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%18 EEsFMRoRE—%

28 2 B syntaxin-4 DEEE

BI3E MHEEFE

%18 MEEE

F28H REIAVAIIMNDERABLIVERFEA

=

%38 MioRALRERE

FAH DxRATAYTAYT

E 58 MRREDOIV/ANVEDEFFLICLEEH

£ 68 HMARE syntaxin-4 D RELE
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BT E MHBR AN BEDER

% 8 fi RT-PCR $&U qRT-PCR

EOH MRREREIV/\VEORERNEEEICIDIEE
% 10 &1 RS syntaxin-4 2L A MR RE DR

5% 11 81 RNA o —4~ 2 iR

F 12 8 zscand EILZFD/vIF oY

5% 13 8 T—2—0HE

FL4E KR
¥ 18 Y UXES#BIZHITS syntaxin-4 QFBENBIE ............ 29

ES #ifaRE TO syntaxin-4 O B AL FHIT
MEK1/2 kU GSK3pB [EEHIFHMIZKL M4 syntaxin-4 DFHTEZE(L
#MRast syntaxin-4 O FIRMMEADEE

2 851 HES syntaxin-4 [CKAMEE-ME~NDEE ... 35

#HRESY syntaxin-4 1I2& 5 ES fiBD R E~DFE

E- to P-cadherin XAy F DL

syntaxin-4 254 A MZ &5 Hfast syntaxin-4 OHEBEDHREE
HEaSY syntaxin-4 [2&% EMT BERF S LUHFHEESNMEADFE



% 3 E HAES syntaxin-4 D TREFDREITE ..coovevveeeeieeeeieeeenn, 43

KRR — o —(2 KB4} syntaxin-4 D TFiREFDER

HERESY syntaxin-4 2L BRMEKEER E LR F Zscand ~DFEE
#RaSY syntaxin-4 [2&5 PI3K/Akt T FILADEE

MEK1/2 $ kU GSK3B FAEFIIZLSHAas} syntaxin-4 DIERENDFE

F 481 FOMRRICEITSHMAESN syntaxin-4 DHEEE

(cadherin A YFEREEEDEADY) i, 51

\\\
rm

HRaSY syntaxin-4 [2&% FO fMifa DM EEADFE

E- to P-cadherin Ay F DL

HRast syntaxin-4 [I2&% EMT BERFH LU D E~ADFE
P-cadherin s&HIRRICLEMENDEE

E-cadherin O#RERF (L HMREZE L

E- to P-cadherin R4 v FDEMIZLHRRELE L

REIRHAESY syntaxin-4 HIRIZKD D IE~ADELE

% 5 81 P19CL6 #iR2(ZHT5HAE4) syntaxin-4 D#EEE

(P-cadherin EHRREESEEDBER) oo 63

#RESY syntaxin-4 [2&5 P19CL6 BN ALREA DB L
HIEESY syntaxin-4 IC&BFEESEADFE
P-cadherin 5&HIERIZ KD ELHIREME~ADZE



ESE BIEBEUEE e 68

BOE BEIM ..o, 75
ETE BEEB e 83
BEOE ... 87
EOE BB e, 115
BEI0E BB 119



BREER
ES: Embryonic stem
iPS: Induced pluripotent stem
EC: Embyonic carcinoma
MEK1/2: MAPK/ ERK kinase
GSK3: Glycogen synthase kinase 3
LIF: Leukemia inhibitory factor
EMT: Epithelial-mesenchymal-transision
HESL1: Hes family bHLH transcription factor 1
t-SNARE: Target soluble N-ethylmaleimide-sensitive factor attachment protein
receptor
ICM: Inner cell mass
JAK: Janus kinase
STAT: Signal transducers and activator of transcription
Akt: Akt serine/threonine kinase 1
PI3K: Phosphatidylinositol 3 kinase
aSMA: a-Smooth muscle actin
Zebl: Zinc finger e-box binding homeobox
Foxc2: Forkhead box protein C2
AFP: alpha fetoprotein
MHC: Myosin heavy chain
Tujl: Neuronal class Il B-Tubulin
RA: Retinoic acid

Oct3/4: Octamer-binding transcription factor 3/4



Nanog: Nanog homeobox

Rex1 (zZfp42): ring-exported protein 1 (Zinc finger protein 42)
Gata: Gata binding protein

Bmp4: Bone morphogenetic protein 4

Wnt3: Wingless-type MMTYV integration site family, member 3
Mek: MAP kinse-ERK kinase

Erk: Extracellular regulated MAP kinase

GMEM: Glasgow minimum essential medium

oaMEM: Alpha modified minimum essential medium

GFP: Green fluorescent protein

DMEM: Dulbecco's modified eagle medium

DMSO: Dimethyl sulfoxide

SDS: Sodium dodecyl sulfate

PBS: Phosphate buffered saline

PFA: Paraformaldehyde

IPTG: Isopropyl B-D-1-thiogalactopyranoside

EDTA: Ethylenediaminetetraacetic acid

DAPI: 4',6-diamidino-2-phenylindole

DOX: Doxycycline

gRT-PCR: quantitative reverse transcription PCR

SiRNA: small interfering RNA



FL1E EF

UT4E | ES. iPS flifa7e & D S REM R MRIIREABEERADISANRFIA TS,
ZOERALIZEK, BEHNHA~NDOEHELMEFERMOMIL LV EEZRENEZSA T
%, BE. COMEDERETORRELT. I BREMFHBOFY—HINZEFONTNS,
RMEGRMROE— IO —dIC[FHLLEBBOMEORLLIEHOMBBIEET S
=8 —ARANDMMERBITH L THER DML ENS ISR SN TLED LL, BE
FTEDFY—MDREADZZXLIZDOVTIFHIFEAERLMIAS>TULRL, RBFFETIE,
COZREMHHBEOFY—HEEAHTIREEFELT, MRS CTEGIMETRIET
BA=—YIFERAINDEEE syntaxin [ZEBL. TORAMIGRIREEEEIC K-> T, §#ififa
KHIFY—RMERENECDHATREME R L=, @, syntaxin [ZHEfRIRDRAIZF
Uh—Eh, IMADERMEZEN T 0. HaNHLDEL DRIFEZITREE, —EHAE
DREIDSIHMUNEREEL , BHERRIZBIAINGS T F IV EEZSIENTED. FT. TN
FTREALLMRICEVDTHIEIMERNEIESN TS syntaxin-4 [TDNVTRAMEL ES
BRI CTORBREHERLECA, A0 —hO—EOHIEA syntaxin-4 ZFHFETEIIZHE
RESMRRT DI ENHIBALT -, &5I2, ¥R ES #MIEEH—71 k5 1LIREE (ground-state)
THET5=OIZALGNS MEKL2 £ GSK3B DEEHI (2i) 1I2&>T syntaxin-4 0
MESMRRAIFIEN DI ELBAL M ELE ST, LML, ThETHIESY syntaxin-4 AL BEtE
BMIICEZ A EICOVTIE—MESATLVEL, ZSTRIZ.ES #lawE4LZD EC
(iEitfE) HEA2IC syntaxin-4 ZHRESMZBFHRRSE D REMAERERAMZ I /VE
ZERTHREMEAEOESHET, BHRE~DEREZHETLI-. ZDOFR. ES #ifa+® EC
R TILMMES syntaxin-4 (Ck->T EMT (L EMZEEGER) HOMEBELOFHEERTIN
DHEDNFBINSZEN A oT=, Tl FSURV)T—LEEHIZEY, E-cadherin A5
P-cadherin ~ND XA YF A0, RMLMFFEF Zscand DIEELGRBMFINRHEINT =, 5
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(2. SNSOFRBEEFNIZIE PIBK/AKt 2T FILORFHLANRE S T HI LML M ELES
2o LEDELIX, BHEMHBRFTHS LIF ZBETTERESNDIIEND, ROEHMEF
g RIZHE T, B2 0BMBERE TR —IZHRITT 5 syntaxin-4 DT FILEZITE-
iR, SER AR MERBEHIFTET . BRELT. MEEHADO R —ENBIHENS

ATREME AV RSN,



518 HEFMREOoRY—t

FAT=BDIRIF=oT=—DDRFEMALIFLFEY ., TOMAAAIEZ T18E- LT HZET,
A7 BHERICIE 270 FERLL b | #8UZLTH 37 KEDHITRESNELII1THE . %
BEME SRR TH B ES (Embryonic stem). iPS (Induced pluripotent stem) #lifE (X6 L.
ERADHoPHMIBANS LT DENTHETH L= REKBEERDE AT Y—IL
ELTHAPFTEDICANHFINSLELIZ, MARESFOZMMGHEMBLELTE
ESCALLNR TS 23,

CNET. KOG REMHFEREY —GHRAKEATHSIEEZAONTIV=A EE.

R 1 &R DETHBALATIOTES *8, HIZIE, TR ES MM TIERMEMRITLE
L& TS LIF (Leukemia inhibitory factor) Z &ML= & &4 TIX., JAK-Stat 1>
PI3KIAKt T FILEFLTEREM Y —H—THS Oct3/4 DEBEMARIZN TSN 20, %
DR EMFEE R VLT —IIZEF 5 Nanog % Rexl HFDEEFRBEIE—DNDaA=—
RNTH—TIFEL B2 DMEFTREIESDTLS 57, Nanog FETHEHERE XI5 R NIEZE
MAaIc =t EZERY —A . Rexl [EHEMAEIE ES MRRZIMST SR AN NERMALE
(ICM) KYRMEDHEALIEBIE LE (Epiblast) PIRRESNFEEHROMIRISGELNEEZSL.
KHRANDHMERT—DITEONBITTEDRETHDHLEEDN TS 091, Ff= B
MICRBRENEETHEERFELTHMONS Hesl (X, LD ES HETZEDEHZ(3
VMRS, —ERETRALE—IO0=-—ANTORBREFH—TH->TLS 2, o

EIREEEL TIE, Hesl DEBLAAENEDFHIEERIIAN ABVDELDEHEERSID
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HREICHMELOTVVEBEEZAT LN RESA TS (B 1-A)17%5,

— 7. B XBERG ME TS T, TOMBEMEBLT A FIVIICEILSEHIENE
HIBN TN 10, ELERMEIKREIZH S ES HifaIIh MigMEE N BLRan=_—%
BT HH, HMERIBAEHAHZETRIFIEL. AL OMBENBELI-HEZLLHIENS
MoTUNG 1821 X5(TiR4E, R EDHMEICEOVTAIMICEEL-BEEEN
MEBIRDBIERIAHIELMESNTEY . SREMHFHROBEESEDERGESMN
fAz5 2%,

ES fifa[3an=—HREOMECHREMES 2/ VBEORBE NS L KM
BEAELTHY. ZOH1EDMEARRE(Z (X EMT (Epitherial mesenchymal transision, £ &
M) N5 THELSTmELHD 1082 EMT (EZDLDEY ., LRIMSEEADR
BOBITICKYERDITOND, HEMAZ EMT TlE. AAEFU- L RABEORKRNHS
RIFAELI-FERMAFRN DR REEELIZfEL., EEEEF Snail EF8#(2L%. E-cadherin
DFEBIMFIN LR LN TS 2526, Ff-, ES #ii2IZH L TH. E-cadherin D HEBF A (£,
ZHREMEICRIH B PIBK/IAKL L7 FILEHIFIL . ROMEMEEHIESE HEARONTINVS 2258,
E5[2, EMT Tl& E-cadherin OHIREE TICELLE>THIDIEFED cadherin D FIA £
59 % cadherin AL YFEVIRENSHIMESN TS, —REIIZ(E E-cadherin 755 N-
cadherin ~M#1T (E- to N-cadherin XA vF) MBRTFIA 2930 54, FLARCERGE D
BEHDOH DR HEEE LUTREEILIZH#>T E-cadherin A5 P-cadherin ~D XA
wF (E- to P-cadherin R1vF) MEFEEINLHILBBEIN TS (HE 1-B)*3°,

FHEE, BRI IORAEDERT—UICE T HELFRRTOT71) 0T O
&Y, ZHREAICHRMICRIT HEEFELT zscand ARIESNT= %, zscand (=
MEHEE ES MREICHEMICRIRY HBEF T, TOAS—EITERFELLELNTOAT DM
REOY/LDOREMEHIFTHILT. HECEBERILBICTROLIREZHIZT T H-0DE
BIRRBERLTNS 378, E5(2iPS MIRAVERIFFC 24 Kff zscand ZiEMEIET 5T
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ETRIRICERIENRESNSHEESIC, RHICERITPEBRNTEGFRNEMRL
FTHIELRESNTZ 3, Fz, zscand DHEBIEIRMEMBREF LIF LET2—DTRTH
% PIBK/AKt ST FILIZE S TEITHIEISA TINS I ENSE . BN S EEMHIFICEER
BEFTHAEEZONTLNS 04,

COESIZ, HHBOSEFEICONTHOAN=X LIZFERANTELHAREINATLSIZE
AAHLY . FHilEOINZ—A LR —LHEEAABAMICHRT 5 AH=XLIZD
WTIEREZIFEAERLOMIZELTLVEL 282 BEERIZEWT, CORBMMGER S
(. BAIHIRE~ DL F BRI, R A EICHE L= MO RMEREE R o=-FE DM
faDRIHICERL. Z0RERI—7YMEROIRGEHNRETORRALLGELHIEZEZLN TS S,
Ff- . ZWAEICEVTIE, —2OZBEMALIREL-—EOI/O—FILGHREFICE T,
BHOELGIMEZE I HSMBEALRT SMNPRLEDEZLGHMAZRHLTINDENS
HRELHD 5, oD, SRERMBROFY—14Z25IEECIREARFORE
BIUHRGHERAT. ERCAOALGLTREZHNBRANOLEETHIEEALN
Z

ZREM RIS BTG R —HE 45§ A -LIEHAEFORBELT. LTD=D
DIENEZLND, —D BT BENERIFE—GHRER O THREL. BiEihalc
BRI ME O EEILDL T FILERESIE (HHMD) THS, a0=——D—HOMMBED
ARG RIBEESZ HENSICEIF, DMILAENDF /N VELYL, MR TR
BRI T DIEMBMEDRIV VB THAHAREEA B, F-. ¥R ES HlATIE, #iL
EEMNORMEMIFICBLELIND LIF ZFMLIEEFHT TIOTY—HARESA
TWBH, FOEHIZESIZ 2i EFFIEN S MEKL2 LT GSK3B MEEFIZERMT S2E
T.ES HMfglIeEERS JUREMNICH —GEKEIKE (Ground-state) TOH#IFATAIRELK
Y, CDIREED ES MEEMBERICHBIET AT ATHBRENKETTET LA HoNT

WB 4834, CHTEML MRMRFD2OEDHEEELT, 2IDFEICI>THEERIFE®D ON/
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OFF BIYEHBZE (HHQ) NEZLNS,

MEK1/2+-GSK3B
inhibitors

®oett RE-H—

"_;'l_ l._(_
B 0 = o skorn-

FKMMERRETO BRMWERELE{LSEMT: Epitht;lial Mesenchymal Transition
R R

1. ¥R ESHiROFY—EOHMER

A: LIF g TIEE <2 QOHEAR Y —LGRELHEZRT DKL, 2 (MEKL2 LU
GSK3B MIEER) ##H/MTHIETRAEKRELSE—IZRI=NDB 4,

B: HEAMANDMERIEGLICEC D, BRMWEREERICIT EMT BBEE5T S %,
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B2 syntaxin-4 DH#EE

t-SNARE 773)—A2 /9B ELTHIBN S syntaxin (£, @F C RinBIDOBKEEE B
783 (TM:trans membrane f8ig) ARICEESNTEY. MR O /MNIEIEIZH T HIER
BE~DEREIZEAETS (K 2)%,

nau
g\\ ft
,ll\ﬂﬂ“ %
< y & #=a

Ay o
; {.‘\n n l[,,
- e
{p

R1E @% n%@%fyntaxm %l Z RN,
IILILIg n I Il [[W19(81 119 ] inn “ “l -“’7 \\‘ \\

ANl
B 2: /aEsBIE(ZEH 15 syntaxin DHEREAIRERE

e wy

r

Iy,

Iririy i W \“

syntaxin [& C RifflD TM $EE CIEICIEEHAFEFNTHY . MR TIX t-SNARE 22 /\V &
ELT/MEELEICHBITHZHEANDERMEDRDDEMEICEST 5,

— AT, EBRENZEIC, MREIRIZB/BFELTULVS syntaxin 773 —D—ERIE S ERM DD
REBICIEE LR RERE IR O MMAICIR RSN, MlRRNE X< EL Dl Ee T Fig
9% 8, COMBERRICIIH-LETOMRNADELSNG =0, BNECHEEY S
[ZERFLRIBESERDEMTEELEEZLND, —HlELT, syntaxin 773 —9FD—
DT epimorphin (B4 syntaxin-2) (& SNARE 22 /808 ELT/NEEIZICEAE 3 51
(T TR RIBICIECT— MO FEOHEMAL D BENDE VT FILGEERFELTD
BAEFRIET HIENMOENTLNS 3, REEIZH VT epimorphin (X, MfEED ML AT
RRAI7FDILEY) D EFEELTLVS Synaptotagmin 4> Anexin I S & EREREL TSN,
LAV, WL LARABIVTRE—2RCEHTEIEFEISNDMIBRAL RITLY
RRIT7F VLI DIEREIZHE-THEN A RRSN =&, BNEICUishfan~o
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WEND 55, Stz epimorphin (. REBOREZALLHBOZERIZERAL. &K
ALHREOMEEHET 5. S LUSMZEMRESL epimorphin [EFHOZELARD D8RR N
BE - EEMEICBAH AT EA LM IZIEHTLNS

XY

RO ERERRGE ., BLOBBOR
48505456 (7] 3),

A avka—)L +A LA

X

) & 2EBHE
D.S. (2010) 59(3)176-183 RN
iptah i tEiRY 4 e

% z__—— 2L £ A
SOWAD! i m B
apas Nelhinn e WERTE Ry e

[
J.

mﬂﬂm : 4 apolar
RRZ7FVILE) y i
> +
B ¢k
Epimorphin Development, (2001) 128(16):3117-31.

3: epimorphin @ AN EEEDBIE

epimorphin &, #FEEDO MM EHIT Synaptotagmin %2 Anexin I LA AKER LTS,
BROMBEADSDORKICEY ., RRTFFIILE) Y QEEBICHENRBEANRRSNEE.
PSRN~ bS5, St epimorphin [EEDMBE D ZRIKIVERAL . KRR
DHEEEFRTIENHMBENTUNS (A, T4FE DA RMSD epimorphin Rk ->TEL
R ERMEDDIEREAINMBRESNSZEAELRESNTEY (B). MAigst epimorphin [EZ4k
MO SMEOREE LIRS LTS 5055,

NLDETHAREZT. ImELBHEEIZHULVT epimorphin EF L syntaxin 7731 —IZ
B9 % syntaxin-4 1L —EAMRESNCRBELTEY., MRRNEEERLGLERESIEREITIL
MERE SN 1= 495257 syntaxin-4 (& epimorphin ERILCL. N RiGIAS 3 DD a-~NJwo R
7815, SNARE LU TM M8l MN LY | 7 FRIZaS LS ILESRET RS D57

15



EHEALTLS (B 4) 4757%8, syntaxin-4 & epimorphin D& &EF LT 5&. 7I/EEED
FIDHERMEEHK 40%RRETHIN. PFELLY 2 REBEORAMUBEXIFES RN
T3 (B 4075, RITHARICEWNT. RE7S5F/HAMIELT syntaxin-4 DBHFEHFH
o DS DRHEDGEVVRETHHEREICIRRSN TSI ENRALMNEG T, &
SIZ. ZDHANDEEELLTEREDABILSLIUBIEAMN AT EDRES ST, KK
D O ZRICEH ST EAHIBAL T 52,

12, epimorphin [EHARESMZIRRSNIZEZ RO SN B ELDHDITHL .
FC<HIRRIRICRAE T S syntaxin-4 (FHERZSMIRIREN TR VI SN D LSRR ERTE D
BUNYEELTHRET DO ENRENT=Y, TOHRERIRDELZIE MMP (2L 5 BT R AL
BEDTI/HBREIDEWNZILDIEEZLONTILND, FWAEID epimorphin D3 F=IE
34kDa fZhH', MMP-14 [C&>THI#iEn5& 30 kDa fHEICHH SN D, TDUIETICIE
epimorphin EEEMEE NS 20 FEEDUIMBHEROERFOUERENBDEATHLH L
NEILGNTHY., BITHRICEVWTERFOUETILX=VICEBRLIZZE R epimorphin (&
UIERASBAE SN AT EAREN TV 55, TN ERARIC, syntaxin-4 OF E VK EISE & D
T/BIFERFOUTIFELTILE =0 TH ST, epimorphin EEEEL T syntaxin-4 (£
fASMERSNED MENT | SYREMGIGFT THEEZRIETHEEZIONTINS %2

a b C SNARE TM

epimorphin AU YUY) ULV )J\Q:)
syntaxin-4 W“E

B 4: syntaxin-4 & epimorphin D#ESE 2 KigE

syntaxin-4 # & U epimorphin [ 3 D2DAYvH R a, b H KU c. SNARE 8. TM f8 TR Sh
TS, CNLDTI /BRI DHEREITEIL 40%RRETHEIN. D FEL LUV 2 RIBEFIEEITEMEL
TLV% 57, F 1=, epimorphin [FHIFEMNMERSNI=#R. BEIEIZUIET SN 2B &2 DA, syntaxin-4 [
RN RREN-FFHRRRICBFE L EADA DTN %2,
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ZoT AR TR S REMERMROFY—HZH 5T IHREREEFOREEZBMEL.

SR DEHEOITRU, BRI BATIE e OB E L RIBERET DAREEDHD
fE22 /98 syntaxin-4 IZFEFB LTz, LHL. CHETOHOMAZS syntaxin-4 O#EREIX, T
[CHHMENET LR OREOMBOA TRRONTEY . REDHOLLWEARREIZAL
BT 52 MBRMRICETAIHECOVTIELREBHATH 1. TDRH.FT .
syntaxin-4 ® ES filAXRE TOR Y —LGHBEE LUV 2i DFEICLDIREB/I—DELIC
DNVTHERRL., TN, MRS syntaxin-4 DD EOHEANDHEEEREFTTHIEELI (B

5)o

#A A& 51 syntaxin-4
(stxd) ..

TARIF7FUIAE)

syntaxin-4 § : : ° \ -2t ]
: - (t-SNARE) & & = [ P B9 75 138
1\ $ 3 : 3 (RERE - 534E)
|
HRa st stx-4 ‘ &
)V FHY—IRE? :2-‘ “i
- (L) — e )
= 2NHJETRBELEL? © -
RAME A BESER?  Rg—moe R

5. AFRDOBEE

AHEIERD LD ES MRS —1ZEAHITIZFEERFELT EEMERAR—DOHMEE
M O s TRt MRaIC BRTRIARIEE 5 2 5 EMFTREA: syntaxin-4 [Z& B LT=, ¥ . syntaxin-
4 ARSICHBERETRY—ITRRT HIE, T BHEDY—LZRT 2i ITEYZOHRBN
B—UWELT HEEMITLI-, syntaxin-4 & ES MiAICEASE . HMEOBREIZSE A H2E
BEUVZDORFAN=ZALIZDVWTEIRART,
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FIE MHLEAE

518 MiREE

YR ES #lif2 E14-Tg2A (Parental ES) KLU} syntaxin-4 FIRFEE ES #ifa
(ES-STstx4) 1& 0.1%DESFUxEHML-EEMICIEEL ., ES MEAKEH [GMEM
(Wako &), 10% fetal bovine serum (FBS) (Invitrogen #t#), 1 mM sodium
pyruvate (Sigma-Aldrich #1&!). 0.1 mM penicillin/streptomycin L-glutamine (Wako %t
&), 0.1 mM Non-essential Amino Acids (NEAA) (Wako #t #). 0.1 mM B-
mercaptoethanol (Sigma-Aldrich 1) , leukemia inhibitory factor (LIF) (Wako #1%) ]
[CTHEEL, T ROEREBEY —(THFF T 5-OIZREL MEKL/2 KU GSK3B D
PEERORMEE (B 4 E F 1 HiHXUE 3 &) TlX.ES MEAEMHIC 1 upM @
PD0325901 (Invitrogen &) KU 3 uM ® CHIR99021 (Invitrogen ¥t &) (2i) #MMZ T
3 BEIEELf=, £f-. avrA—LELTEED DMSO (Wako &) #&mLi-. #iaD
HEFFIE, ES MIRAAEMIC 21 (LEEERIRE) ZRMURETITL, SRR T, Z8REHE
BRATIC 2i ZFRUV= ES MEREAIEMICRBL. 1 BUEEELEZIDERAL -,

IR HIRE (EC #f8) BED F #iE (ATCC CRL-1720), syntaxin-4 FIF:5
EHRE (F9-STstx4). syntaxin-4 REFIRMA (F-sig-stxd) LU P-cadherin FIRFH
B (F9-P-cad) IZIX. DMEM/HamsF12 (DH) (Wako #18Y) [ZR#KEEMN 10%E45
&3IZ FBS (Invitrogen L&) #nZ f=##h (DH10) #HEL. €212 50 U/mL penicillin
(Meiji Seika Z77/L<%t%!) |50 pg/mL streptomycin (Meiji Seika Z7JL <t &) #R/MmL
EERERz, £, BIL< EC #MAZHED P19CL6 #iiE (RIKEN BRL RCB2318).
syntaxin-4 FIFiEE P19CL6 i (P19-STstx4) Tl&. Alpha modified MEM (a-MEM)

(Wako #1 &) [ZRIEBEMN 5%E%5 K512 FBS EMA f=iE#hIZ, 5(Z 50 U/mL penicillin,
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50 pg/mL streptomycin ZRML ., EERZFRL =, ES-STstx4, F9-STstx4, F9-P-cad &
KU P19-STstx4 [E 5 pg/ml Doxycycline (DOX) (Sigma-Aldrich #t3!) # 2 BH+£LL(Z 3 H
RAIL ., A EEEFEFRERFEL-, £f- ES-STstx4 [21.25uM LU 2.5uM D PI3K
FEEA| (LY294002) (Wako #t#) ZHMLI-EER (F4E 5 381) TlE.arka—iL
ELT.HEND DMSO ZiRlr=, 4E. SEAN -2 TOMAIE 37°C. 5% _BILRRIR

EZfr I ORBARBREEZEF CTRAMICHEEL,

F28 RRAVANSIFNOERESIVEBEFEA
RS syntaxin-4 KU P-cadherin #IR:5E ES-F9-P19CL6 #Aa

DOX IZ&Y#ARESY syntaxin-4 KU P-cadherin D FEIRFEMNAIEELRIV ARSI EE
I B=OIZ.N KIFIZ IL-2 DT FILRTFRE T7 25 %ML T= syntaxin-4%7 & P-
cadherin @ cDNA (T EEEMNSTEL=HD)® % PiggyBac-TET transposon 735X
IR 6164 ) NotI & EcoR I #IfREERY A/ —=2F LTz, . COTTRIRIC(E
IRES (Internal ribosome entry site) @ FiRIZHRA AU EEFIEFEINTIVST -
. EBRmLE ZRBIRCTESEV MK REEFERXRT 5. _D PB-TET-T7-
syntaxin-4 -IRES-Neo $ & PB-TET-T7-P-cad-IRES-Neo #NZF N DAV AR SIREES
[Z. PB-CA-ItTA Adv & pCAG-Pbase® D&t 3 BN TS XZK% Lipofectamin 2000 (Life
technologies #t%!) [ZT ES.F9 KU P19CL6 #MEIZEEFEAL=.2 B#% G418
(Gibco &) (#BE: 500 ug/ml) HE&U DOX (5 ug/ml) ZFHmL 1 BREEL I 3>LE=,
Z Nt DOX #kE 5 AMIEELIZLDEFMALT. DOX DHEICKDN R EEFDOFKIARE
RERELBH IV RT-PCRIZTIT>= (ES-STstx4, F9-STsxt4, F9-P-cad £ KU P19-
STstx4), &f=. SEIFE—O=—DFIRICEEHIA—FILT—T4IT7 I e # T 5=,

R LR ERAN—— AR ALK THELS:,
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RS syntaxin-4 XU P-cadherin M — @4 F IR A

—iBMIZ syntaxin-4 #FILT- ES g (ES-T7stx4) Z/ER T 51612, pQCXIN
Retroviral Vector (Invitrogen £t &) (2 T7 2% {4& syntaxin-4 AEA SNz XRS5V
(T7-stxd) (HAEETHERFH) 5 % Lipofectamin 2000 [ZT ES #fAIEEFEAL.
3 BGEREEE{To-, —BMIZ P-cadherin ZHIRL1-#If (P19-P-cad) X, L&D
PB-TET-T7-P-cad-IRES-Neo £ &1 PB-CA-rtTA Adv % Lipofectamin 2000 [ZT P19CL6
LI EEFEAL, 24 B DOX ZFRML., 35122 BRREREH LU gRT-PCR %

11-o1=,

RSt syntaxin-4 DR EHIR FO #AE

RSt syntaxin-4 #EERICHKIZT S FO #IfA (sig-stxd) Z#ERT 51612, N KiFlZ
IL-2 DT FIRTFEELY T7 25 hMFNEh iz syntaxin-4 % pIRES2-DsRed?2 vector
(Clontech #t3!) @ DsRed % EGFP [ZBH#L=RIA—IH ALz RS9 (sig-T7-
syntaxin-4) (B EEICTERFEH) EILIMORL— 3 kT kY FOMARICEA LT,
ILYkAR—L—Iav(d CUY21 Pro-Vitro &z FEALEE (Nepagene #t&) #ALNT
125 mA. 15 msec [ZT#TL), 3 H#I1Z 500 pg/ml G418 (Gibco #t &) &% DH10 |
KL, 1 BREEFRIREITof, T, AV FO—LELTHRERFERAL TG

PQCXIN Retroviral Vector (empty vector) ZE AL7- FO #ifgd (empty) ZEEFL 1=,

HI3H HROEXRERE

a5—45Y Al (FTHESFUAE) Ta—kLEHSR 4 RFr2/N—XF54FK (Falcon
#H) [CHEEMREZEE. FEACLBZRIV-, AA2/—)LT 10 SHEEE#. TBS
(Tris Z 50 mM. NaCl # 150.6 mM. CaCL, % 1.3 mM ST /KB#KE HCITpH Z 74 1Z&
HEER) THERLIz 25%RF L)LY (BD ##) 12T 1 BEIOvF> 45 LIz, TBS
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[CT##% 5 2 %3 E) .2 5%XFLINIEZEL TBS THRALE-—RIAZERT1
R RISSE 1=, TBS THE (5 77 %3 [|A) &, 2. 5%AF LZ)LYZET TBS THI;RLE:
—Rink%E 1 BREIRESE, TBS [CTHHE 5 » x3 [EH) . 4',6-diamidino-2-
phenylindole (DAPI) (1:1000) (Sigma-Aldrich #t&) T#EL., #ALT=, 4F F-actin &
ZEREEToIYUTILICELTIE., 0.1% tritonX-100 IZTEEZEITLY. iADRDHYIZ

F-actin [CE#E#E A9 % Alexa-flour488 #Z:# Phalloidin (Invitrogen #t&!) Z#HALVTEEL

(Keyence, Japan #1 &) {FEDEINTEMEE AXIOSHOP (Zeiss #t8) #RALNTEELT=,
— RinfKIZL. . P-cadherin ${k (1:200). 1 T7 $ufk (1:500) (Novagen &), a-SMA
(Sigma-Aldrich #t#4) (1:500), ECCD2 (thmifi& s EMSDTEL =) (1:200) ZERALT=.
Z UKL, Alexa-flour488 24 SE Wbk IgG $idk (1:200) (Molecular Probe #t %), Cy3
ZHEB SV 19G HUK (Sigma-Aldrich #18) & &Y Cy3 #FHH YV R 1gG Hifk (1:500)

(GE Healthcare #18) #{EHALT=,

EAE HxRAVITAYTAT

EEMAAE 1xSDSY U TIL/\vI7—ICBELMERBRREERL, ARIEE 12%77
JILTERTIVERT, SDS-RYT VYL TR IILESKE (SDS-PAGE) IZ&YERE.
A4EEQV-P PVDFAY T LY (Milliporett &) (2855 L., TBSICTHIRLIz 5%RF L)LY
ZRAWTERT 60 BT OYF T LIz, A20TLUREENENHRPEZFIT? kK
(1:1000) (Novagenft#). fisyntaxin-4 #i{k (1:200). fna-SMA (Sigma-Aldrich#t &)
(1:500), AKtIAB KR VEE{EAKtHUA (Serd73) (CST Japan) (1:500). Hip-actin{
{K (1:1000) (Sigma-Aldrich#t#) % H L 7=, $iP-cadherinfifk (1:200) & LU E-
cadherin$ifA&(1:200) [FTHHBREENSTEL -, ZRUAK(E. HRPAZE IR TV XIgGi
X (1:1000) (GE Healthcarett #). HRPIZE# I SE vMgGHi{A (1:1000) (GE Healthcare
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&) BEIUPHRPIZESE RS YMgGHUA (1:1000) (Sigma-Aldrich#t &) #{FEAL -, &#IZ.
ECL plus (GE Healthcarett &) R\ THRHELTz, A&, RUIO—F)Linsyntaxin-4 1
{KIEsyntaxin-4 DR A INVBEHESEYMNIRETEHEICEYLAEETHER IND

DEFERALE Y, 5. E2ILXETY TRmagel TITLY, B-actinTIE#E{L L T= %,

E5 8 MRREOZIVEOEFFLIZLSET

6 JNHIfEEEEN (nunc #1&) IZ ES HIRAZEE. T7-stx4 ZELFEALI. 2 B, &
BELE#ET.PBS T 2 EI%%#%.PBS THBLIz 100 pg/mL @ sulfo-NHS-biotin
(thermo # &) ZAHML. 15 KEIKLETRESE -, RIG&EEE T, DH10 HE#hTHREL
RIGZEZEILSE 1=, S EREER (PBS 12 1 % Triton X-100. 0.1 %7 4bF )9 L,
ToF7—EEEBRAITIVERELIZER) ZRML-ERZ. 13,000 rpm, 30 7. =
iDL _EFEZEEURLT=, NeutrAvidin agarose beads (Invitrogen #t8Y) Z&RAL 1 BREEL4E
B =0OL., MRAMEERT 3 EEELIZE. 1XSDS YT IN\yI7—%K
mltz, BRIDAVIRYEZEVDIREILTOYT427 EICKYR syntaxin-4 Hifk (1:200) #

A& L=,

% 6 81 MAARME syntaxin-4 DRELE

6 JNHlifRiEEM (falcon #18) [T ES HlZEE. T7-stxd T EEFEALT=. 2 BiZ. 15
ELE#ET.PBS T 2 Ek%E. MAAHEEHERICREAL-. MAREZE 13,000
rpm 12T 30 SEERDR. TRETND LEFEDAFEUNLz, SBIZ, i syntaxin-4 ik
(1:200) ZHML. 1 BERESET=, 22ATO0T/42 G E—X (GE Healthcare #t&!) #
LTz, 1 BRRESE %, E—XEHia R EERTRERRL. 1XSDS Yo T IL/\yD

7—EHRME. DIRALTAYTAUTEIZTHRP AN TR 7E DY (Sigma-Aldrich
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#49) (1:1000) KLU T7 Huk (1:1000) (Novagen &) [ZTHRHELT-=,

B 7H Mz A OB 0OER

iz 227\ E Green Fluorescent Protein (GFP) . syntaxin-4 @ Frgmentl (F1) .
Fragment2 (F2) #&U Fragment3 (F3) |&. TaKaRa Competent Cell BL21 (Takara #t
&) ITRBESE=, CNhoDBARZZNIEEEET HEOHICERALEZIVANSIME
LT ETERICERINTLV: %, GFP, F1 (Met1~Glu110) , F2 (Alal11~Argl197) &
U F3 (GIn198~Lys272) D& A<M N KiflZ His #5 (ERXFP2 6 E) ZmLizA4>4
—bEAV IRV BEEHIERYHA—pET3a X442 — (Novagen #1#) @ Eco RI B ~Zf#&
AATEAYB— (GFP-pET3. F1-pET3a. F2-pET3a & U F3-pET3a) #AL V=, RIS
SRXIKEALVT TaKaRa Competent Cell BL21 2 & #xifitk. 7oEL ) EH LB HEih
[ZfEE. 30°CT 16 FFfEREIEER. RIEE 2 mM @ IPTG (Takara #t &) 12&kY22 /Y
BORBRFEET o1z, 30°CT 2 BrfEREEE L&, Hi&Z 5,000 rpm, 10 7fE. 4CT
EDLKBEZENLT-, lysozyme (Sigma-Aldrich #t&) % 2 mg/mL DEEIZFMUL=
% FB#EE®R (0.1 M NaH2PO,4, 0.01 M Tris-HCI [pH 8.0] ) Z[EURL=-KIGEZEEL .
30 RERIGEE T, -80°CT 1 BrEEKELI-1R . IR TEBET H1718% 3 BEEYERLT-,
#&IZ 1 mg/mL @ DNase (Sigma-Aldrich #1%) % 100 pL #HA0L 1 Bff 37°CIZEL =,
HROIEAGIE02ESHT 8 M urea B (K MAEERIC urea 8 M DIREITH
MUT=BK) ZMAKLETEERBERLU . JSon=B#R&IE 7,000 rpm T 30 77fE. &iE
TEOLLEFEZEYRLI=, Ni-NTA-agarose h5.L (Qiagen #1#) % PBS (-) B & CEEik
Li-#k. MRAMRRDOLEZREL. His 30 RE 2V I\ VEENFLIZRESE T, 8M urea
BRTHER.ASHY—ILER (8 M urea IZ 250 mM DREICAIFJ—LEHML.
pH8.0 IZEHE1-FKR) THRHLI, BHLIAVN\VEBRERZBEHF21—T (Spectrum
Labs #18) [CAfL.1L D PBS (-) T 12 B9 D, &5t 3 [@ PBS (-) X #LEH LT
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BILI=32 I\ EEZRERUL. 13,000 rpm, 30 7fE. 4°CTEDOL, £LiF (RIIAMES)
EIRBR (RREES) ITHBL. IR ERSERERICERALR: (BRA22/308 GFP,

F1.F2 8&U F3),

% 8 #i RT-PCREKLUGRT-PCR

EEMaZE 12 XTI —bk (falcontt®) (C#EFEL. F HARNeasy Mini Kit (QIAGEN#L2Y)
ZRAVTRNAHHZITo7=, FBONTZRNABKIZ. RNA PCR Kit (AMV) (4hZ/3174 1 &)
[ZHEMTaraLIZiEn., FEEERSLURandom primer2 SO H e ERREZMNZ
T.65C. 5 MR NEEIToI-&IC, FEERIGICEYMRNAZ#HE S HcDNAZERIL
fzo RWT, HEERIGEZBRIC. UTOTS/4I—t vk, T7-syntaxin-4 (5'- GGG GCG
GCC GCA TGG CTA GCA TGA CTG GTG GAC-3', 5-TTT TAG CTG CGC CCG GAC
C-3) #&Ugapdh (5-GGATTTGGCCGTATTGG-3". 5 -TCATGGATGACCTTGGC-
3") &Quick Tagq HS DyeMix (TOYOBO#t ) ZRWTHREKREZL 25 uLLRbHLIFAEEL.
94°C10 #fd. 55°C 30 #fiFl. 68°C1l 7z 1 HA4V)ILELT 30 1 V)ILDPCREY—T )L
YA 9F—RALTITof=, PCRRIGEBBREIFOVLTOTARAY 2.0%7HO—R7 )L
[CEYBRIKEIEITL. FIVRAMILER—E—Z AV TUVESN T TEERFT{To1=.

qRT-PCR Tl&. B EDEHTHEELT-cDNA & FastStart Essential DNA Green Master
(Roche #18) ZHR#&&KE 10 pL &45KS51Z5AZL. LightCycler Nano system (Roche #t
&) ZAWLT PCR #1727z (45 HM1UL). 4. EEIELEETDEGEFRERIEA 52—
FI)LarkA—)LTHS B-actin DIETIEEL Lz, AWV =T34 —tVrEUTIZRY (R

1),
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% 1: qRT-PCRTERALITS5/<7—tvk

Target Forward Reverse

E-cadherin [GCTCTCATCATCGCCACAG GATGGGAGCGTTGTCATTG
P-cadherin | GCACTGCTGACCCTTCTACTG GGGCTCTTTGACCTTCCTCT
Brachyury |CCACAAAGATGTAATGGAGGAAC GAACAAGCCACCCCCATT
aSMA CTCTCTTCCAGCCATCTTTCAT TATAGGTGGTTTCGTGGATGC
MHC GAAGGAGGAGGAGCTTCAGG TCCTTGAAGCCTTTTCAGACTC
BMP4 GAGGAGTTTCCATCACGAAGA GCTCTGCCGAGGAGATCA
Tujl CCCACTCCATGTGAGTCCA GCAACATAAATACAGAGGTGGCTA
Nanog TTCTTGCTTACAAGGGTCTGC CAGGGCTGCCTTGAAGAG
Oct3/4 GTTGGAGAAGGTGGAACCAA CTCCTTCTGCAGGGCTTTC
Slug CATTGCCTTGTGTCTGCAAG AGAAAGGCTTTTCCCCAGTG
Snail CTTGTGTCTGCACGACCTGT CAGGAGAATGGCTTCTCACC
Foxc2 GCAACCCAACAGCAAACTTTC GACGGCGTAGCTCGATAGG
Vimentin [TGCGCCAGCAGTATGAAA GCCTCAGAGAGGTCAGCAAA
Cofilin TCCTTCTTCTCGTCCCAGTG TCATTCACTGTAACTCCAGATGC
Zscan4 GACTGAACTATCTAACATCCTCAGCA |TTGCAACATTCTTCTCTCTTTGA
Gata4 GGAAGACACCCCAATCTCG CATGGCCCCACAATTGAC

AFP TGGATGTCAGGACAATCTGG GCAGCTTTGCTTGGACAGT
Zebl ACCCCTTCAAGAACCGCTTT CAATTGGCCACCACTGCTAA
Gapdh TGACCACAGTCCATGCCATC GACGGACACATTGGGGGTAG
B-actin CCTCACCCTCCCAAAAGC GTGGACTCAGGGCATGGA
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Fof MRREIVN\IVEORERERERICISEH

25— VAL FHRESFUHAE) Ta—kLiz 4 RF v /A—RSARIZ 50%0 Hfa%E E
THIIRZHEIEL. 37°C. 5N ML RFREZHF I IRBEAXBEEREBEEEST 2 B
HELT, B APIC—RAZRML. 1 KR 37°CITA o Fa~n—bLIRICHEE EEFER
L. TBSTiki® 5 9x3[E) #£.4% PFA(PBSHIZ4%E%HDHKLIPFAZESLPHE 7/
58 IZFAELIZAR) TL10 AMEELz, SHIZ. TBSTHSE (G Hx3ME) &, FA%/—IL
T10 HMEELf= ZRIAETBSTHIMLI= 5% AF LY T, 1 B RIGEE =, TBS
[ZTH%#% (5 2x3 [A) &. DAPI (1:1000) TRZEEL. £ERAL—Y—HHIEREAL £L<
X CCD camera VB-7010 (Keyence, Japant #) {+ & 0 fluorescence microscope
AXIOSHOP (Zeiss#t#) ZHWVTEBIRRZHEL-, UT. BEEBICAVVRAELS
REETRT , —RIUKIL, fisyntaxin-4 A (1:100). :11T7 ik (Novagentt®) HELU
fiB-actinfifk (1:100) (Sigma-Aldrichtt &) ZEALT-, ZXin{K(TAlexa-flour 488 $Z5
RSE YhgGHIA (1:200) (Molecular Probett ), Cy3 2~ > XIgGHiiA (1 :200)

(Milliporett &) ALY,

% 10 #1 #ARaS syntaxin-4 IZ&ZHABAALED BT

AR EEDEE D=2, F9-STstx4. F9-P-cad. ES-STstx4 LU P19-STstx4 & DOX
HYELT2 HME (F9-STstx4. F9-P-cad). 3 HfEl (ES-STstx4 and P19-STstx4) &L
fzo RS 10um UL DR ED 3 AL LHELTLSHMEDEZEEHBILT-, P19-STstx4 (2B

LTI LMD SHSEBEDENESZHENRY I Imaged #AHWLVTEZEELT: %,

%11 81 RNA O—5U X
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RS syntaxin-4 12X YR EMN E 1L T %i&E & F (differentially expressed (DE)
genes) ZF~N57=6IZ, RIKEN CLST O FEHI LLEFET L=y TREK—F 04
—IZ kB EIT o=, ES-STstx4 EXUEHRD ES #ifa% DOX FYHEL T 3 AFEEL
11212 RNA Z[ERL . RIRE S FE MM AZTLT=, ES-STstx4 TEILLI=EEF
DI TEILE-RBELZELSIT, #AE5 syntaxin-4 ICLDEEEEFE 138 &

RHEL- REZLHE 2 FULADHEKE g-value 0.01 LTOED),

B 128 Zscand BEEFD/vIF 0

Zscand &{zF% ES MiRAICE L TRBFEIMHE T 5012, RITHRTHRESN TV =AY
OXYJLAFF siRNA (Nippon Gene #18) Z##ifaIZEB A LT ¥, Zscan4d M Exon Il [Tx49
% 4 KD siRNA (SiRNA Zscand #1-4) (dTdT (A —/A—/n\>5 8 LavbO—)LTHD
Hilyte488-labbeled NEGS/NEGAS (Nippon Gene #t&!) # 12 s ilifatEEm (- #EfELT-
ES #if2IZZFnZ 1 Lipofectamine RNAIMAX Transfection Reagent (Invitrogen ¥t &) %
HWTEALT-, 3 B Zscan4 & U P-cadherin ® mRNA ¥IH£% qRT-PCR I THT

L7zo LFICAWZEEFIE LU Zscand siRNA DA—4VRERFIZRT (R) -

siRNA Zscan4#1 siRNA Zscan4#2
5”guagcgauaugaggagauudTdT 3~ 5”gaccaacaauuuagaguuudTdT 3~
3”dTdTcaucgcuauacuccucuaa 5~ 3>dTdTcugguuguuaaaucucaaa 5~
siRNA Zscan4#3 siRNA Zscan4#4
57 caccaagugcucagcuaaadTdT 57 gcugcaaagucucuggaagdTdT 3~
3”dTdTgugguucacgagucgauuu 57 3”dTdTcgacguuucagagaccuuc 57
Control siRNA

Hilyte 488 —labeled NEGS/NEGAS
(universal negative control)
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& 2: siRNA Zscan4 #1-4 QA—4 25|

Name of siRNA Target position on cDNA (bp) | Target Sequences
SiRNA Zscan4#1 514-532 (exonII ) gtagcgatatgaggagatt
SiRNA Zscan4#2 236-254 (exon 1T ) gaccaacaatttagagttt
SiRNA Zscan4#3 304-322 (exonII) caccaagtgctcagctaaa
SiRNA Zscan4#4 362-380 (exon I ) gctgcaaagtctctggaag

5 13 81 T—42—0H

HBRROBEEREICEDECEY 3 BOBRMEHEZERIREStudentDURTE , HLLIE

b0

T

Mann-WhitneyDUREZE ALY, P < 0.05 #HEKEELT=,
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FIE HBR

F 18 v ORESHaIZEITSsyntaxin-4 DA BT

ESHIBRE ThHsyntaxin-4 ) HREMTHRR

ROMEHBERFLIFEZRMUIIKEETIEEL-ESHaZ AL, R7EEsyntaxin-4 D HHRE
SMERICOVWTRERNFRICTRIL:., REBLEZIT ORI —RIAEEERAL.
HMEEANTRTOE NI EZZELI=EM (Total) Tld, MRS/ V& THABB-actin
LEd(Tsyntaxin-4 MOAZ—WTH—IZHEL TSI ENHhM >z (B 1-1A), —A.fE
EBRLEET DRI —RInAZEAL. N2 N VBEELEELIZLD (Cell surface)
TlE. HIBERE IR RSN f=syntaxin-4 DH N EEINT-, S5IZ, ZTORBRET—DONDT
A=—ATHE X DI TRKELELZ>TEY. syntaxin-4 (LR oL i ihch DESHIAE

RET. RY—HER/E—VERTELNBASMER ST (B 1-1 B),
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A Parental ES B

Total Cell surface

DAPI stx4 B-actin

2nd a.b. only

Upper

(apical) >
ﬁmwer

(lateral)

~

B 1-1: ES #ifARE TO syntaxin-4 M BFMLHIR
A: b RBEBNEEIZ—XRPEEL T syntaxin-4 (stx4) kB I B-actin Hiikz1E
RAL. MRS D2 Y EEEEBELT (Total),
T ZRIADHDEE
B: L:IEFZBNEFIC—RinAEZERL. HIENDADE/INVEZFELT- (Cel
surface),
T:U0EDDIA=—0 Apical E& Lateral EICERET A THEER
EENELUVELY(E syntaxin-4 DBEZETT .

ATE syntaxin-4 (¥%). B-actin (FF). DAPI (§). A% —JL/A\— 10 um
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MEK1/2 £ KU GSK3RNDAEHIIC L 5H#a% syntaxin-4 DFHREL

RIZ, T RAESHIRAZEE NI —ER S LKA (Ground state) THRFI H1ERAEH-
f=MEK1/2 LU GSKIBDIEEH (2i) *ZiHMLI=EZHE DAz syntaxin-4 D BFEEHERR
Liz, MR EORELEICTIVIA—/LODMSOLLLELI-EC S, ZDMSMRERIE
SN AERTHLIEN Dotz (B 1-2 A), T, REFEFBTRONZ. 2DERAIZE
bsyntaxin-4 OHIESMRETROIMGIZREL T 51=-DIZ. T7 2T FEDsyntaxin-4 (5 F )L
RIFREL) 2—BMICRBSELESHRIC 2EASE. MREREI /VDELFY
{tZE1To1=, TD .. —Dldsyntaxin-4 A TERIELIF (IP) Z1TLN. T7 A THERS
Msyntaxin-4 (Total) & ARLTRPE DU inhTHiRaRE Dsyntaxin-4 (Cell surface) #
BHE L., £5—2I&. NeutrAvidin agarose beadsZFAWNTTILE DU Fyt4A (Pull-
Down) #{TL), syntaxin-4 #ATHREL: (B 1-2 B), #HRELT. EL0DAEMLLHM
s REICE T Ssyntaxin-4 DRERBE(L 2ICK>TREATHIENALIMEL-- (K 1-2
CD)e EBIT, TIEF IV T I EAIE T ERREBDEEILEITOMECH. 21TLPFER
syntaxin-4 Q#fEMERIFEIRN RSNz (B 1-2 D),

Cell surface

A
Protein G
a1\
B stx4ab brads
J:ﬁ —-
s m /) stx4d — avidina.b.
9//\’7
.|P !ﬂﬂ)}‘@,éﬁ avidin HRa M
beads N IAYY]
P (@(
o 7 A —
< . %Eﬁﬁda—%ﬁ—»stxtlab
’ 184
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~ ES-T7stx4 (transient)

Input [IP:stx4 TT;S_“‘A Es

3 | Qf\.

£ St-Av
E (*;cell surface stx4)

+DMSO
+2i
+DM
+2i

Pull-Down:
neutrAvidin «
Input -agarose 15 -
D o O ¢ 197 | \
(9))] 7)) 2
= _ = _ 8 1 .-
+ + + o+ £
QJ —
- — -lj stx4 E= 0.5
(*;cell surface stx4) z
. x QO -
- p-actin DMSO  2i

B 1-2: MEK1/2 & GSK3B DEEHI (2i) [C&2HARES syntaxin-4 DRRELEL
A: 2 (MEK1/2 & GSK3B DEEAI) ZHMLI-EZD syntaxin-4 O BEE RS BN IE
ANZ—RinAEERLI-MREN £ RIZTEH Tz (Cell surface),
avkA—)LELT DMSO #ERALT=,
M7E % syntaxin-4 (#%). B-actin (7r). DAPI (§). X7 —JL/3— 10 um
B: ®IELE (IP) BXUTILEDUTytA (Pull-Down) DEE
C: syntaxin-4 MATREZELFEZITL., MRS syntaxin-4 (Total) Z T7 AT, MES
syntaxin-4 (Cell surface) % Strept avidin (St-Av) HF{ATERH LT,
D: Z:NeutrAvidin agarose beads TTILA D27 ytA%4TL\, syntaxin-4 Hifk& B-actin $1
& (AB2—F)Lavka—)L) THHELT -,
BTN EHIoT7yEAIZLDMMAES syntaxin-4 DHEIWE% B-actin DHEIIRETEY
(Relative expression), FEZ1bL1=, N=3 *P<0.05
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HRast syntaxin-4 OFERMEADEIS

RIZ. LIFRINBFIC R — G RIR/F—% RLTzsyntaxin-4 DAENMERIZOVWTE=ZE
FHI=HIZ T7 BT FEDsyntaxin-4 ZAFIFKBEL-ESHEZRVTRERBET o1
FTHREEZBMEBEToRICT? KIS TERFEADEREZEHL-, $130%THAHC
EEFLOOT (B1-3AC), —H. BLHICRSGEHTEELLY VT ILEREBLERIC
T7 A TRELI=EC A, MIBEREITsyntaxin-4 ZFHIEL TUO-HEIEH 6% THo1= (K
1-3B,C)o CDI LML, B FEAICKI>THIAZAIZZ El1Tsyntaxin-4 HFEIRL TLVSHH
fa% 100%ELT=EE ., ZDIH D 20%DHIREANIER HE(“syntaxin-4 17T S &M

6%."&7‘-6:01-:0
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A ES-T7stx4 (transient)

Total 2 a.b. onl

40 1 «++ Transfection

efficiency
30 - :28+5%

20 - *kk

10 -

Exogenous stx4
expressing cells (%)

DAPI T7(stx4) B-actin

X 1-3: #Iias syntaxin-4 DHRIFEEL
T7-25 &M syntaxin-4 #—@BHIZHKISE /- ES Ml (ES-T7stx4) # LIF FHE T CHEE
L. REEEZTO-,
Al K EHEBLEBEZIC—RIAELT T7 AB LU B-actin AZ/ERAL. HilaRst D2
NYEHEZELI=(Total) ,
ZRARDHDEE

B: E:RFEBENEFTC—RIAZIERAL. MENDH DR U EEZELT=(Cell surface),
A:EHRIZHAES syntaxin-4 ZEEBLI=EL D% XY & XZ #TRFFIZRFZL=K

RTEM syntaxin-4 (k) . B-actin (Fr) . DAPI(F) . R4 —JL/A\— 10 um

C: Total, Cell surface XUV ZRIFUEDH T, T7 FUKICE->TEBIN-HEHE—REH
=YD TE->-E4, Total MBS RTTH a3 (28+5%) #EHLT-,
N=18 ***P<0.001
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%28 #Rassyntaxin-4 [T&BEE - SMEADEE

#HRas syntaxin-4 IZ&BESHIRRDBREADEE

NFETOHKRELT, ROMELLBESHIFER B Tsyntaxin-4 [FFH—IZHKBELTEY. &5
[CZDHRBITRMMEKREZY— LT D 2K >TMHIN DI EDHS M LT, ThiblE,
FRm TR f=&512, ESHIEED MUK ED IR — 1 IZsyntaxin-4 A BAH S AIEEMZRL T
WBEEZ -, T TRIZ, HIRES IR RSN f=syntaxin-4 N ZEEM MR THDHESHIAEIC
EDFIBHEEEZDDON. BEEDEICEREL TR THILEL. [FLOHIZ. i
S ERHIMIIR RSB B2 DT FILRTFRETT 25 F L Tzsyntaxin-4 ZDOX
(Doxycycline) [Z&k>THIRFEMALAHME (ES-STstx4) F##LL1-, RT-PCREFIE L
BEAWVTEALsyntaxin-4 OHFITHEREToRIC (B 2-1 A). LIFRMEHRIZT
syntaxin-4 NFBPFELLOMAE (OFF) EDOXFMIZKYRIBEFEL-# (ON) D
MEIZSOWTHEL-, TORE. REFELLOMAETE, HHROESHIIE LR HRIZHAR
BEAFICEELI-OO—Z KT H5DITXL. fiiastsyntaxin-4 ZHIRFEL-HRRIL.
MERENR LT SELLITEENHSN, SOICHBMDEEXBEHEEZTRL
7= (® 2-1B),

Cell surface

A ES-STstxd
transgene OFF _ON
sts) L
gepoh T

DAPI T7(Stx4) B-actin
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100 4 %%

s )]
o o
1 1

M
o
1

Cells with filopodia

0_
DOX - + — +

transgene stx4 —

X 2-1: #faS syntaxin-4 DHBHEREZTDOHEADEE

A: ShEM syntaxin-4 D FEIRFESR
MRS IR RIS E BN T FILRTFRE KUY T7 25 &ML Tz syntaxin-4 DA R
SO h% ES #ifEICE A LTz syntaxin-4 F#IRFFE ES #iia (ES-STsx4) [Z DOX ZiRin
LT2H#%. REHERE1Tof-. DOXIEHRM (E=FHKIR OFF). DOX i (EEFH
13 ON).
£: RT-PCR A %A—F)LarbA—)LELT gapdh ZFLM=,
A fEZRE MRRRSOZRE (Total). HiastReE (Cell sruface)

T7 (stx4) (#). B-actin (FF). DAPI (F). A7 —JL/8A— 10 um

B: #Ra4} syntaxin-4 [Z& 3 ES #iBAD R EEZ 1L
%: DOXZAMLT 2 BERICHlaREEHREL-. TOEEFXLOEEDILEKE
A MiRREERERKOEEIE N=4, * P<0.01 R~—/L/S— 20um

E- to P-cadherin R{YFADELE

ROME#FEFLIFOEE T CHIRES syntaxin-4 [CKYFEEIN AL LI, £ KRR
E&E} (EMT) TRONDELRITEWNIENS, RICEMTTRLEE SN Scadherin R 1 vF
[CDWTHREEL = —ARRIZREMT TR R b Hcadherin X 1 vFILE- to N-cadherinX v
FTHHH % BB DOMEE D FREITERI Ssyntaxin-4 [Z&SN-cadherinDHEITEE

tIZBONGEM T (BEEH 1-3), LT FEMARLEE DEMTTRONTLNVSE-to
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P-cadherin R4/ wF(ZDUNTHREET B71=8(Z 3, ES-STstx4 2% AL TE-cadherin&P-
cadherinDHIWEZFARI=LZA. E-cadherinlZ B OB LARIILTORBEFBONERIN
=—5T. P-cadherinlZ# /B ELUMRNAOT AN KR ER T EHI LMD h o= (K

2-2),

B-actin s s

P-cad

T

Relative protein
expression of
o ey
_|_—,

OFF ON OFF ON

e-cad p-cad

Relative mRNA
expressionof
1

OFF ON OFF ON

2-2: #IBas syntaxin-4 [2&5 E- to P-cadherin AL YFADEE

syntaxin-4 FIFFE ES HfAIC DOX ZHMLT 3 BEF/UELE RNA #EURL E-
cadhedrin & P-cadherin DHIREFZN T NEHF L=,
E:OIRETOYTAUTDAVTLY T AUV EELU MRNA ZBEEDEE1E
Z: E-cadhedrin DFIHEE N=4., *P<0.05. %H:P-cadherin DFIHE N=3.** P<0.01
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syntaxin-4 254 A MM &S5 syntaxin-4 OB EED HREE

CNFETIZ, syntaxin-4 [EFRDCGESHIRREICF I —ICHKIRT S5 L. F1=. HHEs
syntaxin-4 FIFEEESHE THHES-STstxs ZRALV-EER M Ssyntaxin-4 (XESHIRED 2
BEDRFILLE- to P-cadherin R/ yFZ5|IERT CEMNHIBALE, LAL. SERSNT-
syntaxin-4 MMMBHNKBIZFEEALI-CEICKBT—T4I70THAAREEZ IR T
ZTULELY, £ITHRICE T, syntaxin-4 N IS4 A2 A ELAR K HRE D R 41
syntaxin-4 O EEFINFIT HIEMNTEIN TN =ZEMNS 8, RITSTAVCDIAEZ 2
INDBEERL. TN 72T ZANEHEIZ DN THRETLT=, syntaxin-4 MHelix ai &V
bEEL TS AV (F1). Helix cEEL T35 A2k 2 (F2). SNARER A VHEEL TS
A3 (F3) DHAMA I INVBEEETNTNAERL . B OESHIREIZARIML THRaR A
[CDOWTEREL =, TORR. F1 S LUF3 HRMMLI-MiEEa  O—)LTHAHGFPELLERL
THIRRN ALY ELGINZ—Z KT 5. fMiigstsyntaxin-4 ZHBFELRESEDER
MNiREnt=z (KB 2-3 A), RIZ, ES-STstx4 MDOXIEFRMEFDp-cadherinD FHIREFFETL
12&CA F1L DA THRBMFIHREN RSNz (K 2-3 B), Fi=. HHEDESHIZALVTE-
cadhedrin& & Up-cadherinD FHIREEMEFTLI=EZAH. ThITDLVTHsyntaxin-4 DFHEIREFE
BRFEIFHEIZ, F1 [T&oTE-cadhedrinDHIFEIX LR L, p-cadherinD FHIRE (TR LT=
(K 2-3 B), &1, ES-STstx4 [CDOXZ iR ML Tr& KR Zsyntaxin-4 Z il R EICFHKIFS
HIBDRIZTAVNDNREF T, ZDOFER. syntaxin-4 [Zk> TR FLLI-#AaR
BEBAFL ICEYiNKIEHh ., p-cadherinDFEREL DI HEMNRENT- (B 2-3C) LLLD
HRELY., SEERLEFL (Z#Ssyntaxin-4 DR EEET E74T =AML THER
¥ L BLUITHIES syntaxin-4 DIRHFERICKDIMNRITELEFEANICKDT—T17

FIORTIRGEN I ENAHIBALE=,
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Relative mRNA expression

Helix a/b/c SN}:LRE ™

A stx4
F1dmms | ;
F2 ¢l E
& His-tag FS'_
Parental ES
ES-STstx4
Transgene, OFF Parental ES
p-cad p-cad E-cad
g *kk kK g *%*
1.5 A - S
* % 15 —/  Z .
& = 2.5
1 I_l % 1 4 %* 2 |_‘
< B s
05 (I < 0.5 2
] g - -
> ()
0 g 0 - E 0
GFPF1F2 F3 E GFPF1 F2 = GFPF1 F2
e~
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. *xk%k *  * <

PolIT

_ o _

E 1T : EE‘

s 2%

F S

S GFP GFP F1 F2 © GFP GFP F1 F2
OFF ON OFF ON

2-3: syntaxin-4 257 A M kB REE cadherin ~DZE
syntaxin-4 M 75% A2 & HMAEIZ 50 ng/ml ML 2 BREEEL-ZOMBREEFESREL, 2V
INDEEEY RNA ZEURLT=,
Al E: BISTAUDOERKR

T: B¥OESHIM (Paretal ES) 2R IST AV MERMUIZIEDREE (KEN:AR B R R M)
B: Z: ES-STstx4 (DOX JEiRNN) @ P-cadherin @ mRNA #IZE

f: BH%O ES #AIZF1F5 P-cadherin (MNRNA) & E-cadherin (Protein) OHIRE
C: k: ES-STstxd DEITT AUNMI&DBE~ADIER

T KRB EMEEHDOE|IE S KU P-cadherin (IMRNHA) ORIRE

Rr—JL/N— 20 um N=3, *P>0.05 **P<0.01 *** P<0.001
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HAastsyntaxin-4 IZKSEMTEERFRUHRBEMEADEE

#pastsyntaxin-4 [CKYEMTH DR REZE 1L LE- to P-cadherin R/ v F MNEEE I -2 &
Mo, RIT, BRLGEMTOBEEY—H—ELUMET—D—DORBRICTOVTIHANDIEE
L1z, &9 . EMTES &Y —H—&L TE-cadhedrinF i 5L AL THIHI 3 285 FFSnail,
Slug. Foxc2 ¥, EMTTRIE LR 5F R T14T A LD Vimentin, £ XU F-actind 7 &
BERET LHCoffiliNMOMRNA DFEBFELHF 1= 240971, FREL T, Hikastsyntaxin-4 &
FHWFELTH, EMTELESRZERFPVimentinDRIR X IFEAEE LGV, LLLILED
FHIENOMoT (B 2-4 A), COTEM L, flilES syntaxin-4 [Z&>TEESIN-MEE
B &Ucadherin Ry F &, BEMBZEMTEILRGZSAREMNEZOND, DDNT. %
BRI ELTILEFIZICES T2 ENMONTNEIMEANDEE LA &H
FEANDTIET—H—DOMRNAZEZRFTLI-HER | #ifastsyntaxin-4 [EBrachyury. aSMA,
MHC%GEFIEERFIDHMEERET HEEBIT, RAOLHFEFDNanogZz il 52 &
DR hotz, ZDHh, SHAEET—H—DTujl ¥bmpd B E FELLEM DTz, SDTEM D,
MpEREICIR RSN f=syntaxin-4 [CKY R EERFIOMRICHMENFZEINSZENBEL

mEtot= (E 2-4 B),
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slug snail foxc2

15 15 * 15
c
A g5 10 1.0 1.0
§¢ 0.5
2505 0.5 :
']
0 0 0
OFF ON OFF ON OFF ON
cofilin vimentin Vimentin
(protein)
*
2 2 2 *
c
]
='m I
Ty 1 1 1
%
0 0 0
B OFF ON OFF ON OFF ON
brachyury asma mhe bmp4 tuj1 nanog oct3/4
c * * *
2 20 * 15 ,
8 5.0 2 |—| |—|
g 1.0
& 10 ;
§ 25 1 os
S 0 0 0 0 0 0 0
14 OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON

2-4: #BBaS syntaxin-4 12&3 EMT B EEFEMET—D—~DELE
A: EMT B35 RF Slug, Snail, Foxc2 & & Ui &+~ —h—Cofilin 4> Vimentin 0 mRNA
LA JLE qRT-PCR IZTEART=, 1=, Vimentin [CDWTIFAU N VEHREELEEELT=,

B: #MEY—h—B LUV L EEMREY—H—IZDULVTO mMRNA RIHEZAT-,
N=4 *P<005
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% 38 #assyntaxin-4 D FHREFDOEE

KK —roY—IZ & H#fastsyntaxin-4 D T REFDIRE

M stsyntaxin-4 DILHE FTRAEAFDFHLNYEIRST =6, ES-STstx4 ZRALVTRH
RO— oY —IZTSURI) Th— LT E T o=, T DFERMAas syntaxin-4 =R BFE
B9 % &Tp-cadherintdbrachyuryZi & CNETHL MG >T-EFDMIZRK LB ER
Fzscand QRERBEMNNFIESNEZENHHI o= (B 3-1 A). B FRELEN 4 FELLLEH
DHEEKEDQ-valueH' 0.01 LT DEEFIZDONT, TV ITFPANTHERZ ALV THEAE
DRETOEIA, HMREEERFOMEEEZL ORF. SOICEERFLRENETH T

BERS Mot (R 3-1B),

ES-STstx4
A Volcano Plot

*——p-cad
——— Stx4

° .

=23 .

= brachyury

o .

5 o L7

% zscandcwzy: | ..

o=

10

T T T
=10 =5 S 10

[v]
) -log2 fold change
Down-regulate Up-regulate
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4,2% 2.5%
5.0%

A
'

10.0%

= binding
= catalytic activity
nucleic acid binding transcription factor activity
= enzyme regulator activity
= receptor activity
= structural molecule activity
translation regulator activity
transporter activity

3-1: #ifA% syntaxin-4 [2&>TEET DB FDMEBABENT
A: ES-STstx4 ZRLVT DOX ANz &Y RRZFELI-MIITEIL I 5EEFZ Volcano
Plot XX TRUT=, BT RD 0 oG RINRR LR LEGF. ERINEDLZER
FETRY MEIFBEKEEZRL, LBEFERVEREKETEHLERFTHAHZL
Bomd, F-HREBTRLUFYMIRIREED 4 FLLLENDFEIKE g-value H¥ 0.01
LT DEEFERT,
B: EEELTDHEEN D EE
fRHTY 7k PANTHER-GO-SIim AL T. A DF B TRULRELEEC FEHEENFEL
f=o (binding [£ZEIZ Protein binding & U Nucleotide binding Z7~9")
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Hastsyntaxin-4 ERSIEREBREICEFZscand EDRER

RIZ, BEEM D FBOSHEERFDI IL—TIZE&FN R MEREDRELIZFS TS
LEahBbZscand 773 —IZFB Lz, COEEFIX. 6 DD/50Y (af) 2L DEEF
T.ESHIBTIERMEREBERSF-FFEECEET H-HOITRBELESA TS ¥, SEID
KRR —oH—DFER. ZDZscand 7731 —2Thisyntaxin-4 FIRFERF(CHNFH| S
NTWBIEND M ot=, EBIZ, qRT-PCRIZTMRNAE 2T LT-& 5, BHkIZzscan4
DHERIRVEDFIVHNRSNT- (KB 3-2 A), £ZT. Zscand H s syntaxin-4 O FiREF
THHLEEND D=0 . FHRESHIFEZHL Tzscand /993 2 LI=[RIZ. syntaxin-
4 THRBE LRI BHIEM RSN Tzp-cadherin (H 2-2) DFEBICODVWTHARSIZEELTZ. %
DH#EE . sSiRNATzscand i3 5&. p-cadherinWFEIE EF I 5 Lnhho1- (H 3-2
B)o LML. zscand /w95 D2k Bp-cadherinD FIR LR E S L., HIFES syntaxin-4
FRLEFELESLLBELNESM-F=2EM B, Zscand (FHEAES syntaxin-4 D T REFT

[THEMN., ZDOHRIF—ETHE M RSN T,
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Gene logFC Q-value zscan4
[ *
A Zscanda | -2.96503 | 5.34E-15 | S 45
Zscan4b | -4.92882 | 0.002163 @ 10 -
Q_ -
Zscand4c | -3.17621 | 3.57E-23 |
Zscandd | 345111 | 1.31E-15 | 2 0
Zscande | -2.40023 | 0.000233 | € O ——.
Zscandf | -3.34271 | 1.25E-16 &
Parental ES
& zscan4  p-cad
B ®207 * 207 *
[«M]
Nallr
@ 1.0~ 1.04,=
[«M]
=
% 0 0
2 - o X
S& S
2 2

siRNA  siRNA

& 3-2: syntaxin-4 [Z&® Zscand ~DF

ES-STstx4 ZFLV\T DOX #HMNIZ&LY Zscand DHRIME AL LML=,

A RERD—7H—IZkD zscand T7I)—DHRIFEE
B gRT-PCR IZ&% zscand DFIEEHAEMT N=3 *P<0.05

B: SiRNA LT zscand /993 DU LTBED zscand & U p-cadherin @
HIRE L% qRT-PCR #HULVTHEMHLI=, N=3 *P<0.05
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#iBastsyntaxin-4 [IC&BPIBK/AKtS T FILADEE

Zscand 773!)—IXESHIRZIZEH VT, PIBK/AKEY J FILIZE>TEICHIHEIN TNSIE
DBHh>TS L, 2T, Hifastsyntaxin-4 D TR T FILEDEDHYERARSO. &
HAEEDAKDFITEZH 1= (B 3-3A), ZDHER. #ifastsyntaxin-4 [2XkY, YU EE1E
AKDEIFHEITHDT S EMN Motz ol BHRDESHIREIZPISKDEE
(LY294002)% &ML . T ETHIBAL=syntaxin-4 O FiREF. p-cadhering & U
brachyury~D 8285 /R 1=, #EREL T, PRBKEEFIDEEKEMIZzscand DFEIRE (L
L. RxtIZp-cadherinld LRI 5 MM otz (K 3-3 B), F=. brachyurylZBL T

PIE JESZREY (RAY o) o
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OFF ON
A Phospho-Akt s

Total-Akt — e——

©
E 2 ILI
o
o
[ah _
w
o
T
0
B OFF ON
Parental ES
5 zscan4 p cad brachyury
wm 1.5 1.5
T
S 10 1.0 il
(]
o 0.5 0.5
=
4 RN IR
LY294002 LY294002 LY294002

3-3: PI3K/Akt T F LKA syntaxin-4 DBEEIHY

A: #iRaS) syntaxin-4 ZRBFELI-LED)UERIER Akt DRBEEAT=,
1)U ER{EE! Akt % Total D Akt TEIY, EE1EL7=. N=4 *P<0.05

B: PIBK MFAEHI (LY294002) ZH¥ED ES fAZIZHRML . T DIED Zscan4d, P-cadherin &
U Brachyury ® mRNA E%#F21tL7=, N=4 *P<0.05 **P<0.01



MEK1/2 &UGSK3 B HEAIIZ & 5#lfastsyntaxin-4 D

HBEADRE

AR DFER (B 1-2) &Y. syntaxin-4 OISR RIZESHREDRMEMZEH—IZHED
MEK1/2 E&UGSKIBDAEHI (2i) IZ&k>THHIEN S ENHMH>TIVS, TTTRIZ,
HAE b syntaxin-4 DEEEEZ D 2 DDRRDBERICDOVWTEIRANDT=8. 2R/ INT 5 LR BF
[Zsyntaxin-4 DFEBEEFEL, BEOHIEANDEZELFMITLIz. TOFRER. 2RHFMDES
HHR (XA S syntaxin-4 [ZKOTHED R FIEAREShI=H, 2R/ MLI-HETIE,
syntaxin-4 [C& 5l RED ELITRon iG>t (H 3-4 A), — A . SN FETsyntaxin-4
[C&koTHFEIN-F LY —h—THSp-cadherin, brachyuryFs &Uzscand [ZDUNVT
i AMLI-IREETHRRIzEZA, BBEFIXTNETHEE. Has syntaxin-4 [2&k>TH
WENLEFITHIENFIBALT: (B 3-4B), COIEMDL, S syntaxin-4 [CkEHRZHEZE(E
[SIEED 2 DDEBDDGELELELLNNEET SRR ZE A oN D, F=, 2FR A%
RMEMEHBFRFTHAIZLH DL, s@HIMICsyntaxin-4 ZHIRASMERLI-FZIF T, H
RERINANDMENFBEINLI LD DD oz, COIEIE 2IDRMEEHBFRFLLTO

FELGZEE. syntaxin-4 OHREZSMEROMFITHAHELSATREMZRL TS,
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ES-STstx4

*k*k
| B
*%
| ES-STstx4
*k%
© ; c zscan4 p-cad brachyury
5 40 o
3 G * * *
S 30" $ 2.0 20 | 50
= o
>
s 20 n.s. o 10 10
= 2
S 10 j | | 2 0 0 0
O o¢. e mEm O OFF ON OFF ON OFF ON
OFF ON OFF ON o > i
| + 2l |

+ DMSO +2i

3-4: #ABast syntaxin-4 OMEE - MEADFEELE MEKL/2 KU GSK3B DBER

A: £ abO—)LELT DMSO ZHMLzHME. 2i ZHRML-3HD T, #Es syntaxin-
4IZKBMEADEEZLER L., TROBEI LEDILKEEZRY
T REMEMABEHOEEIL N=4 * P<0.01 ** P<0.001
B: 2i ZRMLT-IREE THIRES) syntaxin-4 ZHRIRFEL-EZDH1EY—H—D mMRNA E%
EE{bLf=, N=4 *P<0.05
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F A4 FOMRRICH TSI syntaxin-4 D#EEE
(cadherin R/ yF LB RELDEEHY)

HRastsyntaxin-4 I2&k5F0 HIBEDEE~DEE

NFETOHERELT, OLIFIZK DR LR EBDESHIAE D —ETHE Esyntaxin-4 A
HMEMNMRRL TSI L, O#fES syntaxin-4 #HIVFEL-ESH T, HEDRKFL. E-
to P-cadherinR 4 vFE LUV HFRERIIADHMEMMBESN S ENPALMNELGE ST, RIZ,
NOoDRBEDEESZRET SICH-Y. BYLGFHEMRRDOREEIT o1, ESHAIE
zscand ZELHRRLGRDIEE LU MEBERFNERICRAEOTLNDH 2. —D2D
BRIVETHILTEROMIIGENENNTLESHREMEAE L, T TS EIE, —D
—DDEZRDENYZELFRELT, ESHIlEXRY BE#E R THHEC ((EERE) MiazAL
BT eELT-, ECHRaIE~ Y RESHIRBD L AN L TLVE A 0T= 1980 FHA D L REMES:
HIEOETILELTHRPTEFERAIN T -MIET. ESHRBLRIRICT S — R B EE
FEITAHIENOEBENLGZEMZELTVAICEADDLT | EBICHERIEEEY (LIF
P2AEMEELLGEN) TEREMICRKRAEUEHFTELIEAMON TN B, TOHFTE
SEANEF M, BEETTRREERIAD S EFEN AR EMBETHY.
E-cadherin W EBHL-EGIO=—%H M T 5 —F T, zscand DFEBRFEBHONGN T, &£
2T, COMEERAWNSILET. FREMES LU zscand DEEZERRSIL. M5} syntaxin-
4 Mcadherin R/ yF EMRARRE DB E M IZE B L= E1TASEE AT,

9. ESHIE LB HICDOXFH MDD F & THIAE S syntaxin-4 D F IR FEE A A BE7L FO-
STstx4 fifaZHILIz (K 3-4A), COHMEDOREICDONTERT 5L, ESHRaLERRIC.

syntaxin-4 Z#FH L - T[T MafEEE M IIfSh  REMENMEESN - (K3-4B),
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A

Cell surface

RT _— +
DOX __ — +

FO-STstx4

OFF OFF ON
o IS
(stx4)

DAPI T7(Stx4) B-actin

B
*k*k
@ 607
= 4
o
o
S 40
< 4
= i
@ 20
© 1.7
o
OFF ON

4-1: #Ra% syntaxin-4 DRBEDRLEFOHE~ADEE

A: SAEM syntaxin-4 D FEIRFESR
HRESMIR RIS EBI2ODU T FILRTFRE LY T7 25 &ML Tz syntaxin-4 O3> R
;S5 0% FO #RBIZE A LT syntaxin-4 #IF:5E FO M8 (FO-STstx4) (<
DOX ##/ML T2 H#.RT-PCR (&) LRELEE (A) ZRAVWTHRERETo1-

T7 (stx4) (#). B-actin (FF). DAPI (F). R7—JL/A\— 10pum

B: #iFa4} syntaxin-4 (Z& 5 ES #IBADREEZ 1L
Z£: DOXZEHRMLT 2 BRICHPEZHEL-, TOEEFX LOTEEDILEAR
KENER B MR ERT S
A REREMEHOE=ZEIL N=4, ** P<0.001 R—/L/3— 20 um
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E- to P-cadherin R/ F AN EE

FO fRIICH L THMgS syntaxin-4 DRBRICKYESHIRAEFEHRDIELIEARLNT-
ZEMD, RiZcahderin Ry FIZDWNTHREI LTz, TDHER. F9 #IlE TEHE-cadherin A
NIBLRILTORRHD EP-cadherinDEEELANIILTHORERE LR AR SN (B 4-2
A)o Tz UVBEAKIDHIREIC DN THHER L2 A, #il@5 syntaxin-4 (&> TREA
FTHIELDHMOz (B 4-2 B), LEDTEMNG, FO HMREIZHULTEHMIES syntaxin-4 (&

cadherin R 1 yF EAktS S ILIZCEAL CESHIR LRI DR E R T S EAFIBAL =,
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A E-cadherin P-cadherin

OFF ON OFF ON
E-cad @ e -= P-cad

B-actin |www s B-actin e

* *
1.5 |—| 15
£ 1.0- [ PEJ 10
© o
5 05 i S8 5
0- 0=t
OFF ON OFF ON
15 * %%
' 20
% 1.04 0 %
£ 05 £ 10
0 0 |l
OFF ON OFF ON
_ *
B FO-STstx4 61.5 I—I
©°
OFF ON & 1.0 2
.C
P-Akt s @'0.5
E
Total-Aakt NP °

OFF ON

X 4-2: #ARa%} syntaxin-4 I2&% E- to P-cadherin R/ YF~ADF

A :syntaxin-4 FIREEE ES #iia(C DOX #HMLT 2 B&RA22/\UEL RNA ZEIYRL E-
cadhedrin & P-cadherin D FIEEE TN ZNEHLI=,
£ I REUTOYTATDAVTLY FTRAEAVNIESELU MRNA RBREDEEL
& :E-cadhedrin DHIRE & :P-cadherin DFEITE N=4.* P<0.01

B :#Hf@ 4} syntaxin-4 [Z& 5V EEILE Akt DRIREEFT-,

E: ATy B UEEEE! Akt (p-Akt) % Total @ Akt TEIY, EE1bLT=,
N=4 * P<0.05
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#Hfastsyntaxin-4 [CKBEMTHEERFE LU IET—H—~DEE

& LU cadherin R 1y FDEALIFESHIFAEFI M TELIL TLV=CENDL, LT
EMTRERFEMMEY—H—IT DV TDREZET o=, HEMEMTTHRIEF RSN S Snail,
Slug. Zebl. Vimenting KU CofilinDHIRWEILEILLE Moz, Tz, PHEEYT—H—TH
BaSMAB LUMHCHZE LIRS oz, BT TFOMARIXLF /A28 (RA) [2&o
TARERIOMBAIDAIZHILT HIENHBN TSN, syntaxin-4 [FRIFFELTER
RENET—H—TH5Gatad FELVAPCDRBELEILIZRSNEM o1 (K 4-3),

snail slug zeb1
C
.5
58107
xg
®
OFF ON OFF ON OFF ON
vimentin cofilin asma
C
05
& Ou Li H L‘
m .
xr o
3 0
OFF ON OFF ON
gatad 300 afp
250, W
2.0 407
c 3.0 -
[0} =]
22104~ 2.0 -
=0
S 1.0 _
A '
g 0 0_
OFF ON OFF ON RA

X 4-3: #ABAS syntaxin-4 1I2&% EMT BIEREFEMET—hH—~DRE
RS syntaxin-4 #HIRFEL T 2 B RNA ZEYIL. EMT BSEEEERF Snail, Slug.
Zebl B LU B ~<—Hh—Cofilin 8L Vimentin £&H12, FIEET—H—D aSMA &
U MHC., AEET—H—D Gatad EXU Afp D mRNA LR )L% qRT-PCR IZTHEHTLT=. RA
[FREEMEDRST+TabA—)LELTHL =z, N=4 *P<0.05



P-cadherindHl RRIZLIMEADEE

FO #RICHE LN THESHIRAEFHEDE- to P-cadherin R/ vFH LUHELE L (DIRER
B Q#iRafEEOIG) NRLNIENS CNODBERMEEANDO. FIF #HilE
IZP-cadherinZ @ | RIRSE IR DR E~NDEELZHE L1, #if35 syntaxin-4 LREIHRIC
DOXiRMIZ&YP-cadherin® 53R FFE A EZX#f2 (FO-Pcad) #/E® 1=, DOXZiHRML
T2 BREOMEEHELI-LIA, P-cadherinzZ B I -MBETIXREMBAEELTL
=, MaEEEONHIXRoNELI o1z (B 4-4 A), £f-. REFBIZTF-actin&P-
cadherinZz ##ALI-ELZAH, PIFYP-cadherin DR TR EF ADREILR SN T
A MaMEE RNz EE Loz (B 44 BL), SHIZCDREHEADFHEEP-
cadherin D EEFE EHAPCDL FHEHIZHMT HIETHESINDSZ Aoz (K 4-

4BF).
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F9-P-cad
ZEI < BN &

Cells with
filopodia

OFF ON ON
Control pcD1
IgG

>
S
=
=3
o
o
<

4-4: P-cadherin HIRERIC LS HBE~ADEE
P-cadherin #IRFEHI (F9-P-cad) IZ DOX &ML BERDOHIEE
B, XAIXRERAHRERT,
A: BRBDEE ERZMLALIE-EEEZTITRY,
B: £: ®EXBEHE F-actin (). P-cad (7). DAPI (¥)

T: P-cadherin @ ON/OFF [ZfnZ.DOX ZHMY HEEEFIC P-
cadherin [EEH A THS PCDLEHRMLED BB TR E R A
fafzstiRILT=,

N=4 *P<0.01**P<0.001 R4 —JL/\—: 20 um
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E-cadherin O#REFAFICKSREZEIL

P-cadherinZ RIS -FOHIRATIIREM B DRE IR oNDDIZxL . HfEs syntaxin-
4 TEEINF-HaMEEEOMGIERonGEhot, T RICHEEEEDTELR
BEEFTHY. syntaxin-4 IZKYBEGHREAB LN RSN T-E-cadhedrinDFERERR E % 1T
of=. BHROF HREICar bO—)Lifk &E-cadhedrin D EERR A THSHECCDL &%
nENRML. 2 BERREBEHEL-, $5&. ECCD1ZARMLI-MaTIEMIEMEE N
FolMEETRLIZA. P-cadherin®iaH| EHRMB TR oN =L 5B RER R D R LE
RBant=ah otz (B 4-5 A) . —A. AR EELE-cadherin DR ERRSHIDEERE
LT.AIHICEEANDEREFIELIZEDE-cadnerin®HEITE(CDLNTHET LTz, &K
BIZIE RM)TFavla L THIRZIESEL. RE~OEREFHEELHE S L. Poly-L-lysine
A—MIE>THEMICHRZERSE-HE TDE-cadherinDRI|TEEZ /I E LV
MRNAL AN JLTREHTLT=, ZDEER. Poly-L-lysine £ T B L1-##2 TE-cadherin® %>/

DELANLTORBERDHBRESNT- (B 4-5B) ,
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E-cadherin
protein  mRNA

Relative expression
— [N ]
o o o
— [N ]
o o o

4-5: E-cadherin EICKSHBREADHE

A: H#D F9 #ifa (Parental F9) IZ E-cadherin D48 EH1{ATHH ECCDL &k

L. MraR LRz,

ERZELEKRLI-EEEZTITRT,

B: &: RKJ)T4avla L THEBELIMA (petri) & Poly-L-lysine 3—k L TEELT
#ARE (pL-Lysine) MD#ARaAzHE

4. E-cadherin DERBEEFF NIELANILE KLY MRNA L)L THETLT=,

N=4 **P<0.001 RZ—JL/A\—: 20 pym
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E- to P-cahderin R/ yFDRMI- K HHREZE L

NETORRM G, P-cadherinZ RIS E-MRTEIREMA DA EESH ., E-
cadherinZ#gEFEL-IHE L. MR EEOIFHOANR oM -, TCT.COZD2DE
HEHAEHESHET, E- to P-cahderin R/ vF &L 1-154 . Miiastsyntaxin-4 2k
SHELTILLEFRFRDMENRONDDONERETLT- (B 4-6 A), ZDFER. P-cadherin& $
WFELGAEEELT, P-cadherin® FEERERFFFICECCD1 ZRMLI-EE TR, RE
FRiEEHICHIRRRRERE DIIHIL R 5N . Mfgstsyntaxin-4 [IZ& S REE L LB FHVER
maht- (K 4-6 B),

A P-cad O.E. E-cad inihibition Stx4-like phenotype?
b | By 3
L'}} T 4 s
£ gd/ < * — — 7
‘:/,: ',)//\r‘/ >‘;'\’/
Pseudopodia® Pseudopodia->  PseudopodiaT
Cell-cell = Cell-cell \|, Cell-cell |,
B
* %
F9-P-cad s 2 r
+ Control IgG 58 10 =
— — > . = 8 h_g |_|

P-cad: OFF ON

Antibody: Control ECCD1
IgG

4-6: ANIBY% E- to P-cahderin R4y FDEMHIZ kD RE~ DEE
P-cadherin IRZFEMA (F9-P-cad) 12arkO—)Lin{AE LU ECCDL HiihkEEFNE
nFEmL., ZOREEHREL -,
A: E-to P-cahderin R/ v FBIRDERXE
B: £: AREFNEE
A REMEHERBOEEL
N=4 *P<0.01 ** P<0.001 R4 —JL/\—: 20 pm
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EHBL#RSY syntaxin-4 ORBIZEDMME~NDEE

EERTIIAREDOAHIZHILFEMNTTREAFI MAEICH LT, EHIMICsyntaxin-4 &H
REETH, HMEICIEEENLGN LA REN -0 RICREBHRIEHEDOMEAN
DEEODVWTHRHRDIEELz CNFTHALTLDOXIZL S EBRFE M THLHFO-
STsxt4 [&. DOXi&MN 4 BT TN 7R —L RZECLRIB O#ENTE G o1,
TN . BHETITARKEDOEENEOHNECMY (Cytomegalovirus) F7AE—2—
DTFRIZOTFIULRTFREAMAMLE=syntaxin-4 EALF-aVANSIERWLTHBESN
syntaxin-4 MR E FEIRMAAHEsIg-stxd ZER LT =, AV FO—I)LOEMptyRN I8 —% B ALT=
HRaLLE A~ syntaxin-4 ORERBMETIIREMBROEENBESNT: (B 4-7 A). F
= DEDOFI HlENNREERIIANDMELIRICHKE LR T 5 LA F5N HGatad. Cofilin
HEUVimentinlZDWTHERLIZECA. 2 TORBRED LZMFERTEZ (B 4-7B). L
=M >T. FO #RBIZE LT, MRS syntaxin-4 DEHBDFKIB TIIMEDH IERTIMN
RYBERTEETHREALMEFTEN TON LA RSN REINT -,
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Long term expression
sig-stx4

—maWapl std |
T7 neo

Signal peptide

c

-% gatad cofilin vimentin nanog
g * k& *k* iii

g 20 | 15 5.0 2.0

[}

.g 1.0

T 9 0.

h OFF ON OFF ON OFF ON OFF ON

4-7: #IHAS syntaxin-4 REEBFMBOSME~DEE

A: #iBast syntaxin-4 ZREBMELERBEIEHHIC CMV TAE—F—OTRIZTTFIL
RIFRE T7 27 %MLz syntaxin-4 82OV XMS590% F9 MRBIZE ALY
(sig-stx4)o R —JL/3A—: 20 pm

£ RSO ERER
A T7THRAEZAVNTEALT: syntaxin-4 DHRIBERE{To1=,
T: arvka—)L® Empty N5 —Z B ALT-#ifa& sig-stx4 ffan Rz R
B: arhtO— /L& sig-stx4 #EZMD RNA 3L, FO fifa A NIEEA S EL R D < —
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¥ 58 P19CL6 M= 1+5MRast syntaxin-4 DHEEE
(P-cadherin EHPEESEDREER)

#Bast syntaxin-4 [2&% P19CL6 HIBAD R HEA D B2

BTk DF9 #IREZE ALV-RER(ZHULVT, syntaxin-4 [ZKDHEEZEILIZIXE- to P-cahderin
AAvFHREE 5T LAREMEMN REN A, CDcadherin Ry F EFREZE S EDBIRIC
DWVTIERFZALMIES>TULVELY,, 2T TRIC, F9 #Mifa&RHkICzscand DHEBITRSN
BW—AT, BEFUHTTEHREEADOMEFEN ATRELRECHIAAN —FE, P19CL6 #lifa
FRWSIEELT: T8, #ifastsyntaxin-4 FIREEEP19CL6 #ifa (P19-STstx4) H1E&L
RIEREITo=DBIT (B 5-1 A), ZOREEITDNTERELI-LT A, ESHIlaLRIERIZHE

fa4tsyntaxin-4 2KV AR EED T FELAFEZESNT- (K 5-1 B),
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A P19-STstx4 Total Cell surface
transgene

OFF ON
ol -

gapdh = DAPI T7(Stx4) B-actin

*%

Relative area
occupied by each cell
I
o

N YO
X7k

B 5-1: #IBa5 syntaxin-4 [2&3 P19CL6 $BADFEELE L

OFF ON

A: #liast syntaxin-4 FIRFHE P19CL6 #HHfE (P19-STstx4) IZDOXZFFHMLT 3 B RT-
PCR &REEBEITL syntaxin-4 OFEBEEHRELIz, 1>v2—F/)Lavba—)L:
gapdh
T7 (#%). B-actin (F). DAPI (¥)

B: P19-STstx4 #ifalc DOX &ML T 3 HiMiamEE8H =L 1=,

E: AHFOEE TORIEEDIEARETRY , R7—)L/3—: 20 ym
A FHBEOLHLIEENFHE N=10 *P<001
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Hpas syntaxin-4 IZ&BPEEMEADEE

P19CL6 #fifa TH#EAE S syntaxin-4 [CKYBRITZREEDEL AR o f-Ceh o, ESHfas
R#kIZE-to P-cadherin R/ v FELVHBEESEI—H—DERIZOVWTELLARLNSD
DMHEFE LTz, P19CL6 #if2 TIXE-cadnerinD B (TREBRFALUT THo1zM. P
cadherinlZ#if84 syntaxin-4 [CKYURBR EFRTH5Zenhh otz (B 5-2 A), £=ZDEE.
HIEEI—N—THAHASMADREBEZV IR TAV T4 T BEFUVRERBTHEELE
ZA. Mastsyntaxin-4 &> THRIREN LR THIENHIBAL: (R 5-2 B), SbIZ, RE
ZEEOERNSaSMAZ BRI L-MRLYRTILT D ENHER TS, T thD o1k
I—H—IZDWLWTMRNALA L THREILIZEC AR IR ETY—H—TH Sbrachyury [T FIR £
FLEA, ZOMD ST —h—IFEELGEMof= (B 5-2C), CDOTEM B, P1ICLG HlifE

[2HELTHES syntaxin-4 (I EEILE JUHRESMEERET S EFENDLNT=,
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OFF ON c
A B § aSMA
P-cad - OFF ON 7
B-actin - asMA g
B-actin mme—-— §
P-cad T
c 10 o
25 a OFF ON
% g 5 ‘ asma
o 6 *
0 ™ 10
OFF ON s
0 0—,:,: ON aSMA T7 (Stx4) DAPI
C brachyury tuj1 gatad cofilin
c
2 * 2 1.5 15
0 g 10
53 | 1 pm 1 {gm 1 gm
4]
©3
T o == 0 0.5 0.5
OFF ON OFF ON OFF ON OFF ON

5-2: #IRE4} syntaxin-4 [2&% P-cadherin B&KUHFHEEMEADEE
RS} syntaxin-4 F#IFEEE P19CL6 #HE (P19-STstx4) IZ DOX ZHFMLT 3 BE YT
JLEEIRLT=,

A: P-cadherin DEIREHIRALITOAvTA T IZTHERL-.
N=4 *P<0.05
B: FIEET—H—D aSMA DHFEREHITRAZTOYT1429  qRT-PCR LU RELE
[CTRESELT=,
Z: aSMA DAVINJBELRILOREE B aSMA O mRNA LRI TORIRE
N=4 *P<0.05
fA: aSMA DRFEEE aSMA (FF). T7 (k). DAPI(F) A& —JL/3—: 20 um

C: EMET—h—®D mMRNA LRJILDOFEIRE Brachyury (RIEE). Tujl SHIEE).
Gata4 (WIEZEE). Cofilin (MEFEE#) N=4 * P<0.05
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P-cadherins&Hll BRI LS BEBEIREESEADEE

&%, P-cadnherinDERMEMEREILRUVHRREMEANDEZEEZARD=0H . HHD
P19CL6 #ifEIP-cadherinZz —@MIZHBSEROMELLVHEEY—H—IZDT
BETLT-, REFBICEoTP-cadherinZHE L= TITHREO R FILRTRER AL
HERENt- (B5-3A) —H. MRNAZEYXLp-cadherinB KU PEET—H—Tdhdasma
DHELEZHERL-ECA, p-cadnerinD FEIF L F(IFERINT-H., asmaDREIRICEILIZIR
Shimof- (B 5-3 B), CDIZEM B, P-cadherinlZ R IEESEIZIZF S LUV ETRE A

RSNT=,

P19-P-cad (transient)

Transient expression of P-cadherin

Relative
expression

5-3: P-cadherin BHRRICKIBEBE LUV FEEME~ADEE
%.gRT-PCR [CTHREESEANDEEZRAT=,

A: P-cadherin @& % ® P-cadherin (75) DAPI () R%7—JL/A\—: 20 um
B: p-cadherin XUV HIEET—hH—ND asma DFEIR% qRT-PCR [CTHEELT=.

N=4 *P<0.05
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ELE BEE

syntaxin-4 QO#IENBEIZDULVT

AMEFER KLY, t-SNAREZ /XU E TH SHsyntaxin-4 (&, ESHIEER D —EH THATAY
[CHIRASMZIRREN  BEEIEOHRERIADMEEFTEST HENHLNER S, &
SIC.ChDDELERDIEHBZFRFLFORMEMICEVTHEESAEIEND,
syntaxin-4 QMRNMRRITEKAMELBZESHIRRIZHE FEMEKBEBDOF L ELICBEE T 5 THE
HAREZLND (K 6) , LHL. Kfsyntaxin-4 NED &S AN X LTHEIZIRTRS
NBEDMNZDWTIFBALHZE> TR, SEDOFERNOMEKL2 EXUGCSKIBDEE
FITH S 2ilT&k>Tsyntaxin-4 DN THOFKBHMFIESN-CEM B, syntaxin-4 DHERE
SMRRICIIMEKE FUGSKIBD LT FILAEE T SR RN HEHEEZ NS, — . &
i D ZE T, syntaxin-4 & 3L K& HVEE L L fzepimorphin (syntaxin-2) (& #lifafE T
Anexin II > SynaptotagminEBEERZERELTEY . PR —R DT F VISR B LIZER
BRIV SN TIRTRESN DT LMo TS 55, S5IC, ESHIE T E—an=——n—
HTRAMIZTZ R A FESNSMREBREEVOIRENERSINATEY., 23D 7
Rh—S RZEFIT DI EMNBASMNTESTNS 080, ThioD e s, 2ilck->TESHIRaSE
HTORAMETRE— RO T F VDG SN -2 LT, FE/ICsyntaxin-4 Dffas R
THOEESN-AHEEEEZIOND, £z, CThET 2ilE. ESHERaM SEpiblastik D M~
DMEICHERFGFY I FIVEBRE T AL TRMIEREDHIFICTEETEHLEEZLNT
Ef-p 8, SE 2ixERASEKETY, #ifastsyntaxin-4 ZAHIMICRESLESHILETH
EDFEINTI=TEMND, 2CKDRMEKBOHIFICIEsyntaxin-4 DHESMEREELE
BETHAHAREMEN RSN T,
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syntaxin-4 237 AV OFE

AHE THL I =syntaxin-4 DAEZ 2 /OB THAFL (syntaxin-4 DHelix aB &V
b) (XESHIATRON-#s syntaxin-4 [CKBBRELTEE LU LZRETEZ7o40=
ALELTHERT B2 &N o1z, O RIEsyntaxin-4 s&HI FIRMRTZ(+THL BHED
ESHIBATERONT-. F1 BNT7UAT XML THEET DB DFEE/A—bF—LLTIEZD
[ZHFNBESND, DEDITMA S syntaxin-4 DZRETHY. LIV ED TSR T
Shizsyntaxin-4 BB THD, BFBICDOWTIE, EERPITHEMLIZFL H#ESsyntaxin-
4 LEEEEL. TOMREEE TS ILT. RERANOEEIIH SN ATBEEM
EZbND, ZITHEIZELT, epimorphinE L Usyntaxin-4 (TN TEEXKERKT S
ZEDRENTLNDS 5782, Zh(ZIEsyntaxinZ 73 —H F XA LR A ILEEEZH D=0,
BRKFERIZEYsyntaxinBl T TE ERBRELOT VVEBETHAIZENREELLTEZLN
%Y, —hH . BREREIIZEALTE, F1 1T THEF3 LMFIHIRERL TV -, £<ESESIZE
£DF1 &F3 ARI—RBRRIIHEETHILIEZE R TFT AV NEPBSTENTT HELFE
T.BBBRICAWVZREOILERLIZ.F3 FZOKREHIEEL. FTHL TSI EA DL
2TWS, CDIENBLESRIAZEMREEZRLIZFL LU 3 DELLM—A. HLLITZDOME
EIE. REMOHMRas syntaxin-4 CEEEESLT 2T =AML THERALI-TREMENEZS
N5, IZTAVMEBAEMRDAN=X LER DD, S5 5Ha5 syntaxin-4 (2
FRVITFTLERERARD-DICLRZBKROREFIVBETHSA. ChFETHAESN
syntaxin-4 OMENBESNTOSREOZROMITICE DV THLRAKRERESINTLVE
L) 5266, syntaxin-4 EXLARREEHVEELL TLYSepimorphin® 2 &k [LIntegrin aV 1 THY
5. E5(Z, SEIALMNELEST-PISKDEMEEIZEIntegrin L MBS I BT EMD 83, MRS

syntaxin-4 M Z&&HIntegrinTHAETREENEZ DN B,
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syntaxin-4 [Z&AMEEIZHBTEGSKIBLTFHILDOEE
SR HIB9(Zsyntaxin-4 MRS CHRIBFEL-IE. 21Tk >THEDRFIEABEEINT-,

syntaxin-4 [XGSK3pZHF Y HZETHONSPIBKIAKL T )L 2 ZBE T HENSEIHA

b

0

[

SMIEoTz, FD =8, syntaxin-4 [ZKBMEEZEILIZIZGSKIBL Y FILAE ST A HE
HEHHEEZLND, SBIZ, GSK3BILE-cadherinD R IR HIENIZHFEEHE T 5&E412,
ESfifa a0 ——R B OIMH IZELEBIEMNTIN TS 848, LI ED T Ehbsyntaxin-4 [
FHMEEE AL IZIXPIBK/AKLL T T ILHIHIIZ K HGSKIBDE ML N EFEL TLHATREME (T
FLELTEZONGD, ERICEEHEARDICIEGSKIBD VBEIE P BREEILEELIZE
DTRITFTILDERILT BT IDENH D,

syntaxin-4 [C&AHEZEILEE- to P-cahderin Ry FDE{FR

4@, E- to P-cahderinR 1 vF (I #If5 syntaxind (KD REL LD ELLDATEEMEMN
RSNz, ESHIREIZH LT, PISK/IAKtY F FJLIZE-cadherinZ EIZHIfHIT 22 &M ESh
TW51=8. syntaxin-4 [Z&BPI3K/AKt T F )L DHIFI A E-cadherinD HIRF L D5 &2
L I-TIREE N EZ BN D 887, Ff=, PISK/IAKUZLIFL S FILIZE > TEHEESh KDL
HFICTBCEELGRBO—DTHAMN, RERIZEULTIE, LIFFFE T THsyntaxin-4 DOl
EMERIZCEY SMEDMRE STz, DI EMD, syntaxin-4 [ZKBDPISKT T FIL DI
RIFLIFMNSDPIBK/AKES T FILIZ L TEBIZE L -EEZ NS 25, Ff-, E-cadherin
DFEBF D (T E TEB-cateninZBEMIE LI LM HMonTHY . MR EM RN
f=B-cateninl&p-cadherin DEEE M ZRET HEMNTRESN TLNSI &M Bsyntaxin-4 (2
&Bp-cadherinDF I EFIZ(IB-catenin N E ST HATEEMELHHEZEZA LN D 8, FID IR

& Tp-cadherinMFIR EF (., p63 VLC/EBPREV-=ttDEERFHNEET S ELR
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SNTLEM 01 ZFRESDEEF(Esyntaxin-4 HRIRFERDI SV AT Th—LBRHFNS
RELTEFLGNIEEHERLTLD, £, VTP vYcadherinlZE 9 HE-. P-8 K UN-
cadherin[ZHEMEED T ELRFLLTHMONATLAA ., BlOHEELL T, Small
GTPasez L= IR EBN TR L TR ERT ZEMHASMIINTINS 2%, RIEDHAR
T. E-cadherinTTl&%:{P-cadherin}2#1-Cdc42 D;EHLE N L T, MHEEDREET
DB ITHIBAL = S, (2, ELAROREERG £ DB E DB L VETP-cadherin (3 & 5
BLTHEY., ThohEMRADRE BB ERETHILLTEINTLVS %, Ff=. P-cadherin
DRI EFE PR EANDELEIZ(XIntegrin a6B4 HENBEHBIELMESINTIVST= 2,
CDEIEHREICHKIEL TSP /\ VB DORREIZ K Ysyntaxin-4 2k AR REZE b [ HilfH

SNTLSHREELH D,

PI3K/AktS T F )L EMBAS syntaxin-4 Z& D5 E DB R

PI3K/AKtZ J F ILIFESHIRR D L ZEFE T AMAPKIZEIREEE T 51T, L HEMLRS
BEGFTHHnanogZ (ELHET HRD LM IFICEAHIRFERRLASE LN HH
2TLVS 89 ZM1=8. At syntaxin-4 [Z&ZMMERBIZEYPIBK/IAKLL S FILDFE
AL BIEFRI SN EIFERA U LHL, PIBK/IAKtL T HILERBREL-RERICE LT,
syntaxin-4 [Z&>THRBEAFEA T Hzscand TIXRBDEILNHo>F-DIZxtL., FIEESE
I—h—ThABbrachyuryFELARSNEHI o=, ZDZEMS, PIBK/IAKIL T FILIEER S
EHEHFSEEODETELRFTIEH I, TOTFFHILDAHTHEEAD LR
EINEhITTIEARWNZEN DI 1=, syntaxin-4 [Z&ZESHIBD 5318 HE (2 (X PI3K/AKt

DTFILIMZBELICEELTHEET DRV EET HEEZLNS,
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SEERMBEIL DR

APRICENT, MBEMEEMEEEOBEERFRICEZEG RS UMDV EDTHS. #

)y

faMEICER > TR B EENBBINS LIE—BMICKESENTLSA, SHIZHTIE
FELHRWMEE L ONFET . FzEZ L. E-cadherinDfi A2 4> /X0 BEE T EMIZ/E
ZL.ESHRICERASEMREIBEDRFEIIERONSDIZHL, SEFFEESILEL
%, SEIOMEIZHLVTE, P19CL6 MfEIZP-cadherinZi&HIFIRL . AT ED R TtE
BLTH, PEEMEICIEREIEALZEWZ ED DI of=, FI-ESHIRIC 2ix EASE 115
&. flifastsyntaxin-4 [CKABEEIIAZTINLN, MEFFESN TV, CThoDfE
EMo, SEOESHAD LI EFERFNICEI S LD TEENERESNS, —A.
FO fliRaMEERIZH VT, Mikgsisyntaxin-4 OEHBORBFZECEIBELTLOAN RS
NE=DIZHL, RAMICRRSEHET ARERIIANDHMET—H—AFKBEL TSI E
NRENTz, 2OTEMD, Mfas syntaxin-4 (TR EEICKREK/EAL. ThDBER LN
STHREE (FIEFELSY) ORMEIZLEF ST HaREMIEZ NS,

£ EAIZE TSR syntaxin-4 DEE

INFETORENSIEEARRNTOREARE CHIFS syntaxin-4 BEDKSITEET S
DDV TIEHM>TLVEL, LAL., S EIBALA EE>T-#lifd st syntaxin-4 DEMTHD
RLREZE LS, MR ET—h—brachyury®RBIX. EANTHOH ICRRISHEEETHHE
Fafa A, iR RMADBEETRONSEILITIEL ©10, Ff- HEAOsyntaxin-4 O£
B TOKOR YR IFRGMRANEE-ERDOIKE 7 BEEFTTRIRLEGSHEADMNOTL
B0 TLYSFI R TEH A, SYMNRRDOREGMRARSRICHES Y HE85HE
[ZHEWNT, #ifastsyntaxin-4 DHR—ILIIUREBETSECAH, RIFMRA B ICFER

BRERBEVSILDFIHERETEGN o=, T BEERZEOHBHRICENT, VT FILRT
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FRET7 2T % MLT=syntaxin-4 Z&HFETRTHYVADERERAT-A, 5 62 EDE
EFEAZTOZRIM . AL 13 HETRENEALZBREG 1 DLiELNT . L
12D 1 BEEFRIZONTT? AZRANWTEATLI=ECH, EALT=syntaxin-4 (X2 /NJEL
NILTHEBELTWEWI ENHIBALT=, COZEN D, S syntaxin-4 ZEHIFRITSE S
ET.HBE 13 BETOREICKXEZE-IAREELEZONDHA . EFELE LN
syntaxin-4 QOBEZRZEFER/RDTHIZIE, SEELEMERNEEREIUVBREICI>TEER
IREEY DRENH D,
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Translocation
EX ?

Extracellular
stx4

E-cad
ES cells
Pluripotent Mesodermal
lineages
. . 7 zscand D(lfferer:;uatlo)n
xtracellular mesoderm
bl —| PI3K/Akt i
T \ GSK3
IGﬁf;?_»fIME;m P-cad —> | Morphological
nhibitors (2i) E-cad —l changes
(protein)

Cadherin
switch

X 6: #ifAs} syntaxin-4 DRIEBEEDETIL
£: ES fifaIZ&H 1TSS syntaxi-4 DIEEEDIEXE
ROEHEFFRF LIF 772 T 0 ES Mg RE THIAESH syntaxin—4 [(FO0=—RTHY
—IZRBLPREMEB LU cadherin RAVFEFET D
T: #ARA4} syntaxin—4 DT F UG ER
268 AMENCHLMIE-T-HEE
K& STHEILEZONDIFL
SRR EN 2 syntaxin—4 (&Y PISK/Akt 27 FILEN LIz ME PR REE
IEMEFEEEINSD, EIT, syntaxin—4 DHEfESMERIE ES HADH—LICHF 5T S
2i TIIfIEN BT ED L, ES HIRED DMED TR —14IZ syntaxin—4 HEEE5 T H AT BE
HENEZLND
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10
11
12
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0.00063112 | 0.0099254 | -2.069395521 Tmprssild XLOC_ 015960

3.16E-12 6.63E-10 -2.070620985 Spink3 XLOGC_ 009712

6.99E-15 1.98E-12 -2.11919187 Gpnmb XLOG 016567

415E-09 4 19E-07 -2121817674 Tmem92 XLOG_ 003748
0.00042281 | 0.00729261| -2.132696181 Mst1 XLOC_021379
0.00000543 | 0.00020529 | -2.189481543 Gm12794 XLOC 013928
0.00021672 | 0.0044077 | -2.192903602 Grin2a XLOGC_ 007817

1.33E-09 |0.00000015| -2.20954754 Vdr XLOGC_ 007348

1.96E-17 797E-15 -2.21703053 Gyplal XLOG 021140
0.0000034 [(0.00013917| -2.232918512 Ccrd XLOC_022068

5.27E-23 4.37E-20 -2.235700067 Gpa33 XLOC_ 000496
0.00000228 | 0.00010019 | -2.245182553 Mapk10 XLOC 016033

8.65E-07 | 0.0000438 | -2.254647813 Spespl XLOGC 021833

3.16E-16 1.01E-13 -2.295469837 Fbp2 XLOG_ 005567

4.78E-08 |0.00000355| -2.348389077 Gm2016 XLOC_004340
0.0000469 [0.00125862| -2.36029789 Ctrl XLOC_020697
0.0000693 [0.00174267 | -2.360350273 Hist3h2a XLOC 002598
0.00019785(0.00412442 | -2.366275168 Cml2 XLOGC_ 017295
0.0000105 | 0.00036549| -2391585229 Gm11544 XLOG_ 003749
0.0000063 | 0.00023315| -2.400233761 Zscande XLOG 018693

6.78E-09 6.38E-07 -2.405978803 | D030018L15Rik |[XLOC_007336

0.000024 |0.00072132| -2.412144203 Wdr20b XLOC 004221

4 28E-30 8.3E-27 -2415227709 Gm7102 XLOGC_ 010593
0.00048738 [ 0.00810348 | -2427818194 Krts XLOGC_ 007415
0.00053241 [ 0.00862386 | —-2456332486 Nckap5 XLOG_000972
0.0005324 [0.00862386| —-2.456335165 Krt15 XLOC_003852
0.00053235 | 0.00862386 | -2.456349832 Al847159 XLOC 012262

1.08E-13 2.68E-11 -2.495241359 Uspl7le XLOC 019383
0.00000854 | 0.00030421 | -2510470321 Ndnf XLOGC 016631
0.0000173 | 0.00054724| -2511268196 Spink10 XLOG_ 009523
0.00029671 | 0.00558443 | -2532795091 Csfir XLOC_009515
0.0004492 [0.00765491| -2533664955 Dnajb13 XLOC_019296

1.07E-16 3.64E-14 -2542263112 Gm8300 XLOC_ 004335

2.3E-32 593E-29 -2566794203 Dusp27 XLOGC_ 001128

8.02E-12 1.55E-09 -2601310778 Uspl17la XLOG_ 018303
0.00050022 [ 0.00825203 | -2605538775 Cyplial XLOG 021144
0.0000909 [0.00217432| -2.674528102 Tmdsfl XLOC_ 013213

8.94E-27 1.09E-23 -2.720357356 Gm2022 XLOC_ 004341
0.0000391 | 0.00108262| -2.755101271 Gmb622 XLOGC_005944
0.00000032 | 0.0000184 | -2.770381603 Prmt8 XLOGC 017485

7.05E-20 4E-17 -2779433838 | 1700030L20Rik [XLOG_013600

6.19E-14 1.6E-11 -2.781311721 Gmb039 XLOC_004760
0.00061814 | 0.00976089 | -2.795392758 Cdo6 XLOC_ 008017

0.00008 [0.00194813| -2.805727893 Tesc XLOC 015487

0.0002569 | 0.0050042 -2.80923818 Xirp2 XLOGC_ 010888
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BEEH 3/3

P-value Q-value logFGC Gene_Sym Gene_ID
8.75E-08 [0.00000603 | -2.847680419 Gm1995 XLOG 004339
0.0000229 | 0.00069536 | -2.863481368 GCtxn3 XLOG 009496
2.12E-36 8.21E-33 -2.873074653 Dcdc2c XLOG 004573

0.00021871 | 0.0044399 -2.88228013 BB287469 XLOG 004337
0.00032465 | 0.0060176 | -2.912221171 Al662270 XLOG 002863

7.46E-14 1.88E-11 -2.920541889 Gm4971 XLOG 019176

1.24E-17 5.34E-15 -2.965025919 Zscanda XLOG 018690
0.00000442 [ 0.00017278 | -2.977802365 Gm13119 XLOG 014241

3.11E-23 2.78E-20 -2.984901882 D17Ertd648e |XLOG 008774
6.06E-10 7.41E-08 -3.104147993 Gm2027 XLOG_ 004182

3.9E-46 3.02E-42 -3122619226 Gm20767 XLOC_ 005282

0.00000552 [ 0.00020807 | -3.135977495 Gm13128 XLOGC 014240

2.27E-08 [0.00000193 | -3.144462691 Fam159b XLOG 005717
3.07E-26 3.57E-23 -3.176211149 Zscandc XLOG 017668
2.56E-07 | 0.0000152 | -3.215734392 Tdpoz4 XLOG 012842
7.82E-28 1.3E-24 -3.228172572 AF067061 XLOG 005283
4.38E-19 2.19E-16 -3.230645622 Gmb662 XLOG 004758
3.09E-19 1.59E-16 -3.252258567 | B0O20031M17Rik [XLOC 005755

0.00063188 [ 0.00993056 | -3.292229707 Trim43a XLOG 021282

2.36E-19 1.25E-16 -3.342710106 Zscan4f XLOG 017669

0.00023327 [ 0.00464629 | -3.396578899 Pramel6 XLOG 011007
1.85E-08 |0.00000161| -3.401444404 Uspl7lc XLOG 018272
2.89E-34 8.39E-31 -3.412070659 Gm8994 XLOG_ 016945
0.00000136 [ 0.0000649 -3.42872639 Cdhr2 XLOC_005090

2.94E-18 1.31E-15 -3451114743 Zscan4d XLOGC 018692
0.00000802 [ 0.00028902 | -3.480606389 Cyp26bi XLOGC 017281
0.00011942 | 0.0027295 | -3493623914 Gm13109 XLOG 014944
0.0000611 | 0.00156284 | -3.584555422 Usp17Id XLOGC 019337
0.0000312 | 0.0009057 -3.67007993 Ube2dnl1 XLOG 022491

1.56E-14 42E-12 -3.680689609 Testv3 XLOG 005285
2.99E-12 6.32E-10 -3.75088191 Cyp2b23 XLOG 018879
1.44E-07 |0.00000926 | -3.782138646 BC147527 XLOG 005284
2.18E-09 2.32E-07 -3.908072628 Gm4858 XLOG 012832

9.1E-08 |0.00000624 | -4.030260041 | 9330159F19Rik |XLOG 001362
0.0000167 | 0.0005305 | -4.030877571 AF067063 XLOG 005753

0.00000107 | 0.0000524 | -4.034966212 Iqub XLOG 017044

1.81E-08 | 0.00000159| -4.377729415 Edn2 XLOG 014042

4.43E-19 2.19E-16 -4.723561445 Usp17lb XLOG 019384
0.00048896 [ 0.00812396 | -4.792300963 Dpep3 XLOG_020701
0.00018905 [ 0.00397638 | -4.796045477 BC080695 XLOC 014232
0.00018903 [ 0.00397638 | -4.796063808 | A430089I19Rik [XLOC 016009
0.0000903 | 0.00216313 | -4928822088 Zscan4b XLOG 018691
0.00041638 [ 0.00720649 | -4937617042 Gm13078 XLOG 014234
0.00023877 [ 0.00472746 | -5.042242675 Trim75 XLOG 020503
0.0000347 | 0.00098271| -5.16086524 Tdpoz3 XLOG 012843
0.0000208 | 0.000639 -5.16254066 Gm6890 XLOG 022378
0.0000111 | 0.00037847 | -5.361193588 AU015228 XLOG 011247
0.00000483 [ 0.00018667 | —5.36358869 Gm21319 XLOG 004755
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Abstract The proteins in the syntaxin family are known to
mediate fusion of cytoplasmic vesicles to the target membrane,
vet subpopulations of certain syntaxins, including syntaxing,
translocate across the cell membrane in response to external
stimuli. Here, we show that extracellularly presented syntaxin4
impacts cell behavior and differentiation in teratocarcinoma F9
cells. While undifferentiated F9 cells extruded a small subpop-
ulation of extracellular syntaxing at the lateral cell membrane,
the induction of differentiation with all-trans retinoic acid (RA)
abolished this localized expression pattern. We found that the
cells that were stimulated in a non-directional fashion by
extracellular syntaxing displayed a flattened shape and retained
a substrate-bound morphology even under a long-term, serum-
starved cultivation. Such a cellular response was also elicited
by a circular peptide composed of the potential functional core
of syntaxind (AIEPQK; amino acid residues 103~108)
(ST4nl). While the proliferation and metabolism were not
affected in these cells, cell-cell interaction became weakened
and the expression of vinculin, a regulator of both intercellular
and cell-substrate adhesion molecules, was altered. We also
found that the expressions of several differentiation markers
were up-regulated in cells stimulated with extracellular
syntaxind and that syntaxin3, another family member, was
most prominent. Intriguingly, forced expression of syntaxin3
induced the spread morphology in FS cells, indicating that

Flectronic supplementary material The online version of this article
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which is available to authorized users.
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syntaxin3 partly mediates the function of extracellular
syntaxind. These results demonstrate the involvement of a
non-directional stimulation of extracellular syntaxind in the
functional and morphological differentiation of F9 cells.

Keywords Extracellularlocalization - Syntaxind - F9 -
Differentiation - Epimorphin

Introduction

Syntaxins are t-SNARE components expressed at the cyto-
plasmic surface of certain membrane domains that partici-
pate in the formation of the SNARE complex, which medi-
ates the docking and/or fusion of intracellular vesicles to
target membranes (Chen and Scheller 2001; Sharma et al.
2006). However, vatious stiuli have been shown to trigger
the translocation of certain syntaxins across the plasma
membrane via a non-classical route, leading to execution of
their latent extracellular functions (Flaumenhaft et al. 2007,
Hirai et al. 2007; Radisky et al. 2009). For example, when
epimorphin/syntaxin2 is exposed extracellularly in response
to calcium influx, it is cleaved at the proximal membrane
domain and then released to target cells so as to impact the
morphology and maturation of these cells, including mam-
mary epithelial cells (Chen et al. 2009; Hirai et al. 1998,
Radisky et al. 2003), liver parenchymal cells (Kinoshita et al.
2011; Miura et al. 2007), pancreatic epithelial cells (Lehnert
et al. 2001) and skin epidermal keratinocytes (Hirai et al.
1992; Okugawa et al. 2010; Okugawa and Hirai 2008). We
recently identified a cell surface subpopulation of syntaxind
in skin keratinocytes that severely affected the cornification
process and elicited survival activity from cells exposed to
oxidative stress (Kadono et al. 2012). In terms of anaplastic cell
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types, an ectopic expression of extracellular epimorphin accel-
erated the mobility of preimplanted blastocysts and cartilage
progenitor cells, resulting in an over-outgrowth of implanted
ova (Qin et al. 2005) and abnommal cartilage otganogenesis
(Oka et al. 2006), respectively. The epimorphin-triggered
changes in these cellular behaviors may be dependent upon
the alteration of their biological properties and the cellular
changes elicited by other extracellular syntaxins in anaplastic
ot embryonal stem cells are as yet unknowt.

Mouse embryonal teratocarcinoma (EC) cell lines have
been widely used as simple models for the functional analyses
of factors possessing differentiation induction activity, since
their stemness is stably maintained in culture, wheteas the
simple addition of the differentiation stimuli activates their
latent differentiation programs. For example, F9 cells, which
are recognized as nullipotent EC cells, have been reported to
elicit the differentiation response in all three germ layers under
certain specific culture conditions (Koopman and Cotton
1986, 1987), with the karyotype remaining fairly stable
(Alonso et al. 1991). For this cell type, the methods for the
unidirectional differentiation into the endodermal lineages
have been well established, using either all-trans retinoic acid
(RA) or cAMP (Wang et al. 1983). In spite of the fact that the
molecular mechanisms for the subsequent commitment to the
parietal ot visceral endoderm are as yet unknown (Hogan et al.
1981), the simple addition of RA rapidly and effectively leads
to their differentiation into primitive endoderm derivatives.
Most of the cells gradually change their morphology and
exhibit an augmented expression of characteristic markers,
including e-fetoprotein, laminin, ZO-1o and villin (Komiya
et al. 2003; Wang et al. 1985). Thus, a comparison with the
RA-triggered phenotypic changes might provide important
insights into the activity of proteins that are involved in the
activation of the differentiation program.

In the present study, we noticed that the distribution pattern
of an exfracellularly presented syntaxind subpopulation on F9
cells was altered by the stimulation with RA, which was
investigated for the effect exerted by extracellular syntaxind
on this cell type. We found that non-directional stimulation
with extracellular syntaxind induces a dramatic morphological
change in the cells and in several endodermal markets, both of
which effects are reminiscent of the cells treated with RA.

Materials and methods

Cells

The mouse teratocarcinoma cell line F9 (ATCC CRL-1720)
and its derivatives were maintained in DMEM/HamF12 medi-
um (Wako) supplemented with 10 % FCS along with penicillin

and streptomycin. To test the effect of syntaxind, cells were
treated with a recombinant form of syntaxingd (Kadono et al.

) Springer
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2012) or stably introduced with an expression plasmid for
extracellular syntaxind. As the confrol, recombinant green
fluorescent protein (r-GFP) or an empty plasmid was used. To
induce efficient differentiation, cells were treated with 1 pM
all-trans retinoic acid (RA) (Sigma) for 5 days. To investigate
the cell-cell adhesion property, 3% 10° cells suspended in
400 pl medium were seeded onto 24-well dishes pre-coated
with 1 % agarose gel and rotated at 100 tpm for 24 h. For the
cell mobility assay, part of the sub-confluent cell monolayer
was scraped and the cellular migratory distance from the
scraped edge at the initial time-point was measured after 24 h.
Phase contrast images of the cells were obtained under phase
contrast microscopy (Olympus SP350). To completely block
extracellular export of leaderless proteins, caspase inhibitor [V
(Calbiochem) was added to the culture at a final concentration
of 100 uM. To block the effect of Sirt gene products, the cells
wete treated with 25 pg/iml nicotinamine (Sigma) for 4 days.

Expression constructs and transfection

To generate F9 cells stably expressing cell surface syntaxind
or cytoplasmic Sitt2, cells were transfected with the expres-
sion construct for syntaxing containing an N-terminal fusion
of an exogenous signal peptide comprising mouse IL-2 and
T7-peptide (Kadono et al. 2012), or the construct for T7-
tagged Sirt2 by electroporation (125 mA; Nepagene, Japan),
followed by selection with 500 pg/ml G418. Among several
clones, at least three independent clones were chosen that
expressed a high level of the transgenes. These clones
displayed essentially the same phenotypes. For the Sirt2 con-
struct, cDNA encoding mouse sirt 2 ORF (NCBI ID: 64383)
linked to the T7 peptide was amplified by RT-PCR using the
following primers: 5'-tgaattcatggctagecatgactgg-
tggacageaaatgggtatggacttectgaggaatttatte-3' and 5'-ggg-
ggaattcttactgetgttectetttetett-3'. The amplified cDNA was then
purified, treated with EcoR I and subcloned info the mamma-
lian expression vector pQCXIN (Invitrogen). The mammalian
expression construct of syntaxin3 tagged with T7 peptide was
prepared as previously described (Shono et al. 2013).

Antibodies and immunological procedures

The primary antibodies used in this study included those
against tetra-His (Qiagen), syntaxin3 (Millipore), (3-actin
(Sigma), o-catenin (Santa Cruz), p-catenin (Santa Cruz),
T7-tag (Novagen), o-fetoprotein (Zymed) and vinculin (Sig-
ma-Aldrich). Anti-E-cadherin monoclonal antibodies
(ECCD-1 for the blocking of function and ECCD-2 for
mmunodetection) were generous gifts from Dr. Takeichi.
Affinity-purified polyclonal antibodies against epimorphin
and syntaxind were prepared as described in previous studies
(Hirai et al. 1998; Kadono et al. 2012). Western blotting was
carried out with HRP-labeled 2nd antibodies (GE healthcare)
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and ECL reagent (GE Healthcare). To detect the cell surface
expression of syntaxind, non-permeabilized F9 cells were
stained simultaneously for syntaxind and a negative control
[-actin, as described previously (Kadono et al. 2012). In
brief, living cells on chamber slides were incubated with a
nmixture of affinity-purified rabbit anti-syntaxind antibodies
and a mouse anti-3-actin monoclonal antibody. After being
washed twice with Tris-buffered saline (TBS) followed by
fixation with —20 °C methanol for 10 min, the cells were
incubated with a mixture of Alexa488-labeled anti-rabbit
IgG (Invitrogen) and Cy3-labeled anti-mouse [gG antibodies
(GE healthcare). For the performance of conventional im-
munocytochemistry, cells were permeabilized with —20 °C
methanol for 15 min and stained for marker proteins with
primary and FITC- or Cy3-labeled 2nd antibodies, as de-
scribed above. In some samples, the cell permeabilization
was carried out with 0.1 % triton X-100 and F-actin was
directly stained with Alexa488-phalloidin (Invitrogen). The
nuclei of the cells were counter-stained with DAPI (Sigma).
These cells were analyzed using the Al confocal microscope
system (Nikon) ot the AXIOSHOP fluorescence mictoscope
(Zeiss) with the VB-7010 CCD camera (Keyence, Japan).
For immunoprecipitation, cells were lysed in TBS containing
1 % Triton X-100, 1 % NP-40 and a protease inhibitor
cocktail (Nacalai Tesque, Japan) in TBS. After removal of
insoluble materials, the lysate was incubated with ECCD2
and the immunocomplex was retrieved with proteinG-
Sepharose (GE Healthcare).

RT-PCR

The total RNA was extracted from F9 cells pretreated with or
without differentiation stimuli using an RNeasy™ mini kit
(Qiagen, Germany) and was revetse-transcribed with an
RNA-PCR kit (Takara). For RT-PCR analyses, cDNA frag-
ments of mouse gata-4, a-fetoprotein, ZO-1a+, villin,
syntaxin3 and gapdh were amplified by PCR for 25 cycles,
using the following primer pairs. gata-4: 5'-ggactaggcttcttta-
geegg-3' and 5'-cggagtgggcacgtagac-3"; ae-fetoprotein: 5'-ga-
ccteageagagetgatega-3' and 5'- ccttetggagatgtitaaacgee-3;
ZO-la+: S'-cctggacttaagecage-3' and 5'-cettectgtacacctttge-
3 villin: 3'-catcactecteggetetteg-3' and 5'-gtcatgeccaag-
geectagt-3"; syntaxind: 5'-getgaagageatggagaag-3" and 5'-
atggcgacgtecataaa-3' and gapdh: 5'-ggatttggccgtattgg-3'
and 5'-teatggatgaccettgge-3'. To selectively amplify ¢cDNAs
from exogenously introduced T7-tagged sirt2, 5'-atgg-
ctageatgactggtggacageaaatggategeate-3° was used as the for-
ward primer.

Assays for cell metabolism and survival

The number of viable cells were evaluated using Alamar blue
reagent (Invitrogen) following the manufacturer’s protocol.
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In briet, Alamar blue reagent was added to the culture (1/20)
and an absorbance ratio of 570 and 600 nm in the medium
was measured to determine the number of surviving cells. To
ascettain the sustained cellular metabolic property after treat-
ment with syntaxind, the evaluated number of the cells
cultured for 2 days was divided by the amount of DNA that
was extracted from the same cells and determined using a
DNA Quantity kit (Primary Cell). To determine the number
of cells that were attached to the dish after a longer cultiva-
tion in the serum-starved condition, cells were incubated in
DH medium supplemented with 2 % FCS for 4 days without
any medium change, then washed once with PBS and incu-
bated in phenol red-free medium mixed with 1/20 Alamer
blue for 4 h. In some wells, RA (1 pg/ml), recombinant
protein (25 ug/ml) and/or a circulated peptide tfrom
syntaxind’s functional core ST4nl (Kadono et al. 2012) ot
the non-functional control peptide (Okugawa et al. 2010),
were added to the medium.

Statistical analyses

Results are expressed as the mean + SD of three independent
experiments. Data were analyzed using the f test and p values
<0.05 were considered statistically significant.

Results
Expression of syntaxing in F9 cells

F9 cells grew as well-packed clusters and exhibited a flattened
and spread morphology in response to the RA treatmient
(Fig. 1) (Komiya et al. 2005). These cells expressed several
plasmalemimal syntaxins, which are potentially exposed to the
cell surface, including epimorphin/syntaxin2, syntaxin3 and
syntaxind. The amount of syntaxind, which has been report-
edly detected mostly on the basolateral membrane in various
polarized epithelial cells (ter Beest et al. 2005), was constantly
expressed before and after the stimulation with RA (Fig. 1c).
While the immunocytochemical analyses revealed that this
protein was abundantly localized throughout the cell mem-
brane, a selective extracellular exposure of the subpopulation
was apparent at cell—cell contact sites (Fig. 11). Intriguingly,
the lateral localization of extracellular syntaxind was
pettutbed and took on an apical expression pattern upon
treatment with RA (Fig. 1g), indicating the possible involve-
ment of extracellular syntaxing in the fate of F9 cells.

Extracellular syntaxind induces morphological changes
in F9 cells

The fact that the polar localization of cell surface syntaxind
in F9 cells is disrupted upon differentiation motivated us to
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B-actin - e p-actin - —
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2"3Ab only

Tig. 1 The momphology and cell suface expression of syntaxind in F9
cells with or without RA treatment. F9 cells growing in well-packed
colenies {control, cont.) (a) changed their morphology to a substrate-
adherent flattened pattem as the result of RA-treatment (+ R4) for 5 days
{b). Bar 120 pym. ¢ F9 cells possess endogenous epimorphin (gpim),
syntaxind (s£x3) and 4 {stxd). B-actin was used for the loading control
{Iower) The signal intensity ofthe syntaxind-protein band was unchanged
in cells by RA treatmenit. The differentiation marker o-fetoprotein (AFF)
was used as a pesitive control d—h Syntaxing and (3-actin were detected
in total fraction (permechilized) (d, €) or on the surface (non-perme-
abilized) (f, g) of F9 cells. F9 cells abundantly expressing [3-actin and
syntaxind projected a small subpopulation of syntaxind extracellularly,
which was localized at the lateral cell membrane (f, arrows). The exclu-
gively lateral distribution of the extracellular syntaxind was abolished in
response to RA-treatment (+ R4) (e, g). h The cells were stained only
with FITC- and Cy3-labeled 2nd antibedizs. The nuclei of all the samples
were counterstained with DAPL Bar 30 pm

investigate the impact of non-directional stimulation of ex-
tracellular syntaxind on the behavior of nascent F9 cells. To
this end, cells were artificially treated with recombinant
gyntaxind or the forcibly expressed exogenous gyntaxind,
which has been connected with the signal peptide for non-
directional cell surface delivery through the classical ER-
Golgi secretion channel (Fig. 2). The cells exhibited a flat-
tened and spread morpholegy in response to either the re-
combinant syntaxind or the forced expression of extracellu-
lar syntaxind (Fig. 2e, g). The syntaxin4-triggered substrate-

€1 Springer

91

adherent property of F9 cells was more clearly manifested
when the cultivation was either carried out under a serum-
gtarved condition (FCS; 2 %) (Fig. 2h j) or seeded onte nen-
treated petri-dishes (Fig. 3¢ ¢). Such a morphological
change wag also observed in the cells treated with RA
(Figs. 1, 2j, 3b) and these cell behaviors were more pro-
nounced with the forced expression of the signal peptide-
connected syntaxingd than the addition of recombinant
gyntaxing, implying that the non-directional stimulation with
cell surface-syntaxingd elicited more effective cellular mor-
phelogical differentiation (Figs. 2, 3). While the cell-
substrate adhesion was dramatically enhanced by syntaxind,
this might not be due to an effect on cell viability (Supple-
mentary Fig. 1). Our previous study identified a functional
core in syntaxind (amino acid residues 103~108) and gener-
ated a circular form (ST4nl) that acted ag a functional an-
tagonist of epidermal cornification (Komiya et al. 2005).
Based on this finding, we investigated whether ST4nl an-
tagonized syntaxind-dependent long-term substrate-
adherence of F9 cells. Unexpectedly, ST4nl did not block
but rather facilitated the syntaxind-triggered substrate adhe-
sion and this augmentative effect was statistically significant
(p=0.05) (Fig. 3a). The treatment with ST4nl exhibited a
dose-dependent additive impact on syntaxind-expressing
cells, an effect that reached a maximum when it concentra-
tion was less than 5 pg/ml (Fig. 3b). These results demon-
strate that the previously identified syntaxind-core domain
also acts as the functional core for this effect, even though the
propagation of the signaling mechanism appeared to be more
complicated than previously suggested. To confirm the in-
velvement of extracellularly presented syntaxind in these
changes in cellular behavior, we then tested the effect of
caspase inhibiters, which have been shown to completely
inactivate the non-classical secretion route for leaderless
proteins, including syntaxind (Komiya et al. 2005; Keller
et al. 2008). We found that the RA-triggered effect wasg
abrogated by this non-classical secretion blocker (Fig. 31),
suggesting that exmacellular presentation of leadetless pro-
teing mediate RA signaling in F9 cells and that syntaxing but
net epitnorphin or syntaxin3, is ene of the strong candidates
for this activity, considering the effects of non-directional
stirmulation of their recombinant proteinsg (Fig. 2¢, d).

Syntaxind-triggered cell behavior changes

Accompanying the changes in the cell-shape and the substrate
adherence, F9 cells with extracellular syntaxind exhibited
dramatically enhanced cellular locometion (Fig. 4a d). Fur-
thermore, when the cell-substrate interaction wag completely
blocked by agarose gel coated on the substrate, these cells
formed many rough swrfaced smaller aggregates as compared
to the control cells, indicating that extracellular syntaxind, in
contrast, weakened cell cell adhesion (Fig. 4¢ h).
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Cell growth, metaboelism and the expression of the E-
cadherin complex were not affected by syntaxind-treatment

In spite of the dramatic impact on the cell cell and cell-
substrate asgociations, the simulation with syntaxingd neither
significantly affected cellular proliferation nor the metabolic
profile (Fig. 5a, b). In addition, while control F9 cells grew in
a more tightly-packed colony, assays with BrdU-labeling
and Ki67-staining failed to detsct any difference in cell
proliferaticn with and without syntaxind-treatment (data
not shown). Given that cell cell adhesion might be

2|
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Fig. 2 Effect of non-directional stimulation with extracellular
syntaxind on F9 cell behaviors. a (upper) Schematic diagrams of
epimorphin/syntaxin3/syntaxind, His-tagged their recombinant forms
and the signal peptide- and T7-tagged syntaxind used for the non-
directional extracellular expression (sig-szxd). a {(lower l2ff) Purified
reconbinant GFP (#-GFF) and rsex4 were analyzed with anti His-tag
antibody. Note that both GFP and symtaxind were detected as doublet
bands, the lower ones of which are partially degraded products with the
N-terminal His-tag intact. a {lower #igh#) The sxpression of exogenous
syntaxing in the stable tansfectants (F9 sig-stx4) was analyzed with an
anti-T7 antibody. b—g Phenotypic appearances of F9 cells in response to
exogenous syntaxing. Cell shape changes were induced by either the
addition of r-stx4 for 3 days (r-stx4) {e) or the cell surface expression of
exogenous syntaxingd (sig-stx4) (g). These changes were not observed in
the same cells treated with recombinant forms of epimorphin {(#epint)
{c), syntaxind (-s£x3) (d), GFP control {#GFF) (b) or ransfected with
the empty vector (f). Bar 100 pm. b—j Cell images (h, i) and relative
number of substrate-adherent F9 cells (j) treated with {(r-sexd, sig-sted)
or without (»-GFF, cont.) exogenous syntaxind on day 4 under the
serum-starved condition. Bar 100 pm. Stimulation with r-sted or forced
expression of extracellular syrtaxind (sig-stx4) resulted in an increase
of substrate-adherent cells (j), n=6; **p-<0.01

weakenad by syntaxind, we next investigated the molecular
assermnbly of E-cadherin and the catenins (Ozono et al. 2011).
Although E-cadherin-mediated cell adhesion system plays a
central role in intercellular interactions for thig cell type
(Yoshida-Noro et al. 1984), the expression level of E-
cadherin and ite association with o- and B-catening appeared
noet te be affected (Fig. 5¢ e). We further tested the possible
involverment of the NAD-dependent deacetylase sirt gene
family members, especially Sirtl or 2, which have been
reported to play reles in cellular binding te the substrate
(Potente et al. 20077). While the overexpression of siri2 gene
products increased substrate-adherent cells in the serum-
starved environrment, as shown in the case of the cells stim-
ulated with syntaxing (Supplementary Fig. 2), the addition of
nicotinamide, an inhibitor of Sirt 1 and 2 (Giammona et al.
2009) that reportedly blocks the effect of exogenous Sirt2,
attenuated only part of the syntaxind-triggered cell-substrate
adhesion. Thus, we concluded that si# genes are not primar-
ily regponsible for the appearances of the syntaxind-tiggered
cellular phenotype.

A possible component participating in the syntaxing-
triggered cell adhesion

Among several molecular candidates respensible for the
gyntaxind-triggered phenotypic changes, we found that
vinculin, which regulates both cell-substrate and cell cell
adherence junctions as a linker to the actin cytoskeleton (Coll
etal. 1995; Tozeren et al. 1998), was down-regulated by the
forced expression of extracellular syntaxind (Fig. 6a). While
this protein was abundant in the tips of the filopedia that
sprouted from the periphery of the tightly-packed colonies in
contrel cells, its expression was mostly absent in syntaxing-
expressing cells (Fig. 6b g). As the disruption of the vinculin
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Fig.3 Effect ofthe syntaxind-derived peptide $T4n1 and the inhibition
of the nen-classical secretion pathway on F9 cell behavior. a The
addition of ST4nl (1 pgml), a circularized form of the functional core
of syntaxind {amino acids 103-108 AJEFQK), also elicited a similar
response to that of stxd. 8T4nl added an increased concentration for a
longer cultivation peried {day 10), in which the viable syntaxind ex-
pressing cells had almost detached from the dish. Some cells were still
attached to the substrate when 8T4nl was also present and this effect
reached a maximum when the ST4nl added was less than 5 pgiml (b).
Non-functional control peptide (contpepfide) was wsed as a control
n=6; ¥p<0.05; **p<0.01. c—e Extracellular syntaxingd enhanced cell-

gene has been chown to weaken cell cell adhesion and
enhance cellular migration in this cell type (Coll et al.
1995; Tozeren et al. 1998), this down-repulation may ac-
count for part of the syntaxind effect. On the other hand,
vinculin disruption is known to also weaken the cell sub-
strate interaction in F9 cells, which is inconsistent with our
findings (Fig. 2), leading te the hypothesis that the cellular
phenotypic changes may also be attributed to melecular
elements induced by the onset of cyte-differentiation, given
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substrate interaction. F9 cells with sig-stxd were able to attach and even
spread onto non-treated petri dishes (spread) (d), while most of the cells
with an empty vector became spherical aggregates that were unattached
to the well {spherical) {¢). f- The number of spread cells increased in
respense to the treatment with RA {1 pM) {g), which retumed to the
level of the non-treated cells when simultaneously treated with a
caspase inhibitor (Casp. k., 100 uM), 2 strong blocker of non-classi-
cal extracellular transport of leaderless proteins including syntaxing (h).
e and i Quantification of the spherical and spread aggregates on petri
dishes. p=4; **5<0.01, ¥**p<0.001

that such cellular regponses are reminiscent of those stitu-
lated by RA. We found that syntaxind-expressing cells up-
regulated GATA-4, an RA-inducible transcription factor that
acts as the differentiation cue in this cell type (Futaki et al.
2004) (Fig. 7a). Thug, we investigated the mRNA of several
endodermal differentiation markers in anaplastic F9 cells
treated with recombinant syntaxind or RA, which included
w-fetoprotein, a splicing isoform of the tight junctien scaf-
fold protein Z0-loct and the actin-regulatory protein villin
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as well as syntaxin3 (Komiya et al. 2005, Wang et al. 1985).
The augmented mRNA expression of all of these differentia-
tion markers was evident after treatment with recorbinant
syntaxind or RA (Fig. 7b). Intriguingly, the up-regulation of
the t-SNARE protein syntaxin3 in response to extracellular
gyntaxind was even more obvious than the response to RA.
‘We recently reported a novel function of syntaxin3 in B16
melanoma cells, which is an effect on actin dynamics that
enhances substrate adhesion (Shono et al. 2013). Based on
these findings, we investigated whether the syntaxing-
riggered cellular response wag attributable to the augmented
expression of syntaxind. We found that the forced expression
of syntaxind induced the active formation of pseudopodia
with longitudinal stress fibers along the cell body but vinculin
was rarely present at the tips of newly formed pseudopodia
(Fig. 7c f), indicating that syntaxin3 partly mediates the mor-
phological differentiation induced by extracellular syntaxing.
Taking these results together, it is suggested that differentia-
tion stimuli perturb the polar lateral localization of extracellu-
lar syntaxind, which activates latent differentiation programs
in F9 cells, leading to an alteration in cellular adhesion.
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Discussion

In the present study, the -SNARE protein syntaxind was
found to be endowed with extracellular fimetions that were
exerted when the protein was expressed on the entire cell
surface or added to FS cells non-directionally. FS cells also
endogenously possess certain other plasmalemmal syntaxins,
i.e., epimorphin/syntaxin? (Hirai et al. 1992) and syntaxin3
(Bennett et al. 1993), in specific membrane domaing but
neither had dramatic effects on the incidental changes in cell
shape when added in the extracellular medium. The distinct
and specific domain-localization at the plasma membrane has
been postulated to have physiclogical importance (Li et al.
2002; Sharma et al. 2006; ter Beest et al. 2005, Torres et al.
2011). For example, syntaxin3 is known to accumulate at the
apical membrane domain of F9 cells at the time of the initia-
tion of differentiation (Komiya et al. 2005). This study detect-
ed a small subpopulation of extracellular syntaxing at the cell

cell contact site of undifferentiated FO cells, the distribution of
which was changed to the apical cell membrane upon the
progression of differentiation as the result of RA treatment.
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Fig. 3 Expression of 25
extracellular syntaxind did not
affect cellular proliferation,
metabolism or the expression

of E-cadherin-contained cell-cell
junctional components. Both

the cellular proliferation {a) and
metabolism (b) were not
significantly different between
the cells with {(sig-stx4) and
without {empty) exogenous
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d, e Imrmunolocalization of
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The nascent F9 cells were very stable in terms of spontaneous
trangformation (Atsurni etal. 1982; Rousset et al. 1983) and the
artificial non-directional stimulation with syntaxingd induced
changes in cell behavior reminiscent of RA, which suggests
that RA-triggered differentiation is mediated, at least in part, by
the change in the lecalization of extracellular syntaxind at the
plasma membrane. [f'this is the case, then the putative receptors
for extracellular syntaxind may be exclusively expressed at the
apical cell membrane and the differentiation cue may destroy
the diffusion barrier between apical and basolateral
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membranes. The localization analyses of binding partners or
receptors of extracellular gyntaxind should be necessary to
elucidate this scenario. For example, those with the labeled
form of recombinant syntaxing could give information, as hag
been shown for epimorphin’s binding partner at the cell mem-
brane (Hirai et al. 2007). Alternatively, a series of ongoing
studies on the molecular mechanism underlying the directed
cytoplasmic delivery (ter Beest et al. 2005, Torres et al. 2011)
may ultimately uncover the precise rele of their restricted
membrane localization and the extracellular extrusion.
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Fig. 6 A possible downstream element of non-directional stimulation
with extracellular syntaxind. a ({e/f) Western blot analysis of vinculin, a
possible regulator of cell-cell and cell-substrate adhesion. 3-actin was
used for the loading control. a {#igh?) The quantitative analyses revealed
that vinculin expression was down-regulated in cells with extracellular
gyntaxind (gig-seed). n=4, ¥*¥p<0.001. b—g Immunolocalization of
vinculin {red) and F-actin {green) in cells with {sig-stxd) (e—g) or
without (emphy) (b—d) extracellular syntaxind. The accumulation of
vinculin was clearly detectable at the tips of filopedia sprouted fiom
the tightly-packed colonies of the control cells {empy) (e and d, a-
rows). Bar 25 pm

The important pointg that have emerged thus concetn the
relationship between morphoelogical change and fimctional
differentiation in F9 cells. The change in the phenotypic
appearance from a rounded cell shape to one that is
gubstrate-spread is believed to be closely related to differen-
tiation in pluripotent/anaplastic stem cells (Huang and Ingber
2000; Lukashev and Werb 1998; Unemori and Werb 1986).
Indeed, the initiation of differentiation in FS cells was ac-
companied by the appearance of a population of flattened
cells but their anaplastic state was reported to be stably
maintained on the E-cadherin-immobilized substrate, where
cells were properly expanded (Nagacka et al. 2006, 2008).
On the other hand, RA treatment accelerated the progression
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Fig. 7 Differentiation induction in F9 cells by extracellular syntaxind.
a The relative amount of gata-4/gapdh signaling in sig-stxd cells
compared to the empty cells. 27 {-) without reverse-transcription reac-
tion. #=3, **x<0.01. b The amount of mRNA of several differentiation
markers was analyzed in intact F9 cells treated with recombinant
syntaxind (r-stxd) or RA for 5 days. aff, a-fetoprotein; Sox3, syntaxind.
Most of the endodermal markers, including syntaxind {(arrow), were up-
regulated by the treatment with syntaxind, this result was also con-
fimed in sig-stxd cells {data not shown). ¢, d Transient expression of
T7-tagged syntaxind resulted in the active formation of pseudopodia
{arrows) and stress fibers (*) across the cell body without any treatment
with extracellular syntaxind. Cells were stained for F-actin {green) and
exogenous cytoplasmic syntaxind {(red) with phalloidine and anti-T7
tag antibody. e, f Localization of vinculin (r2d) in cells with exogenous
cytoplasmic syntaxind {green). While the accumulation of vinculin was
remaining at the tips of some filopodia (yellow arrow), this molecule
was rarely present at the tips of newly fommed pseudopodia (whire
arrows). Cytoplasmic syntaxind may partly mediate signals by extra-
cellular syntaxingd so as to confer the substrate-adhesive property upon
F9 cells. Bar 30 pm

of differentiation only in the flattened peripheral cells in the
suspended F9 cell aggregates, the central portion of which is
composed of well-rounded cells (Hogan et al. 1981), indi-
cating that the cell shape change and fimctional differentia-
tien are not independent phenomena. Given that the mainte-
nance of the substrate-adhesive property may be a critical
component in the functional differentiation of F9 cells
(Grover et al. 1987), we identified Sirf 2 gene products ag
an element that which might support the long-term substrate-
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adhesive property, like syntaxind4. However, F9 cells ex-
pressing Sirt2 gene products did not undergo differentiation
in the absence of differentiation induced by stimulation with
RA or syntaxind. Thus, functional differentiation may al-
ways lead to changes in cell shape but not vice versa.

Concomitant with the syntaxind enhancement of cell-sub-
strate interaction, F9 cells apparently had a weakened cell—cell
adhesion potential. Although the intercellular adhesion in this
cell type primarily relies on E-cadherin (Nagafuchi etal. 1987;
Takeichi 1986; Yoshida-Noro et al. 1984), the expression
level, as well as the intermolecular association with its cyto-
plasmic regulators «- and (-catenin, were unchanged. In-
stead, we found that vinculin, a mediator for the interaction
of cadherin or integrins with the actin cytoskeleton, was
eliminated at the tips of filopodia of syntaxin4d-producing
cells. While vineulin elimination in F9 cells has been reported
to result in the reduction of cell-cell adhesion and the en-
hancement of cell mobility (Coll et al. 1995), this treatment is
also known to weaken the cell-substrate interaction, which is
distinetly different than the properties of syntaxind-producing
cells. We reasoned that certain molecular elements specific to
the cell lineage induced by the syntaxind signaling pathway to
be the cause of this syntaxind effect. The analyses of several
differentiation markers suggested that the syntaxind-triggered
substrate adhesion might be the result of the augmentation of
another tamily member syntaxin3, which was more evident in
cells treated with syntaxing than that with RA. In fact, F9 cells
with exogenous syntaxin3d appeared to actively sprout pseu-
dopodia while exhibiting the spread morphology without any
need of extracellular syntaxind. A similar role of cytoplasmic
syntaxind was recently found in melanoma B16 cells: the
ectopic over-expression of syntaxin3 regulated actin dynam-
ics, leading to the enhancement of cell-substrate interaction
(Shono et al. 2013). Thus, it may be that syntaxin3 partly
mediates the function of extracellular syntaxing.

With regard to this issue, the ratio of the substrate-
adherent F9 cells by syntaxin4 was clearly elevated not only
by full length syntaxin4 but also the syntaxin4-derived pep-
tide ST4nl. An additive/complementary effect of syntaxind
and ST4n1 on the cell-substrate attachment was observed up
to certain concentrations, which suggests that the previously
identified functional core may also be utilized for this effect.
On the other hand, we have shown that ST4n1 clearly be-
haves as an antagonist of syntaxind in terms of keratinocyte
cotnification (Kadono et al. 2012), which complicates the
effort to understand the activation of the putative cell surface
receptor of syntaxind. However, we recently noticed that the
survival and substrate association of keratinocytes exposed
to oxidative stress were significantly enhanced, not only by
full length syntaxin4 but also by this ST4nl peptide
(Kadono, unpublished result). Presumably, activation of the
signaling pathways by the receptor-binding of syntaxind via
its functional core may be propagated in a distinet manner for
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the different cellular responses. Detailed analyses are obvi-
ously going to be necessary to elucidate the evidently con-
tradictory activities of syntaxind. An investigation of the
putative receptor and downstream elements in the signaling
pathway of extracellular syntaxing is now underway.
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Membrane translocation of
t-SNARE protein syntaxin-4
abrogates ground-state
pluripotency in mouse embryonic
stem cells

Natsumi Hagiwara-Chatani', Kota Shirail, Takumi Kido®, Tomoatsu Horigome?,
Akihiro Yasue?, Naoki Adachi* & Yohei Hirai!

Embryenic stem (ES) and induced pluripetent stem (iP5S) cells are attractive tools for regenerative
medicine therapies. However, aberrant cell populations that display flattened morphology and lose
ground-state pluripotency often appear spontaneously, unless glycogen synthase kinase 33 (GSK3(3)
and mitogen-activated protein kinase kinase (MEK1/2) are inactivated. Here, we show that membrane
translocation of the t-SNARE protein syntaxin-4 possibly is involved in this phenomenon. We found that
mouse ES cells cultured without GSK33/MEK1/2 inhibitors (2i) spontaneously extrude syntaxin-4 at the
cell surface and that artificial expression of cell surface syntaxin-4 induces appreciable morphological
changes and mesodermal differentiation through dephosphorylation of Akt. Transcriptome analyses
revealed several candidate elements responsible for this, specifically, an E-to P-cadherin switch and

a marked downregulation of Zscan4 proteins, which are DNA-binding proteins essential for ES cell
pluripotency. Embryonic carcinoma cell lines F9 and P19CL6, which maintainundifferentiated states
independently of Zscan4 proteins, exhibited similar cellular behaviors upon stimulation with cell
surface syntaxin-4. The functional ablation of E-cadherin and overexpression of P-cadherin reproduced
syntaxin-4-induced cell morphology, demonstrating that the E- to P-cadherin switch executes
morphological signals from cell surface syntaxin-4. Thus, spontaneous membrane translocation of
syntaxin-4 emerged as a critical element for maintenance of the stem-cell niche.

Embryonic stem (ES) cells cultured without inhibitors of glycogen synthase kinase 3f (GSK3f) and
mitogen-activated protein kinase kinase (MEK1/2) (21) are prone to exhibit heterogeneity in morphology and in
the ground state of pluripotency!. Spontaneous generation of such aberrant cells cannot be completely prevented
even in the presence of leukemia inhibitory factor (LIF), which supports the expression of the stemness factor
Qct3/4 by activating either Jak-Stat3 or phosphoinositide 3-kinase (PI3K)/Akt signaling pathways®. Previous
studies have demonstrated that Nanog and Rex|, other transcription factors involved in pluripotency, asynchro-
nously fluctuate over time in clonal ES cells; this might affect the differentiation potential of each ES cell in the
same colony®~*, For example, nanog-negative ES cells tend to differentiate into primitive endoderm-like cells® and
Rexi-negative cell populations behave like epiblasts or primitive ectoderm cells, and more readily differentiate
into somatic lineages”. In addition, the cyclic gene Hesi is reportedly asynchronously expressed in clonal ES
cells, and contributes to heterogeneous responses to differentiation stimuli; low or high expression levels result
in differentiation into neural or mesodermal cells, respectively®®. The up- and downregulation of these cellular
context determinants are always accompanied by dramatic morphological alternations, and conversely, forced
cell shape changes could act as differentiation cues!'’. This suggests a close connection between morphology and
differentiation potential in stem cells.
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The decrease in ES cell clonogenic capacity is considered a consequence of temporal epithelial to mesenchymal-
transition (EMT)'12 BMT is characterized by downregulation of E-cadherin, a target of transcriptional repres-
sion by snail family proteins, and upregulation of N-cadherin'**. E-cadherin downregulation is closely linked to
inactivation of PI3K/Akt signals that regulates GSK33, a key element of the Wnt/B-catenin signaling pathway in
ES cells®. Thus, the functional modulation of these key elements is crucial for ES cell stabilization**". In addition,
considerable attention has been given to P-cadherin, an alternative cadherin that is upregulated during EMT.
Increased expression of P-cadherin has been detected in many cancer cells'®, and P-cadherin appears to promote
aggressive/invasive properties in several tumor cells'®. Zscan4 family members have recently emerged as key fac-
tors that maintain ground-state pluripotency. These factors appear to play critical roles in the stability/integrity
ofthe ES cell genome, and functional knockdown of cognate Zscand members resulted in decreased self-renewal
potential in BS cells?*?!. The Zscand family comprises six paralogs (Zscanda-f) and three pseudogenes, the expres-
sion of which has been specifically detected in 2-cell embryos in vivo and in ES cells in vitro®>?. The expression
of these proteins is also regulated by PI3K/Akt, suggesting the importance of this pathway for maintaining the
ground state of pluripotency in ES cells®. Given the spontaneous appearance of aberrant cell populations, with
altered morphology and differentiation potential, in clonal stem cell colonies, one might predict the existence of
unidentified non-diffusible extracellular signals that can focally and temporally regulate the PI3K/Akt pathway
to maintain stem cell plasticity.

Syntaxin family proteins are membrane-tethered proteins that mediate intracellular vesicle fusions as
t-SNARE components?+?°. However, subpopulations of certain plasmalemmal proteins, including syntaxin2
(epimorphin) and syntaxin-4, reportedly translocate across the cell membrane to locally act as non-diffusible sig-
naling molecules®~". For example, certain cells of the embryonic carcinoma (EC) cell line F9 extrude syntaxin-4
as membrane-tethered proteins to locally affect the morphology, motility, and cellular context of adjacent cells®’.

In the present study, we detected local extrusion of syntaxin-4 in ES cell colonies even in the absence of dif-
ferentiation stimuli Using an inducible expression system, we found that extracellular expression of syntaxin-4
leads to dephosphorylation of Akt, morphological changes, an E- to P-cadherin switch, and the early onset of dif-
ferentiation, with downregulation of Zscan4 genes, in ES cells. Thus, local membrane translocation of syntaxin-4
has emerged as a key element for stem-cell plasticity.

Results

Expression of syntaxin-4 in mouse ES cells.  In certain cell types, a subpopulation reportedly extruded
extracellular syntaxin-4 to locally propagate signals for morphogenesis and differentiation®”*". To determine
whether this is also the case in ES cells, extracellular exposure to endogenous syntaxin-4 was investigated in
cells grown in LIF-containing medium. GSK33/MEK1/2, key elements of Wnt/mitogen-activated protein kinase
(MAPK) signaling, have been proposed to play regulatory roles in ES cell stemness, and the simultaneous inhibi-
tion of these signaling pathways resulted in the maintenance of ES cells in the ground state of pluripotency®. We
found that all cells expressed cytoplasmic syntaxin-4; however, certain cell populations extruded syntaxin-4 at lat-
eral and apical cell surfaces when cultured without GSK3f/MEK1/2 inhibitors (2i) (Fig. 1a). The effect of 2i on the
membrane translocation of syntaxin-4 was confirmed in lysate of ES cells transfected with a T7 tagged-syntaxin-4
transgene (T7stx4) (Fig. 1band Supplementary Fig. §1). The ratio of cells presenting extracellular syntaxin-4 was
approximately 20%, which was confirmed in the transfected ES cells (Fig. 1c). These results demonstrated that
clonal stem cells extrude syntaxin-4 in the absence of potent pluripotency sustaining reagents.

Extracellular syntaxin-4 resuvlts in morphological changes and mesodermal differentiation in
ES cells. To know the possible role of extruded syntaxin-4, we tested an antagonistic effect of the recom-
binant syntaxin-4 fragment prepared in the previous study®. As was the case in mammary epithelial cells, the
recombinant protein of the SNARE domain (F3), but not of the helix ¢ (F2) gave effect on ES cell morphology;
ES cells formed more densely packed-colonies, indicative of restoration of the stemness (Fig. 2a). Intriguingly,
a fragment of the N-terminal domain of syntaxin-4 (F1) also showed the effect similar to F3 (Fig. 2a), and this
fragment clearly reduced the expression of a downstream element of cell surface syntaxin-4 in ES cells (see below,
and Supplementary Fig. S2), indicating a critical role of the membrane translocation of syntaxin-4 in ES cell
behaviors. To define the role of membrane-tethered extracellular syntaxin-4, we generated ES cells with induci-
ble expression of cell surface syntaxin-4 (STstx4) using a PiggyBac transposon inducible expression system®>%,
The transposon carried a cDNA encoding syntaxin-4 connected to cDNAs for a IL-2 signal peptide and T7-tag
for extracellular localization and effective detection, respectively?’. Cells expressed T7-tagged syntaxin-4 at the
cell surface upon treatment with doxycycline (Dox) (Fig. 2b). In response to inducible expression of cell surface
syntaxin-4, these cells lost their cell-cell adhesive property and showed an altered morphology, exhibiting active
filopodial protrusions, after a few days, even in the presence of LIF (Fig. 2¢). Such cell behaviors are indicative
of EMT, which reportedly precedes cyto-differentiation in ES cells!''?, Parental ES cells without the syntaxin-4
transgene did not show similar morphological changes upon treatment with Dox (Fig. 2¢). We found that ES
cells with extracellular syntaxin-4 downregulated E-cadherin, a major mediator of epithelial cell-cell adhesion;
however, its mRNA level was unchanged (Fig. 2d). Instead, these cells expressed P-cadherin, which has been
shown to temporally increase in several invasive tumors to promote cellular mobility*® (Fig. 2d), implying that
an E- to P-cadherin switch might execute signals propagated by syntaxin-4. It is noteworthy that the expression
of Snail and Slug, canonical transcription factors involved in tumorigenic transformation, was not increased,
while the fibroblastic marker vimentin was apparently downregulated (Fig. 2¢). However, these cells upregulated
mesodermal markers including brachyury, a critical T-box transcription factor involved in gastrulation/meso-
dermal differentiation, c-smooth muscle actin, and myosin heavy chain (Fig. 2f). The stemness marker nanog was
downregulated, whereas the oct3/4 level remained unchanged (Fig. 2f). We could exclude the possibility that the
EMT-like cell behaviors were instructed as a consequence of the artificial gene manipulation; the phenotypical
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Tigure 1. Spontancous expression of syntaxin-4 at the surface of ES cells. (a), Endogenous syntaxin-4

(stx4; green) was detected with anti-syntaxin-4 antibodics in ES cells before (Cell surface) and after membrane
permeabilization (Total). The cells were precultured in the presence ( | 2i) or absence {  2i) of GSK33/MEK1/2
inhibitors for two days. As an internal control, cytoplasmic 3-actin was simultaneously detected (red). Lett
lower column, cells were stained only with secondary antibodies (2°¢ a.b.). All cells abundantly express 3

-actin and syntaxin-4 (left). Whereas a small population of the cells cultured in the absence of 2i display cell
surface syntaxin-4 at the lateral (arrows) and apical (arrowhead) membrane, cells treated with 21 apparently
decrease the extrusion of syntaxin-4 at the cell surface (right images). DMSO alone was used as a control (right
images). Cell nuclei were counterstained with DAPL Bars, 10 pm. (b), ES cells were transfected with syntaxin-4
tagged only with T7 peptide (T7stx4) and surface expression of exogenous syntaxin-4 in cells cultured with
(—2i) or without (+DMSQO) 2i for two days was analyzed. Upper panel, cell surface proteins were labeled

with NHS-sulfo-biotin, and the cell Iysate (Input) or immunoprecipitates with anti-syntaxin-4 antibodies
(IP:stx4) was analyzed with HRP-labeled anti-T7 antibody (T7) or HRP-labeled streptavidin (St-Av). Lower
pancl, biotinylated cell surface proteins in the cell ysate (Input) or those retrieved with neutrAvidin-beads
(Pull-Down) were analyzed with antibodies against syntaxin-4 or cytoplasmic [3-actin. Cropped areas from the
original blots (Supplementary Fig. §1) are shown. Treatment with 2i clearly decreases the cell surface expression
of 17 tagged-syntaxin-4 (*). (¢}, ES cells were transfected with 17 tagged syntaxin-4 ('I'7stx4), and exogenous
syntaxin-4 was labeled with anti-17 tag antibodies (green) after 24h. As an internal control, cytoplasmic 3-actin
was simultancously stained (red). Upper images, anti-T7 tag antibody clearly detects the syntaxin-4 transgene
product, but not 3-actin, at the cell surface. Bars, 10 pm. Lower panel, the ratio of cells exhibiting syntaxin-4

at the cell surface in transfected cells. Approximately 20% of T7stx4-expressing cells (transtection efficiency,
284 5%) extrudes T7stx4 at the cell surface, N = 18, ***p < 0.001.
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Figure 2. Effect of cell surface expression of syntaxin-4 on ES cell behavior. (a), Upper, schematic diagram
of syntaxin-4 and 6X histidine-tagged recombinant fragments F1 (Met1-Glul10), F2 (Alal11-Argl97), and

F3 (GIn198-Lys272). F1 contains N-terminal helices a and b, F2 contains helix ¢ and F3 contains the SNARE
domain, Lower, phase-contrast images of ES cells incubated with recombinant T, T2, T3 or GTP control for
three days. Bar, 20pum. (b), The inducible expression of exogenous syntaxin-4 in ES-§Tstx4 was analyzed by RT-
PCR (left) and immunocytochemistry using antibodies against 3-actin and the T7 tag (right). Bar, 10pm.

(), Left panels, appreciable phenotypic changes are induced by the cell surface expression of syntaxin-4 (ON)
for 48h. Lower, large images of upper insets. Bars, 20 pm. Right, Quantification of cells with active pseudopodial
protrusions. N =4, ** p < 0.01. (d), Cells were analyzed for the expression of E-cadherin (I-cad) or P-cadherin
(P-cad) at the protein and mRNA level. The representative blots {(upper pancls) and the quantitation of the
expression relative to that of B-actin (middle and lower panels) are shown. Tor E-cadherin, N =4, *p -2 0.05, Tor
P-cadherin, N = 3, **p < 0.01. For upper panels, cropped areas from the original blots (Supplementary Fig, $1)
are shown. (&), The canonical EMT marker slug is unchanged while the other markers snaif and foxc2 are
downregulated. 'lhe cytoskeletal component vimentin is decreased, whereas the regulator of actin dynamics
cofifin is significantly increased, albeit to a lesser extent. N =4, * p- 0.05. (f), Cell surface expression of
syntaxin-4 leads to a clear upregulation of brachyury, ce-smooth muscle actin (asma), and myosin heavy chain
(#mhc), while the expression of bap4 and tujl is unchanged. N =3, *p < 0.05. The stem cell marker nanog is
downregulated, whercas the marker oct3/4 remains unchanged. N=4,*p < 0.05.
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teatures induced by cell surface expression of syntaxin-4 were clearly receded when the antagonistic fragment of
syntaxin-4 (F1) was present in the medium (Supplementary Fig. 52).

Identification of other downstream mediators of cell surface syntaxin-4. Next, we comprehen-
sively analyzed factors downstream of cell surface syntaxin-4 that could mediate morphogenic and/or differen-
tiation signals. Among the genes whose transcripts were up- or downregulated in ES-STstx4 cells, we selected
157 genes with LogFC absolute values > 2, and q-values < 0.01 {(Fig. 3a, highlighted in red); this subset contained
19 genes whose expression was also changed in parental ES cells upon Dox treatment. Among thus selected 138
genes, 119 genes could be classified into several categories, using the PANTHER-GO-Slim system (Fig. 3b and
Supplementary Table S1). In addition to the dramatic upregulation of p-cadherin, we detected marked downreg-
ulation of all members of the zscan4 family (Fig. 3a,c), transient expression of which reportedly plays key roles
in genomic stability, which is important for restoring ES cell pluripotency?!. Upon siRNA-mediated silencing of
the Zscan4 genes, p-cadherin expression was decreased in parental ES cells, albeit to a lesser extent than upon
overexpression of syntaxin-4 (Fig. 2d), suggesting that these genes partly mediate the syntaxin-4 signals (Fig. 3d).
These Zscand genes are known to be regulated by the PI3K/Akt pathway®?; we found a significant reduction in
Akt phosphorylation upon stimulation with syntaxin-4 (Fig. 3e). Notably, LY294002, an inhibitor of the PI3K/
Alt pathway, suppressed the expression of zscan4 transcription and promoted that of p-cadherin in parental ES
cells (Fig. 3f). However, this reagent showed significant toxicity and had little effect on the expression of brachyury
(Fig. 3). These results suggested that syntaxin-4 extruded at the cell surface affects the PI3K/Akt signaling cas-
cade to elicit cell responses, in which Zscan4 genes play an important role, even in the presence of LIE.

Inhibition of GSK33/MEK1/2 signals cannot completely abrogate functions of forcibly expressed
cell surface syntaxin-4. Similar to the antagonistic peptide of syntaxin-4, we found that 21 apparently
blocked the morphological changes induced by forcible expression of cell surface syntaxin-4 (Fig. 4a). However,
syntaxin-4-induced changes in p-cadherin, zscan4, and brachyury expression were not inhibited (Fig. 4b). These
results suggested that whereas inhibitors of GSK3f/MEK1/2 blocked extracellular extrusion of endogenous
syntaxin-4 (Fig. 1b), they were not able to abrogate differentiation initiation triggered by forcibly expressed cell
surface syntaxin-4.

Extracelluvlar syntaxin-4 leads to an E- to P-cadherinswitch and morphological changes in F9 cells.
To define the role of extruded syntaxin-4 in ES cell behavior, we used the simpler, stable embryonic carcinoma
(EC) F9 stem cell system, in which ES cell-specific regulators of differentiation, including a set of Zscan4 proteins,
are undetectable (Supplementary Fig. $3). The F9 cell line expresses E-cadherin and forms compact colonies
similar to ES cells, though these cells have lost their potential to differentiate into mesodermal cell lineages. F9
cells possessing the syntaxin-4 transgene (F9-STstx4) showed morphological responses similar to those of ES cells
upon expression of cell surface syntaxin-4. Specifically, they lost cell-cell adhesiveness and showed a dramatically
changed cell morphology, with active filopodial protrusions after a few days (Fig. 5a,b). However, significant
changes in the expression of various differentiation markers, including those for canonical EMT (snail, stug, and
zebl), endodermal differentiation (gatad and afp), and fibroblastic cell types (vimentin, cofilin, c-smooth muscle
actin and myosin heavy chain) were not evident in this short period (Fig. 5¢). We found that the E- to P-cadherin
switch, accompanied by inactivation of Akt signaling, was induced by cell surface expression of syntaxin-4 in F9
cells, as was the case in ES cells (Fig. 5d,e).

E- to P-cadherin switch as a key element to mediate signals from syntaxin-4. To examine the
association between the E- to P-cadherin switch and morphological changes, parental F9 cells were transfected
with a P-cadherin transgene and/or treated with an anti-E-cadherin blocking antibody ECCD1. We found that
cells over-expressing P-cadherin exhibited active pseudopodium formation, similar to that observed in cells
stimulated with extracellular syntaxin-4, which was substantially blocked by anti-P-cadherin antibody PCD1,
confirming the causal role of P-cadherin in the morphological alternation (Fig. 6a). On the other hand, cell-
cell adhesion remained almost intact in cells with and without forcible expression of P-cadherin (Fig. 6a). In
contrast, treatment with ECCD1 led to cellular dissociation without morphological changes (Fig. 6b), as
reported previously®. We found that simultaneous over-expression of P-cadherin and functional inhibition of
E-cadherin resulted in a phenotype quite similar to that observed with cell surface syntaxin-4 expression, reveal-
ing that the E- to P-cadherin switch mediates morphological changes associated with extracellular syntaxin-4
(Fig. 6¢). However, we could not exclude the possibility that the decline in E-cadherin expression was merely
due to syntaxin-4-induced changes to the cellular context since the expression of E-cadherin was apparently
altered solely by modification of the substrate adhesive property of F9 cells; cells adherent to the substrate (using
poly-1-lysine coat) showed dramatically decreased E-cadherin expression as compared to floating cells on
petri-dishes (Fig. 6d). We could not assess the impact on differentiation in F9 cells as they do not readily differ-
entiate into mesodermal lineages®. In addition, these cells succumb to apoptosis after long-term treatment with
Dox. However, with sustained expression of cell surface syntaxin-4 using another expression construct?”, F9 cells
upregulated gata4, which is a transcription factor that acts as an endodermal differentiation cue in this cell type
(Fig. 6¢). In these cells, the levels of cofflin, a molecular regulator for actin dynamics®’, and vimentin, encoding an
intermediate filament in fibroblasts®, were also increased (Fig. 6e), suggesting that long-term signals propagated
by extracellular syntaxin-4 affect differentiation even in non-mesodermal lineages.

Extracellular syntaxin-4 induces mesodermal differentiation in P19CL6 cells.  Finally, we tested
the effects of cell surface expression of syntaxin-4 in another EC cell line, P19CL6, which retains the intrinsic
potential to differentiate into mesodermal lineages®® (Fig. 7a). Upon induction of syntaxin-4, P19CL6 cells elic-
ited similar morphogenetic responses and displayed a flattened fibroblastic morphology (Fig. 7b). Although they
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Figure 3. Comprehensive analysis of elements downstream of cell surface syntaxin-4. (a}, Volcano plot
showing DFE genes in ES-STstx4 cells. DE genes thal were markedly up- and downregulated in synlaxin-4-ON
samples with an absolule LogPC value =2 and a g-value <0.01 are highlighted in red {157 genes). (b), Pie
chart of molecular functions of up/downregulated genes. (c), A striking reduction in zscand by extracellular
syntaxin-4 is observed. Left, list of LogFC and Q-values for all Zscan4 members. Right, gRT-PCR analysis of
expression of cognate zscan4 in cells with (ON) and without (OFF) cell surface syntaxin-4. The primer pair
(Supplementary Table 52) can recognize zscanda, b, ¢, o, and . N =3, *p <2 0.05. (d), p-cactherin expression is
significantly suppressed by siRNA-medialed knockdown of Zscan4 genes in parental ES cells. N=4,*p < 0.05.
() Phosphorylalion of Akl in ES-STstx4 cells is reduced in cells with synlaxin-4 signaling (ON). N=3,

*p < 0.05. For upper panels, cropped areas from the original blots (Supplementary Fig. $1) are shown.

(), LY294002, an inhibitor of the PI3K/Akt signaling pathway, appears to upregulate p-cadherin and
downregulate zscan4s in parental ES cells as observed in syntaxin-4-expressing ES cells. By contrast, the
expression of brachyury is not affected. N=3,*p <2 0.05,**p <2 0.01.
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Figure 4. Inactivation of GSK33/MEK1/2 signaling is not sufficient to block the effects of forcibly
expressed cell sarface syntaxin-4. (a), Morphological changes by cell surface syntaxin-4 (ON) are apparently
inhibited by PD0325901 and CHIR99021 (2i), inhibitors of GSK3[3 and MEK1/2, respeclively. Bars, 50 um. The
lower photographs represent enlarged images of the insets of the upper images. Lower graph, quantification of
cells with filopodia. N — 3, **p < 0.01, *™p < 0.001, n.s,, not significant. (b), Syntaxin-4-triggered changes in the
expression of p-cacdherin, zscand, and brachyury are not affected by 21 N=3,*p < 0.05.

do not express detectable E-cadherin, cell surface syntaxin-4 led to the marked upregulation of P-cadherin also
in this cell type (Fig. 7c). Whereas the mesodermal markers a-smooth muscle actin and brachyury were upreg-
ulated, the neuronal marker tujf and cardiac marker gafa4 were unchanged {Fig. 7d.e). When P-cadherin was
forcibly expressed, parental '19CL6 cells exhibited a morphology similar to that seen with cell surface syntaxin-4,
whereas differentiation markers remained unchanged (TFig. 7f). Tt is noteworthy that exogenous P-cadherin did
not accumulate at the cell-cell contact sites in both TY and P19CL6 cells {Tigs 6a and 71).

Taken together, syntaxin-4, which is spontaneously extruded at the cell surface in response to the removal of
stemness reagents 2i might play a critical role in the abrogation of ground-state pluripotency in ES cells, through
inactivation of the PI3K/Akt signaling, induction of an E- to P-cadherin switch, and downregulation of several
stemness factors including the Zscas4 family (Fig. 8).

Discussion

Here, we provide evidence Lhat syntaxin-4 sponlaneously (ranslocales across the cell membrane Lo execule ils
latent extracellular functions, including morphological changes and the onset of differentiation in ES cells; this
leads to instability in ES cell stemness. As this effect does not require additional differentiation stimuli and is
achieved even in the presence of LIF, the molecular mechanisms of syntaxin-4 membrane translocation are
unclear at present. However, given that 21 inhibited cell surface expression of syntaxin-4, upstream extracellular
elements of GSK3 or MEK1/2 might be involved in the extracellular extrusion of syntaxin-4. Alternatively,
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Figure 5. The effect of extracellular syntaxin-4 on F9 cell behaviors. (a), Analyses of inducible expression of
exogenous syntaxin-4 in F9-5Tstx4 with qRT-PCR (left) and immunocytochemistry (right) after 72-h induction
(ON). RT -, performed without reverse transcription. Bar, 10pum. (b), Left images, appreciable phenotypic
changes are induced by the cell surface expression of syntaxin-4 (ON) for 48h, Lower images represent enlarged
images of the upper insets. Bar, 20um. Right, quantification of cells with pscudopodial protrusions. N — 4,

=*p < 0,001. Upon cell surface expression of syntaxin-4 (ON), the cells dissociate and display active filopodia.
(¢), The expression of all of canonical EMT markers snail, siug, and zeb1, cytoskeletal components vimentin and
coftlin, mesodermal markers ce-simooth muscle actin (cesma) and myosin heavy chain (mhc), and endodermal
markers gatad and a-fetoprotein (afp) is unaffected by 48-h stimulation with extracellular syntaxin-4. The
expression of all of the differentiation markers is not significantly different between “ON” and *OFF” samples.
N—4,*p < 0.05. For afp, upregulation by retinoic acid (RA; a positive control} is included. (d), Cells were
analyzed for the expression of E-cadherin (E-cad) or P-cadherin (P-cad) at the protein and mRNA level. The
representative blots (upper panels) and the quantitation of the amounts relative to that of 3-actin (middle and
lower panels) are shown. E-cadherin protein is significantly downregulated upon the induction of cell surface
syntaxin-4, whereas mRNA is unaffected. N=4, *p =2 0.05, For upper panels, cropped areas from the original
blots (Supplementary Fig. §1} are shown. (e}, Phosphorylation of Akt is reduced in F9 cells upon stimulation
with syntaxin-4. N=3, %p < 0.05.
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Figure 6. Effect of E- to P-cadherin switch on F9 cell morphology. (a), Upper panels, phase-contrast images
of T'9-P-cad cells with (ON} or without (OFT) expression of exogenous P-cadherin. Middle panels, P-cadherin
(red) and F-actin {green) are visualized. Arrows, pseudopodial protrusions in cells with P-cadherin, Bars,
20pm. Lower panels, quantification of cells with filopodia. Expression of exogenous P-cadherin leads to the
formation of active filopodia, which is substantially blocked by the addition of an anti-P-cadherin antibody
PCD1 (50pg/ml). The number of active psendopodia increases in P-cadherin-expressing cells. N =4, *#p < 0.01,
***p =2 0.001. (b), Effect of E-cadherin blocking antibody (ECCD1) on parental F9 cell behavior. Treatment with
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ECCDI causes the dissociation of cells without active pseudopodial protrusions. Bars, 20 pm. (¢), F9-P-cad cells
at the periphery of the colony extend filopodia in response to P-cadherin expression (ON), and the number

of cells with filopodia increases when cells are simultaneously dissociated by ECCD1. Left panels, phase-
contrast images. Bar, 20 pm. Right panel, quantification of cells with filopodia. N=4, **p < 0.01,***p < 0.001.
(d), Substrate-adhesion affects E-cadherin expression at the protein level. Parental F9 cells adhering to and
spreading on poly-L-lysine (PL-Lysine) show significantly decreased expression of E-cadherin (E-cad) protein,
but not mRNA, compared to that of similar cells found in clusters on the Petri dish (petri). N= 3, ***p < 0.001.
For middle panels, cropped areas from the original blots (Supplementary Fig. S) are shown. (e), Phenotypic
appearance and expression profile of several markers in F9 cells with sustained expression of cell surface
syntaxin-4. Left upper panel, schematic diagram ofthe construct used for sustained expression of cell surface
syntaxin-4°". Lower panels, phase-contrast images of the cells with (sin-stx4) and without (empty) long-term
stimulation with the transgene. Bar, 20 um. Right, the expression of gata4, cofilin, and vimentin is increased,
whereas that of the stemness marker nanog is unchanged. N=4, ***p < 0.001.

recent studies have revealed that epimorphin (syntaxin-2), another plasmalemmal syntaxin, is extruded as a
component of synaptotagmin and annexin II protein complexes in response to apoptotic signals*’. Thus, one
could assume that the extracellular presentation of syntaxin-4 is a result of the cell competition in ES cell colonies,
which spontaneously induces local apoptosis to eliminate unfit cells*'. As 2i could prevent spontaneous differen-
tiation in ES cells but not that by forcible expression of cell surface syntaxin-4, it is conceivable that one of the key
roles of 2i might be to prevent membrane translocation of syntaxin-4.

Whereas ES cells treated with 2i succumbed to syntaxin-4-triggered differentiation, morphological changes
induced by the syntaxin-4 signal were blocked. Considering that syntaxin-4led to inactivation of Akt, which neg-
atively regulates GSK33, a potent regulator of E-cadherin expression*®*®, GSK3( might mediate syntaxin-4 sign-
aling to induce the morphogenic effect but not differentiation. GSK30 has been reported to play key roles in the
perturbation of clonogenic activity in ES cells*); however, activation of downstream elements equivalently depend
on the phosphorylation and subcellular localization of this protein!®. Thus, it is not surprising that the syntaxin-4
signaling pathway inactivates PI3K/Akt signaling, leading to the activation of GSK3{ for morphological changes,
but not differentiation initiation.

AnE- to P-cadherin switch was identified as a key element to mediate the morphologic function of syntaxin-4.
Given that the expression of E-cadherin is strictly regulated by PI3K/Akt in ES cells®, the downregulation of
E-cadherin could be attributed to the syntaxin-4-induced dephosphorylation of PI3K/Akt. It is noteworthy that
the inactivation of PI3K/Akt signaling by cell surface syntaxin-4 occurred even in the presence of LIF, suggesting
that the effect of syntaxin-4 might be dominant over LIF-triggered PI3K/Akt activation. Moreover, as GSK3f is
a component of Wnt signaling, its subsequent activation may also affect the fate of J-catenin®. Thus, the elim-
ination of E-cadherin might be accompanied by changes in subcellular localization or stability of B-catenin, a
potent transcriptional activator for P-cadherin®. Transcriptome analyses did not detect the upregulation of other
transcription factors that regulate P-cadherin such as p63 and C/EBPB474. All of the classical cadherins, includ-
ing E-, P-, and N-cadherin, play central roles in intercellular adhesion systems*®; however, they exert different
functions such as contact inhibition of locomotion via affecting the spatial distribution and activation of small
GTPases®™%. A recent report demonstrated the regulation of cell migration by Cdc42, which is highly dependent
on P-cadherin, but not E-cadherin®®. In addition, P-cadherin fails to localize to the cell-cell contact sites and
causes invasive cell behaviors in several aggressive cell types™, This study detected P-cadherin localization to the
cell membrane rather than to cell-cell contact sites, suggesting that the P-cadherin-dependent morphological
changes involved a function other than that in intercellular adhesion. Alternatively, certain cell surface molecules
that can associate with P-cadherin but not E-cadherin—for example, integrin c.634'*—could propagate signals
for morphological changes.

In addition to morphological changes, the syntaxin-4-triggered inactivation of PI3K/Akt signaling is a plau-
sible differentiation cue, as this signaling pathway reportedly mediates the upregulation of genes involved in
self-renewal®, retention of transcription factors for maintenance of stemness®, and inhibition of Wnt/MAPK-
induced differentiation signals in ES cells**. However, ES cells failed to upregulate the differentiation marker
brachyury in response to an Akt inhibitor, despite a significant downregulation of the stemness factor zscan4.
Thus, whereas the activation of PI3K/Akt might be sufficient for maintenance of ES cell pluripotency™, its specific
inactivation might be necessary but insufficient for activation of the differentiation program. Presumably, addi-
tional signaling pathways that could cooperate with PI3K/Akt signals to mediate differentiation in ES cells are
propagated by cell surface syntaxin-4.

An important and contentious point is the causal link between morphological changes and differentiation
in pluripotent ES cells. Although morphological changes and onset of differentiation are usually induced con-
currently, an engineered substrate using recombinant E-cadherin caused a flattened morphology without differ-
entiation®’, and inhibition of GSK33/MEK1/2 (2i-treatment) with forcible cell surface expression of syntaxin-4
resulted in the onset of differentiation without morphological changes. On the other hand, syntaxin-4-triggered
inactivation of PI3K/Akt signaling subsequently downregulated zscan4 during differentiation and severely
affected cadherin-mediated cell adhesion systems involved in cell morphology. Accordingly, one might assume
that these phenomena could be studied independently if signals downstream of PI13k/Akt are of interest. However,
cell surface syntaxin-4 rapidly elicited mesodermal differentiation in ES and P19CL6 cells, whereas its sustained
stimulation ultimately led to endodermal differentiation in F9 cells that are unable to differentiate into meso-
dermal lineages. This indicates that syntaxin-4-triggered changes in cell shape could activate a differentiation
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Figure 7. Effect of cell surface expression of syntaxin-4 on P19CL6 cell behavior. (a), The cell

surface expression of syntaxin-4 transgene in P19-5Tstx4 was investigated with RT-PCR (left) and
immunocylochemistry (right) after 72-h transgene induction. Bar, 10pm. (b}, Left, cells displaying flatlened
morphelogy upon cell surface expression of syntaxin-4 (ON}). Lower panels, enlarged images of insels in upper
images. Bars, 20 pm. Right panel, quantification of the relative area occupled by each cell. N =10, **p = 0.01.
(), The expression of P-cadherin is increased also in this cell type in response to the expression of syntaxin-4
(upper). The representative blots cropped from the original blots (Supplementary Fig. 51) are shown. Lower
panel, the amount of P-cadherin relative to that of p-actin, N =3, *p =2 0.05. (d), The mesedermal marker o
SMA is upregulaled by cell surlace syntaxin-4 {ON). Lefl, represenlative blots cropped from Lhe original blols
(Supplemenlary Fig. §1) are shown. Middle, quantification of the expression of .SMA protein and mRNA
relative to those of [3-actin. N — 4, *p < 0.05. Right, expression of nSMA (red) and T7-syntaxin-4 (green) in
cells with (ON) and without (OFF) cell surface syntaxin-4. Bar, 20w (e), Expression of several differentiation
markers, including the mesodermal marker brachyury, the ectodermal marker tujil, the endodermal marker
gafud, and the actin dynamics regulator cofilin. N =4 (for cofilin, N =3}, *p < 0.05. P19CLé cells with a flattened
maorphoelogy resulting [rom cell surface synlaxin-4 differentiate into mesodermal lineages. (), Transient
expression of exogenous P-cadherin (red in upper images) in P19CL6 cells leads Lo Natlened cell morphology
with active filopodia (arrows), whereas the differentiation marker «sma is unchanged (lower). Bar, 20 pum.
N=3,*p=0.05.
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Figure 8. A plausible mechanism of the spontaneous loss of stemness in ES cells. Upper panel, a
subpopulation of ES cells growing in a lightly packed colony that spontaneously extrude synlaxin-4, a
membrane-tethered t-SNARE protein, which locally executes its latent extracellular functions. Lower panel, cell
surface syntaxin-4 expressed in response to removal of 2i inactivates PI3K/Akt signaling, leading to an E- to
P-cadherin switch for morphological changes and downregulation of stemness factors, such as cognate Zscan4
proteins, for the onset of differentiation. GSK33, a negatively regulated target of PI3K/Akt, might be involved in
the morphological changes. Bold lines, revealed by this study. Gray lines, suggested by previous studies,

program for non-mesodermal lineages, albeit to a lesser extent. '1hus, it is important to account for the fact that
morphological changes and differentiation might have cause—effect relationships.

Although this study underlined the pernicious effect of syntaxin-4 signaling on the maintenance of ES cell
stemness, the biological relevance to embryogenesis in vive remains unknown. Disruption of systaxin-4 report-
edly resulted in early embryonic lethality; however, this could be due to the functional ablation of cytoplas-
mic syntaxin-4 given its important role as a t-SNARE protein in intravesicular fusion®®. We surmise that signals
from cell surface syntaxin-4 might exert their functions at early developmental stages in embryogenesis, since
LM'T-like cell behavior accompanied by a cadherin switch has been proposed to be essential for gastrulation
or neural crest delamination™™%_ Although in preliminary experiments we detected extracellular syntaxin-4
in carly—stagc mouse embryos, its localization was not restricted to cells of the primitive streak or other specific
regions. Moreover, attempts were made to generate transgenic mice expressing signal peptide- and T7-tagged
syntaxin-4; however, no pups expressing the transgene product have been obtained to date. Whereas one pup
from 62 manipulated-fertilized eggs was found to possess the transgene, '1'7-tagged syntaxind was not expressed,
implying that extracellular syntaxin-4 severely disturbed normal embryogenesis. Careful analyses of successive
developmental processes in fertilized eggs are necessary to clarify this issue.

Methods

Cell lines. The mouse ES cell line E14-Tg2a and that expressing the syntaxin-4 transgene (ES-$Tstx4) were
cultured in GMEM {Wako) containing 10% FCS (Invitrogen), 1 mM glutamine {(Wako), non-essential amino acid
(Wako), 0.1 mM 2-mercaptoethanol (Wako), | mM pyruvate (Sigma) and L1F (Wako). o maintain stemness,
inhibitors of GSK33/MEKI1/2 (2i) (CI1IR99021/[30325901; Invitrogen) dissolved in DMSO were added to the
medium at a concentration of 2 M., The mouse EC ¢ell ling I8 (ATCC CRL-1720) and its derivatives (IF9-STstx4
and T9-Pcadherin) were maintained in DMEM/HamT12 medium (Wako) supplemented with 10% FCS. The
P19CL6 cell line (RIKEN BRL RCB2318) and its derivative (P19-5Tstx4) were cultured in Alpha modified MEM
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(«MEM; Wako) with 5% FCS. To induce transgene expression, ES-STstx4, F9-STstx4, F9-Pcadherin, or P19-
STstx4 was treated with 5pg/ml Dox (Sigma-Aldrich) for two or three days. In some cultures, an inhibitor of PI3K
(LY294002; Wako) was dissolved in DMSO and added at a concentration of 1.25 or 2.5 pM.

Expression constructs and transfection.  To construct the plasmid for tetracycline (Tet)/Dox-inducible
expression of syntaxin-4 or P-cadherin, cDNA encoding syntaxin-4 with an N-terminal fusion of the IL2 sig-
nal peptide and T7 peptide tag® or cDNA encoding P-cadherin (a generous gift from Dr. Takeich) was sub-
cloned into the PiggyBac-TET transposon plasmid®**2%%. The plasmid harbored cDNA of the transgene and
the neomycin-resistance gene connected by the IRES sequence. To generate cells with Dox/Tet-dependent
expression of the transgene, one of these plasmids was transfected into cells, together with PB-CArtTA Adv and
PCAG-Pbase®, using Lipofectamine 2000 (Life Technologies). To avoid a possible clonal artifact, a mixture of
the clones that express the transgene product in response to Dox treatment (5pg/ml) was used for experiments.
These transfected cells included ES-§Tstx4 (ES cells with signal peptide/T7 tag-connected syntaxin-4), F9-STstx4
(F9 cells with signal peptide/T7 tag-connected syntaxin-4), F9-P-cad (F9 cells with P-cadherin), and P19-5Tstx4
(P19CL6 cells with signal peptide/T7 tag-connected syntaxin-4). To assess the ratio of cells that extrude
syntaxin-4 at the cell surface, ES cells were transfected with an expression plasmid for T7-tagged syntaxin-4
(without a signal peptide, T7stx4)%! and stained with anti-T7 antibody before and after cell permeabilization.

Antibodies and immunocytochemistry. Primary antibodies against T7-tag (Novagen), aSMA
(Sigma- Aldrich), B-actin, (Sigma-Aldrich), Akt, and Akt phosphorylated at (Ser473) (CST Japan) were used in
this study. Anti-E-cadherin monoclonal antibodies (ECCDI for functional blocking and ECCD2 for immunode-
tection) and anti-P-cadherin monoclonal antibody PCD | were generous gifts from Dr. Takeichi. Affinity-purified
polydonal antibodies against syntaxin-4 were prepared in a previous study®.. HRP-, Alexa 488-, and Cy3- labeled
secondary antibodies were purchased from Sigma-Aldrich, Invitrogen and GE healthcare. To detect cell surface
expression of endogenous syntaxin-4, non-permeabilized cells were stained simultaneously for syntaxin-4 and
the negative control fi-actin, as described previously®. In brief, living cells on chamber slides were incubated
with a mixture of affinity-purified rabbit anti-syntaxin-4 antibody and mouse anti-f-actin monoclonal anti-
body. After washing twice with Tris-buffered saline (TBS) followed by fixation with methanol (having an initial
temperature of —20 °C) for 10 min, the cells were incubated with a mixture of Alexa488-labeled anti-rabbit IgG
and Cy3-labeled anti-mouse IgG antibodies. For conventional immunocytochemistry, the cells were permea-
bilized with —20 °C methanol for 15 min, and stained with primary and Alexa488- or Cy3-labeled secondary
antibodies, as described above. For some samples, cells were permeabilized with 0.1% triton X-100 instead of
methanol, and F-actin was stained directly with Alexa 488-phalloidin (Invitrogen). Nuclei were counterstained
with DAPI (Sigma). Stained cells were photographed with a confocal microscope system Al (Nikon) or a fluo-
rescence microscope AXIOSHOP (Zeiss) with a CCD camera VB-7010 (Keyence, Japan). To detect cell surface
expression of transiently introduced T7-tagged syntaxin-4 (T7stx4) on a blot, cell surface proteins were labeled
with NHS-biotin and lysed in buffer containing 1% Triton X-100 and 1% NP-40. The cell lysate was immu-
noprecipitated with anti-syntaxin-4 antibodies, and analyzed with HRP-labeled anti-T7 antibody (Novagen) or
streptavidin (Sigma-Aldrich), as described previously™. Concurrently, biotin-labeled extracellular proteins in
the cell lysate were retrieved with neutrAvidin-beads (Thermo Scientific) and analyzed with antibodies against
syntaxin-4 or cytoplasmic B-actin.

Reverse transcription quantitative RT-PCR (qRT-PCR).  Total RNA was extracted from ES-STstx4,
F9-5Tstx4, F9-P-cad, and P19-STstx4 cells cultured with or without doxycycline was extracted using an
RNeasy Mini kit (Qiagen) and reverse-transcribed with an RNA-PCR kit (Takara). To assess transgene expres-
sion, cDNA was amplified using Quick tag (Toyobo) and primer pairs for T7-syntaxin-4 (5’- GGG GCG GCC
GCA TGG CTA GCA TGA CTG GTG GAC-3" and 5-TTT TAG CTG CGC CCG GAC C-3") and gapdh (5
-GGATTTGGCCGTATTGG-3 and 5 -TCATGGATGACCTTGGC-3"). qRT-PCR was then carried out
using FastStart Essential DNA Green Master on a LightCycler Nano system (Roche) according to the manu-
facturer’s protocol (PCR; 45 cycles). The primer pairs used in this study are listed in Supplementary Table S2.
As the expression of both gapdh and (3-actin was not changed in cells with and without exogenous syntaxin-4
(Supplementary Fig. 54), the mRNA expression of differentiation markers was normalized to that of f-actin.
qRT-PCRwas conducted in triplicate.

Recombinant proteins. Recombinant forms of syntaxin-4 fragment F1 (Met1~Glul110), F2 (Alal11~Argl 97),
and GFP were generated as 6 X histidine-tagged forms and purified as described previously™. These proteins were
dialyzed against PBS, filtrated, and added to cultures at a concentration of 50pg/ml for three days.

Analysis of cell behaviors upon cell surface expression of syntaxin-4.  The morphology of cells culturedin
the presence and absence of Dox for two (F9-5Tstx4 and F9-P-cad) or three (ES-STstx4 and P19-STstx4) days
was analyzed. The number of cells extending more than three pseudopodia (10 pm or longer) was counted in
ES-STstx4, F9-STstx4 or F9-P-cad cells. The area occupied by a cell was calculated in P19-STstx4 cells using the
Image] software.

RNA-seq analysis. To identify differentially expressed (DE) genes in ES cells upon stimulation with extra-
cellular syntaxin-4, comparative transcriptome analyses were performed at the Phyloinformatics Unit of RIKEN
CLST. To exclude genes affected by Dox itself, cDNAs from ES-STstx4 and parent ES cells, with and without
doxycycline for three days, were analyzed. The transcriptome analysis identified 138 DE genes with an absolute
LogFC value =2 and a g-value < 0.01. RNA-seq data sets are available at the Gene Expression Omnibus under
accession number PRJDB4923.
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RNA interference of Zscan4 genes. 'To suppress the expression of Zscand genes in ES cells, oligonucle-
otide siRNAs for which clear knockdown effects have been demonstrated® were obtained from Nippon Gene
(Tokyo, Japan) (Supplementary Fig. §5). The mixture of the siRNAs (20 nM in total) was transfected into parental
ES cells in 12-well plate well using Lipofectamine™ RNAIMAX Transfection Reagent (Invitrogen). The expression
of zscan4 and p-cadherin was analyzed on day 3 by gqRT-PCR. As a control, universal negative control NEGD/
NEGAS labeled with Hilyte 488 (20 nM) (Nippon Gene) was used; the transfection efficiency was more than 70%
as judged by the fluorescence.

Statistical analyses. Results are expressed as the mean 4- 8D of three independent experiments. Data
were analyzed by a Student’s t-test or Mann- Whitney U-test, and a p-value of <0.05 was considered statistically
significant.
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