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AN
LR 1000-5404 (2013 ) 12-1219-06 TE %

ER X A L BRI 2 AE R ER 4 A 4 B AL ¥ i 24 14 B =2 i
SRS, R, BROLME ML IR (400016 TR, TIKTE R IR — B B A FLR AR

(HZE] HIY  AFEEEXS LI A0 ORI (mammospheres , MSs) 85 5230058 X HAGI T 25 ML 52 . i 43
SUFE SR BB A R X N FLBR S MDA-MB-231 4H M35 JC M 7 B 7 B 9%, K0 5% MSs (/E K E R K AR FR AR fb . MTT
LA AGE I 2% 2N FLIRIE TR A 200 ML ( mammospheres-derived cells, MSDCs ) &z MDA-MB-231 4 i £/ A [ ¢ B2 AN [R] 25 W) 1
FATF BY7F3E % (survive rate,SR) o FE2H 2155 04k 2 A6 HIF-2a0, ABCG2 1£4% 20 MSDCs 1223k, Western blot 46
AN T 4 MabR 59 CD44 J2 ALDHI £ 4441 MSDCs (#3535, Western blot %z Real-time RT-PCR #:{l] HIF-2o., ABCG2
P-gp 2 MDRI 7E444H MSDCs g1k, G50 B4 MSs AR K5d R R BRI RFL T4 4 . B4 2H MSDCs 16 A FfbyT
Z5WE R 1 SR T 4] MSDCs Jx MDA-MB-231 4ffd (P <0.05) . GREHLR T AL2EK I & B HIF-2a & ABCG2 £
B4 MSDCs 1) FRIE5R T8 (41 . Western blot £l & 3 CD44 5 ALDHI 75420 MSDCs H 3Rk it s T8 &4, 6k
4 MSDCs ' HIF-2o , ABCG2 J¢ P-gP 5 [ 3 3k 1 ¥ /& T 75 3 424 MSDCs [t MDA-MB-231 4fi g v (1) 35 (P <0.05)
Real-time RT-PCR ;i %& PR 54840 MSDCs 1 HIF-2q. . ABCG2 % MDRI mRNA [k 235 T8 441 MSDCs 2 MDA-MB-
231 4iffI(P <0.05) . &5 DL HIF-2a SHJ3 3K 7, ABCG2 MDRI1 [ P-gP 45 Ay 550 IR 7 1) Az 40 A2 S 1 T g 2 Sk 40tk
AP MSs (14 SR H R | $2 57 Bk R FR i FL A7 TR 24 68 77 1 Pl BB AL

[ R ] FLIRME AT 2y e 2 N T 20 BRI ES G M G BATEIA 2; 2t 255 H 1

[FEZESES] R364.4;R73-35;R737.9 [ XEkARER] A

Influence of hypoxia on human breast cancer mammospheres culture and resistance

to chemotherapy

Fan Yuanming, Qu Hongbo, Wu Chengyi, Hou Jing, Han Mingli ( Department of Endocrine Breast Surgery, First Affiliated Hos-
pital, Chongqing Medical University, Chongqging, 400016, China)

[ Abstract | Objective To study the effect of hypoxia on human breast cancer mammospheres ( MSs)
culture and resistance to chemotherapy. Methods MDA-MB-231 cells were cultured in serum-free medium
supplemented with growth factors under normoxia and hypoxia conditions, respectively. The culture time and
volume of the MSs were recorded. The survival rates ( SR) of mammos-pheres-derived cells ( MSDCs) and
MDA-MB-231 cells incubated with various chemotherapy drugs with various concentrations were detected by
MTT assay. The expression of hypoxia inducible factor 2ac (HIF-2at) and ATP-binding cassette super family G2
(ABCG2) in the MSs were observed by immunofluorescence technique. The expression levels of CD44 and
ABCG2 were detected by Western blotting. The expression levels of HIF-2a, ABCG2, glycoprotein P (P-gp)
and multi-drug resistance gene 1 (MDR1) in the MSDCs were detected by Western blotting and real-time RT-
PCR. Results The MSs of the hypoxia group had shorter culture time and greater volume than those of the
normoxia group. The SR of the MSDCs incubated with various chemotherapy drugs with various concentrations
in the hypoxia group were significantly higher than that of the MSDCs and MDA-MB-231 cells in the normoxia
group (P <0.05). Immunofluorescence showed that the fluorescence of HIF-2oe and ABCG2 in the MSDCs of
the hypoxia group was stronger than that of the normoxia group. The expression levels of CD44 and ALDHI1 in
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the MSDCs of the hypoxia group were higher than those of the normoxia group. The protein expression levels of

HIF-2a, ABCG2 and P-gp in the MSDCs of the hypoxia group were significantly higher than those in the
MSDCs and MDA-MB-231 cells of the normoxia group (P <0.05). The mRNA expression levels of HIF-2a,
ABCG2 and MDRI in the MSDCs of the hypoxia group were higher than those of the other groups. Conclusion

Hypoxia can shorten the culture time for MDA-MB-231 cells forming MSs and increase the size of MSs. The

pathway of HIF2ac, ABCG2, P-gp and MDR1 may be involved in the mechanism of the above phenomenon.

[ Key words ]

breast neoplasm; chemotherapy drug resistance; hypoxia inducible factor 20c; ATP-

binding cassette super family G2 ; multi-drug resistance gene 1
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96+ 4 L 4 g ZH N AR B —/ N A BUR
REJI R o, o A AR AR p 4 i, OF B R A A3 E
B 2 AL S TR S ) < TP . H AT AE FL R
FEAEN B Z RS I T A AR BB . — R
FH A 2 0t XA AL A | 12 P ST A0 B i ok R A T 40 i
DL K TG i B i s SR ai AR T4 . TC niE A 7R
o0 B PR 7702 T LA 8 e e 4 A 5 5 A R
O3 R AR BT TAF B R SR i U2 — SE B B ) o
AT A0 LR ) 8 A0 M, 7R T LT S R R N R
FRRBRIE AR, IR b 8 43 i LB Sy AT e
TR, AR RRR R LIRS T A e L Ak
I i 24 2 3 R R R SR IR T BOR A S W TS
FAAAAR) — D EEER R AT 2500 & A HLHECH
SOk B AR o i — D E RSN R, B2
TR LH U A5 A3 70 2 1 S AN BE 78 0 M R FH 4,
AT B L A i AR AR D Re R AR5 i & R
SRR R . B AUTE B AR AR TR X A FL IR S
MDA-MB-231 ik 47 JC I 38 35 7 , W5 dil 8000 A
LR I8 2 B AR AR ( mammospheres , MSs ) il BR /1) 52 1)
FERG I 7E SR AR AR T TR R MSs A6 7 T 24 P 1) 2%
A, DT fifp R 48 2L s 1 200 P s A o A v %) T
VEFH , e ik 0 5 e 40 B Ay 7 it 245 P Y mT REMILAR]

1 WS

1.1 MSs #9324

F AFLIRIE MDA-MB-231 21 fd 2% T 4 & DMEM-FI2 %
F:4£(1:50 B27,20 ng/mL EGF,20 ng/mL bFGF) [y 8 /55 540
BT 37 C 5% COMERIERMPME ., &3 RIBW 1K,
250 x g B0 5 min, WA AN, e 5 VR B 4 i e VR S R AT .
MSs &5 ~7 RAEART WK, 408 250 x g B0 5 min, Y& MSs, [
FEH AL 5 min JEIRFTE MSs JHE , AT -4k, B0 4,
A FRTCIMTER R . ARSIV 2 AU MSs!

1.2 8B4 T oy MSs 3255

FHER B 1% 0,.5% CO, 94% N, 10 3% 5= 56 #1741 il
Wit . TR 5 15 A0 72 v S5 78 % 1 00 TC TR B4R & vh ik
AT, R 4 S 45 AR et ] DA sl 20 Bl A 45 1 B B IR, 1 4 MIDA-
MB-231 20 MIHEA T JC ML 15 A7 15 5% , LA B 97 AR A RN A il 7
H51.1 -8,

1.3 RSB R B

ST 3 4 AR MSs 4L 4 MSs 25 MDA-MB-231
MR (n=16) o LIARIMANE A TR IAE 2 X R, S
il 53 S90KE 45 21 MSs T AL LR AN 1 x 10° /L, B FLAR I sk A
2 ifd ( mammospheres-derived cells, MSDCs) , #R 5 3 2H 4 ifg LA
BAL200 L H2FlF 96 Lk, fhIT Wik 2V E LR
(Docetaxel , DTX, VL5 [E i 25 25 A5 45 PR R ) , 322 Lb AL (Epi-
doxorubicin, EPB, #% i 23 7] ) , BLybRVET (3O , 79518 B B2 25 1%
AR ), 5 FUR W E (5-Fu, L6305 A 9k F A RA
Al) o RGP LIA IR KR BER | x PPC, HHIEFR 72 h
JRHEALIALO pL MTT(S ¢/L,pH =7.4) kL1 5% 4 h J5 A
10% + ke KAl 2 44 (SDS) 100 pl/fL,37 C #5535 24 h,
450 ZUREHRY ( Bio-Rad 23] ) 435l F 490 nm J 630 nm P 4b
MR CEEE . THAAMLAAE % (survival rate,SR) = (N2 /5%
JEREME - 28 UG EEAE ) / (R INZWOEBE(E - 25 FAROGEE(E )
x 100% i3 =1 - FFE R,

1.4 Western blot #-]

A4 TC T R F7 BT ARAS 1 MSs RS £k s MSDCs , MR 814
FF BT AR AL A 454 25 B AT 8 AR IS Western blot 24
SR T P4 CD44 P A CALDHL i A (HIF-2a AT A
(1:600) J& ABCG2 Hadi APiiA (Santa Cruz 23 5],USA) ,HRP FR
IEHAEST R AR TsC (R EAEY AT o
1.5 #oz &k

FHIEREE: MSs {4k B MSDCs , 0. 8 x 10°/FL 32 /0 F 96 fL
M, Frai AR W B S, B R 52 I H PBS Wik, 4 CTF LU
10% NGS () PBS 3t 133 &, 43 5 ¥ — i : HIF2a Ryt A KX
ABCG2 bt AP LL 1: 1H IR A, 37 CIB & YL fh 30 min,
0.01 mL PBS 3 3 ¥%,5 min/¥. JEN 1: 100 BBy FITC-2£
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BLER slg, Z= iR s 37 CIB &M EL (4 30 min, 0.01 mL PBS 3k
3,5 min/ IR BBk POL R T R IR R B9
RGN AT MBI R B R M AAAE . SE8 43 3 AHFAT - B
H(1%0,.5% CO, . 94% N, 5 1} 35 F2 445 1y MSs) | A 4
(5% CO,.95% CO, 711 T 5 7 4R 44 i MSs) 25 141 (PBS AR
B0,
1.6 Real-time RT-PCR 5-#7

F1Wyeh L LA A BT . R HCRNA ff ] Trizol i
FHEAT 41 B 249 , B 5% 5% M PCR B SYBR Premix Ex Taq
I &, B-actin AN S SRR HRU 2w AL BT 43

#H17.
#1 Real-time RT-PCR 2| #)F5]
LR 2R 51975 JrBeR/ (bp)
HIF-2a 9% :5'-ATGGTAGCCCTCTCCAACAAG-3’ 134
TFUi%E: 5'-AGGTTCTTCATCCGTTTCCAC-3'
ABCG2 3% : 5'-AGAGTGGCTTTCTACCTTGTCG-3’ 124
FUiE: 5'-AATAACGAAGATTTGCCTCCAC-3’
MDRI1 9% : 5:GGAGGAGCAAAGAAGAAG-3’ 170
R 5'-AATGTAAGCAGCAACCAG-3’
B-actin F¥iF: F5'-AGCGAGCATCCCCCAAAGTT-3’ 325

TUi#: R5'-GGGCACGAAGGCTCATCATT-3’

B2 24HANFRERRBRIRERE

1.7 %it¥7%
FTHEFARE L & 5 F77, R SPSS 17.0 St #4470 245
*ﬁo

2 HR

2.1 MSs#3k
555 KGR A LB TR MSs B, 7645 8 Ky
USRS L P T A H B MSs, R 2 4 MSs (1 (AR 5 454
%ﬁmﬁwo W2 BR A AL, 55 10 K W5 5 e 4L MSs
B A BRI R B R, ot s, S5 B 15 RG24
MSs BR{AMRBUS IEBE K, T 1.2,

350 - —— GAEAH
—O0— WAEA

56 7 8 9 1011 12 13 14 15
ML TR] (2/d)

a; P<0.05, b: P<0.01, 55AmtE
BEl1 AZLARFRZRA R & K h 4

15d

EHEREERREZH (LM x100)
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2.2 MTT %3 B R R (P <0.05) o UL 3.

MTT S280 755 18 4 FORIRIALIT 264045 1 F 3 %41 MSDCs 2.3 ik 38Rk
(737 S 2 24 WO e JBE 19 K, FL R I e 34 Bl 4 41 MSDCs GRS AR T i 7E B4 4L MSDCs v HIF-2a % ABCG2
HOUH (P <0.05) . T MDA-MB-231 ZNM A RIS 2 M, 36k T4 441, HIF2a B4, ABCG2 BLTIE(E 4)

TEAN TR AT T 24 e J3E 16 o il A5 0 249 11 B B 45 41 MISDCs

120 ¢ HE A TR E 120 —e— 4 4] —o—H A
—%—MDA-MB-231 4 —%—MDA-MB-231 41

100 100
_ %0 80
IS =
S S 6
40 40
20 20
. @ ;
1020 30 40 U 5 0 15 20 25
W (pg/mL) e (pug/ml)
120 —e— A —o—HEAH 120
—%—MDA-MB-231 41
100 100%
80 80
7] n
40 40
20 | © 20 o)
() 1 1 1 1 0
10 20 30 40 10 20 30 40

e B (wg/mL) e (g/mL)

A: 5 BEMELB AFILEC. LV F40,D:5 RAEWR a: P<0.05, b: P<0.01,5 5 &4k
B3 ZEAREHYWIERT&E MSDCs fFiFETL

HIF-2a ABCG2 HIF-2a 5 ABCG2 ik &,

B4 22 MSDCs ff HIF-2a 5 ABCG2 By RiE (9% % L B a4E x200)
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1 ) 1 2 3 10r " ot OHIF2« SABCG2
. —HIF-2a | W\ Qp-gP
D4 (15x10) 4 8 ALbHT 6 §\\
— 107 \
-—— «—ABCG2 A 6f §\\\\§
e N, i BT
: L NN . a
- o P-gP e §\ -
——— < (3-actin [ (170x10°) & 2t }\t\\\ § b
(43x10°) 2r Q\j § N
-.?Hﬁ—actin 0 0 N \S\%\\\t Q\\\ @
@ B (43x10°) 1 2 3

A : Western blot #&] CD44 5 ALDH1 & %4849 % ik ; B: Western blot #&i] HIF2a \ABCG2 5 P-gP f£ & 2049 % ik ;C.CD44 5 ALDHI £k é9F %%

4#73 D HIF2a ABCG2 15 P-gP R ik 89 % % % 447

1884052 % A48;3: MDA-MB-231 48; a; P<0.05, b: P<0.01, 544,28 MSDCs 4z
B 5 Western blot 4 il 2| i T 40 AR E Y 7E % 42 MSDCs H YR IE

2.4  Western blot #&m|

CDA44 754 MSDCs i Rk T8 41 (P <0.05),
ALDHI 7EfR4 20 MSDCs Hr 4 32 34 &t [al B & T8 A 4L (P <
0.05) , HIF-20 FHIFEBEAL] MSs ) RE & THAA (P <
0.05) ,Mi7E MDA-MB-231 ZiiffizH # HIF-2a JEF 35, ABCG2 &
FPEGE L MSs Ry Rk | B & T E 4 (P <0.05), 1
MDA-MB-231 42 rh i) Feik IR 5 &4 (P <0.05) , P-HiZE
[ ( P-glycoprotein , P-gP) 7EE S 2 MSs H () 22 ik BB 5 T4 4
ZH(P <0.05) , 6% % 4 5 MDA-MB-231 2 i 20 rf it 3235 TS
B2EH(P>0.05), WHS,
2.5 Real-time RT-PCR #:m|

K i HIF-200, ABCG2 J; MDR1 mRNA 7E 4% 41 W i 6 35 2%
5,85 S Western blot 45 JL AT, 7F $k 4 41 MSs # HIF-2«
mRNA ({358 T4 4 20 MSs K MDA-MB-231 41 Jfg 21 b ()
FikE (P <0.05), 7E MDA-MB-231 #Hjfi#H b HIF-2c mRNA
MRB TN 3 HomMR(P <0.05), 7EBLEZH MSs i+ ABCG2
mRNA 35855 (P <0.05) , MDA-MB-231 4l g4l ABCG2
mRNA [FEIERIE(P <0.05) , H4 41 MDR1 mRNA () 33ik
0 3 P (P <0.05), MDA-MB-231 4 Jifd 41 4 MDR1
mRNA FERL(P <0.05), W32,

%2 HIF-20.ABCG2 % MDR1 mRNA ZE&AHRPRIE(x +5)

215 n HIF-2a mRNA ABCG2 mRNA MDR1 mRNA
B A 38 7.23 £0.29 8.25 +0.31 10.58 £0.34
figariil 38 4.45+0.27 4.58 +0.26 6.32+0.29
MDA-MB-231 4 25 1.17 £0.12 2.24£0.18 2.57 £0.27

3 itig

B X T e+ A TS O TR, 2 5 M e
T A E O H AT AR 25238 SRR . TR &
PR AR R P BRI N T R AR M Y R C AR 2
PTG R AR SR 1 R R BT
TEF 38 B H) 38 w8 BB SR AR AR Y )AL, R ot SC
AU T I B E RS R ARAS G MSs FEAL IR B F3 AR
Ja TCIEAFARAT B MSs, % 18 5 KA MSDCs i BE 73

e, AT B MSs LI T 4 i bRic
) ALDHI * 2 Lo A5 B S vy T8 L AR 2 A . PRk
IR TC T 35 55 35159 1 MSs HAH >4 L 46 7 20 il B A
— 7 IR T 4 B AR O BRI R T 4 A 4
ML o Mgl B rh R kP4l 3 kT e
(LIRS 2 2 HEA T G I 775 15 35 T 8 5 3545 MSs iy IE
B, HAT B35 i ) B A MR T4 AR e i ek
ARG A AR S 53 e AT 45 6 JF i MISss 11 B ]
It H AT DIGRA AR K, S50 5 4% Y MSs

Bifi 2 S A bR AR B A BG4 bR A U KR
TR BEATHERG N, DR I 7 8 4 PN Sk S A 455 2 5 ik A7 7
o ELi 2507 S e A0 M98 F 5 % B 76 1% SRk
JE R BREE R 15 35 e Iz ot 40 98 440 O £ R A, G o i
TR ICY) CD133 (e k21 hn 3 4%, i B
A 20 R 1% T 200 i ) EL 5388 0 5 £ o Elizabeth
25080 5 1o Bk S SR AR I 3R 119 07 15 15 9% MDA-MB-231
AL, DA 5332 B R e T A B R 18— ST R A
JHL o 5o 40 L 5 Bt 5 /DN BRUAAR P9 R s i v, I
H ik CD44 * CD*™ ALDHI1 * L) )4 E-Cadherin %5
FUIR A T MM FRIC Y . Salnikov 2510 o s i e 96 240
FRUAIF 5T 2 B0« e 4RCHR A 5 50T 200 R i At P 93 4 A v
HIF-2a 5 CD133 1333k, F ErEY E-Cadherin [k 3£
IRETC Ik, N5 T b K2 (8] 52 4k ( epithelial-mesen-
chymal transition, EMT) /& 4=, sh#) 52 5 [A] B IE 32 Sk 48
FEME LA IEDERE SR . TR B A T S
TSR AR I 248 6 1 5 A i e B T R S A B T 32 T
AT S B L e T At B R AR, I 388 n oy T 20
LR A Y 3R Lo AT S Bk A0 AT LAKS il MSs
HL IR T MUARICY) CD44 5 ALDHI fy3R3k 34,
It ELssie o B2 iR, DA Ay i SR S 3 1 T i v 85 5%
FRHU MSs (T4 45 . Whelan 4510 % 5 i 4 7]
PLidiad 5 8l HIF-1o K 4 AME S5 08 1 B 0 3 1k , 2
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5N BEP T2 Az o I G 4803 2k S0 T2 1Y
KA T RE S B SR AR B MSs T 40 I e 1 B A BR R
Bl

Xiang 45" 4 A BAECIRZS T, 788 240 M il i o7
TANMRE b4 0T 2 AR IR Z R E S, T2
WAL 5 B 5 S ] T (hypoxia inducible factor, HIF) 7F
N Y 22 Foi i TR 6 8 R AR e, DT S O T i Y
ABCG2 . 1145 W 2 A= K A T (vascular endothelial growth
factor, VEGF) i £1. 4 id 4= i & ( erythropoietin, EPO )
SRR IR B 2 A2 Ak, £ E A M 7R R DR ST AR AR
HIF 56 i ( HIF-1 HIF-2 $A R 2 5 i S8 0 28
N, HIF2a /E4 W47 5 HIF-B #0456 JF 1 HIF-2
HHREAEYAEN . HET HIF2 P00 500
TN 2R R | I A S R A0 LA ) e AT O A
KM ABCG2 R ATP S5 G 4L 1 G WAL
GO AT 2T R BRI R R M S
Hh ABCG2 il Ay 7E igd T4 rhsy ik, oA s bl
2 B R AN T AR T R AT, 78 204k I A e v L 3
#3401, T MDRI 5 ABCG2 [A]J& ABC %15 A #
KM AEALI T iR 25 rh )RR 25 R A T PgP 2
MDR1 %ty i) —Fh BE AR ML e s 8 11, 1976 4F 15 I
TEXTRK KA B8 T 245 ) b 516 RO S8 98 4t . |- 5 3K
o AERBIR I BLE] , P-gP fE 7 IE T B SR AR E Y
NoV2 )i UG AR SV BERC AL/ R A 7/l UL T S
A HEMEE D5 T IR E T Liu 5B & 8
AR S S SR 4 i b HIF-1o B354k, KT 94 B
AN BRI/ I -2 HE P (Bel-2) (P-gP . MDRPIL [
Feik , PATITHG 5 90 20 B 00 AT 250k . ABIF ST 4
SHSE AT, HE T2 b T B R R S 3 1B R
MEIR KT HIF2a, 1 HIF2«a 530 T F IiF ABCG2,
MDRI1 S5 AHICARYT i 24 5 P 9 38 Ak 22 38, DA TTT 3 i
I rimt 256811
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