ABSTRACT

INDUCTION OF BROAD IMMUNE RESPONSES BY DNA VACCINES DELIVERED USING TRIGRID™ ELECTROPORATION

Q A

TIME COURSE AND DOSING STUDIES

Preclinical studies in animal models indicate that the intramuscular administration of plasmid DNA (pDNA) encoding antigenic sequences is an effective immunization
strategy. Vaccines based on pDNA represent an appealing immunization strategy since such vaccines would be easy to produce, standardize and store, would raise fewer
safety concems than viral vectors, and would be suitable for multiple immunizations (in distinction with viral vectors). However, it has been more difficult to induce immune
responses to pDNA vaccines in larger animals and humans than in mice. As a result, an effective delivery method is generally considered necessary for the clinical development
of pDNA vaccines usable in humans. Electroporation (EP), a potent non-viral delivery technique utilizing the in vivo application of electrical fields dramatically enhances
intracellular uptake of nucleic acids and ensuing gene expression. This technique might provide a means to overcome some of the traditional hurdles associated with the use of
PDNA vaccines in larger species.

A platform for DNA-based immunization in the clinical setting must provide effective and reproducible delivery from subject to subject. Ichor's proprietary TriGrid™
intramuscular delivery technology addresses these issues by providing an integrated automated system that controls the intramuscular DNA administration and subsequent
application of electrical fields. In this manner, effective and reliable administration can be achieved. The application system suitable for application in large species (ie., > 2kg)
consists of a reusable Integrated Applicator containing mechanisms to automatically implant the electrodes and administer the vaccine and a single use Application Gartridge
that encloses the electrode array and accommodates an off the shelf syringe and features automatic sharps protection.

The integrated TriGrid™ delivery technology was capabl of consistently inducing potent immune responses to DNA vaccination in mice as wel as larger animals against a
variety of antigens, including bacterial and viral antigens. Particularly notable are the following observz

sponses were induced by EP-mediated vaccination even with antigens that did not induce immune responses following direct inection of naked DNA in
larger species. This suggests that EP is effective in multiple species.
2. EP-mediated pDNA vaccination provided one to two orders of magmtude enhancement in antibody responses and up to 5-10 fold enhancement in the magnitude of
cellular responses as compared to direct injection of naked pD
3. Immune responses following EP-based vaccination were ahserved over a broad range of DNA doses, including doses that approximate, on a body mass basis,
vaccines doses used in clinical trials
4. EP-based vaccination resulted in sustained immune responses after few immunizations.

These characteristics reflect the properties of EP as a potent in vivo gene delivery method and suggest that the technology may overcome an important hurdle hindering the

clinical development of DNA vaccines.

THE TRIGRID™ ELECTROPORATION TECHNOLOGY

Induction of Both Humoral and Cellular Inmune Responses

DNA Immunization Against B-galactosidase (New Zealand White Rabbits)
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DNA Immunization Against Anthrax PA (Swiss-Webster mice)
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A Potent Technology Platform for in vivo Delivery of Plasmid DNA 3
In vivo electroporation (EP) utilzes application of electrical fields in tissue to enhance intracellular delivery of therapeuti s. The key § 10000,
requirement for effective EP-mediated agent delivery is localized propagation of threshold level electrical fields at the !a!ge! Sie n the 2
presence of the agent of interest. Ichor's TriGrid™ EP system is designed for safe, effective, and reproducible application of EP in a 1004 admi

manner compatible with the clinical setting. A TriGrid™ application array consists of slender penetrating electrodes arranged in interlocking
equilateral triangles. The number and spacing of electrodes are selected to propagate EP inducing electrical fields throughout the target
tissue and insure that these fields are co-localized with the distribution of the agent of interest.

Key features of the TriGrid™ system include:

+ EP-inducing electrical fields confined to a well defined site of administration

+ Array adaptability allowing for complete coverage of a target region of tissue

- Efficient electrical field propagation minimizing tissue damage and faciltating
safe, consistent and rapid delivery

Development of a Clinically Suitable Vaccine Applicator

Ichor's proprietary TriGrid™ intramuscular vaccine applicator has been designed for effective, reproducible
delivery while minimizing complexity and expense associated with the procedure. The system consists of
mvee components:
. A portable Pulse Stimulator, which controls the administration sequence and generates the electrical
signals necessary to enhance the intracellular delivery of the vac
2. An Inteqrated Applicator, which consists of a reusable hand- 7eid devie that contains mechanisms to
amomancau plant the electrodes and administer the vaccine.
. Asingle use A ion Cartridge that encloses the TriGrid™ Electrode Array, accommodates an off-the-
shelf synnge and features automatic sharps injury prevention

The administration sequence, including deployment of the electrodes, administration of the vaccine and
application of electric pulses is entirely automated and requires only a few seconds to complete. Automated control
of device functions allows effective and reproducible procedure application with minimal operator training. This
device should greatly facilitate acceptance and implementation of DNA vaccines in humans.

Effectiveness of the optimized injection protocol using the clinical TriGrid™ applicator was verified by delivering the
reporter gene p-galactosidase in the vastus lateralis of a rabbit quadriceps. This muscle is a useful model for the
medial deltoid muscle in an adult human. Distribution of gene expression seven days after EP-mediated delivery of a
B-galactosidase-encoding plasmid or direct injection of the plasmid is illustrated with a cross-sectional analysis of B-
galactosidase expression using X-gal staining. High level gene expression was observed following DNA delivery with
EP and was tightly correlated with the site of electric field application. Representative samples are pictured. Results
indicate that Ichor's EP procedure is capable of providing consistent, high level gene transfer at the target tissue site.

Distribution of expression of reporter gene
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Dose Efficiency

DNA Immunization Against Anthrax PA (Swiss-W ebster Mice)
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This study documents the induction of immune responses following EP-based DNA immunization over a broad range of vaccine doses. The vaccine
consisted of a plasmid containing a human codon optimized PA gene. DNA vaccination was administered as a 20yl injection of plasmid in PBS in one
cranialis tibialls. Various DNA doses (80ng to 10ug) were used. Total amount of DNA was kept constant (10yg) among the dose groups by adding the
necessary quantity of the same vector without insert. Anti-PA antibody responses were assessed by ELISA six weeks after a single immunization; serum
antibody titers were calculated as the reciprocal of the sample dilution yielding an OD of 0.600. EP-based immunization induced comparable anti-PA antibody
titers among all DNA doses tested. In contrast, vaccination using direct injection showed a clear dose dependency within the DNA dose range tested. EP
dose efficiency provides encouragement that the technique may be conducive to development of DNA vaccines in humans.
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Ability to Immune Against of Varied Potency

DNA Immunization Against HBV Subunits (New Zealand White Rabbits)
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This experiment documents the potential of
electroporation to induce response:
multiple antigens. Results show that EP not
only enhances immune responses to a HBV
core antigen (HBcAg) DNA vaccine, an
efficient immunogen that induces a response
following direct IM injection of the DNA
vaccine, but also enables immune responses
o a HBV surface antigen (HBsAg) DNA
vaccine, a weaker immunogen that does not
induce a response following direct IM injection
of the DNA vaccine. Rabbits were immunized
by EP-based DNA vaccmauan against HBV
core antigen (HBcAg) or HBV surface
antigen  (HBsAg). The vaccine was
administered by injection of the indicated DNA
e in 0.5ml in one quadriceps. A second
identical immunization was administered four
jeeks later in the other quadriceps.
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Rapid Onset of Inmune Responses

DNA Immunization Against Anthrax PA (Three Different Species)
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This study documents the rap\d mducuon of immune resporses following a single EP-based DNA immunization. The vaccine consisted of a plasmid
containing a human codon o A gene. A single DNA v was administered as a 20yl (mice) or 104l (rats) injection of plasmid in PBS in one
cranialis tibialis. Rabbits were |mmun|zed using a 0.5ml |n]ecuan o plasmid in PBS in the vastus lateralis of one quadriceps. Anti-PA antibodies were induced
within two weeks following the immunization in all three species. This study used DNA doses (50-150pg/kg) which recapitulate, on a dose/body weight basis,
doses previously used in human trials for a variety of DNA vaccines.

KEY FINDINGS SUPPORTING THE USE OF THE TRIGRID™ DNA DELIVERY TECHNOLOGY FOR CLINICAL DNA VACCINE

Q ement of immune r EP-based DNA enhances the of humoral and
cellular responses. In addition, the procedure is particularly dose efficient and induces rapid responses in multiple species. This
suggests that Ichor's TriGrid™ P may an important hurdle hindering the clinical development
of DNA vaccines.

Qualitative ir of immune r based delivery induces broader immune responses to DNA

vaccines than direct IM injection. Particularly notable lea(ures include the induction of both antibody and T cell responses, the
induction of multispecific responses and the induction of responses to both strong and weaker immunogens.

A clinically suitable vaccine delivery system. Ichor has ped a clinically suitable, t-effective method for i

delivery of DNA vaccines. Key attributes of the system include effective and reproducible delivery achieved using a rapid
application sequence and minimal operator training.




