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METHODS FOR BLADDER CANCER THERAPY USING 
BACULOVIRAL VECTORS 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims benefit of, and priority from, U.S. provisional 

application No. 61/622,376, filed on April 10, 2012, the contents of which are hereby 

incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods for treating or preventing bladder 

cancer using baculoviral vectors. 

BACKGROUND OF THE INVENTION 

[0003] Bladder cancer is the most common form of malignancy in the urinary 

tract. In the United States, 69,000 new cases and close to 15,000 deaths were expected 

in 2011 (Siegel R et al., 2011). In Singapore, bladder cancer is the 9th most common 

cancer in men. 
\ 

[0004] Almost all bladder cancers arise from the transitional epithelium and are 

thus known as transitional cell carcinoma (TCC). The majority of TCC of the bladder 

are superficial, non-muscle-invasive at initial diagnosis. However, the recurrence rate 

of superficial TCC after transurethral resection could be as high as 70%, necessitating 

adjuvant therapy to control recurrence and progression. 

[0005] Adjuvant therapy is often given in the form of intravesical immunotherapy 

using Bacillus-Calmette-Cuerin (BCG) for patients with intermediate- or high-risk of 

cancer recurrence. BCG is produced from attenuated live bovine tuberculosis 

bacterium and can activate innate immune responses mediated by CD4+ Thl 

cytokines, such as interleukin-2 (IL-2), IL-12, IL-18 and interferon-gamma (INF-y). 

However, up to 40% of patients will fail BCG immunotherapy within the first year 

due to BCG refractory, resistance, relapsing, or intolerance (Zlotta AR et al., 2009; 

Chiong & Esuvaranathan, 2010). Thus, there is a need to develop new adjuvant 
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therapies to improve treatment outcomes for patients with superficial bladder cancer. 

[0006] Viral vector-based gene therapy that have been explored as a possible 

adjuvant treatments for bladder cancer include vaccinia virus (Lee SS et al., 1994; 

Gomella LG et al., 2001; Siemens DR et al., 2003; Fodor I, et al., 2005), adenovirus 

(Morris BD et al., 1994; Sutton MA et al., 2007; Kuball J et al., 2002; Siemens DR et 

al., 2003; Pagliaro LC et al., 2003; Malmstrom PU et al., 2010), canarypox virus 

(Siemens DR et al., 2003), reovirus (Hanel EG et al., 2004), retrovirus (Shiau AL et 

al, 2001; Kimura T et al., 2003; Dumey N et al, 2005; Kikuchi E et al., 2007), 

lentivirus (Kikuchi E et al., 2004), and vesicular stomatitis virus (Hadaschik BA et al., 

2008). At least 5 clinical trials have been reported on the use of replication-competent 

vaccinia virus and adenoviral vectors to treat bladder cancer (Gomella LG et al., 

2001; Kuball J et al., 2002; Pagliaro LC et al., 2003; Burke J, 2010; Malmstrom PU et 

al., 2010). 

[0007] Among the various types of viral vectors tested for cancer gene therapy are 

retroviruses. The life cycle of the retroviruses includes an integrated state in the host 

genome, thus allowing a long-term, stable expression of therapeutic genes. One major 

concern over the use of retroviral vectors is that preferential integration into 

transcriptionally active regions of genomes by these vectors might lead to insertional 

mutagenesis, oncogene activation and cellular transformation. The development of 

leukemia in several children in France and the UK following gene therapy for SCID-

XI (Hacein-Bey-Abina et al., 2003) has brought intense scrutiny to the potential risk 

associated with the viral vectors. 

[0008] Viral vectors derived from adenovirus and adeno-associated virus (AAV) 

have a much lower risk of insertional mutagenesis and have also been tested for 

cancer gene therapy (Cross & Burmester, 2006; Palmer et al., 2006). Adenoviral 

vectors are also widely tested for bladder cancer gene therapy in animal models and at 

least 4 early stage clinical trials (Kuball J et al., 2002; Pagliaro LC et al., 2003; Burke 

J, 2010; Malmstrom PU et al., 2010). However, as infectious human viruses, 

adenovirus and AAV activate the human immune system (Calcedo R et al., 2009; 

Huang & Yang, 2009; Nayak & Herzog, 2010). AAV vectors are efficient in 

activating B cells (Huang & Yang, 2009) and specific antibodies against AAV2 are 

detected in 35 to 80% of individuals depending on age group and geographic location 
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(Calcedo R et al., 2009). Although at a very low frequency, AAV capsid-specific 

CD8+ memory T cells are present in humans and can be reactivated upon AAV 

transduction (Nayak & Herzog, 2010). Pre-existing immunity against adenovirus is 

even more prevalent (Bessis N et al., 2004; Nayak & Herzog, 2010). Pre-existing 

antibodies against group C adenovirus were detected in more than 97% of humans 

and those against the serotype 2 adenovirus that are commonly used to generate 

adenoviral vectors in approximately 50% of humans (Nayak & Herzog, 2010). As for 

T cell-mediated immunity, CD4+ and CD8+ cross-reactive T cells against different 

adenovirus serotypes were detected in human peripheral blood (Nayak & Herzog, 

2010). 

[0009] Pre-existing immunity is a concern for the use of vectors derived from 

human infectious viruses in gene therapy in view of possible undesired rejection 

responses. Under the circumstance that the pre-existing antiviral immunity does not 

•trigger severe pathological changes, it might still be able to inactivate the viral 

vectors, therefore affecting transduction efficiency. In patients without the pre­

existing immunity, adenoviral vectors will rapidly elicit strong antiviral immunity 

following the first administration since this virus is highly immunogenic. This 

reaction will preclude further use of the vectors or make subsequent use less effective. 

SUMMARY OF THE INVENTION 

[0010] Viruses, either replication-competent viruses or replication-deficient 

recombinant viral vectors, have been tested for bladder cancer therapy in tumor 

models. However, human infectious viruses as bladder therapy have significant 

drawbacks, including problems associated with pre-existing immunity and strong 

immunogenicity. In contrast, the inventors have found that insect baculovirus-based 

vectors may provide a suitable vehicle for bladder cancer therapy. 

[0011] Thus, the methods described herein relate to use of baculovirus to treat 

bladder cancer, including as an adjuvant therapy to prevent or reduce risk of 

recurrence of bladder cancer following resection of a superficial tumor. Given the 

limitations in effectiveness and safety of current viral vector systems, baculovirus 

vectors provide a viable alternative, for use as an adjuvant therapy to induce immunity 

or as a vector for delivery of a therapeutic nucleic acid. 
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[0012] The inventors have demonstrated that intravesically delivered baculoviral 

vectors can transduce a normal (non-cancer bearing) mouse bladder effectively. A 

baculoviral vector that incorporates a mammalian expression cassette containing the 

human cytomegalovirus immediate-early gene promoter, the woodchuck hepatitis 

virus post-transcriptional regulatory elements, and the R segment and part of the U5 

sequence of long terminal repeat from the human T-cell leukemia virus type 1 into the 

viral genome may provide high levels of in vivo transduction efficiency. 

[0013] As well, the inventors have found that baculoviral transduction alone, 

without any therapeutic transgene included in the baculoviral vector, can stimulate 

antitumor immunity. Using murine cytokine/chemokine antibody arrays to analyze 

bladder tissue extracts collected from mice receiving intravesical administration of 

baculoviruses without any trans genes, 59% of the proteins in the array showed a 

greater than 2-fold increase in expression, including up-regulatation of granulocyte-

macrophage colony-stimulating factor, granulocyte colony-stimulating factor, and 

cutaneous T cell-attracting chemokine. Treatment with baculovirus was found to 

prolong survival of orthotopic bladder cancer-bearing mice, with 50% of the animals 

surviving beyond six months. 

[0014] Using baculoviral vectors for intravesical delivery of the CD40 ligand 

gene into the bladder of mice with aggressive orthotopic bladder tumor progression, 

preferential transduction of the tumor followed by reduction of tumor growth and 

average bladder weight was observed. 

[0015] Thus, direct intravesical instillation of baculovirus and baculoviral gene 

transfer vectors may provide a novel therapeutic modality for bladder cancer. 

[0016] In one aspect, the invention provides a method of delivering a nucleic acid 

molecule to a bladder cell, comprising contacting the bladder cell with a baculoviral 

vector. 

[0017] The cell may be a bladder cancer cell or a healthy, non-cancer bladder cell, 

and may be a cell in vitro or in vivo, including in a subject in need of treatment of 

bladder cancer. When the cell is a cell in a subject, contacting may comprise 

administering the baculoviral vector to the subject by intravesical instillation. 
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[0018] The baculoviral vector further comprises a transgene for expression in the 

bladder cell operably linked to a promoter that drives expression of the transgene in 

the bladder cell. For example, the transgene may be a therapeutic transgene for 

treating bladder cancer, including for example a therapeutic transgene encoding 

CD40L or IL-15. 

[0019] In the baculoviral vector, the promoter may comprise the human 

cytomegalovirus immediate early promoter, including comprising the sequence set 

forth in SEQ ID NO: 1. 

[0020] The baculoviral vector may further comprise post-transcriptional 

regulatory elements from the woodchuck hepatitis virus, in the 3' untranslated region 

of the transgene, including for example comprising the sequence set forth in SEQ ID 

NO: 2. 

[0021] The baculoviral vector may further comprise the R segment and at least a 

portion of the U5 sequence of the long terminal repeat from the human T-cell 

leukemia virus type 1, in the 5' untranslated region of the transgene, including for 

example comprising the sequence set forth in SEQ ID NO: 3. 

[0022] The method may further comprise adding a transfection agent either prior 

to or concurrently while contacting the bladder cell with the baculoviral vector. The 

transfection agent may be, for example, poly-L-lysine, Clorpaction WCS-90, dodecyl-

B-dd-maltoside (DDM), or sodium dodecyl sulfate (SDS), or any combination 

thereof. 

[0023] In keeping with the methods as described herein, the invention provides 

variouses uses of baculoviral vectors. 

[0024] Thus, in another aspect, the invention provides a baculoviral vector for use 

in treating bladder cancer in a subject in need of such treatment, wherein the use 

comprises intravesical instillation of the baculoviral vector in the subject. 

[0025] In another aspect, the invention provides a baculoviral vector for use in 

intravesical instillation in the bladder of a subject. 

[0026] In another aspect, the invention provides use of a baculoviral vector for 

5 



WO 2013/154503 PCT/SG2013/000142 

treating bladder cancer in a subject in need of such treatment, by intravesical 

instillation of the baculoviral vector. 

[0027] In another aspect, the invention provides use of a baculoviral vector for 

manufacture of a medicament for treating bladder cancer in a subject in need of such 

treatment, by intravesical instillation of the baculoviral vector. 

[0028] In another aspect, the invention provides use of a baculoviral vector for 

intravesical instillation in the bladder of a subject. 

[0029] In another aspect, the invention provides use of a baculoviral vector for 

manufacture of a medicament for intravesical instillation in the bladder of a subject. 

[0030] Other aspects and features of the present invention will become apparent 

to those of ordinary skill in the art upon review of the following description of 

specific embodiments of the invention in conjunction with the accompanying figures 

and tables. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The figures and tables, which illustrate, by way of example only, 

embodiments of the present invention, are as follows. 

[0032] Figure 1. Baculoviral transduction of mouse bladder after intravesical 
instillation in balb/c nude mice. (A). Bioluminescence images of luciferase reporter 

gene expression in representative animals transduced with 3 different baculoviral 

vectors. Heat map represents the transgene expression area and color represents the 

intensity. The schematic structures of baculoviral vector expression cassettes are 
\ 

shown on the left. Abbreviations: CMV: the human cytomegalovirus immediate-early 

gene promoter and enhancer; WPRE: the woodchuck hepatitis virus post-

transcriptional regulatory element; RU5: R segment and part of the U5 sequence of 

long terminal repeat from the human T-cell leukemia virus type 1. (B). Time course 

analysis of luciferase reporter gene expression. In vivo gene expression levels are 

quantified by measuring bioluminescence signals. The data represent the mean + s.d., 
n = 3 per group. 

[0033] Figure 2. Baculoviral transduction of mouse bladder after intravesical 
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instillation in C57L/B6 mice. (A) Bioluminescence images of luciferase reporter 

gene expression in representative animals. Mice were transduced with the baculoviral 

vector BV-RU5-Luc-WPRE at a dose of 10s or 107 viral particles per mouse. (B) 

Time course analysis of luciferase reporter gene expression. In vivo gene expression 

levels are quantified by measuring bioluminescence signals. The data represent the 

mean + s.d., n = 3 per group. (C) Immunostaining with antibodies against luciferase 

protein to demonstrate baculoviral transduction in the bladder. The tissue sections 

were collected 24 hours after baculoviral transduction. A low-magnification image 

and a high-magnification image are shown. Hematoxylin and eosin staining is 

included to show the structure of normal bladder after baculoviral transduction. 

[0034] Figure 3. Baculoviral transduction up-regulates cytokme/chemokine 

expression in the bladder. (A) Representative blot images of samples collected from 

C57L/B6 mice receiving no intravesical instillation (normal), intravesical instillation 

of PBS and BacPAK6 respectively. Bladders were harvested 48 hours after instillation 

and homogenized. The supernatants were used to probe the cytokine/chemokine 

antibody arrays. (B) Relative up-regulation of cytokines and chemokines in the mouse 

bladder upon baculoviral transduction. Densitometric data were analyzed with the 

RayBio® Analysis Tool. Fold changes (average signal intensity difference) are 

shown. The data represent the mean + s.d., n = 3 per group. 

[0035] Figure 4. Anti-tumor effects of baculoviral transduction. (A) Tumor 

development in the bladder after intravesical inoculation of mouse bladder cancer 

cells. Two types of mouse bladder cancer cells, MB49 and MB49S1 (a subclone of 

MB49 cells), were tested at 105 cancer cells per animal. The bladders were harvested 

at 14 day post-inoculation. H&E staining shows that the MB49S1 tumor has a slow 

growth rate compared to the tumor formed by inoculation of parental MB49 cells. (B) 

BacPAK6 transduction prolongs survival of bladder tumor-bearing mice. Intravesical 

instillation of BacPAK6, a baculoviral vector without mammalian gene expression 

cassette, was performed 7 days after inoculation of 105 MB49S1 cells. Survival curves 

till day 95 are shown, n = 10 per group. The statistical analysis was performed using 

the log rank test. 

[0036] Figure 5. Baculoviral vectors mediate CD40L expression in bladder 

cancer cells. Transduction efficacy of baculorviral vector in bladder cancer model. 
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(A) Baculoviras is capable of transducing bladder cancer cells in vitro and in vivo. 

The baculoviral vector BV-RU5-Luc-WPRE was used to transduce mouse MB49 

bladder cancer cells, human T24 bladder cancer cells, and mouse orthotopic bladder 

tumors formed by inoculating MB49 cells. Luciferase reporter gene expression was 

demonstrated by immunostaining with antibodies against the luciferanse protein in 

cells and tissue sections collected 24 hours after baculorvirus transduction. H&E 

staining shows bladder tumor growth. (B) Schematic structure of a baculoviral vector 

expression cassette for CD40L. (C) RT-PCR demonstrates CD40L expression in 

MB49 cells 24 hours after in vitro BV-CD40L transduction. (D) CD40L expression in 

the mouse MB49 bladder tumor as demonstrated by Western blotting. Intravesical 

instillation of BV-CD40L was performed 3 days after inoculation of 105 MB49 cells. 

The bladders were collected 24 hours after BV-CD40L transduction. 

[0037] Figure 6. Anti-tumor effects of baculovirus-mediated CD40L 
expression. Intravesical instillation of BV-CD40L was performed 3 days after 

inoculation of 2x 104 DiR-labeled MB49 cells. Intravesical instillation of BackPAK6 

was included as a transduction control. Bladders were collected 1 week after 

baculoviral transduction for analysis. (A) CD40L expression slows tumor growth. 

DiR fluorescence images show initial tumor burden in each animal and H&E staining 

shows tumor development. (B) Bladder weight difference. The data represent mean + 

s.d., n = 5 per group. * p < 0.05 versus the BacPAK6 group by Student t-test. 

[0038] Figure 7. Effects of co-delivery of CD40L and IL-15 on the survival of 
bladder cancer-bearing mice. (A) Co-delivery of CD40L and IL-15 by baculoviral 

vectors prolongs survival of bladder tumor-bearing mice. Intravesical instillation of 

the baculoviral vectors was performed 2 days after inoculation of 105 MB49 cells. 

Survival curves till day 100 are shown. (B) H&E staining shows that the MB49 tumor 

was totally stopped in one mouse treated with the baculoviral vectors expressing 

CD40L and IL-15. 

DETAILED DESCRIPTION 

[0039] The methods and uses described herein relate to the discovery that 

baculoviral vectors can be used in bladder cancer therapy, including to reduce or 

prevent recurrent cancer in a subject who has had bladder cancer. The baculoviral 
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vector may, without any transgene insertion, act to stimulate an anti-tumor immune 

response. A therapeutic nucleic acid may be included in the baculoviral vector in 

order to increase or supplement an anti-tumor response. Under certain conditions, 

including under intervesical delivery, the baculoviral vector may preferentially 

transducer bladder tumor cells without transducing healthy non-cancer bladder cells. 

[0040] Thus, there is provided a method of delivering a nucleic acid molecule to a 

bladder cell, using a baculoviral vector. The method comprises contacting the bladder 

cell with the baculoviral vector, resulting in the bladder cell being transduced by the 

baculoviral vector. 

[0041] As will be appreciated, transduction of a cell by a virus or virus vector 

refers to the delivery of the viral vector or viral genome into the cell, i.e. infection of 

the cell by the viral nucleic acid material. In the case of transduction of a mammalian 

cell by a baculoviral vector, transduction does not refer to product infection or the 

ability of the viral genome to be replicated within the cell. 

[0042] The bladder cell that is to be contacted may be any bladder cell. The 

bladder cell may be an in vitro bladder cell, including a cell in tissue culture, such as a 

cell from an established bladder cell line, a primary bladder cell in tissue culture, an 

explanted bladder cell from a subject, a transformed or immortalised bladder cell. 

The bladder cell may be an in vivo bladder cell in a subject, including in a mammalian 

subject, including a human subject. For example, the bladder cell may be in a subject 

in need of treatment of bladder cancer. The bladder cell may be a transgenic bladder 

cell, including in an in vitro or in vivo context, including for example an animal model 

comprising a transgenic bladder cell. 

[0043] The bladder cell may be a healthy, i.e. non-cancerous, bladder cell, or it 

may be a bladder cancer cell including a bladder cancer cell in a tumor or excised 

from a tumor, or it may be a bladder cell that is pre-disposed to become cancerous, 

including for example a bladder cell carrying a mutation that predisposes the bladder 

cell to become cancerous. 

[0044] The baculoviral vector contacted with the bladder cell may be any 

baculoviral vector. Baculoviral vectors are known in the art, and the most commonly 

used baculoviral vectors are derived from Autographa californica multiple 
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nucleopolyhedrovirus (AcMNPV). Baculovirus is an insect DNA virus has the ability 

to enter mammalian cells without replicating or causing toxicity to the transduced 

cell. Baculovirus has broad tropism in both proliferating and non-proliferating, 

quiescent cells and, with the support of a mammalian-active promoter, is capable of 

efficiently transferring genes of interest to diverse mammalian cell types in vitro and 

in vivo. The virus can enter mammalian cells but cannot express its own genes from 

insect-specific promoters; thus, baculoviruses are unable to replicate and express viral 

proteins in vertebrate cells, thus will not provoke immune responses as a consequence 

of in vivo expression of virally encoded genes, recombine with pre-existing viral 

materials nor assist the replication of other viruses in the human body. Infection of 

baculoviruses in mammalian cells causes no visible cytopathic effects, even at a high 

MOI (Shoji et al., 1997). 

[0045] Another attractive advantage of using baculovirus AcMNPV, for example 

as a gene delivery vector, is the large cloning capacity conferred by its 130 kb viral 

genome, which may be favorably used to deliver a large functional gene or multiple 

genes from a single vector. In human cells, baculoviral vectors carrying a mammalian 

expression cassette may be effective in mediating transient expression, as the 

transgenic vectors typically do not integrate into the genome of the transduced cells. 

Thus, baculoviral vectors are ideally suited for applications requiring short-term, high 

level transgene expression and pose low risk of insertional mutagenesis. 

[0046] Another important advantage of baculoviral transduction is the absence of 

pre-existing immunity against the insect virus in humans (Wang S et al., 2010), since 

this virus is not infectious to humans. Strauss et al. have reported that the prevalence 

of neutralizing antibodies against adenovirus type 5 was 65% in human serum 

samples, whereas none of the serum samples was positive for baculovirus neutralizing 

antibodies (Strauss R, et al, 2007). In the same study, pre-existing adenovirus-specific 

T cells were detectable but there were no pre-existing baculovirus-specific T cells in 

humans. Compared to adenovirus, baculovirus has relatively low immunogenicity as 

indicated by the induction of lesser number of virus-specific T-cells (Strauss R, et al, 

2007). 

[0047] As well, unlike many other gene therapy viral vectors, baculoviral vectors 

can be produced in serum-free cell culture medium, which eliminates the potential 
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hazard of serum contamination with viral and prion agents from the serum-donating 

animal. 

[0048] The baculoviral vector itself, without any transgene, may be the nucleic 

acid to be delivered to the bladder cell. That is, delivery may result in the cell being 

transduced by, or taking up, the baculoviral vector nucleic acid material. 

[0049] In other embodiments, the baculoviral vector may include a transgene 

coding sequence encoding an expression product that is to be expressed in the bladder 

cell. It will be appreciated that the transgene sequence encoding an expression 

product will be operably linked to all the necessary regulatory sequences, including a 

promoter region, to effect the desired expression profile of the expression product 

within the bladder cell. A first nucleic acid sequence is operably linked with a second 

nucleic acid sequence when the sequences are placed in a functional relationship. For 

example, a coding sequence is operably linked to a promoter if the promoter activates 

and drives the transcription of the coding sequence. Thus, baculoviral vector that is 

contacted with the bladder cell may further comprise a transgene for expression in the 

bladder cell operably linked to a promoter that drives expression of the transgene in 

the bladder cell.. 

[0050] In some embodiments, the promoter that is operably linked to the 

transgene coding sequence comprises the human cytomegalovirus immediate early 

promoter. In some embodiments, the promoter comprises the human cytomegalovirus 

immediate early promoter having the sequence set forth in SEQ ID NO: 1. 

[0051] TT AAT AGT AAT C AATT ACGGGGT C ATT AGTT CAT AGCCC AT AT A 

TGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCG 

CCC AACGACCCCCGCCC ATT GACGTC AAT AAT GACGT ATGTTCCC ATAGTA 

ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA 

AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC 

CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTAC 

AT G ACCTT AT GGG ACTTTCCT ACTT GGC AGT AC AT CT ACGT ATT AGT CATC 

GCT ATT ACC AT GGT GAT GCGGTTTT GGC AGT AC AT C AAT GGGCGT GG AT A 

GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGG 

G AGTTT GTTTT GGC ACC AAAAT C AACGGG ACTTTCC AAAAT GT C GT AAC A 
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ACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC 

TATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATC [SEQ ID NO: 1] 

[0052] In some embodiments, the baculoviral vector comprises a promoter that 

essentially consists of the human cytomegalovirus immediate early promoter having 

the sequence set forth in SEQ ID NO: 1. In some embodiments, the promoter consists 

of the human cytomegalovirus immediate early promoter having the sequence set 

forth in SEQ ID NO: 1. 

[0053] As used herein, "consists essentially of' or "consisting essentially of' 

means that the nucleic acid sequence includes one or more nucleotide bases, including 

within the sequence or at one or both ends of the sequence, but that the additional 

nucleotide bases do not materially affect the function of the nucleic acid sequence, for 

example to function as a promoter to drive expression of an operably linked coding 

sequence in a bladder cell. 

[0054] In other embodiments, the promoter is a human cytomegalovirus 

immediate early promoter having at least 80%,. at least 85%, at least 90%, at least 

95%, or at least 99%, sequence identity to SEQ ID NO: 1, while still retaining the 

ability to direct gene expression in the bladder cell. 

[0055] The baculoviral vector may further comprise post-transcriptional 

regulatory elements, including for example post-transcriptional regulatory elements 

from the woodchuck hepatitis virus, in the 3' untranslated region of the transgene. In 

some embodiments, the baculoviral vector comprises post-transcriptional regulatory 

elements from the woodchuck hepatitis virus comprising the sequence as set forth in 

SEQ ID NO: 2. 

[0056] CG AT AAT C AACCTCT GG ATT AC AAA ATTT GT G AAAG ATT G ACT G 

GT ATT CTT AACT AT GTT GCTCCTTTT ACGCT AT GT GG AT ACGCT GCTTT AAT 

GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTG 

T AT AAAT CCT GGTT GCT GTCTCTTT AT GAGGAGTT GT GGCCCGTT GT C AGG 

CAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGG 

GGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCC 

CTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAG 

GGGCTCGGCT GTT GGGC ACT G AC AATT CCGT GGT GTT GTCGGGG A AGCT G 
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ACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGG 

ACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCC 

CGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCT 

CAGACGAGTCGGATCTCCCTTTG [SEQ ID NO: 2] 

[0057] In some embodiments, the baculoviral vector comprises a post-

transcriptional regulatory element from the woodchuck hepatitis virus that consists 

essentially of the sequence as set forth in SEQ ID NO: 2. In some embodiments, the 

baculoviral vector comprises post-transcriptional regulatory element from the 

woodchuck hepatitis virus that consists of the sequence as set forth in SEQ ID NO: 2. 

[0058] In other embodiments, the In some embodiments, the baculoviral vector 

comprises a post-transcriptional regulatory element from the woodchuck hepatitis 

virus having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%, 

sequence identity to SEQ ID NO: 2, while still retaining the ability to direct gene 

expression in the bladder cell. 

[0059] The baculoviral vector may further comprise the R segment and at least a 

portion of the U5 sequence of the long terminal repeat from the human T-cell 

leukemia virus type 1, in the 5' untranslated region of the transgene, including for 

example wherein the R segment and at least a portion of the U5 sequence of the long 

terminal repeat from the human T-cell leukemia virus type 1 comprising the sequence 

set forth in SEQ ID NO: 3. 

[0060] GGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCC 

GCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCT 

CCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACGG 

GGCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCC 

ACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTG 

TTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTAC [SEQ ID NO: 3] 

[0061] In some embodiments, the baculoviral vector comprises the upstream 

5'regulatory region of R segment and at least a portion of the U5 sequence of the long 

terminal repeat from the human T-cell leukemia virus type 1 that consists essentially 

of the sequence as set forth in SEQ ID NO: 3. In some embodiments, the baculoviral 

vector comprises comprises the upstream 5'regulatory region of R segment and at 
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least a portion of the U5 sequence of the long terminal repeat from the human T-cell 

leukemia virus type 1 that consists of the sequence as set forth in SEQ ID NO: 3. 

[0062] In other embodiments, the In some embodiments, the baculoviral vector 

comprises post-transcriptional regulatory elements from the woodchuck hepatitis 

virus having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%, 

sequence identity to SEQ ID NO: 3, while still retaining the ability to direct gene 

expression in the bladder cell. 

[0063] The baculoviral vector may be so modified using standard techniques that 

will be known to a skilled person, such as PCR and molecular cloning techniques. 

For example, baculovirus can be readily modified using commercially available 

cloning and expression systems such as the BAC-TO-BAC™ Baculovirus Expression 

system (Gibco BRL, Life Technologies, USA). 

[0064] In addition to the regulatory regions, the baculovirus may include a 

transgene coding sequence. The term transgene refers to a gene which is foreign to 

baculovirus, such that, for example, reference to expression of a transgene by a 

baculoviral vector refers to expression of a gene that is foreign to the baculoviral 

genome. The transgene coding sequence may encode any expression product desired 

to be expressed in the bladder cell. For example, the transgene may encode a 

therapeutic protein or RNA, a selectable protein or RNA marker, a detectable reporter 

protein or RNA or a protein that provides resistance to selective environmental 

conditions for the bladder cell. The transgene may also encode a regulatory RNA, for 

example an miRNA to regulate expression of a gene of the bladder cell. 

[0065] For example, the transgene may encode a therapeutic expression product 

for treating bladder cancer. The transgene may thus be a therapeutic transgene, 

including any gene having clinical usefulness, such as a gene encoding a gene product 

such as an RNA or protein that is involved in cancer prevention or treatment, or a 

gene having a cell regulatory effect that is involved in cancer prevention or treatment. 

The gene product may substitute a defective or missing gene product, protein, or cell 

regulatory effect in the subject, thereby enabling prevention or treatment of bladder 

cancer. 

[0066] Thus, a therapeutic expression product includes a protein or peptide that 
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when expressed in the bladder cell, has a therapeutic effect on the cell, or which 

effects a desired result within the bladder cell. 

[0067] The therapeutic expression product may be an RNA molecule, for example 

an antisense RNA, an miRNA or a small interfering RNA (siRNA) molecule, that 

results in regulation of gene expression in the bladder cell that provides clinically 

useful regulation. The antisense RNA, miRNA or siRNA may be involved in down-

regulating or inhibiting or reducing expression of a gene involved in tumorogenesis or 

tumor growth. 

[0068] For example and without limitation, the therapeutic transgene may encode 

a protein that is CD40L or IL-15. In one example, therapeutic transgenes encoding 

CD40L and IL-15 may be used together in the same subject for therapeutic effect. 

The CD40L and IL-15 transgenes maybe included together in the same baculoviral 

vector, or may be included in different baculoviral vector that are then delivered to the 

same subject. 

[0069] In order to deliver the nucleic acid molecule to the bladder cell, the bladder 

cell is contacted with the baculoviral vector. Contacting may comprise, for example, 

addition of the baculoviral vector to tissue culture medium containing the bladder cell 

so that the bladder cell is transduced by the baculoviral vector. Contacting may 

comprise administering the baculoviral vector to a subject. 

[0070] Thus, the bladder cell to which the nucleic acid molecule is to be delivered 

may be in vivo in a subject in need of treatment or prevention of bladder cancer, 

including a mammal, including a human. 

[0071] The method may therefore be performed in the context of an in vivo 

bladder cell that is cancerous, that is part of a tumor, that is predisposed to become 

cancerous, or which is to be prevented from becoming cancerous. 

[0072] Thus, contacting the bladder cell with the baculoviral vector includes 

administering an effective amount of the baculoviral vector to the subject. The term 

"effective amount" as used herein means an amount effective, at dosages and for 

periods of time necessary to achieve the desired result, for example, to treat or prevent 

bladder cancer, including preventing or reducing the risk of recurrence of bladder 
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cancer in a subject that has previously had bladder cancer, including superficial 

bladder cancer, including a TCC. 

[0073] As used herein, "treat" or "treatment" in respect of a bladder cancer refers 

to an approach for obtaining beneficial or desired results, including clinical results. 

Beneficial or desired clinical results can include, but are not limited to, alleviation or 

amelioration of one or more symptoms or conditions, diminishment of extent of 

disease, stabilization of the state of disease, prevention of development of disease, 

prevention of spread of disease, prevention of recurrence of disease, delay or slowing 

of disease progression or recurrence, delay or slowing of disease onset, amelioration 

or palliation of the disease state, and remission (whether partial or total). "Treating" 

can also mean prolonging survival of a subject beyond that expected in the absence 

of treatment. "Treating" can also mean inhibiting the progression or recurrence of 

disease, slowing the progression or recurrence of disease temporarily, although more 

preferably, it involves halting the progression or recurrence of the disease 

permanently. 

[0074] Recombinant vectors derived from the insect baculovirus Autographa 

californica multiple nucleopolyhedrovirus (AcMNPV) have been suggested as vectors 

useful for gene therapy, including for cancer gene therapy (Hofmann C et al., 1995; 

Kost TA et al., 2005; Hu YC, 2008, 2010; Wang S et al., 2010). Takaku et al. have 

the activation of NK cell-dependent antitumor immunity by baculovirus (Kitajima M 

et al., 2008a). Baculovirus-induced antitumor action may possibly involve acquired 

immunity by enhancing tumor-specific cytotoxic T lymphocyte (CTL) responses and 

tumor-specific antibody production (Kitajima M et al., 2008b; Suzuki T et al., 2010). 

Thus, the immunostimulatory properties of baculovirus can be employed in the 

described methods for cancer immunotherapy. 

[0075] The baculoviral vector may be administered to the subject using standard 

techniques known in the art. The baculoviral vector may be administered 

systemically, or may be administered by intravesical instillation into the bladder. 

[0076] As will be appreciated, the bladder is a hollow organ, allowing nonsurgical 

intravesical drug administration through a urethral catheter and evaluation of 

treatment efficacy by the mean of endoscopy. Taking advantage that intravesically 
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delivered therapeutics act locally with limited systemic exposure and that superficial 

bladder cancer is easily accessible. 

[0077] With in vivo baculoviral transduction of mammalian cells, inactivation of 

systemically delivered baculoviral vectors may result as a consequence of virus 

recognition by serum complement proteins, a major component of innate immune 

system (Hofmann C et al., 1998). In immunocompetent animals, systemically 

delivered baculoviral vectors may fail to be expressed. High titers of baculovirus have 

been used to overcome the ability of the complement to neutralize the virus; however, 

this approach may still not result in baculovirus-mediated transgene expression 

(Kitajima M et al., 2008a). Thus, bladder cancer therapy can be preformed with 

intravesical catheterization through the urethra to avoid many drawbacks to systemic 

virus administration such as virus inactivation by serum complement. 

[0078] As demonstrated in the presently described methods, intravesically 

administrated baculoviruses can display a strong immunostimulatory capacity to 

induce the expression or promote the release of inflammatory cytokines. The finding 

is consistent with previous studies that found that after injected into the animal body, 

baculovirus can elicit protective innate immune responses. Baculovirus can induce 

adaptive immunity as well, featured as an immune response specifically directed 

against the products of viral genes (Pieroni et al. 2001; Abe et al. 2005). 

[0079] Without being limited by theory, the above immunostimulatory effects can 

possibly be harnessed therapeutically to inhibit tumor growth. This hypothesis is 

supported by the observation that intravesically delivered baculoviruses that do not 

express any transgenes, but are able to prolong survival of immunocompetent mice 

bearing established orthotopic bladder cancer. This syngeneic model system provides 

intact immune functions, allowing for the studies of therapeutic baculoviral based 

treatments against bladder cancer. 

[0080] In order to increase efficiency of uptake by bladder cells upon intravesical 

instillation of the baculoviral vector, the method may further comprise use of a 

transfection agent. For example, the bladder may first be treated with a transfection 

agent for a given period of time, prior to contacting the baculoviral vector with the 

bladder cell via intravesical instillation. 
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[0081] Transfection agents are known in the art; for example, the transfection 

agent may be poly-L-lysine, Clorpaction WCS-90, dodecyl-B-dd-maltoside (DDM), 

or sodium dodecyl sulfate (SDS), or any combination thereof. 

[0082] However, it was observed that performing the method without any 

pretreatment of the bladder cells with a transfection agent may alter the uptake of the 

baculoviral vector by healthy (non-cancerous) bladder cells in comparison to bladder 

cancer cells. Thus, in some embodiments, the method omits any use of transfection 

agent, in order to preferentially target bladder cancer cells over healthy bladder cells. 

[0083] The concentration and amount of baculoviral vector to be administered 

will vary, depending on the bladder cancer to be treated, the type of transgene 

included in the baculoviral vector, the mode of administration, other concurrent 

treatments, and the age and health of the subject." Survival and cancer prevention or 

treatment may be improved by varying the frequency of intravesical instillation. 

[0084] As indicated above, the efficacy of the baculoviral vector may be 

improved by including a therapeutic transgene in the baculoviral vector. 

[0085] To aid in administration, the baculoviral vector may be formulated as an 

ingredient in a pharmaceutical composition. 

[0086] Therefore, there is also provided a pharmaceutical composition comprising 

baculoviral vector as described above, and optionally a pharmaceutically acceptable 

diluent. Such pharmaceutical compositions may be for use in treating bladder cancer, 

as described above. 

[0087] The compositions may routinely contain pharmaceutically acceptable 

concentrations of salt, buffering agents, preservatives and various compatible carriers. 

For all forms of delivery, the baculoviral vector formulated in a physiological salt 

solution. 

[0088] The proportion and identity of the pharmaceutically acceptable diluent 

may be determined by chosen route of administration, compatibility with live cells 

and live virus particles, and standard pharmaceutical practice. Generally, the 

pharmaceutical composition will be formulated with components that will not kill or 
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significantly impair the biological properties of the baculoviral vector. 

[0089] The pharmaceutical composition can be prepared by known methods for 

the preparation of pharmaceutically acceptable compositions suitable for 

administration to subjects, such that an effective quantity of the baculoviral vector, 

and any additional active substance or substances, is combined in a mixture with a 

pharmaceutically acceptable vehicle. Suitable vehicles are described, for example, in 

Remington's Pharmaceutical Sciences (Remington's Pharmaceutical Sciences, Mack 

Publishing Company, Easton, Pa., USA 1985). On this basis, the pharmaceutical 

compositions include, albeit not exclusively, solutions of the baculoviral vector, in 

association with one or more pharmaceutically acceptable vehicles or diluents, and 

contained in buffer solutions with a suitable pH and iso-osmotic with physiological 

fluids. 

[0090] The dose of the pharmaceutical composition that is to be used depends on 

the particular condition being treated, the severity of the condition, the individual 

subject parameters including age, physical condition, size and weight, the duration of 

the treatment, the nature of concurrent therapy (if any), the specific route of 

administration and other similar factors that are within the knowledge and expertise of 

the health practitioner. These factors are known to those of skill in the art and can be 

addressed with minimal routine experimentation. 

[0091] Also contemplated are various uses of the described baculoviral vector. 

Thus, there is provided a baculoviral vector for use in intravesical instillation in a 

subject in need of treatment of bladder cancer, use of a baculoviral vector for treating 

bladder cancer in a subject in need of such treatment by intravesical instillation of the 

baculoviral vector, use of a baculoviral vector for manufacture of a medicament for 

treating bladder cancer in a subject in need of such treatment by intravesical 

instillation of the baculoviral vector, use of a baculoviral vector for intravesical 

instillation in a subject in need of treatment of bladder cancer, and use of a baculoviral 

vector for manufacture of a medicament for intravesical instillation in a subject in 

need of treatment of bladder cancer. 

[0092] The present methods and uses are further exemplified by way of the 

following non-limiting examples. 
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EXAMPLES 

[0093] EXAMPLE 1 

[0094] Use of insect baculovirus-based vectors for bladder cancer therapy was 

investigated. It was first demonstrated that intravesically delivered baculoviral vectors 

could transduce the normal mouse bladder effectively. A new recombinant 

baculoviral vector constructed by incorporating into the viral genome a mammalian 

expression cassette containing the human cytomegalovirus immediate-early gene 

promoter, the woodchuck hepatitis virus post-transcriptional regulatory elements, and 

the R segment and part of the U5 sequence of long terminal repeat from the human T-

cell leukemia virus type 1 provided the highest in vivo transduction efficiency among 

3 different baculoviral vectors tested. It was then investigated whether the viral 

transduction alone could stimulate antitumor immunity. Using murine 

cytokine/chemokine antibody arrays to analyze bladder tissue extracts collected from 

mice receiving intravesical administration of baculoviruses without any transgenes, 

59% of the proteins in the array (19 out of 32) showed a >2-fold increase in 

expression, with granulocyte-macrophage colony-stimulating factor, granulocyte 

colony-stimulating factor, and cutaneous T cell-attracting chemokine as the top three 

up-regulated proteins. More importantly, the treatment significantly prolonged 

survival of orthotopic bladder cancer-bearing mice, with 50% of the animals surviving 

beyond six months. When baculoviral vectors were used to deliver the CD40 ligand 

gene intravesically into the bladder of mice with aggressive orthotopic bladder tumor 

progression, preferential transduction of the tumor followed by reduction of tumor 

growth and average bladder weight was detected. 

[0095] Materials and Methods 

[0096] Baculovirus preparation: Recombinant baculoviral vectors, CMV-Luc, 

CMV-Luc-WPRE and CMV-RU5-Luc-WPRE, were constructed using BAC-to-

BAC™ baculovirus expression system according to the manufacturer's manual 

(Invitrogen). CMV-Luc contains a luciferase gene under the control of human 

cytomegalovirus (CMV) early promoter. CMV-Luc-WPRE has an extra woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE) at the 3' untranslated 

region (UTR). CMV-RU5-Luc-WPRE has another regulatory element RU5, the R 
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segment and part of the U5 sequence of long terminal repeat from the human T-cell 

leukemia virus type 1, at the 5' UTR. These luciferase-expressing viruses were 

produced by transfection of Sf9 insect cells using corresponding bacmids. BV-

CD40L (CD40 ligand) virus, which has the mouse CD40L gene (Invivogen) under the 

control of CMV promoter with RU5 at 5' UTR and WPRE at 3' UTR, was produced 

by homologous recombination after co-transfection of Sf9 insect cells with 

pBacPAK9 transfer vector containing the expression cassette and linearized 

AcMNPV viral DNA (Clonetech). BV-IL-15 (interleukin 15) virus was constructed in 

a similar manner to BV-CD40L, but using the mouse IL15 gene. BacPAK6, the 

parental virus with the lacZ gene driven by viral polyhedrin promoter, was obtained 

from Clonetech. Recombinant baculoviruses were amplified in Sf9 cells at an MOI of 

0.1 and the virus-containing supernatant was collected 3 days after virus infection. 

Viruses were pelleted down at 28,000g for 1 hour and re-suspended in PBS. 

[0097] Cell lines and in vitro baculoviral transduction: Sf9 insect cells 

(Invitrogen) were maintained in sf-900 III serum free medium (Invitrogen). Murine 

bladder carcinoma cell line MB49 was a gift from Dr. Esuvaranathan (National 

University Hospital, Singapore) and the human bladder carcinoma cell line T24 was 

purchased from ATCC. The cell lines were maintained in RPMI 1640 supplemented 

with 10% fetal bovine serum (Hyclone, Logan, UT), 2 mM L-Glutamine, 1% 

penicillin and streptomycin (Sigma) at 37°C and 5% C02. To obtain clonal MB49 

variants with altered growth behavior to further our understanding of the molecular 

mechanisms underlying bladder cancer growth, wild-type MB49 cells were 

transfected with pRC2/CMV-Luc, a plasmid with a luciferase gene driven by the 

CMV promoter and a neomycin resistance gene under the control of the SV40 

promoter. The transfected cells were selected with G418 at a concentration of 700 

l-ig/ml for 2 weeks. A subclone, MB49S1, with a high tumor establishment rate and a 

relatively slow growth rate in the mouse bladder was also used in the current study. 

For in vitro baculoviral transduction experiments, the tumor cells were incubated with 

baculoviral vectors at an MOI of 100 overnight at 37 °C. Transgene expression level 

was determined 24 hours after transduction. 

[0098] Animals, animal model and in vivo baculoviral transduction: Adult 

female C57BL/6 mice and adult female balb/c nude mice (weight 20 g, aged 5-6 
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weeks) were used. Orthotopic bladder tumors were generated on the luminal surface 

of the bladder by intravesical instillation of syngeneic MB49 cells in C57BL/6 mice. 

Before tumor inoculation, MB49 cells were pre-labeled with a lipophilic, near-

infrared fluorescent day DiR (20 ng/ml overnight, Caliper Life Sciences) to facilitate 

in vivo monitoring of tumor take rate. A 24-guage catheter (BD Medical) was 

introduced into the bladder of anesthetized female mice through urethra for 

intravesical instillation. After the residual urine was squeezed out, the bladder was 

infused with 100 |Lil of 10 ng/ml poly-L-lysine (PLL, mol. Wt. 70,000-150,000, 

Sigma). The PLL solution was retained in the bladder for 30 min before being 

squeezed out. The bladder was then washed with 100 (al of PBS. After the pre-

treatment, 100 |al of MB49S1 or MB49 bladder cancer cells in PBS were instilled and 

retained in the bladder for 1 hour. A dose of lx 105 cancer cells per animal was used 

in most experiments, except in the CD40L and/or IL-15 therapy studies, where a low 

dose of 2x 104 cells per animal was used. Thereafter, the catheter was removed and 

the bladder was evacuated by spontaneous voiding. Tumor take rate was examined 24 

hours after intravesical instillation using the IVIS 100 in vivo imaging system coupled 

with a cool CCD camera and the ICG filter (Caliper Life Sciences). Images and the 

fluorescent signals were acquired and analyzed with the Xenogen living imaging 

software v2.5. Animals successfully implanted with MB49 cells and with similar 

tumor burden were selected and used in the following experiments. For in vivo 

baculoviral transduction in the bladder, mice were anaesthetized and catheterized. 

Baculoviral vectors in PBS (1 x 108 pfu viral particles in 100 JJ.1) was instilled after a 

30-minute poly-L-lysine treatment and retained for 1 hour. 

[0099] To evaluate in vivo transduction efficiency in the bladder, mice with or 

without orthopic tumor implantation were transduced with a baculoviral vector with 

the luciferase reporter gene and imaged in the supine position with the IVIS 100 

imaging system coupled with a cool CCD camera and an emission filter of 560 nm 

(Caliper Life Sciences) 15 minutes after i.p. injection of 150 mg/kg luciferin 

(Promega). Images and the luminescent signals were acquired and analyzed with the 

Xenogen living imaging software v2.5 and quantified as photons per second. 

[00100] To evaluate therapeutic efficacy, in vivo baculorviral transduction of 

the bladders was performed 7 days after orthopic tumor implantation. The mice were 
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randomized to control or treatment groups. After the mice were re-anaesthetized and 

re-catheterized, BacPAK6 or BV-CD40L or BV-IL-15 viruses were instilled. Animals 

were either euthanized 7 days later for histological analysis or observed for 6 months 

for signs and symptoms of bladder cancer (hematuria and weight loss) and viability 

status. 

[00101] All handling and care of animals were carried out according to the 

Guidelines on the Care and Use of Animals for Scientific Purposes issued by the 

National Advisory Committee for Laboratory Animal Research, Singapore. 

[00102] Histological analysis and immunostaining: For histological 

examination, bladders were harvested and fixed in 4% PFA overnight, suspended in 

30% sucrose, and embedded in a tissue freezing medium. Cryostat sections at 10 |im 

were prepared and stained with hematoxylin & eosin (H & E). For immunostaining, 

the tissue sections were washed twice with Tris-buffered saline Tween-20 (TBST) 

and incubated in 0.025% Triton X-100 for 10 min. The tissue sections were then 

incubated in 5% BSA for 1 h to block nonspecific binding. The rabbit polyclonal anti-

luciferase antibody (Abeam, 1:100) was applied overnight at 4°C. After 3 times 

washing with TBST, slides were incubated with the secondary antibody, FITC 

conjugated goat anti-rabbit IgG (1:200), for 1 hour at room temperature. 

[00103] Cytokine/chemokine expression: Mice were euthanized 48 hours 

after intravesical instillation of PBS or BacPAK6. Bladders were harvested and-

weighed. A tissue lysis buffer (Fermentas, Maryland, USA) with a protease inhibitor 

cocktail (Calbiochem,Merck, Darmstadt, Germany) was added at 50 mg tissue per ml 

and bladders were homogenized by sonication. Bladder homogenates were then 

centrifuged at 16,000 x g for 30 min at 4°C and the supernatants collected. Protein 

concentrations of the supernatants were determined by the Biorad protein assay 

method (Biorad, California, USA). An aliquot of the supernatant containing 80 |J.g of 

total protein concentration was loaded onto the Mouse Cytokine Array 2.1 

(Raybiotech, Norcross, GA) to measure expression levels of cytokines and 

chemokines according to the manufacturer's instructions. RayBio™ Analysis Tool 

(Raybiotech) was used to correlate the average signal intensities to relative expression 

levels of cytokines. 
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[00104] Results 

[00105] Baculoviral vectors effectively transduce the mouse bladder after 

intravesical instillation: It was first assessed whether baculovirus is able to transduce 

the bladder in immunodeficient nude mice. Three different recombinant baculorviral 

vectors containing a firefly luciferase gene were tested after intravesical instillation 

into the bladder and in vivo transduction efficiency was monitored using the IVIS 

living animal imaging system (Figure 1 A). All three vectors were effective in 

transducing the mouse bladder after pre-treating the organ with poly-L-lysine. One of 

the baculoviral vectors, BV-RU5-Luc-WPRE, that contains two viral transcriptional 

regulatory elements WPRE and RU5, provided the highest transgene expression level 

in the bladder. While decreasing over time, the expression levels provided by the 

three vectors remained significantly higher than a background level for at least 35 

days. (Figure IB) 

[00106] In immuno-competent C57BL/6 mice (Figures 2A, 2B), although the 

initial expression level provided by BV-RU5-Luc-WPRE was similar to that observed 

in immunodeficient nude mice, the level dropped quickly and the detectable transgene 

expression lasted for approximately 2 weeks only. The difference in transgene 

expression between the two types of mice indicates a strong immune response to 

baculoviral transduction. Baculovirus-mediated transgene expression in the bladder 

was dosage-dependent, as evidence by the observation that the luciferase expression 

level at day 1 in C57BL/6 mice treated with 107 viral particles per mouse was 

approximately lA of that treated with 108 viral particles per mouse (Figure 2A, B). 

Immunohistological staining with an antibody against the luciferase protein confirmed 

that baculovirus-mediated transgene expression was confined to the superficial 

bladder epithelium (Figure 2C). 

[00107] Baculoviral transduction alone is capable of retarding bladder 

tumor growth: Expression of cytokines and chemokines in the organ upon 

baculoviral transduction in immuno-competent C57BL/6 mice was investigated. 

BacPAK6, a baculoviral vector without mammalian gene expression cassette, was 

used for this purpose so as to avoid possible interference by transgene expression. 

Using an antibody array method, the up-regulation (defined as >2-fold increase in 

expression) of 59% the cytokines and chemokines was detected in a murine array (19 
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out of 32) in the bladder that received intravesical instillation of BacPAK6 two days 

ago as compared to the expression levels in the bladder that received PBS instillation 

(Figures 3 A, B). The top 5 up-regulated proteins were granulocyte-macrophage 

colony-stimulating factor (GM-CSF, 123-fold increase), granulocyte colony-

stimulating factor (G-CSF, 35-fold increase), cutaneous T cell-attracting chemokine 

(CTACK, 10-fold increase), thrombopoietin (TPO, 7-fold increase), and tumor 

necrosis factor alpha (TNF-alpha, 7-fold increase). A comparison between the normal 

mouse bladder without any treatment and the bladder receiving PBS instillation 

showed no significant difference in the expression levels of the cytokines and 

chemokines. 

[00108] It was then investigated whether changes in expression levels of the 

cytokines and chemokines upon baculoviral transduction would affect bladder tumor 

growth. In the process to establish a syngeneic orthotopic mouse bladder cancer 

model to study the effects, it was noticed that MB49 cells grew quickly to occupy the 

whole lumen of the urinary bladder in 2 weeks even at a low inoculation dose (lx 105 

cancer cells per animal) (Figure 4A). The mice also died quickly due to aggressive 

tumor growth, with the first animal death between day 10 to 14 and the death of all 

animals in approximately 4 weeks (Gunther JH, et al., 1999). These features of MB49 

cells have made both performing accurate intravesical instillation and testing 

experimental therapeutics, especially immune therapeutics, targeted to treat 

established bladder tumors difficult. MB49S1 cells, a subclone of MB49 mouse 

bladder cancer line that showed a slower growth rate yet retained a high tumor 

establishment rate (Figure 4A), were therefore used to establish a bladder cancer 

model by intravesical instillation of the cells into the poly-L-lysine pretreated bladder 

in C57BL/6 mice. 

[00109] One week after inoculation of lx 105 MB49S1 cells, the C57BL/6 mice 

with established tumors were randomly distributed into two groups (n = 10 per 

group). One group received single instillation of 10s BacPak6 viral particles and 

another group received PBS as an instillation control. Significantly prolonged survival 

of the bladder tumor-bearing mice was observed after baculoviral stimulation in the 

bladder. While all animals in the control group died within 70 days, 50% of the 

animals in the treatment group were alive 6 months after tumor inoculation (Figure 
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4B, p < 0.01 in log-rank test). This finding demonstrates that up-regulation of 

cytokines and chemokines upon baculoviral transduction in the bladder is functional 

in mediating antitumor effects and may act to cure established bladder tumors. 

[00110] Baculoviral vectors can mediate high-efficiency gene transfer to 

bladder cancer cells and CD40L gene therapy for bladder cancer: To assess 

whether baculoviral vectors can be used for delivering a transgene into bladder 

cancer, cultured mouse MB49 bladder cancer cells and human T24 bladder cancer 

cells were transduced in vitro with BV-RU5-Luc-WPRE. Immunostaining with an 

antibody against the luciferase protein confirmed high levels of luciferase expression 

in these tumor cells (Figure 5A). In C57BL/6 mice with orthotopic MB49 tumors, 

intravesical instillation of BV-RU5-Luc-WPRE resulted in obvious transgene 

expression in the tumors, as well as in the normal bladder epithelium (Figure 5). In 

the tumors, positive staining was observed not only in the surface layer of the tumors 

but also in inner tumor areas, indicating the penetration of the virus in tumors. 

[00111] The baculoviral vector BV-CD40L was constructed by replacing the 

luciferase gene in the BV-RU5-Luc-WPRE expression cassette with the murine CD40 

ligand (CD40L) gene, a gene encoding a type II transmembrane protein that functions 

as a potent T helper 1 immune stimulator. CD40L expression upon baculoviral 

transduction in MB49 cells in vitro and orthotopic MB49 tumors in vivo was 

confirmed using RT-PCR (Figure 5C) and Western blotting (Figure 5D), respectively. 

[00112] To test the therapeutic effects of BV-CD40L, a bladder tumor model 

was established by inoculation of 2x 104 DiR-labeled MB49 cells into the bladder of 

C57BL/6 mice. Successful tumor establishment was confirmed by monitoring DiR 

infrared fluorescence signals using the IVIS living animal imaging system (Figure 

6A). At day 4 post-tumor inoculation, mice were randomly distributed into two 

groups (n = 5 per group) and treated via intravesical instillation of 108 BV-CD40L 

viral particles per animal or 108 BacPAK6 viral particles as a control. The 2nd and 3rd 

treatments in the two groups were performed on days 6 and 8 post-tumor inoculation. 

The mice were sacrificed on day 14 and the tumor development stage in the bladder 

was assessed by examining H&E stained bladder tissue sections (Figure 6A). In the 

control group, tumors had progressed to a late stage, with serious tumor necrosis and 

tumor invasiveness into the muscle layer in 4 out of 5 animals (#1, 2, 4, 5). Bladder 
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urothelium was totally damaged and disorganized in these mice. In the treatment 

group, tumor mass was relatively smaller and there was no significant damage in the 

urothelium. Some tumors (#1 and 3) are still superficial and others (#2, 4 and 5) had 

grown from the layers of cells lining the lumen of the mouse bladder into the 

connective tissue below, but not into the muscle layer yet. Average bladder weight of 

this group was statistically significantly lower than that in the control group (p < 0.05, 

Figure 6B). These findings indicate that baculoviruses can possibly be used as an in 

vivo gene therapy vector to deliver therapeutic genes to treat aggressive growth 

bladder cancer. 

[00113] Effects of co-delivery of CD40L and IL-15 on the survival of 

bladder cancer-bearing mice: In addition to the BV-CMV-RU5-Luc-WPRE and 

BV-CD40L viruses, BV-IL-15 was constructed by replacing the luciferase gene in the 

BV-RU5-Luc-WPRE expression cassette with the murine interleukin-15 (IL15) gene, 

a gene encoding a cytokine that induces proliferation of natural killer cells, cells that 

form part of the innate immune system. Therapeutic effects of BV-CD40L virus and 

BV-IL-15 virus were tested separately to confirm therapeutic gene expression and 

then co-delivered into the bladder of bladder cancer-bearing mice. Intravesical 

instillation of the baculoviral vectors was performed 2 days after inoculation of 105 

MB49 cells. 

[00114] The results are seen in Figure 7. It was observed that co-delivery of 

CD40L and IL-15 by baculoviral vectors was able to prolong the survival of bladder 

tumor-bearing mice. (Figure 7A). In one mouse treated with the combination of 

baculoviral vectors expressing CD40L and IL-15, the MB49 tumor was totally 

stopped. (Figure 7B). 

[00115] Discussion 

[00116] The immunostimulatory effects of baculovirus in mammals can 

possibly.be harnessed therapeutically to inhibit bladder tumor growth. This hypothesis 

is supported by the observation that intravesically delivered baculoviruses that do not 

express any transgenes were able to prolong survival of immunocompetent mice 

bearing established orthotopic bladder cancer. This syngeneic model system provides 

intact immune functions, allowing the studies of therapeutic vaccines against bladder 
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cancer. Although only half of the tumor-bearing animals were cured after just one 

injection of the non-trans genie baculoviral vector, the survival can be improved if the 

frequency of intravesical instillation is increased. The efficacy can also be improved 

by including a therapeutic gene into the baculoviral vector. In this regard, the anti­

tumor effects of baculoviral vector-mediated CD40L expression were demonstrated in 

an animal model with aggressive growth bladder cancer. 

[00117] Thus, these above-described results demonstrated, using a syngeneic 

orthotopic animal model of bladder cancer, that insect baculovirus can be used as a 

new agent for bladder cancer therapy with a dual function of therapeutic vaccination 

and therapeutic gene delivery. 

[00118] All publications and patent applications cited in this specification are 

herein incorporated by reference as if each individual publication or patent application 

were specifically and individually indicated to be incorporated by reference. The 

citation of any publication is for its disclosure prior to the filing date and should not 

be construed as an admission that the present invention is not entitled to antedate such 

publication by virtue of prior invention. 

[00119] As used in this specification and the appended claims, the singular 

forms "a", "an" and "the" include plural reference unless the context clearly dictates 

otherwise. As used in this specification and the appended claims, the terms 

"comprise", "comprising", "comprises" and other forms of these terms are intended in 

the non-limiting inclusive sense, that is, to include particular recited elements or 

components without excluding any other element or component. As used in this 

specification and the appended claims, all ranges or lists as given are intended to 

convey any intermediate value or range or any sublist contained therein. Unless 

defined otherwise all technical and scientific terms used herein have the same 

meaning as commonly understood to one of ordinary skill in the art to which this 

invention belongs. 

[00120] Although the foregoing invention has been described in some detail by 

way of illustration and example for purposes of clarity of understanding, it is readily 

apparent to those of ordinary skill in the art in light of the teachings of this invention 

that certain changes and modifications may be made thereto without departing from 
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the spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of delivering a nucleic acid molecule to a bladder cell, comprising 

contacting the bladder cell with a baculoviral vector. 

2. The method of claim 1, wherein the bladder cell is a bladder cancer cell. 

3. The method of claim 1 or 2, wherein the bladder cell is in vitro. 

4. The method of claim 1 or 2, wherein the bladder cell is in vivo. 

5. The method of claim 4, wherein the bladder cell is in a subject in need of 

treatment of bladder cancer and wherein said contacting comprising administering the 

baculoviral vector to the subject by intravesical instillation. 

6. The method of any one of claims 1 to 5, wherein the baculoviral vector further 

comprises a transgene for expression in the bladder cell operably linked to a promoter 

that drives expression of the transgene in the bladder cell. 

7. The method of claim 6, wherein the transgene is a therapeutic transgene for 

treating bladder cancer. 

8. The method of claim 7, wherein the therapeutic transgene encodes CD40L or 

IL-15. 

9. The method of any one of claims 6 to 8, wherein the promoter comprises the 

human cytomegalovirus immediate early promoter. 

10. The method of claim 9, wherein the human cytomegalovirus immediate early 

promoter comprises the sequence set forth in SEQ ID NO: 1. 

11. The method of any one of claims 6 to 10, wherein the baculoviral vector 

further comprises post-transcriptional regulatory elements from the woodchuck 

hepatitis virus, in the 3' untranslated region of the transgene. 

12. The method of claim 11, wherein the post-transcriptional regulatory elements 

from the woodchuck hepatitis virus comprises the sequence set forth in SEQ ID NO: 

2. 
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13. The method of any one of claims 6 to 12, wherein the baculoviral vector 

further comprises the R segment and at least a portion of the U5 sequence of the long 

terminal repeat from the human T-cell leukemia virus type 1, in the 5' untranslated 

region of the transgene. 

14. The method of claim 13, wherein the R segment and at least a portion of the 

U5 sequence of the long terminal repeat from the human T-cell leukemia virus type 1 

comprises the sequence set forth in SEQ ID NO: 3. 

15. The method of any one of claims 1 to 14, further comprising adding a 

transfection agent either prior to or concurrently with said contacting. 

16. The method of claim 15, wherein the transfection agent is poly-L-lysine, 

Clorpaction WCS-90, dodecyl-B-dd-maltoside (DDM), or sodium dodecyl sulfate 

(SDS), or any combination thereof. 

17. A baculoviral vector for use in treating bladder cancer in a subject in need of 

such treatment, wherein the use comprises intravesical instillation of the baculoviral 

vector in the subject. 

18. Use of a baculoviral vector for treating bladder cancer in a subject in need of 

such treatment, by intravesical instillation of the baculoviral vector. 

19. Use of a baculoviral vector for manufacture of a medicament for treating 

bladder cancer in a subject in need of such treatment, by intravesical instillation of the 

baculoviral vector. 

20. A baculoviral vector for use in intravesical instillation in the bladder of a 

subject. 

21. Use of a baculoviral vector for intravesical instillation in the bladder of a 

subject. 

22. Use of a baculoviral vector for manufacture of a medicament for intravesical 

instillation in the bladder of a subject. 
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