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Abstract

To identify methylation-silenced genes in prostate cancers, a
microarray analysis for genes up-regulated by treatment with
a demethylating agent, 5-aza-2-deoxycytidine, was performed
using three rat prostate cancer cell lines. Eight genes (debpl,
Dysf, Gas6, LOC361288, Nnat, Ocm, RGD1308119, and Tgfbr2)

ere re-expressed at 16-fold or more, and their promoter CpG
islands were shown to be densely methylated in the cancer cell
lines. From the eight genes, Tgfbr2, a key mediator of
transforming growth factor-33 (TGF-3) signaling that has been
strongly implicated in human and rat prostate carcinogenesis,
was selected, and its silencing in primary samples was
analyzed further. Tgfbr2 was methylated and markedly
down-regulated in three of seven 3,2-dimethyl-4-aminobi-
phenyl-induced invasive adenocarcinomas in the dorsolateral
lobe of the rat prostate. In humans, marked down-regulation
of TGFBR2 protein was observed in 12 of 20 high-grade
prostatic intraepithelial neoplasia and 36 of 60 prostate
cancers. DNA methylation of the human TGFBR2 promoter
CpG islands repressed transcription, if present, but neither
methylation nor mutation were detected in 27 human prostate
cancers analyzed. Methylation silencing of rat Tgfbr2 was
associated with histone H3 lysine 9 trimethylation, whereas
decreased expression of human TGFBR2 was mainly due to
decreased transcription activity, sometimes in concert with
histone deacetylation and H3 lysine 27 trimethylation. The
identification of methylation silencing of Igfbr? in rat
prostate cancers, in accordance with TGFBR2 down-regula-
tion in human prostate cancers, will enable us to analyze how
aberrant methylation is induced in vive and identify factors
that promote and suppress the induction of aberrant
methylation. [Cancer Res 2008:68(7):2112-21]

Introduction

Gene silencing due to DNA methylation of promoter CpG islands
(CGIs) is one of the major mechanisms of tumor-suppressor gene
inactivation, along with mutations and loss of heterozygosity (1).
Many methylation-silenced tumor-suppressor genes have been
identified, and more will be revealed by genome-wide procedures
(2). In contrast, limited information is available on the mechanism
.of how methylation silencing is induced i vive and on the factors

Note: Supplementary data for this article are available at Cancet Research Online
(http://cancerres.aacrjournals.org).
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that promote or suppress aberrant methylation. For example,
although chronic inflammation is known to be an inducer of
aberrant methylation in humans (3), the exact effector cells and
molecular changes in target cells are unknown. To address these
questions, animal models are indispensable. However, because we
select models by the presence of dense methylation of a promoter
CGI in cancer and by the meaningful expression of its downstream
gene in the corresponding normal tissue, only a limited number of
methylation-silenced genes have thus far been identified in animal
models (4-7).

Prostate cancer is one of the leading causes of cancer death in
men in most developed countries (8). To analyze molecular,
cellular, and physiologic events in prostate carcinogenesis, rodent
models have been used. Particularly in rats, prostate cancers can be
induced in an age-dependent manner in ACI/Seg and Lobound-
Wistar strains, or by chemical carcinogens, and the effects of
androgens have been clearly shown (9). If methylation-silenced
genes involved in prostate carcinogenesis are found in rat prostate
cancers, they will enable us to analyze the molecular processes of
how aberrant methylation is induced in vivo as well as the factors,
including hormones, that influence the process.

To identify methylation-silenced genes in rat prostate cancers, a
chemical genomic screening method (2) was adopted for its
efficiency. This method screens genes re-expressed after treatment
with the demethylating agent 5-aza-2-deoxycytidine (5-aza-dC),
using a microarray. It is technically simple, and effective in
identifying methylation-silenced genes using cell lines. Three rat
prostate cancer cell lines, PLS10, PLS20, and PLS30 have been
established from three prostate cancers in the dorsolateral lobes
independently induced by 3,2-dimethyl-4-aminobiphenyl (DMAB)
plus testosterone in male F344 rats (10, 11).

Here, we report the results of a chemical genomic screening
using PLS10, PLS20, and PLS30 cell lines. Among the genes whose
methylation silencing was confirmed, the transforming growth
factor-p (TGF-P) receptor type Il gene (7gfbr2), a key mediator of
TGF-§ signaling that has been strongly implicated in human and
rat prostate carcinogenesis (12-19), was identified. We further
analyzed Tgfbr2 methylation and expression both in ratand human
prostate cancers.

Materials and Methods

Cell lines and their 5-aza-dC or trichostatin A treatment. PLS10
(well-differentiated adenocarcinoma), PLS20 (poorly differentiated adeno-
carcinoma), and PLS30 (well-differentiated adenocarcinoma) were estab-
lished from three independent transplantable tumor lines induced by
DMAB plus testosterone propionate in the dorsolateral lobes of F344 rats,
and maintained as reported (11). Human prostate cancer cell lines (PC3,
LNCaP, DU145, MDA-PCa-2b, and 22Rvl) and prostatic epithelial cells
immortalized by papillomavirus 18 (RWPE-1) were purchased from the
American Tyvpe Culture Collection,

Cancer Res 2008; 68: (7). April 1, 2008
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Table 1. Eight genes silenced in rat prostate cancer cell lines

Gene symbol CpG island Methylation and expression induction Gene title

(bp)

PLS-10 PLS-20 PLS-30

Aebpl 500 M* M M AE binding protein 1 (predicted)
Dysf 300 M M* M Dysferlin (predicted)
Gasé 500 M* M M’ Growth arrest-specific 6
LOC361288 500 M* u U Similar to FUN14 domain containing 2 (predicted)
Nnat 500 M* M’ ! Neuronatin
Ocm 300 M* M* M/uU* Oncomodulin
RGDI1308119 500 M* M M Similar to F-box protein FBL2
Tefbr2 500 M/U M* M TGF-B receptor II

Abbreviations: M, methylated; U, unmethylated,
*=16-fold increase.
T 24-fold increase.

For treatment with 5-aza-dC, 2 x 10° cells (1 ¥ 10° cells for PLS-10)/10
cm dish were seeded on day 0, and exposed to freshly prepared 10 gmol/L
5-aza-dC (Sigma) for 24 h on days 1 and 3. This dose suppressed cellular
growth rates to approximately half of nontreated cells. After each treatment,
the cells were placed in fresh medium and harvested on day 4. For
treatment with trichostatin A (TSA), cells were seeded at a half-confluent
density, and exposed to 100, 300, and 1,000 nmol/L of TSA (Sigma) for
24 h until harvest. Genomic DNA was extracted by standard phenol/
chloroform procedures. Total RNA was extracted using ISOGEN (Nippon
Gene) and purified using an RNeasy Mini kit (Qiagen).

Primary prostate cancers and immunohistochemistry. To induce
prostate cancers, 6-week-old male F344 rats underwent subcutaneous
injection of 100 mg/kg of testosterone propionate and 50 mg/kg of DMAB,
which was repeated 10 times in a 2-week cycle, followed by the subcutaneous
implantation of a Silastic tube containing 40 mg of testosterone propionate
(10). The prostate was resected en bloc, examined for gross abnormalities,
and fixed in 10% buffered formalin. One sagittal slice was prepared for each
lobe, and embedded in paraffin. A 4-pm-thick section was stained with H&E.
Organ-confined prostate cancers were obtained from 60 patients (ages 49-77,
stage II-IV, Gleason pattern 2-5) who underwent prostatectomy. None of
these cancer patients had previously undergone chemotherapy, radiotherapy,
or hormonal therapy. All histologic diagnoses were made by experienced
pathologists (S. Takahashi and T. Shirai). DNA from formalin-fixed, paraffin-
embedded tissue sections was extracted by heating the sections at 100°C for
20 min under pH 12 (20). The animal experiment protocols were approved by
the Committee for Ethics in Animal Experimentation at the National Cancer
Center.

TGFBR2 immunohistochemistry in rat and human prostate cancers was
performed using polyclonal anti-TGFBR2 antibody (L-21, Santa Cruz
Biotechnology). The areas with TGFBR2 protein expression were quantita-
tively measured by an Image Processor for Analytical Pathology (IPAP-WIN,
Sumika Technoservice), and regions that had an absorbance of one-third or
less of the normal prostate were considered to have TGFBR2 down-
regulation.

Oligonucleotide microarray analysis and database search. Oligonu-
cleotide microarray analysis was performed using a GeneChip Rat Genome
230 2.0 Array (Affymetrix) and GeneChip Operating Software as in our
previous studies (21, 22). Database searches were carried out at a GenBank
web site, and CGI were searched for based on (a) CpG score = 0.65, (b)
G + C content = 55%, and (c) length (=200, 2300, or =500 bp). )

Methylation-specific PCR and bisulfite sequencing. DNA from cell
lines was digested by BamHI and 1 g of digested DNA was denatured in 0.3
N NaOH at 37°C for 15 min. DNA from formalin-fixed, paraffin-embedded
tissue sections was used without digestion (0.2-0.5 pg each). The samples in

3.6 N sodium bisulfite (pH 5.0) and 0.6 mmol/L of hydroquinone underwent
15 cycles of 30-s denaturation at 95°C and 15-min incubation at 50°C,
desalted and desulfonated with Zymo-Spin IC Columns (Zymo Research),
and were dissolved in 16 to 40 uL of TE buffer.

Methylation-specific PCR (MSP) was performed with a primer set
specific to the methylated or unmethylated sequence (M or U set), using
05 pL (20 pL for DNA from formalin-fixed tissue) of the sodium
bisulfite-treated DNA. DNA methylated with SssI methylase (New
England Biolabs) and DNA amplified by a GenomiPhi DNA amplification
kit (GE Healthcare Bio-Sciences) was used as fully methylsted and
unmethylated control DNA, respectively (23). Bisulfite sequencing was
performed with primers common to methylated and unmethylated DNA
sequences, using 0.5 pL (L0 pL for DNA from formalin-fixed lissue) of
the sodium bisulfite-treated DNA (22). Primer sequences are shown in
Supplementary Table S1.

Quantitative reverse transcription-PCR and 5-rapid amplification
of cDNA ends. cDNA was synthesized from 1 jg of total RNA using a
QuantiTect Reverse Transcription Kit (Qiagen) with a random primer. Real-
time PCR was performed using the 7300 Real-Time PCR System (Applied
Biosystems) with SYBR Green Real-Time PCR Master Mix (Toyobe; ref. 22).
The copy number of a target gene was normalized to that of GAPDH in
human and cyclophilin A (Ppia) in rat (24). Primer sequences are shown in
Supplementary Table S2.

Rapid amplification of 5 complementary DNA ends (5 RACE) was
performed using a GeneRacer kit (Invitrogen) on ¢cDNA from AT6.3 and
MAT-LyLu rat prostate cancer cell lines that abundantly expressed Tzfbr2.
After the first and second PCR using LA Taq (Takara Bio), the PCR product
was cloned into a pGEM-T Easy Vector (Promega), and a total of 54 clones
were sequenced using a DYEnamic ET Terminator Cycle Sequencing Kit
(GE Healthcare Bio-Sciences) and an ABI310 DNA sequencer (Applied
Biosystems).

Chromatin immunoprecipitation analysis. Cells (15 * 10°) were
treated with 1% formaldehyde for 10 min at room temperature for cross-
linking, and the reaction was quenched by adding glycine. Cells were lysed
in the SDS lysis buffer containing protease inhibitors (Upstate), and DNA
was sonicated to a size of 100 to 3,000 bp by Bioruptor UCD-250 (Cosmo
Bio). To the sonicated solution, anti-K4 dimethylated histone H3 (H3K4me2,
Upstate), anti-K9 trimethylated histone H3 (H3K9me3, Upstate), or anti-K27
trimethylated histone H3 (H3K27me3, Upstate) was added, and the mixture
was incubated at 4°C overnight with rotation. The resultant immune
complexes were collected using Dynabeads protein G (Invitrogen Dynal AS),
and washed with Immune Complex Wash Buffer (Upstate). The cross-link
was reversed by incubation for 5 h at 65°C in the presence of 0.3 mol/L of
NaCl. DNA was recovered by treatment with RNase and proteinase K,

www.aacrjournals.org
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phenol/chloroform extraction, and isopropanol precipitation. The number
of DNA molecules precipitated from a specific starting volume of the
sonicated solution was compared with the number of DNA molecules in the
same volume of the sonicated solution (whole cell extract). The number of
DNA molecules was quantified by real-time PCR (primer sequences in
Supplementary Table S1).

Luciferase reporter assay using a promoter with DNA methylation
of a specific region. The 5’ region of human TGFBR2 was amplified using

an upper primer (5-CCAGGAATGTCTTGGGCAAA-3') and a lower primer
(5"-CCAGCGCAGCGGACG-3') and cloned into a Smal site of the pGL3-
Basic vector (Promega). To methylate a specific region within the reporter
plasmid, the region was excised and methylated twice by Sssl methylase.
The methylated DNA fragment and the mock-treated DNA fragment
(treatment without S-adenosylmethionine) were ligated back into the
remaining arm using Ligation high (Toyobo). Nonessential regions within
the reporter plasmid were digested with Sacl, BamHl, and Fspl. Then,
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Methylation-silencing of Tgftr2 in rat prostate cancer cell lines induced
Tafbr2. The TSSs were identified by 5' RACE of AT6.3 and MAT-LyLu cell lines. +71,
07.2, 120680453). Vertical lines, individual CpG sites; gray box, CGI region; open boxes, noncoding and coding exons; arrows
hIP primers. B, resulls of bisulfite sequencing in rat prostate cancer cell lines

by DMAB and testosterone. A, map of a promoter CGl, TSSs, and exon 1 of rat
Tgfbr2 TSS in the National Center for Emtnr_h 10logy Information database
TSSs; thi

and PLS30. C, Tgfbr2 methylation status in rat prostate cancer cell ines analyzed
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Figure 2. Methylation-silencing of Tgfbr2 in rat primary prostate cancers |
induced by DMAB and tesiosterone. A, methylation analysis in seven |
invasive adenocarcinomas of the dorsolaleral lobas (Ca1-7) and five
noninvasive adenocarcinomas of the ventral lobe (Ca8—12). Methylation was
detected by MSP in three invasive adenocarcinomas. B, representative
results of immunohistochemistry of invasive adenocarcinomas with and
without Tgfbr2 methylation (Caf and Ca5, respectively) using anti-Tgfbr2
antibody. Marked decrease in Tgfbr2 prolein expression was detected in the
three invasive adenocarcinomas with methylation although it was not
detacted in those without. C, bisulfite sequencing of Tgfbr2 in primary rat
prostate adenocarcinomas. DNA molecules with dense methylation were
detected in Cal but not in Ca5

a Sacl-BamHI fragment that contained TGFBR2 promoter and luciferase
cDNA was recovered after electrophoresis in an agarose gel.

Along with a control plasmid for transfection efficiency (3 ng phRL-TK;
Promega). 30 ng of the Sacl-BamHI fragment was transiently transfected
into PC3 cells using Lipofectamine 2000 transfection reagent (Invitrogen)
with Opti-MEM | Reduced-Serum Medium (Invitrogen) in a 96-well format.
At 24 h after transfection, cells were harvested, and luciferase activity was
measured with the Dual-Luciferase Reporter Assay System (Promega) in a
Lumat LB 9507 (Berthold Technologies). Each transfection and measure-
ment was performed in triplicate.

Sequencing analysis for mutation analysis of human T'GFBR2. The
polyadenylic acid tract in exon 3 of TGFBR2 (nucleotides 831-840 of
NM_001024847), the target region of microsatellite instability (25), was
amplified using Phusion high-fidelity DNA polymerase with HF Buffer (New
England Biolabs). The product was sequenced with inner primers
(Supplementary Table §2).

Results

Genes up-regulated by 5-aza-dC treatment and their
methylation analysis. Three rat prostate cancer cell lines

www.aacrjournals.org

(PLS10, PLS20, and PLS30) were treated with 10 pmol/L of 5-aza-
dC, and up-regulated genes were searched for using an oligonu-
cleotide microarray. Among >28,000 genes and expressed sequence
tags analyzed by the microarray, 47, 13, and 10 annotated genes (59
nonredundant annotated genes), respectively, were up-regulated at
16-fold or more (signal log ratio =4) in the three cell lines
(Supplementary Tables $3 and $4). The presence of a putative
promoter CGI was examined by a database search, and 10,3, and 1
genes (12 nonredundant genes) were found to have CGIs that
spanned 300 bp or more (Supplementary Table $3). Genes with
these CGIs were considered as candidates for novel methylation-
silenced genes in rat prostate cancers,

To examine whether the induction of these genes by 5-aza-dC
treatment was due to demethylation of promoter CGls, the
methylation statuses of the putative promoter CGIls were analyzed
by MSP. The CGIs of eight genes (Aebpl, Dysf Gas6, LOC361288,
Nnat, Ocm, RGD1308119, and Tgfbr2) were completely methylated
before the treatment and demethylated after the treatment in at
least one of the three rat prostate cancer cell lines (Table 1), The
up-regulation of mRNA expression of these eight genes detected by

Cancer Res 2008; 68: (7). April 1, 2008
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ncing due to dense methylation of its CGI, and its rare occurrence among human cancer cell lines. A, map of the promoter region and a
CGl overlapping human TG +1, TSS from the National Center for Biotechnology Information database (NC_000003.10, 30622998). Multiple TSSs reported
(30) are also shown. *, a specific CpG site at nuclectide —140 (nucleotide —96 in this article) reported in ref. 36. B, structure of the Sacl-BamHI| DNA

fragment used for the luciferase reporter assay (top). A DNA fragment spanning from —893 to +349 of human TGFBR2 was ligated to the luciferase reporter
gene. Boftom, luciferase activity of the reporter constructs with and without methylation of specific regions of the TGFBR2 promoter. Open and closad boxes,
unmethylated and methylated regions, respectively. The promoter aclivities were narmalized to the activity of the cotransfected phRI -TK vector. Compared with
the control without methylation, a reporter construct with methylation of regiens 1 and 2 showed a marked decrease in luciferase activity. A fragment that had
methylation of the entire reporter plasmid showed no transcription activity. Colurmns, mean; bars, SD. C, MSP of TGFBR2 in five human prostate cancer cell lines
and immortalized prostate epithelial cells (RWPE-T). Screening of 33 human cancer cell lines in the same manner showed that TGFBA2 methylation was rare. D
real-time reverse transcription-PCR analysis of TGFBR2 mRNA expression in human prostate cancer cell lines and RWPE-1. The expression was down-regulated to
<107* of that of GAPDH in LNCaP and to <10~ in MDA-PCa-2b and 22Rv1

Figure 3. Human TGFBRZ siler
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the microarray was confirmed by quantitative reverse transcription-
PCR (Supplementary Table S5). These eight genes were considered
to be methylation-silenced in the rat prostate cancer cell lines.
Methylation silencing of Tgfbr2 in rat prostate cancer cell
lines. Interestingly, among the eight genes, Tgfbr2, a key mediator
of TGF-B signaling that has been implicated in human and rat
prostate carcinogenesis (12-19), was present. The methylation
silencing of Tgfbr2 was analyzed further. Generally, for methyl-
ation silencing, a dense DNA methylation of a region within a

www.aacrjournals.org

promoter CGI, specifically a region devoid of nucleosome just
upstream of a transcription start site (TSS; nucleosome-devoid
region), is critical (26, 27). To search for any Tgfbr2 TSSs
additional to the one reported in osteoblasts (28), we performed
the 5° RACE method using rat prostate cancer cell lines. Several
TSSs were found to be located from +13 to +173 of the reported
Igfbr2 TSS (NM_031132.3, National Center for Biotechnology
Information; Fig. 14), and the region analyzed by MSP was

located at —178 to —22 of the multiple TSSs, Because this region

Cancer Res 2008; 68: (7). April 1, 2008
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corresponded to the critical region involved in transcription: DNA molecules before the 5-aza-dC treatment (Fig. 1B),
repression, the presence of dense methylation was confirmed by consistent with the results by MSP (Fig. 1C).
bisulfite sequencing. PLS20 and PLS30 had only methylated DNA The absence of Tgfbr2 expression before the 5-aza-dC treatment

molecules, and PLS10 had both methylated and unmethylated and its re-expression after the treatment were confirmed by

A B x 10°
5
l |
P(.‘.:ih ' - —
1 X387 = 4
F
LNCaP5 X33 e 3
o~
& g 2
DU145 - X 55.2 E T
® PGL3 Basic l-(:-’ g 1 ? P
X 6. O TGFBR2
22Rv1 b 69 ﬁ i 2 5881
0 10 20 30 40 50 TSA 5-aza-dC TSA 5-aza-dC
Relative luciferase activity (Flreﬂy [ Renilla x 100) (pmom_) 0 01 03 1 1 10 0o 01 03 1 1 10
c LNCaP 22Rv1
Rat JH3K4me2 FIH3K9me3 M H3K27me3
20 37
AT6.1 :é/ PLS20
S 15
- L
: m
L ] /A
: | N
e s : 7 é
[ A T []
7 P =l -"-
Tgfbr2-1  Tgfbr2-2 Actb Tafbr2-1  Tgfbr2-2 Actb
Human [JH3K4me2 FIH3K9me3 M H3K27me3
20
PC3 LNCaP
15
L
= 5
<
v o L oo [
w
g 20
a DU145 22Rv1 .
15
10 —
5 - | -‘F
0 =1 l.mm . H — 1

TGFBR2-1 TGFBR2-2 ACTB TGFBR2-1 TGFBR2-2 ACTB

Figure 5. Transcriptional capacities and histone modifications of the Tgfbr2 (TGFBRZ) promoter in rat and human prostate cancer cell lines, A4, luciferase reparter
assay using a 1,242 bp DNA fragment covering the human TGFBRZ promoter and TSSs. The DNA fragment had a 38.7-fold, 3.3-fold, 55.2-fold, and 6.9-fold
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rat cell line without (PLS20) had increased H3K9me3. In contrast, human prostate cancer cell lines had both H3K4me2 and H3K27me3. Especially, a cell line

with decreased TGFBR2 expression (LNCaP) had H3K27me3. IP, immunoprecipitated; WCE, whole cell extract (input).
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quantitative reverse transcription-PCR in PLS20 and PLS30 cells
(Fig. 1D). The re-expression was associated with the appearance of
unmethylated DNA molecules by MSP (Fig. 1C). Expression of
Tgfbr2 in the normal prostate, which is important for functional
gene silencing in cancer, was confirmed. We concluded that Tgfbr2
was methylation-silenced in PLS20 and PLS30 rat prostate cancer
cell lines,

Tgfbr2 silencing in rat primary prostate cancers. DNA
methylation of the Tgfbr2 promoter CGI and its decreased protein
expression were analyzed in rat primary prostate cancers induced
by DMAB and testosterone. Using MSP, methylation was detected
in three of seven invasive adenocarcinomas in the dorsolateral
lobe, but in none of five noninvasive adenocarcinomas in the
ventral lobe (Fig. 24). Using immunohistochemistry, protein
expression was found to be markedly decreased in the three
invasive adenocarcinomas with methylation, but was not decreased
in the remaining four invasive adenocarcinomas or in any of the
five noninvasive adenocarcinomas (Fig. 2B). The results obtained
by MSP were confirmed by bisulfite sequencing of two represen-
tative samples with and without methylation (Fig. 2C). These data
showed that the Tgfbr2 gene was methylation-silenced in rat
primary prostate cancers induced by DMAB and testosterone.

Methylation silencing of human TGFBR2, and its rare
occurrence, In humans, silencing of TGFBR2 due to dense DNA
methylation of its promoter CGI has been reported in a limited
number of cell lines (29), but has not been found in any primary
cancers. Unlike that of rat Tgfbr2, the “promoter CGI” of human
TGFBR2 is located mainly in its first exon, based on its well-
documented multiple TSSs (Fig. 34; ref. 30), and CpG density
becomes lower in the promoter region. It is now known that DNA
methylation of a nucleosome-devoid region is critical for gene
silencing (26, 27), and that methylation of a promoter region with
intermediate or low CpG density does not necessarily repress the
transcription of its downstream gene (31). Therefore, we decided to
examine whether or not dense methylation of varidus regions of
human TGFBR2 could cause its silencing,

First, a 1,242 bp DNA fragment covering the human TGFBR2
TSSs and its promoter region was cloned. Then, the entire
fragment or three regions (regions 1, 2, and 3; shown in Fig. 34
and B) and their combinations were specifically methylated, and
the effect was analyzed by a reporter assay. Methylation of region
1 only (—893 to +39) and methylation of region 3 only (+104 to
+349) reduced the promoter activity to half of their unmethylated
controls (Fig. 3B). On the other hand, methylation of regions
1 and 2 (—893 to +104) reduced the activity to 6% of its
unmethylated control. These data showed that dense methylation
of the human TGFBR2 CGI, if present, can repress transcription,
and indicated that methylation of region 2 is indispensable. Due
to the short size of region 2, data on methylation of region 2 only
could not be prepared.

MSP primers were designed in region 2 (MSP-3), the possible
nucleosome-devoid region, encompassing most TSSs, and methyl-
ation status was screened in 33 human cancer cell lines (five
prostate, six ovarian, six lung, seven pancreatic, and nine stomach
cancer cell lines; data for prostate cancers in Fig. 3C). Only TYK-nu
(ovarian) and MIAPaCa-2 (pancreas) had TGFBR2 methylation
(data not shown). The lack of methylation in three prostate cancer
cell lines (PC3, LNCaP, and DU145) was confirmed by bisulfite
sequencing (Fig. 3C). When TGFBR2 mRNA expression was
examined, it was down-regulated to <10 of that of GAPDH in
LNCaP and to <10™? in MDA-PCa-2b and 22Rv1 (Fig. 3D). These

data showed that silencing of TGFBR2 due to dense methylation of
its promoter region was rare among human cancer cell lines and
absent in the five human prostate cancer cell lines analyzed.

Lack of methylation of the TGFBR2 nucleosome-devoid
region, but its frequent down-regulation in primary human
prostate cancers. Methylation of the possible nucleosome-devoid
region (MSP-3) was analyzed in 27 primary human prostate
cancers by MSP. However, none of them showed methylation
(Fig. 44). It has been reported that TGFBR2 expression is markedly
down-regulated in human prostate cancers (14-16), and we
confirmed this. Following immunohistochemical analysis of the
20 high-grade prostatic intraepithelial neoplasia (HGPIN), the 27
cancers, and an additional 33 cancers, down-regulation of TGFBR2
protein was observed in 12 of 20 HGPIN and 36 of 60 prostate
cancers (Fig. 4B and C). There was no correlation between
expression levels of TGFBR2 protein and histologic grade in human
prostate cancers. Finally, as a possible mechanism for decreased
TGFBR2 expression, its mutations were searched for. Mutations
were only detected in two prostate cancer cell lines (22Rvl and
MDA-PCa-2b), but not in the 27 primary prostate cancers analyzed
(Fig. 4D).

Contrastive histone modifications in the rat and human
prostate cancer cell line with down-regulated Tgfbr2 expres-
sion. To analyze the molecular mechanisms causing down-
regulation of TGFBR2 in human prostate cancer cell lines (LNCaP
and 22Rvl), we first analyzed their transcriptional capacity by a
luciferase reporter assay using a 1,242 bp DNA fragment covering
the human TGFBR2 promoter and TSSs. The transcriptional
capacity of LNCaP and 22Rv]l was significantly lower than that
of PC3 and DU145 (Fig. 5A4), although precise comparison of
transcription activities among different cell lines was difficult
because transfection and/or luminescence efficiencies were highly
variable (Supplementary Table S6). We also analyzed the histone
acetylation status in rat and prostate cancer cell lines by observing
the effect of 5-aza-dC or TSA, a histone deacetylase inhibitor,
LNCaP showed marked re-expression of 7GFBR2 mRNA after TSA
treatment whereas 22Rvl did not (Fig. 5B). This showed that, in
addition to decreased transcription capacity, histone deacetylation
was involved in the decreased TGFBR2 expression in LNCaP, but
not in 22Rvl.

Histone methylation status was further analyzed by chromatin
immunoprecipitation (ChIP) assays in the rat and human prostate
cancer cell lines. A rat cell line with 7gfbr2 methylation silencing
(PLS20) had increased H3K9me3, a typical mark for inactive
chromatin (32), whereas another rat cell line with Tgfbr2
expression (AT6.1) had increased H3K4me2, a typical mark for
active chromatin (ref. 32; Fig. 5C). In contrast, human prostate
cancer cell lines had both H3K4me2 and H3K27me3, and LNCaP,
which had histone deacetylation, had a marked increase of
H3K27me3 (Fig. 5C). These suggested that the loss of Tgfbr2
expression in a rat prostate cancer cell line (PLS20) was due to
DNA methylation, accompanied by the H3K9me3 modification, and
that the decreased TGFBR2 expression in a human prostate cancer
cell line was due to decreased transcriptional capacity in concert
with (LNCaP) or without (22Rv1) histone deacetylation and H3K27
trimethylation.

Discussion

Silencing of Tgfbr2 was identified in invasive adenocarcinomas
of the dorsolateral lobe of the rat prostate. This is the first report
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of Tgfbr2 silencing in animal cancers of any tissue, and of gene
silencing in rat prostate cancers. In animal models, only a limited
number of genes are known to be silenced by dense methylation
of a region just upstream of a TSS, within a CGI, a nucleosome-
devoid region (26, 27), in skin, lung, hematologic, and renal
cancers (4-7). Our finding of Tgfbr2 silencing in prostate cancers
will enable us to analyze the processes of how aberrant
methylation is induced in vivo and the factors that promote
and suppress the induction of aberrant methylation, including
testosterone. Mouse prostate cancers induced by the SV40
polyoma virus early region are known to be prevented by a
demethylating agent, 5-aza-dC (33), but the genes responsible are
still indefinite.

Functional involvement of Igfbr2 (TGFBR2) down-regulation
in rodent and human prostate carcinogenesis is strongly
supported in the literature. In rats, loss of TGF-f responsiveness
in prostate epithelial cells causes malignant transformation (18),
and prostate cancer sublines with high metastatic potential,
MAT-LyLu and AT-3, show loss of Tgfbr2 protein (19). In
mice, dominant negative Tgfbr2 mutant expression increased
metastasis in the prostate of the TRAMP model (34), and
conditional inactivation of Tgfbr2 in fibroblasts resulted in
intraepithelial neoplasia in the mouse prostate (35). In human
prostate cancers, impaired TGF-f3 signaling, for which TGFBR2 is
a key mediator, is likely to be deeply involved (12). Factors
supporting this include, first, that TGF-p functions as an inducer
of apoptosis in the normal prostate (12, 13); second, TGFBR2
expression is reduced or lost in prostate cancers (14-16), as
confirmed in this study; and third, overexpression of TGFBR2
restores sensitivity of prostate cancer cells to apoptosis (12, 17).
All these strongly indicate that 7gfbr2 silencing is causally
involved in rat prostate carcinogenesis, and suggest that TGFBR2
down-regulation could be causally involved in human prostate
carcinogenesis.

Human TGFBR2 silencing due to dense methylation of its
promoter region was first reported in lung cancer cell lines (29).
Here, we showed that a critical region for its silencing was
located just upstream of the human 7TGFBR2 multiple TSSs
(region 2, MSP-3), and that dense methylation of the region can
repress its transcription. However, in human primary prostate
cancers, I'GFBR2? silencing by dense methylation was not
detected. The initial report on human TGFBR2 silencing did not
analyze primary cancers (29). These findings suggest that TGFBR2
methylation silencing is very rare in human primary cancers.
Methylation of a specific CpG site at —96 (nucleotide —140 in the
original report) was reported to correlate with reduced TGFBR2
expression in prostate cancer cell lines (36). However, we were
not able to observe the correlation between methylation of the
specific CpG site and transcription, or to detect dense
methylation in any regions around the TSSs (MSP primers 1-5;
Fig. 34 and C).

The rare occurrence of 7GFBR2 methylation silencing in
human primary cancers was in sharp contrast with the frequent
occurrence of Tgfbr2 methylation silencing in rat invasive
prostate cancers. Methylation silencing of genes other than
TGFBR2 are frequently observed in human prostate cancers (37).
As a mechanism for the decreased TGFBR2 expression, we first
looked for 7GFBR2 mutations, but could not observe any. Then
we analyzed transcriptional capacity and histone modifications.
and revealed the presence of contrastive mechanisms between
rats and humans. In the rat prostate cancer cell lines with
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Tgfbr2 methylation silencing (PLS20 and PLS30), Tgfbr2 expres-
sion levels were almost zero (Fig. 1D), their promoter regions
were densely methylated, and had histone modification
(H3K9me3) typical for inactive chromatin. In contrast, the human
prostate cancer cell lines with decreased TGFBR? expression
(LNCaP and 22Rvl) had very low levels of expression (Fig. 58),
decreased transcriptional capacity, and histone deacetylation and
H3K27 trimethylation (LNCaP). The relative location of a CGI
against the TSSs was markedly different between human and rat
sequences, the human CGI mainly in exon 1 and the rat CGI
mainly in the promoter region, and could be responsible for the
contrastive mechanisms for the decreased Igfbr2 (TGFBR2)
expression.

The induction mechanism of rat Tgfbr2 silencing in the prostate
is an interesting issue. Androgen exposure, a critical promoting
factor of prostate cancers, is known to down-regulate Igfbr2
expression at the transcriptional level (38, 39), and transcriptional
repression is known to trigger aberrant DNA methylation (3). In the
rat prostate cancer model used here, a combination ofan androgen
(testosterone) and DMAB is important in inducing invasive
prostate cancers, and thus Tgfbr2 silencing. This suggests that
not only the reduced Tgfbr2 transcription but also some
abnormality, required for induction of 7gfbr2 silencing is induced
by testosterone and DMAB,

As for other methylation-silenced genes in the PLS rat
prostate cancer cell lines, Aebpl is a binding partner for
tumor-suppressor PTEN (40). Gas6 and Ocm have oncogenic
functions (41, 42). Nnat is known as an imprinting gene and its
aberrant hypermethylation occurs frequently in pediatric acute
leukemia (43). There is a possibility that silencing of these genes
is related to the development and progression of rat prostate
carcinoma. In human prostate cancers, two studies reported
genomic screening of methylation-silenced genes (44, 45). No
common genes were present between the genes identified in the
two studies and the eight genes identified here. However, if we
adopted a more relaxed criterion for screening of up-regulated
genes in this study, Tgfb3 (11-fold up-regulation in PLS10) was
commonly identified (45). 7gfb3 is also involved in TGE-]
signaling, and is a candidate for a gene commonly methylation-
silenced in both rat and human prostate cancers. Considering
the number of methylation-silenced genes. it is likely that the
majority of the genes silenced in PLS cells do not have causal
roles in carcinogenesis.

In summary, we found Tgfbr2 silencing due to dense DNA
methylation of its promoter CGI in rat prostate cancers. This
will enable us to analyze mechanisms of how methylation
silencing is induced in vivo and identify factors that affect its
induction.
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Suppression of Prostate Cancer in aTransgenic Rat

Model Via y-Tocopherol Activation of
Caspase Signaling
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BACKGROUND. Epidemiological data indicate that intake of one form of vitamin E,
y-tocopherol, may reduce prostate cancer risk, and several in vitro studies have demonstrated
that y-tocopherol can inhibit prostate cancer cell growth. The purpose of the present study was
to confirm effects of y-tocopherol on prostate cancer in the transgenic rat for adenocarcinoma of
prostate (TRAP) model established in our laboratory.

METHODS. In Experiment 1, heterozygous male TRAP rats 5 weeks of age received
a-tocopherol at the concentration of 50 mg/kg in the diet, or y-tocopherol at 50 or 100 mg/kg
for 10 weeks. In Experiment 2, TRAP rats of 3 weeks of age were given y-tocopherol at 50, 100, or
200 mg/kg diet for 7 weeks.

RESULTS. y-Tocopherol did not affect body weight gain, organ weights or serum levels of
either testosterone or estradiol. However, quantitative evaluation of prostatic lesions
demonstrated significantly suppression of sequential progression from PIN to adenocarcinoma
in a dose-dependent manner, along with clear activation of caspases 3and 7 in the ventral lobe in
both experiments.

CONCLUSIONS. The present study clearly demonstrated that y-tocopherol suppresses
prostate tumor progression in an in vivo TRAP model, and could be a candidate chemo-

The Prostate

preventive agent for human prostate cancer. Prostate © 2009 Wiley-Liss, Inc.

KEY WORDS: vy-tocopherol; prostate cancer; transgenic rat model, chemoprevention

INTRODUCTION

Prostate cancer has become the most common
malignancy in men in Europe and the United States
while its incidence remains relatively low in Asian
countries [1]. It has been estimated there were
approximately 232,090 new cases of prostate cancer
and 30,350 deaths from prostate cancer in the United
States in 2005 [2]. Prevalence of prostate cancer has also
been increasing in Japan [3], concomitantly with
change in life style. Androgen ablation therapy is
widely accepted and carried out for prostate cancers
because androgens are essential for the development
and growth of normal prostate and prostate cancer cells
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[4]. However, outgrowth of hormone-independent
cancer cells occurs within 1-2 years and eventually
leads to a fatal outcome in many cases [5].

Chemoprevention is one attractive approach for
prostate cancer because of the high population inci-
dence and long latent period, and several dietary
factors as well as genetic background have been linked
to risk and progression of prostate cancer [6-8].
Prostate cancer is known to be strongly associated with
aging, that is, about three-quarters of cases worldwide
occur in men aged 65 years or more [1]. Therefore, the
main strategy with chemoprevention for prostate
cancer is to delay the development of clinically evident
disease due to suppression of progression from
precancerous lesions to invasive cancer. Many obser-
vational or intervention studies have been conducted
using vitamins, phytochemicals and minerals [5]. o-
and y-Tocopherols, forms of vitamin E, are nutritional
elements that may reduce risk of prostate cancer [9-13].
To confirm effects of y-tocopherol in vivo, we here
performed animal experiments using the transgenic rat
for adenocarcinoma of prostate (TRAP) model that
features development of high-grade prostatic intra-
epithelial neoplasia (PIN) from 4 weeks of age and
well—moderately differentiated adenocarcinomas
with high incidences by 15 weeks of age [14,15]. These
characteristics of TRAP have been shown to be very
suitable for evaluation of strategies for chemopreven-
tion and treatment [16-19].

MATERIALS AND METHODS

Chemicals and Animals

Vitamin E-free, o- or y-tocopherol-contained diets
were donated by Tama Biochemical Co. Ltd. (Japan).
Antibodies for caspases 3, 6, 7, 9, cleaved caspases 3, 7,
Erk1/2, phospho-Erk1/2, p38 MAPK, phospho-p38
MAPK, SAPK/JNK, and phospho-SAPK/JNK were
purchased from Cell Signaling Technology (Beverly,
MA). Anti-AR (PG-21) was from Upstate Technology
(Lake Placid, NY, CA), anti-cyclin D1 was from
Oncogene Research Product, anti-Bcl-xL was from
Pharmingen, anti-SV40T Ag was from Santa Cruz
Biotechnology, Inc. and anti-B-actin was from Sigma-
Aldrich, Inc. Male heterozygous TRAP rats with a
Sprague-Dawley genetic background were bred in our
animal facility for use in the present study. They were
housed 2-3/cage on wood-chip bedding in an air-
conditioned animal room at 23+2°C and 50+ 10%
humidity. Food and tap water were available ad libitum.

Experimental Protocol

Experiment 1. A total of 40 male TRAP rats aged
5 weeks were randomly divided into four groups. Rats
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of group 1 as a control received vitamin E-free AIN73
basal diet. The rats of groups 2—-4 continuously received
u-tocopherol at the concentration of 50 mg/kg diet, or
y-tocopherol at the concentrations of 50 or 100 mg/kg
diet for 10 weeks, respectively. The experiment was
terminated at week 10.

Experiment 2. A total of 56 heterozygous male TRAP
rats aged 3 weeks were randomly divided into four
groups. Rats of group 1 served as a control receiving
vitamin E-free AIN73 basal diet. The rats of groups 2, 3,
and 4 continuously received y-tocopherol-containing
AIN73 at the concentrations of 50, 100, or 200 mg/kg
diet for 7 weeks, respectively. The experiment was
terminated at week 7.

In both experiments, prostates were removed and
fixed in formalin. Portions were immediately frozen in
liquid nitrogen and stored at —80°C until processed..
Testosterone and estrogen levels in serum were
analyzed using radioimmunoassays by a commercial
laboratory (SRL, Inc., Tokyo, Japan). The present ex-
periments were performed under protocols approved
by the Institutional Animal Care and Use Committee of
Nagoya City University Graduate School of Medical
Sciences.

Assessment of Prostate Neoplastic
Lesion Development

Neoplastic lesions in prostate glands of TRAP rats
were evaluated as previously described [18]. Briefly,
neoplastic lesions were classified into three types; low-
grade PIN (LG-PIN), high-grade PIN (HG-PIN) and
adenocarcinoma. The relative numbers of acini with the
relevant histological characteristics were quantified by
counting, the results being expressed relative to the
total acini in each prostatic lobe.

Immunoblot Analysis

Frozen ventral prostate tissues were homogenized
in RIPA buffer (150 mM NaCl, 50 mM Tris—HCI
(pH 8.0), 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS, 1 mM phenylmethylsulphonyl fluoride, 1 mM
sodium orthovanadate, and protease inhibitor cocktail
(Complete, Roche)). Twenty microgram aliquots of
protein were resolved on SDS-PAGE and separated
proteins were transferred to nitrocellulose membranes
for detection with horseradish peroxidase conjugated
secondary antibodies and the ECL Plus system (Amer-
sham Pharmacia Biotech).

Determination of Total Ceramide Content

The frozen tissues of ventral prostates were homo-
genized in twenty parts of chloroform/methanol
(2:1) containing 250 ng of Cy-ceramide as an internal
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standard and extracted for 30 min on ice. After
centrifugation, the chloroform phase was dried
under a nitrogen stream. The amount of C,4-ceramide
in tissue was quantified by high-performance
liquid  chromatography/electro-spray ionization
mass spectrometry (LC/MS) as described by Soeda
et al. [20].

HPLC Method for the Determination of
Tocopherols in Rat Plasma

Tocopherols are extracted from 0.5 ml of plasma
with 5.0 ml of n-hexane after addition of 0.7 ml of water
and 1.0 ml of ethanol containing dl-Tocol (3.92 pg/ml)
as an internal standard. Hexane extracts (4 ml) are
evaporated under a nitrogen stream at 40°C and
residues were dissolved in 100 pl aliquots of n-Hexane.
The resultant solutions were applied to a high-perform-
ance liquid chromatography column (Nucleosil-100 A
5 um NH2, 4.6 mm x 250 mm; elution, n-Hexane/
isopropyl alcohol = 98:2).

Immunohistochemistry

For Ki-67 immunostaining, deparaffinized sections
were incubated with diluted rabbit polyclonal Ki-67
antibodies (Novocastra, New Castle, UK). Apoptotic
cells were detected using an In situ Apoptosis
Detection Kit (TUNEL method) according to the
manufacturer’s instructions (Takara Bio Co. Ltd,
Japan). Labeling indices were counted separately in
the ventral, dorsal and lateral prostate and expressed as
numbers of Ki-67-positive or TUNEL-positive cells per
100 cells.

Statistical Analysis

Differences in means between groups were deter-
mined by analysis of variance (ANOVA), followed by
the Scheffe’s post-hoc test with StatView (version 5.0)
software (SAS Institute, Inc.,, Cary, NC). The Spear-
man’s rank correlation coefficient test was used for
analysis of dependent data.

RESULTS

Experiment |

o- and y-Tocopherol did not influence the mean
body weights and relative liver and ventral prostate
weights (Table I). Serum levels of testosterone and
estradiol were also not affected (Fig. 1A). There were
partial pathological responses to y-tocopherol as
demonstrated by reduction in the prostatic neoplastic
lesions in TRAP rats (Fig. 1B). However, small foci of
adenocarcinoma still remained, so that there were no
significant differences in the incidences of PIN or
adenocarcinomas in the prostates of TRAP rats.
Quantitative evaluation of the proportion of preneo-
plastic and neoplastic lesions in prostate glands
showed y-tocopherol to significantly suppress pro-
gression from PIN to adenocarcinoma in a dose-
dependent manner in the ventral lobe while o-
tocopherol was without apparent influence (Table II).
In the lateral lobe, y-tocopherol treatment also tended
to suppress progression but this was not significant.
Immunoblot analyses showed activation of caspases
3 and 7, inactivation of Erk1/2 and decreased expres-
sion of bel-2 in the ventral prostate of rats treated with
y-tocopherol while expression of cyclin D1 and SV40 T
antigen did not differ among the groups (Fig. 2). There
was no variation in ceramide content in the ventral
prostate among the groups (Fig. 10).

Experiment 2

To confirm the reproducibility of the suppressive
effects of y-tocopherol on prostate carcinogenesis,
we performed a similar experiment as in Experiment
1. y-Tocopherol did not affect either body weight gain
or organ weights (Table III). Serum levels of testoster-
one and estradiol again did not differ among the groups
(Fig. 3A). Serum concentrations of y-tocopherol
were increased in a dose-dependent manner while
the a-tocopherol level was not affected (Fig. 3B).
Prostate adenocarcinomas were found only in ventral
and lateral lobes and no intergroup differences in
incidences were observed. However, progressive

TABLE . Final Body and Relative Organ Weights (Experiment I)

Relative organ weight (%)

No. of
Treatment rats Body weight (g) Liver Ventral prostate
Control 10 463.7 +£34.7 3274024 0.056 +0.014
a-Tocopherol 50 mg /kg 10 448.6+40.1 3224015 0.064 +0.007
y-Tocopherol 50 mg/kg 10 455.0+28.9 3.39+0.21 0.060 £ 0.009
y-Tocopherol 100 mg/kg 10 445.7 +39.0 3.47+0.28 0.060 + 0.008

The Prostate
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Fig. |. Effects of y-tocopherol on serum steroid hormones, prostatic lesions and ceramide content in prostate glands in Experiment I.
A: Serum levels of testosterone and estradiol. B: Representative histopathological findings for lesions in the ventral prostates of the controls
(a) and the 100 mg/kg y-tocopherol group (b).C: Ceramide contents in ventral prostates.

changes of prostatic lesions showed a significant compared with the controls whereas there were
suppression by y-tocopherol in a dose-dependent no obvious differences in Ki-67 labeling indices
manner in the ventral but not the lateral lobe (Fig. 3C,D). Immunoblot analyses clearly demon-
(Table IV). The numbers of apoptotic cells in the strated activation of caspases 3 and 7 and a tendency
ventral prostate of rats treated with y-tocopherol were for inactivation of Erk1/2 in the ventral prostate of rats
significantly increased in a dose-dependent manner as treated with y-tocopherol (Fig. 4).

TABLE Il. Quantitative Evaluation of Neoplastic Lesions in Prostates of TRAP RatsTreated With «- and
y-Tocopherol (Experiment )

Relative number of acini with histological characteristics (%)

Ventral lobe Lateral lobe
Treatment No. of rats LG-PIN HG-PIN ADC LG-PIN HG-PIN ADC
Control 10 54+25 87.5+24 72+23 142439 844436 14+1.3
a-Tocopherol 50 mg/kg 10 8.6+29 854+1.8 6.0+19 16.5+8.7 823183 12409
y-Tocopherol 50 mg/kg 10 8.14+3.1 869+35 5.0+1.8° 194+65 799+6.7 0.7+0.8
y-Tocopherol 100 mg/kg 10 9.8+4.9 85.4+44 4.7+1.0*° 159+58 83.5+5.8 0.6+07

LG-PIN, low grade prostatic intraepithelial neoplasia; HG, high grade; ADC, adenocarcinoma.
P < 0.05 versus control.
P < 0.01 versus control (Spearman’s rank correlation coefficient test).

The Prostate
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Fig. 2. Results ofimmunoblot analysis of caspases, MAPKs and other apoptosis-related proteins in ventral prostates of TRAP rats treated

with y-tocopherolin Experiment |.

DISCUSSION

To our knowledge, this is the first study to
demonstrate suppression effects of y-tocopherol on
prostate tumor progression in an in vivo animal model.
Various mechanisms whereby the compound could
inhibit prostate cancer cell growth have been indicated
in in vitro studies, including downregulation of cyclins
D1 and E [21,22] or induction of apoptosis by
interrupting sphingolipid synthesis [23]. The data from
our TRAP model also point to induction of apoptosis
via activation of caspases 3 and 7 by y-tocopherol
although downregulation of cyclin D1 and significant
accumulation of ceramide were not found.

It has been reported that Japanese men intake an
average of 12.2 + 2.1 mg y-tocopherol per day in daily
life [24]. The amount of y-tocopherol used in the
highest-dose group (200 mg/kg diet) of present study
was 50-60 times higher than this human exposure
level and was equivalent to an intake of 950 mg/day by
a 70 kg-sized human. However, it is possible to
consume this amount of y-tocopherol in nutritional
supplements.

Vitamin E is composed of eight structurally
related forms, four tocopherols and four tocotrienols.
a-Tocopherol is found as the highest concentration in
serum and dietary supplements among all isoforms
but the primary form in the typical American diet is
y-tocopherol, which is present at 2-4 times higher
concentrations than a-tocopherol [25]. Although both
o- and y-tocopherol are potent antioxidants, y-toco-
pherol has a unique function due to its different
chemical structure that scavenges reactive nitrogen
species that damage proteins, lipids, and DNA. There-
fore, y-tocopherol possesses electrophile-trapping and
nitrogen dioxide-radical-trapping properties that are
different from those of a-tocopherol [26,27]. Conse-
quently, y-tocopherol appears to have greater efficacy
than wo-tocopherol at inhibiting lipid peroxidation
under nitration system conditions [28]. Furthermore,
y-tocopherol but not a-tocopherol exhibits anti-
inflammatory activities by inhibiting cyclooxygenase-
catalyzed prostaglandin E, formation in cell culture
and in animals in vivo [29,30]. Recent clinical
trials revealed no significant reduction of overall
cardiovascular events or cancer by a-tocopherol

TABLE IIl. Final Body and Relative Organ Weights (Experiment 2)

Relative organ weights (%)

Treatment No. of rats  Body weights (g) Liver Kidneys Heart Ventral prostate
Control 14 3475424 4.064+0.29 0.68 4-0.03 0.32+0.01 0.065 £+ 0.009
y-Tocopherol 50 mg/kg 14 353.34£35.9 4.18 +£0.30 0.70+0.04 0.33+0.02 0.066 +0.010
v-Tocopherol 100 mg/kg 14 3435+ 41.1 3.97 +0.24 0.69 +0.03 0.33+0.01 0.063 +0.007
y-Tocopherol 200 mg/kg 14 340.5+27.0 3.86+0.31 0.69 4-0.04 0.33+0.02 0.060 £+ 0.009

The Prostate
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Fig. 3. Effects of y-tocopherol on serum steroid hormones, plasma tocopherol levels, and labeling indices for Ki-67 and apoptotic cells
(TUNEL) in individual prostatic lobesin Experiment 2. A: Serum levels of testosterone and estradiol. B: Plasma levels of tocopherols. Box plot
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[31,32] but this controversial finding may be linked to
particular biochemical activity and tissue distributions
of the vitamin E isoform molecule. For instance,

ingestion of wo-tocopherol has been reported to

result in reduction in the serum levels of y-tocopherol
[33-36]. In this context it should be noted that high
serum concentrations of y-tocopherols are associated
with significantly lower risk of developing prostate

cancer and protective effects of selenium and
a-tocopherol were found only on the presence of high
levels of y-tocopherol [10].

In conclusion, the present investigation using the
TRAP model provided clear evidence that y-tocopherol
can suppress prostate carcinogenesis with induction of
apoptosis through caspase activation. In consideration
of the lack of any toxic changes in organs such as the

TABLE V. Quantitative Evaluation of Neoplastic Lesions in Prostates of TRAP RatsTreated With

vy-Tocopherol (Experiment 2)
Relative number of acini with histological characteristics (%)
Ventral lobe Lateral lobe

Treatment No. of rats LG-PIN HG-PIN ADC LG-PIN HG-PIN ADC
Control 14 47+1.6 923+1.8 3.1+08 19198 80.64+9.7 0.4+0.5
v-Tocopherol 50 mg/kg 14 51+24 93.1:L25 174147 142 +6.0 855459 0.3+0.3
y-Tocopherol 100 mg/kg 14 48+32 93.8+29 14+11% 125+3.2 87.2+3.1 02+03
y-Tocopherol 200 mg/kg 14 43419 942418  14+08>  138+59  860+58  03+03

LG-PIN, low grade prostatic intraepithelial neoplasia; HG, high grade; ADC, adenocarcinoma.
PP < 0.05 and 0.01 versus control, respectively.
P < 0.01 versus control (Spearman’s rank correlation coefficient test).

The Prostate
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Fig. 4.
apoptosis-related proteinsinventral prostates of TRAP ratstreated
with y-tocopherol in Experiment 2.

Immunoblot analysis of caspases, MAPKs and other

liver, kidneys, and heart, y-tocopherol would appear
to be a potential ideal agent for prostate cancer
chemoprevention.
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Evaluation of Role of Angiotensin Ill and
Aminopeptidases in Prostate Cancer Cells
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BACKGROUND. The aim of this study was to perform a comprehensive evaluation of
angiotensin III (Ang-III) and related converting enzymes, aminopeptidase A (APA) and N
. (APN), in prostate cancer.
METHODS. We investigated the effects of Ang-IIl on the in vitro growth of human prostate
cancer cells and the expression of APA and APN in cells treated with Ang-III or hormonal
agents. Furthermore, we performed real-time quantitative PCR to investigate the expression
pattern of APA and APN in 86 prostate tissue samples including normal prostate, untreated and
hormone refractory prostate cancer (HRPC).
RESULTS. Ang-III stimulated cell proliferation, and the proliferative effect was inhibited by
olmesartan, an AT; receptor blocker (ARB). Western blot analysis showed that phosphorylation
of mitogen-activated protein kinase (MAPK) was enhanced by Ang-IIl and inhibited by
olmesartan. APN mRNA level in HRPC was significantly lower than that in normal prostate and
untreated prostate cancer tissue. In LNCal cells, APN expression was augmented by Ang-111,
whereas APA expression was not modulated. Hormonal agents, such as estradiol (E2) and
dexamethasone (Dex), enhanced APA expression, but did not modulate APN expression in
LNCaP cells.
CONCLUSIONS. Our results suggest that Ang-111 and related converting enzymes contribute
to cell proliferation of prostate cancer, and may be implicated in cancer progression. Proslate
68: 1666-1673, 2008.  © 2008 Wiley-Liss, Inc.

KEY WORDS: angiotensin III; aminopeptidase; prostate cancer

. INTRODUCTION the possibility of protection against cancer by the use
of ACE inhibitors. Surprisingly, similar functions of
Ang-Il have been shown to occur in several kinds of
cancer tissue, as we previously reported that Ang-Il is
a growth factor, and Ang-II receptor blockers (ARB)

could inhibit the proliferation of prostate cancer [4],

Angiotensin II (Ang-II) has far wider significance
than suggested by its action as a central factor
associated with hypertension. It is well known that
Ang-II is also a main effector peptide of the renin-
angiotensin system (RAS), and its molecular mecha-
nisms have recently been elucidated, especially in
cardiovascular cells. It has become evident that Ang-11
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functions not only as vasoconstrictor, but also as a cell
proliferative factor in cancer cells [1]. Interestingly, it
has been reported that Ang-II is implicated in the
development or invasion of several kinds of cancer
tissue, including breast, ovarian and pancreatic cancer
[2]. There is clinical evidence supporting the involve-
ment of Ang-II in carcinogenesis. Lever et al. [3]
performed a retrospective cohort study that raised
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