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B1E Fam
BT DADFAEEN /BB T

AR ZAR RS D AR L8 | AR O ERALCHERE L RIS U C B & O Y41
LD, ZOXH72NIEH JHifid DNA MBMEEL., Bl IR E N ECHZ LT
BRI AT B, ERNIZB O TR AL L7 BE 72T EIC AT TOD R, 2
NHEDELIIFRIEERLT A= ALV R EESND, Ll ZHH0 A RBL
XV PERRE IRV 7 DM ISR | 1R 2 I8 B T OE BN ERETH2 L
T EMEEOEW I A 25, DA RECERE REN @< RIS
PERL T ZETIEF ik oM Re A 072 5,

Rous I% 1911 4, =UMICIEBEA RS DT ANV AZ3E BT[], £, Iiiasi
UPX D HIZa— ) F— VBRI DI E T AT RN AZIEY HHLTZ[2,3], 2085
(2L BAAFFEDZL T ANV ARAL B T2 E D FENR VD JRIK & LTRSS LT
723, 1960 A0 1970 ARARIZHNT TIE R AR IR A D JFRIK L7 DI
FFAETHIENRAGN IR ST, ENEZEIVIZHB AL H T ELUWR B %
(T, 1980 FERLIRE, BZ O ER F2ZBRLT ry FF—EBREDD BRI T
RO TE, ZNHONZEIZEY | MTLHEFEIZ B D5 B s+ D B HTEMES.
P53 DI AAMHIEAGR - DFERE R I[N A D TR 1IN THH LFES N TE
T2l DADTRIITZENTTF IR Eo TR, Bl 2R, DAHIEA programmed
death ligand-1 (PD-L1) OF&814 L CHaZfiialc L2588k Rl 52 &0, ffjs
KA JE 30 T8 A BB AE SRR o~ a7 7 — | IS 72 & TRERRS DI/ ER BE
DR ENDZE1T, ITAELI RSB 72[5,6], T 72 b, BHHDIEN AT
DERIIARZERTHY, BADRFEBMIIZFERHEZET 5B 2015,

ORI TIE, RNA ¥ —F P AR T BT 47 A% F Tl e 70 38 Bl iR
Frizdh, BB D7 v 7 7 ANV ER_RH LM ERE/2> TS, ZOFIEIZEY | &
BT BDORERE IR D LNIE G I T2y, — D DX L R E DO RER Fr
DZETB L BABIEFOIBZ 57210 TIIAR 5 ThD, D70,
TEBE DS FFORFMA BRI L . 2 2K BB T BEDINCE G T 20 E IR~ T
LZEZ ZRDDD B AMZEIZB N TH LI TH D,



552 H# g A LA

IS ARG T HE B2 AR IR L CTRIR T DB BR R0 o MM SO IR IR D AFAE
DLEEARTI R T D, MAEFAEITZEDET- DR/ REMRIG AT =X LE72>TEY,
IEH MR TIX ALV EE 2 [ E TE R B IGHER ICRB W TRONDZER B D,
Figure 1-1A 1%, ENEEAZ B L 7o~ 7 ZADJEEHEAEZ AR E 7 BRI
L7 CTH D[ 7] MEGHAR)E 2 Tl & 23 53 D A0k L, AR E 72 < LA
ZRVIKHE TN D, ZOLIIT, IEF AR TIT RO FE 22 i & T i3 23 A o
B R T IRKO—2THY, THRARZIHEURTHRLL GRS TV,

BHRAEOHAE L, (K275 K 1 1a (hypoxia-inducible factor-1: HIF-1a)) %

DELTARER R INEIC > CitHEND (Figure 1-1B), 23 ASMIRIZHI I Z -~ T %<
DB AT T D720 | NI 8013 R e 7o Ks8I BB 12 a5, HIF-1a (3@
DEEFESNT FTIIRELETHY, 2B FF -7 a7 7Y — LRICKVE R EE BT
IRSID[8], Ll (KT EIREE Tl T Ic L E(k L, HIF-1B &7
BARZTERR LT SN TR B - L LTI [9], HIF-1 AR, = ARz F
23 E PN EZ H#E5E R 1+ (vascular endothelial growth factor: VEGF), I/]Ni H & HE 5l
[Kl -1 (platelet derived growth factor: PDGF), M 55 #R #E 2 Al I B FE K] 7~ (basic
fibroblast growth factor: bFGF) ZEDEn T DG4 FHE T 5[10-13], ZIHDEs

T3, AR ER O PEAE S L N B D B TE AR HES EH 2D FHIL TV D, Fiz,
HIF-1a % matrix metalloproteinases (MMPs) DOFEEBLHENNEGFABE N HHZ LD HE S
NTCU5[14], MMPs (3, #liagh~ 1) w7 A (extracellular matrix: ECM) %3 fi# 9%
TEPEA RO | BEFEL 72 18 N EGHIR S B ~ S R0 RS 5E 2 6
D, 2D HIF-1a 2SFHETT DK 72353 AR 0 WS d, IS M A2 23 T
NHD T, ZIVHLDRERFEERGLIZ 1T DML 1) <° HIF {E LA =X L0 5
FUEL 201900 ) — YL ES AR B OX R LS TEY AW PRI F I EE
ISR THDLENZ D,
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Figure 1-1. Tumor growth and angiogenesis.

(A) Scanning electron microscopic (SEM) imaging of normal microvasculature (left) and
tumor microvasculature (right) [7]. White arrows indicate arteriole, capillary, and venule,
respectively. (B) The mechanism of tumor growth through HIF-la-mediated

angiogenesis.



%3 H M EERE

FEISE RS R 2 BT 2 ML ST AR 138 A DA DR AR ) &S A, FEBRIC I 3 8 B 2 PR
HIEFNID DB AAGRICH NG TE T, UL, ZOIRENRITTE /7 Tidlel, BAD
T2 LD BN — AL WSS NZ[15], D72 AKIE #FrAE LT RS
MEBHGRR IS 2 T AT e RIBSFU Tz, I H#ERE (vasculogenic mimicry: VM)
1%, ECM (28 ATZ IR Cs AU MR 23 A RR DA EZ TR T 2B THY |
1999 452 Maniotis HIZ VIO T SIU72[16], Figure 1-2A (2R3 59102, EEAH
kNI DS AR DA E DIV B R IE DN A U I BT a7 ik 232 D e el
A& NEFRINDZE TIER R 0 DRI SND, £ D7D VML, 23AD
R RHRIE D — D> THHESN TS,

FEEEDOERO D AFRFRIZF\ T VM 13 periodic acid-Schiff (PAS) Y35,
OWE A~ —5— (CD31 HLLIL CD34) N0 Gl L Chtansd
[16], T72>5 . VM CTIEIL A PRI AR AEE 3728 AR 2 S I PN 4 e 1 A 1
%o MAEHAEIZBOTIX, PAS YetalbiEn >N HiE~— I — B THHZ &N,
VM (T 5 A LTI C e DB R LU CRBIISNTD, F72. VM 22T A
IR, ECM & B g G~ 7L BICEREL , — ERFRIE R 9D & iE
~ RV BE L CRHEB R B Ry N — S A o T % (Figure 1-2B),
~NZLH D ECM 1530 AT OFEFAIZ L > TS D03, VM FEALEED i
BA TR IR 3 RS TRy N — IR Z 5, £D— 5T, VM Bk
REZ A L CWRWHIIT, = )7L ECE A IR L ThiZEAEZbL, 2D
I FEERRE WD ZLE T, in vitro IZBWTHRAFMIED VM B BEZ T T& 5
[17], ZETITAT ) —~, I, IR AZIZCD LT D8 EL DN AT VMBS
SN TEY., EBEORERIEBRY . BNADEMALZRESE LI ENERSNL TV
[18], FEBE, AHEATIZE ST VM BRABRFE DT %A R EBEREICEDLZEDREN
THEY19]. BADEMALZE]LF A=A LEL THEBE SN TN,
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Figure 1-2. Structure of vasculogenic mimicry of cancer cells.
(A) Image of vasculogenic mimicry (VM) in a malignant tumor. (B) In vitro VM

formation of cancer cells. Red arrows indicate vascular-like tubes. Bar, 100 um.



VM JERRDFEMIR AT = K NIRRT 2 A3 KR SR S0 T T HIF-1a. D
ZEACIZED VM DNEZHZENRESITND[20,21], HIF-1oo DEEEIEMEIZLY
twistl F& BL & 2% b 5 L [22]. twistl 75 b fZ [H] JE#5 2  (epithelial-mesenchymal
transition : EMT) Z#5E 9 5[23,24], EMT (2>, E-cadherin OJEMEAHIHIS DT
ETHIBADE A RECIRTEREN F 6O DAL, VM JERAMEIE T D[25], F72, VM TR
23 AMIRE I vascular endothelial (VE)-cadherin D81 508 EH- 322 LS
TU5[26-28], 17 . VE-cadherin XN IR BRI BLT 54 NI E ThDHT-
D BNAKIREAY VE-cadherin 23 BLSEHZETHNEGIFUARIZIEREAZZE X, VM TEAK
T ZEN TSN TOD[29], £, RO FREF i % F—EThH
% erythropoietin-producing human hepatocellular receptor A2 (EphA2) (& . VE-
cadherin D)2 LV MIARER 2 RHTEL T 5[30], E4UZLY, EphA2 (X PI3K ~ 7
JL=C focal adhesion kinase (FAK) 7 /L DiEMALZ 18T CMMPs DI LA FHE L
VM BRI E G54 5L% 25 T05, [31,32], 2D X512, VM JERRITIE R ICHEMET
DY W& 725 THIE DSBS STV D8 £ OB iR LB A7 A =X
LINERBND, ZHUT, IS ORI 52 T B o T2 s A S PN S 7T L i
ML MROTERE Pl e 2 b S I12 Mk b S TRl B G 4 1F
DHIF ., LV bDTHD (Figure 1-3), ZILEND D AMIILIZESTZO VM R
WG T8 T3R50 WUz X, Ml a2 i AR O 17
TEDS VM BRI BV TUIMER AR THHEE 2 BN,
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Figure 1-3. Predicted mechanism of VM formation.



%5 4 Hi Integrin B1
1) Integrin OAEIE L {H) X

Integrin |HEMEZ EIZIEBLL | HEfL-HEAR HE-CHING-ECM [H DFE 5 285 5 B il
SRR THD, Integrin 13, o- 7 2=y NS X W B-H 7 2=v bbb ~Ta &K
ZIZARLTEY, TR B O/ — M TIEMER B ERNTEMACIREEZ B0 2
ECM AR HE75 ZFH T L TVD[33,34],

Inside-out activation ClX, integrin LASF D52 AR MR FITZIE A L CREFIN
TNV ETEMES N, talin X° FAK % B-integrin O NN AL AZY) 70— 55,
ZD1% . integrin HEHNSTIRAE (bent closed form) B E L7IRIE~CAEE AL
ZEZ L. integrin QMY TR EDFEGBLFMEZ RO D, — T outside-in
activation ClX, fIfESL DV AT RN integrin ~7 v BRI T5ZL T, KEE
FEI S L OVHIIE N OFEE DY "closed" 72iKTEDD "opened" ZMRFE~EZE{EL . talin
X FAK 78 integrin (ZVZ7/L—bh&415, W AUOTEME(LIRTETE | B-integrin DA
NEALAZ talin 3 EA L, FAK ZHDET DE RIS AVEESEIMELND
(Figure 1-4) [35-41], Tz SB35 EE (focal adhesion: FA) &, fligd: ECM
i B ARE L TIIHI TV D, FA 13, Ml TT 7 F B L TIY, ECM #7512
U TR k6 D2 b, EERE DO (LI B W THLL AR E 2 5 TV [40],
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Figure 1-4. Structures of inactive- or active-integrin dimers.



2) MA& integrin Bl

Integrin DO ~7 1 " 8{RIE 24 FEFEOMAE DD HE ST 5[43], Figure 1-
5 ITRLIZENE DA G DEIL, FE G R M 2 720 | AAMTEENIT K
<G T 2000, RBPICIVBEDOEELHI SR T HORITLALTEN TR
WHDE T4 ThD, il 412, integrin B1 (ITGB1) Z KB L7o~ 7 AT ELHE LR
DIRREEL CTHERATIZSEIZ R D03 [44], integrin BSKRIB~T A TIIR BB,
ATEEIAMERF T 228N TED[45], ZNHDEWT, ~7T e ZEIROM A H O
DEDBBARL THY, Z2<D~Tr ZEREHIZEAD LT AV 74— LEE | ALFEIT
HAThHEBEZ LD,

ITGB1 &, 12 AL D a-integrin &7 07 _BEARKE KT D integrin DARFA7R
TAV T F—LThD (Figure 1-5), oD integrin 74 74— LT LR TEL DA A
Y NFAET D280 RO ZLOBEEEICEE CTHDH, £7-, ITGB1 I3 A AL HE
FHCWE A A AR HE T DT EN DIV TIY[46,47], EERZILA A/ NSRS Az
VN, integrin B1ODEFEELN T2 A B EAHBE 352 ERH & STV 5[48,49],

ECM M ERMEIKT VM MBEZDZE00, FH7e ECM ZF K THD ITGBI
1% VM U B 59 52D PRRS D, 2R, integrin & VM IZBIL THFZERII I
el 5 S TEY, integrin avB3=<° integrin avB5D~7 1 8K VM ZEtESH5
ZEMRHLNNI 25 TUND[50,51], ITGBI (ZBIL Ci, LRIz IDEEN VM B
AT B % 52 7RI Te 2 EN A SV TVDH A [50], ZOHE IR W TR Fnfuk
OFE R ICBITAE RSN TR, D728, ITGB1 A MIZ VM B
FRACE G- L2 ODNI R O S A B D,

AR SCE 2 TECIE, 7 LRI CRISPR/Cas9 v A7 AZX0 ITGBI s 1%
77Tk (KO) L, EHEWIZ VM JERICBIT & EIZ7 LT, Zild>T
ECM Z &R E VM JERR OB A JVB FNC T D2 LR TE ARARRZ: VM TR
) S IR VA N Ny B - EE TV W
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Figure 1-5. Variety of integrin heterodimers [43].
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5 5 Hi ErbB4
1) ErbB &R OHERE

ErbB 815113 SIZIRIFERIE (erythroblastosis) & FEIESHEDHVA NV AD KB
1 (v-erbB) EL TR OV, ZORITHIENICHZDBIE T HRERS NHFEETDHIE
DIEEE SHUVTZ (c-erbB) [52], ErbB 77U — LAl & 1 2 F B3 2 SR A 7052 8K
BTl X —ETHY, 4 FFEDOZIFR (ErbBI/HERI/EGFR, ErbB2/HER2/Neu,
ErbB3/HER3, ErbB4/HER4) MOAERLSILD, FIEASNN AL BNU T U REREGTHZE
T, EbB 77U —3RE/~Tr ' RETEL  MildNOF e ke H A
i35 (Figure 1-6), D%, MIIINDZER72> 7 F MRz iE M LS e 52 LT,
MRS IO A A7 & iRt S D,

ErbB 52 28R D3 Fell 5 B0 B i 7T A LI E 23 AU 38 C B |2 LD LB [53-55],
Z®7=%, EGFR X HER2, ErbB3 ZAR)EL7=FF —BFLEHNIL, DA
TESHWLILTVNBD[56,57], 24D 3 FEEAD ErbB Sz AR ED A ED BN NI LIF5E
S TNDDIZHL T, BDAITEITD ErbB4 OEEIEMETHY, BAfE/ 2 & EI3 5
T2 TRV OB TH D,
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Figure 1-6. Ligand-dependent dimerization and phosphorylation of ErbB receptors.
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2) MBAATIEIT D ErbBa D

fth > ErbB 5z BRI IR, ErbB4 IXALBABE O T4 Blif~— 1 —L7252
EDRIBEITUND[58,59], TDOEH EL TlL, YU RIZE A% . ErbB4 Ofifia
WAL DO S TIRa U RUTIZBATL, 7R M=V A& 5[ SR T THD
[60,61], it )7 T, ErbB4 1Z2AALICH 595 PI3BK/Akt #XFE<> mitogen-activated
protein kinase (MAPK) #RIEATEMALL ., KEGHD AW TIX ErbB4 O & 38 B0
HENTUWD[62,63],

A AT —~ IR AZIB\N T, ErbB4 OB T A RN HREINT
VN5 [64-66], KFIT, Prickett HITHRBENEAT ) —~BEOF oL % —EE B2
FEAIZEHATEHY, 20 EFTHO ErbB4 2 8% RIE LT~ (Figure 1-7) [65], ZIUHDZE
FOHIZIX, ErbB4 OX F—BIEMEEZTRD LD 03BV | ErbB4 DZE BN A D FENE
bz Z e RSN,

DI, BADOFEFIZL ST ErbB4 [3EFIZEZ D ATHREMEDRHHZEND, DA
DOVEFAEAIE L TTREERI N TV oTe, LnL, IRIBEHED AL ASHEEBIEAT ) —
~ T ErbB4 ZENHOD > TNHIENG, ARG T 1L T ErbB4 3RO HED 7]
REMEDN RWNNZEZABID, T TAG L 4 F T, ErbB4 OFHLTEMEAIRRE
VM RO BIfRE R L 72, ZOMNTIZED 23T ErbB4 O %
VM (Lo GRIATEL AT REME D 8D,

S R I Y O ¥ O O S O O N B O

g Cys Cys Tyrosine kinase
126 206 331 503 651 676 718 985 1308

Figure 1-7. ErbB4 mutations in melanoma [65].
Black arrows are missense mutation sites. SP and Cys indicate signal peptide and

cysteine-rich domain, respectively. Black box expresses transmembrane domain.
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75 6 Hi AWFZEO BHY

BRI ORI E DR AR, R TROENTND, ZNFETITEZLD
P ARDIFE ST, ZL<DONBEDMER - TEIn, FEAFUIDBAZ FIRTET2
DT TR, T b6 | M AL FE K O [HE L WOBERTZ T, A
DERNBRIITIELR2 VO THD, FEHDER LIZMERERE (VM) 1L, Bkx 728
DR TR, BEORERCIEB A RESE LN EISILTND, DT,
VM ZWFFETHZ L8 BADBEHEN DT 7o h 72 B LR O fF B I B kT &
5HEZZBND, Ll VM XD THREW D | ARARRY e AT = XN
P72 03D, £ TAGR L TIL, 2 T 2K BARD R A R - IR 2 7 2 AR
T2 integrin Bl & ErbB4 (22T, VM I B 53 2 & E sl L 7=, W9
DERTEL LIRS TEL AL RO THHN, VM EOBRITADIL TR
W, ZDT=D  ZINHDH L ST VM A2 B B AR HZ LT, Ml mZ R
KBREDINT VM IEEREFIEIL TODDD, &) KE Mkl A% 38 -2 B0 A
RLET2D, Fio, FERIIIZ VM B A O~ — 1 — IR & L CL AR R 23
FIAEShDZ LN WIS D,
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% 2 F Integrin B1 DM BB E 2 5 BB DB

ARNIZIBNT, BRSO MAEEE (VM) [TMfask <~y 72 (ECM) By
NEERBREE T CRIAZENRBENTWS, ZD, AR EOZRIRE
ECM ZA&RR T 5420 "7 BEOMRASERAN, VM FRICEE ThHhDEE 2 b,
ECM D F7-55 7KL T integrin 7 7V —NEHIHAL TS, integrin & VM ik
EDBEBENRERE R UTZBNIZ IV E T/, £ CH 2 BT, integrin O 1 Thy
H 2L DOEREICEE 545V 7 =y TS integrin 1 (ITGB1) (23 H L. ITGB1 28
VM AR 5-2 D50 8% i~

551 Hi MAEHEREIZ A 351T D integrin DB 5-

Integrin (ZFE LA BEAE T 2F%. 2 MDA A N2 E0ZEOTEMERHIEI NS, K
2 RT R TLDAT LRIV T LA T integrin EFE BT HZETED SR E
R EARESE, U RO BT F 59 5[67-69], FZ T ENSRHMERIIEH kD
HT1080 MfIZ AL hAF L FL— I ThD EGTA ZERL , ~ )7L BICH
FETHZET VM IEREEZ RN L 72, = DfE R, EGTA #EL 952 LT, VM 2Rk EE
MELALTL, EGTA & CaCly 3§52 L CZOIBR L ERN L3550 bz
(Figure 2-1A,B), F72, ~ N F L RIZEIT LMD E WST assay ([CEDHIELT
LZA, EGTA OHAIEER IO EGTA & CaCl, D ILALER 2 B\ CAE/MAaE D E
IFFRO LIRS T2 ED D (Figure 2-1C), VU AAF %4 LTz integrin DIEME
23 VM JERRICE E CHHZ EDVRIB ST,
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Figure 2-1. Chelation of calcium ion suppresses VM formation in HT1080 cells.

(A and B) HT1080 cells were suspended and treated with 3 mM EGTA with or without

3 mM CaCls, and seeded onto Matrigel-precoated 96 well plates (1.6 x 10* cells/well).

Then the cells were cultured for 3 hours and photographs were taken under a microscope

(A). The number of tubes were counted in randomly selected 5 independent fields (B).

(C) HT1080 cells were suspended and treated with 3 mM EGTA with or without 3 mM

CaCl,, and seeded onto Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Cell

Counting Kit-8 was added into each well at 1 hour after cell seeding, and then cell culture

was continued for an additional 2 hours. Subsequently, absorbance at 450 nm was

measured and living cell numbers were normalized to the control cells. Bar, 100 um. Data

shown are means + SD. P value < 0.01 is indicated by **. N.S., not significant.
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% 2 fi Integrin Bl /w77 UM LD M EHEREZ R ~D 52 28
1) CRISPR/Cas9 > A7 AT LD integrin Bl D /7T 7k

EGTA DALFRIT XY integrin 7% VM LA I3 D2 L0V RES -T2, J0EE
I ITGBI & VM OBREFA DL LTz, 7/ M E AN Td5H CRISPR/Cas9
AT LEFIRA L, ITGBI &fs 1% /v77 7k (KO) L7z HT1080 fllfEz 8 rL7=
(Figure 2-2), 2 ITGB1-KO HT1080 HifE>7 /2 DNA % il U CHE AL 51 2 fi T
L7 g, 3 "\Z— DR (61, 31, 19 MDD KE) 2GR TE7- (Figure 2-3), &
NHOERITNT S 3ntl OEIEKBTHY, fEREL TARDOK (L2 IS
N KU TR IEa R 2R ASE LT — AV 7 NERTho7-, L EDOFEERIZID,
HT1080 AlflaiZd51F 558472 ITGB1 @ KO ZfifEi8 L, ZOflaz iz L=,

17
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Figure 2-2. Establishment of ITGB1-KO HT1080 cells.

(A) Total RNAs of parental and ITGB1-KO HT1080 cells were isolated and semi-
quantitative reverse transcription-polymerase chain reaction was performed. (B) Parental

and ITGB1-KO HT1080 cells were lysed and western blot was performed.
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I E N P R G S KD I K KN KNV TNIRS K G T A E K L

wild-type: 5’ . . ATAGAAAATCCCAGAGGCTCCAAAGATATAAAGAAAAATAAAAATGTAACCAACCGTAGCAAAGGAACAGCAGAGAAGCTCAA. .3’
61 bp deletion: 5’ . ATA--———— -~ - - GAACAGCAGAGAAGCTCAA. .3’
31 bp deletion: 5’ . . ATAGAAAATCCCAGAGGCTCCAAAGATATA-—————————=-————=——————————————— AAGGAACAGCAGAGAAGCTCAA. .3’
19 bp deletion: 5’ . . ATAGAAAATCCCAGAGGCTCCAAAGATATAAAGAAAAATAAA- —————————————————— AAGGAACAGCAGAGAAGCTCAA. .3’

61 bp deletion (3/10 clones)

it N\\Wﬁ ‘,,’ [ \”\J | | i ﬁf 1l /M/ ! \,\m

19 bp deletion (2/10 clones)

ATAGAAAAT CCCAGAG GG CTT CCAAAGATATAAATGAAAAATA AAAAAT GG GAACAT G CATGAGAATGCTCAA

N ﬂ_w“\\m _\ | I il ) ™
o

Figure 2-3. Genetic alterations in ITGB1-KO HT 1080 cells.

The genomic region around the target sequence of the CRISPR/Cas9 in ITGBI-KO
HT1080 cells was amplified and cloned into pUC19 vector. Randomly selected 10 clones
were sequenced and 3 patterns of genetic alteration (61 bp depletion, 31 bp depletion, and
19 depletion) were observed. Each genetic alteration causes frameshift mutation and

generates immature stop codon (*).
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2) Integrin B1 @ KO 23 ML EHERETE AU 5- % DR B DO FEAMh

BISZL72 ITGB1-KO HT1080 Mifia~ k)7L FICHEREL , * b — 7T RRE AT
L7z, EOREH, MfuRkfEtg 3 FefE]OFRERT, ITGB1 @ KO IZX> T~ 7L |k
TOFRY NI =I5 2IMHIS 7= (Figure 2-4A,B), F7=, ZOMAuZREEL
el 7oA L BUAK CIIAIRIEFE: 24 WEE OIE R TH Ry N — 7RIS DT A THER
SNTFEETHH7203, ITGB1-KO HfE TILZE DRI R CE7/en -7 (Figure 2-
4C), L7=73->TC, HT1080 HifEIZHW T ITGB1 Z/KIESHE5HE, VM FEREEN 24T
KD ENRIEENT,

Z® ITGB1 1ZL2%0F% | thoFEEED M AAIERIC B W THRFEL 72, ERNELOSA
H >k MDA-MB-231 fifldi X UNeh AT/ —~H Kk CHL-1 #MiiEics v T,
CRISPR/Cas9 ¥ A7 LXKV ITGBI 815 F% /v 77U Ry W oMl ks
WTHBIE TAHALND Ry N — IR S22 INf S 472 (Figure 2-5), LA EOfER
25 ITGB1ITE RS AVHIERR D VM IZAUZ B W TZAD R F T HZED RS,
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Figure 2-4. KO of ITGB1 completely abolishes VM formation in HT1080 cells.

(A-C) Parental and ITGB1-KO HT1080 cells were suspended and seeded on Matrigel-
precoated 96 well plates (1.6 x 10* cells/well), and photographs were taken at 3 hours
after seeding (A) and the number of tubes was counted in 5 randomly selected
independent fields (B). These cells were also photographed at 24 hours after seeding (C).

Bars, 100 um. Data shown are means = SD. N.D., not detected.
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Figure 2-5. Deletion of ITGB1 suppresses VM formation in MDA-MB-231 and
CHL-1 cells.

(A and C) Parental and ITGB1-KO cells (A, MDA-MB-231; C, CHL-1) were lysed and
western blot was performed. (B and D) Cells (B, MDA-MB-231; D, CHL-1) were
suspended and seeded on Matrigel-precoated 96 well plates (1.6 x 10* cells/well), and

photographs were taken at 3 hours after seeding. Bars, 100 pm.
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3) Integrin B1 ¢ KO AHEFED FEMIZ 52 2 5RO i A

ITGB1 [ IHIFHRERCME A REZRE | ML ODORR % 2 RE 23 i L T\ %, £ Z T HT1080
AREIZEUV T ITGBL @ KO 2SHfaZ 5- 2 55 823 L 7=, WST assay (Z LV
BT RE 2 A TAT L7255 5. Bk FE T ITGB1-KO il Cl3A B ICHGERE)S EH- Lz
(Figure 2-6A), F£7-. poly hydroxyethyl methacrylate (poly-HEMA) Z=—kL72V = /L
ECHEA R LIRS R, ITGB1 @ KO (ZX0 & 5 IRIRAFTE O MR il 23 & L <4
il <417z (Figure 2-6B), &5, B EAH H 352 LIV IR B2 RFM L 724
. ITGB1-KO M CTIFEMENAEIZIL FL TV (Figure 2-7), YL EDXIIT,
ITGBI 1T VM JERICH 595720 T2 a0 IR B2 810 b e B e 52 %
ZEDIRS T,
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Figure 2-6. KO of ITGB]1 affects cell growth in HT1080 cells.

(A) Parental and ITGBI-KO HT1080 cells were seeded into 96 well plates (600
cells/well) and cultured for 96 hours. Then, WST assay was performed at every 24 hours.
Cell numbers were normalized by the number of parental cells at 24 hours. (B) Parental
and ITGB1-KO HT1080 cells were seeded onto poly-HEMA-precoated 96 well plates
(4000 cells/well) and cultured for 2 weeks. Then, WST assay was performed. Data shown
are means £ SD. P values < 0.001 and < 0.0001 are indicated by *** and ****,

respectively.
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Figure 2-7. KO of ITGBI1 affects cell morphology in HT1080 cells.

(A and B) Parental and ITGB1-KO HT1080 cells were cultured for 48 hours, and
photographs were taken under a microscopy (A). Cell circularity was determined by the
calculating formula: Circularity (%) = 100 x (4 = x area)/(perimeter)?, using ImageJ
software (B). In each cell line, 100 cells were calculated. Bar, 50 pm. Data shown are

means + SD. P value < 0.05 is indicated by *.
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%5 3 fii Integrin Bl DR BUZL D M EHEIETE L~ 2

HT1080, MDA-MB-231, CHL-1 &WWO IR 725 3 A AAMIIZ IS T,
ITGB1 ZREEHHE VM ke Ko7z, Lol CRISPR/Cas9 A7 AT A
TH = NDVRT %, 2T ITGB1 #7378 % KO L7-#lIZ ITGBI1 % FF%8
BEEDIET, 260 VM Ml R3S IZ ITGB1 D KBIZL Db D0 L
7o ITGB1 DIEBLARY Z—2AFR4 5128720 CRISPR/Cas9 DOIER)E LBl FIIZHE
FLE WA AT 52T, Cas9 MitPED ITGBI &5 1-E72 DXLz, LT T A LA
AR5 —% AT, ITGB1-KO MifldiZ3\ T ITGB1 # 3BS85, VM Bk
a7z (Figure 2-8), ZOfEH 5, ITGB1-KO HT1080 MifZiZ35175 VM TR,
OIHNZL, #ENNT ITGB1 DRIBIZE DD THHI LD RS,
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Figure 2-8. Reexpression of ITGB1 recovers VM formation in ITGB1-KO HT1080

cells.

(A) ITGBI1-KO and ITGB1-rescued HT1080 cells were lysed and immunoblotted with

the indicated antibodies. (B and C) Cells were suspended and seeded on Matrigel-

precoated 96 well plates (1.6 x 10* cells/well), and photographs were taken at 3 hours

after seeding (B) and the number of tubes was counted in 5 randomly selected

independent fields (C). Bar, 100 um. Data shown are means = SD. N.D., not detected.

27



%5 4 Hi Integrin B1-FAK > 27 /L D FEAM

ITGB1 DRI T 7 /L E L, focal adhesion kinase (FAK) 23 EIHAVTUY
%, Integrin 2 U7=#2351210, FAK @ Y397 3 H 2V b L TR b3 5[38], &
2T ITGB1 DI HUZ L > TFAK DIEHALIRBEZ D 6O T, Z D5 R, ITGB1 % KO
T 5HZET FAK Y397 DU EREIZEID B, ITGBl OREH AL AF 2 —SHLHZLET
FAK Y397 DOULFRALL~ILAEE LT (Figure 2-9), L2, FAK OFLEAITHS
PF-573228 ZMLEEL Tt VM RIS B T2/~ 722 & (Figure 2-10), FAK OV
VERAEIE VM TEEREFHBIL T D3, ZDIEME(LIZ VM JEARIZMZE TIERN M
REI T,
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Figure 2-9. ITGB1 expression correlates with FAK activation.

(A) Parental and ITGB1-KO HT1080 cells were cultured in Matrigel-precoated dishes,
and the cell lysates were immunoblotted with the indicated antibodies. (B) ITGBI1-KO
and ITGBI1-rescued HT1080 cells were cultured in Matrigel-precoated dishes. Then, the

cells were lysed and western blot was performed.
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Figure 2-10. FAK inhibition does not suppress VM formation.

(A-C) HT1080 cells were pre-treated with 10 uM PF-573228 in serum free medium for
1 hour, and subsequently seeded on Matrigel-precoated 96 well plates (1.6 x 10*
cells/well). After 1 hour, Cell Counting Kit-8 (CCK-8) was added to each well, and
culture was continued for an additional 2 hours. Three hours after seeding, photographs
were taken under a microscope (A), and the number of tubes was counted in randomly
selected 5 independent fields (B). Then, absorbance at 450 nm was measured. Living cell
numbers were normalized to the control cells (C). Bar, 100 um. Data shown are means =+

SD. N.S., not significant.
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5 S PP I OMT T RAERIZ 14 i 2 e AT Al oD B 2 20 S

Figure 2-1 TNV AAF L HFL—RLIZBED VM FERRE T L 72203, 1w
DA AZLOTEMEDHIESND X2 371 E ITGBl DI B HAFAET 5, £ T,
TN T EAT A LOTEME IS o MuEZ X7 E Th b integrin av
(ITGAV) X° E-cadherin @ FIFHLIAZ HT1080 HIATIZALEEL . FDOREREAPHLET D
ZLT VM JBRUT 5B % 5.2 D0 a7z, £ ORG A, HTITGAV HLik L ¢
VM IR E S L7 > 7223, $U E-cadherin HUIRALERIXET 0 AR EL L Bt
ITGB1 HUiKIE VM JEALZ 52 2 | L 72 (Figure 2-11A,B), 7235, & AT LH
(Z DR EEMEI TR O B -T2 (Figure 2-11C), F£7z, Z#LE TIZ VE-cadherin 73
VM I 532 28NS TET2A3, ITGB1 @ KO (25> T VE-cadherin @
mRNA FEHEIE L -T2 05, ITGB1 /L= VM FEEGRR I 21X 5L
TWRNED THDHEE ZBID,

ECM k2 "B D %<0, 3 DO L= 7/l (Arg-Gly-Asp: RGD H5))
2 U G825 975[70,71], 3725, integrin (ZLDHE OFEGRICEHE 27/
iz CdhD, T2 T, HT1080 HifiiZiC RGD X7 F R&MLHL4 52 LT, RGD Bl IKIF)
72 ECM-integrin FH AAF M ZBHFE L7245 5. RGD <7 FRA AL TH VM JEALHEIE
At L2 >72 (Figure 2-12),

UL EOFEFRID N T AT AZIOIERZ IS NDZ 7B DO FTH | E-
cadherin X° ITGB1 72 | —¥ DXL /7B DO BB IEHRIEICH 5T DI ENRIBIN
7=, F7=, RGD EdF O AAERICEE 7 ITGAV FHED VM FZAE I L7270
72Z&R°, RGD <7 FRULEEN VM TR 5% 5- 2 727 122876, VM TERIC
FVU T RGD KiFlZ S LIz ECM J% 43 3 AR OFE AAEFIE S TN ZEDR
ATz,
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Figure 2-11. Effect of neutralizing antibodies treatment on the VM formation.

(A-C) HT1080 cells were suspended and treated with anti-integrin av (ITGAV) antibody
(10 ug/mL), anti-integrin 1 (ITGB1) antibody (2 pg/mL), or anti-E-cadherin antibody
(12 pg/mL). Then, the cells were seeded on Matrigel-precoated 96 well plates (1.6 x 10*
cells/well). At 1 hour after cell seeding, CCK-8 was added to each well, and cell culture
was continued for an additional 2 hours. Three hours after seeding, photographs were
taken under a microscope (A), and the number of tubes was counted in randomly selected
5 independent fields (B). Then, absorbance at 450 nm was measured. Living cell numbers
were normalized to the control cells (C). Bar, 100 um. Data shown are means + SD. P

values < 0.05 and < 0.001 are indicated by * and ***, respectively. N.S., not significant.
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Figure 2-12. Treatment with RGD peptide does not affect the VM formation.

(A-C) HT1080 cells were pre-treated with 10 pM RGD peptide in serum free medium for
1 hour, and subsequently seeded on Matrigel-precoated 96 well plates (1.6 x 10*
cells/well). After 1 hour, CCK-8 was added to each well, and culture was continued for
an additional 2 hours. Three hours after cell seeding, photographs were taken under a
microscope (A), and the number of tubes was counted in randomly selected 5 independent
fields (B). Then, absorbance at 450 nm was measured. Living cell numbers were
normalized to the control cells (C). Bar, 100 um. Data shown are means = SD. N.S., not

significant.
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756 i F&

55 2 I, Miflae ECM & AAEHICEZEZ2 ITGB1 23, VM JERIZ 5-2 558
BRI U7, e NERHE A IE 3D HT1080 flialc 3\ T, EGTA ALPRIZEYD VM &
AL ES N2 D, T DA K AF LT integrin DIEMEDS VM A% B
B35 EHRBENT-, £ZC, CRISPR/Cas9 A7 L% T ITGB1-KO #fiflaz
BISZL . IV EHEAIIZ ITGB1 23 VM JERIZ 52 25082 3l L 7=, ZD#E R, ITGB1
DXRBIZEYD VM TERUITERITIHIS I, ZORERITERLA AL ERAT ) —~< &)
H RN 72 DB OB /M TH AR TH -7, F7-, ITGB1-KO HT1080 HifEiz
ITGB1 Z 3 BLSHHE VM RN EIE L 722 L7535 CRISPR/Cas9 DA 72—
TEHTIE72<  ITGB1 28 VM JERRICEE THHZEN RIS, SHIZ, ITGB1 D
BB LD VM JEALE, Vb FAK BB EIZIZIEOHBEDH ST, &&IZ,
PR ZE DT O D MR 5% BARZBRLE L7/ R ITGB1 ZBAE L2k
VM TR FE 2Tl Sz,

UL EDOFE RIS, ERBAMIED VM R 2858 ) 72 M7 K - & LT
ITGB1 MERET D2 LDV RSNTZ,
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%2 EOEBRITIE
1) Afass

ENRHE U I >R HT1080 A, ENATEE BB >k HEK293T i, BhFLA A sk
MDA-MB-231 #fifidiZ, DMEM £%#11C 7% (v/v) fetal bovine serum (FBS). 100
units/mL penicillin G, 100 mg/L kanamycin, 600 mg/L, 2.25 g/L NaHCOs Z¥sNL7z
BriZRI AL, 37°C, 5% CO» & P CHi® L7z, 72, & b AT/ —~HIkK CHL-
1 AL, LRLoss o> FBS IREA 10%I248 2 7oA iV CL RIERD 5L T
g LTz,

2) In vitro VM formation assay

Matrigel® Growth Factor Reduced (Corning #354230 (LA T, kU4 /L)) 130Kk ET
FbfEL . BEfyE O DMEM BiHUZJY 1.5 fHIZA L THVYE, 7K BT 96 well plate
IZFIRE A~ NI F NV E % (40 uLiwell), IR 352 T~ AV —la—T«
Y7 UT, £D%,37°C T30 LA EfET 52 LT, ~ MU N E5ERIST UL
X7, Tk~ FU AL B2, 1.6 x 10 cells/well L7225 )12 8k L7~
ZRERE L | 37°C, 5% CO» &M T THi R L7z, VM B ORR 71X BAEE (Leica) T
e L, i CHEN L "tube” L LT T b LT, 1 DOH T LIC
OE SEAOUHBFEZIRE L, Fx D ube iz v b L, FHLTDHIETVM
TR D EBALZAT > 72,

3) CRISPR/Cas9 ¥ A7 L% V7= ITGB1-KO g D 37

CRISPR/Cas9 ¥ A7 1% FV T ITGB1-KO i & 137 L 72[72], ASHFZE CldA
T7E8 =0y OV AT EIRBMSE D70, ZEITOENRS 2 G L, = 1 —
B Cas9 (DI0A EFA) (X D8/ v 7T U M&iksr7z, Single guide
RNA Z#1E5 728D A4 Y = DNA OFHIE, LTO@EY TH D,

T 1: forward, 5’-CACCGAATGTAACCAACCGTAGCAA-3’
reverse, S’-AAACTTGCTACGGTTGGTTACATTC-3’
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FER) 2: forward, 5>-CACCGCTTTATATCTTTGGAGCCTC-3’
reverse, 5>-AAACGAGGCTCCAAAGATATAAAGC-3’

% % O forward & reverse D4 Y = DNA #7 =—VU 27 L, Bbsl (Z X VU illE
2 ALFE L 7= pSpCas9n(BB)-2A-Puro (PX462) V2.0 plasmid (ZFLAIA AT, 25
2 DO7 T A R% . Lipofectamine™ 3000 Transfection Reagent (Thermo Fisher
Scientific) % F\»C HT1080, MDA-MB-231, CHL-1 #lfEIZ & fs 75 A L, 2 pg/mL
® puromycin dihydrochloride (Merck KGaA) T2 L7 L a & {Tolc, £ DIk,
FRAARIEIC LD 7 v — U Hilafk 2 837 L, western blot |2 L U ITGBI @ KO %
s L7z,

4) Western blot

Aifa 2 2 oK ¢ L7z PBS TUaid L7-#&. lysis buffer (50 mM Tris-HCI, pH 7.5,
150 mM NaCl, 0.1% [w/v] sodium dodecyl sulfate (SDS), 1% [v/v] Triton X-100, 1%
[w/v] sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride) Z 1% 7=, 72
B, U VB B ERET DB, EREOMAICIN 2 T PhosSTOP ™
(Merck KGaA) % /Il 2 7= lysis buffer 2 v 7=, 7 /38— U A< & AW THiEZ
BEM->T~A I BT AN TFa—T7IWREB L, BERLET S Z & THllia
%Ml L 7=, Coomassie Brilliant Blue G-250 (Bio-Rad Laboratories) % M\ CiHfifid
IRIED 2 N EREZ ER L, FY TNV OREZRHIA T2, % 7N
loading buffer (350 mM Tris-HCl, pH 6.8, 30% [w/v] glycerol, 0.012% [w/Vv]
bromophenol blue, 6% [w/v] SDS, and 30% [v/v] 2-mercaptoethanol) Z 1z, 98°C T
3 pfRIBVLEE L 72#%, SDS-PAGE IZ X VW # L™ E 23l Uiz, IKENMED 7 V%
PVDF JRIZHERG L, FURBURBOSIZ L 0 &2 ™7 H e Lz, 1 RPURIE,
Pl integrin B1 HLf& (Abcam #ab52971). #t p-FAK (Y397) HifA&(Abcam #ab81298).,
Pl-o-tubulin FLIA (Merck KGaA #T5168) & 7=, F£7=. FEEIZIL. Western
Lightning Plus-ECL (PerkinElmer) & Immobilon Western Chemiluminescent HRP
substrates (Merck KGaA) % FH\V 7z,
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5) ITGB1-KO HT1080 iz 31T % ITGB1 d R E
t b ITGBI @ cDNA I, HT1080 ffid> cDNA A 7 U —» 6 PCRICEK Y
BEWE L7=, PCRICH W=7 T4 ~—Df4NE, AFTOEY Th D,

Forward, 5’-TTTTCTCGAGATGAATTTACAACCAATTTTCTGG-3’
Reverse, 5’-TTTTGCGGCCGCTCATTTTCCCTCATACTTCGG-3’

F7-. BA L ITGB1 231U CRISPR/Cas9 IZ LV RE SN DD EFH T2,
T MEBRAEREZ SV DI, Mg LT ITGBI OFIkA @B LT, HIEE
HIZHW =7 74 <=—O/HNILL T Y Th 5,

Forward, 5’-GGGAAGTAAGGACATCAAGAAAAATAAAAACGTTACGAATAG
GTCTAAAGGAACAGCAGAG-3’

Reverse, 5’-AGACCTATTCGTAACGTTTTTATTTTTCTTGATGTCCTTACTTCCC
CTGGGATTTTCTATG-3’

EROTITA~—2HNT, A—"—=F v 7 PCRICE VIEE L7, ¥R L7
Cas9 TMiE0> ITGBI % . Xhol 35 JU" Notl (2 & V) il [REFFEALHE L 7= CSII-CMV-
MCS plasmid (RIKEN BioResource Center) (ZHHAIAALTS, Z D7 T A I Rk
Lentivirus High Titer Packaging Mix (Takara Bio) %, Polyethylenimine “MAX” (PEI)
(Polysciences) % F\C HEK293T MifEIZ s 18 A L. 6 RFfiEE2E L CHE A
EATolz, T D% A8 Rl 2 K52 L, Bi& BYE 2RI L T7 4 & —IkE
L2 Tl ERE LTz, VA NVARTF 23 AT RRE B2 L, ITGBI-KO
HT1080 AIIBIZINA 5 Z & T, L FUAINNAZEG S E T2, T D%, western blot
(2 &V ITGB1 OFFEH 2 s L7z,

6) WST assay
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Cell Counting Kit-8 (CCK-8; FUJIFILM Wako) % fifdlc@inL (B 1/10 &),
37°C, 5% CO2 5 FC2 R A > F =X— K L., 450 nm OWLEZRIE L7z,

7) 96 well plate (Z331F % poly-HEMA O =2 —7 ¢ > 7

95% T 4% ) — VIR HIZ, poly-HEMA O¥y K% 5 mg/mL DIEE L7025 X 5
Mz .37°C T2 HA > Fa— 45 I & TRAIZHEM ST, Z D poly-HEMA
Ak % 96 well plate 12 50 pL/well & 725 & 52 AL, 37°C T2 HRHA > F =
NR—= R T 52 & TH ) — /L&A SETZ[T3],

8) el HE DBLLE

MO 2 FERE L CTa D 48 RS EE L, ERICIEmICEE S ¥, £0%, 4
JARRIZ D E 100 A OMIE OB E %2 %% Y . Imagel (version 1.51s; National Institutes of
Health)Y 7 h 7 = 72 L D [74], MlEOEER X OmEEZE L-, MlgosEH
FEIE, AT @Y IZEH LT,

B (%) =100 x (4 x [HFE) / (HFE)?

9) A EZERE
AREIZBITAT—Z %y hOEEIZIX, Student @ ¢ FiE % A=, P<0.05 ®
R, AEICERNDD EER LT,

10) A
ZOMORIEIT, TReomE v IZHEEA LT,

. PF-573228 (FAK inhibitor): Cayman Chemical

o Arg-Gly-Asp (RGD peptide): Merck KGaA

« $L Integrin av FFIFLIA (#ab16821; Mouse monoclonal IgG1): Abcam
« $L Integrin B1 FFIHUA (#ab24693; Mouse monoclonal IgG1): Abcam
«  $1 E-cadherin FFIHTIA (#ab11512; Rat monoclonal IgG1): Abcam
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% 3% ErbB4 At FELAAMK D MF BB RICE 2 5RO

FIZBWT,ITGBL A MEHERE (VM) TERICHE THHZEnv RSNz, 2
DFERNG VM TE RIS 31T 2 Ml 28 152 25 R O BB DS RIBEAVTZ08 | 23 AUl
RN E BT DHGHA 2 B RE VM OBIRITHASLMNIZ 2> Ty, RETIX
ZDOHIER T Z AR E L TREABAIL TS ErbB 77U —IZiE B LTz, RS, A
IZE S TEER 2B Z A 7D ErbB4 (2 5% T, VM Bk E DR G2 7-l L 7=,

551 f ERILOSAREIEREIZ 31T 5 ErbB4 R Bl & L 15 B RE T A AE

ERELASAHEIEIE VM B D 5 B8 2580 . 72, ErbB AR AR EBLL T\ D
MRS Z AT Do £ TARETIL, EFLDSAMIILEZ VT ErbB4 & VM JERK
DEARZ AT, 1IZU DI IKHWLNDELA AMBEK THS MCF-7, MDA-
MB-231, T47D MIfEIZ 31T HNTFENIZ: ErbB4 O ¥ B E% western blot (2L VFFARL
720 TDOFEF, MCF-7 38X T47D A TIZNFERIIZ ErbB4 23 @38 HLL T ans,
MDA-MB-231 #lifiCi% ErbB4 OB S 720 o7 (Figure 3-1A), ZiH 0D
Mz~ k7L FICHEREL T VM JEAREEZ SRl L7245 5 . MDA-MB-231 ififi a1
VM JEAHEDS Fi<. MCF-7 35O T47D flifcd Tlik VM JEREEDMEA > 7= (Figure 3-
1B), ZILHDFERMND, ErbB4 O3B VM I ARE A IZHIE 32 AT REMED RIS
ni-,

ErbB4 728 VM JERKZRUCHIFE T 20 E 0% i~ 572 . MDA-MB-231 (ErbB4-
negative) 3310 T47D (ErbB4-positive) O i#lfia% N CEERA1T 72, ErbB4 X
ErbB4 HHH LD ErbB % FiRE — EBARZIAT 5720, il 3511% ErbB
ZRROWNIEN 2B A R LU, TOMEFE, MDA-MB-231 i TiZ EGFR 23
EFBILTRY, T47D METiX ErbB3 23&EFIBLIL Tz (Figure 3-2), ZD728,
MDA-MB-231 #ifi Ci% EGFR 23, T47D #if Tl ErbB3 7% ErbB4 LD ~7 1 &
KRR G- T DN RS,
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Figure 3-1. The endogenous expression of ErbB4 correlates with the VM-negative

phenotype in human breast cancer cell lines.

(A) MCF-7, MDA-MB-231, and T47D cells were lysed and western blot was performed.
(B) Cells were suspended in serum-free medium and subsequently seeded onto the
Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of VM

formation were shown (3 hours after seeding). Bar, 100 um.
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Figure 3-2. The endogenous expression of ErbB receptors in MDA-MB-231 and
T47D cells.
MDA-MB-231 and T47D cells were lysed and western blot was performed.
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%5 2 Hi ErbB4 OFEBLL I EHERETE AL
1) MDA-MB-231 i {23517 % ErbB4 Mita )58 Bl L i & e BE ik

NTERIIZ ErbB4 2% BL CTU 720y MDA-MB-231 2330 T, ErbB4 Z i %
BSHT=HED VM A I L7, ErbB4 S~/ 2 —Z/ERLL  MDA-MB-231 (Z
BARFEANTHZET, ErbB4 W FIFEBLAMID A2 L7 (Figure 3-3A), ZDOHifa%
VT VM IR BEZ T L 7245 . 2> he— L@ Neo CTILMIfa#EE 2 FEIFE
T VM B B4, ZOBB R RN VM 2R T F a— 7 E3 L 7=Dl
*LC, ErbB4 i@ EIFEBLAMAL TILZ DI E L EL/2>7- (Figure 3-3B,C), L)»
L. ErbB4 QIR EUZ L > THERITIT VM RS E S Len > 722 8735, ErbB4
1% VM IE KD I BRI 3B\ TE DI A AR D 2 e R ST,
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Figure 3-3. Overexpression of ErbB4 delays VM formation in MDA-MB-231 cells.

(A) MDA-MB-231 cells stably overexpressing ErbB4 were established, and the
expression of the protein was confirmed by western blot. The pCI-neo empty vector (Neo)
was used as a control. (B) Cells were suspended in serum-free medium and subsequently
seeded onto the Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative
images of VM formation were shown (3 hours after seeding). (C) VM formation was
quantified every hour after seeding, and the number of tubes was counted in six randomly
selected independent fields. Bar, 100 um. P values <0.01 and <0.001 are indicated by **

and *** respectively. N.D., not detected.
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2) T47D 31O MCF-7 M iZ351F % ErbB4 D /w77 7 k& & e REF Ak

Figure 3-4 1Y, ErbB4 O FIF Hl2¥ MDA-MB-231 #liid> VM JE A B 3252
ENRENTZ, 2T, WIERIZE R BLL QD ErbB4 % /v 777k (KO) L., Z D
2> VM FERREDS F_E T2 G0 %D 7=, T47D MifldiZ33u T, CRISPR/Cas9
VAT AZEY ErbB4 & /77U (KO) LizHlarkz szl (Figure 3-4A). VM &
& R L7256 5. ErbB4 @ KO (IZX0ZDE M MEHEL T (Figure 3-4B,C), F7-,
T47D fifE&[FRRIZ ErbB4 A @48 HLL TV % MCF-7 #ifEIZ 3 T CRISPR/Cas9
28V ErbB4 % KO L7-#5 % (Figure 3-5A). VM R EEN B L EH-L7= (Figure 3-
5B), MCF-7 fiaoEERIL, 24 BEEILL ERER L Ch oy N — 2 e ibh7e
WNEE VM IZRREDME WAL T D72, MCF-7 #2517 % ErbB4 @ VM il
IRITFEF ITRENEB 2 BND,

3) ErbB4-KO T47D #ifdiZ331F % ErbB4 O3 HL & i E EERETE ik

T47D 35 & OV MCF-7 #ifi@lz 3B C, ErbB4 % KO 75 & VM JERAMEHE L 7=
73, CRISPR/Cas9 v AT LI A T Z—7 v DYART 1385, £Z T, ErbB4 % KO #f
f@lZ ErbB4 Z FRBISE 52 LT, 20D VM RHER R I A Y 12 ErbB4 D KABIZL D
DB D T=, T OFEF . ErbB4 OFFEIICIY VM B idffls iz
(Figure 3-6), L7235 7C, ErbB4-KO T47D fifl@iz&iF5 VM ORI LN
ErbB4 O/ KRIZEDLDOTHY, WHENE ErbB4 O KAEIT VM 2 RS E 52 L3
RS,

THHDOFERAEEDHE ERALASAHINICIN T, ErbB4 1% VM JERLZ AT
TAHZENRIRENT,
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Figure 3-4. KO of ErbB4 promotes VM formation in T47D cells.

(A) ErbB4-knockout (ErbB4-KO) T47D cell lines were established by CRISPR/Cas9
system, and depletion of the ErbB4 protein was confirmed by western blot. (B) Cells were
suspended in serum-free medium and subsequently seeded onto the Matrigel-precoated
96 well plates (1.6 x 10* cells/well). Representative images of VM formation were shown
(3 hours after seeding). (C) VM formation was quantified at 3 hours after seeding, and
the number of tubes was counted in six randomly selected independent fields. Bar, 100

pm. P value <0.05 is indicated by *.
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Figure 3-5. KO of ErbB4 promotes VM formation in MCF-7 cells.

(A) ErbB4-knockout (ErbB4-KO) MCF-7 cell lines were established by CRISPR/Cas9
system, and depletion of the ErbB4 protein was confirmed by western blot. Mock cells
were generated by transfection with pSpCas9n(BB)-2A-Puro (PX462) V2.0 empty vector.
(B) Cells were suspended in serum-free medium and subsequently seeded onto the
Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of VM

formation were shown (5 hours after seeding). Bar, 100 um.
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Figure 3-6. Reexpression of ErbB4 attenuates VM formation in ErbB4-KO T47D

cells.

(A) ErbB4-KO T47D cells were transfected with the ErbB4-expression vector, and
ErbB4-rescued T47D cell lines were established. The rescue of the ErbB4 protein was
confirmed by western blot. (B) Cells were suspended and seeded on Matrigel-precoated
96 well plates (1.6 x 10* cells/well). Representative images of VM formation were shown
(3 hours after seeding). (C) VM formation was quantified at 3 hours after seeding, and
the number of tubes was counted in six randomly selected independent fields. Bar, 100

um. Data shown are means + SD. P value <0.05 is indicated by *.
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% 3 Hi ErbB4 & MifldN Y 7 F Vs

ErbB4 [IAARZR IR BL L s U T R EFEAT 5 Z & TEERZR AN
ST FIREEEM LS E S, TOY T FIVREOH TH, PBBK/AKt B LD
MAPK #2813 ErbB S BRIZ L W IEMHIL S 6 KR 7T L Th 5[62], £
ZCH 3 HiTTlE. MDA-MB-231 35 X O T47D HEfEIZ 35U T, ErbB4 OFEELH Z
NHDY 7 FIREZR ED XD IR 50270 L. VM TR Z HiIE 3 2 92 8%
AR DHZ Ll LT,

1) MDA-MB-231 #ifl@iZ 351 % ErbB4 OEFEIFHBL & > 7 F Rz

MDA-MB-231 i35\ T, ErbB4 Z I E &2 & VM BRI S 4
7oo Z D7, ErbB4 OIBFEIFITANM LD v 7 /U a AICHIET 5 L35 %
Hivsh, £ Z T, western blot (Z X ¥ PI3K/Akt, MAPK (Erk1/2) ¥ 7 F /U RED
TEVE(LAR B 2 574 L 7 K52 ErbB4 Z IR EL S CHRE AT R 6205
2o Z D72 MDA-MB-231 AH@I1Z 38\ T, ErbB4 OFBLAKIIZ DD 7T
JGEIZIZ E A EELZ H XN LRI T,

552 BBV T, FAK OIEME(LITZ VM ERC EFERE 92 Z E SR S vz, &
Z T PI3K/Akt 33 X T MAPK 1Z/12 T, FAK @ Y397 @ U bz 5F4 L 7= 4&
K ErbB4 O RIZEHLIC LV FAK O U b2 il S 7z (Figure 3-7), i€ > T\
VM TSI Bi] S 4L D BRI FAK OIEHALR 5D HiLd 2 L AR Sz,
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Figure 3-7. FAK signaling was attenuated by ErbB4 overexpression in MDA-MB-
231 cells.
Neo and ErbB4-overexpressing MDA-MB-231 cells were lysed and western blot was

performed.
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2) T47D #fEIZEB1T D ErbB4 @ KO & o 7 F M AGE

T47D MifIZ 3T, ErbB4 % KO 35 & VM JEAKDMERE L 7= (Figure 3-4), %
D7, ErbB4 ORI S ND Y 7 FIRZEEIE LSS L E2BND,
Z C. westernblot {Z & ¥V PI3K/Akt, MAPK. FAK ¥ 7} /L DOIEMELIRAE 2 FEAH
L 7= (Figure 3-8), Akt (ZBJ L TiL, ErbB4 ® KO |Z LV total ™ Akt 55 &1
LTz, U B b L~ nTId B LN e o T2, £72. MAPK ¥ 7 Lo
TIX, ErbB4 ® KO IZ KV p-Erkl/2 HHENK T L7z, S HIZ, ErbB4 ® KO IZ
L5 TFAK DV VL L~V EF LT, 3726, Figure 3-7 & [AERIZ VM
% & FAK OIEMEALICIEO BN A St

%tV T, ErbB4-KO il ErbB4 & FRRBL S W 72BRD > 7 F /R Z 5l L7z
(Figure 3-9), ErbB4 ORI L > T VM A IGI SN2 &b Al
SNV T FIUPEET D EBZHILD MR & LT total Akt DFEBL &I ErbB4
DOFFBUZ X VART L7223, p-Akt EIZZEITH H7edr > 72, MAPK ¥ 7 F1iZ
B L Ci%, ErbB4 OFRIUC LY Erkl/2 DV VERE L~V B Uiz, — T,
FAK ¥ 7 F/ViX ErbB4 @ KO (XY 5 L7273, ErbB4 OFIFEHIC L - TET
X Lo T,

PE- T, T47D MfEIZ IV T ErbB4 (% Akt OFBLZAIZHIEI L TWH R, U v
BRfb Akt BT N e o7z, FT=. ErbB4 IX MAPK ¥ 7 /v 2L S
72o S 512, FAK V7 F /U347 LY ErbB4 {RIFHIZIEME(LIRBE AN B X %
DT TIE 2o Tz,

INOORREAEE LD L ErbB4 ORBUTMAFEIZ L - T PI3BK/Akt 38 L
MAPK #REIZHEL 52 5 2 LRI SN, £, VM JEEGREDS m WAl ©
1% FAK DIEMALR R 208, 43 L b2 OIEME(IT VM IBEIZ LB TIE 720
Z LR E Lz,
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Figure 3-8. KO of ErbB4 activates FAK signaling in T47D cells.

Parental and ErbB4-KO T47D cells were lysed and western blot was performed.
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Figure 3-9. Reexpression of ErbB4 does not suppress FAK signaling in ErbB4-KO

T47D cells.

ErbB4-KO and ErbB4-rescued T47D cells were lysed and western blot was performed.
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%4 H AVEZ IR MEHEREIE R

BN AL, =AM U RAR (estrogen receptor: ER), 7R AT R KK
(progesterone receptor: PR) I TN HER2 DX HL &L - TKRABIZ L, Table 3-1 (28
SHWONDHN AR D 73 FE % 7R UT2[75], AWFZEIZIU T MCF-7 3K T47D
MfRA O TODHY, ZUBIEW TSRV B ZBRGE, 372b 5 ER7)>D PRT
C luminal A BIDF B AMNLEL TEHINTWD, Z2T, ZNHARVEVZBERO T
T 7T IVDs VM BRI R 2 5- 2 D0 S il ~Tz, £ MCF-7 MildiZ ER 7
VHIA=ANTHD fulvestrant, PR 7% =T = AT D mifepristone ZZ L4 3 uM
TRBELTZRER . WI b MCF-7 MlRIC 8% 5237, VM BRI Z S0 -7
(Figure 3-10), F7=, T47D FMALIZIB W THIRERIZS T T = AN LB U7t 2R |
fulvestrant ZLFRIZ2 > T VM JERITHNHISAU, mifepristone (FIFEA L 5.2 72
o7z (Figure 3-11),

UL EOFERZEEDHE MCF-7 flliaiX VM JEECRER A L TS E DR X
ER 3L PR Tl o7z, Fio, T47D M2\ T, PR TiE72< ER 23 VM FZAL
ZEHESE Tz, WFNOR RICBOTHEIERZET RSN T, ER BLT PR IL VM
TERUZ BV THER R F TII RN EDRIBS I,
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Table 3-1. Subtype of human breast cancer cell lines [75].

Cell lines

MCF-7

T47D

BT474

SKBR3

MDA-MB-231

ER

+

PR

+

54

HER2

Subtype

Luminal A
Luminal A
Luminal B

HER2

Triple negative



Fulvestrant Mifepristone

Figure 3-10. Antagonists of hormone receptors does not affect VM formation in
MCEF-7 cells.

MCF-7 cells were suspended and treated with DMSO, 3 uM fulvestrant, or 3 pM
mifepristone. Then the cells were seeded on Matrigel-precoated 96 well plates (1.6 x 10*
cells/well). Representative images of VM formation were shown (5 hours after seeding).

Bar, 100 pm.
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Figure 3-11. An estrogen receptor antagonist suppresses VM formation in T47D
cells.

(A) T47D cells were suspended and treated with DMSO, fulvestrant (1 or 3 uM), or
mifepristone (1 or 3 uM). Then the cells were seeded on Matrigel-precoated 96 well plates
(1.6 x 10* cells/well). Representative images (3 uM treatment) of VM formation were
shown (5 hours after seeding). (B) VM formation was quantified at 5 hours after seeding,
and the number of tubes was counted in six randomly selected independent fields. Bar,

100 um. Data shown are means + SD. P value <0.05 is indicated by *. N.S., not significant.
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%5 5 8 Neuregulin 1 (225 ErbB4 OIEMEAL & 1L & HERETE ik

%5 2 T ErbB4 O3B VM JERA BUCHIET D2 LB/ o72, L,
ErbB4 |3V AU RIETFE FClE “EBIMEBLIOH QU B b3, [REER THD,
ZZCL S HiTTld ErbB4 DU H L REL THILALS neuregulin 1 (NRG1) Z i@ |2 4L
BRL[76]. ErbB4 Z{EMALS 7202 VM RN E DI B LT D07 L 7=,

1) IEPEAERLES L OVRTEPE LB ErbB4 38 7158 B L O 4 57

MDA-MB-231 (23T, ErbB4 Z RIS/ RICIKITDH NRG1 DOZhE
R T 52 LI LT, DO RE LV IICFEN T 5720 B A O ErbB4
(ErbB4/wt) 12N 2 T, % 32 & B9iG E(L& o E872K 4 # %! ErbB4
(ErbB4/E872K), 7 —BIEM% Ki>t7- K751M £ 5 ErbB4 (ErbB4/K751M) %
ENENFBS T MR A BN LT (Figure 3-12),

ErbB4

E872K
K751M

()
[kDa] 2 ¢
210 —

SR | o-tubulin

40 —

Figure 3-12. Establishment of wild-type or mutant ErbB4-overexpressing MDA-
MB-231 cell lines.

MDA-MB-231 cells stably overexpressing wild-type (wt), E8§72K, or K751M ErbB4
were established, and the expression of the protein was confirmed by western blot. The

pCl-neo empty vector (Neo) was used as a control.
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2) BRI L O — B ARTEMTY ErbB4 1235175 NRG1 O ALER - 1 B e RETE Ak

WD, ErbB4 OIEMALZFHE T 5542 5720 | ErbB4/wt I8 LW
ErbB4/K751M Z il F Bl w72 MDA-MB-231 fifiaz TR gt U7, M6 5% Hh
HCARIARIZ R T 100 ng/mL @ NRG1 % 30 4r[FALEEL 72565 5 ErbB4/wt (XU
felb. 37273, ErbB4/K751M Tl ErbB4 @ ATP fEARAA UV INAERL TV DT
H OV b= 572 -7 (Figure 3-13), -, 100 ng/mL ® NRGI1 T ErbB4
DIEMALZFHE TEDIENIRENTZ, £ T, ZOSMTNRGI ZLELL 72 B D45 #
el VM JE & a1 L7255 3. ErbB4/wt i 15 BLAIAE Tl NRG1 ALHLIZ > T VM
FERR N A B AR HE L 7= (Figure 3-14A,B), —J7. ErbB4/K751M 8 % % BLAM I ClL
NRGI (ZX2T VM JERIFIRO BV | W Ef S D E I H > T2 (Figure
3-14C,D), = D7=% NRGI X ErbB4 DO —BIEMEEIFHIIC VM kA 5RD
ErbB4/K751M I NRG1 {ZE> TRIF U MR I T4 TN T E DV RIB S LTz,

UL EDOFERDL NRGL 28 VM JERAARES 5D RENT20N, T ErbB4
AR Z D I BEMEDS D, 2T, MDA-MB-231 M O HEEIZ NRG1 Z 2L
F2Z& T, ErbB3 X ErbB4 72 NRG1 D AR FEBLL TWRWNZEIT5H NRGL D
HRE M DT, TOREF, MDA-MB-231 #fE OBUKIZFV T, NRGI (X VM JEEK

2B % B2 727o T2 (Figure 3-15), 6> C, NRG1 (255 VM FEARAEHERh F i
ErbB4 {KfFAOICIELZ D2 LDV RENTZ,
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Figure 3-13. NRG1 activates ErbB4/wt in MDA-MB-231 cells.

wt or K751M ErbB4-overexpressing MDA-MB-231 cells were stimulated with vehicle
control or 100 ng/mL NRG1 for 30 minutes in serum-free medium. The stimulated cells

were lysed and western blot was performed.
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Figure 3-14. NRG1 promotes ErbB4-mediated VM formation in Kinase activity-
dependent manner.

(A and C) wt or K751M ErbB4-overexpressing MDA-MB-231 cells were suspended in
serum-free medium and treated with vehicle control or 100 ng/mL NRGI, then seeded
onto Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of
VM formation in wt (A) or K751M (C) ErbB4-overexpressing cells are shown (5 hours
after seeding). (B and D) VM formation of wt (B) or K751M (D) ErbB4-overexpressing
cells were quantified at 5 hours after seeding, and the number of tubes was counted in six
randomly selected independent fields. Scale bars, 100 um. Data shown are the means +

SD. P value <0.05 is indicated by *. N.S., not significant.
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Figure 3-15. NRG1 does not affect VM formation in MDA-MB-231 cells.

(A) MDA-MB-231 cells were suspended and treated with 100 ng/mL NRG1, then seeded
on Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of VM
formation were shown (3 hours after seeding). (B) VM formation was quantified at 3
hours after seeding, and the number of tubes was counted in six randomly selected

independent fields. Bar, 100 um. Data shown are means + SD. N.S., not significant.

61



3) E872K & 47! ErbB4 (233175 NRG1 LEE L ifn & #E BETE ik

NRG1 (2£% ErbB4 OiEVELIL VM TR AR ES W77 | TEME(LL 72 ErbB4 |
VM JER A EIZHIHT 22 EDVRBENT, £2C, EEOBABE TSV THREH
DMEHkd 5 ErbB4 O E872K 28 B H L7-, E872K A # 1T ErbB4 OfifaNT
VT —ERALL T, 2,614 ZADIT T =0 NT T2 NEHTHIETRIAIA®
VA ETH D (Figure 3-16A) [64,65], 20 E872K 28 ¥ 13 ErbB4 O —BIEME%
BRD DT EMIRIBR I CNDT=D[65], ErbB4/wt LEEEEL T, VM R Z LOfEE s+
HIERI2DOTIIIpNEE 2 T2, EORREEIZ Y 72D western blot (ZJ> T ErbB4/wt 5
J O ErbB4/E872K DU RAVL ~ V&Gl ~T2fl G U R TéhD NRG1 A LB 72
VVIREE (= 0 ng/mL) C ErbB4/E872K [T58< U ER{LEN DT EN LM /2 -7
(Figure 3-16B), &IZ. NRG1 ALFHFD ErbB4 DOV gL~ % FEAf L 7245 5
ErbB4/wt TiX NRGl DIREKRFWICEDOY LY NV B LIZAS,
ErbB4/E872K TIZ NRG1 OALFRIZLDZ DY AL~V MK F L= (Figure 3-16B),
[AL ErbB 2 5K~ 73U —CdD EGFR IZHW T, EH HITIEME(LL TV 5 EGFR (2
ZDVH R THD EGF ZULEET5HE EGFR OIEMHALRTHD LD END S THIIED
BHDHT=[77]. ErbB4/E872K (Z NRG1 Z LB L 7= RFd [RIERIC, i eTE M bic L&
DT L—RN\ IR ST2EB 255, UL EXD, ErbB4 @ E872K A HIZUH U RIE
KIFIIC B B OX T —BIEMEE TR TV, NRGl I L > TEDIEERTFD 5
NAHZENRSITZ,

feW T A IIZ BT 5D VM B RCRE Z FEAl L 765 B . NRG1 FE{F{E T T,
ErbB4/E872K % ErbB4/wt J.0H EV Y VM FE R EERN R 2R L7 (Figure 3-17), &5
(2, ErbB4/wt i FIF BLMALClX NRG1 OALERE FERIFHIIC VM JERGREN LA L7-
23 (Figure 3-18), ErbB4/E872K i FIFEBLAMAL TlX NRG1 DOALELR FE(KAFIC
TER G5O BT (Figure 3-19), ZDi RIL, Figure 3-16 T/RUTZY U 2{k ErbB4 &
DOHPREFRBIL TODZEND, TEPE(ETY ErbB4 1 X VM FE R AR HESH 52 L3RR
ATz,
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Figure 3-16. E872K mutation enhances ErbB4 phosphorylation in the absence of
NRGI.

(A) A schematic diagram of the functional domain of human ErbB4. Two cysteine-rich
and tyrosine kinase domains are contained in the extracellular and intracellular regions,
respectively. The partial nucleotide sequences of the wt and E872K ErbB4 are shown.
(B) wt or E872K ErbB4-overexpressing MDA-MB-231 cells were stimulated with
vehicle control or NRG1 (10, 30, or 100 ng/mL) for 30 minutes in serum-free medium.

The stimulated cells were lysed and western blot was performed.
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Figure 3-17. E872K mutation enhances ErbB4-mediated VM formation in the
absence of NRG1.

(A) wt or E872K ErbB4-overexpressing MDA-MB-231 cells were suspended and seeded
on Matrigel-precoated 96 well plates (1.6 x 10 cells/well). Representative images of VM
formation were shown (5 hours after seeding). (B) VM formation was quantified at 5
hours after seeding, and the number of tubes was counted in six randomly selected

independent fields. Bar, 100 pm. Data shown are means + SD. P value <0.05 is indicated

by *.
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Figure 3-18. NRG1 promotes ErbB4/wt-mediated VM formation in a dose-
dependent manner.

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were suspended in serum-free
medium and treated with vehicle control or NRG1 (10, 30, or 100 ng/mL), then seeded
onto Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of
VM formation are shown (5 hours after seeding). (B) VM formation was quantified at 5
hours after seeding, and the number of tubes was counted in six randomly selected
independent fields. Scale bar, 100 um. Data shown are the means + SD. P values <0.01

and <0.001 are indicated by ** and ***, respectively.
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Figure 3-19. NRG1 attenuates ErbB4/E872K-mediated VM formation in a dose-
dependent manner.

(A) ErbB4/E872K-overexpressing MDA-MB-231 cells were suspended in serum-free
medium and treated with vehicle control or NRG1 (10, 30, or 100 ng/mL), then seeded
onto Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of
VM formation are shown (5 hours after seeding). (B) VM formation was quantified at 5
hours after seeding, and the number of tubes was counted in six randomly selected
independent fields. Scale bar, 100 um. Data shown are the means = SD. P value < 0.001

is indicated by ***,
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4) MDA-MB-231 i\ 3315 % ErbB4 OIEMEAL & Tt s 7 ARz O Fh

ErbB4 OIEMEALD VM R A RE S 7= 72, & OIGMERFIC I 1T DMl &
7 FIWAsiE L L7z, ErbB4/wt ZEHIFEHL 72 MDA-MB-231 fifdiZdsu
T, NRG1 % 10 /7 [4LEE 95 & ErbB4 O U Vb L-~WT LR L7=b oo, %
DRy 7T NDOFELWEERIITZR S h» 7 (Figure 3-20), — 7 T,
ErbB4/wt & ErbB4/ER72K % NRG1 FEAFA(E T Tl L 72 4. ErbB/4E872K 1 %
FE LM Tl PIBK/Akt & 7 VgL L T /o (Figure 3-21), £ 2 T,
ErbB4/wt Z i@ 58 <72 MDA-MB-231 #lildiZ NRG1 % #LBE L C ErbB4 %%
PEEH, PI3K FLEHITH D LY294002 Z ML L7-/5E R, VM RS E L < LE
Sz (Figure 3-22), 7=, ErbB4/E872K % F|% 8l =t 7- MDA-MB-231 #fifid
IZBWTH, LY294002 (& VM Bk Z 5e 2 fHE Lz (Figure 3-23), 16> T,
ErbB4 %4 L7= VM JZERIZE T, PI3BK/Akt &7 /WEZE DOFERIZEH 535 2
E VIR S LT,
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Figure 3-20. NRG1 does not activate the downstream signaling in ErbB4/wt-
overexpressing MDA-MB-231 cells.

ErbB4/wt-overexpressing MDA-MB-231 cells were stimulated with vehicle control or
100 ng/mL NRG1 for 10 minutes in serum-free medium. The stimulated cells were lysed

and western blot was performed.
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Figure 3-21. E§72K mutation of ErbB4 enhances PI3K/AKkt signaling in MDA-MB-

231 cells.

wt or E&72K ErbB4-overexpressing MDA-MB-231 cells were lysed and western blot was

performed.
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Figure 3-22. LY294002 significantly suppresses VM formation in ErbB4/wt-
overexpressing MDA-MB-231 cells.

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were suspended and cotreated with
100 ng/mL NRGI and 10 pM LY294002, then seeded on Matrigel-precoated 96 well
plates (1.6 x 10* cells/well). Representative images of VM formation were shown (5
hours after seeding). (B) VM formation was quantified at 5 hours after seeding, and the
number of tubes was counted in six randomly selected independent fields. Bar, 100 pum.

Data shown are means + SD. P value <0.001 is indicated by ***. N.D., not detected.
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Figure 3-23. 1.Y294002 significantly suppresses VM formation in ErbB4/E872K-
overexpressing MDA-MB-231 cells.

(A) ErbB4/E872K-overexpressing MDA-MB-231 cells were suspended and treated with
10 uM LY 294002, then seeded on Matrigel-precoated 96 well plates (1.6 x 10* cells/well).
Representative images of VM formation were shown (5 hours after seeding). (B) VM
formation was quantified at 5 hours after seeding, and the number of tubes was counted
in six randomly selected independent fields. Bar, 100 um. Data shown are means + SD.

N.D., not detected.
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5) T47D M2 33 1F % NRG1 ALEE & ifn & B RE ik

T47D iz HW T, WNIEMED ErbB4 ZiEVE(L S8 72RO 5 2 554 L 7=,
T47D fAEIZ%F LT 30 ng/mL ® NRG1 % 4LEE U7-fE 5, ErbB4 @ VU U ER{b23 i
<FHFEINT (Figure3-24A), & Z T, AT NRG1 Z4LH L T VM B & 7
i U724 5. T47D M2 35\ T 6 NRGI 13 VM JERL & I8 L 7= (Figure 3-24B,0C),

T47D AT AERIZ ErbB3 Z =388 L Tk ¥ | NRGI 1% ErbB3 ik S+
HZEDRMBENTWAH[T8], D=, NRG1 IZ ErbB3 %/ L T VM ik & it itk
SEEAEELE X OND, EEE. T47D MiaOBIEKIC NRGl ZALHET 2 &
PI3K/Akt 3 LT MAPK & 7 L 3 iEMEALS % D & [FIRRIC (Figure 3-25), ErbB4-
KO #RIZBWTH NRGLIZZ NS DV 7 niE &2 iGME(L & 72 (Figure 3-26),
L72>L, NRGI % ErbB4-KO T47D @23\ Tk VM FERL & e S 7e o 72
Z &5 (Figure 3-27). T47D #lIZ31F 5 NRG1 @ VM 2121 R1%. ErbB4 %
MLIZbDOTHDZ ENRENT,

U EORRAEE DD E NRGLIZE D VU Y REIFHY7: ErbB4 DIGME(LIL,
VM IR &R STz, £, BB A 7 ) —~CREELSARE TS SR
TUW5 ErbB4 @ E872K Z25&%, U Y NIZ X AR L C ErbB4 Z G AL &
. VM ERERESELERTH o7, EbB4 O Tt 7 F /20T,
PI3K/Akt > 7 /v DIEVELA VM FERL EAHBET 5 Z & R S iv7e,
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Figure 3-24. NRG1 promotes VM formation in T47D cells.

(A) T47D cells were stimulated with vehicle control or 30 ng/mL NRG1 for 30 minutes
in serum-free medium. The stimulated cells were lysed and western blot was performed.
(B) T47D cells were suspended in serum-free medium and treated with vehicle control or
30 ng/mL NRGI1, then seeded onto Matrigel-precoated 96 well plates (1.6 x 10*
cells/well). Representative images of VM formation are shown (5 hours after seeding).
(C) VM formation was quantified at 5 hours after seeding, and the number of tubes was
counted in six randomly selected independent fields. Scale bar, 100 um. Data shown are

the means + SD. P value <0.001 is indicated by ***.
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Figure 3-25. NRG1 activates ErbB4 and its downstream signaling in T47D cells.
T47D cells were stimulated with 30 ng/mL NRG1 for 10 minutes in serum-free medium,

then lysed and western blot was performed.
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Figure 3-26. NRG1 activates intracellular signaling in ErbB4-KO T47D cells.
ErbB4-KO T47D cells were stimulated with 30 ng/mL NRGI for 10 minutes in serum-

free medium, then lysed and western blot was performed.
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Figure 3-27. NRG1 does not promote VM formation in ErbB4-KO T47D cells.

(A) ErbB4-KO T47D cells were suspended and treated with 30 ng/mL NRG1, then seeded
on Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative images of VM
formation were shown (3 hours after seeding). (B) VM formation was quantified at 3
hours after seeding, and the number of tubes was counted in six randomly selected

independent fields. Bar, 100 um. Data shown are means + SD. N.S., not significant.
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%5 6 Hi Afatinib ZLER & 1 HEREI AL

B S EHOMENS, IEMEL L7z ErbB4 1X VM B2 (RESE 5 2 & T, A
DEMACICTE T2 2 LN EZX BN D, 2T E TIZ, EGFR X° HER2 72 £ @ ErbB
SRR ARER & UTAR S FRRERDFAR SN H OB AL TE 7223, VM BEER Al
BT 5 OERNFITIN SN TVWRY, £ 2T, pan EbB HEAIE LTHB N
% afatinib &2 VT, ErbB4 Z 41 L7z VM JERDMESy FAEAEIC L 0 Jifl S v b
A% B L 7=,

1) ErbB4 FEMEAFHI72 VM JERKIZ331F % afatinib ZLBR

MDA-MB-231 #Id O BER T, ErbB4 [ZFEHL L TV 223 afatinib DIER)TH 5
EGFR [3#H L T\ 5 (Figure 3-2), & Z THI®HIZ, ErbB4 IEMEAFHI7 VM FE K
(\Z31F % afatinib OFNHIZN R A FEA L7z, £ OfEF, MDA-MB-231 i O #ERIC
FU T afatinib DFEE 1 uM £ TIE VM RN R 509, 3uM THEIC VM
TERK 2 M) L7z (Figure 3-28), % L T, 10 uM @ afatinib ZLEEC VM JEAKIT 5842
(Il STz, BE> T, afatinib 1T ErbB4 FHEKAFAY7 VM FER & Jl45 = &3
RN,
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Figure 3-28. VM formation of MDA-MB-231 cells is suppressed by 3 pM afatinib
treatment.

(A) MDA-MB-231 cells were suspended in serum-free medium and treated with dimethyl
sulfoxide or afatinib (0.1, 0.3, 1, 3, or 10 uM), then seeded onto Matrigel-precoated 96
well plates (1.6 x 10* cells/well). Representative images of VM formation are shown (3
hours after seeding). (B) VM formation was quantified at 3 hours after seeding, and the
number of tubes was counted in six randomly selected independent fields. Bar, 100 pm.

Data shown are means = SD. P value <0.001 is indicated by ***. N.S., not significant.
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2) ErbB4 Z 41 L7z B HERETE R 351 % afatinib ALEE

WIZ, ErbB4 Z i\ R B S 72 MDA-MB-231 #2353\ T, afatinib % 4LEE L
T=BED VM A Z Rl L 7=, 72345, ErbB4/wt Z @RI B S H 7= flf iz B8V Tk,
NRGI1 ZLBRIZ X D VM AR & (EAE S 2 OIFD afatinib |2 X 5 VM [HEZh R %
FRAIE LTz, Z OfEH. ErbB4/wt @ EIFE BLANA TIIBIRL & FIERIC, 3uM THEIC
VM JEEL Z i) L 7= (Figure 3-29), — 5 C. ErbB4/E872K iaFIFEBLMIIE CTix, 0.1
UM O afatinib LB T L < VM ERAHIHI S 4172 (Figure 3-30), % 7. ErbB4/wt
¥ KUY ErbB4/E872K (%, 454 OumFIFEELMALO VM TERA I S 72D
afatinib ZLPRIZ KV . 2DV Uk L <l &4l (Figure 3-31), 6> T,
EQ72K ZE 5413 ErbB4 DV LS FHEE S 03 < 23D afatinib (2K 5 VM A

R EZITROT VI ERH LN T,

INBDORERNG, BEFoT v —EBHEH (tyrosine kinase inhibitor:

TKI) 725 VM JERROMFNZ AR TH D Z & xS, £z, ErbB4 OTEFHITEME
ERIZE 51T TKI OFER & L THE TH H 2 LR S vz,
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Figure 3-29. VM formation of ErbB4/wt-overexpressing MDA-MB-231 cells are
suppressed by 3 uM afatinib treatment.

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were suspended in serum-free
medium and co-treated with various concentrations of afatinib and 100 ng/mL NRGI,
then seeded onto Matrigel-precoated 96 well plates (1.6 x 10* cells/well). Representative
images of VM formation are shown (5 hours after seeding). (B) VM formation was
quantified at 5 hours after seeding, and the number of tubes was counted in six randomly
selected independent fields. Bar, 100 um. Data shown are means + SD. P values <0.05

and <0.001 are indicated by * and ***, respectively.
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Figure 3-30. VM formation of ErbB4/E872K-overexpressing MDA-MB-231 cells are
suppressed by 0.1 pM afatinib treatment.

(A) ErbB4/E872K-overexpressing MDA-MB-231 cells were suspended in serum-free
medium and treated with various concentrations of afatinib, then seeded onto Matrigel-
precoated 96 well plates (1.6 x 10* cells/well). Representative images of VM formation
are shown (5 hours after seeding). (B) VM formation was quantified at 5 hours after
seeding, and the number of tubes was counted in six randomly selected independent fields.

Bar, 100 pm. Data shown are means + SD. P value <0.001 is indicated by ***,
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Figure 3-31. Afatinib inhibits phosphorylation of ErbB4 in MDA-MB-231 cells.

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were cotreated with 100 ng/mL NRG1

and 3 uM afatinib for 10 minutes in serum-free medium, then lysed and immunoblotted

with the indicated antibodies. (B) ErbB4/E872K-overexpressing MDA-MB-231 cells

were treated with 0.1 uM afatinib for 10 minutes in serum-free medium, then lysed and

western blot was performed.
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%5 7 fi ErbB4 28 BLE 3 /AL O BB Bk B

ZINETORERND, ErbB4 238 B & OIEMEALIRIBIZIN U TZERIC VM R A FA i
THIENRINT, FTTHREID, JEE ML O BB TR ThH D0 A ML D 15
HE. WEAREIZDUVNT, ErbB4 0% DA BARMN 5.2 58 8% R~

1) ErbB4 /373 AR O HEFEREIZ 5 2 DR 2

MDA-MB-231 #ifiZ35u T, ErbB4 % it %8 Bl W72 IRp o il i s A e A FEAT L
TGS (Figure 3-32A), fMEHEFE L 48 IREfE T, Neo L0 ErbB4/wt 1 el B e
DARNIEL N <27, FT-, ErbB4/K751M IE ErbBd/wt &b~ TAMIIE A KT
X7z, ED% 96 Wi T, ErbB4/E872K I ErbB4/wt L0 Ml it stife s EH-SH7-,

&51Z, poly-HEMA Z=—RL7= well plate EICHIIEZFEREL . &5 IR F A7
fRPEsHAEA L 7= (Figure 3-32B), = D#EF:, Neo (2T ErbBd/wt (3 LA
HERR R NS ErbB4/E872K 1d ErbB4/wt NG SIOIZAEMaE N o -1z, Fi-,
ErbB4/K751M I ErbB4/wt JOH A B2/ ChoT-, 16> T, ErbB4 (X
RGN B LRSI 7 Mg IE 2 e e L | £ DG MEIE E872K A RITK
STEOOLINAZEN RS,

2) ErbB4 MM AHIBE OB BRI 52 D2

Wound-healing assay (220, MDA-MB-231 #fi i {235\ T ErbB4 Z i@ I R Bl w72
RF DA AEREZREM L 7= (Figure 3-33), € D%, Neo (Zkh~_T ErbB4/wt i 5|
FEBLHIIE T, Z OIS EFENMK N L7z, — 7T, ErbB4/E872K I% ErbB4/wt &Lt
NCHIfREE 2R ST, 565 C, ErbB4 O3B L TR ERE XK T 528,
ErbB4/E872K TIIZ DA RED A LA ENHBNIT/2 5T,

INHOREREELDDHE, ErbB4 (3D ErbB A2 AR L [EIREIC, Al AT —
PIEMHAEAFANARES S Z LD RSN T, £z, ErbB4 25HifailE 212 52 %50 8
VM FERROREREFHEIL THY, ErbB4 (FMIIEBE OFAFIZ /LT VM 2K A il {8
THIENRIRI T,
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Figure 3-32. ErbB4 regulates cell proliferation in MDA-MB-231 cells.

(A) wt, E872K, or K751M ErbB4-overexpressing MDA-MB-231 cells were seeded on
96 well plates (500 cells/well) and cultured for 96 hours. WST assay was performed at
every 24 hours. (B) wt, E§72K, or K751M ErbB4-overexpressing MDA-MB-231 cells
were seeded on poly-HEMA -precoated 96 well plates (5 x 103 cells/well). After 10 days
culture, WST assay was performed. Data shown are the means £ SD. P values <0.05,

<0.01, and <0.001 are indicated by *, **, and *** respectively. N.S., not significant.
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Figure 3-33. ErbB4 regulates cell migration in MDA-MB-231 cells.

(A and B) wt, E872K, or K751M ErbB4-overexpressing MDA-MB-231 cells were seeded
on 12 well plates (2 x 10° cells/well). After 24 hours culture, cells were scratched and
washed with PBS, and maintained with serum-free medium for 24 hours. The
photographs were taken under phase-contrast microscopy at 0- and 24-hours after
wounding (B). Migrated areas were quantified at four independent areas in each cell. Data
shown are the means £ SD. P values <0.01 and <0.001 are indicated by ** and ***,

respectively. N.S., not significant.
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58 Flw

53 BCIE, MR ICRBLL . DA T DHERED EHE7 ErbB4 IZIEH LT,
VM TR E D BAMRZFEAT L7z, B RFLAS /UK REIE 2 N CHEHT L 72 /% 3L, ErbB4 D3
B VM B ER DN H L LN RIBS Iz, £Z T, ErbB4 ZFHLL TV 7w
MDA-MB-231 ##/i@Z ErbB4 Z i@ EFEBLS 7RG K. VM TR 2 LIl S v,
—J57C, NAEMIIZ ErbB4 % =3 BLL TV % MCF-7, T47D il 35\ C ErbB4 % KO
THE, VM JERMEE LTz, ZHBDHE RN 5, ErbB4 OFEH H KT VM TEaZ A
RIS Bz e RENT,

fEV N T, ErbB4 ZE (LS ET-BRD VM B2 7 L 72, ErbB4 Z i RIFEHLIH 7
MDA-MB-231 #HfdiZ, ErbB4 DY R ThDH NRG1 ZRLERL7-f5 5L, VM TE R
WL, 2O, & —BIEME% KdoH 7= K751M ErbB4 Tl NRG1 (2X0 VM JE %
DMEELRD T2 0D ZOMEHEZN FIE ErbB4 OXFF— BRI TR ISZ
EDTRIBS T, o, TNETICH DA AT ) =< EEEON A THESNLTND
ErbB4 @ E872K ZERIZOWTHIHTRER, ZOZERITI > T AU RIFKAFRIIC
ErbB4 OV AL FHESL, VM JERGLIRD BTz, £D—J5 T, ATP BiARIIC
ay o xF—BIEEZ I T % pan ErbB [HEHITHS afatinib ZLBEL7-FE, 2
E872K 28 F&AMHIE 2 VM TERRITARS R FE D ALFE T STz, 2O ZEH 5, E872K
LE T T —BIEMEOH 28 T VM a2 m<GE 8208, i TFuv T
—EIHFANCL DA EREZ T 0T <D IERBS I,

L EED, ERLAAHIIEIZHU T, ErbB4 OFEELIEL VM TRk ZMH] 3253, IEME
b32L VM B ZRESE L LRI,
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55 3 EOLBRITIE

1) Afass

ERELA A ¥ MCF-7, MDA-MB-231, T47D #ifidiZ. DMEM F:H#1lZ 7% (v/v)
fetal bovine serum (FBS), 100 units/mL penicillin G, 100 mg/L kanamycin, 600 mg/L.
2.25 g/L NaHCO; Z UL 7=k T, 37°C, 5% CO» o1 FChsE L 7=,

2) In vitro VM formation assay

~ N7 Ik ECRkfiRL ., MEf %O DMEM B5HIC XD 1.5 52 R THU =,
JK_ET 96 well plate ([ZFT R 2~ N7 L&z (40 pLiwell), %528 T<H
FNEY—Ca—T 47 Uiz, D%, 37°C T30 L EFFET S Z LT, <MY
TNESERIZTMEES YT, ZfbLie~ U ZV B2, 1.6 x 10% cells/well &7
HINTRRE U2 R L, 37°C, 5% CO» 5 FCHE&E L7, VM Bk DR
TIXBAMEE (Leica) CHg L. MM CHENMEEAE "tube” L LTHU L ML
oo 1 ODOH T NITDE 6 FFTORBEZIRE L, 5% D tube LU FL
TImm?H72 ) OFEFH L, FT 22 L TVMIBRDOEELEZIT> T2,

3) ErbB4 O HLF L O

bt ErbB4 @ ¢DNA %, Addgene K VA L7z, F£7-. BHA L ErbB4 23
" CRISPR/Cas9 IZ L VRE SN D DEPISTed, 7 VBEHBRAEZ S0 K
I\, HEIE U7 ErbB4 OEFEAEWR LT, WRABERIZHW- 7 714 ~—0D5
UL T DY Th 5,

Forward, 5’-GTCTCTTTGCTGGTCGCCGCCGGGACCGTCCAGCCCAGCGATTC
TC-3’

Reverse, 5’-CCACACCCACAAGCCGGTGGCTGGCTTCATACGCGTGAATTCTC
G-3°
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F7-. E872K ZH G N K75IM ZEIIUTO T I ~—IZ L W ERLZEAL
7=,

E872K

Forward, 5’-GAAGGAGATAAAAAAGAGTACAATGCTGATGGAGG-3’
Reverse, 5’-ACTCTTTTTTATCTCCTTCCAAGAGTCTGGCTAGC-3’
K751M

Forward, 5’-TGATTCTTAATGAGACAACTGGTCCCAAGG-3’

Reverse, 5’-TAATAGCCACAGGAATCTTCACAGTTTCTC-3’

FROT T A ~—% MW T PCRIZE Y HEIE L7, ¥EIE L 72 Cas9 M1 D ErbB4
Bls %, Mlul 3 X Notl (2 &V il [RE%ELEL L 7= pCl-neo plasmid (Promega)
(ZHIIAATE, Z D7 T A3 %, Lipofectamine™ 3000 Transfection Reagent %
AT MDA-MB-231, T47D fifalZ 85 8 A L7z, D%, 500 ug/mL O G418
(FUJIFILM Wako) (2L V&L 27 g &2fT0, BRAFIIEICLY 7 m— fik
FRAZRINL LT

4) CRISPR/Cas9 ¥ A7 % Fv 7= ErbB4-KO e O f 37

ITGB1 & [RIEEIZ, = v B —F&ZER Cas9 (D10A 2 5 % F T ErbB4-KO
iz #I3Z L7z, Single guide RNA Z{ES 72 DAY = DNA OFLANIEL, LL T O
nThs,

FER) 1:  forward, 5’-CACCGCAGACCCAAAGTCCTGTCGC-3’
reverse, 5~ AAACGCGACAGGACTTTGGGTCTGC-3’
FER) 2: forward, 5’-CACCGGTGAGCCTTCTCGTGGCGGC-3’
reverse, 5’-~AAACGCCGCCACGAGAAGGCTCACC-3’
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%% O forward & reverse D4 Y = DNA #7 =—VU 27 L, Bbsl (Z X U fillR
FE R LB L 7= pSpCas9n(BB)-2A-Puro (PX462) V2.0 plasmid [ZFHAGA AL TE, 2305
2507 F A R% . Lipofectamine™ 3000 Transfection Reagent % 1\ T T47D i
JlZBfE 7 E AL, 2 pg/mL @ puromycin dihydrochloride T& L7 v a v &{T-
7o & D% RFAPIEIZ LV 7 v — U HlaR 2 132 L . western blot |2 K ¥ ErbB4
D KO ZfifEad L7z,

5) Western blot

Al Z 2 k¢ L7 PBS Tleyd L7-1%. lysis buffer (50 mM Tris-HCI, pH 7.5,
150 mM NaCl, 0.1% [w/v] sodium dodecyl sulfate (SDS), 1% [v/v] Triton X-100, 1%
[w/v] sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride) %A% 7=, 72
BV RS N BT HBRCIE, EREOMEKIZINA T PhosSTOP™ %
Nz 7z lysis buffer Z W\ o, 7 3—R U 2AvrZHOTHAZREE > T A
7aT7TAMFa—T7ICWiEEB L, BERAHEST 5 L TRl 2 R L7,
Coomassie Brilliant Blue G-250 % FHN CRUNRIE IR D & o 3 7 BRI 2 E & L |
B TN OPRE Z A 2 T2, & 7 /VIZ loading buffer (350 mM Tris-HCI, pH 6.8,
30% [w/v] glycerol, 0.012% [w/v] bromophenol blue, 6% [w/v] SDS, and 30% [v/v] 2-
mercaptoethanol) Z /1%, 98°C T 5 73 MEMLER L 721, SDS-PAGE |2 X D # o/
B LTz, KBS V% PVDF BRICHEE L, PURPUARRISIC K0 4% %
VNI EH R LTz, 1 IREUARIE, Bt EGFR $iL{K (Cell Signaling Technology #2232).
Pt HER2 $iL{K (Santa Cruz Biotechnology #sc-7301). T ErbB3 #iL{& (Cell Signaling
Technology #12708). #it ErbB4 Ht{& (Cell Signaling Technology #4795). #T p-ErbB4
(Y1284) LK (Cell Signaling Technology ##4757). #l-a-tubulin HT{& (Merck KGaA
#T5168). T FAK HT{A (BD Biosciences #610087). i p-FAK #i{& (Abcam #ab81298),
L Akt HUIA (Cell Signaling Technology #9272). $it p-Akt (S473) HLf& (Cell Signaling
Technology #4060). #T Erk2 fiL{& (Santa Cruz Biotechnology #sc-1647). it p-Erk1/2
(T202/Y204) Hii& (Cell Signaling Technology #9101) % FH M=, F 7=, FAIZiX,
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Western Lightning Plus-ECL (PerkinElmer) & Immobilon Western Chemiluminescent
HRP substrates (Merck KGaA) % N7z,

6) WST assay
Cell Counting Kit-8 Z fICEHIM L (FEH10 1/10 &), 37°C, 5% CO &M F T
2HEMA v F 2 _— L7z, FD%. 450 nm OWEEE 2 HIE LT,

7) 96 well plate (Z331F % poly-HEMA O =2 —7 > 7

95% T % ) — VIR HIZ, poly-HEMA O¥3y K% 5 mg/mL DIEE L7025 X 5
Mz .37°C T2 HA U Fa— h§ 5 I & TRAICHEM ST, Z D poly-HEMA
Wik % 96 well plate 12 50 puL/well & 722 K 912 A L, 37°C T2 HREA > F =
NR—= R T HZETTH ) — NV EREIE[T3],

8) Wound-healing assay

HlE A 24 well plate 12 2 x 10° cells/well & 722 K O ITHERE L, 24 B[R L
72o D%, 200 uL pipette tip (WATSON) (2 L » THIAIC v v 7 Z/EV . PBS
TP L7-th, FBS 25 £ 72\ EEMIC 24 BRRIESE L7z, &4 OMIEIC D& 4 15
ATDX ¥ v 7 &g L, Image] ¥ 7 b =7 (version 1.51s; National Institutes of
Health) Z M\ % Z & T[74], Mifa23 i E Lz €&k L7z,

9) AEEME

KREICBITFAT—Z %y ME, 2 V7O OB Student D ¢ Fi7E
ZRW, Eiz, 3V TVLL ETHZ1T 9 BRIZIEZ. one-way ANOVA I8 X
Tukey DZHEIIREZITH Z & THHr LTz, 723, SPSS ¥ 7 k7 =7 (version
27; IBM) 12 X U #EEHET 21TV, P<0.05 DI, AERENH D EEFR LT,

10) #3K
Z DA OFAIEIT, TFREOE Y ITHEA LT,
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Neuregulin 1-B1: R&D Systems

Fulvestrant: Cayman Chemical

Mifepristone: Cayman Chemical

LY?294002: Cayman Chemical

Afatinib (BIBW2992): Tokyo Chemical Industry

91



FA4E BEE

MAEHEERE (VM) 1T, SNSRI EEIEZFY 3 24T BSARRIC kL
BRANAE RS ELBIR ThD, DL TR PR IR L DO FAE DS L2
RAJRTHDHT-H, VMIEDAZEMELSE LB R THHEB X DIV TS, FEERIZUT
EOWSET, VM DIFEIXDBADRTECERS BEO THRARICH T84
THRERDZERE SN TN D, DT VM Z 4] TE UL R 7208 A TR 1T
DIRMBHERDIDN, ZORARWLIE R AT =X DMAT A2 83 %< VM Z4E
I E LT ARIERITBL R TRV O BUR TH D,

ZAVETOMIET, VM BTSN~ v 72 (ECM) 2V E B fElR Tl 252
EMTRIBENTNWD, E7o, BAMIBADO AN Foo s R B OR B &N T HT
L0 I REDZEALS VM OFERRICEE THLIENRBIIN TS, ZDTHE
FL, [HDRE DI T3 AMBICAERA L, ORI L0~ v
(REEMNEMAL T 528 T VM AT [ ERISND | SV RFAENL Tz, 2L T, 20
AUCEBNTHRMDAT 7 L7022 IR ORI\ ZEH Uiz, 23 AR O A
B EIZFBLT 2% AR VM B8 K 1- LA T 22EMB 2 0NHT20 , Z D%
ROBREZ T E T2 LN TEIUE VM B OGS ATEECTHHEB 2 T,

ZDIHRHE RO T, Aia ST 2 FEEOMBR A= K IRIZOVNT, VM DB
TR ZEMICIA~T=, 1 D H® integrin B1 (ITGB1) 1%, ECM OAEHZ2Z BRIRELT
HONCNDH LRI EThD, 2 OB ErbB4 [X, DA TEIRB TS LR KN T
ZRIET 7IV—0D | DELTHONDLZ L _IE T Do BERENELRIRHZD 2 HD
MR EZ AR VM IERE 2050 &5l 9528 C, iR m 2 2 k0
FEEIZED VM JEREEDN DD DNED, LI INWOE ZIZREGEILTENT
EHEEZZLND, £, MR EZ A RIL, KO TLEHCPIRER 7R PR 2 7
EXVTACEVERE T HIENTEDTD RSP AIRIROEN L THE R
3 FERRDATREME AL D TUD,

ARAFFENZ I T ITGBL & VM TER D BARRICBIL TIRONTRE Ra L HDHELLT
DIEN TH D,
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1)

2)

3)

4)

5)

6)

Integrin DOIEPEIX AL T AT A KOHIEISILTIY B NERHE P JE B kD
HT1080 #HAEIZ EGTA Z L3 5& VM FE A Il S 417z, $£7-, EGTA & CaCl,
IR 5L VM ERRNEIE LT=Z b, I AAA D integrin D
TEMAEDS VM EERICEZE CThH LD RIS U,

CRISPR/Cas9 v A7 AIZLY, ITGB1 % KO L7= HT1080 #lifla & 32 L7z, Z D
B Clix VM JEALREDS 52T Kb TRY |, ENALAS AU K MDA-MB-231 Al ds
FOBMAT ) —<H3%k CHL-1 #fdiZiCh ITGB1 % KO L7-fES, [FAkIC
VM JERA FE RISz, 16> T, ERRAMIND VM JERUZ ITGBL (344
FEARA R THHZED RSN,

ITGB1-KO HT1080 HifE(Z35 T ITGBI Z# HA B/ 5, VM EkiLnlE
L7z, > T, ITGB1-KO MIEIZH1F 5 VM R AED 1%, CRISPR/Cas9 A
T LD TH =7 NHRTIERL ITGBl O RKBIZEDHD THHI LD N E
iz,

ITGB1 MDKIBICEY FAK DOVABLL~LITE T L7223, ITGBl ZHIH S
H& FAK DOUARIEL~Ls ER LIz, $7205 0 VM TR EE Z DI I 0
T, FAK [ ZEPELL TWAZEDRIES Iz, LAl HT1080 AlfulZ FAK FHE
FZALBEL T VM IR S A7 o722 86 FAK OIEME(LIEX VM Rk
B AONDGE DO DD, ZDTEAMUTMLA TITIRNWZ EDRIES T,

AR ZR 52 R T D ITGBI, integrin av (ITGAV), E-cadherin {22V T, 454
DO FFIFURZALEL L 72D HT1080 MIRZIITD VM ERA R L 7=, & D
J. PUITGB1 FFHUARIL VM TR FERIZHHIL . $T E-cadherin FFIHTIAIE
VM JERR A TR BN L 7=, — 5, T ITGAV FRIHUARIT VM IEEIZIZE AL
B H 27207, 16T MR E OS5 2T VM JERUCE 595
DI TIERNWZEP I RENT, Fo, FRAITURIZLSFERTY, ITGB1 23 VM FEAK
[CE THDHZEN RSN,

ECM k53 D %< 1% Arg-Gly-Asp (RGD) EVWV)OECHIE I L Rl 82595, 22
T, HT1080 #ifiiZ RGD 7' F R ZALPE$ 5221280 . RGD Bl K AFH72 ECM
oy DFIRE~DOREHEZ L ELTZ0, VM FERITHISIS e o7z, T 7bb,
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RGD EeHNZAKS720 Y ECM Ay DEZEDN, VM FERICIZEE THAHZ LN RIES
7.

3FEFDOERRS AL (BRHERINE, FLASA ., AT/ —<) IZBWT, ITGBI 28 VM &
FRAZ LB AR THHIEDRENTZ, ITGB1 1% 12 FE¥AY Do-integrin &~T 124 A
~—%ER L, Kk 472 ECM iy B L L CGERk T2 (Figure 1-5), AREFZED VM
e T v BEAZBNTHWE R VE, F3=00a7—7 v IV 2L eET5
ECM EEAZ G A TWAIEND, ZIHLDOIEE L ITGBl WHAAEHT56ZLT VM B
RTHESNDHEE ZHND, FATHIFEICBW T, 73= 5y2 13 MMPs (ZE0HIrS
IWT2ODTITT A2 y2x (2720 ZD—#HOVET Vo 7 HFEN AT ) —~ D VM
TR RS LZENMEIINTVA[79], ITGBL IETI =825 L, £i2 Pty
TV T MMPs OFEBUZH T 5952806, N T L FIDTI=E ITGB1 DA A A
RENL T, VM FEERIC LB ECM VET V7 MREEEL 7222035 2 b,

o, aT7—47 2 IV T EIRO Ry T — 72 T D725 [80], ITGB1
—7 2 IV OFEAE LS TH ML ME RO 2y MU — 7 G2 E0 2 e E 2
5D, ITGBL 1%, 27 —7 U IO RSB I MZH78 integrin DT AV 74— L ThHD
72% (Figure 1-5), ITGB1 ®OXKBIFDBAMIEETT—7 0 O BAEAZ7E2IZ Kb
HhH, LIER- T, VM FERRICAERRITREL T2 7 — 57 U BB EARE 34U,
ITGB1 b &7z, TDZFREL T VM BRI L ER R RIBE 2T 5L bns,

RGD 4 EHIRORE A ICEE R ITGAV A HEL TH, VM BRI 8% 5 2 7
WIZEDRENT, ZHUTHIZ T, RGD X7 FRLE T VM RE I L7e0 -T2,
%< D ECM #2737/ 1% RGD €F— 7 %fii~>C integrin LfE A9 5703, C O A AE
RITEEAR AR TR W ERB BN o 7z, ML TiE, ITGAV DR BLEA
E<, ECM T Z D ECM-ITGAV FHHE/ERAZERT2ZE0805, 2D LH70r—
ATIE, RGD EF—7DHEIZLS>T ECM F TONAMABD I REN B2 %)%
ZET, VMERICHBIER L TLEIZENHDH[49,50], LOL, ZNHIEHET VMIE
FRICHFH G0 THY, MEREF Y b — 7 2 /B 4 i e i 11 2R &5
L7 DS ARFEBRIZ I > TURMES L2, BT, miRED 3-D collagen H1THNAAM
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fazt:3% 358, ITGBI Bin T ORBEDN LH L, ZOLEEE N T collagen-induced
network phenotype &1V VM AROFEIEZ/EDHZEDNHE SV TWOD[81], ZOWHEND
b EEIZAERRNTHAMIEA ECM LA EAERL, ITGBl OFEHFHELITIZLT
VM BT OND ENI AT = A LD GRRE STz, L EXD | RAFFEORE R I1T
VM JERRIC ITGB1 MM HTHLHILAZRLTEY, ITGBl DLENE RN R AR
EEIRDHZEETRIRT Db DR,

ErbB4 & VM JERKOBALRIZBAL T, AW CRLNTRE RAEF LD DHELL T DED

THD,

D

2)

3)

4)

ERELS AR IR MCF-7, MDA-MB-231, T47D #ildz v TNTERI7: ErbB4 O
BB AT AT AE R MCF-7 38X T47D AT ErbB4 2SR BIL Qe &
7. 20 3 T OMNE A VT VM TR e & 7 Al L 7276 5 . MCF-7 38X U T47D
HEAE T VM JERCREAMES . MDA-MB-231 AHE Clx VM JEAREA R\ W2 E3 S
Mg Te, 65T, ErbB4 OFBLE VM ZAKERICITA DN HHZ LR
STz,

MDA-MB-231 LT T47D MifidiZ 3315 5 ErbB 77U — DO NIER 72 7 Bl &% iff
AT, T47D MifldlE ErbB3 &8l THY, MDA-MB-231 #ildld EGFR
Bl Tz,

MDA-MB-231 #if@iZ35 T ErbB4 ZiB IR BIS 7o/ R, VM FZAIZE LW
BN AELT, ZORERID, ErbB4 (X VM TR #IH B B2 F3 v Tl 2h SR
LD T ZENRBES T, Flo, WIERIIC ErbB4 @ % BLL T % MCF-7,
T47D MIfIZIV T ErbB4 2 KO U7oAIRRZ BT L7 H . W o fikuic
B TH ErbB4 D KO IZ&->T VM EEMERE L 72, EH1Z, ErbB4-KO T47D i
filZ ErbB4 Z R BLSH 745 R VM FEERDIIHIS L7228 5, B NELS A
(23T ErbB4 DFEHLAN VM JEALZ M4 52 L3 BN o7z,

ErbB Z Z&ARD Tty 7/ Thsd PI3K/Akt 3L MAPK #&#EOIEVE(LIRRE
ZEHE L=, 728, MAPK R&H1T Erk1/2 OUVEREL ~UICIDFERL 7=, 2D
it . MDA-MB-231 #fildiZ ErbB4 Z @RI BISETHINHD T 7 T /IVREIC
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5)

6)

7)

8)

9)

BRI oTz, £z, T47D M2 35 T ErbB4 % KO 95 & MAPK #1341
IS AT, Akt fRRERITZE L L 720 o7,
MDA-MB-231 #2233V T, ErbB4 O FIFEBLUZ LY (b FAK &K FL,
T47D #AEIZIUNT ErbB4 % KO 35Vl b FAK 03N 7-, BlG 26 2
B EFRRIC, VM IZRRREDS BV AE C FAK (XS L 9D 2 LAV RIBE T,
MCF-7 #iffgiz = A7 52 254K (ER) 7> #2=AR®D fulvestrant &, 71/ A
TR (PR) 7 ¥ =AR® mifepristone ZULERL 7255 B v ha— 1k
[FIRRIC VM BRI 267007, F7z, T4TD M2 BV Th [RER D FEBR A1 T
ST fulvestrant 1% VM JERKA TR E L | mifepristone (352284 5.2 707z,
7> T, ER & PRI VM JERAHIHIL TH 5T, T47D Mz Tix
ER 75 VM JE R Z R ES D Z LN RIB ST,
Ty A= ErbB4 (ErbB4/wt) Z iR REHLSH7- MDA-MB-231 #ifaiZ, ErbB4 OV
W RTHD NRG1 ZALEET 5 & ErbB4 OIEMEALIB LY VM JE RO R 2205
iz — 5T, T —BIEMEE 7= K751M Z %A ErbB4 (ErbB4/K751M)
I%. NRG1 ZH L THIEMEAGITEFES T VM BB IRES Lo T,
HPARAT )=~ R EBROR VB THRIESN TS E872K ZEH ErbB4
(ErbB4/E872K) % MDA-MB-231 flf (i@ EI R B, VM ERIC 5 2 58
AT, ZORER, ErbB4/E872K 13X NRG1 HJ 23720 IRRET ErbB4/wt L0t
IEME(EL TlY, E512, ErbB4/E872K 13X NRG1 ALBRIZENZ DV AR bl ~ L3
KLz, ZORERE—ET 5512, NRG1 ZALELL 72\ 554 T C ErbB4/E872K
1% ErbB4/wt J0b =y VM TERAEERN SR A 7R LTz, 72, ErbB4/wt it el L
i Cld NRG1 OALEE R IFAIC VM JERROMEREL 72D L, E872K Tl
NRG1 OAFR FEARAFAINC VM B 59D Bz, 16> T, ErbB4 @ E872K 28
T VM IBERER RO DB B THHZ LN RENT,
ErbB4 @ E872K Z %X, PI3BK/Akt ¥ 7 F MnEEEMHELS ST, £z,
ErbB4/E872K 1l F Bl PI3K FHEMIZ LI T 5L VM JEAAZE L <Al
SNTcZED D, ErbB4 24T L7c VM JERRIZ PI3K/Akt 27 F /UARENFF 5552
LIRS VT,
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10) T47D #IEIZF\ T, NIEMED ErbB4 2 NRG1 (2 X0iEMALE B 7244 5. MDA-
MB-231 Al & FARIZ VM FZRMEREL 7=, F7=, NRG1 4LHEZ 1Y PI3K/Akt 35
FJOYMAPK BB A TE AL LT,

11) MDA-MB-231 #liio>##kE L O ErbB-KO T47D FlfdiZV C, NRG1 % 4LHE
L7228 VM FE U EL 220 72, E D728 NRG1 % ErbB4 OiE AL A# L T
VM R AR S B 5 2 LR ST,

12) AARSLECK TRAIFOF i —EHERITHY, EGFR, HER2, ErbB4 T
%f U CPHL 47~k 3 afatinib 2 MDA-MB-231 fliEICALEEL . VM 2RO FHE
IEPEAFHM L7z, ZOHEH . NRG1 (ZIDIEPELEH 72 ErbB4/wt 18 556 Bl A
IZBWTIE, 3 uM @ afatinib ALERIZL->T VM A LESZ, £/,
ErbB4/E872K & HIFE BLHINEIZ 35V TiE, 0.1 uM O afatinib ZLERIZE>T VM JE
B E L HE SN,

13) ErbB4/wt OV E{LIE 3 uM @ afatinib ZLFRIZ L TS iz, £7-.
ErbB4/ES872K DV Il 0.1 uM @ afatinib ALERZ K-> Tl &A=, 76~ T,
%% D ErbB4 1EFEIFEBLILD VM LA BLELIIREEIZI W T, afatinib 1
ErbB4 OiE AL NS5 Z L RSz,

14) MDA-MB-231 HifalZ33 T, ErbB4/wt DI 3 BT E A et S E ., =
DIEVEIT ES72K Z RICIVEHIZ@m DO B, £, ErbB4 Ot B A0z
AEREZAL FSW7203, ErbB4/E872K I ErbB4/wt & b~ CHfRibEERER M) L&+
7

ERFHLAMIALIZ U T, ErbB4 DRI L DH DT VM B RLZ AICHIEL 7=,
ErbB4 [ THIIRR I BT HZ LM, 20 VM I Ri% VM JEARICF 535
DORIfRZR = BIRDOTEM% | ErbB4 DSPBERICILEFE LR THHEB IS, —
T VAR ThDH NRGI LB IOTEMELS 72 ErbB4 13 VM B AR ESE D
ZENIRENT-, ErbB4 i BLE W72 MDA-MB-231 fiffal bzl C, T47D ##
JaCIHE A B NRG1 ALEIZ L~ T ErbB4 OIEMEALIB I ON VM FE R DL A3 358
STz, T47D MW TIEFRILL NRG1 O FRTHD ErbB3 23R HLL T 57
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D ME 2R TO NRGL (23 T2 HIBUSEER &V, £D72®  NRGl &
ErbB3/ErbB4 O AAFE M EZRAVIZEZY | ErbB % B IK[F £ DX A~ — RN E S
I~ 7B 2 BID, F2, MDA-MB-231 fifldid EGFR Z&S3EHIL CUVLH203, ifE
EOWFSET EGFR-integrin avp3 EHEAEN VM KA RE S E 5 2 & RHiE S
TUVW5[82], T/ b, EGFRIZ VM AR S 5729, NRG1 HIE T2k
VT EGFR-ErbB4 &K VM PR S5 2 &R S iz,

AAFFEIZ I T ErbB = AR ZHET 5 TKI T 5 afatinib Z4LEL L | VM &
A TE 5 Z 2R Uiz, %2, [EEEMEERTH %5 ErbB4/EST2K &
W Bl S W7 Ml Tld, afatinib (2 5 5 VM B R 290 < % 1F 72, ErbB &
KiZ, BHOFur o EEZACY VRESELER. U VUK E ATP #iA R
AA & UTHIAT 572, ERT2K AR L - T ErbB4 I8 5 ATP OfE A3
ZE L, EEEEEEZRL EB 2 b5, £ 0O—J7 T afatinib 134 A% ) 72
ATP HAMIMLEAITH 5 7=, ErbB4/E872K (2%} L T afatinib 7% ATP AR
7 MCAYIAHZRLT | AAHICZ DX F—BIEHZHET 57D, K&
VM iRz b 726 L L b s, 372D bARNIZEECRIT, G R TH %
ErbB4/E872K ZE B 3MEH IIC VM TERL AR E S H 5 D & [FIRFIZ, afatinib @O X 9
72 ATP A HIREANC K T 2 A2 @mH DL L 2R LTEBY . 20 L) 72iF
PEALTZE B3 VM IZ RO B W CTHERERN TH D Z L 2R B L T D,

VLD X 91z, AT THEH L 2 DOMBREZAEIT. WP uh 2 AH
Fad VM JERRICEZE Th 5 Z & 3RS iiz, ITGB1 2B L TITEE O 2 Al
D VM BRI R R TH 5 Z &, ErbB4 (2B L TixZ OIFMHALIREEIZ L -
TVMERZEIZHRICHHET L2 2PN L, 260X, 5
AR ED I 1T VM TERRZ G 573 & W ORI X ) = X L OB
ICRELFETHHDOTH D, 5%, LV VM BRI S Tu
X, BABREEZRES UESEDIEN L 2D Z LRSS,

Fio, RS EE U T, VM IFEEENR O D O THELRE] & LT, £<
D AHIEAIY LT WETH D &E X T, DAMIBOFIZIE, VM B A 4
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RERNEDNHRFLSBHRAEZ TS DE THRLFET D, VM TR Z R S 72
WS AURIRRIE, AEIRN TG AR 2R T M S R > T D & ER b D,
B 2 1L MCF-7 MIIIIAR VT 2B EEEH L TRV, VM ERZ i 2
SR CTHABNTHEERELZ S 55, —77 T, HT1080 ° MDA-MB-231 ##
fal7e EIXAERN CIEBERE Ze i 2 45 < 2 E N TE A2, ECM #IIZ IS U T
RPN VM BT E D L) LA TWDH EER D, vz s e, 2
NHDONAHMIRELIEL VM 2O 720 EAE TWNT RO TH D, 1E-> T, VM I
% < DN KR HE D AFHIE TH D | DAIITEZ D70 LT N ZHE =
HIZCHESNTWD EE XD,
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