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METHOD OF INTRANASAL GENE
TRANSFER FOR PROTECTION AGAINST
RESPIRATORY INFECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on a Provisional Application,
Ser. No. 60/075,588, filed Feb. 23, 1998, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

A method of preventing, or decreasing the severity of
symptoms associated with a respiratory viral infection in a
mammal is provided. Also provided is a method of gene
therapy capable of causing expression of IFNy in respiratory
cells for prevention of viral infection.

2. Description of Related Art

Respiratory viruses such as respiratory syncytial virus
(RSV), the parainfluenza viruses (PIV), and the influe nza
viruses cause severe lower respiratory tract diseases in
infants and children throughout the world. It is also an
important cause of disease in adults and is responsible for a
significant amount of excess morbidity and mortality in the
elderly. It also can be devastating in immunosuppressed
populations (Murray et al., 1997; Pullen et al. 1982; Hall et
al. 1984).

Experimental live attenuated vaccines for each of these
viruses are being developed for intranasal administration in
the first weeks or months of life, but none are currently FDA
approved. A variety of RSV, PIV-3, and influenza virus
vaccine strains have been developed by classical biological
methods, evaluated extensively in preclinical and clinical
studies, and shown to be attenuated and genetically stable.
However, a major remaining obstacle to successful immu-
nization of infants against respiratory virus associated dis-
ease may be the relatively poor immune response of very
young infants to primary virus infection. (Crowe J. E. Jr
Vaccine 1998 Aug.—Sep.;16(14-15):1423-32 Immune
responses of infants to infection with respiratory viruses and
live attenuated respiratory virus candidate vaccines.)

Moreover, even if one or more vaccines are approved,
they may not be suitable for some populations vulnerable to
RSV (e.g. very young infants and the immunosuppressed).
Ribavirin and immunoglobulin preparations with high titers
of RSV-specific neutralizing antibodies are currently
approved for use to treat and prevent RSV infection.
However, neither of these methods are cost-effective or
simple to administer. New agents are needed to reduce the
impact of RSV. (Wyde P. R. Antiviral Res 1998 Aug.;39(2)
:63—79 Respiratory syncytial virus (RSV) disease and pros-
pects for its control.)

Data obtained from the National Respiratory and Enteric
Virus Surveillance System demonstrates the seasonal pattern
of RSV infection, with peak rates of 30-40% occurring at
the beginning of each year (Murray et al., 1997; Pullen et al.
1982; Hall et al., 1984). RSV infection is commonly asso-
ciated with interstitial lung diseases, such as bronchiolitis
and asthma. It is a major risk factor for a number of other
disease conditions, such as immunodeficiency, cardiac
arrhythmia, congenital heart disease, and unusual atrial
tachycardia (Sly, et al., 1989; Robinson et al. 1997,

Armstrong et al. 1993; Fixler, 1996; Lemen, 1995;
Persson, 1997; Shelhamer et al. 1995).

Emerging evidence points to RSV as a significant patho-
gen in adults and the elderly (Murray et al., 1997). In the
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USA alone, RSV causes about 4500 deaths per year, about
95,000 hospitalizations, and an estimated four million cases
of respiratory tract infections annually (Mclntosh et al.,
1990; Hall, et al. 1991). RSV is also a major public health
concern globally with an estimated five million deaths
annually due to RSV infections (Warren, 1986; Walsh,
1988).

Although the severity of the disease decreases with
repeated infection, previous RSV infection renders no or
limited immunity to subsequent RSV infection (Hal, 1991).

Despite the above serious implications of RSV infection,
the progress in the knowledge of the viral genes and gene
products (Collins, 1991; Collins et al., 1996; Barik, 1992),
an effective vaccine, or treatment against RSV, is yet to be
developed.

Additionally, previous attempts to develop a vaccine
using formalin inactivated RSV not only failed but exacer-
bated the disease when subsequent RSV infection occurred
(Chanock, et al. 1992; Hall, 1994). The development of an
attenuated, immunogenic and genetically stable live RSV
vaccine has not been successful. An effective vaccine or
treatment for RSV would be highly desirable.

Additionally, human nasal, airway, and lung epithelial
cells constitute a major target for respiratory infections.
Viral infection alters the expression of genes encoding a
number of cytokines, chemokines and inflammatory media-
tors (Sabauste, et al. 1995; Choi, et al. 1992; Becker et al.
1993). However, the molecular mechanism underlying RSV
infection and receptors for RSV remain to be elucidated.

The molecular pathology of RSV infection-induced
inflammation, which is poorly understood, has been inves-
tigated. The alteration of gene expression for various
cytokines, chemokines, and inflammatory mediators was
examined using RT-PCR and ELISA assays following RSV
infection of HEp-2 and BEAS-2B cells. The expression of
the inflammatory cytokines IL-6, IL-8, IL-10 and IL-1f
increased with the time of exposure to RSV. Both cell lines
constitutively expressed IL-13 MRNA.

The expression of the chemokine, RANTES, and the
broncho-constrictor, endothelin-1, were also increased after
viral infection in both cell lines. The expression of other
inflammatory mediators, such as inducible nitric oxide syn-
thase (iNOS) and mucin-1 (MUC1) encoding episialin, a
mucin like polypeptide, also increased after viral infection.
Only the BEAS-2B cell line expressed TNF-co following
viral infection. These results demonstrate that RSV infection
triggers the production in these epithelial cells of several of
the pro-inflammatory cytokines and mediators, responsible
for the airway inflammation in both allergic and non-allergic
individuals.

The secretion of cytokines by airway epithelial cells can
either initiate local inflammatory responses or amplify an
inflammatory event that was previously initiated by acti-
vated macrophages, eosinophils, mast cells or lymphocytes
(Shelhamer et al., 1995; Holtzman, et al. 1991; Churchill, et
al. 1989; Marini, et al. 1992; Churchill, et al. 1992; Kwon,
et al. 1994; Sousa, et al. 1994; Cromwell, et al. 1992; Jin, et
al. 1997). The epithelial cell-mediated inflammation by
involve a number of cytokines and chemokines including
IL-1B, IL-6, IL-8, IL-11, IFN-y, TNF-a, GM-CSF, GRO-c,
PLA-2, C3, inducible nitric oxide synthase (iNOS), MCP-1,
endothelin-1 (ET-1), mucin, elastase-specific inhibitors, and
secretory leukocyte proteinase inhibitor.

Available evidence suggests that the primary target of
respiratory viruses are epithelial cells. Once infected, epi-
thelial cells respond to the virus by increasing the production
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of a number of cytokines, which contribute to airway
inflammation (Sabauste, et al. 1995; Choi, et al. 1992;
Becker et al. 1993; Merolla, et al. 1995; Noah, et al. 1993,
Garofalo et al. 1996). The rhinovirus infection of a trans-
formed HBE cell line, BEAS-2B, caused the release of the
granulocyte macrophage colony stimulating factor (GM-
CSF), IL-6, and IL-8 (Sabauste et al. 1995). The influenza
virus infection of primary cultures of human bronchial
epithelial (HBE) cells induced the expression of IL-8 (Choi,
et al. 1992). Also, in response to RSV infection, nasal
epithelial cells and BEAS-2B cells generated IL-8 (Becker
etal., 1993; Merolla et al., 1995; Noah, et al., 1993; Garofalo
et al. 1996). Although the cytokine-mediated inflammatory
basis of respiratory infections has been investigated, the
molecular mechanisms underlying such infections remain
poorly understood.

Studies in children suggest that RSV infection induce a T
helper type 2-like response (Roman, et al. 1997). Also,
formalin inactivated RSV induces a Th2-like response and
IgE antibody production in mice (Connors, et al. 1992;
Connors, et al. 1994; Graham, et al. 1993). Th2-like cells are
mediated via cytokines such as IL-4, IL-5, IL-10, and IL-13
(Mosmann, et al. 1989) which are either important for IgE
production or are involved in the recruitment and activation
of inflammatory cells. IL-4 and IFN-y reciprocally regulate
IgE production, and RSV infection can augment IgE medi-
ated inflammation in individuals genetically predisposed to
develop atopic disease (Roman, et al. 1997). RSV infection
is also associated with recurrent episodes of bronchial
obstruction and exacerbation of established asthma in some
children with atopic genetic predisposition (Mok, et al.
1984; Weiss, et al. 1985; Sly, et al. 1989). Acute viral
respiratory tract infections also enhance sensitization to
inhalant allergens in mice (Schwarze, et al. 1997). Although
the mechanism underlying this synergy is not fully
characterized, it may be mediated via the T cell response.

A number of investigators have examined the effect of
IFNy on epithelial cells (Boehm et al. 1997). Exposure to
IFN-y to 84% epithelial cells resulted in increased surface
expression of MHC class I molecules, -2 integrins and
ICAM-1 (Colgan, et al. 1994). Pretreatment of a KB human
epithelial cell with IFN-y, augmented the expression of
ICAM-1 (Dao, et al., 1995). In an effort to define the role of
IFNy on T84 epithelial cells, Adams et al., 1993 showed that
only the monolayers basolateral surface was IFNy
responsive, and the microvillus surface was not. The effects
of IFN-y were recepter-ligand mediated and IFN-y induced
changes in epithelia permeability. Moreover, IFN-y treat-
ment of the A594 lung epithelial cells, blocked the attach-
ment of Pneumocystis carinii, to the cells via reduced
expression of f,-integrins (Pottratz et al. 1997). IFNy was
also shown to decrease the susceptibility of epithelial cells
to infection by rhinovirus, although rhinovirus infection did
not markedly alter the expression of the receptor [CAM-1.
Also, IFNFp markedly inhibited RSV replication in a dose-
and time-dependent manner, and IFN- did not induce cell
membrane damage, cause cell lysis, or inhibit cellular pro-
tein synthesis (Garofalo et al. 1996).

It would therefore be useful to develop a vaccine for
preventing a respiratory viral infection by the intranasal
administration of an IFN-gamma gene which can be given to
an infant or other immunosuppressed individual for prophy-
laxis against respiratory infection, for example. RSV.

SUMMARY OF THE INVENTION

According to the present invention, a method of prevent-
ing a respiratory infection by administering DNA which
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encodes IFN is provided. Also provided is a therapy for the
prevention of a respiratory infection containing DNA which
encodes IFN.

DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily
appreciated as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings
wherein:

FIG. 1 shows expression of murine IFN-y following gene
transfer in BALB/c mice; Groups of mice were intranasally
inoculated with either pIFN-y (100 ug)+lipofectamine, Lipo-
fectamine alone (50 ul), PBS (50 ul ) or pcDNA3.1 (100 ug)
alone, thrice with two days interval in a 50 ul volume; Seven
days after the last intranasal inoculation, IFN-y expression
was detected from BALF by ELI SA, bars represent
mean=SD (n=4);

FIGS. 2A +B show detection of RSV infection in the
lungs of BALB/c mice; RSV-N gene expression was
checked by RT-PCR; Mice were treated with IFN-y express-
ing plasmid, pIFN-y complexed with lipofectamine (Lanes
5-10) or lipofectamine alone (Lanes 11-14) as described
under methods and subsequently infected with RSV after a
week of last treatment; Lanes 1-4 are controls, which were
treated with PBS alone; RSV N gene expression was
detected in all the control mice (lanes 1-4) and also in the
mice treated with lipofectamine alone (lanes 11-14);
whereas, in pIFN-y treated mice, RSV-N gene expression
was not detected (lanes 7-10) or minimally detected (lanes
5 and 6); Lower panel shows the RT-PCR of f-actin gene,
used as the internal control, data are from two independent
sets of experiment;

FIG. 2C shows pIFN-y gene therapy inhibits RSV repli-
cation in mouse lung; Group of mice (n=6) were intranasaly
inoculated with 100 ug of pIFN-y complexed with lipo-
fectamine for three times on two days interval and infected
with RSV seven days later; On day four p.i. their lungs were
taken out, homogenized and RSV titer was monitored by
ELISA. results represent the meanzstandard deviation of six
mice/group;

FIGS. 3 (A+B) shows an analysis of bronchial alveolar
lavage; Groups of mice (n=6) were treated as described in
FIG. 1 and infected with RSV seven days later; BAL was
collected from the lungs of mice on day four p.i. cytocen-
trifuged and stained. BAL cell differential from pIFN-y
treated and control mice is shown, bars represent mean+SD.
p<0.05 (n=6) compared to a: naive uninfected, b: IFN-y
vaccinated and RSV infected mice;

FIGS. 4 (A-F) shows an effect of pIFN-y gene transfer on
lung pathology; A and B are tissue from pIFN-y vaccinated
and RSV infected mice showing normal lung pathology; The
control mice with no IFN-y treatment showed epithelial
denudation and peri-bronchial infiltration (C) and bronchial
exudate composed of inflammatory cells (D). Peri-vascular
infiltration (E) and enlarged septal cells with mononuclear
cell infiltration (4F) were also observed in control groups;
and

FIG. 5 (A) shows detection of IL-5 and IFN-y mRNA
expression in the lungs of BALB/c mice; Mice were treated
as described in FIG. 2A and IL-5 and IFN-y gene expression
was checked by RT-PCR; Control mice (Panel 2, lanes, 1-4
and 11-14) showed IL-5 specific amplification; Vaccinated
mice showed IFN-y expression (Panel 1, lanes 6—10). Data
are from two independent sets of experiment;

FIGS. 5 (B+C) Expression of IFN-y in BALF of pIFN-
y-vaccinated and control mice following RSV infection as
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estimated by ELISA. Values are mean+SD (n=6); * Indicates
value significant at p<0.05 when compared with different
controls.

DETAILED DESCRIPTION OF THE
INVENTION

Generally the present invention provides a vector and
method for preventing a repiratory infection, both of which
include DNA encoding the cytokine IFN-gamma which
upon expression prevents infection. In a particular
embodiment, the IFN-gamma vector prevents viral respira-
tory infection. In a preferred embodiment the IFN-gamma
vector is a plasmid vector, which is non infectious, and
delivers a nonintegrating DNA sequence encoding IFN-
gamma for the prevention of RSV. The nature of the vector
allows for transient expression of IFN-gamma. Administra-
tion of pIFN-gamma can therefore be done in anticipation of
the season in which the majority of respiratory illness occurs
and be protective through the season.

The applicants have found that increased levels of IFN-
gamma in respiratory epithelium reduces viral replication.
This was demonstrated in vitro by treating human bronchial
epithelial cell cultures HEp-2 with INF-gamma, then expos-
ing these cultures to RSV. The inventors showed a 94%
reduction in RSV titers in the IFN-gamma treated cells as
compared to cells not treated with IFN-gamma. In vivo
demonstration was accomplished by administering pIFN-
gamma to mice, then exposing them to RSV. p[FN-gamma
treated animals showed an 87% reduction in RSV titers
compared to control animals.

Secondly the applicants found that pIFN-gamma treat-
ment decreased lung inflammation and pathology typically
associated with RSV. In fact the cellular composition of the
inflammatory response to RSV was dramatically different
between animals treated or not treated with pIFN-gamma.

Thirdly, the applicants found that through pIFN-gamma
administration the immune response to RSV challenge was
altered from a Th2-like immune response, a pathogenic
response associated with inflammation, hyperreactivity, and
risk of asthma, to a Thl-like response characteristic of
immune protection.

The DNA is administered and dosed in accordance with
good medical practice, taking into account the clinical
condition of the individual patient, the site and method of
administration, scheduling of administration, and other fac-
tors known to medical practitioners. The “effective amount”
for purposes herein is thus determined by such consider-
ations as are known in the art.

A gene therapy according to the present invention is
administered to the airways, e.g. nose, sinus, throat and lung,
for example, as nose drops, by nebulization, vaporization or
other methods known in the art.

In another embodiment of the present invention, the
treatment includes administering to the patient an effective
amount of a composition containing a recombinant construct
comprising a nucleic acid sequence encoding IFN-gamma,
the nucleic acid sequence being operatively linked to one or
more transcription control sequences. Further, the nucleic
acid sequence is expressed at or adjacent to respiratory
epithelial cells and the IFN-gamma results in reduced pro-
liferation of the respiratory infection.

Another embodiment of the present invention relates to a
method of protecting a host against respiratory infection by
administering to the host an effective amount of a vector
containing a construct having a nucleotide sequence encod-
ing IFN-gamma with a promoter sequence operatively
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attached thereto. Further, this construct contains a
noninfectious, nonintegrating DNA sequence which controls
the expression of the DNA sequence. Additionally, admin-
istration of the DNA is in an amount sufficient to increase
levels of IFN-gamma in the respiratory tract thus providing
a protective response.

IFN-y down-regulates the Th2-like response and IgE
production (Pene et al. 1988) and is a therapy for modulating
pulmonary allergic responses (Li, et al. 1996).

Vectors which comprise the DNA encoding for IFN-
gamma are also provided by the present invention. The
vectors can be constructed by those skilled in the art and
should contain all expression elements necessary to achieve
the desired transcription of the sequences. Other beneficial
characteristics can also be contained within the vectors such
as mechanisms for recovery of the nucleic acids in a
different form. Phagemids are a specific example of such
beneficial vectors because they can be used either as plas-
mids or as bacteriophage vectors. Examples of other vectors
include viruses such as bacteriophages, baculoviruses and
retroviruses, DNA viruses, cosmids, plasmids, liposomes
and other recombination vectors. The vectors can also
contain elements for use in either procaryotic or eucaryotic
hose systems. One of ordinary skill in the art will know
which host systems are compatible with a particular vector.

IFN-y also down-regulates the rhinovirus-induced expres-
sion of intercellular adhesion molecule-1 (ICAM-1) on
human airway epithelial cells and is thereby believed to
decrease the susceptibility of epithelial cells to infection
(Sethi et al. 1997).

Human rhinoviruses (HRV) are a major cause of upper
respiratory tract infections in man, and can exacerbate
existing pulmonary disease. The major group of HRV attach
to ICAM-1, which is expressed on nasal and bronchial
epithelial cells. To study the influence of biological media-
tors on ICAM-1 expression, and consequently HRV attach-
ment and infection, the effects of various cytokines were
compared, alone and in combination, on ICAM-1 expression
by an uninfected and HRV-infected bronchial epithelial cell
line H292. Cytokines are known to be released soon after
viral infection, such as tumour necrosis factor-alpha (TNF-
alpha), IL-1beta and the chemokine IL-8 increase ICAM-1
expression on uninfected cells.

Epithelial cells infected with live HRV-14 displayed
marked up-regulation of ICAM-1 compared with baseline.
TNF-alpha further enhanced the HRV-induced increase in
ICAM-1 expression on epithelial cells, peaking at day four
after infection, while IL-8 exhibited a steady increase in
ICAM-1 expression over 14 days. In contrast, IFN-gamma,
a known Th1 antiviral lymphokine, while increasing the
level of ICAM-1 on uninfected cells, induced a significant
persistent down-regulation of ICAM-1 expression on HRV-
infected epithelial cells. With combinations of TNF-alpha
and IFN-gamma, ICAM-1 expression on HRV-infected cells
was reduced to basal levels. The effects of IFN-gamma were
paralleled by a reduction in viral titres.

The in vitro model has provided useful insights into the
early pathogenic events of HRV infection at the level of the
host cell-virus interaction. The data confirm that biological
mediators play a crucial role in the pathogenesis as well as
the course of HRV infection which is modulated by the
types, and time kinetics of inflammatory cytokines in the
immediate microenvironment. (Sethi S. K., Bianco A, Allen
J. T, Knight R. A., Spiteri M. A. Clin Exp Immunol 1997
Dec.; 110(3):362-9 Interferon-gamma (IFN-gamma) down-
regulates the rhinovirus-induced expression of intercellular
adhesion molecule-1 (ICAM-1) on human airway epithelial
cells).
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The systemic use of IFN-y protein to treat respiratory tract
infections or allergic disease is limited because of its short
half-life. Consequently, it has to be given in high or repeated
doses to reach therapeutic efficacy; however, high dose
IFN-y is cytotoxic. In an effort to circumvent the drawbacks
inherent with the use of IFN-y protein, an IFN-y gene
transfer approach was used in a murine model to inhibit
allergic inflammation (Li, et al. 1996). With regard to the
present invention, an IFN-y expressing plasmid vector,
pIFN-y, was used in a murine model to inhibit RSV infec-
tion. Evidence from the studies of RSV replication, BAL and
histopathology of mice indicate that an IFN-y-DNA vaccine
is effective in inhibiting RSV replication and consequently
infection-associated inflammation.

A major finding is the significant decrease in RSV repli-
cation detected in the pIFN-y vaccinated mice using RT-PCR
and ELISA. The transcript encoding RSV N protein was
almost not detectable in majority of the pIFN-y vaccinated
mice, which suggests that overproduced IFN-y inhibited
RSV replication. There was an 87% reduction in the RSV
titers in mouse vaccinated with pIFN-y gene.

RSV infection induces inflammatory changes in the lung,
which is readily detectable in BAL fluid. In normal or sham
infected mice most recovered cells in BAL fluid are mac-
rophages with less than 5% lymphocytes. RSV specific
lymphocytes from the lungs of RSV infected mice by exhibit
CTL activity, which peaks at days seven to nine, post
infection (Taylor et al. 1985). The proportion of lympho-
cytes increases to about 20% between 10 and 16 days after
infection and decreases thereafter (Openshaw, 1989). Con-
sistent with these findings BAL from the lungs of pIFN-y
-administered to mice had 27% less lymphocytes compared
to control groups. A small number of eosinophils were also
detected in BAL of RSV infected mice, suggesting that the
airway-hyper-responsiveness caused by the viral infection
may be due to infiltration of these cells to the airway. RSV
infection induces the expression of adhesion molecules on
the bronchial epithelium, particularly ICAM-1 (Arnold et al.
1995; Matsuzaki, et al. 1996; Arnold, et al. 1996), which
contributes to airway inflammation by supporting adhesion
and retention of these infiltrating inflammatory cells (Stark
et al. 1996).

IFN-y levels were compared in BAL fluids following
infection with RSV in control and pIFN-y vaccinated mice.
Only a three to six fold increase in IFN-y production was
found in RSV infected versus uninfected mice, which is in
agreement with a low level of IFN-y induced by RSV
(Chonomaitre et al. 1981). Contrary to the expected result,
the pIFN-y administered and RSV infected compared to
uninfected and IFN-gamma administered mice showed a
four-fold reduction in IFN-y levels. The reason for this
reduction is unknown. It is likely that the IFN-y is metabo-
lized rapidly following RSV infection.

IFNs also possess important immunomodulatory func-
tions. Because of the reciprocal regulation of T helper cell
subsets, it was anticipated that the pIFN-y vaccine would
promote a Thl-like instead of a Th2-like to immune
response expected against RSV. The cytokine IL-5 is an
important marker of Th2-like immunity induced by RSV and
it plays a pivotal role in eosinophil survival in the lung and
asthma. Results from RT-PCR analysis of IL-5 mRNA
expression indicated that pIFN-y vaccination resulted in
expression of IFN-y mRNA expression and inhibited IL-5
expression in infected mice when compared to controls.

Mice lacking IFN-y mRNA expression exhibited an
upregulation in the levels of IL-5 mRNA. Furthermore, the
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IL-5 protein could not be detected in the BAL fluid of
infected mice, which expressed significant amounts of IFN-y
and had only a few cosinophils. Together, these results
suggest that pIFN-y vaccine inhibits induction of IL-5
mRNA and may play an important role in the induction of
a Th2-like immunity against RSV.

Epithelial cell damage and cellular infiltration are hall-
marks of the RSV infection in humans and in various animal
models. Prior administration of mice with the pIFN-y sig-
nificantly reduced epithelial cell damage and decreased
interstitial and peri-bronchovascular infiltration of the cells
in the lung upon RSV infection. The control RSV-infected
mice predominantly showed a mononuclear cell infiltrate
with very few eosinophils. No marked difference was
observed between the uninfected naive and pIFN-y admin-
istered and RSV infected mice, suggesting that pIFN-y gene
transfer does not alter the inflammatory cell population in
the lung. These findings suggest that the pIFN-y per se does
not induce any inflammatory changes in the airway and the
mice did not exhibit any external signs of illness, which
suggests that this gene transfer method may be safe in mice.
The evidence that pIFN-y administered and RSV infected
mice exhibited a normal airway phenotype suggesting that
indeed the RSV replication is inhibited almost completely.

In summary, these results taken together demonstrate that
a pIFN-y gene transfer inhibits RSV replication, alters the
lung cytokine pattern from a Th2- dominant to Thl-
dominant milieu, and protects lung from RSV-induced epi-
thelial damage and cellular infiltration. This transfer method
renders significant protection of BALB/c mice against RSV
infection. Because of the anti-viral property of IFN-y, an
IFN-y DNA gene transfer is useful against respiratory viral
infections.

The above discussion provides a factual basis for the use
of a gene transfer method for the prevention of respiratory
viral infection. The methods used with and the utility of the
present invention can be shown by the following non-
limiting examples and accompanying figures.

EXAMPLES
GENERAL METHODS

The intranasal administration of the IFN-gamma gene is
administered and dosed in accordance with good medical
practice, taking into account the clinical condition of the
individual patient, the site and method of administration,
scheduling of administration, patient age, sex, body weight
and other factors known to medical practitioners. The phar-
maceutically “effective amount” for purposes herein is thus
determined by such considerations as are known in the art.
The amount must be effective to achieve improvement
including but not limited to total prevention and to improved
survival rate or more rapid recovery, or improvement or
elimination of symptoms and other indicators as are selected
as appropriate measures by those skilled in the art.

In the method of the present invention, the IFN gene can
be administered in various ways. It should be noted that the
vaccine can be administered as the compound or as phar-
maceutically acceptable salt and can be administered alone
or as an active ingredient in combination with pharmaceu-
tically acceptable carriers, diluents, adjuvants and vehicles.
The compounds can be administered intranasally,
bronchially, via inhalation pathways. The patient being
treated is a warm-blooded animal and, in particular, mam-
mals including man. The pharmaceutically acceptable
carriers, diluents, adjuvants and vehicles as well as implant



US 6,489,306 B2

9

carriers generally refer to inert, non-toxic solid or liquid
fillers, diluents or encapsulating material not reacting with
the active ingredients of the invention.

It is noted that humans are treated generally longer than
the mice exemplified herein which treatment has a length
proportional to the length of the disease process and drug
effectiveness. The doses may be single doses or multiple
doses over a period of several days, but single doses are
preferred.

The carrier for gene therapy can be a solvent or dispersing
medium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, liquid polyethylene
glycol, and the like), suitable mixtures thereof, and veg-
etable oils.

Proper fluidity can be maintained, for example, by the use
of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use
of surfactants. Nonaqueous vehicles such a cottonseed oil,
sesame oil, olive oil, soybean oil, corn oil, sunflower oil, or
peanut oil and esters, such as isopropyl myristate, may also
be used as solvent systems for compound compositions.
Additionally, various additives which enhance the stability,
sterility, and isotonicity of the compositions, including anti-
microbial preservatives, antioxidants, chelating agents, and
buffers, can be added. Prevention of the action of microor-
ganisms can be ensured by various antibacterial and anti-
fungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, and the like. In many cases, it will be desirable
to include isotonic agents, for example, sugars, sodium
chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of
agents delaying absorption, for example, aluminum
monostearate and gelatin. According to the present
invention, however, any vehicle, diluent, or additive used
would have to be compatible with the compounds.

Examples of delivery systems useful in the present inven-
tion include: U.S. Pat. Nos. 5,225,182; 5,169,383; 5,167,
616; 4,959,217; 4,925,678; 4,487,603; 4,4806,194; 4,447,
233; 4,447,224; 4,439,196; and 4,475,196. Many other
delivery systems and modules are well known to those
skilled in the art.

A pharmacological formulation of the gene utilized in the
present invention can be administered orally to the patient.
Conventional methods such as administering the compounds
in tablets, suspensions, solutions, emulsions, capsules,
powders, syrups and the like are usable. Known techniques
which deliver the vaccine orally or intravenously and retain
the biological activity are preferred.

In one embodiment, the gene can be administered initially
by nasal infection to increase the local levels of IFN-gamma.
The patient’s IFN-y levels are then maintained by an oral
dosage form, although other forms of administration, depen-
dent upon the patient’s condition and as indicated above, can
be used. The quantity of vaccine to be administered will vary
for the patient being treated and will vary from about 100
ng/kg of body weight to 100 mg/kg of body weight per day
and preferably will be from 10 mg/kg to 10 mg/kg per day.
General Methods in Molecular Biology

Standard molecular biology techniques known in the art
and not specifically described were generally followed as in
Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, New York (1989),
and in Ausubel et al., Current Protocols in Molecular
Biology, John Wiley and Sons, Baltimore, Md. (1989) and in
Perbal, A Practical Guide to Molecular Cloning, John Wiley
& Sons, New York (1988), and in Watson et al., Recombi-
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nant DNA, Scientific American Books, New York and in
Birren et al (eds) Genome Analysis: A Laboratory Manual
Series, Vols. 1-4 Cold Spring Harbor Laboratory Press, New
York (1998) and methodology as set forth in U.S. Pat. Nos.
4,666,828; 4,683,202; 4,801,531; 5,192,659 and 5,272,057
and incorporated herein by reference. Polymerase chain
reaction (PCR) was carried out generally as in PCR Proto-
cols: A Guide To Methods And Applications, Academic
Press, San Diego, Calif. (1990). In-situ (In-cell) PCR in
combination with Flow Cytometry can be used for detection
of cells containing specific DNA and mRNA sequences
(Testoni et al, 1996, Blood 87:3822.)

By gene therapy as used herein refers to the transfer of
genetic material (e.g DNA or RNA) of interest into a host to
treat or prevent a genetic or acquired disease or condition
phenotype. The genetic material of interest encodes a prod-
uct (e.g. a protein, polypeptide, peptide or ftunctional RNA)
whose production in vivo is desired. For example, the
genetic material of interest can encode a hormone, receptor,
enzyme, polypeptide or peptide of therapeutic value. For a
review see, in general, the text “Gene Therapy” (Advances
in Pharmacology 40, Academic Press, 1997).

Two basic approaches to gene therapy have evolved: (1)
ex vivo and (2) in vivo gene therapy. In ex vivo gene therapy
cells are removed from a patient, and while being cultured
are treated in vitro. Generally, a functional replacement gene
is introduced into the cell via an appropriate gene delivery
vehicle/method (transfection, transduction, homologous
recombination, etc.) and an expression system as needed and
then the modified cells are expanded in culture and returned
to the host/patient. These genetically reimplanted cells have
been shown to produce the transfected gene product in situ.

In in vivo gene therapy, target cells are not removed from
the subject rather the gene to be transferred is introduced
into the cells of the recipient organism in situ, that is within
the recipient. Alternatively, if the host gene is defective, the
gene is repaired in situ [Culver, 1998]. These genetically
altered cells have been shown to produce the transfected
gene product in situ.

The gene expression vehicle is capable of delivery/
transfer of heterologous nucleic acid into a host cell. The
expression vehicle may include elements to control
targeting, expression and transcription of the nucleic acid in
a cell selective manner as is known in the art. It should be
noted that often the 5'UTR and/or 3'UTR of the gene may be
replaced by the 5'UTR and/or 3'UTR of the expression
vehicle. Therefore as used herein the expression vehicle
may, as needed, not include the 5'UTR and/or 3'UTR shown
in SEQ ID No: 1 and only include the specific amino acid
coding region.

The expression vehicle can include a promotor for con-
trolling transcription of the heterologous material and can be
either a constitutive or inducible promotor to allow selective
transcription. Enhancers that may be required to obtain
necessary transcription levels can optionally be included.
Enhancers are generally any non-translated DNA sequence
which works contiguously with the coding sequence (in cis)
to change the basal transcription level dictated by the
promoter. The expression vehicle can also include a selec-
tion gene as described herein below.

Vectors can be introduced into cells or tissues by any one
of a variety of known methods within the art. Such methods
can be found generally described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs
Harbor Laboratory, New York (1989, 1992), in Ausubel et
al., Current Protocols in Molecular Biology, John Wiley and
Sons, Baltimore, Md. (1989), Chang et al., Somatic Gene



US 6,489,306 B2

11

Therapy, CRC Press, Ann Arbor, Mich. (1995), Vega et al.,
Gene Targeting, CRC Press, Ann Arbor, Mich. (1995),
Vectors: A Survey of Molecular Cloning Vectors and Their
Uses, Butterworths, Boston Mass. (1988) and Gilboa et al
(1986) and include, for example, stable or transient
transfection, lipofection, electroporation and infection with
recombinant viral vectors. In addition, see U.S. Pat. No.
4,866,042 for vectors involving the central nervous system
and also U.S. Pat. Nos. 5,464,764 and 5,487,992 for
positive-negative selection methods.

Introduction of nucleic acids by infection offers several
advantages over the other listed methods. Higher efficiency
can be obtained due to their infectious nature. Moreover,
viruses are very specialized and typically infect and propa-
gate in specific cell types. Thus, their natural specificity can
be used to target the vectors to specific cell types in vivo or
within a tissue or mixed culture of cells. Viral vectors can
also be modified with specific receptors or ligands to alter
target specificity through receptor mediated events.

A specific example of DNA viral vector for introducing
and expressing recombinant sequences is the adenovirus
derived vector Adenop53TK. This vector expresses a herpes
virus thymidine kinase (TK) gene for either positive or
negative selection and an expression cassette for desired
recombinant sequences. This vector can be used to infect
cells that have an adenovirus receptor which includes most
cancers of epithelial origin as well as others. This vector as
well as others that exhibit similar desired flnctions can be
used to treat a mixed population of cells and can include, for
example, an in vitro or ex vivo culture of cells, a tissue or
a human subject.

Additional features can be added to the vector to ensure
its safety and/or enhance its therapeutic efficacy. Such
features include, for example, markers that can be used to
negatively select against cells infected with the recombinant
virus. An example of such a negative selection marker is the
TK gene described above that confers sensitivity to the
antibiotic gancyclovir. Negative selection is therefore a
means by which infection can be controlled because it
provides inducible suicide through the addition of antibiotic.
Such protection ensures that if, for example, mutations arise
that produce altered forms of the viral vector or recombinant
sequence, cellular transformation will not occur. Features
that limit expression to particular cell types can also be
included. Such features include, for example, promoter and
regulatory elements that are specific for the desired cell type.

In addition, recombinant viral vectors are useful for in
vivo expression of a desired nucleic acid because they offer
advantages such as lateral infection and targeting specificity.
Lateral infection is inherent in the life cycle of, for example,
retrovirus and is the process by which a single infected cell
produces many progeny virions that bud off and infect
neighboring cells. The result is that a large area becomes
rapidly infected, most of which was not initially infected by
the original viral particles. This is in contrast to vertical-type
of infection in which the infectious agent spreads only
through daughter progeny. Viral vectors can also be pro-
duced that are unable to spread laterally. This characteristic
can be useful if the desired purpose is to introduce a
specified gene into only a localized number of targeted cells.

As described above, viruses are very specialized infec-
tious agents that have evolved, in many cases, to elude host
defense mechanisms. Typically, viruses infect and propagate
in specific cell types. The targeting specificity of viral
vectors utilizes its natural specificity to specifically target
predetermined cell types and thereby introduce a recombi-
nant gene into the infected cell. The vector to be used in the
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methods of the invention will depend on desired cell type to
be targeted and will be known to those skilled in the art. For
example, if breast cancer is to be treated then a vector
specific for such epithelial cells would be used. Likewise, if
diseases or pathological conditions of the hematopoietic
system are to be treated, then a viral vector that is specific
for blood cells and their precursors, preferably for the
specific type of hematopoietic cell, would be used.

Retroviral vectors can be constructed to function either as
infectious particles or to undergo only a single initial round
of infection. In the former case, the genome of the virus is
modified so that it maintains all the necessary genes, regu-
latory sequences and packaging signals to synthesize new
viral proteins and RNA. Once these molecules are
synthesized, the host cell packages the RNA into new viral
particles which are capable of undergoing further rounds of
infection. The vector’s genome is also engineered to encode
and express the desired recombinant gene. In the case of
non-infectious viral vectors, the vector genome is usually
mutated to destroy the viral packaging signal that is required
to encapsulate the RNA into viral particles. Without such a
signal, any particles that are formed will not contain a
genome and therefore cannot proceed through subsequent
rounds of infection. The specific type of vector will depend
upon the intended application. The actual vectors are also
known and readily available within the art or can be con-
structed by one skilled in the art using well-known meth-
odology.

The recomnbinant vector can be administered in several
ways. If viral vectors are used, for example, the procedure
can take advantage of their target specificity and
consequently, do not have to be administered locally at the
diseased site. However, local administration can provide a
quicker and more effective treatment, administration can
also be performed by, for example, intravenous or subcuta-
neous injection into the subject. Injection of the viral vectors
into a spinal fluid can also be used as a mode of
administration, especially in the case of neuro-degenerative
diseases. Following injection, the viral vectors will circulate
until they recognize host cells with the appropriate target
specificity for infection.

An alternate mode of administration can be by direct
inoculation locally at the site of the disease or pathological
condition or by inoculation into the vascular system sup-
plying the site with nutrients or into the spinal fluid. Local
administration is advantageous because there is no dilution
effect and, therefore, a smaller dose is required to achieve
expression in a majority of the targeted cells. Additionally,
local inoculation can alleviate the targeting requirement
required with other forms of administration since a vector
can be used that infects all cells in the inoculated area. If
expression is desired in only a specific subset of cells within
the inoculated area, then promoter and regulatory elements
that are specific for the desired subset can be used to
accomplish this goal. Such non-targeting vectors can be, for
example, viral vectors, viral genome, plasmids, phagemids
and the like. Transfection vehicles such as liposomes and
colloidal polymeric particles can also be used to introduce
the non-viral vectors described above into recipient cells
within the inoculated area. Such transfection vehicles are
known by one skilled within the art.

Example 1

Direct DNA inoculations are administered as a method of
subunit vaccination. Plasmid DNAs encoding influenza
virus hemagglutinin glycoproteins have been tested for the
ability to provide protection against lethal influenza chal-
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lenges. In immunization trials using inoculations of purified
DNA in saline, 67-95% of test mice and 25-63% of test
chickens were protected against the lethal challenge. Good
protection was achieved by intramuscular, intravenous and
intradermal injections. In mice, 95% protection was
achieved by gene gun delivery of 250-2500 times less DNA
than the saline inoculations. Successful DNA vaccination by
multiple routes of inoculation and the high efficiency of
gene-gun delivery highlight the potential of this promising
new approach to immunization.

Plasmid DNAs expressing influenza virus hemagglutinin
glycoproteins have been tested for their ability to raise
protective immunity against lethal influenza challenges of
the same subtype. In trials using two inoculations of from 50
to 300 micrograms of purified DNA in saline, 67-95% of
test mice and 25-63% of test chickens have been protected
against a lethal influenza challenge. Parenteral routes of
inoculation that achieved good protection included intra-
muscular and intravenous injections. Successful mucosal
routes of vaccination included DNA drops administered to
the nares or trachea. By far the most efficient DNA immu-
nizations were achieved by using a gene gun to deliver
DNA-coated gold beads to the epidermis. In mice, 95%
protection was achieved by two immunizations with beads
loaded with as little as 0.4 micrograms of DNA. The breadth
of routes supporting successful DNA immunizations,
coupled with the very small amounts of DNA required for
gene-gun immunizations, highlight the potential of this
remarkably simple technique for the development of subunit
vaccines. In contrast to the DNA based antigen vaccines, the
present invention provides the development of an intranasal
gene transfer method using IFN-gamma, which can be used
as a prophylaxis against multiple respiratory infections. In
the preferred embodiment the method is used against respi-
ratory viral infection, most preferably against RSV.
Materials and Methods
Animals

Six-week old female BALB/c mice were purchased from
the Jackson laboratory (Bar Harbor, Me.) and maintained in
pathogen free conditions at the animal center. All procedures
were reviewed and approved by the University of South
Florida and James A Haley VA Medical Center Committee
on Animal Research.

Gene Construct and Gene Transfer

The mouse IFN-y cDNA was amplified from the mouse
spleen ¢cDNA library by polymerase chain reaction (PCR)
using Vent polymerase (New England Biolabs, Beverly,
Mass.). The sequence of the sense and anti-sense oligonucle-
otide primers were as follows: sense, 5'-dTCT GGA TCC
ATG AAC GCT ACA CAC TG-3' (SEQ ID NO:1); and
anti-sense, 5'- ACAC CTC GAG TCA GCA GCG AC-3'
(SEQ ID NO: 2), derived from Gary P. W. and Goeddle D.
V. PNAS 80:5842, 1993 and IFN-gama gene Acc No.
KO00083 and the primers contained a BamHI and a Xhol site,
respectively. Following amplification, the PCR product was
eluted from the agarose gel by the freeze squeeze method
(Tautz et al. 1983), purified and then digested with BamHI
and Xhol. The digested product was ligated to the mamma-
lian expression vector pcDNA3.1(+) (Invitrogen, San Diego,
Calif.) at the identical sites. The resulting plasmid, referred
to as pIFN-y, was propagated in E. coli DH5y cells. Large-
scale plasmid DNA was prepared using a Qiagen kit
(Qiagen, Chatsworth, Calif.) following the manufacturer’s
specifications. This produced sufficiently pure DNA with
minimum endotoXin contamination. PBS, lipofect AMINE
alone and pcDNA3.1 were used as controls. For intranasal
gene transfer, mice were inoculated intranasaly thrice at
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two-day intervals, with a mixture of 100 ug of pIFN-y DNA
complexed with the cationic lipid, lipofect AMINE (Life
Technologies, Gaithersburg, Md.) in a 50 ul volume.
Viral Infection of Animals and Tissue Collection

Mice were infected intranasally with RSV A2 strain
(ATCC, Rockville, Md.) at a moi of 1x106 seven days after
the last intranasal DNA inoculation. Animals were sacrificed
on day four post-infection (p.i) and their lungs removed for
RT-PCR and histopathological studies.
Epithelial Cell Culture and Virus Infection

The HEp-2 (ATCC CCL-23) cell line was obtained from
the American Type Culture Collection (Rockville, Md.) and
were maintained in Minimum Essential medium with
Hank’s salts supplemented with 5% fetal bovine serum
(Atlanta Biologicals, Norcross, Ga.) at 37° C. with 5% CO,.
Respiratory Syncytial Virus (RSV) A2 strain was obtained
from ATCC (VR-1302) and was propagated in HEp-2 cells
in a monolayer culture. Viral stocks were prepared from
infected HEp-2 cell after 5-6 days post infection (p.i.) and
stored at —70° C. in aliquots and was used as the viral
inoculum in this study.
Interferon Gamma Treatment and RSV Infection

HEp-2 cells were grown at 0.3x10° cells/ well in six well
tissue culture plates, treated with IFN-y (Atlanta Biologicals,
Norcross, Ga.) at concentrations of 0,1,10,100 and 500
ng/ml, respectively, for 24 hours and subsequently infected
with RSV at an moi of 33 pfu/cell. Virus was allowed to
absorb for two hours at 37° C. with 5% CO,. After two
hours, the viral inoculum was replaced by complete medium
containing the respective concentrations of IFN-y. The cells
were harvested at 24 hours, 48 hours and 72 hours post
infection washed once with PSB, pH 7.4 and stored at —70°
C. till ready to use.
Immunocytochemical Analysis

HEp-2 cells were treated with 100 ng/ml of IFN-y for 24
hours and subsequently infected with RSV. Cells were
harvested at 24 hours post infection, washed with PBS, pH
7.4 and suspended in the same buffer. Cell suspensions were
dropped into a microscopic slide, dried, fixed in acetone and
stained with FITC labeled anti-RSV mAb for 30 minutes at
37° C. in a humidified chamber. Excess stain was washed out
and the slides were mounted with fluoromount G and
observed under fluorescent microscope. The number of
infected and uninfected cells were counted from three dif-
ferent slides of the same treatment group randomly from 11
different spots from each slide and the percentage of infected
and uninfected cells were plotted against the time of infec-
tion.
Quantitation of RSV Titers in Lung

RSV titers in the mouse lung were quantitated by ELISA.
Whole lungs were homogenized in 2 ml of lysis buffer (0.5%
Triton X-100, 150 mM NaCl, 15 mM Tris, 1 mM CaCl2 and
1 mN MgCl12, pH 7.40). Homogenates were incubated on ice
for 30 minutes, and then centrifuged at 3000 rpm for 10
minutes Supernatants were collected, passed through a 0.2
um filter (Gelman Sciences, Ann Arbor, Mich.) and used for
ELISA. Briefly, supernatants were first incubated in goat
anti-human RSV antibody (AB1128, Chemicon, Temecula,
Calif.) coated ELISA plates (Coaster, Cambridge, Mass.)
and then incubated with mouse anti human RSV polyclonal
antibody (NCL-RSV3, Vector Laboratories). Following
incubation with peroxidase labeled goat anti mouse IgG
antibody (Boehringer Manheim, Indianapolis, Ind.),
immune complexes were detected using tetra methyl ben-
zidine (TMB) as the substrate. Optical densities were read at
450 nm using an ELISA reader. The results were trans-
formed to PFU/g lung by the standard curve obtained from
known amounts of ATCC stock virus titers.
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RNA Extraction

Total cellular RNA was isolated from the lung tissue using
TRIZOL reagent (Life Technologies, Gaithersburg, Md.)
following the manufacturer’s instructions. One ml of Trizol
reagent was added to 50-100 mg of lung tissue and homog-
enized. Lung homogenate was suspended by pipeting and
allowed to stand at room temperature (RT) for five min for
lysis. Chloroform (200 ul ) was added to each tube and
mixed thoroughly. After five minutes, the cells were centri-
fuged at 12,000 rpm for 15 minutes at 15-200° C. The clear
aqueous supernatant was transferred to a fresh tube and an
equal volume of iso-propanol was added, mixed well, and
centrifuged at 12,000 rpm for 15 min at 15-20° C. The RNA
pellet was washed with 70% ethanol, air-dried and dissolved
in diethyl-pyrocarbonate-treated water.

Reverse Transcription—Polymerase Chain Reaction (RT-
PCR)

RSV replication in murine lung was monitored by check-
ing the mRNA expression of RSV N gene. The sense and
anti-sense oligonucleotide sequences were as follows:
5-dGCG ATG TCT AGG TTA GGA AGA A-3' (SEQ ID
NO: 3) and 5'-dGCT ATG TCC TTG GGT AGT AAG
CCT-3' (SEQ ID NO:4). The following oligonucleotide
primers were used to check the mRNA expression of mouse
IFN-y, 5'-dTCT GGA TCC ATG AAC GCT ACA CAC
TG-3' (SEQ ID NO:1) and anti-sense, 5'-dCAC CTC GAG
TCA GCA GCG AC-3' (SEQ ID NO:2). The primers for
IL-5 were 5'-d AAG GAT GCT TCT GCA CTT GA-3' (SEQ
ID NO:5) and 5-dACA CCA AGG AAC TCT TGC A-3'
(SEQ ID NO:6). The oligonucleotide primers, 5'-dGAC
ATG GAG AAG ATC TGG CAC -3' (SEQ ID NO:7) and
5-dTCC AGA CGC AGG ATG GCG TGA-3' (SEQ ID
NO:8), were used to examine the expression of the mouse
p-actin which was used as an internal control. For the
synthesis of first strand cDNA, 1 ug of total RNA was mixed
with 150ng of random primer and heated to 700° C. for 10
minutes, immediately chilled on ice for five minutes, fol-
lowed by the addition of 9 ul of reverse transcription mixture
prepared in a total volume of 25 ul containing 5 ul of 5X first
strand buffer, 2.5 mM of each ANTP, 8 mM DTT, and 100
units of Superscript RNAse H™ reverse transcriptase (Life
Technologies, Gaithersburg, Md.). The reaction was further
incubated at 42° C. for 50 minutes. The reverse transcriptase
reaction was terminated by the incubation of the reaction
tubes sample at 70° C. for 10 minutes and the first strand
¢DNA was cooled to 4° C.

PCR amplification was carried out with a 20 ul reaction
volume consisting of a PCR buffer (Life Technologies,
Gaithersburg, Md.) containing 1.5 mM MgC12, 0.2 mM of
each ANTP, 50 pM of each primer, and lunit of recombinant
Taqg DNA polymerase (Life Technologies, Gaithersburg,
Md.). The reaction mixture was denatured at 95° C. for one
minute, annealed at the respective annealing temperature for
one minute and extended at 72° C. for one minute. The
cDNA was amplified for 25-40 cycles, followed by an
extension step of seven minutes at 72° C. to extend the
partially amplified products. The resultant PCR products
were analyzed by electrophoresis on 1.5% agarose gel and
the products visualized by staining with ethidium bromide.
Bronchial Alveolar Lavage and Cytokine Assay

Mice were sacrificed on day four p.i. by an overdose
injection of pentobarbital [Nembutal (Abbott Laboratories,
North Chicago, I11.)] (0.6 g/kg) ip. and the thorax was
opened. The lung vascular bed was flushed with 2 to 3 ml of
chilled saline. The trachea was exposed and canulated with
a 26 G needle connected to a tuberculin syringe. The lung
was then lavaged thrice with 0.5 ml of PBS and the
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bronchioalveolar lavage fluid (BALF) was pooled. Recov-
ered BAL fluid volumes ranged between 75 and 85% of
instilled PBS. There was no statistically significant differ-
ence in recovered BAL fluid volumes between control and
experimental groups. Supernatant was collected following
centrifugation of the BAL and stored at —70° C. until it was
assayed for cytokines. The cell pellet was suspended in 200
4l of RPMI 1640 media supplemented with 10% FBS and a
small aliquot counted using the hemocytometer. The remain-
ing cell suspension was centrifuged onto a glass slide using
a cytospin centrifuge at 1500 rpm for five minutes at room
temperature. Cytocentrifuged cell smears were air dried and
stained by Leukostat™ (Fisher Scientific, Atlanta, Ga.). At
least 300 cells were examined in a blinded fashion for a
differential cell count by microscopic observation. IFN-y
and IL-5 assay from BALF was carried out using ELISA kits
from R&D systems (Minneapolis, Minn.) and Endogen
(Woburn, Mass.) respectively, following the manufacturer’s
specifications.

Histology and Scoring for Airway Inflammation

Lungs were inflated with intratracheal injections of PBS
followed by 10% neutral buffered formalin solution (Sigma
Chemicals, St Louis, Mo.) to preserve the pulmonary archi-
tecture in an expanded state. Lungs were transferred to 80%
ethanol after one hour and then embedded in paraffin. The
sections were stained with hematoxylin and eosin.

A semi-quantitative evaluation of inflammatory cells in
the lung sections, including alveolar spaces, bronchovascu-
lar bundles and interstitium, was performed. Inflammatory
infiltrates were assessed morphologically for location,
thickness, and cell composition. The sections were scored as
follows: for epithelial damage, O=no damage, 1=increased
epithelial cell cytoplasm without desquamation, 2=epithelial
desquamation without bronchial exudate composed of
inflammatory cells, 3=bronchial exudate composed of
desquamated epithelial cells and inflammatory cells; for
interstitial cellularity, O=no infiltrate, 1=mild, generalized
increase in cellularity of the alveolar septa without thicken-
ing of the septa or significant airspace consolidation,
2=dense septal mononuclear infiltrates with thickening of
septa, 3=significant alveolar consolidation in addition to
interstitial inflammation; for peribronchovascular infiltrates
, 0=no infiltrate, 1=infiltrate up to four cells thick in most
vessels, 2=infiltrate five to seven cells thick in most vessels,
3=infiltrate greater than seven cells thick in most vessels.
Data are expressed as meanszstandard errors.

Statistical Analysis

Histological scores were expressed as meanzstandard
error of mean and statistical comparisons in the two groups
(controls and vaccinated) were made with Student’s test.
Differences between groups were considered significant at p
values less than 0.05. All statistical analyses were performed
with Statview II software (Abacus Concepts, Berkley,
Calif.).

Results

Expression of IFN-y in Mouse Lung Following pIFN-y
Vaccination

Mouse IFN-y cDNA was amplified as a 486 bp BamHI-
Xhol cassette, which had transcription initiation and termi-
nation codons. Ligation of this PCR product to the mam-
malian expression vector pcDNA3.1 put IFN-y gene under
the transcriptional control of the cytomegalovirus late gene
promoter followed by the bovine poly A sequences and
termination signal. The resulting plasmid pcDNA3.1-IFN-y
referred to as pIFN-y, was transfected into NIH-3T3 cells to
ascertain its expression (data not shown). The lung expres-
sion of IFN-y was analyzed in mice following administration
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of the pIFN-y. Expression of IFN-7 transcripts and the
presence of the pIFN-y constructs in the vaccinated mice
were also confirmed by RT-PCR. Also, the expression of
IFN-y was examined in BALF at seven days post-treatment
in mice that received either PBS, pcDNA 3.1 (mock; 100
ug/mouse), pIFN-y or lipofectamine. As shown in FIG. 1,
mice vaccinated with pIFN-y expressed high levels of IFN-y
(62.19(14.6 pg/ml). IFN-y levels were lower than the detec-
tion limit in all other groups of mice used as controls.
pIEN-y DNA Vaccination Attenuates RSV Infection in a
Murine Model

BALB/c mice, intranasaly administered with RSV, devel-
oped severe RSV infection, including lesions in their lungs
by day four. RSV infection in mouse lung could be detected
by RT-PCR by day two but not in mice administered with
PBS or UV-inactivated RSV. To examine the effect of
pIFN-y vaccination mice were infected with 1x106 pfu of
RSV, seven days after IFN-y vaccination. RSV replication
was detected in the lung tissues by RT-PCR assay of the
RSV N protein (364 bp) on day four of inoculation in control
mice (FIG. 2A, Panel 1, lanes 1-4 and 11-14). In marked
contrast, mice vaccinated with pIFN-y showed either none
(FIG. 2A, Panel 1, lanes 7-10) or minimal RSV infection
(FIG. 2A, Panel 1, lanes 5 and 6). Vaccinated mice also
showed 87.01% reduction in RSV titers as observed by
ELISA (FIG. 2B). These results indicate that pIFN-y vacci-
nation resulted in significant reduction of RSV infection in
lungs of mouse inoculated with RSV.
PIFN-y Vaccination Alters Inflammatory Cell Population in
the RSV-Infected Airway and Lung

The cellular composition of the airway and lung following
RSV infection was examined by a BAL cell differential; the
results are shown in FIG. 3. A significant (p<0.05) decrease
(27.3%) in the lymphocyte count was observed in the BALF
of mice treated with pIFN-y as compared to the controls.
There was also an increase in the neutrophil count following
RSV infection in all groups compared to uninfected mice,
however, no significant change was observed among the
control groups and pIFN-y administered mice. Eosinophil
counts in all the groups were low. Naive uninfected and
pIFN-y administered and RSV infected mice showed a
significant (p<0.05) reduction in eosinophil count as com-
pared to the vector control. There was a significant reduction
in macrophage cell count (p<0.05) in control groups as
compared to pIFN-y administered and naive uninfected
group of mice. There was no significant change in the cell
differential between mice administered with IFN-y followed
by RSV infection when compared to naive uninfected mice.
pIFN-y Vaccination Decreases Lung Inflammation and
Pathology

Paraffin-embedded sections of the lungs were stained with
hematoxylin-eosin (HE) and examined to determine the
degree of RSV-induced inflammation (FIG. 4). The group of
mice administered with pIFN-y showed normal lung pathol-
ogy (FIGS. 4A and B) similar to that of the uninfected
control. Control mice infected with RSV showed various
features of inflammation. The epithelial cells of affected
bronchioles were swollen and occasionally, an exudate of
desquamated epithelial cells was present in the lumen of
some of the bronchioles (FIGS. 4C and D). Some of the
alveolar spaces were densely infiltrated with mononuclear
cells (FIG. 4F). Alveolar exudate and enlarged septal cells
(FIG. 4F) were also present. Peri-vascular (FIG. 4E) and
peri-bronchial (FIG. 4C) infiltration was observed in the
control group of mice.

Semi-quantitative analysis of the lung sections based on
histologic scoring for airway inflammation are summarized

10

15

20

25

30

35

40

45

50

55

60

65

18

in Table 1. Sections were scored for epithelial damage,
interstitial changes including both infiltration and thickness
and peri-bronchovascular infiltration. Significant changes
for all the above features were found among infected con-
trols and IFN-y administered and RSV infected mice.
IFN-y Administered Down-Regulates IL-5 mRNA Expres-
sion

Expression of IL-5 and IFN-y was examined by RT-PCR
and ELISA in lungs of mice administered with pIFN-y and
infected with RSV seven days later. Four out of six mice
administered with pIFN-y (FIG. 5A, Panel 2, lanes 6 and
8-10) did not express mRNA for IL-5. Mice intranasaly
administered with PBS or lipofectamine as controls showed
IL-5 mRNA expression (FIG. 5A, Panel 2, Lanes 1-4 and
11-14). Five of six mice which were vaccinated with pIFN-y
expressed IFN-y mRNA as detected by the RT-PCR analysis
(FIG. 5A, Panel 1, Lanes 6-10). Control mice did not show
any IFN-y mRNA expression (FIG. 5A, Lanes 1-4 and
11-14). The pIFN-y administered mouse which did not
express IFN-y MRNA also showed no reduction in IL-5
mRNA.

IFN-y and IL-5 were also assayed by ELISA from the
FALF of pIFN-gamma administered and control mice after
RSV infection. All control mice showed increased IFN-y
expression after RSV infection (FIG. 5B), which was not
detected earlier in an uninfected state. There was no signifi-
cant difference of IFN-y expression among the various
control groups. However, the control groups expressed
2.5-6 fold higher IFN-y expression after the RSV infection.
The administered group, when compared to different con-
trols and naive uninfected mice, showed significantly
(p<0.05) higher levels of IFN-y expression. However, we
could not detect IL-5 in BALF of these groups of mice by
ELISA.

IFN-y prevents RSV replication in human bronchial apithe-
lial cells in HEp-2 cells

The mechanism underlying attenuation of RSV induced
lung illness by pIFN-y vaccination was examined in an in
vitro model of RSV infection using HEp-2 cells. Viral
replication within HEp-2 cells could be detected within four
hours of infection by RT-PCR using primers specific for
RSV-N protein gene. To examine the effect of IFN-y on
HEp-2 cells, cells were pre-incubated for 24 hours with
dilutions of IFN-y ranging from 0-500 ng/ml and infected
with RSV. The results presented in FIG. SA demonstrate that
the mRNA for RSV-N gene decreased with an increase in the
concentration of IFN-y. Incubation of HEp-2 cells with
IFN-y at the concentration of 10 ng/ml and higher inhibited
RSV infection of HEp-2 cells. After 24 hours of infection,
RSV-N gene mRNA was not detectable. Similar results were
also obtained with the RSV-ELISA (FIG. 5B). Cells treated
with IFN-y protein showed a 94% reduction in RSV titers as
compared to the cells infected with RSV alone. To further
investigate the effect of IFN-y at the protein level, cells were
examined by immuno-cytochemistry using FITC labeled
mAb to RSV. Three slides from each group were examined
at 11 different spots each in a blinded fashion and the
average RSV infected and non-infected cells were plotted
(FIG. 5C). The results showed that a 24 hour post infection
RSV infection was 80% in untreated cells in contrast to only
13% in IFN-y (100 ng/ml) treated cells. It was observed that
the percentage of infected HEp-2 cells decreased in the
IFN-y treated cells. These results suggest that the pretreat-
ment of cells with soluble IFN-y can prevent RSV replica-
tion in HEp-2 cells.

Discussion

RSV infection induces a Th2-like immune response in

children and may be a risk factor for asthma, a Th2 dominant
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disease in individuals genetically predisposed for atopic
diseases. IFN-y is a potent suppressor of Th2-like response.
The systemic use of IFN-y protein to treat respiratory tract
infections or allergic disease is limited because of its short
half-life. Consequently, it has to be given in high or repeated
doses to reach therapeutic efficacy; however, high dose
IFN-y is cytotoxic. In an effort to circumvent the drawbacks
inherent with the use of IFN-y protein, an IFN-y gene
transfer approach was used in a murine model to inhibit
allergic inflammation (Li, et al. 1996). An IFN-y expressing
plasmid vector, pIFN-y, was used in a murine model to
inhibit RSV infection and the mechanism of inhibition was
studied in an epithelial cell culture system. Evidence from
the studies of RSV replication, BAL and histopathology of
mice indicate that IFN-y-DNA vaccine is effective in inhib-
iting RSV replication and consequently infection-associated
inflammation.

RSV infection induces inflammatory changes in the lung,
which is readily detectable in BAL fluid. In normal or sham
infected mice most recovered cells in BAL fluid are mac-
rophages with less than 5% lymphocytes. RSV specific
lymphocytes from the lungs of RSV infected mice by exhibit
CTL activity, which peaks at days seven to nine, post
infection (Taylor, et al. 1996). The proportion of lympho-
cytes increases to about 20% between 10 and 16 days after
infection and decreases thereafter (Openshaw, 1989). Con-
sistent with those findings BAL from the lungs of pIFN-y
vaccinated mice had 27% less lymphocytes compared to
control groups. A small number of eosinophils were also
detected in BAL of RSV infected mice, suggesting that the
airway-hyper-responsiveness caused by the viral infection
may be due to infiltration of these cells to the airway. RSV
infection induces the expression of adhesion molecules on
the bronchial epithelium, particularly ICAM-1 (Arnold, et
al. 1995; Matsuzaki, et al. 1996; Arnold, et al. 1996), which
contributes to airway inflammation by supporting adhesion
and retention of these infiltrating inflammatory cells (Stark
et al. 1996).

Viral infections induced IFN-y, which in turn facilitates
resolution of viral infection (Chonomaitre et al. 1981).
Therefore, IFN-y levels were compared in BAL fluids fol-
lowing infection with RSV in control and pIFN-y vaccinated
mice. Only a three to six fold increase in IFN-y production
was found in RSV infected compared uninfected mice,
which is in agreement with a low level of IFN-y induced by
RSV (Chonomaitre et al. 1981). Contrary to the expected
results, the pIFN-y vaccinated and RSV infected compared
to vaccinated uninfected mice showed a four-fold reduction
in IFN-y levels. The reason for this reduction is unknown. It
is likely that the IFN-y is metabolized rapidly following
RSV infection.

IFNs also possess important immunomodulatory func-
tions. Because of the reciprocal regulated of T helper cell
subsets it was anticipated that the pIFN-y vaccine would
promote the Th1-like instead of a Th2-like immune response
expected against RSV. The cytokine IL-5 is an important
marker of Th2-like immunity induced by RSV and it plays
a pivotal role in eosinophil survival in the lung and asthma.
Results from RT-PCR analysis of IL-5 MRNA expression
indicated that pIFN-y vaccination resulted in expression of
IFN-y mRNA expression and inhibited IL-5 expression in
infected mice when compared to controls. Mice lacking
IFN-y mRNA expression exhibited an upregulation in the
levels of IL.-5 mRNA. Furthermore, IL-5 protein could not
be detected in the BAL fluid of infected mice, which
expressed significant amounts of IFN-y and had only a few
eosinophils. Results from RT-PCR analysis of IL-12 also
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showed an increased expression of IL-12 mRNA in pIFN-y
vaccinated mice. Together, these results suggest that pIFN-y
vaccine inhibits induction of IL-5 mRNA and may play an
important role in the induction of a Th2-like immunity
against RSV.

Epithelial cell damage and cellular infiltration are hall-
marks of the RSV infection in humans and in various animal
models. Prior vaccination of mice with the pIFN-y signifi-
cantly reduced epithelial cell damage and decreased inter-
stitial and peribronchovascular infiltration of the cells in the
lung upon RSV infection. The control RSV-infected mice
perdominantly showed a mononuclear cell infiltrate with
very few eosinophils. No marked difference was observed
between the uninfected naive and pIFN-y vaccinated and
RSV infected mice, suggesting that pIFN-y vaccination does
not alter the inflammatory cell population in the lung. These
findings show that the pIFN-y per se does not induce any
inflammatory changes in the airway and the mice does not
exhibit any external signs of illness, which show that the
vaccine is safe in mice. The evidence that pIFN-y vaccinated
and RSV infected mice exhibited a normal airway pheno-
type show that indeed the RSV replication is inhibited
almost completely.

To study the mechanisms by which pIFN-y induces pro-
tection against the RSV infection the effect of IFN-y in an
epithelial cell line HEp-2 as RSV infection causes epithelial
cell damage leading to inflammation was studied. Pretreat-
ment of epithelial cells with as low as 10 ng/ml of IFN-y
protein could inhibit RSV replication at 24 hours as dem-
onstrated by RT-PCR and RSV ELISA. Cells, which were
not treated, showed RSV infection. A 94% reduction in RSV
titer was observed in cells treated with 100 ng/ml of IFN-y
as demonstrated by the ELISA. Immunocytochemical stud-
ies demonstrate that number of RSV infected cells increases
with time and at 24 hours p.i. 80% of the cells are infected
with RSV whereas, 13% of cells only were RSV positive
which were treated with IFN-y.

In summary, these results taken together demonstrate that
a pIFN-y DNA vaccination inhibits RSV replication, alters
the lung cytokine pattern from a Th2-dominate to Thl-
dominate milieu, and protects lung from RSV-induced epi-
thelial damage and cellular infiltration. The vaccination
renders significant protection of BALB/c mice against RSV
infection. The antiviral effect of IFN-y is mediated through
the activation of the 2'-5' AS system. Because of the
anti-viral property of IFN-y, an IFN-y DNA vaccine may be
useful against respiratory viral infections.

Example 2

A plasmid expressing I[FN-y gene referred to as pIFN-y
was developed to investigate its effects in reducing RSV-
associated lung disease in BALB/c mice.

Intranasal administration of the pIFN-y results in the
expression of IFN-y protein (62.19x14.6 pg/ml) and
decreased RSV replication in the lung. RT-PCR results
demonstrate that vaccinated mice exhibit more than a 90%
reduction in RSV infection as compared to the different
controls. The mice vaccinated with pIFN-y versus controls
and then infected with RSV exhibited a 27.3% decrease
(p<0.05) in the bronchoalveolar lavage lymphocyte count.
Control mice also exhibit an increase neotrophil count as
compared to vaccinated mice. Few eosinophils are present
following RSV infection in both controls and pIFN-y vac-
cinated mice. A significant reduction in epithelial cell
damage, infiltration of mononuclear cells in the peribron
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chiolar and perivascular regions and thickening of the septa
occur in the lungs of mice vaccinated with pIFN-y compared
to controls.

Semi-quantitative Scoring of the Histopathology

Treatment Epithelial Interstitial Peri-broncho-
Group Damage Change vascular change
Control + RSV 2002 1.4+02 1.9 0.2
Vaccinated + RSV 1.1 £0.2* 0.3 = 0.2%* 0.9 = 0.1%*
Naive 0.8 £0.2* 033 +0.3*%* 0.8 £ 0.1%*
n=12;

*value significant at p < 0.05,
**value significant at p < 0.01

These data shows that pIFN-y vaccination decreases RSV
replication and pulmonary inflammation. pIFN-y can be
useful to present RSV infection.

Throughout this application, various publications, includ-
ing United States patents, are referenced by author and year
and patents by number. Full citations for the publications are
listed below. The disclosures of these publications and
patents in their entireties are hereby incorporated by refer-
ence into this application in order to more fully describe the
state of the art to which this invention pertains.

The invention has been described in an illustrative
manner, and it is to be understood that the terminology
which has been used is intended to be in the nature of words
of description rather than of limitation.

Obviously, many modifications and variations of the
present invention are possible in light of the above teach-
ings. It is, therefore, to be understood that within the scope
of the appended claims, the invention may be practiced
otherwise than as specifically described.
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<160>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 8

SEQ ID NO 1

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: primer

SEQUENCE: 1

tctggatcca tgaacgctac acactg 26

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: primer

SEQUENCE: 2

cacctcgagt cagcagcgac 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: primer

SEQUENCE: 3

gcgatgtcta ggttaggaag aa 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: primer

SEQUENCE: 4

gctatgtcct tgggtagtaa gcct 24

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: primer

SEQUENCE: 5

aaggatgctt ctgcacttga 20

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 6

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :
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29

30

-continued

<223> OTHER INFORMATION: Description of Artificial Sequence: primer

<400> SEQUENCE: 6

acaccaagga actcttgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 7

gacatggaga agatctggca c

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 8

tccagacgca ggatggcgtg a

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

18

primer

21

primer

21

What is claimed is:

1. Amethod of inhibiting an RSV infection by intranasally
administering a plasmid DNA which encodes IFN-gamma
operatively linked to a viral promoter.

2. The method according to claim 1, wherein the intra-
nasal administration includes administrating the DNA by
intranasal inhalation.

3. A method to treat a mammal to inhibit an RSV
infection, the method comprising intranasally administering
to the mammal a therapeutic composition comprising:

(2) a recombinant construct comprising a plasmid DNA
encoding IFN-gamma operatively linked to a viral
promoter;

(b) wherein IFN gamma is expressed at or adjacent to
repiratory epithelial cells; and

(c) wherein expression of IFN-gamma results in reduced
proliferation of the RSV infection.

4. A method of inhibiting an RSV infection in a host,

which comprises intranasally administering to the host an

30

35

40

45

effective amount of a plasmid vector comprising a first
plasmid DNA sequence encoding an IFN-gamma protein,
and a viral promoter sequence operatively coupled to the
first plasmid DNA sequence.

5. A process for inducing a inhibitory response against
RSV infection in a mammal comprising:

intranasally administering into the respiratory tract of the
mammal a construct comprising a noninfectious, non-
integrating plasmid DNA sequence encoding an IFN-
gamma linked to a promoter sequence which can
control the expression of the DNA sequence in the
mammal, in an amount sufficient that uptake of the
construct occurs, and sufficient expression results to
increase levels of the IFN-gamma in the respiratory
tract to provide the protective response.
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