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ik v PATAMIIEE MDA-MB-231 %, F=2—7" YHEHITH 5 paclitaxel, eribulin,
B X O H4EA cisplatin ICBEFEL, H A4 7)) VKRGS F—BHESY VX2 HTH 5 p2l D%
BIHNC BT 5 microRNA (miR) D& E ##3 L7z, MDA-MB-231 fllid%, cancer stem-like
cell (CSC) »~—H—"TdH 5 CD44 ODEBOAMIZ X - T CD44 F$HMNE (CD44*) & IEF
Hifile (CD447) (2408 L7z, MDA-MB-231 #ifid % cisplatin (ZWE#& L 7124558 L 72 CD44* 12
BIF5 p21 3B, CDM4 LD AT LTEY, CD44TIE CD44™ £ 1 M A
HEFLTWAZ EAURIEE N, MDA-MB-231 #ilid % cisplatin (ZBE#E L 72144578 L 72 CD44*
BB VY FF VIBALFRIE CD4M4 XD HREICIKT L THY, cisplatin @ CD44" 1% 9 %
FRRE =V IETT LT WA Z EAVRE SN, & 512 MDA-MB-231 #ild % cisplatin (ZWE5E L
721550 HE L7 CD447 12 BT 5 caspase-3 DIEMEIZ CD44~ L D A EICKTLTH Y, CDh44”
TlX cisplatin ICX > THFEEINLZ TR = APBPH ENTWDE Z EAREENT. MDA-
MB-231 fifd Z miR-17 7 & NI miR-93 (ZxF 3 A FHEH CTRLBE L 7214, 2@ L 7- CD44* 12
A p2l 2llET AL, ERL22? microRNA FLEH]Tp2l OFBAGEZIHML -2 &2 5,
miR-17 7 5 N2 miR-93 1 p21 HBHZIHI L T2 Z AR EI Nz, LLEX Y, cisplatin (2
35 MDA-MB-231 8 D HiAs ARIEPTLE I CDM A 545 2 L, F72 miR-17 % 5 VI
miR-93 IZHHIRPED TR & 725> T 5B p2l FEHEZIHI L TW5BE Z EATRBE 7.
X—T—K: MN)TFVAFT 4 THAA, ¥4 2710 RNA, CDAM MM, p2l
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Cancer stem cell & cancer stem-like cell 1Z

AR, KUETRDBERIEHPATHS.
Triple-negative breast cancer (TNBC) &, = XA b
0y 2%k (ER), 77 A7 u vk (PgR)
& EEER 254 (HER2) DR IVE VB4R
2372\, TNBC ZFSAEERDOIERI D 10 ~ 156% =
5% 75 A4 7T, TNBC ® 30% A3 58 < %
A FPEREARLENCTH . HRELEREIE
DEH D —D 7% cancer stem-like cell (CSC) TH

WIFEIC X L TR SN TV R odBlikTHh 5
B, AR TRV ABEMBOREIIHMTE R E W
IBEP O REZHNT 5.
CSCIZHCHMHERE L Z LR AT 2D ADHE
RAHMMET, PABUNESE (v F) X o THE
HHEINTHE, =y FIEHA b I v RANVY
LA F Y E LTRES T2 LT CSC % # 1k
ZHERF SR B 728, CSC AN o 4T 2 R 7Y
&5 BALHRE R AR o0 LTIt 2 A5

HALEH
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%%¥. TNBC Ml#kOHICHAET % CSC 1, Mgz
11D CD44 P ANHE NG E O B Wl L ] side
population (SP #ifld) TiEFkS, NEHHREOERA
W75 2 EDHE IR TWwWAY, CSC 2 BRI &
L 720G ORMEE G SN TV A5 F 22028
BB CRIRISHICIEE > TH 5T, TNBC @ CSC
W BB TEOMLSBHE STV 5.

2015 4, CSC HEAIEHIEOZER & LT p2l #fx
FRBO FRAPHRE S NZY. CSCld= v F 12l
ENHHS MAPK ¥ 7 F )V d JNK R p38 # 4 L
T p2l HEBRAF 475, CSC 2T 2=y F
X MAPK O ¥ 7 F W ri#E % ik 3 % 72912 p21 3§
HBUXEEIZE < 2 0 /g 2MRIE-NIC A % 72  Hé gl
Hich rflaz ¥ —47 v b & Lo btk
ZRT L9 % %, —J microRNA (miR) 1%, #%
B mRNA @ seed Be4l & MM 5 5 KD 7~ 8
Yk & 3 IEREREE, (3-UTR) oM #hIE LB A
D TOHIENERIZ L 5> TX 7 LA F FHiZEIC
MAGHLEY, &7 FER 2 IHT 28 X % HF
. microRNA 12X % mRNA 226 % VX7 EHA~D
BERIPHNE, FrLvwiaE e L THIRISHA~DT]
BEMEEEATVL ZEPHMEINTVEYY, &5
2, microRNA IZHUREE 3 AR5 L &M 235 3%
LA OCHIBBENICS RS KTy 778 — 2 A
TARHETLHID, HORAE -7y N LT
HEH SR Twa 7,

AWEFE Tl b b EEEAEPLUE 2 £> CSC %
MIRAC 12 72012 p21 1235 H L, TNBC ® non-
basal like type T %5 MDA-MB-231 #llffa 2 FwC,
ViASAHITH 5 eribulin, cisplatin, paclitaxel B &
%o CD44 BEPEMIL (CD44%) 2B B 7V 5 F %
R E, CDUTICBWTHBRETEOERNTH
% p2l B %P3 5 microRNA ZH 50 &5 5
ZErxHBE L7

MR As&E

1. fEHMINE & By 2251t

TNBC @ non-basal like type T# % MDA-MB-231
(MSL, non-basal like type) & M ZL2SA ML (Jap-
anese Cancer Resources Bank, Osaka, Japan) % f#
L7, CD44" & CD44™ 233455 5 A 22 DS A
MR E MR E L CHBlT 5720, FOSMEL:
CD44" & CD44™ Tlx 7 <, MDA-MB-231 Mg iz %
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FEPLAAFHN B £ OF microRNA FHER] 2 BEH L 721412
CD44* & CD44 458 L 72/ila % HIv72. Dulbecco’s
modified Eagle’s medium (DMEM) (Sigma-Aldrich,
Oberhaching, Germany) 2 10% JEZh b > BRI
#5 (Gibco Life Technologies, CA, USA) & 100 mg/
ml streptomycin Z @M L TR E LTHW, 37C
R E L725%C0s £ ¥ F 2 RX—F — |2 THI R 28
fro 7z FAEERTIX, 10 ml © MDA-MB-231 #
2 (1Xx10°) % 10 cm dish (C3RFE L 24 KRR 5; 283
B E MBI 4 X 100 128 hn L 7.

2. CD44*/CD44  Hilia -

CD44" & CD44™ %47 HES %7212, W&o
(MACS®; Miltenyi Biotec K.K. Westfalen, Germa-
ny) %l L7, MDA-MB-231 ffifig (2x10") #
PBS(-) C¥ Xy 71 v 7 LiFilE & ¥7-1%, CD44
MicroBeads THiXUC & % Biotin ik % 17 - 72, 1%
SO 7 BERE B Z LS /1 T A B3RS L CHEERR S N
D7\ CD44~ & Biotin 25k T~V A3 72
fa CD44" % pEE L7z, PUDSARIZIBEL T w
MDA-MB-231 Mg T CD44* »3& 5 E 413 14%
T, CD447 12 86% TH - 7-.

3. AL

CD44" & CD44™ % 7 iftk, FEBFEROL7H v F &
73 (Code No.X0909) T 5t &&727%, 1
JHLAR Monoclonal Mouse Anti-Human CD44, Phago-
cytic Glycoprotein-1 (M7082) (DAKO, CA, USA) T
1 RER RS & 272, 2 k$ufkid AlexaFluor 555 goat
anti-mouse IgG (A21422) (Molecular Probes, MA,
USA), #¥eftid Bisbenzimide H33342 (DOJINDO,
Tokyo, Japan) % H\WT 30 /M Mn ¥ 7-%, #
V.M SE (ECLIPSE, Ti-U) (Nikon, Tokyo, Japan)
THI% L.

4. AR o fEpT

10 ml » MDA-MB-231 #ifi (1 x10° % 10 cm
dish, 10 BUZHERE L T 24 BRI 2L, 10 o dish
EAHMRL, 2X107 OflE % 715 2 2HhIF T CD4* &
CD44 2B L7, 8L 7-CD44" 5ml, CD44~
05ml % 300 X g T 5w L7z. Mgl b
IZ PBS (=) Tk, 70% DT 5 J — )V CREE L 7.
Muse cell cycle reagent % 200 ul 32 AT 30 45
MA v F2~X— M Muse Cell Analyzer =
THN %47 -7z (MERCK, Tokyo, Japan).

5. PLASAFINDBETE
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MDA-MB-231 iz (1Xx10°/ml) %, 96-well palate
1201ml 72132 10 cm dish 12 10 ml #&FE L T 24 I
M2, & 512 1nM ® paclitaxel (Paclitaxel®,
Nihon-Kayaku Co.Ltd. Chiyoda-ku, Tokyo, Japan),
eribulin mesylate (Halaven®, Eisai Co.Ltd. Tokyo,
Japan) ¥ 7213 cisplatin (Cisplatin®, Yakult Co.Ltd.
Chuo-ku, Tokyo, Japan) |2 24 BRBE#% L 7=, eribulin
mesylate (& Eisai Co,Ltd 2» 538t X7z, PR
TlX, 24 B[, cisplatin, paclitaxel, F721% eribulin
WCBEZET L E, JiEW 10ml (10 cm dish) FIC&E
Fh s M, EnEh, 098 %105 1.74 X 10°,
43X10° TH-72DT, 7 v A IZhBELMBKE
PR3 572012, [ U4&MAT 10 cm dish % 10 #4E
L, AL THEBRICHELZ.

6. HEHHIPH]EAER

96-well plate (ZxF Z(34 5 ] o MDA-MB-231 il 1z
100 ul (1 X10%) Z3FME LEEFE L7z 24 MERREZE L
72 1 nM @ eribulin, cisplatin, paclitaxel & 24 H
B 2, MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-
diphenyl tetrazolium bromide) 7 v A 2 THALF
KLz, MTT 7 v 4121 MTT assay kit
(CellTiter 96® Non-Radioactive Cell Proliferation
Assay (G4100), Promega, Madison, USA) % fii |
LT, SEPIPAFZEESIEMBIC5ulo
Dye Solution (5mg/ml MTT &4) ZhA, 4K
MA vFax=hFL7 ZOBRWEBRTDH D
Solubilization/Stop Solution (0.04 N HCI) % 100 ul
WML, 570 nm I2BF A2 2 WE L7z #E
BB AF RO Y ba—v & 100% & L7244
AR (%) THIBLZ.

7. p21 E

10 ml » MDA-MB-231 #iffi (1 x10° % 10 cm
dish, 10 FUCHERE L C 24 WEIREE L, X512, 1nM
@ eribulin, cisplatin ¥ 7213 paclitaxel (2 24 B [
%k, 10 Mo dish #&4K LT CD44" & CD44~ 1243
BEL 72, 2BEL 72 CD44" £ 7213 CD44~ (1 X 10°9)
%15ml Ty Ry Fa—T12H0, @b PBS(-)
2T L7z, 1 mM PMSFE (phenylmethylsulfonyl
fluoride) & Protease inhibitor cocktail (Sigma P8340,
0.5 ul/ml) 2 Cell Extraction Buffer (FNNOO11;
Thermo Fisher Scientific KK, Yokohama, Japan)
EMATKETISFMA ¥ FaX—FE2fTVE
Lo EEtR, LEY 7V ERILL 7. p21 1, p2l
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enzyme-linked immunosorbent assay kit (ADI-900-
161) (Enzo Life Sciences, NY, USA) # i}l L T
HOLENERT T L — M) = —THllE L7 (A=
450 nm) (n=4).

8. FNFFF YBALEDME

10 ml » MDA-MB-231 iz (1x10°) % 10 cm
dish, 10 KR L C 24 BB #E L, 512, 1nM
@ eribulin, cisplatin ¥ 7213 paclitaxel {2 24 IRy [
#E%, 10 dish #81K LT CD44" & CD44 ™ 125>
BEL 72, 40EEL7- CD44" 7213 CD44- (1% 10°) 12
10 mmol/1 ® HCl % 80 ul Il z., @k & & fF % 2 bl
MR LU CHIE 23 L, By X7 BB LU
TRV Y FF » DEEDTzDIZ 5% SSA (5- A
VARF Y FIOVEE) 20 ul 2Nz CTHElE R E L7z,
AR 7 v 7 F 4 » (GSSG) L gL 7 v & 5%
>~ (GSH) #f#iH LT (GSSG/GSH Quantification
Kit, DOJINDO, Tokyo, Japan), #¥06GER 7
L— M) =% —®D405nm ®7 1+ V& —TllsE L7z
(SoftMax® Pro, Molecular Devices Corporation,
California, USA) (n=4).

9. Caspase-3 ifiThE D%

Caspase iGMEHIED 720D N TIHE L LT, Ac
DEVD-AFC (Ac(N-acetyle)-DEVD-7-amino-4-
trifluromethylcoumarin (AFC), Kamiya Biomedical,
USA) ZMw7z. 10ml » MDA-MB-231 iz (1 X
10°) % 10 cm dish, 10BUCHERE L C 24 RERIRE 22 L,
25612, 1 nM @ eribulin, cisplatin % 7z1Z paclitaxel
12 24 WrBE 212, 10 /Lo dish 2 &R LT CD44* &
CD44 124 BEL 72, B L 72 CD44* £ 7213 CD44~
(1 x10% %%, @i PBS(=) 2 CTokE L7,
Cell Lysis Buffer4 (80-1339) (Enzo Life Sciences,
NY, USA) %z TKET 10 4B RS L 72 oM
R %2> 7 & L7z, % ¥ 7IVIZ Reaction
buffer (0.1 M HEPES buffer, PH7.5 with 20%
glycerol, 0.5 mM EDTA, 10mM DTT &4) %
ZHSNERT 7L — M) =5 —THlE L7 (A
excitation =400 nm/A emission=505nm) (n=4).

10. microRNA il /7

10 ml ® MDA-MB-231 ffifid (1 x10% #% 10 cm
dish, 10 BUZHERE L T 24 RefEIEE#2 L, 5612, 1nM
@ eribulin, cisplatin ¥ 721 paclitaxel (& 24 B[ 5
#tk, 10/ dish # &5 LT CD44" & CD44™ 1243
BEL, CD44* (1x10° 2% 5 microRNA Z il
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%€ L72. microRNA (& miRNeasy Mini kit (Qiagen,
Tokyo, Japan) (ZCHit L7z, microRNA 500 ng #*
5 miScript I RT kit Z ] L T ¢cDNA =& L7z
%, PCR Array % I\ 86 fi%® microRNA % il
%€ L7z (miScript miRNA PCR Array human breast
cancer, MIHS-109ZA) (Qiagen, Tokyo, Japan). PCR
PIEYEILA 7> 7 95C, 104 (1% 1 7)), PCR
ZPIE 5T 158, 7=—19 27 60C 308, =7
AT v ary72C 308 (4044 7)) TPCR#%=17-
72 (ABI PRISM 7000 Sequence System) (Applied
Biosystems Inc, CA, USA). 7 — % f##r1Z A4ACt
T4\ (Original expression Level=2"44)  Hias
AFI & BEEE L 72 CDA4 " il Ct fill / it A KA
® MDA-MB-231 g Ct fli D} TS L 7-.

11. microRNA FHEFH]

p21-5" JERIARFEIL (p21-5-UTR) DHIH 7 —
7w N T&% miR-17, miR-20a, miR-20b, miR-93 ®
microRNA 51 EXIQON @ miRCURY LNA™
microRNA Inhibitors (EXIQON Inc, Vedbaek,
Denmark) THER L 72 (http://www.exigon.com/
mirna-inhibitors). & FH%E#] % 100 pmol 7N L 7-.
B ORHNEI L FIZRT.

Has-miR-17-5p: 5-CTACCTGCACTGTAAGCAC-3;

Has-miR-20a-5p: 5-CTACCTGCACTAAGCAC-3;

Has-miR-20b-3p: 5-TGGAAGTGCCCATACTAC
AG-3';

Has-miR-93-5p: 5-CAAAGTGCTGTTCGTGCAG
GTAG-3'.

12. microRNA FHEH] oM PE A

VART 22 ¥ 3 v#T4% microRNA FHEH]% MDA-
MB-231 Miffg~E&E A L72. 10 ml ®» MDA-MB-231 #i
f (1x10% # 10cm dish, 10 BOZ#&FE L C 24 B
M¥:48 L, Lipofectamine® 2000 % Fv»T 100 pmol
@ microRNA FHEH] 2 HIFEN~NEA L7z (Thermo
Fisher Scientific KK., Massachusetts, USA). [
#l % 4 WERHIBEEE L 721, MG %2 UEig L 48 iR &S 22
L7z, 33tk MDA-MB-231 fifig% 10 dish &4 L
T CD44" & CD447 1270k, p21 ZEBlZ st L 72.

13. AREAENE

microRNA 1%, miScript miRNA PCR Array Data
Analysis software (Qiagen, Tokyo, Japan) % Hw
TIENT ERE 21T - 72, A BAAME 1L Bonferroni's
method (2 X % two-way analysis of variance
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(ANOVA) ZHWTp <005 THEXAD L HE
L7-.

f& R

1. CD44™ & CD44* flig D FfE R

AR — X% H v TorllE L 7ol o Sz ot ge e
247\, CD44™ & CD44* ZfEsB L7z, CD44 Bk
Y — R X o THrE L7/ id CD44 5a bk % R
L, CD44 CTIE# S Nz d o 7241081& CD44 & %
R L7 (Fig. 1A). CD44™ & CD44* o flfu 5 1] %2
T L7-& A, CD44 Tid G2/M 12, CDh44* T
1 GO/G1 Wiz % < f-AE L 72 (Fig. 1B).

2. PLASAFNC & 2 M EnH] Rk

MDA-MB-231 fiifg (1x10/ml) %, 96-well palate
(201 ml 3L LT 24 BERIEE 2%, X512, InM®
eribulin, cisplatin ¥ 7213 paclitaxel % 24 Fy[HjhgE#E X
FCHEFREWE L7z, FH 2RI L 2w 24 R
#1% D MDA-MB-231 fila % = > F o —)v (100%)
ELTHEAAREZE L 72, eribulin BEEEE TIE 535+
25%C, cisplatin BEEE# Tl 67.9+£14%, paclitaxel
BEFEHTIL439+1.0% (n=4) TdH -7z eribulin,
cisplatin, paclitaxel B#&f%, > bu— L& LKL
THAERIIAFZEICET LA (<005 (Fig 2).

3. PLASAKIEFEL O p21 5B

PBAFNREFZE L ehro7za > ba—)L CD4H I
BT 5 p2l 588712 0.048 £0.013 pg/ug cell protein
T, CD44~ (0.020 =0.000 pg/ug cell protein) X ¥
HREICEWEER/RL7: (p<005) (Fig. 3). eribulin,
cisplatin, paclitaxel B # % ® CD44™ 12 B 1} % p2l
FHEIE, FhEFN036x001, 041+0.03, 036=
0.01 (pg/ug cell protein) T, WFhb T ho—
VWV CD44 X ) EfETH o7 (p <0.05). eribulin,
cisplatin, paclitaxel BEg& % CD44"1281F % p2l
FHEIE, FhEFN030x006, 031+0.01, 034=
0.05 (pg/ug cell protein) T, WFhyar ha—
WV CD44T X ) EfETH -7 (p < 0.05).

4. ZIVFFF L

GSH & GSSG # Ml L CUTOARICE o THe
fLRE2HM L7 (Fig 4) (F vy F4+ v BibE=
GSSG/GSH +GSSG). HASAKIZIRE L Rdr o7z
Yha—VDF VY FF v EEIE, CD44™ T 580
+09%, CD44"Tix59.0x02% %/~ L7 (n=4).
eribulin & cisplatin Bt #& %2 @ CD44* IZB W T/
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Phase-contrast CD44

CD44(-)

DAPI merge
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* p<0.05

Fig. 1
(A) Expression of CD44 in CD44" isolated from MDA-MB-231 cells
(B) Cell cycle analysis of CD44" and CD44~ isolated from MDA-MB-231 cells. Date are shown as
means £ SD (n=4) from 4 assays of the same sample.

¥ FF VERALFL control CD44* 12 LA E A
L7z (p<0.05).

5. Caspase-3 it Ml 2

MDA-MB-231 flfg 1 eribulin, cisplatin ¥ 721
paclitaxel % 24 R¢fHIBEEE %558 L 72 CD44~ & CD44*
@ caspase-3 iM% Fig. 51283, a v ba—io
caspase-3 G 1% CD44™ & CD44* D TIXEDFRD
LMz h o7z, eribulin BE#E % D CD44* @ caspase-3
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Wy Pe— L e RTHEIZHEML (145%),
cisplatin BB % TIXA RIS L7z (89.1%) (p <
0.05). cisplatin BE#E 2 CD44™ & CD44"* ® caspase-3
HMEz g3 5 &, CD4441% CD44 12T 72%
AR L7 (p < 0.05).

6. microRNA ZEHFHT

MDA-MB-231 flifg1Z eribulin, cisplatin ¥ 721%
paclitaxel =B F %78 L 72 CD44*12& 5 micro-



O N N E 9/

100 100

0J cpa4()
[ cp44(+)
1.
_ 80 o % 80 ¥ ‘ ]
g . = ‘7 —F—
5‘»?_’ 60 * 5 &0 N — S LT
) T 5
s ! * b
iz —— g
S350 - 2 40 *
- 2
3 g
20 - g 20 % -
: : ]
control eribulin cisplatin paclitaxel control eribulin cisplatin paclitaxel
*p <0.05 *1p<0.05
Fig. 2 Viability of MDA-MB-231 cells after exposure Fig. 4 Glutathione oxidation rates in CD44" and
to anticancer drugs. Date are shown as means CD44" isolated from MDA-MB-231 cells after
+ SD (n=4). *p < 0.05 compared with control. exposure to eribulin, cisplatin or paclitaxel.
Glutathione oxidation rates (GSSG/GSSG +
GSH) after exposure to anticancer drugs for
24 hours are shown and compared with
untreated controls. Date are shown as means
o S 232254) + SD (n=4) from 4 assays of the same sample.
* *p < 005 compared with control CD44", Tp <
04 kK x ¥ 0.05 compared with CD44 .
803 ‘ | EER
?u 600
<02 * 1 [ caa()
g [ CD44(+)
S 500 + |
ﬁ rH
400 i [ +—
*
= E A [

control eribulin cisplatin paclitaxel
* 1t p<0.05

R f f

200 H - H o+

Fig. 3 The p21 expression levels in CD44" and
CD44"™ isolated from MDA-MB-231 cells after
exposure to eribulin, cisplatin or paclitaxel. p21
concentrations after exposure to anticancer o ‘ ‘ ‘
drugs for 24 hours are shown and compared control eribulin cisplatin paclitaxel
with untreated controls. Date are shown as *4p<005
means i,; SD (n=4) from 4 a§says of the samf Fig. 5 Caspase-3 activity in CD44" and CD44~ isola-
iample. p<005 compgred with COHtrOlF?M ' ted from MDA-MB-231 cells after exposure to
£ < 005 compared with control CD447, p < eribulin, cisplatin or paclitaxel. Caspase-3

0.05 compared with CD44". activity after exposure to anticancer drugs
for 24 hours are shown and compared with
untreated controls. Date are shown as means

. . + SD (n=4) from 4 assays of the same sample.
A B
RNA @95 5, p21 #HIZE S L Twv 5 microRNA *b < 005 compared with control CD44°, 'p <

(miR-17, miR-20a, miR-20b, miR-93 3 & ¥ miR-182) 0.05 compared with CD44".

DOFEBUFNT %17 - 72 (Fig. 6). CD44" ® microRNA

FHIPBAFERMO T >~ ha— )L & gL 7.

eribulin BE#& 12 X - T CD44" ® miR-17 & miR-20b ® N —-262, —283, —894L%HIWA L7, cisplatin
AACT X, ZNZFI16 L 466 128 ML 7. xIIE BE#E % O miR-17 & miR-93 DAACT f#iZ, 5.19 &
A91Z miR-20a, miR-93 & miR-182 DAACT fliizZiZ 231 Th o7z, XHAIZ miR-20a, miR-20b & miR-

100

Caspase-3 Activity (mmol/mg protein/hr)
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[] eribulin
[ cisplatin

[ paclitaxel

1

h

R-93

4
P
0

miR-17

0a miHOb

iR-2

Relative Amounts of miR(AACT fold)

-10

Fig. 6 Changes in microRNA expression in CD44*
isolated from MDA-MB-231 cells after expo-
sure to eribulin, cisplatin or paclitaxel. AACT
values for miR-17, miR-20a, miR-20b, miR-93
and miR-182 after exposure to anticancer
drugs for 24 hours are shown.

182 ®AACT ik, #NZFN-163, —-148B LW
—522 LA L7z, paclitaxel B# % ® miR-17, miR-
20a, miR-20b, miR-93 DAACT fEiZ, 1.88, 1.82,
698 £ 136 TH-72. miR-182DAACT I, —9.82
LW ERLT

7. microRNA BHEFIMIZNEA O p21 FH

PUASAFNCHEE L T MDA-MB-231 flfgic
microRNA BEHIZEA L, CD44* & CD44 1257
L7z, microRNA HERZEAL Zway a—
CD44" @ p21 B L X)L iZ 004 pg/ug cell protein
TdHo72. miR-17, miR-93 fEH%ZEAT % &
CD44* » p21 HEH =T ZF 21, 018, 016 (pg/ug
cell protein) Z#ML 72 (p <005). —7F, miR-
20a, miR-20b FHEH) Tl CD44* @ p21 HHEIZAH
Btz E L o7 (Fig 7).

Z B

CSC iFimrHMtEoWFTo 74 4 77X
TNBCHEEDOHICL KAEETHZ LN LN E &5
T2, CSCIEHOHERLEZ LT AT S
BADOIRE 7 LT, HTE L ok % MR L
AL 22 R T RED T 2 B 9 5 720 AR 7 iR i
MR\ 1819 BB DR TH LY A 7 ) VK
¥ > —+¥ (CDK) % ¥ 87 | p2l 135N
T Nrf2 AT 52 8 TNrf2 2L+ 5. 20
THIZHHRITIM TIN5 FF v OEEIMEH#ET 5 Z
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0.3

I
N

p21 (pg/ug cell protein)

o
-

L

control

miR-17
inhibitor

miR-20a
inhibitor

miR-20b
inhibitor

miR-93
inihibitor

*p<0.05

Fig. 7 The levels of p21 expression in CD44" isolated

from MDA-MB-231 cells after exposure to
each inhibitor for miR-17, miR-20a, miR-20b,
or miR-93. Date are shown as means £ SD
(n=4) from 4 assays of the same sample.
*p < 0.05 compared with control.

EI2E o T, A AKIOMBEMED RN TH 5 iE M
MRFITHTT By 2L L b, Iy T
I YA UL OIEHES X B HUAS AHI O HEH B RE Y
M3 5. ZO#FE CSC # byl Edittic 3 22,
Fp2l 1IZSFEFERA LA, HUfk, BlbiET
W MB35 B B ICAER A 2 IR G B & &
SN CHIRE M oET2 G1, S, G2/M ¢k
X, MBI ZBIHT A 2 LS TV AT,
HABIHIR T p53 Tt ¥ 7 F IV A TE M 2 IRRE LS
HBHZ LD, DAMNEE RIS 5 E RO —
DL o5TEY, TNBC b pd3 IZEREZFFO L DT
s p2l ZREZM ) BPAMBOHE TS TWx
W2 CSCIZBWT p2l ZEH 2 i3 28 LV
HE5 T CT& % microRNA O EEX, BT %2
472 CSC % M 4L 23 & TNBC @ CSC iGHEND
TTa—=FIZ R HRENED D B, AW TIE TNBC
non-basal like type T& % MDA-MB-231 #fifd 2 >
T eribulin, cisplatin, paclitaxel ? B % 12 G
PitEx 135 CDM4TITBIT 5 7V 5 T4+ R of) &
WAL PITTHELEDHIT, CDUITB W THFFHEI
DR TH 5 p21 33 2 i3 % microRNA DI
EERITo 7.

AWFFET CD44~ & CD44+ D ey et gets & Mg
RN 24T o 72 & 2 A, CD44 Btk 2 /=3 #ilia
R I O GO/G1 2% < e LA AR & ] 345
IELTwWbZEPRHLNE LR -7 (Fig. 1A, B).
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DT & CDA4 o PEA e (M 5 39 o> #EAT 2345
1k L 724K T Ik 22 <AFET 5 CSC o EE %
FroTna ZEDMER I N RIZ, PIBARIOL
Wk E RN B 72012 TNBC iR TR IV S
N5 A D eribulin, cisplatin, paclitaxel % 24 Ff
MEEL7-H L OEFREME L. TORE, T
RTOPHPAFNEESL CEAEIAEEIIHRD L2
& 75 eribulin, cisplatin, paclitaxel IZ2BWT, 2%
AR AEAFIIFID RS & & o 72 (Fig. 2). $it
MBAFERINTH S22 ba— Lo p2l FHL v
1%, CD44 IR T CDUMU™ DT ) A EICE -T2
(Fig. 3). p2l 13 CDK % B U CMll i & 9] 25 e AT
TAHEADEMEST LY VXV HTHA. B % MRy
LMW SKRIEITH 5 GO IICHFEAET 5 CD441 13,
p2l FEBDE L &Y, MR O LT 2R 2 T
Wb Z ENEZ BN X561, eribulin, cisplatin,
paclitaxel ZBE§& L7214 CD44~, CD44" 2B 5%
p2l AWM T 5 &, PIBARERMO T >~ |+
O — VR THEFEHASAH] 2 BEFE L7235 X TOM
fTHBEICE CEIAPBE S, —J7, CDM~
&L CDUM4"® p2l 58¥ %, TNENOIBAAI T L
ICBETLTHA DS L, eribulin & paclitaxel &% T
FEETFO DN H o 72h cisplatin B & % 1
CD44~ X ) b CD44" TH B LS BBIPBHBE I
7z. eribulin 133E¥ ¥4 L RMNET A F I 7 A/
EHNOPISAKIT, UNE DM RES) (21352
Brbz3MmE (BES) ZU2HETLEATHESE
T, Fa—7) YHEREZB/NEEBRICES L v
BRI SR A21EM 2 AT 5%, paclitaxel
X, BUNEROESGEZRELNESEZHET A L
THIUB R M O A 50 2N VEH L CHuUlE SR
RELZLTIENFMONTVEED eribulin &
paclitaxel (ZfifaE o MICl &, F2—71)
DEAHERHESICE > THIlREZ 7R -2 212
B, CDUMAT TN 2 #4T L2205 M I Tht
BAH) 2 BGAT 2 & T p2l1 ZiEMEA L L CHliR R ] 2
BEILEE 5. TR, BAMBIET AR b= X1
s, M EA GO HIICAEA/ET % CD44 ™ g,
CD44™ X 1 & EATHEEIZ B WAL I3 E < 2 &
AHE SN TWBED, Z0 728 CDM T G I
N A A3 64T L p21 Z23GMEfE L Tw5b CD44- & D
S RBEIME A, PIBAFERINMO T Y ha—)
03 p2l BHUIEME LS L Z LA EZ LN
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cisplatin I&, 2SAMIEOBZIZH 5 DNA O 7)) Vi
k (TTr=v, y7=y) LRERKETHILETHE
BRI D 90% D EAS DNA @ 7)) Y B HUE % 1
%3 % DNA adduct &% Y, DNA IZHffFE 5 2 C
ML ZF &R T EDHMOENTWSEP, cisplatin
BRI p2l FEHACD44 X H H CD44" THEIZ
BB L-BEE LT, CDM4 L) HHREY O
HEAT A3 > CD44 7" 1% cisplatin @ DNA & J& 212
X 2 M) & THIRAMES % 2112 < Wiz oM E W %
IR EH 5 p2l BHPERWZ EAE 2 .

eribulin, cisplatin, paclitaxel I & # ol o A=
EREPBARERMOa Y b a— )V EHRTHEE
WIKTF 3%, 2L, PSAFIDSTEERE R & e L
THFHEEZE T AT 22T, FAMBZE
MINLFEIZE N TV B, AFFRIIPAS A DR 7
¥ FF BT HRRICEHL, Ty T
R b %% L7z, eribulin & cisplatin B&EH D
CDUM4" MG T AL T bu—)L CD44" X 1) bk
HIIAFITMKL, E512CD44 & CD44 #Ibi L
T, CD447 13 CD44™ & ) & AL 2E B w
CEDPH LN E RSN, DO EIZED eribulin &
cisplatin ZBE#& L T3 CD44" 1ML X 5 Hill fa s
ERRNTHPAFIRIMEZ RS 2 e EZ 5N
(Fig. 4). cisplatin &% D CD44712 BT % caspase-3
WX CD44™ D 2% 12l S THBH, CD44" X
CD44~ £ 1 } cisplatin #FHEED 7 R b — 2 ZHHil]
SN, XA Ukt 2R E W Z L AURE X
7z (Fig.5).

MDA-MB-231 #iigiZ eribulin, cisplatin, paclitaxel
ZWg#E LT CD44" ® microRNA % 738 L T p21 3§
HICG-$ 5 L) #5233 % 5 2D microRNA %
W5 L7223 (Fig. 6). miR-17, miR-20a, miR-20b,
miR-93, miR-1821EDSAMNLIZB N Tp2l &2 & —7 v
gD ENMBLENTNEDY, TNBC TINHD
microRNA 28 CSC D% —7" v M D15 EH T
W XN TWw4\. eribulin, cisplatin, paclitaxel
DOPDAANGEFZE, TXTHEIAIMET L 72 miR-182
22V Tid p21-5-UTR FEII AN IS A S D S
5 Z kT, p2l FHZ T 5 2 &R
ThbE#z7. ZL T, miR-182 %7z miR-17,
miR-20a, miR-20b, miR-93 & ¥ =7 v v ¥ V%7
H p2l BBOMBEBERE RS 72012, ZHEH
RBEFE LB CDA4 O p2l BHERF L& 2
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% miR-20a, miR-20b o BHEH R & % CTl3 A Z A=)
oSN h o 72705, miR-17, miR-93 @ BH 5 7 it
BRTP2LRBILANVIZa Yy Pa— LV ERRTHE
2B o7z (Fig. 7). A BEOILEF O miR-17
TEREDSHESS OHEATEB L O f L MBI L TNBC 128
JHNAF—H =L LCufeldd b 2 LB,
miR-93 DI BHEIC L ) MR AN A EAT T2 2 &
THIASAFIRIRAT L 85 < 285N UNESE 3 i 2] &
NAZENWEENTVEY, MAT, KH%ED»S
miR-17 £ miR-93 1% CD44* » p21 8 % Pl %
LV LW E SO E o7

ANFFERE D 5 MDA-MB-231 #ilfg @ cisplatin #%
PUMEICIZ CDU4 S35 &, E512CD44" Tl
miR-17, miR-93 23 AKIIEDO ER L Z 2 ST
VB P KHAEWH L TWB I E PO o7z
cisplatin W # % (A IKPLE D CD44* % 7 A b —
Y ANEL 72D DO Tz % s TG L LT miR-
178 X " miR-93H H TH A HEMEARIE E N7z,

AR
TR LBIR TR & FIAEAT B 2 0,

X "
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microRNA-17 AND microRNA-93 SUPPRESS p21 EXPRESSION
IN CD44 POSITIVE SUBPOPULATION OF CULTURED
HUMAN BREAST CANCER CELL LINE MDA-MB-231 CELLS

Kentaro IIJIMA, Akiko SASAKI, Kanji FURUYA,
Hideto OYAMADA, Hiromichi TSUCHIYA, Hokuto NAMBA,
Toshihiko GOCHO and Yuji KIUCHI

Department of Pharmacology, Showa University School of Medicine

Yuko TSUNODA

Breast Center, Kameda Medical Center

Abstract —— Using a human breast cancer cell line MDA-MB-231 cells, we examined the roles of
microRNAs (miRs) in the regulation of p21, a cyclin-dependent kinase inhibitor, and the resistance to
cisplatin and tubulin inhibiting anti-cancer drugs such as eribulin and paclitaxel. MDA-MB231 cells were
separated into two subpopulations by the surface antigen CD44, a potential marker for cancer stem-like
cells. The level of p21 protein expression was higher in CD44" than in CD44". Exposure of MDA-MB-231
cells to the above drugs led to increases in p21 protein. However, the level of p21 in CD44" isolated after
exposure to cisplatin was significantly lower than CD44, suggesting that p2l-dependent cell cycle
suppression was blunted in CD44" compared with CD44". The oxidation rate of glutathione in CD44"
isolated after cisplatin treatment was much lower than that in CD44", indicating that cisplatin induces
much weaker oxidative cytotoxicity to CD44" than to CD44". Moreover, caspase-3 activity in CD44"
isolated after exposure to cisplatin was significantly lower than that in CD44", indicating that CD44" is
more resistant to cisplatin-induced apoptosis. To explore the roles of miRs in the expression of p21,
MDA-MB-231 cells were treated with various miR inhibitors followed by isolation of CD44". Among
them, inhibitors for miR-17 and miR-93 increased the expression of p21 in CD44", suggesting that p21
expression is suppressed by miR-17 and miR-93. Thus, the current study demonstrated that expression
of CD44 is associated with drug resistance to cisplatin in MDA-MB231 cells. It was also suggested that
miR-17 and miR-93 serve as inhibitors for p21, a factor involved in drug resistance.

Key words: triple-negative breast cancer, microRNA, CD44 positive cells, p21
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