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ABSTRACT

We used cytogenetic and restriction fragment length polymorphism
(RFI.P) analysis methods to define genetic alterations and also correlate
the changes with histopathology in renal cortical tumors. The study series
is comprised of 50 renal tumors in 4 histolÃ³gica!categories: (a) clear
cell, nonpapillary, renal cell carcinoma (RCC) in = 32); (b) nonclear cell,
nonpapillary RCC (n = 10); (c) papillary RCC' (n = 3); and (</)oncocytic

tumors (n = 5).
Successful karyotypes Â»ereobtained from 28 tumors (56%), of which

17 (61%) were abnormal. Abnormalities of chromosome 3p were seen in
9 tumors, which included unbalanced translocations and terminal or
interstitial deletions. Abnormalities of chromosome 5 were identified in
11 tumors, 8 of which were due to unbalanced translocations between 3p
and 5q, resulting in an extra copy for the region 5q22â€”Â»ter.In addition,
trisomy or tetrasomy of chromosome 17 was seen in 6 (5 with normal
chromosome 3 and one with 3p deletion), trisomy or more copies of
chromosome 7 Â¡n8 (4 with 3p deletion, 2 with trisomy or tetrasomy 17,
and 2 with trisomy alone), and trisomy 12 in 3 (all with trisomy 17)
tumors. Furthermore, relative deficiency of chromosome 17p was seen in
3 (all with deletion 3p) and chromosome 18 in 4 (all with deletion 3p)
tumors. RFI.P analysis with four chromosome 3 specific probes detected
3p deletions in 19 tumors with the most common breakpoint located
between 3p 14-21. The 19 3p deletions detected by RFI.P included tumors
that also showed rearrangement of 3p by cytogenetics (n = 4) and those
that showed normal karyotypes (n = 3) in addition to cytogenetic failures
(n = 12). Deletions of 17p were seen Â¡n5 of 31 informative cases. Thus,
deletions of 3p were seen in a total of 24 tumors by cytogenetic and/or
RFI.P analysis, 21 of which were clear cell, nonpapillary RCC, whereas
3 had a minor clear-cell component. Oncocytic and nonclear, nonpapillary
tumors, on the other hand, did not demonstrate 3p deletions by either
technique, whereas trisomy 17 was seen in 3 of the 3 papillary tumors.
The loss of alÃelesfrom chromosome I7p and 18 and an increased dosage
of gene or genes on chromosomes 5q and 7 as seen in high-stage tumors
of various histolÃ³gica!subtypes may be associated with progression of
disease.

INTRODUCTION

Primary cancers of the kidney accounted for 2% of all new
cancer cases diagnosed as well as 2r>cof all cancer deaths in the
United States in 1989. RCC' comprises 85^Â¿of all primary

cancers of the kidney and demonstrates a male-to-female inci
dence ratio of 2:1 (1). The incidence of RCC increases with age
and has a peak incidence in the seventh decade of life. Currently
neither chemotherapy nor radiotherapy is effective in the treat
ment of RCC. Surgery is the mainstay of therapy, and survival
of patients with RCC correlates best with the stage of tumor at
nephrectomy (2).
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Numerous reports have accumulated in the literature over
the past several years on the cytogenetic and RFLP analysis of
renal tumors (3-12). These studies suggest that deletions of the
short arm of chromosome 3(3p) may be one of the visible events
in the development of some renal tumors. More recent reports,
particularly by Kovacs et al. (13, 14), however, suggest that 3p
deletions may be absent in papillary RCC. This is particularly-

interesting, as there is some evidence that papillary RCC has a
different biological behavior than nonpapillary RCC (15). On
cocytic tumors, on the other hand, comprise up to 6% of
epithelial renal cortical tumors. At present, there is a great
controversy as to the cell of origin, biological potential, and
proper classification of these lesions. No specific genetic
changes have so far been demonstrated in oncocytic tumors
(16, 17).

In the present study, renal tumors from 50 patients were
studied by histopathology, cytogenetics, and RFLP analysis
using the DNA probes from chromosomes 3, 17, and 18. These
studies were performed by 3 independent investigators in a
blinded fashion. The study attempted to: (a) correlate cytoge
netics and RFLP results with histopathology; (h) identify the
most common breakpoint on 3p; (c) identify genetic alterations
associated with tumor progression; and (d) demonstrate the
relative contributions of cytogenetics and RFLP in identifying
genetic abnormalities.

MATERIALS AND METHODS

Tissue. Tumor specimens were obtained from radical nephrectomy
at surgery from 50 patients admitted at the Memorial Sloan-Kettering
Cancer Center. Samples from the tumors upon receipt in the laboratory
were divided into 2 parts. One part was used to initiate short-term
cultures for cytogenetics. and the second portion of the tumor was
frozen in liquid nitrogen and stored at -70Â°C for RFLP analysis.

Adjacent sections were processed for histopathological evaluation. Nor
mal kidney tissue or peripheral blood from the patient was also stored
at -70Â°Cto sene as normal control.

Cytogenetic Analysis. The cell cultures and chromosome preparations
were obtained according to the methods described earlier (18). Chro
mosomes were analyzed using either Q- or G-banding as described
previously (19). The karyotypes were described according to the Inter
national System for Cytogenetic Nomenclature (20). Clonal abnormal
ity was considered as the detection of either the same structural abnor
mality in 2 or more cells; the nonrandom gain of a chromosome in 2
or more cells; or nonrandom loss of a chromosome in 3 or more cells.

DNA Isolation and Southern Blotting. High molecular weight DNA
was isolated from tumor and normal tissue according to the protocol
of Sambrook et al. (21) or by the nonorganic method developed by
Oncor" (22). DNA concentrations were determined by spectrophoto-

metric measurement of absorbance. Restriction digests of 10-^g aliquots
of DNA were performed in parallel on tumor and normal tissue for 4
h under the conditions recommended by the manufacturer (Boehringer
Mannheim). Digested DNA was fractionated on 0.7'V agarosc gels for

16 h at 22 V. Gels were stained with cthidium bromide and photo
graphed under ultraviolet light. The DNA transfer procedure was
accomplished with the Probe Tech 1 by Oncor". Briefly, gels were

depurinatcd in 1 M HCI for 15 min. denatured in I M NaOH for 30

1544

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/5/1544/2446143/cr0510051544.pdf by guest on 19 M

ay 2023



RENAL CORTICAL TUMOR CHARACTERIZATION

min, and then vacuum-transferred over 90 min to nylon membranes chromosome 17p and 18 was seen in 3 and 4 tumors, respec-
(Sure blot: Oncor") using Oncor" Transfer Buffer. Membranes were
then baked for 30 min at 60Â°C.

Hybridizations and Autoradiography. Membranes were washed in
0.15 M sodium chloride, 15 mM sodium citrate, 0.5% sodium dodecyl
sulfate for l h at 65Â°C.Prehybridization was performed with Hybrisol
I (Oncor") for l h at 43Â°C.DNA probes were labeled to a high specific
activity (>2 x 10s cpm/ng) with >2P-dCTP by the random oligonucle-

otide method as described by Feinberg and Vogelstein (23). Membranes
were hybridized overnight in Hybrisol I mixed with labeled probe at
43Â°C.Washes were performed under stringent conditions (final wash
for l h at 65Â°C).Autoradiography was performed by exposure to Kodak
XAR film backed with Dupont" Lightning Plus intensifying screens at
-70Â°C for 6 h to 5 days. Autoradiographs were analyzed by densito-

metric scanning using an Ultrascan XL Laser Densitometer (Pharmacia
LKB Biotechnology). If normal tissue demonstrated heterozygosity for
a particular probe, then the ratio of corresponding tumor and normal
alÃeleswas calculated after correcting for the quantity of DNA in each
lane using constant bands from other hybridizations (24). A decrease
in the signal intensity in one alÃeleof at least 25% or more in tumor
tissue was considered a loss of heterozygosity.

Probes. The following RFLP probes with chromosome map position
and locus were obtained from the American Type Culture Collection
(25) and were used in this study: p627 (3p24-25; cRAFl). pH3H2
(3p2l: DNF15S2). pHF12-32 (3pl4-21: D3S2), pEFD134.7 (3q26.2-
qter: D3S45), pVNZ22 (17pl3.3: DI7S5), and OS-4 (18q21.3-qter:

D18S5).
Histopathology. Diagnostic specimens were formalin-fixed and par

affin-embedded. Si\-Â¿Ãm-thicksections were stained with hematoxylin
and eosin. All specimens were reviewed by a single pathologist (V. E.
R.) with no prior knowledge of the cytogenetic and RFLP results. Each
tumor was then characterized for cell type, histolÃ³gica! pattern, per
centage necrosis, and pathological grade using the Fuhrmann System
and stage according to the tumor-node-metastasis classification system
(26). Four groups could be defined based on the primary cell type and
histological pattern present in each tumor: (a) clear cell, nonpapillary.
renal cell carcinoma (n = 32): (b) nonclear cell, nonpapillary RCC (n
= 10); (c) papillary RCC (n = 3); and (d) oncocytic tumors (n = 5)
(Fig. 1).

RESULTS

Cytogenetic Analysis. The group of patients studied consisted
of 28 males and 22 females with a mean age of 58.9 years
(range, 21-75). Histological pattern, cell type, grade, stage,
percentage necrosis, karyotypes, and RFLP analysis data on
the tumors studied are summarized in Table 1. In tumors
showing a mixed cell type or histological pattern, each com
ponent is listed in decreasing order of frequency. Of the 50
tumors studied for cytogenetic analysis, 20 failed to grow in
culture. 2 yielded several metaphases but were nonanalyzable
due to poor morphology, and 28 (56%) yielded chromosomes
suitable for analysis (Table 2). The degree of necrosis in the
specimen did not correlate with the ability to obtain analyzable
metaphases.

Of the 28 tumors with Successful karyotypes, 17 showed
abnormal karyotypes. The most consistent and recurrent ab
normality was deletion or rearrangement of 3p seen in 9 (32%),
with the most common breakpoint located between 3p 13-21.
Eight of these deletions were due to unbalanced translocation
between 3p and 5q with the breakpoints at bands pi3 and q22,
respectively. The remaining tumor showed an interstitial dele
tion of bands 3pl4â€”Â»23.Trisomy or tetrasomy of chromosome
17 was seen in 6 (22%) tumors, 5 of which had normal chro
mosome 3. whereas one tumor also showed 3p deletion. Tri
somy 12 was present in 3 (11%) tumors, all with tri- or tetra
somy 17 and normal chromosome 3. A relative deficiency of

lively, all of which also showed deletions or rearrangements of
3p. It was interesting to note that all of these tumors with the
abnormalities of chromosomes 3, 17, and 18 were high-stage
lesions. Trisomy 7 was seen in 8 (28%), 4 with a 3p deletion, 2
with trisomy 17, and 2 with trisomy of chromosome 7 alone.
Seven of the 8 tumors that showed trisomy 7 (tumors 2. 15, 22,
23, 24, 26, and 42) were high-stage lesions. All tumors dem
onstrating 3p deletions were clear cell, nonpapillary RCC (Fig.
2). All 3 cases of papillary RCC successfully karyotyped dem
onstrated trisomy 17 and a normal chromosome 3 (Fig. 3). Of
the five nonclear cell, nonpapillary tumors successfully kary
otyped, 3 were normal, one showed trisomy 7 as its only
abnormality, and one showed der(3) in addition to other abnor
malities (tumor 36). Of the 2 oncocytic tumors karyotyped, one
was normal and the other showed a reciprocal translocation
t(5;ll)(q35;ql3)(Fig. 4).

RFLP Analysis. Fifty tumors were studied by RFLP analysis
using DNA probes from chromosomes 3 (4 probes), 17 (1
probe), and 18(1 probe). Deletions of all or a part of chromo
some 3 were seen in 19 cases (Table 3). All but 2 of these
tumors (tumors 37 and 40) were clear cell, nonpapillary RCC
(Fig. 5 A). No deletions of chromosome 3 were seen in papillary
(n = 3) or oncocytic tumors (n = 5) (Fig. 5, B, C. and D).
Deletions of 3p, however, were seen in 2 of the 10 nonclear
cell, nonpapillary tumors (Table 3). It was interesting to note
that both of these tumors (tumors 37 and 40) had a minor clear-
cell component (Table 1).

Those loci that most commonly demonstrated allelic loss
reside distally on chromosome 3p. In those cases in which 3p
deletions were noted, one alÃelewas always lost at the cRAFl
locus in heterozygotic tumor cells. Similarly, if chromosome 3
deletions were present, one alÃelewas always lost at the
DNF15S2 locus if tumor cells were heterozygous at the locus.
This, however, was not true of the D3S2 locus, as the hetero
zygosity was retained at this locus, even though allelic losses
were seen at DNF15S2 in 3 tumors (tumors 1, 5, and 23).
Although RFLP analysis failed to demonstrate any interstitial
deletions, such a deletion at the chromosomal level was seen in
one of the tumors (tumor 3). Deletions of 3q were detected in
3 cases (cases 7,8, and 29), of which 2 also showed 3p deletions,
suggesting the possibility of the loss of an entire copy of
chromosome 3. whereas the remaining case was noninformative
at all 3p loci.

Deletions of chromosome 17pl3.3 were detected in 5 of 31
(16%) informative cases. Of these, 4 tumors were successfully
karyotyped, three of which (tumors 25, 32. and 34) had 2
normal copies of chromosome 17, but showed loss of hetero
zygosity for 17p alÃeles(Fig. 6), whereas the remaining tumor
(tumor 43) had tetrasomy of chromosome 17. The significance
of the RFLP data is unclear, however, the possibility of a
nondysjunctional mitosis with duplication of only one copy of
chromosome 17 must be considered. Of the 5 tumors with
allelic deletions of 17p. 4 were pathological Stage Ilia (tumors
25, 32, 34. and 39) and the remaining tumor (tumor 43) was
Stage II. A deletion of chromosome 18q21.3-qter was detected
in 1 of 20 (5%) informative cases.

Combined Cytogenetic and RFLP Analysis. Of the 28 tumors
successfully karyotyped. 3p deletions or rearrangements of 3p
were detected in 12 tumors by cytogenetic and/or RFLP analy
sis (Table 4). Cytogenetics alone detected 3p deletions in 9
tumors (tumors 1-4, 22-25. and 36), whereas RFLP alone

detected deletions in 7 tumors (tumors 1, 2, 5, 6. 22, 23, and
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Fig. I. Representative histopathology of
each of the 4 categories of renal cortical tu
mors: A, clear-cell, nonpapillary RCC: B, non-
clear-cell, nonpapillary RCC: f. papillary
RCC; I), oncocytic tumor (x 200).

l*

26). Of the 5 cases in which cytogenetics alone detected a 3p
deletion, RFLP probes were noninformative at the DNF15S2
and cRAFl loci in 4 tumors (Table 1). On the other hand, in 3
tumors (tumors 5, 6, and 26) that showed normal karyotypes,
RFLP analysis showed evidence of 3p deletions (Fig. 7). In
addition, of the 22 cytogenetic failures, RFLP analysis detected
allelic deletions in 12 tumors at 3p loci (Table 4).

DISCUSSION

The loss of genetic material from the short arm of chromo
some 3 as demonstrated by both cytogenetic and RFLP analysis
has led to the hypothesis that a "tumor suppressor gene" resides

on the short arm of chromosome 3. Currently no effective
therapy is available for advanced renal cell carcinoma, and it is
hoped that the identification of underlying genetic defects in
these tumors will allow patient stratification and therapy based
on genetic defects.

Renal cell carcinomas may be comprised of up to 65% tumor-
infiltrating lymphocytes (27). It has previously been demon
strated that these lymphocytes may lessen the ability to detect
allelic deletions (28). In order to overcome this difficulty, we
have attempted to analyze a total of 50 RCC tumors by the
combined use of cytogenetics and RFLP not only to identify
underlying genetic defects in a majority of tumors but also to
correlate the specific abnormality with a given histopathology.
The results of our studies have clearly demonstrated a close
correlation between the presence of 3p deletions and the clear
cell, nonpapillary RCC subtype and allowed the identification
of chromosomes that may play a role in progression of the
disease.

Kovacs et al. (13) have demonstrated the lack of 3p deletions
in papillary RCC, which is consistent with our observations.
Clinically, papillary RCC behaves in a less aggressive fashion
than its nonpapillary counterpart; papillary tumors tend to
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Table 1 HistolÃ³gica!,cytogenetic, and molecular characteristics of renal tumors

Tumor
no. Cell type

HistolÃ³gica!
pattern

Grade/
Stage" Karyotype cRAFl DNF15S2 D3S2 D3S45 D17S5 D18S5

A. Predominantly clear cell, nonpapillary
1 cl.* acin. l/II

2 cl. acin./pap. 3/Illb

3 cl.

4 cl.

5
6
7
8
9

10
11
12
13

14
15

16
17
18
19
20
21
22

25
26

27
28
29
30
31
32

cl.
cl.
cl.
cl.
cl.
cl.
cl.
cl.
cl.

cl.
cl.

cl.
cl.
cl.
cl.
cl.
cl.
cl./gr.

acin.

acin.
acin.
acin.
acin.
acin.
acin.
acin.
acin.
acin.

acin.
acin./pap.

acin.
acin.
acin.
acin./pap.
tub./pap.
acin.
acin.

23 cl./gr.

24 cl./sp.

cl./gr.
cl./gr./sp.

cl./gr./sp.
cl./gr.
cl./gr.
cl./gr.
cl./spin.
cl./gr.

acin./sarc.

acin.
acin./sarc.

acin./sarc.
acin.
acin.
acin.
acin./sarc.
acin.

2/11

I 111.i

I/"
1/Illb
2/11
l/II
2/11
2/IIlb
I/"
2/II
I III i

3/IIIa
3/IIIbNI

2/II
2/II
2/IIIa
2/II
2/11
I HI !

3/Hla

4/IIIa

2/IIMI

2/IIIa
4/1 He

4/llIaNl
2/IIIa
3/IIIaNl
3/IIIcN3
4 111.AM
4/IIIaNI

B. Predominantly nonclear cell, nonpapillary
33 gr. tub./pap. l/II
34 gr. acin. 2/IIIa
35 gr. acin. 2/II
36 gr./cl. acin. 3/Rec.

local

37 gr./cl. acin./pap. 2/II
38 gr./cl. acin. 3/IIIa
39 gr./cl. acin. 3/IIIa
40 sp./cl. sarc./acin. 4/IIIaNl
41 sp./cl. sarc./acin. 4/IIIa
42 sp./cl./gr. sarc./solid/acin. 4/IIIa

C. Predominantly papillary

15
10

5

0

0
0
0
0
0
5
0
0
5

25
10

20
20
10
5
0
5

15

25

10

5
10

0
15
30

0
15
15

0
5
0

15

0
10
15
5

15
0

46. XY, -3, +der(3)t<3.5). (pl3.q22)
73-75. X, -Y, +X. (3nÂ±),-4, -5,

-8, -9. -11. -14. -14. -14. -17,
- 18. +7. + 13. der( l )t( l ;?)(p36:?).
der(3)t(3:5)(p!3;q22). +3xder
(5)t(5;14)(pl5:q21). +i(8q)

+der(12)t(12:?)(pl3;?),
+del(l 7)(pl l ).der(2 1)t(2 1:?)
(q22:?), +3-5 mars

43-45, X, -X, del(3) (pl 4p23), der(7)
t(5;7)(qll;q36)

46. XX, der(3)t(3;5)(pl3;q22),
der(17)t(17;?)(q23;?)

46, XY
46, XX
Failure
Failure
Failure
Failure
Failure
Failure
46. XY/47, XY. +12. +17. +random

loss
46, XX
46, XY/53, XY, +2. +5, +7. +17,

+ 19, +random trisomies
NAM
Failure
Failure
46. XY
46, XY
Failure
42-44, XX, -4. +7. der

(3)t(3;5)(pl3:q22),
der(5)t( 1;5)(q2 1:q35). +random
loss or gain

72-83. XY. +X, (4nÂ±).-1.-2. -8,
-8. -10. -10, -13. -13. -14,
-14, -18, -21, -21, -22, -22,
+7, +7, +der(l)t(l;?)(p36;?),
2Xder(3)t(3;5). (pl3:q22).
2Xt(9;15)(qll;pl3),
2Xder( 17)t(8; 17)(q 11;p 11), +ran-
dom mars, +2-5 fragments

72-75. X, -Y, +X. (3nÂ±),-3. -4,
-13, -14. -18. -22. +1. +7. +16,
+ 17. +20,
+2Xder(3)t(3:5)(pl3;q22), +ran-
dom mars

49-68. XY.der(3)t(3:5)(pl3:q22)
46. XX/47-48, XX, +7, +random tri-

somies
Failure
Failure
Failure
Failure
46, XX
46. XX

46. XX
46, XX
46, XY
77-81. X, -Y(4nÂ±), -6. -9, -9. -14,

-14. -18, -18. 2Xder(3)
t(3:5)(pl3;q22). 2\i(4p).
2Xdcl(ll)(ql3), 2Xdcr(17)

Failure
Failure
Failure
Failure
Failure
46. XY/47. XY. +7/46. X. -Y, +7

NI

NI

NI

NI
NI
NI
NI

NI

NI
NI

NI
NI

NI
NI
NI
+
+
+

NI

NI

ND

ND
NI
NI

NI
NI
NI
NI

NI
NI
NI
NI
NI
+

NI

NI

NI

NI
NI

NI
NI
NI

NI
NI

NI
NI
NI
NI
NI
+

NI

+
NI

NI
NI

NI
NI

NI

NI
+
NI
NI
+

NI

NI

NI

NI

NI

NI
NI

+
NI
NI
NI
NI
NI

NI
NI

ND
NI
NI
NI
NI
NI

NI
NI
+
+

NI

+
NI

+
+

NI

NI
+

NI
NI
NI
NI
+

NI
+

+
NI
NI
NI
NI
NI
+

NI

NI
+

ND
NI

NI
+
NI

+
+
+

+
NI
+
NI
NI
+

+
NI

+

NI

+
+
+
NI
+
NI
NI
NI
+

+
+

NI
+
NI
NI
+
+
+

NI

NI

+
+

+
NI
+

NI
NI

NI

+
NI

NI
+
+
NI
NI
NI

NI
NI

+
NI
+
+
NI
NI
NI

+
NI

ND ND
NI NI
NI +
ND ND
+ NI

NI NI
- NI
+ +
+ NI

NI
+
NI
NI
NI
NI

434445cl./gr.cl./gr.gr./cl.pap./tub.pap.pap./tub.2/II2/II3/IIIS01049-52, X. -Y. +2. +7, +12. +16,++
17,+17, +20. +random lossorgain46.

XX/47-51.XX. +12. +17,+del(9)(p21).
+marl. +accntricfrag48.

XX. +16. +17 NI+

NI++

+ NININI

+ NI ++MNI
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Table I Continued

Tumor
no.CelltypeD.

Oncocytic
46 Oncocytic
47 Oncocytic
48 Oncocylic
49 Oncocytic
50 OncocyticHistolÃ³gica!

patternOncocytic

Oncocytic
Oncocytic
Oncocytic
OncocyticGrade/

Stage"2/II

2/11
2/11
2/11
2/IIri

necrosis0

10
0

150Karyotype46.

XX. 1(5:1 1)(q35:ql3)
46. XY
NAM
Failure
FailurecRAFlM

MM

NIDNF15S2M

MD3S2NI MD3S45NININID17S5

DI8S5NI

++
NI

" For pathological Stage. N and M categories were zero unless specified.
*cl.. clear, gr.. granular; sp.. spindle: acin.. acinar: pap., papillary: sarc.. sarcomatoid: tub., tubular: NI. noninformative; ND, not done: NAM. nonanalyzable

mctaphuscs: (+). heterozygous; (-). loss of heterozygosity.

Table 2 Cytogenetics of4 histopathological catenaries of renal cortical tumors

CytogeneticsHistopathologyClear

(n = 32)
Nonclear nonpapillary (n = 10)
Papillary (n = 3)
Oncocytic (n = 5)Failures

Normal
(n = 22)(Â«=11)14

75
33

13p8

15q7 1Tri."

761

1Abnormal

(n â€”17)Tri.

12 Tri./Tet.171

3

2 3Del.

I7p Rei. Def.182

3
1 1

Â°Tri., trisomy; Tel.. tetrasomy; Del., deletion: Rei. Def., relative deficiency.

present at a lower pathological stage but, in addition, stage for
stage there is a statistically significant survival advantage for
papillary over nonpapillary RCC (15). Therefore, it is not
surprising that these 2 histologically diverse group of tumors
with characteristic underlying genetic abnormalities are differ
ent. It is interesting to note that all of the papillary tumors in
our series demonstrated trisomy 17, which may possibly be the
first visible genetic event in the development of these tumors.
Although the role of chromosome 17 in the development of
these tumors is unclear at present, loss of heterozygosity in
tumor 43 with 4 copies of chromosome 17 may be significant.

Oncocytic tumors are a rare category of renal tumors that
appear to have a completely different biological potential than

RCC. Several cytogenetic and RFLP studies, including our
own, have failed to show a consistent genetic abnormality.
Whether a specific genetic abnormality, if detected in these
tumors, can be correlated with their biological behavior remains
to be established.

As shown in Table 1, tumors with pure granular cell histology
did not show 3p deletions. However, 3 of the tumors (tumors
36, 37, and 40) with non-clear, nonpapillary histology showed

3p deletions. These tumors had a secondary clear cell compo
nent. Whether the presence or absence of a 3p deletion corre
lates with the clinical and biological behavior of these tumors
remains to be established. The clinical literature relating the
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Fig. 2. G-banded karyotypc of a clear cell, nonpapillary renal tumor (tumor 23) with the chromosomal complement: 78,XY.+ X.+2.-t-4,+4,+5,+5.-t-6,+6,+7,+7,
+7, + 7. + 11. + 1 I. + 12.+ 12.+ 16.+ 16.+ 18,+ 19,+ 19. + 20. + 20. + derp)t(l:?)(p36:?). + 2Xder(3)t(3:5)(pl3;q22). + 2X.t(9;15)(ql 1:pl 3). + 2Xder-
(17)t(8:17)(ql l:pll), +5 fragments. The recurrent rearrangement of 3p specific to this histolÃ³gica!subtype, large arrows: other rearrangements, small arrows.
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Fig. 3. G-banded karyotype of a papillary
renal iunior (Iunior 43) with the chromosomal
complement: 52.X.-Y.+ 2.+ 7.+1 2,+ 16,
+ 17. +17, +19. Note the specific numerical
abnormality of chromosome 17 associated
with this histolÃ³gica]subtype.
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prognosis of patients to specific cell types is controversial at
present (29, 30).

Our data suggest that 3p deletions are specific to clear cell,
nonpapillary RCC. Deletions of 3p were found in 21 of 32
(6690) tumors in this category by cytogenetic and/or RFLP
analysis (Table 4). The failure to demonstrate 3p deletions in
the remaining tumors (tumors 13-21, 31, and 32) of clear cell,
nonpapillary type can be attributed to 2 reasons: (a) noninfor
mative at the 2 distal 3p loci, as in the case of tumors 13-18,
31, 32; and (/>) presence of papillary component as the second
cell type as in tumors 19 and 20. The lack of 3p deletion in
tumor 21, however, cannot be explained at present. The unbal
anced translocations between 3pl3 and 5q22 resulting in loss
of 3pl3â€”Â»terand an additional copy of 5q22â€”Â»terseen in 8
tumors is of special interest and have been reported earlier by
Kovacs et al. (8). The biological and clinical significance of such
a rearrangement is not yet clear, however, our studies show that
5 of these tumors are Stage III (tumors 2, 4, 22, 23, and 25),
one is a local recurrence (tumor 36). one is metastatic (tumor
24); whereas only one is Stage II (tumor 1). The role of genes
present on chromosome 5q22â€”Â»terregion in the development
and progression of RCC has been discussed in great length by
Kovacs et al. (8).

A deletion mapping using several probes from 3p allowed us
to identify the most common breakpoint on 3p. RFLP analysis
detected 3p deletions in 19 cases (Table 3). In 3 of these tumors,
deletions were also present in 3q (D3S45), suggesting a mono-
somy for chromosome 3. In 8 tumors, deletions of D3S2 were
noted with D3S45 being noninformative in 4 and heterozygous
in the remaining 4 tumors. Thus, the maximum number of
tumors with monosomy for chromosome 3 was 7; whereas the
3p breakpoint is proximal to the D3S2 locus in at least 4 cases.
In 6 tumors, deletions of DNF15S2 were seen as the most
proximal deletion of 3p with the D3S2 locus being noninfor
mative or not done in 3, and heterozygous in 3 tumors. There
fore, the breakpoint on 3p is proximal to DNF15S2 yet distal
to the D3S2 locus in at least 3 tumors. In 2 tumors, deletions
of cRAFl were seen as the most proximal deletion of 3p,
however, all other 3p loci were noninformative. These data
demonstrated that the loss of genetic material from chromo
some 3 may be due to loss of an entire copy of chromosome 3,
loss of 3p proximal to the D3S2 locus, or loss of 3p proximal
to the DNF15S2 locus yet distal to the D3S2 locus. These
observations allow us to conclude that the minimally deleted
region on chromosome 3p resides distal to the D3S2 locus,
suggesting that, for RCC, a tumor suppressor gene must be

Ã¬f fi.

Fig. 4. G-banded karyotype of an oncocytic
tumor (tumor 46) with (he chromosomal
complement: 46,\\.t(5;l I)(q35:ql3). Arrows.
breakpoints of the translocation.
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Table 3 Alleile losses for chromosome 3 probes in 4 histopathological categories
of renal conical tumors

Chromosome 3 locus"
Total no. of tumors

NT

HistopathologyClear

(n = 32)
Nonclcar nonpapillarv

(n= 10)
Papillary (n = 3)
Oncocytic (n = 5)cRAFl8/11

0/10/2

0/1DNF15S29/11

1/60/2

0/3D3S27/12

2/60/2

0/3D3S453/11

0/70/10/2with

losses17

200

" Number of deletions per informative cases.

distal to this locus. These observations are consistent with those
reported earlier.

The combined use of cytogenetic and RFLP analysis methods
provided greater information on any given tumor rather than
either technique alone (Table 4). Cytogenetics detected 3p
deletions or rearrangements in 9 tumors, of which RFLP de
tected 4 (tumors 1, 2, 22, and 23) but was noninformative at
the distal 3p loci (cRAFl; DNF15S2) in 4 tumors (tumors 3,
4, 24, and 36). Of note, RFLP detected 3p deletions in 3 tumors
(tumors 5, 6, and 26) in which cytogenetics showed normal
copies of chromosome 3. This may be due to submicroscopic
deletions, or loss of one chromosome 3 followed by duplication
of the same chromosome. In addition. RFLP analysis also
detected 3p deletions in 12 cytogenetic failures. Cytogenetic
analysis on the other hand, identified deletions on 3p in which
RFLP analysis was noninformative and also provided infor
mation on the complete karyotype while RFLP was directed
towards specific chromosomes. In addition, analysis of com
plete karyotypes allowed us to identify changes associated with
disease progression.

Using only one chromosome 17-specific probe, deletions at
the D17S5 locus were detected in 5 of 31 (16%) informative
cases by RFLP, whereas cytogenetic analysis detected relative
loss of 17p region in 3 additional tumors. Bergerheim et al.
(10) detected deletions on 17p in 3 of 11 informative cases.
Deletions of 17p have been reported in many tumors including
colon (31), breast (32), and bladder (33). The tumor suppressor
gene p53 is assigned to region 17pl3 (34) and has been impli
cated in tumor development or progression. It is therefore
possible that p53 or another gene localized to 17p also plays a
role in the progression of renal tumors. In this connection, it is
interesting to note that 6 of the 8 tumors showing deletions of
17p were high-stage, and one of the remaining 2 tumors was a
local reccurrence. indicating that the deletion may be associated

l
2

17

D17S5

TaqI
Fig. 6. A partial karyotype from a clear cell, nonpapillary renal tumor (tumor

32) showing both normal copies of chromosome 17 (left) and Southern blotanalysis of DNA from tumor (7") and corresponding normal tissue (A') of the

same patient (right). Note the loss of heterozygosity (arrow).

with the progression of the disease. Of the 5 tumors that showed
a deletion of 17p by RFLP, 4 were successfully karyotyped. Of
these, 3 showed normal copies of chromosome 17 (tumors 25,
32, and 34), and one showed tetrasomy of chromosome 17
(tumor 43). This last tumor showed a near complete loss of the
alÃeleat the D17S5 locus. Thus, this case potentially represents
a mitotic nondysjunction resulting Â¡n4 identical copies of
chromosome 17. The clinical implications of this abnormality
in RCC remain to be seen.

A deletion at the D18S5 locus was detected in 1 of 20 (5%)
informative cases, which is much lower than reported by Ber-
gerheim et al. (10), and may in part be due to only one
chromosome 18-specific probe used in our analysis. However,
a relative deficiency of chromosome 18 was seen in 4 additional
tumors by cytogenetic analysis. Whether the relative deficiency
or a deletion of 18q plays as prominent a role in renal tumors

N T N T N T N T

Fig. 5. Southern blot analysis of DNAfrom renal tumor (7") and corresponding nor

mal tissue (.V) with probes for chromosome 3.
Chromosome locus and restriction enzyme
used are shown at the bottom of the blot,
whereas size of polymorphic bands in kilobases
for a given probe is shown on the left. Begin
ning from left are representative autoradi-
ographs of DNA from renal tumors with 4
histopathological categories: A. clear cell non-
papillary: lÃ¬.nonclear cell, nonpapillary: (.
papillary: and D. oncocytic. Note (arrow) the
loss of helerozygosity only in clear cell non
papillary tumor.

2.9

DNF1SS2

Hind in

DNF1SS2
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Table 4 Ahnormalily of i p in renal cortical tumors as demonstrated by
cytogenetics anil RFI.P analysis methods

Cytogenctics Total no. of cases
Cytogenetics RFLP and RFLP with deletions

Successfullykarvotvped(Â«
=28)Cvtogenetic

failures(Â«=22)Total

(n = 50)553121544121224

N T

08

cRaffl

TaqI
Fig. 7. A partial karyotype from a clear cell, nonpapillary renal tumor (tumor

26) showing both normal copies of chromosome 3 (left) and Southern blot analysis
of DNA from tumor (7) and corresponding normal tissue (A') of the same patient

(right). Note the loss of heterozygosity (arrow).

as in colon tumors (31, 35) is not established as yet. Neverthe
less, the association of this abnormality with higher-stage and
-grade tumors is interesting.

In addition to the above changes, we have also been able to
identify 8 tumors that showed trisomy or more copies of chro
mosome 7 (tumors 2, 15, 22, 23. 24. 26. 42, and 43). Seven of
these 8 tumors were of a high grade and stage, indicating its
possible role in the progression of RCC. This observation is
particularly significant, as several independent studies have
implicated genes on chromosome 7 in invasion and metastasis
in a wide variety of tumors (36-40).

Finally, our results presented here along with those of Kovacs
et al. (13) allow us to postulate that loss of genetic material
from chromosome 3p and trisomy of chromosome 17 may be
specific to clear cell nonpapillary and papillary tumors, respec
tively. We further speculate that the specific abnormalities seen
in these 2 histopathological groups may share a common as yet
unidentified underlying genetic defect either at the submicros-
copic or gene level. In such a case, the initial defect may give
rise to localized growth abnormalities, and subsequent acquisi
tion of specific abnormalities such as 3p- and trisomy 17 may
lead to development of tumors of a given histopathology. Since
the gene for familial as well as von-Hippel Lindau disease has

been localized to chromosome 3p. it is not unreasonable to
assume that one of the chromosomes that may carry an initial
mutation required for abnormal growth in renal tubules is
located on chromosome 3.

In summary, our results demonstrate that: (a) deletions of
3p may be specific to clear cell, nonpapillary RCC, whereas
trisomy 17 may be associated with papillary RCC; (b) cytoge-
netic and RFLP analyses are complementary modalities that
result in improved detection of genetic abnormalities; (c) the
most common breakpoint on 3p is between 3p 14-21; (d) no
specific genetic abnormalities at present can be associated with
oncocytic tumors; and (e) loss of alÃelesfrom chromosome 17p
and 18 and an increased dosage of gene or genes on chromo
somes 5q and 7 may be associated with progression of the
disease.
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