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1. AR 28R

HZERE (IAFRIZ IV TR DK 1%, EEHEEHEOR 40% %2 5O TWD, TD 9 H 90% A H
¢ F- FHEE (oral squamous cell carcinoma : LU F OSCC) Th b EShNTHY ., HigZ
WEMEERE T 5 V29, ORI ERED O bEZRFEL T2 DI 60%% 5D, ELD b
TRFERZ N D, & MR BRIT RIS TR R ATRE AR 7o, b AR FRITHERIE A, 2
TS RATER, SHEL ) v \EiER ., EREBIC LY PHRAR LR DEH G EE L, TR TEITA
FEH b, ZORECEBOA I =X LEZH LT D2 EIE, WELHOWRERZ T T2RL,
THTHNCHREREEL 52D, FEIZBWT, TRICEET 2EERKF L LT, HEED
FEAZET 5N TEY . FEROBHEOARELZIGRANCTRIT 22 ENEETHDL LEZXD
AU, BRI E0%E JE P OO LR MESRIVE DA HES L OB RES LTV D BRI T 5, BIfER
b AN ORI TARHIE & L CORBRR 0 A M B R AN B D, ek WHO
Grade 4y%H 9<°, Jakobsson 438 © % 7213 Anneroth 434 7, ZHUTH KT 5 YK HH O L1 -
TERHIEDR OO TV D, HEDNEMETH D0 HITIR E R T HICE->TEH T, EMEED
HE I MR TORBEBIEOBENICER LN TWD, DF V| UG OEEMAVRIE ST
L, Ak THE L CHIE FTREAR TRZIHED L STV RV ONBLRTH 5,

2. BORHE - BBIZKIT S5 EMT XU MET DEZ

35 DRI C_ERZ[H3EHAR (epithelial-mesenchymal transition : LT EMT) 23%<
BibooTWD ZERMBN TN D 9, FaMas 2 - B3 5121, JRIEH O OBEN & ME A~
DI, WREREE, (KNFESR, BBEOME ~OHE, LB N~DIRY, B EHGE~DEE L
WO L 72 %, EMT 13ook, FRGOMRER DI AT TOHIREERR A & Vo 72 4])
HIFADORBEHTH U | AIETEIE O RGBS, 25E A O FLRRRHE S s 4= o
W TH <, 2F YV EMT &% LR HERafmM: 2 RV HEEMia~ s 2 Ve 20 2 & T
b5, FRITMIEE S FIZE > TEWISHS LAy, KiE L BEROMmEL AT 55, EMT
Ik W EEEKAEMA Y L R~—H—Th% E-cadherin, Occludin 72 & DIEELMH, N
cadherin, Vimentin 72 & OHER~—H —ORBTHEZ L U, MlAALE DFREE & Voo X
YR SRBEFR O WA BN L MK EE 2 0 L, SEBIRE D) 21545 AT A
e T 7 F Bkt 22 2Ry IS~ k32 EMT IZ K-> T, BEig - =R 2 %45 -
R L, BRI ATRE L 72 D,

F AT RS (23O T, [ 3E B 2R (mesenchymal-epithelial transition: LA F MET)
&0 | HEERITHERHE S VT o A3 B R e & 72 0 | R SR A o Tefis Bt o v =
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—TEREAME E ., EBITIRER A~ DRI - EENAREIZ/R D Z E2VREBR I TW5, EMT D4+
HEREIZBE U CIIRIBIZER R D K 9 I F s BN ED 5TV A K E. MET I L TR
BH72 53 < . BEfEZe EMT & MET O BHE & B 5 7 72 5 TUN R,

3. EMT % #il#E4 5 KR+

EMT oisfei%, K-Ras ZE/RZ8 5S> Her2 IBRIFEBL & o 7o 3 RIIC, Mo R, MRAEEr
AR, FHARHESE G, AL, Wnt [KF- - TGF-8 - Hedgehog K- « ERZHEFEIA T « TNF-a <°
IL-6 Lol A bl A 72 EOWUNREEN D DAMIRIZ Lo TEESN S 5, 2D DR
KFRRIEMEY A R A 13, B O WRHE SN > TH7eb SN D, F 7o ARERSR BRI/
faoo EMT 2845 0o MELH 5, 2O OMUNREEIC TGF-8, Wnt. Notch, Hedgehog
37 FIVERE A B G L IR OBFEIC BV T EMT 2ME S5 10, 216D 7 F bk
FIEEOT S KRR A > b & LTSRS v 737 Th D E-cadherin ORBIFHIE L\ 2 — 47 o
FNaf LTW5, BREK T twist, Snail, Slug, ZEB1, FOXC2 (X E-cadherin ® 7' 1 & — & —
FEIR Tdb 5 E-box fEIICHE A L. BE-cadherin MEAG AT 2 1, F2ES AiSZME Tld Snail
DFEHL & FEHELT O BIEPE G S v, JE/Nfa e Tl Snail, ZEB1, twist 28 EMT #5382 &
HTHDLEVWIHELDH D 12,

4. Hippo pathway & iZ
1990 FRRUTT 3 U ¥ a U AT TH A 7z Hippo pathwayd/ %, #lig<Clsizs OV A X4 e
T5V UL A — e LTHAE - MEO S TR ED N TE T, Y a v ya U= T
% i & 1u7- Hippo pathway (%, Hippo—Wart— Yorkie % f 08 # & L CH 5, Hippo 23 U v
[AVvF=rFF—Bra— L, Wart & U Bk - &L L TR S —8 - B A7 — FEBKT
%o Flo, ZDOH A — R T Warts 28 Yorkie & U Ut L, 2DV U GENL 2585k LSS L
72 14-3-3 % > /37 G )N Yorkie ORI~ DOBAT 2§ %, @ H Yorkie 1IN ~BAT L T
GIEMEARIR 7 & U Tl & | MRS 2 TTE 3 5 a0, MR sEdn i 2 B3 5 8 s 1 Dis G &
TEMEAL LT 5728 Yorkie OAZNFEAT ML, Ml Aa & HIBE L | HHSERS 52 < . = @ Hippo
pathway @ F0L#E# 1% Mst—Lats—Yap/Taz & L CHFLE CHHRESNTE Y . contact
inhibition %45 7 7/ RER L LTl X &R 1 X% k273, Hippo pathway (ZHERE R 2
W DL MR ORI~ DI E 2 R B2 b T,
Z @ Hippo pathway OH LR EEIR L LT, B VAL A =rF%F—¥ ThH D Lats1/2
(Large tumor suppressor1/2) MZF 5%, Lats1/2 1% C Kugflic® Y /A LA =0 FF—



Bk A A L, & 52 AW T IR F SN ICE 2 FFo28, N Kl =— 7 ZetfiE %
Fio, WALEOLGE. Mlass 2/ L TEME(L L7z Mstl/2 &7 —F i3, Lats1/2 @ C R¥fH
A& U UEelk L. &ML L7z Lats1/2 3 Yap/Taz @ Ser127/Ser89 % U LAl UK AT 2 PHLET
5, o, oV et A R THD Serd381 NV VLIS &, 2 EXT ARGFMED Z X
USTRNEL D, DFED . b 2 OOMREIC LY Yap ORBATRIIE S, WJE I LR
HMSERRE 2 <,

5. FWORME - BBIZIIT 5 Lats1/2 D#&E

Hippo pathway OFERER 2T ORI TH D 7 R b — 3 AX° contact inhibition 75 M
HGREZDOWT H T 5 2 L3 kD72, Lats1/2 13EMHERE & L THREEETH S,
FEEE, Latsl/2 / v 7 7 7 ML, FOAROBRIGERSCRRR T | RS Ml R
P XD 2 AMIAO B 722 & 2380 B CTBIR SN 2 YRR L EME DR ZFRBD 2,
St.John G Latsl / v 7 77 M~ D ATHIFEREEILELZ /R L, BOEA TRV OO, ALK
PIIE (soft tissue sarcoma) CHNELESE 2R 2 &L & L7z 19, £ MW RFRINIFEE TH 5
Yabuta 5% Lats2 / v 7 7 U b~ U A THLHFRICI T DM Mid 0D 2380, BEEHTH
o722 &6, Lats2 BIRFAMUICHARBIL T Th 5 L#iE LTS 19,

—75C. Hippo pathway % /I & 72\ Lats ¥ —E @& &5 STV 5, Oren HITHEHD
& s p53 OHIEHIZEI L T Lats2 24T L7ZMEHF = v 7 RA o b &+ % Lats2-
Mdm2-p53 #%i#% & Late2-ASPP1-p53 #% % %7~ L 7=, Lats2-Mdm2-p53 251X M #] 2 kL & &
2L U CHIIaE I 25 1k S 10 Lats2-ASPP1-p53 fB&ITEL A b L A S L TR D 7 R
b= RAEFHET 5 19, £72, Yabuta &3 DNAHEEHREIC Lats2 23+ 5 & v 5 Chkl-
Lats2-14-3-3 #&#<°, Aurora-A-Lats2 #%#7% Aurora-B Oilfl %/ L CIEME7R Yok /B & #l
OB EITH) LWV V7T ARKICE L CHLHE L TWb, ©% v, Latsl/2 I Hippo
pathway 720 T/ <\ a7 7 B G UIBBICRER L T D Z LI LN TH D,

Lats1/2 (2 &V U V{2520 28k % 72855 K175, Hippo pathway (Z231F % Yap/Taz LS+
WCHFET D Z EPEFER LN/ > TETW5DH, Zhang i Lats2 1% Snail 2V V(LT 5
Z & TEMT Z2dEd 5 &) #iE LT\ % 1973 Hippo pathway & EMT 3 XU MET & @
B DWW TR TERRII A EE A TR,



6. ABIFEOBR

EMT & MET (2B U CIZBUMEM A HED B TE TV DB CIIH 203, LLais bR 5%
Waim LD LI SN TE 219, ARl in vitrolZC EMT %2#% T MET % 5] & = L7 fkurk

(SAS-8) A HINLLZDERDSFHEWFHIE A KRET 5 Z & T, EMT & MET O Alfif:izo
WTCHRBE{T>72, 3% & contact inhibition ~?[E3#(ZBI4" % Hippo pathway OFEEIZK &
REAREA T D Z ENH LN 2257272, Hippo pathway & EMT 3 LU MET & o RH#IC
DWCHE L7z, 72, EMT 8 X0 MET ORI H1 2 Hirz e ilat BB L <. #ie
AT = AN UTIB LT,

%72, Hippo pathway O H L7 X F—EBThH 2D LATS1/2 12 K> TV Vb a5 1) 5 alpett
W% SLUG (2B L THiGEE L, LATS1/2 12X - T SLUG 23V Vb5 % 2 L 2 50
L7ce 20U URBEELIZT T 2 HURZ AR LERIRICH ~OFTREME 25 L7z,



MR F7 ik
1. AORORR &
FBRZIE, b MR LR NSRS SN CMIARR TdH D SAS B ANA F Y Y =2 F —

MHBEAN LM L7, SAS IZ 10%FBS (fetal bovine serum) (Hyclone) % &% DMEM

(Dulbecco’s modified Eagle’s medium) (Sigma-Aldrich) (ZHiE#'E Penicillin-streptomycin
mixed solution(Stabilized) (Nakarai tesque) % 1% LEG#E 21T > 7=, W OfMint 37°C.

5%CO2 TF/E FIZBWTH#E L, 0.02% EDTA Solution (Nakarai tesque). 0.25%-Trypsin
Solution (Nakarai tesque) TRLEEL . kX L7z,

2. EBRAEKLHUE
2ng Recombinant TGF-81,Human (% PEPROTECH X Y B A LA L7z, TGF-81 i
10ng/ml OPPETHHUCEIM LT, FEH Lchikia®R E ek s,

3. ME~DOELETFOEA

URTZ 27y a ARCKVBEFEZEALL, XN 70272729 7 5Tl
DS TO%REEEZ 722 K 9128 60 mDT 4 » ¥ =2 (ICHTHICHEREL . 1B # 41T o7, 2pg O
plasmid DNA, 250ug Opti-MEMI (Gibco). 8ul PLUS Reagent (Invitrogen) %ZE&L. =
IR C 15 /pfMigE Lz, & D, 12png Lipofectoamine Reagent (Invitrogen) . 250ug Opti-MEMI

ZIRAEL, 2O 20%BML, &5I2 15 0 M=RIETEHE L=, X PBSOIZ THF4. Opti-
MEMI (2 THEH, 2.5ml @ Opti-MEMI # 1%, =® ETREWKEZMAT-, 3 FEfEEHE%,

2.5ml O 2 {5 % FBS # & el iz Nz, 21 B L7z, VAR T =7 v a 1% 24 Rk
12, 10%FBS Z & Tl lc A L, & 5T 24 RIS T 21T o 7=,

4. MROBKBEEFDO/ v I FTY

ML T 27 =7 a3 DR THIIAY B0%RREEIZ/R 2 K DI 60 mDT o v =

CHIEICHRME L, 1BiEs#% 217> 72, 10ul Lipofectoamine 2000 (Invitrogen). 500pg Opti-
MEMI ZiE& L, =R T 5~30 /rfffE L7z, DM, 2pM siRNA, 500pg Opti-MEMI % {5
AL, 20 2 DFEML, SHIT 20 4= CfE L, Miflaix PBSOIZ THEE%. Opti-
MEMI (2 THE#. 3ml @ Opti-MEMI Z/z., Z® ETERAWKRZINA T2, 6 FFHRFR#ETHIZ
BEITO, SHIC 18K E L, VR T =7 v a 14 24 BERTIRGEHEIC, 10%FBS % & ek
2 A HE U 24 BREREIES R L CHRIT 24T 5 72  siRNA ORI T = 2% T a v T 0 7 &7,



Ny ROBRIZTHRBERL Z 7o 72,

5. MMZARIBEOMHEY = AZ Ty MENT

MR 2 D ThEEE L, PBSOIZ TR, PBS () 1ml {RIO ETAZ L—s3—% ]
WTEILL, 4°C, 8000rpm T 2 7yl Lo/yBfE L7-#%, PBSC) & fRE L, fMila~L v b & /El
L7z, &bzl v k% Lysis buffer : TNE250 (10mM Tris(pH8.0), 1mM EDTA, 250mM
NaCl, 0.25%NP40, 2mM Benzamidine) (27077 —EA L b EX—B LRI+ AT 7 ¥ —
A e ¥ — (ImMDTT, 1lpg/ml Aprotinin, 1ug/ml Pepstatin A, 10pg/ml Leupeptin,
100pg/ml PMSF, 1mM Na3VO4, 1mM NaF, 10mM B-glycerophosphate, 100nM Okadaic
acid) Z A TS TIRfiF S E, 4°CT 30 sy MIRIERLFE L7 %%, 4°C,15000rpm (27T 30 J7ix
DBEL. BEZEIR LT, BEHERD 20%12725 L5917 Vsn— L LiRfIL, U 4CT
30 rfEERFEFE U, Mtk & Lz, # > /"7 IR Bradford VEIC KV EREZITVVRE L
7= o H0 K Hh H W 13 4xDB(denaturation buffer;0.2M Tris-HCl(pH6.8) . 8 % SDS .
0.2%Bromophenol blue, 20%Glycerol, 10%2-mercaptoethanol) Z Il z. 7 Zyi& i L7,

Eieo7e ha—LTlRbonieY TV E 8% ~15% DT 7 VVT I RTMVIT 7T 4 L,
40mA T 100 pHESKKENZIT >0, £ D%, SBEL7- % "2 % PVDF A7 L
Immobilon-P (Millipore) It RZ7A X7 1 w7 ¢ 7 3iE%EZ AT 1.56mA/em? T 95 45fH]
G L7z, Z0%., TBS-T (20mM Tris-HCl pH7.5, 150mM NaCl, 0.05%Tween20) Tii%&
L725%b L<IF05%AFLINZICTERT 1IRET 7y X0 7270, 1 RKHIEEZT 7y
X 7 CATIR LR T 3 KM, & 7213 4°C T over night TG S W72, HiEiX TBST %
T 75x3 T > 72, 2 PiKIZ HRP-anti-rabbit IgG %7213 HRP-anti-mouse IgG % 7 7 »
X TARL, EIRT 90 MG S 7o, FEMHIZIT Western Lightning Plus ECL

(PerkinElmer) &\ X #7 1 /L 22 TR A2 17 - 72, Cleaved Caspase-3 HLIARfH OERIL,

5%BSA(Bovine Serum Albumin) (MILLIPORE) (ZTC7 v v %> 78 X OFUARIRZIT\ ), %
TR 121 Western Lightning ECL Pro (PerkinElmer) % HV 7=,

6. Wound healing assay

M 2 REFEEE L, a7y MRRRECERICMEN L7z, PBSOIC TRl 2 ek, 7
=By Ny T 0SB L TEAICERE L, —EDO T &, —EDRD
wound ZERK L7z, ED%, +4012 PBSOIZ THEG L, ez ff LIICBR & Lz, Mifa
DRI LTz wound J7 [ ~HERE A3 0 E 3 2 I FR 2 (AR 22 BAMER CTRIRFIIICBIZE L. wound DIl



(X9 D EE R A S L TIEERZ RO T,

7. Growth curve

e 0.56x105(H 2 6well (ZFEFEL . 37°C. 5%COfF1E FITIW\THFE, 16 ki % (A
JamiEsg LizZ L 2R L, day 0 & L CHIlEZ Countess HEf L h o v & —

(Invitrogen) % fAWVT MU N7 —ERPRABRZITOEHAI L, 45 well IC/A(ET 2 Milask
ZRlek LT, T0#%, 24 R ICFRICHIaZ 7 > F L, MO 451 L7z, 3-T
ORI 3 AR RIE A2 L, TGF-81 H5HECBE L CTid, B sci & [RIRp AR 22

1To77,

8. HOLAEYLA

6well plate W TH/S\—H T 2 BICHIl0 A fEFREEZE L, #2254 2ml © PBS() CHEd L,
2ml 4%formaldehyde(FA)in PBS(-). 0.1%TritonX-100 in PBS(-). 0.05%Tween20 in PBS(-)»
IECH TRAZERT100MT >4 »Fax—F L, HRREEZIT7,

[ L 72 fik 2 PBSC) THei L=, 2ml 7 v v x> 7 (TEST+5%FBS) ICT=RIET
1HERE A ¥ a_— F Lo, 1IRFUKITT vy F 0 7 AR L, IR T 3 RIS Sz, U
#rx TEST % T 5 43ffixd [T - 72, 2 IREUAIE Alexa Fluord88 @ anti-rabbit IgG %
W, EIRT 2 R S, 20tk TBST 2T 5 43fElx1 [AI%E L7-1%. Hoechst /&% 5

SSRGS T2, Ml B OBE21%, TRITC-Phalloidin (Sigma-Aldrich) # V>, 2 WHLA
E RIS S 7, TBST I THE 5 47 fHix3 [FIFE# L, 10pl @ Slow Fade A IZTE A LT,
BRI E SV — PSS AV

Flo, MRIOER Y ZEtd 2720, MBS L —F—BAMEE COBILERIZ Z AR, —ED
[FIRRIC TR 21T o 72, 3 IRTEE A AT > 721212, 2 Rotfb L. Hoechst33258 |2 TYfa S 7z
B COWR % imaged 12 CHUE L L7z,

9. Invasion assay ¥ X O\ migration assay

Invasion assay (%, 2 @& D transwell chamber (Corning BioCoat ~ kU 7 /LA L _X—
a v F v 3—) (Corning) Mz, ~ NV &2 — L7 8um OD/NMLEHTHA LT L
URELNT BET ¥ NI iiE & E E e DMEM IZ G A s S EHEfE L, TEF v
N—{Z21% 10%FBS &4 DMEM %/ 7=, #Hfai% 5.0x10%E/ml & L. 2ml F>#FE L. assay
B4t 5 72 K] 87°C. 5%COFIE FICB W THRE, FET v o =128 F L TV Hiflilaz



MitE CERIZERE L72%, Diff-Quik ICCTHEE - ez To7c, TDH%R, AT LU EHL TR
T4 RHZALTHEHAL, M (Leica) FIZTAVT LU i@l Loz BlE Lz, 2 v
7Ly EORMIE 10 Sk U, [F—#PHEE N TR - deEilakioe v o b Lz,
Migration assay (%, 2 EH#i&® transwell chamber (Corning ¥/ H /L F ¥ —A ¥ — K&
Wiz, L& 1X Invasion asaay & [FRIEEOSM: « LT assay #17-72, A7 L v EOMMEILE
EA7e b MaRiE L, R—®iFARE N TORE - EEle v o s L,

10. Contact inhibition D EZEDHER
SAS 5 J TN SAS-6 & 2.0x10%AT>£% 60mm > ¥ — LIZHEFE L. 37°C. 5%CO FETITH
WCHE#E AT 72, % H%Z2 day 0 & L., day 2,4,6,8 [ZfifluzmlL Ly 7t L,

11. Sphere formation assay

M > 3 IRTTEHE D 7230 ARFEAE K H N L S 7z 96 /X7 L— F(EZ-BindShut I Cell Culture
Products,Low-adhesion Surface) (IWAKI) #f#fl L7, Sphere formation Medium & L T,
DMEM i X' Ham's F-12(Kaighn’s)Medium (Sigma-Aldrich) % 1:1 TEA& L7=ZH DI,
1%Penicillin-streptomycin mixed solution (Stabilized), 2%B27(x50) Supplement (Gibco) .
0.002%Epidermal Growth Factoe human, recombinant expressed in E.coli (fx #& & &
20ng/ml) ( Sigma-Aldrich) . 0.08%Fibroblast Growth Factor-Basic human,recombinant
expressed in £ coli (&2 20ng/ml) (Sigma-Aldrich) Z ¥l LA L7z, SAS 5 L OF SAS-
& % Countess HEhE/L > ¥ — (Invitrogen) Z MW CTEHIIL, £ well (& 10 {E/200uL (2
725 XML LTz, 37C, 5%COFE FICHBWTHEFE LT, BHA well I INT-2
WAz B b L assay B E L. 4 B, 7 B#I(Z Sphere R A2 MER L2, 4 BTN
%710 LI LT Sphere &EF. 7 HRIFHEOMIIZ & L, SHIZESREIRRIZ/ZR 0 Mg
< bV w7 RZBDILTWD D% Sphere & EF L7z,

12. ¥-ray treatment assay 33 X ' Drug treatment assay

y-ray treatment assay |FHHIEIC ¥ #% 10 Gy B L, £ D% 12 R s L O 24 IEfEEIC
96 P[] £ TR D%, Mldz B Ly 7 e Lz,

Drug treatment assay IZfif2iZ CDDP 5pM. 5FU 0.5ul/mL (2725 X 9 # R LG 0%,
24 W IR Z B LY 7L e Lz, Medium OZZH#IE 48 WEfHIFIZITVY, 2 DFEHEHI&
5HHEIT -7,



13. ~ U AFHBEETVOER L EFER, FEEM, REREDOIER

SAS, SAS-§ i 2.0x108 fil &, ZiZ4 50pl © DMEM (Serum free) (ZA7fR L. 5 ilfin
BALB/c-nu/nulfi~ 7 2 (X— R~ R) (AARZ AL —FASHE) OLMER LY 26G &
EHWCTENICBIE L, FEEEZER Lz, BEBAEH % day0 & L. L FOBIREATT o7,
AFERIZE LT, & 8ILEHWTHRELIT o7, o8] 11 FRCAREZHE L, KEOE(L
HRFHE U7z, FWERIARIZBI U Cid, day8 (C RS A ML N X TUIBR Lz, & 7[RRI
U U RE B YR LT, BRI 10% T EEE AL~ U Uik (RGBSR T3 12C 1 HBIEER.
— R ETE N BRI IR e s~ U, BIRPERCA(RIE L7z, #8013 3pm T1T > 72,

14. HE %2

~ 7 ARIRIT R EE N AR RS ISRV, BB BT v a— T v s -
TIRX= (BT 7740 T v 7 Vv A&t MW THE et 21T o7, AT
TLv (FOEHES | WEH T v a— L (R LT L) ~~ bV (M7 I 77 A0 Ty
7Py NUBRASEH), =AY Y (WALDECK GmbH and Co. KG) % iz, ~~< k¥
U BROT AV UNTENEN 5 FRE LR EETTo T,

15. GST @& & v /37 DEHR

GST-Slug WT, GST-Slug all-A, GST-Slug T183A. GST-Slug T209A % Z i€ KIGEHE
BL21RIL #RICIP B S W7, AifisE L LT, 7o ey Y v (BfRE 50pg/mL) % & ie LB
AR HICHER L, 3TC TR E SR AT o7, BAARKERLLT, 7rev ) raat
LB ik {&E5 1 200mL (ZHEE L, 37°CT OD {78 0.5~0.8 (272 2 £ TR L 5 Fi& 217 -7=, OD
flE23 0.5~0.8 DHFPANIZ /2 o7z L Z AT, IPTG (R 0.1mM) %%, 200CT—BR L 5
A 21TV, GST @ # o7 ORBEFEZ{T -7, B A, B L2 KBEIL PBSOIC 1mM
NaF., 1mM Na3VOs, 1mM Benzamidine, 100pg/mlL PMSF. 1pg/mL Aprotinin, 1pg/mL
Leupeptin, 1pg/mL PepstatinA, 1%TritonX-100 Z 01z 7= 6O TR L, BERAEIZ LY
KA S e, WOk BIEIC50% 7 V2 FA o7 7rm—2% Mz, 4 CT—Hn—7— =
YEATol, B 7y u—A&EE, BIL/NVE FA LT GST @G & o B R S,
Ha T, WICINODWIH LT GSTRE X R EIZ 7 Y Eu—b (BAIRE 50%) %N
Z.. 4xsample buffer Z /M x. 7 MR A NV LY TR Lz, EXIkE%, 7 /v% CBBIZ
=% S 16 g0, Bk E 7T 6 iR E S B A ZITV, GST @a 2 v /7 B3
FRTE TV D0 ERE LTz,

10



16. invitroxF+—E7 vt&A

GST FtA MmSlug WT. MmSlug all-A, MmSlug T183A. MmSlug T209A =& & LT,
GST @5 Lats1/2 ¥ 7 —E L LT T D X 9 10 %41T - 72, Kinase buffer(10mM HEPES
pH7.5, 50mM NaCl, 10mM MgCl:, 5mM MnCl:, 1mM DTT., 5mM NaF, 50mM B-
glycerophosphate)(Z 5pM ATP & 10pCi(Y32P)ATP (PerkinElmer,NEG502A) %z, ¥ —
YL EE A 30°C T 30 NG &z, D%, 4xsample buffer Z Nz, 740BARA NV EITo
72 o0V 7t PAGmini 7T Y MV (b)) AW TESKIKEIL .
Simply Blue™Safe Stain (Invitrogen) T 30 7yfH¥stath, MK TRl L7, BWVIAENT 2P
DORHIE Bass Mac BEX O X7 4 v A HWTITo 72,

17. SLUG pT208 HifkDIER

PURDIERLE GenSeript ~MERUKIH L TITo72, 2 PO U HFIC 3 [mlfuE L ORI L 7-Hik
%, AEEGTRD ELISA J1fi>1:64,000 35 X OFE Y U ERLHUA & DAZERIED 10% L FTHDH =
L RO b Rt AT T,

18. SLUG pT208 HifkD 7 AV T 4 —F = v 7

SLUG @ 208 # H ® Thr(SLUG T208)IZ%4 5 H1 U PUARQET208 HLiR)D 7 A4V 7 1 —I,
Ry h7ay hESXTF REAICTHER LT,

Ry b7 way M, PBSC)THfiE L7z SLUG T208 DIV V{7 F K& SLUG T208 ®
U b7 F K& Z 1 F 4 10ng, 100ng, 500ng f124 % Immobilion membrane (Millopore)
FIZAKR Y b L, Westernblotting D7 1 v % 7LD 7 1 b a—)L LERRIC, —RBXO
WHRRIG 21TV, 27 PO ETT > 72,

~RTF REEAIEL SLUG T208 DIV VEE{b~<7F K&, SLUG T208 ® U V(b7 F K%
PBSC) CYAfig L, —&kBLATH 5 pT208 Hifk 1.0ng (2% LT 5 FEDOTF K& ZnEhbik
W2 RIR T 1 BRI AOGR S/ 72, pT208 Hiik+SLUG T208 V »fig{b~_7"F K, pT208 Hifk+
SLUG T208 #E U g {t~7F K, pT208 HiA DA D 3FIHA N T, V= AKX TayT 4
THRATO, 3B TOY T FNIREZ g LT,

19. MRROESY
[FIY L 7= #fd % Schreiber’s buffer A(10mM HEPES pH7.9, 10mM KCl, 0.1mM EDTA,

0.1mM EGTA)+inhibitors(ImM NaF, 1mM NasVOs, 1% protease inhibitor cooktail (Sigma-
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Aldrich), 10mM B-glycerophosphate, ImM DTT) TH&#& L, Kk LT 15 53 [#E% . 10%NP-
40 2Nz, mOZE L TCREEZBEIRLEZ, S5, EEx2b ) —EEbL, o gz
BHErE L, REREDN 20%I1270 5 X527 Ve —naNxle, —FH T, FESITELEIC
H o7z~ v k% Schreiber’s buffer C(20mM HEPES pH7.9, 0.4M NaCl, 1mM EDTA,
1mM EGTA)+inhibitors(ImM NaF. 1mM NasVOa, 1% protease inhibitor cooktail (Sigma-
Aldrich), 10mM B-glycerophosphate, ImM DTT) Z%&&# L7-b O &My E LT, RKREE
D20%I272 5 KOV km— L2 NA Tz,

20. Z U EOZEMFE (7 n~Tv I FLHE)

UARY—LbHTa=y h® 60S IZIEALTXTF MEMEZAET L LT, ¥ 37HD
HRROBRAHEST 27 o~k o I FICHX) &2 AW o, BA&IRED 50pg/mL (272 5 K 5 1274
Lizy 7 a~Fy I REINE a2 flnicinz, BEotk, 04, 1 FRE, 2 B, 4 FeR% I
JaEEN LYy T e Lz,

21. b MERBREORH
KRBTt Bl DR 1 GRIER) (S CREISEBMEES & 020 T, GIkn
P T e RIRIC O W THRE 21T o 72, BIRZFIAT 2125720 | 4 BF IR L TR — A
— Y LICTERIIC Al U, FE A7z, iz, RO MR Rb L B S 0KGEE 5
oo RIKEHHNCRE L Cid, JHE - IRIE - THRBTRTHLT LTHR TE Db DL L,
ETAWIFEC THEM LIZRIKIE, stage 03, SWERIREZWTRE R ZBE S XA TO/V—T 00 L,
AR 2 T U7,

22. SRR LA

/7 7 4 8 LOBUKICAL B 24T - T2 U1 i & St ik b P g Al v 72, 10pm pH6.0 27 =
VERIZAT A R&EIRAKL, E1#i (Pascal, Dako) | CHURMIRIEH 21T -7, Dako REAL
Peroxidase-Blocking Solution (Dako) %7 I L. =il T 5 RIS &8, WERM~ LA F 4
—ViEMABR®E L7-, Dako REAL Antibody Diluent (Dako) (ZCHIAZAIR L., 4°C T over
night SO & E 72, TBST T 3 B2, —kHifk&L LT Dako REAL EnVision # » /HRP
RABBIT/MOUSE (Dako) %ii F L. Zifi T 30 /MG S #7z, TBST T 3 [k, DAB
Subrtarate kit (Dako) (2T 7 FADkH, ~~ hF L Tk 2R AT T,
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23. eSAS DL

HER S L BOm ik SAS A L7z, K5 7' L — NI 100mm OEHEE T L — N (EZ-
BindShutII Cell Culture Products,Low-adhesion Surface) (IWAKI) % f{#fH L7=, Sphere
formation Medium & L C, DMEM ¥ X U Ham's F-12(Kaighn’s)Medium (Sigma-Aldrich)
11 TRALEDH DT, 1%Penicillin-streptomycin mixed solution (Stabilized) .
2%B27(x50) Supplement (Gibco). 0.002%Epidermal Growth Factoe human, recombinant
expressed in E.coli (H&HEE 20ng/ml) (Sigma-Aldrich) . 0.08%Fibroblast Growth Factor-
Basic human,recombinant expressed in Z. coli Gf&JRE 20ng/ml) (Sigma-Aldrich) #¥RML
R L7z, MIRiZ A v o7 2 TERlO#, 3.1x10%cells/100mm dish Z#&## L 7=,

FEEE 7L — M T 5-10 H[E1#5# L 7= Sphere IZ. Spheroid Catch % @i ¥, 200u m @
L&V 1 K& 72 Sphere D & & ERANIZ AN L 72, F D% PBSOGIZ T AAREE % (accumax)
<{Funakoshi>{Z C Spheroid Catch 75 77 S 72 £ T, Medium (2 CHFI%., 256G DOEHE#HIC
TEXy7 127 L, Sphere & v Z VM~ LTz, £ D%, RERDOT vt A % 5 [H#RD
R LY U 7= MRS & @R 5 2 & T eSAS & LG 1-A),

24. WREHALE

Growth curve, Invasion/Migarion assay ®7 —# (%, student’s T test fiE % H\ 7=, EfF
HMIOfEMNTIX 4Steps =7 B/UREEE (A —x= A= AR 1Z4EV, Statcel-The Useful Addin
Forms on Excel-4th ed.iZC, Kaplan-Meier i£% W CAMFHI#R Z i % . Logrank {EME 1T
72, plE0.05 KiizAE L L, *<0.05, **<0.01, ***<0.001 & £t L7=,

3 BEMLEE 21T o 7 R FEBRIZBI U CiE. Turkey-Tramer % AV 2, pfE 0.05 RiEz2HE
&L, *<0.05, **<0.01 &FEKiL L7z,

13



FE R

1. invitro T® EMT 3 X U'MET %/~ MM, SAS-6 DOz
1-1. SAS-6 DR F Ik

bt b ERE R A SREE M T D SAS & TGF-B81 10ng/ml #IN O E;H1Z THE 100 nmD T
4 YT alZTHFE L, a7y MRS/ S TRE AT, AME 10mm 2% LA 7 L—s3—
THEOMIEZFRE L, PBS O CRlEMIR2 72 < 725 F TRIRMICHRF Z(T o T2, £ D,
TGF-B1 10ng/ml VRO ST CTHEEE 2 Mk L, PRNCIEE LC & 7ol 2 il L, e
BB 2 RO T- B S OB DM & 2 7 L —R—TE L, PBSOIC TR 22 < 72 5 £ T
Pei Uiz, PEROFEMNLIC 0.02%-EDTA Solution, 0.25%-Trypsin Solution THLH L, #kft
4% Z & T, Alpha-SAS # #f37. L 7=, Alpha-SAS # 37 & [FIEED TFE % 4 [A]F TRV 3K L, Beta-,
Gamma-72 5 ONZ Delta-SAS OMINISEM Z B2 L7z, Z D%, TGF-81 Bz {1h Ikt % 2
[TV, SAS-§ & L7=( 1),

1-2. SAS-6 IZBWVT ETM ~—» — I3 AI#M 2B Lz /5

Wound healing assay Ti% SAS & Delta-SAS TiXiA & 2 7ailE kD JLik 2 588 72 (p<0.01),
Gamma-SAS, Delta-SAS (3 1 R DR LTI T & W ARIEEMEDTTHE A TR | 6 e Tl
PO EMENTUE L7 (K 2-A,B)

Western Blotting CTix Gamma-SAS. Delta-SAS (2B W T LR~ —H—TH 5 Occludin 7
oW, 88X OMBER~— 7 —"Th 2 N-cadherin, Vimentin ORI FH %5850 < EMT 23
ACT-HIRERTH S Z L 2l Lz, £72. D% MET %4 U7z SAS-§ Tl Occludin O
813 L O N-cadherin 3 X " Vimentin DIEFHL 278D, EMT & LU MET Z#i0iEfE Iz 5
WT, EMT ~— 7 — 3 ThH 5 Z L A b L e o7z (% 2-C),

SAS-§ (28T il # R8T 5728, Wound healing assay #17 -7z, SAS, SAS-§ /% 12
R DORER T S 222 2R3, EERRICEA L CH M Th o7, 7=, TGF-B1 £ HHEIC
BWTHEHLNREZHOT, TGF-BLICEICEA L TH AR TH -7z, LorL. Delta-SAS 2
B L i, MRl &« OlEEAS B S D | 6 RFIH] D i ClE & S At R BIEIC 72 > T 72(X 2-D,E),

1-3. SAS-6 I parental SAS & il LT, KV iEEER - BEREZE TS

Migration assay (corning) Z W TLEIL7=& Z A, SAS LV % SAS-6 1387 & miiliEEN:
METLTHY, Zhid TGF-B1 H5: FIZB W T b RBRORME RE 72 (p<0.01), T Z THUEHE
W BT, SAS T 48 ] TGF-B1 ANz =454 & . Delta-SAS 7% Migration 35 X U Invasion
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assay [IZBWTH B RilEERE, IRIFRED 2RO 57, Western blotting TOH 57372 & >
X7 BEOEAL LB AN Z AR S 72 (K 3-A,B,C), 7= Invasion assay (235 H LT
g5 & SAS 3 LTV SAS-8 1B L T, 48 FEfH O CITIRIERRICH 72 221358 D b i
7o tz, TGF-B1 #GHAZH WV TIE, Delta-SAS 1358 < EMT 24 U CTW A Mk Th 5 &
W) ZERHBINE IR o723, SAS  TGF-B1 #2257 & Lt L T & e AT o T,
F 72 SAS-6 1T TGF-B1 5 21T->Th. SAS - TGF-B81 H 57 & REREEDORMELIE L
THE LT, TGF-B1 JHEMEDZHEEOEICE L Tk, Al TH S & 5725 72( 3-C),
SAS & SAS-8 IZB W TIRIMRR O 2R Z Gl 5728, T2 FF#IZ T assay Z#1T7->72 & Z A, SAS-
§ 1% SAS &Ll LTI B 7RI iiee, BEERRDOIK F AR o7z (X 3-D,EF),

2. SAS-§ DRFHA
2-1. SAS-8 ITEm VW HIRETRRE R T 5

SAS-8 ICBWTHE Th o700 MDD ZETH o7z, ZREFOLNITT D720
Growth curve # 1Ek L7z, day 5 DRFR T SAS-6 LAMTIFIE 2> 7L v heiRiEL 72 D SAS-
& IHEARMIIL 3 H2E L TR WEIR H DI H B0 & Hlfd HICFHE L THEIEL T &V )k
PEZFRDT- (X 4-A),

HAC AR Z B L CHie g2 & SAS-6 [FHIFHRE D K 4580 72(M 4-B) (p<0.01), F7=,
Delta-SAS (2B W\ TIE T TIZ SAS £V b HIABESE S I L TH Y (K 4-B) (p<0.01),
TGF-B1 54kt N, > F VD EMT Ofe TH7- R EE A2 5 L CTW A RIS "B S e, £
722 OMEIL SAS-8 1B W THHEE L TH Y. ZOMEBRIIR W RZ(TH D Z LD
Bz, 2O &b SAS-S (LM AL & [E5EE ATREZRMEE 2 1% L T D LRI S T,

2-2. SAS-8 IIm W EERE L B L FiH 2 MRER TH 5

SAS-5 123\ THIN - ~DHFE AT T 2 ¥k 2 AL % 72, Growth curve ? day 13
L FERDIRREZAERL L, R L —V —BMEE CIAH#IA 4 3 ot L7eb D% 2 kotfk L,
ZhzrERGbE, Mlaks Ky e L TaRFADOELSME L L, 3 ot 7l i 2 ik L
72(X 5-A,B), Average of intensity (& T2 DD EFEA SAS-6 MEMLIZE < (X
5-C). Integrated intensity |Z C—fEFNOMIEEIZ SAS-§ BEALIZZ V(K 5-D) & w1 5
ZLNAREE A oTm, DFE VY, SAS-6 13 SAS & bl U IR —#IPHNIC S < M ASEE L, &R
LTI AEZR D & O IHECHEEIIE (SA VT v ) LTWDHZERHLENERD
SAS-6 |35V R GIFKAF R R BTHRE 2 A7 L 7o SE TH 5 Z LR STz,
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Ha A BE AV REECIE, SAS-6 ICRB W CHIIE #4 T % Phalloidin, Vimentin & 124 <
FHLL TV, MO REICERN R ZRITERD e~ 7=, #% Phalloidin, Vimentin 723 /5%8
HOBAILEBREN E VAN L 257235, SAS-6 (2B L TESIREIT parental SAS & i L TR
WZEDBHALMNER-TEY, ZOEWERELZ AT 5 Z & &, Phalloidin 5 X U Vimentin @
EFEEL L OBIERF IR SN 7(X 5-E), £7-. SAS & SAS-6 O Z T 5 L, SAS-6
IR E WEA 258D 72 (K 5-E),

2-8. SAS-6 I3z IE D [EEEZBSE 3 % Hippo pathway (2 2 H % %9

AR HEAG BHAE % [0 4~ 5 M DB A B O N 2720 Mlaighi & BET 5 L SbhvTn
% Hippo pathway BH# % > /<7 (25 T Western blotting (& CHig 24T - 72, BRIEWNZ &
|2, SAS Tid LATS1 2MEAZIZ, SAS-6 Tl LATS2 BMENL N TWD Z ERH BN E o7z,
SAS TITAMILE EEAMEVVRAE TIid, LATS1VEMEAMEWZ & 2v5 YAP, TAZ @ U U FR{bERBMK
< BERATHNVE CHERasES A 7. Hippo pathway 28 OFF OIREEZ R4, L L, Ml
235 & LATS1 O3B EH. £ LT p-LATST/LATST bbb B L, LATS1 i&ME(kIC
£ % p-YAP/YAP It - p-TAZ/TAZ L3N 5 Z & T, BT LE S AU a2 #ndi S 1
%, X T Hippo pathway 2 1E L B# L TW\W5 Z LB E 72> 72(X 6-A,B,C,D),

—J7. SAS-8 IFMMAE DMV VREEIZ I T % Hippo pathway #5500 LATS2 @V »fg{b=g
<. LATS2 IZERE A LTV D AR R S iz, F£72, LATS2 iGMEo EHICK LT,
YAP, TAZ % 237 BIEFICE MR STk v | Hippo pathway O ¥ 7 F /UAREIC I E % 4=
CTWDLZENRMBMNE o7z, o, MRBEDEVIREBIZI W TS, YAP, TAZ @ U Ut
B39, LATS2 Nt~ U V{3 #E1 3 Hippo pathway (ZAkE2 3k L., flfubzE R
1% [AlBEL TV 5 et Shvve (M 6-A,B,C,E),

PLEDZ Ln5 SAS-§ 128\ T YAP, TAZ DS LATS OV U ELIE OFTEDREE S
7o

2-4. SAS-8 iX Hippo pathway (23317 % U VER{LOBITICHEEAR 2B E L TS

12 Hippo pathway (ZBI# 3273 7D 7 v X7 B2 b k. EMT & OB# % Western
blotting (2 THEFt L 72, LATS1 TiX TGF-81 # 512 X ¥ p-LATS1/LATS1 2380 L7z, £ 7=,
Delta-SAS TH @V KEEZAMERF L. SAS-6 12T TGF-81 25 L2V IKEE T 2 OME TR
L. #iZmW U U RfboBIG 2R LT,

—J5 LATS2 Tl SAS - TGF-81 ¥ 5#£12C p-LATS2/LATS2 kb3 L7z, EMT %5 < 4
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U7- Delta-SAS T% SAS &l U CU U EEENREAD L, ZD#% SAS-6 Tix TGF-81 &5
DL T, U U LRI REA HERF L7z, D F D | LATS1 1% SAS-§ l2B W\ T EMT
Z A UTREE & [AIRRIC TGF-B1 IZIGE Lm0 Y Uk 2 MeRs L7223, LATS2 IR LTIk, 1K
WU LR EHERTT D LW O R E ST,

Z 2 CHIBREWLZ LT, SASS 1IZBW T, LATS1/2 @ Efii TH % mammalian Ste20-like
protein kinase (MST) T3 EMT #3#(2 T p-MST2/MST2 FLI3HIN L TH Y . Zhix Delta-SAS,
SAS-§ THRIETH D Z Lnh, (A8 MET #ilaTH 5 SAS-§ 1%, Hippo pathway (2515
MST2-LATS2-TAZ U Vb OBATICHEEARRREL TS L) Z ERH b7 (M
7-A,B),

3. X— KR UAFBETUIEBNT, SASS IIREENICEREOR VKR TH S

AFFRIZBI L TIE, SAS L H L T SAS-S IZHERAEIT RN -oTo b DD, SAS-6 D J57H R
[ZFET T DA A 78D 7= (log-rank test p=0.30, [X] 8-A,B),

KRBT SAS-8 DRV R ZR DT, £, ERFETICCORIERER —EREML T
. TORBATLETOHMNENZ LD, KEBDOALE — RBENZ ERRBEINT
(4 8-C)s

day 8 DRI THFEFARAMRIIC TS D &, SAS ITEBMENEERBIR CTH 5 DITx L,
SAS-8 ILAMEHEN ~HER LTl v | BEFUTAIAME T, NEFHIIIEZA/ES FTONMEICRE L T
oo Flz. FHMkHEAER LT 28I IR OSSR A O A HYL D | Milu2 A3 SAS
L0 L RBO SN, FREFTENE OO TH 5 Z LR S (K 8-D),

4. SAS-§iXE\ Sphere FERRER D

SAS IZ i\ Sphere FERREZ FFOMIfE CTd 2 & WA AL TN D 2023 LR L TH SAS-6 1%
day 4 |ZT Sphere W EN @ o> 72 (K 9-A), day 7128V TH SAS-6 1LE V> Sphere JEKHE
A LT (K9-B), 2%V, SAS-§ % Sphere LD HIH B C iV A EE 2 #45 L Sphere &
FROBAIARNENTET TR, ENEMERHERT 5N 2 G L T\D Z EAVRIRS T,

5. SAS-8id v ¥ LU CDDP/5-FU £ 5% L Tt 2 A5 5
¥ MREEEE . SAS (2B T 48 FERICT R h— AD BRI E- TS 7= Caspase3
(Cleaved Caspase-3) O _EH-ZFR 7=/, SAS-§ 1T LN ERZRO -T2 (K 9-C),
CDDP # 5413 SAS Tl 48 KffElfim % ) b ke L T Cleaved Caspase-3 DFEEL L H- %70
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7273, SAS-§ TIZA S TlxZ2dr-7= (K 9-D),
F72 5-FU bIAEEIC SAS Tl 24 Fifil#% 225 Cleaved Caspase-3 DFEHL EFH 258D 7273,
SAS-8 TIXH & Tidle o7z (X 9-E),

6. SLUG pT208 #iikDIER

SAS-8 DHITZRMEE AR L COD 2 ERHBICRo2 2 0D, BEARISHIZIIT T SAS-6
D X512 EMT 3 L OMET % #7-fllid 2 38k C & 2HURDER & 5t L7z, £ DFE. SAS-6 3
LATS2-YAP/TAZ O 7 FREICRE 2 AT TN Z ERH LMY | Filole ) ekt
BOFENRESNE (K6-E) ZE0b, 20U g 215 Lz, LATS1/2 (3% —+
TH Y. YAP, TAZ O#H725F SNAIL & U »lefb L EMT 23845 &0 9 #HiE 10, L0
SAS-6 78 TGF-B1 # 512 £ 5 EMT 4 L OB 512 X 5 MET #3812 Tl Lizfilacd b = &
ZzlF, LATS1/2 OV VR UEER & 70 2B & LT EMT ¥ K- Th v . SNAIL & H[REMH:D
W SLUG (2B LTt 217> 72 (K 10-A),

W ) o % VT2 dn vitro ) —8 7 v A 12T LATS1/2 3£ Slug D U L &80 72,
£/, 209 FRH T T =V ERIKTY U kA2 T2 Slug 8 L2 &b, 209 /BHE DA L
A= CERAERINZ 72 B LR S 72 (K 10-B), KIZ, 209 & B & R BRI T Dbk %
GeneScript fLIZ TIER L. ZOHKEZHWTCREED in vitro T —¥7 vt A %179 &
LATS1/2 3£I27 7 =12 TY b RS L, in vitro T 209 FEHOA LA =070
LATS1/2 125> TV VBt S d 2 BB M7z 272( 10-C),

cell culture T CTHIRBROFERIMGFHN L0 HERT D2, SAS ICTHUAD Ky 7=y b
(X1 10-D). Phosphatase assay (X 10-E)3 X 0% Peptide competition (X 10-F) 217\, Hifkod
o' 2 RS L7z,

7. EMTIZfEWSLUG & VX7 BBE -V VEMEE L HITHEML, MET#b®EW Y VERML
EHERET D

EMT O£ SLUG 36 X O SNAIL # > /87 (338 B4 LR &8, MET %/E U7 SAS-
§ 127D LT Lz, Lo L SLUG 3 L UV SNAIL 1 SAS - TGF-81 # 58 L 0 & &\ B
LoV MERE LTz, BRI Z LIS TGF-B1 &85 L7z SAS-§ BHcRWTIX, 97 <&F
SLUG # X 0" SNAIL D% Hi &l Beta-SAS FEEIC £ T L& L, TGF-B1 ISt L TAz N
&< 72 o T D AR R S 7= (X 11-A,B,0),

LATS1/2 #%3%® SLUG U > #{b3 L OV SNAIL @ U UELICEE L Cid, WiE e < B bk
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BN E SN, SLUG pT208 1+ SAS-§ 123\ T Delta-SAS & [RIFRE O FE A RO T3, D%
D TGF-81 IANCE L Tk SLUG # > "7 &ML TWAICHBE0 6T, U Ui b&ElT
SAS-6 L0 b Lz, ©DF V., SAS OFf> TGF-B1 I&EMED Y AL EUG & &< e D5 R
BF BTz, —J5 SNAIL pT203 1% SAS-§ 128\ T SAS & FIREED VU Vb iic £ TR L,
TGF-81 IRMNICIBNTHERED Z 37 8E28 0, SAS D 6> TGF-B1 JSEMED Y b
Jis & FRRDRE RGBT,

SLUG B L OSNAIL O % /37 F k| LATS1/2128 > TV UMb a2 T =% 37 B
WZIE, SAS IZEBW TN H 5725, MET 242 U7z SAS-6 ITR W CIEHHBEAMED 2 s &
WO ZEBHLMNERoT,

F7-. LATS2 / v 7 ¥ 0 SLUG O F o =7 22 tEIc B LTl MBSy, sy &
Bz IE 72 <, SLUG # > /37 O EMIE LATS2 KIFE T e VW2 E L E 2Tz, o
F£ V. LATS2 12 LY SLUG T208 28V v gfb i, ZElkd 2 2 Laodmmesiiz (KM 11-D),

8. Slug i Invasion Z il L7z

EMT O#5%5[K - & L T E-cadherin ® 7' 1 &— & —fEIkIZ 557 5 SNAIL 3 L O'SLUG i3,
FEWIHFED R WEFTh Y . SNAIL 23 EMT £3589 2 LW 522 S Th S SLUG (2B
LCHRBEDFERPGEOND EEZ BILTWZ, LaL, i SNAIL & SLUG 88725 % —
Ty MBIEFORBLHEL TVDL I ERME SN TERY 20, AIFEIZBWTH, SAS-8 (28
WTCTIERI L8 2 RS- 2 &b, EMT B XU MET @i T SNAIL 3 L O SLUG 73
BB E % LT DA REMEE ST 2729, Invasion / Migration assay 17277,

Migration (2B L Ti& control & [RIFEEE D Migration % /< L7= (X 12-A,B) 23, Invasion (Z
BALCiE, SLUG @/ v 7 &# 7 ZT Invasion 2ME#E L7 (X 12-C,D), =it EMT 5L
MET #:#a 2 #% 72 SAS-§ IZB W TEH ThH o7z, b DORERN D, Index ofinvasion (%i=iH
siRNA flifa / %iZM= > b e —/Lflifa) 2R D &, SAS-§IZHBWTH 602 SLUG %/ v 7
For3ne ERLTEY (K 12-E), EMT 3550 MET O o CHilfas LR OB
HEFFT 2012 SLUG MRELSEELTWD I ENRBR I NIz, F£7= Western blotting (2T
SLUG 28/ v/ B0 v ST d L &R L7 (X 12-F),

9. SLUG pT208 HifE COGEMBL FRANTETH D
SLUG pT208 Hifkiz Tk S5 T208 23V gk 7= SLUG I X EM ARG L T H BN

BEOLR &Y —FBIEE U725 TR0 by, FRKZEICBI L Tid, IEW M Th Yt ziloiz,
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MRS C YLD TRVVERAZIZ B L TR D 272 b TR E IS b HURGUASUS 25807 (K 13),

10. SAS-8 DFHT 5E > Sphere FEREEIL. FESHINTICESE 5 Hedgehog R & 13 R 2 4%
BOBRBIC LV ERFTELR->TVDS

EMT & Sphere JEARREDERHICEI L T, ZOMNEIZOWTHRFTZINx 7z, ZORFHIE
W, SAS-6 (3 EMT #5352 T Sphere JERREZ G L TV OAMIMLR TH D & L, KK
AR ZE TR B Z 35U T, Sphere TEALAE O OB 22 38R A I B L THISZ L 72 eSAS
(R 1-A) & bl L7,

Sphere JERAER FLilid % &, SAS-§ . eSAS. SAS DJIEIZ Sphere JHRKAEN E\ 2 & A3 5
& 7o 7-(fe X 1-B,C,D,F),

Growth curve DFER, eSAS (FMHE & Lk U CRFaHEFA RIS (2K 2-A) . @HE o8
B L— b ETOHIEIZIBWNT, SAS-6 DX D RS ANT v 745 K9 I BFIEEIIER O e h
S>T-(HRX 2-B), ©F V&V Sphere JWkEEZH T 52 & & SAS-6 OFF /XA LT v 7T

DRMEEAT D 2 LT, BRI RN E R E T,

Wound healing assay (& & 2 M7 2E 1 D FLIZ DU T 3 Mfa k] TR & 272 B0 22 4 38
7o 7oK 2-CD)AY, SAS- § 1 eSAS L [AFREEIZ SAS L0 H{RWZ BB LML 2o T
(/e 2-E,F), L72>L. Invasion assay ({23 ClE, SAS-§ 13 eSAS & bl L CTHEALICIEH
AE23 @ <. Sphere ZARE(f 2 X 1-C,E) & 2 RE DO BHE I DU CTIIAHBIBIMRN 2 2 L 23R
Shi-(fi2X 2-E,G).

F72. invivo~ U AEEET L TIE SAS &g U TEVIECHINIERD L2 b DD,
TESHLIE SAS & FIFLE OBTRA S 278 L, HIIEEL G B 5 50 SAS- § F2E M 0 1y
ER0 22> T= (1 X 2-H, D),

ZCHRENZ 212, DNA~A 7 a7 LAIZT, eSAS OAICHEMInE Bl L T &
i STV % Hedgehog(Hh) acyltransferase(HHAT)2278%8H L CrifE 2~ LCHY .
Sphere JERLEEZ AT 5 SAS- 6 ICBWTIL SAS LRIFETH D & 9 kBN S iz (i X
3-A,B,0).
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Eg

TEMERESH 6 D IRIRIC B\ T, T4 TIRNTIARIR 7 814 T3 2 TR IR T BBt © R & 7224512
L2 %, T IRTEESRE T DHFZEA ETe T | HIHIRR D FE A7 THRIE S AL T e T E D st
HThHD EMT & WO BERASEMIEO I IV IAENERZHED TN D, EMT ARIHIER
% OIFED GRS, S Y o s X ORBIEE ~B 53 5 ATREMEAN ] 6 2N 22U,
WIENERED I 702 BT DBRDOFIBMIT L KR 5 A 52 5, EMT OWFZERED LTV H
EMT 383 2B L TEA O N> TEDDH LM, BBEETELD LEZ LT
% MET (2B L TIEA e 5032 < | Iz TREERRZ 23 ) T EMT 242 U T 2 /a2 8 &
DTRNZEDBHY, EMT X° MET (2B L TIERTZAEHADBEA TORVORBLRTH 5,

1. {RAE EMT B X U'MET #ifa T&H 5 SAS-6 13/ L= HEIZOWT

ABFFECIRN T, DR EREOMIE TH D SAS % in vitro TAAMIZ EMT & MET
Ol AT U S BAE R, B 5 20C SAS (SAS-6 Ml okk) & i 5 MEE & A4 5 Mk rk
SAS-6 I S 7z, W) TGF-81 IRINC LV EMT %7538 L TR L 7= SAS-6 1%, ETEMIC
EMT %4 U3 WHllaER TH v . TGF-B1 A 72 IREETdH - TH SAS L ki L ¢ EMT
EELRT WM TH S LG AT, LavL, TGF-B1 Il Z R 2 SAS-6 1%, BIH0IC
Migration / Invasion 7MKL, flfafEligis L OWIRIETHAY SAS & B2 EE A2 A LT\,
ZDZEND, TGF-BL AMIZ LY EMT 24 U, ZO®%ICERNMIZ/ZR 5 2 & THllass MET %
AT, FAUT EECRHAOREEZ A LN 0 G, IO NCHT-RIEE 2 8G L7 2 E AR E
7o 2%V, EMT B X OMET OAMMR 2RI A TH 5 72 5 1F, SAS-6 1L SAS L[ UHE
EETLHDEBEZLND T, T BIOEHA U TOFUEAR AT A L3565 5 S v i
LW TH D EBLETE 5720, EMT & MET 1358472 5 Al Tl eV 2 ERRB S L7,

in vitro COMMEEEEE CIE, B@EMIRIL T L — MIihEse <R L 2> 7 vy h7piRRBIST
DL EHIEA Y — RRFEDL T ENHHNTWND, £ HE b EEEEMECTH D SAS 1T Z O
HAFEFEIC RENE T TV D Z LA DT, —mICHaARERET 2 3 7o FZRREEIC
IR0 eI —FRE D 128 % &5 IS EsE A ke 5, — 7, BINZL7c SAS-8 Tik, — b=
YTV NIRIRRBIZIR D Z IR MIMANHAE R D (KNANT v ) T D X TR R
HH—EOESETHIET S L, LIS HBREBERL W angiid 7 L— F ETRT LD
IZHEF L. — AR MR S D, BRSSO T, SAS-8 ORI AL 5 222 SAS X
DH%< . OZENE TGF-B1 ORETIH/R2W & (X 4), MAHEIES Z Koo B B2 2L
TWADZERHLNTR -T2 (K5), Z OMMAaHEFEIZEI LT, contact inhibition BH# % > /37
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BOFBAFI~% L. Hippo pathway ICEHZE L TWDH Z LAVRRE 7z, £, SAS-§IC
BUWT, LATS2 & YAP, TAZ O 7 F/VZRE 238D (M 6), EMT &X' MET & Hippo
pathway & O EEMEDKEFTT, MST-LATS2 O 7 F /URRIC R 23807 (M 7) Z b,
LATS2 @ #7478 Hippo pathway AEHED —[KIZ 72 - TV B AIREMEDN RIR S iz,

in vivo X — R~ U ZAEEGET MARRIC X DM MR O E Tk, SAS-6 #EIX. mVET
g & AR AL EE D HRAVR S Tz, R AT D IR TR 2 BET 2L E R H D, T
bbb, OEARNEEIC X2 RERMN, QBFEBIC L OEHED 2 AR T b, BRHOETH
ELTO, FREAMZRFETHERKEE LTIEOTH L EEZXLINLD, I, BERNEDHK & L
TiE. OIEFHERIC L 2 APENEREOHE K, () GRS X 5E R OKT, (V) E
BRI £ D R OEE R EZ OGN D0, BHOEEENEHNZ LEBET D L. (TBLV

() DATFEVEDSRIR S5, FEEE, SAS-6 I3 in vitro TOMINIEEFEAS SAS B & Hls L Ti< |
I AR IR 20 & & AHEN ~A D AT IO ITESEA R L Tnbs 2 e e b —HT 5, £/, HE
e DFERD G SAS-8 1TIREMEDERTPIR N EOA B D, MIFEAA SAS K0 2
EBMH BN E 0Tz, DED ., SAS-61E SAS & bk U T\ L 215 LTV A H D
LT 2 2 &N TE B,

S I, EEES AR O ET P S ARYE DR D —D>Td % Sphere FERLHE DHEFIZ
EMT 2B#E LTS Z EARBENTWD 29, £HXH SAS [T BEMES & ik L T
Sphere JERLAEDE VI TH 5 & MG ST S 2073, SAS-6 13, day 4 DS TIZH H A
SAS £Vt & 51T\ Sphere R EEER A L T2 (K 9-AB), ZOfEFIEL, EMT 2425 Z &
C Sphere JERkREZ ST 5 & W O oG & b —8T 5, KIRKFMAEDFIFZEET DR & O
7' V—"71% LATS2 7° Sphere K DYIHIEECHETH L EWH T —F 2HTHH CRFER) .
SAS-§ I3 EMT # £ O MET OfHIZ350) T LATS2 OV EMEZ 545 2 & T, IR
17 5 Sphere FEHkREA [A] LS 72 m[REMENR B 2 HiLd, F7o. YAP X° TAZ A3 idiifn i 28
T52EFTHELH D, SAS-8 NHIZ YAP, TAZ OFEEHTHD Z &b 2 b OB DR
D—EHTH DML H 5, SAS-6 (23 Tk Hippo pathway filfitic L v . LATS2 O
B LOYAP, TAZ OEHBOBRIENH Y | LATS2 « TAZ/YAP OV 0 & H A Sphere JEK
(RS2 ODMRFTOS M B D53, WTHUICE L Hippo pathway ffEIZ & 2 (LA B o jE
BIHALNTH D,

EHIT, M OME MR Hedgehog signaling pathway 73BT 2 & D@ dH 5 22
2. DNA ~A 7 a7 LA OfF:, Sphere JEAUAEICHAH L L TERENL 7= eSASH#HEX 1-A) Tl
HHAT 72381 & 272 @fiEi 2 =k L7= (2 8-A,B,C).  L2>L Sphere FEARED L5 LT\ % SAS-
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S 1 EREGEDR N o722 &0 D, EMT 288 T 515 Sphere ERkfEIX, BEMA I T
DI TIEM LT D EE LN TND V7 IURRIK L B7p HRREEOTEMHELZ S L T D 2
L REE fL, Hippo pathway DOREHEIC K 2 R GIEKAFHI 7o HHERE D15 Sphere DHERFIC
HEBH L TWAZ ERALMNE ST, ZHUL eSAS WEMET HRMEEZH L T WX 2-
ABZ D HRETHZ LR TE, EMT (2 X - T 5%\ Sphere ERAEIZ. b &b &
FrOMla i ORFE Td 5 Sphere TEAKAE & 13572 D887 43U D "TREME DS RIZ STz,

RIZ Sphere TERCREMESFIZRE L Cifan 7 212 H72 0 . Sphere JERIZ K o THURHR, At
DEREIND EVIOREPBREIND Z LMD v fid TOFERIMEIZ OV T B BET 21T o7,
¥ RS, CDDP # 5., 5FU # 54T DEMEITI T SAS-6 Tl caspase-3 DEANH S h
TRV, MHEzES L TWD I ENRBRSN, 7L— F ETEET D & 9 ITHET S SAS-6
I3 Sphere HEOMISEATEM L TV 5 & ELZTE, £, Hippo pathway OEHEIC LV Hifa
AR DEREET 2 2 & CHRONATRENRMEE TH L Z LBREEN D,

EMT 35 X O'MET Os#ifgi L7 A H#212 X v SAS-6 i ERGR D MIEER A~ fi\  CRIFEER D)
b EERA~MANTY 7r 77 I 7 &8T5 EEZXHID, SAS-S IZBWT EMT v—7—
IR AR, WEAERE & Vo T BB EIC B U QIR e & U CHERFES e E 2 Th o 7228, M
fasE5EIZ B L C i Hippo pathway I[ZHfEZ Sk L, RIGBIRFKAFIN R EREZ S L, BhEL TR
V\ Sphere FEAGE I #R, (L FBIEIBGIME 2815 L Cuhiz & ) SR CR A e 2 3T 72 |20
Bl BEEERL WS EEZ O, T72b5, EMT & MET O#igr 2 infx, L—7
WOBHZRWFR Y BIR 2 IR D) Tldle <. BHERY 7R BERE 4% TRl s & v EMEE O m v
AT —=VICBDBRTHDL LD ZENREILz, £72, EMT & MET 2 A7 5 71
TRWZ ERB BN 5T,

N E T EMT IZ X 0 FE O RIS U ofiiias, EBEIC T MET 24 CTCESET 5
EWVOMERIRIB SN TE LN, AN | JRFEENIZB W TS TGF-81 %0 EMT #5174
AT HHUNREEICHE S AU EMT %45 U7 a2 i o OFFERE D HEFR S LD Lo | il
EFEBROMB VIR LIC K > THEME(EERTH L VI ETANRE SN, AAD=A ALY E
PEALZE B L 7- 4 % Advanced Epithelial (aF) cell & 41135 2 & & L7, Z @ aEcell 13 Hippo
pathway ORHEIZ XV B SIERIFEIERED A5 Z &, &\ Sphere JERREAR AT 52 &
AR L OB IR 2 H T2 2 & 25 & LTz, 2005 4RI 2 DOBF5E 7 L—7 73, EMT I
(LSRRI E ORI T 553, EMT IC L 512, BRBICHLERRHESRE TR0 E N )
T—H AR LTEY 2920 KEFERER S EMT WF5ticxtd 2 8z e FmtEo—o L LTRSS T
5 LEEZTHDH(H 14),
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S 512, BIE EMT OF EEOHWHZEH S CTnd B R~—%— (Occuludin) ., 3R~ —
71— (N-cadherin, Vimentin) (2L C, TGF-B1 05 ic B S - af#ipyefER (X 2-0)
TRV BiFET EMT OHECHNLR TV D~ ——13dH 58,5 To EMT 2 HE+ 5

ZEIETETYH, SAS S DXL 972 EMT B L MET %48 CHi- 72 E 285 L T\ 5% aE flfia
IR TERWNE NS TR LNITRY | Filcip~— I —EIRO LBV R ST,

2. SLUG v ERLHURDIER & BRI~ DRS

AHFFIZ T, LATSI2 LY SLUG @ 208 HFH DA LA =3 Y Vigfba =T 2 Z &R H )
L7257z, SLUG @V UEEfbid EMT IV R L, SAS-6 I2BWTHE Y U Eba R Sh
72 (K 11-A), 2 F Y, SAS-S IR ST EMT 5 X O MET &7 ffia C @ U S ER(likEE
bo LRSIz, £, 20U U{ehuk (SLUG pT208) (%, Ak O HEo 55 <0
VY Sphere JEAKRE, v FRCEEANMMERE D LG4 £ U7z SAS-6 C SLUG D& U i bR 458
WTEDZ LD, MENTEMT 24 U T AfliE, Ho MET (IZX Y ERCROMEE % Ff
HIRRWR O b —DEMED AT — V% b o o m B M b AR FTRE R PUA TH D T &
R X T,

TR BRIRMRIARZ O CREM L PR EE21T 5 &0 EMT 24 U T 5 ATRENEDS i VOl 2
JEENEE 7 5 12 L 72 EBAL CHR YL L D ALTE RS BT S A L ECR M TRV e A £ T C
WD IR SRk & I QL RER AR ST, A% R DRI OIS R & OBt H
ML MRt EROMEIIH DD, £ SIS EMT BLOMET OfGE 25832 Z L N AlRg & 72
AU, TRIREGEOWREDEEORE LR BN O—2IZRV1GD Z RIS D,

3. SLUG pT208 i MET % #¥ L Epithelial 72REEZ #aRF T 5

SLUG X EMT O#IHIEREIC I\ TF AE Y — A L DMk & B 532 2 L RV BD
M 21TV, Z Dtk SNAIL & [k E-cadherin OB 21T H &2 6N TWDH, Ll
ABFFRIZIHNT SAS L SAS-6 T SLUG %/ v 7 ¥ w45 LigiMiEesn L5 L, #Hc
EMT 35 L O MET % #%7= SAS-6 [ZBWTHHIC AT LW ERE LN, TbZ b Th
£ o EMT O#F7ETIE, TGF-B1 55 CHIlAC EMT #FEHEAINZ 5Tk Y ., EMT ©
Bts (LR B IEER A~ DI [ZOWTOHER TH D 2 LAZW, AlElld EMT #3801 2 N
Z 12 Invasion / Migration Z t# LTk v | SLUG 2350k D ERGRORREZMEFFL L 5 &7
LEEERLAEDE TV D AREMEN R S, Z ORI SAS-S ICBWTHEHEThH -7, Af
72Tk, SAS-6 1% LATS2-SLUG #2354 < 81 < = & 2% Hippo pathway OREICHE L T 5
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FREMEZRIR L TR Y., LATS1/2 56 V) ka3 17 % SLUG-T208 1%, BIFEROIRENDS E
FERDIREE~NRE L ZF N EHEEFT 5 &0 9 @RI 8 < nIeMEN /RIR S 7=,
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At
AHFFEIZ T, EMT 6 £ O MET OZBUTRIMEOERR 2 HlH 3 2 A0 2e i o 278 597,
f B IEARAFH 22 VTR DT, MG IR BT E A2 155 2 & S B LA R 4 i
DB —ODIBIETH B AREME A RIE LTz, £ 72 DOBEMEALZ R L7~/ (Advanced Epithelial
cell) ZiBi#7 2Pl LT, SLUG pT208 Hik RIS A T& 5 algErE &/~ Lz,
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A

KRGEMZ DD A ROWREH 2 T2 E | KETHYe 5 T8, ZJHitez
W0 E LIo RO RZEGE o AT SeRt DR g S 1 AR (DSR2 — 2
=) R EERICIRE R DR AR LET,

AKWFFEDBATIZH T2 . RIRARERBIEW N THEE, THIEZ D L7 RBCRFEY
JHFIERT o FIBIsHTIED S, TFEEERICRELR DMEER L ET, 7o, AFROEMRKIZ
Y TR A2 W2V FERES B, sERd —HEEeR, WSRO R BRI AT
A —WGERT PG MR LICRER OMEER LET, BRI BLE )
SAMMIMEZE Y £ LIRIORERFGE R AOIER  OFER 2 S Qe R
(APEAREF—2E) AP EmIc R E R @ e R LET,

Elol KWIREZATOICHIZY . ZRRD T Z2THE £ LICRRORAESERIIER pifailiE
R B ERRBhEL, KRB FE AR EMIRISERT B I 7E0 5 O Bhk.
BRRERZII T LT D RERRFAREGRAIER  DERES SFm AR (0
VENBLFHE— ) OBEBOERIIE LA L P ET,

FIHIGE D S L PRz R LTS Ve FEIRITEH N2 L E T,
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X D fER

1. SAS-6 ORIk

SAS % TGF-81 10ng/ml #MOEEHIC THE 100mDT (v ¥ 22 THFE L, a7z bR
IREEIC A2 - 7B T AME 10mm 258 LA 7 L— R—THREOMIE 2 FRZE L, PBSOIC Tl
MR 72 < 72 B F Ta] RN 21T o 72, D%, TGF-B81 10ng/ml {1 D5 H1lZ T Hs 3% % fk
T L. WIENClEE L C X 7o Mfa A sl L . A8 MR oD H951 2 3R D 7o AR CAOM A O fifia & 2 7 L —
N—=TErEL, PBSOIC TN 72 < 72 2 F T L7, WEOBEEMLIZ 0.02% -EDTA
Solution, 0.25%-Trypsin Solution TXLE L | ##f4 %5 Z & T, Alpha-SAS Z 37 L 72, Alpha-
SAS B L [FERD TR A 4 B0 K L, Delta-SAS Offifatka Bz L=, D%k, TGF-B1 ¥
MAEATOTITHEZ 2 [TV, SAS-6 & L7,

X 2. SAS-6 ® EMT JE&H X OSlEEMED gk

(A) SAS 75 Delta-SAS ¥ T wound healing assay, +% 721312 T TGF-81(10 ng/mD#:5-0
ALY, Ge#kiT wound A% 0, 0.5, 1., 2, 4, 6 FFHIZ TIT o7z, A/ —/L/3—,1mm

(B) X 2-A IZB W THFEFN T 5 1% wound & TEIZFHAIL, ‘FHERD D Z & THEEFIZE
D ilEERREA R D T, FHNEENE N 3 EIMTT L, £ OVEEE NN—2 T T TRT, 1R
MASD) & M TRT, ** p<0.01

(C) EMT (2B % % /37 OFBl% LR R~——Tbh 5 Occuludin, HER~—T—Th
% N-cadherin, Vimentin % Western blotting | CF~372, +F 721%-12 T TGF-81(10 ng/ml)
BHOF®EERT, atubulin (Ir—FT 4> 7 arbar— LT, HFL—ZT7 77140
TR LR EDN i T\ D Z & ERT, AloETTs TEKDa) % RT,

(D) SAS. Delta-SAS, SAS-6 (ZH() % TGF-B #5D wound healing assay, +%7-i%
TGF-81(10 ng/mD)# 5 DA M%7 ¥, FL#kiE wound FERLH% 0. 3. 6. 12 Riffic CTIT o 72,
A —)L’3— 1mm

(B) X 2-A IZB W THEBEFNT 5 8% wound & EEICEHAIL, FHERD D Z & THEFICE
Dl ERRE A RO 7o, FHANTENE N 3 BT L, £ OWYEEE N— 7 T T TR, 1R
fi 75(SD) % At TR

3. lEERE. BRIHRED B
(A) SAS, Delta-SAS,SAS-§ (ZH51F % TGF-B1 £ 5-B50 Invasion, Migration assay(assay total;

48 [R5}, 1.0x106cells/wel) DFER D —fF & 779, +F721X-12T TGF-81(10 ng/mD# 5-OFf
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AR T, A —/Lr3—,200um

(B) Migration assay 13 3 [FIJifT L. 454 5 HLEF & G FBAMEE T L7z, I THilaZ 7
Y hU, PEERAN=T T T TR, IRERZAESD) 2R TR, ** p<0.01, NS p>0.05

(C) Invasion assay /% 3 [AIfiifT L. 4% 10 #¥ 2 0208 (Leica) Thi L7z, BRI TH
fazs o hU, FHEENN—7 T 7 TRd, EUERFEZESD) R TRT, ** p<0.01, NS
p>0.05

(D) SAS. SAS-§ 28T 5 TGF-B1 # 5-Ff® Invasion, Migration assay(assay total 72 K[
assay)li D SAS, SAS-8 DR O—Hl& kT, A —/L/3— 200pm

(E) Migration assay I3 3 [FJifT L. 454 5 B & G FBAMEE Tho L7z, IS THilaZ 7
Y hU, PR A= T T TR, BRERZE(SD) 2 B TR, ¥ p<0.001

(F) Invasion assay |3 3 [lJfT L, 4 4 10 HEF & G FBAMEE Chor L7z, BHICTHilaZ 7
Y hU, PR A= T 7 TR, BRERZE(SD) 2 B TR, ¥ p<0.001

X 4. Growth curve T Kk

(A) SAS. SAS+TGF-81, Delta-SAS, SAS-6, SAS-6+TGF-B1 & Growth curve fi G Dl
WO A T, R OEUEITRER LA H % day 0 & L, day 13 £ Tiddék, FHAIL
7o +F7213-12T TGF-81(10 ng/mD# 5-OfF 47~ 3, A4 —/L/3— 500pm
K72 day 5 38 LW day 10 29K E LT FRICRT, A7 —/L/3—200pm

(B) Growth curve Z 3, +F721%-12T TGF-81(10 ng/mD#% 5 O % 4 73, HiE 3 [Hli
7L, A7 T 74k Uiz, (R 2ESD) & Hft CRd, ** p<0.01

5. WIFIBEFE D 3 YR ITELEE

(A) Growth curve & [A4f T day 13 £ TH;# L. Hochect33258 & CTHOLRIE YA ATV L —
Y —BEMEE <FV10D) (S THISE LTz, 10 [EOxL v X &ML, AR E 3 ottt L
7zo Fluoview Y 7 o = 7% L., Z EiOREHIHILAHIC T, 27 1 AR HE#RE
L. total T bW T 25 MORRERE T2 K 51T E LT, T X COREITFSEMTIT
VW, S HREMRE L7, R Lo XY #iZEICERE b Rt L b 0 &R,
A7 — L sN— 200pm
4 FIZ Hochect33258 T O H A E YL A DY KM 2 7 d, A5 —/L/3—,10um

(B) 3 koehEgE LI AIBRIGRE DRk 136 LN XZ #5247 ,

(C©) ™ 5-A % Imaged D7’ 77 L& L, i & LTl Lz b OOl % /7§, Averate
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of intensity |% Z #hJ7m ~Md OFEAEH 2V OFRE 2R, HEIERIC 3HEF 200 L TE
ATV, A 7T 7 LT, MR ZESD) 238 Td, *#<0.01

(D) DRz 5(C) & kD T CE 25l b L7 b D% <k L. Integrated intensity |31
B2 T oMM E AR, EAERIC 3B A L CTRIEZITWV, FBEE 7T 7k LT,
FEUE(R 22 (SD) & Hefit TR g™, *** p<0.001

(E) Hochect33258(F%, #)3 X Of Phalloidin(F-actin, 7#%), VimentinGi)(Z THEtfEYem L7

bDEIRT, AT —/L3— 10um

6. MfaEEDE(LIZHE S Hippo pathway BIE S » /X7 DB

(A) SAS 35 LT SAS-6 # 2.0x10° cells % HAL 60mm > % — L IZHEAEEG & L, Miflas &% E5-
St day 2, 4, 6, 8T TEUL L MR COMIEE AT, A7 —/L/3— 1mm

(B) Hippo pathway (Z[#3 % % /37 B ® Western blotting Z 7~ a-tubulin (¥ —F 1 >
Jarbta—LLl LT, KL= T 7 I A LickhZ R E8GB0ng MAE2T 77 A)0
fii>TWD Z LERT, HMOKFILS FREkDa) %717,

(C) ¥ 6-B OF — % % Imaged 7’1 7' AT THAE(L Lz b D& rd, LATS1/2, YAZ/TAZ i%
a-tubulin TOZERZ ML TV 5,

(D) SAS To#ilaE EZLI 5 Hippo pathway OB Z BRI TR, PiU U igft @ 1A
RFFnE R,
SAS TIXAHAE FEAMEV IRRE TlE, LATSTIEEAMEN 2 L 265 YAP, TAZ O U U g{ksE
DMK BERATHMVE UMiaEE 523 # 74, Hippo pathway 2% OFF OMREZ R, Lo, #la
BN LB & LATS1 OB EF Z 5% LT p-LATS1/LATS1 b, E5H- L LATS1
TEMEAEIC X D p-YAP/YAP b - p-TAZ/TAZ BN 5 2 & T, BBITHSILE S uifass s
BHHl S5, X T Hippo pathway 2 1E L < #7425,

(E) SAS-§ T EZE{LIZrE 5 Hippo pathway DZEE) & X TRT,
SAS-6 I LA FE AMEL REEIC BT h Hippo pathway #%E0 LATS2 DV RN &
<. LATS2 |28 ZidT-, F7-. LATS2{EMD EFRIZK LT, YAP, TAZ % o737 33k
WIZE L HEFF SN TH Y, Hippo pathway DY 7 FIREICEF #/E 0 TWD Z 0L
Meileolz, Fio, MIREENEVIREIZEW TS, YAP, TAZ © VU UER{b&EITELET,
LATS2 Fifi~D U v i{b.23 %8+ 9" Hippo pathway (ZHEFEZ 2 U, Aliu#EE BHAE & Bk
Do
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7. EMT_MET ®D & Hippo pathway BI:E Z > /37 D ik

(A) Hippo pathway (Z#i3 % % /37 B ® Western blotting Z -~ a-tubulin (¥17—F ¢ >
Jarvha— b LT, FL—IZT7 774 Lizs o7 EaB0ong 4% 7 77 A1)
fiioCTnDZ L&RY, +F721F-12TC TGF-B1(10 ng/mD)# 5O F A~ AROETIX
1 Eka)ERT,

(B) K 7-A ©OF —# % Imaged 7' 1 7 7 LM THEAL L7= b D %779, LATS1/2, MST2, SAV,
YAP/TAZ (% a-tubulin TOZEREZ ML TV 5

8. ¥ Y AEEBEETT /N TOHE

(A) FIESET AAER71E%Z k7, SAS 38 LT SAS- § 1% 2.0 X 106cells/50 u L Z A2 IERZ L 0
26G #HZ THBA L7z, ~ 7 21X BALB/c Sle-nwhnu 5 week-old DX — K~ 7 2 %% 4 12
ICEEF L, D95 b 8ILITAEMFELMRE L, 41L1E day8 (T TLEHIED -, FEHIH LT,

(B) Kaplan-Meier %79, n=8, log-rank test p=0.30

() REEERT, oI IFHTHIBZETZ L ERT,

(D) ENEEFHAL O HE Yot TOREIAAMGE 2~ 7, JERFE x4 ; A —/L3—1mm, x40 ; A7

—/L’3—,100pm

[ 9. Sphere FERAERS X UVAT#R « (LRI D ik

(A) #Et4 HH O Sphere RO —fil & Z L ZHRd, A7 —/b/3—{3 100pm, 3 [EIfE1T LY
%/ \—27 7 7 Trd, HUERASD) ZHHTRY, * p<0.05

(B) #5t 7 B B Sphere kO —f#il % LR, A7 —/L3—% 100pm, 3 [T L)
Wl =77 7 TRT, RERAGD) & BHR TR, * p<0.05

(C) v #EHES 2 DT R b —3 ARG &# > 77 @ Western blotting %2779, a-tubulin (¥7—F ¢
yZaryita—bt LT, KL= T T T4 LIy v E&Gopg %% 7 77 A1)
Do TS Z L ERT, A0 TFITSFEEDa)EZRT,

(D) CDDP #5407 7R b —3 A[8# # 737 & Western blotting %z 757, a-tubulin |Z12—F
g4 arba— Lt LT KL =T 7 T4 LIRZ v ERGOpug Y% %27 77 1)
Do TWD Z L ERT, A0 TFITSFEEDa)E R T,

(E) 5FU 5% D7 R b —3 AR % > 737 @ Western blotting % 7~57, a-tubulin (T2 —F ¢
YZariun—LLl LT, HEL— T T TA Lz a7 EGBOpg NS ET ST A)
D> TS Z & Zmrd, AloFIEs 7+ EKDa)ZRT,
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10. SLUG pT208T209 i DIERL

(A) Slug OHEEZ =T, BONRADOR v 7 AL SNAG FA A >, BWREGAOR v 7 A% SLUG
RAA > AVWR v 7 X3 zince finger £F— 7 %277+, LATS1/2 O = >t 2 ZEFIR Y
CEREEEIT e P TIET182 B LU T208, ~ 7V A TIETI83 B LU T209 THY . 7 X /g
Bl 2 T CRd,

(B) [v-32PI I L 7= ATP OfFE F ¢, GST @i~ 7 A Slug-WT (B4 | -all-A (T183A
BLUT209A), -T183A # L UT209A & HE & L CHW = in vitroLATS1 /2 ¥ —E€ 7
vt A %<7, SimplyBlue Yl CTH 3y 2L LT,

(O [v-32PI CHEi#& L 7= ATP OIELAAE T C, GST fit A~ 7 A Slug-WT (2/E5) | -all-A (T183A
BLUT209A), -T183A # L UT209A % HE & L CHW = in vitroLATS1 /2 ¥ —E€ 7
v A ZRT, £72. MmSlug pT209 % 7%+ 2 Filk % V72 Western blotting D R %
Y, AROEFIT S E&Da) T,

(D) $1 SLUG pT208 #iiiklc L2 Ky b7 my b7 vt A Zrd, U Bk L7z T208 3 XU
U UBRIERTF R EGTLHR~NTF K& PVDF EICAR > kL7, 10, 100, 500 ng M2
TF RE MW,

(E) SLUG pT208 Jilk DR AT 7 2 —¥ T v A Znd, AUOKTIIN T EEKDa) % /R~7,

(F) SLUG pT208 #iikD<FF Rar 7 ¢ v a v art, Aok F#&E&Da) 2~ 7,

X 11. SLUG pT208 OfEH

(A) EMT £ L O'MET B SLUG, SNAIL 3 X 0% U > l2{Ei2-o0 T D Western blotting @
FERAZRT, atubulinidr—7 4 7 arbr— L LT, HFL—IIT7 7 T4 Lk
Yoy EGBOpNg MY ET ST A)BHio TW\WDHZ EERT, +F 72112 T TGF-81(10
ng/mD G- OF A 7, A0 TFIESFRKkDa) &7~

(B) 11-A OF7 — 4% % Imaged 7' 1 77 KNI CHEIEL LT D E7RT, a-tubulin TOZER %
Sk LT\ 5,

© 11-A 7 —# % Imaged 7’1 7 7 A THIEL L= b D ZRT, atubulin TOZER%
Sk LT\ 5,

(D) SAS OB HATIFCO LATS2 / v 7 ¥ U2k % SLUG OREMEDEIZONTD
Western blotting O R4 7~9, atubulin (TflRE ¥ > /7 Ou—F 47 ar ha—)b

L LT, Lamin A/ICIIEZ v pua—F 47 ary ha—Le LT, HL— 777
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A Lizkes o 7 B &(BOng MEEZT 77 ) Hi>Tnd Z & amd, HROBTFITnsF
wE(kDa)z =7,

12. SLUG / v 7 X7 U BDiRERE, EEREDE(L

4)

(B)

(©)

(D)

(E)

(F)

SAS. SAS-§ IZ¥iF% SLUG / v 7 # v Ko Migration assay(assay total;72 [
1.0x106cells/well) DFER DO —F Z7d, F AT 47 a2 ha—/L & LT siControl Zfli [ L
72e A —/L73—,200pm

Migration assay (& 3 [FIfi{T L. 4% 5 HLlF 2 0 A0AMEE T L7z, BHLICTRIlRZ U ¥
Y hLU. EHEER A= T 7 TRT, AR ZE(SD) 2 B TR g, NS>0.05

SAS. SAS-§ 1215 SLUG / v 7 # 7 U Kid Invasion assay(assay total;72 [
1.0x106cells/wel) DR D — il Z 79, R HT 4 7 7 hm—/L L LT siControl Z i L
72e A —/L73—,200pm

Invasion assay (% 8 [AIfifT L. % % 10 {15 2 Yo 2 HMEE (Leica) T L7z, BHARIZTH
fazHw ey L, EHEEN—7 T 7 TrRY, EERZSD) 2R TR,

** p<0.01, * p<0.05

RiEfaa R T, BEEET (%RFERBHM /%R o b e—Uiile) CTRELZ, %
R CEHREMaL [ e MiaE) <100 THRH LT,

SAS, SAS-6 (28 TH Invasion ¥ L Migration assay BF0D /w7 X0 ZRER LT
Western blotting OfER4/R9°, atubulinidv—7 s> 7 ar bmn—L e LT, FL—V
T 7T LTtz Ry EEGOpg tHEET 77 )03 i> Tnd 2L a5Rd, Aok
FI3oFiEE&Da) & 7~

18. BEMBE TORBEREDER

BEOYERER, TNM 58, WEZE, YK 5%, 5 SR CORBIARIT% 5 FEDAETFICD
WTRT . BEMERIZ OV TR B2 M & R CREMEEE O @ WER] ARVEFC 7 v — 7 31F Lz
thCHEVES ISR L7z, A7 —/L3— x4 1mm, x20:200pm, x40:100pm

14. MiEOEBMAERET NV
EMT £ L O MET Oftiiz X a0 EM b AR L k35 LATS2 O b 2
‘/G\i—\”a—o
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®1. FHLEREO—E

ks WRotTe, B X v s &S ERRE, A L7zX% 7, WB i Western blotting DI,
IF 3 Immunofluorescence(# 't 5u e ) D%, THC |3 Immunohistochemistry (522 /H#k 117
Yett) DI % -7,

MR 1. eSAS ORI YA, Sphere TR D B

(A)

(B)
(©

(D)
(E)

eSAS ORINL Lz R"d, ANER- LR Mlaik SAS 2] L7z, #5387 L — M 100mm
BoEEEEM T L — MEZ-BindShut T Cell Culture Products,Low-adhesion Surface)
(IWAKI) #{#J L7z, Sphere formation Medium & L C., DMEM L' Ham's F-
12(Kaighn’s)Medium ( Sigma-Aldrich) % 1:1 Ti{EA L7 H ® 12, 1%Penicillin-
streptomycin mixed solution (Stabilized) . 2%B27(x50) Supplement ( Gibco ) .
0.002%Epidermal Growth Factoe human, recombinant expressed in £ coli (Fx#&EE
20ng/ml) (Sigma-Aldrich), 0.08%Fibroblast Growth Factor-Basic human,recombinant
expressed in F.coli GA&IRE 20ng/ml) (Sigma-Aldrich) Z¥RILUMER L=, #iaixh o
VT AT TEO%, 3.1x10%cells/100mm dish ##&FE L7=, FEHET L — MZT510 H
553 L 7= Spheroid |%, Spheroid Catch % i &, 200 m OFLE Y KX 72 Sphere
D I % BRI RIN Lz, Z D% PBS(OIZTHeV, Ml A% (accumax)<Funakoshi> {2 C
Spheroid Catch 7> 5 7B S 7= T, Medium |2 CH#, 25G OEHEHITE Ry T ¢
> 7' L. Sphere & ¥ v 7 Vi~ LTz, Z D%, FERDT > & A % 5 [\l D K LAY
Lol 2@ R5 245 2 & T, eSAS L LTz,
Sphere formation assay it 4 H H @ Sphere O— % Z L ERT,
it 4 B HO R —13—(3 100pm, 3 [T LB Z N— 2 5 7 Trd, fEHE(R7E(SD)
TR T Y, MEHLER X Turkey —Kramer i5(2CTiTo 72, **p<0.01,* p<0.05
Sphere formation assay #iFt 7 H H @ Sphere ®—fi% i Eirnd,
a7 B B O R —Lo3—3 100pm, 3 [AlfE1T L FESfEZ N — 27 T 7 TR, FE R 2(SD)
AR ORT, AL Turkey —Kramer 12 TiT- 72, **p<0.01,* p<0.05

MR 2.eSAS & DLLEE

4)

(B)

Growth curve Z7/~7°, MEIL 3[BT L, E¥IMEE 7T 74k Uiz, 1EHER2E(SD) 241 T
k¥, Turkey-Kramer #iE*p<0.05
SAS, SAS-6, eSAS ® Growth curve i G-REO M EEDOE L 2R, EREOBIEX
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(©)

(D)

(E)

(F)

(¢

(H)
@

HERLH % day 0 & L. day 6 £ Cidgk, t#ll L7z, A —/1 83— 500pm

SAS. SAS-6. eSAS ® wound healing assay, #t#kld wound kit 0. 3. 6. 12 FEfiji
TIT»72, AZ—/L73— 500pm

R 2-C 2B W THEBREFNT 5 5% wound & HEEIZFHAI L, FH 2R D Z & THAE
(23T Dl SR T2, FHANZZ AL E N 3 BIfEAT L, £ DYl A N— 27 T 7 TR,
FEE(R 72(SD) A Heii T g,

SAS. SAS-§. eSAS (81} % Invasion. Migration assay(assay total ; 72 HK§fH .
1.0x106cells/well) DFER D —fil 2773, Ar—/L/3— 200um

Invasion assay I% 3 [FIJEfT L, £ % 10 #5352 7RSS (Leica) THxi L7, BRI TH
Wz L, EEEAN—T T 7 CRd, HERZAED) 2 TRd, ** p<0.01
Migration assay (% 3 [T L. 4 % 5 {8 2 W FBMEE Cy Lz, BRI Tz 7 v
YU, EHEER A= T 7 TRT, BERERASD) 2R TRY, ¥ p<0.01

~ 7 AEEEE T BV TO Kaplan-Meier %753, n=8, log-rank test p=0.42
EHESHAAL O HE Yeta CORBAME 217, x4 ; A7 —/L 83— 500pum, x10 ; A7 —/L

s3—,100pm, x40 ; A4 —/L 23— 50um

HMEMS. DNA~AZ7ua7LA

A
(B)
(©

SAS L eSAS Z L AF vy v ¥ —7 vy FNERT,
SAS & SAS-§ i LT AF v v 4 —T 1y MERT,
eSAS & SAS-§ G L7 AFx ¥y v X —T my MERT,
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X1.

(v)
. . ey . Scrape off the
tha 2 RemeNEhe () peripheral cells (vi)
+TGF-p1 inside cells Let cells move
(10 ng/ml) into the interior space

Alpha-SA

S

K /‘/'

Selection step: #1

(Vi) Alpha-SAS (vii) Beta-SAS (viii) Gamma-SAS (ix) Delta-SAS

Repeat the Repeat the
election step: ¢ selectlgg step:

Repeat the

— —_—

N
J

Passage cells twice

in the absence of TGF-B1
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SAS Alpha-SAS Beta-SAS Gamma-SAS Delta-SAS x
TGF-p1 3 + + + + 100 e o
- _ I_
— II-- 1T -
0h x 80 i
< _
[eT0] T
< 60 t
05h e
(S]
%5 40 it
1h 3
& 20
2h
0 h
our
0 0.5 1 2 4 6
4h
B SAS Alpha-SAS  ® Beta-SAS
6h Gamma-SAS m Delta-SAS
2
F @
& 2
S 4
&® o SASH
TGF-p1 - 48h
M(K)
Ocaludin ‘.. — 60
170
N-cadherin L - ..
— 60
Vimentin o~ -m —
GTUDUIIN. | - —— —— -
46
Lane 1 2 3 4 5 6 T 8
SAS SAS Delta-SAS SAS-3 SAS-5 100
80
X
Kol
2 60
©
<
[&)
%5 40
o
©
o 20
O I
0 3 6 12 hour
W SAS

W SAS (+TGF-B1)
¥ Delta-SAS (+TGF-B1) B SAS-S

B SAS-5 (+TGF-B1)
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X3.

SAS -
A Delta-SAS SAS-d
TGF-B1 - + + - +
Invasion |
Migration
assay: 1x
Migration 48h .
9 Invasion 48h
B 700 i C o0 NS
NS *k %L
600 2 80 —
: I o 70
8 500 3 I
2 o 60
g, 400 ¢ 50
E £
5 300 5 40
3 2 30
E 200 E 1
=) =}
b z 20
100 10
0 (] - 0 _ _
S N \Y o \Y
F & D L D F & D &L L
ORI M & FE S
X o < & oF <
& X & &
2 &
D E Migration
*%k*%
600 [
K”]
]
[$]
[®)]
£ 400
[0
B
€
Invasion | © 200
3
€
z
0 ———
SAS SAS-5
Invasion
Migration *kk
60
w
T
[&]
' ‘ 4] |- TR by % 40
assay: 1x10°cells / well ,72h 200pm E
B 20
o
Q
: ]
Z 0

SAS SAS-5



SAS

SAS-6

Delta-SAS

The enlarged figure of the part Fig.4 (A).

Number of cells(x10°)

day 5

day 10

60

50

40

30

20

SAS ()

Ex3

day

12

14

200pm

—f— SAS
=0 SAS(+TGF-B1)

~—&— Delta-SAS(+TGF-B1)

———SAS-3

¥%

—— SAS-5(+TGF-B1)
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XI5.

A
SAS

SAS-5

200pm
Average of intensity
*%
e 40
- 30
= 25
2]
c
£2840.000m *g 20
n.mnmil_l_l_‘_l_l__l_l__l_t =
0.00m 15
10
5
s | ‘. .
Ly i SAS SAS-5
D Integrated intensity
£2040.00m
0.00nm . 70 adald
000m 1272800000
60
DNA Phalloidin Vimentin Merge 50

Integrated intensity(x105)

40

30

20

10

0
SAS

SAS-5 42



X6.
A Low | Cell density High
(dayl 2 4
B SAS SAS-6
Time (day) 2 9 4 6 8
170
LATS -'" e e e
170
LATS1 pT1079 “... | = W
— 170
| -
170
LATS2 pT1041 =B
2 R 4 ... .
w et Bee-
— 60
L
YAP pS127 pralind
60
— 60
w T Eeaeme
— 60
s o e ER T, ™ mm T
C tubulin | M G
46
Lane 1 2 3 4 5 6 7 8
LATS1 LATS1 pT1079 / LATS1 LATS2
3
g° o o
o © 3
o1 o 1 - 2
e} 2 o
“ | Lingé IIII II : 1l
0 0 0
24682468 2 4682468 2 46 82 46 8
SAS SAS-5 SAS SASS sas .
YAP YAP pS127 /| YAP TAZ
3 3 2
1.5
g2 g2 o
o ‘@' *@' 1
s (<) I I o 0.
L e
0 BENEN .
2 4 6 8 2 4 6 8 2 4 6 8/ 2 4 6 8 2 4 6 8 2 4 6
SAS SAS-5 SAS SAS-5

SAS SAS-5

Fold ratio

-
(6]

-

o
o

0

Fold ratio

LATS2 pT1041 / LATS2

TAZ pS89 / TAZ

2 46 8 2 46 8

SAS SAS-5
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Kl6.

D . .
SAS Low cell density SAS  High cell density
Hippo pathway OFF Hippo pathway ON |
Cell-cell contact
. Y .
v Cytoplasmic *
_ - retention
36%7 sé-rsg - -
SCRIES ‘\‘“
Ser38&”
Cytoplasm — pegradation Cytoplasm
Proliferation @9 8 s
=====._Anti-apoptosis o9 ——————
~a . —_— e
ﬂf -~ RN
/ Expression of, ,/ Target gen;s\
(\ target genes ; ( not expressed \
~ R4 \ I’
S Ptag S o ,;'
-~~—-___————— ~~~~- ———’
| Hippo pathway S | Hippo pathway S |
Cell-cell contact
~ & * ~
Salvador Salvador
Cytoplasmic Q Cytoplasmic
retention retention Q
,sr'@ 9 @
Ser127

Cytoplasm

Expressmn [9
target genes

Proliferation
== ==~ Anti- apopt03|s

Cytoplasm
Proliferation
T ~~~~Ant| apoptosis

Expression oi\
target genes
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X7.

%
) s
F 5 & &
& o & &
s & £
sAs X &F & < SAS
- +48h + - +48h
“GF-p1 M(K)
— 170
LATS1pTI079 |~ W& -asea-s
— 170
LATST| % w - - - -
— 170
LATS2 pT1041 B )
“ — 170
LATS2| W 8 el
e B e e B ‘ L
— 60
MST2 | S - — v —_ —
— 60
MST2 pT180 .. 2 B B _lum
L.
— 46
SAV] | # S S e
— 60
w e W
TAZ pS89
YAP ""---”.n
; —60
YAP pS127 — -’ ey
60
C-TUDUIN | e g - — —— -
46
Lane 1 2 3 4 5 6 7 8
TAZ TAZ pS89/ TAZ
3.74 2
4 1.51
5 2.66 15 1.27
2.01 1
o (o]
"5 2 ] 12 "E 1 0'840.73
k=] 1 k=]
S I I S 05
0 0
S < S ©
& & oF & & & 2 6
@ < A <
e 9 & & R

35

Fold ratio

25

1.5

0.5

Fold ratio

Fold ratio

Fold ratio

N W B

o
o -

o

LATS1 LATS1 pT1079 / LATS1
3.16 3.32 35 3.03
3 2.33
2.07 o 25 2.01 1.99
T 2
° 15 1
[e]
(s 1
I 0.5 I
0
5 &4 © o
5 & ° & & &
&) \@' 3 P ¥ ©
e g L)
LATS?2 LATS2 pT1041 / LATS2
1.2
3.49 312
2.85 1 0.77 0.73
2.38 008
: © 06
ie]
<_)O'4
I L o2
0
5 &L O o S
X %;\0 = ,o;\é( X /\C’ @,@ ° /\0
N 2 N
& & & & S
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1.71 8
14 5.83
1.34 6
1 o 4 36
0.9 2 4 2.76 3
i)
a1
o 1
5 &L O o %
%§ xC;< 9@ o &c§< s %,{\O\@,%V @"/\O
SN < ¥ ®
s Oé =)
SAV1
3 277 56 258
25
1.68
o ?
§1.5 1
T 1
[e]
05 I
P S g0 0 &
& & 9 <0
%\; Oé\ S
YAP YAP pS127 / YAP
. 3.71
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5.13 3
fe!
T 2
; 1.55 2 0.86
I “
5 & L o 0
F & oF <O © K ‘o
S & S 2 >§ 2
F e ‘o
%?* Qe;
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8.

BALB/c Slc-nu/nu ¢

5 week-old 5 . .
12-19g 2.0x10°cells /50 uL o m For drawing survival curves

o s n=8
5 D R

Observation % /% For pathological analysis

Survival rate

n=4.
Sacrificed to obtain
SAS-5 tongue tumor at day 8.
C 10
—_~ 0
X
5 ) 10 20 30 40 50
©
° -10 day
[®)]
c
®
S -20
G
()
c
[0}
| o
50 & -40
Day
—&— SAS 50
—®—SAS-5 —SAS
— SAS-5
high-power field high-power field
D low-power field ) center of tumor - ‘margin of_ tu!nor

SAS

1mm 100pm 100pm 46



9.

SAS SAS-5 SAS SAS-5
A B --
% k
30 20
< ‘ < 18
o 95 25 o 25 16
65 °©S u
o= 20 [ORE=
o © D8 12
S E 45 2 § 10
= C
CICJ q9 8 ug 8
o _GCJ 5 Q _g- 4
7] 2 2
0 0
SAS SAS-5 SAS SAS-8
C y-ray (1 0 Gy) SAS SAS-d
-+ + + ++ -+ + + + 4+
Time course (hour) © 12 24 48 72 9 0 12 24 48 72 96 M (K)
: =35
Caspase-3 . — . ——— - -
- . - - 59
Cleaved Caspase-3 - ’ -
-
16.5
O-tubUlin | A
= 46
1 2 3 4 5 6 7 8 9 10 11 12
SAS-d
D CDDP5uM SAS
-+ + 4+ + -+ + + o+
Time course (hour) O 24 48 72 96 0 24 48 72 96 Mr(K)
—-35
Caspase-3 | = = a5 S ah o = "= - -
- 29
Cleaved Caspase-3 :
i ™ 16.5
a-tubulin - esesanas |
1 2 3 4 5 6 7 8 9 10
SAS SAS-5
E 5FU 0.5 pg/mL R ——
Time course (hour) O 24 48 72 96 0 24 48 72 96 M (K)

Caspase-3 | . G G an sadih an e - - %

=29
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-
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X10.

182 (183)
A Human (Mouse) KMHIRTHTLP
1(1) T~ 268(269)
SLUG
QGHIRTHTGE
208 (209)
B Kinase - LATS! LATS2
GST-MmSlugWT + - - - Lo - + - - -
GST-MmSlug al-A - , - - s oo om s o
GST-MmSIlug T183A - - 4+ - G o o w s omm g s
GST-MmSlug T209A - - . 4 T
p-MmSiug » o
p-LATS1/2 -
MmSlug Simply
Blue
LATS1/2 SiBrIr:Jper
Lane 1 2 3 4 56 7 8 9 10 11 12
C Kinase - LATS1 LATS?2
GST-MmSlugWT + - - - + - - - g om @
GST-MmSlugal-A - + - = ook WO % ok B R
GST-MmSIug T183A - - + - S S I
GST-MmSIug T209A - - - + - - -4 - - -4
M(K)
MmSlug pT209  — 60
GST A 60
(MmSlug)
GST
(Lats1/2)
Lane 1 2 3 4 5 6 7 8 9 10 11 12
Non-phospho Phospho
peptide peptide
+ Phos. + Non-Phos.
Peptide [ng] 10 100 500 10 100 500 Peptide Peptide
T209 § 0] <_3 O] §
SLUG pT208 o . ) = 8 = 8 = g
S @ S @ S @
SE 9 @ S D MK
— 35
E & SLUG pT208 - l ‘ 1 . | oo
. > O 8. !
& o & PR — 135
N S X Mr (K) SLUG *
= 35
SLUG pT208 — . | e
GAPDH
-— _ .
Lane 1 2 3 4 48
Lane 1 2




X11.

TGF-p1

M(K)

SLUG 38

SLUG pT208 — 35

— 35
SNAIL

—35
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a-tubulin
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LATSZ | e o o o
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—170

e e —

Lamin A/C
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x1.

Antibody name Distribution Catalog concentration figure
source number
EMTBEAE
Anti-Occuludin(C-terminal) antibody
produced in rabbit,Affinity Isolated SIGMA SAB4200489 1:500(WB) 2-C
Antibody
N-Cadherin Antibody Cell Signaling 4061 1:250(WB) 2-C
Vimentin(D21H3) XP® Rabbit mAb Cell Signaling 5741 1:500(WB) 2-C
Hippo pathway B:@E ik
LATS1(C66B5) Rabbit mAb Cell Signaling 3477 1:500(WB) 6-B,7-A
PhosphoLATS1(Thr1079) L . o
(D53D3)Rabbit mAb Cell Signaling 8654 1:100(WB) 6-B,7-A
LATS2 Antibody BETHYL A300-479A 1:500(WB) 6-B,7-A,10-D
aniti-pT1041-HsLats2 pAb GeneScript 1:250(WB) 6-B,7-A
YAP Antibody Cell Signaling 4912 1:500(WB) 6-B,7-A
Phospho-YAP(Ser127) Antibody Cell Signaling 4911 1:500(WB) 6-B,7-A
Anti WWTR1antibody produced in SIGMA HPA007415  1:200(WB) 6-B,7-A
rabbit,affinity isolated
p-TAZ(Ser89)-R:sc-17610-R SANTA CRUZ 1:50(WB) 6-B,7-A
MST2 Antibody Cell Signaling 3952 1:100(WB) 7-A
Phospho-MST1 (Thr183)/MST2 (Thr180) Cell Signaling 3681 1:20(WB) A
Antibody
SAV1 (D6M6X) Rabbit mAb Cell Signaling 13301 1:500(WB) 7-A
HREMTRERFHE
Slug(C19G7)Rabbit mAb Cell Signaling 9585 1:500(WB) 10-G,11-A,D,12-F
. . 1:100(WB) i i

Anti-Mm Slug pT209 pAb GeneScript 1:20(THC) 10-D,E,F,G, 11-A
Snail(L70G2)Mouse mAb Cell Signaling 3895 1:500(WB) 11-A
Anti-Mm Snail pT203 pAb GeneScript 1:100(WB) 11-A
7M=L RBEEDHK
Caspase-3(8G10)Rabbit mAb Cell Signaling 9665 1:500(WB) 9-C,D,E
Cleaved Caspase-3(Asp175)Antibody Cell Signaling 9661 1:200(WB) 9-C,D,E
SunyEarbo— )L ERE

X 2-C, 6-B,7-A,
MONOCLONAL ANTI-a-TUBULIN SIGMA T5168 1:2000(WB)

11-A,D,12-F

Anti-GAPDH mAb MBL M171-3 1:1000(WB) 10-G
Lamin A/C(4C11)Mouse mAb Cell Signaling 4777 1:2000(WB) 11-D
2nd1:j"-"{*
Anti-rabbit IgG HRP-linked Antibody Cell Signaling 7074 1:1000(WB)
Anti-mouse IgG HRP-linked Antibody Cell Signaling 7076 1:2000(WB)
IF
Phalloidin-Tetramethylrhodamine B is
othiocyamnate-Phalloidin from Amanita SIGMA P1951 1:800 5-E
Phalloides
Alexa 488 mouse Invitrogen A-11029 1:50 5-E
Alexa 495 rabbit Invitrogen A-11012 1:50 5-E
Hoechet33258 1:250 5-A,B,.E
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Abstract

The epithelial-to-mesenchymal transition (EMT) is a critical process by which cancer
cells acquire malignant features, such as invasiveness and metastasis, in the primary
tumor site. However, the molecular mechanism and functional implications of the EMT
in tumor progression, as well those of the mesenchymal-to-epithelial transition (MET), a
process with the opposite effect, remain elusive. In this study, we established two
aggressive cancer cell lines, mesenchymal-like Delta-SAS and epithelial-like SAS-3,
from oral squamous cell carcinoma (OSCC) cells. SAS-6 is a revertant cell obtained by
inducing the MET in Delta-SAS. SAS-8, but not Delta-SAS, exhibited abnormal cell
growth, including piled-up overgrowth and invasive tumor formation in the tongues of
nude mice, suggesting that SAS-6 represented more advanced cancer cells than the
parental SAS cells. The EMT-related transcriptional factor SLUG is phosphorylated by
the Hippo pathway kinases, large tumor suppressor 1 and 2 (LATS1/2), and depletion of
SLUG promoted the invasive activity of SAS-8. Our results suggest that LATS1/2 and
SLUG regulate the transition of SAS cells to the advanced stage via repeated switching

between the EMT and MET.

Keywords: EMT; MET; Hippo pathway; LATS; SLUG; oral cancer
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Introduction

The epithelial-to-mesenchymal transition (EMT) is an essential cellular program that
converts epithelial cells to a mesenchymal-like phenotype by altering expression of
transmembrane proteins, such as E-cadherin, and reorganizing cytoskeletal actin fibers
(Tam and Weinberg, 2013; Lamouille et al., 2014; Nieto et al., 2016). The EMT is
induced by multiple extracellular ligands, including members of the transforming growth
factor-B (TGF-B) family. Following the EMT, epithelial cells such as carcinomas lose
cell polarity and acquire motility and invasiveness. The apparent reverse of this process,
the mesenchymal-to-epithelial transition (MET), is associated with re-epithelialization,
which is involved in stem cell reprogramming and secondary (metastatic) tumor
formation in distant sites (Kim et al., 2016). Notably, however, the MET is defined as an
independent process, and is intrinsically different from a reverse EMT. Therefore, the
cellular machinery switching or linking between the EMT and MET is important not only
for early embryonic development and organ fibrosis, but also for tumor progression and
metastasis. However, the molecular details of the EMT-MET correlation remain unclear.

The EMT is stringently regulated by the EMT transcription factors (EMT-TFs),
including SNAIL (SNAI1), SLUG (SNAI2), ZEB1/2, and TWIST, through coordination
between repression of epithelial genes such as E-cadherin and induction of mesenchymal
genes such as vimentin (Lamouille et al., 2014; Nieto et al., 2016). The transcriptional
and post-translational regulations of the EMT-TFs are dependent on cell type and cellular
context. For example, the SNAIL protein is exported from the nucleus following glycogen
synthase kinase 3 (GSK3p)- or protein kinase D1 (PKD1)-mediated phosphorylation,

and then subsequently destabilized in the cytoplasm (Zhou et al., 2004; Du et al., 2010).
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Meanwhile, destabilization of SLUG protein is promoted not only by GSK3p-mediated
phosphorylation but also by ubiquitin ligase MDM2-mediated ubiquitination or
CDK2/cyclin E-mediated phosphorylation (Wang et al., 2009; Kim et al., 2012; Wang et
al., 2015). Consequently, the destabilization of the EMT-TFs contributes to the
suppression of the EMT and cell invasion. However, the functions of SLUG in the EMT
and MET are poorly understood, whereas the role of SNAIL is comparably well
characterized in the context of the EMT.

The Hippo pathway is a pivotal phosphorylation cascade that regulates tissue
homeostasis and tumorigenesis by controlling cell proliferation and death in response to
a diverse range of stimuli, including cell-cell contact, cell polarity, and mechanical
features (Pan, 2010; Yu et al., 2015). Upon exposure of mammalian cells to such stimuli,
the two core kinases, LATS1 and LATS2, are phosphorylated and activated by the two
upstream kinases MST1 and MST2. This in turn promotes the phosphorylation of two
transcriptional co-factors, YAP and TAZ (WWTR1), inhibiting their nuclear localization
and stabilization and preventing their activation as oncogenes. The Hippo pathway is
dysregulated in many human cancers, including liver, lung, colon, breast, kidney, and oral
cancers; in these tumors, MST1/2 and/or LATS1/2 are inactivated, whereas YAP and/or
TAZ are activated (Zhang et al., 2011; Hiemer et al., 2015; Plouffe et al., 2015; Zanconato
et al., 2016). Recent reports also showed that the Hippo pathway is involved in cancer
progression, especially the EMT and metastasis (Janse van Rensburg and Yang, 2016).
For instance, the expression and/or nuclear localization of YAP and TAZ are elevated in
secondary tumors at metastatic sites, in comparison to primary tumors (Bartucci et al.,
2015; Yang et al.,, 2015). In a mouse xenograft model using OSCC cells, single

knockdown of YAP or double knockdown of YAP and TAZ by shRNAs causes a
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decrease in orthotopic tumorigenesis and metastasis (Hiemer et al., 2015). Consistent with
this, downregulation of LATS in gastric cancer cells or MST in cervical cancer cells
promotes metastasis in vivo (Qin et al., 2012; Zhang et al., 2016). Moreover, YAP and
TAZ influence the expression patterns of EMT markers, such as E-cadherin and vimentin,
as well as changes in cell morphology (Overholtzer et al., 2006; Lei et al., 2008). However,
the molecular mechanism of EMT/MET regulation by LATS1 and LATS2 remains
poorly understood, although it is clear that LATS2 directly phosphorylates SNAIL
(Zhang et al., 2012) and interacts with SnoN, a proto-oncoprotein, to stabilize TAZ during
the EMT (Zhu et al., 2016).

Human oral cancer constitutes approximately 40% of head and neck cancers, and
the majority (approximately 90%) of these cancers are OSCC, a common malignant
epithelial tumor (Lingen et al., 2008; Rivera, 2015). OSCC is frequently associated with
local invasion, neck lymph node metastasis, and recurrence, and consequently has a poor
prognosis. Therefore, elucidation of the molecular mechanisms underlying EMT/MET
and metastasis in OSCC is important for the development of diagnostics and therapeutics.
In this study, using an OSCC cell line SAS, we established a novel advanced cancer cell
line, SAS-5, by stepwise selection of cells with high motility in the presence of TGF-1
(hereafter, continuous induction of EMT) and by subsequent concentration of abnormal
cells in the absence of TGF-B1 (hereafter, induction of MET). We found that SAS-5 cells
exhibited abnormal cell growth and aggressive malignancy, even though the cells
exhibited some epithelial properties in the absence of TGF-B1. Moreover, regulation of
the Hippo pathway was perturbed in SAS-3, and LATS1/2 phosphorylated SLUG,
promoting the invasive potential of SAS-06 as advanced cancer cells, which we refer to as

advanced epithelial (aE) cancer cells.
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Results

Establishment of Delta-SAS, an OSCC cell line with higher motility in response to
TGF-B1

In OSCC, including SAS, TGF-B1 is a potential inducer of the EMT, which promotes
motility and invasiveness in these cell lines (Takayama et al., 2009). To establish a SAS-
derived cell line with higher motility, we grew parental SAS cells to a confluent
monolayer in a standard culture dish in the presence of 10 ng/ml TGF-p1 (Figure 1A-i, -
ii), and then removed the cells in the inner circle (~80% of the area) using a cell scraper
(Figure 1A-iii). Next, after letting a portion of the cells in the peripheral region move into
the open space (Figure 1A-iv), we scraped off the residual peripheral cells (Figure 1A-v).
The cells in the interior were then allowed to grow to a confluent monolayer in media
containing TGF-B1; these cells, selected based on their motility, were named Alpha-SAS
(Figure 1A-vi). By repeating this selection two, three, or four times, we established SAS-
derived cell lines with higher motility, named Beta-SAS, Gamma-SAS, and Delta-SAS,
respectively (Figure 1A-vii-ix). Wound healing assays in the presence of TGF-B1
revealed that Delta-SAS and Gamma-SAS migrated toward the gap faster than parental
SAS, Alpha-SAS, and Beta-SAS cells 4-6 hours after confluent monolayers were
scratched, indicating that Delta-SAS had acquired higher motility than the parental line

in response to TGF-B1 (Figure 1B and 1C).

Delta-SAS cells are competent to induce the EMT upon treatment with TGF-1
To confirm that the EMT was induced by TGF-B1 in Delta-SAS, we examined the

expression levels of epithelial markers such as occludin (a tight junction protein), as well
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as mesenchymal markers such as N-cadherin (a calcium-dependent transmembrane
adhesion protein) and vimentin (an intermediate filament protein). To this end, we
performed western blots in parental SAS cells and a series of SAS derivatives, including
Alpha-, Beta-, Gamma-, and Delta-SAS, in the presence of TGF-B1 (Figure 2A). In the
presence of TGF-B1, occludin levels were markedly reduced in Beta-, Gamma-, and
Delta-SAS in comparison with the levels in parental SAS cells (Figure 2A, lanes 2, 4-6),
whereas N-cadherin and vimentin levels were dramatically elevated in Gamma- and
Delta-SAS (Figure 2A, lanes 5 and 6). Taken together, these results suggest that Delta-

SAS and Gamma-SAS are competent to induce the EMT upon TGF-p1.

Expression of representative EMT markers and cell motility are reversibly altered
in Delta-SAS and its revertant, SAS-

Although EMT is a potentially reversible program, the molecular mechanism of MET is
not thought to represent the strict reversal of the EMT (Kim et al., 2016). To characterize
the differences in molecular mechanisms between the EMT and MET, we investigated
whether the EMT induced in Delta-SAS could be reversed by depletion of TGF-1. To
this end, we cultured and passaged Delta-SAS twice in the absence of TGF-B1, yielding
a revertant that we named SAS-& (Figure 1A-x). We then compared the expression levels
of representative EMT markers between SAS-8 (without TGF-f1) and Delta-SAS (with
TGF-B1). SAS-5 exhibited a remarkable restoration of occludin expression and sharp
decreases in N-cadherin and vimentin levels (Figure 2A, lanes 6 and 7). Moreover, when
SAS-5 cells were again treated with TGF-B1, the expression level of occludin decreased,
and the levels of N-cadherin increased to the levels observed in parental SAS treated with

TGF-B1 (Figure 2A, lanes 2 and 8). Notably, the level of vimentin was higher in TGF-
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Bl-treated SAS-06 than in TGF-B1-treated parental SAS. These results suggest that the
changes in expression of the EMT markers in Delta-SAS and SAS-6 are partially, but not
completely, reversible in response to TGF-B1. Furthermore, wound healing assays
revealed that the motility of SAS-6 was promoted by the addition of TGF-B1 (Figure 2B,
right panels; Figure 2C, purple bars), similar to the behavior of parental SAS and Delta-
SAS in the presence of TGF-p1 (Figure 2B, second and third panels from left; Figure 2C,
light green and light blue bars); however, a small fraction of Delta-SAS cells moved
irregularly and distributed into the gap 6 hours after the monolayer was scratched (Figure
2B, third panel from top). These results suggest that the motility of SAS-3 is reversible
depending on TGF-B1, suggesting that SAS-6 partly recovered the epithelial properties

of the parental line in the absence of TGF-B1.

SAS-8 exhibit suppression of invasion and migration in the absence of TGF-p1

To examine the invasive activity of SAS-6 in the absence of TGF-B1, we performed cell
invasion assays using Matrigel BioCoat invasion chambers (Figure 3A, top and second
panels from top) and cell migration assays using BioCoat control inserts (Figure 3A, third
panels from top and bottom panels). The invasion assays revealed that the number of
invasive SAS-0 cells was reduced in comparison to parental SAS (Figures 3B and 3C),
suggesting that the invasive activity of SAS-6 was lower than that of parental SAS.
Moreover, the migration assays revealed that the number of migrating cells was markedly
smaller in SAS-5 than in parental SAS (Figures 3B and 3D). These results suggest that

invasion and migration activities were impaired in SAS-8 in the absence of TGF-p1.

SAS-3 cells pile up and overgrow without cell-cell contact inhibition
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To characterize cell growth control in SAS-5, we cultured parental SAS and SAS-5 in
media with or without TGF-B1, and then acquired micrographs every 2 days for 13 days
(Figure 4A). Interestingly, in the absence of TGF-B1, SAS-& continued to grow faster and
pile up without spreading in the horizontal direction (Figures 4A, third panels from top,
day 5; and 4C). By contrast, parental SAS grew constantly until reaching confluence
(Figures 4A, top panels, day 5; and 4B), and subsequently exhibited growth delay and
focus-forming activity (top panels, day 9). Indeed, the growth curves of these cell lines
revealed that SAS-6 cell number increased markedly, without growth arrest, whereas the
parental SAS cells grew slowly for 8 days and accelerated slightly thereafter (Figure 4D).
These results suggest that SAS-6 lost the ability to grow in a spreading manner in the
horizontal direction on the bottom surface of standard culture dishes and became unable
to induce growth arrest mediated by cell-cell contact. On the other hand, in the presence
of TGF-B1, SAS-6 grew widely, spreading until reaching the confluent state (on day 3 or
5), as efficiently as the parental SAS cells, and then forming apparent foci after day 5
(Figure 4A, fourth panels from top). Consistent with this, the number of Delta-SAS cells
continued to increase, similarly to SAS-6, in the presence of TGF-B1 (Figures 4A, bottom
panels; and 4D).

To elucidate the mechanism of abnormal cell growth in SAS-5, we first
examined how the cells spread or piled up in the culture dish, as well as the extent to
which they were piled up. To this end, we grew parental SAS and SAS-5 cells until they
piled up (at day 14), stained their nuclei with Hoechst 33258, and acquired images by
confocal microscopy (Figure 4E). We then quantified staining intensity per unit area in
2D images reconstructed from 3D stacks using image analysis software (Figures 4E and

4F). The signal intensity of piled-up SAS-6 was higher than that of parental SAS cells,
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which was spread continuously throughout the area (Figure 4E, gray). Indeed, the three-
dimensional and cross-sectional images of these cells also exhibited the continuously
spreading feature of piled-up SAS-& (Figure 4G). Next, to examine the correlation
between cell motility and continuously spreading overgrowth in SAS-5, we co-
immunostained parental SAS and SAS-6 with phalloidin (a high-affinity F-actin probe)
and vimentin (Figure 4H). Interestingly, SAS-6 cells were more strongly stained by
phalloidin and vimentin than parental SAS, indicating that formation of F-actin and
expression of vimentin were significantly augmented in SAS-8. These results suggest that
SAS-6 acquired the ability to form excessive actin fibers and mesenchymal-specific
intermediate filaments, which might contribute to their biological features, including

piled-up overgrowth without contact inhibition.

The Hippo pathway is dysregulated in SAS-6

The canonical Hippo pathway plays a pivotal role in contact-mediated inhibition in
normal cells. Specifically, LATS1 and LATS2 prevent cell overgrowth by
phosphorylating and inhibiting YAP and TAZ in this pathway (Pan, 2010). To
characterize the overgrowth phenotype of SAS-3, we first examined the impact of cell
density on the levels of the Hippo pathway proteins in two cancer cell lines, parental SAS
and SAS-9, in the absence of TGF-B1 (Figures 5A, 5B, and Supplementary Figure S1).
In parental SAS, not only LATS1 and LATS2 but also YAP and TAZ were gradually
upregulated and activated in response to a higher cell density; however, TAZ levels
decreased starting at 8 days after passage (the time of highest cell density; Figure 5B, lane
4) to a level nearly equal to that on day 2 (the time of lowest cell density; Figure 5B, lanes

1). Interestingly, the protein level and activity (T1079-phosphorylation level) of LATS1

10
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were not elevated in SAS-6 even at a higher cell density, whereas the intrinsically high
protein levels of LATS2, YAP, and TAZ and the high activity of LATS2 (T1041-
phosphorylation level) gradually decreased as a function of cell density (Figure 5B, lanes
5-8), eventually reaching levels comparable to those in parental SAS at the lowest cell
density (Figure 5B, lanes 1 and 8). These results suggest that the cell density-dependent
Hippo pathway can be partially activated in parental SAS, whereas the pathway is
severely impaired in SAS-5.

Next, we investigated whether the levels of LATS1 and LATS2 and their
activated states (pT1079 and pT1041, respectively) in parental SAS were altered by the
presence of TGF-1. The levels of LATS1 and LATS2, as well as the levels of pT1079
and pT1041, were increased by treatment with TGF-B1 (Figure 5C, lane 2), consistent
with previous data on other cell lines such as MCF10A (Zhang et al., 2012). Moreover,
we examined the protein and phosphorylation levels of LATS1 and LATS2 in a series of
SAS derivatives, including Alpha-SAS, Beta-SAS, Gamma-SAS, Delta-SAS, and SAS-
d (Figure 5C, lanes 3—-7). The protein and phosphorylation levels of LATS1 and LATS2
were also elevated in Gamma- and Delta-SAS in the presence of TGF-B1 (Figure 5C,
lanes 5 and 6). Notably, the level of LATS1 pT1079 and LATS2 protein in SAS-5 were
elevated even in the absence of TGF-B1 in comparison to the corresponding levels in
TGF-B1-treated parental SAS and/or Delta-SAS (Figures 5C, lane 7; 5D; and
Supplementary Figure S2B), whereas the level of LATS2 pT1041 was reduced in SAS-6
(Figure 5C, lane 7; and 5E). Interestingly, elevation in LATS1 pT1079 was reversible in
response to TGF-f1, whereas the reduction in LATS2 pT1041 was irreversible (Figures
5C, lanes 6-8; 5D; and 5E). These results suggest that SAS-6 exhibits aberrant

accumulation of LATS2 protein and an inverse correlation in the phosphoregulation of

11
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LATS1 and LATS2, which might be involved in the canonical Hippo pathway and/or
other LATS1/2-mediated signaling pathways in SAS-8.

In the canonical Hippo pathway, phosphorylation of T1079 on LATS1 and
T1041 on LATS2 are regulated by the upstream kinases MST1 and/or MST2 and the
scaffold protein Salvador/SAV1 (Meng et al., 2016). Therefore, we examined the
expression levels of MST2 and SAV1 in SAS-8 and a series of SAS derivatives. Although
the amount of MST2 protein did not change significantly in parental SAS upon addition
of TGF-B1 (Figure 5C, fifth panel from top, lane 2), it increased in SAS-6 even in the
absence of TGF-B1 (Figure 5C, lane 7; and Supplementary Figure S2C). However,
activation of MST2 (corresponding to phosphorylation of MST2 on T180) increased
somewhat in SAS-8: specifically, the level of pT180 in SAS-6 was higher than in parental
SAS, but lower than that in Gamma- and Delta-SAS, which did not respond to TGF-B1
(Figures 5C, sixth panel from top; and 5F). The level of SAV1 protein also increased in
SAS-3, as well as in Delta-SAS (Figure 5C, seventh panel from top; and Supplementary
Figure S2D). These results suggest that the TGF-B1-responsive activation of MST2
toward LATS1/2 is impaired in SAS-4.

Because dysregulation of MST2—-LATS1/2 axis could influence the functions of
YAP and TAZ, we examined the levels and phosphorylation of these proteins in SAS-3.
As expected, the level of TAZ protein was markedly elevated in SAS-6 in comparison to
its level in parental SAS and other SAS derivatives, in which it decreased upon addition
of TGF-B1 (Figure 5C, eighth panel from top, lanes 7 and 8; and Supplementary Figure
S2E). Conversely, the inhibitory phosphorylation level of TAZ (pS89) normalized with
TAZ protein was reduced in SAS- relative to other SAS cell lines, and decreased further

upon addition of TGF-B1 (Figure 2G). Considering that the activating phosphorylation of
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the upstream kinase LATS2 (pT1041) was disturbed in SAS-6 (Figures 5C, third panel
fromtop, lane 7; and 5E), these results suggest that, in the context of the Hippo pathway,
the inhibitory phosphorylation of TAZ by LATS2 is disturbed in SAS-9, leading to
overexpression or aberrant stabilization of TAZ protein. On the other hand, the protein
and inhibitory phosphorylation (pS127) levels of YAP were markedly elevated in SAS-6
but decreased to the levels in Delta-SAS upon addition of TGF-p1 (Figures 5C, tenth and
eleventh panels from top, lanes 7 and 8; 5H; and Supplementary Figure S2F), consistent
with the behavior of LATS1-pT1079 in SAS-6 in a Hippo pathway-dependent manner
(Figures 5C, top panel; and 5D). These results suggest that, in SAS-5, the LATS2-TAZ
axis becomes inactive regardless of the presence of TGF-B1, whereas the LATS1-YAP

axis can respond to TGF-f1.

LATS1 and LATS2 phosphorylate SLUG on T209 in vitro and in vivo

SNAIL (SNAI1) and SLUG (SNAI2), zinc-finger transcription factors, are pivotal
regulators of EMT (Nieto, 2002). LATS2 interacts with and directly phosphorylates
SNAIL on Thr203 (T203) to promote EMT activity (Zhang et al., 2012). To determine
whether LATS1 and/or LATS2 phosphorylate SLUG as well as SNAIL, we searched for
the LATS phosphorylation consensus motif (H-x-R-x-x-pS/pT) in the primary structure
of mammalian SLUG protein. We found two consensus sequences (T183, HIRTHT3;
T209, HIRTHT?%) in the zinc-finger motifs of mouse Slug (Figure 6A). Both threonine
residues were conserved as T182 and T208 in human SLUG. In vitro kinase assays with
LATS1 or LATS2 revealed that LATS2 phosphorylated Slug primarily at T209 (Figure
6B): LATS2 phosphorylated the non-phosphorylatable T183A mutant of Slug more

strongly than other non-phosphorylatable mutants such as T209A and the all-A (all of
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seven alanine and two threonine residues in the LATS consensus-like motif, R-x-x-S/T
and K-x-x-S/T, were substituted by alanine) mutants (Figure 6B, top panel, lane 11),
despite the lower activity of LATS?2 itself (Figure 6B, second panel form top, lane 11).
Accordingly, we focused on T209 phosphorylation by LATS2. To confirm that LATS2
directly phosphorylates T209 of Slug, we performed in vitro LATS1/2 kinase assays and
western blotting with an antibody against phosphorylated T209 (Figures 6C and 6D).
Because it can also recognize pT208 in human SLUG, hereafter this antibody will be
referred to as pT208 antibody. Indeed, the pT208 antibody specifically recognized the
T209 phosphorylation of Slug by LATS2, although the band intensity was weak due to
low kinase activity of LATS1 under this condition (Figure 6D). Moreover, the band
recognized by the pT208 antibody was diminished by knockdown of human SLUG in
SAS cells (Figure 6E). Together, these results suggest that LATS2 and LATS1
phosphorylate SLUG on T208 in vitro and in vivo.

Because the levels of SNAIL and SLUG proteins increase in response to TGF-
B1 (Nieto, 2002), we examined the levels of SLUG protein in parental SAS and a series
of SAS derivatives in the presence or absence of TGF-B1. The level of SLUG, as well as
SNAIL, increased progressively from parental SAS to Gamma- and Delta-SAS cells in
the presence of TGF-B1 (Figure 6F). Moreover, the phosphorylation levels of T208 on
SLUG and T203 on SNAIL were also elevated in Gamma- and Delta-SAS. Notably, the
protein levels of SLUG and SNAIL were decreased by depletion of TGF-B1 in SAS-9,
and restored to a level nearly equal to that in Beta-SAS, upon re-addition of TGF-f1.
However, the phosphorylation levels of these proteins were also decreased by depletion
of TGF-B1 but not restored by re-addition of TGF-B1 (Figure 6F, lanes 7 and 8).

Importantly, even in the absence of TGF-B1, the protein and phosphorylation levels of
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SLUG in SAS-§ increased relative to those in parental SAS (Figure 6F, lanes 1 and 7).
Moreover, siRNA-mediated knockdown of LATS2 decreased the level and stability of

nuclear SLUG protein in parental SAS (Figure 6G, lanes 13-16).

Loss of SLUG promotes invasiveness of SAS-6

To determine whether SLUG or TAZ is involved in cell invasion of parental SAS or SAS-
d, we knocked down SLUG or TAZ with siRNA and performed migration/invasion assays
in the absence of TGF-B1 (Figures 6H-J). The invasion of parental SAS was slightly
elevated upon depletion of TAZ (approximately 2-fold greater than siControl) and
elevated to a greater extent upon depletion of SLUG (approximately 2-fold greater than
siControl). Interestingly, the invasion of SAS-6 was remarkably increased by depletion
of SLUG (approximately 11-fold greater than siControl), but only slightly increased by
the depletion of TAZ (approximately 3-fold greater than siControl). In addition, because
epithelial-like SAS-6 exhibited abnormal cell proliferation, such as piled-up growth
without contact-mediated inhibition (Figure 4), it is possible that the epithelial state of
SAS-6 was independent of and distinct from that of parental SAS, i.e., SAS-6 represents
a more advanced type of epithelial cancer cell. Therefore, SLUG might be required for

the maintenance of epithelial-like phenotypes, especially in the advanced stage.

SAS-8 exhibit higher invasive tumor growth in vivo

To determine whether the lower in vitro invasiveness of SAS-6 is reflected in in vivo
invasive tumor growth, we injected parental SAS or SAS-5 into the tongues of BALB/c
nude mice (Figure 7A). Mice injected with SAS-5 apparently generated larger tumors on

their tongues, and the survival of these mice was reduced relative to mice injected with
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parental SAS (Figure 7B). Notably, all tumor xenograft samples (day 8, n=4) containing
SAS-5 exhibited an indistinct boundary between invasion front and normal tongue tissue
(transplant site), whereas all samples (day 8, n=3) of parental SAS had a distinct boundary
(Figure 7C). These results suggest that SAS-6 exhibits higher invasive tumor growth in
vivo, even though it is less invasive than parental SAS in the absence of TGF-B1 in vitro,
suggesting that SAS-o6 can drive aggressive malignancy more strongly than parental SAS,
and that SAS-5 can generate invasive tumors in vivo in response to various growth factors,

including TGF-B1, in tongue tissue.
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Discussion

In this study, we established an EMT-competent (TGF-B1-susceptible) cell line, Delta-
SAS, by stepwise selection of OSCC cells with high motility in the presence of TGF-p1.
Subsequently, we established SAS-& by depletion of TGF-B1 for two passages. Unlike
Delta-SAS and parental SAS, SAS-6 acquired abnormal biological properties, including
piled-up overgrowth without contact inhibition (Figure 4), and high tumorigenicity with
invasiveness in mouse tongue (Figure 7). These results suggest that SAS-6 represent more
advanced cancer cells than Delta-SAS and parental SAS. Previously, another group
established two SAS cell lines with low invasive potential (SAS-L1) and high invasive
potential (SAS-H1) by selection based on invasive capacity, a method distinct from the
one used in this study (Okumura et al., 1996). In addition to greater invasiveness, SAS-
H1 exhibited high migration and motility, whereas SAS-L1 exhibited lower migration
and motility, suggesting a positive correlation between invasion, migration, and motility
in cancer cells. Nevertheless, SAS-6 exhibited low activity in migration and invasion in
vitro in the absence of TGF-B1 (Figure 3). Moreover, the abnormal biological properties
observed in SAS-& were not present in SAS-H1 and SAS-L1. Thus, it is likely that SAS-
d is dissimilar to SAS-H1 or SAS-L1, and unique in regard to its capacity of abnormal
growth and level of cancer malignancy. Indeed, on the basis of the expression levels of
representative EMT markers (Figure 2A), SAS-8 partly recovered epithelial properties in
the absence of TGF-B1, consistent with the low migration and invasion activity of this
cell line. Therefore, it is most likely that SAS-6 are epithelial-like, rather than
mesenchymal-like or metastable (i.e., the intermediate stage of the EMT); however, the
epithelial state of SAS-9 is apparently different from that of parental SAS. These results

support a recent model that the MET is not the reverse of the EMT (Kim et al., 2016).
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On the basis of these results, we propose a new model for the evolution of cancer
cells (Supplementary Figure S3). Namely, cancer cells changed to a more advanced stage
by progressively repeating the EMT and the MET, without metastasis to distant sites,
through the following steps: (1) epithelial cancer cells (corresponding to parental SAS in
this study) turn into mesenchymal-like cancer cells (corresponding to Delta-SAS in this
study) via induction of the EMT (e.g., addition of TGF-B1); (2) mesenchymal-like cancer
cells turn into advanced epithelial (aE) cancer cells (corresponding to SAS-6 in this study)
via induction of the MET (e.g., depletion of TGF-B1); and (3) aE cancer cells turn into
advanced mesenchymal-like (aM) cancer cells via induction of the secondary EMT. The
grade of malignancy may increase as these steps are repeated. Therefore, aM cancer cells
might acquire more aggressive malignant properties than mesenchymal-like cancer cells.

What is the key factor in the molecular machinery involved in switching between
the EMT and MET in this model of cancer progression? We demonstrated that the Hippo
pathway (MST1/2-LATS1/2-YAP/TAZ axis) is dysregulated in aE cells (SAS-3), and
that knockdown of SLUG promotes invasiveness of aE cells even in the absence of TGF-
B1 (Figures 5 and 6). These results suggest that dysregulation of the Hippo pathway in aE
cells induces the abnormal cell growth, such as piled-up overgrowth, and that SLUG is
required for induction of the secondary MET (MET in aM cells) or the maintenance of
the epithelial state, which prevents the secondary EMT (Supplementary Figure S3). Thus,
it is possible that LATS1/2 play key roles both in the Hippo pathway and in regulation of
SLUG during the EMT-MET process.

On the other hand, in OSCC cell lines such as Cal27 and HN4, knockdown of
TAZ inhibits cell motility, migration, invasion, and the expression of vimentin, a

mesenchymal marker, whereas conversely the enforced expression of TAZ promotes
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these aspects, indicating that TAZ confers EMT-like changes on the cells. TAZ seems to
be involved in TGF-B-mediated EMT (Li et al., 2015). Moreover, the promoters of
LATS1/2 genes are methylated in OSCC patients at a comparatively early stage or well-
differentiated stage (Ladiz et al., 2016). Taken together with the data that LATS1/2
directly regulate two EMT-related transcriptional factors, including SLUG during the
MET or subsequent epithelial stage (Figure 6) and SNAIL during the EMT (Zhang et al.,
2012), it is possible that when the Hippo pathway-mediated growth inhibitory system is
disrupted by genetic mutation or oncogenic stress, the core components of this pathway,
such as MST1/2, LATS1/2, and YAP/TAZ, become independent of one another and
might play distinct and independent roles in EMT and cancer progression via interactions
with new partners (Shao et al., 2014). Indeed, YAP and/or TAZ have the ability to interact
with SNAIL, SLUG, and/or ZEB1 during development or cancer progression (Tang et al.,
2016; Lehmann et al., 2016), whereas LATS1/2 also regulate chromosomal instability
(Aylon et al., 2006; Yabuta et al., 2013).

We also showed that LATS1/2 phosphorylate SLUG on T208 (Figure 6D), and
that the protein and phosphorylation levels of SLUG were elevated in advanced cancer
cells such as SAS-6 (Figure 6F). Therefore, anti-SLUG-pT208 antibody will be valuable
as a novel marker of malignant tumor cells, and could be used for prognostic purposes.
Further studies are needed to determine whether the pT208 antibody could contribute to

the diagnosis or therapy of various aggressive cancers.
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Materials and Methods

Cell culture

SAS, a human oral squamous cell carcinoma (OSCC) cell line derived from a tongue
tumor, was provided by the Human Science Resource Cell Bank (Osaka, Japan). SAS
cells were cultured with Dulbecco’s modified Eagle’s medium (DMEM, Sigma, St. Louis,
MO, USA) supplemented with 10% fetal bovine serum (FBS, Hyclone, Logan, UT, USA),
100 U/mL penicillin, and 100 pg/mL streptomycin, and incubated at 37 °C and 5% CO..
To induce the EMT, cells were treated with 10 ng/ml recombinant human TGF-p1
(PEPROTECH, Rocky Hill, NJ, USA). To determine the effects on contact inhibition,
SAS and SAS-§ cells were seeded in 60 mm dishes (2.0 x 10° cells/dish) and cultured
overnight at 37 °C and 5% CO>. The day after seeding was defined as day 0. The cells
were photographed and collected on day 2, 4, 6, and 8, and then subjected to western

blotting.

Wound healing assay

The cells were maintained at confluence. After washing with PBS(-), the cell surface was
uniformly scratched with a blue pipette tip. Floating cells were removed by washing with
PBS(-), and then adherent cells were cultured at 37 °C and 5% CO; for the indicated times.
Cell motility was assessed by measuring the width (distance between both edges of the

wound) at the indicated times. Five points of the wound were selected and measured.

Western blot analysis

Cell extracts were incubated at 4 °C for 30 min in modified TNE250 lysis buffer (10 mM
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Tris-HCI [pH 8.0], 250 mM NaCl, 1 mM EDTA, 0.25% NP-40, 1 mM dithiothreitol,
2 mM benzamidine) supplemented with 100 pg/mL PMSF, 1 pg/mL aprotinin, 10 pg/mL
leupeptin, 1 pg/mL pepstatin A, 1 mM NaF, 1 mM NasVOas, 10 mM B-glycerophosphate,
and 100 nM okadaic acid (OA) (Mukai et al., 2015). After centrifugation, cleared lysates
were denatured in SDS-sample buffer. The proteins were separated by SDS-PAGE and
transferred to PVDF membranes, blocked, and subjected to western blotting with the
indicated primary antibodies in TBST (20 mM Tris-HCI [pH 7.5], 150 mM NaCl, 0.05%
Tween 20) with 5% or 0.5% nonfat milk. The membranes were probed with HRP-
conjugated secondary antibodies, washed in TBST, and visualized using Western

Lightning Plus ECL (PerkinElmer, Waltham, MA, USA).

Antibody

Anti-SLUG-pT208 polyclonal antibody was raised against phosphorylated T208 of
human SLUG (IRTH{pT}GEKPFS; this sequence is identical to T209 of mouse Slug).
The SNAIL-pT203 polyclonal antibody was raised against phosphorylated T203
(GHVRTH{pT}GEKPFS) of human SNAIL, using a previous report as a reference
(Zhang et al.,, 2012). Briefly, rabbits were injected with the KLH-conjugated
phosphopeptides, and antisera were affinity-purified using a phospho-antigen peptide
column. To eliminate reaction of non-specific antibodies with unphosphorylated antigen
peptide, the antibody preparation was passed through a column containing non-
phosphorylated  peptide  (SLUG-T208, IRTHTGEKPFS; or SNAIL-T203,
GHVRTHTGEKPFS). Generation and purification of these antibodies were supported by
GenScript (Piscataway, NJ, USA). The commercial antibodies are listed in

Supplementary Table 1.
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Transfection and siRNA

The siRNA duplexes were transfected using Lipofectamine 2000 (Invitrogen, San Diego,
CA, USA). Sequences of siRNA duplexes were as follows: siTAZ, 5°-
AGAGGUACUUCCUCAAUCAUTAT; and siSLUG, 5’-
CCCAUUCUGAUGUAAAGAAAUACICdA. Scrambled siRNA (siControl) or siRNA

against firefly luciferase (GL2) was used as a negative control.

Cell invasion and migration assays

Cell invasion assays were performed using a two-layer structure Transwell chamber
(Corning BioCoat Matrigel invasion chamber, 8.0 um pore size) (Thermo Fisher
Scientific, Waltham, MA, USA). Briefly, the cells were seeded in the upper chamber at a
density of 5.0 x 10° cells/mL in 2 mL of DMEM without serum, and DMEM with 10%
FBS was added to the lower chamber. After incubation at 37 °C with 5% CO. for 72 h,
cells on the upper chamber were removed by scrubbing with a cotton-tipped swab. The
cells on the lower surface of the membrane were stained using the Diff-Quik kit (Sysmex,
Kobe, Japan). Migration assays were performed using a two-layer Transwell chamber
(Falcon cell culture inserts; Thermo Fisher Scientific). The number of invading or
migrating cells on the membrane was counted by photographing the membrane under the
microscope. The numbers of invading or migrating cells were represented as the average

number of cells per microscopic field over ten or five fields, respectively.

Cell growth assays

Cells were seeded at a density of 0.5 x 10°/well in 6-well plates, and cultured at 37 °C
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and 5% COg. Cells in separate wells for each time point were trypsinized and were
counted on a Countess automated cell counter (Invitrogen) every 2 days for 2 weeks. We

defined the day after seeding as day O.

Indirect immunofluorescence staining

Cells were cultured on coverslips immersed in a culture dish (35 mm) and sequentially
fixed at room temperature in 4% formaldehyde in PBS(-), 0.1% Triton X-100 in PBS(-),
and 0.05% Tween-20 in PBS(-) for 10 min each. After removal of the final fixation
solution, the fixed cells were blocked for 1 h at room temperature with 2 ml of TBST
buffer supplemented with 5% FBS. Subsequently, the cells were incubated with the
indicated primary antibodies, followed by incubation with Alexa Fluor 488- and 594-
conjugated anti-rabbit IgG (Molecular Probes, Eugene, OR) in TBST containing 5% FBS.
The stained cells were observed on a confocal laser scanning microscope FV10i

(Olympus, Tokyo, Japan).

In vitro kinase assay

Recombinant human LATS1 or LATS2 kinase (Carna Biosciences, Hyogo, Japan) was
incubated at 30°C for 30 min with GST-fused mouse Slug-WT, -T183A, -T209A, and
all-A (S101A, S139A, S161A, T183A, S196A, T209A, S215A, S248A, and S252A)
mutants in LATS1/2-kinase buffer (20 mM PIPES [pH 6.8], 4 mM MnCl;, 1 mM DTT,
1 mM NaF, 1 mM NasVOa) containing 20 uM ATP and 10 pCi [y-32P] ATP. Reactions
were resolved by SDS-PAGE followed by autoradiography and staining of minigels using

SimplyBlue SafeStain (Invitrogen, Carlsbad, CA, USA).
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Tongue tumor model of mice

SAS and SAS-5 cells (2 x 10° cells in 50 pl of serum-free DMEM) were injected into the
tongues of 5-week-old female nude mice (BALB/c-nu/nu; Japan SLC Inc., Shizuoka,
Japan) using a syringe with a 26 G needle. After injection, survival rate and body weight
were measured. For pathological examination, four mice were sacrificed and their tongue
tumors were excised 8 days after tumor implantation. The sections (3 um thick slices) of
pathological samples were prepared by The Research Foundation for Microbial Diseases
of Osaka University [BIKEN] after fixation with 10% formalin neutral buffer solution
(Wako Pure Chemical Industries, Ltd., Osaka, Japan). For hematoxylin and eosin (H&E)
staining, the sections of mouse tongue tumor specimens were stained using an automated
slide stainer, Tissue-Tek-Prism (Sakura Fine Japan Co., Ltd., Tokyo, Japan). In brief,
after deparaffinization and rehydration, the samples were soaked in hematoxylin solution
(Sakura Fine Japan) for 5 min. After washing with water, the samples were soaked in

eosin Y solution (WALDECK GmbH & Co. KG, Miinster, Germany) for 5 min.

Statistical analysis

Statistical analysis was performed in Microsoft Excel. Error bars for data on cell growth
and invasion/migration assays represent standard deviations from the mean. P-values
were calculated using Student’s t-test. Survival analysis in vivo was performed with
Kaplan—Meier curves, and the comparisons were evaluated by generalized Wilcoxon test

and log-rank test. *P < 0.05, **P < 0.01, and ***P <0.001.

Ethical permission

All animal experiments were approved by the Animal Care and Use Committee of the
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Research Institute for Microbial Diseases, Osaka University, Japan (#Biken-AP-H24-17-

0). The methods were carried out in accordance with the approved guidelines.
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Figure Legends

Figure 1. Establishment of Delta-SAS and SAS-6 cell lines

(A) Schematic drawings of the motility selection technique for isolation of Alpha-SAS,
Beta-SAS, Gamma-SAS, Delta-SAS, and SAS-6 cell lines. All cell lines except for SAS-
d were isolated from parental SAS cells by repeating the selection step the indicated
number of times (A-iii, removal of interior cells using a cell scraper; A-iv, allowing the
outer cells to move into the interior space; A-v, removal of the outer cells using a cell
scraper; and A-vi, propagation of residual cells) in the presence of TGF-f1 (10 ng/ml).
SAS-5 was isolated by subjecting Delta-SAS to two passages in the absence of TGF-B1
(A-X).

(B) Wound healing assays of the series of SAS-derivative cell lines in the presence of
TGF-B1 (10 ng/ml). Images were acquired 0, 0.5, 1, 2, 4, and 6 h after wounding. Would
healing by parental SAS was assayed in the absence of TGF-B1. Scale bars, 500 um.

(C) Quantification of the wound healing assay was performed by measuring the distance

across the wound.

Figure 2. The EMT in Delta-SAS cells is highly sensitive to TGF-B1 and reversible.
(A) Western blotting of parental SAS and a series of SAS derivatives with the indicated
antibodies against EMT-marker proteins and a-tubulin (as a loading control). Alpha-SAS,
Beta-SAS, Gamma-SAS, and Delta-SAS cell lines were constantly maintained in growth
media containing TGF-B1 (10 ng/ml). SAS-6 and parental SAS were treated with (+) or
without (—) TGF-p1 for 48 h.

(B) Wound healing assays of parental SAS, Delta-SAS, and SAS-3 in the presence (+) or
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absence (—) of TGF-B1 (10 ng/ml). Images were acquired 0, 3, 6, and 12 h after wounding.
Scale bars, 500 pum.
(C) Quantification of the wound healing assay was performed by measuring the distance

across the wound.

Figure 3. SAS-8 exhibits suppression of invasion and migration in the absence of
TGF-B1

(A) Invasion assays and migration assays of parental SAS and SAS-6 were performed in
the absence of TGF-B1 using the Matrigel BioCoat invasion chamber and the BioCoat
control insert, respectively. Invading or migrating cells on the lower surface of the
membrane were stained with the Diff-Quik kit, and then the membranes were
photographed using a digital camera.

(B) High-power fields of invading or migrating cells on the lower surface of the
membrane were taken using a microscope (Leica Microsystems GmbH, Germany). Scale
bars, 200 um.

(C, D) Invading (C) or migrating (D) cells on the membrane were counted by
photographing the membrane under the microscope. Bar graphs show the average number
of cells per microscopic field over ten fields (invading cells) or five fields (migrating

cells).

Figure 4. SAS-3 pile up and overgrow without cell-cell contact inhibition
(A) Parental SAS, SAS-6, and Delta-SAS were treated with (+) or without (-) TGF-p1
(20 ng/ml) for the indicated numbers of days. Images were captured using a microscope.

Scale bar, 500 pum.
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(B) Enlarged image of parental SAS on day 5 in the absence of TGF-B1. Scale bar, 500
um.

(C) Enlarged image of SAS-5 on day 5 in the absence of TGF-B1. Scale bar, 500 um.
(D) Growth curves of parental SAS, SAS-5, and Delta-SAS in the presence (+) or absence
() of TGF-B1. Cells were maintained as in A. Data represent the average of cells from
three independent experiments.

(E) Visualization of the three-dimensional cell density of parental SAS and SAS-3. Cells
were grown in the absence of TGF-B1 for 13 days, and nuclei (DNA) were stained with
Hoechst 33258 after fixation with 4% formaldehyde. Z-series images of the stained nuclei
(gray) were captured with a confocal laser scanning microscope (FV10i), and a two-
dimensional image was reconstructed by superimposing the collected Z-series images
using the Fluoview software. Insets show enlarged color images of nuclei (blue). Scale
bars, 200 um.

(F) Bar graphs show the average intensity (left) and integrated intensity (right) of nuclear
signals in the reconstructed images (as in E) of parental SAS and SAS-6. The signal
intensity was quantified using the ImageJ software. Data represent the mean and s.d. of
the intensity in three independent areas.

(G) Three-dimensional images of nuclear signals in parental SAS and SAS-6 were
reconstructed from Z-series images of the Hoechst 33258-stained nuclei (blue) using the
Fluoview software. The cross-sectional images reveal that the piled-up SAS-8
continuously and horizontally propagated in the culture dish. The sites of cross-sections
are shown as yellow lines.

(H) Immunofluorescence staining of parental SAS and SAS-6 with phalloidin (F-actin,

red) and anti-vimentin antibody (green). Cells were counterstained with Hoechst 33258
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(blue) for visualization of DNA. Scale bars, 10 um.

Figure 5. The Hippo pathway is dysregulated in SAS-6

(A) Parental SAS and SAS-§ cells (2.0 x 10° cells/dish) were seeded in 60 mm dishes and
grown in the absence of TGF-B1 for the indicated number of days. Photographs show the
appearance of growing cells. Both cell lines were fully confluent at Day 4, but SAS-6
were continuously grown and piled up after reaching confluence. Scale bars, 500 pum.
(B) Western blotting of parental SAS and SAS-3, which were grown in the absence of
TGF-B1 during the indicated days as in A. Hippo pathway-related proteins were detected
using the indicated antibodies.

(C) Western blotting of parental SAS and a series of SAS derivatives was performed with
the indicated antibodies against the Hippo pathway proteins and a-tubulin (as a loading
control). Each cell line was maintained as shown in Figure 2A.

(D-H) Relative levels of the indicated phosphorylated forms, normalized against the

corresponding band intensity of the indicated proteins.

Figure 6. LATS1 and LATS2 phosphorylate SLUG on Thr182 and Thr208 in vitro

(A) Schematic representation of SLUG protein. The light gray box, dark gray box, and
five white boxes show the SNAG domain, SLUG domain, and zinc-finger motifs,
respectively. The LATS1/2 consensus sequence and predicted phosphorylation sites
(T183 and T209 in mouse; T182 and T208 in human) are indicated by underlining and
large bold characters, respectively.

(B) In vitro LATS1/2-kinase assays with GST-fused mouse Slug-WT (wild-type), -all-A

(S101A, S139A, S161A, T183A, S196A, T209A, S215A, S248A, and S252A), -T183A,
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and -T209A as substrates in the presence of [y->2 P] ATP. SimplyBlue staining was
performed to visualize the amounts of loaded proteins.

(C) Dot blot assay with anti-SLUG-pT208 antibody. Antigen peptides containing
phosphorylated T208 site or non-phosphorylated peptides were blotted at the indicated
concentrations on a PVDF membrane.

(D) In vitro LATS1/2-kinase assays with GST-fused mouse Slug-WT, -all-A, -T183A,
and -T209A in the absence of [y-32 P] ATP, followed by western blotting with the
indicated antibodies. Phosphorylated bands were detected with anti-SLUG-pT208
antibody.

(E) SAS cells were transfected with sSiRNA against SLUG and cultured in the absence of
TGF-B1, followed by western blotting with anti-SLUG and anti-SLUG-pT208 antibodies.
o-tubulin was used as a loading control.

(F) Western blotting of parental SAS and a series of SAS derivatives was performed with
antibodies against SLUG, SLUG-pT208, SNAIL, and SNAIL-pT203. Each cell line was
maintained as shown in Figure 2A.

(G) SAS cells transfected with GL2 (a negative control) or LATS2 siRNA duplex were
treated with cycloheximide (CHX) for the indicated periods, and then subjected to
subcellular fractionation. Protein levels of SLUG and LATS2 were determined by
western blotting. Lamin A/C and a-tubulin proteins were observed as nuclear and
cytoplasmic fraction markers, respectively.

(H) Invasion assays and the migration assays of parental SAS and SAS-6 transfected with
SiRNAs against TAZ and SLUG were performed in the absence of TGF-f1 using the
Matrigel BioCoat invasion chamber and the BioCoat control insert, respectively. Invading

cells on the lower surface of the membrane were stained with the Diff-Quik Kit, and the
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membranes were photographed using a digital camera. siControl indicates a negative
control. Scale bars, 200 um.

() Bar graphs showing the index of invasion in H, calculated by dividing the percent of
invasion (% invasion = the average number of invading cells / the average number of
migrating cells x 100) of parental SAS or SAS-5 cells transfected with the indicated
SiRNAs by the percent invasion of cells transfected with siControl.

(J) Western blotting of extracts from knockdown cells used in the invasion assays. o-

tubulin was used as a loading control.

Figure 7. SAS- cells enhance in vivo tumorigenicity

(A) Schematic drawings of an orthotopic mouse xenograft model of tongue cancer.
Parental SAS or SAS-5 cells (2 x 10° cells / 50 ul) were injected into the tongue of 5
week-old female nude mice (n=12). These mice were used for survival analysis (n=8) and
for pathological analysis of tongue tumors (n=4).

(B) Survival analysis of nude mice injected orthotopically with parental SAS and SAS-6
cells. Survival rates of eight nude mice were evaluated by Kaplan-Meier method and
compared by generalized Wilcoxon test and log-rank test.

(C) Representative H&E-stained sections of primary tongue tumors from nude mice
injected with parental SAS and SAS-6 cells. Arrowheads indicate the boundaries between

tumors (T) and normal tissues (N). Scale bars, 1 mm (x 4).
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Supplementary Figure Legends

Figure S1. Band intensities of western blots in Figure 5B.

(A, C, E, F) Bar graphs showing the relative levels of the indicated proteins, normalized
against the corresponding band intensity of a-tubulin.

(B, D) Relative levels of the indicated phosphorylated forms, normalized against the

corresponding band intensity of the indicated proteins.

Figure S2. Band intensities of western blots in Figure 5C.
(A—F) Bar graphs showing relative levels of the indicated proteins, normalized against

the intensity of a-tubulin.

Figure S3. A model for the evolution of cancer cells.

Cancer cells are converted to a more advanced stage by progressively repeating the EMT

and MET. See the Discussion section for more detail.
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Figure 6 Fujibayashi and Yabuta et al.

A i B Ki - LATST LATS2
Inase
Human (Mouse) KMHIRTHTLP
1(1) T~ 268(269)  GST-MmSWgWT + - - - . - - - 4+ - - -
SLUG GST-MmSlug all-A - 4 - - S - . -
/l\ GST-MmSlug T183A - - 4+ - - - - -4 -
QGHIRTHTGE GST-MmSlug T209A - - - 4 - - -4 - - -
208 (209) T
C Non-phospho Phospho
peptide peptide p-LATS1/2 —— -
Peptide [ng] 10 100 500 10 100 500
SLUG pT20872 . °
D lane 1 2 3 4 5 6 7 8 9 10 11 12
Kinase - LATS1 LATS2
GST-MmSlugWT + - - - + - - - . - - - _
S 0O
GST-MmSlugall-A - + - - - - - s - - E £ S
GST-MmSlug T183A - - + - - -+ - - - e - e 2 MK
‘:—35
GST-MmSIlug T209A - - - + - - -+ -} - -+ i SLUG .
MmSlug pT209 - - .2 e — 35
B e SLUG pT208 .
i - ' 46
GsT [
2 ad- M_ Lane 1 2
(Lats1/2) | =% wd : b P .
Lane 1 2 3 4 5 6 7 8 9 10 11 12
=
2 9 X 9
/Qv X @Q" '?* G
SAS \5\& égo"’@ & SAS-8 SAS
F T 9 Q ' Cytoplasm Nucleus
- - + 2
TGF-p1 - 48h 48hM(K) GL2 SILATS2 GL2 SILATS2
35 CHX[IN] 01 2 4012 4012 401 2 4
SLUG -, -ae- M
SLUG | w8 s v v o o o —...'..-- —35
SLUG pT208 el ™ — 35
—170
— 35 LATS2 | e v v s "I
SNAIL e - .
\ | o - -
—35 Lamin A/C Z ' ; . i
SNAILPT203| # % s w % & w0 e 'Qﬂﬂ” = —60
O-tUDUIIN | - - - - - - - - o-tubulin | eeseses e e e - - - - 45
— 46
lane 1 2 3 4 5 6 7 8 lane 1 2 3 4 5 6 7 8 91011 12131415 16
siControl
SAS SAS-5
| 12 _ _
< 10
2 SEa 8B
S g o 5 v @ » » MK)
e 60
oK w @SR 8sE
x
3, —35
= siControl SLUG | == == *>e
2t = SiTAZ _
o l « SiSLUG a-tubulin M e

SAS SAS-8 Lane 1 2 3 4 5 6
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Supplementary Table 1.

Distribution
Antibody name Catalog No. Concentration  Figure No.
source

Occuludin (C-terminal) rabbit SIGMA SAB4200489 1:500 (WB) 2-A
N-cadherin rabbit Cell Signaling 4061 1:250 (WB) 2-A
Vimentin (D21H3) XP® rabbit mAb Cell Signaling 5741 1:500 (WB) 2-A
LATS1 (C66B5) rabbit mAb Cell Signaling 3477 1:500 (WB) 5-B,C
LATS1-pT1079 (D53D3) rabbit mAb Cell Signaling 8654 1:100 (WB) 5-B,C
LATS2 rabbit BETHYL A300-479A 1:500 (WB) 5-B/C ,6-G
LATS2-pT1041 rabbit Zhang et al., 2012 1:250 (WB) 5-B/C
YAP rabbit Cell Signaling 4912 1:500 (WB) 5-B/C
YAP-pS127 rabbit Cell Signaling 4911 1:500 (WB) 5-B/C
TAZ (WWTR1) rabbit SIGMA HPAO007415 1:200 (WB) 5-B/C,6-J
TAZ-pS89 rabbit SANTACRUZ  sc-17610-R 1:50 (WB) 5-B/C
MST2 rabbit Cell Signaling 3952 1:100 (WB) 5-C
MST1-pT183/MST2-pT180 rabbit Cell Signaling 3681 1:20 (WB) 5-C
SAV1 (D6M6X) rabbit mAb Cell Signaling 13301 1:500 (WB) 5-C
SLUG (C19G7) rabbit mAb Cell Signaling 9585 1:500 (WB) 6-E/F/G/J
SLUG-pT208 rabbit In this study 1:100 (WB) 6-C/D/E/F
SNAIL (L70G2) mouse mAb Cell Signaling 3895 1:500 (WB) 6-F
SNAIL-pT203 rabbit In this study 1:100 (WB) 6-F
a-tubulin mouse mAb SIGMA T5168 1:2000 (WB) 2-A5-B/C,6-F/G/J
Lamin A/C (4C11) mouse mAb Cell Signaling 4777 1:2000 (WB) 6-G

2-A5-B/C,
Anti-rabbit 1gG HRP-linked antibody Cell Signaling 7074 1:1000 (WB)

6-C,D,E,FRG,J
Anti-mouse 1gG HRP-linked antibody Cell Signaling 7076 1:2000 (WB) 2-A5-B/C, 6-E,F,G,J
Phalloidin SIGMA P1951 1:800 (IF) 4-F
Alexa Fluor® 488 goat anti-mouse 1gG (H&L) Invitrogen A-11029 1:50 (IF) 4-F
Alexa Fluor® 594 goat anti-rabbit 1gG (H&L) Invitrogen A-11012 1:50 (IF) 4-F
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