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With respect to the local RAS in the prostate gland,
Ang-II has been reported to be present in human
seminal fluid ata concentration three- to fivefold higher
than that found in blood [5]. An in vitro study revealed
that Ang-II affected sperm function through the AT,
receptor to increase oocyte-penetrating ability [6,7].
Furthermore, there is assembled evidence that the male
reproductive organs contain RAS components, such
as angiotensinogen, renin, angiotensin | converting
enzyme, and AT, and AT, receptors. The accumulated
evidence and our previous results suggest that the
prostate itself seems to be a target for angiotensin, and
the prostatic RAS may affect the development of
prostate cancer.

Aminopeptidase A and N (APA and APN) have
been identified as convertases of angiotensins; Ang-II
to angiotensin IIT (Ang-III), and Ang-III to angiotensin
IV (Ang-IV), respectively (Fig. 1). On the other hand,
they are also considered to be cell-surface peptidases in
the form of integral membrane proteins, which are
involved in the control of cell proliferation and differ-
entiation by modulating the access of peptides to their
membrane receptors [8-10]. Alterations of peptide
activities by abnormal expression or catalytic functions
of cell-surface peptidases are likely to contribute to
neoplastic transformation or progression.

Generally, cancer development and progression are
caused by many factors that are involved in DNA
mutation and abnormal activity of oncogenes or tumor
suppressor genes. Activation of growth factor receptors
and many growth factors also contributes to cancer
development and progression. Prostate cancer has
unique features in that androgens and the androgen
receptor (AR) play an important role in its development
and progression as well as in the normal prostate and in
benign prostatic hypertrophy (BPH) progression [11].
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Fig. . Angiotensin cascade and angiotensin receptors. Amino-
peptidase A (APA) converts Ang-ll to Ang-lll, and aminopeptidase
N (APN) converts Ang-lll to Ang-1V in the renin-angiotensin system
(RAS). Ang-lland Ang-lll bind to the AT,and AT, receptors, and Ang-
IV binds to the AT 4 receptor.
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Furthermore, prostatic growth and differentiation are
proposed to be regulated by autocrine or paracrine
factors secreted by prostatic epithelial and stromal cells
[12]. Prostate cancer is initially hormone dependent,
and growth and protection against apoptosis are
controlled by androgen; however, hormone-dependent
prostate cancer later becomes hormone independent.
Although it is still unclear how prostate cancer growth
changes from being hormone dependent to hormone
independent, AR activation such as ampliﬁcaticm,
mutation and related AR signaling is considered to
play a key role [13-15].

The present study was carried out to obtaina deeper
insight into RAS regulation in prostate cancer.
We focused on the biological role of Ang-IIl and the
expression of Ang-III-related convertases in prostate
cancer cells and tissue. We investigated the effects
of Ang-Ill on proliferation in prostate cancer cells,
and, furthermore, the expression of APA and APN 1.
prostate specimens from patients with prostate cancer.
Our results support the hypothesis that a tissue RAS
may be activated in prostate cancer and be influenced
by several kinds of hormonal stimulation in prostate
cancer cells.

MATERIALS AND METHODS

Cell Lines

DU145 and LNCaP cells, human prostate cancer cell
lines, were obtained from the American Type Culture
Collection (Rockville, MD). DU145 cells were cultured
in MEM medium and LNCaP cells in F-12 medium,
and both cells were supplemented with 10% fetal calf
serum (FCS) under 5% CO, before the experiments. In
the experiments, these cells were cultured in phenol
red-free RPMI plus (.1% bovine serum albumin (BSA)
or F-12 medium with charcoal-stripped 10% FCS, and
stimulated with reagents.

Reagents

Ang-IIl was purchased from Sigma (Atlanta, GA).
Anti-phospho-MAP kinase antibody and anti-MAP
kinase antibody were purchased from Cell Signaling
Technology (Beverly, MA). Bicalutamide wasprovided
by AstraZeneka (London, UK) and olmesartan by
Dai-ichi Sankyo Pharmaceutical Co. (Tokyo, Japan).

Cell Growth Analysis

Cell growth was estimated by counting the cell
number using a MICROCELLCOUNTER (Toha Co.,
Tokyo). Briefly, LNCaP and DU145 cells were seeded
onto 24-well plates at a density of 2—5 x 10* cells /well.
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Cells were treated with Ang-Ill at various con-
centrations as indicated in the figures for 5 days.
Simultaneously, the cells were pretreated with olme-
sartan for 30 min, and cultured in phenol red-free RPMI
plus 0.1% BSA in the presence of Ang-III for 5 days.
After incubation in 5% CO, at 37°C, cells were
harvested with trypsin and cell numbers were deter-
mined with a cell counter on day 5.

Patients and Tissue Specimens

The study group consisted of 47 patients with
prostate cancer at Yokohama City University Hospital;
39 with previously untreated prostate cancer who had
undergone radical prostatectomy and 8 with recurrent
HRPC after maximal androgen blockade therapy with
an anti-androgen agent plus LHRH analogue. All
samples were flash-frozen in liquid nitrogen as soon
as they were obtained at operation, and immediately

ithin 30 min) stored at —80°C until analysis. In
untreated prostate cancer, trimmed prostate blocks
obtained by radical prostatectomy were cut into 10-pm-
thick sections in a cryostat. After mapping of carcinoma
foci revealed in paraffin sections stained with hema-
toxylin and eosin, the carcinoma region and normal
tissue region were dissected under a three-dimensional
microscope (Olympus, Tokyo). In HRPC, samples were
obtained from lymph node metastases in three cases,
bone metastases in two cases, prostate in two cases and
liver metastases in one case. Informed consent was
obtained from all of the patients and families in this
study.

Real-Time Quantitative PCR

As previously reported, we performed real-time
quantitative PCR on a total of 47 prostate specimens.
Total RNA was extracted with [SOGEN. To quantify
expression of RAS components, real-time quantitative
.PCR analysis was performed with an iCycler (Bio-Rad
Inc.). The sequences of oligonucleotides as forward or
reverse primers of APA, APN and B-actin were as
follows:

APA—forward: 5'-TTC CTC CGT GTT AGG GTT
TGC-3, reverse: 5'-ATA CCG ATA CAC CAG
AAG CCT GAG-3'; APN—forward: 5-AGC CCA
CCT GGA ACT TGA AATTC-3, reverse: 5'-AGA
TGG CGT CAA ACA GCT CA-3; B-actin—
forward: 5-TAA TAC GAC TCA CTA TAG
GGA GAG CGG GAA ATC GTG CGT GAC
ATT-3, reverse: 5-GAT GGA GTT GAA GGT
AGT TTC GTG-3'.

B-Actin was used as an internal control. Sequence-
specific primers were designed using computer soft-
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ware, Primer Express (Applied Biosystem, Inc.).
Reagents in iQ SYBR Green Supermix (Bio-Rad, Inc.)
were used according to the manufacturer’s protocol.
PCR reaction was performed in a total volume of 25 pl
including 7.5 pmol of each primer and 1.0 ul cDNA
synthesized with random hexamers. PCR conditions
were 3 min at 95°C for pre-heating, then 30 sec at 95°C,
30 sec at 57°C, and 1 min at 72°C for 40 cycles. All
specific quantities were divided by the quantity of
B-actin.

Western Blot Analysis

LNCaP and DU145 cells were cultured in phenol
red-free RPMI plus 0.1% BSA for 24 hr before the
experiments. Then, cells were harvested after Ang-II
treatment as indicated in the figures. Cells were
pretreated with olmesartan for 30 min, and then
stimulated with Ang-IIl, and harvested at 15 min for
investigation of the phosphorylation of MAPK. DU145
and LNCaP cells were cultured in phenol red-free
RPMI plus 0.1% BSA, and harvested after incubation
with Ang-IIl and/or olmesartan for 24 hr at the
indicated concentrations in the figures. LNCaP cells
were also cultured in phenol red-free RPMI plus 0.1%
BSA, and harvested after incubation with dihydrotes-
tosterone (DHT), estradiol (E2), dexamethasone (Dex),
or bicalutamide (Bcl) for 24 hr. Cells in the appropriate
conditions were washed twice with ice-cold phos-
phate-buffered saline (PBS), lysed in ice-cold buffer
consisting of 20 mM Tris (pH 8.0), 137 mM NaCl, 10%
glycerol, 0.1% SDS, 0.5% Nonidet P-40, 100 mM sodium
fluoride, 200 mM sodium orthovandate, 1 mM EGTA,
2 mM phenylmethylsulfonyl fluoride, 1 mg/ml leu-
peptin and 3 mg/ml aprotinin, and centrifuged
(30 min, 4°C, 14,500g). Following quantitation, 20 or
40 pg of each cell lysate was added to SDS gel-loading
buffer (containing a reducing agent) and boiled for
5 minutes. The samples were subjected to SDS-PAGE
on 10% gel, and electrotransferred to Immobilon-P
(Millipore, Bedford, MA). After blocking the mem-
brane with 5% albumin, Western blotting was per-
formed using the antibody of interest, and the product
was detected with an ECL detection system (Amer-
sham Int.). Data of densitometry were calculated as the
mean relative density of bands compared with control
samples. The results were presented as means-
standard deviation (SD) (n = 3).

Statistical Analysis

Significance was examined by ANOVA followed by
[-test, and differences with P < 0.05 (*) were considered
significant. Mann—-Whitney U-test was used to analyze
the significance of expression of APA and APN.
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RESULTS

To investigate the effect of Ang-Ill on human
prostate cancer cells, we applied it in LNCaP (andro-
gen-dependent) and DU145 (androgen-independent)
cells. As shown in Figure 2A,B, Ang-Ill treatment
increased both prostate cancer cells in a dose-depend-
ent manner. Because earlier reports indicated that Ang-
[T can bind to the AT, receptor, which is predominantly
for Ang-II (Fig. 1) [16], we investigated the effect of an
AT receptor blocker on cell proliferation induced by
Ang-III. Olmesartan is a selective blocker of the AT,
receptor and is widely used as anti-hypertensive agent.
As shown in Figure 2A,B, olmesartan significantly
suppressed the cell growth induced by Ang-III treat-
ment in prostate cancer cells.

Next, in order to confirm stimulation of cell
proliferation via signal transduction activation by
Ang-1II treatment, we carried out Western blot of the
phosphorylation of MAPK activated by Ang-lIl. As
anticipated, phosphorylation of MAPK was activated
in LNCaP and DU145 cells (Fig. 3A,B). Simultaneously,
the phosphorylation was inhibited when cells were
treated with olmesartan.

We then performed real-time quantitative PCR
using human prostate cancer tissue. PCR data showed
that APA and APN were identified in all 86 prostate
tissue samples (39 normal prostate tissue, 39 untreated
prostate cancer tissue, and 8 recurrent cancer tissue).
There were no significant differences in APA mRNA
expression between normal, untreated cancer and
hormone-refractory prostate cancer (HRPC) tissue
(Fig. 4A). On the other hand, APN mRNA expression
in HRPC tissue was significantly lower than that in
normal prostate tissue and untreated prostate tissue
(P < 0.01) (Fig. 4B). From the viewpoint of pathological
grade and stage, APA and APN expression showed no
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significant difference between normal, untreated can-
cer and HRPC tissue (data not shown). Withregard to
clinical features, we investigated the correlation
between APA and APN expression and outcome in
eight HRPC cases in which clinical information could
be compiled. However, there was no significant
correlation between their expression and recurrence-
free survival or overall survival period in HRPC
patients (data not shown).

We examined the protein expression of APA and
APN when LNCaP or DU145 cells were cultured under
Ang-Ill stimulation for 24 hr. Figure 5A shows that
APN expression of LNCaP cells was augmented by
Ang-Ill stimulation in a dose-dependent manner.
Similarly, APN expression of DU145 cells was aug-
mented by Ang-III stimulation as shown in Figure 5B.
On the other hand, although LNCaP cells expressed
APA protein, it was not regulated by Ang-III stimula-
tion or treatment with an ARB, olmesartan, for 24
(Fig. 5C). APA expression in DU145 cells was no
influenced by Ang-III stimulation or olmesartan (data
not shown).

LNCaP cells are androgen-dependent prostate can-
cer cells because they have androgen receptors. LNCaP
cells were stimulated with androgen, DHT, or various
agents such as E2, Dex or Bcl, which are used in practice
for prostate cancer, for 24 hr, and we examined the
-expression of APA and APN by Western blot. Figure 6
shows that each agent enhanced APA expression in
LNCaP cells. In particular, E2 augmented its expression
compared to control (no treatment), while APN
expression was not regulated by either agent.

DISCUSSION

In a previous study, real-time RT-PCR revealed that
RAS components were expressed in prostate cancer
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Fig. 2. Cell growth of established prostate cancer cells stimulated with angiotensin Il (Ang-lll). A: Cell number of LNCaP stimulated with
Ang-llifor 5daysincreasedinadose-dependent manner.Cell proliferationinducedby 10 uM Ang-lll was inhibited by 10 uM olmesartantreatment.
B: Cell number of DUI45 stimulated with Ang-lll for 5 daysincreasedin adose-dependent manner. Cell proliferationinduced by 10pMAng-lll was
inhibited by 10 1M olmesartan treatment. Bars represent mean == standard deviation (SD). *P < 00l,n = 4.
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Fig. 3. Western blots of phosphorylated MAPK in prostate cancer cells stimulated with Ang-lll. LNCaP and DUI4S cells were harvested

after 15 min of stimulation with angiotensin lll and olmesartan. The cells were lysed, and detergent extracts were immunoblotted with

anti-phospho-MAPK or MAPK antibodies. A: In LNCaP cells stimulated dose-dependently with Ang-Ill, the phosphorylation of MAPK was

activated, and it wasinhibited by olmesartan treatment. B: In DUI45 cells stimulated with Ang-lll, the phosphorylation of MAPK was activated,

and it was inhibited by olmesartan treatment. In A and B, densitometries of the developed blots were performed, and the ratios between the
ensity of pMAPK and control MAPKwere determined. A: *P < 0.05, **P < 0.04, n = 3.B: *P < 0.05,n = 3.
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cells, irrespective of their possessing the androgen
receptor, and were expressed more highly in HRPC
tissue than in normal and untreated prostate cancer
tissue [17]. These data indicated an important role
of Ang-Il in the development of hormone refractory
prostate cancer. As the next step, in the present study,
we focused on the biological role of Ang-Ill, which is
converted from Ang-II, and its converting enzymes,
APA and APN. Similarly to Ang-II, Ang-III activated
the cell growth of prostate cancer, and interestingly, it
was inhibited by olmesartan, an ARB. The proliferative
signal transduction of Ang-III also seems to be via
MAPK phosphorylation, as for Ang-II [4]. Most note-
worthy is that real-time PCR showed that APN mRNA
expression in HRPC tissue was significantly lower than
that in normal prostate tissue and untreated prostate
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tissue. The lower level of APN expression in HRPC
tissue leads to the accumulation of Ang-III, which
supports the hypothesis that Ang-III may be involved
at least in part in HRPC development. More interest-
ingly, some agents, such as E2 and Dex, that are usually
used for HRPC induced APA expression in LNCaP
cells, whereas they did not regulate APN expression.
Recently, the role of the local RAS has been shown
to be noteworthy, especially in the development of
various cancers [18]. The RAS has classically been
identified in reno-cardiovascular organs including the
kidney, heart and vessel walls, where its enzymatic
actions and produced peptides are released systemi-
cally, leading to blood pressure regulation and electro-
lyte/fluid homeostasis. Among the RAS components,
Ang-II exerts biologic activity by binding to two
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Fig. 4. mRNA expression of APA (A) and APN (B) in prostate tissue. Real-time quantitative PCR was performed to compare their mRNA
expression in prostate tissue (normal, untreated primary prostate cancer and HRPC). Each mRNA expression level was divided by B-actin
expression level for normalization. A: There was no significant difference between the three groups. B: Expression of APN was significantly
lower in HRPC tissue thanin normal or untreated primary prostate cancer tissue (Mann—Whitney's U-test, P < 0.01).
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Fig. 5. Westernblotsof APN and f-actinin LNCaP (A) and DUI45 cells (B). Cells were harvested after 24 hr of stimulation with Ang-Ill. They
were lysed, and detergent extracts were immunoblotted with anti-APN or anti-B-actin antibodies. In both cells, APN protein expression was
enhanced by Ang-lll stimulation in a dose-dependent manner. Densitometries of the developed blots were performed, and the ratios between
the density of APN and control B-actin were determined. *P < 001, n = 3. C: Western blots of APA and B-actin in LNCaP cells, Cells were
harvested after 24 hr of stimulation with Ang-lll with or without olmesartan. They were lysed, and detergent extracts were immunoblotted
with anti-APA or anti-B-actin antibodies. APA protein expression was not regulated by Ang-lll or olmesartan treatment.

types of receptors; ATy and AT, [19,20], which are
functionally distinct polypeptides with 30% sequence
homology and with seven transmembrane domains,
belonging to the guanosine phosphate binding protein
coupled receptor (GPCR) family. We previously
reported that the AT, receptor binds to Ang-II with
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Fig. 6. Western blots of APA, APN, and f-actin in LNCaP cells.
A: Cells were harvested after 24 hr of stimulation with DHT,
estradiol (E2), dexamethasone (Dex) or bicalutamide (Bcl). They
were lysed, and detergent extracts were immunoblotted with
anti-APA, anti-APN or anti-fi-actin antibodies. APA protein expres-
sion was enhanced by treatment with each agent. B: Densitometry
of the developed blots was performed, and the ratios between
the density of APA and control f-actin were determined. *P < 0.04,
P <00lL,n=3
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concentration-dependent affinity [4,21]. Likewise,
Ang-IIl appears to bind to the AT; receptor in a
concentration-dependent manner, resulting in cell
proliferation, as shown in this study. This speculation
is supported by the data that olmesartan inhibited cell
growth of prostate cancer induced by Ang-IIlas shown
in Figure 1. Ang-Il and Ang-III have been traditionally
believed to bind to the AT; and AT, receptors [16]
(Fig. 1). Interestingly, Ang-Ill was shown to be
several times more effective in the brain than Ang-II
[22]. In prostate cancer, there have been few reports
besides our previous report in which AT, receptor.
expression was shown to be higher in cancer tissue
than in normal prostate tissue by RT-PCR analysis [4].
Further comparative investigations of AT, receptor
expression have confirmed higher expressionin HRPC
tissue [17]. Accordingly, based on the data of an
increase in the AT; receptor and accumulation of
Ang-III in HRPC tissue, it is hypothesized that Ang-III
may also play a pivotal role in the development of
HRPC.

Although real-time PCR analysis in the present
study showed no significant difference in APA expres-
sion between normal, untreated cancer and HRPC
tissue (Fig. 4A), western blotting data (Fig. 6) implied
the potential of APA in the development of HRPC.
In brief, E2 and Dex, which are used for hormone-
independent cancer, were able to induce APA
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expression in prostate cancer cells, which has similarly
been reported by Katsumata et al. [23] who demon-
strated that APA expression was stimulated by
progesterone in human choriocarcinoma cells. A recent
report indicated that APA was up-regulated and
enzymatically active in blood vessels of human tumors,
but was not detected in normal blood vessels [24].
Given that APA mainly plays a role as a converting
enzyme from Ang-II to Ang-1III, it is possible that APA
is implicated in neovascularization of tumor develop-
ment. In addition to being present in blood vessels,
APA expression was found on dysplastic cells and was
increased in precancerous lesions and invasive cervical
cancer [25]. These data, including our own, suggest that
APA may play a regulatory role in neoplastic trans-
formation and disease progression in various cancers.

Several kinds of carcinomas including those of

colon, breast and lung were reported to show little
xpression of APN [26,27], which coincides with the
data of prostate cancer reported by Bogenrieder et al.
[28] demonstrating that APN expression (immunor-
eactivity) was minimal or absent in 79% of primary
prostate cancer specimens and in 64% of metastatic
tumor specimens. The present data of RT-PCR analysis
(Fig. 4B) were similar to those data. Some reports also
demonstrated that the expression of APN in renal
cancer tissue was lower than that in adjacent normal
tissue [29,30]. Although APN has previously been
considered as a proteolytic enzyme with ability to
facilitate tumor cells invade through the extracellular
matrix [31,32], lower expression of APN in HRPC
implies that APN may enzymatically function in
different manners from extracellular matrix degrada-
tion. Consequently, it should be noted that APN
functions as a convertase of Ang-IlIl to Ang-IV. We
have previously demonstrated that a local prostatic
RAS is involved in the development of prostate cancer
and HRPC. In accordance with the angiotensin con-
.verting cascade, our findings of no changein APA and a
decrease in APN expression suggest that the metabo-
lism of Ang-lI to Ang-lll is constant, whereas the
metabolism of Ang-III to Ang-TV is slow, resulting in
the predominant actions of Ang-Il and Ang-lIl in
prostate cancer cells. We hypothesize that these
angiotensins may synergistically stimulate cell growth
and angiogenesis.

In conclusion, although the biological role of amino-
peptidases such as APA and APN in cancer cells
remains unexplained, it is noteworthy to explore them
with respect to their actions as convertases in the local
RAS in cancer tissue. The current study documented
the biological action of Ang-1ll in prostate cancer cells
and decreased expression of APN in HRPC compared
to normal or untreated prostate cancer tissue. We
interpret these phenomena to reflect the involvement of
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the prostatic RAS in the development of prostate cancer
and hormone refractory status. Further exploration to
elucidate the precise biological effects of Ang-III and
aminopeptidases is anticipated to lead to the develop-
ment of anti-cancer drugs against HRPC.
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Review Article

Pharmacology and new perspectives of angiotensin Il receptor
blocker in prostate cancer treatment

Hiroji Uemura, Hitoshi Ishiguro and Yoshinobu Kubota

Department of Urology, Yokohama City University Graduate School of Medicine, Yokohama, Japan

Abstract: Although a low prevalence of cancer in hypertensive patients receiving angiotensin converting enzyme inhibitors has been
reported, the molecular mechanisms have not been elucidated. It is known that angiotensin-ll (Ang-ll) plays a fundamental role not only as a
vasoconstrictor in controlling blood pressure and electrolyte and fluid homeostasis, but also as a mitogenic factor through the Ang-ll type-1 (AT1]
receptor in cardiovascular cells. Interestingly, there is increasing evidence that the renin-angiotensin system (RAS) is implicated in the develop-
ment of various cancers. As we previously reported, AT1 recepter blockers (ARBs), a class of antihypertensive agent, have the potential toinhibit
the growth of prostate cancer cells and tumors through the AT1 receptor, This review provides an insight into the key role of Ang-Il and the AT1

receptor, and Lhe possibility of ARBs for molecular targeting of mitogenesis and angiogenesis in prostate cancer.

Key words: angiotensin Il, angiotensin Il receptor, angiotensin Il receptor blocker, prostate cancer, renin-angiotensin system,

introduction

Prostate cancer 1s the most common malignant disease in men and a
frequent cause of cancer death in the United States' and Western coun-
tries. Recently, the prevalence of prostate cancer has also been increas-
ing in Japan.® Although the etiology is not clear. one cause is
considered to be westernization of the diet and lifestyle in Japan, and
another is thought to be altered gene expression in prostate cells by
several environmental factors.”

Since Huggins and Hodges livst reported hormonal therapy (androgen
ablation therapy) for prostate cancer, such therapy with the concept of
androgen ablation or blockade of androgen’s action has remained critical
and universal. especially for advanced prostate cancer.” Despite hor-
monal therapy having good efficacy for patients with advanced prostate
cancer initially, most patients develop registance to treatment (hormone-
refractory cancer) within several years, and their survival remains poor,
Many growth factors and cytokines are thought to be involved in the
development of hormone-relactory prostate cancer (HRPC).

Interestingly, it has been reported that angiotensin Il (Ang-l1} 1s
implicated in the development or invasion of several kinds of cancer
tissue, including breast, ovarian and pancreatic cancer.’ There is clinical
evidence supporting the mvolvement of Ang-1l in carcinogenesis.
Lever ¢t wl. carried vut a retrospective cohort study that raised the
possibility of protection against cancer by the use of angiolensin con-
verting enzyme (ACE) inhibitors.® Following that report, several
sludies concerning the association between antihypertensive medica-
tion and cancer risk have been reported. Regarding prostate cancer,
Ronguist e al. found that users of captopril, an ACE inhibitor, showed
a lower risk of subsequent prostate cancer, based on data from the
Cieneral Practice Research Database in the UK.

As we previously reported that Ang-11 is a growth Factor, an Ang-1
receptor blocker (ARB) could nhibit the proliferation ol prostate

cancer,! especially in hormone-refiactory cancer. To confirm the role of

Ang-11 1 cancer cell proliferation and migration, several experiments
have been carried out, suggesting that this peptide might also be involved
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m cancer development. This review highlights that renin-angivtensin
system (RAS) plays a potential role in various aspects of prostate cancer,
and ARBs could be useful for prostate cancer or its chemoprevention.

Role of androgen receptor in development
and progression of prostate cancer

Generally, cancer development and progression are caused by many
factors that are involved in DNA mutation and abnormal activity of
oncogenes or tumor suppressor genes. Activation of growth factor
receptors and many growth factors also contributes to cancer develop-
ment and progression. Similarly 10 other cancers, these laclors are
involved in the development and progression ol prostate cancer. In
addition to these [actors, prostate cancer has unique leatures i that
androgens and a cognate receplor, the androgen receptor (AR), play an
important role n its development and progression (including in the
normal prostate and in benign prostatic hypertrophy [BPH| progres-
sion).” In addition, prostate cancer is initially hormone dependent, and
growth and protection against apoplosis are contralled by androgen;
however, hormone-dependent prostate cancer later becomes hormone
independent. Although it is stll unclear how prostale cancer growth
changes from being hormone-dependent to hormone-independent, AR
activation such as amplification, mutation and related AR signaling is
considered to play a key role (Fig. 1),

As other factors related to AR activation. AR cofactors are consid-
ered to be important for AR transactivation (Fig. 1). Some AR cofactors
are known to be up- or downregulators in prostate cancer. Deregulation
al' the expression ol some AR co-lactors or the interaction between AR
and AR cofactors has been shown in many studies.” For example,
ARASS expression in HRPC is lower than that in BPH and untreated
prostate cancer. Moreover, higher ARASS expression was associated
with shorter recurrence-Iree survival and overall survival in hormone-
refractory prostate cancer patients.

Growth factors and cytokines associated
with the development of hormone-
refractory prostate cancer

In addition o the abnormal lunction ol AR, many growlh lactors and
cytokines secreted from surrounding cells have also been identified and
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characterized in prostate cancer progression, especially in the develop-
ment ol HRPC (Fig. 1). For example, epidermal growth lactor (EGF)
and its related family members are expressed in prostale cancer cells. It
is reported that EGF and its receptor (EGF-R) are expressed in prostate
cancer lissue. and are associated with disease-free survival.' '" Fur-
thermore, other growth factors, such as vascular endothelial growth
lactor (VEGF)'"™" and insulin-like growth factor (IGF).™ are involved
in prostate cancer progression.

Various cytokines are also considered to be important for prostate
cancer progression. In particular, interleukin-6 (11.-6) can promote AR
activity without androgen,” through a mechanism involving signal
transducer and activator of transcription 3 (STAT3) or mitogen acti-
vated protein kinase (MAPK) activation.”** Another mechanism is that
1L-6 induces AR expression itself and leads to enhancement of
androgen-responsive pene expression.” The fact that interleukin-§
(1L-8) plays an important role in the proliferation of prostate cancer
cells has been confirmed by in vitro and in vive studics: 1L-8 stimula-
tion accelerales prostale cancer tumorigenesis, angiogenesis and
metastasis, and 1L-8 especially has the potential for promotion of
HRPC progression.®® In addition to IL-6 and IL-8. other cytokines
(e.g. IL-4 and IL-10) are alsa related to HRPC.” Taking these findings
together, many growth factor signals. cytokine signals and AR signals
are not only independently regulated. but also interplay with each
other. Hence, inhibition of these growth factors and/or their signals is
expected to provide new therapy for prostate cancer, especially 1HHIRPC.

Classical RAS and local RAS

The renin-angiotensin system (RAS) has classically been identified in
reno-cardiovascular organs including the kidney, heart and vessel walls.
where its enzymatic actions and produced peptides are released sys-
temically. leading to blood pressure regulation and electrolyte and flwd
homeostasis. Ang-I1, the main bicactive product of RAS, is spliced

from the precursor subsirate (angiotensinogen) by remin, and the
decapeptide angiotensin (Ang-1) is cleaved by ACE. Ang-ll exens
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Fig. 1 Putative mechanisms of development
of hormone-refractory prostate cancer (HRPC)
cell. Androgen receptor (AR) activation such
as amplification, mutation and the related AR
signaling (AR binding to cofactors or ligand-
independently phosphorylated AR) plays a
role in the change from being hormone
dependent {0 hormone  independent.
Additionally, growth factors and cytokines
secreted in an autocrine or paracrine loop are
considered to be involved in the development
of HRPC.

biological activity by binding to two types of receptors; type | (AT1)
and type 2 (A12).% Both receptors are functionally distinet polypep-
tides, with 30% sequence homology, and with seven transmembrane
domains, belonging to the guanosine phosphate binding pmotein
coupled receptor (GPCR) family.

Current investigations of RAS have shifted from its endocrine role to
its autocrine and paracrine role in specific lissues, associated with lissue
growthand/or differentiation (Fig. 2). Also. recent studies have revealed
that Ang-1l is a multifactorial effector, whose effects include vasocon-
sinction, release of aldosterone, facilitation of sympathetic Iransmis-
sion, and trophic actions on vascular smooth muscle, cardiac myocytes
and fibroblasts.*™* As well as the local RAS of the cardiovascular
system. early studies have provided a body of evidence for a local RAS
in other organs by identification of key RAS components: angiotensi-
nogen, the AT1 receptor and renin. For instance. a functioning RAS has
been identified in cardiovascular organs.” adipose tissue.® brain.V
kidncy. ™ pancreas,” ovary,™ prostate*! and placenta.*? Recently, regula-
tion oI’ RAS has been shown (o be complicated; for instance, reninis not
always required for the generation of Ang-ll from angiotensinogen
because alternative enzymes can generate Ang-l (Fig. 2).***

The AT1 receptor binds to Ang-ll with concentration-dependent
alfinity. In prostate cancer, there have been few reports besides our
previous report in which AT| receptor expression was shown o be
higher in cancer tissue than in normal prostate tissue by reverse
transcription-polymerase chain reaction (RT-PCR) analysis.* Further
comparative investigations ol AT1 receptor expression have confinmed
higher expression in breast cancer.® laryngeal carcinoma,” pancreatic
cancer.™ and choriocarcinoma® than in normal tissue. On the other
hand, the constructional characteristics show that the AT2 receptor is
composed of 363 amino acids with similarity 1o the AT receptor.®
Interestingly. the antagonistic biological function of the AT1 receptor is
mediated through the AT2 receptor. For instance, the AT2 receptor
exerts vascular effects of vasodilatation, proliferation, differentiation
and apoptotic eflects in endothelial cells, mesangial cells and pheo-

chromocytoma cell lines.™
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Fig. 2 Local renin-angiotensin system in Estrogen Prostatic
prostate. Angiotensin Il (Ang-ll) generated in Dex, Androgen RAS

the prostate gland influences the cancer Anti-androgen

physiology and pathology through the Ang-Il e

type-1 (AT1) or type-2 (AT2) receptor. Besides

the classical converting enzymes of this

system, for example, renin and angiotensin
converting enzyme (ACE), other enzymes
{(*enzymes: chymase, chymostatin-sensitive
Ang ll-generating enzyme (CAGE), cathepsin
G, tissue type plasminogen activator (tPA),
elastase, and tonin) convert angiotensinogen

directly to Ang-l. Steroid hormones and anti-

androgens augment AT1 receptor expression.
Binding of Ang-ll to the AT1 receptor exerts
proliferative effects on prostate cancer and
stromal cells, and binding to the AT2 receptor
presumably exerts an antagonistic action to
that of the AT1 receptor.

ACE inhibitors and ARBs

ACE inhibitors, which inhibit stimulation by Ang-11 by decreasing its
production, were developed as firsi-line drugs lor hypertension and are
widely used clinically. Recently, much evidence has accumulated that
ACE inhibitors have inhibitory potential against cancers, in vifre and in
viva, ACE inhibitors retard the growth ol a wide variety ol cultured
£2.53

cancer cells in virro,** and further have the potential to mhibit tum-

origenesis and angiogenesis induced in cancers in animal models in
vivo.™ A mentioned above, some groups have reported clinical
evidence that long-term Ang-11 blockade by an ACE inhibitor may have
a protective effect against cancer. and suggested that it could prevent
carcinogenesis, These reports support the hypothesis that Ang-I1 accel-
erates carcinogenesis, and blockade of Ang-11 stimulation has inhibi-
tory potential against carcinogenesis,

Numerous orally active, selective AT | receptor antagonists (ARBs)
have been synthesized and available for the treatment of hypertension
since the 1990s.%"7 Losartan, valsartan, irbesartan, eprosartan, telmis-
artan, and candesartan were approved by the Food and Drug Adminis-
tration in 2000, and novel selective ARBs have now been developed.
They have high affinity for AT1 receptors and almost no affinity for
AT2 receptors. Their binding to AT receptors is competitive, with very
slow dissociation. They dose-dependently block the response 1o exog-
enous Ang-I11."* ARBs share the same mechanism of action; however,
they have different pharmacokinetic profiles. Besides lowering elevated
blood pressure. ARBs have further beneficial actions including amelio-
ration of vascular diseases, postmyocardial infarction remodeling, and
" Furthermore. ARBs
are likely to have beneficial clinical effects on cancer cells, as well as
ACE mmhibitors.

. o . . A
preservation of renal function in nephropathy.™

ARBs and prostate cancer

l'o date, we have reported the potential off ARBs as novel therapeutic
agents [or HRPC.¥ First, we evaluated the expression of AT1 receplorin

¢ 2007 The Japanese Urological Association
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prostate cancers, which showed that the AT] receptor mRNA was

expressed in both prostate cancer and adjacent normal prostate tissue
obtamed from patients who underwent radical prostatectomy. RI-PCR
analysis indicated that the ATl receptor mRNA level tended to be
increased in tumors compared with normal tissue. AT receptor mRNA
was also recognized in human prostate cancer cell lines, LNCaP and
DU145,  In  LNCaP,  Ang-ll
phosphorylation of proteins through stimulation by EGF, which has

stimulation  induced  tymwsine-
potency to accelerate tumorigenesis of prostate cancer. Signal trans-
ducers such as MAPK and STAT3 were also activated immediately
after stimulation with Ang-11. Additionally, candesartan suppressed not
only activation of MAPK and STAT3 induced by Ang-I1 stimulation,
but also their activation induced by EGF or 1L-6 stimulation, as shown
in Figure 3. Finally, candesartan suppressed the growth of LNCaP and

DU145 cells induced by EGE As in vascular endothelial cel the

ATI receptor can transactivate the EGP-R, leading to activation of
MAPK, STAT3 and protein kinase C (PKC) in cancer cells.” Although
activation of MAPK is not always caused by only cell growth stimu-
lants, the inhibition of cell growth using anticancer drugs most com-
manly requires inactivation of the MAPK and STAT3 pathways.
Considering that ARBs can inhibit activation of MAPK and STAT3
through the AT1 receptor, an ARB could be a molecular 1argeting agent
lor use as an anticancer drug.

In in vive experiments, we investigated the effect of candesartan on
tumor xenografis of DU1L45 cells in athymic nude mice. We confirmed
that there was a statistically significant difference in tumor relative
volume between control (non-treated) and candesartan-treated mice at
4 weeks, Immunohistochemical staining showed a highly statistically
significant difference in microvessel number in xenografts between

control and candesartan-treated mice,*

Angiotensin and prostate stromal cells

IFrom the viewpoint of growth factors and cytokines in prostate cancer,

it is important to understand the awtocring and paracrine mechanisms
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Fig. 3 Mechanism of AT1 receptor blocker
[ARB) at multiple sites in prostate cancercells.
The ARB inhibits angiotensin Il (Ang-1l) binding
to the AT1 receptor, and suppresses mito-
genic actions by interaction with signal trans-
duction via interleukin-6 (IL-6) or epidermal
growth factor (EGF] receptors in prostate
cancer cells, Telmisartan, an ARB, can bind to
peroxisome proliferators activated receptory

Inhibition of cancer progression

[PPARY, influencing various transcriptional

surrounding cancer cells. Many reports revealed an elevated serum
1L-6 level in patients with LHIRPC, and this cytoking is therefore thought
1o be involved in the progression of prostate cancer, Lee ef al. reported
that overexpression of IL-6 rendered androgen-sensitive prostate
cancer cells more resistant to apoptosis induced by androgen
deprivation.” As other growth factors and cytokines involved in the
progression of prostate cancer, EGF, tumor necrosis factor o (TNFax).
heparin-binding EGF (HB-EGF) and 1GF* were shown to be expressed
in stromal tissue.

Several recent studies have indicated that prostate stromal cells
contain the Al'l receplor,” and as we previously demonstrated. the
prostate stromal cell number was increased by Ang-Il treatment.”” It is
well known that prostatic stromal cells, especially fibroblasts. are
involved in the development of HRPC accompanied by the secretion of
several growth factors."** We have confirmed that Ang-1l induced
the secretion of IL-6 and other cytokines including IL-ler. IL-8 and
MCP-1 from prostatic stromal cells.”” IL-lex is required for in vive
angiogenesis and mvasiveness of different tumor cells, and contributed
1o the production of VEGF and TNFa in tumor cells cocultured with
peritoneal macrophages.” 1L-8 confers androgen-independent growth
and nmgration of LNCaP cells through activation of the AR, without
androgen stimulation.” Ohta ¢/ al. reported that MCP-1 mRNA was
expressed in gastric carcinoma, and its expression was significantly
correlated with VEGF level.” These factors secreted from PrSC stimu-
lated by Ang-l1 treatment may contribute to the mechanisms underlying
androgen independence through multiple pathways. It 1s therefore con-
ceivable that Ang-1l might induce neovascularization through activa-
tion of angiogenic factors via reactive prosiate stroma, and specific

L
=

activities in the regulation of multiple genes.

ARBs possibly inhibit carcinogenesis through suppression of angio-
2CNCSIS.

Clinical efficacy of ARBs for
prostate cancer

ARBs possessing these experimental demonstrations may offer elinical
efficacy in patients with HRPC. We conducted a pilot clinical study to
examine whether an ARB was able to elicit an antiproliferative effect
on HRPC clinically.™ Surprisingly. a quarter of patients with a prostate
specific antigen (PSA) decline of more than 50% showed an improve-
ment in performance status. We experienced some cases in which the
PSA response was delayed for several months after starting ARB treat-
ment. Thus. we presume that the administered dose of candesartan was
too low to overcome multiple metastases. Furthermore, a possible
cause of the delayed PSA decline after treatment is thought to be that an
ARB functions as a molecular targeting or cytostatic agent at many
targeted points of signal transduction through membrane receptors,
ARBs have the ability to interact negatively with the phosphorylation
of MAPK or STAT3 activated by EGF or 1L-6 stimulation.* They also
have the potential to suppress the paracrine loop of growth faclor or
cytokine secretion from surrounding stromal tissue, which has been
elucidated in vascular tissue and cardiac hypertrophy.™ We also have
confirmed a similar mechanism by which ARBs can suppress the cell
growth and cytokine secretion of prostate stromal cells.”” Based on
these combined data, in advanced 1IRPC cases with w idespread
metastases, a low dose of ARB, as usually given for hypertension,

cannot stop disease progression completely, but might delay it. PSA
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concentration rose coincident with the initiation of treatment, and
several months later it declined or reached a stable state. Similar PSA
kinetics were observed in a clinical trial using an angiogenesis inhibi-
tor, I'NP-470, lor advanced HRPC.™ Because both ARBs and ITNP-470
are cytostatic rather than cytotoxic agents, they probably have slow
PSA kinetics.

Some evidence suggesting that ARBs have antitumor potential
against other solid tumors as well as prostate cancer has recently
accumulated.™™ 1f Ang-11 and AT| receptor have positive potency
against tumorigenesis, two possible reasons that ARBs would have a
stronger anticancer effect than ACE inhibitors are expected. The first is
that angiotensin [ is activated not only by an ACE-dependent pathway,
but also by other enzymes such as chymase, chymostatin-sensilive
angiotensin ll-generating enzyme (CAGE). cathepsin G, tissue type
plasminogen activator (tPA), elastase. and tonin, as shown in Figure 2.
ACE 1hibitors do not inhibit all Ang-II production, whereas ARBs
theoretically can inhibit all AT1 receptor activation stimulated by Ang-
1. The second is that blockade of the AT receptor induced by ARBs
mereases the bioavarlability ol Ang-11 by reducing the inhibitory effect
on renin secretion, producing upregulaton and overstimulation ol the
AT2 receptor, which in turn potentiates antiproliferative effects.*™

At the end stage of HRPC, most patients develop a cachectic con-
dition. in which they are constantly exposed to inflammatory cytokines
produced by recurrent cancer cells. In other words, patients with HRPC
suffer from severe chronic inflammation. Based on our clinical study
using an ARB for patients with HRPC. AR Bs may therefore be ben-
cficial against inflammation caused by cancer. Mare interestingly, in
our previous study, real-time R1-PCR analyses revealed that RAS com-
ponents were expressed more highly in HRPC tissue than in normal and
untreated proslate cancer tissue.*! Expression of the AT1 receptor was
augmented in LNCaP cells treated with estrogen, dexamethasone and
antiandrogen (Fig. 2), which are generally used as hormonal therapy for
patients with prostate cancer.”' It is thus speculated that recurrent
prostate cancer has greater susceplibility to ARBs compared to normal
or untreated prostate cancer. Indeed, we confinmed the beneficial effect
ol an ARB to inhibit PSA progression in advanced HRPC patients.™
Thus, these observations satisfactorily support the hypothesis of high
expression of RAS components, especially the AT receptor, in recur-
rent prostate cancer tissue.

ARBs and their structures

Since DuPont pharmaceutical company discovered DuP753 (losartan),
many pharmaceutical companies consequently developed usable ARBs
with greater selectivity for the AT1 receplor than losartan, which have
been used worldwide for hypertension. Earlier studies and our group
have revealed the biological effects of ARBs on prostate cancer cells
using candesartan or other ARBs such as losartan. Most of these ARBs
are structurally similar to losartan and are biphenyl tetrazole deriva-
tives, except one ARB, telmisartan. Telmisartan is structurally quite
distinet from all other ARBs: 1t is o highly lipid-soluble, non-tetruzole
derivative, with a single carboxylic acid group mstead ol the large

tetrazole ring. as a result showing an extraordinarily high volume ot

distribution compared to other ARBs.™
A recent investigation has demonstrated that telmisartan bears a

structural resemblance to pioglitazone, a thiazolidinedione ligand of

S0

peroxisome proliferators activated receptor y (PPARY.™ which has
been used widely for the treatment of type 2 diabetes, PPARY is sub-

stantially recognized as a member of the nuelear hormone receptor

superlamily that exerls transcriptional activity on the regulation ol

multiple genes invalved in lipid metabolism, mAammation and steroid
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hormones.”™ [nterestingly, activation of this receptor by warious
ligands induces apoptosis in several kinds of cancer. In particular,
prostate cancer cell lines including LNCaP. PC-3 and DU145 cells
express this receptor, and PPARY ligands influence cell growth accom-
panied by a decrease in PSA secretion.” Human prostate cancer tissue
also expresses this receptor. ™

Effects of ARBs on prostate cancer
through PPARY

An carlier report indicated that telmisartan can function as a partial
agonist ol PPARY, and influences the expression of” PPARY-turgeted
genes.™ When the ability of ARBs to activate PPARY was measured in
a Iransient transfection assay, telmisartan similarly showed the highest
activity toward PPARY by about 15-fold compared to losartan.™ It
should be noted that telmisartan belongs to a species of selective
PPARy modulators (SPPARMs)."™" Conventional PPARY aclivators
such as proghtazone typically function as full agonists of the receptor
and affect the expression of various genes, while SPPARMs function as
partial agonists, with limited e¢fleets on gene expression,™
confirmed that telmisartan did not have full binding ability as do
PPARyagonists, and it has the potential 1o bind 1o PPARy of at least one
third the ability of troglitazone.”™

T Indeed , we

These observations supporl the hypothesis that telmisartan, as a
SSPARM. not only blocks the Ang-11 receptor, but also weakly activates
the PPARY receptor, leading to regulation of carbohydrate and lipid
metabolism. Although most ARBs that have no potential as a PPARY
ligand affect the cell prolileration ol prostate cancer, only telmisartan is
considered to affect the cell growth of prostate cancer conaining
PPARY through both ARB’s biological function and PPARY aclivation
synergistically (Fig. 3).

More interestingly, an in vivo study demonstrated that telmisartan
significantly improved insulin sensitivity without weight gain in fat-fed
mice.”” Also, clinical studies showed that PPARy-modulating ARBs
were capable of retuining the beneficial metabolic PPARYy cffects,
which was associated with circumvention ol adverse elfects such as
weight gain and systemic edema.”™ These observations suggest that
SPPARMS like telmisartan may provide a new therapeutic oplion for
prostate cancer patients suffering from hormonal therapy-induced
obesity or hyperglycemia.

Functions of ARBs as GPCR antagonist in
prostate cancer

Angiotensin 1l receptors, the AT1 and AT2 receptors, are menbers of
the GPCR family. All GPCRs have a common central core domain
consisting of seven transmembrane helices connected by three intrac-
ellular and three extracellular loops. In general, GPCRs are activated by
a variety of ligands, including hormones. peptides, erowth Factors, and
neurotransmitters, and play eritical roles in many physiological
and pathological processes. for example, development, angiogenesis.
and inflammation. Current investigations have demonstrated that many
GPCRs and their ligands are also involved in cancer progression,

I'he expression of some GPCRs. including those receptors for lyso-
phosphatidic acids,” endothelin-1,"""" and bradykinin,'™ has been
reported 1o be observed in normal prostatic epithelinm and in prostate
cancer cells. Interestingly, endothelin-1 is one of the peptides related to
vasoconstriction, and furthermare, the expression level of its receptor
wias more significantly increased in advanced andvogen-independent
prosiate cancer than in localized cancer.'™ 1t should be noted that the
phenomena of endothelin-1 are similar to those of angiotensin 1], as we

|3
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previously demonstrated. Additionally, Xu e a/. indicated that elevated
levels of the orphan GPCR, prostate specific G protein coupled recep-
tor, were associated with the progression of prostate cancer."” Ilence,
some GPCRs and their ligands have been considered to be involved in
the development and progression of prostate cancer,

The unique mechanical feature of GPCRs is so-called transactiva-
tion, which activates a receptor tyrosine kinase independent of exog-
enous addition of its specific ligand. ARBs and other blockers of
GPCRs presumably have the potential for ‘negative’ transactivation.
For example, as described above, candesartan inhibited cell prolifera-
tion through the AT1 receptor and its interplay in cell signaling induced
by EGF or IL-6 (Fig. 3)." Given that specific GPCRs expressed in
prostate cancer cells will be identified, this could lead to the develop-
ment of novel therapeutic products for prostate cancer, especially
hormone-refractory cancer. Although side-effects could be a concern
because GPCRs are generally ubiquitous, ARBs are likely to have few
side-effects: therefore. ARBs could be easily used for patients with
advanced prostate cancer.

Conclusion and future directions

ARBs have the potential to inhibit the growth of prostate cancer and
stromal cells through the AT1 receptor. In particular, these drugs
elicit multifactorial changes in cell proliferation. angiogenesis and
fibrogenesis in cancer tissue. The action of ARBs against tumor cells
is cytostatic, but not cylotoxic, indicating that these drugs are
so-called molecular targeting medicine. Investigation of how drugs
such as ARBs have efficacy in HRPC will contribute to elucidation of
the molccular mechanisms of the progression from  hormone-
dependent o hormone-independent  prostate cancer. Furthermore,
ARBs have actions not only in cancer cells (epithelial cells), but also
in stromal cells, suggesting the possibility that they are also effective
for the chemoprevention of prostate cancer or the development of
benign prostatic hypertrophy.
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4-Vinyl-2,6-dimethoxyphenol (canolol) suppresses oxidative stress and gastric
carcinogenesis in Helicobacter pylori-infected carcinogen-treated Mongolian gerbils

Xueyunan Cao' Tetsuya Tsukamotol* Takahiro Selu"' Harunari Tanaka , Shigeru Morimura Liyu Cao',
Tsutomu Mlzoshlla Hisayo Ban', Takeshi Toyoda', Hiroshi Maeda® and Masae Tatematsu'

'Dmsmn of Oncological Pathology, Aichi Cancer Center Research Institute, Aichi, Japan

'Graduate School of Science and Technology, Kumamoto Universiry, Kumamoto, Japan

BloDynamlcs Research Laboratory, Regional Cooperative Research Center of Kumamoto University, Kumamoto,

Japan and Laboratory of Microbiology and Oncology, Faculry of Pharmaceutical Sciences, Sojo University, Kumamoto, Japan

Oxidative stress is linked to gastric carcinogenesis because of its
ability to damage DNA, Here we examined antioxidative and anti-
inflammatory effects of 4-vinyl-2,6-dimethoxyphenol (canolol), a
recently identified potent antioxidative compound obtained from
crude canola oil, on Helicobacter (H.) pylori-induced gastritis and
gastric carcinogenesis using a Mongolian gerbil model. The ani-
mals were allocated to H. pylori-infection alone (12 weeks) or
H. pylori + N-methyl-N-nitrosourea (MNU) administration (52
weeks). After oral inoculation of H. pylori, they were fed for 10
and 44 weeks with or without 0.1% canolol. H. pylori-induced gas-
tritis, 5'-bromo-2'-deoxyuridine (BrdU) labeling and scores for
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase
(INOS) immunohistochemistry were attenuated in the canolol-
treated groups. Expression of interleukin-1f (IL- 1), tumor necro-
sis factor-o. (TNF-a), COX-2 and iNOS mRNA in the gastric mu-
cosa, and serum 8-hydroxy-2'-deoxyguanosine (8-OHdG), anti-H.
pylori TgG and gastrin levels were also significantly lower in cano-
lol-treated groups. Furthermore, the incidence of gastric adeno-
carcinomas was markedly reduced in the H. pylori + MNU + can-
olol-treated group [15.0% (6/40)] compared to the control group
[39.4% (13/33)] (p < 0.05). These data indicate canolol to be effec-
tive for suppressing inflammation, gastric epithelial cell prolifera-
tion and gastric carcinogenesis in H. pylori-infected Mongolian
gerbils. Interestingly, the viable H. pylori count was not changed
by the canolol containing diet. Thus, the data point to the level of
inflammation because of H. pylori rather than the existence of the
bacteria as the determining factor. Importantly, canolol appears
to suppress induction of mRNAs for inflammatory cytokines.

© 2007 Wiley-Liss, Inc.

Key words: canolol; antioxidant; canola oil;

Mongolian gerbils

Helicobacter pylori,

Helicobacter pylori (H. pylori) is now considered as the most
important etiological agent for chronic z,aslnu\ and pepuc. ulcer
disease, as well as a cause of gastric carcinoma.'™ There is accu-
mulating evidence that eradication of H. pylori in the stomach by
administration of oral antimicrobial agents results in the resolution
of H. pylori-infected chronic active gastritis and peptic ulceration
and significantly lowers the risk of stomach tumor development in
patients without precancerous lesions.” However, such bacterial
eradication treatment has not been always successful, The occur-
rence of antibiotic-resistant H. pylori has been reported, and it is
occasionally associated with adverse effects.” Therefore, it is still
desirable to develop alternative approaches for cancer prevention
and a number of studies have demonstrated protective effects of
plant extracts against 1. pvkm infection, such as green tea cate-
chins” and a ;__,ar]u, extract.” In a previous study, we also found
fruit-juice concentrate of Japanese apricot (ume) (CJA) to
decrease the number of H. pylori and suppress chronic active gas-
tritis in gerbils,® although the mechanism was unclear. H. pylori
infection has been reported to cause production of H,O, in AGS
human %d\rric epithelial cells, which might contribute to carcino-
genesis.” Correa er al, reported antioxidants like vitamin C or vita-
min E have protective effects against H. %J)‘IUH -induced lesions
due to their free radical scavenging activity.'”

4-Vinyl-2,6-dimethoxyphenol (canolol), was recently identified
as a potent antioxidative compound in crude canola oil, exhibiting

N - Publication of the International Union Against Cancer
& UICC

il santee confrod

more potent antialkylperoxyl [ROO®] radical acliviiy than well-

known antioxidants, like a-tocopherol, vitamin C, B-carotenc,

rutin and quercetin.” > We previously reported strong scavenging

capacity against the endogenous mutagen, peroxynitrilc

(ONOO™), and suppression of bacterial mutation, consistent with

the earlier observed protection from DNA damage, and prevention
of oxidation of lipids and proteins."?

The Mongolian gerbil (Meriones unguiculatus) provides a use-
ful animal model of H. pylori-induced chronic active gastritis that
allows investigation of morbidity-related pathological epithelial
alterations in gastric mucosa, and thelr development into intestinal
metaplasia and gastric neoplasia.'* The purpose of our study was
to evaluate the effectiveness of canolol for inhibition of H. pyleon-
infected chronic gastritis and gastric carcinogenesis. An investiga-
tion of effects on induction of cytokines in mouse peritoneal mac-
rophages in vitro was included.

Material and methods
Chemicals

Canolol, 4-vinyl-2,6-dimethoxyphenol (molecular weight, 180)
(Fig. 1), is a novel and potent antioxidant, contained in crude can-
ola oil. In our study, it was synthesized to at least 95% purity (con-
firmed by nuclear magnetic resonance) and mixed with 2,6 di-tert-
butyl-4-methylphenol (butylhydroxytoluene, BHT, Sigma Chemi-
cal, St Louis, MO) at final concentration of 300 ppm at Junsei
Chemical, Tokyo, Japan. The preparation was sealed under helium
or nitrogen, and also kept as an ethanol stock solution in nitrogen
at —80°C.

Diets

AIN93G was purchased from Clea Japan, (Tokyo, Japan). Tern-
butylhydroquinone (tBHQ), contained in the standard recipe of
AIN93G, was excluded to facilitate analysis of subtle changes
because of canolol. Soybean oil was replaced with canola oil con-
taining 443.7 ppm tocopherol (158.7 ppm a-tocopherol, 2796
ppm vy-tocopherol, 5.4 ppm 8-tocopherol and no B-tocopheral)
(Showa Sangyo, Funabashi, Japan). Canolol powder containing
300 ppm BHT was dissolved in ethanol and mixed with the modi-
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fied AIN93G described earlier to give a final concentration of
0.1% canolol and 0.3 ppm BHT. Since no information was avail-
able regarding in vivo administration of canolol, previous litera-
ture for other antioxidants was referenced for a suitable dose;
0.1-0.5% tocopherol_successfully suppressed formation of colon
aberrant crypt foci'® and mammary adenocarcinomas.'® Since
canolol was revealed to be a more potent oxidative radical scav-
enger than n:u:opheml.]3 the lowest concentration (0.1%) was
applied here. For controls, 0.3 ppm BHT alone or no antioxidant
supplement in the basal diet were used. The diets sealed under
vacuum were siored in a freezer at —30°C and thawed for use
everyday. Leftovers were measured on the next day and the new
diet supplied given again to prevent excessive oxidation.

Carcinogen

N-methyl-N-nitrosourea (MNU) (Sigma Chemical, St Louis,
MO) was dissolved in distilled water at the concentration of
10 ppm and administered via light-shielded bottles in drinking
water ad libitum. MNU solutions were freshly prepared 3 times
per week.

Inoculation of H. pylori

ATCC43504 (American Type Culture Collection, Manassas,
VA) was grown in Brucella broth (Becton Dickinson, Cockeys-
ville, MD), containing 7% (v/v) heat-inactivated fetal bovine se-
rum, at 37°C under microaerophilic conditions, at high humidity
for 24 hr. After 24 hr fasting, gerbils were inoculated viag an oral
catheter with 1.0 ml aliquots of H. pylori culture containing 1.0 »
10° colony-forming units/ml of the organisms. Four hours later,
the animals were again allowed free access to food.

Animals and experimental protocol

One hundred seventy-eight specific-pathogen-free male Mongo-
lian gerbils (MGS/Sea; Seac Yoshitomi, Fukuoka, Japan), 6 weeks
old, were used in this study. They were housed in an air-condi-
tioned biohazard room designed for experimentally infected ani-
mals, with a 12-hr light/12-hr dark cycle and were allowed free
access to food. The experimental design is illustrated in Figure 2.
The animals were allocated to Experiments I or 11

In Experiment I, 58 gerbils were divided into 6 groups (A-F):
[Group A, n = 10]: H. pylori-infected, canolol + BHT-treated
animals; [Group B, n = 10]: H. pylori-infected, BHT-treated ani-
mals, no canolol; [Group C, n = 10]: H. pylori-infected, untreated

H,CO
HO CH=CH,

H,CO

FiGure 1 - Structure of 4-vinyl-2,6-dimethoxyphenol (canolol).
Molecular weight, 180.

animals; [Group D, n = 10]: Broth-inoculated (no H. pylori), can-
olol + BHT-treated animals; [Group E, n = 10]:; Broth-inocu-
lated, only BHT-treated animals; and [Group F, n = 8]: Broth-
inoculated, untreated animals. Animals were killed at 18 weeks of
age for midterm examination.

In Experiment II, 120 gerbils were divided into 4 groups (G to
J). Two weeks after inoculation of H. pylori, Groups G, H and |
were administrated with MNU for 20 weeks. Group J was given
broth and autoclaved distilled water as control. Groups G, H, I and
J were given, (i) canolol + BHT, (if) BHT, (iii) control diet and
(1v) canolol + BHT diet, respectively, from the 8th experimental
week to the end of the experimental period. BrdU at a dose of
100 mg/kg was injected intraperitoneally 60 min before the sacri-
fice at experimental week 52. The study was approved by the Ani-
mal Care Committee of Aichi Cancer Center Research Institute,

Bacterial cultures

To assess bacterial colonization in the gastric mucosa, half of
each glandular stomach from gerbils in Experiment I was homoge-
nized with 1.0 ml of phosphate buffered saline (PBS) for culture
of H. pylori. One hundred-microliter aliquots were inoculated
onto . pylori agar plates (Nissui Pharmaceutical, Tokyo, Japan),
which were then incubated at 37°C under microaerophilic condi-
tions. The numbers of H. pvlori colonies were counted after 5-7
days,

Experiment |
o2 12 weeks

Growps A

Figure 2 —~ Experimental design. Animals, 6-week-old male Mon-
golian gerbils; ¥, H. pylori inoculation (i.g.); V, Broth only, control,
®, MNU in drinking water at the concentration of 10 ppm. &, 0.1% can-
olol/0.5 ppm 2,6 Di-tert-butyl-4-methylphenol (BHT)/AIN93G diet;
3. 0.5 ppm BHT/ AIN93G diet, control; O, AIN93G diet, control.

TABLE 1- PCR PRIMERS USED FOR LIGHTCYCLER ANALYSIS

Gene Sequence Product size (bp)
GAPDH F: 5'-AACGGCACAGTCAAGGCTGAGAACG-3' 118
R: 5'-CAACATACTCGGCACCGGCATCG-3'
IL-18 F: 5'-TGACTTCACCTTGGAATCCGTCTCT-3 91
R: 5-GGCAACAAGGGAGCTCCATCAC-3'
TNF-a F: 5“GCTGCCCCCACCTCGTGCTC-3 89
R: 5'-CTTGATGGCAGACAGGAGGCTGACC-3'
COX-2 F: 5’-GCCGTCGAGTTGAAAGCCCTCTACA-3 97
R: 5'-CCCCGAAGATGGCGTCTGGAC-3'
iNOS F: 3-GCATGACCTTGGTGTTTGGGTGCC-3 110

R: 5'-GCAGCCTGTGTGAACCTGGTGAAGC-3'

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; F, forward: R, reverse.



TABLE II - HISTOPATHOLOGICAL RESPONSES IN GERBILS
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For histological and immunohistochemical examination, the
stomachs were fixed in 10% neutral buffered formalin for 24 hr
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FiGURE 4 — Tmmunohistochemistry of gasric lesions. (@ and b) COX-2. Original magnification, % 100. (¢ and ) iNOS. Original magnifici-
tion, X 100. Note that the intensity of COX-2 and iNOS immunoreactivity in the canolol-treated gastric mucosa (a and ¢), is weaker than that in
the control infection grou]:s (b and d). (e and ) BrdU. BrdU positive cells are distributed more broadly in the control group (f) than the canoldl-

treated group (¢). Original magnification, % 50.

Nippon Gene, Tokyo, Japan). After DNase treatment, first strand
c¢DNAs were synthesized using the Thermoscript RT-PCR System
(Invitrogen, Carlsbad, CA) according to the manufacturers’
instructions. Quantitative PCR of IL-1B, TNF-«, COX-2 and
INOS, was performed with the LightCycler system (Roche Diag-
nostics, Mannheim, Germany), using gerbil-specific glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) gene as an internal

control. The PCR was performed basically as described using a
QuantiTect SYBR Green PCR (QIAGEN) kit with optimal Mg**
concentration at 2.5 mM. The 5'- and 3'-primer sequences are
listed in Table 1. Specificity of the PCR reaction was confirmed
using the melting program provided with the LightCycler
software. To further confirm that there was no obvious primer
dimer formation or amplification of any extra bands, the samples



