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ABSTRACT

Superficial bladder cancer represents the majority of diagnosed bladder cancer.
The best treatment is resection of the tumor followed by intravesical therapy. Bacillus
Calmette Guerin (BCG) is the current standard. Approximately 20% of BCG therapies
fail and serious complications can develop. Intratumor injections of oncolytic viruses
have proven effective. Transformed cells with dysfunctional Ras kinase are selectively
lysed by mammalian reovirus (REO). Bladder cancer cells were tested for susceptibility
to reovirus and assayed for Ras activity. Using a rat bladder cancer model, a randomized
dose escalation of intravesical REO was used to measure survival and side effects
compared with BCG. Bladder cancers do express Ras proteins and are lysed by REO.
Survival was increased in REO treatments relative to other therapies. Histology showed
limited side effects in REO treated animals compared with BCG treated animals. These

results support further clinical studies into REO as a bladder cancer therapy.
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INTRODUCTION

In this thesis I review our current understanding on the treatment of bladder
cancer and present my research on developing a novel intravesical treatment with
oncolytic reovirus (REO). Rationale and preclinical in vitro and in vivo data will be
presented to support further clinical application of this treatment strategy. This work is a
translational project looking at REO efficacy in an animal bladder tumor model. Both
side effects and efficacy were examined. The ultimate goal is for this research to serve as
the basis for phase I/Il clinical trials using REO as a bladder cancer therapy and
secondarily to provide some basic research information on REO as an oncolytic agent.

Superficial bladder cancer or transitional cell carcinoma (TCC) represents the
majority (up to 90%) of diagnosed bladder cancer in the United States and Canada [1, 2].
At times more than just the bladder is affected, with entire areas of transitional cells
(urethra, renal pelvis, etc) being involved [3, 4]. In contrast, in Egypt more than 90% of
bladder cancers are squamous cell carcinoma due to endemic parasitic infestation
(Schistosoma haematobium) [5]. Annually in Canada and the USA combined, there are
approximately 55,000 new bladder cancers diagnosed when combined [6]. The incidence
of bladder cancer is increasing and it is now the fourth most common malignancy in
males, and the eight most common in women [6]. This trend of higher incidence of
bladder tumors in men is a worldwide phenomenon and is not entirely explained by
environmental factors. For example even though men more often work in an environment
that may expose them to bladder carcinogens, women more often develop persistent or
chronic cystitis that can also destabilize the genomic DNA. Bladder cancer is the second

most frequently diagnosed urological malignancy secondary only to prostate cancer. The



lifetime risk of developing bladder cancer is 1.85% for men and 0.8% for women [7]. Of
the 4,550 cases of bladder cancer in Canada (1998) approximately 1400 of these were
fatal [6]. Although bladder cancer incidence is increasing, mortality is not rising
proportionally. Incidence of bladder cancer in the United States increased 36% in the
period of 1950 to 1990 [6]. Mortality rates from bladder cancer have decréased between
1980 and 1995. This may be due to a variety of factors, including early diagnosis,
intravesical treatment strategies and aggressive treatment. Even with bladder cancer
related deaths decreasing, it still remains a significant source of morbidity for thousands
of people each year, with the final treatment option being cystectomy (removal of the
bladder and associated pelvic organs) {1, 8, 9].

There are significant differences in bladder cancer incidence among races and
social economical demographics. As well superficial disease appears to be distinct from
invasive disease. This has lead epidemiologists to believe there are multi-factor genetic
processes and/or genome damage involved [7, 10]. Like all tumors, bladder cancers are
genetic in origin, i.e. a disease of genomic expression or alteration of the
deoxyribonucleic acid (DNA) and are associated with a variety of risk factors (table 1).
There have been rare cases of familial bladder tumors but more evidence is provided for
environmental causes [11, 12]. Combination of genetic predisposition with environmental
risk is a serious predictor for bladder cancer development [3, 13]. Transformation is
believed to be a multiple step process involving repeated damage to the genome of
transitional cells of lining of the bladder Carcinogenic compounds are a leading cause of
bladder cancer, initiating genetic damage at the cellular level [3]. Most of the suspect

carcinogens can be found in tobacco smoke. Other compounds that are know transitional



cell promoters include aniline dyes and aromatic amines [14]. Parasites such as bacteria
and viruses can lead to cystolithiasis, which can also transform the bladder lining. The
molecular changes caused by carcinogens can include a variety of cell growth and

differentiation pathways (figure 1).



Table 1. Associated risk factors for bladder carcinogenesis.

Occupational Risks
Dye workers
Textile workers
Tire and rubber workers
Painters
Truck drivers
Petroleum workers
Hairdressers
Aluminum workers
Chemical Carcinogens
2-Napthylamine
Benzidine
4-Aminobiphenyl
Nitrosamines
Cigarette Smoking
Miscellaneous Causes

Phenacetin use
Cyclophosphaminde
treatment
Pelvic irradiation
(Genitourinary tuberculosis
Chronic cystitis




Normal Urothelium
(Bladder, Urethra, Ureters)

Chemical Carcinogen Genetic Instability HPV 16
9p/9q
l ¢ P16/p53
p53 Mutation Other Mutations p53 Inactivation
d Schistosomiasis

ClS/Invasive TCC .
Papillary TCC Squamous Cancer

v
VEGF/Cyclin D Inactivation

4
Recurrent TCC

Figure 1. Molecular transformation pathways of bladder cancers. Two main types
of superficial bladder cancers occur, papillary and flat in sifu disease. Adapted
from Lee, R. and M.J. Droller, The natural history of bladder cancer. Implications

for therapy. Urol Clin North Am, 2000. 27(1): p. 1-13, vii.



Suspected mutations involved in bladder cancer transformation include cell cycle
regulators (ERBB-2, MDM2, cyclin D1). On a larger scale, chronic irritation of the
bladder (cystitis) can lead to bladder cancer, including squamous cell carcinoma (often
from schistosomiasis parasites) [15]. Smoking however is the leading factor contributing
to bladder cancer incidence [16]. Causative agents in cigarettes are the focus of current
uro-oncology research. A chronic smoker faces up to 3 times the risk of developing
superficial bladder cancer [16]. Cessation of smoking can reduce overall risk. Known
bladder cancer carcinogens included, tobacco, beta-naphthalene, cyclic hydrocarbons,
and other organic compounds [5]. Besides promoting cessation of smoking and reduction
in carcinogen exposure, better strategies for early diagnosis and treatment of bladder
cancer are needed. Most carcinogens are processed in the liver and then metabolized prior
to excreted through the urinary system. This provides access of the carcinogen to the
urothelium, often in close contact for long periods of time often many years.

The fact bladder cancer incidence increases with age can be partially explained by
evidence that carcinogens accumulate and cause additive damage to transitional cell
DNA ultimately leading to cell transformation and carcinogenesis. Beyond the age of 60,
the overall risk of developing bladder cancer dramatically increases. Younger patients
can develop bladder cancer but most often in these cases the tumor will be low-grade

papillary and has an excellent prognosis.



BACKGROUND
Etiology of Superficial Bladder Cancer

Multiple theories for the development and progression of bladder cancer have
been debated. These models for the etiology of bladder cancer have been hypothesized
based upon clinical research and basic science into the molecular biology of bladder
tumors. Diverging pathways of bladder cancer development have been proposed. One
being more papillary and the other being flat (sessile), more aggressive and invasive [3,
17]. By far the most common type of bladder cancer (75%) is the superficial papillary
lesion that seldom develops into an invasive tumor. The second class of tumor is a more
solid mass or carcinoma in situ that has a great preponderance to develop into an invasive
or metastatic tumor. These tumors have a high propensity to recur causing patients to
submit to lifelong follow up for recurrent tumors. There are clinical predictors for
recurrence, supporting different routes of disease development. These predictors include
superficial invasion, high grade (grade 3), Tis, masses larger than 3 cm or previous
recurrences [8]. A recurrent tumor may be due to inherent genetic damage in basal cells.
As tumors are removed or treated, subsequent carcinogenic promotion, transformation or
initiation of previously healthy cells can lead to recurrence. Molecular classification of
tumors may help define which class of malignancy a patient has and help to predict tumor
recurrence more accurately. Currently clinical based classifications have been developed
as either being low, medium or high risk for more aggressive or recurrent disease [7, 18].

The natural history of bladder cancer has promoted investigations into gene
mutations. This has included examining overexpressed oncogenes, and underexpressed

tumor suppressor genes. Epigenetic factors such as parental DNA methylation may also



play a role in bladder cancer development and may shed light on differences seen
universally in bladder cancer incidences in men and women [19]. Two models of
carcinogenesis have emerged, one being the “field defect” model and the other is based
on a clonal system [7, 17, 19-21]. The field defect model states that the urothelium may
entirely be affected as a whole by mutating carcinogens and depending on a cells initial
genotype, these mutational insults may cause transformation to varying degrees.
Ultimately this would explain the multifocal nature of bladder tumors, and also the fact
many will recur [22]. The clonal model in contrast states that single mutated cell
populations thrive as tumors in the urogenital system [23, 24]. Through X chromosome
inactivation studies (Barr bodies), patches of cell populations in the bladder (120 mm?)
can be identified. Using this sizing of cell patch colonies, it follows that the urothelium is
only made up of an initial 300 cell clones {22, 25]. Mutations in these initial populating
cells can lead to carcinogenesis. This would not explain the development of upper urinary
tract cancers, which can be seen with initial bladder TCC. Normally urine and hence
urothelium migration does not follow a retrograde pattern (from bladder to ureters and
the kidney). However there is evidence for seeding of the bladder from upper urinary
fumors.
Superficial Bladder Cancer Classification

Superficial bladder cancer is defined according to the 1997 System International
TMN (tumor-metastasis-node) classification as Ta, Tis, and T1 (figure 2). The TMN
classification of superficial bladder cancer limits the lesion such that there is no
involvement of the muscularis propria. Tis, also known as carcinoma in situ (CIS), is a

superficial lesion found at the external surface of the mucosa lining. CIS can involve the



entire mucosal layer. Ta bladder cancer projects into the bladder (papillary) and involves
the mucosal layer. T1 bladder cancer also involves projections into the bladder, along
with basal invasion of the lamina propria to but not including the muscularis propria. Any
tumors in the bladder more severe than T1 or Ta is considered to be invasive and requires
a different treatment approach as these cases may have malignant tissue beyond the
bladder (nodes or distant site metastases). Localized treatment of only the bladder in
these cases is not the best option, as tumors beyond the bladder can be fatal {8, 26].
Therapy targeting superficial areas of the bladder may not reach already invasive cells
that have penetrated into the muscularis propria. Treatment for these cases will usually
involve surgery, chemotherapy, radiotherapy or a multidisciplinary approach dependent

on the overall health of the patient [27].



Lumen

Ti Ta T1
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Lamina Muscularis

Adventitia

Figure 2.TNM (1997) Stage and Classification of Superficial Bladder Cancer.
Superficial bladder cancer never penetrates more than the first layer of the
bladder. Tumors that advance through the lamina propria into the muscularis are
considered the more rarer advanced bladder cancer.
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Three risk groups of superficial bladder cancer have been defined. The risk
groups were initially classified into low, medium and high [7, 18]. Vicente-Rodriguez et
al defined the groups as low being grade 1 stage Ta disease and a single grade 1 stage T1
tumor. Intermediate is defined as multiple grade 1 stage T1 tumors, grade 2 stage Ta
disease and a single grade 2 stage T1 tumor. Finally high risk superficial bladder cancer
is defined as multiple grade 2 stage T1 tumors, grade 3 stages Ta and T1 disease, and any
stage disease associated with carcinoma in situ. Relative risks, disease progression and
survival have been statistically established for these classifications. Recurrence risks for
each group are (from low to high), 37%, 45% and 54% [7]. Progression rates for low risk
superficial bladder cancer are 0%, medium is 1.8%, and high is 15% (respectively).
Mortality for low risk is 0%, less than 1% for intermediate and 9.5% in the high risk
group. It is useful to consider these statistics when classifying bladder cancer in order to
provide an adequate treatment strategy.

Predicting tumor recurrence or aggressiveness (behavior) is clearly dependent on
grading and staging a newly diagnosed bladder cancer. Tumor characteristics that
increase the chance for recurrence include high-grade tumors, multiple foci tumors,
carcinoma in situ, and predisposing genetic damage [17, 23, 28, 29]. Any one of these
characteristics may warrant the use of adjuvant therapy beyond surgery (local resection)
in the management of the disease. If a patient has already had a prior history of bladder
cancer then by virtue recurrent cancers will be at high risk for further recurrence. The
genetic damage commonly associated with bladder cancer involves lesions to

chromosomes 7, 9 and 17 [19, 23, 30]. Mutations in these chromosomes are known as

11



primary alterations as they are frequently found in many different types of cancers, often
directly implicated in carcinogenesis. These genes are involved in cellular differentiation,
cell division and/or cell death (apoptosis). Chromosome 17 (p53) alternations are found
in more aggressive, higher grade CIS lesions [23].

Unstable chromosomes can experience later replicative genetic damage (errors)
that could lead to sporadic tumors. Genome ploidy status can also predict tumor behavior.
Diploid tumors tend to be less progressive, while aneuploidy is associated with a greater
risk [31]. Treatment must keep in mind the etiology of the disease, the underlying
damage to the genome, and that further mutagenic insult could result in recurrence or
progression of the of tumor. The 5-year recurrence rate of transitional cell carcinoma
(TCC) is as high as 80% [32-34]. Frequent surveillance of individuals after any treatment

for TCC is crucial, as recurrence is a major concern.
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Diagnosis of Bladder Cancer

Identifying bladder cancer can be done routinely using a variety of diagnostic tests.
Early detection is important, but many bladder tumors grow insidiously and therefore are
detected late when signs and symptoms develop. Signs of bladder cancer in animals are
specific but follow similar patterns seen in humans (table 2). Hematuria is a hallmark
sign of bladder cancer and often is the initial presenting symptom. Gross total painless
hematuria (GTPH) is the leading initial symptom of bladder cancer. Approximately 15%
of all patients presenting with GTPH will have bladder cancer [35, 36]. GTPH presents

with blood evident in the urine throughout micturition.
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Table 2. The signs and symptoms of bladder cancer in an experimental animal
model. The common signs in humans include hematuria and dysuria. The use of
cytology has not been reported/investigated in the animal model.

Signs and Symptoms of Bladder Cancer
Experimental Animal Human
EARLY EARLY
Gross/Micro hematuria Gross/Micro hematuria
Positive cytology Positive cytology
LATE LATE
Limited movement Dysuria
Limited drinking Positive cystoscopy
Limited eating Weight loss
Piloerection Irritative voiding
Hunching of hind limbs Urgency
Dragging of hind limbs Frequency
Porphyryn ocular staining Obstructive voiding
Decreased body mass Renal failure
"Scruffy” fur with poor grooming Anemia
Pale skin (limbs and nose) Palpable mass
Palpable mass
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GTPH is a sign that the blood in the urine originated from the bladder or upper tracts.
Pain during micturition is a hallmark of inflammation (infection or calculus), that may or
may not be associated with bladder cancer. Early or initial bleeding during micturition is
a sign of urethral, including prostate involvement, and terminal bleeding during
micturition indicates involvement of the bladder dome [36]. Patients presenting with
GTPH must be further examined for signs of bladder cancer. Testing for hematuria is a
simple analysis with low cost per test but large expense per year, reaching 150 million
dollars in the United States [37]. Urinalysis and cytology accompany hematuria testing in
suspect bladder cancer cases. Cancerous cells are sloughed from the bladder urothelium
and exhibit characteristic features (table 3). Many new molecular diagnostic research
techniques are also being investigated for possible clinical use. These however may be
limited in application due to cost.

The current methods used for the clinical diagnosis of bladder cancer are patient
signs and symptoms (GTPH). This sign is followed by a urine cytology analysis, which
can include additional experimental molecular marker tests. Finally when all prior tests
are positive cystoscopy is used to directly observe the bladder and remove a biopsy for

pathological analysis.
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Table 3. Cytological features of bladder cancer.

Microscopic Features

Increased cell number
Increased N/C ratio
Nuclear hyperchromasia
Nuclear pleomorphism
Coarse chromatin
clumping
Irregular and thickened
nuclear membrane
Mitotic figures
Occasional nucleolus
Necrotic background
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Several genetic markers for tumorigenic bladder cells have been well documented
and investigated. These markers include MIB-1, p53, bel-2, EGFR and c-erb. Some of
these markers are being used as diagnostic techniques in clinical trials [19, 38]. For
example, p53 can be detected in sloughed cells found in voided urine samples. Currently
BTA, NMP22 and FDP are approved for clinical use [19, 38]. Many other markers and
test kits are being evaluated in clinical research.

Besides offering information on diagnosing bladder cancer, molecular markers for
bladder tumors, also provide information on the genotype of the cancer. Molecular
markers of malignancy can help direct or modify therapy and treatment options.
Usefulness of these markers is a topic of current debate within clinical research. The use
of molecular markers in the clinic will hopefully reduce the amount of cystoscope
surveillance that is now required.

More research in this field is required, as single molecular markers are not as useful
as multiple markers in predicting the behavior of superficial bladder tumors or response
to therapy. Currently only conventional histopathological methods are used to evaluate
bladder cancer. Though very accurate at diagnosing bladder cancer, these methods have
limited value in predicting course and prognosis. Even a correct classification of grade
and tumor stage is not a reliable predictor of tumor behavior in all cases. The new
treatment modalities should be coupled to new diagnostic techniques that will in concert
allow for better management of bladder cancer.

Molecular diagnostics has the advantage of giving more information regarding tumor
behavior than basic histopathology. For example, a critical feature of a tumor’s ability to

survive in the body is how it can manipulate the extracellular environment. Tumor
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invasion and progression can be enhanced by imbalances in the matrix metalloproteinase
and their inhibitors [39]. This very imbalance can be used to predict the chances of tumor
recurrence, which is a common feature of superficial bladder cancer.

The more molecular markers that are characterized for bladder cancer the greater
the chance this science will contribute to the overall field of clinical oncology. The use of
molecular diagnostics can reduce the amount of potentially traumatic tests performed on
bladder cancer patients. Cystoscopy is an invasive procedure and in more complicated
cases involving co-morbidity in the prostate can be potentially harmful [40]. Therefore
the less it is performed the less chance of causing untoward trauma to the urethra.
Screening for bladder cancer is not recommended and generally only high-risk
individuals are tested based on signs and symptoms and potential for bladder cancer. The
gold standard of detection to date, remains cystoscopy, which is usually conducted if the
patient presents with signs and symptoms of possible bladder cancer (hematuria and/or
positive urine cytology) [18].

Management of Superficial Bladder Cancer

The general consensus regarding the management of superficial bladder cancer
involves resection and the use of adjuvant immune modulation using intravesical Bacillus
Calmette-Guerin bacteria (BCG) for prophylaxis and treatment of high risk of superficial
tumors [8, 41]. This method of treatment has been compared to conventional cancer
treatments such as intravesical chemotherapy. Though effective as both secondary and
primary cancer therapies, these intravesical therapies do have the potential for serious
side effects. BCG, although an attenuated mycobacterium, is a living organism capable of

systemic infiltration. Antimitotic chemotherapy are themselves potentially mutagenic and
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can further destabilize the urothelium. This, however, has not yet been born out in large
studies of adjuvant intravesical chemotherapy [42].

Immunotherapy using BCG instillation is currently considered the gold standard of
prophylactic superficial bladder cancer management and treatment for bladder carcinoma
in situ (CIS) [43]. Intravesical BCG is also used to treat recurrent TCC. This method of
immune modulation is based on the inflammatory response to a bacterial exposure.
Intravesical administration of such a pathogen for tumor therapy has the advantage of
being selective, but it is indirect and not necessarily specific. The mechanism of tumor
destruction is dependent on the patient’s immune response. The effective component
appears to be the cell wall, which has been used in clinical trials (Regressin®) [44]. As
well modulation of immune response with cytokines has been investigated [45]. Naturally
occurring viruses capable of oncolysis may prove to be an optional treatment for
superficial bladder cancer. An oncolytic virus administered into the bladder has the
potential advantage of being selective as well as specific by lysing only tumor cells. Prior
to this research project, there were no reports on the use of oncolytic viruses for
instillation therapy for superficial bladder cancer. Further study is required into the
mechanism of action of these intravesical biological treatments (viral or bacterial). In
particular, research should examine cytokine modification of BCG therapy and compare
this to novel intravesical oncolytic viral therapy.

The goal of any cancer therapy is to eliminate or reduce the number of tumor cells
in a tumor. This should be accomplished with minimal risk to the patient, sparing healthy
tissue to reduce morbidity. With modern medical fiscal restraints, it is critical to do this

as economically as possible and ideally the therapy should be available to all patients.
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Current management strategies for TCC currently include a combined modality
management, and in most cases this includes surgical resection of the bladder tumor. This
has been clinically proven to provide the highest level of bladder preservation with the
lowest morbidity and mortality. Late stage bladder and metastatic cancer is treated with
more aggressive (surgical intervention, radiation therapy and or chemotherapy, i.e.
Cisplatin) treatments than those outlined here [27]. The following therapies include only
superficial bladder cancer treatments.
Intravesical Chemotherapy

The bladder offers a unique opportunity for a more direct delivery of
chemotherapeutic agents than the more common systemic route of drug administration.
Drugs can be administered via a catheter inserted into the urethra. Effectively,
intravesical administration of chemotherapy is a topical application of an agent to the
tumor and surrounding bladder urothelium. The aim of intravesical chemotherapy is the
same for cancer therapy in any organ system. The goal is eradication of the tumor with
minimal discomfort or damage to surrounding healthy tissue

Intravesical therapy can involve administering treatment before the bladder
tumors have a chance to grow to pathological sizes or to prevent recurrence after
transurethral resection of the bladder tumor (TURBT). Intravesical chemotherapy offers
marginal positive results with this goal in mind. The benefit of adjuvant intravesical
therapy over TURBT alone is 14% during the first 3 years [8]. More than 50% had a
decreased incidence of tumor recurrence with follow-up intravesical chemotherapy. To
date, select patients treated with adjuvant therapy following TURBT have a better

outcome than those treated by TURBT alone [8].
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Chemotherapeutic drugs of choice for intravesical therapy include thiotepa,
doxorubicin, mitomycin C and epirubicin [43]. These drugs do show a short-term benefit
in terms of preventing tumor recurrence, but long term there has been no alteration in the
progression of superficial bladder cancer to metastatic or advanced disease. Progression
rates for control groups were actually lower than the experimental groups receiving the
intravesical chemotherapy [43].

Intravesical chemotherapy alone versus surgical management of bladder cancer
has a lower success rate [8]. Although the bladder may offer easy access of drug delivery
via the urethra, it does not offer an accommodating environment for chemotherapy drugs.
Urine production varies in times of health and disease and further varies between
patients. This affects the volume and rate of bladder filling and emptying. Urine pH and
electrolyte content can also affect chemotherapy used in the bladder [43].

Intravesical chemotherapy may not be a solution in itself for the management of
superficial bladder cancer but in combination with other therapies it may improve patient
outcome. In the treatment of CIS of the bladder, as many as 74% of patients may achieve
complete response, although recurrence for these patients is still high [27, 43]. Consistent
with other human cancers combined modality therapy appears to be the key to treating
bladder cancer. The potential benefits include cytoreduction, prevention of seeding and

elimination of the malignant phenotype.
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Photodynamic Therapy

Photodynamic therapy (PDT) is a new experimental form of bladder cancer
management that has been used clinically for the past decade only in select refractory
cases and in clinical trials. The success of PDT depends on the pharmacology of non-
toxic photosensitizers and laser physics. PDT involves treating the bladder tumor cells
with a photosensitizer that becomes cytotoxic when exposed light provided at a specific
wavelength from a laser source. Physically, PDT requires a laser fiber light source to be
inserted into the bladder intravesically. Prior to this, the patient is treated with the non-
toxic photosensitizer, using standard chemotherapy vectors and access routes (see below).
The key to PDT is targeting the drug and the cytotoxicity to the tumor cells alone limiting
damage to surrounding tissue and adjacent bladder cells. This would provide selective
lysis of the cancer cells, sparing the surrounding healthy tissue. Currently PDT is
recommended for papillary TCC, refractory Tis, and for prophylaxis of recurrent TCC for
patients in whom intravesical chemo or immunotherapy has failed [46].

The photosensitizer can be administered systemically or locally instilled in the
bladder. Liposomes or other delivery systems can further augment delivery of the drugs
in the bladder. Side effects of systemically administered photosensitizers include
cutaneous photosensitivity, and reduced bladder capacity (from non-specific cellular
damage and scarring) [47]. Common photosensitizers are the porphyrins,
napththalocyanines, purpurins, chlorins and bacteriochlorins; though Photofrin II is the
only one approved for clinical trials [48]. Photofrin, besides being a photosensitizer has

another chemical property. When excited with UV (400nm) or blue light (510nm)
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Photofrin will fluoresce (600-700nm) which can offer the potential for visualizing flat
(CIS) tumors with a cystoscope.

When injected intravenously (22-hour serum half-life) the majority (88%) of the
Photofrin II is transported by lipoproteins and the remainder is transported by albumin
[49]. Once the Photofrin is administered systemically it is selectively taken into the tumor
by lipoprotein (LDL) receptors and possibly non-receptor mediated endocytosis cascade
[49, 50]. LDL receptors are common to malignant cells as well as inflammatory cells.
This accounts for the fact that 24 hours after injection of the dye into the body it will
accumulate in the reticuloendothelial system as well as liver, kidney and spleen. Besides
intravenous injection, photosensitizers can be instilled in the bladder to further increase
the localization of the drug to the target tumor tissue. In animal models, bladder
instillation had comparable results when compared to intravenous administration [50].

Clinically PDT has proven to be quite effective in the management of certain types
of bladder cancer. In one study by Nseyo, a single PDT treatment achieved 84% success
rate with patients suffering from recurrent superficial papillary TCC, 80% with refractory
CIS and almost 90% in patients receiving PDT as prophylaxis bladder cancer
management [46]. Whole bladder PDT treatment for TCC is recommended as a second
line of therapy in BCG refractory TCC cases [1].

PDT is not limited only to the treatment of bladder cancer. Other areas where this
cancer therapy may prove useful include; prostate, lung, uterus, head and neck,
esophagus, and stomach [48]. In many of these areas, the application of PDT requires

more research and refinement, but the potential exists for improving on current therapies.
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Bacillus Calmette-Guerin (BCG)

Pearl, in 1929 reported an autopsy series demonstrating those patients with
clinical tuberculosis had lower than average incidence of tumors [51]. It was proposed
that an attenuated tuberculosis vaccine might have potential as a cancer therapy. Later in
1969, research showed that BCG held promise as a treatment for lymphoblastoid
leukemia [52]. At the same time, radiotherapy and chemotherapy experiments promised
much better efficacy than BCG and immunotherapy. Vaccination has been used in
medicine for a variety of ailments but BCG is perhaps the first vaccination for cancer.
BCG is an attenuated tuberculosis organism and current thought about its mechanism of
action on tumor size reduction revolves around host immune system modulation. Animal
studies using BCG clearly proved that there was a prolonged BCG inflammatory reaction
in the urinary bladder. This inflammation has been associated with tumor reduction and
cell clearance [53]. Dr. Morales successfully used BCG as an intravesical agent to treat
superficial bladder cancer in 1976 [54]. Dr. Lamm, who performed the first randomized
controlled clinical trial using BCG as an intravesical agent for superficial bladder cancer,
followed up this study [55].

Since Dr. Morales’ discovery, BCG has become the gold standard treatment for
prophylaxis and management of CIS. As many as 80% of patients treated with BCG
immunotherapy will have long-term success in the form of elimination of tumor cells or
protection for tumor recurrences [1].

Before some of the current theories of BCG’s mechanism of action where developed,

it was well accepted that BCG therapy was dependent on several factors. These factors
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include the amount of viable BCG used in treatment, the method of administration, tumor
size and character, and finally the ability of the bacteria to adhere to the tumor [56, 57].
Intravesical instillation therapy begins anywhere up to 4 weeks after resection [1,
58]. There are several criteria candidate patients must fulfill. At the time of instillation
they should have no bladder irritability and there should be no hematuria, both are
common post-operative side effects. Patients ideally should have a normal urinalysis
prior to initiation of therapy. Before instillation it is important to have minimal amounts
of residual urine in the bladder. Residual urine in excess of 100 ml may cause increased
exposure to BCG and this could aggravate side effects [59, 60]. At the initiation of BCG
therapy the location, number of foci and sizes should be recorded in order to assess
response. Males undergoing treatment should have their prostate specific antigen (PSA)
levels measured before BCG therapy as instillation of BCG tends to increase PSA [61].
With prophylactic BCG therapy an initial induction of the immune system is
necessary [62]. It is this immune system activity that is postulated to be the basis of BCG
action. This is usually achieved after six weekly installations, though some studies have
used weekly instillations for as short as two weeks [79]. Once a reaction in the epithelial
lining of the bladder is achieved there is most likely no need for further instillations
although there is a marked variation in patient response. The attending urologist can
design a schedule of instillations based on the individual response. If a patient develops a
severe reaction to the initial therapy, the following installations can be delayed without
compromising efficacy of immune induction [9, 64, 65]. Delaying treatment may actually
decrease side effects in these cases as a rapid inflammatory response followed by

additional BCG may allow systemic spread. There has been variation in the amount of
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BCG instilled and the use of maintenance instillation when the goal of therapy is
prophylaxis [66]. There is a good chance of responding to a second BCG instillation once
there has been a failure in response to initial therapy. As such BCG refractory TCC is
defined as failure to respond to 2-6 weekly courses of BCG [26]

An active host immune system is essential for BCG to have any anti-tumor effect.
BCG therapy involves several defined stages. Initially after intravesical instillation, BCG
comes into direct contact with both healthy urothelium and transformed cells. Collagens,
specifically fibronectin is required for BCG to make physical contact and adhere to
healthy and tumor cells [56, 63].

Besides tumor destruction mediated by BCG induced local inflammation cytokines
and other immune chemicals are thought to play a role. Nitric oxide (NO) is used by
immune cells to destroy pathogens and aberrant cells. Research has shown that nitric
oxide synthetase (NOS) activity and the production of NO have a cytotoxic effect [58,
67]. BCG induces both a calcium dependent and calcium independent production of NOS
in the urothelium.

Candidates for BCG instillation therapy may be predisposed to launch an immune
reaction to mycobacterium antigens [63]. Research by Huygen et al showed that patients
about to undergo BCG therapy had a higher response to BCG immunogens {45, 63]. This
suggests that bladder tumors may have similar antigenic epitopes as BCG. The
implications of this are that BCG therapy represents a secondary exposure to TCC tumor
antigens and this would be followed by a stronger secondary immune response leading to

increased reactivity and increased tumor destruction.
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Patients having BCG instillation therapy should be monitored for side effects and
progress should be quantified. This can be achieved with urine cytology, which can be
done any time after treatment. Cystoscopy can also be used to monitor patients but it is
important not to traumatize the bladder or surrounding structures, which could potentiate
side effects.

Many patients will have minor reactions to BCG therapy and as high as 5% will have
more severe side effects [55, 68]. The more common side effects include increased
frequency of urination with dysuria. These are also side effects experienced by some
patients following cystoscopy. There are two main factors that contribute to the
complications of BCG immunotherapy. First BCG is a living organism, though
attenuated it has potential to grow and thrive in the human body. Second the goal of
therapy is to bolster the patient’s immune response and through local inflammation,
destroy existing or potential tumor cells. Increased level of immune cell activity in the
bladder, thought to be manifestations of the immune response elicited by BCG, can
present as general flu-like signs and symptoms.

Early reactions to BCG therapy may occur after the third instillation [55]. Cystitis is
usually the first to present. Along with cystitis there can be general malaise and mild
fever. These are indications that the immune system has become locally active. A
potentially serious complication seen in approximately one third of patients presenting
with BCG induced cystitis is hematuria [55]. This can be dangerous as increased
hemorrhage in the bladder and surrounding structures can provide BCG a route of
systemic entry to the vascular system. There have even been several cases of miliary

tuberculosis (TB) of the lung in patients undergoing BCG instillation therapy [69]. TB as
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a side effect of BCG therapy is uncommon, occurring in 1-3% of patients -[69]. The
majority of BCG treated patients are free from adverse side effects (95%), though there is
the risk for serious complications [55, 68, 70, 71].

Fever is one of the more common and potentially serious side effects of BCG
therapy. When fever presents, usually after the third instillation, there can be two possible
explanations. The fever may be a normal uncomplicated side effect of immunotherapy or
it could be the early signs of systemic infection and severe BCGosis, which can lead to
anaphylaxis [55]. Uncomplicated fever associated with BCG therapy will resolve in a
couple of days with general antipyretic management. The danger with fever in patients
undergoing BCG therapy is the fact that the uncomplicated fever or the early signs of
systemic toxicity cannot be distinguished. Any patient presenting with fever during BCG
therapy is hospitalized and treated with isoniazid and rifampicin [55, 70, 72]. Patients can
resume BCG therapy after the fever resolves but the BCG is administered at a lower dose
and is accompanied by prophylactic antitubercular antibiotics before instillation [73, 74].

Systemic infection of BCG can be fatal. There have been reported deaths due to
BCG instillation therapy [55]. It should be noted that side effects of BCG vary among the
strain of attenuated bacterium used. The Tokyo and RIVM strains have been known to be
associated with greater risk of sepsis [75]. There is no statistical difference between
strains of BCG with regards to treatment efficacy [43]. Because early management of
fever can prevent sepsis it is important to note that fatalities of BCG can be avoided with
proper management and monitoring during treatment. Large amounts of BCG are used
for instillation therapy. The bladder is an open environment when contrasted to the

intravenous environment. Because patients can void spontaneously, the amount and
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duration of BCG can be quickly reduced in a patient with an unstable bladder. Therefore,
the actual amount of BCG received by the superficial bladder cells will vary between
patients.

Environmental factors can contribute to the internalization of BCG, this further
randomizes the actual amount of BCG antigens exposed to the local immune system. The
doses of BCG used for intravesical instillation would be fatal if administered
intravenously. It is therefore critical to ensure that BCG does not have the option of
entering the systemic circulation. This can be done by making sure instillation therapy is
done at a time when hematuria is low and cystitis is not present. Most candidates for
BCG instillation therapy will have prior bladder resections. There must be enough time
between resection and instillation therapy so that the bladder has time to heal and there is
not vascular access for the pathogen. Isoniazid and rifampicin can be used to treat mild
BCGosts, but for more severe or advanced case cycloserine has been known to inhibit
BCG growth very rapidly (within 24 hours) [9, 64, 76]. Another report on inhibiting BCG
growth states that isoniazid and rifampicin combined with prednisolone is the best option,
which is currently the treatment regime of choice [59].

The actual administration of BCG during instillation therapy must be done soon after
the lyophilized BCG is reconstituted to keep the number of viable mycobacterium high.
Initial BCG CFU are calculated prior to packaging, and expiration dates should be
adhered to. The amount of viable BCG in an instillation is critical to success of therapy
[64, 77, 78]. Too much BCG (10 cells or more) can not only lead to increased chances of

systemic side effects but also can overwhelm the immune system (anergy), which can
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enhance tumor growth. Alternatively, a lack of viable BCG (10° cells or less) may not
elicit the desired inflammatory response in the bladder [79].

Trauma during instillation to the bladder or any of the genitourinary structures
should be avoided before instillation of BCG, as this is associated with higher rates and
increased severity of side effects. Trauma allows a potential route for BCG to enter the
systemic circulation, which could lead to widespread sepsis including complete BCG
infection, known as BCGosis [74, 80]. Once instilled in the bladder the solution should
ideally be retained for a minimum of 2 hours. The patient should be advised to use a
single toilet in their home for the 24 hours following BCG instillation and should refrain
from sexual activity for 48 hours. To date, there have been no reported cases of patients
treated with BCG inoculating members of their family or the general public.

BCG is a useful treatment after transurethral resection of the bladder for prophylaxis
against tumor recurrence. Patients with stage T1 tumors of any grade, high grade Ta
lesions or patients with multi-focal or recurrent tumors or genetic predisposition have a
high chance of recurrence [33, 81, 82]. Post-surgical instillation therapy in these patients
is often beneficial. The majority of patients with low grade Ta lesions do not benefit from
instillation therapy. These patients represent 20% of all diagnosed bladder cancers. Grade
1 Ta lesions are characterized with a 2% progression rate and usually do not progress to
invasive levels [33, 83].

The aim of BCG instillation, besides prophylaxis is tumor destruction. Significant
proportions of patients (44%) have residual disease after resection when initially
diagnosed as having a T1 disease [84]. Other candidates for BCG tumor eradication

include those patients with known residual disease for whom primary or secondary
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resections are not possible. This strategy is useful for small papillary tumors and it is
recommended that these tumors be no larger than 2 cm. BCG can destroy a large number
of residual tumors as long as they fall under this size restriction. However, the category
or stage of patients that receive the most benefit from BCG therapy are those patients
with primary CIS bladder cancer or those that experience multiple recurrence of
superficial papillary TCC [9, 85]. The need or role for maintenance BCG has yet to be
defined. Efficacy of BCG has been tested compared to other common forms of TCC
treatment. BCG provides superior effects on tumor recurrence compared to chemotherapy

(thiotepa or doxorubicin) [26, 86].
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Other Immunotherapies

There are many methods of modulating the immune system. Other options for
stimulating the immune system can be less toxic compared to BCG but none have shown
the efficacy of BCG. Natural chemicals (cytokines) used by the immune system to
activate T cells and directly destroy aberrant cells or pathogens are prime candidates to be
used for immune therapy. Some of these therapeutic options have been investigated for
potential use as intravesical or intravenous agents to treat bladder cancer.

Interferon (IFN-a or IFN-B) is a prime anti~cancer candidate. IFN directly affects
tumor with an antiproliferative effect and indirectly affect tumors by stimulating the
immune system. Cytotoxic T cells and lymphokine-activated killer (LAK) cells are
activated by IFN and targeted towards the tumor cells. IFN alone may not have enough
anti-tumor properties but used in concert with other immunotherapies may be synergistic
[87].

Interleukin-2 (IL-2) is another potential cytokine treatment for superficial bladder
cancer. IL-2 is an immune system mediator and it is found in the effluent from the
bladder after treatment with BCG [45]. This suggests that IL-2 plays a role in BCG
mediated tumor destruction. IL-2 may be synergistic and allow for lower doses and
potentially lower side effects when used in combination with BCG for instillation
therapy. A clinical trial of intravesical administration of IL-2 alone for the treatment of
TCC by Gomella et al produced a 21% overall response rate [88]. Though this response
rate is inferior compared to BCG it may provide an option to those patients that do not

respond to BCG therapy.
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Keyhole-Limpet hemocyanin (KLH) is another immune that has been evaluated for
treating superficial bladder cancer. KLH is a natural derived protein of high molecular
weight that is capable of inducing an immune response in humans. Unlike IL, KLH is not
normally found in human serum. In humans KLH will initiate both a cell-mediated and
humoral immune reaction. In a study conducted by Jurinic et al only 14% of treated
patients suffered from tumor recurrence and no patients undergoing treatment with KLH
suffered from adverse side effects [89]. KLH may have a role in preventing tumor
recurrence.

Oncolytic Viruses

Viruses have been related to cancer biology in several different ways. From the
initial discovery of oncogenes and proto-oncogenes to recent advances in the oncogenesis
theory, including gatekeeper and caretaker genes, molecular oncology research has used
viruses. It has long been established that certain viruses have the ability to transform cells
in culture. There are multiple ways in which a virus can perturb cancer cell replication.
One way is the direct lysis of cancer cells by productive viral infection/replication termed
‘oncolysis’. There is the possibility that the selective nature of certain viruses in cell
binding could be exploited in targeting cancer therapy.

There are oncolytic viruses already in clinical trials. ONYX-015 is a genetically
altered Adenovirus (a common virus used for gene therapy) [90]. This natural virus
produces a protein that represses the p53 tumor suppressor gene in host cells, which
would normally prevent viral replication. This altered virus does not express this protein

and is therefore selective for dividing tumor cells lacking the p53 gene product. In theory
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ONYX-015 will only infect and destroy tumor cells. Early studies are still being
conducted on this recombinant virus [90].

Another oncolytic virus being tested in the clinical setting is again a modified
adenovirus CN706 [91, 92]. This virus has been altered such that it expresses a regulatory
gene, which normally represses the expression of prostate specific antigen (PSA).
Prostate tumors generally express high levels of PSA. In these recombinant viruses,
protein will only be produced in the cellular environment that is synthesizing PSA. In
theory this would target active viral infection only to those cells expressing PSA, which
would allow for selective lysis of prostate tumor cells. A limitation however is that there
is circulating PSA in free and bound forms.

Human herpes virus is another oncolytic virus in clinical trials [93-95]. This virus
had to be genetically altered so that it would not harm normal cells. Herpes virus can
cause encephalitis in humans, in the recombinant virus these genes were deleted. All the
genes the virus required for independent replication within the cell were deleted from the
clinical form of herpes simplex G207 [96]. Some tumor cells make large amount of
normal and aberrant enzymes that are required for viral replication. These host enzymes
allow for the replication of G207 and subsequent replicative lysis. Because so many
genes where removed from G207, it is unlikely that random mutation or recombination
would produce reconstituted progeny virus, capable of infecting healthy cells [97, 98].

These examples of oncolytic viruses used today in clinical trials all represent
recombinant or altered forms of naturally occurring viruses. Parvovirus, a potential
oncolytic virus was also considered for clinical use, but failed in early trials. This is

believed to have resulted from reduced infectivity or cellular adherence [99]. It has since
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been re-engineered in an attempt to enhance infectivity and therefore increase oncolysis
[99, 100]. Recent work, by Dr. Lee et al has illustrated the fact that a non-engineered
mammalian virus, REO, has specific oncolytic properties [101]. REO has been tested in
tissue culture and in severe combined immunodeficient (SCID) mice bearing xenografted
tumors. Oncolytics Biotechnology Incorporated, under the direction of Dr. Don Morris is
currently initiating human trials with REO in Calgary, Alberta, Canada.

Mammalian REO belongs to the genus Orthoreovirus in the Reoviridae virus family.
REO was named after the fact that it is a respiratory enteric orphan virus. The term
orphan refers to a virus to which no human disease is caused by infection. The virus
monocistronic genome is a ASRNA molecule 27kbp in length. The morphology of REO is
icosahedral with no envelope. The virus is generally stable and can resist heat, pH
extremes. The virus remains viable in acidic environments as low as pH 3 [102]. This
protection contributes to the virus ability to infect cells of the gastrointestinal tract. REO
infectivity is increased by proteolysis; such as the enzymatic processing that occurs in the
stomach. REO is believed to enter the cell by receptor-mediated endocytosis [101]. The
virus attachment protein, a minor outer capsid protein ¢l is located on the vertices of the
icosahedron [103]. It has been established that REO recognizes o-sialic acid on the
surface of the host cell. The specific proteins recognized by REO are still being
researched. Viral binding and internalization alone is not sufficient for active REO
infection. Translation of viral proteins is required for infection and cell lysis. Epidermal
growth factor receptor (EGFR) is one of the binding proteins recognized by REO and
believed to be required for internatization [103]. REO is not an antagonist at the EGFR

for epidermal growth factor. Binding of REO to EGFR may actually enhance EGF ligand
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binding. Though EGFR allows REO to bind, it is not needed for active infection, REO
can bind any o-sialic acid moiety found on many surface proteins.

A secondary mechanism used by REO for cell entry is via intermediate subviral
particles through the endosomal pathway. It is also believed that these particles may also
enter the cell directly. Subviral particles are created by the digestion of complete particles
with proteolytic enzymes, such as chymotrypsin [103].

Once internalized, intact REO or subviral particles are degraded into icosahedral
core particles. Viral transcriptase transcribes the 5° capped mRNA which are exported
from the icosahedral core. An early viral gene product represses viral transcription; this
complicates investigations into the replication of virus within the cell. It is known
structurally that new virus particles accumulate in the cell as inclusion bodies before
ultimately lysing the host cell [104].

The pioneering research of Dr. Patrick Lee’s group has shown that REO will
selectively infect and lyse transformed cells. However, binding, internalization, uncoating
and early transcription of viral gene products occurs in both normal and transformed
mammalian cells. In untransformed cells, the early viral transcripts either directly or
indirectly cause the phosphorylation and activation of a 65-kDa RNA dependent protein
kinase (PKR), which in turn leads to the phosphorylation of the translation initiation
factor eIF-20 [101]. Phosphorylation of the eIF-2a stops further translation and hence
replication. Transformed cells with a deletion in the gene encoding the PKR protein are
therefore susceptible to REO infection (figure 3). It has been hypothesized that REO
oncolysis occurs through the Ras phosphorylation-signaling cascade. The theory

proposed by Dr. Lee et al states that Ras or one of its downstream elements prevents or
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reverses the phosphorylation of PKR thereby allowing REO protein translation and viral
infection. Dr.Lee’s group has previously established that the Ras signaling pathway

produces inhibitory elements involved in PKR signaling [101].
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pathways occur after viral proteins are produced.
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The Ras families of oncogenes have long been known to be associated with many
human tumors. Approximately 30% of all human tumors express some form of activated
ras ongogene [105, 106]. The fact that one of the three common Ras point mutations in
codons 12, 13, or 61 (H-ras, K-ras, and N-ras respectively) are found in many tumor
types and that the EGF pathway is constitutively over expressed in many tumors supports
further exploration into the selective targeting and mechanism of REO oncolysis. As
many as 17% of bladder carcinomas express the H-ras phenotype {107, 108]. This tumor
cell specific phenotype may allow REO oncolysis to be highly selective for treatment of
these transformed cells

Two mechanisms of oncolysis have been elucidated. One via direct replicative lysis
and the other by apoptotic pathways [109, 110]. Oncolysis occurring by selective
apoptosis in tumor cells would not affect adjacent healthy cells. The actual mechanisms
of induction of the apoptotic pathway are currently an area of intense research. The
specific details however have yet to be defined. Common induction pathways of
apoptosis include activation of the gatekeeper genes, which basically induce cell suicide
for the benefit of the whole tissue and ultimately the organism. The immune system is a
common activator of apoptosis in cells. This can be done during development of specific
immune cells, but also during times of immune system activation such as viral infection
and inflammation. In general anything that stresses a cell can lead to apoptosis. Stress can
be internally derived as a result of a faulty genome or externally derived as a result of

foreign insult.
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Viral induced apoptosis has proven to be one of the more complicated apoptotic
pathways to resolve. This is understandable when one considers the many different
protein agonist/receptor relationships that are involved in viral infection. Research has
shown that interferon (IFN) is a common defense to viral infection used by the immune
system and is also implicated in apoptosis pathway induction [25, 110]. This is especially
true when interferon and RNA is introduced to cells in culture. This mimics the situation
seen with REQ, as the viral genome is dsRNA and during infection, the activated immune
system will release a cytokine profile including members of the interferon family. PKR is
dependent on RNA for activation and is induced by the presence of interferon [111].
Interferon has been used in combination with natural viral oncolysis in the experimental
treatment of breast cancer [112]. The strategy involves producing a recombinant
adenovirus that encodes for the IFN. The exact mechanistic role interferon plays in
enhancing PKR is not well understood. Normal cells that have been altered genetically so
there is no production of the PKR protein are resistant to several apoptotic signals.
Stimuli including dsRNA, tumor necrosis factor-o (TNF-a) and lipopolysaccharide
(LPS) have no apoptosis inducing effect on these altered cells. In the apoptotic-signaling
pathway PKR is a mediator, interfering with the normal transcription of this gene some
how alters the signal for programmed cell death.

As tumors replicate and accumulate genetic errors such as signaling protein
mutations, viral oncolysis may offer the best route of treatment. The chemotherapeutic
agent Paclitaxel (Taxol™) for example has reduced cytotoxic effects on tumors
expressing the raf-1 kinase phenotype [114]. Therefore these proteins may be involved in

mechanisms in which tumors can become drug resistant [114]. It may be that aberrant
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expression of the same proteins normally involved in intracellular signaling may
predispose the tumor to viral infection and oncolysis. /n vivo and in vitro research has
pointed to the over expression of the raf family of cell signaling proteins in many tumor

types including bladder tumors.
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PROPOSED RESEARCH PROJECT

The background literature review in this thesis covers current bladder cancer
diagnosis and treatment theories. The experimental portion of this thesis involves a pre-
clinical translation experiment testing a novel oncolytic therapy in superficial bladder
cancer model. Dr. Moore’s lab has previously established an experimental animal model
to test PDT treatments. This model was used to test REO as a treatment for superficial
bladder cancer. In tandem, current intravesical therapies were tested and compared to
REO. BCG in varying dosing schedules with or without IL-2 was compared to
intravesical REO. Animals were randomly assigned into the treatment groups in
sufficient number that would allow for statistical analysis. Survival and toxicity was
monitored and organs were examined histologically at endpoint. The implanted cells
(AY-27) used in the tumor model were tested in vitro for susceptibility to REO infection
and oncolysis. Cells were tested quantitatively using an MTT cytotoxicity assay and
qualitatively using immunohistochemistry. Selective oncolysis was examined by using
co-cultures of TCC and normal fibroblast cells. In vitro response to REO using varied
time courses and infection concentrations was monitored. The working hypothesis
governing this research was that REO would reduce tumor load and therefore affect
animal morbidity and mortality. The hypothesis was generated on the foundation that
novel intravesical therapies have a place in current TCC management strategies and that
REO has potential as an intravesical therapy to be used in patients refractory to current

treatments.
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MATERIALS AND METHODS
Preparation and Culture of Rat TCC

AY-27 rat TCC was previously characterized for use in an animal model of
superficial bladder cancer in Dr. Moore’s research laboratory [115]. Cells are routinely
maintained in adherent monolayer (RPMI-1640 medium Gibco-BRL, 10% heat
inactivated fetal bovine serum in 37°C humidified 5% CO,) at low passage to preserve
genotype. The cells are regularly passaged heterotopically to Fischer F344 rats to
maintain low grade TCC stage and to ensure no pathogen contamination (either bacteria,
fungal or mycoplasma). The AY-27 cell line was originally induced in the bladders of
Fischer F344 research rats by using the FANFT carcinogen, and was generously provided
previously to our lab by Dr. Steve Selman from the Medical College of Ohio, Toledo. At
time of their production and harvest Dr. Selman characterized them as being primary
superficial TCC in character [115]. This cell line was further characterized for its TCC
phenotype on arrival to the Moore lab and subclones were selected that would form
tumors when implanted intravesically. These cells were expanded in culture and stored in
frozen aliquots in liquid. These cells were subcultured using standard mild trypsinization.
For each subculture the AY-27 cells were washed 3 times in warm (37°C) phosphate
buffered saline (PBS) and then incubated with 0.01% trypsin EDTA for 5-7 minutes in a
humidified incubator. Cells were kept for implantation with a generation number of less
than 20 to preserve TCC genotype.
In Vitro Kinase Analysis

AY-27 and MGHU3 cytosolic protein fractions were isolated by incubation with a

protein lysis buffer (S0 mM Tris HC1 pH 7, 250 mM NaCl, 5 mM EDTA, 0.1% Nonidet
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P-40, 2 mM sodium, orthovanadate pH 10, 10 ug/ml leupeptin, 10 um/ml aprotinin, 1
mM PMSF) after regular cell washing and trypsinization (as previously described). Raf-1
was isolated from protein fractions by immunoprecipitation using an agarose conjugated
mADb (Santa Cruz Biotechnology C-12 cat # sc-133 AC) for an overnight incubation
period at 4°C.

The Pierce Colorimetric PKC Assay Kit, SpinZyme™ Format protein assay was
used to determine functional levels of isolated protein kinase. All samples were read with
a Bio Rad Microplate Reader Benchmark series. Kinase activity was calculated relative
to a standard curve created using purified protein kinase C (Pierce product # 29536).
Western Immunoblotting

Protein was isolated from cultured TCC after cells were trypsinized (0.1% trypsin
EDTA) and re-suspended in lysis buffer (10 mM HEPES pH 7.2, 25 mM KCl, 10 mM
NaCl, 1 mM MgCl,, 0.1 mM EDTA, PMSF 0.2 M 50X stock). Aliquots then underwent
3 freeze thaw cycles in liquid nitrogen before being centrifuged gently to pellet nuclei.
Protein quantification was then done with a standard Bio-RAD Bradford assays (Bio-Rad
DC Protein Assay 500-016). Western immunoblotting was then performed on isolated
samples following standard 2-dimensional polyacrylamide gel electrophoresis techniques
[116]. A primary antibody directed against raf-1 was used (Raf-1 C-20 Santa Cruz
Biotechnology SC-227 Lot#092 rabbit polyclonal antibody). Western immunoblotting
was used to determine the presence of Raf kinases to compliment quantitative kinase
assays, which ensured function. Maximum amounts of whole cell protein isolates were

loaded into gels to detect any amounts of kinase protein present.
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MTT Cytotoxicity Analysis

Adherent cell lines were assayed for in vitro oncolytic response to REO. A
Standard 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide (MTT)
cytotoxicity assay was used [117]. Cells were grown in culture to sub-confluent levels in
a 75 mm culture flask. At this point the cells were trypsinized and washed in PBS before
being counted using a coulter counter (Coulter Electronics, Canada). Cells were plated on
a 96 well plate (10 000 cells / well) on day 1 in their required growth media
supplemented with fetal bovine serum (10-20%). Selected cells were initially sub-
confluent thus ensuring log-phase growth (low generation number). After a minimum of
10 hours incubation (doubling time 24 hours) growth media was removed and virus of
various titres was added in either serum free media, serum supplemented media or PBS
for varying incubation times. The cells were then incubated along with virus (37°C 10%
CO,). All media was removed and MTT was added (10 ug/ml) in a volume of 50 ul
(phenol free media). In some cases, the plates were washed with PBS to remove residual
media color (when phenol free media was not used). Cells were incubated with MTT and
virus (37°C 10% CO,) for 4 — 6 hours in the dark. Resulting formazan crystals (from
MTT metabolism by mitochondria) were read with a spectrophotometer at 580 nm read
688 nm reference (Bio-Rad Microplate Reader Benchmark).
Immunohistochemistry

Cells were first cultured in 75 mm flasks and allowed to grow to sub-confluent
levels (80-90%). Once gently trypsinized and washed with PBS, cells were grown on
positively charged pre-sterilized microscope slides a humidified incubator (37°C 10%

COy). Slides were placed in a humidified 5% CO; incubator in large Petri dishes covered
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but not sealed. Once cells were established and confirmed using upright microscopy to be
growing adherent to slides, REO of varying titers was added to the dishes. At this point,
since Petri dishes contained slides that were open, the experiment was transferred to a
REO positive incubator (37°C 10% CQO,). Control slides not infected with REO remained
in the standard lab virus-free incubator. Slides were exposed to virus for varying time
courses (0-6 days). All slides were then dehydrated in ethanol (50%, 70%, 95%) and
fixed using 0.1% formalin PBS using fixation times between 1 to 5 minutes. The primary
polyclonal (rabbit anti-REQ) antibody was graciously supplied by Dr. Patrick Lee. Prior
work by Dr. Lee established that this polyclonal antibody binds to the outer REO capsid
proteins. A standard ABC™ immunohistochemistry DAB kit was used to detect
intracellular REO capsid proteins.
Multicellular Spheroid Analysis

Dr. Ruhangiz Taghi-Kilani (Dr. Moore’s research assistant) conducted the
multicellular spheroid studies with my consultation and assistance. I helped develop and
learned how to manipulate all protocols. Growing a single cell type on a semi-solid agar
overlay generated MCS cultures. A standard agar overlay protocol was followed [118].
Monolayer adherent cells were detached using gentle trypsinization (0.01% trypsin
EDTA — GIBCO) and centrifuged before being counted using a coulter counter (Coulter
Electronics of Canada Ltd.) Cells were plated in 96-well dishes (3,000 — 10,000
cells/well) on a 1% agarose layer. After 3 days of incubation to allow for settling and
growth, MCS were formed. Cells were then transferred to co-cultured wells again with a
1% agarose base. At this point MCS co-cultures could interact and be exposed to REO of

varying concentrations (5x1 0’ PFU — 1.7x10® PFU). After varying REO incubation times
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MCS co-cultures could be visualized with a ZIESS Axioplan II inverted microscope
equipped with a digital CCD camera to generate images.

Specific cells in MCS co-culture could be detected using vital dye and THC.
Cultured MCS exposed to REO could be fixed using 10% neutral buffered formalin,
paraffin embedded and sectioned. Cell populations could be differentiated using IHC
techniques previously described in this thesis. Primary antibodies to detect TCC
(cytokeratin 13 clone CAM 5.2 BD Canada) and fibroblasts (Vimentin DAKO) were
used.

Vital dye staining and confocal imaging was performed using live dead assays on
MCS co-cultures. The vital dye Syto 16/PI was used in conjunction with confocal laser
microscopy at varying time points. MCS studies allowed for visualization of REO effects
on both normal (fibroblast) and cancerous (MGHU3) cells grown together in close
proximity. MCS co-cultures were the last in vitro assay to be used prior to moving to
animal experiments to test the efficacy and side effect profile of REO as a treatment for
TCC.

Animals

Female syngeneic Fischer F344 rats (n>100) were used for tumor implantation
and randomly assigned to an experimental group (n=10). Animals were either purchased
from Charles River Laboratories or bred locally in a clean conventional (biohazard level
2) vivarium (Cross Cancer Institute). Prior to being used for experimentation all animals
were allowed to acclimatize to the vivarium facility. Each animal was implanted at a
minimum of 6 weeks of age and/or body weight of 0.150 kg (figure 4). Implants were

performed as originally established by Dr. Xiao [115]. This is a reliable and reproducible
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TCC animal model designed to use transplanted cells originally transformed and selected
for a pure TCC phenotype when implanted into syngeneic animals. Prior to implantation
all animals were visually in good health. All small animal procedures were carried out in
accordance with guidelines from Canadian Council on Animal Care (CCAC) and
approved by an in house animal ethics committee. Sterile surgical technique was used for

all procedures involving instrumentation (catheterization) of the animals (figure 5).
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Figure 4. Implantation regime for a transplantable, orthotopic superficial bladder
cancer tumor model
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Figure 5. A. Experimental setup for tumor cell transplantation and intravesical
therapy. B. Gross features of a typical mid to late stage papillary bladder tumor in
an untreated rat (~1 cm all dimensions).
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Animals that were shipped to the University of Alberta Health Sciences
Laboratory Animal Services (HSLAS) 1 week after tumor implant by an internal animal
transport system. Once at HSLAS (biohazard level 3), animals were allowed to re-
acclimatize and were monitored at least 3 days for signs of distress prior to initiating
treatment. With the assistance of lab animal services the animals were monitored daily
for signs of distress while in the level 3 facilities.

This animal model system is very cost effective and animals are large enough to
allow for surgical manipulations such as catheterization of the urethra to be possible
without risk to the animal. This system is now used around the world to study TCC in a
reproducible fashion.

Tumor Cell Implantation

Exponentially growing rat TCC AY-27 cells (2x10% in 500 ul of serum free
media were seeded intravesically (within bladder) by urethral catheterization (18 Gauge
angiocatheter). Animals were anesthetized with a combination of intraperitoneal (i.p.)
ketamine (90 mg/kg) and xylazine (10 mg/kg) for each instillation, including tumor cell
implantation (figure 4). If prolongation of surgical plane anesthesia was required,
additional ketamine and xylazine were administered i.p. at a half dose and then quarter
dose. The day of tumor implant was considered to be day 0 and intravesical treatments
commenced at day 10. The tumor implant followed the exact protocol designed by Xiao
et al [115]. The actual day of implantation is considered day 0 and day 10 is considered

to be early tumor growth in the bladder as demonstrated in prior studies.
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Urine Cytology

In previous studies, animals were monitored using magnetic resonance imaging
(MRI). This model has proven reproducible and reliable with 90% tumor establishment
[115]. MRI monitoring of tumor has been replaced in this study in part with standard
urine collection and cytology. This was a late addition to our animal model originally
described by Xiao et al.

For the first time in the history of the transplantable orthotopic bladder tumor
model used in Dr. Moore’s lab, urine cytology was examined. The protocol was used
later in the project, so not all animals were tested. This was a pilot study and did not
affect the outcome of the main survival/toxicity study of REO. Urine was collected at
days 0, 10 and prior to sacrifice. Approximately 0.5 ml of urine was collected through the
catheter used either for tumor cell implant or intravesical therapy. Not all catheterizations
resulted in collectable urine samples. In such cases, a small amount (<0.5 ml) of normal
saline was introduced as a wash into the bladder and analyzed for cytology. In cases
where there were large amounts of hematuria, samples were diluted with normal saline
prior to analysis. A cytotechnologist was consulted on the analysis of stained
(Papinicolau) cytology slides (table 3).

Cell morphology especially membrane architecture was a key diagnostic
characteristic. Specimens were reported as being benign, inflamed, suspicious, or outright
malignant. All slides were examined by a cytologist and only identified by animal
number. In cases where cell density was too low, a low cellularity report was
documented. In some instances when hematuria was frank, samples had to be diluted

with saline to clear up RBCs from the field of view for proper diagnostics. A potential
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option for future studies would be a miniature fiberoptic cystoscope designed to view rat
bladders for tumors. However, at present, such a tool does not exist.
Intravesical Therapy

BCG was obtained from Aventis Pharmaceuticals (formerly Pasteur-Merieux
Connaught Canada). Prior to shipment it was quantified for colony forming unit (CFU)
quality and treatment aliquots were based on these functional calculations. BCG was used
in aliquots and never stored after use (constituted in sterile 0.9% saline). All lyophilized
BCG aliquots were kept at 4°C prior to instillation into the bladder. BCG experiments
were done at the CCI clean conventional animal vivarium under level 2 biosafety
precautions following CCAC guidelines.

Animals were randomly divided into treatment groups (n=10) (table 4). They
were assigned to low, medium, or high levels of BCG twice weekly for 3 weeks. One
group (n=10) was created having medium dose BCG administered once weekly for 6
weeks. This dose schedule was included in case the twice weekly instillations produced
an anergic response overwhelming the immune system therefore promoting tumor growth
.A Sham control group (n=10) was only given saline. BCG dosing with or without
immune stimulants (IL-2) was designed to test dose responses and side effect profiles.

Limiting BCG dosing and instillation frequency may reduce toxicity.
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Table 4. A. BCG intravesical treatment groups. B. REO treatment groups. All
treatments start at day 10 post implant.

A.
Treatment BCG Volume Schedule Number Notes
(CFU/ml)
Group Instilled
Low BCG 5x10° 0.5ml 2x/week/3 weeks 10
Medium BCG 5x10° 0.5ml 2x/week/3 weeks 10
Medium BCG 5x10° 0.5ml 1x/week/6 weeks 10
High BCG 5x10’ 0.5ml 2x/week/3weeks 10
IL-2/BCG 5x10° 0.5ml 2x/week/3 weeks 10 5x10° units
ril.-2
Saline 0 0.5ml 2x/week/3 weeks 10 0.9% saline
B.
Treatment Reovirus (PFU/ml) Volume Schedule Number Notes
Group Instilled
Low REO 5x10° 0.5ml 2x/week/3 weeks 10
Medium REO 5x10° 0.5ml 2x/week/3 wecks 10
High REO 5x10’ 0.5ml 2x/week/3 weeks 10
Saline 0 0.5ml 2x/week/3 weeks 10 0.9%
saline
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Sham animals were compared to previous intravesical PDT studies to validate the
reproducibility of the transplantable model.

Intravesical therapy setup was identical to tumor transplant but no pre-treatment
of the bladder was done. This ensured that urothelium was kept in state consistent with
the natural history of bladder cancer. BCG was instilled in 0.9% sterile saline in a volume
of 0.5 ml. This volume in a rat bladder provides an even fill with no ureteral reflux or
high pressure levels [115]. The instillation lasted 20 minutes with a 90° whole body
rotation done every 5 minutes. After this time period the animals were allowed to recover
in their cages. When urine was collected for cytology (at day 10 for implant monitoring)
it was done before instillation of BCG to ensure no mycobacterium clouded the cytology
reading.

Once the animals completed the treatment regime, they were observed for at least
100 days for signs and symptoms (table 2) of bladder cancer (decreased body weight, and
hematuria). Animal stress (piloerection, ocular staining and lordosis) can be early
indicators of cancer in rats and was also monitored by animal technicians. After the
observation period all animals were euthanized using either pentobarbital overdose or
CO; inhalation and subjected to necropsy. The bladders and kidneys were excised for
histological analysis (hematoxylin and eosin staining). Any other organ that appeared
abnormal was also excised and studied microscopically. Inguinal lymph nodes were also
examined for signs of inflammation or systemic infection. If any animal became severely

distressed prior to the 100 days they were euthanized and underwent necropsy.
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Mammalian reovirus serotype 3

REO was supplied by Dr. Patrick Lee’s research lab. Aliquots were used within 1
to 2 weeks upon arrival to the lab. All samples were purified and infectious units were
calculated prior to delivery to our lab. Plaque forming units (PFU) were calculated using
good laboratory practices (GLP) prior to delivery. REO was diluted for intravesical
therapy in sterile 0.9% normal saline.

REO was administered to the animals intravesically using the same experimental
protocol as BCG therapy with the exception of biocontainment level (level 3 versus level
2). Dosing in REO treated groups paralleled BCG groups (table 4b). All REO ftreated
animals were housed in a dedicated biohazard level 3 facility (HSLAS). No other animals
were housed in the same airspace as the REO groups.

Recombinant Interleukin-2 (rIL-2) was obtained from the Cross Cancer Institute
Pharmacy. Interleukin activity (units/ml) was calculated prior to delivery to the lab. All
rIL-2 was kept sterile and at —80°C. Aliquots were thawed prior to use and diluted if
necessary in sterile saline before being mixed with BCG. Mixed rIL-2/BCG was used
immediately for treatment.

Histological and Statistical Analysis

A pathologist was consulted for all histology (randomized-blinded). Slides were
only labeled with animal ID numbers and not treatment groups. Other organs that
appeared abnormal at time of necropsy were also removed and prepared for histology.
Features examined in each slide included; grade, stage, mitotic figures, N/C ratio,
lymphocyte infiltration, hemorrhage, and necrosis. Final slide diagnosis was discussed

but ultimately confirmed by the pathologist.
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Statistics were computed using SAS v6 and Visual Basic testing of survival
groups included an initial z-test with log-rank comparisons made to detect inter-group
differences. Individual groups were compared relative to each other using Chi squared
analysis and a student’s t-test was used to calculate p values. A p value of less than 0.05

was considered to be significant for paired group comparisons.
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RESULTS
In Vitro Kinase Analysis

The colorimetric assay was able to detect and quantify using spectrophotometry
and fluorometry, the amount of functional protein kinase present. The actual kinase
detected was determined by the monoclonal antibody used to precipitate cRaf-1 from
complete whole cell lysates. Cell signaling kinases, including cRaf-1, are all cytosolic
proteins. Standard curves were generated using purified protein kinase C as an indicator
of kinase activity (positive control). Using this standard curve generated from the positive
control, functional units of kinase activity could be assigned to protein isolates (figure 6).
Consistently, kinase was detected and functional in cultured TCC (AY-27, MGHU?3). Rat
TCC showed higher levels of both MAPK and cRaf-1 activity. In both species TCC cRaf-
1 had a higher activity compared with MAPK. The MGHU3 human TCC line had
approximately 6x10* U of kinase activity (both MAPK and cRaf-1), and cRaf-1 was
slightly higher. The rat AY-27 TCC line had approximately 7x10* U of kinase activity
(both MAPK and cRaf-1), again cRaf-1 was elevated (figure 6). Equal numbers of cells
(1x10%) were used for protein analysis to prevent quantitative differences being due to

cell number.
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Figure 6. Protein kinase activity determined using a functional assay. Units of
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In Vitro Reovirus Cytotoxicity

Cells exposed to REO did respond and demonstrated varying degrees of
oncolysis. Qualitatively, signs of cell death could be seen with the light microscope when
checking for cell response prior to MTT assay. These signs included non-attached cells
and cellular debris when compared with non-infected controls. Other signs of TCC death
seen with light microscopy included pyknotic nuclei and cell shrinking. The AY-27 cell
line responded to REO in an initial inoculate dose dependent manner. There was
decreasing cell survivorship as initial virus titer was increased. Virus titre in 3 to 7 day
exposure times varied from 1x10* to 3x10” PFU for initial cell densities of 1x10* per
microtitre plate well (MOI 0.01 — 3000). At these infection levels survivorship dropped to
less than 5% compared to non-infected controls, translating to more than 2 logs of cell
killing (figure 7). Other bladder cancer cell lines were examined, including human cell
lines (MGHUS3). This was done to support the clinical application of REO therapy.
MGHU3 was not as susceptible to REO oncolysis as AY-27, but was the only human line
tested (figure 8). To correlate cell killing to pre-requisite protein expression western
immunoblots were done in parallel. The results (figure 8) indicated that AY-27, which
was susceptible to REO at low levels of exposure, expressed high amounts of raf-1
protein relative to 1929 positive controls and NIH 3T3 negative controls (figure 8b).
Relative amounts of protein loaded into the polyacrylamide gels varied from 9 — 70 pg.
Direct comparisons of protein amounts determined via western blotting were not done.
Quantitative assays were already performed at this point and western blotting was only
used in this experiment as a method of determining if any kinase could be detected

(functional or non-functional) in maximal amounts of whole cell protein isolates. Exact
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amounts of protein loaded were; 1L.929 67.5 pg, MGHU3 15 ng, RT112 9 pg, NIH 3T3
7.5 ng and AY-27 15 pg. Future work could use western blotting to compare amounts of
kinase in each cell lines tested. Also housekeeping proteins could be checked for to
control gel loading consistency between isolated samples.

Up to 72-hour exposure times of REO quantifying multiplicity of infection
(MOI), or infectious virus per cell, ranging from 100 to 500 showed only slight decreases
in survival with increasing MOI (figure 9). There was a trend for more cell killing to
occur with higher virus titers with this limited exposure time. Controls grew well when
not exposed to REO and viable cells were detected both microscopically and with the

MTT colorimetric assay.
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Figure 7. AY-27 TCC survivorship tested using an MTT cytotoxicity assay. The

cells were exposed to increasing REO concentrations for a 3 day incubation
period.
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Figure 8. A. TCC cell survivorship measure by an MTT cytotoxicity assay to
varying levels of REO infection (MOIl) using a 3 day exposure. Bladder carcinoma
lines examined were AY-27 (rat) and MGHU3 (human). B. Complimentary
western blot analysis of cell lines for raf-1 protein expression, a possible
contributing factor to REO oncolysis. Loaded amounts of protein ranged from 15-
70 pg.
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Figure 9. Dose response for varying levels of REO using AY-27 TCC using an
MTT absorbency assay (measure 570 nm and reference 680nm). Both virus
exposed and negative controls (non-virus exposed) are compared.



Immunohistochemistry

Cells examined using IHC were exposed to REO (5x10° PFU) for varying
amounts of time (1 — 7 days) to allow for REO protein expression. Cells exposed to REO
and stained using THC directed towards outer viral capsid proteins showed increased
amounts (subjectively) as exposure times increased. For the AY-27 rat TCC cell line,
results were consistent with MTT cytotoxicity assays. Increases with viral capsid protein
correlated with increased levels of oncolysis. The quality of IHC images however was
poor, even after multiple attempts. Levels of intracellular staining were not intense, but
still evident. Staining was cytoplasmic, indicating that viral protein translation took place
outside of the nucleus where mRNA has access to cellular translational components.
Staining in AY-27 cells became dark and intense (dark brown chromogen) with increased
exposure times (figure 10). Cells showed visual signs of cell death (light microscopy)
after 2 days of REO exposure. Cellular N/C ratios decreased as exposure times increased,
as did cell to cell adhesion contacts normally seen in healthy adherent monolayer growth.
Fragmented cells were evident and increased significantly by day 5 and 7. As increases in
fragmented and lysed cells accumulated so did extra cellular debris products, heavily
stained by dark THC chromagen reactions, possibly representing intracellular inclusion

bodies.

65



—
e

-
. \ >

Figure 10. Immunohistochemistry to detect REO particles in AY-27 TCC.
Exposure times are indicated in each panel up to one week. An initial dose or
REO 5x107 PFU was used to parallel the high dose used in in vivo experiments.
Staining was not optimal and quantification could not be performed. Light
microscopy did reveal normal contacts at day 1, malignant cells would break up
and disperse as early as day 3, massive cell death by day 5 with evidence of
apoptosis and complete cell destruction of monolayers by day 7 (as indicated in
the figure).
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MCS Co-Culture TCC REO Assay

Human TCC (MGHU3) and human fibroblasts could be cultured together and
individually detected using IHC (Figure 11a). TCC stained cytokeratin 13 positive would
normally surround the fibroblast cells completely, using them as a base of attachment
(figure 11a). Fibroblast cells stained vimentin positive using IHC were always localized
to the center of the MCS co-culture (figure 11a). Increasing amounts REO exposure times
resulted in increased peripheral cell death (figure 11b) where TCC is know to grown
(figure 11a). The central core of the MCS co-culture was intact and viable even after 14
days exposure (figure 11b). This was not due to limited penetration as pure TCC spheroid

cultures were totally ablated and pure fibroblast spheroids were undamaged.
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CRL-1120 MGHU3

Figure 11. A. IHC detection of TCC (MGHU3) and fibroblast cells (CRL-1120) in
a MCS co-culture system. B. Selective viral oncolysis indicated by vital dye
staining of MCS co-culture. Peripheral MGHU3 are selectively destroyed at
increasing time points (indicated in days) evident by red staining. Central CRL-
1120 are alive at each time point evident by green staining.
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Transplantable Orthotopic Bladder Tumor Model Implantation

To establish the reproducibility of the bladder tumor model in my hands, a small
initial pilot implant group was completed consisting of four animals. Each animal was
implanted as outlined and then submitted for necropsy after a minimum tumor growth
period of 10 days. All animals were tumor positive being confirmed by gross dissection
(100% tumor take). This group was used as a training group to establish surgical
technique and lab monitoring skills. Early signs of rat bladder cancer were evident 7-10
days after implantation (hematuria evident from staining of cage bedding). Having
successfully achieved a complete tumor take (n=4) in a pilot group, the experiment
continued to include the random assignment by lottery drawing of Sham treated (saline)
and experiment groups (intravesical therapeutics).

Urine cytology was developed and tested as an add-on after the initiation of the in
vivo experiment. Prior to this, historic tumor takes of 90% were considered for statistical
analysis (n=10 per group therefore a maximum of 1 implant pér could might fail). Urine
cytology was not very accurate in detecting malignant cells in either urine samples or
bladder washes (0.9% normal saline solution), confirmed at experimental end point
(necropsy). Cytology had a success rate of detecting tumor positive animals by day 10 of
48% (12/25) and cytological cures by day 60 were determined in 32% of animals (8/25).
An initial three animals were monitored for urine cytology in the pilot project and later
confirmed at necropsy (early cancer related mortality) to be tumor positive in the bladder
(figure 12). Cellular features of TCC were evident in bladder washes. These include
increased cell number, abnormal cell morphology, increased nuclear to cytoplasmic

(N/C) ratios, the presence of a nucleolus and other histological signs of malignancy
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(ruffled cell borders, etc). A clinical cytologist in a randomized-blinded fashion analyzed

each cytology sample for all animals and consulted on cytological features.
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Day O Day 10

Urine Sample

Figure 12. Typical urine cytology results for the AY-27 TCC animal model. Urine
collection times are indicated for each implanted animal. Classic signs of positive
cytology are evident by day 10 (increased cell number, N/C ratios, malignant cell
clustering).
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Animal Studies
BCG Intravesical Therapy (Dose Response Study)

BCG was administered at three dosing levels, being low, medium and high.
(5x10° — 5x107). Another BCG group included in the experiment was given at a half
frequency relative to other groups. Normally groups received BCG twice per week for
three weeks. The half frequency BCG group received BCG once weekly for six weeks.
The total number of instillations for each animal was six over a 3 to 6 week period. Sham
animals never survived past day 85, being either sacrificed for humane reasons (extreme
animal distress) or obvious urological complications (obstruction or uropathy) from
bladder cancer (figure 13). The majority (70%) of half frequency dosed BCG animals
reached endpoint by day 40, which is extremely early considering historical PDT
survivorship studies. These animals also experience the most observable frank
complications. The remaining BCG treated animals all showed increased survival relative
to the half frequency treated animals or the Sham controls. The highest level of
survivorship was demonstrated in the medium dose BCG group that had 45% group
survival at day 100. This survival time (day 100 and beyond) was considered a long term
survivor (LTS) and deemed cured.

The IL-2 was mixed directly into BCG aliquots prior to instillation in the
BCG/IL-2 treatment group. IL-2 mixed well with BCG in saline. 1L-2 did impart a
survival advantage (figure 12) relative to the low dose BCG counterpart (same dose
without IL-2). There were no obvious differences in side effects in the IL-2 group

compared with any other BCG group.
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Figure 13. Kaplan-Meier (K-M) survival curves for BCG treated animals. Half-
frequency BCG treatments 1x10° CFU, low dose 1x10° CFU, medium dose
1x10°CFU, high dose 1x10” CFU, and IL-2 combination therapy 1x10° CFU +
1x10° U IL-2.
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Reovirus Intravesical Therapy (Dose Response)

Animals transported to the level 3 biohazard facility tolerated cross campus travel
well. Each animal acclimatized to the new environment with no noticeable alterations in
behavior. All transported animals were monitored carefully by myself and the animal
technicians to record changes. REO treatment groups paralleled BCG dosing, with
similar PFU groups of low, medium and high administered twice per week for three
weeks (5x10° — 5x10"). Kaplan-Meier animal survival curves were generated when the
complete protocol was finished (figure 15). All REO groups showed a significant
survival (students t-test) advantage relative to the Sham controls. All Sham animals were
deceased by day 85 post tumor implant. Optimal REO treated animal survival was
reached in the medium dose REO group with 90% of treated animals reaching LTS
status. Relative risk (mortality) was lowest for REO treated groups (optimized with
medium dose virus) and was substantially lower than any BCG treated group (table 5).
Survival advantages in REO treated groups (figure 14) were statistically higher than all
BCG groups (figure 15). All REO treated animals showed no obvious signs of distress. In
some caseé, where hematuria was evident post implant and during early treatments, actual
bleeding would subside by the fourth treatment. REO treated animals were symptom free
of TCC by the third instillation of REO. In any REO treated case that was terminated
prior to becoming an LTS a necropsy was performed (blinded fashion) by a university

staff veterinarian.
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Figure 14. Kaplan-Meier (K-M) survival curves for REO treated animals. Low
dose REO 1x10° PFU, medium dose 1x10°® PFU, high dose 1x10’ PFU.
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Figure 15. Kaplan-Meier (K-M) survival curves for optimal treatment regimes.
Medium dose BCG and REO are included and compared with Sham controls.
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Table 5. Relative risk (RR) calculated for all intravesical treatment groups relative
to Sham saline controls. Comparative p values are included for each group
compared with controls using a Chi squared test. All REO groups are statistically
significant. Half frequency BCG instillations (1x6) were farthest from statistical
significance.

COMPARISON Chi P-value RR
SHAM vs Half Freq BCG 0.0635 | 0.8010 0.8757
SHAM vs LowBCG 2.1174 | 0.1456 0.4417
SHAM vs Med BCG 2.6546 | 0.1032 0.3866
SHAM vs High BCG 2.3262 | 0.1272 0.4484
SHAM vs IL-2 4.9892 | 0.0255 0.3091
SHAM vs Low REO 5.7176 | 0.0168 0.2607
SHAM vs Med REO 8.9882 | 0.0027 0.1961
SHAM vs High REO 13.0005 | 0.0003 0.1620
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The medium dose REO (5x10° PFU) treated group consistently showed survival higher
than controls from day 12 onward. This group was the optimal treatment dose enhancing
survival in this study using with our tumor model.
Histological Analysis and Pathological Study

Bladder specimens could be easily visualized macroscopically for pathology.
Both single and multiple bladder stones were commonly seen a necropsy (9%). In some
cases, stones completely blocked the urethra leading to early humane termination of the
animal in cases of ureter blockage (n=2 out of 9). It was not demonstrated that obstructive
uropathy was caused directly by intravesical procedures or therapy. Factors graded in a
blinded fashion by a clinical pathologist included degree of invasion, hemorrhage,
necrosis and inflammation (table 6). Kidneys were removed from all animals at the time
of necropsy. Histological results determined that chronic pyelonephritis was a rare event
only occurring in one medium dose tumor positive BCG treated animal, still a LTS.
Animals with bladder disease often had hydronephrosis (bilateral). There was no
correlation in this study between bladder stones and hydronephrosis. Low dose BCG was
most often associated with hydronephrosis (27%). No case of hydronephrosis was ever
recorded in any REO treated animals. A single case of kidney infection was observed (in
a medium dose BCG treated animal). No post-mortem cultures were performed to
confirm and identify the causative organism for the observed infections.

A single medium dose BCG treated animal died prematurely (23 days) with a
bronchiolar carcinoma. This has not been seen in this tumor model before. Because this
was observed only once and never prior with this model system, the result was not

pursued further. In the future, more detailed analysis of the lungs could be done to search
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for possible changes or developing micro-metastasis. This lesion was never IHC analyzed
to demonstrate whether or not it was a metastatic deposit.

The bladders of normal rats and sham controls were analyzed and demonstrated
normal rat histology. A normal rat bladder features a thin urothelium (3-6 cell layers) and
triple layered muscularis externa (figure 16). BCG treated bladders were often inflamed
and showed significant levels of mononuclear cell infiltration, with or without
hemorrhage (figure 16). Tumor necrosis was common in BCG and IL-2 treated bladders.
Active necrosis or evidence of necrosis was seen in the majority of BCG treated animals
(59%) in all doses including IL-2. Less significant signs of inflammation (never at late
stage treatment) were present in REO treated animals, and necrosis was seldom present

(13%), only in high dose REO treatments.

79



Table 6. Summary of necropsy and histology of treated animals. For cytology, -
means negative, / means not done or non-diagnostic, + means positive. Not all
animals were included in the histological blinded analysis. HN means
hydronephrosis. Tumor indicates presence of tumor, stone means a bladder
stone was found. Lymphocyte indicates there are obvious signs of neutrophil
infiltration. Red blood cells (RBC) were recorded.

GROUPN VALUES YTOLOGY NECROPSY HISTOLOGY

TOTAL  Day0 10 60-90 HN  Tumor Stone  Slides  Tumor Lymphocyte RBC Necrosi

12BCG 10 20% 70% 0% 8 63% 3B% 13% 50%
LowBCG 11 —_ +h —t= 27% 8% 18% NA NA NA NA NA
MedBCG 10 —_ + + 20%  40% 20% 10 80% 0% 40% 60%
HighBCG 11 —— +H-+ -/ 9% 21% 36% 1 55% 18% 0% 45%
-2 10 /- e -+ 20% 50% 0% 8 88% 13% 0% 88%
LowREO 9 —_— 1+l —+ff] 0% 1% 0% 5 80% 20% 0% 40%

REO 10 /A -l 0% 0% 0% 5 20% 20% 0% 0%

ighREQ 10 — i+ i 0% 10% 10% 5 20% 0% 0% 0%
SHAM 10 —_ — — 20%  70% 0% 8 88% 50%  63% 75%
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Figure 16. Histology composite of experimental animals. Treatments are
indicated in each panel. Pertinent features include the nature of the untreated
tumor, inflammation and tumor in BCG treatments and normal bladder
architecture and lack of inflammation in REO treated animals. The Saline panel
shows a high grade carcinoma. The 1/2 BCG panel shows a high grade
carcinoma. BCG shows a carcinoma in situ. The IL-2 panel shows an invasive
carcinoma. The REO panel indicates normal bladder architecture with no signs of
inflammation. All images are at 20x magnification.
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BCG and saline controls LTS often had remaining bladder tumors (55%). Bladder
TCC transplants lead to partial replacement (multi focal) of normal urothelium with AY-
27 TCC over time (10 days post-implant). This is consistent with previous
characterization of the bladder tumor model for PDT studies. Modeling of the
transplantable orthotopic bladder tumor model used in past research indicated three
stages of growth (early, middle, and late), which corresponded to alteration of the
urothelium with many cases having multiple seeding sites alongside normal urothelium.
These characteristic changes in urothelium were seen in the pilot control animals (n=4)
and Sham controls used throughout the experiments.
DISCUSSION

Transitional cell carcinoma, the most common form of bladder cancer remains a
considerable source of mortality and morbidity worldwide [43]. Though there have been
significant improvements in diagnosis and treatment, still mortality is on the rise. The
major contribution to the treatment of superficial bladder cancer has been the
development of intravesical therapies, namely BCG in 1976 [54]. Besides the treatment
of bladder cancer, there have been many novel investigations into the genotyping of
bladder tumors, which has allowed for new diagnostic and prognostic techniques. Some
of these tumor markers not only allow for detection of bladder cancer but also allow for
predictions to be made regarding tumor prognosis and therapeutic effectiveness. Tumor
markers such as Ras and raf-1, expressed unregulated in many actively dividing cancer
cells can be predictors for chemotherapy and oncolytic therapy potential (figure 1). This

expression of researched tumor markers was proven to occur in our experimental cell
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lines (figure 6). Because these markers (MAPK, raf-1) are expressed in vitro allows for
the potential to test these markers and compare them with either MRI or urine cytology in
vivo using the animal tumor model. Other markers could be tested with this system in a
translational fashion before being tested in the clinic. By doing this, expensive markers
would be eliminated as potential clinical markers prior to large-scale clinical studies.
Many molecular markers are available and in the process of being examined for
clinical use. A large number of these markers are cell surface proteins, but also can
include cytoplasmic gene products [19]. A significant step in molecular transformation of
a cancer cell involves mutation of oncogenes and tumor suppressors. Proteins involved in
kinase cell signaling cascades can stimulate growth and cell division/differentiation.
These proteins can interact with each other by exchanging phosphate molecules (kinases
and phosphatases), which can lead to activation and inactivation (figure 1). A critical
kinase that is active early in the cascade web of kinases is cRaf-1 [119]. Though not a
marker as such for TCC, this protein is mutated or improperly regulated in the majority of
bladder cancers [105]. The first Ras kinase was discovered in bladder cancer cell lines,
though often these proteins are not directly mutated in bladder cancer (<30%) the kinase
cascade involving the Ras, Raf, and MAP kinase family of proteins is often (>90%)
mutated or improperly regulated in bladder cancer [106]. The Ras pathway is normally
involved in cell growth and differentiation. Ras kinase influences many downstream
elements and is affected by many upstream elements leading to the final mitogenic effect
on MAP kinase. Though this protein was isolated and quantified in this project (figure 3)
it was not demonstrated to be a tumor marker per se for diagnostics. Separate studies are

required to isolate tumor markers for our transplantable orthotopic bladder tumor model.
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Besides usefulness as tumor markers these genes and proteins can be used for
clinical predictive assays. The fact AY-27 expressed measurable amounts of different
kinases (MAPK and raf-1) and was susceptible to REO oncolysis serves to add to the
evidence of Ras signaling usurpation by REO for oncolysis (figure 6). Western blot
analysis indicated the presence of the kinase proteins (figure 8b) and
immunoprecipitation studies indicated that these kinases were functional (figure 6). It
may be the functional activity of the kinase that is the prerequisite for REO oncolysis.
This kinase marker (raf-1) could be used for predictive assays of response to REO in the
clinic. Human TCC tested in vitro (MHGU3) did not respond to REO as strong as rat
TCC (figure 8a). There was only one human line tested for REO response using the MTT
assay in this thesis. More lines should be tested, but western analysis showed that
MGHUS3 cells have a low level of raf-1 expression (figure 8b). All tested cell lines should
be compared to known high expressers of raf-1 kinase. Low raf-1 kinase expression and
activity could be the reason for the low amount of REO oncolysis as determined by MTT.
MGHU3 could be tested using much higher REO concentrations or exposure times, but
the lack of high levels of kinase expression by MGHU3 could be a limiting factor for
REO oncolysis. The fact MGHUS3 is less susceptible to REO oncolysis, during a single
exposure, may not be limiting for clinical application. REO can be administered in high
doses in the bladder and for long incubation times. The fact there is any response in
human TCC is promising for clinical application. Multiple exposures to REO using
repeated instillations could eventually destroy a bladder tumor.

Two kinases were examined in vitro, raf-1 and MAPK. Previous research done by

Dr. Lee et al focused on Ras kinase [120]. Many more kinases could be implicated, and a
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yet to be proven final component of the Ras pathway may be the ultimate limiting factor
for REO oncolysis. The scope of this preclinical project was to examine response and
toxicity, the kinase assay served only as prerequisite markers of response. Being able to
detect this final requirement could be useful for predicting REO responders but toxicity
and clinical response are the most important factor for bringing novel therapies for phase
I-H1 trials.

In vitro assays of the TCC line (AY-27) used in our in vivo tumor model did
indicate that kinases (raf-1 and MAPK) implicated in carcinogenesis and cell division
were expressed and active (figure 6). Relative levels were not established in comparison
to normal cells due to the fact that cell lines in culture, even though not transformed,
express higher levels of many kinases, including raf-1. Quiescent cells in the body do not
express high levels of MAPK components (Ras, ERK1/2). Raf kinases normally
stimulate cell growth and division, characteristics of cultured cells or cancerous cells in
situ. Future research could establish primary cultures of normal bladder tissue. This was
attempted as a sub-project of this research, but was unsuccessful. Multiple primary TCC
cell isolations were attempted but failed in my hands. Bladder biopsies, including
cancerous tissue and adjacent healthy cells were brought back to the lab from the clinic.
In vitro culture of these samples using either monolayer overlay techniques or agitated
culture at best would only produce fibroblast colonies (data not shown). Isolated TCC
from humans has grown in the bladder environment in close associating to urine. There
are unlimited potential urine factors that could affect bladder cancer growth. Cells
isolated from human bladder cancer biopsies using a variety of primary cell isolation

protocols could only at best yield scattered islets of adherent cells. This limitation may
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hinder testing biopsies from patients, short term cell growth does not allow proper
incubation with REO and in isolation does not allowing testing of immune dependent
BCG [121].

Animal models are the ideal testing ground for bladder cancer therapies. The
generation of primary TCC lines from clinical specimens is difficult and somewhat
unnecessary considering how well the animal model mimics human bladder cancer.
Future work could try alternate varied techniques to establish early healthy and primary
TCC lines from human biopsies. Techniques beyond those attempted included varied
washing and preparation mediums, different sized dishes and flasks, varied amounts of
serum (10 — 30%) and variable sized biopsy specimens (with or without pretreatment
with varied digestive enzymes). Tissue culture flasks pre-treated with extra cellular
matrix components (fibronectin and collagen) could be used. Altering the pH of tissue
culture medium might simulate a urine environment and be more favorable to cancer cell
growth.

Primary lines would not have to be established to assay for REO vsensitivity.
Biopsies could be tested immediately after removal from the bladder using western blot
analysis for various kinase proteins. Patients that have not responded to BCG in the past
that are being re-tested for recurrence could undergo REO treatment prior to biopsy
screening in an attempt to reduce tumor burden or remove tumor related symptoms prior
to radical cystectomy. There was no evidence of REO side effects in this study (figure
16). For patients awaiting cystectomy after BCG failure, REO could be a viable treatment

option to save the bladder.
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The fact the cell line used in our tumor model expressed raf kinase, a participant
in MAP kinase based cell signaling, indicated that oncolytic viruses may potentially
infect these lines. Functional assays were used to examine kinases in TCC. The resultant
activity can be interpreted to be normally active kinase, mutated overactive kinase or
improperly regulated kinase expressed by the cancerous cells (figure 6). All of these
scenarios ultimately lead to the same conclusion of kinase being active in cells where
growth should not be normally occurring (i.e in the mature bladder). Active kinase is not
always indicative of cell growth [119]. Kinases can be active in response to extracellular
ligands involved in cell stress, namely interferon during viral infection [111, 122, 123].

The fact human cell lines were demonstrated to have active kinase proteins would
provide evidence that translation to clinical bladder cancer could be made prior to phase I
clinical experimentation. The next step to ensure productive oncolytic infection would be
to carry out in vivo assays demonstrating viral protein translation and lytic cell processes.
Because our AY-27 cell line was examined, this evidence of REO infection could be used
as a basis for animal experimentation (figures 7 & 9). AY-27 TCC demonstrated a dose
response to increasing levels of REO (figure 9). Human TCC cultured (MGHU3) did not
show high levels of oncolysis relative to REO (figure 8). MGHU3 cells grow slower than
AY-27 in culture, which may require longer incubation times with REO to allow for
more replicative cycles and MGHU3 were not high expressers of raf-1 which may be
required. More human TCC lines should be evaluated for REO susceptibility.

To demonstrate viral infection using REO with TCC lines in culture,
immunohistochemistry was used (figure 10). The polyclonal antibody used was generated

by Dr. Patrick Lee’s lab in rabbits immunized with active mammalian REO serotype 3
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(Dearing strain) [101]. The antibody has been characterized by Dr. Lee’s lab as binding
to the three outer REO capsid proteins (lambda, kappa, and sigma). In a productive virus
infection these proteins are produced in large quantities before viral assembly in the
cytosol. THC allows for visualization of both cytoplasmic viral capsid proteins and
extracellular viral proteins, presumably on extracellular assembled virus clusters (figure
10). It is known that assembly and aggregation of mammalian REO occurs within the cell
after unregulated translation through inactivation of PKR. At this time viral particles
aggregate in large intracellular inclusion bodies [104]. Using IHC with multiple levels of
REO concentrations (5x10’ titrated PFU/ml) and exposure times (3-7 days), cytoplasmic
staining and cell destruction were observed. Clusters of stained product could be
inclusion bodies forming prior to oncolysis, though photography did not clearly show
this. THC technique needs to be expanded to clearly detect REO infection. IHC did
clearly show morphological processes in REO infection, which still provide valuable
information regarding oncolysis. Necrosis depends on a functional immune response,
which cannot be seen in culture. Morphological features of apoptosis were evident using
light microscopy during IHC. Apoptosis events such as pyknosis occurred as early as day
5 (figure 10). Cellular destruction could be caused by either cell lysis or induced
apoptosis. Apoptosis could be the mechanism by which REO destroys cancer cells in vivo
also. Histology did not reveal any signs of bladder scarring in REO treated animals. In all
REOQ animals, only 2 cases of necrosis were seen. These animals also had bladder tumors,
suggesting that REO may still be acting in these animals producing an anti-tumor

response (not tested). REO may selectively kill bladder cancer cells via apoptosis with
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limited necrosis. The level of necrosis would have to be extremely low in order to allow
the bladder to return to the same level of function it had prior to treatment.

In normal cells, PKR is active and once autophosphorylated will inhibit viral
protein translation. PKR inactivation can lead to apoptosis [111]. In cases of REO
infection it is known that post-assembly (cellular inclusions) and early virus release can
lead to apoptosis [109]. This has significant implications for potential use of REO as a
human therapy for any cancer. The key feature of cell death from apoptosis is the lack of
an immune inflammatory response. The fact that there is no inflammation with apoptosis
makes therapies involving activation of apoptosis (as a mechanism for tumor destruction)
very attractive. Histologically, apoptosis seemed to be the mechanism by which REO
selectively killed TCC in our animal model. Such therapies would be devoid of
inflammatory side effects seen with many anti-cancer therapies, including intravesical
BCG.

Early IHC staining (prior to day 2) detected in the AY-27 cells could be the result
of internalized REQO pro-particles, as endosomal entry into mammalian cells is receptor
dependent [124]. Research done early in REO infection studies indicated that REO was
able to bind and internalize through the EGFR pathway [103]. It has since been
¢1ucidated that REO is able to bind a wide variety of glycosylated cell surface proteins
common to a variety of mammalian cells. Bladder tumors are known to express EGFR
[125]. Infection of EGFR positive cells would only ensure REO attachment and
internalization. An infection in cells with an active PKR would not be productive; the
REO genes would not be translated and packaged into active virus progeny required for

lytic or apoptotic infection (figure 3).
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Co-culture studies illustrated another advantage of REO therapy. Delivery of anti-
cancer agents of any form is a barrier to an effective treatment. REO can actively infect
cells thereby propagating therapy to continue on after the initial administration. As REO
infects a mammalian cell with an abnormal PKR system, more progeny virus are
produced that can then infect neighboring cells. This propagation of infection is unique to
viral therapies. This effect can be visualized in the MCS co-culture study. REO destroys
the TCC that normally surrounds the healthy fibroblasts. REO in the bladder would have
topical access to urothelium and TCC patches. Large doses of REO could be used and the
GAG layer of the bladder may actually serve to hold REO in place to allow attachment
and internalization. The bladder offers a unique location to instill chemotherapies and
REO exploits all possible advantages.

The common diagnostic factor remains patient presentation with symptoms of
hematuria [35]. Cystoscopy is the mainstay of obtaining a biopsy for pathological grading
and for confirming a TCC diagnosis. Even after treatment, cystoscopy must be routinely
performed because many TCC tumors will recur. It is the very nature of recurrence in
bladder cancer cases that require the development of novel treatments that can be
repeated when tumors recur. Cystoscopy is an invasive procedure; treatments that could
reduce its use in the clinical would be invaluable. Diagnostic cystoscopy can traumatize
the urothelium or the urethra. This can potentially complicate subsequent adjuvant
immunotherapies using BCG or other immune stimulants (IL-2). Trauma either prior to
or during BCG instillation can increase systemic side effects. A traumatized urothelium
can provide a more patent route to the circulation for the mycobacterium or other topical

agents. Complications associated with BCG are more often linked with a traumatized
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catheterization at the time of instillation. Ultimately this can lead to a systemic infection
known as BCGosis or BCGitis. In our experiments, there was no obvious case of
systemic BCGosis, though specific tests for systemic infection were not carried out. In all
BCG treatment groups combined only 10 cases of hydronephrosis occurred (table 6).
This finding could be due to obstruction secondary to tumor or bladder stones rather than
infection. Routine blood work on experimental animals is not feasible or was it justified
in these experiments. The goal was to test for the potential survival advantages conferred
in the model for either BCG or REO therapy. No cultures were done in this research
project but could be incorporated into future BCG studies using this tumor model. Future
experimentation using our model system and BCG instillation could include specific
cultured and molecular assays for BCG infection. In such an experiment BCG side effects
could be more closely studied or monitored. Classic signs of BCG infection include
granuloma formation, commonly in the inguinal lymph nodes. At necropsy there was no
evidence of granuloma formations (table 6). Swollen inguinal nodes were not seen in any
of the treated animals or sham controls.

BCG treated animals presented with symptoms that indicated animal stress early
during the 6 week treatment period (piloerection). The intravesical treatments required
that each animal was catheterized multiple times, which could have lead to micro-trauma
in the urethra and bladder. There is no way to evaluate this micro trauma without
dissecting the bladder and examining the histology. Although not readily visibly or
detectable, these micro abrasions could lead to BCG related complications. Animals were
visibly stressed, though otherwise tolerated the BCG therapy (table 6). Animals still feed

and drank throughout treatment. Only in the endpoint prior to euthanization did animals
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stop exhibiting normal homeostasis type activities. The signs of stress did not diminish
between treatments or after the final treatment. Few BCG treated animals remained alive
for more than 1 month after the last treatment.

Animal weights were recorded prior to tumor implant and were monitored at least
once per week throughout treatment (data not shown). There were no statistical
differences in animal weight between groups or within groups. This was done to aid in
quantifying signs of bladder cancer and overall general health. In the past, animal body
weight has been a poor predictor of tumor development and usually did not correlate with
tumor positive animals. This indicated that tumor growth was relatively constant, i.e. no
large tumor masses rapidly grew to contribute significantly to body mass. All animals
gained some degree of weight; therefore there was no precipitous weight gain or loss.
Weight is also a general indicator of animal health. Previous work with our bladder tumor
model only demonstrated weight loss to occur in very late stage cancer. At these late time
points in the model, there is already a palpable tumor mass in the lower abdomen of the
animal. Also at this point the animal has already lost significant body mass, and appears
to have a very wasted body (low body fat for age). Future studies could monitor body
weight with continuous regular MRI scans and body fat analysis (caliper studies). This
type of research could help elucidate more features of tumor development in this model,
though including MRI studies, especially frequent monitoring would present more
complications and cost. The MRI available for research use is also used for clinical
investigations, animal monitoring cannot be done at any regular interval. The information
gained from such a study would not alter information gleaned from this intravesical

therapy experiment.
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Urine cytology, in combination with urinalysis is the gold standard of diagnosing
bladder cancer. To reduce on animal housing costs a single cage held two animals. This
meant hematuria could only be recorded on a per cage basis. Individual animals could not
be scored as being hematuria positive or negative. In some cases prior to treatment,
evidence of hematuria could be obviously seen at time of catheterization. This was not
necessarily indicative of actual bladder bleeding arising from bladder tumor. This could
be the result of previous catheterizations or urethra trauma or scarring. All animals were
treated regardless of urethra condition. Often, difficulty in catheterizing an animal was a
sign that a late stage tumor was developing. This was usually followed by early endpoint
or humane euthanasia.

In the majority of cases, urine was present and drained once the catheter was
inserted into the bladder and cells were detectable (figure 12). When this was not the
case, the bladder was washed with 0.9% normal saline solution. Roughly 0.5 cc of saline
is required for an average sized rat bladder wash. This volume corresponds with
urodynamic studies previously done in Dr. Moore’s lab [115]. Often when blood was not
visible in the collected urine or saline wash, a standard urine hematuria dipstick could
detect it, or red blood cells (RBC) would be clearly demonstrated in centrifuged samples
used for urine cytology screening. In this study, it was very rare when a bladder cancer
positive animal presented without hematuria (none).

MRI imaging is a costly and lengthy involved procedure. Two animals can be
imaged at the same time using a standard clinical knee bracket. Many times imaging had
to be done on a clinical schedule, meaning some animals were not imaged at an exact

time point, i.e. not all animals underwent MRI at day ten. Another issue with
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experimental MRI for monitoring animals is that each image requires the animals be
anesthetized and catheterized. For BCG studies, repeat catheterizations can lead to
urological trauma, which can increase BCG related side effects and toxicity. The length
of time it takes to MRI an animal requires complete general anesthesia, which puts a
research rat at surgical plane for approximately one hour at standard dose. Collecting
urine is also done under anesthesia, but can be performed just prior to an intravesical
treatment, also cytology can be drawn using short acting inhalant anesthesia. Though
more expensive, inhalant anesthesia (isoflurane) is less severe than parenteral anesthesia
and only affects the animal for a few minutes, while still allowing surgical plane
anesthesia levels.

In this study, urine cytology was not a reliable method of detecting bladder cancer
(figure 12). It is important that research models mimic the clinical disease they are used
to study. Urine cytology, prior to cystoscopy, is a gold standard of diagnosing bladder
cancer in humans. As with clinical specimens, the cytology reports from our animal
model showed the same diagnostic features. Changes in these diagnostic features could
be another potential research arm using this animal model. Many experimental
intravesical therapies are monitored using urine markers and cytology [35, 113].

In situ (cis) tumors are known to shed cells detectable by urine cytology more
often than T1 or Ta. Even though Tis tumors shed more cells in the urine, this is the
tumor type most likely to be missed using cystoscopy [19]. Reliable routine collection of
urine is a problem in experimental animal models. For difficult catheterizations, urine (up
to 1 ml) is lost through the catheter while secure access is established. In these instances,

the animal usually has tumor complications (partially obstructed urethra). Surgical plane
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anesthesia results in loss of sphincter tone and urine is also lost manipulating the animal
to the surgical table. Urine is also lost just in routine animal handling prior to anesthesia
(i.e. during weighing the animal). In these cases, bladder washes may not provide the
proper cell density needed for cytological screening. Most tumor cells in the urine are lost
in the initial voided urine volume. A complete cytology study using our animal model
could provide the proper evaluation of cytology as an experimental screener. Animals
could be implanted with TCC and then screened for TCC that could be later confirmed by
necropsy. This would leave the evaluation of urine cytology without the added variable of
an intravesical study done on the same animals. Intravesical therapy could alter the
results or urine cytology; therefore a separate study into the feasibility of cytology in this
animal model is warranted. Such a study may not be an ethical use of animals, in our
study urine cytology served the purpose of adding evidence of tumor presence, already
building on the historical statistical 90% tumor take in our transplantable TCC model
system [115]. The pilot implant series of 4 animals did prove the experimental technique
was sound and the tumor model was effective.

BCG was not well tolerated by treated animals. Early signs of stress were evident
as early 24 hours after BCG instillation. The early sign of stress included piloerection and
animal hunching. Normally with this model all animals recover nicely after implant
within hours with no signs of stress. Though there was a survival advantage using BCG
relative to Sham controls, side effects were seen that were not observed in REO treated
groups (figure 13 & 14). These side effects mainly involved the persistence of cancerous
cells in BCG treated animal, even in many LTS (figure 15). These animals showed overt

signs of stress compared with REO treated animals. This could be due to the difference in
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anti-tumor mechanisms between BCG and REO. BCG is a known non-specific immune
stimulator. Such a non-specific activation of immune cells (LAK) is accompanied by an
inflammation response. It is this inflammation that underlies side effects seen in BCG
treatments [59]. The small animal tumor model used in this research could be used to
study the mechanism of action of BCG in hopes to find ways to further reduce side
effects. Intravesical therapy research for bladder cancer aims to either find novel
therapies such as REO or to reduce side effects of BCG.

The most significant result of this research project was the tumor cure seen in
REO treated animals. In the optimal REO group, 9/10 of the treated animals were LTS
(figure 15). Statistically based on historical evidence, at worst only one of these animals
would be expected to have a failed tumor implant. The reversal of disease in this group
was evident. Animals tolerated the REO instillations very well and animal behavior was
not affected adversely as was the case in BCG treated animals. Many of the REO
treatment grouped animals exhibited signs of distress around day 7 post-implant and just
prior to transport to HSLAS (subjective observations). During early treatments (around
day 10), all animals still exhibited signs of distress. Even hematuria was present during
the initial two treatments of REO treated animals. By the third treatment, these signs
would be absent. The lack of mid-treatment hematuria was not seen in BCG treated
animals. This was the most striking differential observation made between REO and
BCG treated groups. Animals originally appearing stressed would then be recorded by
daily monitoring as being perfectly healthy by the third REO instillation. The difference
between early animal stresses in all animals was that BCG symptoms never subsided.

Because animal sentinels were present in both health care facilities, differences due to
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housing were not a factor. No signs of systemic viral infection were ever present in any
of the animals. Also, both animal care facilities (CCI clean conventional, and HSLAS
Biohazard Level 3) were kept under strict CACC guidelines that are uniform and
regulated.

Histological results confirmed observations during and after treatment.
Inflammation was evident, as was residual tumor in BCG treated groups (figure 16). IL-2
made no histological difference when compared with BCG treated groups. There was
evidence that IL-2 boosted the inflammatory response seen with the complimentary BCG
group (low). The majority (7/8) of IL-2 treated bladders showed histological evidence of
severe necrosis (table 6). IL-2 may be increasing the immune response to BCG induced
inflammation to dangerous levels. This might lead to increased side effects, as most BCG
side effects are caused by inflammation. There was only a single BCG/IL-2 combination
group. Future experiments could provide multiple dosing of combination therapy using
various other immune stimulators. Cytokines administered with BCG could also involve
multiple routes of entry (intraperitoneal or intravenous). Intravesical administration in
conjunction with BCG or engineered BCG producing IL-2 would be an elegant therapy.
Therefore, intravesical administration was used in this experiment. Extra therapeutic
adjuncts could complicate BCG therapy but could be evaluated in future studies. An
important characteristic of any novel cancer treatment is simplicity. REO can be instilled
in the same manner as BCG, which is already in wide spread use in the clinics. Future
studies could monitor the potential to use REO as a second line of therapy after repeated
BCG administrations have failed. REO could also be used as a final potential alternative

to radical cystectomy.
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There exists potential to use isolates of REO (capsid proteins) as an alternative to
complete (whole) REO particles. This may reduce any side effects that could arise in
phase I clinical REO trails. Though no side effects were seen in this study, attributable to
REO treatments, human trials may yield different outcomes. The problem with isolating
individual REO proteins is that each protein in single use may not induce an anti-tumor
effect and could still cause immunological side effects, since capsid proteins are
themselves epitopes to the immune system. The production costs of complete REO are
minimal; isolating distinct particles (capsid proteins) will increase these costs
unnecessarily. Currently REO is easy to manufacture in the large amounts required for
human trials. However, at present, most GLP facilities are only capable of producing
small batches in accordance to the guidelines set out by the Health Protection Branch of
the Canadian Government.

In summary, long term side effect free survival was a more prominent outcome in
all REO treated animals (figures 13 & 14). This was shown statistically with survival
curves and using relative risk analysis (table 5 & figure 15). This level of survival has
only been seen in PDT treated animals. The use of current therapies (BCG) in an
experimental model provides a measure and allows novel therapies (REO) to be
compared. BCG offered no real long-term survival but appeared to delay tumor
progression. BCG should be examined further in this experimental model using different
dosing and treatment schedules to study side effects in more detail. Acute REO side
effects were nonexistent relative to BCG. Long term REO side effects could be examined
in animals that are kept for extended periods after treatment. A repeat of this project with

prolonged survival time recordings could also study recurrence and carcinogenesis. This
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would involve periodic monitoring of the animals for tumor development, which could be
done using MRIL. In conclusion REO as an intravesical therapy for TCC was well

tolerated and superior to BCG in this preclinical study and should therefore be further

evaluated in phase I/II clinical studies.
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