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IMMUNOLOGICAL COMPOSMTIONS FOR HIV

Related Applications
This application claims prionty to U.S. Ser. No. 617243522 fded September 17, 2009

Eield of the Invention

The present invention relates generally to the field of immunelogy and, in particular to
methods and compositions for immunizing and generating protection in a host against infection

and disease with HIV.

Background of the Invention

Human immunodeficiency viras (HIV) is a human retrovirus and is the eticlogical agent
of acquired mmunodeficiency syndrome {AIDS). Despite the passage of more than 20 years
since the discovery of HIV, no effective vaceme has been found to either ameliorate the disease
or to prevent infection. By the end of the year 2007, more than 30 million peeple worldwide
were tafected with HIV, with more than 20 million of those people living in sub-Saharan Africa
{Report on the Global AIDS Epidemic, Joint United Nations Programme on HIV/AIDS
{(LINAIDS}, 2008).

A hallmark of resistance to fotere viral infection s the generation of ‘neotrahizing
antibodies’ capable of recognizing the viral pathogen. Another measure is cellular immumty
agaimst infected cells. In typical viral infections, generation of neutralzing antibodies and eellular
imnumnity heralds recovery from infection. In HIV-1 infection, however, neutralizing antibodies
and cellular immumty appear very early durnng the infection and have been associated with only &
transient decrease i viral burden. In spiie of the generation of neutralizing antibodses and cellular
mumunity, viral replication i HIV-1 infection rebounds and AIDS (acquired immune deficiency
syndrome) develops. Thus, in HIV-1 mnfection, neutralizing antibodies and cellolar immuonity are
not accurate measures of protective immuamity. Protective munity, meaning the vacciness are
protected aganst new infections by HIV, 18 a major unaccomplished goal of those skilled in the
at,

Several potential vaccines have been tested in humans but found not to be protective. For
examples, polypeptide vaccines based on gpl20 have been tested (e, AIDSVAX® BB,

AIDSVAX" B/E (Vaxgen)) as solo vaccines or together in a prime-boost formar, but have not



WO 2011/035082 PCT/US2010/049206

shown protection against HIV infection (MeCarthy, M. Lancet. 362(9397):1728 (2803);
Nitayaphan, et al. J. Inf. Dis. 190:702-6 (2094); Pitisuttithum, P. 11" Conf. Retr. Opp. Inf. 2004,
115: Abstract 107).  Many studies have also been performed using animal models (eg.,

monkeys). However, while primate data are instructive they also highlight the gaps in our

M

understanding of immumological mechamism that mediate vaccine associated protection and
emphasize the need 1o conduct human efficacy studies o test promising candidate vaccines
enmpirically.

ALVAC-HIV (vCP1S21) vacome is a preparation of recombinant canarypox-derived
virus expressing the products of the HIV-1 @ and gug genes.  The genes are inserted into the
10 C6 locus under the control of the vaccimia virus Ho and 131 promotess respectively. The gpi20

enrv sequence 15 derived from the HIV-92THO23 (subtype E) stram, but the anchoring part of

gpdl is denived from the HIV-LAT (subtvpe B) strain. ALVAC-HIV infected cells present emy

and gog proteins i a negr-native conformgtion (Fang, ot al. ] Infect. Dis. 180 {4); 1122-32

{ 1999)). Inadditon, intracelhdar processing of the HIV-1 protems via the MHC class { pathway

15 facilitates stimuolation of cvtotoxic T-lymphocytes. Part of the rationale for ase of Gag from a

subtvpe B in Thatland is that portions of the geg gene are conserved among virus subtvpes.

Therefore, gag-specific CTL elicited by vCP1321 may cross-react with CTL epitopes on non-

subtype B primary viruses. Data from an AVEG-sponsored prime-boost tnial (vCP20S alone or

boosted with Chiron SF2 gp12(0/MFS9) showed that CDS™ CTL from some vaccine recipients

20 recognized target cells infected with non-subtype B virnses, including subtype E (Ferrart, et al.
Proc. Natl. Acad. Sct. USA, 94:1306-301 (1997)).

In view of this data, several attempts have been made to provide protection using a prime-

boost immmunization format (McNeil, et al. Science. 303:961 (2004)). For example, AIsvax®

BE (VaxGen) and ALVAC-HIV have been used as the prime and boost compositions,

25 respectively, and shown to nduce neatrahizing antibodies (Karnasuta, et al. Vaccine, 23: 2522-

2529 (2005). 1o one safety trial, neutralizing antibodies were observed i $4% to 100% of

subjects, cytotoxic fymphocytes (CTL) were obsorved m 16-28% of subjects, and lympho-

proliferation was observed in 55-93% of subjects. In another safety trial, neutralizing antibodies

were observed in 31% to 71% of subjects, cytotoxic lymphocytes (CTLY were observed i about

3 25% of subjects, and lympho-proliferation was observed in 58-71% of subjects. However,

protection against infection by HIV was not shown, leading some to guestion the valoe of such a
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combination vaccine (Burton, et al. Sciéhce. 303; 316'(‘2004); Letters to the Editor. Science.
305:177-180 (2004)).

To date, no vaccine has shown protection against HIV infection. Thus, there is a clear
need in the art for compositions and methods for protectively immunizing bumans against HIV.,

Such compositions and methods are provided by this disclosure.

Brief Description of the Drawings

Figure 1. Comparison of the predicted amino acid sequence for A244 rgpl20/HIV-1

protein (gd244) with the predicted sequence for MN rgp120HIV-1 protein (MN mature).

Figure 2. A. Map of ALVAC-HIV (vCP1521) genomie. B. Nucleotide sequence of the

HIV insert contained within ALVAC-HIV (+CP1521).
Figure 3. Efficacy of the AIDSVAX™ B/ / ALVAC-HIV prime-boost vaccine.

Summary of the Invention

According to a first aspect of the present invention, there is provided a method for protectively
immunizing a human being against human immunodeficiency virus (HIV) by administering to
the human being:

a first composition comprising multiple doses of an avipox vector encoding at least a
portion of HIV gp120 and, subsequently,

a second composition comprising multiple doses of a polypeptide corresponding to at
least a portion of HIV gp120,

to a population of human beings that induces a protective immune response against
infection by HIV in at least about one-third of the population, wherein:

a) one or more doses of the first composition is administered repeatedly to the
population as the sole active agent; and,
b)one or more doses of the second composition is subsequently administered to the population

as the sole active agent or in combination with one or more doses of the first composition.

AH25(8276615_1):GCC
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According to a second aspect of the present invention, there is provided a kit when used to
induce a protective immune response against infection by HIV in at least about one-third of the
population, said kit comprising a first composition comprising multiple doses of an avipox
vector encoding HIV gp120 and a second composition comprising multiple doses of a
polypeptide corresponding to at least a portion of HIV gp120, and instructions for repeatedly
administering one or more doses of the first composition to a human being and subsequently
administering one or more doses of the second composition or the first and second compositions

to the human being.

The reagents and methodologies described herein may be used to protectively
immanize 2 homan beng agamst human immunodeficiency virus, which has not been
previously demonstrated. In one embodiment, a two-part composition including a first
COMPOSIION comprisig an expressten vector encoding an IV mmmunogen, and a second
composition comprising a polypeptide derived from or representing an HIV immunogen is
provided.  As shown herein, adnunistration of the first composition prioy o the second

composition, and then admmistering the first and second compositions, protects haman

beings against infection by HIV.  In an exemplary embodineut, the first composition

includes a hive, attenuated viral vector encoding at least one HIV immunogen, and the
second composition inclides an HIV immunogen in the form of a polypeptide. In certain
embodiments, a method for protectively mumunizing a human being against human
immuonodeficiency  virgs (HIV) by admimstering o the buman being a vaccine
composition.  The composition consists essentially of a first composition and a second
compaosition, the first composition consisting essentially of a live, attenuated avipox (e.g.,

canarypox, ALVAQ) vector enceding multiple HIV immunogens, and the second

9128860:gcc
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composition mcluding one or more polypeptides correspending m aming acid sequence to

at least a portion of HIV gpl20. In some embodiments, at feast one of the compositions

comprises an amno acid sequence correspending to that of HIV and at least one amino

acid sequence corresponding 10 a herpes simplex virus (HSV). In some embodiments, the

5 first composition s administered to the buman being and the first and second

compositions are subsequently administered to the human being. In cenam embodiments,

the compositions are administered via the intramuscuolar route. Using this method, ¥ hag

been found for the first tme that human bemgs may be protected from wfection by HIV.

In certain embodiments, the method involves administering the vaccine to a population of

10 human beings and at least about one-third of that population is protected from infection by
HIV.

Detailed Description
The present invention provides compositions and methodologies uwseful for
15 treating and / or preventing conditions refating to an infections or other agent(s) such as a
tumer cell by stinwtlating an immune response against such an agent. In general, the
imnaune 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
20 different) are utilized. In other embodiments, variants or derivatives {(i.¢., by substitution,
deletion or addition of amino acids or nucleotides encoding the same) of ap immunogen
or immnogens {(which may be the same or different) may be utilized.
An mnumogen may be a moiely {e.g., polvpeptide, peptide or nucleic acid) that
induces or enhances the immune response of a host to whom or to which the inumunogen
25 s admimstered. An mmmane response may be induced or enhanced by either increasing
or decreasing the frequency, amount, or half-life of a particular tmnune medulator (e.g,
the expression of a cytokine, chemokine, co-stimulatory molecule). This may be duectly
observed within a host cell containing a polynucleotide of interest (e.g.. following
infection by a recombinant virus) or within a nearby cell or tissue (e.g., indirectly). The
30 mmune response 1s typically directed against a larget antigen. For example, an immune

response may result from expression of an fmmunogen in a host following adiministration
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of a nucleie acid vector encoding the immunogen to the host. The Immune response may
result in one or more of an effect {e.g, mataration, proliferation, direct- or cross-
presentation of antigen, gene expression protile) on cells of either the mnate or adaptive
immane system, For example, the immune response may mvolve, effect, or be detected
i innate immane cells such as, for example, dendritic cells, monocytes, macrophages,
natural killer cells, and / or granujocytes {e.u, neutrophils, basophils or eosinophils). The
inmmune response may also invelve, effect, or be detected in adaptive immune cells
mncluding, for example, lymphocytes {e.g, T cells and / or B cells).  The mmune
vesponse miay be observed by detecting such involvement or effects incloding, for
example, the presence, absence, or altered {e.g., mcreased or decreased) expression or
activity of one or more immunemaedalators such as 2 hormone, ovtokine, interieukin (e.g.,
any of IL-1 through 1L-35), interferon {e.g., any of IFN-] (IFN-c. IFN-f, IFN-g, IFN-x,
IFN-1, IEN-G) IFN-w), TEN-IE {e.g, IEN-y), IPN-ID (IFN-R1, TFN- 22, IFN- 230,
chemokme (e.g., any CC cvickine (e.g., any of CCLI dwough CCL28), any CXC
chemokine (e.g., any of CXCLI through CXCL24), Mipia), any C chemokine {a.g,
XCL1, XCL2), any CX3C chemokine (e.g., CX3CL1)), tumeor necrosis factor {e.g., TNF-
o, TNF-f)), negative regalators {e.g., PD-1, [L-T) and / or any of the celinlar components
{c.g., kinases, Hpases, nucleases, transcripicn-related factors (c.g., IRF-1, IRF-7, STAT-
5, NFKB, STAT3, STATI, IRF-10), and / or cell sarface markers suppressed or mdaced
by such immunomodulators) involved in the expression of such immunomodalators. The
presence, absence or altered expression may be detected within cells of interest or near
those cells {e.g., within a cell culture supernatant, nearby cell or tissue #2 vilro or in vive,
and / or 1 blood or plasma).  Administration of the 1mmunogen may induce {e.g.
stumulate @ de aovo or previously underected response), or enhance or suppress an
existing response against the immunogen by, for example, causing an increased antibody
response {e.g., amount of antibody, increased affinity / avidiy) or an increased celhdar
response {2.¢., mereased number of activated T cells, increased atfinity /7 avidity of T cell
receptors, cytoxicity nclading but not limited to antibody-dependnet cellular cvtotoxieity
(ADCQC), proliferation). in the case of HIV mfections, no clear corvelates of immunity
have been assocrated with immunity (especially protective ammunity), but any of the

measures described herein may be helpful in determining the usefulpess of the

PCT/US2010/049206
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compositions and methods described herein. Some immune responses may, in the case of
a viral immunogen, lead 1o decreased viral load in, or lead to ehmination of the virus
from, a host. In certain embodiments, the immone response may be protective, meaning
that the immune response may be capable of preventing initiation or continued infection
5 of or growth within a host and / or by elimmating an agent (e.g., a causative agent, such
as HIV) from the bost. In some nstances, elimination of an agent from the host may
mean that the vaccine is therapeutic. In some embodiments, a COMpOSHion comprising an
mnmnogen may be admumstered to a population of hosts {e.g., human bemgs) and
determined to provide protective imununity to only a portion of that population. The
10 composition may therefore be considered to protect a portion of that population (e.g.,
abont 1710, 144, 13, 172, or 3/ of the population). The proportion of the population that
is protected may be calenlated and thereby provide the efficacy of the composition in that

2167

population (e.g., about 10%, 25%, 33%, S0%, or 75% efficacy).

With respect to HIV, immanogens may be selected from any HIV Isolate (e.g.,

ooy
A

apy primary or cultured HIV-1, HIV-2 and / or HIV-3 isolate, strain, or clade). As is
well-known in the act, HIV isolates are new classified into discrete genetic subtypes.
HIV-1 is known to comprise at least ten subtypes (A1, A2, A3, A4, B.C, D E FLLF2, G,
H, J and K} (Tavlor et al, NEIM, 359(18):1965-1966 (2008)). HIV-2 is known to include
at least five sabtypes (A, B, €, D, and B}, Subtype B has been assoctated with the HIV
20 epidemic in homosexunal men and intravenous drag users worldwide.  Most HIV-1
immumogens, laboratory adapted isolates, reagents and wapped epitopes belong to
subtype B. o sub-Saharan Africa, India, and China, areas where the incidence of new
HIV mfections 1s ngh, HIV-1 subtype B accounts for only a small minority of infections,
and subtype HIV-1 C appears to be the most common infecting subtype. Thus, in certain
25 embodiments, it may be preferable to select mmunogens from particular sabtypes (e.g.,
HIV-1 subtypes B and / or €), It may be desirable 10 include imumunagens from multiple
HIV subtvpes {e.g., HIV-1 subtypes B and €, HIV-2 subtypes A and B, or a combination
of HIV-1, HIV-2, andfor HIV-3 subivpes) m a single immunological composition.
Suitable HIV immunogens include HIV envelope {env; e.g., NCBI Ref. Seq. NP_057856,
3 or as shown i any of Figs. 1, 2 and / or SEQ 1D NOS. 1-6), gag (e.g., pb, p7, pl7, p24,
GenBank AAD39400.1), the protease encoded by po/ {e.g.. UniProt PO3366), nef (e.g.,
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GenBank CAA41585.1; Shugars, et al. J. Virol Aug. 1993, pp. 46394650 (1993)), as
well as variants, denivatives, and fusion proteing thereof, as described by, for example,
Gonwez et al. Vaceme, Vol. 25, pp. 1968-1892 (2007). Immunogens {e.g., eny and pol)
may be combined as desired. Immunogens from different HIV isolates {e.g,, HIV-1 Al
5 env and HIV-D A2 env) may also be combined (e, AIDSVAX B/B™ and
AIDSVAX™ B/E). In some embodiments, at feast one of the compositions comprises an
amino acid sequence corresponding to that of HIV and at least one amino acid sequence
correspondmg to a herpes sunplex virus (HSV). o some embodiments, the HSV antigen
may be the glvcoprotein D (gD) leader sequence shown in Fig, 1. In certain
10 embodiments, the HSY ammo acid sequence COMPLIses
KYALADASLKMADPNRFRGKDLPVLDQL (SEQ ID NO. 7), or a fragment or
dertvative thereof. In some embodiments. at least one of the compositions comprises
SEQ 1D NO. 7. In some embodunents, a suitable immunogen may be the polypeptide

gd244 as shown in Fig: 1, or a fragment thereof. In others, a suitable mumunogen may be

ooy
A

the polvpeptide “MN mature” shown in Fig, 1, or a fragment thereof. Suitable strains
and combinations may be selected by the skilled artisan as desived.

In some embodunents, a method for protectively immunizing a human being
against human immunodeficiency virus (HIV) by admimstening to the human being at
feast one dose of a first composition comprising a viral vector encoding an HIV
20 polypeptide or frapment or derivative thereof and subsequently administering to the

human being at feast one dose of a second composition comprising the HIV polypeptide
or fragment or derivative thereof, wherein a protective immune respense divected agamst
HIV results, 1s provided. In some embodiments, a method for protectively immunizing a
human being against human inwunodeficiency virus (HIV) by administering to the
25 human beng a vaccine consisting essentially of a first composition and a second
composition, the first composition consisting essentially of a live, attennated viral vector
encoding at least one HIV gpl20 or fragment or derivative thereof and, optionally, at
feast one additional HIV polypeptide or fagment or derivative thereof, the second
composition consisting essentially of at least one HIV gpi20 polvpeptide or fragment or
30 denvative thereof and, optionally, at least ope additional HIV polypeptide or fragment or

dertvative thereof: the method comprising the steps of administering the first compaosition
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to the human being and subsequently admimistering to the human being at least one

composition or combination of compositions selected from the group consisting of: the

second composition alone; the first and second compositions, optionally separately or

together as a single dose; ar least one additional dose of the first composition followed by

5 atleast one dose of the second composition; the second composition followed by at least

one additional dose of the first composition, aptionally followed by at least one additional

dose of the first and / or second composition; wherein a protective immune response

agamnst HIV 13 nduced i the haman bemg, 18 provided. In some embodiments, the

compositions are administered together {(e.g., at essentially the same time (eg,

10 simudtaneously) to the same or different sites of a host) or separately (e.g., either in time
or site of admumstration m the host).

In certain embodiments, at least one of the compositions comprises an amine acid

sequence corresponding to that of a herpes simplex virus (HSV) (e.g., glveoprotem D

(e leader sequence shown in Fig: 130 In certain embodiments, the HSV amino acid

sequence may include, for example, KYALADASLKMADPNRFRGKDLPVLDOL

ooy
A

(SEQ ID NO. 7), or a fragment thereof. In some embodiments, the HSV amino acid
sequence may be that shown iy the polypeptide “MN.mature” shown in Fig, 1 (SEQ ID
NO.:3), or a fragment thereot. In some embodiments, the HSV amino acid sequence may
be that shown in the polypeptide gd244 as shown in Fig. | (SEQ ID NO.4), or a
20 fragment thereof. In some embodiments, the gp120 aninoe acid sequence may be SEQ 1D
NO.. 5. In some embodiments, at least one of the compositions may comprise a
polypeptide of any one or more of SEQ 1D NOS. 3. 4, 5, or 7. By “compris¢ a
polvpeptide™ is meant both a polypeptide per se and / or one encoded by a nucleic acid
contained within an expression vector. Vanations and derivatives of the polypeptides

25 referred to herein may also be suitable, as could be determined by one of skill in the art.
In some embadiments, the first composition 15 administered repeatedly prior to at
least one administration of the second composition, where the time between
admmistrations 15 of sethcient length to allow for the development of an immume
response within the human being. In some embodiments, the methods described herein
30 comprise admimstermg the vaccine 13 admimstered to a population of human beings such

that at least about one-third of that population is protected from infection by HIV. In
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some embodiments, the first composition is administered repeatedly prior to at least one
adminmstration of the second composition, with the time between administrations is of
sufficient length to alfow for the development of an mmune response within the human
being. In certain embodiments, adminisiration of either or both the first and second
compositions 15 via a route selected from the group consisting of mucosal, intradermal,
intramuscular, subcutaneous, via skin scarification, intranodal, or intratumoral. The dose
of the compositions may vary, but in some embodiments, the amount of viral vector
admustered 1n each dose 15 the equivalent of abowt 107 CCIDsy and the total amount of
polypeptide administered n cach dose s about 600 Lig. In some embodiments, the viral
vector may be a poxviral vector such as vaccinia, NYVAC, Modified Virus Ankara
{(MVA}, avipox, canarypex, ALVAC, ALVACQ), fowlpox, or TROVAC. In some
embodiments, the viral vector may be ALVAC-HIV (vCPIS21). The viral vector may
comprise the nucleic acid sequence of SEQ 1D NO. 1 or §, for example. The second
composition may be AIDSVAXY BB or AIDSVAXY B/E. In some embodiments, the
viral vector may be ALVAC-HIV (vCPIS21) and the second composition may be
AIDSVAX" B/E.

in certain embodiments, the HIV palypeptide or HIV gp120 38 dertved from an
HIV vimus selected from the group consisting of HIV-1, HIV-2, and HIV-3, wherem the
first and second composition contatn the same or different HIV polypeptides and / or
gpl20. The HIV-1 may be, for example, HIV-1 subtype A}, HIV-1 subtype AZ, HIV-}
subtype A3, HIV-1 subtype Ad, HIV-1 subtype B, HIV-1 subtvpe C, HIV-1 subtype D,
HIV-T qubtype E, HIV-D sabtype ¥I, HIVLY subtype F2. HIV.L subiype G, HIV.1
subtype H, HIV-1 subtype J and HIV-1 subtype K. The HIV-2 may be, for example,
HIV-2 subtype A, HIV-2 subtype B, HIV-2 sabtype C, HIV-2 subtype D, and HIV-2
subtvpe E. The viral vector may encode, for example, at least ope polypeptide selected
from the group consisting of HIV gpi20 MN {2485 HIV gp120 A244 12484, and HIV
up120 GNES 12477,

Where multiple HIV immunogens are used, the at least one additional HIV
mmnmogen may be, for example, gag, pol, nefl a varant thereof, and a dervative

thereof. Thus, is some embodiments, the first or second composition additionally contain
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at {east one additonal HIV immunogen selected from the group consisting of gag, the
protease component encoded by pol, nef, a vanant thereof, and a derivative thereof.

In preferred embodiments of the present invention, vectors are used to transfer a

nucleic acid sequence encoding a polypeptids to a cell. A vector is any molecule used to

5 wansfer a nucleic acid sequence to a host cell. In certain cases, an expression vector s

atilized.  An expression vector is a nucleic acid molecule that is suitable for

transiormation of a host cell and contains nucleic acid sequences that direct and / or

control the expression of the transferred nucleic acid sequences. Expression meludes, but

is not limited to, processes such as transeription, wanslation, and splicing, if introns are

10 present. Expression vectors typically comprise one or more flanking sequences operably

linked to a heterclogous nucleic acid sequence encoding a polypeptide. As used heremn,

the term operably linked refers to a linkage between polynucleotide elements i a

functional relationship suck as one m which a promoter or enhancer affects transcription

of a coding sequence. Flanking sequences may be homologous (Le., flom the same

ooy
A

species and / or strain as the host cell), heterologous (i.e., from a species other than the
host cell species or strain), hvbrid (e, a combination of flanking sequences from more
than one source}, or synthetic, for example.
In certain ambodmnents, it s preferred that the Hanking sequence is 4
wascriptional regulatory region that drives high-level pene expression in the target cell.
20 The transcriptional regulatory region may comprise, for example, a promoter, enhancer,
stlencer, repressor element, or combinations thereot. The transcriptional regolatory region
may be either constitutive, tissue-specific, cell-type specific (i.e., the region is drives
higher levels of transeription 1 a one type of tissue or cell as compared 1o another}, or
regulatable (1e., responsive to interaction with a compound such as tetracyeline). The

25 source of a transcniptional regolatory region may be any prokaryotic or eukarvotic
organtsm, anv vertebrate or mvertebrate organism, or any plant, provided that the
flanking sequence functions in & cell by causing transeription of a nucleic acid within that
cell. A wide vaniety of transcriptional regulatory regions may be vtilized in practicing the
present mventon.

30 In some embodiments, derivatives of polypeptides, peptides, or polynucleotides

mcorporated into or expressed by the vectors described herein including, for example,

10
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fragments and ¢ or variants thereof may be wtiized. Derivatives may result from, for
example, substitution, deletion, or addition of amino acids or nucleotides from or to the
reference sequence (e.g., the parental sequence). A dervative of a polypeptide or protem,
for example, typically refers 1o an amino acid sequence that is altered with respect to the
referenced polypeptide of pepide. A denvaiive of a polypeptide typically retains at Jeast
one activity of the polypeptide. A derivative will typically share at least approximately
60%, 70%, 0%, 90%, 95%, or 99% wdentity to the reference sequence. With respect to
polypeptides and peptides, the dervative may have "conservative” changes, wherem a
subsnituted anuno acid has similar sructoral or chemical properties. A denvative may
also have "nonconservative" changes. Exemplary, suitable conservative amino acid

substitutions may inclade, for example, those shown in Table 1:

Table 1
Origival Exemplary Substitutions | Preferred
Residues | Substitations
Ala Val, Leu, lle Val
Arg Lvs, Gln, Asn Lys
Asn Gin Gln
Asp Glo | Gla
Cys Ser, Ala Ser
Gln Ash 5 Asn
Glu Asp Asp
Gly Pro, Ala Ala
His Asn, Glo, Lvs, Arg Arg
fle Leun, Val, Met, Ala Phe, Norleucine | lLeu
Leu Notlencing, Hle, Val, Met, Ala, Phe | {le
Lys Arg, 1.4 Diamino-butyric Acid, Gln, Asn | Are
Met Leu, Phe lle Len
Phe Leu, Val, le, Alg, Ter | Leu
Pro Ala Glv
Ser Thr, Ala, Cvs | Thr
Thr Ser Ser
Tmp Tyr, Phe ! Tyr
Tyr Trp. Phe, Thr, Ser Phe
Val He, Met, Leu, Phe, Ala, Notleucine | Leu

Other amino acid substitutions may he considered non-conservative,  Dertvatives may

also include amino acid or nucleotide deletions and / or additions / insertions, or some

combination of these, Guidance tn determinimng which amino acid residues or nucleotides

11
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wmay be sabstituted, mserted, or deleted without abolishing the desired activity of the
derivative may be wentified using any of the methods available to one of skill in the art.
Derivatives may also refer to a chemically modified polynocleonde or
polypeptide. Cheniical modifications of a polynucleotide may include, for example,
5 replacement of hydrogen by an alkyl, acyl, hydroxyl, or amino group. A devvative
polynucleotide may encode a polypeptide which retains at least one biological or
inmunological function of the natural molecule. A derivative polypeptide may be one
modified by glycosylation, pegvlation, biotinvlation, or any sunilar process that retas at
feast one biological or immunological function of the polypeptide from which it wag
10 derived.
The phrases “percent dentity” and "% idemtitv." as applied to polypepude
sequences, refer to the percentage of residue maiches between at least two polypeptide
sequences aligned using a standardized alponthm. Methods of polypeptide sequence

alignment are well-known. Some alignment methods take into account conservative

ooy
A

aminoe acid substitutions. Such conservative substitutions, explained in more detail above,
generally preserve the charge and hydrophobicity at the site of substitution, thus
preserving the structure (and therefore function) of the polypeptide. Percent identity may
be measured over the length of an entire defined polvpeptide sequence, for example, as
defived by a particular SEQ 1D number, or may be measured over a shorter length, for
20 example, over the length of a fragment taken from a larger, defined polvpeptide

sequence, for ingtance, a Tragment of at least 10, at least 15, at least 20, at least 38, at

least 40, at least 50, at least 70 or at least 150 contignous residues. Such lengths are

exemplary only, and it 1s undersiood that any fragment length supported by the sequences

shown heren, in the tables, figures or Sequence Listing, may be used to deseribe a length
25 over which percentage wdentity may be measured. Percent identity can be measored both
globally or locally. Examples of alignment algorithms known i the art for global
alignments are ones which attempt to ahgn every residue in every sequence, such as the
Needleman-Wansch algonthm. Local ahignment algonthmaos ave wseful for dissimilar
sequences that contain regions of similar sequence motifs within their larger sequence,

30 such as the Smth-Waterman algorithm.

12
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As mentioned above, this disclosure relates 0 composittons comprising
recombinant vectors, the vectors per se, and methods of using the same. A “vector™ is
any moiety {e.g., a virus ot plasmud) used to carry, introduce, or transfer a polynucleotide
or interest 1o another moiety {e.¢., 3 host cell). In certain cases, an expression vector is

5 utilized. An expression vector 1s a nucleic acid molecule contaiming a polvinucleotide of
interest encoding a polypeptide, peptide, ¢r polvaucleotide and also containing other
polynucleotides that direct and / or control the expression of the polynucleotide of
interest.  Lxpression meludes, but is not hmuted to, processes such as transeniption,
wanslation, and / or splicing (e.g., where introns are present).

10 Viral vectors that may be used include, for example, retrovirus, adenovirus,
adeno-asseciated virus (AAV), alphavirus, herpes virus, and poxvirus vectors, among
others. Many such viral vectors are available in the art. The vectors deseribed berein may
be constrycted using standard recombinant techniques widely available to one skilled m

the art. Such techniques may be found in common molecular biology references such as

ooy
A

Molecutar Cloning: 4 Labovatory Mamsal (Sambrook, et al., 1989, Cold Spring Harbor

Laboratory Press), Gene Expression Techrnology (Methods in Enzvmology, Vol. 185,
edited by D. Goeddel, 1991, Academic Press, San Diego, CA), and PCR Protocols: 4
Gridde to Methods and Applications (Inmis, et al. 1990, Academic Press, San Diego. CA).

Suitable retroviral vectors may mnclude derivatives of lentivirus as well as

20 dertvatives of murine or avian retroviruses. Examplary, suitable retroviral vectors may

inchude, for example, Moloney murine leukemin virns (MoMelV), Harvey muine

sarcoma virns (HaMuSV), murine mammmary tamor viras (MuMTV), STV, BIV, HIV and

Rous Sarcoma Virus (RSV). A number of relroviral vectors can incorporate multiple

exogenous polynucleotides.  As recombinant retioviruses are defective, they require

25 assistance m order to produce infectious vector particles. This assistance can be provided

by, for example, helper call lines encoding retrovirus structural genes. Suitable helper

celf hines include W2, PA3LT and PAI2, among others. The vector virions produced

using such cell ines may then be used to infect a tissue cell line, such as NIH 3T2 cells,

to produce large quantities of chimeric retroviral virions.  Retroviral vectors may be

30 administered by traditional methods (1., injection) or by wnplantation of a “producer cell

fine™ i proximity to the target cell population {Culver, K., eral., 1994, Hum. Gene Ther.,

13
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3 {3y 343.79; Culver, K., er al., Cold Spring Harb, Svmp. (heani, Biol., 39 685-98);
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 vicmity 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 wmnmunogen to the target cell. Followng infection
of the target cell, expression of the polynucleotide of interest from the vector occurs.

Adenoviral vectors have proven especially useful for gene transfer into eukarvotic
cells (Rosenfeld, M., et al., 1991, Science, 252 (5004): 431-4; Crystal, R | et al, 1994,
Nat. Genet,, 8 (1) 42-51), the study eukarvotic 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 maodels (Siratford-Pernicaudet, L., etal., 1992,
Bone Marrow Transplant., ¢ (Suppl. 1) 151-2 : Rich, et al., 1993, Hum. Gene Ther., 4
{4): 461-76). Expenmental routes for administrating recombinant Ad to different tissues
i vivo have mehuded intratracheal instiltation (Rogenfeld, M., er al, 1992, Cedl, 68 (1):
143-55} injection into muscle (Quantin, B., ef ¢l 1992, Proc. Nad. dcad. Sci. U.S.4., 89
(7). 2581-4), peripheral intravenous injection {Herz, I, and Gerard, R., 1993, Proc. Natl.
Acad. Sci. U754, 90 (7): 2812-6) and / or 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 i integrating into the host cell genome (Hermonat, P, ot al., 1984,
Proc. Nod. Acad. S U.§4., 81 (20} 6466-70).  And Herpes Simplex Viras type-1
(HSV-1) is yet another attractive vector system, especially for use in the nervous svstem
because of its newrotropic property (Geller, A, et al, 1991, Trends Newrosci, 14 (10):
428-32; Glorioso, ¢ al., 1995, Mol Biotechnol, 4 (1) 87-99; Glorioso, ¢! afl., 1995,
Annat. Rev. Microbiol., 49: 675-710).

Alphavirus may also be used to express the mmunogen i a host. Suitable
members of the Alphavirus genus include, among others, Sindbis virus, Semliki Forest
vitus (SPV), the Ross River viras and Venezuelan, Western and Eastern equine
encephalitis viruses, among others. Expression systems utihizing alphavirus vectors are
described 1o, for example, U.S. Pat. Nos. §,091309; 5217 879; 5739026, 5,766,602,

5,843,723; 6,015,094; 6,150,558; 6,190,060; 6,242.259; and, 6,329,201, WO 92/10578&;

14
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Xiong et al., Science, Vol 243, 1989, 11&&-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-
5 8; Moss, et al, 1992, Bictechnology, 20: 345-62; Moss, et al, 1992, Cury. Top. Microbiol.
Immunol., 158: 25-38; Moss, et al. 1991, Science, 252: 1662-1667). The most often
utilized poxviral vectors include vaceinia and derivatives therefrom such as NYVAC and
MVA, and members of the avipox genera such as fowlpox, canarypox, ALVAC, and
ALVAC(2), among others.

10 An exemplary suitable vector 1s NYVAC (vP&66) which was derived from the
Copenhagen vaccine strain 0f vacciuia virus by deleting six nonessential regions of the
genome encoding known or potential virelence factors {see, for example, US. Pat. Nos.
5,364,773 and 5,494 807). The deletion loct were also engineered as recipient loct for the

insertion of foreign genes. The deleted regions are: thymidine kinase gene (TK; J2R);

ooy
A

hemaorrhagic region {u; BI3RTBI4R); A type inclusion body region (ATE, A26L);

hemagglutinin gene (HA; ASER); host range gene region {C7L-K1L); and, large subunit,

ribopucleotide reductase (ML), NYVAC is a genetically engineered vaccinia virus strain
that was generated by the specific deletion of cighteen open reading frames encoding
gene products assoctated with virulence and host range. NYVAC has been show to be

20 usclul for expressing TAs {see, for example, U.S. Pat. No. 62651895 NYVAC (vP866),
vPO94, vOP20S, vCP1433, placZH6H4Lreverse, pMPCSHOX3ES and pCIHOFHVR
were also deposited with the ATCC ander the terms of the Budapest Treaty, accession
numbers VR-2589, VR-2588, VR-28S7, VR-2556, ATCC-97913, ATCC-97912, and
ATCC-97914, respectively.

25 Another suitable virus s the Modified Vaccinia Ankara (MVA) virus which was
generated by 516 serial passages on chicken embryo fibroblasts of the Ankara strain of
vaceinia virus {CVA) (for review, see Mayr, A, ef a¢f. Infection 3, 6-14 (1975)). It was
shown in a variety of amimal models that the resalting MVA was significantly avisulent
(Mayr, A, & Danner, K. {1978) Dev. Biol Stand 41 225.34) and has been tested in

30 climeal trials as a smallpox vaccine (Mayr i o, Zbl. Bakt. Hyg 1, Abt. Org B 167, 375-

390 (1987), Stick! er @f., Disch. med. Wschr. 99, 2386-2392 (1974)). MVA has also been

15
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engineered for use as a viral vector for both recombinant gene expression studies and as a
recombinant vaccine (Sutter, G. e af. (1994), Vacane 12: 1032-40; Blanchard er ol |
1998, J Gen Virol 79, 1159-1167; Carroll & Moss, 1997, Virology 238, 198-211;

Altenberger, U.S. Pat. No. 5,185,146; Ambrosint e/ ¢, 1999, 1 Neurosci Res 35(5), 569).

A

Modified virus Ankara (MVA) has been previously described m, for example, U.S. Pat.
Nos. 5,185,146 and 6,490,422; Sutter, et al. (B. Dev. Biol. Stand. Basel, Karger 84:193-
200 (1995)); Antoine, et al. (Virclogy 244: 365-396, 1998); Sutter et al. (Proc. Nail.
Acad. Sci. USA 89: 10847-10851, 1992); Mever et al. (J. Gen. Vol 720 1031-1038,

1991); Mahnel, ett al. (Berlin Munch, Tierarztl, Wochenschr, 107: 253-256, 1994); Mayr

10 etal. (Zbl Bakt. Hvg. I, Abt. Ore. B 167: 375-390 {1987); and, Stick! et al. {Dtsch. med.
Wschr. 99: 2386-2392 (1974)). An exemplary MVA is available from the ATCC under
accession nuntbers VR-1508 and VR-1566.

ALVAC-based recombinant viruses {1.e., ALVAC-1 and ALVAC-2) are also
suitable for use m practicing the present invention {see, for example, UN. Pat No.

15 5756103}, ALVACQ) 15 ideatical to ALVACHT) except that ALVAC(2) genome
comprises the vaccinia E3L and K3L genes ander the control of vaceinia promoters {U.S.
Pat. No. 6,130,066; Beattie et al., 1993a, 1995b, 1991; Chang et al., 1992; Davies et al.,
1993).  Both ALVAC({l) and ALVAC(2) have been demonstrated to be useful m
expressing foreign DNA sequences, such as TAs {Tartagha et al., 1993 ab; U.S. Pat. No.

20 5833975) 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. Vaccinia virus host range genes
(e.g, CISL. CI171, C7L. KIL, E3L, B4R, B23IR. and B24R) have also been shown to be
expressible in canarypox (e.g., U.S. Pat. No. 7.473,336).

25 Another useful poxvirus vector 1s TROVAC. TROVAC refers to an attenuated
fowlpox that was a plaque-cloned isofate derived from the FP-1 vaccine straim of
fowlpoxvirus which is licensed for vaccination of 1 day old chicks. TROVAC was
hikewise deposited under the terms of the Budapest Treaty with the ATCC, accession
number 2353

30 “Non-viral” plasmad vectors may also be sutable for use.  Plasmud DNA

molecules comprising expression cassettes for expressing an immunoegen may be used for
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“naked DNA™ immunization, Preferred plasmud vectors are compatble with bacterial,
insect, and / or mammalian host cells. Such vectors include, for example, PCR-H, pCR3,
and pcDNA3.T (Invitrogen, San Diego, CA), pBSI {Stratagene, La Jolla, CA), pETIS
(Novagen, Madison, W1), pGEX (Pharmacia Bictech, Piscataway, NI, pEGFP-N2
{(Clontech, Palo Alto, CA), pETL (BlueBacll, Invitrogen), pDSR-alpha (PCT pub. No.
WO 90/14363) and pFastBacDual {Gibeo-BRL, Grand Island, NY} as well as B!uescripl.x:
plasmmd derivatives {a high copy mumber COLE-based phagemid, Stratagene Cloning
Systems, La Jolla, CA), PCR cloning plasmids designed for cloning Tag-amplified PCR
products (e.g., TOPO™ TA cloning™ kit, PC RZJ":?c plasmid denvatives, Invitrogen,
Carlshad, CAL

Bacterial vectors may also be suitable for use. These vectors include, for example,
Shigella, Salmonella (e.g, Dari, et al. Celi, 91: 765-775 {1997); Woo, et al. Vaccing,
19: 2945-2954 (2001)), Vibrio cholerae, Lactobaciflus, Baaille calmette guédrin (BCG),
and Streptococcus {e.g., WO 88/6626, WO 9040594, WO 91713157, 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.

Nucleic acid delivery or transformation techniques that may be used include
DNA-ligand complexes, adenovinus-ligand-DNA complexes, direct mjection of DNA,
CaPOy precipstation, gene gun techmiques, electroporation. and colloidal dispersion
systems, among others. Colloidal dispersion systems include macromolecule complexes,
nanocapsules, microspheres, beads, and hpid-based systems mcloding oil-in-water
emulstons, miceles, mixad micelles, and liposomes. The preferred colloidal system of
this invention is a Hpoesome, which are antificial membrane vesicles usefil as delivery
vehicles /o vitro and in vivo. RNA, DNA and intact vittons can be encapsulated within
the aqueous interior and be delivered 1o cells in a biologically active form (Fraley, R, e

. Trends Biochem. Sci., 6. 77 (1981)).

The composition of the liposome 13 usually a
combination  of  phospholipids,  particularly  high-phase-transition-temperature
phospholiprds, nsually tn combination with sterods, espeeially cholesterol.  Other
phospholmds or other lipids may also be used. The physical characteristics of Liposomes
depend on pH, ienic strength, and the presence of divalent cations. Examples of lipids

useful in hposome production include phosphatidyl  compounds, such a3

17
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phosphatidylglyeerol,  phosphatidylcholine,  phosphatidyiserine,  phesphatidyletha-
nolamine. sphingolipids, cerebrosides, and gangliosides.  Particolarly useful are
diacviphosphatidylglveerols, where the hipid motety contains from 14-1R carbon atoms,

particularly from 16-18 carbon atoms, and is saturated. Hlusuwative phospholipids include

A

egy phosphatidylcholine, dipalmitoylphosphatidylcholine and

distearoviphosphatidylcholine.

Strategies for improving the efficiency of nucleic acid-based immunization may
also be used mclading, for example, the use of self-repheating viral rephcons (Caley, et
al. Vaceine, 17; 3124-2135 (1999); Dubensky, or al. Mol Med, 6: 723-732 (2000);
10 Leitner, et al. Cancer Res. 60: $1-55 (2000}, codon optimization {Liu, et al. Mol Ther,

1: 497-500 (2000); Dubensky, supra, Huang, et al. J. Virol. 75: 4947-4981 {2001)), in
vivo electroporation (Widera, et al. J. Immunol. 164: 4635-3640 (2000}), incorporation
of CpG stumulatory motifs (Gurunathan, et &, Ann, Rev. Immunol. 18: 927-974 (2000);
Leitner, supra)., sequences for targeting of the endocytic or ubiquitin-processing pathways

15 {Thomson, etal. 1 Virol 72: 2246-2252 (1998); Velders, et al. 1. [mmunol. 166: 3366-
3373 (2001)), and / or prime-boost regimens (Guronathan, supra; Sullivan, et al. Nature,
408 605-609 (2000}, Hanke, et al. Vaccine, 16: 439-4435 (1998); Amara, et al. Science,
202 69-74 (2001)). Other methods are known in the at, some of which are described
below.

20 In other embaodiments, it may be advantageous to combme or include withm the
compositions or recombinant vectors additional polypeptides, pepiides or polynucleotides
encoding one or more polypeptides or peptides that function as “co-stumulatory”
component{s). Such co-stimulatory components may include, for example, cell sarface
proteins, cvtokines or chemokines i & composition of the present mvention. The co-

25 stimulatory component may be inchided 1 the composition as a polypeptide or peptide,
or as a polynucleotide encoding the polvpeptide or peptide, for example. Suitable co-
stmulatory molecules include, for instance, polypeptides that bind members of the CD28
fanuly (1.e., CD28, ICOS; Hutlofl, et al. Nature 1999, 397: 263-265; Peach, et al. .J £ap
Med 1994, 180: 2049-2058) such as the CD28 binding polypeptides BR7.1 (CDSO;

30 Schwartz, 1992; Chen et al, 1992; Ellis, et al. J. Immamol | 156(8): 2700-9) and B7.2

(CDS0; Ellis, et al. J Immunol., 156(8): 2700-9); polypeptides which bind members of
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the integrm family (1o, LFA-1 (CD1a / CDI&). Sedwick, et al. J Imnmnmol 1999, 162:
13671375, Wiilfing, et al. Science 1998, 282: 2266-2269; Lub, et al. Imonmof Today
1995, 16: 479-483) inclading members of the ICAM famidy {ie., ICAM-1, -2 or -3);

polypeptides which bind CD2 family members {Le., CD2, signalling lvmphocyie

A

aciivation wolecule {CDw150 or “SLAM™: Aversa, et al.

J Immunol 1997, 158 4036-4044) such as CD3R (LFA-3; CD2 ligand; Davis, et al.

Imnumol Today 1996, 17: 177-187) or SLAM higands (Savos, et al. Nanwge 1998, 385:

462--469); polypeptides which bind heat stable antigen (HSA or CD24; Zhou, et al. [2eJ

Inpmunol 1997, 27; 2524-2528); polypeptides which bind to members of the TNF

10 receptor (TNFR) family (1e.. 4-1BB (CD137; Vinay, et al. Semin fmmunol 1998, 10

481-489)), OX40 (CD134; Weinberg, et al. Semin Immunol 1998, 10: 471-480; Higgins,

et al. . Dmsrunol 1999, 162 486-493), and CD27 (Lens, et ab. Semin Hnmunol 1998, 10

491-499}) such as 4-1BBL (4-1BB ligand, Vinay, et al. Senrin Immnol 1998, 10: 481~

48: DeBenedeue, et al. ./ lonnunol 1997, 15&: §51--53593, TNFR assocrated factor-1

15 (TRAF-1; 4-1BB ligand; Saoulli, et al. J Fxp Med 1998, 187 18491862, Arch, et al.

Mal Cell Biol 1998, 18: S38-565), TRAF-2 (4-1BB and OX40 ligand; Saoulli, et al. J

Exp Med 1998, 187 1849-1862; Oshima, et al. It wmunol 1998, 100 317-326,

Kawamata, et al. J Biol Chem 1998, 273 3808-5814). TRAF-3 (4-IBB and OX40
figand: Arch, et al. Mo/ Cell Biol 1998, 18: 358-563; Jang, et al. Biockhem Biophys Res

20 Comnnm 1998, 2420 613620, Kawamata S, et al. ./ Biol Chem 1998, 2737 3808--5814),
QX4GL (OX40 ligand, Gramaglia, et al. J ool 1998, 161 6510-6517), TRAFR-S

(OX40 ligand; Arch, et al. Mol Cell Biol 1998, 18: 558-565; Kawamata, et al. J Bio/

Chem 1998, 273 SBO8-5814), and CD70 {TD27 higand; Couderc, et al. Cancer Gene
Ther, S(3)3 103-75). CDIS4 (CD40 higand or “CD4OL™; Gurunathan, et al.  J

25 Imemmol, 1998, 161 4563-45371; Sine, et gl Hhan. 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
“adjuvanis”, either as polypeptides or being encoded by nucleic acids contamed within

the compositions of the present invention (Panmiant, et al. Immunol Lett 2000 Sep 15;

30 T4(1) 41-4; Berzofsky, ef al. Natwe Immunol. 1: 209-219). Switable cytokines mclude,

for example, interlenkin-2 (1L-2) (Rosenberg, et al. Natwre Med. 4: 321-327 (1998)), 1L-
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4, 1.7, W12 (reviewed by Pardoll, 1992; Hames, et al. J. Gene Med. 2000 Jul-
Aug;2(4):243-9; Rao, et al. .4 Ipnunol 156: 3357-3363 (199a)), HL-15 (Xin, et al.
Faceine, 17:858-866, 1999), 1L~-16 (Crutkshank, et al. J. Leuk Biol. 67(6); 757-66,
2000), IL-1& (J Cancer Res. CTin. Oncol, 2000, 127(12): 718-726), GM-CSF (CSF
{Disis, et al.  Blood, 88: 202-210 (1996}, tumor npecrosis factor-alpha (INF-a), or
mterferon-gamma (INF-y).  Other eytokines may also be suitable for practicing the
present invention.

Chemokines may also be utilized. For example, fusion proteins comprising
CXCLIO0 {({P-10) and CCL7 (MCP-3) fused to a tumor self-antigen have been shown to
7. 253-258). The
chemokines CCL3 (MIP-la) and CCLS (RANTES) (Bover, et al.  Faccine, 1999, 17

induce anti-tumot mmunity (Biragyn, et al. Naiwre Biotech. 1999, 1

{Supp. 2); S33-564) may also be of use in practicing the presemt mvention.  Other
suitable chemokines are known in the art.

It 15 also known in the art that suppressive or negative regolatory immnme
mechanisms may be blocked, resulting in enhanced unmune responses.  For instance,
treatment with anti-CTLA-4 (Shrikant, et al. Famanity, 1996, 14 1454155, Satnuller, et
al. J lap. Med. | 2001, 194: 8§23-832), ant-CD25 (Sutmuller, supra). anti-CD4 (Matsui,
et al. . Imimunol., 1999, 163: 184-193), the fusion protein IL13Ra2-Fo (Terabe, et al.
Noture Immunol., 2000, 1. 313-520), and combmations thereof (i.e, anti-CTLA-4 and
anti-CD2S, Sutmuller, swpra) bave been shown to upregulate anti-tumor mmmune
respouses and would be suitable in practicing the present invention.

An immunogen may also be admimstered 10 combination with one or more
adjuvants to boost the immune response,  Adjuvants may alse be included to stimulate or
enhance the tmupune response against the mmummogen.  Non-limiting examples of
suitable adjuvants mclude those of the gel-type (1.¢, alummum hydroxide/phosphate
{"alum adjuvants"), calcium phosphate), of microbial origin (angramyl dipeptide (MDPY),
bactertal exotoxins {cholera toxin (C1), nauve cholera toxin subunit B (C1B), E. coli
fabile toxin (LT), pertussis toxin (PT), CpG ohigonucleotides, BCG sequences, tetanus
toxoid, monophosphoryl lipid A {MPL) of, for example, £. coli, Sulnonellan minnesvia,
Salmonella typhimurivm, or Shigella exserd), patticulate adjuvants (biodegradable,

polymer nucrospheres), Immunostimulatory complexes (ISCOMs)), oit-emulsion and
3 { \ . )
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surfactant-based adjuvants (Freund's incomplete  adjuvant (FIA), microfluidized
emulsions {MF39, SAF), saponins (QS-21)), synthetic (nvaramyl peptide derivatives
{murabutide, threony-MDP), nontonic block copolymers (1.121), polvphosphazene
(PCCP), synthetic polynucleotides (poly A:U, poly (), thalidomide derivatives (CC-
5 M07ACTIMIDY, RH3-higand, or polylactide glycolide (PLGA) microspheres. among
others. Fragments, homologs, denivatives, and fusions to any of these toxins are alse
suitable, provided that they retain adjuvant activity. Suitable mutants or varants of
adjuvants are descnibed, eg., m WO 9817211 {Arg-7- Lys C1 mutant), WO 96/6627
(Arg-192-Gly LT mutant), and WO 95734323 (Arg-0-Lys and Glu-129-Gly PT muuant),
10 Addigonal LT nutants that can be used in the methods and compositions of the mvention
include, e g., Ser-63-Lys, Ala-69-Gly, Glu-110-Asp, and Glu-112-Asp mutants,  Other
suttable adjuvants are also well-known m the art.
As an example, metathc salt adjuvans such alum gdjuvants are well-known m the

art as providing a safe excipient with adjuvaat activity. The mechamism of action of these

ooy
A

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 alwminium, other metallic salts have been used 0 adsorh antigens,

including salts of zine, calcium, cerium, chromium, iron, and berilium. The hydroxide

20 and phosphate salts of aluminium are the most common. Fermulations or compositions

containing aluninim salts, antigen, and an addittonal immanostimaolant are known m the

art. An example of an immunostimulant 1s 3-de-O-acylated monophosphoryl lipid A (3D-
MPL).

Any of these components ny be used alone of i combination with other agents.

25 For instance, it has been shown that a combmation of CD8Q, ICAM-1 and LFA-3

CTRICOM™) may potentiate anti-cancer imwmune xesponses (Hodge, et al. Cancer Res.

59 S800-5807 (1999). Other ctfective combinations include, for example, IL-12 + GM-

CSE (Abers, et al. A lopnuanod., 158 3947-3938 (1097); Iwasaki, etal. J lmmnnol 158:

4591-4601 {1997)), 1L-12 + GM-CSF + TNF-a {Ablers, et al. A Inmuned. 13 897-

30 908 (2001)), CDSO + IL-12 (Fruend, et al. [ar. L Cancer, 85: 508-517 (2000), Rao, et al.

supra), and CD86 + GM-CSF + [1~12 {Iwasaki, supra). One of skill in the art wounld be
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aware of additional combinations useful in carrving out the present inveuntion.in addition,
the skilled antisan would be aware of additicnal 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.

5 Other agents that may be uiilized n conjunction with the composiions and
methods provided heretn include anti-HIV apents including, for example, protease
inhibitor, an HIV entry inhibitor, a reverse transcriptase inhibitor, and / or or an anti-
retroviral nucleoside analog.  Swiable compounds wnelude, for example, Agenerase
{amprenavir), Combivir (Retrovir / Epivir), Crixivan {indinavir), Emuiva (emuricitabine),

10 Epivir (3tc / lamivudine}, Epzicom, Fortovase / lnvirase (saquinavir), Fuzeon
(enfuvirtide), Hivid (dde / zalcitabing), Kaletra (lopmavir), Lexiva (Fosamprenavir),
Norvir (ritonavir), Reseriptor (delavirdine), Retrovir 7 AZT {zidovudine), Revatax
{(atazanavir, BMS-232632), Sustiva {(efavirenz), Trizivir (abacavir [ zidovudine ¢

famivedine), Truvada (Emtricitabine / Tencfovir DF), Videx (ddl / didanosine), Videx

ooy
A

EC (ddl, didanosine), Viracept (nevirapine), Viread {tenofovir disoproxil fumarate), Zerit

{447 / 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 nse of the methods described herein.

Administration of a composition of the present wvention © a host may be

20 accomplished using any of a vartety of techniques known to those of skill m the art. The

composition{s) may be processed in accordance with conventional methods of pharmacy

to produce medicinal agents for administiation to patients, including humans and other

mammals (1e.. a “pharmaceutical composition™).  The pharmaceutical composition s

preferably made in the form of a dosage unil containing & given amount of DNA, viral

25 wector particles, polypeptide, peptide. or other drog candidate, for example. A suitable

daily dose for a buman or other mammal may vary widelv depending on the coadition of

the patient and other factors, but, once again, can be determined using routine methods.

The compositions are adwmnistered to 8 patient 1o a form and amount sufficient to elicit a

therapeutic effect.  Amounts effective for this use will depend on various factors,

30 inchading for example, the particular composition of the vacane regimen admmistered,

the manner of adnunistration, the stage and severity of the disease, the general state of
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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 imvention is based on a vanety of factors, mclading the type of disease, the age,
weight, sex, medical condition of the patieut, the severitv of the condition, the route of
administration, and the particular compound emploved. 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 a dosage
amount of about 10* to about 10” pfu per moculation; often about 10° pfu to about 10° pfu,
or as shown in the Examples, 10 to 107 pfu. Higher dosages such as about 10° piu to
about 10" pfu, e.g., about 107 pfu 1o about 107 pfu. or about 10% pfu to about 10° pfu, or
aboat 107 pfs can also be emploved.  Another measare commonly used is cell cultare
infective dose {CCIDs); suitable CCIDsp tanges for adminmistration nclude abont 10",
about 10°. gbout 10°, about 10°, about 1 O‘i about 10°, about 107, about | O*, about 10",
about 10" CCIDxe. Ordinarily, suitable dosage amounts of plasmid or naked DNA are
abont 1 ug to about 100 myg, about 1 mg, about 2 mg, but lower levels suach as 0.1 to T mg
or 1-10 ug mav be emploved. For polypeptide compositions (e.g, AIDSVAX
compositions), a suitable amount may be 1-1000 pg. Without limiting the possible sub-
ranges within that dosage range, particular embodiments may employ 5, 10, 20, 50, 100,
150, 200, 250 300, 350, 400, 450, 500, S50, 600, 650, 700, 750, $00, 850, 900, 950, and
1000 pg. A tvpical exemplary dosage of poivpeptide may be, for example, about 30-250
ue, about 250-300 ug, $00-730 pg, or about 1000 ug of polypeptide. Low dose
administration mway tvpically unilize a dose of about 100 pg or less.  High dose
administration may typically utilize a dose of 300 pg or more. In referming to the amount
of polypeptide m a dose, it is to be understocd thar the amount may refer o the amouat of
a single polypeptide or, where multiple polypeptides are administerad, to the total amount
of all polypeptides (e.g., 300 ug each of two polypeptides for a total administration of

600 pg).

The AIDSVAX™ compositions described herein are typically but not
necessarily administered in a total dosage of 200 ug or 606 pg (e.g., recombinant MN
and GNEB gpl20, or recombinant MN and A244 gpi20). “Dosage” may refer o that

administered in & single or multiple doses, mncluding the total of all doses admuinistered.
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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 admmstered orally, parentally, by
inhalation spray, rectally, inwancdally, or topically in dosage unit formulations
5 containing conventional pharmaceutically acceptable carriers, adjavants, and vehicles.
The term “pharmaceutically acceptable carriar” or “physiologically acceptable carrier™ as
used herein refers t one or moere formulation materials suitable for accomplishing or
enhancing the delivery of a nucleic acid, polvpeptide, or pepude as a pharmaceutical
composition, A “pharmaceutical composition” 18 a composition comprising a
10 therapeutically effective amount of a nucleic acid or polypeptide. The terms “effective
amount” and “therapeatically effective amount™ each refer to the amount of a nucleic
acid or polypepude used (o observe the desired therapeutic effect {e.g., induce or enbance
and immune response).

injectable preparations, sach as sterile injectable agqueous or  oleaginous

ooy
A

suspensions, may be formulated according to knows methods vsing 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 emploved are water. Rmger’s solution, and
isotonic sodiwm chioride solution, among others. For instance, a vital vector such as a
20 poxvirus may be prepared tn 0.4% NaCl or ¢ Tris-HCI buffer, with or without a suitable
stabibizer sach as lactoglutamate, and with or without freeze drying medinn. T addition,
stertfe, fixed oils are conventionally emploved as a solvent or suspending mediam. For
this purpose, any bland fixed ml may be ewmployed, weluding synthetic mono- or
diglycenides. In addition, fatty acids such as oleic acid find use in the preparation of
25 injectables.

Pharmaceutical compositions may take any of several forms and may be
administered by any of several routes.  The. compositions are administered via a
parenteral route (e.g., wiradermal, intramuscular, subcuataneouns, skin scarification} to
indnce an imumune response in the host. Ahlematively, the composition mav be

30 adnumistered directly nto a tissue or organ such as a lymph node {e.g., mtranodal) or

tumor mass (e.g., intratimoral). Preferred embodiments of admmistratable compositions
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include, for example, nucleic acids, vival particles, or polypeptides in liquid preparations

such as suspensions, syrups, or elixirs. Preferred injectable preparations include, for

example, nuclete acids or polypepiides suitable for parental, subcutaneous, mtradermal,

intramuscular or intravenous administation such as sterile suspensions or emulsions. Fox

5 example, a naked DNA molecule and 7 or recombmant poxvirus may separately or

together be in admixwure with a suitable carrier, diluent, or excipient such as sterile water,

physiological saline, glucose or the like. The composition may also be provided in

lvophilized form for reconstituting, for instance, n isotonic aqueous, saline buffer. In

addition, the compositions can be co-adnunistered or sequentially administered with one

10 apother, other antiviral compounds, other anti-cancer compounds aad/or compounds that
reduce or alleviate il effects of such agents.

As previously mentioned, while the compositions described berein may be

administered as the sole active agent, they can also be used in combination with one or

move other compositions or agents (Le., other immumogens, co-stinmlatory molecules,

ooy
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adjuvants). When administered as a combination, the individual components can be
formutated as separate compositions administered at the same time or different times, or
the components can be combined as a single composition. In one embodiment, a method
of administermg to a host a first form of an immunogen and subsequently admumstering a
second form of the immunogen, wherein the first and second forms are different, and
20 wherein admimstration of the first form prior to admmistration of the second form
enhances the immuene regponse reseliing from admimistration of the second form relative
to administration of the second form alone, is provided. Also provided are compositions
for admumstration fo 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
25 second part comprises a second form of the mmmnogen, wherein the first and second
parts are administerad together or separately from one another such that administration of
the first form cnhances the mmnwne response against the second form relative to
admistration of the second form alone, is provided. The mmmunogens, which may be
the same or different, are preferably derived from the infectious agent or other source of
30 mmmunogens. The muliiple immunogens may be administered together or separately, as a

single or maltiple compositions, or in single or multple recombinant vectors.  For
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nstance, a viral vector encoding an imwnunogen may be mitially administered and
followed by one or more subsequent admumistrations with a second form of the
imnumogen (e.g., a polypeptide). The different forms may differ wn either or both of the
form of delivery {e.g., viral vector, polypeptide) or in the immunopens represented by
each form. [t 18 preferred that the forms, however, induce or enhance the mmune
reponse against a particular target (e.g., HIV-1). For instance, as shown herein, a viral
vector encoding a viral antigen {e.g, HIV ¢p120) may be administered to a haman being.
This may then be followed by admuistration of the viral vector along with a polypeptide
representing the same or a similar viral antgen (e.g, HIV gpi20).  For prime-boost
applications  (e.g., ALVAC-HIV and AIDSVAX™), ALVAC-HIV s typically
administered in 2 107 CCIDs, dosage (the “priming” dose), and then subsequently re-
admimstered at the same or different dosage along with a sutiable dosage (e.g., 600 ug
total, the “boosting” dose) of polypeptide (e.z.. AIDSVAX™ B/B or B/E). ALVAC-HIV
1s a preparation of live attenuated, recombinant canarypox virus (ALYAC(1)) expressing
gene products from the HIV-T env (clade E m vUP1521 and clade B i vCP203), gag
{clade B), and protease {clade B} coding sequences (Fig. 2). Exemplary, non-lumiting
prime-boosi combinations may include ALVAC-HIV (vCP203) and AIDSVAX ™ B/B or
ALVAC-HIV (vCP1521) and AIDSVAX™ B/ as the HIV clades from which the
#pl20 mmunogen s dertved n those combmations are the same.  Typically, both the
priming and boosting doses are administered via the same rowte {e.g. intramuscular,
intradermal) but the routes of admumstration mav also b different.  Typically, the
priming and boosting doses are admimstered to different parts of the body, but the doses
may also be administered to the same part of the body. “Along with” may mean that the
two forms are administered as separate compositions, as part of a single composition, at
separate sites of the body, or at the same siie of the body, depending on the pasticular
protocol. Vartations of such exemplary dosing regimens may be made by those of skill in
the art.

A kit comprising a composition of the present invention is also provided. The kit
can nclude a separate contamer containing & sutable carrier, diluent or exciprent. The lat
may also include additional components for simultaneous or sequential-administration.

In one embodiment, such a kit may include a first form of an immunogen and a second
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form of the immunogen.  Additionally, the kit can melude instructions for mixing or
combining ingredients and/or adninistration. A kat may provide reagents for performing
screening assavs, sach as one or more PCR primers, hybndization probes, and / or
biochips, for example.

5 A better understanding of the present invention and of its many advantages will

be had from the following examples, given by way of ilustration.

EXAMPLES

Example 1

10 Invannological Compositions
A First composition: viral vector
ALVAC-HIV is a preparation of live attenuated, recombinant canarypox virus
{(ALVAC(1)) expressing gene products from the HIV-1 env (tlade E in vCPIS21 and
clade B in vCP205), ransmembrane anchoring portion of gp41 {clade B:LAI), gog (clade
15 B:LAD, and protease (clade B:LAD coding sequences and cultured i chick embryo
fibroblast cells. These vectors were generated by co-insertion of genes encoding HIV-1
gene products mio the ALVAC{1) genome at the (6 insertion site using standard
technigues (Fig, 2A). The HIV-1 sequences comained within ALVAC-HIV (vCP1521)
are shown in Fig. 2B and SEQ (D NOS.:S and 6. These sequences include: 1} the region
20 of the emv gene encoding the extracellular envelope gpi20 moiety of THO23 strain of
HIV-1 linked to the sequences encoding the HIV-1 transmembrane anchor sequence of
gpdl (28 amino acids), under the control of the vaccima virus Ho prometer; and, 2) the
gog wene encoding the entire Gag protein, and a poriion of the pof sequences of LAI
strain of HIV-1 sufficient 1o encode the protease function, under the control of the same
25 vaccama virus promoter 131
ALVAC-HIV was produced by inocelation of the ALVAC-HIV working seed lot
in primary chick embryo fibroblasts and caltivation in roller bottles.  After viral
amplification, the infected cells were harvested and disvapted by somication and cell
debris removed by centrifugation.  An equal volume of stabilizer {(lactoglutamate) was
30 blended with the supernatant and the suspension filiered through a 4.5 pm membrane.

The clarified suspension was filled futo vials and stored at <-35°C. At this step, the
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biotouical substance is the clarified harvest. End stage manefacturing of the vaccine
entails blending of the clarified harvest with the freeze drying medium under sterile

conditions. This blend (final bulk product) was prepared and then filled and freeze dried.
Immunoprecipitation analyses were performed using radiolabelled lvsates derived
5 from uninfected CEF cells or cells infected with either ALVAC(Y) parental vires ov
ALVAC-HIV. Immunopracipitation was performed using human serum derived from
HIV-seropositive individuals (anti-HIV). Results with anti-HIV demonstrated expression
of gpl20, the 55 kDa precursor Gag polypeptide, and ntermediate and completely
processed formg of Gag including the major capsid protein, p24 in ALVAC-HIV infected

10 CEF cells but not from cells infected with ALVAC parental virus.

Regarding ALVAC-HIV (vCP1521), FACS (Fluerescent Activated Cell Sorter)
scan analyses with human anti-HIV antibody demonstrated expression of gpl20 on the
surface of infected Hela, but not the parenial virus. PCR amphfication of the mserted

seguences and those of ALVAC was performed.  DNA analysis was performed by

ooy
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agarase gel electrophoresis followad by ethidiam bromide staining to confirm the identity

of the amplified fragments according to their molecular size. Restriction analysis was

performed on viral DNA derived from ALVAC-HIV (vCP1S21) infected cells to confirm
proper msertion of the gp120TM and gag expressing cassettes. The nucleotide sequence

of inserted genes was confirmed by sequencing on the Working Seed Lot {passage 6).

20 ALVAC-HIV (vOP1521) genetic stability was confirmed by immunoplaque assay
after several passages on CEF. Iumwoplaque analysis consisted of detecting Env and
Gag expression in viral plaques by monoclonal antibodies. Analysis was performed after
7 passages {1.e. at the production lot level) and after 10 passages (1.e. 3 passages beyond
the production lot level).

25 ALVACG-HIV (vCP1321) was formulated as a lyophilized vaccine for injection
and reconstituted with 1.0 ml. of sterile sodium chloride solution (NaCl 0.4%) for a
single dose. The composition of the vaceine after reconstitution with 1.0 mL NaCl 0.4%
included ALVAC-HIV (vCP1521); 210™ CCIDsy and excipients (TRIS-HCI buffer 10
mM, pH 9. 0.25 mL; stabilizer (factoghutamate), 0.25 mL; freeze-drving medium, 0.50

30 ml; and NaCl, 4 wmg). The appearance of the lyophilisate was homogeneous, white to

beige; residual moisture was < 3%; reconstitution time was < 3 minutes; the appearance
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after reconstitution was a limpid to slightly opalescent solution, colorless with possible
presence of particles or filaments; pH between 7.0 and 8.0; osmolahty between 350 1o
700 mOsmolky, BSA content of <50 nwdose ; bacterial endotoxins content of <10
¥ dose.  The ALVAC-HIV (v(PIS21) was stored at 2-8 °C without freezing and
administered within 2 hours of recoustitution.  Prior o reconstitution, the vial was
allowed to come to rcom temperature. Fach vial was reconstituted with the diluent
supphied, 1.0 mL 0.4% NaCl for admumstration by slew wnjection mio the vial containing
the lvophilized ALVAC-HIV (eg., using 8 25 gauge, 5/8- inch needle). The vial was
allowed to sit for approximaiely three munutes, and then gently swirled. The vial was

then inverted and the contents withdrawsn into a syringe.

B. Second composition: polypeptide

Recombinant gp120 is an envelope glvcoprotein with an apparent molecular mass
of about 120,000 daltons. Approximately 50% of the molectdar mass 15 accounted {or by
extensive glycosviation of the protein.  AIDSVAX™ vaccines are highly purified
mixtures of gpl20 proteins from HIV-T produced by recombinant DNA procedures using
Chinese hamsters ovary (CHO) cell expression.  Molecular epidemiclogic analyses of
virns cireulating m the US has decumented polymorphisms cccwr at the major
neutralizing epitopes of gpl20. Analysis of breakthrough infections m Phase ! and Phase
I tials of MN rgpl120/HIV-1 revealed that most contained amino acid snbstitutions that
differed from MN rgpl20/HIV-1 at epitopes important for wirus neutralization
(specifically at the V2, V3 and C4 domains). After examining a vanety of US straing,
GNE was selected because ammo acid sequences at sites know to be target of
neutralizing antibodies differed from MN and possessed common polvmorphisms that
complemented MN at major neuiralizing epitopes. Thus, an exemplary polypeptide
composition is AIDSVAX'™ B/B (VaxGen), which contains a bivalent polypeptide
vaceine contamning theHIV-1 type B epiiopes MN recombinant glvcoprotem (rgp)l20
{amino acids 12-485 of MN gpi20) and GNEE mpgl20 {amino acids 12-477 of GNEY
¢p120) at a one-to-one ratio. Another exemplary polvpeptide composition for use where
subtypes B and E are prevelant (e.g., Thaiand) is AIDSVAX™ B/E, which contains the

subtype B antigen MN rgpi20 (as described above} and the subtype E antigen A244
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(CM244) recombinant glycoprotemn 120 (amino acids 12-484 of A244 gp120) at a one-to-

one ratio.  The subtype E amtigen is derived from the A244 (CM244) strain of HIV-1,

which i3 tsolated from Chiang Mai in Northesn Thailand and represents about 75% of the

incident infections in inwavenous drug users (IVDUs) in Bangkok. A244 rgp120/HIV-]

5 s denved from a primary, macrophage or NSI viral tvpe and, ke GNES rgp20/HIV-1,
requires the chemokine receptor CCRS to bind with CD4 cells.

In both AIDSVAX'™ B/8 and AIDSVAX™ B/E, gp120 of the MN, GNES, or

A244 strans are each expressed as an amino-ternunal fusion protem with a 27 anuno

acids of the herpes simplex viras type I gD protein. The gD sequence facilitates gpl20

10 expression and provides an epitope that can be used i a generic immuncaffinity

purtfication process. The amino geid residues equivalent to the mature, native gpl20 for

each particular HIV-1 isolate utilized are: 12 10 483 for the MN isolate, 12 10 477 for the

GNES isolate, and 12 to 484 for the A244 solate.

The recombimant gpl20 polypeptides are produced in genetically modified CHO

ooy
A

cell Hine.  The CHO cells secrete the rgpl207HIV-1 molecule into the culture medium,
and the protein is purified by a generic purification process for ppl20 that includes
imnumoaffinity chromatography.  AIDSVAX™ bivalent vaccines are supplied as a
stertle suspension in single-use glass vials.  Each vial has a nominal content of I mL
(300 wml) of each rgpl20¢/HIV-1 protein adsorbed onto a total of 0.6 mg aluminum

20 hydroxide get adjuvant.

Example 2

Clinical Triaf Design and Results

A prime-boost inununization protocol, asing as the “prime” composition

25 ALVAC-HIV (vCP1521) and the “boost” composition AIDSVAXY B/E was tested in a
formal phase 11 clinical trial.  The trial described herein was a community-based,
randonuzed (vaccine: placebo = 1:1), multicenter, double bhnd, placebo-controlled
clintcal trial conducted i Thatland, The primary objective of the study was o detenmine

if vaccination with ALVAC-HIV (vCP1321) and AIDSVAXY B/E could prevent HIV

30 nfection i healthy That adults. Thus, infection rates, as well as plasma viral load and

CD4" T cell counts in volunteers developing HIV infection during the trial, were

30
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assessed. The statistical assumptions of the study required that 16,000 persony envoll inio

the study. Intramuscular vaccinations (e.g., deltoid muscle) for each individual ocenrred

during a 24-week period (0, 4, 12, 24 weeks). Followmg vaccmation, the volunteers
were tested for the presence of HIV in their plasma everv 6 months for 3 vears,

The “first composition” (ALVAC-HIV}), as described in Example 1A above was
inttiatly administered to patients as the priming dose at months 0, {, 3 and 6 (weeks 0, 4,
12 and 24). The “second compaosition” (AIDSVAX™ B/E) was later administered at
months 3 and 6 {weeks 12 and 24 as for ALVAC-HIV} as the boosting dose. ALVAC-
HIV doses included approximately 107 CCIDs,.  AIDSVAXY BE doses included
approximately 600 pg of polypeptide (300 pg of each of B and E). There was a 3 vear
follow-up with vaccine volunteers (Rerks-Ngram, 2009, NEJM 361:2209). The trial
design 1s summarized in Table 2, as shown below:

Table 2
RV 144 Trial Design

PCT/US2010/049206

Weeks

Group | Number ¢ 4 12 24

8,000 Placebo Placebo AIDSVAX AIDSVAX
Placebo Placebo

ALVAC ALVAC ALYAC Placebo + | ALVAC Placebo +

1 H

ALVAC-HIV  +} ALVAC-HIV
8,000 ALVAC-HIV | ALVAC-HIV | AIDSVAX® B/E | AIDSVAX® B/E

+

As shown in Fig. 3, the two-part composition was used in a prime-boost format to
successfully vacenate human beings with an efficacy of 31.2% (e.g., about one-third of
the population). The population to whom a placebe was administered exhibited 74 HIV
infections over the testing period, while those administered the ALVAC-HIV /
AIDSVAX™ B/E two-part composition (“vaccine™) exhibited $1 HIV infections over the
testing period. The difference in the number of HIV infections between the two groups
was statistically significant (p=0.039).  In patients that were infected by HIV after
vaccination, neither the setpoint viral load nor mean CD4+ T cell counts were
significantly different from placcbo at 30 months post-vaccination. This 15 the first

vaccine shown to reduce the risk of HIV infection m human beings compared to a

31
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placebo. The observed vaccine efficacy was 31.2% (p = 0.0383, (O'Brien-Fleming
adjusted 93% C1 1.1, 52.1) using the Cox Proportional Hazard method. Thus, this is the
first demonstration of a safe, efficacious vaccine that 15 capable of protecting human

beings from infection by HIV.

It 1s to be understood that any veference to a particular range includes all mdividual values
and sub-ranges within that range as if each were individually listed hercin. All references cited
within this application are incorporated by reference m thewr entirety, While the present invention
has been described <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>