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IR Ligand Amplification Mutation
Receptor activation
Ras
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v l
Apoptosis Proliferation Survival

Fig. 1. Crosscommunicability of cellular response to ionizing
radiation and EGFR signal transduction pathway : ionizing
radiation (IR) induce activation of EGFR signal pathway and
EGFR receptor stimulation induce radioresistance. IR-induced
JNK' activation promotes apoptosis, but MAPK activation by
EGFR dampens JNK activation and sends proliferation signals.
PI3K/ Akt activation by EGFR promotes survival.

AN E A FEHE BB PAAARAN DT OFg 1)
ol HH5HA EGFR AAAES

FA7NE A gt ALY o g
AYI56] A3 ek BGRRo
Aol Fo3t 24Uz A AL
ojr| o|% EGFRE XA o2 o] FF9 Al Ee] A
PANT WAL o1F FATE ol &8 nFEAY A
52 48AE Abso] FA WA cytostatic A EA] wh
A g, FgAL} 2L 7129 cytotoxicdt X B EX
o] A RFe] AES I gk H&EATA FHddA o)
E7¢l EGFR Kinase Inhibitord] Gefitinib (Iressa, ZD1839,
Astra Zeneca)?} SH AN EX 5, w3 whALA 8] o] X
2 Asle F3 W99 FAY TEA EGRR
AntibodyQl Cetuximab (Erbitux, IM-C225, Imclone)$} HFAFA
WA RS AR, HER? SR Held 339t ol o)
8k Traztuzumab (Herceptin, Genentech)™ 8}<ra] #dhx]a
© #H 2 vl FE5I 2k EGFR AAAIES) 944L o
g 3 5 Ik’ aHy ol AASLS E£F EGFR
fmily % shpel 8RS EA02 B Ao Q7
ol g3t dlEE Fokd HAdBH o7 3 Al o4
&2 9] coordinated dysregulationo] &} g ez
GW5720163 7+ EGFR/HER2 E3F JAAE JAtellA
0 HHSdsA 588 5 Ak GW5720169) WAL
A FREAE FA6el7) Y8 in vio AFNA® GW572016
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< EGFR -2 HER2 33§t AlZFol4 Fokz4]
o )| & I (anti-proliferative effectyE HF.om o]#3 Aot
EGFR down stream signal pathway?] ERK, PI3K/Akt 24] <]
Aol &g A2 AB7r=]Qlct. 3 EGFRIUE A EF ol
A+ clonogenic survival assayellA] GW5720160l £]3F wlkA}
A AR ads At B AFAES EGFR,
HER2 #4894 AZFE o] &3 whgr Fofo|A R
& gkEo]l GW5720167F AA H(in vivoyoll A & A4 R
v STH7IEA Lot FkzH el EGFR/HER2
FEA A &Z7} 9l EGFR down stream signal pathway%h=4
9l ERK, PI3K/Akt AA|&7E dolR 1z} 3}¢iv}.
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1. Cell line ¥ EGFR/HER2
ANMA(GW572016)

g Tyrosine Kinase

EGFR/HER2 23 Tyrosine Kinase ¢} 44181 GW572016-
GlaxoSmithKlineoll 4] A5 ®Fgich. SUM 149, SUM 102,
SUM 185, SUM 225 Q17+ et AZFE v]F u) A7+
ehe] Gl AESF 2P0 RE AF Wyt

SUM 1028} SUM 1492 EGFR 3 §uleha Fo|n
SUM 1859+ SUM 225%= HER2 3HHg GlobA Lo}, o]
F FYANEEL 5% fetal bovine serum (Sigma, St. Louise,
MO)3} 1 wg/ml hydrocortisone (Sigma, St. Louis, MO), 0.1
mg/ml geneticin (Gibco, Gaithersburg, USA)S 1 7}3F Ham’s
F-12 Nutrients (Gibco, Gaithersburg, USA) A-&3}e] 37°C,
10% CO, g7l wiFslsich

2. 30|01

4~532] C.B-17 Fox-Chase SCID (Charles Liver Labora-
tories, Wilmington, MA) w25 A& om filter
topped cageoll ol T AFect vfgies 1~
1099 A7+ AR & 5~10x10°9] FAAZE 200
#1 PBS : Matrigel (1 : 1) -2Hof] 4o} $Z H7g Il
AE3l9ch ZHANE FZ 2 oF | ~2F6] SUM 1028 A
)8k SUM 185, SUM 225, SUM 1492 Qlzb fHkel AE
o]AZqko| FAE Ut SUM 1029 AL HE F o
730l o]AFako] ARG oY 17U F FAH o]

E

o) el £4sl0] 4G AW Faksie.

GW5720160l] 23+ EGFR/HER?2 <+&4] <1412} down stream
signal KHe] EAINMIE FAsty] S8 Aol &
TS GW57201600 23t HbALAZAGEA W3S olr )
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Two series of xenograft
A) for determining inhibition EGFR/HER2 receptor, downstrear
signaling by GW572016 (GSK) : 3 mice per each group
Tumor control
&;\;S <:GSK treated
(30 mgrkg, 100 mg/kg, BID 5 times)
B) for determining radiosensitization of GW572016 (GSK)

: 6 mice per each group

D

Fig. 2. Two series of xenograft were established. One series
were for determining inhibition EGFR/HER2 receptor and
down stream signaling activities by GW572016. And the other
series were for determining radiosensitization of GW572016.

Tumor control

RT alone ( total 8 Gy, 2 Gy/fx)

GSK alone ( 100 mg/kg, 5 times BID)
RT+GSK

13k A Folth(Fig. 2).

3. HAMXE Y BN

]

1) GW572016¢°1 9]t EGFR/HER2 <& A2} down
stream signal THeH o] B4 W3S PAE7] $3F A Foll
A& GW5720169] F=oll wat 22t 3nlele) uhgig A
HTS AT SUM 185, SUM 225, SUM 149 & &
ZU42730] oF 1 cmoll £2YL wl GW5720162 0 mg/kg,
30 mg/kg, 100 mg/kg®) FEZ 19 23] 6A7F 7+ 4S S
73T gavageZ ¥ 53]/3YU Fof s}t viAlet Fo 4X|7F
ol CO, 7F=E FUAA A A7 F FkS Hslo]
FA| HA| Aol Yol T2 A=A
A -80°C W53roll Haslir).

2) GW57201601] &8t WAL ZLTA wWstE Loliy] ¢
g ATl = SUM 185, SUM 225, SUM 149 HE %
FHAZY 297} 100~200 mm’ell £2 L 0 WA
£ 1) 927, 2) GW572016 =T, 3) BAMADET 4)
GW572016+ AW 8- T 49 AdFez 29
A 4 AT 47 enlel ) vbg2g FASY
t}. GW572016< 100 mgkge] F5E 19 23] 67 744
OS2 BT gavageZ & 5339 Fol ek =TI
AAX B GEFTE GW5720162 3] Asted] A-8e 1y
A 10% sulfo-butyl-ether 8 -cyclodextrin &H-& Folalgd
ok WA zAE AAnkstoll A3 71<4:7)(Simen Premus,
Concord, MA)E o] -&3810] 6 MeV HAALZ 2 GyHA £ 6
GyE +%F 78 TUHAEHA 38 Bk 24550
FHFRAES o)9oll YA ZAE Fslr] YellA Fi)

[s2ax<]

:'c‘)‘_
F 9 4% A7)

ox 1

e Agelsin
4.

EHY AN E

I

Lok 222 AA AL A AR Zol B whE
2 mi®} RIPA" lysis buffer [150 mM NaCl, 50 mM Tris-HCI,
pH 7.5, 0.25% deoxycholate, 1% NP40, 1 mM sodium
orthovandate, protease inhibitor (Roche)]® 71 % homo-
genizers A-gdte] A3} A7 F lysate s 3027 o5
o] Bstgickrl 14,000 pmeE 1587 4R sto] A
AEE AAS R 45HE ALt Fd&3E (tumor
lysate)®] Y4 55 BioRad protein assay reagent (Bio-
Rad Laboratories, Hercules, CA)E- o} -&&lo] A zkslic).

5. Immunoprecipitation & Western blot

EGFR, HER2 &2 1 mg®| wumor lysateol| anti-EGFR
Antibody (Ab-22, polyclonal rabbit antisera) 2 anti-HER2
Antibody (mouse monoclonal Ab, Clone 9G6.10, NeoMark,
Fremont, CA)E #A7}8lod immune complex® A
protein A ¥ protein A/G agarose beads (Santa Cruz, CA)
£ Z7}slod immune precipitationA]Z] ¥ RIPA'E beadE
ol % 8% SDSPAGE geloll £2]AA polyvinylidene
difluoride membrane (Bio-Rad Laboratories, Hercules, CA)l|
transferd} g3 v}, Membrane- 3% cold fish gelatin (Sigma, St.
Louis, MO) in TBSTE 4587} blocking % anti-phos-
photyrosin antibody (RC 20, Transduction Laboratories), anti-
EGFR Antibody (polyclonal rabbit antisera)$} anti-HER2
Antibody (21N Rabbit polyclonal Ab, NeoMark, Fremont, CA)
A7l & 4°CollA 24417 immunoblottingst$i vk, o}
membrane> TBSTZ 33 Al# 3% horseradish-peroxydase
conjugated antirabbit secondary antibody (Cell Signaling
Technology, Beverly, MA)Z 1A17F A-2oll4 w271 &
TBSTE 33 A|&3 &£ enhanced chemiluminescence
(Amersham, UK) "' .2 EGFR, HER2 442 3hols}
et

EGFR/HER292] down stream signal ¥+¥9] A5
23] 9sted tumor lysate (8 4g of total protein)E 12%
SDSPAGE geloll #28lA1A membraneol] transferst & 3%
cold fish gelatin in TBST2Z blockingdt ¥ phospho-p44/42
MAP kinase (Thr202/Tyr204) antibody (Cell Signaling Techn-
ology, Beverly, MA), p44/42 MAP kinase antibody (Cell
Signaling Technology, Beverly, MA), phospho-Akt-Ser anti-
body (Cell Signaling Technology, Beverly, MA), Akt antibody
(Cell Signaling Technology, Beverly, MA)E immunoblotting
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6. Tumor growth delay assay

GW57201601 &3 WALz W3E dotry] 93
ol AE B W 3)9 HE TAY 4 AFTF 1) =T,
2) GW572016 5T, 3) WAL LEE, 4) GW572016+4
A EEAD)Y ZPAE F 23] Mol A2 S0l
F&e A& okl Aoz AslglchEd =47 x|
12).

1

T ofl
AU

O

AT vl o] nl-g-xo) A7l wE £39
& A4l tumor growth delay curveE Z—]’“““]—‘}iﬂ-
g 4 AR T ZAXNE FFSE]) AMA frac-
tional tumor volumes AF&&}0] tumor growth delay curves
A8l H9kr}. Fractional tumor volumeS 7zt 2R A]A 9]
THEH 127 FEEAVIVO LR AEr. X BE 9
k54 FFE oty fsle] nheAE X8 FollE ul
4, X & Foll= F 23] #Esgir)

0

of

O

7. SHAz

7t AR FFEAY] Aol EAE A H (Repeated
Measures Analysis of Variance)S o|-&3lo] ZAX e +4
L 28 Aatell sl A= Scheffee’s test?t Duncan test
tE vlzEgdet. §FEL 5% nute g syl

SUM 149
GW572016 (mg/kg)
0 30 100

0 30100

i Phospho-EGFR

| EGFR

| Phospho-pa4/42 MAPK (ERK1/2)

| p44/42 MAPK

Phospho-Akt

Fig. 3. The effects of GW572016 on the activation of EGFR and
down stream p44/42 MAPK (Erkl/2) and Akt pathway in
EGFR overexpressing SUM 149 cells. Concentration of 30
mg/kg and 100 mg/kg of GW572016 inhibited phosphoryla-
tion of EGFR. Despite EGFR inhibition, GW572016 did not
inhibit either p44/42 MAPK (Erk1/2) or Akt pathway.

d

1. GW5720160ll 2J8t EGFR/HER2 24X &MMH3E}
9} down stream signal SHYo| EMui5}

1) SUM 149 EGFR &5 FatetMEZSFE

GW5720160l 2l8l4] EGFR Iy FulelAEel SUM
149¢] EGFR 4419 437} A= 9c}k. EGFR &4l
QLA A AEGW572016 FE 30 mg/kgd 100 mg/kgoll Al
Zto| glo] FUsA #&E k. a8 EGFR &<
QA= JAIE Rl = dlE A2 EGFR down stream signal
thulel phosphorp44/42 MAPK (Erk 1/2)2} phosphor-Akt 2
A9 dAl= HEEA $SehFg. 3).

2) SUM 185 HER2 fI4& MZF

GW57201601 9]¥14 HER2 FHurs $ubAE9 SUM
1859] HER2 $&x)|9] <1437} A= 9l t}h. HER2 58]
A HIHE GW572016 B E 100 mgkgoll A HEEglom
30 mg/kg SEAAE AAAINI} TR gkt EGFR
8209 948}l A9t ¥l EGFR down stream signal %
Wil phosphorpd4/42 MAPK (Erk 1/2)8] #AldAawte
FE=g 0H o] GW5720168] FEo ulel Xl Kl
t}. PhosphorAkt 49 Az #&=A g&okchFig. 4).

o] g A3t o) Aol HasldW in vitro AP AV} %
olZ Ho] & A0 E in vitro AHNAHLE SUM 185 AT

SUM 185
GWS572016 (mglkg)
0 30 100

hospho-p44/42 MAPK (ERK1/2)

| p44/42 MAPK

Fig. 4. The effects of GW572016 on the activation of HER2 and
down stream p44/42 MAPK (Erk1/2) and Akt pathway in
HER2 overexpressing SUM 185 cells. Concentration of 100
mg/kg of GW 572016 inhibited phosphorylation of Her2. In
contrast to in vitro study, GW572016 inhibited Erk 1/2 down
stream protein with dose dependent manner.

- 236 -



Foll A GW57201601 2]314] HER2 F&A|9] €143} oA
& BEE 21} down stream signal THHe] B8 o A5t
A X3 & AELFEHE 28] GW5s7201600] o8
AES AAAAEAE Fas|R] okgk

3) SUM 225 HER2 1t&Hs MIZF

Eold ukdt 474 GW57201690 <l SUM 2252) HER2
TEA Q43 AAle PEEA Fgor} down siream

SUM 225
GW572016 (mg/kg)
0 30 100 0 30100

Phospho-Her2
j Her2
Phospho-p44/42 MAPK (ERK1/2)

b | p44/42 MAPK

Phospho-Akt

Akt

Fig. 5. The effects of GW572016 on the activation of HER2 and
down stream pd44/42 MAPK (Erkl/2) and Akt pathway in
HER2 overexpressing SUM 225 cells. Even we could not
observe inhibition of of HER2 receptor phosphorylation by
GW572016, both of p44/42 MAPK (Erkl/2) and Akt down
stream signal protein phosphorylation were inhibited by
GW572016.

Change of fractional tumor volume

—e— Control

—o— RT alone
—»— GSK alone
| —=— RT+GSK

T T T T T 1
D12 D5 D-2 D3 D7 D13 D16 D20
Post-treatment day

OFRANM EGFR/HER2

S8 Tyrosine Kinase SHIKIS GW57201601 2Jst ZAINSXIS D

signal $+*Q1 phosphorp44/42 MAPK (Erk 1/2)$} phosphor-
Akte] AL EF dAEHIR dAsEE FEE EF
GW5720169] FXol Hl#sllchFig. 5). SUM 225+ U
in vitrodll Al £ constitutived} Al HER2 =847 &4 3k5o]
YT AEJA HER2 T8 EA4ARE BY] 914 2=
o] o1& zb=re] Hex] gl GWS57201691 <&l SUM 225
9] HER2 & 43 A7t #H=A g AL
GW57201601 &8t FEA B4 A4 At gloelr) v
= AA W o] AFekEE(in vivo xenograft)oll 4] o] dk
HER2 F~£-A|9] constitutivedt &Aool ¥iglr}t AHE 715
Aol gick. FFAE Aol o AT AR
Heregulin, TGFS} -2 g 7t=2 A=3lghy Gw572016
o ¢J3F HER2 F&A19] A& B2 & F Y& A=
A7 w3 Frp A 93t #le] et 7
=3

2. GW57201601 2|8t dAIMZtsd B3t

1) SUM 1499 SAMAAN &}

SUM 149A1 A & dizFell Hls] GW572016 &5
HAAAE FEF, GWST2016+HAAH §Fol T E5o
A AR E F 3YRE FHEAe] dAEE &

A3 GW572016+HFA A1 S5 o] Fol| 4] ZokAiAbe] A
77} Bk Felsioivh. GW572016 G5 TR A 23
€ 6 Gy3¥9 BAAd2ARET Y] Hke} FA FEYH
t}Fig. 6).

Change of tumor volume

]

(=]

o
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Control
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—»— GSK alone
—— RT+GSK
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Y
(=
o
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0 1 T T T T T 1
D-12 D-5 D-2 D3 D7 D13 D16 D20

Post-treatment day

Fig. 6. The effect of GW572016 (GSK*) on SUM 149 tumor cell growth in xenograft. Significant growth inhibitory effect were seen
following GSK  treatment (100 mg/kg). These effects were similar to those observed following RT' alone (6 Gy/3 fx for 3 days).
However, combination therapy (RT+GSK) resulted 1n greater tumor growth inhibition than either RT alone or GSK Treatment alone

(p<0.05: Scheffee’s test, Ducan’s test). *GW572016,

Tradiation therapy.
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Change of fractional tumor volume

—e— Control
—o— RT alone
—— GSK alone
64 —— RT+GSK
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Change of tumor volume
1,000 7 —e— Control
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Fig. 7. The effect of GW572016 (GSK*) on SUM 185 tumor cell growth in xenograft. Tumor growth inhibitory effect were seen
following GSK treatment (100 mg/kg) However, Those were not statistically significant. There were no greater growth inhibitory

effect in combination therapy (RT +GSK) than RT alone or GSK treatment alone. *GW572016,

2) SUM 1852 ZAMAAH ST}

SUM 185A| oA % tzol vla]l GW572016 TH=F,
WAL E 5T, GW572016+ AL & 5ol Foll4] E
FAAol AAEE AEE ot SUM 149 AlXoll H|
sto] FAHAAA AT} wu|sldel. GW572016+3AHA
B8 FolFol|l4 GW572016 5T ¥ AR S =T
| vlel FFAAAA LRI SolslA ekgkehFig. 7).

3) SUM 2259 SN aAHS T}

ol A in vitrod TPl 4] SUM 2254 £ HER2 84|
Al 2 down stream signal ¥ FA A E7}= Eolzlg o
v AL ASIHE B 918 clonogenic survival assay
oNA colony® A& 314 E3th. nleA o] ZekelA E
AlZkol whE FgFAdA o] vimlsle] vlzFd} nlmsle] F
FAAAAENE B ol gol It WAL
S FEsg o FFEAo] 100 mm’ o)A
AR el ARFTE AolE I & £ gl

2

' ¥ 35

ook HE

ZF HATRA Bl Y BA ATRH A
A4 3AN BaA ok AU H2 ¢ A 5ol gl
A o} g MEgsl shlz AgET gen ol
W§ 77} ol ukeleh EGFRo] BASW ool A
o, Holag Fohzh WAL W A4 Faix of
4 7R ASALAAE B4 AA e B dxe

e Yok ol2ld AZARAAS deHoz 2o

r

Tradiation therapy.

A4 7 e AAEE o83 FAXEY 5 B 4%

ZAFE-0| in vitro, in vivool|A YZE o] dA] Ydiel] A&
Ha Q" oy AR 2794A2RELE A
U (preclinical study) 2z}l H]3lo ‘é’#‘?—i okst kgt
IS HolFA Faia Qo0 T B AFAEL of
o $x}roll A EGFR XFetA|7E Ego] 2 74 Aolm At 4
A o] A3t3l 7]F(reliable marker)o] Fe121A], E3L 7| &)
EFXEQ FEA, GALAA B} oAEA 23T ZAAA
AT Folct HlALAEAHYS AgFellA] EGFR TKIQ!
Iressa (Gefitinib, ZD1839, Astra Zeneca)2 733 4439l
Sdl&Q02 9 EGFR FAAH o] o Brt X8 uhg-& ¢l
Z ¥ 7 e+ AxYgo] WHAT ofAAA B
ofe} ok AS A k| FAAIt FHEHA Ya
Uk B el F o) 52e o3lale] AAX ZA] WA
x| g2 ¥g wWzA, T2 7Z5AZ EGFRHER2 dual
kinase inhibitor7} WAHA AFAE FHE3l A E5EE ¥
AN 7 JEA FF 49T EdE vz
v}. ¥3 EGFR/HER2 dual kinase inhibitorE AH8 & wjj
AABTAE dEFE ¢ J& UAE EGFR down stream
pathway®] THEFoi 57l {83 & Fslaxt slgich
B AFAEL GlaxoSmithKlineAtol| A 7Nuk&k EGFR/HER2
dual tyrosine kinase inhibitor (GW572016)& ©]-8-8F in vitro
AlgoA] EGFR I et AZF(SUM 102, SUM
149)9} HER2 #Hatd Gukol A FEF(SUM 185, SUM 225)
oll A H313 o2 EGFRe] JAIH & Balstgieh.'” £at o]
% EGFR IHHs kol AEF(SUM 102, SUM 149)0l] 4]
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oA Q] 6o QIZF Rt NI OIAQIRAMNAM EGFR/HER2 £&t Tyrosine Kinase SHIKQI GW57201601 2J8F ARSI St

£ GWST20164 %) o] izl nal AN A5 =
AANE Ae Bk Bl B AL SUM 185 A

EFollA GW57201601 ol#fl E7}H o7 HER2 &A1&
AAEHRA T FEAAAAA LI cell proliferation)?} T2
A ¢k9k3 ERK 1/2, Akt®] downstream THaRo] A= =
oSk Wb = o E HER2 #s fueh AlEFQ SUM
225914 & GW572016¢01 2@l HER2+-8-#19] 247} down-
stream signal SHio] B A H 5 HAE FokAA
Al EA}EZ HJt® olE EGFR A AARE ol
downstream T o] A7} WA A gl A e =
53 FHe] 9I&E AABAE? )2 d in vito A%
AHRE BEdE FgolA ufe2E WEY in vivodE S
Alegslo] A AAE A%tk F SUM 149, SUM 1854
o 7S olAFgdAE GW5720160 3 EGFR,
HER2 &9 &4 o] JA=S} In vitrooll A HER2S
2|2 A downstream signal proteino] 25 oA =g
I HAG FFIAAA EhE HPW SUM 22541259
3% olAEakollAE GW5720160l £J3F HER2 G849
AANEHE HEE F gl ol Al WellA HER2
T&A19 constitutivedt FA]Feloll ojm et Wt §E =
F AeE AASSE 28y EGFR down stream H#3¢l
phosphorp44/42 (ERK 1/2), phospho-AktE EF GW572016
o 9sll A=l SUM 2250014 & A7+ Fhol] W o]
AlEge AAs HHsled o gl 9ol Tumor growth
delay curved AAE 4 AR BAH o7 FoFo]AH
9 FAE HEE F AT in vitooll A 9} nllR 2
A% FEAAAA LT o YA EA FTlE
£ HI& Ao o|ZH SUM 1859] 7% in vitro A&
ol4 GW572016¢l 2]#A] HER2 F&AlE AA=HYA =
downstream signal THH ] FAJo] A=A gkokorm] FoF
ARAAETHE BEEA) ekoketl ol A Fkoll A& HER2
F&A JA% oz} phosphorpdd/a2 (ERK 1/2) down
stream¥H M ] BT A Hglom vlujsiR|ut FokAzt
AAaTdE A2= ) o] EGFRS ZH O E 3+ ¢
oA} EGFR A AA|Erh= downstream T & A7)
WAL A 9 ALY FEI Beo] gleglehs 2
AL AR F A ofg] 79 FLUYAEFE o)
3 HedgeE™9] 3 AFARE GW5720160] 3t Hh-S-
47} EGFR down stream%Q) Akto] A3} Fao] i}
i B3sgicl. EGFRe] #Asts]w ERK12 MAPK,
PI3/Akt, Stat-3, P38 MAPK, INK$} 7242 t}ekdt down stram
o] FAJ3} ek ol 3t down stream signal ¥H 9] 2
A o= WA EGFR EAX 55 Wihsle H

E

W QhA|Eo| Ak EGFR A Aol oJaf] hAlE2] GAbol
A=A k= EGFR AAIA AYA AE7} EAfdc}
olgi3t A A FAFEollA] A down stream signal T
M9 AL e EANEE Q4o 482 4 9ol
- Fe3 Ju]E Advkz sk

QFAE oA EGFR pathwayoll 93t QAL AL 4
9] EGFR 247} homodimer ¥-& heterodimers Tt
o] down stream signal pathwayE A1s} A]7|H A v}e}l
o} B9 oA Z koA EGFR familyE §H5 WM H 7]
ok E o449 EGFR T84 Wdle] Frluo] glom
S Baebl AR AEAEE ohe Ao FelA ok
S8 HER2E Boldal AgEt EAlA o} vhE
EGFR family®} HeterodimerE ¥HEo] uwil-$ 7+#3}A] EGFR
pathwayE 848} A7) Ao g 484 gt gz
B QA AEo] A8 GW572016 oFF R 234 ¢
Ao Aol §5387]E st EGFRIHER2 dual
inhibitor 2. thFE F7e] A FgollA HER2| &3
signal pathwayE EIF o7 xctdh 4 glow Ha) 714
9] Aol| A da] A%<l EGFR monokinase inhibitorgel] H]
o chor £52) FALA Y8 A Aol Feh
3 Ak GW5720162 o]n] HN5 (head neck), A-431
(vulva), BT474 (breast), CaLu-3 (lung), N87 (gastric) cell lineol|
A ZRA T AAS AR E B Ay AHEHD
o] Bux|glon] Q] et 3AE Ao 34 A
g Foln At g chekdt TFY LY NA A
A& Z7HA At A5 AW Folvh?

o]#]gt EGFR AAAEo] WAL F2 3etAle] A
& Z7HA 7= HEX8AEA 9 &4 in vivo, in vitro
AU AHEHE T AZAA, TAY FLRAA
EGFR Antibody?] Cetuximab (Erbitux, IM-C225, Imclone)$}
WA WA S, HER2 38 Aold $uet Aol o
3l Traztuzumab (Herceptin, Genentech)® <Al ®wdlx &
S &5 dlE ALy, Hi F AR MA FRld
HEX 59 o|5o] JehtA g ol WA, £ 3
A2} EGFR A AIA 9] 432E7|% 0] 83| HHEA
%33 EGFR JAAZ FUAE JAT + e F4
g a2l ol Foko] AdEA XY wlife g ZAHL ¢
!9 o]5 EGFR dAAIZ 244 ¥kE ¥ =z A|(radiation
response modifier) & EIH o7 3la} x| 5ol Ag3}7]
AW HAAT EGFR JAAEY A5 FE71 -0 F

=
H3 FEojor s A4 F 4 (radiosensitizing)

et ofx
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234 sty A9 A4 EGFRYAIA) A3 o
FHAERHRESA, X871 2 AR 5Dl g o

7} Adg=lojof e} wdt H IR fREe ATE
ol &stH EGFR ¥d AERro 2= EGFR JAIA|9] X
aHE &S 4 glor EGFR signal pathway: =5 &
FslA dB=o] 9lo] EGFR A Aol 2}3 EGFR ¥4 o]
AAF e down stream HHES BA A F JE
71t JQAI} THE pathwayS E3f FA3Eo] Y= AL
<5 Insulin like growth factor receptor I, EGFR independent
PI3K/Akte] 84, VEGFRS] #A4J3l Sog 3etast g v
AAZTAZR ZFF JehdA 48 5= Aok ¢4 Je
3 E EGFR down stream pathway®} B4R 34 §-57]
AL A% Ads]o] 9lo] EGFRAAIL vHAA o] wdkx)
E+ additive 32 synergistic B S 4 HE 7)dE 4 9

RO

=

AAES B AFE A%E E21o] EGIR tyrosin kinase
inhibitorS Jel A WALNES) W X Zojel PAE
o AAE AR BAL AYHE Fhelo] AREE
PR + YA FF JATY EUS vsan
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— Abstract

Radiation Response Modulation of GW572016 (EGFR/HER2 Dual
Tyrosine Kinase Inhibitor) in Human Breast Cancer Xenografts

Yeon Sil Kim, M.D.*, Kwang Won Roh, M.D.*, Soo Min Chae, M.D.*, Seong Kwon Mun, M.D.",
Sei Chul Yoon, M.D.*, Hong Seok Jang, M.D.* and Su Mi Chung, M.D.*

*Department of Radiation Oncology, The Catholic University of Korea, College of Medicine, Seoul,
TDepartment of Radiation Oncology, Eulji University Hospital, Daejeon, Korea

Purpose: We examined the effect of the dual EGFR/HER? tyrosine kinase inhibitor, GW572016, on EGFR/HER2
receptor phosphorylation, inhibition of downstream signaling and radiosensitization in either an EGFR or HER2
overexpressing human breast cancer xenograft.

Materials and Methods: We established SCID mice xenografts from 4 human breast cancer cell line that
overexpressed EGFR or HER 2 (SUM 102, SUM 149, SUM 185, SUM 225). Two series of xenografts were
established. One series was established for determining inhibition of the EGFR/HER?2 receptor and downstream
signaling activities by GW572016. The other series was established for determining the radiosensitization effect
of GW572016. Inhibition of the receptor and downstream signaling proteins were measured by the use of
immunoprecipitation and Western blotting. For determining the /n vivo radiosensitization effect of GW572016, we
compared tumor growth delay curves in the following four treatment arms: &) control; b) GW572016 alone; ¢)
radiotherapy (RT) alone; d) GW572016 and RT.

Results: GW572016 inhibited EGFR, HER2 receptor phosphorylation in SUM 149 and SUM 185 xenografts. In
addition, the p44/42 MAPK (ERK 1/2) downstream signaling pathway was inactivated by GW572016 in the SUM
185 xenograft. In the SUM 225 xenograft, we could not observe inhibition of HER2 receptor phosphorylation by
GW572016; both p44/42 MAPK (Erk1/2) and Akt downstream signal protein phosphorylation were inhibited by
GW572016. GW572016 inhibited growth of the tumor xenograft of SUM 149 and SUM 185. The combination of
GWS572016 and RT enhanced growth inhibition greater than that with GW572016 alone or with RT alone in the
SUM 149 xenograft. GW572016 appears to act as an in vivo radiosensitizer.

Conclusion: GW572016 inhibited EGFR/HER2 receptor phosphorylation and downstream signaling pathway
proteins. GW572016 modestly inhibited the growth of tumor in the SUM 185 xenograft and showed
radiosensitization in the SUM 149 xenograft. Our results suggest that a better predictor of radiation response
would be inhibition of a crucial signaling pathway than inhibition of a receptor.

Key Words: EGFR, HER2, Dual tyrosine kinase inhibitor, Radiosensitization
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