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HE BH 4K tmiR-224-3pif 5 Janusit Ba/12 5 45 5 Ao 25 FORE W F (JAK/STAT) 42 5 38 24 % A2 18] 224047 20 I 38 74 =
Fo XIER WA ik WA mie s 2T PR (Control) 21 #EA! (Model, 2200 pg/mLA% % 45 1) 28 .miR-224-3p [ P& xf
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CCK-83 A am B3 7 M 0L 5 R R AL X 2 B AR A 2 FL O T H oL 5 R A ELISAGX A & oAb Sk 2m B B 1 2K P 5 SRR Western
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Effects of miR-224-3p regulating JAK/STAT signaling pathway on proliferation,apoptosis,and
inflammatory response of LPS-induced nucleus pulposus cells in intervertebral disc degeneration

XIONG Heran,ZHAO Xin, WANG Song, XIANG Chao, WAN Qi, CHENG Siling, HE Shenghua
(Tuina Department, Wuhan Hospital of Traditional Chinese Medicine , Wuhan 430000, China)

Abstract Objective To investigate the effects of miR-224-3p regulation of the Janus kinase/signal transducer and activator of tran-
scription (JAK/STAT) signaling pathway on the proliferation , apoptosis, and inflammatory response of nucleus pulposus cells in interverte-
bral discs. Methods Nucleus pulposus cells were divided into the following groups : Control , Model (intervened with 200 pg/mL lipopoly-
saccharide), miR-224-3p negative control (miR-NC), miR-224-3p mimics, miR-224-3p mimics+JAK1 overexpression empty vector
(miR-224-3p mimics+pcDNA-NC),and miR-224-3p mimics+JAK1 overexpression plasmid (miR-224-3p mimics+JAK1). miR-224-3p,
tumor necrosis factor oo (TNF-a), interleukin-6 (IL—6),aggrecan,COHagen Il ,JAK1,and STATI mRNA expression levels in cells were
determined using real-time quantitative PCR. Cell proliferation was assessed using the Cell Counting Kit-8 assay,and apoptosis was mea-
sured using flow cytometry. Inflammatory cytokine levels were determined using enzyme-linked immunosorbent assay kits. JAK1,STAT3,
BCI.2-associated X protein (Bax), B-cell lymphoma-2 (Bel-2), caspase-3, agerecan ,and Collagen Il were analyzed using Western blotting.
The targeting relationship between miR-224-3p and JAK1 was verified using a dual-luciferase reporter assay. Results Compared with the
Control group, the Model group showed significantly downregulated miR-224-3p expression and upregulated JAK1 and STAT1 expressions
in nucleus pulposus cells (P < 0.05). miR-224-3p overexpression significantly enhanced cell viability,increased aggrecan, Collagen Il ,

and Bcl-2 protein expression, whereas it reduced the apoptosis rate; TNF-a,[1-6,and I1.-8 levels; and the p-JAK1/JAK1 and p-STAT1/
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STATI ratios,as well as caspase-3 and Bax protein expressions (P < 0.05). Simultaneous miR-224-3p and JAK1 overexpression reduced

cell viability , aggrecan and Collagen Il , and Bcl-2 protein expressions, while increasing the apoptosis rate; TNF-a., IL-6,and 1L-8 levels,
and p-JAK1/JAK1,p-STAT1/STATI, caspase-3,and Bax protein expressions (P < 0.05). Conclusion miR-224-3p expression is signi-

ficantly downregulated in nucleus pulposus cells of degenerative intervertebral discs. Notably ,miR-224-3p upregulation can enhance the

viability of lipopolysaccharide-induced nucleus pulposus cells and inhibit cell apoptosis , inflammatory response, and extracellular matrix

degradation by targeting the JAK/STAT signaling pathway.

Keywords miR-224-3p; Janus kinase/signal transducer and activator of transcription pathway; intervertebral disc nucleus pulposus

cells; proliferation; apoptosis; inflammatory response
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SiE A A2 (57 248 L O 1 O (1 2 5 ol 4 L A1 35 i o i
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5 e T RV SRV TR T (janus kinase/signal transdu-
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AnnexinV-FITC/PURU % 4 i 8 76 177 65 0 F
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necrosis factor o, TNF-o0), [ 4l )i £ & (interleukin,
IL) -6, IL-8. IL-1B i &30 1 b st R R
A BRZA T s BCARE v B s 3500 &5 ) s DU 3
T FE A IR B0 A PR 23 R 3 JAKT \p-JAKT (STATI
p-STAT1 .Bax Bcl-2 .caspase-3 .aggrecan , Collagen Il
BRIy A Y E abeam 2y 7 .

1.1.2 3 5L 2% : Thermo BB15CO24H g 15 77 4 W
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5% CO, 4 M 5S40 85 57, e 1o e B 5 ()
BR2~3 d), LS 4 A 20 60 L B 2B ROR A, 24 4 i
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122 miR-224-3p JAKIFISTATI mRNAZEK KA
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JEE 0 5 ke i R 0 B J e I 5 SR e DNA, B
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Jo PEAT S E FEPCR . LAUGHE HmiR-224-3p N 2,
GAPDHYE RJAKIFISTATIf P9 25, J127* 2Ok i1 &
AAXT RIS 5 1) B AC R A W R A PR vl AR
GIL Rl MU =3

1.2.3 5% G - 8 AR 40 M 53 D %k B (Control)
2H A5 (Model) 2H .miR-224-3pZ3 2844 (miR-NC) 4 .
miR-224-3p# 81 9 (miR-224-3p mimics) 2 .miR-224-
3R +JAK i F ik 25 2K (miR-224-3p mimics+
pecDNA-NC) 2H .miR-224-3pFi 4+ JAK 15 3635 i
$7 (miR-224-3p mimics+JAK1) 20 H: #1ControlZH 21

=1

I IE 3 1557 , Model 420 LALPS (200 pe/mL) i S
24 h, HABAS ZH A0 1 28 LPS (200 pe/mL) 5524 b,
fii Flipofectamine 2000%% %458 73 7 ¥ miR-NC |
miR-224-3p mimics .miR-224-3p mimicsFIpeDNA-NC. |
miR-224-3p mimicsFIJAK 154 Yk 55 5% 4 40 fifd, 48 b5
S 4 PR RS I A A A

1.2.4  SCI 2 EPCRAGIN H 0y 5L BRAR X 263k i
2% 20 BE R AN, 4 BR1.2.209 5 ¥ AR miR-224-3p
TNF-a \IL-6 ,aggrecanfllCollagen Il (¥ A X 18 7K -
1Y H AR

51451

Tab.1 Primer sequence

Gene Primer sequence
Forward:5’-CTTCATGTGGCTGATGACCTATG-3’
miR-224-3p
Reverse:5’-TAGACAATTGGGACGCTGAAGA-3’
s Forward:5’-TTAGCATGGCCCCTGC-3’
Reverse:5’-TGCGTGTCGTGGAGTC-3’
K] Forward:5’-TGGAGGTAACCACATAGC-3’
Reverse:5 -CCGAGAACCCAAATAGTC-3’
STATI Forward:5’-GGTAATTGACCTCGAGACGACCTCTC-3’
i Reverse:5 -GGAAGAAGGACAGATTCCTGGGTTCC-3’
Forward:5’-AATGGCGTGGAGCTGAGA-3’
TNF-o
Reverse:5’ -ATGCGGCTGATGGTGTGG-3’
p Forward:5’-ATCTGGATTCAATGAGGAGA-3’
1L-
Reverse:5’-TCTGGCTTGTTCCTCACTAC-3’
Forward:5’-CTACCAGTGGATCGGCCTGAA-3’
Aggrecan
Reverse:5’-CGTGCCAGATCATCACCACA-3’
Forward:5’-GGCAATAGCAGGTTCACGTACA-3’
Collagen Il
Reverse:5’-CGATAACAGTCTTGCCCCACTT-3’
Forward:5’-GGTGAAGGTCGGAGTCAACG-3’
GAPDH

Reverse:5’-CAAAGTTGTCATGGATGACC-3’

1.2.5  CCK-87% A5 £5 21 Hf A% 40 e 1 - Wi 4 1.2.3
r 8% 21 55 R 2 TR A I A R A A0 L b T 961L.
M, DA A B A% 40 LA R 25 1 0 IR AL ZE A
VEINES (09 40 M35 3246 (37 °CL5% CO,) 155524 h
J& 1 LA CCK-8I271] o 905 8 i S o DA ) A
M, F B AR SRS 45 2 A 450 nm W IEHE (optical
density, OD) 8.

1.2.6 e A A ARG I 45 2 A% A0 %) 8 7155 O«
WA 4% 2H BEARZ AN, FH TV I PBST U , 5.0 38 H I
(3 000 t/min 5 min), JITAZE A 2% iR F 2 A0HE , 155>
S A AnnexinV-FITCHIPL, ¥ 5118 A J5 86 5 10

min VR0 {SCGHEA ARG

1.2.7  ELISAEAS I 45 28 4 1 40 Jf X 7K °F - Wie 4
KA BERZ AN, 2505 (3 000 r/min 5 min) WAE F3
T, F2 R B U B A TN F - 1L-6  TL-87K -
1.2.8  Western blottingf Ml %% 1% 4l MIJAK/STATIH
538 [ AR 1 FRAAE O IR BEAZ A0, i ARIPAZY
fiff RS2 J O B N BRI i B R
SR PE UK A3 B IR B S S TAKT p-JAKT .
STATI1 .p-STAT1 ,Bax ,Bcl-2 ,caspase-3 ,aggrecanfll
Collagen Il —HL7E4CHEE LK, HRPFRICHY LU 24T
B HileCEIRIEE 1 ho 1T IALALFE S Image] 53
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Bra i IR BE (A AH L, Model 2H 4% 41 fimiR-224-3p 75 ik 7K F- (0.47 +

1.2.9 WU 22l 4R 5 25 DRLAS: TN < 1) FH A 2 ) 3l
(https: //rnasysu.com) XfmiR-224-3p 5 JAK 145 & ir
SHEAT IR, A EHJAKT-WT JAKI-MUTXLU#H G %
it BE PR TR A 43591 5 miR-NCHImiR-224-3p
mimics 3G Y TREZ AN, #1748 hIEFR 5, b LA
SCER S TS TR
1.3 Seite#ohr

K HISPSS 24.0% A 34T G it o3 B o B8 s £ s
PR, Z R LU ECR SR R Jr 22500, 4 18] P
PR G S . P <0.05 2= A S5 X,

2 #R

2.1 miR-224-3p JAKIFISTATI mRNAZ LK T-
5Control41 (0.91 + 0.05,0.25 + 0.02,0.17 £ 0.01)

0.04) 3% FJ#,JAKI mRNA (0.79 + 0.07) FISTATI
mRNA (0.68 + 0.06) FEik/KF % 4 (P<0.05)
22 £ Y BEAZ 40 I miR-224-3p .\ TNF-a IL-6 \ag-
grecanflCollagen Il ik 7K~F

jControlZH A E , ModelZHmiR-224-3p# 1A 7K F
W i ARG, TNF-e mRNAFIIL-6 mRNA 235 /K SF-H . T
15 (P < 0.05), $ 735 A ) 285158 710 B A 4 A 7 Ay
) HmiR-NCZH A H, miR-224-3p mimicsZ{miR-
224-3p aggrecanflCollagen I mRNA$ i& /K - i
FH I TNF-o IL-6335 7KV B AR (P < 0.05) 5 5
miR-224-3p mimics+pcDNA-NCZH # [, miR-224-3p
mimics+JAK1ZHaggrecanfllCollagen II mRNAZ i5 /K
F-REAK, TNF-o IL-6 mRNAZE 15 7K - i 3 T+ (P <
0.05) . IL#2,

F2 HRAMEZMMHAmMIR-224-3p, TNF-a. IL-6. aggrecan#Collagen Il mRNAIR X
Tab.2 miR-224-3p, TNF-«, IL-6, aggrecan, and Collagen Il in nucleus pulposus cells of each group

Group n miR-224-3p TNF-a IL-6 Aggrecan Collagen IT
Control 6 0.98 +0.02 0.25 +0.02 0.17 +0.01 0.97 +0.06 0.92 +0.07
Model 6 0.46 + 0.05" 0.54 +0.05" 0.42 +0.04" 0.41 +0.04"” 0.55 +0.04"
miR-NC 6 0.47 +0.04 0.57 +0.05 0.45 + 0.04 0.43 +0.04 0.52 +0.05
miR-224-3p mimics 6 0.75 +0.06” 0.36 = 0.03” 0.24 +0.03” 0.82 +0.08” 0.86 = 0.07”
miR-224-3p mimics+pcDNA-NC 6 0.76 + 0.07 0.38 + 0.04 0.25 +0.02 0.80 + 0.08 0.84 +0.08
miR-224-3p mimics+JAK1 6 0.77 £ 0.06 0.49 £0.05” 0.38 +0.04” 0.54 £0.05” 0.67 = 0.06”

1) P < 0.05 vs. Control group;2) P < 0.05 vs. miR-NC group;3) P < 0.05 vs. miR-224-3p mimics+pcDNA-NC group.

2.3 FABEREAMATEYE LR

5 ControlZHAH H , Model 2H 4% 2 i 7% P S 2 o
1% (96.51 + 8.65 vs. 51.53 +5.07,P < 0.05) ; 5miR-
NCZHAH L, miR-224-3p mimicsZH 56 4% 240 i i M 15 3%
THE (50.39 +5.04 vs. 69.81 +5.01,P < 0.05) ; 5miR-
224-3p mimics+pcDNA-NCAL A L, miR-224-3p mi-
mics+JAK 141 % 4% 40 i 76 1 5 2 R 1K (66.45 + 4.52
vs.57.49 +3.30,P<0.05) .
2.4 FHBEAMIHT R L

jControl4H (6.39% + 0.76%) A Lt , Model 41 4%
IR TR (27.41% + 2.38%) B ETHE (P <0.05) ;
5 miR-NCZH (28.64% + 2.71%) A1, miR-224-3p mi-
micsZHBERZ AT T -3 (15.20% + 1.24%) B E WK (P <
0.05) ; 5miR-224-3p mimics+pcDNA-NCZH (14.67% =+
1.38%) H It , miR-224-3p mimics+J AK12H 5 4% 41 fifd 7

T-%(21.89% + 1.91%) B E T (P<0.05) UL,
2.5 HAREMMEHF KT i

5 ControlZHAH It , Model ZH P4 40 fitd (K 1 /K- i
ZTHE (P <0.05) ; SmiR-NCZHAH I, miR-224-3p
mimicsZH 2P AN R /K- B FEIR (P < 0.05) 3 5
miR-224-3p mimics+pcDNA-NCZLAH [, miR-224-3p
mimics+JAKTZ % P 40 g A 1 /K F 8 & & (P <
0.05) . IL#3,
2.6 5 HBERZ AN MIIAK/STATIS 53 B AH 655 11 %
RIKF LU

EjControlZH 4 L., Model 2 p-JAK1/JAK1 ,p-STAT1/
STAT1 ., caspase-3F1Bax s [ Tk K 2 T Bel-
2 .aggrecanfllCollagen I1 & 1315 /K - i AL (P <
0.05) ; 5 miR-NCZH A Ht , miR-224-3p mimicsZ p-
JAK1/JAK1 .p-STAT1/STATI1 \caspase-37FﬂBaX§|ﬁ[i'§
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LK 2 R R Bel-2 ﬁggrecan*ﬂ(]ollagen ISR JAK1/JAK1 .p-STAT1/STAT1 \caspase—Sﬂ:‘ﬂBaxﬁ e
SR E TS (P<0.05) ; 5miR-224-3p mimics+ KK 8 E T Bel-2 .aggrecanflCollagen Il £5 F
pcDNA-NCZHAH I, miR-224-3p mimics+JAK1ZHp-  RIkAKFREFEIK(P<0.05) L3R4 K2,

10°4 5.99% 4.01% 10°43.97% 16.03% 10°45.12% 16.82%
101 10* 1 10* 7
= 10 = 10 = 10
04 . 01 . 04 .
_10° | 87 2.46% _10° 1675 12.16% _10° ] 65:5908" 12.49%
. Lt " 4 . - . Lo o " .
-10°0 10° 10° 10° -10°0 10° 10° 10° -10°0 10° 10° 10
Annexin V-FITC A Annexin V-FITC B Annexin V-FITC C
10°45.72% 8.29% 10°4 5.66% 8.16% 10° { 8.04% 12.06%
10*1 10* 7 10* 1
= 10 = 10’ =
04 7 01
_10° 1784 7.13% _10° 6.79%
-10°'0 10° 10* 10° -10°0 10° 10° 10
Annexin V-FITC D Annexin V-FITC E Annexin V-FITC F

A, Control group;B,Model group;C,miR-NC group;D,miR-224-3p mimics group; E, miR-224-3p mimics+pcDNA-NC; F, miR-224-3p mimics+JAK1

group.
E1 R ARRG N & A Z R T E R
Fig.1 Detection of nucleus pulposus cell apoptosis in each group using flow cytometry
R3 HHEMWIZMPEA M EFKFELE (pg/mL)
Tab.3 Comparison of inflammatory factor levels in nucleus pulposus cells among different groups (pg/mL)
Group n TNF-a 1L-6 1L-8

Control 6 126.39 + 12.50 76.80 +7.21 98.18 + 8.41
Model 6 227.41 21.43" 161.70 = 12.25" 173.26 + 15.17"
miR-NC 6 231.64 +20.26 158.32 + 15.40 178.31 + 16.35
miR-224-3p mimics 6 155.20 + 15.20” 97.46 +9.12” 115.33 = 10.10”
miR-224-3p mimics+pcDNA-NC 6 159.70 + 15.51 100.23 + 10.05 119.14 + 11.45
miR-224-3p mimics+JAK1 6 201.89 +17.91” 135.70 = 12.28” 151.74 + 14.63”

1) P < 0.05 vs. Control group;2) P < 0.05 vs. miR-NC group;3) P < 0.05 vs. miR-224-3p mimics+pcDNA-NC group.

R4 BABZAMIAK/STATERBEXEALLE
Tab.4 Comparison of JAK/STAT pathway-related protein expressions in nucleus pulposus cells among different groups

p-STAT1/

Group p-JAK1/JAK1 STAT1 Bel-2 Caspase-3 Bax Aggrecan Collagen Il
Control 0.41+0.04  032+003 071007 035+0.03  047+005 099002  0.92+0.07
Model 0.75+0.07"  080+0.08" 026+0.03” 072+0.07" 085+0.08" 034+0.03" 0.47=0.04"
miR-NC 0.72+007  078+0.07  029+003  071+006 087008 036004  0.45+0.04
miR-224-3p mimics 0.53+£0.05”  047+0.05" 0610067 0.50x0.05" 0.63£0.06” 087008 0.81+0.08"
miR-224-3p mimics+pcDNA-NC 050+ 0.04  049£0.05  0.60£0.05  052£005 060005 085+0.07  0.780.07
miR-224-3p mimics+JAK1 0.69 £0.06”  0.71£0.07"  034+003” 0630.06" 077007 0.60£0.05" 0.58+0.05"

1) P < 0.05 vs. Control group;2) P < 0.05 vs. miR-NC group;3) P < 0.05 vs. miR-224-3p mimics+pcDNA-NC. group. n = 6.
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2.7 miR-224-3p 5JTAK 1AL & R 56 UE

X8 32t LN 4485 B 5 71 , miR-224-3p 5JAK 1 22 [ ££
FE BN B0 a0 o WU G 3R T 15 ik DX S 56 3 — 2
B, 5 XS BmiR-NCAH b, miR-224-3p mimics
AL AR TAK T -WTBTRE (1) 5 6 R B 1 (1.01 =
0.05 vs. 0.52 + 0.05,P < 0.05), i HimiR-224-3p 5JAK 1
ZIEAEAERE I G 2R LRI,

O, ¥ G QS ————
JAKD o v o — ——
P-STAT] s - - — —
STATI e v s s o= -
Bel-2 - s - ——
Caspase-3 === S = ce e— -
Pax =— - - a—— —
Aggrecan D s s— a— — —
Collagen Il i s s w— - o

B-actin -— = = - -

1, Control group;2,Model group;3,miR-NC group;4,miR-224-3p
mimics group; 5, miR-224-3p mimics+pcDNA-NC group;6,miR-224-3p
mimics+JAKT group.

E2 HARZAMRIAK/STATESBERIAXEARIE
Fig.2 JAK/STAT signaling pathway-related protein expressions in
nucleus pulposus cells of each group

JAKI: 5’-GGCAGCAAUGAAGUUGCCAUUUA -3’

o LT

miR-224-3p: 3’-ACAUCAGUGAUCCCGUGGUAAAA -5’

E3 miR-224-3p5JAK TR M & &AL &
Fig.3 Target binding sites of miR-224-3p and JAK1

3 itig

W gl cE SR ABIE R R T
VN IR S E N ERER T AL S PR RN
S R T M ) A AR A T A B T ]
H:aggrecan , Collagen II , M\ T T S0 40 i &1 35 o, 76 4
FIHE ] 25 A 2 A R B P R G L B 4
AR T A ) 288 R A P T B — , T 400 T

2T R 2 40 A7 B0 R A SR B AR SR o
1, 0 TS A% A0 L 9 E AT T G I O A M ) iR
AR B RUGERAR

HEAERFSE Y e B miRNA SR 35 PR 6 3k 1y 1 42 P
-, FEAE ] 2818 A8 1) 19 B A 7 h 5 E AR
ZHENGZE 45 1 miRNATE I8 15 A% 40 (4 4 1
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