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(57) Abstract: The present invention shows that intranas-
al administration of E1/E3 -defective adenovirus particles
may confer rapid and broad protection against viral and
bacterial pathogens in a variety of disease settings. Pro-
tective responses lasted for many weeks in a single-dose
regimen in animal models. When a pathogen-derived anti-
gen gene was inserted into the EI/E3-defective adenovirus
genome, the antigen-induced protective immunity against
the specific pathogen was elicited before the adenovirus-
mediated protective response declined away, thus confer-
ring rapid, prolonged, and seamless protection against
pathogens. In addition to E1/E3 -defective adenovirus,
other bioengineered non-replicating vectors encoding
pathogen-derived antigens may also be developed into a
new generation of rapid and prolonged immunolo-
gic-therapeutic (RAPIT).



WO 2012/129295 PCT/US2012/029927

RAPID AND PROLONGED IMMUNOLOGIC-THERAPEUTIC
RELATED APPLICATIONS AND INCORPORATION BY REFERENCE

[0001] This application claims priority to US provisional patent applications Serial Nos.
61/454,819 filed March 21, 2011 and 61/568,054 filed December §, 2011.

[0002] Reference is made to US Patent Nos. 6,348,450, 6,706,693, 6,716,823 and 7,524,510,
US Patent Publication Nos. 20030045492, 20030125278, 20040009936, 20050271689,
20070178115, 20090175897 and 20110268762 and US Patent Application Serial No.
12/959,791.

[0003] The foregoing applications, and all documents cited therein or during their
prosecution (“appln cited documents™) and all documents cited or referenced in the appln cited
documents, and all documents cited or referenced herein (“herein cited documents™), and all
documents cited or referenced in herein cited documents, together with any manufacturer’s
instructions, descriptions, product specifications, and product sheets for any products mentioned
herein or in any document incorporated by reference herein, are hereby incorporated herein by
reference, and may be employed in the practice of the invention. More specifically, all
referenced documents are incorporated by reference to the same extent as if each individual

document was specifically and individually indicated to be incorporated by reference.
FIELD OF THE INVENTION

[0004] The present invention relates generally to the fields of immunology and therapeutic
technology. The present invention also relates to methods to elicit rapid-prolonged innate

immune responses and uses thereof.
FEDERAL FUNDING LEGEND

[0005] This invention was supported, in part, by National Institutes of Health grants 2-R44-
Al-068285-02, 1-UC1-AI-067198-01 and 1-UC1-AI-067205-1; a National Institutes of Health
contract NO1-AI-30063; and a National Institute of Allergy and Infectious Diseases Non-Clinical

Evaluation Agreement. The federal government may have certain rights to this invention.
BACKGROUND OF THE INVENTION

[0006] The disease-fighting power of immunologics (e.g., vaccines) and therapeutics (e.g.,

drugs) have been a public health bonanza credited with the worldwide reduction of mortality and
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morbidity. The goal to further amplify the power of medical intervention  requires the
development of a new generation of rapid-response immunologics that can be mass produced at
low costs and mass administered by nonmedical personnel; as well as a new generation of
therapeutics that can confer prolonged protection preferably not impaired by drug resistance. The
new immunologics and therapeutics also have to be endowed with a higher safety margin than
that of conventional vaccines and drugs.

[0007] Use of conventional drugs against microbial pathogens often induces drug resistance
over time because microbes constantly evolve under mutational pressure. This invention
illustrates that an anti-viral or anti-bacterial state can be rapidly induced in animals following
intranasal administration of an E1/E3-defective (AE1E3) adenovirus particle by changing the
habitat in the airway that impedes the growth of pathogens. Since the adenovirus particle does
not directly attack a pathogen, there is little chance for this novel therapeutic to induce drug
resistance. Furthermore, the adenovirus-induced anti-pathogen state can persist for many weeks
in animals, long enough for overlapping with the induction of protective immunity elicited by a
pathogen-derived antigen expressed from the adenovirus, if a pathogen-derived antigen is
inserted into the adenovirus genome as a vaccine. It is conceivable that a non-replicating
adenovirus particle can be co-administered with other mucosal vaccines as a therapeutic adjunct.

[0008] The nonreplicating adenovirus-vectored vaccine holds promise in boosting vaccine
coverage because the vector can be rapidly manufactured in serum-free suspension cells in
response to a surge in demand. Moreover, preexisting adenovirus immunity does not interfere
appreciably with the potency of an adenovirus-vectored nasal vaccine. In addition to human
vaccination, animals can also be mass immunized by this class of vectored vaccines.

[0009] There is a litany of demands for better vaccines. Although vaccination proves to be
the most cost-effective method for the prevention of disease, a sweeping offensive to boost
vaccine coverage remains a compelling goal in the movement toward improved public health
worldwide. Current vaccines that have been licensed for marketing include killed whole
microorganisms, live attenuated microorganisms, microbial extracts, purified or recombinant
proteins, DNA vaccines and virus-like particles. Even though many diseases have been defeated
by the broad distribution of these vaccines, the goal to generate community (herd) immunity in a
wide variety of disease settings remains elusive owing to a number of problems in current

vaccination programs.
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[0010] Specifically, vaccine-associated adverse side effects range from local and systemic
inflammatory response, fever, platelet activation, cardiac autonomic dysfunction, anaphylactic
reaction (induced by needle injection of certain vaccines) [Salomon ME, Halperin R, Yee J.
Evaluation of the two-needle strategy for reducing reactions to DPT vaccination. Am. J. Dis.
Child. 141, 796798 (1987), Lanza GA, Barone L, Scalone G et al. Inflammation-related effects
of adjuvant influenza A vaccination on platelet activation and cardiac autonomic function. J.
Intern. Med. 269, 118-125 (2011), Jae SY, Heffernan KS, Park SH et al. Does an acute
inflammatory response temporarily attenuate parasympathetic reactivation? Clin. Auton. Res. 20,
229-233 (2010) and Sever JL, Brenner Al, Gale AD et al. Safety of anthrax vaccine: an
expanded review and evaluation of adverse events reported to the Vaccine Adverse Event
Reporting System (VAERS). Pharmacoepidemiol. Drug Saf. 13, 825-840 (2004)] to the rare
occurrence of paralytic poliomyelitis (mediated by ingestion of the oral polio vaccine) [Minor P.
Vaccine-derived poliovirus (VDPV): impact on poliomyelitis eradication. Vaccine 27, 2649—
2652 (2009)], myopericarditis (induced by inoculation of the Dryvax smallpox vaccine) [Poland
GA, Grabenstein JD, Neff JM. The US smallpox vaccination program: a review of a large
modern era smallpox vaccination implementation program. Vaccine 23, 2078-2081 (2005)] and
Bell’s palsy (induced by a bacterial toxin nasal adjuvant) [Lewis DJ, Huo Z, Barnett S et al.
Transient facial nerve paralysis (Bell’s palsy) following intranasal delivery of a genetically
detoxified mutant of Escherichia coli heat labile toxin. PLoS ONE 4, e6999 (2009) and Couch
RB. Nasal vaccination, Escherichia coli enterotoxin, and Bell’s palsy. N. Engl. J. Med. 350,
860-861 (2004)].

[0011] In 2010, a sudden rise of narcolepsy among vaccinees was reported in a few countries
following needle injection of an HIN1 pandemic influenza vaccine containing the squalene
adjuvant. Injection of squalene alone can induce rheumatoid arthritis in animals [Carlson BC,
Jansson AM, Larsson A, Bucht A, Lorentzen JC. The endogenous adjuvant squalene can induce
a chronic T-cell-mediated arthritis in rats. Am. J. Pathol. 156, 2057-2065 (2000)]. As emerging
evidence shows that chronic, low-grade inflammation is associated with cardiovascular disease
[Finch CE, Crimmins EM. Inflammatory exposure and historical changes in human life-spans.
Science 305, 1736-1739 (2004)], obesity [Gregor MF, Hotamisligil GS. Inflammatory
mechanisms in obesity. Annu. Rev. Immunol. 29, 415-445 (2011)], diabetes [Gregor MF,
Hotamisligil GS. Inflammatory mechanisms in obesity. Annu. Rev. Immunol. 29, 415-445
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(2011)], cancer [O’Callaghan DS, O’Donnell D, O’Connell F, O’Byrne KJ. The role of
inflammation in the pathogenesis of non-small cell lung cancer. J. Thorac. Oncol. 5, 2024-2036
(2010)] and neurological disorder [Witte ME, Geurts JJ, de Vries HE, van der Valk P, van
Horssen J. Mitochondrial dysfunction: a potential link between neuroinflammation and
neurodegeneration? Mitochondrion 10, 411-418 (2010)], vaccine-induced inflammation now
needs focused attention.

[0012] Whether an acute inflammatory reaction induced by injection of an
immunostimulating vaccine—adjuvant complex [Salomon ME, Halperin R, Yee J. Evaluation of
the two-needle strategy for reducing reactions to DPT vaccination. Am. J. Dis. Child. 141, 796—
798 (1987), Lanza GA, Barone L, Scalone G et al. Inflammation-related effects of adjuvant
influenza A vaccination on platelet activation and cardiac autonomic function. J. Intern. Med.
269, 118-125 (2011) and Jae SY, Heffernan KS, Park SH et al. Does an acute inflammatory
response temporarily attenuate parasympathetic reactivation? Clin. Auton. Res. 20, 229-233
(2010)] could evolve into a chronic, low-grade inflammation and trigger any of these ailments in
a subset of vaccinees over time is of paramount importance in public health; however, this
potential hazard has not been rigorously investigated. Since the concept of vaccine safety is
evolving from ‘protection against pathogen-induced diseases’ to ‘no possibility of inducing
adverse consequences’, any known extraneous agents, toxicity and residual virulence found in a
vaccine would not be allowed, and any possibility of inducing unknown side effects (e.g.,
inflammation in vital organs) should be avoided.

[0013] Mucosal and systemic immune responses are elicited and regulated with a
considerable degree of independence and most vaccines have been administered invasively by
intramuscular injection, which induces good systemic immunity but often weak mucosal
immunity that is crucial in defense against mucosal pathogens (e.g., influenza virus,
Mycobacterium tuberculosis and HIV) [Gallichan WS, Rosenthal KL. Long-lived cytotoxic T
lymphocyte memory in mucosal tissues after mucosal but not systemic immunization. J. Exp.
Med. 184, 1879-1890 (1996) and Saurer L, McCullough KC, Summerfield A. In vitro induction
of mucosa-type dendritic cells by all-trans retinoic acid. J. Immunol. 179, 3504-3514 (2007)].
Efficient induction of mucosal immunity usually employs nasal or oral vaccination owing to the
unique ability of resident mucosal dendritic cells (DCs) to induce IgA switching and to imprint

mucosa-specific homing receptors (e.g., CCR9 and 047 integrin) on lymphocytes [Saurer L,
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McCullough KC, Summerfield A. In vitro induction of mucosa-type dendritic cells by all-trans
retinoic acid. J. Immunol. 179, 3504-3514 (2007) and Molenaar R, Greuter M, van der Marel AP
et al. Lymph node stromal cells support dendritic cell-induced gut-homing of T cells. J.
Immunol. 183, 6395-6402 (2009)].

[0014] In addition to weak mucosal immunity induced by an injectable vaccine, the syringe
needle as a vaccine administration device also poses serious problems through intentional or
inadvertent unsterile re-use, needlestick injury, improper waste disposal, as well as limited
injection service by licensed medical personnel during a crisis [Tang DC, Van Kampen KR.
Toward the development of vectored vaccines in compliance with evolutionary medicine. Expert
Rev. Vaccines 7(4), 399-402 (2008)]. Public fear of pointed needles (aichmophobia) plays
another role in hindering vaccine coverage. Some people may thus prefer the odds of getting a
disease versus the odds of inflicting pain, injury, or death by systemic vaccination. Since the
objective of vaccination programs is to reduce the overall probability of infection by generating
community (herd) immunity, the mission will be undermined by a hold-off on vaccination owing
to public fear of risks. To date, enabling technologies for reversing negative perceptions by
developing a new generation of rapid-response vaccines that are safe, efficacious, painless and
economical are emerging on the horizon.

[0015] Citation or identification of any document in this application is not an admission that

such document is available as prior art to the present invention.
SUMMARY OF THE INVENTION

[0016] The present invention is based upon the inventor’s serendipitous finding that a
transgene-free AE1E3 adenovirus empty particle or an adenovirus vector encoding a pathogen-
derived antigen could elicit a rapid-prolonged-broad protective response against pathogens in a
variety of disease settings when intranasally administered.

[0017] Without being bound by limitation, Applicant hypothesizes that adenovirus may be
involved in activating specific arms of innate immunity that impede growth of respiratory
mucosal pathogens.

[0018] The present invention relates to a method of inducing a response in a patient in need
thereof which may comprise administering to the patient an adenovirus that is defective or
deleted in its E1 and/or E3 regions in an amount effective to induce the response. In an

advantageous embodiment, the patient may be a mammal.
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[0019] In one embodiment, the adenovirus does not contain and express a transgene.

[0020] In another embodiment, the adenovirus may contain and express a nucleic acid
molecule encoding a gene product. In particular, the adenovirus may comprise an exogenous or
heterologous nucleic acid molecule encoding a pathogen-derived gene product that elicits
protective immunity. The exogenous or heterologous nucleic acid molecule may encode an
epitope of interest. In particular, the exogenous or heterologous nucleic acid molecule may
encode one or more influenza virus; respiratory syncytial virus (RSV); Bacillus anthracis; or
other pathogen-derived epitopes of interest and/or one or more influenza antigens.

[0021] In an advantageous embodiment, the adenovirus may be a human adenovirus. In
another embodiment, the immune response may be elicited within 24 hours. In another
embodiment, the administration results in a protective response from about one day to about 47
days.

[0022] Accordingly, it is an object of the invention to not encompass within the invention
any previously known product, process of making the product, or method of using the product
such that Applicants reserve the right and hereby disclose a disclaimer of any previously known
product, process, or method. It is further noted that the invention does not intend to encompass
within the scope of the invention any product, process, or making of the product or method of
using the product, which does not meet the written description and enablement requirements of
the USPTO (35 U.S.C. §112, first paragraph) or the EPO (Article 83 of the EPC), such that
Applicants reserve the right and hereby disclose a disclaimer of any previously described
product, process of making the product, or method of using the product.

[0023] It is noted that in this disclosure and particularly in the claims and/or paragraphs,
terms such as “comprises”, “comprised”, “comprising” and the like can have the meaning
attributed to it in U.S. Patent law; e.g., they can mean “includes”, “included”, “including”, and
the like; and that terms such as “consisting essentially of” and “consists essentially of”” have the
meaning ascribed to them in U.S. Patent law, e.g., they allow for elements not explicitly recited,
but exclude elements that are found in the prior art or that affect a basic or novel characteristic of
the invention.

[0024] These and other embodiments are disclosed or are obvious from and encompassed by,

the following Detailed Description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following detailed description, given by way of example, but not intended to
limit the invention solely to the specific embodiments described, may best be understood in
conjunction with the accompanying drawings.

[0026] FIG. 1 shows rapid protection of mice against influenza virus challenges by intranasal
administration of adenovirus particles.

[0027] FIG. 2 shows rapid protection of mice against anthrax by intranasal administration of
adenovirus particles.

[0028] FIGS. 3A and 3B depict prophylactic therapy against lethal challenge by A/PR/8/34
(PR8) in mice. Prophylactic therapy was performed by i.n. administration of AdS particles
shortly before PR8 challenge. AdE/in/-2 and AdE*/in/-2, i.n. administration of AdE on day -2;
AdE/in/+1, in. administration of AdE 1 day post-PRS8 challenge; AdE/im/-2, i.m. injection of
AdE on day -2; AINC/in/-2 and AdANC*/in/-2, i.n. administration of AANC.H1.1 on day -2;
AdANC/im/-2, i.m. injection of ANC.HI1.1 on day -2; untreated control, Balb/c mice without
treatment prior to PR8 challenge; all groups were inoculated with AdE or AANC.H1.1 at a dose
of 1.7x610° ifu except AdE*/in/-2 and AANC*/in/-2 groups that received a dose of 1.7x610° ifu;
all groups were challenged by i.n. instillation of 4xLDso of PR8 on day 0; body weights were
recorded daily for 18 days post-challenge with 30% body weight loss taken as the disease
endpoint; numbers in parentheses represent the number of animals in each group.

[0029] FIGS. 4A and 4B depict protection of mice by Ad5S-mediated prophylactic therapy
and vaccination against a higher dose of PR8 challenge. AANC/in/-47, i.n. administration of
AdNC.H1.1 on day -47; AdE/in/-47, i.n. administration of AdE on day -47; AdE/in/-47-2, i.n.
administration of AdE on day -47 followed by a booster application of day -2; AdE/in/-1, i.n.
administration of AdE on day -1; wtAd/in/-1, i.n. administration of E17/E3" wild-type Ad5
particles on day -1; all groups were inoculated with Ad5 particles at a dose of 1.2x10° ifu
followed by challenge with 10xLDs, of PR8 on day 0; body weights were recorded daily for 14
days post-challenge; other symbols and protocols are the same as those described in FIG. 3
legend.

[0030] FIG. 5 depicts health status of PR8-challenged animals as shown by body weight loss.
Post-challenge body weights are presented as mean % body weight by taking the body weight of

individual mice on day 1 as 100%. Symbols and challenge protocols are the same as those
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described in FIGS. 3 and 4 legends. Although AdE/in/-47-2 and AdANC/in/-47 animals lost less
weight than mice in other groups, the difference did not reach statistical significance (by one-
way ANOVA with Turkey’s multiple comparison post-tests; the untreated control group was
excluded in statistical analysis due to early termination of data points).

[0031] FIGS. 6A-H depicts Lung histopathology induced by PR8 infection. (A and E) Lung
resected from an untreated control mouse (FIG. 3) 19 days post-PRS§ challenge. (B and F) Lung
resected from a normal Balb/c mouse as a control. (C and G) Lung resected from an AdE/in/-2
mouse (FIG. 3) 19 days post-PR8 challenge; each section is a representative of three mice. (D
and H) Lung resected from an AINC/in/-2 mouse (FIG. 3) 19 days post-PR8 challenge; each
section is a representative of three mice. Lung sections were examined on a Zeiss Axioskop2
plus microscope using a 2X (A-D) or a 10X (E-H) objective lens in conjunction with an
Axiocam digital camera.

[0032] FIG. 7 depicts PRS titers in lungs post-challenge. AdE particles (1.2x10° ifu per 50
ml) were i.n. instilled into mice on day -2 followed by challenging control and AdE-exposed
mice with 4.6x10° pfu of PR8 on day 0. Day 5, PRS titers in lungs resected from control mice 5
days post-PR8 challenge; AdE-Day 5, PRS titers in lungs resected from AdEexposed mice 5
days post-PRS challenge; Day 7, PRS titers in lungs resected from control mice 7 days post-PR8
challenge; AdE-Day 7, PRS titers in lungs resected from AdE-exposed mice 7 days post-PR8
challenge; triangle and circle, log,(pfu of PR8)/g lung in individual mice; bar, geometric mean of
PRS titers in lungs. No PRS titers were detected in lungs resected from control mice that were
not challenged with PR8. The difference between Day 7 and AdE-Day 7 reached statistical
significance (by one-way ANOVA with Turkey’s multiple comparison post-tests).

[0033] FIG. 8 depicts protection against lethal challenge by the pandemic CA04 in mice.
AdE or AANC.H1.1 particles (2.5x10° ifu per 50 ul) were i.n. instilled into mice at varying time
points followed by CAO04 challenge. AdE/in/-22, i.n. administration of AdE on day -22;
AdNC/in/-22, i.n. administration of AANC.H1.1 on day -22; placebo control, i.n. administration
of 50 pl saline on day -22; animals were challenged by i.n. instillation of 3xLDsy of the
pandemic CA04 on day 0; other symbols and protocols are the same as those described in FIG. 3
legend.

[0034] FIG. 9 depicts architecture of adenovirus. (A) Structure of an Ad particle. Ad is an

icosahedral, nonenveloped DNA virus. Its tightly coiled DNA genome is packaged inside a
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hexagonal protein capsid. (B) Layout of the AE1E3 AdS vector. The AE1E3 AdS vector has been
widely used in a large number of gene therapy as well as vaccine trials. Its high immunogenicity
was considered a hurdle for re-administration; however, the problem has been lessened by recent
evidence showing that AEIE3 AdS5S-vectored nasal vaccines can bypass pre-existing AdS
immunity. Ad: Adenovirus; LITR: Left inverted terminal repeat; Promoter: A common promoter
to drive transgene expression is the cytomegalovirus early promoter; PolyA+: A common
polyadenylation site is the SV40 polyadenylation signal; RITR: Right inverted terminal repeat.
[0035] FIG. 10 depicts a pedigree chart of bioengineered nonreplicating adenovirus vectors.
Both human and animal Ad have been bioengineered into a wide variety of nonreplicating Ad
vectors for the delivery of exogenous genes into animal and human subjects. Ad: Adenovirus.
[0036] FIG. 11 depicts seamless protection conferred by intranasal administration of an Ad5-
vectored drug—vaccine duo. It was recently demonstrated that intranasal instillation of AdE (an
empty AE1E3 AdS particle without transgene) or ADNC.HI1.1 (a AE1E3 AdS5 vector encoding the
A/New Caledonia/20/99 HA1 domain) can confer nearly immediate protection of mice against
live influenza virus challenge [Zhang et al. PLoS ONE 6, €22605 (2011)]. The AdE-induced
prophylactic therapy persisted in mice for at least 22 days, with partial decline of potency
observed 47 days post-AdE administration. The AANC.H1.1-induced protection was solid after
47 days. Solid line: timeframe of solid protection; dashed line: timeframe of partial protection.
Since AdE-induced complete protection was observed for 22 days whereas partial protection was
observed 47 days postadministration, it was assumed that the drug effects of DVD started
declining after 22 days, as shown by the dashed line following the solid line. It was reported that
an AdS5-vectored vaccine can elicit protective immunity as early as 2 weeks postimmunization
[Boyer et al. Hum. Gene Ther. 16, 157-168 (2005)] as shown by a solid line starting on day 14
for the DVD’s vaccine effects when AdS particles were inoculated on day 0. Results show that
seamless protection against influenza may be achieved in mice by intranasal administration of an
AdS5-vectored DVD since protective immunity can be elicited by the vaccine before the drug
effects decline. Ad: Adenovirus; DVD: Drug—vaccine duo.

[0037] FIG. 12 depicts AdS5-vectored nasal vaccine protected mice against the
A/VN/1203/04 (H5N1) avian influenza virus. Mice were immunized in. on Day 0 and
challenged with A/VN/1203/04 (H5N1) at a dose of 10XMLDs (104‘4 EIDsp) at SRI on Day 63.
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HA, Ad encoding HA1+HA2; HA1, Ad encoding HA1; E7, 10" vp; E10, 10" vp; HI, GMT of
serum HI titers on Day 49.

[0038] FIG. 13 depicts an AdS5S-vectored nasal vaccine protected ferrets against the
A/VN/1203/04 (H5N1) avian influenza virus. Ferrets were immunized i.n. on Day 0; and
challenged with A/VN/1203/04 at a dose of 10 FLDsy (102 EIDsp) at SRI on Day 56. HA, Ad
encoding HA1+HA2; HA1, Ad encoding HA1; EI0, 10'° vp; HI, GMT of serum HI titers on
Day 51.

[0039] FIG. 14 depicts prophylactic anthrax therapy by intranasal instillation of adenovirus
particles shortly before spore challenge. AdVAV/-2, AAVAYV particles i.n. instilled 2 days prior
to challenge at a dose of 1.3X10° ifu; AdE/-2, AdE particles i.n. instilled 2 days prior to
challenge at a dose of 1.3X10° ifu; AdE*/-2, AdE particles i.n. instilled 2 days prior to challenge
at a dose of 1.3X10° ifu (100-fold dilution in PBS); AdE/-1, AdE particles i.n. instilled 1 day
prior to challenge at a dose of 1.3X108 ifu; Control, untreated control mice; numbers in
parentheses represent the number of animals in each group.

[0040] FIG. 15 depicts post-exposure anthrax therapy by i.n. instillation of AAVAYV particles.
AdVAV/D-2, AdVAV particles i.n. instilled 2 days prior to challenge at a dose of 1.3X10® ifu;
AdVAV/D0, AdVAV particles i.n. instilled 1 hour post-challenge at a dose of 1.3X10° ifu;
AdVAV/Cipro/D0, AdVAYV particles i.n. instilled 1 hour post-challenge at a dose of 1.3X10° ifu
in conjunction with i.p. injection of ciprofloxacin; Cipro/DO0, i.p. injection of ciprofloxacin;
Control, untreated control mice without treatments prior to challenge; numbers in parentheses
represent the number of animals in each group.

[0041] FIG. 16 depicts the effect of AJE administered intranasally on RSV-Tracy nasal wash
as well as lung lavage virus titers on Day +4.Group 1: 6 CR prophylactically (day -2) treated
intranasally with vehicle (A195 buffer), Group 2: 6 CR prophylactically (day -30) treated
intranasally with 2.4 x 10® ifu of AdE, Group 3: 6 CR prophylactically (day -2) treated
intranasally with 2.4 x 10® ifu of AdE, Group 4: 6 CR prophylactically (days -30 and -2) treated
intranasally with 2.4 x 10® ifu of AdE during each treatment cycle (prime/boost) andGroup 5: 6
CR prophylactically (-5 h) treated intranasally with 2.4 x 10® ifu of AdE.

DETAILED DESCRIPTION OF THE INVENTION

[0042] The invention is based, in part, on the inventor’s discovery that as quickly as one day

post administration of an empty Ad vector (E1/E3 deleted with no insert) mice are protected

10
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from a flu challenge. The mechanism for this protection is currently unknown, but it is a very
broad based protection. Mice were protected from a seasonal flu challenge, swine flu challenge,
bird flu challenge, RSV challenge, and even an anthrax challenge. This protection lasts from
about one day to about 47 days. Wild-type Ad controls did not provide any protection and
vaccines given intramuscularly did not provide any protection. The protection occurred even
when a gene was inserted into the E1 region, although it appears that there was some interference
when the gene was an flu HA gene but interestingly, there was an enhanced protection when the
gene was an anthrax protective antigen gene. In addition to mice, cotton rats were protected
against RSV challenges following intranasal administration of AdE particles either 2 days or 30
days prior to challenge.

[0043] Embodiments of the invention that employ adenovirus recombinants, may include
El-defective, E3-defective, and/or E4-defective adenovirus vectors. The E1 mutation raises the
safety margin of the vector because E1-defective adenovirus mutants are replication incompetent
in non-permissive cells. The E3 mutation enhances the immunogenicity of the antigen by
disrupting the mechanism whereby adenovirus down-regulates MHC class I molecules. The E4
mutation reduces the immunogenicity of the adenovirus vector by suppressing the late gene
expression. Specific sequence motifs such as the RGD motif may be inserted into the H-I loop of
an adenovirus vector to enhance its infectivity. An adenovirus recombinant is constructed by
cloning specific transgenes or fragments of transgenes into any of the adenovirus vectors such as
those described above.

[0044] Generation of transgene-free AE1E3 AdS5 empty particles may be carried out as
described in Tang DC, Zhang J, Toro H, Shi Z, Van Kampen KR (2009) Adenovirus as a carrier
for the development of influenza virus-free avian influenza vaccines. Expert Rev Vaccines 8:
469-481.

[0045] The term “viral vector” as used herein includes but is not limited to retroviruses,
adenoviruses, adeno-associated viruses, alphavirus, and herpes simplex virus.

[0046] The adenovirus may be any adenovirus, such as but not limited to, a bovine
adenovirus, a canine adenovirus, a non-human primate adenovirus, a chicken adenovirus, or a
porcine or swine adenovirus.

[0047] The term “human adenovirus” as used herein is intended to encompass all human

adenoviruses of the Adenoviridae family, which include members of the Mastadenovirus genera.
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To date, over fifty-one human serotypes of adenoviruses have been identified (see, e.g., Fields et
al., Virology 2, Ch. 67 (3d ed., Lippincott-Raven Publishers)). The adenovirus can be of
serogroup A, B, C, D, E, or F. The human adenovirus can be a serotype 1 (Adl), serotype 2
(Ad2), serotype 3 (Ad3), serotype 4 (Ad4), serotype 6 (Ad6), serotype 7 (Ad7), serotype 8
(AdS), serotype 9 (Ad9), serotype 10 (Adl0), serotype 11 (Adll), serotype 12 (Ad12), serotype
13 (Ad13), serotype 14 (Ad14), serotype 15 (Ad1S5), serotype 16 (Ad16), serotype 17 (Ad17),
serotype 18 (Ad18), serotype 19 (Ad19), serotype 19a (Adl9a), serotype 19p (Adl9p), serotype
20 (Ad20), serotype 21 (Ad21), serotype 22 (Ad22), serotype 23 (Ad23), serotype 24 (Ad24),
serotype 25 (Ad25), serotype 26 (Ad26), serotype 27 (Ad27), serotype 28 (Ad28), serotype 29
(Ad29), serotype 30 (Ad30), serotype 31 (Ad31), serotype 32 (Ad32), serotype 33 (Ad33),
serotype 34 (Ad34), serotype 35 (Ad35), serotype 36 (Ad36), serotype 37 (Ad37), serotype 38
(Ad38), serotype 39 (Ad39), serotype 40 (Ad40), serotype 41 (Ad41), serotype 42 (Ad42),
serotype 43 (Ad43), serotype 44 (Ad44), serotype 45 (Ad45), serotype 46 (Ad46), serotype 47
(Ad47), serotype 48 (Ad48), serotype 49 (Ad49), serotype 50 (Ad50), serotype 51 (AdS1), or
preferably, serotype 5 (AdS), but are not limited to these examples.

[0048] Also contemplated by the present invention are receptor-binding ligands, recombinant
vectors, drug-vaccine compositions, and recombinant adenoviruses that can comprise subviral
particles from more than one adenovirus serotype. For example, it is known that adenovirus
vectors can display an altered tropism for specific tissues or cell types (Havenga, M.J.E. et al.,
2002), and therefore, mixing and matching of different adenoviral capsids, i.e., fiber, or penton
proteins from various adenoviral serotypes may be advantageous. Modification of the adenoviral
capsids, including fiber and penton can result in an adenoviral vector with a tropism that is
different from the unmodified adenovirus. Adenovirus vectors that are modified and optimized
in their ability to infect target cells can allow for a significant reduction in the therapeutic or
prophylactic dose, resulting in reduced local and disseminated toxicity.

[0049] Viral vector gene delivery systems are commonly used in gene transfer and gene
therapy applications. Different viral vector systems have their own unique advantages and
disadvantages. Viral vectors that may be used to express the pathogen-derived ligand of the
present invention include but are not limited to adenoviral vectors, adeno-associated viral
vectors, alphavirus vector, herpes simplex viral vector, and retroviral vectors, described in more

detail below.

12



WO 2012/129295 PCT/US2012/029927

[0050] Adenovirus vectors have many characteristics which are ideal for gene delivery,
especially delivery into the respiratory tract. Examples of these characteristics include:

(a) ability of adenovirus vectors to transduce both mitotic and postmitotic cells in
Situ;

(b) existing technology to prepare stocks containing high titers of virus [greater
than 10" ifu (infectious units) per ml] to transduce cells in situ at high
multiplicity of infection (MOI);

(c) inhalation of adenovirus is in compliance with evolutionary medicine (Tang
and Van Kampen, 2008);

(d) potency of an intranasally-administered adenovirus vector may not be
interfered by preexisting immunity to adenovirus (Hoelscher et al., 2006; Shi
et al., 2001; Van Kampen et al., 2005); while not wishing to be bound by
theory, this may be attributed to the high efficiency of gene delivery, high
level of transgene expression, and high degree of antigen presentation along
the mucosal barrier in the respiratory tract;

(e) capability of adenovirus to induce high levels of transgene expression (at least

as an initial burst); and

(H) ease with which replication-defective adenovirus vectors can be
bioengineered.
[0051] Additional general features of adenoviruses are that the biology of the adenovirus is

characterized in detail; the adenovirus is not associated with severe human pathology; the
adenovirus is extremely efficient in introducing its DNA into the host cell; the adenovirus can
infect a wide variety of cells and has a broad host range; the adenovirus can be produced in large
quantities with relative ease; and the adenovirus can be rendered replication defective and/or
non-replicating by deletions in the early region 1 (“EI”) of the viral genome.

[0052] Reference is made to U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, Einat et al. or
Quark Biotech, Inc., WO 99/60164, published Nov. 25, 1999 from PCT/US99/11066, filed May
14, 1999, Fischer or Rhone Merieux, Inc., WO98/00166, published Jan. 8, 1998 from
PCT/US97/11486, filed Jun. 30, 1997 (claiming priority from U.S. applications Ser. Nos.
08/675,556 and 08/675,566), van Ginkel et al., J. Immunol 159(2):685-93 (1997) ("Adenoviral

gene delivery elicits distinct pulmonary-associated T helper cell responses to the vector and to its
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transgene"), and Osterhaus et al., Immunobiology 184(2-3):180-92 (1992) ("Vaccination against
acute respiratory virus infections and measles in man"), for information concerning expressed
gene products, antibodies and uses thereof, vectors for in vivo and in vitro expression of
exogenous nucleic acid molecules, promoters for driving expression or for operatively linking to
nucleic acid molecules to be expressed, method and documents for producing such vectors,
compositions comprising such vectors or nucleic acid molecules or antibodies, dosages, and
modes and/or routes of administration (including compositions for nasal administration), inter
alia, which can be employed in the practice of this invention; and thus, U.S. Pat. No. 5,990,091
issued Nov. 23, 1999, Einat et al. or Quark Biotech, Inc., WO 99/60164, published Nov. 25,
1999 from PCT/US99/11066, filed May 14, 1999, Fischer or Rhone Merieux, Inc.,
WO098/00166, published Jan. 8, 1998 from PCT/US97/11486, filed Jun. 30, 1997 (claiming
priority from U.S. applications Ser. Nos. 08/675,556 and 08/675,566), van Ginkel et al., J.
Immunol 159(2):685-93 (1997) ("Adenoviral gene delivery elicits distinct pulmonary-associated
T helper cell responses to the vector and to its transgene"), and Osterhaus et al., Immunobiology
184(2-3):180-92 (1992) ("Vaccination against acute respiratory virus infections and measles in
man") and all documents cited or referenced therein and all documents cited or referenced in
documents cited in each of U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, Einat et al. or Quark
Biotech, Inc., WO 99/60164, published Nov. 25, 1999 from PCT/US99/11066, filed May 14,
1999, Fischer or Rhone Merieux, Inc., WO98/00166, published Jan. 8, 1998 from
PCT/US97/11486, filed Jun. 30, 1997 (claiming priority from U.S. applications Ser. Nos.
08/675,556 and 08/675,566), van Ginkel et al., J. Immunol 159(2):685-93 (1997) ("Adenoviral
gene delivery elicits distinct pulmonary-associated T helper cell responses to the vector and to its
transgene"), and Osterhaus et al., Immunobiology 184(2-3):180-92 (1992) ("Vaccination against
acute respiratory virus infections and measles in man") are hereby incorporated herein by
reference. Information in U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, WO 99/60164,
WO98/00166, van Ginkel et al., J. Immunol 159(2):685-93 (1997), and Osterhaus et al.,
Immunobiology 184(2-3): 180-92 (1992) can be relied upon for the practice of this invention
(e.g., expressed products, antibodies and uses thereof, vectors for in vivo and in vitro expression
of exogenous nucleic acid molecules, exogenous nucleic acid molecules encoding epitopes of
interest or antigens or therapeutics and the like, promoters, compositions comprising such

vectors or nucleic acid molecules or expressed products or antibodies, dosages, inter alia).
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[0053] It is noted that immunological products and/or antibodies and/or expressed products
obtained in accordance with this invention can be expressed in vitro and used in a manner in
which such immunological and/or expressed products and/or antibodies are typically used, and
that cells that express such immunological and/or expressed products and/or antibodies can be
employed in in vitro and/or ex vivo applications, e.g., such uses and applications can include
diagnostics, assays, ex vivo therapy (e.g., wherein cells that express the gene product and/or
immunological response are expanded in vitro and reintroduced into the host or animal), etc., see
U.S. Pat. No. 5,990,091, WO 99/60164 and WO 98/00166 and documents cited therein.

[0054] Further, expressed antibodies or gene products that are isolated from herein methods,
or that are isolated from cells expanded in vitro following herein administration methods, can be
administered in compositions, akin to the administration of subunit epitopes or antigens or
therapeutics or antibodies to induce immunity, stimulate a therapeutic response and/or stimulate
passive immunity. The quantity to be administered will vary for the patient (host) and condition
being treated and will vary from one or a few to a few hundred or thousand micrograms, e.g., 1
ug to 1 mg, from about 100 ng/kg of body weight to 100 mg/kg of body weight per day and
preferably will be from 10 pg/kg to 10 mg/kg per day.

[0055] A vector can be administered to a patient or host in an amount to achieve the amounts
stated for gene product (e.g., epitope, antigen, therapeutic, and/or antibody) compositions. Of
course, the invention envisages dosages below and above those exemplified herein, and for any
composition to be administered to an animal or human, including the components thereof, and
for any particular method of administration, it is preferred to determine therefor: toxicity, such as
by determining the lethal dose (LD) and LDs in a suitable animal model e.g., rodent such as
mouse; and, the dosage of the composition(s), concentration of components therein and timing of
administering the composition(s), which elicit a suitable response, such as by titrations of sera
and analysis thereof, e.g., by ELISA and/or seroneutralization analysis. Such determinations do
not require undue experimentation from the knowledge of the skilled artisan, this disclosure and
the documents cited herein. And, the invention also comprehends sequential administration of
inventive compositions or sequential performance of herein methods, e.g., periodic
administration of inventive compositions such as in the course of therapy or treatment for a

condition and/or booster administration of immunological compositions and/or in prime-boost
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regimens; and, the time and manner for sequential administrations can be ascertained without
undue experimentation.

[0056] The dosage of the adenovirus of the present invention may be from about 10° ifu to
about 10'% ifu. The dosage may be about 10° ifu, about 107 ifu, about 10® ifu, about 10” ifu or
about 10" ifu. In an advantageous embodiment, the dosage is about about 10° ifu, about 10’ ifu
or about 10° ifu.

[0057] In a particularly advantageous embodiment, multiple dosages of the adenovirus of the
present invention . In a particularly advantageous embodiment, about two doses are
administered. In an advantageous embodiment, the doses are administered about 20 days apart,
about 25 days apart, about 30 days apart, about 35 days apart, about 40 days apart, about 45 days
apart, about 50 days apart, about 55 days apart, about 60 days apart or about 65 days apart.
Advantageously, the doses are administered about 40 days apart, about 41 days apart, about 42
days apart, about 43 days apart, about 44 days apart, about 45 days apart, about 46 days apart,
about 47 days apart, about 48 days apart, about 49 days apart or about 50 days apart.

[0058] Further, the invention comprehends compositions and methods for making and using
vectors, including methods for producing gene products and/or immunological products and/or
antibodies in vivo and/or in vitro and/or ex vivo (e.g., the latter two being, for instance, after
isolation therefrom from cells from a host that has had a non-invasive administration according
to the invention, e.g., after optional expansion of such cells), and uses for such gene and/or
immunological products and/or antibodies, including in diagnostics, assays, therapies,
treatments, and the like. Vector compositions are formulated by admixing the vector with a
suitable carrier or diluent; and, gene product and/or immunological product and/or antibody
compositions are likewise formulated by admixing the gene and/or immunological product
and/or antibody with a suitable carrier or diluent; see, e.g., U.S. Pat. No. 5,990,091, WO
99/60164, WO 98/00166, documents cited therein, and other documents cited herein, and other
teachings herein (for instance, with respect to carriers, diluents and the like).

[0059] In an advantageous embodiment, the vector expresses a gene encoding an influenza
antigen, a RSV antigen, a HIV antigen, a SIV antigen, a HPV antigen, a HCV antigen, a HBV
antigen, a CMV antigen or a Staphylococcus antigen. The influenza may be swine influenza,

seasonal influenza, avian influenza, HIN1 influenza or H5N1 influenza.
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[0060] In another advantageous embodiment, the vector expresses a gene which encodes
influenza hemagglutinin, influenza nuclear protein, influenza M2, tetanus toxin C-fragment,
anthrax protective antigen, anthrax lethal factor, rabies glycoprotein, HBV surface antigen, HIV
gp 120, HW gp 160, human carcinoembryonic antigen, malaria CSP, malaria SSP, malaria MSP,
malaria pfg, mycobacterium tuberculosis HSP or a mutant thereof.

[0061] In an embodiment of the invention, the immune response in the animal is induced by
genetic vectors expressing genes encoding antigens of interest in the animal's cells. The antigens
of interest may be selected from any of the antigens described herein.

[0062] In another embodiment of the method, the animal's cells are epidermal cells. In
another embodiment of the method, the immune response is against a pathogen or a neoplasm. In
another embodiment of the method, the genetic vector is used as a prophylactic vaccine or a
therapeutic vaccine. In another embodiment of the invention, the genetic vector comprises
genetic vectors capable of expressing an antigen of interest in the animal's cells. In a further
embodiment of the method, the animal is a vertebrate.

[0063] With respect to exogenous DNA for expression in a vector (e.g., encoding an epitiope
of interest and/or an antigen and/or a therapeutic) and documents providing such exogenous
DNA, as well as with respect to the expression of transcription and/or translation factors for
enhancing expression of nucleic acid molecules, and as to terms such as "epitope of interest",
"therapeutic”, "immune response”, "immunological response”, "protective immune response”,
"immunological composition”, "immunogenic composition”, and "vaccine composition”, inter
alia, reference is made to U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, and WO 98/00166 and
WO 99/60164, and the documents cited therein and the documents of record in the prosecution
of that patent and those PCT applications; all of which are incorporated herein by reference.
Thus, U.S. Pat. No. 5,990,091 and WO 98/00166 and WO 99/60164 and documents cited therein
and documents or record in the prosecution of that patent and those PCT applications, and other
documents cited herein or otherwise incorporated herein by reference, can be consulted in the
practice of this invention; and, all exogenous nucleic acid molecules, promoters, and vectors
cited therein can be used in the practice of this invention. In this regard, mention is also made of
U.S. Pat. Nos. 6,004,777, 5,997,878, 5,989,561, 5,976,552, 5,972,597, 5,858,368, 5,863,542,
5,833,975, 5,863,542, 5,843,456, 5,766,598, 5,766,597, 5,762,939, 5,756,102, 5,756,101,
5,494,807.
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[0064] In another embodiment of the invention, the animal is advantageously a vertebrate
such as a mammal, bird, reptile, amphibian or fish; more advantageously a human, or a
companion or domesticated or food-producing or feed-producing or livestock or game or racing
or sport animal such as a cow, a dog, a cat, a goat, a sheep or a pig or a horse, or even fowl such
as turkey, ducks or chicken. In an especially advantageous another embodiment of the invention,
the vertebrate is a human.

[0065] In another embodiment of the invention, the genetic vector is a viral vector, a
bacterial vector, a protozoan vector, a retrotransposon, a transposon, a virus shell, or a DNA
vector. In another embodiment of the invention, the viral vector, the bacterial vector, the
protozoan vector and the DNA vector are recombinant vectors. In another embodiment of the
invention, the immune response is against influenza A. In another embodiment of the invention,
the immune response against influenza A is induced by the genetic vector expressing a gene
encoding an influenza hemagglutinin, an influenza nuclear protein, an influenza M2 or a
fragment thereof in the animal's cells. In another embodiment of the invention, the genetic vector
is selected from the group consisting of viral vector and plasmid DNA.

[0066] In another embodiment of the invention, the genetic vector is an adenovirus. In
another embodiment of the invention, the adenovirus vector is defective in its El region. In
another embodiment of the invention, the adenovirus vector is defective in its E3 region. In
another embodiment of the invention, the adenovirus vector is defective in its E1 and/or E3
regions. In another embodiment of the invention, the DNA is in plasmid form. In another
embodiment of the invention, the contacting step further comprises disposing the genetic vector
containing the gene of interest on a delivery device and applying the device having the genetic
vector containing the gene of interest therein to the skin of the animal. In another embodiment of
the invention, the genetic vector encodes an immunomodulatory gene, as co-stimulatory gene or
a cytokine gene. In another embodiment of the invention, the vector has all viral genes deleted.
In another embodiment of the invention, the genetic vector induces an anti-tumor effect in the
animal. In a further embodiment of the invention, the genetic vector expresses an oncogene, a
tumor-suppressor gene, or a tumor-associated gene.

[0067] Representative examples of antigens which can be used to produce an immune
response using the methods of the present invention include influenza hemagglutinin, influenza

nuclear protein, influenza M2, tetanus toxin C-fragment, anthrax protective antigen, anthrax
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lethal factor, rabies glycoprotein, HBV surface antigen, HIV gp 120, HIV gp 160, human
carcinoembryonic antigen, malaria CSP, malaria SSP, malaria MSP, malaria pfg, and
mycobacterium tuberculosis HSP, etc. Most preferably, the immune response produces a
protective effect against neoplasms or infectious pathogens.

[0068] In another embodiment of the present invention, the vector further contains a gene
selected from the group consisting of co-stimulatory genes and cytokine genes. In this method
the gene is selected from the group consisting of a GM-CSF gene, a B7-1 gene, a B7-2 gene, an
interleukin-2 gene, an interleukin-12 gene and interferon genes.

[0069] The recombinant vectors and methods of the present invention can be used in the
treatment or prevention of various respiratory pathogens. Such pathogens include, but are not
limited to, influenza virus, severe acute respiratory syndrome-associated coronavirus (SARS-
CoV), human rhinovirus (HRV), and respiratory syncytial virus (RSV).

[0070] In addition, the present invention comprehends the use of more than therapeutic
ligand, immunogen or antigen in the vectors and methods disclosed herein, delivered either in
separate recombinant vectors, or together in one recombinant vector so as to provide a
multivalent vaccine or immunogenic composition that stimulates or modulates immunogenic
response to one or more influenza strains and/or hybrids. Further, the present invention
encompasses the use of a therapeutic ligand, immunogen or antigen from more than one
pathogen in the vectors and methods disclosed herein, delivered either in separate recombinant
vectors, or together in one recombinant vector.

[0071] Embodiments of the invention that use DNA/adenovirus complexes can have the
plasmid DNA complexed with adenovirus vectors utilizing a suitable agent therefor, such as
either PEI (polyethylenimine) or polylysine. The adenovirus vector within the complex may be
either "live" or "killed" by UV irradiation. The UV-inactivated adenovirus vector as a receptor-
binding ligand and an endosomolysis agent for facilitating DNA-mediated transfection (Cotten et
al., 1992) may raise the safety margin of the vaccine carrier. The DNA/adenovirus complex is
used to transfect epidermal cells of a vertebrate in a non-invasive mode for use as an immunizing
agent.

[0072] Genetic vectors provided by the invention can also code for immunomodulatory
molecules which can act as an adjuvant to provoke a humoral and/or cellular immune response.

Such molecules include cytokines, co-stimulatory molecules, or any molecules that may change
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the course of an immune response. One can conceive of ways in which this technology can be
modified to enhance still further the immunogenicity of antigens.

[0073] In terms of the terminology used herein, an immunologically effective amount is an
amount or concentration of the genetic vector encoding the gene of interest, that, when
administered to an animal, produces an immune response to the gene product of interest.

[0074] Various epitopes, antigens or therapeutics may be delivered topically by expression
thereof at different concentrations. Generally, useful amounts for adenovirus vectors are at least
approximately 100 pfu and for plasmid DNA at least approximately 1 ng of DNA. Other
amounts can be ascertained from this disclosure and the knowledge in the art, including
documents cited and incorporated herein by reference, without undue experimentation.

[0075] The methods of the invention can be appropriately applied to prevent diseases as
prophylactic vaccination or treat diseases as therapeutic vaccination.

[0076] The vaccines of the present invention can be administered to an animal either alone or
as part of an immunological composition.

[0077] Beyond the human vaccines described, the method of the invention can be used to
immunize animal stocks. The term animal means all animals including humans. Examples of
animals include humans, cows, dogs, cats, goats, sheep, horses, pigs, turkey, ducks and chicken,
etc. Since the immune systems of all vertebrates operate similarly, the applications described can
be implemented in all vertebrate systems.

[0078] The present invention also encompasses combinations of vectors, in particular
adenovirus vectors. For example, an empty adenovector (E1/E3 deleted with no insert) may be
sequentially or simultaneously administered to a patient in need thereof along with another
vector, such as an adenovector, which may be E1/E3 deleted with an insert, such as an
exogenous gene as herein described. Without being bound by theory, the empty adenovector
(E1/E3 deleted with no insert) may initially elicit a rapid immune response wherein a vector
expressing an exogeneous gene, such as an antigen or epitope, may elicit an additional protective
response.

[0100] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined in the appended claims.
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[0079] The present invention will be further illustrated in the following Examples which are

given for illustration purposes only and are not intended to limit the invention in any way.
Examples
Example 1: Adenovirus particle as a broad-spectrum drug against respiratory pathogens

[0080] Although vaccination is an effective approach for preventing infectious diseases when
administered weeks or months in advance, it is too slow to protect animals or people who are at
immediate risk. An agent capable of reducing the severity of an infection when taken shortly
before or after an infection is of paramount importance in public health. Tamiflu (oseltamivir
phosphate) and Relenza (zanamivir) have proven effective in preventing influenza virus
infections; however, these neuraminidase inhibitors may generate drug-resistant influenza virus
strains over time (Poland et al., 2009). Similar to viruses, drug-resistant bacteria are also
commonly generated by overuse of drugs (Davies and Davies, 2010). It is thus urgent to develop
additional drugs because medical personnel will have the option to use another drug in the
pipeline for arresting pathogens when one drug in use is impaired by drug resistance.

[0081] Applicant has demonstrated that intranasal instillation of E1/E3-defective adenovirus
(Ad) particles 1-2 days prior to intranasal challenge with a lethal dose of influenza virus could
confer rapid protection against influenza in mice (FIG. 1). Applicant has also shown that
intranasal administration of Ad 1-2 days prior to intranasal challenge with a lethal dose of
Bacillus anthracis Sterne spores was also able to protect mice against anthrax (FIG. 2). It is
conceivable that intranasal administration of Ad rapidly induces an array of reactions that
impede growth of other microbes in the respiratory tract.

[0082] Since the Ad has been bioengineered into a non-replicating vaccine carrier with an
excellent safety profile in animals and humans (Tang et al., 2009), it is conceivable that an Ad
vector encoding a pathogen-derived antigen may be developed into a drug vaccine duo (DVD),
which is able to confer rapid and broad protection against a variety of pathogens before adaptive
immunity is induced; followed by elicitation of pathogen specific protective immunity as a
vaccine; in a single package. FIGS. 1 and 2 show that not only the transgene-free Ad backbone
(AdE) could confer rapid protection against viruses and bacteria as a drug, but also its

counterparts encoding pathogenderived antigens were able to arrest pathogens as a drug.
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[0083] Methods of FIG. 1. Purified ANC.H1.1 vectors encoding the HA1 of A/NC/20/99
(HIN1) influenza virus and its transgene-free counterpart (AdE) were administered dropwise in a
volume of 0.05 ml into the nostril of each young BALB/c mouse (2 months old) using a
mechanical pipet as described (Shi et al., 2001) prior to challenge. One or two days post-Ad
administration, mice were challenged intranasally with a lethal dose (0.2 HA units) of the
A/PR/8/34 (HIN1) influenza virus and monitored daily for survival.

[0084] Results of FIG. 1. Seventy percent of mice (7/10) were protected against a lethal dose
of live A/PR/8/34 influenza virus by intranasal instillation of the AANC.H]1.1 vector at a dose of
1.7X10® infectious units (ifu) 2 days prior to challenge (AdEin-2); 100% of mice (10/10) were
protected against influenza by intranasal instillation of the AdE vector at a dose of 1.7X10° ifu 2
days prior to challenge (AdEin-2); 20% of mice (2/10) were protected against influenza by
intranasal instillation of the AdE vector at a dose of 1.7X10° ifu 2 days prior to challenge
(AdE*in-2); 90% of mice (9/10) were protected against influenza by intranasal instillation of the
AdE vector at a dose of 1.7X10% ifu 1 day prior to challenge (AdEin-1); all control mice (Naive
control) died within 10 days post-challenge. The data was plotted as % survival versus days after
challenge. Numbers in parentheses represent the number of animals in each group.

[0085] Significance of FIG. 1. Protection of animals against influenza by intranasal
administration of an Ad vector 1 or 2 days prior to live influenza virus challenge shows that the
Ad particle is able to rapidly induce an anti-viral state in the respiratory tract. Since Ad vectors
encoding influenza virus. HA have been developed into influenza vaccines (Hoelscher et al.,
2006; Tang et al, 2009; Van Kampen et al., 2005) and the AANC.HI1.1 vector encoding the
A/NC/20/99 HA still conferred rapid protection as an influenza drug before adaptive immunity
was elicited, there is compelling evidence that this regimen represents a drug-vaccine duo (DVD)
that can confer broad and rapid protection as an anti-viral drug followed by elicitation of
protective immunity as an anti-viral vaccine, in a single package.

[0086] Methods of FIG. 2. Purified AdPA83 vectors encoding the Baciflus anthracis
protective antigen and its transgene-free counterpart (AdE) were administered dropwise in a
volume of 0.05 ml into the nostril of each young A/J mouse (2 months old) using a mechanical
pipet as described (Shi et al., 2001) prior to challenge. One or two days post-Ad administration,
mice were challenged intranasally with a lethal dose [1X10° colony-forming units (cfu)] of B.

anthracis Sterne spores and monitored daily for survival.

22



WO 2012/129295 PCT/US2012/029927

[0087] Results of FIG. 2. Sixty-seven percent of mice (6/9) were protected against a lethal
dose of anthrax spores by intranasal instillation of the AdPA83 vector at a dose of 1.3X10° ifu 2
days prior to challenge (AdPAin-2); 30% of mice (3/10) were protected against anthrax by
intranasal instillation of the AdE vector at a dose of 1.3X10% ifu 2 days prior to challenge
(AdEin-2); no mice (0/9) were protected against anthrax by intranasal instillation of the AdE
vector at a dose of 1.3X10° ifu 2 days prior to challenge (AdE*in-2); 22% of mice (2/9) were
protected against anthrax by intranasal instillation of the AdE vector at a dose of 1.3X10% ifu 1
day prior to challenge (AdEin-1); all control mice (Naive control) died within 4 days post-
challenge. The data was plotted as % survival versus days after challenge. Numbers in
parentheses represent the number of animals in each group.

[0088] Significance of FIG. 2. Protection of animals against anthrax by intranasal
administration of an Ad vector 1 or 2 days prior to anthrax spore challenge shows that the Ad
particle is able to rapidly induce an anti-bacterial state in the respiratory tract. Since Ad vectors
encoding PA have been developed into anthrax vaccines (McConnell et al., 2007) and the
AdPAS83 vector encoding the PA still conferred rapid protection as an anthrax drug before
adaptive immunity was elicited, there is compelling evidence that this regimen represents a drug-
vaccine duo (DVD) that can confer rapid protection as an anti-bacterial drug followed by
elicitation of protective immunity as an anti-bacterial vaccine, in a single package.
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Example 2: Adenovirus-Vectored Drug-Vaccine Duo as a Rapid-Response Tool for Conferring
Seamless Protection against Influenza

[0090] Few other diseases exert such a huge toll of suffering as influenza. Applicant reports
here that intranasal (i.n.) administration of EI1/E3-defective (AEIE3) adenovirus serotype 5
(AdS) particles rapidly induced an anti-influenza state as a means of prophylactic therapy which
persisted for several weeks in mice. By encoding an influenza virus (IFV) hemagglutinin (HA)
HA1 domain, an Ad5-HA1 vector conferred rapid protection as a prophylactic drug followed by
elicitation of sustained protective immunity as a vaccine for inducing seamless protection against
influenza as a drug-vaccine duo (DVD) in a single package. Since AdS particles induce a
complex web of host responses, which could arrest influenza by activating a specific arm of
innate immunity to impede IFV growth in the airway, it is conceivable that this multi-pronged
influenza DVD may escape the fate of drug resistance that impairs the current influenza drugs.

[0091] Influenza is a resurging and emerging disease with virtually no possibility of
eradicating the causal virus which triggers seasonal as well as pandemic influenza. As a zoonotic
disease with the potential to sicken both animals and humans [1], a designer IFV can be rapidly
generated by reverse genetics [2] and disseminated by terrorists to ravage agriculture, public
health, and economy within a targeted region. Even though this highly contagious and potentially
fatal disease has been partially controlled by vaccination, the licensed influenza vaccine is
difficult to mass-produce [1] and unable to confer timely as well as broad protection against
heterosubtypic IFV strains [3]. Another line of defense against influenza is the use of influenza
drugs [e.g., oseltamivir (Tamiflu); zanamivir (Relenza)]; however, this option is limited by the

emergence of drug-resistant IFV due to selection under mutational pressure [4,5].
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[0092] To develop a rapid-response anti-influenza agent, we serendipitously demonstrated
that an AdS-vectored nasal influenza vaccine could confer rapid protection against influenza in a
drug-like manner. A replication-competent adenovirus (RCA)-free AdS vector encoding
pathogen antigens thus potentially can confer seamless protection against mucosal pathogens as a
DVD in a wide variety of clinical settings. RCA-free AdS vectors can be rapidly mass-produced
in serum-free PER.C6 suspension cells; painlessly mass-administered by nasal spray [1];
followed by elicitation of innate as well as adaptive immune responses in the face of pre-existing
Ad5 immunity. In the case of an influenza DVD, the chance to generate drug-resistant IFV is
minimal since AdS5 particles conceivably induce an anti-influenza state without directly attacking
the IFV. In contrast to a live attenuated IFV vaccine (LAIV), an Ad5-vectored DVD is non-
replicating and does not reassort with wild IFV. It is expected that nasal spray of an Ad5-
vectored influenza DVD can confer broad protection against heterosubtypic IFV strains for
several weeks as a prophylactic drug; followed by elicitation of strain-specific protective
immunity as a vaccine for months or even years before the drug induced protection declines
away. This novel regimen may add a rapid-response tool to the public health arsenal against
influenza and other diseases if the DVD’s protective effects should be reproduced in human
subjects.

[0093] The AE1E3 AdS particle as an anti-influenza agent. The transgene-free AE1E3 AdS
empty (AdE) particle and its counterpart AANC.HI1.1 encoding the A/New Caledonia/20/99
HINI IFV (NC20) HA1 domain were generated in PER.C6 cells as described [1]. As shown in
FIG. 3, i.n. instillation of 1.7x10® infectious units (ifu) of AdE 2 days (day -2) prior to challenge
protected 100% (10/10) of mice against a lethal dose of live A/ Puerto Rico/8/34 HIN1 IFV
(PR8); only 20% (2/10) of the animals were protected when AdE’s dose was reduced 100-fold to
1.7x10° ifu; and there was no protection when 1.7x10® ifu of AdE were administered into mice
by i.n. instillation 1 day post-PR8 challenge or by i.m. injection on day -2. Insertion of the NC20
HA1 domain into the AdE genome mildly interfered with AE1E3 AdS’s capacity to induce an
anti-influenza state as only 70% (7/10) of animals were protected when 1.7x10° ifu of
AdNC.HI1.1 were i.n. administered into mice on day -2. Similar to AdE, neither i.n. instillation of
1.7x10° ifu nor i.m. injection of 1.7x10° ifu of AANC.H1.1 conferred any protection against PR8
when administered on day -2 (FIG. 3). The protection afforded by i.n. administration of AdE
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(P,0.0001) or AANC.HI.1 (P = 0.0077) at a dose of 1.7x10° ifu on day -2 reached statistical
significance when compared to that of the untreated control group (by Logrank tests).

[0094] Intranasal administration of AdE on day -47 (47 days prior to PR8 challenge)
protected 70% of animals (7/10) showing that the AdE-induced anti-influenza state could persist
for several weeks (FIG. 4). Intranasal instillation of AANC.H1.1 on day -47 protected 100%
(10/10) of mice (FIG. 4) presumably due to NC20 HA 1-induced adaptive immunity which cross-
reacted with PR8 even though no serum hemagglutination-inhibition (HI) antibodies to PR8 were
detectable (Table 1). Unlike immunization with AANC.H1.1 on day -47 which elicited high HI
antibody titers to NC20 and undetectable titers to PR8, challenge with PR8 induced high HI
antibody titers to PR8 and low titers to NC20 in survivors, and administration of either AdE or
AdNC.HI.1 on day -2 induced HI titers to neither NC20 nor PR8 (Table 1). The protection
afforded by i.n. administration of AANC.H1.1 on day -47 (P,0.0001), AdE on day -47 (P =
0.0032), AdE double-dose regimen (day -47 followed by a booster application on day -2)
(P,0.0001), AdE on day -1 (P,0.0001) or -2 (P = 0.0005) at a dose of 1.2x10® ifu all reached

statistical significance when compared to that of the untreated control group.
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[0095] Although several regimens protected mice against influenza-mediated mortality, the
AdE double-dose regimen tended to confer more solid protection than its single-dose (day -47 or
-2) counterpart as shown by less body weight loss after PR8 challenge even though the
difference did not reach statistical significance (FIG. 5). To induce an anti-influenza state, it is
essential to delete E1 and/or E3 since the E17/E3" wild-type Ad5 was unable to arrest influenza
after i.n. administration into mice under identical conditions (FIG. 4).

[0096] Ad5-induced protection of the lung against influenza. As shown by lung
histopathology after PR8 challenge, i.n. administration of AdE or AINC.HI1.1 on day -2
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protected mice against influenza by preventing the development of severe lung injuries.
Intranasal instillation of PR8 without Ad5 protection induced massive pulmonary inflammation
19 days post-challenge one-way ANOVA with Turkey’s multiple comparison post-tests) 7 days
post-PRS challenge.

[0097] Protection against a pandemic IFV strain. To demonstrate that AEIE3 Ad5 particles
can protect mice against not only PR8 but also a more clinically relevant IFV strain, 2.5x10° ifu
of AdE or AANC.H1.1 were i.n. administered into mice followed by challenging animals with a
lethal dose of the pandemic 2009 HIN1 swine flu isolate A/California/04/2009 (CA04). As
shown in FIG. §, 100% (10/10) of animals were protected by i.n. instillation of AdE or
AdNC.HI.1 on day -2 and AANC.HI.1 on day -22; 90% (9/10) were protected by in.
administration of AdE on day -22. The protection afforded against CAO4 in all these AdS-
exposed groups reached statistical significance when compared to that of the placebo control
group (P,0.0001).

[0098] The non-replicating AEIE3 Ad5 vector has been bioengineered into a nasal influenza
vaccine carrier with high potency and excellent safety profile [1]. In addition to the elicitation of
protective immunity as a vaccine, we show here that this class of vaccine can also confer
prophylactic therapy against influenza before adaptive immunity is elicited. It has been
documented that administration of AE1E3 AdS particles into mice rapidly induces the production
of a wide array of inflammatory cytokines and chemokines [6] including type I interferon (IFN-a
and IFN-b) [7]; impairs lung dendritic cells [8]; activates natural killer cells [9]; induces
production of the antiviral nitric oxide [10]; triggers multifaceted interactions between AdS and
blood proteins, platelets, macrophages, endothelial cells, and respective parenchymal cells [6].
Inhibition of Ad5-associated inflammation by Ad5S E1A, E1B, and E3 proteins [11] suggests that
the E1"/E3" Ad5’s incompetence to induce an anti-influenza state (FIG. 4) may be attributed to
suppression of inflammation, although other mechanisms cannot be excluded since AE1E3 AdS5
particles induce many immune as well as non-immune responses and some reactions remain
undefined in animals [12]. It is conceivable that multiple reactions induced by the AEIE3 AdS
particles may integrate for establishing an anti-influenza state in the airway, thus creating a
multidimensional defense barrier that can hardly be bypassed by an IFV. This hypothesis is
supported by the finding that the IFN-ao/f receptor provides protection against influenza in a

dispensable manner showing that animals have evolved overlapping mechanisms to respond to
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influenza [13]. Furthermore, Balb/c mice challenged in these studies carry a defective allele of
the IFN-o/p-induced influenza-resistance factor Mx1 [14] implying that the AE1E3 AdS-induced
production of type I IFN [7] may not play a major role during the establishment of an anti-
influenza state in this mouse strain.

[0099] The finding that i.n. administration of AdE 1 day post-PR8 challenge was unable to
arrest influenza (FIG. 3) suggests that the IFV may induce a pro-influenza state that is not
disrupted by the AE1E3 AdS5 particle when the former enters the airway prior to the latter, similar
to the Ad5-induced anti-influenza state that cannot be reversed by an IFV when AdE particles
were 1.n. administered prior to PR8 or CA04 (FIGS. 3-9). To further develop the AEIE3 Ad5-
based prophylactic drug into a post-exposure influenza drug, it is crucial to characterize the
antagonistic reactions induced by the two types of viruses in the airway.

[00100] Pre-exposure to AdS has been associated with loss of AdS’s potency when this vector
is i.m. injected [15]. However, emerging evidence shows that an AdS-vectored nasal vaccine can
bypass pre-existing AdS immunity in mice [15], macaques [16], and humans [17] probably due
to high-efficiency gene delivery into cells in the superficial layer along the mucosal barrier in
conjunction with potent antigen presentation associated with this immunocompetent interface
tissue. The synergy between primary and booster applications induced by the AdE double-dose
regimen (FIGS. 4 and 5) shows that the rapid anti-influenza responses induced by AdE were
additive in the presence of pre-existing Ad5 immunity. These findings hold promise that this
nasal influenza DVD not only is able to induce rapid and sustained protection against influenza
in a single-dose regimen but also may be administered repeatedly (e.g., when a different HA is
required for its vaccine component) without losing potency.

[00101] Although prophylactic influenza therapy can be performed by i.n. administration of
complex bacterial lysates [18] or bacterial toxins [19], the bacterial component-induced anti-
influenza state was very transient with its protective effects declining within a few days post-
therapy [18,19]. The finding that AdE-induced protective effects could persist for at least 3
weeks (Fig. 6) and up to 47 days (FIG. 4) in a single-dose regimen suggests that the underlying
mechanisms between bacterial component- and AdS-induced anti-influenza states may differ. In
addition, only the latter would allow sufficient time for the DVD’s vaccine component to elicit
adaptive immunity before its drug effects decline away. Moreover, the replicating wild-type Ad5

is a benign respiratory virus and its non-replicating counterpart used in this study should be even
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safer; notably, the safety profile of an AdS-vectored nasal influenza vaccine in human subjects
has been shown [17]. As a common respiratory virus, the human mucosal immune system is
familiar with AdS particles and must have evolved AdS-specific protective mechanisms. In
contrast, administration of a digestive tract-associated bacterial toxin into the respiratory tract as
an influenza drug [19] would surprise the immune system and this unnatural regimen has been
associated with the induction of Bell’s palsy in human subjects [20].

[00102] The IFV is insidious in mutating into drug-resistant strains when it is attacked by an
influenza drug [e.g., the M2 ion channel blocker (amantadine; rimantadine) or the neuraminidase
inhibitor (oseltamivir; zanamivir)] [5]. Unlike contemporary influenza drugs, the AdS-vectored
DVD conceivably changes the habitat in the respiratory tract without directly attacking the IFV;
hence the DVD confers no mutational pressure to induce drug resistance. In contrast to the
oseltamivir-induced suppression of mucosal immunity with the risk to enhance vulnerability to
subsequent mucosal pathogen infections [21], the AdS-vectored DVD enhances mucosal innate
immunity against at least a subset of mucosal pathogens. The DVD’s efficacy is further fortified
by its vaccine component that elicits sustained adaptive immunity before its drug effects
completely disappear (FIGS. 2-8). Since the licensed LAIV (e.g., FluMistH in the U.S.) contains
live IFV [1], co-administration of LAIV with an influenza drug would be counter-productive
because the drug would disable the vaccine by killing live IFV. The Ad5-vectored DVD not only
is compatible with a licensed influenza drug, but also it confers prophylactic therapy as a drug by
itself in addition to its vaccine capacity.

[00103] Emerging evidence shows that a number of nasal vaccines induce a weaker systemic
adaptive immune response than their parenteral counterparts [22-26] even though nasal vaccines
confer more robust protection against a respiratory mucosal pathogen by eliciting a more potent
mucosal adaptive immune response [22,25]. Applicant provides evidence that not only adaptive
immunity but also innate immunity could be induced with a focus on the respiratory tract against
mucosal pathogens when the AE1E3 AdS5 particle is administered i.n. but not i.m., as shown by
% survival afforded by i.n. and i.m. routes, respectively (FIG. 3). Whether the Ad5-vectored
nasal DVD can confer protection against influenza induced by other routes (e.g., oral infection)
remains to be seen.

[00104] The finding that i.n. administration of AANC.H1.1 on day -47 induced more robust

protection against PR8 challenge than its counterpart inoculated on day -2 or AdE administered
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on day -47 (FIGS. 3 and 4) suggests that animals in the AANC/in/-47 group may be protected by
an NC20 HAI-mediated adaptive immune response that cross-reacted with PR8 47 days post-
immunization in the absence of detectable serum HI antibody to PR8 (Table 1). The data
corroborate other reports that serum HI antibody titer is an inadequate surrogate marker for
predicting protective immunity induced by a nasal influenza vaccine [24,26].

[00105] The findings that the AdS-vectored DVD can confer prophylactic therapy in
conjunction with vaccination in a single package provide a foundation for the development of a
novel anti-influenza agent that can be mass-produced in cultured cells, administered painlessly
by nasal spray, with the capacity to bypass pre-existing AdS immunity and mobilize the innate as
well as the adaptive immune repertoires toward a rapid and sustained beneficial response against
influenza, without the potential to generate drug resistant IFV strains.

[00106] Adenovirus. To generate the AdE particle, homologous recombination between the
shuttle pAdHigh and the AdS backbone pAdEasy-1 plasmids was performed in Escherichia coli
BJ5183 cells followed by generation of the RCA-free AdE particle in PER.C6 cells (provided by
Crucell Holland BV; Leiden, The Netherlands) as described [1]. AdE is thus a AE1IE3 AdS with
an expression cassette in its E1 region [1] without encoding any transgene. To generate the
AdNC.HI.1 vector, the NC20 HA gene was synthesized at GENEART (Regensburg, Germany)
with codons optimized to match the tRNA pool found in human cells in conjunction with the
insertion of a eukaryotic ribosomal binding site immediately upstream from the initiation ATG
codon [27]. The NC20 HA1 fragment containing 347 amino acids was amplified from the
synthetic  HA template by polymerase chain reaction (PCR) wusing primers 5’-
CACAGGTACCGCCACCATGAAGGCCAAGCTG-3’ and 5-
GAGTCTAGATTATCAGCCGAACAGGCCTCTGCTCTGG-3’. The Kpnl-Xbal fragment
containing the amplified HA1 fragment with a stop codon added in-frame was inserted into the
Kpnl-Xbal site of pAdHigh in the correct orientation under transcriptional control of the human
cytomegalovirus (CMV) early promoter. An RCA-free AdS vector encoding the NC20 HAl
(AANC.H1.1) was subsequently generated in PER.C6 cells as described above. Both AdE and
AdNC.HI.1 were validated by DNA sequencing; mass-produced in PER.C6 cells; purified by
ultracentrifugation over a cesium chloride gradient as described [27]; dialyzed into A195 buffer
[28] with titers (ifu per ml) determined in 293 cells [17] by the Spearman-Karber method [29]

after staining AdS-infected monolayers with a horseradish peroxidase (HRP)-conjugated anti-
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Ad5 hexon antibody and the 3,3’-diaminobenzidine tetrahydrochloride (DAB) substrate
(Clontech Laboratories, Inc.; Mountain View, CA). The E1"/E3" wild-type Ad5 (VR-1516) was
obtained from the American Type Culture Collection (ATCC; Manassas, VA).

[00107] Influenza virus. PR8 (VR-95) was obtained from the ATCC and grown in Madin
Darby Canine Kidney (MDCK) cells in the presence of TPCK-trypsin as described [17] with
titers determined by plaque assay [30]. The mouse-adapted CAO4 was generated by Natalia A.
Ilyushina and provided by Elena Govorkova at the St. Jude Children’s Research Hospital
(Memphis TN). The CA04 virus was adapted to replication in the lungs of Balb/c mice by 9
sequential passages through mouse lungs. Virus was plaque purified in MDCK cells and a virus
stock was prepared by growth in 10-day-old embryonated chicken eggs and then MDCK cells as
described [31] with titers expressed as cell culture infectious doses (CCIDs) as described [32].
NC20 was provided by the Center for Disease Control (CDC; Atlanta, GA).

[00108] Challenge studies. Intranasal administration and i.m. injection of 50 ul of AdS
particles into young (approximately 2 months old) female Balb/c mice were performed as
described [27]. Mice were challenged by i.n. instillation of 50 pul of PR8 containing either
1.4x10° plaque-forming units (pfu) [equivalent to approximately 4xLDso (50% lethal dose)] or
3.5x10° pfu (equivalent to approximately 10xLDsg) at University of Alabama at Birmingham
(UAB), as well as 90 pl of CA04 containing 26105 CCIDS50 (equivalent to approximately
3xLDsg) at Utah State University (USU). All experiments using mice were performed in
accordance with the approval of the Institutional Animal Care and Use Committees at UAB and
USU (UAB Approval ID, #7705; UAB Animal Welfare Assurance Number, A3255-01; USU
Approval ID, #552; USU Animal Welfare Assurance Number, A3801-01). Animal facilities at
both UAB and USU have been AAALAC accredited.

[00109] PRS titers in lungs post-challenge. AdE particles were i.n. administered into young
female Balb/c mice at a dose of 1.2x10® ifu in a volume of 50 ul on day -2. Five to seven days
after i.n. instillation of 4.6x10° pfu of PR8 on day 0, control and AdE-exposed mouse lungs were
immediately frozen on dry ice after resection and stored at 280uC until analysis. After thawing, a
fraction of each lung was weighed and homogenized in cold phosphate buffered saline (PBS) as
a 10% (w/v) suspension. Tissue debris was removed by centrifugation and the supernatant was
transferred to another sterile tube for virus titration. Plaque assay of IFV was performed as

described [30].
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[00110] Hemagglutination-inhibition assay. Sera were tested for activity against PR8 or NC20
by standard HI assay after pre-treatment of the sera with a receptor-destroying enzyme as
described [17]. Each serum sample was tested beginning at a dilution of 1:10. All sera were
tested in a blinded fashion on code-labeled, matched pre- and post-immunization samples.
Animals were considered seronegative and assigned an HI antibody titer of 5 (2.3 on a log,
scale) if their serum specimen had an HI titer of <10.

[00111] Lung histopathology assay. Mouse lungs were fixed by perfusing 10% buffered
formalin through the trachea. Paraffin-embedded tissues were cut into 5- um-thick slices
followed by staining sections with hematoxylin and eosin.

[00112]  Statistical analysis. All statistical analysis was performed using GraphPad Prism
version 5.04 (GraphPad Software, San Diego, CA). Log-rank tests were performed for
comparing Kaplan-Meier survival curves; and one-way ANOVA with Turkey’s multiple
comparison post-tests were performed for comparing body weight loss as well as PR8 titers in
lungs. Statistical significance was set at P,0.05.
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Example 3: Adenovirus-vectored drug—vaccine duo as a potential driver for conferring mass
protection against infectious diseases

[00114] The disease-fighting power of vaccines has been a public health bonanza credited
with the worldwide reduction of mortality and morbidity. The goal to further amplify its power
by boosting vaccine coverage requires the development of a new generation of rapid-response
vaccines that can be mass produced at low costs and mass administered by nonmedical
personnel. The new vaccines also have to be endowed with a higher safety margin than that of
conventional vaccines. The nonreplicating adenovirus-vectored vaccine holds promise in
boosting vaccine coverage because the vector can be rapidly manufactured in serum-free
suspension cells in response to a surge in demand, and noninvasively administered by nasal
spray into human subjects in compliance with evolutionary medicine. In contrast to parenteral
injection, noninvasive mucosal vaccination minimizes systemic inflammation. Moreover,
preexisting adenovirus immunity does not interfere appreciably with the potency of an
adenovirus vectored nasal vaccine. Nasal administration of adenovirus vectors encoding
pathogen antigens is not only fear-free and painless, but also confers rapid and sustained
protection against mucosal pathogens as a drug—vaccine duo since adenovirus particles alone
without transgene expression can induce an anti-influenza state in the airway. In addition to
human vaccination, animals can also be mass immunized by this class of vectored vaccines.

[00115] A litany of demands for better vaccines. Although vaccination proves to be the most
cost-effective method for the prevention of disease, a sweeping offensive to boost vaccine
coverage remains a compelling goal in the movement toward improved public health worldwide.
Current vaccines that have been licensed for marketing include killed whole microorganisms,
live attenuated microorganisms, microbial extracts, purified or recombinant proteins, DNA

vaccines and virus-like particles. Even though many diseases have been defeated by the broad
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distribution of these vaccines, the goal to generate community (herd) immunity in a wide variety
of disease settings remains elusive owing to a number of problems in current vaccination
programs. Specifically, vaccine-associated adverse side effects range from local and systemic
inflammatory response, fever, platelet activation, cardiac autonomic dysfunction, anaphylactic
reaction (induced by needle injection of certain vaccines) [1-4] to the rare occurrence of
paralytic poliomyelitis (mediated by ingestion of the oral polio vaccine) [5], myopericarditis
(induced by inoculation of the Dryvax smallpox vaccine) [6] and Bell’s palsy (induced by a
bacterial toxin nasal adjuvant) [7,8]. In 2010, a sudden rise of narcolepsy among vaccinees was
reported in a few countries following needle injection of an HIN1 pandemic influenza vaccine
containing the squalene adjuvant [201]. Injection of squalene alone can induce rheumatoid
arthritis in animals [9]. As emerging evidence shows that chronic, low-grade inflammation is
associated with cardiovascular disease [10], obesity [11], diabetes [11], cancer [12] and
neurological disorder [13], vaccine-induced inflammation now needs focused attention. Whether
an acute inflammatory reaction induced by injection of an immunostimulating vaccine—adjuvant
complex [1-3] could evolve into a chronic, low-grade inflammation and trigger any of these
ailments in a subset of vaccinees over time is of paramount importance in public health;
however, this potential hazard has not been rigorously investigated. Since the concept of vaccine
safety is evolving from ‘protection against pathogen-induced diseases’ to ‘no possibility of
inducing adverse consequences’, any known extraneous agents, toxicity and residual virulence
found in a vaccine would not be allowed, and any possibility of inducing unknown side effects
(e.g., inflammation in vital organs) should be avoided.

[00116] Mucosal and systemic immune responses are elicited and regulated with a
considerable degree of independence and most vaccines have been administered invasively by
intramuscular injection, which induces good systemic immunity but often weak mucosal
immunity that is crucial in defense against mucosal pathogens (e.g., influenza virus,
Mycobacterium tuberculosis and HIV) [14,15]. Efficient induction of mucosal immunity usually
employs nasal or oral vaccination owing to the unique ability of resident mucosal dendritic cells
(DCs) to induce IgA switching and to imprint mucosa-specific homing receptors (e.g., CCR9 and
a4b7 integrin) on lymphocytes [15,16]. In addition to weak mucosal immunity induced by an
injectable vaccine, the syringe needle as a vaccine administration device also poses serious

problems through intentional or inadvertent unsterile re-use, needlestick injury, improper waste
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disposal, as well as limited injection service by licensed medical personnel during a crisis [17].
Public fear of pointed needles (aichmophobia) plays another role in hindering vaccine coverage.
Some people may thus prefer the odds of getting a disease versus the odds of inflicting pain,
injury, or death by systemic vaccination. Since the objective of vaccination programs is to reduce
the overall probability of infection by generating community (herd) immunity, the mission will
be undermined by a hold-off on vaccination owing to public fear of risks. To date, enabling
technologies for reversing negative perceptions by developing a new generation of rapid-
response vaccines that are safe, efficacious, painless and economical are emerging on the
horizon.

[00117] Noninvasive vaccination as a means to boost vaccine coverage. Needle-free
noninvasive vaccination holds the promise of changing the public’s attitude from ‘being forced
to get a needle shot’ to ‘proactively seeking vaccination without fear’. Vaccines can be
administered noninvasively by oral ingestion [S5], nasal spray [18,19], as well as topical
application of a skin patch [19-23] in a painless manner. Noninvasive vaccination by
administration of vaccines to the interface between the inner body and outside environment not
only confers a high degree of vaccinee comfort, but may also lead to a qualitatively superior
immune response as compared with conventional systemic vaccination. Mucocutaneous surfaces
are covered by a highly immunocompetent epithelium that serves as a physical barrier and
ensures that antigens penetrating into the superficial layer are efficiently captured and presented
to the immune system. By logic, animals and humans must deploy the most competent immune
cells along the surface barrier to ward off infections since it would be counter-productive to keep
these ‘professional immune soldiers’ in deep tissues where they rarely encounter invading
pathogens. Professional antigen-presenting cells (APCs) including multiple DC subsets [24,25],
edT cells [26] and others can be found in high densities along the mucocutaneous surface. A
subset of mouse bone marrow cells expressing the retinoic acid-synthesizing enzyme are capable
of providing retinoic acid to DC precursors for inducing mucosal DC functions, including
generation of Foxp3+ regulatory T cells, IgA-secreting B cells and mucosa-specific homing
receptors [27]. It has been shown that the route of vaccination critically impacts not only the
magnitude but also the phenotype and trafficking of antigen-specific CD8+ T lymphocytes in
mice. Intramuscular injection of an adenovirus (Ad)-vectored vaccine induced robust local

transgene expression and elicited high-frequency, polyfunctional CD8+ T lymphocytes that
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trafficked broadly to both systemic and mucosal compartments. By contrast, intranasal
instillation of the Ad-vectored vaccine led to similarly robust local transgene expression but
generated low-frequency, monofunctional CD8+ T lymphocytes with restricted anatomic
trafficking patterns [28]. Noninvasive vaccination thus takes advantage of an existing biological
pathway that leverages the immune system’s ability to respond at superficial but
immunocompetent tissue sites along the mucocutaneous surface to elicit localized protective
immunity against mucosal pathogens at the portal without inducing an over-reactive systemic
immune response.

[00118] Although it is required to aseptically manufacture vaccines under current good
manufacturing practices, contamination by unknown microorganisms or contamination below
detection by modern instruments and high-throughput assays may still occur. Coadministration
of these contaminants with a noninvasive vaccine onto the mucocutaneous surface would pose
little danger to the vaccinee since the mucocutaneous immune system is well versed in
counteracting microbial invasion at all times as the interface is in constant contact with microbes.
By contrast, injection of a contaminated vaccine into deep tissues can, in theory, trigger an
exponential growth of microorganisms within the body in the absence of a timely immune
response, or conversely, an ‘immune storm’ induced by an over-reacting immune system.
Overall, elicitation of protective immunity along the mucocutaneous surface is a daily routine;
animals and humans have evolved adequate mechanisms for winning daily battles (daily
microbial invasion) without losing the war (overall health). Noninvasive vaccination utilizes the
daily operation of the immune system along the interface without surprising the immune system
by physical delivery of immunostimulating vaccine—adjuvant complexes into deep tissues where
immunocompetence is low.

[00119] The zigzag pathway to develop an adenovirus into a vaccine carrier. Adenovirus
belongs to a family of icosahedral nonenveloped DNA viruses with a linear DNA genome of 30—
38 kb (size varies from group to group) bracketed by inverted terminal repeats. An Ad particle
contains a tightly coiled DNA genome packaged inside a hexagonal protein capsid (FIG. 9A).
The Ad genome contains both early genes encoding regulatory proteins and late genes encoding
structural proteins [29]. Multiple Ad serotypes are commonly found in animals and humans, and
there can be significant differences in the pathogenicity and course of disease among different

serotypes; some are quite benign in immunocompetent human hosts (e.g., human Ad serotype 5

38



WO 2012/129295 PCT/US2012/029927

[30]) whereas others may cause diseases that are usually mild and self-limiting. A number of
noteworthy reasons warrant the development of Ad into a vaccine carrier. Specifically, human
Ad4- and Ad7-based oral vaccines (a type of noninvasive vaccine) have proven safe as well as
efficacious during mass immunization of military recruits [31]. Potentially, replicating Ad4 or
Ad7 can be further bioengineered into oral vaccine carriers to elicit immunity against other
pathogen-derived antigens. However, it is difficult to quantitatively release a replicating
bioengineered vector that represents a genetically modified organism in a controlled manner.
Introduction of a genetically modified organism into the ecosystem is also undesirable in the
public’s perception. A nonreplicating vector thus would be safer and more acceptable than its
replicating counterpart. Although a nonreplicating AdS5 vector was developed nearly three
decades ago by truncating its E1 region (FIG. 9B) [32], a critical issue for the El-defective (AE1)
AdS5 vector produced in human 293 cells is the intrinsic contamination by replication-competent
Ad (RCA) that arises through homologous recombination between overlapping sequences
framing the E1 locus displayed by transfected 293 cells and the vector backbone [33]. RCA
represents a biohazard because it can replicate in an infected host with the capacity for horizontal
transmission to bystanders through virus shedding [30]. To circumvent the problem of RCA,
RCA-free Ad vectors have been generated in human PER.C6 cells using PER.C6-compatible
shuttle vectors that do not contain overlapping sequences with the PER.C6 genome [34,35].
Unlike replicating Ad4 and Ad7, the nonreplicating AdS does not immunize animals efficiently
when administered orally due to its inability to undergo virus amplification and its susceptibility
to low pH, gastric and pancreatic proteases, and extracellular mucins [36].

[00120] Despite problems observed following administration by the oral route, the
nonreplicating E1/E3-defective (AE1E3) AdS5 (FIG. 9B) has been developed and used as a
parenteral gene-therapy vector in a large number of therapeutic trials owing to its high capacity
for accommodating transgenes, high-titer production, high-efficiency gene delivery and high-
level transgene expression (at least as an initial burst) [35]. However, AdS is not an ideal vector
for classical gene therapy because transgene expression is transient [35]. Therefore, use of an
AdS vector fails to meet a major goal of gene therapy, which usually requires sustained transgene
expression. Moreover, the common presence of pre-existing AdS immunity in human
populations [37-39] and the rapid development of an anti-AdS immune response following the

first inoculation with the vector [40,41] have impeded its clinical use by limiting gene transfer
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efficiencies. Strategies to circumvent these drawbacks include serotype switching, capsid
modification and development of nonhuman Ad vectors, on the assumption that another Ad
vector can substitute when the initial one is disabled by pre-existing Ad immunity. Although
human Ad3, Ad4, Ad35, Ad41 or a chimeric Ad5 containing the Ad11 or Ad35 fibers have been
bioengineered into nonreplicating Ad vectors (FIG. 10), AdS is still more potent and safer than
other serotypes in preclinical animal models [42]. A number of nonhuman Ads such as bovine
Ad [43], porcine Ad [43] and nonhuman primate Ad [44] have also been developed to expand
the repertoire of Ad vectors (FIG. 10). Even though a porcine Ad-vectored vaccine can be at
least as potent as its AdS counterpart in mice [45], the human AdS is still the premier gene-
transfer vector owing to the risk of inducing unpredictable human ailments by a nonhuman Ad
[46]. The genome of human AdS5 is remarkably stable in the field even after coinfection with
other Ad serotypes [47]. Moreover, the Ad5 vector has been further developed to display foreign
antigens on the surface after fusing pathogen epitopes to the pIX [48] or the hexon capsid
proteins [49] in addition to encoding pathogen antigens in its DNA genome (FIG. 10). Less
immunogenic AdS vectors were developed by deletion of E2b [50,51] or nearly all AdS
sequences except the inverted terminal repeats and the packaging signal (gutless Ad) (FIG. 10)
[52]. To date, these sophisticated strategies have not yet yielded profound clinical improvement.
[00121] In contrast to intramuscular or intravenous injection of AdS5, it has been shown that
intranasal administration (the natural route of Ad5 infection) would allow a AE1E3 Ad5-vectored
vaccine to bypass pre-existing AdS immunity without appreciably losing potency in mice
[41,53], nonhuman primates [54] and humans [19]. These observations are conceivably
attributed to the high efficiency of gene delivery, robust transgene expression and potent antigen
presentation along the mucosal barrier in the respiratory tract. Anti-AdS immunity is thus no
longer an insurmountable limiting factor and refinement of bioengineered Ad vectors may no
longer be a sine qua non for further development of Ad-vectored vaccines.

[00122] The AdS vector’s reputation has been derailed multiple times during its development.
In addition to pre-existing AdS immunity, the death of a patient with partial ornithine
transcarbamylase (OTC) deficiency after infusing a high dose of Ad5-OTC vector into his
hepatic artery during a human gene-therapy trial [55] marked AdS as a dangerous vector in the
public’s perception. Evidence shows that injection of Ad particles into the circulatory system (an

unnatural route for Ad infection) is an unsafe approach because Ad particles rapidly induce
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systemic inflammation postinjection [56,57], and a variety of Ad serotypes cause activation of
coagulation, possibly through interaction with platelets [42]. During a large-scale human trial
(Step Study) of an AdS-vectored HIV vaccine, administration by intramuscular injection did not
lower HIV viral load and vaccination was associated with increased risk of human HIV infection
in AdS-seropositive subjects [58,59]. The counterintuitive results may again be attributed to a
misuse of the vector since the potency of an AdS-vectored vaccine surpasses that of other virus-
and nonvirus-based vaccine platforms in eliciting cellular immunity [60]; consequently, the AdS-
induced expansion of CD4+ T cells would exacerbate this peculiar disease as CD4+ T cells are
the specific targets for HIV infection [61]. In addition, human subjects were immunized by
intramuscular injection of AdS particles during the Step Study [58,59], which is not very potent
in eliciting mucosal immunity against a mucosal pathogen such as HIV [14,62,63].

[00123] Reality check of current adenovirus-vectored vaccines. To develop the next
generation of vaccines that are safe and effective, it is crucial for the vaccine to induce protective
immunity rapidly with a high benefit-to-risk ratio. The manufacture, distribution and
administration of the vaccine must be easy, fast and economical. In addition, the inherent
stability of the formulated vaccine and final filled product has to allow for long-term stockpiling
without a cold chain.

[00124] As shown in Table 2, protective immunity against a wide variety of pathogens has
been elicited in mice, guinea pigs, chickens, hamsters, cotton rats, raccoons, skunks, pigs and
nonhuman primates following immunization with Ad-vectored vaccines. Overall, Ad-vectored
vaccines can confer rapid and more robust protection against live pathogens than other types of
vaccines in animal models.

[00125] Although multiple human clinical trials of Ad-vectored vaccines have been
performed, few immunized human subjects have been challenged with a virulent live pathogen
(Table 3). Notably, a subset of human volunteers immunized by intramuscular injection of DNA
and AdS5-vectored malaria vaccines (DNA-primed/AdS5-boosted) were protected against live
malaria sporozoite challenge following mosquito feeding in Ad5-seronegative human subjects. It
has been shown that DNA vaccination alone without AdS booster failed to protect humans
against malaria; whether AdS vaccination alone could confer protection remains to be seen [64].
Even though immunized humans were not challenged with live pathogens during most human

trials (Table 3), they have provided a broad safety database for the use of Ad vectors in humans.
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[00126] Potency & safety of adenovirus-vectored nasal vaccines. As described earlier, nasal
vaccination induces potent mucosal immunity in a needle-free manner. Respiratory tract DCs
form a contiguous subepithelial network within the nasorespiratory tract, bridging innate and
acquired immunity. The density of DCs within the respiratory tract is highest in those areas
exposed to greater amounts of inhaled antigen [65]. Nasopharynx-associated lymphoid tissue,
constituting Waldeyer’s ring in humans, is a unique inductive site for B-cell responses and
plasma cell generation. Nasal vaccination is thus a driver for the elicitation of humoral immunity
including the formation of secretory IgA antibody within the respiratory tract [66]. Local
humoral immune responses have been induced in nasal, vaginal and salivary secretions following
intranasal administration of Ad-vectored vaccines into nonhuman primates [67]. An AdS5-
vectored nasal vaccine induced greater antigen-specific IgA responses in mucosal secretions and
sera in mice than its injectable counterpart [68]. In addition to humoral immunity, cellular
immune responses were observed in systemic and mucosal immune compartments shortly after
immunizing mice with an Ad-vectored herpes vaccine regardless of the route of inoculation;
however, anamnestic cytotoxic T lymphocyte responses compartmentalized exclusively to
mucosal or systemic lymphoid tissues after mucosal or systemic immunization, respectively,
several months postimmunization [14].

[00127] Although the DNA-primed/Ad5-boosted malaria vaccine induced protection against
live malaria sporozoite challenge in AdS5-seronegative human subjects, the failure to protect five
AdS5-seropositive human volunteers [64] may be attributed to pre-existing AdS immunity
[37,38,40,41]. As described earlier, one approach to circumvent this hurdle is to inoculate Ad-
vectored vaccines by nasal administration, which leverages what is a disadvantage for injectable
vaccines to an advantage for noninvasive mucosal vaccines without reduced effectiveness of
subsequent AdS re-administration [19,41,53,54]. An AdS-vectored nasal vaccine may induce
focused mucosal immunity in the airway, as shown by findings that intranasal immunization, but
not systemic immunization, induces long-lived cytotoxic T lymphocytes in mucosal tissues [14].
In addition, AdS-vectored nasal vaccines can protect animals against mucosal pathogens when
systemic immunization fails, even though the latter induces a more robust systemic immune
response [63,69,70]. The hypothesis that the focused mucosal immune response induced by nasal
vaccination may greatly reduce the systemic burden (e.g., systemic inflammation) to unaffected

internal tissues and organs was borne out by the finding that CD103+ mucosal DCs can dampen
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inflammatory responses by fostering the conversion of naive T cells into Foxp3'regulatory T
cells [71].

[00128] The common adverse effects induced by systemically delivered Ad particles are liver
damage and systemic toxicity owing to sequestration of Ad particles to the liver in large numbers
following injection [72]. In contrast to parenteral injection, biodistribution of Ad is limited to the
lung following intranasal administration [73] with no inflammation observed in any of the
internal organs [68].

[00129] Owing to the proximity of the nasal cavity to the brain, it is crucial to determine
whether AdS particles may induce inflammation and toxicity in the brain following nasal spray.
Unlike influenza, which is associated with human neurological disorders [74], natural infection
by Ad5 has not been reported to induce encephalitis in humans. Intranasal administration of
AE1E3 AdS vectors into mice did not mediate transgene expression beyond the olfactory bulb,
nor induction of inflammation in the brain [68]. It is thus conceivable that significant amounts of
Ad5 cannot enter the brain following nasal delivery. Even though a small number of AdS
particles may infiltrate into the brain on occasion, the nonreplicating AdS is likely to do less
harm than its replicating wild-type counterpart due to its inability to amplify adverse effects
through replication and late gene expression. The safety profile of the live-attenuated influenza
virus vaccine (LAIV; known as FluMist® in the USA) [75] corroborates the hypothesis that the
influenza virus-induced encephalitis [74] could be attributed to viral replication in the brain since
LAIV can only replicate in the airway, where temperature is lower, but not within the brain,
where it is too hot for the cold-adapted LAIV. The induction of herpes simplex encephalitis in
TLR-3-deficient patients [76] suggests that it may be a common event for a small amount of
virus to penetrate the brain through the olfactory tract and that an effective defense mechanism
exists in immunocompetent people to arrest the virus before it replicates uncontrollably within
the brain. Since natural infection by replicating wild-type AdS is not associated with
encephalitis, nasal spray of nonreplicating AdS vector thus represents a driver in the pursuit of a
safe carrier for vaccine delivery.

[00130] Even though it may have been a mistake to immunize humans via intramuscular
injection of an AdS5-vectored HIV vaccine [58,59], the ability of AdS to mobilize the CD4+ T-
cell repertoire may be the driver, in part, for eliciting potent protective immunity against other

pathogens [41,53,63,77-79]. To date, intranasal administration of an AdS-vectored inf luenza
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vaccine has induced seroconversion in human subjects without causing serious side effects in the
presence of pre-existing AdS immunity [19]. The induction of sterile immunity against malaria
[64] and seroconversion against influenza [19] in humans (Tab le 2) in conjunction with solid
protective immunity induced in multiple animal models (Table 2) collectively prove the worth of
Ad-vectored vaccines in preventing disease.

[00131] LAIV has been licensed for immunizing a subset of human populations (2—49 years
of age in the USA) [75]. Like LAIV, it is conceivable that an Ad-vectored nasal vaccine may not
be permitted to immunize the very young and the elderly, at least during the initial period before
its safety profile is well established through large-scale field trials. Furthermore, nasal
vaccination would not be recommended for people with respiratory illness (e.g., asthma).
Whether pregnant women will be amenable to nasal vaccination using nonreplicating Ad
particles remains to be seen.

[00132] Prospect for commercialization of Ad-vectored vaccines & other recombinant DNA-
based vaccines. The nonreplicating AEIE3 Ad5-vectored vaccine without RCA contamination
[35] can be classified as a variant of DNA vaccines because it consists of a linear DNA genome
embedded in a protein capsid (FIG. 9A) without the capability of replication in nonpermissive
cells. Unlike naked DNA vaccines that have to be inoculated by trained personnel using a
penetrating device such as the gene gun [80,81], syringe needle [82] or electroporator [83], Ad
particles can autonomously penetrate cells along the mucosal barrier following nasal delivery
[35]. Only a decade ago, DNA vaccines were an unproven novelty with limited acceptance in the
scientific community, even though DNA vaccines forego many of the potential safety concerns
related to contemporary vaccines and recombinant DNA technology can generate new vaccines
rapidly and creatively at low costs [80,82]. To date, four naked DNA vaccines have been
licensed for animal use on a commercial scale [84]. An RCA-contaminated AdS vector encoding
pS3 produced in 293 cells has been licensed for treating a large number of cancer patients in
China since 2004 [85]. As the clinical picture is beginning to unfold as a result of years of
increased usage and careful patient follow-up, it is conceivable that promising data may usher in
a recombinant DNA-based vaccine age with the Ad-vectored vaccine as one of the essential tools
in the public health arsenal against infectious disease.

[00133] Maintenance of Ad vector viability during storage. In addition to safety and efficacy,

the next generation of vaccines has to be less reliant on a chain of cold facilities to ensure wide
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dissemination of vaccines to the world’s least affluent populations. To date, novel formulations
have allowed Ad vectors to be stored in liquid buffer at 4°C for at least a year [86]; at 45°C in
carbohydrate glass for at least 6 months [87]; or at 4°C for at least a year as lyophilized dry
powder [88]. Proprietary technologies for storing Ad particles at room temperature in either
liquid or lyophilized form have also been developed at Stabilitech [202]. In summary, RCA-free
AdS5 vectors can be rapidly manufactured in serum-free PER.C6 suspension cells, purified easily
by column chromatography, and formulated as final filled products that can be stored and
shipped without a cold chain (FIG. 5).

[00134] Adenovirus-vectored drug—vaccine duo for conferring rapid & sustained, seamless
protection against pathogens. Applicant recently demonstrated that intranasal administration but
not intramuscular injection of AE1E3 AdS particles, with or without a pathogen antigen encoded
in the Ad5 genome, can confer prophylactic therapy against influenza before adaptive immunity
is elicited [89]. An AdS vector encoding pathogen antigens may thus induce rapid and sustained
seamless protection against a pathogen as a drug—vaccine duo (DVD). An AdS5-vectored
influenza DVD confers a number of advantages when it is compared with licensed influenza
vaccines (Tab le 3) and drugs (Table 5). It has been documented that administration of AE1E3
AdS particles into mice rapidly induces the production of a wide array of inflammatory cytokines
and chemokines [56] including type I interferon (IFN-o and IFN-f) [90], impairs lung DCs [91],
activates natural killer cells [92], induces production of antiviral nitric oxide [57], and triggers
multifaceted interactions between AdS and blood proteins, platelets, macrophages, endothelial
cells and respective parenchymal cells [56]. It is conceivable that multiple reactions induced by
the AE1E3 AdS5 particles may combine to establish an anti-influenza state in the airway, thus
creating a multidimensional defense barrier that cannot easily be bypassed by an influenza virus.

[00135] Although prophylactic influenza therapy can be performed by intranasal
administration of complex bacterial lysates [93] or bacterial toxins [94], the bacterial component-
induced anti-influenza state was very transient, with its protective effects declining within a few
days post-therapy [93,94]. The finding that AdS-induced protective effects could persist for at
least 3 weeks with only a partial decline observed on day 47 in a single-dose regimen [89]
suggests that the underlying mechanisms between bacterial component- and AE1E3-AdS5-
induced anti-influenza states may differ. Notably, only the Ad5-mediated therapy would allow

sufficient time for the DVD’s vaccine component to elicit adaptive immunity before its drug
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effects decline (FIG. 11). Furthermore, administration of a digestive tract-associated bacterial
toxin into the respiratory tract as an influenza drug [94] violates a core principle in evolutionary
medicine by surprising the immune system, and this unnatural regimen has been associated with
the induction of Bell’s palsy in human subjects [7,8].

[00136] Influenza virus is insidious in mutating into drug-resistant strains when it is inhibited
by an influenza drug (e.g., the M2 ion channel blocker [amantadine, rimantadine] or the
neuraminidase inhibitor [oseltamivir, zanamivir]) [95]. Unlike contemporary influenza drugs, the
AdS5-vectored DVD conceivably changes the habitat in the respiratory tract without directly
effecting the influenza virus; hence the AdS particle confers no mutational pressure on influenza
virus for inducing drug resistance. In contrast to the oseltamivir-induced suppression of mucosal
immunity with the risk to enhance vulnerability to subsequent mucosal pathogen infections in
drugged animals [96], the AdS5-vectored DVD enhances protective mucosal innate immunity, at
least in the influenza setting [89]. Since the licensed nasal LAIV (e.g., FluMist) contains live
influenza virus [35], coadministration of LAIV with an influenza drug is counter-productive
because the drug would disable the vaccine by killing live influenza viruses. The AdS-vectored
DVD is not only compatible with a licensed influenza drug due to its lack of the drug targets
(e.g., ion channel or neuraminidase) (Table 4), but it also confers prophylactic therapy as a drug
by itself in addition to its vaccine capacity (Table 5) [89].

[00137] It is unlikely that influenza is the only disease that can be arrested by AdS particles; it
is also unlikely that AdS can counteract all diseases as a panacea. The findings merely show that
a single intranasal administration of Ad5-vectored DVD can confer prophylactic therapy against
at least a subset of mucosal respiratory pathogens for many weeks in a preclinical animal model
and use of the DVD should be unable to induce drug resistance. Subsequent elicitation of
sustained protective immunity by the DVD’s vaccine component fortifies efficacy. The
development of a DVD platform will conceivably foster the development of novel clinical
strategies in a wide variety of disease settings.

[00138] Mass immunization of animals with adenovirus-vectored vaccines. As shown in
Table 2, Ad-vectored vaccines have been developed to mass immunize farm animals as well as
wildlife. Notably, chickens can be immunized against avian influenza (possibly other poultry
diseases as well) by intramuscular injection [78], in ovo administration [97-101], or aerosol

spray [102,103] of human AdS vectors encoding avian influenza virus hemagglutinin. The
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versatility of Ad5-vectored vaccines in mass immunization of poultry thus outperforms that of
other poultry vaccines. Pigs have also been successfully immunized with AdS-vectored vaccines
[104,105]. An oral canine Ad-vectored rabies vaccine has been developed as a bait to mass
immunize wildlife [106]. Overall, Ad-vectored vaccines are emerging as a promising tool in
mass immunization programs.

[00139] Conclusion. Evidence shows that Ad-vectored vaccines and the new DVD provide a
potentially revolutionary approach, allowing precisely designed, easily manufactured and highly
effective DVD to confer rapid and sustained, seamless protection of humans and animals in a
wide variety of disease settings, without the side-effect profile, shelf instability or manufacturing
challenges that other approaches have seen.

[00140] Expert commentary. To further boost vaccine coverage worldwide, it is urgent to
develop a new generation of vaccines that can be rapidly manufactured at low costs and mass
administered by nonmedical personnel without the requirement for a cold chain. Ad5-vectored
vaccines comply with these criteria. The development of a DVD platform may potentially
change the medical landscape by consolidating vaccines and drugs into a single package that is
not impaired by drug resistance.

[00141] Five-year view. Two human Phase I clinical trials of AdS-vectored nasal influenza
vaccines have been completed with promising results. Challenge of human subjects with live
influenza viruses following nasal spray of an AdS-vectored DVD is expected to be performed
within 5 years. AdS5-vectored poultry vaccines are expected to enter the commercial market
within 5 years.

[00142] Key issues. There is an urgent need to develop a new generation of vaccines that can
be rapidly manufactured and mass administered by nonmedical personnel during a crisis.
Replication-competent adenovirus (RCA)-free adenovirus (Ad)S-vectored vaccines can be
produced rapidly at low costs from PER.C6 suspension cells in serum-free medium in response
to an escalation in demand. RCA-free Ad5-vectored vaccines can be mass administered to people
by nasal spray, as well as to poultry by automated in ovo administration and aerosol spray.
Wildlife can be mass immunized by baits containing canine Ad-vectored oral vaccines. Ad-
vectored vaccines can induce highly specific immune interventions based on well-defined
antigens that are the focus of specific immune reactivity. There should not be any safety

concerns for nasal administration of an RCA-free AdS vector into people since the vector is
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nonreplicating and the procedure is in compliance with evolutionary medicine. There should not
be any safety concerns for mass immunization of poultry by an AdS vector since chicken cells do
not support replication of human AdS. It is conceivable that chickens will rapidly eliminate AdS
after the immune repertoire is mobilized toward a beneficial immune protection following
vaccination. A DNA-primed/Ad5-boosted malaria vaccine successfully protected human subjects
against live malaria sporozoite challenge following mosquito feeding. An AdS-vectored nasal
vaccine was serendipitously shown to confer rapid protection against influenza in a drug-like
manner. Development of a drug—vaccine duo that consolidates drug and vaccine into a single
package that is not impaired by drug resistance would fundamentally change the way influenza
drugs and vaccines are prepared. Overall, more and more adverse effects induced by systemic
vaccination have been identified. Noninvasive mucosal immunization is safer and more effective
in conferring protection against mucosal pathogens than its systemic counterpart.

[00143] Tables
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Table 2. Examples of protective immunity induced by adenovirus-vectored vaccines against live

pathogens in animal models.
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Table 4. Rationale to develop an adenovirus serotype 5-vectored influenza drug-vaccine duo in

light of licensed influenza vaccines.
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Table 5. Rationale to develop an Ad-5 vectored influenza drug-vaccine duo in light of licensed
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Example 4: Adenovirus-vectored influenza rapid-and-prolonged-immunologicals-therapeuticals

[00146] The goal of AdS-vectored influenza RAPIT is to develop an influenza rapid-and-
prolonged-immunologic-therapeutic (RAPIT) that can be mass-produced at low costs and mass-
administered by non-medical personnel; with the capability to confer rapid/sustained protection
against influenza but without the potential to induce drug resistance and reassortment with a wild
influenza virus. There is no requirement to propagate an influenza virus and no requirement for

needle injection by licensed medical personnel.
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[00147] It is possibly to rapidly generate Ad5-vectored influenza vaccine without growing
influenza virus. In an influenza virus, growth varies from strain to strain, some strains are lethal,
it is prone to reassortment and mutation events and there is low-titer protection in eggs. In an Ad
vector encoding influenza HA, there are more consistent growth rates, the vector is benign, there
are no reassortment events, there is high-titer production in PER.C6 cells and a new RCA-free
Ad can be generated by the AdHigh system within one month.

[00148] Ad5-vectored influenza vaccines in cultured suspension cells may be mass produced.
For an Ad-vectored flu vaccine, cloning of influenza HA into Ad does not require growth of
influenza virus, a 500-liter wave bioreactor can produce 1016 Ad particles at one time from
PER.C6 suspension cells in serum-free medium, Ad particles can be purified by column
chromatography and production of Ad-vectored flu vaccines can be streamlined in rapid
response to an escalation in demand. For a conventional flu vaccine, some influenza virus strains
do not grow well in eggs, the average yield is approximately one dose per egg, contamination is
more difficult to identify in eggs than in cell cultures, there may be egg-associated allergies and
the processingis cumbersome.

[00149] AdS5-mediated gene therapy and nasal vaccination may be compared as follows. In
gene therapy, a therapeutic protein is expressed from Ad and a biological effect is induced
directly by a correct dose of therapeutic protein expressed from Ad in transduced cells. In nasal
vaccination, the antigen protein is expressed from Ad, the antigen is presented and an immune
response is induced through a cascade of reactions triggered by antigen expressed from Ad in
transduced cells. Reports in support of the hypothesis that preexisting immunity to Ad does not
interfere with the potency of Ad-vectored nasal vaccines include Shi Z et al. J. Virol. 75: 11474,
2001 (mice), Hoelscher MA et al. Lancet 367: 475, 2006 (mice), Croyle MA et al. PLoS ONE 3:
e3548, 2008 (mice), Song K et al. PNAS 107: 22213, 2010 (macaques) and Van Kampen KR et
al. Vaccine 23: 1029, 2005 (humans).

[00150] The study design of a human phase I clinical trial of an Ad5-vectored nasal avian
influenza vaccine was as follows. An AdhVN1203/04.HS vector encoded HA1+HA2 of the
A/VN/1203/04 (H5N1) avian influenza virus. The study was a randomized, double-blind,
placebo-controlled, single-site study. There were three cohorts at an escalating dose of 10%, 10°,
and 1019 vp. The doses were administered by nasal spray and two doses on Days 0 and 28.

There was a total of 48 healthy volunteers, aged 19 — 49. There were sixteen human subjects per
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dose cohort, including 4 placebo controls per cohort. The cell culture was a RCA free, cell
culture based manufacturing in PER.C6 suspension cells in serum-free medium. The adverse
events in the respiratory system in 30% or more of subjects included rhinorrhea, nasal irritation,
nasal congestion, cough and/or sore throat.

Example 5 Adenovirus particle as a broad-spectrum rapid-and-prolonged-immunologic-
therapeutic (RAPIT) against respiratory pathogens

[00151] FIG. 14 depicts prophylactic anthrax therapy by intranasal instillation of adenovirus
particles shortly before spore challenge.

[00152] Methods. AdE (E1/E3-defective Ad5 empty vector without transgene) and AdVAV
(E1/E3-defective AdS vector encoding Bacillus anthracis protective antigen) particles were
intranasally (i.n.) administered dropwise into the nostrils of young (2-month-old) female A/J
mice in a volume of 0.05 ml in a single-dose regimen shortly before i.n. challenge with 1X10°
cfu (~25xLDso) of Bacillus anthracis Sterne spores. Challenged animals were monitored for
survival on a daily basis for 14 days.

[00153] Results. AAVAV particles administered 2 days prior to challenge protected 67% of
mice against anthrax; AdE particles administered 2 days prior to challenge protected 30% of
mice against anthrax; AdE particles administered 1 day prior to challenge protected 22% of mice
against anthrax; untreated control mice and mice administered with diluted AdE particles all
succumbed to anthrax within 5 days. AdVAV/-2, AAVAV particles i.n. instilled 2 days prior to
challenge at a dose of 1.3X10® ifu; AdE/-2, AdE particles i.n. instilled 2 days prior to challenge
at a dose of 1.3X10® ifu; AdE*/-2, AdE particles i.n. instilled 2 days prior to challenge at a dose
of 1.3X10° ifu (100-fold dilution in PBS); AdE/-1, AdE particles i.n. instilled 1 day prior to
challenge at a dose of 1.3X108 ifu; Control, untreated control mice; numbers in parentheses
represent the number of animals in each group.

[00154] Significance. Data suggest that AdE or AAVAV particles may confer prophylactic
anthrax therapy in a drug-like manner, probably by activating a specific arm of innate immunity
that impedes growth of Bacillus anthracis in infected animals. Data suggest that the PA gene
expressed from AdVAV may confer synergy with AdE-mediated protection against anthrax. It is
conceivable that nasal spray of AAVAYV particles may confer more rapid protection against
anthrax than other anthrax vaccines during a crisis.

[00155] FIG. 15 depicts post-exposure anthrax therapy by i.n. instillation of AAVAYV particles.
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[00156] Methods. AAVAV particles were i.n. administered dropwise into the nostrils of young
(2-month-old) female A/J mice in a volume of 0.05 ml in a single-dose regimen, either before or
after i.n. challenge with 4X10° cfu (~100xLDso) of Bacillus anthracis Sterne spores.
Ciprofloxacin was administered by i.p. injection at a dose of 30 mg/kg (1 injection per day for 2
days; injected 1 and 24 hours post-challenge). Challenged animals were monitored for survival
on a daily basis for 14 days.

[00157] Results. AAVAV particles administered 2 days prior to challenge protected 40% of
mice against anthrax (confirmation of Figure 1 results); AJVAYV particles administered 1 hour
post-challenge delayed death but failed to improve survival rate; ciprofloxacin injected 1 hour
post-challenge also delayed death without success in improving survival rate; AAVAV particles
administered in conjunction with ciprofloxacin injection 1 hour post-challenge protected 56% of
mice against anthrax; all untreated control mice died within 5 days. AdVAV/D-2, AAdVAV
particles i.n. instilled 2 days prior to challenge at a dose of 1.3X10° ifu; AdVAV/D0, AdVAV
particles i.n. instilled 1 hour post-challenge at a dose of 1.3X10® ifu; AdVAV/Cipro/D0, AdVAV
particles i.n. instilled 1 hour post-challenge at a dose of 1.3X10® ifu in conjunction with i.p.
injection of ciprofloxacin; Cipro/D0, i.p. injection of ciprofloxacin; Control, untreated control
mice without treatments prior to challenge; numbers in parentheses represent the number of
animals in each group.

[00158] Significance. Data suggest that AAVAV particles may confer post-exposure anthrax
therapy in conjunction with antibiotic treatments. Synergy between AAdVAV and antibiotics was
revealed in this experiment. It is conceivable that nasal spray of AAdVAYV particles may be able to
reduce the requirement for antibiotic use in a post-exposure setting.

Example 6 Adenovirus particle as a broad-spectrum rapid-and-prolonged-immunologic-
therapeutic (RAPIT) against respiratory pathogens

[00159] Recently, it has been demonstrated that intranasal (i.n.) administration of AEIE3
adenovirus type 5 (AdS) particles, with or without a pathogen antigen encoded in the AdS
genome, can confer prophylactic therapy against influenza before adaptive immunity is elicited.
An AdS5 vector encoding pathogen antigens may thus induce rapid and sustained seamless
protection against a pathogen as a drug-vaccine duo (DVD). It has been documented that
administration of AEIE3 AdS particles into mice rapidly induces the production of a wide array

of inflammatory cytokines and chemokines including type I interferon (IFN-o and IFN-f);
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impairs lung dendritic cells; activates natural killer cells; induces production of the antiviral
nitric oxide; triggers multi-faceted interactions between AdS and blood proteins, platelets,
macrophages, endothelial cells, and respective parenchymal cells. It is conceivable that multiple
reactions induced by the AE1E3 AdS particles may combine to establish an anti-influenza state
in the airway, thus creating a multidimensional defense barrier that can hardly be bypassed by an
influenza virus. It is unlikely that influenza is the only disease that can be arrested by AdS
particles; it is also unlikely that AdS particles can counteract all diseases as a panacea. The
findings merely show that a single i.n. administration of AdE particles can confer prophylactic
therapy against at least a subset of mucosal respiratory pathogens for many weeks in mice and
use of the DVD should be unable to induce drug resistance because AdE particles change the
habitat in the airway without directly conferring mutational pressure to other viruses.
Subsequent elicitation of sustained protective immunity by the DVD’s vaccine component
fortifies efficacy. The development of a DVD platform will conceivably foster the development
of novel clinical strategies in a wide variety of disease settings.

[00160] The goal of this Example is to evaluate prophylactic intranasal treatment with Vaxin’s
AdE (Ad5 empty vector without an RSV transgene) on respiratory syncytial virus (RSV)-
infected cotton rats (CR). The endpoints of this study are the demonstration of reduced virus
titers in the lung lavage (3 mL) and nasal wash (2 mL) fluids of the infected cotton rats (ca. 60-
125 gm in weight) compared to untreated cotton rats. Virus quantification will be done by
plaque reduction assay.

[00161] Prophylactic Effectiveness in the RSV-Cotton Rat Model: Cotton Rats (60-125 gm
body weight):

[00162] Group 1: 6 CR prophylactically (day -2) treated intranasally with vehicle (A195
buffer).

[00163] Group 2: 6 CR prophylactically (day -30) treated intranasally with 2.4 x 10% ifu of
AdE.

[00164] Group 3: 6 CR prophylactically (day -2) treated intranasally with 2.4 x 10® ifu of
AdE.

[00165] Group 4: 6 CR prophylactically (days -30 and -2) treated intranasally with 2.4 x 10

ifu of AdE during each treatment cycle (prime/boost).

Toup J: 10 actica - treated intranasally with 2.4 x 1fu o .
[00166] Group 5: 6 CR prophylactically (-5 h) di 1ly with 2.4 x 10® ifu of AdE
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[00167] Challenge Virus: RSV-Tracy (P3 w.p. 1/20/12 grown in HEp-2 cells), 2.25 x 10° PFU

intranasally (100 uL) to cotton rats (60-125 gm) lightly anesthesized with isoflurane. Stock:
2.25 x 10° PFU/mL.

[00168] AdE vector: Vehicle (A195 buffer) and AdE at concentrations of 2.4 x 10° are stored
at -80°C. Just before use, materials are warmed to room temperature. At least 0.8 mL of each
treatment for each group (6 CR/group x 0.1 mL of inoculum) is needed. Unused material is kept
at -80°C.

[00169] Collection of organs and samples. Following euthanasia with CO,, each cotton rat
are weighed and the sex and age recorded. The left and one of the large right lobes of the lungs
will be removed, rinsed in sterile water to remove external blood contamination and weighed.
The left lobe is transpleurally lavaged using 3 mL of Iscove’s media with 15% glycerin mixed
with 2% FBS-MEM (1:1, v:v) in a 3 mL syringe with a 26g3/8 needle and injecting at multiple
sites to totally inflate the lobe. Lavage fluid is recovered by gently pressing the inflated lobe flat
and used to transpleurally lavage the right lobe following the same technique. The lavage fluid
is collected and stored on ice until titered. For nasal washes of the upper respiratory tract, the
jaws are disarticulated. The head is then be removed and 1 mL of Iscove’s media with 15%
glycerin mixed with 2% FBS-MEM (1:1, v:v) are pushed through each nare (total of 2 mL). The
effluent is collected from the posterior opening of the pallet and stored on ice until titered.
Samples are not frozen before titration which occurs at the end of sample collecting.

[00170] RSV Tracy lung lavage titers (PFU/gm lung) and nasal wash titers (total PFU).
Plaque assays are performed using 24-well tissue cultures plates containing nearly confluent
monolayers (20 to 40 x10” cells/well) of HEp-2 cells prepared in 10% FCS 24 hr prior to start of
assay. At the start of each assay, dilutions (usually serial logjo) are made of the test samples. A
0.2 mL sample of each is then be added to wells in duplicate and allowed to adsorb for 90 min
with occasional gentle agitation. After the inoculum is removed, the monolayers is then
overlayed with 0.75% methylcellulose in 2% FBS-MEM containing antibiotics, vitamins and
other nutrients. Tissue culture and positive virus controls are included in each assay. The plates
is placed in a 36°C, 5% CO, incubator. Day 6 + 1 day later, plates are stained with 0.1% crystal
violet/10% formalin solution (1.5 mL/well) and allowed to sit for 24-48 hr at room temperature.
Wells are rinsed with water. Plaques when present are easily visible (clear circles on a very dark

blue background). All of the plaques in wells containing between 20 and 80 plaques will be
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enumerated, averaged and the virus titers calculated as total log;o PFU for nasal wash fluid or
logio PFU/g of tissue for lungs or other organs. The lower limit of detection by this method is
approximately 1.5 log;o PFU/g tissue.

[00171] Antibody Response to AdE: Blood is collected from the orbital plexus from Groups
2 and 4 (3 CR/group) on day -30 and Groups 2 and 4 (6 CR/group) on day -2. Blood will be
collected from Groups 1-5 on Day +4. Serums are stored at -20°C.

[00172] Reserve samples. Aliquots of nasal wash and lung lavage fluids (Groups 1-5) are
saved, stored at -80°C. Serum samples from day +4 are saved, stored at -80°C.

[00173] Table 6: Proposed plan of study:

AdE
Group1 Treatment” | Route Vohime Particles "lére}z: tgnelnt Harvest Endpoint
(ML) | Gifg/cR) | Schedule
Buffer Day Day -2 Virus titer
1 --- 0 0 .
-2 in lung
o | AdEDay- ) 000 | 24x10t | P2 lavage and
30 nasal
3 AdE,Day-2 | in. 0.100 | 2.4x10° Day -30 Day +4 wash
4 AdE,Days- | in. | 0.100 | 2.4x10°| Days-30 fluids by
30,-2 and -2 PFU
5 AdE, -5 in. | 0.100 |24x10° | Hour-5
Hours

[00174]  Abreviations: i.n., intranasal; PFU, plaque forming units. "N = 6 animals/group; 30
animals total. “All animals to be challenged i.n. (100 pL) with RSV-Tracy (ca. 2.25 x 10° PFU)

on day 0.
[00175] Table 7: Daily Schedule:
Day -30 Day -2 Day 0 Day +1 to +3 Day +4 Days
+5to +16
Treat Treat Group | At -5 h, treat Collect nasal Monitor
Groups 2 I within. | Group 5 with Monitor wash and titrations
and 4 with Vehicle; in. AdE animals lavage 2 lobes | for PFU
in. AdE; Groups 3 of lungs for
and 4 with | At 0 h, infect virus titers;
Bleed i.n. AdE; Groups 1-5
Groups 2 i.n. with Collect blood
and 4 (3 Bleed RSV-Tracy from Groups
CR/gp) Groups 2 1-5
and 4 (6
CR/gp)

[00176] Abreviations: i.n., intranasal; PFU, plaque forming units; gp, group.
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[00177] Timeline Day O:

[00178] 9 am => Treat group 5 i.n. AdE

[00179] 2 pm => Infect all groups

[00180] Dosage and Lung and Body Weights on Day +4:
[00181] Table 8. Lung and Body Weights on Day +4

AdE Dose | Lung Lobe Weight (g)1 Body Weight (g)
Group Treatment (ifu/cr) Mean SD Mean SD
1 Buffer Day -2 0 0.31 0.02 163.0 16.1
2 AdE, Day -30 24x10° 0.35 0.05 155.9 12.1
3 AdE, Day -2 24x10° 0.36 0.05 139.8 19.9
4 AdE, Days -30,-2 | 2.4x 10° 0.37 0.03 141.7 19.1
5 AdE, -5Hours | 2.4x10° 0.38 0.04 146.1 8.7

[00182] " There was a statistically significant difference between groups 1 v 3,4,5; P = 0.41,
0.011 and 0.004, respectively.

[00183] *There was a statistically significant difference between groups 1 v 5; P = 0.047.
[00184] RSV-Tracy Nasal Wash and Lung Lavage Plaque Reduction Titers:

[00185] Table 9. RSV-Tracy titers in nasal wash fluids on day +4

RSV titer (logy, total PFU) in cotton rat Change T test/2 v.
Group Treatment A B C D E F Mean SD (logio) Gp 1*
1 Buffer Day -2 4.99 5.40 4.98 4.98 5.09 5.02 5.08 0.16 - -
2 AdE, Day -30 5.04 5.09 4.86 5.07 5.00 4.69 4.96 0.16 -0.12 0.230
3 AdE, Day -2 4.86 5.51 5.39 Died 4.94 5.55 5.25 0.32 0.17 0.280
4 AdE, Days -30,-2 545 5.23 4.99 5.13 5.10 5.03 5.15 0.17 0.08 0.425
5 AdE, -5 Hours 5.56 5.35 5.51 545 5.51 5.13 542 0.16 0.34 0.0042

[00186] *Minimum detection = 0.7 log;y, Total PFU. For statistical analysis (Student t test,
two-tailed) minimal detection (0 plaques) was counted as 0.35 log;o, Total PFU. Additional
significant P values: Group 5 v 2, 4, P<0.02.

[00187] Table 10. RSV-Tracy titers in lung lavage fluids on day +4

RSV titer (logio PFU/g lung) in cotton rat Change | T test/2
Group | Treatment | A | B | C | D | E | F |[Mean| SD | (logi) | v.Gp I*

1 Buffer
Day -2 5.06 | 5.18 | ** | 5.06 |5.01(5.03] 5.07 |0.07 --- -

2 AdE, Day
-30 474 1459 | 4.44 | 452 1 4.65 452 458 |0.11| -0.49 |0.000010
3 AdE, Day

-2 5.0314.26 | 4.60 | Died | 4.60 | 4491 4.60 | 0.28 | -0.47 0.0063
4 AdE,
Days -
30,-2 3951501 (414|454 |4.65|4.68] 449 [0.39| -0.57 0.0098
5 AdE,-5 [5.02]534|453|388 |545|4.65] 481 [0.59| -0.26 0.357
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[00188] *Minimum detection = 1.3 log;¢/g lung. **There were no plaques although there was

virus in the nasal fluid. Therefore, it was assumed that the lungs were not infected or technical
error. Did not include in these data for analysis. For statistical analysis (Student t test, two-
tailed) minimal detection (0 plaques) was counted as 1.1 logjo/g lung. There were no additional

significant P values.

[00189] Having thus described in detail preferred embodiments of the present invention, it is
to be understood that the invention defined by the above paragraphs is not to be limited to
particular details set forth in the above description as many apparent variations thereof are

possible without departing from the spirit or scope of the present invention.
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WHAT IS CLAIMED IS:

1. A method for inducing a rapid and prolonged protective response against
respiratory pathogens in a mammalian subject in need thereof comprising administering
intranasally an effective amount of at least 107 infectious units (ifu) of E1 and/or E3 deleted
adenovirus, with or without encoding a pathogen-derived antigen, wherein the protective
immune response begins within about five hours of administration and lasts at least 45 days if an
influenza virus-derived antigen is not included.

2. The method of claim 1, wherein the respiratory pathogen is a virus.

3. The method of claim 2, wherein the virus is an influenza virus, a respiratory

syncytial virus (RSV), a common cold virus or a measles virus.

4, The method of claim 3, wherein the common cold virus is a rhinovirus or a
coronavirus.

5. The method of claim 1, wherein the respiratory pathogen is a bacterium.

6. The method of claim 5, wherein the bacterium is selected from the group

consisting of Bacillus, Mycobacterium, Staphylococcus, Streptococcus, Pseudomonas,

Klebsiella, Haemophilus, and Mycoplasma.

7. The method of claim 6, wherein the bacterium is Bacillus anthracis.

8. The method of claim 1, wherein the respiratory pathogen is a fungus.

9. The method of claim 8, wherein the fungus is Aspergillus.

10. The method of claim 1, wherein the effective amount is at least 10 infectious

units (ifu) of E1 and/or E3 deleted adenovirus.

11. The method of claim 1, wherein the effective amount is at least 10® infectious
units (ifu) of E1 and E3 deleted or disrupted empty adenovirus.

12. The method of claim 1, wherein the effective amount is at least 10° infectious

units (ifu) of E1 and E3 deleted or disrupted empty adenovirus.

13. The method of claim 1 wherein the subject in need thereof is an adult.
14. The method of claim 1 wherein the subject in need thereof is a child.
15. The method of claim 1 wherein the subject in need thereof is an

immunocompromised patient.

16. The method of claim 1 comprising at least two steps of administering.
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17. The method of claim 16 wherein the administering is about 40 days apart, about
41 days apart, about 42 days apart, about 43 days apart, about 44 days apart, about 45 days apart,
about 46 days apart, about 47 days apart, about 48 days apart, about 49 days apart or about 50

days apart.
18. The method of claim 1 wherein the adenovirus is a human adenovirus.
19. The method of claim 1 wherein the adenovirus is a bovine adenovirus, a canine

adenovirus, a non-human primate adenovirus, a chicken adenovirus, or a porcine or swine

adenovirus.
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