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survival. 10 simultaneously block induction of the cancer-related genes, we have constructed adenovirus
Jorninant negative TCF (DN-TCF) that competitively blocks binding of endogenous TCF 1o the target
mromoter site. DN-TCF suppressed liver metastasis of highly metastatic colon cancer cells KM12sm in
~ucle mice. Finally, we developed a TCF decoy that displayed a similar inhibitory effect of TCF activity to
inat of DN-TCF. Such strategy may be useful to inhibit human Gi cancers.
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WIEE L, ®ERT T-cell factor (TCF) %%
g &3 BRI 2 BFSE L C & fo He HIX, 4
BIET MYC 2SHELPY § -catenin O BRI ERIC
Lo THEELALTHES L LR HELY,
Z®# cyclin D1, matrix metalloproteinase-7
(MMP-7), survivin, peroxisome proliferator-
activated receptor 6 (PPAR ), multidrug re-
sistance gene-1 (MDR-1) % &% EEEE
{ZF75 f—catenin DEEEF M- CHFEZIL
TENKAEELPE oI, INLDBETFEH
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I. pB-catenin ICKBEEFERH{EA DXL

B —catenin 1% JG 3k a -catenin % E-cadherin 7
FEREUHMBEoOBERT L LTEHE, EEL
B cltilaBIcER T 5. LA L, B FOETIE
B -catenin DHIFIE COERPLBEANOBITE LA
Abh, EEMBEIIRLR2BE2THI LR
WX Tz, f-catenin i, @BHIRIETIE gly-
cogen synthase kinase-3f (GSK-3p) & o
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R 1 HLBEMBICBIT B APC, f-catenin BEFZE L §-catenin RAOEE (BRER) 0B

APCEE (%)

B ~catenin ZZ& (%)

B -catenin % (%)

KGR 80 100
HiE 3.8 16.3 60
FFiE 0 ‘ 43
HERE 0 50
K2 HILBE B2 cyclin DI DEH
BEIFH
(B T-H1) PRIRHIHR B
B 22~47% ) VSR
EEE 25~33% FHEAR
(23%) DINAY: i1 724
K 16~50%, 86% DINDAY i A
FHEARER
oz 6~40% AR, FIREE
(11~13%) FHELE
s 50~68% FHELR
(25%)

BEZN L TCESLPICSM SN B #%, adenoma-
tous polyposis coli (APC) #IZFOLTRR B-
catenin 15 FICER D 2 & HMATRE S 1
WMIBENICERE T2, 203 LI RATL
THERF TCRIZHE L, #4 REETOT O
T——OERAETI X RET (1), KGR
T, APC #fZF % f-catenin BIETOER
TRENB0%, 48% L MEShTHY f —catenin
DHRENEREIZ L 2 TCF DIEHAL IS EHEE I
BETWE, BEENC WZ APC BfzF 7 &
@iﬁjﬁ%ﬁﬁ@&&wﬁﬁ%”?gﬁ, JHHARaHE 72
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CEFRE IR TV (ED. zhiziz Axin %
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I. TCF/ B -catenin BEBOFTREETFOGEE
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1. PPARS

PPAR 6 B1ZF % knock-out 4 % &, ApCmin
vﬁxm¢%$U~7ﬁ%MTékwiﬁ%tﬁ
Kﬁ&é%%kwﬁﬁ%&ﬁ%b,HMRJ@%
%&«@%%%mﬁ%%ttf@mﬁmomfm
hot RSV EB I T3, bhvbhix, v r
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%‘E@d‘%@ﬁkﬂ*’?iﬂﬂmi%f%?ﬁwﬁ/f k&
NTHEYY, KISWMTIX PPAR 6 BBt A,
(EERE DS\ IS AINIAR & O MM A0 &
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2. Cyclin D1

cyclin. DI EHIREM O Gr 7 2 4 & LTl
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VEGF&H A
Ad-Mock 1 \ i
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Micro—-aneurysm

Antisense cyclin D1 {2 X % in vivo matrigel plug assay

VEGF %1 F |2 matrigel % X — K= 7 A O T MBI L 720 Mock control T3,
macro-aneurysm AIEH S he (RENOPIRAMEE) . —7F, antisense cyclin D1 A
VAR A5 B & micro-aneurysm (ERED) AIBHELE N, HUMHILA A X (A

X, BEFMRA~OBETEA L Y ERRTE
B X4 5 oncogene THAH T EVHON T 5%,
KR IZLOETHEL DL bOETREITUE
PREFHIBSALNR, FHRERTLLTOHRED
v (£2), FHE, BEHELELENELLED
BEDPREE FITTWwBDS, cyclin D1 EEA
R D BEHE D H 75 © T I P BRSO HEFE I b Huls
B E % 8727, VEGF #MC £ 2 ME AKX
Mo EEOM®IN, 7 9 & ¥ X cycln
DI BMTHBHETIENTEL, X—FYTR
D T2 VEGF % il%% & 472 matrigel X 1EAT
Bk, MENEMITETD Sh/KE RIERK
®O¥ (macroaneurysm) 25C& %, Z NI ade-
novirus il & LCHE L7 v F & ¥ A cyclin
DI #EAT B EEOY 4 b/ L, WM
O D S EROBARIA A SNtz (K2).
ERIC, KBEMRICE AR TEECT v TRy
Z cyclin D1 % 3EEAT % &, MEHEEOINH]
b icmEBOBLVTBE LN (K 3,

0%, ¥7:, KEEMEL DLD1 T cyclin D1 B
E\2 X % VEGF O EAEMH A S (K 3c),
7 F ¥ v A cyclin D1 OEEIEMFIO X 7 =
ZXHhE LT, MENENOEZENIER L EE»O
® VEGF HZE & w5 MENEH L VI TEON
EpZgzonsd (B4).

3. Survivin

survivin 3 inhibitor of apoptosis protein (IAP)
family 1B L, 78 b— YA CHEHEICEH .
72, 2o FOBTRAERBHLTBY, HUEA
EHME 720 LFBRAREBEET L L OHED
%\, F72, survivin id (7R M=V X, 27
T—3 A, autophagy 7% & OFRLSE & IE.5)
DRMIAFE T H 5 mitotic catastrophe DFIHIC D
BChBh, BREOAZLRENEEZ LN TY
% . mitotic catastrophe & M B ETOBEREIZ L o
CBlERRIXh, MBRISEXILLEEREE 2
) RATHREICHBEICESL, bhvbhii, B
B KR, AERELR Y THERIUEA oxalipla-
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b 30 BEICHEE %K% L CD31 MEANE SR EIT 72, AS cyclin D1 B TS B E D& T 255 bz,
¢ : DLD1 MB812 in vitro © cyclin D1 1234 % small interfering (si) RNA %/ S¥5E, cyclin D1
DA% HF VEGF BH DFEBETHAR SR,
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Down-regulation of
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Anti-angiogenesis ’
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a . EESENIR TE7 2 siRNA Z4FA %4 survivin &H OFRBEIHIL I,
b : survivin OET L7z TE7 HRL I B A 72 mitotic catastrophe % 2 L7
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3 —catenin DNA
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6 Dominant negative TCF {2 & LEAWNEERE

a © dominant negative TCF construct : f —catenin OB R RE LTw5b TCF SR

DNA D&% TT. chET T/ TANVANT Y — AR AT
b?DN%CFﬁW@ﬁ@BmmmmnCFﬁéwamﬁﬁ%fu%—y»«@%@&
BEWHET So
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MOCK

DN-TCF

a : KM12sm KB DN-TCF %2 Ef &€, TCF EM2 % L7z Mock control, GFP
B adenovirus U T TCF EMEEA i HI% < L7,
b - DN-TCF % 1R & 72 KM12sm REBMEMIE % X — v 2 FIRE M L2 B

FESE A X FHA L 72,

¢ : DN-TCF % {FH &7z KM12sm REHEARR % BBRICTEA L 5 BRI I IR % 565 L 720
MOCK control # TIi# L WFEzB 242 2 L7245, DN-TCF BRIFEB OB 2 Bk L7

tin 2958 77 72 survivin B E &% % & L, mitotic
catastrophe Z 5| & =4 2 L 2 B L ¢ X
7258, % B, survivin % down-regulate § %
small interfering (si) RNA #/Ef ¢ 2 L gy
\Z mitotic catastrophe ASFHE X FUHE M0 L 12T iR
LTw< (|5),

II. TCF EERFEHOHEE

B ~catenin/TCF 85 R FHE &A1 EMILT 5
THEZEFOTOE—F —1, HBEOLEEEF) L
LT CTTTGA #% core 124t TCF EEEE T A
LTwa, bihvbhid, DNA &SI L
T\ % %% f-catenin #4342 % K & L 72 domi-
nant negative TCF (DN-TCF) % adenovirus
vector I A AR 4 NV AW EER L 7> (9
6a)s = O DN-TCF i, THEEFOIaE—
F—IZHE LAY D f-catenin/TCF 85 & T
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BEFROKELHEMET S (W6b), TCF#:
ERANZEVELANET S X ISR re
porter plasmid =\ CTEBEED B KB
¥ KM12sm (2 B1) 5 TCF &% % YD L,
DN-TCF & Mock 2 > F @— V% green fluores-
cence protein (GFP) B4 adenovirus & T
BEICTCFESZIHRIL: (R72), 372, X—
N 2ADRTEEEBE~OFELH %L, DN-
TCF #{EH & & 728 Tl Mock, GFP Bt & [<
THL P L EHEMFHDESA SN (7).
KM12sm KIGHEMAE % BIET % L S Mo FER
FEET 2 B L724%, DN-TCF #5.28cl3sf i
OB LBl % R (7).

V. TCF decoy ME%E}

bbbk, adenovirus X b d TR KK
B3 ¥ L C in vitro © DN-TCF & 421z TCF
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a
decoy |
—— TCF response element 'l Gene .
I | expression(-)
scramble 18-mer 5-CCGGGICAGTICTTTTGC-3'
b TCF-decoy DN-TCF
1.2+ 1.2+
| 'j 0 decoy 0 Ad-dn—-GFP
0.8 . mscramble 087 Ad-GFP
0.6- 0.6+
0.4+ 0.4
0.2+ @ i 0.0l
HCT116 SW480 DLD1 04
HCT116 SwW480 DLD1
8 TCF decoy 2 & 2EEHEDOHAL
a  WEAM® TCF #4641, TCF response element ~O#FEAZHEET S
18-mer @ DNA decoy (B& 1) %F&EH L1
b : Z® decoy {* dominant negative TCF & RI#2E12 TCF &M % ¥ L 720
1EM A ¥E]$ 5 TCF decoy (ZA4¢H DNA) % X ™
pa s 71«:9)0 het ; ; S :
jf L :) decoy i, in vitro TH liposome 1) He, T.C., Sparks, A.B., Rago, C., et al.:
12X o TRBREML HCT116 12 6 BRI TI3ITT Identification of c-MYC as a target of the APC
NTOMBPOBACBITT 5. LA L, 24~48 pathway. Science 281: 1509-1512, 1998.

) ’ 2) Takayama, O., Yamamoto, H., Damdinsuren
== S -3 S N N2 - ] 3 3 ’ >
BRIEETELACHRBE,NOHERT 5, &6 B., et al.: Expression of PPARdelta in multi-
2, AN TIZ DNA REBEEICL > ThbED stage carcinogenesis of the colorectum: implica-
= = . THRE & S tions of malignant cancer morphology. Br J.
ARERTH70, BRATRELERAH @ Cancer 95: 839-895, 2006.

A IRV, 3) Mitmaker, B., Begin, L.R. and Gordon, P.H.:
Nuclear shape as a prognostic discriminant in
HbH I colorectal carcinoma. Dis. Colon Rectum 34:
249-259, 1991.
Ji4E drug delivery system (DDS) @ break 4) Tkeguchi, M., Sakatani, T., Endo, K., et al.:
ST s & = Computerized nuclear morphometry is a useful
SE 5 < 3 -
t.hrough yi| iJ?EE, ﬁ@dﬂiﬁéf 3 LV 4FR nano technique for evaluating the high metastatic
liposome % EFMEERLDODOH b, SHRIIH potential of colorectal adenocarcinoma. Cancer
B2 Db OOBEIE S bIcTEL, FREIH 86: 1044-1951, 1999.
AN 5) Yasui, M., Yamamoto, H., Ngan, C.Y., et al.:

DORBERIC L 2 BEFIERON 7T — AL
ENF R FEBOBERIKRICOLNRL L2
L/Ti‘ﬁl]:(ﬁg: Lf:l/‘o
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Antisense to cyclin D1 inhibits vascular endo-
thelial growth factor-stimulated growth of vas-
cular endothelial cells: implication of tumor
vascularization. Clin. Cancer Res. 12: 4720~
4729, 2006.
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6)

7)

Gu, J., Yamamoto, H., Lu, X., et al.: Low-
dose oxaliplatin enhances the antitumor efficacy
of paclitaxel in human gastric cancer cell lines.
Digestion 74: 19-27, 2006.

Fujie, Y., Yamamoto, H., Ngan, C.Y., et al.:
Oxaliplatin, a potent inhibitor of survivin,
enhances paclitaxel-induced apoptosis and
mitotic catastrophe in colon cancer cells. Jpn. J.
Clin. Oncol. 35: 453-463, 2005.

8)

9)

Biotherapy

Ngan, C.Y., Yamamoto, H., Takagi A., etal.:
Oxaliplatin induces mitotic catastrophe and
apoptosis in esophageal cancer cells. Cancer
Sez. 99(1): 129-139, 2007.

Seki, Y., Yamamoto, H., Ngan, C.Y., et al.:
Construction of a novel DNA decoy that inhib-
its the oncogenic beta-catenin/T-cell factor
pathway. Mol. Cancer Ther. 5: 985-994, 2006.
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Tumors responsive Tumors resistant
to chemotherapy to chemotherapy
Frozen tissue

ey

P -

+ Microarrays

i
1
i
i
|
|
!

Identification of molecular markers
of chemosensitivity or resistance to chemotherapy

Development and application of quantitative RT-PCR assays

i \x»

I —RNA
; Paraflin-embedded
tissue sections

; i
; ' |
Initial validation and model refinement

- T - ]

Kaplan-Meier curve

i ' 1.0 4 ;
-
! % o2 e Sensitive
; < 06 _‘_‘1"“—;‘“
‘ a
& 04
j § Resistant
d 3 0.2
1%2]
0.0 T T T T
2 4 6 3 1

Overall survival {yr)

; Further validation in larger patient cohorts

z v ‘*

Mature diagnostic tool i

Bz 85 BLICEED DN T T HIEORE
(S8 37 &4 51)

KRB SRR AR

BT ORISR 2Y, BEFEE T
T7ANZEBHEE L OBRREIRE SN0 BER
RIS - SR CERES, R - e
DEZEICBT 2 OREFRE Y — v hy
FELTVD &) BRFRE SR (T 2), Hiy
BROISHE LCRETFHRERT T 7 7 4 VRN I
L2BMORBEBIOTRBS S P ACHERSINT
Who ELMBNEBAMTOBEO~HYL LT,
mRNA L FIRREBOHEEAZ L &3 msn
éi5K&b,7U?ﬁi7%@E§ﬁ%aﬁé
N5 L3l o, )

—F, BEUHRICEET 2 BAOREFEA N
BEE 4 DFEH ADME (24X © Absorption, 4+
i © Distribution, t# : Metabolism, HEf
Excretion) I2#& L, EHRERICHET 2o ¢
bHLHPICR 5720 KETEE— (one size fits
all) ZEH R G ORMERIC L o TEB O T L
DM I0 FAEMZ, 200 5 AR &
ZELTWa, BELREHZESHOD L BE
BIEEHRST 52 L CRIVER 2 B/MRICHIZ, &
ERHBUDPOBNT 2L L b2, EEERORS
beBs 2 L2 TEEL %5 (73), $/2EESE
BULBERBREBMERY, RV ELITbIS
BRARHER DR R KIS ST L b IS h s,

AT, RBEOBIERICHT 2o
TOEBRNRBR OB &, +OHRBEIC B
LB L FBRIZOWThb o) fih% 4
DR T 5,

KigEERH EEED RG]

CPT-1Y QEMERIGRTEHE 77 N e
UET T AL Molecusar Assav] DFEL
CPT-11 i3 FFRB TR 5% S s S
“FE T 5 SN-38 KEREN L, FD,
SN-38 12 EIHFET UGT 1 A1 (uridine diphos-
phate glucuronosyl tranferase 1A 1)i2 kX 5T 2
W7 uYBREEZTTHRESR, Biiilc
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One Size (Dose)

DOES NOT Fit All
Benefit Benefit
f At r!s“‘ Benefit
..., AE Risk

Drug Response

‘, L 1T
Concentration of Drug in Blood

This may or may not be important for a given drug

Which Dose Is Right For You?

Before: - After: Pharmacogenomics-Driven

Trial and Error

"TR

100mg 500mg

i
Yo .
“li~,.,. 8.
a5 117
: 3

100mg {10mg)

Datlly dose has been “personalized”

3 FDA L BEBHLEL OE

BECHE SIS, L2 L UGT1AL I0&EF
ZRPHH L, UGTIALOREI HE L
CPT-11 OB, E T 7 EHE % TH 25 5808 2
EDORWERANFISRI SN I EFMON TV S,
20054 8 A, REASEERRE (FDA) X
UGTIA1 VU E—% —HBOBETFSH
[UGT1A1*28] 24 vy R— ¥ —ETHET S
v M EABWHEL LTRE L, Shick
DR A DBREOME, L BREFOEVEHELT
BIEARBEZ FRIL, RRENECESBEICIE
5B2HEL T Lo 2 BAEHIR SRR 5
92y, BEREROBMIMLER WD TE
U7z, 2007 FIIZEWNTH, TUGT1A1+28)
WKM27 Y7 ANCTCPT-11 OR#ICHS T 28
ENFENLFY V1 0BEFSE [UGT1A 1
6] [TUGT1A1*27] d & & LR 2 A%
PARBFEIN TN B,

2. REBBICHT 2 9FE0%E
DIEFS
cetuximab 1Z¥ X Ik 1gG1 £/ Z u—F ¥
#T&H Y, EGFR (epidermal growth factor recep-
tor) DAHEREAL K 2 4 VA L CHIBESI R 2 5%
9%, EGFR 2 RHT 288 - BB ICET
HY, TTRHFENEL LTFDA»HKREE

3 cetuximab

(www.fda.gov/cder/genomics/scienceForum 2005.pdf & ¥ 514A)

ZTWh, 2007 EIT4E, KEEEKAR
OPUS C FOLFOX | cetuximab % k54 L 750
R4%, F72 CRYSTAL T FOLFIRI |2 cetuximab
bR LR, EMEAGHNLESED
WEIZL > TREEE N2, CPT-11, L-OHP,
fluoropyrimidine BB ICEIAB S Rk 2o 72 B
FENRET DS MBRE MMAE T, BSC
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In the development of novel biomarkers, the proteomic approach is advantageous because using
it the cancer-associated proteins can be directly identified. We previously developed a 2-nitro-
benzenesulfenyl (NBS) method to improve quantitative proteome analysis. Here, we applied this
method to proteomic profiling of colorectal carcinoma (CRC) to identify novel proteins with
altered expression in CRC. Each pair of tumor and normal tissue specimens from 12 CRC
patients was analyzed, and approximately 5000 NBS-labeled paired peaks were quantified. Peaks
with altered signal intensities (>1.5-fold) and occurring frequently in the samples (>70%) were
selected, and 128 proteins were identified by MS/MS analyses as differentially expressed proteins
in CRC tissues. Many proteins were newly revealed to be CRC related; 30 were reported in earlier
studies of CRC. Six proteins that were up-regulated in CRC (ZYX, RAN, RCN1, AHCY, LGALS1,
and VIM) were further characterized and validated by Western blot and immunohistochemistry.
All six were found to be CRC-localized, either in cancer cells or in stroma cells near the cancer
cells. These results indicate that the proteins identified in this study are novel candidates for CRC
markers, and that the NBS method is useful in proteome mining to discover novel biomarkers.
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of cancer and the second leading cause of cancer death in
developed countries. Over the past two decades, the clinical
test for CRC has utilized carcinoembryonic antigen (CEA) as
a marker protein. However, most positive cases are found in
patients with advanced cancers or even metastases. For
example, the positive detection ratio of CEA in patients with
metastatic cancer generally ranges from 70 to 80%, whereas
it decreases in patients with both locally recurrent and early
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cancers [1~3]. CEA has not been proven effective as a
screening marker for early-stage cancers, and its applications
have been limited to the detection of advanced cancers. This
supports the need of development of novel CRC biomarkers
to improve the accuracy of diagnosing CRC. Recently, var-
ious approaches involving transcriptome analysis have been
extensively applied in an effort to identify novel diagnostic
markers for CRC [4, 5]. However, mRNA expression levels do
not necessarily correlate with protein expression. Hence,
direct analysis of proteins is indispensable for the discovery
of novel biomarkers.

Most proteomic approaches involving CRC tissues have
been performed by 2-DE in combination with MS, and some
successful results have been obtained [6-10]. However, it is
still difficult to perform comprehensive proteome analysis,
as this method has several technical limitations [11]. There-
fore, we previously developed and improved the 2-nitro-
benzenesulfenyl (NBS) method, which is based on stable
isotope labeling of tryptophan residues by NBS reagents [12~
14] for global quantitative proteome analysis. In this method,
labeled peptides after enzymatic digestion are subjected to
HPLC separation, while intact proteins are analyzed directly
using the 2-DE method. These two different methodologies
can detect different sets of proteins, so the NBS method can
complement other methods such as 2-DE.

The primary advantage of this new method is that it
reduces the number of peptides by selecting NBS-labeled
tryptophan-containing peptides from bulk tryptic digests.
This is advantageous because tryptophan residues are the
least abundant amino acid in proteins, yet they occur in a
large proportion of proteins [15]. Another advantage of this
method is the special matrix used for MALDI-TOF MS
measurement, which can detect the NBS-labeled peptides
with high sensitivity [14]. For these reasons, we believe that
this method can improve proteome mining by increasing
the dynamic range of detection, and that it is advantageous
for quantitative proteome analysis [16-18]. Here, we
applied the NBS method to analysis of clinical samples
from CRC patients in order to discover novel biomarker
candidates.

2 Materials and methods
2.1 Tissue samples

Twelve primary colorectal cancer specimens and corre-
sponding normal colonic mucosal specimens were
obtained from surgical resections from March 2003 to
November 2004. All patients with tumors were diagnosed
at advanced stages, and none of the adenomas was con-
tained in a cancerous component. All normal tissues were
histopathologically confirmed as cancerfree. None of the
patients was treated with preoperative chemotherapy or
radiotherapy. The samples were stored in RNAlater (Qia-
gen, Valencia, CA) at —20°C after sampling. This study was

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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approved by the Institutional Review Board of Osaka Uni-
versity and informed consent was obtained from each
patient.

2.2 Sample preparation

Frozen tissue samples were homogenized in 500 pL of lysis
buffer A (50 mM Tris-HCl at pH 8.0, 100 mM NaCl, 5 mM
EDTA, 1mM PMSF, 1pg/mL leupeptin, and 5 ng/mL
aprotinin} on ice using a Sample Grinding Kit (GE Health-
care, Buckinghamshire, UK). Homogenates were cen-
trifuged at 100000 x g for 60 min and supernatants were
obtained as the cytosolic fraction (CF). Pellets were washed
twice with lysis buffer A and homogenized in 500 pL of
lysis buffer B (2% CHAPS, 9 M urea, 50 mM Tris-HCl at
pH 8.0, 100 mM NaCl, 5 mM EDTA, 1 mM PMSF, 1 ug/mL
leupeptin, and 5 png/mL aprotinin); homogenates were cen-
trifuged at 100000xg for 60 min. Supernatants were
obtained as the 2% CHAPS-soluble fraction (CSF). These
fractionated samples were precipitated using the 2D-Clean
Up Kit (Bio-Rad, Hercules, CA) and resuspended in 8 M
urea and 5 mM EDTA. After centrifugation at 10000 x g for
5 min, supernatants were recovered and subjected to NBS
reagent labeling. Protein concentration was determined by
BCA Protein Assay (Pierce, Rockford, IL) using BSA as a
standard.

2.3 NBS reagent labeling, peptide fractionation and
MS measurement

NBS reagent labeling was performed according to the man-
ufacturer’s protocol (*CNBS stable isotope labeling kit-N;
Shimadzu Biotech, Kyoto, Japan). Normal and tumor tissue
samples (100 pg each) were labeled with isotopically light
and heavy NBS reagent, respectively. NBS-labeled samples
were then mixed, reduced, alkylated and digested by trypsin.
NBS-labeled peptides were enriched from tryptic digests and
fractionated using Phenyl Sepharose, as described previously
{13]. The resulting seven fractions were combined into three
fractions and subjected to RP-LC (LC-10ADvp pHPLC Sys-
tem; Shimadzu), as described previously [16]. Eluates were
automatically deposited onto MALDI target plates by the LC
spotting system (AccuSpot; Shimadzu). These samples were
automatically analyzed by MALDI-TOF MS (AXIMA-CFR
Plus; Shimadzu/Kratos, Manchester, UK) [16].

2.4 Relative quantification and identification of
differentially expressed proteins in CRC

Relative quantification of each NBS-labeled peptide pair was
performed using TWIP Version 1.0 (Dynacom, Kobe, Japan),
referring to a monoisotopic mass list from MASCOT Dis-
tiller Version 1.1.2 (Matrix Science), as described previously
[16]. We previously demonstrated that quantification errors
(%) using a model protein mixture were less than 4% [16].
Thus, peptide pair ratios larger than 1.5-fold, or smaller than
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