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ABSTRACT

Renal cell carcinoma has been characterized by an abnormality on the
short arm of chromosome 3 which suggests the presence of a tumor
suppressor gene at this location. In order to more precisely define the
location of the renal cell carcinoma gene and to differentiate molecular
changes occurring in early stages of renal neoplasia versus those occurring
later in malignant progression, DNA from normal and tumor tissue from
60 patients with various stages of renal cell carcinoma was analyzed for
loss of alÃelesat different chromosomal loci. In tumor tissue from 51 of
58 Ã©valuablepatients (88%) there was loss of heterozygosity at one or
more of 10 loci tested on chromosome 3 independently of tumor stage.
Analysis of the genotypes identified the distal portion of 3p bounded by
D3S2 and D3S22 (3p21-26) as the region of the disease gene. In tumor
tissue from patients with advanced renal cell carcinoma, we found loss of
heterozygosity on chromosome lip in 5 of 21 (24%), on chromosome 13
in 3 of 9 (33%), and on chromosome 17 in 2 of 19 (11%). We found no
loss of heterozygosity at the loci on chromosomes 11, 13, or 17 in tumor
tissue from patients with localized renal cell carcinoma (.\ = 5). These
data suggest the existence of a tumor suppressor gene on chromosome
3p which may be essential to the genesis of sporadic renal cell carcinoma
and that other tumor suppressor genes are associated with progression
of this malignancy.

INTRODUCTION

Renal cell carcinoma, the most common cancer of the kidney
(1), occurs in both sporadic and familial forms and has been
characterized by a consistent genetic abnormality on the short
arm of chromosome 3 (2-9). Cytogenetic studies of sporadic
renal cell carcinoma have demonstrated terminal deletions of
the short arm of chromosome 3 (3pl3-pter) in 95% of 75
samples studied (9) and have suggested that more than one
specific chromosomal locus may be involved in the development
of this tumor. In previous studies of sporadic renal cell carci
noma we have demonstrated loss of alÃeleson the short arm of
chromosome 3 in 19 of 22 tumors from informative patients
(2, 10). These results have been confirmed by two independent
studies (3, 6) and suggest the existence of a tumor suppressor
gene located on chromosome 3 at a position distal to 3pl3.

Additional evidence for a renal cell carcinoma gene located
on chromosome 3 is provided by studies of families with a
hereditary form of renal cell carcinoma. In two families, hered
itary renal cell carcinoma was associated with a constitutional
translocation involving chromosome 3 (11, 12). In 1979 Cohen
et al. (l 1) reported a kindred in which there was a chromosome
3p to 8q translocation in the constitutional tissue of affected
patients. Data from this study suggested that the breakpoint at
3pl4.2 may define the position of the disease gene. In 1982
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Pathak et al. (12) reported a translocation involving chromo
somes 3p and 1Ip in tumor tissue from a patient with a familial
form of renal cell carcinoma. The gene for VHL,2 a rare,

hereditary disorder characterized by a predisposition to develop
tumors in the kidney and several other organs, has been local
ized to the short arm of chromosome 3(13). The tumors in this
disorder have been characterized by a loss of a 3p DNA segment
bearing the wild-type alÃeleof the VHL gene (8). The VHL
gene has been shown to be linked to RAF1, located at 3p25
(13), and recently to D3S18, at 3p26 (14).

Whether or not there is more than one "renal cell carcinoma
gene" located on chromosome 3p is not known. If the VHL

gene and the gene involved in sporadic renal cell carcinoma are
identical, inactivation of this gene should be the primary event
in renal cell carcinoma. In order to assess whether or not a gene
in the same location is responsible for both familial and spo
radic forms of renal cell carcinoma, it was necessary to locate
more precisely the gene involved in sporadic renal cell carci
noma. In the present study, we have analyzed tissue from 60
patients with different stages and different histological variants
of sporadic renal cell carcinoma with 10 different probes
mapped on chromosome 3p as well as other loci on chromo
somes 11, 13, and 17. These analyses were undertaken in order
to differentiate potential tumor suppressor gene inactivation
occurring in early stages of the disease versus those occurring
later in progression.

MATERIALS AND METHODS

Patients and Tumor Selection. We analyzed tissue from 60 patients
with renal cell carcinoma. Of these, 53 patients underwent surgery in
the Surgery Branch of the National Cancer Institute. Seven sets of
tumor/normal tissue samples were obtained from patients who had
surgery in area hospitals. All patients had a histologically proven
diagnosis of renal cell carcinoma. The mean age of the patients was 54
years (range, 21-68 years). There were 46 males and 14 females. Staging
has been evaluated and established according to the staging system
described by Robson et al. (15). Fifty-five of the patients had stage IV
(metastatic) renal cell carcinoma when the surgical procedure was
performed; 5 patients had stage I/II disease. Forty-three of the patients
had tumors which were predominantly clear cell type renal cell carci
noma, 3 had granular cell variant, 7 had mixed granular and clear cell
type, 6 had sarcomatoid elements, and 1 had papillary renal cell
carcinoma. Tissue samples were obtained at the time of surgery and
were stored at â€”¿�80Â°C.

DNA Isolation and AlÃeleDeletion Analysis. Primary tumors as well
as the corresponding normal tissue, normal kidney, or peripheral blood
leukocytes from each patient were collected for DNA isolation. High
molecular weight DNA was prepared by proteinase K digestion (0.5
mg/ml) with sodium dodecyl sulfate (1%) and phenol/chloroform ex
tractions as described previously (16). DNA samples (8 Mg)were di-

2The abbreviations used are: VHL, von Hippel-Lindau disease: WAGR syn
drome, Wilms' tumors, aniridia. genitourinary malformations, and mental retar

dation.
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gested with the restriction endonucleases indicated in Table 1 under
the conditions recommended by the supplier (Bethesda Research Lab
oratories, Bethesda, MD). Digested genomic DNA was separated by
agarose gel (0.7-1% Seakem; FMC Bioproducts, Rockland, ME) elec-

trophoresis and the DNA was transferred to nylon membranes (Micron
Separation, Inc.)- Hybridization to [a-32P]dCTP-labeled probes by oli-

golabeling (17) was carried out as previously described (18). After
hybridization, filters were washed under stringent conditions [0.1 x
standard sodium citrate, 1% sodium dodecyl sulfate] at 60'( for l h (1

x standard sodium citrate is 0.15 M sodium chloride, IS HIMsodium
citrate). The nylon blots were sequentially hybridized with probes
homologous to different chromosomal loci to exclude the possibility of
mispairing the samples or unequal loss of DNA from the filters.
Replicate experiments were performed with separate electrophoresis
and blotting of separate aliquots from sets of DNA as well as compar
isons of different DNA preparations from an individual patient's tumor.

DNA polymorphisms were compared in the tumor and normal tissue
of individuals with renal cell carcinoma. Patients were considered
Ã©valuableif their normal tissue was heterozygous for the particular
restriction fragment length polymorphism.

Determination of Allelic Dosage by Densitometry. Autoradiographs
were analyzed by scanning densitometry with an LKB laser Ultronscan
densitometer and an Appligration II computer program (Dynamic
Solutions Corp.). To determine whether loss of an alÃeleoccurred in
the tumor DNA associated with reduplication of the remaining alÃele,
the hybridization signals were normalized by rehybridizing the same
Southern blots with appropriate second probes such as /3-actin (Oncor,
Inc., Gaithersburg, MD), pAM (pGRM3Z), or DISSI (pMSI-14) as
an internal standard. Thus, for each DNA sample the hybridization
signals specific to chromosomes 11, 13, and 17 were normalized to
those for control chromosome probes and the signal ratio for each
tumor/normal DNA pair was determined.

DNA Probes. Twenty-four DNA probes homologous to different
polymorphic loci on 4 different human chromosomes (3, 11, 13, and

Table 1 Polymorphic DNA probes
The probes used in this study are listed respectively with their chromosome

location as well as the restriction enzyme used for each polymorphism. On
chromosome 3: D3S4, DNF15S2, D3S32, and D3S2 are members of a linkage
group on 3p (72). On chromosome 11, the order and the distances between genes
representing average of recombination frequencies have been established earlier
by Grzeschik and Kazozian (73).

Location3pter-p213pter-213pl43pter-q2

13p213p3p213p24.2-p24.33p22-3p24.13p24-3p253pter-213q3ql2Ilpl3Ilpl5.4llplS.5llplS.5llplS.SllplS.S1141313ql2-ql413q22SymbolD3S17D3S18D3S3D3S4DNF15S2D3S32D3S2Erb-A/3c-Raf-1D3S22D3S42D3S1CatalasePTHH-RasD11S12InsulinH

BBCInt-2D13S1D13S2ProbeCRI-L892CRI-L162CLIB

1PMSI-37B67pH3H2pEFD145.1P12-32pBH302p627CRI-R532pEFD64.1H83pCAT-41pPTH-LFpUCEJpADJ-762pHins-310JW1-51SS6p7F12p9DllEnzymeHindiÂ»TaqlBamHlMsplTaqlHindlllTaqlMsplHindlllTaql

orBgllTaql

orMsplHindlllAvailPsllBamHlBellPvullHindlllBamHlMsplMsplRefs.54545556575859606162546364176555666765686969

15ql4-q2l

I7q23-q25.3
I7pl3.3

D15S1

D17S4
D17S5

pMSI-14

pTHH59
pYNZ22.1

Mspl

Pvull
BamHl

70

71
71

17) were used. The probe name, location, and restriction enzyme used
to demonstrate the DNA polymorphism are listed in Table 1. In
previous reports we evaluated tumor tissue from 31 patients with 3
probes on chromosome 3 (DNF15S2, D3S2, and D3S3) and from 18
patients with 1 probe on chromosome 11 (HRAS1) (2, 10). Twenty-
two of the 31 patients (71%) were Ã©valuableon chromosome 3; 7 of 18
patients were Ã©valuableon chromosome 11 (39%). Nineteen of 22
Ã©valuablepatients had loss of heterozygosity on chromosome 3 (10), 1
of 7 had loss on chromosome 11 (2). In the present study, which
included tissue from most of the patients from the previous reports,
probes to 10 loci on chromosome 3p, to 7 loci on chromosome 11, to
2 loci on chromosome 13, and to 2 loci on chromosome 17 were used.

RESULTS

Chromosome 3. DNA from normal and tumor tissue from 60
patients with renal cell carcinoma were analyzed. Fifty-five of
the 60 patients had stage IV renal cell carcinoma; 5 of the
patients had stage I or II. The tissue was analyzed with 10
different polymorphic probes localized to the short arm of
chromosome 3 (Table 1). Normal DNA from 58 of the 60
patients was heterozygous at one or more loci. In tumor tissue
from 51 of the 58 patients (88%) there was loss of heterozygos
ity at one or more of the 10 loci tested independently of tumor
stage (Table 2). No loss was detected in the remaining 7
Ã©valuabletumors.

Analysis of the genotypes from the 51 renal cell carcinoma
tumors with loss of heterozygosity shows that in 39 there is
loss of heterozygosity in the tumor tissue at each informative
locus on chromosome 3. The 12 others have retained both
allelic forms at either the proximal (centromeric) or distal
(telomeric) region of chromosome 3p (Fig. 1). The proximal
loci D3S4 (3pter-3q21), D3S3 (3pl4), and D3S2 (3p21) were
retained in the tumor DNA of 13, 1, and 5 of the patients,
respectively. Likewise, the more distal loci, D3S17 (3pter-3p21)
and D3S22 (3p26), were retained in the tumor DNA of 2
patients. These observations indicate that the loss of 3p DNA
sequences is not always a terminal deletion, but rather it is
interstitial in some instances. The locus D3S2 retained in
patients 13 and 48 and the locus D3S22 retained in patients 3
and 17 are of particular interest. They define the external limits
of the region which is consistently included in any deletion.

Deletion analysis shown in Fig. 1 demonstrates that the area
of minimal deletion in sporadic renal cell carcinoma is between
D3S2 and D3S22. This region includes RAF1 and D3S18,
which have been shown to be linked to the VHL gene (13, 14).
These results demonstrate that the VHL gene may be in the
same location as the tumor suppressor gene involved with
sporadic renal cell carcinoma.

Chromosome 11. Cytogenetic as well as molecular studies
have revealed abnormalities at loci on chromosome 11 in a
number of human malignancies. Loss of heterozygosity on 1Ip
has been found in transitional cell carcinoma of the bladder
( 19), in testicular carcinoma (20), in pancreatic cancers, and in
other neoplasms of epithelial origin such as Wilms' tumor (21-

25), rhabdomyosarcoma (26), adrenal carcinoma (27), and
breast carcinoma (28, 29). Chromosome 11 has also been
described as being the potential site of at least two tumor
suppressor genes (30) and has been implicated in the suppres
sion of tumorigenicity of HeLa cells (31) and Wilms' tumors

(32).
In the present study 26 of the 60 patients were analyzed with

6 ordered polymorphic DNA probes, 5 spanning the region
Ilpl3-llpl5.5 and 1 mapped on Ilql3. All patients (26 of
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Table 2 Loss of heterozygosity on chromosome 3p in sporadic renal cell carcinoma
Tumor genotype at 10 different loci on chromosome 3p was determined by restriction fragment polymorphism analysis. For each probe, alÃele1 represents the

larger and alÃele2 the smaller alÃele:1/2, retention of heterozygosity; â€”¿�.constitutionalhomozygosity; 1, continued presence of the larger alÃeleand loss of the smaller;
2, continued presence of the smaller alÃeleand loss of the larger. With the probe cLIBl there are 2 sets of alÃeleswhich are indicated 1/2 for the first set and 3/4 for
the second set. For the four loci evaluated with two restriction enzymes: T, Taq\; B,, Bgl\\ B2,BamHl; M, Mspl; and H, Hindlll.

Patient1234567891011121314IS161718192021222324252627282930313233343536373839404142434445464748495051525354555657585960D3S4B67__â€”_â€”1/21â€”1/21-â€”1/2â€”-_2_1/2â€”1/2â€”_â€”1â€”â€”1/2â€”1/2â€”â€”â€”1/21/2â€”â€”â€”1/21/21/21/2D3S3pMSI-37__-â€”â€”â€”â€”-â€”1/21â€”2â€”_â€”â€”â€”â€”â€”1â€”â€”â€”D3S2PI2-322-11â€”â€”1â€”111/2111-â€”_â€”â€”1/2â€”1â€”â€”â€”2â€”I-â€”â€”2â€”â€”1â€”â€”2â€”â€”1/22â€”1/22â€”1/2â€”1â€”â€”-D3S32pEFD145.1â€”-â€”â€”12â€”1â€”â€”â€”â€”â€”â€”2â€”22-11/2â€”2â€”212â€”â€”â€”22â€”â€”â€”â€”21/21/2â€”1/2â€”2â€”12DNF15S2pH3H21-â€”1â€”-122-â€”1-â€”-1â€”-â€”22-21/21â€”â€”â€”1â€”2â€”â€”â€”2â€”21121-â€”1/22â€”1â€”21/2â€”1â€”21-ERBA/3pBH302-â€”1â€”-â€”1-â€”â€”-â€”1â€”2â€”â€”1-21/2â€”2â€”11â€”22â€”â€”1â€”2â€”12â€”â€”â€”â€”â€”21â€”cRAF

1p627T

B,-
--2â€”â€”-1â€”-

â€”¿�_
21222-

-â€”-

-â€”22â€”-11/2â€”11â€”â€”1â€”

â€”¿�â€”111â€”â€”â€”2â€”â€”-â€”

â€”¿�1/22â€”2â€”

â€”¿�â€”â€”â€”â€”1â€”â€”D.3*}f

D3S22 D3S17

cLIBl R532CRI-L892T

B2M2/3

1-
2/41/2â€”â€”-

-2/31

1â€”

â€”¿�â€”¿�4-

-â€”
â€”¿�1/44

1/2-
-1â€”â€”

â€”¿�3/4â€”

â€”¿�â€”¿�-â€”

â€”¿�42/3â€”-

--
â€”¿�1/42/321-

-iâ€”

â€”¿�â€”
â€”¿�â€”

â€”¿�4_

__-â€”

â€”¿�-1/4â€”â€”

-2â€”

â€”¿�â€”

â€”¿�1/3â€”

â€”¿�â€”
â€”¿�-

--T

M21

21/2
1/2-â€”

â€”¿�2-

-â€”
â€”¿�â€”â€”

â€”¿�-
-1/2

1/2211â€”2

2â€”
â€”¿�2-

-â€”1

2â€”â€”

â€”¿�1H-21/22â€”1â€”

26) were heterozygous in their normal tissue for one or more
of the chromosome 1Ipl3-llpl5.5 loci. In 5 of these patients
(19%), all of whom had loss of heterozygosity on chromosome
3p, there was also loss of heterozygosity on the short arm of
chromosome 11 (Table 3). The common region deleted in these
5 renal cell carcinomas was between the PTH and HRAS1 loci.

Patient 9 was the only one in whom loss of heterozygosity
occurred on both 1Ip (HRAS, insulin, HBBC, and catalase) as
well as at the 1Iq locus (Int-2). This suggests the possible loss
of the entire chromosome 11 homologue in the tumor cells of

this patient. The maintenance of heterozygosity at the catalase
locus (11 pi3), observed in patients 4 and 5, suggests that the
involved region in these renal cell carcinoma tumors is different
from that associated with the WAGR syndrome (24, 33). No
loss of heterozygosity was observed in the tumor DNA from
patient 4 at the PTH locus (11 pi5.4). Therefore, these results
indicate that the common region of loss in these 5 patients
includes the sequences at insulin, D11S12, and J W 1-51, which
are mapped to 11pi5.5.

A decrease in signal intensity in only one alÃeleof one locus
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Patient I D3S4 D3S3 D3S2 D3S32 DNF15S2 ERBA/3// [] [] U [] [] [] D3S18[]â€”¿� D3S22

â€”¿�[]

D3S17[]â€”¿�

Fig. 1. Map of the smallest region of over
lap in 3p deletions in sporadic renal cell car
cinoma. The order and map distances between
loci on chromosome 3p have been recently
established (14) (see Table 1). Vertical lines,
limits of deletions at a heterozygous locus:
broken lines indicate that the marker was either
(a) not informative or (ft) not performed; (),
loci which were retained in the tumor DNA.
RCC, renal cell carcinoma.

REGION OF MINIMAL DELETION: SPORADIC RCC

Table 3 Chromosome 11p deletion analysis: sporadic renal cell carcinoma
See legend to Table 2. For gene dosage determination, densitometer scanning

of the autoradiograms was performed and the computed peak area of the tested
probe was compared to an internal control. By densitometry analysis, intensity
of one of the two allelic fragments was decreased by 35, 36, 59, 61, and 78% in
patients 25, 12, 4, 5, and 9, respectively.

Table 4 Chromosome 13 and 17 deletion analysis: sporadic renal cell carcinoma
Tumor genotype at loci on chromosome 13 and 17 was determined by restric

tion fragment length polymorphism analysis as described in legend for Table 2.

Patient1234567g910II1213141516171819202122232425H-Rasâ€”â€”1/21/2â€”â€”1/21/221/2â€”1/21/21/21/2â€”1/21/21/2-1/2â€”â€”â€”-Insulin1/21/21/2121/2â€”1/221/2â€”1/21/2â€”1/21/21/21/21/21/21/21/21/2â€”1/2D11S121/2â€”1/2121/2â€”â€”â€”â€”â€”â€”â€”1/2â€”â€”1/21/21/21/21/21/21/211/2JW-1/21/222â€”â€”1/22â€”â€”1/2-â€”1/21/2â€”â€”1/2â€”â€”â€”â€”â€”1/21-51_1/21/2â€”â€”1/2â€”â€”21/2â€”â€”â€”â€”â€”â€”â€”â€”-â€”1/2â€”â€”â€”-PTH1/21/21/21/2â€”1/2â€”1/2â€”â€”â€”â€”1/21/21/21/2â€”â€”â€”1/21/2â€”1/221/2Catatase1/21/21/21/21/21/21/2â€”11/22â€”1/21/2â€”1/2â€”â€”â€”-1/21/2â€”â€”1/2INT-21/2â€”1/2â€”â€”â€”NDÂ°ND2â€”â€”NDNDNDNDâ€”NDâ€”â€”NDNDâ€”NDâ€”1/2

" ND, not done.

was observed in patient 1 (D11S12), patient 6 (D11S12), and
patient 22 (insulin). However, because these decreases were
<30% (as measured by densitometry), these 3 tumors are re
ported as having no loss of heterozygosity at these chromosome
11 loci.

Chromosomes 13 and 17. Genetic changes involving se
quences or loci on chromosomes 13q and 17 have been associ
ated with the genesis or development of retinoblastomas (34-
36) and colon cancer (37, 38), respectively. Allelic deletions in
these chromosomes have also been reported in a wide variety
of human malignancies including breast and lung carcinoma
(39-41). Analysis of allelic deletions of chromosomes 13q and
17 was performed by use of 4 different markers: D13S1 (13ql2-
ql4) and D13S2 (13q22) for chromosome 13 and D17S4
(I7q23-q25.3) and D17S5 (17pl3.3) for chromosome 17 as
shown in Table 4. Of the 24 patients studied, 13 were hetero
zygous at at least one chromosome 13q locus, while 22 were
informative for chromosome 17. Three of the 13 Ã©valuable
patients [(23%), patients 4,9, and 11] had loss of heterozygosity
on chromosome 13q in the region of the retinoblastoma locus.
In two of the 22 Ã©valuablepatients (9%), there was loss of

Patient12345678910111213141516171819202122232425DI3S11/21/2â€”â€”â€”1/2â€”â€”11/221/2â€”â€”â€”NDâ€”â€”1/2â€”â€”1/2ND1/2â€”D13S2-1/2â€”2â€”â€”NDÂ°â€”1-â€”NDâ€”NDâ€”NDâ€”â€”1/2NDâ€”1/2NDâ€”1/2D17S51/2â€”1/21/21/21/21/2â€”11/21/2NDNDNDND1/21/21/21/2ND1/21/2ND1/2â€”D17S41/21/21/2â€”1/21/2ND1/2ND_11/21/21/2NDND1/21/21/2â€”NDâ€”ND1/2â€”

" ND. not done.

Table 5 Renal cell carcinoma restriction fragment length polymorphism analysis:stage

Chromosome

StageI/1I

IVTotal3p4/5Â°

(80)

47/53(89)51/58

(88)lip0/5

(0)
5/21(24)5/26(19)13q0/4

(0)
3/9(33)3/13(23)170/3

(0)
2/19(11)2/22

(6)
Â°Evaluable patients. Numbers in parentheses, percentage of heterozygous

patients.

heterozygosity on chromosome 17. The patients who had loss
of heterozygosity on chromosome 17 (patients 9 and 11) also
had loss of heterozygosity on chromosome 13. Likewise, three
tumors showing loss on chromosome 13q (patients 4, 9, and
11) also showed loss on chromosome 11 (Table 5).

Stage/Histology. There was loss of heterozygosity on chro
mosome 3p in 4 of 5 (80%) Ã©valuablepatients with stage I or
II renal cell carcinoma and in 47 of 53 (89%) patients with
stage IV disease. There was no deletion observed in Ã©valuable
patients with stage I or II renal cell carcinoma on chromosomes
lip, 13q, and 17. However, in the patients with advanced renal
cell carcinoma 5 of 21 (24%) had evidence of loss of heterozy
gosity on the short arm of chromosome 11, 3 of 9 (33%) on
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chromosome 13q, and 2 of 22 (9%) on chromosome 17. A
small number of patients with stage I or II disease were included
in this analysis. In order to detect a statistically significant
difference between the percentage of deletions on chromosomes
11, 13, and 17 in the patients with stage I or II renal cell
carcinoma versus those with stage IV disease, analysis of tissue
from larger numbers of patients with stage I or II disease will
be required. The histolÃ³gica! type of renal cell carcinoma was
also evaluated. Except in the papillary tumor, loss of hetero-

zygosity on 3p was found in each of the other variants of renal
cell carcinoma. However, the evaluation of the distribution of
these deletions within the 4 histolÃ³gica! variants (clear cell,
granular cells, mixed granular and clear cell, and sarcomatoid)
reveals that 98% of the clear cell types have loss of heterozy-
gosity on chromosome 3p.

DISCUSSION

In the present study we report analysis of tumor tissue from
60 patients with localized as well as advanced renal cell carci
noma at 10 different loci on the short arm of chromosome 3 as
well as 6 ordered loci on chromosome 11, 2 on chromosome
13q, and 2 on chromosome 17. We found loss of heterozygosity
on chromosome 3 in 88%, on chromosome 11 in 19%, on
chromosome 13 in 23%, and on chromosome 17 in 9% of
informative patients. The deletion map of chromosome 3p (Fig.
1) identifies the region between D3S2 and D3S22 (3p21-26)
as the area of minimal common deletion in sporadic renal cell
carcinoma. While loss of heterozygosity on chromosome 3
occurs independently of the stage of the disease, allelic losses
at other chromosomal loci were only present in tumor tissue
from patients with advanced disease.

The finding in this study of loss of heterozygosity on chro
mosome 3 in tumor tissue from 88% of patients with both
localized as well as advanced renal cell carcinoma strongly
suggests that a tumor suppressor gene located at this locus is
associated with initiation of this malignancy. The presence of
such a gene involved in the genesis of renal cell carcinoma is
further supported by the studies of Shimizu et al. (42) and
Oshimura et al. (43) who demonstrated that introduction of a
normal chromosome 3 into a renal cell carcinoma cell line
significantly alters in vitro growth characteristics as well as
tumorigenicity in nude mice, while introduction of chromosome
11 does not.

In 7 of the 60 patients in the present study there was no
evidence of deletion on chromosome 3p. Renal cell carcinoma
is known to contain variable and sometimes high levels of
inflammatory elements such as tumor-infiltrating lymphocytes
(44) and marked proliferation of blood vessels with connective
tissue components. The "normal," nontumor cells increase the

residual signal associated with alÃeleloss and can mask allelic
loss present in tumor cells. We have shown that immunological
separation of tumor-infiltrating lymphocytes from tumors
which did not appear to have allelic loss clearly revealed loss
after removal of the normal infiltrating lymphocytes (45). In
the present study all tumor tissue analyzed was from the solid,
primary neoplasms. Therefore, it is possible that the percentage
of loss of heterozygosity in these renal tumors would have been
higher if such separation techniques were utilized.

Other investigators have also studied the location of a tumor
suppressor gene involved in the genesis of renal cell carcinoma
on the short arm of chromosome 3. Kovacs and Frisch (9)
identified by cytogenetic analysis the 3pl3-pter region as being

the area of minimal deletion in sporadic renal cell carcinoma.
Bergerheim et al. (6) determined by deletion map analysis the
gene location as distal to DNF15S2. While previous studies
have reported terminal deletions, data from the present study,
utilizing 10 ordered probes localized to the short arm of chro
mosome 3, indicate that the location of this gene, defined by
the smallest region of overlap, is between D3S2 and D3S22.
These results indicating that some deletions are not terminal,
but rather are interstitial, markedly deviate from earlier reports
and define the 3p21-26 region as the area of minimal common
deletion.

Whether the gene for the familial form of renal cell carcinoma
associated with von Hippel-Lindau disease is the same as the
gene associated with sporadic renal cell carcinoma is not known.
However, molecular analysis of 3p alÃelesin hereditary renal
cell carcinomas and other tumors from patients with von Hip
pel-Lindau disease showed similar loss of chromosome 3p

alÃeles.Analysis of the haplotypes in these tumors indicated
that loss of 3p alÃeleswas in each instance from the chromosome
bearing the balancing, wild-type alÃeleof the VHL gene (8).

Linkage analysis has shown that RAF1 (13) and D3S18 (14)
are linked to the VHL gene. The VHL gene was recently
mapped to the location between RAF1 and D3S18 (14, 46).
Since these two markers are within the segment of minimal
deletion reported in this study (Fig. 1), it is possible that one
gene may be involved in both sporadic and familial forms of
renal cell carcinoma.

Loss of heterozygosity on the short arm of chromosome 11
has been described in genitourinary tumors such as bladder
cancer (19), testicular cancer (20), and adrenal cancer (47).
Abnormalities on chromosome 11 are associated with the gen
esis of another tumor originating in the kidney, Wilms' tumor

(25). Since we have observed loss of heterozygosity on 1Ip in
24% of the tumors from patients with advanced disease and in
none of patients with localized disease, it seems likely that
abnormalities at this locus may be associated with progression
rather than initiation. This possibility is consistent with the
observation that transfer of a normal chromosome 11 sup
presses tumorigenicity of Wilms' tumor but not renal cell

carcinoma (43).
Loss of heterozygosity on the short arm of chromosome 11

has been associated with progression and metastasis in a num
ber of human tumors, including both carcinomas and sarcomas
(48). Ali et al. (28) found loss of heterozygosity at chromosome
11 loci to be significantly associated with abnormalities in
estrogen and progesterone receptors, tumor grade, and distant
metastasis in breast carcinoma. Trent et al. (49) recently re
ported significantly shorter survival in patients with melanoma
who had structural abnormalities on chromosomes 7 or II.
There may be several genes on chromosome lip involved in
tumor progression. The finding of hemizygous constitutional
deletions on lip, with 1Ipl3 the region commonly involved in
the WAGR syndrome, has led to the assignment of the WAGR
gene complex to 11p 13 (26). Likewise, the Beckwith-Wiedeman
syndrome has been associated with Ilpter-pl5.4 by tumor-
specific losses of chromosome 11 confined to 11pi5 (50). In
human breast carcinoma, the region between -y-globin and the
PTH locus is commonly deleted (28). The chromosomal rhab-
domyosarcoma locus has been mapped between two tightly
linked loci, D11S12 and H-RAS (26). These results confirm
the presence of a deletion on chromosome 11 and, by indicating
an abnormality between the PTH (11 pi5.4) and H-RAS
(Ilpl5.5) loci, further characterize its location. This location.
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therefore, excludes the WAGR gene complex as well as the
LK15 gene recently found by homozygous deletion in Wilms'

tumors (24). Although a potential tumorigenesis gene at
11pi5.5 may be involved in renal cell carcinoma, it is unlikely
that an abnormality at this location is a primary event in the
origin of renal cell carcinoma.

Abnormalities at the retinoblastoma locus have been observed
in a number of human tumors including small cell lung carci
noma (41), osteosarcoma (51), and breast carcinoma (52). Loss
of heterozygosity on chromosome 13q (3 of 16) has been
reported recently in tumor tissue from 23 patients with renal
cell carcinoma from Scandinavia (6). By analyzing this chro
mosome with two different loci closer to the retinoblastoma
gene location (13ql4), we further confirmed this observation.
In addition, we did not find any evidence of loss of heterozy
gosity in the tumor tissue from 5 patients with stage I/II renal
cell carcinoma. These results strongly suggest that genetic
changes on chromosome 13q may be involved more in progres
sion of the disease than in its origin. Since retinoblastoma cells
as well as small cell lung carcinoma (41, 53) often have DNA
sequence deletions in the regions 13ql2-14 and 13q22, and a
point mutation in the Rb gene on the contralateral side, the
deletions observed in renal cell carcinoma suggest that the
involvement of the Rb gene may be an important component
in progression of renal cell carcinoma as well.

In summary, we have shown that loss of heterozygosity on
the short arm of chromosome 3 is present in 88% of localized
as well as advanced renal cell carcinomas. Deletion analysis
presented here is consistent with the possibility that the disease
genes for sporadic renal cell carcinoma and for familial renal
cell carcinoma associated with von Hippel-Lindau disease are
in the same location. Abnormalities at other chromosomal loci,
chromosomes 11, 13, and 17, are less frequent and were only
found in tumor tissue of patients with advanced disease. Iden
tification of the disease gene for renal cell carcinoma will
provide not only a significant increase in our understanding of
oncogenesis in this disease but also may provide insight into
new forms of therapy for patients with this malignancy.
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