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B B9 : G0 B Bk o8 7 (low-intensity pulsed ultrasound, LIPUS ) X 2 XUEAE 575 48 1 IR Al 2T 4% 201 0 (fibroblast-
like synoviocytes in rheumatoid arthritis, RA-FLS )54 21 il 2280 6 34 FH B nT REMILT

Trik BRI AR T 0 s M AN Y, 2 fRBE T SR AN I A [R) B P AR 3 D AR Vimentin 25 11 #6552k %6 %€ RA-FLS,
P A EA TR AN S ZR2 5140 4 4 - % HEZH  LIPUS 4 MR PR 5B K F-a.(tumor necrosis factor, TNF-o)ZH #ll TNF-a+
LIPUS ZH 85 3 40 : %} HR4H | (1 4/ % -6 (interleukin-6, TL-6)Z0F1IL-6+LIPUS £, CCKS8 Fl EDU 525643 5l 46 LI-
PUS %t RA-FLS # M 3G M A5 g/ T, R19R 5236 R Transwel 3T #5523 W 2¢ LIPUS Xt RA-FLS iT# AE F1 54,
RT-qPCR il RA-FLS H 8 22 1 41 ifg Rl | fa fb IR 7 AL o 4 J8 26 1 T (matrix  metalloproteinases, MMPs) [
3K ELISA #E— K60 LIPUS XF RA-FLS Hr OCHERSUN 3 IL-6 45 UK F-HY/E ] , Western Blot #6:1] LIPUS XJ RA-
FLS A #2245 15 AL 85 (i (mitogen-activated protein kinase, MAPK )5 3 15200 .

G5 R A B IR BB 4 19 RA-FLS . 7ER AP G209 RA-FLS 7, 155G, LIPUS AJ LA il TNF-o0 55 09 40 L 156 1 (P<
0.001) FEFE (P=0.007) , B & X HT # K 3T 4 AH % MMPs (MMP2 FI MMP9 ) &% 53 K SF (9 AE FHAE 26 18] JC B 24 25 5
(P>0.05), £ TNF-aifs SR IEIE T, LIPUS AL TL-6 Fll (1 41 /- % -8 (interleukin-8, TL-8)7E mRNA /K-
F 1 5 2235 (P<0.001) (B 140/ -1 (interleukin-13, IL-1B) .MMP1 HIMMP13 {3/ FA7E4H 6] 6 5. 3%
PEZF(P>0.05), SARABAM L, LIPUS il TNF-0.3% 589 RA-FLS H1TL-6 A9 (P<0.001) , [RJ -t 30 TL-6 175
31 RA-FLS #4758 (P=0.003) . LIPUS At il MAPK {5538 1 1 p38 MAPK (P=0.033) (5 FR fb. Fl c-Jun 24 JE K
Uit (c-Jun N-terminal kinase, JNK)HI#ERR AL (P=0.019) , {H X 20 it 45 5 815 3 1/2 (extracellular signal-
regulated kinas 1/2, ERK1/2) [ AYBEER I JC i 25 1E FH (P>0.05) .
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Low intensity pulsed ultrasound suppressed the proliferation of fibroblast—like synoviocytes in rheumatoid
arthritis through p38/JNK-interleukin—6 trans—signaling pathway/BIAN Quanyi, ZHU Ying, BAI Dingqun//
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Abstract

Objective: To explore the effect of low intensity pulsed ultrasound (LIPUS) on inhibiting the abnormal cell
phenotype of fibroblast-like synoviocytes in rheumatoid arthritis(RA-FLS) and possible mechanism.

Method: Synoviocytes were isolated by using enzyme digestion, and the morphology of cells was observed un-

der microscope. At the same time, the expression of Vimentin protein was detected by immunofluorescence
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method to identify RA-FLS. Cells cultured in vitro were divided into four groups: control group, LIPUS
group, tumor necrosis factor (TNF-o) group and TNF-a+LIPUS group or three groups:
kin-6 (IL-6) group and IL-6+LIPUS group. The effects of LIPUS on RA-FLS cell viability and proliferation

were detected by CCK8 and EDU assay respectively, and the effects of LIPUS on RA-FLS migration were ob-

control group, interleu-

served by scratch test and Transwell migration assay. RT-qPCR was used to detect the gene expression of im-
portant cytokines, chemokines and matrix metalloproteinases (MMPs) in RA-FLS. ELISA was used to further
detect the effect of LIPUS on the expression of IL-6, a key effector of RA-FLS, and the effects of LIPUS
on mitogen-activated protein kinase(MAPK )signaling pathway in RA-FLS were detected by Western Blot.

Result: Purified RA-FLS were obtained. Firstly, LIPUS could suppress the cell activity (P<0.001) and prolifer-
ation (P=0.007) induced by TNF-a in RA-FLS cultured in vitro.
levels of MMPs related to migration (MMP2 and MMP9)were not significantly different between groups (P>
0.05). LIPUS could inhibit the high expression of IL-6 and interleukin-8 (IL-8) at the mRNA level in the in-
flammatory environment induced by TNF-a (P<0.001),
sion of interleukin-18 (IL-18), MMP1 and MMP13 (P>0.05). In addition,
PUS could inhibit the secretion of IL-6 in RA-FLS induced by TNF-o (P<0.001), and also inhibited the pro-
liferation of RA-FLS induced by IL-6 (P=0.003). Finally, LIPUS could inhibit the phosphorylation of p38
MAPK and c-Jun N-terminal kinase (JNK) in MAPK signaling pathway (P=0.033),
phosphorylation of extracellular signal-regulated kinas 1/2 (ERK1/2) was not significantly (P>0.05).

However, the migration and the transcription

but there was no significant difference in the suppres-

compared with untreated group, LI-

but the effect on the

Conclusion: LIPUS could reduce the abnormal proliferation of RA-FLS in inflammatory state without affecting
its migration, which might be related to the inhibition of p38/JNK-IL-6 signaling pathway.

Author's address Department of Rehabilitation Medicine, The First Affiliated Hospital of Chongqing Medical
University, Chongqing,400016
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2 KR 5675 & (theumatoid  arthritis, RA ) & blast- like synoviocytes

RA-FLS ) it B 3 5 01 57
FR 4 2017 4 BRE S T FH A, 7E 1990

in rheumatoid arthritis,
I R B R h &
HEEEERY, B RKE i RYERF JEeH 1

A2 2017 4F (8], 2K RA AE bR HEAL R kg i 1
7.4% , RIRFEIEIN T 8.2%", Fh il T H K45 1
W, HAET, RA BIR YT LLSGE R 16 10 5T X0 245 )
(disease-modifying antirheumatic drugs, DMARDSs)
%ﬂi%ﬂiﬂfﬂlﬁi,@Z?"?EE'H’EFWE&%%%%%W
LTI NS A1 [:0 7 B2 Y PN RS B R a2 S X ) W
WA T 22 RASERANGE G I RE So Hr,
PR 5% £ Jhk o R A5 (low-intensity pulsed ultrasound,
LIPUS ) & —FE R AT B 7, i s 13
VAR %5 R Py W LR U (S ENCI DA R T =
Pri R iny T M E A mat, ﬁl%ﬂiiﬁﬁﬂ?fﬂﬁ?ﬂ
B PSR (osteoarthritis, OA ) JEREM 4 {H HAE
H A 1 ARG R FE T
M%If&ﬁ@?@%fﬁﬁ“iﬁi@%?’%}ﬁ% OB
IR AR 2 T R i R B 2T 4 241 B (fibro-

FIIE I A5 A B DR 24 T A PR BR B, A0 I 3 i 4
AR BB R DG 3 55 | e I i g A A A ik
WRRLER IR BE AR PR 0 A R S 8 A2
SECE R B, ¥ E RA-FLS 76 RA 3RYT
T A B L
RA-FLS [ .q%'%?f/*f&%%&ﬁ%ﬁ%,,flﬂ

MAPK {5518 [ 7E H 3058 T F8 F0 2 P16 AL S50 A
th R 2 DG T, LIPUS ik 727 fih %2 4 Ff Py
(1551 T R P ) 35k DR A St 08 T S i 4 L T R
H MAPK {553 B A 1 ] 72 LIPUS 380 OA #5E )L
I K T 9 RE 5 1 L IR 25 45 P I/ 245 31 3
HEM R, F AT LIPUS W o] #8318 14 MAPK {5
S ORI RA-FLS S5 (B2 A DhRE . ARBSE
W AE A 2 1T — 2P R 9T LIPUS Xf RA-FLS 145 il
TS 5% ) B FLAH SCAILT] , S LIPUS W FH F RA IR
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1 #MR5FE
1.1 FEHR R

4 e A1 8 95 B I B4R (extracellular regulated
protein kinases, ERK) 1/2 HuAA | i 2 1k 41 g 71 8 55
5 M ¥4l (phosphorylated extracellular regulated
protein kinases, p-ERK) 1/2 $ii1A& \p38 2254 )56 {1k 25
M ¥4 % (p38 mitogen-activated protein kinase, p38
MAPK) T 1 | B B2 1k p38 22 24 i i Ak 25 1 4 il
(phosphorylated p38 mitogen-activated protein ki-
nase, p-p38 MAPK) Hi {4 | c-Jun %8 3 A i 384 it (c-
Jun N-terminal kinase, INK)FiM #5816 c-Jun &
FL K 3 i B (phosphorylated c-Jun N-terminal ki-
nase, p- INK) $T /& (Cell Signaling Technology) ;
CCKS8 i & \BCA H H Al a0 & (A5 dh = e
& \RIPA 4 i 2 (35 = KA ) 5 8 1B A0 1 741
(Roche) ; B-actin $7{ 1A (Proteintech) ; Vimentin $i {4
(Abcam) ; A 983 3R BE Al F--o (tumor necrosis fac-
tor, TNF-a) B2 25 1 (Sino Biological) ; A 14l fifi 4
# -6 (interleukin-6, IL-6) T 4 & [1 (Pepro Tech) ;
RNA $HGR ) & (EER VL) (SE A ) ; R s
% RT-qPCR X 7# £ (TAKARA) ; A IL-6 ELISA iz
# & (Solarbio ) ; EDU 4l 3 78 46 I 128751 £ (Invitro-
gen); | BYEC IS (Gibico) o

ARG 32 ok o 75 R 97 A (Smith & Nephew,
Exogen 4000) ; {3 & 2 i 5% . 2¢Ot & 5% (Olym-
pus) ; lif 5 {% (Thermo Fisher Scientific) ; PCR {¥ .
Western Blot 25 [ 5% E1 &R 4t A2 KOG NR R 5¢
(Bio-Rad) .
12 AR EC S R SR

Wb F R R R 2= B & 25— BR e iR RA SR 3
JEE AT B AR TR I BR 0 W B4 2L, H T RA-FLS 1)
FEES 53R . S 2% /6 55 2R A IR IR 5% nh &k
7 (Dulbecco's phosphate buffered saline, DPBS)
g I 2 e T 5 RS 2% Img/ml |
IR it ) DMEM 35 37 2k ) TR B B I BT %
37°CIH AL 4h, 1L 8 (B0 S RS BRI AT A5 )
HEAME . 2 B AE T 10% R 45 L3 . 100U/ml 5 % R
F1100mg/ml 455 Z i DMEM = Biks 3558, 5% CO,
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1Y 37°CHFFE TR 1557 L 56 3 2 61X (passage, P) 21 fifd
FIRELSL . AT 2 R R R I 2 — B B
PGS 2R F S B St v (L VE S 2021-456) , FR3R75 T
ARS8 B Rl
1.3 SLE5r4H ) LIPUS Ab g

KR oA 4 2 (6 B 4L, LIPUS 4, TNF-0. 41 ,
TNF-o+LIPUS 21 ) 5% 3 41 (X RE 4, 1L-6 41, IL-6+LI-
PUS4). 40 fudlT 35mm K5 FE Mg 12 fLA
WHEH 5 A (8 &) TNF-a (10ng/ml) & IL-6
(100ng/ml) (RHT 55 773 . 6h (BR T 3451 52 56 40 BE
24h A, HiA 2B #4034 6h) 5 , ¥ LIPUS A5k &
LR MR PRIE ERR A LA e i R L
FHk F RGBS 2, B SRS = (0]
ANEAFH) o IRITSEAE N R E 30mW/em?,
% 1.5MHz, 20% (5 75 H , FF2ERT E] 20min, HRIEAS
() P S5 H A, AR 15 5 AR 0L s ) J SO S 2 B A 7
14 HIEBOLTE

20 it 42 P Bl TR IC R 1 12 FLAR L 4% 19
% B W% [ % 20min, 0.1% Triton- X- 100 i %
20min, 3 19 37°C £ ] 1h, HT Vimentin $T 14 (1:
250)1E 4°CIEH 12h, Alexa Fluor®488 245t —Hi(1:
1000)7E 37°CH# 7 1h, DAPI(1:1000) %7 15min, 5
B aad A b A PBS Y 25 2 4x i, O A T g
RA-FLS ' Vimentin [t 35500
1.5 CCKS8 4 e S2 56

WAk TR A I ) 20 B D T 96 FLAR , B
BB S A EFL. M CCKS IR &b W #eE, fin
A B AR I 37°C i & 1h, Smin P A5 A F
A450nm Zb #5156 {E , 8 H Graphpad Prism
9.0.0 #1741 -
1.6 EDU 4l i sE SL 5

W 20 A2 T A ORI R 9 12 FL AR, i 35 7L
T 6h (1% 64 5 ) J5 A T8 AL . 558 G
FE i 20uM (1) EDU $5 5% B0 A4 W T 55 7240 g
H 2h, 4% Y £ B B [# % 15min, 0.5% Triton- X-
1003 % 20min. K AR HA 4510 & EDU il 55
B, EEEI% E 30min 5, DAPL (1:1000) 37°Cikk
JEEH 10ming SEG R 3% 1 4 I3 12 11/
PBS bk 2 ik . &, £l 2¢Ot s I g2



PHAAE AL 202450 H30% 5 1)

RA-FLS HEDU FHYEAR I A 221818 B, 15 FH 34 Im-
age J 1.5171%, 3+ H Graphpad Prism 9.0.0 #1714
53T .
1.7 KPR

B A1 AP T 35mm 55 FE ML, UG B i X5 40 it
HEATAR RS, ] 2000 4 3k B HRERE 55 ML (]
W —2 HEZ . PBSUEL VR A, e % 1%6 4
137 ) DMEM {55 4 3 7% 5E DL HE BR 4H A 1 5 1 52
M) o P 8 3 A8 T AN [R] AR s ] 650, 12, 24h) %
KRV 73A 8, I Image T 1.51 G831 QPR AL,
1.8  4IMLiER L

FH TG I 375 35 5% K 200 i vie B2 97 4% 28 2 10° 4/
ml, #% 200 ~/FLEEF T 12 fL, BA% 6.5mm, lKFL1%2
4 8.0pum [ Transwell /NE . ZEFLAR HHITA 5001
T 10%6 4 M iy o8 3 Fe Ak, H/hE —’TE37°C
3R 24h 5, 4% 2 R [ 22 , 0.1%%5 fh 55 e 61
W, AR /NN RE AT,
TIR /NG EECT , sp A g i -, 6088 T B 6 4>
BEALILETFARE I
1.9 RT-qPCR

MR 4850 B 5 $2 B RA-FLS Hr %) 5 RNA , i I H
A TAKARA 72 ] 11 S22 il ) 6 N S s 2 Sl o it
PCRIAH G AT )G 8250580 . IR E 3 NE
fL, AN GAPDHAE RN Z: i8R 2% 519741 I
1.

&1 5|¥F5
514 J¥31)
GAPDH 5'-GTATCGTGGAAGGACTCATGAC-3'
5-ACCACCTTCTTGATGTCATCAT-3'
IL-1B 5'-GCCAGTGAAATGATGGCTTATT-3'
5'-AGGAGCACTTCATCTGTTTAGG-3'
IL-6 5-CACTGGTCTTTTGGAGTTTGAG-3'
5-GGACTTTTGTACTCATCTGCAC-3'
IL-8 5'-CATACTCCAAACCTTTCCACCCC-3'
5'-TCAGCCCTCTTCAAAAACTTCTCCA-3'
MMP1 5'-AAAATTACACGCCAGATTTGCC-3'
5'-GGTGTGACATTACTCCAGAGTTG-3'
MMP2 5'-GATACCCCTTTGACGGTAAGGA-3'
5'-CCTTCTCCCAAGGTCCATAGC-3'
MMP9 5'-AGACCTGGGCAGATTCCAAAC-3'
5'-CGGCAAGTCTTCCGAGTAGT-3'
MMP13 5'-ACTGAGAGGCTCCGAGAAATG-3'

5'-GAACCCCGCATCTTGGCTT-3'
T < TR - 3- W R i U « glyceraldehyde-3-phosphate  dehydroge-
nase, GAPDH; [1 4l it 47 % : interleukin- , IL ; & Jii 4= J& 2K 11 i} : ma-
trix metalloproteinases, MMPs,

1.10 ELISA

W B & A A Al B 3R BOE L IR B0 20min
(2000—3000r/min) 5 &5 11 o A 4f 250 & 150 B 5 452
Y, I FR AL T A450nm &b A I W2 % B (& (Smin
) o ARSI RIS SR R (T A v
{i# FH Graphpad Prism 9.0.0 #4745 041, Frifih
28 i ELISA Calc 2.0 %45
1.11 Western Blot

fiff FH & 2 11 B0 46 R0 9 RIPA 24 i 41 i, FH
BCA & PRI Gl & Tk B, IR A AR AR Tk
JEIE TS, 1 12%F9 SDS-PAGE BE I H 1k 43 85 26 11
%% % PVDF JB& , 8% i Ji§ 2F W3 37°C & 4] 1h, Bl )5
ERK1/2. p- ERK1/2. p38 MAPK. p- p38 MAPK.
JNK . p-JNK (1:1000) Fil B-actin(1: 50000) 5 —Hi 7E
4°CIFE R, —H1(1:5000)7E 37°CHFERE 1h, W]
TBST k. 257 ECLAb24 & 6 e L%, Im-
age J 151 8KAF0 B K JEAHE , LA B-actin /E N2,
THABERR AL 171 S K B {E LA A AR 3
ki,
112 Gttt

W F Graphpad Prism 9.0.0 3% 7 ¥ 17 58 i1 43
Bro THa BB IR N IE S o34 H o 2255, 45 R DAY
fEARIE2E RN o WA ) 22 Sl A S AR AR e A 3
22 4[] b D)3 2o B DR 28 5 22 A A S B, A B vk
0=0.05,

2 #R
2.1 RA-FLS 4R EUS %
{55 58048 T ] D0 P3—P6 A 20 it S BB KA
B A5G AT 420 I (/)T A8 24 AE (B 1A) 5 Vimen-
tin /2 FLS (R AR B, S e 945 R o4
TS 4t 855 5 22 P3 AR S A f Y Vimentin BH 7%
([ 1B) , f#i 1] P3—P6 /X RA-FLS JH T 5 4555 .
2.2 LIPUSHIHl &M T 1) RA-FLS 3551
SR & RA-FLS G ALY B ZERAIE™, CCK8
FIEDU Ay 45 B2 1, 7€ TNF-a.(10ng/ml) BI/EFH T,
RA-FLS 915 14 (P<0.001) A1 58 /K 7B 2. T (P=
0.025), 1fif LIPUS REG4 il TNF-o. /5% 1) RA-FLS 4fi
M3 P (P<0.001) FEFE (P=0.007) (%2 &2 .%3).
2.3 LIPUS Xf RA-FLS TR fiE 11 5 0i
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Bl1 4 =3 RA-FLS

DAPI

Vimentin

il 5 Pl 15

200um

P6

AL BMEE T P3-P6/C RA-FLS YL ; B: RA-FLS H Vimentin F928 515 50 (A0ARAY 528555, x200) o

%2 TNF-oEEEHECCKSERILE  (vts)

215 AL %
X R ZH 1.000+0.000
LIPUS 41 0.927+0.064
TNF-a. 4 1.351+0.041"
TNF-o+LIPUS 2 1.013+0.0742
F1i 38.430
P <0.001

I GXFRAA G, DP<0.05; 5 TNF-a 41AH L, @P<0.05. Siits)r
e APy =5 VT

£3 KREAEDURMZELEK (xts)
20 51 I35 R
papilsHaE] 0.038+0.007
TNF-a 4] 0.067+0.014"
TNF-o+LIPUS 2 0.028+0.006>
F{H 12.800
P 0.007
T SRR, DP<0.05; 55 TNF-a 4140, @P<0.05, Siit#J7
PON IR ZE 2250
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i B iE B R {2 28 /& RA-FLS i 55 — & Z 4%
FERY, YR SIS R , 76 TNF-o 7 A 3 B A &b 2 1)
B0, IS AE LIPUS Ji7 12h 842 24h,, RA-FLS A
TR A EAS B 0 & 1 (P>0.05) (K1 3A 3R 4) .
A, Transwell 45 275 , LIPUS A fig 2 2 4 i
RA-FLS f{JiE# (P>0.05) (E1 3B . % 5) .

MMP2 1 MMP9 7 RA-FLS HiT# FliZ 28 dh k&
FEOCHAE™ . A T i —4R5¢ LIPUS N RE i 2411
il RA-FLS i #% 19 Jit A, F RT-qPCR £l | iR

F4 MWRIERAMEMIBRILER (x£s)

215 12h 24h
X B A 0.153+0.106 0.3110.080
LIPUS 4 0.127+0.029 0.238+0.024
TNF-a 2f 0.218+0.024 0.384+0.020
TNF-a+LIPUS 4 0.150+0.032 0.292+0.045
Fii 0.614 2.289
PH 0.635 0.196

TE Gtk R R r 2250



YHEEE 512

2024 4, 55 39 4, 55 1 1Y)

B2 LIPUS iM&I MR A T B RA-FLS 1835

(EDU 4% 5255, x200)

DAPI

EDU

flE EIR

RORIEEN

MMPs 1 mRNA Kk J5 &3, 55X A A L, TNF-a
18 T MMP9 1) mRNA 7K - (P<0.001) , {H LIPUS

X HL AR VR I A 2.3 (P>0.05) . X T MMP2,
TNF-o Fll LIPUS #FAS B8 i 2 2 A8 H mRNA 7K (P>
0.05)(F£6).
2.4 LIPUS il 55 GEAH SC 40 M R 1A 58

TNF-o fES IS RA-FLS 5| #2221 1 i 48
SiE™, fd F TNF-a (10ng/ml) 4 45 H 5 M 06 4k 5
LIPUS 4b i , RT-qPCR 25 e #2/% , 5 X A AH L,
TNF-a Fi# T IL-1B(P<0.001) .IL-6(P<0.001) .IL-8
(P=0.001) . MMP1 (P<0.001) A1 MMP13 (P=0.036)
) mRNA 7K, ifii LIPUS 1 ] TNF-a % 5 19 IL-6
mRNA (P=0.022) F11L-8 mRNA [ 3%i5 (P=0.020),
{H X IL- 1B MMP1 H1 MMP13 TG 5 2 0 i 75 1
(P>0.05) (7).

IL-6 /& RA-FLS 2 AR08 709, 2 HA
A Y SRR N 72 ELISA 45 48 /% B T 1E5E 5%
JZTAT, LIPUS H.7E 882 i TNF-o0 355 511 IL-6
I3 (P<0.001)(8).

N T HE— B AIF IL-6 7£ LIPUS 4111l RA-FLS 1%

TNF-a 41

TNF-o+LIPUS 4

B 4 AT, 48P IL-6(100ng/ml) 55 RA-FLS 351
FE A LIPUS Zb 3, 25 548K, 55 0 B4 AH L, IL-6 fig
i 72 pE LB 5, i LIPUS RE % 310 ) 5 — 18 F (P=
0.003)(5£9), % I, LIPUS ] fiE b 45 1L-6 41
il RA-FLS 3475t
2.5 LIPUS #Iiil MAPK {5518 1%

PLFE R 9T 2 B MAPK {55 5 % 2 5 RA-FLS

RS SASIMAHTHEHIBAME (o5, 1)

215 TR
X B2 58.000+9.000
LIPUS 4 56.000+3.000
HH 0.356
PiA 0.740

08 SRR v R W R VAL B N
®6 JHAMMP2MMPYAI mRNAKFLLE (xks,2)

215 MMP2 MMP9
X 4L 1.000+0.156 1.000+0.147
LIPUS 41 0.877+0.073 1.411+0.477
TNF-a 2 0.973+0.167 8.023+1.192"
TNF-a+LIPUS 41 1.005+0.257 7.959+1.752

F{§ 0.342 38.930

Pl 0.796 <0.001

TE: S IREAR L, DP<0.05. Geit2# 7 ik MR R I7 220007
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3 LIPUS % RA-FLS T #HI1EH

0Oh
12h
24h
X HEZH LIPUS 4 TNF-a 41 TNF-a+LIPUS 41
B
| ]
X BR 2
A QIR SR 45 5 (x40) ; B: Transwell SZE645 5 (x200) .
R7 £KARKEFF MMPs ) mRNA 7K F L8 (s, 27T)
215 IL-1pB IL-6 IL-8 MMPI MMP13
Xt HE AL 1.000+0.283 1.000+£0.145 1.000£0.397 1.000+0.353 1.0000.244
LIPUS 41 1.278+0.503 1.312+0.351 0.792+0.300 0.177+0.080 1.138+0.277
TNF-0.2H 508.813+:87.209" 19.694+4.167" 288.012+104.638" 10.120+2.220" 3.907+1.342%
TNF-a+LIPUS 41 373.714+131.630 10.891+3.819% 112.528+36.227% 7.632+2.598 4.023+1.536
FiH 32.540 29.750 17.990 24.430 7.824
P <0.001 <0.001 <0.001 <0.001 0.009

T S IR L, DP<0.05 55 TNF-a A H, @P<0.05. Gt N &R 7 2250 #r .

R BE R TL-6 A R IR AP X 27K LIPUS 94 0.033) & p-JNK(P=0.019) [ &3k , T4} p-ERK 1/2 |
YD RE T BB Sl B . Western BlotZ55R4%& LR FMEM (P>0.05) (K 4.£10) . XUESE 7 3KAT
BT, 56 BALAE [, LIPUS #) i p-p38 MAPK (P=  HIfRik%.
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PHELAGES4E 20244F 55394 55 1 1)

4 LIPUS ¥ MAPK {5 18 IS 21

44 kDa

44 kDa
K12 .i 4 k0

D-P38 MAPK |ss s | 38 kDa

P38 MAPK | sm— 38 kDa
54 kDa

p-JNK
46 kDa
54 kDa
- 46 kDa

XFIRZ]  LIPUS4H

R BAHIL-65ihkFEH LB

215 IL-6

(xs,pg/ml)

papilsEaE! 106.800+3.173
LIPUS 41 83.660+3.736
TNF-a 4 8285.000:620.000"
TNF-a+LIPUS 41 6103.000+335.600%
F{H 424.700
PIE <0.001

T SRR AR FE , (DP<0.05; 5 TNF-a 2040 1, @P<0.05. Giit i
h AR B 50

R9 IL-64IE/FR/HE CCKS ERLILE (xts)

205 AL %
X R 1.000+0.000
IL-6 41 1.274+0.123%
IL-6+LIPUS 41 1.010+0.101%
FA& 11.390
P 0.003

1 SRR AR, DP<0.05; 5 TL-6 4141 H , @P<0.05. SEit ik
KRR 25081

#®10 BEAMAPKESEHBXEARE  (vk)

15 p-ERK1/2/ p-p38MAPK/ p-JNK/
ERK1/2 p38 MAPK JNK
X R 2 0.830+0.169 0.758+0.079 1.036+0.071
LIPUS £ 0.842+0.190 0.478+0.129”  0.668+0.151"
HH 0.081 3.200 3.826
Pia 0.940 0.033 0.019

TE: S HRAE L, DP<0.05. SEitJr ik i AEA ci g .

3 itig

ABFFE KPR LIPUS S & 71 RA-FLS 358 1A
M AT RS, O LIPUS 7E 3R 7 RA M4 v (%) 10z
PEAUET PSR . 45T kK B, LIPUS BB i
A RA-FLS 34 58 AH & 41 Bt R 7 IL-6 f9 %35, It
Ak, LIPUS W3] 7 H1 1L-6 175 5 A9 RA-FLS 458
s, FATRGE T H A 7L, 455 4278 LIPUS
A REAR S 2] p38/INK {553 PR Al IL-6 i fig S L
AHIEHY RA-FLS H47%H .

LIPUS 1~ —Fh A2 AE 80 BEIR 13697
=, B2 TR RAGUSI ST, (HAE RA &
BB FRA B Z o TEA TR T, FATTAR B A ]
(S 56: B A% A FH 40 i R TNF-o0 85 TL-6 K5 20 ffd b
PH— B [a], Bl 161 T LIPUS F 3R B LY 25

RA i I TNF-o F1 IL- 1B Y 32 25 6 S B v
Y, TNF-o F11 IL-1B A B 7T 5 5 RA-FLS 16 1L 3F
7724 IL-6 , IL-8 Fl MMPs, M Il 178 RA-FLS (5503
TRe™ . P FEAWRFE b, FATIE ] TNF-o 2k 414
HARVEE AL, ¥R 5T LIPUS X RA-FLS H i 553 1
YE R, 32510 [ B LIPUS 76 F % 1E 37 5% ~ RA-FLS
OB A BEAILR o T TL-6 FiY = 0 S Y50 0] S g e
HZ R RA-FLS™ IL-6 7£ RA HH [ T 5 R Gk
SN ML S 5 ST R E AR R Ry, FErh A 6
it B ek o5 4 W ) SR i RA-FLS 5™
I, AHIF 5% 7E 4R 5T LIPUS #11il] RA-FLS 34 58 (135 43
TEFH T IL-6 SR Ab FR A

AHGE T B LIPUS 2508 « 38 4 30mW/en’?,
Bi2% 1.5MHz, 20% 5 25 e, 22T 3] 20min, A2 11 R
FIRITE TSRO, B FST LIPUS IR B 67
I S S A () SCRk , 78 LIPUS i aod i /b
B 05 441 L SQSTMI A 11 PKIM2 [ W3t 4 iff: >f BHL
1E A TL- 18 A G T ] OA ¥ B4R, LIPUS i
1 F IR BCE 4 s SOXO (36 ik e e M AN L
(A5 B, 900 1) 440 6L 00 T BV A A 5 v B S 80 AR
FE—3o MO, ARSI AT TAEE L S50
7~ T LIPUS i i OA-FLS S 5CH 24 I SE 2% OA it &
(AR DAL, TR I AE AR SR A 20 . HL PR
TSR A0 X LIPUS 9 S0P o] REAAAE 25 57 AR
IR = XS B A IR R R e —
JRyBRAE

www.rehabi.com.cn 11



Chinese Journal of Rehabilitation Medicine, Jan. 2024, Vol. 39, No.1

TR TR OUT 1 1 R B2 th 2—3 i =
R, (EAE RA T A rh el 580 22 10—20 2=
FLS HY3E 5 8 T o i) 26 A 32 st ) AR
SCHRAGE , X T AR I A , LIPUS X R 58 1 7E
RIFl, FE—TRFFE o LIPUS ZbBEAR =5 T 1929 Wi4F
A4 M I PEC s HE 5 — IS b, LIPUS WA RE S
5 ) N IF R 2T 4 240 L ) B AT T AE A B S
Hi, LIPUS # il TNF-o 15 509 RA-FLS 3458 . IEAh,
RA-FLS A] F 0 PR 4030 i FIzs Ak i OG5, iX 5 B
S ALY IE RS IR 2R RE S A7 G SR, AR5
K4k L @R LIPUS X RA-FLS i (il A 1A 2
FAEE S P S5 R W] LIPUS % MMP2 FiI
MMP9 52 i o AN 25, iX 278 LIPUS 1E RA 7T
H R VE R B , T BE -5 AR5 £l P 1 A i ke D58y
o IS 1 R0 A O TE AR I 5 v i1k R 3 1 9
9o 730 P RE 2 B el [ 5 XA Tl

TEAWEFE R, LIPUS #i] TNF-o 1755 £ IL-6 %
ik, X5 — T 5 F LIPUS T35 JE )y B 2T 4 41 it
RN B T4 R — M, RA B BT B
AL AP AT KGR IL-6 235, B 5 RA Y TE S L
SRR, IL-6 & —Mr i s i, el i R
T 2 A B ATV M S AR EE G R R AR TP, HLAE [m] IL-
6/IL-6 344K (interleukin-6 receptor, IL-6R) T # T
RA BJIRIT™, TL-6 f& RA-FLS [ SN 431, B
RERZ IR TH17 405 Treg 40 22 18] f~F-A5 , A2 T
A1 Thi7 20 734k, IF 35 % RA-FLS K IL-6.,
IL-8 . MMP1 1 MMP3"; B2 | 3 RA-FLS H IfiL /]y
e S 25 % A K 4@ K 4 (a disintegrin and
metalloproteinase with thrombospondin 4, AD-
AMTS4) Fl MMPs {2351 GEAE ) B RA-FLS 7
A% R F--xB Z A4 1 1k B T B A4 (receptor activator
for nuclear factor-k B ligand, RANKL ) KA Al 7
MIIE I, Z 5 B WIRY 5 AN TIL-6/] L IL-6 52
A& (soluble interleukin-6 receptor,sIL-6R )& & #th
e JE RA-FLS HE % pO 02 1M 48 A= 5 5~ VEGF Y™
AL S5 IMAE LR, R, IL-6 @ e i a5
b 2 MR £ 11 61 BY5 K A2 #E RA-FLS A 3L B8 1 4%
2%, 1d i A 7 4 75 AU i RA-FLS 358 15 AL =5
IL-6-gp130 F 4¢ A i o) 2 [ % 20 B2 it - 15 5
F A1 5% 5% 35 4k F (janus kinase- signal transducer
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activator of transcription, JAK-STAT ) {5553 [ |- 1
Bk E 41 ffeyRd/H % -2 (B cell lymphoma/lewkmia-
2, Bel-2) kR ity 2 k1 i 400 o S 200 i 1 1 O
T e RS A R AR

BT RA-FLS A3 5E P8 T2 08, Wi Al B2 h
T 40 FN B 41 43R B A I 45 1 T st 2 g
BAMEE, HIL-6 ths 5 T ik e f2, FEAF
i, LIPUS REAS [m] isf 4111 ) IL-6 1 IL-8 7 mRNA 7K
S AR IR R TL-8 2 5 (A 1 A A AR 1,
X $E/R LIPUS 7] BE .2 15 845 RA W B FLS #1156
(4 XL A8 A o BRI, ARLEE BT 4 1T S UR ML T LI-
PUS 15 TL-6 G 1) T R A5 22 1] 1) S S MLt 475
T EE Z ISR

RA-FLS W15 5 1% 59 X MAPK JAK-STAT .
PI3K- AKT. SYK ., Wnt, Notch il NF-«B 4§ 43 il
e Horp  MAPK S 5025 A A 9 S W kA 53 1
‘B HAMRRREEE B ARZERAE K A SR
KB JE RA-FLS # UL A 259 T WU A, L an —ng] g
FH ot i 350 433 1:F MAPK {553 B i) RA-FLS f9 3%
b GERS IR MR T8, ARYEGE , LIPUS &
3 3 MAPK , PI3K-AKT F1 NF-«B {5 538 f% 5k &
FEFHTRAER, Sib2A 25 H , LIPUS AN 2 iU
B AR, e E RA ST A58, LIPUS 3 3 1)
il B 40 P p38MAPK i R 1 1 11 9iE 2% K S 9%
S HEER TEARESE R, LIPUS BERS4M | RA-FLS f
p38 MAPK 1 INK By R ft. , i i i IL-6 7 A=
FIRA-FLS 3458 , A i8R 02, 7675 — B 58 v, s
() LIPUS fE % 18 75 HIG-82 41 Jifd v it 4% 45 K /FAK/
MAPK {5 538 JE ™, ik GA G RAFAE 25 7 i EA
{6 Y HIG-82 SRy Gl 5619 v A L R, 5 RA P
RET A BRLT e AR 2257 . N2 %
TFF 7 i FFI 4 LIPUS %5 2% S 3MHz, i A1 1 Fi %) LI-
PUS#5% 7 1.5MHz, 3t 1] BB 23k il 45 SR 22 5 19 5
. F5C b, LIPUS % RA-FLS fE I Al BB 2 £ 4%
Al AL R R F A A5 L 1 p38/INK HUJE I
H ) — 25 AT BB IR AR , 1T BT 22 (W ik 53 OF ) B LI-
PUS 7 RA-FLS H1EF =,

25 B TR LIPUS 78 —Flvie 2 A 50 Py 38 A
T, B RERSAN K RA-FLS e 2 R, L HIZE TL-6 1Y
Feak, BRI AN H RA-FLS [ 34 78 1t A 52 0 HoT 4% .
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