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Abstract. Colorectal cancer is a prevalent malignancy 
worldwide, and investigations are required to elucidate 
the underlying carcinogenic mechanisms. Amongst these 
mechanisms, de novo carcinogenesis and the adenoma to 
carcinoma sequence, are the most understood. Metastasis of 
colorectal cancer to the liver often results in fatality, therefore, 
it is important for any associated risk factors to be identified. 
Regarding the treatment of the disease, it is important to 
manage not only the primary colorectal tumor, but also the 
liver metastases. Previously, through gene variation analysis, 
chromosomal loss has been indicated to serve an important 
role in liver metastasis. Such analysis may aid in the predic-
tion of liver metastasis risk, alongside individual responses 
to treatment, thus improving the management of colorectal 
cancer. In the present study, we aimed to clarify a cause of 
the liver metastasis of colorectal cancer using comparative 
genomic hybridization analysis. A total of 116 frozen samples 
were analyzed from patients with advanced colorectal cancer 
that underwent surgery from 2004 to 2011. The present study 
analyzed mutations within tumor suppressor genes non-meta-
static gene 23 (NM23), deleted in colorectal carcinoma (DCC) 
and deleted in pancreatic carcinoma, locus 4 (DPC4), which are 
located on chromosomes 17 and 18 and have all been reported 
to affect liver metastasis of colorectal cancer. The association 
between chromosomal abnormalities (duplication and dele-
tion) and liver metastasis of colorectal cancer was evaluated 
using comparative genomic hybridization. Cluster analysis 

indicated that the group of patients lacking the long arm of 
chromosome 17 demonstrated the highest rate of liver metas-
tasis. No significant association was observed between the 
frequency of liver metastases for synchronous and heteroch-
ronous colorectal cancer cases and gene variation (P=0.206). 
However, when these liver metastasis cases were divided into 
the synchronous and heterochronous types, the ratio of each 
was significantly different between gene variation groups, 
classified by the existence of the 17q deletion (P=0.023). These 
results indicate that the deletion of 17q may act as a predictive 
marker of liver metastasis in postoperative states.

Introduction

Colorectal cancer is the second most common cause of 
cancer-associated mortality in Japan, and its incidence has 
been rapidly increasing in recent years (1,2) Colorectal cancer 
is a common form of cancer and investigations to elucidate 
the underlying oncogenic mechanisms, including the adenoma 
carcinoma sequence (3,4) and de novo carcinogenesis (5,6), 
are among the most advanced. However, . Regarding the treat-
ment of the disease, it is important to target liver metastases, 
in addition to the primary lesion to maintain the best results. 
Liver metastasis is quite common in colorectal cancer, and 
the rate of liver metastasis is assumed to be between 20-30% 
in all cases of colorectal cancer (7). Radical cure excision is 
currently the preferred choice for the treatment of liver metas-
tases and primary lesions (8). However, more recently, the use 
of neoadjuvant chemotherapy (NAC) or chemoradiotherapy 
(CRT) to reduce tumor size has become increasingly preva-
lent (8). Following NAC or CRT, excision of the primary lesion 
and distant metastasis is then performed (9). Early detection of 
the liver metastasis is important as long term survival related 
with size and a number of nodules of the liver metastasis (10).

Recently, targeted cancer therapies have been developed 
and approved for use in treating various types of cancer, and 
in certain therapies, treatment efficacy may be predicted by 
analyzing the gene variation of the primary lesion (11,12). If 
such gene variation analysis was employed to identify risk of 
liver metastasis, the management of the disease may be greatly 
improved. It was previously reported that abnormalities in 
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gene and genomic copy numbers that contribute to lymph 
node metastases may be identified by comparative genomic 
hybridization (CGH) (13,14).

It is expected that identification of specific gene and 
genomic variations may be used in the clinic as tumor markers 
and prognostic predictive factors for metastasis (12,15); these 
prognostic markers may serve as important tools for colorectal 
cancer treatment.

Mutations in oncogenes, such as erb-B2 receptor tyrosine 
kinase 2 (ERBB2), or cancer-restraining genes, including 
tumor protein 53 (TP53), non-metastatic clone 23 (NM23), 
deleted in colorectal cancer (DCC) and deleted in pancreatic 
carcinoma, locus 4 (DPC4), are considered to have an effect on 
liver metastasis (16-24).

The present study aimed to clarify a cause of the liver metas-
tasis of colorectal cancer using CGH analysis. In particular, we 
intended to demonstrate the association between liver metas-
tasis and genome abnormality at chromosomes 17 and 18, on 
which important oncogenes and cancer-suppressing genes are 
located. The present study may lead to the identification of a 
liver metastasis marker in blood samples.

Materials and methods

Specimens. A total of 116 frozen tissue samples from surgical 
specimens of colorectal cancer were obtained from patients 
that had undergone surgery at the Department of Surgery, 
Juntendo University School of Medicine (Tokyo, Japan), 
under the institutional review board approved protocol 
(IRB2013145). The specimens were collected over a period of 
8 years from October 2004 to December 2012. The periopera-
tive breakdown was as follows: A total of 72 patients presented 
with no liver metastasis and 44 patients with liver metastasis. 
Recurrence of liver metastasis postoperative developed in 
7 out of 72 patients in the no liver metastasis group, and 16 out 
of 44 patients in the liver metastasis group. In the present 
study, liver metastasis that was detected at the same time as 
the colorectal cancer surgery was classified as 'synchronous' 
metastasis, and those cases detected subsequent to the surgery 
were classified as 'heterochronous'.

Genomic DNA sample preparation. Cancer cells from the 
tumor specimens were collected for genomic DNA extraction. 
A total of 5-20 frozen sections (16 µm thick) were manually 
microdissected. Under the guidance of a pathologist, normal 
cells were removed leaving >95% tumor cells. Genomic DNA 
was extracted using the Quick Gene SP kit DNA tissue (Wako 
Pure Chemical Industries, Ltd., Osaka, Japan), and the quality 
was confirmed by standard agarose gel electrophoresis. 
Human Male Genomic DNA or Human Female Genomic 
DNA (Merck-Millipore, Billerica, MA, USA) was used as 
sex‑matched normal reference DNA.

Preparation of whole genome DNA microarray. DNA micro-
array was created by Link Genomics Inc., (Tokyo, Japan) with 
complete coverage of the human genome, using 12,310 indi-
vidually amplified bacterial artificial chromosome (BAC) 
clones. All BAC clones were cultured from a single colony and 
validated by polymerase chain reaction (PCR) amplification 
(using Blend Taq® DNA polymerase; Toyobo Co., Ltd., Osaka, 

Japan) using clone‑specific primers (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). These primer sequences 
were designed by DNASIS Pro software (Hitachi Solutions, 
Tokyo, Japan), and confirmed only to amplify the target gene 
with UCSC in-Silico PCR (UCSC Genome Informatics Group, 
Santa Cruz, CA, USA; https://genome.ucsc.edu/cgi-bin/hgPcr).
The extracted BAC DNA was BstYI-restricted and ampli-
fied by ligation-mediated PCR. The products were sent to be 
printed on glass slides (GE Healthcare Life Sciences, Uppsala, 
Sweden) with an ink-jet type spotter (NGK Insulators, Ltd., 
Nagoya, Japan).

Analysis of genome copy number by CGH array. AluI and 
RsaI-restricted genomic DNA was labeled by random priming 
with Alexa555‑dCTP (test DNA) and Alexa647‑dCTP (refer-
ence DNA) using the BioPrime® Plus Array-CGH Indirect 
Genomic Labeling system (Invitrogen; Thermo Fisher Scien-
tific, Inc.). The labeled test and reference DNA were then 
ethanol precipitated in the presence of Cot-1 DNA (Thermo 
Fisher Scientific, Inc.), redissolved in a hybridization mix and 
subsequently denatured at 70˚C for 10 min. Following incu-
bation at 42˚C for 5 min, the mixture was applied to a Whole 
Genome DNA Microarray (LinkGenomics, Tokyo, Japan) 
covered with an MAUI® Mixer Hybridization Chamber 
(BioMicro Systems, Inc., Salt Lake City, USA). Following 
incubation at 42˚C for 48 h, the slides were washed with 2X 
saline sodium citrate (SSC)/0.1% sodium dodecyl sulfate 
(SDS) buffer and 0.1X SSC/0.1%SDS buffer three times, 
respectively. Subsequent to rinsing with 0.01X SSC buffer 
and airdrying, the slides were scanned using the SureScan 
Microarray Scanner (Agilent Technologies, Inc., Santa Clara, 
USA), and analyzed with GenePix Pro 4.0 imaging software 
(Axon Instruments, Inc., Union City, CA, USA). Normaliza-
tion was performed using global-normalization methods (25). 
The total amount of genomic DNA in one cell was regarded 
to be almost same, and the median values of each array 
sample was adjusted (log ratios for each array were adjusted 
to be zero). The fold change in the number of genome copies 
in the tumor tissue compared with the normal tissue was 
then calculated. Thresholds for gains and losses were set to 
1.2 and 0.8, respectively.

Determination of target chromosomes. The present study 
focused on chromosomes 17 and 18, which contain regions/genes 
closely associated with cancer, including 17p13 containing 
TP53, 17q12 containing ERBB2, 17q21 containing NM23 and 
18q21.1-3 containing DPC4 and DCC. NM23, DCC and DPC4 
have been reported as tumor suppressor genes that reportedly 
affect the liver metastasis of colon cancer (15). Using CGH, 
the current study evaluated the presence of abnormalities, 
including duplications and deletions, in each chromosomal 
region presenting with liver metastasis of colorectal cancer. 
Data mining was performed using cluster analysis, and the 
data was tested for statistical significance.

To analyze the association between gene mutations of the 
primary lesions and liver metastasis, 18p21.3 was used as the 
locus for DCC, 18p21.1 as DPC4 and 17q21 as NM23. Cluster 
analysis lead to the dividing of patients into three groups, 
which included: Normal genome, genomic deletion and 
genomic duplication (Fig. 1).
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Classification of genomic variation. The three patient 
groups were classified as follows: Group A, normal genome 
(n=13, 11.2%); group B, 18p and 18q deletion (n=21, 18.1%); 
group C, 18p, 18q and 17p deletion (n=43, 37.1%); group D, 
overall deletion of 17p, 17q, 18p and 18q, resulting in 1n 
(n=9, 7.8%); group E, 17q duplication alone (n=6, 5.2%); 
and group F, 17q duplication and 17p, 18p and 18q deletion 
(n=19, 16.4%). Based on these classifications, the affect of the 
varying genomic aberrations on liver metastasis was analyzed 
(Fig. 2).

Statistical analysis. Cluster analysis was used for data mining 
and Pearson's χ2 test was used to determine significant differ-
ences. JMP, version 9.0 (www.jmp.com), was used to perform 
the appropriate statistical analyses. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Genomic duplications. Six genomic variations were 
classified into three groups, normal (Group A), deletion 
(Group BCD) and duplication (Group EF). When these 
variations were reclassified into two groups, Group ABCD 
(without duplication) and Group EF (with the duplication), 
there was no difference in the metastasis categories between 
these two groups (P=0.26; 3x2 Pearson's χ2 test). The ratios 
of non-metastasis, heterochronous and synchronous metas-
tasis cases were 64% (16/25), 8% (2/25) and 28% (7/25) in 
Group EF, respectively, and 50.6% (39/77), 3.9% (3/77) and 
45.4% (35/77) in Group ABCD, respectively. In the present 
study, no effect of genomic duplication was detected on 
the liver metastasis; however, the authors plan to analyze 
additional cases, with focus to the duplication in future. The 
subsequent paragraph shows the results of the analyses on the 
normal (Group A) and deletion (Group BCD) groups, in order 
to focus on deletions of cancer suppressor genes.

Genomic deletions. The overall incidences of liver metas-
tasis, including synchronous and heterochronous cases, in 
groups A-D were 30.8 (4/13), 33.3 (7/21), 51.2 (22/43) and 
66.7% (6/9), respectively, with no significant differences 
observed (P=0.206; Fig. 3). The cases of liver metastasis 
were then divided into synchronous and heterochronous 
colorectal cancer types. The incidences of synchronous 
liver metastasis in groups A-D were 23.1 (3/13), 33.3 (7/21), 
48.8 (21/43) and 44.4% (4/9), respectively (P=0.067; Fig. 4). 
The incidences of heterochronous liver metastasis in 
groups A-D were 7.7 (1/13), 0 (0/21), 2.3 (1/43) and 22.2% 
(2/9), respectively (P=0.067; Fig. 4). Therefore, although the 
differences between the synchronous and heterochronous 
cases were not significant, there was a tendency for metas-
tasis to occur more prevalently in the synchronous type. 
Groups A-D were subsequently reclassified based on the 
presence or absence of the 17q deletion, with the incidence of 
liver metastasis compared between groups A + B + C (n=77) 
and D (n=9). In groups A + B + C and D, the incidence of 
the synchronous type was 40.3 (31/77) and 44.4% (4/9), 
respectively, and the incidence of the heterochronous type 
was 2.6 (2/77) and 22.2% (2/9), respectively. There was a 
significant difference in metastasis types between the two 

Figure 1. Classification of genomic variation as determined by cluster 
analysis. Cluster analysis was performed focusing on chromosome 17 and 18 
and identified 2 duplication groups and 3 deletion groups.

Figure 2. Classification of the genomic variation. Following cluster analysis, 
patients were classified into three groups: Normal, deletion and duplication. 
Chr, chromosome. G/R, green/red ratio.

Figure 3. Liver metastasis and genomic variation in the deletion groups 
(A‑D). No significant differences were observed between the genome deletion 
groups and the rate of liver metastasis. H(-), no liver metastasis; H(+), liver 
metastasis.
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groups, Group ABC (no deletion on 17q) and Group D (with 
deletion on 17q) (P=0.023; by 2x3 Pearson's χ2 test; Fig. 5). 
Only in the heterochronous cases, metastasis ratios were 
significantly different between Group ABC and Group D 
(P=0.0087; <0.05/3; significant by Pearson's χ2 test with 
Bonferroni correction).

In addition, a significant difference was identified among 
the four variation groups in terms of the relapse rate of post-
operative liver metastasis (including heterochronous cases and 
synchronous metastasis cases that showed re-recurrence on 
the liver that had clearly undergone tumor removal; Fig. 6). 
When Groups A‑D were reclassified into Group AB (n=34) 
and Group CD (n=52), due to the positive or negative presence 
of deletions on 17p domains, a significant difference (P=0.009) 
was observed between these two groups (Fig. 7).

Discussion

The present study revealed the impact of chromosome dele-
tions on liver metastasis of colorectal cancer, and assumed 
that the impacts were primarily a result of lesion of cancer 
suppression genes on 17q. By contrast, deletions on chromo-
somal region 18p demonstrated no obvious effect on liver 
metastasis; however, the DCC and DPC4 genes are located in 
this region. In order to focus on deletion of cancer suppressor 
genes, we did not investigate the effects of duplications on 
chromosomes 17 and 18 in the present study.

The outcome tended to be favorable in the no liver metas-
tasis group within the deletion groups. However, the number 
of patients presenting with duplications was particularly low, 
and their affect on the analytical results cannot be ruled out. 
Furthermore, a wide range of cases from stages II to III (26)
were included in the no liver metastasis groups, therefore, 

Figure 6. Postoperative liver metastasis and genetic variations. There was 
a difference in the relapse rate of postoperative metastasis [H(+)] among 
the four genomic variations, Groups A, B, C and D. Open bar H(-), no 
postoperative metastasis; gray bar H(+), postoperative metastasis, including 
heterochronous cases and synchronous cases with recurrence on the liver.

Figure 7. Postoperative liver metastasis and genomic variation. Following 
reclassification of groups based on the presence of absence of the 17p deletion, 
and comparisons between the A+B and C+D groups, a significant difference 
was demonstrated between the two groups. Open bar H(-), no postoperative 
metastasis; gray bar H(+), postoperative metastasis, including heterochronous 
cases and synchronous cases with recurrence on the liver.

Figure 4. Liver metastasis and genomic variation in the synchronous and 
heterochronous cases. The ratio of liver metastasis incidence in four gene 
variations was marginal but not significant (P=0.067; 4x3 Pearson's χ2 test). 
Open bar H(-), no metastasis; gray bar H(+), heterochronous metastasis; 
closed bar H(+), synchronous metastasis.

Figure 5. Liver metastasis and genomic variation (synchrony or heterochrony). 
Following reclassification of groups based on the presence or absence of 
17q deletion, a significant difference was observed in the liver metastasis 
rate between the gene groups with (D) and without (ABC) 17q deletion 
(P=0.067; 2x3 Pearson’s χ2 test).. Open bar H(-), no metastasis; gray bar H(+), 
heterochronous metastasis; closed bar H(+), synchronous metastasis.
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a bias in the patients in the early stage of disease may have 
affected the outcome. Additional analysis with an increased 
number of patients followed by a prolonged observation period 
may be necessary.

Regarding the carcinogenesis and growth of primary 
colorectal cancer, de novo carcinogenesis and the adenoma to 
carcinoma sequence have been thoroughly investigated, and 
a number of genes, including fibroblast activation protein, 
Kirsten rat sarcoma viral oncogene homolog, mothers against 
decapentaplegic homolog 4 and p53, are considered to be 
involved in the development of the disease (26,27). Genes are 
universal elements, and in the absence of mutation, they may 
be reliably measured unlike clinicopathological factors, such 
as lifestyle and background. Furthermore, DNA has a higher 
physical stability compared with RNA, and its clinical appli-
cation may be relatively straightforward (28).

A number of studies have reported the possible benefits 
of cluster analysis in studies investigating gene variation in 
colorectal cancer (29-32). The present study performed data 
mining employing cluster analysis and observed a tendency 
toward differences in the incidences of synchronous and heter-
ochronous liver metastases among groups A-D. Following 
reclassification of the patients based on the presence or 
absence of the 17q deletion, the incidences of synchronous and 
heterochronous liver metastases were compared. Significant 
differences were observed in the incidences of each type 
between groups A + B + C and D, suggesting that chromo-
somal region 17q contains genes that serve as a risk factor for 
heterochronous liver metastasis.

In addition, there is a significant difference in the relapse 
rate of the postoperative liver metastasis among groups A, B, C 
and D. A difference was also identified in the rate of the metas-
tasis between the two groups (AB and CD), reclassified by the 
presence of the 17p domain including TP53. Such findings 
suggest that the lesion of TP53 gene, located in the 17p region, 
may act as a suppressor of postoperative liver metastasis.

Survival rates associated with 17q21 deletion and dupli-
cation were not examined in the present study due to the 
possibility of prolonged survival occurring as a result of post-
operative oral and drip-infusion chemotherapy, which prevent 
the recurrence of liver metastasis. It is also possible that the 
outcome of the patient may be markedly affected by the timing 
of cancer diagnosis.

It cannot be ruled out that gene aberrations that are 
non-detectable by CGH (including translocations), unknown 
genes and regions not selected in the process of cluster 
analysis, may have affected the outcome and liver metastasis 
of the patients in the present study. It is also possible that the 
outcomes may have been modified by other factors, including 
disease stage; thus, additional analysis involving a larger 
sample size and a prolonged observation period may be neces-
sary.

Korn et al (27) reported that similar gene mutations existed 
between metastatic and primary lesions of colorectal cancer, 
and Nakao et al (19) demonstrated that the abnormal chro-
mosomal regions were physically close between synchronous 
and heterochronous liver metastases of colorectal cancer. 
However, certain studies have identified that a significantly 
higher incidence of gene alterations (including duplication and 
deletions) exist in metastatic lesions of the lymph nodes, the 

liver and the lungs than in the associated primary colorectal 
cancer lesions (33-39). Therefore, despite studies concerning 
the molecular mechanism of colorectal carcinogenesis being 
particularly advanced compared to those investigating other 
solid cancers, the overall picture has not yet been fully clarified. 
Additionally, it cannot be ruled out that the clinical classifica-
tion of liver metastasis into synchronous and heterochronous 
types may have no true meaning.

Liver metastasis markedly affects the prognosis of 
patients with colorectal cancer. If gene tests can detect the 
risk of metastasis with high-sensitivity, their clinical applica-
tion may be anticipated, with such tests possibly aiding the 
selection of treatment and adjustment of the course observa-
tion periods.

Future studies may aim to identify gene mutations that 
serve as true metastatic markers by comparing gene mutations 
between primary and metastatic lesions in the liver, lungs 
and lymph nodes within the same patients. Analyzing simi-
larities and differences between the primary and metastatic 
lesions, in addition to comparing gene mutations with those 
in the primary lesions of non-metastatic patients, may aid the 
understanding of which particular variations are involved in 
colorectal cancer metastasis.

In conclusion, in the present study, it was demonstrated that 
the 17q chromosomal region contains genes that serve as risk 
factors for heterochronous liver metastasis. The possibility was 
also suggested that lesions on the 17p domain may become a 
risk factor for liver metastasis following surgery. Analysis of 
gene mutations and genomic aberrations in surgical specimens 
of primary lesions may aid the identification of metastatic 
markers for colorectal cancer.
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