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ABSTRACT OF DISSERTATION

HYPERTHERMIA INDUCED INTERLEUKIN-12 GENE THERAPY

Cytokine genes are the most widely and extensively studied immunostimulatory agents in
cancer gene therapy. In several studies, interleukin-12 (IL-12) was found to be the most
effective cytokine in inducing the eradication of experimental tumors, preventing
development of metastases and eliciting long-term antitumor immunity. Local and
systemic administration of IL-12 protein has been studied in murine models and in Phase
I/Il human trials. However, IL-12 protein therapy has been limited by dose-dependent
toxicity. Local and efficient expression of IL-12 and other cytokine genes in tumors
represents an alternative immunotherapeutic approach that may avoid systemic toxicity of
recombinant cytokines. To achieve this goal of localizing gene expression, a heat-
inducible adenoviral gene therapy vector with feline IL-12 being placed under the control
of a heat inducible promoter was developed. The rationale for using this heat shock
promoter (hsp70B) is that hyperthermia is most likely to be used as an adjuvant therapy
with radiation and chemotherapy in the treatment of cancers. Heating the tumor leads to
activation of the Asp promoter and subsequent local IL12 production.

In this project the “adenovirus heat shock promoter feline interleukin-12" (AdhspfIL-12)
gene construct was studied. In vitro studies were done to characterize the construct.
Following that a phase 1 dose escalation trial was conducted in thirteen cats with

spontaneously arising soft tissue sarcomas. The cats underwent radiation therapy to a
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total dose of 48 Gy in 16 fractions. Four- five days later the gene construct was injected

intratumorally. Twenty- four hours post- injection the tumor was heated to a target

temperature of 41°C for 60 minutes using a microwave applicator. Cats were treated at

increasing dose levels of viral construct. Tumor expression of cytokines IL-12 and IFN- y

was quantitatively determined using real time PCR. The cats were monitored for

hematologic and hepatic toxicity. In this trial, it was concluded that it is possible to limit
the toxicity of interleukin- 12 using the hyperthermia induced gene- therapy approach.

The anti- angiogenic properties of 1L-12 were quantitatively assessed using computerized

image analysis in a mouse tumor model. A significant reduction in tumor vasculature was

seen in the treated group of mice with limited systemic toxicity.

Farzan Siddiqui

Department of Environmental and

Radiological Health Sciences

Colorado State University

Fort Collins, CO 80523
Summer 2005
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PREFACE

This dissertation has been arranged so that each chapter covers a different aspect and a
different set of experiments all centered around the same theme of hyperthermia induced
interleukin-12 gene therapy. Chapter 1 is an introductory chapter forming the background
for the other chapters. Chapters 2 and 3 are based on the in vitro experiments done to
characterize the adenoviral construct used in this project. Chapter 4 deals with the phase I
clinical trial conducted in feline soft tissue sarcomas. In chapter 5 the anti- angiogenesis
study performed in mice has been described.

This dissertation has been written so that each chapter forms a stand- alone manuscript
suitable for submission for publication. This has resulted in a repetition of some of the
material in each chapter especially in the introduction and materials and methods
sections. This was unavoidable as the basic underlying theme remained the same.

However, this has made each section self- contained and complete for publication.

vil
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Chapter 1

HYPERTHERMIA INDUCED INTERLEUKIN-12 GENE- THERAPY
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INTRODUCTION

Cancer is the second most common chronic killer disease in the United States. It is
estimated that 50% of men and 33% of women will eventually develop some type of
cancer over their lifetimes. Effective eradication of established tumors, preventing the
development of micrometastasis and metastasis and establishing long- term anti- tumor
immunity with a simple gene delivery system are important goals for cancer gene
immunotherapy.

Cytokines are a class of molecules known to possess such properties. The cytokines that
have been most widely studied are interleukin-12 and interleukin-2.

Interleukin-12 (IL.-12) is a 70kDa heterodimeric protein composed of 35kDa and 40kDa
subunits. The p35 subunit encodes on human chromosome 3pl12-q13.2 and the p40
subunit encodes on human chromosome 5q31-q33. The expression of the two genes is
regulated independently of each other.

Interlerleukin-12 is a pro-inflammatory cytokine that has been- extensively studied in
vitro and in pre- clinical and clinical settings'?. Its efficacy has been proven beyond any
reasonable doubt. However, its progressive march into the clinics was halted when the
recombinant IL-12 protein found to be too toxic®” in mice and humans.

This resulted in a paradigm shift in the approach for IL-12 delivery. Local and efficient
expression of IL-12 and other cytokine genes in tumors represented an alternative
immunotherapeutic approach that could potentially avoid systemic toxicity of

recombinant cytokines®'".
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Interleukin- 12 can exert anti- tumor activities via T cells &% , NK cells ]4']8, or NKT
cells '°. Induction of cytokines, such as IFN-y ''** and IFN-inducible protein-10 **, has
also been implicated as a mechanism of antitumor activity of 1L.-12.

In addition to its immunostimulatory properties, IL-12 possesses anti- angiogenic effects,
thus inhibiting tumor formation and metastases '*?°. Angiogenesis, the process leading to
the formation of new vessels from a preexisting vascular network, is essential for the
growth, invasion and metastasis of solid tumors. Tumor microvessel density (MVD), a
measure of the intensity of angiogenesis, has been evaluated in several neoplasms and the
use of antibodies like anti- CD105, which preferentially reacts with angiogenic tissues,
has been proposed to study anti- angiogenesi526. Various mechanisms have been
postulated to explain the anti-angiogenic action of IL-12 (Figure 1) '**"~!.

Our approach to interleukin-12 delivery involved placing the gene encoding IL-12 under
control of a human heat shock promoter 70B (hsp 70B) and using a replication deficient
adenovirus type 5 as the vector for gene transfer. The rationale for this approach were (1)
intratumoral delivery of this construct combined with local hyperthermia would allow us
to have spatial and temporal control over IL-12 expression (2) hyperthermia is a well-
accepted modality employed in cancer therapy.

Studies done in mice using a murine IL-12 construct had proved the efficacy of this
approach®*™. A further step in the direction of advancing this approach was to use it in
an animal clinical trial. For this purpose the construct was modified to have a feline 1L-12
gene replace the murine 1L-12 gene.

This is the ‘Adenovirus heat shock promoter feline interleukin-12° (AdhspfllL-12)

construct being investigated in this dissertation.
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ADENOVIRUSES

Adenoviruses were isolated in 1954 and have been extensively used as gene therapy
vectors for treating human diseases, especially cancer. Wild type adenoviruses cause
minor human diseases like upper respiratory tract infections, keratoconjunctivitis and
gastroenteritis.

Adenoviruses offer unique advantages when used in gene therapy. Early clinical
vaccination with wild-type (wt) live adenovirus showed no significant side effects,
demonstrating the relative safety of adenoviruses as vectors for in vivo gene therapy.
Harvey ef al* did an extensive study on the administration of adenoviruses in humans
with various comorbid conditions and found adenoviral vectors to be well tolerated up to
doses of 10" particle units. About 80% of the general population has been found to have
antibodies against adenoviruses including serotype 5°°. Adenoviruses efficiently infect
and transfer genes in a wide variety of cell types including dividing and non-dividing
cells. Unlike retroviruses, they do not integrate into the host genome thus reducing risks
of virus induced cancers or mutations. Also the main goal of cancer gene therapy is to
eliminate rather than rectify malignant cells and there is generally little need for
integration. The strong inflammatory and immunological responses to adenoviruses may
enhance tumor cell killing in cancer gene therapy. In the laboratory, adenoviruses are
easy to manipulate by classical recombinant DNA techniques and can be produced in
large quantities in cell culture.

All adenovirus particles are non-enveloped and 60-90nm diameter. They possess an
icosahedral symmetry composed of 252 capsomers divided into 240 hexons and 12

pentons at vertices of icosahedron (Figure 2). The adenoviral genome is composed of two
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origins of replication, five early transcription units (E1A, E1B, E2, E3, E4), two ‘delayed
early’ (IVa2 and IX) and late genes (Figure 3). The E1A and E1B proteins are the first
viral early proteins to be produced from early region 1 (El) after the viral DNA enters the
nucleus. These proteins are essential for viral replication. The late gene products are
mainly viral structural proteins such as hexon, penton base and fiber.

There are three types of receptors for adenoviruses on cells- the coxsackievirus group B
and adenovirus receptor (CAR), the MHC-I a2 subunit and sialic acid saccharides on
glycoproteins. The transfection efficiency of adenoviral vectors has been found to highly
dependent on the CAR receptor status in different types of tumors®. Viral DNA
replication begins approximately 7 hours after infection, after which late proteins
expressed from the late regions are synthesized. Viral assembly begins in the cell nucleus
at 20 to 24 hours after infection, and after 2 to 3 days the cells lyse and release virus
particles.

Adenoviruses can accommodate up to 8 kb of foreign DNA. The removal of various
genes from the adenoviral genome to accommodate foreign DNA has led to the
development of various “generations” of the virus.

The “first generation adenoviral vectors” have the El and/ or E3 regions deleted. The
purpose of the El deletion is to abolish the potential oncogenicity of adenovirus vectors,
and to make vector replication deficient. As the El proteins are essential for viral
replication, the propagation of El-deleted adenovirus vectors requires complement cell
lines to provide in trans the El protein. Cells lines commonly used for this purpose
include HEK 293, 911 and PER.C6. For gene delivery, the deleted El or E3 region is

replaced by a transgene driven by a promoter and enhancer elements. A major drawback
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Figure 3a- The adenoviral genome showing the early (E) and late (L) genes.

Figure 3b- First generation adenoviral vector with the gene of interest replacing the E1A
region.
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of first generation adenoviral vectors is their ability to elicit strong immune responses
against the viral vector capsid proteins and infected cells expressing viral antigens. This
may, however, be a potential advantage when the infected cells in question are tumor

cells.

HEAT SHOCK RESPONSE

The heat shock response is an evolutionarily conserved protective mechanism first
described in Drosophila melanogaster salivary glands in response to heat’’. The
production of heat shock proteins is also seen in response to various types of cellular
stresses including environmental stresses (amino acid analogues, transition heavy metals,
inhibitors of energy metabolism), pathophysiological states (fever, oxidant injury,
ischemia, aging) and even during normal physiological states like cell division and
growth and differentiation®®. The heat shock proteins function as “molecular
chaperones™. In this, they bind to the cellular proteins and prevent their degradation
when acted upon by cellular stressors. Heat shock proteins also serve to enhance the
immune response by presenting the tumor antigens or microbial antigens to the dendritic
cells**!.

The human heat shock promoter hsp 70b is a highly inducible promoter and has been
employed to control the expression of genes of interest in experimental and clinical

. . -4
settings in several systems®>>>4+47

. Using this promoter in cancer gene immunotherapy
allows the combination of hyperthermia, a well- established modality for cancer therapy,

and targeted inducible gene- expression. The HSP70 promoter is tightly regulated but
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highly inducible following heat shock. Temperatures needed to induce this response are
in a clinically relevant temperature range (eg between 39°C and 42°C) and repeated heat

treatments can maintain elevated levels of gene expression for extended periods of time™*.

REAL- TIME PCR

Real- time PCR is a relatively recent development for quantitative estimation of DNA or
cDNA in samples. It has found applications in viral quantitation, quantitation of gene
expression,i array verification, drug therapy efficacy, DNA damage measurement,
pathogen detection and genotyping. Some of the currently available instrumentation is
shown in Table 1.

There were two important findings that led to the development of this technique (1) the
finding that Tag polymerase possesses 5° ->3’-exonuclease activity (2) construction of
dual-labeled oligonucleotide probes, which emit a fluorescence signal only on cleavage,
based on the fluorescence resonance energy transfer (FRET) principle. FRET is the non-
radiative transfer of photon energy from an excited fluorophore (the donor) to another
fluorophore (the acceptor) when both are located within close proximity (1-10 nm). The
criteria that need to be satisfied are (1) donor and acceptor molecules must be in close
proximity (typically 1-10nm) (2) absorption spectrum of the acceptor must overlap
fluorescence emission spectrum of the donor (3) donor and acceptor transition dipole

orientations must be approximately parallel.

10
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Real time PCR instruments
Company PCR system Sample format Max. sample
number
Applied Biosystems | ABI Prism 7700 Microplate 96
Tubes
ABI  Prism 7000/ | Microplate 96
7300/7500
GeneAmp 5700 Microplate 96
ABI Prism 7900 Tubes 96, 384
Microplate
Bio-Rad iCycler 1Q Microplate 96
Tubes 96
Cepheid Smart Cycler Tubes 16
Corbett Research Rotor Gene Tubes 32
Strip tubes 72
Roche  Molecular | LightCycler Capillaries 32
Biochemicals
Stratagene Mx4000 Multiplex Microplate 96

Table 1- Some currently available instrumentation for real- time PCR. Based on a table in
Giulietti et al™.

11
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Dyes that are commonly used as reporters are FAM, TET, JOE and HEX. Quencher dyes
are TAMRA and DABCYL.
The TagMan detection works as follows (Figure 4) (courtesy Applied Biosystems).
“Step Process
1. An oligonucleotide probe is constructed containing a reporter fluorescent dye on the 5°
end and a quencher dye on the 3" end. While the probe is intact, the proximity of the
quencher dye greatly reduces the fluorescence emitted by the reporter dye by
fluorescence resonance energy transfer (FRET) through space.
2. If the target sequence is present, the probe anneals downstream from one of the primer
sites and is cleaved by the 5" nuclease activity of Taq DNA polymerase as this primer is
extended.
3. This cleavage of the probe:
* Separates the reporter dye from the quencher dye, increasing the reporter dye
signal.
» Removes the probe from the target strand, allowing primer extension to continue
to the end of the template strand. Thus, inclusion of the probe does not inhibit the
overall PCR process.
4. Additional reporter dye molecules are cleaved from their respective probes with each
cycle, resulting in an increase in fluorescence intensity proportional to the amount of

amplicon produced.”

More details are available at http://docs.appliedbiosystems.com/pebiodocs/00105622.pdf.

12
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Figure 4- The TagMan detection chemistry. R- reported dye. Q- quencher dye. Proximity
of the reporter dye to the quencher prevents the fluorescence from reaching the detector.
When cleaved, the reported dye moves away for the quencher. Its fluorescence cannot be
absorbed by the quencher and is then detected by the detector in the instrument. (Image
courtesy Applied Biosystems).
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An amplification curve for real- time PCR has the following phases (Figure 5);
Exponential: Exact doubling of product is accumulating at every cycle (assuming 100%
reaction efficiency). The reaction is very specific and precise.

Linear (High Variability): The reaction components are being consumed, the reaction
is slowing, and products are starting to degrade.

Plateau (End-Point: Gel detection for traditional methods): The reaction has stopped,
no more products are being made and if left long enough, the PCR products will begin to

degrade.

The graph obtained is converted to a log- linear scale and a threshold set manually in the
middle one- third of the exponential phase of the curve. The software then automatically
outputs the cycle threshold (Ct) value for each curve on the plot. These values can be

exported to a spreadsheet program such as Microsoft Excel for further calculations.

Primers and probes

Sequence for primers and probes can usually be obtained from literature. The advantage
is that, in most cases, the sequences and PCR conditions have been validated. This saves
on primer and probe development costs and time.

If sequences are not available from literature they can easily be designed using primer
and probe design software. An example of one such program is the Primer Express®
software. Details are available online at

http://www.appliedbiosystems.com/support/tutorials/pdf/tagman _megb primersprobes for

gene expression.pdf.

14
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Figure 5- PCR AMPLIFICATION CURVE

Figure Sa- Phases of the curve.

Figure 5b- The exponential phase is the only one used for analysis.

FigureSc- A threshold line is set at the middle one- third of the exponential line and the
cycle threshold (Ct) value is the cycle number (x- axis) on which the curve crosses the
threshold. This value is calculated automatically by the software and presented as such.
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Once the sequence has been determined, the reporter dye (eg. FAM) and quencher dye
(eg. TAMRA) can be decided upon and ordered commercially. For this project all

primers and probes were obtained from MWG Biotech, High Point, NC.

The “Relative Quantification” method
Arithmetic formulas are used to calculate relative expression levels, compared with a
calibrator, which can be, for instance, a control (non-treated) sample49. The amount of

target, normalized to an endogenous housekeeping gene and relative to the calibrator, is

then given by 22" | where AACt = ACt (sample)- ACt (calibrator), ACt is the Ct of the
target gene subtracted from the Ct of the housekeeping gene. The equation thus
represents the normalized expression of the target gene in the unknown sample, relative
to the normalized expression of the calibrator sample. The advantages of this method are
that no standards have to be constructed and that 96 wells can be fully applied for
unknown samples, saving time and money. The disadvantage is that efficiencies of
amplification of housekeeping and target gene have to be similar to obtain reliable

results.

Efficiency of Amplification

Various methods have been described to assess the amplification efficiencies for the
primer and probe sequences and PCR protocol being used*”™°. In this procedure the target
cDNA is serially diluted and real time PCR performed (Figure 6). Cycle threshold values
for the serially diluted samples are plotted on a graph with the log dilution on the X- axis

and cycle threshold values on the Y- axis. The slope of the line is used to obtain the

16
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efficiency of PCR amplification using the formula- Efficiency = 10°"*P.1 (Figure 6).
For 100% efficiency the ideal slope is -3.3213. Another method is to do pairwise
comparisons between the gene of interest and the housekeeping gene. The differences in
cycle threshold values are plotted and the slope of the line obtained. A slope of zero

signifies equal amplification efficiencies for both genes (Figure 7).

17
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Figure 6- EXAMPLE OF A PCR RUN TO ASSESS AMPLIFICATION EFFICIENCY
Serially diluted samples were run in triplicate and the cycle threshold values obtained
were used to calculate amplification efficiency.
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Figure 7- REAL- TIME PCR AMPLIFICATION EFFICIENCY

Figure 7a- The slope obtained for the gene of interest is -3.3044, suggesting almost 100%
efficiency.

Figure 7b- The slope of the line for difference in Ct values is close to zero hence this pair
can be used for quantification by the 2"**“ method.
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THE TUMOR MODEL
Feline soft tissue sarcomas are a unique clinical entity. They have been found to arise at

.. . . . . . 5152
injection sites in cats after vaccination™

. These spontaneously arising soft tissue
sarcomas provided us with an excellent model to study the construct in a clinical trial.
Client- owned cats presenting for treatment to the Colorado State University (CSU) and
North Carolina State University (NCSU) Veterinary Teaching Hospitals were recruited
into the trial. A phase I dose- escalation trial was conducted to assess the maximum
tolerated dose of the virus plaque forming units (pfu). The trial was designed as per
guidelines suggested by Stewart et al®.

The distinct advantage of using this spontaneously arising tumor model is that it closely

mimics solid tumors in humans, unlike the more artificial tumor microenvironment in

transplanted tumors in mice.

THE STUDIES

In vitro studies on the construct were done prior to its use in the trial. Crandell Feline
Kidney (CrFK) cells are fibroblast- like cells that grow attached to the tissue- culture
plates. These cells were infected with Adhspfll.-12 and experiments were done to assess
the transfection efficiency, response to being heated at various temperatures and effect of
multiplicity of infection.

An unexpected finding was the induction of the Asp even in cells that had not been
heated. Further investigation into this phenomenon led to the conclusion that cellular
nutritional deficiency could also lead to Asp induction. Results and implications of these

findings are discussed in chapters 2 and 3.

20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 4 deals with the clinical trial. A total of 13 cats were treated between the two
institutes. Eight cats received treatment at CSU and five at NCSU. Based on the results of
the study we were able to establish the maximally tolerated safe dose.

Anti- angiogenic properties of IL-12 were studied in a mouse tumor model. Originally we
had planned this as an end- point in the clinical trial. However, it was not always possible
to acquire satisfactory tumor tissue samples for this study from the cats. Hence, the study
was carried- out in mice (Chapter 5). 4T1 tumors were grown in mice and then treated
with AdhAspmlL-12 + hyperthermia. Differences in vasculature were quantitatively
assessed using a computerized image analysis system (CIAS). A significant reduction in

tumor vasculature was seen in the treated group with no evidence of systemic toxicity.

CONCLUSIONS

The results of these studies and experiments support the conclusion that interleukin-12
can be safely delivered intratumorally using the hyperthermia- induced gene- therapy
approach with acceptable systemic toxicity. The heat shock promoter, while being highly

inducible, allows sufficient control over IL-12 expression.
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Chapter 2

CHARACTERIZATION OF A RECOMBINANT ADENOVIRUS VECTOR

ENCODING HEAT INDUCIBLE FELINE INTERLEUKIN-12 FOR USE IN

HYPERTHERMIA- INDUCED GENE- THERAPY
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ABSTRACT

Interleukin-12 (IL-12) is a pro-inflammatory cytokine that has been extensively studied
for the therapy of parasitic and viral infections and cancer. However, it is also a highly
toxic molecule and for that reason has not been accepted readily into the clinic. We
designed a replication deficient adenoviral vector to deliver the interleukin-12 gene into
the cells. The interleukin-12 gene has been placed under control of a heat inducible
promoter, human heat shock promoter 70b. The intent is to spatially and temporally
control the expression of IL-12 thus limiting its toxicity.

We studied, in vitro, the transfection efficiency of the adenoviral vector, the production
of IL-12 in the infected cells in response to hyperthermia, the effect of multiplicity of
infection and the biologic function of I1.-12 in terms of its ability to produce interferon- v,
its downstream cytokine.

The results of these in vitro experiments are presented in this chapter.
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INTRODUCTION

The aim of cancer gene immunotherapy is the resolution of primary tumors and the
development of a systemic immune response directed against metastases and
micrometastases. Interleukin- 12 (IL-12) is one of the most widely studied
immunoregulatory cytokines and has been found to eradicate tumors, metastases, elicit
long- term anti-tumor immunity '® and possess anti- angiogenic properties’ . The IL-12
protein is a 70 kDa heterodimer (p70) consisting of two covalently linked subunits, p35
and p40. It is produced by antigen- presenting cells, dendritic cells and macrophages in
response to infection. In turn, IL-12 induces the synthesis of interferon- y (IFN- y) by T
cells and NK cells. It also enhances cell mediated immunity (CMI) by promoting the
generation and potentiation of the activity of cytotoxic T lymphocytes (CTL) and
lymphokine activated killer (LAK) cells'"'?. There is also evidence for a role of IL-12 in
humoral immunity". Interleukin- 12 is postulated to exert its anti- tumor effect through
NK cells 7" NKT cells "' and T cells °*. IFN- v, a downstream product of IL-12
action, is also thought to play a major role in the anti- tumor actions of IL-12 '**%°,

Various methods of IL-12 administration have béen studied and described in literature

25,30-32

including systemic administration , intratumoral injection of 1L.-12 plasmid DNA?,

331 and gene therapy techniques®'’?%* The role of

genetic engineering approaches
interleukin-12 in the anti-cancer arsenal has been limited due to its toxicities. In mice
daily administration of 0.1-10ug of recombinant murine 1L-12 for up to 2 weeks resulted
in liver function abnormalities, muscle degeneration, gastrointestinal toxicity and

hematopoietic  changes including anemia, neutropenia, lymphopenia and

thrombocytopenia®. In humans, the toxic effects are mostly IFN- y dependent and
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include fever, chills, fatigue, headache, nausea, vomiting, cough, myalgia, dizziness,
insomnia, anemia, neutropenia, lymphocytopenia, thrombocytopenia, hyperglycemia,
liver function test abnormalities, rhinitis, stomatitis and colitis’'. In a phase II clinical
trial in renal carcinoma using recombinant human IL-12, two deaths were reported***.
One approach that can be used to avoid the systemic toxicity of IL-12 is to use local
intratumoral IL-12 gene therapy. This approach should yield high tumoral levels of IL-
12 with little or no systemic IL-12 exposure, thereby avoiding consequent toxicities.

A promising gene delivery method harnesses the heat shock response, an evolutionarily
conserved response to cellular stress involving the rapid and transient increase in the
cellular production of heat shock proteins, most importantly Asp70 and hsp90. These
proteins have protective functions in keeping other key proteins from being denatured by
heat or other stresses and hence are also called molecular chaperones**™*®. The heat shock
promoter, hsp70, has been found to be one of the most efficient inducible regulatory
sequences’ ™. A further level of spatial specificity of IL-12 expression can be achieved if
the hsp promoter containing gene construct is injected intratumorally and the expression
of the construct is restricted to the tumor by delivering hyperthermia only to that area.
This approach has been shown to improve selectivity of expression to the heated tumor,
whereas intratumoral administration of expression constructs under control of a
constitutive promoter can lead to ectopic expression of transgene in distant organs, such
as the liver, spleen and lung®.

Adenoviruses have been developed for use as gene delivery vehicles’™? and they offer
certain advantages which make them attractive candidates for this role. Under

experimental conditions, early clinical vaccination with wild-type (wt) live adenovirus
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showed no significant side effects, demonstrating the relative safety of adenoviruses as
vectors for in vivo gene therapy. They efficiently infect and transfer genes in a wide
variety of cell types including dividing and non-dividing cells. Strong immunogenicity of
adenoviral vectors may enhance tumor- killing in cancer gene therapy. Furthermore,
adenoviruses are easy to manipulate by classical recombinant DNA techniques, and they
have the added advantage that they can be produced in large quantities in cell culture.
Unlike retroviruses, adenoviruses do not integrate into the host genome. This gives
adenoviral vectors an important safety feature for in vivo gene therapy. This is important
because there is no need for stable integration into the host genome in case of anti- cancer
therapy, unlike diseases involving inborn errors of metabolism where a stable integration
is desired.

With this background, we designed the Adenovirus heat shock promoter feline
interleukin-12 construct and studied its properties in vitro with respect to its ability to
produce IL-12 in Crandell feline kidney cells and the downstream effects of 1L-12 in
inducing IFN- y production in peripheral blood mononuclear cells. This work was done
in support of an immunogene therapy trial being conducted in pet cats with vaccine-
associated sarcomas. This trial is being conducted as a prelude to initiation of human

trials using a similar gene therapy approach.

MATERIALS AND METHODS

Cells used- Crandell Feline Kidney (CrFK) cells were cultured in DMEM supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin- streptomycin (CrFK media).

These cells were grown in six- well tissue culture plates. It was determined that a
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minimum of 3 X 10° cells need to be plated to allow subsequent growth. These were the
primary cells infected with the adenoviral construct and exponential growth in cell
number was seen over the next 2-3 days of the experiment.

Peripheral blood mononuclear cells (PBMC) were obtained from specific pathogen free
cats maintained at Colorado State University and isolated by density gradient
centrifugation (Histopaque 1077, Sigma). These cells were plated in six- well tissue
culture plates at a density of 1 X 10° cells per well in RPMI 1640 medium supplemented
with 20% FBS, 1% penicillin- streptomycin, 2% glutamine and 1 x 10° M 2-
mercaptoethanol (LBT media). Supernatants from CrFK cells, containing the IL-12

protein, were used to stimulate production of IFN- vy in these PBMC.

Design of vector- The AdEasy system (Stratagene, La Jolla, CA) was used to construct
the AdhspflLL12. The two subunits (p35 and p40) of the feline IL-12 were amplified from
cDNA of CrFK cell line and sequence-verified. They were then connected into one gene
expression unit by use of a flexible linker sequence (Gly4Ser). A 400-bp hsp70B
promoter was then used to control the expression of the modified feline IL.-12 gene. The
whole hsp-t11.12 gene expression cassette was then transferred into an adenovirus shuttle
plasmid. The shuttle plasmid was cotransfected into 293 cells to derive AdhspfllL12.
Amplification and isolation of the virus was achieved following standard protocols™>*.

AdCA35 expressing LacZ was kindly provided by Dr. Frank Graham, McMaster

University.
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An adenoviral vector with the enhanced green fluorescent protein (eGFP) under control
of constitutive cytomegalovirus (CMV) promoter was used in experiments to determine

transfection efficiency.

Flow Cytometry- CrFK cells Wére infected with an adenoviral construct with the feline
IL-12 gene and enhanced green fluorescent protein (eGFP) placed under control of the
constitutively expressing CMV promoter (Ad CMV {IL-12 + eGFP). This vector was
used to determine the transfection efficiency of the adenoviral vector by detecting green

fluorescence using the Coulter EPICS XL-MCL (Fullerton, CA) flow cytometer.

Real Time PCR- Real- time reverse transcriptase PCR was used to detect and
quantitatively express the production of feline interleukin-12, interferon-y and GAPDH
mRNAs.

Sequences for the primers and probes were obtained from the literature® and purchased

from MWG Biotech (High Point, NC).

Feline GAPDH

Forward- GAPDH.57f GCC GTG GAA TTT GCC GT

Reverse- GAPDH.138r GCC ATC AAT GAC CCCTTC AT

Probe- GAPDH.77p CTC AAC TAC ATG GTC TAC ATG TTC CAG TAT GAT TCC

A
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IL 12 p40
Forward- 1L12.253f TGG CTT CAG TTG CAG GTT CTT
Reverse- [L12.333r  TGG ACG CTA TTC ACA AGC TCA

Probe- 11.12.283p CGG TTT GAT GAT GTC CCT GAT GAA GAA GCT

IFN-y

Forward- IFN.141f  TGG TGG GTC GCT TTT CGT AG

Reverse- IFN. 225r  GAA GGA GAC AATTTG GCT TTG AA

Probe- IFN. 152p CAT TTT GAA GAA CTG GAA AGA GGA GAG TGA TAA

AAC AAT

The reporter dye attached covalently at the 5” end was FAM (6- carboxytluorescin) and

the quencher bound to the 3° end was TAMRA (6- carboxytetramethylrhodamine).

Real time PCR was performed using the Applied Biosystems ABI Prism 7000 (Foster
City, CA). The amplification protocol was: 2 min at 50°C, 10 min at 95°C, 40 cycles of
15s at 95°C and 60s at 60°C. Cycle threshold values were obtained from the ABI software
and the 272 method®® was used to determine the relative expression of the genes of
interest. Briefly, a standard housekeeping gene (eg. GAPDH, B- actin, B, microglobulin)
is chosen as an internal control gene. This serves to normalize the amount of cDNA
loaded for each reaction. An untreated control is selected as the ‘calibrator’. The relative
expression data is then obtained as the fold change in gene expression normalized to the

chosen endogenous reference gene and relative to the untreated control.
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Prior to using the 27" method for relative quantification, we validated its use for the
primer and probe sequences and PCR conditions being employed in our experimental
conditions. The methods and acceptable results are described in literature®®*’. Briefly, the
target cDNA was serially diluted and real time PCR performed. Cycle threshold values
for the serially diluted samples are plotted on a graph with the log dilution on the X- axis
and cycle threshold values on the Y- axis. The slope of the line is used to obtain the

efficiency of PCR amplification using the formula- Efficiency = 10¢"50P¢)_1.

Adenoviral Infection- Cells were plated in six- well plates in 2 ml of CrFK media at a
density of 3 X 10° cells/well. Twenty- four hours later cells in one of the representative
wells were trypsinized and counted using a hemocytometer. Total number of cells was
thus obtained and the volume of adenoviral construct stock solution needed for the
desired MOI was determined. This volume was dissolved in 300ul of sterile PBS and
added to each well after drawing off the media for a period of 30 minutes at room
temperature after which fresh media was added back to all wells. The plates were then
placed back in the incubator at 37°C and 5% CO,. Twenty- four hours were allowed for
adenoviral infection and then the cells were subjected to hyperthermia. Cells were heated
in a VWR Water Bath Model 1235PC. Heating was carried out in six — well plates that
were placed in the water bath such that only the wells remained immersed in the heated
water and water did not enter the plates. After placing the six- well tissue culture plates in
the water bath, 8-10 minutes were allowed for temperature equilibration and then

subsequently heated for 60 minutes.
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PBMC stimulation- Naive feline peripheral blood mononuclear cells (PBMC) were
obtained from specific pathogen free cats, and stimulated using 5 pg/ml Concavalin A for
48 hours to upregulate the 1L-12 receptor. These are the target cells for IL-12 protein in
vivo, which leads to the production of IFN-y. Supernatants were collected from the
AdhspflL12 infected CrFK cells at specified time- points after being heated at 41°C for
60 minutes. One hundred microliter of these supernatants, containing IL-12 protein, were
then added to Concavalin A stimulated PBMCs. Twelve hours after addition of the
supernatants, PBMCs were lysed and real time PCR was carried out.

To assess presence of a dose- response relationship CrFK cells infected with AdhspfIL12
were heated at 41°C for 60 minutes, supernatants were collected at 6 and 12 hours post-
HT and 100pl or 200ul was added to the PMBC media. Twelve hours later PBMCs were
lysed, RNA extracted and cDNA synthesized. Real- time PCR were performed for IFN-y

mRNA levels.

Cell lysis and RNA Isolation- At standardized time points after heat treatment the cells
were lysed and RNA isolated using TRIzol Reagent (GibcoBRL) as per manufacturer’s

protocol. RNA purity was assessed spectrophotometrically.

c¢DNA synthesis- Total isolated RNA was treated with DNase [ (Invitrogen) to remove
any genomic DNA. c¢DNA synthesis was then carried out using Superscript Il RNase H
Reverse Transcriptase (Invitrogen, Carlsbad, CA). Each reaction mixture contained 10ul
of RNA solution to which was added 4pl First strand buffer (5X), 1ul ANTP (10mM), 1pul

DTT (0.1M), 0.25ul Rnase out (40U/ ul), 0.25ul SuperScript II (200 U/ pl), 2ul of
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random hexamers (300ng/ pl) and 1.5u1 DNase, RNase free water giving a total of 20ul
per reaction mixture. This was incubated at 42°C for 50 minutes following which 30ul of
DNase, RNase free water was added to the mix and the enzymes inactivated by placing
the reaction tubes on a 95°C heat- block for 5 minutes. The cDNA was then stored at —

20°C till the time of RT- PCR.

RESULTS

Transfection efficiency - CrFK cells infected with the Ad CMV {1L12+eGFP construct at
MOIs of 0, 5, 10, 20, 30 and 40 were split into two groups. In the first group the media
containing any free- floating virus was left in the wells over all three days of the
experiment. In the second group, after 24 hours of infection, the CrFK media containing
any free virus was removed, the cells washed with PBS and fresh media added.

Cell counts were carried out to assess if adenoviral infection, per se, has any effect on
cell growth. As shown in Figure 1, there appears to be no major effect of adenoviral

infection on exponential cell growth.

36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cell Growth

1800000 =
: mSet2MOIO
1400000 |~ OSet1MOI5 |
» 1200000 |- OSet2MOI5
5 W Set 1 MOI 10
£ 1000000 |- D Set 2 MOI 10|
3 W Set 1 MOI 20

4
= 800000 [1Set 2 MOI 20!
O 600000 B Set 1 MOI 30
M Set 2 MOI 30|
400000 1-— - | /[0Set 1 MOI 40|
0
0 1 2 3
Days

Figure 1- CELL GROWTH IN RESPONSE TO ADENOVIRAL INFECTION

Cells per well were counted in two sets of cells over a period of three days after plating.
Each count is the average of three counts performed using a Coulter cell counter. In set 1,
the viral construct added to the cells was left in the media over the duration of the
experiment. In set 2, after 24 hours of infection, the attached CrFK cells were washed
with PBS to remove any free- floating virus and fresh media replaced. No major effect of
adenoviral infection was noted on exponential cell growth at various MOIs (0, 5, 10, 20,
30 and 40).
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Figure 2- TRANSFECTION EFFICIENCY OF ADENOVIRUSES

CrFK cells were infected with the Ad CMV f{IL-12 + eGFP construct and green
fluorescence detected flow cytometrically over 3 days, starting 24 hours after addition of
virus (dayl). A high transfection efficiency (90%- 95%) was noted at MOIs > 20. The
high percentage of infected cells was maintained over the 3 days in set 1 (Fig. 2a). There

was a slight decrease in percentage infection on day 3 in cells where the free- floating
virus had been washed- off (Fig. 2b).
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In the cells in sets 1 and 2 (Figures 2a and b), the percentage of infected cells is a
reflection of the MOI on day 1. By the second day, 90%- 95% of cells in both groups are
infected. By day 3, the percentage of cells infected remains constant in set 1 but
decreased slightly in set 2 where the extra virus had been washed off.

These results show that the adenoviral construct is a highly efficient method of gene
transfer in vitro. The percentage of infected cells remains high even if extra virus is

washed off as might occur due to blood circulation in vivo.

Validation of the 2%“" method for relative quantification of feline cytokine mRNA-
Criteria for the use of this method have been described in literature®®’. For the three
genes of interest the following slopes were obtained IL-12= -3.1557, IFN- y = -3.5056
and GAPDH= -3.3798 suggesting high level of PCR amplification (for 100% efficiency,
ideal slope = -3.3213)’. Using the second method™®, pairwise comparisdns were made
between IL-12 — GAPDH and IFN-y — GAPDH. For an ideal situation of slope=0, we
obtained slopes of 0.097 for IL12 — GAPDH and 0.095 for IFN-y — GAPDH. Thus, it
was established that using our primer- probe sequences and PCR conditions, there was a

high PCR amplification and the 2**“* method could be used for relative quantification.

Temperature dependent increase in IL-12 mRNA expression- CrFK cells were infected at
an MOI=20. Twenty- four hours later, cells were heated in a water bath at the desired
temperature. Each temperature experiment was carried out two- three times, each time in
triplicate. The results are shown in Figure 3 and Table 1. Each graph shows the trends for

increase and decrease in IL-12 mRNA expression in the CrFK cells infected with Ad Asp
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Figure 3- TEMPERATURE DEPENDENT IL-12 EXPRESSION

Profiles of temperature dependent changes in IL.-12 mRNA expression at specified time-
points after hyperthermia. Cells were infected using the Ad Asp fIL-12 construct at MOI=
20. Fig 4a shows the minimal levels of expression at the early time points in unheated
cells (kept in an incubator at 37°C, 5% CO,). The relative expression increases at later
times due to induction of the heat shock promoter by nutritional stress in exponentially
growing cells. Figures 3 b-e show the profiles for heating at 39°C, 40°C, 41°C and 42°C
for a duration of 60 minutes. Each temperature experiment was performed 2-3 times each
in triplicate. The maximal expression of mRNA is seen at 6 hours post- HT in all cases
with a rapid decrease and then a secondary increase at 48 hours probably due to the same
phenomenon noted above, i.e. induction of the heat shock promoter by nutritional stress
in exponentially growing cells. There is an approximately 3.5 fold increase in maximal
expression between 39°C, 40°C and 41°C. However, a supralinear increase is seen at
42°C (Note- log scale on y- axis).
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Time 39°C 40°C 41°C 42°C

(hours post HT) (avérage + SD) | (average = SD) | (average = SD) | (average + SD)

1 9.7+0.3 59.7+6.3 18.72+0.9 394.7£99.4

3 12.1+£2.8 51.4+6.1 2482 +39.9 14.9 £ 3.44

6 38.3+4.7 132.6 £24.3 4223 +54.7 49724.4 + 6691.8
12 45+1.2 233+5.6 200.9 +£29.7 1112.2 +280.8
18 17.9+34 - - -

24 10.5+4.1 6.8+3.1 149+9.7 53.6+6.9

48 - 134.2 £34.7 1109+ 15.1 295.9+£20.6

Table 1- CrFK were infected at a MOI=20 with the AdhspflL-12 gene construct and
heated at various non- cytotoxic temperatures for 60 minutes. The IL-12 mRNA relative
expression relative to non- infected CrFK cells is presented as average + standard
deviation. Each temperature experiment was performed 2-3 times each in triplicate.
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feline IL-12 construct relative to 1L-12 mRNA expression in cells infected with Ad LacZ
or no adenoviral infection. The graph in Figure 3a is for infected cells which were not
heated and Figures 3 b-e are for cells heated at various temperatures. Experiments were
‘also done to determine the trend for the time points between 6 hours to 12 hours post-
HT The relative expression at 6, 8, 10 and 12 hours showed a decreasing trend (data not
shown). The heated cells show a biphasic response, with the initial peak due to
hyperthermia followed by a rapid decline and again a rising trend at later time- points.
However, in the non- heated cells only a steady increase is seen in the IL-12 mRNA
levels without the initial peak. The phenomenon of increasing relative expression in non-
heated cells and the secondary increase in heated cells at later time points can be ascribed
to heat shock promoter induction by nutritional stress (Chapter 3).

There was an approximately 3.5 fold increase in expression at the six- hour post- HT time
point between 39°C, 40°C and 41°C. However, there was a supralinear increase seen at
42°C.

At 43 and 44°C there is direct hyperthermia induced cytotoxicity as determined by trypan
blue dye exclusion (Figure 4). This is not desirable for our purposes as cell viability is

essential. Only intact cellular machinery will be able to produce IL-12.

Effect of multiplicity of infection- CrFK cells infected at MOIs of 5, 10, 20, 30 and 40
were heated at 40°C. A dose- dependent increase in maximal relative expression was seen

(Figures 5 a and b). The curve, however, tends to flatten out at high MOls.
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Production of IFN-y from IL-12 target cells- We wanted to ascertain that the 1L-12
mRNA being detected using the real time PCR was actually being translated into
functional IL-12 protein. It can be seen in Figure 6 that maximal production of IFN-y in

feline PBMC occurred when they were stimulated with CrFK supernatant collected at 18
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Cell survival for heating at 42°C, 43°C and 44°C for 60 minutes
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Figure 4- ASSESSMENT OF CELL VIABILITY AT HIGHER TEMPERATURES

The trypan blue dye- exclusion test was used to assess cellular viability after being heated
at 43°C and 44°C for 60 minutes. Direct hyperthermia induced cytotoxicity reduced the
percentage of viable cells to ~88% for 43°C and ~ 73% for 44°C as early as 1 hour post-
HT and this percentage remained constant up to 24 hours post- HT.
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Figure 5- EFFECT OF MULTIPLICITY OF INFECTION (MOI)

CrFK cells were infected at various MOIs and heated at 40°C for 60 minutes. A dose-
response relationship is seen (Fig. 5a) with the curve for maximum relative expression
tending to flatten out at higher MOIs (Fig. 5b).
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Relative expression of IFN-y mRNA as induced by supernatants collected
at the various time points
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Figure 6- INDUCTION OF IFN-y

Functionality of IL-12 was assessed by adding 100 ul of supernatants obtained from Ad
hsp 11L-12 infected CrFK cells to Con A stimulated naive feline PBMCs. These CrFK
cells had been heated at 41°C for 60 minutes and supernatants were collected at 6, 12, 18
and 24 hours post- HT. The PBMCs were lysed 12 hours later (to allow action of IL-12
upon its target cells and the production of IFN-y mRNA). The maximum induction was
seen in the PBMCs in which supernatant from the 18 hour post- HT CrFK cells had been
added suggesting that this sample contained the maximum amount of IL-12 protein.
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Relative expression of IFN-y mRNA (average + SD)

Volume of supernatant added 100 pl 200 pl
‘6 hours post- HT supernatant 6.4+23 6.7+24
‘12 hours post- HT supernatant | 12.1 £6.3 30.88+15.6

Table 2- Supernatants from Ad hsp fIL-12 infected cells heated at 41°C for 60 minutes
containing the IL-12 protein were collected at 6 and 12 hours post- HT. These
supernatants were added to naive feline PBMCs in volumes of 100 pul or 200 pl to assess
any dose response effect for IL-12 protein in inducing production of IFN-y. At the earlier
time point (6 hours), when there would have been little 1L.-12 protein production, no
difference was seen for the two doses but by the 12 hour time point an approximately
twofold increase in relative expression of IFN-y mRNA was seen for the higher dose of

added IL-12 protein.
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hours post-HT. This suggests that the maximum IL-12 protein would have been present at
that time- point. It has also been seen that the maximal mRNA levels are seen 6 hours
post- HT. Hence, it takes approximately 12 hours for IL-12 protein synthesis after mRNA
transcription.

Another experiment was done to see if there is a dose- response effect in IFN-y
production from the PBMCs in response to different doses of IL-12. Results shown in
Table 2 suggest a dose- response relationship in the induction of IFN-y. The supernatant
collected at the 6 hour post- HT time point would not have much IL-12 protein, therefore,
no difference is seen for the relative expression but there would be more IL.-12 protein
present in the supernatants at the 12 hour time point and a difference in relative
expression of [IFN-y mRNA is noted.

Hence, the 1L-12 being produced in cells infected with the construct is functional and is

able to induce production of its downstream product in a dose- dependent manner.

DISCUSSION

Interleukin 12, a pro- inflammatory cytokine, has been found to have significant anti-
cancer activity in vitro and in vivo' %743 However, there have been limited clinical
successes largely owing to the toxicity profile of IL.-12 and mortalities in Phase II trials
when administered systemically***. As an alternative to using systemic administration of
this potent cytokine, we have elected to test an intra-tumoral replication defective
adenoviral gene therapy approach to achieve relatively high intratumoral transgene

expression, while minimizing systemic exposure to the cytokine. The feline Interleukin-
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12 gene was placed under the control of a highly inducible heat shock promoter (400-bp
hsp70B promoter) as an additional means of controlling cytokine expression. To answer
important methodological questions that relate to optimizing the use of this approach
clinically we conducted a series of in vitro experiments. Important considerations were:
1) the MOI required to obtain significant levels of transgene expression, 2) timing of
hyperthermia treatment after introduction of the adenovirus, 3) the effects of temperature
on level of gene expression, 4) whether factors other than hyperthermia can alter levels of
gene expression, and 5) whether the gene product produced is functional.

Real time reverse transcriptase PCR was chosen as the method used to evaluate cytokine
mRNA levels in part because the antibodies needed to determine protein levels of these
feline cytokines are not readily available. Real time PCR offers several advantages, the
most important being the ability to express results in quantitative terms rather than
qualitative estimates and it is very sensitive to differences in ¢cDNA copy numbers

A method™ used to calculate relative expression of cytokine

between samples. The 2
mRNA levels allows mathematical normalization of the amount of ¢cDNA used per
reaction and hence the reported fold expression is independent of the number of cells
from which the mRNA is isolated.

GAPDH was used as the housekeeping gene. It is an important glycolytic pathway
enzyme. It is used as an internal standard as its synthesis occurs in all nucleated cell types
since it is necessary for survival. Despite recent criticisms about the use of GAPDH as
the internal control®*®', other systematic studies have shown that it still remains one of

55,62

the most stable control genes in various cell types™”. Importantly, its expression is not

known to be affected by temperature®.

50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Twenty- four hours were allowed for optimal adenoviral infection of the cells based on

48’58, and then the cells were heated. The maximal IL-12 mRNA

reports in literature
expression was seen at 6 hours post- HT followed by a rapid decline which is consistent
with that reported in the literature®.

A gradual 3.5 fold increase in the maximal expression of IL-12 mRNA was seen with
temperature for 39°C, 40°C and 41°C. These fold increases seem to reflect the Arrhenius
relationship for effectiveness of cell killing using hyperthermia. A 4- fold decrease in
effectiveness is seen with each degree centigrade fall in temperature below the
breakpoint. However, the level of gene expression seen at 42°C was much greater than
that at 41°C. At 43°C and 44°C there was significant cell killing from direct cytotoxic
effects of hyperthermia on the CrFK cells. Also, in a clinical situation, it is difficult
achieving temperatures greater than 42°C. Hence, a gomplete profile of 1L-12 expression
at these temperatures was not studied. It is essential for the cellular machinery to remain
viable after heating to allow production of immunomodulatory cytokines.

Initially the cells were divided into three groups, those infected with the Ad Asp fel 1112
construct, those infected with Ad LacZ (control) and cells not infected with any virus. It
was established that the IL.-12 mRNA expression levels were similar in the non- infected
and Ad LacZ infected cells. In later experiments, only two groups were studied, Ad Asp
fel IL12 infected and Ad LacZ infected to control for any difference in expression due to
adenoviral infection per se.

A logarithmic increase was seen with increasing MOI for the maximal expression at 6
hours and the curve tended to plateau at higher MOI. The decrease with time was more

gradual at higher MOIs (20, 30 and 40) than at lower MOIs (5 and 10). These findings
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serve to emphasize the importance of titrating the dose to be injected into tumors in in
vivo studies with the tumor volume to try and achieve an optimum MOI. A similar dose
response was not seen in the study by Borrelli er al **. They had studied enhanced GFP
expression using a CMV promoter and they attributed the nonproportionality to the
nonlinear CMV promoter activity.

The PBMC stimulation experiments showed that there is an approximately 12 hour time-
interval between maximal mRNA expression and maximal protein expression. This was
also consistent with earlier reports®®®,

Our study demonstrates that the heat shock promoter is a highly inducible promoter
which can be triggered by hyperthermia. This promoter then causes the production of
feline 1L-12 in a temperature and multiplicity of infection (MOI) dependent manner. The
IL-12 protein is effective in inducing the production of IFN-y from feline peripheral
blood mononuclear cells. This expression system, thus, offers as attractive approach to
local cancer immunotherapy while minimizing the potential systemic toxicity of
interleukin 12. Future plans with this vector include a phase 1 trial in feline soft tissue
sarcoma patients combining radiation therapy and hyperthermia-induced IL-12

expression.
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Chapter 3

INDUCTION OF THE HUMAN HEAT SHOCK PROMOTER BY NUTRITIONAL

STRESS
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ABSTRACT

The heat shock response is an evolutionarily conserved protective mechanism in cells.
Heat shock proteins serve as molecular chaperones to prevent protein denaturation when
the cells are exposed to any kind of stress. They were first observed in response to the
cells being heated but many other types of physiological or pathological stresses may also
induce the heat shock response. We have used the heat shock promoter as an inducible
promoter in an adenoviral construct used to deliver the interleukin-12 (IL-12) gene to
cancer cells. In initial experiments production of IL-12 mRNA was noted ¢ven in cells
that had not been heated. This phenomenon has been explored in detail in the present
chapter and implications for the tumor microenvironment and host cancer cachexia

discussed.

59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



INTRODUCTION

The heat shock response is an evolutionarily conserved protective mechanism first
described in Drosophila melanogaster salivary glands in response to heat'. In fact the
production of heat shock proteins is seen in response to various types of cellular stresses
including environmental stresses (amino acid analogues, transition heavy metals,
inhibitors of energy metabolism), pathophysiological states (fever, oxidant injury,
ischemia, aging) and even during normal physiological states like cell division and
growth and differentiation™ *. The human heat shock promoter hsp 70b is a highly
inducible promoter and has been employed to control the expression of genes of interest
in experimental and clinical settings in several systems*''. Using this promoter in cancer
gene immunotherapy allows the combination of hyperthermia, a well- established
modality for cancer therapy, and targeted inducible gene- expression. The hsp70
promoter is tightly regulated but highly inducible following heat shock. Temperatures
needed to induce this response are in a clinically relevant temperature range (eg between
39°C and 42°C) and repeated heat treatments can maintain elevated levels of gene
expression for extended periods of time®.

Interleukin- 12 is a pro- inflammatory cytokine which has been extensively studied in
pre- clinical and clinical settings for various types of cancer® '*'®. However, when the
recombinant interleukin-12 protein is administered systemically it can result in severe

life- threatening toxicities'”.

We, therefore, designed a construct in which the feline
interleukin-12 gene has been placed under control of the human heat shock promoter and

a replication deficient adenovirus type 5 is used as the vehicle for gene delivery. This

construct has been designed for use in a Phase I clinical trial in feline soft tissue
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sarcomas. Prior to its use in vivo we tested this construct extensively in vitro to determine
interleukin-12 expression in relation to temperature, multiplicity of infection and
biological functionality in terms of inducing downstream production of interferon-
gamma (IFN-y) from its target cells (Chapter 2).

During the course of our experiments we were surprised by a phenomenon in which
interleukin-12 mRNA levels were highly elevated in certain cases even when the cells
infected with the construct had not been heated. We investigated this further and found
that the heat shock promoter is induced if the infected cells are subjected to nutritional
stresses. This might be a significant advantage in the nutritionally stressed tumor
microenvironment. However, a corollary to this is that if this adenoviral vector leaks into
the general circulation and infects distant organs like the liver, a deleterious effect may

occur in patients with cancer cachexia with disrupted metabolic processes.

MATERIALS AND METHODS

Cell culture system- Crandell Feline Kidney (CrFK) cells were cultured in DMEM
(Cellgro) supplemented with 10% fetal bovine serum and 1% penicillin- streptomycin
(CrFK media) in six- well tissue culture plates. For glucose and glutamine
supplementation experiments, DMEM without glucose and glutamine was purchased

from Biosource International (Camarillo, CA).

Design of vector- The AdEasy system (Stratagene, La Jolla, CA) was used to construct
the adhspfIL12. The two subunits (p35 and p40) of the feline IL12 were amplified from

cDNA of CrFK cell line and sequence-verified. They were then connected into one gene
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expression unit by use of a flexible linker sequence (Gly4Ser). A 400-bp hsp70B
promoter was then used to control the expression of the modified feline I1.12 gene. The
whole hsp-fIL12 gene expression cassette was then transferred into an adenovirus shuttle
plasmid. The shuttle plasmid was cotransfected into 293 cells to derive Ad Asp fIL12.

Amplification and isolation of the virus was achieved following standard protocols®: %,

Adenoviral Infection- Cells were plated in six- well plates in 2 ml of CrFK media at
various densities. Twenty- four hours later, cells in one of the representative wells were
trypsinized and counted using a hemocytometer. Total number of cells was thus obtained
and the volume of adenoviral construct stock solution needed for an MOI of 20 was
determined. This volume was resuspended in 300pl of sterile PBS and added to each well
after drawing off the media for a period of 30 minutes at room temperature after which
fresh CrFK media was added back to all wells. The plates were then placed back in the
incubator at 37°C and 5% CQO,. Inhibition of cell growth was achieved using aphidicolin
(Sigma-Aldrich, St. Louis, MO) at a concentration of 2 pg/ml. Cell viability post

hyperthermia was assessed by the trypan blue dye exclusion test.

Irradiation- Trradiation of infected cells was done using a '*’Cs y- irradiator at 3.9 Gy/

minute.

Reactive oxygen species and pH changes- To assess the role played by reactive oxygen

species (ROS) and changes in pH in the induction of the heat shock promoter, CrFK cells
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were plated in 35mm Petri dishes. The cells were examined at low and high densities and
in presence of various deficient media for presence of ROS and changes in pH.

For the detection of ROS, H2DCFDA (Molecular Imaging Products, Ann Arbor, MI) was
added at a concentration of 10uM in the cell culture media. The cells were incubated for
45 minutes at 37°C and 5%CO; and the Petri dishes were imaged directly under FITC
fluorescence. Cells irradiated to a dose of 10 Gy using "*’Cs y- rays were used as positive
controls.

SNARF-1 (Molecular Imaging Products, Ann Arbor, MI) was used for pH change
measurement. The procedure used was as described™. Briefly, cells plated in T-25 flasks
were trypsinized (0.03% trypsin) and SNARF-1 dye loaded at a concentration of Spg/ml.
A standard calibration was constructed over the range of pH 7.0 to 8.0 using high
potassium calibration (HPC) buffers with the cells permeabilized using nigericin.
Intracellular pH was of the cells plated at various densities was determined flow

cytometrically from the standard curve.

RNA isolation and cDNA synthesis- Cells were lysed and RNA isolated using TRIzol
Reagent (GibcoBRL, Carlsbad, CA) as per manufacturers protocol. RNA purity was
assessed spectrophotometrically.  Total isolated RNA was treated with DNase 1
(Invitrogen, Carlsbad, CA) to remove any genomic DNA. cDNA synthesis was then
carried out using Superscript II RNase H™ Reverse Transcriptase (Invitrogen). Each
reaction mixture contained 10 pl of RNA solution to which was added 4l First strand
buffer (5X), 1 Wl ANTP (10mM), 1 pl DTT (0.1M), 0.25 pul RNase out (40U/ nl), 0.25 ul

SuperScript I (200 U/ ul), 2 pl of random hexamers (300ng/ pl) and 1.5 pl DNase,
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RNase free water giving a total of 20 ul per reaction mixture. This was incubated at 42°C
for 50 minutes following which 30 ul of DNase, RNase free water was added to the mix
and the enzymes inactivated by placing the reaction tubes on a 95°C heat- block for 5

minutes. The cDNA was then stored at —20°C till the time of RT- PCR.

Real Time PCR- We employed real- time reverse transcriptase PCR to detect and
quantitatively express the production of feline interleukin-12 and GAPDH mRNA.
Sequences for the primers and probes were obtained from the literature®® and purchased

from MWG Biotech (High Point, NC).

Feline GAPDH
Forward- GAPDH.57{ GCCGTG GAATTIT GCC GT

Reverse- GAPDH.138r GCC ATC AAT GAC CCCTTC AT

Probe- GAPDH.77p CTC AAC TAC ATG GTC TAC ATG TTC CAG TAT
GAT TCC A
IL 12 p40
Forward- IL12.253f TGG CTT CAG TTG CAG GTT CTT
Reverse- 1L12.333r TGG ACG CTA TTC ACA AGC TCA
Probe- IL12.283p CGG TTT GAT GAT GTC CCT GAT GAA GAA GCT
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The reporter dye attached covalently at the 5° end was FAM (6- carboxyfluorescin) and

the quencher bound to the 3’ end was TAMRA (6- carboxytetramethylrhodamine).

Real time PCR was performed using the Applied Biosystems ABI Prism 7000 (Foster
City, CA). The amplification protocol was: 2 min at 50°C, 10 min at 95°C, 40 cycles of
15s at 95°C and 60 s at 60°C.

Cycle threshold values were obtained from the ABI software were exported and the 274"
method®” was used to determine the relative expression of the genes of interest. Briefly, a
standard housekeeping gene (eg. GAPDH, B- actin, B, microglobulin) is chosen as an
internal control gene. This serves to normalize the amount of cDNA loaded for each
reaction. An untreated control was selected as the ‘calibrator’ and the relative expression

data is obtained as the fold change in gene expression normalized to the chosen

endogenous reference gene and relative to the untreated control.

RESULTS

1L-12 mRNA produ'ction is related to the initial cell plating density- Crandell feline
kidney cells were plated in six- well tissue culture plates at various initial densities and
infected with the Ad Asp feline 1L.-12 gene construct at a MOI of 20. They were allowed
to grow exponentially in 2 ml of CrFK media in a humidified incubator at a constant
temperature of 37°C and 5% CO; concentration. Thirty hours after the virus had been

added to the cells, they were lysed, RNA isolated and cDNA synthesized. Real time PCR
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Initial cell count per well Confluence Relative expression
(X10°)

1.44 X10° 30-35% 15.542.5

3.75 X10° 40-45% 148+12

5.00 X10° 50-55% 132.6 £29.2

1.00 X10° 75-80% 486.3+92.5

1.52 X10° 90-95% 963.8 + 292.1

Table 1- CrFK cells were infected with Ad hsp fILL12 construct. After infection the cells
were kept in the incubator for 30 hours at 37°C, 5% CO,. Column 1 is the cell count per
well at the time of infection. Column 2 shows the approximate confluency of cells per
well in the six- well tissue culture plate. Column 3 values are expressed as mean + SD (of

triplicates) of fold changes in expression in infected cells over uninfected cells.
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Relative expression of IL12 mRNA at 30 hours post

infection
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Figure 1 IL-12 mRNA PRODUCTION IS RELATED TO THE INITIAL CELL
PLATING DENSITY

CrFK cells were infected with Ad Asp fIL12 construct. After infection the cells were kept
in the incubator for 30 hours at 37°C, 5% CO,. The IL12 mRNA expression, used as a
marker for Asp induction, is linearly related to the-cell count per well (and hence plating
density). The values are expressed as mean + SD (of triplicates) of fold changes in
expression in infected cells over uninfected cells.
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was performed to relatively quantify the amount of IL-12 mRNA. The results (Table 1
and Figure 1) are expressed as a fold increase over the non-treated cells, i.e. cells not
infected with the Ad Asp feline IL-12 gene construct. The relative increase was linearly
related to the cell count at the time of plating and hence the plating density. This was an
unexpected finding as these cells had not been heated and therefore no 1L-12 production
had been expected. Further experiments were then conducted to confirm these

observations and try to delineate the factors involved.

Prevention of exponential cell growth inhibits the IL-12 production- Aphidicolin is a
specific DNA a- polymerase inhibitor which possesses anti- mitotic and anti- viral
properties. It was determined that the addition of aphidicolin in a concentration of 2 pg/
ml effectively inhibited cell growth in the CrFK cells without effecting cell viability (data
not shown). To rule out any potential anti- viral properties of aphidicolin we studied the
effect of addition of aphidicolin on heat-induced AdhAspfIL-12 production in CrFK cells.
The time dependent profile was reduced approximately 1.5 fold, but not completely
blocked (Figure 2 a). This confirmed that the addition of aphidicolin did not significantly
reduce IL-12 production through anti- adenoviral mechanisms.

Aphidicolin was then added to AdhspflLL12 infected CrFK cells. The relative expression
of IL-12 mRNA increased over the days of the experiment in the control group as seen in
Figure 2 b. However, in cells that had not been allowed to divide and grow exponentially,
there was no major increase. We postulated that this could be due to the nutritional stress
that was being induced in the exponentially growing cells as no fresh nutrient media had

been replaced over the three days of the experiment.
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Effect of Aphidicolin on heat (41°C, 60 minutes) induced expression of IL 12
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Figure 2 PREVENTION OF EXPONENTIAL CELL GROWTH INHIBITS IL-12
PRODUCTION

a) To ascertain that the concentration of aphidicolin (2ug/ml) used in our growth
inhibition experiments was not anti- adenoviral infected were heated at 41°C for 60
minutes in the presence and absence of aphidicolin. A 1.5 fold decrease was secen in
maximal expression for cells with aphidicolin added. However, the overall profiles and
trend of expression were similar in the two cases. Each point is mean =+ SD of triplicates.
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Aphidicolin expt- aphidicolin added in a concentration
of 2ug/ml to inhibit cell growth
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Figure 2b

b) In the control group (closed circles) where the infected CrFK cells were allowed to
grow in number exponentially without replacement of media, the relative expression of
[L-12 mRNA progressively increased. In cells where the cell growth was inhibited with
the addition of aphidicolin (2pg/ml), this increase was effectively inhibited (open circles).
Each point is mean + SD of triplicates.
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Regular addition of fresh nutrient media prevents IL-12 production- Two groups of
AdhspflL-12 infected cells were studied over a period of three days. In both groups, 24
hours were allowed for infection, media containing any free- floating virus was removed,
attached cells washed with PBS and fresh media added. Subsequently, in one group
(called the ‘Media Change’ group) 2 ml of fresh nutrient media was replaced every 12
hours. In the other group (‘Control’), the media was not replaced and the cells were
allowed to grow exponentially in the media where the cellular nutrients would be
gradually depleted. At the end of the experiment the number of cells in both groups was
determined to be the same (data not shown). In the ‘Control’ group, large fold increases
in feline 1L.12 mRNA production were seen at the 24-hour and 48-hour time points. This
increase was not seen in the ‘Media change’ group of cells where fresh cellular nutrients

were in constant supply (Figure 3).

Deficiencies of major cellular nutrients glucose and glutamine induces hsp- Glucose and
glutamine are the major cellular nutrients in the DMEM media. DMEM without these
constituents was obtained and glucose and glutamine were added in various
concentrations to determine whether the specific absence of these nutrient factors resulted
in the induction of Asp, and which of the two factors is more important. CrFK cells were
infected with Ad Asp fIL-12 over a period of 24 hours. The CrFK media was then
replaced with media containing glucose supplemented in concentrations of 0 g/L, 1g/L
and 4.5 g/L. with or without the addition of glutamine at a concentration of 584 mg/L.
After 8 hours in this media, real time PCR was performed to determine the levels of IL-

12 mRNA (Figure 4a). The high levels of IL-12 mRNA in the cells which were deprived
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Relative Expression of IL 12 mRNA in "Control" group
vs "Media change" group
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Figure 3 REGULAR ADDITION OF FRESH NUTRIENT MEDIA PREVENTS IL-12
PRODUCTION

CrFK cells were infected and divided into two groups. In the ‘Control’ group CrFK
media added on Day 1 was not replaced over the 48 hours of the experiment. In the
‘Media- change’ group of cells, fresh nutrient media was replaced every 12 hours.
Addition of fresh media prevented fold increase in IL-12 mRNA expression. Each point
is mean = SD of triplicates.
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of their nutrients as compared to those cells where the nutrients were present in the
recommended concentrations suggested that the heat shock promoter is indeed induced
by nutritional deficiencies. The inhibition of IL.-12 mRNA production in the presence of
even one of the two factors suggests that the presence of one is effectively able to
compensate for the absence of the other. In the next e‘xperiment glutamine was
supplemented at increasing concentrations (0 mg/L, 146 mg/L, 292 mg/L., 438 mg/L and
584 mg/L) in the absence of glucose and compared to ‘complete’ media (Glutamine- 584
mg/L, Glucose 4.5 g/L). Again, the cells were kept in these deficient media for a period
of 8 hours after 24 hours of adenoviral infection in complete CrFK media. The results in
this case showed a decreasing trend in IL-12 mRNA induction with increasing nutrient
supplementation (Figure 4b).

These experiments suggest that specific cellular nutriept deficiency is able to effectively
induce the heat shock promoter as evidenced by the expression of feline IL.-12 that has

been placed under its control.

Intracellular pH becomes more alkaline with increasing cell density- To study changes in
pH as a contributory factor for Asp induction, CrFK cells were plated in the regular CrFK
media containing buffered DMEM. The media pH remained within the ideal range of 7.8
+ 0.5 at high cell concentrations and 100% confluence. Even after ten days of being in the
same media, the change in pH was 7.3 to 7.4, the lower limit of normal range.

Intracellular pH was measured using flow cytometry with SNARF-1 as the pH indicator.

With increase in cell density a shift in intracellular pH to alkaline was noted. At 30% to
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Effect of deficiencies of L- Glutamine and Glucose
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Figure 4 DEFICIENCIES OF MAJOR CELLULAR NUTRIENTS GLUCOSE AND
GLUTAMINE INDUCES HSP

Figure 4a) CrFK cells were infected with the Ad Asp flL12 construct and kept in
complete CrFK media for 24 hours, after which this media was replaced with various
deficient media for a period of 8 hours. Cells were then lysed, RNA isolated, cDNA
synthesized and real- time PCR carried out for relative IL12 mRNA expression. Cells
with media deficient in both glucose and glutamine showed the maximal expression.
Addition of any of these two nutrient substrates inhibited Asp induction. Each bar is mean
+ SD of triplicates.
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Effect of varying concentrations of L-Glutamine
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Figure 4 DEFICIENCIES OF MAJOR CELLULAR NUTRIENTS GLUCOSE AND
GLUTAMINE INDUCES HSP

Figure 4b) CrFK cells were infected with the Ad Asp fIL12 construct and kept in
complete CrFK media for 24 hours, after which this media was replaced with media
containing L- glutamine at various concentrations with (Full media) and without glucose
(all others) and with or without 10% FBS (as a source of free fatty acids) for a period of 8
hours. There is an inverse relation between L- glutamine concentration and Asp induction
in the presence of 10% FBS. No difference is seen in the absence of FBS, suggesting a
role for ketogenic FFA metabolism in Asp induction. Each bar is mean + SD of
triplicates.
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40%, 70% to 80% and 100% confluence the intracellular pH values were 7.70+0.02,

7.82+0.05 and 7.85+0.04 respectively.

Production of reactive oxygen species does not induce hsp- H2DCFDA, a reporter dye
for ROS production, was used to assess the production of ROS in cells plated at low and
high densities. Figures 5a shows the positive control for ROS, cell irradiated to a dose of
10Gy. Cells at low or high density did not show any increased ROS production.

To evaluate the role of reactive oxygen species in the induction of the hear shock
promoter, CrFK cells were infected with the AdhspflL-12 construct at an MOI of 20 and
after a period of 24 hours of infection the media in the infected cells was replaced by two
different types of DMEM media, one with the addition of 10% FBS and the other without
FBS. It has been reported in literature that there are reactive oxygen species in DMEM
even without the presence of any cells and this can be effectively quenched by the
addition of 10% FBS™ %°. The two sets of cells were then irradiated to doses of 0Gy,
2Gy, 10Gy and 20Gy using a "*’Cs y- irradiator at a dose rate of 3.9 Gy/min to induce the
production of reactive oxygen species. Six hours post treatment was the time point
chosen for the lysis of cells and collection of RNA as this time point shows the maximum
induction of IL-12 mRNA production post- hyperthermia. These high doses would result
in a low clonogenic surviving fraction if plated and observed after a few days. However,
we are interested in short- term cellular morphological viability to enable the production
of IL-12 by the gene construct using the cellular machinery. The attachment of the CrFK
cells to the tissue culture plate was confirmed at the time of cell lysis suggesting that

major cell death had not yet occurred. Any manipulation, which would induce the Asp,
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would result in detectable levels of mRNA at this 6 hours time- point without any
significant cell death. However, no difference in the induction of the IL-12 mRNA levels
over uninfected cells was seen post- irradiation in both the sets of media. The mRNA
levels were actually slightly higher in the unirradiated cells (Figure 5b). The fold
increases in the unirradiated cells were similar to those seen when the cells were plated at
the same low- density in earlier experiments. Therefore, the production of reactive
oxygen species even at doses as high as 20Gy did not induce any 1L-12 mRNA over the
baseline. These experiments suggest that presence of ROS may not be a contributing

factor for Asp induction in our selected system.

DISCUSSION
The heat shock promoter has been used as an efficiently inducible promoter in various

pre- clinical and clinical settings4'11

. We have placed the feline 11.-12 gene under control
of the Asp with the intent of combining this with radiation therapy and hyperthermia in a
clinical trial in cats with soft tissue sarcomas. The aim is to achieve spatial and temporal
control of the expression of potential hematologic and hepatic toxicity of 1.-12 protein
by intratumoral injections and local tumor hyperthermia.

The use of real-time PCR to quantify relative I1.-12 mRNA expression allowed us to
detect changes in Asp induction in response to cell plating density, inhibition of cell
growth, radiation and manipulations in cellular nutrients.

Our in vitro experiments revealed that, in our selected system- Crandell feline kidney

(CrFK) cells infected with the Ad Asp feline IL-12 gene construct, there was significant
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Figure 5a

Figure 5 EFFECT OF ROS

Cells were plated at low and high densities and the presence of ROS was detected using
H2DCFDA compared to a positive control (irradiated cells).

Figure 5a) A. CrFK cells irradiated to a dose of 10Gy v- rays, positive control. B. Cells at
low density showing no ROS presence. C. Area of high density not showing any distinct
ROS presence. D. Same field as in ¢, showing the 100% confluence of cells.
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Effect of radiation in cells with DMEM +/- 10% FCS

Relative expression of IL 12 mRNA in cells infected with
Ad hsp Feline IL 12 construct as a fold increase over uninfected cells
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Figure 5b

Figure 5 EFFECT OF ROS

Figure 5b) Ad Asp fIL12 infected CrFK cells were allowed to grow in the CrFK media for
24 hours. One hour prior to irradiation, this media was replaced with media with or
without 10% FBS (addition of FBS effectively reduces any ROS otherwise present in the
DMEM). Reactive oxygen species produced in the cells by radiation did not induce the
hsp whose activity was assessed by measuring fold increases in IL-12 mRNA. Each bar is
mean = SD of triplicates.

79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



production of IL-12 mRNA in non- heated cells. The initial experiments showed that the
relative expression of I1L.-12 mRNA as a surrogate indicator of Asp induction is linearly
and proportionally related to the density of cell plating. This suggested that, in addition to
hyperthermia, nutritional stress might also play a role in inducing the heat shock
promoter. Glucose and glutamine are the main energy providing substrates in cultured
mammalian cells. Initial experiments were done using DMEM media deficient in glucose
and glutamine to study the effect of varying concentrations of these energy- producing
substrates. We found that elimination of both these substrates results in 1L.-12 mRNA
production and the presence of any one of these two negates this effect. This induction
can be prevented if the cells are not allowed to grow exponentially and rapidly utilize the
specific nutrients in the cell culture media. Aphidicolin is an anti- mitotic and anti- viral
DNA a- polymerase inhibitor. We used aphidicolin at a concentration of 2 pg/ml, a

-32
3032 we also

concentration that has been shown to be non- toxic to adenoviruses
confirmed the ability of AdAspfILL12 infected cells to produce IL.-12 mRNA when heated
at 41°C for 60 minutes in the presence of aphidicolin.

It has been shown that an alkaline shift of external pH, but not internal pH, induces heat
shock proteins in a manner similar to induction by heat”>. We examined changes in
extracellular and intracellular pH in our cells. There was no change in media pH over the
days of the experiment and this ruled out extracellular pH as being a contributing factor
for hsp induction. A shift in intracellular pH to alkaline was noted as the cell density
increased. This observation has previously been reported in literature®.

lonizing radiation produces reactive oxygen species (ROS) in biological systems.

Examples of these ROS molecules are hydrogen peroxide, hydroxyl radical and
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superoxide anion. Reactive oxygen species are known to induce the heat shock response”
3337 Hydrogen peroxide has been shown to induce heat shock protein 70 in cells via the
JAK/STAT pathway3 7. We examined the ability of ROS to induce the Asp in our system
by exposing the infected cells to high doses of radiation (2Gy, 10Gy and 20Gy). The
addition of 10% FBS has been reported to effectively inhibit the presence of ROS in
DMEM® ?°. We assessed hsp induction in both the presence and absence of 10% FBS
but no IL-12 mRNA was detected in the irradiated cells. There was no ROS presence in
the highly confluent cells in culture and also no increased IL-12 mRNA production in
cells irradiated to doses of 2, 10 and 20 Gy indicating that in our system ROS might not
be a contributing factor for Asp induction. These doses of radiation would have resulted
in reproductive cell death that would be evident if these cells were plated, allowed to
grow and form colonies. However, we harvested these cells 6 hours post radiation. At this
time the cells would still be morphologically viable.

Benjamin er al’® studied the effects of glucose deprivation and metabolic inhibitor
rotenone on the DNA binding activity of heat shock factor (HSF) in myogenic cells. They
found that depletion of cellular ATP stores (less than 30% of control levels) was
sufficient stimulus to induce DNA- HSF binding. Changes in pH without ATP depletion
failed to activate HSF. It is possible that a similar Asp induction is being observed in our
system. Deficiency of ATP producing substrates (glucose and glutamine) leads to ATP
depletion in the cells with consequent Asp induction. In the presence of any one of these
substrates, ATP stores do not reach subcritical levels and Asp is not induced.

The induction of the Asp by nutritional stress and consequent expression of the gene of

interest would be advantageous in the nutritionally stressed tumor microenvironment.
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After intratumoral injection of an Asp controlled construct, the primary method of
induction is intended to be local hyperthermia. However, it is known that heat
distribution in the tumor is heterogeneous. In such a case, we can still rely on poor tumor
nourishment to potentially compensate for uneven heat distribution. It has also been
demonstrated by Borrelli et al ® that repeated induction of the Asp is possible. Thus, after
the primary induction by heat a secondary induction might be seen in response to another
inducing factor. This has been demonstrated in vitro in our experiments using this
construct in conjunction with hyperthermia (Chapter 2).

There is evidence that even after intratumoral injections adenoviral construct leakage and
subsequent infection of liver, kidney and lung can occur” '°. This could lead to negative
consequences in cases of cancer cachexia especially when a potent cytokine like
interleukin-12 is being employed. Cancer cachexia is a term used to describe a condition
consisting of severe weight loss, anorexia and fat and muscle wasting. Although no
definite association has been shown with stage or duration of the cancer, it generally
tends to be more severe in advanced stages. Treatment in the form of chemotherapy and
radiation therapy also adversely contributes to cachexia

Numerous metabolic abnormalities are associated with cancer cachexia. Abnormal
glucose metabolism is manifested as increased whole body glucose turnover due to
decreased use by skeletal muscles and increased hepatic glucose production through the
Cori’s cycle®” *°. There is also glucose intolerance. Blood glucose concentrations are high
but the cells are insulin resistant and this elevated glucose is not utilized by the cells for
energy needs'®*. The tumor cells, on the other hand, start acting like glucose ‘traps’.

Glucose uptake and lactate release is increased in tumor cells, possibly due type 11
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hexokinase (HKII) seen in these cells which is unresponsive to regular hormonal and
external stimuli**.

Glutamine is classified as a conditionally essential amino acid. The skeletal muscles are
the main storage sites for glutamine, which serves as the primary metabolic fuel for small
enterocytes, lymphocytes, macrophages and fibroblasts. Glutamine serves as a non-
carbohydrate source of energy via its participation in the Krebs cycle. It is the primary
"gluconeogenic” amino acid. Production of glucose from glutamine takes place mainly in
the liver. Kidneys can also contribute as much as 25% to whole-body glucose
production. Glutamine is also the principal amino acid utilized by tumor cells. Tumors
act as a sort of ‘nitrogen trap’ by exhibiting enzymatic capabilities for selective
degradation of essential amino acids® and such a ‘trap’ has been demonstrated for
glutamine as well*®. A sodium- dependent glutamine transporter system has been seen in
tumor cells*’. Blood glutamine levels decrease to less than 50% of normal because of the
rapid and massive uptake by tumor cells.

These glucose and nitrogen traps may lead to an overall depletion of the two major
energy producing substrates in the body, glucose and glutamine, for the normal cells of
the body. If these cells are infected by the adenoviral construct, they may start producing
IL-12, thus defeating the main aim of using this approach to limit toxicity.

In conclusion, we have shown that the heat shock promoter may be induced by nutritional
deficiency in the infected cells. This may be a consequence of depletion of ATP stores
below normal levels. Hence constructs utilizing the heat shock promoter as an inducible
promoter should be used with caution especially when the downstream gene is encoding

a potent pro- inflammatory cytokine such as IL-12. Interleukin-12, has also been shown
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to be one of the cytokine factors mediating cancer cachexia via its downstream product

interferon- 748'50.
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Chapter 4

A PHASE I HYPERTHERMIA- INDUCED INTERLEUKIN- 12 GENE-

THERAPY TRIAL IN SPONTANEOUSLY ARISING FELINE SOFT TISSUE

SARCOMAS
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ABSTRACT

Purpose and Objectives

Cytokine genes are the most widely and extensively studied immunostimulatory agents in
cancer gene therapy. In several studies, interleukin-12 (IL-12) was the most effective
cytokine in inducing the eradication of experimental tumors, preventing development of
metastases and eliciting long-term antitumor immunity. Depending on the tumor model,
IL-12 can exert anti- tumor activities via T- cells, natural killer (NK) cells, or NKT cells.
Induction of cytokines, such as IFN-y and [FN-inducible protein-10 (IP10), has also been
implicated as a mechanism of antitumor activity of IL-12.

Local and systemic administration of IL-12 protein has been studied in murine models
and in Phase I/II human trials. However, I1.-12 protein therapy has been limited by dose-
dependent toxicity. Local and efficient expression of IL-12 and other cytokine genes in
tumors represents an alternative immunotherapeutic approach that may avoid systemic
toxicity of recombinant cytokines. To achieve this goal of localizing gene expression, a
heat-inducible adenoviral gene therapy vector with feline IL-12 being placed under the
control of a heat inducible promoter was developed. The rationale for using this heat
shock promoter (hsp70B) is that hyperthermia is most likely to be used as an adjuvant
therapy with radiation and chemotherapy in the treatment of cancers. Heating the tumor
leads to activation of the Asp promoter and subsequent local IL12 production.

Materials and Methods

Thirteen cats with spontaneously arising soft tissue sarcomas presenting for treatment to
the Colorado State University- Voss Veterinary Teaching Hospital and the Veterinary

Teaching Hospital, NCSU were recruited for a Phase [ dose escalation gene therapy trial.
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The cats underwent radiation therapy to a total dose of 48 Gy in 16 fractions. Four- five
days later the gene construct was injected intratumorally. 24 hours post- injection the
tumor was heated to a target temperature of 41°C for 60 minutes using a microwave
applicator. Cats were treated at increasing dose levels of viral construct. Tumor
expression of cytokines interleukin-12 (JL-12) and interferon- y (IFN- y) was
quantitatively determined using Real time PCR. The cats were monitored for hematologic
and hepatic toxicity.

Results

High intratumoral levels of interleukin-12 were achieved with very low or absent
interferon-y. This could possibly be attributed to (1) In the large tumors there were low
levels of IL- 12 due to low mutiplicity of infection (2) Even with high levels of IL 12
there were not enough of IL 12 target cells in the tumor (T- cells, NK cells) post- RT to
produce IFN-y (3) Inhomogeneous heat distribution in the tumor, some parts were heated
to 45°C- 46°C, resulting in direct hyperthermia induced cytotoxocity and these cells were
not able to produce IL-12. Hematologic and hepatic toxicity were dose dependent.
Conclusions

It is possible to limit the toxicity of interleukin- 12 using the hyperthermia induced gene-
therapy approach. Cats with spontancously arising soft tissue sarcomas serve as an
excellent model for the study of this approach that can be similarly applied to human

cancer treatment.
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INTRODUCTION

Effective eradication of established tumors and generation of a lasting systemic immune
response with a simple gene delivery system are important goals for cancer gene
immunotherapy.

Cytokine genes are the most widely and extensively studied immunostimulatory agents in
cancer gene therapy 2. In several studies, interleukin-12 (IL-12) was the most effective
cytokine in inducing the eradication of experimental tumors, preventing development of
metastases, and eliciting long-term antitumor immunity > *. Depending on the tumor
model, I1.-12 can exert anti- tumor activities via T cells ° '9, NK cells 10"4, or NKT cells'.
Induction of cytokines, such as IFN-y > '*'® and IFN-inducible protein-10°°, has also been
implicated as a mechanism of antitumor activity of IL-12.

In addition to its immunostimulatory properties, I1.-12 possesses anti- angiogenic effects,

thus inhibiting tumor formation and metastases '* 2!

. Angiogenesis, the process leading to
the formation of new vessels from a preexisting vascular network, is essential for the

growth, invasion, and metastasis of solid tumors.

Local and systemic administration of IL-12 protein has been studied in various murine

5,6,13,22 3,24

models and in Phase I/Il human trials > **. However, IL-12 protein therapy has
been limited by dose-dependent toxicity *°. Local and efficient expression of IL-12 and
other cytokine genes in tumors represents an alternative immunotherapeutic approach that
may avoid systemic toxicity of recombinant cytokines 2%,

Intratumoral injections of adenoviral vectors or IL-12 plasmid DNA, naked or in complex
with cationic lipid 2* have been tried to deliver therapeutic IL-12 with the rationale that

IL-12 will be produced only in the virally infected tumors, thereby reducing systemic side
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29-3}

effects. A few reports have indicated the efficacy of this approach . However,

elevated systemic transgene levels are still observed in many cases as adenovirus can

reach the circulation 32>

and infect other organs; and the promoters in most previous
reports are constitutively active, such as cytomegalovirus (CMV) based promoters. This
combination makes it likely that intratumoral injection of this constitutively active
adenovirus approach will still result in toxicity *>>¢.

To achieve this goal of localizing gene expression, a heat-inducible adenoviral gene
therapy vector with murine IL-12 being placed under the control of a heat inducible
promoter was developed at Duke University. The rationale for using this heat shock
promoter (hsp) is that hyperthermia is most likely to be used as an adjuvant therapy with
radiation and chemotherapy. Heating the tumor leads to activation of the Asp promoter
and subsequent local 1L.12 production.

The feasibility of combining fractionated radiotherapy, hyperthermia and heat inducible
gene therapy in a nonimmunogenic B16.F10 melanoma line that is syngenic with
C57BL/6 mice was studied *’. It was concluded that hyperthermia-regulated gene therapy
in combination with radiation is feasible and therapeutically effective in murine tumors
with no apparent systemic toxicity >"3%.

Further, using the same scheme an adenoviral construct was developed with the feline
I1.12 gene replacing the murine I1.-12 gene. This gene construct was studied in a phase 1
dose escalation trial in spontaneously arising feline soft tissue sarcomas. The main aim of

this trial was to establish the maximum tolerated safe dose of the viral construct. The

hypothesis being tested was that hyperthermia would induce high local intratumoral
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levels of interleukin-12 with minimal circulating IL-12 and consequently reduce toxicity

associated with the molecule.

MATERIALS AND METHODS

Patients- Client owned cats with spontaneously arising soft tissue sarcomas presenting
for treatment to the Colorado State University (CSU) and North Carolina State University
(NCSU) Veterinary Teaching Hospitals were recruited into the trial. Written, informed

consent was obtained from the owners for inclusion in the trial.

The eligibility criteria were (1) Feline sarcomas with measurable disease (2) Prior surgery
and chemotherapy acceptable (3) No prior radiation therapy (4) Metastasis acceptable (5)
Health status able to complete 3 month study.

The staging studies included (1) Complete blood count (2) Serum chemistry (3)
Urinalysis (4) Tumor biopsy (5) Metastasis check (6) Abdominal radiographs (7) CT scan
for radiation therapy treatment planning.

A total of 13 cats were treated from July 2003 to March 2005. Eight received treatment at

CSU and five at NCSU.

Design of vector- The AdEasy system (Stratagene) was used to construct the adhspfIL12.
The two subunits (p35 and p40) of the feline IL-12 were amplified from cDNA of CRFK
cell line and sequence-verified. They were then connected into one gene expression unit
by use of a flexible linker sequence (Gly4Ser). A 400-bp hsp70B promoter was then used
to control the expression of the modified feline 1.-12 gene. The whole hsp-fIL12 gene

expression cassette was then transferred into an adenovirus shuttle plasmid. The shuttle
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plasmid was cotransfected into 293 cells to derive adhspflL12. Amplification and

isolation of the virus was achieved following standard protocols™ *°.

Radiation therapy- The cats were immobilized by administering general anesthesia and
received radiation therapy using a 6MV linear accelerator (Siemens) at CSU and a
telecobalt machine at NCSU. The total dose delivered was 48Gy in 16 fractions over 22
days. Treatment was stafted on Tuesday or Wednesday and hence finished on Tuesday or

Wednesday of the third week, treating 5 days a week.

Gene injections- The intratumoral gene injections were delivered on the first Monday
after completion of radiation therapy. There was, thus, a gap of 3-5 days between the end
of radiation therapy and administration of the gene injection. The tumor dimensions were
determined based on caliper and CT scan measurements. Tumor volume was calculated
as (length X breadth X depth X 7/6) cm’. The viral construct (AdhspfIL-12) was diluted
in normal saline to a volume equal to 30% of the tumor volume. Needles were iolaced in
the tumor in a lcm X lem grid pattern. A CT scan was performed to ascertain that the
needles were parallel, equidistant and reached the deep surface of the tumor. Necessary

adjustments were made till the above conditions were satisfactorily met.

The total volume of injection was divided by the number of injection sites and equal
volumes injected at each site (Figure 1). While injecting, the needle was gradually drawn
out of the tumor vertically so as to inject along the needle track. Theoretically, each track

would form a cylinder with a 1em? cross-sectional area using this injection technique.
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Hyperthermia- Twenty- four hours were allowed for physical diffusion of the injected
construct and adenoviral infection of the tumor cells. On Tuesday, two plastic catheters
were placed in the tumor under CT scan guidance. Thermocouples for intratumoral
temperature measurement would later be placed in these catheters during hyperthermia
treatment. Local tumor hyperthermia was delivered using a 433 MHz microwave
applicator. Deionized water was used as a coupling medium. Skin temperature was kept
below 39°C using a circulating water bolus (Figure 2). During hyperthermia the tumor
temperature was manually measured at 3-5mm intervals using the thermocouple probes.
The thermometers were calibrated before each treatment. The planned dose was 41°C for
60 minutes. Recorded temperatures were entered into a database to calculate the

hyperthermia dose parameters.

Biopsies- Core tissue biopsies were obtained using a 22-mm throw automated biopsy
device (Manan Pro-Mag 2.2, Manan Medical Products, Northbrook, IL) with a 14- gauge
needle. They were collected from the tumor during the week of gene therapy. In larger
tumors biopsies were done on all days from Monday to Thursday. In the smaller tumors
all four biopsies were not possible therefore tumor biopsies were collected only for
Monday (baseline) and Wednesday (24 hours post- HT). All biopsies were performed
under anesthesia and snap frozen in liquid nitrogen. They were stored at —80°C till further

processing.
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Blood investigations- Blood samples were drawn through the jugular vein for CBC and
chemistry panel. Hematologic and hepatic toxicities were assessed from blood

investigation reports and graded based on values outlined in Table 1.

Cell lysis and RNA Isolation- The tumor tissue samples were lysed and RNA isolated
using TRIzol Reagent (GibcoBRL) as per manufacturer’s protocol. RNA purity was

assessed spectrophotometrically.

c¢DNA synthesis- Total isolated RNA was treated with DNase 1 (Invitrogen) to remove
any genomic DNA. cDNA synthesis was then carried out using Superscript II RNase H
Reverse Transcriptase (Invitrogen, Carlsbad, CA). Each reaction mixture contained 10 pl
of RNA solution to which was added 4pul First strand buffer (5X), 1 ul dNTP (10mM), 1
pl DTT (0.1M), 0.25 pl Rnase out (40U/ pl), 0.25 pd SuperScript II (200 U/ pl), 2 pl of
random hexamers (300ng/ wl) and 1.5 pl DNase, RNase free water giving a total of 20 ul
per reaction mixture. This was incubated at 42°C for 50 minutes following which 30 pl of
DNase, RNase free water was added to the mix and the enzymes inactivated by placing
the reaction tubes on a 95°C heat- block for 5 minutes. The cDNA was then stored at —

20°C till the time of RT- PCR.
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Figure 1- GENE INJECTION ON MONDAY

Figure 1a- Placement of needles in the tumor in a IcmX1cm grid pattern.
Figure 1b- CT scan.

Figure 1c- Confirmation of placement of the needles.

Figure 1d- Injection of the diluted construct through each needle.
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Figure 2- Hyperthermia delivered using a microwave applicator with the cat under
anesthesia.
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TOXICITY GRADING TABLE

SYSTEM NORMAL MILD MODERATE | SEVERE
TOXICITY | TOXICITY TOXICITY

Hematologic

- WBC (X10°/ul) 5-17 3-5 2-3 <2

- Granulocytes (X10%/ul) | 4-10 2-4 1-2 <1

- Platelets (X10°/pl) 150-500 80-150 40-80 <40

- PCV (%) 28-50 NA 15-28 <15
Hepatic

- ALT (IU/L) 17-59 60-150 151-400 >400

- Alk. phos (IU/L) 2-40 41-120 121-400 >400

- Albumin (g/dL) 2.8-4.5 2.2-2.8 1.8-2.2 <1.8

- Bilirubin (mg/dL) 0-0.2 0.2-2.0 2.0-2.5 >2.5

Modified from National Cancer Institute (NCI) Common Toxicity Criteria (CTC)

Version 2.0

Table 1- Toxicity grading table used in this study.
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Real- time PCR- Real- time reverse transcriptase PCR was used to detect and
quantitatively express the production of feline interleukin-12, interferon-y and GAPDH
mRNAs.

Sequences for the primers and probes were obtained from the literature*' and purchased

from MWG Biotech (High Point, NC).

Feline GAPDH
Forward- GAPDH.57f GCC GTG GAA TTT GCC GT

Reverse- GAPDH.138r GCC ATC AAT GAC CCCTTC AT

Probe- GAPDH.77p CTC AAC TAC ATG GTC TAC ATG TTC CAG TAT
GATTCC A

IL 12 p40

Forward- 11.12.253f TGG CTT CAG TTG CAG GTT CTT

Reverse- 11.12.333r TGG ACG CTATTC ACA AGC TCA

Probe- 1L12.283p CGG TTT GAT GAT GTC CCT GAT GAA GAA GCT
IFN-vy

Forward- IFN.141f TGG TGG GTC GCT TTT CGT AG

Reverse- IFN. 225r GAA GGA GAC AATTTG GCT TTG AA

Probe- IFN. 152p CAT TTT GAA GAA CTG GAA AGA GGA GAG TGA
TAA AAC AAT
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The reporter dye attached covalently at the 5° end was FAM (6- carboxyfluorescin) and
the quencher bound to the 3° end was TAMRA (6- carboxytetramethylrhodamine).

Real time PCR was performed using the Applied Biosystems ABI Prism 7000 (Foster
City, CA). The amplification protocol was: 2 min at 50°C, 10 min at 95°C, 45-50 cycles
of 15s at 95°C and 60 s at 60°C. Cycle threshold values were obtained from the ABI
software and the 2™**“* method* was used to determine the relative expression of the
genes of interest. Briefly, a standard housekeeping gene (eg. GAPDH, B- actin, p;
microglobulin) is chosen as an internal control gene. This serves to normalize the amount
of cDNA loaded for each reaction. An untreated control is selected as the ‘calibrator’.
The relative expression data is then obtained as the fold change in gene expression
normalized to the chose endogenous reference gene and relative to the untreated control.
By definition, the fold change in gene expression relative to the untreated control equals
one.

Prior to using the 274"

method for relative quantification, we validated its use for the
primer and probe sequences and PCR conditions being employed in our experimental
conditions. The methods and acceptable results are described in literature® . Briefly,
the target cDNA was serially diluted and real time PCR performed. Cycle threshold
values for the serially diluted samples are plotted on a graph with the log dilution on the

X- axis and cycle threshold values on the Y- axis. The slope of the line is used to obtain

the efficiency of PCR amplification using the formula- Efficiency = 10¢"5P9).1,
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RESULTS

The results in this chapter have been divided into a detailed results section and a
summarized results section. In the detailed results section all characteristics of each case
included in the study are described including tumor dimensions, dose level, number of
injection sites, hyperthermia data, cytokine production, toxicity and surgical
histopathology. This serves to have all data assimilated and presented in one place for
future reference.

The summarized results section is designed with the intent of using it for journal
publication purposes. Table 2 shows the hyperthermia data for all cats. T50 and T90
signify the temperatures received by at least 50% or 90% of the tumor respectively.

Tmin and Tmax are the minimum and maximum temperatures recorded during the 60
minutes of treatment. As can be seen, the goal of delivering 41°C for 60 minutes was
reached in almost all the cases for about 50% of the tumor volume.

Table 3 has details of the dose levels, tumor volume, injection sites and cytokine
production. There does not appear to be a correlation between tumor volume and IL-12
mRNA fold increase. Possible reasons for this are presented in the discussion section.
There was no IFN-y detected in most cases at the 10° pfu and 10" pfu dose levels. Four
of five cases in the high dose (4X10'® pfu) dose group showed detectable and calculable
fold- increases in IFN-y mRNA levels. However, this did not appear to correlate with the
IL-12 induction in the same tumors. Possible reasons for this are also discussed.

Table 4 summarizes the worst grade of hematologic or hepatic toxicity noted during the

week of gene therapy. Toxicities were seen to increase with dose.
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In the detailed results section, it can be seen that most cats with detectable increases in
IFN-vy levels had non- normal clinical courses. Apart from the hematologic and hepatic
toxicity detectable by blood investigations, Cat no. 11 also had refusal to feed requiring

placement of a feeding tube and pulmonary edema resulting in delayed surgery.

104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



HYPERTHERMIA DATA

Cat no. T50 (°C) T90 (°C) Tmin (°C) Tmax (°C)
1 40.4 39.0 39.0 44.6
2 41.1 39.4 39.4 43.2
3 41.0 38.6 38.6 45.3
4 40.7 39.9 39.9 43.0
5 41.5 40.6 39.8 43.5
6 40.8 38.9 36.6 452
7 41.3 40.1 37.0 42.4
13 41.1 39.8 39.5 42.7
8 40.9 37.5 35.4 45.7
9 41.5 39.5 38.3 44.2
10 40.9 39.9 38.7 422
11 41.5 40.4 39.2 44.0
12 41.5 40.2 39.5 432

Table 2- Hyperthermia data for all cats. Cat no. 13 was treated at 10'° pfu dose level and

hence has been placed between nos. 7 and 8.
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Results

Cat no. | Dose level Tumor Injection | IL-12 mRNA IFN-y mRNA
(pfu/tumor) | Volume | sites (relative fold | (relative fold
(cm3) increase over | increase over
baseline, 24 hours | baseline, 24-48 hours
post- HT) post- HT)
1 10° 130.0 38 27403 Trace (+/-)%
2 10° 1.1 2 19 000" + 5233 Trace (+/-)
3 10° 26.0 15 97 £7 6.2+ 0.9
4 10'° 2.5 2 3028 + 114 Trace (+/-)
5 10'° 1.6 2 1685 + 184 Trace (+/-)
6 10'° 12.4 16 358 + 30 Trace (+/-)
7 10'° 2.3 2 3841 + 643 Trace (+/-)
13 10" 1.9 4 1858 + 691 Trace (+/-)
8 4X10'° 5.0 10 1318 + 312 42 £ 20
9 4X10'" 31.7 27 7043% + 1145 1.7+£02
10 4X10" 1.5 5 29 565 * 9208 Trace (+/-)
11 4X10" 37.0 20 14 658 = 2055 152 + 34
(1)2 4X10" 28.8 25 2793 + 489 62+2.5

amplification curve, but not unequivocal
- 48 hours post- HT, only one extra tumor biopsy possible due to small tumor size
%_ Cat febrile after gene injection on Monday for approx. 12 hours

Table 3- Cytokine production data in all cats.
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Toxicity summary

Catno. | Dose level Hematologic™ Hepatic

(pfwtumor) |W [G [Plt [PCV |ALT [ ALP | Alb | Bili
1 10’ S [Mo|[N [Mo [N N [Mi [N
2 10° Mi [Mi [N [Mo [Mi |N |N |N
3 10° N |N |[N [N |N |N [N [N
4 10" Mi {Mi {Mi [Mo [Mi |N |N [|[Mi
5 10" Mo [Mo [Mi [ Mo |Mi |Mi [N |Mi
6 10" Mo |Mo |Mi [Mo |[Mi [Mi [N |Mi
7 10" Mi |Mi [N |N Mi |Mi [N |Mi
13 10" Mi [Mi [Mi [N |[Mi |[N [N |N
8 4X10" Mi |[Mi|S |S Mo [N [Mi |S
9 4X10" Mi |Mi |[Mi [Mo |N N | Mi |Mi
10 4X10'" Mo |Mi |Mi [N [N N [N [N
11* 4X10'° Mi |[Mi|S IS Mi |N |Mi {Mi
12 4X10'" N |N |{Mi |S N N IS |S

"~ Drop in granulocyte counts seen in all cases approx. 48-72 hours post- HT
“_ Also had pulmonary edema

W- WBC, G- granulocytes, Plt- platelets, PCV- packed cell volume, ALT- alanine
aminotransferase, ALP- alkaline phosphatase, Alb- serum albumin, Bili- total bilirubin

N- normal, Mi- mild toxicity, Mo- moderate toxicity, S- severe toxicity

Table 4- Hematologic and hepatic toxicity table.
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RESULTS (Detailed)

Cat No. 1

Name- SHADOW, Mettert

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 7.7.03 to 7.11.03
Tumor dimensions- 8.5¢cm x 6.5cm x 4.5cm

Tumor volume- 130 cm®

Dose of viral construct- 10° pfu

Number of intratumoral injection sites- 38

Hyperthermia Data-

T50 (°C)- 40.4
T90 (°C)- 39.0
Tmin (°C)- 39.0
Tmax (°C)- 44.6

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 1.0+ 0.1 Nil
Wednesday 2.7+0.3 +/-
Thursday Nil Nil
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Toxicity table

WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE
Mon (7/7/03) 3.6 3 04 299 19 36 8 23 02 18 1.1
Tue (7/8/03) 42 3.9 0.1 373 22 42 7 24 02 13 1.0
Wed (7/9/03) 3.6 33 02 303 22 42 8 24 0.2 1 1.0
Thu (7/10/03) 1.8 1.4 03 234 17 39 9 23 02 13 1.0
Fri (7/11/03) 32 28 04 288 24 43 11 26 0.2 12 1.0
Tue (7/15/03) 6.8 6.1 03 535 36 50 16 3 0.2 25 1.1
Mon (7/28/03) 6.4 5.2 0.8 326 38 36 12 3 0.1 22 1.2

Histopathology (7/29/03)

History: Previous radiation therapy and gene study.

DIAGNOSIS: Soft tissue sarcoma.

REMARKS: This neoplasm is consistent with vaccine-associated sarcoma.

Soft tissue mass (interscapular, per history) contains diffuse sheets of disorganized
spindloid eells forming streaming bundles and occasional palisades interspersed with
dense collagen bundles. Spindle cells ‘are moderately/markedly pleomorphic with
ovoid/spindloid euchromatic nuclei with prominent nucleoli and finely- stippled
chromatin. Cytoplasm is faintly basophilic with indistinct cytoplasmic margins. There
are 4-6 mitotic figures per high power ﬁel;i. There are abundant multinucleated»cells
with variable nuclear m.orphology which is similar to that of spindle cells. There is
extensive fibroplasia and necrosis. There are multifocal, regionally moderate aggregates
of lymphocytes and plasmacytes with few macrophages.

(The margins have no; been commented upon as the surgeons did not aim at complete
surgical resection due to extensive disease. A complete resection would have entailed

highly morbid surgery and was thus decided against.)
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Cat No. 2

Name- CALLIE, Brink

Treated at- North Carolina State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 10.27.03 to 10.31.03
Tumor dimensions- 1.1cm x 1.7cm x 1.1cm

Tumor volume- 1.07cm’

Dose of viral construct- 10° pfu

Number of intratumoral injection sites- 2

Hyperthermia Data-

T50 (°C)- 41.1
T90 (°C)- 39.4
Tmin (°C)- 39.4
Tmax (°C)- 43.2

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday - -
Wednesday - -
Thursday 19 000 + 5 233 +/-
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Toxicity table

WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE
Mon (10/27/03) 3.6  3.31 0.11 n 34 8 21 32 0.1 26 1.4
Tue (10/28/03) 43 383  0.22 32 75 19 31 02 13 1.3
Wed (10/29/03) 3.9  3.16  0.23 25 57 14 29 0.2 17 1.3
Thu (10/30/03) 4.1 336 049 30 62 17 3.0 0.2 15 1.3
Fri (10/31/03) 43 323  0.52 41 43 20 33 02 18 1.6

= B B B

Histopathology

Received for histopathology is the right forelimb. On the lateral aspect of the scapula,
there is a subcutaneous, firm, L-shaped mass, measuring 1.5 x 1ecm. This mass is 4cm
from the anterior and caudal margins, and 3.5cm from the dorsal margin. The axillary
lymph node is identified and measures approximately 0.5cm. Subcutaneous mass, slides 1
and 2: Two sections of mass are examined. The mass is composed of abundant
hyalinized stromal material forming multiple coalescing nodules with scattered,
individualized cells. These cells resemble macrophages or stromal cells. There are
individual necrotic cells within the mass. There are multifocal peripheral infiltrates of
lymphocytes and plasma cells around the mass. Subcutaneous mass, right scapular area:
Soft tissue stromal cell mass with extensive hyalinization. The hyalinization of the soft
tissue mass is consistent with previous radiation to the tissue and obscures morphology of
the neoplastic cells. Because of the radiation-induced changes, only individual stromal
cells are seen scattered in the hyalinized matrix and discrete viable cellular mass is not
seen. There is no evidence of neoplastic cells in the skin and soft tissue margins or in the

axillary lymph node.
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Cat No. 3

Name- BELLA, Chappell

Treated at- North Carolina State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 12.1.03 to 12.5.03
Tumor dimensions- 3.8cm x 3.9cm x 3.4cm

Tumor volume- 26cm’

Dose of viral construct- 10° pfu

Number of intratumoral injection sites- 15

Hyperthermia Data-

T50 (°C)- 41.0
T90 (°C)- 38.6
Tmin (°C)- 38.6
Tmax (°C)- 45.3

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday - -
Wednesday 97+7 6.2+09
Thursday 1.2+04 Nil
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Toxicity table

WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE
Mon (12/1/03) 8.2 729 041 n 39 60 16 33 02 32 1.5

Tue (12/2/03) 80 752 016 249 30 60 15 3.0 02 1.4
Wed (12/3/03) 8.6  7.57 0.52 30 50 15 29 02 26 1.7
Thu (12/4/03) 7.2 6.19  0.36 30 45 15 3.0 02 25 1.5
Fri(12/5/03) 86 7.05 0.86 37 60 19 33 0.1 30 1.5
Histopathology

Received for histopathology is the left forelimb. On the lateral surface of the scapula,
there is a 4.5cm diameter, firm sﬁbcutaneous mass with a 2.5cm linear surgical scar on
the haired skin. The edges of this mass are 3.5cm from the cramal tissue margin, 3.5cm
from the dorsal tissue margin, and 3cm from the caudal tissue margin. Representative
sections are taken through each tissue margin, as well as through the mass and underlying
muscular layer. Subcutaneous mass, left scapula: Fibrosarcoma. Skin, cranial margin:
Moderate, regionally extensive dermal fibrosis with histiocytic subdermal panniculitis
and new vessel formation. The histologic appearance of this mass is consistent with, but
not definitive for, an injection site fibrosarcoma. The majority of the mass is
homogenous and eosinophilic (hyalinization, perhaps due td pre\}ious radiation therapy to
the site). The viable cells are markedly anaplastic with frequent tumor giant cells and
multinucleation. There are suspicious regions of reactive fibrous tissue that contain rare
scattered anaplastic cells near the skeletal muscle layer deep to the tumor, however, the
skeletal muscle is not affected, and this band of skeletal muscle liés dorsal to the scapula
which is between the tumor and the deep surgical margin. Therefore, the surgical
margins examined are free of tumor foci. The area of dermal fibrosis at the. cranial skin

margin may represent an old area of trauma.
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CatNo. 4

Name- ARIEL, Trainor

Treated at- North Carolina State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 2.9.04 to 2.13.04

Tumor dimensions- ¢cm x cm X cm

Tumor volume- 2.43m’

Dose of viral construct- 10'° pfu

Number of intratumoral injection sites- 2

Hyperthermia Data-

T50 (°C)- 40.7
T90 (°C)- 39.9
Tmin (°C)- 39.9
Tmax (°C)- 43.0

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 43 +£13 Nil
Wednesday 3028 £ 114 Nil
Thursday 31+11 +/-
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Toxicity table

WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE
Mon (2/9/04) 3.3 2.77 0.33 28 51 13 27 0.1 15 0.9
Tue (2/10/04) 5.3 493 0.16 186 29 131 11 3.1 0.8 12 0.6
Wed (2/11/04) 6.1 5.18 049 141 26 89 12 31 03 13 0.7

Thu (2/12/04) 4.8  3.07  0.62 20 67 12 31 02 12 09
Fri (2/13/04) 69 524  0.89 32 59 20 34 02 18 1.1
Histopathology

The amputated entire right foreleg is submitted for histological evaluation. There is a
moveable mass in the subcutis, measuring 1x 1.5x 0.7 c¢cm, overlying the right dorsal
spine of the scapula. The overlying skin is incised (2 cm long). The mass is 5 cm from
dorsal skin margin, 3 cm from cranial margin and 4 cm from caudal margin, and does not
appear to invade the underlying scapular bone or to the deep margin. There is an irregular
shaped, hypocellular mass located in deep dermis to subcutaneous tissue and partially
extending into the deep skeletal muscle. The mass has multifocal island of pale foci,
which are composed of haphazardly arranged spindle cell proliferation within densely
packed mature collagen tissue. Also, frequently individual spindle cells are observed in
adjacent dense collagen tissue. The spindle cells have scant to moderate, amphophilic
fibrillar cytoplasm with indistinct cell margin and oval to fusiform, vesicular nuclei with
one to multiple, large central nucleoli. Rarely, karyomegalic cells observed. There is
moderate anisocytosis and anisokaryosis. Two mitotic figures are observed in ten 400x
fields. In the superficial dermis, there is focally extensive area of fibrous tissue with
abundant vascular structure (granulation tissue) and multifocal histiocytic, neutrophilic

and lymphocytic aggregates. Occasionally, histiocytes contain blue-gray material in their
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cytoplasm. Dorsal skin margin (slide 2), cranial skin margin (slide 3), caudal skin margin
(slide 4), deep muscular margin (slide 5): There is no evidence of tumor in the examined
Subcutaneous mass, dorsal to right scapula: Fibrosarcoma with abundant dermal to
subcutaneous fibrosis with granulation (scar) tissue. This tumor is largely composed of
mature fibrous tissue with occasional intralesional basophilic stippled material (injected
agent), a response to previous therapy and possibly remnants of previous vaccine
reaction. However, multifocal persistent islands of neoplastic cells are observed. Tumor
is extends into the deep skeletal muscle. There is no evidence of tumor at the surgical

margins.
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CatNo. 5

Name- OREOQO, Dirscherl

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 7.5.04 to 7.9.04
Tumor dimensions- 1.5¢cm x 2cm x lem

Tumor volume- 1.57cm’

Dose of viral construct- 10'° pfu

Number of intratumoral injection sites- 2

Hyperthermia Data-

T50 (°C)- 41.5
T90 (°C)- 40.6
Tmin (°C)- 39.8
Tmax (°C)- 43.5

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday - -
Wednesday 1685 + 184 +/-
Thursday - -
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Toxicity table
WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE

Mon (7/5/04) 3.2 2.2 0.7 314 28 8 50 37 0.1 21 2
Tue (7/6/04) 4.5 3.2 0.8 304 40 69 49 33 02 23 1.7
Wed (7/7/04) 2.7 1.8 06 164 23 72 41 32 03 14 1.3
Thu (7/8/04) 3.5 2.5 05 113 20 65 37 33 05 18 1.3
Fri (7/9/04) 3.7 2 04 271 97 57 37 02 21 1.8
Histopathology (7/26/04)

History: Clinical diagnosis of vaccine associated sarcoma on the left hip.

DIAGNOSIS: Haired skin = Mild chronic inflammation and seroma with vasculitis.
REMARKS: No tumor cells are noted.

1/Haired skin - The follicles in this section of skin are atrophied. There is inflammatory
infiltration in the dermis and epidermis, as well as edema. Some vessels are mildly
effaced by a suppurative inflammation.

2/Haired skin - There is a mild chronic inflammation and seroma formation between the
skin and dermis. Hair follicles are atrophied.

3/Haired skin - There are segmental collections of macrophages that contain an
amorphous, lightly basophilic material. There is mild inflammation.

4/Haired skin - There is chronic mixed inflammation and ;\trophy of hair follicles.

Left hip excision biopsy. Mild chronic inflammation and seroma with vasculitis. No mass

or discrete tumor cells are noted.
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Cat No. 6

Name- RAIN, Chenowith

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 8.2.04 to 8.6.04
Tumor dimensions- 3.5cm x 4.5cm x 1.5cm

Tumor volume- 12.37cm’

Dose of viral construct- 10'° pfu

Number of intratumoral injection sites- 16

Hyperthermia Data-

T50 (°C)- 40.8
T90 (°C)- 38.9
Tmin (°C)- 36.6
Tmax (°C)-45.2

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 176 +£ 12 Nil
Wednesday 358+ 30 +/-
Thursday 22+ 1.7 Nil
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Toxicity table
WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE

Tue (7/27/04) 7.7 6.9 05 207 22 37 25 3 0.1 11 1
Mon (8/2/04) 5.6 4.7 04 350 25 46 27 33 O 18 0.3
Tue (8/3/04) 6.2 5.6 01 262 22 36 22 3 0.1 10 0.8
Wed (8/4/04) 34 2.8 03 167 18 29 22 28 0.1 12 0.8
Thu (8/5/04) 36 3 03 145 18 35 24 32 0.1 11 0.8
Fri (8/6/04) 4.1 2.8 0.7 100 20 38 25 33 0.1 12 1
Mon (8/16/04) 49 4.2 0.3 368 31

Histopathology (8/16/04)

History: Lesion on the right dorsolateral cervical region.

DIAGNOSIS: Cervical mass = Scar tissue and necrosis.

REMARKS: There are no tumor cells noted in any of the three sections of mass
evaluated. There is acceptable normal tissue, both laterally and deep to the scar tissue
and necrosis, so margins are clear.

1/Cervical mass - There is a subcuticular mass of expansile collagen necrosis and muscle
degeneration with fibrosis. There are moderate amounts of lymphocytes and few plasma
cells surrounding and infiltrating normal tissue. There are many pools of red blood cells,
fibrin, and degenerative neutrophils.

2/Cervical mass - Similar histologic description to that of Slide 1.

3/Similar histologic appearance and description to that seen in Slides 1 and 2.
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Cat No. 7

Name- CLEOCATRA, Field

Treated at- North Carolina State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 8.23.04 to 8.27.04
Tumor dimensions- 1.6cm x 2cm x 1.4cm

Tumor volume- 2.34cm’

Dose of viral construct- 10" pfu

Number of intratumoral injection sites- 2

Hyperthermia Data-

T50 (°C)- 41.3
T90 (°C)- 40.1
Tmin (°C)- 37.0
Tmax (°C)-42.4

Cytokine production

Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday - -
Wednesday 3841 £ 643 Nil
Thursday 82+ 16 +/-
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Toxicity table

WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE
Mon (8/23/04) 9.88 5.14 030 n 33 67 38 31 0.1 19 0.8
Tue (8/24/04) 6.55 5.11 0.26 29 71 32 30 02 13 0.7
Wed (8/25/04) 4.84 358  0.34 27 66 32 32 02 16 0.8
Thu (8/26/04) 8.12 560  0.49 27 60 37 33 03 18 09
Fri (8/27/04) 936 5.15 0.75 280 52 49 32 02 15 1

n
n
n
n
Histopathology

Received for histologic examination is a single container with a large, 9X7.4cm ovoid
section of haired skin and subcutancous tissue taken from the left thorax. There is an
indistinct, 1.2-1.5cm nodular expansion within the central subcutaneous tissue.
Subcutaneous Nodule (slide 1): The superficial subcutaneous tissue contains an
irregularly arranged, elongate to arboriform, moderately cellular population of fibroblasts
arranged into bundles or fascicles interlaced with thin collagenous cords. Individual
fibroblasts are mildly cellular inflammatory population composed of lymphocytes,
plasma cells and macrophages. The separation between the deep border and this
population of fibroblasts is approximately 1.3-1.4cm.

Dorsal border (slide 2): No neoplastic cells nor fibroblastic population is visualized.
Ventral border (slide 3): No neoplastic cells nor fibroblastic population is visualized.
Cranial border (slide 4): There is a focal, irregular, elongate bundle of similar appearing
fibroblastic population with small volumes of collagen and adjacent lymphocytes and
plasma cells extending to 1.5cm of the margin. Additionally, there is a small, irregular,
focal aggregate of the pale basophilic, granular material is close approximation to this
population (vaccine adjuvant vs dystrophic mineralization).

Caudal border (slides 5.6): No neoplastic cells nor fibroblastic population is visualized.
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Diagnosis: Subcutaneous nodule- Fibroblastic nodular proliferation (presumed
fibrosarcoma)

The elongate, flowing morphology of the fibroblasts within the subcutaneous nodule are
strongly indicative of a previously excised or irradiated fibrosarcoma. However, the
relative low cellularity and cellular diﬁortion associated with previous therapy confounds
definitive classification. The described basophilic granular material is morphologically
consistent with vaccine adjuvant. However, if the region has received prior radiotherapy
this may be mineralized cellular debris or stromal degeneration from free radical damage.
If this population represents a previously treated fibrosarcoma, the margins appear free to
within 1.3-1.5cm. However, due to the irregular, infiltrative nature of fibrosarcomas we
strongly caution that margins are difficult to definitely establish and encourage thorough

monitoring for neoplastic regrowth.
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Cat No. 8

Name- FELIX, Burgess

Treated at- North Carolina State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 10.4.04 to 10.8.04
Tumor dimensions- 2.3cm x 2.7cm x 1.6cm

Tumor volume- 5cm’

Dose of viral construct- 4X10' pfu

& o
Number of intratumoral injection sites- 10

Hyperthermia Data-

T50 (°C)- 40.9
T90 (°C)- 37.5
Tmin (°C)- 35.4
Tmax (°C)- 45.7

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 658 + 63 24+1.9
Wednesday 1318 £312 42 £20
Thursday 21+1 Nil
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Toxicity table
WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE

Mon (10/4/04) 6.05 4.66 1.03 N 26 31 20 29 0.1 50 23

Tue (10/5/04) 445 4.18 022 101 23 43 17 28 03 17 1.7

wed (10/6/04) 7.64 749 000 55 22 61 15 3.0 28 21 1.5

Thu (10/7/04) 5.07 385 086 39 13 58 14 28 1.6 25 1.5

Fri (10/8/04) 859 593 095 8 11 114 14 26 58 35 1.3

Clinical course

Twenty- four hours post- HT he had a fever of >39°C which responded to dexamethasone
NaPO4. Twenty- four hours later, temperature was again >39°C, received piroxicam and
temperature dropped. The cat was anemic the next day, received a whole blood
transfusion about 8 hours later and lysed it (PCV never changed, bilirubin went up). Over
the weekend the PCV held steady but did not improve but wasn't eating well. Started
antibiotics with no great improvement over weekend. Started immunosuppressive steroid

therapy on Monday which resulted in an increase in PCV and appearance of

reticulocytes.

Histopathology

Interscapular mass: Fibrosarcoma. The mass present in the deep subcutaneous adipose
tissue is confirmed to be a poorly cellular FSA with abundant, dense hyalinized
collagenous tissue matrix. This FSA looks like it has been previously irradiated, causing
the low cellularity and hyalinized appearance.

The mass 1s 1.5 cm from the left lateral margin, 2 cm from the right lateral margin, 2 cm
trom the cranial and 3 cm from the caudal. Deep margins and scapular margins show no

signs of neoplasia.
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Cat No. 9

Name- TINKER, Scott

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 11.15.04 to 11.19.04
Tumor dimensions- 5.6cm x 3.6cm x 3cm

Tumor volume- 31.7cm’

Dose of viral construct- 4X10' pfu

Number of intratumoral injection sites- 27

PROTOCOL DEVIATION- This cat was heated on Wednesday instead of Tuesday as
she had high- grade fever on Monday after gene injection. One day was allowed for
stabilization after control of fever and blood investigations were done to rule out

hemolysis and toxicity before hyperthermia was delivered.

11.15.2004 ‘10@3

Hyperthermia Data-
T50 (°C)- 41.5
T90 (°C)- 39.5

Tmin (°C)- 38.3
Tmax (°C)- 44.2
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Cytokine production

Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 25+ 2 Nil
Wednesday 7043 + 1145 1.7+£0.2
Thursday 23+7 Nil
Friday 2+ 1 Nil
Toxicity table

WBC
Mon (11/15/04) 4
Tue (11/16/04) 11.3
Wed (11/17/04) 3.4
Thu (11/18/04) 5
Fri (11/19/04) 7.1
Sun (11/21/04) 7.5
Mon (12/6/04) 7

GRAN LYM PLT PCV ALT ALP ALB T BILI BUN

3.2
10.8
2.7
4.5
4.8
5.9
6.2

Histopathology (12/6/04)

0.6 432
02 291
02 229
04 195
2.1 120
0.5 113
0.4 488

History: Clinical diagnosis of fibrosarcoma.

27
21
16
22
15
19
21

27
45
40
48
35
37
31

DIAGNOSIS: 1/Inguinal mass = Osseous metaplasia.

29 3 0.1
16 3 0.3
11 24 02
23 28 03
29 24 07
30 27 04
23 28 0.1

2/Footpad biopsy = Mild mononuclear perivascular inflammation.

REMARKS: No tumor is identified within the sections examined.

metaplasia is likely secondary to radiation tissue damage.

19
15
9

9

13
12
23

CRE
1.5
0.9
0.7
1.2
0.9
0.9
1.3

The osseous

1/Fat pad inguinal biopsy - There are low numbers of lymphocytes, plasma cells, and

macrophages around vessels and subcutaneous musculature in multiple small areas within

the section.

2/Inguinal mass (haired skin margin) - Extending through the dermis and subcutis is a

moderately well-defined multilobular mass composed of disorganized sheets and

trabeculac of non-mineralized bone and cartilage within bands of fibrovascular
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connective tissue. The bony areas consist of woven collagenous matrix around numerous
random lacunae. The matrix towards the periphery of the mass is eosinophilic with
frequent osteoblasts and osteoclasts, and contains osteocytes within the lacunae. Toward
the center of the mass, the matrix is less well-defined, lightly eosinophilic, and the
lacunae are frequently empty or contain pyknotic cells or karyorrhectic cellular debris.
Throughout the bony regions, there are occasional cartilaginous areas containing
numerous chondrocytes within an amphophilic to slightly basophilic matrix. Within the
fibrovascular connective tissue and in the surrounding subcutaneous tissue, there are
marked numbers of macrophages laden with dark brown globular pigment (hemosiderin).
No neoplastic cells are present within the section.

3/Inguinal mass (lateral inked margin) - Within the section, there is a lymph node
containing marked numbers of macrophages, similar to those in Slide 2, throughout the
sinusoids diffusely. Otherwise, the section is within normal limits.

4-7/Inguinal mass (lateral inked margins) - No neoplastic cells are present and no
histologic lesions are identified within the sections.

Osseous metaplasia secondary to radiation tissue damage. No tumor is identified within

the sections examined.

NOTE: This cat had high fever overnight on Monday after the gene injection ranging
from about 104°F-105°F. Fever lasted for more than 12 hours and temperature did not
reduce with Prednisolone. On Tuesday, late morning, the temperature came down after
administration of i.v. dexamethasone. The cat did not receive hyperthermia on Tuesday,

as is the protocol. She was kept under observation and HT deferred till Wednesday.
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HT was delivered on Wednesday after blood investigations were close to or within
normal range and the cat looked clinically normal. Biopsy was collected before HT.

Biopsies were done on all days of the week- Monday to Friday.

The maximum expression was seen in the Wednesday sample even before heating the
tumor and on Thursday and Friday the values continued to decline suggesting that once
the construct had been induced by the high- grade fever, there was no repeat induction by

HT.
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Cat No. 10

Name- KITTY, Froehlich

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 1/24/05 to 1/28/05
Tumor dimensions- 1.3cm x 1.8cm x 1.2cm

Tumor volume- 1.5cm’

Dose of viral construct- 4X10'° pfu

Number of intratumoral injection sites- 5

Hyperthermia Data-

T50 (°C)- 40.9
T90 (°C)- 39.9
Tmin (°C)- 38.7
Tmax (°C)- 42.2

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday - Nil
Wednesday 29 565 + 9208 Nil
Thursday - Nil
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Toxicity table _ .
WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE

Mon (1/24/05) 3.8 3.1 0.5 362 31 36 22 3 0.1 29 1.4
Tue (1/25/05) 5 4.8 0.1 222 31 49 14 29 0.1 20 09
Wed (1/26/05) 3.5 3.2 03 250 29 44 18 3.1 02 14 12
Thu (1/27/05) 2.6 2.2 02 226 29 44 22 31 0.1 27 1.6
Fri (1/28/05) 3 23 03 105 29 38 15 31 02 18 1.2
Thu (2/3/05) 47 16 29 02 18 13
Histopathology (2/3/05)

History: Diabetic. Mass in right caudal lung lobe.

DIAGNOSIS: Soft tissue sarcoma, grade 3.

REMARKS: Inked surgical margins are wide of the tumor by 2.5cm and deep of the
tumor by 0.5cm.

1/Right hip mass, haired skin (lateral and deep margins) - Within the dermis and subcutis,
there is a poorly-defined, expansile mass composed of multifocal to coalescing irregular
patches of neoplastic mesenchymal cells within large sheets of collagenous fibrovascular
connective tissue admixed with multifocal areas of necrosis, small pockets of marked
suppurative inflammation, and moderate plasmacytic, lymphocytic and histiocytic
inflammation diffusely. Neoplastic cells are organized into streams and intersecting
bundles of elongate to spindloid cells with indiscrete cell margins and moderate amounts
of eosinophilic fibrillar cytoplasm. Nuclei are oval to cigar-shaped and vesiculated with
1 to 3 prominent, variably sized nucleoli. Anisocytosis and anisokaryosis is fnoderate,
mitotic figures are 1 per 2 high power field, and there are occasional large, bizarre

multinucleated cells located throughout the section. Surgical margins are wide of the

tumor by 2.5cm and deep of the tumor by Icm.
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2/Right hip mass, haired skin (lateral and deep margins) - This section is similar to Slide
1. Surgical margins are wide of the tumor by 3cm and deep of the tumor by 0.5cm.
3/Right hip mass, haired skin (lateral and deep margins) - The section is similar to Slide
1. Surgical margins are wide of the tumor by 2cm and deep of the tumor by 0.5cm.
4/Right hip mass, haired skin (lateral and deep margins) - The section is similar to Slide
1. Surgical margins are wide of the tumor by 3cm and deep of the tumor by lcm.

5/Right hip mass, haired skin (lateral and deep margins) - The section is similar to Slide

1. Surgical margins are wide of the tumor by 2.5¢cm and deep of the tumor by 1.0cm.
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Cat No. 11

Name- WINKY, Radke

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 1/31/05 to 2/4/05
Tumor dimensions- Scm x 4.7cm x 3cm

Tumor volume- 37¢cm’

Dose of viral construct- 4X10'° pfu

Number of intratumoral injection sites- 20

Hyperthermia Data-

TS50 °C)- 41.5
T90 (°C)- 40.4
Tmin (°C)- 39.2
Tmax (°C)- 44.0

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 1780 + 783 Nil
Wednesday 14658 + 2055 Nil
Thursday 62 + 28 152 + 34
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Toxicity table
WBC GRAN LYM PLT PCV ALT ALP ALB T BILI BUN CRE

Mon (1/31/05) 4.4 3.7 0.5 59 34 59 42 32 0.1 27 1.1
Tue (2/1/05) 7.7 7.5 81 32 146 30 3.5 0.1 13 0.7
Wed (2/2/05) 4.9 4.7 64 29 90 26 32 0.1 13 0.6
Thu (2/3/05) 3.5 33 0.1 59 27 58 22 32 02 16 1.2
Fri (2/4/05) 44 3.7 04 17 25 46 14 29 04 22 1.1
Sat (2/5/05) 6 4.2 1.1 47 12 35 10 25 03 21 0.7
Tue (2/8/05) 103 7 08 28 18 67 17 25 1.8 21 0.6
Fri (2/11/05) 7.6 4.9 06 88 15 57 23 28 04 20 0.7
Mon (2/14/05) 7.7 4.2 05 58 1

Tue (2/15/05) 41 27 3 0.2 25 09
Histopathology (3/22/05)

History: Vaccine-associated sarcoma.

DIAGNOSIS: Shoulder mass = Vaccine-associated sarcoma and marked fibrosis.
REMARKS: Inked surgical margins are wide and free of tumor.

1/Deep mass biopsy (no surgical margins) - There is a poorly-demarcated expansile and
infiltrative focal mass of neoplastic mesenchymal cells, 2x2mm in diameter, surrounded
by a thick rim of dense hypocellular collagenous tissue within a section of loose
fibrovascular connective tissue containing mild perivascular lymphoplasmacytic
inflammation. Neoplastic cells are arranged in whorls and streams, and consist of
elongate to fusiform cells with indistinct cell margins and moderate amounts of
eosinophilic cytoplasm. Nuclei are ovoid to elongate with finely- stippled chromatin and
1 to 3 small nucleoli. Anisocytosis and anisokaryosis is moderate, and mitotic figures are
1 per 3 high power fields.

2/Skeletal muscle (inked surgical margins) - No tumor is present within the section and

no histologic lesions are identified.
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3/Skeletal muscle (inked surgical margins) - There is an area of dense hypocellular
collagenous tissue, similar to Slide 1, 0.5cm deep to the inked surgical margin. No tumor
is present within the section.

4/Skeletal muscle (inked surgical margin) - There is an area of dense hypocellular
collagenous tissué, similar to Slide 1, 0.75cm deep to the inked surgical margin. No
tumor is present within the section.

5/Skeletal muscle (inked surgical margin) - There is an area of dense hypocellular
collagenous tissue, similar to Slide 1, lcm deep to the deep inked surgical margin. No
tumor is present within the section.

6-9/Scapula and skeletal muscle (inked surgical margins) - No tumor is present within the

sections and no histologic lesions are identified.

NOTE: The cat was clinically normal for first 4 days of GT+HT but on Thursday night
she developed fever of 103°F -104°F and had to be moved to CCU. She was refusing to
feed and a feeding tube had to be placed. An X-ray chest revealed pulmonary edema,
aspiration pneumonia and pleural effusion. The pleural effusion was drained and was
found to be a transudate. The PCV dropped to 12 requiring a blood transfusion. As a

consequence of these complications the surgery was delayed.
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Cat No. 12

Name- MITTENS, McKnight

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 2/7/05 to 2/11/05
Tumor dimensions- 5.5¢cm x Sem x 2cm

Tumor volume- 28.8cm’

Dose of viral construct- 4X10'° pfu

Number of intratumoral injection sites- 25

Hyperthermia Data-

T50 (°C)- 41.5
T90 (°C)- 40.2
Tmin °C)- 39.5
Tmax (°C)- 43.2

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday 470 + 115 Nil
Wednesday 2793 + 489 14+1
Thursday 2602 + 675 6.2+25
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Toxicity table
WBC GRAN LYM PLT PCV ALT ALP GGT ALB T BILI BUN CRE

Mon (2/7/05) 8 7 0.2 430 11 28 9 0 2.6 0.1 21 1.3
Tue (2/8/05)

(transfusion) 8.9 7.7 02 346 21 25 11 O 25 0.1 17 1.1
Wed (2/9/05) 16.4 13.9 1 171 27 23 9 2 1.6 43 56 1.3
Thu (2/10/05) 13.2 11.7 3 122 14 ~ 26 1 1.9 2.1 17 0.6
Fri 2/11/05) 113 95 06 125 16 26 10 1 2.1 08 20 0.9
Wed (3/2/05) 10.8 7.7 0.9 294 22

Histopathology (3/2/05)

History: Part of radiation therapy/gene therapy/hyperthermia study for VAS.

DIAGNOSIS: Left thigh mass = Soft tissue sarcoma with marked necrosis and
granulation tissue, and bordering lymphoplasmacytic inflammation.

REMARKS: The majority of the mass is necrotic and granulated. Level of tumor still
remains within the mass. Margins are very narrow and blend precariously with necrotic

and granulated tissue examined. Excision appears complete, but is questionable.

1/Left thigh mass - Slide consists of a mass of predominate necrotic and granulation
tissue with few areas of neoplastic spindle cells at the mass's periphery. Cells contain
scant to moderate amount of pale eosinophilic cytoplasm and small round
heterochromatic nuclet. Few mitotic figures are noted. There is marked
lymphoplasmacytic inflammation in the bordering connective tissues. There is a very
small, less than Imm clearance of connective tissue overlying and underlying the
removed mass.

2/Left thigh mass - Histologic description is similar to that in Slide 1.

3/Left thigh mass, lateral margins - Histologic description is similar to that of Slides 1

and 2. Lateral margin is approximately 1-1.5mm.
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CatNo. 13

Name- GINGER, Fox

Treated at- Colorado State University

Radiation dose- 48 Gy/16 fractions

Week of gene therapy and hyperthermia- 2/28/05 to 3/4/05

Tumor dimensions- 1.8cm x 2cm x lem

Tumor volume- 1.88cm’

Dose of viral construct- 10" pfu (reverted back to previous dose level)

Number of intratumoral injection sites- 4

Hyperthermia Data-

T50 (°C)- 41.1
T90 (°C)- 39.8
Tmin (°C)- 39.5
Tmax (°C)- 42.7

Cytokine production
Interleukin-12 Interferon- y
Monday Baseline (1) Baseline (1)
Tuesday - -
Wednesday 1858 + 691 +/-
Thursday - -
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Toxicity table

WBC GRAN LYM PLT PCV ALT ALP GGT ALB T BILI BUN CRE

Mon (2/28/05) 29 2.2 0.1 408 28 53 29 O 3.5 0.1 38

Tue (3/1/05) 69 6.6 0.1 307 29 65 17 O 35 02 20
Wed (3/2/05) 7.1 6.7 0.1 311 29 60 15 O 3.7 0.2 20
Thu (3/3/05) 3.2 2.6 02 207 26 61 18 O 3.7 0.1 20
Fri (3/4/05) 52 3.7 07 188 31 54 22 O 3.8 0.1 33
Tue (3/8/05) 43 2.8 06 95 39 41 16 O 36 0.1 34

Histopathology (3/9/05)

History: STS, radiation treatment. Mass is of marble size.

DIAGNOSIS: Fibroplasia, fibrin deposition and granulation tissue (organizing seroma).
REMARKS: No neoplastic cells are seen in this sample.

Mass from the right hip area - This is a well-demarcated, unencapsulated mass that is
composed of thin fibers of an eosinophilic amorphous matrix surrounding fibroblasts.
Surrounding this mass is a rim of leukocytes and plasmacytes intermixed with fibroblasts
and neovascularization with hemorrhage and edema. This mass is approximately lcm

from the deep margin of excision, and no neoplastic cells are seen.
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DISCUSSION

Vaccine- or injection-site associated feline soft tissue sarcomas are a unique clinical
entity. They were first recognized by Hendrick and Goldschmidt*! as soft tissue sarcomas
arising at the site of rabies vaccination in cats. The prevalence of sarcoma development
after vaccination has been variously reported as between 1 in 10,000* to 1 in 1,000,
Cats with injection site sarcomas belong to a younger age group than cats with non-
injection site sarcomas®’. Hendrick et al*® reported an average interval of 26 months
between rabies vaccination and tumor development. In another study®’, the median
interval was found to be 11 months between FelLV vaccination and tumor formation.

It is postulated that aluminum, used as an adjuvant in vaccines, leads to local reactions
and chronic inflammation with subsequent development of the tumor®. The treatment for
this disease involves multimodality therapy including radiation therapy and surgery”’.
These spontaneously arising soft tissue sarcomas provided us with the excellent
opportunity of utilizing this model to conduct a phase I hyperthermia- induced
interleukin-12 gene therapy trial. Another reason for choosing this group of patients was
the fact that these tumors are easily accessible for direct intratumoral injections of the
viral construct and amenable to being heated using the microwave applicator for

hyperthermia.

Gene therapy and hyperthermia were added on to radiation therapy and surgery, which
are the standard of care modalities for this cancer.

We used a replication deficient adenoviral vector and could not rely on adenoviral
replication to progressively infect more and more of the tumor cells. Hence, we tried to

achieve a homogeneous distribution in the tumor volume by multiple injections in a lcm
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X lem grid pattern covering the surface area of the tumor and injecting along the needle
track.

Prior to starting the clinical trial, in vitro studies were done to characterize this construct.
Crandell Feline Kidney (CrFK) cells were infected with AdAsptIL-12 and IL-12 mRNA
production was analyzed with respect to heating temperature and multiplicity of infection
(Chapter 2). The supernatants collected from these cells, containing the IL-12 protein,
were added to naive feline peripheral blood mononuclear cells (PBMCs) and subsequent
IFN-y mRNA production in these cells was assessed. This was done to ascertain that the
IL-12 mRNA signal detected on real- time PCR was indeed leading to functional IL-12
protein.

We used real-time PCR because (1) no ELISA kits or antibodies were readily available
for detection of feline cytokines (2) it is a sensitive technique which enabled the detection
of mRNA even in the small tissue samples. Ideally, we had planned to biopsy the tumors
on all days from Monday to Thursday to assess the dynamics of cytokine production. In
the larger tumors we were able to achieve that aim and even collect two samples on the
same day to have more tissue material available for analysis. However, in the smaller
tumors, obtaining adequate tumor tissue was not possible. In those cases we biopsied
only on Mondays (baseline sample) and Wednesdays (24 hours post- HT sample). The
Monday sample in all cases was collected prior to gene injection and served as the
baseline. mRNA levels in biopsy samples from the subsequent days were expressed as
fold increases over the baseline.

The initial plan for dose escalation was to have dose groups of 10° pfu/tumor, 10"

pfu/tumor and 10" pfu/tumor with three cats at each dose level. We used the modified
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continual reassessment method (mCRM)*°, that allows changing increments by which the
dose is escalated based on the observed toxicity. Three cats were treated at 10° pfu dose
level with minimal or no toxicity. At the next dose level of 10'° pfu, initially 4 cats were
treated. The next intended increase to 10''pfu was not reached as a high enough
concentration of the viral construct could not be produced. Therefore, the dose escalation
was limited to 4X10'" pfu. Five cases were treated at this dose. Moderate to severe
toxicities were seen in 4 of the 5 cases, as detailed in the results section. The only cat not
showing toxicity was the one who had a prolonged high- grade fever on the day of gene
injection (Monday). The hyperthermia had been delayed by a day in this case and there
was no IFN-y mRNA detectable in the tumor samples even with a 7000 fold increase
over baseline in IL-12 mRNA. Because of the toxicities, some of the cats at this dose had
extended stays in the Critical Care Unit (CCU) for recovery. It was thus decided to revert
back to 10" pfu for the last cat making the total number of cases at that dose five.

There was a high degree of variability on the fold- increase in IL-12 mRNA production.
Factors responsible for this variability could be (1) Dose of virus injected (2) Volume of
normal- saline that the construct is diluted in and the number of injection sites- affects
MOI (3) Tumor volume (4) Heating temperature achieved during hyperthermia (5)
Percent necrosis of the tumor- relates to viable target cells (6) Site of tumor tissue
sampled during biopsy (7) Elevation in body temperature- fever (8) CAR receptor status-
affects transfection efficiency of the adenoviral vector.

There did appear to be some correlation between tumor volume and I1.-12 expression at
the different dose levels. The larger tumors showed lesser IL-12 mRNA fold0 increases

compared to smaller tumors when injected with the same amount of virus.
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Based on our in vitro experiments, an increase in IL-12 mRNA levels with increase in
temperature would be expected. We did not note an increased expression with
temperature in vivo, possibly because of other influencing factors.

We attempted to circumvent the problem of necrotic tumor biopsy samples by collecting
two to three viable- looking biopsies on each day whenever the tumor size permitted. All
samples collected on one day were pooled and analyzed.

There was no correlation seen between the IL-12 production in a tumor and the presence
of IFN-y mRNA. The production of IFN-y is a function of the lymphocytes present in the
tumor. In our trial all tumors had already undergone radiation therapy to a dose of 48Gy.
This dose would have eliminated the lymphocyte pool in the tumors’'. Also, we had
injected the construct equally over the volume of the tumor. The center of the tumors,
especially in the larger sized tumors, would be necrotic, with the lymphocytes mainly
concentrated around the periphery. This is another factor that would lead to reduced IFN-
v levels. Possible strategies to increase interferon production could be (1) do the gene
therapy and hyperthermia prior to radiation therapy (2) inject the construct differentially
with more of it in the periphery or margins of the tumor and less in the center.

In our dose escalation study, IFN-y was mainly absent at the lower doses. Its presence
was unequivocally detected only at the 4X10'" pfu dose level. However, it was
interesting to note that all cats that had IFN-y levels detectable in their tumors were the
ones that had a non-normal clinical course.

Local and systemic administration of IL-12 protein has been studied in various murine

5, 6,13, 22 23,24

models and in Phase I/II human trials . However, IL-12 protein therapy has

been limited by dose-dependent toxicity >>. Human recombinant IL 12 is associated with
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severe toxicity, even at doses as low as 1pg/kg/day’®. Common toxicities included
fever/chills, fatigue, nausea, vomiting, and headache. Routine laboratory changes
included anemia, neutropenia, lymphopenia, hyperglycemia, thrombocytopenia, and
hypoalbuminemia. Dose limiting toxicities included oral stomatitis and liver function test
abnormalities, predominantly elevated transaminases. Interferon- y has been implicated
as the cytokine directly responsible for IL-12 toxicity”> **. Pulmonary edema has also
been reported in mice™.

In our patients, particular attention was paid to reducing core body temperature if the cats
started becoming febrile. They were closely monitored in the critical care unit with
hourly rectal temperatures being recorded. If the temperature reached 39°C (102.2°F), the
cage was cooled using a fan and intravenous fluids started. Any elevation in temperature
beyond 39.5°C (103.2°F) was aggressively managed with antipyretics and/ or i.v.
dexamethasone. These measures were necessary to prevent induction of the heat shock
promoter in the disseminated adenoviral construct.

Blood investigations were done on all days of the week of gene- therapy to detect
hematologic or hepatic toxicity. The toxicity grading was done based on a modified
version of the National Cancer Institute (NCI) Common Toxicity Criteria (CTC) Version
2.0. Toxicities were nil to mild in the lowest dose group gradually becoming moderate to
severe in the highest dose group.

At all dose levels a drop in granulocyte counts was seen 48-72 hours post hyperthermia
(IL-12 gene induction) with a rapid recovery seen by the next day. In some cases the
nadir was below the lower limit for normal and it was qualified as toxicity. In other cases

the nadir remained within the normal range. Similarly there was a transient increase in
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liver enzymes and/ or total bilirubin seen with rapid recovery. This rapid transient
response could possibly be due to the direct immune- mediated destruction of the target
cells and has previously been reported in primate models®* **.

At lower doses thrombocytopenia and granulocytopenia were common while at higher
doses anemia was also seen. These anemias required blood transfusions and in those
cases (Cat nos. 8, 11, 12) the total bilirubin values were elevated post- transfusion.

Cat no. 11 had also developed pulmonary edema. This complication along with refusal to
feed and poor general condition necessitated about a two- week stay in the critical care
unit. This cat recovered fully and was operated upon about six weeks post- gene- therapy.
Borrelli e al’®® had reported sustained high levels of green fluorescent protein, placed
under control of the heat shock promoter, with repeated induction using heat at 41°C for
2 hours. This study was done in vitro. One of our cats (No. 9) provided us with the
opportunity to study if this was also possible in a clinical setting. This cat has fever that
started a few hours after gene injection on Monday and persisted overnight despite anti-
pyretic efforts. The core body temperature was 39.5°C to 40.5°C for more than 12 hours.
The hyperthermia was not delivered on Tuesday. Only a biopsy was collected to assess
cytokine production. After the cat had clinically stabilized, HT was delivered on
Wednesday after a tumor biopsy. Biopsies collected during the week showed that the IL-
12 mRNA levels continued to fall after the peak induced due to fever. A repeat hsp
induction might possibly not have occurred as it had already been induced for a long
duration (about 12 hours).

In conclusion, this trial served as a proof of principle that it is possible to deliver

interleukin-12 safely using the hyperthermia- induced gene- therapy approach. The trial
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was done in spontaneously arising soft tissue sarcomas in client- owned cats. This posed
certain challenges as far as tumor tissue sample collection or procedural flexibility was
concerned. However, this served as an excellent model for human soft tissue sarcomas or
solid tumors, unlike studies done in transplanted tumors in mice.
We were able to establish the maximally tolerated safe dose (10'°pfu) with no mortalities.
This dose is based on the recommendations outlined in a protocol proposed by Stewart et
al’’. The toxicities we saw could be related, to a certain extent, with the interferon-y
production in the tumors.
A major limitation in our study was the inability to measure tumor or serum levels of the
cytokines.
In future we would like to-

1. Include cytokine (feline IL-12 and IFN-y) assays as endpoints if such antibodies/

kits become readily available.

2. Titrate the viral dose to the tumor volume.

3. Differentially distribute the construct with more in the periphery.

4. Do the gene therapy prior to radiation therapy.

5. Have longer duration of follow- up to assess local recurrence, distant metastasis

and overall survival.
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Chapter 5

OBJECTIVE ASSESSMENT OF THE ANTI- ANGIOGENIC EFFECTS OF

INTERLEUKIN- 12 DELIVERED BY A NOVEL HYPERTHERMIA INDUCED

GENE CONSTRUCT
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ABSTRACT

Interleukin-12 (IL-12) is a pro- inflammatory cytokine known to possess anti- cancer
properties. It is also an anti- angiogenic molecule and this property has been studied
extensively using various assays and systems. In this study we quantitatively measured
the anti- angiogenic effect of IL-12 delivered using a adenoviral vector with a gene
encoding for murine 11.-12 placed under control of a heat shock promoter. The rationale
behind this approach is to deliver IL-12 locally to the tumor with little or no systemic IL-
12, thus limiting its toxicity. 4T1 tumors were grown in Balb/C mice and the AdhspmIL-
12 construct was injected intratumorally. The tumors were heated after 24 hours using a
water bath. At various time points post- heating the tumors were collected and
quantitatively assessed for cytokine production and vascularity. A significant reduction
was seen in the tumor vasculature of the treated group versus the control group mice.
Generalized immunostimulation, a systemic effect of the IL-12 was seen. However, no
systemic toxicity was noted when the livers were examined for hepatic necrosis. This
study serves to establish that IL.-12 can be safely delivered using a gene- based approach

with the 1L.-12 gene placed under control of a heat shock promoter.
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INTRODUCTION

The term angiogenesis refers to the process leading to the formation of new vessels.
Under physiologic conditions angiogenesis is responsible for fetal development and
wound healing and repair. Pathologic angiogenesis is seen in tumors. Here vessels from
the host organ or tissue are recruited into the tumor tissue to enable the growth, invasion
and metastasis of solid tumors. In the absence of angiogenesis, the tumors and their
metastases may become necrotic and apoptotic or may remain inactive for long periods of
time.

Interleukin- 12 (IL-12) is a potent pro- inflammatory cytokine possessing anti- cancer
properties. An excellent review on interleukin-12 by Colombo and Trinchieri' outlines
its anti- tumor, anti- metastatic, anti- angiogenic properties and the ability to elicit long
term anti-tumor immunity. Voest ef al* studied the role and possible mechanisms of
action of IL-12 in antiangiogenesis. They studied the effect of IL.-12 against basic
fibroblast growth factor (bFGF) induced corneal neovascularization in immunocompetent
C57BL/6 mice, SCID mice and natural killer cell defective beige mice. IL-12 (1ug/ day)
was given intraperitoneally for two cycles of five days each with a two- day break in
between. They found significant reduction in bFGF induced corneal neovascularization in
the IL-12 treated mice. This effect was lost when the mice had also received an antibody
against IFN-y, suggesting that IFN-y was an important mediator in the antiangiogenic
effects of IL-12. They proposed that IFN-y has two major effects (a) it induces
production of interferon inducible protein-10 (IP-10), a member of the -C-X-C-
chemokine family, which is directly antiangiogenic (b) IFN-y inhibits metalloproteinase

production. Metalloproteinases breakdown the extracellular matrix to allow new capillary
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sprouts to grow through and thus inhibition of metalloproteinase activity might inhibit
angiogenesis.

The possibility of using IFN-y itself was also investigated. However, it was found to
exhibit biphasic pharmacokinetics® and the same tumor growing at different sites had
different relative sensitivities to IFN- y*. IFN-y induces the production of soluble anti-
angiogenic factor interferon- inducible protein 10 (IP-10)°. This protein is expressed in
activated mononuclear cells, keratinocytes, fibroblasts, endothelial cells and T cells. IP-
10 was found to inhibit bFGF-induced neovascularization of Matrigel injected
subcutaneously into athymic mice. In addition, IP-10, in a dose-dependent fashion,
suppressed endothelial cell differentiation into tubular capillary structures in vitro®. The
precise mechanism by which 1IFN- y prevents new blood vessel formation remains
unclear, but involves the production of IP-10 (CXCL10)” and monokine induced by
interferon gamma (MIG/CXCL9)®. It has been suggested that the balance between the
local concentrations of proangiogenic and antiangiogenic factors within a tumor dictates
whether angiogenesis occurs. Since angiogenesis is required for tumors and metastases to
grow beyond a few millimeters in diameter, angiogenesis inhibition is thought to be an
important mechanism by which IL.-12 controls tumor growth. Hence 1L-12 is proposed to
act through the activation of IFN- y/ IP 10 axis. Other proposed mechanisms implicate
direct natural killer (NK) cell mediated endothelial cytotoxicity’ and downregulation of
VEGFR-3 receptorlo‘

Locally produced I1.-12 controls the growth of solid tumors through at least three distinct
mechanisms''. 1) Stimulation of T cell mediated killing of tumor cells 2) Suppression of

tumor cell proliferation by 1L-12 induced IFN-y and 3) Inhibition of tumor angiogenesis.
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Cavallo ef al'* summarized the main events leading to IL-12 induced tumor inhibition in
vivo. An inverse relation has also been shown between vascular endothelial growth factor
(VEGF) and IL-12"% ",

Local and systemic administration of 11.-12 protein has been studied in various murine

1318 and in Phase I/l human trials ' ?°. However, IL-12 protein therapy has been

models
limited by dose-dependent toxicity »'. Human recombinant IL-12 is associated with
severe toxicity, even at doses as low as Iug/kg/day”’. Common toxicities included
fever/chills, fatigue, nausea, vomiting, and headache. Routine laboratory changes
included anemia, neutropenia, lymphopenia, hyperglycemia, thrombocytopenia and
hypoalbuminemia. Dose limiting toxicities included oral stomatitis and liver function test
abnormalities, predominantly elevated transaminases. IL-12 does not accumulate
selectively in tumors. Most anticancer drugs and proteins have tumor: organ ratios less
than 1 after intravenous injection and this poor accumulation may be responsible for the
modest performance against solid tumors®.

It has also been shown that recombinant IL-12 administration induces a transient period
of profoundly impaired-immune response that can compromise host protection against
tumors>* %,

Local expression of IL-12 may avoid systemic toxicity of recombinant interleukin-12
administration®®?%,

Intratumoral injections of adenoviral vectors or IL-12 plasmid DNA, naked or in complex
with cationic lipid % have been tried to deliver therapeutic IL-12 with the rationale that

IL-12 will be produced only in the virally infected tumors, thereby reducing systemic side

effects. A few reports have indicated the efficacy of this approach *°32. However,
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elevated systemic transgene levels are still observed in many cases as adenovirus can

reach the circulation 33

and infect other organs; and the promoters in most previous
reports are constitutively active, such as cytomegalovirus (CMV) based promoters. This
combination makes it likely that intratumoral injection of this constitutively active
adenovirus approach will still result in toxicity ** .

To achieve this goal of localizing gene expression, a heat-inducible adenoviral gene
therapy vector with murine IL-12 placed under the control of a heat inducible promoter
was developed at Duke University. The rationale for using this heat shock promoter (hsp)
is that hyperthermia is most likely to be used as an adjuvant therapy with radiation and
chemotherapy. Heating the tumor leads to activation of the Asp promoter and subsequent
local IL-12 production.

The feasibility of combining fractionated radiotherapy, hyperthermia and heat inducible
gene therapy in a nonimmunogenic B16.F10 melanoma line that is syngenic with
C57BL/6 mice was studied . It was concluded that hyperthermia-regulated gene therapy
in combination with radiation is feasible and therapeutically effective in murine tumors
with no apparent systemic toxicity >*>°.

Hyperthermia involves localized delivery of heat to the tumor aimed at tumor cell killing.
The tumors are heated to a temperature of 41°C- 44°C for 30- 60 minutes. It is now an
established modality in the anti- cancer armamentarium and is frequently employed in
combination with radiation therapy or chemotherapy.

Apart from its effects of directly killing cells by alterations in nuclear and cytoskeletal

structures, metabolic pathways and intracellular signals, hyperthermia also demonstrates
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40, 41

anti- angiogenic effects™ . This may be due to endothelial cell killing, interference with

cell replication, inhibition of cell migration, or a combination of these mechanisms**.
Various in vivo assays have been described in literature to study angiogenesis and anti-
angiogenesis. These include the rat corneal pocket assay, Matrigel plug assay,
chorioallantoic membrane of the chick (CAM) assay, dorsal skin- fold chamber etc.
Compared to these systems, which usually do not accurately mimic a tumor
microenvironment, the use of mouse tumor models offers certain advantages43 . The
transplanted tumor models arise from a relatively homogeneous, fully transformed cells.
After injection of the tumor cell line the tumors are seen within a few days and their
response to therapeutic intervention can be followed easily.

The 4T1 mouse mammary adenocarcinoma cell line is derived from a single
spontaneously arising mammary tumor from a BALB/BfC3H mouse™. It is a highly
metastatic cell line, metastasizing hematogenously to lungs, heart, bone, brain and liver.
We studied both patent functional vasculature using lectin intravital perfusion (FITC-
conjugated Lycopersicon esculentum lectin) and vascular antigen staining (CD31). The
fluorescently conjugated plant lectin was injected into the tail vein of the mice and served
to identify functional blood vessels after sacrificing the mice*® 4.

A significant reduction in vasculature was noted in the treated group of mice as compared

to the controls.
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MATERIALS AND METHODS

Animals: BALB/c mice, 9-12 weeks of age weighing 20-25 grams were obtained from the

Laboratory Animal Resources at Colorado State University.

Design of vector: The AdEasy system (Stratagene, La Jolla, CA) was used to construct
the AdhspmlIL12. The two subunits (p35 and p40) of the murine 1L.-12 were amplified
and sequence-verified. They were then connected into one gene expression unit by use of
a flexible linker sequence (Gly4Ser). A 400-bp hsp70B promoter was then used to control
the expression of the modified murine 1L-12 gene. The whole hsp-mIL12 gene
expression cassette was then transferred into an adenovirus shuttle plasmid. The shuttle
plasmid was cotransfected into 293 cells to derive AdhspmlIL12. Amplification and

isolation of the virus was achieved following standard protocols®™ *.

Tumor cell injection: 4T1 cells were obtained from American Type Culture Collection
(ATCC). 5X10° cells were diluted in 50l of PBS and injected into the left hind legs of
the mice. Eight to ten days later the tumors reached a volume of 200mm’. Daily tumor
measurements were done using calipers. Mice were euthanized at a tumor volume of
~1000 to 1200mm°. At this tumor size the left hind leg becomes paralyzed and non-
functional and in some cases the skin starts ulcerating. This study was approved by the

Colorado State University Animal Care and Use Committee.

Treatment groups: Tumor bearing mice were divided into the following treatment groups
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(1) Control - intratumoral normal saline injection 50ul. (2) Injection of 10® pfu of Ad
LacZ (empty vector) dissolved in 50pl of normal saline intratumorally + hyperthermia (3)
Injection of 10® pfu of AdhspmIL-12 dissolved in 50ul of normal saline intratumorally
(No HT) (4) Intratumoral normal saline injection 50pl + HT (5) Injection of 10® pfu of
AdhspmlIlL-12 dissolved in 50ul of normal saline intratumorally + HT.

All intratumoral injections were given 24 hours prior to delivering hyperthermia.

Hyperthermia: The mice were anesthetized using 2% isoflurane and the tumors heated
with the tumor bearing leg immersed in a water bath. The tumors were heated at 41°C for

60 minutes (Figure 1).

In Vivo hypoxia and vascular markers: Hypoxyprobe-1 (Chemicon International,
Temecula, CA) was injected intraperitoneally at a dose of 75 mg/kg dissolved in 100ul of
normal saline 90 minutes before euthanasia. Lycopersicon (tomato plant) lectin (Vector
Laboratories, Burlingame, CA) conjugated with FITC was used as a marker for
functional vasculature. It was injected via the tail vein in a dose of 100ug in 100ul of

normal saline 3 minutes prior to euthanasia.

Tissue harvesting: Mice were euthanized by cervical dislocation under anesthesia. Within
one minute of death, part of the tumor was collected in a cryotube and part embedded in
Tissue-Tek optimum cutting temperature compound (OCT). Both parts were immediately
frozen in liquid nitrogen. Lungs, liver and spleen were collected over the next 2-3

minutes and preserved in formalin.
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FIGURES
Figure 1- Mouse hyperthermia setup

Figure 1 MOUSE HYPERTHERMIA SETUP

a. Five lcm diameter holes were cut in a Perspex sheet designed to fit a VWR water
bath.

b. The tumor bearing leg was drawn through the hole and weighted down with fish
lead weights (8-9 grams).

c. A gas anesthesia machine was used to deliver Isoflurane. A single outlet was split
into 5 to enable anesthetizing and heating 5 mice at a time.

d. After anesthetizing the mice the Perspex sheet was lowered into the water bath
and it rested on a ridge inside the bath with the tumor bearing leg suspended in
water at desired temperature.
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RNA isolation and cDNA synthesis- Tumor samples were lysed and RNA isolated using
TRIzol Reagent (GibcoBRL) as per manufacturer’s protocol. RNA purity was assessed
spectrophotometrically. Total isolated RNA was treated with DNase I (Invitrogen) to
remove any genomic DNA. cDNA synthesis was then carried out using Superscript 11
RNase H Reverse Transcriptase (Invitrogen, Carlsbad, CA). Each reaction mixture
contained 10ul of RNA solution to which was added 4ul First strand buffer (5X), 1ul
dNTP (10mM), 1pl DTT (0.1M), 0.25p] RNase out (40U/ul), 0.25ul SuperScript 11 (200
U/ul), 2ul of random hexamers (300ng/ul) and 1.5ul DNase, RNase free water giving a
total of 20ul per reaction mixture. This was incubated at 42°C for 50 minutes following
which 30pl of DNase, RNase free water was added to the mix and the enzymes
inactivated by placing the reaction tubes on a 95°C heat- block for 5 minutes. The cDNA

was then stored at —20°C till the time of RT- PCR.

Real Time PCR- We employed real- time reverse transcriptase PCR to detect and
quantitatively express the production of murine genes of interest and GAPDH mRNA.

Sequences for the primers and probes were obtained from the literature®®>

and purchased
from MWG Biotech (High Point, NC).

Murine Cytokine Gene Sequences (All 5’2 37)

IL-12 p40

Forward- GGA AGC ACG GCA GCA GAA TA

Reverse- AAC TTG AGG GAG AAG TAG GAA TGG

Probe- CAT CAT CAA ACC AGA CCC GCC CAA
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IFN- vy

Forward- TCA AGT GGC ATA GAT GTG GAA GAA
Reverse- TGG CTC TGC AGG ATT TTC ATG

Probe- TCA CCA TCC TTT TGC CAG TTC CTC CAG
IP-10

Forward- GCC GTC ATT TTC TGC CTC AT

Reverse- GCT TCC CTATGG CCC TCATT

Probe- TCT CGC AAG GAC GGT CCG CTG

PAI-1

Forward- CAG AGC AAC AAG TTC AAC TAC ACT GA
Reverse- CAG CGA TGA ACA TGC TGA GG

Probe- ATG ACG TCG TGG AAC TGC CCT ACC A
VEGF

Forward- TGT ACC TCC ACC ATG CCA AGT
Reverse- TGG AAG ATG TCC ACC AGG GT

Probe- CCA GCG AAG CTA CTG CCGTCC AAT T
GAPDH

Forward- TTC ACC ACC ATG GAG AAG GC
Reverse- GGC ATG GAC TGT GGT CAT GA

Probe- TGC ATC CTG CAC CAC CAA CTG CTT AG
The reporter dye attached covalently at the 5° end was FAM (6- carboxyfluorescin) and

the quencher bound to the 3 end was TAMRA (6- carboxytetramethylrhodamine).
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Real time PCR was performed using the Applied Biosystems ABI Prism 7000 (Foster
City, CA). The amplification protocol was: 2 min at 50°C, 10 min at 95°C, 45 cycles of
15s at 95°C and 60 s at 60°C.

Cycle threshold values were obtained from the ABI software were exported and the 24!
method®* was used to determine the relative expression of the genes of interest. Briefly, a
standard housekeeping gene (eg. GAPDH, B- actin, B, microglobulin) is chosen as an
internal control gene. This serves to normalize the amount of cDNA loaded for each
reaction. An untreated control was selected as the ‘calibrator’ and the relative expression
data is obtained as the fold change in gene expression normalized to the chosen
endogenous reference gene and relative to the untreated control.

Prior to using the 244"

method for relative quantification, we validated its use for the
primer and probe sequences and PCR conditions being employed in our experimental
conditions. The methods and acceptable results are described in literature™ *°. Briefly,
the target cDNA was serially diluted and Real time PCR performed. Cycle threshold
values for the serially diluted samples are plotted on a graph with the log dilution on the

X- axis and cycle threshold values on the Y- axis. The slope of the line is used to obtain

the efficiency of PCR amplification using the formula- Efficiency = 100571,

Imaging for functional vasculature: Five micron thick frozen sections of the tumors were
made and stored in the dark at -80°C. Tumor sections were imaged for FITC fluorescence
using a Zeiss Axioplan 2 microscope (Carl Zeiss) with the KS 400 image analysis
software. An area of the tumor away from the periphery was chosen for image capture.

Images were captured at 100X. Five to six separate sections from 4-5 mice per group
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were captured for further image analysis. The X- and Y- coordinates of each image were

recorded to enable the same area to be imaged after CD31 and hypoxyprobe staining.

Immunohistochemistry-Immunohistochemical staining was performed using standard
manual techniques on a vertical slide staining system (Credenza, Thermo Electron
Corporation, Philadelphia, PA). Cryosections were fixed in -20° C acetone for 10 minutes
and then allowed to dry at room temperature for 30 minutes before proceeding. All
reagents and kits were purchased from Vector Laboratories, Burlingame, CA unless
otherwise noted. In all cases a control section was processed in which the primary
antibody was replaced with simple antibody diluent. For monoclonal antibodies another
negative control was run with isotype similar non- specific antibody replacing the
primary antibody at a similar concentration.

Hypoxyprobe/ CD 31 staining:

Fixed sections were stained following the horseradish peroxidase based M.O.M.
immunodetection kit with a hypoxyprobe 1-Mabl (Chemicon International, Temecula,
CA) as the primary Ab at a 1:50 dilution in antibody diluent (DakoCytomation,
Carpinteria, CA). DAB substrate was used to visualize the immunoreactive complexes.
Sections were incubated overnight in a rat monoclonal anti-mouse CD31 primary
antibody (Clone MEC 13.3, BD Pharmingen, San Diego, CA) at 1:100 dilution in
antibody diluent. A secondary biotinylated rabbit anti rat IgG antibody at 1:100 dilution
was applied and followed with a horseradish peroxidase streptavidin at 1:250 dilution in

PBS. A VIP peroxidase substrate kit was used for visualization. Sections were
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dehydrated through ascending serially concentrated alcohol baths and mounted in a
xylene based permanent mounting media.

1L-12/ IP-10 staining:

Fixed sections were incubated overnight in primary antibody, rat monoclonal anti-mouse
IL-12 (Clone C15.6, Biosource, Camarillo, CA) at 1:100 dilution in antibody diluent or
Rabbit anti-mouse IP-10 (Peprotech, Rocky Hill, NJ) at 1:200 dilution in antibody
diluent. A biotinylated secondary rabbit anti-rat IgG or goat anti-rabbit IgG at 1:100
dilution was applied and followed with a horseradish peroxidase streptavidin at 1:250
dilution. DAB substrate was used to visualize the immunoreactive complexes. Sections
were dehydrated through ascending serially concentrated alcohol baths and mounted in a

xylene-based permanent mounting media.

Image analysis: The saved images were quantitatively analyzed for the parameters of
interest using Scion Image (NIH). The ‘density slice’ was fixed for a color of interest
(FITC- green, CD31- blue, hypoxyprobe- orange/ red) and the area occupied by the stain
was obtained from the software expressed as pixels. All images for a particular color

were analyzed using the same ‘density slice’.

Statistics: Pixel areas for FITC, CD31 and hypoxyprobe staining were compared between

the treatment groups using the ANOVA test with pairwise comparison between groups.
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RESULTS

Cytokine RT-PCR- Real time PCR was performed to quantitatively detect presence of IL-
12, IFN-y, IP-10, PAI-1 and VEGF mRNAs with GAPDH as the housekeeping gene.
Initially, experiments were performed to detect efficiency of amplification for the genes
of interest. After ascertaining that the PCR amplification efficiency was in the 90%-95%
range using our primer and probe sequences, the real time PCR for various treatment
groups was performed. Results are shown in Figure 2. Each bar represents the average +
SEM of cytokine expression in tumors from 5 mice with each sample run in triplicate.
The expression levels in the treatment groups are normalized to control group (group 1).
The groups mentioned in the graphs are as follows- Group 1 — Normal saline injection,
Control. Tumor and tissue samples collected at the same time as treatment group (five
days post- HT); Group 2 — Ad LacZ + HT. Tumor and tissue samples collected 5 days
post- HT; Group 3 — Ad Asp mlL-12, no HT. Tumor and tissue samples collected at the
same time as treatment group (5 days post- HT); Group 4 — Normal saline injection, HT
only. Tumor and tissue samples collected 5 days post- HT; Group 5a — 6 hours post- HT;
Group 5b — 24 hours post- HT; Group 5c — 5 days post- HT.

Maximum IL-12 mRNA levels were seen in the tumor samples collected 6 hours post-
HT (Group 5a). By 24 hours post- HT (Group 5b) the level had reduced by about 2.5 logs
(Figure 2a). There was mRNA present even on the 6" day post — HT. IL-12 mRNA was
also elevated in Group 3, where the AdhspflL-12 had been injected intratumorally but no

hyperthermia had been delivered.
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Figure 2- RELATIVE EXPRESSION OF mRNAs IN THE TREATED GROUPS 2 TO
5C NORMALIZED TO GROUP 1. (Each bar represents samples from 5 mice each in
triplicate £ SEM). Group 1 — Normal saline injection, Control. Tumor and tissue samples
collected at the same time as treatment group (five days post- HT); Group 2 — Ad LacZ +
HT. Tumor and tissue samples collected 5 days post- HT; Group 3 — Ad Asp mIL-12, no
HT. Tumor and tissue samples collected at the same time as treatment group (5 days post-
HT); Group 4 — Normal saline injection, HT only. Tumor and tissue samples collected 5
days post- HT; Group Sa — 6 hours post- HT; Group 5b — 24 hours post- HT; Group Sc —
5 days post- HT.
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Interferon- y (IFN-y)

Interferon inducible protein- 10 (IP-10)
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This suggested Asp induction by factors other than hyperthermia. Peak IFN-y levels were
noted 24 hours post- HT (Figure 2b) corresponding to the time- point at which the 1L-12
protein levels would be highest. IP-10 mRNA also followed the same trend. However, as
opposed to IL-12 and IFN-y mRNA levels, which were still high in Group 5Sc, the IP-10
levels had returned to baseline (Figure 2c). PAI-1 was highest in Group 4 (HT only)
(Figure 2d). VEGF levels were elevated in all groups (Figure 2e). There were highly
varying fold- increases in mRNA within the groups, as represented by the large error-

bars. In groups 5a-c, the levels appeared to be inversely related to the IL-12 levels.

Tumor growth curves- After the tumors reached sizes of approximately 3-4 mm in
diameter, daily tumor measurements were done using calipers. Tumor volume was
calculated as- short axis® X long axis X /6. Relative tumor volumes are shown in Figure
3. A statistical analysis using analysis of variance (ANOVA) with pairwise comparison
revealed a statistically significant (p<0.05) difference between the control and AdaspflL-
12+HT group and no difference between control and HT only or between HT only and

AdhspflL-12+HT.

Image analysis for vascular area- Five to six tumor sections from 4-5 mice per group
were examined at 100X for Tomato lectin-FITC fluorescence and CD31 staining (Figures
4 to 6). Image analysis was done and the results are shown in Figures 8 and 9

respectively.
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Figure 3- TUMOR GROWTH CURVES
The blue arrow on day 3 represents the day of injection and the red arrow the day of

hyperthermia. Each point is the relative tumor volume normalized to day 1 and error bars
are SEM.
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Figure 8a and 9a show the total area in pixels and 8b and 9b show the same data
expressed as a percentage of the total tumor area imaged. As can be seen from the graph,
the area occupied by functional patent vasculature (FITC staining) is less than the area
. staining for vascular antigens (CD31 staining) by a factor of about 3. In the control group
it 1s 1.05+ 0.85% and 3.5+ 1.75% for FITC and CD31 respectively. In the treatment
group it is 0.26+ 0.22% and 0.84+ 0.62% for FITC and CD31.
A statistically significant (p<0.05) decrease in tumor vasculature was seen in group 5 as
compared to all other groups for FITC as well as CD31 staining. In group 3, where the
vector had been injected but the tumor was not heated, the difference was also significant

as compared to controls.

Image analysis for hypoxia- Hypoxyprobe staining was done to assess areas of tumor
hypoxia in the different groups. Figure 10 shows the results. In the control group and
groups 2-4 the tumor hypoxic area was 9.5%-11.5% with standard deviations of 6%-7%,
however in the AdAspfIL-12+HT group, the hypoxic area was 19.8+ 7.5%. This increase

was statistically significant (p<0.05).
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Figure 4- SAME AREA OF A TUMOR SECTION IMAGED FOR TOMATO LECTIN-
FITC STAINING AND SUBSEQUENTLY FOR CD31 (VIOLET) AND
HYPOXYPROBE (BROWN).

Figures 4a and d- Tomato lectin- FITC.

Figures 4b and e- Same coordinates on the slide imaged for CD31 and hypoxyprobe
staining.

Figures 4c and f- Image 4a and 4d overlaid on 4b and 4e to show correspondence
between functional vasculature and CD31 staining. Area stained by CD31 is larger than
FITC indicative of greater presence of the antigen than is actually patent functional
vessels.
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CONTROL (100X) GROUP 5 (100X)

Figure 5- FITC IMAGES OF CONTROL AND TREATED GROUP

Figure 5a- Image from a control tumor section showing the patent vasculature in green.
Figure 5b- Image from an IL-12 treated tumor 6 days post- hyperthermia showing much
reduced vasculature.
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Figure 6- CD31 (VIOLET) AND HYPOXYPROBE (BROWN) STAINING (100X)
Figure 6a- Example of a section from a control group tumor showing large areas staining
positive for CD31 antigen with small areas of hypoxia

Figure 6b- Example of a section from a treated group tumor showing reduced CD31
staining and larger areas of hypoxia.

Figure 6¢- Contrast and brightness of the captured image was adjusted to increase the
color differential between CD31 positive and Hypoxyprobe positive areas to enable
quantification using the Scion image software.
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Figure 7- SCREEN IMAGES OF THE SCION IMAGE (NIH) SOFTWARE

Figure 7a. An image to be analyzed is opened in the software.

Figure 7b. A “density slice” can be selected to include all the areas of interest to be
analyzed. Clicking on the “Analyze” will give the area in pixels occupied by the selected
region.
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Functional vessel imaging- Tomato lectin-FITC staining
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Figure 8- AREA OCCUPIED BY FITC STAINING

The groups mentioned in the graphs are as follows- 1 — Normal saline injection, Control.
Tumors collected at the same time as treatment group (five days post- HT); 2 — Ad LacZ
+ HT. 5 days post- HT; 3 — Ad Asp miL.-12, no HT. Same time as treatment group (5 days
post- HT); 4 — Normal saline injection, HT only. 5 days post- HT; 5 — Ad Asp mIL-12+
HT. 5 days post- HT. Reduction in tumor vasculature was statistically significant
(p<0.05) in Group 5 as compared to all other groups and for Group 3 when compared to
Control group (Group 1).

Figure 8a. Expressed as pixels
Figure 8b. Same data expressed as a percentage of total area of the slide.
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Figure 9- AREA OCCUPIED BY CD31 STAINING

The groups mentioned in the graphs are as follows- 1 — Normal saline injection, Control.
Tumors collected at the same time as treatment group (five days post- HT); 2 — Ad LacZ
+ HT. 5 days post- HT; 3 — Ad Asp mIL-12, no HT. Same time as treatment group (5 days
post- HT); 4 — Normal saline injection, HT only. 5 days post- HT; 5 — Ad Asp mIL-12+
HT. 5 days post- HT. Reduction in tumor vasculature was statistically significant
(p<0.05) in Group 5 as compared to all other groups and for Group 3 when compared to
Control group (Group 1).

Figure 9a. Expressed as pixels

Figure 9b. Same data expressed as a percentage of total area of the slide.
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Figure 10- AREA OCCUPIED BY HYPOXYPROBE STAINING

The groups mentioned in the graphs are as follows- 1 — Normal saline injection, Control.
Tumors collected at the same time as treatment group (five days post- HT); 2 — Ad LacZ
+ HT. 5 days post- HT; 3 — Ad Asp mIL-12, no HT. Same time as treatment group (5 days
post- HT); 4 — Normal saline injection, HT only. 5 days post- HT; 5 — Ad Asp mlL-12+
HT. 5 days post- HT. Increase in hypoxic fraction was statistically significant (p<0.05) in
Group 5 as compared to all other groups.

Figure 10a. Expressed as pixels

Figure 10b. Same data expressed as a percentage of total area of the slide.
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Cytokine staining- The pattern of interleukin-12 staining showed small patches
distributed throughout the tumor section (Figure 11). A formal analysis of the area
staining positive was not possible as the image analysis software could not differentiate
between the colors on the slides. A rough estimate for the area staining positive for IL-12
was 5% to 10% for the tumors collected 24 hours post-HT and 10% to 20% for the

tumors collected on the sixth day post- HT.

[P-10 staining (Figure 12) also showed a similar patchy distribution throughout the tumor

section. However, it appeared to be more widely spread than IL-12.

Lung metastasis- Random sections of both lungs of 5 mice from the control group had a
total of 9 metastases (Figure 13) while there were no lung metastases seen in the 5 mice
from the AdhspflL-12+HT group. Most lung metastases were just a few cells large. Only

the two largest ones are shown in Figure 13.

Liver and spleen histology- Mice livers were examined for pathological changes
reﬂe'ctive of IL-12 toxicity. There was no hepatic necrosis or any other pathology noted
in livers from any of the groups.

The splenic histology in the IL-12 treated group revealed multiple coalescing large
secondary follicles with large expanded germinal centers. These features were not present

in the control group spleens (Figure 14).
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Figure 11- INTERLEUKIN-12 STAINING
Figure 11a. The red circles outline so9me of the areas staining positive for 1L.-12 in a

hematoxylin background. This image is from one of the tumors collected 6 days post HT.
(100X)

Figure 11b. Another tumor section from same treatment group at 400X.
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Figure 12b

Figure 12- IP-10 STAINING

Figure 12a- Tumor section from control group mouse stained for IP-10 (400X).

Figure 12b- Tumor section from IL-12 treated group collected on the 6" day post-HT
stained for IP-10 (400X).
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Tumor

Figure 13- H&E IMAGES

Figure 13a. 100X image of 4T1 tumor

Figure 13b. 200X image of 4T1 tumor

Figure 13c. 40X image of 4T1 lung metastasis
Figure 13d. 200X image of 4T1 lung metastasis.
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Figure 14a

Figure 14b

Figure 14- SPLEEN HISTOLOGY

Figure 14a- Spleen from a control group mouse (40X).

Figure 14b- Spleen from a mouse euthanized on the 6™ day post HT showing enlarged
germinal centers (the yellow arrows outline one such germinal center). Many follicles
appear to be coalescing together.
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DISCUSSION

Interleukin-12 is a potent pro- inflammatory cytokine possessing anti- cancer properties'.
Its anti- angiogenic properties are linked to its downstream proteins- interferon- y and
interferon- inducible protein 10 (IP-10)'* *®. Natural killer (NK) cells are also thought to
be essential for IL-12 antiangiogenesis’.We studied a hyperthermia- inducible gene
construct to deliver interleukin-12 intratumorally. The murine IL-12 gene has been placed
under control of inducible promoter human heat shock promoter 70B and replication-
deficient adenovirus type 5 is employed as the vector for gene transfer to tumor cells.
This construct has been designed to achieve a better spatial and temporal control over
interleukin-12 expression. The aim is to have high tumor levels of the cytokines with
limited systemic circulation to try and prevent generalized hematologic and hepatic
toxicity. The gene- construct diluted in normal saline was injected into the tumor through
a single injection site but multiple tracks were made to try and achieve a better physical
distribution. Twenty- four hours were allowed for adenoviral infection of the tumor cells.
This is the time required for maximum possible efficiency of infection®” .

Hyperthermia (41°C for 60 minutes) was delivered to the tumor bearing leg using a water
bath. This is a well- established technique described in various studies®® >% %,

Real- time PCR was used to quantitatively study the mRNA expression of the genes of
interest- [L-12, IFN-y, IP-10, PAI-1 and VEGF. GAPDH was used as the housekeeping
gene to serve as the loading control. The fold- increases in the mRNA levels in the

treatment groups 2-5 were expressed normalized to the control group (group 1).

Interleukin-12 induces production of IFN-y from T-cells, NK cells, macrophages and
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dendritic cells™ . IFN-y further leads to the secretion of IP-10 from endothelial cells,
monocytes/ macrophages and other surrounding cells’.

PAI-1 was found to be responsible for hyperthermia induced antiangiogenesis even at
temperatures not directly cytotoxic to endothelial cells’'. VEGF is a proangiogenic
molecule®.

Interleukin-12 mRNA levels have been reported to be maximally induced at 4 hours to 12

6365 afier stimulation or induction. In our in vitro studies we had found the time

hours
point of maximal IL-12 mRNA levels to be 6 hours post- hyperthermia (Chapter 2).
Hence this was one of the time points chosen in the AdhspflL-12+HT group for tumor
sample collection to measure cytokine levels. Based on our in vitro experiments and from

data in literature’” *®

, the protein levels peak about 16-20 hours post induction, following
the peak in the mRNA wave by a few hours. Based on that, the downstream cytokines of
IL-12, IFN-y and IP-10 would show their peak mRNA levels in the tumor sample
collected 24 hours post- HT. That is what we found in our tumor tissue samples. The
sixth day post- HT tumor sample had been collected mainly for IHC for antiangiogenesis
studies. It was expected that the cytokine levels would reach close to baseline on the scale
normalized to the control group. However, the IL-12 and IFN-y mRNA levels were still
about 1000-fold and 8-fold higher than baseline. The IP-10 mRNA levels had reached
baseline though.

PAI-1 levels were maximally induced in the group receiving HT only (Group 4). Roca et
al*! studied the anti angiogenic properties of hyperthermia. They heated cultured human

endothelial cells at 39°C, 41°C, 43°C and 45°C for 60 minutes and determined cell

viability immediately and 16 hours after heating. cDNA expression array was used to
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study the gene expression profile of endothelial cells after heat shock. One thousand one
hundred and fifty human cancer related genes were evaluated. It was determined that
hyperthermia activates a specific gene response involving the transcription of
plasminogen activator inhibitor (PAI-1). This protein is a key regulator of the
plasminogen activation pathway implicated in vascular thrombosis, metastasis diffusion,
inflammation and angiogenesis. A dose- dependent inverse relationship between IFN-y
and PAI-1 has been reported®® and our data also seems to support this finding.

An inverse relationship has also been found between IL-12 and VEGF" '*¢7. Maximum
[L-12 protein levels, which would be expected about 18-24 hours post-HT, coincide with
the lowest VEGF mRNA levels in groups 5 a to c¢. Elevated levels of VEGF mRNA were
seen in all the treatment groups. Any antiangiogenic measure such as hyperthermia® or
interleukin-12 would possibly result in an increase in VEGF levels to attempt to counter
the antiangiogenesis®.

For tumor growth studies the 4T1 tumors growing in Balb/C mice were treated with HT
alone or AdhspflL-12+HT and compared with the control group. A statistically
significant benefit was seen in the AdhspfIL-12+HT group. However, pairwise
comparisons between controls and HT only and between HT only and AdAspflL-12+HT
did not show statistical significance. A similar study®” using this construct in B16F10
melanoma cell line tumors had also shown a delayed tumor growth in the IL-12 treated
group. The reduction in tumor vasculature in group 4, along with contribution from
hyperthermia induced cytotoxicity, could be responsible for the delayed tumor growth. In
vitro studies done on 4T1 cells did not show evidence of appreciable reduction in

percentage of viable cells using the trypan blue dye exclusion test when heated at 39°C to
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42°C. Only when heated at 43°C the cell viability was reduced to approximately 75%
(data not shown).

For studying patent functional vasculature FITC- conjugated Lycopersicon esculentum
(Tomato plant) lectin was injected 3 minutes prior to euthanasia. Lectins are rapidly
distributed through all vessels within a circulation period of about 60 seconds in mice™*.
They bind to the glycoproteins expressed on the endothelial cells®. CD31 staining,
routinely used to study angiogenesis and antiangiogenesis in tissue sections,

703 a5 it stains endothelial cells in the tumor sections

overestimates vascularity of a tumor
even in the absence of functional vasculature. In our study, the area of fhe tumor section
occupied by functional vasculature (~1%) was one- third of the area staining positive for
CD31 antigen (~3%). CD31 positive area in the tumor have been reported as
approximately 3.5% for A431 human squamous cell carcinomas and B16F10
melanomas’* to approximately 6.5% to 7% for neuroblastomas’ and LLC tumors’.

The percentage vascularity of the treated group was 24% and 25% of the control group
by CD31 and FITC studies respectively. These values are close to those reported in
literature for IL-12 induced anti- angiogenesis in Balb/C and C57CL/6 mice using
Matrigel assay’ and in Balb/C mice in a breast carcinoma model’. A significant
reduction in vascularity was also noted in Group 3 where the construct had been injected
but hyperthermia had not been delivered. Approximately a 500- fold increase in IL-12
mRNA levels and a 20- fold and 16- fold increase in IFN-y and IP-10 levels respectively
were also seen. This suggested that some factor, other than HT, was leading to Asp

induction in the tumor microenvironment. We have explored this phenomenon in our in

vitro studies (Chapter 3).
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Various methods to measure tumor hypoxia have been described in literature and the
percentage of hypoxic cells have been found to range from 0% to 50% with most tumors
having hypoxic areas between 10%-15%%. The level of hypoxia in 4T1 tumors, using
Hypoxyprobe-1, was found to be 16+ 7%’’. In our tumor sections, using the same
compound, the tumor hypoxic area was 9.7+7.6% to 11.6i7.3% for groups 1 to 4.
However, in treatment group 5 (AdAspfIL-12+HT) the area had increased to 19.8+7.5%.
This difference was statistically significant and reflective of the reduction in tumor
vascularity.

Adenoviruses are efficient vectors for use in gene therapy protocols. In vitro they have
been found to have high percentage infection of cells exposed’™ ™. We found infection
efficiencies of 90%-95% in our in vitro experiments (Chapter 2) using a GFP expressing
adenoviral vector. However, the in vivo efficiencies are much lower. In malignant glioma
cells Puumalainen ef al*® reported adenoviral infection as low as <0.01% to 11%.
Adenoviral infections are highly dependent on the coxsackievirus and adenovirus
receptor (CAR) status®™ ¥, Gu et a/® found variations in CAR status among human
musculoendothelial tumors. They found that CAR mRNA was expressed at highest levels
in osteosarcoma, Ewing’s sarcoma, neurofibroma, and schwannoma; at intermediate
levels in exostosis, giant cell tumor, liposarcoma, synovial sarcoma, malignant peripheral
nerve sheath tumor, and hemangioma; and at low levels in alveolar soft part sarcoma and
desmoid. In our study also, immunohistochemical staining for IL-12 showed very sparse
and patchy distribution suggestive of very low transfection efficiency in vivo. The
distribution was more widespread on the sixth day post- HT as compared to 24 hours

post-HT. Still, only about 10-15% of the cells seemed to be producing IL-12. IP-10, the
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downstream cytokine, showed a comparatively larger distribution in the tumor sections.
This could be because of the paracrine effects of [L-12 and IFN-y.

It was surprising to find IL-12 protein in the tumors present and better distributed on the
sixth day post- induction. The plasma half- life of IL.-12 has been reported to be about 10
hours®*. This is much longer thaﬁ the half- lives of other cytokines that generally have t;,,
of less than 30 minutes. Its persistence in the tumor for up to and possibly beyond six
days may be due to (1) a reduced rate of clearance from the tumor, resulting in a longer
effective half- life (2) setting up of a positive feedback loop for cytokine production.

The anti- metastatic properties of interleukin-12 have been extensively studied in
literature' and are attributed to generalized immunostimulation and anti-angiogenic
properties of IL-12% °. Rakhmilevich er al®® delivered 1L-12 using a gene-gun mediated
approach and found a significant reduction in the number of lung metastases from 4T1
tumors with an increase in the survival time of the mice. In our treated group no
metastases were detected in the lungs of the 5 mice examined as compared to a total of 9
individual metastases in 5 control mice. The number of metastases is much lower than

86, 87 \vhere a total of 30-40 individual metastases were

those reported in other studies
counted 3-4 weeks after 4T1 cell line inoculation in the control group. In this study only
one random H&E section of both lungs from each mouse was examined for metastases

approximately 3 weeks post- inoculation and thus the number of metastases in both

groups (control and treated) would be low.

Administration of recombinant IL-12 causes liver toxicity in the form of hepatic
necrosis™ or steatosis®. No liver pathology was noted using the localized method of

delivery in this study. The spleens from the IL-12 treated group showed evidence for
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gencralized immunostimulation in the form of coalescing follicles with enlarged germinal

centers. This feature was not observed in the spleens of the control mice.

In conclusion, using the AdhspmlIL-12 construct we were able to deliver 1L-12
intratumorally and demonstrate its potent anti- angiogenic effects and delayed tumor

growth with limited systemic toxicity.
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APPENDIX
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A. CELL CULTURE MEDIA

For Crandall Feline Kidney Cells

DMEM stock-> DMEM Powder (Mediatech Cat # 50-003) 13.48¢g/ L. + Sodium
bicarbonate (NaHCO;) 3.70 g/L.

To make 100 mls

89 ml of DMEM stock
10 ml of fetal bovine serum
1 ml of Penicillin- Streptomycin
For Feline peripheral blood mononuclear cells (PBMCs)
RPMI 1640 stock> RPMI 1640 Powder (Mediatech Cat # 50-020) 10.40 g/L +

Sodium bicarbonate (NaHCOs3) 2.00 g/L

To make 100 mis

78.5 ml of RPMI 1640 stock

20 ml of fetal bovine serum

1 ml of Penicillin- Streptomycin

2.5 ml 2 Mercaptoethanol (Sigma, Cat. No. M-3148) (made up as 2.5 ml RPMI +

1.7ul 2ME)

For 4T1 cells

Modified RPMI 1640 medium (ATCC Cat # 30-2001)

To make 100 mls
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90 ml of modified RPMI 1640

10 ml of fetal bovine serum

B. RNA EXTRACTION WITH TRIZOL REAGENT

Homogenization

1. Tissue samples- homogenize tissues in 1 ml of TRIzol reagent per 50-100 mg of
tissue using a tissue homogenizer. First add about 200-300 pl of TRIzol and crush
and homogenize tissue, then add remainder TRIzol or else it will spill out of the
1.5 ml tube.

2. Cells grown in monolayer- lyse cells directly in a culture dish by adding 1 ml
TRIzol to a 35mm diameter dish and passing the lysate several times through the
pipette. The amount of TRIzol reagent added is based on the area of the culture
plate/ dish (1Iml/ 10 cm®) and not on the number of cells present. An insufficient

amount of TRIzol reagent may result in contamination of the isolated RNA with

DNA.

At this point the lysate can be frozen at —70°C for up to 1 month before use.

RNA Extraction

All equipment and reagents must be RNase free from this point on.

Phase separation- incubate homogenized samples for 5 minutes at 15-30°C to allow

complete dissociation of the nucleoprotein complexes.
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Add 200ul of Chloroform per mL of TRIzol and cap tubes (use 1.5 mL centrifuge tubes,
tubes must be RNase free).

Shake tubes vigorously by hand for 15 seconds and incubate them at 15-30°C for 2-3
minutes.

Centrifuge the samples at no more than 12,000g for 15 minutes (11,500 rpm in the
Beckman Coulter Microfuge® 18 Centrifuge) at 4°C.

The sample mixture separates into a lower red phenol- chloroform phase, an interphase
and an upper aqueous phase (this phase should be about 60% of the original TRIzol

volume, usually about 560 pl can be drawn- off).

RNA precipitation- Transfer the aqueous phase to a new 1.5mL RNase free tube.
Precipitate the RNA from the aqueous phase by mixing with isopropyl alcohol. Use
500ul isopropyl alcohol per mL of TRIzol used initially.

Incubate samples at 15-30°C for 10 minutes and centrifuge at no more than 12,000g
(11,500 rpm in the Beckman Coulter Microfuge® 18 Centrifuge) for 10 minutes at 4°C.
The RNA precipitate forms a gel- like pellet at the side/ bottom of the tube.

Hint- In the centrifuge keep the hinged part of the tube to the outside for all samples. This
makes it easier to locate the small amount of RNA isolated, which sometimes is not even

visible.

RNA wash- Remove the supernatant.
Wash the RNA pellet with 75 % ethanol, adding at least 1ml of ethanol per mL of

TRIzol used initially.
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Mix the sample by vortexing (the samples can be stored at —70°C at this point for up to a
year).
To sue immediately, centrifuge at 7500g (9500 rpm in the Beckman Coulter Microfuge®

18 Centrifuge) for 5 minutes at 4°C.

Redissolving the RNA- Dry the pellet by removing the supernatant and inverting the
tube, leaving it for approximately 20 minutes (do not let pellet dry completely as it will

decrease in solubility).
Dissolve RNA in 20 ul of RNase free water.

Incubate at 55°C for 10 minutes.

Check optical density. Add about 5 pul of dissolved RNA in water and make sure Ajgon80

>1.7.

DNase step- Add 1ul of DNase to each 20 pl of sample of dissolved RNA.
Incubate 20 minutes at 37°C.
Inactivate by heating for 5 minutes at 95°C.

Cool immediately on ice.

205

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



C. cDNA synthesis

Reagent Concentration ~ Amount needed per reaction
First strand buffer 5X 4 pl
dNTP 10mM 1l
DTT 0.1M 1l
RNase out 40 U/ ul 0.25 ul
SuperScript 11 200 U/ ul 025 pl
Random Hexamers 30 ng/ pl 2l
Water (RNase free)
1.5l

(Random hexamers: Stock solution is 3 pg/ pl, working solution is 300 ng/ pl, i.e. 1:10

dilution)

1. Atall times, keep RNA, RT Mastermix and enzymes on ice.

2. Setup a 42°C water bath and a 95°C heat block.

3. Determine the number of reactions. 10 pl of RNA solution per reaction so one

tube allows 2 reactions. Add 1-2 reactions to total to allow for pipetting errors.

4. Multiply number of reactions to amount needed for each reagent. Add each

amount calculated to a single tube to create a single mastermix. (Keep on ice)

5. Spin down the mixture.
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6. Prepare and label screw top (Fisher) tubes for each reaction. Distribute 10 pl of
Mastermix to each tube and then distribute 10 pl of the RNA to each tube as well.
(Keep on ice).

7. After finishing, incubate reaction at 42°C for 50 minutes in the water bath.

8. After incubation, add 30 pl of pure water to each sample. Vortex and spin down.

9. Inactivate by placing in 95°C heat block for 5 minutes. Retrieve some ice during
this time.

10. After the 5 minutes, place immediately on ice. Store cDNA at —20°C.
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D. RECONSTITUTION OF PRIMERS AND PROBE

1. Forward and reverse primers and primer with 5° FAM — 3> TAMRA are obtained
from MWG Biotech in desiccated form.

2. Dissolve in 1X TE. Volume of 1X TE is ten times the amount of primer or probe
as expressed in nmols. For example- if the MWG Biotech Oligo synthesis report
says the amount is 47 nmol, dissolve in 470 ul of 1X TE.

3. This gives a concentration of 100 uM of both primers and probe.

4. Aliquot into 50 ul volumes and freeze at —20°C.

For Primers: Dilute the 100 pM 1:5 to make a 20 pM concentration.

Add 200 pl of RNase free water to the 50 ul aliquot of both forward and reverse primers.

For Probe: Dilute the 100 uM 1:10 to make a 10 uM concentration.

Add 450 pl of RNase free water to the 50 pl aliquot of probe.
Each reaction uses 0.5 pl of forward and reverse primers and 0.2 pl of probe.

So, to make primers and probe mixture ready for use-
Forward primer- 250 pl
Reverse primer- 250 pl
Probe- 100 pl

TOTAL- 600 pl
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For real time PCR, each 25 ul reaction is composed of the following-

Universal Mix- 12.5 pl
Primers + probe mix- 1.2 pl
H,0- 6.3 ul

cDNA-5 pul
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E. CATALOG NUMBERS

Product Company Catalog no.
TRIzol reagent [nvitrogen 15596-018
TagMan Universal PCR Master Mix  Applied Biosystems 4304437
96- well optical reaction plate Applied Biosystems 4306737
Optical adhesive covers Applied Biosystems 4311971
5X First strand buffer Invitrogen Y00146
dNTP Invitrogen 18427-088
DTT Invitrogen Y00147
RNase out Invitrogen 10777-019
SuperScript II reverse transcriptase Invitrogen 18064-014
Random Hexamers Invitrogen 48190-011
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F. PRACTICAL TIPS FOR REAL- TIME PCR AND THE ABI PRISM 7000

1. Planning the experiment- Plan in advance the way in which wells in the 96- well PCR
plate are to be utilized. Each sample should be run in triplicate. Use a planning sheet

as shown below.

A O0000000000O0
OCOO0OO0O0OOO0OOOOO
cOO0O0O0O00O0O00O00O00OOO
p OOOO0OO00O0O0OO0O0O0O0OO
e OO0O000000000O0
r OO0O0O00000000O0
s OOO0OO0OO0OO0O0O0O0O0O0O
1 OO000000000O0

96 Well Template

w

2. Optical film- After loading the wells, carefully place the optical film on top, avoiding
touching any of the surfaces of the film. Any grease or powder from the gloves can
distort results. To handle the film touch only the corners of the perforated strips on
the two ends. After placing the film, seal the plate by running the plastic wedge over

the film a few times. Tear off the perforated strips on either ends.
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3. Centrifugation- Centrifuge the plate at 1000 rpm (183 rcg) in the Beckman Microplus

Carrier for about 5-6 seconds.

4. Compression pad- Place rubber compression pad on the plate. Even though there is no
special recommendation for the use of the compression pad with the ABI Prism 7000,
it is better to use it. Evaporation of the samples is seen in the peripheral wells of the

plate if the pad is not used.

5. Using the ABI Prism 7000

a. Turn on the instrument before turning the computer.

b. Launch the ABI Prism 7000 SDS software.

c. Remember to always to set the volume of reaction in each well in case you are
using 25pl. (The default is set at 50 ul).

d. Before running your plate it is advisable to do a background snapshot for all
filters A to D. From the main toolbar click on “Instrument”-> “Calibrate”->

“Snapshot”.

6. Always remember to remove the plate after the run is over and turn- off the

instrument and computer. Do not leave the ABI Prism on.
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