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62/369,288, filed August 1, 2016, the contents of which are incorporated by reference herein

in their entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
This invention was made with government support under grants PO1
Al082282 and U19 AI074078, awarded by the National Institutes of Health. The government

has certain rights in the invention.

BACKGROUND OF THE INVENTION

Vaccination is widely recognized as the most effective method of preventing
or ameliorating morbidity from infectious diseases. However, traditional methods of vaccine
development using inactivation or attenuation of viruses have failed for some of the most
deadly human pathogens, necessitating new approaches. Progresses in research have enabled
the genetic manipulation of viruses allowing their attenuation as well as incorporation of
other foreign sequences. Viral vectors have been studied as potential tools to deliver vaccines
as they present advantages over traditional vaccines in that they stimulate a broad range of
immune responses including antibody (B cell), T helper cell- (CD4" T cell), and cytotoxic T
lymphocyte- (CTL, CD8" T cell) mediated immunity. These viral vector vaccines could be
used against various infectious and malignant diseases (Small and Hildegund, Curr Opin
Virol. 2011, October 1; 1(4): 241-245).

Adenoviruses (Ad) vectors are commonly used as vaccine carriers because of
their ability to induce insert-specific CD8" T cell responses, they have broad tropism, high
transduction efficiency and relatively pose no to low risks. However, vaccination is less
effective in the presence of neutralizing antibodies (nAb) and pre-existing Ad-specific

immunity represents a major obstacle for Ad-based vaccines as it decreases gene transfer
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efficacy and increases vector-mediated toxicity’ Until now, most Ad vectors are based on
human serotype 5 (AdHuS5). This virus is endemic in most human populations, and
neutralizing antibodies specific to AdHuS can be detected in up to 40-90% of humans.
Seroprevalence of other known human Ads also fluctuate globally with the occurrence of
natural infection.

To avoid the potential limitations imposed by preexisting immunity, vectors
based on rare human Ad serotypes and Ad from other species are being explored. For
instance, vectors based on alternative Ad serotypes are in development, including AdHu26,
35, 48, and the chimpanzee-derived AdC6, C7, and C68. Neutralizing titers to these various
rare Ad serotypes are typically low in humans, with seroprevalence to AdC6 and AdC7 less
than 5% of adults in the United States and less than 10% seropositive in equatorial Africa, the
natural habitat for chimpanzees. However clinical proof of safety, tolerability and
immunogenicity of these alternates Ad vectors remain lacking. Certain Adenovirus vectors
are disclosed in U.S. Application No. 14/190,787.

Clearly, there is a need in the art for methods of producing more efficient
adenovirus vector vaccine systems that circumvent the host’s pre-existing immunity, support
gene expression of large foreign inserts, while inducing a potent immune response and being

stable and safe for the host. The present invention fulfills this need.

SUMMARY OF THE INVENTION

The invention provides a composition comprising a nucleic acid sequence of a
chimpanzee-derived adenovirus vector of serotype AdC6 or AdC7, wherein the early gene E1
is deleted, the ORF3, ORF4, ORFS, ORF6, and ORF7 from the early gene E3 are deleted,
and wherein the nucleic acid sequence further comprises a promoter sequence linked to a
sequence encoding a heterologous protein, wherein the heterologous protein is at least one
HIV protein selected from the group consisting of gp140, gp160 and Gag.

In one embodiment, the promoter is a constitutive promoter. In another
embodiment, the promoter is a cytomegalovirus immediate early promoter (CMV). In yet
another embodiment, the nucleic acid sequence is selected from the group consisting of SEQ
ID NOs: 1-8.

In another aspect, the invention provides a protein expression system
comprising the composition listed above herein which comprises a nucleic acid sequence of a

chimpanzee-derived adenovirus vector of serotype AdC6 or AdC7, wherein the early gene E1
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is deleted, the ORF3, ORF4, ORFS, ORF6, and ORF7 from the early gene E3 are deleted,
wherein the nucleic acid sequence further comprises a promoter sequence linked to a
sequence encoding a heterologous protein, wherein the heterologous protein is at least one
HIV protein selected from the group consisting of gp140, gp160 and Gag, and further
wherein the nucleic acid sequence is selected from the group consisting of SEQ ID NOs: 1-8.

The invention also provides a protein expression system comprising the
composition listed above herein which comprises a nucleic acid sequence of a chimpanzee-
derived adenovirus vector of serotype AdC6 or AAC7, wherein the early gene E1 is deleted,
the ORF3, ORF4, ORFS5, ORF6, and ORF7 from the early gene E3 are deleted, wherein the
nucleic acid sequence further comprises a promoter sequence linked to a sequence encoding a
heterologous protein, wherein the heterologous protein is at least one HIV protein selected
from the group consisting of gp140, gp160 and Gag, and further wherein the nucleic acid
sequence encodes an amino acid sequence selected from the group consisting of SEQ ID
NOs: 9-16.

The invention further provides a method of eliciting an immune response in a
mammal against a heterologous protein. The method of the invention comprises
administering to the mammal a composition comprising a nucleic acid sequence of a
chimpanzee-derived adenovirus vector of serotype AdC6 or AdC7, wherein the early gene E1
is deleted, the ORF3, ORF4, ORFS, ORF6, and ORF7 from the early gene E3 are deleted,
and wherein the nucleic acid sequence further comprises a promoter sequence linked to a
sequence encoding a heterologous protein, wherein the heterologous protein is at least one
HIV protein selected from the group consisting of gp140, gp160 and Gag.

In one embodiment, the nucleic acid sequence is selected from the group
consisting of SEQ ID NOs: 1-8.

In another aspect, the invention provides a method of treating and/or
preventing HIV in a mammal. The method of the invention comprises administering a
therapeutically effective amount of a composition encoded by a nucleic acid sequence
selected from the group consisting of SEQ ID NOs: 1-8.

In yet another aspect, the invention provides method of vaccinating a mammal
against HIV infection. The method of the invention comprises administering to the mammal a
pharmaceutically acceptable amount of the composition listed above herein, which comprises
a nucleic acid sequence of a chimpanzee-derived adenovirus vector of serotype AdC6 or
AdC7, wherein the early gene E1 is deleted, the ORF3, ORF4, ORFS, ORF6, and ORF7 from

the early gene E3 are deleted, wherein the nucleic acid sequence further comprises a



10

15

20

25

30

WO 2018/026547 PCT/US2017/043315

promoter sequence linked to a sequence encoding a heterologous protein, wherein the
heterologous protein is at least one HIV protein selected from the group consisting of gp140,
gp160 and Gag, and further wherein administration of the composition elicits an immune
response in the mammal.

In one embodiment, the composition is administered prophylactically to the
mammal. In another embodiment, the composition is administered therapeutically to the
mammal. In yet another embodiment, composition is administered in combination with an
adjuvant.

In a further aspect, the invention includes a method of generating a effector
and memory T cell immune response to a heterologous protein in a mammal. The method of
the invention comprises the steps of: (a) administering the composition of the invention listed
above herein to a mammal in an amount effective to elicit an immune response in the
mammal; (b) administering a second effective amount of the chimpanzee-derived adenovirus
vector of the composition of the invention listed above herein at a second, subsequent time
period, wherein T memory cells directed against the heterologous protein are reactivated in
the mammal.

In one embodiment, the composition administered first in (a) and second in (b)
comprises a same or a different HIV heterologous protein selected from the group consisting
of gp140, gp160 and Gag. In another embodiment, the composition administered first in (a)
and in (b) has a same or a different serotype selected from the group consisting of AdC6 and
AdC7.

In yet a further aspect, the invention includes a method of generating an
adaptive B cell immune response to a heterologous protein in a mammal. The method of the
invention comprises the steps of: (a) administering the composition of the invention listed
above herein to a mammal in an amount effective to elicit an immune response in the
mammal; (b) administering a second effective amount of the composition of the invention
listed above herein at a second, subsequent time period, wherein B memory cells directed
against the heterologous protein are reactivated in the mammal.

In some embodiments, the mammal is a human.

BRIEF DESCRIPTION OF THE DRAWINGS
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For the purpose of illustrating the invention, there are depicted in the drawings
certain embodiments of the invention. However, the invention is not limited to the precise

arrangements and instrumentalities of the embodiments depicted in the drawings.

Figs. 1A-1D are series of graphs illustrating the neutralizing antibody titers to
MWO965 PV compared to non-specific neutralization of MuLV PV. Figs. 1A-1C (groups 1-6,
upper and lower graphs): sera of mice were tested after the last immunization at a 1:40
dilution for neutralization of the indicated pseudotyped lentiviruses. Data show %
neutralization of each individual samples from the 6 groups. Median and IQR are indicated
by lines. Differences to neutralization of the control were determined by Friedman test with
Dunn correction. * indicates p-values below 0.05. Fig. 1D: titers of neutralizing antibodies
against MW965 PV.

Figs. 2A-2B are series of graphs and histograms illustrating sera binding
studies from study mice. Fig. 2A displays results from sera of the same mice shown in Figs.
1A-1D tested 4 weeks after each immunization at serial dilutions for binding to HIV-1 clade
C gp140. Fig. 2A shows the results for median adsorbance + interquartile range (IQR) for
data obtained with sera from individual mice tested at a 1:2000 dilution. Background data
obtained with pre-bleeds were subtracted (OD <0.1). The bars below indicate the timing of
priming (P) and boosting (B) for each group shown to the right. Fig. 2B shows samples from
the 1* bleeds after the last boost that were also tested for binding to a peptide expressing the
sequence of the V2 loop of HIV-1 clade C. Results show adsorbance after subtraction of pre-
bleed results for the 1:100 dilution of sera. Dots show results for individual mice, bars the
medians and error bars the IQR.

Fig. 3 is a table depicting the characteristics of the Rhesus Macaques (RM)
tested in the present invention. Animals were distributed with high or low nAb responses to
AdHu5 and AdHu26 equally into three groups of twelve RMs each. Each group had eight
Mamu-A*01" RMs and groups 1 and 3 each had one Mamu-B*17" animal

Figs. 4A-4C are series of graphs illustrating virus acquisition, viral loads over
time and levels of SIV genome integration. Fig. 4A shows viral titers over time in 12 control
animals and 12 animals each vaccinated with AdC or AdHu vectors. Mamu-A*01/B*17
animals are highlighted in dark grey. The bottom graph to the right shows median titers for
the three groups (Controls, “Co”; AdC7/AdC6, “AdC”; AdHu26/AdHuS, “AdH”).
Differences in viral loads (area under the curve) and set point viral loads were determined by

Kruskal-Wallis test with Dunn correction. Fig. 4B shows as Kaplan-Meier curves infection
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according to weeks after 1* challenge in Mamu-A*01/B*17" (left, n=3 for AdC and controls,
n=4 for AdHu5) and Mamu-A*01"/B*17" RM:s (right, n=9 for AdC and controls, n=8 for
AdHu). Differences were calculated by Log-rank (Mantel Cox) test. Fig. 4C shows to the left
relative levels of integrated SIV genome at 2 (light grey symbol) and 12 (dark grey symbol)
weeks after infection of subcohorts of the animals (n = 7 for AdC, n =11 for AdHuS, n=4
for controls). Each samples was tested by qPCR using 40-60 replicates. Outliers were
excluded by median absolute deviation tests. Differences within one group between weeks 2
and 12 were determined by multiple t-tests. Differences between the three groups were
calculated by 2-way Anova. The right graph shows number of challenges required till
infection for AdC- and AdHu-vaccinated animals maintained stable levels of SIV integration
(change <100, light grey symbol) or showed pronounced increases (change >100, dark grey
symbol). Differences between animals of one group with high vs. low integration were
calculated by multiple t-tests with Sidak-Holms correction.

Figs. SA-5C are series of graphs depicting the titers of Env-specific Abs. Env-
specific Abs of individual animals were measured by ELISA. Graphs show median Ab titers
+ IQR for serial dilutions of sera from for AdC (closed squares) and AdHu (open squares)
vaccinated MamuA*01/B17 (Fig. SA, n =3 for AdC- and 4 for AdHu-vaccinated animals)
and Mamu-A*01"/B*17" RMs (Fig. 5B, n = 9 for AdC and 8 for AdHu-vaccinated animals).
Fig. 5C shows titers of individual animals of the 3 groups after challenges (n = 12 per group).
Connecting lines indicate significant differences * p < 0.05, ** p <0.01 by Mann-Whitney
tests.

Figs. 6A-6B are series of dot plots demonstrating the role of Abs in preventing
STV acquisition. The graphs show Spearman’s correlations between antibody titers at wk 32
and number of challenges need to achieve infection for AdC (Fig. 6A, n = 10) and AdHu
(Fig. 6B, n = 11) vaccinated RMs. R- (correlation coefficient) and unadjusted p-values are
shown within the graphs. Animals that were not infected after 10 challenges were excluded.

Figs. 7A-7L are series of graphs depicting the kinetics of Gag-specific T cell
responses. The graphs show frequencies of Gag-specific total CD8" (Fig. 7A, Fig. 7G) and
CD4" (Fig. 7D, Fig. 7J), CD8cy (Fig. 7B, Fig. 7H), CD4cy (Fig. 7E, Fig. 7K), CD8gy; (Fig.
7C, Fig. 71) and CD4gym (Fig. 7F, Fig. 7L) T cells of AdC- (Figs. 7A-7F) and AdHu- (Figs.
7G-7L) vaccinated animals (n = 12 per group) as the sum of all possible functionally distinct
responses calculated from Boolean gating after subtraction of background responses. Each
graph shows median responses + IQR of Mamu-A*01/B*17 (closed squares, n = 3 for AdC-

and n = 4 for AdHu-vaccinated animals) and Mamu-A*017/B*17" (open squares, n = 9 for
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AdC- and n = 8 for AdHu-vaccinated animals) RMs. (*) indicates significant differences
between the two subcohorts by Mann-Whitney tests.

Fig. 8. is a series of graphs showing the effect of CD8 depletion on serum viral
loads. The graphs show relative viral loads of subcohorts of AdC (right, black squares, n = 5)
and AdHu (left, grey circles, n = 4) animals that were treated 28 weeks after the last
challenge with antibodies to CD8. Of note the one animal that had detectable titers before
depletion also maintained titers by 65 days after antibody treatment had been in initiated.

Fig. 9 1s a dot plot showing the cross-reactivity of Ad binding Abs. Pre-
immunization sera and sera harvested 4 weeks after the 2™ intra-tracheal administration of
AdHu vectors from 16 RMs of groups 1 and 2 were tested for antibodies to the Ad vectors by
ELISA on plates coated with Ad vectors expressing an irrelevant transgene. Adsorbance
values of pre-bleeds were subtracted from those of immune sera before calculating titers.
Graphs show titers of individual sera with lines indicating median titer + IQR.

Figs. 10A-10D are series of graphs depicting the role of viral loads and peak
viral loads in increasing Ab titers after challenge. The graphs show correlations by Spearman
between Ab titers at week 62 and viral loads (Fig. 10A, Fig. 10C) or peak viral loads (Fig.
10B, Fig. 10D) for AdC- (Fig. 10A, Fig. 10B, n = 12) and AdHu- (Fig. 10C, Fig. 10D, n =
12) vaccinated RMs. R- and unadjusted p-values are shown within the graphs.

Fig. 11 is a series of graphs illustrating Gag and Env-specific T cell responses
of control animals. Six of the control animals were tested the day of first challenge and
shortly after challenges for frequencies of Gag and Env specific CD4 " (closed black squares)
and CD8" (open white squares) T cells. Graphs show median frequencies + IQR of individual
animals before and after challenge + IQR.

Figs. 12A-12F are series of dot plots depicting the effect of CD8" T cell
subsets on viral loads and peak viral loads. The graphs show correlations by Spearman
between CD8gy (Fig. 12A, Fig. 12C, Fig. 12D, Fig. 12F) and CD8cy (Fig. 12B, Fig. 12E)
frequencies after the boost and peak viral loads (Fig. 12A, Fig. 12B, Fig. 12D, Fig. 12E) or
set viral loads over time (Fig. 12C, Fig. 12F) in AdC- (Figs. 12A-12C, n = 12) and AdHu-
(Figs. 12D-12F, n = 12) vaccinated RMs. R- and unadjusted p-values are shown within the
graphs.

Figs. 13A-13D are series of dot plots depicting the effect of peak viral loads
on CD4™ T cell subsets. The graphs show correlations by Spearman between total CD4™ T
(Fig. 13A, Fig. 13C) and CD4gy (Fig. 13B, Fig. 13D) frequencies after challenges and peak
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viral loads for AdC- (Fig. 13A, Fig. 13B, n= 12) and AdHu- (Fig. 13C, Fig. 13D, n = 12)
vaccinated RMs. R- and unadjusted p-values are shown within the graphs.

Fig. 14 is a series of graphs depicting the effect of Gag-specific CD8” T cells
on levels of SIV integration. The graph on the right shows frequencies of Gag-specific
CD8gMm T cells before challenge in animals with low levels of SIV integration by 2 weeks
after infection (<50,000, dark grey symbol, AdC: n =4, AdHu: n = 5) as compared to animals
with high levels of integration (>50,000, light grey symbols, AdC: n =3, AdHu: n = 6).
Differences were determined by multiple t-tests with Sidak-Holms correction. The graphs in
the middle and to the right show frequencies of Gag-specific CD8cm (middle) and CD8gy T
cells (right) before challenge in animals with low levels of SIV integration by 12 weeks after
infection (<10°, dark grey symbol, AdC: n = 4, AdHu: n = 5) as compared to animals with
high levels of integration (>10°, light grey symbols, AdC: n = 3, AdHu: n = 6). Differences
were determined by multiple t-tests with Sidak-Holms correction. Lines with star above
indicate significant differences.

Figs. 15A-15L are series of graphs illustrating Env-specific T Cell responses
in vaccinated RMs. Frequencies of Env-specific total CD8", CD8¢y and CD8gyy, total CD4”
CD4cym and CD4gm T cells tested before and after challenges in 6 randomly selected control
RMs are shown. Organization and symbols of the graph are identical to those of Figs. 7A-
L.

Fig. 16 is a series of histograms demonstrating the functions of Gag-specific
total CD8" T cells over time. The graphs show median frequencies + IQR of Gag-specific
CD8" T cells from AdC- (left graphs) and AdHu- (right graphs) vaccinated Mamu-A*01"
/B17" (white bars; AdC: n =3, AdHu: n = 4) and Mamu-A*01"/B17" RMs (grey bars; AdC: n
=9, AdHu: n = 8) exhibiting either of the possible 15 combinations of functions. Cells were
tested at different times after vaccination. (#) indicates significant differences by Wilcoxon
Rank test calculated by Spice software.

Fig. 17 is a series of histograms demonstrating the functions of Gag-specific
total CD4" T cells over time. The graphs show frequencies of functionally distinct Gag-
specific CD4" T cells mirroring the design of Fig. 16. with Mamu-A*01/B17" (white bars
AdC: n =3, AdHu: n = 4) and Mamu-A*017/B17" RMs (grey bars AdC: n =9, AdHu: n = 8).
(#) indicates significant differences by Wilcoxon Rank test calculated by Spice software.

Fig. 18 is a series of histograms demonstrating the functions of CD8" and
CD4" T cell subsets. The graphs show median frequencies = IQR of Gag-specific CD8cs,
CD8gmMm, CD4cMm and CD4gy from AdC- (left graphs) and AdHu- (right graphs) vaccinated
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Mamu-A*01/B*17" (white bars; AdC: n = 3, AdHu: n = 4) and Mamu-A*01"/B*17" RMs
(grey bars; AdC: n =9, AdHu: n = 8) exhibiting either of the possible 15 combination of
functions. Cells were tested 48 weeks after priming, i.e., shortly before the 1* SIV challenge.
(#) indicates significant differences by Wilcoxon Rank test calculated by Spice software.

Figs. 19A-19D are series of images depicting various maps and sequences of
AdC6 and AdC7. Figs. 19A-19B : Maps of AdC6 and AdC7 vectors expressing Env. Fig.
19C: Maps of pShuttle plasmids containing gp140 (DU172 and DU422).

Figs. 20A-20K are a list of the nucleotide (Figs. 20A-20H) and amino acid
(Figs. 201-20K) sequences of the AdC6 vector expressing gp140 (SEQ ID NOs: 1 and 9
respectively).

Figs. 21A-21J are a list of the nucleotide (Figs. 21A-21G) and amino acid
(Figs. 21H-21J) sequences of the AdC6 vector expressing Gag (SEQ ID NOs: 2 and 10
respectively).

Figs. 22A-22K are a list of the nucleotide (Figs. 22A-22H) and amino acid
(Figs. 221-22K) sequences of the AdC7 vector expressing gp140 (SEQ ID NOs: 3 and 11
respectively)

Figs. 23A- 23K are a list of the nucleotide (Figs. 23A-23H) and amino acid
sequences (Figs. 231-23K) of the AdC7 vector expressing Gag (SEQ ID NOs: 4 and 12
respectively).

Figs. 24A-24K are a list of the nucleotide (Figs. 24A-24H) and amino acid
sequences (Figs. 241-43K) of the AdC6 vector expressing gp160, construct DU172 (SEQ ID
NOs: 5 and 13 respectively).

Figs. 25A-25K are a list of the nucleotide (Figs. 25A-25H)and amino acid
(Figs. 251-25K) sequences of the AdC6 vector expressing gp160, construct DU422 (SEQ ID
NOs: 6 and 14 respectively).

Figs. 26A-26K are a list of the nucleotide (Figs. 26A-26H) and amino acid
(Figs. 261-26K) sequences of the AdC7 vector expressing gp160, construct DU172 (SEQ ID
NOs: 7 and 15 respectively).

Figs. 27A-27K are a list of the nucleotide (Figs. 27A-27H) and amino acid
(Figs. 271-27K) sequences of the AdC7 vector expressing gp160, construct DU422 (SEQ ID
NOs: 8 and 16 respectively).

DETAILED DESCRIPTION OF THE INVENTION
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The present invention relates to compositions and methods for generating a
chimpanzee-derived adenovirus vector comprising a nucleic acid sequence comprising a
deletion in some of the adenovirus early genes (i.e. deletion of E1 and a partial deletion E3)
and a promoter sequence linked to a sequence encoding a heterologous protein comprising, in
certain embodiments, an HIV gp140, gp160, or HIV Gag protein or other potentially toxic
proteins such as the rabies virus glycoprotein. Additionally, the current invention includes
compositions and methods of treating of and/or preventing or immunizing against, a specific
disease or disorder, and methods of inducing an effector and memory T and B cell immune

response in a mammal administered the chimpanzee-derived adenovirus vector the invention.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials similar or equivalent to those
described herein may be used in the practice for testing of the present invention, the preferred
materials and methods are described herein. In describing and claiming the present
invention, the following terminology will be used.

It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not intended to be limiting.

As used herein, the articles “a” and “an” are used to refer to one or to more
than one (i.e., to at least one) of the grammatical object of the article. By way of example,
“an element” means one element or more than one element.

The term “antibody” or “Ab” as used herein, refers to a protein, or polypeptide
sequence derived from an immunoglobulin molecule, which specifically binds to a specific
epitope on an antigen. Antibodies can be intact immunoglobulins derived from natural
sources or from recombinant sources and can be immunoreactive portions of intact
immunoglobulins. The antibodies useful in the present invention may exist in a variety of
forms including, for example, polyclonal antibodies, monoclonal antibodies, intracellular
antibodies (“intrabodies”), Fv, Fab and F(ab),, as well as single chain antibodies (scFv) and
humanized antibodies (Harlow et al., 1998, Using Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, NY; Harlow et al., 1989, Antibodies: A Laboratory Manual
Cold Spring Harbor, New York; Houston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-
5883; Bird et al., 1988, Science 242:423-426). An antibody may be derived from natural

2
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sources or from recombinant sources. Antibodies are typically tetramers of immunoglobulin
molecules.

The term “ameliorating” or “treating” means that the clinical signs and/or the
symptoms associated with a disease are lessened as a result of the actions performed. The
signs or symptoms to be monitored will be well known to the skilled clinician.

As used herein when referring to a measurable value such as an amount, a
temporal duration, and the like, the term “about” is meant to encompass variations of +20%
or £10%, more preferably +5%, even more preferably +1%, and still more preferably +£0.1%
from the specified value, as such variations are appropriate to perform the disclosed methods.

The term “biological” or “biological sample” refers to a sample obtained from
an organism or from components (e.g., cells) of an organism. The sample may be of any
biological tissue or fluid. Frequently the sample will be a “clinical sample” which is a sample
derived from a patient. Such samples include, but are not limited to, bone marrow, cardiac
tissue, sputum, blood, lymphatic fluid, blood cells (e.g., white cells), tissue or fine needle
biopsy samples, urine, peritoneal fluid, and pleural fluid, or cells therefrom. Biological
samples may also include sections of tissues such as frozen sections taken for histological
purposes.

As used herein, “greater” refers to expression levels which are at least 10% or
more, for example, 20%, 30%, 40%, or 50%, 60%, 70%, 80%, 90% higher or more, and/or
1.1 fold, 1.2 fold, 1.4 fold, 1.6 fold, 1.8 fold, 2.0 fold higher or more, and any and all whole
or partial increments therebetween, than a control.

As used herein, the terms "control," or " reference " are used interchangeably
and refer to a value that is used as a standard of comparison.

The term “ immunogenicity” as used herein, refers to the innate ability of an
antigen or organism to elicit an immune response in an animal when the antigen or organism
is administered to the animal. Thus, "enhancing the immunogenicity" refers to increasing the
ability of an antigen or organism to elicit an immune response in an animal when the antigen
or organism is administered to an animal. The increased ability of an antigen or organism to
elicit an immune response can be measured by, among other things, a greater number of
antibodies that bind to an antigen or organism, a greater diversity of antibodies to an antigen
or organism, a greater number of T-cells specific for an antigen or organism, a greater
cytotoxic or helper T- cell response to an antigen or organism, a greater expression of

cytokines in response to an antigen, and the like.

-11-
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As used herein, the terms “eliciting an immune response” or “immunizing”
refer to the process of generating a B cell and/or a T cell response against a heterologous
protein.

The term “activation”, as used herein, refers to the state of a cell following
sufficient cell surface moiety ligation to induce a noticeable biochemical or morphological
change. Within the context of T cells, such activation refers to the state of a T cell that has
been sufficiently stimulated to induce cellular proliferation. Activation of a T cell may also
induce cytokine production and performance of regulatory or cytolytic effector functions.
Within the context of other cells, this term infers either up or down regulation of a particular
physico-chemical process.

The term “activated T cell” means a T cell that is currently undergoing cell
division, cytokine production, performance of regulatory or cytolytic effector functions,
and/or has recently undergone the process of “activation.”

The term “antigen” or “Ag” as used herein is defined as a molecule that
provokes an immune response. This immune response may involve either antibody
production, or the activation of specific immunologically-competent cells, or both. The
skilled artisan will understand that any macromolecule, including virtually all proteins or
peptides, can serve as an antigen. Furthermore, antigens can be derived from recombinant or
genomic DNA. A skilled artisan will understand that any DNA, which comprises a
nucleotide sequences or a partial nucleotide sequence encoding a protein that elicits an
immune response therefore encodes an “antigen” as that term is used herein. Furthermore,
one skilled in the art will understand that an antigen need not be encoded solely by a full-
length nucleotide sequence of a gene. It is readily apparent that the present invention
includes, but is not limited to, the use of partial nucleotide sequences of more than one gene
and that these nucleotide sequences are arranged in various combinations to elicit the desired
immune response. Moreover, a skilled artisan will understand that an antigen need not be
encoded by a “gene” at all. It is readily apparent that an antigen can be generated synthesized
or can be derived from a biological sample. Such a biological sample can include, but is not
limited to a tissue sample, a tumor sample, a cell or a biological fluid.

“Heterologous antigens” used herein to refer to an antigen that is not
endogenous to the organism comprising or expressing an antigen. As an example, a virus
vaccine vector comprising or expressing a viral or tumor antigen comprises a heterologous
antigen. The term “Heterologous protein” as used herein refers to a protein that elicits a

beneficial immune response in a subject (i.e. mammal), irrespective of its source.
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By the terms "Human Immunodeficiency Virus" or HIV" as used herein is
meant any HIV strain or variant that is known in the art or that is heretofore unknown,
including without limitation, HIV-1 and HIV-2. HIV-1 is exemplified in certain
embodiments disclosed herein.

The term “specifically binds”, “selectively binds” or “binding specificity”
refers to the ability of the humanized antibodies or binding compounds of the invention to
bind to a target epitope with a greater affinity than that which results when bound to a non-
target epitope. In certain embodiments, specific binding refers to binding to a target with an
affinity that is at least 10, 50, 100, 250, 500, or 1000 times greater than the affinity for a non-
target epitope.

As used herein, by “combination therapy” is meant that a first agent is
administered in conjunction with another agent. “In combination with” or “In conjunction
with” refers to administration of one treatment modality in addition to another treatment
modality. As such, “in combination with” refers to administration of one treatment modality
before, during, or after delivery of the other treatment modality to the individual. Such
combinations are considered to be part of a single treatment regimen or regime.

“Humoral immunity” or “humoral immune response” both refer to B-cell
mediated immunity and are mediated by highly specific antibodies, produced and secreted by
B-lymphocytes (B-cells).

“Prevention” refers to the use of a pharmaceutical compositions for the
vaccination against a disorder.

“Adjuvant” refers to a substance that is capable of potentiating the
immunogenicity of an antigen. Adjuvants can be one substance or a mixture of substances
and function by acting directly on the immune system or by providing a slow release of an
antigen. Examples of adjuvants are aluminium salts, polyanions, bacterial glycopeptides and
slow release agents as Freund's incomplete.

“Delivery vehicle” refers to a composition that helps to target the antigen to
specific cells and to facilitate the effective recognition of an antigen by the immune system.
The best-known delivery vehicles are liposomes, virosomes, microparticles including
microspheres and nanospheres, polymeres, bacterial ghosts, bacterial polysaccharides,
attenuated bacteria, virus like particles, attenuated viruses and ISCOMS.

“Incorporated into” or “encapsulated in” refers to an antigenic peptide that is
within a delivery vehicle, such as microparticles, bacterial ghosts, attenuated bacteria, virus

like particles, attenuated viruses, ISCOMs, liposomes and preferably virosomes.
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As used herein, the terms “peptide,” “polypeptide,” and “protein” are used
interchangeably, and refer to a compound comprised of amino acid residues covalently linked
by peptide bonds. A protein or peptide must contain at least two amino acids, and no
limitation is placed on the maximum number of amino acids that may comprise a protein or
peptide’s sequence. Polypeptides include any peptide or protein comprising two or more
amino acids joined to each other by peptide bonds. As used herein, the term refers to both
short chains, which also commonly are referred to in the art as peptides, oligopeptides and
oligomers, for example, and to longer chains, which generally are referred to in the art as
proteins, of which there are many types. “Polypeptides” include, for example, biologically
active fragments, substantially homologous polypeptides, oligopeptides, homodimers,
heterodimers, variants of polypeptides, modified polypeptides, derivatives, analogs, fusion
proteins, among others. The polypeptides include natural peptides, recombinant peptides,
synthetic peptides, or a combination thereof.

A "fusion protein" as used herein refers to a protein wherein the protein
comprises two or more proteins linked together by peptide bonds or other chemical bonds.
The proteins can be linked together directly by a peptide or other chemical bond, or with one
or more amino acids between the two or more proteins, referred to herein as a spacer.

In the context of the present invention, the following abbreviations for the
commonly occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to
cytosine, “G” refers to guanosine, “T” refers to thymidine, and “U” refers to uridine.

The term “RNA” as used herein is defined as ribonucleic acid.

"non
2

"Transform", "transforming", and "transformation "is used herein to refer to a
process of introducing an isolated nucleic acid into the interior of an organism.

The term “treatment” as used within the context of the present invention is
meant to include therapeutic treatment as well as prophylactic, or suppressive measures for
the disease or disorder. As used herein, the term “treatment” and associated terms such as
“treat” and “treating” means the reduction of the progression, severity and/or duration of a
disease condition or at least one symptom thereof. The term ‘treatment’ therefore refers to
any regimen that can benefit a subject. The treatment may be in respect of an existing
condition or may be prophylactic (preventative treatment). Treatment may include curative,
alleviative or prophylactic effects. References herein to “therapeutic” and “prophylactic”
treatments are to be considered in their broadest context. The term “therapeutic” does not

necessarily imply that a subject is treated until total recovery. Similarly, “prophylactic” does

not necessarily mean that the subject will not eventually contract a disease condition. Thus,
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for example, the term treatment includes the administration of an agent prior to or following
the onset of a disease or disorder thereby preventing or removing all signs of the disease or
disorder. As another example, administration of the agent after clinical manifestation of the
disease to combat the symptoms of the disease comprises “treatment” of the disease.

The term “equivalent,” when used in reference to nucleotide sequences, is
understood to refer to nucleotide sequences encoding functionally equivalent polypeptides.
Equivalent nucleotide sequences will include sequences that differ by one or more nucleotide
substitutions, additions- or deletions, such as allelic variants; and will, therefore, include
sequences that differ from the nucleotide sequence of the nucleic acids described herein due
to the degeneracy of the genetic code.

The term “isolated” as used herein with respect to nucleic acids, such as DNA
or RNA, refers to molecules separated from other DNAs or RNAs, respectively that are
present in the natural source of the macromolecule. The term isolated as used herein also
refers to a nucleic acid or peptide that is substantially free of cellular material, viral material,
or culture medium when produced by recombinant DNA techniques, or chemical precursors
or other chemicals when chemically synthesized. Moreover, an “isolated nucleic acid” is
meant to include nucleic acid fragments, which are not naturally occurring as fragments and
would not be found in the natural state. The term “isolated” is also used herein to refer to
polypeptides, which are isolated from other cellular proteins and is meant to encompass both
purified and recombinant polypeptides. An “isolated cell” or “isolated population of cells” is
a cell or population of cells that is not present in its natural environment.

A “mutation” as used therein is a change in a DNA sequence resulting in an
alteration from its natural state. The mutation can comprise a deletion and/or insertion and/or
duplication and/or substitution of at least one desoxyribonucleic acid base such as a purine
(adenine and/or thymine) and/or a pyrimidine (guanine and/or cytosine).

Mutations may or may not produce discernible changes in the observable characteristics
(phenotype) of an organism.

As used herein, the term “nucleic acid” refers to polynucleotides such as
deoxyribonucleic acid (DNA), and, where appropriate, ribonucleic acid (RNA). The term
should also be understood to include, as equivalents, analogs of either RNA or DNA made
from nucleotide analogs, and, as applicable to the embodiment being described, single (sense
or antisense) and double-stranded polynucleotides. ESTs, chromosomes, cDNAs, mRNAs,

and rRNAs are representative examples of molecules that may be referred to as nucleic acids.
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As used herein, "operably linked" sequences include both expression control
sequences that are contiguous with the gene of interest and expression control sequences that
act in trans or at a distance to control the gene of interest. Expression control sequences
include appropriate transcription initiation, termination, promoter and enhancer sequences;
efficient RNA processing signals such as splicing and polyadenylation (polyA) signals;
sequences that stabilize cytoplasmic mRNA; sequences that enhance translation efficiency
(i.e., Kozak consensus sequence); sequences that enhance protein stability; and when desired,
sequences that enhance secretion of the encoded product. There are numerous expression
control sequences, including promoters which are native, constitutive, inducible and/or
tissue-specific, are known in the art that may be used in the compositions of the invention.
“Operably linked” should be construed to include RNA expression and control sequences in
addition to DNA expression and control sequences.

The term “promoter” as used herein is defined as a DNA sequence recognized
by the synthetic machinery of the cell, or introduced synthetic machinery, required to initiate
the specific transcription of a polynucleotide sequence.

As used herein, the term “promoter/regulatory sequence” means a nucleic acid
sequence, which is required for expression of a gene product operably linked to the
promoter/regulatory sequence. In some instances, this sequence may be the core promoter
sequence and in other instances, this sequence may also include an enhancer sequence and
other regulatory elements, which are required for expression of the gene product. The
promoter/regulatory sequence may, for example, be one which expresses the gene product in
a tissue specific manner.

A “constitutive” promoter is a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a cell under most or all physiological conditions of the cell.

An “inducible” promoter is a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a cell substantially only when an inducer which corresponds to the
promoter is present in the cell.

As used herein, the term “pharmaceutical composition” refers to a mixture of
at least one compound useful within the invention with other chemical components, such as
carriers, stabilizers, diluents, adjuvants, dispersing agents, suspending agents, thickening
agents, and/or excipients. The pharmaceutical composition facilitates administration of the

compound to an organism. Multiple techniques of administering a compound exist in the art
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including, but not limited to: intravenous, oral, aerosol, parenteral, ophthalmic, pulmonary
and topical administration.

The language “pharmaceutically acceptable carrier” includes a
pharmaceutically acceptable salt, pharmaceutically acceptable material, composition or
carrier, such as a liquid or solid filler, diluent, excipient, solvent or encapsulating material,
involved in carrying or transporting a compound(s) of the present invention within or to the
subject such that it may perform its intended function. Typically, such compounds are
carried or transported from one organ, or portion of the body, to another organ, or portion of
the body. Each salt or carrier must be “acceptable” in the sense of being compatible with the
other ingredients of the formulation, and not injurious to the subject. Some examples of
materials that may serve as pharmaceutically acceptable carriers include: sugars, such as
lactose, glucose and sucrose; starches, such as corn starch and potato starch; cellulose, and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and suppository
waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol
and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents,
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer’s solution; ethyl alcohol; phosphate buffer solutions; diluent;
granulating agent; lubricant; binder; disintegrating agent; wetting agent; emulsifier; coloring
agent; release agent; coating agent; sweetening agent; flavoring agent; perfuming agent;
preservative; antioxidant; plasticizer; gelling agent; thickener; hardener; setting agent;
suspending agent; surfactant; humectant; carrier; stabilizer; and other non-toxic compatible
substances employed in pharmaceutical formulations, or any combination thereof. As used
herein, “pharmaceutically acceptable carrier” also includes any and all coatings, antibacterial
and antifungal agents, and absorption delaying agents, and the like that are compatible with
the activity of the compound, and are physiologically acceptable to the subject.
Supplementary active compounds may also be incorporated into the compositions.

As used herein, the term “effective amount” or “therapeutically effective
amount” means the amount of the virus like particle generated from vector of the invention
which is required to prevent the particular disease condition, or which reduces the severity of
and/or ameliorates the disease condition or at least one symptom thereof or condition

associated therewith.
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A “subject” or “patient,” as used therein, may be a human or non-human
mammal. Non-human mammals include, for example, livestock and pets, such as ovine,
bovine, porcine, canine, feline and murine mammals. Preferably, the subject is human.

“Titers” are numerical measures of the concentration of a virus or viral vector
compared to a reference sample, where the concentration is determined either by the activity
of the virus, or by measuring the number of viruses in a unit volume of buffer. The titer of
viral stocks are determined, e.g., by measuring the infectivity of a solution or solutions
(typically serial dilutions) of the viruses, e.g., on HeLa cells using the soft agar method (see,
Graham & Van Der eb (1973) Virology 52:456-467) or by monitoring resistance conferred to
cells, e.g., G418 resistance encoded by the virus or vector, or by quantitating the viruses by
UV spectrophotometry (see, Chardonnet & Dales (1970) Virology 40:462-477).

A “vector” is a composition of matter which comprises an isolated nucleic
acid and which can be used to deliver the isolated nucleic acid to the interior of a cell.
Numerous vectors are known in the art including, but not limited to, linear polynucleotides,
polynucleotides associated with ionic or amphiphilic compounds, plasmids, and viruses. In
the present disclosure, the term “vector” includes an autonomously replicating virus.

Ranges: throughout this disclosure, various aspects of the invention can be
presented in a range format. It should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible limitation on
the scope of the invention. Accordingly, the description of a range should be considered to
have specifically disclosed all the possible subranges as well as individual numerical values
within that range. For example, description of a range such as from 1 to 6 should be
considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1
to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2,2.7, 3, 4, 5, 5.3, and 6. This applies regardless of the breadth of the

range.

Description

The invention provides chimpanzee-derived adenoviral vectors useful in
vaccine development and gene therapy. These vectors comprise a deletion of the viral early
genomic region E1, and a selective deletion of some of the nine open reading frames (ORFs)

of the viral early genomic region E3 while retaining others. The disclosed vectors are
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particularly useful for vaccine development and therapy. Adenoviral vectors comprising such
deletions are disclosed in U.S. Application No. 14/190,787.

The present invention comprises the novel improvement over U.S. Application
No. 14/190,787 wherein the adenoviral vector encodes nucleic acid encoding a heterologous
protein encoding HIV envelope protein gp140, wherein when the vector is introduced into a
cell, the cell stably expresses gp140 protein, for over 12 serial passages of the vector within
cells.

The present invention comprises the novel improvement over U.S. Application
No. 14/190,787 wherein the adenoviral vector encodes nucleic acid encoding a heterologous
protein encoding HIV envelope protein gp160, wherein when the vector is introduced into a
cell, the cell stably expresses gp160 protein, for over many serial passages of the vector
within cells.

The present invention also comprises the novel improvement over U.S.
Application No. 14/190,787 wherein the adenoviral vector encodes nucleic acid encoding a
heterologous protein encoding HIV Gag, wherein when the vector is introduced into a cell,
the cell stably expresses gag protein, for over many serial passages of the vector within cells.

In one aspect, the heterologous protein is at least one HIV protein selected

from the group consisting of gp140, gp160 and Gag. In another aspect, the heterologous
protein is all or an antigenic portion of the HIV gp140, gp160 or HIV Gag proteins.

In one embodiment, the HIV serotype is HIV-1.

In some embodiments, the chimpanzee-derived adenovirus vector comprises a

nucleic acid sequence comprising a constitutive promoter.

In some embodiments, the chimpanzee-derived adenovirus vector of this
invention comprises a nucleic acid sequence consists of SEQ ID NOs: 1- 4.

In other embodiments, the present invention relates to a protein expression
system comprising a chimpanzee-derived adenovirus vector comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 1-4. In yet other embodiments,
the protein expression system of this invention comprises a chimpanzee-derived adenovirus
vector, wherein the vector comprises a nucleic acid sequence encoding an amino acid
sequence selected from the group consisting of SEQ ID NOs: 5-8.

In one embodiment, the invention provides a method of generating effector
and memory T cell immune responses to a heterologous protein in a mammal. The method
comprises first administering to the mammal the chimpanzee-derived adenovirus vector of

this invention in an amount effective to elicit an immune response in the mammal; and
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second, administering a second effective amount of the chimpanzee-derived adenovirus
vector at a subsequent time period, wherein T memory cells directed against the heterologous
protein are reactivated in the mammal.

In one embodiment, the invention provides a method of generating an adaptive
B cell immune response to a heterologous protein in a mammal. The method comprises first
administering to the mammal the chimpanzee-derived adenovirus vector of this invention in
an amount effective to elicit an immune response in the mammal; and second, administering
a second effective amount of the chimpanzee-derived adenovirus vector at a subsequent time
period, wherein B memory cells directed against the heterologous protein are reactivated in
the mammal.

In some aspects of the invention, the chimpanzee-derived adenovirus vector
administered herein to a mammal, in a first and second step, comprises the same or a
different: HIV heterologous protein selected from the group consisting of gp140, gp160 and
Gag encoded by an adenovirus serotype selected from the group consisting of AdC6 and
AdC7.

Vaccine compositions comprising adenovirus particles made using the
adenovirus vectors disclosed herein can be used to induce immunity in a mammal against one
or more encoded heterologous proteins or antigenic portions thereof. Immunity can be
induced using the disclosed vaccine compositions or dosage units. Immune responses can be
assessed using suitable methods known in the art, as disclosed, for example, in
W02012/02483.

In certain embodiments, the mammal is a human.

Heterologous Gene Expression

In one aspect, although the cytomegalovirus immediate early promoter is
exemplified herein as the promoter driving expression of the HIV protein, the invention
should not be construed to be limited to this promoter sequence. Promoter sequences that
are useful in the invention include any promoter that induces high levels of gene expression.
Such promoters may include, but are not limited to those disclosed elsewhere herein.

In one embodiment, a suitable promoter is the immediate early
cytomegalovirus (CMV) promoter sequence. This promoter sequence is a strong constitutive
promoter sequence capable of driving high levels of expression of any polynucleotide
sequence operatively linked thereto. Another example of a suitable promoter is Elongation
Growth Factor -1a (EF-1a). However, other constitutive promoter sequences may also be

used, including, but not limited to the simian virus 40 (SV40) early promoter, mouse
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mammary tumor virus (MMTYV), human immunodeficiency virus (HIV) long terminal repeat
(LTR) promoter, MoMuLV promoter, an avian leukemia virus promoter, an Epstein-Barr
virus immediate early promoter, a Rous sarcoma virus promoter, as well as human gene
promoters such as, but not limited to, the actin promoter, the myosin promoter, the
hemoglobin promoter, and the creatine kinase promoter. Further, the invention should not be
limited to the use of constitutive promoters. Inducible promoters are also contemplated as
part of the invention. The use of an inducible promoter provides a molecular switch capable
of turning on expression of the polynucleotide sequence, which it is operatively linked when
such expression is desired, or turning off the expression when expression is not desired.
Examples of inducible promoters include, but are not limited to a metallothionine promoter, a
glucocorticoid promoter, a progesterone promoter, and a tetracycline promoter.

In some embodiments, the invention further includes the use of a tissue-
specific promoter that drives expression of a given heterologous gene in one or more specific
types of cells (e.g., myoglobin promoter, muscle creatine kinase promoter, desmin promoter,
mammalian troponin 1 promoter, and skeletal alpha-action promoter). Furthermore, any
artificial synthetic promoters known in the art can be used in this invention as these
promoters can provide optimal efficiency and stability for the heterologous gene.
Additionally, enhancer sequences regulate expression of the gene contained within a vector.
Typically, enhancers are bound with protein factors to enhance the transcription of a gene.
Enhancers may be located upstream or downstream of the gene it regulates. Enhancers may
also be tissue-specific to enhance transcription in a specific cell or tissue type.

In order to assess the expression of the heterologous gene of interest, the
expression vector to be introduced into a cell can also contain either a selectable marker gene
or a reporter gene or both to facilitate identification and selection of expressing cells from the
population of cells sought to be infected through the hybrid-virus vectors. In other aspects,
the selectable marker may be carried on a separate piece of DNA and used in a co-
infection/transfection procedure. Both selectable markers and reporter genes may be flanked
with appropriate regulatory sequences to enable expression in the host cells. Useful selectable
markers include, for example, antibiotic-resistance genes, such as the neomycin resistant gene
and the like.

Reporter genes are used for identifying potentially infected cells and for
evaluating the functionality of regulatory sequences. In general, a reporter gene is a gene that
is not present in or expressed by the recipient organism or tissue and that encodes a

polypeptide whose expression is manifested by some easily detectable property, e.g.,
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enzymatic activity. Suitable reporter genes may include genes encoding luciferase, beta-
galactosidase, chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green
fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82).

It will be apparent to one skilled in the art that the invention is not limited to
the nature of the heterologous gene that is expressed by the adenovirus vector of the
invention. Any suitable heterologous gene can be used where expression of the gene
provides a benefit to the mammal. For example, the heterologous gene may be a viral
protein whose expression in a mammal confers immunity to infection by the virus.
Similarly, the heterologous gene may be a bacterial antigen, a parasitic antigen, a fungal
antigen, a cancer antigen, an antigen involved in a deleterious autoimmune reaction, or any

other protein where an immune response directed thereto provides benefit.

Heterologous proteins

In the present invention, the adenovirus vector of the invention may encode
any heterologous protein useful in the invention, and may encode more than one heterologous
protein inserted in tandem in the virus vector of the invention. Typically, the heterologous
protein is a peptide fragment, polypeptide , protein or fusion protein. Optionally, the
heterologous protein is suitable such that a cell-mediated immune response is induced
against it in a mammal following administration of the vector to the mammal.

In one embodiment, the heterologous protein is derived from an HIV protein.
In another embodiment, the heterologous protein is derived from HIV envelope glycoprotein.
Non-limiting examples of HIV envelope glycoprotein are gp120, gp41, gp160 and gp140. In
yet another embodiment, the heterologous protein is derived from HIV Gag protein.

In some embodiments, the heterologous protein may be derived from a toxic
protein such as, but not limited to, the rabies virus glycoprotein.

In some embodiments, the heterologous protein may be derived from a cancer.
In such embodiments, heterologous protein is, or is a fragment of, a tumor specific antigen. In
certain embodiments the cancer may be derived from the group including Acute and Chronic
Myelogenous Leukemia (AML, CML), Follicular Non-Hodgkins lymphoma, malignant
melanoma, Hairy Cell leukaemia, multiple myeloma, carcinoid tumors with carcinoid
syndrome and liver and lymph node metastases, AIDS related Kaposi's sarcoma, renal cell
carcinoma, adenocarcinoma of the large bowel, squamous cell carcinoma of the head and
neck. The cancer may also be derived from organs and solid tissues, e.g., colon cancer, lung

cancer, breast cancer, stomach cancer, prostate cancer, and endometrial cancer. When such
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heterologous proteins are used in the compositions and methods of the present invention, the
resulting immune response generated may combat cancers and thus the vectors and viruses
produced by these vectors are designed to be oncolytic.

In other embodiments, the heterologous protein may be associated with the
pathology of an autoimmune disease. Organs and tissues commonly affected by autoimmune
disorders include, but are not limited to, blood vessels, connective tissues, endocrine glands
such as the thyroid or pancreas, joints, muscles, red blood cells and skin. Examples of
autoimmune (or autoimmune-related) disorders for which such heterologous proteins may be
useful include, but are not limited to, Addison's disease, Celiac disease, Dermatomyositis,
Graves’ disease, Hashimoto's thyroiditis, Multiple sclerosis, Myasthenia gravis, Pernicious
anemia, Reactive arthritis, Rheumatoid arthritis, Sjogren syndrome, Systemic lupus

erythematosus and Type I diabetes.

Methods of the Invention

The vectors of the invention are useful in a variety of applications useful for
immunizing a mammal against disease, and/or treating, preventing or diminishing risk of
disease in a mammal.

The invention therefore includes a method of immunizing a mammal against a
heterologous protein. The method comprises administering to the mammal a composition
comprising a composition comprising a chimpanzee-derived adenovirus (Ad) vector
comprising a DNA sequence comprising a deletion in E1, a deletion of E3 ORF3, ORF4,
ORFS5, ORF6, and ORF7 and a promoter sequence linked to a sequence encoding a
heterologous protein, wherein expression of the heterologous protein induces an immune
response in the mammal. In one embodiment the chimpanzee-derived Ad vector is AdC6. In
another embodiment the chimpanzee-derived Ad vector is AdC7.

The invention further includes a method of treating a mammal in need thereof
where the method administering a therapeutically effective amount of a composition encoded
by a chimpanzee-derived adenovirus vector comprising a DNA sequence consisting of SEQ
ID NOs: 1-4, wherein expression of the heterogeneous gene provides benefit to the mammal.
In one aspect, the invention includes a method of generating effector and memory T cell
immune responses to a heterologous protein in a mammal. In another aspect, the invention
includes a method of generating an adaptive B cell immune response to a heterologous

protein in a mammal.
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Additionally included in the invention is a method of diminishing the risk that
a mammal will develop a disease. The method comprises administering to the mammal a
composition comprising a composition comprising a chimpanzee-derived adenovirus vector
comprising a DNA sequence comprising a deletion in E1, a deletion of E3 ORF3, ORF4,
ORFS5, ORF6, and ORF7 and a promoter sequence linked to a sequence encoding a
heterologous protein. Expression of the heterogeneous gene (e.g. HIV gp140, gp160 or Gag
protein) induces an immune response to the heterologous protein encoded thereby in the
mammal, thereby diminishing the risk that the mammal will develop a disease (e.g. HIV-1)

associated with the heterologous protein.

Adenovirus vector production

Methods of making the adenovirus vector of the invention are described in
detail in the Experimental Examples Section herein and in U.S. Application No. 14/190,787
incorporated herein by reference. In general, production, purification and quality control
procedures for Adenovirus vectors are well established in the art. Once a vector backbone is
created, molecular cloning can be used to create an adenoviral plasmid comprising a coding
sequence for an antigenic heterologous protein. The plasmid can be transfected into
packaging cells that provide E1 of a suitable adenovirus serotype in trans. Packaging cells
are well known in the art, and cells lines such as HEK293 or PERC6 can be used for this
purpose. Viral particles are then harvested once plaques become visible. Fresh cells can then
be infected to ensure continued replication of the adenovirus. Quality can be assessed using
Southern blotting or other methods, such as restriction enzyme mapping, sequencing, and
PCR, to confirm the presence of the transgene and the lack of gene rearrangements or
undesired deletions.

Vaccine compositions comprising adenovirus particles made using the
adenovirus vectors disclosed herein can be used to induce immunity against the encoded
antigenic protein. Vaccines can be formulated using standard techniques and can comprise, in
addition to a replication-incompetent adenovirus vector encoding a desired protein, a
pharmaceutically acceptable vehicle, such as phosphate-buffered saline (PBS) or other
buffers, as well as other components such as antibacterial and antifungal agents, isotonic and
absorption delaying agents, adjuvants, and the like. In some embodiments vaccine
compositions are administered in combination with one or more other vaccines. Dosage units
of vaccine compositions can be provided. Such dosage units typically comprise 10® to 10"

adenoviral particles (e.g., 10, 5 x 10°, 10°, 5x 10°, 10", 5 x 10'°, 10""). In some
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embodiments, the dosage of 5 x 10" virus particles is of choice. Particularly, this dosage (5 x

10'”) suits best humans in clinical trials.

Pharmaceutical Compositions and Formulations.

The vector of the invention may be formulated as a pharmaceutical

composition.

Such a pharmaceutical composition may be in a form suitable for
administration to a subject (i.e. mammal), or the pharmaceutical composition may further
comprise one or more pharmaceutically acceptable carriers, one or more additional
ingredients, or some combination of these. The various components of the pharmaceutical
composition may be present in the form of a physiologically acceptable salt, such as in
combination with a physiologically acceptable cation or anion, as is well known in the art.

In one embodiment, the pharmaceutical compositions useful for practicing the
method of the invention may be administered to deliver a dose of between 10° and 10'? PFU.

In one embodiment, the pharmaceutical compositions useful for practicing the
method of the invention may comprise an adjuvant. Non-limiting examples of suitable are
Freund’s complete adjuvant, Freund’s incomplete adjuvant, Quil A, Detox, ISCOMs or
squalene.

Pharmaceutical compositions that are useful in the methods of the invention
may be suitably developed for inhalation, oral, rectal, vaginal, parenteral, topical,
transdermal, pulmonary, intranasal, buccal, ophthalmic, intrathecal, intravenous or another
route of administration. Other contemplated formulations include projected nanoparticles,
liposomal preparations, resealed erythrocytes containing the active ingredient, and
immunologically-based formulations. The route(s) of administration is readily apparent to
the skilled artisan and depends upon any number of factors including the type and severity of
the disease being treated, the type and age of the veterinary or human patient being treated,
and the like.

Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions suitable for ethical administration to
humans, it is understood by the skilled artisan that such compositions are generally suitable
for administration to animals of all sorts. Modification of pharmaceutical compositions
suitable for administration to humans in order to render the compositions suitable for
administration to various animals is well understood, and the ordinarily skilled veterinary

pharmacologist can design and perform such modification with merely ordinary, if any,
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experimentation. Subjects to which administration of the pharmaceutical compositions of the
invention is contemplated include, but are not limited to, humans and other primates,
mammals including commercially relevant mammals such as cattle, pigs, horses, sheep, cats,
and dogs.

The composition of the invention may comprise a preservative from about
0.005% to 2.0% by total weight of the composition. The preservative is used to prevent

spoilage in the case of exposure to contaminants in the environment.

Administration/Dosing

The regimen of administration may affect what constitutes an effective
amount. For example, the adenovirus vector of the invention may be administered to the
subject (i.e. mammal) in a single dose, in several divided dosages, as well as staggered
dosages may be administered daily or sequentially, or the dose may be continuously infused,
or may be a bolus injection. Further, the dosages may be proportionally increased or
decreased as indicated by the exigencies of the therapeutic or prophylactic situation.

Administration of the compositions of the present invention to a subject,
preferably a mammal, more preferably a human, may be carried out using known procedures,
at dosages and for periods of time effective to treat the disease in the subject. An effective
amount of the composition necessary to achieve the intended result will vary and will depend
on factors such as the disease to be treated or prevented, the age, sex, weight, condition,
general health and prior medical history of the subject being treated, and like factors well-
known in the medical arts. In particular embodiments, it is especially advantageous to
formulate the composition in dosage unit form for ease of administration and uniformity of
dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit containing a predetermined quantity of
therapeutic compound calculated to produce the desired therapeutic effect in association with
the required pharmaceutical vehicle. The dosage unit forms of the invention are dictated by
and directly dependent on (a) the unique characteristics of the composition and the

heterologous protein to be expressed, and the particular therapeutic effect to be achieved.

Routes of Administration

One skilled in the art will recognize that although more than one route can be
used for administration, a particular route can provide a more immediate and more effective

reaction than another route. Routes of administration of any of the compositions\ of the
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invention include inhalation, oral, nasal, rectal, parenteral, sublingual, transdermal,
transmucosal (e.g., sublingual, lingual, (trans)buccal, (trans)urethral, vaginal (e.g., trans- and
perivaginally), (intra)nasal, and (trans)rectal), intravesical, intrapulmonary, intraduodenal,
intragastrical, intrathecal, subcutaneous, intramuscular, intradermal, intra-arterial,

intravenous, intrabronchial, inhalation, and topical administration.

Kits

In some embodiments a kit is provided for treating, preventing, or
ameliorating an a given disease, disorder or condition, or a symptom thereof, as described
herein wherein the kit comprises: a) a compound or compositions as described herein; and
optionally b) an additional agent or therapy as described herein. The kit can further include
instructions or a label for using the kit to treat, prevent, or ameliorate the disease, disorder or
condition. In yet other embodiments, the invention extends to kits assays for a given disease,
disorder or condition, or a symptom thereof, as described herein. Such kits may, for example,
contain the reagents from PCR or other nucleic acid hybridization technology (microarrays)

or reagents for immunologically based detection techniques (e.g., ELISpot, ELISA).

EXAMPLES

The invention is now described with reference to the following Examples.
These Examples are provided for the purpose of illustration only and the invention should in
no way be construed as being limited to these Examples, but rather should be construed to
encompass any and all variations which become evident as a result of the teaching provided
herein.

Without further description, it is believed that one of ordinary skill in the art
can, using the preceding description and the following illustrative examples, make and utilize
the compounds of the present invention and practice the claimed methods. The following
working examples therefore, specifically point out the preferred embodiments of the present
invention, and are not to be construed as limiting in any way the remainder of the disclosure.

The results of the experiments are now described in the following examples.

Example 1: Advantage of using recombinant AdC6 and AdC7 Vaccines

El-deleted Ad vectors of human and simian serotypes have been tested

extensively in the clinic. They are well tolerated at immunogenic doses. They induce very
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potent cellular responses and are also able to elicit potent and sustained humoral responses to
a wide variety of transgene inserts as has been established in animals. Neutralizing
antibodies commonly found to human serotypes of Ad vectors can impair immune responses
to the transgene product. In the present invention, the combined sequential usage of two
serologically distinct AdC vectors (e.g. AAC6 and AdC7) in a heterologous prime-boost
regimen (see Example 6) is of particular interest. The rationale is that such a regimen
outperforms homologous prime-boost regimens where neutralizing antibodies to the prime
vaccine carrier impair immune responses to the boost. This problem is avoided if two
serologically distinct AdC vectors are combined in a prime-boost regimen. In some
embodiments, the prime-boost with the two serologically distinct AdC vectors is also

followed by additional boosts with a protein vaccine.

Example 2: Goals and Objectives

The safety of the AdC6-HIVgp140 and AdC7-HIVgp140 vectors are assessed
herein for the first time in humans. The present invention relates to a method of developing a
vaccine regimen in which AdC vectors expressing the viral envelope (Env) are combined
with other vaccine components. HIV-1 infection is best prevented by vaccines that induce
both antibodies that block infection either by neutralization or by preventing passage of the
virus through the mucosa. CD8" T cells rapidly eliminate cells infected with virus that
escaped the antibody barrier. The Env protein, including but not limited to gp140 and gp160,
is the primary target of virion binding or neutralizing antibodies while the group-specific

antigen (Gag) is a prime target for CD8" T cells.

Example 3: Preclinical Immunogenicity/Efficacy Studies in mice

Studies in mice and nonhuman primates were performed herein to evaluate the
immunogenicity of study candidates AdC6 and AdC7 vectors. Studies in mice in which
animals were primed with an AdC7 vector expressing Env and then boosted with either Env
protein constructs or Virus-Like Particles (VLPs) containing Env Clade C were also
conducted.

In one of the present study conducted in outbred ICR mice, pre-immunization
sera were collected to determine background antibody titers. Animals were then divided into

6 groups of 5 mice each. Groups 1 and 2 were primed 3 times in monthly intervals
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intramuscularly (i.m.) with 10 pg of gp145 protein of CO6980v0c22 (gp145cos9s0) in alum;
four weeks later Group 1 was boosted i.m. with 10'° vp of an AdC7 vector expressing gp140
of Dul72, a clade C virus, and Group 2 was boosted with the same vector at 10° vp. For
Groups 3 and 4 the order was reversed; mice were primed with the AdC7-gp140py17, vectors
at the two different doses (10" vp and 10° vp) respectively, and then boosted 8 weeks later 3
times in monthly intervals with gp145¢oeog0 in alum. Group 5 was primed with 10% vp of an
AdC7-gp140 py172 and were boosted 2 months later with AdC6 expressing Du422, another
clade C virus. Group 6 received the same regimen but vectors were used at a reduced dose of
10° vp. Pre-immunization sera and sera collected at 2 - 6 weeks after the last dose (Groups 1
and 2: 6 weeks; Groups 3 and 4: 2 weeks; Groups 5 and 6: 4 weeks) were tested for
neutralizing antibodies to pseudoviruses (PV) based on two tier 1 clade C viruses (MWO065,
GS015), one clade C tier 2 virus (TZBD), one clade A/E tier 1 virus (TH023) as well as to
MuLV PVs; the latter to assess non-specific neutralization. Sera from one mouse in Groups
1, 2, 4 and 6 each had neutralizing antibodies at baseline; they were excluded from the
analysis. As shown in Figs. 1A-1D, all of the regimens induced significant titers of
neutralizing antibodies to MW965 PV when compared to non-specific neutralization of
MuLV PV.

Some mice also developed antibodies that neutralized GSO15 and/or TZBD
PV neutralization of the clade C tier 2 PV was not achieved. The regimen in which the Ad
vector was used for priming achieved higher seroconversion rates compared to regimens in
which mice were primed with gp145 protein. Ad vectors given in a prime-boost regimen
without protein also induced neutralizing antibodies with seroconversion rates depending on
vector dose. Titers of neutralizing antibodies tested against MW965 PV were variable;
several mice had titers above 1:1000. Highest median titers (1:860) were achieved by group
3. To assess induction of binding antibodies, sera collected at baseline and after each
immunization were tested by ELISA on a baculovirus-derived Dul72 gp140 (clade C Du
422) protein as described by Bauer et al. (Bauer et al., 2005 Sep;43(9):4426-33). Trends
were similar to those obtained by neutralization assays (Fig. 2A). A prime-boost regimen
with the protein resulted in low antibody responses after AdC vector boost. Prime-boosting
with the two serologically distinct AdC vectors resulted in slightly higher responses and there
was no difference between the groups receiving either of the two vector doses. Highest titers
were achieved by priming with the AdC7-gp140 vector followed by protein boosts. In this
regimen increasing the dose of AdC vector augmented antibody responses. Unexpectedly,

maximal titers were achieved after a single protein boost. Ad vector prime followed by the
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protein boost or a boost with another Ad vector also induced antibodies to the V2 loop
especially at the higher vector dose (Fig. 2B). Overall these results showed that a
combination of AdC vector priming followed by protein boosts results in solid neutralization

of several tier 1 viruses as well as binding antibody responses to HIV-1.

Example 4: Preclinical Immunogenicity/Efficacy Studies Testing in Nonhuman
Primates

AdC7, AdC6 as well as AdC68 and AdC1/CS5 vectors expressing sequences
from HIV-1 or SIV were tested to assess immunogenicity (Tatsis et al., J Immunol.
2009;182:6587-99) or efficacy against SIVpy,c challenges in nonhuman primates, (Cervasi et
al., J Virol. 2013 Jun 26, Lasaro et al,. Mol Ther. 2011;19:417-26). Vectors were
immunogenic even in animals with pre-existing immunity to human serotype adenoviruses.
In the most crucial rhesus macaque (RM) efficacy trial, animals were vaccinated with an
AdC7/AdC6 prime-boost regimen using vectors expressing Gag mixed with vectors
expressing gpl60 of SIVmaca30. Protection from SIVmacos1 acquisition or disease progression

was measured.

The materials and methods employed in the experiments in the study disclosed

herein are now described.

Material and Methods
Vaccine Vectors

Ad vectors were derived from the chimpanzee serotypes 6 (AdC6) or 7
(AdC7) and human serotypes 5 (AdHuS5) and 26 (AdHu26). The E1- and E3-deleted Ad
vectors expressed Gag or gp160 of SIV yac230 (AdHuSgag/gp160, AdHu26gag/gp160,
AdCo6gag/AdCogp160 and AdC7gag/AdC7gp160) or the glycoprotein of rabies virus
(rab.gp). Vectors were generated, rescued and expanded on HEK 293 cells obtained from the
American Type Culture Collection; they were purified, titrated and quality controlled (Zhou
et al.. Nat Protoc. 5,1775-85 (2010)). Expression of Gag or gp160 from recombinant viruses
was confirmed by Western blot analyses of lysates of infected cells.
Non-Human Primates (NHPs)

Two to three year-old, healthy and SIV-uninfected Indian origin Macaca
mulatta were purchased and housed at Bioqual, Inc. (Rockville, MD). Animals were typed

for Mamu-A*01, A*02, A*08, A*11, B*01, B*03, B*04, B*08 and B*17 alleles (UW AIDS
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Vaccine Research Lab, Madison, WI). All procedures involving handling and sacrifice of
animals were performed according to approved protocols and upon approval by the relevant
Institutional Animal Care and Usage Committees.
Analyses of Ad-Specific Antibodies

All NHPs were screened prior to enrollment for nAbs to AdC6 and AdC7
vectors (Patel ef al., Proc Natl Acad Sci U S A 110, 2975-2980 (2013)) and were found to be
seronegative. Some animals were tested for binding Abs to the Ad vectors by ELISA (Patel
V, et al. Proc Natl Acad Sci U S A 110, 2975-2980 (2013)). Titers were calculated by
determining the area under the curve (AUC) obtained by adsorbance at different dilutions
after subtraction of pre-bleed results. Negative values were ignored.
Immunization Regimen

Thirty-six RMs were enrolled. All animals were injected twice in ~ a monthly
interval intra-tracheally with 1x10"" vp of an AdHu5rab.gp and AdHu26rab.gp vectors.
Animals were bled 2 weeks after the last immunization to determine nAb titers to the AdHu
viruses. Animals were then distributed according to genotypes and nAbs to the AdHu viruses
into 3 groups of 12 animals each. Twelve animals were primed intramuscularly with
5x10"vp of AdC7gag mixed with 5 x10'vp of AdC7gp160; they were boosted 6 months
later with the same dose of AdC7 vectors expressing the same insert. Another 12 animals
were primed with AdHu26 vectors and boosted 6 months later with AdHu5 vectors
expressing the same inserts and used at the same doses. The remaining 12 animals were not
immunized.
Viral Challenge

Six months after the boost, experimental and control RMs were challenged
rectally 10 times in weekly intervals with 1 infectious dose of SIVcas1 (most kindly

provided by Nancy Miller, DAIDS, Bethesda, MD).

Plasma Viral Load

Plasma SIV viral load was determined by quantitative real-time RT-PCR as
previously described (Lewis ef al., Retrovirology 7, 21 (2010)). Peak viral loads reflect the
highest viral load obtained within an animal. Set-point viral loads reflect viral loads over time
by calculating AUC with a Y =40 as baseline.
Virus Integration

Genomic DNA was extracted from 10° peripheral blood mononuclear cells

(PBMCs) using DNeasy Blood and Tissue Kit (Qiagen). Ten nanograms of DNA were
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amplified by PCR using a mix of forward primers for simian and human Alu sequences, and
reverse primers for SIVgag. The following primers were used for the first PCR: simian Alu,
5’-TTCGCGGTGGCTCACGCCTG-3’ (SEQ ID NO: 17) ; human Alu, 5’-
TAGTCGGGAGGCTGAGGCAGGAGAA-3’(SEQ ID NO: 18); SIVgagR1, 5’-
TCTCTTCTGCGTGAATGCACC-3’(SEQ ID NO: 19); SIVgagR2, 5’-
AAGGCTTTTTAAATTTTCTGAGCCTG-3’(SEQ ID NO: 20). The PCR conditions were as
follow: 94°C for 1 min, 20 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 30 s, with
final elongation at 72°C for 1min. GapDH was used as a sample normalizer in the same
conditions, with primer sequences 5’-TGCCACCCAGAAGACTGTGG-3’ (SEQ ID NO: 21)
and 5’-ACCAGGAAATGAGCTTGACAAAG-3’(SEQ ID NO: 22). Two microliters of the
amplicon were digested with 10 units of RecJf for 30 minutes at 37°C, followed by enzyme
inactivation at 65°C for 20 minutes. The digestion product was used as template for a nested
real-time PCR (50°C for 20s, 95°C for 10 min, and 35 cycles of 95°C for 15 s and 60°C for 1
min). The real-time PCR was performed utilizing the previously described mix of reverse
SIVgag primers, and a forward primer specific for the LTR region of SIV: 5°-
AGGAAGAGGCCTCCGGTTG-3’(SEQ ID NO: 23). All real-time PCR samples were
quantified by normalization in comparison to GAPDH sequences using the forward and
reverse primers, respectively: 5’-TCCGGGAAACTGTGGCGTG-3’(SEQ ID NO: 24); 5°-
TCCCGTTCAGCTCAGGGATG-3’(SEQ ID NO: 25).
CDS8" Cell Depletion

RMs were injected with antibody depleting anti-CD8alpha (cM-T807R 1, NIH
Reagent Source, NIH) first subcutaneously at 10mg/kg, then intravenously at Smg/kg on days
0, 3, 7 and 10.
ELISA for Env-specific Abs
Sera of individual RMs were tested for gp160-specific antibodies by an ELISA on plates
coated with a baculovirus-derived gp160 protein (Lewis ef al., Retrovirology 7, 21 (2010)).
Antibodies to the V2 loop were measured by a peptide ELISA. Briefly, 10mM of V2 peptide
was used to coat wells of Nunc 96-well plates (Thermo Fisher Scientific, Rochester, NY) by
incubating 50 pl of the peptide dilution at 85 nmol/l in 0.02 mol/l NaCl at 4 °C overnight.
Plates were blocked for 2 hours at room temperature with PBS containing 3% bovine serum
albumin. After washing, they were incubated for 1 hour with serial dilutions of sera in PBS +
3% bovine serum albumin followed by incubation with 1:30,00 dilution of alkaline
phosphatase- conjugated goat anti-mouse IgG (Sigma) for 1 hour at room temperature. After

being washed, plates were incubated for 20 minutes with substrate and then read in an
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automated ELISA reader at 405 nm. Titers were calculated by determining the AUC obtained
by adsorbance at different dilutions after subtraction of pre-bleed results. Negative values
were ignored.

Isolation and Preservation of Lymphocytes

PBMCs were isolated (Tatsis ef al., ] Immunol. 182, 6587-6599 (2009)) and tested
immediately after isolation or frozen in 90% FBS and 10% dimethyl sulfoxide (Sigma, St.
Louis, MO) at -80°C until testing.

Synthetic Peptides

Peptide pools of 15-mers (overlapping by 11 amino acids) spanning the
STV mac230 Gag and Env proteins were reconstituted in DMSO and pools were prepared from
individual peptide stocks obtained from the National Institutes of Health AIDS Research and
Reference Reagent Program.

Intracellular Cytokine Staining (ICS)

The function of SIV-specific CD8™ T cells was assessed by ICS after
stimulation with SIV Gag or Env peptide pools. All peptides were used at a final
concentration of 2ug of each peptide per ml. When used, frozen cells were thawed and
immediately washed with RPMI media, resuspended with RPMI media, rested overnight and
then stimulated for 6 hrs with Brefeldin A and Monensin along with CD107a FITC (H4A3).
First, cells were stained with anti-CCR7-PE-Cy7 (clone 3D12) at 37°C. Cells were stained
with Aqua-fluorescent reactive dye, anti-CD14-QDot 655 (clone TuK4), anti-CD20-QDot
655 (clone 3G8), anti-CD8-QDot 705 (clone 3B5S)(Invitrogen, Carlsbad, CA), anti-CD4-
APC-Cy7 (clone OKT4) (Biolegend), anti-CD95-PE-CyS5 (clone DX2), and anti-CD28-Texas
Red (clone CD28.2, Beckman Coulter, Fullerton, CA) for 30 min at RT. After fixation and
permeabilization with Cytofix/Cytoperm (BD Biosciences, San Jose, CA) for 20 min at RT,
cells were stained with anti-IFN-y-APC (clone B27), anti-IL-2-PE (clone MQ1-17H12), anti-
TNF-a-Alexa 700 (clone MAb11, R&D System) and anti-CD3-Pacific Blue (clone SP34-2)
for 1 hr at room temperature. Cells were washed once, fixed with 1% PFA, and then analyzed
by FACS using LSRII (BD Biosciences, San Jose, CA) and DiVa software. Flow cytometric
acquisition and analysis of samples was performed on at least 400,000 events. Post-
acquisition analyses were performed with FlowJo (TreeStar, Ashland, OR). Data shown on
graphs represent values of Gag or Env peptide-stimulated wells from which background
values were subtracted. Polyfunctionality graphs were generated using SPICE v5.1 software

(NIH, Bethesda MD). Single color controls used CompBeads. Anti-Mouse Igk (BD

33-



10

15

20

25

30

WO 2018/026547 PCT/US2017/043315

Biosciences, San Jose, CA) were used for compensation. Unless otherwise noted, antibodies
were purchased from BD (BD Biosciences, San Jose, CA).
Statistical Analysis

Differences in SIV acquisition and decline of viral loads were determined by
Mantel-Cox test. Normality of data was determined by D'Agostino & Pearson omnibus
normality test. Data that failed the normality test were analyzed by non-parametric tests, such
as Wilcoxon-Mann-Whitney test for two groups comparison or Kruskal-Wallis test with
Dunn correction for multiple comparisons. In detail, differences in viral loads and set point
viral loads were determined by Kruskal-Wallis test with Dunn correction. Differences in
integration and the relationship of integration with various other parameters were tested by 2-
way Anova or multiple t-tests both with Holm-Sidak correction. Differences in Ab titers and
T cell responses between the groups at various time points were determined by Wilcoxon-
Mann-Whitney test. Differences in T cell functions between before and after challenge were
analyzed by SPICE software by Wilcoxon sign rank tests. Correlations were determined
using Spearman correlation with Bonferroni correction of p-values. For correlations adjusted
p-values are shown within the text, figures show unadjusted p — values. Analyses were

conducted using GraphPad Prism 6, SAS 9.2, and SPICE v5.1.

The results of the experiments are now described in the following examples.
SIV acquisition, viral loads, and levels of SIV integration in the different vaccine
groups.

Protection from SIV .51 acquisition or virus replication was tested in Rhesus
Macaques (RMs) immunized with Ad vectors expressing Gag and gp160 of SIV ya0039. First
to more closely mimic the immune status of humans, AdHu26 and AdHuS vectors expressing
an irrelevant transgene was intra-tracheally administered to 36 healthy Indian-origin RMs.
Although this procedure does not fully recapitulate the repeated infections with different Ad
serotypes that humans experience during their lifetime it achieves induction of serotype-
specific neutralizing (n)Abs as well as non-neutralizing Abs. Most RMs developed moderate
nAb titers to AdHuS and markedly higher titers to AdHu26 (Fig. 3). Non-neutralizing Ad-
specific Abs tested in some animals after AdHu administration cross-reacted with SAd-V24,
from hereinafter referred to as AdC7 and SAd-V23, from hereinafter referred to as AdC6
(Fig. 9). Animals were distributed with high or low nAb responses to AdHuS and AdHu26
equally into three groups of twelve RMs each. Each group had eight Mamu-A*01" RMs and

groups 1 and 3 each had one Mamu-B*17" animal (Fig. 3). Animals of group 1 were
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vaccinated four weeks after the last AdHu pre-exposure with 5 x 10'° vp of AdC7 expressing
Gag (AdC7gag) mixed with 5 x 10" vp of AdC7 expressing gp160 (AdC7gp160). RMs of
group 2 were vaccinated with the same doses of AdHu26 vectors expressing the same inserts.
RMs of group 3 were not vaccinated and served as controls. Six months after the first vaccine
dose RMs of groups 1 and 2 were boosted with AdC6 and AdHuS vectors, respectively,
expressing the same inserts and used at the same doses as for priming. Starting six months
after the boost, RMs were challenged rectally in weekly intervals for up to ten times with a
low infectious dose (1 mean tissue infective dose) of SIVmasi (kindly provided by N. Miller,
NIAID). RMs that developed viral loads above 1,000 RNA copies per ml of plasma received
no further challenges.

All of the Mamu-A*017/B17" control RMs became infected within two
challenges (Fig. 4A). Virus acquisition was slightly delayed in AdHu-vaccinated RMs, which
on average became infected by the fourth challenge; this level of protection was not
statistically significant when compared to control animals. In contrast, the AdC-vaccinated
Mamu-A*017/B17  RMs showed significant protection against SIVm,e2s1 acquisition when
compared to control animals (p = 0.0295 by Mantel-Cox test). Measurement of virus
replication also showed significantly lower set-point viral loads (adjusted [adj.] p =0.0209 by
Kruskal-Wallis test with Dunn correction) and peak viral loads (adj. p = 0.0209) in Mamu-
A*017/B*17  RMs of the AdC but not the AdHu vaccine group as compared to controls (Fig.
4B). Mamu-A*01"/B*17" as compared to MamuA*017/B17" control RMs showed
insignificant (p = 0.086) increases in resistance to infection with median SIV acquisition after
four challenges. On average, AdC-and AdHu-vaccinated Mamu-A*017/B*17" animals
became infected after the third or fifth challenges respectively, which was not significantly
different from acquisition rates of control RMs. Both Mamu-A*017/B*17" vaccine groups
developed lower peak viral loads (AdC: p = 0.0053, AdHu: p = 0.0007) and set-point viral
loads (AdC: adj p =0.0019, AdHu: adj p = 0.0003) compared to controls. Interestingly all
RMs with break-through infections in either of the two vaccine groups regardless of their
Mamu genotype controlled viral loads to levels below 1000 copies per ml within a few weeks
after the initial SIV acquisition and by 18 weeks after the first challenge all but 2 of the
vaccinated RMs (one in each vaccine group) had viral loads below the level of detection. Six
of the 12 control animals also showed loss of detectable viral loads although, unlike in the
vaccine groups, this was only seen in unvaccinated RMs with controller genotypes.
Differences in decline of viral loads were significant comparing controls to AdC (p = 0.0277)

or AdHu (p = 0.0213) vaccinated RMs. Pre-existing nAb titers to AdHuS or AdHu26 did not
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affect peak viral loads, set-point viral loads, number of challenges until infection or time until
viral control in either vaccine group.

Relative amounts of integrated SIV were tested at two and twelve weeks after
infection in a subset of RMs (n =7 [AdC], = 11 [AdHu], = 4 ([Co]) (Fig. 4C). The one tested
animal that did not show detectable viral load at any time after the ten challenges was found
to be negative for integrated SIV genome. Detectable levels of integrated SIV genome were
found by two weeks after infection in isolated CD4" of all RMs with at least one time-point
of detectable viremia, with a tendency to increase when tested again at 12 weeks after
infection. This increase reached significance for the AdHu group (p =0.015). Of note, at
week 12 after infection the relative amounts of integrated SIV in CD4™ T cells were
significantly lower in AdC-vaccinated than in control RMs (p = 0.016). In the AdHu group of
SIV-infected RMs, the animals that maintained relatively stable levels of integrated SIV (i.e.,
change below 10 fold) became infected at a later time point as compared to those that showed
pronounced increases (>100 fold) during this period (p = 0.03). Levels of virus integration or
their changes over time were not affected by peak viral loads, time to control, Mamu
genotype, pre-existing antibody titers to the AdHu vectors or antibody titers to Env.
Antibody responses upon vaccination and challenge

To identify correlates of immunological protection conferred by the used
vaccine vectors, vaccine-induced SIV-specific immune responses were retrospectively
assessed before and after challenges. In all of the vaccinated RMs Env-specific Ab responses
were low after priming, increased after the boost and then contracted by the time of
challenges (Figs. SA-5B). After challenges, vaccinated RMs that did not develop detectable
viral loads failed to show increases in Env-specific Ab titers, suggesting true sterilizing
immunity. All other vaccinated RMs showed pronounced increases in Ab titers after
challenges (Figs. SA-5B). In the Mamu-A*017/B*17" groups, AdHu-vaccinated RMs
developed significantly higher titers of SIV Env-specific Abs compared to AdC-vaccinated
animals (p = 0.0003 by Mann-Whitney) following infection. This most likely reflects the fact
that AdC-vaccinated animals of this subcohort failed to acquire the virus or very rapidly
controlled viral loads and thereby lacked sufficiently high levels of antigen to optimally
increase Env-specific Ab titers. For the same reason Mamu-A*017/B*17" AdC-vaccinated
RMs developed higher Ab titers compared to Mamu-A*017/B*17° RMs (p = 0.00006) after
challenges. In AdC- but not AdHu-vaccinated RMs (analyzing all animals together regardless
of the Mamu genotype), Ab titers after the boost directly correlated with numbers of

challenges required to achieve infection (r = 0.807, adj. p = 0.0278 by Spearman correlation,
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Figs. 6A-6B). In the AdHu5 group, correlations were only seen for Ab titers after challenges
and set-point viral loads (r = 0.720, adj. p = 0.0425) and peak viral loads (r =0.708, adj. p =
0.0494, Figs. 10A-10D). Control RMs developed robust Ab titers after challenges (Fig. 7C),
which were higher than in vaccinated animals with breakthrough infections (AdC: adj. p =
0.003, AdHu: adj. p = 0.0068). Pre-existing Ab titers to either AdHuS or AdHu26 had no
significant effect on Ab responses in the two vaccine groups. Finally binding Abs directed
against the V1/V2 loop, which have been linked to protection in humans and RMs (Zolla-
Pazner et al., PLoS One. 8, €53629 (2013); Barouch ef al., Nature. 482, 89-93 (2012)), were
not detected until after challenges. There were no associations between antibody titers at any
of the tested time points and levels of SIV integration.
T cell responses upon vaccination and challenge

Total T cell responses to Gag were measured by intracellular cytokine staining
and multicolor flow cytometry in AdC- and AdHu-vaccinated (Figs. 7A-7L) and control RMs
(Fig. 11) as the fraction of CD4" or CD8" T cells showing at least one functional responses
(i.e., production of IFNy, IL-2, or TNF, or surface expression of the degranulation marker
CD107). Both vaccine regimens induced total Gag-specific T cells responses of comparable
magnitude. The only significant difference in T cell responses between animals with or
without controller genotypes was seen in the AdC group (Fig. 7A), where the better protected
Mamu-A*017/B*17° RMs had significantly higher total Gag-specific CD8" cell responses (p =
0.042 by Wilcoxon-Mann-Whitney test) at the time of first challenge. In the AdC but not the
AdHu vaccine group Gag-specific effector memory (CD8gy) (Figs. 12A-12F) and central
memory (CDScn) (Figs. 12B-12E) CDS8 T cell responses at 4 weeks after the boost
correlated with peak viral loads (CD8cy: r=0.729, adj. p = 0.036, CD8gp\: r = 0.746, adj. p =
0.0359); CD8gm responses measured shortly after the boost also correlated with set-point
viral loads (r = 0.725, adj. p = 0.0392) (Figs. 12C-12E). In the AdHu vaccine group
correlations for CD8™ T cells were only seen in Mamu-A*017/B*17" RMs; frequencies of
total Gag-specific CD8" and CD8gy, cells at the day of challenges showed inverse
correlations with time to viral controls (for both r =-0.9487, adj. p < 0.0001). In the same
group unlike in AdC-vaccinated RMs total Gag-specific CD4™ T cells (Fig. 13A and Fig.
13C) and CD4gw cells (Fig. 13B and Fig. 13D) after challenges inversely correlated with
peak viral loads (total CD4 r=-0.845, adj. p=0.011, CD8gy: r =-0.82, adj. p=0.0064). In
the AdHuS group RMs with lower levels of SIV integration by 2 weeks after infection
(<50,000) had higher frequencies of Gag-specific CD8gm T cells responses before challenge

than those with higher levels of integration (p = 0.016), while in the same group animals with
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low levels of integrated virus by week twelve after infection (<10°) had higher frequencies of
Gag-specific CD8¢yv (p = 0.003) and CD8gy T cells (p = 0.037) before challenge (Fig. 14).
Env-specific T cell responses, including those of subsets were low and comparable between
the vaccine groups and between Mamu-A*017/B17" and Mamu-A*017/B17 RMs (Figs. 15A-
15L).
Gag-specific CD8" T cells were also specifically analyzed for each individual function, i.e.,
production of IL-2, IFN- vy, TNF- o and degranulation of CD107 in response to SIV-Gag
peptides. Functionality of virus-specific CD8" T cells between the vaccine groups and within
the vaccine groups between Mamu-A*017/B17" and Mamu-A*017/B*17" RMs were largely
comparable at the different time points tested (Fig. 16). After priming, CD8" T cell responses
were dominated by cells producing IL-2, and after. The boost responses became more
polyfunctional with this trend becoming even more pronounced after challenges. Differences
between the two vaccine groups were seen shortly before challenges when animals of the
AdHu vaccine groups had higher frequencies of CD8" T cells that exhibited all 4 functions (p
= 0.016 by Wilcoxon Rank test) or produced TNF-o only (p = 0.026). After priming CD4™ T
cell responses of AdC- and AdHu-vaccinated RMs were dominated by cells producing IL-2
only (Fig. 17). After the boost, responses again became more polyfunctional and IFN-y only
producing CD4" T cells became dominant in the AdHu group. Differences between AdC-
vaccinated animals with or without controller genotypes were seen just prior to the first
challenge when Mamu-A*017/B17 RMs had higher frequencies of Gag-specific CD4" T cells
positive for IL-2, CD107a and TNF-a (p = 0.021), IL-2 and TNF- o (p = 0.021) or TNF- o
only (p =0.021). Responses of AdHu-vaccinated animals were not significantly affected by
controller genotypes. Pre-existing nAbs to AdHuS vectors did not affect the magnitude or
functions of Gag-specific CD8" or CD4" T cell responses in either vaccine group. An analysis
of Gag-specific T cell subsets just prior to challenges revealed in general comparable
functions between the vaccine groups or between Mamu-A*017/B*17 and Mamu-
A*017/B*17 RMs in either vaccine group (Fig. 18). Differences were seen mainly for
CD4cpm of AdC-vaccinated RMs; those that were Mamu-A*017/B*17" showed higher
frequencies of cells positive for IL-2, CD107a, and TNF-a (p = 0.013), IL-2 and TNF- o (p =
0.013), IFN-y and TNF- a (p = 0.013), and TNF- o only (p =0.013).
Functional in vivo assessment of CD8" T cell responses through CD8" lymphocyte
depletion.

The antiviral role of CD8" T cells in the context of STV infection of RMs has

been directly demonstrated in many studies that used in vivo depletion of these cells with
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CD8 directed antibodies as pioneered in the publication by Schmitz et al., 1999 (Schimitz et
al., Science 283, 857-60 (1999)). In the current invention, the role of CD8" T cells in
protecting from SIV disease progression was directly assessed by performing CD8"
lymphocyte depletion in five AdC- and four AdHu-vaccinated RMs at 28 weeks after
completion of challenges. All animals, except one RM of the AdHu vaccine group, which had
remained virus-free after 10 challenges, developed detectable viral loads following CD8™ cell
depletion (Fig. 8), thus confirming that control of virus replication was mediated by CD8"
lymphocytes. Once the depleting treatment was stopped and the observed number of CD8"
lymphocytes returned to the baseline (pre-depletion levels) viral loads rapidly declined in all
but one of the AdC-vaccinated RMs. This animal, which did not develop viral loads above
1,000 RNA copies/ml until five weeks after the tenth challenge but was viremic at the time of
CDS8" cell depletion, did not show major increases in viral loads after CD8 depletion, perhaps
suggesting CD8" T cells had become unable to control SIV replication as a result of the
presence and outgrowth of escape mutants.

Overall, testing in mice and nonhuman primates showed that a prime-boost
regimen using two serologically distinct AdC vectors markedly increases T and B cell
responses to the transgene product (McCoy et al., J Virol. 2007;81:6594-604; Santra et al .,
Vaccine. 2009;27:5837-45; Tatsis et al., Virology. 2007;367:156-67; Zhou et al., Mol Ther.
2010;18:2182-9; Tatsis et al., J Immunol. 2009;182:6587-99; Lasaro et al., Mol Ther.
2011;19:417-26).

Example S: Other Studies

Mice Studies

No side effects were noted in mice at intramuscular doses as high as 5x10" vp
using AdC6 and AdC7 vectors with a variety of different inserts including HIV-1 gag. The
highest vaccine dose tested in nonhuman primates (NHPs) for AdC6 and AdC7 vectors
expressing a truncated version of HIV-1 gag or the rabies virus glycoprotein was 10" vps.
These animals also showed no overt symptoms after immunization in an experiment in which
animals were primed with AdC7 vectors, boosted 8 months later with AdC6 vectors and then

4 months after that with AdHuS vectors to assess immune responses.
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Nonhuman Primate Studies

To assess vector immunogenicity and efficacy a number of nonhuman primate
studies were conducted with AdC6 and AdC7 expressing a variety of inserts including, but
not limited to, SIVgag, SIVenv, HIV-lenv and the rabies virus glycoprotein. Although the
primary endpoint of these studies was not to assess vector toxicity, all immunized animals
were routinely checked for their health status. Nonhuman primate studies were conducted at
three facilities (i.e. at the University of Pennsylvania, at BIOQUAL Inc. (Rockville,
Maryland), and at the Yerkes National Primate Research Center (Atlanta, Georgia)). NHP
samples (i.e., blood and sera) were screened for Complete Blood Count with
differential/absolute numbers (white blood cell counts, red blood cell counts, hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular hemoglobin concentration,
polymorphonuclear leukocytes, metamyelocytes, lymphocytes, monocytes, eosinophils,
basophiles, and platelets) and blood chemistries (calcium, phosphorus, chloride, lactate
dehydrogenase, aspartate aminotransferase, total bilirubin, gamma-glutamyl transferase,
alanine aminotransferase, alkaline phosphatase, total protein, total globulin, albumin, blood
urea nitrogen, creatinin, glucose, creatine kinease, and aldolase). The NHP samples did not
show any abnormalities except for some small increases in liver enzymes that were

sometimes observed and thought to be a reflection of anesthesia-related stress.

Example 6: Ongoing Studies

In one embodiment, the AdC6-HIVgp140 and AdC7-HIVgp140 vectors of this
invention are combined with additional vaccines to enhance and broaden HIV-1-specific T
and B cell responses.

Addition of an AdC6-HIVgp140 vector boost:

To optimize B cell responses AdC7-HIVgp140 primed individuals are boosted
6 or more months later with AdC6-HIVgp140 used at the same dose as the priming vector.
Addition of a Protein Boost:

As an alternative or in addition, subjects from the Phase 1 study receive a
protein boost 12 or more months after vaccination with a single AdC Env vector vaccine or
12 or more months after the AdC6-HIVgp140 boost of AdC7-HIVgp140 primed individuals
as described above herein. A potential protein vaccine candidate is a gp145 protein derived
from an early clade C isolate from Tanzania produced in CHO cells that is under

development by the National Institute of Allergy and Infectious Diseases (NIAID).
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AdC6-HIVgag and AdC7-HIVgag:

In some aspects of this invention, the inclusion of AdC vectors expressing
additional HIV antigens broaden and enhance T cell responses. AdC vectors that express gag
of a clade B HIV-1 strain (AdC6-HIVgag and AdC7-HIVgag) were developed. Following
the completion of the initial Phase 1 trial, additional studies with the AdC6 and AdC7 vectors
containing the gag insert are pursued and followed by a study in which subjects receive all

four AdC vectors.

Example 7: Vaccines design, construction and characterization : AdC6 and AdC7

Vectors

The vaccines of the present invention were based on recombinant viruses
derived from clones of two chimpanzee adenoviruses, AdC6 and AdC7 also referred to as
SAdV-23 and SAdV-24. The parent viruses were obtained from ATCC (AdC6 — ATCC-VR-
592, AdC7 — ATCC-VR-593). The Ad genome contains five segments that encode early gene
products, i.e., E1-ES, and five segments that encode five late gene products, i.e., L1-L5. The
El, E2 and E4 gene products regulate the transcription and translation of the later genes and
are necessary for viral replication. The E3 gene products subvert immune responses by
altering antigen presentation and cytokine and apoptosis pathways but are unnecessary for
viral replication. Deletion of the E3 in addition to the E1 domain increases the permitted size
of the inserted expression cassette to ~7.5 kilobases (Kb).

To generate the E1-deleted AdC6 molecular clone, the 5° right inverted
terminal repeat (ITR) was amplified by Polymerase Chain Reaction (PCR) and cloned into
the pNEB193 vector. Using restriction enzyme sites that are unique in assembly but not
necessarily unique to the full AdC6 genome, the right half of the AdC6 genome was then
cloned piecemeal into the pNEB193 vector. The left ITR was amplified by PCR and cloned
into a different pNEB193 vector. Using the same strategy as above, the remainder of the left
fragment of the AdC6 genome was assembled into the pNEB193 vector. Approximately 2.6
Kb of the E1 region between SnaBI and Ndel sites were omitted and replaced with a linker
that contains the rare enzyme sites of I-CeuI and PI-Scel. These steps remove the entire Ela
and E1b 19-kDa homolog-coding regions and 74% of the E1b 55-kDa homolog-coding
region. Finally, using two suitable enzymes, the E1-deleted left fragment of AdC6 was
released from the pNEB193 vector and inserted into the vector containing the right fragment

of the genome, effectively generating the E1-deleted infectious molecular clone of AdC6.
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To delete the E3 domain, a fragment was cut from the E1-deleted AdC6
molecular clone by digestion with Sbfl. The ends of this Sbfl fragment were joined by
ligation and the ~4 Kb E3 region was removed from this Sbfl fragment using suitable
restriction enzymes, i.e., Eco47IIl and Swal. The resulting E3-deleted Sbfl fragment was
then swapped into the E1-deleted molecular clone to replace the original Sbfl fragment and
generate an E1/E3-deleted AdC6 molecular clone. For AdC6-HIVgp140 viral molecular
clone, which also contains a partial E3 deletion, ORF3, ORF4, ORF5, ORF6 and ORF7 of E3
were removed using similar strategy as described.

To create an E1- and E3-deleted viral molecular clone of AdC7, a similar
cloning strategy was adopted. The El-deleted AdC7 clone was generated first in the pBR322
plasmid to harbor most of AdC7 genome and both ITRs, except the E1 region.
Approximately 2.6 Kb between the sites of SnaBI and Ndel were deleted to remove El
(nucleotide number 455 to 3028). Two sites for endonucleases I-Ceul and PI-Scel were
incorporated within the deleted E1 domain to facilitate insertion of the transgene cassette. In
the partially E3-deleted viral molecular clone a fragment from nucleotide number 27775 to
31298 was excised removing ORF3, ORF4, ORFS5, ORF6 and ORF7 of E3.

Table 1 below illustrates the nucleotide number of the deleted portion of E1
and E3 domain (based on Genbank Accession numbers AY530877 and AY530878 that are
sequences for wildtype AdC6 and AdC7 respectively) in the recombinant AdC vector

described in this invention.

Table 1. Nucleotide Numbers of the Deleted Portion of E1 and E3 Domain in the
rAdC Vectors

AdC6-HIVgp140 455 -3022 bp 27835 -31052 bp

AdC7-HIVgp140 455 -3028 bp 27775 - 31298 bp

* Nucleotide numbers are based on Genbank accession numbers that are AY530877 for AdC6

(wildtype) and AY 530878 for AdC7 (wildtype) type

Example 8: Vaccines design, construction and characterization : recombinant AdC6

and AdC7 vectors
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Maps of AdC6 and AdC7 vectors expressing Env are shown in Figs. 19A-19B.
Maps of pShuttle plasmids containing gp140 (DU172 and DU422) are shown in Fig. 19C
During the manufacturing process, restriction mapping analysis or a PCR-based identification
assay is be performed on Master Viral Bank and Vaccine Bulk Substance to assess the
integrity of the viral genome.

The nucleotide and amino acid sequences of the AdC vectors of the present
invention (AdC6 and AdC7) expressing gp140, Gag or gp160 are provided herein Figs. 20-27
(SEQ ID NOs: 1-16).

Example 9: Manufacturing Process
Master Viral Bank (MVB)

The plasmids containing the sequence of the AdC vector with the HIV gene
inserts were linearized by restriction enzyme digestion and then transfected into SAFC
Pharma’s AC-2 cell line that is a HEK-293 based cell line (SAFC® Pharma, MilliporeSigma -
Carlsbad, California). After the transfections, recombinant viral clones were selected by three
rounds of plaque purification. Six to twelve clones from each transfection were produced and
an aliquoted. Six clones from each transfection with the highest infectious titers were
amplified and tested for production yield (in virus particle and infectious particle),
immunogenicity in mice, and genetic integrity (by restriction mapping analysis). Following a
selection of one final clone for each construct, each final vector clone was expanded to
generate a primary seed stock that was tested (for bioburden, endotoxin, mycoplasma and
infectious titer) prior to use in subsequent processes. The primary viral seed stocks were
characterized for production parameters (multiplicity of infection and time to harvest) for use
in later development and production activities.

The primary viral seed stocks were used to manufacture Master Viral Banks
(MVBs) with AC-2 Working Cell Bank under cGMP conditions (SAF o Pharma). AC-2
cells were grown in adherent form in conditioned medium supplied with fetal bovine serum
(purchased from Cell Genesys Inc. for AdC-HIVgp140 vectors) prior to adaptation to
suspension in serum-free medium. The MVBs were produced in suspension (without fetal
bovine serum) in five liter WAVE™ scale. Cells were harvested, lysed by freeze thawing,
and then clarified by low speed centrifugation followed by filtration. The cleared
supernatants from cell lysates were filled into approximately two hundred cryovials for each

MVB.
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Tests performed on each MVB samples and release specifications are listed in
Table 2. In some embodiments, the clinical vaccine products release and stability

specification of vp to IU ratio to be used is 600 : 1.
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Table 2. Release Tests and Specifications for AdC Recombinant vector MVBs

Immersion (Direct

No bacteria or

Sterility inoculation) (USP/21 Pass Pass
CFR 610.12) fungus found
- g Immersion (Direct .
Sterility Method Suitability inoculation) (EP/USP) No interference Pass Pass
Indirect method and
Mycoplasma direct cultivation (Points Negative Pass Pass
To Consider)
Kinetic chromogenic
Endotoxin Limulus Amebocyte <10 EU/mL Pass Pass
Lysate assay
. Inoculation of 3 cell lines
In Vitro assay for . X
o . with hemadsorption and . Pass
adventitious viral o Negative
. hemagglutination
contaminants 4
endpoints
In Vivo assay for Inoculation of
adventitious viral embryonated hen eggs, Negative Pass
contaminants adult and newborn mice
Detection of Porcine Polymerase chain Negative
Circovirus DNA reaction (PCR) & Pass
Detection of Adventitious Cultlyatlon on detector .
bovine viruses 0611 lines anql ﬂuorescent Negative Pass
antibody staining (9 CFR)
Detection of Adventitious Cultlyatlon on detector .
orcine viruses cell lines and fluorescent Negative Pass
p antibody staining (9 CFR)
- gqPCR assay of hexon
aQSI;—Znt;tinVst;E:R (@PCR) from cells infected with Vp to IU ratio =
Y oT X ¥ serial dilutions of AdC 600 : 1
determination
vector
Detection of 14 viruses (SV-
40, HIV-1, HIV-2, HTLV-],
HTLV-II, hepatitis A virus, Real Time PCR (Human Neeative
CMV, EBV, parvovirus B- | Panel ) & Pass
19, human herpes viruses-6,
-7,-8)
Quantification of Reverse . Pass
Transcriptase Activity QFPERT Negative
Detection of adeno- Real-time PcR Negative Pass

associated virus

MVBs for both recombinant vectors have been completed and are stored at <

-65°C at SAFC Pharma under cGMP conditions.
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Manufacturing Flow Chart

Master Virus Bank

Side Expansion (if necded)

=N\

Expansion on adherent AU-2 cells (2-davs)

Crude harvest for release

testing Harvest, Ficeze thawing (3x)

v

90 ity at 23°C Benzofase

Ly,

10 min centrifugation at 2100.1pm, harvest
supernatant

b4
3 hr contrifugation over CsCl gradient at
670002, harvest lower band

I

18-24 he centrifugation over CsCl gradient at
67.000 g harvest band

Dialyze against formulation buffer, 4 hrs
with hourly buffer exchanges

Determiné vp, additional Dilute in formulation buffer (2.5%
release testing Glycerol/25 mM NaCl/20mM Tris, pH

)

Additional release testing Filter through a 0.22 pg filter

v

Additional release testing |€— Fill into vials

* In the event the MVB is not large enough to provide sufficient material at the stipulated dose Tevel
required for pi'ec‘linic‘al and clinical studies, the virus from the MVB will undergo one round of fusther
expansion and viris from this expansion is-used for GMP production.
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The above manufacturing flow chart depicts the production process for the
AdC6 and AdC7 vaccines. Release testing of the AdC6-HIVgp140 and AdC7-HIVgp140

were finalized.
Vaccine Drug Substance

Production of the Current Good Manufacturing Practice (cGMP) drug
substance AdC vector lots are in process, thus far the bulk lot for AdC7-HIV-gp140 has been
produced and conditions for AdC6-HIVgp140 production have been established. Several
process development (PD) runs were performed for the two gp140-expressing vector
constructs utilizing the vector MVBs and AC-2 Working Cell Bank. The PD runs showed
that viral yields were higher when virus was grown on adherent rather than suspension cells.
For this reasons AC-2 cells were grown in adherent form in medium supplied with 10% fetal
bovine serum, gamma-irradiated and grown in CellSTACK® Cell Culture Chambers (8 for
AdC7 and 40 for AdC6). Cells were plated for 3 days and then infected with 0.08 moi of
virus per 90% of the cell monolayer shows cytopathic effects (CPEs). Cells were lysed by 3
rounds of freeze thawing. The lysate were treated for 90 min at 23°C with Benzonase to
remove cellular DNA. Debris were then removed by a 10 min low speed (2100 rpm)
centrifugation at room temperature. Supernatant is centrifuged at 67,000 g for 3 hrs at 4°C
over a CsCl, gradient. The viral band were harvested and centrifuged over a CsCl, gradient
at 67,000 g at 4°C for 18-24 hrs. The band is harvested and dialyzed against formulation
buffer for a total of 4 hours with hourly buffer exchanges. An aliquot of the dialyzed material
is used to determine (vp) content. The material is diluted to 10'* vp per ml in formulation
buffer (2.5% Glycerol / 25 mM NaCl / 20 mM TRIS, pH 8.0) and then filtered through a 0.22
um filter. The vaccine bulk filled lot were stored at < -65°C under cGMP conditions. Samples
from each bulk lot is tested for release and the release specifications and results are listed

below in Tables 3 and 4.
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Direct cultivation by .
Mycoplasma PTC/EP/USP Negative Pass
Indirect method by
Mycoplasmastasis PTC/EP/USP (Points Negative Pass
To Consider)
Inoculation of 3 cell
In Vitro assay for lines with
adventitious viral hemadsorption and Negative Pass
contaminants hemagglutination
endpoints
. Inoculation of
In Vivo assay for
. . embryonated hen :
adventitious viral Negative Pass
. eggs, adult and
contaminants .
newborn mice
Detection of Porcine Polymerase chain Neeative Pass
Circovirus DNA reaction &
Detection of Cultivation on
S . detector cell lines and .
Adventitious bovine . Negative Pass
viruses fluorescent antibody
staining (9 CFR)
. Cultivation on
Detectlgq of . detector cell lines and .
Adventitious porcine . Negative Pass
viruses fluorescent antibody
staining (9 CFR)
Detection of 15
human viruses (SV-
40, HIV-1, HIV-2,
HTLV I HTLV L, Real-time polymerase
HAV, HBV, HCV, . oty Negative
CMV. EBV chain reaction
Parvovirus B-19,
HHV-6, HHV-7,
HHV-8)
Ultracentrifugation
Quantification of and quantitative
. fluorescent product .
reverse transcriptase Negative Pass
S enhanced reverse
activity .
transcriptase assay
(QFPERT)
Quantitative PCR qPCR assay of hexon .
(qPCR) assay for from cells infected Vp to IU ratio
T o ot | with serial dilutions of | =600 1
p Y AdC vector
Detection of residual | Polymerase chain
<
host cell DNA reaction assay < 10 ng/dose
Detection of AAV qPCR < 0.2 ng/mL Pass
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Microbial enumeration

and rabbits

Bioburden test (USP/61) Negative Pass

Determination of UV spectrophotometry

virus concentration Uv/0D Report results Pass
Kinetic chromogenic

Endotoxin Limulus Amebocyte <10 EU/mL Pass
Lysate assay

Dotection of residual Enzyme immunoassay < 0.2 ng/mL Pass

benzonase

Detection of Human .

DNA qPCR Negative Pass

Detection of

replication Using A549 detector <1

competent cells RCA/3x10" vp

adenovirus (RCA)

Quantitative PCR gqPCR assay of hexon

(qPCR) assay for from cells infected with | Vp to IU ratio

potency serial dilutions of AdC =600 :1

determination vector

Viral safety assay In vivo toxicity in mice Report results

Vaccine Fill and Finish

Bulk vaccine is diluted in 2.5% Glycerol, 25 mM Sodium chloride, 20 mM

Tris pH 8.0 formulation buffer for filling. To fill and finish the final clinical recombinant

AdC vector vaccines one product fill per vector are performed under cGMP conditions.

Following the completion of the product fill at ~ 1 ml for a dose of 5 x 10'°vp per ml, a

review of the lot file and receipt of satisfactory test results for sterility, endotoxin and

mycoplasma, a Certificate of Compliance is issued. Moreover, a Certificate of Analysis is

issued by the Quality Assurance (SRI International, Menlo Park, California) after obtaining

all satisfactory release testing results and reviewing the related production batch records. The

final release testing for the recombinant AdC vector vaccines filled product is presented in

Table 5. The product is stored frozen at <-65°C.
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Table 5. Final Release Tests and Specifications for Recombinant AdC Vector Vaccines

Appearance Visual Clear to slightly cloudy
» Immersion (Direct inoculation) No bacteria or fungus
Sterility
(USP/21 CFR 610.12) found.

Kinetic chromogenic Limulus
Endotoxin <10 EU/mL
Amebocyte Lysate assay

Determination of virus
. UV spectrophotometry Report results
concentration

o gqPCR assay of hexon from cells
Quantitative PCR (qPCR) assay

o infected with serial dilutions of Vp to IU ratio = 600 : 1
for potency determination
AdC vector
Sequencing of viral DNA Massively Parallel Sequencing Report results
General safety 21 CFR 610.11 No sign of toxicity

Stability

Stability of filled drug product is tested over time. Vialed vector vaccine
(stored at <-65°C) and is tested the first year in 3 monthly intervals for potency and
appearance. The second year the vialed vaccine is tested every 6 months and thereafter

annually.

Example 10: preclinical studies

Immunogenicity

During selection of the two adenovirus vectors, AdC6 and AdC7,
immunogenicity evaluations were conducted in mice and nonhuman primates as described in
the Example 8 above.

Non-clinical Safety and Biodistribution Studies

Preclinical safety and biodistribution studies are conducted in accordance with
the U.S. FDA "Good Laboratory Practice for Nonclinical Laboratory Studies," as described in
21 CFR Part 58.

1. GLP single dose safety toxicology studies that include Day 4 and Day 29
biodistribution analysis in rabbits with AdC6-HIVgp140 and AdC7-HIVgp140
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2. GLP single dose 12 week biodistribution study in rabbits for AdC6-HIVgp140 and
AdC7-HIVgp140

3. Prime-boost study in rabbits consisting of AdC7-HIVgp140 prime followed by a
AdC6-HIVgp140 boost 29 days later.

Information from these studies is used to define a no-observed-adverse-effect-
level (NOAEL) and to identify potential target organs of toxicity. In each of these preclinical
studies, New Zealand white rabbits receive a single dose of vector that is higher than the
highest dose planned for use in humans.

Single Vector Dose Ranging Safety Studies with Early Time Point Biodistribution
Analysis

The study design for the single-dose definitive safety studies is presented in
Table 6. In these studies, New Zealand white rabbits is administered vaccine or control
article via intramuscular (i.m.) immunization on Day 1. The study design includes a vehicle
control (Group 1) and two vaccine-treatment groups (1 x 10" vp Group 2 and 1 x 10" vp
Group 3) with 10 male and 10 female rabbits per dose group. Half of the rabbits per group
(n=5/sex) are sacrificed on Day 4 which is 4 days after immunization. The other 5 rabbits per
sex per group are sacrificed on Day 29 which is 4 weeks after immunization in order to study

the reversibility of toxicity or delayed toxicity of the single immunization.

Table 6. Design of Safety Study for AdC6-HIVgp140 or AdC7-HIVgp140

1 im. Vehicle control 5M + 5F 5M + 5F
2 im. 1 x 10" 5M + 5F 5M + 5F
3 im. 1 x 10" 5M + 5F 5M + 5F

Ten per sex per group are immunized once with the vaccine or vehicle.
B Main Group, five animals/sex/group are sacrificed 4 days after immunization.

“Recovery Group, five animals/sex/group are sacrificed 4 weeks after immunization.

The Vaccine Safety Studies include the parameters listed below herein:
e Mortality: at least once daily.
¢ C(linical Observation: pre dose, 2-4 hr post-dose, once daily for 5 days post-dose,
otherwise once weekly, and at necropsy.

e Body Weight: Pre-study, weekly thereafter, and at sacrifice.
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e Body Temperature: pre-dose, 3, 24, and 48 hr post-dose or until the rabbit’s
temperature returns to normal.

e Food Consumption: daily for the 3 days post-dose and otherwise once weekly
(quantitatively measured over a 24 hr period).

e Local Reactogenicity: Local irritation at the injection sites is evaluated by a modified
Draize scoring method at pre-dose, 2-4, 24, 48, and 72 hr after each injection. Any
animals with irritation at the last time point, are evaluated once daily until irritation
resolves..

e Ophthalmology: Pre-Study and post-dose within 1 week prior to scheduled sacrifice.

¢ C(linical Pathology: hematology, serum chemistry, and coagulation are pretested, 1 day
after immunization (5/sex/group), and at the recovery necropsy.

e Urinalysis: at necropsy

e Antibody Response: Serum samples are collected pretest and at sacrifice and archived
for possible antibody analysis (e.g. anti-HIV antibodies, neutralizing antibodies).

e Necropsy and Organ Weight: All animals at main and recovery sacrifice.

o Histopathology: All tissues in the control and high dose groups at the main study
sacrifice. Any target organs is examined in the other dose groups and from the
recovery group animals. All gross lesions are examined.

¢ Biodistribution: All high dose Group 3 rabbits (5/sex/time point) and 3
rabbits/sex/time point from vehicle control Group 1 are analyzed for biodistribution of
the vector at sacrifice (Days 4 and 29).

The final report includes a discussion correlating clinical signs, body weight
changes, clinical pathology, hematopoietic and immune function changes, histopathology,
and when applicable, biodistribution. Statistical evaluation of body weight, food
consumption, body temperature, clinical pathology parameters, and organ weights are
conducted. The no observed adverse effect level (NOAEL) and maximum tolerated dose
(MTD), is also determined.

Clinical Pathology

Clinical pathology determinations (hematology and clinical chemistry panel)
is conducted on blood samples collected at selected time-points from the ear vein without
anesthesia. Hematology samples are collected using EDTA as the anticoagulant. Smears for
reticulocytes and differentials are prepared within one hour of sample collection (including

MeOH fixation but excluding staining and reading). Blood for coagulation tests is collected
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using sodium citrate as the anticoagulant and the plasma frozen until analyzed. Clinical
chemistry and antibody response samples are collected without the use of an anticoagulant,
centrifuged, and the serum stored frozen until analysis.

Hematology evaluations include standard erythrocyte and leukocyte
parameters: red and white blood cell (RBC and WBC) counts, hemoglobin, hematocrit, mean
corpuscular volume, mean corpuscular hemoglobin and hemoglobin concentration, platelet
count, mean platelet volume, reticulocyte count, and differential leukocyte count.

Clinical chemistry evaluations include a standard panel: alanine
aminotransferase, aspartate aminotransferase, alkaline phosphatase, albumin, albumin/globulin
ratio, blood urea nitrogen, bilirubin, calcium, chloride, cholesterol, creatinine, creatine kinase,
globulin, glucose, phosphorus, potassium, total protein, sodium, and triglycerides.
Coagulation parameters include prothrombin time, activated partial thromboplastin time, and
fibrinogen.

Necropsy/Histopathology

At sacrifice, terminal body weights and anfe mortem observations are recorded
for each animal and commented on at necropsy. All protocol-specified tissues and the
identification mark from each animal are saved in cold, buffered neutral 10% formalin at
necropsy. Any gross findings noted at the time of necropsy is recorded and then confirmed in
the subsequent microscopic evaluation. Animals in moribund condition are euthanized and
receive a full necropsy as for scheduled necropsies. The recommended list of tissues to be
retained for conduct of a general and comprehensive evaluation of potential target organs has
been standardized. The list of tissues routinely evaluated microscopically is:

Adrenal glands (pair), Aorta, Bone marrow (histology, sternum), Bone marrow (cytology,
sternum), Bone ( femur with joint surface), Brain (fore-, mid-, and hindbrain), Cecum,
Cervix, Colon, Duodenum, Epididymes, Esophagus, Eyes (with optic nerve), Gall bladder,
Gross lesions (including tissue masses and abnormal regional lymph nodes), Heart,
Identification (tattoo, collected not analyzed), Injection site(s), [leum, Jejunum, Kidneys,
Liver, Lungs with bronchi, Lymph nodes (mandibular, and mesenteric and inguinal or iliac
depending on dose site), Mammary gland (from both sexes; to include nipple and surrounding
tissue), Ovaries, Pancreas, Pituitary gland, Prostate, Rectum, Salivary gland, Seminal vesicle,
Sciatic nerve, Skeletal muscle, Skin (included with mammary gland), Spinal cord (thoracic
only), Spleen, Stomach, Testes, Thymus, Thyroid and parathyroid, Trachea, Uterus, Urinary
bladder, and Vagina.

Toxicologic Evaluations
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Effects on the parameters evaluated in each study, e.g., microscopic lesions,
are categorized as vaccine-related or non-vaccine-related, with further clarification, when
possible, on whether a vaccine-related lesion is primary or secondary. The evaluation of
anatomic pathology results consider and, where possible, integrate related clinical and
clinical pathology data.

Biodistribution

Biodistribution analysis is conducted on DNA extracted from the tissues by a
quantitative PCR (Q-PCR) assay (with sensitivity of at least 50 copies/ug of genomic DNA)
using primers corresponding to the vector insert. Because each of the vaccines is
manufactured from different adenovirus serotypes, the biodistribution of each vaccine is be
assessed. Replicate wells spiked with plasmid encoding the insert are used to monitor PCR
inhibition.

The following tissues are collected from each animal at necropsy and analyzed
from each of the animals sacrificed 4 days post-dose: blood, bone marrow, brain, heart, lungs,
liver, injection site muscle, kidneys, testes/ovaries, draining lymph nodes, and spleens. If
vector sequence is detected 4 days post-dose, that tissue is analyzed from later time points.
Expression of the transgene is also be tested using quantitative Reverse Transcription (RT)-
PCR on RNA isolated from positive tissues. The results of these studies show the
distribution of the vector in different tissues as a function of time post-injection.

12 Week Biodistribution Study

The study design for the 12 week biodistribution study of both vaccines tested
singly is presented in Table 7. In this study, animals receive a single dose of vehicle or
vaccine at 1 x10' vp on Day 1 by i.m. injection and are sacrificed 12 weeks later. The tissue
list for the 12 week study depends on the results of the prior studies; tissues with detectable
vector at 4 weeks post-dose are analyzed for the presence of vector at 12 weeks post-dose.
The biodistribution parameters (e.g., methods and endpoints) discussed above is be applied
herein. This study includes weekly body weights and clinical observations to monitor the

general health of the animals.
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Table 7. Design of 12 Week Biodistribution Study for AdC6-HIVgp140 and AdC7-
HIVgp140

1 m. Vehicle control 0 3M + 3F
im. AdC6-HIVgp140 1x10" vp 5M + 5F
3 im AdC7-HIVgp140 1x 10" vp 5M + 5F

Prime-Boost Safety Study

The study design for the prime-boost safety study is presented in Table 8.
New Zealand white rabbits (5 animals/sex/group) are administered by i.m. injection vehicle
control or the highest vaccine dose determined to have an acceptable safety profile in the
previous single vector safety studies. A single administration of AdC7-HIVgp140 is used as
the prime injection on Day 1. A single administration of AdC6-HIVgp140 is used as the
boost and occur 4 weeks after the prime. The study is divided into a main and recovery study
phase. Animals in the main group are sacrificed on Day 33 which is 4 days after the boost
immunization. The recovery group animals are sacrificed on Day 57 which is 4 weeks after
the boost immunization. All of the safety study parameters described for the single dose
study (as listed above herein) are included in this study with the exception of the

biodistribution analysis.

Table 8. Design of Safety Study for Prime-Boost Regimen

) Vehicle Vehicle

1 1m. 0 Control Control 5M + 5F 5M + 5F
) 1 AdC7-HIV AdCé6-

2 Lm. Ix10" vp ap140 HIVep140 5M + 5F 5M + 5F

A Ten rabbits per sex per group are immunized once with the vaccine prime or vehicle on Day 1 and

once with the vaccine boost or vehicle on Day 29.

B Main Group, five animals/sex/group are sacrificed on Day 33, 4 days after the boost immunization.

©Recovery Group, five animals/sex/group are sacrificed on Day 57, 4 weeks after the boost

immunization.

Example 11: Objectives and Endpoints

Primary objective
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- To evaluate the safety and tolerability of AAC6HIVgp140 and AdC7HIVgp140 at
doses from 1 x 10° vp to 5 x 10" vp in HIV-1 uninfected adults

Primary endpoints
- Frequency and severity of local reactogenicity signs and symptoms
- Frequency and severity of systemic reactogenicity signs and symptoms
- Frequency of AEs categorized by MedDRA body system, MedDRA preferred term,
severity and assessed relationship to study products. Detailed description of all AEs
meeting DAIDS criteria for expedited reporting.

Secondary objective
- To gain preliminary data on the immunogenicity of AdC6HIVgp140 and
AdC7HIVgp140 in HIV-1 uninfected adults

Secondary endpoints
- HIV-specific CD4" and CD8" T-cell response rates
- Magnitude of HIV-specific CD4" and CD8" T-cell responses
- Frequency, magnitude and breadth of HIV-specific binding antibody responses as
assessed by multiplex assay
- Neutralizing antibody frequency, magnitude and breadth against tier 1 and, if
applicable, tier 2 HIV-1 isolates as assessed by area under the magnitude-breadth

curves

The disclosures of each and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety.

While this invention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of this invention may be
devised by others skilled in the art without departing from the true spirit and scope of the
invention. The appended claims are intended to be construed to include all such embodiments

and equivalent variations.
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CLAIMS

What is claimed:

1. Use of a chimpanzee-derived adenovirus vector of serotype AdC6 or AdC7
comprising an early gene E3 wherein the ORF3, ORF4, ORF5, ORF6, and ORF7 are deleted
and wherein the early gene E1 is deleted, wherein the adenovirus vector further comprises a
promoter sequence linked to a nucleic acid sequence encoding a heterologous protein,
wherein the heterologous protein is at least one HIV protein selected from the group
consisting of gp140, gp160 and Gag, in the manufacture of a first medicament for the
treatment and/or prevention of HIV infection in a mammal, wherein

the adenovirus vector of the first medicament has a different serotype than the
adenovirus vector of a second medicament, and

the first medicament is to be administered to the mammal before the second
medicament comprising a chimpanzee-derived adenovirus vector of serotype AdC6 or AdC7
comprising an early gene E3 wherein the ORF3, ORF4, ORF5, ORF6, and ORF7 are deleted
and wherein the early gene E1 is deleted, wherein the adenovirus vector of the second
medicament further comprises a promoter sequence linked to a nucleic acid sequence
encoding a heterologous protein, wherein the heterologous protein is at least one HIV protein

selected from the group consisting of gp140, gp160 and Gag.

2. The use according to claim 1, wherein the heterologous protein encoded by the
adenovirus vector of the first medicament is the same as the heterologous protein encoded by

the adenovirus vector of the second medicament.

3. The use according to claim 1, wherein the heterologous protein encoded by the
adenovirus vector of the first medicament is different than the heterologous protein encoded

by the adenovirus vector of the second medicament.

4. The use according to claim 1 or 2, wherein the first medicament generates an
adaptive B cell immune response to the heterologous protein encoded by the adenovirus

vector of the first medicament and the second medicament generates an adaptive B cell
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immune response to the heterologous protein encoded by the adenovirus vector of the second

medicament in the mammal.

5. The use according to claim 1 or 2, wherein the first medicament generates an effector
and memory T cell immune response to the heterologous protein encoded by the adenovirus
vector of the first medicament and the second medicament generates an effector and memory
T cell immune response to the heterologous protein encoded by the adenovirus vector of the

second medicament in the mammal.

6. The use according to any one of claims 1-5, wherein the mammal is a human.

7. The use according to any one of claims 1-6, wherein the promoter is
(1) a constitutive promoter; or

(i1) a cytomegalovirus immediate early promoter (CMV).

8. The use according to any one of claims 1-7, wherein the adenovirus vector of the first
medicament comprises a nucleic acid sequence selected from the group consisting of SEQ ID

NOs: 1-8.

0. The use according to any one of claims 1-8, wherein the adenovirus vector of the
second medicament comprises a nucleic acid sequence selected from the group consisting of

SEQ ID NOs: 1-8.
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