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Signal Transduction Pathways in Colorec-
tal Cancer Carcinogenesis and Metastasis

Moo Jun Baek, M.D.

Department of Surgery, College of Medicine, Soonchunhyang
University, Cheonan, Korea

Cell proliferation and differentiation are regulated by a
number of hormones, growth factors. These molecules in-
teract with cellular receptors and communicate with the
nucleus of the cell through a network of intracellular signal
transduction pathways. A great deal of recent work has
defined signal transduction pathways that distinguish ma-
lignant from normal cells, and hence identified potential
targets for cancer therapy. In colorectal cancer cells, key
components of these pathways may be altered by on-
cogenes through overexpression or mutation, leading to
dysregulated cell signaling, inhibition of apoptosis, metas-
tasis, and cell proliferation. The molecular mechanisms and
signaling pathways that regulate cell proliferation and sur-
vival are receiving considerable attention as potential tar-
gets for anticancer strategies. This article was reviewed the
role of signal transduction in colorectal cancer, introduce
promising molecular targets, and outline therapeutic ap-
proaches under development. | Korean Soc Coloproctol
2005;21:433-444
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FEe Ao 4% ® 23, a2a AEY ol de
zAste As Ae dAEelH.

T glom, A2 1 R Fse A
Ik 9hg 22 gAEe] Ao 9Holn 2] o
U Aol $EVORE T AEE] J0)

o} Qto] Holg Fxte] A9 A e ol 97
o] =& 3zl A= BE QMO = irinotecan,

oxaliplatin®} 72 )& o2 v A8 MEFA 9
oFA| S o] AF7HA thgte] A 5ol AHEEAoH o]
o Bt e 1EE AHZQ XEAZ <
A cetuximabl4 bavacizumab¥} & oFA| S o] thA Y
AgAZ Aus 7] AZs o

OJAZFA] L] FF Qe dy] Role A
< WES AR olyel, A AEE SUS2ZHN A
pa

24 Al BagS 2dsta o, 3 43 34

o) oA PF=ol 7] Wel, HAHA Mmel @
A% AT Aok wekd B4 ALHD Q5 E o
2 7hwe] B FAEL olHd $AEL HAshA]
£ GAE] 752 olF A0E 42k ol o
ASE A AL o @ Do) A ¢ AET A
1, gshe AESL oW g Bl Folsol Al
2 fEste A U@ P A5ADL ol PO
2A, FAERE e Doz Ashe gl g
o 254 Aol @ Roluh. ol @ BN 2 o,
AEE FHAY 482 o5 ARAE B
AL WA doluke oje) AEAE ARE ol
t 0] A3 BAE AnsE 92 A4 s
= 9o)7h 1 RO HZWh meb B noAE
ogere] 98} Sy Aol AE W A5 AL 7
29 9P A3NT YO A7 BHOZ A§H
F 9 B3 EAE Bs Sopuma Bk
g2 B

1) TGF-B/TGF-p T2 & AlsHe

Transforming growth factor (TGF)<= 1A ol A A|7}A]
o] & (isoform)o] ¢#HA Jom hEH Ul A3
A= AW oAy =Hd de At HdA
el A Aol A Al3Ee] F2 g Eshe] 2-o|y
Aoy 7149 Aol IFAd o
TGF-p= Q1A i AoAlxE vlE
9 ME L FZA ME AFE A S
AZAA = o} FEALE FESTE. TGF-p7t AE

RS dASE 71 cycling] 2d 2 &
A, cyclin dependent kinase (cdk)®] W& o
inhibitorQ! p15, p21, p27 52 %, Rbe] <14l
S5 &3l o]FoXth o] Edo] 2t = 7] =5
ol oSS XS QA dFoME o8
B o] EZ3 #HE AsHGHE B3 B

Aol kTt SRR o} H A E AT 7]
WA Aot Br]je o ]
oheFsty 2 A ME U geFst Asdg
9 T dIe] dRgdo] o AvE HE B =
A3} o] ATHIGAZIE BAE A50] &5 B9 A
I Qo] e rE X&ZHQl At Hadith

TGF-B ligand= serine/threonine kinase%] type I3}
type II =& 2gsted 255 W23’ TGE-p
type I <83 (TBRIDE= 54 3 ligand 2T 93 2
Q38}tt) Ligand7F 289 type I &A1= type | 8
A 9} oligomeric E-3AE B3] type I FEA 2 <
2bshE gt type I FEA7E AAE Aol A
TGF-B= type II & ¢} A2 AR 255 A2
Wz AgstA] e’ w3k cytoplamic domain©] §]
£ TRRIZS E33= A ZNME ligande] ATS o
Ut AEE HAYHA EsHTh’ TRIY H$
TGF-p¢} @502 AR & XA v TR 2
= o] A= TGF-pt 23t stable ternary complex
S FAgt ol A S type I, type II =8-A 9}
TGF-p¢] ligand &3] ZAgo] TGF-pe] 4z
drAolgts AL ofvsttt. TGF-poll tgh binding
specificity= type I &A o sl 2= type I
48 A& binding affinityS Z7Fx 716}

Smad22} Smad3i TGF-B type I +&3 2] S 231 7]
21|, TGF-p ligand$} type I 58| 9ke] Aol <
& 4314 type I =&Ao 284 Smad22} Smad37}
Q14+t EH o] 52 Smaddo} AF st o Y= S0}
A Eok 3 P2 Soi3t o] EA= 3 2] DNA bind-
ing partner®} A¥3te] 58S 23 F129 AALE
XA 71 A D} olul, Smad6S}t Smad70] Al E o
A &5t TGFpY] NS HAEE A= o
g th(Fig. 1).

ol¢} 22 TGF-p Az AGe] AFAZ Mxe] A%
o] AAlE L FEFAA EF7 YA Ht kARt
F AEAASGE g o MEolA= TGF-pe %
of AFAHES Hole), ol Y AlFoAME &
He @4tk F dF AFAA fFaig AE 5ol
© TGF-pell Z7de] ARov s ofdstst

3o
==

3
&
sl
A



=
1
FN

Type ()R

Smad 2, 3

N

Smad 2, 3
FAST-1 (r:>

| Mix, 2 |

\Q

DSk BT Holo] HYEHE AX W NS MY FE 435

TGF-B
m Type ()R ?

Raf

Fig. 1. TGF-p signal trans-
duction pathways. TGEF-fs
bind to TPRII causing re-
cruitment, phosphorylation,
and activation of TPRI. Sub-
strates of TPRI include the
pathway restricted Smad2 and
Smad3. The phosphorylated

TCF/EIK1 Smad2 and Smad3 complexed
with Smad4 is transported to
SRE the nucleus where it interacts

Target gene expression

e AEF 5ol TGE-pol ol g whgAo]
24 He BAS] A/t Yo ¥ Aol ©
Aol TGRpoll t& FFelA Epol o5 < A
5ol AFHS vkl olRe HAl hyF Y
K2

o Exto] Yojts AFEPL

TGF-f/TGF-p &4 EHFAE =F3te] TGF-p

ANE ALY AR A7 2 o4 a3= Jehdo] vt

Ao M TGEBol <3 M E A% A4 A=7}
A

RasFrAA= Ao 2 QA oA 2dd oF §3
A Wk ofy gl 1A o F gl A Hele] RiET}
7 =& o A oIY H T T U2 RasAl @
Aol ¢ Ao FAE 7tsAo] AAHA=H o] E
o] TC-217} R-Ras©|t}. TC-212 223} 61 (Ras2] 12
9} 6190 3ol Hol7} oW NH3T3 AES HEFA|
4 g o QA SFeME Wolrt AU

with other transcription factors.

EGFR¥} Z& A3

b
4

Fol A 7]1918l= ofe] 49 7}

A 293 A3 A7 Z = Rag/Raf/MAPK &} PI3K/AKT
AEAG AZolth, F A2E A 3 YoM Axe
Eda AE g3 A a8 g5 o7 Mol F
9 2o 79 HFd TS v|AA Ak o] 3l o]
2 EGFR 213 Ad A2} 7 Ras A5 AL A=
g ol3lsta Adsl= Aol gt X5 U T8
SHA o] g&E & bt

K-Ras Hol= &) 50% o|4tollA wAas 4

hHo g o3l 4o 7o) 9IS v’ o] W
olo]l ]3] Ras T AL GTP (guanosine triphosphate)
7h A¢E FHE o] 45 drt Ras oAy @
Wl 22 guanosine triphosphatases (GTPases)w 2] T &
24 GTP7} A%std #4351 GTP7} GDP (gua-
nosine diphosphate)2 =W E&A3}5 =0 &3}y
™ receptor tyrosine kinase ZF-E]9] 21 & & 3} cas-
cade® AZAAA M2 F4& 2Adte 7lss g
o} &443}E Rast 9% 2 (plasma membrane)] IE
Holl YJx|3te] A As AGS A8t A= AE
BES st 9.

gt A8l JolA RasE EF
< H4A ¥ Ras9 285 Adstr
T Rasd] 7|55 HEHEH T8
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= post-translational farnesylations & A 3}+=
A/ WP e g o] FolHT sHAT FA7HA] AN
¥ farnesyltransferase inhibitor$] tipifarnib (R115777)
7} lonafarnib (SCH66366)> th7d<tol thaix S g
g Gt gle Aoz ek ol tidt gigt
© 2 ISIS-2503 (314 H-Ras mRNAS] A A])9} e
antisense oligonucleotide ©]-§3}a w74 Ras<]
75S A7) A A= AR Y A 4l
’éﬁﬂ st

A ) o8] off s

84 %% Aol v el A o] LA of
4 3] ol it F el 94 gk A 157

9] carbon group= B I farnesylation 2T 2.3]%
20711 2] carbon group= & 5= geranylgeranylation©ll
sl o #alol FEEo] Ak olH3 Ay ATEY
Ao Al Ras®] 7]5S AHst7] 93 A|= farnesyl-
transferaseS A% o} g} geranylgeranyltransferase
£ AAlet RasE %2 OE ot I ARE ste
Fo] dastrke o] FH Ark AT ge-
ranylgeranyltransferase JA A= SA4 W&ol of2
Q) AHg-o] B7Hsdtth

3) Raf ASHE

Raf 91 9H5-7 X} (protooncogene) = serine/threonine (Ser/
Thr) protein kinase 2] A Z 2ol A 413} A7l x}
FEAZEH 2= 23 E 9 U AR A A
g3l= =4 o|t}. Epidermal growth factor, platelet de-

rived growth factor, colony stimulating factor, inter-

leukin-2, interleukin-3 53 & o AFEo] BF
RafE #4327t} Raf @& o] &443l= o] ©hy
A 9] tyrosine, serine, threonine ZF7](residue)ol <14+s}
£ 493t} Receptor tyrosine kinaseol] 2]+ &7 A <l
A48} = olF FE&AE Y3 2dx= v d
14kst B AEo| 45]' Q148 7) Raf E443)e] 71H o
2 AL Ank FE&AC o5 2HEHE A 5ol

]

Ras7} Raf®] S4338}e] #ef3tA ot Rafol =2
S+ THA] RaffMEK/MAPKZ ©]ojz]= 215 AE 7
25 Fol dlow HAudHy ojgd s HdY F=
E Y& kinaseE©0] o2 H|EHo AT E A5
71] fed), o)= AEe ART Hald WA o

& FyIcht

o] 213 Raf= Ras 7159 5
o] Tl o] S A3}

DAY 2gstE o] 3= ool

to

£ A=A 23l
Aol T Rase] ol 7t
A5 e Mzl o)

o] 2H <l i AE AT FUTE Raf T Holl= A-Raf,
B-Raf, C-Raf®] A| 7}2]¢] 7]5& 3= isoforme] U=
t 1 ZollA] B-Raf7} RasellA] MEK 21 & x9S 12
sted Fo3 98-S ok diAYedAM = 10% B
oA B-Rafe] Wol7} Q= Aoz defA i o
Aol o3hwl K-Rase] Wlel7} gl FolA olejd
Wol7l AHE AoE A ok

o|9} o] A5 9] &443l= Raf} K-Ras®] Ho] &
= o) dold 5 ol S|EHOZE Rafe] 7)
2o 2 AA|5}H Raf} Rase] Wolol <3|
o AFE AAY & Yk ol @ AR
2 Raf A5AGEE A7) #)3IA] antisense
oligonucleotide©} small molecule tyrosine kinase inhibitor
7F WEbs QT 71 F ISIS-5132% coraf kinase mRNAS
XX O Z 3+ antisense oligonucleotide1 B ©] °FA| =
28 "z e HolA yAY IAE Aoz A
324 A AFelA 18] £ ATE YehhAE
Zahg

I TE kA2 Sorafenib (BAY 43-9006)2 A-Raf¥}
Hold Z2 wild type2] B-Raf EFolA 283l
small molecule inhibitor1 8] ©] kA= oA AEF
A MAPK A& ZEE oAlsta A ofgete] o
F oA 2yl ¢ S Yepdoh v 4
A DG AP AHrE 28] FA Kt A=
gl A 71Ee] AEEAES 2t FEAll 28t
of Abgste WHOE A7 Md Foll Stk

2o MsHE

Z 1y o

o 1 o

» f

ol o
oY |

o i

4) Rho THeH

Rho family= Rho (A, B, C), Rac (1, 2), Cdc42 (Cdec-
42Hs, G25K), Rho D, RhoG, RhoE, TC102. 2 -4 & o]
ATH Rho @1 A2 RasH 3 &3 o GTP 4%3 %
E&8A48 GDP 2 Alo]E cyclingd}H A molecular
switch® 2}-8-3}] | X W downstream effector®} A3}
sto] Hel Foh} FrAA Il 24 2L v Al
X W 7]5ol @Sttt Rho @l & 9] effectorZ+ Ser/
Thr kinase$! pl60ROCK ¥} pl40mDia®] EH o] &<
AE FA9 Wate] g3 v

Rho subfamily @12 o] 713 de] ¢# 3 7152 Al
¥ T4 AFAUYH Cded2= AE TS 7fA5H
filopodia %2 micro-spike 4 % focal adhesion -3t
Aol P& FZ3IH, Race membrane ruffling}
lamellipodiaE & 4J3}™, Rho= microfilament T}EF=Z
o] A<= stress fibere} focal adhesion Eihﬂ-% P&
A% old ME =4 24 75 Yol= ol
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Aol fHx HdH} M F7] 8] -l = HAF

o] d#HA Juf. S FALQIAIR] serum response

factor (SRE)S &A1 7)), o] ¢ 2-S Rhos} SRF

ofo] AAZE o] Ao od AES T ew A

&tar ok

A MEZ FANEZ WY E = FGoA o2 7}

A ME FA9] W7t A7|EZ RhoAl @ Fo] F24F

AEe] o o] Fa% A4S stegtes A2 & &

© Abdolth ey o} o]2] 3k Rho ©H & o]

A ot FFolA W7t HA T e FAE glth

HIZ vhts w3 gl o] wo]y) ko] Wbl #

F4d o] Rho 2% A A27F o] dAo

AL Fg3] Arbeta Qe

2l A HGRAZ W 14 &4

A A o] Dblo|t}. Dbl NIHT3 A2} o] 9] assayol A

g ¢ @9fdoln o]% Vav, Tiam,

Ect2, FGD1 o] &8 At o529 752 o 83 A
l:é. =)

AA= FAT o]

F

-
12
(9]
g
-
o
S
=)
s
22
o
il
o

Fo] A2l GDP/GTP u.3ke]
g 4 9 7HA 2 ok ol & FAATL 7E
W A ol X GDP/GTP w.8HS &}
23 AxH O Z RhoA 45 G474 =Y
o] A% 2 AXE 4 AXE HIAIA I} IS
o 5= o]2]gk Rho @& ZF RhoAS] W& o] &4 1
Eldo] HauEo] Qo Rho T A 9] effector mole-
cule?l pak-1°] 7t a3} o] It Kk
=

Growth @,
factor \
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5) Mitogen Activated Protein Kinase (MAPK) 2l
s Mg 4=

UM 2FEYY Raf G A5 A A2 I
2122l 7]%5-& MEK (MAPK kinase (MAPKK))S <14}
3}ste] A3}k A7) Aotk Al MEKE ERK1¥
ERK2 (MAPKs)9] 14H8lE FXIA1Z] o5 14tst
phospho-ERK (pERK)<= ©| A& FAdstaL 8 = =}
dE &4 AARIAE @48 A7 Alxe EdEx
23, AE, A, a8l Ho| 2 fudig” gdse
MAPK:= thgdolA & Niez #2y =, S48
® MAPKE A&7 o= MEKE 24 33t}H(Fig. 2).
o]9} 22 ERK/MAPK GHAIE A} A5 E443}4]
7l @Alolm 19 9| AA7F AEY #4E, 28aL
ore] Al B E oy S5 E o M R
GAgtE oA LS viEe o8 G T4 A
59 F& BHO=E AAA ot 44 A @A AT
28 o 4 small molecule inhibitorS ©]-& 3% MEKY] ]
Ae AEAE fFdshs Aog ey

o] NF AL HAEE FHOF e Hxo d4F
°] A=+ MEKI1¥ MEK29 738 small-molecule
inhibitor®] CI-1040°] AT} 174 LA Aol 4 =
2 ¢ &A43tE phospho-MAPK (pMAPK)S 7HAA]
e EYE BAFUAT 2099 gy 4= o
Fo 2 3t AA 27 A AFdAMeE AR A5
A9E Holed Asgdtt 2 2olx 24t MEK1
7} 28] GAA L fEE] @A A FGAAM &5
H7t Foll Aok

e o

M

o

GDPANGTP

Post translational
modification e.g.
farnesylation

B-Raf

Nurclear targets

Cytoplasmic
targets: p90~*

@& @D

Fig. 2. Overview of the Ras-

(i @“
ﬁ i 4— Raf-MEK-ERK signaling pa-

thway. General signaling e-
vents following binding of
the receptor tyrosine kinase
by ligand. Sequential acti-
vation of Ras-Raf-MEK-ERK
results in phosphorylation of
both cytoplasmic and nuclear
targets leading to cell pro-
liferation, metastases, and an-
giogenesis.

Cell proliferation
metastases
angiogenesis
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6) Wnt Z=: APCS} B-F|E

Wntl> MMTVel| 93 AAdH pp9-2 frdolA] nf
ojel27t AAYEol A3t HE o FHARE HS g
Atk S-S T 5 Aol A wn2t} wats T
o ¥ty I/ RAHV|E o™ o]5o0] *P”«l
& Aol ojH GS st=A ol s B A7 S
o gttt ol o592 A9 A AE W AF A
2 AE27F o= A& BHAEA wot AIE W AsH
Iﬂ—_/] o]/\l-o] EHX]—O]— 1Y ] J,].oq?‘):_]_- 7].‘~/H o] uH =
2 Aoz ¥

wnte 2o o] S8 2 R 2329 Friz-
ZledS 53 A3 E AL} wntdl s A& A o = Di-
shevelled®} 37 GSK3 (glycogen synthase kinase 3)_L
aﬁ p-7teld o] Bddt) wntE GSK39 A4S 7

2A17)H GSK3E Wit A% A2 38 2431 =
=4 A GSK39 7|dZ+= APCS} B-7lH|do] 2 &
HA ok APCYF B-7hEId 3 Agtstd p-7hEld
2alE FXstH o]Aeo] prtEldo]l F=E WA #
A&t 7] ez 2H8-3th GSK3= APCE QI4tHE) s}

of pAlHUTY B 27 ABHow
AEde FalE %25 Bk webA Wos GSK3
o F4% Aste] APCY AXEE FaATEE P

HHo g2 pIEIUY HNEW %S ZSIHAAA He
Z 0| th(Fig. 3).”

oAaor

GBP PP2C &

p—catenin @
dsh @ — E-cadherin

APC A= #34 WAl 49 fAxz 2
=0 2,84370] ofmli ko 2 o] o)X APC T
e ofg] FoX e dda A3t o] T 7}
8% Ao @) Fdol f1AsH p-rtEd
3 Zgete WE Wk REZo|t) ghell A wHE W
oo tFEL o] F97t dEH Aol o] dEow
APCE B-7Held s} AestA] Rste] Aoz B

%}@1 o= A}*E‘OM %‘74] H‘Riﬁ}. 1% B—ﬂEﬂﬂOl
& AA FAARD APCO At 4 APCTL p-7F
o] B35 33t Abdo] Ha R on 2o
AA & =& ok AEA p-FHEIY o7} EAE
W o] p-7FEldL APCol| 93 318k 2L x| &
Aol GHAHA p-7hEIde] o FHAZ A8
Ve APCS BAEHIHO R oloX e 4T A
AR7F AFY LA Bod Ao Hzheta ke
Wnt B 27} th7gehe] et 478 ol Obl Ol
= P3| %_ga SR )

d

¢

fr K

[0
ol
DI

1:1

1)

O

10
fu
r&
—LI
N
Nk
nj

.......... Activation
Inhibition

Fig. 3. The Wnt signaling
pathway. Wnts are secreted
glycoproteins that bind to
and activate frizzled (frz)
seven-transmembrane-span
receptors. Wnt signaling leads
, o a stabilization of cytoplas-

B x Proteasome
2

CBP |_'

Smad4

» N _

mic B-catenin, the main ef-
fector of the Wnt pathway.
In the absence of Wnts, [-
catenin is phosphorylated (p)
at the N-terminal serine and
threonine residues 33, 37, 41,
45 by glycogen synthase ki-
nase 3B (GSK3p), which
triggers ubiquitination and sub-
sequent degradation in pro-

Target genes

teasomes.



7) Insulin-Like Growth factor IGF) =&

IGF 72+« IGF-13} IGF-2 181 IGF A% vl g
o] % 7}A19] IGF 484 9] IGF-1R¥} IGF-2Rol| Z 3

o 24 Az IGF13 IGRE 8 Ho 2o 4
EENA A= o] IGFRY ZAFst Fo A4S
%780 ol FEA2E A G EGFE T ¥
2 A% JAAEL IGF-1IR9] #d& 318} IGF-19]
U} IGF-27} IGF-1R°l] A% 3} downstream A XX 2l &
Aol dojuA =il o] A3 EGFR A g &
©] ras/raff MAPK, PI3K/AKT, JAK/STAT A& A &S &
AA8A 71 A B
IGF22] mRNAUY ©hia .o ofzketo] oF (/30 A
HAHe Aoz a4 Uth” IGF-IR @A e
0:1'4 90% ]}J—oﬂ}q Hlaﬂg;qu]- 7(4}& EH;E} Ao loﬂ
A9 wrdo] 5 kY IGE-1S YEdY AEE
O}FEAAZRE HIE3H A M EA IGF-1R
28-S At H gAY Ao Aol A EH=
Aoz dHA Jom, Al thFg A<} small mole-
cule inhibitorE°] ALS tidoz A4 A1
9\}11:]_.31

fr o NE
AR = =)

o

8) Platelet-Derived Growth Factor (PDGF)2}
PDGF +&X|

PDGF+= Y] 714 9] isoform®] 02.¥ ©]E isoform<
A E (fibroblast) L} B8 18] 311 W) 1) A ¥ (en-
dothelial cell)o] ¢]X]3}= tyrosine kinase a2} B8 A
of dxH oz At FE&AY AUt IS E =
PETE? o] AnpE AEo) B, HE, a8 o]
°§6£>% ]7‘]71] ®th. PDGF A== 8¢ 33”01]‘: 3

Yo

83% 04—01]/\1 ‘E'zf'?ﬂELL o] <] ‘:'L?ﬁ‘_ microvessel den-
sity2 5714713, PDGF] AH=o.2 A Wol A o
A4 xS HAge] F7eg
A=Al SHo A= PDGF-p &
tl]7dQtol A interstitial hypertension®} transcapillary trans-
ports FHAA|7)A EHol A#AH o2 Ao FukS
golatA & = Ut} dA o] Az AGH =}t #HH3}
X = F 7}A]2] PDGF tyrosine kinase inhibitor$] ima-
tinib mesylate (STI5S71)%} SU011248¢] YA o= A
T7F Ha ok 7 oAl v 4S 7=, im-
atinib2 ber-abl ¢ 2 @9 A3} c-kit, 12|32 PDGFR
04;(]] 6’]-1:}- '&]zﬂ imatinib-& HX]—.\J— 7H4 ZO]:J,]_ U]—/H
T4 WA JFHoE AHRH o] 1A B

AE oA s

gl ru{
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7F d5EH oy gy W«l a3y gsiA e
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9) HI|&ACIXIEH(EGFR; Epidermal Growth

Factor Receptor)

HRARTE AEH) Sl +8A0) AT

A AVEE AR B o FAldimens B4

SgstET Bepy Gt e eta 4

A7y olFAE Pt S = H2 5

ool S8} Ao ol§HE Bk BA

7\1 & FA o BoAste FEAE al
S WS aesel 18 2 Pela Aol 59

o] A28 A (EGFR) ©] T}

EGFR (human EGF receptor, HER)2 A X 9] ligand
binding domain®} =}3 T 9] (transmembrane region),
83 M|E W tyrosine kinase domain® 2 43 F ¢
)& glycoprotein©] ot o] =84 & ErbBl, ErbB2
(HER-2), ErbB3, 1¥]3 ErbB4E X &3}= receptor
tyrosine kinase2] ErbBT 9] gt A4 o]™ c-erb proto-
oncogene®] ¢]3} 3% 3}(encoding)® T}.*

EGFRE 7 7, 144, A7 olalH E(glial cell),
a3 HEE ZAHA BAHCE HHEH AXE
9 xZe] QA ad, a8y £33l 243k EGFR

<2 EGF (epidermal growth factor), TGFa, amphiregulin,

n

oi_rErEOlD_&Ob

| A2 &

heparin-bindig EGF, poxvirus mitogen, betacellulin®} 2
2 o217HA] ligand$} WH8-3HH ©] = ligandol] ojsf &
Ateoht 849 ligand7} AFSHA W F 71X
EbB7 T4 Y99 o] & A 8 (dimerization)S E3l Al X
W As o] &d8tEal o] 2]k kinaseoll ofal v 7H
H 4215 MY ZZ = Ras/mitogen activated protein ki-
nase, phosphoinositol-3-kinase/Akt 52| AZE AHA Al
Z & el N BARIAE 243474 Bk

olAe] RE FuA dA=UdL HAr o zlole U
A9 2F EGFRE WADT, 1A% ol oF4 £
oA EGFRZ ol 57 AT ligande] Fialol
BT o)2] e AL o] &3] EFL AR
A s AET} ol st

th7gd el X EGFR®] @& % 91 44 ool
Huch o] Sl iAe] el A4 o EA U
EftE 97 ged, gt 25~77%1 4 EGFR
o] MHHLLNS BGIR AR RHAF 24 OB
ol A oFAdstel Fdo] Hof 1S Bk ofy e}t
oF S}l A EGFRO] WEe $h2te] AR7 $A] &5
S o F3HA 3 o EGFR &4 A E7F AA12 50%

)
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Fig. 4. The PI3K/Akt signal-

ing pathway. Following Akt
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ol
\ activation, the kinase trans-
Pi locates around the cell where
it phosphorylates and regu-
lates the function of various
cellular substrates. These fac-
tors then stimulate ERK path-
way signaling, thereby pro-
moting cell growth. In the
PI3K/Akt pathway, PTEN
serves as a negative regulator
of Akt by reducing PIP3 le-
vels, thereby effectively shut-
ting off Akt and PDK causing
a reduction in mitogen sig-
naling and increasing cellular

-
Py
X I
X

Caspase-9

®
()]
N
w

Ecﬁio]e quoi—;.—} o}
FAZF MEEI A=, o] o= DFE A (mono-
clonal antibody), tyrosine kinase inhibitor, ligand-toxin
conjugates, immunoconjugates, antisense therapy 5©| 1
t}. o] % tyrosine kinase inhibitor2} GEF &3S o] &
3 opAle] Aol o] FoiA gla WAl YAl A4
ANA AHEHI o o\ o] fax FAxE
%29t small molecule tyrosine kinase inhibitor= T
AAZ gGelxs a3s 2 dehfA Gof dA
IgGl GEFE&A 2 cetuximab®] V] FDA (Food and
Drug Administration)®] < $1-& ¥to} irinotecan®l ¥H-g
stA] efe A ol &5 =2 irinotecan¥}9]
WHago AgsHa Yok

10) AKT/PI3K Z =2

PBK HAZ+ 83 474 AR 48 A (growth factor
receptor) 2} DA BHS WO AAHH AEZ AFE
(programmed cell death), & o} EA] 2 (apoptosis)ol] &
oslE Ao A YA AKTY A= 4A
AAprEA o 455 T3l o, ligand”7} ot

s
oF&} wk A Folz} &= Agrshd 433} recep-

SA

Anti-apoptotic signaling apoptosis.

24830 o Avz
TP3 (phosphatidylinositol

tor tyrosine kinase”} PI3KE
PI3K7} Al a2 =tol] o)A ¥ il P
(3,4,5)-triphosphate) S A A+akAl @k o ohgo

PIP3:= AKTS d&@ Aol BolA 3o o] & <I4ts}
Al71aL A 3FA I o (Fig. 4). fi‘f”i}ﬁ AKTE
chondria®| 4] cytochrome c¢2] #¥H]E =31, Fas-ligand2}
722 pro-apoptotic AAFS] WEHES FEA 7= AARRI
A5 BZAFA]7IH  pro-apoptotic AA BADS}
pro-caspase-92 &84 3}A| 7] 1L nuclear factor kappa B
9] positive regulator2 Z}-83}0] golFEA] X~ FH A}
o] FAALE AT OEA FolFEA2Y FF5HS 7}
A A A® w3 AKTY &4 3HE cyclin DE QHY 3
o7 zAsa 27" G AS gAste] A E F7]9
Ao = J&S vty AKT= WI A XE nitric oxide

mito-

synthase®] A 3E wI/AAA FFY AFHE F3
X713 telomerases] FFAS =37 7]|% shop ¥

PB3K AZE o2 A3 dg B2 k3t A5 5
T H8E 23 VIR stk o5 AE Alojolle
2 (feed-forward) 2 =™ < (feedback) #AI 7} 213 A=
1:«]] ol 972 g 7}3H AA de A= A=
7 EAE TheA ol Bokal A E L ok gF AT
AES 2 4 e}t v PBK A2ea F3Ea
p=g

o7 tell Al AKTS] <Q14F3s)e} PI3K 9] &/d3t= 213



oz F43} 7ledd BAo] Ak 9 HAF HFe
Bt iAol A i FE PI3Ke A E7L Z715 o]
o™ PI3K] p110(1 subunit®] wWol7} tlA¢te] oF
173014 #ZAT. Id4F A T A PI3KS} AKTY
AR = & ZF a2 Jegg o EHZ]—O]—& IR
o2 Ak I o A1 EGFR Mxﬂxa 3193
kAo o 3t 2 A8 & AKT OJ*JEMJ‘E

%1:01 A L}E‘r‘a*% #&3te] AKT o
A Al
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11) mTOR (mammalian target of rapamycin) 2

sng

mTORT phosphatidylinositol kinase-like kinase<r*©l
}= serine/threonine kinase®|t}. ©o] E2&& A A3
H Mo 28 oA HALeF ¥ H(translation),
trafficking @& o] &3, 2|1 d& A EZZFZH]
AR o g Ax FEe 243 o
%A AW e AKT AEHG 9] shiol 94|38t
™ PBK/AKT 325 ZAIA 7= A=l &3t
Qs

71 2 dE Al B3 #dd mTORY] 7|52
HY JIAIE ZHsE ZAQAHE, ©]&= 40S ribosomal
protein S6 kinase (p70s6k)2] &/d3}9} 4E-binding protein
(4E-BP1)S] E&Asto] o3 wizfech HA HEQ
macrolide antibiotic sirolimus (rapamycin)®l] 2]+ mTOR
o] A= AKTS PBKS] oF i 28-S A dh
mTOR®] Y A|+= phosphataset} mTORS A= FUF
oA @ A2l PTEN (tensin homolog deleted on chro-
mosome ten)®] Lo FEg FolA O & 8HE
YUeldth mTORS] AAE 13l A rapamycin 2t} U] &
3 ofg] a3E YEhf= o2 mTOR SAA ] &
A FEARoR kgt AT Foll e, o] FAE
% temsirolimus (CCI 779), RAD001, 1331 AP235733}
2& kA Eo] AL AEFS} o]Fo]2] RdS td
o7 AT Fol glomM Ay o 44 FU4L ol
oz 4 Aol s Ay ok

ol

2o
i

12) Tumor Necrosis Factor-Related Apoptosis-
Inducing Ligand (TRAIL)2} 19| =&

QA T W AEALH BAE 2AsL )
B8 OFREN LS AT AZAEL B 1
b Hool s ol @ AH SlolE A ol o}F

TRAILS O}EE/\V\g +-18}= TNF ligand super-
family2] 3 FADo|th* AA7HA Yl 7j el 471
43 5 =], 7 & TRAIL-R13%} TRAIL-R27} TRAIL#
A3l downstream AT HES wfrfsle] o}l FEA
E sttt ¥hH TRAIL-R39} TRAIL-R4E death
domain®] 7]%& 3tA ¥AY glojA] o FEA X A
32 AEaA FE3h TRAILO| 7)< 3t 84
¢l TRAIL-R17} R20|| A3l A HH ofFEAXE of
7)8F= caspase’} FYUE LAE I o] AR HolF
EAl 2 @il A 9] Bid9} BaxS &4 3} 4] 7] 3L mitochon-
dria®] 4] cytochrome c®] HH]E fsic} ™

ool A TRAILZ} TRAIL-Ro| T3k Ao A
TRAIL-R19] H&o] oot gxjeo] FR4EET &
o) P& YA gIxtz deEx gom o] 4
SA S STkt 2] F& 5o BHo] de AL
2 B 152cth” Mapatumumab (HGS-ETR1, TRM-1
mAb)= TRAIL-R1] w3 Q1A ©GZF2A] 284
(agonis) 2 FE&E AP = o] A FARZ thAFet
o] A& dAlete Ao =E Yo A P4
thogetell tigh 24 AT I EH Ao

4 =
AF7HA AA AE WX S As A F=
T FE UAYH vdd JSAEE ds] anFs
Holth A A5 A2 A= 9ol thgee] 24
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of ¢F A=E7}L o] FAlsta 13 ol Als A
AEE ATetal o) diA S A st & A5
g o= AES olslske Aoltt o] & o83ty
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