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2y kA B B E AT RENLE . & & FIH real-time PCR M7 (4 BT BN A DN BT474 EhimiE e R AR R A KRN F
xMx 2(HER2) 38 % Fl ERo 38 8 16 P 19 5028 5 R FRL I J2 i 52 330 38 45 280 355 35 (0 J 2 7 LB R 41 B BT 474 1 B0 4% Je 3K

S 25 40 A (rBT474) B A R B 7 2 40 AR ARG 00 7 1% JE X rBT474 40 B U8 T B B2, iE — 45 LU R (R B L A BT474

M rBTA74 76 HER2 38 8% F1 ER 38 ¥ 109 22 51 ; B ] MTT WA TN rBTA74 1650 002 e R 4 w) B/ F R 9 A K0 005 R T 52
G T 8 S 56 L 28 BRI 53 7 R Tl B A JE SR AT PR 25 M AT R . 4 R Real-time PCR FZR [ 5 I3 A5 0 558 7% 1 A 5 e 40
il BT474 4108 HER2 #BR 1k, R A% S XLk B 3A (FOXO3a) Fl 22 # K Z 4k (PR) 19 22 35 F 5 5 5 Th 3R 45 (0 it 245 40 B bk
tBT474 7E& A 5 pmol/L FLIARE JE I35 32 W P AT 35 22 A 4 26 I BN 45 51 7R, rBT474 4 5 BT474 40 M AR L, 8% AR
P UL 3-38G /4 1 RORE BCPISK/ AK'T) i % A2 41 il , T 4fe 20 24 38 I3 0 4 1 0l (MAAPKO 18 B 30T L ER 38 5% 19 35 16 58 fm B
s MTT A0 25 5 o, 55 38 FRL0A A JE AR L, 1065 (08 1 o s 5 J2 0 S 4 350 38 R 0 ) rBT 474 488 YE 1 (P<C0. 01 ; TERETE
BUSE I A5 R I L5 H A IE R e A R AR ] A2 AR B L A JE TN R A ) R E S 25 AL T I BT474 40 v B K
(P<<0. 01) , HAT WUBF AR ATt 24 %% /1 A T fE . #6 4  ERoc il B A9 MBS 0% 7T ik /2 3 BUHER2 () /ERa(H) 19 7L 5 98 40 i
X WA R JE P A SR AR P 25 AL 22 — L 1 PISK/ AKT ##1 F1 MAPK #4357l fiE & ERo AU A£G A E A,
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[ Abstract] Objective To investigate the role of compensatory activation of estrogen receptor o (ERa) signaling in
acquired resistance to lapatinib of breast cancer cells BT474 and the related mechanism. Methods Real-time PCR and Western
blotting analysis were used to determine the changes of HER2 and ERa pathways in BT474 cells treated by lapatinib. Acquired
resistant model of rBT474 cells was induced with increasing concentrations of lapatinib (from 0. 25 pmol/L to 5 pmol/L); the
apoptosis in rBT474 cells was determined by flow cytometry. Western blotting analysis was used to evaluate the differences
between BT474 and rBT474 in the HER2 and ER pathways. The growth of rBT474 cells treated by lapatinib and/or fulvestrant
was detected by MTT assay, and colony formation was used to observe the possibility of preventing acquired resistance to

lapatinib in BT474 cells by double targets therapy. Results The results of real-time PCR and Western blotting analysis showed
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that Lapatinib inhibited phosphorylation of HER2 and induced expression of forkhead-box protein O 3A (FOXO3a) and
progesterone receptor (PR) in BT474 cells. Acquired resistance cell model of rBT474 was established in a 5 pmol/L lapatinib
condition. Western blotting analysis showed that the phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) pathway was
inhibited in rBT474 cells compared with that in the BT474 cells, while the mitogen-activated protein kinase (MAPK) pathways,
especially the ER pathway, were activated in the BT474 cells. MTT results showed that, Lapatinib combined with fulvestrant
had a significantly greater inhibition on rBT474 cell vitality compared with lapatinib alone (P<C0. 01). Colony formation results
also showed that combination of lapatinib and fulvestrant had a significantly greater inhibition effect against colon formation of
BT474 cells compared with each drug alone and DMSO (P <C0. 01), showing a possible prevention ability against acquired
resistance. Conclusion Compensatory activation of estrogen receptor o signaling might be one of the mechanisms of acquired

resistance to lapatinib in HER2-overexpressing/ERa-positive breast cancer cells, and inhibition of PI3K/AKT and activation of

MAPK might be the main reason for compensatory activation of ERa.
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T8 A8 HER2 3 [ . 1 4% 10 45 s — 26 1% 432 1k
1738 B RO SRR, T HER? 3 % 5 M £ 21k
(estrogen receptor, ER) i #1776 28 HAE ™ HiiA
B e arReAE M HER2 3 % 7 B X ER 38 #% & ##
YER . 2T ER i BARE2 M 16 Ak e 3 i 5 Je K45 1
Tirf 24 3 A v A 7 ORI AR BL A A e i, Atk —
AT R PR R X ER Al 895, B 2 Bk S
BPk7E HER2/EGFR il ER 1 % 7 1 1Y 22 5 , A BF
55 17 I BRI 97 1 FBE 1 i 25 JB K 30 0 2 17 3ok 2L g
FEANAE , AL P 3k 2 Ak A i 7 B i R e 3k AT
i 24 5 0 5 W A R 3 90 AE B AR JE AR A i
2 R A AR T AR L O BRI T R AT AL

1 MBI E

1.1 @l X7 BT474 IR 40 AR T F H

lapatinib; breast neoplasms; neoplasm drug resistance; estrogen receptor alpha; erbB-2 receptor

[Acad J Sec Mil Med Univ,2013,34(6) :616-622 |

Bl B b A i B2 I 5 B 20 L 5% 9 G 5 B0 R
Je (Cat. S1028) il # 4k v #f (fulvestrant, Cat.
S119) M F Selleck Chemicals 23 @] ; RPMI 1640 15 9%
FLAG A4 7 (FBS) 4 T Hyclone 23 & ; HER2 B
iR fb HER2 $UK (ER Bk 28R Z 7k (PRO P
X3k F 3A (FOXO3a) $L 4K 1 T Epitomics 2 A,
AKT Fiik Bk AKT $iiK (Ser-437) \ERK Hifk B
2 fk ERK $UiAFFEHi e 1eG —HiW T Proteintech 24
] 3 TRIzol M4 H Invitrogen 23 A ; RIPA 8 11 24 fiff ¥
TR REYHAREGRA A M-MLV RTase cDNA
Synthesis X7 & 1 SYBR® Premix Ex Tag ™R 7] &ty
T TaKaRa 23 H) s CCK-8 £ Jifa 44 58 - 75 1 A I 3 71) 6 g
F H AR A 2# 0 58 BF (Dojindo) 5 7% 8 5% (Giemsa) 4
W A AR A IR AL PCR S8 1
FEF A ) TR IR WA AL,

1.2 A3 IR B di vl M R 3K AT M T 25 dm AR AL g
#3 BTA7T4 4MH & 10% FBS 9 RPMI 1640 15
FEWL L AE 37°C 5% CO. 1Y BE 37 46w K5 355 43 51 A
0.25~5 pmol/ LYK EE M FL i 5 Je SL 5 e 85 5% 12 A
Ja S ARAFBERFLEAE & 5 pmol/ L HrlAER JE 1 58 4 15 5%
W™ AF I 09 B MA 2 JE TS 25 40 B bk rBT474, T 5
pmol/L FLIEE B . 10% FBS A RPMI 1640 X5 37
#E 37°C 5% CO. MR A B 3%

1.3 @M RNA 44 F= real-time PCR  #% TRIzol
VLI A5 05 25 4 i 4R B BT474 Al cBT474 40 i &
RNA, I L oligo dT 511, M-MLV S #% 5 ,
FLHE 3K 45 cDNA, # SYBR® Premix Ex Taq™ s
£ Ui B 45 PE AT real-time PCR %, HER2 514
FEHI N . 5'-GGA TGT GCG GCT CGT ACA C-3,
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5-TAA TTT TGA CAT GGT TGG GAC TCT T-
3's ERa 51 : 5'-CTG CCC TGG AGA CCA CAA
AT-3",5-GGA CTT TAC TGC TGA TGT TGT
TCT TT-3'; PR 5. 5'-TTC ACC AGG TCA
AGA CAT ACA GTT G-3', 5-TTG TCA TGT
CCT GCA TAG ATC ACA-3'; FOXO3a 51%): 5'-
TCT ACG AGT GGA TGG TGC GTT-3', 5'-CGA
CTA TGC AGT GAC AGG TTG TG-3',

1.4 & @ K sm HER2, ER i % 48 X &
B CEANE . PBS YE% 2 LA E 1 mmol/L 1)
RIPA 4 1 24 fif i 42 BUE  H L BCA 6 5E i 5 AT
SDS-PAGE., L% 2 iR 4F 4 R, = i B 2 h,
T R E ) B AR, 4°C R 3 R, Tris 5 BR 2% uf
WCVERSE M AL B R 2 b B3R A R 2E R
m, g

1.5 AKX AR m 35 k8% Rt BT474 f= rBTA74
AT LLS pmol/L B JE 43 ) Ab #E
BT474 F1 rBTA74 410 6 h J5 WS 40 8, i PBS ¥
Y 2 WL 500 pL B 256 G2 h iR P 4D ; AL 5
pL Annexin V-FITC 1 5 L BUENBE(PDIRS R .
X R RGN 10 min, EALKEI,

1.6 MTT skl 4z b B 8 | # % 5] Bf 4 BT474 A=
rBTA74 ¥ 38 69 % BUXHECA: K W B9 BT474 0
rBT474 41435 2L 510" /FLIEF T 96 FLAR . K
H 4544 10 nmol/ L Fi 4k w) B AL B2 A0 AR 4L BEEH , 7
PL0.0.5.1 Fl 5 pmol/L FLlfE b B, 4% 5 1
HAL., LS 48 h A 5 g/L ) MTT 20 pL.
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{8, ¥ Digwa/Duyma X 100% 31 B 45 4H 40 I8 15 5
(%) LARANZG A rBTA74 41 0% IR, S0 B 3k,
L7 BT AR %3 R b B R/ A Y 8] B T
BTA74 33569 % BT474 40ML 50 R 4 4. L)
300 A 40 f /L B % BEHE AT 6 FLAR Y, 430 D
0.1%DMSO.1 pmol/L $Mfi# JE .10 nmol/L 4k
FJHEFN 1 pmol/L $IMA%EJE /10 nmol/L F4E vl ¥ 1Y
RPMI 1640 5 W AF L35 21 d, PBS ¥ 2 &,
FI B2 [ 22 15 min J& , 95 G0 5% 4 €, WL 462 37 40 Jifd e
B TE WA 2 (A B0 5 50 NI — AT . %
oo e /B2 B 40 M B0 < 100 % 11 5 5 B B Bl %
(%), L ER 3R,

1.8 %itza®m W SPSS 14. 0 8 #1758t
M. R LL x4 s Fom AL R F O 22 53 BT 5%
t K5, KB K (o) k0. 05,

2 & B

2.1 ataH BT AR BT474 @ P ERq i@ % A=
HER?2 i@ % 89 % LW H] real-time PCR Fl 4 [H T
BS54 SRS 1 pmol /L PLIAEE R AL FE 24 h IS Y
BB PR BT474 400 H 1) ERq i 5 HER2 8 i 1)
U B D 85 8 R BLh 2 e B 3 ) HER2 3 2,
HERZ ,AKT Hil ERK (1) 8 2 1t 7K V- B A% ; JF #00% ER
i %, PR Fl FOXO3a #ikKF- FTH(P<<0.01),

Lapatinib Lapatinib

—
&y 4w |— pHER2
—ERa
—— |
S
—PR P
— AKT
w
—roc | e — |
-
T | — —] —-actin

B 1 Real-time PCR(A)#1 & B 5B 3% (B) 46 £ 18 2 e X3 81 Bk BT474 48R & ERo & 3% 0 HER2 i B& 69 3 1
Fig 1 Effect of lapatinib on ERa and HER2 pathways in BT474 cells as revealed

by real-time PCR (A) and Western blotting analysis (B)

ERa: Estrogen receptor o; HER2: Human epidermal growth factor receptor-2; PR: Progesterone receptor; FOX0O3a: Fork-

head-box protein O 3A. ** P<C0. 01 vs dimethyl sulfoxide group; n=3, r=+s
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2.2 EmBRERAMASmeEA g E T W 24 h JF 4K, T rBTA74 19 40 M B B
I R B 9 Il 25 VR B 2. 43 ~4. 87 pg/mL  ME T SR (B 2A) ., J A4 AR A M R W L FE 5 ol /
AR BE LA JE R FR K (0. 25~5 pmol/IDFEZERE L A3 6 h J5 rBT474 AT R (11, 42+
F¢ BTA74 400 21 d., BEIAESA 5 pmol/L LR 3.67) % ML T BT474[(65.64+2. 1) % |, Z R A4
JERE IR AT SR A6 I B0 L v B L AR AR T 25 AR TR L (P<C0. 01, & 2B 2C) , Ul B LB ST AR A
Pk rBT474, A1 WL BT474 7£ 5 pmol/L FilA%E e &b i 245 40 At A

Lapatinib (-) Lapatinib (+) Lapatinib (-) Lapatinib (+)
104 104 80 O Lapatinib (-)
PR 1033 . W Lapatinib (+)
e L Sy I~ 102
BT474 BT474 A : = = ol
' 1073 v S
10' 10%10% 10* 10' 102103104 €
Annexin V Annexin V % 40t
104 104 3
103 4 103 8
BT474 & 20}
BT474 & 102 3 B 1024
10" 4 104
100 e 104 0
10' 10210° 10* 10! 10210% 10* BT474 rBT474
A Annexin V AnnexinV B C

B2 fRERREMEMGMEME (BT474 HEE
Fig 2 Identification of rBT474 cells with acquired resistance to lapatinib
A Cellular morphology of BT474 and rBT474 cells after treated by 5 umol/L lapatinib 24 h; B: Apoptosis analysis of BT474
and rBT474 cells after treated by 5 pmol/L lapatinib 6 h; C: Apoptosis rate of BT474 and rBT474 cells. ** P<C0.01 vs rBT474
with 5 pmol/L lapatinib; n=3, 4. Original magnification: X200 (A)

2.3 EAREEAN rBT474 &2 BTA74 F ERa 0 HER2 KCH R i A 85 A8 BEWLEE 3-3 i / 28 1 34 it
@A HER2 @369 %M £ 5% 5 pmol/L FLIA%  B(PISK/AKT) i 5241 i 1M 2 43 24 2 J5 76 1k 2 %
JeFFELE IR rBTAT MM AR S AL B BT474 4 B (MAPK)-ERK 3 8% 9 #8005 , 9% 2 1k 19 HER2 AN
MR, H ER 38 B 0TS L ERe A1 PR 1% 25 K -4 AKT FE T, BRIk i) ERK EiEm, WA 3,

BT474 1BT474 BT474  rBT474

- d— ERa

3 FJAREEEGNTZHEM rBT474 FOEEER BT474 11 ERo B 71 HER2 BHEHEHER
Fig 3 Western blotting analysis of ER and HER2 pathway activition in BT474 and rBT474 cells
ERa: Estrogen receptor o3 FOXO3a: Forkhead-box protein O 3A; PR: Progesterone receptor

2.4 A% ERq i 5% 7T i 45 & 25 g fudk rBT474 3t PG 2 5 R00A A e i 24 1 7 AR B LD, Bk
et R E R R L, ERq i B0 EE FATHE D ERq 8 B4 57 7T 56 A B Tk &2
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rBTA74 XTHL0A e 0 BURHE . MR 2 R 19 X0
FR G W RE AT AT SR ff ERe P IR AT R FH S 4
FIFED ] ERo 38 # , JF 0 MTT 340, 45K 8ok,
B 5 pmol/L LA JE AL B vBTA74 41, H
MG 3 (77,856, 37) Yo JoR 32 B B WA A ; i HK
A 5 pmol/L il e Al 10 nmol/L 4k 7 #f
AP AN TS S [ (41,1948, 20) KUK FHHH 5
pmol/L FLIAHE JE AL BLZH (P<<0. 01, 181 4), &55H4E
ANPE A Sk = S I iR s 3 e i 1 DT
BReBTA74 B 4 K, 0 5% B A & e 1y 3R 15 M
fiif 245

2.5 M3 &GS TG BTAT4 F 42 ha % R o) 35 43
Meatss SR ERNZE 21 d 5.1 pmol/L RLbn
Je /10 nmol/L %4k 7] Bf 41 BTA74 4 il T JE 18 11 5
BE%L > T DMSO 41,1 pmol/L $700 % JE 41 Al 10
nmol /L J4E R BELL (P<<0. 01) , H: 5 B I 5 R 40 il
R (10.6743.06) % ,(95.67+4.04) % ,(60. 67+

4. 73) Y% M (70. 33+5.51) % , 25 B $i A 5 2 AR 4
FIREIE A FH 25 T4 BTA74 40 Ma vx B % i, HoA 1

Bij B A5 PR TR 25 & A= AT RE . LI 5,
120 —a— (BT474
——a— 1BT474+fulvestrant
100 —{— BT474

—@— BT474+fulvestrant

(o2
(=]

IS
(=)

Cell viability (%)
D
f==]

N3
(=]

(=]

0.5 1.0 | 5.0
Concentration of lapatinib cs/(umol-L™)
B 4 HfAE e fn s 4 R B
BT474 70 rBT474 158 & % I
Fig 4 Effect of lapatinib and fulvestrant
on proliferation of BT474 and rBT474 cells
** P<C0.01 vs rBT474 group; n=3. x=+s

B 5 FiHE ey s B e AR BT474 ST RE AR &2
Fig 5§ Effect of lapatinib combined with fulvestrant on colony formation of BT474 cells
A. 0.1% DMSO; B. 1 pmol/L lapatinib; C: 10 nmol/L fulvestrant; D: 1 pmol/L lapatinib+10 nmol/L fulvestrant

3 i@

A 250 By LR B E w5 R ik HER2 JE I,
HER?2 335 B i LR 8 0 PR R B 5 AR 22 Mo, AR
FHWR W2, B0 HER2 JER I #0368 I7 259
J& HAT AT 8, e b it 22 Bk S A i iR JE 2
SR TG IR . B Je al /E HF HER1 Al
HER2 XI5, 50xd il 22 Bk 50 40 it 24 04 L 9 473 9%
A5 AERE A BT A /DN L BT 2R O I G R L R AIGFL IR
987 i 4 % 1) & A DRGSO LG I 3 /I T R 4
2, N Bl 2 s TR A
R IHLWAR JE A ROCRALR 24 56, 5 K PRI 3R AS P
TS 245 7" 5 R T TR, K 2 R B A T 2 o A A
A B 2500 DR, B R A R JE AR A5 1 T 24

AR AL 5 o A ST )7 o A 4% TP R4y G B {HL H i X
PO JE 1T 245 B F 55 0 R R A, BESE R B i
JETHE LR 3-8 M i AL W57 o (PIK3CA) K& A %878
T2 PISK {5 538 6 09 2o B3 b 2 Prr 2 Je J5 & Al
Ak & VR 25 0 ALEN Y TK ¥R 32 & Brk
HER2 3% 5 7] 5 3 Ras/MAPK Fl E/cdk2 P&
3 5 G () ST SR A L B A S S BRI e R
RAEM 251, HERS &Z kit B % ik, 5§ HER2 B L
HER2/HER3 ¢ &1k, 20T il PISK/AKT i #% 1Y
o BEOE L PLAEE S HBERI ] HER2 Z K1 TK #%
FilE 3 4 1 X HER3 B9 TK BB JC %4 A it HER3
SRk B F R WO 2 A B4 HER2TK i
ML RBLEI S HBTIA R, 4R A5 M it 2 59 L 3=
SRR e TR S HER2 i #% 5 . 51 & J5 A7 i
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BT A I AR S S HER2 M ER 38 B B¢
A2 DER HER2 (+)/ER () B 9 5w 4
I EBEAT A IR S P OG- B R Je R AR 1k it 2
P HER2 Al ERq 3 5 049 80T R 2 RO AL
TEAE R R, A B 5% & B 24 Bk vh 47 78 5 PISK/
AKT 3 % i FR MR E

FATLL HER2 (+) F1 ER (+) A9 FL I 58 40 i
BTA74 SRR, R 1 $7 07 8 Je % H HER2 #il ER
T % B 5 IR, K B A JE AT I HER2 G 8% 1%
fk . fff HER2,AKT 1 ERK (¥ # B2 1k 7K V- &A% ; IF
A5 S ERo 38 B2 i ERo ML PR RIKTFF
. il g S BRI PR B JE I T LR g Y R L e
i3k 13 17 BT474 1 Hi & Je 3K 19 1 W 25 #%
rBT474, IF K T MU Ak BT474 F 245 ¥k rBT474
Mz ] HER2 F1 ER # BTG LIRS 2 5. 458
KB rBT474 40N Y ER 38 #6027 AR 1L 9F B
PI3K/AKT i 32 BN 40l , B R b AKT RIBFEAR,
FOXO3a %35 B iK; T MAPK i #% ¥ 0% . 8 iR 1k
ERK A B m,

W55 B UE S, FOXO3a & ER B 5% s 3006 I+,
1R e 4 22 b ER 93815 56 AL RY FOXO3a 7K
B IEASE, B MR FOXO3a 7% S ER HH K
SRS B F i v R FOXO3a BEIK ER 7K F ;5 1
PI3K/AKT i Eﬁ{;’%@«ﬁﬂf FOXO3a B R b2 . A
Ml ER A5 FAK ", rBT474 418 PISK/AKT
i Z AN L A7 B X FOXO3a #3078 T, M i 34
% ER @B, A, KEWFFE RV, MAPK i #7635
JI§ % B FFL R L % HER2 Ml ER 2 [ i 28 B4
FH@E%E’\JH/M’EFH“”” E ER(+) By ZL o 4
Mg H , MAPK AT DL i Sre #§ iR 4k ER A HILF 5
R A 22 1 b O 1 5 0 Xof 30 56 TR ) 7 S0 kY,
rBTA74 it MAPK 3 P% /Y 5 9 B0G 7] BB 2 ER
3 5 AR e T 1 AL AR

P I ER 38 B 6 R0 JE KA T 24 1Y
WA VE R, AT AT T MTT A6 A 5e R P
B S G L A B AR T R R 4 W R I A P 24 T 0 o)
rBTA74 40 3G 58, IF A R0 30 f BT474 40 i 19
FEREIE AL, £ XF HER2 Al ER 3 #9564 FH 24 7T fig
JE T BRI JE 3R AT 1 it 2 09 A R vk dE— 2 1Y
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