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OVERVIEW

The Need: For a much more tolerable and cost e ective interferon therapy

t Even if DAA’s work but cost signi cantly more than current standard of care, many patients will not

be able to a ord and many payers will not be prepared to pay for a marginal improvement

t There will thus remain a need for a better tolerated, more cost e ective interferon therapy

Potential Solution: This poster presents a novel solution — INFRADURE:
a tissue implant providing 6 months or more continuous delivery of IFN
from a single administration

Hepatitis C a ects approximately 170 million people worldwide, yet only half of the patients
respond to the current standard of care of PEGinterferon and ribavirin, which cause substantial
adverse e ects. Schenker et al (1) have shown that it may be possible to use continuous delivery
of IFN _ to achieve comparable HCV eradication with signi cantly reduced side e ects while using
lower levels of IFN _, as opposed to frequent high-dose bolus injections. To develop a practical
way to implement such sustained low level IFN _ therapy for use in patients, we are developing
an application of Biopump: a platform technology using autologous 2mm x 30mm micro-organ
tissue explants taken from the patient’s dermis by needle biopsy, and processed ex-vivo in 10-
14 days to provide sustained production and secretion of proteins (as explained below). We have
reported proof of concept of such Biopumps producing and secreting sustained high levels of
erythropoietin in vitro and have shown that following subcutaneous administration in the anemic
patients from which they were prepared, have elevated their hemoglobin levels for 6-12 months
or more (2). We now seek to use the same Biopump platform to develop INFRADURE Biopumps J | (KK =LJ[VY LUIVKPUN [YHUZNLUL MV|Y9KLEZPWSK YO )PHMWITWZ
to produce and secrete high levels of IFN _ which could provide continuous IFN _ therapy over
a similar period of time in treatment of patients with chronic Hepatitis C. Based on the Intron-A
package insert, the typical dose of 3 million IU TIW equals about 35 g/week or about 5 g/day.
Therefore, a few INFRADURE Biopumps each producing daily IFN _ levels in the range of 1 g/dayFigure 1 Biopump Preparation
would potentially be able to deliver a similar aggregate weekly dose, but without the bolus peak

overdose of injections.
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Biopump Platform Technology: Introduction

An INFRADURE Biopump is produced from a unique excised elongated primary tissue explant
called a micro-organ, typically measuring 30 mm in length and 1-2 mm in diameter. As shownin §
Figure 1, this tissue is harvested directly from the patient’s dermis under local anesthetic, usingof =~
a proprietary device we have developed, the DermaVac. The harvest sites heal within 2-3 weeks, &
seen in Figure 3 for a typical patient from our recent clinical trial. The micro-organ is intact tissue =
and can be viably maintained for weeks ex vivo, if desired, although only 10-14 days are required
to modify them ex vivo to produce the protein-secreting Biopumps. Sustained action Biopumps
are produced by ex vivo transduction of micro-organs with Helper Dependent Adenoviral
vectors (HDAd) that encode the IFN _ gene or the gene for any other desired therapeutic protein
— Biopump is a platform technology for producing a wide range of proteins (see below). The
resultant Biopumps express and secrete the therapeutic protein, and following measurement of
daily production rate, the requisite dose is administered by subcutaneous implantation of the
corresponding number of Biopumps, in order to provide continuous delivery of a known amount
of the therapeutic protein in the patient. A schematic representation of the steps in Biopump
preparation and administration to the patient is shown in Figure 1.

Figure 2 Typical Dermis Micro-Organ vs Toothpick

Figure 3 Shown are the sites where 10 micro-organs were harvested, and
where 4 EPODURE Biopumps were implanted, as demarcated by tattoo dots
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Objectives

To develop INFRADURE Biopumps which produce and secrete IFN _ at therapeutic levels of at least
1 g /Biopump/day for up to several months of sustained secretion. A synopsis of experiments
performed to address this is presented here.

Materials and Methods

As a potential skin source for developing Biopumps, it was noted that healthy individuals
undergoing routine abdominal resection (tummy-tuck operations) typically have large sections of In Vitro daily IFN production by INFRADURE
excess skin removed and discarded. Under appropriate ethical committee approval, such human
skin samples were obtained from tummy tuck procedures, and transported by standard cold chain
methods to our laboratory. A variable number of 20-50 micro-organs, each 30 mm in length and
about 2mm thick, are harvested subcutaneously from appropriately selected sections of each skin 7000
sample. Each experimental group typically consists of 4-5 micro-organs that are transduced with 6000
HDAd-IFN _. Following transduction, residual virus is removed and Biopumps are maintained in
culture media in a CQincubator for the duration of the study. Culture media is replaced every 3-4
days, collected, and the secreted IFN _ levels in the media are quanti ed by ELISA.

Biopumps vs target level of 1 pg/day
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Transduction: Using Helper Dependent Adenovirus (HDAd)

Micro-organs are transduced to produce protein, and thus become Biopumps, using HDAd 1000
vectors. HDAd vectors combine high titer production capability with high transduction e ciency
In dermal broblasts and rapid peak expression. They have been selected from alternative vectors Minimum Target
for these advantages, and also because they are deleted of all viral coding sequences that enable | Ll tidday
the independent production of new viral particles, which can cause immune rejection. Hence
HDAd vectors have an excellent pro le for safety and non-immunogenicity. We have reported

the safety and e cacy of Biopumps producing erythropoietin (EPO), made using HDAd-EPO
vectors containing the cDNA for EPO, and reported in our Phase I/l clinical trial (2). We have now
produced similar HDAd-IFN _ vectors comprising a modi ed wt-IFN- -2b gene sequence which was
subsequently inserted into an expression cassette and incorporated into HDAd -IFN _ viral vectors,
which are used in the current study to produce INFRADURE Biopumps.

Skin Sample Number

Figure 4 Daily IFN production on day 10 post harvesting by human Biopumps
from tummy tuck samples of 7 individuals as measured by standard ELISA.

Adjustment of INFRADURE potency by titration of
vector concentration
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Figure 4 shows INFRADURE's secretion levels in vitro on day 10 post harvesting. The bars represe 3500
the IFN _ secretion levels of ng/Biopump/day. As can be seen, the secretion levels measure s [
2,500-5,000 ng/Biopump/day, well exceeding the target of 1 g/day, and the variability between | T N T T
secretion levels produced by INFRADURE Biopumps from the same skin samples is small. There is izzz I . T .
patient-to-patient variability which may be due to sample speci c parameters such as the detailed oo LI | T | T ! : |
skin structure and guality of the donated tissue samples. Regardless, the range between patients is co0 L I I I I I I I I
not large, and the necessary dose in each patient is met by implanting an appropriate number of . - . - - - - - :
Biopumps to reach in aggregate the required dose. Per the aforementioned dose estimates based 6 9 N N " * i "
on the Intron-A package insert, it would appear that administration of 1-2 of such INFRADURE
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pumps secreting these levels and should produce and deliver an e ective continuous level of IFN _. rigure 5 Potency adjustment by vector titration INFRADURE Biopumps were

prepared using four different working concentrations of HDAd-IFN vector.
Different color bars correspond to daily IFN secretion levels from INFRADURE

Biopumps produced with the following titers: 3x101° (green); 1.5x102° (dark blue);

5x109° (grey) and 1x10° (light blue) vp/micro-organ. IFN secretion levels are
quantified by ELISA

To test the ability to produce INFRADURE Biopumps of variable potency through titration of the
HDAd-IFN _ viral vector concentration used in transduction, micro-organs were transduced with Sustained in vitro IFN production by INFRADURE
HDAd-IFN _ titers corresponding to 3x%201.5x1@°, 5x10 and 1x10 vp/micro-organ. Free viral Biopumps

particles were thereafter washed away and the Biopumps were subsequently maintained per the

standard protocol. Media was collected and IFN _ levels were tested by ELISA.

10000
The results in Figure 5 show a clear correlation between the viral titer used in transduction and the
resulting IFN _ secretion levels from INFRADURE Biopumps. These results con rm that INFRADUF R
Biopumps of di erent potency can be produced from the same micro-organs, for use in optimizing
the standard protocol of preparing Biopumps to the desired range of protein production. In clinical 100 1
use, total administered dose is adjusted by implanting the requisite number of Biopumps of a given

10 T

- 6 l 9 l 16 l 30 l 41 l 51 l 65 l 79 l 97 l 107 l 129

potency.

IFN ng/Biopump/day

Days from Harvesting

Long term INFRADURE secretion is shown in Figure 6. Transduction was performed according to

the prqcedure outlined above. Re;ults show that through t_he rst 129. days (an.d counting) IFN _ Fiqure 6 Sustained IEN production by INFRADURE maintained in standard
secretion from INFRADURE remains above target levels, in an ongoing experiment. These results .|| cyiture conditions, measured by ELISA.
con rm that INFRADURE consistently secretes sustained therapeutic IFN _ levels in vitro.

The Biopump technology is capable of producing and delivering a wide range of proteins. To
demonstrate the Biopump platform, Biopumps secreting di erent proteins have been prepared
from micro-organs of the same skin sample. In Figure 7, two sets of Biopumps were prepared
from the same skin sample under comparable conditions to produce either IFN _ or EPO. Each
set produced sustained therapeutic levels in vitro of IFN _ or EPO respectively. These results
demonstrate the ability of the same Biopump platform technology to produce sustained high levels
of di erent therapeutic proteins.

A INFRADURE

t Reproducible in vitro production of > 1 g/day IFN _ sustained for > 4 months by INFRADURE
Biopumps has been demonstrated, and it parallels corresponding in vitro production of EPO
by EPODURE Biopumps.
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t Adjustable potency of INFRADURE Biopumps by vector titration has been demonstrated.

t Elsewhere in this conference (4), we report dose-dependent delivery of active IFN _ for
several months in SCID mice from implantated INFRADURE Biopumps, and we have reported
elsewhere similar SCID mouse results with EPODURE Biopumps (3).
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t We have also reported single administration of EPODURE Biopumps in anemic patients (2)
which has stabilized and now sustained elevated hemoglobin levels for 6-12 months and more. B EPODURE
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t The presented data suggest that a single administration of INFRADURE Biopumps should
similarly deliver months of sustained IFN _ therapy for Hepatitis C patients.
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t Such sustained IFN _ delivery should help reduce HCV RNA for many months while
signi cantly attenuating the side e ects associated with bolus IFN _ injections.
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t INFRADURE represents a potentially superior, long lasting interferon therapy which is a viable
alternative to bolus injections and to the use of mechanical infusion devices requiring re Il of
protein.
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Towards Practical, Cost-e ective Implementation

t For practical scale-up to cost-e ective implementation, we are developing automated | _
processing stations utilizing sealed cassettes to process Biopumps in a sterile, reliable manner, the respective proteins.

Figure 7 Protein production of Biopumps prepared from the same skin
sample and processed to produce either hIFNa (Panel A blue bars) or hLEPO
(Panel B green bars): protein levels were measured by specific ELISA kits for

t INFRADURE Biopumps are robust and enable practical transport from harvest by local
physicians to processing at a centralized or regional facility, and back to local treatment sites for administration.

t As a result, we believe INFRADURE will be able to o er a more cost e ective interferon therapy than today’s standard of care.

Potency
INFRADURE Biopumps reproducibly meet/exceed target IFN = production of > 1 g/day In vitro

Sustained IFN  source
INFRADURE Blopumps maintain target potency of >1 g/day for > 4 months in vitro

Reproducibility and Reliability

INFRADURE Biopumps from the skin of various patients reproducibly meet target potency criteria

Biopump Platform Demonstrated
Biopumps producing di erent proteins in micro-organs taken from the same skin sample prove that
Biopumps are a platform technology

Potentially superior, cost-e ective IFN _treatment for chronic Hepatitis C
Single administration could provide cost e ective treatment with IFN _ for 6-12 months with a much
reduced side e ect pro le
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