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IMMUNIZATION BY INOCULATION OF DNA
TRANSCRIPTION UNIT

Background of the Invention

Vaccination with inactivated or attenuated organisms
or their products has been shown to be an effective method
for increasing host resistance and ultimately has led to
the eradication of certain common and serious infectious
diseases. The use of vaccines is based on the stimulation
of specific immune response within a host or the transfer
of preformed antibodies. The prevention of certain
diseases, such as poliomyelitis, by vaccines represents
one of immunologies greatest triumphs. .

Effective vaccines have been developed for relatively
few of the infectious agents that cause disease in
domestic animals and man. This reflects technical
problems associated with the growth and attenuation of
virulent strains of pathogens. Recently effort has been
placed on the development of subunit vaccines (vaccines
that present only selected antigens from a pathogen to the
host). Subunit vaccines have the potential for achieving
high levels of protection in the virtual absence of side
effects. Subunit vaccines also offer the opportunity for
the development of vaccines that are stable, easy to
administer, and sufficiently cost-effective for widespread
distribution.

Summary of the Invention

This invention relates to a method of immunizing an
individual, comprising introducing into the individual a
DNA trahscription unit which comprises DNA encoding a
desired antigen or antigens. The uptake of the DNA
transcription unit by host cells results in the expression
of the desired antigen or antigens, thereby eliciting
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humoral or cell-mediated immune responses or both humoral
and cell-mediated responses. The elicited humoral and
cell-mediated immune response can provide protection
against infection by pathogenic agents, provide an anti-

tumor response, or provide contraception. The host can be

any vertebrate, avian or mammal, including humans.

The present invention relates in a particular
embodiment to a method of immunizing an individual by
contacting a mucosal surface in the individuwal with a DNA

transcription unit capable of expressing a desired antigen

or antigen.

The DNA transcription unit introduced by the present
method can be used to express any antigen encoded by an
infectious agent, such as a virus, a bacterium, a fungus,
or a parasite, as well as antigenic fragments and peptides
that have been experimentally determined to be effective
in immunizing an individual against infection by a
pathogenic agent. As stated above, DNA transcription
units can also be used for contraceptive purposes or for
anti-cancer therapy.

The desired antigen to be expressed can be designed
so as to give internal, surface, secreted, or budding and
assembled forms of the antigens being used as immunogens.

There are numerous advantages for the use of DNA for
immunizations. For example, immunization can be
accomplished for any antigen encoded by DNA. Furthermore,
the DNA encoded antigens are expressed as "pure" antigens
in their native states and have undergone normal host cell
modifications. Also, DNA is easily and inexpensively
manipulated and is stable as a dry product or in solution
over a wide range of temperatures. Thus, this technology
is valuable for the development of highly effective
subunit vaccines.

A
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Brief Descriptiog of the Drawings

Figure 1 is an illustration of a bacterial plasmid
containing a DNA transcription unit (referred to as
PP1/H7) comprising an influenza virus hemagglutinin type 7
(H7) gene expressed by a replication competent retroviral
vector. ,

Figure 2 is an illustration of a bacterial plasmid'
containing a DNA transcription unit (p188) comprising an
influenza virus hemagglutinin type 7 (H7) gene expressed
by a replication defective retroviral vector.

Figure 3 is an illustration of a bacterial plasmid
comprising a retroviral vector (pRCAS) with no H7 insert,
used as a control.

Figure 4A is a schematic representation of the
nonretroviral vector comprising the influenza virus
antigen DNA transcription unit encoding subtype H7
hemagglutinin. _

Figure 4B is a schematic representation of the
nonretroviral vector comprising the influenza virus
antigen DNA transcription unit encoding subtype H1
hemagglutinin.

Figure 4C is a schematic representation of the
nonretroviral vector comprising a control DNA
transcription unit, encoding no influenza virus antigens.

Figure 5 is a bar graph depicting the maximum median
weight loss for DNA-vaccinated mice in experiment 4,
Table 7.

Detailed Description of the Invention

This invention relates to a method of immunizing
vertebrates, particularly mammals, including humans,
against a pathogen, or infectious agent, thereby eliciting
humoral and/or cell-mediated immune responses yhich limit
the spread or growth of the infectious agent and result in
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protection against subsequent challenge by the pathogén or
infectious agent.

The term "immunizing" refers herein to the production
of an immune response in a vertebrate which protecfs
(partially or totally) from the manifestations of
infection (i.e., disease) caused by an infectious agent.
That is, a vertebrate immunized by the present invention
will not be infected or will be infected to a lesser
extent than would occur without immunization.

A DNA transcription unit is a polynucleotide sequence
which includes at least two components: antigen-encoding
DNA and transcriptional promoter elements. A DNA
transcription unit may optionally include additional
sequences, such as: enhancer elements, splicing signals,
termination and polyadenylation signals, viral replicons
and bacterial plasmid sequences. .

The DNA transcription unit can be produced by a
number of known methods. For example, using known
methods, DNA encoding the desired antigen can be inserted
into an expression vector to construct the DNA
transcription unit. See Maniatis et al., Molecular

Cloning, A Laboratory Manual.'Zd, Cold Spring Harbor

- Laboratory Press (1989).

The DNA transcription unit can be administered to an
individual, or inoculated, in the presence of adjuvants or
other substances that have the capability of promoting DNA
uptake or recruiting immune system cells to the site of
the inoculation. It should be understood that the DNA
transcription unit itself will be expressed by host cell
factors.

The "desired antigen" can be any antigen expressed by
an infectious agent or any antigen that has been
determined to be capable of eliciting a protective
response against an infectious agent. These antigens may

or may not be structural components of the infectious
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agent. The encoded antigens can be translation products
or polypeptides. The polYpeptides can be of various -
lengths. They can undergo normal host cell modifications
such as glycosylation, myristoylation or phosphorylation.
In addition, they can be designed to undergo intra-
cellular, extracellular or cell-surface expression.
Furthermore, they can be designed to undergo assembly and
release from cells.

Potential pathogens for which the DNA transcription
unit can be used include DNA encoding antigens derived
from any virus, chlamydia, mycoplasma, bacteria, parasite

~or fungi. Viruses include the herpesviruses

orthomyxoviruses, rhinoviruses, picornaviruses,
adenoviruses, paramyxoviruses, coronaviruses,
rhabdoviruses, togaviruses, flaviviruses, bunyaviruses,
rubella virus, reovirus, hepadna viruses and retroviruses
including human immunodeficiency virus. Bacteria include
mycobacteria, spirochetes, rickettsias, chlamydia, and
mycoplasma. Fungi include yeasts and molds. Parésites
include malaria. It is to be understood that this list
does not include all potential pathogens against which a
protective immune response can be generated according to
the methods herein described.

An individual can be inoculated through any
parenteral route. For example, an individual can be
inoculated by intranasal, intravenous, intraperitoneal,
intradermal, subcutaneous or intramuscular methods. 1In a
particular embodiment of the present invention, an
individual is vaccinated by contacting a mucosal surface
on the individual with the desired DNA transcription unit
in a physiologically compatible medium. The DNA
transcription unit can be administered to a mucosal
surface by a variety of methods, including DNA-containing

nose-drops, inhalants and suppositories.
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Any appropriate physiologically compatible medium,
such as saline, is suitable for introducing the DNA
transcription unit into an individual.

The following Examples describe vaccination trials
using direct DNA inoculations designed for use in both
avian and murine influenza virus models. Both of these
models afford rapid assays for protective immunizations
against lethal challenges, wherein challenge of an
unimmunized animal causes death within 1-2 weeks.

Immunization as described herein has been
accomplished with DNA transcription units (i.e., vectors)
that express an influenza virus hemagglutinin '
glycoprotein. This protein mediates adsorption and
penetration of virus and is a major target for
neutralizing antibodies. Influenza virus hemagglutinin
proteins have 14 different serological subtypes. 1In the
avian model, DNA expression vectors for the H7 subtype
(comprising a DNA transcription unit encoding the H7
subtype hemagglutinin) have been used to provide
protection against challenge with an H7N7 virus. In the
murine model, a DNA transcription unit expressing the H1

hemagglutinin was used to immunize against an H1N1 virus.

. Example 1 - Immunization of Chickens Against Influenza

Virus

Procedure:

A DNA transcription unit referred to as pP1/H7 (Fig.
1), encoding a replication competent avian leukosis virus
expressing the influenza virus hemagglutinin type 7 (H7)
gene was constructed as described in Hunt et al., J. of
Virology, 62(8):3014-3019 (1988). DNA unit p188 (Fig. 2)
encoding a replication defective derivative of pP1/H7 that

expresses H7 but is defective for the avian virus vector
polymerase and envelope proteins was constructed by
deleting an XbaI fragment from pP1/H7. DNA unit pRCAS



WO 93/19183 - PCT/US93/ 02394

10

15

20

25

30

-7=

(Fig. 3), encoding the avian leukosis virus vector, with
no influenza virus insert, was constructed as described in
Hughes et al., J. of Virology, 61:3004 (1987). DNA units
were diluted in saline at a concentration of 100 Bbg per
0.2 ml for inoculation. ‘ |

To test the ability of the inoculated DNA to protect
against a lethal influenza virus challenge, groups of
three-week old chicks were inoculated with pP1/H7, p1lss,
or pRCAS DNA. Specific pathogen free chicks that are
maintained as an avian-leukosis virus-free flock (SPAFAS,
Norwich, CT) were used for inoculations. Each chick
received 100 pg of DNA (~1x10%3 molecules) intravenously
(iv), 100 pg intraperitoneally (ip), and 100 ug.
subcutaneously (sc). Four weeks later chicks were bled"
and boosted with 300 pug of DNA (100 ug iv, 100 pg ip, and
100 ug sc). At one week post-boost, chicks were bled and
challenged by the nares with 100 lethal doses (1x10% egg
infectious doses) of a h;ghly pathogenic type H7 avian
influenza virus, A/Chicken/victorié/l/ss (H7N7) ,
(Ck/Vic/85). The chickens were observed ‘daily for ten
days for signs of disease. One and one half weeks after
challenge, sera were obtained from surviving birds. These
as well as the pre- and post-boost sera were used for
analyses for hemagglutination inhibiting antibodies (HI).

Sera were analyzed in microtiter plates with
receptor-destroying enzyme-treated sera as described by
Palmer et al., Advanced Laboratory Techniques for
Influenza Diagnosis, p. 51-52, Immunology series no. 6,
U.S. Department of Health, Education, and Welfare,
Washington, D.C. (1975).

Results:

The H7-expressing DNA transcription units protected
each of the chickens inoculated with pP1/H7 or p188 (Table
1). In contrast, inoculation with the control DNA, pRCAS,
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failed to protect the chickens against lethal virus

challenge. The birds in the control group started to show
signs of disease on the second day post-challenge. By the
third day, three of the six control birds had died and all

‘control birds were dead by the fifth day. The birds .

inoculated with hemagglutinin-expressing DNAs showed no
signs of disease. By one and one half weeks post
challenge both of these groups had developed high levels
of HI antibody. '

Example 2 - Immunization Against Influenza Virus is

Reproducible
To assess the reproducibility of the protection

elicited by immunization with the replication-defective
H7-expressing DNA, the experiment described in Example 1
was repeated three times using only pl188 and pRCAS DNAs
for inoculations. The results of the repeat experiments
confirmed that the H7-expressing p188 DNA could afford
protection against a lethal challenge (Table 2). 1In
contrast to the first experiment, in which all of the
pl88-inoculated chickens survived the lethal challenge,
immunizations in the 2nd, 3rd, and 4th experiments
achieved only partial protection with from 28% to 83% of
the vaccinated birds surviving. Further, in contrast to
the first experiment in which vaccinated birds showed no
signs of disease, most of the survivors of the repeat
experiments showed transient signs of post-challenge
sickness. As in the first experiment, the control DNA did
not provide protection. Summing the results of the 4
experiments, 28 out of 56 pl88-vaccinated birds survived
whereas only 1 of 55 control DNA-inoculated birds
survived. Thus, despite the variability, significant

immunization was achieved.
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Example - Immunization can be Accomplished by Several

Different Routes of Inoculation

Procedure:
The DNA encoding p188-H7 and control DNA were tested
5 again for the ability to protect against a lethal
influenza virus challenge. This experiment included a
group that was vaccinated and boosted by three routes of
inoculation (i.e., ip, iv and sc), a group that was
vaccinated by the same three routes but did not receive a
10 boost, small groups that were vaccinated and boosted by
only one route of inoculation and a control group treated
with the anti-influenza virus drug, amantadine-HCL. This
last group was included to allow the comparison of
antibody responses to the challenge virus in vaccinated
15 and unvaccinated chickens. The amantadine-treated birds
were given 0.01% amantadine in their drinking water
beginning 8 hours after challenge and were also injected
ip with 1.0 ml of 0.1% amantadine 24 and 48 hours after
challenge.

20 Results:

The results of this experiment confirmed that the
replication defective H7-expressing DNA (p188) could
afford protection against a lethal virus challenge
(Table 3). The p188 immunized birds showed transient

25 signs of sickness following the challenge. As in the
previous experiments, the control DNA did not provide
protection. All of the 5 amantadine-treated control birds
developed disease. Four of these survived the challenge,
providing sera that could be used to compare the time

30 course and specificity of anti-influenza virus responses
in immunized and non-immunized chickens (see Example 5
below) . '
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Example 4 - Immunization can be Accomplished by Several
Different Routes of- Inoculation

Procedure:

A third experiment was initiated to increase the
numbers of birds in the test groups and to further
evaluate the efficacy of different routes of immunization.
In this experiment 12 chicks were inoculated with 100 bg
pl188 by the iv, ip, and sc routes, 8 chicks were
inoculated iv-only and 8 ip-only. For controls, 12 chicks
were inoculated with pPRCAS and 12 chicks were not
inoculated. All immunizations were followed by a boost
four weeks after the initial inoculation. The boosts used .
the same DNA dose and sites of inoculation as the
vaccinations. The control and immunized animals were
challenged with ck/vic/85 1-2 weeks after the boost, with
high challenge doses used in order to achieve essentially
100% killing within 1-2 weeks.

Results:

The results again demonstrated protection by pl88 7
(Table 4). Eight of the 12 p188 immunized birds survived,
whereas all 12 of the control pRCAS chickens died. The
twelve birds in the untreated control group also had no
survivors. Six out of the 8 chickens inoculated iv-only
with p188 survived whereas none of the 8 chickens .
inoculated ip-only survived.

Example 5 - Analysis of Antibody Response to Challenge
Virus in Vaccinated and Unvaccinated Animals

Procedure:

To allow the comparison of antibody responses to the
challenge virus in vaccinated and unvaccinated chickens,
experiment 2 from Example 2 (TableAZ) included a non-
vaccinated group rescued with the anti-influenza A virus
drug, amantadine-HCL (Table 2) (Webster, R.G., et al., J.
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Virol. 55:173-176 (1985)). All of the 5 amantadine-
treated birds developed disease, Four of these survived,
providing sera that could be used to compare antibody
responses in immunized and non-lmmunlzed chickens

(Table 6).

Sera from pl188 inoculated and amantadine treated
birds in the second experiment were analyzed for the tlme
course of antibody responses to H7 and to other influenza
virus proteins (Table 6). Antibody responses to H7 were
quantitated using hemagglutination 1nh1b1t10n as well as
virus neutralization and enzyme-linked immunosorbent
assays (ELISA) for antibody. Neutralizing antlbody vas
determined in chick embryo fibroblast cultures with 200
TCIDgy of virus using cytopathology and hemagglutinin for
detection of virus replication.

Results:

Analysis of the antibody responses in vaccinated and
amantadine-rescued birds revealed that the p188-~
inoculations had primed an antibody response to H7
(Table 6). As in experiment 1 (Table 1), DNA vacc1natlon
and boost induced only low titers of antibody to H7.
However, within one week of challenge, the DNA-immunized
group had high titers of HI and neutralizing activity for
H7. These titers underwent little (if any) incfease over
the next week. Furthermore, most of the post-challenge
antibody in the vaccinated birds was directed against H7.
This specificity was shown by comparing ELISA antibody
titers to H7 virus (the immunizing hemagglutinin type) and
H5 virus (a hemagglutinin type to which the birds had not
been exposed). The post-challenge sera contained 20-times
higher titers of ELISA antibody for the H7 than the H5
virus (Table 6). By contrast, in the amantadine-rescued
group, antibodies did not appear until two weeks post—
challenge. Most of this response was not H7-specific.
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This was demonstrated by the post-challenge sera from the
amantadine-rescued birds which had comparable titers of
ELISA antibody for the H5 and the H7 influenza viruses
(Table 6). ‘

Example 6 - Immunization of Chickens and Mice Using a
Nonretroviral Transcription Unit

Procedure

This experiment was performed in order to
demonstrate that DNA transcription units devoid of
retroviral DNA could be successfully employed to
generate a protective immune response in both chickens
and mice according to the methods herein described.

The vectors used in this experiment to vaccinate
chicken and mice are shown in Figure 4A-4C. Figure 42
is a schematic representation of pCMV-H7, a plasmid .
capable of expressing the influenza virus H7 subtype
hemagglutinin under the transcription control of a
cytomegalovirus (CMV) immediate early promoter. Figure
4B is a schematic showing pCMV-H1, a plasmid capable of
expressing the influenza virus Hl subtype hemagglutinin
under the control of a CMV immediate early promoter.
This is the DNA transcription unit used in the mouse
experiments. Figure 4C shows pCMV, a control plasmid
which is not capable of expressing influenza antigens.
These plasmids are derivatives of the pBCl1l2/CMV vector
of Dr. Brian Cullen, Duke University, Durham, North
Carolina.

In the chicken and mouse experiments using pCMV-H7
and pCMV-H1 DNAs (the nonretroviral-based DNA
transcription units) to generate immune responses, 100
pg of DNA was inoculated intravenously,
intraperitoneally, and intramuscularly. All
vaccinations were followed by a boost 4 weeks later.
The boosts used the same DNA dose and sites of
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inoculation as the vaccinations. Challenge was 1-2
weeks after the boost, with high challenge doses being
used so as to achieve essentially 100% killing within
1-2 weeks. '

Results: , .

In five chicken trials using a nonretrovirus-based
vector for vaccination (pCMV-H7) (Figure 4a),
approximately 60% of the chickens were protected. 1In
one mouse trial, six out of six vaccinated mice and
only one out of six control mice survived. Thus,
considerable protection has been achieved using
nonretroviral DNA expression vectors (containing DNA
transcription units encoding viral antigens) to
vaccinate animals. See, for example, Table 5.

In the chicken experiments, protective responses
were associated with the rapid appearance of H7-
specific antibodies after challenge (Robinson et al.,
1993). Sera contained low to undetectable levels of
anti-H7 antibodies after vaccination and boost. The
first mouse experiment was similar to the chicken
experiments in that inoculated mice also had low titers
of anti-hemagglutinin activity before challenge.
However, as in the chicken experiments, high titers of
antibody appeared after challenge. The vast majority
of this antibody was IgG.

Example 7 - Immunization of Mice by Vaccination with a

Nonretroviral Transcription Unit: Analysis

of Various Routes of Inoculation

Procedure:

A DNA transcription unit referred to as pCMV-H1
(described in Figure 4B) was successfully used to
immunize mice against a lethal challenge with mouse
adapted A/PR/8/34 HIN1 influenza virus. This
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transcription unit encodes an influenza type H1
hemagglutinin under the transcriptién regulation of a
CMV immediate early promoter. The Hl1l influenza virus
hemagglutinin gene used in this construct is described
in more detail in Winters et al., Nature 292:72 (1981).

The first experiment was conducted by inoculation
of 6-8 week old Balb/C mice with 100 ug of pCMV-H1 DNA
by each of three routes; iv, ip and im. The second,
third and fourth experiments each included one group of
mice inoculated iv, ip and im, as well as additional
groups representing different routes of inoculation
(data summarized in Table 7 and Figure 5.

The numbers in Table 7 represent the number of
surviving mice/number of inoculated mice. The routes
of inoculation (iv, intravenous; ip, intraperitoneal;
im, intramuscular; sc., subcutaneous;-in, intranasal;
id, intradermal) for each trial are indicated. In most
instances, 100 pug of DNA was administered per
injection. Intramuscular (im) inoculations were given
by injection of 100 pg DNA in each hip muscle.
Intravenous (iv) inoculations were given by injection
in the tail vein. Intranasal (in) administrations of
DNA and challenges were done on Metofane-anesthetized
animals (Pitman-Moore) (these animals inhale deeply).
Intradermal (id) inoculations were done in the foot pad
using only 50 pg of DNA. The control groups in
experiments 2 and 3 received saline. The controls for
experiment 1 received control DNA (vector without an
insert encoding the antigen) administered iv, ip and
im. The control group in experiment 4 received control
DNA im, in and id. Occasional mice are resistant to
influenza challenge. One of the survivors in the
intranasal group in experiment 2, the one survivor in
the control group in experiment 1, and 1 survivor in
the control group in experiment 4 were such resistant
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mice. All groups showed signs of sickness following
challenge. Data on weight loss were also collected and
are presented in Figure 5. The weight loss data
provides a quantitative measure for the degree of
sickness in the different experimental groups.

Results:

The survival data, weight loss data and initial
serology data from this series of experiments indicate
that many routes of inoculation can provide protective
immunity. In addition, these data demonstrate that
intranasal inoculation (DNA nose drops administered to .
Metofane-anesthetized mice) .can provide protective
immunity to a lethal virus challenge. The method
herein described may, therefore, provide means of
stimulating mucosal immunity. (Table 7 and Figure 5].
Finally, these data demonstrate that some routes of
inoculation are more effective than others for
generating a protective immune response (Table 8).

Example 8 - Antibody Responses to Challenge Virus in .
Animals Vaccinated with a Nonretroviral

DNA Transcription Unit

Experiments analyzing the serum response in pCMV-

H7-vaccinated chickens were performed as described in
Example 4. pCMV-H7 immunizations primed antibody
responses, with high titers of antibody to H7 appearing
post-challenge (Table 9).
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TABLE 1 - Protection Against Lethal H7N7 Influenza
Virus with DNA Coding for H7 Hemagglutinin

HI TITERS
Group Sick/Dead/Total | Post- Post- Post-
vaccine | boost Challenge
4 weeks | 1 week 1.5 weeks
pP1/H7 0/0/6 <.2 <. 864
(160-1280)
pl8s 0/0/6 <b < 427
~ (160-1280)
PRCAS 6/6/6 < < ot

2 (<.) means one of six birds had an HI titer of 10.
b (<) means that all birds had titers of less than 10.
¢ (+) means that all birds died.



PCT/US93/02394

WO 93/19183

-17-

*SUOT3D9IUT SNIATA

BZUSNTJUT Jo subTs juafsueasy peIajyjns SIOATAINS Puwos  * (LNLH) S8/9TA/MdND/V

Jo sesop ﬂmnuma.ooﬁ U3ITM sdaeu syl eraA pabusiieys axom SUaDTYD ‘asjer

SX@9M om3 03 Bup ‘*os pue dy ‘AT paxegsTutwpe yNg Jo b 00T Y3Tm uorjzeTnoouT
Aq pajsooq aasm Koy ‘asjer sye@em anog * (os’ pue dr ‘AT) se3nox 99ay;

Jo yowea Aq ¥NQ 3o b7 oot Y3TM PI3RTNOOUT 9I9M SYOTYD SYAVIS PTO-3@aMm-2aayy,

‘Po3se9] jou ‘-~ ‘p pue ¢
‘'z sjusurtaadxe ut 3sooq 3sod S399M OM3} j3e pue T #:mEduwam uT 3sooq 3j3sod yoom
QU0 j3e sem mm:maﬁmau T ®Tqel ur pajuasaad jeyy se aues 9y3 ST T Jjuswurtxadxy e
2t/o s/v Ss/T 9g/82 Te30q
gt/o - Zt/o Zt/8 1
- , - ze/o ze/e €
- s/v s/t 9/s Z
- - 9/0 9/9 T
Jusulesal ON suTpejuewy YNa WQUNmQ YNa menm Jusut
~-Jadxg

- (pe3se3 Jaqunu/sSIOATAINS JO Iaqumu) dnoxb sbHusiTeyd JO °3eg

eUNd burssaadxe-,H ue yjztm uoTjezTunumy
Aq sbustreyd snata tH TeylaT e 3suteby uorjzoajzoad jo L3rTTqTonpoaday - z TGV




WO 93/19183 PCT/US93/02394

-18~-

TABLE 3 - Protection Against Lethal H7N7 Influenza Virus
with DNA Coding for H7 Hemagglutinin :

Group Route of Boost .Sick/Dead/Total?
Inoculation

pl8s ip/iv/sc yes 6/1/6

p18s ~ iv only yes . 1/1/2

plss ip only yes 0/0/2

plss sc only yes 2/2/2

PRCAS ip/iv/sc yes 5/4/5

none NAP NA

none Na NA 5/1/5 )

Aman.°®

piss iv/ip/sc no 4/4/6

PRCAS iv/ip/sc no 6/6/6

Sick birds that survived developed only mild signs of
sickness such as ruffled feathers and temporary loss
of appetite.

(NA) not applicable.

(Aman.) is an abbreviation for Amantadine.

o
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TABLE 5 ~ Protection Against a Lethal H7 Influenza Virus
Challenge by Immunization w1th pCMV-H7 DNA.

Fate of challenge group (number
of survivors/number tested)

Trial pCMV-H7 DNA pCMV DRA
1 5/6 . 0/6
2 4/6 0/6
3 2/6 0/7
4 4/6 1/7
5 4/6 0/7
Total 19/30 1/33

Immunization and boosts were the same as in Table 2.
Some survivors developed transient signs of influenza-
related illness.
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o Equivalents
Those skilled in the art will recognize, or be able

to ascertain, using no more than routine experimentation,
many equivalents to the specific embodiments of the

5 invention described herein. .These and all other such
equivalents are intended to be encompassed by the
followihg claims.
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CLATMS

1. A product for use in vertebrate therapy, e.g.,
immunization, contraception or tumor therapy, and
comprising a DNA transcription unit comprising DNA

5 encoding a desired therapeutic agent operatively
linked to a promoter region.

2. Use of a DNA transcription unit comprising DNA
encoding a desired antigen operatively linked to a
promoter region, for the manufacture of a medicament

10 for use in vertebrate immunization by eliciting a
humoral immune response, a cell-mediated immune

response or both against the desired antigen.

3. A method of immunizing a vertebrate, said method
comprising administering to a vertebrate a DNA
15 transcription unit comprising DNA encoding a desired
antigen operatively linked to a promoter region,
whereby a humoral immune response, a cell-mediated
immune response or both is elicited against the

desired antigen.

20 4. TUse according to Claim 2 or a method according to
Claim 3 wherein the desired antigen is capable of
eliciting a protective immune response against an

infectious agent.

5. Use according to Claim 2 or Claim 4, wherein the

25 medicament comprises a physiologically acceptable
carrier and is adapted to be administered by a route
chosen from mucosal, intranasal, intravenous,
intramuscular, intraperitoneal, intradermal and

subcutaneous.
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The method of Claim 3 or Claim 4, wherein the DNA
transcription unit, in a physiologically acceptable
carrier, is administered to a vertebrate through a
route of administration chosen from intranasal,
intravenous, intramuscular, intraperitoneal,
intradermal and subcutaneous.

The method of Claim 3 or Claim 4, wherein the DNA
transcription unit is administered to a vertebrate by
contacting the DNA transcription unit in a '
physiologically acceptable carrier with a mucosal
surface of the vertebrate.

A method of immunizing a vertebrate against an
infectious agent, said method comprising ,
administering to a mucosal (e.g., nasal) surface of a
vertebrate a DNA transcription unit comprising DNA
encoding a desired antigen operatively linked to a
promoter region, in a physiologically acceptable
carrier, thereby eliciting a humoral or cell-mediated
immune response, or both, against the desired
antigen, whereby the vertebrate is protected from
disease caused by an infectious agent.

A product, use or method according to any one of the
preceding claims, wherein the DNA transcription unit
is of nonretroviral origin. '

Use or a method according to any one of Claims 2 to
9, wherein the antigen is viral.

Use or a method according to Claim 10, wherein the

virus is an influenza virus, e.g., virus

hemagglutinin.
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12. A product, use or method according to any one of the
preceding claims, wherein the vertebrate is a mammal,

e.g., a human.
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' Figure 1.
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Figure 2.
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Figure 3.
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