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Abstract. - OBJECTIVE: Osteoarthritis is one
of the chronic diseases with a high incidence.
CircRNA is a circular non-coding RNA. Stud-
ies show that CircRNA is closely relevant to the
pathogenesis of OA chondrocytes. However, the
specific principle is still unclear.

PATIENTS AND METHODS: 38 patients with
OA tissues and 38 patients with normal knee
cartilage in our hospital were selected, re :
tively. The mRNA expression levels of Cirdgs
were measured by quantificational rea
polymerase chain reaction (qRT-PCR). Cell
liferation was detected by the Cell Counting

PCR and western blot were
NA, p50, p52, p65 mRNA 3
levels.
RESULTS: CircVCA
OA tissues and OA
tion and PCNA e
nificantly after
OA-chondro

ntly increaséd after transfec-
AN. The proportion of G0/G1
significantly reduced
phase was significant-
trary, the apoptosis rate
ced after transfection with
roportion of GO/G1 phase in

: of S phase was significantly re-
ced The mRNA and protein levels of p50, p52
d p65 were significantly increased after trans-
jon of LV-CircVCAN in OA-chondrocytes.
rmore, PDTC (NF-kB inhibitor) transfec-
tion can significantly reverse the effect of over-
expression of CircVCAN on the proliferation and
apoptosis of OA chondrocytes.
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Introduction

As the most common arthritis, osteoarthritis
seriously affects the health and quality of life of
middle-aged and elderly people'?. The main clin-
ical symptoms are joint pain, swelling, stiffness,
deformity and dysfunction®*. Osteoarthritis clini-
cal symptoms are mainly manifested as joint pain,
swelling, stiffness, deformity and dysfunction®”’
However, the pathogenesis of osteoarthritis has
not been fully understood.

Circular RNA (circ-RNA) is a new type of
non-coding RNA. It is a covalent closed-loop
structure without 5’ to 3’ polarity but does not
contain a polyadenylation tail*!°. CircRNA is
closely related to the occurrence and development
of OA chondrocyte proliferation and differentia-
tion, inflammatory response, ECM degradation,
and signaling pathways. In arthritis and normal
cartilage, there are differences between the ex-
pression of 71 types of circRNA, sixteen of them
including circRNA 10086, circRNA 10118 and
cirRNA 101914 were up-regulated and fifty-five
others were down-regulated'®. They may play im-
portant roles in the development of cartilage dam-
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age and arthritis. The expression levels of Circ-
SERPINE?2 and ERG were significantly increased
in OA. CircSERPINE2 served as a sponge of
miR-1271-5p to regulate the expression levels of
ERG in OA, thus promoting or alleviating the ca-
tabolism of ECM[11]. Wu et al'? found that Cir-
cRNA hsa_circ_0005105 could upregulate the ex-
pression of NAMPT, which facilitates the matrix
(ECM) degradation by sponging miR-26.

In the present study, we found that CircVCAN
was significantly up-regulated in OA tissues and
chondrocytes. CircVCAN could have an influence
on the proliferation and apoptosis of OA chondro-
cytes by inhibiting the activation of NF-xB sig-
naling pathway. Thus, CircVCAN may become an
important target molecule for OA treatment.

Patients and Methods

Patients

Thirty-eight OA patients and Thirty-eight menis-
cal injury patients who were admitted to our hospi-
tal from May 2017 to September 2018 were selected.
The diagnostic criteria for OA were from Guidghige

ly, the average age of patients was 45.2 £+ 8.7 Y
old. The average age of meniscus injury patients
43.7 £ 9.8 years old, and 22 malg

and secondary osteoarth
the informed consent
tissue was removed

e synthesis of cDNA
was detected by reverse
aRa, Otsu, Shiga, Japan).
it (TaKaRa, Otsu, Shiga, Ja-

? The levels of mRNA and circRNA
pression were normalized by GAPDH and
3 All primer sequences were synthesized and
) by Genery (Guangzhou, China). The re-
sults"were processed by the 2-AACt methods. The
primers used in our study were as follows: CircV-
CAN F 5-GTATAGGTGGAACAGTCTTAA-3’,
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R S-TTATATTCCTTCTTTAGAGTTTGG-3".
PCNA F 5-GACACATACCGCTGCGATCG-3’,
R 5-TCACCACAGCATCTCCAATAT-3".
B-actin F 5-TGCAGCGACTAAGCA(Lad
R 5-TCACCAGCACGA AGGACA

F
5-GGTGGCCC TTGA
F  5-GACCTGGAGC
5-CACTGT CACCT
DH F 5-ACCA
R

h after transfection.
, USA) was used to
concentration. 40 pg of the
each well of the sodium do-
crylamide gel electrophoresis
illipore, Billerica, MA, USA).

idene difluoride (PVDF) membrane and
Mmed milk powder was blocked at 37°C
for 1 hour. PCNA, p50, p52, p65, Bcatenln (Ab-
cam, Cambridge, UK) and B-actin primary anti-
body were added and incubated for overnight at
4°C condition. TBST was washed for 3 x 10 min,
secondary antibody was incubated for 1 h at 37°C,
then TBST was washed for 3 x 30 mins, ECL was
used for development. Quantity one software was
used to analyze protein band gray value. B-actin
was used as internal reference and calculation of
expression levels was relative expression.

CCK-8 Assay

The cells were taken in logarithmic growth
phase, 3 x 10° cells / well were inoculated in
6-well plates. Next, the cells were trypsinized and
collected after transfection for 24 h and washed
with PBS to prepare cell suspensions; pre-chilled
70% ethanol was added, and cells were fixed
overnight at 4°C. After twice washing with PBS,
the supernatant was discarded. Cell proliferation
was assessed by a CCK-8 (CCK-8, CK04, Dojin-
do Molecular Technologies, Kumamoto, Japan).
PI working solution was added, and the cells were
incubated for 30 minutes in the dark at room tem-
perature. Then the cell cycle was detected by flow
cytometry. Cells were washed twice with pre-
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chilled PBS, then 10 pul Annexin V-FITC and 5
pl propidium iodide staining solution were added.
Cells were mixed gently and incubated for 20 min
at room temperature in the dark.

Cell Apoptosis Assay

The apoptosis of OA chondrocytes was measured
by PE Annexin V apoptosis detection kits (BD
Pharmingen, Franklin Lakes, NJ, USA) according
to the manufacturer’s instruction. CellQuest anal-
ysis software was used to analyze date of results
by (BectonDickinson, Brea, CA, USA). All exper-
iments were performed in triplicate.

Statistical Analysis

All data were analyzed statistically using
SPSS 22.0 statistical software (SPSS Inc., IBM,
Armonk, NY, USA), which expressed as mean +
standard deviation. p<0.05 was considered statis-
tically significant.
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e 1. CircVCAN was highly expressed in OA tissues and OA chondrocytes. A, The expression levels of CircVCAN were
d by qRT-PCR in OA tissues and meniscus damaged tissues. B, CircVCAN expression was measured by qRT-PCR in

OA chondrocytes and chondrocytes with meniscus injury. C, CircVCAN relative expression was measured by qRT-PCR after
transfection with si-CircVCAN in OA chondrocytes. D, qRT-PCR was used to detect the relative expression of CircVCAN after
transfection with LV-CircVCAN in OA chondrocytes. The data were expressed as mean + SD.*p<0.05.
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Low Expression of CircVCAN Inhibited when OA chondrocytes were transfected with
the Proliferation of OA Chondrocytes LV-CircVCAN, the proportion of cells in the G0/
In order to further explore the effect of CircV- Gl phase of the cell cycle decreased s1gn1ﬁcant1y,
CAN on the proliferation of OA chondrocytes, OA while the proportion of cells in the S phass
chondrocytes were transfected with si-CircVCAN creased significantly (Figure 3D-3F).
and LV-CircVCAN, respectively. PCNA mRNA
and protein expression levels were detected by Downregulation of CircVCAL
gRT-PCR and Western blot after three days of cul-
ture. The results showed that the expression levels
of PCNA mRNA and protein in OA chondrocytes
were significantly lower than the si-NC group af-
ter transfection with si-CircVCAN (Figure 2A-2C).
Conversely, the expression levels of PCNA mRNA
and protein in OA chondrocytes were significantly that the apoptos
higher than the si-NC group after transfection with transfection v
LV-CircVCAN (Figure 2D-2F). increased
with si-N
The Expression of CircVCAN Had a Great cytes after transfection
Influence on Cell Cycle of OA nificantly reduced
Chondrocytes sfected with si-NC
The effect of CircVCAN expression levels on
the cell cycle was further explored, flow cytome-
try was used to detect the cell content at different
stages in the cell cycle. The results showed that
the proportion of cells in the GO/G1 phase g
cell cycle increased significantly, while t
portion of cells in the S phase decreased s
cantly when OA chondrocytes were transfd
by qRT-PCR and Western blot. When OA chon-
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e 2. Low expression of CircVCAN inhibits the proliferation of OA chondrocytes. A-B. CCK-8 assay was used to detect
the iferation of OA chondrocytes after transfection with si-CircVCAN. C. PCNA and B-actin protein expression levels
were measured by Western blotting after transfection with si-CircVCAN. D-E. The proliferation of OA chondrocytes was
detected by CCK-8 assay after transfection with LV-CircVCAN. F. PCNA and B-actin protein expression levels were measured
by Western blotting after transfection with LV-CircVCAN.

6520




The role of CircVCAN on osteoarthritis

A3 3 03 si-NC B
Q9 B si-CircVCAN 800
< 601
& S
g 2 600
$ 40- E
-
H . Z 400
3 201 200

0

<>
1

GU/G1 S G2/M 0
D E

B 3 LV-NC 1000 7
g mEm LV-CircVCAN 800 -

2 g 600
= =2 ]

E

g 2 400
S 200
-
G0/G1 S G2/M 0

Figure 3. The expression of CircVCAN has a great influence on ¢
at different stages was detected by flow cytometry after transfectio
ent stages was detected by flow cytometry after transfection with L

drocytes were transfected with si-CircVCA
relative expression levels of molecules relatd
NF-kB pathway such as p50, p52 and p65
significantly reduced (Figure 54
contrary, when OA chondro
ed with LV-CircVCAN, tj
levels of NF-kB pathwa
as p50, p52 and p65

sis of OA chondrocytes
LV-NC, LV-CircVCAN,
PDTC. The results showed

TC were lower than those in LV-CircVCAN
gup alone (Figure 6A and 6C). At the same

fectéd with LV-CircVCAN and PDTC was higher
than that of LV-CircVCAN group, while S phase
proportion cells was lower than transfection with

si-CircVCAN
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cytes. A-C. The proportion of cells
F. The proportion of cells at differ-

AN group (Figure 6D and 6H). Fur-
C, the apoptosis rate of OA chondrocytes
transfected with LV-CircVCAN and PDTC was
higher than transfection with LV-CircVCAN
alone (Figure 61 and 6L).

Discussion

Osteoarthritis is the most common orthopedic
disease, which not only affects the limb move-
ment of patients, but also severely causes paral-
ysis and even death'?. Articular chondrocyte
destruction, extracellular matrix degradation,
and synthetic disorders are important factors in
the occurrence of osteoarthritis®">. However, its
specific pathogenesis is unknown. CircRNA is a
kind of non-coding circular RNA. More and more
studies show that CircRNA is closely involved in
the occurrence and development of osteoarthri-
tis'*121415 For example, has circ 0005105 can
promote the degradation of cartilage ECM by
up-regulating the target gene of miR-26 NAMPT,
thereby regulating the inflammatory response
of OA chondrocytes'?. Has Circ 0045714 can
up-regulate the expression of proteoglycan and
type II collagen, thereby promoting the prolifer-
ation of OA chondrocytes!’.
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Figure 4. Downregulation of CircVCAN promote
the apoptosis rates of OA chondrocytes after transfet
drocytes were measured by flow cytometry after tran!

of OA chondr . A-C. Flow cytometry was used to detect
AN and si-NC. D-F. The apoptosis rates of OA chon-
PAN and LV-NC.
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Fi 5. The expression of CircVCAN had a great effect on NF-xB pathway in OA chondrocytes. A-B. The relative expres-
sion levels of p50, p52 and p60 mRNA were measured by qRT-PCR after transfection with si-CircVCAN and LV-CircVCAN,
respectively. C-D. The relative expression levels of p50, p52 and p60 protein were detected by Western blotting after transfec-
tion with si-CircVCAN and LV-CircVCAN, respectively.
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Figure 6. CircVCAN ¢ i vels had eat effect on OA chondrocyte proliferation and apoptosis after blocking NF-kB signaling pathway. A-C. PCNA
mRNA and protei i sion leve re measured by qRT-PCR and Western blotting after transfection with LV-NC, LV-CircVCAN, LV-CircVCAN and
PDTC. D-H. Cg yas de by cytometry after transfection with LV-NC, LV-CircVCAN, LV-CircVCAN and PDTC. I-L. Apoptotic rates were mea-
sured by floy@ with LV-NC, LV-CircVCAN, LV-CircVCAN and PDTC.
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In our study, we found that the expression lev-
els of CircVCAN were significantly higher in OA
tissues and OA chondrocytes. When OA chondro-
cytes were transfected with si-CircVCAN, the rel-
ative expression level of CircVCAN was signifi-
cantly reduced. However, the relative expression
level of CircVCAN was significantly increased
after transfection with LV-CircVCAN. This sug-
gested that CircVCAN was abnormally expressed
in OA chondrocytes, but the specific principle was
not clear. Further research found that low expres-
sion of CircVCAN could effectively inhibit PCNA
mRNA and protein expression levels in OA chon-
drocytes while high expression of CircVCAN
could effectively promote PCNA mRNA and pro-
tein expression levels in OA chondrocytes. At the
same time, low expression of CircVCAN could ef-
fectively increase the proportion of cells in the GO/
Gl phase while reduce the proportion of cells in
the S phase of the OA cell cycle. High expression
could effectively reduce the proportion of cells in
the GO/G1 phase of while increase the proportion
of cells in the S phase of the OA cell cycle. The
results further illustrated that CircVCAN had an
important effect on the proliferation of OA gh
drocytes. Low expression of CircVCAN in
cell proliferation and high expression proi
cell proliferation. At the same time, the apd
sis rate of group transfected with si-CircVC}
increased significantly while g

the apoptosis process of
expression of ClrcVC

NF-xB is a
make up the
stimulated a

in the process of osteo-
1617 Tt promoted the

-2, MMP-3, thus aggravating the
artllage of osteoarthritis chondro-
tes and inflammatory response'®. The expres-
s of IL-1B, IL-6, TNF-a and MMP were re-
| by inhibiting the NF-xB signaling pathway
¢ rat osteoarthritis model". Tang et al?® also
found that modulation of the NF-kB signaling
pathway could reduce IL-1B-induced ECM met-
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abolic imbalance, proinflammatory cytokine pro-
duction, cell viability and apoptosis In this study,
we revealed that low expression of CerVCAN
could effectively 1nh1b1t the mRNA and s

This shows that CircVCAN |
tivation of NF-kB pathw
Further research indi

LV-CircVCAN co
of LV-CircVCA

apoptosis
NF-xB sig-

sues and OA chondrocytes. Moreover,
CircVCAN could regulate the proliferation and
apoptosis of OA chondrocytes by blocking the
activation of NF-xB signaling pathway. This
study will provide new molecular mechanisms
for CircRNA research in osteoarthritis and a
new potential target for the treatment of osteo-
arthritis.
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