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SEit2E R (¥ P<0.001) . #Ak SOX2 7] g 2 410 i 40 Jf 4 %5 9 7 95 Cyclin D1 Fl Cyclin E1 ik, LR A AR 4f,
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[Abstract] Objective To investigate the role of Yes-associated protein 1 (YAP1) in regulating the
proliferation of human lens epithelial cells (LECs) and elucidate its possible mechanism of transcriptional regulation of
SRY-box transcription factor 2 (SOX2). Methods The human lens epithelial cell line SRA01/04 was used. Cells
were transfected with small interfering RNA (siRNA) targeting YAP1 or a negative control (siNC). YAP1 mRNA and
protein expression levels were detected by real-time fluorescence quantitative PCR (qRT-PCR) and Western blot to
select effective interfering sequences. Cell proliferation was assessed using the cell counting kit-8 (CCK-8) assay and

EdU incorporation assay. Western blot was used to detect the expression changes of cell cycle-related proteins Cyclin
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D1 and Cyclin E1. LECs were divided into empty vector group and YAP1 group, transfected with empty plasmid and
the YAP1 plasmid, respectively. The mRNA expression levels of YAP1 and SOX2 were detected by qRT-PCR.
Cleavage under targets and tagmentation (Cut&Tag) assay was performed to detect the binding enrichment of YAP1 in
the SOX2 promoter region. A SOX2 promoter luciferase reporter system was constructed to verify the effect of YAP1
on SOX2 transcriptional activity. Furthermore, transfection with siSOX2 was conducted to observe the effects of SOX2
knockdown on cell proliferation and the expression of cell cycle-related proteins. Results The mRNA and protein
expression levels of YAPI in the siYAP1-1 group were significantly lower than those in the siNC group (both P<
0.05). The EdU positive rate in the siYAP1-1 group was (23.2+2.7)%, which was significantly lower than (80. 2+
0.9)% in the siNC group (t=31.853, P<0.001). The absorbance values at 24, 48, and 72 hours in the siYAP1-1
group were significantly lower than those in the siNC group (all P<0.05). The relative protein expression levels of
Cyclin D1 and Cyclin E1 in the siYAP1-1 group were significantly lower than those in the siNC group (¢=12. 857,
P<0.001; t=9.432, P=0.001). Cut&Tag sequencing results indicated significant binding enrichment of YAP1 in
the SOX2 promoter region in LECs. The relative SOX2 mRNA expression level was significantly lower in the siYAP1-
1 group than in the siNC group and significantly higher in the YAP1 group than in the empty vector group (¢=9.914,
11. 185; both P<0.001). The relative luciferase activities in the YAP1 group at different doses were significantly
higher than those in the empty vector group (all P <0.001). Knockdown of SOX2 significantly inhibited cell
proliferation and down-regulated the expression of Cyclin D1 and Cyclin E1, exhibiting phenotypic changes consistent
with YAP1 knockdown.

Conclusions YAP1 promotes the proliferation and cell cycle progression of LECs. lts

mechanism may involve YAP1 binding to and transcriptionally activating SOX2, thereby up-regulating the expression

of key G1/S phase cell cycle proteins.
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AR AR R i B2 B L B A G D RE B BT 45 4
FOE W 5 ' e R O T SRR B 41 (lens
epithelial cells, LECs) 5 fib R4 £ 2 41 i 76 15F 25 RS 64
A (4 18 B — A3 AL P A DA R R A R R AL AR R B
9 Rt AR I B LECs 35 22 1 58 - 75 o8 18 X [0] 21 4 20
JE ok B Sl bR A A 5 TR AR B B, LECs {3 7R 48 %)
Bl iz A BTN AE DI RE, OF OR B — 10 1 GE VS
A, — B 2 25l B ] S SRR A B I A T 2 5
EZ N TENTNTE BN R O S A ] o N =R AR
LECs A] 8 £y FUE 527 S8 55 00 T & A 19 4 i #%
Kt oy A, B IR & 1 BN BE ( posterior capsule
opacification, PCO) , ¥/~ LECs i HERE AT S
RS o) s 2 AR i 0 B L A A IR R,
W53 J2 16 B WY LECs 3 5 8 455 190 28 ) % BHLAg o R 1
FRASYERE A OCH BBl s A S8

Hippo 18 B 2L N 73 § Yes M & & FH 1 ( Yes-
associated protein 1, YAP1) Z AL F1/ 40 0% 15 5 )
BRSO e s R OG22 S A0 4 AR
SR/ IR, AE R R AR ) 5% R P BR
Yap F& AT 5 2508 R (A 40 40 i 354 4 A2 B, 5 £ il A P

R4 A RZETL 3278 YAP 7E4EH5 R AR 1 Bz 4544
L5 48 5 fig e B AR Y T Yapl AR A F AR
/INBRURT H BB A 1 3R A7 11 O B O £ Bl LECs B 26
B — AR YAPL X SRR KR S B,
Ji—J5 1, SRY & 5%+ 2 (SRY-box transcription
factor 2, SOX2) J& i R IR MW W F2Z2 —, 5
PAX6 1775 Wy Be M1 1 (14 38 1% T AR 9 3 ) 9 42 iR
R HR 75 LECs haR Al K 3] SOX2 A 36 %
REEAE B SOX2 BH M 41 M B, A58 4 P B R
LECs W, Hom] F FIPA5 40 i oh gtk 577, B A 5
PR AL S IR R R YAP B R IE KT 5
frA] P SOX2 ek oM S 5% A ) {HAE LECs
HOYAPT & 7538 i AR R SOX2 B Sk — 25 5
200 0 300 AH 40 - 2 A, AT K Bl 240 A 49 4 5% T 477
Z HEAEE . T AR R IRTT YAPL 454 SOX2
Jo Bh TR LECs 34 58 K 20 M & 30 09 7 1, LA 30T 1 1
YAP1-SOX2 fli £ LECs 3448 8 45 19 4> FHLHI

1 #R5F*®
1.1 8
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1.1.1 40fERJE A LECs 40 & SRA01/04 Il [ &t
DT AE R A R A

1.1.2  FEER LA @ DMEM 137 & G 4
L% ( fetal bovine serum, FBS) . H % XK & W .
0.25% ¥ & (1 BF-EDTA 15 fb W ( 22 | Gibeo A )
Lipofectamine 3000 , TRIzol | Dt B (36 Invitrogen
/NECIDE PrimeScriptTM W 5 F & . SYBR Green
qPCR Mix Kpnl 55 Xhol BR il ¥4 A I ( H A Takara 2y
) s MM EER ] A& 8 (cell counting kit-8,CCK-8) ( H
AR A AL 22 WF 58 B0 ) 5 EAU 40 o 3% 5 K 3k 5 &
Hoechst 33342 RIPA % W . 25 11 B #1001 57 . BCA &
HoE AR & 4% 2 RH . 0.2% ~0.5% Triton X-
100 35 P 100355 /5 P DAPL( B 38 = KA WHOR A
FRZAH] ) ; SDS-PAGE #E i i il i 7 . PVDF A ( 3¢ &
Millipore 28 7] ) ; ECL k2% & G 7] . T4 DNA % 2 iy
(2% E Thermo Fisher 28 Wl ); & ¥T A YAP1 — 41
(140748) i A Cyclin D1 —47 (55506) ( % [H Cell
Signaling Technology /A #l ) ; & HT A Cyclin E1 — 41
(ab33911, 3% [ Abcam 24 A ) ;/NERHT A GAPDH i 4
(60004-1-TIg) . fPt A\ B-Tubulin HT & (10094-1-AP , &
W=E Y H AR AR A ) HRP ARic 9t (£ H
Jackson A ] ) 5 Cut&Tag X5 & (b3 v R BUB R I
A BRZs ) ;Renilla N2 i (3 E Promega 23 Al )
TR0 TR VA R B ML L A0 8 3R 46 L NanoDrop 43 6 0% & 3
( £ Thermo Fisher 23] ) ; 3B} 92 3% %€ 12 ( quantitative
real-time, qRT) -PCR 1% ( #i = Roche A H] ) ; %€ J6 & 1
B (2 [E Carl Zeiss 247 .

1.2 Jiik

1.2.1 403 % LECs % B3 3% T & 10% FBS
K 1% 4% % 2R 4 W 09 & BE DMEM K58 & & T
37 C 5% CO, fH IR & F A 5 37 . 4 M fl & 2 38
80% ~90% I} JH] 0. 25% Ji& & [ g -EDTA ¥ 1k ¥ 8 1k
AR, ok HBUEE 2 ~ 8 A% X Bk K W an i HE AT IS 48
1.2.2 4504 8% LECs #:FF 6 FLA, 1§
Al A IR 50% ~60% I FEAT RS, (1) YAPT i fIG
B 43 > /N T #E RNA B P %) H8 (small interfering
RNA negative control,siNC) ZH .siYAP1-1 2 . siYAP1-2
4 siYAP1-3 41, ¥t 48 h J5 43 %R ] qRT-PCR 5
Western blot A& I i /1% % 2, e B a1 20 % & = 1
siYAPI-1 #6475 22 550, #1n] YAPT BJ/N T4 RNA
(small interfering RNA | siRNA) JF 5 41 F :siYAP1-1
5'-CAGGUGAUACUAUCAACCAAA-3";siYAP1-2 3y 5'-
ACAGGUGAUACUAUCAACCAA-3"; siYAP1-3 2l 5'-

UAGGGGGACCUUGAUAGAGAA-3'; siNC K 5'-
UUCUCCGAACGUGUCACGUTT-3', (2)SOX2 ik
BEE sINC 2 Al siSOX2 41, 43 5l 5% Y& siNC Fl siSOX2,
$iSOX2 JF ¥ K 5'-AACCCCAAGATGCACAACTC-3',
(3)YAPL & Rih R EZS HIRH R YAPL 4, 57 5 5%
Qezs AR YAPT BURL B e 7™ A 2 BRI e 4 125
VLT HEAT , siRNA 29k B2 N Jo b o 26 T 93 55 40 25
R, SAH%YIE 6 h, BN & 10% FBS 1) ff
SEAR R SRR AR BLIE IR . A5 UKL BN I A A 34 R 5N
R DR R A PR W) AR AT 24 R R A% R A R
SCW AT AR 3K,

1.2.3 RT-PCR #9l] YAP1 il SOX2 i) mRNA ik
K B AL )5 48 h 4, #i TRIzol Uit B 5 42 Bt
AL RNA I ZE RNA Wk B 5 4l B 5 (0 F 30 e S il ) &
HEAT W0 8% S W A L eDNA; UL SYBR Green & £
(20 wl) ¥E17 qRT-PCR, PCR F&JF:95 C FiA5 1% 30 s;
95 CZAEPE 55,60 C ik S LAl 30 s, 4 40 M1E 36
95 C7EPE 15 5,60 CE & 1 min, BfiJ5 M 60 C 2218 T+
MZ 95 C,ESRENIAFT S 70 M 15 i ith 4 LU
NP IR M. UL GAPDH AN S, R JH 2744 it
% HRYEE DI AR XS K ik f . YAP1 ,SOX2 & GAPDH 7|
Yy SN ILER 1, IR S MER A W RO R A R A L
S8 VAL N KR/

x1 EEHESYF

Table 1 Primer sequences of genes

B SIS (5'-3")
YAPI iF ] : CATCCTCCTGCCAGCCAATA
JZ I8 : GTTCTTGGGAGCAGTGATGG
SOX2 iE [ : CCCAGCAGACTTCACATGT
JZ il : CCTCCCATTTCCTCGTTTT
GAPDH iE 1 : GGAGCGAGATCCCTCCAAAAT

J ] ; GGCTGTTGTCATACTTCTCATGG
F:YAP1:Yes # K % 19 1;SOX2:SRY & %% 3 K 7 2; GAPDH . H i
R 3 L
Note: YAP1: Yes-associated protein 1; SOX2: SRY-box transcription
factor 2; GAPDH: glyceraldehyde-3-phosphate dehydrogenase

1.2.4 Western blot ## YAP1 Cyclin D1 I Cyclin
E1EHRBKF AL RSE 48 h 400, 1 Bk
W5 R £ 2% 1 W ( phosphate buffer solution, PBS) ¥t % 40
JE, A RIPA SRR (5 85 g 4 0 0] ) vk b 2280,
15 000 r/min 4 °C B> 15 min J5 B 3% ; BCA 200 &
WAL 5 AR B R, 54T SDS-PAGE 13k 4r
B E PVDEF B ;5% AR W ky (% T TBST ) =
IREMA 1 h, A YAP1(1:400) .Cyclin D1(1:1000) .
Cyclin E1(1:1 000) ,GAPDH (1 :1 600) . B-Tubulin
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(1:1000)F WL ,4 CIFHE 1L 7% ; TBST Yk 3 Ik, B
K10 min; ZIR M F HRP #5ic =40 (1:5 000) 1 h;
TBST %E# 3 ¥, 4K 10 min; ECL & {6 3 AL 2 & %
WAL R G R LR, ) Tmage] A% 22 & 5 #7 55007
JKJE UL GAPDH B B-Tubulin A N2, i+ 58 HArE H
X R B R, LRI EE 3K,

1.2.5 RSO ALK YAPL EHRIE KM
Mo+ 24 fLAR P IR AL g 5 R 2 48 h IF H 4%
Z R E W E E 15 min, PBS ¥ 3 ¥X,0. 5% Triton
X-100 % i % B 10 min; JH 5% BSA (35 T PBS) % i #f
M1 h G YAPL BT B (1:400)4 CHEHE T
s PBS YU, in A AH I F R B9 28 % ZH (1: 1 000) sk
JEEIRMER 1 h; PBS We¥, JH DAPI(1 pg/ml) & G4 48
MIAZ 10 min; DABTEOE B K B R 570 2 5 98 0% B 1%
B MR REEG, SAEMFEELAGSEET
RIS, g A 3R,

1.2.6 EdU #0408 DNA & 800G tE 4 demh Tib
Be 3 FR i/ M€ F 5 g siRNA J5 #3830 & Ui W 45 A
EdU TAEWIEE 2 h, B 5 RS 1T [ e | 3% b Ak 38 K%
s BN G 4, s Hoechst 33342 & 4% 40 it % ; 9% 6 B 1
BT R LT R BRI 3 AN EE B HL A 43 A3 3 A0 1) R B
KRAEFER , EdU HYER (%)= EAU FHPE 40 i 50 6 4
MI%x100% , SEH s B 31K,

1.2.7 CCK-8 K4 M 34 58 1% 1 5 40 Me 470 T 96
FUA 17 05 B J 2E 47 o0 AL e 5 oy S BUHG G I 24 48
72 h 4N A CCK-8 TAEW ,37 C#OLFHE 2 h JI5 M
BEFRILAE 450 nm Ak I 22 W Y% BE (absorbance, A) {H .
LML EE 3K,

1.2.8 Cut&Tag M7 5848 0 4% M Cut&Tag ik
B UL AT KR AT A0 B ) £ L ConA REZRZE A A
YAPL F¢ PP E . B E . pA-TnS BV 5 B
DNA i B PCR ¥ ¥ @ ., XE LK A% 5 17
Hlumina W77 5 2847 = 38 500 o 6 B 46 0 3 2
AT S SIS W reads EXTEAFERHS % P
51 (hg38) , K H peak calling F AR 25 & 1§, 45 & It
DR B A A A e 3 1 X 4 1 O, O 7 3 R 4 3
WA T AL SOX2 ) 8 T X sk 5 5 ik,

1.2.9 XWEOEEMRGILF LK WHEE SOX2 3
Bl F G5 R B 1 9O 3 R B AR BB JASPAR 5§
it S TR - 25 45 A s, TOUIU) S A1 PR 4 00 5 B S TR 4%
GO SOX2 Ji 3 F B Brd i PCR #7385, fii
Kpnl 5 Xhol PRl 74 P4 Y1 435 % PCR 7 #) & pGL3-
Basic 75 # Uk i 17 XURE VI, 28 % e 1ol e 4l A s, 7 T4
DNA iR VE R T UE 47 ) % 32, 5B 2 pGL3-Basic

R R PR, RS RS Renilla N2 JRRL
e ] 5 G A0 B () Bof 43 300 e U YAPL 2o 3% 3 ok Bl 28
AR IF % E 25,50 ,100, 150,200,250 ng 7 5 Hi kb
FELIULEE T B AN, % Y 5 24 ~ 48 h 3 3O K i
TR G 1 B R N S O R R L DAk PO R
it/ 13 ' % O R OB LU (E AT 3 — 1k, T 5 RE ) B SR
T
1.3 Silshik

K H SPSS # fF (25 [ IBM 2w ) Ml GraphPad
Prism 514 ( 36 [E GraphPad 24 w)) #4748 340 M, it
g ShapiroWilk KU IE ST A IEAS A0, YA xxs
Fon ., 2 AN TEBR LBCR - ST AR ¢« K50 2 A4
febn MR BRI R 7 22 0 b7, S )5 LR A
Dunnett 55 ; £5 2 A [F] B ] 50 A {6 B 0K LG 3R FE P L
R ESHT, B G W R Tukey ¥5; 25 24K 21 F1
YAP 1 ZH A [R] 571 5 AH X 5¢ 5 38 i % 1 S0 LR F
2T 25 50 M, )5l 3R Sidak 2 LLACKY 56,
P<0.05 A ZEFAG IR L,

2 HR

2.1 YAP1 RIS AY By #5755 Sk

qRT-PCR 5 Western blot %5 & 7~ , siNC 21,
siYAP1-1 #H  siYAP1-2 4 siYAP1-3 41 YAP1 mRNA
FEARIKFAR K ZER AR E X (F=
138.456.92.783, 3 P <0.001), H: ' siYAP1-1 41,
siYAP1-2 41 siYAP1-3 4 YAP1 mRNA Fl#&E A K
T R AL T sINC 41, 22 R A G FE L (B P<
0.001) (K 1,5 2), M T siYAP1-1 40 RS0 F
siYAP1-2 4 FI siYAP1-3 #H, [N itk J5 ¢ 52 5% %
siYAP1-1 /£ )y YAPL RAIRFF 41, i 96 6 45 R R
siYAP1-1 41 YAP1 55 B #FH M T siNCH (K 1),

2.2 siNC 415 siYAP1-1 40 DNA 5 1 #0140 i 3% 5
L #5

EdU K 7%, siNC 41 7] W48 2 EAU BH A 41 i
M siYAP1-1 41 EAU FH 1 40 B B I 03 /0 5 2 1 0 B 45
BN siYAPL-1 4] EdU BHPE R K (23.2+2.7) %, i
FART siNC 419 (80.2+0.9)% , Z R A L% 8 XL
(:=31.853,P<0.001) (& 2) .

CCK-8 Z5H 7R, siNC 41 Fl siYAP1-1 AN [] i) ]
SUAPIEEENG T A H BRI 2 R A it E L
(F,, =9.481,P<0.001; F,, = 324.667, P <0.001;
Fonpm=8.975,P=0.004) , H i siYAP1-1 2 24 48,
72 h B9 A HIMCT SINC 4, 2 R A G EE (Y
P<0.05) (#3),
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siYAPI-140 siYAP1-241 siYAP1-34]  siNC4H A4
BRI

YAPI o - 65 000

- T T T | 00

GAPDH

(A

YAPI DAPI A

siNC 41
50 um 50 m 50,4um
B = |

siYAP1-141

50 um 50 wm

B1 SRFAMMT YAPL ZAFRIE A SAHM YAPI HK
KHLPKE B.siYAPI-1 415 siNC 4141/ YAP1 & (1 sk @
[# ( x400,# N =50 pm)  YAPL:Yes #HE/E  1;GAPDH ; H i g -3-
R I S 5 INC /N T30 RNA [ 2 %

Figure 1 Expression of YAP1 protein in cells of different
transfection groups A: Electrophoretogram of YAP1 protein expression
in different groups  B: Immunofluorescence staining images of YAP1
protein in cells of the siYAP1-1 group and siNC group (X400, scale
GAPDH:
glyceraldehyde-3-phosphate dehydrogenase; siNC: small interfering RNA

bar = 50 pm) YAP1: Yes-associated protein 1;

negative control

*2 KL 4H LECs f YAP1 mRNA F

BEBERIEKFELLE (xxs)
Table 2 Comparison of YAP1 mRNA and protein expression

levels in LECs among different transfection groups (xs)

25 ) AR YAP1 mRNA YAP1 &
siNC 41 3 1. 00£0. 09 1. 00+0. 07
SiYAPI-14 3 0.1920. 04" 0.32£0. 05"
siYAPI-24 3 0.250. 05" 0. 36+0. 06
siYAP1-341 3 0. 42+0. 06" 0.55+0. 07"
F A8 138. 456 92.783
PE <0.001 <0.001

45 siNC 41 L%, " P<0.001 (2 {2 J7 22 53 H7, Dunnett £ %)
LECs: AR IR 1 B 40 YAPL: Yes MSCHH 15siNC /DT 4 RNA Bk
Xof if

Note: Compared with the siNC group, "P<0.001 (One-way ANOVA,

Dunnett test) LECs: lens epithelial cells; YAP1: Yes-associated protein

1; siNC: small interfering RNA negative control

2.3 SiNC 5 siYAP1-1 214000 A WM B 1 Cyclin
D1 il Cyclin E1 35 4

5 siNC A H, siYAP1-1 41 Cyclin D1 5 Cyclin
E1 R [ 400 o B 0l 55, a8 o AT 45 R BUR,
siYAP1-1 41 Cyclin D1 # Cyclin E1 & [ 40X 234 & 43
A 0.42+0.05,0.58 £0.06, & Mk T siNC 41
1.01+0.08 fil 1.00+0.07, 2 F ¥ HFH I 42 L (1=
12.857,P<0.001;:=9.432,P=0.001) (/& 3),

EdU Hoechst 33342 e

siNC 2

50 pm 50 wm 50 pm
[ —_— ——

siYAP1-141

50 wm 50 pm 50 wm
—_ — —_

B 2 sINC A5 siYAP1-1 £ 4 8 EdU 3% 3¢ B ( x 200, #x R =
50 wm)  LREIOE(EIU) FRic At TS 169 DNA & R BR AN ; W
9¢ 5 (Hoechst 33342) FRICHIMIAL  siNC./N T RNA B VEXS B
YAPL:Yes HICHE 1 1

Figure 2 EdU fluorescence images of cells in siNC group and
siYAP1-1 group (x 200, scale bar = 50 pm)
(EdU) marked cells with active DNA synthesis in S phase; blue

GY’P/C]’] ﬂunrescence

fluorescence ( Hoechst 33342 ) stained cell nuclei siNC:  small

interfering RNA negative control; YAPI: Yes-associated protein 1

%3 siNC A5 siYAP1-1 A% 7R @ B 8 &
MAIETETE 1 A ELLE (xxs)
Table 3 Comparison of cell proliferation activity A value
between siNC group and siYAP1-1 group at different time

points after transfection (xzs)

% IR i) A5 20 MO G BT ) A

215 FEA &

BeUe)E 24 h FEYJE 48 h FEYJE 72 h
siNC 41 3 0.351+0.012 0.53420.048 0.874+0. 035
SiYAP1-1 41 3 0.256+0. 013" 0.343+0. 033" 0.565+0. 055"

TE: Fayy = 9.481, P<0.001; Fyypy = 324.667, P <0.001; Fapypepy =
8.975,P=0.004. 5 siNC 4 L% ,"P<0.05 (¥ K £ J7 2 5 ¥, Tukey
%) sINC:/NFHt RNA BIPEXTFE ; YAPT: Yes AHOCER 11 154 WG

Note: F_. . =9.481, P<0.001; F. =324.667, P<0.001; F

group
8.975, P =0.004. Compared with the siNC group, "P<0.05 (Two-way
ANOVA, Tukey test) siNC: small interfering RNA negative control;

time interaction —

YAP1: Yes-associated protein 1; A: absorbance

2.4 YAP1 TEH 52X SOX2 1y #=AE H

Cut&Tag W J¥ 45 & & /5, 7 LECs 1, YAP1 7£
SOX2 i s FIXMAEM RE A EEGFS (K 4),

qRT-PCR Z5 5 /R, siYAP1-1 41 SOX2 mRNA A
MRBEFA BT siNCH, ZFHFHITFE L (1=
9.914,P<0.001) (£ 4), YAPI1 #1 SOX2 mRNA #i %}
KEBEER TSEEA, Z2REHITFE XL (1=
11.185,P<0.001) (% 5) .

25 AR A YAP 1 4[] 300 2 kAR X 2¢ 5% 2 il
TP BIR B 2 5 A Gt B L (Fyy
1 650.420, P < 0.001; F,, = 62.330, P < 0.001;
F oy =18.750,P<0.001) , Hrt YAPT 4IA[a] 5] & i
BAXT D RIS B S T Rk, =R a
Giitef i (¥ P<0.001) (£ 6),
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siNCZH siYAP1-12H AHXF 43

F Rkt
Cyclin E1 50 000

Cyelin D1 - 35000

B-Tubulin - - 55000

@ 0 Cyclin 1 Cyelin D1 @
B 3 siNC A5 siYAP1-1 H# K & Cyclin D1, Cyclin E1 & B &
35 A:44l Cyclin D1 Al Cyclin E1 2 A LB IKE B. %41 Cyclin
D1 Al Cyclin E1 8 A XS Rih i LA 5 siNC 4LILHE, " P<0. 01 (1
SLEEAR K n=3) sINC./NFHE RNA FIPEX IR YAPT; Yes 4G
HH 1

Figure 3 Expression of Cyclin D1 and Cyclin E1 proteins in cells of
siNC group and siYAP1-1 group A: Electrophoretogram of Cyclin D1
and Cyclin E1 protein expression in each group  B: Comparison of

relative expression levels of Cyclin D1 and Cyclin E1 proteins between

two groups  Compared with the siNC group, “P<0.01 (Independent
samples t-test, n=3) siNC: small interfering RNA negative control;

YAP1: Yes-associated protein 1

Bib
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TFSS5—=

e Sox2ot Gmazenz Sox2 Gmusm:  SoxZot

4 LECs H1 YAP1 5 SOX2 B3 FRIHK Cut&Tag ill F%
DR 30 R 2 P50 PR R SOX2 i R AR FIE 29 18 kb 5 N 15 5

Gr i Wi Sk AR R SOX2 F Sl I A7 i (TSS) sa N IEER (1gG) 15 % 5b
A YAPL Hifk Cut&Tag 55 ; 54 AL L, YAPT 7 SOX2 J5 8 F/
TSS &F3E X W) s 4R LECs: MR IR L & 40005 YAPL: Yes
MK H 1;S0X2.SRY &R KT 2

Figure 4  Cut&Tag sequencing results of YAP1 at the SOX2
promoter region in LECs Genome browser tracks showed the signal
distribution within an approximately 18 kb region surrounding the SOX2
locus. The arrow indicated the SOX2 transcription start site (TSS); a
showed control (IgG) signal; b showed YAPI antibody Cut&Tag signal.
Compared with the control group, a significant enrichment peak of YAP1
was observed in the SOX2 promoter/TSS-adjacent region LECs: lens
epithelial cells; YAP1: Yes-associated protein 1; SOX2: SRY-box

transcription factor 2

2.5 SiNC 405 siSOX2 40 DNA 5 7 4 ff 1§ 7 b
EdU #1275 , siSOX2 20 EdU BH 1 48 g % siNC
0 &b, siSOX2 4 EdU PH PE R R (24.2 +

4.0)% , % EIKT siNC 4119 (75.3£3.5) %, ZRH 4
H2 5 U (1=16.384,P<0.001) (& 5) .

CCK-8 £5 L b 7R, siNC 2 Fll siSOX2 ZH A [A] B[]
SUAMIIGRENG ) A H SR L 2 R A Gt R L
(F,,=86.423,P<0.001;F,, =285 741, P<0.001;
Foypm=12.594,P=0.001) , Hh siSOX2 4 24 48
72 h YA EHP B EMT s§INCH, ZRWESH%E X
(¥1P<0.01)(£7),

& 4 siNC A5 siYAP1-1 4 YAP1 #1 SOX2 mRNA
A REELE (x2s)
Table 4 Comparison of relative YAP1 and SOX2 mRNA

expressions between siNC and siYAP1-1 groups (xzxs)

45 FEA YAP1 mRNA SOX2 mRNA
siNC 21 3 1.00=0. 08 1.02£0. 08
SiYAPI-14 3 0.35+0. 05 0. 48+0. 05
{4 11.934 9.914
P 1A <0. 001 <0. 001

TE: (FUSLFEAS ¢ K238 )  siNC: /N T30 RNA BIHEXS B YAPT: Yes 4H
JHE 11 1;S0X2:SRY &k ¥ 2

Note: ( Independent samples i-test) siNC: small interfering RNA
SRY-box

negative control; YAPI: Yes-associated protein 1; SOX2:

transcription factor 2

x5 ZTHMEES YAP1 4 YAP1 f1 SOX2 mRNA
A RIEELE (x2s)
Table 5 Comparison of relative YAP1 and SOX2 mRNA

expressions between empty vector and YAP1 groups (xxs)

4150 FEA i YAP1 mRNA SOX2 mRNA
25 AR 3 1.02£0. 09 1.02+0. 08
YAP1 4 3 6.24+0. 65 3.1520. 32
tfl 13.778 11.185
P{E <0.001 <0.001

TE: (MSLHEA K2 %0)  YAPL: Yes AHSCE H 1;S0X2:SRY &% %K
T2
Note: (Independent samples ¢-test)  YAPI: Yes-associated protein 1;

SOX2: SRY-box transcription factor 2

2.6 siNC 2415 siSOX2 4 Cyclin D1 1 Cyclin E1 28 H
Fik g

Western blot 45 2R i 7K, siSOX2 41 Cyclin D1 5§
Cyclin E1 2 1457 58 BE 48 siNC 41k 55 . 2 & 2 47
5B 7R, siSOX2 4 Cyclin D1 #l Cyclin E1 & H #H X}
Tk AN 0.45+0.06.0. 62+0. 07, 8 F K T siNC
1/ 1.02+0.09,1.01+0.06, 2 F ¥ H G238 X
(t=10.938,P<0.001;:=8.941,P=0.002) (K 6),



AR STEG IR B Ak 2026 45 3 JT 45 44 %55 3 Chin J Exp Ophthalmol , March 2026, Vol. 44, No. 3 . 215 -

Fo6 THEASLS YAPI AFRFERMBNRALREF LT (xxs)

Table 6 Comparison of relative luciferase activity between empty vector and YAP1 groups with different plasmid doses (xzs)

A5 0 A5k JTORE AR X 9 56 2Rl I

251 FEA

25 ng 50 ng 100 ng 150 ng 200 ng 250 ng
Z5 AR 3 2.29+0. 40 4.09+0. 32 6.71+0. 45 6.07+0. 29 5.65+0.24 7.04+0. 24
YAPI 4 3 6.06+0.27" 12.59+0. 42° 15.69+0. 27" 15.15+0. 42 16. 08+0. 28" 15.06+0. 28"

T F i =1 650.420,P<0. 0015 F g =62.330,P<0. 001 Fyry gy = 18. 750, P<0. 001. 575 B AK 4L L 4% ,* P<0. 001 ( B I8 3 7 22 43, Sidak £ & Lt

BRE)  YAPL:Yes fAHREH M 1
Note: F =1 650. 420, P<0.001; F

group

=62.330, P<0.001; F

dose

way ANOVA, Sidak multiple comparison test) YAPI1: Yes-associated protein 1

EdU Hoechst 33342

siNC 41

50 pm 50 pm

siSOX2 40

50 pm 50 wm
+— —

50 wm
5 (A

5 sSINC A5 siSOX2 A4 A DNA AR EMHLE A K5 A4 BEJU 56 E (%200, 5 R =
50 wm)  ZREIFOE(EIU) ARICA T S WK DNA & i iE BR A0 ; i 59 6 ( Hoechst 33342) fric 4l
Mk B. KA EAU FAMERIE 5 siNC 4HHE,*P<0. 001 (M7 REA ¢ K535 n=3) siNC:

/NFHE RNA B X IR, SOX2 . SRY & fE S [H T 2

Figure 5 Comparison of DNA synthesis activity between siNC group and siSOX2 group A: EdU

fluorescence images of cells in each group (X200, scale bar=50 pm)

labelled cells with active DNA synthesis in S phase; blue fluorescence (Hoechst 33342) labelled cell

nuclei B: Comparison of EdU-positive rates between two groups
"P<0.001 (Independent samples t-test, n=3)
SRY-box transeription factor 2

%7 sINC A5 siSOX2 A7 [ At 18] s
HRIETE A HLLE (x2s)
Table 7 Comparison of cell proliferation A value between

siNC and siSOX2 groups at various time points (xzs)
A [r] s [E]  20 J 3 5 A {EL

20 51 FEA - -

HeUuf5 24 h BEULE 48 h FEYJE 72 h
siNC 41 3 0.340+0.012  0.527+0.023 0.799+0. 032
siSOX2 41 3 0.238+0. 024" 0.352+0.032" 0.485+0. 030"

TE:Fuyy = 86.423, P<0.001; Fyppy = 285.741, P<0.001; F ey =
12.594,P=0.001. 5 siNC 2 LL%,"P<0. 01 ( Wi K K 77 22 53 17, Tukey
) siNC./NF3E RNA B X} I8 ; SOX2 . SRY &% 5t K 1 2,4 . O ¥

Note: F = 86.423, P <0.001; F,. = 285741, P < 0.001;

group
Fimmuu-linn =12.594, P =0.001.
0.001 (Two-way ANOVA, Tukey test)  siNC: small interfering RNA

negative control; SOX2: SRY-box transcription factor 2; A: absorbance

time

Compared with the siNC group, "P<

3 itig

ABFFE LA LECs & SRA01/04 JHERI | 2 45 454+t
T YAP1 J& 753 a3 445 SOX2 52 i 248 Jfd J& 5] 15 14 5 11
SRS, SRR, MUK YAPT RT3 0 ) 40 i 1
BE,FEAERE G1/S 1 40 it ] 30 56 8 8 45 I F Cyelin DI

interaction

Green fluorescence (EdU)

siNC: small interfering RNA negative control; SOX2:

=18.750, P<0.001. Compared with the empty vector group, “P<0.001 (Two-

Y Cyclin E1 ik N, #—2

W3 Cut&Tag LK ESE, YAPL 1]

HEZ A T SOX2 B3 7 X &),
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KL (40 PCO) By IFEAL T 2958 T S 0 Bl

siNCAL  siSOX241

Compared with the siNC group,

siNC 41 siSOX2 41 AHXS 43
F i m siNCZH

Cyelin E1 g S 50000 _Hl‘s B3 siS0X2 41
Mo

Cyclin D1 (D S | 35 000 %
Zo0s
=

B:ruhunnEI 55000
Q Cyclin E1 ~ Cyclin D1 @

6 siNC A5 siSOX2 A#AAIH Cyclin D1, Cyclin E1 EARZ
A: %541 Cyclin D1 I Cyclin E1 ZE F R IAHIKE  B: % 4l Cyclin D1
Fl Cyclin E1 5 HAI XS 2 3h 5 LA 5 siNC 241 lLEL,"P<0. 01 (257
BEAR ¢ K056 ,n=3) siNC./MT3L RNA B X} B8, SOX2 . SRY &% %
T

Figure 6 Changes in Cyclin D1 and Cyclin E1 protein expression in
cells of the siNC group and siSOX2 group A: Electrophoretogram of
Cyclin D1 and Cyclin El1 protein expression in each group B:
Comparison of relative expression levels of Cyclin D1 and Cyclin El
proteins between two groups Compared with the siNC group, “P<0.01
(Independent samples t-test, n = 3)  siNC: small interfering RNA

negative control; SOX2: SRY-box transcription factor 2
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(AR 56T HEBEE)

BEHE - AEHE - R

AR5 F 3€ 3 48 B 1 2 17 AR BR

AMD ; 4F: % A8 3¢ M % BE 25 P (age-related macular degeneration)

ANOVA . J5 2507 (analysis of variance)

BUT; {H B 1% 24 05[] ( breakup time of tear film)

DR : 15 IR 55 0L 19 995 7% ( diabetic retinopathy )

EAU ;32561 A 5 5o B2 P 2 98 (experimental autoimmune uveitis )

EGF . 3 {2 4 K [ F (epidermal growth factor)

ELISA . fiff 15 4 % W ffH il 22 ( enzyme-linked immunosorbent assay)

ERG . # ) 5% 1 [¥] ( electroretinogram )

FFA . 246 % BRI I 4 ¥ 52 (fundus fluorescein angiography)

FGF . i £F 4k 44 i £ < A F (fibroblast growth factor )

GFP . 4t (8.5 Y 8 14 ( green fluorescent protein )

IFN-y:y Tt Z (interferon-vy)

IL: F 4l i/ 2 (interleukin)

10L: A Tl R AR (intraocular lens)

IRBP : )lG [H] 32 1A 4L ¥ 28 49 5 45 & 25 [ (interphotoreceptor retinoid
binding protein)

LASIK : #E 43 0O/ I 5 07 BE B8 R (laser in situ keratomileusis)

ICGA . M| W35 4 1fil 45 % 52 (indocyanine green angiography)

LECs: iR & L B2 40t (lens epithelial cells)

miRNA ; ff /N RNA ( microRNA)

MMP . 5 it 45 J& & [ i ( matrix metalloproteinase)

mTOR I 3L 2h % 2% 55 1 % Z & [ ( mammalian target of

rapamycin )

MTT ; PY 2 48] (e £5 ( methyl thiazolyl tetrazolium)
NF . % 5 B F (nuclear factor)
OCT . 2% 4H 1 Wi J2 9 i (optical coherence tomography)
OR ALt (odds ratio)
PACG : J& & 1 41 B4 % Y6 IR (primary angle-closure glaucoma)
PCR : 3 & W 4% X2 i ( polymerase chain reaction )
RGCs ; M1 I’ K55 40 JE ( retinal ganglion cells)
POAG . JiL % 1 FF ff AU 5 B R ( primary open angle glaucoma)
RB : U 14 i 1) 240 L I ( retinoblastoma)
RPE . # W i {8 2 [ JZ (retinal pigment epithelium )
RNV . B8 5 Az 1L 8 ( retinal neovascularization )
RP . #0972 A5 1 ( retinitis pigmentosa)
ST t: BEAlVH W& 53 W iU 4% ( Schirmer T test)
shRNA ;% % J& RNA (short hairpin RNA)
siRNA ;/NF 3 RNA (small interfering RNA)
a-SMA ; -1 WAL I & F ( a-smooth muscle actin)
TAO ; FF AR B AH SE R % ( thyroid-associated ophthalmopathy)
TGF . ¥4k 4= < I F (transforming growth factor)
TNF ; )98 R SE R F (tumor necrosis factor)
UBM ;#8755 4= ¥ .73 4% (ultrasound biomicroscope )
VEGF; fil % P JZ 4= K ] F (vascular endothelial growth factor)
VEP . #5175 & B 037 ( visual evoked potential )
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