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Additive Antitumor Effects of the HER1/HER2 Tyrosine Kinase Inhibitor,
Lapatinib With Antiestrogen, Fulvestrant in Breast Cancer Cells

Tsunehisa NOMURA

PURPOSES : Recent preclinical studies suggest that activation of growth factor signaling induces
estrogen-independent activation of the estrogen receptor (ER) pathway and causes resistance to
endocrine therapy in breast cancer. It has been suggested that inhibitors of growth factor signaling
overcome such endocrine resistance. To clarify this hypothesis, the combined antitumor effects of
the human epidermal growth factor receptor (HER) 1/HERZ2 tyrosine kinase inhibitor, lapatinib
(Lap) with an antiestrogen, and fulvestrant (Ful) were investigated in three breast cancer cell
lines KPL-1. KPL-3c and KPL-4. The action mechanisms of the combined effects were also
investigated.
METHODS : All three cell lines were established in our laboratory. KPL-1 and KPL-3C cells
are ER-positive and express low levels of HER1/HERZ2, and KPL-4 cells are ER-negative and
overexpress HER2. Cell growth was measured using a Coulter counter. Cell cycle analysis was
measured by propidium iodide staining and flow cytometry (FACS). Apoptosis was measured by
terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) analysis.
The protein expression levels of factors related to cell cycle progression and the induction of
apoptosis were measured by Western blot analysis.
RESULTS : The KPL-4 cell line was the most sensitive to Lap (the 50% growth inhibitory
concentration [ICs], 1.5 uM) among the three cell lines tested. Lap induced significant
apoptosis (an increase in the sub-G1 fraction by FACS and in TUNEL-positive cells) in KPL-4
cells. The antitumor effects of Lap were modest in KPL-1 and KPL-3C cells (ICs, 8.1 4M and
5.0 uM, respectively). Combined treatments with Lap and Ful resulted in an additive antitumor
effect associated with an increase in apoptosis. Lap decreased the expression levels of two anti-
apoptotic factors, Bel-2 and surviving, in KPL-4 cells but not in KPL-1 and KPL-3C cells. In
contrast, combined treatments with Lap and Ful decreased the expression of Bel-2 and survivin in
KPL-1 and KPL-3C cells. In addition, Lap alone or in combination with Ful increased the
expression levels of p21 and/or p27 in the three breast cancer cell lines.
CONCLUSION : These findings suggest that Lap has a potent antitumor activity on breast cancer
expressing high levels of HER2 and that combined therapy with Lap and Ful additively inhibits the
growth of ER-positive breast cancer. (Accepted on April 18, 2007) Kawasaki Medical Journal 33(4) .
277 - 287, 2007
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b€/ 7 0 — b Y4k trastuzumab 23] 56 =
., BRI ShTws, F7,
LR D20%FE1E T HER1 @B 7Bl 2o 5h
TED, EHREHOERS FEOEALZMEb -
TWVLIEARINT D,

WL, AL LTICMOMEEL2S, 1)
HER1 % 3 78 Bl4 2 2L M 12 %F 3 % HER]
F ) LR gefitinib 88y 7 O
WA=V, 2) T2 bod r 2%k (estrogen
receptor, ER) [Pk HER1 K58 B £ 7= (28 ) 5%
Bt B ILMEMIILIC 3513 % HER1 & 7 F W EiE
A & ROV LR OGBS B H AR
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Z{ ftat, HER1, HER2Z D F T > > ) i
1L % W gL HLE L, HER1, HER2 @ ¥ 7+ b
{23 % 45 YW 2 BILSE 3 % lapatinib (Lap) A%B
8 2, trasutuzumab JEHCVE 2 HEME LSS I B
LATHPEAR E 7Y, £ 72, Lap 2 H W70
R WFJE T &, 1) ER 1% HER1 % 7|3 HER2
ZMFFEBLT S ILHEHNL 53 5 Lap DR )
R PUIEBE RN ALY, 2) ER Btk HER2 % ) 56 BL
THAMMIBIZBT S Lap LIz A by v
#l fulvestrant (Ful) & @HIMIMGHLIEE D, 3)
ER Bt HER2 6 78 BLALHG AN 3503 5 Lap |2
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DRERIEH |G S hTwvw by,

3% 4 1%, Lap @ HUMTESS U 4 & U012 ok
W IR & O PF IR A & LB ISR B
7zd, M TEOL S s 3 I SLA M %
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OEHRE D BB D e 2 & I A A = A B %
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WM F G L 7- KPL-1, KPL-3C 5 L ©f
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11 o7z, KPL-1#illatki, v E o # ik
& o T PHFER TS VEFLAR A D kg K (2 1
K35V, AfiNKkIE, EREBE, Tuy AT

O vz %4k (progesterone receptor, PgR) [&t
T# Y, HER1 X UFHER2 D% BLIZ55\2, F
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vivo TIL RV & 2 B RHLME & )51, KPL
-3C MMtk 1, WPERS AV 2 A & 5L L
72 PR 1 PF S8 R FLAR AL T 0 i v I A L e
W0 ARk, ERBYE, PeRBYETH Y,
HER1 } 0¥ HER2 @ 8LEH5V?, In vitro B &
U invivo TH IV E 7 21 %2 253, KPL-4
MLk, HARERORIETEE Wik % 2 L5l
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Costa Mesa, CA, USA) (210% - I W il §i
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TR L 72 TR L 7.

Al & BRI 5 8 4

17 f - estradiol (E2) ix Sigma Chemical Co.(St.
Louis, MI, USA) »SMEA L7z, Lapidz 7 5
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Park, NC, USA) 5k 37, A5o4
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&, 7TAFZE¥R A (Macclesfield, UK) #*
St S N7z E2 12100% % /) — VT L,
IRAEBEIED 01 %2 B & H IR L 7=, Lap
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o I g W a7y | B

SR OHNLI T~ D 2 W2 PR TIE,
% BlFL A AN B 2 1 X 105 /well 4 i 6 L,
12D 7 L — b (SB Medical, Tokyo, Japan)
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T2 HHM, 37C, 5%CO, FTH:M#L:. F
D %, i % Fx 2 L, 4% well Z phosphate-
buffer saline(PBS) Cikiff%, 7= /—NLL v F
M50 RPMI 1640 (Sigma Chemical Co.) |2 2
%5 Pk s WLBE FBS (Hyclone, UT, USA) #if
U753 (NP A bor v 3L Al
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GE RV, = A bos LR IC 1M
E2 £ 0~10 gM ¥ @ Lap = 10 nM Ful % i
AT 3 HIMIE A L7, 2D%, 0.05% b
)73 »/0.02% EDTA A H) PBS # JH v #)10
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C, 5%CO, FPTHiELL. T, Kbz
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S L, HHICHBEM Sz iro 7. E72,
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&, EABIEZFNZIC-80CTRIFLA.
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DIERE T 7.

Lap & Ful @ fif ] 925512 5T 2 uM Lap,
10nM Ful & JJwv» 728l 1%, Lap %500~1 600
mg/ T H MR LB 7 7#id81~2 uM
TdhsH Ik, Ful % 600mg JT 1 [l A NG
L7zBo b5 7455 100M L i S hoTwn
LS THELW,

RN iy

[ L 7=l % Cycle Test Plus DNA Reagent
kit (Becton Dickinson, San Jose, CA, USA)#%
vy, propidium iodide T DNA % He{s %, FACS
Caliber (Becton Dickinson) T flow cytometry
(FACS) #HifiL7z. &6, DNACA MY
Z 1 1% CELL Quest version 1.2.2 (Becton Dic-
kinson) ZJVrdir L72Y. f8ifEE A 5720
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2 LA LB & T - 72,

7 & b= A5HT

[ L 7=l % in situ cell death detection kit
(Roche Diagnostics GmbH, Mannheim, Germany)
Z W THLPE L, FACS Caliber (Becton Dickinson)
Tor L7z, MR ALz, 2 LD L]
MOJFRE 1T - 72,

MILAY Ty ik

AU L 7= #ile & PBS CTPEiffe, 200 ul/well
DYFHI L7z RIPA buffer (50 mM Tris-HCl [pH
7.4], 150 mM NaCl, 1 % Nonidet P-40, 1 %
deoxycholic acid sodium, 0.05% SDS) {24 ul/
welld 7 77— F LAl (Sigma Chemical
Co.) ZMATHEML, 1057H, 47T, 14,000
X g THLr M Ty, BifERnIL 22 R
WL 7z & 14 20-30 ug #95C, 5 4 1,
Laemmli gel loading buffer THMLILFE, 12.5%
polyacrylamide gel (Bio-Rad, Richmond, CA,
USA) IZiEA LISk 2 17 - 7. RICEA &
nitrocellulose membranes (Amersham Life Sciences,
Buckinghamshire, UK) (2§5% L 7=,

1 kfifkE LT, #LHER] (EGFR) %7 R
E /70— F ) IgG2b ik (se-100 ; Santa
Cruz Biotechnology, Santa Cruz, CA, USA),
HLHER2 ¥ A€ / 7 10—+ )b 1gG2a Hifk (sc
-7301 ; Santa Cruz Biotechnology),
<7 A€/ 7 0 —F ) [gG2a Hi{k (Purified clone
60.11 Littleton, CO, USA),
PiBcl-2vw A€/ 7 0 —F )b 1gGl Hiik (s
-7382 ; Santa Cruz Biotechnology), T p2l =7
A€/ 7 ad—F )b 1gG2a Pifk (BD Biosciences,
Franklin Lakes, NJ, USA), $Hip27~ 7 A &
J 7 a—F )b IgG2afii & (BD Biosciences),
PN b B Ak L C 4L glyceraldehyde-3-phosohate
dehydrogenase (GAPDH) ¥ A€/ 70—+
ik (CHEMICON) % Hw/z. &4 ® 1K
HifkiZ &4 horseradish peroxidase #5752 X3
f& (Santa Cruz Biotechnology) # i It 2,
ECL Plus Western Blotting Detection Reagents

$1 survivin

1 Novus Biologicals,
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(Amersham Life Sciences) % JJJv ig{n X47-.
Wil (s Fo&I1%EBLEE, GAPDH /8 F
DN & e e, Bk E A2, 2
o] B i B n Jeia 17 - 7.
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atill 7 — # 1X, MS = # & b . OF StatView
7 b =T & OHEEHAI LB Z v, I
= BRI T IOR L7z, MR B0 BE M He B,
TIEHT & H V72, PARAS0. 0500 F % #atan
i ‘fl P d»!x ThbHE |'|JILL?’._.

= E S

1) I3 Rt ] 2

Lap @ HI i 45 47 4 #0155 5 400 ) %D 4% 1,
FTRTOFMAB TR 5Nz (Fig 1).
50% BILil- i ) 1X KPL-1, KPL-3C 3 X O KPL
-4 TR A 8. 114 uM, 5.0=1.0 uM,
1.5+0.07 uM T - 7=. HER2 % #5884

% KPL-4 bk Lap (2%F L, fit d 5& 223
o,
Lap (2 uM) & Ful (10nM) @i ] 928k T

(£, ER &t ¢ KPL-1 J OF KPL-3C #il o #k T
FUIICE 2 0L K Bt 450 ) e AS A & A1 7245, ER
Btk o> KPL-4 Ml bE T MU B2 il &
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Fig. 1. Lap ol o b0 SO0 &0 4% ¢ FLAG AL b % = =
PO R Lap (0~10 M) §EML 7285
AT 3 HMF L, Mg L. KPL-1
Mk, O-0 : KPL-3C flilabk, IKO-KHa0 ;
KPL-4 e bk, @-@ ; HEM TR,

hiz#ro7: (Fig. 2A-2C).

) I ) 5 H7

Lap %> Ful @ #l I 35 i 40 1) %) 4% o> 14 )1 B b
oL R AR AR R ) O B B LU AN R B 2 & |
Az, KPL-1 M8 k1 Lap Tl A7 &5 o 2 1L
W SN, Ful 12 X ) sub-G1 45 o 1 h A%
o, Mozt h 2512 sub-G1 45
Wi 2% 89 hn L 7z, KPL-3C &l 2 Bk (& Lap J¢ O°
Ful (2 X D) sub-G1 7r i X hnAthd &, plj g
OO X O HIDNE 2 sub-G1 45 1] A8 i L
7z (Fig. 3). - Jj, KPL-4 #ila#ki% Lap 12 &
D) sub-G1 451 DK 230 & L7225, Ful Al
FE0EHIIC X % sub-G1 srmjon 2 bz i &
Nhhoie,

3) TUNEL %7 Hr

AN I W 53 A7 C i il 2 41 72 sub-G1 45 i 2%
TERP—VATHLHILEZWHETLELD
TUNEL 4347 % 17 - 7. Lap Wil C 4, KPL-1 &
O'KPL-3C Ml #k Tldfi o b x B o %
Mo fz. L L, KPL-4 #illJa#k T & TUNEL ¢
BT D S AN & A28 L 7- (Fig. 4).

4) TLRE 7Ty K

MBS R R 7 R b — 2 RFE WD 2 T

(eyclin-dependent kinase inhibitors [CDKI] T
& 4 p2l, p27, L7 FE b — 3 A4 T Bel-2,
survivin) @ Lap %> Ful (2 X 2 &1 5B L~

DA% Bt L7z,

ER [ P 7L 4 0 e ¥k KPL-1 % T KPL-3C T
I, Ful i p21, p27 OFEHEHN S, Bel-2,
survivin DFEH AL F 227, 75, Lap Ay
EoELE YA d o7, F72,Ful & Lap D
PENE, AL p21, p27 %88 % KiN4,
Bel=2, survivin D8 2 I F X4 2 H{h)1 254 5
M7z, - Ji, HER2 % # ) 5& Bl 4 % KPL-4 #ll /2
BT, FullZEDR o LTH2ex 2
i 7oA%, Lap (3 p27 8B ORI M UF Bel-2
survivin DFEB AL P 2 ¢/ (Fig. §, 6).
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Fig. 6. Lap & Ful {2 X A7 # b — L[4 [- Bel-2, survivin GEBIII’It‘:Iﬂbf\JLw Sk FLARAIIE A2 1 oM E2 A D
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17 - RAEGNEA D Th L, firieahibhfidics
WTHEERENZRLTHWAY, F7: HERI]
b oI BTN LE RS b T
BY, HERZ [k, FLAEO LN PGER (2%
LTWwhHIEIREINTWA, 55|, HER],
HER2 L {12, Ty 7+ Mimigo oy, &
VB ARAFPEFAR O ARV E HEEIC T B 0T
e+ 2 I LdRshTna7,

< I T, skvE ¥ L HER]1, HER2 ) &
T WARRERLE] & O OF REEAS, 0l A A
E ) ThRBRRBICBWTLRH STy
AW iR RBIZ B WT, 7oy —EHE
# & Lap o [l I OF 1] 4% - A%, ER [ ¥k HER2 i
HAMAMICH LAN S EARBEIRATY
%7, %7z, ER [Pk HER2 {i% 78 8L AL {2
#f LT, Lap & tamoxifen @ it HI A4 ) 72 2 &
LHGES T BY,

FTITRAE, SN DM EREET D0,
WMEE TR L7 3 FEET O FLER AT R 2 HT v,
Lap i A b o4 A #l Ful & o (EH]E04 % B
it L7z, Z & Y%, ER a1k HER2 # f 78 Bl KPL
-4 kT, Lap HAIT LS uM & w9 il
TR T L2 338 08 ) e 7 30 12 T 50% 1 390 R0 ) 4 4%
L7z (Fig. 1). ZoO#i%E, chito
i R A R E AL T/, X512, ER
[ P: HER2 It 7& Bl KPL-1, KPL-3C #il Ifa #: (=
BWTIE, Lap W4T & 145 2 0 1 i o)
EfEehhdho/, Lo, Fuzfifidsz
ET, 2 uM &I RIS H)E ] e A E T
MU0 7 ML AP HIRD % 75 L 72 (Fig. 2).
IS DO#YHS S, ER KU HER2 Mg HLIRMY
A L2 e g 2 ¥ 2 7o iy, Lap 13 ER BBk
HER2 # #7884 2 246 Tl il G55 5 b
L <, ER [k HER2 L7 BLFLH 12 & L T,
Ful E OO ASbLwnwEofiigril X
2.

2 52Tk 41X, Lap % Ful @ Hil £ 7= 12 OF
I 52 & 2 AT 1 Al ) % 4 o 1 Bk 7 B
T A7z, MR T AN — 2 2%k,
SHIZENS ZFET AN FOIE8l L ~oL 2 il
~7z. HERZ j# #7681 4 % KPL-4 #l bk Tz,
Lap (ZH07 K b — ¥ A M1 Bel-2 J¢ T survivin
DEIIEBL ML F 22 (Fig. 6), Wiz 7E
b= REEFET LI LR SN (Fig 4).
F /o, KPL-4 e fl 2 ER Bk TH D Ful &
PR A T S Hh -7z, —~Ji, ER [tk
HER1 /HER2 {I% 7& B! 4~ % KPL-1 } 0¥ KPL-3C
HLPE T, Ful & Lap Off I, HIMITLZ p21,
p27 DI EBLE RN 2 &, Bel-2,
JEM AL 247/ (Fig. 5, 6). = D&,
MiE A DD X0, MU AT At A ]
SN ERT R = ALz &
45 (Fig. 2, 3).
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S, GI-SHIERBITMEZ E 2
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H7H b= AN T-survivin BB 0L FiE, 7
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HIELWHE IR TV Y, SO Je8H; $iT,
CHETHEINTVALPpOTHEI=VZ
AR ML A O Bl = XFFT 2 0 TH
5.

Af7ED E#KE LTIiE, 1) HERI/HER2 F
o > 2 BEREAL B A Lap i3, ER B3 HER2 j#}
FIFEBLFLAR X U T LAl ) 2 PO o 4 %
RT T &, 2) ERBPE HER2 (IR5E BLELHG 12 %)
LT Lapladi=a bos »#l Ful &0+
L2 X DAt R R E s s 2k
TR L7zl . 4%, Lap APER, HER2
FEHNNZ Mo EHEE L LCEIRIGH 2 h s 2
EHIfESh S,

survivin @

# 33

AR BITTHI2ND, W E B E Y
FLzNIWFE R F R GGLIBPARIY) #5s [ie
Pl EZ 2 o DUZRLE i RS2 I TR M 2 B IR
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