ISSN  1007-7626 hEAEYE S5 FAY2ER hitp ./ cjbmb.bjmu.edu.cn 2019 4E 5 A

CN  11-3870/Q Chinese Journal of Biochemistry and Molecular Biology 35(5) :565~574

DOI . 10. 13865/j.cnki.cjbmb.2019. 05. 14

CRISPR/Cas9 I S8 LATS1/2 55 B3 0 %1 OP &5 7%= 24
fEl ES-2 158

wAE*, |RAR, KTE, #RHE, #MEF, TEX, &FXH,
MR, BHR
T B

(EHXFR BEFRAMHBAE I 3% 314001)

W

WZE  Hippo 155 @B EHILNMITIEL R SHEFH FEfRBRPREETZTZOER, XM
J& 2 A B 1/2(large tumor suppressor 1/2, LATS1/2) #8452 Hippo 13 5 18 %4 69 X 4L B | T VABE
BR4L YES 48 % %% & (yes-associated protein, YAP) | A f A ¥ YAP 89 B R 2 Aofe it KR A
CRISPR/Cas9 7 ik M 3% o FA-F 49 Last1/2 A B EUR G BAR B id 0% B g Aorgob B F ik,
FEFF LATS1/2 3 935 P 49 A 97 £ 5% ES-2 A= HO8910 28 fe, | . 9% P 3 7 sk #a ] LATS1/2 &k 9 28,
Y g iE 5 B A LATS1/2 8k W .47 4] ES-2 A= HO8910 fm A3 76, 4K v g 15U R 5 I
FR LATS1/2 Bk 34 97 3£ 9% ES-2 20 feL 69 0 T s e A1, 28 I %] J A= Transwell 5 359 9,
LATS1/2 % 2k B .47 4] 97 £ & ES-2 fa it 45, R X 29 B Z I, LATS1/2 S FRAT 3t 97 3 & ES-2
LB Tt e R A, AR R R IE I & A LATS1/2 #:k B S 4RIk A BP9 LA 503858, »F
AR AR A, LATS1/2 SRR 3t 97 £ & ES-2 2afe ¥ A< R 1 A al (collagen type I al,Collal) & F
AR FH e fE 9P L ES-2 e P Fl BT SLrk LATS1/2 A2 COLIAL, T D4R st fm o 15 H %,, 42 b
R NI ES-2 ta P LATS1/2 #ek A6 A28 COLIAL R A 38 A | A 4 ) 20 0L3G 74 4545 Fo
ST R, IF %5 e 2m e, B) B Fe AR 33 dm LR
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CRISPR/Cas9-mediated LATS1/2 Knock-out Inhibits Proliferation of
ES-2 Ovarian Cancer Cells
LIN Xian-De®, HU Ling-Ling®, CHEN Zi-Yan, HU Han-Yin, YANG Liu-Qing,

WANG Zuo-Wen, QIANRUO Wen-Xuan, LIU Sheng-Bing, PAN Wei-Wei~
(College of Medicine, Jiaxing University, Jiaxing 314001, Zhejiang, China)

Abstract  The Hippo signaling pathway plays essential roles in mammalian liver development,
homeostasis, regeneration and disease. Large tumor suppressor 1 and 2 (LATS1/2) are core kinases of
the Hippo signaling pathway, which subsequently phosphorylate transcriptional co-activators, Yes-
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associated protein ( YAP) and regulated nucleus location. In this study, we constructed a CRISPR/Cas9
Lats1/2 gene double knock-out ( LATS1/2 KO) lentiviral vector, packaged lentiviral particles, then
infected ES-2 cells, cells were cultured in DMEM medium with puromycin (2pg/ml) for 3 days.
Western blotting result showed that LATS1/2 protein expression was significantly decreased. LATS1/2
deletion inhibited ES-2 cell proliferation, colony formation, and cell migration. In addition, LATS1/2

deletion promoted ES-2 cell apoptosis. Deletion of LATS1/2 also inhibited the tumorigenic capacity in

vivo. Molecular mechanism studies have shown that LATS1/2 deletion significantly increased COL1A1
expression. Deletion of COL1A1 partially restored the anchorage independent growth of LATS1/2 deleted
ES-2 cells. In conclusion, LATS1/2 deletion inhibited cell proliferation, migration and colony forming,

and promoted cell apoptosis through up-regulating COL1A1 expression.

Key words

G SR R IO B M, UL RTE BT A 1R
FERE P RESS 1A, B T B RRER I RIE IR AT
AR G B, R BRI 12 D DI B I A L A0
TR IR A e 22 0 R, & BB 4 O S8R R 7
BN IR AR L

Hippo {5718 % 5 a0 A AR B DIAROC . TE 3L
¥y, Hippo {5 i % 1Y 32 2 ) RE A2 40 ) % ¢ 4
WA F YES #5225 H (yes-associated protein, YAP)
gk L0 PDZ 45 4 38 & A (transcriptional co-
activator with PDZ-binding motif, TAZ) B 3% 1",
HAZ O A s Te 1 9 W 5L sh ) STE20 A 25 1 ¥ i
( mammalian STE20-like protein kinase 1/2, Mstl/
2) B Kb ggg 4 ) 3 K 1/2 (large tumor suppressor
172, LATS1/2) "3 DL R e AT B3 B #% 2 11 I SAV
( Sav family WW domain-containing protein 1,
Salvadorl )'® F1 MOB1 ( mps one binder kinase
activator-like 1), LATS1/2 # MST1/2 ®iffk., ol
REWA ABEMRACIE ., BA W PER LATS1/2 AT LA
WAL YAP , J-5e S IGHE TAZ A PDZ 4547
R AERF LA B R/ SN K

LATS1/2 53 BIERET 6¢25. 1 1 13q12. 11 Jefh
P b LA R 240 ) B DNA B3 47345 53 I ) 1
™ LATS1/2 Wl AL &4 24y 248 85T G,/M
WIBELAE AN G,/ ST BELAE I 12 2 it S 300 1 LATS1/
2 ANASUAE Sy Pk e 10 ok e PR 2 %4 T [ - 522 i 1
ALY iz . Ah, LATS1/2 i@ i Chk1-Lats2-14-
3-3 Fll Chk1-Lats2-p21 %1% 5 DNA #iiff fet' 2
Zhou % BFSE R WI, LATS1 2K 11 75 B i 4141 P IR
ik Xu %S R W, LATS1 76 U0 S8 41 21 1
FIRE YAP RO, LATS1/2 78 50 58 A9 1
W5 B0 HoZ= 4 0 AW, A 058
CRISRP/Cas9-LATS1/2 JE PRl i 5 ) 15 9 7 Ja% e b
S ES-2 A1 HO8910 4ifL , 3145 LATS1/2 JE[H Al

large tumor suppressor 1/2(LATS1/2) ; ovarian cancer; proliferation; apoptosis

1) £S-2 F1 HO8910 4l ity , 3 & 40 JfL 384 5 | v BT
PRI T, BF 5T LATS1/2 Bk 2 76 09 505 v i 1
itk — 058 Hippo {7 %5 38 [ G5 A 11 0T ) il
FIFE BN SR YT T AR FH 25 B S

1 #EITTE

1.1 ##

TAKARA PrimerSTAR HS = {# ELfilf 5xPS & uf
W T4 DNA 4L MEZA R ER WA REEEY
/NH], T4 PNK F1 BsmB1 I § NEB 24 &, DL10000
DNA Marker PCR 7= 4 S F 65 . DNA /)N i Jise [1]
Wt Ak i 350 & 0 ook £ BOR FR) &0 W B Axygen
biosciences 2~ &), E coli DH5a Hi A4S 32 56 &= AR 1E .
Polybrene 1§ H Sigma; poly Jeit 4 H SignaGen; FBS
4 Gibco; DMEM/FI2 1 RPIM1640 £ it 15 5% ¥k
PBS B 1 75 £ 5 =W A Hyclone 23 A ; TRIzol
[lafE! Invitrogen NH) ;cDNA Wik F 55 & Q-PCR
R & W B K& FE A, B-NL 3 & B LATSI
LATS2 .p-YAP p-ERK1/2 1 ERK1/2 Hi1&g [ Cell
signaling /A F] ; COL1AL HLA&F YAP/TAZ Hiikl B
Santa Cruze; %5 Fb — #it W§ H Jackson labs,
lentiCRISPR v2 . psPAX2 Fl pMD2.G J5i k7 i 3¢ F in
PR 2 2 b TV 3 A I R B %
1.2 #fpatEss

BB £S-2 1 HO8910 41 iy [ B} B L ifg
IR, B - 80 C MRAFMIANMEE 75 2 10 em 1Y
RS, L&A 10% FBS 1% 4 55 % 19 DMEM/
F12 A5 IR0, F 37 C 5% CO, B4R F=46
AR, d R, YA IR 90% T, LA 131y F
BIEEFRIE] 2 A~ 10 em $5FR1L, B 1~2 d Bl %
W, LS SRSl
1.3 EERBRA sgRNA F 51

hLastl: 5'-ACAAGAAAGATGAAGAGCGA-3';
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hLastl: 5'-AAATCCATGCTATCTTGCCG-3';

hLast2:  5'-GTAGGACGCAAACGAATCGC-3';
hLast2: 5'-TCCAAACTACATCGCACCCG-3'

heollal-1: 5'-GACGGGACAGCACTCGCCCT-3';
heollal-2: 5'-GCAGGAGATTACCTCGACGC-3'
1.4 CRISPR/Cas9 BfRS2iEHE

FRESIIREGWIR KRR, LS5 ul
(100 wmol/L), FESI¥ 5 pL(100 pmol/L) ,5xiR
K 10 wL, TCHIZK 30 pL, 3L 50 pL A%, B
K S .95 °C 2 min, 590 s FEAK 1 °C . B AGIHIH)
BEmRAL . FIF519 1 wL (100 wmol/L) , FiF5I# 1
pL( 100 wmol/L) ,10xT4 #EHZZ b 1 wL, T4 PNK
0.5 pL, BHE/K 6.5 pl, 3t 10 pL, f#H BsmB1 i
YI lentiCRISPR v2 75 #0 A4, 35 A5 W BE e i UK it V1) 7
Y, el Bl DTS B 25 2K lentiCRISPR v2/
BsmB1, R 5 f 434S0 [ i 2 28 (A v 5 BT i
()75 2044 50 ng, ZS 2 EFV) =9 5 H 3L R E 1™ 4
HHE, 16 °C,8 h R, EHE YT 4 CIRAE,
B ESE P REAL E coli DHS o JEAZ 25400, I [
st I5 B 9 7 R B X R, WA T &R B A LB
FrFRdk T 37 CHIRIEFRAA PR A, PRI &
IR O A T AR PR LB By
F5We, T 37 CHEIRFEIR 300 o/min FE3I0, B0, 5
X T R W, R ER BBGR £ 40 L Yk
PEBOKAIE . Lenti-lats1/2 BRIk £ B Y T/
BHEEA BRI
1.5 fRESEEM LATS1/2 iR i 5P 55 5% 40 i 75 1%

R 1. 0x10° 293T 4 = 6 FLAGE ek 3%, 4
2 d IJTURLET, 45 293T 4iffddfe L BriE DMEM 5373,
BB poly Jet 5IRFEAS ol & Lenti-Lats1 KO J57¢
Jikr, 5% Lenti-Lats2 KO Ji 3% J5t $i RE A (lenti-
lats1 KO 400 ng,psPAX2 200 ng #l1 pMD2G 200 ng #l1
2.4 uL poly Jet) BN A S 293T 4, i Hity
SR THNE b, BT 37 °C 5%C0, B itk
B35, TRl B 1x10° 4> ES-2 Z0M0fh T 6 fLi, 453
d, 7 0. 45 wm 33 &AL U8R B LT (25 BT A
LATS1/2 XUEE R B 7 ) , il s gs ES-2 4iiffd, Jf:
T EE ISP A Polybrene , JREEE YL 24 h 5, #
BCE RS RS 3R (2 we/mL) Y 85 IR, 0 458 X 6 240
(REYLG 725 40) LATS1/2 FE R 40M . Collal 3
R O L ES-2 0K BUS REE] |
1.6 YAPSSA T REZAE

R 1.0x10° 293T i fE = 6 fLAIE B KT 57,
552 d BRI, 45 293T 4 ffddk b3 DMEM 5553

W, PR poly Jet 55 350 5% 53 955 B 25 24K pQCXIH BY,
pQCXIH-YAP5SA #AKIR AT, in A F) 293T 4fi g
A A T A L, 48 h 5, i 0.45 pm
()3 DR A8 U B L0 (S #UWEE AT YAPSSA i 3R
R EE) i HUE YL E£S-2 40, e 5 L3 A
Polybrene, J%85 B 4L 48 h J&, ¥ il & 1 8 K (50
e/ mL) AYRE IR, 0 08 XoF 1R 41 i (SR YL 7 a8 30
F1YAPSSA i FiA 4,
1.7 ZHAEEZ 3 ditE

L2 LSO 15, 43 SE 1 10° A4/ FLXT
MR 5 LATS1/2 J A R 9 O 598 £S-2 24 i 42
FI T 6 FLARIE RIS F7 , 480 8 5 15 77 5 5l TG 0l 955 3%
FEFELE 3 d TR, B d BT HTE] B 28O A
g,
1.8 TRIzol ;£1REV4AEE RNA FAE £ PCR

FH TRIzol 1 HEH BN S5 40 i A4 RNA i3 2 1E I
IRFIUER i A R 2 1 3 A (G RNA Ve B 3
e AR .65 C AR 5 min, 7K R HR A,
98 °C 105,55 °C 15 5,72 °C 60 s,30 MEH,
¢DNA LA 1:5HBIH DEPC KR Be, X R ZH cDNA il
SEEGA cDNA FHSEHTHE 2 & PCR R,
1.9 R EN 4

Bxt AR S5 LATS1/2 Rl 4 90 849 ES-2 40
MRS T, 43 IR 3% 107 S X BE 41 i 5
LATS1/2 @R e B0 S AT 1. 5 mL Y E5048
12 000 r/min #.0> 2 min FEEFEWE, J 100 wL RIPA
11 0T S YR B A L R B ML A 1, T
25 wL ST EAEE wRIR A BT AR 1 95
CIMIS min J5 B K B E1 B i 4 10 38
ISR i P AL R B, 2 IR 15 L i A3 3k 4
e ag EREFLAT . HLYK 90 min, ¥E%% 60 min , B8 R
HR|PVD B, 5% MAR I M = W E M 1 h, 1x
PBST ¥t 2 ¥R, 54K 7 min, SRJ5 , #% BT BRI A T
#HET, 05 g-WIsh & (1:2 000), LATST (1:2
000) ,LATS2 (1:2 000),p-YAP(1:2 000),COL1A1
(1:100) —Pi 4 CWHE IR, 52 d, ¥ REH, A
PBST VIR 3 K ,10 min/WK, FEH-PIERFE 1 h
( P4 1:5 000 FLE 5% B Ag Wi ) , FH PBST
VEE 3 WK, 10 min/¥K, 4% 38 & N )5, W A ECL
Western E[5Efb 2 A& G50 G 65 57 i 52
1.10 PE-Annexin V €& 4 il 48 B 1=

Wi X BEANI 5 LATS1/2 Bl 4 O S0 ES-2 41
W ARG AR TR, A i 1x10° A4 15 mL
(R O Hp (X BB DN S BS-2 AMTR 222 ),
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¥ 1xPBS #hE & 2 mL, 800 r/min B> 5 min 3
BV BT 2 mL 1xPBS $E% 2 %, 1 mL 1
X G A O wP R B AN, B 1 10° 4 (B 100
pL ) i CEF 1.5 mL B0 F, PE-Annexin V
Y o e HE R B D B | T B0 IR SRR
15 min, FH I 20 BELASCRS: T 240 A T
1.11 ZRIFASSE PR BY K16

B 0.5% FJZME, L. 5 mL IR ST 6 LR,
BC 2, 28 T B 15 min, FRICEER B RN
Mo LATS1/2 wlr nY ON 59 ES-2 A0, FHIE 57
V2R T g B 40 A, ot A B T BT 4k, S5
0. 35% T2 IR A, R T 6 FLAR, 45k 2 500/
Lo FWFFE 15 min REEER, 75 F2TA 2 mL
it DMEM 85359, 5 2~ 3 d B & DMEM 1553
W ,37 °C,5%C0, Ji35 14~20 d, JHEE Sy )51t
BT RERL(ANIEECH KT 50 cells/colony) , BE£H % 3
AN R EA 3R,
1.12 #RXRXIE

BExF AR S LATS1/2 Bl 4 50 829 ES-2 48
MIHEFN T 6 FLARIS BRIEFE , Fr 20 i 2% B 35 31 80% , H
e S 7 400 60 2 1T R, (5 40 B ORI L 45 A i 4t
BTG 37 55 32 W, 43 B 7E O A1 20 h 78 [R] — o7 B R
FH, WE AN M RS
1.13 HBERH

A3 1x10° X RN 5 LATS1/2 @l i 5P
HU ES-2 4, HeRh T RUE SR 10 24 LA, 40 it
WHEFE ,PBS Uk 1 1K, 4% 2 5 H S IR 1 % 30 min,
PBS ¥t 3 ¥k, F 5% BSA /PBST )3} i = i Bt
M1 h, FEE AR YAP/TAZ —41(1:200) %k 1
h,PBS %t 3 ¥, fIA 150 wL B, EIR#EE 1 h,
DAPI 4% 5 min,PBS ¥k 3 &, £ A, W5,
1.14  PI 40406 E H

Pt BERAN A 5 LATS1/2 il 09 B9 9% ES-2 41
MRS T A3 1x10° AN 1.5
mL BB, 800 r/min B> 6 min, F LiE. T
T HY 1 mL IxPBS ¥E# 1K, H 300 wL 21
IxPBS HE A, AR5 SR IMA S5 700 wL Five
TEK L) 1.5 mL (B LA B e, 56 2
d, B EAA LM 1 mL BE RS E) 15 mL 2SO
B AMIN 2 mL B 1xPBST, 1 000 r/min 5.0
8 min F b3, FASCER ARG 4t it S 491
1.15 FERMEHEIRE

MEME#EEL 10 2, SPF 4 37 (6~ 8 J#%) . ¥
BRE L2 4, B & 5 B, TR MEET 504

B, HBRNET R T ES 5x10° X R
ES-2 40l %5 2 4, B H AR R E S 5% 10
LATS1/2 RBRA NS ES-2 4008, 1 &S, i HE
FrrAe RO 2t R BRUMRE K/, R AR = 15 mm,
ACBEARE ., B R B T IR AR R
1.16 Transwell 4 fRiEFE L8

Pt BERAN AL 5 LATS1/2 il 09 B9 9% ES-2 48
Mt B RE 7%, 118, Transwell 55354 %A 100
wL BRI B (2. 5% 10%) , FF A TG I 7 1% 7 %
200 pL, Transwell 5= 4 F 2 0A 500 wL JG I 7%
IR, AR 3R 12 h e IR S5 6 A 8 2 3 i
Ji, A APk B BE R E 30 min, RAKE YL, 30 s, 40
A A T LI 10 S HLEFH8, BOE 1A
1.17 Hit=EFHiE

Bl A8 e bR 22 o AL IA) FL R ¢
5570 HT A1 One-way ANOVA K55, LA P<0. 05 h 225
A WEE,

2 #R

2.1 Lats1/2 EE R A AN IPEE ES-2 R4S
EMEE

SAEGE LATS1/2 76 N BP S h Ve, it 1
LATS1/2 JEA BRI 18 B AR, il a0 JEkge A
YOS ES-2 A1 HO8910 41 g, 3K 15 %4 & Ml &
LATS1/2 B9 40 i3, Fig. 1 A Pz, 43 BEF %A
Last] 1 Lats2 R H T 2 DASRIBY &R T 51,
BN HEEE I L K 25 SR B, Lenti-Lats1/2 i 5 28 {4
FEERCEN . W0 Fig 1B A1 1E 7, i S g BNl | 46
W Lats1/2 HEERRER DP9 ES-2 A1 HO8910 4fiffY
H1 LATS1 Fl LATS2 £ 1 3R 35 b 2 B, w2 1k
YAP 33k & BE A%, LATS1/2 3 %558 o #5 W b
YAP , T YAP (40 ME B A0 A% 2, e gDt
R & 0, LATS1/2 i Bk 19 B S 9 ES-2 40 i b,
YAP B FIAE A A% Rk B (Fig. 1C) . & it PCR
R 25 5 8 7, LATS1/2 i 5% (%) B0 55 9 ES-2 20 i
1, YAP/TAZ TR FE R Crgf A Amorl2 33k 5 W 5
B, XEeEE R AT ARG T LATS1/2 @
[0 A B 98 ES-2 A1 HO8910 41 fitgith
2.2 LATS1/2 B3N &I 0P E % ES-2 HfaiEsHE, 5
PEF B FNIERS

Jgitk— L WY LATS1/2 76 A 5P §98 ES-2 F
HO8910 4iffdrf i /E H , 3l i % 22 3 d ST 20k
B, LATS1/2 @53 20 B A6 A 100355 R G It 3 R85 T 3
B ) 0 L PR 4 IS ( Fig.2A-2C) o XM, LATS1/
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(B)
(A) (©) ES-2
ES-2
I O LATS1/2 KO
ﬁ v wnn n n N
5 222 2 % N
= IS S s & 3
bp 5 58 s
10 000
8 000
6 000
4000
3000
2 000
1 000
Actin| S
(D) (E) HO08910
ED 3 Crgf é“ a0 Amotl2 . ;
2 £ 60 £ Zo
< 2 o = 52
2 240
< —L < LATSI :
Z : Z 20 Q o
g g
e = 0 = Q
= 2 = 2 LATS2
<Q <O
— M — M
Actin *
ES-2 ES-2
Fig.1 Identification of LATS1/2 knock out ( LATS1/2 KO) cells (A) Plasmid of pLentiv2-lats1/2 vector.

Different plasmids were extracted as manufacturer instruction and separated by 1% agarose gel. M:10 000 bp DNA marker;
1. Lenti v2-Lats1 guide sequence-1; 2. Lenti v2-Lats1 guide sequence-2; 3. Lenti v2-Lats2 guide sequence-1; 4: Lenti v2-
Lats2 guide sequence-2. (B) LATS1/2 deleted cells were subjected to immunoblot analysis with antibodies to LATSI,
LATS2, p-YAP and Actin. ES-2 cells were transfected with lentivirus and selected by puromycin, and protein was isolated.
(C) YAP/TAZ location was detected by immunofluorescence in control cell and Lats1/2 KO cells. Control cells and
LATS1/2 deletion cells were subjected to immunostaining with the YAP/TAZ antibody ( green) along with DAPI for DNA
(blue). Scar bar; 10 pm. (D) YAP/TAZ target genes Cigf and Amotl2 expression was analyzed by Q-PCR. ES-2 cells were
transfected with lentivirus and selected by puromycin, and total mRNA was isolated. Quantitative RT-PCR for Citgf and

Amotl2 mRNA expression levels in cultured cells. The error bars represent SD.

™ P<0.001, " P<0.05 vs WT. Student’ s ¢-

test was applied. n=3. (E) LATS1/2 deleted cells were subjected to immunoblot analysis with antibodies to LATS1, LATS2
and Actin. HO8910 WT and LATS1/2 deletion cells were performed as indicated

2 B AR B S5 ES-2 F1 HO8910 21 Jfd iy 14 5
96 A4 LA R BB B B o A e ) v A 300 v e 240
AR IR, A FROBR v R R 50 R B
LATS1/2 Gk 4 A 5 R T i i ) B AR ( Fig.2D) . X
FEH LATS1/2 i o 100 ) Jif 98 4 ek e Ak, AR S
8 1 41 R R S5 A Transwell /)N 25 52 56, K6
LATS1/2 s nl 400 i N B 5398 28 L (%) 1T % ( Fig. 2E-
2F) . L LAk, LATS1/2 Bk ol 4 il A 5P 898 ES-
2 F1 HO8910 ZH A A4 5 | e FEIE Wi AT #% e

2.3 LATS1/2 B4R 3 0P £ 9= ES-2 4R A 0
4 in 240 B ] HA

RS G UE T LATS1/2 il 5 40 i) P £
it 38 5 RN ST R K Zijciﬁiéﬁmﬁéﬂiﬂﬁumml élﬂ

L E AR T AR Ak, BE R R LATS1/2 @R fif
G, 1 G, BAZmAsi/> , S W4 a3 n ( Fig.3 A,3B),
LATS1/2 @GR A2 HE ES-2 4 T~ ( Fig.3C,3D) .
p53 Fl p16/pRB 25 i 40 i 2 K A it Jo1 300 9
O E TS S Fig.3 A,3B Z5 5 iR, LAST1/
2 BRAC SN TOP S ES-2 A0 E I Ak — B AE
I3 TR LAST1/2 2K J2: 75 A 52 0 41 A J&] 3
FHREEH 35, 18 5 22 5 PCR R & BH, LATS1/2
B R W T P53 R RS NOXA Fl Ple ik
MAPK {5538 %2 5 4 o3 58 oAb P 78, 2 3
it 3 AR B ERK /2 1 S 240 8 e 0 ) 5
HEER N, AR T AR AL SR SE i B K
AN A B, LATS 1,2 55 1) B S96 i it b, p-ERK
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(A B)
) Cell growth+FBS ¢

Cell growth-FBS

©
Cell growth+FBS

r —+—ES-2WT
F ES-2 LATS1/2

x10°)
(3]
W

L =—ES-2 WT
ES-2 LATS1/2

%

——HO8910 WT
| ~=~HO8910 LATS1

— NS w EN
T T T
I

Cell number (1x10°)

Cell number (1x10°)
S = N Wh WA
*
*
*
be
O

(=1

(D)

ES-2 WT ES-2 LATS1/2 KO

(E)

LATS1/2 KO

(F)

Fig.2 LATS1/2 deletion inhibited cell proliferation, colony formation and cell migration

~

(=]
T

E ol

Colony number

(=il
*
|

'*

WT LATS1/2 KO

1.2
1.0 ¢
0.8 ok
0.6
04
02

—r

Relative wound width

LATS1/2 KO

1.2
1.0 ¢
0.8
0.6
04 | ok
02r

——

Relative cell count

WT LATS1/2 KO

(A-C) LATS1/2 deletion

inhibited cell proliferation with or without serum (+FBS/-FBS). Cells (1x10°) were plated in 6-well culture dishes and cell
number was determined with trypan blue staining. (D) LATS1/2 deletion inhibited colony number. ES-2 WT and LATS1/2
deletion cells (2.5x10%) were plated in 6-well culture dishes for 14 days. The colonies were stained with crystal violet for
quantification. (E) LATS1/2 deletion inhibited cell migration. Cells (8x10°) were plated in 6-well culture dishes and scratched
with 200 pL tips. Pictures were obtained at 0 hour and 20 hours. Three replicates were included in this experiment. (F) Transwell

experiment for the migration capability of ES-2 cells and LATS1/2 deletion cells. Cells were added to transwells and allowed to

migrate for 12 hours. Cells at the upper surface of the membrane were removed with cotton swabs, and the cells on the bottom

surface were stained with hematoxylin and eosin. Numbers of cells on the bottom surface were counted and were compared with the

control group. The error bars represent SD ™" P<0.001. ™ P<0.01. n=3. Student’ s t-test was applied

A S kb, 9 H 5 39 FE AR DG B (15T p-Histon H3 R34
0 EREAR, XS 2 R, 0N S ES-2 4 i
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Fig.3 LATS1/2 deletion promoted ES-2 cells apoptosis and affected cell cycle

(A) Cell cycle phase determined by flow

eytometry. Cells (1 x 10°) were cultured overnight, and subjected to PI staining and FACS analysis at the indicated time points.
(B) The percentages of cells in the G,, S, and G,/M phase were indicated. (C) Cell apoptosis were detected by PE-Annexin V.

Totally 1 x 10°cells were stained with PE/Annexin V and analyzed by FACS within 1 hour. (D) Quantification of apoptosis cells;
" P<0.05, ™ P <0.001. n=3. Student’ s t-test was applied. (E) The mRNA levels of Noxa and p16 were determined by Q-
PCR. (F) LATS1/2 double knockout ES-2 cells were subjected to immunoblot analysis with antibodies. Western blot was

performed as indicated

()T Ui -, 284 ) SCk & B, FE /N B &5 W 0
MC38 41 it v fi B LATS1/2 7 LA S i 78 22 L H 56
K BEEOZSCHR T R AR b K B LA 8 i R
PCR JEATIAE,, 459 (Fig.4C,4D) W, Adamis16
Ldhb .Pnma5 . Jup Rassf4 F Zfp571 3 F7E LATS1/2
R B ES-2 40 M IR SR K, T Collal PN 7E
LATS1/2 w0 B 5298 ES-2 40 b ik, X —
SR AR P B ES-2 4, Collal H:PHAR AT
AEAZ LATS1/2 F1 YAP W) MUF#EEEH, S T ik —2D
IGIE LATS1/2 w4 2 38 o 38 hn COL1A1 & (i &
35, T O 195 £S-2 4 B 354 58 5 B AR, 7F
LATS1/2 B 51§49 £S-2 40 3% COL1A1 1y
Fik, 0 Fig AE ffizs, COL1AT ik & FEAIL, AR

YR 5L £S-2 LATS1/2 i bk 40 i 1) v B 1 B
ZF PRIk FE N BP E ES-2 b miR LATS1/2
AP YAP 8 A EE SRIG R, 23 Collal 2
PR e 2R3, DT 11 ) 19 559 240 L 36 R o R T
2.5 HRRETHREIEENIKIE LATS1/2 BB
I OP £ 5 40 At

LRGSR R LATS1/2 @ 40 1 O 598 41 it
(G EE | SEREIE A, e U0 SRR A A T, itk
FEURNIGIE LATS1/2 {5 2 X U1 5595 20 Jifa 334 52 (1) 5%
M, 20 B3 1) 3 S %o RE At e T LATS 12 JE TR
B 4, o S0 00 6 i 9Ed R/, AN Fig.5 AL 5B T,
LATS1/2 v 55 W S5 400 +fi Al e 4400 P 35 B, 3 ok o
PCR Kz & B, YAP R 5L Cyr61 Fl Amotl2 7



572 FEAEDIE S0 T YR ¥35%

LATS1/2 FEBRA IR 20 Rk, FFH A, 7E JE—2E0  FER PN LATS1,/2 & DR ot [55 00 i] Firb 93 20
LATS1/2 LR BB 1 B Jjd 2H 20 rp | Collal R0 15 RESEFE 20 AR el 3 YAP 5555360, A

Ik, M0 Dikl Fl PnmSa fR3R35 (Fig.5C) . X LE4% MFZHE Collal SEHEN HYZRIBSLBLAY,
(A) N ®B) ©)
3 o
CR: g g%
> vy A A<
-9 2 5 S S
§ > ~ —~ES-2 Vector . z2 23
S 4t L < <O
Z ES-2 YAPSS = 5 59
YAP | - - 5 3t ok
COLIAL| £y
| : b s
2 . :
. © Actin
Actn | S 8 o E
0 1 2 3
D) Y
Eﬁ 1.5 Adamts16 L5 Ldhb L5 Pnmas L5 T Jup
<
E 1.0 — 10 T 1.0 T 1.0
é ok o
2 os m e 03 ;
~ sk
E oLl 0 . = 0 1
= Q = = a = q
Q <o Q
52 H 52 52
2 80 Collal 2.0 Dik1 1.5 Rassfa 2.0 Zfp571
g skokk ns s T
5 60 1.5 of [ :
=
S 40 1.0 T 1.0 "
*
0 = Q 0 & q 0 = Q 0 = a
= = = 7 = % = 7
= o = %o
59 — 52 5%
(E)
60
I
LATS1/2 KO . 50F T
WT LATS1/2 KO +COLIAT KO 5 ol
g
2 301
z
S 20r
” (=}
o 10 B *kk
F¢ 0 = ) PN
4 2 & o~
17 o —
+ == A <
= b = 5
-3 g
- — +

Fig.4 YAP 5SA overexpression inhibited cell growth (A) YAP protein expression was detected by Western blot. YAP
(5SA) are active mutants of YAP/TAZ with all five LATS1/2 phosphorylation sites mutated to alanine, thereby unresponsive to
inhibition by the LATS1/2 kinase. ES-2 cells stably expressing YAP (5SA) or control vector were subjected to immunoblot
analysis with antibodies to the indicated proteins. (B) YAP 5SA overexpression reduced cell growth. Cells (1x10°) were plated
in 6-well culture dishes and cell number was determined with trypan blue staining. (C) COL1A1 protein expression was detected
by Western blot. The signal of COL1A1 was increased in LATS1/2 double knockout (KO) cells but decreased in LATS1/2 KO
and COLIAT knockout cells comparing with control cells. (D) LATS1/2 deletion increased Collal gene expression. Total mRNA
was isolated. Quantitative RT-PCR for mRNA expression levels of Adamis16, Ldhb, PnmaS, Jup, Collal, Dikl, Rassf4,
Zfp5712 and Actin in cultured cells. The error bars represent SD. ™" P<0.001, " P<0.05 vs WT. n=3. Student’ s t-test was
applied. (E) Deletion of collal restored anchorage-independent growth of LATS1/2 deletion cells. Cells (5%10”) were plated in
6-well culture dishes for 14 days, and the colonies were stained with crystal violet for quantification. Dates are mean =SD from
three independent experiments. ™ P<0.001 vs WT. n=3. One-way ANOVA test
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Fig.5 LATS1/2 deletion inhibited tumor growth in vivo

(A,B)LATS1/2 deletion in ES-2 cells inhibited tumor growth

in vivo. ES-2 WT and LATS1/2 deletion cells (0. 5%10° cells for each injection) were implanted subcutaneously into nude mice.
Tumor volume was monitored and tumor weight was determined at the end of experiment. ( C) Increased expression of YAP/TAZ
target genes Cyr61, Amotl2 and Collal; and decreased expression of Dik1, PnmSain the LATS1/2 deleted tumors. The error bars
represent SD. “* P<0.001, ™ P<0.01, * P<0.05 vs WT. n=6. Student’ s t-test was applied
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