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clustering & 33}%S W, unsupervised clustering Yol%® =
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A Hols AYa e 22 WE de: I,
olERNE e A Y FEHA ®aiddA W "Hojx

¥ ZIHAE gow HHega, old)
el &5 (3 /Mol ke ANZEF (10 NS AHT 5= e
A A AFsGT. AFE 2ALe AF HAE AAALRE
83510 F4 WES T A8 A7A -80 TolA wT 5

H
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(Institutional Review Board)7} Q1% &oAol A= 5ol%
32tE Ao = xastgltt.

2. RNA = 42 5%
7}. Total RNA F=

Hyd 100 mg Aol A2 AA AL oA =hatel A
1 mLe] TRIzol (Invitrogen, Carlsbad, CA,

L33t 200 w2 chloroforme Y¥il 4 TolA

10 #3F wHSAIZL -, 4 TolA] 14,000 rpmo 2 25 -3F A4]Ee
= st AT e AR T. E8E 453 Isopropanol<
=20 CollA 30 &3+ WkgA1Z1 3 4 CollA 14,000 rpmo-Z 25
bR ske] RNAE AT FdE RNAS 70 % olE <=

=
2 gAskaL, Aol "eldls daEe AXRA7IAL, ultra-pure

-

i

watero] =th. Total RNA®] <43 ZHL2 Nanodrop (Nanodrop
technology, Rockland, USA), 1 % agarose gel A7] d%& o] &3}

o sHolgit}, o2 AL83 Yonsei reference RNA (<142 th



ol olAGtAlE], Seoul, Korea)™ YCC-3, YCC-B1, HCT-116, SK-
Hep-1, A549, HL-60, MOLT-4, HeLa, HT-1080, Caki-2, T98G<e] 117}
QI7E F4 MNEFEEE FE3 & 9o total RNAZS 4lo] M)

gul
]—4_22

==

g:Ol

. dxk 53 cDNA

]

3

RNA S22 Aol drdo]dA-4lE 2] %= protocolel] wek =
skl WA 4 wo] total RNAE FFO& 3to] dA THE F
PPk, RNA - FHel 2 g oligo-dl/T7  primer (5'-
GGCCAGTAATTGTAATACGACTCACTATAGGGAGG CGG-3', Genotech, Daejeon,
Korea)¢} 9 2] RNase-free waters 23l 65 ColA 10 &3+ Hk&
AMZAT. ¥g F 2% F Aol A7 F, 4 we] 5 X first
strand buffer (Invitrogen, Carlsbad, CA, USA), 2 w0 <] 100 mM
DIT (Invitrogen, Carlsbad, CA, USA), 2 w0 2] 10 mM dNTP mix
(Invitrogen, Carlsbad, CA, USA), 2 ul 2] RNAsin (Promega,
Madison, WI, USA), 2 0] SuperScript II (Invitrogen, Carlsbad,
CA, USA)E WiL 1AIZF Et 42 CellA] GHAL ¥hg-& A Z T},

S
o

. o]} =3 ¢DNA &4

olx =& A7 st dAF 3 cDNAZEF THEO(Rl &
91 w2 RNase-free water, 30 w09 5 X second strand buffer
(Invitrogen, Carlsbad, CA, USA), 3 02 10 mM dNTP mix, 10 U9
DNA ligase, 4 U2 DNA polymerase I, 2 U2 RNase HE ¥ o] 16T

o



oAlA 2 AZE Fob WEEAIZTE. wkgol &k o] 20 U] T4 DNA
polymerase (Invitrogen, Carlsbad, CA, USA)E ZH7}sk & 16 Tl
A 5EZF WESAIF I 1 M NaOH®} 0.5 M EDTA 77} 10 A& 7}
ato] 65 TollA 1023F o] whg-& wEAdstivt. 1 %ol 25 w
9] Tris-HC1S ©]&3}e] F3}3}aL phenol : chloroform : isoamyl
alcohol (25:24:1) 97 W= H7ystel 2 Aol 3 Phase Lock
Gel™ (Eppendorf, Westbury, NY, USA)el o] 13,000 RPMO.Z 2%
oAA ko] cDNARES AR, oDNAZE E=Aske e dls
2 FEstel AT F3e 0.5 w ¥l 7.5M ammonium
acetate9} 2.5 HIYFES] 95% EtOHS ¥ %, 4 TolA 13,000
RPM o]de= 30 #7 ¥4 Zelsto] cDNA pellets fiL, 80 %
EtOHZ A § Aeer A=Az, 712" cDNA pellete

RNase-free water 8 =S go] gl3lct.

ul

. In vitro AA}

In vitro AAR= F8E 7 7FEe DNA E o] &3t 17
MEGAscript kit (Ambion, Austin, TX, USA)E o] &35} th. IHEFS)
Aetd, flol A w50zl 8 we] cDNA &M 75 mM rATP, rUTP,
rCTP, rGTP, enzyme mix, 10X reaction buffer & Z+Z} 2
A7¥ete] 37 CelAd 5 AR FQF WRSAIRT. o]FHA FF
mRNA = RNeasy mini kit (Qiagen, Valencia, CA, USA)E o]-&3}o]
AzAbel Ao wel AAstel ARem, FFHE mRNA o FH
22 Nanodrop (Nanodrop technology, Rockland, USA)Z} 1 %

agarose gel A7] %L o] &3] Hrlatgct.

I3

ft, 1%



3. cDNA microarray

cDNA microarray FAAET} ESTE ¥¢sla &= 17,104

MY A7 HAE human 17K cDNA chip (CMRC-GT, Seoul,

rir
s
%
~

Korea)S A3l AdLE test sample?} reference RNAS A=
H) 1 3}l+= indirect WHS A& TE. o] u, test samplea Cy5-
dUTPE  ©]&3}e] labeling 3}l reference RNAE Cy3-dUTP=
labeling 3} t}.

. BYEA 2 RFAE

ar = =

o

_

AL (MRC standard protocolol wabA a8t t). 7Hes]
Ardeld, S35% mRNA 2 ugol 6 1g9 random primer (Invitrogen,
Carlsbad, CA, USA)E Yol RNase-free water® ZA| o] 21 w7}
HES 9E % 65 ColA 10 &3F RESAIAET. 1gla %9
mRNA®} random primer <3 Sdo] 8 el 5 X first strand
buffer, 4 @02 100 mM DTT, 2 09 SuperScript II RT, 2 w2 20
X low dT/dNTP mix, 1 w2 RNAsin, 4 2] Cy3 =& Cy5-dUTP
(Genomic Tree, Daejeon, Korea)E #7}sle] 42 TollA 1AZF 30%
b ubes AZTE. 0.1 M NaOH 15 wE #H71sked RNA 3 &3
AlZ]aL 65 CollA 3083t o] whEs H&dst skl 0.1 M
NaOHS®} H=<¢] 0.1 M HC1Z 33}3F 3, QIAquick PCR Purification
Kit (Qiagen, Valencia, CA, USA)E o]&3}e] (y3 =& (yb=

labeling ¥ probeE%HS AASFaL 200 xle] ultra-pure water®



T WA ot oA Aozl Mol Z+7F 20 pge] Human COT-
1 DNA (Invitrogen, Carlsbad, CA, USA), yeast tRNA (Invitrogen,
Carlsbad, CA, USA), poly(A) RNA (Sigma, Saint Louis, MO, USA)
£ Y31 Microcon YM-30 column (Millipore, Bedford, MA, USA)E
oj-gstel HF Fol 40 w7t HEF FFAIZ F 100 Tollo 223t

4 @ F g

R8s

e

cDNA  microarray chip2 AF&3t7] Aol 3.5 X Sodium
chloride/Sodium Citrate buffer (SSC), 0.1 % Sodium Dodesyl
Sulfate (SDS), 10 mg/ml Bovine Serum Albumin (BSA)2] &<l oj] A
42 C=E 1A%k &<t pre-hybridization ¥ § 32k THFTE 2H
Al8kal isoprophanols ©]-&ate] ¢hd3s] AFAIZ] & ARESESIT.
5Z% probed HEHOE 80 w9 25 % formamide, 5 X SSC,
0.1 % SDSe] Aej= w3o] F=H]%E cDNA microarray chipol G70-r
ZE i 1 FoR Fst & 42 TollA 16A17F &<t Wo] ek
q 24 microarrayw= TAIHE 2 X

SSC, 0.1 % SDS &<, 1 X SSC, 0.1 % SDS &<, 0.2 X SSC &,
0.05 X SSC &HollA z}2F 284 A8t 31 Hdx7]E o] &8t

AZA AT
t}. Image scanning

Hybiridization®] #%Y microarrays= GenePix 4000B scanner
(Axon Instruments, Foster City, CA, USA)E o]&3sle] 4 A&

E A8kl GenePix pro 4.0 software (Axon Instruments, Foster

City, CA, USA)E o]&3te] oln A3} 3}¥th. o|wl non-specific

10



PF Az o S HAslstrl 98] local background
subtraction method®l] wWz} background A& E A|AsL F323}e
AMNE A

4. AE AR 7IHE 9

ofo
rob
Y
&
M

>

b RS R s s R i

Aol Frdx e A3 AFE 119 variations £°]7] #13+4
intensity-dependent within pin-tip group Lowess normalization®
WS o] 8ot BFES otk B AE oA 100 % =A sk
A AerS A 3tar (Non—missing proportion (NMP) 100 %), Rk
Ael 7ho] A A= S-Plus 2000 software (Insightful, Seattle,
WA, USA)E o] &3te] &g, o, vh& A3 7k log ratioT
A= Fdste] shuel HlolE st st AREFTE. microarray Wl
EAsE T8 FHAE Genebank IDE o] -&3Fe] ztoldl ¥ HA %k

Adojzl AHAA  ARES o834  unsupervised
hierarchical clusterings Ald&sle] AA| AT FH12 T
A3FS mloralodtt (Eisen software, Stanford Univ.)?. TreeView

(Eisen software, Stanford Univ.) * oA Holxx= Aujorx A

w7 A e 247y FAFe] down-regulation, up-regulation
o

e

WE glee thehich,
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o Y AR A
Z 2279 A} F o Ro] Holrf W sty Ao =w wWedd
189 32}+= random number generatorZ o83}

T AFTe bElth SBEe 47 gow 1

7)
7] Bol #AA & AWHst7] flste] t-test AP Fe HIRORE
HAkel S Haststa, 7 Iw olie Hud F e daly
=o]l F7F=°] microarray A%E 4T F Jd=EE idH
Significance Analysis of Microarray (SAM)® & A}&35lo] sh&+
o A A 7+ A S o] &3t two-class SAMES G335} T).
69 §H A= False Discovery Rate (FDR) & Fdslo] AA g},
A g T F Aol FLA tEA e (1 Hol
IH H {FHdA 7o HEES #8 Prediction Analysis of
Microarray (PAD” & o] &gtk fxz A¥e SHFag o] &3t

74 A training error rate ¥ FHW|e] cross-validation

»

probability, Z8]a 3d3s F o FE =H F Id=

:

hierarchical clustering 232 Et=Z ZAARYrr. o= A Ad¥=

s SHE ASos ol&ste] Hslt (Figure 1).
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EAA WY BE BRI VHE Soto] AR, W S
b Aol FYolA tEA BdEE HAY TR FHAEY 7]EH
Ql F32 University of Stanford®} National Institutes of
Health (NIH) ol A A& 8k Aol EQ
http://source.stanford.edu/cgi-bin/source/sourceSearch

(SOURCE) <} http://appsl.niaid.nih.gov/david (DAVID) DATABASE

g olgstel AAsIom, 4 AelEolA AFHE fARe 7%

=
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Colorectal cancer patients with liver metastasis
I L I L JL 11 JL
. Liver Normal Normal

Primary tumor metastasis tumor| | colon tissue| | liver tissue Polyp
R S—
17K cDNA microarray
— L

Selection of organ specific genes using SAM
S N S—
Subtraction of organ specific genes from a train ge

I S—

Selection of liver metastasis related genes
between primary tumor and liver metastasis tumor
using PAM
S N S—

Validation within selected liver metastasis genes
in a test set using PAM
- —T" Functional |

— = | annotation

Candidate molecules for predictive markers
and therapeultic targets of liver metastasis

Figure 1. Study scheme
SAM; Significance Analysis of Microarray, PAM; Pietion Analysis of
Microarray.
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1. Gene expression profiling A%} Hxg #HA

79 oo A
(Table 1, 2). F7FHo=, FA94Q 14 W wHEAHS
skl ABAG 0.96£0.013 o]de] E=2 AAALS A3l
AA AFoA flag %= 4.20£1.67 %= 23 Fhe] Y=

il
2

23} gene expression profiling < =33}t

variation < ztol7} §l&s ST} (Figure 2).

Gene expression profiling® X3t H A= AF 7HY
variatione <°|7] st £33 elom, xFEst Fdstr] A
7 Fo] W3l JEE M-A plot¥} Box plotg o]&ste] &z 1qlvh
(Figure 3, 4). M-A plotoll A AAME x3F Hol ZF spote] z+
+ log ratio®} intensityE YEM= Heolal T3 x T3 5
& Fo] HAE yehd s oudt. £ A
sh7h BA ool e A APY AAAES . xF
b 5, NWP 100%= FH&l WA Aol Fa fAe A

=
ate], HEAHow 12,823 /Mo FHAES EAlo A}
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Gender Male : Female

15:7

Table 1. Patients characteristics (n=22)

Age (years) Median (Range)
Primary tumor location
Colon & Sigmoid 8
Rectal 13
Anorectal 1
Tumor size (cm)
Primary tumor Median (Range)
Liver metastasis tumor Median (Range)
Histology
Adenocarcinoma 20
scc
GIST
Duke’s stage of primary tumort
B 4
C 17

63 (33-77)

4.5 (3-9)
4 (2-8)

T Metachronous

16



* Evaluated in 21 carcinoma tissues except GIST

Normal Primary Liver Normal
Patient colorectal Polyp  colorectal metastasis liver
tissue tumor tumor tissue

Table 2. Components of patient samples

CPFo01 + + + + +
CPF002 + + +
CPF003 + + + +
CPLOO1 + + +
CPL002 + + +
CPLOO03 + + +
CPLO0O4 + + +
CPL0O05 + + + +
CPLOO6 + + +
CPLOO7" + + + +
CPLOO08 + + +
CPL009 + + +
CPL016 - - +
CPLO11 + + +
CPLO12 + + + +
CPLO13 + + + +
CPLO14 + + + +
CPLO15 + + + +
CPLO16 + + + +
CPLO17 + + + +

17



CPLO18 + + +
CPL019 + + +

" SCC,* GIST, * uncertain liver metastasis, the (+) represent cetel
experience.

18



Figure 2. Representative scaned image of cDNA micaray
A, Normal colorectal tissue. B, Primary coloredissue. C, Liver metastasis tumor.
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Before After

MeApiot Wikhin prirt 5p lowess nomralization.

Figure 3. M-A plot before and after normalization

A and B, Normal colorectal tissue. C and D, Primasjorectal tumor. E and
F, Liver metastasis tumor. The log ratios (M=R45) are plotted on the y-
axis against the log of the geometric mean of tignas intensities

(A=log,VR/G) for each spot on the slides.
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Before After

Figure 4. Box plot before and after normalization

A and B, Normal colorectal tissue. C and D, Primeoiorectal tumor. E and
F, Liver metastasis tumor. This plot displays atstal summary consisting
of the median, upper and lower quartiles as wellhasrange. The central
box in a plot represents the Inter Quartile Randpchvis defined as the
difference between 75and 2% percentile or the upper and lower quartiles.

2. Unsupervised hierarchical clusteringS ©]&3F Fdx Hg

)
=

ok Ak

=)

Gene expression profiling A&S =3 3l A=A 7942 RNA I~



o) A

Unsupervised hierarchical clustering <ol

3t} (Figure 5).

1
=

pzs

B
fife)
U

7

el

fF7pe)

e
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Normal col

F'i'gre 5. Two-way hierarchical clustering of all eperiments

The N, T, L, Y and P represent normal colorectdue, primary colorectal
tumor, liver metastasis tumor, normal liver tissunel polyp, respectively. A

number represents each patient’s sample.

s

=13
=
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N

LA e A o S S B s B | s o B A

S ell Al AlA

Mol 7] Sol FHA & ATt (Table 3, 4). ©] FHA
5% hierarchical clusteringd}o] TreeViewsS %3Fo] Al Z}3}ahsd
IR gAY 2 2AS ol FHAVOR gdls] RIS

gttt (Figure 6). oA 79 Fd4 o5 Shasae o

4 g 9T Aol 2% FAANA AAG ] 8,207 A FAA
2 Agstel BAE Fas.
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Table 3. List of top 20 up-regulated genes in normdiver tissue compared to normal colon tissue

Accession Normal Normal .

No Name . Ratio
No. Colon Liver

1 H50500 cytochrome P450, subfamily IIE (ethanol-icitie) -0.11 6.94 7.1
2 AA233185 insulin-like growth factor binding protein -1.93 5.86 7.8
3 AA702487 G5C protein -0.18 5.89 6.1
4  AA011414 fibrinogen, A alpha polypeptide -2.16 5.8 8.0
5  AW001034 g;gije;?;]s)pecific component (vitamin D binding 0.50 5 66 59
6 AA961402 apolipoprotein A-ll -0.94 6.44 7.4
7 T73090 plasminogen 0.25 6.42 6.2
8  AI985788 haptoglobin 0.06 6.87 6.8
9 AI343711 aldehyde oxidase 1 -0.16 6.29 6.5
10 T62036 complement component 4-binding protein, alph -0.37 491 5.3

Normal colon and liver denotes the mean log R/@llafiormal colon and liver samples respectivelyraining set. Ratio
denotes the log R/G expression ratio between nocolah and liver samples.
Table 3. Continued

No Accession Name Normal qumal Ratio
No. Colon Liver

11 AA677287 fibrinogen-like 1 -2.88 4.76 7.6

12 AA700876 orosomucoid 1 -0.58 4.85 5.4

13 AI283497 hemopexin -0.11 5.91 6.0
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14 AA931102 hypothetical protein FLJ21935 -1.63 4.28 5.9
15 AI829222 transthyretin (prealbumin, amyloidosiseyp 0.47 7.35 6.9
16  HO05140 regucalcin (senescence marker protein-30) .79-0 4.58 54
17 AI001134 apolipoprotein A-I -0.13 5.60 5.7
18 N66008 Putative prostate cancer tumor suppressor 25 0. 7.07 6.8
Homo sapiens cDNA: FLJ22704 fis, clone
19 AA918982 HSI12602 -1.46 4.76 6.2
20 AA699812 methionine adenosyltransferase |, alpha -0.39 535 5.7
Table 4. List of top 20 down -regulated genes in nmal liver tissue compared to normal colon tissue
No Accession Name Normal No_rmal Ratio
No. Colon Liver
1 AWO075441 tumor-associated calcium signal transducer 1 3.46 -3.76 -7.2
2 AI340883 tumor-associated calcium signal transdaicer 3.41 -2.86 -6.3
3 AWO009764 (1:hlor|de channel, calcium activated, family member 797 0.51 6.8
4  AI339538 solute carrier family 26, member 3 7.69 130 -7.6
5 AWO082097 protease inhibitor 3, skin-derived (SKALP) 1.95 A5 -6.4
6 AA130579 lectin, galactoside-binding, soluble, 4 (galeciin 4 3.97 -1.07 -5.0
7 AA630328 lectin, galactoside-binding, soluble, 3 (galectin 3 2.55 -1.90 -4.4
8 AA259115 hypothetical protein FLJ20160 2.02 -2.01 -4.0
9 H59916  CD24 antigen (small cell lung carcinomatelug 2.61 -2.71 -5.3
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antigen)

10 AI318604 hypothetical protein FLJ20063 2.84 -2.15 -5.0
Table 4. Continued
No Accession Name Normal qumal Ratio
No. Colon Liver

11 AI364374 Ste-20 related kinase 0.30 -2.70 -3.0
12 H23978  general transcription factor 11B 7.02 0.87 -6.2

13 N49284  v-myb avian myeloblastosis viral oncogen@adiog -0.84 -4.33 -3.5
14 AI955582 glucosaminyl (N-acetyl) transferase 3, mugpe 2.32 -1.65 -4.0
15 AA088861 cadherin 17, LI cadherin (liver-intestine) 1.89 il -3.1

16 AA454597 golgi membrane protein GP73 2.25 -1.21 -3.5
17 AI675714 anterior gradient 2 (Xenepus laevis) hagol 2.11 -3.12 -5.2
18 H84871 ESTs 0.27 -2.66 -2.9
19 AA976699 chromogranin A (parathyroid secretory protein 1) 39%. -1.39 -4.8
20 AA284492 tetraspan 3 1.04 -2.19 -3.2
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A M Primary tumor < Liver metastasis tumor
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Table 5. List of 126 liver metastasis related genes

ID Name Biological process Primary tumor Liver Mets. tumor Ratio Fold change
AA844864 regenerating islet-derived 1 beta (pan@reabne protein, pancreatic thread protein) cellestbn 2.52 -0.10 -2.6 -6.15
Al671174 cadherin 1, type 1, E-cadherin (epithelial) cell adhesion 1.40 0.91 -0.5 -1.41
AA287024 ectonucleoside triphosphate diphosphohgdelL cell adhesion 1.15 0.68 -0.5 -1.38

sema domain, seven thrombospondin repeats (typd 1-like), transmembrane .

AA43B152 o main (TM) and short cytoplagmic domZin, (sfa?ln’;pggz ) cell adhesion 0.82 0.41 04 133
Al888888 melanoma adhesion molecule cell adhesion 0.96 0.57 -0.4 -1.31

N69335 collagen, type IX, alpha 1 cell adhesion 0.45 0.13 -0.3 -1.25
AA159577 apomucin cell adhesion 0.32 0.04 -0.3 -1.21
AA666363 ficolin (collagen/fibrinogen domain-contiig) 3 (Hakata antigen) cell adhesion -0.11 0.22 0.3 61.2
Al652836 T cell activation, increased late exprassio cell adhesion -0.08 0.25 0.3 1.26
AA449715 sushi-repeat-containing protein, X chronmso cell adhesion -0.79 -0.45 0.3 1.26
Al655374 stromal cell-derived factor 1 cell adhesion 1.43 2.73 13 2.47
AA400973 lipocalin 2 (oncogene 24p3) cell growth 0.58 -1.41 -2.0 -3.97
AA287828 up-regulated by BCG-CWS cell growth 0.52 -0.38 -0.9 -1.86
AA521384 up-regulated by BCG-CWS cell growth 0.32 -0.55 -0.9 -1.82
Al1992096 H3 histone family, member K cell growth 0.71 0.16 -0.6 -1.47

T64134 small inducible cytokine subfamily A (Cys-Gysember 13 cell growth 0.98 0.44 -0.5 -1.46
AA029299 potassium large conductance calcium-a&tahannel, subfamily M, beta member 1 cell growth 800. 0.32 -0.5 -1.40
Al126362 choroideremia (Rab escort protein 1) cell growth 0.43 0.04 -0.4 -1.31
AA504160 ATPase, H+ transporting, lysosomal (vacuolar prgomp), alpha polypeptide, 70kD, cell growth 0.09 0.30 04 131

isoform 1

AA709044 ADP-ribosylation factor GTPase activatingtpin 1 cell growth 0.12 -0.28 -0.4 -1.31
Al0O76718 H2B histone family, member R cell growth 0.20 -0.06 -0.3 -1.20
Al342012 macrophage scavenger receptor 1 cell growth 0.96 1.41 0.4 1.36

Primary tumor denoted the mean log R/G of all prinelorectal cancer samples. Liver Mets. tumoratieth log R/G of
all liver metastasis tumor samples. Ratio denotex éxpression ratio between primary colorectal earmnd liver
metastasis tumor samples.

Table 5. continued
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ID Name Biological process Primary tumor Liver Mets. tumor Ratio Fold change

Al1923531 deleted in malignant brain tumors 1 protein metabolism 0.50 -1.68 -2.2 -4.55
W58368 eukaryotic translation initiation factor 2Bibunit 3 (gamma, 58kD) protein metabolism -1.02 -1.84 -0.8 -1.76
AA453813 sialyltransferase 4C (beta-galactosidaskaa?,3-sialytransferase) protein metabolism 0.36 0-0.2 -0.6 -1.47
N72137 FK506 binding protein precursor protein metabolism 0.39 0.02 -0.4 -1.29
AA039851 protein tyrosine phosphatase type IVA, men protein metabolism 0.52 0.22 -0.3 -1.23
AA903832 KIAA1361 protein protein metabolism 0.27 0.00 -0.3 -1.21
Al348521 HBS1-like (S. cerevisiae) protein metabolism -0.51 -0.15 0.4 1.28
AA913127 glucosaminyl (N-acetyl) transferase 2,ddAwhing enzyme protein metabolism -0.51 -0.15 0.4 1.28
Al184710 toll-like receptor 6 protein metabolism -0.21 0.23 0.4 1.36
AAB68470 regulator of G-protein signalling 5 signal transduction 3.31 2.26 -1.1 -2.07
N78828 wingless-type MMTYV integration site family mber 2 signal transduction 1.32 0.32 -1.0 -2.00
AA598668 chimerin (chimaerin) 1 signal transduction 0.09 -0.90 -1.0 -1.99
AWO071513 MSTPO032 protein signal transduction 271 1.90 -0.8 -1.75
R00276 CD38 antigen (p45) signal transduction 0.61 -0.12 -0.7 -1.66
Al032392 RAB27A, member RAS oncogene family signal transduction 0.57 -0.15 -0.7 -1.65
Al828190 plasminogen activator, urokinase receptBAR) signal transduction 0.41 -0.20 -0.6 -1.53
N36174 5-hydroxytryptamine (serotonin) receptor 2B signal transduction -0.11 0.33 0.4 1.36
H15574 erythropoietin receptor signal transduction -0.24 0.28 0.5 1.43
AA143331 matrix metalloproteinase 1 (interstitiallagenase) catabolism 2.65 0.10 -2.6 -5.86
AA936799 matrix metalloproteinase 2 (gelatinase 2k[J gelatinase, 72kD type IV collagenase) catabolism 0.70 -0.85 -1.5 -2.92
H15155 steroid sulfatase (microsomal), arylsulfa@sisozyme S catabolism 0.24 -0.15 -0.4 -1.32
R32410 phospholipase A2, group V catabolism -0.21 0.10 0.3 1.24

Table 5. continued
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ID Name Biological process Primary tumor Liver Mets. tumor Ratio Fold change
AWO075162 tissue inhibitor of metalloproteinase 1 catabolism 1.20 2.14 0.9 1.92
Al081548 cholesterol 25-hydroxylase lipid metabolism 1.34 0.33 -1.0 -2.01
AAB33818 fatty-acid-Coenzyme A ligase, long-chain 4 lipid metabolism -0.44 -1.09 -0.6 -1.57
Al003792 ethanolamine kinase lipid metabolism 0.47 -0.03 -0.5 -1.42
AlI304790 prostaglandin 12 (prostacyclin) synthase lipid metabolism 0.81 1.52 0.7 1.64
AAB44211 prostaglandin-endoperoxide synthase 2 cell motility 0.04 -0.91 -1.0 -1.94
AA450009 endothelin receptor type A cell motility 2.28 1.39 -0.9 -1.84
R38717 ectonucleotide pyrophosphatase/phosphodisst@r(autotaxin) cell motility 241 1.72 -0.7 -1.61
AA446120 adrenomedullin cell-cell signaling -0.09 -0.86 -0.8 -1.71
AA453759 sprouty (Drosophila) homolog 2 cell-cell signaling 1.09 0.67 -0.4 -1.33
Al655747 motilin cell-cell signaling -0.21 0.04 0.3 1.19
H08561 Human insulin-like growth factor binding print 5 (IGFBP5) mRNA regulation of cell growth 0.42 50. -0.9 -1.89
W46577 endothelial cell-specific molecule 1 regulation of cell growth 1.16 0.49 -0.7 -1.60
T52830 Human insulin-like growth factor binding peint 5 (IGFBP5) mRNA regulation of cell growth 0.33 09. -0.4 -1.29
Al004169 GDP-mannose pyrophosphorylase B biosynthesis 0.36 -0.01 -0.4 -1.29
AA126676 prostaglandin 12 (prostacyclin) synthase biosynthesis -0.52 -0.08 0.4 1.35
AA504211 tumor necrosis factor (ligand) superfamihember 11 immune response 0.93 0.32 -0.6 -1.53
AA281635 suppression of tumorigenicity 16 (melanatifeerentiation) immune response 0.28 -0.11 -0.4 -1.31
AA450360 signal sequence receptor, alpha (translassociated protein alpha) regulation of cell pevhtion -0.32 -0.78 -0.5 -1.38
T52674 fms-related tyrosine kinase 1 (vascular endothgliawth factor/vascular permeabilityregulation of cell proliferation 0.07 0.36 03 1.22
factor receptor)
AWO029226 deiodinase, iodothyronine, type Il amine metabolism 1.00 -0.26 -1.3 -2.39
Al299525 transforming growth factor beta-stimulapedtein TSC-22 nuclear metabolism -0.44 0.28 0.7 1.66
Table 5. continued
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ID

Name

Biological process

Primary tumor

Liver Mets. tumor

Ratio Fold change

AA488893 lipase protein response to external stimulus 0.11 -0.14 -0.2 -1.18
AAB25655 regenerating islet-derived 1 alpha (part@estone protein, pancreatic thread protein) ursifies! 3.40 -0.26 -3.7 -12.67
Al972184 wingless-type MMTYV integration site familpember 5A unclassified -1.11 -3.02 -1.9 -3.76
AA046430 lung type-I cell membrane-associated glyotgin unclassified 1.54 0.44 -1.1 -2.14
AWO084638 carbonic anhydrase Il unclassified 3.41 2,51 -0.9 -1.86
Al675874 transducin (beta)-like 2 unclassified -0.01 -0.86 -0.9 -1.81
N98591 interleukin 6 (interferon, beta 2) unclassified 0.25 -0.60 -0.9 -1.80
AA447761 aminolevulinate, delta-, synthase 1 unclassified 0.29 -0.52 -0.8 -1.75
AlI341793 hypothetical protein unclassified 1.05 0.27 -0.8 -1.72
W69790 downregulated in ovarian cancer 1 unclassified 1.51 0.76 -0.7 -1.68
AA933744 hypothetical protein unclassified 0.96 0.32 -0.6 -1.55
AA873264 chromosome 4 open reading frame 1 unclassified -0.15 -0.74 -0.6 -1.50
AAB82637 carbohydrate (chondroitin 6/keratan) suéosferase 2 unclassified -0.20 -0.73 -0.5 -1.45
Al970057 secretory leukocyte protease inhibitori(enkoproteinase) unclassified -0.05 -0.58 -0.5 -1.44
Al492358 KIAA1610 protein unclassified 0.41 -0.10 -0.5 -1.42
AAB83520 secretory leukocyte protease inhibitori(enkoproteinase) unclassified -0.20 -0.68 -0.5 -1.40
AA151002 epithelial protein up-regulated in carcirgrmembrane associated protein 17 unclassified 0.72 26 0. -0.5 -1.38
AA505045 Human L2-9 transcript of unrearranged imoglabulin V(H)5 pseudogene unclassified 0.50 0.05 -0.5 1.37
W42849 amyloid beta (A4) precursor protein (protaaesan-Il, Alzheimer disease) unclassified 0.38 -0.04 0.4- -1.34
N53380 protein kinase C, mu unclassified 0.09 -0.32 -0.4 -1.33
AA455668 Homo sapiens cDNA FLJ13207 fis, clone NT2B§0023 unclassified -0.56 -0.96 -0.4 -1.32
Al657191 B-cell receptor-associated protein BAP29 unclassified 0.25 -0.08 -0.3 -1.26
Table 5. continued
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ID Name Biological process Primary tumor Liver Mets. tumor Ratio Fold change

AA485214 nucleobindin 2 unclassified -1.93 -2.27 -0.3 -1.26
T59641 pre-B-cell leukemia transcription factor 2 unclassified 0.31 0.02 -0.3 -1.23
AlI391689 Homo sapiens, Similar to hypothetical pirptelone MGC:2992, mRNA, complete cds unclassified 0.47 -0.20 0.3 1.20
AA421296 CD68 antigen unclassified 0.27 0.67 0.4 1.32
Al291437 tetratricopeptide repeat domain 4 unclassified -0.61 -0.19 0.4 1.34
AA935287 Homo sapiens mRNA; cDNA DKFZp564P1816 (frdlone DKFZp564P1816) unclassified -0.55 -0.05 0.5 1.42
AA989429 KIAA1505 protein unclassified 0.47 1.03 0.6 1.48
AA447632 glycoprotein M6A unclassified -0.24 0.49 0.7 1.65
AA906961 KIAA0826 unclassified -0.32 -1.69 -1.4 2.58
AAQ976712 Transmembrane protein 46 unclassified -1.62 -2.43 -0.8 1.75
AA948511 Solute carrier family 16 (monocarboxyliéchtransporters), member 14 unclassified 0.84 0.27 -0.6 1.48
AAB894442 Sine oculis homeobox homolog 4 (Drosophila) unclassified -1.11 -1.62 -0.5 143
ESTs, Weakly similar to ALU6_HUMAN ALU SUBFAMILY SBSEQUENCE e
AA973252 CONTAMINA):I'ION WARNING_ENTRY [H.sapiens] Q unclassified 1.03 0.54 -0.5 1.40
Al423516 ESTs unclassified 0.69 0.21 -0.5 1.39
AlI301306 Hypothetical protein BC009264 unclassified 0.40 -0.03 -0.4 1.34
AA931235 ESTs, Weakly similar to CGHU1S collagenhald(l) chain precursor [H.sapiens] unclassified 0.35 0.04 -0.3 1.24
AA465397 ESTs unclassified 0.12 -0.18 -0.3 1.23
AlI360832 ESTs, Weakly similar to Unknown [H.sapiens] unclassified -0.06 -0.35 -0.3 1.22
Al267953 ESTs unclassified -0.26 -0.53 -0.3 1.20
AA886739 Histone 1, H2bd unclassified 0.19 -0.07 -0.3 1.20
Al380488 Shroom unclassified 0.25 -0.01 -0.3 1.20
Al263120 ESTs unclassified -0.34 -0.04 0.3 1.23

Table 5. continued
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ID Name Biological process Primary tumor Liver Mets. tumor Ratio Fold change

Al348263 Phosphodiesterase 5A, cGMP-specific unclassified -0.58 -0.25 0.3 1.25
AA975949 TatD DNase domain containing 3 unclassified -0.44 -0.11 0.3 1.26
AA932525 ESTs unclassified -0.70 -0.37 0.3 1.26
Al346102 Zinc finger, DHHC-type containing 9 unclassified -0.07 0.28 0.3 1.27
Al361424 Ribosomal protein L32 unclassified -0.04 0.35 0.4 1.32
AI536572 EST unclassified -0.18 0.25 0.4 1.35
AA910921 ESTs unclassified 0.12 0.56 0.4 1.36
Al419116 ESTs unclassified -0.46 0.00 0.5 1.38
Al298528 ESTs unclassified -0.13 0.35 0.5 1.40
ESTs, Weakly similar to ALUL_HUMAN ALU SUBFAMILY BEQUENCE e
AA465727 CONTAMINA):I'ION WARNING_ENTRY [H.sapiens] Q unclassified -0.72 -0.22 0.5 141
H82536 Cyclic nucleotide gated channel beta 1 unclassified 143 0.72 -0.7 1.63
AAB63025 ESTs unclassified -0.07 0.25 0.3 1.25
AI380909 Ubiquitin-conjugating enzyme E2E 1 (UBC#tmolog, yeast) unclassified -0.36 0.01 0.4 1.29
AA894431 ESTs unclassified -0.20 0.19 0.4 1.31
Al969860 Hypothetical protein FLJ90396 unclassified -0.05 0.36 0.4 1.33
AA946953 ESTs unclassified -0.26 0.29 0.6 1.47
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Table 6. Ontological information of 126 liver metatasis related genes
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Biological process
cell adhesion
cell growth and or maintenance
protein metabolism
signal transduction
catabolism
lipid metabolism
cell motility
cell-cell signaling
regulation of cell growth
biosynthesis
immune response
regulation of cell proliferation
amine metabolism
nuclear metabolism
response to external stimulus
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Figure 10. Expression of top 10 up-regulated gendn liver metastasis
tumor

A, Comparison of top 10 up-regulated genes exmasbetween primary
colorectal tumor and liver metastasis tumor. Thisphy shows the mean of
logx(R/G) ratio of colorectal primary tumor and liveretastasis tumor. B,
Expression of TIMP-1 according to tumor progressidth the mean of raw
F635 intensity of TIMP-1. The (*) represents p whelow 0.01.
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Figure 11. Expression of top 10 down-regulated geaeén liver metastasis
tumor

A, Comparison of top 10 down-regulated genes egjasbetween primary
colorectal tumor and liver metastasis tumor. Thisphg shows the mean of
logx(R/G) ratio of colorectal primary tumor and liveetastasis tumor. B, C
and D, Expression of MMP-1, MMP-2, WNT5A accordirtg tumor
progression with the mean of raw F635 intensityeath gene, respectively.
The (*) represents p value below 0.01.

Iv. 3z

48



chi o_ﬁ ﬂw_ wr B AR ww < T % § ™ ﬁ &m o ﬁ M_m ﬁm % oy
*d X g = 2 o ‘m m R MR ™ T N N f o
:.L ‘Xl J_.m_l [rva H.t :.L ru I ﬂ 2 T r ‘ﬂl il o0 R
S I R B S ST
o) N o op ﬂ_,wl B S %0 oo = o] - Ko o BElo o o 7B mm -
CRCINGCIN O s % @aﬂﬁ%éwﬂ%i%sﬂmﬁ
o~ T = ©° o0 =~ T X
W mb7 o9 5 v T mmﬁ% ¥ Q.ME ° mﬁ_uwrwao
N B owos P Sl wow & WD ol v oo 5 ow dS
£HE3Be il wb _spSFwpdBEiepioe
S oo oo T _ G S = T - S v o o
mLﬂL,iﬂ%ANn? TE b @ Wy ET oy W WD
~ Ol B g ;o T o o o e
™ o_ :i OE v _vdﬂ ﬂ o ) — N e &o T
o}J o o~ Mo X =~ T © oo 0 s
e L I =1 o B U o 5 = = e — w5 W
TRE_ORT EES TP e ®WTEO BT g T
T om0 S = RHE D oo R ow W SN SR
0 0% W <= = T 2 o w o
'y i~ 3 Mo G . m. I n m = o al3] W o S X = ﬂn_._ oF ﬂ_dol =
FoER L B M xR TS 3T g w e T
— ) — —_— o — )
cTeikTeEL s TyiTIzosblagcgEege
oph R oy Mo 2 %n SN Y 5 T W - B = Mo oF o A
(ul n — — (i
S S B PSRy B Yo R
o — ~— X N [ I B AT =T o X o © 5 L o]
N X w = > b o X N o o
= | =o g : oy = 5 "
N Jl;o ) ~ ) 9] ) i OR —_— © X OT
bl X - ,UI — Ee - X X Ee ) m c— o ZI
Moo S~ o = - o = = i X %
z.L ,Nﬂ ~ S ) ‘WM s} 3] = OT - l = T Jl —_ L.E — _wﬁ
e "X B S5 g S 8 L EF g g0 BT
Sy RGP S ) RE= oPoop T — % g 5§ ® % w B =
i W N AR @ 2 & _- ¥ < X S S S
. — Lt o — R . ox @] dl — ~ LlL z.L ﬂ 0
o o% |- o B i T R =T NS = Pari ol N O = I
2o oy o= T8 2 R8s oo W T = o 2 xR
= H X 7 T £ S M S R S - B O RC
o T ORT TR OM 3 T T A W R P o R o g ™ iy

49



CANCINE NN
Wahﬂowmoﬂﬂg
T T ok W WOR T
—~ [ NN ~ = .mﬂ 0 1o —_—
_@751%24 o aAa, P < = Jo M 9 T
rledE ﬂymﬂﬂlﬂ 6ﬂﬂLoﬂﬂ.
| = N n AL N — 7E —_— finy
AhmOvﬂiﬂW%%@o% 5 o 7 %i_:ﬂr
w o = o W g Mo Mo Mo mﬁ < N = oo B 32
~
wkfif;qu, M
e XA ok%wra_x% ﬂ%@d%ﬂ.ﬁﬂ
R ) 1& i % Mo N o oor B = o oF S 50 63
oo o oo 2 S ~ 5 oo % 5 W Wz
) To N o o ¥ o 2 T S 5 = o NS =
g B 2 @Urvcru%%%%? T pl%ﬁﬂ
.ﬂﬂ_ vAL — Hﬂyl )AO _ k) Z.#O n_m_l m \._mﬂ_ o ﬂ__lﬂ O—H n_m_l
5 00 0 o IR i i o) %o N s o = i il
R 5 Mo ok X = A 9/ I ~ X
oo 3 o X K cu Y ol L X L J)
U S & IS NI " T T 3w 2o W
@rﬁ il m N ol o o)) Co— - Bo e Y 8, o & o .
e % E R = 4P o X gy B = o0 4
< <0 ! o Nog T — = L= = (A | —~
ﬂﬂ.m%g@o%ﬂ Mﬂpw HEmOMm%a%A
iy o~ M)A v vy ‘ﬂDl ) oK I~ i — = o]
ﬂmmg%mz&mggﬂ?@ eﬂmﬂb@oﬂﬂ%
) H Sy X m o ol o) | a u 5 No H = o
o8 = 1 w o © WP e W T 8 " 9 OGN
! h1ﬂ044ﬂ%zaa 5 = B
oH E %~ oy —_— — oS Lo
B o T <0 Hom C < M ™ N G
T B T ) o0 = 5o I —_— T " o Ay ™ 1L
. X0 Kz % O#E = _M_O N 0 my Lf Of o 1%'1_ ,NE o m o OT ]vAr 0%
MWW.W&U_@ mﬂ@%ﬂ&% B E XA
= <8 5 %0 T 7l 0° No T O %0 O =) B o— o) °F
o 8 8 ° Eld 7 ©° Ch co = K ©
bt 5 5 o= by Mo BT X T = T X g up N
_ o9 5 8§ b= 2o = 1 B .Ul N &= o X GRS
i rz ez iEl SEEITTIZEE
= = ¥ = m R g F £ % o X i0°
N ZO — o
X ZT ﬂ ™ jam | " & 0
dﬂ Llw_ mu M ;OL ~5
w5 3T T 00 5
B Ne o}

7)o whak

-

T

50

Gl

webd %



2% 4,616 7Y

o] frAA R

s}

]

37

) AAZ Aitel=

A A SFA]

=
=

o HA7

hierarchical

o
Plasless

clustering S ] figure 59

4,616 71¢]

HA el zpe]7t

ol

Fell A

it
o

—_
fite]

Al# training error

S~
Bas

Fod
ER e g

R

4] misclassification errors At
T Ay A error7t 091 A A 81 7, 126 7N, 252 7l

3

o] H MRS supervised hierarchical clustering AellA E5

o
o

=
—

Axe] wxb AA probability 7F tf

o
T

vk 8170

a7

st Ak, 8170, 12670 -7 Akl A
GIST <l¢] predicted test probability”} < 0.8

] &

-
R

Hola o}, 2527)

=
=

adenocarcinoma®} ZH& x}o]

=
-

Jr o

adenocarcinoma®} zfolE &

=
T

1% Uend o

7] FdEAt. GIST 9

A Aol A

o
T

)

51



FAA s ®olal AV wZel tE SCC eu gF xol7t &
A5 grd ool vs) F U v Flnh oW #3e %
s Aol AFE AFel Wk ANE FAREES Bl ALgH
GAre] ezt 47 el olzle] AlHoletn AL Fi gAY
oleld HaxEe] 1 Holgh A@Eo] Yok AL AT % 9
= Ao ALRHT.

¥ 126709 Aol = biological processdl ™l cell
adhesion, cell growth, protein metabolism, signal transduction,
catabolism, cell motility o2 EHF3 & o @ 9
THHd FHAAES Tt Ay, I Fol proteolytic
pathwayol Zholshi= MMP-1, MWP-2, TIMP-1, uPAR 59 A5
A8k Ao TINP-15 A3t FHAAES 5 3P do] F%F

oA A g FFol HlEl] H o] down regulation FHo U

rlj
12
oX,
ot
i
g,
x

2

2
o[\
N
=~
Oft
O
rir
o2
ox
o
f
38

3L o] AL gE FF/Fo FYo|V|= S Filliam Hornebeck et al
2ol Jalerie Gouver et al ¥o] Aye} w523 S BT, =
g W =R eSS A \MP-9 Theo] AdAde tiE] AFstn Yo

g B AgeAE W9 FAAEC] BF flag out Holle] &l



H oA cell adhesion®]Y} motilityo®ll

s oy

™ ™
PPN

ojo
T

A=

=
¢

bupe)

S

b o A7}

s

=
Ok

b bae

3
pul

fam A
H

}

bl thool

°©

oA Hoje

=

throughput 7]% <l cDNA microarray® gene expression profiling
-

e A

&

o}
ot

Jw
il

1
s

1 grewel dol7} ¢

3t &

u
o o7}

]

[e)

iy

23}

gl
X

~X

pari
file)

o

o

ol

d 12,823

A

Gl

Fod

°©

=

}?j_ﬂﬂ

=
=

}ah 7k o] FdAA A wa

d e AR gAY,
[e]

3}
o] A+ 4,616 7\

71

1

s

E

o lz—o]
=
471 §

&5
}o]

°©

Q2

[¢)

Ao A= cDNA microarray® gene expression profiling 7]
o]

Ao A

[
)

2ol

Fol 126719

S

&

}a1 PAMS ©]

S

el Al A AA

593



o pAe WA 1+ Aol 1AL olajekizul glo] Fad A
2 AT oz AzHy
Fu B

1. Sakamoto J, Ohashi Y, Hamada C, Buyse M, Burzykowski T,
Piedbois P. Efficacy of oral adjuvant therapy after resection
of colorectal cancer: 5-year results from three randomized
trials. J Clin Oncol 2004;22:484 - 492.

2. Rempei Y, Yoichi F, Tatsuhiko T, Osamu K, Masao K, Kohei M,
et al. Genome-wide screening of genes showing altered
expression in liver metastases of human colorectal cancers by
c¢DNA microarray. Neoplasia 2001;3:395-401.

3. Meihua L, Yumin L, Suguru H, Takshi S, Kohei M, Masao K,
et al. Gene associated with liver metastasis of colon cancer,
identified by genome-wide c¢DNA microarray. Int J Oncology

2004;24:305-312.

54



4. Mordechai G, Isaiah J. Biology of human colon cancer
metastasis, World J Surg 1995;19:226-234.

5. Francois B, Sebastien S, Severine E, Valery N, Pascal F,
Christophe G, et al. Gene expression profiling of colon cancer
by DNA microarrays and correlation with histoclinical
parameters. Oncogene 2004;23:1377-1391.

6. Eccles SA, Modjtahedi H, Box G, Court W, Sandle J, Dean CJ.
Significance of the c-erbB family of receptor tyrosine kinases
in metastatic cancer and their potential as targets for
immunotherapy. Inv Met 1994-95;14:337-348.

7. Andre T, Kotelevets L, Vaillant JC, Coudray AM, Weber L,
Prevot S, et al. Vegf, Vegf-B, Vegf-C and their receptors KDR,
FLT-1 and FLT-4 during the neoplastic progression of human
colonic mucosa. Int J Cancer 2000;86: 174-181.

8. Karube H, Masuda H, Ishii Y, Takayama T. E-cadherin
expression 1s inversely proportional to tumor size In
experimental liver metastases. J Surg Res 2002;106: 173-178.

9. Naotsugu H, Hiroshi I, Koshi M, Fumiaki T, Tohru U.
Analysis of gastric cancer with cDNA microarray. Cancer
Chemother Pharmacol 2004;54:521-524.

10. Lin L, Ranelle CS, Hongqing G, Anton B, Joy KC, Jose EG.
Gene expression profiles of laser-captured adjacent neuronal

subtypes. Nature 1999;5:117-122.

55



11. Douglas TR, Uwe S, Michael BE, Charles MP, Christian R,
Paul S. Systematic variation 1n gene expression patterns in
human cancer cell lines. Nature 2000;24:227-235.

12. Golub TR, Slonim DK, Tamayo P, Huard C, Gaasenbeek M.
Molecular classification of cancer: class discovery and class
prediction by gene expression monitoring. Science
1999;286:531-537.

13. Andrew IS, John BW, Lisa MS, Suzanne GK, Petre D.
Molecular classification of human carcinomas by use of gene
expression signatures. Cancer Res 2001;61:7388-7393.

14. James E, Hermes Y, Kevin M, Yanxiang C, Suresh N, Richard
F. Analysis of gene expression in single live neurons. Proc
Natl Acid Sci 1992;89:3010-3014.

15. Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS,
Rosenwald A, et al. Distinct types of diffuse large B-cell
lymphoma 1dentified by gene expression profiling. Nature
2000;403:503-511.

16. Beer DG, Kardia SL, Huang CC, Giordano TJ, Levin AM, Misek
DE, et al. Gene-expression profiles predict survival
of patients with lung adenocarcinoma. Nat Med 2002;8:816-824.
17. Bertucci F, Nasser V, Granjeaud S, Eisinger F, Adelaide J,
Tagett R, et al. Gene expression profiles of poor—prognosis
primary breast cancer correlate with survival. Hum Mol Genet

2002;11:863-872.

56



18. Devilard E, Bertucci F, Trempat P, Bouabdallah R, Loriod
B, Giaconia A, et al. Gene expression profiling defines
molecular subtypes of classical Hodgkin's disease. Oncogene
2002;21:3095-3102.

19. Garber ME, Troyanskaya OG, Schluens K, Petersen S,

Thaesler Z, Pacyna-Gengelbach M, et al. Diversity of gene
expression 1in adenocarcinoma of the lung. Proc Natl Acad Sci

2001;98:13784-13789.

20. Singh D, Febbo PG, Ross K, Jackson DG, Manola J, Ladd C,

et al. Gene expression correlates of clinical prostate cancer

behavior. Cancer Cell 2002;1: 203-209.

21. Yang SH, Seo MY, Jeong HJ, Jeung HC, Shin J, Kim SC, et al.
Gene copy number change events at chromosome 20 and their

association with recurrence in gastric cancer patients. Clin
Cancer Res 2005;11(2 Pt 1):612-620.

22. Kim TM, Jeong HJ, Seo MY, Kim SC, Cho GB, Park CH, et al.

Determination of genes related to gastrointestinal track
origin cancer cells using a cDNA microarray. Clin Cancer Res

2005;11:79-86.

23. Yee HY, Sandrine D, Percy L, David ML. Normalization for

cDNA Microarray data: a robust composite method addressing
single and multiple slide systematic variation. Nucleic Acids

Res 2002;30:el5.

57



24. Eisen MB, Spellman PT, Brown PO, Botstein D. Cluster
analysis and display of genome-wide expression patterns. Proc
Natl Acad Sci 1998;95:14863-14868.

25. Tusher VG, Tibshirani R, Chu G. Significance analysis of
microarrays applied to ionizing radiation response. Proc Natl
Acad Sci 2001;98:5116-5121.

26. Tibashirani R, Hastie T, Narasimhan B, Chu G. Diagnosis of
multiple cancer types by shrunken centroids of gene expression.
Proc Natl Acad Sci 2002;99:6567-6572.

27. Taylor I, Liver metastases from colorectal cancer: lessons
from past and present clinical studies. Br J Surg 1996;83:456-
460.

28. Jenni CC, Eric CW, Anna T, Susan GH, M Carolina G, Richard
E, et al. Gene expression profiling for the prediction of
therapeutic response to docetaxel 1in patients with breast
cancer. Lancet 2003;362:362-369.

29. Gene HM, John ES, Geoffrey KM. Radiation induced
histopathologic changes of the breast. Am J Surg Pathol
2004;28:47-53.

30. Stephanie SL, Annie NYC, Hextan YSN. Differential gene
expression in cervical cancer cell lines before and after
tonizing radiation. Int J Onco 2003;22:1091-1099.

31. Ramaswamy S, Ross K, Lander E, Golub T. Amolecular
signature of metastasis 1in primary solid tumors. Nat Gen

2003;33:49-54.

58



32. William H, Elise L, Emmanuelle P, Philippe B. Beneficial
and  detrimental influences of  tissue inhibitor  of
metalloproteinase-1 (TIMP-1) in tumor progression. Biochimie
2005;87:377-383.

33. Valerie G, Massimo C, Patrick D, Farid Z, Marie-Christine
C, Evelyne C, et al. Tissue inhibitor of metalloproteinase 1
1s an independent predictor of prognosis in patients with
nonsmall cell lung carcinoma who undergo resection with
curative intent. Cancer 2005;103:1676-1684.

34. Ogata Y, Miura K, Ohkita A, Nagase H, Shirouzu K.
Imbalance between matrix metalloproteinase 9 and tissue
inhibitor of metalloproteinases 1 expression by tumor cells
implicated in liver metastasis from colorectal carcinoma.
Kurume Med J 2001;48:211-218.

35. Curran S, Dundas SR, Buxton J, Leeman MF, Ramsay R, Murray
GI. Matrix metalloproteinase/tissue inhibitors of matrix
metal loproteinase phenotype identifies poor prognosis
colorectal cancers. Clin Cancer Res 2004;10:8229-8234.

36. Behrens J. The role of the Wnt signalling pathway in
colorectal tumorigenesis. Biochem Soc Trans 2005;33:672-675.

99



Abstract

Genome-wide screening of genes associated withrinatastasis of
colorectal cancers using a cDNA microarray

Dong Hyuk Ki

Department of Medical Science

The Graduate School, Yonser University

(Directed by Professor Sun Young Rha)

Liver metastasis is the major cause of death iareotal cancer patients. By
using cDNA microarray gene expression profiling, aelected genes of
metastatic potential from colorectal cancer pasienith liver metastasis. We
performed cDNA microarray in an indirect design dgthon the T7 linear
MRNA amplification method with paired 22 colorectabrmal mucosa,
primary tumor, normal liver and metastasis liveméu tissue RNAs using
17K human cDNA microarray. After the normalizatieve evaluated the gene
expression profilings of all samplegth unsupervised clustering. Next, we
selected organ specific genes with normal colonasai@nd liver tissue using
Significant Analysis of Microarrays (SAM). After ah we selected and
validated liver metastasis related genes from ectat primary tumor and
liver metastasis tumor within genes which subtihadegan specific genes
using Prediction Analysis of Microarrays (PAM). Tkelected genes were

functionally annotated using NIH-DAVID database
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(http://apps1.niaid.nih.gov/david/).

Unsupervised hierarchical clustering with 12,823 e with 100% non-
missing proportion of the 22 paired samples showifgtrent expression
profiling between primary tumor and liver metastadiext, we selected 4,616
organ specific genes with normal colon mucosa aret tissue at the false
discovery rate of 0.062% using SAM, which were sadied for not using
further analysis. After that, we identified 38 a88 genes of up and down
regulated in metastatic lesions, respectively, wittected 8,207 genes of 14
train set using PAM, and validated the selectectgém 8 independent test set.
126 selected genes contained many known oncogemescell adhesion
molecules such as wingless-type MMTV integratide $amily member 5A,
lipocalin 2, E-cadherin, deiodinase as well as 16 ESTs. We &siyec
observed that MMP-1, MMP-2 and WNT5A expressionsewsgnificantly
decreased in liver metastatic tumors (p<0.001)gssiing their roles in early
stage colorectal cancer rather than systemic nasiastHowever, TIMP-1
expressions were significantly increased in livetastatic tumors (p<0.001).
In conclusion, we scanned whole genome using a chNéroarray and
identified 126 genes which might play a significamie in liver metastasis in

colorectal cancer.
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Key words : Colorectal cancer, Liver metastasisné&expression profiling,

cDNA microarray.
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