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Figure 1. Expression of ST3Gal | and ST3Gal Il in prostate cancer
cells and normal prostate epithelium. (a) Quantitative real-time
PCR analyses for ST3Gal | and ST3Gal Il were performed on
transcripts isolated from PC3, DU145, LNCap, and PNT2 cells.
Expression is presented as the mean = S.E. (n = 3} of the mRNA
fold difference by normalizing with the expression level of PNT2
cells. **p < 0.001. (b) PC3 cells were starved for 24 h in serum-
free medium and then treated with 50 nM PMA for the indicated
times. Quantitative real-time PCR analyses for ST3Gal | and ST3Gal
Il were performed, and expression is reported as the mean *+ S.E.
(n = 3) of the mRNA fold difference by normalizing with the
expression level of PMA-untreated cells. MMP-9 was used as a
positive control for PMA stimulation. *p < 0.05, **p < 0.001.

1 transcription factors c-Jun and c-Fos can form a heterodi-
meric complex or a homodimeric c-Jun complex to regulate
gene expression.> AP-1 transcription factors are associated
with the progression and recurrence of prostate cancer.”” To
examine whether ¢-Jun and c-Fos are constitutively activated
in prostate cancer cells, we performed western blot analyses
with protein extracts from PC3, DU145, LNCap, and PNT2
cells (Fig. 2a). The expression of c-Jun and c-Fos was much
higher in the castration-resistant prostate cancer cell lines,
. PC3 and DU145, than in the LNCap and PNT2 cells.

NF-kB transcription factors are also constitutively activated in
prostate cancer cells***® and up-regulated in metastatic castra-
tion-resistant prostate cancer cells.***” To examine the activation
of NF-xB transcription factors, RelA and RelB, in prostate cancer
cells, we performed western blot analyses with protein extracts
from PC3, DU145, LNCap, and PNT2 cells (Fig. 2b). Although
western blot analyses of whole cell extracts did not reveal any sig-
nificant change in the level of expression of RelA or RelB in all
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Figure 2. AP-1 and NF-xB are constitutively activated in castration-
resistant prostate cancer cells. (@) Whole cell extracts (WEs) were
prepared from PC3, DU145, LNCap, and PNT2 cells using a RIPA
lysis buffer. Western blot analyses were performed with the
indicated antibodies to detect ¢c-Jun or c-Fos. B-actin was used as
a control for protein loading. (b) Nuclear extracts (NEs) and
cytoplasmic extracts (CEs) were prepared from PC3, DU145, LNCap,
and PNT2 cells using NE-PER extraction reagents. Western blot
analyses were performed with the indicated antibodies to detect
RelA or RelB. B-actin was used as a contro! for protein loading.

cells examined, the expression of RelA and RelB in the nucleus
was much higher in prostate cancer cells, PC3, DU145, and
LNCap, than in normal prostate epithelial cells, PNT2.

Inhibitory effects of NF-kB decoy ODN on PMA-induced
ST3Gal | and ST3Gal Il expression

To determine whether the transcriptional regulation of
ST3Gal I and II is dependent on AP-1 or NF-kB, we first
examined the inhibitory effects of AP-1 decoy ODN on
PMA-induced ST3Gal I and II expression. To test the efficacy
of AP-1 decoy ODN in PC3 cells, PC3 cells were co-trans-
fected with AP-1 luciferase reporter gene and 1.0 pM decoy
ODN for AP-1 or mutant decoy ODN and incubated in se-
rum-free medium for 48 h. AP-1 decoy ODN significantly
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inhibited the luciferase expression controlled by AP-1 in PC3
cells (Supporting Information Fig. 1). Then, PC3 cells were
transfected with 1.0 pM decoy ODN for AP-1 or mutant
decoy ODN. PC3 cells were incubated in serum-free medium
for 48 h and treated with 50 nM PMA for up to 24 h. Quan-
titative real-time PCR analyses showed that PMA-induced
ST3Gal I and II expression was not inhibited by AP-1 decoy
ODN (Fig. 3a). When c-Jun siRNA was used to knock-down
the expression of c-Jun in PC3 cells, no significant decrease
in the expression of ST3Gal I and II was detected (Support-
ing Information Fig. 2). Thus, the transcriptional regulation
of ST3Gal I and II did not seem to be AP-1-dependent.

Next, we examined the inhibitory effect of NF-xB decoy
ODN on PMA-induced ST3Gal I and ST3Gal II expression (Fig.
3b). PC3 cells were transfected with 1.0 pM decoy ODN for NF-
KB or scramble decoy ODN. PC3 cells were incubated in serum-
free medium for 48 h and then treated with 50 nM PMA for up
to 24 h. Quantitative real-time PCR analysis showed that PMA-
induced ST3Gal I and ST3Gal II expression was inhibited by
NF-xB decoy ODN. Thus, the transcriptional regulation of
ST3Gal I and ST3Gal II seemed to be dependent on NF-«B.

Inhibitory effects of siRNA for RelA and RelB on expression
of ST3Gal | and ST3Gal Il

The NF-xB family is composed of five mammalian homologs,
RelA (p65), RelB, c-Rel, p50 (NF-xB1) and p52 (NF-xB2),
which form an array of homo- and hetero-dimers.>* To iden-
tify the homologs that activate the expression of ST3Gal I
and ST3Gal II, the inhibitory effects of siRNA for RelA,
RelB, c-Rel, NF-kB1, or NF-xB2 on the expression of ST3Gal
I and ST3Gal I were examined. In all the experiments using
siRNA, cells were not treated with PMA. PC3 cells were
transfected with either scramble RNA or siRNA for RelA,
RelB, c-Rel, NF-kB1, or NF-kB2 and incubated for 72 h. The
efficacy of RNAI was assessed by quantitative real-time PCR
analyses (Supporting Information Fig. 3A). The protein level
of RelA and RelB was also assessed by western blot analyses
(Supporting Information Fig. 3B). Next, PC3 cells were trans-
fected with either scramble RNA or siRNA for RelA, RelB, c-
Rel, NF-kB1 or NF-kB2 and incubated for 72 h, and quanti-
tative real-time PCR analyses of ST3Gal I and ST3Gal II
were performed (Fig. 4). RelB siRNA suppressed the expres-
sion of both ST3Gal I and ST3Gal II, but RelA siRNA only
inhibited the expression of ST3Gal II. Additionally, the inhib-
itory effect of RelA siRNA on ST3Gal II was smaller than
that of RelB siRNA. SiRNA for c-Rel, NF-xB1, and NF-xB2
did not significantly change the expression of ST3Gal I and
II. Among the five mammalian homologs of the NF-kB fam-
ily, RelB RNAi most effectively inhibited the expression of
ST3Gal I and II in PC3 cells. Among castration-resistant
prostate cancer cells, DU145 cells also produced greater
amounts of ST3Gal II as shown in Figure 1. We examined
the inhibitory effects of RelB siRNA on expression of ST3Gal
II in DU145 cells. RelB RNAi also suppressed the expression
of ST3Gal II in DU145 cells (Supporting Information Fig. 4).
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Figure 3. Inhibitory effects of AP-1 or NF-kB decoy ODN on PMA-
induced ST3Gal | and ST3Gal Ii expression. (a) PC3 cells were
transfected with 1.0 uM decoy ODN for AP-1 (AP-1 dODN) or
corresponding mutant decoy ODN (Mut dODN). PC3 cells were
incubated in serum-free medium for 48 h and then treated with 50
nM PMA for the indicated times. Quantitative real-time PCR
analyses for ST3Gal | and ST3Gal Il were performed, and
expression is reported as the mean = S.E. (n = 3) of the mRNA
fold difference by normalizing with the expression level of mutant
decoy-transfected and PMA-untreated cells. (b) PC3 cells were
transfected with 1.0 uM decoy ODN for NF-kB (NF-xB dODN) or
corresponding scramble decoy ODN (Scramble dODN). PC3 cells
were incubated in serum-free medium for 48 h and then treated
with 50 nM PMA for the indicated times. Quantitative real-time PCR
analyses for ST3Gal | and ST3Gal Il were performed, and
expression is reported as the mean = S.E. (n = 3) of the mRNA
fold difference by normalizing with the expression level of
scramble decoy-transfected and PMA-untreated cells. *p < 0.05,
*p < 0.001.

NF-kB-dependent transcriptional regulation of ST3Gal Vi

The expression of SPG was up-regulated in castration-resist-
ant prostate cancer cells.” SPG is synthesized from neolacto-
tetraosylceramide by ST3Gal VL.'** We determined the con-
stitutive expression level of ST3Gal VI in prostate cancer

Int. ). Cancer: 129, 1838-1847 (2011) © 2010 UICC
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Figure 4. Inhibitory effects of siRNA for RelA and RelB on expression of ST3Gal | and ST3Gal Il. PC3 cells were transfected with either
scramble RNA or siRNA for RelA, RelB, c-Rel, NFx-B1, or NFk-B2 and incubated for 72 h. Quantitative real-time PCR analyses for ST3Gal |
and ST3Gal Il were performed, and expression is reported as the mean = S.E. (7 = 3) of the mRNA fold difference by normalizing with the
expression level of scramble RNA-transfected cells. *p < 0.05, **p < 0.001.

cells and normal prostate epithelium using quantitative real-
time PCR (Fig. 5a). Castration-resistant prostate cancer cell
lines, PC3 and DU145, produced greater amounts of ST3Gal
VI than LNCap and PNT2. Next, we examined whether the
expression of ST3Gal VI is induced by PMA. PC3 cells were
starved for 24 h in serum-free medium and then treated with
50 nM PMA for up to 24 h. Quantitative real-time PCR anal-
ysis showed that the expression of ST3Gal VI is induced by
PMA (Supporting Information Fig. 5A). To determine
whether the transcriptional regulation of ST3Gal VI is AP-1
dependent or NF-«B dependent, the inhibitory effects of AP-
1 decoy ODN or NF-xB decoy ODN on PMA-induced
ST3Gal VI expression were examined (Supporting Informa-
tion Fig. 5B). Quantitative real-time PCR analyses showed
that PMA-induced ST3Gal VI expression was inhibited by
NF-xB decoy ODN, not by AP-1 decoy ODN. Thus, tran-
scriptional regulation of ST3Gal VI seems to be NF-kB-de-
pendent. To identify the homologs of the NF-kB family that
activate the expression of ST3Gal VI, the inhibitory effects of
siRNA for RelA, RelB, c-Rel, NF-xBl or NF-xB2 on the
expression of ST3Gal VI were examined (Fig. 5b). SiRNA for
RelA and RelB inhibited the expression of ST3Gal VI, while
siRNA for c-Rel, NF-kB1, and NF-kB2 did not change the
expression level. Among the five mammalian homologs of
the NF-kB family, RelB RNAi was also the most effective in-
hibitor of ST3Gal VI expression, as shown above.

Inhibitory effects of RelB siRNA on the

expression of GD1a and SPG

Our results suggested that RelB could regulate the production
of GD1a and SPG in PC3 cells by the transcriptional control
of ST3Gal 1, ST3Gal II, and ST3Gal VL Therefore, we exam-
ined the effect of RelB siRNA on the production of ganglio-
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side GDla and SPG using HPLC (Fig. 6). The amount of
GDla and SPG in PC3 cells was significantly reduced by
RelB siRNA treatment.

Discussion

Here, we demonstrate that GDla production is mediated by
NF-kB, mainly RelB, through the transcriptional control of
ST3Gal I and II, which synthesize GD1a from GM1.”® NF-xB
plays pivotal roles in cell survival, inflammation, innate im-
munity, adaptive immunity, and the development of second-
ary lymphoid organs.** NF-xB signaling is also involved in
the progression of various cancers.”® The activation of AP-1%’
and NF-xB***® is involved in the growth and progression of
prostate cancers. Our results show that GDla production in
castration-resistant prostate cancer cells is regulated by NF-
kB, not by AP-1. Accordingly, this is the first report to sug-
gest the contribution of NF-xB in the growth and progres-
sion of prostate cancers via ganglioside production.

SPG, a neolacto-series ganglioside, is synthesized by ST3Gal
VL% Previously, we reported that SPG was abundantly pro-
duced in castration-resistant prostate cancer cells, PC3 and
DU145.” However, the biological function of SPG has not been
identified. In the present report, ST3Gal VI was up-regulated by
NF-«B signaling. Therefore, we speculate that SPG might play a
role in promoting the growth and progression of prostate cancers.

Genes for human ST3Gal I, 1I, and VI were cloned,***
and their promoter sequences were available in public. NF-xB
binding sites have been found in ST3Gal I*’ but not in ST3Gal
Il and VI We searched for putative NF-xB binding sites in
the region necessary for active transcription of ST3Gal II
(—801 to —660 of p1 promoter) and ST3Gal VI (p2 promoter)
in PC3 cells.*"* Based on previous reports,***’ we used 5'-
GGGRNWYYCC-3' (R; purine, Y; pyrimidine, W; A or T and
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Figure 5. NF-xB-dependent transcriptional regulation of ST3Gal V1. (a) Expression of ST3Gal VI in prostate cancer cells and normal prostate
epithelium. Quantitative real-time PCR analysis for ST3Gal VI was performed on transcripts isolated from PC3, DU145, LNCap, and PNT2
cells. Expression is reported as the mean = S.E. (n = 3) mRNA fold difference after normalizing to the expression level of PNT2 cells.

(b) Inhibitory effects of siRNA of RelA and RelB on the expression of ST3Gal VI. PC3 cells were transfected with either scramble RNA or
SiRNA for RelA, RelB, c-Rel, NF-xB1 or NF-kB2 and incubated for 72 h. Quantitative real-time PCR analyses for ST3Gal VI were performed,
and the expression is reported as the mean * S.E. (n = 3) of the mRNA fold difference by normalizing to the expression level of scramble

RNA-transfected cells. *p < 0.05, **p < 0.001.

N; any nucleotide) as the consensus sequence for NF-xB bind-
ing. One putative site for NF-xB (RelA and RelB) was found in
ST3Gal 1T (—792 to —783) and ST3Gal VI (—914 to —905).
This is the first report to suggest the contribution of NF-kB,
mainly of RelB, in the transcriptional regulation of ST3Gal II
and ST3Gal VI in human castration-resistant prostate cancer
cells. The report of NF-kB binding sites in ST3Gal I indicates
that NF-xB-p65 (RelA) regulates ST3Gal I expression in human
colon adenocarcinoma HT-29.% Although the authors did not
test the effect of NF-xB components other than RelA on ST3Gal
I expression, the NF-kB component that predominantly affects
ST3Gal transcription may be different among various cancers.
The activation of NF-xB signaling in prostate cancers is
caused by the loss of PTEN function®® or p53 mutation.”’
The loss of p53 function occurs in PC3 and DU145 cells,*®

while PTEN deficiency occurs in PC3 and LNCap cells.”
Thus, NF-kB signaling is highly activated in these prostate
cancer cell lines (as shown in Fig. 2). The two routes in NF-
kB signaling are the canonical pathway, which involves the
complex of RelA and p50, and the non-canonical pathway,
which involves the complex of RelB and p52.*° Western blot
analyses (Fig. 2) revealed that both RelA and RelB were acti-
vated in PC3 cells. It was reported that RelB binding sites in
the promoter region are also recognized by RelA.** Therefore,
both RelA and RelB should contribute to the expression of
ST3Gal I, 1T and VI. Actually, both RelA siRNA and RelB
siRNA suppressed the expression of ST3Gal II and VI. How-
ever, RelB siRNA mediated more effective inhibition as com-
pared to RelA siRNA. This difference may be due to the
expression level of RelA and RelB in the nucleus of PC3 cells,

Int. ). Cancer: 129, 1838-1847 (2011) © 2010 UICC
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Figure &. Inhibitory effects of RelB siRNA on the expression of
GD1a and SPG. (a) PC3 cells were transfected with either RelB
siRNA or scramble RNA and incubated for 120 h. The acidic GSLs
of PC3 cells were separated by molecular size of oligosaccharides
using normal-phase HPLC. (b) Peaks containing SPG, LST-a and
GD1a were further purified by reversed-phase HPLC. The quantity
of GD1a and SPG was determined by the total area size of those 2
gangliosides and is reported as the mean * S.E. (n = 3) of the
fold difference by normalizing with the quantity of scramble
RNA-transfected cells. *p < 0.05. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

as RelB is expressed more abundantly than RelA in the nuclei
of prostate cancer tissues with higher Gleason scores.®
Recently, the involvement of RelB in the enhanced growth of
prostate cancers has also been reported.”® Thus, RelB may

1845

play a dominant role in transcriptional regulation in castra-
tion-resistant prostate cancers.

Among the five mammalian homologs of the NF-«xB family,
RelB RNAi was the most effective inhibitor for ST3Gal I, II,
and VI expression. However, the almost complete down regula-
tion of RelB resulted in about 50-60% inhibition of ST3Gal II
and VI (Figs. 4 and 5). There was relative little effect on ST3Gal
I (Fig. 4). These results suggest that transcriptional factors other
than NE-xB are also involved in the expression of ST3Gal I, I,
and VI, although RelB is a main regulator.

LNCap, a hormone-sensitive prostate cancer cell line, has
scant levels of GD1a” despite high levels of ST3Gal I (Fig. 1).
The low levels of GDla are presumably caused by the low
levels of GM1, (from which GDla is synthesized) in LNCaP
cells.” Tt is interesting that ST3Gal II and VI were not up-
regulated in LNCap cells, although comparable amounts of
nuclear RelB were present in LNCap, PC3, and DU145 cells
(Fig. 2). We are currently analyzing the mechanism of tran-
scriptional regulation of these sialyltransferases in LNCap
cells. The expression of ST3Gal I was inhibited by RelB
siRNA, however the expression of ST3Gal II and VI was not
affected by RelB siRNA in LNCap cells (data not shown).
Epigenetic regulations, such as DNA methylation and histone
modifications, might be responsible for this regulation.

Many cancer cells frequently express high amounts of sia-
lylated glycans on their surface,'> which may promote cancer
cell growth and invasion. Therefore, the sialyltransferases that
produce these sialylated structures have received much atten-
tion." In this study, we demonstrated that NF-kB is up-regu-
lated in castration-resistant prostate cancer cells and the pro-
duction of GDla and SPG in castration-resistant prostate
cancer cells was controlled by NF-xB, mainly by RelB,
through the transcriptional regulation of ST3Gal I, II and V1.
We previously reported that inactivated Sendai virus particles
very efficiently infects castration-resistant human prostate
cancer cell lines, PC3 and DU145, because of the high pro-
duction of viral receptor gangliosides such as GD1a and SPG
and selectively induced apoptosis in human castration-resist-
ant prostate cancer cells by RIG-I-mediated gene expression,”
in addition to the induction of multiple anti-tumor immun-
ities.”® The results reported here provide us with scientific ex-
planation on the susceptibility of castration-resistant prostate
cancer cells to inactivated Sendai virus particle. Based on those
results, we are going to start a clinical trial to treat prostate can-
cers in patients using inactivated Sendai virus particle in 2011.
The discovery of the involvement of RelB in the production of
GD1la and SPG will also contribute to the clinical trial in the
evaluation of the efficacy of inactivated Sendai virus particle.
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Objective: To evaluate the clinical utility of an oral combination of dexamethasone, uracil
plus tegafur and cyclophosphamide as a treatment for patients with hormone-refractory pros-
tate cancer.

Methods: Fifty-seven patients with hormone-refractory prostate cancer were treated with an
oral administration of dexamethasone (1.0 mg/day), uracil plus tegafur (400 mg/day) and
cyclophosphamide (100 mg/day). The median patient age was 71 years. Sixteen patients had
symptomatic bone metastasis, 31 had asymptomatic bone metastasis and 8 showed lymph
node metastasis. Eight patients presented with only biochemical progression as evaluated by
serum prostate-specific antigen levels.

Resulis: Thirty-six (63%) of 57 patients demonstrated a >50% decline in serum prostate-
specific antigen levels. The median time to prostate-specific antigen progression was 7.2
months. In patients with a prostate-specific antigen decline of >50%, the median time to pro-
gression was 13.3 months. With respect to pre-treatment markers, the duration of response
to initial hormonal treatment was associated with the time to prostate-specific antigen pro-
gression. In 11 of 16 {69%) patients who complained of bone pain, the pain improved and
became stable in 5 of those patients (31%). Most adverse events were mild and only three
(5%) patients showed neutropenia of Grade 3 or higher.

Conclusions: The combination of dexamethasone, uracil plus tegafur and cyclophosphamide
is an effective and well tolerated regimen for hormone-refractory prostate cancer. To evaluate
the survival benefits, further randomized studies are required.

Key words: chemotherapy cyclophosphamide — dexamethasone — hormone-refractory prostate

cancer — UFT

INTRODUCTION

Male prostate cancer is the second leading cause of cancer
in the USA (1) and is a growing problem worldwide. Most
patients with advanced prostate cancer will respond to testi-
cular androgen blockade, castration or use of a luteinizing
hormone-releasing hormone (LHRH) analogue with or
without antiandrogen. The median duration of response,
however, is <2 years after initial hormonal therapy for these

patients (2,3). Once the disease becomes hormone-refractory
prostate cancer (HRPC), curing the patient becomes difficult.
Docetaxel has been shown to prolong survival in patients
with HRPC by about 2 months in Phase III trials (4,5). In
the trial, 56% of patients showed toxicities of Grade 3 or
higher in the docetaxel group (4).

The clinical efficacy of low doses of dexamethasone in
the treatment of patients with HRPC has been reported

© The Author (2010). Published by Oxford University Press. All rights reserved.
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previously (6—11). Although subjective and objective
response rates varied, definite effects in these patients have
been documented in terms of decreased prostate-specific
antigen (PSA) levels or palliative activity (6—11). The exact
mechanisms underlying decreases in PSA levels by dexa-
methasone are unclear, although dexamethasone has been
proposed to suppress adrenal androgen (12). In addition,
anti-inflammatory effects may play a key role in the pallia-
tion of pain from bone metastases, and the in vitro and in
vivo activity of dexamethasone against androgen-independent
prostate cancer cell lines has been described (13—15). Low
doses of dexamethasone have significant activity in HRPC
with low toxicity and its potential for use in combination
with novel agents has been reported (11).

UFT is a combination of tegafur and uracil. UFT, as a
single agent, has been reported to be effective in treating
patients with HRPC (16,17). Oral cyclophosphamide has
also been validated against HRPC when used alone (18,19)
and in combination with dexamethasone (20,21). In our pre-
vious study that examined oral combination therapy with
cyclophosphamide, UFT and estramustine in patients with
HRPC, 12 (57%) of 21 showed a >50% decline in PSA
with minor toxicity (22). In the present study, we evaluated
an oral combination composed of dexamethasone, UFT and
cyclophosphamide as a treatment for patients with HRPC.
The regimen was designed with the goal of easy adminis-
tration in an outpatient setting and with the expectation of
minimal toxicity for most patients with HRPC in view of
their advanced age and poor physical condition.

PATIENTS AND METHODS
PATIENTS

Fifty-seven patients with HRPC were treated with an oral
combination of dexamethasone, UFT and cyclophosphamide
at Osaka University Hospital from November 1996 to
August 2008. Eligibility criteria included the following:
HRPC, defined as serially increasing PSA values on three or
more occasions at least 2 weeks apart or radiologically
detected new or extensive lesions; a castration level of serum
testosterone while receiving hormonal therapy; an Eastern
Cooperative Oncology Group (ECOG) performance status of
2 or less; and a life expectancy of >3 months.

Pre-treatment characteristics of all patients are shown in
Table 1. Patient age ranged from 49 to 90 years (median, 71
years). A bone scan, computed tomography (CT) or mag-
netic resonance imaging (MRI) was performed to evaluate
the sites of metastatic diseases. Forty-seven patients had
bone disease, eight had lymph node involvement and one
had liver metastasis. In contrast, eight patients had only bio-
chemical disease progression as evaluated by PSA. With
respect to symptom status, 16 patients had bone pain due to
metastasis.

Prior therapies are shown in Table 2. As a primary hormo-
nal therapy, all patients received complete androgen blockade

of medical or surgical castration plus an antiandrogen. The
antiandrogen was discontinued at least 4 weeks before initiat-
ing this regimen or prior chemotherapy to observe the antian-
drogen withdrawal response. Seventeen patients (30%)
had demonstrated a decline in serum PSA after
antiandrogen withdrawal (antiandrogen withdrawal syn-
drome). Chemotherapies were administered in 36 patients
(63%) after disease progression subsequent to initial hormo-
nal therapy. Estramustine-based chemotherapies were admi-
nistered in 26 patients (46%), low doses of oral
dexamethasone were administered in 25 patients (44%) and
docetaxel was administered in 2 patients.

TREATMENT

The treatment regimen, which was applied on an outpatient
basis, consisted of dexamethasone (1.0 mg/day), UFT
(400 mg/day as a dose of tegafur) and cyclophosphamide
(100 mg/day), all given orally in two daily fractions. Four
patients, all of whom were 80 years of age or more, received
dexamethasone (0.5 mg/day), UFT (200 mg/day) and cyclo-
phosphamide (50 mg/day). Patients were treated continuously

Table 1. Patient characteristics at baseline

Patient characteristics Median (range) or n (%)

Number of patients 57
Age (years) 71 (49--90)
Pre-treatment PSA (ng/ml) 27.7 (1.9-7176.0)
Duration of response to initial hormonal 16 (4-94)
treatment (months)
ECOG performance status
0 37 (65)
1 16 (28)
2 47
Gleason’s score of primary tumor
<7 11 (19)
8 8 (14)
>9 27 (47)
Unknown 11
Metastatic disease site
Bone 47 (82)
Lymph node 8 (14)
Liver 1(2)
Biologic failure (PSA) 8 (14)
Bone pain
Present 16 (28)
Absent 41 (72)

PSA, prostate-specific antigen; ECOG, Eastern Cooperative Oncology
Group.
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Table 2. Prior treatments

Prior therapies (n = 57) 1 (%)
Primary hormonal therapy
LHRH analogue plus other hormonal agents® 55 (96)
Castration plus other hormonal agents® 24
Prior use of antiandrogen 57 (100)
Prior use of estrogen 47
Local therapy
Radical prostatectomy 4(7)
Radiotherapy 10 (18)
Both 2(4)
Others 1(2)
None 40 (70)
Prior chemotherapy
Estramustine alone 7(12)
Dexamethasone alone 10 (18)
Estramustine and dexamethasone 13 (23)
Cyclophosphamide, UFT and estramustine 4(7
Docetaxel, estramustine and dexamethasone 24

LHRH, luteinizing hormone-releasing hormone; UFT, uracil plus tegafur.
?Other hormonal agents included antiandrogen and estrogen.

until disease progression or unacceptable toxicity. The treat-
ment was reintroduced after complete recovery from toxicity.
All patients receiving an LHRH analogue continued the
therapy.

ASSESSABILITY, ToxiciTy AND RESPONSE CRITERIA

Patients underwent a physical examination and laboratory
studies including complete blood cell counts, blood chem-
istry and PSA levels at a minimum of every 4 weeks. The
primary endpoint was the proportion of patients with a
decline of >50% in their PSA level. PSA progression was
defined by the Prostate Cancer Clinical Trials Working
Group 2 criteria (23). In brief, PSA response duration was
assessed from the start of therapy to the date of PSA pro-
gression, which was defined as a ‘PSA increase >25% and
2 ng/ml above the nadir, and which was confirmed by a
second value 3 or more weeks later’ for patients with PSA
decline from baseline or ‘PSA progression >25% and 2 ng/
ml> for patients with no PSA decline from baseline. A
‘waterfall plot’ was provided for the maximum decline in
PSA that occurs at any point after treatment with dexametha-
sone, UFT and cyclophosphamide for each patient. Increases
in PSA levels of >100% were capped at 100%.

Patients with measurable disease as assessed by CT scan
and/or MRI were evaluated according to the Response
Evaluation Criteria in Solid Tumours criteria if the radio-
graphic images were available. Symptomatic status

Jpn J Clin Oncol 2011;41(2) 2
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corresponding to the date of the best PSA response was
employed to evaluate symptomatic responses with respect to
bone pain. Because we did not employ a formal pain scale
assessment, the bone pain response was evaluated by analge-
sic dose and categorized as improved (defined as a decreased
dose), stable (defined as the same dose) or progression
(defined as an increased dose) when compared with analge-
sic administered at the start of therapy.

Toxicities were graded according to the National Cancer
Institute Common Toxicity Criteria, version 3.0, and were
assessed every 4 weeks based on medical history, physical
examination and laboratory studies. Dose reduction or dis-
continuation of this therapy was employed if a serious
adverse effect developed.

The time to PSA progression and survival were calculated
using the Kaplan—Meier method and comparisons were
made using the log-rank test. Associations between pre- or
post-treatment parameters and post-treatment PSA declines
were evaluated using a Mann—Whitney U-test. A P value of
<0.05 was considered statistically significant. All statistical
analyses were performed using SPSS software.

RESULTS
CLNicAL RESPONSE

Thirty-six (63%) of 57 patients showed a PSA decline of
>50%. Figure 1 shows the maximum percent decrease in
PSA levels with the combination therapy of dexamethasone,
UFT and cyclophosphamide. The median follow-up from the
start of this therapy was 19.6 months (range, 2.4—84.4
months). Of 57 patients, 48 (84%) patients showed disease
progression (PSA progression or objective progression),
whereas 9 patients (16%) were on follow-up with a contin-
ued response (median, 19.6 months; range, 2.4—42.7
months). The median time to PSA progression for the entire
cohort was 7.2 months (95% confidence interval, 4.1-10.1)
as shown in Fig. 2. In patients with a PSA decline of >50%,
the median time to progression was 13.3 months (95% confi-
dence interval, 8.9—20.1). To determine any predictors of a

~100 -
¢ 10 20 30 40 50

Number of patients

Maximum percent PSA change (%)

Figure 1. Waterfall plot showing the maximal prostate-specific antigen
(PSA) post-therapy change from baseline.
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Figure 2. Time to PSA progression for the combination therapy of dexa-
methasone, uracil plus tegafur and cyclophosphamide.

better time to PSA progression, pre-treatment factors at base-
line (age, pre-treatment PSA, duration of response to initial

" hormonal treatment, ECOG performance status, Gleason’s
score of the primary tumor and bone pain) were examined,
as shown in Table 3. The duration of response to initial hor-
monal treatment was associated with the time to PSA pro-
gression (P =0.045). Pre-treatment PSA, ECOG
performance status and Gleason’s score of the primary
tumor were not statistically significant predictors.

Among 26 patients with prior use of estramustine-based
chemotherapies, 14 (54%) showed a PSA decline of >50%.
One of two patients with prior use of docetaxel showed a
PSA decline of >50%. Among 25 patients with prior use of
low doses of oral dexamethasone, 10 (40%) showed a PSA
decline of >50% with a median time to progression of 11.1
months (95% confidence interval, 2.3-28.2).

After failure of this therapy, 30 (63%) of 48 patients
received docetaxel-based chemotherapy. Eighteen of the
28 evaluable patients (64%) showed a >50% decrease in
PSA levels with docetaxel-based chemotherapy. Two
patients were not evaluable due to insufficient PSA data.
The median survival after initiation of docetaxel-based
chemotherapy was 17 months (95% confidence interval,
7.9-24.1). The median treatment duration of docetaxel-
based chemotherapy was 9 months (range, 0.7-51.8
months) and 14 (47%) of 30 patients showed adverse
events of Grade 3 or 4, including 7 (23%) patients of
neutropenia, 5 (17%) patients of anemia, 4 (13%) patients
of infection, 1 (3%) patient of anorexia, 1 (3%) patient of
fatigue and 1 (3%) patient of nail change.

Objective responses for measurable lymph node metastasis
were assessable in seven patients. Among three patients with
a PSA decline of >50%, two patients showed partial
responses and one showed stable disease. Among four
patients with a PSA decline of <50%, four showed stable
disease. Table 4 gives an assessment of bone pain based on
PSA decline. Among 16 patients with symptomatic bone
metastases, 11 (69%) had improvement and in 5 patients
(31%), the pain became stable. Nine of 10 patients with a
PSA decline of >50% showed improvement in bone pain,
whereas only 2 of 6 patients with a PSA decline of <50%
showed improvement. Symptomatic responses of bone

Table 3. Univariate analysis of predictors of time to PSA progression

Patient characteristic n  Median progression-free  95% CI P value
period (months)
Age (years)
<70 25 89 52-12.7 0.481
>71 32 45 0.5-8.5
Pre-treatment PSA
<Median 28 7.3 1.1-13.5 0.543
>Median 29 53 1.4-9.1

Duration of response to initial hormonal treatment

<Median 29 5 0.7-9.3 0.045
>Median 28 8.9 5.7-12.2

ECOG performance status
0 37 89 52127  0.124
lor2 20 4.4 1.1-7.7

Gleason’s score of primary tumor

<7 11 43 1.5-72 0843
>8 35 69 3.1-10.8

Bone pain
Present 16 5.0 3.4-6.7 0.353
Absent 41 73 4.4-10.3

Cl, confidence interval.

Table 4. Assessment of bone pain stratified by PSA decline

PSA decline Bone pain (n = 16) P value
No. of patients
Improvement Stability
Decline of >50% 9 1 0.017
Decline of <50%" 2 4
Total (%) 11 (69) 53D

®The row includes the number of patients with an elevation in their
prostate-specific antigen level.

metastases were correlated with declines in serum PSA
levels of >50% (P = 0.017).

Toxicity

The median duration of continuous full-dose treatment was
18 weeks (range, 1—183 weeks). In 21 (37%) of 57 patients,
dose reduction or discontinuation of UFT and/or cyclopho-
sphamide was employed 1—60 weeks (median, 9 weeks)
after initiating therapy due to moderate toxicities. The
full-dose therapy was then resumed in three patients after
recovery. Dexamethasone was continued in all patients until
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Table 5. Summary of treatment-related adverse events (n = 57)

Adverse events Number of patients (%)

Grade 1 or 2 Grade 3 Grade 4
Neutropenia 10 (18) 24 1(2)
Anemia 47
Thrombocytopenia 3(5)
Anorexia 10 (18)
Fatigue 9 (16)
Hypercholesterolemia 4(7)
Rash 3(5
Hematuria 2%
Alopecia 2(4)
Peripheral edema 2(4)
Hepatic (AST, ALT) 2(4)
Diabetes 1(2)
Diarrhea 1(2)

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

disease progression or treatment failure. Adverse events are
shown in Table 5. Most adverse events were mild and man-
ageable on an outpatient basis. Only three (5%) patients
showed neutropenia of Grade 3 or higher after 6—20 weeks
(median, 7 weeks) of initiating therapy.

DISCUSSION

In the current study, we retrospectively examined the effi-
cacy of an oral combination of dexamethasone, UFT and
cyclophosphamide in the treatment of patients with HRPC.

Corticosteroids have long been recognized as active agents
in the treatment of HRPC. Several types of glucocorticoids
have been used in different doses for clinical trials examin-
ing HRPC. A study suggested that dexamethasone shows sig-
nificantly greater activity in HRPC, in terms of PSA
responses, compared with other corticosteroids such as pre-
dnisolone or hydrocortisone (11). In our previous report that
examined low doses of oral dexamethasone (0.5—2 mg/day)
in patients with HRPC, 23 (62%) of 37 patients showed a
PSA decline of >50% (7). In several other trials of low
doses of oral dexamethasone, 28—61% of those with HRPC
patients showed a PSA decline of >50% with mild adverse
events (6,8—11). The palliation of pain from bone metastases
was also reported. To summarize the trials examining low
doses of oral dexamethasone in patients with HRPC, sympto-
matic responses of bone metastases were observed in 43—
63% of patients (6—10) and correlated with declines in the
serum PSA level of >50% (7,9,10).

Jpn J Clin Oncol 2011;41(2) 257

Dexamethasone is often used as a premedication prior to
docetaxel-based chemotherapy (4,5). The extent to which
dexamethasone might contribute to the efficacy of che-
motherapy has been speculated. In a previous report, high
doses of dexamethasone (20 mg three times daily given for
1 day every 3 weeks) did not significantly contribute to the
PSA response rate of docetaxel-based chemotherapy in
HRPC (24). A dose-dependent down-regulation in glucocor-
ticoid receptor levels is one possible explanation (13).
Furthermore, high doses of dexamethasone possibly produce
adverse effects such as Cushing’s syndrome. Thus, low
doses of dexamethasone are considered desirable for achiev-
ing sufficient response duration and minimizing side effects.

The administration of exogenous corticosteroids is known
to suppress production of adrenal androgens and this inhi-
bition of adrenal androgen production is assumed to account
for the activity seen in the treatment of men with HRPC
(12). Furthermore, the in vitro and in vivo activity of dexa-
methasone against androgen-independent prostate cancer cell
lines has been reported. In our previous study, dexametha-
sone inhibited the growth of androgen-independent prostate
cancer cell lines, possibly through the disruption of the
nuclear factor-kB dependent interleukin-6 pathway (13).
Dexamethasone has also been reported to suppress tumor-
associated angiogenesis and lymphangiogenesis by decreas-
ing vascular endothelial growth factor (VEGF), interleukin-8
and VEGF-C expression through glucocorticoid receptors in
androgen-independent prostate cancer cells (14,15). Further
research is necessary to clarify the mechanisms underlying
dexamethasone activity and to devise rational drug combi-
nations. The toxicity profile of low doses of dexamethasone
makes it an attractive candidate for combined therapy.

A review of earlier prospective randomized clinical trials
shows that conventional intravenous administration of 5-
fluorouracil (5-FU) and cyclophosphamide, both alone or in
combination, produces <15% objective responses (complete
response or partial response) and has considerable toxicity
(25,26). UFT is a mixture of tegafur and uracil in a 1:4 ratio
and has the important advantage of improved oral bioavail-
ability in comparison to 5-FU. Tegafur is hydroxylated and
converted to 5-FU in vivo by hepatic microsomal enzymes
(17). Uracil inhibits the activity of hepatic dihydropyrimidine
dehydrogenase, an enzyme involved in 5-FU catabolism,
thereby leading to increased 5-FU levels when tegafur is
administered with uracil (17). In several trials of UFT, as a
single agent or combined with leucovorin, 15—19% of
patients with HRPC showed a PSA decline of >50% with
low toxicity (16,17). Oral cyclophosphamide has been
shown to have greater activity against HRPC with less tox-
icity than intravenous cyclophosphamide. In trials of oral
cyclophosphamide, as a single agent or combined with dexa-
methasone or other agents, 15—68% of patients with HRPC
showed a PSA decline of >50% (18-22,27-30) and symp-
tomatic responses have also been reported (21,28,29).
Pre-clinical studies employing low doses of cyclophospha-
mide have demonstrated surprisingly potent and durable
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antitumor effects in many tumor models of human prostate
cancer (31,32).

We preferred cyclophosphamide plus UFT because based
on our previous experience, both are oral agents with less
hematotoxicity (22). Thus, the oral combination of dexa-
methasone, UFT and cyclophosphamide was selected and
expected to have synergistic antitumor activity. Since these
drugs cause antitumor effects through different mechanisms,
a chemoresistant phenotype is unlikely to be induced by the
selection pressure exerted by chemotherapeutic agents.
Indeed, our study demonstrates that among the 25 patients
previously treated with low doses of oral dexamethasone, 10
(40%) showed a PSA decline of >50%, which lasted a
median of 11.1 months. Further study is required to deter-
mine whether this combination therapy is more active than
low doses of dexamethasone alone.

In our study, only the duration of response to initial hor-
monal treatment was associated with the time to PSA pro-
gression. Pre-treatment PSA, ECOG performance status and
Gleason’s score of the primary tumor were not statistically
significant predictors possibly because of small sample size.

Docetaxel-based chemotherapy has been reported to
induce significant improvement in median survival by about
2 months in Phase III trials, but side effects occurred more
often in the docetaxel group (4,5). In the present trial in
which an oral combination of dexamethasone, UFT and
cyclophosphamide was used, most adverse events were mild
and neutropenia of Grade 3 or higher was shown in only
three (5%) patients. This therapy could be easily performed
on an outpatient basis for those with HRPC.

After failure of this therapy, 30 patients received
docetaxel-based chemotherapy and 18 patients showed a
PSA decline of >50%. The median survival after initiation
of docetaxel-based chemotherapy was 17 months. The
median treatment duration of docetaxel-based chemotherapy
was 9 months and 14 (47%) of 30 patients showed adverse
events of Grade 3 or 4. In trials of docetaxel-based che-
motherapy, about 50% of patients with HRPC have been
reported to show a PSA decline of >50% (4,5) and the
median overall survival have been reported 17.5 months (4).
Adverse events of Grade 3 or higher have been shown in
56% of patients in the docetaxel group (4). With respect to
response rate, survivals and adverse events, this therapy
might not deteriorate efficacy or tolerability of subsequent
docetaxel-based chemotherapy. Recently, oral combinations
of dexamethasone and cyclophosphamide have been reported
to have activity in patients with HRPC, even after the failure
of docetaxel-based chemotherapy (21,29). In this trial, only
two patients received this therapy after failure of docetaxel-
based chemotherapy and one patient showed a PSA decline
of >50%. Further study is required to determine the timing
of starting this regimen.

The present study has some limitations. Survival benefits
could not be assessed because no control group was avail-
able in this trial. In addition, the possibility exists that the
impact of this therapy on PSA endpoints will not translate

into a worthwhile therapeutic effect on clinically meaningful
endpoints (33). To evaluate survival benefits, further ran-
domized trials with well-organized protocols would be
needed.

In conclusion, 36 (63%) of 57 patients with HRPC
showed a PSA decline of >50% after treatment with an oral
combination of dexamethasone, UFT and cyclophosphamide
and the median time to progression was 7.2 months.
Symptomatic responses of bone metastases were also pro-
posed and correlated with declines in serum PSA levels of
>50%. This treatment is a completely oral regimen and most
adverse events were mild. This regimen may be a useful
treatment option before or after docetaxel-based chemother-
apy against HRPC.
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Abstract

- The expresswn of gangl105|des is often assoctated wnth cancer progressxon Slalyltransferases have recelved much attention
in' terms of their relationship with cancer because they modulate the expression of gangliosides. We: previously
demonstrated that GD1a production was hlgh in castration-resistant prostate cancer cell lines, PC3 and DU145 mainly due
to their high expression of B-galactoside ¢2,3- SIalyItransferase (ST3Gal) Il (not ST3Gal I), and the expression of both ST3Gals

~ was regulated by NF-xB, mamly by RelB. We herein demonstrate that GD1a was produced in abundance in cancerous tissue
samples from human patients with hormone- sensmve prostate cancers as well as castratlon resistant prostate cancers. The
expression of ST3Gal Il was constltutlvely activated in castration-resistant prostate cancer cell lines, PC3 and DU145, because
of the hypomethylation of CpG island in its promoter. However, in androgen-depleted LNCap cells a hormone-sensitive

_prostate cancer cell line, the expression of ST3Gal Il was silenced because of the hypermethylatlon of the promoter region. -
' The expression of ST3Gal Il in LNCap cells mcreased W|th testosterone treatment because of the demethylation of the CpG

sites. This testosterone-dependent ST3Gal [l expression was suppressed by RelB snRNA mdlcatmg that RelB activated ST3Gal

Il transcription in the testosterone-mduced demethylated promoter. Therefore, in ‘hormone-sensitive prostate cancers, the
- production of GDla may be regulated by androgen. This is the first report indicating that the expréssion of a
‘ "SIaIyltransferase is transcnptlonally regulated by androgen—dependent demethylatlon of the CpG SlteS in its gene promoter.
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Introduction treatment targets, and the enriched gangliosides differ between

cancer cell types [8-10]. We have focused on GDla synthesis in
cancer cells because GDla has several biological actions that
promote cancer progression. For example, highly metastatic
cancer cells have abundant GDla, and GDla is involved in

Many cancer cells have aberrant sialylated glycans on their
surface. These aberrant molecules may be involved in cancer
progression [1-3], but sialylated glycans also play many roles in

healthy organisms and non-cancer cells, including embryogeness,
regulation of the immune response and virus binding that leads to
infections [4,5]. Sialylated glycans are synthesized by sialyltrans-
ferases, which add sialic acids to the oligosaccharide chains of
glycoproteins and glycosphingolipids (GSLs) [5]. To date, 20
sialyltransferase genes have been cloned, and the respective
enzymes have been grouped into four families according to the
carbohydrate linkages they catalyze: B-galactoside «2,3-sialyl-
transferases (ST3Gal I-VI), B-galactoside «2,6-sialyltransferases
(ST6Gal I and II), GalNAc u2,6-s1a1yltransferases (ST6GalNAc I-
VI), and ¢2,8-sialyltransferases (ST8Sia I-VI) [6]. During
neoplastic transformation and cancer progression, the activity of
sialyltransferases is often altered, and consequently, cancer cells
have more heavily sialylated glycans on their surface than non-
cancer cells [1,2,7].

GSLs that contain sialic acids are known as gangliosides and are
expressed at high levels in various cancer cells [3]. The
gangliosides present on cancer cells are used as biomarkers or

@ PLoS ONE | www.plosone.org

cancer cell adhesion to endothelial cells during metastasis [11].
The GDla shed by tumor cells in the tumor microenvironment
promotes angiogenesis and enhances growth factor signaling by
increasing the dimerization of growth factor receptors [12-15].
Therefore, GD1a may be involved in cancer cell proliferation and
metastasis. Furthermore, this ganglioside is a receptor for the
Sendai virus [16], and inactivated Sendai virus particles
[hemagglutinating virus of Japan envelope (HVJ-E)] induce
apoptosis in several human cancer cells with enriched GDla on
their surface [17]. Therefore, GD1la may be an attractive molecule
from the viewpoint of cancer therapy.

GDla has been reported to be abundantly produced in
castration-resistant prostate cancer cells [17-20], and we previ-
ously demonstrated that castration-resistant prostate cancer cells
were effectively eradicated by HVJ-E [17]. GDla is synthesized
from GMI1 by ST3Gal I and II. The Km value of ST3Gal II for
GMI is smaller than that of ST3Gal I thus, ST3Gal IL
preferentially contributes to GDla synthesis [6,21-24]. We
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recently demonstrated that abundant production of GDla in
castration-resistant prostate cancer cells is correlated with the high
levels of ST3Gal II expression [20] and that ST3Gal II expression
is regulated by NF-kB, mainly by RelB, in castration-resistant
prostate cancer cells [20]. Although the RelB levels were similar in
a hormone-sensitive prostate cancer cell line (LNCap) and
castration-resistant prostate cancer cells, and although ST3Gal I
was expressed in LNCap cells [20], the expression of ST3Gal 1I
was silenced in LNCap cells, and GDla was much less abundant
in the LNCap cells [17,20].

There has so far been no published analysis of the ganglioside
levels in cancerous tissue samples from human patients with
prostate cancer; however, an endogenous immune response to
GDla was observed in patients with hormone-sensitive prostate
cancer, but not in healthy controls [19], thus suggesting that GD1a
is abundantly produced in hormone-sensitive prostate cancers.
Prostate cancer exhibits androgen-dependent growth and progres-
sion [25]; therefore, androgens may also regulate the GDla
production that is related to cancer progression. However, there
have also been no published studies that have examined the
hormonal control of sialylated glycan synthesis.

The aim of this study was to determine whether GDla is
produced in abundance in hormone-sensitive prostate cancers in
patients and to analyze the transcriptional control of sialyltrans-
ferases, especially ST3Gal II, required for the synthesis of GD1a in
hormone-sensitive prostate cancers.

Materials and Methods

Ethics statement

Written informed consent was obtained from all patients for the
use of their tissue specimens, and the use of such specimens was
approved by the Osaka University Hospital Institutional Review
Board (Osaka, Japan).

Cell culture

Castration-resistant human prostate cancer cell lines, PC3 and
DU145, and a hormone-sensitive human prostate cancer cell line,
LNCap clone FGC, were purchased from the American Type
Culture Collection (Rockville, MD). A normal human prostatic
epithelial cell, PNT2, was purchased from the European
Collection of Animal Cell Cultures (Porton Down, UK). PC3
cells were maintained in Dulbecco’s modified Fagle F12 medium
(Nacalai Tesque, Kyoto, Japan), and DU145, LNCap, and PNT2
cells were maintained in RPMI 1640 medium (Nacalai Tesque,
Kyoto, Japan). All media were supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin, and 100 ug/ml
streptomycin. The cells were incubated at 37°C in a humidified
atmosphere of 95% air and 5% CO,.

Reagents and antibodies

Trichostatin A (TSA) and 5-aza-2'-deoxycytidine (5-azadC)
were purchased from Wako Pure Chemical Industries (Osaka,
Japan). Testosterone was purchased from Tokyo Chemical
Industry (Tokyo, Japan). Bicalutamide was purchased from Enzo
Life Sciences (Plymouth Meeting, PA). Restriction enzymes, Mspl
and Hpall, were purchased from New England Biolabs (Ipswich,
MA). Anti-human RelB (C1E4) was purchased from Cell Signaling
(Danvers, MA). Anti-human B-actin (AC-15) was purchased from
Abcam (Cambridge, UK).

Real-time quantitative RT-PCR
Total RNA was isolated using an RNeasy RNA isolation kit
(Qiagen, Valencia, CA). The cDNA was synthesized using a High
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Capacity cDNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA). Real-time quantitative PCR was performed with
an Applied Biosystems 7900 HT Fast Real-Time PCR system
under the following conditions: 95°C for 10 min followed by 40
cycles of 95°C for 15 s and 60°C for 1 min. Mixtures of probes
and primer pairs specific for human ST3Gal I (Hs00161688_m1),
ST3Gal II (Hs00199480_ml), ST3Gal VI (Hs00196086_m1l),
RelB (Hs00232399_m1), and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) (Hs99999905_ml) were purchased from
Applied Biosystems. The relative expression levels were calculated
from a standard curve obtained using log dilutions of cDNA
containing the gene of interest, and values were normalized to
GAPDH, an internal control.

Evaluation using a reporter gene

Genes were transfected into cells along with a luciferase reporter
construct driven by a NF-kB binding site, RelA, and RelB (NF-xB
luciferase reporter gene; BD Bioscience Clontech, Palo Alto, CA),
using the Fugene HD reagent (Roche, Basel, Switzerland). The
luciferase activity was measured with the dual-luciferase assay
system (Promega, Madison, WI).

Western blot analysis

The cells were harvested and lysed with RIPA lysis buffer.
Protein samples were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis. The separated proteins were
transferred onto polyvinylidene fluoride membranes, then the
membranes were blocked with 5% skim milk and incubated
overnight at 4°C with anti-RelB (1:500) or anti-B-actin (1:2000)
antibodies. The membranes were washed and labeled with a
1:2000 dilution of horseradish peroxidase-conjugated secondary
antibody (GE Healthcare, Buckinghamshire, UK) at room
temperature for approximately 1 hour. Detection by chemilumi-
nescence was performed according to the ECL user’s guide
(Amersham, Buckinghamshire, UK). Images were captured with
ImageQuant LAS 4000mini (GE Healthcare, Buckinghamshire,
UK), and quantification of Western blot signals was performed by
densitometry with ImageQuant TL software (GE Healthcare,
Buckinghamshire, UK).

RNA interference experiments

The following double-strand stealth small interfering RNA
(siRNA) oligonucleotides and scrambled RNA were purchased
from Invitrogen (Tokyo, Japan): siRNA oligonucleotides against
RelB were (sense) 5'-UCUUCAGGGACCCAGCGUUGUAG-
GG-3' and (antisense) 5'-CCCUACAACGCUGGGUCCCUGA-
AGA-3'. Transfections were performed with lipofectamine
RNAIMAX (Invitrogen, Tokyo, Japan), according to the manu-
facturer’s instructions.

Methylation-specific PCR (MSP) analysis

DNA methylation was examined at the CpG islands by a MSP
analysis as previously reported [26]. For the MSP analysis,
genomic DNA was extracted from cells and purified using the
QJAamp DNA kit (Qjagen, Valencia, CA). Genomic DNA was
subjected to bisulfite conversion using an EZ DNA Methylation
Kit (Zymo Research, Irvine, CA). Based on the sequence of the
ST38Gal II pl promoter and ST3Gal I pl promoter, methylated-
specific primers and unmethylated-specific primers were designed
using the Methyl Primer Express Software program version 1.0
(Applied Biosystems, Foster City, CA). The ST3Gal II-methylat-
ed-specific primers were sense, 5'-TAGGGCGTAGCGGTTT-
TATC-3', antisense, 5-ACTAACCGAAAACGCCTCTC-3/,
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and the ST3Gal II-unmethylated-specific primers were sense, 5'-
GGTTAGGGTGTAGTGGTTTTATT-3', and antisense, 5'-
CACACTAACCAAAAACACCTCTC-3'. The ST3Gal II 5'-
untranslated region from —659 to —495 was chosen for the MSP
analysis. The ST3Gal I-methylated-specific primers were sense,
5'-TAGGGTCGGTCGTAGTGTTC-3', antisense, 5'-ACCGA-
TCCCCTACTAACGAC-3', and the ST3Gal I-unmethylated-
specific primers were sense, 5'-TTAGGGTTGGTTGTAGTG-
TTT-3', and antisense, 5'-AACCAATCCCCTACTAACAAC-
3’. The ST3Gal I 5'-untranslated region from —697 to —535 was
chosen for the MSP analysis. The glutathione S-transferase-n gene
(GSTP1) -methylated-specific primers were sense, 5-AGTT-
GCGCGGCGATTTC-3', antisense, 5'-GCGCCCAATACTAAA-
TCACGACG-3’, and the GSTPl-unmethylated-specific primers
were sense, 5'-GATGTTTGGGGTGTAGTGGTTGTT-3', and
antisense, 5-CCACCCCAATACTAAATCACAACA-3', as de-
scribed previously [27]. Purified genomic DNA treated with
sodium bisulfite was amplified by PCR as follows: 2 min at 95°C
for denaturation, 35 cycles of amplification (95°C for 30 s, 56°C
for 30s, and 72°C for 30s). Human genomic DNA or
enzymatically methylated human genomic DNA (Chemicon
International, Temecula, CA) was bisulfite-converted and used
as a positive control for the unmethylated or methylated genes.
The absence of a DNA template served as a negative control. The
products were analyzed in 2% agarose gels stained with ethidium
bromide.

Isolation of acidic GSLs from prostate cancer tissues

Patients diagnosed with prostate cancer had undergone prostate
biopsy or resection of tumors at Osaka University Hospital (Osaka,
Japan). Primary cancerous tissue samples were frozen in liquid
nitrogen and stored at —80°C until use. The majority of the
experimental procedures have been reported previously [28]. In
brief, the samples were homogenized in chloroform/methanol
(2:1, v/v), and incubated at room temperature for 2 h with 30 s of
sonication every 30 min. Methanol was then added to the samples,
which were centrifuged at 1800xg for 15 min. The pellets were
homogenized in chloroform/methanol/water (1:2:0.8, v/v/v),
incubated at room temperature for 2 h, and then centrifuged at
1800 xg for 15 min. Both extracts were combined and evaporated
to dryness in a vacuum concentrator. The residue was dissolved in
chloroform/methanol/water (30:60:8) and fractionated by
DEAE-Sephadex A25 column chromatography to separate
neutral GSLs from acidic GSLs.

Analysis of acidic GSLs

The structures of the acidic GSLs were analyzed by enzymatic
release of carbohydrate moieties, fluorescent labeling with
aminopyridine, and two-dimensional mapping followed by mass
spectrometry. The majority of experimental procedures have been
reported previously [28]. In brief, the acidic GSLs were extracted
from primary cancer tissue samples or cultured cancer cells and
digested with recombinant endoglycoceramidase II from Rhodo-
coccus sp. (Takara Bio Inc., Shiga, Japan). The released
oligosaccharides were labeled with 2-aminopyridine (2-AP) and
separated on a Shimadzu LC-20A HPLC system (Shimadzu
Corporation, Kyoto, Japan) equipped with a Waters 2475
fluorescence detector. Normal-phase HPLC was performed on a
TSK gel Amide-80 column (0.2x25 cm, Tosoh, Tokyo, Japan).
The molecular size of each pyridylaminated (PA)-oligosaccharide
is given in glucose units (Gu) based on the elution times of PA-
isomaltooligosaccharides. Reversed-phase HPLC was performed
on a TSK gel ODS-80Ts column (0.2x15 cm, Tosoh). The
retention time of each PA-oligosaccharide is given in glucose units
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based on the elution times of the PA-isomaltooligosaccharides.
Therefore, the behaviors of a given compound in these two
columns provide a unique set of Gu (amide) and Gu (ODS) values,
which correspond to coordinates on a 2-D map. PA-oligosaccha-
rides were analyzed by LC/ESI MS/MS. Standard PA-oligosac-
charides, PA-GM1 and PA-GDla, were purchased from Takara
Bio, and PA-LST-a and PA-SPG were isolated as in our previous
study [28].

Statistical analyses

The results are reported as the means * standard error (S.E.).
The two-tailed unpaired Student’s #test was used to determine the
statistical significance of the differences between two groups.
Probability values of P<<0.05 were considered to be statistically
significant. The statistical analysis was performed using the
StatView 5.0 software program (SAS Institute, Cary, NC).

Results

Analyses of gangliosides in cancerous tissue samples
from patients with prostate cancer

We previously demonstrated that GDla was abundant in
castration-resistant prostate cancer cell lines (including PC3 and
DU145), while it was barely detectable in a hormone-sensitive
prostate cancer cell line (LNCap) and a normal prostate epithelial
cell line (PNT?2) [17]. We examined the levels of gangliosides in
samples of cancerous tissue from eight patients with prostate
cancer, including six patients with advanced hormone-sensitive
prostate cancer and two patients with castration-resistant prostate
cancer (Table 1). The acidic GSLs extracted from cancerous tissue
samples from these patients were examined using HPLC (Tig. 1).
Both GM3 and GD3 are common gangliosides expressed in both
prostate cancer cells and normal prostate epithelial cells [18,19].
GD1a was produced in the cancerous tissue samples from both the
patients with hormone-sensitive prostate cancers and those with
castration-resistant prostate cancers (Fig. 1A, 1B). In all of the
patient’ samples (hormone-sensitive and castration-resistant), the
mean percentage of total acidic GSLs with GDla was 8.1%, and
no statistically significant difference was seen compared with the
value from castration-resistant prostate cancer cell lines (PC3 and
DUI145) (Fig. 1C).

Androgen-dependent regulation of ST3Gal Il in LNCap
cells

The synthesis of GD1a is mainly regulated by ST3Gal II, and
the expression of ST3Gal II is regulated by NF-«B, mainly by

Table 1. Patient characteristics.

Patient  Site HS/CR PSA  Gleason sum

B e N

Prostate HS 2296 9

8 Prostate

HS, Hormone-sensitive; CR, Castration-resistant.
doi:10.1371/journal.pone.0031234.t001
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Figure 1. The results of the analyses of gangliosides in cancerous tissue samples from human prostate cancer patients. (A) The acidic
GSLs from the cancerous tissue samples from eight patients with prostate cancer, including six patients with advanced hormone-sensitive prostate
cancer and two patients with castration-resistant prostate cancer were separated by the molecular size of the oligosaccharides using normal-phase
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HPLC. Samples from one patient (designated Case 1) were taken from both the prostate and bone metastases for evaluation. (B) The acidic GSLs in
the primary cancerous tissue samples were separated by the molecular size of the oligosaccharides using HPLC. The quantity of GD1a is presented as
a percentage of the total acidic GSLs with GD1a. (C) The acidic GSLs in cultured prostate cancer cells were separated by the molecular size of the
oligosaccharides using HPLC. The assay was done in triplicate, and the means = S.E. GD1a levels are shown as the ratio to the total acidic GSLs in the
cell lines. The mean =+ S.E. GD1a level was also presented as the ratio to the total acidic GSLs in the patients’ samples (HS+CR) indicated in Figure 1B.

(HS, hormone-sensitive; CR, castration-resistant; F, free glycan).
doi:10.1371/journal.pone.0031234.g001

RelB, in castration-resistant prostate cancer cell lines [20]. The
amounts of nuclear RelB were similar in hormone-sensitive
LNCap cells and castration-resistant PC3 and DU145 cells [20],
but the expression of ST3Gal II was lower in the LNCap cells than
in the PC3 and DU145 cells [20].

The LNCap cell culture medium is routinely supplemented with

10% fetal bovine serum (FBS). A recent report showed that media -

supplemented with 10% FBS contains only castrate levels of
testosterone [29]; in contrast, hormone-sensitive prostate cancers
of untreated patients usually grow in an environment containing
testosterone i vivo. To analyze the transcriptional control of
ST3Gal II in hormone-sensitive prostate cancers, we examined
whether the expression of ST3Gal II was controlled by
testosterone in LNCap cells. LNCap cells were treated with
testosterone (0—-1000 nM), and were incubated for 120 h. The
quantitative real-time PCR analyses showed that the expression of
ST8Gal IT was higher in LNCap cells treated with testosterone
than in the LNCap cells that were not (Fig. 2A). Furthermore, the
induction of ST3Gal II after testosterone treatment was sup-
pressed by an anti-androgen, bicalutamide, in LNCap cells
(Fig. 2B). To ensure that there were no androgens present in the
media, LNCap cells were incubated in charcoal-stripped serum for
48 h. The basal level of ST3Gal II was not significantly different
between the 10% FBS- and charcoal stripped serum-supplement-
ed LNCap cells (Fig. 2C). The LNCap cells were subsequently
treated with 100 nM testosterone, and the time-course of
expression following testosterone treatment was evaluated. The
expression of ST3Gal II was increased 48 h after testosterone
treatment, and remained elevated for more than 120 h in the
LNCap cells (Fig. 2C). To evaluate the NF-kB activity after
testosterone treatment, LNCap cells were transfected with an NF-
kB luciferase reporter construct and incubated for 120 h with or
without testosterone. The NF-kB activity was not significantly
different in the testosterone-treated LNCap cells compared to the
cells cultured without testosterone (Figure S1). In PCG3 and PNT2
cells, no significant increase in the expression of ST3Gal II was
detected regardless of whether the cells cultured with or without
testosterone (Fig. 2A). The expression of ST3Gal II did not
increase after testosterone treatment in the PC3 cells at any time
point up to 120 h (Figure $2). Based on these findings, we
hypothesized that the media with castrate levels of testosterone led
to the epigenetic silencing of ST3Gal, a gene required for the
synthesis of GDla, in LNCap cells.

Epigenetic regulation of ST3Gal Il in LNCap cells

Next, we examined whether ST3Gal II was epigenetically
regulated in LNCap cells. The LNCap cells were treated with a
DNA methyltransferase inhibitor, 5-azadC, and incubated for
120 h (Fig. 3A). The quantitative real-time PCR analyses showed
that the expression of ST3Gal II was up-regulated after 5-azadC
treatment. Following this experiment, the LNCap cells were
treated with a histone deacetylase inhibitor, TSA, and incubated
for 48 h (Fig. 3B). The quantitative real-time PCR analyses
showed that the expression of ST3Gal I was up-regulated after
TSA treatment. These results suggest that epigenetic regulation,
including DNA methylation and histone modifications, may be
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involved in the repression of the ST3Gal II gene in LNCap cells.
In further experiments, we focused on DNA methylation at the
CpG island in the ST3Gal II promoter.

Control of DNA methylation at the CpG island in the
ST3Gal Il gene promoter in prostate cancer cells

The gene for human ST3Gal II has been cloned, and the pl
promoter is reportedly necessary for active transcription of this
gene in prostate cancer cells [30]. The ST3Gal II promoter
sequences are publically available, and we identified a CpG island
in the ST3Gal II pl promoter using the Methyl Primer Express
Software program, version 1.0 (Applied Biosystems, Foster City,
CA) (Fig. 4A). We examined the methylation at the CpG in the
ST3Gal II promoter using the MSP analysis. Genomic DNA was
isolated from LNCap cells treated with or without 5-azadC for
120 h, that were then treated with sodium bisulfite, and the DNA
was amplified with primers specific for the unmethylated or the
methylated ST3Gal II promoter (Fig. 4B). In LNCap cells, the
CpG island in the ST3Gal II promoter, which was originally
hypermethylated, was demethylated by 5-azadC treatment. Next,
we examined the effect of testosterone on the methylation at the
CpG in the ST3Gal II promoter in LNCap cells using a MSP
analysis (Fig. 4C). In the PC3 and DU145 cells, the CpG island of
the ST3Gal II promoter was constitutively hypomethylated. In the
LNCap cells, the CpG island of the ST3Gal II promoter was
hypermethylated in the absence of testosterone and demethylated
in the presence of testosterone. Furthermore, the demethylation at
the CpG island in the ST3Gal II promoter after testosterone
treatment was suppressed by an anti-androgen, bicalutamide, in
LNCap cells (Fig. 4D).

We also examined whether global DNA demethylation is under
androgen-dependent control in LNCap cells. We examined the
overall restriction patterns of Mspl- or Hpall-digested genomic
DNA. These enzymes are isoschizomers that recognize the target
sequence 5'-CCGG-3', but the activity of Hpall is inhibited by
methylation of the inner cytosine of this sequence. The genomic
DNA isolated form LNCap cells treated with or without
testosterone was digested using Mspl or Hpall (Figure S3A).
Testosterone treatment did not greatly affect the digestion pattern
of Hpall-treated genomic DNA from LNCap cells, indicating that
global DNA demethylation in LNCap cells was not under
androgen-dependent control. We then examined the CpG island
of GSTPI1, which is reported to be hypermethylated during
prostate carcinogenesis and also in LNCap cells [27]. Based on the
MSP analysis, testosterone treatment did not affect the methyla-
tion of GSTP1 in LNCap cells (Figure S3B). Thus, the androgen-
dependent control of DNA demethylation may be induced
preferentially at the CpG island in the ST3Gal II gene promoter
in LNCap cells.

Androgen-dependent and epigenetic regulation of
ST3Gal | in LNCap cells

Although GD1a is synthesized from GM1 mainly by ST3Gal II,
ST3Gal I may also contribute to the synthesis of GD1a [6,21-24].
We previously reported that ST3Gal I was expressed in LNCap
cells, while the expression of ST3Gal II was silenced [20].

February 2012 | Volume 7 | Issue 2 | e31234

— 103 —



o
A 5
§L
LNCap g %
o
© 2w
&5 T3
B ;g D -
B <2 o w 0
80
X~
O =
Q —
£81 2
_ N ©
[R o~
e\
8o
0 1 10 100 1000 50
Testosterone (nM) & =05
2
59,0
£ o 0
B
LNCap
2 2
o
S 515
3o
oS <
8O ¢
X -
O —
QO —
= ®05
T3
&m0
0 100 0 1 10 100 Testosterone (nM)
- - + 4+ + + Bicalutamide
C
LNCap
Ke)
IS
S T
28
LS
X -
O =
O —
= ©
s 3
£ o
- 4+ 4+ 4+ + + CSS
0 0 24 48 72 120 Testosterone
(hours)
@ PLoS ONE | www.plosone.org 6

- 104 —

1

1

Control of ST3Gal Transcription in Prostate Cancer

PC3

10 100 1000
Testosterone (nM )

PNT2

10100 1000
Testosterone (nM )

February 2012 | Volume 7 | Issue 2 | 31234



