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Advances in molecular biology have made it possible to
understand the tumor biology of breast cancer at the mole-
cular level and have revealed molecular targets for the ther-
apy of breast cancer. Nowadays, targeting agents are used
as mono-therapy or as combined therapy with other anti-
cancer drugs for the treatment of breast cancer. Much more
efforts is also being made in the development of better ther-
apeutic agents targeting molecules having an important role
in tumor biology. In this article, promising molecules for tar-
geted therapy are reviewed for their roles in the pathophys-

iology and the treatment of breast cancer. We also introduce
and summarize new preclinical agents, developed or on
developing, with preliminary results from clinical trials. Given
the progress currently being made, targeted therapy could
become a main strategy for the treatment of breast cancer
in the near future.
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for targeted therapy of breast cancer)

Human epidermal growth factor receptor (HER) family

HER family+= 470¢] 484 epidermal growth factor
receptor (EGFR), HER2, HER3, HER4Z A= At
o AA EASk= 8AI7E AR, Alazal, AR o=
L] Alaze] 54 Sofl HeE A E o 2 ddsl= Felo
Tx5 ZH=th HER2E A|9Jgt EGFR, HER3, HER4+:= 48
Ao Az 2 FHofl Al gH 2Rt=(ligand)9F Sold o=
A 5= Y= FRE 7, of7]of eR=r) Ajteld Aot
HAsto] Mz W2 Hddshe 1go] A1AETh HER3E A9
EGFR, HER2, HER49] Al2L W G ell= El2A7HoH(ty—
rosine kinase) S0 28-S 7= 125 71210 Qlo] oA
£ /9% HER family 8A7F A2 gl 2407 oA a4
o] Qlibs} 2hg-0 &7 Y4 A5 E 9 YHE HdsHA| "ot &
3] HER2E= A 549t2] 20-30%014 wra = 2j7t=el 2
g2 AN o2 SEAET o|FAIE AT =
o] Adsl= vie- S8 S @3] v
o]

AE A3 2 =A 2] ol g2 o] o] %

Fote
A AEE FE3)

AA /dollAl HER2 2P 39t SatollAl ARE-5<1 ths
2l HER2 AAA trastuzumab-< A3 B2 I (huma-
nized monoclonal antibody)2A] 1 2-8-2 3R HER2 &
H|&] A2z} EL 2 Ajazuto]| 717kg- F-9lofl Agsie] HER2
Az o) R Jo f2=0] gk WA 24 E2 HER2 525
%1 p95 HER2E &7 Al 24e1E WAIskal, =4, HER family
T8A| 110 A S alisto] Aladd=S SAlsh, AlA,
A o) Alzof7l Al2ZEAd (antibody—dependent cell-medi—
ated cytotoxicity) 2H-& =AM, WA, 22 HER2 4=
|AE AlEZ Y= o]YAIA HER2 48418 A7 AR
A ok @)

L o]} FARRE QIAIEF & A pertuzumab (rhu—
MAb 2C4, Omnitag®)-> HER2 $=8A2] Al 1T m=H[Ql
of| Aglslo] HER27} EGFRoY HER32} o|@A1E A5
Sl Woflohs 282 Bl Ale TS AT =N X ER
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IE Yehfl= A0 & defA 9t} (2) Pertuzumab- @A 9V
Al Foln Th=a i © &= g7} AIgkE] o] X4t trastuzuamb
I gt Aeans Uehdchks ARdT 2 Hals gl
o}, (3) ZT trastuzuamab W43 FEAFoYA] trastuzumab®} per—
tuzuamb®] AR ER S At AIE Hlvk= 24 I+ 2
I} USRI (4) A HER2 %91 Ho] ftollA] trastu—
zuamb} decetaxel WA 2o perstuzumabs 71510 H--
S 3015H= 34F 919491 CLEOPATRA study”} X18) Soo], &F
T HER2 8 8] Amof & =@o] g Ao 7|,

Lapatinib< 4—anilinoquinazoline4| EAAA 24 EGFR
It HER2 4~8-A419] AlsEUift 52221 E|24l7|uolA] 34-9)
ATP Al Az, A2 71201 Ags FAske] 41
FAGAA R Mgtz AT E AT =] ALY F4
I YES AR (5) A lapatinib2 fEUlA X2 G997}
1= o] /ol A-8=aL 9lom (6) E3] HER2 =842 A2
QI JLFo] &2elo] trastuzumab A& HF-S- Holx| o
+= P95 HER2 2+ ete] x| =of mu}&|o]o)A] trastuzumab
O Wd AJmA|=A 2L o] & A Ueh(7)

tH2 EGFR/HER29] E]2417|UokA] AAIA 2= neratinib
(HKT-279), CI-1033, CI-387, 785 0] 7j2H=]9l=d]. nera—
tinib& EGFR/HER2/HER4 E|ZA17|HolA] A40] AI2H|<
ZERAe}L B7H A ] F-ARkE Btk ATPARS Wallehe
B2 540 2R8-5 AR5k A HER2 ¥/dol™] zla)= et
= WO 2 A3t 24 Aol =& WHEES HlAL, tra—
stuzumab W At % 25817} )itk a7t a3
Ak @®)

Trastuzumab W X =25 $I6to] Jtsa RO R 713t
t]2FHmicrotubule) SEAIA ¢ maytansine DM12 tras—
tuzumabell ZEHAZ] trastuzumab—DM1 (T-DM1)o] 7]
o] o197} A8y 0|}, T-DM1S HER29}F 2% & AZUjRz
olxlo] Al YRR AgE DM12] 2807 N2EARS 5-=35}
L A& E3] o] A trastuzumab®at ol g} lapatiniboll =

/& Holi= HER2 /g Ao 8¢t EfellA] 2| =9 auts
The= 27 A+ 237t HEeso] o5 ofA|9) W AgAl=
ogto] uf- 7]efjEct (9)
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PI3K/Akt/mTOR pathway

A L 8A9E A = AlEZUEe] HR2A7UoRA]
a47F skl o] AR AT, GEal o] 2hgof ofsf WYt
AS B2 AjazRzto] olaf QIE| 17 (integrin)-& Saf WHAYSH
%= phosphoinositide 3—kinase (PI3K) &4E5 EAI3}5}H
Az &2 g Ag 4loo] ofs) Alzute s 4fEo] &

2
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AJsle PISK f4E AlE9olA] phosphatidylinositol—4,5—
bisphohsphate (PIP2)E phosphatidylinositol—3,4,5—tri—
phosphate (PIP3)=E HEHA|7]1L, &/J% PIP3+= Al3z4to 2 PH
(pleckstrin—homology) EHI 1} Al S Tofsh= Tzl
& 28kl o]5F 2433} AlXIth o}7]oli= Akt, phosphoi-
nositide—dependent kinase 1 (PDK1) 52| Mlg-Edled
7|UobAl, Tec family®] E|2A17|UobA], GTP A9 the]
1%} QIxKexchange factor)?] Grpl¥} Rac exchange factor,
A2 TiER] GAB-1 5o] 234t 2= ol didEY &
O 7 ol g, Y| SRR, Al A=
A 59| 2Rgo] o|Fo|RA Hrt, 10)

Mammalian target of rapamycin (mTOR)< 4&2] Al7l-
Eg e 7]uolA= of2] g vl o] E3HA|¢1 mTORCL
(MTOR complex 1) mTORC2 (mTOR complex 2)2 &
=0} 2-851} (1) mTORC12 mTOR, Raptor (regulatory—
associated protein of mTOR), GAL (G protein f—subunit—
like protein)2& A% mTORCIS AARIA) AW ofH %]
9 JoF AdH, Aikaig, 24 Ak DNA €4 59 ofe] 4150
uh} A2 Ui 2] 0] AR Yl of ] Thal R o) S ARE-S U e
7131, AZpEA RS JARIE ol2gk BE AHE-& rapamy—
cin®fl 2J3i}A] AAIE 4= 9t} mTORC2+= mTOR, GEL, Rictor

(rapamycin—independent companion of mTOR), mSIN1
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o
o

Al 27

o/

BN

(mammalian stress—activated protein kinase interacting
protein 1) 502 4 E o] Heljt /4 @ e A QA
oL} ofe] AIRte] A-go = B3 B Ao APZE
A|3EZA 0] A4S 281 AktEAISE EA5HARE rapamy—
cinoll= ¥E33HA] ekett Akt mTORCIS] A4S A
mTORC12F mTORC29| 2-golh= =ghare]7h F/4d = o] gick

PISK/Akt/mTOR 7 &+= AlEU-2] wil9- TRt Al oA
Aot M2 QA= A% 28s17] wlZoll DeshA ) T
Ao AgoARte = oo A= avks #AF7] ofth PISK
#4= PTEN (phosphatase and tensin homologue)®] 28
S8 PIP3 B4 ¥o] A=, (12) NVP-BEZ235, XL.765,
KL147 59| ofAlol] &fefixe Z-go] oA, dAle E2 4
9] PI3K AAAI7E = ot ofAl|S] Ffstz] 2l wAllot At
A 5oz A Aol & AuE 4] B 13) F
= 7% NVP-BEZ235+= ©]eigh wAIE 71AgE oFAl= PI3K
o] ATP ZeH-9lo] 2H-g-sto] w9 7=t A RS Hof A4
2 ol Fee] A anrt 71gEw dA AIE 218
Zoltt.(14,15)

mTOR FAAZ sirolimus (rapamycin)2F 1 -F-=AQ] tem—

silorimus, everolimus 5°| 7HHEe] A4t AF ol oA
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A w7} QL oAl o] Alskx] ik, B3] o ~ER

g7)0] 415729} PISK/Akt/mTOR AlSA 2 Alo]o] Al
o] EAl(crosstalk)o] HAYFEO R QI5te] Hrlet UEH] | A
o] a7} oFgtE] A, 52 Wdo] 71 ZAIZE A A= AL glof
o5 s ds}7] $lsto] HRHIZmAI mTOR AAIAIS] g A
2l=jo] it} L ER A4 8 3] 42 A Wi
ofZutelA| AA|A| letrozoled}t everolimus®] A
7} ufg- EapAoleh= 24F A WAk o] - friet
H] 2] 7oflA] L dgto] ulg- 7Lt (16)
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c—Src L AbEo] Allazao] opd AlszujRlef] ZAEH ol 4l1E
AAL} ddElo] A& Sok= Al TS Fsto] AlEY
4, 23k AP, AL E A Soll Gk TR FRIIR
Az 2] FH AEE 31t} (17) Sre= Sre family kinase
(SFK) S0l 71 wo] d=lo] 2 izl §4=2 EGFR, HER2,
PDGFR, fibroblast growth factor receptor (FGFR), vascu—
lar endothelial growth factor receptor (VEGFR) 5-2] Al|3Z
at =849 2)7t= Aol 2JskAY focal adhesion kinase
(FAK), Crk—associated substrate (CAS) 52| Tl Zloj oJ3]|
2gsten, 23t Srew BAF W 720 RIFEE Foto] thE
AT g gl at kS-S ok, meba Sre AR AlEZE
T BE, B, AlZO o)F W ¢F Ho] 59 AE 7|t
o o, & idEe] A S AR oln] vh
JuiEr o] X|82A R 520% dasatinib (BMS-354825)1}
AZD-0530 5] 9lt}. £3| dasatiniba A4 A A (180l
A 714 @ (basal—type) it Aol A2 aIE B, FA)
20| §lo] A&7} ol A o= UeRl H5-3d(triple nega—
tive) RS O R dasatinib THE Fo1Q] 24 ATl
Al At =4 glo] oY AR anE Helchs Hav) Qlo] 3k
olof thgt =7+ A7t Bad A o= Bz (19)

mh ot

RAF/MEK/MAPK (ERK) pathway

AARJAZ} Azt =8Alo Agslo] FAHE 4Ale g9
AF Tz o] A3k AR SOS1 TS A38kL, o]= gua—
nosine triphosphate (GTP)°ll4] guanine nucleotide w3l&
Z751o] RAS Tl A} A3kS £21510] RAS Thilzls a4J3)
AZIck 2493k RAS-GTP:= GRPase—activating protein®]
a0 2 RAS-GDPRE WH3}x]o] g/do] AAjHr), 2443}
H RAS-GTP= T3y} Aglsto] thoft alesdgoe] o] Fo14]
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=4 o] FollA] Raf—~MEK (mitogen—activated and extracel—
luar—singal regulated kinase)~ERK (extracellular signal—
regulated kinase) 2= Al2o] F4] A& 9 23} 5 A%}
gy 2 A S Holr rATtE AvtEls Ao= UA o
t}, 20) AHellA] /3% RASS] 2|29 HE|= Q] Pro-RAS
= APk Qk&of| §x]ehH farnesyl transferase &40 2}
€93 15—carbon farnesyl isoprenoid groups Pro—RAS
9] C—terminal®l F2H|A 44~d(hydrophobicity)= 57|
Hor Alazatol 7] 2% 4= Qs it o] S oAlst
+ farnesyl transferase A 7WE4 tipifarnib (R115777,
Zarnestra®)= 37t IokA] 2] RN E/0] Hof thE A
BACL B8t YA A7 A=A ER 4 B = 5
oA ERmAlHlo] WAl BAE O R letrozoled} HHA|
R34 4 A ER 3 H17E & o] fretellA] fulves—
trant@} H-EX 23 Aol tipifarnibe] X|E&IE FR1eH
I QAL (21, 22) RAS7} farnesyl transferase SA| &4of
QM= EAISIE 4= 917] W&o farnesyl transferase A
Ao} a7t FeE3hd 4 ks T glof ofof tig =7+ 4
7+ DRt Aol

Poly (ADP-ribose) polymerase (PARP)

PARP-1=2 §-41219] QP/d& A8k 2424 DNA 3t 7}
Sof| A=o] A7H o5 AA|SIL FA] AEHLY] EALE 9Jet
AT E By o]F djdst= 9T gt BRCAL 22 BRCA2
2= & 715H2] DNA Z<=o] WAIE o) s 2o & ol&
Bk 93k g@gditt BRCAL $-2 BRCA29] E¢iHol|2
1 7158 A4St Z9olli= DNA gt 71he] g fEshHA
PARP-19AAIE AFE-8HH 3F 71e2] DNA /4= EAg o
Al T 7Pe) EAFo 7 Eal A s AR e R A7) of
H7] tjol] QAA|S] BP0 & QIgh MlzALe] o] 24| L, (23)
2| PARP A2 olaparib (AZD-2281/KU-0059436)&
AMERE 14 AollA] BRCA-1 22 BRCA-2 R4} EdH0|
RS e A wet A 2 =40 aeF At ool g
Q1 v Qlom (24) AR 274 A7 X8 Foloh

o X BAZ AMEE|TL Q)= DNA WEs) AL 4o Adska
Zx(topoisomerase) 4 B2 o] 23} WA 59| A& aitE
=017] a4 PARP-1 JAAIE AME3te] 11 BIkE SRIgH
A AP AT A BarE v Qiek 25) ol B2 HAHo=w
oju] @& 4=0] PARP AIAI7L 7idE] o] Lol @A 4 Alo]
8l Foln £3] BSI-2012 2009%] ASCO annual meeting
ANA A8 o] FkS g2 gemcitabine, carbop—

latin Qeretsta el e ANSSl= 274 WEATRCIA 71 7+
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A8 qlo] w2 ARAIE Bkl WIEE o] 5 et A=

oM L Age] 7| (26)

Heat shock protein 90 (HSP90)

HSP90+= 4l&xdge] odh= Akt, HER2, Ber—Abl, c-
KIT, EGFR, PDGFR-a 59| o8] thilzlof ZA3lsle] 3x}¢e]
TRE A8 715 U3 4= TS Boste] = ke
Sh= ThilEolr}, HSPIO2 $i2|of] what of =] 7] Fej2 &

=t AlEZA] ZA5k= HSP90a2}t HSPIOS, Al A4
FA EABH= Grp9d, RIEZ=Eo} 71 ™o E£A5H= TRAPL
3} HSP9ON©| Z1Al0]t} (27) HSP90 2] 71%-S -4-A1317] $IsiA]
ATP Zgto] st HSPIO AAAR= ol2]g AW ATPase 2}
B 2sl= A= 17-AAG (17-allylamino—17—demetho—
xygeldanamycin)7} thiE& ot} &7 tanespimycin (KOS—
953), alvespimycin (KOS—1022), IPI-504 5°] 7de]o] ¢]
A} A7) H8Y o] tanespimycine trastuzumab} B85}
of AJeY3t 1 A-tellA] 4lgh 54 §lo] AtaETE Bol 271 A
T A3z} 7ot 28)

VEGF/VEGFR

VEGF& WA ]S4} o) F £21 9 WA 32 0] APEARE
AAsh, Eao] Fabd S7F 2 2R Al @) 7189 AP
BAE Fedhke T 28-S ob S =27 STt I
Q1 o5 o, o] o) F FA O & 3= ¢IAIskE TE=3A
bevacizumabe] 7= o] ol Felstsha sy oA} A ¢
Aol ARSI SlTh (29,30)

VEGF 484191 VEGFRE %20 & 3o} 7§ sunitnib,
sorafenib, ZD6474 -2 584 E|2AI7|UoHA] AA|A| = 21-§-
3t} Sunitinib2 VEGFRS HI5:St platelet—derived growth
factor (PDGFR), KIT, CSF1R & 2] 30| -g-Alo] 2-g3=
7152 GAlsks A8 AR T e 24 ATelA o]
0] anthracycline?} taxanes AREGHE o] et ExjofA
sunitinib &5 FAR A& &I+5 Hlom, E3] 4524 1
Wbl Ae aukE Hoj o] o] A7 7|th7} =t (31) 12
U VEGF, PDGFR, RET, c—KIT, FLT3 & 484 E|24171u}
ofAlof| FAlol 2HEBl= A8 JAANQI sorafenib (BAY43-
9006)-2 anthracycline¥} taxanes AT o] FHret 21}
ol A AT 24F QM Aol P SISl ot A=At
£ Ho|A| 23} sorefenib T FoHTh= gotelsla] x| &
Aol Hetakgo] HigAlE A o= o] gk 7t A7t Do g

S8 gt (32)
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BAPESO] b 0 7 GuIolS Bal 3ol 4 olafslA] w
A 8ol Aol A4 o) B A So] iFE LA, ol

TRt B2 OFAPF AL RIS Al AN Folot, FA el &

X Ez—ioﬂ EH A= Aol I ARaIpL e 4 9le
U AlS A AlAY] 54 wheel HhE Al %i“é AARE) A%
=4l o= 1 aapt 7o) mRA| Heke AUt wew, &

Zo| el oiduke A=shy] mhzel %EHXJ,_E =4o] Lo}
T AR H s T oA m R el ARavhs A

7] 2 elgto] gl Aow Fhekeit g Ao et A
2l oAk 4= gl Zeiat el Akt 3 sluke] o] ob
ofe] SA1Z FAlel oJAIet 4= Sz X zA|2) Apro] o]szoizict
B ek HIER o X0 F AR o2 Bhst Al 1
A3l B Aoz ot
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