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M OB T E R BEH A  EERLZRABIMAL, AR TR S AR AH L AR S h, &Fib: A
T2 AT 7T AN R IR B) 2 A 93 k5 T AR A8 3T A 3% Piezol/GPX4/ACSLAAE 5 4, 37 5] 3k B 4 il 4k 56—, KK
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Effects of acupotomy therapy on chondrocyte ferroptosis based on the Piezol/GPX4/ACSL4
signaling axis

ZHANG Liang-zhi"*, LIU Hong"?, HUANG Wang-xiang’, LIU Wen-hui'*, YU Wen-ying"*, XIE Li-mei"*, ZHENG Yu-
kui*, ZENG Wei-yi*, XIU Zhong-biao"* (' Affiliated People’s Hospital of Fujian University of Traditional Chinese Medicine,
Fuzhou 350004, China; *Fujian Provincial Clinical Research Center of Integrated Traditional Chinese and Western Medicine for
Chronic Osteoporosis, Fuzhou 350004; *Quanzhou Orthopaedics &. Traumatology Hospital, Quanzhou 362000, Fujian
Province; *Fujian University of Traditional Chinese Medicine, Fuzhou 350122)

[ABSTRACT] Objective To observe the effect of acupotomy on the piezoelectric mechanical gating ion channel
component 1 (Piezo1)/glutathione peroxidase 4 (GPX4)/long-chain acyl coenzyme A synthetase 4 (ACSL4) signaling

axis of knee chondrocytes in knee osteoarthritis (KOA) rabbits, so as to explore its mechanisms underly improvement of
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KOA. Methods
acupotomy groups,with 8 rabbits in each group. The KOA model was established by immobilizing the left hind limb (with

Twenty-four male New Zealand rabbits were randomly divided into blank control, KOA model and

a plaster cast) in an extended position for 6 weeks according to the modified Videman method. For rabbits of the
acupotomy group, the needle-knife release technique was applied to the musculotendon lesion points ( “Hedingci”

” o« ” o«

“Binwaishang” “Binneishang” “Chengfeijian” “Weiyangci” and “Yinlingci”) of the left knee, once a week for 4 weeks.
The degree of the left knee joint dysfunction was assessed by referring to Lequesne MG’ s functional disability scale
(pain reaction [0—3 points], gait [0—3 points], joint motion [0—3 points] and swelling [0—2 points]) before and
after the intervention. Histopathological changes of the left knee joint cartilage tissue (chondrocytes) were observed
after H.E. staining. The mitochondrial structure of the cartilage chondrocytes was observed using transmission electron
microscopy (TEM). The mRNA expression levels of Piezo1, GPX4 and ACSL4 in the cartilage tissue were detected by
using real-time qPCR. The protein expression levels of Piezo1, GPX4 and ACSL4 in the cartilage tissue were detected
by using Western blot. Results Compared with the blank control group,the model group showed a significant increase
in the Lequesne MG score (P<0.01), expression levels of Piezo1 and ACSL4 mRNAs and proteins (P<0.01), and a
notable decrease in the expression levels of GPX4 mRNA and protein (P<0.01, P<0.05). Compared with the model
group, the acupotomy group had an evident decrease in the Lequesne MG score ( P<0.05) , expression levels of Piezo1
and ACSL4 mRNAs and proteins (P<0.01, P<0.05),and an evident increase in the expression levels of GPX4 mRNA
and protein( P<0.01, P<0.05). The results of H.E. staining showed a rough surface of the cartilage of the left knee joint,
wrinkled and broken nucleus, being sparse in number, scattered arrangement and with uneven level in the model
group. Whereas in the acupotomy group, the cartilage surface of the knee joint was relatively flat, the nucleus was clear
and increased in the number and the arrangement was in order, and the level was relatively distinct. The results of TEM
showed shrunk and irregular chondrocytes, ruptured cell membrane, multiple dissolved cytoplasm, formation of some
vacuoles, round or oval mitochondria with reduction in the number, shortening in the ridge, even disappearance, and
dissolved matrix in a large area in the model group. In the acupotomy group, the chondrocytes were relatively regular in
shape, with complete membrane and uniform cytoplasm, and the mitochondria were more in the number, with more
uniform matrix and more ridges. Conclusion Acupotomy can improve the motor function in KOA rabbits, which may
be associated with its functions in inhibiting chondrocyte ferroptosis by regulating Piezo1/GPX4/ACSL4 signaling axis,
and relieving cartilage injury.

[KEYWORDS] Knee osteoarthritis; Acupotomy; Ferroptosis; Piezo1/GPX4/ACSL4 signaling axis
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B ER AR AT W, S RO 2 2 ) e
IS JE] 28 355 9 e skt B A 44 B S, A B0 B B i B 43T
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Xf B 28 S I f R AT A0 R OGT IE A X A A
SR E AR 50 KV, BESS HLE  250 mA,
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HE Y2 675 UL EE A 50 41 200 H el Ar « B 41 8
LS00 e 1 22 T SR A4, 42 400 £ R IR T
FE 24 h JBES K A A PR (RS pm) 5
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60 °C 30 siB K, A0 o Fe i R 275 AN o
247 B mRNA AH X &3k &5 . & 3 H 59 )7 5
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Table 1 Primer sequences
Y
S 741 (5'—>3") K/
bp

. i AAGAGCATCCACTTCCACCG
Piezol o ) ) 172
T GGATGACTGTGGCGTGGTC

Fi CTGTCCCACACTCTGTGCC
GPX4 N - o 194
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Tl GCCGACAATAAAGTACACTTACAGA

FiF AGAGCACCAGAGGAGGACG
GAPDH __ 104
T TGGGATGGAAACTGTGAAGAG

1 Piezol Ay JE L RIHLAR 98 8 Pl 41k 1,GPX4 N
A Me ko Ak W i 4, ACSLA b K BE TE A B A
AR 4,

bR O R A AT UK R . S
90 min J& ¥ 7 — T (Piezol # #& L #1 4 1: 500,
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ST R B D HE A B, RN SE s SRR A
b8, B T 20 G I G 1 R 2% TH B O R AN A
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UL 3,

HORZH
Bl SAREBRXTXEZFLER

Fig.1 Comparison of X-ray examination results of left knee joint of rabbits in the three groups
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K H SPSS25.0 8 47 G it # Ab B4 B . IR
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RBRER T . TG, 52 HAH R, BRI
/e B 92T Lequesne MG 43 T+ i (P<<0.01) 5 5
ST 20 LU A, B J0 A1 22 G Lequesne MG 143 %
iR (P<<0.05), WLIEI 1,141 2.

fawaLiil

2.3 BESRICH AN SRR S TE S L
23 P 20 S R A0 L T R AR [ M e R it
RN AT 5 SRR B R AR B B & S Y
O, Ui HE AT R A 5 5 23 A PR A R A A i A

A TSR M PR R i o 22 Ak i i L T S
I, SRR S BT s [, B ek, 3 J5 R T AR
VAR ISR, TR T K s SRR LR B )
2 BE 0 MR AR A T RO R A e R T B AR Y



BB 5E

04 =%l
8 E = — |=HJI4A
& 0
2_ l
0L [
ARG THE

1 :Lequesne MG S ZE R I REF AR 16 0. 525 A4l
“P<C0.01; SR L #E, *P<C0.05,
B2 &AGREBERXT Lequesne MG T4 LL &
[M(Py, Pr) ,8 R5/4H]

Fig.2 Comparison of Lequesne MG score of left knee

joint of rabbits in the three groups
(M[ P,5, P5s], 8 rabbits / group)
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Fig.3 Comparison of histomorphology of cartilage in left
knee joint of rabbits in the three groups

(HE staining,scale bar=125 pm )
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Fig.4 Comparison of ultrastructure morphology of
chondrocytes and mitochondria in rabbits of the three

groups (transmission electron microscope)
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Fig.5 Comparison of mRNA expression levels of Piezol, GPX4 and ACSL4 in cartilage tissue of left knee joint of rabbits

in the three groups (z+s, 3 rabbitsgroup)
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Fig. 6 Comparison of Piezol, GPX4 and ACSL4 protein expression levels in cartilage tissue of left knee joint of rabbits in

the three groups (x+s, 3 rabbitsgroup )
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