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ABSTRACT

In contrast to serial injections of recombinant interferon-beta (IFN b)*t for long-term therapy of
multiple sclerosis (MS), prolonged systemic delivery of proteins derived through in vivo gene transfer
may provide amore clinically relevant alternative. Here we compare the therapeutic efficacies of
electroporation (EP) mediated intramuscular IFNb gene transfer with repeated aternate day injections
of recombinant IFNb after onset of relapsing-remitting experimental autoimmune encephal omyelitis
(EAE), an animal model widely used in MS research. We show for the first time that a single EP-
mediated intramuscular administration of 20 g of an IFNb expressing plasmid provides long term
expression of interferon inducible genes and is therapeutic in ongoing established EAE. The achieved
therapeutic effects of IFN gene delivery are comparable to an eight week regimen of 10,000 U
rlIFNb injected every other day and involved a significant inhibition of disease progression and a
significant reduction of EAE relapses compared to untreated or null vector treated mice. Our results
indicate the viability of a convenient and effective gene-based alternative for long-term IFNb protein

therapy in MS.
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INTRODUCTION

Recombinant interferon-beta (rIFNb)* is currently the most common therapy for multiple
sclerosis (MS). High dose, frequent administrations of rIFNb have been shown in M S to inhibit
progression to disability, reduce exacerbation rates, and decrease occurrence of new enhancing central

nervous system (CNS) lesions as determined by magnetic resonance imaging (MRI) [1-4].

Administration of arecombinant protein is typically associated with peak and trough kinetics
governed by the biologic half-life of the protein. IFNb has avery short half lifein serum [5] thus
necessitating a regimen of frequent injections to compensate for rapid systemic inactivation and
clearance. For instance, administration of Avonex® (IFNb-1a) requires intramuscular (i.m.) injections
of 6 million international units (M1U) of recombinant protein once weekly, while Rebif® (IFNb-1a)
requires subcutaneous (s.c.) injections of 6 or 12 M1U thrice weekly. On the other hand, Betaseron®
(IFNb-1b) requires a higher dosage of 8 MIU s.c. every other day which may account at least in part

for inducing relatively high levels of neutralizing antibodies that predispose to decreased efficacy [6].

In addition to induction of neutralizing antibodies [6-11], long term repeated injections of
rlIFNb are associated with severa clinically relevant side effects including depression, decreased
production of red blood cells, leukocytes and platelets, as well as cellulitis and inflammation at sites of
injection [12]. Moreover, liver toxicity possibly due to the sudden rise in serum levels of protein
immediately after injection is also of great concern in patients undergoing long term rIFNb therapy
[7,13]. Asaresult of the need for frequent dosing and the concurrent flu-like side effects that often
occur following injection [14], non-compliance in patients is common particularly during periods of

disease stabilization [15]. Unfortunately for the non-compliant patient, intermittent riIFNb dosage can
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result in subsequent increased disease activity [16].

A single administration of the IFNb gene offers the prospect of producing endogenous
systemically distributed IFNb protein over an extended period of time. The continuous protein
synthesis and secretion characteristic of DNA-based delivery would eliminate the peak and trough
kinetics characteristic of conventional rIFNb injection regimens, thereby eliminating side effects and
toxicity associated with bolus protein dosing. The dramatic reduction in dosing frequency possible
with DNA-based delivery may also enhance patient acceptance and cost effectiveness of therapy.
Recently, intracranial injection of plasmid DNA-liposome complexes [17,18] and intravenous
injection of retrovirally transfected bone marrow cells[19] have been used to deliver the murine IFNDb
geneinthe CNS. Although these studies provide a proof of principle for IFNb gene transfer for
treating autoimmune demyelinating disease, approachesinvolving direct CNS delivery are unlikely to

be practical in the clinical M S setting.

Given itsrelative abundance, accessibility, and mitotic stability, coupled with the ability to
synthesize secreted proteins that are taken up into circulation, skeletal muscle provides the most
suitable tissue target for DNA-based protein delivery. Severa meansfor i.m gene delivery exist,
however, most methods have provided poor transfer efficiency and transient expression kinetics. One
technique for DNA déelivery, in vivo eectroporation (EP), significantly enhances intracellular uptake
of DNA and has been used to enhance the magnitude and duration of protein expression in musclein
anumber of animal models[20-23]. In the current study we show for the first time that a single EP-
mediated i.m. administration of a plasmid encoding IFNb provides a therapeutic benefit in established

EAE that is comparable to aregimen of s.c. rIFNDb at doses reflective of those currently used in the
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treatment of M S patients. Compared to injection of null vector, the clinical treatment effect of gene-
based IFNb therapy involves a significant inhibition of disease progression and a significant reduction
of clinical relapses. Our results indicate the efficacy and viability of a convenient gene-based

aternative for long-term treatment of MS.



Molecular Therapy, 2006
14 (3):416-422

RESULTS

Intramuscular IFNb gene transfer resultsin sustained upregulation of IFNAinducible
genes. Responsesto IFNb administration are often evaluated based on changes in the expression
levels of IFND inducible genes, such as members of the 2',5-OAS family [24]. To determineif a
single administration of the murine IFNb gene results in sustained systemic distribution of biologically
active IFND protein, groups of six Swiss Webster mice received either 10 pg pORF-murine IFNb
plasmid administered i.m. into one tibialis anterior muscle with TriGrid™-mediated EP or 20 ng of
pORF-murine IFNb administered into both tibialis anterior muscles by conventional direct injection
(40 ng total); six untreated mice served as naive controls. At various times after plasmid
administration, splenic levels of 2',5-OAS mRNA relative to naive controls were measured by real-
time RT-PCR and normalized to GAPDH mRNA levels. We observed a sustained elevationin 2, 5'-
OAS mMRNA levelsthat persisted for more than 18 weeks after asingle delivery of 10 ng of the IFNb
gene (Fig. 1A). Negligible induction of 2',5-OAS mRNA was detected following administration of
40 nyg of the pORF-murine IFNDb plasmid without EP (Fig. 1A). The 2,5 -OAS expression levelsin
mice treated with pPORF-mIFN  + EP were significantly higher (P<0.05) than levels measured in
naive mice or in mice treated with pPORF-mIFNb without EP. Additionally, no induction of splenic
2,5 -OAS mRNA was observed following administration of 40 ng of noncoding plasmid (pORF-null)
with EP (data not shown), indicating that the increased expression of 2',5-OAS mRNA was due to EP
mediated transfer of the IFNb gene. Since expression of the interferon inducible genes IFI56 and
IRF7 isinduced in peripheral blood mononuclear cells of MS patients receiving rIFNb therapy [25],
we measured IFI156 and IRF7 mRNA levelsin spleens at 12 weeks post-DNA transfer. Importantly, as

shownin Fig. 1B, relative 2,5’ -OAS, IFI56, and IRF7 expression levels were substantially higher at
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12 weeks post-DNA transfer than those observed 6 hours after the fourth s.c. injection of normal mice
with 10,000 IU rIFNb, aregimen wherein upregulation of these genes had largely ceased by 24 hours
following the fourth injection (Fig. 1B, right). Following IFNb gene transfer, evaluation of IFNb
protein levelsin serum by ELISA indicated that the levels of serum protein were below the level of
detection of commercially available murine IFNb ELISAs (data not shown). Thisfinding is consistent
with the short serum half-life of IFNb protein that has made detection of recombinant IFNb in serum

very difficult [26,27].

Inhibition of EAE progression in mice following IFN& gene transfer. Our prior studies have
shown that treatment of SWXJ mice with s.c. injection of 10,000 IU/day rIFNb over an eight week
period starting on the day of EAE onset results in a significant inhibition of EAE progression [28,29].
To evaluate therapeutic effects of a gene-based therapy, we immunized eight week old female SWXJ
with PLP 139-151 and randomized them on the day of EAE onset into four groups: 1) untreated mice;
2) mice treated in both anterior tibialis muscles with 10 ng pORF-null + EP; 3) mice treated in both
anterior tibialis muscles with 10 ng pORF-murine IFNb + EP; and 4) mice treated with 10,000 IU of
rlIFND injected s.c. every other day. Mice were weighed and evaluated daily for changes in neurologic
signs over a period of 8 weeks after EAE onset and initiation of treatment. We found that compared to
untreated mice, mice administered the pORF-murine IFNb plasmid on the day of EAE onset and mice
treated with rIFNb every other day showed comparable clinical courses and highly significant
inhibition of disease progression as determined by mean clinical scores over time (P<0.0001; Fig. 2).
Mice treated with the pORF-null plasmid showed no significant therapeutic effect when compared to

untreated EAE mice.
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Decreased exacerbation ratesin mice following IFNb gene transfer. In addition to
inhibition of EAE progression, treatment of EAE with rIFNb causes a significant decreasein
exacerbation frequencies [28,29]. To determine the relative impact on EAE exacerbation rates, the
four groups of mice described above were evaluated for relapse frequencies over the last 6 weeks of
the eight week observation period (i.e., following the initial acute attack). Exacerbations were
assessed as an increase of at least one clinical score associated with at least a 7% decrease in body
weight. Compared to untreated mice, the mean number of exacerbations per mouse (exacerbation
rate) were significantly reduced in mice treated with pORF-murine IFNb on the day of EAE onset and
in mice treated with 10,000 IU of rIFNb injected s.c. every other day (P<0.01; Fig. 3). Micetreated
with the pORF-null plasmid showed no significant decrease in their exacerbation rate when compared

to untreated EAE mice.

Enhanced splenic expression of 2,5 -OAS mRNA eight weeks after treatment of EAE with
pPORF-mIFNb genetransfer. To assess the induction of IFNb responsive biomarker expression
among the four mouse treatment groups, relative splenic mRNA levels of 2',5-OAS were measured by
real-time RT-PCR eight weeks after EAE onset and initiation of treatment. 2',5-OAS mRNA levels
were normalized to b-actin gene expression measured in parallel in each assay. We found that
compared to untreated EAE mice, SWXJ mice treated at onset of EAE with pPORF-murine IFNb + EP
showed highly significant enhanced splenic expression of 2’ ,5'-OAS eight weeks after onset of disease
and initiation of treatment (P<0.0001; Fig. 4). Mice treated with pORF-null plasmid and mice
sacrificed 48 hours after completion of aregimen of s.c. injection with 10,000 IU rIFNb every other
day for eight weeks did not show 2',5-OAS mRNA levels that were significantly different from those

measured in spleens of untreated EAE mice. Thus, our data indicate that a single EP-mediated
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administration of the murine IFNb gene leads to prolonged systemic availability of biologically active
IFNb, with corresponding enhanced expression of an IFNb responsive gene. In distinct contrast,
periodic injection with rIFND fails to maintain sustained levels of biologically active IFNb as

evidenced by the lack of splenic 2,5’ -OAS mRNA induction in mice receiving rIFNb.
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DISCUSSION

Our study shows for the first time that gene-based i.m. IFNb gene delivery for EAE isfeasible
and as effective as protocols currently used in the treatment of M S that require long term repeated
injection with rIFNb protein. Our dataindicate that the treatment outcome following a single EP
mediated i.m. administration of 20 g of plasmid at the time of onset of clinical EAE is comparable to
aregimen of s.c. IFNDb protein injection at 10,000 1U every other day for 8 weeks. Thus, our results
provide arational basis for the development of an effective, contemporary gene-based IFNb delivery
approach for the treatment of MS.

Much of the success of our study may be attributed to the TriGrid™

EP technology (Ichor)
that provides an optimized electric field propagated at the site of DNA injection (Fig. 5A). An EP
device suitable for gene delivery into large animals and humans has been devel oped that provides
automated control of integrated delivery of the DNA agent and the EP procedure (Fig. 5B). This
integrated injection/EP strategy provides spatial and temporal control of the injection process, thereby
increasing the probability of high level vector uptake and gene expression and avoiding collateral
damage to surrounding tissues. Coordinated injection and electric field propagation provide a
convenient and effective way to achieve therapeutic levels of IFNb using plasmid doses that compare
favorably to those used in most other gene transfer protocols [22]. Thus, the efficiency of delivery
and uptake may account for the observed long term elevation in splenic IFNb biomarker activity
consistent with prolonged expression and systemic circulation of IFNb. Thislong term expression

occurs even though the pPORF-murine IFNb contains CpG motifs often associated with early innate

inflammatory responses at the sites of vector injection that can contribute to short term expression of

11
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plasmid encoded genes [30].

In our study, the splenic expression levels of three IFNb inducible genes (2',5' -OAS, IFI56
and IRF7) 12 weeks after pPORF-murine IFNb delivery in healthy mice were significantly higher than
those observed within the 24 hours following injection with rIFNb protein (Fig. 1B). Extended
observations of 2',5'-OAS gene expression indicated that significant IFNb bioactivity persisted for at
least 18 weeks after asingle EP mediated i.m. administration of the IFNb gene (Fig. 1A). This
prolonged elevation of IFNb activity was also evident eight weeks after treatment of EAE mice with
pORF-murine IFNDb EP, in contrast to mice receiving riIFNb every other day for eight weeks (Fig. 4).
It should be noted that splenic levels of 2,5 -OAS levels were measured in EAE mice that were
euthanized almost 48 hours after their final injection with rIFNb, and the lack of 2',5"-OAS induction
is consistent with the transient kinetics of injected protein. Nevertheless, the prolonged, high level of
IFNDb activity achieved with EP mediated i.m. gene transfer suggests that regulated rather than
constitutive production of the cytokine may be useful in future plasmid design. Such second
generation constructs may incorporate several regulatory features including natural or synthetic
polymers that control vector release and activity [31] or modified ‘latent’ proteins that may be
activated at sites of inflammation [32]. In addition, regulation may be achieved using orally
administered bioactive molecules that control inducible promoters linked to murine IFNb [33-35] or
that mediate disaggregation and secretion of aggregated IFNb trapped in endoplasmic reticulum [ 36].

In addition, incorporation of "suicide genes" that produce prodruge mediated toxins or DNA
crosslinking may provide a means to terminate plasmid gene expression even in non-dividing cells
thereby offsetting unanticipated side effects that may emerge from long-term endogenous expression

of IFNDb in muscle [37].

12
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Severa of the well documented side effects of current riIFNb delivery regimens are likely to
be avoided with a gene-based therapeutic approach. The ability to provide long-term production of
protein from a single administration would avoid the development of cellulitis and inflammation
often occurring at sites of repeated rIFNb protein injection [12]. Steady state production of IFNDb is
also likely to minimize flu-like side effects associated with transient spikesin IFNDb after protein
administration, which should reduce patient non-compliance that often leads to tapered rIFNb dosage
and subsequent increased disease activity [15,16]. In addition, gene-based production of IFNb aso
reduces the prospect of protein priming and subsequent development of neutralizing antibodies that
predispose to decreasing biologic efficacy of rIFNb injection therapy in MS[6-11]. Findly, long
term, gene based production of IFNb islikely to provide a significant improvement in the cost
effectiveness of therapy, since the relatively expensive process of recombinant protein manufactureis
replaced by endogenous production. Thus, IFNb gene transfer offers several advantages over current
rIFNb therapy and with the anticipation of improvements in second generation vectors, will likely
provide aviable, effective, and appealing treatment alternative for MS and possibly for other chronic

inflammatory disorders.

13
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MATERIALSAND METHODS

Mice. Female 8-10 week old ND4 Swiss Webster mice were obtained from Harlan
(Indianapolis, IN). Female SWXJ (H-2%°) mice were obtained from Jackson Laboratories (Bar
Harbor, ME) by mating of SWR/J (H-2% females with SJL/J (H-2°) males. All protocols for animal
research met with the prior approval of the Institutional Animal Care and Use Committees (IACUC)
of the Cleveland Clinic Foundation and/or Ichor Medical Systems, Inc. in compliance with the Public

Health Service policy on humane care and use of laboratory animals.

Peptide Synthesis. PLP 139-151 HSLGKWLGHPDKF (substitution of serine for cysteine at
residue 140) was synthesized at the Molecular Biotechnology Core Facility of the Lerner Research
Institute using standard solid phase methodology and 9-fluorenylmethoxy-carbonyl (FMOC) side
chain protected amino acids. The peptide was purified >97% by reverse phase HPLC, and amino acid

composition was confirmed by mass spectrometry.

Induction of EAE. EAE wasinduced as previously described [29]. Briefly, 8 week old
SWXJ mice were immunized s.c. in the abdominal flank on day O with 150 g PLP 139-151 and 400
g Mycobacteria tuberculosis H37RA (Difco, Detroit, MI) in 200 | of an emulsion of equal volumes
of water and Freund’ s adjuvant (Difco). On days 0, 3, and 7 each mouse wasinjected i.v. with 0.2 ¢
of purified Bordetella pertussis toxin (List, Campbell, CA). Mice were weighed and scored daily for
neurologic signs according to the following scale: 0, no disease; 1, decreased tail tone or slightly
clumsy gait; 2, tail atony and/or moderately clumsy gait and/or poor righting ability; 3, limb weakness;
4, limb paralysis; 5, moribund state or death. Mice that became moribund were euthanized; all mice

with clinical scores of 5 wereincluded in daily group clinical evaluations as aclinical score of 5 for

14
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the remainder of the study. All experiments were performed in ablinded manner. The blind was
established and maintained throughout the course of experiments so that the investigator examining
and clinically evaluating the mice was kept unaware of the treatment protocol used on each mouse
throughout the experimental protocol. On the first day that clinical signs were detected, mice were
incorporated randomly into different treatment protocol groups. As previously described [29], relapse
was assessed when mice showed an increase in observed neurologic disability of at least one clinical
score unit sustained for at least 2 days coupled with an abrupt substantial 1oss in weight (3 7% weight
loss). Exacerbation rate or relapse frequency was assessed as the mean number of clinical
exacerbations per mouse in each treatment group. Mortality within 14 days of EAE onset was
considered the result of the primary attack. Thus, mice dying within 14 days of disease onset as well

as all relapses occurring prior to day 14 were not included in the determination of exacerbation rate.

Administration of Recombinant IFN 6. Highly purified mouse IFNb from E. coli expressing
the murine IFNb gene was purchased commercially (PBL Biomedical, Piscataway, NJ). The IFNb
was prepared fresh daily from frozen aliquots and was administered as previously described [29] under
aseptic conditions on the day of EAE onset and every other day thereafter by s.c. injection of 10,000
IU (specific activity 3x10” IU/mg) in 0.1 ml of 0.01% mouse serum albumin in PBS. The dose of
IFNb selected represents approximately a4-fold increase in effective dose/kg administered in human
MS studies[1]. In a separate experiment, six Swiss Webster mice received four injections every other
day of 10,000 IU IFNb s.c. prior to euthanasia six hours (3 mice) and 24 hours (3 mice) after the last

injection. Mice showed no apparent toxic side effects of any treatment protocols.

15
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IFNb Expressing Plasmid. The IFNb gene expressing plasmid, pORF-murine IFNb (pORF-
mIFNb) and its pORF-null version (pORF-mcs) were purchased commercialy (InvivoGen, San
Diego, CA). Each pORF is cloned in amammalian expression cassette consisting of a composite
promoter and a SV40 polyadenylation signal. The composite promoter consists of the human
elongation factor-1 alpha core promoter coupled to the 5’ untranslated region of the human T cell
leukemiavirustype | long terminal repeat. The hEF-1a gene is abundantly expressed in awide range
of cells and its promoter facilitates persistent gene expression in vivo. The HTLV sequence enhances
stability of generated mRNA. The plasmids were purified using the EndoFree Plasmid Giga Kit

(Qiagen, Vaencia, CA).

In Vivo Electroporation and Gene Delivery. Plasmid vectors were delivered in vivo by EP-
mediated i.m. injection. Hair around the anterior tibialis muscles of isoflurane anesthetized mice was
clipped to expose the muscle and the overlying skin was disinfected using 70% alcohol swabs. Each
target muscle was administered a single injection of 10-20 g of plasmid DNA in an injection volume
of 20 | followed by the application of EP using the TriGrid™ Delivery System (Ichor Medical
Systems, San Diego, CA). The EP protocol was completed within 0.5 seconds, comprising
rectangular wave, direct current pulses applied at 220 volts/cm peak amplitude and 8% duty cycle.
Control mice underwent the identical EP procedure for delivery of the pORF-null plasmid. The
TriGrid™ EP system consists of an electric pulse generator and a TriGrid™ array comprising four
electrodes 2 mm in length and 2.5 mm interelectrode spacing. A 0.3 ml syringe with a 0.5 inch 30
gauge needle (BD Ultra-Fine, 328431, Becton Dickinson, Franklin Lakes, NJ) is attached through the
center of the electrode array (Fig. 5B). Integration of the means for DNA administration and electric
field application into asingle device provides spatial and temporal control over DNA delivery,

ensuring that EP is applied at the site of DNA administration in a consistent fashion for all subjects.
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Relative Quantitation of Gene Expression Using Real-Time RT-PCR. Systemic effects of
plasmid IFNb gene expression were determined by relative quantitation of splenic mRNA levels of
interferon inducible genes including 2',5'-oligoadenylate synthetase 2 (2',5-OAYS), interferon inducible
gene 56 (IFI156), and interferon regulatory factor-7 (IRF7). At varioustimes post-DNA transfer,
spleens were flash frozen and RNA was purified using the RNeasy Midi Kit (Qiagen, Vaencia, CA).
cDNA was prepared from 5 g of RNA using the iScript Select cDNA Synthesis Kit (BioRad,
Hercules, CA). Relative quantitation of gene expression was performed on the cDNA using reagents
from Applied Biosystems (Foster City, CA) according to the manufacturer’ sinstructions. Predesigned
and optimized TagMan Gene Expression Assays for the detection of 2',5'-OAS (Assay ID
#Mm00460961_m1), IFI56 (Assay ID #Mm00515153 m1), IRF7 (Assay ID #Mm00516788 m1),
GAPDH (catalog #4308313), and b-actin (catal og #4352933E) were purchased from Applied
Biosystems. gPCR was carried out in afina volumeof 25 |in 1X TagMan Universal Master Mix
using Applied Biosystems Universal Cycling Conditions (50°C for 2 minutes, 95°C for 10 minutes,
followed by 40 cycles of 95°C denaturation and 60°C anneal/extension). The PCR was performed
using the Applied Biosystems 7900 Rea-Time Fast PCR System at the University of California, San
Diego Cancer Center Molecular Pathology Shared Resources Lab (Swiss Webster mice experiments)
or 7300 Real-Time PCR System (EAE experiments) at Ichor. Levelsof 2,5 -OAS, IFI-56, and IRF-7
MRNA were normalized to mRNA levels of the endogenous control gene, GAPDH (Swiss Webster
mouse experiments) or b-actin (EAE experiments), measured in parallel in each assay. Relative
quantitation of expression of MRNA was calculated as the fold increase in expression in experimental

versus naive control or untreated EAE mice.
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Statistical Analysis. Time course differencesin 2',5-OAS mMRNA expression levels were
compared using Wilcoxon rank sum statistic. Disease progression curves were compared using one
way analysis of variance (ANOVA). Differencesin exacerbation frequencies and in static expression

levels of IFNDb inducible genes were compared using the unpaired Student’ s t-test.
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FIGURE LEGENDS

FIG 1. IFNbgenetransfer resultsin sustained induction of IFNA inducible genes. (A)
Spleens of Swiss Webster mice show sustained elevated expression of mMRNA for the interferon
inducible gene, 2',5'-OAS, for more than 18 weeks after a single i.m.administration of 10 nyg of
pORF-mIFNb + EP. Negligible induction of 2',5-OAS mRNA occurs when 40 ng of the pORF-
mIFNb plasmid isinjected without EP. Fold induction of 2',5-OAS mRNA in spleens was calcul ated
relative to naive mice. The2 ,5-OAS expression levelsin mice treated with pPORF-mIFN  + EP were
significantly higher (P<0.05) than levels measured in naive mice or in mice treated with pORF-mIFNb
without EP. (B) In additionto 2',5'-OAS, enhanced splenic expression of mRNA for the interferon
inducible genes, IFI56 and IRF7, is evident 12 weeks after asinglei.m. transfer of 10 ng of pORF-
mIFNb + EP in normal Swiss Webster mice (n=6). 2,5 -OAS, IFI56 and IRF7 mRNA levels are
substantially higher than those observed 6 (n=3) and 24 (n=3) hours after the fourth s.c. injection of

Swiss Webster mice with 10,000 1U rIFNb (see methods). Error bars show £SE.

FIG 2. Inhibition of EAE progression in mice treated with |FN b gene therapy. Eight week
old female SWXJ mice were immunized with PLP 139-151 and randomized at EAE onset into four
groups: 1) untreated; 2) treated with pORF-null + EP; 3) treated with pPORF-mIFNb + EP; or 4)
treated with 10,000 IU of rIFNb injected s.c. every other day. Mice were weighed and evaluated daily
for neurologic signs over a period of 8 weeks after EAE onset and initiation of treatment. Compared
to untreated mice, mice inoculated with the pPORF-mIFNb plasmid on the day of EAE onset and mice
treated with rIFNb every other day showed highly significant inhibition of disease progression

(P<0.0001) as determined by decreased mean clinical scores over time. Treatment with the pORF-
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null plasmid showed no significant therapeutic effect. Error bars show +SE.

F1G 3. Decreased exacerbation ratesin mice treated with |[FN & gene therapy. SWXJmice
typically undergo cycles of EAE exacerbations and remissions following recovery from the initia
EAE onset. The four treatment groups described in Fig. 2 were assessed for exacerbation frequencies
over the eight week period of clinical evaluation following onset of disease. Exacerbations were
assessed as an increase of at least one clinical score associated with at least 7% decrease in body
weight. Compared to untreated or pORF-null + EP treated mice, the mean number of exacerbations
per mouse (exacerbation rate) were significantly reduced in mice treated with pORF-mIFNb + EP on
day of EAE onset and in mice treated with 10,000 IU of rIFNb injected s.c. every other day (P<0.01).
Treatment with the pORF-null plasmid showed no significant therapeutic effect. Error bars show

+SE.

F1G 4. Enhanced splenic expression of 2',5'-OAS eight weeks after treatment of EAE with
pPORF-mIFNb gene therapy. When compared to untreated EAE mice, femae SWXJ mice treated at
onset of EAE with pORF-mIFNb + EP (n=10) show highly significant enhanced splenic expression of
2,5 -OAS eight weeks after onset of disease and initiation of treatment (P<0.0001). Mice treated
with pORF-null plasmid (n=8) and mice injected s.c. with 10,000 IU rIFNb (n=6) every other day for
eight weeks did not show 2',5'-OAS mRNA levels that were significantly different from those
measured in spleens of untreated EAE mice (n=11). Splenic levelsof 2',5'-OAS mRNA were
analyzed by real-time RT-PCR and data presented as fold increased mRNA levels compared to

untreated EAE mice. Error bars show +SE.

27



Molecular Therapy, 2006
14 (3):416-422

FIG5. TriGrid™ intramuscular electroporation delivery device. (A) Ichor’s proprietary
arrangement of electrodes in the form of trigrids, with electrodes separated by a predefined distance
(L) and with the z dimension defined by electrode Iength alows generation of an optimum electric
field for maximum efficiency of gene uptake on electroporation. (B) The integrated rodent applicator
comprises an array of four electrodes interfaced with a0.3 ml injection syringe. The electrodes
surround a recessed central injection needle (inset), ensuring that the electroporation effect is achieved

at the site of DNA administration.
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FIGURE 1
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FIGURE 5
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