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COMPOSITIONS AND METHODS FOR SELF-ADJUVANTING
VACCINES AGAINST MICROBES AND TUMORS

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

10081]  The present invention relates generally to compositions and methods for iraproved
immune response to prevent or treat infections or hyperproliferative diseases such as cancer,
and more specifically to corapositions and methods for self~adjuvanting vaccines against

microbes and tumors.
BACKGROUND INFORMATION

[0602]  Immune responses are highly desirable when they protect the body from infection
by a microorganisin or control the growth of tumors and other hyperproliferative disorders.
To generate an immune response, three components are needed: (1) an antigen; (2} an
adjuvant; and (3) a delivery method. The most common means for generating an immune
respouse s by adminmstering a vaccine, In the case of the tetanus vaccine, the antigen is heat-
inactivated tetanus toxoid protein, the adjuvant is alum (i.c., hydrated aluminum potassium
sulfate), and the delivery method 1s the needle and syringe used for the subcutaneous or

intramuscular injection.

{0831  For other kinds of vaccines, notably viral vaccings such as measles, mamps,
rubella, polio, and varicella vaccines, a live, replicating virus 1s used. The live virus is
typically attenuated or weakened as part of its selection and production, but the live virus
vaccine contains both the viral antigens (proteins, carbohydrates, or lipids from the virus)
along with the raeans of delivery. lu this case, the delivery coraponent is inttinsic to the
ability of the virus to enter cells, partially or completely replicate, and thereby lecad to the
generation of its antigeus 1o the host. The live virus vaceine can also carry s own adjuvant
and thereby eolicit a strong immune response. A good example of this is the Yellow Fever
vaccine 17D n which the live virus vaccine 18 capable of interacting with Toll-Like Receptors
{TLRs} on dendritic cells and other antigen-presenting cells, thereby activating these cells to

initiate and amplify an fromune response.
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[0804]  On the other hand, some vaccines fail to provide sufficient adjuvant activity. A
good example is the hive replicating viral vaccine for Respiratory Syneytial Virus (RSV).
About half of all children are infected by RSV during their first year of life. However, a
formalin-fixed RSV virus vaccine failed to protect children. This was subsequently traced to
an inability of the vacciue to provide the appropriate adjuvant activity, specifically the
activation of TLRs on antigen-presenting cells. Conversely, if TLR agonists were added to
the ineffective RSV vaceine, it became sufficient to clicit strong protective immune

FCSPONSCS.

[0605]  As the cxample of the RSV vaccine demonstrates, there i3 a need in the field to
provide an adjuvant when the vaccine alone is wsufficiont for stimulating antigen-presenting
cells. Sometimes this can be provided by miang an adjuvant with the vaccine, such as
nuxing the MF59 adjuvant with the vaceine for influenza. However, this approach is not

suitable {or all situations.

10006]  In many cases, there 1s a need for a method to provide the antigen and the adjuvaunt
co-extensive in space and time. To do this, it is preferable to incorporate the adjuvant into the
vaccine formulation. For example, the Yellow Fever 17D vaccine mcorporates the viral
antigens, the TLR agonist adjuvants, and the delivery method (cell entry mediated by viral
proteins) into a single entity. As such, the antigen and adjuvant are provided co-cxtensive in

space and time.

SUMMARY OF THE INVENTION

10667]  The present invention provides compositions and methods to enhance an immune
esponse in order to prevent or treat infections or hyperproliferative diseases such as cancer.
More particularly, the coraposition 18 an immunostinulatory intracellular signaling peptide
fused directly or indirectly to a peptide that leads to multimerization into complexes of three
or more uniis, where the mtracellular signaling peptide must be present in a complex of three

or more units in order to stimulate an immune response.

10668]  In one embodiment, the present invention provides an isolated protein icluding a
multimerizing domain operatively joined to a cytoplasmic signaling domain of a receptor such
that the protewn assembles juto a complex of three ot more protein rooieties. In one aspect, the

protein moieties activate a desired biclogical effect in cells.
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108091  In one aspect, the multimerizing domain includes an N-terminus fragment or
portion of latent membrane protein 1 (LMP1). In another aspect, the cytoplasmic signaling
domain includes a cytoplasmic fragmeut or portion of a member of Tumor necrosis factor
eceptor superfanuly (TNFRSF). In another aspect, the cytoplasmic signaling domain
inchades a eyioplasmic fragment or portion selected from CDA40, CD27, Fas, lyraphotoxin beta
receptor {LTBR}, nerve growth factor receptor (NGFR), Tumor necrosis factor receptor
superfamily member 1A (TNFRSF1LA), Tumor necrosis factor receptor superfamily member
1B (FNFRSFIB), Tumor necrosis factor receptor superfamily member 4 (TNFRSF4), Tumor
necrosis factor receptor superfamily member 8§ (TINFRSFR), Tumor necrosis factor receptor
superfamily member ¢ (TNFREFS), Tumor necrosis factor receptor superfamily member 10A
(TNFRSF10A), Tumor necrosis factor receptor superfamily member 10B (TNFRSF10B),
Tumor necrosis factor receptor superfamily member 10D (TNFREF10D), Tumor necrosis
factor receptor superfamily member 11A (INFRSF1IA), Tumor necrosis factor receptor
superfamily member 12A (TNFRSF12A), Tumor necrosis factor receptor superfamily
member 13B {TNFRSF13B), Tumor necrosis factor receptor superfamily member 13C
(TNFRSF13C), Tumor necrosis tactor receptor superfamily member 14 (TNFRSF 14}, Tumeor
necrosis factor receptor superfamily member 17 (TNFRSF17}, Tumor necrosis factor receptor
superfamily member 18 (TNFRSF18), Tumor necrosis factor receptor superfamily member 19
{(TNFRSF 19}, Tumor uecrosis factor receptor superfanuly member 21 (TNFRSF21), or

Tumor necrosis factor receptor superfamily member 25 (TNFRSF25).

[0016]  In one aspect, the cell signaling domain includes the cytoplasmic domain of a
Latency Membrane Protein 1 (LMP1) of Epstein-Barr vivus (EBV) or CD40. To another
aspect, the multimerizing domain includes at east four transmembrane regions. In another
aspect, the multirnenizing domain includes about four to six fransmernbrane regions, In
another aspect, the protein inchudes a Latency Membrane Protein 1 {(LMP1) or LMP1-CD40

fusion protein.

10811  In another embodiment, the present imvention provides an isolated virus, microbe,
or host cell. The 1solated virus, microbe, or host cell includes a first expression cassette for
expressing the protein as described herein, and a second expression cassette for expressing an
anptigen. In one aspect, the 1solated virus, microbe, or host cell 1s with the proviso that the

virus, microbe, or host cell does not include or contain an Epstein-Barr virus (EBV).
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108121  In one aspect, the antigen expressed by the virus, microbe, or host cell gains cell
stimulatory activities from the cytoplasmic signaling domain. In another aspect, the protein
includes (a) a multimerizing domain including an N-terminus fragment or portion of latent
membrane protein 1 {(LMP1); and/or (b} a cytoplasmic signaling domain including a
cytoplasmic fragment or portion of a member of Tumor necrosis factor receptor superfamily

{(TNFRSF}.

108131  In one aspect, the protein inchudes a Latency Membrane Protein 1 (LMP1) or
LMP1-CD40 tusion protein, In another aspect, the isolated virus, microbe, or host ceil
includes a DNA virus or RNA virus. In one aspect, the isolated virus, microbe, or host cell
mchudes a microbe sclected from Human immunodeficiency virus-1 (HIV-1), Simian
immunodeficicucy viras (S1V), influenza virus, parainfiuenza virus, dengue virus, Hepatitis A
virus, Hepatitis B, virus, Hepatitis C virus, Cytomegalovirus (CMV}, adenovirus, adeno-
associated virus, Sumian virus 40 (SV40), Modified Vaccinia Ankara (MVA), Vesicular
stomatitis virus (VS8V}, arenaviruses, bunyaviruses, flaviviruses, West Nile virus, Japanese
Encephalitis virus, Venezuclan equine encephalitis virus, Eastern equine cncephalitis virus,
Western equine encephalitis virus, herpesviruses, measles virus, rhabdoviruses, Listeria,
Salmonella, or combinations thereof, In another aspect, the 1solated virus, microbe, or host
cell includes a replication-incompetent single-cycle virus. In another aspect, the antigen
inchudes a tumor antigen, viral antigen, or microbial antigen. In another embodiment, the
present invention provides a DNA virus or RNA virus that expresses the isolated proteim of

claim | in cels transduced by that virus,

[0014]  In another embodiment, the present invention provides a vaccine composition
including (a) an antigen including a tumor antigen, viral antigen, or microbial antigen; (b} an
adjuvant including the protein as described herein; and (¢} a delivery system including a

ICTOOTZanism,

[00158]  In one aspect, the protein includes {a) a muliimenzing domain meluding an N-
terminus fragment or portion of latent raembrane protein 1 {LMP1); and/or (b} a cytoplasmic
signaling domain including a cytoplasmic fragment or portion of a member of Tumor necrosis
factor receptor superfarnily (TNFRSF). To another aspect, the protein includes a Latency

Membrane Protein 1 (LMP1) or LMP1-CD40 fusion protein.
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[0816]  In one aspect, the delivery system includes a DNA virus, RNA virus, or prokaryotic
organism. In another aspect, the delivery systern includes a tumor-associated virus, In
another aspect, the delivery syster includes a viras selected Human immunodeficiency viras-
L {(HIV-1), Sinuan immunodeficiency viras (S1V), influenza virus, parainfluenza virus,
dengue viras, Hepatitis A viras, Hepatitis B, virus, Hepatitis C virus, Cytomegalovirus
(CMV)}, adenovirus, adeno-associated virus, Sinuian virus 40 (§V40), Modified Vaccinia
Ankara (MVA), Vesicular stomatitis virus (VSV), arenaviruses, bunyaviruses, flaviviruses,
West Nile virus, Japanese Encephalitis virus, Venezuelan equine encephalitis virus, Eastern
equine encephalitis virus, Western equine oncephalitis virus, herpesviruses, measles virus,

rhabdoviruses, Listeria, Salmonella, or combinations thereof.

108171 Inapother erabodiment, the present invention provides a method for stimulating an
HIMURE response or preventing/treating cancer or an infectious discase in a subject. The
method includes adrainistering to a cell an effective amount of a polynucleotide including a
first expression cassette for expressing the protein as described herein, and/or a second
expression cassette for expressing an antigen. If the malignant or infected cell already
expresses the targeted antigen(s), then the immune response against that antigen(s) may be

stimulated by administering ouly the protein as described herein,

10018]  In one aspect, at least two nucleic acid sequences are administered, where a first
nucleic acid sequence includes the first expression cassette for expressing the protein as
described herein, and a second nucleic acid sequence includes the second expression cassette
for expressing an antigen. These mucleic acid sequences may be delivered separately {e.g., in
scparate polynucleotide molecules or plasmids) or operatively linked {e.g., in a single
polynucleotide molecule or plasmud). In another aspect, the nucleic acid mncludes a DNA
vaccine. In another aspect, the nucleic acid tneludes an in vitro synthesized and optionally
modified RNA molecule. In one aspect, the nucleic acid includes (a) a multimerizing domain
including an N-terminus fragment or portion of latent membrane protein 1 (LMP1}); and/or (b}
a cytoplasmic signaling domain including a cytoplasmic fragment or portion of a member of
Tumor necrosis factor receptor superfamily (TNFRSF). In another aspect, the protein
includes a Latency Membrane Protein 1 (EMP1) or LMP1-CD40 fusion protein. In one
aspect, the antigen includes a tamor astigen, viral antigen, or microbial antigen. In another

aspect, the subject is mammalian. In an additional aspect, the subject is human.
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[0819]  In another embodiment, the present invention provides an avirulent, oncolytic
herpes simplex virus having an intact Ugl2 gene and an endogenous Uzl gene expressed as a
late gene, wheretn the virus 1s modified frora the wild-type herpes sitaplex virus with both
v134.5 genes of the virus being deleted and Usl1 genes that are expressed as immediate-carly
(1E) genes being nserted 1uto the v;34.5 gene locus in place of both v,34.5 genes; wherein the

virus includes an expression cassette for expressing the protein as described herein.

108281  In another embodiment, the present invention provides a herpes simplex virus 1
(H5V 1) strain, which is modified such that it lacks one or more of g functional ICP34.5-
encoding gene, a functional ICP6-encoding gene, a functional glycoprotein H-encoding gene
and a functional thymidine kinase-encoding gene, and which s derived from HSV 1 strain JS1
as deposited at the European Collection of Cell Coltures (ECACC) under accession number
01010209; wherein the virus includes an expression cassette for expressing the protein as

described herein.

10021}  In another embodiment, the present tnvention provides a herpes simplex virus
which: (1} inchudes a gene encoding an immuumostimulatory protein; (i1} lacks a functional
ICP34.5 encoding gene and a functional ICP47 encoding geune; (111} 18 replication competent
in tumor cells; and (iv) is derived from HSV1 J51 as deposited at the European collection of
cell cultures (ECAAC) under accession number 01010209; wherein the viras includes an

expression cassetie for expressing the protetn as described herein,

[8622]  In another embodiment, the present wnvention provides a modified, oncolytic herpes
stmplex virus (HSV) strain including: a modified, oncolytic herpes simplex virus (HSV) strain
wherein the HSV atrain 18 a chimcal isolate from a recurrent cold sore and has a greater abihity
than a reference laboratory HSV strain modified in the same manner as the clinical isolate to
rephicate in or kill tumor cells, and wherein the reference laboratory HSV strain 1s sclected
from the group consisting of HSV1 strain 17+, HSVI strain F and HSV1 strain KOS; wherein

the virus includes an expression cassette for expressing the protein as described herein,

[0023]  In another embodiment, the present invention provides a method of treating cancer
in subject. The rocthod includes adminustering to the subject an effective amount of an
oncolytic virus wherein the virus includes an expression cassette for expressing the protein as
described berein. In one aspect, the oncolyiic virus is selected fromn a Newcastle Disease

Virus, a Mumps Virus, a Measles Virus, 2 Vesicular Stomatitis Virus, a Para-influenza Virus,
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an Influenza Virus, an Adenovirus, a Herpes 1 Virus, a Vaccinia Virus, a Reovirus, a Seneca
Valley virus, an Alphavirus, Sindbis virus, or a combination thereof, In another aspect, the

viras is selected from any virus described herein

[0624]  In another embodiment, the present wnvention provides a modified, oncolytic herpes
simplex virus 1 strain (HSV 1), wherein the oncolytic (HSV1) strain 18 a clinical isolate from a
recurrent cold sore modified such that it lacks a function ICP34.5-encoding gene, wherein the
modified clinical isolate has a greater ability than a reference iaboratory HSV strain modified
in the same manner as the chinical 1solate to replicate m or kill tumor cells, and wherein the
reference laboratory strain s selected from the group consisting of HSV1 strain 17+, HSV
strain F and HSVT strain KOS; wherein the virus mcludes an expression cassette for

expressing the protein as described herein,

108251 In apother erobodiment, the present invention provides a berpes virus which lacks a
functional ICP34.5 encoding gene and which includes two or more oft (i} a heterologous gene
encoding a prodrug converting enzyme; {11} a heterologous gene encoding a protein capable of
causing cell to cell fusion; and (111} a heterologous gene encoding an immunomodulatory
protewn; wherein the virus includes an expression cassette for expressing the protein as

described herein,

10826]  In another embodiment, the present invention provides a method of treating cancer
in a subject in need thereof by administering to a tumor in the subject a therapeutically
effective amount of a herpes simplex viras which: (i) includes an imrounostinulatory protein;
{11} lacks a functional ICP34.5 encoding gene and a functional ICP47 encoding gene; and (i}
1 replication competent in nfected tumor cells; wherein the virus includes an expression

cassetie for expressing the protein as deseribed herein.

108271 In another embodiment, the present invention provides a method of stimulating an
HUMURe response in 4 human or animal subject, which method includes administering to a
subject in need thereof an effective amount of an attenuated herpes virus which: (i) lacks a
functional vhs gene, or a functional equivalent thereof; (i1} lacks a functional gene encoding
ICP47, or a functioval equivalent thereof; and (111) 1ncludes a functional UL43 gene, ora
functional equivalent thereot such that dendritic celis are infected with the virus; wherein the

viras includes an expression cassetic {or expressing the protein as described herein
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108281  In another embodiment, the present invention provides a method of stimulating an
HUMURe response in 4 human or animal subject, which method includes administering to a
subject in need thereof an etffective amount of an attenuated herpes virus capable of efficiently
infecting a dendsitic cell without preventing antigen processing occurring within the infected
cell, wherein the virus coutains mutations which prevent or munitmize the expression of viral
immediate early genes in the infected cell; wherein the virns includes an expression cassette

for expressing the protein as described herein.

10029]  In another embodiment, the present tnvention provides a method of stimulating an
immune response i a human or animal subject, which method includes administering to a
subject in need thercof an effective amount of an attenuated herpes virus which: (i) lacks a
functional vhs gene, or a functional equivalent thereof; (i1} lacks a functional gene encoding
ICP47, or a functional equivalent thereof] and (i1} includes a functional UL43 gene, ora
functional equivalent thercof such that dendritic cells are ufected with the virus; wherein the

virus inchudes an cxpression cassette for expressing the protein as described herein.

10638]  In another embodiment, the present invention provides a method of stimulating an
IMAURe response in a human or anirmal subject, which method includes administering to a
subject in need thereof an effective amount of an attenuated herpes virus which: (i} lacks a
functional vhs gene, or a functional equivalent thereot] (i1} lacks a functional ICP47 gene, or a
functional equivalent thereof] and (111} 18 incapable of expressing a substantial arsount of
functional ICP22, or a functional cquivalent thereof, in mammalian dendritic cells; wherein

the virus includes an expression cassette for expressing the protein as described herein,

108311 In apother erabodiment, the nvention provides a method of preparing a self-
adjuvanting vaccine using a microorganism. In one aspect, the method uses a microorganism
into whose genome has been modified by the mtroduction of a multimenizing-intracellular
stgnaling gene cassette into the genome of the microorganismi. The method includes
mtroducing a multimerizing-intracclular signaling gene cassetie into the genome of the
wicroorganist. In one aspect, the method further includes delivering the genome of the
nucroorganism into a subject. In another aspect, the method further includes delivering the
genetically modified microorganism into a subject. In an additional aspect, the genetic
modification comprises a multimerizing-intraceilnlar signaling gene cassetie expresses LMP1

or LMPI1-CD40. In another aspect, the multimerizing-intracellular signaling gene cassette
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expresses LMPT or LMP1-CD48. In another aspect, the microorganism includes a virus or
bactertum. In an additional aspect, the microorganism 1s Listeria or Salmonella. In another
aspect, the microorganism includes an oucolytic virus. Io another aspect, the multimerizing-
intracellular signaling gene cassette includes a cytoplasmic domain of a death receptor like
Fas or Trail receptor. In another aspect, the genome of the microorganisru is delivered into a
cell of the subject ex vive or in vifro. In another aspect, the microorganism is a nucleic acid
trancferring bacterium. In another aspect, the genome of the microorganism s delivered nto

an arm of a human. In another aspect, the microorganisn is a pathogen,

[0632]  In another embodiment, the invention provides the use of the protein described
above i the manufacture of a medicament for treatment or prevention of cancer or an
infectious disease n a subject. In oue aspect, the protein includes an N-terminus fragment or
portion of latent membrane protein 1 (LMP1) fused with a cytoplasmic signaling domain. In
another embodiment, the invention provides a protein as described hereiu for use in a method

for treatment or prevention of cancer or an infoctious disease in a subject.

10633]  The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may
be better understood. Additional features and advantages of the invention will be described
hereinafter. It should be appreciated that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out
the same purposes of the present tnvention. It should also be realized that such equivalent
coustructions do not depart from the juvention as set forth in the appended claims. The vovel
features which are believed to be characteristic of the mvention, both as to its organization
and method of operation, together with further objects and advantages will be better
understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the figures s
provided for the purpose of illustration and description only and is not intended as a definition

of the limits of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0834]  For a more complete understanding of the present invention, reference is now made

to the following descriptions taken in conjunction with the accompanying drawing.

[0035]  Figure | shows the latent membrane protein 1 (LMP1) and LMP1-CD40 as
prototypes for a multimerizing-intracetular signaling cassette. LMPI from the Epsten~-Barr
Virus (EBV) is 2 membrane-associated protein with an N-terminus that contains six
transmembrane domatns and a C-ternunus that includes an intracellular signaling domain.
The LMP1 N-terminus is known to self-associate, leading to the formation of clustered,
multimeric patches in the planc of the mermbrane, LMP1-CD40 1s a clumeric fusion protein
which employs the N-terminus of LMP1 for multimerization and membrane association and
the intraceilular signaling domain of CD40. In one aspect, no spacer or linker is present
between the LMPT and CD40 portions, but they can be easily included into the sequence.
Both LMP1 and LMP1-CD40 are constitutively active, meaning that no ligand or other

stimulus 1s needed for them to mitiate signaling through the CD440 pathway.

10036]  In LMPI, the 6 transmembrane N-termunal regions enable the formation of LMP1
clusters in the plasma membrane. This clustering is essential for LMPT activity. In the
LMPI1-CD40 fusion protein, the cell signaling C-torminal region of LMP1 has been replaced

with the signaling domain of the CD40 receptor.

108371 Figure 2 shows exemplary construction of live, replicating LMP1- and LMP1-
CD40-expressing HIV-1. In the proviral plasmid clone, pNL4-3BalL., a coding sequence for
enhanced green fluorescent protemn (EGFP) can be inserted into the HIV-1 sequence just after
the env reading frame and before the nef start codon. This is followed by an internal
ribosomal entry sequence {IRES) placed just before the nef sequence, such that Nef protein is
also produced. As a consequence of this design, a live, replicating virus is encoded by this
nuclete acid sequence (Levy ef af, (2004) Proc Natl Acad Sci USA 101: 4204-9). In the
present invention, the EGFP coding sequence 1s replaced with either LMP1 or LMP1-CD440.
As controls, secreted multimeric soluble forms of CD40L formed by fusion with surfactant
protewn D (SP-D-CD4{31L), a variaot termed SP-D-CD40L-NST, and a secreted multimeric
seluble form of Glucocorticoid-induced tumor necrosis factor receptor ligand (GITRL) are

also fatroduced into the BEGFP site.
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[0838]  Figure 3 shows replication in and stimulation of human monocyte-dertved
macrophages by LMP1- and LMP-CD40-expressing HIV-1. Referring to Figure 2, three
plasmids are used: one for the unmodified proviral plasmid clone, pNL4-3Bal., containing the
EGFP sequence just 57 to the IRES-nef portion of the sequence; the same plasmid except
replacing the EGFP sequence with LMP1 just 57 to the IRES-nef portion of the sequence; and
the same plasmid except replacing the EGFP sequence with LMP1-CD40 just 5° to the IRES-
sef portion of the sequence. To produce hive virus from these plasmids, the plasmids are
transfected into 2937 cells using the calcium phosphate method. Forty-eight hours later, virus
containing supernatants are harvested and used to imnfect human monocyte-derived
macrophages (MDM} in cuiture. By flow cytometry 48 hours post infection, about 18% of
the MDM became EGFP positive, an indicator of cellular infection. At the same time,
supernatants are harvested and assayed by ELISA for p24 Gag (as a measure of new progeny
virus production), the chemokine macrophage inflammatory protein 1-beta (MIP-18, also
designated CCL4), and interleukin-8 (IL-8) which 1s a cylokine. As shown in the figure,
progeny virus (p24}) is best produced by macrophages infected by the original pNL4-3/Bal.
clone (labeled “HIV only” in the figure) and to a lesser extent by macrophages infected with
the HIV-1 viruses carrving LMP1 (labeled “HIV-LMPT™) or LMP1-CD40 (Iabeled “HIV-
LMPI-CD40™), However, the original pNL4-3/BsL clone (labeled “HIV only™) does not
trigger the production of MIP-1§ and the infected macrophages produced only small amounts
of IL-8. In contrast, macrophages infected by the LMPI containing virus (labeled “HIV-
LMP17) produces large amouuts of MIP-1P and 1L-8 (outside the range of the ELISA)
whereas macrophages infected by the LMP-CD40 containing virus {labeled “HIV-LMP1”)
produced no detectable MIP-18 and above background levels of IL-8. This experiment
demonstrates the surprising result that a virus like HIV-1 that normally does not stimulate
target cells like macrophages can be engineered to stimulate these cells if a multimerization-
intracytoplasmic signaling cassette {e.g., LMPT or LMP1-C340) is inserted into and
expressed by the virus. In this example, the resulting engineered virus can still replicate 1 its

target cells.

10838]  Figure 4 shows further studies on the stimulation of huroan monocyie-derived
macrophages by LMP1- and LMP1-CD40-expressing HIV-1. In a subsequent study similar
to Figure 3 above, monocyie-derived macrophages are infected with virus and cultured for 9

days until celtular infection is well-established. Supernatants are collected and cytokines are



WO 2011/119628 PCT/US2011/029458
12

nmeasured. As shown, NL4-3/Bal. virus engineered to express LMP1 ("NL4-Bal-LMP17)
stimulates macrophages to produce 1L-8, IL-1, IL-6, IL-12p70, and TNFg, but does not
increase the production of 1L-10, which 1s an immunosuppressive cytokine, NEL4-3/Bal. virus
engincered to express LMP1-CP40 (“NL4-Bal-LMP1-CD46”) has a similar effect on
macrophages in culture, with some fine differences noted. As controls, NL4-3/Bal. virus
expressing EGFF (“NL4-Bal-EGFP”) and wild-type NL4-3/Ball virus (“'INL4-Bal”} have

similar effects on macrophages as media alone ("Mock™),

10048]  Figure 5 shows stimulation of human monocvie-derived dendritic cells by LMP1-
and LMPI1-CD40-expressing HIV-1. Dendritic cells (DCs) are considered to be the primary
antigen-presenting cell for T cells. To produce DCs for study, blood monocytes are 1solated
from human venous blood and cultured in GM-CSF/IL-4 for 6 days by standard methods by
which time they have differentiated into DCs. Then the cultured DCs are infected with
various forms of the NL4-3/Bal. clone of HIV-1 at a multiplicity of nfection (MO1) of 0.1
and the culture supernatant 1s collected 9 days later and assayed for the presence of cytokines.
Bacterial lipopolysaccharide (LPS) from &. cofi BO11 (100 ng/ml) 1s used as a positive
control. In human DCs, EMP1 i3 abie to stimulate the production of 1L-8, 1L-15, TNFg, and
IL-6, whereas LMP1-CD40 is only able to stimulate the production of IL-8. Although the
viras used here ts capable of replicating in other target cells, there is little production of
progeny virus as measured by the release of p24 Gag into the supernatant. The surprising
result of these data is that a composttion of the present invention comprised of a
multimerization-intraceHular signaling cassette can be used to stinmlate DCs, a key type of

antigen-presenting cell.

10041}  Figure 6 shows f{urther studics on the stimulation of human monocyte-derived
dendritic cells by LMP1- and LMP1-CD40-expressing HIV-1. Asin Figure 5, DCs are
infected with various NL4-3/Ball HIV-1 viral constructs. Controls include virus engineered
to express the viral clone lacking EGFP (“pNL4-Bal”} or a secreted form of multimeric
CD40L (SP-D-CD40L) abbreviated “pNL4-Bal-CD40L” or a similar protein (SP-D-CD40L-
NST wherein the stalk region of CIMOL is absent and a hurnan tPA signal sequence 1s used)
abbreviated “pNL4-Bal-CD40L-NST”. In this experiment, the positive control is MIMICT™
{Clontech, Palo Alio, CA}, a cylokine mix designed to stimulate BCs. As shown, the LMP1-
expressing virns stimutlated DBCs to produce [L-§, IL-1B, TNFa, 11L-12p70, and 1L-6. In

contrast, the LMP1-CD40-expressing virus stimulates DCs to produce 1IL-6. Neither the
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LMPI- nor the LMP1-CD40-expressing virus induced DCs to produce IL-10, an

immunosuppressive cytokine, at levels above background,

10042]  Figure 7 shows that LMP1-CD40-expressing HIV-1 stinulates DCs to present
antigen. The mixed leukocyte reaction (MLR ) 1s a classic test of the presentation and
csponse to foreign antigens. Consequently, dendritic cells are infected with the various HIV-
1 constructs for 5 days. Theun peripheral blood mononuciear cells (PBMCs) from a second
donor are added along with nevirapine to prevent HiV-1 infection from spreading to the
added CD4+ T cells. Atfter S days of MLR culture, the T cells are stained for either CD4 (top)
or CD8 {(bottom} and analyzed for intracelhular ki67 as a marker for entry into the cell cycle
and proliferation. As shown, the most prominent effects in the MLR-responding population
are in CD4+ and CD8+ T cells co-cultured with BCs exposed to the LMP1-CD40-expressing
HIV-1 virus. Controls using HIV-1 that expresses soluble multimeric forms of CD40L (SP-
D-CD40L and SP-D-CD40L-NST) or GITRL {SP-D-GITRL) also have some stimulatory
effects. * p < 0.05, ** p <0.01, *** p < 0.001 compared to control virng NL4-3/Bal -EGFP.

10643]  Figure 8 shows that construction of a single-cyele SIV clone {(seSIV) that expresses
LMP1 or LMP1-CD40. The figure shows the design of a proviral clone of Simian
Immunodeficiency Virus (SIV}) in which inactivating mutations have been introduced into
codons for the Protease (PR) and Integrase (IN) genes. The diagrarn shows how other
plasmids (encoding VSV-G envelope and a Gag-Pol polyprotein) are used to prepare
pseudotyped virus that in turn s used to introduce the construct into 2937 cells. As aresult of
this process, the 2937 release recombinant virus that can infect SIV-susceptible cells vet not
replicate in them due to a lack of PR and IN. On the right arc shown the cassettes that are
introduced into the nef-spliced mRNA n place of Nef: EGFP; LMP1; LMP1-CD40; SP-D-
GITRL; 8P-D-CD40L; and SP-D-CD40L-NST.

10644]  Figure 9 shows stimmlation of human dendritic cells by seSHV expressing LMP1 or
LMPI-CD40. Human monocyte-derived dendritic cells (DCs) are infected with seS1V virus
expressing LMP1L, LMPI-CI¥MG, or controls at 50 ng p27 Gag protein per million cells, As
above, MIMIC™ is a standard cytokine cocktail used as a positive control. Supernatants are
collected afier 5 days and cytokines measured. As shown, the LMP L-expressing seSIV

stimulates DCs to produce IL-8, IL-1j, TNFg, 1L-12p70, and IL-6, but docs not stimulate the
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production of IL-10, an immunosappressive eytokine. LMPI-CD40-expressing scSIV

stimulates DCs to produce 1L-8, TNFa, and 1L-6, but not TNFa, 1L-12p70, or IL-10.

10045]  Figure 10 shows sclf-adjuvanticity of a single-cycle SIV expressing the LMP1
multimerizaing-iotracetiolar signaling cassette. The present invention provides that single-
cycle STV (scSIV) can carry its own antigens info immune responses and a multimenizing-
wntracellular signaling cassette can act as aun adjuvant for this. Human monocyte-derived
dendritic cells (BCs} are studied in vitro. The DICs are exposed to the seSIY viruses for 4
days, and then co-cultured with human T cells for another 12 days. After the co-culture
period, the cells are transferred to the wells of an Enzyme Linked Immuno-Spot (ELISPOT)
plate and stimulated with a pool of STV Gag 1S-mer peptides. This assay provides a rigorous
evaluation of antigen-presenting function and T cell respouses, given that the T cells are naive
for Gag antigen on day 0. As shown in the figure, scSIV-LMP! induces a significant increase
in Gag-specific interferon gamma responsive T cells (p < 0.01 comparing scSIV-LMP1 to
scS1V-EGFP)Y. These data and similar results with HIV-LMP 1 demonstraie that s¢SIV-LMP1
18 inununostimulatory and cttectively self-adpuvanting by the inclusion of the LMP1
multimerizing-intracytoplasmic signaling cassette. This surprising result is the prototype for a
range of viruses, vectors, and turnor cells where the mnclusion of a multimerizing-
intracytoplasmic signaling cassette is predicted to induce a strong immune response to the

antigens that are co-extensive in space and time.

[0846]  Figure 11 shows introducing LMP1 into Modified Vaccinia Ankara by homologous
recombination. The schematic shows a trapsfer vector modified from pl.W-44 in which the

Vaccinia mHS promoter drives the expression of EMPT.

10471 Figure 12 shows that LMP1 or LMPT-CIDMO mRNAs alone are sufficient to
activate DCs. LMP 1, LMP1-CD40, or control GFP mRNAGS are introduced into DCs by
electroporation. Other controls are DC cultures electroporated without adding mRNA {(mock)
and non-transfected, untreated DCs. Following 48 hours of culture, cell surface markers are
analyzed by flow cytometry and cytokine production is analyzed by cytometric bead analysis
(CBA} (%, P 0.05; ** P 0.01; *** P (.001 using an unpaired t-test compared to the GFP
mRNA control).



WO 2011/119628 PCT/US2011/029458

[0848]  Figure 12A shows that LMP1 or LMP1-CD40 mRNA transduction upregulates
CD40 and CD83 mataration markers and CDS0 and CDE6 co-stimulatory molecules as
measured by mean fluorescence wtensity (MFI). Bars show the means and SEM of triplicate

wells.

[0049]  Figurc 12B shows that LMP1 or LMP1-CD40 mRNA transduction upregulates the
secretion of cytokines 11-6, 1L-8, and TNFe, but is unable (o upregulate secretion of 1113,

L-10, or IL-12p70. Bars show the means and SEM of triplicate wells.

10056]  Figure 13 shows that HIV-LMP1 or HIV-LMP1-CD40 viral transduction activates
DCs and macrophages to express cell manwration- and activation-associated surface
molecules. Figure 13A shows the expression of surface markers on DCs 4 days after viral
transduction. Flow cytometry events are first gated for DCs using forward seatter and side
scatter. Isotype antibody control staining (grey filled histogram), HIV-GFP (thin line), or
HIV-LMP1 and HIV-LMP1-CD40 (thick lines) are shown. Viral transduction with HIV-
LMP1 results in dendritic cell activation and maturation as measured by increased levels of
D40, CD8G, CDE6, CDE3, and CCR7 expression. By corupanson, viral transduction with
HIV-LMP1-CD40 produces a modest increase in CD40 and CD83 expression and a minimal

inerease in CD80 and CCR7T expression when compared to HIV-GFP transduced cells.

10051}  Figure 13B shows the cxpression of surface markers on macrophages 4 days after
viral transduction. Flow cytometry events are first gated for DCs using forward scatter and
side scatter, Isotype antibody countrol staining (grey filled histogram), HIV-GFP (thin line), or
HIV-LMP1 and HIV-LMPI-CD40 (thick hines) are shown, HIV-LMPI transduction
activated macrophages to express higher levels of CD40 and CDE3 maturation markers and
CIx80 and CDRG co-stimulatory molecules. By comparison, vival transduction by HIV-
LMPI1-CD40 1s less active and induced increased levels of CD83 and CD86, but not CD40 or

D8O, These results are representative of three expertiments on three different donors.

190521 Figure 14 shows that HIV-LMP1 or HIV-LMP1-CD40 viral transduction activates
DCs and macrophages to secrete immunostimulatory cytokines. Figure 14A shows the effects
of viruses on cytokine secretion by DCs. DCs are exposed to viruses at an MOI of 0.1,
cultured for 7 d, and supernatants are collected for analysis by cytokine bead array (CBA)
assay. As shown, HIV-LMP1 induces significant increases in [IL-6 and 1L-8 secretion, modest

wereases in HL~1p, IL-12p70 and TNFu secretion, and vo induction of 1L-10 secretion. By
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comparison, HIV-LMP1-C40 induces significant increase in 1L-6 secretion, reflecting fine
differences in the cell signaling induced by the LMP1 vs, LMP-CD40 adjuvant cassettes in
DCs. The bars show the means from three independent experuments with DCs from three
different donors (¥, P 0.05; **, P 0.01; *** P 0.001 using an unpaired t-test compare to the

HIV-GFP control virus).

108531 Figure 14B shows the effects of viruses ou cytokine secretion by macrophages.
These cells are exposed to viruses at an MOI of 0.1 and supernatants are collected at various
timne points for CBA cytokine analysis. For macrophages, HIV-LMP1 induces a significant
increase in secretion of 1L-18, IL-6, IL-8, L-12p70 and TNFa, but little or o increase in IL-
10 production, By comparison, HIV-LEMP1-CD40 mduces a signtficant increase m IL-15, IL-
6, IL-8 and TNFa secretion. The bars show the means from three independent experiments

with DCs from three different donors.

[0054]  Figure 15 shows that HIV-LMP1 enhances the ability of DCs to present HIV Gag
antigen to T cells in an in vitro tmmunization assay, Figure [5A shows a schematic of the
experimental protocol. DCs from an HIV seronegative donor are exposed to different HIV
viruses for 6 days, washed, and then incubated with autologous T cells for 12-days in the
presence of nevirapine and -2 (5 U/ml) starting on day 3. Cultures are then restimulated
with a consensus clade B 15-mer Gag peptide pool and IFN-y ELISPOT analysis is performed

24 hours later,

18655]  Figure 158 shows that DCs exposed to native HIV infection do not stimulate anti-
T cell responses when compared to more effective viral vaccines for other viruses, However,
HIV-LMP1 strongly enhances anti-(Gag T cell responses (*#%, P<0.001 by unpaired t-test
comparing HIV-LMP1 with the HIV-GFP conirol virus). This shows the ability of the LMP1
adjuvant gene cassette to convert a poorly immunogenic virus into a strongly immunogenic
one. By comparison, HIV-LMPI-CD40 1s nuch less active 1o this assay, consistent with the
overall weaker effect of HIV-LMP1-CD40 in DCs compared to HIV-LMP]1 virus. These

results are representative of three experiments on three different donors.
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[0856]  Figure 16 shows that LMP1 and LMP1-CP40 proteins are expressed by HIV-
LMPI and HIV-LMP1-CD40 constructs. To show that the insertion of LMP1 and LMP -
CD40 coding sequences mto HIV leads to translated proteins, proviral DNA plasmids for
HIV-LMP1 or HIV-LMP1-CD40 are transfected into 293 ceils along with the HIV-GFP
countrol consiruct. Cells are lysed 24 hours later, processed by SDS PAGE followed by
transfer onto nitrocellulose membranes and staining with antibodics for Gag (upper panels),
LMPI N-termunus (ruddle panels), or the C-terminal intracytoplasinic domain of CD40
{lower panels}. As shown, cells transfected with all three viral constructs express p24 Gag.
The LMP1 protein is detected in cells transtected with the LMP1 constructs. The
intracytoplasmic signaling domain of D40 can be observed in LMP1-CD40-transfected

cells,

106571 Figure 17 shows that HIV-LMP1 or HIV-LMP1-CD40 induces chemokine
production 1o macrophages. Macrophages are infected for 7 days and then analyzed by RT-
PCR to measure steady-state levels of CCL3 (MIP-1a), CCL4 (MIP-1B), and CCL3S
(RANTES). HIV miection is known to induce f {(CC) chemokines under certain conditions,
but HIV-LMP1-CD40 infection induced increased levels of these chemokines. By

comparison, HIV-LMP1 infection 1s less immunostimulatory for macrophages chemokine

production.

[8458] HIV-LMPI and HIV-LMP1-CD40 mnfection induces activation-associated
morphological changes in DCs and macrophages. DCs and macrophages are infected with
HIV wild-type, HIV-EGFP, HIV-LMP1 or HIV-LMP1-CD40 at an MO of 0.1, Four days
fater, the cells are photographed using an inverted phase contrast microscope. DCs ifected
by HIV-LMP1 or HIV-LMP1-CD40 develop clongated dendrite-like processes. Macrophages
infected by these viruses, but not the control HIV or HEV-GFP viruses, undergo extensive
clumping. The degree of clumping is less with HIV-LMP 1-CD40 than with HIV-LMPI,

suggesting that HIV-LMPT-CI348 1s less active than HIV-LMP1 in macrophages.

108581  Figure 18 shows that plastmds encoding LMPT (pLMP1) or LMP1-CD40 (pLMP1-
D48} can be used as DNA vaccine adjuvants. As DNA vaccine adjuvants, pLMP1 and
pLAMPI-CDA40 can help to protect mice from melanoma metastases. As shown i Figure 18,

psP-D-CD40L 1s also very effective. These data show that stimulating cells from within
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using a clustered D40 receptor (LMP1 or LMPT-CI40) is nearly as effective as stimulating

cells from without using a multimeric soluble CD40L construct,

[0066]  In another aspect, C57BL/6 mice are cither untreated (nafve) or DNA vaccinated
intramuscularly with 50 pg plasmid DNA eocoding melanoma antigen pgp100 combined with
50 ug cither control empty vector plasmid (pcDNA3. 1) or pLMPL, pLMP1-CD40, or pSP-D-
CD40L dissolved in a total wnjected volume of 100 ul. of phosphate-buffered saline.
Vaccinations are delivered every two weeks for three doses. One week after the last
vaccination, the mice are injected intravenousty with 1 x 10° B16F10 melanoma cells,
Twenty-one (21} days later, the mice are euthanized; the hungs were removed, and examined
for lung metastases. The results mdicate that the pgp 100 + pcDNA3. I control has no
protection, where pgpl00 + pLMP1 and pgp100 + pLMP1-CD40 completely protected 2 of 3
and 3 of 5 mice, respectively. This demonstrates that plasmids encoding LMP1 (pLMP1} or
LMPI-CD40 (pLMP1-CD40) can serve as immune adjovants for DNA vaccines, in this case

a tumor DNA vaccine,

106617  Figure 19 shows an exemplary single cycle SIV {scSHV) viral genome of the
mvention. The parent vector, expressing GFP trom the Net promoter, is cloned by overlap
PCR and inserted into the SIVmac239 FS-APR-AINEGFP vector using unique Xbal and Sacli
sttes. To create immunostimulatory forms of seSIV, LMP1T or LMP1-CD40 is inserted in

place of the GFP gene as shown.

[0062]  Figure 20 shows an exemplary Western blot of 2937 cell lysates transfected with
SIV expressing LMPT or LMP1-CD40, where STV virus expressing LMP1 or LMP1-CI¥M40
induces morphological and other changes in DCs and macrophages. Virus expressing GFP
serves as a negative control. Blots are stained with anti-Gag (apper pauels), anti-LMP1
intracellular domain {middle panels), or anti-CD40 intracellular domain (lower panels). Gag
p27 1s present in all lysates. LMP1 and CD40 miracellular domains are present only n cells
transfected with LMP1 or LMP1-CD40 viral construets respectively.  Only LMPT or LMPI-
CD40 expressing viruses induce elongation of human DCs or macrophages, suggesting the

activation and maturation of cells in the culture.
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108631  Figure 21 shows that viral transduction of human BCs or macrophages with scSIV
expressing LMP1 or LMPI-CD40 resulis in increased levels of maturation and activation
markers. The expression levels of surface markers from three independent experiments are
presented as mean fluorescence intensity (MF1). Figure 21A shows that the expression of
surface markers on 81V infected DCs 18 examined by {low cytometry 4 days after
transduction. Transduction with scSIV-LMP1 results in dendritic cell activation and
maturation as measured by significantly increased lovels of CD40, CD80 and CDE3
expression, while scSIV-LMPI-CD40 results in significant increased levels of CD40, CD8O
and HLA-DR expression when compared to scSIV-GFP-transduced cells, Figure 21B shows
that the expression level of surface markers on seSTV virus-transduced macrophages 13
examined 4 days after transduction by flow cytometry from a representative donor.
Transduction with scSIV-LMP1 results in increased levels of €40 and CDEO expression,
while scSIV-LMP1-CD40 results in increased levels of CD40, CD80 and CDR3 expression
compared to scSIV-GFP-transduced macrophages. Data are analyzed with the unpaired { test:

*, p<0.05; ** p<@.01; *** p<0.001 compared with the s¢SIV-GFP infected group.

[0864]  Figure 22 shows that scSIV expressing LMP1 or LMP1-CI8 induces increased
sceretion of inflammatory cytokines and B-chemokines, and correspondingly ncreases the
jevel of their steady-state mRNAs, Human inflammatory cytokine quantitation is performed
by cytometric bead array (CBA). Cytokine concentrations from three independent
experiments are presented. Data are analyzed with the unpaived t test: *, p<0.05; **, p<0.01;
#*% p<0.001 compared with the scSIV-GFP infected group. MIP-1g, MIP-1§, and RANTES
mRNA expressions are analyzed by real-time RT-PCR assay. Figure 22A shows that DCs are
infected with the various SIV viruses at MOI of (.05 and supernatants are collected at various
time intervals., Virus expressing LMP1 results in a significant increase in 1L-15, {L.-6, IL-8,
1L-10, IL-12p70 and TNFa, while LMP1-CD40 results in an increase in IL-15, IL-6, IL-8, IL-
10 and TWNFa at various time points post infection. No measurable amounts of 1L-12p70 are
detected in GFP and LMP1-CD40 groups. Figure 228 shows that macrophages are mfected
with different sc8IV viruses for 4 days. Total cellular RNA is isolated, reverse transcribed to
cDNA and MIP-1a, MIP-1B, and RANTES mRNA expressions are analyzed by real-time
PCR assay. Virus expressing LMP1 results 1o significant increase in MIP-13 and RANTES

mRNA expression, whercas LMP1-CD40 results in significant increase in MiP-1a, MIP-1)
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and RANTES mRNA expression. Expression of GAPDH is used for normalization of

samples.

[0065]  Figure 23 shows that LMP1 induces enhanced T cell responses in a Gag peptide-
specific IFN~-y ELISPOT assay. Figure 234 shows a schematic thustration of an experimental
protocol of the invention. DCs from an HIV seronegative donor are transduced with scSIV
viruses for 4 days, washed, aud then incubated with autologous T cells for 12-days 1n the
presence of nevirapine and L2 (5 U/ml) starting on day 3 of the coculture. After 12 days,
cultures are restimulated with a consensus STVmac239 [5-muer Gag peptide pool and IFN-y
ELISPOT analysis is performed 24 hours later. Figure 23B shows that DCs infected with
parent seSIV arc unable to stimulate anti-SIV T cell responses, while the nef-deleted virus
seSIV-GFP mduced a roodest T cell response. DO mfected with s¢SIV-LMP1 and LMP1-
D40 can significantly enhance anti-Gag T cell responses (p<0.001). Results are

representative of three independent experuments using three differeut donor blood samples.

10066]  Figure 24 shows that HIV-1 lentiviruses carrving LMP1 or LMP-1CDM40 can
activate human DCs in vitre. Cytokines profiles including HL.-12p70, 1L-10, TNFg, L-6, IL-

1B, and 1L-8 are llustrated,

[9067]  Figure 25 shows that HIV-LMP1 and HIV-LMP1-CD40 can activate the antigen-
presenting function of buman DCs. Figure 24A shows APC function measured as

LMPI, LMP1-CD40, or SP-D-CD40GL and cultured for 6 days. In the presence of neviapine,
allogeneic T cells are added (1:10) and cultured for another 5 days, APC function i
measured by the proliferation of these added T cells as judged by Ki67 stainung. HIV-LMP!
augmented CD4+ T cell responses and HIV-LMPT-CD40 augmented both CD4+ and CD8+ T
cell responses. Figure 24B shows APC function measured n an i vitro immunization
experiment. Using blood from an HiV-negative donor, DCs are transduced with HIV viruses
for 6 days, washed, and then incubated with autologous T cells for 12-days 1 the presence of
S U/ml of 1L.-2 from day 3. The cells are then transferred to ELISPOT pilates and restimulated
with a 15-mer Gag peptide pool and assayed for IFN-y spots. Compared to HIV-EGFP, HIV-

LMPIT induces a statistically significant inerease in de nove T cell responses (p<0.001).
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[0868]  Figure 26 shows calibrating infectivity and optinnization of multiplicity of infection
(MOT) of scSIV. To caleulate the optimal infection dose, CEM cells are infected with a range
of ng/mitlion cells of VEV-G pseudotyped seSIV for 4 days and then stained with FITC anti-
p27 antibody and analyzed by flowcytometry. Optimal infectivity can be observed at 50 ng

sV per million cells (MO of 0.05).

10869]  Figure 27 shows euhanced dendritic cell (DC) mataration by Modified Vaccima
Ankara (MVA) virus containing LMP1 or LMP1-CD40 adjuvant gene cassette. Monocyte-
derived dendritic cells {DCs) are prepared by culturing monocytes for 6 days 1n GM-CSF +
1.-4 by standard methods. Recombinant MV A is prepared using the pLW-44 homologous
transfer vector that expresses Green Fhuorescent Protein (GFP) from the Vaccinia P11
promoter and a second gene {from the Vaceinia mH3 promoter. By inserting LMPT or LMPI-
CD46 mto the pLW-44 plasmid and then using homologous recombination to transfer LMP1
or LMPI-CD40 into MV A three kinds of recombinant viruses are made: MVA expresses only
GFP (recombined with unmodified pLW-44), GFP + LMP1 (recombined with pLW-44
containing LMP1 as the second gene), or GFP + LMP1-CD40 (recombined with pLW-44
containing LMP1-CD40 as the second gene). DBCs are transduced with these virnses ata
multiplicity of wfection (MOI) of 10, cultured for 48 hours, and then analyzed by flow
cytometry using phycoerythrin-conjugated anti-CD83 antibody to stain for the CDE3
maturation marker. Uninfected resting DCs do not express GFP and cxpress low levels of the
CDE3 maturation roarker. Following infection by MV A expressing ouly GFP, transduced
DCs express both GFP and a low percentage are posttive for CDS3. In contrast, following
infection by MV A expressing both GFP and LMP1 or LMP1-CD40, transduced DCs express
both GFF and a higher percentage are positive for CBR3. This demonstrates the additive

clfect of LMPI or LMPI-CD40 on MV A stimuiation of DCs to mature.

[0076]  Figure 28 shows proposed DC-NILV vaccines using LMP1 or LMP1-CD40 based
on previously disclosed vaccines. The FOVA construct has been disclosed in Yang er af.
(2008) Nature Biotechnology 26:326-334, and the FUWGag construct has been disclosed in
Dat Biugbing ef o/, (2009) Proc Natl Acad Sci 106:20382-20387.
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108711 Figure 29 shows an illustration of TNF Receptor SuperFamily and common
featurcs among some of the members, Arrows indicate cleavage sites of furin or other
proteases, TNF homology domains (THD; shaded boxes), collagen domains (clear boxes),
cycsteine-rich domains {dark and shaded boxes), and death domains {dark boxes close to the

bottom of the figure) are illustrated.
DETAILED DESCRIPTION OF THE INVENTION

100721  Before the present composttions and methods are deseribed, it 1s to be understood
that this invention is not limited to particular compositions, methods, and experimental
conditions described, as such compositions, methods, and conditions may vary. Itis also to
be understood that the terminology used herein 1s for purposes of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention

will be limnited only in the appended claims.

100731 It is readily apparent to one skilled in the art that various erabodiments and
modifications can be made to the invention in this application without departing from the

scope and spirit of the fmvention,

106741  As used herein, the use of the word “a” or “an” when used in conjunction with the
term “comprising” in the claims and/or the specification may mean “one,” but it is also

R IY

consisient with the meaning of “one or more,” “at least one,” and “one or more than one.”

7 64

Still further, the terms “having,” “incloding,” “containing,” and “coraprising” are

interchangeable and one of skill in the art is cognizant that these terms are open ended terms.

10075]  The torm “adjuvant” refers to an immunostimulant that triggers activation of
antigen-presenting cells such as dendritic cells, macrophages, and B cells. Adjuvants are also
understood to provide a “danger” signal indicating that the immune system should go into a
state of alert, Without an adjuvant, immune responses may oither fail to progress or may be
diverted into ineffective immuumnity or tolerance. Adjuvants are often needed for effective

preventative or therapeutic vaccines, or for inducing an anti-tumor Imnune response.

108761  The term “allogeneic” as used herein, refers to cell types or tissues that are
antigentcally distinct. Thus, cells or tissue transferred frow the same species can be

antigenically distinct.
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108771 The term “antigen” as used herein 1s defined as a molecule that provokes an
immune response. This immune response may mvolve etther antibody production, or the
activation of specific imamunologically-cormpetent cells, or both, An antigen can be derived
from organisms, subunits of proteins/antigens, killed or nactivated whole cells or lysates.
Exemplary organisms inclode but are vot hmtted to, Helicobacters, Campyiobacters,
Hostridia, Corynebacterium diphtherice, Bordetella pertussis, influenza virus, parainfluenza
viruses, respiratory syncytial virus, arenaviruses, bunhaviruses, flaviviruses, {iloviruses, West
Nile virus, Japanese Encephalitis virus, Venezuelan equine encephalitis virus, Hastern equine
encephalitis virus, Western equine encephalitis virus, Borrefia burgdorfei, Plasmodium,
herpesviruses, human immunodeficiency virus, papillomavirus, Vibrio cholera, £. coli,
measles virus, rotavirus, mycobacteria, staphylococel, streptococcet, shigella, Safmoneflla typhi,
and Neisseria gonorrhea. Therefore, a skilled artisan realizes that any macromolecule,
inchuding virtually all proteins or peptides, can serve as antigens. Furthermore, antigens can
be derived from recorabinant or genorme DNA. A skailled artisan realizes that any DNA,
which contains nucleotide sequences or partial nucleotide sequences of a pathogenic genome
or a gene or a fragment of a gene for a protein that elicits an immune response resulis in
syathesis of an antigen. Furthermore, one skilled in the art realizes that the present invention
1s not himited to the use of the entire nucleic acid sequence of 4 gene or genome, I 18 readily
inherent that the present invention includes, but is not linuted to, the use of partial nucleic
acid sequences of more than one gene or genome and that these nucleic acid sequences are

arranged in various corabinations to elicit the desired imymune response,

10678]  The term “antigen-presenting cell” is any of' a variety of cells capable of displaying,
acquiring, or presenting at least one antigen or antigenic fragment on {(or at} its cell surface. In
general, the term “antigen-presenting cell” can be any cell that accomplishes the goal of the
invention by aiding the enhancement of an immune response (i.¢., from the T-cell or ~-B-cell
arms of the immune systom) against an antigen or antigenic composition. Such cells can be
defined by those of skill in the art, using methods disclosed herein and 1o the arl. Asis
understood by one of ordinary skill in the art, and used herein certain embodiments, a cell that
displays or presents an antigen normally or prefercotially with a class H major
histocompatibility molecule or complex to an immune cell is an “antigen-presenting cell.” In
certain aspects, a cell {e.g., an APC cell) may be fused with another cell, such as a

recombinant cell or a tumor cell that expresses the desired antigen. Methods for preparing a
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fusion of two or more cells are well known in the art, In some cases, the immune ceil to which
an antigen-presenting coll displays or presents an antigen is a CD4+ T cell or a CDE+ T cell
Additional molecules expressed on the APC or other tmmune cells may aid or improve the
enhancement of an imunune response. Secreted or soluble molecules, such as for example,
cytokines and adjuvants, may also aid or enhance the immune response against an antigen,
Such molecules are well known to one of skill in the art, and various examples are described

herein.

100791  The term “cancer” as used herein s defined as a hyperproliferation of cells whose
unigue trait--1oss of normal controls-~results in unregulated growth, lack of differentiation,
local tissue invasion, and metastasis. Examples include but are not himited to, melanoma,
non-small cell lung, small-cell lung, lung, hepatocarcinorua, leukemia, retinoblastoma,
astrocytoma, glioblastoma, gum, tongue, ncuroblastoma, head, neck, breast, pancreatic,
prostate, renal, bone, testicular, ovarian, mesothelioma, cervical, gasirointestinal, lymphoma,

brain, colon, sarcoma or bladder.

{06831  The terms “cell,” “cell line,” and “cell culture” as used herein may be used
mterchangeably, Al of these terms also inchude their progeny, which are any and all
subsequent generations. It is understood that all progeny may not be identical due to

deliberaie or inadvertent mutations,

[0081]  As used herein, the term “‘co-cxtensive in space and time” refers to the concordance
of two functional domains i the same celhular environment at the same time., More
particularly, it refers to the concordance of an antigen and an adjuvant in the same cellular
environruent at the same time, Most especially, it refers to a self-adjuvanting construct that
associates an antigen or antigens with an adjuvant in the same cellular environment at the

same time,

[0082]  As used herein, the torm “cDNA” 18 mntended to refer to DINA prepared using
messenger RNA (mRNAJ as teraplate. The advantage of using a ¢cDNA, as opposed to
genomic DNA or DNA polymerized from a genomic, non- or partially-processed RNA
template, is that the ¢DNA primanly coutains coding sequences of the corresponding protein.
There are times when the full or partial genomic sequence is preferred, such as where the non-
coding regions are required for optimnal expression or where non-coding regious such as

introns are to be targeted in an antisense strategy.
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{08831  The term “dendritic cell” (2C) is an antigen-presenting cell existing in vivo, in
vitro, ex vive, or in a host or subject, or which can be derived from a hematopoictic stem cell
or a monocyte. Dendritic cells and their precursors can be isolated from a vanety of lymphoid
organs, ©.¢., spleen, lymph nodes, as well as from bone marrow and peripheral blood. The
B3C has a characteristic morphology with thiu sheets (Jamellipodia) extending in multipie
directions away from the dendritic cell body. Typically, dendritic cells express high levels of
major histocompatibility complex (MHC) and costimulatory {¢.g., B7-1 and B7-2) molecules.
Dendritic cells can induce antigen specific differentiation of T cells in vitro, and are able to

mitiate primary T cell responses in virro and in vivo.

[0084]  As used herein, the term “expression construct” or “transgene” s defined as any
type of genetic construct containing a nucleic acid coding for gene products in which part or
all of the nucleic acid encoding sequence is capable of being transcribed can be inserted into
the vector. The trauscript is translated 1uto a protein, but it need not be. In certain
embodiments, cxpression includes both transcription of a gene and translation of mRNA into
a gene product. In other embodiments, expression only includes transcription of the nucleic

acid encoding genes of interest.

[08S]  As used herein, the term “expression vector” refers to a vector containing a nucleic
actd sequence coding for at least part ot a gene product capable of being transcribed. In some
cases, RNA molecules are then translated mio a protein, polypeptide, or peptide. Iu other
cases, these sequences are not translated, for example, in the production of antisense
wolecules or ribozymes. Expression vectors can contain a variety of control sequences,
which refer to nucieic acid sequences necessary for the transcription and possibly translation
of an operatively hinked coding sequence in a particular host organism. In addition to control
sequences that govern transcription and translation, vectors and expression vectors may

contain nucleic acid sequences that serve other functions as well and are described infra.

[0086]  As used herein, the term “ex vive” refers to “outside” the body. One of skill in the

art is aware that ex vive and in virro can be used interchangeably under certain circumstances,

100871 The term “hyperproliferative disease” 1s defined as a discase that vesults from a
hyperproliferation of cells. Exemplary hyperproliferative diseases inchade, but are not limited
to cancer or antoimmuue diseases, Other hyperproliferative diseases may include vascular

occulsion, restenosis, atherosclerosis, or inflammatory bowel disease.
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[0BR]  As used herein, the term “gene” is defined as a functional protein, polypeptide, or
peptide-encoding unit. As will be understood by those n the art, this functional term includes
genomic sequences, ¢cDNA seguences, and smaller engineered gene segments that express, or

is adapted to express, proteins, polypeptides, domains, peptides, fusion proteins, and mutants.

[0089]  The term “immunogenic composition” or “immunogen” refers to a substance that is
capable of provoking an immune response. Examples of immunogens include, ¢.g., antigens,
autoantigens that play a role in induction of autoimmune diseases, and tumor-associated

antigens cxpressed on cancer cells.

10098]  As used herein, the torm “mtracellular signaling domain” generally refers to a
cytoplasmic tail of a membrane-associated receptor molecule, e.g., the cytoplasmic tail of
CD40. The term also includes signaling molecules like that in the zeta chain of CD3 or

adaptor molecules that engage down-strearn cell signaling pathways.

[0021]  As used herein, the term “multimerizing” or “multimerization” refers to the
complexation of three or more subunits into a single entity. As such, multimerization is
distinet from “dimerizing” or “dimerization” which refers to the complexation of exactly two

subunits into a single entity.

[0692]  Asused herein, the term “pharmacentically or pharmacologically acceptable” refers
to molecular entitics and compositions that do not produce adverse, allergic, or other

untoward reactions when administered 1o an anmimal or a human.

100931 Ac used herein, “pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifimgal agents, isotonic and absorption
delaying agents and the like. The use of such wedia and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
meompatible with the vectors or cells of the present invention, its use in therapeutic
compositions is contemplated. Supplementary active ingredients also can be incorporated

into the compositions,

10094  As used herein, the torm “polynuciestide” is defined as a chain of nucleotides,
Furthermore, nucleic acids are polyroers of nucleotides. Thus, nucleie acids and
polymucleotides as used herein are interchangeable. One skilled in the art has the general

knowledge that nucleic acids are polynucleotides, which can be hydrolyzed nto the
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monomeric “nucleotides.” The monomeric nucleotides can be hydrolyzed into nucleosides.
As used herein polynucleotides mclude, but are not limuted to, all nucleic acid sequences
which are obtained by any means available in the art, mehuding, without hmitation,

ccombinant means, t.¢., the cloning of nucleic acid sequences from a recombinant library or a
cell genome, using ordinary cloning techuology and PCR™, and the hike, and by syunthetic
means. Furthermore, one skilled in the art 1s cognizant that polynuclectides include mutations
of the polynucieotides, include but are not limited to, mutation of the nucleotides, or

nucleosides by methods well known in the art.

[0695]  As used herein, the term “polypeptide” is defined as a chain of amino acid residues,
usually having a defined sequence. As used herein the term polypeptide 1s interchangeable

with the terms “peptides” and “proteins.”

10096]  As used berein, the term “promoter” is defined as a DNA sequence recognized by
the synthetic machinery of the cell, or introduced synthetic machinery, required to initiate the

specific trauscription of a gene.

10097}  As used herein, the torm “seif-adjuvanting” refers 1o a microbe or vector that
carries with it both its own antigens and an adjuvanting moiety. The microbe may be a virus,
bacterium, fungus, parasite, or protozoa. A vector construct may also be self-adjuvanting if it

encodes both an antigen or antigens and an adjuvanting motety.

100981  In the present mvention, the term “therapeutic construct” may also be used to refer
to the expression construct or transgene. One skilled in the art realizes that the present
invention utilizes the expression construct or transgene as a therapy to treat hyperproliferative
diseases or disorders, such as cancer, thus the expression construct or transgene is a

therapeutic construct or a prophylactic construct.

[0099]  The term “transfection” and “transduction” refer to the process by which an
exogenous DNA sequence is introduced into a cukaryotic host cefl. Transfection is the non-
viral delivery of nucleic acids {cither DNA or RN) and can be achieved by any onc of a
number of means including electroporation, microinjection, gene gun delivery, retroviral
infection, lipofection, polymer-mediated delivery, and the like. Transfection refers to the
delivery of nucleic acids by a virus or viral vector where the nucleic acids are typical DNA for

a DNA virus and RNA for an RNA virus. Also, for bacteria that enter cells such as
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Salmonella or Listeria, plasmid DNA can be introduced into these bacteria which then carry

that DNA mto the cukaryotic host cell, a process called “bactofection.”

19100} As used herein, the torm “syngeneic” refers to cells, tissues or animals that have
the same genotype. For example, identical twins or animals of the same inbred strain,

Syngeneic and isogeneic can be used interchangeable.

(6161 The term “subject” as used herein includes, but is not limited to, an organism or
antmal; a mammal, including, e.g., 8 human, non-human primate {e.g., monkey), mouse, pig,
cow, goat, rabbit, rat, guinea pig, hamster, horse, monkey, sheep, or-other non-human
maramal; a non-mammal, including, ¢.g., a non-mammalian vertebraie, such as a bird (e.g., a

chicken or duck) or a fish, and a non-mammalian invertebrate.

10102] Asused heren, the term “under ranscriptional control” or “operatively hinked” is
defined as the promoter is in the correct location and orientation in relation to the nucleic acid

to control RNA polymerase inttiation and expression of the gene.

37 4 M 14

10163] As used herein, the terms “treatment,” “treat,” "treated,” or “treating” refer to
prophylaxis and/or therapy, When used with respect to an infectious disease, for example, the
terr refers to a prophylactic treatment which increases the resistance of a subject to mfection
with a pathogen or, in other words, decreases the likelihood that the subject will become
infected with the pathogen or will show signs of illness attributable to the infection, as well as
a treatment after the subject has become infected in order to fight the infection, ¢. g., reduce or

eliminate the infection or prevent it from becoming worse.

18164} As used herein, the term “vaccine” refers to a formulation which contains the
composition of the present invention and which 1s 1n a form that is capable of being
administered to an animal. Typically, the vaceine includes a conventional saline or buffered
aqueous solution medium in which the comaposition of the present fnvention is suspended or
dissolved. In this form, a composition of the present invention can be used conveniently to
prevent, ameliorate, or otherwise treat a condition. Upon introduction iuto a subject, the
vaccine 18 able to provoke an tvurune response including, but not fimited to, the production of

antibodies, cytokines and/or other cellular responses.
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13105] A good example of the purposeful introduction of an adjuvant into a vaccine was
reported by Ruby et al. (1995) Nature Medicine 1: 437-441, These authors studied the
vaccuna virus, a live viral vaccine that nevertheless replicates very strongly in mice unless
controlled by the host response. In this case, the coding sequence for CD40 ligand (CD40L)
was genetically mtroduced into recombinant vaccinia virus and tested i miace. When the
vaccinia virus also led to the expression of CD40L, the replication of the virus was severely

curtained by host responses,

[0106] Another example was the report of Lin et al, (2009 J Virol 83: 1216-1227. They
found that incorporating CD40L onto the surface of a sinian immunodeficiency viras (S1V)
could lead to enhanced antibody and cellular immune respounses. In this case, the SIV was
further engineered so that it could only vndergo ouve round of mfection (Msingle~-cycle” virus),

which ensured that it could not by itself icad to persistent S1V infection.

[0187] CD40L 1s normally a membrane molecule. Consequently, the CD40L adpuvant
molecule appears on the surface of these enveloped (1.e., membrane-bearing) viruses. To
activate immune cells, these vaccines must engage the extraceliular portion of the CD40
receptor. The resulting CD40L-mediated stimnulation of the CD40 receptor can occur on
either the same cells infected by the vaccinia~CD40L or SIV-CD40L constructs or on adjacent
cells, The risk of activating an adjacent cell is that the adjacent cell ruight not be an antigen-
presenting cell or, 11t is an antigen-presenting cell, 1 might not have the proper antigen {¢.g.,
vaccinia antigens in the case of vaccinia-CD40L or SIV antigens in the case of SIV-CD40L).
Thus, expressing CD40L. as a membrane protein on a virus or microbe does not eusure that

the antigen and adjuvant are co-extensive in space and time.

[0108] As a way of solving this problem, gene therapy approaches has been developed to
target dendritic and activate them through the CD40 pathway. The method relics on the
cytoplasmic tale of C'D40 which contains amino acid sequences that engage signal
transduction molecules, chiefly the TNF-Receptor Activation Factors or TRAFs of which
TRAFG6 is one of the wost important. The CD40 intraceliular signaling domain can be fused
with a myristylation sequence that permitted the fusion protein to attach itself to the inner
lcatlet of the plasma membrane. As a further step, the fusion coustruct includes a sequence
taken from the FK506 binding protein (FKBP 12} that allowed the fusion protein to be

dimerized by a drug composed of two FK506 moietics joined together {¢.g., AP20187). The
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result 18 a chemically induced dimerization system (CID). When the entire genetic construct
is expressed under the control of the CD1 1e promoter that is preferentially activated in
myeloid dendritic cells and wtroduced 1nto these cells, then the entire systera mirnics CD40
activation of dendritic cells once the chemical dimerizer {c.g., AP20187) is added. The
drawbacks to this system mclude: (1) the mynistylation-FRS506 binding domain-CD40
cytoplasmic region fusion construct requires a genetic vector to introduce it into cells or else
stable transgenic cells must be produced; (2) the chemical dimerizer must be added and its
pharmacology must be separately controlled; (3) if the expression of the activated CD40
signaling domain mside CD1 e dendritic cells is considered to be an adjuvant, no method was
provided to couple this system to an antigen such that the antigen and adjuvant are co-
extensive in space and time; and (4) the description of the CID system infers that it works by
dimerization. The last point is iraportant because the intracelhular domain of CD40 signals
best when it is present as a trimer, yet the description of Hanks et al. (2005) Nat Med 11: 130-

137, teaches away from this by mmplying that a dumer 1s sufficient.

[0109] Conscquently, what 1s needed s a more general way to cusure that an antigen and
adjuvant are co-extensive in space and time. In one aspect, this is performed without the need
for a chemical crosslinker, ¢.g., through a self-assembling intracellular complex, Using CD40
as an example, such a self-assembling complex should lead to multimers of three or more
CD49 intracellular cytoplasmic domains as an adjuvant and this complex would need to be
operatively linked to the antigen in order that the antigen and adjuvant be co-exiensive

space and time.

[0119] Concerning a self-assembling intracetular complex that lcads to signaling through
the CD40 pathway, this is naturally present in the Epstein-Barr virus (EBV) in the form of the
fatent membrane protein 1 (EMP1). LMP1 has an N-terminus containing six transmembrane
regions some of which interact with others to form a nultimeric patch in the plane of the
membrane, The C-terminal region of LMP1 contains TRAF-binding motifs that signal in a

similar mannert to those from the CD40 intracellular region.

LY Related to LMP1 is an artificial fusion protein containing the nmltimerizing,
merbrane-associated N-termionus of LMP1I conjoined with the intracytoplasmic domain of
CD40, te., LMPI-CD40. This mombrane-associated intraceliular fusion protein mimics the

constitutive signaling of CD40 without the need for an external ligand.
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1112 LMPT and LMPI-CD40 exemplity defined amino acid sequences that carry with
thern the ability to activate the CD40 signaling pathway, CD40 signaling 1s known to activate
dendritic cells to present antigen to T cells. CD40 signaling 1s kuown to activate B cells to
present antigen to T cells. CD40 signaling s known to mature B cells into antibody-
producing celis. In particular, CD40 activated B cells undergo “class switching” of their
antibody production from fgM to {g(G or in some circumstances to 1gA, and this can be

replicated by LMPL.

10113 However, prior to the present invention, it was not recogmized that LMP1 or
LMP1-CD40 could be used as adjuvants and there was no suggestion as to how this might be
accomplished. One of the central, non-obvious, and inventive aspects of the present mvention
is that it envisions LMPT or LMP1-CD40 as portable adpuvant compositions that can be
introduced into microbes, most preferably viruses, or tumor cells. These microbes or tumor
cells carry their own antigens with thewn, By placing LMP1 or LMP1-CD40 divectly into
them, the antigen and adjuvant become co-extensive in space and time, which is an important

feature of the present mvention.

[0114] While the above discussion relates to the CD40 signaling pathway, the application
of the present invention extends to other similar receptor molecules. These receptors are
collectively known as the TNF Receptor SuperFamily (TNFRSF).  As a general rule,
stgnaling by cach and any of these receptors requires that thewr cytoplasmce domains be
multimerized into complexes of three or more amino acid strands. Just as LMP1-CD40
combines the multimerizing domain of LMP1 with the iutracellular signaling domain of the
CD46 receptor into an amino acid sequence cassette, so too the present invention anticipates
fusions of LMP1 with the intracellular signaling domains of other TNFRSFs, Examples
inchude LMPI1-4-18B, LMP1-OX40, LMP1-CD27, LMPI-RANK, LMP1-BAFF-R, etc.
Significantly, these other TNFRSFs are expressed on a different range of cells than 1s CD40
and their stimulation has different effects. For example, the receptors for a proliferation-
inducing ligand {APRIL) mediate cell growth such that their activation could be used to

promote wound healing.
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jB115] In the above discussion, note 18 made of fusing the LMP1 N-erminal domain to
the intraccilular signaling domains of TNFRSFs such that the fusion protein selt-assembles
into a rudtimenie complex of three or more chams, While exemplary, the LMP1 N-terminal

domain is not the only amino acid sequence that can be used in this manner.

[0116] The present invention provides compositions and methods which stimulate the
immune system to defend the host from microbes and hyperproliferative diseases including
cancer. More particularly, the present tnvention provides compositions in which an amino
actd sequence of a multitnerizing domain 18 fused to an mtracytoplasmic signaling domain
that must be multimerized into a complex of three or more identical chains in order to provide
an activating signal to a cell, The compositions of the present invention can be used as an
adjuvant to bolster the immune response {0 a microbe or a tumor cell. In some embodiments,
the composition of the present invention can be used to make more effective preventative or

therapeutic vaccines ot to elicit the immuue control of tumors,

10117} Certain embodiments of the present favention include an expression construct
comprising a polynucleotide promoter sequence, a polynuciectide sequence encoding the
mulifmerization-intracelular signaling fusion cassette, all operatively linked. It is envisioned
that the expression construct is comprised within a vector forming an expression vector; the
veetor 18 selected from the group consisting of a viral vector, a bacterial vector, and a
marmmalian vector. The multimenzation-intracellular signaling cassette can be comprised of
any combination of a multimerization domain with an intracellular signaling domain where
the roultimerization domain leads to the complexation of three or more of the intracellular

signaling domains.

[011R] Certain embodiments of the present invention are comprised of a virus or vector
into which the multimernization-intraccllular signaling cassette has been inserted. There arc at
jeast two methods for determining where in the virus or vector this cassette should be
mserted: (1) i the codons of a viral or vector gene can be deleted or mutated nto a non-
functional condition, then this location in the virus or vector 1s a candidate location for
inserting the cassette. Most preferably, but not essentially, number of nucleic acid bases
encoding the deleted or mutated vival or vector gene should be similar to the number of
nucleic bases of the cassette being inserted {e.g., a dispensable viral or vector gene of about

400 bp can be replaced by cassette of 150 to 600 bp); or (2) reports in the literature may
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already describe how foreign genes can be inserted into a virus or vector. For example,
enhanced green fluorescent protein (EGFP), beta-galactosidase, thymidine kinase, the neo
gene for resistance to the toxicity of G418, beta-lactamase, and other enzymes have already
been inserted into many viruses and vectors such that the viruses and vectors retain their
functions of interest. Other exaruples of inserts that roay already be described in the hiterature
include affinity tags for example calmodulin-binding peptide, cellulose-binding domain,
DishA, c-maye-tag, glutathione S-transferase, FLAG-tag, HAT-tag, His-tag, maltose-binding
protein, NusA, S-tag, SBP-tag, Strep-tag, and thioredoxin. Thus, those skilled in the art can
readily determine how to replace the enzyme or affinity tag msert with a multimerization-

intracellular signaling cassette of the present invention,

[8119] Other embodiments of the present invention inchude a transduced cell, n which the
cell 1s transduced with an expression vector containing the multimerization-intracellular
stgnaling cassette. In oue aspect, an antigen-presenting cell, for example a dendnitic cell, can
be loaded with antigen and transduced with latent membrane protein | (LMP1) or LMP1-

D40 and then delivered to the host to inifiate an immune response.

[0126] In another embodiment, a multimerization-intraccliular signaling cassette can be
transduced with an expression vector into a tumor cell. In another aspect where LMP1 or
LMP1-CD40 15 used, the tumor cell membrane can carry the cassctte, Since tumor cells are
known to shed microvesicles that traus{er membrane wolecules wcluding MHC Class 1 with
antigen to other cells by a process known as trogocytosis or transfer by small membrane
fragments known as exosomes, this 1s a mechanism whereby a tamor cell carrving the
nultimerization-intracetular signaling adiuvant cassetie can donate antigen and adjuvant to

antigen-presenting cells,

10121} Another embodiment of the present nvention is a pharmaccutical composition
inchuding the virus or expression vector or a cell transduced with same, wherein the virus or
expression vector leads to the expression of the multimerization-intracellular signaling
cassette. The virus or expression vector used for this pharmacentical composition juclades a
polymucleotide promoter sequence, a first polynuclectide sequence encoding a multimerizing
domain, and a second polynucleotide sequence encoding an intraceliular signaling domain
such that the second domain is in the correct reading frame with the multimerizing domain.

These sequences may be followed by cither a transeriptional termination signal and
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polyadenylation domain, or followed by an internal ribosome entry sequence (IRES) followed
by another separate coding sequence. The result is an operatively linked construct that leads
to the transcription and translation of the multimerization~-intracellular signaling cassette in a

cell transfected by the pharmaccutical composition.

18122} As a further modification, a spacer or linker can be inserted between the
multimerization domain and the intracellular signaling dowain of the raultimernization-
intracellular signaling cassette. Exemplary of such spacers or linkers are nucleic acid
scquences encoding the amino acid sequences GlyGlyGlyGlySerGlyGlyGlyGlySerGlyGly-
GlyGlySer (SEQ 1D NO: 3}, the hinge sequence from 1gG
GluProLysSerCysAspLysThrHisThrCys-ProProCysProAlaProGluleulenGlyGlyPro (SEQ
113 NO: 4), or one or more Gly or Ala residues. Without vndue effort or experimentation,
those skilled in the art can prepare variants of the basic nultimerization-intracellular signaling
casseite containing such Huokers and test them for their functional effects, choosing the most

efficacious construct for further application according to the present invention.

6123 A further embodiment of the present invention inchides a method for modulating
an irmune response in 4 subject. The method includes the step of administering to the
subject a viras or vector of the present invention. The virus or vector is expressed in an
antigen-presenting cell, for example a dendritic cell or B cell. The virus or expression vector
used for this pharmoaceutical composition fncludes a polyuucieotide promoter sequence, a first
polymucleotide sequence encoding a multimerizing domain, and a second polynuclectide
sequence encoding an intracelular signaling domain such that the second domain 1s 0 the

correct translational reading frame with the multimernizing domain, all operatively linked.

13124 Another embodiment includes a method of modulating an immune response in a
subject. The method mncludes the steps of: transducing or transfecting an antigen-presenting
cell with a virus or expression vector, wherein the virus or expression vector includes a
polymueleotide promoter sequence, a polynucleotide sequence encoding the nultimerizing-
wntracellular signaling cassette (with or without a spacer or hinker), and a transcriptional
terminator or IRES, all operatively linked; and administering to the subject transduced
antigen-presenting cells, Of note, U the method uses transduction of mRNA, no promoter
sequence 1s needed. In one aspect, the transduced or transfected antigen-presenting cells

enhance the immunc response in the subject. In another aspect, the transduced or transfected
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antigen or that the antigen 1s already encoded by the virus or expression vector or alrcady

present in the host subject.

10125] Another embodiment of the present invention 18 a method of inducing a regulate
immune response against an antigen in a subject. The method inchudes the steps of!
transducing or transfecting an antigen-presenting cell with a virus or expression vector,
wherein the virus or expression vector includes a polynucieotide promoter sequence, a
polynucleotide sequence encoding the multimerizing-intracellular signaling cassette (with or
without a spacer or linker}, and a transcriptional terminator or IRES, all operatively linked;
loading transduced or transtected antigen-presenting cells with the antigen; and administering
transduced or transfected, loaded antigen-presenting cells to the subject thereby effecting a
cytotoxic T lymphocyte and natural killer cell anti-tumor antigen timmune response. In one
aspect, the transduced or transfected, loaded antigen-presenting cells are adminisiered to the
subiect intradermally, subcutaneously, intrancdally or intralymphatically. In another aspect,
the antigen-presenting cells are transduced or transfected with the virus or expression vector

in vitro or ex vive prior to administering to the subject.

13126] Loading the antigen-presenting cells with an antigen can be acconmplished utilizing
standard methods, for example, pulsing, transducing, transfecting, and/or electrofusing. In
one aspect, the antigen can be nucleic acids (DNA or RNA), proteins, protein lysate, whole

cell tysate, or antigen proteins linked to other proteins, ¢.g., heat shock proteins.

{9127} in various embodiments, the antigens can be derived or isolated from a pathogenic
wicroorganism for example viruses including Human mmunodeficiency virus (HEV),
influenza, Herpes simplex, human papilloma viras, Hepatitis B, Hepatitis C, EBY,
Cytomegalovirus (CMV) and the like. The antigen may be derived or solated from
pathogenic bacteria such as from Chlamydia, Mycobacteria, Legtonella, Meningiococcus,
Group A Streptococcus, Salmonella, Listeria, Hemophilus influenzae, and the like. In one
aspect, the antigen may be derived or isolated frow pathogenic yeast inchuding Aspergillus,
invasive Candida, Nocardia, Histoplasmosis, Cryptosporidia and the like. The antigen may be
derived or isolated {rom a pathogenic protozoan aud pathogenic parasites including, but not
limited to Pncumocystis carinil, Trypanosoma, Leishmania, Plasmodium and Toxoplasma

gondii,
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[0128] In certain embodiments, the antigen inchides an antigen associated with a
prencoplastic or hyperplastic state. Antigens may also be associated with, or causative of
cancer. In one aspect, such antigeus nclude tumor specific antigen, tumor associated antigen
{TAA) or tissuc specific antigen, epitope thereof, and epitope agonist thereof. In another
aspect, such antigeus 1nclude but are vot limited to carcinoembryonic antigen (CEA) and
epitopes thereof such as CAP-1, CAP-1-6D and the like, MART-1, MAGE-1, MAGE-3,
GAGE, GP-100, MUC-1, MUC-2, point mutated ras oncogene, normal and pomnt mutated p53
oncogenes, PSMA, tyrosinase, TRP-1 {gp75), NY-ESO-1, TRP-2, TAG72, KSA, CA-125,
PSA, HER-2/neu/c-erb/B2, BRC-I, BRC-I, ber-abl, pax3-fkhr, ews-tli-1, modifications of

TAAs and tissue specific antigen, splice variants of TAAs, epitope agonists, and the like.

19129] Another embodiment 1s a method of treating and/or preventing a disease and/or
disorder. The method includes administering to a subjoct an effective amount of a virus or
expression vector of the present invention to treat and/or prevent the disease and/or disorder,
wherein the expression vector includes a polynucieotide promoter sequence, a polynucleotide
sequence encoding the multimenizing-intracellular signaling cassetie (with or without a spacer
or linker), a transcriptional terminator or IRES, all operatively Hinked. Of note, if the method
uses transduction of mRNA, no promoter sequence 18 needed.  An exemplary multimerizing-

intracellular signaling cassette is LMPT or LMP1-CD340.

10130] In certain embodiments, the disease is a hyperproliferative disease, which cau also
be further defined as cancer. In still further embodiments, the cancer is melanoma, non-small
cell lung, small-cell lung, lung, hepatocarcinoma, leukemia, retinoblastoma, astrocyioma,
glioblastoma, gum, tongue, neuroblastoma, head, neck, breast, pancreatic, prostate, renal,
bonge, testicular, ovarian, mesothelioma, cervical, gastrointestinal, lymphoma, brain, colon,
sarcoma or bladder. The cancer may include a tumor comprised of tumor cells. For example,
tumor cells may inchude, but are not imited to melanoma cell, a bladder cancer cell, a breast
cancer cell, a lung cancer cell, a colon cancer cell, a prostate cancer cell, a liver cancer cell, a
pancreatic cancer cell, a stomach cancer cell, a testicular cancer cell, a brain cancer cell, an
ovarian cancer cell, a lymphatic cancer cell, a skin cancer cell, a brain cancer cell, a bone

cancer cell, or a soft tissue cancer cell.
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13131 In other embodiments, the hyperproliferative diseases include rheumatoid arthritis,
imnflammmatory bowel discase, ostecarthritis, leiomyomas, adenomas, lipomas, hemangiomas,
fibromas, vascular occlusion, restenosis, atherosclerosis, pre-neoplastic lesions (such as
adenomatous hyperplasia and prostatic intracpithelial neoplasia}, carcinoma in situ, oral hairy

feukoplakia, psonasis, or combinations thereof,

191321 Yet further, another embodiment 1s a method of treating a disease and/or disorder,
The method mcludes administering to a subject an effective amount of a transduced or
transfocted antigen-presenting cell to treat the disease and/or disorder, wherein the transduced
or transfected antigen-presenting cell is transduced or transfected with an expression vector
mcluding a polynucleotide promeoter sequence, a polynucleotide sequence encoding the
multimerizing-intracellular signaling cassetie {(with or without a spacer or huker), and a
transcriptional terminator or IRES, all operatively linked. In one aspect, the multimerizing-
intracellular signaling cassette includes a multimerization dorain operatively linked to the
intracellular signaling domain of 8 TNFRSF, more specifically the CP40 cytoplasmic domain.
In another aspect, the transduced or transfected antigen-presenting cells can be administered
to the subject intradermally, subcutaneously, or intranodally. The antigen-presenting cells can
be transduced or transfected with the virus or expression vector in vifre prior to admunistering
to the subject. The method may further include electrofusing the transduced or transfected
antigen-presenting coll to a tumor cell. In certain embodiments, the tumor cell is syngeneic,
or allogeneic. The method may also further includes transtectiog the transduced or
transfected antigen-presenting cell with tumor cell mRNA and/or pulsing the transduced or
transfected antigen-presenting cell with tumor cell protein lysates and/or pulsing the
transduced or transfected antigen-presenting cell with heat shock proteins hinked to tumor cell

polypeptides,

[0133] Another embodiment is a method of treating a subject with cancer. The method
includes administering to the patient an effective amount of a transduced or transfected
antigen-presenting cell to treat the cancer. In one aspect, the transduced or transfected
antigen-presenting cell is transduced with an expression vecior or viral construct including a
polymucleotide promoter sequence, a polynuclectide sequence encoding the nultimerizing-
wntracellular signaling cassette (with or without a spacer or hinker), and a transcriptional
terminator or IRES, all operatively linked; and administering at least one other anticancer

treatment, Of note, if the method uses transduction of mRNA, no promoter sequence is
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needed. In another aspect, the anticancer treatment is selected from the group consisting of

chermotherapy, immunotherapy, surgery, radiotherapy, gene therapy and biotherapy.

10134 in another embodiment, the multimerizing-intracellular signaling cassette (with or
without a spacer or linker} can be delivered to a turnor im vivo using a microbe or viras,
Listeria is an cxample of a bacterium that preferentially targets tumors and can transfer
plastnid DNA to eukaryotic cells (“bactofection™). Oncolytic viruses are those that
preferentially infect tumor cells in vive. Examples of oncolytic viruses include adenoviruses,
reoviruscs, alphaviruses, Herpes Siraplex virus, Newcastle disease virus, Coxsackic B virus,
Coxsackie AZ1 viras, Sindbis virus, measles virus, poliovirus, vesicular stomatitis viras,
myxoma virgs, vaccinia virus and other poxviruses, Sendat virus, and influcnza virus, In this
embodiment, the microbe or oncolytic virus contamning the multimerizing-intracetolar
signaling cassette 1s injected cither intravenously, subcutancously, or directly into the tumor
or turmor bed. In one aspect, the composition is mjected into the space left after a tumor has
been surgically removed, e.g., the space in the brain tissue following surgical removal of

ghioblastoma.

[0135] Intracellular signaling domains of the TNF Receptor SuperFamily (TNFRSF) The
official nomenclature of the TNFRSFs is maintained by the Human Genome Organization
(HUGO) at following URL that was accessed on March 22, 2010 at would wide web
genenames, org/gencfamily/infrsfphp.  While defimtive information on the human proteins
follow below, the skilled artisan would be able to determine similar information on TNFRSFs
from non-human mamals, birds, and fish, as well as allelic variants of the reference

SCquUnCes,

19136] CD27 is GenBank Accession # M63928. It is UmiProtKB/SwissProt reference #

P26842, which gives its intracytoplasmic signaling domain as amino acids 213-260,

198137} CD40 1s GenBank Accession # X60592, It is UniProtKB/SwissProt reference #
P25942, which gives its intracytoplasniic signaling domain as amino acids 216-277.
However, for the constructs reported here, amino acids 220-277 were used to provide an extra

distance from the plasma membrane.

18138] Fas is GenBank Accesston # M67454. It is UniProtKB/SwissProt reference #

P25445, which gives its intracytoplasmic signaling domain as amino acids 191-335,
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13138] Lymiphotoxin beta receptor {LTBR) is GenBank Accession # LO4270. It is
UniProtKB/SwissProt refercnce # P36941, which gives its intracvioplasmic signaling domain

as amino acids 239-435,

[6148] Nerve growth factor receptor (NGFR) 1s GenBank Accession # M14764, Itis
UniProtKB/SwissProt reference # PO8138, which gives its intracytoplasmic signaling domain

as amino acids 273-427,

{0141} Tumor necrosis tactor receptor superfamily member 1A (TNFRSF1A) 1s GenBank
Accession # M75866. It is UniProtiB3/SwissProt reference # P19438, which gives its

intracytoplasmic signaling domain as amino acids 235-455,

10142} Tumor necrosis factor receptor superfamily member B (TNFRSF1B) is GenBank
Accession # M32315, It is UmProtKB/SwissProt reference # P20333, which gives its

intracytoplasmic signaling domain as amino acids 288-461.

[0143] Tumor necrosis factor receptor superfamily member 4 (TNFRSF4 or 0X40) is
GenBank Accession # X73962. 1t 1s UniProtKB/SwissProt reference # P43489, which gives

its mtracytoplasmic signaling domain as amino acids 236-277.

18144 Tumor necrosts factor receptor superfamily member 8 {(TNFREFE or {1380} 19
GenBank Accession # M83554, Tt s UniProtKB/SwissProt reference # P28908, which gives

its intracytoplasmic signaling domain as amino acids 408-595.

10145] Tumor necrosis factor receptor superfamily member 9 (TNFRSFS, CD137, or 4-
1BB} is GenBank Accession # 112964, 1t is UniProtKB/SwissProt reference # Q07011,

which gives its intracytoplasmic signaling domain as amino acids 214-255.

19146] Tumor necrosis factor receptor superfamily member 10A (TNFRSF104, DR4,
ApoZ, or TRAILR-1} is GenBank Accession # US0875. |t is UniProtKB/SwissProt reference

# 000220, which gives ils intracytoplasmic signaling domain as amino acids 263-468,

10147} Tumor necrosis factor receptor superfamily member 10B (TNFRSF10B, DRS, or
TRAIL-R2} ts GenBank Accession # AF(312628. 1t 13 UniProtKB/SwissProt reference #

(014763, which gives its intracytoplasmic signaling domain as amino acids 232-440.
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13148} Tumor necrosis factor receptor superfamily member 10D (TNFRSFI0D, RS, or
TRATL-R2} is GenBank Accession # AF029761. It is UniProtKB/SwissProt reference #

QOUBFG6, which gives its intracytoplasmic signaling domaiu as armno acids 233-386,

10149] Tumor necrosis factor receptor superfamily member 1TA (TNFRSFHIA or
ANK 1s GenBank Accession # AF018253. It 18 UniProtKB/SwissProt reference #

(39Y 606, which gives its intracytoplasmic signaling dowain as amino acids 234-616.

[0150] Tumor necrosis factor receptor superfamily member 12A (TNFRSFI124, FNI4, or
TweakR) is GenBank Accession # ABO35480. It is UniProtkKB/SwissProt reference #

QONP84, which gives its intfracytoplasmic signaling domain as ammno acids 102-129,

10151} Tumor necrosis factor receptor superfamily member 3B (INFRSFI3B or TACT)
is GenBank Accession # AF023614. His UniProtKB/SwissProt reference # 014836, which

gives its intracytoplasnc signaling domain as amino acids 187-293.

[0152] Tumor necrosis factor receptor superfamily member 13C (TNFRSFI3C or
BAFFR) is GenBank Accession # AF373846. 1t is UniProtKB/SwissProt reference #

QO6RI3, which gives its intracytoplasmic signaling domain as amino acids 100-184.

13153 Tumor necrosts factor receptor superfamily member 14 (TNFRSF14, HVEM, or
LIGHTR) 1s GenBank Accession # U70321, It 18 UniProtKB/SwissProt reference # (92936,

which gives its intracytoplasmic signaling domain as amino acids 224-283.

10154] Tumor necrosis factor receptor superfamily member 17 (TNFRSF17 or BCMA) 13
GenBank Accession # 229574, 1t is UniProtKB/SwissProt reference # Q02223, which gives

ils mtracytoplasmic signaling domain as amino acids 78-184,

1155] Tumor necrosis factor receptor superfamily mewmber I8 (TNFRSFIR or GITR} 18
GenBank Accession # AF125304. It 1s UniProtKB/SwissProt reference # Q9YSUS, which

gives its intracytoplasmic signaling domain as aruino acids 184-241,

10156} Tumor necrosis factor receptor superfamily member 19 (TNFRSF19 or TROY ) 15
GenBank Accession # ABO40434. It is UniProtiKB/SwissProt reference # QUNS68E, which

gives its intracytoplasnic signaling domain as amino acids 192-423.
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13157] Tumor necrosis factor receptor superfamily member 21 (TNFRSF2T or DR6) is
GenBank Accession # AF068868. It 18 UniProtKB/SwissProt reference # Q9ESUS, which

gives its intracytoplasmic signaling domain as armino acids 371-655,

10138] Tumor necrosis factor receptor superfamily member 25 (TNFRSF23 or DR3) 18
GenBank Accession # U72763. It is UniProtKB/SwissProt reference # 93038, which gives

its intracytoplasmic signaling domain as amino acids 221-417.

[0159] Latent membrane protein | {LMP1} 1s not strictly a member of the TNF Receptor
SuperFamily. However, we note here that the prototypic RAI cell LMP1 is GenBank
Accession # HS4LMP1. I s UniProtKB/SwissProt reference # P13198, which gives its

intracvioplasmic signaling domatn as amino acids 187-388.
o E:’ oD

10168} Multimerizing domaius: As described above, the prototypic multimerizing domaiu
for a multimerizing-intraccilular signaling cassette is the LMP1 protein of the RAJ strain of
the Epstein-Bare Virus (EBV). It s GeuBank Accession # HS4LMPL, Tt
UniProtKB/SwissProt reference # P13198, which gives its N-terminal domain containing 6
transmernbrane regions as amino acids 1-186. However, to provide distance from the inner

jeaflet of the plasma membrane, amino acids 1-190 were used (4 extra amino acids retained).

16161} Design principles of a multimerizing-intracellnlar signaling cassette: For many
mentbers of the TNF Receptor SuperFamily (TNFRSF), clustering in the plane of the cell
membrane 1s required to generate an intracellular signaling event. In order to produce a
constitutively activated TNFRSF, it is necessary to mimic this clustering by fusing the
intracytoplasmic domain of the TNFRSF with a multimerizing motif. As noted above, the N-
terminus of LMP1 is a very suitable multimerizing domain that effectively activates either its
own intracytoplasmic (= intraccilular) domain (which has activities in common with that of
D48} or the heterologous intracytoplasmic domain of D40, As described heretn, LMP1 i3
a complete multimerizing-intracellular signaling domain o and of itself. LMP1-CD40 refers
to the fusion of RAJI EBV LMP1 amino acids 1-186 in frame with the intracytoplasmic

domain of CD40 amino acids 216-277,

[0162] As noted above, a spacer or linker can be inserted between the multimerizing

domsain and the wtracellolar signaling domain.
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13163 By analogy with LMP1-CD40, we predict that the fusion of the LMP1 N-terminus
with the intracytoplasmic signaling domains of each and any of the TNFRSFs listed above

will yield useful casseties.

10164] Insertion of a multimerizing-intracetlolar signaling cassette to HIV-1 and other
lentiviruses: a design prototype: As described above, the nefreading frame is ideal for the
wmsertion of LMP1 or LMP1-CD40. Numerous proviral coustructs have been made i which
novel coding regions have been inserted into the nefregion. Importantly, HIV-1 can replicate
if EGFP is placed i the rnef~spliced message followed by an IRES directing the translation of
NEF protein. This sets a design precedent that 1s the prototype for the present invention: if a
virus or virus vector has a region that can be deleted entirely like nefor has been used to
express a heterologous coding sequence (e.g., EGFP or other markers described above), then
this site is likely to be suitable for replacement by a mmltimerizing-intracytoplasmic signaling
casseite. Performing this replacement will yield a virus with new properties depending upon

the cells infected by the virus and the nature of the intracytoplasmic signaling domain.

10165] Lentiviruses have also been used as the basis for gene therapy, One example ts the
use of lentiviruses to fransduce dendritic cells tor use in vaccines. From the description
therein, one skilled in the art will know bow to insert a multimerizing-intraceliular signaling
casscite such as LMP1 or LMP1-CD40 1n order to improve the strength of this DC-based

vaccine strategy.

10166] Insertion of a multimerizang-intracetiular signaling cassette into poxviruses: A
prototypic poxvirus is Modified Vaceinia Ankara (MV A} which has been chosen as a vaccine
to prevent sruall pox and as a vaccine vector. Other viruses m the poxvirus family that have
been promoted for use in humans include vaccinia {(dryvax), NYVAC, and avipox (ALVAC),
To mtroduce a multimerizing-intracellular signaling cassette into MVA, tools involving
cloning LMP1 into the transfer vector, pLW-44, can be used (Wyatt LS, Shors ST, Murphy
BR, Moss B. 1996, Development of a replication-deficiont recombinant vaccinia virus
vaccine effective against parainfluenza virus 3 infection in an animal model. Vaceine 14:
1451-8).. This transfer vector is a plasmid that contains green fluorescent protein {(GFP} and
space for a second geue, here LMP1L. Flanking regious homologous to MV A pernt

ccombination of the construct into the del I region of MV A. Recombinant viruses are
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generated tn chicken emibryo fibroblasts (CEF) and selected by EGFP fluorescence or

immunostaining with anti-EGFP antibody.

[0167] insertion of a multimernizing-intracellular signaling cassette into an oncolytic virus:
Viruses that target tumors are betng studied for their anti-tumor effects. Typically, these
“oncolytic” viruses lead to tumor cell death. One exemplary oncolytic virus is measles virus.
For example, use of Edmonsion-NSe vaccine strain has been developed, by displaying human
11.-13 at the C-terminus of the H protein, and introducing D46 and signaling iymiphocyte
activation molecule (SLAM}-ablating mutations in H. The skilled artisan would readily know
how to replace the 1L-13 coding sequence in this virus with LMP1, LMP1-CD44G, or another
rmulifmerizing-intracelular signaling cassetie. For example, LMP1-Fas, LMPI-TRAIL-RI,
LMPI-TRAIL-RZ, and LMPI-TNF-R1 are all examples where the cytoplasmue tatl of the
listed receptors can be multimerized by the LMP1 N-terminal domain. The present tnvention
provides that such engineered viruses will be highly cytolytic for turnor cells and therefore
useful for local therapy, e.z., treatment of brain tumors, Likewise, LMP1, LMP1-CD40,
LMPi-4-1BB, LMP1-CD27, LMP1-OX40, LMP1-RANK, or LMPI-BAFFR could be
similarly introduced into measles virus and used to augment the immune response to tumors.

A similar approach could be taken using any of the oncolyiic viruses well known in the art,

[8168] Vartous oncolytic viruses have been disclosed in U.S. Patent Nos, 7,811,582,
7,731,952, 7,638,318, 7,595,042, 7,537,924, 7,459,154, 7,267,815, 7,262,033, 7,223,593,
7,122,182, 7,118,755, 7,063,851, 7,063,835, 7,030,099, 6,821,753, 6,719,982, 6,713,067,
6,641,817, 6,544,770, 6,428,968, and 6,316,185; the contents of which are incorporated by
reference in their entireties. Additional oncolytic viruses have also been disclosed in U.S.
Patent Publication Nos, 2009/0220460, 2007/0264282, 2006/0188480, 2006/0121522,
2005/0249707, 2004/0219167, 2004/0063094, 2004/6022812, and 2003/02194409; the
contents of which are incorporated by reference n thetr entiretics. The present invention
provides that these oncolytic viruses can be modified to inchude an expression cassette for
expressing the protein of the invention, for example, LEM1 or LMP1-CD40, to stimulate
imrune respouses, The present invention provides that the modified oucolytic viruses can be

used 1n various vaccine compositions,
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13169] The present invention provides that DCs can be transfected ex vivo with mRNA
encoding LMPT or LMP1-CD40. These DCs can become activated to be better antigen-
presenting cells. These antigen-pulsed DCs in cultare can theu be adwministered to a subject,

strnilar to the Dendreon Provenge™ vaccine for prostate cancer.

[0170] The present invention also provides the use of plasmids expressing LMP1
(pLMP 1} or LMP1-CD40 (pMLP1-CD40) as DNA vaccine adjuvants. Such DNA vaceine

can be used, for example, to prevent melanoma metastases.

1171 The present invention also provides the use of multimerizing-intracetiular
signaling gene casscttes where the signaling portion 18 not from CD40, For example, some
TNF receptor superfamily members {(shown in Figure 29} can be used to mediate growth. A
LMP1 version {fusion protein} with any of these TNF receptor superfanuly members can be

used for vartous indications, for example would healing and/or regenerative moedicine.

191721 Cis~ versus Trans- effects of a multimerizing-intracellular signaling cassette: The
expression of LMP1 in cells has been shown to induce patched of the cell membrane to bleb
off as microvesicles called exosomes. EMPI-induced exosomes can then fuse with nearby
cells bringing with them both LMP1 and cellular RNAs (Meckes DG, Jr., Shair KH, Marguitz
AR, Kung CP, Edwards RH, Raab-Traub N. 2010, Human tumor virus utilizes exosomes for
intercellular communication. Proc Natl Acad Sci U S A 147: 20370-5). This process is a
variation on a phenomenon known as “trogocytosis,” Alternative forms of trogocytosis have
been reported. By this mechanism, tursor cells transduced or trausfected to express LMPI or
the multimerizing-intracellular signaling cassette can produce exosomes that are then taken up
by antigen-presenting cells. It 1s predicted that this will both activate such antigen-presenting
cells {e.g., dendritic cells) and cause then to present tumor cell-derived antigens to the
immune systern, This is called a trans effect because it affects cells other than those in which
the multimerizing-intracellular signaling cassette was introduced by transfection or
transduction. This allows the infroduction of a multimerizing-intraccllular signaling cassette
to have more widespread effects than those due to just the cells that oniginally receive the
construct {which is said to act in cis in such cells}. In particular, a multimerizing-intraceliular
stgnaling cassette carried wto a tumor cell by an ouncolytic virus or microbe 18 predicted to

induce the formation of exosomes that are taken up by DCs and other antigen-presenting cells,
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feading to a stronger antitumor immmume response than would otherwise occur, This in turn

will increase the therapeutic effectiveness of oncolytic viruses or microbes.

163731 Methods of Gene Transfer: In order to mediate the effect of the transgene
expression in a cell, it will be necessary to transter the expression constructs of the present
invention into a cell. Such transfer may employ viral or non-viral methods of gene transfer.

This section provides a discussion of methods and compositions of gene transfer.

[0174] A transformed cell including an expression vector is generated by mtroducing frto
the cell the expression vector. Suitable methods for polynucleotide delivery for transformation
of an organclie, a ccll, a tissue or an organism for use with the current invention melude
virtually any method by which a polynucleotide {e.g., DNA or RNA} can be introduced into
an organelle, a cell, a tissue or an organism, as described herein or as would be known to one

of ordinary skill n the art.

19175] A host cell can, and has been, used as a recipient for vectors, Host cells may be
derived from prokaryotes or eukaryotes, depending upon whether the desired result is
replication of the vector or expression of part or all of the vector-encoded polynucleotide
sequences. Numerous cell hines and cultures are available for use as a host cell, and they can
be obtained through the American Type Culture Collection (ATCC), which s an organization
that serves as an archive for living cuitures and genetic materials. In specific embodiments,

the host cell is a dendritic cell, which is an antigen-presenting cell.

161761 it is well within the knowledge and skill of a skilled artisan to determing an
appropriate host, Generally this is based on the vector backbone aund the desired result. A
plasmid or cosnud, for example, can be introduced into a prokaryote host cell for replication
of many vectors. Bacterial cells used as host cells for vector replication and/or expression
include DHSa, IM109, and KC8, as well as a number of commercially available bacterial
hosts such as SURE™, Competent Cells and SOLOPACK™ Gold Cells (Stratagene, La
Jolla, Calif), Alternatively, bacterial celis such as £, coli LE392 could be used as host cells
for phage viruses. Hukaryotic cells that can be used as host ceils include, but are not limited to
yeast, insects and roammals. Examples of marmmalian eukaryotic host cells for replication
and/or expression of a vector include, but are not imited to, Hela, NIH3T3, Jurkat, 293,
COS, CHO, Saos, and PCI2. Examples of yeast strains inchude, but are not limited to,

YPH499, YPHS00 and YPHSOL.
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18177] Non-Viral Transfer - Ex vive Transformation: Methods for transfecting cells and
tissucs removed from an organism in an ex vivo setting are known to those of skill in the art.
For example, canine endothelial cells have been genetically altered by retroviral gene transfer
in vitro and transplanted into a canine. In another example, Yucatan minipig endothelial cells
were transfected by retrovirus in vitro and transplanted into au artery using a double-balloou
catheter. Thus, it 1s contemplated that cells or tissues may be removed and transfected ex vivo
using the polynucleotides of the present invention. In particular aspects, the transplanted cells
or tissues may be placed into an organism. Thus, it s well within the knowledge of one skilled
i the art to 1solate dendritic cells frorn an amimal, transfect the cells with the expression

vector and then administer the transfected or transformed cells back to the animal.

10178] fnjection: 1o certain embodiments, a polynucieotide may be delivered to an
organelle, a cell, a tissue or an organism via one or more injections {i.e., a needle injection),
such as, for example, subcatancously, intradermally, intramuscularly, intravenously,
intraperitoneally, etc. Methods of injection of vaccines are well known to those of ordinary
skill in the art (c.g., injection of & composition comprising a saline solution}, Further
embodiments of the present invention include the introduction of a polynucleotide by direct
mucrotnjection, The arnount of the expression vector used may vary upon the nature of the

antigen as well as the organelle, cell, tissue or organism used.

10179] Intradermal, intranodal, or fntralymphatic injections are some of the more
commonly used methods of DC administration. Intradermal injection is characterized by a
fow rate of absorption into the bloodstrearn but rapid uptake into the lymphatic system. The
presence of large numbers of Langerhans dendritic cells in the dermis will transport intact as
well as processed antigen to draiming lymph nodes. Proper stic preparation is necessary (o
perform this correctly (1.e., hair must be clipped in order to observe proper needle placement).
Intranodal imjoction allows for direct delivery of antigen to ymphoid tissues. Intralymphatic

injection allows direct administration of DCs.

10180] Electroporation: In certain embodiments of the present invention, a polynucleotide
is introduced into an organelle, a cell, a tissuc or an organism via electroporation.
Electroporation involves the exposure of a saspeunsion of cells and DNA 1o a high-voltage
clectric discharge. In some variants of this method, certain cell wall-degrading enzymes, such

as pectin-degrading enzymes, are ecmployed to render the target recipicnt cells more
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susceptible to transformation by electroporation than untreated cells (.S, Pat. No. 5,384,253,

incorporated herein by reference).

10181} Transfection of eukaryotic cells using electroporation has been quite successful,
Mouse pre-B lymphocyies have been transfected with human kappa-immunoglobulin genes,

and rat hepatocytes have been transfected with the chloramphenicol acetyltransferase gene.

[6182] Calcium Phosphate: In other embodiments of the present invention, a
polymueleotide 15 introduced to the cells using calctum phosphate precipitation. Human KB
cells have been transfected with adenovirus 5 DNA. Also in this manner, mouse L{A9),
mouse C127, CHO, CV-1, BHK, NIH3T3 and HeLa cells were transfected with a neomycin

marker gene, and rat hepatocytes were transfected with a variety of marker genes.

10183] DEAE-Dextran: fo another embodiment, a polynucleotide 1s delivered nto a cell
using DEAE-dextran followed by polyethylene glycol. In this manner, reporter plasmids were

wntroduced into mouse myeloma and erythrolenkemia cells,

161841 Somtcation Loading: Additional embodiments of the present invention include the
introduction of a polynuclestide by direct sonic loading. LTK-fibroblasts have been

transfocted with the thynudine kinase gene by sonication loading,

18185} Liposome-Mediated Transfection: In a turther embodiment of the mvention, a
polynucleotide may be entrapped in a Hpid complex, for example, a liposome. Liposomes are
vesicular structures characterized by a phospholipid bilayer membrane and an inner aqueous
medium. Multilamellar Hposomes have muoltiple hipid layers separated by aqueous medium.
They form spontancousty when phospholipids are suspended in an excess of aqueous solution.
The lipid components undergo sell~rearrangement before the formation of closed structures
and entrap water and dissolved solutes between the lipid bilayers. Also contemplated isa

polymuecleotide complexed with Lipofectamine (Gibeo BRL) or Superfect (Quagen).

[0186] Receptor Mediated Transfection: Still further, a polynucleotide may be dehivered
to a target cell via receptor-mediated delivery vehicles. These take advantage of the selective
uptake of macromolecules by receptor-mediated endocytosis that will be occurring in a target
cell. In view of the cell type-specific distribution of various receptors, this delivery method

adds another degree of specificity to the present invention.
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101871 Certain receptor-mediated gene targeting vehicles include a cell receptor-specific
Hgand and a polynucleotide-binding agent. Another crabodiment includes & cell receptor-
specific ligand to which the polynucleotide to be delivered has been operatively attached.
Several ligands have been used for receptor-mediated gene transfer (EP 0273085}, which
cstablishes the operability of the techmque. Specific delivery w the context of another
mammalian cell type has been described. In certain aspects of the present invention, a ligand

is chosen to correspond to a receptor specifically expressed on the target cell population,

10188} In other embodiments, a polynucleotide delivery vehiele component of a cell-
specific polynucleotide-targeting vehicle may include a specific binding ligand in
combination with a liposome. The polynucleotide(s) to be delivered can be housed within the
fiposome and the specific binding ligand can be functionally incorporated into the liposome
membrane, The liposome will thus specifically bind to the receptor(s) of a target cell and
deliver the contents to a cell. Such systems have been shown to be functional using systems in
which, for example, epidermal growth factor (EGF} 1s used in the receptor-mediated delivery

of a polymucleotide to cells that exhibit upregulation of the EGF receptor.

[0189] In still further embodiments, the polynucleotide delivery vehicle component of a
targeted delivery vehicle may be a liposome itself, which can include one or more lipids or
glycoproteins that direct cell-specific binding. For exaraple, lactosyl-ceramide, a galactose-
terrminal asialoganglioside, have been incorporated 1uto liposomes and observed an increase in
the uptake of the insulin gene by hepatocytes. The present invention provides that the tissue-
specific transforming constructs of the present invention can be specifically debivered into a

target cell in a similar manner.

13190] Microprojectile Bombardment: Microprojectile bombardment techniques can be
used to mtroduce a polynucieotide into at least one, organclle, cell, tissue or organism (U.S.
Pat, No. 5,550,318, U.S. Pat. No. 5,538,880; LS. Pat. No. 5,610,042; and PCT Application
WO 94/09699; cach of which is incorporated herein by refercnce). This method depends on
the ability to accelerate DNA-coated raicroprojectiles to a high velocity allowing them to
pierce cell membranes and enter cells without killing them. There are a wide variety of
microprojectile bombardment techumques known in the art, many of which are applicable to

the invention,
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191} In this microprojectile bombardment, one or more particles may be coated with at
least one polynucleotide and delivered into cells by a propelling force. Several devices for
accelerating small particles have been developed. One such device relies on a high voltage
discharge to generate an electrical current, which in turn provides the motive force. The
wmicroprojectiles used have consisted of biclogically inert substances for example tungsten or
gold particles or beads. Exemplary particles include those comprised of tungsten, platinum,
and preferably, gold. The present invention provides that in some cmbodiments DNA
precipitation onto metal particles would not be necessary for DNA delivery to a recipient cell
using microprojectile bombardment. However, the present invention provides that particles
may contain DNA rather than be coated with BNA. DNA-coated particles may increase the

fevel of DNA delivery via particle bombardment but are not, in and of themselves, necessary.

[0192] Viral Vector-Mediated Transfer: In certain embodiments, transgene is incorporated
into a viral particle to mediate gene transfer to a cell. Typically, the virus simply wiil be
exposed to the appropriate host cell under physislogic conditions, permitting uptake of the

virus. The present methods can be advantageously employed using a varicty of viral vectors,

[0193] Adenovirus: Adenovirus is particularly suttable for use as a gene transter vector
because of its mid-sized DNA genome, ease of manipulation, high titer, wide target-cell
range, and high infectivity. The roughly 36 kb viral genome 1s bounded by 100-200 basc pair
{bp) inverted terrmnal repeats (TR}, in which are contained cis~-acting elements necessary for
viral DNA replication and packaging. The carly (E) and late (L) regions of the genome that

countain different transcription units are divided by the onset of viral BDNA replication,

19194 The E1 region (E1A and E1B) encodes proteins responsible for the regulation of
transcription of the viral genome and a foew cellular genes. The expression of the E2 region
(E2A and E2B) results n the synthesis of the proteins for viral DNA replication. These
proteins are involved in DNA replication, late gene expression, and host cell shut off. The
products of the late genes (L1, L2, L3, L4 and L3}, including the majority of the viral capsid
protewns, are expressed only after significant processing of a single privaary transeript issued
by the major late promoter (MLP). The MLP (located at 16.8 map units) is particularly
efficient during the late phase of infection, and all the oRNAs issued from this promoter
possess a 57 tripartite leader (TL) sequence, which makes them preferred mRNAs for

transiation,
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[3195] In order for adenovirus to be optimized for gene therapy, it ts necessary to
maximize the carrying capacity so that large segrments of DNA can be included. I also s very
desirable to reduce the toxicily and immunologic reaction associated with certain adenoviral
products. The two goals are, to an extent, coterminous in that elimination of adenoviral genes
serves both ends. By practice of the present invention, it is possible achieve both these goals

while retaining the ability to manipulate the therapeutic constructs with-relative ease.

13196] The large displacement of DNA 1s possible because the cis elements required for
viral DNA replication all are localized 1n the inverted termimal repeats (ITR) (100-200 bp) at
either end of the linear viral genome. Plasonds containing ITR’s can replicate in the presence
of a non-defective adenovirus. Theretore, nclusion of these elements in an adenoviral vector

can permut replication,

191971 fn addition, the packaging signal for viral encapsulation 1s localized between 194-
385 bp (0.5-1.1 map units) at the left end of the viral genome. This signal mimics the protein
recognition siie in bacteriophage lamda DNA where a specific sequence close to the left end,
but cutside the cobesive end sequence, mediates the binding to proteins that are required for
msertion of the DNA into the head structure. E1 substitution vectors of Ad have demonstrated
that a 450 bp (0-1.25 map units} fragment at the left end of the viral genome could direct

rackaging in 293 cells.
i faed taed

[0198] it has been shown that certain regions of the adenoviral genome can be
incorporated into the genome of mammalian cells and the genes encoded thereby expressed.
These cell lines arc capable of supporting the replication of an adenoviral vector that is
deficient in the adenoviral function encoded by the cell line. There also have been reports of
complementation of replication deficient adenoviral vectors by “helping” vectors, e.g., wiid-

type virus or conditionally defective mutants.

10199} Replication-deficient adenoviral vectors can be complemented, in trans, by helper
viras. This observation alone does not permit isolation of the replication~-deficient vectors,
however, since the presence of helper virus, needed to provide replicative functions, would
contaminate any preparation. Thus, an additional cleruent was needed that would add
specificity to the replication and/or packaging of the replication-deficient vector. That
element, as provided for in the present tnvention, derives from the packaging {unction of

adenovirus.
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192606] it has been shown that a packaging signal for adenovirus exists in the left end of
the conventional adenovirus map. Later studics showed that a mutant with a deletion i the
ETA (194-358 bp) region of the genome grew poorly even in a cell Huoe that coraplemented
the carly (E1A) function. When a compensating adenoviral DNA (0-353 bp) was recombined
into the right end of the mutant, the virus was packaged normally. Further mutational analysis
identified a short, repeated, position-dependent clement in the left end of the adenovirus type
5 (AdS) genome. One copy of the repeat was found to be suthicient for efficient packaging if
present at either end of the genome, but not when moved towards the interior of the AdS BNA

molecule,

{0261} By using mutated versions of the packaging signal, it 1s possible to create helper
viruses that are packaged with varying efficiencies. Typically, the routations are point
ntations or deletions. When helper viruses with low efficiency packaging are grown in
helper cells, the virus is packaged, albeit at reduced rates corapared to wild-type virus, thereby
permitting propagation of the helper. When these helper viruses are grown in cells along with
virus that contains wild-type packaging signals, however, the wild-type packaging signals are
recognized preferentially over the mutated versions, Given a limiting amount of packaging
factor, the virus containing the wild-type signals 1s packaged selectively when compared to
the helpers. If the preference is great enough, stocks approaching homogeneity can be

achieved.

[0262] Retrovirus: The retroviruses are a group of single-stranded RNA viruses
characterized by an ability to convert their RNA to double-stranded DNA innfected cells by
a process of reverse-transcription. The resulting DNA then stably integrates into cellular
chromosorucs as a provirus and directs synthesis of viral proteins. The ntegration resulis in
the retention of the viral gene sequences in the recipient cell and s descendants. The
retroviral genome contains at least three genes-gag, pol and env-that code for capsid proteins,
polymerase enzyme, and envelope components, respectively. A sequence found upstream
from the gag gene, termed PSI (), functions as a signal for packaging of the genome into
virtons, Two long terminal repeat {1LTR) sequences are present at the 57 and 37 ends of the
viral genome. These contain strong promoter and enhancer sequences and also are required

for integration in the host cell genome.
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10283 In grder to construct a retroviral vector, a nucleic acid encoding a promoter i3
inserted nto the viral genome 1n the place of certain viral scquences to produce a virus that is
replication-defective. In order to produce viriouns, a packaging cell line containing the gag, pol
and env genes but without the LTR and PSI (¥} components is constructed. When a
recombinant plasmid containing a human ¢DINA, together with the retrovital TR and PSI
(*¥'} sequences is introduced into this cell line (by calcium phosphate precipitation for
exarnpic), the PSI (W) sequence allows the RNA transeript of the recombinant plasnud to be
packaged into viral particles, which are then secreted into the culture media. The media
containing the recombinant retroviruses s collected, optionally concentrated, and used for
gene transfer. Retroviral vectors are able to infect a broad variety of cell types. However,
integration and stable expression of many types of retroviruses require the division of host

cells,

10204] An approach designed to allow specific targeting of retrovirus vectors has been
developed based on the chemical modification of a retrovirus by the chemical addition of
galactose residues to the viral envelope. This modification can permit the specific infection of

cells such as hepatocytes via asialoglycoprotein receptors.

1205] A different approach to targeting of recombinant retroviruses was designed in
which biotinylated antibodies against a retroviral envelope protein and against a specitic cell
receptor were used. The auvtibodies can be coupled via the biotin compouneuts by using
streptavidin. Using antibodies against major histocompatibility complex class 1 and class It
antigens, the 1ofection of a variety of buman cells that bore those surface antigens has been

demonstrated with an ecotropic virus i vifro,

19206] Adeno-Associated Virus (AAV ) utilizes a Hoear, single-stranded DNA of about
4700 basc pairs. Inverted terminal repeats flank the genome, Two genes are present within the
genome, giving rise to a number of distinct gene products, The first, the cap gene, produces
three different virion proteins {VP), designated VP-1, VP-2 and VP-3. The second, the rep
gene, encodes four non-structural proteins (NS). One or more of these rep gene products is

responsible for transactivating AAV transcription.
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102671 The three promoters in AAV are designated by their location, in map units, in the
genome. These are, from left to right, p5, pl19 and p40. Transcription gives rise to six
transcripts, two nitated at each of three promoters, with one of each pair being spliced. The
splice site, derived from map units 42-46, is the same for cach transcript. The four non-
structural proteins apparently are denived from the longer of the transcripts, and three virion

proteins all arise from the smallest transeript.

10208 AAV is not associated with any pathologic state in humans. Interestingly, for
efficient replication, AAV requires “helping” functions from viruses such as herpes simplex
viras I and H, cytomegalovirus, pscudorabies virus and, of course, adenovirus. The most well-
characterized helpers can be adenovirus, and many “early” functions for this virus have been
shown to assist with AAV rephication. Low-level expression of AAV rep proteins is believed
to hold AAYV structural expression in check, and helper virus infection is thought to romove

this block,

10209] The terminal repeats of the AAV vector can be obtained by restriction
endonuclease digestion of AAV or a plasmid such as p201, which contains a modified AAV
genome, or by other methods known to the skilled artisan, meluding but not linmuted to
chemical or enzymatic synthesis of the terminal repeats based upon the published sequence of
AAV, The ordinarily skilled artisan can determine, by well-known methods such as deletion
analysis, the minimum sequence or part of the AAV [TRs which is requured to allow function,
i.e., stable and site-specific integration. The ordinarily skilled artisan also can determine
which minor modifications of the sequence can be tolerated while mantaining the ability of

the terminal repeats to direct stable, site-specific integration,

10216] AAV-based vectors have proven to be safe and effective vehicles for gene delivery
in vitro, and these vectors are being developed and tested in pre-climical and clinical stages for

a wide range of applications in potential gene therapy, both ex vive and in vivo.

16211} AAV-mediated efficient gene transfer and expression in the fung has led to clinical
trials for the treatment of cystic fibrosis. Similarly, the prospects for treatment of muscular
dystrophy by AAV-mediated gene delivery of the dystrophin gene to skeletal muscle, of
Parkinson's disease by tyrosine hydroxylase gene delivery to the brain, of hemophilia B by

Factor IX gene delivery to the hiver, and potentially of myocardial infarction by vascular
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endothelial growth factor gene to the heart, appear promising since AAV-mediated transgene

expression in these organs has recently been shown to be highly efficient,

[9212] Other Viral Vectors: Other viral vectors are employed as expression constructs in
the present invention. Vectors derived from viruses such as vaccinia virus canary pox virus,
and herpes viruses are employed. These viruses offer several features for use in gene transfer

into various mammalian cells,

[8213] Once the construct has been delivered into the cell, the nucleic acid encoding the
transgene are positioned and expressed at different sites. In certain embodiments, the nucleic
acid encoding the transgene 18 stably integrated imto the genome of the cell. This integration is
in the cognate location and orientation via homologous recombination {gene replacement) or
it is integrated in a random, non-specific location (gene augmentation). In yet further
embodiments, the nucleic acid is stably maintained 1n the cell as a separate, episomal segment
of DNA. Such nucleic acid segments or “episomes” encode sequences sufficient to permit
maintenance and replication independent of or 1n synchronization with the host cell cycle.
How the expression construct is delivered to a cell and where in the cell the nucleic acid

remains 18 dependent on the type of expression construct employed.

j0214] Formulations and Routes for Administration to Patients: Where clinical
applications are contemplated, it will be necessary to prepare pharmaceutical compositions-
expression constructs, expression vectors, fused proteins, transduced or transfected cells,
activated DCs, transduced or transfected and loaded DCs-in a form appropriate for the
intended application. Generally, this will entail preparing compositions that are essentially

free of pyrogens, as well as other irapurities that could be harmtul to humans or animals.

[0215] One will generally desire to cmploy appropriate salts and buffers to render
delivery vectors stable and alfow for uptake by target cells. Buffers also will be emploved
when recombinant cells are introduced into a patient. Aqueous compositions of the present
invention inchude an effective amount of the vector to cells, dissolved or dispersed in a
pharmaceutically acceptable carrier or aqueous medium. Such compositions also are referred
to as inocula. The phrase “pharmaceutically or pharmacologically acceptable” refers to
molecular entitics and compositions that do not produce adverse, allergic, or other untoward
reactions when adnunistered to an anumal or a human. A pharmaceutically acceptable carrier

inchudes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
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isotonic and absorption delaying agents and the like. The use of such media and agents for
pharmaceutically active substances 1s well know in the art. Except insofar as any conventional
media or agent 1s incompatible with the vectors or cells of the present invention, its use in
therapeutic compositions is contemplated. Supplementary active ingredients also can be

icorporated 1uto the compositions,

19216] The active compositions of the preseut mvention may include classic
pharmaceutical preparations. Administration of these compositions according to the present
invention will be via any common route so long as the target tissuc is available via that route.
This includes oral, nasal, buccal, rectal, vaginal or topical. Alternatively, administration may
be by orthotopic, mntradermal, subcutancous, miramuscular, intraperitoneal or intravenous
ijection. Such compositions would normally be admindstered as pharmaceutically acceptable

compositions.

10217} The pharmaceutical forms suitable for injectable use inchude sterile aqueous
solutions or dispersions and sterile powders for the extemporancous preparation of sterile
injectable solutions or dispersions. In all cases the form must be sterile and must be fluid to
the cxtent that casy syringability exists, It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of microorganisms, such
as bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for
exaruple, water, ethanol, polyol (for example, glycerol, propylene glycol, and liguid
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper
flindity can be maiutained, for example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of
surfactants. The prevention of the action of microorganisms can be brought about by various
antibacterial an antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the hike. In many cases, it will be preferable to include isotonic agents, for
example, sugars or sodium chloride. Prolonged absorption of the injectable compositions can
be brought about by the use in the compositions of agents delaying absorption, for example,

alurinum monostearate and gelatin,
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[0218] For oral administration, the compositions of the present invention may be
incorporated with excipients and used mn the form of non-ingestible mouthwashes and
dentifrices. A mouthwash may be prepared incorporating the active ingredient in the required
amount int an appropriate solvent, such as a sodium borate solution (Dobeli's Solution).
Altervatively, the active ingredient may be incorporated into an anfiseptic wash containing
sodium borate, glycerin and potassium bicarbonate, The active ingredient also may be
dispersed in dentifrices, including: gels, pastes, powders and slurries, The active ingredient
may be added in a therapeutically effective amount to a paste dentifrice that may tnclude

water, binders, ahrasives, flavoring agents, foaming agents, and humectants,

[0219] The compositions of the present invention may be formulated n a neutral or salt
form. Pharmaceutically-acceptable salis include the acid addition salts (formed with the free
amino groups of the protein} and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
bases such as, for example, sodium, potassium, ammoniur, calcium, or ferric hydroxides, and

such grganic bases as isopropylamine, trimethylamine, histidine, procaine and the like.

102206] Upon formulation, solutions will be administered in a manner compatible with the
dosage formulation and 1o such amount as is therapeutically etfective, The formulations are
easily administered i a variety of dosage forms such as injectable solutions, drug release
capsules and the like. For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if vecessary and the hiquid diluent {first rendered isotonic
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for
intravenous, intramuscular, subcutancous and intraperitoncal administration. In thas
connection, sterile aqueous media, which can be employed, will be known to those of skill in
the art in light of the present disclosure. For example, one dosage could be dissolved in 1 ml
of 1sotonie Na(l solution and either added to 1000 ml of hypodermoclysis fluid or injected at
the proposed site of infusion, (see for example, Remington's Pharmaceutical Sciences 15th
Edition, pages 1035-1038 and 1570-1580). Some vanation in dosage will necessarily occur
depending on the condition of the subject being treated. The person responsible for
administration will, in any event, determine the appropriate dose for the individual subject.
Moreover, for human administration, preparations should meet sterility, pyrogenicity, and

general safety and purity standards as required by FDA Oftice of Biologics standards.
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102214 Methods for Treating a Disecase: The present invention also encompasses methods

of treatment or prevention of a discase caused by pathogenic microorganisms and/or a

hyperproliferative discase.

10222} DHscases may be treated or preveuted by use of the present invention mnclude
diseases caused by viruses, bacteria, yeast, parasites, protozoa, cancer cells and the like. The
pharroaceutical composition of the present invention {(transduced or trausfected DCs,
expression vector, expression construct, ete.} of the present invention may be used as a
generalized immune enhancer (DC activating compostiion or system) and as such has utility
in treating diseases. Exemplary diseases that can be treated and/or prevented utilizing the
pharmuaceutical composition of the present invention mnclude, but are not limited to infections
of viral eticlogy such as HIV, influenza, Herpes, viral hepatitis, Epstern Bary, pohio, viral
encephalitis, measles, chicken pox, Papilloma virus etc.; or infections of bacterial ctiology
such as pneumonia, tuberculosis, syphilis, ete.; or wnfections of parasitic etiology such as

malaria, trypanosonuasis, leishmaniasis, trichomoniasis, amocbiasis, etc.

16223] Prencoplastic or hyperplastic states which may be treated or prevented using the
pharmuaceutical composition of the present invention (transduced or transfected DCs,
expression vector, expression construct, otc.} of the present invention inchude but are not
Hmited to prencoplastic or hyperplastic states such as colon polyps, Crohn's disease,

nloerative colitis, breast lesions and the Iike.

10224] Cancers which roay be treated using the pharmaceutical composition of the present
invention of the present invention include, but are not limited to primary or metastatic
melanoma, adenocarcinoma, squamous cell carcinoma, adenosquamous cell carcinoma,
thymoma, lymphoma, sarcoma, lung cancer, liver cancer, non-Hodgkin's lymphoma,
Hodgkin's lymphoma, leukemias, uterine cancer, breast cancer, prostate cancer, ovarian
cancer, pancreatic cancer, colon cancer, multiple mveloma, neuroblastoma, NPC, bladder

cancer, cervical cancer and the like.

[0225] Other hyperproliferative discases that may be treated using DC activation system
of the present invention include, but are vot livatted to rheumatowd arthnitis, inflamroatory
bowel disease, osteoarthritis, leiomyomas, adenomas, lipomas, hemangiomas, fibromas,

vascular occlusion, restenosis, atherosclerosis, pre-uneoplastic lesions (such as adenomatous
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hyperplasia and prostatic intraepithelial neoplasia}, carcinoma in situ, oral hairy leukoplakia,

OF PSOTIAsIS.

102261 in the method of treatment, the administration of the pharmaceutical composition
(expression construct, expression vector, fused protein, transduced or transfected cells,
activated DCs, transduced or transfected and loaded DCs) of the invention may be for cither
“prophylactic” or “therapeutic” purpose. When provided prophylactically, the pharmaceutical
composition of the present invention is provided in advance of any symptom. The
prophylactic administration of pharmaceutical composition serves to prevent or amecliorate
any subsequent infection or disease. When provided therapeutically, the pharmaceutical
composition 1s provided at or after the onset of a symptom of mfection or disease, Thus the
present invention may be provided either prior to the anticipated exposure to a disease-

causing agent or disease state or after the initiation of the infection or disease.

192274 The term “unit dose” as it pertains to the inoculum refers to physically discrete
units suitable as unitary dosages for mammals, cach unit containing a predetermined guantily
of pharmaceutical composition calculated to produce the desired immunogenic effect in
association with the required diluent, The specifications for the novel unit dose of an
inocutum of this mvention are dictated by and are dependent upon the unique characteristics

of the pharmaccutical composition and the particular immunologic eftect to be achieved.

10228 An etfective amount of the pharmaceutical composition would be the amount that
achieves this selected result of enhavncing the imroune response, and such an amount could be
determined as a matter of routine by a person skilled in the art. For example, an effective

amount of for treating an immaune system deficiency could be that amount necessary 10 cause
activation of the imunune system, resulting in the development of an antigen specific immune

response upon exposure to antigen. The term is also synonymous with “sutficient amount.”

10229} The effective amount for any particular application can vary depending on such
factors as the disease or condition being treated, the particular composition being
administered, the size of the subject, and/or the severity of the discase or condition. One of
ordinary skill in the art can empirically determine the effective amount of a particular

composition of the present invention without necessitating undue cxperimentation.
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10236] Genetic Based Therapies: Specifically, the present inventors intend to provide, to a
cell, an expression construct capable of providing a co-stimulatory polypeptide, such as
LMPT or LMP1-CD40 to the cell, such as an antigen-presenting cell. The lengthy discussion
of expression vectors and the genetic clements employed therein is incorporated into this
section by reference. Particularly preferred expression vectors are viral vectors such as
adenovirus, adeno-associated virus, herpes virus, vaccinia virus and retrovirus, Also preferred

is lysosomal-encapsulated expression vector.

10231} Those of skill in the art are well aware of how to apply gene delivery (o in vive and
ex vive situations. For viral vectors, one generally will prepare a viral vector stock. Depending
on the kind of virus and the titer attainable, one will deliver Ix10%, 1x10°, 1x16°, 1x107,
1x10%, 1x10°, 1x10", 1210 or 1x10" infections particles to the patient. Similar figures may
be extrapolated for liposomal or other non-viral formulations by comparing relative uptake

efficiencies. Forrmulation as a pharraceutically acceptable composition s discussed below.,

10232] Cell Based Therapy: Another therapy that s conteruplated s the administration of
transduced or transfected antigen-presenting cells. The antigen-presenting cells may be
transduced or transfected mn vitro. Formulation as a pharmacceutically acceptable composition

is discussed above.

19233] In cell based therapies, the transduced or transfected antigen-presenting cells may
be transduced or transfected with target antigen nucleic acids, such as mRINA or DNA or
proteins; pulsed with cell tysates, proteins or nucleic acids; or electrofused with cells. The
cells, proteins, cell lysates, or nucleic acid may derive from cells, such as tumor cells or other

pathogenic microorganism, for example, viruses, bacteria, protozoa, ete.

19234} Combination Therapies: In order 1o increase the effectiveness of the expression
vector of the present invention, it may be desirable to combine these compositions and

methods of the invention with an agent effective in the treatment of the discase,

[6235] In certain embodiments, anti-cancer agents may be used in combination with the
present invention. An “anti-cancer” agent is capable of negatively affecting cancer ma

subject, for example, by killing one or more cancer cells, inducing apoptosis in one or more
cancer cells, reducing the growth rate of one or more cancer cells, reducing the meidence or

nunmber of metastases, reducing a tumor's size, inhibiting a tumor's growth, reducing the blood
. 4 5 2 & >
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supply to a tumor or one or more cancer cells, promoting an immune response against one or
more cancer cells or 4 tumor, preventing or inhibiting the progression of a cancer, or
increasiog the lifespan of a subject with a cancer. Anti-cancer agents include, for example,
chemotherapy agents (chemotherapy), radiotherapy agents (radiotherapy), a surgical
procedure {surgery), immune therapy agents (imrounotherapy ), genetic therapy agents {gene

therapy), hormonal therapy, other biological agents (biotherapy) and/or alternative therapies.

182367 in further embodiments antibiotics can be used in combination with the
pharmaceutical cornposition of the present invention to treat and/or prevent an infectious
disease. Such antibiotics include, but are not limited to, amikacin, aminoglycosides {(e.g.,
gentamyein), amnoxiciliin, amphotericin B, ampicillin, antimonials, atovaquone sodium
stibogluconate, azithromycin, capreomycin, cefotaxirue, cefoxitin, cefiriaxone,
chloramphenicol, clarithromycin, clindamycin, clofazimine, cycloserine, dapsone,
doxveyeline, ethambuiol, ethionamide, fluconazole, fluoroquinolones, isomazid, itraconazole,
kanamycin, ketoconazole, minocycline, ofloxacin), para-aminosalicylic acid, pentamidine,
polyruixin definsins, prothionamide, pyrazinamide, pyrimethamine sulfadiazine, guinolones
{¢.g., ciprofloxacin), rifabutin, rifamipin, sparfloxacin, streptonycin, sulfonamides,
tetracychnes, thiacetazone, trimcthaprim-sulfamethoxazole, viomycin or combinations

thereof

10237} More generally, such an agent would be provided 1n a combined amouut with the
expression vector effective to kill or inhibit proliferation of a cancer cell and/or
wicroorganism. This process may involve contacting the cell(s) with an agent(s) and the
pharmaceutical composition of the present invention at the same time or within a period of
tirne wherein separate administration of the pharmaceutical composition of the present
invention and an agent to a cell, tissue or organism produces a desired therapeutic benefit.
This may be achieved by contacting the cell, tissue or organism with a single composition or
pharmacological formulation that includes both the pharmaceutical composition of the present
invention and one or more agents, or by contacting the cell with two or more distinct
compositions or formulations, wherein one compostiion inclades the pharmaceutical

composition of the present invention and the other includes one or more agents.
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10238] The terms “contacted” and “exposed,” when applied to a cell, tissue or organism,
are used herein to describe the process by which the pharmaceutical composition and/or
another agent, such as for example a chemotherapeutic or radiotherapeutic agent, are
delivered to a target cell, tissue or organism or are placed in direct juxtaposition with the
target cell, tissue or organist. To achieve cell killing or stasis, the pharmaceuntical
composition and/or additional agent(s) are delivered to one or more cells in a combined

arnount effective to kill the cell{s) or prevent them from dividing.

10239} The administration of the pharmaceutical corposition may precede, be co-current
with and/or follow the other agent{s} by intervals ranging from mimutes to weeks. In
embodiments where the pharmaceutical composition of the present mvention, and other
ageni(s) are applied separately to a cell, tissue or organism, one would generally cusure that a
significant period of time did not expire between the times of each delivery, such that the
pharmaceutical coraposition of the preseunt invention and ageni(s) would still be able to exert
an advantageously combined cffect on the cell, tissue or organism. For example, in such
mstances, it s contermplated that one may contact the cell, tissuc or organism with two, three,
four or more modalities substantially simultancously (i.e., within less than about a minute) as
the pharmaceutical composition of the present invention. In other aspects, one or more agents
may be administered within of from substantially simultaneously, about 1 mimute, to about 24
hours to about 7 days to about | to about 8 weeks or more, and any range derivable therein,
prior to and/or afier adnunistering the expression vector. Yet further, various combination
regimens of the pharmaceutical composition of the present invention and one or more agents

may be emploved.

10240} The following examples are provided to further tllusirate the embodiments of the
present invention, but are not intended to Himit the scope of the invention. While they are
typical of those that might be used, other procedures, methodologies, or technigues known {0

those skilled in the art may alternatively be used.
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EXAMPLE
Construction of a Replicating HIV-1 Virus Expressing LMP1 or LMP1-CD40

10241]  Using recombinant DNA techniques, the coding sequence of LMP1T (1,161 bp
encoding 387 amino acids, shown schematically in Figure 1} 1s cloned into the pNL4-3/Bal
construct. The resulting plasnud clone is shown schematically in Figure 2 and 1s named
“NLEA-3-BAL-LMPI-IRES” (8EQ ID NO: 1), Sivmlarly, LMP1-CD40 (shown schematically
in Figure 1} is cloned into pNL4-3/Bal. to create the plasmid shown schematically in Figure 2
and named “NL4-3-BAL-LMP1-CD40-IRES” (SEQ 1D NO: 2). This construct containg the
N-terminus of Raji EBYV LMPI {amino acids 1-190) fused i frame with the C-terminus from
hurman CD40 (amino acids 220-277). The sequence of LMP1 1s provided 1n SEQ 1D NG: 11

and the cyvtoplasmic fragment or portion of hursan CD44 s provided in SEQ ID NO: 12,

102421  Followmng plasmid purification and confirmation by sequencing, the plasnuds are
used to create live virus by transfecting them into 2937 cells using lipofectamine. 48 hours
later, the supernatants are collected, aliquoted, and stored frozen at -80 "C until use,

Infectious titers are determined using a CD4/LTR-beta-galactosidase Hel.a indicator cell line.

EXAMPLE 2
Macrophages Infected by LMPI- and LMP1-CD48-expressing HIV-1

Are Stimulated to Make Cytokines

102431  Huwman blood monocytes are isolated using anti-CD 14 immunomagnetic beads
{Miltenyi Biotech) and cultured in 48-well plates for 10 days in RPMI 1640 supplemented
with 10% autologous serum and 2 M L-glutamine. At the end of this period, the non-
adherent cells are removed by washing and HIV-1 is added to cach well for 4 hours.
Following § washes with media, the caltures are incubated for an additional 8 days, following
which the supernatants are assayed for cytokines by enzyme-linked immunosorbent assay

(ELISA) (R&D Systems) and viral p24 Gag ELISA {Coulter).

10244}  As shown in Figure 3, LMP-expressing HIV-1 strongly stimulates the production
of MIP-1[ and 1L.~-8 by macrophages. LMP-CD40-expressing HIV-1 does not stumulate MIP-
{beta production but does stimulate a small amount of [L-8 production, as shown in Figure 3.
Both virases replicate less well than anmodified NL4-3/Bal., as judged by the release of p24

Gag antigen,
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EXAMPLE 3
Macrophages Infected by LMPI- and LMP1-CD40-expressing Virus Release
Higher Levels of nmunostimulatory Cytokines But Did Not Produce

Higher Levels of Immunosuppressive IL-10

[0245]  In an experiment similar to Example 2, infected macrophages are cultured for 9
days after infection before having their supernatants assayed for IL-8, 1L~18, IL-6, HL.-12p70,
and TNFo. As shown in Figure 4, the LMP-1-expressing HIV-1 strongly stimulates the
production of all of these immunostimulatory cytokines, Importantly, however, there 1s no
increase in the production of the immunosuppressive cytokineg, 1L.-10. Macrophage infection
by LMP1-CD40-cxpressing HIV-1 leads to a similar profile of cytolance production. These
results are gratifying because they show for the first time that LMP1 and LMP1-CD40 have
effects on macrophages. Overall, these data indicate that the LMP1 and LMP1-CD40
multimerizing-cytoplasmic signaling cassettes promote immunostimulation rather than

IMMUROSUPProssion.

EXAMPLE 4
Bendritic Cells Are Also Stimulated by Infection with LMP1- and
EMPI-CD40-expressing HIV-1

10246] Monocyte-derived dendritic cells (DCs) are prepared from CD14+ monocytes by
culture in GM-CSF and [L-4 containing media for 6 days. Then the DCs are exposed to virus.
As shown wn Figure 5, LMP-expressing HIV-1 stimulates DCs to produce IL-8, TL-15,
TNFa, and IL-6. In contrast, LMP1-CD40-expressing HIV-1 only stimulates DCs to produce
11.-8. These results are gratifying because they show for the fivst tivae that LMP1 and LMP1-
D40 have effects on DCs. Furthermore, these data show that HIV-1 can be engineered to

express these multimerizing-cytoplasmic signaling cassettes in a functional manner,

EXAMPLES
Brendritic Cells Produce a Range of Cytokines Following Infection by LMP1- and
LMP1-CD48-expressing HIV-1

[0247]  Monocyte-derived dendritic cells (DCs) are exposed to viruses similarly to
Example 4. As a positive control, a cytokine vmx MIMIC™ (Clontech, Palo Alto, CA) is

used. The MIMIC™ ysed includes a DC maturation cocktail composed of 1L-13 + 1L-6 +
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TNF-a + PGH2. As shown in Figure 6, assays of supernatants by ELISA (R&D Systers) 4
days after infection showed that LMPl-cxpressing HEV-1 stimulates DCs almost as well as
the MIMIC™ ysed with respect to IL-8, IL-18, 1L-6, and TNFa production. Surprisingly,
LMPi-expressing HIV-1 stimulated DCs to make 1L-12p70 bicactive heterodimer, which
even the MIMIC™ ggsed is unable {o stioulate. Importantly, whereas the MIMIC™ gged also
stimulates the production of IL-10, an immunosuppressive cytokine, 1L-10 production is not
increased by LMPl-expressing HIV-1 infection, This indicates that LMP1-expressing HIV-1
is a better DC stimulus than the MIMIC™ ysed, the standard for DC stimulation in vigro.

Note that LMP1-CD40-expressing HIV-1 1s less active i this regard.

EXAMPLE 6
LMPL-CD40-expressing HIV-1 Stimulates the Auntigen-presenting Ability of Human
BCs

10248]  The mixed leukocyte reaction (MLR} 1s a classic test of allpantigen presentation.
By measuring the expression of ki67, a cell cycle warker, in CD4+ and CDR+ T cells, LMP1-
C40-expressing HIV-1 is found to stimulate DCs to increase both CD4+ and CDR+
responses (see Figure 7). This indicates that LMP1-CD40-cxpressing HIV-1 1s an

immunostimulatory virus that promotes immune responses by T cells.

EXAMPLE 7
Dendritic Cells Can Also Be Stimulated by a Single-cycle 51V (s¢SHV) Expressing
EMPE or LMPI-UD40

10249]  In preparation for a trial in rhesus macaques, the LMP1L and LMP1-CD40 casseties
are cloned into Simian immunodeticiency virus (SIV}. For added safety, the SIV used
contained mutations in the protease and integrase genes (sec Figure &), which prevents the
production of progeny virus. This single-cycle SIV {scSIV} is still surprisingly stimulatory
for human DCs when i included a LMP1 or LMP1-CD40 expression cassette (see Figure 9).
This type of single-cycle virus serves as the prototype for a new kind of Human
immunodeficiency virus (HIV) vaccine. Similar replication-defective viruses can be
coustructed i many viral systems leading a new series of live, attenuated, but highly

immunostimulatory viral vaccines.



WO 2011/119628 PCT/US2011/029458
65

EXAMPLE 8

Anti-SIV Immune Responses

10258]  The present invention provides that single-cycle SIV (3¢S1V) can carry U8 own
antigens into inunune responses and a multimerizing-intracelluniar signaling cassette can act as
an adjuvant for enhanciog immune responses.  Human roonocyte-derived dendritic cells
{D{s) are studied in vifro, where the DCs are exposed to the scSIV viruses for 4 days, and
then co-cultured with human T cells for another 12 days. After the co-culture period, the cells
are transferred to the wells of an Enzyme Linked Immmmo-Spot (ELISPOT) plate and
stimulated with a pool of 51V Gag 15-mer peptides. This assay provides a rigorous
evaluation of antigen-presenting function and T cell respouses, given that the T cells are naive
for Gag antigen on day 0. Thus, seSIV-LMP1 induces a significant increase in Gag-specific
interferon gamma responsive T cells (p < 8.01 comparing scSIV-LMP1 to scSIV-EGFP).
These data and similar results with HIV-LMP1 demonstrate that scSIV-LMP1 is
immunostimulatory and effectively self-adjuvanting by the inclusion of the LMP1
multimerizing-intracytoplasmic signaling cassette. This surprising result is the prototype for a
range of viruses, vectors, and turnor cells where the mnclusion of a multimerizing-
intracytoplasmic signaling cassette can be used to induce a strong inumune response to the
antigens that are co-extensive in space and time — i.e. self-adiuvanting microbial and/or tumor

Vaceines,

EXAMPLE 9
LMPY and LMPI-CD48 Can Also Be Introduced inte Modified Vaccinia Ankara (MVYA)

102517 MVA is a widely studied viral vector. As shown in Figure 11, LMP1 is cloned mto
the pLW-44 transfer plasmoid under the control of the mHS promoter. The P11 promoter
drives the expression of GFP. The sequence of pLW-44 LMP1 13 provided in SEQ 1D NO: 13
and the sequence of pLW-44 LMP1 CD44 1s provided mn SEQ 1D NG: 14

[0252]  Chicken embryo fibroblasts (CEF) are infected with wild-type MV A at an MOI of
05 (1 well of a 6 well plate). Then, 1 and half bours later, each well 1 transfected with 2 ug
of transfer plasmid using 10 ul of Lipofectamine 2000 (Gibeo) in Optimem {Gibeo) per

manufacturer’s mstructions, aud incubated at room temperature for 20 munutes.
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102531  The cultures are incubated for three days using two media changes and finally the
infected cells are collected by scraping and freeze-thawed to release viruses. To identify the
recombinant viruses, the stock is diluted and used to infect fresh CEF cells which are covered
with a methyl-cellulose overlay, and GFP-containing plaques are identified using a

fluorescent microscope.

10254]  The recombinaunt viruses are plague purified 3 times, and theu expanded by growth
in CHEF bulk cultures. Polymerase chain reaction (PCR ) confirms that LMP1 and LMPI-
CD40 have been successfully miroduced wnto the replicating viruses. However, MVA
containing LMPI-CIDMO grows poorly and is unstable, perhaps reflecting an activity of this

construct on CEF cells that antagonizes the growth of MVA.

[02558]  Figure 28 shows enhanced dendritic cell {DC) maturation by Modified Vaccinia

Ankara (MVA) virus contamning LMP1 or LMP1-CD40 adjuvant gene cassette.

10256]  Overall, this example ilfustrates that the LMPT and LMP1-CD40 cassettes can be
successfully transferred to a wide range of viruses and microbes, or inserted into viral vectors.
This makes these adjuvant-like scquences valuable as a means of enhancing the

immunogenicity of these agents.

EXAMPLE 18
Construction of LMP1 and LMP-1CD48 Adjuvant Gene Cassettes

[0257)  LMPI, a constitutively active analog of CD40, is herein provided to function as a
molecular activator of dendnitic cells and macrophages that can be used as a powerful vaccine

adjpavant,

[0258]  HIV-1 docs not significantly activate cellular immunity, which has made 1t difficult
to use attenuated forms of HIV-1 as a vaccine. In contrast, Epstein-Barr Virus (EBV) induces
robust T cell responses in most infected individuals, perhaps because this virus contains
Latent Membrance Protein-1 (LMP1), a viral mimic of CD40 which is a key activating
molecule for dendritic cells (DCs) and macrophages. Consequently, studies have been
conducted using EMP1 and LMP1-CD40, a related construct formed by replacing the
intracellular signaling domain of LMP1 with that of CD40. Upon electroporation 1uto DCs,
LMP1 and LMP1-CD40 mRNAs are sufficient to upregulate costimulatory molecules and

proinflammatory cytokines, indicating that these molecules can function in tsolation as
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CD40 are introduced into an HEV-1 construct to produce virions encoding these proteins.
Transduction of DCs and roacrophages with these viruses induced morphological chaunges and
upregulated costimulatory molecules and cytokine production by these celis. HIV-LMP1
enhances the antigen-presenting function of DCs as measured n an in vitro immumization
assay. The present invention provides that LMP1 and EMP1-CD40 are portable gene
casscites with strong adpavant properties that can be mtroduced into viruses like HIV that by

themselves are insufficient to induce protective cellnlar immunity.

10259]  Since Jenner’s original description of vaccinia, an attenuated form of the smallpox
virus, there has been continued interest in using viruses as vaccmes. However, whereas viral
vaccines like yellow fever 17D induce stroung protective immmumity; viral vaccines for other
viruses like RSV do not. This difference has been explained by the presence or absence of
viras-eucoded omunostimulators: yellow fever 17D strongly activates toll-like receptors
{TLRs) whereas RSV fails to do so. These cxamples suggest that viral vaccines are more
tikely to be effective if they carry within them their own adjuvant-like immunostimulatory

molecules,

10268]  In this regard, it is notable that HIV-1 is largely deficient in direct
immunostimulatory gualities. HEV-1 mfection of cultured myveloid dendritic cells (DCs), for
exaruple, does not induce DC immunostimulatory functions, Instead, HIV-exposed DCs
equire exogenous stimuli like CD40 Ligand (CD40L) to bocome activated. CD40L 1s
normally expressed by activated CD4+ T cells and provides DCs with the strong CD40

stimulation needed to generate effective CD8+ T cell responses.

102611  Given the importance of including immune-activating molecules in viral vaccines,
it has been demonstrated the exastence of strong CD8+ T cell immunity engendered by
infection with Epstein-Barr virus (EBV), a gamma herpesvirus {HHV4). EBV infection is
very common and 18 often manifested chnically as infectious mononucleosis (AIM), a
generally selt-limiting disease. Notably, AIM 1s characterized by an explosion of CD8+ T
cells that recognize EBV antigens. These anti-EBV CD8+ T cells contribute to the resolution
of EBV viremia and persist as maemory cells at remarkably high levels for years. For
example, in healthy EBV-seropositive subjects, up to 5.5% of circulating CDS+ T cells are

wdeniified as EBV-reactive using tetramers for just a single peptide epitope. While it has not
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been fully determined why EBV is so immunostimulatory in vive, the functional similarity of
the EBV latent mombranc protein-1 (LMP1) to the CD40 receptor has been demonstrated.
Indeed, LMP1 has been viewed as a coustitutively activated viral mumic of the CD40

cceptor. The present invention provides that LMP1 and a related protein, LMPI-CDM40, can
be used as molecular adjuvants for DCs and macrophages. The present invention further
provides that both LMP1 and LMP1-CD40 strongly activated these antigen-presenting cells
{APCs). This function s maintained when these molecules are inserted mto the HIV-1
genome and the resulting viruses are strongly activating for APCs in virre. Cousequently, the
present invention provides that LMP1 and EMP1-CD40 can serve as portable gene casseties
with adjuvant-like gualities that can be used to improve the celtular immune response to viral

vacgeines,

102621  Cells and reagents: Venous blood is obtained from Continental Blood Services, Inc.
{(Miami, FL) as anonymous Bufty Coat donations tromn HIV-seronegative donors, Peripheral
blood mononuclear cells (PBMCs) are isolated by centrifugation over Ficoll-hypague and
subsequently cultured in RPMI 1640 (Thermo Scientific HyClone, Logan, UT) supplemented
with 3% human AB serum (Lonza, Allendale, NI} and 10 mM HEPES (Invitrogen, Carlsbad,
CA) (complete RPMI 1640). 293T HEK cells are cultured in Dulbeceo’s modified Eagle
medium (DMEM} supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, and
antibiotics {100 U/mi penicillin and 100 pg/ml streptomycin). TZM-bl cells are obtained
through the Natiounal Institutes of Health AIDS Research aud Reference Reagent Program
(catalogue no. 8129, contributed by John C. Kappes and Xiaoyun Wu), cultured in RPMI
1640 mediurn {supplemented with 10% FBS, 2 mM L-glutamine, and antibiotics), and used to

guantify infectious HIV virions.

[0263]  Plasmid DNAs: Plasmid DNA encoding enbanced green fluorescent protein
(EGFP) 18 obtained trom Dr. Chelsa Spina. pNL-BaL (termed pHIV in the figure legends) is
a macrophage-tropic proviral clone of pNL4-3 containing the CCRS-utilizing envelope from
HIV-1Bal. Plasmids arc grown in £. coli DH 50 and isolated using a Plasmid Maxi Kit
(QIAGEN, Valencia, CA). To reduce the presence of exogenous stimulating materials, the

plasmids are further cleaned using Triton X-114 extraction.
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10264]  Construction of LMP1 and LMP1-CD4{ adjuvant gene cassettes: cDNA is
prepared frora Raji B cells (American Type Culture Collection, Manassas, VA) and the LMP1
sequence of EBYV s isolated by polymerase chain reaction (PCR) and found to be identical to
the reference sequence (GenBank M58153.1). Related to EMP1 is an artificial fusion protein
countaining the roultimenizing, membrane-associated N-terminus of LMP1 conjoined with the
intracytoplasmic domain of CD40, je., LMP1-CD40. This membrane-associated intracellular
fusion protein mimics the constitutive signaling of CD40 without the need for an external
figand, LMP1-CD40 is constructed by fusing DNA encoding the N-terminal 190 amino acids
of LMP1! {(beginning with the ATG start codon) with the C-terminal 538 amine acids of CD40
followed by a TGA translational stop codon. For the preparation of LMPI and LMP1-CD40

mRNA described below, these sequences are cloned into the pGEM-47/A64 vector,

10265]  Preparation of HIV-1 virions expressing LMP1 or LMP1-CD40: Levy er o, (2004
Proc Natl Acad Sci USA 101: 4204-9, has deseribed the design of replication corpetent HIV-
{ proviral clones in which exogenous coding sequences such as EGFP can be inserted just 5-
prime to nef, followed by an internal ribosome entry site (IRES) that allows continued
transiation of the natural Nef protein (Figure 2). Starting with the macrophage-tropic pNE-
BaL proviral clone, overlap PCR was used to construct plasmids expressing cither EGFP
{(pHIV-EGFP), LMP1 (pHIV-LMP1}, or LMPI-CD40 (pHIV-LMP1-CD40). The present
invention provides that these exogenous genes are expressed in nef-spliced mRNAs where the
nef-sphiced mRNAs are very strongly expressed and are the predominant mRNA species in
macrophages during the first 24 hours following HIV-1 infection. This design maximizes the
expression of these exogenous genes, whereas other proviras designs would be expected to

result in more modest expression of these fransgenes.

EXAMPLE 11

Preparation of DCs and Macrophages and Virus Transduction

[0266]  To isolate monocytes from PBMCs, cells are first adhered to T175 plastic flasks
{Corning-Costar, Cambuidge, MA) for 24 hours in RPMI 1640 countaining 10% heat-
inactivated human AB serum. Following washing to remove non-adherent ceils, the adherent
monocytes are harvesied by gentle scraping and transferred into 24-well at a density of 1 X
10° celis/well. To allow differentiation into monocyte-derived macrophages (macrophages),

the cultures are incubated for an additional 7 days. To prepare monocyte~-derived dendritic
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cells {DCs), the monocytes are cultured in 800 U/ml GM-CSF and 500 U/mi IL-4 (R & D
Systems, Inc., Minneapolis, MN} for 5 days, adding tresh Granulocyte macrophage colony-

stimulating factor (GM-CSF) and 11.-4 on day 3.

10267]  Lentiviral transduction of DCs and macrophages and fow cytometry: Infections are
initiated by aspirating the supernatant media from the wells containing 10° DCs or
macrophages and then adding 100 pl/well of media containing 100 ng p24 equivalents of HIV
{calculated to be a multiplicity of infection of 8.1} followed by culture at 37 °C for 4 hours.
Next the cells are washed twice with RPMI mediurn and then fed with 2 md of complete
RPMI 1640 followed by incubation at 37 °C for up to 8 days. The culture supernatants of
transduced DCs or macrophages are collected at ditferent time points and stored at -80 °C.
For flow cytowetry, macrophages are stained on the plates and then harvested by scraping,
while DCs are first harvested by gentle scraping and then re-suspended for staining. Cells are
washed in fluorescence~activated cell sorter bufler (PBS supplemented with 3% fetal calt
serum and 0.02% sodium azide) and then stained by fluorochrome-conjugated antibodies.
Flow cytoretry is performed using a LSRI bioanalyzer (Becton Dickinson) and analyzed

with the Flowlo software program (Tree Star, San Carlos, CA}.

[0268]  Measurement of DC and macrophage activation by cytokine assays and RT-PCR
for chemokine mRNA: For cytokine mcasurements, supernatants are collected from DC and
macrophage cultures cither 48 hours after mRNA electroporation or 7 days after viras
infection and stored at -80 °C until assay. Concentrations of 1L-8, 1L-6, IL-1}, TNFe, 1L-10
and IL-12p70 are measured by cytometric bead array (CBA} (BD Biosciences, San Jose, CA)
according to manufacturer’s instructions. Additionally, macrophages are infected for 7 days
and then analyzed by RT-PCR to measure steady-state fovels of CCL3 (MiIP-1a), CCL4
{MIiP-18} and CCLS (RANTES).

[0269]  In virro immunization assay for T cell responses: DCs from an HIV seronegative
donor are exposed to difterent HIV viruses for 6 days which introduced HIV antigens mnto
these antigen-preseuting cells. The DBCs are then incubated with autologous T cells for 12-
days in the presence of 5 uM nevirapine to prevent HIV infection of any added CD4+ T cells.
1L-2 (S Uhul) is added on day 3 and day 8. Following BC-T cell coculture, antigen-specific T
cell responses are quantified by IFN-y ELIPOT assay. Cultured cells (107/well) are added to

96-well multiscreen plates (Millipore, Bedford, MA) that have been precoated with 0.5
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g/m of anti-IFN-y monoclonal antibody (BD Biosciences, San Jose, CA}). A pool of [5-mer
Gag HIV-1 Clade B consensus peptides (AIDS Reagent Program Cat. # 8117) is added at a
final concentration of 5 ug/ml. As a negative control, cells are also cultured without peptide.
Plates are incubated overnight at 37 °C, 5% CO; and developed. The numbers of spots are
determined using an automated ELISPOT plate reader (CTL Technologies, Cleveland, OH),
and the spot-forming counts (SFC) are calculated by subtracting the negative-control wells
{mean plus 3 standard deviations). A value of 55 SFC/10° PBMC or greater after subtraction

of background is considered positive.

[0276]  Statistics: Data are analyzed using PRISM 4.0 {GraphPad Software, La Jolla, CA)
and expressed as the mean = SEM. Statistical comparisons are analyzed by Student’s t test,

A P value of 0.05 is considered statistically significant.

1092711 Electroporation of DCs with LMP1 and LMP1-CD40 mRNAs: Plasmids containing
the coding sequences for LMP1 (pLMP1} and LMP1-CD40 (pLMP1-CD40) are linearized by
digestion with Ndel downstream of the poly A tail and then in vitro transcribed with T7
polymerase to synthesize capped mRNA with additional poly (A) tail using the mMessage
mMachine kit {Ambion, Austin, TX). DC cultures are re-suspended at a concentration of 107
cells/mi in Opti-MEM medium (Invitrogen}, following which 0.2 mi is added to a 4 mm
electroporation cuvette along with 10 ug of mRNA. Transfection is perforrued by
electroporation using a Gene Pulser (BioRad Laboratories, Hercules, CA) set to 350 V, 150
uF. Following electroporation, the cells are plated in 6 well plates in complete RPMI 1640

and cultured for another 48 hours.

102721 Preparation and characterization of virus stocks: To prepare viruses from the
proviral clones, 5 X 10° 2937 cells are first plated in 100 mm diameter dishes in complete
DMEM, The next day, 5 pg of either pHIV, pHIV-EGFP, pHIV-LMPI, or pHIV-LMP1-
C1240 plasmid DNA 1s transfected using the Genlet Plus Transtfection Reagent according to
the manufacturer’s instructions {Signagen Laboratories, lamsville, MD}. The cell culture
media is replaced 24 bhours later, and virus-containing supernatants are collected afler a
further 24 hours in culture. Cell debris is removed by centrifugation and the supernatants are
filtered through a 0.45 u membrane (Millipore, Bedford, MA). Virus stocks are titered using
the TZM-bl cell assay and cxpressed as the 50% tissue culture infectious dose (TCIDsy) as

calculated using the Reed and Mucnch formula. For the experiment shown in Figure 14, the
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virus stock is further purified using imnmunomagnetic beads (WMACS Virus isolation Kit,
Miltenyi Biotec, Auburn, CA), which eliminates the possible confounding effects of non-

virion soluble molecules or cellular debris,

102731 Western blotting for LMP1 and LMP1-CD40 expression s used to confirm that
HIV-LMP1 and HIV-LMP-CD40 viruses lead to expression of their respective proteins in 293
T cell viral lysates. SDS lysis buffer is added to cells and run on a 10% SDS-PAGE gel,
following by transfer to nitrocellulose membranes, blocking with 5% evaporated milk with
0.2% Tween-20 1n PBS. Membranes are stained overnight at 4 °C with either mouse anti-
EBV LMP1 monoclonal antibody (3H2104,a,b,¢, 1:100 dilution, Santa Cruz Biotechnology,
Santa Cruz, CA} or rabbit anti-human CD40 polyvelonal antibody (C-20, 1:200 dilution, Santa
Cruz Biotechnology, Santa Cruz, CA). Membranes are then washed with PBS-0.2% Tween-
20 and incubated with either horseradish peroxidase (HRP-conjugated goat anti-mouse or
anti-rabbit antibody {(Pierce, Rockford, 1L} at a 1:5,000 dilution in blocking buffer. Theu the
membranes are washed and incubated in HRP substrate (Pico chemiluminescence; Pierce),
placed on Whatman 3MM filter paper and exposed to film (BioMax; Kodak, Rochester, NY}.
Bands of the predicted sizes are observed for p24 Gag (24 kDaj, LMP1 (39 kDa), LMP1-
CD40 (26 kDa).

10274}  Measurement of DC and macrophage activation by flow cytometry: To assess the
matyration and activation of DCs and macrophages, the conjugated monoclonal antibodies
against the following surface molecules are used: CP40 {clone 5C3, BD Pharmingen, San
Bicgo, CA); CEO (clone L307.4, BD Pharmingen, San Diego, CA); CD83 {clone HB15, BD
Pharmingen, San Dicgo, CA); and CD86 {clone 2331, BD Pharmingen, San Diego, CAY
HLA-DR (clone L243, BD Pharmingen, San Dicgo, CAY, CCR7 {clone 3D12, BD

Pharmingen, San Diego, CA).

nny

102751 Quantitative RT-PCR for chemokine mRNAs: Macrophages are infected for 7 days
and then analyzed by RT-PCR to measure steady-state levels of CCL3 (MIP-lg), CCLA
(MIP-153}, and CCLS5 (RANTER). Total RNA 1s prepared using RNeasy kit {Qiagen Inc.,
Valencia, CA}, treated with RNAse-free DNAse (Roche Molecular Biochemicals,
Indianapolis, IN} and used as template 1o an RT-PCR assay. RNA is reverse transeribed 1o a
20 ul reaction containing 0.1 ug of total RNA, 0.1 ug of oligo{dT), 200 U of reverse
transcriptase (Finnzymes, Finland) and 0.2 pM cach of dATP, dCTP, dGTP and dTTP. After
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incubation at 40 °C for 1 hour to generate ¢cDNA, aliquots are analyzed by real-time PCR
using the Power SYBR Green Supermix (Applied Biosysterns). The following primers are
psed: CCL3 (MIP-1a)-specific primers, S-GTCTGTGCTCATCCCAGTGA-3 (forward)
(SEQ ID NG 5) and 5’-TTGTCACCAGACGCGGTGTG-3 (reverse) (SEQ ID NO: 6}
CCLA (MIP-18)~specific primers, 5-GTCTGTGCTGATCCCAGTGA-3 (forward) (SEQ 1D
NGO: 7y and 5 -COACACTTATCCTTTGGCTA-3 {reverse) (SEQ 1D NO: 8y, CCLS
(RANTES}-specitic primers, S-CCGCGGCAGCCCTCGCTGTCATCC-3 (forward) (SEQ
I NO: 9y and S"-CATCTCCAAAGAGTTGATGTACTCC-3 (reverse) (SEQ D NO: 10}
For normalization, GAPDH and B-actin real-time PCR 1s carried out on the same samples,
Normalized mRNA levels for cach transcript are caleulated as (1/2ACt x 1,000}, where ACt
value = Ut {test mRNA) ~ Ct (GAPDH mRNA). To control for contamination with genomic
DNA, paralicl amplifications are performed in the absence of reverse transcriptase and are

uniformly negative,

EXAMPLE 12
EBV LMPI Activates Dendritic Cells and Functions as a Molecular Adjuvant When

Incorporated into an HIV Vaccine

10276]  Preparation of LMP1 and LMP1-CD40: The Raji B cell line 18 used for the
preparation of LMP1 ¢IDNA which encoded a 387 amino acids protein. To prepare LMP1-
D40, PCR gene construction technigues are used to fuse the nucleotides for the N-ternunal
190 AA of LMP1T (GenBank M58153.1} with the U-terminal cytoplasmic tail of human D40
(residucs 220-277, GenBank NM 001250}, The resulting proteins are depicted in Figure 1.
Notably, LMP1 N-terminal residaes form a domain with six transmembrane regions that self-
associates in the planc of the membrane, thereby clustering the cytoplasmic tails of these
protewns. On the jutracellular side of the plasma membrane, the clustered signaling domains
recruit adapter molecules such as TRAFs to mnitiate downstream signaling events. CD40L is
not needed to induce clustering of these receptor mimies and as a result both LMP1 and

LMPI1-C40 are constitutively active.

102771  Electroporation of mRNAs for LMPI or LMP1-CD40 activate I¥Cs: Both LMP1
and LMP1-CD40 are known to be active in B celis and certain epithelial celis, but their effects
on DCs are not previcusly known. Consequently, in vitro transcribed mRNA for LMPI or

LMP1-CD40 1s electroporated into DCs. For comparison, control cultures included DCs
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electroporated without added mRNA (mock) and DCs electroporated with mRNA for
enhanced green fluorescent protein {GFP), an mnactive protein, As shown i Figure 124,
LMPT or LMP1-CDB40 mRNA alone is sufficient to upregulate CD40, CDE0, and the CDE3
maturation marker on DCs as measured by flow cytometry. CD86 cxpression, however, is not
significantly changed, reflecting its independent regulation in these cells. In parallel with
these membrane changes, DCs are also stimulated to secrete cytokines in to the media as
measured by cvtometric bead assay (CBA) (Figure 12B). Both LMP1 and LMP1-CD40
induce sizable amounts of TNFaq, 116, and 1L-8. A trace amount of [L~1§ is produced as
well, but essentially no IL-10 or IL-12p70 1s made. The lack of IL~-12p70 production is
consistent with reports that CD44 stimulation alone is insufficient to cause 1L-12p70
production in the absence of a second stimulus such as bacterial endotoxin/LPS or other TLR
agonist. Thus, the data demonstrate that LMP1 and LMP1-CD40 are sufficient to activate

many tmportant DC functions even when used alone as unvectored isolated gene cassettes.

[0278]  Introduction of LMP1 or LMP-1-CD40 into an HIV-1 proviral construct: Given the
DC-activating eftects of LMP1 and LMP1-CD40 alone, the present invention provides that
they can retain this function when produced in the context of a viral vector, e.g., HIV-1.
Consequently, a proviral clone of pNL4-3 1s obtained that has been modified to contamn the
macrophage-trophic envelope gene of HIV-1BAL vielding a CURS-utilizing virus that can
infect DCs and macrophages. This virus is further engineered using the design of Levy er of.
{2004} Proc Natl Acad Sci USA 101: 4204-8, where exogenous coding sequences can be
inserted into the HIV-1 genome just S-prime to nef, followed by an internal ribosome entry
stie (IRES) that allows continued translation of the Nef protein (Figure 2). This resulis in
infection-competent, replicating viruses that express either LMP1 (HIV-LMP1} or an LMP1-
CD40 fusion (HIV-LMP1-CD40). When the plasnuds cucoding HIV-LMP! or HIV-LMP1-
D48 are transfected into 293 cells, the synthesis of correctly sized LMP1 and LMP1-CD40

proteins is demonstrated by Western blotting (Figure 16).

10279 HIV-LMP1 and HIV-LMP1-CD40 stimulate DCs and macrophages to upregulate
imrunologically important cell surface molecules. DCs and roacrophages are transduced
with HIV-LMP1 or HIV-LMP1-CD40 and cultured for 4 days to allow these viruses to enter
the cells and express virally encoded proteins. At this tiroe point, DCs develop extensive
dendritic processes similar to the changes imduced by stimulation with cells expressing

membrane CD40L. Using flow cytoretry analysis, both enginecred viruses affect DCs
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{(Figure 13A) by upregulating C240, CD80, and CDE3, and had only minor effects on the
expression of CDR6. A similar pattern of DC activation is shown when LMPI or LMP1-
CI40 wRNAs are electroporated into DCs (Figure 124, indicating that the specific functious
of these molecules arc unchanged by incorporation into a viral vector. In addition, HLA-DR
{an MHC-H molecule) and CCR7 are also studied, While HIV-LMP1 and HIV-LMP1-CD40
do not affect HLA-DR expression by DCs and macrophages, both of these engineered viruses
upregulate CCR7 expression. Since CCR7 controls the entry of cells into lymph nodes, the
present invention provides that the CCR7 upregulation produced by HIV-LMPT or HIV-
LMPI-CD40 can allow these transduced cells to migrate to lymph nodes where they can in

turn present the viral antigens encoded by the HIV vector.

102861  Sumularly, macrophages are strongly stimulated by HIV-LMP1 and upregulated
CD40, CD80, CD83, and CDE6 expression {(Figure 13B). In contrast, HIV-LMP1-CDM40 13
not a strong stimulator of macrophages, although CIDR6 1s modestly upregulated. These
changes are mirrored in the morphological changes observed in these cultures. HIV-LMPI
exposed macrophages undergo extensive cell-cell clumping as previously reported using
CD40L stimulation. In contrast, HIV-LMP1-CD44 induces a more modest degree of
clumping. Thus, for these cell surface proteins, it appears that LMP1 is strongly active in

both DCs and macrophages whereas LMP1-CD40 is more active in Cs than macrophages.

102817  HIV-LMPI and HIV-LMP1-CD40 stimulate DCs and macrophages to produce
cytokines and chemokines. As further studies of the DCs and macrophages cultures shown in
Figure 13, culture supernatants from day 4 are studied for the secretion of cytokines and
chemokines. For DCs (Figure 14A), HIV-LMP1 significantly increases the production of IL-
1B, IL-6, 1L-8, IL-12p70, and TNFu. In contrast, HIV-LMP1-CD40 1s less active than HIV-
LMPT for cytokine induction in DCs. As shown in Figure 14B, HIV-LMP1 and HIV-LMP1-
D40 mduces macrophages to make IL-6, IL-8, and small amounts of IL-12p70, IL-1 and
TINFa. In contrast, there are no significant effects on IL-10 production. Serial measurements
nmade on days 4, 7, and 10 show that high levels of 1L-15, 1L.-6, and IL-8 persist in these
cultures, whereas HL.-10, HL.-12p70, and TNFu fall to background levels by day 10, In
addition, steady-state levels of three chemokines (CCL3 (MIP-1a), CCL4 (MIP-10), and
CCLS (RANTES)) are 1ncreased in macrophages jnfected by HIV-LMP1 and especially HIV-
LMPI-CD44, suggesting fine differences in the cell signaling produced by the two viral

constructs (Figure 17).



WO 2011/119628 PCT/US2011/029458
76

102821  HIV-LMPT and HIV-LMP1-CD40 upregulate the antigen-presenting functions of
DCs in an i virro immunization assay. To provide an mitial indicator of the effects of HIV-
LMPI and HIV-LMP1-CD40 on immune responses to the HIV viral vector, an in vitro
individuals have a low but definite frequency of reactivity to HIV antigens. Consequently,
when purified autologous T cells are cultured on DCs exposed to these viruses and
supplemented with IL-2, the rare anti-HIV T cells in the population can be expected to
respond to the HIV antigens in the DCs. Using an IFN~y ELISPOT assay and a pool of HIV
(Gag peptides, exposure to HIV-LMP1 is tound to significantly enhance the in vitro response
to Gag antigen (Figure 15). In contrast, HIV-LMP1-CD40 is no better than control HIV-GFP
in this assay. Thus, in some embodiments, HIV-LMP1 is a strong immunogen in vive and it

may be more active than HIV-LMP1-CD40.

EXAMPLE 13
LMPI and LMIP1-CDB4¢ Can Be Used as Immune Stimulators for BCs and

Macrophages

[0283]  The starting point is the clinical observation that EBV mfection elicits extremely
strong CD8+ T cell responses directed against its own antigens and immunological studies
showing that this virus contains a viral mumic of the CD40 receptor, LMP1, which is
constitutively active, LMPT is known to be active in B cells, but its effects on DCs and
macrophages had not been previously reported. The present invention provides that LMP1
and LMP1-CD40 are activators of these cells and can be inserted nto viral vectors, for

that can be used as the basis for a candidale vaccine,

10284}  The key finding is that LMP1I and LMP1-CD40 can be used in 1solation to
stimulate DCs and macrophages. This can be accomplished by electroporating mRNAs for
these genes 1nto these cells i virro and observing the pattern of activation that resulied.
Costirmulatory proteins on the cell surface are upregulated and cytokine production i indaced.
These data confirm prior reports that the transfection of plasmid DNA encoding LMP1 has
strong CD40L-lke activating effects on B cells and B cell-derived tumor nes. Extending

these prior findings, the present example shows that LMP1 and LMP1-CD40, scparate from
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any vector containing them, can act alone as completely functional immunostimulatory

molecules capable of activating DCs and macrophages.

102851  As adjuvant molocules, LMP1 and LMP1-CD40 offer several advantages: First,
LMP1 1s one of the few immunostivmdatory proteins that do not elicit strong CD8+ T cell
esponses against itself. While very strong CD8+ T cell responses are directed against the
iytic proteins expressed by EBV, CD&+ T cell reactivity against LMP1 1s difficult to detect.
Thus, DCs and macrophages activated by LMP1 {and presumably also LMP1-CD40) are not
likely to be rapidly killed by pre-cxisting or induced CD8+ T celis recognizing peptides from

this protein.

[0286]  Second, LMPI and LMPI-CIM0 have potential advantages over using CD40L as a
molecular adjuvant, Prior studies have shown that the inclusion of CD40L into Vaccinia,
canarypox, adenovirus, lentiviral vectors, and SIV significantly improved the immunogenicity
of these viruses and viral vectors. In all of these cases, the production of virus or virus-like
particles (VL.Ps} from CD40L-expressing cells feads to virions and VELPs bearing functional
CI340L on their membrane surface, which can be problematic. Virious and VLPs bearing
surface CD40L can bind indiscriminately to the many cell tvpes that express the CD40
receptor, including B cells and endothelial cells. This binding can have functional
consequences and CD40L-bearing viruses and VLPs have been shown to activate bystander B
cells and macrophages. This resulis 1o a potential for inducing antoimmunity and other
deleterious effects. In contrast, LMP1 and LMP1-CD40 are cell-associated proteins that
internally activate the cells that express themy they do vot confer a higand-like ability to
activate other cells that come in contact with the cells that express them. Thus, LMP1 and
LMPI1-CD40L should not disturb the cell-targeting qualities built into a viral vector nor
should they lead to wide-spread and possibly toxic bystander cell activation. As a result, the
present invention provides that a viral vector bears these molecules to be “self-adjuvanting,”
where the tight linkage in time and space of the vector-expressed antigen to these adjuvant
molecules allows these two moteties to serve as a complete immunogen, focusing the immune

respouse on the selected antigen.
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[287]  In addition to LMP1 and LMP1-CD40, a chemically controlied method of
multimerizing the CD40 intracellular signaling domain has been developed. In their system,
chernieally induced dimerization (CID), a bivalent chemical 1s used to cluster specially
modified C40 domains tethered to the cytoplasmic side of the plasima membrane. Like
LMP1I and LMP1-CD44, this approach requires the introduction of gene constructs into cells
either by plasmid transfection or viral transduction. Unlike LMP1 and LMP1-CD44, the
system requires the separate admimistration of the CID crosslinking molecule so that 1t attaing
pharmacologically adequate tissue levels in vive. This degree of regulatory control in this
systom 1s attractive, but it can be achieved i other ways. For example, the LMPI and LMP1-
D48 system described herein can be regulated using an inducible promoter systems. The Tet-
On promoter system can be optimized to create an HIV construct that replicates only in the
presence of doxycycline. Such a conditionally replicating form of HIV-LMP1 or HIV-LMP1-
340 can be a safor way of using these vaccine candidates. Hven safer would be tousea
form of HIV or lentivirus that 1s linnled to a single cycle of replication in vive, The present
invention provides that any viral vector well known i the art can be modified to inclnde

LMP1 or LMP1-CD40 as molecular adjuvants.

10288]  The studics reported herein suggest yet other modifications for improved vectored
vaccines. D40 stimulation is highly synergistic with Toll-like receptor { TLR) stimmlation
for the induction of CD8+ T cell responses, which raises the possibility of combining LMP1
or LMP1-CD40 with coustitutively active forms of TLRs. Also, in vive studies are needed 1o
determine if the fine differences between LMP1 and LMP1-CD40 signaling will result in

meaningiul differences n vaccine responses.

1028%]  In conclusion, this example describes two portable genctic adjuvants, LMP1 and
LMP1-{CD40, which can be used to activate 3Cs and macrophages. These molecules have
considerable potential for strengthening existing vaccines based on attenuated viruses or viral
vectors. In particular, they can be especially important for the design of HIV vaceines given
our finding that these genetic adjuvants can be casily introduced into the genome of this

otherwise poorly immunogeunic virus.
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EXAMPLE 14
Latent Membrane Protein 1 as a2 Molecular Adjuvant

for Single-cycle Lentiviral Vaccines

10286]  Molecular adjuvanis are a promising method to enhance viras-specific immune
esponses and protect against HIV-1 infection. Immmne activation by ligands for receptors
such as €40 can induce dendntic cell activation and maturation. The present example
provides the incorporation of two CD40 mimics, Epstein Barr Virus gene LMP1Y or an LMP1-
CD40 chimera, into a strain of SIV that s engincered to be limited to a single cycle of

infection.

10291]  Fall length LMP1T or the chimeric protein LMP1-CD40 is cloned into the nef-locus
of single-cycle SIV. Human and Macaque monocyte derived macrophages and DC are
infected with these viruses. Infected cells are analyzed for activation surface markers by flow
cytometry. Cells are also analyzed for secretion of pro-inflammatory cytokines IL- 15, 1L-6,

1L-8, IL-12p70 and TNFo by cytometric bead array.

[0292]  Overall, single-cycle SIV expressing LMP1 and LMP1-CD40 produces a broad and
potent Thi-biased immune response in hurnan as well as rhesus macaque macrophages and
DC when compared with control viras. Single-cycle SIV-LMPT also enhances antigen
prescntation by lentiviral vector vaccines; illustrating that LMP {-muediated tmuymune activation

can enhance lentiviral vector vaceines against HIV-1.

10293]  To develop an effective lentiviral vector vaccine against HIV-1 infection it may be
necessary 1o focus on enhancing the activation of dendritic cells, and other professional
antigen presenting cells, 10 order to maximize the stiroulation of viras-specific immune
responses. One of the critical events in the induction of immune response is the maturation of
DCs and macrophages. Maturing DCs and macrophages undergo a rapid burst of cyiokine
synthesis and expression of costimulatory molecules. Dendritic cells then migrate to the T-
cell areas of draining secondary lymphoid organs to pritae naive T cells and imitiate an
adaptive immune response. IL-12p70 is secreted by activated macrophages and DC and
stimulates IFN-y secretion by T lvmphocytes and NK cells. To improve the efficacy of
vaccines, single-cycle SIV vaccines can be developed by incorporating inducers of antigen
presenting cell maturation and cytokine secretion, specifically looking at CD40 stimulation

and the role of the viral protein LMPL.
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1029417  LMPI is an integral membrane protein of Epstein Barr Virus (EBV) witha
molecular weight of approximately 63 kDa consisting of three domains. LMP1 expression
induces many of the changes associated with EBV 1nfection and activation of primary B cells,
including cell clumping; increased cell surface expression of CD23, €39, CDH40, ChH44;
decreased expression of CD10; and mereased expression of the cell adhesion molecules
CDlla (LFA®), CD54 (JICAMI), and CD38 (LFA3). At least four signaling pathways,
namely nuclear factor kB (NF-kB), c-Jun N-terminal kinase (JNK)}-AP-1, p38/MAPK
{mitogen activated protein kinase}, and Janus kinase (JAK}-STAT (signal transducers and
activators of transcription), are implicated in the function of LMP1. Within the C-terminus of
LMP1 there are at least two activating regions referred to as CTART and CTARZ (C-terminal
activating region). CTARI 1s located proximal to the membrane (amino acids 186-231}) and
is essential for EBV mediated transforruation of primary B cells. CTARZ (amino acids 351
386} 1s located at the extreme C-terminus of LMP1 and 1s reguired for long term growth of
EBV positive primary B cells, Both CTAR and CTARZ can activate NF-«B independently.
Aggregation of LMP1 within the plasma membrane is a crucial prervequisite for signaling.
LMP1 aggregation appears {0 be an intrinsic property of the transmmembrane domain. This
stgnaling is similar to signaling by the tamor necrosis factor receptor (TNFR) CD40. The
main difference between LMP 1 and the TNFR family 1s that LMP1 functions as a
coustitutively activated receptor and, therefore, does not rely on the binding of an
extraceliular ligand for costimulation. Experiments have also evaluated the chimeric
molecule LMP1-CD40, consisting of the LMP1 transmembrane domain and the CD40
cytoplasmic tail. These cxperiments suggest that the LMP1-CD40 chimera is also

constitutively active in virro.

[0295]  In the present example, LMP1 and LMP1-CD40 genes are incorporated mnto the
genome of pseudotyped single-cycle SIV viral particles. These genes are expected to enhance
the immunogenicity of the virus, thereby stimmulating antigen preseuntation by infected APC.
The immunogenicity of SIV-LMP1 and SIV-LMP1-CD40 are evaluated in vifro using human
as well as macague monocyte-derived DCs and macrophages. The present invention provides
that LMP1 and LMP1-CD40 significantly enhance the ability of SIV to activate DCs and
macrophages. SIV-LMP1 also enhances the priming of naive Gag-specific T cells in vitro.
These results are encouraging for the chinical evaluation of LMP1 and LMPI chimeric

constructs as a novel class of adjuvant for HIV vaccines and other immunotherapy strategies.
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10286]  Cells and media: Embryounic kidney (2937T) cells are grown at 37 °C under 5% CO;
in Dulbecco’s moditied Eagle medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), 2 mM L-glutavnne, and autibiotics (100 Ul penicidhn and 100 pg/ml streptomycing,
{referred to as complete medium., Human as well as rhesus macaque peripheral blood
wmononuclear cells (PBMUCs) are prepared by Ficoll-Hypaque density centnifugation and
nmaintained in RPMI medivm (Hyclone, Logan, UT) supplemented with 5% human serum

{Lonza, Allendale, NIy and 10 mM HEPES (Invitrogen, Carisbad, CA).

{92971 Plasmid Construction: The construct S1Vmac239 FS-APR-AINEGFP contains
mutations in the gag-pol frameshitt site (F5) and deletion in the protease {APR) integrase
{AIN) coding regions of the pol gene. The Nef coding region is replaced with GFP. All
constructs with the immunostimulatory genes LMP1 or LMP1-CD40 are cloned by overlap
PCR and inserted into the SIVmac239 FS-APR-AINEGFP vector using unique Xbal and Sacli
sites flanking the GFP gene. All viral clones are confirmed by DNA sequencing both before
and after Hgation mto the viral vector. All DINA plasmids are purified with the Qiagen Endo-

Free kit and checked for endotoxin levels prior to transfection.

[0298]  Preparation of viral stocks: Single-cycle virus stocks are prepared by harvesting the
supernatant of 2937 cclis transfected with different viral plasmids. VSV-G trans-
complemented single~cycle SIV is produced by co-transfection of 2937 cells with the Gag-
Pol expression construct pGPfusion, 5 ug of an expression construct for the Indiana or the
New lJersey serotype of VSV-G and a full-length proviral DNA coustruct for each seSIV
strain. 2937 cells are seeded at $x10° cell per 100-mm dish in cell culture medium
(Dulbecco’s modified Eagle's medium [DMEM] supplemented with 10% fetal bovine serum
[FBSY, L-glutamine, penicillin and streptomycin} and transfected the following day with 5 pg
of cach plasmid using Genjet plus transfection Reagent (Signagen Laboratories, famsville,
MDD, Twenty-four hours after trausfection, the plates are rinsed twice with seram-free
nmedium and the cell culture medium is replaced with DMEM supplemented with 10% FBS.
Twenty-four hours later, the cell culture supernatant is collected, clarified by centrifugation at
500 x g for 10 min, and filtered through a 8.45um-pore-size membrane {Millipore, Bedford,
MA). To prepare high-titre stocks, viral particles are concentrated by repeated low speed
centrifugation using YM-50 ultrafiltration units (Millipore, Bedford, MA). Aliguots {1 mL}
of scSIV are cryopreserved at -80 °C and the conceniration of virus is determined by p27

antigen capture ELISA {(Advanced BioScience Laboratories, Kensington, MD).
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102991 Single-cycle 81V infectivity assays: One mllion CEMx174 cells are incubated with
100 ng p27 cquivalents of s¢SIV i 100 ul volurne for 2 hours at 37 °C, Cultures are then
expanded to a volume of 2 ml in R10 voedivm (RPMI supplemented with 10% FBS, L-
glutamine, penicillin and streptomycin} and incubated in 24-well plates at 37 °C for 4 days.
Cells are treated with Fix and Perm reagents (BI Biosciences, Sau Jose, CA) and stained with
FITC-conjugated SIV Gag-specific monoclonal antibody (Immunodiagnostics Inc. Woburn,
MA). After staining, cells are fixed in 2% paraformaldehyde PBS and analyzed by tlow

cytometry to determine the frequency of SIV Gag-positive infected celis.

[0308]  Sodium dodecy! sulfate-polyacryvlamide gel electrophoresis and Western blotting:
Viral particle stocks are run on a 10% sodium dodecyl sulfate-polyacrylamide gel (Bio-Rad,
Hercules, CA). Proteins are then trausferred to nitrocelhulose muembranes (0.22 pm; GE
Osmonics, Minnetonka, MN) and blocked (5% milk in PBS-0.2% Tween 20}, The
merbranes are incubated mdividaally with privaary antibody overnight at 4 °C. These
antibodies include the following: (1) 1:100 dilution of mouse anti-EBY LMP1 monocional
antibody (3H2104,a,b,c Santa Cruz Biotechnology, Santa Cruz, CA ), (1t) 1:500 dilution of
mouse anti-CI40 polyelonal antibody (C-28, Santa Cruz Biotechnology, Santa Cruz, CA),
and (111} 1:2,000 dilution of mousce anti-Gag p27 antibody, obtained through the National
Institutes of Health AIDDS Research and Reference Reagent Program (Germantown, MIb)
{(81Vmac251 Gag monoclonal [KK64], catalogue no. 2321, from Karen Kent and Caroline
Powell). Membranes are washed with PRS-0.2% Tween 20 and incubated with

horseradish peroxidase (HRP}-conjugated goat anti-mouse antibody (Pierce, Rockford, 1L} at
a 1:3,000 dilution in blocking buffer. Following incubation i the secondary antibody, the
membranes are washed and then incubated in HRP substrate (Pico

chemiluminescence; Pierce). Membranes are placed on Whatman 3MM f{ilter paper

and exposed to film (BioMax; Kodak, Rochester, NY ).

[0301]  Preparation and transduction of monocyte-derived macrophages and dendritic cells:
PBMC from healthy blood donors (Continental Blood Services, Miami, FL) are isolated from
bufty coats by density centrifugation using Ficoll-Hypaque (Amersham Pharmacia Biotech
Inc., Piscataway, NI}, Celis are cultured at 2 x 19° cells/mi, in RPMI-1640 media
supplemented with 10% decomplemented human AB serum (Biowhittaker, Walkersville,
My, 2 mmol/liter L-glutamine, 100 U/ml penicillin G and 100 pg/ml streptomycin (GIBCO

BRL, Gatthersburg, MD), in a 3% CO, atmosphere at 37 °C. To isolate monocytes, PBMC
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underwent plastic adherence on T175 tissue flasks (Coming-Costar, Cambridge, MA). To
generate enriched populations of monocyte-derived macrophages {macrophages) and
monocyte-derived dendritic cells (DCs) the following procedures are performed. To generate
macrophages, adherent cells are extensively washed and maintained for 24 hours in medium
supplersented with 10% heat-inactivated human serum. Adherent monocytes are washed,
removed from the flask by gentle scraping, sceded onto 24-well plates at a density of 1x10°
cells/well, and cultured for seven days. To generate immature DCs, plastic-adhered
monocytes are cultured in GM-CSF, 800 U/mli and 1L-4, 500 U/ml {R & DSystems, Inc.,
Minneapolis, MN} for 5 days, adding fresh GM-CSF and IL-4 on day 3. All cell culture

reagents are endotoxin free.

10302]  Viros transduction and flow cytometry: Immature BCs or macrophages are
transduced at day 6. One million macrophages or DCs are incubated with 50 ng p27
equivalents of seSIV (MOT ot 0.05) in 100 pl volume for 2 hours at 37 °C. Cultures are then
expanded to a volume of 2 ml in RPMI supplemented with 5% human serum, L-glutamine,
penicillin and streptomycin and incubated at 37 °C for 4 days. The culture supernatants of
transduced macrophages or DCs are collected at vartous time points and stored at -80 °C.
Macrophages are stained on the plates, while DCs are harvested by gently resuspending the
cells and staining with anti-CD40, anti-CD8E, anti-CDR3, anti-CD86, anti-C D1 ic or anti-
HLA-DR or anti-CCR7 in fluorescence-activated cell sorter buffer (PBS supplemented with
3% fetal calf serum and 0.02% sodiurn azide). Intracellular staining for p27 15 also performed
to measure infectivity, Expression is monitored by flow cytometric analysis using a LSRRI
bioanalyzer (Bectou Dickinson) and analyzed using the Flowlo software program (Tree Star,

San Carlos, CA).

10363]  Chemokine and cytokine assays: Cell culture supernatants are gbtained from
macrophages and DCs infected with different viruses at various time points. Supcrnatant
samples are collected, centrifuged for 5 minutes at 13,000 x g to clarify, and the supernatant
stored at -80 °C. Concentrations of IL-15, 1L-6, 1L-8, IL-10, IL-12p70 and TNFa are
measured using cvtometric bead array (CBA) (BD Biosciences, San Jose, CA) according to

the manufacturers instructions,
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[0364]  RT-PCR analysis of chemokine mRNA: For the measurement of MIP-1qa (CCL3},
MIP-13 (CCL4), and RANTES (CCL5)Y mRNA levels in the infected macrophages and DCs,
guantitative RT-PCR i3 performed. Briefly, total RNA is prepared using the RNeasy kit
{Qiagen Inc., Valencia, CA), and reverse transcribed in a 20 pl reaction containing 0.1 pg of
total RNA, 0.1 pg of oligo{dT), 200 U of reverse transcriptase (Finnzymes, Finland) and 0.2
uM each of dATP, dCTP, dGTP and dTTP. After | hr incubation at 40 °C, ¢cDNA products
are generated. Real-tivae PCR is performed using the Power SYBR Green Supernux {Applied
Biosystems) and the following primers: MIP-1a (CCL3 }-specific primers, 5-GTC TGT GCT
GAT CCC AGT GA-3 (forwardy (SEQ ID NO: 3) and S°-TTG TCA CCA GAC GCG GTG
TG-3 {reverse) (SEQ 1D NO: 6); MIP-18 (CCL4)-specific primers, 5°-GTC TGT GCT GAT
CCC AGT GA-3 (forward) (SEQ ID NO: 7Y and 5°-GGA CAC TTA TCC TTT GGC TA-3
{reverse) (SEQ 1D NO: &), RANTES (CCLS)-specific primers, 5°-CCG CGG CAG CCC
TCG CTG TCA TCC-3” (forward) (SEQ 1D NG: 9y and 5°-CAT CTC CAA AGA GTT GAT
GTA CTC C-3 (reverse) (SEQ 1D NO: 10). For normalization, GAPDH and P-actin veal-
time PCR 1s carried out on the same samples. Normalized mRNA ievels for each transcript
are calculated as (1/72AC x 1,000), where ACt value = Ct (fest mRNA)Y - Ct (GAPDH
mRNA}). To control for contamunation with genormie DNA, parallel amplifications are

performed in the absence of reverse transcriptase. These are uniformly negative.

10365]  Enzyme Linked Imomuno-Spot (ELISPOT) assay: IFN-y ELISPOT assays are
performed as follows. Briefly, isolated PBMCs are plated at a concentration of 100,000 cells
per well in 96-well multiscreen plates (Millipore, Bedford, MA} that had been precoated with
0.5 g/mil of anti-IFN-y monocional antibody (BD Biosciences, San Jose, CA), An SIVmac239
(Gag peptide pool (15-mers overlapping by 11 amino acids (NIH AIDS Reagent Programj}) is
added at a final concentration of 5 pg/ml. Four wells containing PBMCs and complete
medium alone are used as negative controls along with four positive countrols with Phorbol
Myristate Acetate (PMA, 5 ng/ml} and Ionomycin (500 ng/mi). Plates are incubated
overnight at 37 °C, 5% CO, and developed. The mumbers of spots per well are counted using
an automated ELISPOT plate reader (CTL technologies), and the number of specific spot-
forming cells (SFC), is calculated by subtracting the negative-control wells {mean plus 3
standard deviations). A value of 55 SFC/10° PBMC or greater (after subtraction of

background) is considered positive,
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[0306]  Statistics. Data are analyzed using PRISM 4.0 {(GraphPad Software, La Jolla, CA)
and expressed as the mean = SEM. Statistical comparisons are analyzed by Student’s ¢ test.

A p-value of 0.05 1s chosen for statistical significance.

EXAMPLE 15
Transduction of Human DCs and Macrophages with SIV Encoding LMP1 and

LMPEI-CD40 Results in Enhanced Activation and Maturation

193671  Preparation of LMP1 and LMP1-CD40: Both LMP1 and LMP1-CD40 chimera
genes are constructed from PR fragments, using Raji B cell line ¢IINA and human D40
¢DNA as PCR templates. The resulting proteins are depicted in Figure |, The LMPI N-
terminal residues form a domain with six transmembrane regions that self-associates in the
plane of the membrane, clustering the cytoplasmic tails of the protein. The cytoplasmic tail,
either from LMPT or CD40, contains signaling domains that recruit adapter molecules such as
TRAFs to initiate downstream signaling events. Receptor-ligand interaction is not required to

induce clustering, and as a result both LMP1 and LMP1-CD40 are constitutively active.

10308  Generation of pseudotyped single-cycle SIV expressing LMP1 or LMP1-CD40:
The single-cycle SIV viral construct s¢SIVmacZ39FS-APRAINEGEP 1s used as a template to
generate single-cyele SIV virus expressing either LMP1 or LMP1-CD40 (Figure 19). After
confirming recombinant clones by sequencing, Western blot analysis is performed for Gag,
LMP1, and CD40 following transfection of 2937 cell lysates with 81V viral constructs. (Gag
{p27y is prosent in all 2937 lysates, whereas LMP1 and CD40 proteins are present only for
LMP1 and LMP1-CD40 adiuvanted virases, respectively (Figure 20A). Theoretical
molecular weights of LMP1 (42 kDa) and EMP1-CD40 (28 kDa), arc consistent with Western
blot values (40 kDa and 30 kDa respectively).

10369]  Transduction of human DCS and macrophages with 81V encoding LMP1 and
LMP1-{D40 results in enhanced activation and mataration. Viruses expressing LMP1,
LMPI-CD40, or control GFP are tested for their ability to activate human DCS and
macrophages. The optimal infectious dose is determined as MOI of 0.05 and optimal time for
analysis as 4 days post infection (Figure 27). Under these conditions, scSIV expressing
LMPT or LMP1-CD40 induces wmorphological changes in DCs and macrophages, including
clumping and clongation of cells within the culture. Similar morphological responses are also

observed after treatment with LPS, suggesting that LMP1 and LMP1-CD48 are inducing
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activation of cells within the infected cultures. The expression levels of various maturation
and activation surface markers on virus-transduced macrophages and DCs arc tested by flow
cytometry. Cells are again evaluated 4 days after infection with sc8IV viruses. Transduction
with scSIV-LMP1 results in dendritic cell activation and maturation as measured by
significantly increased levels of €40, CDE0 and CDE3 expression, while scSIV-LMP1-
CD46 results in significant increased levels of CD40, CDE0 and HLA-DR expression when
comparcd 1o seSIV-GFP-transduced cells. (Figure 21A). The present mvention provides that
the activation signal provided by LMP1 and LMP1-CD44 is strong enough to mitiate both
activation and maturation of DCs. Similarly, there s a significant increase in the expression
of maturation markers CD40 and CD80 on scSIV-LMP1 transduced macrophages, whereas
seSIV-LMP1-CD40 results in an increase in the expression levels of CD40, CDS0 and CDS3

{(Figure 218).

10318]  <cSIV expressing EMPI or LMPI-CD40 results in inereased secretion of
inflammatory cytokines and -chemokines from human and macaque DCs and macrophages.
The secretion of various human inflaramatory cytokines by virus-infected DCs or
macrophages is evaluated. lnflammatory cytokine assays are performed by cytometric bead
array (CBA), DCs are infected with difterent single-cycle SIV viruses at MOT of 0.05 and
supernatants are collected at various time jntervals. seSIV-LMPI infection results ina
significant increase n [1L-15, 1L-6, 1L-8, IL~10, IL-12p70 and TNFa, while scSIV-LMP1-
D40 infection results in increase in 1L-15, IL-6, 1L-§, 1L-10 and TNFa at various time poinis
{(Figure 24A). Morcover, no measurable amount of 1L-12p70 is detected in scSIV-GFP or

seSIV-LMPI-CD40 mfected DCs.

10311}  Table 1 - Statistical overview of cvtokines seerction from a representative
experiment of infected human DCs and macrophages (upper panel} and macaques DCs and
macrophages (lower panel) with LMP1 and EMP-CD40 adjuvanted virus. Human
inflammatory cytokine quantitation is performed from the culture supernatants by cytometric
bead array (CBA). Data are analyzed with the unpaired t test: *, p<Q.05; **, p<0.01; ***,

p<0.001 compared with the s¢SIV-GFP infected group.
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Table | - Statistical overview of cytokines secretion
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10312}  Table 1 summarizes the concentration and p-values for cytokines secretion from

infected human and macague DCs and macrophages (data are analyzed with the vopaired t

test: ¥, p<0.05; ** p<0.01; *** p<0.001 compared with the STV-GFP infected group. NI
not detected). Values for seSIV-LMP1 or s¢SIV-LMP1-CD40 are compared to scSIV-GFP.

Significantly higher secretion of inflammatory cytokines is observed from macaque DCs and

macrophages upon mfection with LMP1 and LMP1-CD40 adjuvanted seSIV viruses

compared to control virns. In all assays LPS s used as a positive control and induced high

fevels of IL-§, IL-6, and TNFa from both dendritic cells and macrophages. These resulis

confirm that LMP1 and LMP1-CI340 are able to activate IXCs and macrophages in vitro both

in humans and non-human primates. The present invention provides that incorporating LMPI
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and LMP1-CD40 into 81V enhances its ability to activate DCs and macrophages. B-
chemokine RNA expression is also evaluated by real time RT-PCR of macrophages 4 days
following tection. Total cellular RNA is 1solated, reverse transcribed to ¢DNA and MIP-
Ta, MIP-15, and RANTES mRNA expression is analyzed by real time PCR assay. When
macrophages are infected with recombinant seSIV viruses, LMP1 results in a significant
increase in MIP-18 and RANTES mRNA expression, whereas LMP 1-CD40 results in
significant increase in MIP-1g, MIP-1B and RANTES mRNA expression (Figure 22B). The
present invention provides that expressions of both pro-mflammatory cytokines and B-

chernokines are cuhanced by single cyele STV cxpressing LMP1 or LMP1-CD40.

103137  SIV-LMP! infected DCs can enhance antigen-specific immune responses from
autologous T celis, 1L-12p70 18 an taportant regulator of IFN-y secretion by T cells, The
present invention provides that induced {L-12p70 production by scSIV-LMP! transduced
BCs can also increase IFN-y secretion by autologous T cells following DO stimulation, for
example, in a 12-day BC:T cell co-culture assay. DCs are transduced with seSIV-LMP1,
scSIV-LMP1-CD40 or seSIV for 4 days, washed, and then cultured with autologous T cells
for 12 days in the presence of nevirapine and 5u/mi of IL-2 (Figure 23A}. T celis are then
restimulated with an SIV Gag 1S-mer overlapping peptide pool (NIH AIDS reagent prograrm),
IFN-v secreting cells are wdentified by ELISPOT analysis. The sc8IV-LMP1 and s¢SIV-
LMP1-CD40 infocted DCs induce an increased IFN-y T cell response as compared to the

scSIV control (Figure 23B).

10314]  In the preseut example, methods to develop safe and efficacious SIV vaceines are
provided by incorporating adjuvant genes LMP1 and LMP1-CI248 into the genome of single
cycle SIV. These and similar vaccination strategics arc based on the activation of DCs and
macrophages via 40 signaling, resulting in an inflammatory response that is able to
enhance antigen-specific T cell responses i the vaccinee. This CD40 signaling may be
especially critical in ehiciting CTL responses in conditions such as AIDS where the number or
activity of CD4+ T cells is limiting. The incorporation of LMP1 and LMP1-CD40 into seSIV
viral particles results in enhanced immunogenicity compared to parent scSIV as evidenced by
the induction of Thi cytokines and both DC and macrophage maturation. The scSIV viral
genome s an efficicut vector for the expression of LMP1, LMP1-CD40 and the synthesis of
these virus-encoded proteins is confirmed by Western blot. As an indication of the potency of

the LMP1 adpavants, seSIV viruses expressing LMP1 and LMP1-CD40 induce morphological
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changes in DCs and macrophages, including clumping and elongation suggestive of activation

of these cells,

[0315]  The immunogenicity of scSIV incorporating LMP1 and LMP1-CD40 is evaluated
in vitro by rocasuring the expression fevels of cell surface markers transduced DCs and
macrophages. The cxpression levels of maturation markers CD40, CDg80, CD83, CCR7 and
HLA-DR are higher wn LMP1 and LMP1-CI40 adjuvanted scSIV transduced DCs as
compared to the GFP control group. The expression of CD40, CDRO, CCR7, and HLA-DR
are similar to positive control cells matured with cytokines, however the expression level of
CI383 on LMP1 and LMP1-CD40 virus transduced DC s not as high as that on cytokine
cocktail-maturated DCs. This could be explained by the fact that the MOI used in the
infection experiments s very low (0.05). This low MOI cau lead to a low level of
transfection, normally 10-20% of cells exposed to SIV constructs. These results suggest that
the activation signal provided by LMP1 and LMP1-CD4{ is potent enoungh to nitiate
activation. There is also a modest increase in the expression of maturation markers such as
D40 and CDS3 in LMP1 adjuvanted seSIV transduced macrophages, whereas LMP1-CD40
adjuvanted scSTV results in a marked increase in the expression levels of U340, CDRO and
CDE&3 on infected macrophages. These differences suggest a positive teedback whereby
{1340 signaling from LMP1-CD40 enhances the expression of C340 protein on the cell

surface,

[0316]  Overall, Thi cytokine secretion is dramatically enhanced by SIV encoding LMP1,
with increased cytokine secretion observed within 12-24 hours post-infection. This rapid
cytokine induction includes a modest level of 1L-12p70, suggesting that SIV-LMP1 infected
D(Cs can potentially enhance SIV-specitic T cell response in vive. This 1s balanced with a
modest secretion of 1L-18 following scSIV-LMP1T infection of DC. Much greater secretion
fevels are observed with cytokines IL-1§, 1L-6, TNFo and especially IL-8. Transduction with
SIV-LMP1 resulted in a 50-fold induction of 1L-12p70 secretion compared to fransduction
with SIV-GFP {from ~1 pg/ml to 50 pg/ml at 84 hours}. Given the critical role of IL-12 m the
stimulation of IFN-y production, proliferation of T cells, and generation of eytotoxic T
tymphocytes, using LMP1 as an adjuvant can result in increased DC activation and an
enhanced Thl tvumune response. This 1L-12 induction is consistent with LMP1 inducimg a
constitutive CD40-like signal, a key role in Epstein Barr virus pathogenesis. Binding of

CD40L 1o its receptor on immature DCs triggers DCs activation and maturation and imcreases
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DCs survival. One of the cytokines upregulated in DCs activated by CD40L binding s {L~12,
a cytokine responsible for polarizing CD4+ T cells to a Thi phenotype. Rescarches with
DNA vaccines have showed that increasing the activation level of DC through CD40-CD40L
interactions significantly enhances the intensity of cell mediated immunity and humoral
immune responses. Since IL-12 stirmulates IFN-y production, proliferation of T cells, and
generation of cytotoxic T lymphocytes, the present invention provides that LMPY and LMP1-

CD40 result in increased DCs activation and a strong Thi inmumune response.

03177 The chemokines MIP-1o, MIP-153, and RANTES play a critical role in innate
immune control of HIV by DCs and macrophages. Surprisingly, LMP1 and LMP1-CD40 are
able to enhance these chemokines in the context of recombinant STV virus infection.
However, LMP1 s unique in its ability to induce IL-12p70, suggesting LMP1 can be a betier
inducer of T cell respounses. Again, this chemokine secretion highlights the ability of LMP]
and LMP1-CD40 to increase the immune response during SIV infection of DCs and
macrophages and suggests that these recorabinant viruses may block viral replication while

simultancously enhances anti-HIV or SIV immune responses.

[0318]  In addition to DC maturation and cytokine secretion, the immunogenicity of LMP1
and LMP1-CD40 are further confirmed by the coculture of virus infected DCs with
autologous T cells for 12 days. The data suggests that the LMP1 adjuvant gene cassetie is
able to convert a weakly immunogenic virus into a strongly immunogenic one that can
augment T cell responses against viral antigens. By comparison, scSIV-LMP1-CD40 is less
active in this assay, consistent with the overall weaker effect of seSIV-LMP1-CD40 in DCs

compared to seSIV-LMPT virus.

10319]  Thas, the present tnvention provides that LMPL or LMP1-CD40 can act as a potent
molecular adjuvant, providing a new class of adjuvant for use in recombinant vaccing
strategies. In addition, LMP1 and LMP1 chimeras/fusion proteins can be used as viral vector
vaccine adjuvants or adjuvants for DNA or RNA based vaccines. Use of LMP1 for these or
other subunit vaccine strategies is provided. These vaccines can potentially targetDCs,
macrophages, and B cells, where B cell responses are also augmented by LMP1 expression,

including the induction of T cell independent class switching.
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103281  Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the mwvention as defived by the appended claims. Moreover, the scope
of the present application is not intended to be limited to the particular embodiments of the
process, machine, raanufacture, composition of matter, means, methods and steps described i
the specification. As one will readily appreciate from the disclosure, processes, machines,
manufacture, compositions of matier, means, methods, or steps, presently existing or later to
be developed that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein may be utilized. Accordingly, the
appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.

10321]  Although the invention has been described with reference to the above example, it
will be understood that modifications and vanations are encorapassed within the spirit and

scope of the invention. Accordingly, the invention is limited only by the following claims.
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What is claimed is;

1. An isolated protein comprising:
a multimerizing domain operatively joined to a cytoplasmic signaling domain of a
receptor such that the protetn asserables into a coruplex of three or more protein

moieties,

2. The protein of claim 1, wherein the muitimerizing domain comprises an N-fernunus
tragment of latent membrane protemn 1 (LMP1).

3. The protein of claim 1, wherein the cvtoplasmic signaling domain coraprises a
cytoplasmic fragment of a member of Tumor necrosis factor receptor superfamily
{(TNFRSF}.

4. The protein of claim 1, wherein the cytoplasmic signaling domain comprises a

cytoplasmic fragment selected from the group consisting of CIM0, C27, Fas,
lymphotoxin beta receptor (L TBR), nerve growth factor receptor (NGFR), Tumor
necrosis factor receptor superfamily mewber 1A (TNFRSF1A), Tumor necrosis factor
receptor superfamily member B (TNFRSF1B), Tumor necrosis factor receptor
superfamily member 4 {TNFRSF4), Tumor necrosis factor receptor superfamily
menber 8 (TNFRSF8), Tumor necrosis factor receptor superfamily member 9
(TNFRSF9), Tumor necrosis factor receptor superfamily member 10A (TNFRSF10A},
Tumor necrosis factor receptor superfamily member 10B (TNFRSF1GB), Tamor
necrosis factor receptor superfamily member 10D (TNFRSF10D), Tumor necrosis
factor receptor superfamily member 11A (TNFRSF1IA), Tumor necrosis factor
receptor superfamily member 12ZA {(TNFRSF12A), Tumor necrosis factor receptor
superfarnily member 3B (TNFRSF13B), Tumor necrosis factor receptor superfamily
member 13C (TNFRSF13C), Tumor necrosis factor receptor superfamily member 14
{(TNFRSF14), Tumor necrosis factor receptor superfamily member 17 (TNFRSF17),
Tumor necrosis factor receptor superfamily mentber 18 (TNFRSFIR), Tumor necrosis
tactor receptor superfamily member 19 (TNFRSF19), Tumor necrosis factor receptor
superfaroily roember 21 {TNFRSF21), and Tumor necrosis factor receptor superfarmily

member 25 (TNFRSF2S5).
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The protein of claim 1, wherein the cell signaling domain comprises the cytoplasmic
domain of a Latency Mombrane Protein 1 {LMP1) of Epstein-Barr virus {(EBV) or

CD440.

The protem of claum 1, wherein the roultimenzing domain coraprises at least four

transmembrane rogions.

The protein of claim 1, comprising a Latency Membrane Protein 1 (LMP1} or LMP1-

CD40 fusion protein.

Anisolated virus, microbe, or host cell comprising:

a first expression cassette for expressing the protein of claim 1, and

a second expression cassetie for expressing an antigen;

with the proviso that the viras, rocrobe, ot host cell does not contain a Epstemn-Barr

virus (EBV})

The isolated virus, microbe, or host cell of claim §, whereby the protein of claim |

comprises cell stirnulatory activity from the cytoplasmic signaling domain,

The 1solated virus, microbe, or host cell of claim §, wherein the protein coraprises:
a multimerizing domatn comprising an N-terminus fragment of latent membrane
protein 1 {(LMP1y; and/or

a cytoplasmic signaling domain comprising a cytoplasmic fragment of a member of

Tumor necrosis factor receptor superfamily (TNFRSF).

The isolated virus, microbe, or host cell of claim 10, wherein the protein comprises a

Latency Membrane Protein 1 (EMP1) or LMP1-CD40 fusion protein.

A DNA virus or RNA virps that expresses the isolated protein of claim 1 1u cells

transduced by that virus,
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A virus or microbe expressing the isolated protein of claim 1 in cells transduced by
that virus or mfected by that microbe, where the virus or microbe 18 selected from the
group consisting of Human immunodeficiency viras-1 (HIV-1), Stmian
imnmnodeficiency virus (SIV), influenza virus, paraintluenza virus, dengue virus,
Hepatitis A virus, Hepatitis B, virus, Hepatitis C viras, Cytomegalovirus (CMV),
adenovirus, adeno-associated virus, Simian virus 40 (8V40), Modified Vaccinia
Ankara (MVA), Vesicular stomatitis virus (VSV}, arcnaviruses, bunyaviruses,
flaviviruses, West Nile viras, Japanese Encephalitis virus, Venezuelan equine
encephalitis virus, Bastern cquine encephalitis virus, Western equine encephalitis
virus, herpesviruses, measles virus, rhabdoviruses, Listeria, Salmonella, and

combinations thereof

The 1solated virus, microbe, or host cell of claim 8, wherein the antigen comprises a

turnor antigen, viral antigen, or microbial antigen,
The isolated host cell of claim R, wherein the host cell ts a microorganmism,

A vaccine composition comprising:
an antigen comprising a tumor antigen, viral antigen, or microbial antigen;
an adjuvant comprising the protein of claim 1; and

a delivery system comprising a microorganisn.

The vaccine composition of claim 16, wherein the adjuvant function s conveyed by a
protein comprised of

a multimerizing domain comprising an N-terminus fragrent of latent mewbrane
protein | (LMP1}; and/or

a cytoplasmic signaling domain comprising a cytoplasmic fragment of a member of

Tumor necrosis factor receptor superfamily (TNFRSE).

The vaccine composition of claim 16, wherein the protein comprises a Latency

Membrane Protein 1 (LMP1) or LMP1-CD40 fusion protein,

The vaccine composition of claim 16, wherein the delivery system comprises a DNA

virus, RNA viras, or prokaryotic organism,
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The vaccine composition of claim 16, wherein the delivery system comprises a virus
or microbe selocted from the group consisting of Human irmmmunodeficieney virus-1
(HIV-1), Stoman itmmuonodeficiency viras (SIV), milaenza virus, dengue virus,
Hepatitis A virus, Hepatitis B virus, Hepatitis C virus, Cytomegalovirus (CMV},
adenovirus, adeno-associated viras, Simian viras 40 (SV40), Vaccinia viras, Modified
Vaccinia Ankara (MVA), Vesicular stomatitis virus (VSV), rhabdovirus, Listeria,

Salmonella, and combinations thereof,

A method for stimulating an immmune response i a subject comprising:

administering to a cell an effective amount of a polynucleotide comprising

a first expression cassette for cxpressing the protein of claim 1, and/or

a second expression cassette for expressing an antigen, thereby stimulating an immune

response.

The method of claim 21, wherein at least two nucleic acid sequences are administered,
where a first nucleic acid sequence comprises the first expression cassette for
expressing the protein of claim 1, and a second nucleic acid sequence comprises the
sccond expression cassette for expressing an antigen, and the two nucleic acid

sequences are contained within the same or two different polynucleotide molecules
The method of claim 21, wherein the nucleic acid comprises a DNA vaccine.

The mwethod of claira 21, wherein the nucleic acid comprises an in vitre synthesized

and optionally modified RNA mwolecule.

The method of claim 21, wherein the protein comprises

a multimerizing domain comprising an N-terminus fragrent of latent mewbrane
protein 1 (LMP1}; and/or

a cytoplasmic signaling domain comprising a cytoplasmic fragment of a member of

Tumor necrosis factor receptor superfamily (TNFRSE).

The method of claim 21, wherein the protein comprises a Latency Membrane Protein

I (EMP1) or EMPI-CD40 fusion protein.

The method of claim 21, wherein the antigen comprises a tumor antigen, viral antigen,

or microbial antigen,
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An avirulent, oncolytic herpes simplex virus having an intact UglZ gene and an
endogenous Ugl! gene expressed as a late gene, wherein the virus is modified from
the wild~type berpes simplex virus with both v;34.5 geues of the virus being deleted
and Ugll genes that are expressed as immediate-carly (1B} genes being inserted into
the v134.5 gene locus in place of both v134.5 genes; wherein the virus comprises an

expression cassette for expressing the protein of claim 1.

A herpes simplex virus T (HSV 1) strain, lacking one or more of a functional 1CP34.5-
encoding gene, a functional ICP6-encoding gene, a functional glycoprotein H-
encoding gene and a functional thymidine kinase-encoding gene, and which is derived
trom HSV 1 strain JS1 as deposited at the European Collection of Cell Cultures
(ECACC) under accession number 01010209; wherein the virus comprises an

expression cassette for expressing the protein of claim 1.

A herpes simplex virus which: (i) comprises a gene encoding an immunostimulatory
protein; (i1} lacks a functional ICP34.5 encoding gene and a functional ICP47
encoding gene; (111} is replication competent in tumor cells; and (iv) is dertved from
HSV1 51 as deposited at the European collection of cell cultures (ECAAC) under
accession number 1010209 wherein the virus comprises an expression cassette for

expressing the protein of claim 1.

A modified, oncolytic herpes simplex virus (HSV) strain comprising: a modified,
oncolytic herpes sitaplex virus (HSV) strain wherein the HSV strain 15 a clinical
isolate from a recurrent cold sore and has a greater ability than a reference laboratory
HSV strain modified in the same manner as the chinical isolate to replicate m or kill
tumor cells, and wherein the reference laboratory HSV strain is selected from the
group consisting of HSV1 strain 17+, HSV 1 strain F and HSV1 strain KOS; wherein

the virns comprises an expression cassette for expressing the protein of claim 1.

A method of treating cancer in subject comprising:
administering to the subject an effective amount of an oncolytic virus wherein the

VIFLS COMPrises an expression cassette for expressing the protein of claim 1.
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The method of claim 32, wherein the oncolyiic virus 13 selected from the group
consisting of a Newcastle Disease Virus, 2 Mumps Virus, a Measles Virus, a Vesicular
Stomatitis Virgs, a Para-infloenza Virus, an Influenza Viras, an Adenovirus, a Herpes
I Virus, a Vaccinia Viras, a Reovirus, and a Seneca Valley virus, or combinations

thereof,

A method of preparing a self-adjuvanting vaccine using a microorganism into whose
genome has been modified by the introduction of a multimerizing-intracellular

signaling gene cassette into the genome of the microorganism.

The method of claim 34, further comprising delivering the genctically modified

microorganism into a subject.

The method of claim 34, wherein the genetic modification comprises a multimerizing-

intracellular signaling gene cassette expresses LMP1 or LMPI-CD40,

The method of claim 34, whercin the microorganism comprises a virus or prokaryotic

organism,

The use of the protein of claim 1 in the manufacture of a medicament for treatment or

prevention of cancer or an infectious discase in a subject.

The use of claim 38, wherein the protein comprises an N-terminus portion of latent

membrane protein 1 (LMP1) tused with a cytoplasmie signaling domain,

A protein of claim | for use in a method for treatment or prevention of cancer or an

mfections disease o a subject.
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