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Stem-like human breast cancer cells initiate vasculogenic mimicry on matrigel

HE B
(IZAWA Yuki)

R L TR AR
HFTIR EREFER



L B S ettt ettt ettt ettt ettt sttt s e anaeas 2
2 TR cvevevererereteet ettt ettt ettt b stk s ettt s s s s s ettt s b s s sttt s s s et ene et s s ne 6
B B T T oottt ettt aene 8
3.1  p53 FIFHENHE/ HCC1937/p53 MIMEDEEER (oo 8
32 EFUZAETD VMK E FFM . ceeeeeeeeeeeeeeeeeee e 9
3.3 ST oot 9
3.4 ALDEFLUOR 7 v & 4 & fluorescence-activated cell sorter (FACS) I X 2 #lig4y &t 10
3.5 Droplet Digital PCR (ddPCR) .....ocuiieuiieeiieeicieeieieieeieee et 10
36 AT R T oottt 11
B BT ettt ettt ettt ettt ettt an st enene 12
4.1 HCC1937/p53 HIMLD VIV T «.vveeeeeeeeeeeeeeeeeeeeeeee e 12
4.2 VM BEEICE T BRI D T30 woeeeeeeeeeeeeeeeeeeeee e 14
4.3 JEFRHIIE L VIM I oo 17
44 TH b= 2P HCC1937/p53 MAE & VM IZALBE ..o, 19
B R ettt ettt ettt ettt ettt ettt aeanas 21
5.1 JEEHIIED VM IR E REIE TR oo 21
5.2 VML & FEEMIIE D BIER oottt 21
53 VMBS ICE T 2N = — 71— FEBLIM 0 oo 22
5.4 JRBHEYUEZ R BB & VM TEEEE ST DBIFR o 22
5.5 VM IEE EFERIIEDMEITE oot 23
6 FEE crvererereret ettt et e ettt et ettt a ettt et et ea e as et et et et eaeeean st et es et etesner st et et eteseanas 24
T I T = & ettt ettt ettt s et 25
8 B IR oottt ettt ettt 28
O I ettt ettt ettt ettt n sttt a e 34



1 =¥

(GGLEER=3=3

JEREAIIE I TH CERRE L 20 LRED T 2 H 4 2 L] L ERSI N TH L, [BEOH
TH IO SRER S N EMTH B, AN IIIEE O R &R R R L (LR
HE X OHSHREE N L CiittE 2o & X3, SIS X - THRL R BEM: 2 S 4
pEINBEEOHE LT, VY T HT 4 7HSE (TNBC) 3% 5415, TNBC I35
IRIICER S D fEn It »C, =xtus v (ER), 7rsrzx7mry (PR), kb L
BRI 72 %44 2 (HER2) o2 THENZRTIHIETH . BOABKIE 2 e &
%, IEICHBVTIE, W o o@EBiiid~—7—2BH b T3, ALDH1(aldehyde
dehydrogenase 1) iZFLEH Mt~ — -0 2L I, ZOHTE2A4TD 1 2TH 5
ALDHI1A3 o #I 12, Fricizipiig & s vwBAfR % /R 3, Sox-2(Sex-determining region
Y(SRY)-box binding protein-2) |Z5#:#liE D % BetE D #ERr 5 X IR AE O FfTIC B\ CEE
Bl R-L, B CE T Z0RFENAEHIHERINTHE, —T7,
GATA3(GATA-binding protein 3)ix. FLAREHE L& Do {bic B D% E % 723 zinc-
finger R G K7 TH 5,

MAEHERE (vasculogenic mimicry: VM) (3 BEEHANAE A3 11 B RIS 2 TR 3 2 8 S M0 N L
ViR, R0 mGIEEICA b S, VM ZIMEFE LIR30 D TH 525, [HEM
B D MRS % 2 2 BEREM R UIVIEER & L CIE 3 % 2 L AMERR S T B, BRIV
X, BEE R VM IBRCEE 3 2 FUEAEG X, JE VM ERI X b b @muIifrERgEs L oK
WS EEATERE IR T, T, B4 REEIC B VT VM IER &SI O e A T2 IC B 5
LT3 EolREDDH 5,

O & VM OBRAREICHH S 220 > TE TV 32, VM BKIC 51T 2
ML D& E % HHTE 20 F A 7 = X LITIEREARHR AL, AT Tl TNBC Hi3k
Db AR v, Rt o2 B35 7R P — o AMMEMEICER L. VM
e & jEer il o BE 2 H 6 22 ic 2 2 L 2 HWE 375,

(5 77iE)

b b FEMAgkE HCC1937 % American Type Culture Collection (ATCC) 2> & AT L TH
Wiz, i L 72 HCC1937/p53 flfdix. HCC1937 #ifZic doxycycline(Dox) CHIRFEE [ HE
7% wt-p53 7*7 A I F (Tet-on Advanced system, Clontech, USA) % & EMICEBIn FEA L,
Dtz —vo—oThHhb, HCC1937/p53 Mifid% Dox SR © 1~7 HEEGEL
7=HlE % # 1 F 1 Doxld~Dox7d & & fFiF 7=,

(= bV 7L ETOREE (thin gel i£))
VM I IZ. < F U 2 (CORNING, USA) FCEEMiFEE T 2 = & 1o X - CHE L 7,



30~40pL/well DR D~ + YV F v %K ED 8well 558X 74 Fica—7 4 v 27 L, 37°CT
15904 v ¥ 2=+ LTI ML & &7, opti-MEM K50 Hh O MiifE (2.45 X 10° /well) % ~
F YT bicHERfR, 37°C, 5%CO, DM T TRiE L, VM IBZBIR L 72,
(droplet digital polymerase chain reaction (ddPCR))
total RNA % TRIzol (Life Technologies, USA) Tl L. SuperScriptIll ##nE SR (Life
Technologies, Inc.) % H\>T cDNA % &K L 72, QX100™Droplet Digital™ PCR & 2 7 4
(Bio-Rad Laboratories, Hercules, CA, USA) # W<, HWEEGFZEIEL . B L 72,
GAPDH (Hs03929097_g1), VE-# F~1 ¥ (Hs00170986_m1), MMP-2 (Hs01548727_m1),
MMP-9 (Hs00957562_m1) Z#Z#L® TagMan®7 v — 7 (Thermo Fisher Scientific) %
AT RIGZET R 2 72,
(HOEREg )
< UL EOMIIEAE 4% Tk LT AT b K 30 5REE L. 0.25% TritonX-100
T 10 &R % 1778 > 7=, —XPifk L L <Ht ALDH1A3 (Purified Rabbit Polyclonal,
ABGENT, 1:50), #T Ki-67 (Mouse IgG1l monoclonal, DAKO, 1:500), ¥ X U1 GATA3
(Mouse IgG2B monoclonal, R&D system, 1:300) % 4°CC—Me)G & ¥7-, ZXyifke L
T % N % 1 Alexa Fluor 488 conjugated goat anti-rabbit IgG, Alexa Fluor 680 conjugated goat
anti-mouse IgG1, Alexa Fluor 680 conjugated goat anti-mouse IgG % ¢ 1 FfE 4 v ¥

INSTECH, Japan) Tz L 72,
(ALDEFLUOR 43#7 & Fluorescence-activated cell sorting (FACS))
ALDEFLUOR * v F (STEMCELL Technologies, Canada) © ALDH i # W H L,
Cell Sorter (SH800SONY, Japan) % Fi\»C ALDH*#iil & ALDH ™ %35l L 7=, SCAliidiZ 7-
aminoactinomycinD (7-AAD) (BD Biosciences, USA) % TR LERANL 72,

(&R ]

HCC1937/p53 fiiid% ~ t U 74 T 24 BfIRGE 3% & VM DR TH % honeycomb
G E Nz, TOREED 3 Korhddl z HESEME cliie L, (S o N RX 7 4 X[
82> 5 Fiji/Image] # W CA X v 7 Z{F L 72 & & 5. honeycomb f#i&E D LG (B 58
) 1C 3 RTCEE DR E Nz, X Hic, ddPCR % flvT VM B 5T ©H % VE- F
~ 1V v (vascular endothelial-cadherin) ¥ X ¥ MMP (matrix metalloproteinase)-9 D FEIH T
EBEH I N Lh 5, SO honeycomb HERED VM IC X 5 Z & iR L 72,

e T ERMIC X 5T VM BB 2 ALDHIA3 & GATA3 0FBl <2 —v %
T U 720 JERrAiie £ 72 (X RIS O Frik 2 35 ALDHIA3#ilE i, VM #& D B fHis
WWRHL, —. HMeL7=FE%2H 3% GATAS Ml IZEAMHEE (A fEiER) KREL T
7z

JEHIE D VM JEREEN X, B2 2 D05k CER L 2 i E S = % v o



#f L7, WALDEFLUOR % v } % H\»7z FACS i X % ALDH*ilid o 5r#ff /5 i%: ALDH*
N EE 13 24 REEI LA IC VMBS E T L 7223 ALDH - #iilE8EH 13 VM %2 JERK L 7222 5 7=,
@7 R+ — At % 7”3 Dox2d Ml % A v 72 J51%: Control fliidCiZ 24 Ki[E< VM K
BT L, £ D%, MIINFEESRMED7-DI1CiR~IC VM FRElZARE L 72, —77. Dox2d iff
gl Control fifiE & v HH <, 6 Fffll© VM BT T L. % Dkl Control T & [Fkk
ICHASE L 72,

(%]

VM DARESRIC DWW, thin gel FEEEZH W T MY v bic VM &% FHE L,
BReINT= AT A4 RERD O 2 2y 7 GREHRZ/FRK L CEHEI L 7z, VM #dEic s 13 2
fao 3 XICHHIZ B FEICIEE CTH 2 2 E DL 2T o 72, T OILKRELH] D 2 IZEERN
IZ VM OIERGRERREEZHO 22T 2 T2 VIR 3 E 2 b5, T OFREFERIIEMEICI 2
T, VM BEE G T O RS MR I N2 & A 5, HCC1937/p53 #llfidic VM JERKEE ) % 5
OMERE TN TS T LRI NI,

TERARDOKEEFRE (IBC) Tlk. ALDH MU DR BB 2 2 L2,
VM BN Z L ARE ST 5, SRIOIETid, Fx 23/ L 7z HCC1937 ffifa
b TRARD TNBCHKTH Y| Ffic, ALDH OEIERE W LA bN TS, 2o
< ALDH*#iifc % 24 FrEILANIC VM B A R[RETH 5 Z L L 22 ic L, —77. ALDH-
HIIE Z DHEN RT3 Z & RR LTz, 2 OFERIT, FEitiaiiie & LB s n-
ALDHfifg o hic VM IZE DFilRIc Sl z & A Twd 2 & Zm L, Z Ol ERA
FHOBELICBEG T2 2 & RRBL T,

<~ PV EoRERERETIZ. VM 2B L 225 % B fHigIc ALDHIA3HIld2%)5
ExERT e, VM OEKIEEIC S TEERKEZ R L TWD EHEE I N, A
DSEBEICHRE LRI X 5 & ERpfiie oG E(b e 2 2 & ALDHIA3 0¥ T
HEL., 2RIk X, BB L L C Ki-67 B & LS fIHEE, X 5o, GATA3 B %
ML 2 2 AL 2T > T B, ThICHHDOFEREEZ Y Tido 2 & ikt
S N HERAE(ALDHIA3Y) I iR ¥IC B fHIIC 5 CHAaEsE (Ki-67+) %#BAfHL. X5
IC AFEIS C GATA3 % FIH 3 2 Mifa 3L 3 2 @ T . VMIBRIC 2285 L& 2 b b,
L7223 T, S DOFERIZ, VM DI I B RS A EE A xE 2H-> T3 C
EERBLIC L, AN ZXLIC VM JEEGERZ AL 2T 2 FlH2 D ICh 2 2 E R
bihd,

Dox2d #fifidns ALDH#AICEER L € & i VM B Z /R T Z & iICiE, W 2HhD
Hm»AEZONE, 1) ZhZuE L 7zl L ofEsfiia s E 0iE L, Dox2d @
p53 MHEMIIE D &4 132 HCC1937/p53 &flifidd 31.05% TH v, FACS Ic X » CHffx h /-
ALDH*#lEDEIG1Z 51.77% ThH 722 L 2> b, RiFE D78 VM JERK RTRE 7o R s 2 X
DL EHEATHEEEZDONS, 2) FEMIE~D X b LR, [EEEREE O IRE-CEL



Mg~ DM AR IC X 2 2 P L ALHT T VM 22 Y, S IR EEE 058\ fE
BAA TR EMEINTOE FAKIC. pS3FERT A= ABA L RELTHEEL,
DAL RAEZIFTEERSZ Z L2 TE 3 Dox2d Mifld i VM 21§ 266 2 5 LTS
5 LHEMITE 5, LA L, FSEICIHE W T, pb3 IcBdE 3% TP53INPL (p53 BREhEL 2 + L
ZGEEHE) I VM ERKOEEICEE T2 2 L AlE I T3,

(s

TNBC (Zftho %2 4 7oALY b4 K ofgisflildz &/ L T 0, PRAEVWEETH
22O NT WS, ZOFRKDO—D2E LT, TNBC IZHF 25 E W VM FERR B EIE X
NTw3, Hax DERICE T IEHHIEE VMIBROERICEECTH 3 2 LRI N,
X HIT, pE3FEHRT EF— v 2 & Hfnz TNBC Hisk HCC1937/p53 AN 38 Ml e 1o 28 {51
LRtz R L, @ VM IBEEEZ R L7z, 2 0b OfERIE. TNBC I35 1T 2 iR A
faid VM IERIC B W CEERKE 2 RA-T L0 L 2RI RYOERN T TV A TH
%, Stk MEFOPUNEEBEESRN T WA I, JT VM JRUEE O B 2 E S
e~ D IR BEHGFH E P int - BRI T 2 972 ik ic a5 2 L B Hff S B,



el TACHEEEL LabiEom A2 H 3 2EMiE] L ELINLTEHD,
heterogeneity O & WIEMAE % £ H T oMl LR E L3R TH 5[29, 39, 63],
AT (35T o HEFE & S 2 R L. A2k s X ORI L T2 Fgo &
Tnl6, 101, HiA3AFIBIRR IR L @il R Cisfie e 2 37 2 L aiai LK%
BREETH 3 L E 2 5N T3, T 1990 £/R0c, 2MERETEAIIEIC B WTHR
Ih, LB, 8% < OFHE T O FEEDSHEZR S LT \w» 3 [56], FEEHITEAFIE & Wiz EERE
DI TH, FUEITESMCET 2R TRD ~BRCHC L3 EED—>2 T
[10]. intratumoral heterogeneity (JESENA¥EM:) 2 L, fEEpiiia 2 TES & L 72 A5G
Ml AT o B 1) 7 SR T 2 AR 3 2 Rl i e (RSIEEE 7 v) 28 CldE 2 L F 2
bhTwb([14,26], FUEHRHIZ, =2 +taes Yy (ER) - 7Yusr x5y (PR) - b b L
RN T2 2 (HER2) B FRI2 M % /R basal-like & 4 73U & BB H 2R
X NT0L RFHENERTOEEINDE P ) A3 T 4 75 (TNBC) 0% < 13,
basal-like & 4 Zicn$HE N 5 [11, 26], TNBC & (ZEME I TP53 AR %/R$[37]. Tk
RETEHEBD Y 227 BECIHFETH 5[4,36], TNBC D% < 73 basal-like £ 4 7 TH 5 Z &
225 %, TNBC D@\ ZEM ZFSEN: £ 7 v o icER L Ccw 3 & nTtwn3(21,
331,

I X o2 ol ~ — 7 — 230 5 41T\ %, ALDHI (aldehyde dehydrogenase
Dix% o—>T, ALDHI1 ¥ %/~ T@isfifa M iz EEFE (IBC) oinits L 0
B ICBAS T 3 2 AR EINTWA[9], Hic, ALDH Y7 73V —DF 724 7D 125THh
% ALDHIA3 13¥77- &R i~ —» — & LCiff hTs Y | Fiilto&s
3 LR O F 4k & o R BT 2 AHBABEIR 23 B 5 [9, 39], & i, ALDHIAS3 I3 Jzse
72 1F <72  TNBC ICfFTE S 5 HEPHAE O 58 W HTEKHIATIC 35\ T FHT 2 2 L 23 5 a0
72> T3 [22], Sox-2 (Sex-determining region Y(SRY)-box binding protein-2) 1%, #fiifg
D% HetEMERr B X IR AE O FfIIC B W CEERKEZ F 72 L Tw» 5233, 5, 46, 59, 60].
FUESMIC B VT h Z ORRNABRPHEZ S . Bt~ —2 - LThHvbnT
23 [28], —77. GATA3 (GATA-binding protein 3) (XFLIRE e bR DML ZH D 15 E
% %727 zinc-finger BUEE N ¥CH b [24,54], S D EECIFFREN E R LFE~ —
=& LTEAHL 72,

AR, FEMIIE O IMERERE (vasculogenic mimicry :VM) JERKEEI ARG S LT\ 5%

[65], VM (S A3 PN R A % B0 2 I /MU N RE < 5 0 . T iIcREEDO R
WHEBIC A H 5 [18], VM IZIME R E & 137 2 b o C, ST X - T RS
DI X L, HBDfEERR & L CHRET 2 [38], FEEIC, VM EBEN MR L —4 v 7
WIECBIZE S n, EEMIE & 70 2 VM HEE 1306 L1055 2> © o MRS % 52\ 2 H#REM 75



BUNMEBR E LTl o T eI Tw 513,18, 55], VM K IC 33> T vascular
endothelial (VE) -7 F~V v, =tV v 22X %2u7u5Fr—+ (MMP) -2, BX U
MMP-9 2RI L T3 Z ERHILNTEY[17,52,57], b id VM BAEEE T & LT
Hw bt 5(33, 63], ERRIIICIX, VM IBRIZES OFE, 5. FRICBRYE S %
EBH LT S[32], BHE R VM B %A 3 2 FUREEG < 13IF VM ER] & ik L <ififT
MHAEREIE L, SEAERLEMHEALSD 5 &I HE2AH 5[50], T5ic, VM Bk
O O FifE & TNBC DR EE & i@ W BIEME b /R X 7233, 63], TNBC 0 8H
IR A T HAR] (disease-free survival :DFS) 2558 < . B O WIHAE S Clggsinfe 2l & 3
A5 v [8, 11, 30]. HHKIZZHH ORI D 2 Efcalic FR LT 2~34FTr—7
ICEL, Z0RITHREY R 7 MMET T3 2 L2388 cd 5(11,30], 2o TNBC £Ho ¥
#e. ko VM B2 H T 2 BEO FEREHIKT 2 &, FHCcoOmS-Cm W HREEI R
BTHr L wHIHLUREBRHAOND, IDIT, A REEOTRICBEIL Td VMBI & e
MIREABES LT3 LA H V [13], file L <, ALDH1 &R0 EEIIEE o B
TiEW VM ERER RS, X0, X EvatrE (0S) & oBEsiHER S -
[62],

FLEEIC BT, p53 ICBE S 5 TP53INP1 (p53 EXEIEE(L X L X IGEEHE) X
ROS/snail & 7' F ) v 7% %M L7z VM IERORHEICBE S § 2 2 & &G T T3 [58],
JEEAMFLE(SF TP53 (X b L XFFESAM T 5 L O° DNA {5 o iz ks L
TR — X% FHET 523, 43], TP53INP1 i p53 @ Serd6 V vt %4 L T p53 KTF
PET R —2 2% MAI L, p53-Serd6 * F — ¥ DHlKT- & L T < [40], FLsEiigic s
% p53 WA 7 F MEERIE DB T R b — o AR 25 2R 5 L RB I NT
Ww5[22],

FUE DT & VM OBIRASREE I S 4172 o TE T 325, VM JEEIC B 1 2 i
ML D% E % BT & 2501 A B = X LTIEREZRAL S 2% v RIFFE TR, iz o
itk %44 % TNBC i3k HCC1937 Mt 7+ + — > R fitMiesEN ic & H L, fEepiiie
DI e VM B OB Z S e 2 2 & 2 HNE Lz, $hx Ofi%I1Z. TNBC filig
DRI EMIEER 2 VM IR IC 31 2 EE A %E 2 R4 2 L 2RB L7,



3 HIRIE

3.1 pb3 FRFEFEAIEE7 HCC1937/pb3 Mg DiEE

b b FEMAEkE HCC1937 1% American Type Culture Collection (ATCC) %6 AFL 7=,
HCC1937 iz ER, PR, & X U HER2 o %I » 2o TNBC <, TP53 ¥ & I BRCA1 0%
WEETAMlecd 5(26], i L 7= HCC1937/p53 #ilidiz HCC1937 Afidic doxycycline
(Dox) CHRIAFFERFE 7 wt-p53 7*7 A I F (Tet-on Advanced system, Clontech, USA) % %
ERNGEEFEAL, DEia Nz n—vo—>Tdh 5[22], HCC1937/p53 #ifigiz 10%
fetal bovine serum (FBS) (SIGMA, USA) [20]. Zeocin™ (1 ug/mL, InvivoGen, USA),
Penicillin-Streptomycin Mixed Solution(Nacalai tesque, Kyoto, Japan) 2’ & £ T\ %
RPMI1640(Nacalai tesque, Kyoto, Japan) N CH5# L 7z, Dox & i< 1~7 HEHE L 72
HCC1937/p53 fflifid % % 1% 71 Doxld~Dox7d & firé; L 72[22],

A B

VM score _|J- (No. of sprouting cells)x1 + (No. of connected cells)x2 + (No. of polygons)x3
|

"

I+‘ﬂ.lar2

Total number of cells )
Fig. 1 Formula for quantification of the VM score

The VM score was assessed by a modified formula. A: Each cell within the optical field is
counted and this number is referred to as the “total number of cells”. Each cell that shows
sprouting is given 1 point. When two or more prolongations unite and form connected cells,
2 points are awarded to each cell involved in this process. The formation of a polygon is given
an additional 3 points. Thus, the score for sprouting, connected cells, and polygons is divided
by the total number of cells. B: The presence of a complex mesh (luminal structures consisting
of walls of two to three cells thick) is given a score of 1 and is added to the total value. This
score is added once per optical field. If this complex structure is present and the walls are four
or more cells thick, then a score of 2 is awarded. The absence of complex mesh receives 0
points. The individual final scores are derived from a total of ten fields each in three

independent experiments.



32 < hMUAIILETH VMR & M

< MU ACEER~< F ) v 7 2 (CORNING, USA) Z 85 e LTI L 72, 5l 0%k
Tl thin gel 7% (manufacturer's protocol N) %A L7z, 3. 30~40 u L/well DR D
~ PV A%EKETE8 Y 2 AVEFE R T 4 F (Falcon®, CORNING, USA) i a2 —7 14 v 7',
3°CT IS5 A v ¥ ax—FLTr b, Bk L 72, #ilEiE 1%GlutaMAX™
(Life Technologies, USA) % & A 72 IMERH opti-MEM  (Life technologies, USA) 1< &
L72[19], Z offifigERz~ F U 74 Fic 2.45%x10% /well ¥ L, 5%CO, 4 v ¥ =
R—=2—7T 37C, 5%CO, ICTHEL &, BRI VM ki i3 FE 78S CKX41

(OLYMPUS, Tokyo, Japan) T#i%¢ L, DP70 7 2 v /1 # 7 (OLYMPUS, Tokyo, Japan)
T L7z, 5o L7z B 7 — iR 1% Fiji/Image] ¥ 7 + 7 = 7 (version 1.52g, Java 1.80_172,
NIH) ZMHWT2r L —A7 — VERICER L 72 [12], VM B O E RIEHEIE VM 227
AR E AW (Fig. D [2, 27],

33 REEIRE

< MV Z L EofifE 4% %5 Rk LT AT e G 30 4 MEE L. PBS T4, 0.25%
TritonX-100 < 10 4rflEENE L 72 (53], 2 otk, Mifg% 45 5 10%1EHE ¥ FiliE
(SeraCare Life Sciences, MA, USA) THLEE L. $T ALDH1A3 (Purified Rabbit Polyclonal,
ABGENT, 1:50), $1Ki-67 (Mouse IgG1 monoclonal, DAKO, 1:500), ¥ X 't GATA3
(Mouse IgG2B monoclonal, R&D system, 1:300) % 4°CC—M&IGE 7=, JEREY I ¥
I3 % 7z 1% isotype mouse IgG % ffiH L negative control & L TRIGXB/-& A, Ny
7TV RS FINEBEI N o, TR OHIRORERME IFEEE RO T — X v —
FATY = A2y 70y 74 v I XBRRNE Y 7F Ay Fotgit, B X OHiaiuR;
S I AR LA R e N 2 — v g I T B Y . BEEo FlITRm ST E D v A < HERE
INT5[44,48,61], —XPifk & L CTZ % 1 Alexa Fluor 488 conjugated goat anti-rabbit
IgG (Life Technologies, USA, 1 : 1,000), Alexa Fluor 680 conjugated goat anti-mouse IgG1
(Life Technologies, USA, 1 : 1,000), Alexa Fluor 680 conjugated goat anti-mouse IgG (Life
Technologies, USA, 1:1,000) ZHWCTERT1IFEA v F 2=t L, —XIEEEZHR
H L7z, B3ta i DAPI (4,6-diamidino-2-phenylindole, dihydrochloride, 300 u g/mL)
(Molecular Probes, USA) %M L 7=, dtEiRO R ITILES L —F —EEWMEE (A1,
NIKON INSTECH, Tokyo, Japan) %/l L7z, 7 v & 210N N7-FifgsEs (At 13
FEIN) DFEEE X Fiji/Image] ¥ 7 b v =7 (version 1.52g, Java 1.80_172, NIH) %\ C#%
AT ¥ AT DWW TERMICHNT L 72 [12],



34 ALDEFLUOR 7 v+ A & fluorescence-activated cell sorter (FACS) (= & 2 #HRE5 Bk

ALDEFLUOR #* v + (STEMCELL Technologies, Canada) ¢ ALDH E£32i%1: % #iH L.
ALDH*#fifg & ALDH #iifid % 7 L 72[9], HCC1937/p53 #ifid % ALDEFLUOR assay
buffer I2&# L ALDH #& (BAAA, 1x10%#fifgdH 72 Y 1 umol/L) %Iz, 37°C, 30 4[]
AvFax—=1F L7, &% v 7D negative control & LT, ALDHEEZMA =3 v 7
filfigic ALDH FHZEH| (DEAB: diethylaminobenzaldehyde, 50mmol/L) il 2. € 37°C, 30 %»
MAYvFax—FrLEZbORHAEL, FACS I X 2 filas&tic iz Cell Sorter SH800

(SONY, Tokyo, Japan) ¥ X UF SH800 Software (Ver.2.1.2) (SONY, Tokyo, Japan) % Fi\>
7zo ALDEFLUOR @ (1381% 488nm L — ¥ — Tl & &, 40t % FITC525/50 -~~~ F
N7 4% — (FL2) THRH L7z, MO &% &R 3 % 7212, 7-aminoactinomycin
D(7-AAD) (BD Biosciences, USA) 20uL T5 304 v F 2~ — M RiT, KRBT n-5E
Rz PERR L 72,

3.5 Droplet Digital PCR (ddPCR)

VM JER L 72 Ml % ~ + U 7 v & HC microcentrifuge tube ~%% L 72, TRIzol® (Life
Technologies, USA) T total RNA Z it} L . SuperScrip®III i85 5 5% (Life Technologies)
#HI\C ¢DNA #&H L7 [12], ddPCR 12 QX100 ™Droplet Digital ™ PCR & 2 7 A

(Bio-Rad Laboratories, Hercules, CA, USA) % f{#H] L. manufacturer's protocol IZff > T
FEEEIT o7z, v 7 & LT ddPCR SuperMix (Bio-Rad Laboratories), &L T D
TagMan® 7'v— 7" (Thermo Fisher Scientific, USA)[GAPDH (Hs03929097_g1), VE-7
F~1 ¥ (Hs00170986_m1), MMP-2 (Hs01548727_m1). MMP-9 (Hs00957562_m1) |
BIXWHEHERERAELSZ DNA 7v 7L —12REAGLE, 2HLDH v 7 e Droplet
Generation Oil for Probes (Bio-Rad Laboratories) % Droplet Generator DG8 71—+ V v ¥/

(Bio-Rad Laboratories) 12 L, QX100 ddPCR Droplet Generator (Bio-Rad Laboratories)
TrFuey 7Ly P RERLE, ANzt ry 7Ly P& 96 7= PCR 7L —}

(Eppendorf, Hamburg, Germany) I L, 7L — + % Heat Sealer (Eppendorf, Hamburg,
Germany) #HWTHAf LT —1F ¥ — L, C1000 Touch™ Thermol Cycler (Bio-Rad
Laboratories) C PCR MG #{T» 77, B\ 4 7 V5413 95°C, 10 432, 94°C, 30 # & 60°C,
199% 40 4 Z A8 0R L, 98°C, 10 43 & L 7= OUNEGEE 1°C/sec), QX100 Droplet Reader
(Bio-Rad Laboratories) Z TR I 2 {ll4 D F e v 7L v b ® FAM®F ¥ 2 V%
B L. QuantaSoft™y 7 + 7 =7 (Ver.1.3.2.0) (Bio-Rad Laboratories) IZ & > THT ¥
YOAIC Y TIZ®, cDNA @ 2 v =0 b iR 2 B L 72, BSERGEE o3 v 73|
SEMH% GAPDH HIEEClR 325 & CHIEL 7=

10



3.6 RETEEMNT
ETCOFEBEEZ DR LD 3 EEEVIRL 72, fERITFE MRS (SE)E LTHERLE, 2

FER o 1l DM & % T3 3 72 % Student’s t-test % F > 7z (Bell Curve for Excel
Ver.2.2.1), P<0.05 ZFE L Rz L7z,
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4 R

4.1 HCC1937/p53 #fad VM FEEX,

HCC1937/p53 flife i35k % 7 ffif o K & X 2% B (pleomorphism) %7K L, FEE O
BT 2 2 A Blliavn=—%4 05, 77 2AaNOKETIREL OHlEDAR
1% flat TH - 7= (Fig.2a), —J5. = b U7 bC 24 B U 7= Ml 12 i i i el L
7= A v v aifR, b L <13 honeycomb &% L 7z (Fig. 2b), bl VM DL L
THILGNT WS, F4 L Z D honeycomb &% 2 DO (BEAMEE/ZEMEHEE) <o
L7z, AT (aggregated regions: A fHI%) 1ZMINEDIE X 2% 4 [l H 2\ id 2 LA Eofifg
BEF o 7-HETH Y (Fig. 2b: %), ZUEmEE (bridging regions: B fEik) 13/E X 1~3 o
HfE CHEIEM 2 B cw 2T H 3 (Fig. 2b: A), 2O DG ZHL 2ICT 370,
HEL L —F—EEEMEE % (DAP]) O R 7 4 R[E{R %R L. Temporal-Color Code

(Fiji/Image]) % Fl\CHEiGALEE % L 72, 24 iOEFEA T 4 2§ (£X:1.0um) 252
2y 7 BB L., #OBEEIROAE% Fig. 2¢, 2d @ frame 12t 57251 7 — 3 — F TR
U 7ze BHBRER 2 &, FRIC B fHIRII AR (B & it DA D H 75 2 AR S v, 3 RoThE
THDHEBHL IR -7 (Fig. 2¢, 2d),

X BT, Z® honeycomb HiE&2s VM & L TIEK L T\ 5 2 & 2R T 5 720, VM Bt

WL End VE-7 F~U v MMP-2, & X 0" MMP-9 O %8 % fidthr L 7213, 33, 57, 63]

(Fig.3). VM BTl 2 N5 DR T DFRBIDHER & 117z, Control f & @ L <13 MMP-
2 DRBIIEAH o720, VE-A F~Y vyEBXXEMMP-9 0REIZI VMBICEWTEHEE
AL 72, $FIC, VE-Z F~Y v B X O MMP-9 OREBEETH 5 2 L 13 VM 25L&
NTW3ZEERT[52], ZDFEED 545D honeycomb #iEIZ E D VM JEEK A /1 = X L
X o TR INT VMEEETH 5 2 LR I Tz,

12



a

frame 026|013 frame

Fig.2 VM formation of HCC1937/p53 cells on matrigel

a) b) Microscopic appearances of the cellular structures 24 hr after seeding on matrigel are
photographed using an inverted phase contrast microscope. a: Cultured in flask for 24 hr. b:
Cultured on matrigel. (Bar=200 pm) The aggregated regions (asterisks) are 4 or more cells
thick, whereas the bridging regions (arrowheads) are 1-3 cells thick. ¢) d) The cells were
stained with DAPI and photographed using a confocal laser scanning microscope. The 3D
structures in the B regions are shown using Temporal-Color Code of Fiji/Image] software.
Twenty-four vertical serial sections (each 1.0 um thick) were stacked and displayed with the
color code according to the depth of the nuclear location. c: Cells cultured on APS-coated

slides for 24 hr. d: Cells cultured on matrigel for 24 hr (Bar=100 um).
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Fig.3  Detection of VM-related gene expression in cells on matrigel by ddPCR

Control: Cells cultured in flask. VM: Cells cultured on matrigel. Relative mRNA expression
level is calculated by dividing each value of the VM-related gene by that of GAPDH. Means
*SE are obtained from four independent assays for controls and five independent assays for
VM experiments. **P<0.01, *P<0.05 (Student’s t-test).

42 VM BEICET 2 REHEIR O DA

VM JERGERRIC B T 2 Eeifiia o B 2 6 22 i1c 3 2 2o, FUEBMd~— 7 —
ALDHIA3 ¥ X OFLIRE e LK 0t~ — 71 —GATA3 ORI S % — v % “E S0t
gtk & O CHENT L 72 ALDH1A3 % %89 2 Ml B fHIs (B i) ICRET 5
fHRAH Y, NIRRT, A fEE (HWHN) 12 GATA3 OFEREL A b7z (Fig. 4A),
HIfEREsiE~ — A — 23R L 7= Ki-67+HlE 13 A fElsk & Felk L < B fEific % < . Bifikic s
B A IR E AR A - (Fig. 4B), SO DRTER ERINICIHE T 2 720, &Iy
R v}y ORPEHGTREE 2R S & CHE L, MR EOEEREE (B fEE 0 HOEERE /A HIR
DHOLIRE) B L7z (Fig. 4C), ALDHIA3#iifg+ X O Ki-67-H5lfifd ¥ B s8I f5
7E L. GATA3HIIEIZ ASEIICRET 2 2 L8 L & o 72 (P <0.05),

14
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Fig. 4 Localization of gene expression patterns in the process of VM formation by double
immunofluorescence analysis

Gene expression patterns in the process of VM formation. A: Expressions of ALDH1A3
(cytoplasm, green) and GATA3 (nuclear, read). B: Expressions of ALDH1A3 (cytoplasm,
green) and Ki-67 (nuclear, read). Nuclei are stained with DAPI (blue). Quantitative
evaluation of the expression patterns by relative fluorescence intensities. The average values
of relative fluorescence intensities are obtained from the cells in yellow open squares: B region,
and white open squares: A region. (Bar=100 pm). C: Values are obtained by dividing the total
intensities by the numbers of cells in each region. Then, relative intensities (Means =SE) are
calculated as average values of the B region (n=7) divided by those of the A region (n=6).

The experiments were repeated three times. *P<0.05, **P<0.05 (Student’s t-test).

16



43 R E VM FERL

FEEEHIRE X VM EREE 12 b 2 2 & 28 in vitro [65] & in vivo [45, 57] DM )T CH&E I
Tw3%, HCC1937/p53 #ildic 17 2 fEupliico VM JEKEEN 21~ % 7= aldefluor 7
v &4 %M ALDH iM% L, FACS 12 X - T ALDH*# X 8 ALDH#ilfid o %5 it
%17 - 7= (Fig. 5A), negative control ¥ 7/ (ALDH [H#EH| DEAB #t5) # W,
ALDH* DO #iJH % 7€ L 7z, negative control % ¥ 7L id ALDH 2fHEI LT3 728, ik
4 (ALDH #H) oH#OtWE ~0Z e 2 53, ALDH iEPEIC X 2 S 5 2w,
% ZC. negative control % v IV THIEF T LM A Ny 7 STy v PR,
negative control ¥ ¥ 7L CHIY D 72 WHS) (With DEAB DR #HiFH : 0.11%) T, L2 b,
test % 7L (DEAB JE#&5) TR EFT 2l ICE T 2 Ml (Without DEAB 7 t i
:51.77%) % ALDH'ffiflg & E#& L 7z, —J5. Without DEAB @ ALDH {1235 b L
Mt (5 HErH: 11.59%) % ALDH #ifg e L7z, #il L Z2fiigid< b U 7 v RicHiid
L. 24 WEfEIEE#E L 7= (Fig. 5B). ALDH*#lEid 24 BEREILANIC VM IERAE T LTz — 7.
ALDH Ml A TERE Z R L. VM IEEIIIHIC 4 6 N 2 FEFRIVER A LT, 7 T R
aiEchALNan =—5H (Fig. 2a) DKL /RI b o7z,

With DEAB Without DEAB

800

=)
L]
X 600
L
3
R4 400
200
0
102 10° 10 10° 106 102 10° 104 10° 106
Fluorescent ALDH activity Fluorescent ALDH activity

Fig. 5A
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Fig.5 Ability of FACS-sorted ALDH* cells to form VM

A: Tsolation of ALDH* and ALDH- cells by the aldefluor assay. In control, DEAB ALDH
inhibitor was added to establish the baseline fluorescence of the cells (red range: 0.11%) of
ALDH?* cells are defined as the cells exhibit the aldefluor activity exceeded the baseline
(51.77%). ALDH- cells are defined as in the blue range, removing the intermediate range
(11.5%). In order to select living cells, 7-AAD for nuclear staining was added, and the stained
cells were regarded as dead cells and removed. B: VM formation of ALDH* and ALDH- cells
cultured on Matrigel for 24 hr (Bar = 200 um).
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44 TR +—> 3G HCC1937/pb3 Mg & VM FERKEE

Wa DiBEDOWEAER TR, p53 FHT K+ — v 2ichitto HCC1937/p53 MifaEN 12
S Pt R O FRNT IC B3\ TR~ — 77 —ALDHIA3 3 X O Sox-2 OFIEIS AL, 5
ez SEICED I L EHL I LT3 (Fig.6 Hiiufit 7 7 7). Dox2d i % s
FSELUIE & LW, p53 FEIC X 3 7 K b — v 2 CHIE Db 2R T & |
Ho. W7 ot~ — 7 — & T oRBRE G E O T, Eitiils 88 2 EHTH 5
EYHEINDTH D (Fig.6). T HIC, FHER L LTY T X 4 4 PCRIC X 5T Dox2d

ffEl: ALDHI1A3 35 X UF Sox-2 DFEHMTUHEL T 5 Z & ZifEr D 7= (Fig. S1),

Dox2d #ifdo gD 7= o, Dox L% L T Wilild % Control fild s L THW~=, *
NZNoOMiid% thin gel FETHEE L, RRFHVICHENT L 72, Control MifEix 24 K< VM &
WEATET Ly % O, IEMER LMD 720 1R 2 ICTEREDS s L 72 (Fig. 7A) . —7/7. Dox2d
M1 Control MM X v H F< 6 BT VM JER2S5E T L. % D&ERICHEL 72 (Fig.
7A), FERE. Dox2d #ifix 1~6 Bifflo VM = 2 7EZB)ICH T 2 SIERIE S H 2 6 b |

Control fifg & v D VM 2B L 7= 2 & AR & 7z (Fig. 7B),

mm No. of cells
-»-ALDH1A3+

-O-Sox-2+

Number of residual cells (x105)

Control Dox 1d Dox 2d Dox 3d Dox 4d Dox bd Dox 6d Dox 7d

Fig. 6 The expression patterns of ALDH1A3 and Sox-2 in Dox-treated cells

T T
=~ [+ w =
o o o o

o

T
[=2]
o

N w = o
o o o o
Percentage of CSC marker-positive cells (%)

=
o

F
o

The time-course changes of the percentage of ALDH1A3* cells and Sox-2+ cells in our

previous study [22] are shown. Residual HCC1937/p53 cells indicate apoptosis-resistant cells

in those showing Dox-induced p53 overexpression.
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Fig. 7 Accelerated VM formation on matrigel in apoptosis-resistant subpopulations of

HCC1937/p53 cells

A: The cells on Dox for 2 days were seeded in matrigel and cultured. The control cells were

not treated with Dox. B: The time-course changes of VM scores were calculated by the

formula in Fig. 1. Each line graph is modified by linear regression (Control: R?2=0.9927,
Dox2d: R?=0.9043) and shown as a dotted line.
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5 EE

51 BEEMIZD VM R & SRR

VM 37U s, 770 A —=, JI8E,. X 7 7 —~ . BiZYE 7 S O Ol &
NTw3[65], VM Offiti & KENC O W T H R4 @ T I TH Y, in vivo TIEA
7 ) —~WNOIMEFEE ICHEMIE 70 2 & 2R & [38], = — 4 v 7 AEHIE 2SR L
7o MERRESE N Tl MR A3 R S 7z [55]. F 72, in vitro TIXHE D~ b U 7 LA CHE
L 7o MER i ARSI 5 X OV 2 7 — = DI ARIWTINIC X o THIRRIME RS 3 X B IR
MENRD bN7z[38,57], TNFE T~ Y FANTORERIC X o CTRREBOBIER TR D
NCTEZR, AT 7e—FL LT M) 7 ETHET S thin gel BEEEEZH W2,
T OREEERRRICBIZ T 5 &, myloZ2 b e L Clllgas HiZFk oIz IcZ2 b L. fiv THllie
BEANICFZMIET L 9 1A L, i&%{%£I1C honeycomb (VM) &% EAL L 72 (Fig. 7TA),
Zo VM kEEIL, VMEEZIER L2205 % Bl e, MilasEa Lz A bR
hzZlxzmliz (Fig.2B), ZOWEHED 3 RITALHNIC 2T, color-coded multi-image
TIFF i (Fiji/Image]) 1 X o TR ICAI{L T & A Es R T e (Fig.2c B X
O 2d), thin gel IETHELIRE L7722 & T, VM SR VIMEELZHO 22 2 LA T
T, L OVREEDEVEIHLIC L, FFic, VM B L22H % B s Cfifie
D 3 RICEHNDBHEE TH V. T OREETEI D SRR 0 7 1 FTEHERIC VM D JE R %
ODHPICTEFEH2VICRE EEZOND, L EOIZREHZFEIC I 2. VM BE#E(R T DF
BHAREERE N7 C & X 0. HCC1937/p53 HIC ik VM TEHEEN % FioMlinssar £ C L
5 LG E o7 (Fig. 3),

52 VM FZRK & e DBI%

VM O8I 351 2 A RRRAI e o BB 138k 4 7 RS O TR & Tv B, il 2 137U
ICBWTIE, ek X ALDH iE1:(27], ~v X7 = TIBEE[34]. B XL O
CD133[33,57]. CD44*/CD24[27,41]. Sox-2[28]7: & DFH % — v ic k& o CHEIE - #
HEx i, VM IERK & OBIRAH L 2 Ic E T w3, PHRAR O KAERLE (IBC) <l ALDH
T A R I M AN DR BRI & SR ICBES T 3 © & [9]%. VM JERERAE W &
DRE XT3 [50], IBC o RFESHEIEZEN CIE VM & MEF EOEAESHERINTE
b, THIEREBICET 2 VM OB 2EH-o0 25HL L T T 5[49],

A& AL 7= HCC1937 iz ALDHYESMEo&ERAmnwe ¥ h 3|7, 21,
22]basal-like FLE K T[26]. FACS IC X - CERI L 72 ALDHHIIC 155 VM T2k BE

21



2R E i (Fig. 5A), IBC DR R & —38 L 72[27], 2D &id, VM A3EEd: s o BE
TETPEARABRBDO~—Hh—lch VB wIaveyH+ L d—KT3(62], SHDOEERT
iZ. ALDH#ifciZ 24 REREILAN© VM 23R S 117z —J5 ¢, ALDH #lifdix C D)) % R\
TW3 I AR Nz b, ALDHHEMOHICE T 1 2 e il skiE s VM K
DFIBEICHETH 5 Z EXHL P IT TR 577,

5.3 VMESICB I 2meiia~ —h—HB\EHhG

= b U TN ETORIZEESCHTCIE, LAREE RN L VM BB T oo 5 5 B fHEIC
ALDHIA3ild A RTE 2R3 Z & 26, fEEsfiidss VM O E I B\ v CEHEE R &E %
Rz LT LHEE S Nz, Fox 2dilbEcilid; L eis i X 2 & i i3 im t 23
22 % & ALDHIA3 XB2T#ER R L, Tkt &, RIBKHIIE & L < Ki-67 FIR %1 5 M
fedghE, X 6ic, GATA3 BB %1 5 Mgt < . sEiiE~ & b3 2 & v 5 [
JEE T ADAS I T o T 5[22], %S RIOGREFEN EROOMKIIC:Y TIXD 5
&L L e (ALDHIA3Y) (d&4)ic B sl B Cligiie (Ki-67+) %
BAIE L. & 51 AHIRC GATA3* 2% 2 Milg2 b3 28T, VMIBKICD74R28 5
E#Ezobhs (Fig 4A, 4B), GATA3 IZFUENE LEAUFE~— 1 —TH D5, ZDF
BRI e b IR 3 T 2 IREE K S L CEFE SO THREERE N[15], &5
I, b bR OEECIc 6EETH % [51], VM IIME IS CRERK & o 2 I HrE &
XAl 42525, b P NEMAEA VM JEEICRIG 32 2 e HIb N Twb, AT —< Tl
VEGF-A(vascular endothelial growth factor -A) XN E Ml OBt t # 51 &2 2 L, VM KL
RiFE X, X5, VEGFR2 oFH2 VM JERKICHES T 2MELH 5 [65], L L.
GATA3 13 VEGF ZHL 2 & WO MERH 2 [51] 720, VM R XN, &L <.
BTG LT3 LHfERTE 3,

LLEX D, SEIORKERIZNSTF A H =R LI VM TEEGEBRR A B S 513 2 T2 0 17z
2LEZOLND, Fric, (B 5.1) TR 7- IS 8 7 B fHIC 5T, ALDHI1A3
& Ki-67 RSB L T Z &t Fasfiito B CEREET . b L <k, miEKHAE A
VM B DRI BB AKEH 2 R LT LRI ng,

54 BRUESMZ R REE & VM FERLEEN DR
Fair il EUEN 2 2 SO FERTHHEL 7225, VM B D5 TRHICEDLR & b Tz,

ALDHlfE 1 VM JERIC 24 BERTEE L 72 o icxf L. Dox2d filfiiE 6 B VM JERR A58 T
L7z, Dox2d filil@ic B 32 VM FERGEE DfEEic iz ko & 5 nBmAEzZ o515, 1) g
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M DR &A= D&, Dox2d MifldfEicid FACS ¢ L 72 ALDH #ilute
XY d% < ofafiiisEGEncnz biffEdnsd, 34bb, Dox2d ® p53 it A
DE A 1F HCC1937/p53 afifidd 31.05% TH Y (Fig. 6). FACS I X » CTHiEftx h -
ALDH#Ifg D& 413 51.77% TH - 7= (Fig. 5), DT &5, Dox2d fllfidiz VM JZRLAEE
AT MR XV EEICHBTECwR e EZLNS, 2) BEMRCHTs XL
A DG, FEEHREOKEEARIRE, 72, BEME~ oMK AR IC X 5 2 b LR
TTVM 2 b, SR WESE X 4 Fickh s L a3 nT\ws[2531], 5H
DEBRTIE, pS3 FEHT R = ZABZA L AL LTHEEL, 2OR ML 2EZITFTHERE
% LHTE S Dox2d Mifidid VM %#TERKT 2HE 2 18RS LIS 2 LHEllTX 2, FERRIC,
Dox2d #lifidix ALDHI1A3, Sox-2, ¥ X " GATA3 O FEARFE TS F T, VE-# F
~V v XU MMP-9 # &8 VM BER T o #H b il i (Fig.S2), L2L. p5b3 @
FEIRF<d 5 TP53INP1 (p53 BAEIE(LA F L X IBEEME) 28 VM JER O HE IR 5
T3 DFIETHE SN T W B [58], 2ot ¢, TP53INPI @E|FH 1 31> T VE-
51 F~Y v, MMP-2 5 XU MMP-9 O #B AR T2 2 & R I N TEH Y, SEIOFEE
CiE— L 7\, Dox2d #ifiEiZ p53 DFMBH 2 ICHBHbLT, THREF—vRABEI 5T
WRWT ER D, 15 A0HET TP53INPL 2887 K b — 2 ZREAEE S, 7THF—
L AFHEL VM ZIHET 2EEESIIH X T wd & v alEEEs#R IS, Zhid,
TP53INP1 O & 72 1 IRFEBLL PR O EST & IEOBEDR H 2 L o & b —F T 5 [58],

55 VM K & fezfifd DA b

VM (FIE N RO R % & Dk 4 fifaRIAI % & % 7203 2 & & <, B
faDRES %R 938, 66], HHlEEE~—5h — L% aEME 258 2 N7 2 FIEMAL T 5 &
oo upiilakiRE 25l &R T2 8 TE 3, Lol L, [EEERICE T HE
& E 2 H S LEEEESTT (EMT) 235 % [42], Sox-2 13 EMT i8R F0o O & D TH b,
TFIE LA ToEMIERICE T 2 AOHA S L CEMOMER % i+ 2 [16], E
BRI, Sox-2 DFIITHEIRX, WADEK L7 VM B w T REIHER I LTS
(Fig.S3),
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FEEHIIEIE VM IER O ERICEE TH 2 2 LRSI, VM IER 2 EEE o ICk
2SR X TR OELICBIfR L T B L v ) BERIY a5 [50] i —30 9 2 KR 2 15
5T ENTE I,

TNBC iiftho 2 4 7O HAfE L b b % < OBtz &F 3 5720, TiRAR CEAmE
JEG %R eBAbN TV 5[8, 11], ZDHEAlMED XA =X LD—2L LT, VMIE
FAMRIE X 1T 5 [33, 63, 64], 4 DEERICE T, pA3FH TR —v A bans
TNBC 2k HCC1937/p53 il i3 rfiiatkfrtt Z/Rn L. VM B Z{REL 22 itk > T
QL E o7z, 2O OHERIZ, TNBC i3 1F 2 EEMEMIIE VMK Ic B\ CE
Tl e i3 0w) LR TRIIOERN T T VA TH 5%,

L. PERDPUMET IR R TR WIS, P VM FEEEEBIF & i3 Es
AL~ MG 72 v 7 35720 0REFTIEICR 2 L BHFI T 52310 iz
T, RPN % 7R MG 23 R R 0 B5f% 2 P76 % I 3 2 907 72 7o 3Rk 7 5 RTREME
a5,
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Fig. S1

Analysis of mRNA expression of ALDH1A3 and Sox-2 in Dox2d cells by real-time PCR
The cycle threshold values were converted to relative gene expression levels by the A ACt

method [35, 47].
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Analysis of VM-related gene expression in Dox2d cells by ddPCR

Control: Cells cultured in flask.

Dox2d: Cells cultured with doxycycline for 2 days in flask.

Relative mRNA expression level is calculated by dividing each value of VM-related gene by
that of GAPDH. Means® SE are obtained from four independent assays for controls and
five independent assays for VM experiments. *P<0.05, **P<0.05, and ***P<0.05 (Student’s

t-test).
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Fig. S3

Expression of Sox-2 in the process of VM formation by immunofluorescence and ddPCR
analysis.

Gene expression patterns in the process of VM formation. Expression of Sox-2 (cytoplasm,
red). Nuclei are stained with DAPI (blue) (Bar=100 pm).

Relative mRNA expression level is calculated by dividing values of Sox-2 gene by those of
GAPDH (Sox2/GAPDH).

Control: Cells cultured in flask.

VM: Cells cultured on matrigel for 24 hr.

Means £ SE are obtained from three independent assays for controls and five independent

assays for VM experiments.*P<0.05 (Student’s t-test)
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