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WE B BEEWSERG KA LA, Piezol MRIERTSEH LM hE

(CCHDIRAERE T R A RN EE LIRS CCH 5 AR H X R4 (NCO
[ JEARBREE B R AT 4R 4, 204k Jo 47 BRAF 4Rl %5 5 . S 4LALAG I NC 410
CCH 11 Piezol HIZRIETHIL . et CCH A NC ZHBR S5 B sl 2T 4 4
H Piezol MRIETENL, LK Piezol 37 Yodal il MMP-9 HRIEE N,
qRT-PCR #:ill CCH ZHAl NC 4t Piezol 5 MMP-9 ] mRNA Fik M, LK
Yodal F-¥ilf5 MMP-9 ] mRNA KiEtEHL. 4k, Yodal /5 K H I B B A
BERTI NC HEREE AT e Ca> IR Yodal 105 B F &SI NC
BREE R RS 2T 420 M i FERIE B, I0AIE Piezol THAEMERIL. G55 RN FREACER
SEE R AT RGN . S H A KB CCH 40 Piezol & FRIATE(P<0.01);
qRT-PCR &M &K IAE CCH A Piezol K] mRNA Fi&F+m (P<0.01) , MMP-9
) mRNA ik Tt 5 (P<0.01), CCH+Yodal 241 MMP-9 ) mRNA ik Tt (P<0.01).
T VeI Piezol K I CCH AN F NC 4178 e 8 58(P< 0.05), S Yodal
FE MMP-9 2865 CCH A IE55(P<0.05). NC ZHERSE IR 440 MmN
Yodal &, HLREEHE TR Piezol HIZ GG #(P<0.05); JB A HIAL N NC 203k
SR A 4E MM Yodal J50E I EIRITREE G (P< 0.000 1) . &5 CCH
4 I P A LR ARG _E 3 T Piezol HUZEIE, T Piezol HIMUE wIREMIK T
CCH i AR M54 -

S GENHAIE: Piczol: Yodal: WWP-0: HUMIS: BRESMUMZF4EMI

FESRS R777.3



Expression studies of the mechanosensitive ion channel Piezol in

Conjunctivochalasis
Yi Chenglong', Tao Nixia?, Yang Can*?, Zhao Yi?, Xiang Minhong?

(‘Animal Experiment Center,” Department of Ophthalmology, Shanghai Putuo Hospital, Shanghai
University of Traditional Chinese Medicine, Shanghai 200062;>Department of Ophthalmology,

Shanghai Putuo Center Clinical College, Anhui Medical University, Shanghai 200062)

Abstract Objective To investigate whether the expression of Piezol in bulbar conjunctival
fibroblasts contributes to the development of conjunctivochalasis (CCH). Methods Primary bulbar
conjunctival fibroblasts from CCH patients and normal controls (NC) were obtained by tissue
block applanation, purified and then subjected to fibroblast identification. Immunohistochemistry
was used to detect the expression of Piezol in the NC and CCH groups. Immunofluorescence was
used to detect the expression of Piezol in bulbar conjunctival fibroblasts in the CCH and NC
groups, as well as the expression of MMP-9 after the intervention of the Piezol agonist, Yodal.
gRT-PCR was used to detect the expression of mRNA of Piezol and MMP-9 in the CCH and NC
groups, as well as the expression of mRNA of MMP-9 after the intervention of Yodal. In addition,
confocal microscopy was used to detect Ca® ‘influx in bulbar conjunctival fibroblasts in the NC
group after Yodal intervention. Membrane clamp was used to detect the current amplitude of NC
bulbar conjunctival fibroblasts after Yodal intervention to verify the functional expression of
Piezol. Results Primary bulbar conjunctival fibroblasts were successfully cultured.
Immunohistochemistry revealed that Piezol protein expression was elevated in the CCH group
(P<0.01). qRT-PCR assay revealed that mRNA expression of Piezol was elevated in the CCH
group (P<0.01), mRNA expression of MMP-9 was elevated in the CCH group (P<0.01), and
mRNA expression of MMP-9 was elevated in the CCH+Yodal group (P<0.01).
Immunofluorescence detection of Piezol revealed enhanced fluorescence in the CCH group
relative to the NC group (P<0.05), and the fluorescence of MMP-9 was enhanced by the addition
of Yodal stimulation compared with that of the CCH group (P<0.05). Confocal microscopy of NC
group bulbar conjunctival fibroblasts after the addition of Yodal showed enhanced fluorescence of
Piezol (P<0.05). The addition of Yodal activated enhanced current amplitude, showed by

membrane clamp detection of NC group bulbar conjunctival fibroblasts (P<0.000 1). Conclusion



Mechanical damage produced by conjunctival tissues in conjunctivochalasis upregulates Piezol

expression, and Piezol activation may amplify the mechanical damage caused by CCH.

Key words conjunctivochalasis; Piezol; Yodal; MMP-9; mechanical injury; bulbar conjunctival

fibroblasts
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ZEMERATBAE  (conjunctivochalasis, CCH) 2 5 WA ZHEVEIRIN 2 —, FRr M2 45 iR 4%
FETCA AR S, 8 HILTE T 7 RGN, CCH I 51— RIVER, RENARHAE,
Hh RE IR AT BV S2 R, EE RN R S BCR ER A B A, RSB TR, BREG
I 5t TC AR AR IR S A TR BE #5215 O S 7 AT 3 — 25 N B 5 AR st iR Piezol & —
RS BRI T 00 B2 T ——H U 71818 . HUAL SRR MU Fe ok
WAE T RIS RS, X 40N AE BT BE ) 4 RR 2k M T ORAE IR, Piezol 7EMRZL
LR RIEM I REZ IR 7R . B IRER ARG 2 Piezol, FHLAELGRE. MM, /INRM.,
ML IR N A R, IS 5IEERE . WlE 516 IRERRSSEE AR
(T, it 0 95 M8 S R A AL U0 AUB A7 R P S RS 5 T BE S B8R Y Caf5 5 R UE
IR o PRI, AZHE TR AN UMABURR B8 73838 Piezol NVIA M, R H 5 CCH K]
FHRALA o

1 RS
1.1 #pt
L1.1 frAcise

WA b e B 2 K MY TR R BE e IR 2024 4F 9 1 —2025 4 3 I BI B kL. CCH 2 iz
#: O BHMITE FWRLIE SR @ RBRT R & A B st IR ER 45 B HERE IR
R TG @ HMIHRRSR, HEATE . IHBOERE S SR . UL 3 %4
HFF A RIFZ Iy CCH. #4112 B FARIERAE R CCH B LA AR EA CCH H R4l 9 N e i 3t

20 %1 (20 BR) . Hirb CCH 41 10 f51) 10 HR, NC 2 10 %1 10 HR, % 59~81 %, Py (68.43+8.24)



% . CCH B FAK &S BT H I VIR AR EE CCH B FARVIBR A & 21, NC 4R
FAARRIRAL VYR 7> S5 B Z . P bR A B B IR — R REE, ARuTIHIRMG L i B 245 K% b8
FE R B B2 R fe ik S B g R &, R3S PTEC-A-2025-31(S)-1.

1.1.2 EERFI 5005

FEHG: JA4-MiE. DMEM 4R 7R 5. 0.25% K& A EF-EDTA B H-5 %5
FIA (5851 10099-141C. C11995500BT . 25200-072 15140122 ZE[F Gibco A7) ;
A B RAEK T (585 : 3252, 3£ Sciencell AF]) ; HAFM (1R'5: 430659,
HZA ZENOAQ A ; 1xPBS &P (#25: BL302A, JLi{ =AM A HRAFD ;
EZ-press RNA Purification Kit. 4xEZscript Reverse Transcription MixII(with gDNA
Remover) . 2xSYBR Green qPCR Master Mix(ROX2 plus) (525 :  B0004DP .
EZB-RT2GQ. A0001-R2, :[H EZBioscience A ) ; Alexa Fluor 488 #ric Ll £ H1 %
IgG (H+L) —47i. DEPC /K. HfZJetuilliZ (Triton X-100) « LIFEIMIE . HFLAIGEEK
F AW (5 : A503.R0022. P0096. C0265.P0131, FiFZE = RAEMEHTAERAR) ,
Piezol Fi ¥ N7 Yodal (#t5: T7506, 3 [F TargetM A ] ) ; 51#): Actin. Piezol
MMP-9 (#8%5: H510001-0002, LT A TREBRMAERATD .

Es % SAIEA#H RS (5. 700B, EE Axon AT , WOCHERERME (A5
LSM880, f&[H Zeiss AF]) , CO, 457748 (A5 : HERAcell 240i, 3£[E Thermo Fisher A 7)) ,
Kittds (845 501, f%[E Leica Microsystems HIRA ) , HENERME (X% DML, HAE
Olympus A#)) , #iE TS (FS. SW-CI-IDF, HMUZRBFSERERAT) , miEdEHE O
Ml (95 Sorvall WX 100+, 3E[E Thermo Fisher A 7)) , iWiEiE A (M5 . OSE-VX-01, L
PN HIRAT) , L 9OLER PCRAXY (LS. VIIA7DX, *£E ABIAF) , mikk
WL T K7 (5. CPA225D, ##[H Sartorious /A #)) , #BRIRVKAE (B 902, £[E Thermo

Fisher Scientific 2A®]) -

1.2 5
1.2.1 BREBEFERL Hass

WOt CCHL I NC AL BT, SR AT SIS BE AT IRAC IR G5 0 P 420 5
BHETE. WAL | mmx mm, BN 6 FLBUR, EAEI SOV TR, 5

TR, WEEEZRZE AN 2 mL & AR 0 80 10% 06 4- 1035 1% 75 -5E5 3= 1% 4E40 1



AT DMEM 58 21577 K3 FRME T 37 °C. 5%CO, TR [ I 40 fu s FR Af vh i
ERFE, 82 RO 1R, FIE S TSI fA AR K 0%l & I HEAT
R, Gl 2~3 YA FTRAFEAL M AR AT e, 200 Vimentin G POb R 5 8
JRETYELNNT, R AT S S s .

1.2.2 SR A AT

Ha il 25 I L ZARE A 227K )5, PBS ¥k 3 ¥, FEIR 3 min; FPABRIAE IR AE E 5 (100%
k77, 10 min; ¥4 50%-K /1, Smin) , RE =R, PBS ¥t 3 K HEA LN 3% E A, 37 °C
% E 15 min; PBS ¥ N 5% BSA, 37 °C#f ] 30 min; /1 Piezol —#Ht (1: 100D , 4 °Cid#;
PBS ¥ 3 ¥k KH ZHihdi (1:200) 37 °CHEH 30 min; PBS ¥ 3 ¥X; N A+B k7, 37 °CHEH
30 min; PBS ¥ 3 IX; i DAB 5id; HAAKEE YL 20s, Kk BiKs EMH; His BB 200

fEMEE, KH Imagel B4 %} BH 4R IE 53 BT
1.2.3 S PR

TR FH B 25 5 R TN 45 AL BR 45 st R T 44 B T Piezo ] (A S IR o 515 37 O BR 45 st plk 2T 4
YRS 4~6 MMM B IR, WEEA K. 24 h JEHUHES IR, N PBS ¥ 3 X, 5 min/ii.
F 4% % JEHIERE € 20 min, PBS M6 1 R, 10%1LE iM% A1, MMP-9 St Triton X-100 %5 30
min, PBS ¥t 1 WK, 2B piezol Hik(1:50)81 MMP-9 HiiA(1:200) NGKFEL R ; 26— K
N PBS V)5, I 2EST % IgG(H+L) —F5(1:200) =I5B G F 60 min. PBS ik /5, A DAPI
WG 15 min, PBS #1938 1 1K, FE A PBS, 37 RIFE 26 WA BE T W52 et 4 40 1) G ta 25 51, Tmage)

AW g% R e R e RIB SR B AH
124 LB EERABERMN (QRT-PCR)

AR 4~6 ARIIANA, FEES A0 e RNA, W52 & RNA WREE K2l %, $H8 Hifair® 11
1 st Strand cDNA Synthesis Kit JE 2558, K RNA REEE R cDNA, SRJE % cDNA 1E R,
GAPDH 1EANZ:, %M RT-qPCR & 1 W] H#E1T PCR 715 PCR &5 )5, KH 2-AACt %77
Brai R, V5 Piezol 7E % LM FRIA & . FERSLE LU #0281 SPSS 25.0 # (1 HLEUE &
Diee A, SIMFHINE 1.



#1 BRERIIWFFIIKE

Tab.1 Primer sequence of target genes

Primer name Sequence

Actin F: CTCGCCTTTGCCGATCC

R: ATCCTTCTGACCCATGCCC

MMP-9 F: GGGACGCAGACATCGTCATC

R: TCGTCATCGTCGAAATGGGC

Piezol F: AGGAACAGGCAGGACAGCTA

R: GCGTGTCAGCTCATCCACTA

1.2.5 Ca? g 2%

FC il 5 pmFluo-4/AM TAEM, HU NC ZHERES IR e 2 44 i IR AR AL AR 28 3~6 AR, 25
Wi gRdt, (] HBSS Peiddiie 3 U K 1 mL TAEMIMNGIAE, 450 57 TN fE i 18 P 8
J6 37 °CH¥ & 30 min, ZR/EFRZ: Fluo-4/AM AR, H HBSS Pel4iffl 3 X, FAIA 1 mL
HBSS ,37 °Ci# & 30 min, 784 2:Fk Fluo-4AM TAE. JIA 20 um [ Piezol $5 5714 B 507
Yodal, FIBOGIEERAERMIANN, BoR B 488 nm, L5, 45 240 5 4 A 4556 6 7
FEBEAT ELAL

1.2.6 24l 4

FT9F Clampex 10 f) Membrane Test, B 3542 I 12l Jok e L8 7 38k P gt 5 41 28 , (IR 29 V-Clamp
B K NC NG BE R BRE BSAAMMA Br R 70 25, FERSFRILAINN 3 mL AN, A T
THAE YU, B TR R S A P T A B 3 A, 8 R4\ Holder HH [ 5 . /£ Membrane
Test ] W7 i . HURHBEZ) 2~5 MQ. HRAOKIG, SermBrshes, (EAEF s B . i
A OIS R B AR R PR, 7E AR N R B FA S B A A A, Rk i S FR AR T 0.5 MQ I, 2218
TR . BNE] 100 MQ I, 7E Clampex ) Membrane Test 71, ¥4 #] HE 47 Holding ¥ 7E Ft A H

HHEAL (60 ~-70 mV) o HFHMEIAS] GQ YA EJA, BHEEMRJEAME A, EHRARNY 1%



B s ZAP BHATHE, B B E I Clampex SRAEHF T Protocol, FFUA1C R4 AL B
YIRS 5, 0% 5EEUMA 20 um [ Piezol H¢ 5 PEBBN 71 Yodal MEEFFid 5% L5 5 AL .

1.3 it

B Bl YK A SPSS 25.0 A HEAT G0, iFEEGEYSR A X £ s K2, W IESO A
K5 2551, PRI ELBER ¢ /6, 2 4lial bR B 2 2081, i Tukey S5 165612847
P ECES, AN R SR R ARG G . P<0.05 N ZERE G FE L.

2 &R
2.1 Piezol 7E45EMA SR FF FIZRIXFH
2.1.1 GBEHANKIN Piezol FEBREE RA L HIFRE

WFEE NC 245 CCH 2H ) S Ak 45 SR 0, CCH ZH IR &5 IR AH 211 Piezol B MIFAMER A= T

NC 4, ZRES RN (P<0.01) , WHE 1.

B 1 AR RART Piezol FIFRIEEM X400
Fig.1 Immunohistochemical detection of Piezo1l expression in conjunctival tissue X400

7E: A: Protein expression of Piezol in normal tissue; B: Protein expression of Piezol in CCH

tissue; C: Statistical analysis of Piezol protein expression; ~ P<0.01 vs NC group.

2.1.2 RETEKI Piezol FEBRSS B R 440 HRIE

2RO NC 45 CCH AL Piezol FRIATEILER, CCH 4115 77 I BRES B AT 4k 240 i

Piezol M FE5REE =T NC 4, ZRAE SR L (P<0.05) , WLHE 2.



Bl 2 GBS TR S RERRET 4E 4R U Piezol HIRIZTELL %200

Fig.2 Immunofluorescence detection of Piezol expression in cultured conjunctival fibroblasts

X200

7E: A: Fluorescent expression of Piezol in the NC and CCH groups; B: Statistical analysis of

Piezo1 fluorescence intensity in the NC and CCH groups; “P<0.05 vs NC group.

2.1.3 CCH &JERRETE4MF Piezol H15< mRNA FJFREZEN

£¢ qRT-PCR il CCH 415 NC 41/ mRNA Rk FH R, 5 NC 4Lk, CCH 4 Piezol [
mRNA £ikET NC 4, ZRAG#E L (P<0.01) , WE 3A. CCH 40 MMP-9 () mRNA ik

BHET NCH, ZREHRIFFEN (P<0.01) , WK 3B.

Bl 3 CCH SR RRET 44l Piezol AR mRNA HIZRIAH L

Fig. 3 Expression of Piezol related mRNA in CCH conjunctival fibroblasts



7£: A: mRNA expression of Piezol in the NC and CCH groups; B: mRNA expression of MMP-9

in the NC and CCH groups; ~ P<0.01 vs NC group.

2.2 Yodal -5 IE 5 i HE 2L BR 45 L A &1 4 40 i ) 5 28
2.2.1 BREBERAELHT Yodal AR Piezol N FHERN W

i Fluo-4 AM #ric ) NC ZHERZE 4T 4E 41 i 4 Piezol Hr i MEBEN7 Yodal (20 pmol) Hil
WG, 5~10 s WAL Ca? ik 6(E SHUMA Yodal BIEZE M, ZRAGIT¥E N (P<0.05) ,

WK 4.

&l 4 Yodal FTETEHE TRME T HRML *20
Fig .4 Changes in calcium ion fluorescence signal before and after Yodal intervention x20

7E: A: Calcium ion fluorescence intensity in fibroblasts in the NC group; B: Calcium ion
fluorescence intensity in fibroblasts after adding Yodal in the NC group; C: Statistical analysis of
Ca?* fluorescence intensity changes; D: Graph of Ca?* fluorescence intensity changes; “P<0.05 vs

NC group.
2.2.2 Yodal T BRES AR R AT 440 ffa O LA S0k 1k FE AL 00

NC HERGE E LT 4E 40 b, IiN Yodal (20 wmol) HIl 38 i LA BUR A FELIAT AR A X A7 2 25 16



ERESGFE N (P<0.0001) , WE 5.

B 5 PUBRGURHEHERE N
Fig. 5 Mechanical sensitivity current situation

7E: A: Graph showing current changes in NC-derived fibroblasts after Yodal addition; B:

skkokok

Statistical analysis of current changes in NC-derived fibroblasts after Yodal addition;  P<0.000

1 vs NC group.

2.2.3 Yodal FHif5 CCH B 440 fid A % B 5 FIRIA 1B

Xt Yodal H¥#J5E ) CCH 20 B 4F 4 4 o 3t 47 % 28 ek M B~ , 5 NC A0, CCH 246 MMP-9
F AR E (P<0.05) ; CCH+Yodal 2 MMP-9 [)7¢ 6omEF 4 CCH A B i, ZRE%:

i E Y (P<0.05) , LK 6.

B 6 FHF MMP-9 I HEBERERIEBH <20



Fig. 6 Immunofluorescence expression of MMP-9 in each group %20

7E: A: Immunofluorescence expression of MMP-9 in the NC, CCH, and CCH+Yodal groups: B:
Statistical analysis of MMP-9 immunofluorescence expression in the NC, CCH, and CCH+Yodal

groups; "P<0.05 vs NC group; *P<0.05 vs CCH group.
2.2.4 Yodal THi/5 CCH A 448 fIA A5 mRNA BIRIEZA

%t Yodal H5 ) CCH 2H Bt 41 4 40 i i3k 4T qRT-PCR 6l 48 g 7 mRNA %5284k &7~ , CCH
IR EAFEAN AL Yodal I35 BEPH B B MMP-9 ) mRNA [H3RiE, 2546 Giil2% 2 X (P<0.01),

L 7,

o
on
1

_|

—
on
1

|

o
o
1

MMP-9 mRNA expression
adjusted to pB-actin

CCH CCH+Yoda1

B 7 Yodal T-Hi/F CCH FREF LR mRNA HIRIEE L
Fig 7. Expression of related mRNA in CCH fibroblasts after Yodal intervention

7E: "P<0.05 vs CCH group.

3 W

CCH &N T-HRERFN N RIS Z M AR ot . 2 RIEEIAEL, IRIKIEAFE . SR, & F %l fe
BRI IE 5 [ 2 AR T 20, 1995 4ELLSK, IR AL CCH 1E i X 60 % L I
ZNRIRFREIE 98%!" . CCH MU HE L FE NAE g, HEFREREZE, NIRFRFIR
KA E IS A B AEKB, CCH FIFARAE — 2RI RUR, HFERIEZS KA G, HiZFAR



HAXNRIGER S, HEK, A EMEENREED . £ CCH o EIERA & NI 77 i HEIE
KRR SN, TR 1 IR TS . BRI, SRR TTEE CCH <A FILE], 7ok CCH
REHT AT L

CCH J09 5 IRBERIZ S AN U 0 AR B DI OG . BT USRI, MRG0T 45 5% s S AL BE 4 £ 25
AT R, AT A1, 30 CCH MPIRTHRIL, 51 24 I R 175 A i 5 45 R i A 2R
H MMPs F5 2000, YIBRFA s 45 A 905 IR R R IE R S, TR MMP-9 7K~ [
fi%, BRI FHS MMP-9 /£ J9#)5E CCH ™ E 2L KR EMM,

Piezol J&—Fhxt HUMUBUR 12 TI@IE E A, CHB IR 5 AEME S BRI, FhEE—
R Z A R, BT AR L S R B, JEREIS LIRS 5 (N S 5 B (5 5 13,
TR, ¥ Piezol i RIELFZE MMP-9 1) mRNA FIEH/K VI, R T Piezol 2xFF(K
MMP-9 1f] mRNA FIE F R LK, KRR TR, 5 NC A, CCH 494K Piezol
FIERET i, RPETR UL Piezol e T4, H CCH %G5 T NC 4., qRT-PCR
Rl 4 27~ CCH 4 Piezol ) mRNA ik EJt, #75 CCH RHEURZAS T Piezol LA AE 5 IRERIE
B EENUMORIBER GG ARG . 75 NC 2T LRI I Piezol R EMANT Yodal 5, 4N Ca*
PR S5 B 0, IS R D, A B SRt BB I A T RV R . IR, CCH 4]
MMP-9 mRNA 7KV 2% =T NC 4H; /£ CCH 4ifiH2: Yodal #ah5, i 7k SR MMP-9 &
PR EE R AL TR ) CCH 20 4858, qRT-PCR tHiESE MMP-9 mRNA /K Fit—# & T, £
i Piezol Wi v F 2k Ll MMP-9 Rik. %8 I, Piezol £ CCH RHLIRAS T AUBRES B £F 4 41 ffy o
FIEIGIN,  HBE T ALK CCH TSN P45 13 9 7= AR BB TBOR RUR o

[FIES, Piezol TESEME b Rz 4R P D REIEFRIE, HIIE T ik p38 MAPK i@ #K, 1%k 2 b
W MMP-9 ik [ GRS K, Piezol A REIEEBUIE p38 MAPK L MMP-9, 54/
LT FE R AR SRR . ERIRAZOM BR 7E 45 IEURA StAE b A5 b e, ELH A AR R0 A 8 2 i SIZFEL T p38
MAPK S8 # 7] 45 2% MMP-9 JRikiz 407181, BARASCIREAR BAT/E— 2 JR PR IE, & JEH69 KFE
REIRANIRZR WS /1-Piezo1-p38 MAPK-MMP-9"iX — {5 5 41 /5 £ A stiE s VP, LR FT BE

e MR AR SR AOAT TS

ZE LATIR, AHFFIESE T Piezol HUMABURM: 2 T-IE 1B 7R BR 45 8 i £ 4 40 i b ) Th RE 1k
HAE CCH RAEKEFHIVEH . AN @ Piezol 55 ¥sh7 Yodal HIHIEL, UESE Yodal R 7E CCH
AT i MMP-9 {3814, N CCH 1) Ca?"idiE st 78 4t 7R IF i # i ik 4, e



S:PH W@ R RS CCH B SRAT TRt 1 s2 a6 kAt .
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