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IMMUNOLOGICAL COMPOSITION

Related Applications
This application claims priority to U.S. Ser. No. 60/801,853 filed May 19,

2006.

Field of the Invention

The disclosure relates to immunological compositions for vaccinating human

beings against infection by the Human Immunodeficiency Virus (HIV).

Background of the Invention
Globally, by the end of 2001 40 million people were estimated to be infected

with HIV (UNAIDS 2001). AIDS killed 2.3 million African people in 2001 and is
now the fourth commonest cause of death worldwide. Over 90% of HIV infections
occur in developing countries, with the majority of infections found in sub-Saharan
Africa (28.1 million) and Asia and the Pacific (7.1 million). Because of the high cost
of antiretroviral therapy, treatment of HIV infection is not a realistic approach in these
countries nor is likely to be in the foreseeable future. There is an urgent need to
explore other approaches to control the epidemic, in particular preventative measures
such as health education, treatment of sexually transmitted diseases, vaccines and
topical microbicides.

There is a broad scientific consensus that a successful vaccine to prevent HIV-
1 transmission must be able to elicit HIV-specific CD8+ cytotoxic T-lymphocytes
(CTL) and also antibodies capable of neutralising primary HIV isolates (Nab). Major
approaches toward this end include live, attenuated vaccines; inactivated viruses with
adjuvants; subunit vaccines with adjuvants; live-vector based vaccines; and DNA
vaccines. Major concerns regarding safety issues have been raised for the use of live,
attenuated vaccines in humans. The protective immunity generated in monkeys
immunized with inactivated viruses with adjuvants is not virus-specific. Subunit
vaccines, such as highly purified recombinant monomeric HIV-1 envelope proteins
elicit neither virus-specific CTL nor antibody responses that can neutralize primary

patients isolates of HIV-1, even when adjuvanted with potent immunostimulants.
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At the present, combining DNA vaccines and live-vector based vaccines in
prime-boost regimens appears to be the most promising vaccine strategies. For
instance, in one study, macaques primed with NYVAC-HIV1 env or NYVAC-HIV
env/gag-pol and boosted with HIV-1 gp120 or peptide were protected against HIV2
challenge. In another study, macaques primed with NYVAC-HIV-2 env/gag-pol or
NYVAC-HIV-2env and boosted with HIV-2 envelope have been protected against i.v.
HIV-2 challenge. Ongoing studies in humans include a Phase I trial using DNA-
prime (1mg or 2mg) and MV A-boost in 120 volunteers. There is a clear need in the
art for effective immunological compositions and methods for immunizing humans

against HIV. Such compositions and methods are provided by this disclosure.

Brief Description of the Drawings
Figure 1. Nucleotide sequence of NYVAC-HIV C plasmid

(pPMA60gp120C/gagpolnef-C-14.

Figure 2. Percentage of responders following administration of NYVAC alone or
DNA following by NYVAC (prime-boost).

Figure 3. Measurement of INF-y-secreting T cells following administration of -
NYVAC alone or DNA following by NYVAC (prime-boost).

Figure 4. Difference in the magnitude of the immune following administration of
NYVAC alone or DNA following by NYVAC (prime-boost).

Figure 5. Representative flow cytometry profiles of env-specific INF-y-secreting T
cells following administration of NYVAC alone or DNA following by NYVAC
(prime-boost).

Figure 6. Correlation between the frequencies of INF-y-secreting T cells measured
by flow cytometry and ELISPOT.

Figure 7. Flow cytometry profiles of CD4 and CDS8 T cells recognizing various
peptides following administration of NYVAC alone or DNA following by NYVAC
(prime-boost).

Figure 8. IgG antibody levels at different time points following administration of
NYVAC alone or DNA following by NYVAC (prime-boost).

Figure 9. Analysis of the immune response 72 weeks following administration of
NYVAC alone or DNA following by NYVAC (prime-boost).
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Summary of the Invention

Disclosed herein are methods for immunizing human beings against infectious
or other agents such as tumor cells by inducing or enhancing a dominant CD4 T cell
response against that agent. In one embodiment, a method of administering to a host
a first form of an immunogen and subsequently administering a second form of the
immunogen, wherein the first and second forms are different, and wherein
administration of the first form prior to administration of the second form enhances
the immune response resulting from administration of the second form relative to
administration of the second form alone, is provided. Also provided are compositions
for administration to the host. For example, a two-part immunological composition
where the first part of the composition comprises a first form of an immunogen and
the second part comprises a second form of the immunogen, wherein the first and
second parts are administered separately from one another such that administration of
the first form enhances the immune response against the second form relative to
administration of the second form alone, is provided. The immunogens, which may
be the same or different, are preferably derived from the infectious agent or other

source of immunogens. Other embodiments are shown below.

Detailed Description
The present invention provides compositions and methodologies useful for

treating and / or preventing conditions relating to an infectious or other agent(s) such
as a tumor cell by stimulating an immune response against such an agent. In general,
the immune response results from expression of an immunogen derived from or
related to such an agent following administration of a nucleic acid vector encoding the
immunogen, for example. In certain embodiments, multiple immunogens (which may
be the same or different) are utilized. In other embodiments, variants or derivatives
(i.e., by substitution, deletion or addition of amino acids or nucleotides encoding the
same) of an immunogen or immunogens (which may be the same or different) may be
utilized.

As used herein, an “immunogen” is a polypeptide, peptide or a portion or
derivative thereof that produces an immune response in a host to whom the

immunogen has been administered. The immunogen is typically isolated from its
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source (i.e., an infectious agent) of which it forms a part (i.e., a protein normally
found within a cell). The immune response may include the production of antibodies
that bind to at least one epitope of the immunogen and / or the generation of a cellular
immune response against cells expressing an epitope of the immunogen. In certain
cases the immunogen may be the epitope per se. Where different forms of
immunogen are utilized, the immunogens may be the same or different. The
immunogen may stimulate a de novo response or enhance an existing response against
the immunogen by, for example, causing an increased antibody response (i.e., amount
of antibody, increased affinity / avidity) or an increased cellular response G.e.,
increased number of activated T cells, increased affinity / avidity of T cell receptors).
In certain embodiments, the immune response is protective, meaning the immune
response is capable of preventing infection of or growth within a host and / or by
eliminating an agent (i.e., HIV) from a host. )

The immunological compositions of the present inventions may include one or
more immunogen(s) from a single source or multiple sources. For instance, in certain
embodiments the present invention relates to the induction or enhancement of an
immune response against human immunodeficiency virus (HIV). Immunological
compositions may include one or more immunogens expressed by cells infected with
HIV and / or displayed on the HIV virion per se. With respect to HIV, the
immunogens may be selected from any HIV isolate. As is well-known in the art, HIV
isolates are now classified into discrete genetic subtypes. Subtype B has been
associated with the HIV epidemic in homosexual men and intravenous drug users
worldwide. Most immunogens, laboratory adapted isolates, reagents and mapped
epitopes belong to subtype B. In sub-Saharan Africa, India and China, areas where the
incidence of new HIV infections is high, subtype B accounts for only a small minority
of infections, and subtype C appears to be the most common infecting subtype. Thus,
in certain embodiments, it may be preferable to select immunogens from HIV
subtypes B and / or C. It may be desirable to include immunogens from multiple HIV
subtypes (i.e., HIV subtypes B and C) in a single immunological composition.
Suitable HIV immunogens include ENV, GAG, POL, NEF, as well as variants,
derivatives, and fusion proteins thereof, for example.

The present invention relates in certain embodiments to immunological
compositions capable of inducing or enhancing a dominant CD4 T cell immune

response against an immunogen. A dominant CD4 T cell immune response is
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typically characterized by observing high proportion of immunogen-specific CD4
cells within the population of total responding T cells following vaccination as
determined by an IFN-y ELISPOT assay. For example, this response may be
characterized by the presence of up to 55; 100; 250; 500; 750; or 1,000 or more spot-
forming units (SFUs) by IFN-y ELISPOT assay per one million (10%) blood
mononuclear cells. A dominant CD4 T cell immune response also typically but not
necessarily provides a high proportion of responders (i.e., up to 50%, 60%, 70%,
80%, 85%, 90%, 95% or 100% of subjects tested) as compared to responders
demonstrating a CD8 T cell immune response. A dominant CD4 T cell immune
response is also typically but not necessarily polyfunctional, meaning that the
majority of responding CD4 T cells secret both IL-2 and IFN- y. A dominant CD4 T
cell immune response also typically but not necessarily encompasses several epitopes
(i.e., several populations of clonal CD4 T cells) within or between responders, as
compared to mono-epitopic CD8 T cell responses. A dominant CD4 T cell response
may include one, more than one or all of the characteristics described above.
Surprisingly, it has been found that the immunological compositions and methods
presented herein induce a dominant CD4 T cell response in human beings.

. In preferred embodiments of the present invention, vectors are used to transfer
a nucleic acid sequence encoding a polypeptide to a cell. A vector is any molecule
used to transfer a nucleic acid sequence to a host cell. In certain cases, an expression
vector is utilized. An expression vector is a nucleic acid molecule that is suitable for
transformation of a host cell and contains nucleic acid sequences that direct and / or
control the expression of the transferred nucleic acid sequences. Expression includes,
but is not limited .to, processes such as transcription, translation, and splicing, if
introns are present. Expression vectors typically comprise one or more flanking
sequences operably linked to a heterologous nucleic acid sequence encoding a
polypeptide. As used herein, the term operably linked refers to a linkage between
polynucleotide elements in a functional relationship such as one in which a promoter
or enhancer affects transcription of a coding sequence. Flanking sequences may be
homologous (i.e., from the same species and / or strain as the host cell), heterologous
(i.e., from a species other than the host cell species or strain), hybrid (i.e., a

combination of flanking sequences from more than one source), or synthetic, for

example.
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In certain embodiments, it is preferred that the flanking sequence is a
trascriptional regulatory region that drives high-level gene expression in the target
cell. The transcriptional regulatory region may comprise, for example, a promoter,
enhancer, silencer, repressor element, or combinations thereof. The transcriptional
regulatory region may be either constitutive, tissue-specific, cell-type specific (i.e.,
the region is drives higher levels of transcription in a one type of tissue or cell as
compared to another), or regulatable (i.e., responsive to interaction with a compound
such as tetracycline). The source of a transcriptional regulatory region may be any
prokaryotic or eukaryotic ofganism, any vertebrate or invertebrate organism, or any
plant, provided that the flanking sequence functions in a cell by causing transcription
of a nucleic acid within that cell. A wide variety of transcriptional regulatory regions
may be utilized in practicing the present invention.

Suitable transcriptional regulatory regions include, for example, the synthetic
E/L. promoter; the CMV promoter (i.e., the CMV-immediate early promoter);
promoters from eukaryotic genes (i.e., the estrogen-inducible chicken ovalbumin
gene, the interferon genes, the gluco-corticoid-inducible tyrosine aminotransferase
gene, and the thymidine kinase gene); and the major early and late adenovirus gene
promoters; the SV40 early promoter region (Bernoist and Chambon, 1981, Nature
290:304-10); the promoter contained in the 3’ long terminal repeat (LTR) of Rous
sarcoma virus (RSV) (Yamamoto, ef al., 1980, Cell 22:787-97); the herpes simplex
virus thymidine kinase (HSV-TK) promoter (Wagner et al., 1981, Proc. Natl. Acad.
Sci. U.S.A. 78:1444-45); the regulatory sequences of the metallothionine gene
(Brinster et al., 1982, Nature 296:39-42); prokaryotic expression vectors such as the
beta-lactamase promoter (Villa-Kamaroff er al., 1978, Proc. Natl. Acad. Sci. US.A.,
75:3727-31); or the tac promoter (DeBoer ef al., 1983, Proc. Natl. Acad. Sci. USA.,
80:21-25). Tissue- and / or cell-type specific transcriptional control regions include,
for example, the elastase I gene control region which is active in pancreatic acinar
cells (Swift et al., 1984, Cell 38:639-46; Ornitz et al., 1986, Cold Spring Harbor
Symp. Quant. Biol. 50:399-409 (1986); MacDonald, 1987, Hepatology 7:425-515);
the insulin gene control region which is active in pancreatic beta cells (Hanahan,
1985, Nature 315:115-22); the immunoglobulin gene control region which is active in
lymphoid cells (Grosschedl ez al., 1984, Cell 38:647-58; Adames et al., 1985, Nature
318:533-38; Alexander et al., 1987, Mol. Cell. Biol., 7:1436-44); the mouse mammary

tumor virus control region in testicular, breast, lymphoid and mast cells (Leder et al,
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1986, Cell 45:485-95); the albumin gene control region in liver (Pinkert et al., 1987,
Genes and Devel. 1:268-76); the alpha-feto-protein gene control region in liver
(Krumlauf et al., 1985, Mol. Cell. Biol., 5:1639-48; Hammer et al., 1987, Science
235:53-58); the alpha 1-antitrypsin gene control region in liver (Kelsey et al., 1987,
Genes and Devel. 1:161-71); the beta-globin gene control region in myeloid cells
(Mogram et al., 1985, Nature 315:338-40; Kollias et al., 1986, Cell 46:89-94); the
myelin basic protein gene control region in oligodendrocyte cells in the brain
(Readhead er al., 1987, Cell 48:703-12); the myosin light chain-2 gene control region
in skeletal muscle (Sani, 1985, Narure 314:283-86); the gonadotropic releasing
hormone gene control region in the hypothalamus (Mason et al, 1986, Science
234:1372-78), and the tyrosinase promoter in melanoma cells (Hart, I. Semin Oncol
1996 Feb;23(1):154-8; Siders, et al. Cancer Gene Ther 1998 Sep-Oct;5(5):281-91),
among others. Other suitable promoters are known in the art.

In certain embodiments, a substitution of one amino acid for another may be
made in the sequence of an immunogen. Substitutions may be conservative, or non-
conservative, or any combination thereof. Conservative amino acid modifications to
the sequence of a polypeptide (and the corresponding modifications to the encoding
nucleotides) may produce polypeptides having functional and chemical characteristics
similar to those of a parental polypeptide. For example, a “conservative amino acid
substitution” may involve a substitution of a native amino acid residue with a non-
native residue such that there is little or no effect on the size, polarity, charge,
hydrophobicity, or hydrophilicity of the amino acid residue at that position and, in
particlar, does not result in decreased immunogenicity. Suitable substitutions may be

selected from the following Table I:

Iablel

Original Exemplary Substitutions Preferred

Residues Substitutions
Ala Val, Leu, Ile Val
Arg Lys, Gln, Asn Lys
Asn Gln Gln
Asp Glu Glu
Cys Ser, Ala Ser
Gln Asn Asn
Glu Asp Asp
Gly Pro, Ala Ala
His Asn, Gln, Lys, Arg Arg
Ile Leu, Val, Met, Ala, Phe, Norleucine Leu
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Leu Norleucine, Ile, Val, Met, Ala, Phe Ile

Lys Arg, 1,4 Diamino-butyric Acid, Gln, Asn Arg
Met Leu, Phe, Ile Leu
Phe Leu, Val, Ile, Ala, Tyr Leu
Pro Ala Gly
Ser Thr, Ala, Cys Thr
Thr Ser Ser
Trp Tyr, Phe Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val Ile, Met, Leu, Phe, Ala, Norleucine Leu

In other embodiments, it may be advantageous to combine a nucleic acid
sequence encoding an immunogen with one or more co-stimulatory component(s)
such as cell surface proteins, cytokines or chemokines in a composition of the present
invention. The co-stimulatory component may be included in the composition as a
polypeptide or as a nucleic acid encoding the polypeptide, for example. Suitable co-
stimulatory molecules include, for instance, polypeptides that bind members of the
CD28 family (i.e., CD28, ICOS; Hutloff, et al. Nature 1999, 397: 263-265; Peach, et
al. J Exp Med 1994, 180: 2049-2058) such as the CD28 binding polypeptides B7.1
(CD80; Schwartz, 1992; Chen et al, 1992; Ellis, et al. J. Immunol., 156(8): 2700-9)
and B7.2 (CD86; Ellis, et al. J. Immunol., 156(8): 2700-9); polypeptides which bind
members of the integrin family (i.e., LFA-1 (CD11la / CD18); Sedwick, et al. J .
Immunol 1999, 162: 1367-1375; Wiilfing, et al. Science 1998, 282: 2266-2269; Lub,
et al. Immunol Today 1995, 16: 479-483) including members of the ICAM family
(i.e., ICAM-1, -2 or -3); polypeptides which bind CD2 family members (i.e., CD2,
signalling lymphocyte activation molecule (CDw150 or “SLAM™: Aversa, et al.
J Immunol 1997, 158: 4036—4044) such as CD58 (LFA-3; CD2 ligand; Davis, et al.
Immunol Today 1996, 17: 177-187) or SLAM ligands (Sayos, et al. Nature 1998,
395: 462-469); polypeptides which bind heat stable antigen (HSA or CD24; Zhou, et
al. Eur J Immunol 1997, 27: 2524-2528); polypeptides which bind to members of the
TNF receptor (TNFR) family (i.e., 4-1BB (CD137; Vinay, et al. Semin Immunol
1998, 10: 481-489)), 0X40 (CD134; Weinberg, et al. Semin Immunol 1998, 10: 471—
480; Higgins, et al. J Immunol 1999, 162: 486-493), and CD27 (Lens, et al. Semin
Immunol 1998, 10: 491-499)) such as 4-1BBL (4-1BB ligand; Vinay, et al. Semin
Immunol 1998, 10: 481-48; DeBenedette, et al. J Immunol 1997, 158: 551-559),
TNFR associated factor-1 (TRAF-1; 4-1BB ligand; Saoulli, et al. J Exp Med 1998,
187: 1849-1862, Arch, et al. Mol Cell Biol 1998, 18: 558—565), TRAF-2 (4-1BB and
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0X40 ligand; Saoulli, et al. J Exp Med 1998, 187: 1849-1862; Oshima, et al. Inr
Immunol 1998, 10: 517-526, Kawamata, et al. J Biol Chem 1998, 273: 5808-5814),
TRAF-3 (4-1BB and OX40 ligand; Arch, et al. Mol Cell Biol 1998, 18: 558-565;
Jang, et al. Biochem Biophys Res Commun 1998, 242: 613-620; Kawamata S, et al. J
Biol Chem 1998, 273: 5808-5814), OX40L (OX40 ligand; Gramaglia, et al. J
Immunol 1998, 161: 6510-6517), TRAF-5 (OX40 ligand; Arch, et al. Mol Cell Biol
1998, 18: 558-565; Kawamata, et al. .J Biol Chem 1998, 273: 5808—5814), and CD70
(CD27 ligand; Couderc, et al. Cancer Gene Ther., 5(3): 163-75). CD154 (CD40
ligand or “CD40L”; Gurunathan, et al. J. Immunol., 1998, 161: 4563-4571; Sine, et
al. Hum. Gene Ther., 2001, 12: 1091-1102) Other co-stimulatory molecules may also
be suitable for practicing the present invention.

One or more cytokines may also be suitable co-stimulatory components or
“adjuvants”, either as polypeptides or being encoded by nucleic acids contained
within the compositions of the present.invention (Parmiani, et al. Immunol Lett 2000
Sep 15; 74(1): 41-4; Berzofsky, et al. Nature Immunol. 1: 209-219). Suitable
cytokines include, for example, interleukin-2 (IL-2) (Rosenberg, et al. Nature Med. 4:
321-327 (1998)), IL-4, IL-7, IL-12 (reviewed by Pardoll, 1992; Harries, et al. J. Gene
Med. 2000 Jul-Aug;2(4):243-9; Rao, et al. J. Immunol. 156: 3357-3365 (1996)), IL-
15 (Xin, et al. Vaccine, 17:858-866, 1999), IL-16 (Cruikshank, et al. J. Leuk Biol.
67(6): 757-66, 2000), IL-18 (J. Cancer Res. Clin. Oncol. 2001. 127(12): 718-726),
GM-CSF (CSF (Disis, et al. Blood, 88: 202-210 (1996)), tumor necrosis factor-alpha
(TNF-a), or interferon-gamma (INF-y). Other cytokines may also be suitable for
practicing the present invention.

Chemokines may also be utilized. For example, fusion proteins comprising
CXCL10 (IP-10) and CCL7 (MCP-3) fused to a tumor self-antigen have been shown
to induce anti-tumor immunity (Biragyn, et al. Narure Biotech. 1999, 17: 253-258).
The chemokines CCL3 (MIP-1ca) and CCLS5 (RANTES) (Boyer, et al. Vaccine, 1999,
17 (Supp. 2): S53-S64) may also be of use in practicing the present invention. Other
suitable chemokines are known in the art.

It is also known in the art that suppressive or negative regulatory immune
mechanisms may be blocked, resulting in enhanced immune responses. For instance,
treatment with anti-CTLA-4 (Shrikant, et al. Immunity, 1996, 14: 145-155; Sutmuller,
et al. J Exp. Med., 2001, 194: 823-832), anti-CD25 (Sutmuller, supra), anti-CD4
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(Matsui, et al. J. Immunol., 1999, 163: 184-193), the fusion protein 1L13Ra2-Fc
(Terabe, et al. Nature Immunol., 2000, 1: 515-520), and combinations thereof (i.e.,
anti-CTLA-4 and anti-CD25, Sutmuller, supra) have been shown to upregulate anti-
tumor immune responses and would be suitable in practicing the present invention.

An immunogen may also be administered in combination with one or more
adjuvants to boost the immune response.  Adjuvants may also be included to
stimulate or enhance the immune response against PhtD. Non-limiting examples of
suitable adjuvants include those of the gel-type (i.e., aluminum hydroxide/phosphate
("alum adjuvants"), calcium phosphate), of microbial origin (muramyl dipeptide
(MDP)), bacterial exotoxins (cholera toxin (CT), native cholera toxin subunit B
(CTB), E. coli labile toxin (LT), pertussis toxin (PT), CpG oligonucleotides, BCG
sequences, tetanus toxoid, monophosphoryl lipid A (MPL) of, for example, E. coli,
Salmonella minnesota, Salmonella typhimurium, or Shigella exseri), particulate
adjuvants (biodegradable, polymer microspheres), immunostimulatory complexes
(ISCOMS)), oil-emulsion and surfactant-based adjuvants (Freund’s incomplete
adjuvant (FIA), microfluidized emulsions (MF59, SAF), saponins (QS-21)), synthetic
(muramyl peptide derivatives (murabutide, threony-MDP), nonionic block
copolymers (L.121), polyphosphazene (PCCP), synthetic polynucleotides (poly A :U,
poly I :C), thalidomide derivatives (CC-4407/ACTIMID)), RH3-ligand, or polylactide
glycolide (PLGA) microspheres, among others. Fragments, homologs, derivatives,
and fusions to any of these toxins are also suitable, provided that they retain adjuvant
activity. Suitable mutants or variants of adjuvants are described, e.g., in WO 95/17211
(Arg-7- Lys CT mutant), WO 96/6627 (Arg-192-Gly LT mutant), and WO 95/34323
(Arg-9-Lys and Glu-129-Gly PT mutant). Additional LT mutants that can be used in
the methods and compositions of the invention include, e. g., Ser-63-Lys, Ala-69-
Gly,Glu-110-Asp, and Glu-112-Asp mutants. Other suitable adjuvants are also well-
known in the art.

As an example, metallic salt adjuvants such alum adjuvants are well-known in
the art as providing a safe excipient with adjuvant activity. The mechanism of action
of these adjuvants are thought to include the formation of an antigen depot such that
antigen may stay at the site of injection for up to 3 weeks after administration, and
also the formation of antigen/metallic salt complexes which are more easily taken up
by antigen presenting cells. In addition to aluminium, other metallic salts have been

used to adsorb antigens, including salts of zinc, calcium, cerium, chromium, iron, and
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berilium. The hydroxide and phosphate salts of aluminium are the most common.
Formulations or compositions containing aluminium salts, antigen, and an additional
immunostimulant are known in the art. An example of an immunostimulant is 3-de-
O-acylated monophosphoryl lipid A (3D-MPL).

Any of these components may be used alone or in combination with other
agents. For instance, it has been shown that a combination of CD80, ICAM-1 and
LFA-3 (“TRICOM”) may potentiate anti-cancer immune responses (Hodge, et al.
Cancer Res. 59: 5800-5807 (1999). Other effective combinations include, for
example, IL-12 + GM-CSF (Ahlers, et al. J. Immunol., 158: 3947-3958 (1997);
Iwasaki, et al. J Immunol. 158: 4591-4601 (1997)), IL-12 + GM-CSF + TNF-«
(Ahlers, et al. Int. Immunol. 13: 897-908 (2001)), CD80 + IL-12 (Fruend, et al. Inr.
J. Cancer, 85: 508-517 (2000); Rao, et al. supra), and CD86 + GM-CSF + IL-12
(Iwasaki, supra). One of skill in the art would be aware of additional combinations
useful in carrying out the present invention.In addition, the skilled artisan would be
aware of additional reagents or methods that may be used to modulate such
mechanisms. These reagents and methods, as well as others known by those of skill
in the art, may be utilized in practicing the present invention.

Other agents that may be utilized in conjunction with the compositions and
methods provided herein include anti-HIV agents including, for example, protease
inhibitor, an HIV entry inhibitor, a reverse transcriptase inhibitor, and / or or an anti-
retroviral nucleoside analog. Suitable compounds include, for example, Agenerase
(amprenavir), Combivir (Retrovir / Epivir), Crixivan (indinavir), Emtriva
(emtricitabine), Epivir (3tc / lamivudine), Epzicom, Fortovase / Invirase (saquinavir),
Fuzeon (enfuvirtide), Hivid (ddc / zalcitabine), Kaletra (lopinavir), Lexiva
(Fosamprenavir), Norvir (ritonavir), Rescriptor (delavirdine), Retrovir / AZT
(zidovudine), Reyatax (atazanavir, BMS-232632), Sustiva (efavirenz), Trizivir
(abacavir / zidovudine / lamivudine), Truvada (Emtricitabine / Tenofovir DF), Videx
(ddI / didanosine), Videx EC (ddl, didanosine), Viracept (nevirapine), Viread
(tenofovir disoproxil fumarate), Zerit (d4T / stavudine), and Ziagen (abacavir). Other
suitable agents are known to those of skill in the art. Such agents may either be used
prior to, during, or after administration of the compositions and / or use of the

methods described herein.
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Nucleic acids encoding immunogens may be administered to patients by any
of several available techniques. Various viral vectors that have been successfully
utilized for introducing a nucleic acid to a host include retrovirus, adenovirus, adeno-
associated virus (AAV), alphavirus, herpes virus, and poxvirus, among others. It i\s
understood in the art that many such viral vectors are available in the art. The vectors
of the present invention may be constructed using standard recombinant techniques
widely available to one skilled in the art. Such techniques may be found in common
molecular biology references such as Molecular Clorzing: A Laboratory Manual
(Sambrook, et al., 1989, Cold Spring Harbor Labora;cory Press), Gene Expression
Technology (Methods in Enzymology, Vol. 185, edited by D. Goeddel, 1991.
Academic Press, San Diego, CA), and PCR Protocols: A Guide to Methods and
Applications (Innis, et al. 1990. Academic Press, San Diego, CA).

Preferred retroviral vectors are derivatives of lentivirus as well as derivatives
of murine or avian retroviruses. Examples of suitable retroviral vectors include, for
example, Moloney murine leukemia virus (MoMuLV), Harvey murine sarcoma virus
(HaMuSV), murine mammary tumor virus (MuMTYV), SIV, BIV, HIV and Rous
Sarcoma Virus (RSV). A number of retroviral vectors can incorporate multiple
exogenous nucleic acid sequences. As recombinant retroviruses are defective, they
require assistance in order to produce infectious vector particles. This assistance can
be provided by, for example, helper cell lines encoding retrovirus structural genes.
Suitable helper cell lines include ¥'2, PA317 and PA12, among others. The vector
virions produced using such cell lines may then be used to infect a tissue cell line,
such as NIH 3T3 cells, to produce large quantities of chimeric retroviral virions.
Retroviral vectors may be administered by traditional methods (i.e., injection) or by
implantation of a “producer cell line” in proximity to the target cell population
(Culver, K., et al., 1994, Hum. Gene Ther., 5 (3): 343-79; Culver, K., et al., Cold
Spring Harb. Symp. Quant. Biol., 59: 685-90); Oldfield, E., 1993, Hum. Gene Ther., 4

(1): 39-69). The producer cell line is engineered to produce a viral vector and

" releases viral particles in the vicinity of the target cell. A portion of the released viral

particles contact the target cells and infect those cells, thus delivering a nucleic acid
encoding an immunogen to the target cell. Following infection of the target cell,

expression of the nucleic acid of the vector occurs.
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Adenoviral vectors have proven especially useful for gene tramsfer into
eukaryotic cells (Rosenfeld, M., et al., 1991, Science, 252 (5004): 431-4; Crystal, R.,
et al., 1994, Nat. Genet., 8 (1): 42-51), the study eukaryotic gene expression (Levrero,
M., et al., 1991, Gene, 101 (2): 195-202), vaccine development (Graham, F. and
Prevec, L., 1992, Biotechnology, 20: 363-90), and in animal models (Stratford-
Perricaudet, L., ef al., 1992, Bone Marrow Transplant., 9 (Suppl. 1): 151-2 ; Rich, D.,
et al., 1993, Hum. Gene Ther., 4 (4): 461-76). Experimental routes for administrating
recombinant Ad to different tissues in vivo have included intratracheal instillation
(Rosenfeld, M., er al., 1992, Cell, 68 (1): 143-55) injectioh into muscle (Quantin, B.,
et al., 1992, Proc. Natl. Acad. Sci. U.S.A., 89 (7): 2581-4), peripheral intravenous
injection (Herz, J., and Gerard, R., 1993, Proc. Natl. Acad. Sci. U.S.A., 90 (7): 2812-
6) and stereotactic inoculation to brain (Le Gal La Salle, G., et al., 1993, Science, 259
(5097): 988-90), among others.

Adeno-associated virus (AAV) demonstrates high-level infectivity, broad host
range and specificity in integrating into the host cell genome (Hermonat, P., et al.,
1984, Proc. Natl. Acad. Sci. U.S.A., 81 (20): 6466-70). And Herpes Simplex Virus
type-1 (HSV-1) is yet another attractive vector system, especially for use in the
nervous system because of its neurotropic property (Geller, A., et al., 1991, Trends
Neurosci., 14 (10)5 428-32; Glorioso, et al., 1995, Mol. Biotechnol., 4 (1): 87-99;
Glorioso, et al., 1995, Annu. Rev. Microbiol., 49: 675-710).

Alphavirus may also be used to express the immunogen in a host. Suitable
members of the Alphavirus genus include, among others, Sindbis virus, Semliki
Forest virus (SFV), the Ross River virus and Venezuelan, Western and Eastern equine
encephalitis viruses, among others. Expression systems utilizing alphavirus vectors
are described in, for example, U.S. Pat. Nos. 5,091,309; 5,217,879; 5,739,026;
5,766,602; 5,843,723; 6,015,694; 6,156,558; 6,190,666; 6,242,259; and, 6,329,201;
WO 92/10578; Xiong et al., Science, Vol 243, 1989, 1188-1191; Liliestrom, et al.
Bio/Technology, 9: 1356-1361, 1991. Thus, the use of alphavirus as an expression
system is well known by those of skill in the art.

Poxvirus is another useful expression vector (Smith, et al. 1983, Gene, 25 (1):
21-8; Moss, et al, 1992, Biotechnology, 20: 345-62; Moss, et al, 1992, Curr. Top.
Microbiol. Immunol., 158: 25-38; Moss, et al. 1991. Science, 252: 1662-1667). The

most often utilized poxviral vectors include vaccinia and derivatives therefrom such

13



10

15

20

25

30

WO 2007/136763 PCT/US2007/011924

as NYVAC and MVA, and members of the avipox genera such as fowlpox,
canarypox, ALVAC, and ALVAC(2), among others.

An exemplary suitable vector is NYVAC (vP866) which was derived from the
Copenhagen vaccine strain of vaccinia virus by deleting six nonessential regions of
the genome encoding known or potential virulence factors (see, for example, U.S. Pat.
Nos. 5,364,773 and 5,494,807). The deletion loci were also engineered as recipient
loci for the insertion of foreign genes. The deleted regions are: thymidine kinase
gene (TK; J2R); hemorrhagic region (u; BI3R+B14R); A type inclusion body region
(ATI; A26L); hemagglutinin gene (HA; A56R); host range gene region (C7L-K1L);
and, large subunit, ribonucleotide reductase (I4L). NYVAC is a genetically
engineered vaccinia virus strain that was generated by the specific deletion of
eighteen open reading frames encoding gene products associated with virulence and
host range. NYVAC has been show to be useful for expressing TAs (see, for
example, U.S. Pat. No. 6,265,189). NYVAC (vP866), vP994, vCP205, vCP1433,
placZH6H4Lreverse, pMPC6H6K3E3 and pC3H6FHVB were also deposited with the
ATCC under the terms of the Budapest Treaty, accession numbers VR-2559, VR-
2558, VR-2557, VR-2556, ATCC-97913, ATCC-97912, and ATCC-97914,
respectively.

Another suitable virus is the Modified Vaccinia Ankara (MVA) virus which
was generated by 516 serial passages on chicken embryo fibroblasts of the Ankara
strain of vaccinia virus (CVA) (for review see Mayr, A., ef al. Infection 3, 6-14
(1975)). It was shown in a variety of animal models that the resulting MVA was
significantly avirulent (Mayr, A. & Danner, K. [1978] Dev. Biol. Stand. 41: 225.34)
and has been tested in clinical trials as a smallpox vaccine (Mayr ef al., Zbl. Bakt.
Hyg. I, Abt. Org. B 167, 375-390 (1987), Stickl et al., Dtsch. med. Wschr. 99, 2386-
2392 (1974)). MVA has also been engineered for use as a viral vector for both
recombinant gene expression studies and as a recombinant vaccine (Sutter, G. et al.
(1994), Vaccine 12: 1032-40; Blanchard et al., 1998, J Gen Virol 79, 1159-1167;
Carroll & Moss, 1997, Virology 238, 198-211; Altenberger, U.S. Pat. No. 5,185,146;
Ambrosini ef al., 1999, J Neurosci Res 55(5), 569).

ALVAC-based recombinant viruses (i.e., ALVAC-1 and ALVAC-2) are also
suitable for use in practicing the present invention (see, for example, U.S. Pat. No.
5,756,103). ALVAC(2) is identical to ALVAC(1) except that ALVAC(2) genome

comprises the vaccinia E3L and K3L genes under the control of vaccinia promoters
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(U.S. Pat. No. 6,130,066; Beattie et al., 1995a, 1995b, 1991; Chang et al., 1992;
Davies et al., 1993). Both ALVAC(1) and ALVAC(2) have been demonstrated to be
useful in expressing foreign DNA sequences, such as TAs (Tartaglia et al., 1993 a,b;
U.S. Pat. No. 5,833,975). ALVAC was deposited under the terms of the Budapest
Treaty with the American Type Culture Collection (ATCC), 10801 University
Boulevard, Manassas, Va. 20110-2209, USA, ATCC accession number VR-2547.

Another useful poxvirus vector is TROVAC. TROVAC refers to an attenuated
fowlpox that was a plaque-cloned isolate derived from the FP-1 vaccine strain of
fowlpoxvirus which is licensed for vaccination of 1 day old ChiCkS. TROVAC was
likewise deposited under the terms of the Budapest Treaty with the ATCC, accession
number 2553.

“Non-viral” plasmid vectors may also be suitable in practicing the present
invention. Plasmid DNA molecules comprising expression cassettes for expressing an
immunogen may be used for “naked DNA” immunization. Preferred plasmid vectors
are compatible with bacterial, insect, and / or mammalian host cells. Such vectors
include, for example, PCR-II, pCR3, and pcDNA3.1 (Invitrogen, San Diego, CA),
pBSII (Stratagene, La Jolla, CA), pET15 (Novagen, Madison, WI), pGEX (Pharmacia
Biotech, Piscataway, NJ), pEGFP-N2 (Clontech, Palo Alto, CA), pETL (BlueBacll,
Invitrogen), pDSR-alpha (PCT pub. No. WO 90/14363) and pFastBacDual (Gibco-

BRL, Grand Island, NY) as well as Bluescript® plasmid derivatives (a high copy
number COLE1-based phagemid, Stratagene Cloning Systems, La Jolla, CA), PCR
cloning plasmids designed for cloning Tag-amplified PCR products (e.g., TOPO™
TA cloning® kit, PCR.’Z.]® plasmid derivatives, Invitrogen, Carlsbad, CA).

Bacterial vectors may also be used with the current invention. These vectors
include, for example, Shigella, Salmonella, Vibrio cholerae, Lactobacillus, Bacille
calmetie guérin (BCG), and Streptococcus (see for example, WO 88/6626; WO
90/0594; WO 91/13157; WO 92/1796; and WO 92/21376). Many other non-viral
plasmid expression vectors and systems are known in the art and could be used with
the current invention.

Additional nucleic acid delivery techniques include DNA-ligand complexes,
adenovirus-ligand-DNA complexes, direct injection of DNA, CaPO, precipitation,
gene gun techniques, electroporation, and colloidal dispersion systems, among others.

Colloidal dispersion systems include macromolecule complexes, nanocapsules,
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microspheres, beads, and lipid-based systems including oil-in-water emulsions,
micelles, mixed micelles, and liposomes. The preferred colloidal system of this
invention is a liposome, which are artificial membrane vesicles useful as delivery
vehicles in vitro and in vivo. RNA, DNA and intact virions can be encapsulated
within the aqueous interior and be delivered to cells in a biologically active form
(Fraley, R., ef al, 1981, Trends Biochem. Sci., 6: 77). The composition of the
liposome is usually a combination of phospholipids, particularly high-phase-
transition-temperature phospholipids, usually in combination with steroids, especially
cholesterol. Other phospholipids or other lipids may also be used. The physical
characteristics of liposomes depend on pH, ionic strength, and the presence of
divalent cations. Examples of lipids useful in liposome production include
phosphatidyl compounds, such as phosphatidylglycerol, phosphatidylcholine,
phosphatidylserine, phosphatidylethanolamine, sphingolipids, cerebrosides, and
gangliosides. Particularly useful are diacylphosphatidylglycerols, where the lipid
moiety contains from 14-18 carbon atoms, particularly from 16-18 carbon atoms, and
is saturated. Ilustrative phospholipids include egg phosphatidylcholine,
dipalmitoylphosphatidylcholine and distearoylphosphatidylcholine.

Strategies for improving the efficiency of nucleic acid-based immunization
may also be used including, for example, the use of self-replicating viral replicons
(Caley, et al. 1999. Vaccine, 17: 3124-2135; Dubensky, et al. 2000. Mol. Med. 6:
723-732; Leitner, et al. 2000. Cancer Res. 60: 51-55), codon optimization (Liu, et al.
2000. Mol. Ther., 1: 497-500; Dubensky, supra; Huang, et al. 2001. J. Virol 75:
4947-4951), in vivo electroporation (Widera, et al. 2000. J. Immunol. 164: 4635-
3640), incorporation of CpG stimulatory motifs (Gurunathan, et al. Ann. Rev.
Immunol., 2000, 18: 927-974; Leitner, supra), sequences for targeting of the
endocytic or ubiquitin-processing pathways (Thomson, et al. 1998. J. Virol. 72:
2246-2252; Velders, et al. 2001. J. Immunol. 166: 5366-5373), prime-boost regimens
(Gurunathan, supra; Sullivan, et al. 2000. Nature, 408: 605-609; Hanke, et al. 1998.
Vaccine, 16: 439-445; Amara, et al. 2001. Science, 292: 69-74), and the use of
mucosal delivery vectors such as Sa/monella (Darji, et al. 1997. Cell, 91: 765-775;
Woo, et al. 2001. Vaccine, 19: 2945-2954). Other methods are known in the art,
some of which are described below.

Administration of a composition of the present invention to a host may be

accomplished using any of a variety of techniques known to those of skill in the art.
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The composition(s) may be processed in accordance with conventional methods of
pharmacy to produce medicinal agents for administration to patients, including
humans and other mammals (i.e., a “pharmaceutical composition™). The
pharmaceutical composition is preferably made in the form of a dosage unit
containing a given amount of DNA, viral vector particles, polypeptide, peptide, or
other drug candidate, for example. A suitable daily dose for a human or other
mammal may vary widely depending on the condition of the patient and other factors,
but, once again, can be determined using routine methods. The compositions are
administered to a patient in a form and amount sufficient to elicit a therapeutic effect,
i.e., to induce a dominant CD4 T cell response. Amounts effective for this use will
depend on various factors, including for example, the particular composition of the
vaccine regimen administered, the manner of administration, the stage and severity of
the disease, the general state of health of the patient, and the judgment of the
prescribing physician. The dosage regimen for immunizing a host or otherwise
treating a disorder or a disease with a composition of this invention is based on a
variety of factors, including the type of disease, the age, weight, sex, medical
condition of the patient, the severity of the condition, the route of administration, and
the particular compound employed. Thus, the dosage regimen may vary widely, but
can be determined routinely using standard methods.

In general, recombinant viruses may be administered in compositions in an
amount of about 10*to about 10° pfu per inoculation; often about 10* pfu to about 108
pfu. Higher dosages such as about 10* pfu to about 10'° pfu, e.g., about 10° pfu to
about 10° pfu, or about 10° pfu to about 10® pfu, or about 107 pfu can also be
employed. Another measure commonly used is DICCsg; suitable DICCsg ranges for
administration include about 10’, about 10%, about 10°, about 10, about 10°, about
10%, about 107, about 10%, about 10°, about 10'© DICCsy. Ordinarily, suitable
quantities of plasmid or naked DNA are about 1 pg to about 100 mg, about 1 mg,
about 2 mg, but lower levels such as 0.1 to 1 mg or 1-10 ug may be employed. Actual
dosages of such compositions can be readily determined by one of ordinary skill in
the field of vaccine technology.

The pharmaceutical composition may be administered orally, parentally, by
inhalation spray, rectally, intranodally, or topically in dosage unit formulations
containing conventional pharmaceutically acceptable carriers, adjuvants, and vehicles.

The term “pharmaceutically acceptable carrier” or “physiologically acceptable
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carrier” as used herein refers to one or more formulation materials suitable for
accomplishing or enhancing the delivery of a nucleic acid, polypeptide, or peptide as
a pharmaceutical composition. A “pharmaceutical composition” is a composition
comprising a therapeutically effective amount of a nucleic acid or polypeptide. The
terms “effective amount” and “therapeutically effective amount” each refer to the
amount of a nucleic acid or polypeptide used to induce or enhance a dominant CD4 T
cell fesponse.

Injectable preparations, such as sterile injectable aqueous or oleaginous
suspensions, may be formulated according to known methods using suitable
dispersing or wetting agents and suspending agents. The injectable preparation may
also be a sterile injectable solution or suspension in a non-toxic parenterally
acceptable diluent or solvent. Suitable vehicles and solvents that may be employed
are water, Ringer's solution, and isotonic sodium chloride solution, among others. For
instance, a viral vector such as a poxvirus may be prepared in 0.4% NaCl or a Tris-
HCI buffer, with or without a suitable stabilizer such as lactoglutamate, and with or
without freeze drying medium. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose, any bland fixed oil
may be employed, including synthetic mono- or diglycerides. In addition, fatty acids
such as oleic acid find use in the preparation of injectables.

Pharmaceutical compositions comprising a nucleic acid, immunogen(s), or
other compound may take any of several forms and may be administered by any of
several routes. In preferred embodiments, the compositions are administered via a
parenteral route (intradermal, intramuscular or subcutaneous) to induce an immune
response in the host. Alternatively, the composition may be administered directly into
a lymph node (intranodal) or tumor mass (i.e., intratumoral administration).

Preferred embodiments of administratable compositions include, for example,
nucleic acids, viral particles, or polypeptides in liquid preparations such as
suspensions, syrups, or elixirs. Preferred injectable preparations include, for example,
nucleic acids or polypeptides suitable for parental, subcutaneous, intradermal,
intramuscular or intravenous administration such as sterile suspensions or emulsions.
For example, a naked DNA molecule and / or recombinant poxvirus may separately or
together be in admixture with a suitable carrier, diluent, or excipient such as sterile
water, physiological saline, glucose or the like. The composition may also be

provided in lyophilized form for reconstituting, for instance, in isotonic aqueous,
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saline buffer. In addition, the compositions can be co-administered or sequentially
administered with one another, other antiviral compounds, other anti-cancer
compounds and/or compounds that reduce or alleviate ill effects of such agents.

As previously mentioned, while the compositions of the invention can be
administered as the sole active pharmaceutical agent, they can also be used in
combination with one or more other compositions or agents (i.e., other immunogens,
co-stimulatory molecules, adjuvants). When administered as a combination, the
individual components can be formulated as separate compositions administered at
the same time or different times, or the components can be combined as a single
composition.

A kit comprising a composition of the present invention is also provided. The
kit can include a separate container containing a suitable carrier, diluent or excipient.'
The kit can also include an additional components for simultaneous or sequential-
administration. In one embodiment, such a kit may include a first form of an
immunogen and a second form of the immunogen. Additionally, the kit can include
instructions for mixing or combining ingredients and/or administration. A kit may
provide reagents for performing screening assays, such as one or more PCR primers,
hybridization probes, and / or biochips, for example.

All references cited within this application are incorporated by reference. A
better understanding of the present invention and of its many advantages will be had

from the following examples, given by way of illustration.
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EXAMPLES
Example 1
Materials and Methods

The recombinant vectors DNA C and NYVAC-HIV C expressed HIV genes
derived from the Chinese RS clade C virus (97CN54; Suy, et al. . Virol. 2000. 74:
11367-76; WO 01/36614). This clone has been shown to be representative of clade C
strains circulating in China and India. All HIV genes have been optimised for codon
usage since it has recently been shown that humanization of synthetic HIV gene
codons allowed for an enhanced and REV/RRE- independent expression of env and
gag-pol genes in mammalian cells. Genes were optimised for both safety and
translation efficiency. The env gene has been designed to express the secreted gp120
form of the envelope proteins and contain an optimal synthetic leader sequence for
enhanced expression. The gag, pol and nef genes were fused to express a GAG-POL-
NEF polyprotein. An artificial -1 frameshift introduced in the natural slippery
sequence of the p7-p6 gene junction results in an in-frame GAG-POL-NEF fusion
protein due to the absence of ribosomal frameshift. An N-terminal Gly — Ala
substitution in gag prevents the formation and release of virus-like particles from
transfected cells. This strategy allows for an equimolar production of GAG, POL and
NEF proteins’ and an enhanced MHC Class-I restricted presentation of their CTL
epitopes. For safety and regulatory reason, the packaging signal sequence has been
removed; the integrase gene deleted; and the reverse transcriptase gene disrupted by
insertion of a scrambled nef gene at the 3° end of the DNA sequence coding for the
RT active site known to be associated with an immunodominant CTL epitope. The nef
gene has been dislocated by fusing its 5’ half to its 3° half without losing its

immunodominant CTL epitopes.

A. NYVAC-HIV-C (vP2010)
1. Donor plasmid pMA60gp120C/gagpolnef-C-14.

Donor plasmid pMA60gp120C/GAG-POL-NEF-C-14 was constructed for
engineering of NYVAC or MVA expressing HIV-1 clade C gpl20 envelope and
GAG-POL-NEF proteins. The plasmid is a pUC derivative containing TK left and
right flanking sequences in pUC cloning sites. Between two flanking sequences two
synthetic early/late (E/L) promoters in a back to back orientation individually drive

codon-optimized clade C gpl120 gene and gag-pol-nef gene. The locations of the TK
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flanking sequences, E/L promoters, transcriptional termination signal, gp120 and gag-

pol-nef genes as described in Table II below:

Table 11
PMAG60gp120C/gagpolnef-C-14

Left flanking sequence Nt. 1609-2110 (complementary)
Right flanking sequence Nt. 4752-5433 (complementary)
E/L promoter for gp120 Nt.12-51

Gp120 gene (ATG-TGA) Nt 61-1557

Terminal signal for gp120 Nt.1586-1592

E/L promoter for gagpolnef Nt. 9794-9833 (complementary)
gagpolnef gene (ATG-TAA) Nt. 5531-9784 (complementary)
Terminal signal for gagpolnef Nt.5422-5416 (complementary)

2. Construction of pMA60gp120C/gagpolnef-C-14 DNA origin:
a. pPMAG0: This plasmid is a pUC derivative containing TK right and left

flanking sequences in pUC cloning sites. Between the two flanking sequences there is
a synthetic E/L. promoter. The left flanking sequence is located at 37-550 and right
flanking sequence is at 610-1329. The E/L promoter
(AAAATTGAAATTTTATTTTITTTTTTTGGAATATAAATA) is located at 680-
569.

b. pCR-Script clade C-syngp120: The plasmid contained a codon-optimized
clade C HIV-1 gp120 gene. The gpl20 gene is located at nucleotides 1-1497 (ATG-
TAA).

c. pCRs-cript clade C-syngagpolnef: The plasmid containing a codon-optimized

clade C HIV-1 gagpolnef gene was provided by Hans Wolf and Walf Wagner
(Regensburg University, Germany). The gagpolnef gene was located between
nucleotides 1-4473 (ATG-TAA).

d. pSE1379.7: The plasmid is a Bluescript derivative containing a synthetic E/L
promoter. The E/L promoter is located at nucleotides 1007- 968.

3. Construction of pMA60 gp120C/gagpolnef-C-14:
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a. Construction of pMAG60-TSNT-24: pMAG0 has a synthetic E/L promoter but

has no transcriptional termination signal for the promoter. To insert a terminal signal

T5NT for the promoter, a DNA fragment composed of a pair of oligonucleotides, 5°-
CCGGAATTTTTATT-3°(7291) / 3°- TTAAAAATAAGGCC-5" (7292), was inserted
into Xma I site on pMAG60. The resulted plasmid was designated pMA60-T5SNT-24
(notebook 1959, p54, Lisa Murdin, Aventis Canada). A Vector-NTI file for the
plasmid was included. In the file the E/L promoter was located at nt.3356-3395 and
the TSNT sequence is at nt 3417-3423.

b. Construction of pMA60gpl120C-10: To generate a clade C gpl20 gene

without extra sequence between promoter and start codon ATG a KpnI-Kpnl

fragment (nt. 4430-1527) containing the gp120 gene was isolated from pCR-Script
clade C-syngpl120 and used as template in a PCR. In the PCR, primers 7490/ 7491
(7490: 5’-TTGAATTCTCGAGCATGGACAGGGCCAAGCTGCTGCTGCTGCTG
and 7491: 5’-TGCTGCTCACGTTCCTGCACTCCAGGGT) were used to amplify a
~370 bp 5’-gp120 fragment. The fragment was cut with EcoRI and Aatll generating
an EcoRI-Aatll fragment (~ 300 bp). The EcoRI-Aatll fragment was used to replace a
corresponding EcoRI-Aat II fragment (nt. 4432-293) on pCR-Script clade C-
syngpl20 resulting in a plasmid pCR-Script clade Cgp120-PCR-19. A Xhol-Xhol
fragment containing a gp120 gene was isolated from pCR-Script cladeCgp120- PCR-
19 and cloned into Xhol site on pMAG60-T5NT-24 generating pMA60gp120C-10.

c. Construction of pMA60gp120C/gagpolnef-C-14: To create a clade C
gagpolnef gene without extra sequence between promoter and stat codon of the gene a

Kpnl-Kpnl (nt 7313-4352) fragment containing the gagpolnef gene was isolated from
pCRscript-Syngagpolnef and used as template in a PCR reaction. The primers were
oligonucleotides (7618:
5S’TTTCTCGAGCATGGCCGCCAGGGCCAGCATCCTGAGG / 7619: 5°-
ATCTGCTCCTGCAGGTTGCTGGTGGT). A fragment (~ 740 bp) amplified in the
PCR was cloned into Sma I site on pUCI18 resulting in a plasmid designated
pATGgpn-740. The ~740 bp fragment in pATGgpn-740 was confirmed by DNA
sequencing. The pATGgpn-740 was cut with Xhol and Stul generating an Xhol-Stul
fragment (~ 480 bp). In addition, pCRScript-syngagpolnef was cut with Stul and Kpnl
generating a Stul-Kpnl fragment (nt. 479-4325). Meanwhile pSE1379.7, a Bluescript
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derivative containing an E/L promoter, was linealized with Xhol and Kpnl generating
an Xhol-Kpnl receptor fragment (~ 3 kb). The two fragments (XhoI-Stu I and Stul-
Kpnl) and the receptor fragment (Xhol-Kpnl) were ligated together generating a
plasmid pATGgagpolnef-C-2. Finally, the pATG-gagpolnef-C-2 was cut with Sall
generating a Sall-Sall fragment that contained an E/L-gagpolnef cassette. The Sall-
Sall fragment was cloned into a Sall site on pMA60gpl20C-10 generating
pMAG60gp120C/gagpolnef -C-14.

4. Generation of NYVAC-HIV-C recombinant (vP2010)

The IVR was performed by transfection of 1°CEF cells (Merial product) with
PMA60gp120C/gagpolenef C-14 wusing calcium phosphate method and
simultaneously infection of the cells with NYVAC as rescue virus at MOI of 10.
After ~14 hr, the transfected-infected cells were harvested, sonicated and used for
recombinant virus screening. Recombinant plaques were screened based on plaque
lift hybridization method. A 1.5 kb clade C gp120 gene that was labeled with p32
according to a random primer labeling kit protocol (Promega) was used as probe. In
the first round screening, ~11700 plaques were screened and three positive clones
designated vP2010-1,vP 2010-2, vP2010-3, were obtained. After sequential four
rounds of plaque purification, recombinants designated vP2010-1-2-1-1, vP2010-1-2-
2-1, vP2010-1-4-1-1, vP2010-1-4-1-2 and vP2010-1-4-2-1 were generated and
confirmed by hybridization as 100% positive using the gp120 probe. P2 stocks of
these recombinants were prepared. A P3 (roller bottle) stock with a titer 1.2x 10° was

prepared.

5. Stability of vP2010

To verify that the NYVAC-HIV-C (vP2010) recombinant could bg passaged
without lost of transgene expression, a stability test was performed. The recombinant
was passaged from P2 stock to P10 in CEF cells with moi of 0.1 and 0.01. Plaques
generated in CEF cells with the p10 stocks were analyzed with anti-gp120 monclonal
antibody K3A (Virogenetics) and anti-clade C p24 anti serum (Aventis Pasteeur

France). The results show that in moi of 0.1, 84 % plaques are positive to gpl120
antibody. In moi of 0.01, 76% plaques are positive to gpl120 antibody and 100%
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plaques are positive to p24 antiserum. There was some loss (16-24%) of clade C
gp120 expression, even though the virus is relatively stable over 10 passages with a
low MOIL.

Expression of clade C gpl120 and gagpolnef from various passaged-vP2010
were verified by Western blot. The CEF cells were infected with various passaged-
vP2010 viruses. Cell culture media and cell lysates after the infection were analyzed
with anti-gp120 monoclonal antibody K3A (Virogenetics) and anti-p24 serum
(Aventis Pasteur in France). Expression of gp120 and gagpolnef from P10 viruses was
shown in Fig.1 and Fig.2. The expected gp120 band and GAG-POL-NEF fusion
protein band with molecular weight 120-190 kd were observed. Successful expression
of gp120 and GAG-POL-NEF from vP2010 was also demonstrated by immunoplaque

assay as mentioned above.

B. DNAC

The DNA C vector was engineered to contain the components listed above
using the pORT system first described by Canenburgh, et al. (Nucleic Acid Res.
2001. 29: €26) (Cobra Biomanufacturing Plc; United Kingdom).

EXAMPLE 2
Immunization of Human Beings Against HIV-C

A, Immunological Compositions
1. DNA Vaccine (“DNA C”)

DNA C is maintained in liquid form, with an extractable volume of 2 ml to 2.2
ml in 5 ml vials stored at 20 C. The appearance is clear and the composition contains
the following components per ml of DNA HIV-C: DNA C (1.05 mg), Tris-HCl (1.57
mg), EDTA (0.372 mg), NaCl (9 mg). These components are brought to one ml with

water for injections.

2. NYVAC-HLV C (vP2010)

The presentation is in a liquid form, with an extractable volume of 1ml to

7.82
1.1ml in single dose 3ml vials stored at -20°C. The composition contains 10 DICC,,

NYVAC-HIV C (vP2010), 0.25 ml 10 mM Tris-HCI buffer; pH 7.5, 0.25 ml Virus

stabilizer (lactoglutamate); and, 0.5 ml freeze-drying medium.
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B. Clinical Trial Design

The data provided herein reflects the results of a clinical trial in which 40
volunteers were randomised to receive DNA C (naked DNA) or nothing at weeks 0
and 4, followed by NYVAC C at weeks 20 and 24. Administration Regimens 1
(DNA C - NYVAC C prime boost) and 2 (NYVAC C only) are shown in Table III

below:

Table ITT
Immunization Regimens .
Regimen Week 0 Week 4 Week 20 Week 24
1 DNA C2x2ml IM* | DNAC NYVAC CIM NYVACC
Unprimed right and left vastus | 2x2ml IM non-dominant IM
N=20 lateralis right and left | deltoid non-
vastus dominant
lateralis deltoid
2 Nothing Nothing NYVAC CIM NYVACC
Prime-boost non-dominant IM non-
n=20 deltoid . dominant
deltoid

* IM denotes intramuscular administration

The main objectives of this trial were to evaluate the safety and
immunogenicity of the prime boost regimen (DNA C + NYVAC C) compared to
NYVAC C alone. The design was open for participants and clinical investigators,
without a placebo control, and 40 volunteers (see description of trial population
below) were randomized to receive DNA C or nothing on day 0 and at week 4
followed by NYVAC C at weeks 20 and 24. The participants received two IM
injections (right and left vastus lateralis), with each injection containing two ml DNA
C in liquid form (1.05 mg per ml and a total dose of 4.2 mg). NYVAC C was
administered as a one ml (10"'CCIDs; NYVAC C per ml) in the deltoid. The
laboratory investigators undertaking and interpreting the assays were blind to the
allocation. The primary endpoints were safety (local and systemic side effects) and
immunogenicity. The protocol was determined to be safe and immunogenic, as
described below. '

The primary immunogenicity endpoints were measured at week 26 and 28 by
the quantification of T-cell responses using the IFN-y ELISPOT assay following a
conventional over night stimulation of the blood mononuclear cells with the panel of

peptide pools encompassing env, gag, pol and nef of HIV-1 CN54 clade C. The T-
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cell responses were also measured on day 0 and at weeks 5, 20, 24 and 48. A positive
ELISPOT assay was defined as exhibiting > 4-fold more spots than the negative
control and > 55 SFU/10° cells (i.e., a “responder”). Individual assays were
considered “valid” if the negative control < 50 SFU/10° cells and the positive control
(SEB) > 500 SFU/10° cells.

Forty healthy male and female participants in London and Lausanne at low
risk of HIV infection were entered into the study. Fifty percent of the enrolled
volunteers were females and fifty percent were males. The majority (90%) of
volunteers were Caucasians having a median age of 32 years. As a result of
preserving the integrity of the randomization, an imbalance between the two groups
emerged with 23 participants allocated to receive DNA C and NYVAC C, and 17
allocated to NYVAC C alone. After the first DNA vaccination, two participants were
withdrawn from the vaccination scheme due to adverse events, and the second DNA
vaccination was given to 21 participants only. The two withdrawn participants did not
receive NYVAC C but attended all visits. A further three participants also received no
NYVAC: one female received two DNA C immunizations but decided that she did
not wish to receive the two NYVAC C immunizations and attended some visits;
another two participants were lost to follow-up. The remainder (n=35) received the
full vaccination scheme shown in Table III and have completed the study (all have

reached the 48 week timepoint).

C. Clinical Trial Results

A significant difference in the proportion of subjects with positive vaccine-
induced T-cell responses within the two study groups was observed. The proportion
of responders was 90% (18/20) in the DNA C+NYVAC C group compared to 40 %
(6/15) in the NYVAC C alone group (P=0.003). One of the six responders in the
NYVAC C alone group had a very week response just above background (in the range
of 60 SFU/10° cells) at weeks 26 and 28 but also at weeks 0, 5 and 20 prior to
vaccination. Although due to the study design, this subject had to be considered
positive at weeks 26 and 28, the T-cell response observed was clearly non-specific
and for these reasons it was not further considered in the additional analyses. It was

thereby concluded that the proportion of subjects with vaccine-induced specific T-cell
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responses was 33% (5 out of 15) in the group vaccinated with NYVAC C alone. The
proportion of responders after the DNA C vaccination was very low afier two
vaccinations (2/18 or 12.5% at week 5, 4/18 or ~22% at week 20) (Fig. 2).
Furthermore, the proportion of responders in the DNA C + NYVAC C group mostly
peaked (17 out of 20) after the first NYVAC C boost and the proportion of responders
was still 75% at week 48, i.e. 6 months after the completion of the vaccination. Only
two subjects within the NYVAC C alone group had still positive vaccine-induced T-
cell responses at week 48.

Vaccine-induced T-cell responses were also assessed using the IFN-y
ELISPOT assay following stimulation of blood mononuclear cells with a panel of 464
peptides (15-mers overlapping by 11 amino acids) grouped in 8 pools (50-60 peptides
per pool). The peptides encompassed the env, gag, pol and nef proteins of HIV-1 and
were designed based on the sequence of the immunogens expressed by the DNA and
NYVAC that were derived from the CN54 clade C isolate. Vaccine-induced T-cell
responses were predominantly directed against env in both DNA C + NYVAC C and
NYVAC C alone groups. Env-specific responses were observed in 22 out of 23
responders in both groups while gag, pol and nef vaccine-induced T-cell responses
were only observed in 20% of volunteers (data not shown). The responses against
gag, pol and nef were generally transient and substantially lower in magnitude
compared to the env-specific responses. The env-specific T-cell responses following
DNA C + NYVAC C vaccination were significantly greater compared to the NYVAC
alone group. At the time of peak response (week 26), the mean measurement of IFN-y
secreting T-cells was 450 SFU/10° cells in the DNA C + NYVAC C group and 110
SFU/10° cells within NYVAC C alone group (Fig. 3). The differences in the
magnitude of T-cell response between the two groups were significant (P=0.016).
Consistent with the substantial difference in the magnitude of the T-cell response
between the two groups, the 5 responders within the NYVAC C alone group had most
(4 out of 5) of the T-cell response below 200 SFU/10° cells while nine of the 18
responders within the DNA C+NYVAC C group had T-cell responses greater than
300 SFU/10° cells (Fig. 4).

The distribution of vaccine-induced T-cell responses in CD4 and CD8 T-cell
populations was assessed in three of the five responders in the NYVAC C alone group
and in 16 of 18 responders in the DNA C + NYVAC C group. Only responders with
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more than 100 SFU/10° blood mononuclear cells measured in the IFN-y ELISPOT
assay were characterised using polychromatic flow cytometry. The vaccine-induced
T-cell responses were mediated by CD4 T-cells in all the investigated 19 responders
(three in the NYVAC alone and 16 in the DNA C + NYVAC C groups). Vaccine-
induced CD8 T-cell responses were additionally observed one of the three responders
in the NYVAC C alone group and in seven of 16 responders in the DNA C + NYVAC
C groups. Representative flow cytometry profiles of env-specific IFN-y secreting CD4
and CD8 T-cell responses in responder #11 vaccinated with DNA C+NYVAC C are
shown in Fig. 5. The characterization of vaccine-induced CD4 and CD8 T-cell
responses was performed mostly for env-specific responses since the frequency and
the magnitude of the T-cell responses observed against gag, pol and nef was very low
and generally below 100 SFU/10° cells. Of note, the polychromatic flow cytometry
analysis allowed us to provide an independent confirmation of the responses assessed
using the IFN-y ELISPOT assay. The frequencies of IFN-y secreting T-cells measured
by both assays were compared in 19 responders. It is important to underscore that
there was a very high correlation between the frequencies of IFN-y secreting T-cells
measured by the ELISPOT assay and flow cytometry (Fig. 6). .

The panel of T-cell functions analyzed included IL-2, TNF-oo and IFN-y
secretion and proliferation for both CD4 and CD8 T-cells and also degranulation
activity for CD8 T-cells. Env-specific CD4 and CD8 T-cells functions were analysed
using polychromatic flow cytometry. T-cell functions were analysed after stimulation
with env peptide pools. For example, responder #11 (vaccinated with DNA C +
NYVAC C) had both env-specific CD4 and CD8 T-cell responses. On the basis of the
analysis of IL-2 and IFN-y secretion, three distinct env-specific CD4 T-cell
populations were identified: a) single 1L-2, b) dual IL-2/IFN-~y and single IFN-y. The
three functionally distinct populations of env-specific CD4 T-cells were equally
represented. Env-specific CD4 T-cells were also able to secrete TNF-o. and we
identified two populations, i.e. single TNF-a and dual TNF-o/IFN-y secreting CD4 T-
cell populations which were equally represented. Furthermore, vaccine-induced CD4
T-cells efficiently proliferated after stimulation with the env peptide pools.

Similar to CD4 T-cells, the analysis of IL-2 and IFN-y secretion in CD8 T-
cells identified two distinct env-specific CD8 T-cell populations: a) dual IL-2/IFN-y
and single IFN-y secreting cell populations. It was found that the majority (70%) of
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env-specific CD8 T-cells were single IFN-y secreting cells and the remaining cells
were dual IL-2/IFN-y.  Almost the totality of IFN-y secreting CD8 T-cells were also
able to secrete TNF-o. and were therefore dual TNF-o/IFN-y secreting cells. A
substantial proportion of env-specific CD8 T-cells had degranulation activity
following antigen-specific stimulation as indicated by the expression of CD107.
Finally, vaccine-induced CD8 T-cells were endowed with proliferation capacity
following env-specific stimulation. Similar functional profiles of vaccine-induced
CD4 and CD8 T-cell responses were confirmed in six additional vaccinees. Taken
together, these results indicated that vaccination with DNA C + NYVAC C induced
polyfunctional env-specific CD4 and CD8 T-cell responses.

Phenotypic analysis of vaccine-induced T-cell responses was performed in
volunteer #26 vaccinated with DNA C + NYVAC C. Both env-specific CD4 and CD8
T-cells were induced following vaccination. Blood mononuclear cells of volunteer |
#26 were collected at different time points (week 24, 26 and 48) and were stimulated
with env derived peptide pools for 16 hours and stained with CD4, CD8, CD45RA,
CCR7, IL-2 and IFN-y antibodies. It has been previously demonstrated that CD45RA
and CCR7 define functionally distinct populations of memory antigen-specific CD4
and CD8 T-cells. The totality (single IL-2+dual TL-2/IFN-y+single IFN-y) of env-
specific CD4 T-cells were CD45RA-CCR7- and the phenotypic profile and
percentage of env-specific CD4 T-cells remained unchanged over time.

In volunteer #26, Env-specific CD8 T-cells (dual IL-2/IFN-y+ single IFN-y)
were almost equally distributed within CD45RA-CCR7- and CD45RA+CCR7- cell
populations at week 24. However, there was a progressive loss of the CD45RA-
CCR7- env-specific CD8 T-cell population over time and about 90% of the vaccine-
induced CD8 T-cells were CD45RA+CCR7- at week 48. The changes in phénotype
and in the percentage of env-specific CD8 T-cells were observed only for vaccine-
induced CD8 T-cells since the phenotype and the percentage of EBV/CMV-specific
CD8 T-cell responses assessed in blood samples collected at the same time points in
volunteer #26 remained unchanged. Similar results were obtained in three additional
volunteers.

Identification of peptides/epitopes recognized by vaccine-induced CD4 and
CD8 T-cell populations was performed in nine volunteers, eight belonging to the
DNA C + NYVAC C and one to the NYVAC C alone groups. Peptides/epitopes
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using env derived peptide pools, identification of the peptides/epitopes recognized

was performed by testing the reactivity of blood mononuclear cells against the
relevant peptides in a matrix setting using the IFN-y ELISPOT assay. Following this
analysis, 19 different peptides/epitopes were identified in the nine volunteers studied
and further characterization of the vaccine-induced CD4 and CD8 T-cell populations

recognizing these peptides/epitopes was performed using polychromatic flow

cytometry (Table 4).
TABLE 4
Type of Peptide sequence HIV
Antigen Region
Class IT VGNLWVTVYYGVPVW | C1/C2
WVTVYYGVPVWKGAT | Cl1/C2
GATTTLFCASDAKAY C1/C2
TTLFCASDAKAYDTE C1/C2
THACVPADPNPQEMV C1/C2
ENVTENFNMWKNEMV | C1/C2
ENFNMWKNEMVNOMQ | C1/C2
EMVNQMQEDVISLWD | C1/C2
CVKLTPLCVTLECRN C1/C2
NCSFNATTVVRDRKQ V1/V2
NATTVVRDRKQTVYA | V1/V2
VYALFYRLDIVPLTK C3
FYRLDIVPLTKKNYS C3
INCNTSAITQACPKV C3
PKVTFDPIPIHYCTP C3
FDPIPIHYCTPAGYA C3
TGDIIGDIRQAHCNI V3/C4
SSSHTIPCRIKQII V4/V5
ITIPCRIKQIINMWQ C5
CRIKQIINMWQEVGR C5
VGRAMYAPPIKGNIT C5
MYAPPIKGNITCKSN C5
PIKGNITCKSNITGL C5
ETFRPGGGDMRNNWR | C5
ELYKYKVVEIKPLGV C5
YKVVEIKPLGVAPTT C5
EIKPLGVAPTTTKRR C5
Class I LGVAPTTTKRRVVER C5
HLA-A*01 | YSENSSEYY V1/V2

A variable number of peptide/epitopes, ranging from two to eight, were

recognized in each volunteer with a mean of 4.2 peptides / epitope. Ten out of 19
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peptides/epitopes identified in the nine volunteers have similarities to those previously
identified in subjects with chronic HIV-1 infection or in vaccine studies performed in
mice and humans.

Representative flow cytometry profiles of vaccine-induced env-specific CD4
and CD8 T-cells recognizing individual peptides/epitopes are shown in Fig. 7. Fine
epitope mapping of the peptide LTKKNYSENSSEYYR recognized by CD8 T-cells in
seven volunteers (six belonging to the DNA C + NYVAC C and one to the NYVAC
C alone groups) was performed. Using a set of overlapping peptides, it was
determined that the epitope recognized by vaccine-induced CD8 T-cells corresponded
to the sequence YSENSSEYY (two representative examples).

Vaccine-induced IgG antibodies against gp140 CNS54 were assessed at
different time points during the vaccination regimen (Figs. 8A and 8B). The induction
of IgG anti-gp140 CN54 was assessed in an ELISA assay. Only a small number of
volunteers (25%) had a measurable antibody response at week 26, i.e. 2 weeks after
the second NYVAC C immunization, in the NYVAC C alone group. No responders
were present at week 48. A large percentage (75%) of volunteers had measurable IgG
anti-gp140 antibodies at week 26 in the DNA C+NYVAC C group. No antibody
response was detected after the DNA immunization and only 10% of volunteers
responded after the first NYVAC C immunization. However, similar to the NYVAC
C alone group, the vaccine-induced antibody response was transient and only 5% of
volunteers had measurable antibody response at week 48. In addition to the
significant differences in the percentage of responders between the two study groups,
the magnitude of the antibody response was also significantly greater in the DNA C +
NYVAC C group compared to the NYVAC C alone group.

The neutralization activity of the vaccine-induced antibodies was assessed in
three different assays including a) a multiple rounds neutralization assay on blood
mononuclear cells using the homologous primary isolate CN54, b) a neutrlization
assay in a single cycle infection of primary isolate Bx08 in the engineered cell line
TZMbl, and c) a neutralization assay using Bal replication in macrophages. The
vaccine-induced antibodies failed to show any neutralizing activity.

The duration of the study in the original protocol was 48 weeks. However, in
order to have insights on the long-term durability of the vaccine-induced T-cell
response, the protocol was subsequently amended to assess the T-cell responses at

week 72, i.e. one year after the last immunization. The protocol was amended only in

31



10

WO 2007/136763 PCT/US2007/011924

Lausanne and, after IRB approval, blood was collected at week 72 only in those
volunteers that were originally enrolled in Lausanne and had a positive IFN-y
ELISPOT assay at week 48. Thirteen volunteers (11 belonging to the DNA
C+NYVAC C group and 2 to the NYVAC C alone group) were analyzed at week 72
(Fig. 9A and 9B). None of the two volunteers belonging to the NYVAC C alone
group had a positive IFN-y T-cell response at week 72. Nine out of the 11 volunteers
belonging to the DNA C+HNYVAC C group had a positive IFN-y T-cell response at
week 72. Of interest, the magnitude of the IFN-y T-cell response observed at week 72
was unchanged compared to that measured in the 9 volunteers at week 28 and 48.
While the present invention has been described in terms of the preferred
embodiments, it is understood that variations and modifications will occur to those
skilled in the art. Therefore, it is intended that the appended claims cover all such

equivalent variations that come within the scope of the invention as claimed.
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CLAIMS

What is claimed is:

1.

R R

11

12.

13.

14.

A method for inducing a dominant CD4 T cell response in a human being against
human immunodeficiency virus (HIV) comprising administering to a host a first
form of an immunogen and subsequently administering to the host a second form
of the immunogen, wherein the first and second forms are different, and wherein
administration of the first form prior to administration of the second form
enhances the dominant CD4 T cell response resulting from administration of the
second form relative to administration of either form alone.

The method of claim 1 wherein the first form is a DNA molecule.

The method of claim 3 wherein the first form is a naked DNA molecule.

The method of any one of claims 1-3 wherein the second form is a viral vector.
The method of claim 4 wherein the second form is selected from the group
consisting of retrovirus, adenovirus, adeno-associated virus (AAV), alphavirus,
herpes virus, and poxvirus.

The method of claim 5 wherein the second form is a poxvirus.

The method of claim 6 wherein the poxvirus is vaccinia or avipox.

The method of claim 7 wherein the poxvirus is attenuated.

The method of claim 8 wherein the poxvirus is NYVAC, MVA, ALVAC or
ALVAC(2).

- The method of any one of claims 1-9 wherein the immunogen is encoded by the

genome of HIV-1 intersubtype (C/B’).

. The method of any one of claims 1-10 wherein the HIV immunogen is selected

from the group consisting of Env, Gag, Nef, and Pol,

The method of any one of claims 1-11 wherein the HIV immunogen is provided in
the first form or the second form as a GAG-POL-NEF fusion protein.

The method of any one of claims 1-12 wherein the dominant CD4 T cell immune
response is characterized by observing high proportion of immunogen-specific
CD4 cells within the population of total responding T cells following
administration of the first and second forms of the immunogen.

The method of any one of claims 1-13 wherein responding CD4 T cells form up to

about 1,000 or more spot-forming units (SFUs) by ELISPOT assay per one

million blood mononuclear cells.
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15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

26.

The method of any one of claims 1-14 wherein responding CD4 T cells are

polyfunctional.

The method of claim 15 wherein the responding CD4 T cells secret both IL-2 and

IFN-gamma.

The method of any one of claims 1-16 wherein the dominant CD4 T cell immune

response encompasses at least two epitopes.

The method of any one of claims 1-17 wherein the dominant CD4 T cell response

is characterized by at least two characteristics selected from the group consisting

of:

a. a high proportion of immunogen-specific CD4 cells within the population of
total responding T cells;

b. responding CD4 T cells form up to about 1,000 or more spot-forming units
(SFUs) by ELISPOT assay per one million blood mononuclear cells;

c. responding CD4 T cells are polyfunctional;

d. responding CD4 T cells secret both IL-2 and IFN-y; and

¢. the dominant CD4 T cell immune response encompasses at least two epitopes.

The method of any one of claims 1-18 wherein the dominant CD4 T cell response

comprises T cells reactive against the envelope protein.

The method of any one of claims 1-19 ‘wherein the dominant CD4 T cell response

comprises T cells reactive against the envelope protein and an immunogen

selected from the group consisting of Gag, Nef and Pol.

. The method of any one of claims 1-20 wherein the dominant CD4 T cell response

is measured using an ELISPOT assay.

The method of any one of claims 1-21 wherein the T cell response further includes
CD8 cytotoxic T cells.

The method of any one of claims 1-22, further comprising administration of at
least one anti-viral agent to the human being.

The method of claim 23 wherein the anti-viral agent is an anti-retroviral agent.
The method of claim 24 wherein the anti-retroviral agent is selected from the
group consisting of a protease inhibitor, an HIV entry inhibitor, a reverse
transcriptase inhibitor, and an anti- retroviral nucleoside analog.

A two-part immunological composition for producing a protective, dominant CD4

T cell immune response in 2 human being against human immunodeficiency virus
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27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

(HIV), the first part of the composition comprising a first form of an HIV
immunogen and the second part comprising a second form of the HIV
immunogen, wherein the first and second part of the composition are administered
to the human being separately from one another such that administration of the
first form enhances the dominant CD4 T cell response against the second form
relative to administration of the second form alone.

Use of a composition of claim 26 in the manufacture of a medicament for the
prevention or treatment of infection by HIV.

The composition of claim 26 wherein the first and second parts comprise at least
one nucleic acid encoding at least one HIV immunogen.

The composition of claim 28 wherein the nucleic acids are contained within
expression vectors, wherein the expression vectors of the first and second parts are
not the same.

The composition of claim 29 wherein the expression vector of the first part is a
naked DNA molecule and the expression vector of the second part is a viral .
vector.

The composition of claim 30 wherein the viral vector is selected from the group
consisting of retrovirus, adenovirus, adeno-associated virus (AAY), alphavirus,
herpes virus, and poxvirus.

The composition of claim 31 wherein the expression vector of the second part is a
poxvirus.

The composition of claim 32 wherein the expression vector of the second part is a
vaccinia or avipox vector.

The composition of claim 32 wherein the poxvirus is attenuated.

The composition of claim 32 wherein the poxvirus is NYVAC, MVA, ALVAC or
ALVAC(2).

An  isolated peptide selected from the group consisting of
VGNLWVTVYYGVPVW, WVTVYYGVPVWKGAT, GATTTLFCASDAKAY,
TTLFCASDAKAYDTE, THACVPADPNPQEMV, ENVTENFNMWKNEMYV,
ENFNMWKNEMVNQMQ, EMVNQMQEDVISLWD, CVKLTPLCVTLECRN,
NCSFNATTVVRDRKQ, NATTVVRbRKQTVYA, VYALFYRLDIVPLTK,
FYRLDIVPLTKKNYS, INCNTSAITQACPKYV, PKVTFDPIPIHYCTP,
FDPIPIHYCTPAGYA, TGDIIGDIRQAHCNI, SSSIITIPCRIKQII,
ITIPCRIKQIINMWQ, CRIKQIINMWQEVGR, VGRAMYAPPIKGNIT,

35
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MYAPPIKGNITCKSN, PIKGNITCKSNITGL,  ETFRPGGGDMRNNWR,
ELYKYKVVEIKPLGV, YKVVEIKPLGVAPTT, EIKPLGVAPTTTKRR
LGVAPTTTKRRVVER, and YSENSSEYY.

37. A composition comprising an isolated peptide of claim 36 and a pharmaceutically

¢4

acceptable carrier.
38. A method of immunizing a host against an HIV immunogen comprising

administering to the host a peptide of claim 36 or a composition of claim 37.

36
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FIGURE 1

PCT/US2007/011924

DNA4 Sequence of pMA60gpl 20C/gagpolnef-C-14

TCGACRAGCT
AGCTGTTCGA
AAGCTCGAGC
TTCGAGCTCG
TGCTGCCCCA
ACGACGGGGT
GGCGTGCCCG
CCGCACGGGC
CGCCAAGGCC
GCGGTTCCGG
GCGTGCCCGC
CGCACGGGCG
GAGAACTTCA
CTCTTGAAGT
CGTCATCAGC
GCAGTAGTCG
CCCTGTGCGT
GGGACACGCA
ACCTACCACG
TGGATGGTGC
CTTCAACGCC
GAAGTTGCGG
TGTTCTACAG
ACAAGATGTC
AACAGCAGCG
TTGTCGTCGC
CCAGGCCTGC
GGTCCGGACG
CCCCCGCCGG
GGGGGCGGCC
ACCGGCCeceCeT
TGGCCGGGGA
GCCCGTGGTG
CGGGCACCAC
AGATCATCAT
TCTAGTAGTA
GTGCACCTGA
CACGTGGACT
CACCAGGAAG
GTGGTCCTTC
GCGACATCAT
CGCTGTAGTA
AAGTGGARACG
TTCACCTTGC
CCAGAACAAG
GGTCTTGTTC
TGACCACCCcA
ACTGGTGGGT
AGCGGCCTGT
TCGCCGGACA

TAAAAATTGA
ATTTTTAACT
ATGGACAGGG
TACCTGTCCC
GGCCCAGGCC
CCGGGTCCGG
TGTGGAAGGG
ACACCTTCCC
TACGACACCG
ATGCTGTGGC
CGACCCCAAC
GCTGGGGETTG
ACATGTGGAA
TGTACACCTT
CTGTGGGACC
GACACCCTGG
GACCCTGGAG
CTGGGACCTC
AGACCTACCA
TCTGGATGGT
ACCACCGTGG
TGGTGGCACC
GCTGGACATC
CGACCTGTAG
AGTACTACAG
TCATGATGTC
CCCAAGGTGA
GGGTTCCACT
CTACGCCATC
GATGCGGTAG
GCCACAACGT
CGGTGTTGCA
AGCACCCAGC
TCGTGGGTCG
CAGGAGCGAG
GTCCTCGCTC
ACCAGAGCGT
TGGTCTCGCA
AGCATCAGGA
TCGTAGTCCT
CGGCGACATC
GCCGCTGTAG
AGACCCTGCA
TCTGGGACGT
ACCATCAAGT
TGGTAGTTCA
CAGCTTCAAC
GTCGAAGTTG
TCAACGGCGC
AGTTGCCGCG

AATTTTATTT
TTAAARATAAA
CCAAGCTGCT
GGTTCGACGA
GTGGGCAACC
CACCCGTTGG
CGCCACCACC
GCGGTGGTGG
AGGTGCACAA
TCCACGTGTT
CCCCAGGAGA
GGGGTCCTCT
GAACGAGATG
CTTGCTCTAC
AGAGCCTGAA
TCTCGGACTT
TGCAGGAACG
ACGTCCTTGC
CGAGAGCATG
GCTCTCGTAC
TGAGGGACAG
ACTCCCTGTC
GTGCCCCTGA
CACGGGGACT
GCTGATCAAC
CGACTAGTTG
CCTTCGACCC
GGAAGCTGGG
CTGAAGTGCA
GACTTCACGT
GAGCACCGTG
CTCGTGGCAC
TGCTGCTGAA
ACGACGACTT
AACCTGACCA
TTGGACTGGT
GGAGATCGTG
CCTCTAGCAC
TCGGCCCCGG
AGCCGGGGCC
AGGCAGGCCC
TCCGTCCGGG
GAGGGTGAGC
CTCCCACTCG
TCGCCAGCAG
AGCGGTCGTC
TGCAGGGGCG
ACGTCCCCGC
CTACACCCCC
GATGTGGGGG

TTTTTTTTTG
AAAAAADBAC
GCTGCTGCTG
CGACGACGAC
TGTGGGTGAC
ACACCCACTG
ACCCTGTTCT
TGGGACAAGA
CGTGTGGGCC
GCACACCCGG
TGGTGCTGGA
ACCACGACCT
GTGAACCAGA
CACTTGGTCT
GCCCTGCGTG
CGGGACGCAC
TGAGCAGCAA
ACTCGTCGTT
AAGGAGATGA
TTCCTCTACT
GAAGCAGACC
CTTCGTCTGG
CCAAGAAGAA
GGTTCTTCTT
TGCAACACCA
ACGTTGTGGT
CATCCCCATC
GTAGGGGTAG
ACGACAAGAT
TGCTGTTCTA
CAGTGCACCC
GTCACGTGGG
CGGCAGCCTG
GCCGTCGGAC
ACAACGTGAA
TGTTGCACTT
TGCACCAGGC
ACGTGGTCCG
CCAGACCTTC
GGTCTGGAAG
ACTGCAACAT
TGACGTTGTA
AAGAAGCTTG
TTCTTCGAAC
CAGCGGCGGC
GTCGCCGCCG
AGTTCTTCTA
TCAAGAAGAT
AACGGCACCE
TTGCCGTGGT

GAATATAAAT
CTTATATTTA
CTGCTGCTGC
GACGACGACG
CGTGTACTAC
GCACATGATG
GCGCCAGCGA
CGCGGTCGCT
ACCCACGCCT
TGGGTGCGGA
GAACGTGACC
CTTGCACTGG
TGCAGGAGGA
ACGTCCTCCT
AAGCTGACCC
TTCGACTGGG
CAGCAACGAC
GTCGTTGCTG
AGAACTGCAG
TCTTGACGTC
GTGTACGCCC
CACATGCGGG
CTACAGCGAG
GATGTCGCTC
GCGCCATCAC
CGCGGTAGTG
CACTACTGCA
GTGATGACGT
CTTCAACGGC
GAAGTTGCCG
ACGGCATCAA
TGCCGTAGTT
GCCGAGGGCG
CGGCTCCCGLC
AACCATCATC
TTGGTAGTAG
CCGGCAACAA
GGCCGTTGTT
TACGCCACCG
ATGCGGTGGC
CAGCGAGGAC
GTCGCTCCTG
CCGAGCACTT
GGCTCGTGAA
GACCTGGAGG
CTGGACCTCC
CTGCAACACC
GACGTTGTGG
AGAGCAACAG
TCTCGTTGTC
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CAGCAGCATC
GTCGTCGTAG
GGCAGGAGGT
CCGTCCTCCA
ACCTGCAAGA
TGGACGTTCT
CGAGCCCAAC
GCTCGGGTTG
ACAACTGGAG
TGTTGACCTC
CTGGGCGTGG
GACCCGCACC
GAGGTGATAA
CTCCACTATT
GCTAGTTAAT
CGATCAATTA
TCGACTTTAA
AGCTGAAATT
TCTATGTATC
AGATACATAG
TTTGAATCGC
AAACTTAGCG
GTTTGACCCT
CAAACTGGGA
AAATCTTGAG
TTTAGAACTC
AGATTCATAA
TCTAAGTATT
ATAATAATAA
TATTATTATT
AATGAAGATT
TTACTTCTAA
ATCTGCGAAG
TAGACGCTTC
CGCAARAGCT
GCGTTTTCGA
CCCTGGCGTT
GGGACCGCAA
GCTGGCGTAA
CGACCGCATT
CGCAGCCTGA
GCGTCGGACT
TCTGTGCGGT
AGACACGCCA
CTGATGCCGC
GACTACGGCG
GCGCCCTGAC
CGCGGGARCTG
GACCGTCTCC
CTGGCAGAGG
AACGCGCGAG
TTGCGCGCTC
GTCATGATAA
CAGTACTATT
TGTGCGCGGA
ACACGCGCCT
ATCCGCTCAT
TAGGCGAGTA
AGGAAGAGTA
TCCTTCTCAT
TGCGGCATTT

ATCACCATCC
TAGTGGTAGG
GGGCAGGGCC
CCCGTCCCGG
GCAACATCAC
CGTTGTAGTG
GACACCGAGA
CTGTGGCTCT
GAGCGAGCTG
CTCGCTCGAC
CCCCCACCcAC
GGGGGTGGTG
AGATCTCTCG
TCTAGAGAGC
TACATGATGA
ATGTACTACT
TATATCCATC
ATATAGGTAG
TAATAGGATC
ATTATCCTAG
ATCAAACTAA
TAGTTTGATT
TCCATCTGTA
AGGTAGACAT
AGTCTGTGAA
TCAGACACTT
CAATGACCCA
GTTACTGGGT
CAGAAAGTCT
GTCTTTCAGA
CATCATCTTG
GTAGTAGAAC
AACATCGTTA
TTGTAGCAAT
TGGCACTGGC
ACCGTGACCG
ACCCAACTTA
TGGGTTGAAT
TAGCGAAGAG
ATCGCTTCTC
ATGGCGAATG
TACCGCTTAC
ATTTCACACC
TAAAGTGTGG
ATAGTTARAGC
TATCAATTCG
GGGCTTGTCT
CCCGAACAGA
GGGAGCTGCA
CCCTCGACGT
ACGAAAGGGC
TGCTTTCCCG
TAATGGTTTC
ATTACCAAAG
ACCCCTATTT
TGGGGATAAA
GAGACAATAA
CTCTGTTATT
TGAGTATTCA
ACTCATAAGT
TGCCTTCCTG

2/15

CCTGCAGGAT
GGACGTCCTA
ATGTACGCCC
TACATGCGGG
CGGCCTGCTG
GCCGGACGAC
CCTTCAGGCC
GGAAGTCCGG
TACAAGTACA
ATGTTCATGT
CACCAAGAGG
GIGGTTCTCC
AGAGATCTCC
TCTCTAGAGG
CAATAAMGAA
GTTATTTCTT
ACGTTAGARA
TGCAATCTTT
TATTGCGGTG
ATAACGCCAC
TCACAAAGTC
AGTGTTTCAG
ACAATAGGGA
TGTTATCCCT
TTTTGTCAAT
AAARCAGTTA
CGGCTTCTAA
GCCGAAGATT
AGATATTGAG
TCTATAACTC
ACTAGCCAAA
TGATCGGTTT
AGAGATACTG
TCTCTATGAC
CGTCGTTTTA
GCAGCAAAAT
ATCGCCTTGC
TAGCGGAACG
GCCCGCACCG
CGGGCGTGGC
GCGCCTGATG
CGCGGACTAC
GCATATGGTG
CGTATACCAC
CAGCCCCGAC
GTCGGGGCTG
GCTCCCGGCA
CGAGGGCCGT
TGTGTCAGAG
ACACAGTCTC
CTCGTGATAC
GAGCACTATG
TTAGACGTCA
AATCTGCAGT
GTTTATTTTT
CAAATAARRAARA
CCCTGATAAA
GGGACTATTT
ACATTTCCGT
TGTAAAGGCA
TTTTTGCTCA

CARGCAGATC
GTTCGTCTAG
CTCCCATCAA
GAGGGTAGTT
CTGGTGAGGG
GACCACTCCC
CGGCGGCGGL
GCCGCCGCCa
AGGTGGTGGA
TCCACCACCT
AGGGTGGTGG
TCCCACCACC
CGGAATTTTT
GCCTTAAARA
TTAATTATTG
AATTAATAAC
ATGCGATATC
TACGCTATAG
GTAGCTAGAG
CATCGATCTC
GAACAAATAT
CTTGTTTATA
CCTTGTTAAA
GGAACAATTT
TGTCTGTATT
ACAGACATAA
TTTATTTTTT
AAATAAAAARA
TGATTTGCAA
ACTAAACGTT
TACTTAAAAA
ATGAATTTTT
GTTGTGATCC
CAACACTAGG
CAACGTCGTG
GTTGCAGCAC
AGCACATCCC
TCGTGTAGGG
ATCGCCCTTC
TAGCGGGAAG
CGGTATTTTC
GCCATAAAAG
CACTCTCAGT
GTGAGAGTCA
ACCCGCCAAC
TGGGCGGTTG
TCCGCTTACA
AGGCGAATGT
GTTTTCACCG
CAAAAGTGGC
GCCTATTTTT
CGGATAAAAA
GGTGGCACTT
CCACCGTGAA
CTAAATACAT
GATTTATGTA
TGCTTCAATA
ACGAAGTTAT
GTCGCCCTTA
CAGCGGGAAT
CCCAGARAACG

PCT/US2007/011924

ATCAACATGT
TAGTTGTACA
GGGCAACATC
CCCGTTGTAG
ACGGCGGCAC
TGCCGCCGTG
GACATGAGGA
CTGTACTCCT
GATCAAGCCC
CTAGTTCGGG
AGAGGGAGAA
TCTCCCTCTT
ATTCCGGGTA
TAAGGCCCAT
TTCACTTTAT
AAGTGAAATA
GCGACGAGGA
CGCTGCTCCT
AGGATTCTTT
TCCTAAGAAA
CCTTTATTAA
GGAAATAATT
CAGTTTTTTA
GTCAAAAAAT
CCTCTGAAAG
GGAGACTTTC
GATTGGATCA
CTAACCTAGT
TATATCAGAT
ATATAGTCTA
ATGAATCATC
TACTTAGTAG
ATTTATTGAT
TAAATAACTA
ACTGGGAARA
TGACCCTTTT
CCTTTCGCCA
GGAAAGCGGT
CCAACAGTTG
GGTTGTCAAC
TCCTTACGCA
AGGAATGCGT
ACAATCTGCT
TGTTAGACGA
ACCCGCTGAC
TGGGCGACTG
GACAAGCTGT
CTGTTCGACA
TCATCACCGA
AGTAGTGGCT
ATAGGTTAAT
TATCCAATTA
TTCGGGGAAA
AAGCCCCTTT
TCAAATATGT
AGTTTATACA
ATATTGAAAR
TATAACTTTT
TTCCCTTTTT
AAGGGAAAAA
CTGGTGAAAG
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3001
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3751
3801
3851
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4201

ACGCCGTAAA
TAAAAGATGC
ATTTTCTACG
GATCTCAACA
CTAGAGTTGT
TCCAATGATG
AGGTTACTAC
GTATTGACGC
CATAACTGCG
AATGACTTGG
TTACTGAACC
CATGACAGTA
GTACTGTCAT
CTGCGGCCAA
GACGCCGGTT
GCTTTTTTGC
CGAAAAAACG
ACCGGAGCTG
TGGCCTCGAC
CTGTAGCAAT
GACATCGTTA
ACTCTAGCTT
TGAGATCGAA
TGCAGGACCA
ACGTCCTGGT
ATAAATCTGG
TATTTAGACC
GGGCCAGATG
CCCGGTCTAC
TCAGGCAACT
AGTCCGTTGA
CACTGATTAA
GTGACTAATT
TAGATTGATT
ATCTAACTAA
CCTTTTTGAT
GGAAAAACTA
ACTGAGCGTC
TGACTCGCAG
TTTTTTCTGC
AAAARAGACG
AGCGGTGGTT
TCGCCACCAA
TAACTGGCTT
ATTGACCGAA
CCGTAGTTAG
GGCATCAATC
CGCTCTGCTA
GCGAGACGAT
GTCTTACCGG
CAGAATGGCC
TCGGGCTGAA
AGCCCGACTT
CTACACCGAA
GATGTGGCTT
TTCCCGAAGG
AAGGGCTTCC
ACAGGAGAGC
TGTCCTCTCG
TAGTCCTGTC
ATCAGGACAG

ACGGAAGGAC
TGAAGATCAG
ACTTCTAGTC
GCGGTAAGAT
CGCCATTCTA
AGCACTTTTA
TCGTGAAARAT
CGGGCAAGAG
GCCCGTTCTC
TTGAGTACTC
ARCTCATGAG
AGAGAATTAT
TCTCTTAATA
CITACTTCTG
GAATGAAGAC
ACAACATGGG
TGTTGTACCC
AATGAAGCCA
TTACTTCGGT
GGCAACAACG
CCGTTGTTGC
CCCGGCAACA
GGGCCGTTGT
CTTCTGCGCT
GAAGACGCGA
AGCCGGTGAG
TCGGCCACTC
GTAAGCCCTC
CATTCGGGAG
ATGGATGAAC
TACCTACTTG
GCATTGGTAA
CGTAACCATT
TAAAACTTCA
ATTTTGAAGT
AATCTCATGA
TTAGAGTACT
AGACCCCGTA
TCTGGGGCAT
GCGTAATCTG
CGCATTAGAC

TGTTTGCCGGE

ACAAACGGCC
CAGCAGAGCG
GTCGTCTCGC
GCCACCACTT
CGGTGGTGAA
ATCCTGTTAC
TAGGACAATG
GTTGGACTCA
CAACCTGAGT
CGGGGGGTTC
GCCCCCCAAG
CTGAGATACC
GACTCTATGG
GAGARAAGGCG
CTCTTTCCGC
GCACGAGGGA
CGTGCTCCCT
GGGTTTCGCC
CCCAAAGCGG

3/15

ARAAACGAGT
TTGGGTGCAC
AACCCACGTG
CCTTGAGAGT
GGAACTCTCA
AAGTTCTGCT
TTCAAGACGA
CAACTCGGTC
GTTGAGCCAG
ACCAGTCACA
TGGTCAGTGT
GCAGTGCTGC
CGTCACGACG
ACAACGATCG
TGTTGCTAGC
GGATCATGTA
CCTAGTACAT
TACCAAACGA
ATGGTTTGCT
TTGCGCAAAC
AACGCGTTTG
ATTAATAGAC
TAATTATCTG
CGGCCCTTCC
GCCGGGARAGG
CGTGGGTCTC
GCACCCAGAG
CCGTATCGTA
GGCATAGCAT
GAAATAGACA
CTTTATCTGT
CTGTCAGACC
GACAGTCTGG
TTTTTAATTT
AAAARTTAAA
CCAARATCCC
GGTTTTAGGG
GAAAAGATCA
CTTTTCTAGT
CTGCTTGCAA
GACGAACGTT
ATCAAGAGCT
TAGTTCTCGA
CAGATACCAA
GTCTATGGTT
CAAGAACTCT
GTTCTTGAGA
CAGTGGCTGC
GTCACCGACG
AGACGATAGT
TCTGCTATCA
GTGCACACAG
CACGTGTGTC
TACAGCGTGA
ATGTCGCACT
GACAGGTATC
CTGTCCATAG
GCTTCCAGGG
CGAAGGTCCC
ACCTCTGACT
TGGAGACTGA

GGGTCTTTGC
GAGTGGGTTA
CTCACCCAAT
TTTCGCCCCG
AAAGCGGGGC
ATGTGGCGCG
TACACCGCGC
GCCGCATACA
CGGCGTATGT
GAAARAGCATC
CTTTTCGTAG
CATAACCATG
GTATTGGTAC
GAGGACCGAA
CTCCTGGCTT
ACTCGCCTTG
TGAGCGGAAC
CGAGCGTGAC
GCTCGCACTG
TATTAACTGG
ATAATTGACC
TGGATGGAGG
ACCTACCTCC
GGCTGGCTGG
CCGACCGACC
GCGGTATCAT
CGCCATAGTA
GTTATCTACA
CAATAGATGT
GATCGCTGAG
CTAGCGACTC
AAGTTTACTC
TTCAAATGAG
AAAAGGATCT
TTTTCCTAGA
TTAACGTGAG
AATTGCACTC
AAGGATCTTC
TTCCTAGAAG
ACAAARRARARC
TGTTTTTTTG
ACCAACTCTT
TGGTTGAGAA
ATACTGTCCT
TATGACAGGA
GTAGCACCGC
CATCGTGGCG
TGCCAGTGGC
ACGGTCACCG
TACCGGATAA
ATGGCCTATT
CCCAGCTTGG
GGGTCGAACC
GCTATGAGAA
CGATACTCTT
CGGTARGCGG
GCCATTCGCC
GGAAACGCCT
CCTTTGCGGA
TGAGCGTCGA
ACTCGCAGCT

PCT/US2007/011924

GACCACTTTC
CATCGAACTG
GTAGCTTGAC
AAGAACGTTT
TTCTTGCAAA
GTATTATCCC
CATAATAGGG
CTATTCTCAG
GATAAGAGTC
TTACGGATGG
AATGCCTACC
AGTGATAACA
TCACTATTGT
GGAGCTAACC
CCTCGATTGG
ATCGTTGGGA
TAGCAACCCT
ACCACGATGC
TGGTGCTACG
CGAACTACTT
GCTTGATGAA
CGGATAAAGT
GCCTATTTCA
TTTATTGCTG
ARATAACGAC
TGCAGCACTG
ACGTCGTGAC
CGACGGGGAG
GCTGCCCCTC
ATAGGTGCCT
TATCCACGGA
ATATATACTT
TATATATGAA
AGGTGAAGAT
TCCACTTCTA
TTTTCGTTCC
AARAAGCAAGG
TTGAGATCCT
AACTCTAGGA
CACCGCTACC
GTGGCGATGG
TTTCCGAAGG
AAAGGCTTCC
TCTAGTGTAG
AGATCACATC
CTACATACCT
GATGTATGGA
GATAAGTCGT
CTATTCAGCA
GGCGCAGCGG
CCGCGTCGCC
AGCGAACGAC
TCGCTTGCTG
AGCGCCACGC
TCGCGGTGCG
CAGGGTCGGA
GTCCCAGCCT
GGTATCTTTA
CCATAGAAAT
TTTTTGTGAT
AAAAACACTA
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4301

4351

4401

4451

4501

4551

4601

4651

4701

4751

4801

4851

4501

4951

5001

5051

5101

5151

5201

5251

5301

5351

5401

5451

5501

5551

5601

5651

5701

5751

5801

GCTCGTCAGG
CGAGCAGTCC
TTACGGTTCC
AATGCCAAGG
GTTATCCCCT
CAATAGGGGA
ATACCGCTCG
TATGGCGAGC
GAAGCGGAAG
CTTCGCCTTC
GATTCATTAA
CTAAGTAATT
GTGAGCGCARA
CACTCGCGTT
GCTTTACACT
CGAAATGTGA
ATAACAATTT
TATTGTTAAA
TGAATATGAA
ACTTATACTT
AARAGTCCTT
TTTTCAGGARA
GACGCCACGG
CTGCGGETGCC
ACTTAGTAAA
TGAATCATTT
CATCAGAAAT
GTAGTCTTTA
CGTAGATATT
GCATCTATARA
TCCATTTAAA
AGGTAAATTT
TAATCATTCC
ATTAGTAAGG
CCAGGAGCCG
GGTCCTCGGC
TCGCTGTAAC
AGCGACATTG
GTCCTTGATA
CAGGAACTAT
TAATCTAACT
ATTAGATTGA
CGACACAACA
GCTGTGTTGT
TTTTTAGTTT
AAAAATCAAA
TCCGTCGACG
AGGCAGCTGC
ATCCGCCCGC
TAGGCGGGCG
CGATCTCCAG
GCTAGAGGTC
ACGATGCCGG
TGCTACGGCC
CCTGATGCCG
GGACTACGGC
CCTTGTGGGC
GGAACACCCG
TGCTCGATGA
ACGAGCTACT
CTGGATGATG

GGGGCGGAGC
Cccccaeeree
TGGCCTTTTG
ACCGGAAAAC
GATTCTGTGG
CTAAGACACC
CCGCAGCCGA
GGCGTCGGCT
AGCGCCCAAT
TCGCGGGTTA
TGCAGCTGGC
ACGTCGACCG
CGCAATTAAT
GCGTTAATTA
TTATGCTTCC
AATACGAAGG
CACACAGGAA
GTGTGTCCTT
GGAGCARAAG
CCTCGTTTTC
GATCCATTGA
CTAGGTAACT
GGTTTAAARAT
CCAAATTTTA
TCCGCCGTAC
AGGCGGCATG
TAAAATAATC
ATTTTATTAG
CCTCATCAAC
GGAGTAGTTG
ATAGGATCAT
TATCCTAGTA
TAAATTATAG
ATTTAATATC
ATCCTATATA
TAGGATATAT
TTACTAAGAA
AATGATTCTT
CGGCAGTTTT
GCCGTCAAAA
CATTATCAAT
GTAATAGTTA
TCCATTTTTA
AGGTAAAAAT
TTTAGATAAA
AAATCTATTT
GTATCGATAA
CATAGCTATT
TTGAGCTCCT
AACTCGAGGA
GTCGCTGCCC
CAGCGACGGG
GGTTCTGCTT
CCAAGACGAA
CTGCTCACCA
GACGAGTGGT
GGGCACCCAG
CCCGTGGGTC
TCTGGTTCAC
AGACCAAGTG
CCCAGGGCGT

4/15

CTATGGAAAA
GATACCTTTT
CTGGCCTTTT
GACCGGAAAA
ATAACCGTAT
TATTGGCATA
ACGACCGAGC
TGCTGGCTCG
ACGCARACCG
TGCGTTTGGC
ACGACAGGTT
TGCTGTCCAA
GTGAGTTAGC
CACTCAATCG
GGCTCGTATG
CCGAGCATAC
ACAGCTATGA
TGTCGATACT
GTTGTAACAT
CAACATTGTA
TCTGGAAACG
AGACCTTTGC
ACTAATCATG
TGATTAGTAC
TAGGTTCATT
ATCCAAGTAA
TTAGAAGGAT
AATCTTCCTA
GAACCGAGTC
CTTGGCTCAG
GATGGCGTCC
CTACCGCAGG
AAATGATCTC
TTTACTAGAG
CACTACGGTG
GTGATGCCAC
AAAATAATTC
TTTTATTAAG
TTTGCGACCT
AAACGCTGGA
TTCCTCARRA
AAGGAGTTTT
AGTATTATAT
TCATAATATA
AAATATAATA
TTTATATTAT
GCTTGATATC
CGAACTATAG
CGAGAGATCT
GCTCTCTAGA
ACGTACAGGT
TGCATGTCCA
CCTGAAGGGC
GGACTTCCCG
GCTTGTCCAC
CGAACAGGTG
CTCAGGTACA
GAGTCCATGT
CAGCTCGCTC
GTCGAGCGAG
ACTGGCTGTC

ACGCCAGCAA
TGCGGTCGTT
GCTCACATGT
CGAGTGTACA
TACCGCCTTT
ATGGCGGAAA
GCAGCGAGTC
CGTCGCTCAG
CCTCcTCCCCG
GGAGAGGGGC
TCCCGACTGG
AGGGCTGACC
TCACTCATTA
AGTGAGTAAT
TTGTGTGGAA
AACACACCTT
CCATGATTAC
GGTACTAATG
TTTATTACCG
ARATAATGGC
GGCATCTCCA
CCGTAGAGGT
ACATTTTGTA
TGTAAARCAT
TCCTCCTCGT
AGGAGGAGCA
GCAGTTGTTT
CGTCAACAAA
ACTAGAGTCA
TGATCTCAGT
GTCAATTAGC
CAGTTAATCG
TCAAATAACG
AGTTTATTGC
GCACCATCTA
CGTGGTAGAT
TCCTAGTAAT
AGGATCATTA
CATTTGCACT
GTAAACGTGA
TACATARAACG
ATGTATTTGC
TAAAATTTAA
ATTTTAAATT
TTAGTTAATT
AATCAATTAA
GAATTCCTGC
CTTAAGGACG
TTACTTGGTC
AATGAACCAG
CGTCCATGTA
GCAGGTACAT
TCCAGGGTCT
AGGTCCCAGA
CTGCTCGTTG
GACGAGCAAC
CCCTCTCCTT
GGGAGAGGAA
TCGCTCTTGT
AGCGAGAACA
GGTCACGATG

PCT/US2007/011924

CGCGGCCTTT
GCGCCGGAAA
TCTTTCCTGC
AGAAAGGACG
GAGTGAGCTG
CTCACTCGAC
AGTGAGCGAG
TCACTCGCTC
CGCGTTGGCC
GCGCAACCGG
ARAGCGGGCA
TTTCGCCCGT
GGCACCCCAG
CCGTGGGGTC
TTGTGAGCGG
AACACTCGCC
GAATTCGGGC
CTTAAGCCCG
TGTGGGATAT
ACACCCTATA
TTTAAGACTA
AAATTCTGAT
GAGCGTAATT
CTCGCATTAA
TTGGATCTCA
AACCTAGAGT
TTTGATGGAT
AAACTACCTA
CATCACGCAA
GTAGTGCGTT
ATCCATTTGA
TAGGTAAACT
TATATGTGTA
ATATACACAT
ATATACCGTG
TATATGGCAC
AGTTTTAACT
TCAARATTGA
TTCTGGTTCG
AAGACCAAGC
GTTTATCTAA
CAAATAGATT
TCAATGTTTA
AGTTACAAAT
AGGCGGCCGA
TCCGCCGGCT
AGCCCGGGGG
TCGGGCCCCC
CTGTGCTGGC
GACACGACCG
CTGGTAGATC
GACCATCTAG
TCAGCACCTT
AGTCGTGGAA
CCGCCGATGC
GGCGGCTACG
CTTCATCAGC
GAAGTAGTCG
CGGGCTGGGC
GCCCGACCCG
TTCACCTCGC
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5851

5901

5951

6001

6051
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6151

6201
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6301

6351
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6851
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6951

7001
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7101

7151

7201

7251
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GACCTACTAC
TGCCGCTGTC
ACGGCGACAG
TTGGTGGTCT
AACCACCAGA
GTAGCCGGCC
CATCGGCCGG
AGAAGGTCTC
TCTTCCAGAG
TTCACCAGGG
AAGTGGTCCC
CTGCCAGTAG
GACGGTCATC
GCCTGARACTT
CGGACTTGAA
TTCTGCACGG
AAGACGTGCC
CATCTTGGCG
GTAGAACCGC
TCTGGTAGGT
AGACCATCCA
TCCTTGCTGG
AGGAACGACC
CCTGTTCTCG
GGACAAGAGC
CGGTCAGGGC
GCCAGTCCCG
ATGCCGGGGT
TACGGCCCCA
GATGTCGTTC
CTACAGCAAG
CGGTCCACTT
GCCAGGTGAA
TCCTTCTGGT
AGGAAGACCA
CTGCCTCAGG
GACGGAGTCC
CCACGGCGCC
GGTGCCGCGG
GGGAAGCCCA
CCCTTCGGGT
GTTGGTGGCG
CAACCACCGC
CCCTGCTCAC
GGGACGAGTG
CTCTCCceTgAa
GAGAGGGACT
GCCCATGCAG
CGGGTACGTC
TGTGGGCCAG
ACACCCGGTC
TCCTCCATGC
AGGAGGTACG
CTCGTTGGCC
GAGCAACCGG
ACCAGCCGAA
TGGTCGGCTT
TGCCAGTCGG
ACGGTCAGCC
CTCCTGCCTC
GAGGACGGAG

GGGTCCCGCA
CTGCAGGGCG
GACGTCCCGC
CGGTCAGGCT
GCCAGTCCGA
TTGCCGATCT
AACGGCTAGA
CACGCCCACG
GTGCGGGTGC
GAGGGGTGTT
CTCCCCACAA
TCGGTCCACC
AGCCAGGTGG
GGGGGTCTTG
CCCCCAGAAC
CCTCGGTCAG
GGAGCCAGTC
TACTTGCCGG
ATGAACGGCC
CCACTGCTCC
GGTGACGAGG
GGTCGTAGTA
CCAGCATCAT
GCCAGCTCCA
CGGTCGAGGT
CTTGGCGCCC
GAACCGCGGG
AGATCTGGCT
TCTAGACCGA
ACGGTCCAGC
TGCCAGGTCG
GTCGGGGTGC
CAGCCCCACG
GCTTCTTGTC
CGAAGAACAG
CCCTCCAGGC
GGGAGGTCCG
CTTGTAGGTC
GAACATCCAG
CCTCcaCeerce
GGAGCGGGAG
GCGGTGTTGC
CGCCACAACG
GGCGCCCACG
CCGCGGGTGC
TGGCGGGCCA
ACCGCCCGGT
TCCTTGTAGA
AGGAACATCT
CTGGCTGTCG
GACCGACAGC
CGTGCTGGCA
GCACGACCGT
TCCTCCACCT
AGGAGGTGGA
GGTCAGGGGG
CCAGTCCCCC
GGAAGTAGCC
CCTTCATCGG
TTCTTGCTGT
AAGAACGACA
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TGACCGACAG
ATGCAGATGG
TACGTCTACC
CACGATCTTC
GTGCTAGAAG
TGGTCTCCCT
ACCAGAGGGA
ATGGGGTCCT
TACCCCAGGA
CACGAACTCC
GTGCTTGAGG
AGGTCTCCCA
TCCAGAGGGT
CCCCAGATCA
GGGGTCTAGT
CTGCTTCACG
GACGAAGTGC
TCTTCAGGTT
AGAAGTCCAA
TGGCCCTGCT
ACCGGGACGA
CACGCCGTGC
GTGCGGCACG
GCTCGGCCTC
CGAGCCGGAG
CTCAGCAGCT
GAGTCGTCGA
GGCCCAGTTC
CCGGGTCAAG
TATCCTTCTC
ATAGGAAGAG
AGCTCGTAGC
TCGAGCATCG
GGGGGTGGTG
CCCCCACCAC
CGCCCTTCTC
GCGGGAAGAG
ATGGGCCTCA
TACCCGGAGT
CTCCTGGGCC
GAGGACCCGG
TGCTGGTGAT
ACGACCACTA
CCGTCGGCGG
GGCAGCCGCC
GCCCACGATG
CGGGTGCTAC
ACTCGGGGTG
TGAGCCCCAC
AACTTCCACT
TTGAAGGTGA
CACGGGGTGC
GTGCCCCACG
CCCTGGGGTC
GGGACCCCAG
AACCTCACGC
TTGGAGTGCG
CTGGGTGTGG
GACCCACACC
AGATCAGCTC
TCTAGTCGAG

CCAGTGCTAC
CCTGCAGCTC
GGACGTCGAG
TTCCTGCCCC
AAGGACGGGG
GTTGGCGGCG
CAACCGCCGC
TCTCCAGCTG
AGAGGTCGAC
CACTCGGGGA
GTGAGCCCCT
GGTCTCCTTC
CCAGAGGAAG
CGATGCCCTC
GCTACGGGAG
TCGTTGGTGT
AGCAACCACA
CTTGAAGGGC
GAACTTCCCG
TCTGGATCTC
AGACCTAGAG
ACGGGCTCCT
TGCCCGAGGA
CTCGGTCAGG
GAGCCAGTCC
TGCACAGCTG
ACGTGTCGAC
AGCTTGCCCA
TCGAACGGGT
GGGCAGCTGG
CCCGTCGACC
CCATCCACAG
GGTAGGTGTC
AAGCCCCACC
TTCGGGGTGG
CTTCAGGAAG
GAAGTCCTTC
GGGGCACCTG
CCCCGTGGAC
TCCAGCCAGG
AGGTCGGTCC
GGCGCCGTGC
CCGCGGCACG
CGGGCTCGGT
GCCCGAGCCA
CTGCTCTTGC
GACGAGAACG
CAGCTCCCTG
GTCGAGGGAC
TCAGCACCTC
AGTCGTGGAG
AGCAGGCAGT
TCGTCCGTCA
CACGGGCACC
GTGCCCGTGG
CGGGGCCGGG
GCCCCGGeee
TACACCCACA
ATGTGGGTGT
CTCGATGGTC
GAGCTACCAG

PCT/US2007/011924

AAGTGGAGCG
GGTCTTCTGG
CCAGAAGACC
TGTCGGTCAC
ACAGCCAGTG
CCGTCCACGT
GGCAGGTGCA
ATACCACAGC
TATGGTGTCG
TCCAGGTGGC
AGGTCCACCG
TGGATGGGCA
ACCTACCCGT
CATGGCGATC
GTACCGCTAG
GGGCGGTCCT
CCCGCCAGGA
TCCTGGTAGA
AGGACCATCT
GGCGATCAGG
CCGCTAGTCC
TCAGGATCTC
AGTCCTAGAG
GGCACGATGT
CCGTGCTACA
CCTCACCTTG
GGAGTGGAAC
CCAGCTTCTG
GGTCGAAGAC
GTGGGCTGCA
CACCCGACGT
GRAAGGGGGGC
CTTCCCCCCG
TCAGCAGGTG
AGTCGTCCAC
AAGCTCAGGT
TTCGAGTCCA
GGGCCTCACG
CCCGGAGTGC
CGCAGTCCTC
GCGTCAGGAG
TTCTCCAGGT
AAGAGGTCCA
CCTCCTCATC
GGAGGAGTAG
TCCACTTGCC
AGGTGAACGG
GCCCTGTGCC
CGGGACACGG
CCTGTGGTCG
GGACACCAGC
TGTCCTCGCC
ACAGGAGCGG
AGCTTGAAGC
TCGARCTTCG
GGTGTAGTTG
CCACATCAAC
GGTCCAGGAT
CCAGGTCCTA
ATGCTGCTCT
TACGACGAGA
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GGAAGATGGC
CCTTCTACCG
TAGCTGATGC
ATCGACTACG
GTACTTCCTG
CATGAAGGAC
CGTCCAGCAC
GCAGGTCGTG
ATGCCCAGCT
TACGGGTCGA
GAAGTCCACC
CTTCAGGTGG
AGATGGGGGT
TCTACCCCCA
TCCTTCTCCA
AGGAAGAGGT
GGTCAGGGGC
CCAGTCCCCG
TCACGGGCAC
AGTGCCCGTG
AGCTGGGTCA
TCGACCCAGT
CAGCACGGTG
GTCGTGCCAC
CGTACTGCCT
GCATGACGGA
TTCCACTTGC
AAGGTGAACG
GGTGTTCAGC
CCACAAGTCG
GGGGCCTCTG
CCCCGGAGAC
TGCCTGTTGG
ACGGACAACC
CTGCAGCTCG
GACGTCGAGC
ACTCCCTGGC
TGAGGGACCG
TGGCTGCTGG
ACCGACGACC
CAGCTCCTTG
GTCGAGGAAC
CCTCGAACCT
GGAGCTTGGA
TGCAGGAAGT
ACGTCCTTCA
GAAGTTGGCC
CTTCAACCGG
CGCACTTCCA
GCGTGAAGGT
TGGCCCTCCT
ACCGGGAGGA
GAAGTTGCTC
CTTCAACGAG
CGGCCAGCAC
GCCGGTCGTG
GTCATCATCT
CAGTAGTAGA
CTTGCAGTCG
GAACGTCAGC
TCTTCACGCC

GAGGCTGCCC
CTCCGACGGG
CGGGGGTCTC
GCCCCCAGAG
AAGTCCTCGT
TTCAGGAGCA
GGTCACGCTC
CCAGTGCGAG
GCACcCTCCcCcA
CGTGGAGGGT
AGCTTCCTCC
TCGAAGGAGG
GTTGTAGGGG
CAACATCCCC
TCTCGTCGCA
AGAGCAGCGT
CACTGCTTCA
GTGACGAAGT
GGTCTCGATG
CCAGAGCTAC
GCAGGTTCCT
CGTCCAAGGA
CCGATGGCCT
GGCTACCGGA
CACCTTGATG
GTGGAACTAC
CGGGCAGGTT
GCCCGTCCAA
AGGGCCTCCT
TCCCGGAGGA
CCACAGGGTG
GGTGTCCCAC
CGCCGGCCeTC
GCGGCCGGAG
CCCCTGGTGG
GGGGACCACC
CCTGCCCTGG
GGACGGGACC
GGTCGTTGCC
CCAGCAACGG
TCGATGGGCT
AGCTACCCGA
GAAGCTCTCC
CTTCGAGAGG
TGCCGGGGCC
ACGGCCCCGG
TGCCTCTCGG
ACGGAGAGCC
GCAGCCCTTC
CGTCGGGAAG
TGCCGCAGTT
ACGGCGTCARA
CTCTGCATCA
GAGACGTAGT
CTTGGCCTTG
GAACCGGAAC
CCTCGATGCT
GGAGCTACGA
GGGTTGGCGT
CCCAACCGCA
CTGGGTGGCC
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TTCCAGCCCT
AAGGTCGGGA
GTTGTTCCTG
CAACAAGGAC
ACAGGGGGAT
TGTCCCCCTA
TTCTTCTTCT
AAGAAGAAGA
GAAGTCCTGG
CTTCAGGACC
ACTTGGTGCT
TGAACCACGA
TTCTCGGGGC
AAGAGCCCCG
GATGGCGGTC
CTACCGCCAG
CCTTGGGGCC
GGAACCCCGG
GGGCTGATGG
CCCGACTACC
GCCGATGATG
CGGCTACTAC
TGTGGCCGCA
ACACCGGCGT
AAGCCGCCGA
TTCGGCGGCT
CAGGTCCTCC
GTCCAGGAGG
TCAGCTGGCC
AGTCGACCGG
ATCTGGGGGA
TAGACCCCCT
GCTGATGCTG
CGACTACGAC
GGCTGTTGGC
CCGACAACCG
GGCAGGGCCA
CCGTCCCGGT
GAACAGGCTC
CTTGTCCGAG
CCTGCTTCTG
GGACGAAGAC
TCGGGGGGGG
AGCCccccececce
GCCCTTGTGG
CGGGAACACC
TGCAGTCCTT
ACGTCAGGAA
TTCCTGGGGG
AAGGACCCCC
GAAGCACTTC
CTTCGTGAAG
GGATGGCGCT
CCTACCGCGA
TGGCTGGGGC
ACCGACCCCG
GGCGCCGGGG
CCGCGGLCee
TCTGCACCAG
AGACGTGGTC
TGCTCGGCCC

GGGGCAGCAC
CCCCGTCGTG
CTGGGGATGG
GACCCCTACC
GCTGAAGTAG
CGACTTCATC
TCAGGCCGGC
AGTCCGGCCG
GTCCTCTTGT
CAGGAGAACA
GTCCTTCTTC
CAGGAAGAAG
CGATCTTGGT
GCTAGAACCA
AGGGCCTTGA
TCCCGGAACT
GTCCATGCCG
CAGGTACGGC
GGAAGTTCAG
CCTTCAAGTC
TTCACGGGGG
AAGTGCCCCC
GATCTCGATG
CTAGAGCTAC
TGCCGCCGAT
ACGGCGGCTA
AGCACGGTGT
TCGTGCCACA
GCCGATCTTG
CGGCTAGAAC
AGTTGAAGCT
TCAACTTCGA
TTGTTGTCCC
AACAACAGGG
CCTGGTCTGC
GGACCAGACG
GGTTCTCCCT
CCAAGAGGGA
TTCAGGCTGG
AAGTCCGACC
GCTGGGGGTG
CGACCCCCAC
CGGTGGGCTC
GCCACCCGAG
CTGGGCCAGA
GACCCGGTCT
CATCTGGTGG
GTAGACCACC
CCCTGCAGTT
GGGACGTCAA
ACGATCCTCT
TGCTAGGAGA
GTTGGTCTGG
CAACCAGACC
CGCCcacGce
GCGGGTGCGG
CCCAGGGCCC
GGGTCCCGGG
CAGGGTGTCG
GTCCCACAGC
TCAGGGTCTT
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GTTGTACTGG
CBABACATGACC
TGAAGGCGGT
ACTTCCGCCA
GCGTCGCCCA
CGCAGCGGGT
GGGGTGGGGGE
CcCcccacccecee
TCAGCTCCCT
AGTCGAGGGA
TTGATGGCGA
AACTACCGCT
GATCTTGCCC
CTAGAACGGG
TCTTCTCCTC
AGAAGAGGAG
GGCTTCAGCT
CCGAAGTCGA
GGTGCAGCCC
CCACGTCGGG
TGGGGCCCAC
ACCCCGGGTG
GGGATCTGCT
CCCTAGACGA
CATCTTGGGC
GTAGAACCCG
CGCCGGCGLCC
GCGGCCGLCGG
ATGGTCACCA
TACCAGTGGT
GATGGTGCCC
CTACCACGGG
TGCCCCACAC
ACGGGGETGTG
TCGCTGCTGA
AGCGACGACT
GAAGAATTCC
CTTCTTAAGG
TCAGGGGGTA
AGTCCCCCAT
GTGGTCTCCT
CACCAGAGGA
GGGCCTGTTC
CCCGGACAAG
TCTTGCCCAG
AGAACGGGTC
CCCTCCTTGC
GGGAGGAACG
CCTGGCGATG
GGACCGCTAC
TGCTGCCCTT
ACGACGGGAA
CTCATGGCCT
GAGTACCGGA
CTGGCAGGCG
GACCGTCCGC
TCAGGATGGT
AGTCCTACCA
GTCATCCAGT
CAGTAGGTCA
GAAGAACCTG
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AGAAGTGCGG
TCCACGTAGT
AGGTGCATCA
GCTGGTGGGG
CGACCACCCC
ACCTCTTGTA
TGGAGAACAT
GCGATCTGCT
CGCTAGACGA
GGGCTCCCTC
CCCGAGGGAG
GCCTGTCCCA
CGGACAGGGT
ATGGCGGCCT
TACCGCCGGA
AGGGGTGGCG
TCCCCACCGC
TGAAGGCCTT
ACTTCCGGRA
CTGATGGGCT
GACTACCCGA
GTTCTGGCTC
CAAGACCGAG
GGATCTTGTT
CCTAGAACAA
CICACGTCGA
GAGTGCAGCT
CAGGCTCCTC
GTCCGAGGAG
TCATGATCTG
AGTACTAGAC
GCGAACCTCT
CGCTTGGAGA
GTGCTTCTTG
CACGAAGAAC
TGCCGCCCeT
ACGGCGGGGA
ATTCCAARAAA
TAAGGTTTTT

GACCCACCGG
CCCTGAAGGG
GGGACTTCCC
CTGTACATCC
GACATGTAGG
GATGTCGCCC
CTACAGCGGG
CCTGCAGGTT
GGACGTCCAA
ATCTGGCCGG
TAGACCGGCC
CTCGGCGGCC
GAGCCGCCGG
GGTGGCCGCC
CCACCGGCGG
CCCTCGCTCA
GGGAGCGAGT
CTCCTCCACC
GAGGAGGTGG
GGTGCACCAT
CCACGTGGTA
ACCTTGCCGT
TGGAACGGCA
CTGCTCCTCC
GACGAGGAGG
TCTCGGTGTG
AGAGCCACAC
AGCTCCTCGG
TCGAGGAGCC
CTTGCAGCCC
GAACGTCGGG
CCAGCTCCCT
GGTCGAGGGA
CCGCCGGGCC
GGCGGCCCGG
CAGGATGCTG
GTCCTACGAC
AAAAAAATARA
TTTTTTTATT
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ACGAGCCGGG
CTCCTTGGGG
GAGGAACCCC
TCACGATCTT
AGTGCTAGAA
ACGGGCACGG
TGCCCGTGCC
GCTGGTGGTG
CGACCACCAC
GGGCGATGGG
CCCGCTACCC
TCCTCGTTGA
AGGAGCAACT
CACGGTGTTC
GTGCCACAAG
GGGCGCTGAA
CCCGCGACTT
ACCTTCACCC
TGGAAGTGGG
CTGGCCCTGC
GACCGGGACG
CGGCCTCCTT
GCCGGAGGAA
TCGATCTTGT
AGCTAGAACA
CACGCAGTAG
GTGCGTCATC
TGCCGGTCTG
ACGGCCAGAC
TCGCTGGTCT
AGCGACCAGA
GCTGGCCCAC
CGACCGGGTG
TCAGCCTGAT
AGTCGGACTA
GCCCTGGCGG
CGGGACCGCC
AATTTCAATT
TTAAAGTTAA

AGTCCCAGAA
CCCTGCTTGA
GGGACGAACT
GTTTAAACCC
CRAAATTTGGG
GTGGGTTGCT
CACCCAACGA
CCGGCGATGT
GGCCGCTACA
GCCGGCGTGC
CGGCCGCACG
TGGTGTCCTT
ACCACAGGAA
AGCATGGTGT
TCGTACCACA
CATGGGGATC
GTACCCCTAG
ATGCATTCAG
TACGTAAGTC
AGGTTCTGCA
TCCAAGACGT
GGCCTGCTGG
CCGGACGACC
CCAGGGCCTC
GGTCCCGGAG
GGGGTGGCCA
CCCCACCGGT
CAGGGCGCTC
GTCCCGCGAG
CCAGCAGGCC
GGTCGTCCGG
ACCAGGTGCT
TGGTCCACGA
CTTCTCCCAC
GAAGAGGGTG
CCATGCTCGA
GGTACGAGCT
TTTG

AAAC

PCT/US2007/011924

CTTCTTGGAC
TGTCCAGGAT

ACAGGTCCTA
AGGATGATCC
TCCTACTAGG
GGTCATCCAG
CCAGTAGGTC
CGCTGCCCCT
GCGACGGGGA
ACGGGGTGCA
TGCCCCACGT
CAGGATCTGC
GTCCTAGACG
TCAGGTCCTG
AGTCCAGGAC
ACCTCGGGGC
TGGAGCCCCG
GGTCCTGGGG
CCAGGACCCC
CGATGGGGTA
GCTACCCCAT
GTCTTCTGCT
CAGAAGACGA
CCTGGTGTCC
GGACCACAGG
CGGTGTTGAA
GCCACAACTT
TGCAGCTGCT
ACGTCGACGA
GGGGTTCAGG
CCCCAAGTCC
TCAGCATGTA
AGTCGTACAT
TTGTCCAGCT
AACAGGTCGA
GTCTATTTAT
CAGATAAATA
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FIGURE 4

8 1 [0 NYVAC alone
DNA + NYVAC

Number of
subjects

<100 101-200 201-300 301-900 901-1400 > 1401

Peak response (SFU/10° cells)



WO 2007/136763
11/15

FIGURE 5
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FIGURE 6
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FIGURE 7
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FIGURE 8
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Figure 9
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