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[FE] HIY BTG E ko 2R 28 7 (focused low-intensity pulsed ultrasound , FLIPUS ) X #¢H
ML R [ TS RS2, JiiE R C57BL/6) FL BB &Y AR AR B 40 i - A T A A b 5256 TL-18 Ak
PN BB E DT R R R A0 40 I HE AT I E . A0 Bt 43 S X BE ALV TL-18 4 F IL-18 +FLIPUS 41,
RT-PCR £ & 40 Col2al Fi1 MMP13 mRNA 3 ik ; Western blot #& ] &% 20 Col2a1 ,MMP13  LC3B-1 .
TOM20 . TIM23 . PGAMS5 FUNDC1 } p-FUNDCI (p-serl3) &A1k, 459  IhHEEBUR 30 40 i I f 4t
B T RAL T A . X HRA 4, TL-1B8 4H Col2al mRNA FIEE [ 335 W B FEAIK(P<0.01)
MMP 13 mRNA F17E [ %50 B0 (P<0. 01) ; 5 IL-18 ZHAH ., TL-1B+FLIPUS 4 Col2al FikH i I
Ft(P<0.05) ,MMP13 FikH . F R (P<0.01) , 55X HBAIAHH, IL-18 4 LC3B- 11 & ik i 3 R AIK
(P<0.05) ;5 IL-18 4AH L, IL-1B+FLIPUS £ LC3B- I \PGAMS ik B & I T}(P<0.01),TOM20,
TIM23 p-serl3 & [N B TR (P<0.05) . &5 FLIPUS AIfgid st b iA3 s 41 PGAMS & 3%
ik, fi FUNDCI 2 13 {3 22 2R LR AL , 6 fb SokifA B 1

[R5k b R AR S ;R 1T 48 ZObifA I W5 ; PGAMS ; FUNDC 1
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Focused low-intensity pulsed ultrasound promotes chondrocyte mitophagy via up-

regulating PGAMS protein
YE Haixia, YU Lehua, JIA Lang Department of Rehabilitation Medicine, the Second Affiliated Hospital of
Chongqing Medical University, Chongqing, 400010, China

[ Abstract | Objective To investigate the effect of focused low-intensity pulsed ultrasound ( FLIPUS)
on the activation of mitophagy in chondrocytes. Methods Chondrocytes were isolated from the knee articular
cartilage of C57BL/6J suckling mice, and then primarily cultured. Then osteoarthritis-like chondrocyte injury
was inflicted by IL-1B3 simulation in the chondrocytes and identified. The chondrocytes were divided into 3
groups, that is, control, IL-18 and IL-13+FLIPUS group. The mRNA expression of Col2al and MMP13 was
detected by quantitative real-time PCR, and the protein levels of Col2al, MMP13, LC3B-1, TOM20,
TIM23, PGAMS, FUNDCI and p-FUNDC1 (p-serl3) were detected by Western blotting. Results We
cultured primary chondrocytes and established osteoarthritis-like chondrocyte injury model successfully.
Compared with the control group, the mRNA and protein levels of Col2al were significantly decreased (P<
0.01), while the levels of MMP13 were significantly increased ( P<0.01) in the IL-18 group. The levels of
Col2al were obviously enhanced (P<0.05), while those of MMP13 were reduced (P<0.01) in the IL-1p+
FLIPUS group than the IL-1B group. Compared with the control group, the protein expression of LC3B-1I was
remarkably reduced in the IL-1B group ( P<0.05). The protein levels of LC3B-II and PGAMS were
significantly increased (P<0.01), while those of TOM20, TIM23 and p-Serl3 were notably decreased ( P<
0.05) in the IL-1B+FLIPUS group than the IL-1f8 group. Conclusion FLIPUS may activate the mitophagy
in chondrocytes though dephosphorylation of FUNDC1 Ser13 via up-regulating PGAMS expression.
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71 MMP13 ¢ {4 . B-actin . TOM20 i { F TIM23 #i {4
T Proteintech 23 5] ; PGAMS $iTi4 & FUNDC1 #i{4&
5 F Abcam /3 #]; Phospho-FUNDCI ( Ser13) $ii A&
Affinity 23 )42, RNA SRR & e sasln) & &
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e BB LK , R IEE B, 4188 . SR A Image J
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1.4 RIME R KRR WA AR W E RIS E

R TL-1B Ab A0 A A H0L 1 5 755 28 5 4 i
P TG 2L 5. 156 CCK-8 3 K I A 7] ok JiE
IL-18 Kb P 5 B 4 M i A7 05 232, ELR O V86 i i
AN B LA AL 1x10°/100 pL 32 F 96 FLAEEI%,
NG EETS , B A 0.5.10,15 .20 ng/mL IL-18 4k
FRARE I 24 h, JiInA 10 wL/fL CCK-8 % 746
PFE 1~2 h, BEARSORIN 45 4176 450 nm A0 5%
JE(E[ D(450) |, 5865 3 Ko AR It STt e
i PCR Fl Western blot &l AH ¢ K+ 2k, it — 5
UE IL- 13 4 2 200 4 8 (B 7
1.5 @mhony LR A F AL

JEARTCE A5k 3 21, BR X R 4 ( Control 2 ) |
IL-18+{% FLIPUS 4 (IL-18 41) .IL-1B +FLIPUS 4,
IL-18 ZbFRANAE 24 h 5, i A 40 B TR A5 (&%
1%0,,5%C0, J% 94%N, JR&5K) P35 24 h, iRk
JIE ik b B R A (CZG200 Y, T PR IR BT R A R
NE] I 0.6 MHz, 5 120 mW/em®, B8 0% 300 Hz,
TRYT AT T BE 25 28 mm, ik o 98 BE 200 ps, 745
20% ) AbFRAIE 20 min/dx3 d, FLIPUS ZbFR4H AT, 45
Sk BURARA T K LB NG REFR LR U7, A E R AR
Higktas (| 1) o ) FLIPUS ZbFRESASTFAL,
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1.6 ZafRA&ZTZ PCR

Fiz BRAE T 158 B A5, DL JE0AR R B 40 i v i B
RNA | 3388 13 [ % 55 i ¢cDNA |, J§ TB Green RT-PCR
AR E 10 wL [ B AR R FE175E i PCR S, RP
TB Green 5 pL. FiiF54 0.4 wL, FE5147 0.4 pl.,
cDNA 0.8 pL..DEPC /K 3.4 pL, FNEEARBEE 3 1
AL, SR H A 3 U, mRNA Y AH X 2 3K K F- 2k
P NI/ ILE S

&1 RT-PCRHEG|IMFIER

FIMFSI(5'—3)

FLH AR TRV bp
F W CATCCAGGGCTCCAATGATGTA
Col2al ” 174
Filf ATGTCCATGGGTGCGATGTC

_E3f CTTCTTCTTGTTGAGCTGGACTC
MMP13 i 173
F il CTGTGGAGGTCACTGTAGACT

LW GTGCTATGTTGCTCTAGACTTCG s
-act
Bractin e ATGCCACAGGATTCCATACC

. '1‘00 pm .
i

1.7 Western blot #)

FH AR B B A 240 e B 11, BCA 5] A
HEMREE,30 wg MYEE 48 SDS-PAGE HLTK /3 55, ¥4 2R
HHLFH 3 PVDF 5, B 5% 09 B Ag 28 0% &6 i 34 4]
1~2 h, i AAHR ) —4T (1:1 000 i Bf) 4 CHF &
&, TBST %k 3 Wa A =P (1:5 000 i ) 2 097
A 1 h, TBST P 3 ¥k, Hl ECL fb2¢ & ik B3,
Image Lab FPFHEATE R 0. LHAREE S B-actin
JREEAE Y OB o B AR B A &

1.8 %it$ ik

% H] GraphPad Prism 8 #4748 112740 #r, IE& 71
ATGERL x4 KR, R ML FEA ¢ K50 AF IE 534
BERHAH A, 50 (DU 432[ BE ) 327, R A Kruskal-Wallis
H 1555, 24108 R R R J5 22534, P<0. 05 2y
ERAGIFEE L.

2 R

2.1 RBRARKFmIaT SRR ST

JRACECE A TR S 24 h RER 43I BE,5~7 d
KIBIRIE , 22 AT B FNRR , SREEA K 1 4i i 2 20
“HIESA RSN 2A) o SRR SRR LB 1R
B AR (PL) GRELAR K 2 ML AR S Bl %A RS0
(E2B) . TiENE 2 ACHCH M (P2) , #8453 4 i T 4
Fote, B RRIPAERK (B 2C) o I, MR IESL 545
SMERATE A5 LA PO K PLARERH 4l ik
R4,

100 pm’
[

APO R M ;B P1 AR E 2000 C.P2 R F ;D2 mpi PR ELEE. 2wl A

RS AL R &

2 BERERBARESFHIREE
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PRI
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Bl IL-10 ¥ 5 3% =, B 40 i A7 06 58 7 B BE,
10 ng/mL B, #H 40 i A7 16 % 294 80% (& 3A, P<
0.05) , 1M P\ 15 ng/mL FF U, BCH 41 M A7 176 25 52 30
B N (B 3A, P<0.01), AL, 4 BF 5% 3 B
10 ng/mL IL-18 Ab3AKB 40 T e 2k, i —4
jfi i3 RT-PCR 1 Western blot #; il it 75, 48 10 ng/mL
IL-18 AL 385 , 5B 40 S Col2al mRNA FIEE [ 335 7K

P2 R AR TR AL (P<0. 01) , 1fif MMP13 (142 1K U]
HH A2 T B2 (P<0. 01, 8 3B~ D) . Kl it 10
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0.2 b
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RIFEECE A7
2.3 FLIPUS FF#st Col2al % MMP13 £ik ¢4 %vh

RT-PCR }; Western blot £ 5 i /1%, 5 XF I8 2H 41
kb, IL-18 41 Col2al ¥E mRNA FIEE 435 7K F- 34 B i,
FEAI, MMP 13 3k /K- 01 BH & 7 /& (P<0. 01, [ 3B ~
D,/ 4), Ti IL-1B + FLIPUS 4] Col2al mRNA (P <
0.01, & 4A) FIFE 11 (P<0.05, & 4C D) kK E34 0
T IL-18 4, MMP13 FiAK B AR T IL-18 4
(P<0.01,/8 4B~D) . I1 7Y Jist Ji 4202 20 it A2 e e, 55
RN, IL-18 4 Col2al BHM:FRIK B AL T X B4
(P<0.01,[8 5),fi IL-18+FLIPUS 4] Col2al FHPEF
KW T IL-18 41(P<0.05,[415) .
2.4 FLIPUS st 4k B E L7

5% A A, TL-18 41 LC3B- 11 A& (4 3834 7K 7]
BREK(P<0.05, [ 6A B) ;1 5 IL-1p 41 Hik , IL-1p+
FLIPUS 41 1.C3B- I 223k 7K - U BA 2 384 &5 ( P<0. 01, [&]
6A .B) ; TOM20( P<0.01) &% TIM23 ( P<0. 05) & (4 %
KRRV 8 2 BRI (Bl 6A .C.D) .
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Hoi 2 B 4 fE, Col2al f= MMP13 & & A ik B E 2 F 50
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BRI BENARIPREIT , 31X Al HE & T B0l RIT RO
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U P 0 B R R A 2 A5 7 S B X4 1 7 S H50R
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BV 2 AR )RR b R 2R R e 5
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AL U E T, A i 4 2 A 55 /N 3 ) i ] KOA 46
IR = RO T E N B &, B E SR, I
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HSATTAER .
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K T, Xk 0 e 3 4 7 DOl i e B
AR AL BLZ FLIPUS T 15 , $CH 20 A2 P9 H 31
R MLEF F WA $27% FLIPUS BE 1S £ 305 20 Mo 48 i
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LA SR ME—Bf 5 A ZORL AR T BT L . 3B 4 Ak
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PR, By LE B i i — 28 0, R AT An i s 1
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[ FUNDCI 2 13 i 22 2 ( Serl13) LKW AL, 7212
HELRL R [ W3 A bR B 56 B4R T O U
PGAMS S Serl3 EMA LY S 5 R IR ™ .
[RIIt, #€BH FLIPUS Xt PGAMS () y# 5 4E FH , W ] GE#)
A B FLIPUS G L2 R4 B W14 2 F AL o i A<
e, A1 & 8L FLIPUS 7] _E A% 4l i PGAMS & H
Feik, i FUNDCI 55 13 i 22 50 R L Wi fb, Wyom L 5
LC3 M AR, ik LC3- T 4kl LC3-T1, it —4
VR BA SR F IR e A I [ s 38 140 W 308 , A F 5[]
K 1 L AR 1 TOM20 K TIM23 fil ik i, 244k
KA W i 38 B 2 1 2R OR AR S 1 A R A
TOM20 K TIM23 %K [ 32 ik S AR AR 2 o A
2% B FLIPUS 76 b8 LC3-1 %3k 19 [8 i, F 3
TOM20 } TIM23 & 4 335 /K-, 3289 FLIPUS A] %4k
LGl ISR TR NE

ARFFERAFAELL T AR ZAb : QA8 Lk 7 T
RIS F5 40 i i B WL, FLIPUS 38 o PGAMS/
FUNDCI1 32 5 Ah 4R 7R W5, BT 51 4t M T 1
PIBEONE , KeAE ™ — 2 sl S 3 v JEA T UE S @ AR BF T AR
Wie FLIPUS X} PGAMS Wi FREEHE 1 i 52, 5 J5 4 ik
— e LTI E o

2 LTk, FLIPUS s i & # 2RF 41 g PGAMS 2
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