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Abstract

Purpose To establish a new therapeutic method to treat
bladder carcinoma, we investigated the therapeutic poten-
tial of doxorubicin hydrochloride (DXR) combined with
hemagglutinating virus of Japan-envelope vector (HVJ-E)
in an orthotropic mouse bladder cancer model.

Methods DXR and/or HVJ-E were instilled into the blad-
der after implantation of MB49 cells. Antitumor effects of
combination therapy were evaluated by histological analy-
sis of the bladder on day 14 after tumor implantation. The
survival rate of MB49-disseminated mice was examined for
60 days after single or double administration of DXR alone
or DXR/HVIJ-E. The surviving mice were re-challenged
with intravesical injection of MB49 cells, and the bladder
was observed after 3 weeks.

Results Combined intravesical instillation of HVJ-E and
DXR resulted in a significantly higher rate of tumor-free
mice (11/21) compared with mice treated using DXR alone
(3/19, P < 0.05). Median survival was >60 days for intrave-
sical instillation of HVJ-E and DXR, compared with the
29 days for DXR instillation alone (P < 0.05). After combi-
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nation therapy, surviving mice formed no tumors in the
bladder following intravesical re-instillation of MB49.
Conclusions HVIJ-E increased antitumor effects in combi-
nation with chemotherapeutic agent (DXR). Antitumor
immunity appeared to be enhanced using HVJ-E.

Keywords Bladder carcinoma - Chemotherapy -
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Introduction

Superficial bladder cancer is usually treated by transure-
thral resection of bladder tumor (TURBT), but a relatively
high rate of recurrence and risk of progression to invasive
cancer represent important problems [8]. The current treat-
ment consists of TURBT for visible tumors, followed by
intravesical chemotherapy to reduce disease recurrence and
progression [1]. Until now, doxorubicin hydrochloride
(DXR) and mitomycin C have been frequently used for this
purpose [3, 5]. However, these drugs used intravesically in
clinical trials on large case series have not proven capable
of significantly reducing disease progression or improving
overall survival [4, 16].

Intravesical Bacillus Calmette Guerin (BCG) is currently
considered the most effective treatment against superficial
bladder carcinoma [21]. BCG is generally considered to be
an immunological agent, although the detailed mechanisms
of action remain unclear. Indeed, while BCG therapy is the
most successful example of immunotherapy to date, instil-
lation of live BCG occasionally causes serious adverse
effects [17]. Furthermore, administration of BCG is not
effective for all patients, with approximately one-third of
patients failing to respond [22], and combination with other
anticancer drugs is not possible since BCG itself is a live
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bacillus. Research into new drugs or drug combinations for
bladder carcinoma has thus attracted a great deal of interest.

Hemagglutinating virus of Japan-envelope vector (HVJ-
E) is a non-viral vector derived from inactivated Sendai
virus [12]. Since the viral genome is inactivated, no replica-
tion or viral gene expression can occur in the host cell
transfected with HVJ-E vector. HVJ-E is able to deliver
plasmid DNA, short interfering RNA, proteins and drugs to
various animal cells and tissues [13]. Moreover, HVJ-E
itself can induce antitumor immunity by both enhancing
cytotoxic T cells against cancers and inhibiting regulatory
T cells [15]. Intraperitoneal injection of HVJ-E-incorpo-
rated bleomycin has thus been used to both eradicate
tumors and generate antitumor immunity [19]. The present
study investigated the therapeutic potential of HVJ-E com-
bined with DXR against mouse bladder carcinoma.

Materials and methods
Animals

Six-week old female specific pathogen-free C57BL/6 mice
(Japan SLC, Hamamatsu, Japan) were used. All animals
were housed in cages containing five animals and kept on a
daily 12-h cycle of light and dark. Mice were provided with
ad libitum access to water and standard CE-2 diet (Japan
CLEA, Tokyo, Japan).

Tumor cells and tumor implantation

The MB49 murine transitional cell carcinoma cell line was
obtained from Dr. Tim Ratliff (University of Washington
University, St. Louis, MO, USA). Human bladder cancer
cell line 5637 was purchased from Dainippon Sumitomo
Pharma, Osaka, Japan. These cell line were maintained in
RPMI1640 medium (Sigma-Aldrich Japan, Tokyo, Japan)
supplemented with 10% fetal bovine serum (Equitech-Bio,
Kerrville, TX, USA) and 2 mM L-glutamine at 37°C and
5% CO,. The MBT-2 murine bladder carcinoma cell line
was purchased from Health Science Research Resources
Bank, Osaka, Japan and maintained in MEM (Sigma-Ald-
rich Japan) supplemented with 10% fetal bovine serum and
5% CO, at 37°C. For intravesical implantation of MB49
cells, C57BL/6 mice were anesthetized by intramuscular
injection of a 9:1 ketamine (Sankyo, Tokyo, Japan)/xyla-
zine (Bayer HealthCare, Osaka, Japan) mixture. The blad-
der was catheterized via the urethra using a 24-gauge plastic
intravenous cannula (Nippon Becton Dickinson, Tokyo,
Japan). Next, a 0.1-ml sample of a single-cell suspension
containing 1 x 10° MB49 tumor cells in PBS with calcium,
magnesium chloride and 1% BSA (Sigma) was instilled via
cannula. Two mice out of 34 did not have tumors 2 weeks
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after the intravesical instillation of MB49 cells. The rate of
tumor occurrence was ~94% in our experiment.

Preparation and intravesical injection of HVIJ-E,
DXR or DXR/HVIJ-E

Adriacin Injection was purchased from Kyowa Hakko Chemi-
cal, Tokyo, Japan. DXR was prepared at 1 mg/ml by dissolv-
ing Adriacin injection in saline (Otsuka Pharm, Tokyo,
Japan). Inactivated and purified HVJ-E was obtained from
Genomldea, Osaka, Japan. Five hundred hemagglutinating
units (HAU) of HVIJ-E was centrifuged at 15,000xg for
15 min at 4°C. The suspension was then removed and mixed
with 100 pl of saline (HVJ-E) or 1 mg/ml of DXR (DXR/
HVIJ-E). DXR/HVJ-E was the mixture of doxorubicin and
empty HVJ-E. On day 2 after injection of bladder carcinoma
cells, intravesical injections of HVJ-E, DXR or DXR/HVIJ-E
were administered using the catheter described above.

Survival assay

Two hundred HAU of HVIJ-E was centrifuged at 15,000x g
for 15 min at 4°C. The suspension was then removed and
mixed with 100 pl of 1 mg/ml of DXR (DXR/HVJ-E). On
days 2 and 5 after injection of bladder carcinoma cells,
100 pl of 1 mg/ml of DXR or DXR/HVIJ-E was injected
intravesically using the catheter described above (total
400HAU). The mice were allowed to die because it was very
difficult to judge the condition of the mice from their outlook
after tumor inoculation. This experiment was performed
according to the guidelines of Genomldea company based on
the guidelines of the Animal Committee of Osaka University.

WST-8 assay

MB49, MBT-2, and 5637 cells (1 x 10* cells) were seeded
onto 96-well plates in 100 ul of RPMI 1640/10% FBS
medium overnight, then 10 pl of saline, HVJ-E (200 HAU/
ml), DXR (0.1 mg/ml) or DXR/HVIJ-E (0.1 mg/ml/200
HAU) were added. After culturing for 48 h at 37°C in 5%
CO,, 10 pl of WST-8 cell count reagent, (2-(2-methoxy-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tet-
razolium monosodium salt dissolved in 1-Methoxy-5-meth-
ylphenazinium methylsulfate and NaCl; WAKO, Osaka,
Japan) was added and further cultured for 1 h at 37°C in 5%
CO,. Absorbance was measured at 450 and 650 nm [20].

Histological confirmation

Mice were sacrificed on day 14 after implantation. Bladders
were then removed, fixed with formalin and embedded in
paraffin. Hematoxylin and eosin (HE) staining was per-
formed on 4-pm sections. Sections were inspected for
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tumor incidence and histological stage based on tumor size
and localization. Bladder lesions were classified according
to the classification of the General Rules for Clinical and
Pathological Studies on Bladder Cancer [2].

Statistical analysis

Data were analyzed using the y*-test for histopathological
results. Survival was compared using Kaplan-Meier meth-
ods and the generalized Wilcoxon test. Values of P < 0.05
were considered statistically significant. Kyplot 4.0 soft-
ware (KyensLab, Tokyo, Japan) was used for all analyses.

Results
Cell proliferation assay in vitro

We first examined the effect of HVJ-E on growth rate of
tumor cells in culture. Saline or HVJ-E alone was incubated
with MB49 cells for 2 days. These conditions were not
toxic against bladder tumor cells, and >80% of cells sur-
vived. DXR alone was highly effective at 0.01 mg/ml, kill-
ing >90% of MB49 cells, >90% of MBT-2 cells, and about
80% of 5637 cells compared with control cells in culture.
Cytotoxic effects were also observed with the addition of
DXR/HVJ-E, but there was no significant difference in
cytotoxity between DXR/HVJ-E and DXR alone (Fig. 1).
Addition of HVJ-E alone displayed no toxicity against
bladder cancer cells in vitro.

Histopathological examination of the bladder

We next examined in vivo antitumor effects of HVJ-E,
DXR, and DXR/HVIJ-E. Mice were instilled with saline,
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Fig. 1 Cell proliferation by WST-8 assay. Bladder cancer cell lines
MB49, MBT-2 or 5637 were incubated with saline (control), HVJ-E (2
HAU), DXR (1 ug) or DXR/HVIJ-E (1 pug/2 HAU) for 2 days.
Mean =+ SD (n = 3) are shown for each group. Three replicate plates
were used for the in vitro assays and the experiment was repeated
twice. As the results of the two independent experiments were almost
same, one representative result was presented

HVIJ-E, DXR or DXR/HVJ-E at 48 h after implantation of
1 x 10° MB49 cells into the bladder. After 14 days, mas-
sive tumors comprising MB49 cells were observed in eight
mice instilled with saline or HVJ-E alone (Fig.2a, b).
DXR-treated mice also displayed large tumors, although
three mice exhibited no visible tumor in the bladder
(Fig. 2¢). In contrast, tumor formation in the bladder
appeared to be inhibited in mice with DXR/HVIJ-E instilla-
tion (Fig. 2d). A few mice showed infiltration of lympho-
cytic inflammatory cells or edema under the mucosa, but no
significant damage was observed in bladder tissue follow-
ing DXR/HVJ-E treatment.

Sections of mouse bladder were classified by histologi-
cal stage (Table 1) [2]. Low-stage superficial carcinoma
(pTis/pTa) was not seen in any groups. Stage pT1 and pT2<
were seen in controls (8/9), HVJ-E (8/9), DXR (16/19), and
DXR/HVIJ-E (10/21). Moreover, approximately half of the
mice instilled with DXR/HVIJ-E (11/21) remained tumor-
free (pTO) in the bladder by day 14 after implantation.
These data show that instillation of DXR/HVIJ-E could
strongly suppress tumor growth compared with treatment
using DXR alone (P < 0.05).

a Control (saline)

b HVI-E (500HAU)

C DXR (100pg)

t
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Fig. 2 HE staining of MB49-implanted bladders. On day 2 after intra-
vesical implantation of MB49 cells, saline (a), 500 HAU of HVJ-E (b),
100 pg of DXR (¢) or 100 pg DXR/500 HAU HVIJ-E (d) was instilled
once into the bladder for 10 min. On day 14, bladders were removed
and stained using HE
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Table 1 Histological stage of bladder samples from Fig. 2

N pTO pTis/pTa pT1 pT2<
MB49 9 1 0 3 5
MB49 + HVIJ-E 9 1 0 6 2
MB49 + DXR 19 3 0 7 9%
MB49 + DXR/HVI-E 21 11 0 8 2%

All the bladder samples were subjected to the preparation of ten sec-
tions with the equal distance followed by HE staining

N number of samples, p70 no tumor; pTis/pTa, pT1 superficial carci-
noma, pT/ infiltration under the mucosa, not under the muscle layer,
and pT2< infiltration under the muscle layer

*Histological stage for mice with instillation of DXR/HVJ-E differed
significantly from mice receiving DXR, P < 0.05, > -test
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Fig. 3 Survival rate of MB49-implanted mice after single treatment
with saline, 100 pig of DXR, or 100 pig of DXR/200 HAU HVIJ-E. Me-
dian survival times were 19 days for saline, 24 days for DXR and
30.5 days for DXR/HVIJ-E (n = 7 for each group). No significant differ-
ences in survival were seen between DXR and DXR/HVIJ-E groups

Effect of DXR or DXR/HV]J-E instillation on survival

We examined survival rates of MB49-disseminated mice
after single administration of DXR or DXR/HVIJ-E. Mice
were intravesically implanted on day 0 with 1 x 10> MB49
cells, then instilled with saline, DXR or DXR/HVIJ-E into
the bladder on day 2. Mice treated with saline showed rapid
tumor growth and median overall survival was 19 days
(Fig. 3). Instillation of HVJ-E resulted in a similar survival
rate to that seen in controls (data not shown). Conversely,
median survival was 24 days for mice treated with DXR
and 30.5 days for mice treated using DXR/HVJ-E (control
versus DXR, P =0.46; control versus DXR/HVIJ-E,
P =0.07). No significant difference in median survival was
seen between mice instilled with DXR and DXR/HVJ-E
(P =0.36).

We next attempted to enhance the antitumor effect of
DXR/HVIJ-E by consecutive administration of DXR/HVJ-
E into the bladder. Mice implanted on day 0 with MB49
received two instillations of saline, DXR or DXR/HVIJ-E
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Fig. 4 Survival rate of MB49-implanted mice after consecutive treat-
ment with saline (n = 28), 100 pg of DXR (n = 28), or 100 pg of DXR/
200HAU HVIJ-E (n=26). The DXR/HVIJ-E group showed signifi-
cantly longer survival than the DXR group. *P < 0.05 DXR versus
DXR/HVI-E, Generalized Wilcoxon test

into the bladder, on days 2 and 5. Median overall survival
of mice treated using saline was 20 days, similar to that
seen with single instillation (Fig. 4). Median survival of
mice treated with double administration of DXR was
29 days, only 5 days longer than survival following single
administration of DXR. However, median survival of
mice treated twice with DXR/HVIJ-E was >60 days. An
exact median survival could not be calculated because
more than 50% of these mice were not dead as of the end
of the study following second administration of DXR/
HVIJ-E. Instillation of DXR/HVIJ-E twice thus signifi-
cantly prolonged median survival compared with DXR
treatment (P < 0.05).

When surviving mice were re-challenged with intrave-
sical injection of MB49, none of the ten mice treated
with DXR/HVJ-E formed tumors by 3 weeks after re-
challenge, while two of six mice treated with DXR alone
macroscopically formed large tumors in the bladder
(Fig. 5).

Discussion

Treatment of superficial bladder cancer is aimed at eradi-
cating existing disease and preventing tumor recurrence,
muscle invasion and metastasis. However, clinical use of
intravesical instillation for anticancer drugs has not yet
resulted in significant improvements to overall survival.
Despite the fact that intravesical BCG instillation offers
high efficacy, its use in clinical practice is limited due to the
potential adverse effects [23]. Furthermore, one-third of
patients treated with BCG develop recurrent bladder cancer
[10]. Novel approaches for eradicating bladder carcinoma
with minimum toxicity have thus been preferred. The pres-
ent study investigated the possibility of treating bladder
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Fig. 5 Re-challenge of surviving mice with intravesical injection of
MBA49 cells. Surviving MB49 implanted-mice treated with DXR or
DXR/HVIJ-E were intravesically re-instilled with 1 x 10° cells

carcinoma using a combination of DXR and HVJ-E in the
MB49 murine bladder cancer model.

HVIJ-E is unable to replicate in cells because the genome
is destroyed by UV irradiation and/or f-propiolactone treat-
ment [12]. HVJ-E treatment would thus seem likely to be
less toxic to cells than instillation of BCG using live bacil-
lus. WST-8 assay showed that HVJ-E was non-toxic for
murine and human bladder cancer cell lines (Fig. 1), and no
significant tissue damage was found in bladder treated with
HVIJ-E (data not shown).

To test the therapeutic efficacy of HVJ-E, we established
an orthotopic bladder carcinoma model as described previ-
ously [7]. However, compared with the conditions of previ-
ous reports [7], our cancer model seems more aggressive.
The number of MB49 cells inoculated into each bladder
was tenfold more in our model (1,000,000 cells) than in the
previous model (100,000 cells). We started therapeutic
treatments on day 2 after tumor inoculation, although previ-
ous experiment was conducted 1 day after tumor implanta-
tion. DXR/HVIJ-E was intravesically instilled up to two
times (either on day 2 or on days 2 and 5) and mice were
observed for 60 days. However, in the previous study, BCG
was injected 4 times (days 1, 8, 15, and 22) and the experi-
ment was terminated at day 28 due to rapid tumor growth.
Considering that mouse survival rate was 60% using two
instillations of DXR/HVIJ-E in our cancer model, the thera-
peutic potential of DXR/HVIJ-E may be higher than BCG.

Histopathological examination revealed that there was
no significant difference in tumor growth by DXR treatment
compared with either saline or HVJ-E treatment. Con-
versely, tumors in the DXR/HVIJ-E treatment group were
obviously smaller than those of other groups, and many
mice displayed no tumors at all (Fig. 2; Table 1). However,
no significant difference in mouse survival was seen
between DXR and DXR/HVIJ-E groups. This suggests that
single administration of DXR/HVIJ-E was insufficient to
completely eradicate tumor cells and permitted tumor
recurrence. When DXR/HVJ-E was administered into the

bladder twice, more than half of the mice survived for
>2 months, while half of the mice treated twice using DXR
alone died within 1 month (Fig. 4). Double administration
of DXR alone extended median survival by only 5 days
compared with single administration. This suggests that
consecutive administration of DXR/HVJ-E might induce
other anticancer effects in addition to direct chemothera-
peutic killing effects. When the surviving mice were re-
challenged with intravesically injected MB49, all ten mice
treated with DXR/HVJ-E remained tumor-free as of
3 weeks after re-challenge, while two of six mice treated
with DXR alone formed large tumors in the bladder
(Fig. 5). These results suggest that consecutive instillations
of DXR/HVIJ-E may enhance effective antitumor immunity
in the bladder more than DXR only.

HVIJ-E is known to induce maturation of dendritic cells
in a Toll-like receptor-independent manner [11]. We
recently reported that HVJ-E can induce cytotoxic T cells
against cancers and inhibit regulatory T cells by IL-6
expression in dendritic cells [15]. These facts support the
induction of anticancer immunity in bladder by consecutive
DXR/HVIJ-E treatments.

Intravesical instillation of BCG has been regarded as
highly effective for superficial bladder tumors [23]. BCG is
believed to activate local immunological reactions requir-
ing the presence of CD4 and CD8 T cell subsets [24]. Intra-
vesical BCG immunotherapy increases cytokines such as
interleukin 1, 2, and 6, TNFo and IFNy in urine [6]. These
immunological responses are mediated mainly by Toll-like
receptor (TLR)-2 and 4 [9, 25]. TLR-9 may also be
involved in the response [26]. On the other hand, since anti-
tumor immunity by HVIJ-E is independent of current TLRs
[18], the mechanism of antitumor activity for HVIJ-E is
considered to be quite different from that of BCG. DXR/
HVIJ-E may thus offer effective therapy for non-responders
to BCG treatment.

We are now testing the effect of HVJ-E or DXR/HVIJ-E
on tumor initiation and promotion using chemical-sub-
stance, N-butyl-N(4-hydroxybutyl) nitrosamine, induced
bladder tumor model in Fischer 344 rats [14] because no
effective treatment has been established for this tumor
model. Toxicity of HVJ-E or DXR/HVIJ-E after consecu-
tive administration into the bladder will be examined both
regionally in the bladder and systemically in other organs.
Systemic distribution of radio-labeled HVIJ-E after intrave-
sical administration will be also investigated. We have suc-
ceeded in the large-scale production of HVJ in human cells,
not in chick egg, using completely animal product-free
medium, and also established purification technology of
HVIJ-E using three-different column system in GMP-grade
facility [13]. Clinical grade HVJ-E is now ready for use.
Based on those preclinical studies, we are going to start
Phase-I study of DXR/HVJ-E treatment in bladder cancer
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patients resistant to other therapeutics. There are still many
hurdles to be overcome before the clinical use of DXR/
HVIJ-E to bladder carcinoma.
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