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ABSTRACT

Although oncogenically activated rus alÃelesare common in some types
of human cancers, the frequency in human carcinoma of the prostate
(CaP) has not previously been addressed. In this paper, we report a
comprehensive screening of 19 CaPs and 3 CaP cell lines for activating
point mutations in the sequences of the 12th and 61st codons of c-Ha-
ra.v-1and the c-Ki-rÂ«.v-2genes, as well as the 12th, 13th, and 61st codons
of the c-N-raÃ®gene. The 19 CaPs were chosen to represent a wide range
of stages (B through D), Gleason scores (3 through 10), and DNA ploidy
(diploid with low proliferation to nontetraploid-aneuploid). Fifteen of the
tumors had been untreated prior to resection and 4 were obtained postra-
diation therapy. The polymerase chain reaction was used to amplify
genomic DNA sequences and transcribed mRNA sequences of the ras
genes prior to allele-specific oligonucleotide probe hybridization. We
have detected a mutant alÃelewith a point mutation in the second
nucleotide of the 61st codon of the c-Ha-nu-1 gene in one specimen.
Thus, we conclude that the activation of ras alÃelesis not significant in
the development or progression of most CaPs.

INTRODUCTION

The ras gene family, consisting of c-Ha-ras-1, c-Ki-ras-2, and
c-N-ras, is of considerable interest because of the roles of these
genes in normal cell growth and differentiation and their im
plied roles in carcinogenesis (1,2). The ras genes encode highly
related proteins of M, approximately 21,000 (3). While the
exact function of these proteins in cellular signaling pathways
remains unclear, it has been established that the p21s have
GTPase activity and interact with a GTPase-activating protein
(4). Activation of the ras family of protooncogenes can occur
by point mutations as well as by overexpression of the wild-
type alÃeles(5-8). Activating mutations that have been detected
in vivo occur in the 12th, 13th, and 61st codons and have been
detected in many human tumor types (9-12). Among urologica!
cancers, c-Ha-ras-1 mutations occur in 7-17% of transitional
cell carcinomas of the bladder and 2% of renal clear cell
adenocarcinomas (12, 13). The prevalence of ras mutations in
adenocarcinomas of lung and pancreas is quite high, whereas it
is quite low in hormonally responsive tissue such as breasts
(14).

CaP3 is the second leading cause of male cancer deaths in

men in the United States. Until now, the prevalence of raÃgene
mutations in this cancer has been unknown. Studies of the role
of ras genes in prostate cancer are fairly limited in number.
Peehl et al. (15) found activation of the Ki-ras gene in one of 8
human prostate adenocarcinomas studied using a NIH 3T3
transfection assay. Cooke et al. ( 16) examined the role of ras
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genes in the Dunning rat prostatic adenocarcinoma model
system and found no ras genes activated and that c-Ha-ras-1
and c-Ki-ras-2 mRNA levels were variable and did not correlate
with tumor progression except in one lineage. However, it has
been shown also that transfection of the c-Ha-ras-1 oncogene
into a nonmetastatic Dunning tumor converted it into a met-
astatic tumor (17). A transgenic model of reconstituted prostate
tissue documented a role for activated ras in inducing dysplasia
and, in combination with the myc oncogene, carcinomas were
produced (18).

One limitation to studying human prostate tissues has been
the lack of sufficient tissue for protein assays or even traditional
nucleic acid analyses. To overcome this problem, we have
chosen to apply the PCR technique (19, 20). PCR allows
analysis of single genes at the DNA or RNA level by selective
amplification of the nucleotide sequences of interest. Only a
small number of cells or nuclei are needed (<1000). PCR
permits detection of mutations that are present in only a small
proportion of studied cells and retrospective studies of for
malin-fixed, paraffin-embedded tissues. As such, PCR technol
ogy is both efficient and sensitive for evaluating the role of ras
genes in prostate cancer.

The goal of this study was to investigate the frequency of ras
mutations in CaP and to see whether it is similar to other
hormonally responsive tumors. DNA from formalin-fixed, par
affin-embedded tissues and RNA from fresh or frozen tissues
were subjected to PCR amplification of portions of the three
ras genes to include the 12th, 13th, and 61st codons within the
PCR products. These were then subjected to ASO probe hy
bridization to screen for activating point mutations at each
possible nucleotide position in the three ras genes. We report
the finding of only one activated ras alÃeleamong 19 human
prostate tumors studied.

MATERIALS AND METHODS

Tumor Specimens. Eight primary adenocarcinomas from radical
prostatectomies and one pelvic lymph node with metastatic CaP were
obtained fresh from surgical excision and either RNA was immediately
extracted or the specimens were rapidly frozen to -70Â°Cuntil use. To

ensure that portions of the eight primary tissues were enriched for
tumor cells, the surgeon (R. W. dV. W.) and a pathologist together
sectioned the excised tissue and a fresh piece was taken from the
palpated cancer. A permanent section was then cut from the immedi
ately adjacent area and, based upon histological review of that section,
it was confirmed that a tumor-enriched sample was indeed analyzed.
The metastatic pelvic lymph node was totally replaced by adenocarci
noma of the prostate.

Ten archival specimens of prostatic adenocarcinoma that were for
malin-fixed and paraffin-embedded were also obtained. These archival
specimens were of tissues obtained from radical prostatectomies, trans-
urethral resections, or core needle biopsies. A SO-^ni section was cut
from each paraffin block. A 5-nm section was then cut immediately
adjacent to this and stained with hematoxylin and eosin, and portions
with a preponderance of tumor cells were marked. The SO-^m section
was then laid in the same orientation and the appropriate regions were
dissected for molecular analysis.

Cell Lines. Three human prostatic adenocarcinoma cell lines
(LNCaP, PC-3, and DU-145) obtained from the American Type Cul-
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Table 1 Oligonucleolide primers for ras DNA/P('R

All sequences are listed in a 5'-3' direction.

RS 49: N-ras exon 1 (upstream)
RS 50: N-ras exon 1 (downstream)
RS 51: H-ras-1 exon 1 (upstream)
RS 52: H-ras-1 exon 1 (downstream)
RS 53: K-ras-2 exon 1 (upstream)
RS 54: K-ras-2 exon 1 (downstream)
RS 60: N-ras exon 2 (upstream)
RS 61: N-ras exon 2 (downstream)
RS 62: H-ras-l exon 2 (upstream)
RS 63: H-ras-1 exon 2 (downstream)
RS 84: Ki-ras-2 exon 2 (upstream)
RS 85: Ki-ras-2 exon 2 (downstream)

CTGGTGTGAAATGACTGAGT
GGTGGGATCATATTCATCTA
CTGAGGAGCGATGACGGAAT
AGTGGGGTCGTATTCGTCCA
CCTGCTGAAAATGACTGAAT
TGTTGGATCATATTCGTCCA
GTTATAGATGGTGAAACCTG
ATACACAGAGGAAGCCTTCG
GTCATTGATGGGGAGACGTG
ACACACACAGGAAGCCCTCC
GTAATTGATGGAGAAACCTG
ATACACAAAGAAAGCCCTCC

ture Collection were maintained in vitro according to the instructions
of the supplier (21-23). We also have used the SW-480 colon carcinoma
cell line and the Calu-1 lung carcinoma cell line as positive controls
containing activated ras genes (24).

RNA Extractions from Fresh or Frozen Tissues and Cell Lines. Total
cellular RNA was extracted from tissues and cell lines as previously
described.4

DNA Extraction from Archival Specimens. DNA extraction was
carried out according to previously described methods used for for
malin-fixed, paraffin-embedded tissues (25, 26). Briefly, the tissue
sections were placed in microcentrifuge tubes and the paraffin was
extracted by adding 1 ml of mixed xylenes, followed by gentle agitation
at room temperature for 30 min. The tissue was then pelleted by
centrifugation at 3000 rpm for 5 min and the supernatant removed
carefully, without disturbing the fragile tissue pellet. This paraffin
extraction was repeated a second time. The residual xylene was removed
by adding 0.5 ml of 100% ethanol with gentle agitation. The tissue was
again pelleted by centrifugation and the supernatant removed. This
ethanol extraction of the residual xylene was repeated and the tissue
pellet dried by vacuum desiccation.

Tissue digestion was performed by adding 100-200 ^1 of digestion
buffer (50 mM Tris-HCl, pH 8.5-1 m\i EDTA-0.5% Tween-20) and
100-200 ng/ml of proteinase K to the tissue pellet with subsequent
incubation at 65Â°Cfor 2 h with continuous agitation. The proteinase K

and other proteins present were denatured by incubating the reaction
mixture at 95Â°Cfor 8-10 min. Residual tissue fragments were pelleted

by centrifugation at 3000 rpm for 5 min and the supernatant containing
the DNA was saved. Phenol-chloroform extractions were not per
formed. DNA concentrations were determined by fluorometry with a
Hoechst 33258 fluorochrome using a DNA minifluorometer since the
quantity of DNA extracted was usually not sufficient to be determined
by a conventional spectrophotometer. A thermal profile for PCR of 1
min at 95Â°C,1 min at 55Â°C,and 2 min at 72Â°Cwas performed for 40

cycles.
Strategy of RNA/PCR. The strategy for amplification of mRNA

sequences in the polymerase chain reaction (RNA/PCR) is based on
that previously described (27). Total cellular RNA is converted to a
pool of complementary DNAs by reverse transcription primed with
random hexamers (28). This complementary DNA is then subjected to
PCR using gene-specific primer pairs. The primer pairs are designed
to be homologous to exon sequences separated by one or more introns.
With the primer pair spanning an intron, PCR amplification of spliced
mRNA will result in amplified products of a predicted length containing
only the exon sequences of the gene. Amplification of unspliced RNA
or contaminating genomic DNA in the RNA preparation will yield
products of a larger size including the Â¡ntronsequences. The smaller
product predicted from the spliced mRNA sequence will only be pro
duced if spliced mRNA transcribed from the gene of interest is present.
For the ras DNA/PCR, the primer pairs are designed such that both
are homologous to sequences within an exon. Therefore, amplification
results in products containing sequences of interest from only that
particular exon.

4 P. H. Gumerlock, F. P. McCormick, and E. S. Kawasaki. Human ras family

mRNA expression detected and discriminated by use of the polymerase chain
reaction, submitted for publication.

ras Primers and Probes. The primer pairs designed for DNA/PCR
are listed in Table 1 (30, 31). The DNA/PCR products of the first exon
were 115 base pairs containing the 12th and 13th codons, while exon
2 primers yielded 112-base pair amplification products containing the
61st codon. As reported, we designed primer pairs for each of the three
ras genes such that, following RNA/PCR, the products from each gene
contain portions of exons 1 and 2, including the 12th. 13th, and 61st
codons.4 The sequences of these primers are listed in Table 2. An

outline of the amplification strategies for DNA and RNA are depicted
in Fig. 1, A and B, respectively. The ASO probes (20 bases in length)
used to detect point mutations have been previously described and are
listed in Table 34 (29, 30).

Creation of Positive Controls for Mutations. Since positive controls
were not available for point mutations at each of the target positions
in the three ras genes, we needed to create our own positive controls.
Using RNA/PCR products of each of the three raÃgenes from a fetal
lung fibroblast strain (T-3891 ) available in our laboratory, we performed
a "nested" PCR utilizing each of the mutation-specific oligonucleotide

probes for the 12th and 13th codons as an upstream primer and each
of the oligonucleotide probes for the 61st codon point mutations as a
downstream primer. This resulted in PCR products with the 5' and 3'

ends containing sequences homologous to the 12th, 13th, and 61st
codons with known point mutations at each of the nucleotide positions.
As depicted in Fig. 1C, this strategy was successful for c-Ha-ras-1, c-
N-ras, and the 61st codon region of c-Ki-ra.s-2. The antisense nature of
the c-Ki-rai-2 12th codon probes prevented their use to create positive
control mutant PCR products. For these positive controls, we utilized
the Calu-1 and SW-480 cell lines mentioned above because they contain
c-Ki-ras 12-1 and 12-2 mutations, respectively.

ASO Probing for Point Mutations. Initially, the PCR products to be
probed were run in 2% agarose gels in a Tris-borate EDTA electropho-
resis buffer in a minigel system and blotted. Briefly, alkaline transfer
to Zeta-probe blotting membrane (Bio-Rad Laboratories, Burlingame,
CA) in a wick-action transfer was done with a 0.4 N NaOH solution in
water. Transfers were allowed to proceed for 90 min. Following trans
fer, blots were neutralized in 2x SSC for 5 min. All of the PCR
products for the first five tumors were probed using this Southern
blotting technique. After confirming that all of the probes did in fact
bind specifically to the predicted size products and not to any other
nonspecifically amplified products, the remainder of the PCR products
were probed using a slot-blot manifold to facilitate the screening of a
larger number of samples.

For slot blotting, 10-30 ^1 of PCR products was diluted in O.lx
Tris-EDTA to a total volume of 100 n\. Then 100 n\ of 0.4 N NaOH-
25 mM EDTA was added and the samples were heated at 95Â°Cfor 5

min and quick cooled on ice for 10 min. Fifty n\ of these samples were
loaded into each well of the slot-blot manifold (Bio-Rad Laboratories)
using a Zeta-probe blotting membrane prewetted in 2x SSC. Vacuum
suction was applied to the slot-blot manifold for 30 s and the blot was
air dried. A wild-type negative control and mutant positive controls
were included on every blot in order to facilitate the interpretation of
the patient samples.

Oligonucleotide probes were end labeled as follows: 10 pmol of the
oligonucleotide was added to 2.5 n\ of lOx kinase buffer (0.5 M Tris,
pH 8.0, 0. l M MgCl2, 50 mM dithiothreitol), 7.5 units of polynucleotide
kinase (Dupont Company. Wilmington, DE), and 10 pmol of v["P]
ATP (Dupont Company) and diluted with double-distilled water for a
final volume of 25 /Â¿I.This reaction mixture was incubated at 37Â°Cfor

30 min and then layered onto a spin column packed with Bio-P-6 gel
(Bio-Rad Laboratories) and centrifuged at 2000 rpm for 5 min in a
table-top centrifuge.

Blots were prehybridized in a solution of 3 M TMAC-50 mM Tris-
HCl (pH 7.5)-2 mM EDTA-5X Denhardfs solution [0.5% Ficoll, 0.5%
polyvinylpyrrolidone, 0.5% bovine serum albumin (Fraction V)]-0.3%
sodium dodecyl sulfate at 55Â°Cfor l h with continuous agitation.

Hybridization with the labeled oligonucleotide probes was done in 5
ml of the TMAC buffer listed above using IO7 cpm of probe. Probes

specific for mutations at each nucleotide position of a particular codon
were pooled together in equal quantities and hybridized to the blot. If
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Table 2 Oligonucleolitle primers for ras RNA/PC'R
All sequences are listed in a 5'-.V direction. In EK 224. K = T or G and in EK 225. R = A or G

EK 221: N-ras exon 1 (upstream)
EK 222: Ha-ras-1 exon 1 (upstream)
EK 223: Ki-ras-2 exon I (upstream)
EK 224: generic ras exon 1 (upstream)
EK 225: generic ras exon 2 (downstream)
EK 365: N-ras exon 1 (upstream)
EK 366: N-ras exon 2 (downstream)
EK 367: Ha-ras-1 exon 1 (upstream)
EK 368: Ha-ras-1 exon 2 (downstream)
EK 369: Ha-ras-2 exon 1 (upstream)
EK 370: Ki-ras-2 exon 2 (downstream)

GACTGAGTACAAACTGGTGGTGG
GACGGAATATAAGCTGGTGGTGG
GACTGAATATAAACTTGTGGTAG
ATGACTGAATATAAACTGGTGGTGGTKGG
GATGTACTGGTCOCTCATGGCRCTG
CGGGGTCTCCAACATTTTTCC
GTATTGGTCTCTCATGGCACT
AGGAGACCCTGTAGGAGGACC
GTACTGGTCCCGCATGGCGCT
CGGGAGAGAGGCCTGCTGAAA
GTACTGGTCCCTCATTGCACT

a mutation was detected in any of the PCR products using these
pooled probes, then that product was reprobed with each of the oligo-
nucleotide probes individually to determine which nucleotidc position
of the codon contained the point mutation. Hybridization of all probes
was carried out at 58Â°Cfor l h with continuous agitation.

The blots were sequentially washed as follows: 50 ml of 2x SSC-
0.1% sodium dodecyl sulfate at room temperature for 5 min and a
second wash for 10 min. This was followed by a quick rinse in the
TMAC buffer minus the Denhardt's solution, then a 10-min wash with

50 ml of TMAC wash buffer at the different temperatures for each of
the probes described below, and followed by a final wash with 50 ml of
TMAC wash buffer at 6PC for 50 min. The last two washes were
critical for allowing the discriminatory ability of the probes to distin
guish point mutations. The various temperatures required for the
second-to-last wash depended on the G-C content of the probes. The
specific temperatures used were as follows: 65Â°Cfor c-Ki-rai-2 12th
codon, 63Â°Cforc-Ki-rai-2 61st codon, 72Â°Cfore-Ha-ras-1 12th codon,
68Â°Cforc-Ha-/us-l 61st codon, 63Â°Cfor c-N-ras 12th and 13th codons,
and 61Â°Cfor c-N-ras 61st codon. After the washes, the blots were dried

with Whatmann 3MM filter paper and exposed to Kodak X-OMAT
film at â€”70Â°Cfor 1-15 h, the film was developed, and the data were

interpreted.

Table 3 Oligonucleotides for ras ASO probing
All sequences are listed in a 5'-3' direction. R = A or G; H = C, A, or T; V

= A. C, or G; S = G, A. orT.JN
01: Ha-ras-12(w.t.)Â°JN
02: Ha-ras-12-1JN
03: Ha-ras- 12-2JN
04: Ha-ras- 61(w.t.)JN
05: Ha-ras-61-1JN
06: Ha-ras-61-2JN
07: Ha-ras-61-3JN08:

Ki-ras-2 12(w.t.)JN09:
Ki-ras-212-1JN

10: Ki-ras-212-2JN
11: Ki-ras-2 61(w.t.)JN
12: Ki-ras-2 61-1JN
13: Ki-ras-2 61-2JN
14: Ki-ras-2 61-3JN15:N-ras-212/13(w.t.)JN

16:N-rasl2-lJN
17: N-ras12-2JN
18: N-ras13-1JN
19:N-rasl3-2JN
20: N-ras 61(w.t.)JN
21: N-ras61-1JN
22: N-ras 61-2JN
23: N-ras 6 1-3GTGGGCGCCGGCGGTGTGGGGTGGGCGCCHGCGGTGTGGGGTGGGCGCCG

HCGGTGTGGGTACTCCTCCTGGCCGGCGGTTACTCCTCCTHGCCGGCGGTTACTCCTCCVGGCCGGCGGTTACTCCTCRTGGCCGGCGGTCCTACGCCACCAGCTCCAACCCTACGCCACSAGCTCCAACCCTACGCCASCAGCTCCAACTACTCCTCTTGACCTGCTGTTACTCCTCTTHACCTGCTGTTACTCCTCTVGACCTGCTGTTACTCCTCRTGACCTGCTGTGGAGCAGGTGGTGTTGGGAAGGAGCAHGTGGTGTTGGGAAGGAGCAGHTGGTGTTGGGAAGGAGCAGGTHGTGTTGGGAAGG

AGO AGGTG HTGTTGGG AATACTCTTCTTGTCCAGCTGTTACTCTTCTTHTCCAGCTGTTACTCTTCTVGTCCAGCTGTTACTCTTCRTGTCCAGCTGT

' w.t., wild type.

PCR Of DNA

ASO Probes and Primers for Mutants

Fig. 1. Positions of oligonucleotides within
ras genes. A, primers used for PCR of genomic
DNA. B, primers used for PCR of complemen
tary DNA from mRNA. C, oligonucleotides
used for the detection of mutant sequences and
generation of positive control products by
PCR. B
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Table 4 tie novo prostate tumors: 15 untreated, 4 postradiation therapy

StageBBBBBBBBBCCCCCDIDDDDProstate

tumor celllinesLNCaPDU-145PC-3Gleasonscore583455510789776889410PloidyDiploidi

moderateproliferationDiploidi
moderateproliferationNDDiploid:

lowproliferationDiploid:
highproliferationDiploid:
highproliferationDiploid:
lowproliferationNontetraploid-aneuploidTetraploid-aneuploidNDDiploid:

moderateproliferationDiploid:
highproliferationDiploid:
highproliferationNontetraploid-aneuploidDiploid:

highproliferationNDTetraploid-aneuploidDiploidNontetraploid-aneuploidNear

tetraploidTriploidTriploidc-Ki-ras-2DNAorRNA

Codon 12CodonolDD

andRRDDDDDDD

andRD
andRRDDD

andRRDDDR

--RR

- -c-Ha-ros-1

c-N-rÃ¼iCodon

12 Codonol Codon 12/13Codonol_

_ ___
_ ___
_ ___
_ ___
_ ___
_ ___
_ __â€”
â€” --_
_ ___
_ ___
_ __+_

_ ___
_ ___
_ ___
_ __ND_

_ __â€”
â€” â€”-_

___
_ __-
- - -

" â€”,negative: +, positive for mutation: ND, not done.

RESULTS

The clinical characteristics of the tumors examined are listed
in Table 4. The Gleason scores varied from 3 to 10 and the
stage of the CaPs varied from stage B to D (the lymph node
metastasis being stage D-l). Several of these tumors are known
to have progressed to stage D-2 disease (patient follow-up). The
DNA ploidy of the samples, as determined by flow cytometry,
varied from diploid tumors with low proliferation to nontetra-
ploid-aneuploid tumors. The ploidy of the three cell lines ranged
from nontetraploid-aneuploid to near tetraploid.

Of the 17 different nucleotide positions examined (a total of
48 different possible point mutations) in each of the 19 primary
tumors and three cell lines, only one point mutation was de
tected (Fig. 2). This sample was not one of the postradiation
therapy specimens. The abnormal alÃelecontained a c-Ha-ras-
1, 61st codon, second nucleotide position mutation. The wild-

type sequence residue of adenine was changed to thymine,
guanine, or cytosine as detected by probe JN 06 (data not
shown). Because the oligonucleotide probes available to us were
already pooled for each nucleotide position, we were not able

Fig. 2. Detection of activated c-Ha-ras-1
alÃelein a human CaP. c-Ha-raj-1 PCR prod
ucts were slot blotted and hybridized with a
pool of probes (JN 05, JN 06, and JN 07) as
described in "Materials and Methods." Row A,
column I: T-3891 (normal negative control);
A2-A4: positive control mutants of Ha-61-1,
Ha-61-2, and Ha-61-3, respectively: AS, BI
BS, C1-C5: archival CaP specimens: Dl-DS,
E1-E5, and FI: fresh, frozen CaP specimens;
F2-F5 and GÃŒ-G5:blanks. Note the positive
signal in slot D3 indicating a c-Ha-ras-1 mu
tant alÃele.

B

F

G
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to evaluate the exact base change involved in that mutation.
This mutation was detected in an RNA/PCR product of a
diploid tumor with high proliferation, Gleason score 7, and
stage C disease. Because RNA was studied, this was an ex
pressed mutation. The tumor also contained cells expressing
the wild-type alÃeleas evidenced by the wild-type probe also
binding the PCR products (data not shown). No other tumors
or cell unes had this mutation or any other mutation detectable
in the three ras genes.

DISCUSSION

Fourteen primary tumors and one lymph node metastasis of
prostatic adenocarcinomas, four recurrent tumors following
radiation therapy, and three human metastatic prostate carci
noma cell lines were examined for the presence of activating
point mutations in each of the nucleotide positions in the 12th
and 61st codons of c-Ki-ras-2 and c-Ha-ras-1 genes and in the
12th, 13th, and 61st codons of c-N-ras gene. The three cell
lines, six of the primary tumors, and the lymph node metastasis
were evaluated for point mutations at the mRNA level, while
eight of the primary tumors and the four postradiation tumors
were evaluated at the DNA level because they were archival
specimens and RNA was unobtainable.

We report here that, in prostate carcinomas, only one of 19
tumors and the three cell lines established from CaP mÃ©tastases
contained an activated H-ras gene, for an incidence of approx
imately 5%. Carcinomas of the urinary tract, namely, bladder
carcinomas and renal carcinomas, have been previously sur
veyed for the presence of activating point mutations in the ras
gene family. Bladder carcinomas were found preferentially to
contain activated H-ras genes in 10% of tumors examined using
transfection assays with NIH 3T3 cells. Renal carcinomas were
found to contain activated H-ras genes in rare instances (2%)
using PCR and ASO probing methodology. It appears that in
urinary tract tumors in general ras gene activation by point
mutations is infrequent (<10%), and when it is present, it is
most likely to be in H-ras alÃeles.The only reported exception
to this was the activated K-ras alÃelefound in one of eight
prostate cancers examined using 3T3 transfection assays by
Peehl et al.

There have been suggestions that ras proteins are involved in
the metastatic ability of prostate carcinomas (31). The subpop-
ulation of cells in the primary tumor producing mutated ras
proteins is postulated to be the one with metastatic potential.
It has been shown that ASO probing for ras mutations is
sufficiently sensitive to detect point mutations present in 10-
20% of the cells in a sample (32). Having surveyed four primary
tumors known to have progressed to stage D disease, which
were all negative for ras mutations, we conclude that this
putative small population must be below the level of ASO
detection. However, since we analyzed three homogeneous cell
lines established from metastatic lesions and one lymph node
metastasis and found no mutations in these specimens, we
conclude that ras mutations are not an obligatory event in CaP
metastasis.

Since we have surveyed a wide range of tumors in terms of
stage (B-D), histolÃ³gica! grade (Gleason score of 3-10), and
DNA ploidy (diploid with low proliferation to nontetraploid-

aneuploid), we are confident that ras alÃelemutations are truly
an infrequent occurrence in prostate carcinomas. As such, the
role of ras gene mutations in the carcinogenesis of most prostate
cancers is unlikely to be of great significance. Perhaps increased

levels of expression or amplification of normal ras genes may
be of significance in the growth, differentiation, and/or met
astatic potential of prostate cancer cells. Other studies in our
laboratory evaluating the level of mRNA transcripts of the ras
genes in CaP may yield clinically relevant associations.
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