

evoked chondrocyte injury and ECM loss partially through the miR-140-3p/ADAMI0 axis.
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Introduction

Osteoarthritis (OA), the most prevalent joint disorder, affects
the health in the elderly population worldwide (Martel-
Pelletier et al. 2016). OA is mainly caused by extravagant
chondrocyte death and extracellular matrix (ECM) loss in
articular cartilage (Charlier et al. 2019). Despite developed
primary care and surgery, effective treatments remain in-
sufficient (Oo et al. 2018). A better understanding for the
mechanisms of the occurrence and progression of OA will
help to make a breakthrough in OA innovative therapies.
Circular RNAs (circRNAs) are a novel class of noncoding
RNAs with backsplice junction via covalently linked 3’-5’
ends, which serve as key players in normal development and
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disease (Patop et al. 2019). Recent studies also highlight that
some circRNAs directly interact with microRNAs (miRNAs)
through sequestration (Verduci et al. 2019), and numerous
circRNAs implicate in the occurrence and progression of OA
(Zhou et al. 2018; Xiao et al. 2019). Zhou et al. (2019b) uncov-
ered that circRNA.33186 was overexpressed in the OA animal
and cell model, and the depletion of circRNA.33186 restrained
OA progression via mediating matrix metalloproteinase-13
(MMP-13) expression by sponging miR-127-5p. Liu et al.
(2016) underscored that circRNA related to the chondrocyte
ECM (circRNA-CER) accelerated chondrocyte inflammation,
and its down-regulation promoted ECM formation through
targeting the miR-136/MMP13 axis. Shen and colleagues
demonstrated that circRNA serpin family E member 2 (circ-
SERPINE2) level was reduced in the OA cartilage tissues, and
the elevated circSERPINE2 expression weakened chondrocyte
apoptosis and enhanced ECM formation by the regulation
of the miR-1271-5p/E26 transformation-specific-related
gene (ERG) axis (Shen et al. 2019). As for circRNA protein
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kinase C eta (circ-PRKCH, hsa_circ_0032131), derived from
PRKCH gene which is associated with OA pathogenesis
(Wang et al. 2015), it was discovered to be up-regulated in
the peripheral blood of patients with OA (Wang et al. 2019).
Nevertheless, the function and mechanism of circ-PRKCH
on OA pathogenesis are still undiscovered.

miRNAs have been widely recognized to be relevant to
OA pathology (Malemud 2018). miR-140-3p was reported
to be the most significantly up-regulated miRNA in healthy
cartilage (Karlsen et al. 2014). Earlier researches had uncov-
ered that miR-140-3p expression was strongly decreased in
OA and was negatively associated with OA severity (Ntou-
mou etal. 2017; Yin et al. 2017). Moreover, the up-regulation
of miR-140-3p played a protective role in OA aggravation
(Al-Modawi et al. 2019). When we used several compu-
tational methods to help identify the mechanism of circ-
PRKCH in OA pathogenesis, we found two complementary
sites among circ-PRKCH, miR-140-3p and a-disintegrin and
metallopeptidase domain 10 (ADAM10), which prompted
us to inspect the miR-140-3p/ADAM10 axis as a molecular
mediator of circ-PRKCH in OA progression.

In the current project, we initially constructed an in vitro
model of OA by lipopolysaccharide (LPS)-evoked chon-
drocytes. Subsequently, we investigated the function and
mechanism of circ-PRKCH on LPS-evoked chondrocyte
injury and ECM loss.

Materials and Methods

Tissue samples

All procedures were approved by the Ethics Committee of
Weifang People’s Hospital. 30 OA cartilage samples were
collected from the tissues excised during knee replacement
surgery from OA patients (range = 46-72 years, mean age
= 62.5 years) at Weifang People’s Hospital. Thirty healthy
knee cartilage samples were taken from volunteers (range
= 40-76 years, mean age = 59.7 years, no known history of
OA or rheumatoid arthritis) who underwent an amputation
due to an accidental injury. The fresh tissue samples were
stored at —80°C in RNAlater stabilization solution (Invitro-
gen, Merelbeke, Belgium). Written informed consent was
provided by all subjects.

Cell culture and treatment

C-28/12 (Bnbio, Beijing, China), an immortalized chon-
drocyte cell line, was used in the current project. Cells were
cultured at 37°C and 5% CO, using Dulbecco’s Modified
Eagle’s Medium/Ham’s F-12 medium (1:1, DMEM/F-12,
Invitrogen) and 10% fetal bovine serum (FBS, Mediatech,
HongKong, China). To construct an in vitro model of OA,

C-28/12 cells in 24-well plates were allowed to reach about
70% confluence, followed by the stimulation with LPS
(Sigma-Aldrich, Toyko, Japan) at final concentrations of 1,
5and 10 pg/ml for 24 h.

Cell transfection

siRNA against circ-PRKCH (si-circ-PRKCH, 5’-GGGATC-
CTAAAATCTAGATCT-3’) and nontarget siRNA (si-NC,
5-UUCUCCGAACGUGUCACGUTT-3’), the commercial
miR-140-3p mimic (5-GGCACCAAGAUGGGACAC-
CAU-3") and mimic negative control (miR-NC mimic,
5-UUCUCCGAACGUGUCACGUTT-3’), the synthetic in-
hibitor of miR-140-3p (anti-miR-140-3p, 5-AUGGUGUCC-
CAUCUUGGUGCC-3’) and corresponding negative control
(anti-miR-NC, 5-CAGUACUUUUGUGUAGUACAA-3’),
pcDNA-based circ-PRKCH and ADAMI10 overexpression
plasmids (circ-PRKCH and ADAM10) and nontarget plas-
mid (pcDNA) were procured from GenePharma (Shanghai,
China). The available transfection reagent Lipofectamine
3000 (Invitrogen) was utilized for various transfections of the
indicated oligonucleotide (20 nM) and/or plasmid (100 ng)
as recommended by the manufacturers. Detection of trans-
fection efficiency was conducted 24 h post-transfection by
quantitative real-time polymerase chain reaction (QRT-PCR).

Measurement of cell viability and apoptosis

C-28/12 cells were subjected to LPS treatment as described
above or various transfections followed by 5 pg/ml of LPS
challenge for 24 h. Cell viability was tested using a colori-
metric Cell Counting-8 Kit (CCK-8, Yesen, Shanghai, China)
based on the recommendation of producers. The number
of viable cells was proportional to the 450 nM absorbance
detecting by a microplate reader (Viktor X3, Perkin Elmer,
Turku, Finland). Cell apoptosis assessment was carried out
by flow cytometry using the Invitrogen Annexin V-FITC/
propidium iodide (PI) Kit as recommended by the manu-
facturers. A total of ~10,000 events per sample was used for
the analysis of the apoptotic rate by a flow cytometer (BD
Biosciences, Erembodegem, Belgium).

Enzyme-linked immunosorbent assay (ELISA)

The levels of interleukin-8 (IL-8), tumor necrosis factor-a
(TNF-a) and IL-1p in the cell supernatant were determined
using ELISA assay kits (Invitrogen) based on the manufac-
turer’s suggestion.

Western blot

The cartilage samples and C-28/12 cells were solubilized in
RIPA buffer (Beyotime, Shanghai, China) and Western blot
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analyses were implemented after SDS polyacrylamide gel
electrophoresis as previously reported (Xie et al. 2020). The
primary antibodies used for immunoblotting were anti-type
IT collagen (anti-Col2A1, sc-52658; dilution 1:500), anti-Ag-
grecan (sc-33695; dilution 1:1000), anti-B cell lymphoma 2
(anti-Bcl-2, sc-7382; dilution 1:500), anti-ki-67 (sc-23900;
dilution 1:1000), anti-ADAMI10 (sc-48400; dilution 1:500)
and a loading buffer anti-glyceraldehyde-3-phosphate
dehydrogenase (anti-GAPDH, sc-47724; dilution 1:1000);
all from Santa Cruz Biotechnology, Santa Cruz, CA, USA.
Horseradish peroxidase conjugated anti-IgG (sc-2748;
dilution 1:1000; Santa Cruz Biotechnology) was used as
secondary antibody. The signals were developed using the
Chemiluminescent Kit (Beyotime) as recommended by
manufacturers.

gRT-PCR

Total RNA from cartilage samples and C-28/12 cells was
extracted by homogenization in TRIzol reagent (Invitrogen)
and was quantified by a Bioanalyzer (Bio-Rad, Glattbrugg,
Switzerland) at 260 nm. For circ-PRKCH and ADAM10
mRNA quantification, cDNA was generated using the Bio-
Rad iScript Kit and qRT-PCR was performed using Bio-Rad
SYBR Green Supermix as recommended by the manufac-
turers. The TagMan MicroRNA Reverse Transcription Kit
and TaqgMan universal master mix (Applied Biosystems,
Courtaboeuf, France) were used for miR-140-3p quantifi-
cation. Analysis was conducted using the 2722t approach
(Rivetti di Val Cervo et al. 2012) with B-actin or U6 as an
internal reference gene. The PCR primers for circ-PRKCH,
miR-140-3p and ADAM10 mRNA were listed in Table 1.

Bioinformatics and dual-luciferase reporter assay

The potentially interacted miRNAs of circ-PRKCH were
predicted using the online CircInteractome database
(https://circinteractome.nia.nih.gov/index.html). The puta-

Table 1. Primers for PCR

tive targets of miR-140-3p were searched by the starbase v.3
software (http://starbase.sysu.edu.cn/). The wild-type circ-
PRKCH reporter construct (WT-circ-PRKCH) harboring
the target sequence of miR-140-3p and the mutant-type
circ-PRKCH construct (MUT-circ-PRKCH, from CU-
GUGGU to GACACCA), and ADAM10 3'UTR reporter
construct (WT-ADAM10 3’UTR) and the mutation of the
target region (MUT-ADAM10 3’ UTR, from CCUGUGGU
to GGACACCA) were produced by Uptbio (Changsha,
China). The four reporter constructs (100 ng) were indi-
vidually transiently introduced into C-28/12 cells, together
with 20 nM of miR-140-3p mimic or miR-NC mimic. The
cells were lysed 24 h post-transfection and then analyzed for
luciferase activity using the dual luciferase assay (Promega,
Southampton, UK) based on the manufacturer’s directions.

Statistical analysis

Each treatment was carried out at least three biological and
technical replications, and data were reported as mean +
standard error of the mean. The differences between the dif-
ferent groups were compared using a Student’s t-test or one-
way analysis of variance (ANOVA) followed by the Tukey’s
multiple comparison test. The Spearman test was used for
the determination of correlation among circ-PRKCH, miR-
140-3p and ADAM10 in OA samples. Statistical significance
was defined at p < 0.05.

Results

LPS induced cell injury and ECM loss of C-28/12 cells

To construct an in vitro model of OA, C-28/12 cells were
treated with various concentrations of LPS. CCK-8 and flow
cytometry assays revealed that in contrast to the negative
control, cell viability was significantly reduced (Fig. 1A) and
cell apoptosis was remarkably promoted (Fig. 1B) by the

Primers for PCR (5’-3’)

e PRKCH Forward GGCAGAGAACGAAGATGACC
- Reverse CATTCCGAAGTCTGCCAGTT
iR 140-3p Forward ACACTCCAGCTGGGAGGCGGGGCGCCGCGGGA
Reverse CTCAACTGGTGTCGTGGA
Forward ATATTACGGAACACGAGAAGCTG
ADAMIO Reverse TCAATCGCTTTAACATGACTGG
_ Forward GCACCACACCTTCTACAATG
p-actin Reverse TGCTTGCTGATCCACATCTG
Forward CTCGCTTCGGCAGCACA
us Reverse AACGCTTCACGAATTTGCGT
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stimulation with 5 and 10 ug/ml of LPS. Moreover, Western
blot data showed that LPS led to a decrease in the levels of
proliferating marker ki-67 and anti-apoptotic protein Bcl-2
in C-28/12 cells (Fig. 1C), supporting LPS-mediated viabil-
ity suppression and apoptosis promotion. ELISA analyses
showed that LPS treatment led to a striking increase in
the production of pro-inflammatory cytokines IL-8, IL-1p
and TNF-a in a dose-dependent manner in C-28/12 cells
(Fig. 1D-F), indicating the enhanced impact of LPS on
cell inflammation. These data together indicated that LPS
induced chondrocyte damage by inhibiting cell viability and
promoting cell apoptosis and inflammation. Furthermore,
LPS (5 and 10 pg/ml) stimulation resulted in decreased
levels of Aggrecan and Col2A1, the two main components
of cartilage ECM (Fig. 1G).

circ-PRKCH was up-regulated and miR-140-3p was down-
regulated in OA tissues and LPS-evoked C-28/12 cells

To preliminary observation the involvement of circ-PRKCH
and miR-140-3p in OA, we determined their expression
levels in OA tissues and LPS-evoked C-28/12 cells. As shown
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by qRT-PCR, in comparison to the corresponding control
group, circ-PRKCH level was prominently elevated in OA
tissues (Fig. 2A), and LPS stimulation dose-dependently
increased the expression of circ-PRKCH in C-28/I2 cells
(Fig. 2B). Conversely, OA patients had a lower miR-140-3p
expression than that of control (Fig. 2C), and miR-140-3p
level was significantly reduced by LPS treatment in C-28/12
cells (Fig. 2D). Interestingly, an inverse correlation between
circ-PRKCH level and miR-140-3p expression was discov-
ered in OA tissues (Fig. 2E).

Silencing of circ-PRKCH mitigated LPS-evoked cell injury
and ECM loss in C-28/12 cells

To explore whether circ-PRKCH could affect OA progres-
sion, we then performed loss-of-function analyses using
si-circ-PRKCH. Transient introduction of si-circ-PRKCH,
but not the si-NC control, dramatically decreased the level
of circ-PRKCH, which was elevated by LPS in C-28/12 cells
(Fig. 3A). Function experiments results revealed that in con-
trast to the negative control, LPS-evoked anti-viability and
pro-apoptosis effects were notably abolished by circ-PRKCH
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Figure 2. circ-PRKCH was up-regulated and miR-140-3p was
down-regulated in OA tissues and LPS-evoked C-28/12 cells. A-D.
circ-PRKCH and miR-140-3p levels by qRT-PCR in 30 OA tissues
and 30 normal cartilage tissues, and C-28/12 cells after stimulation
with 0, 1, 5 and 10 pg/ml LPS. E. Correlation between circ-PRKCH
level and miR-140-3p expression in OA tissues using the Spearman
test. * p < 0.05 by a two-tailed Student’s ¢-test or ANOVA followed
by Tukey-Kramer post hoc test. OA, osteoarthritis; circ-PRKCH,
circRNA protein kinase C eta; LPS, lipopolysaccharide.
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Figure 3. Silencing of circ-PRKCH alleviated LPS-evoked C-28/12 cell damage and ECM loss. C-28/I2 cells were transfected with si-
circ-PRKCH or si-NC, and then were treated with 5 pg/ml LPS for 24 h. A. circ-PRKCH expression by qRT-PCR in treated cells. B. Cell
viability by CCK-8 assay. C. Cell apoptosis by flow cytometry. D. Western blot for Bcl-2 and ki-67 levels in treated cells. E. The levels
of IL-8, IL-1p and TNF-a by ELISA assay in treated cells. F. Aggrecan and Col2A1 levels by Western blot in treated cells. * p < 0.05 by
ANOVA followed by Tukey-Kramer post hoc test. si-NC, negative control siRNA; si-circ-PRKCH, siRNA targeting circ-PRKCH. For

more abbreviations, see Fig. 1 and 2.

knockdown (Fig. 3B-D). Moreover, the enhanced impact of
LPS on IL-8, IL-1p and TNF-a production was significantly
reversed by the silencing of circ-PRKCH in C-28/I2 cells
(Fig. 3E). Additionally, LPS-mediated Aggrecan and Col2A1
diminishment in C-28/12 cells was prominently abrogated
by circ-PRKCH silencing (Fig. 3F).

circ-PRKCH acted as a miR-140-3p sponge and circ-PRKCH
silencing exerted a protective role in LPS-evoked C-28/12
cells by miR-140-3p

We next determined the mechanism by which circ-PRKCH
regulated LPS-evoked cell injury and ECM loss. Bioinfor-

matic analysis for the interacted miRNAs of circ-PRKCH
showed that it harbored seven nucleotides of sequence
complementarity to the miR-140-3p seed region (Fig.
4A). Transient transfection of miR-140-3p mimic, but
not the miR-NC control, remarkably reduced the activity
of luciferase reporter gene fused on the wild-type circ-
PRKCH reporter (WT-circ-PRKCH, Fig. 4B). However,
little change was observed in luciferase activity of mutant-
type circ-PRKCH construct (MUT-circ-PRKCH) in the
presence of miR-140-3p mimic (Fig. 4B). qRT-PCR data
showed that circ-PRKCH expression was notably increased
by the corresponding overexpression plasmid (Fig. 4C).
Moreover, in comparison to their counterparts, miR-140-
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3p expression was significantly increased by circ-PRKCH
silencing and was highly decreased when circ-PRKCH up-
regulation in C-28/12 cells (Fig. 4D). These data together
strongly pointed the role of circ-PRKCH as a sponge of
miR-140-3p.

To assess whether miR-140-3p was involved in circ-
PRKCH-mediated regulation on LPS-evoked cell injury
and ECM loss, C-28/12 cells were cotransfected with si-circ-
PRKCH and anti-miR-140-3p before LPS stimulation. The
data of qQRT-PCR revealed a striking down-regulation of
miR-140-3p in the anti-miR-140-3p-transfecting cells (Fig.
4E). Further function analyses showed that in comparison to
the negative control, si-circ-PRKCH-mediated pro-viability,
anti-apoptosis and anti-inflammation effects were dramati-
cally reversed by miR-140-3p knockdown in LPS-evoked
C-28/12 cells (Fig. 4F-I). Furthermore, the increased impact
of circ-PRKCH silencing on Aggrecan and Col2Al levels was
prominently abolished by the depletion of miR-140-3p in
C-28/12 cells under LPS (Fig. 4]).

ADAMI0 was directly targeted and repressed by miR-140-3p

miRNAs exert biological function through silencing gene
expression. To identify the targets of miR-140-3p, the star-
Base v.3 online software was used, and the data revealed
a putative target sequence for miR-140-3p in the 3’UTR of
ADAMI10 (Fig. 5A). Transfection of ADAM10 3’UTR re-
porter construct (WT-ADAM10 3’'UTR) in the presence of
miR-140-3p mimic led to a striking reduction in luciferase
activity, and this effect was completely abolished by the
mutation of the target region (MUT-ADAM10 3’UTR, Fig.
5B). The data of QRT-PCR and Western blot assays showed
that in comparison to their counterparts, ADAMI0 was
highly expressed at both mRNA and protein levels in OA
tissues and LPS-evoked C-28/12 cells (Fig. 5C-F). Excitingly,
ADAMI10 mRNA expression was inversely correlated with
miR-140-3p level in OA tissues (Fig. 5G). qRT-PCR data also
revealed that miR-140-3p was up-regulated in miR-140-3p
mimic-transfecting cells (Fig. 5H). Additionally, ADAM10
level was significantly reduced by miR-140-3p overexpres-
sion and elevated following miR-140-3p depletion in C-28/
12 cells (Fig. 5I).

Overexpression of miR-140-3p alleviated LPS-evoked C-28/12
cell injury and ECM loss by down-regulating ADAM10

Transfection of ADAMI10 overexpression plasmid led to
aprominent elevation in ADAM10 expression at both mRNA
and protein levels in C-28/12 cells (Fig. 6A,B). Subsequent
experiments data revealed that in contrast to the miR-NC
group, miR-140-3p overexpression triggered a significant
enhancement in cell viability and a distinct repression in
cell apoptosis (Fig. 6C-E), as well as a striking reduction

in the production of IL-8, IL-13 and TNF-a (Fig. 6F) in
LPS-treated C-28/12 cells. Moreover, the elevated miR-140-
3p expression resulted in increased Aggrecan and Col2A1
levels in LPS-induced C-28/12 cells (Fig. 6G). Nevertheless,
these effects of miR-140-3p overexpression were remarkably
abrogated by ADAM10 up-regulation in LPS-induced C-28/
12 cells (Fig. 6C-G).

circ-PRKCH regulated ADAM]I0 expression through sponging
miR-140-3p

Lastly, we explored whether circ-PRKCH mediated ADAM10
expression in C-28/12 cells. Interestingly, in comparison to
the corresponding control, ADAMI10 protein expression was
prominently down-regulated by circ-PRKCH silencing in
C-28/12 cells. However, this effect was dramatically abolished
by the transfection of anti-miR-140-3p (Fig. 7).

Discussion

OA is a debilitating joint disease with a high morbidity in
the elderly population; however, little effective strategies
are available to prevent OA development because of the
inadequate understanding of OA pathology (Ebell 2018).
Recently, circRNAs have been underscored as essential play-
ers in the pathogenesis of a wide variety of human diseases
(Han et al. 2018). Nevertheless, it is still largely undefined
about their roles in the occurrence and progression of OA.
In this investigation, we explored whether circ-PRKCH af-
fected LPS-evoked chondrocyte injury and ECM loss and
whether the miR-140-3p/ADAM10 axis was involved in the
regulatory networks of circ-PRKCH in OA.

LPS could promote chondrocyte inflammation and de-
generation and trigger ECM expression, thereby contribut-
ing to OA progression (Wang 2018; Qing et al. 2019). Here,
firstly, we successfully constructed an in vitro model of OA
by LPS. Interestingly, we discovered that circ-PRKCH was
highly expressed in OA cartilage samples and LPS elevated
the expression of circ-PRKCH in C-28/12 chondrocyte cells,
supporting the finding by Wang et al. (2019). For the first
time, we disclosed that the silencing of circ-PRKCH retarded
LPS-evoked chondrocyte injury and ECM loss, as evidenced
by the promotion in cell viability and the suppression in cell
apoptosis and inflammation, as well as the increase in Ag-
grecan and Col2A1 levels.

circRNAs exert critical function in human diseases via
mediating gene expression through acting as effective miR-
NA sponges (Panda 2018). We then predicted the interacted
miRNAs of circ-PRKCH using the CircInteractome database
(Dudekula et al. 2016), and we verified that circ-PRKCH
functioned as a sponge of miR-140-3p. Increasing evidence
has shown that miR-140-3p plays a key role in a series of
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EoOEs8d38<LE human diseases. For instance, Zhu et.al. (291}?) rel:poiterd
£ E 2 % % g E £ that miR-140-3p level was decreased in periphera ar: y
£ 5 5. & é u? & g disease, and it regulated the In-Stent Restenosis bydtalrlge il}llg
= = g EE: Z Z é B cell lymphoma-2. Liu et a.l. (2019) underscore thatline
g é 3 g é; 9 § 5 elevated miR-140-3p expression accelerated ffe;{ctluig_g’eawa%
& § 5 =) = £§ @‘ by activating the Wnt pathway. Moreoverl, .rnll t— rSpSuCh
e SRS o & §: identified to hinder the progression of mu tip eluzrg(l)g.,z b
= 25 a - o 2 5 as breast cancer and colorectal cancer (Jiang eta’. ;1 :
g : IR 2 5% etal. 2019a). In this work, we observed a prominent ole(md
2z 5 % 2 =) i 5 regulation of miR-140-3p in OA samples an<'1 LPS-evoke
2 £ <Z: E* oz % % chondrocytes, in agreement with former studies (Nt.oumou
> %5 3 5 gl -% in'“ etal. 2017; Yin et al. 2017). We also validated.that miR-140-
g% S % ‘? : & 5 % 3p overexpression exerted a protective effect in LP.S-evoked
i % ES Y = chondrocyte injury and ECM loss, consistent with recent
EE R E 2 é E% 2 work (Al-Modawi et al. 2019). More interestingly, we were
S ‘%% ’§§ E Qé ég o E Sﬁ.* first to highlight that circ-PRKCH silencing alleviatedlLtl.)S—
EEE g E E z 2 _;% % % evoked chondrocyte injury and ECM loss by up-regulating
gpfé =23 AN~ iR-140-3p,
: EE E ; 5 3 E % Qé ; 5= mll\jVe subls)equently testified that ADAM10 ip C-28/12
S55E55 g LQ) g ; ks E g ~‘§ cells was directly targeted and represse.d by miR-140-3p.
nnem % ‘5 z g g ‘2 : Z Among these predicted targets of miR-140-3p by .the
g % E & LZ) R 5 'i «s  starBase v.3 software, ADAMI0 caught our atter;)tlon
% PRy & GE o :% owing to its essential effect in skeletal growth and9. K/?e
«[ < § & ; § }g E :o remodeling in humans and mice (l?allas et al.ofjd ,t ! ble
b % g % J g g ?3 ‘E & zuno etal. 2020). ADAMlO expression was re}c)l ned o e
«[ § 3essisl £ 8 increased in OA cartilage, and overexpresse
L ) % % é ‘; ks é 2 i led to cartilage injury (Chubinskaya et al. 2001; Yang et
%1 g %E E § Z il '§ al. 2017). Moreover, the elevated ADAMI10 express19n
'L § :i =2 E 58 % § could promote CD44 cleavage, giving rise to ECM l(.)s's in
[ i g; .ié E ; '2 v = £ human chondrocytes (Kobayfikawa et ali2(?16). ?I(lisg_lgge—l
T gk 2T 5.5 - § ally, ADAM10 was involved in the regu ation o B
t b F§ ©ZE & £ &  on human arthritis progression and 1nﬂammz?t10n
- - s s ; £ 2 E S :o/ 5 et al. 2020). Herein, we first uncovered that miR- 149-3p
s mod e 9 gz é’ <z E . overexpression alleviated LPS-evoked chondrocyte injury
E i § % ; &ig ;Zi é and ECM loss by down-regulating ADAM10. Zafar1 ing
£E £ E LZ) % § E £ colleagues underscored .that m13—140—3p waSs;olire l?ezd
PErE Y g E T =% 58 o with OA pathogenesis via targeting APAMT '( 1a.sh ‘
§ ERE- ® 3 % etal. 2018). Furthermore, for the first time, we highlig 'te
e %D-E é 2 2 2.2 3 &  that circ-PRKCH protected against AD.AMIO.represslllog
R 55 E e % ;2 ‘E 2. by acting as a miR-140-3p sponge. Pre.:VIO.us ev1denc}e1 ad
<« 5 % 4 e ?Z’n f shown that ADAMI10 regulated the activation of Notc. anl
PErr o 2P TEE —Lo‘) J S NF-«B signaling pathways (Toonen et al. 2916; Ale}b1 et al.
= S = B E g E g 2018), which are implicated in OA progression (Sal.to eth al
e § 3 ; e §u5 § E 5 2017). Therefore, more investigations about the relathns 1};
#0000 B E £ E 3 g gb‘é % between the circ—PRKCH/miR—140—3p/APAM10 axis an
E EREaELS % the two pathways on OA pathogenesis will be explored in
£82828 8T8z E2E L . ides, the current work was limited to in
€ T r 2338338 oo $SRESE S further work. Bes1 s, the curren s fimited to i
g 3 g8 7 8E g S El CESEE vitro investigations, and more in vivo stu ies he new
g’ S g % £ % S Pé < ‘%E ;?:TZ 2 mechanism using the OA animal model is expected to
< CI- E £ S g 8: carried out in further work. .
) < § : —i & = S o % In conclusion, the present work demonstrated thaj( cire-
£ s 5 £E % 5 % £ PRKCH silencing alleviated LPS-evoked chondrocyte injury
- 'ED QTE “i g i ?c’o% and ECM loss at least partly via regulating ADAM10 expres-
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A B B miR-NC
2 1.5, HE miR-1403p
2
ki
ADAM10 3'UTR WT 5 UUGUAAUGUUAUCCUGUGGUA 3' ;, 10
|11 5
o
miR-140-3p 3' GGCACCAAGAUGGGACACCAU 5’ S s *
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ADAM10 3'UTR MUT 5' UUGUAAUGUUAUGGACACCAA 3 s
G 0.0
© Ryl Ryl
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3 g3’
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° 1 5 ’ ! 5
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G H Hl Control
B miR-NC
5 - HE miR-140-3p Figure 5. ADAM10 was directly targeted
o5 . R 500909 §' 7 * and repressed by miR-140-3p. A. Schematic
z 8 4 ¥5 s - model of the miR-140-3p-binding sequence
2s o g within ADAM10 3’UTR and the mutation
o X 3 € 015 . . .
£ g8’ of the target region. B. Relative luciferase
322 go'e activity in C-28/I2 cells cotransfected with
*E & 22 WT-ADAM10 3’UTR or MUT-ADAM10
1Y) 05 10 15 ’ 3’UTR or miR-140-3p mimic or miR-NC
Relative miR-140-3p expression mimic. ADAM10 mRNA and protein levels
by qRT-PCR and Western blot assays in OA
Em Control _ tissues and normal cartilage tissues (C and
I R : ::E:?Rn: miRA40:3p D), and C-28/12 cells after stimulation with 0,
R O O 25, Hl anti-miR-140-3p . 1,5and 10 ug/ml LPS (E and F). G. Correla-
> L SR o tion between ADAM10 mRNA expression
C NS SE
& & & X X

and miR-140-3p level in OA tissues using the
Spearmen test. H. qRT-PCR for miR-140-3p
expression in C-28/12 cells transfected with
miR-NC mimic or miR-140-3p mimic. L.
Western blot for ADAMI0 protein level
in C-28/12 cells transfected with miR-NC
mimic, miR-140-3p mimic, anti-miR-NC
or anti-miR-140-3p. * p < 0.05 by a two-tailed Student’s t-test or ANOVA followed by Tukey-Kramer post hoc test. OA, osteoarthritis;
anti-miR-NC, negative control miRNA inhibitor; anti-miR-140-3p, miR-140-3p inhibitor; ADAM10, a-disintegrin and metallopeptidase
domain 10; miR-NGC, negative control mimic; miR-140-3p, miR-140-3p mimic; WT-ADAM10 3°UTR, ADAM10 3°’UTR wild-type reporter
construct; MUT-ADAM10 3’UTR, ADAM10 3’'UTR mutant-type reporter construct. For more abbreviations, see Fig. 1.
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Figure 6. miR-140-3p overexpression alleviated LPS-evoked C-28/12 cell injury and ECM loss by down-regulating ADAM10. A, B.
ADAM10 mRNA and protein levels by qRT-PCR and Western blot assays in C-28/12 cells transfected with pcDNA or ADAM10 overex-
pression plasmid. C-28/12 cells were transfected with miR-NC mimic, miR-140-3p mimic, miR-140-3p mimic+pcDNA or miR-140-3p
mimic+ADAMI10 overexpression plasmid before 5 ug/ml of LPS treatment, followed by the detection of cell viability by CCK-8 assay (C),
cell apoptosis by flow cytometry (D), ki-67 and Bcl-2 levels by Western blot (E), IL-8, IL-1p and TNF-a levels by ELISA assay (F), Aggrecan
and Col2A1 levels by Western blot (G). * p < 0.05 by ANOVA followed by Tukey-Kramer post hoc test. For abbreviations, see Fig. 1 and 5.

R

& ,\"‘Q Figure 7. circ-PRKCH regulated
] ’&'& . @Q' ADAMI0 expression through sponging

X X El Control
B BE si-NC B si-circ-PRKCH miR-140-3p. C-28/12 cells were trans-
4_(32‘ 4_(;2‘ 4532‘ : ::Z::ﬁ:?ﬁg::::::::grzmp fected with or without si-NC, si-circ-
o S £ L PRKCH, si-circ-PRKCH+anti-miR-NC
00& é\.\‘o 6.6“ \,“ 9\,0“ = -% or si-circ-PRKCH+anti-miR-140-3p,
g g 1.0 followed by the assessment of ADAM10
ADAM10 _ T % expression by Western blot. * p < 0.05
: : % 505 by ANOVA followed by Tukey-Kramer
GAPDH _ E g_ post hoc test. For abbreviations, see

0.0 Fig. 1 and 5.
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sion through sponging miR-140-3p. Our work highlighted
anovel target, the circ-PRKCH/miR-140-3p/ADAM10 axis,
for OA management.
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