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METHOD FOR THE AUGMENTATION OF GENE EXPRESSION

BACKGROUND OF THE INVENTION

Cross-Reference to Related Application

This application claims the benefit of U.S. provisional
application Serial No. 60/064,694, filed November 7, 1997, now

abandoned.

Federal Funding lLegend

This invention was created in part using funds from
the National Institutes of Health under grants NO1-AR-62224, P50
AI23649, R01-AR42547. The federal government, therefore, has

certain rights in this invention.

Field of the Invention

The present invention relates generally to the fields of

immunology and protein chemistry.  More specifically, the present
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invention relates to the prolongation of gene therapy and the

inhibition of inflammation decreasing the activity of TNF.

Description of the Related Art

The immune response to adenovirus vectors has been
recognized as a limiting factor in the successful application of gene
therapies.  Cellular and humoral immune responses have been
implicated in the shortened time-span of transgene expression, the
eradication of transfected cells, and the preclusion of the
opportunity to re-administer the adenovirus (Yang et al.,1996b;
Kass-Eisler et al.,1996; Yang et al., 1996c; Yang and Wilson, 1995c¢).
Immunosuppressive drugs, including cyclophosphamide, FK506,
and cyclosporine reduce this immune response (Jooss et al.,1996;
Vilquin et al., 1995). Other strategies reported to control the
immune response include reduction of the T-cell response by anti-
T cell therapy (Sawchuk et al.,1996) and anti-CD4 monoclonal
antibodies  (Dematteo et al.,1996), reduction of co-stimulatory
activity using CTLA4-Ig (Guerette et al., 1996; He et al., 1996; Kay
et al., 1997), and induction of intrathymic tolerance (Ilan et al,
1996). B-cell activation production of neutralizing antibody
production is decreased after treatment with anti-CD40 (Yang et
al.,1996a) and deoxyyspergualin (Smith et al., 1996). In addition,
modification of adenovirus vectors may be effective in reducing
the immune response (Gao et al.,1996; Fisher et al.,1997).

Antigen presenting cells (APCs) play an important role
in both specific and non-specific immune responses to adenovirus.
Processing of the antigen, presentation of the antigen in the context
of major histocompatibility complex (MHC) class I molecules, and

cytokine production by the antigen presenting cells contribute to
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the immune response to adenovirus (Yang et al., 1995a; Schowalter
et al.,1997). The E19 adenovirus gene product leads to decreased
MHC class I antigen expression and an immune response to this
gene product occurs in class I mutant mice indicating that MHC
class I antigen expression is not required.

Interleukin-12 (IL-12) and other cytokines, such as
interferon-y (IFN-y), are expressed at high levels early after
adenovirus infection and it has been proposed that these evoke a
TH1-type response to adenovirus (Yang et al., 1995b; Coutelier et
al., 1995; Day et al, 1994). The role of TNF-o production by
antigen presenting cells in the early inflammatory immune
response to adenovirus is less well understood (Smith et al, 1994).

TNF-o increases expression of the adenovirus E3 proteins, which, in
turn, protects the cells from the lytic activity of TNF-a. These
finding demonstrate the central role for neutralization of TNF-a for
the virus to survive (Deryckere et al., 1995; Tufariello et al., 1994;
Ranheim et al., 1993; Korner et al., 1992; Wold, 1993).

TNE-« acts by crosslinking either the high affinity receptor pS5
TNERI or the low affinity p75 TNERI, the TNERI being most closely
associated with inflammatory responses (Smith et al, 1994). The effectiveness
of TNF- antagonists, such as sSTNF receptor (STNFR) inhibitors, in ameliorating
inflammation of the lung has been demonstrated in acute lung injury, which
frequently develops following hemorrhage and is characterized by increased
proinflammatory cytokine levels and massive neutrophil accumulation in the
lung (Abraham et al, 1994; Su et al, 1998; Rabinovici et al, 1996). A rapid
increase in the level of TNF-o mRNA expression among pulmonary cell
populations precedes the development of acute lung injury. In mice, therapy

with sSTNFRFc, composed of soluble dimeric human p80 TNE-R linked to the Fe

3
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region of human IgGl, prevents the post-hemorrhage increases in circulating
and pulmonary TNF-o levels and diminishes the increase in IL-1f, IL-6, TNF-o
and IFN-y mRNA (Haak-Frendscho et al, 1994; Hsher et al,1996; Wooley et
al,1993;Kolls et al,1994).

A novel TNE-binding protein (TNE-bp) has been developed which
is composed of a polyethylene glycol (PBG)-linked dimer of the recombinant
human TNE-RI soluble receptor, and is capable of binding to TNE-o. with high
affinity (Bvans et al,1996). The use of the TNF-bp PBGlinked dimer has
potential therapeutic advantages over the use of monomeric TNF-bp.  Hrst,

dimerization of TNE-bp enhances the avidity for TNF-a, and the resultant
mobilization of two sites within the TNF-o trimer may prevent TNF-o-

mediated signal transduction since cross-linking of two TNF-Rs by TNF is
required to trigger cellular responses (Evans et al, 1996). Second, the PBG
linked dimer has a large molecular mass with a predictably slow clearance,
which allows relatively infrequent dosing. Third, the PEGlinked dimer may
exhibit lower immunogenicity than the pure protein since it has been reported
that PEGconjugation to proteins leads to lowered antibody response (Delgado et
al, 1992;Katre 1990).

The prior art is deficient in the lack of effective means
for the prolongation of gene therapy expression. The present

invention fulfills this longstanding need and desire in the art.

SUMMARY OF THE INVENTION

The present studies indicate that there is greatly
decreased inflammatory disease and prolonged gene therapy
expression in AdCMVlacZ virus-infected mice treated with TNF-bp

compared with vehicle-treated mice. These results indicate that
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TNF-¢. is a key factor in the pathogenesis of inflammation in
AdCMVlacZ-virus infected mice. Thus, TNF-bp PEG-linked dimer
may be therapeutically useful in reducing the inflammatory
response to adenovirus gene therapy.

The clinical application of adenoviral gene therapy is
impeded currently by the potent host immune response to the
virus that limits the duration of its effects. These studies showed

the role of TNF-o on the inflammatory response and expression of

a lacZ expressing adenovirus in the lung and liver of mice after
administration of recombinant adenovirus using soluble TNF receptor
(INE-bp). The mononuclear cell inflammatory response was determined
histologically at different times after intranasal or intravenous administration of
a recombinant adenovirus expressing the lacZmarker gene. The expression of
the activity of the lacZ gene product of the adenovirus. Treatment with TNE

bp reduced circulating levels of TNF-a, greatly reduced the inflammatory

response,and resulted in prolonged expression of lacZfor up to 30 days in the
lung and liver after either intranasal or intravenous administration of
adenovirus. Both intranasal and intravenous administration of adenovirus to
vehicle-treated (57BL/6-4 + mice resulted in a persistent inflammatory
response and clearance of the adenovirus in the lung. However, clearance of the
virus also was observed in the liver, despite a minimal inflammatory response.

These results indicate that TNF-o is the primary factor driving the

inflammatory response and leading to elimination of adenovirus-infected cells
in the lung and liver as TNE-bp was capable of inhibiting these effects.

In one embodiment of the present invention, there is
provided a method of increasing adenoviral gene expression in a

tissue of an animal, comprising the step of administering to said
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animal a pharmacologically effective dose of tumor necrosis factor
binding protein.

In another embodiment of the present invention, there
is provided a method of reducing an inflammatory response
associated with adenoviral administration in a tissue of an animal,
comprising the step of administering to said animal a
pharmacologically effective dose of tumor necrosis factor binding
protein.

Other and further aspects, features, and advantages of
the present invention will be apparent from the following
description of the presently preferred embodiments of the

invention given for the purpose of disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the matter in which the above-recited features,
advantages and objects of the invention, as well as others which
will become clear, are attained and can be understood in detail,
more particular descriptions of the invention briefly summarized
above may be had by reference to certain embodiments thereof
which are illustrated in the appended drawings. These drawings
form a part of the specification. It is to be noted, however, that
the appended drawings illustrate preferred embodiments of the
invention and therefore are not to be considered limiting in their
scope.

Figure 1 shows the effect of TNF-bp treatment on
serum levels of TNF. ELISA assays were carried out for

determination of TNF-o level in normal C57BL/6-+/+ mice.

AdCMVlacZ virus-infected vehicle-treated mice and AdCMVlacZ
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virus-infected mice treated with TNF-bp. Serum TNF level was

determined using a standard curve. A total of 10 vehicle-control,

and 18 TNF-bp treated AdCMVlacZ (1 x 1019 p.fu.) virus-infected
mice were analyzed at 24 and 48 hours after I.V. infection.

Figure 2 shows the pulmonary inflammatory
infiltration and PB-Gal expression after intranasal administration of
AdCMVlacZ. Lung tissue from vehicle-treated C57BL/6-+/+ mice,
C57BL/6-+/+ mice treated with TNF-bp, and were examined 3 and

30 days after intranasal administration of AdCMVlacZ (1 x 1010
pfu). Tissue was fixed and stained with either hematoxylin and
eosin or frozen sections were prepared for analysis of B-Gal
staining. Figure 2A shows that the lungs of vehicle-treated
AdCMVlacZ virus-infected  mice had typical inflammation
characterized by mononuclear cell infiltration in the interstitium
and dilation of bronchioles, whereas the lungs from TNF-bp treated
AdCMVlacZ virus infected mice were relatively normal with
normal thickness of alveolar walls, normal space of alveoli, and
normal diameter of bronchioles. Figure 2B shows the frozen
sections prepared for analysis of B-Gal staining. (Magnification X
320).

Figure 3 shows the liver inflammatory response and
B-Gal expression after intravenous administration of AdCMVlacZ.
Liver tissue from vehicle-treated C57BL/6-+/+ mice and C57BL/6-
+/+ mice treated with TNF-bp was examined 3 and 30 days after
intravenous administration of AdCMVlacZ. Tissue was fixed and
stained with either hematoxylin and eosin or frozen sections were
prepared for analysis of B-Gal activity. Figure 3A: The livers of

vehicle-treated AdCMVlacZ virus-infected mice had inflammation

7
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characterized by mononuclear cell infiltration around the portal
vein, whereas the livers from AdCMVlacZ virus infected mice
treated with TNF-bp were relatively normal. Figure 3B Frozen
sections were prepared for analysis of [-Gal staining.
(Magnification x 320).

Figure 4 shows the liver B-Gal expression after
intravenous administration of AdCMVlacZ. Liver tissue from
vehicle-treated CS57BL/6-+/+ mice and C57BL/6-+/+ mice treated
with TNF-bp was examined 0, 3 and 30 days after intravenous
administration of AdCMVlacZ. Tissue was prepared for analysis of

B-Gal activity, as described below.

Figure 5 shows liver B-Gal expression after intranasal
administration of AdCMVlacZ. Liver tissue from vehicle-treated
C57BL/6-+/+ mice and C57BL/6-+/+ mice treated with TNF-bp was
examined 0, 3 and 30 days after intranasal administration of
AdCMVilacZ. Tissue was prepared for analysis of B-Gal activity, as
described below.

Figure 6 shows the B-Gal expression in liver and lung
7 days after intravenous (IV) and intranasal (IN) administration of
AdCMVlacZ. Liver and lung tissue from vehicle-treated CS57BL/6
mice and from C57BL/6 mice treated with TNF-bp was examined 7
days after intravenous administration of AdCMVlacZ. Tissue was
prepared for analysis of B-Gal activity as described below. The
results represent the meantSEM of five mice analyzed separately.
Astericks (*) indicate a statistically significant difference in
expression of B-Gal in TNF-bp-treated mice compared with control

vehicle-treated mice.
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Figure 7 shows the cytotoxic T cell and anti-
adenovirus antibody response after intravenous administration of
AdCMVlacZ. The cytotoxic and antibody  responses were
determined in control mice, in mice treated with AdCMVlacZ and in
mice treated with AdCMVlacZ plus TNF-bp. For the anti-

adenovirus antibody response, the results represent the meantSEM

of five mice analyzed separately. Figure 7A shows the anti-
adenovirus cytotoxic T cell response that was determined on day
16 after AdCMVlacZ virus administration. Figure 7B shows the
anti-adenovirus response that was determined on days 16 and 30

after AdCMVlacZ virus adminstration.

DETAILED DESCRIPTION OF THE INVENTION

The following abbreviations may be used herein:
AdCMVlacZ: adenovirus with recombinant LacZ driven by
cytomegalovirus  promoter; TNF-R: TNF receptor; PEG: polyethylene
glycol; TNF-bp: TNF binding protein

The present invention is directed to a method of
increasing adenoviral gene expression in a tissue of an animal,
comprising the step of administering to said animal a
pharmacologically effective dose of tumor necrosis factor binding
protein. In one embodiment, the tumor necrosis factor binding
protein is a polyethylene glycol-linked dimer of tumor necrosis
factor binding protein.  Preferably, the tumor necrosis factor
binding protein is administered in a dose of from about 0.3 mg/kg
to about 5.0 mg/kg. Although the tumor necrosis factor binding
protein can be administered in any acceptable fashion, it is

preferably is administered intranasally or intravenously. The
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tumor necrosis factor binding protein results in a decrease in
serum tumor necrosis factor-o.

The present invention is directed to a method of
reducing an inflammatory response associated with adenoviral
administration in a tissue of an animal, comprising the step of
administering to said animal a pharmacologically effective dose of
tumor necrosis factor binding protein such that said tumor necrosis
factor binding protein inhibits an inflammatory response in said
animal. In one embodiment, the tumor necrosis factor binding
protein is a polyethylene glycol-linked dimer of tumor necrosis
factor binding protein.  Preferably, the tumor necrosis factor
binding protein is administered in a dose of from about 0.3 mg/kg
to about 5.0 mg/kg. Although the tumor necrosis factor binding
protein can be administered in any acceptable fashion, it 1s
preferably is administered intranasally or intravenously.  The
tumor necrosis factor binding protein results in a decrease in

serum tumor necrosis factor-a.

It is specifically contemplated that pharmaceutical
compositions may be prepared using the tumor necrosis factor
binding protein. In such a case, the pharmaceutical composition
comprises the tumor necrosis factor binding protein and a
pharmaceutically acceptable carrier. A person having ordinary
skill in this art would readily be able to determine, without undue
experimentation,  the appropriate  dosages and routes  of
administration of the tumor necrosis factor binding protein.

As is well known by those having ordinary skill in this
art, modified versions of tumor necrosis factor binding protein

would likely be very useful. Representative examples of useful

10
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versions of tumor necrosis factor binding protein include soluble
TNFRI or TNFbp or modified TNFR such as the 2.6 domain TNFRL

As is well known by those having ordinary skill in this
art, one could exploit the present invention using well known gene
therapy techniques. For example, the tumor necrosis factor
binding protein, or a modification thereof, could be ligated into an
adenovirus in combination with a therapeutic gene. The inclusion
of the tumor necrosis factor binding protein would neutralize TNFo
resulting in enhanced expression of the therapeutic gene.

The effectiveness of neutralization of TNF-o with a
STNFRI in the inhibition of inflammation and prolongation of LacZ
expression after adenovirus-LacZ gene therapy was examined.
SsTNFRI reduced serum TNF-a to undetectable levels after
adenovirus  administration, decreased pulmonary and liver
inflammatory response, and enhanced expression of the lacZ gene.
There results indicate that treatment with a sTNFRI during gene
therapy administration may be efficacious in minimizing the
inflammatory response and increasing gene therapy efficacy.

The following examples are given for the purpose of
illustrating various embodiments of the invention and are not

meant to limit the present invention in any fashion.

EXAMPLE 1
Mice

C57BL/6-+/+ mice were purchased from Jackson
Laboratory (Bar Harbor, ME). The cages, bedding, water, and food
were sterilized, and the mice were handled with aseptic gloves.
Mice were housed in groups of 3-4 mice per cage for the duration
of the experiment. Female mice were used at 8 weeks of age.

11
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EXAMPLE 2

Preparation _and administration _of the replicative-defective

AdCMVlacZ recombinant virus.

The recombinant adenovirus-LacZ driven by the CMV
promoter (AdCMVlacZ)  was generated employing the
recombination of the two plasmids as described (Graham and
Prevec, 1995). Briefly, the PCR-amplified Escherichia coli LacZ

gene from pcDNAj His (Invitrogen) was inserted directionally into

the adenoviral shuttle vector pCAl13 (Microbix, Inc., Canada)
resulting in pCAl13 LacZ. The pCAl13 lacZ gene was then co-
transfected with pJM17 (Microbix, Inc., Canada) into 293 cells
using the lipofectin method as described in the manufacturer’s
manual (Gibco, BRL). The recombinant virus was picked after

staining with x-gal followed by three rounds of plaque purification.

AdCMV/lacZ recombinant virus (1 x 1010 p.fu.) was administered
either intranasally or intravenously as described previously.
Intravenous administration of adenovirus has been shown to result
in wide dissemination with high tropism for liver and lung.

Intranasal (I.N.) administration was carried out by placing 0.5 x

1010 pfu. of adenovirus in 15 (I PSB into each nostril of mice.
Mice were examined on days O, 3, 7, 21, and 30 after

administration of AdCMVlacZ recombinant virus.

EXAMPLE 3

Administration of TNF-binding protein

Mice were treated with three doses of TNF-binding

protein (5 mg/kg body weight, intraperitoneally, every other day)

12
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on days -1, +1, and +3 relative to gene therapy administration.
TNF-bp is a pegylated dimer that tightly binds trimeric TNF-o with
a dissociation constant K, of 10~ compared with its dissociation
constant for sTNF-RIL.Fc (K, fo 107). TNF is sequestered both
functionally and immunigenically by the TNF-bp. Therefore, the
dissociation half-life for TNF- o with TNF-bp is 2.5 days whereas
the on-off rate for TNF association with sTNF-RII is approximately
18 minutes. TNF-o is no longer detectable by enzyme linked
immunosorbent assay (ELISA) after binding of TNF-bp, as
described in the present experiment. Therefore, in the serum, any
free TNF would be expected to be bound to TNF-bp and therefore
not detectable by ELISA and also would not be available as a

physiologic cytokine.

EXAMPLE 4

Histologic analysis

Lung and liver were dissected from mice sacrificed by
cervical dislocation. Tissues were fixed in 10% formalin and
embedded in paraffin. Sections (4.0 pm) were obtained from the
paraffin-embedded tissue samples and stained with hematoxylin
and eosin. Ten sections of lung and liver tissue per mouse were
examined and graded for mononuclear cell infiltration on a scale
from O (not present) to 4+ (maximum severity). The cellularity
infiltration scale included both mononuclear cells (PMNs), which
represented less that 10% of the infiltrated cells on day 3, and no
PMNs were visible on day 30 either after intranasal or intravenous

administration of adenovirus.

13
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EXAMPLE 35

Measurement of B-Gal expression

The in vivo duration of lacZ gene expression was
determined by histologic evaluation of fixed tissue sections as
described (Wright et al, 1997). The lung and liver were snap-
frozen in liquid nitrogen followed by serial transverse sectioning
(10.0 um). The sections were then fixed in 0.5% glutaraldehyde in
PBS, pH 7.4, followed by staining in x-gal solution for 2 hours at
37°C. The sections were examined microscopically and scored for

percentage of cells expressing B-Gal using the following scale: 0 =<

1%, 1t = < 5%, 2%t = < 10%, 3t =< 25% and 4" => 50%.

EXAMPLE 6

Quantitation of p-galactosidase expression in liver

B-galactosidase activity was determined as described
(Young et al, 1993).  Freshly isolated liver and lung tissue was
homogenization for 20 seconds in a tissumizer in 1 ml of B-gal

buffer (Tropix, Inc., Bedford MA). The homogenate was
centrifuged at 12,500 x g for 10 minutes at 40C, and the

supernatant was heated for 60 minutes at 48°C to inactivate the
endogenous eukaryotic P-galactosidase activity. The sample was
then centrifuged at 12,500 x g for 5 min, and 10 pl of the
supernatant was assayed for B-galactosidase activity using the
Galacto-lightTM (Tropix, Inc., Bedford MA) chemi-luminescent
reporter assay. The reaction was carried out for 10 minutes at
room temperature (RT) and P-galactosidase activity was assayed

using a luminomiter (Monolight 500). The protein concentration

14
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was determined by the Bradford assay. The activity is expressed
as the relative light units/min/mg of total protein in the liver or

lung.

EXAMPLE 7

Measurement of serum TNF-o and Statistical analysis

The concentration of TNFo in serum samples obtained

from mice by retroorbital sinus puncture was measured using an
ELISA assay kit according to the procedure recommended by the
supplier (Endogen, Cambridge, MA).

The Student’s t-test was used for statistical analysis
when two different groups of samples were compared. A p value

of less than 0.05 was considered statistically significant.

EXAMPLE 8

ELISA for anti-adenovirus antibody production

ELISA plates were coated with a guinea pig polyclonal
anti-adenovirus (Ad) antibody. Viable AdCMVlacZ (10° PFU) was
added for 30 minutes at 4 C and the plates were washed three
times. Serum samples were diluted 1:1000, and incubated for 30
minutes at 4 C. After washing, a peroxidase-conjugated anti-
mouse IgG (Southern Biotechnology Associates, Birmingham AL)
was added followed by washing and development with the
tetramethylbenzidine (TMB) (Sigma, St. Louis, MO) substrate. The
optical density (OD) was determined at 405 nm on a microplate
reader (Emas; Molecular Devices, Menlo Park CA). Each sample was
assayed in duplicate and the average optical density reading from
the duplicates of each sample was then obtained. At least three

mice were tested in each group.
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EXAMPLE 9

Analvsis of anti-adenovirus cytotoxic T cells

Cytotoxic T cell activity was estimated by measuring
the ability of the test cells to induce cytotoxicity of AdCMVlacZ-
infected C57BL/6 antigen presenting target cells. The AdCMVlacZ-
infected C57BL/6-Ipr/lpr macrophage cell line was labeled with
700 uCi of Na’'CrO, (Amersham, Arlington Heights, IL) for 1 hour
at 37 C. The cells were then washed three times in RPMI 1640
medium supplemented with dialyzed 10% fetal calf serum (FCS).
The target cells were added to purified splenic T cells from day-16
AdCMVlacZ-infected C57BL/6 mice, in a 96-well plate at different
effector-to-target ratios. Supernatants were collected after 24
hours and the amount of released *'Cr measured using a g counter.
Spontaneous release of *'Cr was determined by incubating *'Cr-
labeled target cells with medium alone and maximum release
determined by adding sodium dodecyl sulfate (SDS) to a final
concentration of 0.05%. The percentage of specific *'Cr release was
calculated as follows:

(experimental *'Cr release-

spontaneous ’'Cr release)

Percent specific lysis = (maximum °*'Cr release —

spontaneous >'Cr release)

EXAMPLE 10

Treatment with TNF-bp reduces serum TNF-o levels in AdCMVlacZ

virus-infected mice

AdCMVlacZ virus (1 X 1010 pfu, LV.) was
administered to TNFbp or control treated C57BL/6-+/+ mice. There

16
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was a significant increase in the serum levels of TNF at 24 hr and
48 hr in control mice (Figure 1). Treatment of the AdCMVlacZ
virus-infected C57BL/6-+/+ mice with TNF-bp (5 mg/kg body
weight, intraperitoneally, every other day) resulted in reduced
levels of TNF-o (less than 10 pg/ml) in the serum of TNF-bp-
treated mice 24 hr after administration of AdCMVlacZ (Figure 1).
Thus, TNF-o is rapidly induced by adenovirus and this is

neutralized by TNF-bp treatment.

EXAMPLE 11

Treatment with TNF-bp decreases liver and lung cellular

infiltration and prolongs expression of AdCMVlacZ after intranasal

and intravenous administration
The effect of treatment with TNF-bp on inflammation

of the lung and viral clearance after intransal administration of

AdCMVlacZ (1 x 1010 p.fu.) was evaluated. Three days after
intranasal administration, there was a moderate inflammatory
infiltrate in the lungs of control (CT)-treated C57BL/6-+/+ mice,
which peaked at day 7, and was nearly resolved by day 30 (Figure
2A; Table 1). In contrast, 3 days after administration of
AdCMVlacZ, there was no evidence of an inflammatory infiltrate in
the lungs of TNFbp treated C57BL/6-+/+ mice and only minimal
evidence of infiltrates were observed from day 3 through day 30.
There was high expression of lacZ in both the liver and
lung after intranasal administration (Figure 6). After intravenous
administration of AdCMVlacZ (1x10'® PFU) there was increased
expression of lacZ in the liver and less than 5% of the lacZ
expression in the lung. Administration of TNF-bp resulted in an

approximately 5- to 10-fold increase in lacZ expression in both
17



WO 99/23879 PCT/US98/23821

liver and lung. Therefore, intranasal administration efficiently
delivers AdCMVlacZ to both liver and Ilung, intravenous
administration is not as an efficient way to deliver AdCMVlacZ to
the lung, and TNF-bp increased expression in both liver and lung

after administration.
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The expression of the lacZ adenovirus gene-therapy
product was determined (Figure 2B). The results indicated that the
expression of B-gal in control-treated C57BL/6-+/+ mice reached its
highest levels by day 7, but was considerably reduced by day 21
and remained at low levels through day 30 (Figure 2B, Table 1).
The expression of the B-gal in TNF-bp-treated C57BL/6-+/+ mice
also peaked at day 7, but, in contrast to the control-treated mice,

the expression of B-gal remained high in the lung through day 30.

EXAMPLE 12

Treatment with TNF-bp decreases liver cellular infiltration and

prolongs expression of AdCMVlacZ  after intravenous

administration

Three days after intravenous administration, there was
a moderate inflammatory infiltrate in the liver of vehicle-treated
C57BL/6-+/+ mice, which peaked at day 7, and was nearly resolved
by day 30 (Figure 3A; Table 1). The inflammatory infiltrate of
control-treated  C57BL/6-+/+ mice appeared to consist of
mononuclear cells in small clusters around the portal vein, around
the portal triad, and also within the parenchyma not associated
with vessels. By day 7 moderate numbers of small foci of
inflammatory cells were observed and these had resolved by day
21. In contrast, there was no evidence of an inflammatory
infiltrate in the liver of TNFbp treated CS57BL/6-+/+ mice 3 days
after administration of adenovirus, there was only minimal
evidence of infiltrates observed from day 3 through day 30.
Examination of liver tissue sections for expression of the lacZ
adenovirus gene-therapy product indicated that the expression of
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the B-gal in control-treated C57BL/6- +/+ mice was highest by day
7, but reduced by day 21 and day 30 (Figure 3B, Table 1). TNF-
bp-treated C57BL/6-+/+ mice exhibited high expression of (-
galactosidase through day 30.

EXAMPLE 13

Treatment with TNF-bp results in _increased _expression of

AdCMVlacZ in the liver after intravenous and intranasal

administration

To quantitatively evaluate the inhibition of the
clearance of the virus and prolong LacZ expression by TNFbp, liver
tissue was also evaluated on days O, 3, and 30 after intravenous
(i.v.) and intranasal (i.n.) administration, respectively. Freshly
isolated liver tissue was homogenized and the supernatant was

assayed for pB-galactosidase activity using a chemiluminescent

reporter assay. The activity is expressed as the relative light
units/min/mg of total protein in the liver. TNFbp treatment led to
prolonged expression of the adenovirus LacZ gene after both
intravenous and intranasal administration (Figure 4, 5) (p<0.05).
Intranasal administration in combination with TNF-bp treatment
resulted in optimal reduction of inflammation and highest pB-gal
expression.

To determine if iintranasal administration  of
adenovirus would induce a milder inflammatory response in the

liver while still eliciting high levels of tropism of adenovirus to the

liver tissue, recombinant AdCMVlacZ (1 x 1010 p.fu) was
administered intranasal =~ Compared to i.v. administration, the

inflammatory response to intranasal administration of  the
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AdCMVlacZ virus was lower 1n the livers of vehicle-treated
C57BL/6-+/+ mice 3 and 7 days after intranasal administration,

and not detectable between day 7 and 30 (Table 1).

EXAMPLE 14
Treatment with TNF-bp decreases lung cellular infiltration and
prolongs expression of AdCMVlacZ  after intravenous
administration

Intravenous administration of AdCMVlacZ results in
high tropism of virus and expression of LacZ in the lung at days 3
and 7 in both control and TNFbp treated mice (Table 1). In both
TNFbp and control treated mice, intravenous administration of
AdCMVlacZ resulted in lower inflammation compared to intranasal
administration at 21 and 30 days after administration. In TNFbp
treated mice, this resulted in high expression of LacZ equivalent to
that observed in mice receiving AdCMVlacZ intranasal and treated

with TNFbp (Table 1).

EXAMPLE 15

Cvytotoxic T cell response and anti-adenovirus antibody after

intravenous administration of AdCMVliacZ

The anti-adenovirus cytotoxic T cell and antibody
response of AdCMVlacZ virus infected mice with and without TNF-
bp treatment was determined. There was no significant difference
between the cytotoxic T cell response in TNF-bp treated mice
compared with control mice 16 days after injection with
AdCMVlacZ (Figure 7A). There was a decrease in the antibody
response on day 16 after TNF-bp treatment, but by day 30 there

was no significant difference in the antibody response to

22



10

15

20

25

WO 99/23879 PCT/US98/23821

adenovirus when comparing TNF-bp-treated with control treated
mice (Figure 7B).

This study establishes that treatment with TNF-bp
significantly reduces inflammation and prolongs gene therapy.
This effect occurred in both the lung and liver after either
intranasal or intravenous administration of the AdCMVlacZ
recombinant virus. The TNF-bp therapy prolongs adenovirus
expression of LacZ in the lung and liver for 4 weeks which is
comparable to, or longer, than other anti-cytokine therapies

directed at blocking IL-6, IL-10, IL-12, and IFN-o (Yang et
al.,1995b; Kass-Eisler et al.,1996; Yang et al.,, 1996b; Yang and
Wilson, 1995c¢).

The effectiveness of the TNF-bp in amelioration of
inflammation and prolongation of the expression of the adenovirus
may directly reflect the role of TNF-o in inflammation. TNF-a is
produced primarily by macrophages, whereas IL-6, IL-10, and
IFN-yare produced primarily by T cells. Macrophages are the

initial cell type involved in clearance of adenovirus and
presentation of processed adenovirus to T cells. TNF-a is also the

earliest cytokine produced by macrophages, followed by IL-1 and
IL-12, and potentiates both the non-specific inflammatory
response as well as the later, specific T-cell immune response.

It should be possible to produce adenovirus gene
therapy with dual action of producing an effective sTNFR molecule
and a desired gene therapy product. An Ad/TNFR vector which
produces a chimeric protein capable of binding and neutralizing
TNF and lymphotoxin, has been expressed in mice (Kolls et

al.,1994). The recombinant adenovirus contained a fusion protein
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consisting of the human 55-kDa TNF receptor extracellular domain

and the mouse IgG heavy chain domain (Ad/TNFRI). Within 3

days following the injection of 1 x 109 infectious particles, the TNF
inhibitor concentration exceeded 1 mg/ml of plasma; this level of

expression was maintained for at least 4 weeks. Administration of

Ad/TNF-RI (109 p.fu., iv.) afforded significant protection to a
lethal challenge with lipopolysaccharide with or without D-
galactosamine (Kolls et al.,1995). sTNFR was readily detectable in
the lung and was associated with decreased neutrophil recruitment
and bacterial killing after intratracheal lipopolysaccharide or
Pseudomonas aeruginosa respectively.

Inhibition of TNF-o prolongs the expression of B-gal in
the recombinant AdCMVlacZ virus but did not inhibit the humoral
immune response to the adenovirus (data not shown) as inhibition
of the initial non-specific inflammatory component of the response
to the adenovirus would not inhibit anti-virus antibody production.
Although production of anti-viral antibodies is not an important
factor in the clearance of the adenovirus after administration of a
single dose, it plays an important role in the clearance of
adenovirus on subsequent dosing. Most gene therapies require
administration of multiple doses for induction of an effective
response. Therefore, strategies to limit the B-cell response would
have to be incorporated with the anti-TNF therapy to permit
repeated administration of the adenovirus gene therapy.

The route of administration of adenovirus has been
shown to affect the efficiency and immunogenicity of gene therapy
delivery (Gahery-Segard et al., 1997; Van Ginkel et al, 1995). Oral

tolerance to adenovirus results in decreased immunogenicity (Ilan
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et al, 1997). Intravenous, intraperitoneal, intranasal, and
intrabiliary routes result in differences in delivery and immune
response (Gahery-Segard et al., 1997; Van Ginkel et al, 1995).
Intravenous administration of adenovirus results in higher titers
and longer therapy in the lung compared to intranasal therapy. It
is possible that intranasal administration evokes a more efficient
pulmonary immune response by activation of the mucosal immune
system, whereas intravenous administration and subsequent
tropism of the adenovirus to the lung minimizes this inflammatory
response.  These results indicate that a non-natural route of
administration of adenovirus may minimize the inflammatory
response and prolong adenovirus gene therapy.
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Any patents or publications mentioned in this
specification are indicative of the levels of those skilled in the art
to which the invention pertains. These patents and publications
are herein incorporated by reference to the same extent as if each
individual publication was specifically and individually indicated
to be incorporated by reference.

One skilled in the art will readily appreciate that the
present invention is well adapted to carry out the objects and
obtain the ends and advantages mentioned, as well as those
inherent therein. The present examples along with the methods,
procedures, treatments, molecules, and specific compounds
described herein are presently representative of preferred
embodiments, are exemplary, and are not intended as limitations
on the scope of the invention. Changes therein and other uses will
occur to those skilled in the art which are encompassed within the

spirit of the invention as defined by the scope of the claims.
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WHAT IS CLAIMED IS:

1. A  method of increasing adenoviral gene
expression in a tissue of an animal, comprising the step of
administering to said animal a pharmacologically effective dose of

tumor necrosis factor binding protein.

2. The method of claim 1, wherein said tumor
necrosis factor binding protein is a polyethylene glycol-linked

dimer of tumor necrosis factor binding protein

3. The method of claim 1, wherein said tumor
necrosis factor binding protein is administered in a dose of from

about 0.3 mg/kg to about 5.0 mg/kg.
4. The method of claim 1, wherein said tumor

necrosis factor binding protein is administered intranasally.

5. The method of claim 1, wherein said tumor

necrosis factor binding protein is administered intravenously.

6. The method of claim 1, wherein said tumor

necrosis factor binding protein results in a decrease in serum

tumor necrosis factor-o.

28



WO 99/23879 PCT/US98/23821

7. A method of reducing an inflammatory response
associated with adenoviral administration in a tissue of an animal,
comprising the step of administering to said animal a
pharmacologically effective dose of tumor necrosis factor binding

5 protein.

8. The method of claim 7, wherein said tumor
necrosis factor binding protein is a polyethylene glycol-linked

dimer of tumor necrosis factor binding protein

10
9. The method of claim 7, wherein said tumor
necrosis factor binding protein is administered in a dose of from
about 0.3 mg/kg to about 5.0 mg/kg.
15 10. The method of claim 7, wherein said tumor
necrosis factor binding protein is administered intranasally.
11. The method of claim 7, wherein said tumor
necrosis factor binding protein is administered intravenously.
20

12. The method of claim 7, wherein said tumor
necrosis factor binding protein results in a decrease in serum

tumor necrosis factor-o.
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