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ABSTRACT

K-ras Gene Mutations in the metastatic ColoRectal

Cancer

Kang, Ji-Eun
Advisor : Prof. Park, Chi-young, M.D.
Department of Medicine,

Graduate School of Chosun University

Purpose: The anti-epidermal growth factor receptor cetuximab has been
proven to be efficient in metastatic colorectal cacner(mCRC). This study
was aimed to evaluate the prevalence and prognostic implication of

k-ras mutation in 20 mCRC treated with/without cetuximab, in Korea.

Methods: Patients with mCRC treated with/without cetuximab with
available archival tissue specimens were included. K-ras mutation was
analyzed using polymerase chain reaction-single strand conformation
polymorphism(PCR-SSCP) and several clinical variables, including

response rate of chemotherapy were obtained.

Results: K-ras mutation was detected in 6 of 20 patients (30%).
Response rates to cytotoxic chemotherapy were 42.9 % and 16.7 % for
the wild and mutant k-ras(p value 0.277). Respone rate to cetuximab

treatment among patients with wild type k-ras tumors was 20%.



Conclusion: In korea, prevalence of k-ras mutation in mCRC was
similar, but response rate to cetuximab treatment among wild k-ras

patients was relatively low.

Keywords : colorectal, k-ras, cetuximab



F43] F7keke], 2002 T & TA 9] 11.2%E At Jo(FTF
o5 =AY 20025 314; Shin, 2002). 3 oz 13 Abek HlZ o A
T oHS, A, gskel oo 4MAlE AFAstar ATk theke] oF 30%°l
| o] WRS 7HA L glor, X3 dAled A 3
Zpe] F 25~30% M= A5 AEsiA Hrt
Aol el #A 40d7E AFEH o] % 5-Fluorouracil 7
19961 o] % oxaliplatin 2! irinotecan®] %A|7} EJFHHA ¥HEES &
2 TY AEVT 20MEAHER A ATHGoldberg, 2004; Saltz
2002). < #2F 2 AlE AESHY ddg bt #dosts oY EE
A 27F 7hsetAl sk e A 5ol
A] epidermal growth factor receptor(EGFR) 3 vascular endothelial
growth  factor(VEGF)E  Z A= 3= cetuximab(Erbitux®),
bevacizumab(Avastin®)%G ¢ AF&7F5sHAl S WA ABAHHY S
Holi lth(Khorana, 2003; Cunningham, 2004; Kabbinavar, 2003). 1
b ol gt FAXNEAEY] AFEOE g AAZA Fo] FUhsHA H
o] o] Axe] W& aRH AT e AF oS Aol g
J QAo FHA HATE EGFR A A Q cetuximab?] | 5ol gk
EGFR®l 9ol @@ @A7olA EGFRl g @z
A A= A5 miets FHsita siloen, AT IR WS

Bl ghapgol A A 2 ATl HlaiA &b kil Bas)

(L
>

o] TN o= A3l #H

a2
2
>

[eE}
2%
TH(Cunningham, 2004; Saltz, 2004). 21} XS] cetuximab®] &}

E d=TdF de AdAE Y. H T k-ras mutatione 7F B 2AE



H ¢roll A1 EGFROl t3t tyrosine kinase ¢AIAl9] a¥7F glolthe 2o
H 3 WA (Van Zandwijk, 2007; Massarelli, 2007; Pao, 2005) Ho]4] tf
Aol Al k-ras mutationfrF-oll ™WE cetuximabe] A Z@¥eo] sk A
T7F e Al AyHA FHAT HZ mHIE WEW  keras
mutation®©] 15 TR A] cetuximabo] @ FHolgt= H a7t Leal Q)
S 1} (Christos, 2008; Lievre, 2008) =ulolxl= ol k-ras
mutation®] E9} k-ras mutationf-Fol TE cetuximab®] @ I}ol U
g A7V 2 Alow Adrt

= d7e Adejd wRdem  Hdd F=melelA keras
mutation®] %, k-ras mutation %o WE cetuximab®l EIE 7}

stk skt
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2007 1¥5-H 2008¥ 697kA A isw WdolA Holid o
Fo 2 FAASEE 3F7|old i wrgHIMF 7t dd A keras
Foleh a2 ko] AdE, o
H, JATA] CEAA], FPASTHF 2 g2 FFHoz A H¥EX
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oz
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2. ¥k-§7|F (table 1)
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ook

bebstet eyl A& A2He W) 2~3
F7]uttt 3 718kgl om, RECIST(response evaluation criteria in solid
tumors)E 7| o2 e, FEdE, B W&, Hol b FEH=
ST

A &3] (Complete Response, CR): Z %ol tfgh 723 2la WARA

94 BE FAL £ANRL 4F oY A%

_l

#- 3 3 (Partial Response, PR): tl’3®H ]2 7] 3jto] Hojx= A&

HANAA ] FHT} 30%7F FAE I 4F o]} A&

oL e

A A4 WA (Stable Disease, SD): M wo| FEIAs o] s A FE3I
Zad Ax opyx, Wol 3o MFGHA Fw3] T AT ofd
Eol Aty



o] F 3P (Progressive Disease, PD): W ¥ o] 3
FAAAY S} e o olate] AR E Wiel Ut Ag.

3. DNAFE % K-ras EQ®¥ o] AAHfigure 1, 2)

K-ras EdwWol F&  PCR-SSCP(polymerase  chain
reaction-single strand conformation polymorphism) 0.8 ZA}FSES]
THOh, 2001). =223 uQG¥} e EojxA S 5m F79 dHo=
o] steta S A7 A& AEHA 1mlE 7HeFlth ol % 6
103 & ¥ 15000 rpmo 2 1023 AAE s H4L 28 whEg
T 100% olEg 1mlE FHAS AASACE 15000 rpmO = 10%
dAEestr vl o] A Z 2-38] WHEFE T pellets HE8FT

DNAF+=<  High pure PCR template preparation
kit(Boehringer Mannheim, Germany)E ©]-&3}% eppendorf tube®] 71

4c+

29 Zx4 ol boiling resin 150 yE 3L proteinase K 5 WS T
56°Col A 1A17F F<t wkEaHlTh o] tube® 95°COlA 107+ WhE
T dFel 10w T, ThA] 107 95°Cell ¥FEAIZ1 Th, 15,000 rpm
oA 102 <t AT F FF5A 2 pE PCRO| AHESIITE F=
3+ DNA 200 ng, 0.2 mM dNTPs, 1.5 mM MgCl2, 10 mM Tris HC],
50 mM KCI, 10 pmole primers, 2.5 U Taq polymerase % SFTE 7}
gt PCR % o] 25u 7k Al & %, PCR thermal cycler (Perkin
Elmer 2400, US.A)S AF83lo] K-ras codon 12°] gt FHA FE%&

Al sgint AHE-RE primere] @71 A2 ook Zrt

o



K-ras codon 12: 5. -G ACTGAATATAAACTTGTGG-3.
5. -C TATTGTTGGATCATATTCG-3.

PCREZE A& 94°CollA 523 WAAZL F 94°ColA 1&37F WA,
55°COll A 237t annealing, 72°ColA] 7:&3F extensiond} 31 Th. PCREFS-©]
AHddE H718t7] 98kl 20 ug ethidium bromide”’} ¥ 1.2% ©f
7FZZAo] PCR 4 3 L9 loading dyeE 41°] loading & %, 100 V
oANA 2083 A719%F S A171aL UV transilluminator® 100-200 bp A}©]
of Ul bands <13k b polaroid A7 E #9813t DNA
marker® 100 bp ladder 5 LE loading dye®} 4]1o] AF&3}3AT 5u 9]
PCR #AH=3 S7F<°l denaturing solution (95% formamide, 0.05%
bromophenol blue) 54 & Fil #+ =olA 3&3F WA F T3] &
of 213]1L, 12.5% polyacrylamide gel°ll loaddtil 150 VE 6413+ 17|
oAt A7 Fol B F gel 10% olgtEel 1083 |@7F € F
1% nitric acid®ll 3%3F ©131, 0.012um silver nitrate & <ol 30&E3F &
7} SHTFE PojF T 0.28um sodium carbonate, 0.019% formaldehyde
SRR FAAAT. DNA w7 A dAH™ 10% opAlddo =
3wt nAS ¥ TRTFE A ARgow As WA Husilh

4. FAtE £

FAISA A= SPSS version 10.0 (SPSS Inc., Chicago, U.S.A))

A Z2a3dg o]lgste] Z+ A Fo| wEl Fisher's exact test,

Kaplan-Meier method, log-rank test® AF83F31 3L, pakel 0.05 = I
o

98 BAFAOR o7l Q= Aow BAFAL



m. a3

1. 329 A3 5A(table 2, 3)

AA A 2085 FAF 124, o2 84l AR 48400l A
SIMZIA = A volis 6284t Kras Aol E 69(30%)0l A &
ZEom, F ARFL 6274, 50-724) 3L, FAF 49, o=} 29
Hov WagAr el H#F CEAAE 54.8 ng/mL(HE 9, 14.6-84.7 ng/mL) %
ok A4 kraswo] HEAH > 6294 (H 9, 48-814)R 31, FAF 84|, oA}
6ol om kAl Fi CEAAE 637 ng/mL(1.7~440 ng/mL)%t}.
4% krasw i 2ol w7k A, A=, I CEAAI S 22 93A
A EAole Fodt Aol7t fldth A krasw I BTt
Gz thek WSS AL krasTolA 429%= E=AWO] k-rasT 2
16.7%°l BlsiA Fkou TASHH Fod2 AATHp value 0.277).

2. CetuximabX] & 7 (table 4)

AA A 208 F 6% THO] cetuximab*A| 2 E WL O, k-ras
Aol 7} JAd 189 A krasE 7FA 5881 cetuximabol] F-+
S oS Hd ASE & 1d9od, A krasE 7MW AT 2
ol e BAAL WHs Bl 2#oA W WadE Btk Wel
F& 12 2dF 1d= AN krasE HQ ARG on, AF3E Fl
grade 2°] 7ol WAH Tt A krass 7H 585 187 F&

WSS Ho] AA k-rasToll A cetuximab?] WHE-E£-2 20%% T}
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v. 1%

e EvEtel Al SR 495 AR e o R dEdt
sEAd ol A Al FHE 1980~19821d 0= AAl o] 5.8%E AA s A
000l = A ol 10.3%E AAHA Ho] dxF F7hska k(s

HeEAY 200218 314; Shin, 2002). 74 Aol whel 2 o] A
TIEEA Ao SN EE AS S Ao® didEa, B3 o
o7 Qg AP WlEo A= H ek, §¢k, Fekel olo] 4 AE AFA Gkl

Hgete] 79 A5s A4 Feoly, ddde] o 30%lA =
A Hdo] WS 7HA 1 glow, X4 HAAles AP 221
°F 25~30%° A= A= ALstA Frh(Bohm, 1993; Ragnhammar, 2001).
dold ke F8 Axne Foststayolrt. Ad 4097 oSl
e daststan S 5-FU Adg TR mE d7dou
oxaliplatin¥} irinotecan's®] A7} F&3dHA] 5-FUSH HEFAE &
g L7 F7HE 7HA $hth(Goldberg, 2004; Saltz, 2002, De
Gramont, 2000). 2o+ ZTAX 8] FoFol|A| epidermal growth factor
receptor(EGFR) % vascular endothelial growth factor(VEGF)% ol tgt
GAdEE FATE hEEo] 5N FH a¥E 45 A HAH
(Saltz, 2004; Khorana, 2003; Cunningham, 2004; Kabbinavar, 2003). L2
U AR a7ke] AR FZAEC] NEEHEA o' SA4S AW SRl
A maHol et sk dSedAtel diE AT daskA Holdd
(Tappenden, 2007).

EGFRZ ErbBA| ol 438} tyrosine kinase T8A= <t
H| 55 o8] o Fdel A s = Aow dHA o, 59

kol A 2 wdEL 25~77%0] Eetti(Carpenter, 1990; Salomon,



1995; Gullick, 1991). o213+ EGFRS] 2@ thaete] wE 3, Ao,
TRz tgk AGAY T EFT dFet B Jdv Aoz dEAn
A tHGoldstein, 1996). EGFRoll gt ©EE&AQ] cetuximab< EGFRY}
A3t murine GEEIAZA EGFRY ligand9} A A A o2 2831
EGFRO] At =2 Hd& AsrAA ko] A4S AAstaL skao] o

RIS — - 1
2 aed Ak 54% BHo] 0@ o] AN

T8 FINE Ao 2
wolel® B Fgol Y EHol EAME S AL Fdsith 19
}oole] AFAE ols) Mez4se WHos S99 EGER 2@

A&7} EGFR AIAIe] A 5o gk vhgolup AE7]7ke] 3date] #-d
de BES ATolA FAGHA Fodol
2004; Zhang, 2006; Chung, 2005; Hebber, 2006).
HZ oy dFAE 938 k-ras mutations FHEFSH H] A

ol A} EGFRIEA A5 A, 53] gefitinib(Iressa®)©] 1t erotinib(Tarceva®)
7} Z2 tyrosine kinase inhibitor®] w¥7} glthe Zlo] HIlESloH
(Pao, 2005; Massarelli, 2007; van Zandwijk, 2007), ©]ol wz} o qtel A
T cetuximaboll tgt X5 & 79} k-ras mutations ¥ ol WE AT
o] 2P A =AU}t Vogelstein?} Fearon 5 (Vogelstein, 1988; Fearon,
1990)c] DNA®] #7+2 W3slo] 273k carcinogenesis R d& WEE ©]
T B2 9750l AdH dAle AN W AYAEoA &Fo] A7

o] Aol Mt i Aol H= FHAHoA A= FHA oo
AL FAEH i AAgto]l e Ao® ols Hal k. oy d AA
of Zr&sts darAdAEel U7t rasrAdAbolth Ras# A A= H, K Lg]
I N-oras® TR E5F 18870¢] ofnjx=ito = FA4E 21kD9 p21
guanine binding proteing coding@tH(Lowy, 1993; Friday, 2005; Adjei,

]
]

2001; Campbell, 2004) . 53] A4A 1291 F ol AA 3 kras 132
Qo7 287l AdelA] F2 BAFI gtk ©] p2l-ras T2 A



o uyjFol A3 USHA guainine diphisphate(GDP)%} Z 3 s}o
Ve = ZAgkTh 124 epidermal growth factor receptor(EGFR)
o]Fo1xl F&A°l tumor growth factor
p2l-rasel  GDPW4!  guainine
g5t o]  tyrosine
ASAAN A= AZIHA A
GTPase &/d3tduid

=
F4

¢}

A

le]
heterodimer =
w0

o

g
d
Bl o
#e)

M=o
zll

o

s
A

triphosphate(GTP)7} Z3stH A  p2l-ras THo]
welste] v dMs
(GTPase activating proteins, GAP)°l| ¢]3}o] GTPol4 GDP Z@HE=
3
7 Qo
H o

e ol
ko
o o=
o
2 =
o Lo

2

v
=

o} Erb B29|
alpha(TGF-a)7}

U=
155

£
b

kinase”]
HHA TA EZAd3tETh Ras At A ¢ ras
2 Az =z G 4l
1
=

o
o=
35 HdgsiA At 243 9 p2loras ©
=
Ql p2l-ras o] IUAE o] HHY AT E
224 o] WA #Aold % 9o, F+F ras A &

™, codon 12¢]

0} O
O O
9\}]\0

e

ol A HAGEd ] dojdt) HE A O Z k-ras A codon 12, 13
}oH(Breivik, 1994; Brink, 2003; Donovan, 2002). Akagi
3] A e AL

sto] ras ©Wo] E&Ad3t ¥
2lal 610 EdWol7h & TAsts Aow deA
Aol 7} 7B &
S(Akagi, 2007)°1 2]8]4 T codon 199 EWol7} HuE = 3
V& e
=

S
%
GGT(glycine)l 4] GAT(aspartic acid), TGT(cystine)®== GTT(valine)=

o} Keras Aol EA WOl
2gkE] = A0 GTTH Ol 7F g gtoll A Z38HA] 2 f th(Lechner, 2000).
Lievre & (Lievre, 2008)2 Zol4 thgdolA k-ras mutation

#ZEQt}h.  Christose

HES-S BT Hasigith E AFo|A k-ras mutations 30%°]4]
1, A k-ras Ao A  cetuximabe] HF

27%ON A #HZE 31, k-ras mutation©] UANE 24T oA cetuximab> A
& av7F $9191e™, kras mutation®] §IAUT 658 F A= 269 (40%)°]

Zre]o] 9l H a9} H|=EFGl o
TEZ 20%E 9= RiHtE S
(Christose, 2008)< HolAd Yol A k-ras mutation 57} cetuximab



g0 thalk vk FHo] QJrial H s 0™, k-ras mutation®] U=
At A= cetuximabg AHESHE AI A e w3t AE7]IT
frolgk Aol 7k gldvia H skl t) S cetuximabl® X =2EHA|
790l 9lo]AlE k-ras mutationfrFAA 7} AE7| 7R G208 xpo] 7 ¢l
tha ¥ a8kl Th

Cetuximabs A& W Yeld & A= 2482 7HE =3 Aol
AL F(18%), LB(16%), TH(16%) LT =5 G| FJRL
(15%)%5°]  2THCunningham, 2004). < 22 AFAE] <A
cetuximabs A&l IFLHE B FApToA 29%°] w2 W ES
Hol wEddol  gid AT 3% TS gixE HATH
(Cunningham, 2004; Saltz, 2004). L2J4} Lievre -5 (Lievre, 2008)°l ©]gh
CPAFEA o A = k-ras mutation®] F-17F A&7 Fo)do] QA
Fade gl Rasigloh. & dAFelA F 6ol Aol A
cetuximab2 AH&sllou A5 wHgEI AP0 e AR I
VS o oo ARt o] wla, A

k
3771 % MeAME Gew AW woth X AT AR:
o

4
P

IRl
7} k-ras mutationfri-2te] #HG5ES HUte7E oAHAAR, do=
cetuximab®] A ZEHE 5T U= AAE JdBHIL d= IFER
3} k-ras mutationfr-2te] @&l tig A7 e Aow A4E

t}.

= A7 AHE FAAY FFoR QA3 cetuximabs Fo &
A7t A= A3, dolid tigdel Al 5-FU, oxaliplatin, irinotecans ©]
A7EA FAlE WadelA AT A
e W #F7|Zro] #the 3o

aE o ste et e A krasE EQl Tol A cetuximab®] A= &%
7F 20% 8 =2 S Ae aEete] o= Bt HluATFv Zagh

(o]

B AE7I7r0] 2070d & He A=

i

O]
filo

_‘I‘l_



HoFA3, A krasoll A cetuximab®] X 5% grade 29| ¥ F-2xlo]
sl ol = el JPo] #Ed Aes el W k-ras mutation©]
oo FAAgA W WS AT = s W A7 2

23 Hol-

N
v
o
ok
-
%o
_\‘_{t
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VL 8% R &

20073 14958 20089 6d7bA] A whetal ol dold o
Fgoer IAAEE 3F7|CF Wi wEHIPE Thedd AT
k-ras mutationAAME Al g 2082 IS = st =l oA
gl A k-ras mutation HH &Y A k-ras mutation 5ol 1w

EGFR A& A9l cetuximab® X E &3S R A 39Tt K-ras

ol

ru

codon 129] o] o] i.&= PCR-SSCP(polymerase chaing reaction-single

strand conformation polymorphism) ¥ 0.8 ZA}s}QlT}.

ATFZA7 k-ras mutation®] A& 30%(6/20) om, A
k-rasw 3 Aol AE, A%, IEA] CEAXER ofvg} et
Az vbgEo fFolgh xfol= AT F 678 oA cetuximabX & &
welow,  AA k-rastoll Al cetuximab X Eeo] wWE  ¥E& 2
20%(1/5)% . K-ras mutation®] < AE7|E7Ee] vHluoA = T
At ool fllen, B4 kraswol A cetuximab?] 9] 5

of e AE7Z|ZF B EE EA 8 Foido] )

AZH O 7T dl=elo|A A k-rasT oA cetuximab?® A& &3}
= ol wlsiA] thA ST SEvetelA] FF ¢ W IAE O
oz st ATV 28T AoR ALEHW, =Z31A YTt kras

=
sQuololoE A4V Wad Aow Az
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Table 1. RECIST Criteria(Therasse, 2000)

Method Sum of longest diameters(uni-dimensional)

No. of lesion Target lesion: maximum 5 per organ, 10 in total

Objective response

Complete response(CR) Disappearance of all known disease,
confirmed at 4 wks

Partial response(PR) > 30% decrease, confirmed at 4 wks

Stable disease(SD) Neither PR nor PD criteria met

Progressive disease(PD) >20% increase, no CR, PR, or SD documented
before increased disease, new lesion(s)

RECIST: response evaluation criteria in solid tumors
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Table 2. Clinical characteristics of the patients (N=20)

o] A4 CEA 1xA= W8 22 x5 wbg 3AAE ¥EE 4xA 5 HbS keras LIVE
Nol 74 M 34.8 FOLFOX SD FOLFIRI PD IR+CE PD 0 13 LIVE
No2 54 M 79.3 FOLFOX+AV PR FOLFIRI SD XE 0 19 1LIVE
No 3 56 F 83.9 FOLFOX+AV PD FOLFIRI PD 1 3 DEAD
No 4 49 F 734 FOLFOX PD FOLFIRI SD XE 0 7 LIVE
Nob5 70 M 6.4 FORFOX SD FOLFIRI 0 15 LIVE
No 6 50 F 64.7 FOLFOX+AV SD XE SD 1 10 DEAD
No 7 48 F 440 CE SD FOLFOX PD XE SD FOLFIRI SD 0 70 DEAD
No 8 70 F 215 FOLFOX SD FOLFIRI SD XE PD 0 8 DEAD
No9 48 M 18.8 FOLFOX PR FOLFIRI SD CE PR 0 19 LIVE
No 10 72 M 56.7 FOLFIRI ND 1 8 DEAD
No 11 66 M 24.1 FOLFOX SD FORFIRI SD CE PD 1 6 LIVE
No 12 81 M 41 FOLFOX PR 0 6 LIVE
No 13 63 M 84.7 FOLFOX SD 1 6 LIVE
No 14 71 M 2.5 FOLFOX SD 0 6 LIVE
No 15 52 M 1.7 FOLFOX PD FOLFIRI ND 0 6 DEAD
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No 16 69 M 146 FOLFOX
No 17 72 F 52 FOLFOX
No 18 61 F 4 FOLFOX
No 19 66 F 1.8 FOLFOX
No 20 64 M 52 FOLFOX

PR
ND
SD
PR FOLFIRI PR CE
PR FOLFIRI SD CE

SD

S O O O =

14
14

LIVE
DEAD
LIVE
LIVE
DEAD

FOLFOX: 5-FU+Leucovorin+Oxaliplatin, FOLFIRI: 5-FU+Leucovorin+Irinotecan,

IR+CE: Irinotecan+Cetuximab, XE: Capecitabine(Xeloda‘@),

SD: Stable Disease, PR: Partial Response, PD: Progressive Disease

_21_



Table 3. Comparison of clinical characteristics and response of chemotherapy
according to k-ras mutation

K-ras wild K-ras mutation P value
(14) (6)

Sex(M/F) 8/6 4/2 0.545
Age(yr) 62.9(48-81) 62.7(50-72) 0.967
CEA(ng/mL) 63.7(1.7-440) 54.8(14.6-84.7) 0.802
Response 0.277

CR+PR 6(42.9%) 1(16.7%)

SD+PD 8(57.1%) 5(83.3%)
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Table 4. Clinical characteristics of the patients receiving cetuximab(N=6)

(o

to] ¥ CEA 1stx5 b

olo

2ndx 5 HFL 3rdx 8 HFe 4thx 8 w2 k-ras AE7| 7

Nol 74 M 348 FOLFOX SD FOLFIRI PD IR+CE PD 0 13 LIVE
No7 48 F 440 CE SD FOLFOX PD XE SD FOLFIRI SD 0 70 DEAD
No9 48 M 188 FOLFOX PR FOLFIRI SD CE PR 0 19 LIVE
No 11 66 M 241 FOLFOX SD FORFIRI SD CE PD 1 6 LIVE
No 19 66 F 1.8 FOLFOX PR FOLFIRI PR CE 0 14 LIVE
No20 64 M 52 FOLFOX PR FOLFIRI SD CE SD 0 14 DEAD

FOLFOX: 5-FU+Leucovorin+Oxaliplatin, FOLFIRI: 5-FU+Leucovorin+Irinotecan,
IR+CE: Irinotecan+Cetuximab, XE: Capeci’cabine(Xeloda® ),

SD: Stable Disease, PR: Partial Response, PD: Progressive Disease
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Figure 1. Ras upstream & downstream signaling
(Campbell, 2004)

RTKs: Receptor tyrosine kinas, GDP: guainine diphisphate, GTP: guainine triphosphate, GAP: GTPase activating

proteins, GEFs: guanine exchange factors.
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Figure 2. A representative sequencing for codon 12 of k-ras gene using DNA
from a metastatic colon cancer patient.

A. wild K-ras

B. mutant K-ras
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Figure 3. Effect of cetuximab on overall survival in pateints with wild
k-ras(N=12)

With Cetuximab (N=5)

Without Cetuximab (N=9)
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Figure 4. Effect of K-ras on overall survival (N=12)
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