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ABSTRACT

Purpose: The prognosis of patients with colorectal can-
cer is largely determined by tumor stage. In this respect,
colorectal cancers with lymph node metastases indicate a
worse prognosis versus lymph node-negative tumors. Ac-
cordingly, there is considerable clinical interest in under-
standing the genetic mechanisms underlying metastasis for-
mation. Furthermore, sensitive and specific biomarkers are
needed to predict the metastatic phenotype at the time of
diagnosis.

Experimental Design: Fifty colorectal cancers with or
without lymph node metastases were assessed for genomic
imbalances by comparative genomic hybridization. Particu-
lar interest was focused on whether specific chromosomal
alterations exist in primary tumors that might be indicative
and specific for the metastatic phenotype.

Results: The analysisrevealed that lymph node-positive
colorectal cancers show a higher degree of chromosomal
instability than lymph node-negative cancers (aver age num-
ber of chromosomal copy alterations, 9.8 versus 7.5). Chro-
mosomal alterations commonly described in colorectal can-
cers such as gain of 20q or loss of 18g21 were not different.
However, the gain of chromosomal region 8923-24 was seen
in thevast majority of lymph node-positive cancers, wher eas
it wasrather rarein lymph node-negative carcinomas (P =
0.0016).

Conclusions. These data suggest that genes located at
8023-24 might favor the development of lymphatic metas-
tases in colorectal cancers. Additionally, the gain of this
region could be used to predict the metastatic potential of
primary colorectal cancers.
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INTRODUCTION

The prognosis of patients with colorectal cancer is largely
determined by the tumor stage UICC.® In this respect, both
lymph node and hepatic metastases indicate advanced disease
with an unfavorable prognosis. At the time of diagnosis, ap-
proximately 60% of colorectal cancers have aready formed
lymph node metastases, and in this respect, rectal cancers might
benefit from neoadjuvant radiochemotherapy before surgical
resection (1). There is thus considerable clinical interest in
understanding the genetic mechanisms underlying metastasis
formation. Furthermore, sensitive and specific biomarkers are
needed to predict the metastatic phenotype at the time of diag-
nosis. In recent years, gene-by-gene analysis has not fully suc-
ceeded in coming up with a comprehensive understanding of the
mechanisms that enable individual cancers to form lymph node
metastases (2). In the field of colorectal cancer, several studies
have analyzed the progression of colorectal adenomas to inve-
sive cancers and found a stage-specific chromosomal aberration
pattern indicating the sequential emergence of chromosomal
gains and losses (3, 4). These nonrandom, tumor type-specific
chromosomal aterationsinclude gains of chromosome 1, 7p, 8q,
13, and 20. Chromosomal losses frequently map to chromosome
4, 8p, 10q, 17p, and 18q (3, 5). However, there is considerable
scientific and clinical interest in locating tumor stage-dependent
chromosomal regions to find genes that may be responsible for
tumor progression and using such hot spots as predictive bio-
markers for a pretherapeutic molecular staging and individual
risk estimation. In this respect, considerable work has been done
to study the changes that occur between primary colorectal
cancer and its hepatic metastases. It has been found that gains of
chromosome 6q, 79, 8q, 13q, and 20q occur frequently in
hepatic metastases and might pinpoint relevant genomic |oci
that are necessary for the formation of metastases (6—9). How-
ever, no detailed study has been published assessing the chro-
mosomal profiles of colorectal cancers with the capacity for
local lymphatic spread, which represent the majority of cancers.

The purpose of this study was to investigate the genomic
differences in colorectal cancer progression with respect to the
extent of tumor infiltration into the colonic wall and, in partic-
ular, the capacity of the individual tumor to form lymphatic
metastases. We therefore screened three groups of colorectal
cancers with CGH to search for chromosomal alterations that
might be responsible for local tumor growth and to delineate
genomic regions that might indicate the lymphatic metastatic
phenotype.

3 The abbreviations used are: UICC, International Union Against Can-
cer; CGH, comparative genomic hybridization; ANCA, average number
of chromosomal copy alterations.
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Table1l Clinicopathological data of 50 patients with colorectal
cancer

Age (yrs) Sex Histology Localization

Group 1 (T,, Ng)

1 79 M pT,, pNg Sigma
2 80 F  pT, pNg Colon
3 73 M pT,, pNg Colon
4 88 F  pT, pNg Rectum
5 69 M pT,, pNg Rectum
6 79 M pT,, pNg Rectum
7 61 F  pT, pNg Rectum
8 88 F  pT, pNg Rectum
9 63 F  pT, pNg Colon
10 57 M  pT, ypN,  Rectum
11 68 M pT,, pNg Colon
12 67 M pT, pNg Rectum
13 81 M pT,, pNg Rectum
14 65 F  pT, pNg Rectum
15 82 M pT,, pNg Colon
Group 2 (T34, Ng)
54 M pTs, pNg Colon
17 60 F  pTs pNg Rectum
18 53 M pTs, pNg Colon
19 67 M pTs, pNg Colon
20 72 F  pTs pNg Colon
21 73 M pTs, pNg Colon
22 63 M pTs, pNg Colon
23 64 M pTs, pNg Rectum
24 66 M pTas pNg Rectum
25 68 F  pTs pNg Colon
26 74 F  pTs pNg Rectum
27 55 M pT, pNg Colon
28 29 M pT, pNg Colon
29 76 F  pT4 pNg Colon
30 75 M pT, pNg Colon
Group 3 (Tz4, Ny3)
52 M pTs pN; Colon
32 54 F  pTs pN, Colon
33 73 M pTs pN; Colon
34 67 M pTs pNy Colon
35 66 M pTs pN; Colon
36 83 F pT4 pNy Colon
37 54 M pTs pN, Rectum
38 71 M pTs, pN, Colon
39 76 M pTs pN, Colon
40 60 M pTs pN, Rectum
41 66 F  pTs pN, Colon
42 66 M pTs pN, Colon
43 68 F  pTg pN, Rectum
44 65 F  pTs pN, Colon
45 42 M pTs pN, Colon
46 89 F  pTs pN, Rectum
47 65 M pT, pN, Rectum
48 69 F  pT, pN, Colon
49 85 M pT, pN, Colon
50 7 M pT, pN, Colon

PATIENTS AND METHODS

Patient Material. In the present study, surgical speci-
mens from 50 patients diagnosed with a colorectal cancer be-
tween 1998 and 2001 were analyzed. Only fresh frozen tumor
samples with a tumor cell content of at least 70% were studied.
The histopathological classification was based on the WHO
histological typing of colorectal cancers (UICC, 1997). All
tumors were adenocarcinomas. The clinical data are summa-
rized in Table 1. Three groups of tumors were analyzed to
delineate the differences between small nonmetastasizing tu-
mors (group 1, T,, No; n = 15) versus large nonmetastasizing

tumors (group 2, T5_4, Ng; h = 15) versus large tumors metas-
tasizing into the surrounding lymph nodes (group 3, T3-4,
N1-2; n = 20).

CGH. CGH experiments and analysis were performed
as described previously (10). Briefly, CGH was performed on
normal, sex-matched metaphase chromosomes prepared ac-
cording to standard procedures following the criteria of
du Manoir et al. (11). Control DNA was labeled with digoxi-
genin-12-dUTP (Boehringer Mannheim, Mannheim, Ger-
many) by nick translation. Tumor DNA was extracted from
colorectal cancers using a commercially available DNA iso-
lation kit from Qiagen (Hilden, Germany). Labeling of
genomic tumor DNA was performed by nick translation,
substituting dTTP with biotin-16-dUTP (Boehringer Mann-
heim). Three hundred ng of each differentially labeled ge-
nome were precipitated together with an excess (30 pg) of
the Cot-1 fraction of human DNA (Life Technologies, Inc.,
Gaithersburg, MD). The probe DNA was resuspended in 10
wl of hybridization solution (50% formamide, 2X SSC, and
10% dextran sulfate), denatured (5 min, 75°C), and prean-
nealed for 1 h at 37°C. The normal metaphase chromosomes
were denatured separately (70% formamide and 2X SSC) for
2 min at 75°C. Hybridization took place under a coverslip for
2 days at 37°C. Posthybridization washes and immunocyto-
chemical detection were performed as described previously
(10). Biotin-labeled tumor sequences were detected with
avidin conjugated to FITC (Vector laboratories), and the
digoxigenin-labeled reference DNA was developed using a
mouse antidigoxin antibody, followed by a TRITC-conju-
gated antimouse antibody (Sigma, St. Louis, MO). The slides
were counterstained with 4',6-diamidino-2-phenylindole and
embedded in an antifade solution containing para-phe-
nylenediamine (Sigma).

Gray level images were acquired for each fluorochrome
using a cooled charge-coupled device camera (Sensys, Photo-
metrics, Munich, Germany) coupled to an epifluorescence mi-
croscope (Axiovert 25; Zeiss, Jena, Germany), using sequential
exposure through fluorochrome-specific filters. For automated
karyotyping and analysis, a software package was used (Quips
Karyotyping/CGH; Vysis). The karyograms (see Figs. 1-3)
summarize the individual CGH experiments for the tumors. The
lines to the left of the chromosomal ideograms indicate chro-
mosomal losses (ratio, 0.75), and the lines to the right indicate
chromosomal gains (ratio, 1.25). Amplifications are drawn as
bold lines. Genomic instability was estimated as the ANCA/case
(for details, see Ref. 12).

Statistical Analysis. The first part of the statistical anal-
ysis was done by pairwise comparisons of the three groups. All
hypotheses were tested in a two-sided test at a level of 5%.
Fisher's exact test was used to determine the significance val-
ues. Differences with a P < 0.05 were considered statistically
significant.

RESULTS

CGH analysis was performed in 50 patients with colorectal
cancer. These cancers could be assigned to three different
groups according to the UICC classification: group 1 (pT,, No),
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n = 15; group 2 (pT5_4, Ng), n = 15; and group 3 (pT5_4, N1_3),
n = 20 (Table 1).

Genetic Changes in Small Tumors without Lymph
Node Metastases (Group 1, n = 15). The most frequent
chromosomal alterationsin group 1 were gains at 20q (53%) and
losses of 17p (46%), 18q (40%), and 19p (40%). In two cases,
no chromosomal aberrations could be detected. The ANCA was
5.7. Amplifications localized to 8q and 20q and, in one case, to
12qg15 (Fig. 1).

Genetic Changes in Large Tumors without Lymph
Node Metastases (Group 2, n = 15). In group 2, the ANCA
increased to 7.5, with two tumors exhibiting no chromosomal
changes, and one tumor showing 19 copy alterations. Frequent
chromosomal gains mapped to 7q (46%), 13 (46%), Xq (46%),

-

Fig.1 Karyogram of chromo-
somal gains and losses in group
1 (T, Np).
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and 12p (33%). Whole chromosomal gains were found for
chromosomes 7 (40%), 20 (40%), and X (40%). Losses mapped
primarily to 18q (40%), Y (40%), and 8p (33%). Losses of 17p
as the locus for p53 occurred in 4 of 15 cases (27%). Amplifi-
cations were located at 20q and 5g31 (Fig. 2).

Genetic Changes in Large Tumors with Lymph Node
Metastases (Group 3, n = 20). This group of locally ad-
vanced colorectal cancers showed an ANCA of 9.8, indicating a
high degree of chromosomal instability. Frequent whole arm
chromosomal gains mapped to 7p (45%), 8q (35%), 13 (40%),
and X (35%). When only chromosomal bands 8g23-24 were
studied, gains could be found in 14 of 20 studied cancers (70%).
In two cancers, amplifications were found at 20q. Losses could
be seen at 4q (30%), 8p (30%), 17p (35%), and 18q (60%).
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Detailed andlysis revealed losses at 18qg21-ter in 14 of 20
studied colorectal cancers (70%; Fig. 3).

Comparison of Nonmetastasizing versus M etastasizing
Colorectal Cancers. In group 3, the highest amount of chro-
mosomal instability was found reflected by an ANCA of 9.8
versus 5.7 in group 1. The frequency of amplifications was not
different in the three studied groups. Also, gains of 20q and
losses of 18021, often described as markers of advanced colo-
rectal cancer, were not statistically different between the three
groups. However, a comparison of groups 1 and group 2, which
differed only in the depth of infiltration into the colonic wall,
revealed an increase of gains of chromosome 7p from 7% in
group 1 to 45% in group 2. Although, this difference was not
statistically significant (P = 0.08), it also prevailed in group 3.
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A major finding of our study was that gains of chromosome
8023-24 occurred in the vast majority of lymph node-positive
colorectal cancers (70%) versus only 7% in lymph node-nega-
tive cancers (P = 0.0016; Fig. 4).

DISCUSSION

In recent years, progress has been achieved in the treatment
of colorectal cancer. New therapeutic regimens have been
adopted including neoadjuvant radiochemotherapies for locally
advanced rectal cancers (1, 13, 14) as well as new chemother-
apeutic agents for metastasizing colon cancers (15). Nonethe-
less, the metastatic potential of tumors, especialy to regional
lymph nodes, is the major obstacle to successful treatment for
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this type of malignancy. In this respect, the genetic analysis of
primary colorectal cancers that have the capacity to form lymph
node metastases versus cancers of the same size that do not
metastasize is essentia to identify the genes responsible. Fur-
thermore, the establishment of biomarkers for molecular staging
based on indicative genomic hot spots is a major goal in trans-
lationa research. We therefore studied lymph node-negative
versus lymph node-positive colorectal cancers with different
degrees of infiltration into the colonic wall. Our CGH analysis
revealed certain chromosomal changes that are common in
colorectal cancers, such as gains of chromosome 7, 8q, 13q, 20q,
and X. Frequent chromosomal |osses mapped to 4, 17p, 18q, and
Y. These chromosomal changes have been described previously
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Fig. 3 Karyogram of chromo-
somal gains and losses in group
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and are specific for colorectal cancers (3, 4, 5, 7, 8). However,
in these publications, no detailed chromosomal analysis was
made with respect to the noda status.

In the present study, it is shown that lymph node-positive
carcinomas reveal a very high degree of chromosomal instabil-
ity compared with lymph node-negative tumors with the same
depth of infiltration into the colonic wall. It was demonstrated
that genomic gains and losses result in up-regulation or down-
regulation of gene activity measured by expression profiling
(16, 17). It can therefore be hypothesized that the metastatic
phenotype requires a higher number of up-regulated oncogenes
and down-regulated tumor suppressor genes. However, a study
has recently been published demonstrating that chromosomal
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Fig. 4 Frequency of subchromosomal alterations in groups 1-3.

gains do not necessarily result in an up-regulation of genes
located at the corresponding chromosomal loci in colorectal
cancer (18).

The major finding of the present study is the high fre-
quency of chromosoma gains at the 8g23-24 locus amost
exclusively in lymph node-positive colorectal cancers. This
chromosomal gain is rarely found in lymph node-negative car-
cinomas.

In addition to the data in colorectal cancers, the high
frequency of gains of 8923-24 has also been demonstrated in
esophageal cancers (19). In this study, the authors conclude that
gain of chromosome 8q23-ter could be used as marker to predict
lymph node metastases in esophageal cancers. In our study,
however, gain of 20q is also frequently found, but it does not
significantly correlate with lymph node positivity. In this re-
spect, gain of chromosome 20q seems rather to be a marker for
hepatic metastases in colorectal cancers (8).

Relevant target genes mapping to the genomic region
802324 are Myc, EIF3S3, PVT 1, BV 1, and the PRL-3 gene.
For instance, EIF3S3 encodes for the p40 subunit of the eukary-
otic trandation initiation factor 3 (20). It has been demonstrated
that amplification of EIF3S3 is a marker of tumor progression,
worse prognosis, and, in particular, lymphatic metastases in
prostate cancer (21). Interphase fluorescence in situ hybridiza-
tion analysis of colorectal cancers at different stagesis therefore
needed to determine the role of EIF3S3 in lymphatic metastases.
Additionally, the PRL-3 gene has recently been demonstrated to
be associated with metastasis formation in colorectal cancers
and to be the possible target gene of the underlying amplifica-
tion of 8924 (22).

In summary, the study indicates that a high degree chro-
mosomal instability correlates with colorectal cancers metastatic
to the surrounding lymph nodes. In particular, gain of the
chromosomal locus 8023-24 amost exclusively occurs in
lymph node-positive cancers and might pinpoint relevant target
genes located in this region. Detection of gains of 8923-24 by

using interphase DNA probes on cytological specimens or colo-
rectal DNA chip technology in the clinical setting might predict
lymph node positivity before therapy. Such molecular ap-
proaches could enhance the sensitivity and specificity of precise
staging that is mandatory for individual multimodal cancer

therapy.
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