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p95-HER2 £, PI3K/AKT/mTOR 15 5 53 i . HER 2 AN IGF-1R {5588 . A 52 R s 2 MR i ity
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The mechanism of HER2-amplified breast cancer with trastuzumab
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Abstract: Research showed that about 20% breast cancer patients had an over-expression of HER2. Abnormal
expressions of HER2 and signal pathway abnormalities are closely associated with breast cancer invasion and
metastasis, treatment resistance, and poor prognosis. Clinically, HER2-positive patients in early stages of cancer are
often treated with a combination of trastuzumab and chemotherapy, but a portion of patients develop a resistance to
trastuzumab. Therefore, there are important clinical implications for the study of resistance mechanisms on HER2-
positive breast cancer patients undergoing active treatment and prognosis and the exploration of new therapies.
Current important mechanisms that are possible factors to trastuzumab resistance include the accumulation of HER2
truncated mutation in p95-HER2, the upregulation of the PI2K/AKT/mTOR signaling pathway, signal increases of
HER receptor families and IGF-1R, and the increase of c¢-SRC activation. This article will summarize the above
mechanisms and new therapies for treating HER2-positive breast cancer.

Key words: HER2-amplified breast cancer; trastuzumab treatment; drug resistance mechanism; p95-HER2; PI3K/
AKT/mTOR; IGF-1R; ¢c-SRC

gt BHA: 2012-02-05; f&E HHER: 2012-02-29
HEEWH: HEAREEFEETNH (30871294); 10748 HAREFAIEETH H (201102277)
*BIE1EE: E-mail: wanggl2000@163.com; Tel: 024-23256666-5347



422 '+

R 244

N e KR F-5Z 4 (human epidermal growth
factor receptor, HER/ErbB) 5% Ji% Ja& it 22 1% 1 I 52 1,
AL F5 4 Bl RV I 8% 11« HERD (EG-FR 5§ ErbB1).
HER2 (Neu 5% ErbB2). HER3 (ErbB3) fil HER4 (EtbB4).
A o 52 A E 1 G 2 I VA Pl B AR s, AL
S5 RN Dy e AT AR i 1 [ I 1k 52 A TR AH HLAR
P B A8 S 1) 4y F- %54l HER1, HER3 5{ HER4
ik S5, Eik s HER2 K — SR AR s
FLAn B A A R R AR AR S A v B, il COR
Uiy 1) 1 2 PRV R AR IR AL, AR Sl R IO, 3
M52 MM aem iy, wAK. AT
4 Mo N HER2 JE R AL T 17 5 Ytk i1 J5t
Fe A, HER2 #1158 P B 45 T 2 R ke ik 2B Tl
A E I REER THREE A S A, BURE 9% S
T . IXEEfE 5 Tl 2 HE Ras/ (270 R s R
]38 1 38 8% . PI3K/AKT/mTOR i % . Janus 34 [ /
15 5 e 3 B 1 0 A SR T DR -3 %S¢ PLC-y i %
B FIBARH SRR, JCILR FLIRE R AR K
Jeyang s yIA e B,

FLNR I 2 — T e B AR AN [|] 4 1R i
TG SRR ST AN [7] e N 53 4 22 Rl i Il IR
A BEFUIRIEE v 23 A 3 AR+ 4 /R 25244 (hormone
receptor, HR) FH 14 L s [ R IAMEPL 3R 32 1K (estrogen
receptor, ER) Al ( 5 ) 2234 % %2 /& (progestin receptor,
PR)]. HER2 i 3 528 FL i A — B 2 7L B g (e =
ER M1 PR {314, HER2 ik /K- 1E 5 8l 1404 )
Hrp, 29 20% (P22 PEFLIE 5 HER2 A7 {rid &
8. AEEE IR, HER2 Wit Rk WoRsAE 5N E K
J BB AR R Y. HER2 LN #, &5+
WRIL AR TR S LR PR, 1R
BB EARTWGAERR Y. FiRK L, Lk
ST o A G 0 N HER2 Tt 323K 340 72 1l 3 5%
6 I A 2 A K I 2 HER2 97 14 (1) 1, N ikt e
HER2 J497 s 1 Z Bk A4 (trastuzumab) N & 452 4
Rt HER2 i) —.

2 Bk N TE s EA o Epiik, 5
HER2 [ MaAh G5 345 5, 3 438 11kt BEL R P A £
#611f) HER2-HER3 &f 5, 2 i4lH] HER2 A5G 15 5
W kR P HER2 (A, B
Wr PI3K 15 =l % Jf T~ P N UE 40 e A s,
cyclin DIV, BRitbz Ab, i 228k s pioids v] @ R Pk
LI 40 P B A R S HER2 ok 358 40 JHa 1) 4 02
BN B SR, IEPIAR ELAR X HER2 o 33k 1 SR

e B PR AL PR PUMIR AR, X HER2 RIKIEH
F b 8 0 A 1 P RV i 2 Bk B R I S
b Ak 2797V I B FH 6 VA 7 HER2 BH 4 L i L
AARGFIIAIT 30, (B 22K BRI T IR BT AR
T R R MY A B, iR —
J71LIRTT HER2 BHPE R M FLI I 116 R 20% 2
15 48%" 5 DL ZBR B PUN IR B AR TT, SR
% HER2 MHPER M LI B A 5 89 M A
BRI, $EoRxt i Z 2R hiayr ik boE — A4
BRI Y o HAT, i Z BRI P
22 2w, A AL & T K
SN AR YT T R AL E M IR AR . ACH
FELRIR I AR N ith 22 2k B TRV &7 R BT
HER?2 i 33k FUME K S0v6 7 T IF 7C IDR A gk
J&, W HER2 [ RIEFUNE G I TRt 2%

1 HZIRBHURIA S FALH

WSS R W R, X HER2 {5 ‘5 38 B AR — 3050
(oA, HB Al fe | M 22 2R PR hL. Bl . (1)
HER2 #% & p95-HER2 £ ; (2)PI3K/AKT/mTOR
I AL - GHER K2 K 5 IGF-1R (insu-
lin-like growth factor 1 receptor) {i5 544/ ; (4) £
PRI 2 R c-SRC (SRC) & ML
1.1 HER2&(%3{Ap95-HER2 R}

HER2 ] N 7 %ifi 5 56 58 28 44 (truncated mutation)
p95-HER2 & — NS5 M3 AL I (constitutively active
kinase), 115 HER S5 AR il A 45 &, WO 1 Ui
{5510 #, {5 p95-HER2 = il 2 £k B prik m) & Ar
(epitope), AREHE T ZERRPTIRMH S Z 455
I, BELE i ZBR R HUAA AR IS O, i 4 et m)
PRI TR HER2 22 pR (g dmek) 1, Bl 2R B0 ik
30% If] HER2 FH % 3L e 5858 o £7 45 p95-HER2 1]
ik, M H 54K HER2 W RIA EEAMLLL, HL
Jp3 A 47 3 (disease-free survival) 5 45 M . %} 46 4
HER2 [ 3L g (1) 23 Afr gk — 20 W, 3Rk p9s-
HER2 F 5 451 o) 22 Bk 5450 i BBURC P S AN S Tk 4
K HER2 [ Bl %5 4 p95-HER2 f) 41 Ji 5 A1 57 Fh
FEAH AT (xenograft model) 1 & 7 Hi %) il 2 2R H bt
HITN 52, 1H A2 P & %5 HER2 5B 00 1 571 $7 F 2% Je
(lapatinib) Z FL A7 fgOe e 0 fhgbny WL, BB
) HER2 0l 7% 11 ] BE X 234 p95-HER2 1))} R
H—EWIAEH . {H)& p95-HER2 HE 75 1F Ay Hh 2 ¥k .
P IT HCPTEBBUBME I A bRl 15 RE BE 2 (ST



S AT, S5 IHZIRIPPUIG ST HER2 LS R 2L SO 7 iR &R 423
ZRORSHF AN BC AR R B HER2-HER3 53 ARG 1k, &

1.2 PBBK/AKT/mTOR{ES @K FEEL

PI3K/AKT/mTOR 15 5 18 % [ F¢ 823 e 2
i gRa A B 1) S AR R B e A R .
SEEAL AL A - (1) BRI AN AK ) & A (R
1 (PTEN) Iy g Bkt 2K ; (2) % i PI3K {4 £b 3. 51 {f
(PI3KCA) [IFERIAF TG b e as 1

PTEN J& PI3K {5 5 i % (1) PR 5 1, 1)
BB T 80 PI3K 15 538 % (1 FR 4 iim fb, i) i 22
BB HER2 BH A LI 40 it A= 1 BE e 6 12
53 At HER2 [ 1 3L B 9 06 1) % TR, 36% [H) 8 2
PTEN ik i 2k 8 /b, X 5 2 B i 18 (1 = 1A
40% [ FLRRE SR PTEN Buox — g5 R —8 . 5
PTEN PHE (1) FL i 2 # AH LG, PTEN 2% 1) fR 3
X 22 2R R PTE A A2 bt (taxane) (197 1L R I HAR
I R N, X B 70T i 22 R 4T S R B T
15 PTEN Rikygib 4756 1Y,

Berns % U 5% 55 K [ 2Bk L pUAR PR H

HATIEANE PIBKCA 5878 IR IN,  IW 55% () )M9e
FEAEMERAR, H 22% [ IRE 4717 PTEN [k 9870
rh, BEAAAE PIBKCA 5372 N AFAE PTEN {IR KIS
FUMRE A, KA I Z R RPUR S AL 2 TR R T
MR ZE. N T e N ZER R hiE, iR
PI3K 15 *5 18 1% 1 (1) 3K 26 (50 A8 2 17 L SEAR AR, ST
NG TI89T a0 R S IR 8 25 R bR AR, UF S5 i
J83 F PR HY PTEN fi 2k U 1 PIBKCA 5848 P9, 4
W) H 1 22 B PR A5 S TR 2 i

HB-2 PIBK/AKT 5518 i 1) i 28 & 5 v LL/E A
M Z R B PUHPUW AR id 2 Sl B XK & HER2
BH 2 4 7% M 3R e A8 5 IR b A TR E L s, R
BHCTRT A= P b A AN A2 DL TR0 B8 3 0 il 22 K e A
it R 16 & 97 9 1) RO R BRI AR Al
(combinations)( 41 PI3K ¢85k PTEN 2k ) N G 6%
B FNER B SR, KBS AW bR N TG AR
RAT I HER2 ok 8 FL s IRV 7 I 0L, Wi A7 — L
IR) JUAT AR i o PISKC A5 5 T if (103K 248 50 A2 2 15 vl
DA 24 15 PR TN 22 2R B0 v 7 HK P () AR b il ik
7 B G AT
1.3 HERZK&EZ{KSIGF-1R{ZS B N

HER 5 Ji% 7t O AR 4 1) % iR 1k J5, HER2 &
HER3 JE i — 24K, 35 A0 300 T iiF PIBK/AKT
&5 ¥ . A HER3 @ B (1) Ik R A58 & W, HER3
X HER2 A5 e (1 & 2B s /e i 2 il 4

W i 22 B S BTIR P S e SR Y. U HERS (1)
I KA IEASREAE HER2-HER3 S SR AR Y B 38 i,
AL R LA ) 2 — SR A = e s AL, kT v] g
SHUNZER A PIRPU RE P, B HER3 24440,
H:Ath EGFR(epidermal growth factor receptor) 7F {i %
BRI R HEHEE RN . 2Bk Pk
()0 i 22 R0 S B RSS2 v A EGFR. BE IR AL 1Y)
EGFR. EGFR-HER2 5 Z{AF1 HER Z %MK EGF,
WF #4554 EGF L4 A K IR RIE &,

T, oAt T R N e O AR K R A
S AU, eSS iih %
ERFPUIIEPT, i HER2 of Rk 140 g &+ IGF-1R
(TR 7K T2 I 5 X 22 BT B ik PR A % P
FHIX— L 0] gl K& IGF-1R 5 HER2 #H H.
1 2 3 HER2 [ BERRAL AN PI3K (1344 o SEK R0,
P IGF-1R {55 5 2> FH T HER2 @ MR 1L JF HLAK &
S 22 Bk PR U BT #Eok B K AR HHE (vino-
relbine) IK 7 [ 22 2R 5470 (1) 8T Sl B o 925 1K) S e A A
ORI, 52 IGF-1R (PR AH L, #IA IGF-1R
() i 98 S 7 AR IR VG 9T OV %R . B T IGF-1R,
At 1% 52 1 U 40, F5 AXL I EphA2 3% R L 5
HER2 B[ SR 0 i 222k s pak o o< B2
1.4 JAEZREE R EL HE§c-SRC (SRC) JE %80

Src & H A28 SRC J5u s H DA 4 i 11 15 24 1R B2
I, 2 RS2 AR IR 24 TR T (non-receptor tyrosine
kinases) 5 5% i B, XFK Sre 5K B P SRC 1{E
W T 2 B R 40 AR K b kA R, g
B (1) T 24 B2 B 1 UG P A% c-SRC % 2 1R T 1
(cellular src kinase) W1k, Skl . c-SRC
JE N CKS HEDKI G i (1) 5L o 2 1 R A PRV, £
¥ SH2. SH3 FIPS 2 B Wl — A a5F 3, nl Uk
PERERR 1L Tyr-504 BR5E, M & 4% S i 45 45 B
J34h, c-SRCiELfe 5 Z MW UM HAE/, a0t 3=
FER 13244 . YTHDC1 % B, Zhang %5 P if9y 41,
¢-SRC (SRC) & M 2 Bk S Hu it B i 7 BRI, by it
R FGL T UE 2 PSP K ) L [

5 3 11 22 2R SR BT AT 1 2L MR s A v s e
KIL SRC & M35, UESE T SRC 5 #h Z 2k H g
PTG, 534F, SRC W] LA#E PTEN LRk, M
MRS, X T Retl 2 PTEN & 2% 1 5 30 h
ZIR PRI T IPU RN 2 — B R R s & 0,
BEXF SRC I HE ) 259 5 M 2 BR B PTAH S &, 7ETR
7 I Z BRI IR R 2] T e i .
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2 HER2[HIEFLBREFH AN SIRE

2.1 FEEEEQHEGHDEIF——hIvAEE R B T AL

$7 11 % J& J& HER2 FI EGFR(HER1) [ ¥4 %4 %
b Qi G| I SR N O R R by AP o e T B
P&, EIZRBEIR A, TS24 mE i, FH
R WS W % (11 MAPK. PI3K/AKT il % )7,
YT AR JE 45 4 T HER2 A1 EGFR (1) Jiid 3 358 47
7 1 22 2k 2t H 45 4 HER2 (K U456 43, % HER2
AT (5L )EGFR i 2k i 7L B 8 kil hrin e Je
ATRELE 2B BT A R Y. — L, iR
AN T i Z 2k a6 HER2 Z5 4 (e Sk, mr Ao
JIk DAL Jfa 8358 43 HER2 4845 44 p95-HER2 HEAR 1M 5 [ &2
() i ZER BB P 5 O, BT R e o
TN, Ref I i i BE R, DRIk ] DA 0 L
IR A e R 787 S K NP i e RN e G SO IR
i 3 I 1T A B A7 2804 T L s P 22 % 1) ) A 1 DA i
P VO I TR JE X S A5, VR I PR IR 4T
TEEFXT R Je S22 7 v, 2 by y v i 22 2k
FLFUBCA VA T I RCR AT A B Blackwell 45 1
T FE 7, K T 22 2R B BT Ry i e A A R
HER2 {5 ‘5 i #% [ XU BH W7 7], kv 97 HER2 BH 1 FL
g5 A 2 BR PR TR P LR, Loy ) R Y
FIX PRI Z9 o I %% 4R, Gayle %5 ™ [{ffF 5T
W], HER2 [ 3L 25 R 0 e i Je
TRUBCE P
2.2 PIBK/AKT/mTOR{E S & B H il 57 B9 4E A #1151

WIRTATIA, PI3K/AKT/mTOR {5 5 1l % 5 % 76
W HER2 B 3L M g il 22 2R Pl i vp e i 2
YEF, DR, BIFRRE SR R BE T 12245 5 3 % 1)
29K 0T BE A YA T HERR BH M 5L I3 (14 37 )7 5 o
2010 4F, S IR MR 2% 25 (ASCO) 4 FE & LA A
T — %6 PI3K I A 16 T WA 5T S dE . BEZ235 2
PI3K Al mTOR [FJEFEPEHNEIF], 7E PI3K 7 518 %
DIfie & 1 e AP A% A A v AT 4 0 TR O e
PEo THIBEIT o, N 12 24 W mT A 0 st 26 3
TRk 4 S HEE A, Horp o4 PI3K {5 518 %
SERETT B . 53— PI3K A i Rk M )
71 BRKM120 %5697 T 52 (1) FL e 85 B A 167 AL
N o RIS, AT VF 2 HoAth ¥ AKT FRIFIERE R 2,
111 MK-2206,

7EX} PI3K/AKT/mTOR A5 i 410 i) 771 (R I
o, mTOR 5 H ATt 7o iR 2 (it m 254 . 1L
A% 3R (rapamycin) B AT BT A G 2 40 1

YERD,  BLARGH e 4n o 384 7t B A Sk vE H, EL
RIS FIAG E PR S, FFANIE F T I R 114
FI ¥ 10 % ] (temsirolimus) 2 75 1A% % IFTE
Y, AF 2007 4453 FDA VFn] B T it 55,
TRIT B MR TN R R ST AR AR
Yt 5] (everolimus), fe I AE A B FHCo JIE A% R A (1)
e B R PR AT AR AT AR TR
B, ENIEE 454 FKS06 4544 (i3 d mTORMY,
I DA T 309 140 7 PN A4 41 512 565 38 (2 7R X 9 A mTOR 1)
HIFTCIE Al F 8l S 2RI ik AT Tk
TR T 2 B A A ) 245 ) kG I A R A s
il ER BH % HER2 ik 3 35 5 PTEN i 2K (1) 3L )1k 9
AT s FIRFCIE, AR e R 5 22 Bk
FAPURIEAZ YIS N AT BN EE . FEXT A
iy 11 i 2 2K BT HE T I HER2 B L i v,
I IR FCVEAN R 0, RICA F 257 20% 11 J 3 %,
Il K 47 2% % (CBR) ik | 76%“" ; & 47 4] HER2 [{]
PERASME LI B, B 4 5w B il 2 Bk
OIS F 25 00 1300 /10 JRE 98 R B, 19% (1) 3 0
e 6 N H HEH A, CBR ik 34%™, Sk,
XSG A 2 S 3 75 3E — 20 (R 0 LU s LI IR
TSP (B 1),
23 MBI TFHER2{Z S8 —Trastuzumab-DM1
BIARTTHLE

L5 0 o 5 A T VRIS N ( BAE 2B
UG N 4 i B3 AL 25971 ) AT 2048 HER2 1 Rk
(L FL R e T B Rk HER2
SE PR S Z9WAREE A, BRI 022 Bk SR B S
R BPUME T ) R (DML B, 158145
E) Trastuzumab-DM1(T-DM1), T-DMI1 {§ #J
DA F 22 2R 5 0 e o ok s vl ok 19 LT 25 )
SEANLE] HER2 REFRIA MR 40 e |, Jf55 HER2 45
B, BGOSR A UK R R TR T 6 3 T HER2
REFRIE AN, S0 A IR 22 0 2 K 5 4N i
T2 B R g A AR LA O T HER2 5
S, U E#iA HER2 4 i /EH B, Rt
T-DM1 1] BL 3 Ik HER2 5215 5 5 5l i 52 0 (a0
PI3K €42 F1 PTEN " ) 1y 7= A2 (1 1 Z 2R S ik
7t T-DM1 (¥ T 50, 2w i H ih 2 2R yiia s
% 1) HER2 BHPEFL I S, B T-DM1 ¥697,
I KA ik 3] 73%5Y, TR, T-DM1 0
FH 56 2 2k B PR BT HER2 PH A 3 7 L e
B, IRERBE U O AT, B RN # A 25%,
CBR JA 34.8%™, {1 Z Bk 530 55 40 i 251tk 25 W 1 K
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HE 5]
e AEBL R
PI3K/AKT/mTORAF 5 it % S 5 i b 5 [ 1h 22 2R SR Pk,
PI3K. AKTHImTOR M AT LA e IRAZAL -5 1 il 22 2k
HHHT
E1 25 AR (—) T E

A N A i e i Z 2R BTSRRI T — N2
NIaT 515
2.4 STAHER2ECIKIKHiZE SHERIFILFHI Z 8
W Th et — MRk B F B3 AR 8 7T L

F 2 ¥k PR 4T (Pertuzumab) 42 B 4H (19 A\ 28 5 o0 |5
Puik, 4557 HER2 Joh Be4h faJsAs [A] T~ il 22 2k A
PR AL, Fet® FH KT HER2-HER3 — 24k B, it
G AR Bon, 5 HER2 33 (1) 41 i 22 A 55 P RS A
Wy, 2R P RE A R P HER2-HER3 — %
RETE I, T R i MAPK AT PI3K 15 53l %,
PEAEPUMRVER BT SRS R I i 2B BT BT
(10 S5 I A 22 B SR e S 8 IR HR M P TR Bt HER2
SR, BH I 22 R SR B AT 23 0 e i Z R R AR
PUPER B ZEImPR AT IR AL b, i ZBR B b 45
A M ZERBPUIR YT SRS, 7E HER2 BH 1 i 8 v
R T ORI, E N 2 2R B A4 % e

() HER2 BHPEFLI e BB, A6 2 BR B 0D il 22 25
BT AR T i R I 50% 1A R A7 k% B
X G B G IV FH 7 ol B S B L4400 VR T HER2
BH L AT M 3 R AP (VA7 R . etk e L,
F 2 % HER2 5 HoAth HER 5% )% % AR A8 Ho 6 i 7= 2k
TP e B, A SRR R 22 R B BT 4
(1 2),

3 &

FUNR I 2 Sy 2o M AR A i WL R 2 —,
TH > LIRS AEAE HER2 1 FiA N, 1%
IR TS SE A BEAR. e, AT — B0 T
HER2 [ FLIRIE VR IT AR R . 29 ith Z2R s dire
I R Y OB T R G A T7 2R, (L T H IR
it 22 BR PR 52 I 5 ik N AT = ¥ HER2 BH
T B IO, I Le SRR KR T
ZERPPUHPTI o] REMLH], BLHRER = i Z 2R hin
AL s, AEATY AR FL AT S P ¥ HER2 AU 44 p95-
HER2 {E40 f 9 I HERR, T3R5 18 s 10 57
PG 5 WEEREE PTEN (15 2% Al PI3K fH 1k 3V & JE [
PI3KCA )53 745 5| i PI3K/AKT/mTOR {5 5 il % 1)
i B AL - HER % % #& (HER2, HER3) Al IGF-
IR A5 S HG N 5 AF 52 7K % 24 1R B c-SRC (SRC)

22 Bk BT

BWER o

p95-HER2[FHER LA S HER2-HER3 57 R 44 1o LI A6 5t
ZIRPHUHRT, B AFEE Je I 2 2R Bt mT LA e SR OZ P AL
A1 10 i ZZBR R HUR

B2 i ZERBRIANE(C) R FFE
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TEPERE I IX LS 1 Z R ERGTVR T HCPL ) 4 LA
(KIE 5T 45 VA J7 #E i 15 T HER2-HER3-PI3K-AKT-
mTOR 15 Sl M. £ R XX — 15 5 18 s (1 JL R T
FURNR PRI GG S I T 2 BT R vk ifh 22 2R SR pT i hT
MR A 2%, W HER2 il EGFR(HER1) 7% %4
T St 40 )50 B I E% JE . PIBK/AKT/mTOR 1351151
ith 22 Bk LB b 56 I 2 45 5 1 ) 259 Trastuzumab-
DM, WZ 3k Bt LA IX Ee 254 55 il 22 2R B 1) 1k
G (BT A 2).

XF HER2 FL g (A 0 & A8 T — & [ %
B, X HER2 HKHTFLIE M LEIE 2 2] T )2 1%
o ASCIERE 6T HER2 3ok 332k FL AR i 25 WL s 1) 25
BRI IE R R, AR R v it 22 2 it
IT T ZIHLI SR AL T B A . AR B X i 22 2R
BLPTVAR YT HER2 BH 1 3L g i 25 WL AT 98 IR VR N
SR RHLH A R 2 R B , F o AT 4
B DK

(& % x WKl

[1]  Zaczek A, Brandt B, Bielawski KP. The diverse signaling
network of EGFR, HER2, HER3 and HER4 tyrosine
kinase receptors and the consequences for therapeutic
approaches. Histol Histopathol, 2005, 20(3): 1005-15

[2] Tai W, Mahato R, Cheng K. The role of HER2 in cancer
therapy and targeted drug delivery. J Control Release,
2010, 146(3): 264-75

[3] Mukohara T. Role of HER2-targeted agents in adjuvant
treatment for breast cancer. Chemother Res Pract, 2011:
730360

[4] Freudenberg JA, Wang Q, Katsumata M, et al. The role of
HER?2 in early breast cancer metastasis and the origins of
resistance to HER2-targeted therapies. Exp Mol Pathol,
2009, 87(1): 1-11

[5] Mukai H. Treatment strategy for HER2-positive breast
cancer. Int J Clin Oncol, 2010, 15(4): 335-40

[6] Junttila TT, Akita RW, Parsons K, et al. Ligand-
independent HER2/HER3/PI3K complex is disrupted by
trastuzumab and is effectively inhibited by the PI3K
inhibitor GDC-0941. Cancer Cell, 2009, 15(5): 429-40

[7]  Yakes FM, Chinratanalab W, Ritter CA, et al. Herceptin-
induced inhibition of phosphatidylinositol-3 kinase and
Akt is required for antibody-mediated effects on p27,
cyclin D1, and antitumor action. Cancer Res, 2002,
62(14): 4132-41

[8] Arnould L, Gelly M, Penault-Llorca F, et al. Trastuzumab-
based treatment of HER2-positive breast cancer: an
antibody-dependent cellular cytotoxicity mechanism? Br J
Cancer, 2006, 94(2): 259-67

[91 Plosker GL, Keam SJ. Spotlight on Trastuzumab in the

management of HER2-positive metastatic and early-stage

breast cancer. BioDrugs, 2006, 20(4): 259-62

Fiszman GL, Jasnis MA. Molecular mechanisms of

trastuzumab resistance in HER2 overexpressing breast

[10]

[12]

[13]

[14]

[15]

[20]

(21]

[26]

[27]

cancer. Int J Breast Cancer, 2011, 2011: 352182

Barros FF, Powe DG, Ellis 10, et al. Understanding the
HER family in breast cancer: interaction with ligands,
dimerization and treatments. Histopathology, 2010, 56(5):
560-72

Vogel CL, Cobleigh MA, Tripathy D, et al. Efficacy and
safety of trastuzumab as a single agent in first-line
treatment of HER2-overexpressing metastatic breast
cancer. J Clin Oncol, 2002, 20(3): 719-26

Scaltriti M, Rojo F, Ocana A, et al. Expression of
p95HER2, a truncated form of the HER2 receptor, and
response to anti-HER2 therapies in breast cancer. J Natl
Cancer Inst, 2007, 99(8): 628-38

Saez R, Molina MA, Ramsey EE, et al. p9SHER-2
predicts worse outcome in patients with HER-2-positive
breast cancer. Clin Cancer Res, 2006, 12(2): 424-31
Sikov WM, Dizon DS, Strenger R, et al. Frequent
pathologic complete responses in aggressive stages II to
III breast cancers with every-4-week carboplatin and
weekly paclitaxel with or without trastuzumab: a Brown
University Oncology Group study. J Clin Oncol, 2009,
27(28): 4693-700

Wang L, Zhang Q, Zhang J, et al. PI3K pathway activation
results in low efficacy of both trastuzumab and lapatinib.
BMC Cancer, 2011, 11: 248

Depowski PL, Rosenthal SI, Ross JS. Loss of expression
of the PTEN gene protein product is associated with poor
outcome in breast cancer. Mod Pathol, 2001, 14(7): 672-6
Berns K, Horlings HM, Hennessy BT, et al. A functional
genetic approach identifies the PI3K pathway as a major
determinant of trastuzumab resistance in breast cancer.
Cancer Cell, 2007, 12(4): 395-402

Sakr RA, Barbashina V, Morrogh M, et al. Protocol for
PTEN expression by immunohistochemistry in formalin-
fixed paraffin-embedded human breast carcinoma. Appl
Immunohistochem Mol Morphol, 2010, 18(4): 371-4
Kalinsky K, Jacks LM, Heguy A, et al. PIK3CA mutation
associates with improved outcome in breast cancer. Clin
Cancer Res, 2009, 15(16): 5049-59

Esteva FJ, Guo H, Zhang S, et al. PTEN, PIK3CA, p-AKT,
and p-p70S6K status: association with trastuzumab
response and survival in patients with HER2-positive
metastatic breast cancer. Am J Pathol, 2010, 177(4): 1647-
56

Lee-Hoeflich ST, Crocker L, Yao E, et al. A central role
for HER3 in HER2-amplified breast cancer: implications
for targeted therapy. Cancer Res, 2008, 68(14): 5878-87
Chakrabarty A, Rexer BN, Wang SE, et al. H1047R
phosphatidylinositol 3-kinase mutant enhances HER2-
mediated transformation by heregulin production and
activation of HER3. Oncogene, 2010, 29(37): 5193-203
Sergina NV, Rausch M, Wang D, et al. Escape from HER-
family tyrosine kinase inhibitor therapy by the kinase-
inactive HER3. Nature, 2007, 445(7126): 437-41

Ritter CA, Perez-Torres M, Rinehart C, et al. Human
breast cancer cells selected for resistance to trastuzumab
in vivo overexpress epidermal growth factor receptor and
ErbB ligands and remain dependent on the ErbB receptor
network. Clin Cancer Res, 2007, 13(16): 4909-19

LuY, Zi X, Zhao Y, et al. Insulin-like growth factor-I
receptor signaling and resistance to trastuzumab (Hercep-
tin). J Natl Cancer Inst, 2001, 93(24):1852-7

Nahta R, Yuan LX, Zhang B, et al. Insulin-like growth



] FERAT, A5: WhZERPHTETT HER2BHVEFL IR FTH 25 HLH SR AR R

427

[34]

[35]

[36]

[44]

factor-I receptor/human epidermal growth factor receptor
2 heterodimerization contributes to trastuzumab resistance
of breast cancer cells. Cancer Res, 2005, 65(23): 11118-28
Liu L, Greger J, Shi H, et al. Novel mechanism of
lapatinib resistance in HER2-positive breast tumor cells:
activation of AXL. Cancer Res, 2009, 69(17): 6871-8
Zhuang G, Brantley-Sieders DM, Vaught D, et al.
Elevation of receptor tyrosine kinase EphA2 mediates
resistance to trastuzumab therapy. Cancer Res, 2010,
70(1): 299-308

Benati D, Baldari CT. SRC family kinases as potential
therapeutic targets for malignancies and immunological
disorders. Curr Med Chem, 2008, 15(12): 1154-65
Guarino M. Src signaling in cancer invasion. J Cell
Physiol, 2010, 223(1): 14-26

Roskoski R Jr. Src protein-tyrosine kinase structure and
regulation. Biochem Biophys Res Commun, 2004, 324(4):
1155-64

Shivakrupa R, Radha V, Sudhakar Ch, et al. Physical and
functional interaction between Hck tyrosine kinase and
guanine nucleotide exchange factor C3G results in
apoptosis, which is independent of C3G catalytic domain.
J Biol Chem, 2003, 278(52): 52188-94

Rafalska I, Zhang Z, Benderska N, et al. The intranuclear
localization and function of YT521-B is regulated by
tyrosine phosphorylation. Hum Mol Genet, 2004, 13(15):
1535-49

Zhang S, Huang WC, Li P, et al. Combating trastuzumab
resistance by targeting SRC, a common node downstream
of multiple resistance pathways. Nat Med, 2011, 17(4):
461-9

Liang K, Esteva FJ, Albarracin C, et al. Recombinant
human erythropoietin antagonizes trastuzumab treatment
of breast cancer cells via Jak2-mediated Src activation and
PTEN inactivation. Cancer Cell, 2010 18(5): 423-35
Tevaarwerk AJ, Kolesar JM. Lapatinib: a small-molecule
inhibitor of epidermal growth factor receptor and human
epidermal growth factor receptor-2 tyrosine kinases used
in the treatment of breast cancer. Clin Ther, 2009, 31 (Pt 2):
2332-48

Moy B, Kirkpatrick P, Kar S, et al. Lapatinib. Nat Rev
Drug Discov, 2007, 6(6): 431-2

Hutchinson L. Targeted therapies: PARP inhibitor olaparib
is safe and effective in patients with BRCA1 and BRCA2
mutations. Nat Rev Clin Oncol, 2010, 7(10): 549

Moy B, Goss PE. Lapatinib: current status and future
directions in breast cancer. Oncologist, 2006, 11(10):
1047-57

Jones KL, Buzdar AU. Evolving novel anti-HER2
strategies. Lancet Oncol, 2009, 10(12): 1179-87
Blackwell KL, Burstein HJ, Storniolo AM, et al.
Randomized study of lapatinib alone or in combination
with trastuzumab in women with ErbB2-positive,
trastuzumab-refractory metastatic breast cancer. J Clin
Oncol, 2010, 28(7): 1124-30

Gayle SS, Arnold SL, O'Regan RM, et al. Pharmacologic
inhibition of mTOR improves lapatinib sensitivity in
HER2-overexpressing breast cancer cells with primary
trastuzumab resistance. Anticancer Agents Med Chem,
2012, 12(2): 151-62

Burris H, Rodon J, Sharma S, et al. First-in-human phase [
study of the oral PI3K inhibitor BEZ235 in patients (pts)

[47]

[49]

[56]

[59]

with advanced solid tumors. J Clin Oncol, 2010, 28: 3005
Sawyers CL. Will mTOR inhibitors make it as cancer
drugs? Cancer Cell, 2003, 4(5): 343-8

Dalenc F, Campone M, Hupperets P, et al. Everolimus in
combination with weekly paclitaxel and trastuzumab in
patients (pts) with HER2-overexpressing metastatic breast
cancer (MBC) with prior resistance to trastuzumab and
taxanes: a multicenter phase II clinical trial. J Clin Oncol,
2010, 28: 1013

LoPiccolo J, Blumenthal GM, Bernstein WB, et al.
Targeting the PI3K/Akt/mTOR pathway: effective
combinations and clinical considerations. Drug Resist
Updat, 2008, 11(1-2): 32-50

Ghayad SE, Vendrell JA, Ben Larbi S, et al. Endocrine
resistance associated with activated ErbB system in breast
cancer cells is reversed by inhibiting MAPK or PI3K/Akt
signaling pathways. Int J Cancer, 2010, 126(2): 545-62
Morrow PK, Wulf GM, Ensor J, et al. Phase I/II study of
trastuzumab in combination with everolimus (RADO001) in
patients with HER2-overexpressing metastatic breast
cancer who progressed on trastuzumab-based therapy. J
Clin Oncol, 2011, 29(23): 3126-32

Siegel PM, Shu W, Cardiff RD, et al. Transforming growth
factor B signaling impairs Neu-induced mammary
tumorigenesis while promoting pulmonary metastasis.
Proc Natl Acad Sci USA, 2003, 100(14): 8430-5

Baselga J, Swain SM. Novel anticancer targets: revisiting
ERBB?2 and discovering ERBB3. Nat Rev Cancer, 2009,
9(7): 463-75

Barok M, Tanner M, Ko6ninki K, et al. Trastuzumab-DM 1
causes tumour growth inhibition by mitotic catastrophe in
trastuzumab-resistant breast cancer cells in vivo. Breast
Cancer Res, 2011, 13(2): R46

Junttila TT, Li G, Parsons K, et al. Trastuzumab-DM1 (T-
DM1) retains all the mechanisms of action of trastuzumab
and efficiently inhibits growth of lapatinib insensitive
breast cancer. Breast Cancer Res Treat, 2011, 128(2): 347-
56

Lewis Phillips GD, Li G, Dugger DL, et al. Targeting
HER2-positive breast cancer with trastuzumab-DM1, an
antibody-cytotoxic drug conjugate. Cancer Res, 2008,
68(22): 9280-90

Chen XJ, Luo RC, Chen FS, et al. Value of carcinoem-
bryonec antigen in biochemotherapy response monitoring
in patients with Her-2-positive advanced breast cancer. J
Southern Med Univ, 2010, 30(6): 1418-9, 1421

Burris HA 3rd, Rugo HS, Vukelja SJ, et al. Phase II study
of the antibody drug conjugate trastuzumab-DM1 for the
treatment of human epidermal growth factor receptor 2
(HER2)-positive breast cancer after prior HER2-directed
therapy. J Clin Oncol, 2011, 29(4): 398-405

Agus DB, Akita RW, Fox WD, et al. Targeting ligand-
activated ErbB2 signaling inhibits breast and prostate
tumor growth. Cancer Cell, 2002, 2(2): 127-37

Agus DB, Gordon MS, Taylor C, et al. Phase I clinical
study of pertuzumab, a novel HER dimerization inhibitor,
in patients with advanced cancer. J Clin Oncol, 2005,
23(11): 2534-43

Scheuer W, Friess T, Burtscher H, et al. Strongly enhanced
antitumor activity of trastuzumab and pertuzumab
combination treatment on HER2-positive human xenograft
tumor models. Cancer Res, 2009, 69(24): 9330-6



