Angiotensin |l Induces Oxidative Stress in Prostate Cancer

fluorescent red. The cells were plated onto a glass slip in a two-
well plate at 2 x 10° cells per well and incubated for 24 h. Cells
were then treated with 10 pmoV/L angiotensin II for 5 h after pre-
treatment with candesartan, catalase, or LY294002 for 30 min.
HE was added into the cell culture 30 min before treatment
was completed. After being stained, the cells were washed in
cold 1 X PBS and fixed with 10% buffered formalin. The slip
was mounted on a glass slide and observed using a fluorescence
microscope (BZ-8000, Keyence) fitted with an argon-ion laser.

Semiquantitative Digital Image Analysis

To quantify the levels of O; production, we used Image J
(NIH) to perform semiquantitative digital image analysis of
H&E staining. The panels of Figs. 5 and 6 were split into red
and blue images, and the mean level values of red and blue
images were measured. The levels of Oz production were
determined by dividing the mean level of red by that of blue in
each panel.

Determination of 8-OHdG Level

LNCaP and DU145 cells were cultured on culture slides in
phenol red—free RPMI plus 0.1% bovine serum albumin for
24 h, and the medium was collected immediately at 24 h after
10 pmol/L angiotensin I exposure with/without 10 pmol/L
CV11974 or 1 umol/L telmisartan as indicated in the figures.
8-OHdG level was measured as previously reported, according
to the manufacturer’s instructions (64). In brief, culture
supernatants after these treatments as described above were
centrifuged at 10,000 X g for 10 min, and the supernatants were
used for the determination of 8-OHdG level using a quantitative
sandwich ELISA kit (NOF Co.) with a determination range of
0.125 to 10 ng/mL. Absorbance was determined with a
microplate reader (Bio-Rad) at 450 nm. All analyses and
calibrations were done in triplicate. A standard curve was
created using Excel (Microsoft 2003 version) by plotting the
logarithm of the mean absorbance of cach sample versus the
sample concentration.

Western Blot Analysis

LNCaP cells were cultured in phenol red—free RPMI-plus
0.1% bovine serum albumin for 24 h. Then cells were
pretreated with 10 pmol/L CV11974, 1,000 units/mL catalase,
or 40 pumoV/L LY294002 for 30 min and harvested at several
points as indicated in the figures after 10 pmol/L, angiotensin I
exposure, Cells in the appropriate conditions were washed
twice with ice-cold PBS, lysed in ice-cold buffer consisting
of 20 mmol/L Tris (pH 8.0), 137 mmol/L NaCl, 10% gly-
cerol, 0.1% SDS, 0.5% Nonidet P-40, 100 mmol/L sodium
fluoride, 200 mmol/L sodium orthovanadate, 1 mmol/L
EGTA, 2 mmol/L phenylmethylsulfonyl fluoride, 1 mg/mL
leupeptin, and 3 mg/mL aprotinin, and centrifuged (30 min,
4°C, 14,500 x g). After quantitation, 20 ug of each cell lysate
were added to SDS gel loading buffer (containing a reducing
agent) and boiled for 5 min. The samples were subjected to
SDS-PAGE on 10% gel and electrotransferred fo Immobilon-P
(Millipore). After blocking the membrane with 5% albumin,
Western blotting was done using the antibody of interest, and
the product was detected with an enhanced chemiluminescence
detection system (Amersham).
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Statistical Analysis
Significance was examined by ANOVA followed by ¢ test,
and differences with P < 0.05 (*) were considered significant.
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BACKGROUND. The aim of this study was to perform a comprehensive evaluation of
angiotensin 1T (Ang-II)) and related converting enzymes, aminopeptidase A (APA) and N
(APN), in prostate cancer.

METHODS. We investigated the effects of Ang-1II on the in vitro growth of human prostate
cancer cells and the expression of APA and APN in cells treated with Ang-IIl 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-HI 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 LNCaP cells, APN expression was augmented by Ang-11I,
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-III and related converting enzymes contribute
to cell proliferation of prostate cancer, and may be implicated in cancer progression. Prostate

68:1666-1673,2008. © 2008 Wiley-Liss, Inc.
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INTRODUCTION

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-1I 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-T1
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

© 2008 Wiley-Liss, Inc.

angiotensin III; aminopeptidase; prostate cancer

the possibility of protection against cancer by the use
of ACE inhibitors. Surprisingly, similar functions of
Ang-II have been shown to occur in several kinds of
cancer tissue, as we previously reported that Ang-1lis
a growth factor, and Ang-II receptor blockers (ARB)
could inhibit the proliferation of prostate cancer [4].
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With respect to the local RAS in the prostate,gland,
Ang-Il has been reported to be present in human
seminal fluid at a concentration three- to fivefold higher
than that found in blood [5]. Anin 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 I 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 III (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 animportantrole in its development
and progression as well as in the normal prostate and in
benign prostatic hypertrophy (BPH) progression [11].

ATiIR  ATR

Fig. . Angiotensin cascade and angiotensin receptors. Amino-
peptidase A (APA) converts Ang-Il to Ang-lll, and aminopeptidase
N (APN) converts Ang-lll to Ang-1Vin the renin-angiotensin system
(RAS). Ang-lland Ang-llibind to the AT\and AT, receptors,and Ang-
IV binds to the AT, receptor.

The Prostate

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 amplification,
mutation and related AR signaling is considered to
play a key role [13~15].

The present study was carried out to obtain a deeper
insight into RAS regulation in prostate cancer.
We focused on the biological role of Ang-IIl and the
expression of Ang-Ill-related convertases in prostate
cancer cells and tissue. We investigated the effects
of Ang-III on proliferation in prostate cancer cells,
and, furthermore, the expression of APA and APN in
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 0.1% 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 was provided
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-IIl at wvarious 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
(within 30 min) stored at —80°C until analysis. In
untreated prostate cancer, trimmed prostate blocks
obtained by radical prostatectomy were cutinto 10-um-
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 ISOGEN. 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 GIT
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-

The Prostate

ware, Primer Express (Applied Biosystem, Inc.).
Reagents in 1Q 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 pl 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-1II
treatment as indicated in the figures. Cells were
pretreated with olmesartan for 30 min, and then
stimulated with Ang-III, 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-Ill 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 meanszt
standard deviation (SD) (n=23).

Statistical Analysis

Significance was examined by ANOVA followed by
t-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-IlI 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-III treatment
increased both prostate cancer cells in a dose-depend-
ent manner. Because earlier reports indicated that Ang-
Il can bind to the ATy 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-lII. 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-TII treatment, we carried out Western blot of the
phosphorylation of MAPK activated by Ang-lll. 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). With regard 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-III stimulation for 24 hr. Figure 5A shows that
APN expression of LNCaP cells was augmented by
Ang-IIl 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 hr
(Fig. 5C). APA expression in DU145 cells was not
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 Bel, 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

B

{~ 10%
8

DU4S

Amg 1IE M) — n 19 i 1
Ot () — - — — 1

Fig. 2. Cell growth of established prostate cancer cells stimulated with angiotensin Il (Ang-lll). A: Cell number of LNCaP stimulated with
Ang-illfor 5daysincreasedinadose-dependent manner.Cell proliferation induced by 101tM Ang-ll wasinhibited by [0 jtM olmesartantreatment.
B: Cell number of DUIMS stimulated with Ang-lltfor 5 daysincreased in adose-dependent manner. Cell proliferationinduced by I0pM Ang-lll was
inhibited by 10 1M olmesartan treatment. Bars represent mean = standard deviation (SD). *P < 0.0, n = 4.
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Fig. 3. Western blots of phosphorylated MAPK in prostate cancer cells stimulated with Ang-lll. LNCaP and DUI45 cells were harvested
after I5 min of stimulation with angiotensin Ilf 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-lll, the phosphorylation of MAPK was
activated, and it was inhibited by olmesartan treatment. B: In DUI4S cells stimulated with Ang-lll, the phosphorylation of MAPKwas activated,
and it was inhibited by olmesartan treatment. In A and B, densitometries of the developed blots were performed, and the ratios between the
density of pMAPK and control MAPKwere determined. A: *P < 0.05,**P < 0.04,n =3.B:*P < 0.05,n=3.

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-II in the development of hormone refractory
prostate cancer. As the next step, in the present study,
we focused on the biological role of Ang-III, which is
converted from Ang-II, and its converting enzymes,
APA and APN. Similarly to Ang-II, Ang-IIl activated
the cell growth of prostate cancer, and interestingly, it
was inhibited by olmesartan, an ARB. The proliferative
signal transduction of Ang-Ill 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-IIl 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 than in normal or untreated primary prostate cancer tissue (Mann—Whitney’s U-test, P < 0.01).
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Fig. 5. Westernblotsof APNand B-actin in LNCaP (A) and DUIMS cells (B). Cells were harvested after 24 hr of stimulation with Ang-lll. 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; AT; 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 B-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-B-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 B-actin were determined. *P < 0.04,
**P < 00l,n=3.
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concentration-dependent affinity [4,21]. Likewise,
Ang-1II 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-IIl as shown
in Figure 1. Ang-II and Ang-TIl have been traditionally
believed to bind to the AT; and AT, receptors [16]
(Fig. 1). Interestingly, Ang-IIl 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 expression in HRPC
tissue [17]. Accordingly, based on the data of an
increase in the AT; receptor and accumulation of
Ang-TIT 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-I1I, 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
expression 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-IIl 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 nochangein APA and a
decrease in APN expression suggest that the metabo-
lism of Ang-II to Ang-III is constant, whereas the
metabolism of Ang-III to Ang-IV is slow, resulting in
the predominant actions of Ang-II and Ang-III 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-III 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

The Prostate

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, ATt receptor blockers (ARBs), a class of antihypertensive agent, have the potential to inhibit
the growth of prostate cancer cells and tumors through the AT1 receptor. This review provides an insight into the key role of Ang-Ii and the AT

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

Key words: angiotensin |l, angiotensin If receptor, angiotensin |l receptor blocker, prostate cancer, renin-angiotensin system.

Introduction

Prostate cancer is 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 {actors.?

Since Huggins and Hodges lirst 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 tor patients with advanced prostate
cancer initially, most patients develop resistance 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-refractory prostate cancer (HRPC).

Interestingly, it has been reported that angiotensin Il (Ang-Il) is
implicated in the development or invasion of several kinds of cancer
tissue, including breast, ovarian and pancreatic cancer.’ There is clinical
evidence supporting the involvement of Ang-Il in carcinogenesis.
Lever et al. carried out a retrospective cohort study that raised the
possibility of protection against cancer by the use of angiotensin con-
verting enzyme (ACE) inhibitors.® Following that report, several
studies concerning the association between antihypertensive medica-
tion and cancer risk have been reported. Regarding prostate cancer,
Ronquist er al. found that users of captopril, an ACE inhibitor, showed
a lower risk of subsequent prostate cancer, based on data from the
General Practice Research Database in the UK.”

As we previously reported that Ang-11 is a growth factor, an Ang-11
receptor blocker (ARB) could inhibit the proliferation of prostate
cancer,” especially in hormone-refractory cancer. To confirm the role of
Ang-11 in cancer cell proliferation and migration, several experiments
have been carried out, suggesting that this peptide might also be involved
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in cancer development. This review highlights that renin-angiotensin
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 to other cancers, these factors are
involved in the development and progression of prostate cancer. In
addition to these factors, prostate cancer has unique features in that
androgens and a cognate receptor, the androgen receptor (AR), play an
important role in 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 apoptosis are controlicd by androgen;
however, hormone-dependent prosiate 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 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. Dercgulation
of the expression of 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 ARAS55 expression was associated
with shorter recurrence-free 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 to the abnormal function of AR, many growth factors and
cytokines secreted from surrounding cells have also been identified and

19



H UEMURA ET AL.

Adrenal androgens
Estrogens
Progestins
Antiandrogens

Testosterone - -
Surrounded cells

characterized in prostate cancer progression, especially in the develop-
ment of HRPC (Fig. 1). For example, epidermal growth factor (EGF)
and its related family members are expressed in prostate cancer cells. It
is reported that EGF and its receptor (EGF-R) are expressed in prostate
cancer tissue, and are associated with disease-free survival.”" Fur-
thermore, other growth factors, such as vascular endothelial growth
factor (VEGF)*" and insulin-like growth factor (IGF),” are involved
in prostate cancer progression.

Various cytokines arc also considered to be important for prostate
cancer progression. in particular, interleukin-6 (IL-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
IL-6 induces AR expression itself and leads to enhancement of
androgen-responsive gene expression.® The fact that interleukin-§
(IL-8) plays an important role in the proliferation of prostate cancer
cells has been confirmed by in vitro and in vivo studics; IL-8 stimula-
tion accelerates prostate cancer tumorigenesis, angiogenesis and
metastasis, and [L-8 especially has the potential for promotion of
HRPC progression.** In addition to 1L-6 and IL-8, other cytokines
(e.g. IL-4 and IL-10) are also 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
expeeted to provide new therapy for prostate cancer, especially HRPC.

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 fluid
homcostasis. Ang-li, the main bioactive product of RAS, is spliced
from the precursor substrate (angiotensinogen) by renin, and the
decapeptide angiotensin (Ang-1) is cleaved by ACE. Ang-Il exerts
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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 to 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 rcceptors; type 1 (AT1)
and type 2 (AT2).* Both recepjors are functionally distinct polypep-
tides, with 30% sequence homology, and with seven transmembrane
domains, belonging to the guanosine phosphate binding protein
coupled receptor (GPCR) family.

Current investigations of RAS have shifted from its endocrine role to
its autocrine and paracrine role in specific tissues, associated with tissue
growth and/or differentiation (Fig. 2). Also, recent studies have revealed
that Ang-11 is a multifactorial effector, whosc cffects include vasocon-
striction, release of aldosterone, [acilitation of sympathetic transmis-
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,”’
kidney,™ pancreas,” ovary,” prostate™ and placenta.*? Recently, regula-
tion of RAS has been shown to be complicated; for instance, renin is not
always required for the generation of Ang-1l from angiotensinogen
because alternative enzymes can generate Ang-II (Fig. 2).%

The ATT receptor binds to Ang-II with concentration-dependent
affinity. In prostate cancer, there have been few reports besides our
previous report in which ATI receptor expression was shown to be
higher in cancer tissue than in normal prostate tissue by reverse
transcription-polymerase chain reaction (RT-PCR) analysis.® Further
comparative investigations of ATl receptor expression have confirmed
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 to the AT1 receptor™®
Interestingly. the antagonistic biological function of the AT receptor is
mediated through the AT2 receptor. For instance, the AT2 receptor
exerts vascular effects of vasodilatation, proliferation, differentiation
and apoptotic elfects in endothelial cells, mesangial cells and pheo-
chromocytoma cell lines.™!
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Fig.2 Llocal renin-angiotensin system in
prostate. Angiotensin Il {Ang-ll) generated in
the prostate gland influences the cancer
physiology and pathology through the Ang-Il
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-il. 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-II by decreasing its
production, were developed as first-line drugs for hypertension and are
widely used clinically. Recently, much evidence has accumulated that
ACE inhibitors have inhibitory potential against cancers, in vifro and in
vivo. ACE inhibitors retard the growih of a wide variety of cultured
cancer cells in vitro,”* and further have the potential to inhibit tum-
origenesis and angiogenesis induced in cancers in animal models in
viva.$* % As mentioned above, some groups have reported clinical
evidence that long-term Ang-II 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-IT accel-
erates carcinogenesis, and blockade of Ang-ll stimulation has inhibi-
tory potential against carcinogenesis.

Numerous orally active, selective AT1 receptor antagonists (ARBs)
have been synthesized and available for the treatment of hypertension
since the 1990s.°%Y 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 AT reeeptors and almost no affinity for

AT2 receptors. Their binding to AT1 receptors is competitive, with very
stow dissociation. They dose-dependently block the response to exog-
enous Ang-IL.¥ 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
preservation of renal function in nephropathy.™* Furthermore, ARBs
are likely to have beneficial clinical effects on cancer cells, as well as
ACE inhibitors.

ARBs and prostate cancer

To date, we have reported the potential of ARBs as novel therapeutic
agents for HRPC.* First, we evaluated the expression of AT1 receptor in
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prostate cancers, which showed that the ATI receptor mRNA was
expressed in both prostate cancer and adjacent normal prostate tissue
obtained from patients who underwent radical prostatectomy. RI-PCR
analysis indicated that the ATT receptor mRNA level tended to be
increased in tumors comparced with normal tissue. AT receptormRNA
was also recognized in human prostate cancer cell lines, LNCaP and
DU45. In LNCaP, Ang-Il stimulation induced tyrosine-
phosphorylation of proteins through stimulation by EGF, which has
potency to accelerate tumorigenesis of prostate cancer. Signal trans-
ducers such as MAPK and STAT3 wete 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 IL-6 stimulation, as shown
in Figure 3. Finally, candesartan suppressed the growth of LNCaP and
DU145 cells induced by EGF. As in vascular endothelial cells,® the
AT] receptor can transactivate the EGF-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-
monly 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 targeting agent
for use as an anticancer drug.

In in vivo experiments, we investigated the effect of candesartan on
tuinor xenografts of DU145 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 xcnografts between
control and candesartan-treated mice.*

Angiotensin and prostate stromal cells

From the viewpoint of growth factors and cytokines in prostate cancer,
it is important to understand the autocrine and paracrine mechanisms
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EGF or IL-6
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Upregulation of apoptesis related genes

Downregulation of AT1, PSA and other genes

Ang-1I stimulation
. Ang-11

Fig. 3 Mechanism of AT1 receptor blocker
{ARB) at multiple sites in prostate cancer cells.
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 hind to
peroxisorne proliferators activated receptory

Inhibition of cancer progression

(PPARY), influencing various transcriptional

surrounding cancer cells. Many reports revealed an elevated serum
{L-6 level in patients with HRPC, and this cytokine is therefore thought
to be involved in the progression ol prostate cancer. Lee ef al. reported
that overexpression of [L-6 rendered androgen-sensitive prostate
cancer cells maore resistant to apoptosis induced by androgen
deprivation.® As other growth factors and cytokines involved in the
progression of prostate cancer, EGFE, tumor necrosis factor o (TNFo),
heparin-binding EGF (HB-EGF) and IGF* were shown to be expressed
in stromal tissue.

Several recent studies have indicated that prostate stromal cells
contain the ATI receplor,®® and as we previously demonstrated, the
prostate stromal cell number was increased by Ang-11 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.!™™ 7 We have confirmed that Ang-1I induced
the secretion of IL-6 and other cytokines including IL-1c, IL-8 and
MCP-1 from prostatic stromal cells.”” [L-10 is required for in vivo
angiogenesis and invasiveness of different tumor cells, and contributed
to the production of VEGF and TNFo in tumor cells cocultured with
peritoneal macrophages.™ 1L-8 confers androgen-independent growth
and migration of LNCaP cells through activation of the AR, without
androgen stimulation.” Ohta ef 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-II treatment may contribute to the mechanisms underlying
androgen independence through multiple pathways. It is therefore con-
ceivable that Ang-lI might induce neovascularization through activa-
tion of angiogenic factors via reactive proslate stroma, and specific
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activities in the regulation of multiple genes.

ARBs possibly inhibit carcinogenesis through suppression of angio-
genesis.

Clinical efficacy of ARBs for
prostate cancer

ARBs possessing these experimental demonstrations may offer clinical
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 treatient 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 factor 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 HRPC cases with widespread
metastases, a low dose ol 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, TNP-470, for advanced HRPC.™ Because both ARBs and TNP-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.”™™ If Ang-Il 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 I is activated not only by an ACE-dependent pathway,
but also by other enzymes such as chymase, chymostatin-sensitive
angiotensin ll-generating enzyme (CAGE), cathepsin G, tissue type
plasminogen activator (tPA), elastase, and tonin, as shown in Figure 2.
ACE inhibitors do not inhibit all Ang-1I production, whereas ARBs
theoretically can inhibit all AT1 receptor activation stimulated by Ang-
II. The second is that blockade of the AT1 receptor induced by ARBs
increases the bioavailability of Ang-I1 by reducing the inhibitory effect
on renin secretion, producing upregulation and overstimulation of the
AT?2 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, ARBs may therefore be ben-
cficial against inflammation caused by cancer. More interestingly, in
our previous study, real-time RT-PCR analyses revealed that RAS com-
ponents were expressed more highly in HRPC tissue than in normal and
untreated prostate 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 susceptibility to ARBs compared to normal
or untreated prostate cancer. Indeed, we confirmed the beneficial effect
of 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 AT receptor 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
distinct trom all other ARBSs; it is a highly lipid-soluble, non-tetrazole
derivative, with a single carboxylic acid group instead of the large
tetrazole ring, as a result showing an extraordinarily high volume of
distribution compared to other ARBs.*

A recent investigation has demonstrated that telmisartan bears a
structural resemblance to pioglitazone, a thiazolidinedione ligand of
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 nuclear hormonc receptor
superfamily that exerts transcriptional activity on the regulation of
multiple genes involved in lipid metabolism, inflammation and steroid
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hormones.”” Interestingly, activation of this receptor by various
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 of PPARY, and influences the expression of PPARy-targeted
genes.™ When the ability of ARBs to activate PPARY was measured in
a transient 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 (SPPARMSs).**" Conventional PPARY activators
such as pioglitazone typically function as full agonists of the receptor
and affect the expression of various genes, while SPPARMS function as
partial agonists, with limited elfects on gene expression. ¥ Indeed , we
confirmed that telmisartan did not have full binding ability as do
PPARyagonists, and it has the potential to bind to PPARYy of at least one
third the ability of troglitazone.”

These observations support the hypothesis that telmisartan, as a
SSPARM, not only blocks the Ang-1I 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 proliferation of prostate cancer, only telmisartan is
considered to affect the cell growth of prostate cancer containing
PPARY through both ARB’s biological function and PPARY activation
synergistically (Fig. 3).

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

Functions of ARBs as GPCR antagonist in
prostate cancer

Angiotensin 11 receptors, the AT and AT2 receptors, are members of
the GPCR family. All GPCRs have a common central core domain
consisting of seven transmembrane helices connected by three intrac-
ellufar and three extracellular loops, In general, GPCRs are activated by
a variety of ligands, including hormones, peptides, growth factors, and
neurotransmitters, and play critical 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.

The expression of some GPCRs, including those receptors for lyso-
phosphatidic acids,” endothelin-1,'"""" and bradykinin," has been
reported to be observed in normal prostatic epithelium and in prostate
cancer cells. Interestingly, endothelin-1 is one of the peptides related to
vasoconstriction, and furthermore, the expression level of its receptor
was more significantly increased in advanced androgen-tndependent
prostate cancer than in localized cancer.'™ It should be noted that the
phenomena of endothelin-1 are similar to those of angiotensin 1I, as we
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previously demonstrated. Additionally, Xu ef a/. indicated that elevated
levels of the orphan GPCR, prostate specific G protein coupled recep-
tor, were associated with the progression of prostate cancer.!”® Hence,
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 AT 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 cytotoxic, 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 molecular mechanisms of the progression from hormone-
dependent 1o 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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OBJECTIVE

To determine whether the 2005 International
Society of Urologic Pathology (ISUP) Gleason
Grading Consensus is clinically more useful
than the conventional Gleason score (CGS),
we compared the CGS and ISUP GS {IGS) of
prostate needle biopsy (NB) and radical
prostatectomy (RP) specimens, and
evaluated the prognostic value of the

ISUP GS.

PATIENTS AND METHODS

Of 250 patients undergoing RP, 103 with
clinical stage T1-2 NOMO were enrolled.
Pathological tumour grades of NB and RP
@:cimens were classified according to CGS

by experienced pathologists in the central
pathology department of our hospital, and
retrospectively according to IGS by one
uropathologist at the central pathology
department of another hospital. All patients
had RP with no neoadjuvant or adjuvant
therapy. We analysed associations of CGS
and |GS with biochemical recurrence-free
survival {BRFS) after RP,

RESULTS

The concordance rates between NB and RP
specimens by CGS and IGS were 64.19% and
69.9%. Under-grading and over-grading
rates by CGS and IGS were 28.29% and 7.8%
for NB, and 27.2% and 2.9% for RP,
respectively. There was a significant
difference in the over-grading rate between
CGS and IGS (P=0.026). When CGS and IGS
of NB and RP specimens were compared, the

concordance rates were similar, at 67% and\
69.9%. The 1GS was higher, by 15.6% in NB
and by 20.4% in RP specimens, than CGS.
Patients were divided into three groups
based on IGS of NB specimens (<6, 7 and >8).
These groups differed significantly in BRFS
after RP (P=10.022); CGS showed no such
association.

CONCLUSIONS

The 1GS of NB specimens were significantly
associated with BRFS after RP. The ISUP
system is thus clinically useful for
determining the most appropriate
treatments for patients with early-stage
prostate cancer.

KEYWORDS

prostate cancer, ISUP Gleason score, needle
biopsy, prostatectomy, biochemical failure/

INTRODUCTION

Prostate cancer is one of the most common
neoplasms in men in the USA and other
Western countries. The current widespread
use of serum PSA levels and prostate biopsy
has increased the detection rate of prostate
cancer, resulting in a considerable shift
toward earlier stages {1]. Furthermore, it is
very important to diagnose prostate cancer at
an early stage, when curative treatment is
most likely. More patients are now choosing
radical prostatectomy (RP), external beam
radiotherapy, brachytherapy and active
surveillance. In planning these treatments, the

primary prognostic factors are the Gleason
score (GS) of needle biopsy (NB) specimens,
serum PSA level and the DRE findings [2,3].

Among the many factors influencing whether
curative treatment or active surveillance is the
best option, the GS of NB specimens is more
important for patients with early-stage
prostate cancer. However, it has been shown
that the GS from NB specimens has an
inherent sampling error and differs from the
GS of RP specimens [4]. The most frequent
discordance has been under-grading of the
NB GS, although rates of under-grading have
gradually decreased since the early 1990s {5],

Some reports have indicated that extended
prostate biopsy significantly improves the GS
concordance between NB and RP specimens
[6,7]. Nevertheless, clinicians should be aware
of the GS discrepancy between NB and RP
specimens when determining the most
appropriate treatments for their patients,
especially those with early-stage prostate
cancer.

The 2005 international Society of Urologic
Pathology (ISUP) Gleason Grading Consensus
was proposed to achieve consensus in specific
areas of Gleason grading [8]. In particular,
the ISUP Gleason grading for NB and RP

© 2008 THE AUTHORS
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CGS

USEFULNESS OF ISUP GLEASON SCORE IN PROSTATE CANCEa

A diagnosis of G5 <4 posscble on NB,

Apartial cribriform pattern large cnbnform :s dvagnosed a' Gleason pattern 3

The'same GS are used for NB and RP specamens

High-grade timour of small’ quant:ty (<5°/o) 0 NB

on GS (5% threshold ru!e) =
Tumours on: NB shou!d be graded by
patterns;. ie excludmgt
The GSof:RP:specimens should: be aSSig,
) secondary pattems .

Separate or overall scormg to-assess aI! grades of NB spemmens are used

The grade of the largest portion should be asssgned even af the second 3argest :

portion is of higher grade

be exclided based.

Variables. , '"’dia‘"‘(as%fd)'  TABIE2
Observatlon period, years 3 (1 92-9. 40)1 The characterlsrlcso
Age, years ,-67 (66567)

Serum PSA level at RP; ng/mL
Clinical stage .

¢kt

cl2

Unknown: o i
% positive biopsy cores:
GS NB:by CGS

<6

7

8-10
Risk classification by CGS

Low

Intermediate .. "

High

specimens, the representative points of which
are described in below, was altered. There
have been no reports evaluating ISUP Gleason
grading which include PSA {biochemical)
recurrence-free survival (BRFS) after RP. In
the present retrospective study, we compared
conventional GS {CGS) and ISUP GS (IGS) of
NB and RP specimens. Furthermore, we
analysed the relationships of CGS and IGS
with BRSF after RP, and thereby evaluated the
clinical usefulness of IGS specifically in NB
specimens,

MATERIALS AND METHODS

in all, 250 patients with prostate cancer
diagnosed as clinical stage T1-2 NOMO

© 2008 THE AUTHORS

8066

18 (17.5)

37(389) .
L32Eu

: 103 potlents
92 (10.7-141): :

~ 51(495)
 51{495)
R
. 250(220-286)

37.(359)

34 (33,6}’

received RP at Yokohama City University
Hospital from January 1996 to December
2006. Serum PSA levels were determined with
a third-generation PSA assay kit, PSA failure
after RP was considered to be present when
PSA was increased by >0.2 ng/mL. Before
RP, all patients had TRUS-guided NB
transperineally with 8-12 cores, to confirm
the diagnosis of prostate cancer. Clinical stage
was determined using MRI, CT and bone
scintigraphy.

Of these 250 patients, 103 who did not have
neoadjuvant or adjuvant therapies, e.g.
hormonal or radiotherapy, were enrolled in
the study. Pathological tumour grades of the
specimens obtained from NB and RP were

JOURNAL COMPILATION © 2008 BJU INTERNATIONAL

classified according to CGS by several
pathologists in the central pathology
department of Yokohama City Hospital, Later,
these NB and RP specimens were classified
according to IGS by one uropathologist at the
central pathology department of Yokohama
City University Medical Center.

In the present study, we used the ISUP
Consensus Gleason Grading System [8]. The
differences between the ISUP and CGS are
shown in Table 1. One pathologist determined
the pathology of the dominant tumour
nodules, based on rules 7 and 8 in Table 1.

The results were assessed statistically using
the Mann-Whitney U-test and chi-square
test. BRFS was determined by the Kaplan-
Meier method, and the significance of
differences determined by the log-rank test;
inall tests P < 0.05 was considered to indicate
a statistically significant difference.

RESULTS

The characteristics of the 103 who had not
received adjuvant therapies before or after
RP are shown in Table 2. Using the risk
classification of D'Amico et al. [9], the 103
patients were divided into three groups, ie. 34
low-risk (33%), 37 intermediate-risk {36%)
and 32 high-risk {319%),

Correlations between the CGS and IGS of NB

and RP specimens are shown in Table 3. The
CGS for the NB specimen was concordant
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