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WE EMRR (OA) R—Fhi WABATIESN, LOCTTHCRRAS | 5 Bl 2e BAR PERAE A RFAE, ™ B MR A6 T
H, FT M ICHRIG Tk . AU S RO D R R 2 —, T Piezo 1 /1 0 S O MU BUR R B Tl 18, 7RIENAIEE &
HUBCRIB P A B 2R, BLAE OA WY AR R e h IS (0. A SCRGLERIA Piezol 75 OA HIYAATAFENLEI, SRIFHAE
AU T3 5 S BRI T 2 SRR RN M AR AL RV E R, EE AT AR DG A5 5 Tl i R Ui AN 1
WHERY, OA B MWl Piezol 2K R LM, HUMGTHES RAEM T (ANIL-18) RIVETHREI N, LM “RAE
-Piezol i " IESBHEIR. Piezol M/ Ca¥ WL, WIHZARMF S, SIRMCEAMMIMT . 8, MBIAERN, Jf
MG S AT I . R, A5 E o sh IR AR ROTTE , A SCIEAL T Piezol M AEGY THE A AR L, HAM i
HA L FEDRTUER B A PFE R R A5 B0 8 BoR i — WG P RCR . ASCETE N B TESETT RAHLTIBTTE 51677 MR LK

B = B

KR Piezol, HYEXTR, HUMBURE THIE, PoEdii, HR0s

hES%ES R684.3, R329.28

BT R (osteoarthritis, OA) &—FPLEk
fen A IR AT PR DG P, ™ H S R 1Y A 3 T
i, HAMICHIG . s R kA S Z R
PRI C, AU T 58 B e R %0
RZ—o BEMFRIIREA, PGS MR A R
PLIZ 2 B0, X A FEE OA Ay HEAE AL
SR TR Y JTAEk, Piezol AE—FPALAK
U FRIE, 2RSS THE A . i m
FEET UM, S 5UGE SRER . BFRERY,
Piezol TEAEIRAS . AHMEIAT: . SO0 S B Gl 2L
TR YRR EEEAER 2 A, R RPN
AU S FEE T AT, i 2 5% 10E
S, WHANZE (interleukin, IL) -1B, #ZHF
kB (nuclear factor-kB, NF-«B) &, fili# OA 19
e XL LR, Piezol 1] HETE OA ) & A=
kR iR EEZMEN . 76 OA MWL B, #L
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Fig. 1 Schematic diagram of the mechanism of Piezo1 in osteoarthritis
El1l Piezol EEMEXTRPERIHHTIEE
ROS: 7iThE42E (reactive oxygen species); Piezol: MLARAUR FiH il Piezol (mechanosensitive ion channel Piezol); c¢GAS-STING: ¥
GMP-AMP A fitf- T4 R IR E 1 (cyclic GMP-AMP synthase-stimulator of interferon genes) ; PI3K/AKT/mTOR : i JIE Mk JULES 3 i A/ 2 (4
HHEB/ R A ZALE Y (phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin) ; YAP: Yes#KCZE T (Yes-associated

protein) ; MMP13: 3£ 4 J& 25 (1§13 (matrix metalloproteinase 13) ;
IL-1B: /% -1p (interleukin-1B) ; TNF-a: MJEIRFER F-a (tumor

(a disintegrin and metalloproteinase with thrombospondin motifs 5) ;

ADAMTSS: £ IfiL /NGRS I 2 1 35 P B4 il 58 2 1 R 4 Ji 2 A 1 S

necrosis factor-o.) ; p38MAPK: p38#2 %4 JFiGifb I 11 H¥ (p38 mitogen-activated protein kinase) ; NF-xB: #%[KF«B (nuclear factor-«B) ;
pl6/p21: 4l J& 30 25 13 44 0 P S8 it 310 i 1 p16/p21 (cyclin-dependent kinase inhibitor p16/p21); SASP: A5/ £ A (senescence-

associated secretory phenotype) .

1 Piezol ZZFOA X B A Ba Hh 1Y R ik R =
HLE

1.1 PiezolBiE R ik 5Piezol LA /7

Piezo B A X% ({145 Piezol Fl Piezo2) &=
FARIE A B HUIRSUERPH 25 38, RS ELHEm Ly 2
JH RS 5k g AR AT F . b, Piezol 3 1A H 24
2500 MR EERRA AL, T8 BUBRR Y — i IR e ROIR 25
¥y, X858 Ca® . #15F (potassium ion, K') .
#%F (sodium ion, Na') %fHEFHA @B
AR BRI ARSIy . RS As B R P SR
S AR OER (F12),
1.2 Piezol RIZEEOAKRBFX T HAIETN

15 OA S K BRI, Piezol fY21k K i
Eﬂ“tﬂﬁ%iﬂ TR AE 2 BB 107 52 M Y 4
BIXI, X—PGR R, Piezol VEN—FPHUAR U

BIFEIE, TEOA M AR AL hn] B & #4545 B B4
Mo WAL, TENER TR HCE T, Piezol
E‘J%%it%‘ﬁi%ibﬂ JEHIEA A Z S MU jJE’J
O ¥ Ak, Piezol MYt ik 5 HiR L

JLIR T B2 SR B N 2 ARG, ##bFEZHT
HAR OA KR B o AL 2R S48 ] 7
(ANIL-1B) BN NFE1AS Piezol FIABEINAY - E A
Ko BRI, IL-1B AT LA L4 Piezol YIS,
IR REI AL N IR il CHBENRIEALES 3 Jnk/
M B/ I8 =481 (phosphatidylinositol
3-kinase/protein  kinase target of
rapamycin, PI3K/AKT/mTOR) ) AR A
PATANE WA X AL T e S it
B, P Piezol BYFFEEHAN , MM HNE G 191R
rPE2eqk . 15 OA M BIIE AL, Piezol YR IK[R]
BRI Edas, Jf BHANHIR CngikeE 22

B/mammalian
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Fig.2 Gating mechanism of Piezol

B2 PiezolHyI TH=HLH

K GsMTx4 (Grammostola spatulata mechanotoxin 4,
GsMTx4) ) BEfS Il OG5 1Y) g B ke 722 B i
15, FW] Piezol 7E OA 11 & 47 T8 25 412 S L) £
o, 0 ZE AT, Piezol B FRIAAS AL AL B T
OA ML A fr M B, B 4875 T HAE OA K AIL
I Z EAER, $2/8 T Piezol 1E MG y7 #L L Y
wi.
1.3 #HH R /115 S Piezol BE HI 5> FHLE

Piezol J&—F LMY B ¥l iH , ABASIEA
AL K I AIEAS , INIMIAEARARIN 51 A — FR A
VIR, TEB MR RIGE R, AU 7251k
AEfS &5 Piezol UG o AFOTABL, Y4z
ML R 1 4R, Piezol i 1A 2 Bk I IG, S5
Ca® WL, X—idFxt THERF AN AY 1 IR 2
KHEEM, Piezol MRIBTENIMN J1 55 1F T 1 4
L #BEmiGUR TGS B, SEERANES
S PR ROS , HEIT S I A A A AT
A, Piezol BB L S5 4RMIAY =% (senescence)
HEREAROC, BN )38 5 Piezo 1 18 MYITE 2 T
TR, X R K B 40 P Y
1 & B E O E PE 4 2R (reactive oxygen species,
ROS) A "', Bk, Piezol R{UZHIMAIE 5
MR 1, W AN MU 22 A
SRS, HREEHLHITE B PSR &AL
EEHEEAEH . TEEMECT R, HL
N1 B AR R B Y 5 Piezol A5, X
— 55 A X 251 K — RV ML N AF 5 R
Mo WFFEERWT, BN I AL H #3805 Piezol E
H, SECaNL, ESBIE NFE S, 7l
an, p38 2z ZL L IE Ak R B EE (p38 mitogen-
activated protein kinase, p38MAPK) FINF-«xB {55
M, 3K [ SERE ST 20 T DA G

BRI, Piezol AT AT LA 2 40 Jfd 4 IL-6 £
IL-1B S R A Iy A2, X 2L 7 OA 1 R 4E
RN EZOVER . [FRE, Piezol M A 540
JLR) B PRI R AL B VA G . BF9E & B, Piezol il
AR Ca i, 3R TSR B RN B R AR
ML PR 3k, 9 0 6 o 4 s 2R 1 13 (matrix
metalloproteinase 13, MMPI13) FIRHE H L i 5
metalloproteinase ~ with
thrombospondin motifs 5, ADAMTS5), XLEHRLHFFY
b HE— 2 R T OA A B R Y Rk,
Piezol TENLMIN /175 | K A5 5 e S B vh i 1 o¢
HEMAAA, MCNIRYT OA BV 7EHE Ao o R 4%
Piezol BIG T, TIAER OA RYIATTHRALH A SRms .
14 RIEETFIPiezol RiXFThEERIIE TS

TE OA [ J bl v, S0 PRl 140318 3 OB A
@, HAIL-1B 8 205, BTFERM, IL-1BRE%
3 BTG PIBK/AKT/mTOR G# %, 2 3 {2 3 Piezol
ik, BRI, TL-1p BIAFAE 2 S8R 4 i
Hi Piezol MY, XA L it R MG 1 4R Y
HWERIJHT 1 FE . Piezol VE A —FPHLAR AR =+
8, HIyhe AR B 0 IR T ARG AIL AR R
Mo TEIL-1B M4 , Piezol MITHfb & T2 AN A
Ca® WRBE RGN, DTS T rfE5E s, s
mTORGE B, X —ib T2 AT T 240 B A A7 15 A L)
REr= A2 Y, 7E OA R BIRA R, Piezol
IR AT REE P A 08 T B D e
A d . WS & B, IL-1B (1 A 3 AN A 2E T
Piezol Wik, ML TAMANGZH S, S5
T UL T . X — ISR, Piezol MY
WA S5 00T, IRl AE ST S v
R HEAEN . #E—Prypse R, $ Piezol
B TIRE VT BEA B T ok IL-1B 51 o 4l fg 08 T- A1 %

(a  disintegrin  and
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SiE SN, AT OA VAT ER AL TR i SR s 1 78
OA [ B FE Y, Piezol (13 B 7% 1k 1 BE S84k
B DIRER I, R ARG FE RE 1T BRI
T2 EFb, By iR s . Bk,
Piezol WG ALTENUM A FAE T, REAS L E5(5 5
KBS Z AR R, S RAE RN N, i —
AR TR R 7. BFSE IR R, i
Piezol I T RE AT LA RS 98 0E 5 7 1 Al L 453475
M A OA B R YT H At T W AR (0 i V' 28 1
W, IL-1p i@ i PI3K/AKT/mTOR i #% 4 5 Piezol
(I35, SEMBCE A F VRN T, i RAETEA
B 1T 58 Piezol M RMIMUIRAS 54765, Il T
OA [ BEE I

2 Piezol I SR EHEAT S =EHH

2.1 MM EESHREHERET

MU 202 OA AL i) — S &=
5 R, Piezol M 7EIX — il FE i 35 OCHE R E
o Piezol /N —FHUA BUB: A58 38, REE /R
MU 7, FFFERE diirh 51 A& Ca* i Nt . 7EAL
WL IS DL R, Piezol UILTE S8 Ca> 1 2% ,
M 51 & BT M # (endoplasmic reticulum
stress, ERS) FIZRLIATIREREAT, & FEBURE
ML T . X — A e E Rk, W
ST AR RE ' PRI BN, 7EOA B
FIARE Y, Piezol BYFRIN W ER AN, X Al e S HLAK
W15 E AR IR T2 OIAOC . S BB A fi 25
PEIECE AR IR T, RS SRR S R AN
KT R TR . G S S, cGAS-
STING i % #1 Yes #H )¢ & [ (Yes-associated
protein, YAP) -MMP13/ADAMTSS S AE S W PR AE
Piezol /- FHY LML Tl B EZ M 0. cGAS-
STING 3 #7540 il 52 BN HLAE 7 i B s, g
51k — FR AN RAE S A AT A5 5 ik . ik
A, YAPAER— A i 5 -, AT LAE o R4 2
Jt AL T 4 )& &5 H ¥ (matrix metalloproteinase,
MMP) HIADAMTS HUZEIK, 8 5 4 1 A0 ] Tk
R R L BbAh, WESEAEH, Rl T e
i Piezo 1 38 T X HRCH A1 ML 7= A= S T s i . Bk 2K
5B AR A P Ca> Wk B TR, E—2m
T A R T AR . X — R IR, Piezol
AT BEILATRYT OA BT A, 38 e 400 ) i i
WrAH OGRSl , A AU 205 R A 4B 4
M, (2% OA Ry ", Z5 LR, Piezolid

TEAEATUG 2075 0 B i T b R A LY
YERL, A5 Ca™ AR . BT AR OG5 5
PR, PR T AN T AR IR AR R AR
2.2 Piezol 5B MATRE K SASPEFRiX

Piezo I /1y — MU BEURN By T8, 7E5CE 4
ML B b 4% T HEAE . WA,
Piezol il 1 HX Ca™ (RIHIE DIRE, fEHE 7 20
WA EY W pl6e M p21 BYFRIK, T2 A HCE 4
ffarb, BT & B Ca* HIROS (R SRR 11
KHEHFER ™, BAKME, Piezol MmRILSER
FHC A AR B DA G, JE AR SZ AU )
AT BT, Piezol RYIHITE 2 FE Ca™ W 1Y .35 |
F, s T2, AL, Piezol MR
B, F#{K Piezol MZRIXAEAS IR/ 08 2 4 MY Ca™
HIROS /K-, FHAESEAn Mg 58, X gk — DUkl T
Piezol TEJAAHCE AL TP OCHEA (0, TEIX—
T, p38SMAPK Fil NF-«B i 42§ 31F 52 J2- Wi Jy
Piezol i B CHE(E S @ #%, 73l fie it 1L-6 1 IL-
1B A A, AT L — IR BR 2 1k R 4
LI R FIOCTT IR AT A . Ak, Piezol PR
FHAALBIR T 02 32 20 fif 38 2 0 38 2 A O 70 b 5 28
(senescence-associated secretory phenotype, SASP)
RIE . TENLM AT B0 T . Piezol MY
PRIz B A O, BETTRZ MR G B
R REFMEERE . XA OA VAT FR AL T 8T 1Y S0
AT ] Piezol MO TR T, FIREABY T4E
2% BRI M ) 8 AR OA HYSE IR 20 Mz,
Piezol 7E4KH 4 Ml £ & S SASP A+ 3R35 ¥ i 1
—AEEMMA O, Hosd R CaliE R IIRE,
e 200 L N R R S5, IR R B R M A8
i S ARG
23 HEMERSATHEEER

20 1 AR 2 B A A ) E A R L R
IR FAMIEAS . S 54502 Az sh KA
INERCR s S Y- = S (Y E I i =7 S U]
W], Piezol JEIEEALAMANEL T REEN L5 51U
B, X AR S A AR S R LA S A T
UG . 72 OA WY Z LI, Piezol il 18 HY/E
ARG IR TS . 4G, Piezol fEA—
MU S G , 4 4052 BB ) B
REAS PG T O FLiF Ca i AN . X —45(5 %5
MG AN Z S T AN 2055 B, I8
FLAEE I A E 2R RS . BFFEERIT, Piezol HUIK
o A e R RIR, U 2 XS L Eh
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HA (actin) HHRAYZMW W2, SR T4 e A
PHTOIRAS 2, PP AR L8 T FF OA I B 72 vp
HH| TEEAEH, RO T S R AR
MIREAR , SEMINE ST 0. 78 OA BIAIF 5T
KB, PN 188 Piezol #4757 (41 Yodal) fEWE
WEHFRENEAMET, BX RSN
Ca™ W EE R T B UIAHOC . BRI, Piezol MG
A FECANA N Ca? Wk BE RSN, TS| A —ZR 5
MLNAE S IO, B T B B AR A B R RN 3
TR AE . DI R, AR A e s
X} Piezol (N HIREZRCH L, A 404 /2 Piezol
A3 Ca B P AT, s 2k AT BE
IEIE TS 2, B2, Piezol i@ TG 5,
FEMAE AR, T A T A R
FRIIRRSRE, X —id FETE OA [ AR L] Hr 47 i 1 &
i,

3 Piezol FFOARE R M HFHI1ER

3.1 Piezol T SHRIEESHE

W5E R B, Piezol HYFIE REMS & (2 L 40 L N
RAEAT BRI, JCHIEAE 32 BN ) 45475
o lan, ZeshikisteaduBisirh, Piezol Ay FiM
5N B AR JRE B UIAH G, IX AP S AE B
L NF-xB il p38MAPK 45 S A 7= 1 B AT =
Piezol j#iE 1ot /5 Ca” (N, I NUFIITE S
At TG sR A0 A A LABORIE S, TEE
PERIESRMF T, Piezol MG ALIL (L T ZFh 4 Ak A
THRL, AHEMIEIRIEN T o (tumor necrosis
factor-o,, TNF-a) FIIL4, XEE[RF1E OA 518k
P ) E R PR SCBEAEHT 2 LA, Piezol i
i 3 YIS NOD A 32 1A FEE 11 25 ) U G H 1 3
(NOD-like receptor pyrin domain-containing protein
3, NLRP3) #AE/IME, #E—2Bfe st IL-1p S5 &
PR RS, T A~ FRAG 9 1 SE S
XAHLEITE Z R LU PR TR, AR O 4es
M. /EOARTH =T, Piezol BYMIEHA
FERUBRN, S35 K B RAE SV ) — L ZEEATY, fE
BEIR O R IR AE T FE . R, BEX) Piezol
(T AT BERL R — A IR YT RS, BRI S
BIUBBOR A DG 1 R AE SV, AT 2% OA B
TE OA Wy A& S L b, AILBRSE 3 A/ AN ] 240
WFIERBT, 8 A0 A N 0B A0 B 7 52 BB, )
N, Piezol HYZRIE W, FEAMMEN Ca W E
AOHEIN, X ME—2B5 K T — ZR NI SAE SO FI 2

PR X A M RS R I, AU AT
il ¥ Piezol i 1 A4 WIS, HE 1M {2 B NF-«B
NLRP3 5505 5l i, S8 e 7 /Y
TR 2, FIG, Piezol iAE 78T HELAH M A1k 41
MRS, SEBR B OA B kA Rk B4t T —
AFEE) HUK-RAE” S HAAL, £1%F Piezol (1)
PR T RN 22 A OA AH I JOAE K S 8T iR T
5%
32 MWR A5 REHEBMEEER

Piezol £ 44 [8] 72 T T 41 i A1 Th17 41 At () 1%
WS RIEG S A EEAA, FREN,
Piezol nJ LUBHIALAN /) 5% S AR B 1) A= 015
X — A FETE A R A i e B L
m, YO L2 P AT, Piezol BB
BOE, BN Ca BRI, A5 & — RS
(9 S I AN AR ek s . X R HLAAE =5 1Y
ANMLEEMR T[] 705 T4 M () A0 A e, 3 mT e g
# Th17 4R AL, 5 7E OA By ARAE o 2 vl
FHXRHHER, Bk R+ (an1e-17), it—
A5 R B R A R O 4k, Piezol
(G 23 A B N PR AL B BRI R IE S =, A2
I Th17 280 B i 3% AL RT3 5 o 30 46 58 14 4 JfL 72 OA
() JR P 3E o 3 AR 5 DR, SR L e 2 1Y)
RN, TR S — A, SEECE MiE—
R A B4 ° s Bk, Piezol AR
IME ST F RO, WAETEE Gy S AR
W A SCHAE T, OB TE BT RE R TR
OA 1 PR b F2 b, B W 40 Bt 7% 3l 30 il EX 5
(macrophage migration inhibitory factor, MIF) &
A AR 2 0 2 B Piezo | R ) B e A Al AL
WUIMSE . MIFAE R —ME R RAEN BT, AEERE
M) SR8 A B P TR AL AR AR S, JEHURAE T 1Y
e b, Hull b i Piezol B I FA G PE, 1
HE T AUUNE 70T S92 4 M S I RS L B R
B, Piezol WG AL G] K& 40 ML Ca? 1Y PR 38 3
I, ik 3E A R R U RS S (U NF-xB
MAPK) fiiff MIF BRI, 34 171752 el S5 4 P A
o HAKTME , MIF @0l #0E Piezol 3438 1 Th17
g Ry T R O S R e O v o) | I =
BB . X—id RV, Piezol TEHLMY /15
B 5 A 22 18] A RH B AR P b R 3 T A M 2R
H, HRRE A7 OA BTRY T EE AL T T i JE
AR 2, FE, EFX MIF/Piezol 3 [ 1) 1 T
T REILN G OAAHICHAE SN YA %007 =Ko
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3.3 RESEBAHEXLE

FEOA [ RIRHLEI T, SERE 55 P50 1 AH HAE
BN EEMPIEE, Piezol AMUTEHLMIIL T
TgURR, T ELAE SR SN T A R €5, BT
5, Piezol MIPLTE 2 S B AN Ca® Mk BE (3G i,
X — 3 i 5 2 Fh A A A RO DIAR G, il 4n
IL-1B A1 TNF-0 55 . X 2L 5 0E T AU HE T 553
() S IE SN, 34 g3l Ik P s PR IR Az i, N
OA FBH MPIRIEIR B, 7EFFE R &I, Piezol 1
FIRTE OA BH M vh s, It 5 RAE
FHIC Y SE R B R IEAHDG, 2B Piezol W] BEiH i 1Y
558 JONE N AR TE OA F B ), 1A, Piezol if
Al RE L e LR AR D e A A A AL, 20
T 200 ) AR R AR, AT 5 BN M R 1 K
Az B8 WSS TE OARAI & B, Hi Piezol (3%
PERENS B B DR M SRE RN . X — RN T &
Bt XF Piezol (¥R 7 o W& B2 AL 1B i S8 B% . fif
Piezol 17l 7] GsMTx4 1] LAy /b /N BB B b 5 OA
FHOC R PRI MO T 1405 7. L, Piezol A
BUBEAR 5 IR Z 2%, 02 9 i 5 0 17 0 2 015 [A
T, HXTOABIR A a i HEAE .

4 Piezol X ERIE KX EHELEH RN

4.1 Piezol AR ETHROUEEHREST
AR IR B, Piezol ZEVR 19 BCE ML Y
Dife b k3% T 2 CEZMEM . filhn, —
RN, TE/NRAE s, Piezol MYRIATE
KT HCE Anp b B B, $os HAED LRI 1Y
TR M R R B E AR Y. Piezol IS LR
A T 2B 20 BT LA 7 ey PR 0, e i
PRI IR SE MM AL ) A E A 7o, A dEIETE . 43k
JAMEAP T A B 1A, Piezol TELF4ESE T
ML ot B A B AR . PR,
Piezo 1 MU AT AL 2 2 24 40— 4 ) 50 20 A A
ok, X X E R R B R OCH T Y,
TENUBRAL A SEY BRI T, Piezol il A5 40 L N
Ca™ A, OGN Sid s, DA fE2E 40 i 1)
SRR B R A . X —HLHE 7R T Piezol 7E
B R B R (A, Piezol MBI X Bk &
B E . BRI, SR Piezol (B
RIYERRCE BB FE R4t LR B i 25 .
o, FEREER/NEEAI ) Piezol BN T
B WG, R % BRI B3 454
e . X —IGE R, Piezol ANUAEHCHE 41

SRR EEAEA], T AR A A2 S
PEOT I =R . A, Piezol YR IA 2250
BB A AU ABURRE , DT S A S A BRI
AT BINURAS = RN BE ST T R SRk Sk il i
FEECE B OA BYHERE, HE— LI B #% 45
P 5 YL BRIk, Piezol A Sy HLAR SR N 38 3
HIBERSC BN THCE MBI IE W R 7 54
BRI,
42 BERBHEE/ERTHPiezolFS

Piezol 75 F 58U HUA LA I o A5 3E G AR
A, JEHSEAE TR TR -5 15 S A RS TT
i, Piezo 1 3 i AT REALBMHLMORIY, I
TR 2N A B S TR, I T A A AR A
A A BRI RE NG AR . AN, A A A,
Piezol AL Bk BLRERS (DU E 1 7, B9 P
B TARECE AR, Piezol HYAE FI N BE fn i
%%, HMGE nTRE S BUCR RIREAR, FERIRAESCT
SRHEVRAE T . RS ECE MM E AR,
Piezol MYSH T WA A K AL, 5200 14
T A5 5Lk . BRI A BL, Piezol REME 1 Ji
YAP HI - I, I8 R A AR Y
Rk, MTERE A A BTG B Y b,
Piezo 1 il (1738 5 AT IOHUAR 0 mp B DIAHSE, AL
BRSO 2538 3o Piezo L SEMRIDCY AR, BTN
et OA HYFEE ' BHIRUL, Piezol it AL
PS5 7B 5 ORI L3l k4 G B AR
Mo EAMUZHERIERSER, EpeRE T
L RER G2 i) 5o i

5 Piezol/EHOABTTEE S TR SR

TE OA ST, Piezol FlBEAS 32 44 Hi {37 A
2 . %4 4 (transient receptor potential vanilloid 4,
TRPV4) fEREEMHABURE FEE, 25T
R A R HUAAS 5 5 S AAHE A . PT9E s,
8 2 i P STRINA U 35T R 45 A (] i 4101 ] Piezo1 71
TRPV4 (Y315, A LU 25 fe i 40 OB 52 9 s
OA HIAE IR o — T AT 58 K I siRNA X Piezol Al
TRPVA4 FEAT XU PR, S5 RFRM], X F T FUR g
REAE A ROHE OA /N EEAY Th By BB, $& T4k
B AR A AE R RE ) . X — R IR OA
AT PEHE TR RS, AT T I TR YT
MG BEE T 5L, LIPS SR, Piezol
F TRPVA By 1l GE A% R IR A0 ML N Ca> Wk B, AT
I/ B LA 5 | i B A B T RN A Sy, (it
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WBAL A MERE . XS RRE, X
Piezol A1 TRPV4 B3 K il i] GBS IAYT OA [ —Ff
RO B S Piezol B BRI H 7 K
5% Piezol 76 OA HAE ML T2 T H. A5
KIN, HFH Gdfs-Cre % 3L RN BRAEAT 4% 141 R
Piezol, REME 3842 OA MR i 6T g B R
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Table 1 Core mechanisms and research progress of Piezol in osteoarthritis
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Abstract Osteoarthritis (OA), a highly prevalent degenerative joint disease worldwide, is defined by articular
cartilage degradation, abnormal bone remodeling, and persistent chronic inflammation. It severely compromises
patients’ quality of life, and currently, there is no radical cure. Abnormal mechanical stress is widely regarded as a
core driver of OA pathogenesis, and the exploration of mechanical signal perception and transduction mechanisms
has become crucial for deciphering OA’s pathophysiological processes. Piezol, a key mechanosensitive cation

channel belonging to the Piezo protein family, has recently gained significant attention due to its pivotal role in
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mediating cellular responses to mechanical stimuli in joint tissues. This review systematically examines Piezol’s
expression patterns, regulatory mechanisms, and pathological functions in OA, with a particular focus on its dual
roles in modulating chondrocyte homeostasis and bone metabolism disorders, while also delving into the
underlying molecular signaling pathways and potential therapeutic implications. Piezol, consisting of
approximately 2 500 amino acids and forming a unique trimeric propeller-like structure, is widely expressed in
chondrocytes, osteocytes, mesenchymal stem cells, and synovial cells. It exhibits permeability to cations such as
Ca™, K', and Na’, and directly responds to membrane tension changes induced by mechanical stimuli like fluid
shear stress and mechanical overload. In OA patients and animal models, Piezol expression is significantly
upregulated, especially in cartilage regions subjected to abnormal mechanical stress (e. g., human
temporomandibular joint cartilage). This overexpression is closely associated with aggravated cartilage
degeneration, increased chondrocyte apoptosis, accelerated cellular senescence, and intensified inflammatory
responses. Mechanical overload and pro-inflammatory cytokines (e. g., IL-1P) are key inducers of Piezol
upregulation: IL-1p activates the PI3K/AKT/mTOR signaling pathway to enhance Piezol expression, forming a
pathogenic positive feedback loop that inhibits chondrocyte autophagy, promotes apoptosis, and further
accelerates joint degeneration. Mechanistically, Piezol mediates OA progression through multiple interconnected
pathways. When activated by mechanical stress, Piezol triggers excessive Ca™ influx, leading to endoplasmic
reticulum stress (ERS) and mitochondrial dysfunction, which directly induce chondrocyte apoptosis. This process
involves the activation of downstream signaling cascades such as cGAS-STING and YAP-MMP13/ADAMTSS.
YAP, a transcriptional regulator, upregulates the expression of matrix metalloproteinase 13 (MMP13) and
aggrecanase (ADAMTSS), thereby accelerating cartilage matrix degradation. Additionally, Piezol-driven Ca*
overload promotes the accumulation of reactive oxygen species (ROS) and upregulates senescence markers (pl6
and p21), accelerating chondrocyte senescence via the p38MAPK and NF-kB pathways. Senescent chondrocytes
secrete senescence-associated secretory phenotype (SASP) factors (e. g., IL-6, IL-1p), further amplifying joint
inflammation. In terms of bone metabolism, Piezol maintains joint homeostasis by promoting the differentiation
of fibrocartilage stem cells into chondrocytes and balancing bone formation and resorption through regulating the
FoxC1/YAP axis and RANKL/OPG ratio. Therapeutically, targeting Piezol shows promising potential. Preclinical
studies have demonstrated that Piezol inhibitors (e.g., GsMTx4) can reduce joint damage and alleviate pain in OA
mice. Simultaneously, siRNA-mediated co-silencing of Piezol and TRPV4 (another mechanosensitive channel)
decreases intracellular Ca* concentration, inhibits chondrocyte apoptosis, and promotes cartilage repair.
Conditional knockout of Piezol using Gdf5-Cre transgenic mice alleviates cartilage degeneration in post-
traumatic OA models by downregulating MMP13 and ADAMTSS expression. Despite existing challenges, such
as off-target effects of inhibitors, inefficient local drug delivery, and interindividual genetic variability, strategies
like developing selective Piezol antagonists, optimizing targeted nanocarriers, and combining Piezol-targeted
therapy with physical therapy provide viable avenues for clinical translation. The authors propose that Piezol
serves as a critical therapeutic target for OA, and future research should focus on deciphering its context-
dependent regulatory networks, developing tissue-specific intervention strategies, and validating their efficacy

and safety in clinical trials to address the unmet medical needs of OA patients.
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