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ABSTRACT Objective: To investigate the protective effect of miR-29a on synovial injury in rats with knee osteoarthritis (KOA).
Methods: A KOA rat model was established by anterior cruciate ligament transection (ACLT). Rats were injected with microRNA-
negative control and miR-29a. miR-29a expression in synovial tissue and synovial cells of KOA was detected by real-time quantitative
polymerase chain reaction (RT-qPCR). Toll-like receptor 4/ myeloid differentiation protein 88/ nuclear factor kB (TLR4/MyD88/NF-kB)
signaling pathway related protein expression was detected by RT-qPCR and Western blot assay. The expression levels of inflammatory
cytokines in KOA synovial tissue and synovial cells were detected. Results: miR-29a expression was down-regulated in KOA synovial
tissue and synovial cells. Up-regulation of Mir-29a inhibits the inflammatory response of synoviocytes in KOA rats, and inactivates the
TLR4/Myd88/NF-kB signaling pathway in KOA rats. Conclusion: The up-regulation of miR-29a inhibited the inflammatory response of
synovial cells in KOA rats through the inactivation of TLR4/MyD88/NF-kB signaling pathway, thereby protecting the synovial injury.
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NTEREY ., ABRRS T AR R RSt

1.2 ShEEMEIR A

K REEHLS R U - X B84 (n=10) . ACLT 41(n=10),
ACLT+ microRNA [ %t B840 (n=10) ACLT+miR-29a 2
(n=10) . RT3 X FIH 1 Wi (ACLT) vy R AR AL . AR
D R BUACTR , SR T 0.1 mg/keg JBRTETA) T 55 DR B, SRR TS i i 5 7
FAREG o ACLT 4H  ACLT+ microRNA B4 % I 2H Fil ACLT+
miR-29a 21 K BRI O #R-B 2 T B, FTH G #, I
B BE O T8 S W i P ) S, WG T o, 3 88 i 38 U
CGEBEZBG R ) ATl 2 O S Wi s L, &
AT ST IREER VIO o X IR K ALY T 2640 1, A kAT
HIAE ST 25 8 o TR s K B T8 v s ) 5, R BRUDY A
7 o ACLT+microRNA B B 20 F1 ACLT+miR-29a 41 4331
TARJE 3 K12 8.3 A 4 7RO I ST 0.5 mL
microRNA BHPEXT BFT miR-29a, 4 J&J5 , 40 R BRI T % R
BE AR AT RRAS , il vk IR U0 R R 5 U0l SR FZH LA
AR IUE RNA FLEE A
1.3 BBkt W iR i6 ( ELISA )

SRR BB BhDK B0 1 b Ji5 80, BRI, , T R 2 5
O WUER A2 LW, TR EP %6 . R4 IL-6 F1 TGF-B
ELISA {77 & A il % 8 M hnifdh, 55 8 L oyas X I . #x
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1 100 WL W BTARIFIEIL 1 he B FLER I 100 WL — 98404k,
FEERIN 100 WL 8 555, 74k 30 min, AFFLERIN 50 L 45 1R
PRS0 e 25 FL WO R (B AT B 2l bR 42
14 LM ESRESEHER M (RT-qPCR)

&L RNA H1 TRIzol 187 £ AFRAS FAH A h 4 I A4 S e
SEIRF E RNA 55588 ¢cDNA, L U6 4 miR-29a AXt ik
M2, Ll B-actin iy TLR4 Myd88 NF-kB.Bcl-2 Bax IL-1,
TNF-ae /82, B[4 :miR-29a:5"- GAGTTGACCACAGCAC-
CTC-3';U6:5"- CTCAACTGGTGTCGTGGA- 3';TLR4:5'- CTC
GCTTCGGCAGCACA- 3';Myd88: 5'- AACGCTTCACGA ATT
TGCGT-3';NF-kB:5-ACAAACGCCGGAACTTTTCG-3";Bcl-2;
5-GTCGGACACACACAACTTAAGC-3'; Bax: 5'-TT GCCAGC-
GAGCTAATTGAG- 3;IL-1B:5'- ACAGGCTGAGTG CAAAC
TTG- 3'; TNF-o;: 5-TGTCTGCACCTGTTCCAAAG- 3'; B-actin
5" TTACAGGAAGTCCCTCACCCTC- 3', % 2+ T it
mRNA X K.
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10 min, 7% A FIREE, (RAT45
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40 ) ACLT+miR-29a #4520 (44 miR-29a U1 KOA
FRLZE L) o e BT & TP, FASEAEL microRNA [ X HECRIASE 4L
miR-29a FE YL, SR 5K s Y A TE 37°C I 5% CO, I H o
24h J5 IR FRIN, TEDCIGE S WA T R YR
1.8 XA

I ZR 1/ TR VAT W R R R A R T A A
1000 rpm 4°CE.0> 5 min J5UREE . KB FKFRBELE & 2 il
(4 mL 25522 0P +12 mL 587K ) . B T4 PBS ik 2
YK, 1000 rpm #.0> 5 min, F 13F,250 L 454 2% vk ok 40
L, R AN A B 2 1< 10° i / FL s 40 B (5 mL) fin A
5 mL A ARG N S WL BRERER TR 5wl pE I ETR S,
TCIGHRIREERESE 15 min, PBS(400 wL) AN B4 , SR JG T
NFETRA AL, 3BT 45
1.9 gitZEH*E

SR HH SPSS22.0 G it Mk, i Rk R Al B g7 o
2 (s )R B t K 36, THBCRORE LUTBURN B 7 e 3Rm I o #r
5y, Z M ECRHREE T 225007, P<0.05 hEFH 51t

2 BR

2.1 KOA XFRBEALH miR-29a RiAER

5% BELH L, ACLT 4H  ACLT+ microRNA [ % B 2H |
ACLT+miR-29a i /' miR-29a 1335 T F& , Mankin 7438 12 7
B LRI G X (P<0.05). 5 ACLT #H %%, ACLT +
miR-29a £ miR-29a 3k T}, Mankin P43 B L, 2565
it X (P<0.05), ACLT 415 ACLT +microRNA [H#:%}
W20 miR-29a &35 Al Mankin $£43 2 F 4% 8 X (P>
0.05), 41E 1 Fims.
2.2 miR-29a ¥f KOA K FR A HEF8#HR IL-6 0 TGF-p BB

ACLT #H .ACLT+ microRNA [f 74 Xt B 240 1 ACLT+
miR-29a 41 K BRUME . 7B A2 AHXT RNA JK - IL-6 il
TGF-B R IBKTIHEA BATHR, ZRALKITFEL(P<
0.05), 5 ACLT 1L, ACLT+miR-29a 41 IL-6 Fil TGF-B ({3
A BRI, Z RG24 L (P<0.05), W3 2 iR,
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% 1 &4 miR-29a K9#85F RNA 7K FF1 Mankin 743 bb 8 (s )
Table 1 Relative RNA levels of miR-29a and Mankin score in each group( xs )

Groups miR-29a Mankin score
Control group 1.00+0.01 0.25+0.01
ACLT group 0.25+0.03* 7.01+0.30*
ACLT+ microRNA negative control group 0.30+0.03* 6.98+0.30*
ACLT+miR-29a group 0.71£0.05%& 2.18+0.15%&
F value 48. 497 92.716
P value 0.000 0.000
Note: compared with the control group,*P<<0.05; compared with ACLT group, “P<<0.05.
%2 & 1L-1B 7 TNF-o MFAAT R (s
Table 2 Comparison of the expression levels of IL-18 and TNF-« in each group( xs )
Serum(pg/mL) Synovial tissue(pg/mL) Relative RNA level(x+s)
Groups
IL-6 TGF-3 IL-6 TGF-3 IL-6 TGF-3
Control group 263.58+16.34 632.54+23.86 752.03+34.21 2534.12+42.01 1.00+£0.01 1.00+0.01
ACLT group 520.67+25.63* 1206.34+30.56* 1734.05+£32.05%  5634.28+64.37* 3.05+0.20* 3.77+0.20*
ACLT+ microRNA negative
control group 510.42+22.38* 1152.06+31.65%* 1634.20+30.22* 5312.47+72.08* 3.14+0.20* 3.56+0.21*
ACLT+miR-29a group 386.04+£17.95% 759.42425.33%% 1088.34+£24.37*%%  3420.54+66.34** 1.43+0.14* 1.86+0.14*«
F value 27.945 42.507 30.15 102.34 21.547 16.974
P value 0.000 0.000 0.000 0.000 0.000 0.000

Note: compared with the control group, *P<<0.05; compared with ACLT group, “P<<0.05.

2.3 miR-29a Xf KOA X iR i FEH LR & TLR4/Myd88/NF-«B &
Fi3: 0B
5% BR2H h 4, ACLT 2H . ACLT+ microRNA [ 14 %f B 26

PR e=

1 ACLT+miR-29a £ TLR4 Myd88 NF-«B [ 31k /K -4y i 3%

Fm, ZRAFKITFE N (P<0.05); 5 ACLT 411k, A-
CLT+miR-29a [ TLR4 Myd88 NF-kB 13257k B I R 1%,
LRAGIFE XL(P<0.05), WFE 3 iR,

% 3 &4 TLR4 ,Myd88 NF-«kB HIHZF RNA 7K (x+s)
Table 3 Relative RNA levels of TLR4, Myd88, and NF-kB in each group(x+s )

Groups TLR4 Myd88 NF-«B
Control group 1.00+0.01 1.00+0.01 1.00+0.01
ACLT group 4.21+0.26* 8.13+0.30* 6.84+0.28*
ACLT+ microRNA negative control group 4.17+0.26* 8.04+0.30* 6.73+0.28*
ACLT+miR-29a group 2.18+0.15** 3.14+0.22%% 3.20+0.20**
F value 34.085 33.924 27.416
P value 0.000 0.000 0.000

Note: compared with the control group, *P<<0.05; compared with ACLT group, P<<0.05.

2.4 KOA XFRiBEZAH miR-29a Tix{ER

5IE# 4 Hds , ACLT 4 . ACLT+ microRNA 48] B #: %f
WA 20 F1 ACLT+miR-29a #4814 K FRUHT B4 A 7 miR-29a ik
KT, 22 R A S % 5 L (P<0.05). 5 ACLT 41 o4,
ACLT-+miR-29a #4020 K B M5 400 it v miR-29a &3k 7K -7+
B.Z2RE5H%5E Y (P<0.05), ACLT 445 ACLT+ microR-
NA BB X 2 b, R U A il miR-29a 357K -

E BTG 0 (P>0.05), 3 4 ik,

2.5 i@ miR-29a AN KOA Xk R B BE4A AR AY 4 fiE 2 BL
ACLT 4 ACLT+ microRNA B [ 14 %} i 21 #1 ACLT+

miR-29a 481 21 K R RS 4 it IL-6 1 TGF-B (19 3R35 7K 7 K

HAHXT RNA A ACE R EW A B E TS, 2565 %R

M (P<0.05). 5 ACLT #{ [t4¢, ACLT + miR-29a #4441 IL-6

H1 TGF-B MZRIA/KF- I B FAR, 22 A Geit2¢ 8 X (P<0.05),
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gk 5 fiis.
R 4 KRBEAMER miR-29a FIRIE (s )
Table 4 Expression of miR-29a in rat synovial cells( x=+s )
Groups miR-29a
Control group 1.00+0.01
ACLT group 0.21+£0.03*
ACLT+ microRNA simulation negative control group 0.23+0.03*
ACLT + miR-29a simulation group 0.77+0.05*%
F value 36.251
P value 0.000

Note: compared with the control group,*P<<0.05; compared with ACLT group, “P<<0.05.

x5 KA IL-1B F1 TNF-a FIEKF(xts)
Table 5 The expression levels of IL-18 and TNF-o in each group(x+s )

Synovial cell(pg/mL) Relative RNA level
Groups
IL-6 TGF-B IL-6 TGF-B
Control group 325.02+28.63 753.46+44.58 1.00+0.01 1.00+0.01
ACLT group 865.37+38.91* 3647.08+75.11* 3.10+0.18* 2.89+0.17*
ACLT+ microRNA simulation negative
981.06+47.64* 3584.02+70.12* 2.88+0.13* 3.19+0.20%*
control group
ACLT + miR-29a simulation group 520.47+40.85*¢ 1624.35+£52.07*¢ 2.01+0.10** 2.34+0.16%%
F value 33.694 50.317 30.514 33.024
Pvalue 0.000 0.000 0.000 0.000

Note: compared with the control group,*P<<0.05; compared with ACLT group, “P<<0.05.

2.6 _FiF miR-29a AT H) §I KOA B S FE 40 i TLR4/MydS88/ T BT, 2 B A 5233 X (P<0.05); 5 ACLT 414

NF-«B 18 2% 13055 It , ACLT+miR-29a 8l 21 TLR4 Myd88 NF-«B (/] 32 ik /K -
5IE# 4 i, ACLT 41 . ACLT+ microRNA ] BItEXT BRI, ZRA 542 X (P<0.05), U1 6 Fimnk.

FE4H 1 ACLT+miR-29a #48I2H TLR4 Myd88 NF-«kB [k 7K

% 6 %48 TLR4 Myd88 NF-xB HI#8XT RNA 7K F (xxs )
Table 6 Relative RNA levels of TLR4, Myd88, and NF-kB in each group(x=s )

Groups TLR4 Myd88 NF-«B
Control group 1.00+0.01 1.00+0.01 1.00+0.01
ACLT group 4.36+0.30% 8.30+0.35* 7.05+0.35*
ACLT+ microRNA simulation

negative control group 4.33+0.30% 8.25+0.35* 6.84+0.35*
ACLT + miR-29a simulation group 2.25+0.20%% 3.22+0.20%% 3.16+0.20%%

F value 60.370 36.210 29.341

Pvalue 0.000 0.000 0.000

Note: compared with the control group,*P<<0.05; compared with ACLT group, “P<<0.05.

3 i TRV, SCATHER AR IR, 32 R AN G A AL U, T 430
T ICE SR AN NS S B, TR 1 S i F 2R M. KOA
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AT RPN, WA R B B e LRI SRAET ™ LR 2 IE AR OGYE™ . A5 A0 i ¥ A A 1) 5 1 B vl
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miR-29a 7 [ i @95 SCC-9 2 Y v & 15 L 181 T g {1 00 3 A1
PIK3R2 {335, #0 PI3K/AKt {5 S i, 5| B 40 MO 5 2 7%
FURZERE ST R R M, AR, 1% miR-29a Af W] i 4 il
KOA 1 BEEZH SURE AT I b IL-6 A1 TGF-B A S AEAH 5 7
Ik, R KOA R AAER NS, 1M L miR-29a A {fi
KOA K1) TLR4/Myd88/NF-«B {5 S i, $7 nl AE il
i TLR4/Myd88/NF-kB {553 2k 1 AL 4 ] KOA K Fl 7 [l
R JERE SR AN T, DT OR A7 18 5545 7 , e 3R 31 2 i KOA
B HA,
TLR4/MyD88/NF-«B {5 58 % /&2 5 W T HLIR JAE IR SE
R TR R B EE S ™. TLR SRS 577, i
ZWERZ A, TLR4 J& TLR MG 2 —, EEM TR
W2 R, A AR SIS SR A N 1L 5, IR 2 HERY
RAEZ AR, TLR4 A& 4 MK 73Rk 5 LR R PR, 51
J8 )5 X NF-kB %Ak , P05 2 14 S, 30 IL-1  TNF S5 58 1 ]
TR, T ARG WM, Myd88 & TLR4 {5538 %+ 4
KSR AR BRI 138 LA BB 14 S A Rt g rh
PG F AR S, Myd88 fi2fdf NF-«B i 8 11z R ALk
fiff ,ffi NF-kB M\ NF-«B il &5 (1 52 54 s 4220, 1 NF-«B
J& TLR/MyD88/NF-kB {55 538 % I W A9 F 245 1, 2 5l R
SEH TAFRERIR, RS ITESS & 2 MRS 3719 «B 7 51,
R S AR SRPE N AE & E I 25 A= R R v e 45 R A
F1, NF-kB {5 S5 BRI 2N T (5 5 5 i
TR EL LAY U %, 3278 TLR4A/NF-kB 3l % 1] A2 5 | 4 S8 0E S
IR B 45 B G BERE AT P AHIESE 7R , KOA T I 41 41
T 4 9 b miR-29a 3k T i, TLR4 \Myd88 NF-kB ik /K
SE4 T A, _EE miR-29a j5 , TLR4 Myd88 NF-«B [k
KB RER s #£ B B miR-29a 5 KOA K Bl Y
TLR4/Myd88/NF-kB {55 il 1, DI BELIBT 28 4 A 573344
I/ A, T 22 KOA . Jdiid 41 i) TLR4/MyD88/NF-«xB
{55 i ] EE OB LS AR A 7, S22 KOA WY K A=K
JrU2eM R 37 % ] i i R A% / BT TLR4/NF-«B {5
S B R AAE A, 3] KOA 18 RS K0 , M i A2 3] 15
JRBURYT KOA [fEe),
& FATIAR, F 7 miR-29a A i@ i TLR4/Myd88/NF-«B 55
T RIS A ] KOA R I AR A AE ST, MR 4728
. B, FiRgs R KOA IR IFRE T Hiistz
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