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BE BN N\EERITAINTERTIEEE ERK12 SEBREEREXATR (KOA) RIS MIEEEAIER
Ml 5% RABIESFREE 40 AFA=KAROABRFAE, REBEAH, HEK (ESWT) A, MFxE, 34
10 R, BBFEARES, Hitt 3 AXRBHER Hulth 57 KOA RiRE, EREHRE, ESWT BFLURINSERET.1
RIE, 4R, MERIEESRAEINTERIATA, MXTERES 0.1 mL A9 100 pmol/mL ERK1/2 (S-S BESHDHIF
uo126, 1 X/[E, 48, BFAE, BRANRELNRERES LEE, AFEMEATTFRFR., T 4 BREiHT
B, RAMRR Lequesne MG ERITHERELINRTRAIGSTAFEN, X FETLEBRIXDEEFTN, BHARE-
RORE. B O-EFRENRNBERREZTN, EFNHENRRKEMEBEHENRBER,; RT-qPCR aillFHE
WBHELAT ERK1/2, ULK1, Beclin-1 mRNA BJZRIX; Western blot #&MZ B BHLA+ P-ERK1/2, ERK1/2, ULKI,
Beclin-1 BEAFRX; BEELALFREMER P-ERKI/2, ULK] & Beclin-1 HRBAAFHRMNF LSS, &R 5
BRFEAREMELL, BEARTAFFIOEE, XTHEFECPEEIR, RBETTE, REMABRRNBERIMERL, K
B4HHRH P-ERK1/2 BEURBEBRIEXSF ULK]. Beclin-1 1 mRNA SEAFRIKAKFERERE (P<0.05) , SiE5
AL, ESWT 4 KOA RITAFIFD REGFRIIIENE, WEREEXEE, ERFENIMTEEE, K
BHEANBER/MAEZ, WEAHRF P-ERKI2 EHLUKBEREXSF ULKI, Beclin-1 i mRNA 5S&BEFRIXKFEE
EFE (P<0.05) ., 5 ESWT AHftL, MHIFIE KOA RBITHFEXGFREREST ESWT H, KERGINEER
B/ MAEEERIRLS, HNSFRERS mRNA RIAKFR ESWT BTA (P<0.05) . &t AINPEHRITZBI N
5 ERK1/2 (FSBIRERE KOA RIRBMEER, HMAEXDIKEFRIPIER, LE& KOA BIHE, T iERIIGRL
FRiRM T SLIOHKHE.
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Abstract Objective An investigation into the mechanism by which extracorporeal shock wave therapy modulates the
ERK1/2 signalling pathway to regulate autophagy in rabbit chondrocytes with knee osteoarthritis (KOA), using an animal
model. Methods Forty New Zealand White rabbits were randomly assigned using a pseudorandom number table to four
groups: sham surgery, model, ESWT, and ERK1/2 signalling pathway inhibitor group (referred to as the inhibitor group),
comprising ten rabbits each. Except for the sham surgery group, the other three groups underwent KOA modelling using the
modified Hulth method. Following modelling, the ESWT group received extracorporeal shock wave therapy once weekly for
four weeks. In the inhibitor group, before each in vitro shock wave treatment, 0.1 mL of 100 pmol/mL ERK1/2 signaling
pathway inhibitor U0126 was injected into the joint cavity once a week for a total of 4 weeks. The sham surgery and model
groups were solely immobilised in restraints without any additional intervention. Tissue sampling was performed after 4
weeks of intervention. The modified Lequesne MG scale assessed behavioural changes before and after intervention in all
groups; radiographs evaluated knee joint imaging changes; haematoxylin-eosin staining and Fuchsin-green staining examined
cartilage histopathology; observation of the ultrastructure and autophagy of chondrocytes by transmission electron
microscopy; Real-time quantitative PCR measured ERK1/2, ULK1, and Beclin-1 mRNA expression in cartilage tissue across
groups; Western blot analysed P-ERK1/2, ERK1/2, ULK1, and Beclin-1 protein expression in cartilage tissue;
Immunohistochemical staining examined the in situ expression and distribution of P-ERK1/2, ULK1, and Beclin-1 within
cartilage tissue. Results Compared with the sham-surgery group, rabbits in the model group exhibited lower behavioural
scores, marked damage to joint radiographic structures, severe cartilage degeneration, a reduction in autophagosomes within
chondrocytes, and significantly lower levels of P-ERK1/2 protein as well as mMRNA and protein expression of the autophagy-
related molecules ULK1 and Beclin-1 in cartilage tissue (P<0.05). Compared with the model group, the ESWT group of KOA
rabbits showed improvements in both behavioural scores and radiographic findings; the cartilage surface was relatively
smooth, and the matrix staining was superior to that of the model group. There was an increase in autophagosomes within
chondrocytes, and the mRNA and protein expression levels of P-ERK1/2, as well as the autophagy-related molecules ULK1
and Beclin-1, were significantly elevated in the cartilage tissue (P<0.05). Compared with the ESWT group, the degree of
behavioural and imaging improvement in the inhibitor group of KOA rabbits was weaker than that in the ESWT group;
cartilage damage was exacerbated and the number of autophagosomes correspondingly decreased; the protein and mRNA
expression levels of the relevant molecules were downregulated compared with the ESWT group (P<0.05). Conclusions
Extracorporeal shock wave therapy regulates autophagy in rabbit chondrocytes with knee osteoarthritis by modulating the
ERK1/2 signalling pathway, thereby exerting a protective effect on articular cartilage and slowing the progression of KOA,;
this provides experimental evidence for the clinical application of this therapy.
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ANEL IS T RE R L R e, T E RO A TR RE M. BT, KOA BCE IR AR BILEI M A TE A TE T, 4K
B 40 P A B B IR I B R R 2 — B, MG ATAIE S, 3 B O AT R A A
PR TR 52 A R A, 00 1) B 0 O T e DR S RN, B T % R AR ) o B g AR O
b, RNERIT IR A W ) o IR AR LR, XL KOA WRYT 7 R EA EE R X
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1.1 LRI

PR 6 HdBri= KA%k 40 H, MRS, S (2.020.5) kg, W HBRIEE T EWEEL
H IR A A [SCXK(B%)2022 - 01]. Fr B s ¥ 3810 7% T 2 B B BF K 2 8 9 S2 56 A o0 [SYXK(77)2025 -
0001], K H HRHA K FARHEF R 7% . WFRM L E4EFFIRE 23~25°C, BEF 55%~60%. AL
06 LB I T B R S S0 S AR AAG B R L 2 ke (IACUC-NYLAC-2024-301) ,  SEI6 i A2 7™ i i
TGS S256 3R JE I .

1.2 FERFISNEE

AR ZE - P4 Chematoxylin-eosin, HE) 4. HHANFL O-[FE st el . WA & (1]
5: G1005. G1053. G3329-50) ¥ H N 4t /RAEV R H AR A ; BCA EHERRKAE (&
5: E-BC-K318-M) 11y H B G 3 S e AE MR I 0 A PR A 7] s B R AL 40 L AME 5 5 Bl 1/2
(Phospho-ERK1/2, P-ERK1/2) #ifk. ERK1/2 Hifk. ULKL Hifk. Beclin-1 fifk (1%%5: 28733-1-AP.
51068-1-AP. 20986-1-AP. 11306-1-AP) #0 H X =& M E ARG R A A ; ERKL/2 #jifi57 U0126
5 HY-12031A) WWH Figit m A EARH AR A . enPuls Version 2.0 &~k i A 740
HXZEF&Em (L) AMRAR,: SuPerMax 3500 7% ThREEGFR A [ i N3 A Y R A BR A
F]; HT7800 &4 H T B HBE. TM4000 Plus T2~ B H HAHIL AR ; T100 i@ PCR
1. CFX96 Touch )& & PCR I HAH KA == 5 (i) HIRAR; Tanon 4600SF &
REEWFER B ARG E Ll KRB AR A ; EM UCT BEUI R IUEHEEK EEMASRE
PR 7] ; NanoDrop 2000 7Y il & 7 Y6 Y6 B vH I H 55 [ 28 3R R R B A H] .

1.3 XI7FE.
1.3.1 FIpIREYGEN,

SCIOHIMESE 7 d DUENHEE, 2N LR WG, HEREmReEl RS (1~405) , XM
LB 7 R I R BENL A MR TFARA (n=10) , & (n=30) . EMHRA XM E Hulth 3852
Hl%  KOA MRS BEALEEL 30 KB 2%, 7EREZEIKES 3% E 248 1 mL/kg, £5pREE
RERER, Bl TFARAG L, ERMBEXRTREME. &8, M™&TGHERE, B2 BRI Al
TP, KZ 4 cm, UIBT ORI, BREEOCTIE, WRECTIEN LR LR, T X
W, UIBRAOE A AR, Zdh et AR S sEie b st Ko se &I e, 583, HPEFERYA
5 B R AR AT T BV TF T IR AT, (AT 30 23 X W (I V) Wi fl A AR i gl br, R D]
BIRFF—5. RE&ES: 3 dNINENEHERMN (BER 20 HHRALD , i ESHRZ 7 d PTG RiE
PR KOA # LR 57 WG sh G B RE A, FAR LG, 8RS 2 IRIKEE, 5RiEIEB SR g 3l
30 min, 4 J& 5 ARSI S i AL S R SR IE AL X SR I S R I L, SR B O Y T AR A
B K AR R B B b AR SRR T . R R T e K I A R BE L S BRI (n=10) . P
¥ (ESWT) 41 (n=10) . #M#IFI4H (n=10) .

132 pDHABT

BFARM . BERA: (KL 7 e 8y B e, A HAMAEaFmTFEBE. ESWT 4: RHA
enPuls Version 2.0 %Y F i 5 i 20 AR Ab i o5 38 18 97 A6 SR8 e 22 IR S T BEAT AR A ph e VR T . B EESL G
RA BRI RHEEM AN, B kB B uE iz A, SR RARIATIRIT .. i ERIETT
BRI WS 55 BONGEIR S 0.1 mi/mm?2, SiZA 8 Hz, phiik% 1 000 KBS, &F 1%k, T4
Ji o FIFRIH s 7R LR ESWT &Rl b, &R RIGIT A0 S50 e 20 RO B vEST 0.1 mL ) 100
umol/mLUO0 12617, 5 52 Jl i 4% 3 Jei A G AR 56 A5 BOR T 4% BE S T fis, DA A 25 76 5 15 Jis 9 35 20 o
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1.3.3 Bt

FHHEm RAT 4 FNTHE, XHE ST SR EEA. HHEE TERESG, BEALREK
T, PRI )RR R SRR A S BN 9% T R A A R A BB R A2, RS R OGO g S
kK, F 0.9%F AN EST TS . B — B B LU 4% % KPR [E E 48 h, & RFIHE
KJE, TA 10% EDTA B 1N H, 5 Ja @47 A b 60 3 [E @ i 5O ), LA 5 2Rk AT HE Jefa,
L O - [ LRGeS B UL AT I o i i AH R A B AP B8, — 340 3 A 2RO P8R [ 5 Y
BT 52, 25 ¥ BRH AE S EBE AR M A T2, SidiEve. HIRE L. K. IR e, it
TS BRI . R R ARG, AEET-80CUkFE+ H T RT-gPCR. Western blot £l .
1.3.4 1TAFFEM

KM Lequesne MG 17y VFAli 45 2H S 56 S+ TUAT J5 AT J9 5 28 K. A5 J=) 31 4 I W s B (0~3
) B (0-3 7)) KANES) (0~3 7)) KRATMAKAEE (0~2 20> . 4 M Of
1155 43 B0 e o s A e s 18l
1.35 BRXTEGEFENR

FERESCIR A TS R G, ERE SIS 3% E 24 1 mL/kg, FfEMEORESRE SR
F S e fe SR RO X R o SR SR SRR G I O A A, B R A A ST TR B
KA A To & BT i
1.36 HEREB. FLL O-EFREMRBRXTLRBBARKSEN

W O E i W RIS T AN AR LS SRV K . 2R . A RS 5, A3 s
Yoo BUASE IS YI R HUAE 5 pm 3ESY) F, E . B Mo A BRBATIREGHK 3~5 min, HkK
MPEJE 4 1%IRRIAE 740, FE B SRR e JF DUR BEWGR IE, WK ohde . BE SR8 A0 G4l
3~5 min, YRR B U R H U SR G 5 5 min, ERER AL EERIE VR D
FHENBEHLFLLBGE 1 min, K OEEPRER K, Ul ZWHAREY AP RS, £
B T IR . RIS R Mankin’s PF 0 A X 30CR 85 04 5 8RR B (0~5 47) E di M Bl i & 4y
ATEOL0~3 47). Y OAEIL(0~4 /) FIEILR 5E Bt (0~2 )47 ITFAG . 4 N 14 &, MR
Mankin’s 7)- B0 5 7% W] 5B 40 445 47 1 i el ™ = 1290,
1.3.7 BEHERNRNEHEERK

AR 1 mm>1 mm><t mm AR PORE BN BB E E R, 4 CHlE 2~4 h, FAEEE.
Jii K 5 R 5 812 AL A4 1:1 ELBIR A AL FE 2~4 h, Hf 1:2 LEBIR BB . K4l 812 i
ANENGHEBIFEARE S, 37 CHEMMELRE, A 60 CHEFMES 48 h mt i, RHBEHET]
F B 2% 60~80 nm B V), £ 2% B AR AT S MO ER AL & Je 4 15 min J5, BT iR
W, BJGIEES BT BB TS R AE BB HAT 7T .
1.3.8 RT-gqPCR #&illl

WRAET-80 CIAH AL, RAuHE G MIEEUE RNA, RH Nanodrop 2000 i i 4 B2 K 4ii
B o Fal ) S i i B ] 20 pL WS NAK R (L7 5xSweScript SuperMix 4 uL, gDNA Remover 1
uL, Total RNA 10 pL %) , T PCR {mmififtx, BF&EN: 25 C. 5 min, 42 C. 30
min, 85 C. 5 s. B/5di{TE & PCR ¥4, M| 15 uL RMAKFR: 2>Universal Blue SYBR Green
qPCR Master Mix 7.5 uL, 2.5 umol/L 1E. K[ 5I#3: 1.5 uL, cDNA #4t 2.0 uL, ddH20 4.0 pL. F
WOt R PCR A FRHATH 1Y, P& EN: 95 CHIALM 30 s; 95 CA&ME 15 s, 60 CiRKZEfH 30
s, FLHEAT 40 NI TR AT ISR L . EH 22 R R R IEE . H R
ERK1/2. ULK1. Beclin-1 } N Z p-actin #HXI 514, HIRDER4E/RAEMRHA R AR & . 514
FPA L 1.
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Table 1 Primer sequence

I SIFA (5°-37) J Bl /bp
Gene Primer sequence (5°-3”) Fragment length/bp
ERK1/2  F: GGGTATTCTTGGATCCCCTTCA 240

R: TCACTCGGGTCGTAATACTGCT
ULK1 F: TGCACAGCAAAGGCATCATC 120

R: CGAACCCGAAGTCAGCAATCT
Beclin-1 ~ F: CACAGCTCCATTACTTGCCACAG 95

R: GGCGAGTTTCAATAAATGCTTCC
p-actin - F: CGCAAGTACTCGGTGTGGAT 94

R: CCGACTCGTCATACTCCTGC

1.3.9 Western blot #&ill ERK1/2 (52BN BRHEFXEQRIX

HUAEAE T A, BABRATHER A RIPA 2% 15 min J5, 12 000 r/min &= 50 HL
4 CEL 10 min, B EIEM, KA BCA EREERXA G AEQHTER. MEAFELEMES,
SDS-PAGE 1.5 h, H 300 mA fEt MK 1.5~2 h, FAE 99 Fy & PVDF )5, 43500 ERK1/2(1 @ 1
000). P-ERK1/2(1 : 1 000). ULKI(1:1 000). Beclin-1(1 : 1 000)/ % B-Actin —¥i (1:5 000) T
4 CHFHEEW, KH PVDF =R E 5t (1:5000) 2h, H#@EKIGEE PVDF IE, B T#EER
BUEER IR RGP AT RS, BJ5 KA Image) 1.8.0 AE DM &K IEE A KM, KA B-
Actin NA S EE 5T & BAsEEHRRE K.
1.3.10 GBERBERLFRE

AT R ik, FUREBEE, BRI 3% W E/KIER, EIRECIE 25 min LR K P 5
i SE YIRS, B ARG PBS Wik fEAALIE NN 3%BSA ¥ 515 & H AUHAT MG H H, =EiR
FHiA 30 min EHEEE AR U BTG P-ERKL/2 —3t (1:50) « ULK1 —#1 (1:
50) . Beclin-1 —#T (1:50) , BUIFFRTEBEN, 4 CHRELSK. XEEBVIFET PBS Hikik
3, R TEAALLIE AR Pt R E AL, FEME 50 min. B H EHE X ES PBS It
GG, IR AT S E BRI DAB Wl 7EY6H BB T S I g e ) T m [R), AR FH
PS5 BAFE AN, HERKMEAIEEE, BEHIAREMNMMAZELR 3 min 4, HRKMEE
SRR RSE A EFS, IR ERAKM S, BERBPARRRERRE, WK M. S3ENYT
FAarp K E, FAR N RE . B BT e P T GRS, KA Imaged 1.8.0 R AEXT
B BARMOCE EEAE AT b, BRI EUE S E A o XK p AR A B, B8 45 RN L%
fH.
14 FHFEDHT

KH SPSS 27.0 Giit TG0, LIRSS R LITP B EE (X £s5) KR, Z4EE
S LGECHT AT IEAS YRGS 7 Z MRS . R A B o By 255, ZARECRHRFE R
ZE T, B I W LR B LSD 856, 25 7 ZASF R A Tamhane's T2 #656. DL P<0.05 &R %
FEEGI¥E L.

2 R

21 SCIOFMIEESHT

ARHEFCE 40 B2 KA %, BENAEE 4 DMARGEA, F4 10 . EEAMTFREN,
FT A SER SRR E IR, R IUREAB &G L, mA&EHEHREHZ 550t 0.
2.2 RBERIEETS Lequesne MG FESELER

SRV R G, SERFARALE, BAH, ESWT 4. #MHlf4H % Lequesne MG P43
15 BA 2 18 0 (P<0.05), 3 4L LR 257 (P>0.05) o 7E5E UM T WS i jG, gt o s,
BT ERTFARM, HBHAH% Lequesne MG PF IR FFEL R KT (P<0.05) ; 1M 5L, ESWT
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E: SBFAREML, "P<0.05; HHAIAMLL, *P<0.05; S AMLL, “P<0.05.

Bl 1 % RBETT Lequesne MG T4
Note. Compared with the sham operation group, “P<0.05. Compared with the model group, *P<0.05. Compared with the ESWT group,
P<0.05.

Figure 1 Lequesne MG scores of the knee joints of each group of rabbits
2.3 BHBEBRXTEGE X FPEREROLER

BRFARHE R MBRIES , K RMECHE, T E BT A8 2H S g 5817 7] B R = R 41
WA, WEFEEREENS, NI A A B A, SRAAAE, ESWT 4.
O] 771 2H 35 2 T LR A B R RS A o5 . RS IR ORI BRI B . R B A S ORTE MW . B B E D
&, 5 ESWT 4L, sl a W cErRE . LK 2.

BFEARY 2 bt 2L BRI
Sham group Model group ESWT group Inhibitor group

2 B GRICIERAT X B LR

Figure 2 X-ray findings of left knee in all experimental rabbit groups
24 BHABXPRESALREFRELR

BFARM G KT HLEREW, BE RPN, REMARBEFEH N, Lkl RE
. ML T, BMARRCT KT 2SR SR, XA REANNE, HI/MERERK
A, PR Ak > BHESUAS N, R R R AN ), W AR A A . SEIRZA AL, ESWT
Y AR R R H GRS A B eGE, WOl B R R A R E A G, R A i HE 51 A X A
W, R JE R Gl R OIS S), IR T N TEMT . 5 ESWT AL, 45 2 A g B4R
SCGERE R R R . B % Mankin’s VP4 LLEG: SBFARAE, BAH % Mankin’s P55 B 2 1
=(P<0.05); SEIAIZ L, ESWT 4. #5752 % Mankin’s vF55 2 % T (P<0.05); 5 ESWT ZH4H
b, #5720 Mankin’s ¥F4> FH i (P<0.05) . LI 3.
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A T AR HRIZH MG 72
Sham group Model group ESWT group Inhibitor group
2
@z
K'g
wo
Tuw
T
g,
B2
=4
ofs
232
B 104
* BT AU
8 Sham group
RE A rall
8 6 # Model group
=2 #
S rou
S , group
EILBAIEAR
Inhibitor group
0 1 1

W A SHRCEASUREL Y Y (200%); B: KA RIEKCTIEL Y Mankin’s W45 5BFARAMIL, "P<0.05; SHEIAH A
e, *P<0.05; Syhilidkditfth, “P<0.05.

Pl 3 & A Gk 4LEU0 B 35 J2 Mankin’s ¥ 43 25 R
Note. A, Histopathological staining of rabbit cartilage tissue in each group (200x). B, Mankin’s score of rabbit knee joint in each
group.Compared with the sham operation group, "P<0.05. Compared with the model group, *P<0.05. Compared with the ESWT group, *
P<0.05.

Figure 3 Pathological morphology and Mankin’s score of cartilage in experimental rabbits
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Figure 4 Transmission electron micrographs of rabbit chondrocytes in each group
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Figure 5 Relative mRNA expression of ERK1/2, ULK1, Beclin-1 in rabbit cartilage among groups
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Figure 6 Protein bands and relative expression levels of ERK1/2, P-ERK1/2, ULK1 and Beclin-1 in cartilage tissues of rabbits in each group
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Figure 7 Immunohistochemical staining and quantitative analysis of positive protein expression in rabbit cartilage tissues of each group
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