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Role of cancer stem-like cells in the process of invasion and

mesenchymal transformation by a reconstituted triple-negative

breast cancer cell population
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ALDHI1A3: 7 V7 b Rik#ERE# (Aldehyde dehydrogenase : ALDHs) 1% 19 fHD 7 1
A TRHMLNTEY, Mg, 2 har N7, BERNICEEL TS, ALDHs (37407
t RSB NVR A EES~OBACSOS O = 27 VIR RER, Sii el & £
NAD(P)H D1l 72 & ORFHBFEIZ BV CHEAR A K 2l T 5, ALDHs IXIEH #H
R D 272 &4 LRGSR~ — o — & L TR b TWb, ALDHs 7 A YV X A 7D
OEDThDH ALDHIAS (XL T/ A VERGHIC B BRAH 0 | Fiiz 22 ER R A 7o s e i~
—H—L LTHIfFEN TR Y | FEEiie & AR & BT O R A L ORI HH B
BN ®H 5, S HIZ, ALDHIAS (HEififia/2 i ¢/ MY x0T 4 7 #3E (TNBC)

(ZAFAET D HYFERE D TR W RTEEAIIRIC B W T BB T2 Z L BB LT > T b,

Apoptosis-resistant cells (RE) : HCC1937/p53 #i}id T& % Untreated cells (UT) %
Doxycycline (Dox) &AM CHAE L, AR /IME L 725 5 HH T, AXE-720

10% DA & 512 Dox ARG TR L. 15 b 7o LM In L,

CD44+*CD24 : CD44 I, FLfEefilaZz GieiE e A & OMICTHRILT 5 37TkDa OEEE D T
Toh Y, CD24 |3t 4 B ML DR EA B CRASNTES "7 Th D, T b &R
Hiotic CD44*CD24 F B/ — o A FF O JUE M0 7723, NOD/Scid ~ 7 A B S 1
B E S 2 TR L2 Z & D CD44+CD241%, RFEMFLEHMA~— I —EF 2 61T

WD,

EMT ( LRz IZEEs#) : EMT A 2 U 7= b RGMia i M A 255 70 7 S ARTEIE L S, Rzl

faDVEE N KON D, Z OBE, Ml E kO BESIF L OEAE . Mg X OO Z(L)



A U CHIBERAIE 22805 L, Ml OEBIRE & e MR S D, £ OWDBE T MET (]

T LRERH) LD,

Ki-67 : H5E T Offa o= ToOMEY (G1 #, SH, G2 #, M#) THET L% /37T
%, MIBAFEIEZIRIE L TWDEIEH (GO H) TIIFEELRNWZ L2, MfaEEE~—
J— e~ —7—) L LTHWSRTWD, Ki67 ¥ v 37 EOMEAEIX, il
JEHIOE RS (S #) 4 U ClfaE B T I E L <IN 5720, Ki-67 OZFBUL,

JEI55 D YEFERE & R 2 7o OIS b Y. IHC) IS TRV, JEDO % T

HIZbISHESN TV D,

Matrigel : LK~ U v 7 2 flifash~ U v 7 A& N7 E 2 B EIZE T Engelbreth-
Holm-Swarm ~ o ZAWME2 & fliH U7z vl SRR S Ch D, FElmiE 7 I =
(56%) . 2T =7 IV (B1%) . = H I F v (8%) . BEIOANART Uil T 0T 47 ) A
YTCHY | BRI CHAEOMEER & S AEWiEtEoH 5~ N v 7 A LD, EN
BeAma, P & st 2 & Do bEhE . FEHINE T OMRRFF R I RE & & R E

PEAEDFEFEIZHN DAL, AWFIE TR ML ORIV O BT I AV T2,

Overall Survival (OS) 24AFHIE : BRI\ T, 1BEBHE S BENEFE L8

ooz & amrRd,

Progression Free Survival (PFS) fESEEAFHM « i (RE%R) \TESETETLE

LR TH oW D 2 & 2R,

PSS FE TR b—T R 1 ph3 ODEERMEAEL LT GLHEIE L | TR F— AFENRZET 5



o, 2D OREREDMENT A pb3 DV UERKIZ K » THIEI S T\ D, GL HHE D £
H=ALELT, pp3 DBV 15 V20 2V V(LT 5Z LICL V., pb3 OEE(L
MEHE L, IEME LS D, pb3 OFER LR GREREDTEMALIX, p21 ORIFHEEZ /) L CH A
27 ) v EICdk2, ¥4 7 VU AICAk2 DIEHEZIHIFTHZ L L0, GUS HIF = v 7R A v
NEHET 5, TR M=V AFEA =X L E LT, EHE7 DNAHBEICRE NS &, pb3
D46 FEHDOE Y VRN Y VEME S I, ph3AIPT ORELAZFHE L CTT R h—v A &5 &

-
— o

Snail : Snail 7 7 2 U —ix, £ 2H SNAIL, SNAI2 B L USNAIB #EFICL D 22—
SD K /37 Snail, Slug 33X Smuc (2 L VK S4TEY | zine finger BUERE K 1
& LT, DNA LD 6 OS5k D E-Box Fl% (CAGGTG) %58k LA 95, Snail
77 Y —=REs A LD E-Box I[ZHET D L TN HITIWEMEIA T & LTEH Z L
ML OWFFRICE VB SNZENTEY, Snail 77 IV —OHF T bAFSEDNEA TN D ¥
YN ThD, EHIT, Snail I&, EFOETHIC EMT 25| &8 2 L, eskiia 2 fEk L,

HUR RIS K OB FERIEI T DML 5536 T 5 vRetE 2 & G K1 Th 5, gkt
TR LD | Snall IFAEMEMO S E I ERY T X A T FECHIED basal-like 7 ¥ A

TTHRHL, EEORMEELEE L TWIHRENH D,

Tet-On system : E. coli 7 b 7% A 7V UMittEA~<m o645 57z 2 FEEOFREIPER 7
Tet V 7Ly —% 2378 (TetR) & Tet AXL—%—DNA ¥ (tetO) %Iz L=

AT LT, WA B THEABR FRAZHE TE 07 74 —Thb b, ARIHWE
Tet-On system (X, Dox {fFfE FC7 b T4 7 U VIRER T LG L THMWEER O3

ZR L, BER®RICE—2 2T,



Triple negative breast cancer & %7 % A4 74340 : b MOV 7 & A 7138 {R - F BT
IZE 2T b ODHA AT oND, HMEDFEFEL LTH, = A hubfr - Fus27n
v oo b b ERRERTZAE 2 TS, TNBC 1L 8 2O, F~—h— (A hr X
VEAEWR [ERL Frr 27 o vk [PRIL BE Ot b EEERR 73254 2 [HER2] #
YRIE) OREBNEIETH D, FHx B3V HCC1937 Mg Tid, R4MET CSC IZiEW
MlNZ < EENTEY, TNBC O T p53 £, BRCALZERH Y | b Mg ~7 ¥

A 753 TTIX basal-like % A 7 I2)ET 5,

VM : RS (vasculogenic mimicry : VM) (3, MEIEGHAE AP B HIAE 2 449~ 2 (i A
AMBUINILTRERS T D, VM T4 & 13572 5 6 0 T, JEGMIgIC X - Tl ERRgIE 23
RS AL, H_OfEERR L L THREET 5, VM JERIZI VT vascular endothelial (VE) -
cadherin, ¥ FV v 27 2AZn7u7 77—t (MMP)-2, 5O MMP-9 3 %8 L T\5 =
EMMBNTEY, 261X VM BEEE & L THWON TV D, BRRANIZIZ, VM B
G ORNE, BB, TRICERIA L Z LMo TnD, BER VM EAZA3 55
FEAER] TIXIE VM SER] & b L TIlATIERRE RS &< 5 FAEFRBENMEALRSH S &
IWMEN®H D, IHIT, VM B RUOYEHHIEORHE L TNBC ORENE & ofR B M: R
e S AL, Fox OMFZETIE, FEEiidi VM PROERICEZE TH 5 Z L 2m L, VM IJZEA
M E ORI R T 2B T OTROEAICER L T D & S BRI 22 e 12—

BT DR 2T 5, VMIZKORHIE VM 227 TRrEn5,

M1%E% CSC - LFz% CSC (Mesenchymal CSC (M-CSC) + Epithelial CSC (E-CSC)) : CSC
IXZDFFIC Lo CE DICHE I, BESNELS . B A2 R HEER CSC &, L0 g

PR < 72 % ERGR CSC 3B S L%,



ATBARID . FREVHIND : FLASAIIL O PSR 7o M (X I, ABRAIN, PRI 2 B HERE
TN B, WA & AT S IR 2L L ORI S % M T 5. ATBRHIIE 23R

HIRERER R, S 5140 LIRS 72 5.
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FLER L, AT OO TR LBEBICH LN TH D, FIEDK 15~20%DAEHIIL,
3ODNAA Fv—H— (=X bu o2k [ERl, 7n 27w o254 [PR] 8L 0k
~ ER RN =AM 2 [HER2] 2 2327 8) OFBANRIETHD [N TAxHhT 47
FE (TNBC) | 2S5, TNBC (3K W HEIEIER & FHREO U A7 BEn 7o, M
AW (PFS) & 2AEEHIR (0S) MEVWVREE & 1 . TNBC A A%1) & 3 2 HrliHAl o B
P& DM A R LT D MBI RTIZI, heterogeneity (BN R —1) 2MFET S,
BN AT 1 REJ—PEAAE U S JRIRNCIEHER, stochastic model (FEFRE T /L) 233CFF &
NTE 7R, IAEIEsiE (CSC) MNTEMA & 722 hierarchy model (FEEMEET V) 33
IZ72 0 5o d %, CSC IFHCHERAE L ZHMLREOH F 2 TV D L ERINLTED,
FURE O, #IT, BROEBRBICBW TEERKR ZRIZT LRI NTND, S HIZ,
CSC I, (LS IE I SRIAICTMER H D L B2 B TWD,

HIEIZBIT DT VT v REiKFEEE (ALDH) OFENCET 2% < ORENH LI, FFIT,
ALDH 77 X V=% T X% 47D 1 >Ths ALDHIAS 1%, CSC OEAH L il
DIIE & ORICHRERARBEIBR 2R L, BT LK CSC ~—h—& LTIRESh TV 5,
LIRTZFe % 1%, ALDH1A3 7 TNBC (23 T CSC O A7e b3, @ FE I HEFE S 2 J8 i BIsH
FUZHHBLL TWHZ EaRE L, b, EsMin (BCSC) X&km~— —
CD44+CD24 #3883 Sl & LT H i, FE I TWD,

R EEE (EMT) 1%, M S 672 2EBIEORMAE N 532 Z LARER T\,
EMT |Z & 2 Aisf O fe Tld, i B ofettz v, MIERELZ BT 5, 20
M, EMT A8 2 U 7o 1 3 AR S 08 U, oo azic s, RIEL., Mkl

NRICEALTCERES 2G| SEZTREANEE D, SbIZ, EMT 2FE S z/igix,



CSC LML BIn PRI — 2R L, WEIRBREZZITRT W ERmoh TV,
UTAE CSC 1%, MIZERE (EMT) & Lpekk (W3- LEB1T IMET]) %725 IRETHET 2
Z LA STV D, CD44+CD24 O3Bl % £ 5 HEERR BCSC 13 31T A& 31 #% 1R A8

0 B ORI AAAET 223, ALDH {EED L~ us B3 U7z R BCSC 138
FERRETH Y | JEEO LV FLERICALE LT\ 5, BCSC ORI L v . EMT HRIRKE &
MET ERIRFEFIOBATAAREIC 2 Y . £ OR R, MIRIER X BB OREN N ESR SN D,
& 512, CD44+CD24-#ifai%. Snail, Slug, Twist, 35 & U} N-cadherin Z % L, E-cadherin
IR LN ERRESN TS, SHICCSCITiE, LRk (B) ALDH+CSC & HHER:
(M) CD44+CD24'CSC (Zhnx T, A7V » F (E/M) ALDH*/CD44+*CD24 CSC ® 3 ff}H
Wb ERREHEENTND, ZhHD CSC D3 DOV T XA 7%, WIEEFEG, 1k
(Zxf L TR D SR E T,

ARBIFZE T, FEEREAD - RTBKAING - /3 (lia Fs L OSEAEIC B 2 @ n 1 DR B Z —
RHREZFFNT 95 Z & T, 7R b—v AP 27 LRk S vz TNBC Ml ¥
7% CSC DEEIZHA LT 22 EHHMET 5, FRRFEE LT, pb3 ilbRIFEELC
THEINDT AR b— 2 RTHEGUEZ 7R T MR RS 2 SRR 1>\, EMT
~— 7 —OFHL L Matrigel |Z361F 2 2MEEBESZ M L7z, S 61T, 748 h—3 X &Ptk
AR I 1T 5 CSC D&l & EMT Z 3584 5 aliitE 4 did Lz, AMFSRIL. MEERR CSC
ZRFOILBEAIEM S EMT #5ICB 545 2 L 2R LERYIOBETHY . 2o OfE R

3. TNBC 2NEFRRHIRBEGIMELEG T 5 A D = XL DI FRNY 2525,

[#18F - HiE]
HAW7=fiiaix TNBC ko b M FEfakE HCC1937 fiiifnTdh 5, @ HCC1937 #lfia
Z WT-p53 HFEMT T AI RTCLEEMIC NI A7 =7 ML, HEtSh-BE /s o—

D 1 2% HCC1937/p53 L4 Liz, AT TiX., Dox FEGIMNO HCC1937/p53 Hfte



% Untreated cells (UT) &4 LR E U CTHW, MBS i/ IME & 72 % Dox BN
5 HHIZ, p53 FHET R b— T RAEHIMED H 55 10%DAEME A . Dox FEIAINEEHI T
O L, R S 7= /i %2 Apoptosis-resistant cells (RE) & i LFEBRIZHV =,

CEGEM RO HEE LTAPS a—T 4 U S AT A R T A LT LT UT,
RE % Dox FEIRINE L OUSIN#IZ 4% paraformaldehyde € 10 43 EE L. 0.1% TritonX-
100 T 10 43fH. BFEmLEE 2 L7z, —&$uke LT, #t ALDH1A3 $ifk (Purified Rabbit
Polyclonal, 1:1000). #t Ki-67 $i{& (Mouse Monoclonal, 1:500) % itz &8, “kHUIA L
LC,. TIH YRR 7 24—V ¥ 1gG Hilk, ~vA % o 4 —PiEi#pi~ 7 2 IgG
iRz L, BCIPY/NBT &k, DAB TR S 7=, HilaEITT %L A7 (FX380
OLYMPUS, Tokyo, Japan) THi# L. FLVFS-LS Y7 + 7 =7 (Ver.1.11) (OLYMPUS,
Tokyo, Japan) Z{#H L CHEHT L 7=,

FACS fi#87T TiZHt psb3 Hiik (Mouse monoclonal) . #t CD44 #ifk (APC Mouse Anti-
Human CD44) . #t CD24 $i{k (FITC Mouse Anti-Human CD24) . $t ALDH1A3 Hiffk
(Purified Rabbit Polyclonal Antibody, 1:500) . ¥ LT Alexa Fluor 680 goat anti-rabbit
antibody (1:500) Zfff L7-, = L, Cellcycle fi##rTid, #Mii% 10 mM BrdU < 37C.

VA Z XY 7 L, BD Cytofix/Cytoperm Buffer CTHEEE#%. 300 ug/mL ©
JEFE D DNase T L C, BtV iAEsz BrdU &% H X &7, &2, #it BrdU Hifk (1:50)
ERUG S, T-AAD T &Y L, Cell Sorter SH800 THEMT L 72,

Matrigel invasion assay %, thin gel {£% i/ L. TransWell hanging inserts (Z 35 uL
® Matrigel Ca—7 ¢ 7 L7z, 24 FEHAERIRAEIC Loz 1 7 =L dH72 D 3.5 x 104
fE oML % . 1% FBS & & etz BT v o N—IZfFEE L, TC 7' L— FO FHF ¥ 3
—|Z1% 1000 uL @ 10% FBS #=&deksia Nz iz, 7 4 WX —IZB8ZE L I-Mldz 5z 57
WIZ, 4% paraformaldehyde Z i U CHEER, F LY E L, 2 L0 Z2 BEMEE T

Tz 7=, F7=. Matrigel T OREHIIEZ 0.25% TritonX-100 T 10 s ELEEAE L, HT

-10-



ALDH1A3 ik (Purified Rabbit Polyclonal, 1:50) . #T Snail Hi{& (Purified Rabbit
Polyclonal, 1:200) . 5 XUt CD44 $ifk (Mouse Monoclonal, 1:400) & 4°C T/ &
72, ALDH1A3 5 X O Snail ® —&k#ifklE Alexa Fluor 488-conjugated goat anti-rabbit
IgG (1:1000) . CD44 ® —&k$iikiE Alexa Fluor 633-conjugated goat anti-mouse IgG2a
(1:1000) #=IR T 1A % 2_— bk L7z, &%, DAPI (300 pg/ml) % Hu iz,

HOEG O IL, S L ——EEBEMEE (A1, NIKON INSTECH, Tokyo, Japan) %
i L7-, Fiji/lmage ¥ 7 F 7 =7 (Ver. 1.52g, Java 1.80_172, NIH) % H\T, F %
LRS- EG (GEF 9 HiEF) OWOLIRE 2 KA T ¥ ROV CTERMIZOHT L
7o I HIZ, Matrigel DJE X3 200 um THY |, #HHEA T A A@EHR (EX 1 um) 206 Z
T 2 2 > 7 ZARR L RO S 2 H1E Lz, £ LT, BilEHil 2 5T Matrigel
Z i ER OB I L, TRIZol® T total RNA Zfli L, SuperScrip®IIl iz 5 R 2 T
cDNA # &5k L7=, Taq Man® Fast Advanced Master Mix, FiEHJi&E{s+ D TagMan® 7
1 —=7 [GAPDH, VE-cadherin (PCDH12), MMP-9, SNAI1] | 35 X OVl B i Lz
cDNA 7> 7' L— F&J&E L. Applied Biosytems StepOne™ Real-Time PCR System T
PCR S EATIR o T, BN A 7 VG132 95°C 1 57.60°C 20 750 % 40 V1 7 ViV IR L7z,

NYAX—E U TR O GAPDH ZW{EM = hr— L5 & LT, #—7 v MR

T A& E R LT,

CRESEEE |

Dox FEINTO UT & RE Affafad, M IiE e A LN BRI L7223,
Dox Z ¥R 2% &, UT (Z7 AR b —3 22 L0 RIS IaE 2 Wi L7z dicxt L, RE T
RIS U7z, BrdU Z W7o fifaE B o> FACS figtr T, UT 13 Dox A%, 7R h— &
WIELTT 25T S Hlds KO G2/M B OMIKaEEIE 238 L7223, RE Tid Dox #i¥ANIZ

THHPEICZE LN A 53T, Dox FERIMEFOIRENRHEFF SN TV, ZTDOZ Enb,

-11-



RE 1213 &£V Z < D7 R b—2 ZHHIMED CSC HMLAFAET 2 2 LA T, CSC List
ORI ST AR b= ZEHMEEZ R LTS Z NP HnE o7z, EHIZ, CSC v—H—
& LT ALDH1A3*, CD44+CD24 OfifusiEl & % FACS T35 &, UT 2T, RE
Tl CSC Bl OFIA NI EmEZ R L, ZHAEMA LYt cix, CSC ARMiu, ¥
72> ALDH1ASKi-67#ifE 1%, UT Tl Dox WINZ & » CT—i@MEIcHE N3 5 okt LT,
RE TiX, Dox FEiRMAN S Dox IRINZIZE S E TEHWEIGN RS-, S5, RE®
CSC Hififaix, UT =N L 0 & ERIERDOENRKE WHFER 2~ L7z, FACS TiX, RE
D CSC KM EIA S UT LV @<, 5122250 CSC ~—F—% i % & ALDH1A3+
ERR CSC X0 £ < @ CD44*CD24 [HIHER CSC 25 Z LR ENTZ, — )7, RIMiEL
7% Matrigel invasion assay TlZ. RE O@EWIEEMEIN RSN, 612, 44T
BR L — VBB Ok A T A A @G TEIET 5 & UT OfIgiREITH —Mlao 726
7. polygon, complex mesh 72 & DO N A& Z R~ TN H 72, 7205, UT Ik~
T RE IZFHRIT, LV EWREEET), B O EEBERTEERE OB LK%
R LT, ZOFEBRFERIZ, TNBC BNEFERHIIGRESIME 2 ST 5 A 1 = X A~OfiFI

FRNVEER D,

GEED

TR b ARG R A R A ok ISR A AR AT S AR IC BV T, CSC
BEARAESBEE L TWD 2 2H SN Lz, 20 FRAERHZER A 2 9 "Tiikix, CSC
FEAIE O A — heterogeneity (ZHEKNTHZ 2R Lz, 2D &b, EFEEE CSC
& EERR CSC BLUUNA 7w R CSC OIFENHT 7= 7B O R 2 I ET 5 &
Bz bhiz, TNBC Hiko HCC1937 Mg oA 7V v R CSC O EMT £k CSC Djij
Ta@Zie~TuREHTHY, TR0, GREEICEMT 222 LTW5 LB bR,

Thbb, JEROIBFRIEL 1T EMT 2l Z3RN1H LA 7 U v R CSC LT
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EMT # CSC %L U= itE 2 R 2 HER S 5, A% pb3 778K h— A FHEL
KD AN = K NFF2bb . Hs A F > B LSBT L 2 Wl % Fae o i 4
RERHT LTS DD, SHIT, ZOFBFRIL Dox OHAREICL ST K F—v 275

WHBETH D120, FREW 2 AW BB E 7V TORGER TS LD,
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2.1 ¥EIZBT 5D TNBC DR

FUpE 3 A EIC2M SN D EMEEG TH Y . HRICB W TEMETIRR O AL TH 5,
HEFEGIZ, 2018 FE1T13HT 210 T7 A DB LW PEDOFLEE DRER] & ) 627,000 AN DFEL A3 FEA
LIzt HEESNTWS, BREBEDRINOLOECOERFRTHL EEZ LTINS, A
HEDKI 16~20%DIFEGNIL, [ NV T AT T 74 (TNBC) | IS4, 2. 32
DAL F~—T1— (=R baF o2k [ERL. 7r 7 27w o244k [PR]. 8L UE b I
Bk RN 752454k 2 [HER2] % /37 8) ORBLRRNZ & THD [12, 26, TNBC I3,
Ve BEMETLE L0 B (40 R Aotk TTRE Lo W EANC H 5, TNBC (X, JE
O VAR IC 31T D HEFE I L ORMETE R SOG % 18 0 IR B 2 R TR o 5, S F S
FEREBE OO T T, TNBC (ZL VD ESWIEENE & 3 Y 27 O, M EA 7 H
(PFS) & 2/Ef7HIE (08) AV, ¥ TNBC (27— 1705 I #BH 050k
DFFREMNIH BV, Filith 5 FOHTHRITN 3T% THDH, = HIT, M TNBC BE 1L, #
—IIROACFEFIEN ) Th - 7285121, PFS 23 <. TNBC &A% & 32 Fri 34l o

BIRPALEL ShD [26],

2.2 EHMREEEET NV

FEMIAALERC I, heterogeneity (BEISNAEE M) BFIET D, ZORE—MENE T DR
K& LTIk, mERUICENMICEAS T 28EBFERRMDDLZETHDL LWV D
stochastic model (FE=RFHE T /L) NIFFSNTE 7228, HOERAE, 202 AT 1R
MRk AN & WSOl U7 E SN AE T 5 2 & SEE ST RISk, IS ~T 1 RE—1k
AU DRI, i (CSC) MIEM L2, 22 bIRAET 5 H OERAEZ 1Ek L

T2 oAb &2 A3 HHIIEIC L > THFFE 4D L9 hierarchy model (BEEMEET L) ME
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iz >odH 5 [6]l, CSC XA CEREEL ZLREDOM T2 A T\ D EEZRINTE
0. HIEORAE, T, BLXOWRBICBWTEEREEH Z X5 L3RS TWn5 [33],
X512, CSC TG A3 /E X ¥ 5HE/) (tumor-initiating activity) b L. {LFHRIESHK

HRREEICTME N S D &2 B TnWb (10, 13, 24, 38],

2.3 CSC & Hufa)/a#i
IRIR/ERIARARIC 8 D CSC IR MG A AR T HERER TH 0 ALFHRIERGUE,

JEGHZEME, B L OB ORIRRIEZED Z L3 Tx 5, Tk T, CSC ITAEMIE
#n CRWIMAL L 2ok 20 ERICEB AT 2 2 L 03d 5 (1], St OAFZE T,
Z® CSCIZH B2 FRIIRBEBITSZ B Tl /e <. B LWUINRBRICKHIS T 2 720 D51
fE SNz I LA THDHI EERBEL TS, ZOLHICL T, IKIR/AERIE CSC IiX,

JEIS PR HEERE &AALSERIE A RV U1 DB N IBTET D,

2.4 BCSC v—X»—& LT» ALDH1A3

BT DT VT b REUKFERESE (ALDH) OFENCET 22 < OWERA LIV, ZD
F1¢ % ALDH1 (aldehyde dehydrogenase 1) (> %&H LI % 7~ 3 Js i MR 42 (11 L5 JiE 14k LI
(IBC) sl KOREMICE T 5 Z LR ETn% (8], Fic, ALDH 77 X U —
? 1->Td 5 ALDH1AS %, CSC OFE A L B FLIE O FIE & ORI B 72 FH BB tR &
AL, HTLWERKR CSC ~—H— & LTREIN TV D [34], PAATICH 41X, TNBC (230
T ALDH1A3 78 CSC O A7 b¢, mEEICHIE S 2 ATMIEIC BRI L TV D Z & 28
L7= [25], &5i2, FLpEiiile (BCSC) 13BDFK i~ — 4 —CD44+CD24 % % B4 % il
ELTHHE FREISNTWD (1, 521, 13 FEOFIEMIIRIZBE T 2 Bl O#fF 98 TI,
CD44+CD24 Ml DFATEIX, b FFEICIIT D @ WIRIEME & ERRESR O NN BN 7 H 4L
7= [101, 136 JER| D FLFEARR Y o 7 VBT D HFFETid. CD44+CD24 #7232 < & £ T

W5 L, ElEiEsE R AR AR L7z [10],
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2.5  FLEEMHE O RIZER L EA

R MRERRE (EMT) (X, @M EEoREZ4 592 2 NI Tnd [51],
EMT |Z & 2 Aisf Oake Tld, i B ofettz v, MEER LS5, 20
fidk, EMT Zif 2 U 7ol AL R & 0B L. OIS EICRE L, ik o~
NRIBALTCEREE 2GS EZTRIPAmE S (31, 32], EMT ([Z31) 2 Ml M55y
FORNEMEbIL, MilaOREE & BEEE L RET 5, EMT 8#FE S n7cfifiaix, CSC &%
PLLIZ BB FRBAN Y — R L, LS PHEERZZ TSIV I e b Tn5 [24],

T 7206 EMT 015X, CSC LB EENH 5,

2.6 FIEER CSC & L% CSC

BCSC v—#—& LT, CD44*CD24 ®% 8l & ALDH1 iEtE0 N (ALDEFLUOR™ 7
A TR BamenTnd (1, 43,53, £OHTH, [HEEE BCSC 1% CD44+CD24 A3
RELTHMENH Y . RFEE PR LGS (HMLE) 225 FACS 2 X0 syt E e
CD44+CD24 #fifiaix, FIZEEE BCSC 2% EMT %22 L7-Bf L A ORHMAE AT 25 2 L 2SR
7o (63l E&RHICTORFFETIL, flOFEIZ -~ T CD44+*CD24 &8 X TNBC TL Y —
IRAIC I B, ERREER A~ DB D Y 2 7 REmnEEhbh g [18,21,29, 39, 53], CSC
X, MR (EMT) & Epgkk (M- BEBAT IMET] ) ORZ22RETHIET S [30]
CD44+CD24 OFHL % £ 5 FEERE BCSC 1 EICAIIEME RIEICH 0 | JESORIEATHR
IZAFET D28, ALDH iEMED ULy EH U7z Rk BCSC IIHAIREETH V. JEE D X
D HLERICALE LTS [30], BCSC O AI#IMEIC Kb | EMT #kIRAE & MET tRIKREM O
ITRATREICZR D . ZORE., MR ML X OEBORNINES IS [830l, S biT,
CD44+CD24#f1%, Snail, Slug, Twist, 3 &' N-cadherin Z%¥l L, E-cadherin 3%

HLAWZ LS5 [80], T4 CSC 21k, bRtk (E) ALDH+CSC & [MBEss
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(M) CD44+CD24'CSC iz~1 7'V v F (E/M) ALDH+/CD44+*CD24-CSC # /il 2.7~ 3 fEJEN
HHZENREIN TS, 25D CSC D 3 2OY T H A 71X, FHEIZA¥ELRL.,

BRI L C R D02~ [48],

2.7 CSC & EMT

W< O0D EMT v — 4 —O%BUL, LEEELE< OFKE Mk ol Sh <R
0. FUEMEERO EMT B2 b2 #3270 ST 5 [63], Snail 13, FEEOME
FTHIC EMT 251 &2 U, Mz MaRr U, HOR BRI & OMBERRIEIC 3 D 2 55
BT DAREMEDN & SR FRFTh D (67, LY IC LY | Snail IZFEAERD
SEIERYTHA T BRI D basal-like 7 % A 7 CRIL L, JEEOREME & BEH
LTW5 [53],

LIRiFk~ 1Z, ALDH1A3 Bttt CSC M7 K h—v A \HitkZ R L= Z &< [25], CSC
2% vasculogenic mimicry (VM) Z##4 5 2 LIk V| 2T 5 algert 2R L7z
(23], 2> X 51z, CSC 2RI, R, BLOBEICMEL TS L 2WEL T
7oy, RIZZDOFEMIZIA ST S TWRY, AMFZETIE, pb3 MBI K-> THES L
L7 W b= ZHRGUNE AR S B R S IR AR T I >V T EMT ~— 0 — D
HBL & Matrigel I8 2 RHRBES LT L7c, S HI2, 74 h— 3 2 REutEmatE
7% CSC DkE & EMT 3584 2 v MM 404 L7, ose CTid, AAMICHFESh
7= EMT ffass CSC DX 9 7z MG Lz 2 LAVRENTZ [24], ABFZE1%, RIZER:
CSC ZFr oM O FER2 EMT 28 E L2 Z L 2D TORLTEBDTHY | =
O DOFERIE, TNBC A HFRFFHTIREIRTIEZ G T 5 A 0 = X LDOMBIZFENNY & 5

A%

-17-



3. BFFESiE

3.1 p5h3 HEFHFEWEE/2 HCC1937/p53 HifaD s

bt ARk HCC1937 IX. American Type Culture Collection (ATCC) 7>H AF L
7= [17], HCC1937 fifaix, ER, PR, & X HER2 ORHL3EMD TNBC TH Y, TP53
D R 306 (CGA 7»6 TGA) ([T v AERNH Y, BRCAL Bl DX 7 LAF K
5382 (5382C) IZHfiA C b H Ml TH 5, HCC1937 Milix WT-p53 #FHiE 77 A I K
(Tet-on Advanced System, Clontech, USA) CTZEMIZ N T A7 =7 FENTEY ., Hijf
ENT-H—Hilns v—2 0 1 -2% HCC1937/p53 &g L7= [23,25], HCC1937/p53 #fi
1. 10% 7 VAR IRInE (FBS) [22] (SIGMA, USA) £ X O Zeocin™ (1 pg/mL, InvivoGen,

USA) %5 Te RPMI1640 (Nacalai Tesque, Kyoto, Japan) Thi# L7-,

3.2 7 X b—T REHIM LT T EERMILES RE OfER

AWFFETIE. Dox FEiRAND HCC1937/p53 L[ %2 Untreated cells (UT) & A4 Lt
e L THWE, A R/ IME L 72 % Dox #IN5 A BIC, pb3 HFE T AR k—3 A2t
DB DK 10%DAEMILZ . Dox FFIRMNEFM CHOREE L, MR S Lo MinsEH %

Apoptosis-resistant cells (RE) & 4 LEBRIZHV -,

3.3 Cell count
Trypan Blue (Life Technologies) T #Hifid % %« ¢4 L 7= % . Countess II FL (Life

Technologies) TAAMIEEL 2 HIE L7,

3.4 fEMllLFLRE

APSa—7 4 AT A4 K7'Z A (MATSUNAMI, Japan) FCH;# L7- UT.RE % Dox
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FETINE L ORINZIZ 4% paraformaldehyde € 10 77fEEE L. 0.1% TritonX-100 T 10
S B A LT, —kBiiRE LT 5l ALDH1AS il (Purified Rabbit Polyclonal,
ABGENT, 1:1000) % 37°CT 1 R D%H, 7 VARAT 7 2 —BRE#RELD Y% 1gG
Pk (Histofine Simple Stain AP, Nichirei, Tokyo, Japan) Z{# ] L “WRHUKSS, BEEK
Ji~ & BCIP®/NBT A% (SIGMA-ALDRICH, USA) CTHtaSt7=, RIZ 10 mM 7 = fig
EEk (pH6.0) 1T~ A 7 a7 x—7I1C &> THFRMIGE(LE 20 3 T-72, 37°C, 1 KEH
THt Ki-67 ik (Mouse Monoclonal, DAKO, 1:500) # &4 [50], ~vA %o #—+F
Pt~ 7 A IgG $1/K (Histofine Simple Stain Max-PO (MULTI), Nichirei, Tokyo,
Japan) T KPIALUGE L, S 512, DAB TR I W7, FEREUVFFmiFEE2EM L
negative control Cl, Nv 7 7T 7 Ry T FMIBE SN o T, T 5 OHURDH
AR RMITREREE DT — 2 — MTU = A F T a7 4 I K DR RS 7T
LN RO/, $6 J OISR S 22 a2 Rk L P ge N Z — U 3 il S v Tl 0 | BEAF
DOFTRR LI E SV TR R STV D [42, 47, 55], MREEIET X2 AT
(FX380 OLYMPUS, Tokyo, Japan) TH#zi# L, FLVFS-LS ¥ 7 k7 =7 (Ver.1.11)
(OLYMPUS, Tokyo, Japan) % ffi [ L CH#NT L7, ALDHI1AS IZHifnE oYt % | Ki-67 %

B DOYeta 23l L 7=,

3.5 FACS fi##7

p53. CD44, CD24, %L1 ALDH1A3 D% 8,357 —> % Cell Sorter SH800 (SONY,
Tokyo, Japan) THEHT L7=, #i p53 Hilk (Mouse monoclonal, BD Biosciences) . #it CD44
ik (APC Mouse Anti-Human CD44, BD Pharmingen™) | #i CD24 §if& (FITC Mouse
Anti-Human CD24, BD Pharmingen™) | $t ALDH1A3 $i{& (Purified Rabbit Polyclonal
Antibody, ABGENT, 1:500) .3 X O Alexa Fluor 680 goat anti-rabbit antibody (ABGENT,

1:500) i L7-, FACS THH I n/zd i@ X, SH800 ¥ 7 b7 =7 (Ver. 2.1.6)
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(SONY. Tokyo. Japan) Zf#if L CHEAT L7=,

3.6 Cellcycle f##T

FBaEI AT LIRS (e > CHEM L7z [7,19], T7b b, #Mild4a 10 mM BrdU
T37°CT 30 53,y A7 XY o7 LT, BD Cytofix/Cytoperm Buffer THifa[E € L. 300
ng/mL @ DNase (BD Pharmingen™) CHLEEL, HEViAEihiz BrdU ZFEH S 7, K
(2. #ie AT BrdU $ifA (BD Pharmingen™, 1:50) & it SH, 7-AAD TEE A QLA L,
Cell Sorter SH800 (SONY, Tokyo) TH#HT L7=, BrdU THEH I TV e illd % negative

control & L CEA L 7=,

3.7 Matrigel invasion assay

Matrigel invasion assay (&, PARTO#E [41]38 L OMLEST (Corning) O 7' 1 k=12
$it> T, thin gel ¥ Cf#HT L7, TransWell hanging inserts (24 7 =/L) X, TC A > ¥ —
I (SARSTEDT) ZHEA L. 35 uL @ Matrigel Ta—7 (1 > 7 L7=, 24 BEEHLERINEEIC L
Al E 1Y = 7D 3.5 x 104HORMAAAG . 1% FBS & ki 2 LT v >/ 3—I2
FEREL, TC 7L — b (SARSTEDT) @ F#iF v > 73—IZi% 1000 pL @ 10% FBS =& ie
Bz Nz 7=, 740 —ICBIE LI-Mila 2Bz 57201, flEz 4 L T Matrigel 36 X
ORI 2 RE Lz, & LT, 4% paraformaldehyde # £/ L CHEEH%. ¥ LY@
L. BEMGEE T ClaBz B A 72, Matrigel TR LIl 2+ 572012, 74 v
— & IR Matrigel # TC A ¥ — o8I0 L, sEatiet L, B ED Matrigel

invasion assay % 8 [FI DN L 72 SEER TR0 K L 7=,

3.8 GpEHIHe

Matrigel 1 2 #ME % 4% paraformaldehyde T1043 [ [E & L. PBS T, 0.25%
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TritonX-100 T104y Al @ AL B L 72 [49], #iHEZ 10 % 1E% ¥ 15 (SeraCare Life
Sciences, MA, USA) T45%yEJALEE L, HLALDH1A3%i{K (Purified Rabbit Polyclonal,
ABGENT, 1:50) . #iSnail¥if& (Purified Rabbit Polyclonal, abcam, 1:200), 5 L U%i
CD4441{A (Mouse Monoclonal, Cell Signaling, 1:400) &4°CCT—Wi )i 72, FHEMRE
7YX IME F 7213 isotype mouse IgG Znegative control & L THEHAL., v 7 77w
VRV T FMIBEIN o Te, T OHURDORRIEITRIEEE DT — % — FAT
VEAZ Ty T 4TI K DRI TNy ROMI, B KO AR R 72
SR L P N2 — B I S TR Y . BEFEOTTIR ST BN T H IR  fEd S 41T

V% [42,47,55], ALDHI1A3 £ X Snail @ “&kHiikiE Alexa Fluor 488-conjugated
goat anti-rabbit IgG (Life Technologies, USA, 1:1000) . CD44® — &k Hii&i% Alexa Fluor
633-conjugated goat anti-mouse IgG2a (Thermo Fisher Scientific, USA, 1:1000) % =EiR.
TI1IRER A F =2 X— K L7 [85], #Y:f X, 4,6-diamidino-2-phenylindole,
dihydrochloride (DAPI, 300 pg/mL) (Molecular Probes, USA) % Fv 7= [36], @G
OfIT, HE S L— —EEBMEE (A1, NIKON INSTECH, Tokyo, Japan) ZfliH L
72 Fijilmaged ¥ 7 b7 =7 (Ver.1.52g, Java 1.80_172, NIH) ZH\ T, 7 X AlZ
BRI EE (GFF 9 B OWLBEZBHENET v RO TEEMITHHT LT
[46], =512, Matrigel O/ (549200 pmTH ¥V | MR T AEE (Z31pm) 557

T ENC A S 7 2B L, MR OTR S 2HI7E LT,

3.9 ML DR

polygon & complex mesh I%. LLAT Aranda HIZ k> TEESN TS 2], T7hbb
FAEIX. sprouting & MEITILD S A R LARY, sprouting AfEIE AV AR EEfAR L <,
connected Ml & 72 %, & 512, B D connected AN polygon & & EAKT 5, RDEX

FECIT IR B EE T 5 Z L I2 K o T 2~3 Ml DJE X DEBE A Ff-D polygon #i&E Z R L .
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NG OHEEIL, complex mesh & PRI TWD, HMFLER O TlX, polygon &N

complex mesh DIZFKIZEI G L T2 ifascE & 2% M Uiz,

3.10 RT-PCR

=AD& T Matrigel & &% 04 128 L. TRIzol® (Life Technologies, USA) T total
RNA ZH#iH L. SuperScrip®IIl #fizEE43 (Life Technologies) % FV T cDNA Z A&k L
7= [14], Taq Man® Fast Advanced Master Mix (Applied biosystems™), &A% f)5& (s 1D
TagMan® 77—~ (Thermo Fisher Scientific, USA) [GAPDH (Hs03929097_g1), VE-
cadherin (PCDH12) (Hs00170986_m1), MMP-9 (Hs00957562_ml), SNAI1
(Hs00195591_m1) |, B I OMEEREFE L2 cDNA 7 7L —FZiRE L, 48 UV =/L
PCR 7L — b (Applied Biosystems™) |2 L 7= [23], 7 L — k% 48-well Optical
Adhesive Film (Applied Biosystems™) T3 —/L L. StepOne Real-Time PCR System
(Applied Biosytems™) T PCR K& &1T72 o7, BH A 7 V413 95°C 143, 60°C 20 4y
A0 YA I NV LTz, ™Y AF— 7 nf O GAPDH #W/EME = b — /LI s

S L LT, ¥—F v MEGFElREE LT,

3.11 #EOHT
TRTCOERITDAR LS 3 EHEVIRL, BEMELFREDSHT CTlL, &7 2y T
100 fELL Eofa 2 H L CA Lz, fiRiE, FY g fFEEE L TE L,

Student’s t-test TiX., 2 2D 7 /L—7[]T0.05 KiiiD PENFETHD & Lz,
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4, R

4.1 FHERINET R b— R EFIHEMRER OER & HFEER

Dox #sIITC1 H225 10 AfMEE# L72 UT & RE # %4124 UT Dox1d /& UT Dox10d,
RE Dox1d 7*5 RE Dox10d & 4 L7z, Dox JEHII TR S/ UT B L O RE 1X, £h
Z# UT Dox0d 35 X O'RE Dox0d & 44 L, control & L CEH L7z, Llaio#HE ¢, UT
TIZ Dox RN @ p53 FEFHE MR L T 5 [25], Dox #ll#% RE Ti&, Dox @&
72 UT RS E 72132 nLl Lo pb3 BH L~ AR S 7= (Fig. 1),

TR b= ZEH I 2 BT S =002, UT (1 Dox #WIN L., AEAEMa %2 &
/IMEE 722 5 BHE T, AEXES728 10%OMila% & 512 Dox JFIRIESHICHE# Lz, 55
N7 R b— AEHEMIREN 2, RE & LT L7z, UT & RE #Z12h Dox FEH
INEEHCHIIE S5 & 53T 10 B IR AR i L, & OBERICH B
#iF2e o7 (Fig. 2A),

—J7. Dox it Tk, UT OAEMBE MR L7z, RE OAEMSIT B L THEmL
el 7o, DLAHZEBRMEE T CRIEE S 2 U 2 il s 7 — > % Fig. 2B ISR LTz, 2O
UT O 2854500 CTdh o 7B & LT, AMIaoMinE BB o I L 5 IR
BERHIAE, BRSSO T R R =Y ADX A IV T ORIEIZ L > Thl &S &5
Zbid, UT Tk, AFMIaElE ps3 FET RN b—2 X2 X Vs L, Doxbd The/IMHE
L, ZOBRDT MM LT (Fig. 20), LU, RE OEMEEIHIM Lkt 7= (Fig.
2D), Dox10d Tix, UT O ¥ AMAaEkIE 1.8 x 1058 T, RE © 39.0 x 105fH XV H & L
S ipinoitz,

BrdU oy L v, MilaE#ElS %2 FACS Tf#hr L7z, UT Dox3d Tix, S #HlEB LW
G2/M HOAIEAZE L b L7223, GO/G1 HIORIERIIIZHN 2 f51c#m L7z (Figs. 3A

and B), —#. RE TlZ, Dox3d T GO/G1 #i#ifiz, S #l. G2/M Wiz Bl A E R 21
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X725 572 (Figs. 3Cand D), UT TOMKFZ(IZ, GO/G1 HIOMIEEI A 23 L7zl
% L. Doxld & Dox3d Tl S # & G2/M skl A A8 L, Doxbd TiE S o
REI G A% L <M L, Dox7d Ti G2/M D Mia%El A 23800 L7- (Fig. 3E), *IHRAY
IZ. RE TiX., GO/G1l, S, BLU G2/M HIOMAEEIAI12E LWA{KIZA BT, Dox0d

EATIEE CIREEM ke L 7= (Fig. 3F),

4.2 CSC~v—Xh—0DHH

ALDH1A3+ & CD44+CD24 @ % BLAl fu £ & % Cell Sorter SH800 THEMHT L 7=,
ALDH1A3 [FHOGIRED 103 L EA L L, CD44 (X 108 BL L, CD24 |% 103 LA F%
CD44+CD24 & L Tt L7= (Figs.4A,B,Cand D) , ALDH1A3+(ZEW\ Cix, UT Dox0d
(10.0%) £ Y % RE Dox0d (38.4%) @ J5 M3 BLMaEEI &1L & » - 7= (Figs. 4B and D),
CD44+CD24 C% ., UT Dox0d (23.8%) &£ Y % RE Dox0d ® J5 A BUAARELEI & Xm0 -
7= (75.3%) (Figs. 4Band D), L7-2-> . RE (2/%. ALDH1A3+*%7-1% CD44+*CD24 D%
BarE) 12 < o CSC MRS N TV, &512, Doxld 725 Dox9d F TRIEED
BN — Bl S 7-, ALDH1A3+ (Fig. 4E, p < 0.01: Dox7d # <) B LD

CD44+CD24 (Fig. 4F, p < 0.01) oz8lakE 41X, UT L9 & RE TE2 o7,

4.3 SRR LY X B HIaL IR R O

PARMCFe 2 1%, S 79l - T CSC 7217 T2 <, Ki-67 BHtERiBEMAL T &
ALDH1A3 O%BlZt L= 2 & 2 Lz [25], B3 2 aiBiiiaix, Ki-67+L Ll
S, ALDH1A3Ki-67+1 L OV ALDH1A3Ki-67T+RiBHILD 2 2D X A 72X HIT40HE
SND, LTeid> T e =T 0F =281 5 4 FEOMIET 72 b CSC £&#ld, ALDH1A3*
ATESHAD . ALDHIAS RIBGHIAL, 5 & ORMINN L, Fig. 5A IZR"79 X 212, ALDHIA3 B

FJOKI-67 O il b P Y I K-> TXBIT 5 2 &R TE D,
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UT Dox0d Ti% CSC v— % — & L T ALDH1A3*Ki-6 7-flla I 413 14.8% T, UT Dox1d
Tl 88.1% & itk oA~ L7z (Fig. 5B), RE Tix. ALDH1A3*Ki-67 #lla%cE & 1%
Dox0d THEIZHE < (40.3%) | Dox it b MeFF &7z (Fig. 5B) . Z4uHi%, FACS I
Lo THONMELE & LTz (Fig. 4E) , & 512, ALDHIAS+Ki-67THHIf 4 EI A 1%
UT Dox0d (35.8%) & RE Dox0d (36.5%) TIXIE %DM E & %27 L (Fig.
5C), 7272 L. Dox1d Tix, ALDH1A3+Ki-67+Dflifa%E 4723 UT T 14.2%I2J80 L7z 23,

RE Ti%43.3% & bzl 7= (Fig. 50),

4.4 CSCHMfaDY A XLk

CSC 1T —Mic, AIBRAICRAMIILL 0 ©/NITH D EEbNTWDH [9,27], K2

WMSNLDRTIE® D [27], (ZF % 13 ALDH1A3S/fa X EIC/ NIl Ch 5 Z & 2 i
L7z [25], AF%E Tk, ALDHIA3*Ki-67T#ild Tod 2 CSC ERMIfa DA X & fifhr L1z, S
AR (<50 pm) FEIA A, UT (18.3+3.1%) L ¥ & RE (88.2+7.9%) CHEIZFm - 7= (Fig.
5D), L #if (=50 um) Tix, UT & RE 2T 5 CSC BB S ICH B R AR DR
720372 (Fig. 5D). & 51T, CSC kAL © FIEERIIE~ D IZREFRIE L 2 T2 T2 DIZ,
ALDH1A3*Ki-67T-#ild O R/ L & fght L7z (Fig. 5E) . L MildlZds ) 2 RAR/ERLL
23, Dox0d # L U Dox1d I8\ C, UT LY & RE THEIZKZ <. RE ® CSC £k

BIX. W ORI A R LT,

4.5 LR#REB XL UMIEERR CSC

I, CSC DT TH 3 DDV T XA TRRFESINTND, TRbE, LRRORE A R
H ALDHI1AS+%%Hl§4 % E-CSC, MEREOKHZ D CD44+CD24 % %89 %5 M-CSC,
BLUNA T Y v FALDH1A3+/CD44+CD24 % %8195 EM-CSC Th 5 (Fig. 6A) [4, 30,

48], ALDH1A3 & CD44+CD24 O ¥\ % — > % FACS Tiixi=¢L =4, E-CSC Th 5
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ALDH1A3*#ifla%iE1 41X, RE (3.4+£0.6%) £V & UT (4.9+1.2%) OF BT NIIEN -T2
(Fig. 6B) , M-CSC T&h % CD44+*CD24 fifid ZEl A 1%, UT (21.6£22.9%) LV & RE
(37.6£1.6%) THEIZH 2> 7= (Fig. 6D) ., I 52, EM-CSC Tdh 25 ALDHIASZ+ &
CD44+CD24 O J5 & B9~ 2 flifa i E &%, UT (5.120.4%) LVt RE(32.6£1.3%) CTH

Blz@mn o7 (Fig. 60) .

4.6 TR b— REGIMEHGORERES

Matrigel invasion assay %, UT Dox0d, UT Dox2d, RE Dox0d, # & *RE Dox2d ®
4 SOFEBREM T CTIT-o7-, Matrigel Zili L7 4 V¥ —OFLIZE LI Mlaz, X505
Bz Lo TR L7 (Fig. 7A) . BEMIaEIE. X TOEBRSEMA T T 1 FH 5 6 K
2T THa 2N L 72 (Fig. 7B) . RE Dox2d 13fthd4fh L 0 & <2 L, 24 BT

X7 4 v & —FLIZEIEE Ll i ZiE okicE L (Fig. 7B) &

4.7 Matrigel NiRiEEX

Matrigel ¥ MfEER A SN 2 7o i 1270 < | T 1TE R L — W —BEMSE %
fili 1 L T Matrigel F#lE ORIBEEREE & TEREFHVRHE A AT L 72, Matrigel 5538 1 e,
AR OIE 1%, AN L7z R & LTV E TRt Sz (Fig. 8A) . 6 FFfH#% Tl

DRV IZEE L oMl X2 MIRER 2 TR LTz, 7 4 b & —i < O i b IRV E Ik
(AL 2 REATHER O ML O R IITEMETH 0 | MIlRERERIEA S -7- (Fig.
8A) . AINIZEDOTRE DiEVE, DAPI TEEYL A ST Mfad Z A % -~ 7 #if§ % color code
scale TEHL L7z, RE ML OERBIZEEAITZ > 7oA, FFIC Matrigel 5538 6 el
UT OFFREIT L 0 ARG 2R L TWe (Fig. 8A) , AIRER OREGEEE 1T, HEAL
— P EEMPEME TR ONTZ Z A X v 7RI K> THIE L7z (Fig. 8B) . FfEl & &b

IR ML, REIZUT X9 §8VEICRE L 7=, Matrigel 5258 6 FFH 054 .
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RE Dox2d 73 b < 1= L. UT Dox2d 13ix &= L T\ 7eh -7z (Fig.8B) . ZiLH D
FERIT, XAV YIZ XD Matrigel invasion assay DOfER & —H LT Y. RE Dox2d 28
AR & B IC R L Tl b m VBB 28> TV D Z LR Sz, RIET oL Ml
LR EZ LT 572012, VM 237 TEHRESNTW5S, polygon & complex mesh
DOHIfEELE S & fighT L= (Fig. 8C) , Matrigel 15#% 6 Kif#]#%. polygon & complex mesh
JEEE 1L, UT Dox2d Th b <. REDox2d T b -7z, LLaiiz, UT 81T 5 VE-
cadherin, MMP-9 ®O¥#lL VM OBRZ@®E L7z [23] 4F, VM ~— 7 —Th 5
MMP-9 15 £ O VE-cadherin ®FELEIE 13, Matrigel 555 6 Ff[f1#2 12 UT Dox2d CKIEIZ

5L, RE Dox2d TIIZAk L7eh -7 (Figs. 8D and E) .

4.8 Matrigel Ni2i# & Snail DFEL

EMT ~—7%—® 1 > T& % Snail ®¥BLiL, Matrigel (2= 9 2 MR L] Dz i e g
iz L > TR SN (Fig. 9A) . Snail # v /3713, 20V UERMLREEBIZE SV T T
Tl < HIEIZ b JRET D720, Milltorz & AIRE OS2 /IE L7z (28,37, 44, 56],
Fiji/lmaged Y7 bU =7 il L72E &0 Tld, £ 241 UT Dox0d 35 U UT Dox2d
£ Y % RE Dox0d ¥ & O'RE Dox2d TH EIZ &\ Snail DFBEIEG A4 iz (Fig. 9B) .
S 512, KWK D monolayer Fi#E L O Matrigel 558 % L7= 2N EOMAE 5 RNA %
H L. RT-PCR T%#T L72, monolayer ¥ & OY Matrigel O 5123 T, Snail D FEHE|
A3, UTDox0d &£ ¥ & RE Dox0d THEIZH < (p<0.01), REDox2d Tixb Mflz 7R~ L

7= (Fig. 9C) ,
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5. B8

5.1 FHERMIA%EE RE ORK

FEROACFHRETIL, WA O RE D 2R SEDH 2 LN TE D, Lo, MlagEH o Z
—#THD CSCITHEFNITMMERH Y | @H I LMIEH 2 F L L2 REICH L, Zhoo
FIEARRED CSC 1350k U CHIBEHIN 2 PEAE T~ 5 K O IZFFE S, £ O —ERI b ikt
PEZFRFOHT LW ARIES I k32 [10], Z OEEKRBIZE A S RIOWEICET 35 & |
UT #faiZ Dox RN L7-#%, CSC A AEZFRY | E =T L% —Z 5T 5 726 CSC 23Allli
Al & pCARERE A~ DI IG5, in vivo TOIEMMHIEMESORIEIZSH D A =X L%
AEIT AR b= ZEHEIC L - T in vitro EBRRTHILL7Z, Dox ZIRNMLZ2WES
ALDH1A3+CSC B:HIR 5413 UT L0 b RE THEICH -T2, Fx OfERICE > T,
Dox INZ L 2T AR b= 2Tk 2Pt a R~ L, EE K> TR S L7 e <
&% RE 32480 CSC FRfila 4 &Te 2 & A fERd STz,

Dox sk, sefEfilafbsgetalc L v . ALDH1ASH#Ia% Y UT Tihkx 12 L3,
RE Tixo iz, UT MlaoRd &3 iic, Doxld ETHIZ I
ALDHI1AS*Ki-6 7T Hifu B & oML, 74 b — 3 2213 CSC AR O A F I
LT\, —7%, RE Tix ALDH1A3+Ki-67 %7~ ¥ CSC KM% 4745 Dox MRMNATA &
m <, Dox #shitg biiFF SN TR Y, RE DT KR b— 3 AEPUEI R Stz i b [FH
BROFERN, FACS ifHTIC L » ThHER SNz, Zh b ofERiE, RE Tk, CSC 21 T
<. MLORERHIRIZ & 7R b= RPN H D Z L AR LTV 5,

ALDH1A3*Ki-67T+RiBFAIAL A4 H U722, UT Dox1d Oflifa & 1338 L7223,

ORI EIA T DTN LTz, 202 End, UT OFiBRARaIL T A b — 2 Rt
W& DM, REET AR b— AIZHHENR & 5 aletE mE vz, RE © ALDH1A3+Ki-67+

MR, ARECEI A A BT L 2 8 I b B N2 R L, 5612, BrdU 2 A
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N E IR ORGSR . Dox NI & RE OMifla/E B3 2 — i3k & < Z kw9, RE Al

BXAIRRN 7 AR b — 3 AP 2 5 L= 2 L SR S T,

5.2 CSC AR Y A X & FRBERREK

FRGHIEIE, BRI EICAEAE L MR A M m OB A RO I OB A R & LT
WD, RFRREYIC, IZERIR IS RRIEC IR RS & » Ry B A RF T B8R O M R Y
et (3, 54] LimpaRsEhRE [32] 2FF-> T b, CSC T EITRIRIRIEIZH D . — MR HITEE
A 72T siiin L v b/ hSn e G E TS (9, 25, 271, AEIOWSE T, UT T 50
pm AN O S ML CSC ERMIla 5 2FEG N @2 &k, [T7R b= 2T\ 2 R
TSI MR CH D) 2 LT\, B, REICEDT AR h—T Rk
T AHEPMIX. RE fiflas/ M CSC sl 0B &2 & Z L ITEKRT 2 IR H 5, —
J7. FACS fithr ¢t . FSC 2 HIC L5 M« X2k v . RE I3/ CSC BRI £
Z &R S Lz (Fig. 10), fEdeta Tld, RE @ CSC Ml BRI NARE L, Z
U ORI KHEER CTh A A REEN Fm W2 ER/R STz, L7en - T, CSC HRMfa A
Dox2d T—HfIZ EMT % 5| =i Z L7z Al REMEAVRIE STz, RE (2R W TR LD
5 EMT 2SR Eniz23, 2o Z Lid, #okffEdf s RT-PCR 12X Y Snail MAEFEBLIL

TWHENWIFERICL > THEMITON TV D,

5.3 RE (Z&i)5MZE% CSC #Hifia DRk

Snail | EMT #3558 L, @pfllaz iR 25K F 0 1 5 Th 525, BURELL
FRAEITR T DML FHHE T D aTRetE b R ST D, CD44+CD24 % 7~ 3 Ml &,
Snail, Slug, Twist, ¥ XU N-cadherin ¥ BT A 7~ L, E-cadherin OFEELAME T4
% [30], FACS Of5HA2 5, RE 1% Dox IMLAT L Y CD44+CD24 % JH L T 2 Ml %k

EFENAEICE L (Fig. 4F) . RT-PCR 2BV ClE, Snail ®3H 2% Dox0d 3 L Y Dox2d
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TH REDHBEEICENST2Z2 0D E (Fig. 90), RE IXHHER ORI A Froffa L

ThHhHZ LIRS,

5.4 RHIZEIT D HFER CSC D&HE

AFAb e MELIR ERGME (HMLE) % AW7=iF9E ik, FACS 12 X 0 sy &7z CSC 4%
CD44+CD24 i % 7R~ F 34k BCSC 28 EMT % 32 1) 7= filfin & [k o R & ox L= [32],
& 5|2, CD44+*CD2413[##% CSC THELL., ALDH1A3 I% Ef R CSC THRILTLHZ &
DHEIHI TS [30], 41E1D FACS fiE#HTIC L 245 5%, RE 2380 £ < OfHER CSC Akl
fazg s, UT 25 ER R CSC BfifldZ & A TV Z L ARIE L TV, Hgmie & ORFEEHE
Bk, LS L CiRIBET 2EMREORMEZ R L, 2O—HIL, B—HlloBEid 25
REEEAZ T (16, LinL. 24 o#E M LRk ML AN EB) iR B B6e 2 4159 5
AT = XA DT ETZR ST [15, 20, 401,

Fex T, VM 28 CSC OFHEMEIC K> THI &R Z &1d Z L 2 AN ®E Lz (23], 20
¢ UT Dox2d (21, XV #HE72 3 RoumkE 2 BT D REN 2 @m W VM BV R S
Too AMFFETIX, RO A FiD UT 73, Matrigel 355 C VM & /mEd %8s 73881
i K0EMKRIREE 3 RILOMIBER (polygon & complex mesh) Z7/R3 2
ERHOLMNT ST, —, MERKEORE % > RE X Matrigel (235 CFHEMMQE &
BB EIRE /) 2 Ff > TV zd, VM BB s 7R BT A S8 » 7z, UT Dox2d I,
polygon & complex mesh DEAMEN K b &<, VM v—4— VE-cadherin & MMP-9 ®
mRNA RBEIENEEICEP T, £, MiRT =Xk b L. Zhb OB AEE DM
JafEHCix ALDH1A3 A eI R B L7223, IMEM: £ 7213 O LM TR ENT 5 MillalX
CD44 #%#.L7- (Fig. 11) . —7J. RE Dox2d TiZ EMT ~— % —T# % Snail O3 HE
ANEEICED - T, B OTEERE X, RE Dox2d 23 b Matrigel OEHN £ THIE L

TWe, ZThHORRIT, VM Za-d wiettnid 5 UT &3 lBgic, RE 23 M RA O
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R8T b SIRIMEAE L MEERE A RFOAIIAER TH 5 rlREME 2R L T %,

5.5 EMT & KA

EMT & 3EAMPEOMICIZERNH D Z LRI Tl Y, EMT OREX, {bFRE
BT DEAIMMEZ IR T EED 2 LARESNTWD [64], AFEEHLTIX, Snail 27
L7z EMT it 29 L IRIRBBOMI A 2 < 2 b | S HIEFRIEICKTT Dtttz R LTz
WENH S [67], TNBC IZHIF 5 Twist, Snail, # L Foxe2 41 L7- EMT B/
FOREBLUL, ABC b7 U AR—=F—%0T 252 LIC Ko TEAMMEEZFHER L [45], L
723> T, EMT fe /) 2 815 U7 fiia i, FEAIMPEICBERH Y | S bICwEiiflat: & &%
IRRREDHINE N Z < 72 2 FIREMESRIZ I LTV D [26], B IZ, BIOZETIL, EMT %
P L - AU MAISERT Tlx, CD44+CD24 28 8L 4 a3 2 < AF/E L, #fifiad K 5 72
FaRm Lzl W oRmERH S (6,18, 381,32, Zhd &idwic, SREIOFK~ OFFET
E. 7R b= A EGIMEHITLER] RE 28 Bk S 72 BRIS, SO JRRIC K - THI%ER

CSC 28 EMT #8595 Z L &R LTz,
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6. fEnm

Fex OWFFETIE, pb3 TR b —3 AT Lo CHMAERICHFE SN 8k~ 22 k% in
vitro THELT 2 Z ENAMRBIC/R o7, TR b — Y R RPUME 2 R T IR AR 1 25 A pk S
DIMPRAFECBIET D 2 LN TETL, TOPFT pb3 {KIFMET AN b— 3 APk 2 15 L
7= RE I%. EMT BROEREFLARHN,. Matrigel FOREIS L OBEIHRES . 3 L0 Snail &
#Bl a5t EMT BROFHEEZ AT 2 Z LA BN Lo, ML TITFEET D
FIZ3EAR CSC 73, £ D AMIPEIZ L » TEREEDOZUIZIS U CHIRGORE & BENC G752
EDRENTZ, TNHOFRERIT, TNBC 2 FEFERHIIERBRTIMEL S35 A =X LD

HIZFRN0 2525,
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Sana Inoue, Miki Imanishi, Ai Kanzaki, Atsumi Fujimoto, Marina Maeyama, Ayaka
Okamoto, Hiroka Matsuda, Kiyotsugu Yoshikawa, and Rei Takahashi. (2022) Role of
cancer stem-like cells in the process of invasion and mesenchymal transformation by a
reconstituted triple-negative breast cancer cell population resistant to p53-induced
apoptosis. Acta Histochem. Cytochem. 55 (5): 169-184.
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Fig. 1 Dox-induced p53 expression by a FACS analysis
UT Dox0d (A) and RE Dox0d (B) are indicated by a red line, and UT Dox2d (A) and RE Dox2d
(B) by a green line.
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Fig. 2 Time-course changes in the number of cells and effects of the addition of Dox on growth
curves

A: Changes in the number of cells without Dox.

B: Examples of cell growth patterns with Dox analyzed by an inverted phase-contrast
microscope. (Bar: 200 pm)

C and D: Changes in the number of viable cells with Dox in UT (C) and RE (D). The number
of UT is expressed on a 1/10 scale of RE. (O: UT, M: RE)
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Fig. 3 Cell cycle analysis by FACS

A, B, C, and D: Each cell was pulse labeled with BrdU and nuclear DNA was stained with 7-
AAD. The red open square indicates the GO/G1 phase, blue the S phase, and orange the G2/M
phase. A: UT Dox0d, B: UT Dox3d, C: RE Dox0d, and D: RE Dox3d.

E and F: Each phase of the cell cycle, the GO/G1(H), S(O), and G2/M([ ) phases, was
expressed as a ratio to the total number of cells.
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Fig. 4 Detection of CSC-like cells in UT and the reconstituted RE cell population by a FACS
analysis

A and C: Positive cells are defined as a fluorescent signal intensity of 103 or more, shown in
purple areas in the histogram. A: UT Dox0d, C: RE Dox0d.

B and D: CD24 is defined as 103 or less and CD44* as 103 or more, which are indicated by the
open red square.

E and F: Time-course analysis of the expression patterns of ALDH1A3 (E) and CD44+CD24
(F) in UT (O) and RE (M). The bar indicates means + SE.
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Fig. 5 Analysis of the cell population constitution by immunocytochemical staining and
morphological measurements

A: Double immunocytochemical staining. ALDH1AS3 stains blue in the cytoplasm and Ki-67
stains brown in the nucleus.

a and b: Examples of the expression patterns of ALDH1A3 and Ki-67 in Dox0d.

a: UT Dox0d, b: RE Dox0d. solid arrow: ALDH1A3*Ki-67-, solid arrowhead: ALDH1A3*Ki-
67+, open arrowhead: ALDH1A3Ki-67+, and open arrow: ALDH1A3 Ki67-.

c and d: Examples of L (=50 um) and S cells (<50 um), which are distinguished by the length
of their major axis. Large arrows: L cells, small arrows: S cells. ¢: UT Dox1d, d: RE Dox1d
(Bar: 50 pm)

B and C: Time-course analysis of expression patterns of the CSC marker, ALDH1A3+Ki-67
(B) and the cancer precursor cell marker, ALDH1A3+Ki-67+ (C) indicated by the expression
rate with the addition of Dox. The bar indicates means = SE. *P<0.01 [(0: UT, l: RE

D: The rate of ALDH1A3+Ki-67" cells without Dox sorted by cell size. The ratios of S cells and
L cells divided by the total number of cells are shown. l: S cells [I: L cells The bar indicates
means + SE. *P<0.01 UT versus RE

E: The ratio of the major/minor axis of mesenchymal-like elongated cells in ALDH1A3*Ki-67
cells. O: UT, B: RE **P<0.05 (the Student’s #test)
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Fig. 6 Epithelial-like and mesenchymal-like CSCs by a FACS analysis

A: The representation of cell subpopulations in the diagram indicates CSCs with the
epithelial-like ALDH1A3+ (E), mesenchymal-like CD44*CD24 (M), and hybrid
epithelial/mesenchymal ALDH1A3+/CD44+*CD24  (E/M) phenotypes.

B: Ratio of cells from ALDH1A3+ cells (E) minus hybrid ALDH1A3+/ CD44+CD24  cells (E/M).
C: Ratio of hybrid ALDH1A3+/CD44+*CD24 cells (E/M). The bar indicates means + SE.
*P<0.01 UT versus RE

D: Ratio of cells from CD44*CD24 cells (M) minus hybrid ALDH1A3* CD44+*CD24" cells
(E/M). The bar indicates means + SE. *P<0.01 UT versus RE
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Fig. 7 Quantification of cell invasion and migration
A: Cells reaching the filter pores after a 6-hr culture in Matrigel were stained by Giemsa and

photographed. (Bar: 50 pm)

B: Time-course analysis of the total number of invading cells per chamber. Each point
indicates the average value and standard deviation of 3 chambers.
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Fig. 8 Depth and morphological characteristics of invading cells in Matrigel
At Fluorescence images of cells infiltrating Matrigel by a confocal laser scanning microscope.
Cells cultured in the Matrigel chamber were stained with DAPI and color-coded as follows.
Regarding the three-dimensional construction of cells, Z-stack images are represented on a
color code scale using Fiji/Imaged software (version 1.52g, Java 1.80_172, NIH). (Bar: 100
um)
B: Depth of invasion in Matrigel
The distance from the surface of Matrigel to the invasion front of cell populations in Matrigel
cultures for 1 hr (CJ) and 6 hr (M) was measured by a confocal laser scanning microscope. The
values at each point are indicated by the mean and standard deviation (n=>5). *P<0.01 (the
Student’s #test)
C: Percentages of cell populations that form polygon and complex meshes during infiltration
in Matrigel. The definition of the polygon and complex mesh was previously described (Arada
2009).
D and E: Expression levels of VM marker mRNA in infiltrating cells in Matrigel.

D: MMP-9, E: VE-cadherin) ((J: monolayer culture, l: Matrigel invasion 6 hr)
*P <0.01 (the Student’s £test)
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Fig. 9 Snail expression patterns in the process of Matrigel infiltration

Cells in the Matrigel culture for 6 hr were immunofluorescently stained with Snail.

A: Fluorescence images of Snail expression patterns in Matrigel using a confocal laser
scanning microscope. The nucleus is shown by DAPI (blue) and Snail expression is observed
in the nucleus and cytoplasm (green). (Bar: 100 pm)

B: A quantitative analysis was performed on the Snail fluorescence channel using Fiji/Imaged
software. The average value of fluorescence intensity in 9 randomly selected fields of view
where cells exist was measured, and the values of three wells were combined. The bar
indicates means + SE. ¥*P<0.01 UT versus RE

C: Semiquantitative analysis of Snail mRNA expression.

RT-PCR was performed using RNA extracted from cells in the conventional monolayer
culture and in Matrigel. ((J: monolayer culture, l: Matrigel invasion 6 hr)
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Fig. 10 Size of CSC-like cells analyzed by FACS

The size of CSC-like cells was detected using the FSC parameters of FACS and compared. In
ALDH1A3-positive CSC-like cells, the values of the median of FSC parameter are 781,397
and 381,027 in UT and RE, respectively. In CD44+*CD24 CSC-like cells, the median FSC
values are 378,472 and 226,563, respectively. These results suggest RE contains smaller
CSC-like cells.

A, B, E, and F: UT Dox0d, C, D, G, and H: RE Dox0d.

A and C: ALDH1AS3* cells as CSC-like cells are shown in purple areas.

E and G: CD44+CD24 cells are surrounded by an open red square.

B, D, F, and H: CSC-like cells are arranged by FSC in order of size, and their median is
indicated by the red line.
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Fig. 11 ALDH1A3 and CD44 expression patterns in the process of Matrigel infiltration.

UT Dox0d cells in the Matrigel culture for 6 hr were immunofluorescently stained with
ALDH1A3 and CD44 and photographed under a confocal laser scanning microscope. The
nucleus is shown by DAPI (blue). The expression of ALDH1A3 (green) and CD44 (red) is
observed in the cytoplasm. ALDH1A3 was more highly expressed in the collective cell
population during the Matrigel infiltration process (B), and CD44 was preferentially
expressed in a single or few cells infiltrating near the filter (F) (Bar: 100 pm).
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