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PRITS Gene Alterations in Human Prostate Cancer
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Since loss of heterozygosity on 8p22-p21.3 has been found frequently in prostate cancer, the status of
a candidate tumor suppressor gene named PRLTS gene, recently cloned from the same region in some
human malignancies, was examined in the present study. DNAs were isolated from 69 Japanese
prostate cancer patients (37 localized and 32 cancer-death cases). Loss of heterozygosity at this gene
locus was observed in 15 of 36 (42%) localized prostate cancer patients and 22 of 32 (699) cancer-
death patients. One cancer-death patient had a missense mutation, ACG—ATG (Thr—+Met) at codon
64 in metastatic tumor tissues of pelvic lymph node and liver, and these tissues showed loss of the
homologous allele, indicating that “two-hit” mutation of the PRLTS gene had occurred in this case.
The others did not show any mutation, regardless of the presence or absence of loss of heterozygosity.
Although loss of heterozygosity at the PRLTS gene locns is a relatively common abnormality,

mutation of this gene is rare in prostate cancer.
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There have been many reports on the abnormality of
chromosome arm 8p in a variety of human tumor types,
including hepatoceltular carcinoma, colorectal carci-
noma, non-small cell lung carcinoma,” bladder carci-
noma® and prostate cancer.>* We recenily narrowed the
commonly deleted region of 8p22-p21.3 to 1.2 Mb in
human prostate cancer,” and therefore this region may
contain one or more putative tumor suppressor genes for
this tumor. Fujiwara et al.? isolated a candidate tumor
suppressor gene named PRLTS gene within this region.
Somatic mutations of this gene in colorectal carcinoma
and hepatocellular carcinoma, which showed LOH at the
loci on 8p22-p21.3, suggested a two-hit mutation in-
activation pattern in the PRLTS gene. These findings led
us to examine whether allelic losses at this gene locus and
mutations in the six exons (exons 2—7) of this gene are
present in prostate cancer. To this end, the present study
was undertaken to examine the status of the PRLTS gene
using LOH analysis, PCR-SSCP analysis, and direct
sequencing.

'MATERIALS AND METHODS

DNA preparation Tissuc samples from 69 Japanese
patients with adenocarcinoma of the prostate who were

* To whom correspondence should be addressed.

* The abbreviations used are: PRLTS, platelet-derived growth
factor receptor-like tumor suppressor; PCR, polymerase chain
reaction; SSCP, single-strand conformation polymorphism;
LOH, loss of heterozygosity; RFLP, restriction fragment length
polymorphism; PDGFR, platelet-derived growth factor recep-
tor. :
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treated at Chiba University Hospital and affiliated hospi-
tals were obtained from surgery or autopsy between

- April, 1992 and November, 1995. Each tumor was classi-

fied according to the TNM classification.” Tumor speci-
mens from 37 cases of localized prostate cancers (T2-T3
NO-N2 M0) which had been surgically removed, and
from 32 cancer-death cases at autopsy who had initially
responded to endocrine therapy and thereafter relapsed,
were used in the present study. A total of 166 samples
consisting of 69 cancerous prostates, 69 normal tissues
and 27 metastatic cancer foci obtained at autopsy from
liver, lung and pelvic lymph nodes were examined.
Tumor characteristics of these cases are summarized in
Table 1. Specimens from surgery or autopsy were frozen
immediately after removal and stored at —80°C. In
cancer-death cases, tissues were obtained 2-12 h post-
mortem. Surgically resected prostates were cut into 5 mm
serial sections, each section was examined with hemato-
xylin/eosin staining, and cancer foci were enucleated.
For autopsy cases, a piece of cancerous tissue was re-
moved and confirmed histologically. Genomic DNAs
were prepared by proteinase K digestion and phenol/
chloroform extraction. Concentrations of DNA stocks
were estimated by spectrophotometry.

PCR-LOH assay Tumor and normal DNAs were
amplified by PCR at the following 3 microsatellite loci:
D§S254 (8p22), LPL (8p22), and D8S258 (8p22). Ap-
proximately 0.1 pg of genomic DNA was amplified in
each 20-¢1 PCR reaction mixture consisting of 10 mM
Tris-HC1 (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 200 mM
of each deoxynucleotide triphosphate, 1 #M concentira-
tion of each primer, and 2.5 units of Taq polymerase
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Table I. Characteristics of 69 Prostate Cancers
Differentiation
TNM Well Moderately Poorly Total
differentiated differentiated differentiated

T2 NO-N1 MO 10 (2) 3(1) 7 (2 20 (57
T3 NO-N2 MO 3(3) 9 (4) 5 (3) 17 (0@
Cancer-death 0 () 0 (0) 32 (22)9 32 (22)9
Total 13 (5) 12 (5) 44 27y 69 (37)

Numbers in parentheses are the numbers of LOH at the
PRLTS gene locus (8p22-p21.3).

a) Removed by total prostatectomy.

b) One case showed a PRLTS gene mutation.

c) Obtained at autopsy from cancer-death patients who had ini-
tially responded to endocrine therapy and thereafier relapsed.

{Takara, Kyoto). Prior to the PCR reaction, each sense
primer was end-labeled with [7-*P]ATP and T4 poly-
nucleotide kinase. The PCR protocol consisted of 27
cycles of denaturation (94°C, 60 s), annealing (55°C, 60
s) and extension (72°C, 90 s) in a Thermal Sequencer
(Iwaki, Chiba). PCR preducts were denatured by 95%
formamide-dye and electrophoresed on polyacrylamide
gels containing 7 M urea for 2-4 h at 40 W, followed by
autoradiography. Densitometry was performed with a
Model GS8-700 Imaging Densitometer (Bio-Rad Labora-
tories, Hercules, CA). A reduction in signal intensity of
more than 509% was judged as LOH.

Southern blofting A 10 ug aliquot of each DNA sample
was digested overnight with a more than 10-fold excess of
restriction enzymes, Msp I (Takara) or Tag I (Boehringer
Mannheim GmbH, Germany), and then fractionated by
electrophoresis in agarose geis containing 1% Tris-borate
buifer. The DNAs were transferred to nylon membranes
{Hybond-N+, Amersham, Buckinghamshire, UK) in
0.1 N NaOH-0.1 M NacCl and fixed by UV cross-linking.
The 3 RFLP markers used in this study were cMSR-32
(8p22), CI8-2644 (8p21.3-p22), and CI8-1051 (8p22-
p21.3). All RFLP markers were physically localized on
chromosome arm 8p by fluorescent in situ hybridization
and linkage analysis as reported by others.*” Probes
were labeled with [@-**P]dCTP by random primer exten-
sion. Prehybridization, hybridization and auteradiogra-
phy were carried out as described previously.” The mem-
branes were stripped in 0.4 N NaOH and hybridized
repeatedly. In this study, LOH was determined according
to the same criteria as those used in the PCR-LOH assay
described above for microsatellite markers.

Search for PRLTS gene mutations by PCR-SSCP analy-
sis SSCP analysis of the PRLTS gene was performed by
PCR amplification of the six exons (exons 2-7) corre-
sponding to the coding region. PCR primers were pre-
pared in introns according to Fujiwara et al.% to amplify
each exon:
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exon 2: 5-ACC TTG TTC CTC CTG AAG AAAC-Y
(upstream),
5-ACC GAG GGC CGA ACG TTA GA-3'
(downstream)
exon 3: 5-ATT TCT CTC TCC TTA CGT TTT GC-3’
(upstream),
5-TTA CAA ATC CTC AAC CCT ACA CA-
3’ (downstream)
exon 4: 5'-CCA AGC CAA GGT CTG ATT TGC-3’
(upstream),
5-GTT CCA TTA ATG CAC CAA GTA TTT-
3’ (downstrearn)
exon 5: 5-AGC CTG TGC TCT TCC TTC CC-3" (up-
stream),
5'-CTG ACC AGG GGA CTA ACT AGA-3’
{downstream)
exon 6: 5“ACT CGG GGT ACT CAC TCT GC-3'
(upstream),
5-GGC TGA GAT GCA GGT ACA ACA-3’
(downstream)
exon 7: 5-CTT CAG TCT TTG TGG GTG TCG-3’
(upstream),
5-GTA CAC AAA TGG GCT TTC CAT AA-
3’ (downstream)

The 5'-terminal of each primer was labeled with

[»-*P]ATP using T4 polynucleotide kinase (Takara).
The PCR mixture was prepared as follows: 50 ng of
genomic DNA, 0.125 pmol of each primer, 0.3125 nmol
of each deoxynucleotide triphosphate, 10 mM Tris-HCI
buffer (pH 8.3), 50 mM KCJ, 1.5 mM MgCl,, 5% dimethyl
sulfoxide and 0.0625 U Taq polymerase (Takara) in a
final volume of 5 yl. The PCR protocol consisted of 35
cycles of denaturation (94°C, 1 min), annealing (55°C, 1
min) and extension (72°C, 1 min) in a Thermal Sequencer
(Iwaki). The PCR products were diluted with a suitable
volume of formamide-dye mixture and elecirophoresed
on 5% polyacrylamide gel containing 45 mM Tris-borate
buffer, 4 mM EDTA, 0.059% ammonium peroxydisulfate
and 5% glycerol at 4°C. After electrophoresis, the gels
were dried under vacuum and autoradiographed at
—80°C. Duplicate examinations were performed to
confirm conformation abnormality.
Direct sequencing Abnormal bands detected by SSCP
analysis were eluted from the gels and amplified on a
scale of 100 ¢l by PCR according to the manufacturer’s
instructions (Gene Amp PCR Reagent Kit, Perkin Elmer
Cetus, Norwalk, CT). Amplified DNA fragments were
electrophoresed on low-melting-point agarose gels (Sea
Plaque GTG, FMC Bio Products, Rockland, ME). After
electrophoresis, the fragments were separated from the
gels and purified by phenol/chloroform extraction fol-
lowed by ethanol precipitation. The purified PCR prod-
ucts were sequenced according to a cycle sequencing
method described previously.'® ' The sequencing prim-
ers were the same as those used for PCR-SSCP.



Statistical analysis Significant differences were calcu-
lated using Fisher’s exact test. One-tailed P values of less
than 0.05 were considered statistically significant.

RESULTS

Allelic loss at the PRLTS gene locus Since the PRLTS
gene was isolated from 8p22-p21.3,® we used RFLP and
microsatellite markers overlapping with this region.
Among 69 cases, LOH was detected in 37 (54% of 68 in-
formative cases) with at least one locus on 8p22-p21.3, A
significant association was found between allelic losses and
clinicopathological findings (Table I}, Allelic loss was
observed more frequently in cancer-death patients (22/
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32, 69%) than in localized cancers: T2 (5/20, 25%; P=
0.0394058) or T2+T3 (15/36, 42%; P=0.0225802).
Moreover, LOH was observed more frequently in poorly
differentiated adenocarcinomas (28/43, 65%) than in
well+moderately differentiated ones (9/25, 36%; P—
0.0189377). Representative autoradiograms are pre-
sented in Fig. la.

Mutational analysis of the PRLTS gene DNA samples
from 69 cases were examined with PCR-SSCP and ab-
normal bands were further analyzed by direct sequenc-
ing. Metastatic foci from pelvic lymph node and liver of
one cancer-death case (P-4) showed a variant SSCP pat-
tern in exon 3 (Fig. 1b). Direct DNA sequencing con-
firmed a point mutation, C-to-T transition, at the second

{a) LOH Analysis

D85254

LPL

P-30

(b) PCR-SSCP
Exon 3
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N T
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Fig. 1.
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(c) Sequencing
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LOH analysis at the PRLTS gene locus (a), and PCR-SSCP analysis (b) and direct sequencing (c) of the PRLTS gene.

N, normal tissue; T, primary tumor; LN, metastatic tissue of lymph node; Li, metastatic tissue of liver. a, Arrows indicate
allelic loss. LOH was observed at LPL in case P-30 (T2 NO MO, well differentiated adenocarcinoma), at D85254 in case P-13
{T3 NO MO, poorly differentiated adenocarcinoma) and at CI8-1051 in both primary and metastatic tumors in case P-4 (cancer-
death, poorly differentiated adenocarcinoma). b, Abnormally shifted bands (arrow) were observed in the metastatic tissues of
pelvic lymph node and liver of case P-4. ¢, Codon number is used according to Fujiwara et al.® In case P-4, C-to-T transition at
codon 64 resulted in a substitution of Met (ATG) for Thr (ACG) in metastatic tumors of both lymph node and liver. Case P-4
is 80 years old, staged as T3 NX MO, with poorly differentiated adenocarcinoma (Gleason score 5-4) in a biopsy specimen of
the prostate. After 2 years and 2 months of endocrine therapy (castration and antiandrogen), this patient had a relapse, and 1
year later he died of widespread metastases of prostate cancer. The tissues examined were obtained at autopsy.
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position of codon 64, resulting in a substitution of Met
for Thr (Fig. 1c) in the lymph node metastasis. In this
case, the other metastatic site (liver) was also examined
and the same mutation at codon 64 of the PRLTS gene
was found. However, the cancerous tissue in the prostate
of the same patient showed LOH at this gene locus
without any point mutation of the PRLTS gene. Except
for case P-4, no PRLTS gene mutation was found in the
cancerous tissues of primary and metastatic foci from
any of the other patients, regardless of the presence or
absence of LOH.

DISCUSSION

Previously, we reported frequent loss of heterozygosity
within a 1.2 Mb region of 8p22-p21.3” flanked by the
markers ¢cMSR-32 and CI8-1051 in prostate cancers. In
the present study, LOH in this region was examined in a
larger number of cases and a similar incidence to the
previous result was obtained: 22 out of 32 (69%) cancer-
death cases vs. 15 out of 36 (429%) localized tumors (T2-
T3, P=0.0225802). Therefore, this region may be cor-
related to the progression of prostate cancer.

From the same chromosomal region of 8p22-p21.3, a
candidate tumor suppressor gene, the PRLTS gene, was
isolated in hepatocellular carcinoma, colorectal carci-
noma, and non-small cell lung carcinoma.® The pre-
dicted product of the PRLTS gene bears a significant
homology (27% identity) with the ligand-binding domain
of a receptor-type tyrosine kinase, PDGFR-3, and this
suggests an antagonistic interaction between PDGF and
its receptor. Somatic mutations of the PRLTS gene were
observed in one colorectal cancer and two hepatocellular
carcinomas with LOH on 8p22-p21.3. The PRLTS gene
in the three tumors had sustained two-hit mutations,
indicating that development or progression of these
tumors may be explained by inactivation of the PRLTS
gene. In the present study, the metastatic sites of one
cancer-death case of prostate cancer had also undergone
a two-hit mutation inactivation of the PRLTS gene by
loss of the second allele and a missense mutation, which
may be related to acquisition of metastatic ability, be-
cause the primary prostate foci revealed only LOH with
no mutation of the PRLTS gene. Since the missense
mutation in the present study (codon 64, Thr->Met) was
different from those reported in colorectal cancer {(coden
23, His—=Tyr) and hepatocellular carcinoma (codon 302,
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