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Abstract. Molecular targeting agents have become formidable
anticancer weapons showing much promise against refractory
tumors and functional peptides and are among the more
desirable of these nanobio-tools. Intracellular delivery of
multiple functional peptides forms the basis for a potent,
non-invasive mode of delivery, providing distinctive thera-
peutic advantages. We examine the growth suppression
efficiency of human renal cell carcinoma (RCC) by single-
peptide targeting. We simultaneously introduced pl6'™Nk4
tumor suppressor peptides by Wr-T-mediated peptide delivery.
Wr-T-mediated transport of pl6™** functional peptide into 10
RCC lines, lacking expression of the pl6™%* molecule, reversed
the specific loss of pl6 function, thereby drastically inhibiting
tumor growth in all but 3 lines by >95% within the first 96 h.
In vivo analysis using SK-RC-7 RCC xenografts in nude mice
demonstrated tumor growth inhibition by the pl6™** peptide
alone, however, inoculation of Wr-T and the p16™** functional
peptide mixture, via the heart resulted in complete tumor
regression. Thus, restoration of tumor suppressor function
with Wr-T peptide delivery represents a powerful approach,
with mechanistic implications for the development of effi-
cacious molecular targeting therapeutics against intractable
RCC.
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Introduction

Renal cell carcinoma does not respond to chemotherapy or
radiation therapy. In addition, unresectable recurrences or
metastases have been treated only by cytokine therapy with
INF or IL-2, which is not so effective, with a response rate of
about 10-20% (1-6). Recently, tyrosine-kinase-targeting inhi-
bitors (such as sorafenib, sunitinib, everolimus and temsirolimus),
which are involved in the growth of cancer cells, and other
signal transduction inhibitors have been developed for use in
molecular targeted therapy and are beginning to be indicated
for the treatment of metastatic renal cancer (7-12). Although
these molecular targeting drugs are more effective than cyto-
kine therapy, they have not provided satisfactory therapeutic
results. Moreover, tyrosine-kinase inhibitors are associated
with adverse reactions, including hand-foot syndrome and
hypertension, while m-TOR inhibitors may cause adverse
reactions such as interstitial pneumonia. Therefore, there is a
need for the continued development of more effective thera-
peutic agents associated with fewer adverse reactions for the
treatment of renal cell carcinoma.

Protein transduction domains (PTDs) have recently been
receiving attention as safe and effective tools in intracellular
drug delivery systems. PTDs, being able to pass through the
cell membrane of living cells, are considered useful for intra-
cellular delivery of functional proteins or peptides targeting
intracellular molecules, and many PTDs, including HIV-1
TAT, pAntp43-58 and polyarginine (R4-16), have been reported
(13-23). In 1998, Nagahara et al produced a recombinant
protein (TAT-p275P' fusion protein), transduced it into cells,
and induced G1 arrest and cell migration (16). Kondo et al
developed a system through which functional peptides and
their transporter peptides were synthesized separately and
attached to each other by mixing into a solution, and the
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Table I. PCR primers and condition.
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Molecule Sequences Annealing temperature (°C) Fragment (bp)
plé F: ATAGTTACGGTCGGAGGCC 60 536
R: TGGTTACTGCCTCTGGTGC
Cyclin D F: AAAGACAGTTTTTGGGTAATCTTTT 55 126
R: CCGGAGCATTTTGATACCAG
CDK4 F: CTTCTGGACACTGAGAGGGC 61 110
R: TGGGAGGGGAATGTCATTAA
CDK6 F: CGGAGAACACCCTTGGTG 59 105
R: GAGCCTGTCCAGAAGACAGC
Actin F: GTGGGGCGCCCCAGGCACCA 55 539

R: CTCCTTAATGTCACGCACGATTTC

resulting complex was then used to deliver functional peptides
to cells, instead of a system through which PTDs were directly
bound to functional peptides or proteins. This transporter,
Wr-T, consisted of tryptophan-rich domains (serving as a
cargo to attach functional peptides) fused with nine D-arginines
serving as a PTD. They reported that the Wr-T system provided
higher delivery efficiency than Pep-1 (whose delivery effi-
ciency is already reported) and achieved an antitumor effect
by delivering antitumor peptides to leukemia, lymphoma and
glioma cells (21-23). In the present study, we delivered anti-
tumor peptides to renal cell carcinoma cell lines using a similar
system, and evaluated their antitumor effect. The antitumor
peptides showed a strong antitumor effect on renal cell carci-
noma without causing any abnormalities in normal tissues.
This finding indicates that this therapy, associated with few
adverse reactions, shows promise for clinical application in
cancer treatment.

Materials and methods

Cells. Human RCC lines SK-RC-1, 6, 7, 12, 14, 17, 33, 44, 52
and 59 (kindly provided by Dr Lloyd J. Old, MSKCC), human
cervical cancer cell line (HelLa) and human bladder cancer
cell line (575A) were maintained in RPMI-1640 containing
10% inactivated fetal bovine serum (IBL, Gunma, Japan),
100 U/ml of penicillin and 0.1 mg/ml of streptomycin, at 37°C
under an atmosphere of 5% CO,.

Peptide synthesis. All peptides including Wr-T, r9-p16 minimal
inhibitory sequence (MIS) were synthesized at BioGate Co.
Ltd. (Yamagata, Japan). The identity of all peptides was
confirmed by mass spectrometry. We prepared the HCI form
of the peptides following high-performance liquid chromato-
graphy purification for in vitro and in vivo applications.
Peptide purity was >95%. The amino acid sequence of the
Wr-T transporter is: KETWWETWWTEWWTEWSQ
GPGrrrrrrrrr (r, D-enantiomer arginine) (21,22). For the
synthesis of pl6 MIS, the 10 sequential amino acid residue
sequence ‘FLDTLVVLHR’, identified as the MIS of pl6 by
Fahraeus et al (24), was defined as the functional core of the
peptide, which is insoluble, as is the entire pl6 molecule (MIS
hydrophobicity, 69.2%). We therefore fused r9 to these 10

amino acids to make the conjugate less hydrophobic (hydro-
phobicity, 40%), thus facilitating incorporation into the cells.

Peptide transduction. For the incorporation of the peptide
mixture for in vitro growth suppression, the Wr-T and r9-pl6
MIS peptides were mixed in 10 yul of distilled water at room
temperature for 60 min (final concentration: Wr-T, 5 pmol/I;
r9-pl6 MIS, 8 xmol/l). The solution was then added directly
to 190 pl of RPMI-1640 containing 5% fetal bovine serum to
obtain the indicated final concentration. /n vivo peptide
delivery to solid human RCC was performed as follows: the
Wr-T/r9-p16 MIS peptide mix (Wr-T, 50 nmol; r9-pl6 MIS,
80 nmol) was injected into the hearts of mice bearing tumors
that had grown to a diameter of 5 mm (tumor volume, ~150 mm?).
Control groups were done in parallel by administering 100 ul
of PBS without peptide, Wr-T or pl6 peptide alone dissolved
in 100 gl of PBS and injected as previously described (22).

Flow cytometry. Cell cycle analysis was carried out using
FACSCanto (BD, Franklin Lakes, USA) on cells whose DNA
was stained with 10 mg/ml propidium iodide 24 h after the
introduction of the peptides, according to the manufacturer's
staining protocol (cell cycle analysis, GeneScript, Piscataway,
NIJ, USA). Apoptosis assays were performed using the FITC-
Annexin V staining kit (MBL, Ina, Japan) on peptide-treated
cells followed by FACSCanto analysis.

Reverse transcription PCR. Five micrograms of total RNA was
extracted from each SK-RC/575A cell line using RNaesy mini
(Qiagen, Valencia, CA, USA). Subsequently, cDNA was synthe-
sized from the extracted RNA using random primers and a
c¢DNA synthesis kit (High Capacity cDNA RT Kit, Applied
Biosystems, Foster City, CA USA). Reverse transcription-PCR
was then carried out with Taq polymerase (Ampli-Taq Gold,
Applied Biosystems). Amplification conditions and primer
sequences are listed in Table 1. The sense/antisense primer
sequences for CDK4, CDK6 and Cyclin D were as described
previously (25).

Western blotting. Cells were promptly lysed with SDS sample
lysis buffer and the extracts were separated by SDS-PAGE using
12.5-15% bis-Tris gradient gels (SuperSepAce, Wako, Osaka,
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Japan). Proteins were transferred onto a PVDF-membrane
(Immobilon-P, Millipore, Billerica, MA, USA), blocked with 5%
dried milk and 1% normal goat serum-PBS and then sequentially
probed with the following antibodies: mouse monoclonal anti-
pl6™**antibody (Clone: G175-1239,BD Biosciences Pharmingen,
San Diego, CA, USA), mouse monoclonal anti-p21"AF! antibody
(Clone: EA10, Oncogene Research Products, Boston, MA,
USA), mouse monoclonal anti-p27%"! antibody (Clone: 1B4,
Novocastra, Newcastle, UK), mouse monoclonal anti-RB
antibody (Clone: LM95.1, Oncogne), rabbit polyclonal anti-
phospho-Ser™ pRB antibody (Cell Signaling Technology,
Danvers, MA, USA), mouse monoclonal anti-actin antibody
(Clone: AC-74, Sigma, St. Louis, MO, USA). Immune-complexes
were visualized with the ECL plus Western Blotting Detection
System (RPN2132, Amersham Pharmacia Biotech UK Limited,
UK) according to the manufacturer's instructions and signals
were visualized and digitally captured using an image analyzer
(LAS 1000, Fuji Photo Film Co. Ltd., Tokyo, Japan).

Mouse tumor models. Four-week-old KSN female nude mice
were obtained from SLC, Inc. (Hamamatsu, Japan). A 40-ul
of RPMI-1640 suspension containing 2.0x10° cells of the
human RCC line, SK-RC-7, was injected s.c. into the flanks of
each mouse to form a solid tumor nodule. Animal experiments
performed in this study were approved by the Aichi Medical
University Subcommittee on Animal Research. All mouse
procedures, euthanasia and surgery, including renal cell cancer
transplantations and peptide injections, were done painlessly
or under anesthesia, within the strict guidelines of the Experi-
mental Animal Facility of Aichi Medical University.

Apoptosis analysis. Detection of apoptotic cells were detected in
tumors harvested from mice 48 h after the peptide adminis-
tration. Tumors were fixed in 10% neutral buffered formalin
overnight and were then processed, paraffin embedded, sectioned
and mounted onto slides. Apoptosis in the tumor sections was
determined by the terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick-end labeling (TUNEL) assay
method with the use of the In Situ Cell Death Detection Kit
(Roche Diagnostics, Tokyo, Japan) following the manufacturer's
instructions.

Results

INK4 family tumor suppressor background in RCC. We first
examined the mRNA and protein expression status of pl6 and
several key molecules associated with the cell cycle from 10
RCC lines. Immunoblotting analysis showed that none of the 10
RCC lines expressed the pl6 protein product, but expressed
p27 protein, and 6 out of 10 cell lines expressed p21 protein,
all renal cancer cell lines expressed the phosphorylated form
of the pRB protein (Fig. 1A). Consistent with this non-expression
of the pl6 molecule, multiple forms of phosphorylated pRB,
including Ser™’, were detected in these cells, indicating pRb
activation along with accelerated cell proli-feration. In addition,
RT-PCR analysis detected Cyclin D, CDK4 and CDK6 in
RNAs from all 10 RCC lines, but not p16 (Fig. 1B).

Growth inhibition of RCCs by the Wr-T/r9-pl6 transduction
system. Based on these results, we attempted to suppress the
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Figure 1. Loss of pl6™%* expression was correlated to cell cycle pathway genes
in 10 human renal cell carcinoma cell lines by Western blotting and RT-PCR.
(A) Endogenous protein expression of pl6N&ie p21Cirl p27Kiel RB and
phospho-Ser™® pRB in the examined cell lines by immunoblotting. (B)
endogenous mRNA expression of p16™%% Cyclin D, CDK4, CDK6 and actin
by reverse transcription-PCR in 10 human renal cell carcinoma cell lines,
SK-RC-1,6,7, 12, 14, 17,33, 44, 52 and 59.
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Figure 2. Cell growth suppression by transduction of Wr-T and p16 peptides.
Ten representative cases of renal cell carcinoma cell lines are shown. Proli-
feration of cells treated with the Wr-T and p16 peptides mixture (Wr-T,
5 pmol/l; p16 MIS, 8 umol/l) was compared with cells treated without
peptides, with Wr-T (5 pmol/l) alone and with p16 (8 ymol/l) alone using
WST-1 assay.

growth of RCC cells by using the Wr-T-transported 19-p16
MIS. We introduced r9-pl6 MIS into this background by
mixing each RCC line with Wr-T (final concentration: Wr-T,
5 pumol/l; 19-pl6 MIS, 8 ymol/l) and monitoring cell proli-
feration, starting with 4.0x10* cells per incubation.
Administration of r9-p16 MIS alone showed some growth
suppression in 7/10 cell lines. However, all tumor lines
incubated with the Wr-T/r9-p16 MIS mixture showed drastic
suppression of cell proli-feration (Fig. 2). At 24 h post-
transduction, FACS analysis with propidium iodide staining
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Figure 3. Enlarged GO-G1 phase in renal cell carcinoma cells treated with
Wr-T and p16 peptides mixture. Cell cycle profiles of propidium iodide
stained SK-RC-7 cells transduced with the Wr-T and pl6 peptides mixture
(Wr-T, 5 pmol/l; p16 MIS, 6 pmol/I), without peptides, with Wr-T (5 gmol/l)
alone, and with p16 (6 gmol/l) alone 24 h after treatment. Percentage of cells
in GO-G1 phase is indicated.

showed that SK-RC-7 cells incubated with the Wr-T/r9-pl6
MIS mixture preferentially accumulated at the GO-G1 (71.3%)
phase, compared with mock-treated cells (69.6%) and cells
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Figure 4. Reduced expression of phospho-Ser™® pRB in Wr-T/r9-p16 MIS-
introduced cells assessed by immunoblotting (Wr-T, 5 gmol/l; p16, 8 gmol/l).

treated only with r9-pl6 MIS (53.9%) (Fig. 3). This result was
similar to that obtained with cells treated with staurosporin, a
GO-Gl cell cycle inhibitor (26). Because arrest in G1 phase is
expected to abrogate phosphorylation of pRB, we investigated
the practical effect that the Wr-T/r9-pl6 MIS mixture would
have on pRB status. By 72 h post-transduction, phospholylated
pRB was dramatically decreased in cells containing the Wr-I/
r9-pl6 MIS mixture, which is consistent with the induction of
cell cycle arrest effected by the newly introduced pl6 MIS
(Fig. 4). About 52% of these cells were Annexin V positive at
24 h post-transduction, suggesting that the nuclear r9-p16 MIS
had triggered apoptosis (Fig. 5).

In vivo RCC tumor suppression by the Wr-T/r9-pl6 trans-
duction system. Because of the therapeutic potential of the
Wr-T/r9-pl6 MIS delivery system, we tested the efficacy of
this system for the treatment of the human RCC line, SKRC-7,
xenografts transplanted subcutaneously in KSN nude mice.
When tumors grew to 5 mm, we administered the Wr-T/r9-p16
MIS mixture into the mice via cardiac delivery. A clear decrease
in tumor size was evident after the first ten days in the mice
treated with a single dose of the Wr-T/r9-pl6 MIS mixture,
whereas the peptide free tumors grew to twice their initial
size. In addition, sustained suppression of tumor growth
continued to 28 days in mice treated with three doses of the
Wr-T/19-pl6 MIS mixture, though tumor growth eventually
resumed in mice receiving only a single dose (Fig. 6A and B).
At 48 h post-transduction, TUNEL analysis showed an increase
in the presence of positively stained apoptotic bodies in tumor
treated with the Wr-T/r9-p16 MIS mixture (Fig. 6C), suggesting
that the nuclear incorporation of the r9-pl6 MIS had triggered
apoptosis.

Discussion

Cancer cells grow abnormally, probably because they have
escaped the cell cycle control present in normal cells. One
example is cell cycle progression caused by overexpression of
Cyclin D1 due to translocation or amplification of the PRADI1
gene (27). Another example is cell cycle progression mediated
by cyclin (which does not work in normal cells) due to the
absence of cyclin inhibitors, such as pl6™* and p27%#! (28).
Several reports are available on the expression of molecules
involved in the cell-cycle process in patients with renal cell
carcinoma. Ikuerowo et al analyzed the expression of pl6™
in tumor samples from renal cell carcinoma using immuno-
staining, and observed absent or low expression of this gene in
82% of samples (29). Scharml et al performed microarray
analysis and reported cyclin-dependent kinase inhibitor 2A
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detected by the TUNEL method in a tumor sample from a mouse 28 days after treatment with Wr-T and pl6 peptide mixture (right), note the absence of
apoptotic cells in an untreated sample (left).
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(CDKNA2A, pl6™&) expression only in 6 of 532 patients
with clear cell renal cell carcinoma (30). In Japan, Kawada
et al reported that only 7 of 91 patients did not show pl6!NKs
expression (31). These findings suggested racial differences.
However, our results were contrary to those obtained by Kawada
et al (data not shown). Specifically, we studied the expression
of cyclin inhibitors in renal cell carcinoma cell lines and
patients with this disease using immunostaining, and found
that none of the cell lines showed pl6'N%% expression by
Western blotting and that some of the cell lines did not show
p27KP! expression, either; in addition, cell lines from only 2 of
84 renal cell carcinomas stained positive. During our study,
phosphorylated Rb was detected in all renal cell carcinoma
cell lines studied (Fig. 1). This finding suggests dysfunction of
cyclin inhibitors and thus the possibility that the growth of
renal cell carcinoma cells may be inhibited if the function of
cyclin inhibitors is restored. Presuming that many Japanese
patients with renal cell carcinoma show no pl6™%% expression,
we thought it useful to establish a new cancer therapy targeting
pl6™*# in the present study.

We therefore synthesized the amino acid sequence repre-
senting the minimal function of pl6'™** and delivered this
sequence to renal cell carcinoma cell lines using an intra-
cellular peptide/protein delivery system, which had already
been established by our group. As a result, cell growth was
almost completely inhibited in 7 of the 10 cell lines (Fig. 2).
The reason for the poor response in the remaining 3 cell lines
is still unknown, but there seems to be another cell-growth-
regulating system. Although the p16™%* peptide, as well as the
PTD of our peptide/protein delivery system, has a sequence
consisting of 9 arginines, p16™%* used as a complex with the
peptide/protein delivery system was found to be more effective
than pl6™** used alone. Different effects were shown when
the same PTD was used. This finding suggests that the efficiency
of peptide delivery is affected not only by the PTD itself but
also by the sequence of the peptides-binding site. It seems that
p16™¥4 impairs the function of the Cyclin D-CDK4/6 complex
and thus inhibits Rb phosphorylation, because this complex
induces Rb phosphorylation. In cells transduced with the
pl6!N&4 peptide, Rb phosphorylation is inhibited and the
delivered peptide seems to function in place of the normal
pl6™&% molecule (Fig. 4). In our previous report on B cell
lymphoma, cells with the peptide showed G1 arrest and
induction of apoptosis. In addition, the number of renal cell
carcinoma cells in the G2/M phase obviously decreased and
that of cells in the G1/GO phase increased, suggesting G1
arrest in renal cell carcinoma cells (Fig. 3). Moreover, apoptosis
seemed to have been induced in such cells, because
Annexin V-positive cells increased over time, with no cells
negative for Annexin V staining and positive only for PI
(Fig. 5), and because of the increase of apoptotic bodies in the
transplanted tumors treated with the peptides as demonstrated
by the TUNEL assay (Fig. 6C). These findings indicated that
peptide delivery not only inhibited cell growth but also induced
tumor cell apoptosis.

Since the in vitro experiment suggested the feasibility of
treatment of renal cell carcinoma through peptide delivery, we
experimentally treated tumors using a nude mouse model of
transplanted human tumor. During the previously reported
experiment in B cell lymphoma, peptides were directly inocu-
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lated as a single dose into the tissue surrounding a tumor formed
by transplantation. Tumor shrinkage was then noted, but
regrowth of the tumor was detected from day 5 after peptide
inoculation (21). This finding suggested short-term stability of
peptides after inoculation and thus a limited effect of treatment
with single-dose peptide inoculation. In the present experimental
treatment of renal cell carcinoma, we therefore compared a
single-dose regimen with a regimen consisting of 3 doses
administered at 1-week intervals. The single-dose regimen
clearly provided a greater therapeutic effect than the control
regimen, while the 3-dose regimen provided much greater
therapeutic effect; tumors had completely disappeared 28
days after the initiation of the first treatment (Fig. 6A and B).
This finding indicates that renal cell carcinoma can be treated
with the p16™¥4 peptide and that peptide therapy requires
more than one dose.

The pl6™%+ functional peptide and transporter peptide
administered during the present study are not cell-specific.
Since this complex is also delivered to normal cells, its toxicity
becomes an issue. In a study conducted in patients with B cell
lymphoma, peptide delivery was noted in normal lymphocytes,
but induction of apoptosis was not (21). In addition, in experi-
mental treatment of human glioma in mice with transplanted
human glioma, the peptide was systemically administered via
the heart, as was done in the present study (22). As a result,
tumor shrinkage was noted, but no pathological abnormalities
were detected in the normal cerebral tissue surrounding the
transplanted tumor or in other normal organs. During the
present experimental treatment in mice with transplanted
human renal cell carcinoma, normal tissues (kidney, liver and
spleen) were histologically examined. No significant differences
or abnormalities were noted between the treated and untreated
groups, and no abnormalities were seen. In the experiment
performed to assess the effect on cell growth, cell growth was
slightly inhibited by the use of Wr-T alone, but the observational
experiment did not reveal any apoptosis. These findings suggest
that Wr-T delays the cell cycle, with no cell-killing effect.

The present findings indicate the efficacy of our therapy, in
which a functional peptide is delivered using the transporter
developed by our research group, for renal cell carcinoma.
This therapy, which seems to have little effect on normal cells,
will pave the way for clinical studies.
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Level of Evidence 1b

OBJECTIVE

® To confirm the recurrence-preventing
efficacy and safety of 18-month bacillus
Calmette-Guérin (BCG) maintenance therapy
for non-muscle-invasive bladder cancer.

PATIENTS AND METHODS

* The enrolled patients had been diagnosed
with recurrent or multiple non-muscle-
invasive bladder cancer {stage Ta or T1) after
complete transurethral resection of bladder
tumours (TURBT).
® The patients were randomized into three
treatment groups: a maintenance group

\ (BCG, 81 mg, intravesically instilled once

weekly for 6 weeks as induction therapy,
followed by three once-weekly instillations
at 3, 6, 12 and 18 months after initiation of
the induction therapy), a non-maintenance
group (BCG, 81 mg, intravesically instilled
once weekly for 6 weeks) and an epirubicin
group (epirubicin, 40 mg, intravesically
instilled nine times). The primary endpoint
was recurrence-free survival (RFS).

RESULTS

e Efficacy analysis was performed for 115
of the full-analysis-set population of 116
eligible patients, including 41 maintenance
group patients, 42 non-maintenance
group patients and 32 epirubicin group
patients.

® At the 2-year median point of the overall
actual follow-up period, the final cumulative
RFS rates in the maintenance, non-

N
maintenance and epirubicin groups were
84.6%, 65.4% and 27.7%, respectively.
® The RFS following TURBT was significantly
prolonged in the maintenance group
compared with the non-maintenance group
(generalized Wilcoxon test, P= 0.0190).

CONCLUSION

® BCG maintenance therapy significantly
prolonged the post-TURBT RFS compared
with BCG induction therapy alone or
epirubicin intravesical therapy.

KEYWORDS

bacillus Calmette-Guérin, maintenance
therapy, non-muscle-invasive bladder
cancer, intravesical therapy, transurethral
resection, prevention of recurrence

INTRODUCTION

BCG intravesical instillation is the most
effective immunotherapy for intermediate
and high-risk non-muscle-invasive bladder
cancer (NMIBC) [1-7]. Lamm et al. [1] reported

© 2010 THE AUTHORS

in the Southwest Oncology Group (SWOG)
8507 study that 3-year BCG maintenance
therapy markedly prolonged the recurrence-
free survival (RFS) and time to disease
progression in comparison with the
conventional 6-week induction therapy. Since

BJU INTERNATIONAL © 2010 BJU INTERNATIONAL | 108, 187-195 | doi:10.1111/].1464-410X.2010.09891.x
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that report, other randomized, comparative
clinical studies have been carried out, but
they used different treatment regimens and
were unable to verify the efficacy of BCG
maintenance therapy [8-10]. To date, the
SWOG 8507 study has been the only report to
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clearly demonstrate the efficacy of BCG
maintenance therapy by means of a
randomized comparative clinical trial. In
consideration of the present situation, Herr
[11] recently argued that we have not yet
generated sufficient evidence to support the
efficacy of BCG maintenance therapy for
bladder cancer.

In the SWOG 8507 study, stratified analysis of
the efficacy of BCG maintenance therapy in
preventing disease recurrence in the study,
which enrolled patients with recurrent or
multiple stage Ta or T1 NMIBC and patients
with carcinoma in situ, showed that the
efficacy was most striking in patients with
stage Ta and T1 disease [1]. However, that
study was not controlled by inclusion of
either a transurethral resection of bladder
tumour (TURBT) monotherapy group

or an anti-cancer drug instillation group.

In addition, it was reported that the
maintenance therapy had to be discontinued
in many patients because of exacerbation of
drug-related adverse events (AEs) and that
only 16% of the patients were able to
complete the full treatment schedule covering
36 months [1]. With regard to clinical research
performed in Japan, the Japanese Urological
Cancer Research Group carried out a
combined analysis and reported that
recurrence manifested within 500 days of
surgery in most patients with stage Ta or T1
bladder cancer [12].

The present clinical trial was designed to
compare and confirm the recurrence-
preventing efficacy of BCG Connaught strain
maintenance therapy in patients with stage
Ta or T1 bladder cancer. A randomized,
comparative clinical study was designed that
included three treatment groups: a BCG
maintenance group, a non-maintenance
group and an epirubicin (EP) group as an
active control. The duration of the BCG
maintenance therapy was set at 18 months
because that period was thought to present
the greatest risk of disease recurrence [12]
and would also make it possible to achieve a
certain level of treatment compliance.

PATIENTS AND METHODS

The protocol for this clinical trial was
approved by the Institutional Review Board of
each participating institution. In addition, the
trial was initiated only after having obtained
written informed consent from each of the
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FIG. 1. Study design. *Patients who received three or fewer intravesical instillations during the induction
therapy were not to be advanced to the maintenance therapy. **Even in the case that each instillation cycle
in the induction or maintenance therapy could not be completed because of local bladder symptoms or
systemic symptoms following an instillation, it was considered acceptable to carry out the maintenance
therapy provided that the symptoms resolved before starting the next cycle of maintenance therapy.
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* . Intravesical instillation
enrolled patients, and it was conducted in
accordance with good clinical practice [13].

Patients who had been diagnosed with
recurrent or multiple tumours of bladder
cancer, had undergone excision of all of their
tumours by TURBT, and were confirmed to
have stage Ta or T1 transitional cell carcinoma
of the bladder by histopathological analyses
were included in this trial if they fell into any
of the following three categories: (a) the
presence of at least three bladder tumours at
the time of TURBT (o) the present recurrence
is at least the third such event or (c) the
present recurrence was diagnosed within 12
months from the date of previous TURBT for
the NMIBC.

The patients satisfied all of the following
inclusion criteria: age between 20 and 79
years; no history of intravesical instillation of
BCG or an anthracycline anti-tumour drug
within the 12-month period following the day
on which TURBT was performed; one course
of BCG treatment that had been performed
more than 12 months earlier was permitted;
for patients who had been intravesically
administered an anti-cancer drug such as
mitomycin C or cytarabine or had received
an oral antimetabolite, a washout period

of at least 4 weeks was required, but
administration of other anti-cancer
treatments after the present TURBT was

not permitted; white blood cell count
3300/mm® to 10 000/mm?; platelet count
210 x 10%/mm?®; haemoglobin: 29.5 g/dL;
aspartate and alanine aminotransferases
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6 months

BCG Maintenance group (Total 18 instillations)
81 mg/40 ml/week x 6 weeks*+ 81 mg/week x 3 weeks at 3, 6, 12, 18 month **

12months  18months  Follow-up

AAZNE 2 2 SR 2 2

BCG Non-maintenance group (Total 6 instillations)

Epirubicin (EPI) group (Total 9 instillations)
40mg/40 mL:weekly x 2+ biweekly < 7

Wil

no more than double the upper limit of
normal for the performing institution; serum
total bilirubin <2 mg/dL; serum creatinine
<1.5 mg/dL; and Eastern Cooperative
Oncology Group performance status 0-2.

In addition, patients were excluded from this
trial if they met any of the following exclusion
criteria: presence of carcinoma in situ lesion
in the bladder; stage T2 or higher muscle-
invasive bladder cancer, or a history thereof;
presence of a malignant tumour of the upper
urinary tract or the urethra as a complication,
or a history thereof; a history of intravenous
administration of an anti-cancer agent or
intra-arterial chemotherapy for bladder
cancer, or a history of radiation therapy;
currently being administered such drug
therapies as an immunosuppressive

dose of a steroid; congenital or acquired
immunodeficiency; active double cancers;
showing a strongly positive tuberculin
reaction; active tuberculosis or currently
undergoing treatment with anti-tubercular
drugs; serious bacterial infections of the
urinary tract or, in the 4 weeks before
registration for this trial, a serious viral or
bacterial infection; a history of serious
hypersensitivity or having some other serious
complication; presence of a contracted
bladder; female patients who are lactating or
may be pregnant; or other patients whom the
investigator considers to be inappropriate for
inclusion in the study.

Figure 1 shows the study design. Patients who
had undergone excision of all of their bladder

© 2010 THE AUTHORS
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tumours by TURBT were registered with the
Central Registration Centre. The centre then
randomly allocated them to three treatment
groups: a BCG maintenance group
(hereinafter, 'maintenance group’), a BCG
induction monotherapy group (hereinafter,
'non-maintenance group’) and an EPI group.

The allocation was performed by a
minimization method [14] that employed the
main background factors (primary and
multiple tumours, recurrent and solitary
tumours, and recurrent and multiple tumours;
whether or not BCG intravesical instillation
had been performed previously; whether

or not anthracycline anti~tumour drug
intravesical instillation had been performed
previously; the institution) as allocation
factors.

Treatment of each patient was to be started
no later than within 1 month following
TURBT. For the patients in the non-
maintenance group, 81 mg of the BCG
Connaught strain (ImmuCyst®; manufactured
by Sanofi Pasteur Ltd., Toronto, Canada) was
first suspended in 3 mL diluent, followed by
dilution with 40 mL physiological saline. That
suspension was then instilled into the bladder
via a urethral catheter, and the patient was
instructed to endeavour to retain it for 2 h,
and only then to urinate. This intravesical
instillation procedure was to be performed
once weekly, for a total of six treatments. For
the maintenance group, the 6-week induction
therapy (i.e. the above BCG instillation
protocol) was performed first, and then
maintenance therapy was carried out by
performing additional BCG intravesical
instillations according to a schedule of once
weekly for 3 weeks, at each 0f 3,6, 12 and 18
months from the date when the induction
therapy had been started. EP! (Farmorubicin®;
Pfizer Japan, Tokyo, Japan), 40 mg, was
dissolved in 40 mL physiological saline and
instilled into the bladder. The patient was to
retain that solution for 1-2 h and then
urinate. This EPI intravesical instillation was
performed twice at a 1-week interval and
then seven times at 2-week intervals. This
administration regimen was adopted from
that reported by the Japanese Urological
Cancer Research Group for a series of clinical
studies [15-17] and which had yielded good
results [17].

Efficacy of the treatment regimens was

assessed on the basis of cystoscopy and
urinary cytology findings. Patient follow up

© 2010 THE AUTHORS
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was performed at 3-month intervals for the
first 3 years, and then at 6-month intervals
beginning from the 4th year. When tumour
recurrence was suspected on the basis of the
findings of cystoscopy and urinary cytology,
confirmation was carried out by performing
TURBT. The date of confirmation of recurrence
or progression was defined as the earliest date
on which the diagnosis had been made based
on the findings of cystoscopy, urinary
cytology or some other diagnostic imaging
technique.

Progression at the time of recurrence was
defined as progression in the disease stage
(i.e. progression to stage T2 or higher,
metastasis, or appearance of tumours in the
upper urinary tract or the urethra) or as
exacerbation of the tumour grade.

For assessment of the safety of each of the
treatment regimens, the severity of AEs was
judged in accordance with the criteria
stipulated in NCINational Cancer Institute-
Common Toxicity Criteria, Version-2.0 [18].

The primary endpoint was the RFS from
randomization and the secondary assessment
endpoints were the progression rate at the
time of first recurrence and the safety. The
RFS was estimated by the Kaplan-Meier
method. As the primary analyses, the study
protocol called for two comparisons
regarding the RFS. The first-step comparison
was of the combined BCG group (the
maintenance group plus the non-
maintenance group) with the EPI group. Only
if the result for the RFS was statistically
superior for the combined BCG group
compared with the EPI group was the second-
step comparison performed, comprising a
comparison of the maintenance group with
the non-maintenance group. The treatment
groups were compared using the generalized
Wilcoxon test. The necessary number of
patients in each treatment group was
calculated for each comparison on the basis
of assuming a registration period of 2.5 years,
a study period of 4.5 years, an 80% power of
the testand a 5% type one error. The expected
2-year recurrence-free rates for each

group were estimated to be 85% for the
maintenance group, 60% for the non-
maintenance group and 45% for the EP
group, based on the earlier reported results
[1,15-17]. Accordingly, the necessary
numbers of patients were estimated to be 52
patients in the combined BCG group and 26
patients in the EPI group for the first-step

BJU INTERNATIONAL © 2010 BJU INTERNATIONAL
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comparison, and 36 patients in each of the
treatment groups for the second-step
comparison. When consideration was given to
the possibility of dropouts, the total target
number of patients was set at 110, consisting
of 40 patients in each of the maintenance and
non-maintenance groups and 30 patients

in the EPI group. For unequal treatment
allocation, the biased-coin minimization
method [19] was used in the allocation
programme. Smoothed hazards analysis
[7,12,20] was applied to estimate the

hazard of recurrence in each of the treatment
groups.

There had initially been no plan to performan
interim test for significant differences during
the course of this trial. However, as the trial
progressed, it became evident that there were
more recurrent cases in the EPl group than
had been expected at the start. This raised
the question of whether, from an ethical
standpoint, the trial should be terminated
earlier than scheduled. To address this issue,
the Independent Efficacy and Safety
Assessment Committee for this trial
recommended revising the analytical plans of
the study. As a result, new conditions for
termination of the trial were established, and
it was decided to perform interim data
analyses to determine the advisability of early
termination. The date of cut-off for interim
data analyses was set as the last day of
August 2008, which was 4 years from the date
of registration of the first patient in the trial
instead of the initially planned 4.5 years. The
main statistical test was the generalized
Wilcoxon test, with a P value of 0.035
indicating statistical significance, which was
calculated using an o consumption function
that permitted adjustment for the type one
error for the study as a whole.

RESULTS

Figure 2 explains the grouping of the patients
in this clinical trial. A total of 120 patients
were enrolled in the trial at 37 participating
institutions between August 2004 and the
end of December 2006. Following registration
and before the start of treatment, four
patients were excluded. The enrolled patients
were randomly allocated to the three
treatment groups after registration, and a
total of 116 patients were started on their
respective treatments. One of the patients in
the maintenance group retracted consent and
was excluded from the efficacy analysis.
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Hence, the ‘full analysis set’ analytical FIG. 2. Accounting of the patients; CONSORT diagram.

population numbered 115 patients in total.

Enrolment
Analysis of the per protocol set analytical (N=120)
population was carried out as a secondary E’;f("‘:ie‘ge(t’i’;‘gngibm vt (N3]
. . Ity criteria (N=
eqdpomt of analysis. The. study protocol Exacerbation of a complication (N=1)
st:gulated thgt. fora mamtenance group Eligible/Randomized
patient to be included in the per protocol set (n=116)
analysis, it was necessary for the patient to ‘ : |
have been administered at least one BCG BCG Maintenance BCG Non-maintenance EPI
intravesical instillation as maintenance (n=42) (n=42) (n=42)
therapy. | | |
Analyzed (n=41)
ble 1 he background Retracted the informed consent
Te pr.esgnts the data on the . g Fﬁsulation after the 2nd intravesical instillation Analyzed Analyzed
characteristics of the FAS population. pop during the induction period and no (=42 (n=32)
post-administration efficacy data

Figure 3 shows, the respective RFS plots for (=1
the combined BCG group and the EPI group, [ l {
and for the maintenance group and the non- Analyzed (n=36)

int g P Excluded from analysis for no BCG A(na_ly:fzed A[na-!\gzed
maintenance group. instillation as maintenance therapy. n=42) n=37)

(n=5)
In the first step analysis, the generalized PPS 0 estation of ALs
: . ue to manifestation of AEs during
WIICF)?(OH test showed that the RFS_was population induction period. (1=2)
significantly prolonged in the combined BCG
group compared with the EPI group (P< Presence of recurrence prior to
0.0001). Accordingly, comparison of the RFS starting a first maintenance
instillation. (n=3)

between the maintenance group and the
non-maintenance group was carried out as
the second step analysis. That analysis
showed the RFS to be significantly prolonged
in the maintenance group compared with the
non-maintenance group (generalized
Wilcoxon test: P=0.0190). This result for the
main analyses satisfies the criterion for
statistical significance that was stipulated for
the interim analyses. For that reason, this
result was considered to represent the final
analysis, and the clinical trial was terminated
early.

In the comparison of the per protocol set
analytical population, only two of the 36
patients in the maintenance group
experienced recurrence. That analysis also
showed the RFS to be significantly prolonged
in the maintenance group compared with the
non-maintenance group (generalized
Wilcoxon test: P = 0.0007).

Figure 4 presents the results of smoothed
hazards analysis of the recurrence in each
of the treatment groups. In the EPI group,
a high recurrence hazard continued for

2 years after TURBT, whereas in the non-
maintenance group the recurrence hazard
decreased from the half-year point onward.
On the other hand, in the maintenance
group, in addition to suppressing the initial
hazard to about half of that in the non-
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maintenance group, a low hazard was
maintained for up to approximately 2 years
after TURBT.

Table 2 presents the data on the numbers of
patients in each of the treatment groups who
showed progression at the time of first
recurrence. The progression rates were
compared between the combined BCG group
and the EPI group and between the
maintenance group and the EPI group.
Fisher's exact test showed statistically
significant differences in those comparisons
(P=0.0047 and P=0.0021, respectively).
When the maintenance group and the non-
maintenance group were then compared, no
statistically significant difference was found
(Fisher's exact test: P= 0.2410). However,
there were no cases of progression in the
maintenance arm.

The incidence of treatment-related AEs was
higher in the maintenance group than in
the non-maintenance group (Table 3).
However, all of these symptoms could be
controlfed by suspending the treatment or
administering therapy such as an anti-
inflammatory or analgesic. Even for the
maintenance treatment cycle, at the
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18-month point approximately 70% of
the patients were able to be given at [east
one of the three planned instillations
(Table 4).

The incidence of treatment-related AEs was
clearly lower in the EPI group patients
compared with in the BCG groups. Grade 3 or
more severe treatment-related AEs consisted
of gross haematuria (3.1%) and malaise
(3.1%).

DISCUSSION

The SWOG 8507 study did not include either a
TURBT-only group or a chemotherapeutic
drug instillation group. Qur present study
included an EPI group as an active control
group. The design made it possible-to clearly
show the difference in efficacy among the
three treatment groups. The 2-year RFS rate
for the BCG maintenance group was 92.7%,
which was markedly better than the rates of
65.4% for the non-maintenance group and
33.29% for the EP! group. Two-year RFS rates
of approximately 80% and 60% were
estimated for the maintenance group and the
non-maintenance group in the SWOG 8507
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study, respectively [1]. In addition, Saint etal.  and they reported a 2-year RFS rate of 84.9%.
[21] carried out a clinical study that Furthermore, van der Meijden et al. [22]

administered the BCG Connaught strain reported an estimated 2-year RFS rate of 70%
according to a 3-year maintenance schedule, ~ with maintenance therapy that employed the
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BCG Tice strain. It is clear that the 92.7% 2-
year RFS rate was reported in our study is
significant and similar to the results in those
earlier studies.

The SWOG 8507 study found that
maintenance therapy significantly prolonged
the period until disease progression (log rank
test, P=0.04) [1]. In addition, Bohle and Bock
[23] performed a meta-analysis of 2410
patients to compare the efficacy of BCG
and mitomycin C in suppressing disease
progression. They reported that
administration of BCG maintenance therapy
for at least 1 year resulted in significantly
superior suppression of the risk of disease
progression that was 34% greater than that
with mitomycin C (OR = 0.66; 95% Cl 0.47-
0.94; P=0.02). Moreover, Sylvester et al. [24]
carried out a meta-analysis of 4863 patients
in which they compared the therapeutic
results in a BCG group, a TURBT-only group
and an anti-cancer drug group. They reported
that the BCG group showed statistically
significant suppression of disease progression
(OR=0.73;95% Cl 0.60-0.89; P=0.001). Also,
when the analysis was performed for patients
who received some form of BCG maintenance
therapy for at least 1 year, striking efficacy
was demonstrated (OR = 0.63; 95% Cl 0.51
P=0.79; P=0.00004). In addition, a recent
systematic review [25] by the Cochrane
group concluded that BCG maintenance
significantly reduced recurrence in patients
with non-muscle-invasive bladder cancer. On
the basis of these and other reports, the
guidelines for treatment of bladder cancer
all recommend that BCG maintenance
therapy be continued for at least 1 year
[26-31].

On the other hand, Herr [11] recently argued

that there is insufficient evidence indicating
that BCG maintenance therapy shows
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significant efficacy in suppressing disease
progression. However, most events of
progression are detected during the course of
repeated recurrence in the bladder, and it can
therefore be thought that achieving RFS
over a long period of time by performing
maintenance therapy will also reduce the risk
of progression. Actually, in our study no
progression was observed in the maintenance
group. The efficacy results for BCG
maintenance therapy that we have
demonstrated in our present randomized trial
not only support the findings reported by
Lamm et al. [1] but are also able to partially
counter the recent discussion regarding BCG
maintenance therapy [11,32-34].

For the tolerability evaluation of 81 mg of
BCG dose, our present protocol stipulated
that the dose of BCG could not be reduced,
because one objective of the study was to
confirm the tolerability of BCG when
administered in a dose of 81 mg. Treatment-
related AEs were clearly more severe during
the maintenance therapy. It was reported that
treatment-related AEs could be reduced,
without sacrificing efficacy, by lowering the
BCG dose [35,36] or by administering a
quinolone antibiotic 8 h after BCG instillation
[21]. We think that future studies are
warranted to investigate the possibility of
further increasing the duration of long-term
prevention of bladder cancer recurrence by
improving treatment compliance through
better management of treatment-related AEs
during the course of BCG maintenance
therapy.

In conclusion, this randomized, comparative
clinical trial demonstrated that BCG
intravesical instillation maintenance therapy
is able to significantly prolong post-TURBT
RFS in patients with recurrent or multiple,
stage Ta or T1, bladder cancer that is at
moderate-to-high risk of recurrence. The
results of this clinical trial represent valuable
new evidence in support of the efficacy of
BCG maintenance therapy in preventing
bladder cancer recurrence.
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FIG. 3. Recurrence-free survival. Plot of Kaplan-Meier estimates for recurrence-free survival (FAS population)

for the combined BCG group and EPI group (upper),
group (lower).
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The Therapeutic Effects of R8-Liposome-BCG-CWS
on BBN-Induced Rat Urinary Bladder Carcinoma
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Abstract. Background: The present gold standard for
bladder cancer is Mycobacterium bovis bacillus Calmette-
Guérin (BCG) immunotherapy, but serious side-effects are
common. We previously reported that C3H/HeN mice
vaccinated with a mixture of MBT-2 cells and artificial BCG,
octaarginine-modified liposomes incorporating the cell wall
of BCG (RS8-liposome-BCG-CW), significantly inhibited
growth of R8-liposome-BCG-CW pretreared MBT-2 cells.
Our aim was to determine if a non-live bacterial agent could
be as efficacious as live BCG in a model of bladder cancer.
We investigated the suppressive effect of liposome-
incorporating cell wall skeleton (BCG-CWS) on N-butyl-N-
(4-hydroxyburyl) nitrosamine (BBN)-induced urinary bladder
carcinogenesis in rats. Materials and Methods: F344 rats
were fed with BBN and sodium ascorbate for 8 weeks, after
which all rats were confirmed to have excreted atypical
epithelial cells in the urine. Rats were administered BCG-
CW(1.0 mglrat) or RS8-liposome-BCG-CWS (0.1 or 1.0
mg/rat) intravesically once/week for 8§ weeks from week 28
to 35 of the experimental protocol. Results: Rats receiving
R8-liposome-BCG-CWS intravesically showed significantly
inhibited numbers of tumors, especially those of simple
hyperplasia, in comparison with the control rats.
Conclusion: R8-liposome-BCG-CWS administration had
inhibitory effects on rat bladder carcinogenesis. These results
may indicate a novel adoptive Immunotherapy against
bladder cancers.
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Intravesical BCG therapy is effective against carcinoma in situ
and as a prophylaxis against the recurrence of bladder cancer
(1-5). In addition to its direct antitumor effect, it is widely
recognized that intravesical BCG therapy is more potent in
preventing tumor recurrence than is intravesical chemotherapy
(6). Although immunotherapy using live BCG is effective, it
is not free from fatal side-effects, e.g.. high fever,
granulomatous prostatitis, pneumonitis, hepatitis, and BCG
sepsis (7). To avoid such unfavorable events, it is necessary to
develop a more active but less toxic immunotherapeutic agent.

Although the cell wall skeleton of BCG (BCG-CWS) has
long been investigated for this purpose, its clinical use is
very limited because of solubility and stability difficulties.
To overcome these unfavorable physicochemical properties
of the BCG-CWS preparation, we have applied octaarginine-
modified liposomes (R8-liposomes) as a vector to transport
BCG-CWS into the cytoplasm effectively. R8-liposomes
were initially developed to transfer highly negatively charged
DNA molecules into the cytoplasm by macropinocytosis (8-
10). R8-liposomes resemble an envelope-type virus and their
surface is modified by anchored RS, a characteristic and
efficient cell-penetrating peptide (9).

We have previously reported that R&-liposomes-
incorporating mycobacterial cell walls (R8-liposome-BCG-
CW) successfully attached to the surface of MBT-2 cells and
were efficiently internalized into the cytoplasm within an
hour of co-incubation (11). Internalized BCG-CW was then
distributed to the lysosomes of the MBT-2 cells and finally
has been shown to completely inhibit the growth of MBT-2
tumors in vivo (11). Since the structure of BCG-CW is not
stable and BCG-CWS is easy to formulate, we changed from
R8-liposome-BCG-CW to R8-liposome-BCG-CWS.
Furthermore, R8-liposome-BCG-CWS rendered cancer cells
more susceptible to cytolysis by lymphokine-activated killer
cells (12).
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However, the antitumor effect in bladder cancer has not
been tested. Thus, the primary purpose of the present study
was to examine the antitumor effect of R8-liposome-BCG-
CWS as a single agent in a rat model carcinogen-induced of
bladder carcinogenesis.

Materials and Methods

Preparation of R8-liposome-BCG-CWS. R8-liposome-BCG-CWS
was prepared by a method reported previously (13).

Bladder carcinogenesis induced by BBN in rats. N-Butyl-N-(4-
hydroxybutyl) nitrosamine (BBN) bladder carcinogenesis is
considered to be a model for superficial bladder tumor. It has been
well described that during bladder cancer development, diffuse
hyperplasia at 4 weeks after BBN administration is a reversible
change toward cancer, whereas nodular hyperplasia at 8 weeks is an
irreversible change (14).

The study comprised 20 8-week-old male Fisher-344 rats (Charles
River Japan, Yokohama, Japan). All animals used in the study were
handled according to the guidelines approved by the University
Council for Animal Care. BBN was purchased from Tokyo Kasei
Kogyo Co.. Ltd. (Tokyo, Japan). The experimental protocol is
summarized in Figure |. Because sodium ascorbate significantly
increases papillary or nodular hyperplasia (PN hyperplasia) (15-16),
all rats were given diets containing 5% (w/w) sodium ascorbate. for
8 weeks. After treatment for 8 weeks with the sodium ascorbate and
0.05% BBN in drinking water, 20 rats were divided into four groups
according to the treatment administered at 28 weeks: group [, control
(phosphate-buffered saline [PBS] only); group 2, BCG-CW only (1.0
mg/rat once weekly for 8 weeks); group 3, R8-liposome-BCG-CWS
(0.Img/rat once weekly for 8 weeks), and group 4 R8-liposome-
BCG-CWS (1.0 mg/rat once weekly for 8 weeks).

Histological examination. At the end of treatment, the rats were
killed under anesthesia. Before removal of the bladder from each
rat, the bladder was intraluminally injected with a buffered
formaldehyde solution as pre-fixation for histological analyses. A
ligature was placed around the bladder neck to maintain proper
distention.

For macroscopic quantitative analysis (number and volume of
tumors), cach bladder pre-fixed in formaldehyde was carefully
opened, the lumen was inspected for grossly visible lesions, and the
number of tumors per rat and the volume of each tumor were
recorded to calculate the incidence of tumors per group and the
mean tumor volume per rat. The volume was calculated as
V (mm3)=4xmx | mm (major axis) x s> mm? (minor axis)/3. A
tumor was defined as a lesion of >0.5 mm in diameter.

For microscopic qualitative analysis (bladder histology), the
bladder was immersion-fixed in 4% buffered formaldehyde and
processed for paraffin sectioning. Three slices from each bladder
were embedded in paraffin, sliced into 3 pm sections, and stained
with hematoxylin and eosin. The lesions observed in the urinary
bladder mucosa were classified as simple hyperplasia, PN
hyperplasia, papilloma, or carcinoma, as described previously (17).

Blood analysis. Interferon gamma (IFN-v) in blood was analyzed in
weeks 31 and 35 of the experimental protocol. We measured the
serum level of IFN-y immediately before administration of the
specific treatment in each rat group and after 8 and 24 hours. Serum
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levels of IFN-y were measured with a Rat [FN-y Colorimetric
ELISA Kit (Thermo Fisher Scientific, Yokohama, Japan).

Sratistical analysis. The results are presented as the mean (SEM).
and groups were compared using non-parametric Dunnett method
with significance indicated at a value of -p<0.05.

Results

All rats completed the 36-week protocol, during which the
mean intake of food and fluids was not significantly different
among the four groups. Macroscopic appearance of bladders
in the four groups is shown Figure 2. Bladders from group
I (control) showed large tumors, but R8-liposome-BCG-
CWS caused marked inhibition in bladder tumor growth.

Significant differences were present between groups 1 and
4 in numbers of tumors per rat (—p<0.05) (Figure 3). The
mean number of tumors per rat in group 4 (4.4x1.9) was
significantly lower than that in group [ (20.0£7.6). No
significant differences were evident in tumor volume among
the four groups, but the total tumor volume in group 4 was
less than half that in group 1 (Figure 3).

The incidences of urinary bladder tumors are summarized
in Figure 4. Histological examination showed that simple and
PN hyperplasia were observed in all bladders of the BBN-
treated rats. The incidence of tumors in rats treated with PBS
was higher than that in groups treated with BCG-CW and
R8-liposome-BCG-CWS. The number of simple hyperplasias
in group 4 (6.5+1.8) was significantly lower than that of
groupl (24.3+6.1). The number of PN hyperplasias in group
3 was higher than that of the other groups, but statistical
differences was not found among the groups. In group 1, the
number of bladder papillomas and carcinomas were 1.8+2
and 1.1xl.1, respectively. The incidence of urinary bladder
carcinoma in group 4 was less than that in group I, but the
difference was not significant.

IFN-y. IFN-v has been shown to be important in the function
and maturation of multiple immune cells. IFN-v is essential
for T-helper 1 cell (Thl) immune responses and regulates
T-cell differentiation, activation, expansion, homeostasis, and
survival. At 31 weeks, rats in group 2 had higher levels of
[FN-v than those in other groups, but statistical differences
were not found among the groups (Figure 5). At 35 weeks,
IFN-v secretion was more increased in groups 2 and 4 than
in groups 1 and 3, but no significant difference was found
among all groups. It is suggested that IFN-y may be high in
the groups with a low number of lesions.

Discussion
The antitumor mechanism of BCG and the role of its CWS

components have recently been unveiled. Most of the
immunostimulatory activities are associated with the CWS
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N=5

Control (PBS})

BCG-CW 1.0 mg

R8-liposome-
BCG-CWS 0.1 mg

R8-liposome-
BCG-CWS 1.0 mg

Figure . Treatment protocol: 20 rats were divided into four groups.

lipids of BCG (18), which involve inflammation and innate
and acquired immune responses. However, BCG-CWS itself
has difficulty associating with the bladder cancer cells due
to its highly hydrophobic properties (19).

We previously reported that R8-liposome-BCG-CW
completely inhibited the growth of MBT-2 tumors in
C3H/HeN mice, whereas BCG-CW alone did not. In
addition, animals vaccinated with a mixture of MBT-2 cells
and R8-liposome-BCG-CW showed significant inhibition of
the growth of R8-liposome-BCG-CW pretreated MBT-2 cells
(11). This suggests that bladder cancer cells, which usually
multiply under the condition of immune tolerance from the
host, can be recognized through the presence of BCG-related
molecules in cancer cells. The aim of the present study was
to develop a non-live bacterial agent using a BCG-CWS,
which consisted mainly of essential molecules, to induce
immune responses (20-22).

The carcinogen BBN was used to induce urinary bladder
tumors in the present study (14). Oral administration of BBN
dependably induces urinary bladder tumors in a short time. In
the rodent model of BBN-induced bladder carcinogenesis, the
concentration of the carcinogen and duration of treatment
determine the neoplasia in the urinary bladder. Nakanishi et

0.05% BBN

Tap water L1 intravesical instillation

al. stated that the lesions observed in the urinary bladder
mucosa are classified as simple hyperplasia, PN hyperplasia,
or papilloma (17), but cancerous cells were not found in any
rat in their experiment (17). Thus, sodium ascorbate was
administered to promote urinary bladder carcinogenesis (16).
Administration of sodium ascorbate significantly increased the
incidence and number of PN hyperplasias. There have been
many reports on preneoplastic lesions in rat urinary bladder
carcinogenesis (23), and there is strong evidence of correlation
between PN hyperplasia and cancer of the urinary bladder.
This finding could be related to the induction of cancer in rat
urinary bladder by high levels of sodium ascorbate.

The results of the present study showed that both BCG-
CW and RS8-liposome-BCG-CWS (1.0 mg) inhibited rat
bladder carcinogenesis induced by BBN administration. Both
drugs, except for low-dose R8-liposome-BCG-CWS (0.1 mg),
reduced the incidence of carcinoma and the mean number of
tumors to approximately less than half of those of the control
group. The formation of PN hyperplasia is thought to be a
precursor to transitional cell carcinoma, and both drugs also
inhibited PN hyperplasia.

Although the precise mechanism of the chemotherapeutic
effect of R8-liposome-BCG-CWS has not been determined,
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