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ABSTRACT

Mounting studieshave shownthat long noncodingRNAs(IncRNAsplay important rolesin the development
and occurrenceof severalhuman diseases However, the role of LINC00461n osteoarthritis (OA) remains
obscure.A CCK8 assaywas performed to detect cell viability, and gRFPCRanalysiswas usedto measure
mRNA expression.The targeting by miR-30a5p of the LINC0046 o Q| was detected using a luciferase
reporter assay Our data indicated that the inflammatory mediators IL-6 and TNFh induced LINC0046
expression in chondrocytes and that the expression of LINC0046 was upregulated in OA tissues
Furthermore,we showedthat TNF" and IL-6 suppressedhe expressionof miR-30a5p and that miR-30a-5p
expressionwas lower in OA tissuesthan in normal samples. The expressionlevel of miR-30a5p in OA
tissueswas negativdy related to LINCQ461 expression.In addition, we showed that LINC0046 directly
interacted with miR-30a5p in chondrocytes Elevated expression of LINC0046 induced chondrocyte
proliferation, cell cycle progression,inflammation, and extracellular matrix (ECM)degradation However
we demonstrated that ectopic expressionof miR-30a5p suppressedcell growth, cell cycle progression
inflammation and ECM degradation Finally, we found that overexpression of LINC0O04& enhancec
chondrocyte proliferation, cell cycle progression inflammation, and ECMdegradation by downregulating
mMiR-30a5p. These data demonstrated that LINC0O046 may modulate the development of OA by
suppressingmiR-30a-5p expressionin chondrocytes We propose that LINC0046 and miR-30a5p may be
potential therapeuticand diagnostictargetsfor OA.

example, 16 was found to be involved irthe
development of OA17, 18] Thus it is imperativeto
explore the moleculamechanisnof OA.

INTRODUCTION

Osteoarthritis (OAJs characterizedby inflammatoryand
degenerativorocesseshat affect articular cartilagand
joints and is the % leading causef disability and pain
worldwide [11 4]. Approximately 18% of femalesand

Long noncoding RNAs (IncRNAs)are novel
noncodingRNAs (ncRNAs)that are longerthan 200

10% of male®ver sixty years oldre diagnosed with OA
[51 7]. The pathologyand mechanism of OAcould be
regulatedthrough theprocessing of both environmental
and genetic information [8i 11]. Chondrocytes are
activatel via growth factorsand cytokines to induce
abnormal differentiatiomnd catabolismwhichresuls in
extracellular matrix (ECMYegradation[6, 12 16]. For

nucleotides in length with no or limitegrotein
coding potential [19i122]. A growing number of
studieshaverevealed thamcRNAs arederegulated in
several diseasesuch as tumorsintervertebral disc
degeneration infection and OA[23i27]. LncRNAs
have been shown to participate a number of cell
biological processesjncluding apoptosis stem cell
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differentiation, prolieration, ECM degradation and
invasion [28i31]. Recently, the novel IncRNA
LINC00461 was found tgolay important roles in the
progression of several tumorsncluding glioma,
multiple myelomaand breast cancef32i 34]. For
instance, Yang et al[32] showedthat LINC00461
was oveexpressedin glioma samples andthat
knockdown of LINC00461nhibited the expression of
cyclin D1/A/E and cell growth inglioma cellspartly
by regulating the PI3K/AKT and MAPK/ERK
signaling pathway. In addition,LINC00461 knock
down suppressed miR® expression andhe related
genes TMEM161B and MEF2C. However, the
functional role of LINC00461 in OA development
remains unknown.

In our research,we aimed tostudy the role of
LINC00461 in OA developmentWe first confirmed
that the inflammatory mediater IL-6 and TNFU

induced LINC00461 expression in lrondrocytesand
that the expressionof LINCO0461 was upregulatedn

OA tissues. Elevated expressionLdNC0046L induced
chondrocyte proliferation, cell cycle progression,

RESULTS

TNF-Uand IL-6 inducedthe expression of
LINCO00461 in chondrocytes

To explore theeffect of TNF-Uand IL-6 on LINC00461
expression in OA, wéreaed dondrocytesvith TNF-U

and IL-6. Wefirst confirmed that IL6 couldsignificantly

inducechondrocyteproliferation by usinga CCK-8 assay
(Figure 1A). We also found that TNFJ significantly

promoted chondrocyte growth using CCK8 analysis
(Figure 1B). In addition, we indicated that®Lenhanced
the expression oLINC00461 in chondrocytes(Figure

1C). We demonstrated that TNFinducedLINC00461

expression inflwondrocytegFigure 1D).

The expressionof LINC00461 wasupregulatedin
OA tissues

Furthermore, wetested whether the expression of
LINC00461 was deregulated in OAand whether
LINCO0461 expression wadecreasedh OA casesand

normal control patients. We demonstrated that

inflammatin, and extracellular matrix (ECM) LINCO00461 expression was higher in OA tissuleanin
degradation normal samples (Figure 2*p<0. 001).
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Figure 1. TNF | y-&Rindlicgd the expression of LINC00461 in chondrocytesCell proliferation was determined by GEK
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The expression of miR30a-5p wasdownregulatedin
OA tissues

We then demonstrated that-R.inhibited the expression
of miR-30a5p in chondrocytes (Figure 3A). We
showed that TNRJ suppressedniR-30a5p expression

in chondrocytegFigure 3B). In addition, wéound that

miR-30a5p expression was lower in OA tissutbsn in

normal samples (Figure 3C**p<0.001). The

expression level ofmiR-30a5p in OA tissues was
negativdy correlaed with LINCOO46L expression
(Figure 3D).
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Figure 2. The expression of LINC00461 was upregulated in OA tiSSde0461 expression was detected in OA cases and normal

control patients. ***p<0.001.
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Fgure 3. The expression of miB0a5p was downregulated in OA tissuegd) I1-6 inhibited the epression of mi0a5p in

chondrocytes. §) TNF

& dzLILINIB3aab s axpregstowin chondrocyte€) (The expression of miB0a5p was lower in OA tissues than

in normal samplesDY) The expression level of m#Ra5p in OA tissues was negatively caatetl with LINC00461 expression. ***p<0.001.
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LINCO00461 directly interacted with miR-30a5p in
chondrocytes

As shownin Figure 4A, complementary bindingjtes
were found in th&NJTR (untranslated region) between
LINC00461 and miR-30a5p by using starBase
(http://starbase.sysu.edu.cn/index.phpVe confirmed
that the expression ohiR-30a5p was upregulated in
chondrocytes treatedith miR-30a5p mimics (Figure
4B). In additon, we showed that overexpression of
miR-30a5p decreased théuciferaseactivity of WT-
LINCO0461 (wild type) but not MutLINCO0461
(Figure 4C, **p<0.01). We also found that the
expression of INC00461 was upregulated iohondre
cytes treatedwith pcDNA-LINCO046l (Figure 4D).
Elevated expression ofLINC00461 suppressed the
expression omiR-30a5pin chondrocytegFigure 4E).

Elevated expression of LINC00461 induced
chondrocyte proliferation, cell cycle progression,
inflammation, and extracellular matrix (ECM)
degradation

Next, we showed that overexpression LdNC00461
significantlyenhanced cell proliferation irhondrocytes
(Figure 5A). We also demonstrated that elevated
expression of LINCO0461 increased cell cycle

vy

LINC00401 WT 5° UUGCAUAUUUGUUUACA’ 3

LI
miR-30a-5p 3' UCAGCUCCUACAAAUGU" 5

LINC00461 MUT 5° UUGCAUAUUACAAAUGU” 3
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progressionn chondrocytegFigure 5B).Interestingly
we found that IL6 expression was upregulated in
chondrocytesafter LINC0O0461 treatment (Figure 5C).
Moreover, we showed th&aiNC00461 overexpression
enhanced IE10 expression in hondrocytes(Figure
5D). Ectopic expression ofLINC0046L promoted
MMP-2 expression in loondrocytes(Figure 5E). The
expression level of MMB was increased in
chondrocytesafter LINC00461 treatment (Figure 5F).
Furthermore, we showed that elevated expression of
LINC00461 enhanced MMHA3 expression (Bure 5G)
and decreasetype Il collagenexpression (Figure 5H)
in chondrocytes

Ectopic expression ofmiR-30a5p suppressed cell
growth, cell cycle progression inflammation and
ECM degradation

We showed that overexpression ahiR-30a5p
significantly  decreased cell  proliferation in
chondrocytes(Figure 6A). We also demonstrated that
elevated expression @ofiR-30a5p suppressed the cell
cycle in dondrocytes(Figure 6B). Interestingly we
found that IL6 expression was downregtéd in
chondrocytesafter miR-30a5p treatment (Figure 6C).
Moreover, we showed thamiR-30a5p overexpression
inhibited IL-10 expression intondrocytegFigure 6D).

Relative miR-30a-5p expression

(=]

&
C D &
c c
> 157 @ mRNC § o0 E_% 1.5+
.% E3 miR-30a-5p 2 — 8 _'_\
] a g_ \
@ 1.0- 3 40- ® 1.04
: :
% 3 3
Kk o v
2 o5 Z 20- & 0.5
o i - £
2 o e
- 2 £
3 3 3 N
x 0,0 r . f 0l - 500 N \ \
X N » L
N 9 & & € &
‘\‘\o & (P &* QGQ
N S

Figure 4. LINC00461 directly interacted with r8RBa-5p in chondrocytes(A) Therek NB  O2 YLI SYSy (| NE-UBRA Y RA Y =

(untranslated region) between LINC00461 and30B5p. B) The expression of miBOa5p was upregulated in chondrocytes treated with
miR30a5p mimics. § Overexpression of miBla5p decreased the luciferasetivity of WTLINC00461 (wild type) but not MAUNC00461.
(D) The expression of LINC00461 was analyzed by usinBCRBssayE)(Elevated expression of LINC00461 suppressed the expression of

miR30a5p in chondrocytes. **p<0.01.
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Ectopic expression omiR-30a5p decreased MMR

expression inltondrocytegFigure 6E). The expression

level of MMP-3 was decreased irhandrocytesafter

miR-30a5p treatment (Figure 6F). Furthermore, we

OD 450 values

(¢}

Relative IL-8 expression

Relative MMP-2 expression [Tl

Relative MMP-13 expression Q

Figure 5. Elevated expression of LINC00461 induced chondrocyte proliferation, cell cycle progression, inflammation, and
extracellular matrix (ECM) degradatiorfA) Overexpression of LINC00461 enhanced cell proliferation in chondrodg)eBlegated
expresion of LINC00461 increased cell cycle progression in chondrocgieR-6( expression was upregulated in chondrocytes after
LINC00461 treatment.Dj LINC00461 overexpression enhancedOLexpression in chondrocytesE) (Ectopic expression of LINC00461
promoted MMR2 expression in chondrocytes) (The expression level of MMBPwas increased in chondrocytes after LINC00461 treatment.

(G) Elevated expression of LINC00461 enhanced MB1Bxpression.H) The expression of type Il collagen was measured byPgFRRI assay.

*p<0.05 and **p<0.01.
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Figure 6. Ectopic expression of m#Rabp suppressed cell growth, cell cycle progression, inflammation and ECM
degradation. (A) Overexpression of miB0ab5p decreasedcell proliferation in chondrocytes.B) Elevated expression of m8Ra5p
suppressed the cell cycle in chondrocyt&3.I(-6 expression was downregulated in chondrocytes after-8@i&5p treatment. D) miR30a

5p overexpression inhibited -0 expressionin chondrocytes. ) Ectopic expression of mBabp decreased MMR expression in
chondrocytes.R) The expression level of MMBPwas decreased in chondrocytes after BR5p treatment. ) Elevated expression of miR
30a5p suppressed MMR3 expression(H) The expression of type Il collagen was measured byPgRRIassay. *p<0.05 and **p<0.01.
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Overexpression of  LINCO00461 enhanced
chondrocyte proliferation, cell cycle progression,
inflammation, and ECM degradation by down-
regulating miR-30a5p

We further explored whether LINC00461 promoted
cells growth, inflammation, and ECM degradatidyy
regulating miR-30a5p in chondrocytes We demons
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Figure 7. Overexpression of LINC00461 enhanced chondrocyte proliferation, cell cycle progression, inflammation, and ECM

trated that LINC00461 overexpression induced
chondrocyteproliferation, while ectopic expression of
miR-30a5p significantly reverse this effect (Figure
7A). In addition we showed that elevated expression of
miR-30a5p inhibited IL-8 (Figure 7B) and IL10
(Figure 7C) expression ihINCO0461-overexpressing
chondrogtes Furthermore, we showed that ectopic
expression ofmiR-30a5p suppressed MMR (Figure

Relative IL-8 expression

Relative MMP-2 expression

>

Relative MMP-13 expression

degradation by downregulating mif80a5p. (A) Cell proliferation was measured by G&E#ssay.R) Elevated expression of m#R®a5p

inhibited 11-:8 in LINCOO46daverexpressing chondrocytesC)(The expression of -l0 was determined by gRACR assayD) Ectopic
expression of miB0a5p decreased MMR expression in LINC0046%erexpressing chondrocytesk) (The expression of MM® was
measured by using gRACR assayb)(The expression of MMP3 was measured by using gRTR assayG( miR30a5p overexpression
enhanced collagen Il expression in LINCO@\&texpressing chondrocytes. *p<0.05 and **p<0.01.
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