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Abstract. Background: C-Myc, a well-known oncogene located on 8q24.12–q24.23, is often amplified and over-expressed in
both primary and metastasizing colorectal cancer. In addition, PRL-3 (also known as PTP4A3), a tyrosine phosphatase located
on 8q24.3, is amplified in colorectal cancer metastasis. Beside PRL-3 and c-myc, other oncogenes located on the 8q23–24 region
might be involved in this process. Therefore, the present study aims to correlate DNA copy number status of a series of genes at
8q23–24 in colorectal cancer at high resolution in correlation to metastatic disease. Materials and methods: Thirty-two cases of
colorectal cancer, 10 stage B1, 10 B2 and 12 D (Astler–Coller) with their corresponding liver metastasis and one colorectal cell
line (colo205, previously analyzed by array-CGH), were included in this study. A chromosome 8 specific MLPA probe mixture
was used to analyze the presence of DNA copy number changes. The probe mixture contained 29 probes covering 25 genes on
chromosome 8, as well as 6 control probes on other chromosomes. Results and discussion: MLPA results obtained of the colo205
colorectal cell line were comparable with previous array-CGH results, thus validating the MLPA probe mixture. Astler–Coller
B1 and B2 colorectal cancers differed significantly in DNA copy number of the genes, MOS (p = 0.04), MYC (p = 0.007),
DDEF1 (p = 0.004), PTK2 (p = 0.02) and PTP4A3 (p = 0.04). When comparing these with Astler–Coller D primary tumors,
significant differences were seen for several genes as well (MYC (p < 0.000), DDEF1 (p < 0.000), SLA (p < 0.000),
PTK2 (p < 0.000), PTP4A3 (p = 0.002), and RECQL4 (p = 0.01)). When comparing primary Astler–Coller D tumors and
their corresponding liver metastases, a similar pattern of gains and losses was observed. Most of the liver metastases showed
higher DNA copy number ratios than the corresponding primary tumors, but this difference was only significant for TPD52
(p = 0.02) and EIF3S6 (p = 0.007). Conclusion: In addition to c-myc, multiple genes on chromosome 8 differed significantly
between primary colorectal cancers with and without liver metastases. This observation is consistent with the concept that clinical
behaviour, like risk of liver metastasis, is determined by the genomic profile that is already present in the primary tumor.
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1. Introduction

Colorectal cancer is the second leading cause of
death in the western world, accounting for more than
10% of cancer mortality in the US [12]. In the ma-
jority of patients the tumor has already metastasized
to lymph nodes and or liver at the time of diagno-
sis [6,24], which has a severe impact on the prognosis
of these patients [6,18]. A number of genetic changes
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have been described in association with metastatic col-
orectal cancer, yet the exact biological processes re-
sponsible for metastasis still remain unclear [24]. One
of the main chromosomal changes in colorectal can-
cer is gain of distal chromosome 8q. Gains of 8q, to-
gether with gain of 13q and 20q as well as loss of 8p,
17p and 18q are involved in adenoma to carcinoma
progression [8,15]. Moreover, 8q gain, often together
with 8p loss, appeared to be more frequent in metasta-
tic lesions than in primary colorectal tumors [18]. The
8q23–24 region is of special interest because it har-
bors c-Myc and PRL3 [6]. The well-known oncogene
c-Myc, located on 8q24.12–24.13, is often amplified
and over-expressed in both primary and metastasizing
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colorectal cancer [23]. In addition, the tyrosine phos-
phatase PRL-3 on 8q24.3, also known as PTP4A3, has
been shown to be over-expressed in colorectal can-
cer metastases [1,14,24]. These findings suggest that
genes located at 8q23–24 might influence the metasta-
tic process of colorectal cancer. However, beside PRL-
3 and c-Myc, more oncogenes located on the 8q23–
24 region might be involved in metastasis. Therefore
the present study aimed to correlate DNA copy num-
ber status of a series of genes at 8q23–24 in colorectal
cancer to the metastatic status.

To this end, we applied a new high resolution
technique for studying DNA copy number changes,
called Multiplex Ligation-dependent Probe Amplifi-
cation (MLPA). MLPA can detect DNA copy num-
ber changes up to 40 different gene specific DNA se-
quences in a single experiment, with the use of just one
pair of PCR primers [7,25].

2. Materials and methods

2.1. Materials

Thirty-two cases of colorectal cancer were included
in this study, consisting of 12 Astler–Coller D pri-
mary colorectal cancer samples with their correspond-
ing liver metastases and 20 colorectal cancers that did
not have clinically apparent metastases at the time
of operation (10 Astler–Coller B1 tumors, 10 Astler–
Coller B2 tumors). All tumor samples were obtained
from the archives of the department of Pathology of the
VU University Medical Center. Normal tissue samples
of liver, kidney and spleen of three different individu-
als were used as a reference. The colorectal cancer cell
line colo205, previously analyzed by microarray CGH,
was used to validate the MLPA probe set.

2.2. DNA isolation

DNA was isolated from 32 paraffin-embedded col-
orectal tumors and their corresponding liver metas-
tases, as described previously [28]. Briefly, an area
containing at least 70% of tumor cells was demarcated
with a felt tip marker on a 4 µm hematoxylin and eosin
stained tissue section. Fifteen to twenty adjacent serial
sections of 10 µm were sectioned. At the end, a 4 µm
“sandwich” section was made and stained with hemo-
toxylin and eosin, to compare with the first slide as a
control. After deparaffinating with xylene and wash-
ing with methanol to remove all traces of the xylene,

the 10 µm sections were hematoxylin stained and ar-
eas corresponding those demarcated on the 4 µm slide,
were scraped off with a surgical blade. This material
was collected in an Eppendorf tube for DNA extrac-
tion. One ml 1 M sodium-thio-cyanate (CNNaS) was
added and incubated overnight at 38–40◦C to reduce
DNA crosslinking. After drying the tissue-pellet, the
sample was incubated for three days at 50–60◦C with
lysis buffer and proteinase K. Forty microliters pro-
teinase K (10 mg/ml) was added twice a day, lead-
ing to a final concentration of 2 µg/µl. Next, 40 µl
RNase A (20 mg/ml) and 400 µl lysis buffer (QIAmp
kit) were added. After incubation for 10 minutes at 65–
75◦C, 420 µl 100% ethanol was added. DNA was ex-
tracted by a column-based method (QIAamp-kit; Qi-
agen, Westburg, Leusden, The Netherlands) and col-
lected in an Eppendorf tube.

2.3. Array-CGH

Array-CGH was performed as described in detail by
Snijders et al. [26]. Briefly, tumor and reference DNAs
were differently labeled by random priming. Six hun-
dred µg test and reference DNA were hybridized to
an array containing approximately 2500 DNA clones
evenly spread across the whole genome, with an aver-
age resolution of 1.4 Mb.

Image acquisition, analysis and data extraction were
performed as described previously [20].

2.4. MLPA

The principles of MLPA are explained in Fig. 1.
For analysis of DNA copy number changes, MLPA
was performed using a chromosome 8 specific MLPA
probe mixture with 29 probes, covering 25 genes on
chromosome 8 including 2 probes for c-Myc and 3
probes for PRL-3. The probe mixture also included 6
control probes, one probe on chromosomes 4, one on
5, and two probes on chromosomes 11 and 12 each.

Approximately 50 ng of DNA in a volume of 5 µl
was denaturated at 98◦C for 5 minutes. Next, a mix-
ture of 1.5 µl salsa probes (1–4 fmol of each short
synthetic probe oligonucleotide and each phage M13-
derived long probe oligonucleotide in TE (10 mM Tris-
HCl pH 8.2; 1 mM EDTA)), and 1.5 µl MLPA buffer
(1.5 M KCl, 300 mM Tris-HCl pH 8.5, 1 mM EDTA)
was added. This mixture was heated at 95◦C for 1
minute followed by 16 hours incubation at 60◦C to let
the MLPA hemiprobes hybridize. Then, 32 µl ligase-
65 mixture (dilution buffer containing 2.6 mM MgCl2,
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Fig. 1. Each MLPA probe consists of a ∼60-mer synthetic oligonucleotide with a target-specific sequence, a stuffer sequence, and two end
sequences that are recognized by PCR primers. The probe is divided in two parts, when hybridized to the target sequence, the two parts can be
ligated and amplified by PCR. All probes have the same end sequence for recognition by the universal primer pair, but different total lengths
due to variable length of the stuffer sequences. Therefore, PCR products of all individual clones differ in length and can be sorted by capillary
electrophoresis.

5 mM Tris-HCl pH 8.5, 0.013% non-ionic detergents,
0.2 mM NAD, and 1 U Ligase-65 enzyme) was added
to each sample for ligation of hybridized hemiprobes,
followed by a 10–15 minutes incubation at 54◦C and 5
minutes at 98◦C to inactivate the ligase enzyme.

PCR was performed with 10 µl polymerase mix-
ture, containing the PCR primers (10 pmol), dNTPs
(2.5 nmol) and 2.5 U Taq polymerase (promega), 4 µl
PCR buffer (2.6 mM MgCl2, 5 mM Tris-HCl pH 8.5,
0.013% non-ionic detergents, 0.2 mM NAD), 26 µl
water and 10 µl MLPA ligation reaction. As MLPA is
more sensitive to contaminants in DNA preparations
than ordinary PCR reactions, normal DNA was treated
in exactly the same way as the DNA from the tumor
samples. Experiments were carried out in triplicate.

Analysis of the amounts of the MLPA PCR prod-
ucts per gene was done on an ABI 3100 capil-
lary sequencer (Applied Biosystems) according to the
manufactures instructions with a mixture of 8.5 µl
deionised formamide (Applied Biosystems; product
number 4311320; Quantity per Package: 25 ml), 1 µl
PCR product and 0.5 µl marker and a ROX-labeled

internal size standard (ROX-500 Genescan; Applied
Biosystems, Warrington, United Kingdom).

2.5. Data analysis

For each tumor, peak area values for every probe
were derived from the ABI output and used for fur-
ther analysis. For each probe, the median peak area ob-
tained from at least three different PCR reactions was
calculated. As a reference, normal tissue samples from
three different individuals were used, each of which
were also analyzed in triplicate.

In every sample, for every probe, a tumor to normal
DNA copy number ratio was obtained by dividing the
median area under the peak for each gene in the tumor
tissue by the median value of the same peak for the
reference DNA.

All ratios were normalized by setting the median of
the tumor to reference DNA copy number ratios of the
control genes in the probe mixture to 1.0.
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2.6. Statistical analysis

Heatmap Builder Version 1.0 software (http://
quertermous.stanford.edu/HeatmapBuilder.pdf) was
used for present descriptive data.

Between the different tumor categories, DNA copy
number changes of chromosome 8 genes were evalu-
ated with the Kruskal–Wallis and Mann–Whitney U
non-parametric test for independent samples (SPSS
10.0 for Windows, SPSS Inc. Chicago, IL, USA). Dif-
ferences between stage D primary tumors and their
corresponding liver metastases were evaluated with a
t-test for paired samples (WINKS 4.651, Texasoft, TX,
USA). P -values less than 0.05 were considered to be
significant.

3. Results

To validate the chromosome 8 MLPA probe set,
we compared previous results of array CGH of the
colo205 cell line with MLPA results of the same cell
line. The two techniques produced very similar results
(Fig. 2), which confirms the reliability of this MLPA
probe set for measuring DNA copy number changes.

An overview of the DNA copy number ratios in all
tumor samples is presented as a heatmap in Fig. 3. An
overview of the mean values per tumor category and a
statistical analysis of the differences found are given in
Table 1.

Astler–Coller B2 colorectal tumors showed signif-
icant higher DNA copy number ratio’s compared to
B1 tumors for MOS (8q11), MYC (8q24.12–q24.13),
DDEF1 (8q24.12), PTK2 (8q24qter) and PTP4A3
(8q24.3). DNA copy number ratios for MYC (8q24.12–
q24.13), SLA (8q24), PTP4A3 (8q24.3), PTK2
(8q24qter), and RECQL4 (8q24.3), were significantly
higher in stage D tumors compared to stage B (i.e.
B1 and B2 taken together) adenocarcinomas, while
DDEF1 (8q24.12) was significantly lower. Boxplots of
genes that differed significantly are shown in Fig. 4.
When comparing primary Astler–Coller D tumors and
their corresponding liver metastases, approximately
the same patterns of gains and losses were observed.
However, some metastases showed higher levels of
amplifications than primary tumors, although for most
genes these differences were not statistically signifi-
cant. Only TPD52 and EIF3S6 were significantly dif-
ferent between the primary tumor and the correspond-
ing liver metastases.

Fig. 2. (A) Array-CGH based DNA copy number ratios (Y-axis)
ordered by megabase position at chromosome 8 (X-axis) for the
colo205 cell line. The dashed line arrow indicates the position of the
centromere. The solid arrow indicates the 8q23.1 position. (B) DNA
copy number ratio’s of the colo205 cell line, obtained with the 8q
MLPA probe set, plotted along the chromosome axis, in alignment
with the array CGH copy number ratios for corresponding positions.

4. Discussion

Metastatic tumor growth is a frequent cause of can-
cer death. Most colorectal cancers have already metas-
tasized by the time of diagnosis, which substantially
reduces the chances of cure. Better insight in the bio-
logical processes, including DNA alterations, involved
in the dissemination of colorectal cancer is a first step
towards the development of new diagnostic and ther-
apeutic strategies. Here we report a detailed analysis
of DNA copy number on chromosome 8 in a series of
locally confined as well as metastatic colorectal can-
cers.

Chromosome 8 DNA copy number changes, losses
of chromosome 8p and gains of chromosome 8q have
a high prevalence in colorectal tumors and were found
to be more pronounced in advanced tumor stages [15].
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Fig. 3. Heatmap of DNA copy number ratios for 25 genes on chromosome 8p and 8q obtained by MLPA for 32 primary colorectal cancers and
12 liver metastases. Darker squares indicate higher DNA copy number ratios. Position of the genes on chromosome 8 was determined according
to Mapview Build 34 version 2.

Table 1

Genes at chromosome 8 with significantly different DNA copy number ratios between the different stages of colorectal cancer. Mean ratio values
and range are given in the first four columns; Astler–Coller B1, Astler–Coller B2, Astler–Coller D primary tumor (D prim), and Astler–Coller
D liver metastasis (D meta). In the last three columns of the table, p values are given for comparison of Astler–Coller B1 and B2 tumors (B1 vs
B2), Astler–Coller B and D primary tumors (Bp vs Dp), and Astler–Coller D primary tumor and corresponding liver metastasis (Dp vs Dm)

Genes Asler–Coller B1 Astler–Coller B2 Astler–Coller D prim Astler–Coller D meta B1 vs B2 Bp vs Dp Dp vs Dm

n = 10 n = 10 n = 12 n = 12

MOS 8q11 1.1 (0.9–1.4) 1.4 (0.8–1.9) 1.4 (0.7–2.2) 1.5 (1.1–1.9) p = 0.04 N.S. N.S.

TPD52 8q21 1.1 (0.7–1.5) 1.4 (0.6–2.1) 1.6 (0.9–2.4) 1.9 (1.0–3.7) N.S. N.S. p = 0.02

EIF3S6 8q22–q23 1.0 (0.4–1.7) 1.3 (1.0–2.8) 1.6 (0.8–3.8) 2.2 (1.1–5.6) N.S. N.S. p = 0.007

MYC 8q24.12–q24.13 1.1 (0.9–1.7) 1.5 (1.1–1.9) 2.1 (1.2–4.4) 2.4 (1.1–5.0) p = 0.007 p < 0.000 N.S.

DDEF1 8q24.1–q24.2 1.0 (0.8–1.2) 1.4 (0.8–1.9) 0.8 (0.6–1.1) 0.8 (0.5–1.2) p = 0.004 p < 0.000 N.S.

SLA 8q24 1.0 (0.8–1.3) 1.2 (0.7–1.9) 2.0 (1.4–3.0) 2.3 (1.2–3.4) N.S. p < 0.000 N.S.

PTK2 8q24qter 1.0 (0.8–1,2) 1.4 (0.8–1.9) 1.9 (1.3–2.7) 1.9 (0.4–2.6) p = 0.02 p < 0.000 N.S.

PTP4A3 8q24.3 1.1 (0.7–1.7) 1.5 (0.6–2.1) 1.9 (1.0–2.9) 2.0 (1.1–3.4) p = 0.04 p = 0.002 N.S.

RECQL4 8q24.3 1.1 (0.7–1.6) 1.3 (0.6–1.9) 1.6 (1.0–2.3) 1.6 (0.6–3.0) N.S. p = 0.01 N.S.

N.S. = non-significant.

Gain of chromosome band 8q23–24 was more of-
ten seen in metastasized tumors than in the non-
metastasized tumors, indicating that amplification of
genes in this region appears to affect the metastatic po-
tential of tumor cells [6].

For one of these genes, PTP4A3 (8q24.3), expres-
sion levels have previously been shown to be higher in
metastatic than in non-metastatic tumors [14]. PTP4A3
is a tyrosine phosphatase associated with several mem-
brane structures involved in cell movement and PTP4A3



62 T.E. Buffart et al. / DNA copy number changes at 8q11–24

Fig. 4. Box plots of DNA copy number ratios of 8q genes that differ significantly between different stages of colorectal cancer. The central box
covers the middle 50% of the data values, between the upper and lower quartiles. The line across the box indicates the median. The whiskers
extend from the box to the minimum and maximum values with the exception of outliers, that are marked by circles. + Significant differences
between Astler–Coller B1 and B2 tumors; ++ significant differences between primary Astler–Coller B and D tumors.



T.E. Buffart et al. / DNA copy number changes at 8q11–24 63

expressing cells have been shown by Zeng et al. [30] to
migrate much faster than control cells. This PTP4A3
motility-enhancing activity has been coupled to its
phosphatase action site. In the same study [30], of 18
colorectal cancer metastases, PTP4A3 was the only
gene out of 144 genes that was over-expressed in all
metastases, undetectable in normal colorectal epithe-
lial and intermediately expressed in advanced primary
colorectal cancers. This suggests the possibility that an
excess of PTP4A3 phosphatase is a key alteration con-
tributing to tumor metastases [30]. The present study
demonstrates that PTP4A3 is frequently changed at the
DNA level, suggesting that gene amplification is the
mechanism for overexpression.

Amplification and overexpression of c-myc, located
on chromosome band 8q24.12–q24.13, is frequently
observed in many malignancies. C-Myc is a transcrip-
tion factor which promotes cell proliferation and trans-
formation by activating growth promoting genes and
repressing growth arrest genes [13]. Previous studies
have shown amplification and overexpression of this
gene in the majority of primary colorectal carcinomas,
especially in the more advanced tumor stages [23], and
the present study confirms this.

Since gain of a broader chromosome region then
8q24.3 alone has been demonstrated previously [6,
8], we hypothesized that in addition to PTP4A3 and
c-myc, other genes in this area are involved in the
metastasizing process. Indeed we found that a number
of other genes located at 8q23–24, i.e. PTK2, SLA,
and RECQL4, showed significantly higher DNA copy
numbers in Astler–Coller D than in stage B colorectal
cancers.

PTK2, a cytoplasmic tyrosine kinase located on
8q24qter, was amplified in 11 out of 12 metastasized
colorectal cancers examined. PTK2 is stimulated in
response to cell interactions with extracellular ma-
trix components and by exposure to a variety of ago-
nists, including neuropeptides [5]. Interaction between
PTK2 and p130-Cas, a crk-associated tyrosine kinase
substrate, is suggested to be a key element in integrin-
mediated signal transduction and to represent a direct
molecular link between the Src and Crk oncoproteins
[21]. Since this tyrosine kinase is associated with these
oncogenes [10], it seems likely that activation of Src
and Crk also elevates levels of PTK2.

Src-like adaptor (SLA), located on 8q24, showed
significantly higher DNA copy number ratios in stage
D than in stage B carcinomas. It is a negative regulator
of T cell receptor signaling, and has been shown to be
involved in down regulating T and B cell mediated im-

mune response [27]. Escape from the immune system
is a prerequisite for metastatic tumor cells to survive
and SLA might therefore be involved in the metasta-
sizing process of colorectal cancer.

RECQL4 (RECQ protein-like 4), located on 8q24.3,
encodes a DNA helicase. RecQ helicase genes are
known as caretakers of the genome and are assumed
to maintain genomic stability by functioning at the
interface between DNA replication and DNA repair.
A germline mutation of this gene gives rise to a rare
autosomal-recessive disorder, the Rothmund–Thomson
syndrome, which is associated with an elevated inci-
dence of cancer, especially mesenchymal tumors [9,
11]. Cells derived from individuals with this disorder,
show inherent chromosomal instability [11,17]. In the
present study, two different probes were used for de-
tecting RECQL4. In some Astler–Coller B tumors and
most Astler–Coller D tumors, a gain of this gene was
observed with both probes, which seems contradictory
to the function of this gene as caretaker of the genome.
Although an amplification of this region is seen in the
present study, as seen in previous studies [6,18], these
findings might indicate that RECQL4 has an additional
function, gain of which could be associated with tumor
metastasis. Another possible explanation might be that
although this gene region is amplified, expression of
this gene is not affected.

Statistically significant differences were not only
seen between stage B and D primary tumors, but also
between B1 and B2 tumors. Most of the chromosome
8 genes analyzed showed comparable DNA copy num-
ber levels in the two groups, but copy number ratios
of the human proto-oncogene MOS, located on 8q11,
were significantly higher in B2 primary tumors com-
pared to B1 primary tumors (p = 0.04). This gene is
known as the cellular counterpart of the viral oncogene
v-mos isolated from Moloney murine sarcoma virus. It
is a component of the mitogen-activated protein kinase
transduction pathway and known to be involved in the
control of meiosis en mitosis [19]. Given the fact that
an increase in MOS DNA copy number ratio is seen
between stage B1 and B2, this gene may be involved
in an early step in progression of colorectal cancer.

The present study also aimed to detect any genes
within the chromosome 8q region that would show
different copy number ratios between the primary
tumors and the corresponding liver metastases. For
most genes, no such differences were observed (Ta-
ble 1). Only two genes on chromosome 8, TPD52 and
EIF3S6, showed significantly higher levels in the liver
metastases than in the corresponding primary tumors
(p = 0.02 and p = 0.007, respectively).
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TPD52, tumor protein D52, is located on chromo-
some 8q21, and is thought to be involved in a calcium-
sensitive signaling pathway mediating or associated
with cellular proliferation. At the protein level, it has
been found to be overexpressed in approximately 40%
of breast carcinomas [2]. In the present study, ampli-
fication of this gene was observed in two thirds of
the metastasizing tumors examined, which could indi-
cate that TPD52 might play a role in the metastasizing
process.

EIF3S6, also known as Int 6, is located on the 8q22–
q23 region. It encodes for the subunit 6 of the eukary-
otic translation initiation factor 3 (eIF3) [16]. Cells
with an Int 6 deletion, have been shown to grow more
slowly than wild type cells, which implicates that Int 6
is required for maintenance of a normal growth rate [3].
In the present study, amplification of this gene was
more often seen in the metastasizing tumors compared
to non-metastasizing tumors, although this difference
did not reach a significant level (p = 0.2). However,
in stage D tumors, a significantly higher amplification
is seen in the liver metastases compared to the primary
tumor (1.6 versus 2.2, p = 0.007), implicating a possi-
ble role in the metastasizing process of colorectal can-
cer.

The finding that only two genes, located on 8q21–23
and not on 8q24, were significantly different between
the primary metastasizing tumor and the metastatic
lesion suggests that the metastatic potential is deter-
mined in early stages of tumor development, and is al-
ready determined in the genomic profile of the primary
tumor [22]. According to the classic paradigm, pro-
gression from premalignant to invasive tumor and sub-
sequent metastasis is caused by, or at least associated
with, an ongoing accumulation of genomic changes
and subsequent selection of proficient subclones of tu-
mor cells [4]. On the other hand, recent microarray
based multi-variable studies suggest that metastasizing
and non-metastasizing tumors have different genomic
profiles throughout [29]. The present findings are con-
sistent with the latter theory, although apparently copy
number changes can still occur between primary tu-
mors and their metastases.

The question remains whether all these amplified
genes are important for tumor growth, or that some
genes merely are co-amplified together with neighbor-
ing genes that are crucial, and drive the selection of the
amplification. Knocking out the expression of the indi-
vidual genes in a model system and evaluating the ef-
fect of this intervention on the tumorigenic phenotype
could provide some answers in this respect.

In summary, we present a detailed analysis of DNA
copy number changes of 25 genes on chromosome 8
in a series of locally confined as well as metastatic
colorectal cancers using multiplex ligation-dependent
probe amplification (MLPA). In addition to PRL3 and
c-Myc, three other genes (PTK2, SLA and RECQL4)
showed significantly higher DNA copy number levels
in the stage D tumors compared to stage B tumors.
Moreover, for TPD52 and EIF3S6 higher DNA copy
number levels were found in the liver metastases than
in the corresponding primary tumors.

Since metastatic colorectal cancer frequently leads
to death of the patient, it is of clinical interest to predict
the metastasizing potential of the primary tumor. Ge-
nomic profiling of colorectal cancer could be helpful
in this respect and distinguish a subgroup of patients
with high risk of developing liver metastasis. This may
prove to be clinically highly relevant for determining
the indication for adjuvant chemotherapy in colorec-
tal cancer patients. In this respect, the fact that MLPA
is a cost effective method suitable for high through-
put molecular analysis of tumors samples in a routine
diagnostic setting, is a particular advantage that could
facilitate clinical implementation of this test.

Acknowledgements

The colorectal cancer cell line colo205 was kindly
provided by Prof. Dr. G.J. Peters, Department of On-
cology, VU University Medical Center. We are grate-
ful to Dr. A. Snijders and Prof. D.G. Albertson for the
array CGH on the colo205 cell line. This work was
supported by the Dutch Cancer Society grant KWF-
VU2002-2618.

References

[1] J. Bradbury, Metastasis in colorectal cancer associated with
phosphatase expression, Lancet 358 (2001), 1245.

[2] J.A. Byrne, C.R. Nourse, P. Basset and P. Gunning, Identifica-
tion of homo- and heteromeric interactions between members
of the breast carcinoma-associated D52 protein family using
the yeast two-hybrid system, Oncogene 16 (1998), 873–881.

[3] R. Crane, R. Craig, R. Murray, I. Dunand-Sauthier, T.
Humphrey and C. Norbury, A fission yeast homolog of Int-6,
the mammalian oncoprotein and eIF3 subunit, induces drug re-
sistance when overexpressed, Mol. Biol. Cell 11 (2000), 3993–
4003.

[4] I.J. Fidler and M.L. Kripke, Metastasis results from preexist-
ing variant cells within a malignant tumor, Science 197 (1977),
893–895.



T.E. Buffart et al. / DNA copy number changes at 8q11–24 65

[5] F.T. Fiedorek, Jr. and E.S. Kay, Mapping of the focal adhesion
kinase (Fadk) gene to mouse chromosome 15 and human chro-
mosome 8, Mamm. Genome 6 (1995), 123–126.

[6] B.M. Ghadimi, M. Grade, T. Liersch, C. Langer, A. Siemer, L.
Fuzesi and H. Becker, Gain of chromosome 8q23–24 is a pre-
dictive marker for lymph node positivity in colorectal cancer,
Clin. Cancer Res. 9 (2003), 1808–1814.

[7] J.J. Gille, F.B. Hogervorst, G. Pals, J.T. Wijnen, R.J. van
Schooten, C.J. Dommering, G.A. Meijer, M.E. Craanen, P.M.
Nederlof, D. de Jong, C.J. McElgunn, J.P. Schouten and F.H.
Menko, Genomic deletions of MSH2 and MLH1 in colorec-
tal cancer families detected by a novel mutation detection ap-
proach, Br. J. Cancer 87 (2002), 892–897.

[8] M. Hermsen, C. Postma, J. Baak, M. Weiss, A. Rapallo, A.
Sciutto, G. Roemen, J.W. Arends, R. Williams, W. Giaretti, A.
De Goeij and G. Meijer, Colorectal adenoma to carcinoma pro-
gression follows multiple pathways of chromosomal instability,
Gastroenterology 123 (2002), 1109–1119.

[9] I.D. Hickson, RecQ helicases: caretakers of the genome, Nat.
Rev. Cancer 3 (2003), 169–178.

[10] S.B. Kanner, A.B. Reynolds, R.R. Vines and J.T. Parsons, Mon-
oclonal antibodies to individual tyrosine-phosphorylated pro-
tein substrates of oncogene-encoded tyrosine kinases, Proc.
Natl. Acad. Sci. USA 87 (1990), 3328–3332.

[11] S. Kitao, N.M. Lindor, M. Shiratori, Y. Furuichi and A.
Shimamoto, Rothmund–Thomson syndrome responsible gene,
RECQL4: genomic structure and products, Genomics 61
(1999), 268–276.

[12] S.H. Landis, T. Murray, S. Bolden and P.A. Wingo, Cancer sta-
tistics, 1998, CA Cancer J. Clin. 48 (1998), 6–29.

[13] T.C. Lee, L. Li, L. Philipson and E.B. Ziff, Myc represses tran-
scription of the growth arrest gene gas1, Proc. Natl. Acad. Sci.
USA 94 (1997), 12886–12891.

[14] J. Marx, Cancer research. New insights into metastasis, Science
294 (2001), 281–282.

[15] G.A. Meijer, M.A. Hermsen, J.P. Baak, P.J. van Diest, S.G.
Meuwissen, J.A. Belien, J.M. Hoovers, H. Joenje, P.J. Sni-
jders and J.M. Walboomers, Progression from colorectal ade-
noma to carcinoma is associated with non-random chromoso-
mal gains as detected by comparative genomic hybridisation,
J. Clin. Pathol. 51 (1998), 901–909.

[16] S. Miyazaki, A. Imatani, L. Ballard, A. Marchetti, F. Buttitta,
H. Albertsen, H.A. Nevanlinna, D. Gallahan and R. Callahan,
The chromosome location of the human homolog of the mouse
mammary tumor-associated gene INT6 and its status in human
breast carcinomas, Genomics 46 (1997), 155–158.

[17] P. Mohaghegh and I.D. Hickson, DNA helicase deficiencies as-
sociated with cancer predisposition and premature ageing dis-
orders, Hum. Mol. Genet. 10 (2001), 741–746.

[18] A. Paredes-Zaglul, J.J. Kang, Y.P. Essig, W. Mao, R. Irby, M.
Wloch and T.J. Yeatman, Analysis of colorectal cancer by com-

parative genomic hybridization: evidence for induction of the
metastatic phenotype by loss of tumor suppressor genes, Clin.
Cancer Res. 4 (1998), 879–886.

[19] B. Perunovic, A. Athanasiou, R.D. Quilty, V.G. Gorgoulis, C.
Kittas and S. Love, Expression of mos in astrocytic tumors and
its potential role in neoplastic progression, Hum. Pathol. 33
(2002), 703–707.

[20] D. Pinkel, R. Segraves, D. Sudar, S. Clark, I. Poole, D. Kowbel,
C. Collins, W.L. Kuo, C. Chen, Y. Zhai, S.H. Dairkee, B.M.
Ljung, J.W. Gray and D.G. Albertson, High resolution analy-
sis of DNA copy number variation using comparative genomic
hybridization to microarrays, Nat. Genet. 20 (1998), 207–211.

[21] T.R. Polte and S.K. Hanks, Interaction between focal adhesion
kinase and Crk-associated tyrosine kinase substrate p130Cas,
Proc. Natl. Acad. Sci. USA 92 (1995), 10678–10682.

[22] S. Ramaswamy, K.N. Ross, E.S. Lander and T.R. Golub, A
molecular signature of metastasis in primary solid tumors, Nat.
Genet. 33 (2003), 49–54.

[23] C.F. Rochlitz, R. Herrmann and E. de Kant, Overexpression
and amplification of c-myc during progression of human col-
orectal cancer, Oncology 53 (1996), 448–454.

[24] S. Saha, A. Bardelli, P. Buckhaults, V.E. Velculescu, C. Rago,
B. St Croix, K.E. Romans, M.A. Choti, C. Lengauer, K.W. Kin-
zler and B. Vogelstein, A phosphatase associated with metasta-
sis of colorectal cancer, Science 294 (2001), 1343–1346.

[25] J.P. Schouten, C.J. McElgunn, R. Waaijer, D. Zwijnenburg, F.
Diepvens and G. Pals, Relative quantification of 40 nucleic
acid sequences by multiplex ligation-dependent probe amplifi-
cation, Nucleic Acids Res. 30 (2002), e57.

[26] A.M. Snijders, N. Nowak, R. Segraves, S. Blackwood, N.
Brown, J. Conroy, G. Hamilton, A.K. Hindle, B. Huey, K.
Kimura, S. Law, K. Myambo, J. Palmer, B. Ylstra, J.P. Yue,
J.W. Gray, A.N. Jain, D. Pinkel and D.G. Albertson, Assembly
of microarrays for genome-wide measurement of DNA copy
number, Nat. Genet. 29 (2001), 263–264.

[27] T. Sosinowski, A. Pandey, V.M. Dixit and A. Weiss, Src-like
adaptor protein (SLAP) is a negative regulator of T cell receptor
signaling, J. Exp. Med. 191 (2000), 463–474.

[28] M.M. Weiss, M.A. Hermsen, G.A. Meijer, N.C. van Grieken,
J.P. Baak, E.J. Kuipers and P.J. van Diest, Comparative ge-
nomic hybridisation, Mol. Pathol. 52 (1999), 243–251.

[29] M.M. Weiss, E.J. Kuipers, C. Postma, A.M. Snijders, I. Sic-
cama, D. Pinkel, J. Westerga, S.G. Meuwissen, D.G. Albertson
and G.A. Meijer, Genomic profiling of gastric cancer predicts
lymph node status and survival, Oncogene 22 (2003), 1872–
1879.

[30] Q. Zeng, J.M. Dong, K. Guo, J. Li, H.X. Tan, V. Koh, C.J.
Pallen, E. Manser and W. Hong, PRL-3 and PRL-1 promote
cell migration, invasion, and metastasis, Cancer Res. 63 (2003),
2716–2722.


