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Abstract. the aim of the present study was to investigate 
the chromosomal aberrations that are linked with the crucial 
clinicopathological features of colorectal cancer (crc) and 
its prognosis by array-based comparative genomic hybridiza-
tion (cgH). Fresh-frozen tumor tissues of 94 cases of crc 
were analyzed by using bacterial artificial chromosome 
(BAc) cgH slides spotted with 4030 human BAc clones, 
which covered the whole range of the human genome at an 
average interval of 0.83 mega base pairs. DnA copy number 
aberrations (DCNAs) were identified in association with clini-
copathological features: a gain of 8q24.3 and losses of 9q33.1 
and 20p12.2 were associated with lymph node metastasis, 
gain of 8q24.3 and loss of 9q33.1 with disease stage, gain of 
8q21.11 and loss of 10q21.3 with lymphovascular invasion 
and losses of 3p25.1, 10p15.3, 12q15 and 17p13.1 for venous 
invasion. these aberrations can be regarded as genomic 
biomarkers to predict the clinical outcome of patients with 
crc, and are expected to serve to individualize the treatment 
of crc patients.

Introduction

colorectal cancer (crc) is one of the most common malig-
nancies in humans worldwide, and apart from some familial 
types, usually arising sporadically (1). cytogenetically, crc 
can be classified into two types based on the types of genetic 
abnormalities present (2,3). one is the major type, which is 
characterized by frequent chromosomal imbalances, that is, 

the chromosomal instability phenotype comprising more than 
85% of all crcs. the other is the minor type that frequently 
exhibits microsatellite instability originating from DnA 
replication errors. the microsatellite instability phenotype 
comprises 10-15% of all crcs. In both types, the genomic 
instability leads to a degree of gains and losses of genomic 
DNA, which can be classified as DNA copy number aberra-
tions (DcnAs).

recently, microarray technology has been applied to the 
comparative genomic hybridization (cgH) methodology, thus 
leading to array-based comparative genomic hybridization 
(a-cgH) (4). the a-cgH method allows high-resolution 
and high-throughput screening of DcnAs across the whole 
genome. the DcnAs detected by the a-cgH method can be 
directly related to the DnA sequence information of a cancer 
to aid in the localization, identification and the validation 
of cancer-causing genes (4,5).

In general, cancers (including crc) occur as a result 
of the accumulation of a number of genomic aberrations 
that are linked with carcinogenesis and cancer progression 
(2,3,6). thus, the a-cgH analysis is suitable for studying 
the carcinogenic pathway of crc with high-resolution 
and high-throughput results. Furthermore, the analysis of 
the cancer genome by a-cgH is expected to serve not only 
to clarify the relationship between the clinicopathological 
features and genomic abnormalities, but also to optimize the 
medical treatment of patients with crc by making use of 
their cancer genome information. However, there has been   
little information available regarding the relationship between 
the tumor genome and its characteristics and the associated 
patient prognosis (7,8).

the cytogenetic, as well as biological, properties of crcs 
differ from each other. thus, treatments based on the differ-
ences would be of benefit for the patients with CRC. Clinical 
information, such as the presence of lymph node metastasis 
and lymphovascular and blood vessel invasion, are predictors 
of prognosis and indicators of the optimal medical treatment 
approach (i.e. what kinds of adjuvant chemotherapy should be 
administered). the aim of the present study was to identify the 
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DcnAs that are linked with these crucial clinicopathological 
features of crcs and to provide the genomic information that 
can be valuable for the treatment of patients with crc.

Materials and methods

Materials. the present study followed the ethical guidelines 
of the Institutional review Board of the yamaguchi university 
school of Medicine. ninety-four surgically resected, fresh-
frozen crc sample tissues were available for the present study. 
the patients consisted of 51 males and 43 females, ranging 
from 39 to 87 years in age (table I). the clinical staging of the 
tumors was according to the UICC TNM Classification, 2002 
(9). Histopathologically, 63 of the tumors were diagnosed 
as well differentiated, 25 as moderately differentiated, and 
6 as poorly differentiated adenocarcinomas. 

Array-based comparative genomic hybridization. tumor 
tissue sections (10-mm thick) were cut from each fresh-frozen 
cancer tissue specimen using a cryostat (Bright Instrument, 
Hunchington, UK). The sections were immediately fixed in 
90% ethanol solution and stained with methylgreen (sigma, 
tokyo, japan). tumor tissues were microdissected using a 
28-gauge needle. High molecular weight genomic DnA 
was extracted from the cancer tissue sections using a Dneasy 
tissue kit (Qiagen sciences, cA, usA).

each 500 ng tumor DnA sample and reference DnA 
sample were labeled with Fluorolink cy5-dctp (perkin-
elmer, MA, usA) and Fluorolink cy3-dctp (perkin-elmer) 
using a Bioprime DnA labeling system (promega, wI, usA), 
respectively. The fluorescence-labeled DNAs were applied to 
a MacArray karyo4000 cgH array slide (Macrogen, seoul, 
korea). the array slide was spotted with 4030 human bacte-
rial artificial chromosome (BAC) clones, which covered the 
whole range of the human genome at an average interval of 
0.83 mega base pairs (Mb). Images of the 16-bit fluorescence 
intensity for spots were captured using a genepix 4000A 

scanner (Axon Instruments, cA, usA), and the cy5/cy3 
ratio values were calculated using the MAc Viewer software 
program (Macrogen). All fluorescence intensity ratios were 
converted to log base 2. Any inadequate spots were flagged 
by manual inspection.

Data analysis. the χ2 test was used to identify the DcnAs 
by analyzing a-cgH data of crc with and without nodal 
metastasis, lymphatic invasion, venous invasion, and high- 
and low-clinical stage. Figures were generated to determine 

table I. clinicopathological data.

parameters no.

gender
 Male 51
 Female 43
uIcc stage
 I + II 38
 III + IV 54
lymph node metastasis
 negative 41
 positive 43
lymphovascular invasion
 negative 54
 positive 31
Venous invasion
 negative 36
 positive 50

Figure 1. overall frequency of DnA copy number aberrations detected 
by a-cgH for each BAc clone in 94 colorectal adenocarcinomas. the 
frequency of aberrations is depicted as the fraction of cases with DnA copy 
number gain or loss for the 4030 BAc clones (the entire genome). the green 
dots in the upper part of the profile indicate the frequency of tumors with 
DNA copy number gains, and the red dots in the lower part of the profile 
indicate the frequency of tumors with DnA copy number losses.

table II. top 10 loci associated with DnA copy number aber-
rations in 94 colorectal cancers.

locus Frequency (%)

DnA copy number gain
 20q11  76
 20q13  71
 20q12  68
 13q12  61
 13q34  58
 7p14  58
 13q22  56
 13q13  56
 7p21  55
 13q33  54
DnA copy number loss
 18q23  74
 18q21  71
 18q12  70
 22q11  67
 18q22  67
 18q23  66
 17p11  63
 18q22  63
 4q35  61
 17p13  60
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the difference by plotting the BAc DnA clones with p<0.1 
based on the analyses (Figs. 1 and 2).

Results

the BAc clones indicated that the DcnAs differed for every 
case. Although there were differences in the DcnAs between 
each of the 94 cases of crc, the most frequent Dcn gain 
was of 20q11, which was observed in 76% of the cases. the 
frequency of DnA copy number gain at 13q and 7p (58%) 
was also high (table II). on the other hand, the most frequent 
DnA copy number loss was at 18q23, and was detected in 
74% of the cases (table II).

Lymph node metastasis and DCNA. Fig. 2A shows the results 
of the χ2 test between crcs with lymph node metastasis and 
those without metastasis with regard to all 4030 of the BAc 

clones mounted on a-cgH slide, as well as the corresponding 
p-values. Fig. 2A shows that the crcs with lymph node 
metastasis were associated with a gain of 11q and losses of 5q, 
9, 17p and 20p (arrows, p<0.01). The figure also demonstrates 
that crcs without lymph node metastasis were associated 
with a gain of X, and losses of chromosomes 14 and 15 (dotted 
arrows, p<0.01).

The specific BAC clones with p<0.01 are listed in Table III. 
CRCs with lymph node metastasis were significantly associ-
ated with a gain of clone 2748 (8q24.3) and losses of clone 
4289 (9q33.1), clone 5951 (20p12.2) and clone 466 (20p12.2) 
(p<0.001).

Clinical stage and DCNA. crcs in stages I and II were 
defined as low stage tumors, and those in stages III and IV 
as advanced stage tumors. Fig. 2B shows the results of the 
χ2 test between low stage crcs and advanced stage crcs 

Figure 2. the results of the χ2 test for the 4030 BAc clones and the differences in the p-values between lymph node metastasis negative and positive (A), low 
stage (stages I and II) and advanced stage (stages III and IV) (B), lymphovascular invasion negative and positive (c), and venous invasion negative and posi-
tive (D) colorectal cancers (CRCs). The green columns of each profile indicate an increase in the frequency of CRCs carrying DNA copy number aberrations 
(DcnAs) at the corresponding chromosome locus in the former categories, ie, lymph node metastasis negative (A), low stage (B), lymphovascular invasion 
negative (C), or venous invasion negative (D) categories. The red columns of each profile indicate the increase in frequency of CRCs carrying DCNAs at 
the corresponding chromosomal locus in the same categories (lymph node metastasis positive (A), high stage (B), lymphovascular invasion positive 
(c), or venous invasion positive (D) categories).
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table III. BAc clones associated with lymph node metastasis in colorectal cancer.

chromosome BAc-start locus ID locating genes p-value

DnA copy number gain
   2 20378550 2p24.1 1357 puM2 0.004108
   8 1.46e+08 8q24.3 2748 ZnF16, tMeD10p, c8orf77 0.000203
 10 25715182 Xp21.3 4329  0.003777
 10 29992424 Xp21.2 2150 MAgeB2, MAgeB3, MAgeB4, MAgeB1, nr0B1 0.008468
 10 70247389 Xq13.1 2922 ZMyM3, nono, ItgB1Bp2 0.009193
 10 74789201 Xq13.3 5171  0.009406
 11 60762733 11q12.2 2373 pgA5, Vwce, DDB1 0.009995
 15 84084157 15q25.3 2914 AkAp13, klHl25 0.00766
 19 858881 19p13.3 5529 c19orf22, kIss1r, ArID3A, wDr18, grIn3B, c19orf6, ABcA7 0.008422
 20 705254 20p13 5734 c20orf55, rps10l, Angpt4 0.003907
 20 14725959 20p12.1 1089 c20orf133 0.007449
DnA copy number loss
   1 28059305 1p35.3 922 eyA3 0.008444
   1 76485020 1p31.1 4085 st6gAlnAc3 0.009498
   2 1.62e+08 2q24.2 5373 psMD14, tBr1 0.008638
   5 1.32e+08 5q23.3 5300 p4HA2, pDlIM4, slc22A4 0.002469
   5 1.52e+08 5q33.1 4740  0.002835
   5 1.25e+08 5q23.2 4761  0.004705
   5 1.51e+08 5q33.1 5345 spArc, AtoX1 0.005411
   5 1.59e+08 5q33.3 2853  0.005413
   5 1.26e+08 5q23.2 4736 lMnB1, MArcH3 0.006226
   5 1.37e+08 5q31.1 4668 spock1 0.008393
   5 1.35e+08 5q31.1 1539 tgFBI, sMAD5 0.009836
   6 1.52e+08 6q25.1 173 esr1, syne1 0.002059
   6 98369873 6q16.1 4205  0.007345
   6 14035344 6p23 814 rnF182 0.007675
   9 1.17e+08 9q33.1 4289  0.000183
   9 23737636 9p21.3 1099 elAVl2 0.001923
   9 21726045 9p21.3 4214 MtAp 0.002536
   9 1.17e+08 9q33.1 4221 Astn2, trIM32 0.003014
   9 42141245 9p12 5118  0.004607
   9 919127 9p24.3 5884 DMrt1, DMrt3 0.004775
   9 414664 9p24.3 5566 Dock8, AnkrD15 0.008638
   9 79353236 9q21.31 1119 tle4 0.008638
 14 71175222 14q24.2 4675 sIpA1l1 0.005054
 14 34875953 14q13.2 2531 nFkBIA 0.005595
 14 80102060 14q31.1 1280 c14orf145 0.007222
 14 73441348 14q24.3 4034 ZnF410, c14orf44, coQ6, entpD5 0.008437
 15 89157227 15q26.1 2434 BlM, FurIn, Fes, MAn2A2 0.002363
 15 89185022 15q26.1 2971 FurIn, Fes, MAn2A2, HDDc3 0.003354
 15 88125742 15q26.1 707 Anpep, Ap3s2 0.007458
 15 71713010 15q24.1 4618 cD276 0.007576
 17 72955036 17q25.3 2602 sept9 0.001816
 17 11944544 17p12 2859 MAp2k4 0.004177
 17 35871401 17q21.2 2983 tns4 0.006952
 17 2510194 17p13.3 5917 pAFAH1B1, kIAA0664 0.009045
 17 410041 17p13.3 158 Vps53 0.009053
 20 10407110 20p12.2 5951 c20orf94 0.000748
 20 9192646 20p12.2 466 plcB4 0.000894
 20 10566034 20p12.2 768 jAg1 0.001033
 20 10633685 20p12.2 5954  0.005326
 20 10266917 20p12.2 5952 rpl23Ap6, Mkks, c20orf94 0.00536
 20 10740672 20p12.2 5957 FAt1p1 0.007335
 20 16603508 20p12.1 1509 rpl7Al3, snrpB2, otor 0.007452
 20 12524678 20p12.1 1345  0.008638
 20 168339 20p13 5621 c20orf96, ZccHc3, soX12, c20orf98, trIB3 0.008801
 22 27639138 22q12.1 460 ZnrF3 0.007449
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for all 4030 BAc clones mounted on the a-cgH slides with 
the corresponding p-values. The figure also shows that the 
advanced stage crcs were associated with a gain of 11q and 
losses of 5q, 9, 14, 17p and 20p (arrows, p<0.01).

the specific clones with p<0.01 are listed in table IV. 
Advanced stage crcs were significantly associated with 
a gain of clone 2748 (8q24.3) and a loss of clone 4289 
(9q33.1) (p<0.001). these two BAc clones that were 
associated with advanced stage crcs were also included 
in those that were linked with crcs with lymph node 
metastasis.

Lymphovascular invasion and DCNA. Fig. 2c shows the 
p-values corresponding to the 4030 BAc clones that were 
estimated by the χ2 test between crcs with lymphovascular 
invasion and those without lymphovascular invasion. the  
crcs with lymphovascular invasion were associated with 
an increased frequency of gains of 8q and 21, and losses of 
10, 11 and y (arrows, p<0.01). Further, Fig. 2c shows that 
the crcs without lymphovascular invasion were associated 
with a gain of 1q, and losses of 1p, 14 and 15p (dotted arrows, 
p<0.01).

The specific BAC clones with p<0.01 are listed in Table V. 
CRCs with lymphovascular invasion were significantly associ-
ated with a gain of clone 4208 (8q21.11) and a loss of clone 
4467 (10q21.3) (p<0.001).

Venous invasion and DCNA. Fig. 2D shows the results of 
the χ2 test between crcs with venous invasion and those 
without venous invasion concerning all 4030 of the BAc 
clones mounted on a-cgH slides with their corresponding 
p-values. the crcs free of venous invasion were associated 
with gains of 8q, 14, 22 and Xp, and losses of 3p, 8p, 9p, 10p 
and 17p (arrows, p<0.01).

The specific BAC clones with p<0.01 are listed in Table VI. 
CRCs with venous invasion were significantly associated with 
losses of clone 230 (10p15.3), 1536 (17p13.1), 2562 (3p25.1) 
and clone 2084 (12q15) (p<0.001).

Discussion

the biological properties of cancers differ by patient and 
by cancer subtype. thus, treatments based on an individual 
cancer would be of benefit to patients. Clinically significant 

table IV. BAc clones associated with clinical stage in colorectal cancer.

chromosome BAc-start locus ID locating genes p-value

DnA copy
number gain
   5 886825 5p15.33 5598 ZDHHc11, BrD9, trIp13 0.005423
   8 1.46e+08 8q24.3 2748 ZnF16, tMeD10p, c8orf77 5.14e-05
 11 94501857 11q21 1302 enDoD1, sesn3 0.00567
 15 19958051 15q11.2 2266 VsIg6 0.009342
DnA copy
number loss
   5 1.25e+08 5q23.2 4761  0.00273
   5 1.32e+08 5q23.3 5300 p4HA2, pDlIM4, slc22A4 0.003043
   5 1.26e+08 5q23.2 4736 lMnB1, MArcH3 0.003359
   5 18102403 5p15.1 4466  0.00887
   6 14035344 6p23 814 rnF182 0.005457
   9 1.17e+08 9q33.1 4289  0.00078
   9 1.17e+08 9q33.1 4221 Astn2, trIM32 0.008174
 11 8182603 11p15.4 2704 lMo1 0.003937
 12 6175040 12p13.31 591 cD9 0.005891
 12 1.32e+08 12q24.33 5605 ZnF26, ZnF84, ZnF140 0.008955
 12 96497364 12q23.1 4796  0.009111
 14 73441348 14q24.3 4034 ZnF410, c14orf44, coQ6, entpD5 0.001408
 14 71175222 14q24.2 4675 sIpA1l1 0.004751
 14 80102060 14q31.1 1280 c14orf145 0.006465
 14 63739020 14q23.2 2040 syne2, esr2 0.006543
 15 89157227 15q26.1 2434 BlM, FurIn, Fes, MAn2A2 0.003217
 17 11944544 17p12 2859 MAp2k4 0.002045
 20 10407110 20p12.2 5951 c20orf94 0.002978
 20 10566034 20p12.2 768 jAg1 0.003914
 20 513026 20p13 5646 tcF15, srXn1, scrt2 0.005423
 20 168339 20p13 5621 c20orf96, ZccHc3, soX12, c20orf98, trIB3 0.006151
 20 15275392 20p12.1 269 c20orf133 0.006172
 20 16603508 20p12.1 1509 rpl7Al3, snrpB2, otor 0.007495



nAkAo et al:  ArrAy-BAseD cgH oF 94 colorectAl cAncers1608

table V. BAc clones with lymphovascular invasion in colorectal cancer.

chromosome BAc-start locus ID locating genes p-value

DnA copy number gain
   1 208000000 1q32.3 1078 slc30A1, nek2 0.001329
   1 229000000 1q42.2 5630 sIpA1l2 0.002892
   1 242000000 1q44 303  0.003034
   1 157000000 1q23.2 1412 pIgM, kcnj10 0.004509
   5 135000000 5q31.1 2688 Il9, FBXl21, lect2 0.003663
   6 168000000 6q27 2706 Mllt4 0.005968
   6 160000000 6q25.3 2872 soD2, wtAp 0.009212
   8 75824814 8q21.11 4208 pI15 0.00092  
   8 134000000 8q24.22 359 wIsp1, nDrg1 0.004182
   8 72080962 8q13.3 5059  0.004275
   8 91413409 8q21.3 1131  0.005384
   8 145000000 8q24.3 5267 HsF1, DgAt1, scrt1, FBXl6, gpr172A, ADck5, cpsF1 0.00651
   8 145000000 8q24.3 1284 Zc3H3, gsDMDc1, c8orf73, nAprt1, eeF1D 0.007132
   8 48721528 8q11.21 2413 ceBpD 0.008533
   8 99509595 8q22.2 4470 kcns2, stk3  0.008827
   8 66247296 8q13.1 4923  0.009245
   8 143000000 8q24.3 4223  0.009392
   8 128000000 8q24.21 939 srrM1l 0.009718
 15 70609648 15q24.1 334 ArIH1 0.009665

DnA copy number loss
   1 28068722 1p35.3 388 eyA3 0.001934
   1 1463003 1p36.33 705 slc35e2, cDc2l2, cDc2l1 0.00402  
   2 140000000 2q22.1 4557  0.004082
   2 68918173 2p13.3 5007 ArHgAp25 0.00654  
   3 71826780 3p13 900 eIF4e3, gpr27, prok2 0.005996
   3 166000000 3q26.1 4469 slItrk3 0.007001
   3 199000000 3q29 2321 kIAA0226 0.00714
   3 80273927 3p12.2 4988  0.00844
   3 167000000 3q26.1 4805  0.009354
   4 3180037 4p16.3 2855 HD 0.001934
   9 117000000 9q33.1 4289  0.003724
   9 21726045 9p21.3 4214 MtAp 0.004983
   9 42141245 9p12 5118  0.00783
 10 67611287 10q21.3 4467 ctnnA3 0.000866
 11 128000000 11q24.3 1184 FlI1 0.003167
 11 61848708 11q12.3 2681 Asrgl1, scgB1A1, AHnAk 0.00654  
 11 101000000 11q22.1 35  0.007308
 11 131000000 11q25 4032 c11orf39 0.009046
 14 71175222 14q24.2 4675 sIpA1l1 0.002616
 15 48316625 15q21.2 985 HDc, gABpB2 0.001262
 15 76950406 15q25.1 4450 MorF4l1, ctsH, rAsgrF1 0.001444
 15 88125742 15q26.1 707 Anpep, Ap3s2 0.001934
 15 89185022 15q26.1 2971 FurIn, Fes, MAn2A2, HDDc3 0.00332
 15 49208466 15q21.2 590 cyp19A1 0.007401
 19 10175587 19p13.2 753 eDg5, IcAM1, IcAM4 0.001418
 19 54042891 19q13.33 1194 plekHA4, ppp1r15A, tulp2, nucB1, DHDH, BAX, Ftl, gys1 0.006621
 y 6062912 yp11.2 4648 tspy2, tspyp1 0.001209
 y 10145611 yp11.2 24 rBMy2gp, ttty7 0.002883
 y 21750616 yq11.223 899 rBMy2sp 0.00305
 y 21831283 yq11.223 485 rBMy2ep, rBMy2tp, tspyp4 0.003814
 y 19261015 yq11.222 1442 usp9yp1, HsFy1, ttty9B, oFDyp5 0.005537
 y 18634292 yq11.221 412 cDy5p, Actgp2, Xkry, seDlp3, oFDyp1 0.005716 
 y 6245999 yp11.2 5143 rBMy2gp, ttty7 0.00592  
 y 6123032 yp11.2 4330 tspy2, tspyp1, rBMy2gp 0.006672
 y 22359301 yq11.223 429 rBMy1B, rBMy1A1 0.007153 
 y 13424058 yq11.21 4549 DDX3y, cAskp 0.008572
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table VI. BAc clones associated with venous invasion in colorectal cancer.

chromosome BAc-start locus ID locating genes p-value

DnA copy
number gain
   3 1.85e+08 3q27.1 1267 Ap2M1, ABcF3, Alg3, cAMk2n2 0.004777
   6 31614370 6p21.33 2279 BAt1, Atp6V1g2, nFkBIl1, ltA, tnF, ltB, lst1, 0.005702
       ncr3, AIF1, BAt2, BAt3
   6 19479260 6p22.3 4509  0.007369
   6 1.48e+08 6q24.3 838  0.007798
   6 32917633 6p21.32 2086 psMB8, tAp1, psMB9, ppp1r2p1, HlA-DMB 0.008609
   8 1.44e+08 8q24.3 2978 gMl, cyp11B1, cyp11B2 0.001282
   8 75824814 8q21.11 4208 pI15 0.002815
   8 1.45e+08 8q24.3 1284 Zc3H3, gsDMDc1, c8orf73, nAprt1, eeF1D 0.003108
   8 1.18e+08 8q24.11 4296  0.003307
   8 72080962 8q13.3 5059  0.00559
   8 76752360 8q21.11 4850  0.00832
   8 88062342 8q21.3 5174 cnBD1 0.008437
   8 90966600 8q21.3 2711 c8orf1, nBn 0.008991
   9 1.08e+08 9q31.2 4892  0.004541
 12 1.03e+08 12q23.3 2790 nt5Dc3 0.00217
 13 31754912 13q13.1 148 Fry, BrcA2, IFIt1p 0.007934
 14 63953132 14q23.2- 1066 MtHFD1, AkAp5, ZBtB25 0.002416
 14 52954585 14q22.1 4506  0.00685
 14 68799746 14q24.1 4082 gAlntl1 0.007369
 14 76963463 14q24.3 1546 c14orf133, AHsA1, tHsD3, sptlc2 0.007369
 15 89157227 15q26.1 2434 BlM, FurIn, Fes, MAn2A2 0.007798
 20 22946651 20p11.21 2292 sstr4, tHBD, cD93 0.00474
 21 35144508 21q22.12 2331 runX1 0.002614
 X 22016295 Xp22.11 4307 pHeX, ZnF645 0.003979

DnA copy
number loss
   2 2.06e+08 2q33.3 825 Als2cr19 0.002614
   2 1.32e+08 2q21.1 2745 ArHgeF4, plekHB2 0.006666
   2 2.10e+08 2q34 1526 MAp2 0.007483
   3 14148375 3p25.1 2562 tMeM43, Xpc, lsM3 0.000792
   3 71826780 3p13 900 eIF4e3, gpr27, prok2 0.002771
   3 74941458 3p12.3 4309  0.002771
   3 1.39e+08 3q22.3 418 npM1p17 0.004333
   3 36923131 3p22.3 3024 epM2AIp1, MlH1 0.004417
   3 63273432 3p14.2 1005 synpr 0.005318
   3 26969537 3p24.2 4929  0.005992
   3 64300928 3p14.1 348  0.006545
   3 1.87e+08 3q27.2 2819 etV5 0.00685
   3 25613645 3p24.2 2268 rArB, top2B 0.00936
   3 44861037 3p21.31 5340 kIF15, tMeM42, tgM4, ZDHHc3 0.009527
   3 61112371 3p14.2 2781 FHIt 0.009527
   3 833434 3p26.3 5701  0.009665
   4 57604869 4q12 656 rest, c4orf14, polr2B, IgFBp7 0.007076
   4 1.66e+08 4q32.3 4287  0.008078
   5 1.26e+08 5q23.2 4736 lMnB1, MArcH3 0.00767
   5 1.25e+08 5q23.2 4761  0.007819
   6 58452627 6p11.2 998  0.006476
   8 6562724 8p23.1 4738 AgpAt5 0.004137
   8 36251863 8p12 4919  0.005148
   8 649574 8p23.3 5579 erIcH1, c8orf68 0.007967
   8 250609 8p23.3 670 FBXo25 0.009945
   9 414664 9p24.3 5566 Dock8, AnkrD15 0.002083
   9 14314735 9p22.3 5623  0.004436
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information for patients with crc, such as the presence of 
lymph node metastasis, the clinical stage, and lymphovascular 
and venous invasion, are predictors of prognosis and indica-
tors of the likelihood of a response to treatment. In the present 
study, a-cgH yielded a more statistically meticulous analysis 
than previous chromosomal cgH.

our previous cgH analysis showed that a gain of 8q24 was 
the most significant factor related to lymph node metastasis 
and advanced tumor stage in crcs (7,8). since advanced stage 
tumors are usually accompanied by lymph node metastasis, 
there were many overlapping DcnAs that were associated 
with lymph node metastasis and an advanced tumor stage in 
CRCs. However, elevated tumor stage alone was significantly 
associated with an increased frequency of a gain of X and 
chromosome 15 in the present study. other factors that were 
determinants of an advanced tumor stage that were separate 
from lymph node metastasis were liver metastasis and perito-
neal metastasis. However, since the number of these cases was 
limited in comparison to those with lymph node metastasis, 
the details could not be determined.

the 8q24 locus is frequently amplified not only in 
colorectal cancer but also in other types of cancer, e.g., breast 
cancer (10) and prostate cancer (11). A number of reports have 
speculated that aberrations of 8q24 are associated with malig-
nant transformation of a cell, and the cMyc gene, which is 
located at 8q24, has been suggested as a dominant candidate 
gene for carcinogenesis (7,8,10,11). However, since numerous 
genes other than cMyc are included in this region, multiple 
genes located at 8q24 may take part in the carcinogenesis.

In the present study, the crc patients with loss of 20p12.2 
demonstrated a high frequency of lymph node metastasis. the 
jAg1 gene is located at 20p12.2, and the notcH1 gene is at 
9q34.4. Although these loci are associated with ArAjIru 

syndrome, elevated expression of jAg1 and notcH1 was 
also reported as a marker of poor prognosis in breast cancer 
(12,13). the same association has been reported in crcs 
(14). Furthermore, JAG1 mRNA has been shown significantly 
increased in most familial adenomatous polyposis (FAp) 
adenomas in comparison to that of normal intestinal tissue 
(15). table IV demonstrates that a loss of 20p12.2 (clone 768), 
on which JAG1 is located, has a significant correlation with 
the lymph node metastasis of crc (p<0.01). gain of 8q24.3 
and loss of 20p12.2 were independent factors for lymph node 
metastasis. All 7 crcs that had either 8q24.3 gain or 20p12.2 
loss had lymph node metastasis. Among 32 crcs with either 
aberration, 26 tumors demonstrated lymph node metastasis. 
Furthermore, crcs with lymphovascular invasion showed 
an increase of 8q2 gain in addition to 10q21 loss, which is 
reported to be associated with Alzheimer's disease (16).

crcs with venous invasion were associated with an 
increased frequency of losses of various BAc clones. For 
example, losses of 12q15 and 17p13.1 encoding IFng and 
p53, respectively, were both associated with venous invasion. 
Furthermore, the results showed a high frequency of losses 
of the cadherin-related genes, for example, the β-catenin 
domain was associated with lymph node metastasis, and the 
α-3 catenin domain with lymphovascular invasion (14,16). 
therefore, metastatic colorectal cancer might not express 
either cadherin or catenin proteins, which may result in exfoli-
ated cancer cell metastases.

In conclusion, the present study examined the relationship 
between the clinicopathological features of crc and DcnAs: 
a gain of 8q24.3 and losses of 9q33.1 and 20p12.2 were 
associated with lymph node metastasis, gain of 8q24.3 and 
loss of 9q33.1 with disease stage, gain of 8q21.11 and loss of 
10q21.3 with lymphovascular invasion and losses of 3p25.1, 

table VI. continued.

chromosome BAc-start locus ID locating genes p-value

DnA copy
number loss
   9 15666106 9p22.3 4639 c9orf93 0.006505
   9 288712 9p24.3 2768 Dock8 0.007162
   9 502548 9p24.3 5569 AnkrD15 0.007419
 10 543426 10p15.3 230 DIp2c 0.000366
 10 183360 10p15.3 2532 ZMynD11 0.001822
 10 185862 10p15.3 2166 ZMynD11 0.005187
 10 854943 10p15.3 5553 lArp5 0.006853
 12 66758603 12q15 2084 IFng 0.000903
 12 38170799 12q12 4224 ABcD2 0.006666
 15 19051540 15q11.2 5162  0.002692
 15 37896537 15q14-15q15.1 1056 gpr176 0.006096
 17 10455531 17p13.1 1536 MyH3, sco1, c17orf48 0.000563
 17 3811567 17p13.2 1210 Atp2A3, ZZeF1 0.00282
 19 21158366 19p12 2301 ZnF431 0.007369
 20 3477726 20p13 1566 Atrn 0.008263
 20 4970392 20p13-20p12.3 2878 c20orf30, pcnA, cDs2 0.009205
 22 48278710 22q13.33 930  0.005187
 y 1805965 yp11.31 5180  0.006476
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10p15.3, 12q15, and 17p13.1 for venous invasion. these aber-
rations can be regarded as genomic biomarkers to predict the 
clinical outcome of the patients with crc, and are expected 
to serve to individualize the treatment of crc patients. 
Further clarification of the genomic and clinical correlations 
is expected to provide more useful genomic biomarkers for 
clinical management of the patients with crc.
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