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The outcome of patients with renal cell carcinoma is
limited by the development of metastasis after ne-
phrectomy. To evaluate the genetic basis underlying
metastatic progression of human renal cell carcinoma
in vivo , we performed a comparative genomic hybrid-
ization analysis in 32 clear-cell renal-cell carcinoma
metastases. The most common losses involved chro-
mosomes 3p (25%), 4q (28%), 6q (28%), 8p (31%),
and 9p (47%). The most common gains were detected
at 17q (31%) and Xq (28%). There was one high-level
gene amplification at chromosome 11q22–23. The
mean number of aberrations in lymph node (4.8 6
2.8) and lung metastases (6.2 6 4.0) was lower than in
other hematogenous metastases (11.5 6 8.7, P <
0.05), suggesting that hematogenous dissemination is
linked to an acquisition of complex genomic alter-
ations. As genetic differences between primary tu-
mors and metastases give information on genetic
changes that have contributed to the metastatic pro-
cess, relative DNA sequence copy number changes in
19 matched tumor pairs were compared. Genomic
changes, which frequently occurred in metastases but
not in the corresponding primary tumor were losses
of 8p and 9p and gains of 17q and Xq. An abnormal
function of genes in these regions may contribute to
the metastatic process. According to a statistical anal-
ysis of shared genetic changes in matched tumor
pairs, a high probability of a common clonal progen-
itor was found in 11 of 19 patients (58%). Six metas-
tases (32%) were genetically almost completely differ-
ent from the primary, suggesting that detection of
genomic alterations in primary tumors gives only a
restricted view of the biological properties of meta-
static renal cell carcinoma. (Am J Pathol 1999,
155:267–274)

Prognosis of patients with renal cell carcinoma (RCC) is
limited by the development of metastases. Five-year sur-
vival rates range from 50% to 85% in patients with organ-
confined renal cancer (stage I and stage II). In contrast,
less than one-third of patients with regional lymph node
metastases survive 5 years. All but 5% to 10% of those
patients with hematogenous metastases die within 5
years after diagnosis.1 The most common sites of distant
metastasis are lung, liver, and bones, but metastases can
also develop at any other site. The metastatic behavior of
RCC is often bizarre and unpredictable2–4.

Radiotherapy, chemotherapy, or hormonal therapy
have little or no effect on metastatic RCC. Gene therapy
with retroviral vector-mediated lymphokine gene transfer
gave promising results in preclinical studies and is under
further investigation.5 The metastatic cells represent the
prime targets of cancer therapy. However, little is known
about genetic changes with importance for the develop-
ment of RCC metastases.6–9 Chromosome 9p losses in
primary RCC were associated with short metastasis-free
survival.10,11 Expression of the epidermal growth factor
receptor gene12 and the p53 gene13 were associated
with metastatic disease.

Cancer is a genetically heterogeneous disease. Multi-
ple clones of malignant cells are frequently detected by
standard cytogenetics, by fluorescence in situ hybridiza-
tion (FISH), and by flow cytometry.14–17 Animal studies
suggest that the metastatic proportions of different cell
clones may be related to the metastatic process.18,19

Therefore, chromosomal alterations responsible for me-
tastasis may be present only in cell subpopulations of the
primary tumor, which may not be detectable by molecular
analyses. However, chromosomal alterations with rele-
vance for the metastatic process should be enriched in
tissue samples from metastases. Analyzing genetic
changes in the metastases rather than in the more com-
monly targeted primary tumors could shed new light onto
the molecular mechanisms of the metastatic process.
Studies comparing chromosomal changes in metastases
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with those found in the corresponding primary tumors in
the same patient would be informative in revealing differ-
ences between primary and metastatic lesions and
thereby pinpointing genetic events that could have pre-
disposed to metastatic dissemination.

Very little is known about genetic changes present in
RCC metastases. Given the fact that RCC metastases
may develop years or even decades after the removal of
the primary tumor, genetic evolution certainly takes place
within metastases. Analysis of primary tumors and their
corresponding metastases allows one to assess the ex-
tent to which primary and metastatic cell clones are dif-
ferent from one another. A recently developed mathemat-
ical model allows testing of the statistical probability of a
common clonal progenitor in primary tumors and their
metastases.20

To search for cytogenetic events related to metasta-
ses, 32 RCC metastases and 19 corresponding primary
tumors were screened by comparative genomic hybrid-
ization (CGH). CGH allows the detection of all clonal
DNA-sequence copy number aberrations (.10 MB)
across the entire genome.21 The results implicated sev-
eral genomic regions that might carry genes involved in
metastasis.

Materials and Methods

Patients

The tumor specimens were obtained from the archives of
the Institute for Pathology, University Basel. Twenty-
seven patients with metastatic RCC were selected for this
study according to the following criteria: 1) histologically
representative metastatic specimens containing at least
75% tumor cells and having no necrosis were available,
2) the primary tumor was a histologically proven clear-cell
RCC, and 3) the patient had not received any chemother-
apy or radiotherapy before the diagnosis of metastases.
Tissue was obtained from surgically resected metastases
(n 5 17) and from autopsies (n 5 15). The anatomical
distribution of metastatic sites was as follows: lymph
node (n 5 6), lung (n 5 13), pancreas (n 5 2), liver (n 5
1), bone (n 5 2), brain (n 5 3), pelvis or abdominal cavity
(n 5 2), and soft tissue (n 5 2). Tissue of different
metastatic sites was obtained in three patients. Tissue of
the corresponding primary tumor was available in 19
patients.

Comparative Genomic Hybridization

Tumor DNA was extracted from 8 frozen and 24 formalin-
fixed and paraffin-embedded metastases and from 8
frozen and 11 formalin-fixed and paraffin-embedded pri-
mary tumors. Specimens were trimmed to ensure a min-
imum of 75% tumor cells in the sample. Tissue prepara-
tion and DNA extraction was as described.22,23 One
microgram of tumor DNA was nick translated by using a
commercial kit (BioNick kit, Life Technologies, Gaithers-
burg, MD) and Spectrum Green-dUTPs (Vysis, Downers
Grove, IL) for direct labeling of tumor DNA. Spectrum-

Red-labeled normal reference DNA (Vysis) was used for
co-hybridization.

CGH and Digital Image Analysis

The hybridization mixture consisted of 200 ng of Spec-
trum-Green-labeled tumor DNA, 200 ng of Spectrum-
Red-labeled normal reference DNA, and 20 mg of Cot-1
DNA (GIBCO, Gaithersburg, MD) dissolved in 10 ml of
hybridization buffer (50% formamide, 10% dextran sul-
fate, 2X SSC, pH 7.0). Hybridization, image acquisition,
image analysis, and control experiments were exactly as
described.22,23 At least four observations per autosome
and two observations per sex chromosome were in-
cluded in each analysis. Each CGH experiment included
a tumor cell line (Spectrum Green MPE-600, Vysis) with
known aberrations (positive control) and a hybridization
of two differentially labeled sex mismatched normal
DNAs to each other (negative control). A gain of DNA
sequences was assumed at chromosomal regions where
the hybridization resulted in a tumor to normal ratio
.1.20. Over-representations were considered amplifica-
tions when the fluorescence ratio values exceeded 1.5 in
a subregion of a chromosome arm. A loss of DNA se-
quences was presumed where the tumor-to-normal ratio
was ,0.80. To define an aberration it was additionally
required that the first SD was above (gain) or below
(deletion) 1.00. As some false aberrations were detected
in normal tissues at 1p, 16p, 19, and 22, these G-C-rich
regions, known to produce false positive results by CGH,
were excluded from all analyses.24

VHL Deletion by Microsatellite Analysis

The von Hippel-Lindau gene (VHL) on chromosome
3p25.5 is the strongest tumor suppressor gene candidate
in RCC because somatic VHL gene mutations are present
in ;50% of RCCs25 with 3p losses. Microsatellite analysis
was used to detect VHL deletion in primary tumors and its
metastases from 18 patients, where normal tissue was
also available. The same tumor DNA specimens were
used for CGH and microsatellite analysis. Normal DNA,
extracted either from surrounding normal tissue or from
liver tissue obtained at autopsy, was used in the loss of
heterozygosity (LOH) analysis.

LOH analysis was performed using the polymorphic
microsatellite markers D3S135026 and D3S1038,27 map-
ping to the VHL region on chromosome 3p25-p26. Mic-
rosatellites were amplified from 50 to 150 ng of genomic
DNA using 6 pmol of the corresponding primer pairs, with
one primer carrying an IRD-41 label, in polymerase chain
reaction (PCR) buffer (Perkin Elmer, Norwalk, CT) with
200 mmol/L each of dATP, dCTP, dGTP, and dTTP and
1.25 U of Taq DNA polymerase (Perkin Elmer) in a total
reaction volume of 25 ml. PCR was performed on an
Eppendorf Mastercycler 5330 using the following condi-
tions: denaturation at 95°C for 5 minutes, 35 cycles with
95°C for 20 seconds, 62°C (D3S1350) or 56°C (D3S1038)
for 20 seconds, and 72°C for 50 seconds, followed by a
final extension step of 5 minutes at 72°C.
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PCR products were separated on 5% LongRanger
gels (FMC BioProducts, Denmark), and the band densi-
ties were measured using a LICOR DNA sequencer 4000
(MWG Biotech) and RFLPscan software (Scanalytics,
CSPI). The percent integrated optical density values of
the bands representing the two alleles were compared
with each other and with those obtained from normal
tissue. LOH was scored if the decrease in optical density
between one band and the corresponding allele in nor-
mal tissue was .60%.

Statistics

Statistical differences in the prevalence of the most com-
mon gains and losses between the primary and meta-
static tumors were analyzed using Fisher’s exact test.

The degree of clonal relationship (CR) between pri-
mary tumors and metastases by CGH was based on a
probabilistic model developed by a mathematician (A. A.
Schäffer).20 Intuitively, the primary tumors and metasta-
ses should have a high probability to be clonally related
if they share a set of gains and losses not likely to be
shared at random. The following probabilistic model was
developed to quantify this intuition.

1. Let a1, a2, a3, and so forth be the specific abnormal-
ities. The probability that ai occurs is p(ai) 5 number of
occurrences of ai/number of tumors.

2. P 5 set of aberrations in the primary tumor; M 5 set
of aberrations in the metastasis. For any patient, the
events in common are P ù M 5 c1, c2, c3,. . . ck.

3. p(ci) is the probability of the event (gain or loss) ci in
the data set. The probability that the shared events oc-
curred independently in the two tumors of the same pa-
tient is p(c1) 3 p(c2) 3 p(ck) 5 X. Thus, when the tumors
have no events in common, the product defining X has no
terms; it is standard in probability theory that such an
empty product is defined as 1. The standard definition
makes sense here because the events in common, the
probability of a CR is estimated as 1 2 X. Thus, when the
tumors have no events in common, the probability of a CR
is estimated as 0. Gains and losses were classified by
chromosome arm, and the analysis ignored the band
intervals.

Results

Genetic Alterations in RCC Metastases

There was a high number of genetic changes in RCC
metastases. The mean number (6SD) of changes per
specimen was 8.1 6 6.7 (median, 7; range, 1 to 29). The
mean number of losses per tumor was 4.6 6 4.5 (median,
3.5; range, 0 to 19), the mean number of gain per tumor
3.6 6 3.4 (median, 3; range, 0 to 18). The most common
gains were seen at 8q (22%), 17q (31%), 20q, 21q (22%
each), and Xq (28%). There was one high-level gene
amplification at chromosome 11q22–23. The most com-
mon losses involved 2q (22%), 3p (25%), 4q (28%), 6q
(28%), 8p (31%), 9p (47%), and 10q, 13q, and 18q (22%
each).

Primary sites of metastatic dissemination in patients
with RCC are lungs and lymph nodes.2 In an effort to
evaluate whether the pattern of metastatic dissemination
of cancer is associated with a specific chromosomal
alteration, we analyzed lymph node metastases, lung
metastases, and other metastatic sites as groups. The
number of aberrations in lung metastases (6.2 6 4.0) was
significantly lower than in other hematogenous metasta-
ses (11.5 6 8.7, P , 0.05). Also, the number of aberra-
tions in lymph node metastases (4.8 6 2.8) was lower
than in hematogenous metastases (P , 0.05), excluding
lung metastases. The number of aberrations was not
different in lung and lymph node metastases (P 5 0.6).
The most frequent aberrations were also tested for an
association with the metastatic site. No significant differ-
ences were found between specific aberrations and lo-
cation of metastasis.

Pairwise Analysis of Primary Tumors and Their
Metastases

The most common losses in 19 primary tumors involved
3p (63%), 4q (26%), 6q (21%), and 9p (26%). Gains were
frequently detected at 7p (21%) and 16q (32%). None of
the genetic changes in primary tumors had a frequency
difference with the metastases significant at the P , 0.05
level when evaluated as a group. Closest to a significant
difference were 3p losses. Chromosomal losses on 3p
occurred in 12 of 19 primary tumors (63%) but in only 8 of
32 metastases (25%).

The pairwise analysis revealed that primary tumors
and their corresponding metastases were never identi-
cal. The degree of clonal relationship between the pri-
mary and metastatic cell clones varied substantially from
one patient to another. For example, several tumors and
their metastases shared three to four genetic changes
and had only one different aberration. At the other end of
the spectrum, there was a metastasis with 23 genetic
changes, and only two of them could be discovered in
the corresponding primary tumor. One example for a
tumor pair without shared genetic changes is shown in
Figure 1. In 14 patients, the metastases had more genetic
aberrations than the corresponding primary tumor,
whereas in 5 patients, fewer genetic alterations were
found in the metastases. Genomic changes, which fre-
quently occurred in metastases but not in the corre-
sponding primary tumor, included 8p2 (26%), 9p2,
17q1 (21% each), 21q1 (26%), and Xq1 (21%).

The number of shared genetic changes is a rough
estimate of the degree of clonal relationship between
primary tumor and metastasis. Commonly occurring ge-
netic changes are likely to be shared between two spec-
imens, whereas more infrequent changes provide strong
evidence for a common clonal progenitor. A mathemati-
cal model was developed to more accurately quantify the
degree of clonal relationship by estimating the probability
that shared genetic changes in the paired specimens are
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not likely to be shared by chance alone.20 According to
this statistical analysis, 11 of the 19 paired specimens
had a high probability (.0.8) for being clonally related. In
seven of these cases, the probability was $0.9 (Figure 2).
In six patients (32%), the genetic changes were com-
pletely different between the primary and metastatic le-
sions, so that no probability of a common clonal progen-

itor emerged. In two cases, the few shared genetic
changes between the two specimens were likely to be
attributable to chance alone. No significant relationships
were found in the clinical and pathological parameters
and the degree of clonal relationship.

CGH of Metastases at Different Locations

Metastases from different anatomical sites were available
from three patients. The genetic composition of these
metastases was never identical (Table 1). In one patient,
the lymph node metastasis had seven, the lung metasta-
sis three, and a metastasis in the diaphragm had nine
aberrations. Lymph node and lung metastases shared
one (18q1), whereas lymph node and diaphragm metas-
tasis shared four aberrations (8p2, 9p2, 10q, and
15q2). Compared with the primary tumor, additional al-
terations were detected in all three metastatic locations.
Another patient with metastasis to lung and peritoneum
showed 10 DNA-sequence copy number changes in the
lung and 17 in the peritoneum. Both metastases shared
seven aberrations (1p2, 6q2, 7p2, 8p2, 8q1, 11p2,
and12q1). The peritoneal tumor revealed additional ab-
errations (1q1, 3p2, 5p1, 7q1, 11q1, 14q2, 15q2,
17p1, 17q1, and 20p2) that were not present in the
lung. Brain and lung metastases of a third patient had no
identical alterations. The number of aberrations in these
metastases was 6 and 11 per tumor.

Figure 1. Example of genetic aberrations in primary tumor and bone metastasis (femur). Gene amplification on 11q22–23 is shown on the right.

Figure 2. Statistical probability of clonal relationship between primary tumor
and metastasis of different locations.
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VHL Deletion in Primary Tumors and
Their Metastases

It has been suggested that chromosome 3p deletions are
involved in initiation of clear-cell RCC.28,29 If VHL loss is
an early event in RCC carcinogenesis, LOH of VHL
should be present in both primary tumor and metastasis.
To further investigate the unexpected result of more 3p
losses in primary tumors than in corresponding metasta-
ses, loss of heterozygosity (LOH) of VHL was evaluated,
because microsatellite analysis is more sensitive than
CGH. We analyzed LOH for VHL in all patients with paired
specimens (Table 2). One patient was excluded because
no normal tissue was available. Thirteen patients were
informative (heterozygous) for the VHL locus. The corre-
spondence of 3p alterations in primary tumors and me-
tastases was higher in the LOH analysis than in the CGH
analysis. Seven primary tumors (54%) showed LOH for
VHL. In metastases, LOH for VHL occurred in six cases
(46%). There was only one tumor with a VHL deletion in
the primary tumor but not in the corresponding metasta-
sis (Figure 3). Two additional metastases (11%) had mi-
crosatellite instability at the VHL locus.

Discussion

In this study, CGH was used to analyze the genetic basis
underlying metastatic progression of RCC. It showed that
metastases are genetically highly complex. The number
of genetic aberrations detected in metastases (8.1 per
tumor) was clearly higher than the number previously
found in primary clear-cell (4.2 per tumor) RCC.10 This is
consistent with the theory that RCC progression from
nonmetastatic primary tumors to metastasis is driven by
an accumulation of genetic changes.30 Several previous
studies have suggested that a high number of CGH
aberrations goes along with dedifferentiation and poor
prognosis in RCC and other malignancies.10,31,32

Hematogenous spread of RCC may occur 1) via the
vena cava through the right heart to the lungs, 2) retro-
grade to pelvic structures, or 3) by paravertebral veins
(Batson’s plexus).3 After passing through the pulmonary
circulation, tumor cells spread to multiple sites. It has
been suggested that dissemination of RCC occurs step-
wise from the lungs to downstream organs.2 Our finding
that lung metastases have lower numbers of aberrations
than other hematogenous metastases is consistent with
the hypothesis that progression from the lung to other
locations is associated with an accumulation of genetic

Table 1. CGH of Metastases at Different Locations

Patient 1 Patient 2 Patient 3

Primary tumor 3p2, 4q2, 6q2, 9p2, 11q1, 18q2,
Lymph node 8p2, 9p2, 9q2, 10q2, 15q2, 17p1, 17q1
Lung 5q1, 17q1, 18q1 1p2, 6q2, 7p2, 8p2, 8q1, 11p2,

12q1, 21q1, Xp2, Xq2,
2q2, 3p2, 4p2, 4q2, 6q2, 9p2,

13q2, 17p1, Xp1, Xq1, Y2
Diaphragm 4p2, 5q1, 8p2, 9p2, 9q2, 10q2, 12q1,

13q1, 15q2
Peritoneum 1p2, 1q1, 3p2, 5p1, 6q2, 7p2, 7q1,

8p2, 8q1, 11p2, 11q1, 12q1, 14q2,
15q2, 17p1, 17q1, 20p2

Brain 8p2, 2p1, 5p1, 5q1, 15q1, 17q1

Table 2. LOH for VHL in 18 Matched Pairs of Primary RCC
and Their Metastases

Patient Primary Metastasis

1 LOH LOH
2 n.i. n.i.
3 LOH LOH
4 2 2
5 LOH LOH
6 n.i. n.i.
7 LOH LOH
8 LOH LOH
9 2 2

10 2 MIN
11 LOH LOH
12 2 2
13 n.i. n.i.
14 2 2
15 LOH 2
16 n.i. n.i.
17 n.a. n.a.
18 2 MIN
19 n.i. n.i.

LOH, loss of heterozygosity; 2, no loss of heterozygosity; n.i., not
informative; MIN, microsatellite instability; n.a., no normal tissue
available.

Figure 3. Microsatellite analysis of three tumor pairs for LOH of the VHL gene
in RCC. Left: LOH of VHL in primary tumor and metastasis. PT, primary
tumor; M, metastasis; N, normal tissue. Middle: Primary tumor and metastasis
without LOH of VHL. Right: LOH for VHL detected in primary tumor but not
in metastasis.
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changes. However, our results on multiple metastases in
other organs (eg, brain) indicate that in some cases lung
metastases and metastases in other organs may be ge-
netically very different, suggesting that there is no linear
relationship between the metastases. Instead, it might be
that different metastases originate from different primary
tumor clones. One might also speculate that only few
specific genetic changes in the primary tumors are nec-
essary for metastasis whereas more complex genetic
aberrations may originate in the metastasis itself.

The CGH findings from those patients with paired
specimens allowed us to study the clonal relationship
between primary tumors and their metastases. Although
most samples showed a high degree of concordance
between primary tumors and metastases, some metasta-
ses had no or little evidence of clonal relationship. One
explanation for this finding could be the selection pres-
sure of the tissue growth environment, for example, im-
mune surveillance and hypoxia. Growth conditions may
differ at varying metastatic sites,33 giving growth advan-
tage to different cell clones in primary tumors and
metastases.

The absence of shared genetic changes by CGH also
includes the possibility that a clonal relationship was
missed because of genetic heterogeneity within the pri-
mary tumor. Previous flow cytometric analyses have illus-
trated marked intratumor heterogeneity in RCC.34–37

However, cytogenetic studies of different renal tumor
samples of primary RCC suggest that besides different
clonal abnormalities shared cytogenetic abnormalities
are present.38 In a previous CGH analysis of a sarcoma-
toid and an epithelioid tumor area within one tumor,31 we
found six identical aberrations, also suggesting that de-
spite genetic heterogeneity evidence for a clonal relation-
ship can be found even in morphologically heteroge-
neous primary tumors.

Interestingly, there were 5 of 19 metastases with fewer
alterations than in the corresponding primary tumor. This
is consistent with previous cytogenetic findings in breast
cancer, indicating that simultaneous lymph node metas-
tases are genetically less complex than the primary
breast carcinoma, possibly because only one or few of
the multiple clones in the primary tumor metastasize.39

There are few data available relating specific genetic
events to the metastatic behavior in RCC. To identify
genetic changes that are linked to metastasis, we have
investigated pairs of primary tumors and metastases. We
assume that cell clones with metastasis-specific genetic
changes may represent minor cell populations in the
primary tumor that are not detectable by CGH. However,
chromosomal alterations with relevance for the metastatic
process should be enriched in the metastatic cells.
Therefore, chromosomal changes might be especially
relevant for the metastatic process if they are identified in
metastases but not in the corresponding primary tumors.

Losses of chromosome 8p and 9p and gains of 17q,
21q, and Xq were frequently found in metastases, but not
in matching primary tumors. A disturbed function of
genes in these regions of the genome may therefore
contribute to the metastatic process. Suggested tumor
suppressor genes on 9p include p16 (CDKN2) and p15

(MTS2), all mapped to 9p21.40,41 Inactivation of CDKN2
by homozygous deletion, rearrangement, or point muta-
tion was found to be rare in primary RCC.42 However,
Kinoshita et al detected a hemi- or homozygous deletion
of CDKN2 in three of five RCC metastases,11 suggesting
that a gene in the 9p21–22 region could be linked to RCC
metastasis. Interestingly, acquisition of p16 and p15
gene mutations takes place during metastases of non-
small-cell lung cancer.43 An association between chro-
mosome 17 gains and lymph node metastasis has been
demonstrated in breast cancer,44 suggesting that onco-
genes on chromosome 17 might play a role for the met-
astatic process. Previous studies have shown that ampli-
fication and overexpression of the HER-2/neu gene on
chromosome 17q21–22 is of minor importance in the
oncogenesis of RCC.45 Chromosome Xq gains have
been rarely detected in solid tumors, except prostate
cancer and mediastinal B-cell lymphoma.46,47 Previously,
it was shown that gains of chromosome Xq were enriched
in cells of of breast cancer metastases, suggesting that
tumors with Xq gain have a higher risk to metastasize.20

Remarkably, 3p losses were detected in 12 of 19 pri-
mary tumors (63%) but in only 8 of 32 metastases (25%).
This finding is completely consistent with previous results
of Gronwald et al, detecting 3p losses in 71% of primary
tumors but in only 20% of metastases by CGH.9 This
finding suggested that tumor cell populations without
relative copy number alterations on 3p may have a
growth advantage during metastasis. Using fluorescence
in situ hybridization (FISH), Gronwald et al detected 3p
losses in most cells of the primary tumors but only in a
minority of the metastatic depots. They hypothesized that
a second copy of 3p can be regained as a result of
mitotic reduplication of the remaining allele of 3p. The
hypothesis of mitotic recombination in some RCC metas-
tases is consistent with the results of our microsatellite
analysis, which revealed in all but one tumor pair no
difference in heterozygosity of the VHL gene. Such a
duplication of the remaining allele could provide a growth
advantage by an elevated expression of a putative
oncogene on 3p. The observations of high-level ampli-
fications at 3p in bladder (3p24)22 and breast cancer
(3p14)21 are arguments for the existence of at least one
putative oncogene on 3p. Interestingly, a loss of 3p in
the primary tumor and balanced state in the metastatic
tumor was also observed previously in a case of breast
carcinoma.32

High-level amplifications may highlight locations of
dominant oncogenes involved in tumor progression. In
this study, a high-level amplification at 11q22–23 was
found in 1 of 32 metastases of clear-cell RCC. In contrast
to the matched primary tumor, this metastasis showed
large areas with sarcomatoid differentiation. As we have
previously detected an amplification also at 11q22–23 in
the sarcomatoid component of a chromophobe RCC,31 it
is tempting to speculate that activation of oncogenes at
these loci might have contributed to sarcomatoid trans-
formation. 11q22–23 amplifications have been rarely de-
tected in solid tumors. They were found in malignant
mesothelioma, glioma, osteosarcoma, malignant fibrous
histiocytoma, and lung and cervical cancer (for review
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see Ref. 48). Several potential oncogenes exist on
11q22–23, including the human proto-oncogene v-cbl,
the HRX proto-oncogene, and the VACM-1 gene.
VACM-1 belongs to a family of genes involved in cell
cycle regulation. The 11q22–23 region also includes
genes of the matrix metalloproteinase family. Importantly,
previous studies suggested that production of metallo-
proteinase-2 increases the metastatic potential of RCC
cell lines.49,50

In summary, the present study shows that multiple,
genetically almost completely different clones exist in
various tumor locations of one and the same patient. The
considerable genetic heterogeneity between primary
RCC and metastases at various locations may underlie
its poor responsiveness to therapy and explains why
biomarkers of prognosis measured exclusively in primary
tumors give a restricted view of the biological potential
of RCC.
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