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B R T RHE A5 P miRNA-214 8y 15 AL F|
FH T AR B A

IR HBRER RRTEBE’
(1. A RBEYBEERASHLO ZERR, H AM 310004;
2. M TFTARER, ST B 324000)

W E B§EHE 2T £ (osteoarthritis, OA) 2 B 445 F £ > RNA (micro RNA, miRNA) 214 #54F ApuH R dedy L B, Hik:
DOA & # % B4 5 A2 F miRNA-214 F ik S, ARSE B M4 42 B Outerbridge A7 3 SR 69 OA & HE £ ¥ 4%
BULRAT SR, AR IS RF A 69 % RNA, 15 45 5 cDNA J5 R0 S 8F 2 & PCR A& 5145 #0440 F miRNA-214 69 Rk 5,
@miRNA-214 £ OA K FARB 45 F 69 4E AU A7 o RIRF R ITB K RT3 69 7 sk i 5 K K OA AR, 40 R AL,
e K A AL A miRNA-214 Z kA28 miRNA-214 Ak f A28 A st R AL R AR AL 20 % 10 R % F RA2 R 3 b7 a7 38 L4 4
KRMNBF R4, %3t A& miRNA-214 £ 34 miRNA-214 J76) 5] & miRNA-214 [ M55 085 5], M 218 0% & Ak Bk, £ %
FE 8%, £ miRNA214 & 43k 20 miRNA-214 A% &k 40 1 M 3¢ BB 20 BEA 28 BAR F R4 K S A M 2 3 5 M 451 2 44 100 pL
miRNA-214 AE40 4 1% % 7 3% & i . 100 pL miRNA-214 F#p4) 7) 12 5% 2 8 & & (100 pL miRNA-214 P2 2 FRAZ % AR &0 100 wl A
B &K 00 pL AR LK, FHE 4 B, KELE K I bk, 0 f i G m A% (interleukin, TL) —17 [ TL-23 K P ;4] & &
KA AT REERGHE A HE £ 6N ER T UL REFRE; RALBER T A MNES UK AR TREFARTREE
iy 2K REG (collagen I ,Col Il ) & 4 /% & & B ( matrix metalloproteinase, MMP) — 13 4§ 7%& & 4axt &5 %, QOA 25
A8 K 49 miRNA-214 ¥ee 2R B 947, 48 & miRNA ¥k B 28 & &+ miRNA-214 69 fe @ 2K ) AR 48 Sk A 5 it 5 A K AR %
89 Ak miRNA214 ¥eép L B, & A S8 5k & 85 52 16 55 3 miRNA-214 233 4b 4% 3 B F- 4 (activating transeription factor 4, ATF4 ) ¢4 3o,
FIME, SRR SRR A S A K R MR R TR TR T ATR 9 Gt ik, ERQD0A BB 2T REGKFTHaR P
miRNA-214 A S m &R, K E38 4 OA BH AT a Ay, PR 28 6 VA 10 6, IVABRG KT HEL G
miRNA-21448 5+ % 3% 85 FIM4A(1.67 £0.40,0.51 £0.16,:=12.941,P=0.000) ., QK A o ix £ m B FRKFAMNLER, 54K
Bk TL-17 1023 K- rbds, 0 2 F A% 3 E L [(62.94 +8.12) pg - mL™" | (45.19 £5.34) pg - mL™", (44. 63 +
6.67)pg - mL™",(24.74 £3.90)pg - mL™",(18.15+2.33)pg - mL™' ,F =94.153,P =0.000;(72.39 +10.26)pg - mL™",(48.70 =
5.87)pg - mL™",(47.59 £5.76) pg - mL™", (27.54 £4.05) pg - mL™", (18.13 £3.05) pg - mL™", F =111.701,P =0. 000 ],
miRNA-214 & &k 40 P b B4 AR A 240 % miRNA-214 A& & 38 8 K K o i 1L-17 1123 K-F3 & FRF K4 (P =0.000,P =
0.000,P =0.000,P =0.000;P =0.000,P =0.000,P =0.000,P =0.000) ;miRNA-214 & £ ik K & fiF 1L-17 IL23 KF3¥ & T
T e X 28 BE A 28 % miRNA-214 & &35 48 (P =0. 000, P =0.000,P =0.000; P =0.000,P =0.000,P =0.000) ; miRNA-214 1& %
H K R 1L-17 1123 K -F 3 4% T B b st BB 48 Ao 2 A0 28 (P = 0. 000, P = 0. 000; P =0.000, P =0.000) ; B+ 24 B8 48 X & oo 3
IL-17 0123 K -F 5 AR k4 2000 £ F 3 Rkt FEL(P=0.838,P=0.675), QXRKFALFREFHELE, HE f &4
REF BT REHRBABNE TN, SM T RB IS4 T R BEA 8B A 2O KA R I, M E AR,
BB R R 4%  miRNA-214 3 RGk B8R W AB M LA xR AL B A 28 € 7 & miRNA-214 18 A 3k 48 3k B 40 90 30 4% T 9%
FLEMB AR KT MR ER AR AT A AR mRNA214 R A AA R E, DXAKTUAREERTORE.
Col Tl \MMP-13 & Ak EHMER, SARAKTALRERG R Cll MMP-13 & & £ 8 ZILE, AR 2 FHARITFE
SL(0.08 +£0.02,0.14 £0.03,0. 15 £0.04,0.31 +0.08,0.72 0. 12, F =142.932,P =0.000;0. 11 +0.03,0. 20 =0. 04,0.22 +0. 04,
0.36 +0.05,1.13 0.21,F =170.345,P =0.000;1.32 £0.34,0.95 +0.13,0.95 +0.12,0.21 £0.04,0. 11 0. 03 ,F =91.486,P =
0.000), miRNA-214 FH A&k PR A A miRNA214 KA XX AR T UL R EZGRE Cll B 2L THKT
BF RL(P=0.000,P =0.000,P =0.000,P =0.000;P =0.000,P =0.000,P =0.000,P =0.000) ,MMP-13 & & 4 % % & TR F
AR4(P=0.000,P =0.000,P =0.000,P=0.000) ;mRNA214 Z A A AR AKFUARRERGRME CAl B G AL ZTHIKTM
X R 2 B 28 % miRNA-214 & A5 41(P =0.000,P =0.000,P =0.000;P =0.000,P =0.000,P =0.000) ,MMP-13 & & % i* &
BT AT PR A 28 % miRNA-214 f& &K 40(P =0.005,P =0.004,P =0.000) ;mRNA214 kA A A K ARG HRBEFG
B Colll BaRABHEHT WA RBAFEA (P =0.000,P=0.000;P =0.000,P =0.000) ,MMP-13 & & &k S /& F A b xF
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MRAEAAEA L1 (P =0.000,P=0.000) ; P RAXRRFARRERGRNE Colll MMP-13 & & Ak T 5EA 4 ki, 4010 £
FH ARG FEL(P=0.535,P=0.278,P=1.000) , ®miRNA-214 ye &k B iE2 R, 44 ATF4 — WT — psiCHECK2 Jf 4
89 293T Zm e ,miRNA-214 A4 20 64 3 K B A8 *F 7& M s F miRNA-214 B2 M At B8 20 (0. 45 £0.07,1.02 £0.23,1=5.301,P =
0.001) ; /22 % ATF4-MUT-psiCHECK2 Jf %244 293T Zm it ,miRNA-214 AE 4 4064 32 K BaAR 2 7 55 miRNA-214 [ b2t B8 28 1L
BOERAGITFEN(1.05+0.19,1.03£0.18,:=0.171,P=0.869), @k & 25k ATF4 B 2k MR, 54K
R FHE ATFS R G £35S e 4008 2 F A %43 & X (0.11 £0.03,0.17 £0.03,0. 18 £0.04,0.31 +0.05,0.79 +0. 11 ,F =
213.111,P =0.000) , miRNA-214 Z & ik%H P M3t B LE AL A 20 % miRNA-214 fR R ik 40 K KB4 ATF & & Rk 394K T
fBF AR 48(P =0.000,P =0.000,P =0.000,P =0.000) ;miRNA-214 F £ ik K 4B 422 ATFA & & £k ST W<t iR A2
A48 % miRNA-214 {& &£ 21(P =0.000,P =0.000,P =0.000) ;miRNA214 {& & A 20 kK S4B A58 ATV B & £ %5 F Wbkt
FRLAF AR L1 (P =0.000,P =0.000) ; M3 BB K KK B AT B Rk T 5B MM, M 2 F RATFEL(P =
0.535), £5i18:0A B XA PR TR 5% T8+ miRNA-214 69 £ 35 %, #7%) miRNA214 2k 6B BB KA AT LR A
JE R BRI e R AR HCR 4 B, miRNA-214 694 R ALh) 5 34 [L-17 \IL-23 MMP-13 & A fe i@ it R & & G R 45 . Col IT |
ATF4 £ A X, ATF4 7T 462 5 OA BB 445 48 5% 49 miRNA-214 ¢93e R F 2 —,
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Mechanism and targeted genes of miRNA-214 in osteoarthritis-induced cartilage injury
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ABSTRACT Objective: To investigate the mechanism and targeted genes of micro RNA ( miRNA)-214 in osteoarthritis ( OA ) -induced
cartilage injury. Methods : (DDetection of miRNA-214 expression in injured cartilage of the knee joint in patients with OA. The knee carti-
lage tissues of OA patients were graded according to the Outerbridge classification for cartilage injury. The total RNA of each cartilage tissue
was extracted, and the expression of miRNA-214 in the injured cartilage was detected by real — time quantitative PCR after reverse tran-
scription of cDNA. @ Analysis of mechanism of miRNA-214 in cartilage injury in OA rats. The OA model was established in rats by the sur-
gical cutting of the anterior cruciate ligament. Forty OA model rats were randomly divided into a miRNA-214 high expression group,a miR-
NA-214 low expression group,a negative control group,and a model group. Another 10 rats undergoing surgery without cutting the anterior
cruciate ligament were assigned into the sham operation group. The sequences of miRNA-214 mimics, miRNA-214 inhibitors,and miRNA-
214 negative control were designed and synthesized ,and lentivirus expression vector was constructed , followed by lentiviral packaging. Rats
in the miRNA-214 high expression group,the miRNA-214 low expression group,the negative control group,the model group,and the sham
operation group were injected with 100 L of miRNA-214 mimic lentivirus suspension,100 pwL of miRNA-214 inhibitor lentivirus suspen-
sion, 100 wL of miRNA-214 negative control lentivirus suspension, 100 pL of normal saline,and 100 wL of normal saline,respectively, at
the right knee cavity. At four weeks after the intervention,blood in the abdominal aorta of all rats was sampled and serum interleukin(IL) -
17 and IL-23 levels were measured. Paraffin sections of knee cartilage tissues were prepared,and the pathological changes in cartilage tis-
sues were observed following HE staining. The relative protein expression levels of aggrecan,collagen Il ( Col Il ) ,and matrix metalloprotein-
ase( MMP)-13 in the knee cartilage tissues of rats in each group were determined by Western blot. (3)Analysis of miRNA-214 targeted genes
associated with OA-induced cartilage injury. The targeted genes of miRNA-214 were retrieved from the miRNA targeted gene database,and
the human miRNA-214 targeted genes related to bone metabolism were screened according to the literature. The dual luciferase assay was
employed to verify the targeting of miRNA-214 on activating transcription factor 4 ( ATF4) . The relative protein expression of ATF4 in the
right knee cartilage tissues of rats in each group was detected by Western blot. Results ; (DDetection results of miRNA-214 expression in in-
jured cartilage tissues of knee joint in OA patients. Thirty — eight patients with OA were enrolled, including 28 with grade Ill and 10 with
grade [V. The relative expression level of miRNA-214 in gradelV injured cartilage tissues was higher than that in grade lll injured cartilage tis-
sues(1.67 £0.40 vs 0.51 £0.16,1=12.941,P =0.000) . @Detection results of serum inflammatory factors in rats. The serum levels of
IL-17 and T1.-23 in the five groups were statistically significant(62.94 £8.12,45.19 £5.34 ,44.63 +6.67,24.74 +3.90,18.15 £2.33
pg/mL,F =94.153,P =0.000;72.39 +10.26,48.70 +5.87,47.59 +5.76,27.54 +4.05,18.13 +3.05 pg/mL,F =111.701,P =
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0.000) . Serum levels of IL-17 and IL-23 in the miRNA-214 high expression group, the negative control group,the model group,and the
miRNA-214 low expression group were higher than those in the sham operation group (P =0.000,P =0.000,P =0.000,P =0.000;P =
0.000,P =0.000,P =0.000,P =0.000). Serum levels of IL-17 and IL-23 in the miRNA-214 high expression group were higher than
those in the negative control group, the model group, and the miRNA-214 low expression group (P =0.000,P =0.000,P =0.000;P =
0.000,P =0.000,P =0.000). Serum levels of TL-17 and IL-23 in the miRNA-214 low expression group were lower than those in the nega-
tive control group and the model group(P =0.000,P =0.000;P =0.000,P =0.000). There was no significant difference in serum levels
of IL-17 and IL-23 between the negative control group and the model group( P =0.838,P =0.675). @ Pathological examination results of
cartilage tissues. As revealed by HE staining, the sham operation group showed clear tide mark of cartilage tissues with intact structure and
uniform distribution of chondrocytes, and the negative control group and the model group displayed blurred tide mark of cartilage tissues with
seriously damaged structure and aggregated chondrocytes. The cartilage injury in the miRNA-214 high expression group was severer than
that in the negative control group and the model group. The miRNA-214 low expression group exhibited distinguishable tide mark of carti-
lage tissues with comparatively intact structure ,and chondrocyte aggregation was improved compared with the conditions in the negative con-
trol group,the model group,and the miRNA-214 high expression group. @Detection results of protein expression levels of aggrecan,Col II ,
and MMP-13 in rat cartilage tissues. There were significant differences in protein expression levels of aggrecan, Col Il ,and MMP-13 in carti-
lage tissues of rats between the five groups(0.08 £0.02,0. 14 £0.03,0.15 +0.04,0.31 £0.08,0.72 0. 12,F =142.932,P =0.000;
0.11 £0.03,0.20 +0.04,0.22 £0.04,0.36 £0.05,1.13 £0.21,F =170.345,P =0.000;1.32 +0.34,0.95 +0. 13,0.95 +0. 12,
0.21 £0.04,0.11 £0.03,F =91.486,P =0.000) . The protein expression levels of aggrecan and Col Il in the miRNA-214 high expression
group , the negative control group,the model group,and the miRNA-214 low expression group were lower than those in the sham operation
group( P =0.000,P =0.000,P =0.000,P =0.000;P =0.000,P =0.000,P =0.000,P =0.000) , and the protein expression levels of
MMP-13 were higher than that in the sham operation group( P =0.000,P =0.000,P =0.000,P =0.000). The protein expression levels of
aggrecan and Col ]I in the miRNA-214 high expression group were lower than those in the negative control group,the model group,and the
miRNA-214 low expression group( P =0.000,P =0.000,P =0.000;P =0.000,P =0.000,P =0.000) ,and the protein expression level of
MMP-13 was higher than that in the negative control group,the model group,and the miRNA-214 low expression group (P =0.005,P =
0.004,P =0.000) . The protein expression levels of aggrecan and Col Il in the miRNA-214 low expression group were higher than those in
the negative control group and the model group(P =0.000,P =0.000;P =0.000,P =0.000) ,and the protein expression level of MMP-13
was lower than that in the negative control group and the model group( P =0.000,P =0.000). There was no significant difference in the
protein expression levels of aggrecan,Col [ ,and MMP-13 in cartilage tissues of rats between the negative control group and the model group
(P=0.535,P=0.278,P =1.000). ®Results of miRNA-214 targeted gene verification. In 293T cells transfected with ATF4-WT-psi-
CHECK2 plasmid, the relative activity of luciferase in the miRNA-214 mimics group was lower than that in the miRNA-214 negative control
group(0.45 £0.07 vs 1.02 £0.23,:=5.301,P =0.001). In 293T cells transfected with ATF4 — MUT - psiCHECK2 plasmid, there was
no significant difference in the relative activity of luciferase between the miRNA-214 mimics group and the miRNA-214 negative control
group(1.05£0.19 vs 1.03 £0.18,£=0.171,P =0.869) . ®Detection results of ATF4 protein expression in rat cartilage tissues. The pro-
tein expression of ATF4 in the cartilage tissues of rats in the five groups was statistically significant (0. 11 £0.03,0.17 +0.03,0. 18 +
0.04,0.31 £0.05,0.79 £0.11,F =213.111,P =0.000) . The protein expression level of ATF4 in cartilage tissues of rats in the miRNA-
214 high expression group, the negative control group,the model group,and the miRNA-214 low expression group were lower than that in the
sham operation group(P =0.000,P =0.000,P =0.000,P =0.000). The protein expression level of ATF4 in cartilage tissues of rats in the
miRNA-214 high expression group was lower than that in the negative control group,the model group,and the miRNA-214 low expression
group( P =0.000,P =0.000,P =0.000). The protein expression level of ATF4 in cartilage tissues of rats in the miRNA-214 low expres-
sion group was higher than that in the negative control group and the model group( P =0.000,P =0.000). There was no significant differ-
ence in ATF4 protein expression between the negative control group and the model group( P =0.535). Conclusion : Cartilage injury of knee
joint in OA patients is related to the expression of miRNA-214 in cartilage tissues,and the inhibition of miRNA-214 expression can relieve
knee inflammatory response,reduce cartilage stromal breakdown ,and promote cartilage repair in rats. The underlying mechanism of miRNA-
214 is attributed to the inhibition of the expression of 1L-17,11.-23 ;and MMP-13 and the promotion of the expression of aggrecan, Col Il ,and
ATF4. ATF4 is potentially one of the targeted genes of miRNA-214 associated with OA-induced cartilage injury.

Keywords osteoarthritis ; cartilage diseases ;microRNAs ; gene expression ;rats;animal experimentation
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BT R (osteoarthritis, OA ) & BHIfE K & W
M PEIRAT MR , 2 0L T 50 % D) b rp g4 AR, 4
BT WG AF M E ST, W BT IE
B3z PR, EE R HE A4S . RE 0A KR
i ,65 % DL EARE OA By KA il id 50%* . H
I, OA [ R BILH] i A B, 1 A S8 97 2590 . e
IR b2 RAET ARSI B F IR HEDE OA KR
HERR T OA B, N TR BHA R —F
RAI6T T 7 2 AH 28 SRR BRI B AN T ) 22
T B, R OA By KR B By i 2
OA WHFE B E )T 0], BEAT BR800 T SRS
LA I e K R, 2 I g 3, B/ RNA
(micro RNA, miRNA ) 75 & 8§ 59 1Y & A Ak e rp 4y
WA DUBR miRNA-214 76 900 ) 9k 1 20 )l 73
Ak B B A SUR B AE R A EE AR . b T
TRV OA BCE 10475 7 miRNA-214 A9 4 FIAIL i S 4 1)
FE, RATHEAT T AR, LRSS i 5 T .
1 #R5NEE
1.1 SRIed# MO HCRHE Ok B il ZE3K )
PRIEFRBAEE L O = BE B R HI A I G T E AR BT 1Y)
OA B4#) .
1.2 RIezh# 8 e SPF Ziffitt SD K 50 H,
K piHE (270 £20) ¢, W9 B i R G A RHECARA
Al SEE S Y VE AT HIE S AR 7 VF R SCXK (9F1) 2018 -
0003, S5 J7 58 28 fiff i 3K B o R A BA 268 JL O = 1=
Bife B Z= 51 23 o A 8, (8 B 1 5 . FTKNHA -
KY19,
1.3 2B F  BeyoRT™ I ¢DNA & ik 5 & ik
B 9% UL TE B ( radioimmunoprecipitation assay, RIPA )
SRR Mk B 2 ( bicinchoninic acid, BCA) 5 H &
N & ( RSB RAEYEARAIRAT) , S E &
PCR(real time quantitative PCR,RT-qPCR) i{#| & . H
IS (interleukin, TL) -17 FI TL-23 g 553 W% Fff
43 M1 (enzyme linked immunoserbent assay , ELISA ) i8]
& (BT A RA R ) ,293T 4 il (35 [F ATCC
AT o RPURBEBELE AR I BEEEH (col-
lagen Il , Col Il ) . & i 4 J& 5 H % ( matrix metallopro-
teinase, MMP ) -13 | 7§ 1k 5% 5% [l T 4 (activating tran-
scription factor 4, ATF4) H il -3 -85 1 i & 1 ( glye-
eraldehyde-3-phosphate dehydrogenase, GAPDH ) — #i
(& Santa 4] ) , BRAR i AP BEARIC Y LU EHT 5

FPERRE T G P (FE[E Abcam A 7)) , FEOG R B4l
HFL R i okE psiCHECK2 ( € [E Promega 2\ 7] ) , Lipo-
fectamine 2000 %% 4L iR 7 ( 3¢ [ Sigma-Aldrich 2y 7] ) ,
IR TG & (AL T 4 R R
FRAFD .
1.4 XA 105 RT-qPCR U (SE[E ABL4H]) |
GENios Pro fiffbr 4% (5 +- 75 #5 23 A ) L YS100 % i3 5%
( B Nikon A H]) \ZF-208 4> H BB R4/ R 5%
( FHEsEIERHEA R A .
PN 7
2.1 OA BERXTHHNEHLAF miRNA-214
RiZEWN  AREPCE LT Outerbridge 73 b5
DRI Y OA JEE I ST 10 S Fi K
HHA T ORI =48R, SR Trizol Y52 A
RNA R 30 4% 0] &5 & i cDNA, L) U6 Sh N2
S, R RT-qPCR 3207 @A I miRNA-214 ik,
RV F K P 2 w0 & i B i E . 35 CT
{H, IR 274 miRNA-214 (X ik i, 5]
Y s  1,
%1 miRNA-214 R U6 3 385| ¥ F 5
FEH AR SIMFEI(S°—37)
EU#51% CCTGGCTGGACAGAGTTGTCAT

miRNA-214 .
TUE51% GTACAGGTGAGCGGATGTTCT

7519 AATCGGGCCTGCTCAAGTG
T514 GAACAGAAAATGCGGACGGG

2.2 miRNA-214 7£ OA KBREKEBHRGHHEAN
il 53 4

2.2.1 @B OREGEMNERSE 1 E G T
B« 25 K U s 1 5 3 B B 2 R R A 7 PR, T A )
R O e A LA — B0 1, Y 5 Y T e 1 A
MR , 558 DT B W i3 XU Iy, B (e A R
KMPE, BIZEEE VI . ARG T L 55 2R PRk
o, ARJE KEA MR MK 2 shhe 1 BRI it
B

2.2.2 SrdHJ5ik REALEEHR 40 HUK RUIR R iRy
PEEATIERRE K B 9 K BB L0 miRNA-214
i 2eiA 4] \miRNA-214 fIKF IR | B PEX) B 2] S i 7y
41, K H A 10 RARRAB TR (% FAREARG
W7 R 2E LRI ) o

2.2.3  #HikmE L RS miRNA214 750301
miRNA-214 #1H) .miRNA-214 #4135 miRNA-214
FAMEXT BEF 31 (2 2) . & B miRNA-214 £ 45047 |

ué6
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miRNA-214 $i 5] &z miRNA-214 B 1% B 5105 5
TIRTERIR GV2342 JE M I T R HR . K12
TR ARG WA FokL pHelper 1.0 .p Helper 2.0 3t
ez 293T 4, S8 MUW TR L . P A I B
A KN R AL B T R R A W B R A R

TE Mo
F 2 miRNA-214 53009 300570 R B 1 7 R A 51
JF 514 B JFHI(5°—3")

miRNA-214 #4114 ACAGCAGGCACAGACAGGCAG
miRNA-214 #iil35%] CUGCCUGUCUGUGCCUGCUGU
miRNA-214 BAPEXT IR UCACAACCUCCUAGAAAGAGUAGA

2.2.4 TR ERESHT K ERRBA KR
AN TS 100 WL miRNA-214 48718 ik
THIRBW (AR 2.0x10° TU - mL™") fE{K&KX
2H R B DN OG5 B 9 40 100w miRNA-214 H1]1 i
TN BV R TR (G R 2.0 x 10° TU - mL™") L7
FI AT B ZH R B A R DG i N T35 100 L. miRNA-
214 B X BECIZ o5 2 TR B VR (18 8 50 B 2. 0 x
10° TU » mL™") | 7450 4 B T A 28 K B A I Jigs 56
WS NTESS 100 L ALK

2.2.5 IMIFERIERF AR TTE TS 4 4,
25T R BRI 3 5 3G L L 22 B R A 7 BRI, SRR A AR
BUE F ki, T4 °CFLA3000 r + min ' #5012 min
(B0PA2 8 em)  HU BV o R H ELISA 35K I ifn
T TL-17 (123 7K AR50 & U6 P i AT 454,
R A AT 45 2 TR R WO (I e U K
450 nm) o HRAE AR v T IS RE IR TL-17
1L.-23 /K-,

2.2.6 HEHLSUNHESRA T ARG RS
HEMEFIALFE R B, R B A MO T B Y, s 4
BB ] 4% 22 5 RET i 5 [ 5 48 h, DAjiiK
e 30 ming S EEWE KIS, A S5 EEY) B, U R IR
5 pm, “HIREE KL, THARE R TR
8 min, ZEIR 7K WPk 5 Eh BRI 734k , 2208 K ol gk 5 ik R
SNV R W R, TR A IR Y 1 ming AL
K BB, B R R EE S, TS AR T WA
LH L FR AR

2.2.7 REHSREREARN . Colll . MMP-13 £
IRERINT B R A MRS T g, & T
WA FE TR, i A PBS s A13 , B B0 N,
A RIPA ZYH@ 24 4nil, F 4 CF L 10 000 1+ min ™'
B0 12 min(EEAE 12 em)  BCE TSR, SR ] BCA

TR G S R . IS0 g RRINARAS, AL RS R
FH A e B0 R 1M — 5 TR 94 O Mg 36 IS 4R A T FL VK, LK
0GB R AR B R m R IR R
5% ERRW By £ A1 J5 L A e bt R BRI 4 2R 1 SROME
Col I \MMP-13 .GAPDH —#(1:500) , F 4 C % it
O s TBST YRR , A BRAR 3 S AL W B A i 9 L
FhrReEERER G =40 (1:2 000) I H 2 h, %4 ECL
27 R A5, , SR B I iR 23 B R e 4 B R
Image J BRI 7 85 11 4501 1 JK BE{EL, L GAPDH iy
% B BREE IR Col T MMP-13 ({75 [ A1 X} 32
k(B A4 KR WS A5 IKEAE) -
2.3 OA HEH#{HEXH miRNA-214 #E EE 54
2.3.1 miRNA-214 # i 3E H ik 7 SR miRNA
L IR 3% 3% B miRWalk (http ;//mirwalk. umm. uni-
heidelberg. de/ ) #:2% miRNA-214 §m KL K, $:5 A 2%
miRNA-214 [ A7 80 1) FE R, AR A SRR 98 L i i 55
HACHAH DA A ZE miRNA-214 § ] B4

2.3.2 miRNA214 ¥R 3L B0 3F 73 @i PCR
PR ATFA JL P 7 A= 70 37 -9E % X (untranslat-
ed region, UTR) (ATF4-WT) f15<45 5 3° -UTR ( ATF4-
MUT) , ¥ H 53 51 5 9% 56 5K g i 25 & BT kL psi-
CHECK2 3% $, #4) @ 5 4 Jii b ATF4-WT-psiCHECK2
F1 ATF4-MUT-psiCHECK2 . 40 F %4 5508 11 293 T 4
AR T 96 FLAR, BEFLIZEFNZ 1.0 x 10* 44 fig, 3L
Hefh 20 AL, ARIEFE YL miRNA R[AH 20 42
FL53h miRNA-214 B4 (4% G miRNA-214 #i4]
1) F1 miRNA-214 BHPEXT BRAL (5 4% miRNA-214 (%
XTHR) B2 10 AN AL BAl T 5 A5 FL IR i i g
ATF4-WT-psiCHECK2 Jfi k7, %5 5 A& L [7) i) &% Yy
ATF4-MUT-psiCHECK2 Ji& %, % F Lipofectamine
2000 F Yk R AT gL e IR R 5 48 hy TEIR
Thn A PLB 2L W Z44#% 30 min Ji5, P4 1000 r - !
B0 5 min(BLOAE 8 em) B EIHR . 7E_LIEWR
TR K G Z Bl AN B 9O R BRI TR, R
JHl GENios Pro R4S 43 7 A5 I 2 K HU 5 5 2 il F it
B DR B¢ 0 BE , 11539 6 28 B AH X 3 P (i
K W R WO L/ B DRI ) .
2.3.3 KRB AL ATF4 35 R B R ik
A5 20 K R A RO 5 FBr 4 41, R 2 1 Bl v A
MR R B ATF4 B 3Rk i, kR 2.2.7,
Hrpg bR B ATF4 —470, LA GAPDH Jy A 25k

min ~
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3 ATFA B PR A
2.4 HiRLgEIt  SRHAI SPSS25. 0 GEit Bk Xt P i &
PEHAT G2 7 Mo miRNA-214 A X 2 38 4, 1l 7
IL-17 IL-23 7K, BE HA R EE H R B Col I,
MMP-13 ATF4 25 [ 235 5k ) 21 [A] 3 AR L5t R
P27 22 70 M7, AL 18] P P EL 3 495k T LSD-t e, 9%
JEHEARXE A B E] FE BRI ¢ K K K HE o« =
0.05,
3 8 R
3.1 OA BERXTHHNEHLR mRNA-214 £
BREMMAR I 38 ] OA B IS
L, H A M 28 1] IVEL 10 431, IV 945 0 kB 2H 2R
) miRNA-214 AR Fbh i TP (£3) .

R3 BETREEFRABRGERZEXITREALR

miRNA-214 {83 Rk 8

Sr L 41 [/ S, =X
A %g‘fj ﬁz};ﬁ/ miRNA-214 FiX| Fih & (v +5)
I %% 28 0.51 +£0.16
V% 10 1.67 £0.40
X0 12.941
P18 0.000

3.2 miRNA-214 £ OA KRB HRHHHIERN
B TR

3.2.1 GEMERITAHER 40 FURR G B 2,
miRNA-214 @& 2K 41\ miRNA-214 R A4 | B

PR BRI 2% 10 H s TARZH 10 HORE

3.2.2 KR RAER FARFERIZER 5 HAR
M3 TL-17 \IL-23 /KO Ho A, 401 25 5 Ge it 24 8
miRNA-214 {53k 4] PP HEZH B2 )% miRNA-
214 R F IR K BTG 1L-17 (1L-23 7K 3 8 TR T
AL (P =0.000,P =0.000,P =0.000,P =0.000;P =
0.000,P =0.000,P =0.000,P =0.000) ; miRNA-214
IR R B 1L-17 \TL-23 7K 55 B2 xR
2 AL S miRNA-214 fXFRiE40 (P =0.000, P =
0.000,P =0.000;P =0.000,P =0.000,P =0.000) ;
miRNA-214 fI§ R 41 K BRUALTE TL-17 \TL-23 7K F-3541%
TR BR 20 LRI 2H (P = 0. 000, P =0.000; P =
0.000,P =0.000) ; FF 1 % B 20 A BLIML I 1L-17 (1L-23
K SRR F B, A 22 R B RS2 E X (P =
0.838,P=0.675), W34,

3.2.3 REHEASGHEE A LR HE Jefagh
RER ARFARAPCE AL LN IE W, 4510 708, 30E
AP A3ATE5T 5 B X HE L 55 80 2] 20 B 4 L 4k A
WIANTE , 254 T E IR, 301 A SR 4 s miRNA-214 5
FEIR Y AL 15 0 A ) 1 % B A A 2 By
FAHE s miRNA 214 IG5 35 4 #CH AL 4L 26 nT 9K, &5
PR SR B 20 R A R 5 3 BT M o) R 2 A Y
2} miRNA-214 @&k A rocss (B 1) o

x4 J[AXRMFRERFKF

209 A/ H HAMNE - 17 (v £5,pg - mL™') EAEA 2 -23(x £5,pg - mL ")
miRNA-214 & 323k41 10 62.94 £8.12 72.39 £10.26
FIPEXT RE2H 10 45.19 +5.34 48.70 +5.87
TR 10 44.63 +6.67 47.59 +5.76
miRNA-214 flk 54 10 24.74 +3.90 27.54 +4.05
BFARA 10 18.15 +2.33 18.13 +3.05
F 14 94.153 111.701
0.000 0. 000

P {E

o (A ] By
(2) BIMERS HE AR @3

B 1

)t

e

e
ZHRRREBRTREHL HE LBER( x200)

miRNA-2145
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3.2.4 REHEHHAREED R Cl Il MMP-13
EHRIKIEEMAER S HARRKFHAREEN
FME Col Il \MMP-13 4 &3k 5 FU L, 4 1) 22 S A7
it Lo miRNA-214 5 R84 B M) BRZH (5
R e miRNA-214 (R IR KRR 8L R LR T
RHE Col I AR B EILTHRT AL (P =0.000,
P=0.000,P =0.000,P =0.000; P =0.000,P =
0.000,P =0.000,P =0.000) , MMP-13 % {4 %5 & &
FFARLL (P =0.000,P =0.000,P =0.000,P =
0.000) ; miRNA-214 5 &k H R ERCE HA R E RN
RbE Col [1 35 R B T B X B 4H AL K
miRNA-214 fik 23k 41 (P = 0. 000, P = 0. 000, P =
0.000;P =0.000,P =0.000, P =0.000) , MMP-13 %
HFRIE T BT B4 AR 2 ) miRNA-214 %
F3R4L (P =0.005,P =0.004,P =0.000) ; miRNA-
214 IREIRH KRB AL REE AR Col T HEH
FR T T XS R AR 4 (P = 0. 000, P =
0.000;P =0.000,P =0.000) , MMP-13 2 4 % ik &%
T XS B FERIZE (P = 0. 000, P =0.000) ; B4
XF BRAH K B 2H VR AR A 1 SR L Col T  MMP-13
BRI G LR, 410 2 T Rg2 R X
(P=0.535,P=0.278,P=1.000), WK 2. %5,
3.3 OA K E#fH1H%H miRNA-214 ¥ £ F £
WIRIFER

3.3.1 miRNA-214 # E A e 25 5 AR 9% miR-
Walke B AR PEAG: 28 295 2R M2 SCHR W B, ATF4 7] B
& miRNA-214 {58 e BE B

3.3.2  miRNA-214 # ) JE A 55 ik 45 SR FE 5% v
ATF4-WT-psiCHECK2 J57 %7 ¥ 293T 4 il 1, miRNA-
214 R A 1 2 6 AR G 6 M/ T miRNA-214 B
Vgt B8 4 7 % Yv ATF4-MUT-psiCHECK2 J5t b7 119
293T 4 it v, miRNA-214 #2480 ¥y 20 1) %€ 't il AH X 1%
P£5 miRNA-214 [PEXTBRA] e, 2 7 o it % &
X(F6),

FEREARE T e s S

IR H L e o

EMARATIN-13 S i —
MBS AN - A S
O @ ©® @ ©6
(OmiRNA-214 #2572k 41 ; QWL X B2 5 DRI 4 5
@miRNA-214 §F k41 ; OB T AL
E2 SEARBXDTRSAAREEARME.
IMREEL EREBEEOE - 1388
Fk B AT RGN R
3.3.3 KRB AL ATF4 5 1 LA 45
5 R BUFCE 4140 ATFA 25 1 38h 0 Hh i, 4l 22 57
HEit2#E Lo miRNA-214 & 32840 B M X IR A
BRI B2 miRNA-214 R 2235 240 K B 3CH 41 41 AT
FEARBEBIMLTRTARL (P =0.000,P =0.000,
P =0.000,P =0.000) ; miRNA-214 7533541 Kk Bk
UL ATFA T 3k AR F B X B4 SR 4 1
miRNA-214 {£ £ k40 (P =0. 000, P = 0. 000, P =
0.000) ; miRNA-214 Ik 3 ik 20 K BB 44 41 ATF4
RIS E & T HPEX A FEi R gl (P =0.000,

£S5 BAXRBRXTHEBEAARKEARE.IEREER. EREEEQE-13 EREAMNKRIZEE

2151 AR/ N RBEEARBE(x+s) IARREH (v +s) HEREREAM-13(xxs)
miRNA-214 53354 10 0.08 +0.02 0.11 £0.03 1.32+0.34
B % R 2 10 0.14 +0.03 0.20 +0.04 0.95+0.13
PRI 10 0.15 +0.04 0.22 £0.04 0.95+0.12
miRNA-214 £ ik 40 10 0.31+0.08 0.36 +0.05 0.21 £0.04
BFAR4 10 0.72+0.12 1.13 £0.21 0.11 £0.03
F{H 142.932 170. 345 91.486
P 0.000 0. 000 0. 000
R 6 2 4H293T P SLEEMEXTE M
213 Y — ___ JOLTAAIAREC: =) | .
#:Yy ATFA-WT-psiCHECK2 G #E:YY ATFA-MUT-psiCHECK2 JFiki
miRNA-214 #3426 5 0.45 +0.07 1.05+0.19
miRNA-214 BF: % BE 20 5 1.02 £0.23 1.03 +0.18
tfH 5.301 0.171
P 0.001 0.869
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P =0.000) ; B XT HRZH R SR 4140 ATF4 S 3%
BEE BT LB, 4L 25 5 RSt E (P =
0.535), W3&7.K 3,

KT [EAABRBRIXTRBAREURR

HF 4 ZEQEMNKIEE
4151 #ZIEE/ e SRR 7 4

H (xx5)
miRNA-214 &K kH 10 0.11 £0.03
P X HE 20 10 0.17 +0.03
TR 10 0.18 £0. 04
miRNA-214 fRREH 10 0.31 +0.05
T ARA 10 0.79+0.11

FAg 213. 111

P1H 0.000

FLEERETF4 s S S e T

HimE-3-RERL ARG - . S G
@ @ ©) @ ®
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OA DI H B 18 48 B 3B N 15 B Ak o 3 B4
iF, He R HL i AR B B el
AL A B A A A L JRE s Iy e Kk PR 22 S
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SRR T R 2 Y R 2 4 R R R, T 2 i
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11 R4 2R (1 RO A 4R R 41 40 A B o B
B LR 7 77 T A4 AR 1 MMP-13 T 5 6 A
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fE{E4w S RNA, i[5 g 5 mRNA 3 4 B X 5 AT
Xt RV B A R IEAEATY . miRNA-214 j&—
2K BE AT B miRINA. T3 3 V42 H 1) 5 PR g 2k
S50 B 40 M4 Ak, 76 B A A b A 1 R R AR
RO MY R s B MR R R BRI LR
miRNA-214 [k 5T, il i 3 in ok Bz sh g g
il miRNA-214 k8 Theg . Li &7 BEo R 30,
BRI miRNA-214 3 1k A 42 w25 45015 400 M 375 17
SN B A0 A RO R, 3278 miRNA-214 85 7] /E
REEIE R R S . FRATHEFE & I, miRNA-
214 BIFK RS OA S R 30 405 P B 5 1F L 5 1

Jn miRNA-214 1335 S Re e 3 BOR R 1L-17 \1L-

23 KT, OB VR AR R 1 R L Col 1T 2 3R

ALK& MMP-13 5 [ KA & T, 7] miRNA-214

FIEME RIS Z A, PR, miRNA-214 7 fil il 4%

H R AR, i i miRNA-214 1) R A RE6%

TR SEAE SN FRER B , AR i R e i s 42
ATF4 J&— P SR 0s 1, 2 5 N 5T W 8B

B IR B ARG 2 Ak B AR IR Y L A 0F

FERI, ATFA 58 s PIAR > F g

WF5E K B, SR TP g UL I6 7 D B3 BN 5 1% 15 o

AR B, RS 4 = R BB B ATF4 p 3k, Mk

R BEgE & B, B T B A K B miRNA-214 (Y

FIRREUE ML FE ATFA ik, 42 & K BE %5 FE A | ok

FE 53 100 5 B B A R B B B k. KR

miRNA §H fia) 5 PRE i 122 DL S A 38 SCHRTERE, FRATT i

7E OA BBt , ATF4 W] 2 /& miRNA-214 [y 4 [n]

R TE B0 R Mg L g, 7 5% Y ATF4-WT-psi-

CHECK?2 F1 miRNA-214 B304 7 293 T 4 il , % 5%

it AT 35 Pk 2 A, 2F T 4 E T miRNA-214 X}

ATF4 (R84 5 TR OA BRI B B 21, ATF4

PR IR & 2 B AR, T miRNA-214 3Rk BR 68 fie i

ATF4 [ 323k, T34 miRNA-214 55 ) 5:3% ATF4

HFIA s — PR, L, ATF4 J& OA B #ifh

o miRNA-214 (%3 1] 36 (], 3l o 40 i) ATF4 793R8,

HMESR OA Bt .

AWFFEAEREY], OA B3 T g i 54K
B4 miRNA214 354 5, 71 H miRNA-214
FEIR R IR A SRR OG5 AT S L L /D 30 i I o
fift SERERCE 1B 52, miRNA-214 {9 /E R AL 1 5 90 il
1L-17 IL-23 \MMP-13 323k R ik B 45 2R 1 S B . Col
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