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Papillary renal-cell carcinoma (RCC) is a renal carci-
noma variant with distinct gross, microscopic, and
cytogenetic features. Recently, a type 1 (pale cyto-
plasm, small-cell) and a type 2 (eosinophilic cyto-
plasm, large-cell) subtype of papillary RCC have been
described. Chromosomal alterations associated with
these tumor types were examined in 25 papillary
RCCs by comparative genomic hybridization. Relative
copy number gains were frequently detected at chro-
mosomes 7p (56%), 7q (44%), 12q (28%), 16q (32%),
17p (56%), 17q (76%), and 20q (32%). Chromosomal
regions that were most often lost included 1p (24%),
4q (36%), 6q (40%), 9p (36%), 13q (36%), Xp (28%),
Xq (36%), and Y (73%). There were clinical and ge-
netic differences between the subtypes of papillary
RCC. Type 2 tumors were of higher nuclear grade (P 5
0.0012) and higher stage (P 5 0.01) and had a worse
prognosis (P 5 0.03) than type 1 tumors. The number
of DNA gains per tumor, especially gains of 7p and
17p, was significantly higher in type 1 than in type 2
tumors (P < 0.01). These data suggest the existence of
two distinct morphological and genetic subgroups of
papillary RCC. Losses of chromosome Xp were asso-
ciated with short patient survival (P < 0.01). Despite
the small number of cases, this finding suggests
that a gene on chromosome Xp may contribute to
papillary RCC progression. (Am J Pathol 1998,
153:1467–1473)

Papillary renal-cell carcinomas (RCCs) have characteris-
tic gross, histological, and cytogenetic features that sep-
arate them from other types of RCC, eg, clear-cell, chro-
mophobe, and duct Bellini carcinomas.1 Papillary RCCs
constitute approximately 10% of renal epithelial tumors,
when defined as tumors having at least 50% papillary
structures.2 In comparison with clear-cell (nonpapillary)

RCC, papillary tumors are relatively overrepresented in
end-stage renal disease and are more frequently multi-
focal than nonpapillary RCC.

Previous cytogenetic and molecular analyses have
identified characteristic genetic alterations that distin-
guish different RCC subtypes. The most frequent alter-
ation in clear-cell RCC is a deletion of the short arm of
chromosome 3,3–6 whereas papillary tumors are charac-
terized cytogenetically by chromosomal trisomies/tetra-
somies, most often including chromosomes 7 and 17,
and losses of chromosome Y.7,8 Only a few papillary
RCCs have been included in loss of heterozygosity (LOH)
studies by microsatellite or restriction fragment length
polymorphism (RFLP) analysis.9–11

Recently, Delahunt and Eble12 proposed the existence
of two different papillary tumor subtypes, type 1 with
small cells and pale cytoplasm and type 2 with large cells
and eosinophilic cytoplasm. Type 2 papillary RCC pre-
sented more often at higher stages and expressed cyto-
keratin 7 less frequently than type 1 tumors. Genetic
differences between these papillary RCC subtypes have
not been investigated yet.

In this study, comparative genomic hybridization
(CGH) was applied to screen for genetic differences
between type 1 and type 2 papillary RCC. CGH is based
on an in situ hybridization of differentially labeled DNAs,
one from the tumor and another from the normal refer-
ence to normal metaphase spreads, allowing a survey of
all DNA copy number changes.13

Materials and Methods

Patient Selection

All tumors were identified from the archives of the Institute
of Pathology, University of Basel. Among 615 renal tu-
mors that had been reviewed by one pathologist (H.
Moch) there were 52 papillary RCCs having at least 75%
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of the tumor composed of true papillae with recognizable
fibrovascular cores without clear-cell cytoplasm. The
75% criterion as defining feature was used according to
recent recommendations by the UICC.14 Twenty-five
consecutive papillary RCCs (16 male and 9 female pa-
tients) were selected for this study. All tumors were diag-
nosed after 1985. Survival data were obtained by review-
ing the hospital records, by direct communication with
the attending physicians, and from the Cancer Registry of
Basel. Patients were evaluated from the time of biopsy
diagnosis to the last known follow-up. The 1996 cutoff
date allowed for the possibility of at least 2 years of
clinical follow-up.

Tumor material consisted of 14 fresh-frozen tumors
and 11 formalin-fixed tumor blocks. One additional tumor
was excluded because of insufficient DNA quality for
CGH. Histological grading and tumor staging were done

according to Fuhrman15 and International Union Against
Cancer (UICC).16 There were one grade 1, six grade 2,
twelve grade 3, and six grade 4 tumors. Ten tumors were
stage pT1, seven were pT2, and eight were pT3. The
tumor size ranged from 1.2 to 20 cm (median, 7 cm) in
largest diameter. The tumors were divided into type 1
(pale cytoplasm) and type 2 (eosinophilic cytoplasm)
papillary RCC as suggested by Delahunt and Eble.12

Type 1 tumors consisted of papillae and tubular struc-
tures covered by epithelial cells with small oval nuclei,
inconspicuous nucleoli, foamy macrophages in papillary
cores, and frequent psammoma bodies (Figure 1A). Type
2 tumors consisted of papillae covered by large cells with
abundant eosinophilic cytoplasm and large nuclei with
more prominent nucleoli (Figure 1B). Nine tumors
showed a type 1 and sixteen tumors a type 2 cell type.
Type 1 tumors were significantly larger (P 5 0.03) and
had a higher tumor stage (P 5 0.01) and a higher nuclear
grade (P 5 0.0012) more frequently than type 2 tumors
(Table 1).

DNA Preparation

Specimens were trimmed to enrich for tumor by excising
tumor tissue from the paraffin block. The excised tumor
tissue was re-embedded in a paraffin block. Sections
were cut from these tumor blocks and stained with he-
matoxylin and eosin (H&E) to ensure a minimum of 75%
tumor cells in the sample. For frozen material, DNA was
extracted from eight 50-mm sections. For paraffin mate-
rial, 25 10-mm sections were taken for DNA extraction.
DNA extraction and labeling were as follows.17 One mi-
crogram 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

CGH and digital image analysis were carried out as
described previously.17–19 The hybridization mixture con-
sisted of 200 ng of Spectrum Green-labeled tumor DNA,
200 ng of Spectrum Red-labeled normal reference DNA,
and 20 mg of human Cot-1 DNA (GIBCO, Gaithersburg,
MD) dissolved in 10 mg of hybridization buffer (50%
formamide, 10% dextran sulfate, 2X SSC, pH 7.0). Hy-
bridization was for 3 days at 37°C to normal metaphase
spreads (Vysis). Post-hybridization washes were as de-

Figure 1. A: Type 1 papillary renal cell carcinoma. The papillae are covered
by a single layer of small cells with small nuclei. Foamy macrophages are
seen in the papillary cores. B: Type 2 papillary renal cell carcinoma. The
papillae are covered by a pseudostratified layer of large cells. Nuclei with
prominent nucleoli. H&E; magnification, 3280.

Table 1. Morphological Findings in 25 Papillary RCCs

Site, mean 6 SD
(cm)

Grade (%) pT stage (%)

1/2 3/4 1/2 3/4

Type 1 (n 5 9) 4.7 6 2.3 67 33 100 0
Type 2 (n 5 16) 8.1 6 4.1* 6 94† 50 50‡

*P 5 0.03 (U test).
†P 5 0.0012 (contingency table analysis).
‡P 5 0.01 (contingency table analysis).
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scribed.17 Digital images were collected from six to
seven metaphases using a Photometrics cooled CCD
camera (Microimager 1400, Xillix Technologies, Vancou-
ver, British Columbia, Canada) and a Sun workstation.
The Vysis software program was used to calculate aver-
age green-to-red ratio profiles for each chromosome.
Four observations per autosome and at least two obser-
vations per sex chromosome were included in each anal-
ysis (Figure 2).

Controls and Threshold Definition

CGH experiments included a tumor cell line (Spectrum
Green-labeled MPE-600 DNA; Vysis) with known aberra-
tions (positive control) and a hybridization of two differ-
entially labeled sex-mismatched normal DNAs to each
other (negative control). Sex-mismatched normal controls
were also used to test the ability of each metaphase
batch to allow for a linear relationship between fluores-
cence intensities and DNA sequence copy numbers.
Metaphases were used only if the color ratio of sex-
mismatched normal DNAs was #0.66 at the X chromo-
some. The thresholds used for definition of DNA se-
quence copy number gains and losses were based on
the results of CGH analyses of formalin-fixed normal tis-
sues. Gains of DNA sequences were defined as chromo-
somal regions where both the mean green-to-red fluores-
cence ratio and its SD were above 1.20, whereas losses
were defined as regions where both the mean and its SD
were below 0.80. Overrepresentations were considered
amplifications when the fluorescence ratio values in a
subregion of a chromosomal arm exceeded 1.5. In neg-
ative control hybridizations, the mean green-to-red ratio
occasionally exceeded the fixed 1.2 cutoff level at the

following chromosomal regions: 1p32-pter, 16p, 19, and
22. These known G-C-rich regions were therefore ex-
cluded from all analyses.

Statistics

Contingency table analysis was used to analyze the re-
lationship between genomic alterations, grade, stage,
and cell type. A U test was applied to compare the
number of genomic alterations between different grades,
stages, and histological subtypes. Overall survival rates
were plotted by the Kaplan-Meier method using the me-
dian number of aberrations as a cutoff point for grouping
between a low and high number of aberrations. The most
common individual aberrations (occurring in more than
20% of tumors) were analyzed for their association with
patient survival. Statistical differences between the
groups were determined with the log-rank test. A Cox
proportional hazards analysis was used to test for inde-
pendent prognostic information.

Results

CGH Findings

Twenty-five papillary RCCs were examined by CGH. A
summary of all DNA sequence copy number aberrations
is shown in Figure 3. Twenty-two tumors showed DNA
sequence copy number gains, and in all tumors losses at
one or more chromosomal regions were present. There
was a median of 7 aberrations per tumor (mean, 10.0;
range, 2 to 29). The median number of gains was 5
(mean, 4.4; range, 0 to 10), and the median number of
losses was 4 per tumor (mean, 5.6; range, 1 to 19).

Chromosomal regions that were most often lost in-
cluded 1p (24%), 4p (20%), 4q (36%), 6q (40%), 9p, 13q
(36% each), 14q, and 18q (20% each). There were fre-
quent losses of sex chromosomes. Losses of Xp were

Figure 2. An example of a digital image of a CGH experiment illustrating
chromosome 7 and 17 gains and chromosome 4 and 13q losses in a papillary
renal cell carcinoma. DNA extracted from the tumor tissue (labeled in green)
were hybridized simultaneously to a normal metaphase spread. Chromo-
somal regions that are overrepresented in the tumor are visualized in a
predominantly greenish color, whereas regions that were lost are highlighted
in a red color (relative lack of green). Also shown are the green-to-red ratio
profiles generated by the image analysis program of all aberrant chromo-
somes of the same sample. Thin lines indicate normal range of the green-
to-red ratios (0.8 to 1.2). Deletions are marked by bars to the right of the
chromosome, and gains are marked by bars to the left of the chromosome.

Figure 3. Summary of all relative DNA sequence copy number changes
detected by CGH in 25 papillary renal cell carcinomas. The vertical lines on
the right of the chromosome ideograms indicate gains; those on the left
indicate losses. Solid bars indicate a gene amplification. *1p31-term, 16p, 19,
and 22 were not analyzed.
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seen in 28% and of Xq in 36% of patients. Chromosome
X losses were more frequent in female than in male
patients. Xp loss was seen in five (56%) and Xq loss in six
(67%) female patients (n 5 9). Xp loss was detected in
two (12%), Xq loss in three (19%) male patients (n 5 16).
Chromosome Y loss was detected in 11 of 15 (73%)
males.

Increased DNA sequence copy number was most of-
ten detected at chromosome 7p (56%), 7q (44%), 12q
(28%), 16q (32%), 17p (56%), 17q (76%), and 20q (32%).
The entire long arms of chromosomes 7 and 17 were
often gained. One high-level amplification (green-to-red
ratio . 1.5) was found in one tumor at the 6p12-6p21
region.

Histopathological Correlations

There was no association between tumor stage and the
number of CGH aberrations (Table 2). However, there
was a strong tendency toward a higher number of DNA
losses in tumors with high histological tumor grade (6.6 6
5.4 per tumor) than in low-grade tumors (2.8 6 3.0 per
tumor). Even so, this difference did not reach statistical
significance (P 5 0.0893), nor was there a difference in
the number of aberrations between low-grade and high-
grade tumors.

To screen for chromosomal alterations that might be
linked to type 1 or type 2 papillary tumors we analyzed

the association between the most frequent specific aber-
rations and the tumor subtype (Table 3). There were no
genetic differences between the two subtypes of papil-
lary RCC with the exception of chromosome 7 and 17
gains. Gains of 7p and 17p were detected in all type 1 but
in only 31% (7p) and 38% (17p) of type 2 tumors (P ,
0.01). Accordingly, there was a slightly higher frequency
of chromosome 7p and 17p gains in low-grade and low-
stage tumors (P , 0.05; Table 3), as most type 1 RCCs
were pT 1/2 stage and nuclear grade 1/2.

Clinical Outcome

Overall survival data were available for 24 patients. There
was a median follow-up of 32 months (minimum, 1 month;
maximum, 105 months). Nine patients had died, and
fifteen patients were censored at the last clinical control.
None of the patients with grade 1 and 2 tumors (n 5 7)
died of disease or developed metastases. Type 1 tumors
had a significantly better prognosis (P 5 0.03) than type
2 tumors. Clinical outcome of patients with stage pT1 and
pT2 RCC was better than that of patients with stage pT3
(P 5 0.08).

The number of aberrations (gains, losses, and total
number) was not associated with patient prognosis when
the median number of aberrations was used as a cutoff
point. The evaluation of the most common individual ab-
errations for clinical significance revealed that Xp dele-

Table 2. Stage, Grade, Histological Subtype, and Number of CGH Aberrations

n

Number of aberrations (mean 6 SD)

All Deletions Gains

Stage pT1/2 17 10.3 6 7.3 5.4 6 5.1 4.9 6 3.0
Stage pT3/4 8 9.5 6 7.0* 5.9 6 5.0† 3.6 6 2.8‡

Grade 1/2 7 8.1 6 4.0 2.8 6 3.0 5.3 6 1.5
Grade 3/4 18 10.8 6 8.0§ 6.6 6 5.2¶ 4.2 6 3.4\

Type 1 9 12.4 6 7.9 6.0 6 6.0 6.4 6 2.0
Type 2 16 8.8 6 6.5** 5.3 6 4.4†† 3.4 6 2.9‡‡

P values for pT1/2 versus pT3/4; grade 1/2 versus grade 3/4 and type 1 versus type 2 subtype: *0.7861, †0.8323, ‡0.3143, §0.4069, ¶0.0893,
\0.4359, **0.2192, ††0.747, ‡‡0.0123.

Table 3. Most Frequent (.20%) DNA Sequence Copy Number Losses (2) and Gains (1) in Papillary RCC

% of tumors

P Value

% of tumors

P value

% of tumors

P value
Stage pT1/2

(n 5 17)
Stage pT3/4

(n 5 8)
Grade 1/2

(n 5 7)
Grade 3/4
(n 5 18)

Type 1
(n 5 9)

Type 2
(n 5 16)

7p1 64.7 37.5 NS 100 38.9 0.02 100 31.2 0.004
7q1 52.9 25 NS 71.4 33.3 NS 66.7 31.2 NS
12q1 29.4 25 NS 14.3 33.3 NS 22.2 31.2 NS
16q1 35.3 25 NS 41.8 27.8 NS 55.6 18.8 NS
17p1 76.5 25 0.04 85.7 50 NS 100 37.5 0.008
17q1 88.2 62.5 NS 100 72.2 NS 100 68.8 NS
20q1 41.2 25 NS 28.6 38.9 NS 55.6 25 NS
1p2 29.4 25 NS 14.3 33.3 NS 33.3 25 NS
4q2 52.9 12.5 NS 28.6 44.4 NS 55.6 31.2 NS
6q2 41.2 37.5 NS 14.3 50 NS 44.4 37.5 NS
9p2 52.9 12.5 NS 14.3 50 NS 44.4 37.5 NS
13q2 41.2 25 NS 42.9 35.3 NS 66.7 18.8 NS
Xp2 17.6 50 NS 14.3 33.3 NS 22.2 31.2 NS
Xq2 17.6 75 0.02 14.3 47.1 NS 33.3 37.5 NS

P values are by x2 test; all significant results (P # 0.05) are shown. NS, not significant.
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tions were significantly associated with poor clinical out-
come (P , 0.01; log-rank test; Figure 4A). Five of seven
patients with chromosome Xp loss died of disease during
clinical follow-up. Proportional hazards analysis with the
variables tumor stage and histological grade indicated
that chromosome Xp loss was an independent predictor
of prognosis, the relative risk being 5.4 (P 5 0.03). Nei-
ther the tumor stage nor the histological grade provided
additional prognostic information. Tumors with Xq loss
had a worse prognosis than tumors without Xq loss (Fig-
ure 4B), but this trend did not reach significance (P 5
0.1). None of the other chromosomal alterations (losses of
1p, 4q, 9p, 13q, and 14q; gains of 7, 17, 12q, 16q, and
20q) was associated with patient prognosis.

Discussion

In this study, CGH was used to define genetic changes
associated with papillary RCC. Stringent criteria were
used for the definition of papillary tumors in this study to
exclude nonpapillary (clear-cell) RCC, known to some-
times contain areas with papillary growth. Papillary RCCs

were defined as tumors in which at least 75% of the tumor
tissue was composed of true papillae and without clear-
cell areas. A recent cytogenetic study7 suggests that
75% is a better criterion for defining papillary RCC than
the 50% criterion proposed by Mancilla-Jimenez.2

A high prevalence of chromosome 7 and 17 gains was
expected because both alterations have been described
by cytogenetic and FISH analyses in most papillary
RCCs.20–22 Even in papillary renal cortical adenomas of
,1 cm in largest diameter, gains of chromosomes 7 and
17 were found by cytogenetics7 and CGH (J. Presti,
unpublished observations). In this study, gains of chro-
mosomes 7 and 17 were detected in almost all type 1
tumors but were considerably less frequent in type 2
papillary RCC. This lower percentage of chromosome 7
and 17 gains in a papillary RCC subtype has not been
described in earlier cytogenetic analyses, possibly be-
cause papillary RCCs were not separated according to
the cell type20 or because this subtype was underrepre-
sented in these studies. Only 2 of 11 papillary RCCs had
an eosinophilic cell type in a cytogenetic analysis of
Kovacs et al.7 Interestingly, both tumors had no chromo-
some 7 gains. Lager et al23 demonstrated trisomy 7 in
67% of low-grade but in only 43% of high-grade papillary
RCCs. This is consistent with our results, because type 2
(large-cell) papillary RCCs typically show a higher histo-
logical grade than type 1 tumors.

The histogenetic relationship between type 1 and type
2 papillary RCC is currently unclear. Type 2 papillary
tumors usually have a higher nuclear grade than type 1
tumors. They may therefore develop from type 1 papillary
tumors with low nuclear grade. We feel that this is un-
likely, because foam cells and psammoma bodies are
more frequent in type 1 than in type 2 tumors. The exis-
tence of very small papillary adenomas showing large
cells with eosinophilic cytoplasm, sometimes found at
autopsy, might be a further argument for a de novo de-
velopment of type 2 papillary RCC. Because of genetic
differences between papillary tumors with different cell
types, one might speculate that type 1 and type 2 pap-
illary RCCs represent two different tumor entities.

It has been suggested that type 1 and type 2 tumors
have a different clinical behavior. In this set of tumors,
type 2 tumors had a 5-year survival rate of 36%, which is
similar to clear-cell RCC, whereas none of nine patients
with type 1 tumors died of disease. This observation is
consistent with a report of Lager et al showing that none
of 19 low-grade tumors with typical basophilic cells de-
veloped metastases.23 However, we recently analyzed
208 renal tumors with a tumor diameter smaller than 3 cm
at autopsy. We identified two type 1 papillary RCCs (tu-
mor diameters of 2 and 2.8 cm, respectively) with metas-
tases (unpublished observation), suggesting that small
type 1 papillary RCCs are not always benign tumors.

Kovacs et al speculated that tumors with polysomy 7
and 17 as a sole aberration are papillary adenomas.7 He
suggested that accumulation of additional polysomies of
chromosomes 12, 16, or 20 are linked to progression
toward papillary carcinomas6,7,9,21 with a more malignant
behavior possibly because of activation of oncogenes.21

However, neither the total number number of chromo-

Figure 4. A: Overall survival analysis for patients with and without chromo-
some Xp losses (log-rank test). B: Overall survival analysis for patients with
and without chromosome Xq losses (log-rank test).
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somal gains detected by CGH nor specific gains, includ-
ing gains of 12, 16, and 20 were associated with tumor
stage or patient prognosis in this set of patients.

The clearly higher number of DNA losses in high-grade
tumors (mean, 6.6) than in low-grade tumors (mean, 2.8)
argues for a role of tumor suppressor genes in the pro-
gression of papillary RCC, because inactivation of tumor
suppressor genes is usually accompanied by allelic
losses. However, little is known about allelic losses in
papillary RCC. Frequent sites of deletions included 4q,
6q, 9p, 13q, and X. These chromosomal loci are also
subject to allelic losses in clear-cell RCC as determined
by microsatellite or CGH analysis. Deletions at 6q have
been reported in 18 to 22%,10,18 at 9p in 16 to 33%,24,25

at 13q in 50%,26 and at Xq in 20%18 of clear-cell carci-
nomas. Thrash-Bingham et al have recently shown 9p
LOH in two of five papillary RCCs.25 The finding that
these relative DNA sequence copy number losses are
found at similar frequencies in papillary and clear-cell
RCC is consistent with a role of genes at these loci for
progression of both tumor types. Interestingly, the only
chromosomal aberration with a significant association to
poor patient outcome was loss of X. A number of X-lo-
cated genes, including STS (steroid sulfatase gene), XG
(X-linked blood group gene), ZFX (zinc-finger protein,
X-linked), KAL1 (Kallman syndrome gene), RPS4X (ribo-
somal protein S4 (X-linked), and XIST (X inactive specific
transcript) are putative tumor suppressor genes.27–29

X chromosome losses were found in approximately
60% of the papillary RCCs of female patients. The X
chromosome has been rarely mentioned in cancer stud-
ies,30 as LOH analyses cannot detect allelic imbalances
in male patients. In contrast to LOH analyses, CGH allows
detection of relative DNA sequence copy number
changes of chromosome X in tumors of male patients.
Chromosome X losses were detected more frequently in
tumors of female (67%) than of male patients (19%).
Interestingly, tumors of male patients have chromosome
Y losses in more than 80% of papillary RCCs.21 Recently,
it has been suggested that tumor suppressor genes are
located at pseudoautosomal regions (PARs) on chromo-
some X. The PAR is a zone at the end of the short arm of
the sex chromosomes X and Y28,31,32 showing marked
genetic homology. It is tempting to speculate that one or
more tumor suppressor genes at the PAR are also rele-
vant for papillary RCC, as loss of the Y chromosome
could uncover a mutant allele of a gene in the PAR region
at the X chromosome in male patients. In contrast, inac-
tivation of both alleles of a tumor suppressor gene at
chromosome X might lead to papillary RCC progression
in female patients. This mechanism might be less fre-
quent, because there has been described a strong male
predilection for papillary RCC in large surgical series
(male-to-female ratio of 5:1).12

Cytogenetic analyses were consistently negative for
3p deletions6,7,21,33–35 in papillary RCC. Importantly, we
have detected a 3p deletion in one unequivocal papillary
RCC with 100% papillary differentiation. Our result is
consistent with previous studies finding losses on 3p in
10 of 73 cases of papillary RCC (14%) examined to
date4,5,9,11,20,36–39 by molecular techniques. Also, chro-

mosome 3p loss was detected in 1 of 11 papillary RCCs
in another CGH study.40 These results show that papillary
RCC cannot be diagnosed on the basis of the absence of
3p deletion as was previously suggested.10

There was only one papillary RCC with a gene ampli-
fication at chromosome 6p21. Potential candidate onco-
genes on 6p21 may include the autosomal recessive
polycystic kidney disease gene,41 the metalloendopepti-
dase meprin gene MEP1A, encoding for kidney and in-
testinal proteases,42 and the tumor necrosis factor-a
gene.43 The low frequency of amplifications in papillary
RCC is in striking contrast to other solid tumors, eg,
bladder and breast carcinomas. Recently, we found 12
amplifications at eight different loci in 56 noninvasive
(pTa) and minimally invasive (pT1) bladder carcinomas
by CGH19 but no amplification in 41 locally advanced
(pT3) clear-cell RCCs.18

In summary, our data have shown that chromosome Xp
losses are associated with poor patient prognosis in pap-
illary RCC. Despite the small number of cases, this may
suggest a role of genes on chromosome X for progres-
sion of papillary RCC. A high number of chromosomal
gains was associated with type 1 papillary RCC, which is
characterized by low nuclear grade and a significantly
better prognosis. These data further suggest the exis-
tence of two distinct morphological subgroups of papil-
lary RCC, which might be characterized by different ge-
netic alterations.
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