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ABSTRACT

Twenty-eight tissue specimens from 26 patients with renal cell carci
noma were subjected to cytogenetic analysis using a newly developed
combined method of enzymatic technique and short term tissue culture.
Of the 28 tumor samples studied, 21 were chromosomally abnormal.
Four (including two oncocytomas) were normal, and three did not grow
in tissue culture.

Of the 21 tumors with abnormal chromosomes, the most frequent
abnormality was either trisomy or tetrasomy of chromosome 7 (18 of 21
tumors). In four of these tumors, trisomy 7 was the only visible abnor
mality.

Ten tumors contained abnormalities of chromosome 3. Three showed
a previously reported chromosome 3 interstitial deletion, five were hy-
perdiploid, and two revealed a monosomy 3. Of these 10 patients, six
have had disease progression, compared to one of the 16 remaining
patients without an abnormal chromosome 3.

These data suggest that abnormalities of chromosome 7 represent a
primary abnormality, and that when these abnormalities are present in
association with abnormalities involving chromosome 3, they may corre
late with a more aggressive clinical course and a corresponding higher
stage of disease at diagnosis.

INTRODUCTION

It has become increasingly clear that most human cancers
are associated with a variety of recurrent chromosomal abnor
malities and that our understanding of the etiology, progres
sion, and eventually the control of cancer depends on under
standing these chromosomal abnormalities. Some of these ab
normalities, particularly in the leukemias and lymphomas, have
been characterized (1,2). Information on solid tumors has only
recently been accumulated; a delay primarily due to the low
mitotic index of most primary solid tumors and the difficulty
in obtaining chromosome banding patterns of good quality.

Renal cell carcinomas constitute approximately 60% of all
malignant tumors of the kidney. However, there are only a few
cytogenetic studies of nonfamilial renal cell carcinoma in the
literature (3-10). In this study, we report the results of success
ful cytogenetic analyses from 21 tumor samples, and correlation
with clinical outcome.

MATERIALS AND METHODS

Twenty-eight tumor samples were obtained at time of exploration
from 26 patients suspected of having renal cell carcinomas. These
tumors were immediately transported to the cytogenetic laboratory
where they were minced, then digested overnight at 37Â°Cusing 0.625%

collagenase type II S (Sigma) (11). The suspension was then pipetted
to disperse the cells, washed with medium [FIO supplemented with
20% fetal bovine serum, L-Glutamine, Pen-Strep, and 10% giant cell
tumor conditioned media (GIBCO #680-1002)], centrifuged, resus-
pended, and plated in the above medium, and incubated at 37Â°Cin 5%
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CO2. The time-to-harvest was variable and ranged from 4 to 10 days.
In two cases it was necessary to utilize subcultured cells which had

been passed in tissue culture up to three times, to obtain adequate
metaphases for analysis. The remaining 23 cultures were harvested as
primary cultures.

Once adequate cell proliferation was obtained, Colcemid was added
to the cultures to a final concentration of 0.005 Mg/ml. Two h later the
cultured cells were detached by treatment with 0.2% Pronase (Cal
Biochem). The hypotonie solution used was (1:1) 0.4% KC1:0.4% NaCl
for 30 min (12). After fixation in two changes of methanol-acetic acid,
chromosome preparations were made by air-drying methods in 46%
humidity. The metaphases were stained with trypsin-Giemsa.

RESULTS

Twenty-eight tumor samples from 26 patients with nonfa
milial renal cell carcinoma were submitted for cytogenetic
study. Four patients had bilateral tumors, but only in two cases
were samples from both tumors obtained. Mitotic cells suitable
for analysis were successfully obtained in 25 samples from 23
patients. Harvests were obtained from 23 cultures following
incubation. In two cultures the mitotic index was too low for
analysis of the primary tumor tissues. These two were estab
lished as cell lines and subsequently analyzed in passages 2 and
3, respectively. Three samples had insufficient growth for analy
sis.

Of the 25 cultures analyzed, 21 were chromosomally abnor
mal and four were normal. Banding analysis in this study
revealed 25 clonal rearrangements involving chromosome 7,
and 13 involving chromosome 3. The modal chromosome num
ber ranged from 44 to 55. Relevant clinical and cytogenetic
information is shown in Table 1.

The most frequently seen abnormality (18 of 21 cultures) was
either a trisomy or tetrasomy of chromosome 7. In four cases
it was the only abnormality found (Figs. 1 and 2).

In 10 cases an abnormality of chromosome 3 was also seen.
These 10 included three cases with an interstitial deletion,
although the exact breakpoints are difficult to determine. In
some of the cells the deletion may be terminal. The recognized
breakpoints are at pl3p25 and pi Ip25. Five cases were hyper-
diploid, and one revealed monosomy 3 (Fig. 3).

All of the 26 patients studied had completely reseci ioned
disease except one patient with atypical bilateral tumors. In this
patient, one side was left undisturbed. Two patients had disease
involving adjacent extrarenai structures and four patients had
bilateral disease.

At diagnosis there were 10 patients with Stage A disease,
seven with Stage B disease, four with Stage C, and five with
Stage D. Bilateral disease was classified as Stage D.

Five patients have had disease progression, and there have
been two deaths. The mean follow-up period is 8.7 mo, and the
mean time to progression is 6.5 mo.

At present, there are 10 patients who have advanced to Stage
D (Table 2). Cytogenetic analysis of two was normal, and one
did not grow. Of the remaining seven patients, six have an
abnormality of chromosome 3.
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Table 1 Culture status and chromosome findings

IDnumber12345678910111213141516171819202122232425l25b27a27bAbnormal
clones10NG*3041021011NG211NG0011102522Nonclone000000000000000020310000040Numberanalyzed141102030192610201710201503030250722020202030303020Majorabnormality+7,DEL(3)+7None+7,+3,-Y

mult.no.None+7,Del(3),-8,-9,+R+7None+7PseudotetraploidNone-3,+5,inv(14),-Y-1,-YNone+7,DEL(3)+7.-Y+7,-X,+3None+7,+mar,+3+7-3,inv

14+7+7,

+17,â€”YNone+7,-X,

multiple+7,
del(15),-X,multiple+7,-Y+7,-Y,+3,multiplePassage

analyzed"PPP,

1,2PPPP,2PPPPPPPPPPPPPPEPPPPPPP

" P, primary; 1, first passage; 2, second etc.
* NG, no growth.
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Fig. 1. Case 2 (47,XX,-l-7). Note solitary abnormality of chromosome 7.

DISCUSSION

In this study using enzymatic disaggregation and short term
tissue culture, 25 of 28 specimens (89%) were successfully
grown and cytogenetically analyzed. There have been only a
few reports in the literature describing cytogenetic analysis of
renal cell carcinoma, either on cell lines (3, 13), or on primary
tumor tissue (3-10). Difficulties arise because of the low mitotic
index of the tumor, and there are technical problems in obtain
ing chromosome banding patterns of good quality. Recently,
Yoshida and associates have reported success in 55% of 27
tumors studied using an enzymatic technique (5).

In our study, trisomy or tetrasomy of chromosome 7 was by
far the most frequently seen abnormalities involving 18 of 21
tumors. In four tumors this was the only abnormality found.
An addition of chromosome 7 is a frequently seen abnormality
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Fig. 2. Case 23 (48,X,+7,+7,+ 17). Note tetrasomy of chromosome 7 and loss

of the sex chromosome.
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Fig. 3. Case 27b (50,X,+3,+7,-t-16,+17,+20). Karyotype of patient with bilat
eral renal cell carcinoma. Specimen from left tumor.

Table 2 All patients with Stage D disease at DX or upon follow-up

IDnumber134568171925a&b27a&bChromosome
3

abnormalityDEL

3NG4+3.-YNormalDEL

3Normal+3+3None+3Time

FUÂ°3

moLost
toFU10

mo12
mo7
mo4
mo5
mo3
mo15
mo3

moLocation

of pro
gressionExpiredBoneLung,

bilateralrenalLungExpiredLungBilateral

renalLungBilateral

renalBilateral
renal

Â°FU, follow-up; NG, no growth.

in both hematological and solid tumors. It is the most common
numerical alteration in diffuse histiocytic lymphoma (14). In
primary renal cell carcinoma, Ferti-Passantonopoulou and as
sociates (4), have reported an aberration of chromosome 7,
Yoshida and associates reported a gain of chromosome 7 in six
of 14 cases (5), and Berger and associates reported a gain of
chromosome 7 in four of eight studied cases (8).

The consistent finding in our study of an abnormality of
chromosome 7, coupled with the observation that it was the
only abnormality in four tumors is significant. This may rep
resent the primary change related to the original oncogenic
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transformation, or perhaps a very early event. Recently Sand-
berg and associates reported trisomy 7 as the only chromosomal
change in one urethra! transitional cell carcinoma and as one
of three abnormalities in a second case (14). Although the
significance of trisomy 7 as the only abnormality in more than
one type of urological tumor is as yet unclear, it may point to
a common oncogenic etiology of these histologically distinct
tumors.

In our study, 10 of the renal cell carcinomas contained
abnormalities of chromosome 3. Yoshida and associates have
reported rearrangements of chromosome 3 in 12 of 14 renal
cell carcinomas with their breakpoints almost totally clustered
from pi 1 to p21 (5). Only three instances in our study represent
this previously described rearrangement.

It is interesting that the group of patients with abnormalities
of chromosome 3 contains six of the 10 patients in our study
whose disease has progressed to Stage D. The remaining four
include: two with cytogenetically normal cells, one not success
fully grown in tissue culture, and one atypical patient with huge
bilateral tumors devoid of any clinical evidence of invasiveness
or metastatic potential (Table 1; 25Â«and 25h). This suggests
that an abnormality in chromosome 3 correlates with a more
aggressive clinical course, and may represent a change in cell
regulation that favors metastability.

As in many other tumor types, the clinical outcome of renal
cell carcinoma is variable and frequently unpredictable. Perhaps
we are seeing, as has become apparent in the leukemias and
lymphomas, that: "multiple recurrent chromosomal changes

superimposed on a given specific defect represent critical factors
in the clinical evolution of the tumor." (15).

From our study, a similar model may be constructed for
nonfamilial renal cell carcinoma. In this model the specific
defect is the trisomy or tetrasomy of chromosome 7, and the
recurrent chromosomal change is the abnormality of chromo
some 3. From this model, genetic progression can be seen to
identify specific subsets of renal cell carcinomas. These subsets
could serve to assist in histopathological classification, prog
nostic, and therapeutic considerations.
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