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TN JRE T RS W A AR ML . A3k 44 oTRL 40 \IL-1B 41 \LV-MEG3 £ .miR-21 mimic Z0 fI LV-MEG3+mimic
20, IL-18 Ab B ECHE 40 M J5 , 0 A i 198 9% B8 3 miRNA mimic ZhJE4A 0, RT-PCR kil MEG3 ., miR-21 5 Jfi 4 J& & 5 B8
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The effects of long non-coding RNA MEG3 on IL-1B-induced cell apoptosis and inflammatory
response of chondrocytes by targeting miR-21
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Abstract: Objective To investigate the effect of long non-coding RNA MEG3 on IL-18-induced cell apoptosis and inflammatory
response of chondrocytes by targeting miR-21 and its mechanism. Methods Cells were divided into ¢TRL group, IL-1B group,
LV-MEG3 group, miR-21 mimic group, and LV-MEG3 + mimic group. After addition of IL-1B, cells were treated with
corresponding miRNA or lentivirus. Gene levels of MEG3, miR-21, MMP-13, collagen II, and Aggrecan were measured with RT-
PCR. Cell apoptosis was determined with Hoechst staining. The protein levels of cl-Caspase-3, cl-Caspase-9, MMP-13, Collagen
II, Aggrecan, phosphorylated ratios of p65, and STAT3 were determined with Western blotting. The levels of MDA, LDH, SOD,
GSH, TNF-a, IL-6, and IL-10 were determined using the detecting kits. The nuclear localization of p65 was determined with
immunofluorescence. Results Compared with those in ¢cTRL group, miR-21 level, cell apoptosis rate, MMP-13 gene level,

MMP-13, cl-caspase-3 and cl-caspase-9 protein levels, MDA, LDH, TNF-«, IL-6 levels, phosphorylated ratio of p65 and STAT3,
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nuclear localization of p65 increased, but MEG3 level, gene and protein levels of collagen II and Aggrecan, SOD, GSH, IL-10
levels decreased in IL-13 group. Compared with those in IL-1B3 group, miR-21 level, cell apoptosis rate, MMP-13 gene level,
MMP-13, cl-caspase-3 and cl-caspase-9 protein levels, MDA, LDH, TNF-«, IL-6 levels, phosphorylated ratio of p65 and STAT3,
nuclear localization of p65 decreased, but MEG3 level, gene and protein levels of collagen II and Aggrecan, SOD, GSH, IL-10
levels increased in LV-MEG3 group. Meanwhile, the alterations in miR-211 mimic group were opposite to those in LV-MEG3
group. Compared with those in miR-21 mimic group, miR-21 level, cell apoptosis rate, MMP-13 gene level, MMP-13 | cl-caspase-
3 and cl-caspase-9 protein levels, MDA, LDH, TNF-a, IL-6 levels, phosphorylated ratio of p65 and STAT3, nuclear localization
of p65 decreased, but MEG3 level, gene and protein levels of collagen II, Aggrecan, SOD, GSH, IL-10 levels increased in LV-
MEG3+ mimic group. Conclusion MEG3 inhibits IL-18 induced cell apoptosis and alleviates the inflammatory response of

chondrocytes by down-regulation of the expression of miR-21, and its mechanism may be related to the inhibition of NF-kB signal

pathway.
Key words: osteoarthritis; chondrocyte; MEG3; miR-21

& %75 4 (osteoarthritis, OA) R4 SEH
R — B RATBN , R NP5 5 A i 1K
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B SRR R B R EE RN TR EAE O R
W LA Ko AT Bl RE I ke 2 SRR, R PR BE R A R #2 10
RAE R A o LT BB AT MR IR MR R
T4l J2 B B a0 2 S 3 OA G5 0 A7 3l i iR
MR, fF OA RpE & BB, [l A
%-lB(interleukin-]B, IL-lB)ﬁi?ﬁE?&%ﬁE"]’ﬂifﬁ,ﬁf
e 2L 5 & J® 2 11§ (MMPs) [ 35 | R AE A BT
PGE2 J NO /K% I+, 51 % S hE 2, TL-1B %
BH T OA MRSME B 7 . HETX OA B3R Y7+
BEZEAY G YNRIT AT ARIGIT &, ULRE
S B SR A O T ST R, S BB AR ARG L JF IR
MIRIT T RE &2 3R BRI A R & . N e
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MicroRNA ( miRNA ) 2T 43k i M R 2 —,
VB — K BE2Y 22 nt 1Y P YR SR 46 3E 4 7% RNA, 7T
H5HM mRNA JE IR 454, WiEEE K RIL,
miRNA 72 25 7 AR50 0345, 78 OA e
ERBEMPELAMAT . DA MIE miR-21 £
BB M ] P4 OA B & R, T B miRNA £ 732 AJ
AE XS 224> #E L AR AF AE 4R ML, 5t miR-21 W] B
WAEFE AR 2 5945 OAM . ARBF5E I i 1% 3%
ARTTHCE A ik CHS  TL-1B AbBEHE ST OA fRAHME
A 3 3t miR-21 mimic fl B R F X K 3
( maternally expressed gene 3, MEG3) i ik 18 5 5
AhFR, B A BRI T miR-21 £ OA BH MM 5
MEG3 #yE 1 56 R M a4 AL .

1 #BF7FE

1.1 F 235

DMEM £ il J% 3% W 6 48 036 W A 28 18 Gibeo
ad, I-18 W | g A0 & M dw kY B B
lipofectamine2000 W4 H Invitrogen 4% T, QuantNova
SYBR Green PCR &7 & Wy H 18 [E Qiagen 2\ A,
Hoechst 4 (4357 \RIPA ¢ W . Trizol 159 1y A b
HREKRELEY A A, B B ( malondialdehyde,
MDA) . #8 & 1k ¥ 15 1k B ( superoxide Dismutase,
SOD) ¥ i & B (lactate dehydrogenase, LDH) . 2
e H Bk ( glutathione, GSH ) A& Il it ) & S b J& 34 5E
- (tumor necrosis factor-a, TNF-o) . [AZHIEEANZE 6
(interleukin-6, IL-6) ., 1 4f Jff /- & 10 ( interleukin-
10, 1L-10) ELISA 350 & W3 1 B 502 A 9y Rk 42 2
A}, miR-21 mimic 5 20 18 55 5 BOR I8 B I H5 0
AL AR BE R A8 3 (cleave Caspase-3) | {if 1621 bt
KA B 9 (cleave Caspase-9) . Z: 4 8 & H B 13
( matrix metalloproteinase 13, MMP-13) 1T %! it J7 45
H ( Collagen 1) | B H B (Aggrecan) | p65 . p-
p65 (5548 5 J 5 F iE A T 3 (signal transducers
and activators of transcription 3, STAT3) .p-STAT3 $i
k0 {2 & Santa Cruz 23 &, 5250 BT F3 51 ¥ 2k A
Primer3 input ¥ it , F¥E T AW NE G K.

1.2 #puiEs

AR Bk CH8 g g ATCC 22w, 4 i
37 C 5 % CO, AT 9% T & 10% 6 4+ 1
7 100 U/mL 7 % % 1 100U/mL %% % % ) DMEM
B RO 1k ,2~3 d AR HE 4 A K 1B
B
1.3 40H 5 0 B Ab 38 7 vk

e 47 9 25 B3 IR (¢TRL) £ (IL-1B8 4 \LV-
MEG3 2 .miR-21 mimic £ fil LV-MEG3 + mimic 2,
B ¢TRL 4i5b, B4 43 R A 10 ng/mL (¥ IL-18 4b
PP 2 h,MEG3 4 12 %5 # MUk 43 51 B 4« LV-MEG3
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1 LV-MEG3+mimic ZH Zl }fg , % A8 lipofectamine 2000
B e iR R 50 B 5, i A miR-21 43 7l % 4 miR-21
mimic 41 # LV-MEG3+mimic 41 ,
1.4 J5#ER Y CHS 3Ol 4 Mtk

$5 4 B B A K CHS 4B MR T 6 FLAR,
L 5x10" A, M40 A KRS & 70% L& )5, 1%
10° TU/mL MEG3 2 21 18 %5 % i & fL A 10 L &
UMM, 24 h J5 58 25 FR I 37 C ARG SR 48 h,
1.5 RT-PCR 4l mRNA 33k 7KF

RAE 1.3 Bk A A M S5, FH Trizol £2
B4 ML S RNA, %% 5% G L cDNA, B J5 #% B8
QuantNova SYBR Green PCR kit 1% 8 #:47 PCR
D, 25T E R 95 CHIAEME 2 min, 95 CAEME S s,
BA/FEM 60 °C 10 5,40 MER, 2 KBTI
FIKKF,
1.6 Hoeschst #7040 98 =

RYE 1.3 Bk AL BRI ), 37 T 6 AL
W, BEREEEEMME, A 0.5 % TrintonX-100
AT BN P, Hoeschst 2¢ Y6 YL b} Z= iR Y4 8 30 min,
TR T AR AN MU T O, AAZ [ 48, A e A
%% Ve e R Ay 200 L T A B T = R T 4 A
o 5 ¥ x 100%
1.7 Western blot i E [ F A

RAE 1.3 B AL S M /S, RIPA 2447
WA EEE,BCA &, 10% SDS-PAGE 44 &
BHFEA, SAEFLEFL 30 wg, B G E PVDF
FEE.5 % BilgF9di 2 h, —4i 4 CHE LK,
PBSEW 3 WEMHA 4 E 2 h,Ed B 6,
GAPDH fEh N2,
1.8 MDA SOD .LDH . GSH /K4l

RYE 1.3 17 240 4 Ab B4R M )5, R AR L b 7
2 (TBA) ko U 248 o 35 552 W h MDA & & |, 5 B i 4
0 244 B 15 532 b SOD 3% J7, b €075 46 10 20 Ff 5% 57 W
H LDH 3§ 77, bb o 2 A6 0 40 i 5% 3R e b GSH & &,
BT B AR & U B AT
1.9 ELISA £ TNF-o . IL-6 1L-10 /K3

R 1.3 0 7 ¥ 0 AL B4 M )5, R A ELISA
27 B I 2 M B 3R W P TNF-o IL-6  1L-10 7K 5F-,
BT B AR & U B AT
110 5y e Sk 42 € 1 K SF

MRYE 1.3 Bk sr A Ab BRAH M ) , 2 3R Y R 1)
7E 20 MY , TrintonX-100 3% X 4b ¥, 14 min J5f#i A PBS
GEMBOEYE 3,10 %A I FEME ER S 2 h,
—4i 4 CHF LK HEEHM FITC $Rr1C 09 556

THIEIEMOEHE 1 h, DAPI ED B E 15
min, PBS {F ¥k 3 IR, 906 B U L2 p65 119 4% % fif
T o
1.11  Zif2eab

FRGETT 25744 SPSS 17. 0 4 ¥ 5T 45 2 45 , 4H ]
K H o K, 2 40 1A SR B R 2R O 22 43 BT L BB
P ehr il 2 RORTLIEE R, Y P<0.05, A W ER
HE iR L,

2 HE

2.1 OA B4 H MEG3 £k 5 miR-21 FIKTF
A EAEH A

WA 1 s, 5 ¢TRL 4 b %, IL-1B 41 MEG3
R BEREMCE 1 A) , miR-21 FKiKKTF B E
FrE (B IB) , ZR A &I E L (P<0.01); 5 IL-
18 At %, LV-MEG3 44 MEG3 ik /KT 8% T 5
(B 1 A),miR-21 KKKV B EEK(E 1B) , miR-
21 mimic 44 MEG3 ik /K TF B ERHM (B 1 A),
miR-21 kK V- BEH S (E 1B), ZRAL5 ¥
& Y (P<0.01) ;.5 miR-21 mimic 2 L%, LV-MEG3
+mimic 2] MEG3 £3AK W EFE (E 1 A) ,miR-
21 BBV BEREM(E 1B) , ZREGHIFFHE X
(P<0.01),
2.2 OA HE MY miR-21 Fl MEG3 3835 X% 4 j
P8 T2 /9 5 T

WmE 2 fias, 5 ¢TRL 4 I %, IL-1p £H 40 fg U3
THREEIE( 2B ), cl-Caspase-3 # cl-
Caspase-9 #5 F1 R A K F I+ & (B 2C) , ZE R A G
FEX(P<0.01) ;5 IL-1B #H 4, LV-MEG3 #H 4H
MR TR R E R (B 2B), cl-Caspase-3 # cl-
Caspase-9 & [ F A K FIEMK (E 2C) ,miR-21 mimic
H AN T b EE B 2 T (K] 2B) , cl-Caspase-3 FlI
cl-Caspase-9 T R B K VI (B 20) , ZR A4
1B X (P<0.01) ; 5 miR-21 mimic 44 [ %8, 4 M
AT R W% AR (B 2B), cl-Caspase-3 Fl cl-
Caspase-9 & [ R IL K FREAL (A 2C) , ZRA Gt
PR (P<0.01),
2.3 OA HE MY miR-21 Fl MEG3 38 35 % 4 ju
A1 IR DG IR 2R 36 Y R

WE 3 B, 5 cTRL A &, IL-1B 26 MMP-13
P ME B REKVBEFH(E 3 A,C),Collagen
IT 1 Aggrecan JE PR RN 85 Rk KT B % Bk (& 3
AC),ERAGIENL(P<0.01); 5 IL-18 4H It
A, LV-MEG3 #] MMP-13 3[R0 2 [ % 15 K7 B 3
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A, The relative expression of MEG2 in OA choendrocytes;

B, the relative expression of miR-21 in OA chondrocytes. 1,

Relative miR-21 expression
Y
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I+ + P&
+ |+
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~

g s MEG3 5 miR-21 # 5L [H %k
; B:OA BB 418 o miR-21 fY 4 X R 1k

;1:¢cTRL 44 ;2;IL-18 4 ;3:LV-MEG3 4 ;4 miR-

The expressions of MEG3 and miR-21 in OA chondrocytes

c¢TRL group; 2, IL-

1B group; 3, LV-MEG3 group; 4, miR-21 mimic group; 5, V-MEG3+mimic group.

a LV-MEG3

Hochest

miR-21 mimic LY-MEG3+minic

B
_ 515 s T3 CTRL
g 2 - 1B
s e LV-MEG3
; Caspase-3 s s v i wiaee. X 1.0 m miR-21 mimic
$ £ £3 LV-MEG3+mimic
£ Caspase- o i oot S o . 5
& Sos
E] GAPDH 4858 S W a0 e
AR~ b+ o+ gy 2l
WA ~ e LV-MEGS — - - & Caspase-3 Caspase-9
LWMEGS ~  — + =+  R2imimic— - o~ 4
miR-21 mimic - — — < £ B 2 3 N 5
1 2 3 4 5
B2 miR-21 Fl MEG3 %F OA 3-8 41 j 98 1 1) 5% i (200 )

¥ : A :Hoeschst % M 4H 0 A T s B: OA BB

A T % ;C . Western blot ¥ JF 1= AH £ T 1 cl-Caspase-3 il cl-Caspase-9 #H %f & 157K

51 TRL 452 10-18 4 ;3. LV-MEG3 4 ;4. miR-21 mimic 4 ;5:LV-MEG3+mimic 4,
Fig.2 The effects of miR-21 and MEG3 on cell apoptosis of OA chondrocytes

A, Cell apoplosis detected with Hoeschsl slaining; B, apoplosis rale of OA chondrocyles;

proteins cl-Caspase-3 and cl-Caspase-9 delecled with Weslern blolling. 1

mimic group; 5, V-MEG3+mimic group.

AL (& 3 A,C), Collagen IT F1 Aggrecan Ft [F #l&
FIREAKTFBEFE(E 3 A,C), miR-21 mimic 4
MMP-13 S K 2K KA K F @ &R (E 3 A,

C) ,Collagen IT F1 Aggrecan & [ 18 H %5 1A /K °F W
FHREME (B 3 A,C) , ZRARIT¥E X (P<0.01);
5 miR-21 mimic £ L%, LV-MEG3 +mimic 2 MMP-
IBREEMEARBIKERZERFEME 3 A C),

Collagen II 1 Aggrecan £:[R & (A Xk KFF+ 5

C, the relalive expression ol apoplosis-relaled

, ¢TRL group; 2, IL-1B group; 3, LV-MEG3 group; 4, miR-21

(K3 A,C), ZRAESLITHEL(P<0.01),
2.4 miR-21 Fl MEG3 £k OA # & 41 1) &
LIANRT:

WE 4 Fia, 5 cTRL 4 th %, IL-18 41 MDA |
LDH /K275 (E 4 A,B),SOD F1 GSH /K F &
EFRAL(E 4C, D), ZRA G2 L (P<0.01);
5 TL-1B 41t %8, LV-MEG3 41 MDA #1 LDH /K¢ &
ERAL(E 4 A,B) ,SOD Fil GSH /K- & 7+ 5 (
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B 3 miR-21 fl MEG3 X} OA ¥ 5 40 it MMP-13  Collagen 11 FII Aggrecan Xt K FlIZE 1315 BB
A MMP-13 Collagen 1l Aggrecan A%} mRNA 1K /K ;B Western blot # Il MMP-13 Collagen 11, Aggrecan 2 &
ik ;C:MMP-13 Collagen L1, Aggrecan FH%F 2 [ 32 157K 5 1. ¢TRL 4 ;2. 1L-18 41;3:LV-MEG3 4] ;4 : miR-21 mimic 4 ;

5. LV-MEG3+mimic 41 ,
Fig.3
OA chondrocytes

The effects of miR-21 and MEG3 on MMP13, collagen II, and Aggrecan genes and proteins in

A, The relalive mRNA expression levels of MMP-13, collagen II and Aggrecan; B, the prolein expression of MMP-13,

collagen II, and Aggrecan delecled with Westlern blolling, C, the relalive prolein expression of MMP-13, collagen II, and

Aggrecan. 1, ¢TRL group; 2, IL-18 group; 3, LV-MEG3 group; 4, miR-21 mimic group; 5, V-MEG3+mimic group.

4C,D) ,miR-21 mimic 41 MDA 1 LDH 7KF F+ & (&
4 A,B),SOD F1 GSH /K F-F{K (K 4C,D) , 27 FH
it % L (P<0.01); 5 miR-21 mimic 41 bt %5,
LV-MEG3+mimic 21 MDA F1 LDH 7K - i 2 F 1% (
4 A,B),SOD #1 GSH k¥ 2 ¥ 7w (K 4C, D), %
A FE L (P<0.01),
2.5 OA #CH M miR-21 Fl MEG3 X 48 4E 40 g
[ ¥ 4 3 il

WK 5 i, 5 cTRL 41 th4 , IL-18 44 TNF-o 1
IL-6 K- 835 TR, IL-10 7K1 835 A%, 2 B4 483
272 X (P<0.01) ;5 TL-1B [#:,LV-MEG3 21 TNF-«
FIL-6 7K °F- i 3 AR, IL-10 7K °F i 2 7t 5, miR-21
mimic £ TNF-o 1 IL-6 7KV 785, TL-10 7K FEAR , 22
FAAGIHF R (P<0.01) ;5 miR-21 mimic 4 HH,
LV-MEG3+mimic Z1 TNF-o ,IL-6 7K - B 2 F5 % , TL-10
KT8, ZRA G FE L (P<0.01)

2.6 OAZKE M miR-21 F1 MEG3 % NF-kB {&
536 % 1 5 e

WE 6 BiR, 5 cTRL 4H HL s, IL-18 20 p65 Fil
STAT3 @Rk LR B E T (B 6 A) 4 g #% N p65
B BETHE (B 6B) , ZERA G R L (P<
0.01) ;5 IL-18 4H %, LV-MEG3 5 p65 il STAT3
WM AL R B E R (K 6 A) M p6S 55
K 2 %A (& 6B), miR-21 mimic 41 p65 Fl
STAT3 @R fb LR B E T & (& 6 A) 4 fi i N p65
FEKTFREFE (K 6B) , ZRHFHIF¥E L (P<
0.01) ;5 miR-21 mimic 28 [t %, MEG3 + mimic 2H
p65 Fl STAT3 BfRAL b F W F KK (B 6 A) , 4l i
B p63 557K F B FFIK (K 6B) , 2 R A G112
N (P<0.01),
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Fig.4 The effects of miR-21 and MEG3 on the levels of MDA, LDH, SOD, and GSH in OA chondrocytes
A, MDA level; B, LDH level; C, SOD level; D, GSH level. 1, ¢TRL group; 2, IL-18 group; 3, LV-MEG3 group; 4, miR-21 mimic
group; 5, V-MEG3+mimic group.
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p - L 3 iWig
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2 miR-21 mirmic K 4% 4 44 12 RNA ( long non-coding RNA,
= 3 LV-MEG3+mimic

IncRNA) 2 — 2K % K T 200 nt i 455 RNA'™
BELZZRWAEHPUE, v B R il e A i E
I 2R PSR A R A L Y 42 R 4 . mRNA [ i A0 R R
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5 miR21 f1 MEGS 5 OA B 4L TNF-oc 116 1 I '%ﬂ*%-?[l?g TR Z B W Wz emE,
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Fig.5 The effects of miR-21 and MEG3 on the levels of miR-2.1 0 ) 1A 80 G JE L 5 0 3Rl AR A T
TNF-a, 11-6, and TL-10 in OA chondrocytes BRI MEG3 A1 miR-21 77 75 4% (948 1 6 3%
* " P<0.01 versus ¢TRL group; " P<0.01 versus 1L-18 group; &P M7E IR LM AL 1, MEG3 5 miR-21 §HL[E %
<0.01 versus miR-21 mimic group. R AE R L WARR M EM. Su s BB

Congcentration (pgimi.)

I8
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Fig.6 The effects of miR-21 and MEG3 on phosphorylation of p65 and STAT3 in OA chondrocytes and the
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