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ABSTRACT

The retinoblastoma (RB) gene was the first tumor suppressor gene
isolated and its inactivation is associated with the pathogenesis of several
types of human cancer. In this study, we investigated the involvement of
the RB gene in bladder and renal cell carcinomas by determining the loss
of heterozygosity (LOH) at the RB locus and by DNA, RNA, and protein
analysis of the RB gene. Whenever possible, the latter included Western
blotting and immunohistochemical staining of the RB protein. In bladder
carcinoma, 2 of the 8 cell lines we studied had an inactivated RB gene;
one cell line lacked RB expression without a gross RB deletion, whereas
the other cell line expressed only the underphosphorylated form of the
RB protein. None of 16 low-grade noninvasive bladder carcinomas showed
an alteration in RB protein by direct Western blot analysis, whereas 2 of
14 high-grade, invasive tumors had no RB protein as measured by both
Western blotting and immunohistochemical staining. This suggests that
the loss of RB function may be more important in the progression of
bladder cancer than in its initiation, although more extensive studies are
required. LOH within the RB locus was observed in 5 of 27 informative
cases of primary bladder, ureter, or renal pelvis carcinoma. However,
none of the 5 cases with LOH at the RB locus had a functional loss of
RB protein expression. In renal cell carcinoma, one of the 12 cell lines
had a gross homozygous deletion of the RB gene, and 2 of 32 primary
tumors were negative for RB protein expression. LOH at the RB locus
also was found in only 2 of 30 informative cases, one of which lacked RB
expression. These results are the first to demonstrate the involvement of
RB inactivation in the development of advanced primary bladder carci
noma and suggest that RB loss could have a role in certain renal cell
carcinomas. Our data, however, show no correlation between LOH at the
RB locus in bladder cancer and actual inactivation of the RB gene at the
protein level. This may suggest that there is a second tumor suppressor
or recessive cancer gene on chromosome 13 in bladder cancer and/or that
the mechanism of RB inactivation in bladder cancer frequently involves
independent mutations of each RB alÃele.

INTRODUCTION

The RB3 gene, which was the first human tumor suppressor
gene isolated (1-3), is located on the long arm of human
chromosome 13. Loss of RB function has been found in reti
noblastoma (1-3), osteosarcoma (3-5), soft tissue sarcoma (4,
6, 7), SCLC (8, 9), non-small cell lung carcinoma (10), breast
carcinoma (2, 11), and prostate carcinoma (12, 13). The con-
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sistent inactivation of RB function in these human cancers
suggests that the RB gene could play a role in their initiation
and/or progression.

Currently, there are approximately 49,000 new cases of blad
der carcinoma in the United States each year (14), representing
about 95% of all urothelial tumors. The chromosomal abnor
malities associated with bladder carcinoma are rather complex;
isochromosome 5p and monosomy 9 may be primary karyotypic
changes, and it has been suggested that the involvement of
chromosomes 8 and 13 may be secondary events, although an
interstitial deletion involving the RB gene locus, 13ql4, was
reported in 3 of 9 primary bladder carcinomas (15). Although
analysis of restriction fragment length polymorphisms by other
investigators revealed frequent LOH on chromosomes 9, 11,
and 17 in bladder carcinoma (16), chromosome 13 was not
analyzed. Inactivation of the RB gene recently was observed in
bladder carcinoma cell lines (17, 18). However, primary bladder
tumors have not been analyzed. Most recently, direct involve
ment of the RB gene in bladder carcinoma was obtained by
transfecting the wild-type RB gene into the RB- bladder car

cinoma cell line, HTB9 (19). Total suppression of growth in
soft agar and decreased tumorigenicity in nude mice was dem
onstrated, suggesting a key role of the RB gene in this cancer
type (19). Recently, a frequent mutation of the p53 gene,
another tumor suppressor gene, was found in bladder carcinoma
(20).

RCC is also a common human adult tumor, with >20,000
new cases occurring annually in the United States. RCC occurs
in both sporadic and familial forms, usually during the sixth
and seventh decades of life. Cytogenetic studies demonstrated
that the deletion of the short arm of chromosome 3 is the most
frequent nonrandom aberration in both familial and sporadic
RCC (21-23). Restriction fragment length polymorphism
analysis in RCC revealed a high incidence of LOH within the
3p region, suggesting the existence of a tumor suppressor gene
(24, 25). LOH also was observed at several other chromosomal
loci but with less frequency than seen with chromosome 3p
(26-28). For example, LOH of DNA fragments within 13q was
observed in 15-33% of RCC cases (26-28). Because LOH at
13q was found only in advanced cases of RCC, it has been
proposed that the RB gene might be involved in the progression
of RCC (27). However, no direct evidence that the RB gene is
involved in RCC has been reported.

In this study, we examined the involvement of the RB gene
in both bladder carcinoma and RCC by measuring LOH, South
ern and Northern blotting, and the RB status at the protein
level by Western blotting and immunohistochemical staining.
We found that the RB gene was inactivated in 2 of 8 bladder
carcinoma cell lines (25%), whereas loss of RB protein expres
sion was found in 2 of 14 cases of invasive primary bladder
carcinoma (14%). None of 16 superficial bladder cancers, how
ever, had any RB abnormality. LOH at the RB locus was
documented in 5 of 27 informative cases of bladder tumor,
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although none had loss of RB function as measured by protein
analysis. In RCC, one of 12 RCC cell lines had a gross deletion
of the RB gene, and loss of RB protein expression was found
in 2 of 32 primary tumors by Western blotting and immuno-

histochemical analysis. LOH at the RB locus was found in 2 of
30 (7%) informative cases. This study indicates that RB inac-

tivation is involved in certain primary bladder carcinomas and
RCC. However, the data in this study showed no apparent
correlation between LOH including the RB locus and actual
RB inactivation, especially in bladder carcinoma, suggesting
that LOH, at least in the case of bladder cancer, even if it occurs
within a gene locus containing a known tumor suppressor gene,
frequently does not indicate loss of function of the gene of
interest. This result may also indicate that there is perhaps an
additional tumor suppressor gene on chromosome 13 involved
in bladder carcinogenesis.

MATERIALS AND METHODS

Cell Lines. The 12 RCC cell lines used in this study are as follows:
OUR-10 (29), KN-41 (30), KH-39 (30), KRC/Y (31), KPK 1 (32), SK-
RC-29, SK-RC-7 (33), RCC-nu-1 (34), KO-RCC-1 (35), Caki-1 (36),
VMRC-RCW, and VMRC-RCZ. Eight human bladder carcinoma cell
lines were used; JTC-30 and JTC-32 (37), KU-1 (38), KU-7 (39), RT4
(40), NBT-2 (41), KO-BT-1 (42), and Ko-TCC-1. The VMRC-RCW
and VMRC-RCZ cell lines were established by Dr. M. Akiyama at
Virginia Mason Medical Center, Seattle, WA. The Ko-TCC-1 cell line
was established by Dr. H. Eto at Kobe University, Kobe, Japan. The
bladder carcinoma cell line T24 and the normal human lung fibroblast
strain WI38 were obtained from the American Type Culture Collection.
All cells were maintained in Dulbecco's modified Eagle's medium

containing 10% FBS, streptomycin (100 Mg/ml), and penicillin (100
units/ml) at 37'C in a 5% CO2 atmosphere.

Tissue Samples. Fresh tissue samples were obtained from patients
with RCC (32 cases), bladder carcinoma (18 cases), and carcinomas of
the ureter (6 cases) and renal pelvis (6 cases) at Kobe University
Hospital or its affiliated hospitals in Kobe, Japan. The grade and stage
of each tumor sample are shown in Tables 1 and 2, respectively. All
tumor samples were divided in half; one half was fixed in 10% formalin
for pathological diagnosis and the other was immediately frozen in
liquid nitrogen and stored at -80Â°C.Nontumorous portions of patients'
renal or bladder tissues or leukocytes from the patients' peripheral

blood were used as sources of matched normal DNA.
DNA Isolation and Southern Blotting. DNA of high molecular weight

was purified from cells or tissues by standard extraction with the
phenol-chloroform method. Genomic DNAs were digested with
Hindlll (Boehringer Mannheim Biochemicals, Indianapolis, IN), elec-
trophoresed in a 0.8% agarose gel, and transferred to a Hybond-N
membrane (Amersham, Arlington Heights, IL). Hybridization was
performed following the protocol of the manufacturer.

RNA Isolation and Northern Blotting. Total cytoplasmic RNA, ex
tracted by the guanidium thiocyanate method (43), was denatured in
glyoxal and dimethyl sulfoxide at 50Â°Cfor 1 h, electrophoresed in a

1% agarose gel in 10 mM phosphate buffer (pH 6.7), and transferred to
a Hybond-N membrane. The membrane was hybridized for 16-18 h
with a 32P-labeled RB-cDNA probe at 42Â°Cin the presence of 50%
formamide (v/v), 5x Denhardt's solution (0.1% bovine serum albumin,

0.1% Ficoll 400, and 0.1% polyvinylpyrrolidone), 5x SSC (0.75 M
sodium chloride, 0.075 M sodium citrate), 50 mM sodium phosphate
(pH 6.5), 0.1% SDS, and 100 ^g/ml of single-stranded salmon sperm
DNA.

DNA Probes. The 0.9- and 3.8-kilobase fragments corresponding to
the 5' and 3' regions of the human RB-cDNA (3), respectively, were

used for Southern blotting. The 3.8-kilobase RB-cDNA was used for
Northern blotting. The 3.5-kilobase EcoRl-Hindlll fragment of the
mouse /3-actin gene (44) was used as a control probe for Northern
blotting. All DNA probes were labeled with [32P]dATP (Amersham) by

the random primer method (45).

Loss of Heterozygosity Study. The enzymatic amplification of the
highly polymorphic 3'-flanking region of the exon 20 (RBI.20) was

performed as described previously (46). In brief, genomic DNA was
prepared in a reaction buffer containing 20 mM Tris-HCl (pH 8.4), 50

mM KC1, 30 Â¿ig/mlbovine serum albumin, 400 /IM of each dNTP, 5
mM MgCl2, 5 pmol of oligonucleotide primers (Sense, 5'-AATTAA-
CAAGGTGTGGTGG-3; Antisense, 5'-CTTGTAATATGCCTCA-
TAAT-3'), and 0.25-1.00 units of Taq DNA polymerase (Perkin-Elmer

Cetus, Emeryville, Ã‡A).PCR amplification (30-35 rounds) was carried
out following a cycle of 10 s at 94Â°C(denaturation), 10 s at 55'C
(annealing), and 30 s at 70Â°C(polymerization) using a programmable

thermal cycler (Ericomp Corp., San Diego, CA). One tenth of the
amplified DNA was combined with 10 pmol of "P-end-labeled oligo

nucleotide primer, and the mixture was denatured by heating it for 3
min at 94Â°C.After denaturing, the primer-template mixture was added

to a buffer containing 2.5 mM MgCl2, 5 mM Tris-HCl (pH 7.5), 2 units
of Sequenase (U. S. Biochemical), 3 mM dithiothreitol, and 60 MMeach
of all four deoxynucleotides. Polymerization was carried out for 20 min
at 37Â°Cand stopped by adding a 0.37% EDTA stop buffer. The double-

stranded product of this reaction was denatured as described above and
electrophoresed in 6% polyacrylamide gels and autoradiographed for
2-12 h.

Western Immunoblotting. Western immunoblotting was performed
as described previously (47). In brief, exponentially growing cells in 60-
mm dishes were lysed with 1.2 ml of ice-cold lysis buffer containing 50
Mg/ml aprotinin, l mM sodium vanadate, and 25 mM sodium fluoride.
Tumor tissues were ground in liquid nitrogen and resuspended in ice-
cold I ris buffered saline containing 50 nn/nil aprotinin, 1 mM sodium
vanadate, and 25 mM sodium fluoride. The suspension was passed
through a prechilled Teflon-glass homogenizer 30 times, and an equal
volume of 2x lysis buffer [100 mM NaCl, 0.2% Nonidet P-40, 0.2%
sodium deoxycholate, 0.1% SDS, and 50 mM Tris-HCl (pH 8.0)] was
added. The lysates were clarified by centrifugation and normalized by
total cellular protein as determined by the Bradford protein assay (Bio-
Rad, Richmond, CA). The concentration of protein was also measured
by gel electrophoresis and staining with Coomassie blue. Eighty Mgof
total cellular protein was electrophoresed in an 8% SDS-polyacrylamide

gel and electroblotted to Immobilen polyvinylidene difluoride (PVDF)
membranes (Millipore, Bedford, MA). After blocking with 4% BSA
and 1% normal goat serum in Tris-buffered saline, the membranes were
incubated overnight with the RB-WL-1 antibody (48) at a final concen
tration of 0.4 Mg/ml. The blot was then probed with the Problot Western
Blot AP System (Promega, Madison, WI).

|3;l']l'i Labeling and Immunoprecipitation. Phosphorylated RB protein

was determined as described previously (48). Exponentially growing
cells in 90-mm dishes at approximately 70-80% confluency were in
cubated in phosphate-free minimum essential medium with 10% di-
alyzed FBS for 1 h and then metabolically labeled with 200 //( i/ml
[32P]Pi(carrier free; Amersham) in phosphate-free minimum essential
medium containing 10% dialyzed FBS at 37Â°Cfor 3 h. Cells were lysed

with 1.2 ml of ice-cold lysis buffer (10 mM Na2PO4, 154 mM NaCl, 1%
Triton X-100, 12 mM sodium deoxycholate, 3.5 mM SDS, 0.2% sodium
azide, and 0.95 mM sodium fluoride, using l M NaH2PO< to bring the
pH to 7.25) and centrifuged at 40,000 rpm in a Beckman TL 100.3
rotor and TL100 ultracentrifuge at 4Â°Cfor 20 min. The supernatants

were then cleared by incubating with 1 /il of preimmune rabbit serum
and 10 Â¿ilof protein-A agarose (Oncogene Science, Manhasset, NY).
The RB-WL-1 antibody (0.1 Â¿ig)was added to the cleared lysates, and
the immune complexes that had been collected on protein-A agarose
were washed three times with the lysis buffer. Labeled protein was
solubilized and separated by 8% SDS-polyacrylamide gel electropho
resis. Fluorography was performed as described previously (49).

Immunohistochemistry. Immunohistochemical staining of the RB
protein was performed as described previously (47). In brief, frozen
sections (6-8 urn) were cut in a cryostat at -20Â°C and fixed in 10%

paraformaldehyde. The fixed sections were preincubated with 1.5%
normal goat serum in phosphate buffer for 4 h at room temperature
and then incubated overnight with the RB-WL-1 antibody at a final
concentration of 2 Mg/ml. After the slides were washed, they were
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processed for immunostaining by the avidin-biotinylated peroxidase

complex method according to instructions from the technical manual
(Vector Labs, Burlingame, CA). The tissue sections were counterstained
with Mayer's hematoxylin. A tumor was considered to be RB+ if any

of its malignant cells had RB nuclear staining, whereas a tumor was
defined as RB- only if all cancer cells had no RB nuclear staining (10).
Since we have previously shown that RB+ cells in culture and tumors
in vivo display a mosaic RB-staining pattern with variable portions of

cells having unstained nuclei based in part on differences in cell cycle
RB protein concentration (47), we do not consider tumors which have
a heterogeneous RB-staining pattern containing both RB+ and RB-

stained cells to have altered RB expression unlike the criteria used by
others (50, 51).
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RESULTS

Bladder Carcinoma

Cell Lines. Eight bladder carcinoma cell lines were analyzed
by Northern blotting. No RB-mRNA was detected in KU-1
cells (Fig. IA, lane 2) nor was any RB protein found by Western

B

1234 1234
kb

4.7 ^(
TIo"8

2.1 1 2

Â«
M>

Â«116

- 97

Fig. 1. RB expression in bladder carcinoma cell lines. A, expression of RB-
mRNA (top) and mouse ,(â€¢ai-tin inRNA (bottom) in representative bladder carci
noma cell lines by Northern blotting. RNA was extracted from bladder carcinoma
cell lines, JTC-32, KU-1, NBT-2, and RT4 (lanes 1-4, respectively). No RB
transcript was detected in KU-1 cells (lane 2). Left ordinate, band sizes in
kilobases. B, expression of the RB protein by Western blotting. Protein (80 jig)
was loaded into each lane. Lanes 1-4, the same as those in A. NBT-2 (lane 3)
and RT4 (lane 4) expressed normal ppl 10"' and pi 10*". RB protein was negative
in KU-1 cells (lane 2). JTC-32 cells expressed only pi IOâ„¢(lane 1). C, metabolic
labeling of [32P]Piand immunoprecipitation. Lack of phosphorylation of the RB
protein was observed in JTC-32 cells (lane 2), whereas normal phosphorylation
was observed in T24 (lane 1). Right ordinate, molecular weight markers in
thousands.
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Fig. 2. Loss of heterozygosity at the RB 1.20 locus in primary tumors. DNAfrom normal cells (.V) and matched tumor cells ( /') were enzymatically amplified

and subjected to SDS-polyacry'amide electrophoresis. Upper and lower bands of
each lane were defined as alÃeles1 and 2, respectively. A: lane l, U24 bladdercarcinoma; lane 2, U19 ureteral carcinoma; lane (.I'll urÃ©tera!carcinoma; lane

4, U26 bladder carcinoma; lane 5, U29 bladder carcinoma. AlÃeleI was lost in
U19, U24, U26. and U29; AlÃele2 was lost in Ul 1. B: lane I, R17 without LOH;
lane 2, R28 with loss of alÃele1; lane 3, R30 with possible LOH shown by the
markedly decreased intensity of alÃele1 as compared with alÃele2 (asterisk)
suggesting LOH. The remaining alÃele1 is probably derived from normal stromal
cells.

blotting (Fig. IB, lane 2). In addition, JTC-32 cells (Fig. IB,
lane 1) expressed only the pi 10RB.To verify lack of phosphor-
ylation of RB protein in this cell line, the JTC-32 cells were
metabolically labeled with [32P]PÂ¡and immunoprecipitated.

They showed no apparent phosphorylation of RB protein (Fig.
1C, lane 2). Southern blotting showed no gross deletion of the
RB gene in any cell lines.

Primary Tumors. LOH at the RB locus was examined by
PCR amplification of the highly polymorphic locus, RBI.20,
which is located downstream of exon 20 of the RB gene (46).
A variable number (n = 14-26) of CTTT(T) repeats create PCR
fragments that vary in size from 550 to 600 base pairs. In our
study, 27 of 30 primary tumors (90%) were heterozygous (in-

Fig. 3. Western blotting of RB protein in
primary tumors. Protein (80 ng) was loaded
into each lane. A, carcinomas of bladder, ure
ter, and renal pelvis. Lanes 1, 2, 4, 5, 7, 9-11,
13-18, and 20, RB+ tumors; lanes 8 (U21)
and 12 (U28), tumors that were RB- by West
ern blotting but were RB+ by immunohisto-
chemical staining; lanes .it(I '17) and 6 (I 'IX).
immunohistochemically defined RBâ€”tumors;
lane 19, adjacent normal bladder epithelium.
B, RCC. Lanes 1, 3-7, 9, 11-16, 18, and 19,
RB+ tumors; lanes 17 (R29) and 20 (R32),
tumors that were RB- by Western blotting but
RB+ by immunohistochemical staining; lanes
2 (R9) and 8 (R28), immunohistochemically
defined RB- tumors; lane 10, low level of
pi 10"" found in a normal kidney.
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formative) in nontumor DNA. Five cases (19%) showed LOH
at this locus (Fig. 2A).

When the expression level of RB protein was examined by
Western blotting, however, three cases with LOH (U 19, U24,
and U29) were clearly RB+ (Fig. 3/1, lanes /, 2, and 4). These
results were confirmed by immunohistochemical staining based
on criteria previously described ( 10). Because the tumor samples
for the remaining two cases with LOH (Ull and U26) were
too scant for Western blotting, we studied them by immunohis
tochemical staining. Both cases showed the characteristic nu
clear RB staining in the majority of tumor cells typical of an
RB+ tumor; Fig. 4A is an example of an RB+ case (Ull).

Consequently, we considered all five cases with LOH at the RB
locus to be positive for normal expression of RB protein.

We also examined expression of RB protein in an additional
25 primary urothelial carcinomas by Western blotting. Twenty-

one cases highly expressed RB protein which indicated that
these tumors are RB+. Four cases (U17, U18, U21, and U28)
which were considered to be RBâ€”by Western blotting (Fig. 3/4,

lanes 3, 6, A, and 12, respectively), were analyzed further by
immunohistochemical staining. Two cases (U21 and U28)
showed positive RB nuclear staining in their tumor cells,
whereas in the other two cases (U17 and U18), the nuclei within
the tumor cells, did not stain. Thus, we considered the latter

â€¢¿�i
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Fig. 4. Immunohistochemical staining of RB protein in primary tumors. I, RB+ urÃ©tera!carcinoma (Ull) from transitional cell carcinoma. Heterogeneous RB
staining (10, 47) was observed in tumor cells. Solid and open arrows. RB+ and RBâ€”tumor cells, respectively. B, RBâ€”bladder carcinoma (U17) from high-grade
transitional cell carcinoma. C RB+ RCC (RIO) of clear cell type. Solid arrows, RB+ tumor cells. Variable intensities of RB+ cells showing cell cycle-dependent
expression of RB protein (47) were observed in individual tumor cells. Open arrow, RB- stromal cell. D, RB- RCC, clear cell type (R9). x 132.
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two cases to be truly RB-. An example of a RB- tumor is

shown in Fig. 4B. According to the microscopic examination,
U21 contained >90% normal cell contamination which might
give a false-negative result for Western blotting. Since RNA
isolated from U28 was degradated, it is likely that the negative

Table 1 RB involvement in carcinomas of bladder, ureter and renal pelvis

PatientUlU2U3U4USU6U7USU9U10UllU12U13U14U15U16U17U18U19U20U21U22U23U24U25U26U27U28U29U30LocationBladderBladderRenal

pelvisRenal
pelvisBladderBladderBladderBladderBladderBladderUreterUreterUreterUreterRenal

pelvisRenal
pelvisBladderBladderUreterBladderBladderBladderBladderBladderBladderBladderUreterRenal

pelvisBladderRenal

pelvisHistology"TCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCsecACTCCTCCTCCTCCTCCTCCTCCTCCTCCGrade"2212222222222212332NANA333333333Stage"TaTaTaTaTITITITITITITITITITITITIT2T2T2T3T3T3T3T3T3T3T3T3T4T4RB1.20

WE'IHChomo

+het
+het
+het
+het
+het
+het
+het
+het
+het
+LOH

ND+het
+het
+het
+het
+het
+hethetLOH

-1-+het
+homo

â€”¿�+het
+het
+LOH

-1-+het
+LOH

ND+het
+het

-+LOH
++homo
+

" Tumor histology, grade and stage were determined according to the criteria

of the Japanese Urologica! Association and Pathological Society (SS).
* WE, Western blotting of the RB protein; IHC, Immunohistochemical stain

ing of the RB protein; TCC, transitional cell carcinoma; SCC, squamous cell
carcinoma; AC, adenocarcinoma; homo, homozygous at the RB 1.20 locus in
nontumor DNA, and therefore uninformative; net, heterozygosity retained in
tumor DNA; ND, not done; NA, nonapplicable.

result by Western blotting was due to a poor condition of the
sample. Southern blotting showed no gross rearrangement of
the RB gene in all cases, including those that were RBâ€”or had
LOH (data not shown). The results of LOH of the RB gene
and analysis of RB protein in carcinomas of bladder, ureter,
and renal pelvis are summarized in Table 1. Both true RB-
cases (U17 and U18) were grade 3 invasive tumors, whereas
none of the noninvasi ve cases (Ta and TI) showed lack of RB
expression.

Renal Cell Carcinoma

Cell Lines. Twelve RCC cell lines were analyzed by Northern
blotting. Of these 12 cell lines, RB- mRNA was undetectable
only in KPK 1 cells (Fig. 5A, lane 3). The lack of RB protein
in KPK 1 cells was confirmed by Western blotting (Fig. 5Ã„,
lane 3). Southern blotting of this cell line also revealed a 5'-

homozygous deletion of the RB gene which corresponds to the
0.9-kilobase RB-cDNA probe (Fig. 5C, lane 2). Hybridization
with the RB-cDNA probe corresponding to the 3' region of the

Rb gene showed a normal RB pattern in KPK 1 (Fig. 5C, lane
4). The RB expression of all the other cell lines was normal at
both the RNA and protein levels. No gross DNA re
arrangements were found in the other 11 cell lines (data not
shown).

Primary Tumors. Western blotting showed normal expression
of RB protein in 28 of 32 primary RCC cases. Four cases (R9,
R28, R29, and R32), which were negative for RB expression
by Western blotting (Fig. 3B, lanes 2, 8, 17, and 20, respec
tively), were analyzed further by by immunohistochemical stain
ing. Two cases (R29 and R32) had positive RB tumor nuclear
staining, while the tumor nuclei of the other two cases (R9 and
R28) did not stain. Examples of RB+ and RB- cases as

measured by immunohistochemical staining are shown in Fig.
4, C and D, respectively. R32 contained an extremely small
amount of tumor cells compared to contaminated normal
stromal cells, whereas RNA from R29 was degradated due to

Fig. 5. RB expression in RCC cell lines. A,
expression of the RB-mRNA (top), and 0-actin
mRNA (bottom) in representative RCC cell
lines by Northern blotting. Lane I, KRC/Y;
lane 2, VMRC-RCZ; lane 3, KPK 1; lane 4,
SK-RC-7. KPK 1 (lane 3) showed no RB
expression. Left ordinate, band sizes in kilo-
bases. B, expression of the RB protein by West
ern blotting. Lanes 1-4, same as in A. No RB
protein was detected in KPK 1. C, Southern
blotting of the RB gene. DNA of high molec
ular weight from WI38 cells (lam's 1 and 3)
was used as a normal control and that from
KPK 1 (lanes 2 and 4) was digested with
//ini/IlI. run in a 0.8% agarose gel, transferred
to nylon membranes, and hybridized with the
S'-RB probe (lanes I and 2) and the 3'-RB

probe (lanes 3 and 4). KPK 1 showed a homo
zygous deletion of the 5' region of the RB
gene, whereas the 3' region of the RB gene

was intact.
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Fig. 6. Northern blotting of the RB-mRNA expression in primary RCC. The
membrane was hybridized with the RB-cDNA probe (top) and rehybridized with
mouse /3-actin probe (bottom). Lane i, RB+ RCC (RIO); lanes 2 and 3, RB-
RCC (R9 and R28, respectively). No RB expression was observed in R9 and R28,
which were negative for RB protein by Western blotting and immunohistochem-
ical staining.

Table 2 RB involvement in renal cell carcinoma

PatientRIR2R3R4R5R6R7R8R9RIORIIR12R13R14R15R16R17R18R19R20R21R22R23R24R25R26R27R28R29R30R31R32Grade"2222222222221222223233Stage"TlTlTIT2T2T2T2T2T2T2T2T2T2T2T2T2T2T2T2T2T2T2T3T3T3T3T3T3T3T4T4T4RBI.20 WE*IHChomo

+het
+het
+het
+het
+het
+het
+het
+hethet

++het
+het
+het
+het
+het
+het

++het
+het
+het
+homo
+het
+het
+het
+het
+het
+het
+het
+LOHhet

-+LOH
++het

+het
- +

" Pathological grade and stage were determined according to the criteria of the

Japanese Urologica! Association and Pathological Society, and Radiological
Society (56).

* WE, Western blotting of the RB protein; IHC, Immunohistochemical stain

ing of the RB protein; homo, homozygous at the RB 1.20 locus in nontumor
DNA, and therefore uninformative; het, heterozygosity retained in tumor DNA.

marked necrosis of the sample. Therefore, we considered the
results of these two cases (R29 and R32) by Western blotting
as false negative. On the other hand, R9 and R28 were RB
negative at both the protein and mRNA levels. The mRNA
results are shown in Fig 6. Therefore, we considered these two
cases to be truly RBâ€”.Since there were only three noninvasive

Tl stage tumors in this cohort, it is not possible to conclude
that RB inactivation does not occur in these less advanced
cases.

We analyzed LOH at the RB 1.20 locus in 32 RCC cases and
found that 30 cases (94%) were heterozygous (informative) in
nontumor DNA obtained from the patients whose tumors were
studied. LOH was observed in only two cases, R28 and R30
(7%) (Fig. 2Ã„,lanes 2 and 3). R9, which was RB-, retained

heterozygosity in its tumor DNA. Southern blotting showed no
gross rearrangements of the RB gene in all cases, including

those that were RB- or had LOH (data not shown). The results

for the RCC cases are summarized in Table 2.

DISCUSSION

Inactivation of the RB gene was observed in 6 of 16 (38%)
independent bladder carcinoma cell lines in previous studies
(17, 18). One cell line (J82) had a point mutation producing a
truncated RB-mRNA, three cell lines had gross deletions of the
RB gene, and two cell lines showed loss of RB expression
without any detectable gross changes in DNA. In our study, we
found abnormalities of the RB gene in 2 of 8 (25%) bladder
carcinoma cell lines, a frequency similar to that of the previous
report (18). The JTC-32 cell line also could have a unique
abnormality of the RB gene which resulted in the production
of only pllORB. A similar finding has been reported in the
SCLC cell line, NCI-H209. This latter cell line had a loss of
phosphorylation resulting from a single point mutation within
exon 21 (52). It is likely that the JTC-32 cell line also has a
small mutation within the coding region of the RB gene in
volved with phosphorylation of this protein.

Our study demonstrates that loss of RB function also occurs
in primary bladder carcinoma, although such inactivation was
only found in invasive tumors (2 of 14 cases). This may suggest
that loss of RB function is more involved in the progression of
bladder cancer than in its initiation. This is also consistent with
a recent clinically related study done by us (H-J. X., S-X. H.,
and W. F. B.) in collaboration with others (C. J. Logothetis, J.
Ro, and N. Ordonez) in which an altered RB protein pattern
was found by immunohistochemical analysis in more than one
third of advanced primary bladder carcinomas examined in
paraffin-embedded tumor tissue.

We also found that LOH at the RB locus occurred in 5 of 27
informative cases, although none of these tumors lost RB
expression. In contrast, the two tumors in which RB function
was lost remained heterozygous at the RB locus (Table 1).
Although these results were not derived from a large number
of specimens, they provide a caveat, at least in bladder carci
noma, since they show one must be careful when concluding
that LOH can be generally equated with the presence of a tumor
suppressor gene, even though the actual tumor suppressor gene
locus is being examined for which loss of function is known to
be involved in tumor formation and/or progression. This may
indicate that the loss of RB function in bladder cancer involves
most frequently a mutation in both RB alÃeleswith retention of
heterozygosity at the RB locus rather than a mutation of one
RB alÃelefollowed by LOH in which the wild-type RB alÃeleis
lost. Our results also raise the possibility that another tumor
suppressor gene is also located on chromosome 13 which is
involved in bladder cancer tumorigenesis, although additional
cases will need to be analyzed.

A role for the RB gene in the progression of RCC also has
been recently proposed based upon LOH of DNA fragments
on 13q in 3 of 9 advanced RCCs (27). However, in our study
only 2 of 32 cases showed LOH within the RB locus. RB
inactivation as demonstrated by protein analysis in this study
also was a rare event in RCC since only 2 of 32 RCC cases
showed lack of RB expression. These results suggest that loss
of RB function may be involved in only a small cohort of
advanced cases of RCC.

Finally, it is perhaps not surprising that protein analysis is
more sensitive than nucleic acid analysis for detecting inacti
vation of the RB gene (8, 10, 17, 18). For example, many SCLC
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cell lines show normal RB-mRNA bands by Northern blotting
but have no RB protein as determined by immunoprecipitation
or Western blotting using anti-RB antibody (8). However, Mori
et al. (53) found, by sequencing analysis, that variable small
deletions occurred in the exons of the RB gene for three SCLC
cell lines which were positive for RB-mRNA but negative for
RB protein in a previous study (8). This indicated that a more
detailed examination of the RB gene at the DNA sequence level
will often allow one to determine the abnormality which re
sulted in loss of RB function at the protein level. Western
blotting or immunoprecipitation also can detect abnormalities
of RB phosphorylation (18, 54, this report). Our results con
firmed the superiority of protein analysis in detecting inactiva-
tion of the RB gene in human cancers, although we agree that
confirmation of mutational changes in these cases is ideal but
often quite difficult, particularly in tumor samples. Such stud
ies, however, are presently being undertaken in our laboratory
on the RB-negative cases we have documented at the protein
level.
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