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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present disclosure relates generally to the fields of gene therapy and
immunotherapy, specifically in relation to a viral vector comprising at least one encoded genetic
element, for use in treating cancer or an infectious disease, wherein the at least one encoded
genetic element comprises a small RNA that, when expressed, targets and reduces expression
levels of farnesyl diphosphate synthase (FDPS), wherein the small RNA is 200 nucleotides or
less in length and possesses a silencing or interference function; a lentiviral particle capable of
infecting a cell, for use in treating cancer or an infectious disease, comprising the
aforementioned viral vector, wherein the viral vector is a lentiviral vector; an ex vivo method of
activating a gamma delta T cell, the method comprising infecting, in the presence of the GD T
cell, a target cell with a viral delivery system encoding at least one genetic element, wherein
the at least one encoded genetic element comprises a small RNA that, when expressed,
targets and reduces expression levels of farnesyl diphosphate synthase (FDPS), wherein the
small RNA is 200 nucleotides or less in length and possesses a silencing or interference
function, and wherein when the enzyme is inhibited in the target cell, the target cell activates
the GD T cell; and a viral delivery system therefor .

BACKGROUND

[0002] Human T cells are distinguished on the basis of T cell receptor structure. The major
populations, including CD4+ and CD8+ subsets, express a receptor composed of alpha and
beta chains. A smaller subset expresses T cell receptor made from gamma and delta chains.
Gamma delta ("GD") T cells make up 3-10% circulating lymphocytes, and Vd2+ subset makes
up 75% of GD T cells in blood. Vd2+ cells recognize non-peptide epitopes and do not require
antigen presentation by major histocompatibility complexes ("MHC") or human leukocyte
antigen ("HLA™). The majority of V52+ T cells also express a Yy9 chain and are stimulated by
exposure to 5-carbon pyrophosphate compounds that are intermediates in mevalonate and
non-mevalonate sterol/isoprenoid synthesis pathways. The response to isopentenyl
pyrophosphate (5-carbon) is universal among healthy human beings.

[0003] Another subset of GD T cells, Vd1+, make up a much smaller percentage of the T cells
circulating in the blood, but Vd+1 cells are commonly found in the epithelial mucosa and the
skin.

[0004] In general, GD T cells have several functions, including kiling tumor cells and
pathogen-infected cells. Stimulation through their unique T cell receptor ("TCRs") composed of
two glycoprotein chains, y and 0, improves the capacity for cellular cytotoxicity, cytokine
secretion and other effector functions. The TCRs of GD T cells have unique specificities and
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the cells themselves occur in high clonal frequencies, thus allowing rapid innate-like responses
to tumors and pathogens.

[0005] Aminobisphosphonate drugs ("ABPs"™) and other inhibitors of farnesyl diphosphate
synthase ("FDPS"), which are downstream from isopentenyl pyrophosphate ("IPP") in the
mevalonate pathway (see, for e.g., Figure 1), have been used to treat various diseases,
including cancers, specifically those involving bone metastasis. ABPs include trade names such

as Zometa® (Novartis) and Fosamax® (Merck).

[0006] ABPs have also been used to stimulate GD T cells. This may be because when FDPS is
inhibited in myeloid cells, IPP begins to accumulate and geranylgeranyl pyrophosphate
("GGPP"), a downstream product of FDPS that suppresses activation of the inflammasome
pathway, is reduced. The reduction in GGPP removes an inhibitor of the caspase-dependent
inflammasome pathway and allows secretion of mature cytokines including interleukin-beta and
interleukin-18, the latter being especially important for gamma delta T cell activation.

[0007] Thus, when FDPS is blocked, the increased IPP and decreased GGPP combine to
activate Vd2+ T cells. V02+ cells activated by IPP or ABPs will proliferate rapidly, express a
number of cytokines and chemokines, and can function to cytotoxically destroy tumor cells or
cells infected with pathogenic microorganisms.

[0008] However, ABPs are associated with inflammation and osteonecrosis, as well as having
poor bioavailability due to their chemistry. Likewise, IPP has a very short half-life and is difficult
to synthesize. Both types of compounds require systemic administration in an individual.
Accordingly, both ABPs in general, and IPP specifically, leave a great deal to be desired for
therapeutic purposes.

SUMMARY OF THE INVENTION

[0009] The invention is set out in the appended set of claims. In one aspect, an ex vivo method
of activating a GD T cell is provided. The method includes infecting, in the presence of the GD
T cell, a target cell with a viral delivery system encoding at least one genetic element, wherein
the at least one encoded genetic element comprises a small RNA that, when expressed,
targets and reduces expression levels of farnesyl diphosphate synthase (FDPS), wherein the
small RNA is 200 nucleotides or less in length and possesses a silencing or interference
function, and wherein when the enzyme is inhibited in the target cell, the target cell activates
the GD T cell. In one embodiment, the at least one encoded genetic element may comprise a
microRNA or a shRNA; preferably the shRNA may comprise a sequence having at least 80%,
or at least 85%, or at least 90%, or at least 95% percent identity with:

1. a.
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGG

ACTTTTT (SEQ ID NO: 1);
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2. b.
GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCT

GCTTTTT (SEQ ID NO: 2);

3.c.
GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATG

GCTTTTT (SEQ ID NO: 3); or

4. d.
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCT

GCTTTTT (SEQ ID NO: 4);

preferably the microRNA may comprise a sequence having at least 80%, or at least 85%, or at
least 90%, or at least 95% percent identity with:

1. a.
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC

TGCGTGAAGCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCC
T ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 5);

2. b.
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC

TGCGTGAAGCCACAGATGGCAGAAGGGCTGAGAAAGT GCTGCCT
AC TGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6);

3.c.
TGCTGTTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCC

ACAGATGGCAGAAGGAGGCTGAGAAAGTTGCCTACTGCCTCGGA
(SEQ ID NO: 7);

4. d.
CCTGGAGGCTTGCTGAAGGCTGTATGCTGACTTTICTCAGCCTCCTTC

TGCTTTTGGCCACTGACTGAGCAGAAGGGCTGAGAAAGTCAGGAC
ACAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);

5. e.
CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTC

T

GCCTGTTGAATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTT
TGGTATCTTTCATCTGACCA (SEQ ID NO: 9); or

6. f.
GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCTCAGCCTCCTT

CTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCCT
C CCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10).
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[0010] In embodiments, the target cell may be a cancer cell or a cell that has been infected
with an infectious agent. In a preferred embodiment, the activation of the GD T cell may result
in the GD T cell kiling the cancer cell or the cell infected with an infectious agent. In
embodiments, the at least one encoded genetic element may include a microRNA or a shRNA.
In further embodiments, the target cell may also be contacted with an aminobisphosphonate
drug. In embodiments, the aminobisphosphonate drug may be zoledronic acid.

[0011] In another embodiment, a viral vector for use in treating cancer or an infectious disease
is provided. Specifically, provided herein is a viral vector comprising at least one encoded
genetic element, for use in treating cancer or an infectious disease, wherein the at least one
encoded genetic element comprises a small RNA that, when expressed, targets and reduces
expression levels of farnesyl diphosphate synthase (FDPS), wherein the small RNA is 200
nucleotides or less in length and possesses a silencing or interference function. In
embodiments, the viral vector may be used to inhibit the expression of FDPS in a target cell. In
embodiments, the target cell may be a cancer cell or a cell that has been infected with an
infection disease. In embodiments, when the enzyme is inhibited in a cancer cell or a cell that
has been infected with an infectious disease in the presence of a GD T cell, the cancer cell or
the cell that has infected with an infectious disease activates the GD T cell, to thereby treat the
cancer or the infectious disease. In embodiments, the at least one encoded genetic element
may include a microRNA or a shRNA. In further embodiments, the target cell may also be
contacted with an aminobisphosphonate drug. In embodiments, the aminobisphosphonate
drug may be zoledronic acid.

[0012] In another embodiment, the at least one encoded genetic element may include a
shRNA having at least 80%, or at least 85%, or at least 90%, or at least 95% percent identity
with

GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGGACTTTTT

(SEQ ID NO: 1), GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAA
ATCCTGCTTTTT (SEQ ID NO: 2); GCCATGTACATGGCAGGAATTCTCGAGAA
TTCCTGCCATGTACATGGCTTTTT (SEQ ID NO: 3); or GCAGAAGGAGGCTGA
GAAAGTCTCGAGACTTTCTCAGCCTCCTTCTGCTTTTT (SEQ ID NO: 4).

[0013] In a preferred embodiment, the shRNA may include
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGGACTTTTT

(SEQ ID NO: 1),

GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCTGCTTTTT
(SEQ ID NO: 2);

GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATGGCTTTTT
(SEQ ID NO: 3),

GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCTGCTTTTT

Frr e rEe a rae
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(SEQ 1D NO: 4).

[0014] In another embodiment, the at least one encoded genetic element includes a microRNA
having at least 80%, or at least 85%, or at least 90%, or at least 95% percent identity with
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTCTGCGTGAA
GCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCA
AGGGGCT (SEQ ID NO: 5);  AAGGTATATTGCTGTTGACAGTGAGCGACACT
TTCTCAGCCTCCTTCTGCGTGAAGCCACAGAT GGCAGAAGGGCTGAGAAAGTGCT
GCCTACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6); TGCTGTTGACAGTG
AGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAAGGAGGCTG
AGAAAGTTGCCTACTGCCTCGGA (SEQ ID NO: 7); CCTGGAGGCTTGCTGAAG
GCTGTATGCTGACTTTCTCAGCCTCCTTCTGCTTTTGGCCACTGACTGAGCAGAAG
GGCTGAGAAAGTCAGGACACAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);
CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTCTGCCTGTTG
AATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTTTGGTATCTTTCATCTGA CCA (SEQ
ID NO: 9); or GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCT
CAGCCTCCTTCTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCC
TCCCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10). In a preferred embodiment, the
microRNA includes AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCT
CCTTCTGCGTGAAGCCACAGAT GGCAGAAGGAGGCTGAGAAAGTGCTGCCTACT
GCCTCGGACTTCAAGGGGCT (SEQ ID NO: 5); AAGGTATATTGCTGTTGACAGT
GAGCGACACTTTCTCAGCCTCCTTCTGCGT GAAGCCACAGATGGCAGAAGGGCTG
AGAAAGTGCTGCCTACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6); TGCTG
TTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAA
GGAGGCTGAGAAAGTTGCCTACTGCCTCGGA (SEQ ID  NO: 7); CCTGGAGGCT
TGCTGAAGGCTGTATGCTGACTTTCTCAGCCTCCTTCTGCTTTTGGCCACTGACTG
AGCAGAAGGGCTGAGAAAGTCAGGACACAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);
CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTT
CTGCCTGTTGAATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTTTGGTATC
TTTCATCTGACCA (SEQ ID NO: 9); or GGGCCTGGCTCGAGCAGGGGGCGAGGG
ATACTTTCTCAGCCTCCTTCTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAA
GTCCTTCCCTCCCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10).

[0015] In another aspect, a viral vector comprising at least one encoded genetic element is
provided. In one embodiment, the at least one encoded genetic element may include a small
RNA capable of inhibiting production of an enzyme involved in the mevalonate pathway. In
another embodiment, the at least one encoded genetic element may include a microRNA or a
shRNA.

[0016] In another embodiment, the at least one encoded genetic element may include a
shRNA having at least 80%, or at least 85%, or at least 90%, or at least 95% percent identity
with SEQ ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 3; or SEQ ID NO: 4. In a preferred
embodiment, the shRNA may include SEQ ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 3; or SEQ ID
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NO: 4.

[0017] In another embodiment, the at least one encoded genetic element may include a
microRNA having at least 80%, or at least 85%, or at least 90%, or at least 95% percent
identity with SEQ ID NO: 5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; or
SEQ ID NO: 10. In a preferred embodiment, the microRNA may include SEQ ID NO: 5; SEQ ID
NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; or SEQ ID NO: 10.

[0018] In embodiments, the viral vector may be comprised of any vector that can effectively
transduce the small RNA into a target cell. In embodiments, the viral vector may be a lentiviral
vector. In other embodiments, the viral vector may be an adeno-associated virus vector.

[0019] In another embodiment, the viral vector may include a second encoded genetic
element. In embodiments, the second genetic element may include at least one cytokine or
chemokine. In embodiments, the at least one cytokine is selected from the group consisting of:
IL-18, TNF-q, interferon-y, IL-1, IL-2, IL-15, IL-17, and IL-12. In embodiments, the at least one
chemokine may be a CC chemokine, a CXC chemokine, a CX3C chemokine, or a XC
chemokine. In further embodiments, the at least one chemokine may be RANTES.

[0020] In another embodiment, a lentiviral particle capable of infecting a cell, for use in treating
cancer or an infectious disease, the lentiviral particle comprising an envelope protein optimized
for infecting a target cell, and a lentiviral vector which is the viral vector of the invention is
provided. In one embodiment, the envelope protein may be optimized for infecting a target cell,
and the target cell is a cancer cell or wherein the target cell may be a cell that is infected with
an infectious disease.

[0021] In another embodiment, a viral delivery system encoding at least one genetic element,
wherein the at least one encoded genetic element comprises a small RNA that, when
expressed, targets and reduces expression levels of farnesyl diphosphate synthase (FDPS),
wherein the small RNA is 200 nucleotides or less in length and possesses a silencing or
interference function, for use in activating a GD T cell in a subject, wherein, in the presence of
the GD T cell, when the target cell in the subject is infected with the viral delivery system, and
the enzyme is inhibited in the target cell, the target cell activates the GD T cell is provided. Also
provided herein is a viral delivery system encoding at least one genetic element, wherein the at
least one encoded genetic element comprises a small RNA that, when expressed, targets and
reduces expression levels of farnesyl diphosphate synthase (FDPS) , wherein the small RNA is
200 nucleotides or less in length and possesses a silencing or interference function, for use in
treating cancer in a subject, and wherein when the enzyme is inhibited in a cancer cell in the
presence of a GD T cell, the cancer cell activates the GD T cell, to thereby treat the cancer.
The viral delivery system may further comprise administering to the subject a therapeutically
effective amount of an aminobisphosphonate drug. In a preferred embodiment, the
aminobisphosphonate drug may be zoledronic acid.

[0022] In another aspect as disclosed herein, a lentiviral vector system for expressing a
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lentiviral particle is provided. The system includes a lentiviral vector, at least one envelope
plasmid for expressing an envelope protein optimized for infecting a cell; and at least one
helper plasmid for expressing gag, pol, and rev genes. When the lentiviral vector, the at least
one envelope plasmid, and the at least one helper plasmid are transfected into a packaging
cell, a lentiviral particle is produced by the packaging cell. In aspects as disclosed herein, the
lentiviral particle is capable of infecting a targeting cell, and inhibiting an enzyme involved in the
mevalonate pathway within the target cell. In aspects as disclosed herein, the enzyme involved
in the mevalonate pathway is FDPS. In aspects as disclosed herein, the lentiviral vector system
includes a first helper plasmid for expressing the gag and pol genes, and a second helper
plasmid for expressing the rev gene. In aspects as disclosed herein, the envelope protein is
preferably optimized for infecting a target cell. In aspects as disclosed herein, the target cell is
a cancer cell. In other aspects as disclosed herein, the target cell is a cell that is infected with
an infectious agent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Figure 1 depicts an overview of the major steps in the mevalonate pathway for biosynthesis of
steroids and isoprenoids.

Figure 2 depicts an exemplary 3-vector lentiviral vector system in a circularized form.
Figure 3 depicts an exemplary 4-vector lentiviral vector system in a circularized form.

Figure 4 depicts: (A) a linear map of a lentiviral vector expressing a FDPS shRNA targeting
sequence; and (B) a linear map of a lentiviral vector expressing a synthetic microRNA with a
FDPS targeting sequence.

Figure 5 depicts data demonstrating activation of Vd2+ T cells THP-1 leukemia cells with a
lentivirus expressing FDPS shRNA #4 (SEQ ID NO: 4), as described herein.

Figure 6 depicts data demonstrating activation of Vd2+ T cells by THP-1 leukemia cells with a
lentivirus expressing FDPS shRNA #4 (SEQ ID NO: 4), as described herein.

Figure 7 depicts data demonstrating activation of Vd2+ T cells by PC3 prostate carcinoma
cells with a lentivirus expressing FDPS shRNA #1 (SEQ ID NO: 1), as described herein.

Figure 8 depicts data demonstrating activation of Vd2+ T cells by PC3 prostate carcinoma
cells with a lentivirus expressing FDPS shRNA #4 (SEQ ID NO: 4), as described herein.

Figure 9 depicts data demonstrating activation of V02+ T cells by HepG2 carcinoma cells with
a lentivirus expressing FDPS shRNA #1 (SEQ ID NO: 1) or FDPS shRNA #4 (SEQ ID NO: 4),
as described herein.

Figure 10 depicts data demonstrating activation of Vd2+ T cells by THP-1 leukemia cells with a
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lentivirus expressing miR30 FDPS #1 (SEQ ID NO: §), as described herein.

Figure 11 depicts data demonstrating the percent of specific lysis versus an E:T ratio for a
variety of experimental conditions, as described herein.

Figure 12 depicts data demonstrating lentiviral-delivered shRNA-based RNA interference
targeting the human FDPS gene.

Figure 13 depicts data demonstrating lentiviral-delivered miR-based RNA interference
targeting the human FDPS gene.

Figure 14 depicts data demonstrating activation of Vd2+ T cells by HepG2 carcinoma cells with
an adeno-associated virus expressing FDPS shRNA #4 (SEQ ID NO: 4), as described herein.

Figure 15 depicts immunoblot data demonstrating lack of RAP1 prenylation in the cells
transduced with LV-shFDPS and treated with zoledronic acid.

DETAILED DESCRIPTION

Overview of Disclosure

[0024] The present disclosure relates to gene therapy constructs and delivery of the same to
cells, resulting in suppression of Farnesyl diphosphate synthase ("FDPS"), which is necessary
to convert isopentenyl phosphate (IPP) to farnesyl diphosphate (FDP), as shown, for example,
in Figure 1. In aspects, one or more viral vectors are disclosed herein with microRNAs or short
homology RNAs (shRNA) that target FDPS, thereby reducing expression levels of this enzyme.
The viral vectors include lentiviral vectors and AAV vectors. A consequence of modulating
expression of FDPS is to increase the accumulation of IPP, which is a stimulator of GD T cell
proliferation and differentiation. Accordingly, the constructs provided herein are used to
activate GD T cells, and are used to treat cancers and infectious diseases.

Definitions and Interpretation

[0025] Unless otherwise defined herein, scientific and technical terms used in connection with
the present disclosure shall have the meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the singular. Generally, nomenclature used in
connection with, and techniques of, cell and tissue culture, molecular biology, immunology,
microbiology, genetics and protein and nucleic acid chemistry and hybridization described
herein are those well-known and commonly used in the art. The methods and techniques of
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the present disclosure are generally performed according to conventional methods well-known
in the art and as described in various general and more specific references that are cited and
discussed throughout the present specification unless otherwise indicated. See, e.g.
Sambrook J. & Russell D. Molecular Cloning: A Laboratory Manual, 3rd ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2000); Ausubel et al., Short Protocols in
Molecular Biology: A Compendium of Methods from Current Protocols in Molecular Biology,
Wiley, John & Sons, Inc. (2002); Harlow and Lane Using Antibodies: A Laboratory Manual;
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1998); and Coligan et al.,
Short Protocols in Protein Science, Wiley, John & Sons, Inc. (2003). Any enzymatic reactions or
purification techniques are performed according to manufacturer's specifications, as commonly
accomplished in the art or as described herein. The nomenclature used in connection with, and
the laboratory procedures and techniques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described herein are those well-known and
commonly used in the art.

[0026] As used in the description and the appended claims, the singular forms "a", "an" and
"the" are used interchangeably and intended to include the plural forms as well and fall within
each meaning, unless the context clearly indicates otherwise. Also, as used herein, "and/or"
refers to and encompasses any and all possible combinations of one or more of the listed
items, as well as the lack of combinations when interpreted in the alternative ("or").

[0027] All numerical designations, e.g., pH, temperature, time, concentration, and molecular
weight, including ranges, are approximations which are varied (+) or (-) by increments of 0.1. It
is to be understood, although not always explicitly stated that all numerical designations are
preceded by the term "about". The term "about" also includes the exact value "X" in addition to
minor increments of "X" such as "X+ 0.1" or "X - 0.1." It also is to be understood, although not
always explicitly stated, that the reagents described herein are merely exemplary and that
equivalents of such are known in the art.

[0028] As used herein, the term "about” will be understood by persons of ordinary skill in the
art and will vary to some extent depending upon the context in which it is used. If there are
uses of the term which are not clear to persons of ordinary skill in the art given the context in
which it is used, "about" will mean up to plus or minus 10% of the particular term.

[0029] The terms "administration of" or "administering" an active agent should be understood
to mean providing an active agent to the subject in need of treatment in a form that can be
introduced into that individual's body in a therapeutically useful form and therapeutically
effective amount.

[0030] As used herein, the term "comprising” is intended to mean that the compositions and
methods include the recited elements, but not excluding others. "Consisting essentially of"
when used to define compositions and methods, shall mean excluding other elements of any
essential significance to the composition or method. "Consisting of" shall mean excluding more
than trace elements of other ingredients for claimed compositions and substantial method
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steps. Embodiments defined by each of these transition terms are within the scope of this
disclosure. Accordingly, it is intended that the methods and compositions can include additional
steps and components (comprising) or alternatively including steps and compositions of no
significance (consisting essentially of) or alternatively, intending only the stated method steps
or compositions (consisting of).

[0031] As used herein, "expression,” "expressed," or "encodes" refers to the process by which
polynucleotides are transcribed into mRNA and/or the process by which the transcribed mRNA
is subsequently being translated into peptides, polypeptides, or proteins. Expression may
include splicing of the mRNA in a eukaryotic cell or other forms of post-transcriptional
modification or post-translational modification.

[0032] The term "farnesyl diphosphate synthase” may also be referred to herein as FDPS, and
may also be referred to herein as farnesyl pyrophosphate synthase or FPPS.

[0033] The term "gamma delta T cell" may also be referred to herein as a yd T cell, or further
as a GD T cell. The term "gamma delta T cell activation” refers to any measurable biological
phenomenon associated with a gamma delta T cell that is representative of such T cell being
activated. Non-limiting examples of such a biological phenomenon include an increase of
cytokine production, changes in the qualitative or quantitative composition of cell surface
proteins, an increase in T cell proliferation, and/or an increase in T cell effector function, such
killing or a target cell or assisting another effector cell to kill a target cell.

[0034] The terms "individual," "subject,” and "patient" are used interchangeably herein, and
refer to any individual mammal subject, e.g., bovine, canine, feline, equine, or human.

[0035] The term "miRNA" refers to a microRNA, and also may be referred to herein as "miR".

[0036] The term "packaging cell line" refers to any cell line that can be used to express a
lentiviral particle.

[0037] The term "percent identity,” in the context of two or more nucleic acid or polypeptide
sequences, refer to two or more sequences or subsequences that have a specified percentage
of nucleotides or amino acid residues that are the same, when compared and aligned for
maximum correspondence, as measured using one of the sequence comparison algorithms
described below (e.g., BLASTP and BLASTN or other algorithms available to persons of skill)
or by visual inspection. Depending on the application, the "percent identity" can exist over a
region of the sequence being compared, e.g., over a functional domain, or, alternatively, exist
over the full length of the two sequences to be compared. For sequence comparison, typically
one sequence acts as a reference sequence to which test sequences are compared. When
using a sequence comparison algorithm, test and reference sequences are input into a
computer, subsequence coordinates are designated, if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then calculates the
percent sequence identity for the test sequence(s) relative to the reference sequence, based
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on the designated program parameters.

[0038] Optimal alignment of sequences for comparison can be conducted, e.g., by the local
homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology
alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for
similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 (1988), by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison,
Wis.), or by visual inspection (see generally Ausubel et al., infra).

[0039] One example of an algorithm that is suitable for determining percent sequence identity
and sequence similarity is the BLAST algorithm, which is described in Altschul et al., J. Mol.
Biol. 215:403-410 (1990). Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information website.

[0040] The percent identity between two nucleotide sequences can be determined using the
GAP program in the GCG software package (available at http://www.gcg.com), using a
NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2,
3, 4, 5, or 6. The percent identity between two nucleotide or amino acid sequences can also be
determined using the algorithm of E. Meyers and W. Miller (CABIOS, 4:11-17 (1989)) which
has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using the Needleman and Wunsch (J.
Mol. Biol. (48):444-453 (1970)) algorithm which has been incorporated into the GAP program
in the GCG software package (available at http:/mwww.gcg.com), using either a Blossum 62
matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight
of1,2,3,4,5, or6.

[0041] The nucleic acid and protein sequences of the present disclosure can further be used
as a "query sequence” to perform a search against public databases to, for example, identify
related sequences. Such searches can be performed using the NBLAST and XBLAST
programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST nucleotide
searches can be performed with the NBLAST program, score = 100, word length = 12 to obtain
nucleotide sequences homologous to the nucleic acid molecules provided in the disclosure.
BLAST protein searches can be performed with the XBLAST program, score = 50, wordlength
= 3 to obtain amino acid sequences homologous to the protein molecules of the disclosure. To
obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as
described in Altschul et al., (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST
and Gapped BLAST programs, the default parameters of the respective programs (e.g.,
XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.

[0042] As used herein, "pharmaceutically acceptable” refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues, organs, and/or bodily fluids of human beings and
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animals without excessive toxicity, irritation, allergic response, or other problems or
complications commensurate with a reasonable benefit/risk ratio.

[0043] As used herein, a "pharmaceutically acceptable carrier” refers to, and includes, any and
all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. The compositions
can include a pharmaceutically acceptable salt, e.g., an acid addition salt or a base addition
salt (see, e.g., Berge et al. (1977) J Pharm Sci 66: 1-19).

[0044] As used herein, the term "SEQ ID NO" is synonymous with the term "Sequence ID No."

[0045] As used herein, "small RNA" refers to non-coding RNA that are generally less than
about 200 nucleotides or less in length and possess a silencing or interference function. In
other embodiments, the small RNA is about 175 nucleotides or less, about 150 nucleotides or
less, about 125 nucleotides or less, about 100 nucleotides or less, or about 75 nucleotides or
less in length. Such RNAs include microRNA (miRNA), small interfering RNA (siRNA), double
stranded RNA (dsRNA), and short hairpin RNA (shRNA). "Small RNA" of the disclosure should
be capable of inhibiting or knocking-down gene expression of a target gene, generally through
pathways that result in the destruction of the target gene mRNA.

[0046] The term "therapeutically effective amount” refers to a sufficient quantity of the active
agents of the present disclosure, in a suitable composition, and in a suitable dosage form to
treat or prevent the symptoms, progression, or onset of the complications seen in patients
suffering from a given ailment, injury, disease, or condition. The therapeutically effective
amount will vary depending on the state of the patient's condition or its severity, and the age,
weight, efc., of the subject to be treated. A therapeutically effective amount can vary,
depending on any of a number of factors, including, e.g., the route of administration, the
condition of the subject, as well as other factors understood by those in the art.

[0047] As used herein, the term "therapeutic vector” includes, without limitation, reference to a
lentiviral vector or an AAV vector.

[0048] "A treatment” is intended to target the disease state and combat it, i.e., ameliorate or
prevent the disease state. The particular treatment thus will depend on the disease state to be
targeted and the current or future state of medicinal therapies and therapeutic approaches. A
treatment may have associated toxicities.

[0049] The term "treatment” or "treating” generally refers to an intervention in an attempt to
alter the natural course of the subject being treated, and can be performed either for
prophylaxis or during the course of clinical pathology. Desirable effects include, but are not
limited to, preventing occurrence or recurrence of disease, alleviating symptoms, suppressing,
diminishing or inhibiting any direct or indirect pathological consequences of the disease,
ameliorating or palliating the disease state, and causing remission or improved prognosis.
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Description of Aspects of the Disclosure

[0050] In one embodiment, an ex vivo method of activating a gamma delta T cell, the method
comprising infecting, in the presence of the GD T cell, a target cell with a viral delivery system
encoding at least one genetic element, wherein the at least one encoded genetic element
comprises a small RNA that, when expressed, targets and reduces expression levels of
farnesyl diphosphate synthase (FDPS), wherein the small RNA is 200 nucleotides or less in
length and possesses a silencing or interference function, and wherein when the enzyme is
inhibited in the target cell, the target cell activates the GD T cell is provided. In embodiments,
the target cell is a cancer cell or a cell that has been infected with an infectious agent. In
embodiments, the at least one encoded genetic element includes a microRNA or a shRNA.

[0051] In embodiments, the at least one encoded genetic element includes a shRNA having at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95% or more percent identity with
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGGACTTTTT (SEQ ID NO:
1); GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAA ATCCTGCTTTTT (SEQ ID
NO: 2); GCCATGTACATGGCAGGAATTCTCGAGAA TTCCTGCCATGTACATGGCTTTTT (SEQ
ID NO: 3); or GCAGAAGGAGGCTGA
GAAAGTCTCGAGACTTTCTCAGCCTCCTTCTGCTTTTT (SEQ ID NO: 4). In a preferred
embodiment, the shRNA includes GTCCTGGAGTACAATGCCATTCTCGAG
AATGGCATTGTACTCCAGGACTTTTT (SEQ ID NO: 1); GCAGGATTTCGTTCA
GCACTTCTCGAGAAGTGCTGAACGAAATCCTGCTTTTT (SEQ ID NO: 2); GCCA
TGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATGGCTTTTT (SEQ ID NO: 3); or
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTT CTGCTTTTT (SEQ ID
NO: 4).

[0052] In another embodiment, the at least one encoded genetic element includes a microRNA
having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95% or more percent identity with
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTCTGCGTGAA
GCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCA
AGGGGCT (SEQ ID NO: 5); AAGGTATATTGCTGTTGACAGTGAGCGACACT
TTCTCAGCCTCCTTCTGCGTGAAGCCACAGAT GGCAGAAGGGCTGAGAAAGTGCT
GCCTACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6); TGCTGTTGACAGTG
AGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAAGGAGGCTG
AGAAAGTTGCCTACTGCCTCGGA (SEQ ID NO: 7); CCTGGAGGCTTGCTGAAG
GCTGTATGCTGACTTTCTCAGCCTCCTTCTGCTTTTGGCCACTGACTGAGCAGAAG
GGCTGAGAAAGTCAGGACACAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);
CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTCTGCCTGTTG
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AATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTTTGGTATCTTTCATCTGA CCA (SEQ
ID NO: 9); or GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCT
CAGCCTCCTTCTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCC
TCCCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10). In a preferred embodiment, the
microRNA includes AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCT
CCTTCTGCGTGAAGCCACAGAT GGCAGAAGGAGGCTGAGAAAGTGCTGCCTACT
GCCTCGGACTTCAAGGGGCT (SEQ ID NO: 5); AAGGTATATTGCTGTTGACAGT
GAGCGACACTTTCTCAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAAGGGCTG
AGAAAGTGCTGCCTACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6); TGCTG
TTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAA
GGAGGCTGAGAAAGTTGCCTACTGCCTCGGA (SEQ ID NO: 7); CCTGGAGGCT
TGCTGAAGGCTGTATGCTGACTTTCTCAGCCTCCTTCTGCTTTTGGCCACTGACTG
AGCAGAAGGGCTGAGAAAGTCAGGACACAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);
CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTT
CTGCCTGTTGAATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTTTGGTATC
TTTCATCTGACCA (SEQ ID NO: 9); or GGGCCTGGCTCGAGCAGGGGGCGAGGG
ATACTTTCTCAGCCTCCTTCTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAA
GTCCTTCCCTCCCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10).

[0053] In another embodiment, the target cell is also contacted with an aminobisphosphonate
drug. In a preferred embodiment, the aminobisphosphonate drug is zoledronic acid.

[0054] In another embodiment, a viral delivery system encoding at least one genetic element,
wherein the at least one encoded genetic element comprises a small RNA that, when
expressed, targets and reduces expression levels of farnesyl diphosphate synthase (FDPS),
wherein the small RNA is 200 nucleotides or less in length and possesses a silencing or
interference function, for use in activating a GD T cell in a subject, wherein, in the presence of
the GD T cell, when the target cell in the subject is infected with the viral delivery system, and
the enzyme is inhibited in the target cell, the target cell activates the GD T cell is provided. In
still another embodiment, a viral delivery system encoding at least one genetic element,
wherein the at least one encoded genetic element comprises a small RNA that, when
expressed, targets and reduces expression levels of farnesyl diphosphate synthase (FDPS) ,
wherein the small RNA is 200 nucleotides or less in length and possesses a silencing or
interference function, for use in treating cancer in a subject, and wherein when the enzyme is
inhibited in a cancer cell in the presence of a GD T cell, the cancer cell activates the GD T cell,
to thereby treat the cancer is provided. In embodiments, the at least one encoded genetic
element includes a microRNA or a shRNA. The viral delivery system may further comprise
administering to the subject a therapeutically effective amount of an aminobisphosphonate
drug. In a preferred embodiment, the aminobisphosphonate drug may be zoledronic acid.

[0055] In another embodiment, the at least one encoded genetic element may include a
shRNA having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95% or more percent identity with SEQ ID NO: 1; SEQ
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ID NO: 2; SEQ ID NO: 3; or SEQ ID NO: 4. In a preferred embodiment, the shRNA includes
SEQ ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 3; or SEQ ID NO: 4.

[0056] In another embodiment, the at least one encoded genetic element may include a
microRNA having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95% or more percent identity with SEQ ID NO: 5; SEQ
ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; or SEQ ID NO: 10. In a preferred
embodiment, the microRNA includes SEQ ID NO: 5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO:
8; SEQ ID NO: 9; or SEQ ID NO: 10.

[0057] In another embodiment, a viral vector comprising at least one encoded genetic
element, for use in treating cancer or an infection disease, wherein the at least one encoded
genetic element comprises a small RNA that, when expressed, targets and reduces expression
levels of farnesyl diphosphate synthase (FDPS), wherein the small RNA is 200 nucleotides or
less in length and possesses a silencing or interference function is provided. In embodiments,
the viral vector includes any vector that can effectively transduce the small RNA. In
embodiments, the viral vector is a lentiviral vector. In other embodiments, the viral vector is an
adeno-associated virus (AAV) vector. In embodiments, at least one encoded genetic element
may include a microRNA or a shRNA.

[0058] In another embodiment, the at least one encoded genetic element may include a
shRNA having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95% or more percent identity with SEQ ID NO: 1; SEQ
ID NO: 2; SEQ ID NO: 3; or SEQ ID NO: 4. In a preferred embodiment, the shRNA includes
SEQ ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 3; or SEQ ID NO: 4.

[0059] In another embodiment, the at least one encoded genetic element may include a
microRNA having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95% or more percent identity with SEQ ID NO: 5; SEQ
ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; or SEQ ID NO: 10. In a preferred
embodiment, the microRNA includes SEQ ID NO: 5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO:
8; SEQ ID NO: 9; or SEQ ID NO: 10.

[0060] In another embodiment, the viral vector may include a second encoded genetic
element. In embodiments, the second genetic element includes at least one cytokine or
chemokine. In embodiments, the at least one cytokine is selected from the group consisting of:
IL-18, TNF-q, interferon-y, IL-1, IL-2, IL-15, IL-17, and IL-12. In embodiments, the at least one
chemokine is a CC chemokine, a CXC chemokine, a CX3C chemokine or a XC chemokine. In a
further embodiment, the at least one chemokine is the CC chemokine, RANTES.

[0061] In another embodiment, a lentiviral particle capable of infecting a cell, for use in treating
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cancer or an infectious disease, the lentiviral particle comprising an envelope protein optimized
for infecting a target cell, and a lentiviral vector, which is the viral vector of the invention, is
provided. In embodiments, a lentiviral vector system for expressing a lentiviral particle is
provided. The system includes a lentiviral vector, at least one envelope plasmid for expressing
an envelope protein optimized for infecting a cell, and at least one helper plasmid for
expressing gag, pol, and rev genes. WWhen the lentiviral vector, the at least one envelope
plasmid, and the at least one helper plasmid are transfected into a packaging cell, a lentiviral
particle is produced by the packaging cell. In embodiments, the lentiviral particle is capable of
infecting a targeting cell, and inhibiting an enzyme involved in the mevalonate pathway within
the target cell. In embodiments, the enzyme involved in the mevalonate pathway is FDPS. In
embodiments, the lentiviral vector system includes a first helper plasmid for expressing the gag
and pol genes, and a second helper plasmid for expressing the rev gene. In embodiments, the
envelope protein is preferably optimized for infecting a target cell. In embodiments, the target
cell is a cancer cell. In other embodiments, the target cell is a cell that is infected with an
infectious disease.

Cancer

[0062] A viral vector comprising at least one encoded genetic element, for use in treating
cancer, wherein the at least one encoded genetic element comprises a small RNA that, when
expressed, targets and reduces expression levels of farnesyl diphosphate synthase (FDPS),
wherein the small RNA is 200 nucleotides or less in length and possesses a silencing or
interference function is provided. The viral vector for use provided herein may be used to treat
cancer. A cell, tissue, or target may be a cancer cell, a cancerous tissue, harbor cancerous
tissue, or be a subject or patient diagnosed or at risk of developing a disease or condition. In
certain embodiments, a cell may be an epithelial, an endothelial, a mesothelial, a glial, a
stromal, or a mucosal cell. The cancer cell population can include, but is not limited to a brain,
a neuronal, a blood, an endometrial, a meninges, an esophageal, a lung, a cardiovascular, a
liver, a lymphoid, a breast, a bone, a connective tissue, a fat, a retinal, a thyroid, a glandular,
an adrenal, a pancreatic, a stomach, an intestinal, a kidney, a bladder, a colon, a prostate, a
uterine, an ovarian, a cervical, a testicular, a splenic, a skin, a smooth muscle, a cardiac
muscle, or a striated muscle cell. In still a further embodiment cancer includes, but is not
limited to astrocytoma, acute myeloid leukemia, anaplastic large cell lymphoma, acute
lymphoblastic leukemia, angiosarcoma, B-cell lymphoma, Burkitt's lymphoma, breast
carcinoma, bladder carcinoma, carcinoma of the head and neck, cervical carcinoma, chronic
lymphoblastic leukemia, chronic myeloid leukemia, colorectal carcinoma, endometrial
carcinoma, esophageal squamous cell carcinoma, Ewing's sarcoma, fibrosarcoma, glioma,
glioblastoma, gastrinoma, gastric carcinoma, hepatoblastoma, hepatocellular carcinoma,
Kaposi's sarcoma, Hodgkin lymphoma, laryngeal squamous cell carcinoma, larynx carcinoma,
leukemia, leiomyosarcoma, lipoma, liposarcoma, melanoma, mantle cell lymphoma,
medulloblastoma, mesothelioma, myxofibrosarcoma, myeloid leukemia, mucosa-associated
lymphoid tissue B cell lymphoma, multiple myeloma, high-risk myelodysplastic syndrome,
nasopharyngeal carcinoma, neuroblastoma, neurofiboroma, high-grade non-Hodgkin
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lymphoma, non- Hodgkin lymphoma, lung carcinoma, non-small cell lung carcinoma, ovarian
carcinoma, oesophageal carcinoma, osteosarcoma, pancreatic carcinoma,
pheochromocytoma, prostate carcinoma, renal cell carcinoma, retinoblastoma,
rhabdomyosarcoma, salivary gland tumor, Schwanomma, small cell lung cancer, squamous
cell carcinoma of the head and neck, testicular tumor, thyroid carcinoma, urothelial carcinoma,
and Wilm's tumor.

[0063] The compositions and methods disclosed herein are also used to treat NSCLC (non-
small cell lung cancer), pediatric malignancies, cervical and other tumors caused or promoted
by human papilloma virus (HPV), melanoma, Barrett's esophagus (pre-malignant syndrome),
adrenal and skin cancers and auto immune, neoplastic cutaneous diseases.

Infectious Diseases

[0064] A viral vector comprising at least one encoded genetic element, for use in treating an
infectious disease, wherein the at least one encoded genetic element comprises a small RNA
that, when expressed, targets and reduces expression levels of farnesyl diphosphate synthase
(FDPS), wherein the small RNA is 200 nucleotides or less in length and possesses a silencing
or interference function is provided. The viral vector for use provided herein can be used to
treat infectious diseases. The term "infectious disease” includes any disease that is caused by
an infectious agent. An "infectious agent” includes any exogenous pathogen including, without
limitation, bacteria, fungi, viruses, mycoplasma, and parasites. Infectious agents that may be
treated with compositions provided for in this disclosure include any art-recognized infectious
organisms that cause pathogenesis in an animal, including such organisms as bacteria that are
gram-negative or gram-positive cocci or bacilli, DNA and RNA viruses, including, but not limited
to, DNA viruses such as papilloma viruses, parvoviruses, adenoviruses, herpesviruses and
vaccinia viruses, and RNA viruses, such as arenaviruses, coronaviruses, rhinoviruses,
respiratory syncytial viruses, influenza viruses, picomaviruses, paramyxoviruses, reoviruses,
retroviruses, and rhabdoviruses. Examples of fungi that may be treated with the compositions
and methods of the disclosure include fungi that grow as molds or are yeastlike, including, for
example, fungi that cause diseases such as ringworm, histoplasmosis, blastomycosis,
aspergillosis, cryptococcosis, sporotrichosis, coccidioidomycosis, paracoccidio-idomycosis, and
candidiasis. Compositions and methods provided for herein may be utilized to treat parasitic
infections including, but not limited to, infections caused by somatic tapeworms, blood flukes,
tissue roundworms, ameba, and Plasmodium, Trypanosoma, Leishmania, and Toxoplasma
species.

Methods of GD T Cell Activation

[0065] A viral vector comprising at least one encoded genetic element, for use in treating
cancer or an infectious disease, wherein the at least one encoded genetic element comprises
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a small RNA that, when expressed, targets and reduces expression levels of farnesyl
diphosphate synthase (FDPS), wherein the small RNA is 200 nucleotides or less in length and
possesses a silencing or interference function is provided. The viral vector for use is for use in
activating GD T cells in an individual, as well as methods for treating tumors and infectious
diseases. For instance, in embodiments, the viral vector for use provided herein can be used in
methods to treat all known cancers because activated GD T cells comprise a natural
mechanism for immune surveillance of tumors (See for e.g.: Pauza et al. 2014 Frontiers in
Immunol. 5:687). Likewise, in embodiments, the viral vector for use provided herein can be
used to treat infectious diseases, including but not limited to flavivirus, influenza virus, human
retrovirus, mycobacteria, plasmodia and a variety of other viral, fungal and bacterial infections.
(See for e.g.. Pauza and Cairo, 2015 Cell Immunol. 296(1).

[0066] In general, a vector system is administered to an individual to transfect or transduce a
target cell population with the disclosed constructs for decreasing expression of FDPS and, in
other embodiments, increasing expression of chemokines or cytokines. Administration and
transfection/transduction can occur in vivo or ex vivo, with the transfected cells later
administered back into the subject in the latter scenario.

[0067] Administration of the disclosed vectors and transfection or transduction of the disclosed
constructs into a subject's cells result in decreased expression of FDPS, increased expression
of cytokines or chemokines, accumulation of IPP and in many cases, reduced growth rates for
genetically modified tumor cells. All of these features work together to activate and co-localize
GD T cells to the site of a tumor or infection.

[0068] The viral vector for use provided herein can also increase the capacity of NK cells to
recognize and destroy tumor cells and/or infected cells. Crosstalk between GD T cells and NK
cells is an important aspect of regulating the immune and inflammatory responses. Further,
GD T cells are known to trigger dendritic cell maturation, recruit B cells and macrophages, and
participate in a variety of cytolytic activities, such as secretion of interferon-y and TNF-a.

[0069] In embodiments, the method for which the viral vector is used provided herein comprise
a form of gene therapy for activating GD T cells at the site of tumor or infectious disease
pathology. In embodiments, the method for which the viral vector is used provided herein
activate GD T cells and support their proliferation, differentiation, and functional capacities by
promoting the production of specific cytokines needed for cytolytic activity capable of killing
cancer cells or treating infectious diseases.

[0070] In embodiments the gene therapy sequences (e.g., FDPS shRNAs) are carried by
therapeutic vectors, including but not limited to viral vectors such as lentiviruses or adeno-
associated viruses, although other viral vectors can also be suitable. Gene therapy constructs
may also be delivered in the form of DNA or RNA, including but not limited to plasmid forms. In
embodiments, the disclosed gene therapy constructs may also be delivered in the form of
protein-nucleic acid complexes or lipid nucleic acid complexes and mixtures of these
formulations. For instance, a protein-nucleic acid complex can comprise nucleic acids of
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interest in a complex with cationic peptides such as lysine and arginine. Lipid-nucleic acids
complexes can comprise lipid emulsions, micelles, liposomes, and/or mixtures of neutral and
cationic lipids such as DOTMA, DOSPA, DOTAP, and DMRIE.

[0071] In embodiments, therapeutic vectors may comprise a single construct or at least two, at
least three, at least four, or at least five different constructs. When more than one construct is
present in a vector the constructs may be identical, or they may be different. For instance, the
constructs may vary in terms of their promoters, the presence or absence of an integrating
elements, and/or their sequences. In some embodiments, a therapeutic vector will comprise at
least one construct that encodes a small RNA capable of knocking down the expression of
FDPS. In embodiments, the therapeutic vector will also encode a specific cytokine(s) and/or
chemokine(s), including but not limited to TNF-q, interferon-y, IL-1, IL-2, IL-15, IL-17, IL-18 or
IL-12. In some embodiments, a single construct may encode both small RNAs capable of
knocking down the expression of FDPS and specific cytokines or chemokines, including but not
limited to TNF-q, interferon-y, IL-1, IL-2, IL-15, IL-17, IL-18 or IL-12.

[0072] In embodiments, viral vectors may introduce nucleic acid constructs that become
integrated into the host chromosome. Alternately, transient delivery vectors may be used to
prevent chromosomal integration and limit the lifespan of gene therapy constructs.

[0073] In embodiments, the disclosed constructs and vectors comprise short homology region
RNA ("shRNA"), micro RNA ("miRNA"), or siRNA capable of reducing or knocking down
expression of FDPS and/or geranyl pyrophosphate synthase ("GPPS") and/or farnesyl
transferase ("FT") genes. By down regulating these genes, which control steroid and
isoprenoid synthesis, isopentenyl pyrophosphate ("IPP") levels are elevated. Elevation and
accumulation of IPP is a known mechanism for increasing GD T cells activation. Further, down
regulation of these pyrophosphate synthase genes removes an important negative regulator of
inflammasome function that in turn results in increased expression of cytokines that are
important for GD T cell activation and effector cell function.

[0074] In embodiments, the disclosed constructs are regulated by specific promoters that are
capable of producing interleukin-2 and/or interleukin-15 to sustain GD T cell proliferation. In
addition, the disclosed constructs may be regulated by specific promoters that are capable of
producing interleukin-1 beta and/or interleukin-18 and/or interferon-gamma required for GD T
cell differentiation and acquisition of all effector cell function. Desirable effector cell functions
include the capacity for direct cytotoxic cell killing of tumors and/or infected cells, secretion of
beneficial cytokines and/or chemokines, increased expression of NK receptors required to
recognize cancerous or infected cells, and increased expression of Fc receptors needed to
bind targeting antibodies in order to co-localize GD T cells with cancerous or infected cell
targets.

[0075] In embodiments, the method for which the viral vector is used activates GD T cells,
resulting in the indirect effect of increasing the capacity for NK cells to attack and destroy
cancerous cells, tumors, or infected cells. The activation of NK cells requires GD T cells that
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are stimulated to proliferate and differentiate, and to express 4-1BBL costimulatory ligand
needed to engage the 4-1BB costimulatory receptor on NK cells. This form of crosstalk is
known as an important mechanism for activating NK cells and is achieved here through the
action of the disclosed methods and compositions.

[0076] In another aspect, crosstalk between GD T cells and NK cells is an important
mechanism for eliminating inflammatory dendritic cells that accumulate in diseased tissues.
Alone, neither GD T cells nor NK cells are capable of destroying dendritic cells, but once the
aforementioned crosstalk interactions have occurred, NK cells are altered to become cytotoxic
against inflammatory dendritic cells. This immuno-regulatory mechanism depends on strong
activation and proliferation of GD T cells.

[0077] In embodiments, the method for which the viral vector is used may further comprise a
step of suppressing pathologic inflammatory responses that may include cellular proliferation
leading to atherosclerosis, chronic immune activation that stimulates tumor growth,
autoimmune diseases including psoriasis and other presentations in the epidermis,
inflammatory diseases of the central nervous system, and arthritis and other diseases of
unregulated immune responses.

[0078] In embodiments, therapeutic vectors are administered concurrently with
aminobisphosphonate (ABP) drugs to achieve synergistic activation of gamma delta T cells.
The synergism can allow alternate, modified or reduced doses of ABP and may decrease
adverse reactions to ABP including acute inflammatory responses and chronic diseases.

Constructs for GD T Cell Activation

[0079] Inhibition of FDPS results in IPP accumulation, resulting in activation of V02+ GD T cells
and expression of IL-18, which is also important in activating GD T cells. Inhibition of farnesyl
transferase results in decreased prenylation of proteins. The disclosed constructs can be
transfected or transduced into specific target cells, like tumor cells or infected cells, where they
can express RNA sequences (i.e., siRNA, shRNA or microRNA) that will inhibit translation of
FDPS as well as encode and express cytotoxic cytokines or chemokines.

[0080] Disclosed herein are constructs for decreasing expression of FDPS and/or FT,
increasing expression of cytokines, and increasing expression of chemokines including
RANTES. For instance, in some aspects as disclosed herein the constructs may encode for
interferon-gamma, IL-1, IL-2, IL-15, IL-17, IL-18 or IL-12.

[0081] Expression of cytokines and chemokines, like those listed above, will result in localized
cytotoxic destruction of tumor cells or cells infected with pathogenic organisms. Accordingly,
expression of such constructs by a tumor cell or an infected cell will result in the unwanted cells
assisting in its own destruction.
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[0082] Likewise, if the disclosed constructs are expressed in a tumor cell or infected cell,
decreasing the expression of FDPS and FT will result in activation and recruitment of GD T
cells to the tumor site of site of cell infection. Increasing expression of RANTES will further
attract GD T cells to intended tissue location. Because GD T cells can kill a broad range of
tumors of epithelial origin as well as many leukemias and lymphomas, and are further able to
produce high levels of the anti-tumor cytokine, IFNy, recruitment of GD T cells to the site of a
tumor can be a particularly effective means of inducing anti-tumor immunity.

[0083] Decreased expression of FDPS can be achieved via shRNA, microRNA, siRNA, or other
means known in the art. For instance, shRNAs according to SEQ ID NOS: 1, 2, 3, or 4, or
variants thereof can be used in the disclosed constructs and methods, although this example is
not limiting. The coding regions for RNAs to decrease expression of FDPS and FT and the
coding regions of cytokine and chemokines may be in the same construct or on different
constructs.

[0084] The classical approach for the production of recombinant polypeptides or gene
regulatory molecules including small RNA is the use of stable expression constructs. These
constructs are based upon chromosomal integration of a transduced expression plasmid (or at
least a portion thereof) into the genome of the host cell, short-duration plasmid transfection, or
non-integrating viral vectors also with limited half-life. The sites of gene integration are
generally random, and the number and ratio of genes integrating at any particular site are
often unpredictable; likewise, non-integrating plasmids or viral vectors also generate nuclear
DNA but these species usually lack sequences required for DNA replication and continuous
maintenance. Thus, constructs that rely on chromosomal integration result in permanent
maintenance of the recombinant gene that may exceed the therapeutic interval.

[0085] An alternative to stable expression constructs for gene expression are transient
expression constructs. The expression of the latter gene expression construct is based on non-
integrated plasmids, and hence the expression is typically lost as the cell undergoes division or
the plasmid vectors are destroyed by endogenous nucleases.

[0086] The disclosed constructs are preferably episomal constructs that are transiently
expressed. Episomal constructs are degraded or diluted over time such that they do not make
permanent changes to a subject's genome, nor are they incorporated into the chromosome of
a target cell. The process of episomal replication typically incorporates both host cell replication
machinery and viral trans-acting factors.

[0087] Avoiding chromosomal integration reduces certain barriers to in vivo gene delivery.
However, even integration-defective constructs can have a background frequency of
integration, and any DNA molecule can find rare homologies to recombine with host
sequences; but these rates of integration are exceptionally rare and generally not clinically
significant.

[0088] Thus, in some aspects as disclosed herein, the disclosed vectors support active gene
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and/or small RNA delivery over a period of about 1, about 2, about 3, about 4, about 5, about
6, about 7, about 8, about 9, about 10, about 11, or about 12 weeks. In some aspects as
disclosed herein, the disclosed vectors support active gene and/or small RNA delivery over a
period of about 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8
months, 9 months, 10 months, 11 months, 12 months, or longer. Any combination of these
time periods can also be used in the methods as disclosed herein, e.g., 1 month and 1 week,
or 3 months and 2 weeks.

[0089] However, in some aspects as disclosed herein, the constructs comprise integrating
elements that depend on a retroviral integrase gene, such that the construct becomes
integrated into the subject's chromosome. Retrotransposition and transposition are additional
examples of mechanisms whereby mobile genetic elements become integrated or inserted into
the chromosome. Plasmids may become integrated into the chromosome by recombination,
and gene editing technologies including CRISPR and TALEN utilize guide RNA sequences and
alter chromosomal loci by gene conversion mechanisms.

[0090] Constructs may comprise specific promoters for expressing cytokines involved in the
maintenance of GD T cells (i.e. IL-2, IL-7, IL-17, and IL-15). For example, promoters that may
be incorporated into the disclosed constructs include but are not limited to TATA-box
promoters, CpG-box promoters, CCAAT-box promoters, TTGACA-box promoters, BRE-box
promoters, INR-box promoters, AT-based promoters, CG-based promoters, ATCG-compact
promoters, ATCG-balanced promoters, ATCG-middle promoters, ATCG-less promoters, AT-
less promoters, CG-less promoters, AT-spike promoters, and CG-spike promoters. See
Gagniuc and lonescu-Tirgoviste, Eukaryotic genomes may exhibit up to 10 generic classes of
gene promoters, BMC GENOMICS 13:512 (2012).

Therapeutic Vectors

[0091] The construct can be delivered via known transfection and/or transduction vectors,
including but not limited to lentiviral vectors, adeno-associated virus, poxvirus, herpesvirus
vectors, protein and/or lipid complexes, liposomes, micelles, and the like.

[0092] Viral vectors can be preferentially targeted to cell types that are useful for the disclosed
methods (i.e., tumor cells or myeloid cells). Viral vectors can be used to transduce genes into
target cells owing to specific virus envelope-host cell receptor interactions and viral
mechanisms for gene expression. As a result, viral vectors have been used as vehicles for the
transfer of genes into many different cell types including whole embryos, fertilized eggs,
isolated tissue samples, tissue targets in situ, and cultured cell lines. The ability to introduce
and express foreign genes in a cell is useful for the study of gene expression, and the
elucidation of cell lineages as well as providing the potential for therapeutic interventions such
as gene therapy, somatic cell reprogramming of induced pluripotent stem cells, and various
types of immunotherapy. Viral components from viruses like Papovaviridae (e.g. bovine
papillomavirus or BPV) or Herpesviridae (e.g. Epstein Barr Virus or EBV) or Hepadnaviridae
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(e.g. Hepatitis B Virus or HBV) or pox vectors including vaccinia may be used in the disclosed
vectors.

[0093] Lentiviral vectors are a preferred type of vector for the disclosed compositions and
methods, although the disclosure is not specifically limited to lentiviral vectors. Lentivirus is a
genus of viruses that can deliver a significant amount of viral nucleic acid into a host cell.
Lentiviruses are characterized as having a unique ability to infect/transduce non-dividing cells,
and following transduction, lentiviruses integrate their nucleic acid into the host cell's
chromosomes.

[0094] Infectious lentiviruses have three main genes coding for the virulence proteins gag, pol,
and env, and two regulatory genes including tat and rev. Depending on the specific serotype
and virus, there may be additional accessory genes that code for proteins involved in
regulation, synthesis, and/or processing viral nucleic acids and other replicative functions.

[0095] Moreover, lentiviruses contain long terminal repeat (LTR) regions, which may be
approximately 600 nt long. LTRs may be segmented into U3, R, and U5 regions. LTRs can
mediate integration of retroviral DNA into the host chromosome via the action of integrase.
Alternatively, without functioning integrase, the LTRs may be used to circularize the viral
nucleic acid.

[0096] Viral proteins involved in early stages of lentivirus replication include reverse
transcriptase and integrase. Reverse transcriptase is the virally encoded, RNA-dependent DNA
polymerase. The enzyme uses a viral RNA genome as a template for the synthesis of a
complementary DNA copy. Reverse transcriptase also has RNaseH activity for destruction of
the RNA-template. Integrase binds both the viral cDNA generated by reverse transcriptase and
the host DNA. Integrase processes the LTR before inserting the viral genome into the host
DNA. Tat acts as a trans-activator during transcription to enhance initiation and elongation. The
rev responsive element acts post-transcriptionally, regulating mRNA splicing and transport to
the cytoplasm.

[0097] Viral vectors, in general, comprise glycoproteins and the various glycoproteins may
provide specific affinities. For instance, VSVG peptides can increase transfection into myeloid
cells. Alternatively, viral vectors can also have targeting moieties, such as antibodies, attached
to their shell peptides. Targeting antibodies can be specific for antigens that are overexpressed
on a tumor, for instance, like HER-2, PSA, CEA, M2-PK, and CA19-9.

[0098] Other viral vector specificities are also known in the art and can be used to target
particular populations of cells. For example, poxvirus vectors target to macrophages and
dendritic cells.

Lentiviral Vector System
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[0099] A lentiviral virion (particle) is expressed by a vector system encoding the necessary viral
proteins to produce a virion (viral particle). There is at least one vector containing a nucleic
acid sequence encoding the lentiviral pol proteins necessary for reverse transcription and
integration, operably linked to a promoter. In another aspect, the pol proteins are expressed by
multiple vectors. There is also a vector containing a nucleic acid sequence encoding the
lentiviral gag proteins necessary for forming a viral capsid operably linked to a promoter. In an
aspect, this gag nucleic acid sequence is on a separate vector than at least some of the pol
nucleic acid sequence. In another aspect, the gag nucleic acid is on a separate vector from all
the pol nucleic acid sequences that encode pol proteins.

[0100] Numerous modifications can be made to the vectors, which are used to create the
particles to further minimize the chance of obtaining wild type revertants. These include, but
are not limited to deletions of the U3 region of the LTR, tat deletions and matrix (MA) deletions.

[0101] The gag, pol and env vector(s) do not contain nucleotides from the lentiviral genome
that package lentiviral RNA, referred to as the lentiviral packaging sequence.

[0102] The vector(s) forming the particle preferably do not contain a nucleic acid sequence
from the lentiviral genome that expresses an envelope protein. Preferably, a separate vector
that contains a nucleic acid sequence encoding an envelope protein operably linked to a
promoter is used. This env vector also does not contain a lentiviral packaging sequence. In
one aspect the env nucleic acid sequence encodes a lentiviral envelope protein.

[0103] In another aspect the envelope protein is not from the lentivirus, but from a different
virus. The resultant particle is referred to as a pseudotyped particle. By appropriate selection of
envelopes one can "infect" virtually any cell. For example, one can use an env gene that
encodes an envelope protein that targets an endocytic compartment such as that of the
influenza virus, VSV-G, alpha viruses (Semliki forest virus, Sindbis virus), arenaviruses
(lymphocytic choriomeningitis virus), flaviviruses (tick-borne encephalitis virus, Dengue virus,
hepatitis C virus, GB virus), rhabdoviruses (vesicular stomatitis virus, rabies virus),
paramyxoviruses (mumps or measles) and orthomyxoviruses (influenza virus). Other
envelopes that can preferably be used include those from Moloney Leukemia Virus such as
MLV-E, MLV- A and GALV. These latter envelopes are particularly preferred where the host cell
is a primary cell. Other envelope proteins can be selected depending upon the desired host
cell. For example, targeting specific receptors such as a dopamine receptor can be used for
brain delivery. Another target can be vascular endothelium. These cells can be targeted using
a filovirus envelope. For example, the GP of Ebola, which by post-transcriptional modification
become the GP, and GP, glycoproteins. In another aspect, one can use different lentiviral

capsids with a pseudotyped envelope (for example, FIV or SHIV [U.S. Patent No. 5,654,195]).
A SHIV pseudotyped vector can readily be used in animal models such as monkeys.

[0104] As detailed herein, a lentiviral vector system typically includes at least one helper
plasmid comprising at least one of a gag, pol, or rev gene. Each of the gag, pol and rev genes
may be provided on individual plasmids, or one or more genes may be provided together on
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the same plasmid. In one aspect, the gag, pol, and rev genes are provided on the same
plasmid (e.g., Figure 2). In another aspect, the gag and pol genes are provided on a first
plasmid and the rev gene is provided on a second plasmid (e.g., Figure 3). Accordingly, both 3-
vector and 4-vector systems can be used to produce a lentivirus as described in the Examples
section and elsewhere herein. The therapeutic vector, the envelope plasmid and at least one
helper plasmid are transfected into a packaging cell line. A non-limiting example of a packaging
cell line is the 293T/17 HEK cell line. When the therapeutic vector, the envelope plasmid, and
at least one helper plasmid are transfected into the packaging cell line, a lentiviral particle is
ultimately produced.

[0105] In another aspect, a lentiviral vector system for expressing a lentiviral particle is
disclosed. The system includes a lentiviral vector as described herein; an envelope plasmid for
expressing an envelope protein optimized for infecting a cell; and at least one helper plasmid
for expressing gag, pol, and rev genes, wherein when the lentiviral vector, the envelope
plasmid, and the at least one helper plasmid are transfected into a packaging cell line, a
lentiviral particle is produced by the packaging cell line, wherein the lentiviral particle is capable
of inhibiting production of chemokine receptor CCR5 or targeting an HIV RNA sequence.

[0106] In another aspect, and as detailed in Figure 2, the lentiviral vector, which is also
referred to herein as a therapeutic vector, can include the following elements: hybrid 5' long
terminal repeat (RSV/5' LTR) (SEQ ID NOS: 11-12), Psi sequence (RNA packaging site) (SEQ
ID NO: 13), RRE (Rev-response element) (SEQ ID NO: 14), cPPT (polypurine tract) (SEQ ID
NO: 15), H1 promoter (SEQ ID NO: 16), FDPS shRNA (SEQ ID NOS: 1, 2, 3, 4), Woodchuck
Post-Transcriptional Regulatory Element (WPRE) (SEQ ID NO: 17), and 3' Delta LTR (SEQ ID
NO: 18). In another aspect, sequence variation, by way of substitution, deletion, addition, or
mutation can be used to modify the sequences references herein.

[0107] In another aspect, and as detailed herein, a helper plasmid has been designed to
include the following elements: CAG promoter (SEQ ID NO: 19); HIV component gag (SEQ ID
NO: 20); HIV component pol (SEQ ID NO: 21); HIV Int (SEQ ID NO: 22); HIV RRE (SEQ ID NO:
23); and HIV Rev (SEQ ID NO: 24). In another aspect, the helper plasmid may be modified to
include a first helper plasmid for expressing the gag and pol genes, and a second and
separate plasmid for expressing the rev gene. In another aspect, sequence variation, by way
of substitution, deletion, addition, or mutation can be used to modify the sequences references
herein.

[0108] In another aspect, and as detailed herein, an envelope plasmid has been designed to
include the following elements being from left to right: RNA polymerase |l promoter (CMV)
(SEQ ID NO: 25) and vesicular stomatitis virus G glycoprotein (VSV-G) (SEQ ID NO: 26). In
another aspect, sequence variation, by way of substitution, deletion, addition, or mutation can
be used to modify the sequences references herein.

[0109] In another aspect, the plasmids used for lentiviral packaging can be modified with
similar elements and the intron sequences could potentially be removed without loss of vector
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function. For example, the following elements can replace similar elements in the plasmids that
comprise the packaging system: Elongation Factor-1 (EF-1), phosphoglycerate kinase (PGK),
and ubiquitin C (UbC) promoters can replace the CMV or CAG promoter. SV40 poly A and
bGH poly A can replace the rabbit beta globin poly A. The HIV sequences in the helper plasmid
can be constructed from different HIV strains or clades. The VSV-G glycoprotein can be
substituted with membrane glycoproteins from feline endogenous virus (RD114), gibbon ape
leukemia virus (GALY), Rabies (FUG), lymphocytic choriomeningitis virus (LCMV), influenza A
fowl plague virus (FPV), Ross River alphavirus (RRV), murine leukemia virus 10A1 (MLV), or
Ebola virus (EboV).

[0110] Of note, lentiviral packaging systems can be acquired commercially (e.g., Lenti-vpak
packaging kit from OriGene Technologies, Inc., Rockville, MD), and can also be designed as
described herein. Moreover, it is within the skill of a person skilled in the art to substitute or
modify aspects of a lentiviral packaging system to improve any number of relevant factors,
including the production efficiency of a lentiviral particle.

Doses and Dosage Forms

[0111] The disclosed vectors allow for short, medium, or long-term expression of genes or
sequences of interest and episomal maintenance of the disclosed vectors. Accordingly, dosing
regimens may vary based upon the condition being treated and the method of administration.

[0112] In one embodiment, the vector of the invention may be administered to a subject in

need in varying doses. Specifically, a subject may be administered about = 10° infectious
doses (where 1 dose is needed on average to transduce 1 target cell). More specifically, a

subject may be administered about = 107, about = 108, about = 10°, or about = 10'? infectious
doses, or any number of doses in-between these values. Upper limits of transduction vector
dosing will be determined for each disease indication and will depend on toxicity/safety profiles
for each individual product or product lot.

[0113] Additionally, the vector of the invention may be administered periodically, such as once
or twice a day, or any other suitable time period. For example, vectors may be administered to
a subject in need once a week, once every other week, once every three weeks, once a
month, every other month, every three months, every six months, every nine months, once a
year, every eighteen months, every two years, every thirty months, or every three years.

[0114] In one embodiment, the vector of the invention may be administered as a
pharmaceutical composition. In some embodiments, the pharmaceutical composition
comprising the disclosed vectors can be formulated in a wide variety of dosage forms,
including but not limited to nasal, pulmonary, oral, topical, or parenteral dosage forms for
clinical application. Each of the dosage forms can comprise various solubilizing agents,
disintegrating agents, surfactants, fillers, thickeners, binders, diluents such as wetting agents
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or other pharmaceutically acceptable excipients. The pharmaceutical composition comprising a
vector can also be formulated for injection, insufflation, infusion, or intradermal exposure. For
instance, an injectable formulation may comprise the disclosed vectors in an aqueous or non-
aqueous solution at a suitable pH and tonicity.

[0115] The vector of the invention may be administered to a subject via direct injection into a
tumor site or at a site of infection. In some embodiments, the vector of the invention can be
administered systemically. In some embodiments, the vector of the invention can be
administered via guided cannulation to tissues immediately surrounding the sites of tumor or
infection.

[0116] The vector of the invention can be administered using any pharmaceutically acceptable
method, such as intranasal, buccal, sublingual, oral, rectal, ocular, parenteral (intravenously,
intradermally, intramuscularly, subcutaneously, intraperitoneally), pulmonary, intravaginal,
locally administered, topically administered, topically administered after scarification, mucosally
administered, via an aerosol, in semi-solid media such as agarose or gelatin, or via a buccal or
nasal spray formulation.

[0117] Further, the vector of the invention can be formulated into any pharmaceutically
acceptable dosage form, such as a solid dosage form, tablet, pill, lozenge, capsule, liquid
dispersion, gel, aerosol, pulmonary aerosol, nasal aerosol, ointment, cream, semi-solid dosage
form, a solution, an emulsion, and a suspension. Further, the composition may be a controlled
release formulation, sustained release formulation, immediate release formulation, or any
combination thereof. Further, the composition may be a transdermal delivery system.

[0118] In some aspects, the pharmaceutical composition comprising a vector can be
formulated in a solid dosage form for oral administration, and the solid dosage form can be
powders, granules, capsules, tablets or pills. In some aspects, the solid dosage form can
include one or more excipients such as calcium carbonate, starch, sucrose, lactose,
microcrystalline cellulose or gelatin. In addition, the solid dosage form can include, in addition
to the excipients, a lubricant such as talc or magnesium stearate. In some aspects, the oral
dosage form can be immediate release, or a modified release form. Modified release dosage
forms include controlled or extended release, enteric release, and the like. The excipients used
in the modified release dosage forms are commonly known to a person of ordinary skill in the
art.

[0119] In a further aspect, the pharmaceutical composition comprising a vector can be
formulated as a sublingual or buccal dosage form. Such dosage forms comprise sublingual
tablets or solution compositions that are administered under the tongue and buccal tablets that
are placed between the cheek and gum.

[0120] In some aspects, the pharmaceutical composition comprising a vector can be
formulated as a nasal dosage form. Such dosage forms of the present invention comprise
solution, suspension, and gel compositions for nasal delivery.
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[0121] In some aspects, the pharmaceutical composition comprising a vector can be
formulated in a liquid dosage form for oral administration, such as suspensions, emulsions or
syrups. In some aspects, the liquid dosage form can include, in addition to commonly used
simple diluents such as water and liquid paraffin, various excipients such as humectants,
sweeteners, aromatics or preservatives. In particular aspects, the composition comprising
vectors can be formulated to be suitable for administration to a pediatric patient.

[0122] In some aspect, the pharmaceutical composition can be formulated in a dosage form
for parenteral administration, such as sterile aqueous solutions, suspensions, emulsions, non-
aqueous solutions or suppositories. In some aspects, the solutions or suspensions can include
propyleneglycol, polyethyleneglycol, vegetable oils such as olive oil or injectable esters such as
ethyl oleate.

[0123] The dosage of the pharmaceutical composition can vary depending on the patient's
weight, age, gender, administration time and mode, excretion rate, and the severity of disease.

[0124] In some aspects, the treatment of cancer is accomplished by guided direct injection of
the disclosed vector constructs into tumors, using needle, or intravascular cannulation. In some
aspects, the disclosed vectors are administered into the cerebrospinal fluid, blood or lymphatic
circulation by venous or arterial cannulation or injection, intradermal delivery, intramuscular
delivery or injection into a draining organ near the site of disease.

Examples

Example 1: Development of a Lentiviral Vector System

[0125] A lentiviral vector system was developed as summarized in Figure 4 (circularized form).
Lentiviral particles were produced in 293T/17 HEK cells (purchased from American Type
Culture Collection, Manassas, VA) following transfection with the therapeutic vector, the
envelope plasmid, and the helper plasmid. The transfection of 293T/17 HEK cells, which
produced functional viral particles, employed the reagent Poly(ethylenimine) (PEI) to increase
the efficiency of plasmid DNA uptake. The plasmids and DNA were initially added separately in
culture medium without serum in a ratio of 3:1 (mass ratio of PEI to DNA). After 2-3 days, cell
medium was collected and lentiviral particles were purified by high-speed centrifugation and/or
filtration followed by anion-exchange chromatography. The concentration of lentiviral particles
can be expressed in terms of transducing units/ml (TU/ml). The determination of TU was
accomplished by measuring HIV p24 levels in culture fluids (p24 protein is incorporated into
lentiviral particles), measuring the number of viral DNA copies per cell by quantitative PCR, or
by infecting cells and using light (if the vectors encode luciferase or fluorescent protein
markers).
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[0126] As mentioned above, a 3-vector system (i.e., a 2-vector lentiviral packaging system)
was designed for the production of lentiviral particles. A schematic of the 3-vector system is
shown in Figure 2. Briefly, and with reference to Figure 2, the top-most vector is a helper
plasmid, which, in this case, includes Rev. The vector appearing in the middle of Figure 2 is the
envelope plasmid. The bottom-most vector is the therapeutic vector, as described herein.

[0127] Referring more specifically to Figure 2, the Helper plus Rev plasmid includes a CAG
enhancer (SEQ ID NO: 27); a CAG promoter (SEQ ID NO: 19); a chicken beta actin intron
(SEQ ID NO: 28); a HIV gag (SEQ ID NO: 20); a HIV Pol (SEQ ID NO: 21); a HIV Int (SEQ ID
NO: 22); a HIV RRE (SEQ ID NO: 23); a HIV Rev (SEQ ID NO: 24); and a rabbit beta globin
poly A (SEQ ID NO: 29).

[0128] The Envelope plasmid includes a CMV promoter (SEQ ID NO: 25); a beta globin intron
(SEQ ID NO: 30); a VSV-G (SEQ ID NO: 28); and a rabbit beta globin poly A (SEQ ID NO: 31).

Synthesis of a 2-vector lentiviral packaging system including Helper (plus Rev) and
Envelope plasmids.

Materials and Methods:

[0129] Construction of the helper plasmid: The helper plasmid was constructed by initial PCR
amplification of a DNA fragment from the pNL4-3 HIV plasmid (NIH Aids Reagent Program)
containing Gag, Pol, and Integrase genes. Primers were designed to amplify the fragment with
EcoRI and Notl restriction sites which could be used to insert at the same sites in the pCDNA3
plasmid (Invitrogen). The forward primer was (5'-TAAGCAGAATTC
ATGAATTTGCCAGGAAGAT-3') (SEQ ID NO: 32) and reverse primer was (5'-
CCATACAATGAATGGACACTAGGCGGCCGCACGAAT-3') (SEQ ID NO: 33).

[0130] The sequence for the Gag, Pol, Integrase fragment was as follows:
GAATTCATGAATTTGCCAGGAAGATGGAAACCAAAAATGATAGGGGGAATTGGA

GGTTTTATCAAAGTAAGACAGTATGATCAGATACTCATAGAAATCTGCGGACATA
AAGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAACATAATTGGAAGAA
ATCTGTTGACTCAGATTGGCTGCACTTTAAATTTTCCCATTAGTCCTATTGAGACT
GTACCAGTAAAATTAAAGCCAGGAATGGATGGCCCAAAAGTTAAACAATGGCCA
TTGACAGAAGAAAAAATAAAAGCATTAGTAGAAATTTGTACAGAAATGGAAAAG
GAAGGAAAAATTTCAAAAATTGGGCCTGAAAATCCATACAATACTCCAGTATTT
GCCATAAAGAAAAAAGACAGTACTAAATGGAGAAAATTAGTAGATTTCAGAGAA
CTTAATAAGAGAACTCAAGATTTCTGGGAAGTTCAATTAGGAATACCACATCCTG
CAGGGTTAAAACAGAAAAAATCAGTAACAGTACTGGATGTGGGCGATGCATATT
TTTCAGTTCCCTTAGATAAAGACTTCAGGAAGTATACTGCATTTACCATACCTAG
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TATAAACAALTGAGACACCAUGUUGATTAUATATCAGTACAATGTIGUCTICCACAGUG
ATGGAAAGGATCACCAGCAATATTCCAGTGTAGCATGACAAAAATCTTAGAGCC
TITTAGAAAACAAAATCCAGACATAGTCATCTATCAATACATGGATGATTTGTAT
GTAGGATCTGACTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACTGAG
ACAACATCTGTTGAGGTGGGGATTTACCACACCAGACAAAAAACATCAGAAAGA
ACCTCCATTCCTTTGGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAG
CCTATAGTGCTGCCAGAAAAGGACAGCTGGACTGTCAATGACATACAGAAATTA
GTGGGAAAATTGAATTGGGCAAGTCAGATTTATGCAGGGATTAAAGTAAGGCAA
TTATGTAAACTTCTTAGGGGAACCAAAGCACTAACAGAAGTAGTACCACTAACA
GAAGAAGCAGAGCTAGAACTGGCAGAAAACAGGGAGATTCTAAAAGAACCGGT
ACATGGAGTGTATTATGACCCATCAAAAGACTTAATAGCAGAAATACAGAAGCA
GGGGCAAGGCCAATGGACATATCAAATTTATCAAGAGCCATTTAAAAATCTGAA
AACAGGAAAGTATGCAAGAATGAAGGGTGCCCACACTAATGATGTGAAACAATT
AACAGAGGCAGTACAAAAAATAGCCACAGAAAGCATAGTAATATGGGGAAAGA
CTCCTAAATTTAAATTACCCATACAAAAGGAAACATGGGAAGCATGGTGGACAG
AGTATTGGCAAGCCACCTGGATTCCTGAGTGGGAGTTTGTCAATACCCCTCCCTT
AGTGAAGTTATGGTACCAGTTAGAGAAAGAACCCATAATAGGAGCAGAAACTTT
CTATGTAGATGGGGCAGCCAATAGGGAAACTAAATTAGGAAAAGCAGGATATGT
AACTGACAGAGGAAGACAAAAAGTTGTCCCCCTAACGGACACAACAAATCAGAA
GACTGAGTTACAAGCAATTCATCTAGCTTTGCAGGATTCGGGATTAGAAGTAAAC

ATAGTGACAGACTCACAATATGCATTGGGAATCATTCAAGCACAACCAGATAAG
AGTGAATCAGAGITAGTCAGTCAAATAATAGAGCAGTTAATAAAAAAGGAAAAA
GTCTACCTGGCATGGGTACCAGCACACAAAGGAATTGGAGGAAATGAACAAGTA
GATAAATTGGTCAGTGCTGGAATCAGGAAAGTACTATTTTTAGATGGAATAGATA
AGGCCCAAGAAGAACATGAGAAATATCACAGTAATTGGAGAGCAATGGCTAGTG
ATTTTAACCTACCACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTGATAAATG
TCAGCTAAAAGGGGAAGCCATGCATGGACAAGTAGACTGTAGCCCAGGAATATG
GCAGCTAGATTGTACACATTTAGAAGGAAAAGTTATCTTGGTAGCAGTTCATGTA
GCCAGTGGATATATAGAAGCAGAAGTAATTCCAGCAGAGACAGGGCAAGAAAC
AGCATACTTCCTCTTAAAATTAGCAGGAAGATGGCCAGTAAAAACAGTACATAC
AGACAATGGCAGCAATTTCACCAGTACTACAGTTAAGGCCGCCTGTTGGTGGGC
GGGGATCAAGCAGGAATTTGGCATTCCCTACAATCCCCAAAGTCAAGGAGTAAT
AGAATCTATGAATAAAGAATTAAAGAAAATTATAGGACAGGTAAGAGATCAGGC
TGAACATCTTAAGACAGCAGTACAAATGGCAGTATTCATCCACAATTTTAAAAGA
AAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGC
AACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTT
TCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGAAAGGACCAGCAAAGCT
CCTCTGGAAAGGTGAAGGGGCAGTAGTAATACAAGATAATAGTGACATAAAAGT
AGTGCCAAGAAGAAAAGCAAAGATCATCAGGGATTATGGAAAACAGATGGCAG
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GTGATGATTGTGTGGCAAGTAGACAGGATGAGGATTAA (SEQ ID NO: 34)

[0131] Next, a DNA fragment containing the Rev, RRE, and rabbit beta globin poly A sequence
with Xbal and Xmal flanking restriction sites was synthesized by MWG Operon. The DNA
fragment was then inserted into the plasmid at the Xbal and Xmal restriction sites The DNA

sequence was as follows:
TCTAGAATGGCAGGAAGAAGCGGAGACAGCGACGAAGAGCTCATCAGAACAGT

CAGACTCATCAAGCTTCTCTATCAAAGCAACCCACCTCCCAATCCCGAGGGGACC
CGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGAT
CCATTCGATTAGTGAACGGATCCTTGGCACTTATCTGGGACGATCTGCGGAGCCT
GTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACTCTTGATTGTAACGAGGATT
GTGGAACTTCTGGGACGCAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATCTC
CTACAATATTGGAGTCAGGAGCTAAAGAATAGAGGAGCTTTGTTCCTTGGGTTCT
TGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGG
CCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTAT
TGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCA

GGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTAGATCT
TTTTCCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGACT
TCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTG
TCTCTCACTCGGAAGGACATATGGGAGGGCAAATCATTTAAAACATCAGAATGA
GTATTTGGTTTAGAGTTTGGCAACATATGCCATATGCTGGCTGCCATGAACAAAG
GTGGCTATAAAGAGGTCATCAGTATATGAAACAGCCCCCTGCTGTCCATTCCTTA
TTCCATAGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTTTGTTTTGTGTT
ATTTTTTTCTTTAACATCCCTAAAATTTTCCTTACATGTTTTACTAGCCAGATTTTT
CCTCCTCTCCTGACTACTCCCAGTCATAGCTGTCCCTCTTCTCTTATGAAGATCCC
TCGACCTGCAGCCCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAA
ATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAA
AGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTG
CCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCGGATCCGCATCTCAATTAGTC
AGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT
TCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGA
GGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGC
CTAGGCTTTTGCAAAAAGCTAACTTGTTTATTGCAGCTTATAATGGTTACAAATA
AAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGT
TGTGGTTTGTCCAAACTCATCAATGTATCTTATCAGCGGCCGCCCCGGG (SEQ ID
NO: 35)

[0132] Finally, the CMV promoter of pCDNAS3.1 was replaced with the CAG enhancer/promoter
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plus a chicken beta actin intron sequence. A DNA fragment containing the CAG
enhancer/promoter/intron sequence with MIlul and EcoRI flanking restriction sites was
synthesized by MWG Operon. The DNA fragment was then inserted into the plasmid at the

Mlul and EcoRl restriction sites. The DNA sequence was as follows:
ACGCGTTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATAT

ATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA
ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAAT
AGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTG
GCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTAC

TTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGGTCGAGGTGAGCCC

CACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTT
ATTTATTTITTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGCGCGC

GCCAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTG
CGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGC
GGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCT
GCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGLCGCCGCCCGCCCCGGC
TCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCC
GGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTG
AAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGG
GGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCG
GCOGCTGTGAGCGCTGCGGGCGCGGUGCOGGGCTTTGTGCGCTCCGCGTGTGCG
CGAGGGGAGCGCGGCCGGEGECEETGCCCCGCGETECGGGEEGGEECTGCGAGGE
GAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGG
GCGCOOCGOTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGC
ACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGGEGCGTGGCGCGGGGCTCGCCG
TGCCGGGCGGGGGEGTGGCGGCAGGTGGGOGTGCCGGOGCGGLGECGGOGGCCGCCT
CGGGCCGGGGAGGGCTCGGGGGAGGGGECGCGGLCGGCCCCGGAGCGCCGGCGGL
TGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGG
GCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCC
GCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGLCCGGCAGGAAGG
AAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCT
CCAGCCTCGGGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAGG
GCOGGGTTCGOGCTTCTGGCOGTGTGACCGGCGGGAATTC (SEQ ID NO: 36)

Construction of the VSV-G Envelope plasmid:

[0133] The vesicular stomatitis Indiana virus glycoprotein (VSV-G) sequence was synthesized
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by MWG Operon with flanking EcoRI restriction sites. The DNA fragment was then inserted into
the pCDNAS3.1 plasmid (Invitrogen) at the EcoRI restriction site and the correct orientation was

determined by sequencing using a CMV specific primer. The DNA sequence was as follows:
GAATTCATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTGAATTGCAA

GTTCACCATAGTTTTTCCACACAACCAAAAAGGAAACTGGAAAAATGTTCCTTCT
AATTACCATTATTGCCCGTCAAGCTCAGATTTAAATTGGCATAATGACTTAATAG
GCACAGCCTTACAAGTCAAAATGCCCAAGAGTCACAAGGCTATTCAAGCAGACG
GTTGGATGTGTCATGCTTCCAAATGGGTCACTACTTGTGATTTCCGCTGGTATGG

ACCGAAGTATATAACACATTCCATCCGATCCTTCACTCCATCTGTAGAACAATGC
AAGGAAAGCATTGAACAAACGAAACAAGGAACTTGGCTGAATCCAGGCTTCCCT

CCTCAAAGTTGTGGATATGCAACTGTGACGGATGCCGAAGCAGTGATTGTCCAG
GTGACTCCTCACCATGTGCTGGTTGATGAATACACAGGAGAATGGGTTGATTCAC
AGTTCATCAACGGAAAATGCAGCAATTACATATGCCCCACTGTCCATAACTCTAC
AACCTGGCATTCTGACTATAAGGTCAAAGGGCTATGTGATTCTAACCTCATTTCC
ATGGACATCACCTTCTTCTCAGAGGACGGAGAGCTATCATCCCTGGGAAAGGAG
GGCACAGGGTTCAGAAGTAACTACTTTGCTTATGAAACTGGAGGCAAGGCCTGC
AAAATGCAATACTGCAAGCATTGGGGAGTCAGACTCCCATCAGGTGTCTGGTTCG
AGATGGCTGATAAGGATCTCTTTGCTGCAGCCAGATTCCCTGAATGCCCAGAAGG
GTCAAGTATCTCTGCTCCATCTCAGACCTCAGTGGATGTAAGTCTAATTCAGGAC
GTTGAGAGGATCTTGGATTATTCCCTCTGCCAAGAAACCTGGAGCAAAATCAGA
GCGGGTCTTCCAATCTCTCCAGTGGATCTCAGCTATCTTGCTCCTAAAAACCCAG
GAACCGGTCCTGCTTTCACCATAATCAATGGTACCCTAAAATACTTITGAGACCAG
ATACATCAGAGTCGATATTGCTGCTCCAATCCTCTCAAGAATGGTCGGAATGATC
AGTGGAACTACCACAGAAAGGGAACTGTGGGATGACTGGGCACCATATGAAGAC
GTGGAAATTGGACCCAATGGAGTTCTGAGGACCAGTTCAGGATATAAGTTTCCTT
TATACATGATTGGACATGGTATGTTGGACTCCGATCTTCATCTTAGCTCAAAGGC
TCAGGTGTTCGAACATCCTCACATTCAAGACGCTGCTTCGCAACTTCCTGATGAT
GAGAGTITTATTTTTTGGTGATACTGGGCTATCCAAAAATCCAATCGAGCTTGTAG
AAGGTTGGTTCAGTAGTTGGAAAAGCTCTATTGCCTCTTTITTCTTTATCATAGGG
TTAATCATTGGACTATTCTTGGTTCTCCGAGTTGGTATCCATCTTTGCATTAAATT
AAAGCACACCAAGAAAAGACAGATTTATACAGACATAGAGATGAGAATTC (SEQ
ID NO: 37)

[0134] A 4-vector system (i.e., a 3-vector lentiviral packaging system) has also been designed
and produced using the methods and materials described herein. A schematic of the 4-vector
system is shown in Figure 3. Briefly, and with reference to Figure 3, the top-most vector is a
helper plasmid, which, in this case, does not include Rev. The vector second from the top is a
separate Rev plasmid. The vector second from the bottom is the envelope plasmid. The
bottom-most vector is the previously described therapeutic vector.
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[0135] Referring, in part, to Figure 2, the Helper plasmid includes a CAG enhancer (SEQ ID
NO: 27); a CAG promoter (SEQ ID NO: 19); a chicken beta actin intron (SEQ ID NO: 28); a HIV
gag (SEQ ID NO: 20); a HIV Pol (SEQ ID NO: 21); a HIV Int (SEQ ID NO: 22); a HIV RRE (SEQ
ID NO: 23); and a rabbit beta globin poly A (SEQ ID NO: 29).

[0136] The Rev plasmid includes a RSV promoter (SEQ ID NO: 38); a HIV Rev (SEQ ID NO:
39); and a rabbit beta globin poly A (SEQ ID NO: 29).

[0137] The Envelope plasmid includes a CMV promoter (SEQ ID NO: 25); a beta globin intron
(SEQ ID NO: 30); a VSV-G (SEQ ID NO: 28); and a rabbit beta globin poly A (SEQ ID NO: 29).

Synthesis of a 3-vector lentiviral packaging system including Helper, Rev, and
Envelope plasmids.

Materials and Methods:

Construction of the Helper plasmid without Rev:

[0138] The Helper plasmid without Rev was constructed by inserting a DNA fragment
containing the RRE and rabbit beta globin poly A sequence. This sequence was synthesized by
MWG Operon with flanking Xbal and Xmal restriction sites. The RRE/rabbit poly A beta globin
sequence was then inserted into the Helper plasmid at the Xbal and Xmal restriction sites. The

DNA sequence is as follows:
TCTAGAAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGC

GCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGC
AGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAAC
TCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGAT
ACCTAAAGGATCAACAGCTCCTAGATCTTTTITCCCTCTGCCAAAAATTATGGGGA
CATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATTTTC
ATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGACATATGGGA
GGGCAAATCATTTAAAACATCAGAATGAGTATTTGGTTTAGAGTTTGGCAACATA
TGCCATATGCTGGCTGCCATGAACAAAGGTGGCTATAAAGAGGTCATCAGTATAT
GAAACAGCCCCCTGCTGTCCATTCCTTATTCCATAGAAAAGCCTTGACTTGAGGT
TAGATTTTTTTTATATTTITGTTTTGTGTTATTTTTTTCTTTAACATCCCTAAAATTTT
CCTTACATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTACTCCCAGTCATA
GCTGTICCCTCTTCTCTTATGAAGATCCCTCGACCTGCAGCCCAAGCTTGGCGTAAT
CATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAAC
ATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA
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CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGT
GCCAGCGGATCCGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCG
CCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACT
AATTTTTTTTATITATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAG
AAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTAACTTGTT
TATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAAT
AAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATC

TTATCACCCGGG (SEQ ID NO: 35)

Construction of the Rev plasmid:

[0139] The RSV promoter and HIV Rev sequence was synthesized as a single DNA fragment
by MWG Operon with flanking Mfel and Xbal restriction sites. The DNA fragment was then
inserted into the pCDNAS3.1 plasmid (Invitrogen) at the Mfel and Xbal restriction sites in which

the CMV promoter is replaced with the RSV promoter. The DNA sequence was as follows:
CAATTGCGATGTACGGGCCAGATATACGCGTATCTGAGGGGACTAGGGTGTGTTT

AGGCGAAAAGCGGGGCTTCGGTTGTACGCGGTTAGGAGTCCCCTCAGGATATAG
TAGTTTCGCTTTTGCATAGGGAGGGGGAAATGTAGTCTTATGCAATACACTTGTA
GTCTTGCAACATGGTAACGATGAGTTAGCAACATGCCTTACAAGGAGAGAAAAA
GCACCOTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTATTAGGA
AGGCAACAGACAGGTCTGACATGGATTGGACGAACCACTGAATTCCGCATTGCA
GAGATAATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTGACCATTC
ACCACATTGGTGTGCACCTCCAAGCTCGAGCTCGTTTAGTGAACCGTCAGATCGC
CTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCC
AGCCTCCCCTCGAAGCTAGCGATTAGGCATCTCCTATGGCAGGAAGAAGCGGAG
ACAGCGACGAAGAACTCCTCAAGGCAGTCAGACTCATCAAGTTTCTCTATCAAA
GCAACCCACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGA
AGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCCTT
AGCACTTATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTG
AGAGACTTACTCTTGATTGTAACGAGGATTGTGGAACTTCTGGGACGCAGGGGGT
GGGAAGCCCTCAAATATTGGTGGAATCTCCTACAATATTGGAGTCAGGAGCTAA
AGAATAGTCTAGA (SEQ ID NO: 40)

[0140] The plasmids for the 2-vector and 3-vector packaging systems could be modified with
similar elements and the intron sequences could potentially be removed without loss of vector
function. For example, the following elements could replace similar elements in the 2-vector
and 3-vector packaging system:
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Promoters: Elongation Factor-1 (EF-1) (SEQ ID NO: 41), phosphoglycerate kinase (PGK) (SEQ
ID NO: 42), and ubiquitin C (UbC) (SEQ ID NO: 43) can replace the CMV (SEQ ID NO: 25) or
CAG promoter (SEQ ID NO: 19). These sequences can also be further varied by addition,
substitution, deletion or mutation.

[0141] Poly A sequences: SV40 poly A (SEQ ID NO: 44) and bGH poly A (SEQ ID NO: 45) can
replace the rabbit beta globin poly A (SEQ ID NO: 29). These sequences can also be further
varied by addition, substitution, deletion or mutation.

[0142] HIV Gag, Pol, and Integrase sequences: The HIV sequences in the Helper plasmid can
be constructed from different HIV strains or clades. For example, HIV Gag (SEQ ID NO: 20);
HIV Pol (SEQ ID NO: 21); and HIV Int (SEQ ID NO: 22) from the Bal strain can be interchanged
with the gag, pol, and int sequences contained in the helper/helper plus Rev plasmids as
outlined herein. These sequences can also be further varied by addition, substitution, deletion
or mutation.

[0143] Envelope: The VSV-G glycoprotein can be substituted with membrane glycoproteins
from feline endogenous virus (RD114) (SEQ ID NO: 46), gibbon ape leukemia virus (GALV)
(SEQ ID NO: 47), Rabies (FUG) (SEQ ID NO: 48), lymphocytic choriomeningitis virus (LCMV)
(SEQ ID NO: 49), influenza A fowl plague virus (FPV) (SEQ ID NO: 50), Ross River alphavirus
(RRV) (SEQ ID NO: 51), murine leukemia virus 10A1 (MLV) (SEQ ID NO: 52), or Ebola virus
(EboV) (SEQ ID NO: 53). Sequences for these envelopes are identified in the sequence portion
herein. Further, these sequences can also be further varied by addition, substitution, deletion
or mutation.

[0144] In summary, the 3-vector versus 4-vector systems can be compared and contrasted, in
part, as follows. The 3-vector lentiviral vector system contains: 1. Helper plasmid: HIV Gag,
Pol, Integrase, and Rev/Tat; 2. Envelope plasmid: VSV-G/FUG envelope; and 3. Therapeutic
vector: RSV 5'LTR, Psi Packaging Signal, Gag fragment, RRE, Env fragment, cPPT, WPRE,
and 3'd LTR. The 4-vector lentiviral vector system contains: 1. Helper plasmid: HIV Gag, Pol,
and Integrase; 2. Rev plasmid: Rev; 3. Envelope plasmid: VSV-G/FUG envelope; and 4.
Therapeutic vector: RSV 5'LTR, Psi Packaging Signal, Gag fragment, RRE, Env fragment,
cPPT, WPRE, and 3'delta LTR. Sequences corresponding with the above elements are
identified in the sequence listings portion herein.

Example 2: Development of a Lentiviral Vector that Expresses FDPS

[0145] The purpose of this Example was to develop an FDPS lentivirus vector.

[0146] Inhibitory RNA Design: The sequence of Homo sapiens Farnesyl diphosphate synthase
(FDPS) (NM_002004.3) mRNA was used to search for potential siRNA or shRNA candidates to
knockdown FDPS levels in human cells. Potential RNA interference sequences were chosen
from candidates selected by siRNA or shRNA design programs such as from GPP Web Portal
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hosted by the Broad Institute (http://portals.broadinstitute.org/gpp/public/) or the BLOCK-iT
RNAIi Designer from Thermo Scientific (https:/rnaidesigner.thermofisher.com/rnaiexpress/).
Individual selected shRNA sequences were inserted into a lentiviral vector immediately 3 prime
to a RNA polymerase |ll promoter such as H1 (SEQ ID NO: 16), U6 (SEQ ID NO: 54), or 7SK
(SEQ ID NO: 55) to regulate shRNA expression. These lentivirus shRNA constructs were used
to transduce cells and measure the change in specific mMRNA levels. The shRNA most potent
for reducing mRNA levels were embedded individually within a microRNA backbone to allow for
expression by either the EF-1alpha or CMV RNA polymerase Il promoters. The microRNA
backbone was selected from mirbase.org. RNA sequences were also synthesized as synthetic
siRNA oligonucleotides and introduced directly into cells without using a lentiviral vector.

[0147] Vector Construction: For FDPS shRNA, oligonucleotide sequences containing BamHI
and EcoRl restriction sites were synthesized by Eurofins MWG Operon. Overlapping sense and
antisense oligonucleotide sequences were mixed and annealed during cooling from 70
degrees Celsius to room temperature. The lentiviral vector was digested with the restriction
enzymes BamHI and EcoRI for one hour at 37 degrees Celsius. The digested lentiviral vector
was purified by agarose gel electrophoresis and extracted from the gel using a DNA gel
extraction kit from Thermo Scientific. The DNA concentrations were determined and vector to
oligo (3:1 ratio) were mixed, allowed to anneal, and ligated. The ligation reaction was
performed with T4 DNA ligase for 30 minutes at room temperature. 2.5 microliters of the
ligation mix were added to 25 microliters of STBL3 competent bacterial cells. Transformation
was achieved after heat-shock at 42 degrees Celsius. Bacterial cells were spread on agar
plates containing ampicillin and drug-resistant colonies (indicating the presence of ampicillin-
resistance plasmids) were recovered and expanded in LB broth. To check for insertion of the
oligo sequences, plasmid DNA was extracted from harvested bacteria cultures with the Thermo
Scientific DNA mini prep kit. Insertion of shRNA sequences in the lentiviral vector was verified
by DNA sequencing using a specific primer for the promoter used to regulate shRNA
expression. Using the following target sequences, exemplary shRNA sequences were
determined to knock-down FDPS:

GTCCTGGAGTACAATGCCATT (FDPS target sequence #1; SEQ ID NO: 56);
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGGACTTTTT

(FDPS shRNA sequence #1; SEQ ID NO: 1);

GCAGGATTTCGTTCAGCACTT (FDPS target sequence #2; SEQ ID NO: 57);
GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCTGCTTTTT

(FDPS shRNA sequence #2; SEQ ID NO: 2);

GCCATGTACATGGCAGGAATT (FDPS target sequence #3; SEQ ID NO: 58);
GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATGGCTTTTT

(FDPS shRNA sequence #3; SEQ ID NO: 3);

GCAGAAGGAGGCTGAGAAAGT (FDPS target sequence #4; SEQ ID NO: 59); and
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCTGCTTTTT

(FDPS shRNA sequence #4; SEQ ID NO: 4).
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[0148] shRNA sequences were then assembled into a synthetic microRNA (miR) under control
of the EF-1 alpha promoter. Briefly, a miR hairpin sequences, such as miR30, miR21, or
miR185 as detailed below, was obtained from mirbase.org. The 19-22mer shRNA target
sequence was used to construct the synthetic miR sequence. The miR sequence was
arranged as an anti-sense-target-sequence-hairpin loop sequence (specific for each
microRNA)-sense target sequence.

[0149] The following miR sequences were developed:
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTCTGCGTGAA

GCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCA
AGGGGCT (miR30 FDPS sequence #1; SEQ ID NO: 5)

AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTCTGCGTGAA
GCCACAGATGGCAGAAGGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCAAG
GGGCT (miR30 FDPS sequence #2; SEQ 1D NO: 6)

TGCTGTTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCCACAGATGG
CAGAAGGAGGCTGAGAAAGTTGCCTACTGCCTCGGA (miR30 FDPS sequence #3;
SEQ ID NO: 7)

CCTGGAGGCTTGCTGAAGGCTGTATGCTGACTTTCTCAGCCTCCTTCTGCTTTTGG
CCACTGACTGAGCAGAAGGGCTGAGAAAGTCAGGACACAAGGCCTGTTACTAGC
ACTCA (miR155 FDPS sequence #1; SEQ ID NO: 8)

CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTCTGCCTGTITG
AATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTTTGGTATCTTTCATCTGA
CCA (miR21 FDPS sequence #1;, SEQ ID NO: 9)

GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCTCAGCCTCCTTCTGCTGGTC
CCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCCTCCCAATGACCGCGTCTTC
GTCG (miR185 FDPS sequence #1; SEQ ID NO: 10)

Example 3 - Knock-down of FDPS for 3 days in THP1 monocytic leukemia by shRNA #4

[0150] This Example illustrates that knock-down of FDPS in THP1 monocytic leukemia cells by
lentiviral (LV)-expressing FDPS shRNA #4 stimulates TNF-a expression in gamma delta T
cells, as shown in Figure 5.

[0151] THP1 cells (1x10° cells) were transduced with LV-control or LV-FDPS shRNA #4 for 3
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days. Two days after transduction, cells were treated with or without 1uM zoledronic acid. After

24 hours, the transduced THP-1 cells were co-cultured with 5x10° PBMC cells and IL-2 in a
round bottom 96 well plate for 4 hours. The PBMC cells were pre-stimulated with zoledronic
acid and IL-2 for 11 days to expand Vy9Vé2 T cells. After staining for W9V62 and TNF-a using
fluorophore-conjugated anti TCR-V02 and anti-TNF-a antibody, cells were analyzed via flow
cytometry. Live cells were gated, and V02+ and TNF-a+ cells were selected on a dot blot. The
activated cytotoxic VWW9V62 T cells appeared in the upper right quadrant of flow cytograms.
Without zoledronic acid, LV-control stimulated 3.1% of TNF-a expressing W9V62 T cells and
LV-FDPS shRNA #4 stimulated 5%. With zoledronic acid treatment, L\V-control stimulated 7.2%
of TNF-a expressing VW9V62 T cells and LV-FDPS shRNA #4 stimulated 56.2%.

Example 4 - Knock-down of FDPS for 14 days in THP1 leukemia cells by shRNA #4

[0152] This Example illustrates that Knock-down of FDPS for 14 days in THP1 leukemia cells
by lentiviral (LV)-expressing FDPS shRNA #4 stimulates TNF-a expression in GD T cells, as
shown in Figure 6.

[0153] THP1 cells (1x10° cells) were transduced with LV-control or LV-FDPS shRNA #4 for 14
days. Two days after transduction, cells were treated with or without 1uM zoledronic acid. After

24 hours, the transduced THP-1 cells were co-cultured with 5x10° PBMC cells and IL-2 in a
round bottom 96 well plate for 4 hours. The PBMC cells were pre-stimulated with zoledronic
acid and IL-2 for 11 days to expand W9V62 T cells. After staining for Vy9V02 and TNF-a using
fluorophore-conjugated anti TCR-V02 and anti-TNF-a antibody, cells were analyzed via flow
cytometry. Live cells were gated, and V52+ and TNF-a+ cells were selected on a dot blot. The
activated cytotoxic Vy9Vd2 T cells appeared in the upper right quadrant of flow cytograms.
Without zoledronic acid, LV-control stimulated 0.9% of TNF-a expressing VWy9Vd2 T cells and
LV-FDPS shRNA #4 (SEQ ID NO: 4) stimulated 15.9%. With zoledronic acid treatment, LV-
control stimulated 4.7% of TNF-a expressing VWy9V02 T cells and LV-FDPS shRNA#4 (SEQ ID
NO: 4) stimulated 76.2%.

Example 5 - Knock-down of FDPS for 3 days in PC3 prostate carcinoma cells by shRNA
#1

[0154] This Example illustrates that knock-down of FDPS for 3 days in PC3 prostate carcinoma
cells by lentiviral (LV)-expressing FDPS shRNA #1 stimulates TNF-a expression in GD T cells,
as shown in Figure 7.

[0155] PC3 cells were transduced with LV-control or LV-FDPS shRNA#1 (SEQ ID NO: 1) for 3
days. Two days after transduction, cells were treated with or without 1uM zoledronic acid. After

24 hours, the transduced PC3 cells were co-cultured with 5x10° PBMC cells and IL-2 in a
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round bottom 96 well plate for 4 hours. The PBMC cells were pre-stimulated with zoledronic
acid and IL-2 for 11 days to expand W9V62 T cells. After staining for Vy9V02 and TNF-a using
fluorophore-conjugated anti TCR-V02 and anti-TNF-a antibody, cells were analyzed via flow
cytometry. Live cells were gated, and V52+ and TNF-a+ cells were selected on a dot blot. The
activated cytotoxic Vy9Vd2 T cells appeared in the upper right quadrant of flow cytograms.
Without zoledronic acid, LV-control stimulated 0.2% of TNF-a expressing VW9Vd2 T cells and
LV-FDPS shRNA #1 stimulated 0.5%. With zoledronic acid treatment, LV-control stimulated
1.7% of TNF-a expressing VW9V02 T cells and LV-FDPS shRNA #1 (SEQ ID NO: 1) stimulated
32.2%.

Example 6 - Knock-down of FDPS for 3 days in PC3 prostate carcinoma cells by shRNA
#4

[0156] This Example illustrates that Knock-down of FDPS for 3 days in PC3 prostate
carcinoma cells by lentiviral (LV)-expressing FDPS shRNA #4 stimulates TNF-a expression in
GD T cells, as shown in Figure 8.

[0157] PC3 cells were transduced with LV-control or L\V-FDPS shRNA #4 (SEQ ID NO: 4) for 3
days. Two days after transduction, cells were treated with or without 1uM zoledronic acid. After

24 hours, the transduced PC3 cells were co-cultured with 5x10° PBMC cells and IL-2 in a
round bottom 96 well plate for 4 hours. The PBMC cells were pre-stimulated with zoledronic
acid and IL-2 for 11 days to expand Vy9Vd2 T cells. After staining for Vy9V02 and TNF-a using
fluorophore-conjugated anti TCR-V02 and anti-TNF-a antibody, cells were analyzed via flow
cytometry. Live cells were gated, and V52+ and TNF-a+ cells were selected on a dot blot. The
activated cytotoxic Vy9Vd2 T cells appeared in the upper right quadrant of flow cytograms.
Without zoledronic acid, LV-control stimulated 0.5% of TNF-a expressing VWy9Vd2 T cells and
LV-FDPS shRNA #4 (SEQ ID NO: 4) stimulated 1.9%. With zoledronic acid treatment, LV-
control stimulated 2.1% of TNF-a expressing Vy9Vvd2 T cells and LV-FDPS shRNA #4
stimulated 28.7%.

Example 7 - Knock-down of FDPS for 3 days in HepG2 liver carcinoma cells by shRNA
#1 and #4

[0158] This Example illustrates that Knock-down of FDPS for 3 days in HepG2 liver carcinoma
cells by lentiviral (LV)-expressing FDPS shRNA #1 (SEQ ID NO: 1) and shRNA#4 (SEQ ID NO:
4) stimulates TNF-a expression in GD T cells, as shown in Figure 9.

[0159] HepG2 cells were transduced with LV-control, LV-FDPS shRNA #1 (SEQ ID NO: 1), or
LV-FDPS shRNA #4 (SEQ ID NO: 4) for 3 days. Two days after transduction, cells were treated
with or without 1uM zoledronic acid. After 24 hours, the transduced HepG2 cells were co-

cultured with 5x10° PBMC cells and IL-2 in a round bottom 96 well plate for 4 hours. The
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PBMC cells were pre-stimulated with zoledronic acid and IL-2 for 11 days to expand Vy9Vvd2 T
cells. After staining for Vy9V02 and TNF-a using fluorophore-conjugated anti TCR-V02 and
anti-TNF-a antibody, cells were analyzed via flow cytometry. Live cells were gated, and V02+
and TNF-a+ cells were selected on a dot blot. The activated cytotoxic Vy9Vd2 T cells appeared
in the upper right quadrant of flow cytograms. Without zoledronic acid, LV-control stimulated
0.4% of TNF-a expressing Vy9Vvd2 T cells and LV-FDPS shRNA #1 (SEQ ID NO: 1) and #4
(SEQ ID NO: 4) stimulated 0.7% and 0.9%, respectively. With zoledronic acid treatment, LV-
control stimulated 6.9% of TNF-a expressing Vy9Vd2 T cells and LV-FDPS shRNA #1 and #4
stimulated 7.6% and 21.1%, respectively.

Example 8 - Knock-down of FDPS for 3 days in THP1 leukemia by microRNA-30

[0160] This Example illustrates that Knock-down of FDPS for 3 days in THP1 leukemia cells by
lentiviral (LV)-expressing FDPS-targeted synthetic microRNA-30 stimulates TNF-a expression
in gamma delta T cells, as shown in Figure 10.

[0161] THP1 cells (1x10° cells) were transduced with LV-control or LV-miR30 FDPS #1 (SEQ
ID NO: 5) for 3 days. Two days after transduction, cells were treated with or without 1uM

zoledronic acid. After 24 hours, the transduced THP-1 cells were co-cultured with 5x10° PBMC
cells and IL-2 in a round bottom 96 well plate for 4 hours. The PBMC cells were pre-stimulated
with zoledronic acid and IL-2 for 11 days to expand Vy9Vd2 T cells. After staining for Vy9Vo2
and TNF-a using fluorophore-conjugated anti TCR-V02 and anti-TNF-a antibody, cells were
analyzed via flow cytometry. Live cells were gated, and 02+ and TNF-a+ cells were selected
on a dot blot. The activated cytotoxic Vy9V02 T cells appeared in the upper right quadrant of
flow cytograms. Without zoledronic acid, LV-control stimulated 0.2% of TNF-a expressing
VyOV02 T cells and LV-miR30 FDPS stimulated 8.1%. With zoledronic acid treatment, LV-
control stimulated 5.3% of TNF-a expressing VWy9V02 T cells and LV-miR30 FDPS #1 (SEQ ID
NO: 5) stimulated 67.3%.

Example 9: E:T ratios resulting from mixture of THP-1 cells, cultured human GD T cells,
and/or Zometa (Zol)

[0162] This Example demonstrates results from mixing treated THP-1 monocytoid tumor cells
with cultured human GD T cells, as shown in Figure 11.

[0163] The monocytoid cell line THP-1 was treated with control lentivirus vector (LV), LV
suppressing farnesyl diphosphate synthase gene expression (LV-FDPS), zoledronic acid (Zol)
or combinations. The legend, as shown in Figure 11, was: lentiviral control vectors (LV-
Control), lentiviral vectors expressing microRNA to down regulate FDPS (LV-FPPS), Zometa
(Zol), Zometa plus lentiviral control (Zol+LV-Control), or Zometa plus lentiviral vectors
expressing microRNA to down regulate FPPS (Zol+LV-FPPS).
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[0164] Human GD T cells were cultured from an anonymous donor and added to treated THP-
1 cells in 4:1. 2:1 or 1:1 ratios (GD T.THP-1) for 4 hours. Cell kiling was measured by a
fluorescence assay. When THP-1 cells were treated with a combination of LV-FDPS and Zol,
cytotoxic T cell killing by GD T cells was increased greatly compared to either treatment alone.
When LV-FDPS treatment alone was compared to Zol treatment alone, the LV-FDPS lead to
greater killing but was >3-fold below tumor cell kiling after combination treatment. The
combined LV-FDPS plus Zol treatment caused nearly 70% tumor cell killing with 4:1 ratio; this
was more than 3-fold higher than the second best treatment (LV-FDPS alone).

Example 10 - Lentiviral-delivered shRNA-based RNA interference targeting the human
Farnesyl diphosphate synthase (FDPS) gene

[0165] HepG2 human hepatocellular carcinoma cells were infected with lentiviral vectors
containing the H1 promoter and either a non-targeting or four different FDPS shRNA
sequences, as shown in Figure 12. After 48 hours, RNA was extracted from the cells and
converted to cDNA. Expression of FDPS cDNA was determined by quantitative PCR using
SYBR Green and FDPS primers. FDPS expression was normalized to actin levels for each
sample.

FDPS-targeting lentiviral vectors containing the H1 promoter and either a non-targeting
sequence (5'-GCCGCTTTGTAGGATAGAGCTCGAGCTCTATCCTACAAAGCGGCTTTTT-3")
(SEQ ID NO: 60)

or one of four different FDPS shRNA sequences
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGGACTTTTT

(FDPS shRINA sequence #1; SEQ ID NO: 1);

GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCTGCTTTTT
(FDPS shRNA sequence #2; SEQ ID NO: 2);

GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATGGCTTTTT

(FDPS shRINA sequence #3; SEQ ID NO: 3);

and
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCTGCTTTTT

(FDPS shRNA sequerice #4; SEQ TD NO: 4)
were produced in 293 T cells.

[0166] HepG2 human hepatocellular carcinoma cells were then infected with lentiviral vectors
to determine the efficacy of FDPS knock-down. After 48 hours, RNA was extracted from the
cells using the RNeasy RNA isolation kit (Qiagen) and converted to cDNA with the SuperScript
VII,O cDNA synthesis kit (Thermo Scientific). Expression of FDPS cDNA was determined by
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quantitative PCR on an Applied Biosystems StepOne gPCR machine using a SYBR Green PCR
mix (Thermo Scientific) and FDPS primers (Forward primer: 5'-AGGAATTGATGGCGAGAAGG-
3' (SEQ ID NO: 61) and Reverse primer: 5'-CCCAAAGAGGTCAAGGTAATCA-3' (SEQ ID NO:
62)). FDPS expression was normalized to actin levels for each sample using the actin primers
(Forward primer: 5'-AGCGCGGCTACAGCTTCA-3' (SEQ ID NO: 63) and Reverse primer: 5'-
GGCGACGTAGCACAGCTTCT-3") (SEQ ID NO: 64). The relative FDPS RNA expression of the
shCon sample is set at 100%. There was an 85% (FDPS sequence #1), 89% (FDPS sequence
#2), 46% (FDPS sequence #3), and 98% (FDPS sequence #4) decrease in FDPS expression.

Example 11 - Lentiviral-delivered miR-based RNA interference targeting the human
famesyl diphosphate synthase (FDPS) gene

[0167] As shown in Figure 13, HepG2 human hepatocellular carcinoma cells were infected with
lentiviral vectors containing either the H1 promoter (SEQ ID NO: 16) the FDPS shRNA #4 (SEQ
ID NO: 4) sequence or the EF-1a promoter (SEQ ID NO: 41) and miR30-based FDPS
sequences. After 48 hours, cells were lysed and an immunoblot was performed using an anti-
FDPS (Thermo Scientific) and an anti-actin (Sigma) antibody as a protein loading control.

[0168] More specifically, HepG2 human hepatocellular carcinoma cells were infected with
lentiviral vectors containing either the H1 promoter (SEQ ID NO: 16) and the FDPS shRNA
sequence GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCTGCTTTTT
(FDPS shRNA sequence #4; SEQ ID NO: 4) or the EF-1alpha promoter (SEQ ID NO: 41) and
miR30-based FDPS sequences
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTCTGCGTGAA
GCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCA

AGGGGCT (miR30 FDPS sequence #1; SEQ ID NO: 5)
and
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTCTGCGTGAA

GCCACAGATGGCAGAAGGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCAAG
GGGCT (miR30 FDPS sequence #2; SEQ ID NO: 6).

[0169] After 48 hours, cells were lysed with NP-40 lysis buffer and protein was quantified with
the Bio-Rad protein assay reagent. Protein samples at 50 micrograms were electrophoresed
on 4-12% Bis-Tris gels (Thermo Scientific and transferred to PVDF membranes (EMD
Millipore). An immunoblot was performed using an anti-FDPS (Thermo Scientific) and an anti-
actin (Sigma) antibody as a protein loading control. Antibodies were bound with HRP-
conjugated secondary antibodies and detected with a Licor c-DiGit Blot scanner using the
Immobilon Western ECL reagent (EMD Millipore). The densitometry of the immunoblot bands
were quantified with the NIH image software. The LV control with the EF-1 promoter was set at
100%. There was a 68% (LV-shFDPS #4), 43% (LV-miR FDPS #1), and 38% (LV-miR FDPS
#3) reduction of FDPS protein expression.
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Example 12 - Knock-down of FDPS for 3 days in HepG2 liver carcinoma cells by adeno-
associated virus (AAV)-expressing FDPS shRNA #4

[0170] This Example illustrates that knock-down of FDPS for 3 days in HepG2 liver carcinoma
cells by adeno-associated virus (AAV)-expressing FDPS shRNA #4 (SEQ ID NO: 4) stimulates
TNF-a expression in GD T cells (Figure 14, Panel B).

[0171] HepG2 cells were transduced with control or AAV-FDPS shRNA #4 (SEQ ID NO: 8) for 3
days. Two days after transduction, cells were treated with or without 1uM zoledronic acid. After

24 hours, the transduced HepG2 cells were co-cultured with 5x10° PBMC cells and IL-2 in a
round bottom 96 well plate for 4 hours. The PBMC cells were pre-stimulated with zoledronic
acid and IL-2 for 11 days to expand VW9VO2T cells. After staining for W9V62 and TNF-a using
fluorophore-conjugated anti TCR-V02 and anti-TNF-a antibody, cells were analyzed via flow
cytometry. Live cells were gated, and V52+ and TNF-a+ cells were selected on a dot blot. The
activated cytotoxic WOV62 T cells appeared in the upper right quadrant of flow cytograms
(Figure 14, Panel B).

[0172] AAV Vector Construction. FDPS shRNA sequence #4 (SEQ ID NO: 4) was inserted into
the pAAV plasmid (Cell Biolabs). FDPS oligonucleotide sequences containing BamHI and
EcoRI restriction sites were synthesized by Eurofins MWG Operon. Overlapping sense and
antisense oligonucleotide sequences were mixed and annealed during cooling from 70
degrees Celsius to room temperature. The pAAV was digested with the restriction enzymes
BamHI and EcoRI for one hour at 37 degrees Celsius. The digested pAAV plasmid was purified
by agarose gel electrophoresis and extracted from the gel using a DNA gel extraction kit from
Thermo Scientific. The DNA concentrations were determined and vector to oligo (3:1 ratio)
were mixed, allowed to anneal, and ligated. The ligation reaction was performed with T4 DNA
ligase for 30 minutes at room temperature. 2.5 microliters of the ligation mix were added to 25
microliters of STBL3 competent bacterial cells. Transformation was achieved after heat-shock
at 42 degrees Celsius. Bacterial cells were spread on agar plates containing ampicillin and
drug-resistant colonies (indicating the presence of ampicillin-resistance plasmids) were
recovered and expanded in LB broth. To check for insertion of the oligo sequences, plasmid
DNA was extracted from harvested bacteria cultures with the Thermo Scientific DNA mini prep
kit. Insertion of shRNA sequences in the pAAV plasmid was verified by DNA sequencing using
a specific primer for the promoter used to regulate shRNA expression. An exemplary AAV
vector with a H1 promoter (SEQ ID NO: 16), shFDPS sequence (e.g.,, SEQ ID NO: 4), Left
Inverted Terminal Repeat (Left ITR; SEQ ID NO: 65), and Right Inverted Terminal Repeat
(Right ITR; SEQ ID NO: 66) can be found in Figure 14, Panel A).

[0173] Production of AAV particles. The AAV-FDPS shRNA plasmid was combined with the
plasmids pAAV-RC2 (Cell Biolabs) and pHelper (Cell Biolabs). The pAAV-RC2 plasmid contains
the Rep and AAV2 capsid genes and pHelper contains the adenovirus E2A, E4, and VA genes.
To produce AAV particles, these plasmids were transfected in the ratio 1:1:1 (pAAV-shFDPS:
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PAAV-RC2: pHelper) into 293T cells. For transfection of cells in 150 mm dishes (BD Falcon),
10 micrograms of each plasmid were added together in 1 ml of DMEM. In another tube, 60
microliters of the transfection reagent PEI (1 microgram/ml) (Polysciences) was added to 1 ml
of DMEM. The two tubes were mixed together and allowed to incubate for 15 minutes. Then
the transfection mixture was added to cells and the cells were collected after 3 days. The cells
were lysed by freeze/thaw lysis in dry ice/isopropanol. Benzonase nuclease (Sigma) was
added to the cell lysate for 30 minutes at 37 degrees Celsius. Cell debris were then pelleted by
centrifugation at 4 degrees Celsius for 15 minutes at 12,000 rpm. The supernatant was
collected and then added to target cells.

Example 13 - Decreased RAP1 prenylation in the cells transduced with LV-shFDPS and
treated with zoledronic acid

[0174] This Example illustrates that lentiviral-delivered shRNA targeting the human farnesyl
diphosphate synthase (FDPS) gene and zoledronic acid synergize to inhibit farnesyl
diphosphate production.

[0175] FDPS is an enzyme in the isoprenoid synthesis pathway that catalyzes the production
of farnesyl diphosphate. Inhibiting the enzyme activity of FDPS by zoledronic acid or reduced
protein expression by shRNA-mediated knock-down will result in reduced farnesyl diphosphate
levels. Farnesylation of cellular proteins requires farnesyl diphosphate. RAP1A is a protein that
is modified by farnesylation, which can be used as a biomarker for levels of cellular farnesyl
diphosphate. An antibody that specifically recognizes reduced RAP1A farnesylation was used
to measure FDPS activity after transduction with LV-shFDPS alone or in combination with
zoledronic acid. HepG2 human hepatocellular carcinoma cells were infected with lentiviral
vectors containing FDPS shRNA sequence #4. For the zoledronic acid treated cells, zoledronic
acid (Sigma) was added for the last 24 hours. After 48 hours, cells were lysed with NP-40 lysis
buffer and protein was quantified with the Bio-Rad protein assay reagent. Protein samples at
50 micrograms were electrophoresed on 4-12% Bis-Tris gels (Thermo Scientific and
transferred to PVDF membranes (EMD Millipore). An immunoblot was performed using an anti-
FDPS (Thermo Scientific), anti-RAP1A (Santa Cruz), and an anti-actin (Sigma) antibody as a
protein loading control. Antibodies were bound with HRP-conjugated secondary antibodies and
detected with a Licor ¢-DiGit Blot scanner using the Immobilon Western ECL reagent (EMD
Millipore). An increase in the RAP1A band intensity correlates with reduced farnesylation.
RAP1A defarnesylation occurred only in the cells transduced with L\V-shFDPS and treated with
zoledronic acid.

Example 14 - Treatment of a Subject with Cancer

LV-FDPS is a genetic medicine delivered by a lentivirus vector via local administration
to the site of late stage, non-resectable hepatocellular carcinoma
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[0176] A Phase | clinical trial will test safety and feasibility of delivering LV-FDPS to the site of
hepatocellular carcinoma (HCC) using ultrasound guided cannulation of the liver in patients
without concomitant radiotherapy or chemotherapy. It is rationally predicted that this study will
result in the successful treatment of HCC. The study is an open label, 4x3 dose escalation (4
dose ranges, up to 3 subjects per dose) to identify the maximum tolerable dose of LV-FDPS in
patients 18 years or older with Stage IIl/IV non-resectable HCC.

[0177] LV-FDPS is a genetic therapy designed to reduce expression in tumor cells of the
enzyme farnesyl diphosphate synthase. Experimental studies show that tumor cells modified
by LV-FDPS induce the anti-tumor activity of human gamma delta T cells, including the
capacity for tumor killing by cellular cytotoxicity.

[0178] Subjects with target lesions 21 c¢cm in longest diameter (measured by helical CT) and <
4.9 cm maximum diameter and meeting inclusion and exclusion criteria detailed below, are
enrolled into the next available dosing category. A maximum of 3 subjects are recruited for
each dosage group. The dose is number of transducing units of LV-FDPS as described in the
product release criteria, delivered via intrahepatic cannulation in a single bolus with volume not

to exceed 25 mL. The minimum dose is 1x10° transducing units and escalation is 10-fold to a
next dose of 1x1010 transducing units, the next dose is 1x10" transducing units, and a

maximum dose of 1x10'2 transducing units based on reported experience with recombinant
adenovirus therapy for HCC (Sangro et al., A phase | clinic trial of thymidine kinase-based
gene therapy in advanced hepatocellular carcinoma, 2010, Cancer Gene Ther. 17:837-43).
Subjects are enrolled, treated and evaluated for 3 months. All safety evaluations are completed
for each group prior to enrolling and treating subjects at the next higher dose level. Enrollment
and dose escalation continue until a maximum tolerable dose is achieved or the study is
terminated.

[0179] Cannulation is via the left subclavian artery until tip of catheter is at the proper hepatic
artery junction. Cannulation is guided by ultrasonography as described (Lin et al., Clinical
effects of intra-arterial infusion chemotherapy with cisplatin, mitomycin C, leucovor and 5-
Fluorouracil for unresectable advanced hepatocellular carcinoma, 2004, J. Chin. Med. Assoc.
67:602-10).

Primary Outcome Measures

[0180] Safety: Systemic and locoregional adverse events are graded according to CTCAS and
coded according to MedRA. The adverse events data for all subjects at a single dose range will
be evaluated prior to dose escalation. The final safety assessment incorporates data from all
dose ranges.

Secondary Outcome Measures
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[0181]

s Lesion distribution and retention of LV-FDPS following locoregional administration and
subsequent biopsy or necropsy to obtain tissues.

» Objective response rate (ORR) in target and measurable non-local lesions (if present) by
physical analysis, medical imaging or biopsy during 3 months after treatment.

» Levels of LV-FDPS in blood stream during 10 minutes, 30 minutes, 1 hour and 1 day
after local injection.

¢ Changes in markers of hepatic function including ALP, ALT, ASAT, total bilirubin and GGT
during 3 months after treatment.

+ Disease free survival beyond historical control (no LV-FDPS) patients in ad hoc analysis.

Inclusion Criteria

[0182]

e Greater than 18 years and including both males and females.

= Diagnosis confirmed by histology or cytology or based on currently accepted clinical
standards of hepatocellular carcinoma of parenchyma cell origin that is not amenable, at
the time of screening, to resection, transplant or other potentially curative therapies.

« Treating physician determines that the lesion is amenable to locoregional targeted
delivery.

» Target lesion must represent measurable disease with a unidimensional longest
diameter of 2 1.0 cm by computed tomography; the maximum longest diameter is < 5.0
cm.

« Karnofsky performance score 60-80% of ECOG values.

« Life expectancy = 12 weeks.

« Hematopoietic function: WBC = 2,500/mm3; ANC = 1000/mm3; Hemoglobin = 8 g/dL;

Platelet count = 50,000/mm?; Coagulation INR =1.3.

e AST and ALT < 5 times ULN; ALPS < 5 time ULN. Bilirubin £1.5 times ULV, Creatine =<
1.5 times ULN and eGFR = 50.

= Thyroid function: Total T3 or free T3, total T4 or free T4 and THC < CTCAE Grade 2
abnormality.

» Renal, cardiovascular and respiratory function adequate in the opinion of the attending
physician.

« Immunological function: Circulating Vgamma9Vdelta2+ T cells = 30/mm?3 no
immunodeficiency disease.

¢ Negative for HIV by serology and viral RNA test.
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« Written informed consent.

Exclusion criteria

[0183]

+ Target lesion contiguous with, encompasses or infiltrates blood vessel.

» Primary HCC amenable to resection, transplantation or other potentially curative
therapies.

e Hepatic surgery or chemoembolization within the past 4 months.

= Hepatic radiation or whole body radiation therapy within past 4 months.

« Chemotherapy with 4 weeks or any use of nitrosourea, mitomycin C or cisplatin.

» Current or within past 4 weeks receipt of aminobisphosphonate therapy

= Investigational agents within 4 weeks or < 5 drug half-lives.

¢ Impaired wound healing due to diabetes.

» Significant psychiatric iliness, alcohol dependence or illicit drug use.

« Unwilling to comply with study protocols and reporting requirements.

¢ Aminobisphosphonate treatment within past 4 months.

= Presence of clinically significant cardiovascular, cerebrovascular (stroke), immunological
(except hepatitis B or C virus infection, viral hepatitis or cirrhosis), endocrine or central
nervous system disorders; current encephalopathy; variceal bleeding requiring
hospitalization or transfusion within past 4 months.

« History of HIV or acquired immune deficiency syndrome.

» Current or prior treatment with antiretroviral medications.

« Pregnant, lactating or refusal to adopt barrier or chemical contraceptive use throughout
trial and follow-up interval.

LV-FDPS is a genetic medicine delivered by a lentivirus vector via local administration
to the site of late stage, non-resectable hepatocellular carcinoma - adjunct
administration of aminobisphosphonate

[0184] A Phase | clinical trial will test safety and feasibility of delivering LV-FDPS to the site of
hepatocellular carcinoma (HCC) using ultrasound guided cannulation of the liver in patients
with concomitant aminobisphosphonate chemotherapy. It is rationally predicted that this study
will result in the successful treatment of HCC. The study is an open label, 4x3 dose escalation
(4 dose ranges, up to 3 subjects per dose) to identify the maximum tolerable dose of L\V-FDPS
in patients 18 years or older with Stage Ill/IVV non-resectable HCC.
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[0185] LV-FDPS is a genetic therapy designed to reduce expression in tumor cells of the
enzyme farnesyl diphosphate synthase. Experimental studies show that tumor cells modified
by LV-FDPS induce the anti-tumor activity of human gamma delta T cells, including the
capacity for tumor killing by cellular cytotoxicity. Prior experimental studies also showed the
potential for positive interactions of LV-FDPS and specific aminobisphosphonate drugs that
may be prescribed in primary or metastatic diseases. For this study, subjects will receive dose

escalating amounts of LV-FDPS with continuous standard of care dosing with Aredia®

(pamidronate), Zometa® (zoledronic acid) or Actonel® (risedronate) according to physician
advice and subject preference.

[0186] Subjects with target lesions 21 c¢cm in longest diameter (measured by helical CT) and <
4.9 cm maximum diameter and meeting inclusion and exclusion criteria detailed below, are
enrolled and started on aminobisphosphonate therapy. 30 days later size of the target lesion is
re-evaluated to ensure subjects still meet starting criteria for LV-FDPS. Subjects without
objective clinical response on aminobisphosphonate are enrolled into the next available LV-
FDPS dosing category. A maximum of 3 subjects are recruited for each dosage group and all
continue on aminobisphosphonate fir the study duration unless otherwise advised by the
attending physician. The LV-FDPS dose is a number of transducing units of LV-FDPS as
described in the product release criteria, delivered via intrahepatic cannulation in a single bolus

with volume not to exceed 25 mL. The minimum dose is 1x10° transducing units and
escalation is 10-fold to a next dose of 1x10'0 transducing units, the next dose is 1x101

transducing units, and a maximum dose of 1x10'2 transducing units based on reported
experience with recombinant adenovirus therapy for HCC (Sangro, et al., A phase | clinic trial
of thymidine kinase-based gene therapy in advanced hepatocellular carcinoma, 2010, Cancer
Gene Ther. 17:837-43). Subjects are enrolled, treated and evaluated for 3 months. All safety
evaluations are completed for each group prior to enrolling and treating subjects at the next
higher dose level. Enroliment and dose escalation continue until a maximum tolerable dose is
achieved or the study is terminated.

[0187] Cannulation is via the left subclavian artery until tip of catheter is at the proper hepatic
artery junction. Cannulation is guided by ultrasonography as described (Lin et al., Clinical
effects of intra-arterial infusion chemotherapy with cisplatin, mitomycin C, leucovor and 5-
Fluorouracil for unresectable advanced hepatocellular carcinoma, 2004, J. Chin. Med. Assoc.
67:602-10).

Primary Outcome Measures

[0188] Safety: Systemic and locoregional adverse events are graded according to CTCAS and
coded according to MedRA. The adverse events data for all subjects at a single dose range will
be evaluated prior to dose escalation. The final safety assessment incorporates data from all
dose ranges.
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Secondary Outcome Measures

[0189]

» Lesion distribution and retention of LV-FDPS following locoregional administration and
subsequent biopsy or necropsy to obtain tissues.

¢ Objective response rate (ORR) in target and measurable non-local lesions (if present) by
physical analysis, medical imaging or biopsy during 3 months after treatment.

+ Levels of LV-FDPS in blood stream during 10 minutes, 30 minutes, 1 hour and 1 day
after local injection.

» Changes in markers of hepatic function including ALP, ALT, ASAT, total bilirubin and GGT
during 3 months after treatment.

» Disease free survival beyond historical control (no LV-FDPS) patients in ad hoc analysis.

Inclusion Criteria

[0190]

» Greater than 18 years and including both males and females.

+ Diagnosis confirmed by histology or cytology or based on currently accepted clinical
standards of hepatocellular carcinoma of parenchyma cell origin that is not amenable, at
the time of screening, to resection, transplant or other potentially curative therapies.

e Treating physician determines that the lesion is amenable to locoregional targeted
delivery.

« Target lesion must represent measurable disease with a unidimensional longest
diameter of 2 1.0 cm by computed tomography; the maximum longest diameter is < 5.0
cm.

+ Karnofsky performance score 60-80% of ECOG values.

» Life expectancy = 12 weeks.

e Hematopoietic function: WBC = 2,500/mm3; ANC = 1000/mm3; Hemoglobin = 8 g/dL;

Platelet count = 50,000/mm3; Coagulation INR =1.3.

e AST and ALT < 5 times ULN; ALPS < 5 time ULN. Bilirubin £1.5 times ULV, Creatine =<
1.5 times ULN and eGFR = 50.

+ Thyroid function: Total T3 or free T3, total T4 or free T4 and THC < CTCAE Grade 2
abnormality.

« Renal, cardiovascular and respiratory function adequate in the opinion of the attending
physician.

« Immunological function: Circulating Vgamma9Vdelta2+ T cells = 30/mm3 no
immunodeficiency disease.
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» Negative for HIV by serology and viral RNA test.
« Written informed consent.

Exclusion criteria

[0191]

+ Intolerant to or unwilling to continue aminobisphosphonate adjunct therapy.

» Objective clinical response after aminobisphosphonate therapy.

« Target lesion contiguous with, encompasses or infiltrates blood vessel.

e Primary HCC amenable to resection, transplantation or other potentially curative
therapies.

« Hepatic surgery or chemoembolization within the past 4 months.

» Hepatic radiation or whole body radiation therapy within past 4 months.

» Chemotherapy excluding aminobisphosphonate, within 4 weeks or any use of
nitrosourea, mitomycin C or cisplatin.

» Investigational agents within 4 weeks or < 5 drug half-lives.

« Impaired wound healing due to diabetes.

¢ Significant psychiatric iliness, alcohol dependence or illicit drug use.

« Unwilling to comply with study protocols and reporting requirements.

+ Presence of clinically significant cardiovascular, cerebrovascular (stroke), immunological
(except hepatitis B or C virus infection, viral hepatitis or cirrhosis), endocrine or central
nervous system disorders; current encephalopathy; variceal bleeding requiring
hospitalization or transfusion within past 4 months.

» History of HIV or acquired immune deficiency syndrome.

s Current or prior treatment with antiretroviral medications.

e Pregnant, lactating or refusal to adopt barrier or chemical contraceptive use throughout
trial and follow-up interval.

Example 15 - Treatment of a Subject with Chronic Viral Disease(s) of the Liver LV-FDPS
is a genetic medicine delivered by a lentivirus vector via local administration to liver for
the treatment of hepatitis B virus, hepatitis C virus, HIV or other viral infection of the
liver

[0192] A Phase | clinical trial will test safety and feasibility of delivering LV-FDPS to virally
infected liver using ultrasound guided cannulation. It is rationally predicted that this study will
result in the successful treatment of infections of the liver. The study is an open label, 4x3 dose
escalation (4 dose ranges, up to 3 subjects per dose) to identify the maximum tolerable dose
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of LV-FDPS in patients 18 years or older with chronic viral disease of the liver that is resistant
to chemotherapy.

[0193] LV-FDPS is a genetic therapy designed to reduce expression in tumor cells of the
enzyme farnesyl diphosphate synthase. Experimental studies show that tumor cells modified
by LV-FDPS induce human gamma delta T cells, including a capacity for cellular cytotoxicity
against virally-infected cells.

[0194] Subjects with confirmed viral infection of the liver including hepatitis B virus, hepatitis C
virus, HIV or other viruses are enrolled into the next available LV-FDPS dosing category. A
maximum of 3 subjects are recruited for each dosage group. The LV-FDPS dose is a number
of transducing units of LV-FDPS as described in the product release criteria, delivered via
intrahepatic cannulation in a single bolus with volume not to exceed 25 mL. The minimum dose

is 1x10° transducing units and escalation is 10-fold to a next dose of 1x101? transducing units,

the next dose is 1x10"" transducing units, and a maximum dose of 1x1012 transducing units
based on reported experience with recombinant adenovirus therapy for HCC (Sangro, et al., A
phase | clinic trial of thymidine kinase-based gene therapy in advanced hepatocellular
carcinoma, 2010, Cancer Gene Ther. 17:837-43). Subjects are enrolled, treated and evaluated
for 3 months. All safety evaluations are completed for each group prior to enrolling and treating
subjects at the next higher dose level. Enrollment and dose escalation continue until a
maximum tolerable dose is achieved or the study is terminated.

[0195] Cannulation is via the left subclavian artery until tip of catheter is at the proper hepatic
artery junction. Cannulation is guided by ultrasonography as described (Lin et al., Clinical
effects of intra-arterial infusion chemotherapy with cisplatin, mitomycin C, leucovor and 5-
Fluorouracil for unresectable advanced hepatocellular carcinoma, 2004, J. Chin. Med. Assoc.
67:602-10).

Primary Outcome Measures

[0196] Safety: Systemic and locoregional adverse events are graded according to CTCAS and
coded according to MedRA. The adverse events data for all subjects at a single dose range will
be evaluated prior to dose escalation. The final safety assessment incorporates data from all
dose ranges.

Secondary Outcome Measures

[0197]

s Lesion distribution and retention of LV-FDPS following locoregional administration and
subsequent biopsy or necropsy to obtain tissues.
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» Objective response rate (ORR) measured as a Sustained Viral Response (SVR) within
the organ or systemically during 3 months after treatment.

e Levels of LV-FDPS in blood stream during 10 minutes, 30 minutes, 1 hour and 1 day
after local injection.

+ Changes in markers of hepatic function including ALP, ALT, ASAT, total bilirubin and GGT
during 3 months after treatment.

» Disease free survival beyond historical control (no LV-FDPS) patients in ad hoc analysis.

Inclusion Criteria

[0198]

« Greater than 18 years and including both males and females.

» Diagnosis confirmed by histology or cytology or based on currently accepted clinical
standards of chronic viral infection of the liver that is not amenable, at the time of
screening, to resection, transplant or other potentially curative therapies.

» Treating physician determines that the lesion is amenable to locoregional targeted
delivery.

e Karnofsky performance score 60-80% of ECOG values.

» Life expectancy = 12 weeks.

» Hematopoietic function: WBC = 2,500/mm3; ANC = 1000/mm?3; Hemoglobin = 8 g/dL;

Platelet count = 50,000/mm3; Coagulation INR =1.3.

e AST and ALT < 5 times ULN; ALPS < 5 time ULN. Bilirubin £1.5 times ULV, Creatine <
1.5 times ULN and eGFR = 50.

e Thyroid function: Total T3 or free T3, total T4 or free T4 and THC < CTCAE Grade 2
abnormality.

« Renal, cardiovascular and respiratory function adequate in the opinion of the attending
physician.

« Immunological function: Circulating Vgamma9Vdelta2+ T cells = 30/mm3 no
immunodeficiency disease.

« Negative for HIV by serology and viral RNA test.

¢ \Written informed consent.

Exclusion criteria

[0199]

» Chronic viral disease amenable to resection, transplantation or other potentially curative
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therapies.

« Hepatic surgery or chemoembolization within the past 4 months.

e Hepatic radiation or whole body radiation therapy within past 4 months.

= Investigational agents within 4 weeks or < 5 drug half-lives.

« Current (within past 4 weeks) or ongoing receipt of aminobisphosphonate therapy.

» Impaired wound healing due to diabetes.

= Significant psychiatric iliness, alcohol dependence or illicit drug use.

« Unwilling to comply with study protocols and reporting requirements.

» Presence of clinically significant cardiovascular, cerebrovascular (stroke), immunological
(except virus infection, viral hepatitis or cirrhosis), endocrine or central nervous system
disorders; current encephalopathy; variceal bleeding requiring hospitalization or
transfusion within past 4 months.

« Pregnant, lactating or refusal to adopt barrier or chemical contraceptive use throughout
trial and follow-up interval.

LV-FDPS is a genetic medicine delivered by a lentivirus vector via local administration
to liver for the treatment of hepatitis B virus, hepatitis C virus, HIV or other viral
infection of the liver - concomitant adjunct aminobisphosphonate therapy

[0200] A Phase | clinical trial will test safety and feasibility of delivering LV-FDPS to virally
infected liver using ultrasound guided cannulation. It is rationally predicted that this study will
result in the successful treatment of infections of the liver. The study is an open label, 4x3 dose
escalation (4 dose ranges, up to 3 subjects per dose) to identify the maximum tolerable dose
of LV-FDPS in patients 18 years or older with chronic viral disease of the liver that is resistant
to chemotherapy.

[0201] LV-FDPS is a genetic therapy designed to reduce expression in tumor cells of the
enzyme farnesyl diphosphate synthase. Experimental studies show that tumor cells modified
by LV-FDPS induce human gamma delta T cells, including a capacity for cellular cytotoxicity
against virally-infected cells. Prior experimental studies also showed the potential for positive
interactions of LV-FDPS and specific aminobisphosphonate drugs that may be prescribed
during infectious disease. For this study, subjects will receive dose escalating amounts of LV-

FDPS with continuous standard of care dosing with Aredia® (pamidronate), Zometa®

(zoledronic acid) or Actonel® (risedronate) according to physician advice and subject
preference.

[0202] Subjects with confirmed viral infection of the liver including hepatitis B virus, hepatitis C
virus, HIV or other viruses will initiate aminobisphosphonate therapy for 45 days before re-
screening to meet enroliment criteria for LV-FDPS treatment of infectious disease. Eligible
subjects are enrolled into the next available LV-FDPS dosing category. A maximum of 3
subjects are recruited for each dosage group. The LV-FDPS dose is a number of transducing
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units of LV-FDPS as described in the product release criteria, delivered via intrahepatic
cannulation in a single bolus with volume not to exceed 25 mL. The minimum dose is 1x10°
transducing units and escalation is 10-fold to a next dose of 1x1010 transducing units, the next

dose is 1x10' transducing units, and a maximum dose of 1x10'2 transducing units based on
reported experience with recombinant adenovirus therapy for HCC (Sangro, et al., A phase |
clinic trial of thymidine kinase-based gene therapy in advanced hepatocellular carcinoma,
2010, Cancer Gene Ther. 17:837-43). Subjects are enrolled, treated and evaluated for 3
months. All safety evaluations are completed for each group prior to enrolling and treating
subjects at the next higher dose level. Enrollment and dose escalation continue until a
maximum tolerable dose is achieved or the study is terminated.

[0203] Cannulation is via the left subclavian artery until tip of catheter is at the proper hepatic
artery junction. Cannulation is guided by ultrasonography as described (Lin et al., Clinical
effects of intra-arterial infusion chemotherapy with cisplatin, mitomycin C, leucovor and 5-
Fluorouracil for unresectable advanced hepatocellular carcinoma, 2004, J. Chin. Med. Assoc.
67:602-10).

Primary Outcome Measures

[0204] Safety: Systemic and locoregional adverse events are graded according to CTCAS and
coded according to MedRA. The adverse events data for all subjects at a single dose range will
be evaluated prior to dose escalation. The final safety assessment incorporates data from all
dose ranges.

Secondary Outcome Measures

[0205]

» Lesion distribution and retention of LV-FDPS following locoregional administration and
subsequent biopsy or necropsy to obtain tissues.

e Objective response rate (ORR) measured as a Sustained Viral Response (SVR) within
the organ or systemically during 3 months after treatment.

e Levels of LV-FDPS in blood stream during 10 minutes, 30 minutes, 1 hour and 1 day
after local injection.

+ Changes in markers of hepatic function including ALP, ALT, ASAT, total bilirubin and GGT
during 3 months after treatment.

» Disease free survival beyond historical control (no LV-FDPS) patients in ad hoc analysis.

Inclusion Criteria
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[0206]

e Greater than 18 years and including both males and females.

= Diagnosis confirmed by histology or cytology or based on currently accepted clinical
standards of chronic viral infection of the liver that is not amenable, at the time of
screening, to resection, transplant or other potentially curative therapies.

« Treating physician determines that the lesion is amenable to locoregional targeted
delivery.

» Karnofsky performance score 60-80% of ECOG values.

« Life expectancy = 12 weeks.

« Hematopoietic function: WBC = 2,500/mm3; ANC = 1000/mm?3; Hemoglobin = 8 g/dL;

Platelet count = 50,000/mm?; Coagulation INR =1.3.

e AST and ALT < 5 times ULN; ALPS < 5 time ULN. Bilirubin £1.5 times ULV, Creatine =<
1.5 times ULN and eGFR = 50.

» Thyroid function: Total T3 or free T3, total T4 or free T4 and THC < CTCAE Grade 2
abnormality.

e Renal, cardiovascular and respiratory function adequate in the opinion of the attending
physician.

« Immunological function: Circulating Vgamma9Vdelta2+ T cells = 30/mm?3 no
immunodeficiency disease.

+ Negative for HIV by serology and viral RNA test.

o \Written informed consent.

Exclusion criteria

[0207]

= Chronic viral disease amenable to resection, transplantation or other potentially curative
therapies.

» Hepatic surgery or chemoembolization within the past 4 months.

« Hepatic radiation or whole body radiation therapy within past 4 months.

¢ Investigational agents within 4 weeks or < 5 drug half-lives.

» Impaired wound healing due to diabetes.

« Significant psychiatric iliness, alcohol dependence or illicit drug use.

» Unwilling to comply with study protocols and reporting requirements.

= Presence of clinically significant cardiovascular, cerebrovascular (stroke), immunological
(except virus infection, viral hepatitis or cirrhosis), endocrine or central nervous system
disorders; current encephalopathy; variceal bleeding requiring hospitalization or
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transfusion within past 4 months.
« Pregnant, lactating or refusal to adopt barrier or chemical contraceptive use throughout
trial and follow-up interval.

Sequences

[0208] The following sequences are referred to herein:

SEQ {Description Sequence
ID
NO:
1 FDPS shRNA
sequence #1 GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATT
GTACTCCAGGACTTTTT

2 FDPS shRNA
sequence #2 GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGA

ACGAAATCCTGCTTTTT

3 FDPS shRNA
sequence #2 GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGA

ACGAAATCCTGCTTTTT

4 FDPS shRNA
sequence #4 GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTC

AGCCTCCTTCTGCTTTTT

5 miR30 FDPS
sequence #1 AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCT

CAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAA
GGAGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTT
CAAGGGGCT

6 miR30 FDPS
sequence #2 AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCT

CAGCCTCCTTCTGCGTGAAGCCACAGATGGCAGAA
GGGCTGAGAAAGTGCTGCCTACTGCCTCGGACTTCA
AGGGGCT

7 miR30 FDPS
sequence #3 TGCTGTTGACAGTGAGCGACTTTCTCAGCCTCCTTCT

GCGTGAAGCCACAGATGGCAGAAGGAGGCTGAGAA
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SEQ {Description Sequence
ID
NO:
AGTTGCCTACTGCCTCGGA

8 miR155 FDPS
sequence #1 CCTGGAGGCTTGCTGAAGGCTGTATGCTGACTTTCT

CAGCCTCCTTCTGCTTTTGGCCACTGACTGAGCAGA
AGGGCTGAGAAAGTCAGGACACAAGGCCTGTTACT
AGCACTCA

9 miR21 FDPS
sequence #1 CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTC

AGCCTCCTTCTGCCTGTTGAATCTCATGGCAGAAGG
AGGCGAGAAAGTCTGACATTTTGGTATCTTTCATCT
GACCA

10 miR185 FDPS
sequence #1 GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTC

TCAGCCTCCTTCTGCTGGTCCCCTCCCCGCAGAAGG
AGGCTGAGAAAGTCCTTCCCTCCCAATGACCGCGTC

TTCGTCG
11 Rous Sarcoma
virus (RSV) GTAGTCTTATGCAATACTCTTGTAGTCTTGCAACAT
promoter GGTAACGATGAGTTAGCAACATGCCTTACAAGGAG

AGAAAAAGCACCGTGCATGCCGATTGGTGGAAGTA
AGGTGGTACGATCGTGCCTTATTAGGAAGGCAACA
GACGGGTCTGACATGGATTGGACGAACCACTGAAT
TGCCGCATTGCAGAGATATTGTATTTAAGTGCCTAG
CTCGATACAATAAACG

12 5' Long terminal
repeat (LTR) GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGC

TCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTC
AATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTG
CCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCC

TCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCA

13 Psi Packaging
signal TACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGG

AGA(GGAG
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SEQ {Description Sequence
ID
NO:

YR ERI T RN

14 Rev response
element (RRE) AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGG

AAGCACTATGGGCGCAGCCTCAATGACGCTGACGG
TACAGGCCAGACAATTATTGTCTGGTATAGTGCAGC
AGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAA
CAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAG
CAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATA
CCTAAAGGATCAACAGCTCC

15 Central polypurine
tract (cPPT) TTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTG

CAGGGGAAAGAATAGTAGACATAATAGCAACAGAC
ATACAAACTAAAGAATTACAAAAACAAATTACAAA
ATTCAAAATTTTA

16 Polymerase llI
shRNA promoters; GAACGCTGACGTCATCAACCCGCTCCAAGGAATCG

H1 promoter CGGGCCCAGTGTCACTAGGCGGGAACACCCAGCGC
GCGTGCGCCCTGGCAGGAAGATGGCTGTGAGGGAC
AGGGGAGTGGCGCCCTGCAATATTTGCATGTCGCTA
TGTGTTCTGGGAAATCACCATAAACGTGAAATGTCT
TTGGATTTGGGAATCTTATAAGTTCTGTATGAGACC
ACTT

17 Long WPRE
sequence AATCAACCTCTGATTACAAAATTTGTGAAAGATTGA

CTGGTATTCTTAACTATGTTGCTCCTTTITACGCTATG
TGGATACGCTGCTTTAATGCCTTTGTATCATGCTATT
GCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATA

AATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGC

CCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGT
TTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCA
CCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCC
CCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTG
CCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGG
CACTGACAATTCCGTGGTGTTGTCGGGGAAATCATC
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SEQ {Description Sequence
ID
NO:

GTCCTTTCCTTGGCTGCTCGCCTGTGTITGCCACCTGG
ATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTG
CTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTC
GCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCT
CCCCGCCT

18 {3'delta LTR
TGGAAGGGCTAATTCACTCCCAACGAAGATAAGAT

CTIGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACC
AGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGA
ACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAG
TGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACT
CTGGTAACTAGAGATCCCTCAGACCCTTTITAGTCAG
TGTGGAAAATCTCTAGCAGTAGTAGTTCATGTCA

19 Helper/Rev;
Chicken beta actin § GCTATTACCATGGGTCGAGGTGAGCCCCACGTICTG

(CAG) promoter;  { cTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCA
Transcription ATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGC
GATGGGGGCGGGGGGGGGGGGGGCGCGCGCCAGG
CGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCG
AGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGG
CGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCG
GCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGC
GGGCG

20 Helper/Rev; HIV
Gag; Viral capsid | ATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGA

ATTAGATCGATGGGAAAAAATTCGGTTAAGGCCAG
GGGGAAAGAAAAAATATAAATTAAAACATATAGTA
TGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAA
TCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACA
AATACTGGGACAGCTACAACCATCCCTTCAGACAG
GATCAGAAGAACTTAGATCATTATATAATACAGTAG
CAACCCTCTATTGTGTGCATCAAAGGATAGAGATAA

AAGACACCAAGGAAGCTTTAGACAAGATAGAGGAA
GAGOAAAACAAAAGTAAGAAAAAAGOCACAGCAAG
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SEQ
ID
NO:

Description

Sequence

A2 PR SRNEN A R S T2 Ta SE VN NE SN LA AN S S Ve S ANy

CAGCAGCTGACACAGGACACAGCAATCAGGTCAGC

CAAAATTACCCTATAGTGCAGAACATCCAGGGGCA
AATGGTACATCAGGCCATATCACCTAGAACTTTAAA
TGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCA
GCCCAGAAGTGATACCCATGTTTTCAGCATTATCAG
AAGGAGCCACCCCACAAGATTTAAACACCATGCTA
AACACAGTGGGGGGACATCAAGCAGCCATGCAAAT
GTTAAAAGAGACCATCAATGAGGAAGCTGCAGAAT
GGGATAGAGTGCATCCAGTGCATGCAGGGCCTATT
GCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGA
CATAGCAGGAACTACTAGTACCCTTCAGGAACAAA
TAGGATGGATGACACATAATCCACCTATCCCAGTAG
GAGAAATCTATAAAAGATGGATAATCCTGGGATTA
AATAAAATAGTAAGAATGTATAGCCCTACCAGCATT
CTGGACATAAGACAAGGACCAAAGGAACCCTTTAG
AGACTATGTAGACCGATTCTATAAAACTCTAAGAGC
CGAGCAAGCTTCACAAGAGGTAAAAAATTGGATGA
CAGAAACCTTGTTGGTCCAAAATGCGAACCCAGATT
GTAAGACTATTTTAAAAGCATTGGGACCAGGAGCG
ACACTAGAAGAAATGATGACAGCATGTCAGGGAGT
GGGGGGACCCGGCCATAAAGCAAGAGTTTITGGCTG
AAGCAATGAGCCAAGTAACAAATCCAGCTACCATA
ATGATACAGAAAGGCAATTTTAGGAACCAAAGAAA
GACTGTTAAGTGTTTCAATTGTGGCAAAGAAGGGCA
CATAGCCAAAAATTGCAGGGCCCCTAGGAAAAAGG
GCTGTTGGAAATGTGGAAAGGAAGGACACCAAATG
AAAGATTGTACTGAGAGACAGGCTAATTTTTTAGGG
AAGATCTGGCCTTCCCACAAGGGAAGGCCAGGGAA
TITTCTTCAGAGCAGACCAGAGCCAACAGCCCCACC
AGAAGAGAGCTTCAGGTTTGGGGAAGAGACAACAA
CTCCCTCTCAGAAGCAGGAGCCGATAGACAAGGAA
CTGTATCCTTTAGCTTCCCTCAGATCACTCTTTGGCA
GCGACCCCTCGTCACAATAA

21

Helper/Rev; HIV

ATGAATTTGCCAGGAAGATGGAAACCAAAAATGAT
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SEQ
ID
NO:

Description

Sequence

Pol; Protease and
reverse
transcriptase

AGGGGGAATTGGAGGTTTTATCAAAGTAGGACAGT
ATGATCAGATACTCATAGAAATCTGCGGACATAAA
GCTATAGGTACAGTATTAGTAGGACCTACACCTGTC
AACATAATTGGAAGAAATCTGTTGACTCAGATTGGC
TGCACTTTAAATTTTCCCATTAGTCCTATTGAGACTG
TACCAGTAAAATTAAAGCCAGGAATGGATGGCCCA
AAAGTTAAACAATGGCCATTGACAGAAGAAAAAAT
AAAAGCATTAGTAGAAATTTGTACAGAAATGGAAA
AGGAAGGAAAAATTTCAAAAATTGGGCCTGAAAAT
CCATACAATACTCCAGTATTTGCCATAAAGAAAAAA
GACAGTACTAAATGGAGAAAATTAGTAGATTTCAG
AGAACTTAATAAGAGAACTCAAGATTTCTGGGAAG
TTCAATTAGGAATACCACATCCTGCAGGGTTAAAAC
AGAAAAAATCAGTAACAGTACTGGATGTGGGCGAT
GCATATTTTTCAGTTCCCTTAGATAAAGACTTCAGG
AAGTATACTGCATTTACCATACCTAGTATAAACAAT
GAGACACCAGGGATTAGATATCAGTACAATGTGCTT
CCACAGGGATGGAAAGGATCACCAGCAATATTCCA
GTGTAGCATGACAAAAATCTTAGAGCCTTTTAGAAA
ACAAAATCCAGACATAGTCATCTATCAATACATGGA
TGATTTGTATGTAGGATCTGACTTAGAAATAGGGCA
GCATAGAACAAAAATAGAGGAACTGAGACAACATC
TGTTGAGGTGGGGATTTACCACACCAGACAAAAAA
CATCAGAAAGAACCTCCATTCCTTTGGATGGGTTAT
GAACTCCATCCTGATAAATGGACAGTACAGCCTATA
GTGCTGCCAGAAAAGGACAGCTGGACTGTCAATGA
CATACAGAAATTAGTGGGAAAATTGAATTGGGCAA
GTCAGATTTATGCAGGGATTAAAGTAAGGCAATTAT
GTAAACTTCTTAGGGGAACCAAAGCACTAACAGAA
GTAGTACCACTAACAGAAGAAGCAGAGCTAGAACT
GGCAGAAAACAGGGAGATTCTAAAAGAACCGGTAC
ATGGAGTGTATTATGACCCATCAAAAGACTTAATAG
CAGAAATACAGAAGCAGGGGCAAGGCCAATGGACA

TATCAAATTTATCAAGAGCCATTTAAAAATCTGAAA
ACAGGAAAATATGCAAGAATGAAGGGTGCCCACAC
TAATGATGTGAAACAATTAACAGAGGCAGTACAAA
AAATAGCCACAGAAAGCATAGTAATATGGGGAAAG




DK/EP 3402483 T3

SEQ {Description Sequence
ID
NO:

ACTCCTAAATTTAAATTACCCATACAAAAGGAAACA
TGGGAAGCATGGTGGACAGAGTATTGGCAAGCCAC
CTGGATTCCTGAGTGGGAGTTTGTCAATACCCCTCC
CTTAGTGAAGTTATGGTACCAGTTAGAGAAAGAAC
CCATAATAGGAGCAGAAACTTTCTATGTAGATGGG
GCAGCCAATAGGGAAACTAAATTAGGAAAAGCAGG
ATATGTAACTGACAGAGGAAGACAAAAAGTTGTCC
CCCTAACGGACACAACAAATCAGAAGACTGAGTTA
CAAGCAATTCATCTAGCTTTGCAGGATTCGGGATTA
GAAGTAAACATAGTGACAGACTCACAATATGCATT
GGGAATCATTCAAGCACAACCAGATAAGAGTGAAT
CAGAGTTAGTCAGTCAAATAATAGAGCAGTTAATA
AAAAAGGAAAAAGTCTACCTGGCATGGGTACCAGC
ACACAAAGGAATTGGAGGAAATGAACAAGTAGATG
GGTTGGTCAGTGCTGGAATCAGGAAAGTACTA

22 Helper Rev; HIV
Integrase; TTTTTAGATGGAATAGATAAGGCCCAAGAAGAACA

Integration of viral { TGAGAAATATCACAGTAATTGGAGAGCAATGGCTA
RNA GTGATTTTAACCTACCACCTGTAGTAGCAAAAGAAA
TAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGG
GAAGCCATGCATGGACAAGTAGACTGTAGCCCAGG
AATATGGCAGCTAGATTGTACACATTTAGAAGGAA
AAGTTATCTTGGTAGCAGTTCATGTAGCCAGTGGAT
ATATAGAAGCAGAAGTAATTCCAGCAGAGACAGGG
CAAGAAACAGCATACTTCCTCTTAAAATTAGCAGGA
AGATGGCCAGTAAAAACAGTACATACAGACAATGG
CAGCAATTTCACCAGTACTACAGTTAAGGCCGCCTG
TTGGTGGGCGGGGATCAAGCAGGAATTTGGCATTCC
CTACAATCCCCAAAGTCAAGGAGTAATAGAATCTAT
GAATAAAGAATTAAAGAAAATTATAGGACAGGTAA

GAGATCAGGCTGAACATCTTAAGACAGCAGTACAA
ATGGCAGTATTCATCCACAATTTTAAAAGAAAAGG
GGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAG
TAGACATAATAGCAACAGACATACAAACTAAAGAA
TTACAAAAACAAATTACAAAAATTCAAAATTTTCGG
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SEQ
ID
NO:

Description

Sequence

GTTTATTACAGGGACAGCAGAGATCCAGTTTGGAA
AGGACCAGCAAAGCTCCTCTGGAAAGGTGAAGGGG
CAGTAGTAATACAAGATAATAGTGACATAAAAGTA
GTGCCAAGAAGAAAAGCAAAGATCATCAGGGATTA
TGGAAAACAGATGGCAGGTGATGATTGTGTGGCAA
GTAGACAGGATGAGGATTAA

23

Helper/Rev; HIV
RRE: Binds Rev
element

AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGG
AAGCACTATGGGCGCAGCGTCAATGACGCTGACGG
TACAGGCCAGACAATTATTGTCTGGTATAGTGCAGC
AGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAA
CAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAG
CAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATA
CCTAAAGGATCAACAGCTCCT

24

Helper/Rev; HIV
Rev: Nuclear
export and
stabilize viral
MRNA

ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAAC
TCCTCAAGGCAGTCAGACTCATCAAGTTTCTCTATC
AAAGCAACCCACCTCCCAATCCCGAGGGGACCCGA
CAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAG
AGAGACAGAGACAGATCCATTCGATTAGTGAACGG
ATCCTTAGCACTTATCTGGGACGATCTGCGGAGCCT
GTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACT
CTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATC
TCCTACAATATTGGAGTCAGGAGCTAAAGAATAG

25

Envelope; CMV
promoter;
Transcription

ACATTGATTATTGACTAGTTATTAATAGTAATCAAT
TACGGGGTCATTAGTTCATAGCCCATATATGGAGTT
CCGCGTTACATAACTTACGGTAAATGGCCCGCCTGG
CTGACCGCCCAACGACCCCCGCCCATTGACGTCAAT
AATGACGTATGTTCCCATAGTAACGCCAATAGGGAC

TTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATAT

A AT AL TATTO AT AT AT A A
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SEQ {Description Sequence
ID
NO:

OCUCCAAUTACOUVCCUCC TAT TUOACKTOIUVAATUTACUOUOT AR
ATGGCCCGCCTGGCATTATGCCCAGTACATGACCTT
ATGGGACTTTCCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACATCAATGGGCGTGGATAGCGGTTTGACTCACG
GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGG
GAGITTGTTTTGGCACCAAAATCAACGGGACTTTCC
AAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA
GC

26 Envelope; VSV-G;
Glycoprotein ATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTG

envelope-cell entry § GGGTGAATTGCAAGTTCACCATAGTTTTTCCACACA
ACCAAAAAGGAAACTGGAAAAATGTTCCTTCTAATT
ACCATTATTGCCCGTCAAGCTCAGATTTAAATTGGC
ATAATGACTTAATAGGCACAGCCTTACAAGTCAAA
ATGCCCAAGAGTCACAAGGCTATTCAAGCAGACGG
TTGGATGTGTCATGCTTCCAAATGGGTCACTACTTG
TGATTTCCGCTGGTATGGACCGAAGTATATAACACA
TTCCATCCGATCCTTCACTCCATCTGTAGAACAATG
CAAGGAAAGCATTGAACAAACGAAACAAGGAACTT
GGCTGAATCCAGGCTTCCCTCCTCAAAGTTGTGGAT
ATGCAACTGTGACGGATGCCGAAGCAGTGATTGTCC
AGGTGACTCCTCACCATGTGCTGGTTGATGAATACA
CAGGAGAATGGGTTGATTCACAGTTCATCAACGGA
AAATGCAGCAATTACATATGCCCCACTGTCCATAAC
TCTACAACCTGGCATTCTGACTATAAGGTCAAAGGG
CTATGTGATTCTAACCTCATTTCCATGGACATCACCT
TCTTCTCAGAGGACGGAGAGCTATCATCCCTGGGAA
AGGAGGGCACAGGGTTCAGAAGTAACTACTTTGCTT
ATGAAACTGGAGGCAAGGCCTGCAAAATGCAATAC
TGCAAGCATTGGGGAGTCAGACTCCCATCAGGTGTC

TGGTTCGAGATGGCTGATAAGGATCTCTTTGCTGCA
GCCAGATTCCCTGAATGCCCAGAAGGGTCAAGTATC
TCTGCTCCATCTCAGACCTCAGTGGATGTAAGTCTA
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SEQ {Description Sequence
ID
NO:

ATTCAGGACGTTGAGAGGATCTTGGATTATTCCCTC
TGCCAAGAAACCTGGAGCAAAATCAGAGCGGGTCT
TCCAATCTCTCCAGTGGATCTCAGCTATCTTGCTCCT
AAAAACCCAGGAACCGGTCCTGCTTTCACCATAATC
AATGGTACCCTAAAATACTTTGAGACCAGATACATC
AGAGTCGATATTGCTGCTCCAATCCTCTCAAGAATG
GTCGGAATGATCAGTGGAACTACCACAGAAAGGGA
ACTGTGGGATGACTGGGCACCATATGAAGACGTGG
AAATTGGACCCAATGGAGTTCTGAGGACCAGTTCA
GGATATAAGTTTCCTTTATACATGATTGGACATGGT
ATGTTGGACTCCGATCTTCATCTTAGCTCAAAGGCT
CAGGTGTTCGAACATCCTCACATTCAAGACGCTGCT
TCGCAACTTCCTGATGATGAGAGTTTATTTTTTGGTG
ATACTGGGCTATCCAAAAATCCAATCGAGCTTGTAG
AAGGTTGGTTCAGTAGTTGGAAAAGCTCTATTGCCT
CITTTTTCTTTATCATAGGGTTAATCATTGGACTATT
CITGGTTCTCCGAGTTGGTATCCATCTTTGCATTAAA
TTAAAGCACACCAAGAAAAGACAGATTTATACAGA

CATAGAGATGA
27 Helper/Rev; CMV
early (CAG) TAGTTATTAATAGTAATCAATTACGGGGTCATTAGT
enhancer; TCATAGCCCATATATGGAGTTCCGCGTTACATAACT

Enhance

o TACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
Transcription

ACCCCCGCCCATTGACGTCAATAATGACGTATGTTC
CCATAGTAACGCCAATAGGGACTTTCCATTGACGTC
AATGGGTGGACTATTTACGGTAAACTGCCCACTTGG
CAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC
ATTATGCCCAGTACATGACCTTATGGGACTTTCCTA
CTTGGCAGTACATCTACGTATTAGTCATC

28 Helper/Rev;
GGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTC

Chicken beta actin
intron; Enhance CGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTG

gene expression ACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGG
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SEQ {Description Sequence
ID
NO:

CCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAA
TGACGGCTCGTTTICTTTTCTGTGGCTGCGTGAAAGC
CTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGG
GGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTGC
GTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGGC
GGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTIG
TGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGG
GGGCGGETGCCCCGCGGTGCGGGGGGGCTGCGAGGG
GAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGG
GGTGAGCAGGGGGTGTGGGCGCGGCGGTCGGGCTG
TAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGA
GCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGG
GGCGTGGCGCGGEGECTCGCCGTGCCGGGECGEGGGE
TGGCGGCAGGTGGGGGETGCCGGGCGGGGCEGGEEEC
GCCTCGOGGCCGEGLEAGGGCTCGGGGGAGGGGECGCG
GCGGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGEG
CGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCG
AGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGC
GGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCT
CTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGGCA
GGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCG
CCGCGCCGCCGTCCCCTTCTICCATCTCCAGCCTCGG
GGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGA
CGGGGCAGGGCGGGGTTCGGCTTCTGGCOGTGTGAC
CGGCGG

29 Helper/Rev; Rabbit
beta globin poly A; { AGATCTTTTTCCCTCTGCCAAAAATTATGGGGACAT

RNA stability CATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATA
AAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAA
TTTTTTGTGTCTCTCACTCGGAAGGACATATGGGAG
GGCAAATCATTTAAAACATCAGAATGAGTATTTGGT
TTAGAGTTTGGCAACATATGCCATATGCTGGCTGCC

ATGAACAAAGGTGGCTATAAAGAGGTCATCAGTAT
ATGAAACAGCCCCCTGCTGTCCATTCCTTATTCCAT
AGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATA
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SEQ {Description Sequence
ID
NO:

TTTTGTTTTGTGTTATTTITITTCTITAACATCCCTAAA
ATTTTCCTTACATGTTTTACTAGCCAGATTTTTCCTC
CTCTCCTGACTACTCCCAGTCATAGCTGTCCCTCTTC

TCTTATGAAGATC
30 Envelope; Beta
globin intron: GTGAGTTTGGGGACCCTTGATTGTTCTTTCTTTTTCG
Enhance gene CTATTGTAAAATTCATGTTATATGGAGGGGGCAAAG

expression TTTTCAGGGTGTTGTTTAGAATGGGAAGATGTCCCT

TGTATCACCATGGACCCTCATGATAATTTTGTTTCTT
TCACTTTCTACTCTGTTGACAACCATTGTCTCCTCTT
ATTTTICTTITTCATTTITCTGTAACTTTTTCGTTAAACTT
TAGCTTGCATTTGTAACGAATTTTTAAATTCACTTTT
GTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCAC
TTTTTTTTCAAGGCAATCAGGGTATATTATATTGTAC
TTCAGCACAGTTTTAGAGAACAATTGTTATAATTAA
ATGATAAGGTAGAATATTTCTGCATATAAATTCTGG
CTGGCGTGGAAATATTCTTATTGGTAGAAACAACTA
CACCCTGGTCATCATCCTGCCTTTCTCTTTATGGTTA
CAATGATATACACTGTTTGAGATGAGGATAAAATAC
TCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTT
CATGCCTTCTTCTCTTTCCTACAG

31 Envelope; Rabbit
beta globin poly A; { AGATCTTTTTCCCTCTGCCAAAAATTATGGGGACAT

RNA stability CATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATA
AAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAA
TTTTTTGTGTCTCTCACTCGGAAGGACATATGGGAG
GGCAAATCATTTAAAACATCAGAATGAGTATTTGGT
TTAGAGTTTGGCAACATATGCCCATATGCTGGCTGC
CATGAACAAAGGTTGGCTATAAAGAGGTCATCAGT
ATATGAAACAGCCCCCTGCTGTCCATTCCTTATTCC
ATAGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTA
TATTTTGTTTTGTGTTATTTTTTTCTTTAACATCCCTA

AAATTTTCCTTACATGTTITACTAGCCAGATTTTTCC
TCCTCTCCTGACTACTCCCAGTCATAGCTGTCCCTCT
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SEQ {Description Sequence
ID
NO:
TCTCTTATGGAGATC
32 Primer TAAGCAGAATTCATGAATTTGCCAGGAAGAT
33 Primer

CCATACAATGAATGGACACTAGGCGGCCGCACGAA
T

34 Gag, Pol,
Integrase fragment GAATTCATGAATTTGCCAGGAAGATGGAAACCAAA

AATGATAGGGGGAATTGGAGGTTTTATCAAAGTAA
GACAGTATGATCAGATACTCATAGAAATCTGCGGA
CATAAAGCTATAGGTACAGTATTAGTAGGACCTACA
CCTGTCAACATAATTGGAAGAAATCTGTTGACTCAG
ATTGGCTGCACTTTAAATTTTCCCATTAGTCCTATTG
AGACTGTACCAGTAAAATTAAAGCCAGGAATGGAT
GGCCCAAAAGTTAAACAATGGCCATTGACAGAAGA
AAAAATAAAAGCATTAGTAGAAATTTGTACAGAAA
TGGAAAAGGAAGGAAAAATTTCAAAAATTGGGCCT
GAAAATCCATACAATACTCCAGTATTTGCCATAAAG
AAAAAAGACAGTACTAAATGGAGAAAATTAGTAGA
TTTCAGAGAACTTAATAAGAGAACTCAAGATTTCTG
GGAAGTTCAATTAGGAATACCACATCCTGCAGGGTT
AAAACAGAAAAAATCAGTAACAGTACTGGATGTGG
GCGATGCATATTTTTCAGTTCCCTTAGATAAAGACT
TCAGGAAGTATACTGCATTTACCATACCTAGTATAA
ACAATGAGACACCAGGGATTAGATATCAGTACAAT
GTGCTTCCACAGGGATGGAAAGGATCACCAGCAAT
ATTCCAGTGTAGCATGACAAAAATCTTAGAGCCTTT
TAGAAAACAAAATCCAGACATAGTCATCTATCAAT
ACATGGATGATTITGTATGTAGGATCTGACTTAGAAA
TAGGGCAGCATAGAACAAAAATAGAGGAACTGAGA
CAACATCTGTTGAGGTGGGGATTTACCACACCAGAC
AAAAAACATCAGAAAGAACCTCCATTCCTTTGGATG
GGTTATGAACTCCATCCTGATAAATGGACAGTACAG
CCTATAGTGCTGCCAGAAAAGGACAGCTGGACTGT

CAATGACATACAGAAATTAGTGGGAAAATTGAATT
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SEQ {Description Sequence
ID
NO:

GGGCAAGTCAGATTTATGCAGGGATTAAAGTAAGG
CAATTATGTAAACTTCTTAGGGGAACCAAAGCACTA
ACAGAAGTAGTACCACTAACAGAAGAAGCAGAGCT
AGAACTGGCAGAAAACAGGGAGATTCTAAAAGAAC
CGGTACATGGAGTGTATTATGACCCATCAAAAGACT
TAATAGCAGAAATACAGAAGCAGGGGCAAGGCCAA
TGGACATATCAAATTTATCAAGAGCCATTTAAAAAT
CTGAAAACAGGAAAGTATGCAAGAATGAAGGGTGC
CCACACTAATGATGTGAAACAATTAACAGAGGCAG
TACAAAAAATAGCCACAGAAAGCATAGTAATATGG
GGAAAGACTTCCTAAATTTAAATTACCCATACAAAA
GGAAACATGGGAAGCATGGTGGACAGAGTATTGGC
AAGCCACCTGGATTCCTGAGTGGGAGTTTGTCAATA
CCCCTCCCTTAGTGAAGTTATGGTACCAGTTAGAGA
AAGAACCCATAATAGGAGCAGAAACTTTCTATGTA
GATGGGGCAGCCAATAGGGAAACTAAATTAGGAAA
AGCAGGATATGTAACTGACAGAGGAAGACAAAAAG
TTGTCCCCCTAACGGACACAACAAATCAGAAGACT
GAGTTACAAGCAATTCATCTAGCTTTGCAGGATTCG
GGATTAGAAGTAAACATAGTGACAGACTCACAATA
TGCATTGGGAATCATTCAAGCACAACCAGATAAGA
GTGAATCAGAGTTAGTCAGTCAAATAATAGAGCAG
TTAATAAAAAAGGAAAAAGTCTACCTGGCATGGGT
ACCAGCACACAAAGGAATTGGAGGAAATGAACAAG
TAGATAAATTGGTCAGTGCTGGAATCAGGAAAGTA
CTATTTTTAGATGGAATAGATAAGGCCCAAGAAGA
ACATGAGAAATATCACAGTAATTGGAGAGCAATGG
CTAGTGATTTTAACCTACCACCTGTAGTAGCAAAAG
AAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAA
GGGGAAGCCATGCATGGACAAGTAGACTGTAGCCC
AGGAATATGGCAGCTAGATTGTACACATTTAGAAG
GAAAAGTTATCTTGGTAGCAGTTCATGTAGCCAGTG

GATATATAGAAGCAGAAGTAATTCCAGCAGAGACA
GGGCAAGAAACAGCATACTTCCTCTTAAAATTAGCA
GGAAGATGGCCAGTAAAAACAGTACATACAGACAA
TGGCAGCAATTTCACCAGTACTACAGTTAAGGCCGC
CTGTTGGTGGGCGGGGATCAAGCAGGAATTTGGCA
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SEQ {Description Sequence
ID
NO:

TTCCCTACAATCCCUCAAAGITCAAGOAGTAATAGAATL
CTATGAATAAAGAATTAAAGAAAATTATAGGACAG
GTAAGAGATCAGGCTGAACATCTTAAGACAGCAGT
ACAAATGGCAGTATTCATCCACAATTITAAAAGAAA
AGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGA
ATAGTAGACATAATAGCAACAGACATACAAACTAA
AGAATTACAAAAACAAATTACAAAAATTCAAAATT
TTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTT
GGAAAGGACCAGCAAAGCTCCTCTGGAAAGGTGAA
GGGGCAGTAGTAATACAAGATAATAGTGACATAAA
AGTAGTGCCAAGAAGAAAAGCAAAGATCATCAGGG
ATTATGGAAAACAGATGGCAGGTGATGATTGTGTG
GCAAGTAGACAGGATGAGGATTAA

35 DNA Fragment
containing Rev, TCTAGAATGGCAGGAAGAAGCGGAGACAGCGACGA

RRE and rabbit AGAGCTCATCAGAACAGTCAGACTCATCAAGCTTCT
beta globin Poly A 1 1A 1cAAAGCAACCCACCTCCCAATCCCGAGGGGA
CCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGG
AGAGAGAGACAGAGACAGATCCATTCGATTAGTGA
ACGGATCCTTGGCACTTATCTGGGACGATCTGCGGA
GCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGACT
TACTCTTGATTGTAACGAGGATTGTGGAACTTCTGG
GACGCAGGGGGTGGGAAGCCCTCAAATATTGGTGG
AATCTCCTACAATATTGGAGTCAGGAGCTAAAGAAT
AGAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCA
GGAAGCACTATGGGCGCAGCGTCAATGACGCTGAC
GGTACAGGCCAGACAATTATTGTCTGGTATAGTGCA
GCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGC
AACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA

AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGA
TACCTAAAGGATCAACAGCTCCTAGATCTTTTTCCC
TCTGCCAAAAATTATGGGGACATCATGAAGCCCCTT
GAGCATCTGACTTCTGGCTAATAAAGGAAATTTATT
TTCATTGCAATAGTGTGTTGGAATTTTTIGTGTCTCT
CACTCGGAAGGACATATGGOGAGGGCAAATCATTTA
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SEQ {Description Sequence
ID
NO:

AAACATCAGAATGAGTATTTGGTTTAGAGTTTGGCA
ACATATGCCATATGCTGGCTGCCATGAACAAAGGTG
GCTATAAAGAGGTCATCAGTATATGAAACAGCCCC
CTGCTGTCCATTCCITATTCCATAGAAAAGCCTTGA
CITGAGGTTAGATTTTITTITATATTTTGTTTIGTGTT
ATTTTTTTCTTTAACATCCCTAAAATTTTCCTTACAT
GTTTTACTAGCCAGATTTITTCCTCCTCTCCTGACTAC
TCCCAGTCATAGCTGTCCCTCTTCTCTTATGAAGATC
CCTCGACCTGCAGCCCAAGCTTGGCGTAATCATGGT
CATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCAC
AATTCCACACAACATACGAGCCGGAAGCATAAAGT
GTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTC
ACATTAATTGCGTTGCGCTCACTGCCCGCTITCCAG
TCGGGAAACCTOGTCGTGCCAGCGGATCCGCATCTCA
ATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGC
CCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATT
CTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGC
AGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCA
GAAGTAGTGAGGAGGCTTTTITGGAGGCCTAGGCTT
TTGCAAAAAGCTAACTTGTTTATTGCAGCTTATAAT
GGTTACAAATAAAGCAATAGCATCACAAATTTCAC
AAATAAAGCATTTTTITTCACTGCATTCTAGTTGTGGT
TTGTCCAAACTCATCAATGTATCTTATCAGCGGCCG

CCCCGGG
36 DNA fragment
containing the ACGCGTTAGTTATTAATAGTAATCAATTACGGGGTC
CAG ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC

ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC

enhancer/promot
erfintron sequence { CAACGACCCCCGCCCATTGACGTCAATAATGACGTA

TGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG

ACGTCAATGGGTGGACTATTTACGGTAAACTGCCCA
CTTGGCAGTACATCAAGTGTATCATATGCCAAGTAC

GCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTT

TCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
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SEQ {Description Sequence
ID
NO:

TATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCT
TCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAAT
TTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCG
ATGGGGGCGGGGEGEEGEEGGEECECGCGCCAGGC
GGGGCGLGLLCGLGGCLGAGGGGCGLGGGCGLLGCGA
GGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGC
GCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGG
CGGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCG
GGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCC
GCTCCGCGCCOCCTCGCGCCGCCCGCCCCAGOGCTCTG
ACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGG
ACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGG
TTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGA
AAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCG
GGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGT
GTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCC
CGGCGGCTGTGAGCGCTGCGGGCGCGGCGCAGGEGET
TTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGC
CGGGGGCGGETGCCCCGCGGTGCGGGGGGGCTGCGA
GGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGG
GGGGGTGAGCAGGGGGTGTGGGCGCGGCGGTCGGH
CTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGL
TGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGC
GGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGE
GGTGGCGGCAGGTGGGGGETGCCGGGCEGGGCEEEE
CCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCG

CGGCGGCCCCGGAGCGCCGGCGGCTGTCGAGGCGC
GGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTG
CGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTG
GCGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCC
CTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCGG
CAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGT
CGCCGCGCCGCCAGTCCCCTTCTCCATCTCCAGCCTC
GGGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGG
GACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTG
ACCGGCGGGAATTC
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SEQ {Description Sequence
ID
NO:

37 DNA fragment
containing VSV-G | GAATTCATGAAGTGCCTTTTGTACTTAGCCTTTTTAT

TCATTGGGGTGAATTGCAAGTTCACCATAGTTTTTC
CACACAACCAAAAAGGAAACTGGAAAAATGTTCCT
TCTAATTACCATTATTGCCCGTCAAGCTCAGATTTA
AATTGGCATAATGACTTAATAGGCACAGCCTTACAA
GTCAAAATGCCCAAGAGTCACAAGGCTATTCAAGC
AGACGGTTGGATGTGTCATGCTTCCAAATGGGTCAC
TACTTGTGATTTCCGCTGGTATGGACCGAAGTATAT
AACACATTCCATCCGATCCTTCACTCCATCTGTAGA
ACAATGCAAGGAAAGCATTGAACAAACGAAACAAG
GAACTTGGCTGAATCCAGGCTTCCCTCCTCAAAGTT
GTGGATATGCAACTGTGACGGATGCCGAAGCAGTG
ATTGTCCAGGTGACTCCTCACCATGTGCTGGTTGAT
GAATACACAGGAGAATGGGTTGATTCACAGTTCATC
AACGGAAAATGCAGCAATTACATATGCCCCACTGTC
CATAACTCTACAACCTGGCATTCTGACTATAAGGTC
AAAGGGCTATGTGATTCTAACCTCATTTICCATGGAC
ATCACCTTCTTCTCAGAGGACGGAGAGCTATCATCC
CTGGGAAAGGAGGGCACAGGGTTCAGAAGTAACTA
CTTTGCTTATGAAACTGGAGGCAAGGCCTGCAAAAT
GCAATACTGCAAGCATTGGGGAGTCAGACTCCCATC
AGGTGTCTGGTTCGAGATGGCTGATAAGGATCTCTT
TGCTGCAGCCAGATTCCCTGAATGCCCAGAAGGGTC

AAGTATCTCTGCTCCATCTCAGACCTCAGTGGATGT
AAGTCTAATTCAGGACGTTGAGAGGATCTTGGATTA
TTCCCTCTGCCAAGAAACCTGGAGCAAAATCAGAG
CGGGTCTTCCAATCTCTCCAGTGGATCTCAGCTATC
TTGCTCCTAAAAACCCAGGAACCGGTCCTGCTTTCA
CCATAATCAATGGTACCCTAAAATACTTTGAGACCA
GATACATCAGAGTCGATATTGCTGCTCCAATCCTCT
CAAGAATGGTCGGAATGATCAGTGGAACTACCACA
GAAAGGGAACTGTGGGATGACTGGGCACCATATGA
AGACGTGGAAATTGGACCCAATGGAGTTCTGAGGA
CCAGTTCAGGATATAAGTTTCCTITATACATGATTG

LACATIUITATOITTOLIANTOCACCATOTTOATOTTACOT




DK/EP 3402483 T3

SEQ {Description Sequence
ID
NO:

UATUATUGTIATUTN TAOUOUAUTUOUUVAIATOCTIVATOUTIAUIC ]

CAAAGGCTCAGGTGTTCGAACATCCTCACATTCAAG
ACGCTGCTTCGCAACTTCCTGATGATGAGAGTTTAT
TTTTTGGTGATACTGGGCTATCCAAAAATCCAATCG
AGCTTGTAGAAGGTTGGTTCAGTAGTTGGAAAAGCT
CTATTGCCTCTTTTTITCTTTATCATAGGGTTAATCAT
TGGACTATTCTTGGTTCTCCGAGTTGGTATCCATCTT
TGCATTAAATTAAAGCACACCAAGAAAAGACAGAT
TTATACAGACATAGAGATGAGAATTC

38 Rev; RSV
promoter; ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAAC

Transcription TCCTCAAGGCAGTCAGACTCATCAAGTTTCTCTATC
AAAGCAACCCACCTCCCAATCCCGAGGGGACCCGA
CAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAG
AGAGACAGAGACAGATCCATTCGATTAGTGAACGG
ATCCTTAGCACTTATCTGGGACGATCTGCGGAGCCT
GTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACT
CTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATC
TCCTACAATATTGGAGTCAGGAGCTAAAGAATAG

39 Rev: HIV Rev;
Nuclear export and ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAAC

stabilize TCCTCAAGGCAGTCAGACTCATCAAGTTTCTCTATC
AAAGCAACCCACCTCCCAATCCCGAGGGGACCCGA

viralmRNA
CAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAG

AGAGACAGAGACAGATCCATTCGATTAGTGAACGG
ATCCTTAGCACTTATCTGGGACGATCTGCGGAGCCT
GTGCCTCTTCAGCTACCACCGCTTGAGAGACTTACT
CTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATC
TCCTACAATATTGGAGTCAGGAGCTAAAGAATAG

40 RSV promoter and
HIV Rev CAATTGCGATGTACGGGCCAGATATACGCGTATCTG

AGGGGACTAGGGTGTGTTTAGGCGAAAAGCGGGGC
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SEQ {Description Sequence
ID
NO:

TTCGUTITGTACGCGGTTAGGAGTICCCCTCAGGATAT
AGTAGTTTCGCTTTTGCATAGGGAGGGGGAAATGTA
GTCTTATGCAATACACTTGTAGTCTTGCAACATGGT
AACGATGAGTTAGCAACATGCCTTACAAGGAGAGA
AAAAGCACCGTGCATGCCGATTIGGTGGAAGTAAGG
TGGTACGATCGTGCCTTATTAGGAAGGCAACAGAC
AGGTCTGACATGGATTGGACGAACCACTGAATTCCG
CATTGCAGAGATAATTGTATTTAAGTGCCTAGCTCG
ATACAATAAACGCCATTTGACCATTCACCACATTGG
TGTGCACCTCCAAGCTCGAGCTCGTTTAGTGAACCG
TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGA
CCTCCATAGAAGACACCGGGACCGATCCAGCCTCCC
CTCGAAGCTAGCGATTAGGCATCTCCTATGGCAGGA
AGAAGCGGAGACAGCGACGAAGAACTCCTCAAGGC
AGTCAGACTCATCAAGTTTCTCTATCAAAGCAACCC
ACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAA
GGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAG
ACAGATCCATTCCGATTAGTGAACGGATCCTTAGCAC
TTATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCA
GCTACCACCGCTTGAGAGACTTACTCTTGATTGTAA
CGAGGATTGTGGAACTTCTGGGACGCAGGGGGTGG
GAAGCCCTCAAATATTGGTGGAATCTCCTACAATAT
TGGAGTCAGGAGCTAAAGAATAGTCTAGA

41 Elongation
CCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGG

Factor-1 alpha (EF
1-alpha) promoter GAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCC

GAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGT
CGCCGTGAACGTTCTTTTITCGCAACGGGTTTGCCGC
CAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCG
GGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGC
CITGAATTACTTCCACGCCCCTGGCTGCAGTACGTG
ATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGG
GAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCG
CCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGG
GGCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCC
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SEQ {Description Sequence
ID
NO:

TGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAA
ATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCA
AGATAGTCTTGTAAATGCGGGCCAAGATCTGCACAC
TGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGG
GGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGC
GGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGG
GGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCT
GGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCG
GCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGC
GGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGA
GCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGG
GCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTT
TCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGA
GTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTC
GAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGA
GGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTG
GGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGAT
GTAATTCTCCTTGGAATITGCCCTTTTITGAGTTTGGA
TCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAA
AGTTTITTITCTTCCATTTCAGGTGTCGTGA

42 Promoter; PGK
GGGGTTGGGGTTGCGCCTTTTCCAAGGCAGCCCTGG

GTTTGCGCAGGGACGCGGCTGCTCTGGGCGTGGTTC
CGGGAAACGCAGCGGCGCCGACCCTGGGTCTCGCA

CATTCTTCACGTCCGTTCGCAGCGTCACCCGGATCT
TCGCCGCTACCCTTGTGGGCCCCCCGGCGACGCTTC
CTGCTCCGCCCCTAAGTCGGGAAGGTTCCTTGCGGT
TCGCGGCGTGCCGGACGTGACAAACGGAAGCCGCA
CGTCTCACTAGTACCCTCGCAGACGGACAGCGCCAG
GGAGCAATGGCAGCGCGCCGACCGCGATGGGCTAT
GGCCAATAGCGGCTGCTCAGCAGGGCGCGCCGAGA
GCAGCGGCCGGGAAGGGGCGGTGCGGGAGGCGGG
GTGTGGGGCGGTAGTGTGGGCCCTGTTCCTGCCCGC
GCGGTGTITCCGCATTCTGCAAGCCTCCGGAGCGCAC

lalsTaValVale WiFals PaValbalal, FaValal’alals s FalViFale Vel W N, Al WalaValyy
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SEQ {Description Sequence
ID
NO:

UICUOULAUTUGUUVICVLUUTICVCUOTI TUACUCUAATUACUUA

CCTCTCTCCCCAG

43 Promoter; UbC
GCGCCGGGTTTTGGCGCCTCCCGCGGGCGCCCCCCT

CCTCACGGCGAGCGCTGCCACGTCAGACGAAGGGC
GCAGGAGCGTTCCTGATCCTTCCGCCCGGACGCTCA
GGACAGCGGCCCGCTGCTCATAAGACTCGGCCTITAG
AACCCCAGTATCAGCAGAAGGACATTTTAGGACGG
GACTTGGGTGACTCTAGGGCACTGGTTTTCTTTCCA
GAGAGCGGAACAGGCGAGGAAAAGTAGTCCCTTCT
CGGCGATTCTGCGGAGGGATCTCCGTGGGGCGGTG
AACGCCGATGATTATATAAGGACGCGCCGGGTGTG
GCACAGCTAGTTCCGTCGCAGCCGGGATTTGGGTCG
CGGTTCTTGTITTGTGGATCGCTGTGATCGTCACTTGG
TGAGTTGCGGGCTGCTGGGCTGGCCGGGGCTTTCGT
GGCCGCCGGGLCACTCGGTGGGACGGAAGCGTGTG
GAGAGACCGCCAAGGGCTGTAGTCTGGGTCCGCGA
GCAAGGTTGCCCTGAACTGGGGGTTGGGGGGAGCG
CACAAAATGGCGGCTGTTCCCGAGTCTTGAATGGAA
GACGCTTGTAAGGCGGGCTGTGAGGTCGTTGAAAC
AAGGTGGGGGGCATGGTGGGCGGCAAGAACCCAAG
GTCTTGAGGCCTTCGCTAATGCGGGAAAGCTCTTAT
TCGGGTGAGATGGGCTGGGGCACCATCTGGGGACC
CTGACGTGAAGTTTGTCACTGACTGGAGAACTCGGG

TTTGTCGTCTGGTTGCGGGGGCGGCAGTTATGCGGT
GCCGTTGGGCAGTGCACCCGTACCTTTGGGAGCGCG
CGCCTCGTCGTGTCGTGACGTCACCCGTTICTGTTGG
CITATAATGCAGGGTGGGGCCACCTGCCGGTAGGTG
TGCGGTAGGCTTTTCTCCGTCGCAGGACGCAGGGTT
CGGGCCTAGGGTAGGCTCTCCTGAATCGACAGGCG
CCGGACCTCTGGTGAGGGGAGGGATAAGTGAGGCG
TCAGTTTCTTTGGTCGGTTITATGTACCTATCTTCTT
AAGTAGCTGAAGCTCCGGTTTTGAACTATGCGCTCG
GGGTTGGCGAGTGTGTTTTGTGAAGTTTTTTAGGCA
CCTTTITGAAATGTAATCATTTGGGTCAATATGTAAT
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SEQ {Description Sequence
ID
NO:

TTTCAGTGTTAGACTAGTAAA

44 Poly A, SV40
GTTTATTGCAGCTTATAATGGTTACAAATAAAGCAA

TAGCATCACAAATTTCACAAATAAAGCATTTTTTTC
ACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAA
TGTATCTTATCA

45 Poly A, bGH
GACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGC

CCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCC
ACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGUGTGGGGTGGGGCAGGACAGCAAGGGGGAGG
ATTGGGAAGACAATAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGG

46 Envelope; RD114
ATGAAACTCCCAACAGGAATGGTCATTTTATGTAGC

CTAATAATAGTTCGGGCAGGGTTTGACGACCCCCGC
AAGGCTATCGCATTAGTACAAAAACAACATGGTAA
ACCATGCGAATGCAGCGGAGGGCAGGTATCCGAGG
CCCCACCGAACTCCATCCAACAGGTAACTTGCCCAG
GCAAGACGGCCTACTTAATGACCAACCAAAAATGG
AAATGCAGAGTCACTCCAAAAAATCTCACCCCTAGC
GGGGGAGAACTCCAGAACTGCCCCTGTAACACTTTC
CAGGACTCGATGCACAGTTCTTGTTATACTGAATAC
CGGCAATGCAGGGCGAATAATAAGACATACTACAC

GGCCACCTTGCTTAAAATACGGTCTGGGAGCCTCAA
CGAGGTACAGATATTACAAAACCCCAATCAGCTCCT
ACAGTCCCCTTGTAGGGGCTCTATAAATCAGCCCGT
TTGCTGGAGTGCCACAGCCCCCATCCATATCTCCGA
TGGTGGAGGACCCCTCGATACTAAGAGAGTGTGGA
CAGTCCAAAAAAGGCTAGAACAAATTCATAAGGCT
ATGCATCCTGAACTTCAATACCACCCCTTAGCCCTG
CCCAAAGTCAGAGATGACCTTAGCCTTGATGCACGG
ACTTTTGATATCCTGAATACCACTTTTAGGTTACTCC

AAATITOT A ATTTTALOOTT OO A A ATTATTO N
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SEQ {Description Sequence
ID
NO:
AUATUTUOCAATITTTIAOCOU T TOUOUAATUOAT TOT TUULC

TCTGTTTAAAACTAGGTACCCCTACCCCTCTTGCGA
TACCCACTCCCTCTITAACCTACTCCCTAGCAGACTC
CCTAGCGAATGCCTCCTGTCAGATTATACCTCCCCT
CTTGGTTCAACCGATGCAGTTCTCCAACTCGTCCTG
TTTATCTTCCCCTTTCATTAACGATACGGAACAAAT
AGACTTAGGTGCAGTCACCTTTACTAACTGCACCTC
TGTAGCCAATGTCAGTAGTCCTTTATGTGCCCTAAA
CGGGTCAGTCITCCTCTGTGGAAATAACATGGCATA
CACCTATTTACCCCAAAACTGGACAGGACTTTGCGT
CCAAGCCTCCCTCCTCCCCGACATTGACATCATCCC
GGGGGATGAGCCAGTCCCCATTCCTGCCATTGATCA
TTATATACATAGACCTAAACGAGCTGTACAGTTCAT
CCCTTTACTAGCTGGACTGGGAATCACCGCAGCATT
CACCACCGGAGCTACAGGCCTAGGTGTCTCCGTCAC
CCAGTATACAAAATTATCCCATCAGITAATATCTGA
TGTCCAAGTCTTATCCGGTACCATACAAGATTTACA
AGACCAGGTAGACTCGTTAGCTGAAGTAGTTCTCCA
AAATAGGAGGGGACTGGACCTACTAACGGCAGAAC
AAGGAGGAATTTGTTTAGCCTTACAAGAAAAATGCT
GTTTTTATGCTAACAAGTCAGGAATTGTGAGAAACA
AAATAAGAACCCTACAAGAAGAATTACAAAAACGC
AGGGAAAGCCTGGCATCCAACCCTCTCTGGACCGG
GCTGCAGGGCTTTCTTCCGTACCTCCTACCTCTCCTG

GGACCCCTACTCACCCTCCTACTCATACTAACCATT
GGGCCATGCGTTTTCAATCGATTGGTCCAATTTGTT
AAAGACAGGATCTCAGTGGTCCAGGCTCTGGTTTTG
ACTCAGCAATATCACCAGCTAAAACCCATAGAGTA
CGAGCCATGA

47 Envelope; GALV
ATGCTTCTCACCTCAAGCCCGCACCACCTTCGGCAC

CAGATGAGTCCTGGGAGCTGGAAAAGACTGATCAT
CCTCTTAAGCTGCGTATTCGGAGACGGCAAAACGA
GTCTGCAGAATAAGAACCCCCACCAGCCTGTGACCC
TCACCTGGCAGGTACTGTCCCAAACTGGGGACGTTG
TCTGGGACAAAAAGGCAGTCCAGCCCCTTTGGACTT
GOTGGCCCTCTCTTACACCTGATGTATGTGCCCTGG
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SEQ {Description Sequence
ID
NO:

CGGCCGGTCTTGAGTCCTGGGATATCCCGGGATCCG
ATGTATCGTCCTCTAAAAGAGTTAGACCTCCTGATT
CAGACTATACTGCCGCTTATAAGCAAATCACCTGGG
GAGCCATAGGGTGCAGCTACCCTCGGGCTAGGACC
AGGATGGCAAATTCCCCCTTCTACGTGTGTCCCCGA
GCTGGCCGAACCCATTCAGAAGCTAGGAGGTGTGG
GGGGCTAGAATCCCTATACTGTAAAGAATGGAGTT
GTGAGACCACGGGTACCGTTTATTGGCAACCCAAGT
CCTCATGGGACCTCATAACTGTAAAATGGGACCAA
AATGTGAAATGGGAGCAAAAATTTCAAAAGTGTGA
ACAAACCGGCTGGTGTAACCCCCTCAAGATAGACTT
CACAGAAAAAGGAAAACTCTCCAGAGATTGGATAA
CGGAAAAAACCTGGGAATTAAGGTTCTATGTATATG
GACACCCAGGCATACAGTTGACTATCCGCTTAGAGG
TCACTAACATGCCGGTTGTGGCAGTGGGCCCAGACC
CTGTCCTTGCGGAACAGGGACCTCCTAGCAAGCCCC
TCACTCTCCCTCTCTCCCCACGGAAAGCGCCGCCCA
CCCCTCTACCCCCGGCGGCTAGTGAGCAAACCCCTG
CGGTGCATGGAGAAACTGTTACCCTAAACTCTCCGC
CTCCCACCAGTGGCGACCGACTCTTTGGCCTTGTGC
AGGGGGCCTTCCTAACCTTGAATGCTACCAACCCAG

GGGCCACTAAGTCTTGCTGGCTCTGTTTGGGCATGA
GCCCCCCTTATTATGAAGGGATAGCCTCTTCAGGAG
AGGTCGCTTATACCTCCAACCATACCCGATGCCACT
GGGGGGCCCAAGGAAAGCTTACCCTCACTGAGGTC
TCCGGACTCGGGTCATGCATAGGGAAGGTGCCTCTT
ACCCATCAACATCTTTGCAACCAGACCTTACCCATC
AATTCCTCTAAAAACCATCAGTATCTGCTCCCCTCA
AACCATAGCTGGTGGGCCTGCAGCACTGGCCTCACC
CCCTGCCTCTCCACCTCAGTTTTTAATCAGTCTAAAG
ACTTCTGTGTCCAGGTCCAGCTGATCCCCCGCATCT
ATTACCATTCTGAAGAAACCTITGTTACAAGCCTATG
ACAAATCACCCCCCAGGTTTAAAAGAGAGCCTGCCT
CACTTACCCTAGCTGTICTITCCTGGGGTTAGGGATTG
CGGCAGGTATAGGTACTGGCTCAACCGCCCTAATTA
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SEQ {Description Sequence
ID
NO:

AAGGGCCCATAGACCTCCAGCAAGGCCTAACCAGC
CTCCAAATCGCCATTGACGCTGACCTCCGGGCCCTT
CAGGACTCAATCAGCAAGCTAGAGGACTCACTGAC
TTCCCTATCTGAGGTAGTACTCCAAAATAGGAGAGG
CCTTGACTTACTATTCCTTAAAGAAGGAGGCCTCTG
CGCGGCCCTAAAAGAAGAGTGCTGTTTTTATGTAGA
CCACTCAGGTGCAGTACGAGACTCCATGAAAAAAC
TTAAAGAAAGACTAGATAAAAGACAGTTAGAGCGC
CAGAAAAACCAAAACTGGTATGAAGGGTGGTTCAA
TAACTCCCCTTGGTTTACTACCCTACTATCAACCATC
GCTGGGCCCCTATTGCTCCTCCTITTGTTACTCACTC
TTGGGCCCTGCATCATCAATAAATTAATCCAATTICA
TCAATGATAGGATAAGTGCAGTCAAAATTTTAGTCC
TTAGACAGAAATATCAGACCCTAGATAACGAGGAA
AACCTTTAA

48 Envelope; FUG
ATGGTTCCGCAGGTTCTTTTGTTTGTACTCCTTCTGG

OGTTTTTCOGTTGTGTTTCGGGAAGTTCCCCATTTACAC
GATACCAGACGAACTTGGTCCCTGGAGCCCTATTGA
CATACACCATCTCAGCTGTCCAAATAACCTGGTTGT

GGAGGATGAAGGATGTACCAACCTGTCCGAGTTCTC
CTACATGGAACTCAAAGTGGGATACATCTCAGCCAT
CAAAGTGAACGGGTTCACTTGCACAGGTGTTGTGAC
AGAGGCAGAGACCTACACCAACTTTGTTGGTTATGT
CACAACCACATTCAAGAGAAAGCATTTCCGCCCCAC
CCCAGACGCATGTAGAGCCGCGTATAACTGGAAGA
TGGCCGGTGACCCCAGATATGAAGAGTCCCTACAC
AATCCATACCCCGACTACCACTGGCTTCGAACTGTA
AGAACCACCAAAGAGTCCCTCATTATCATATCCCCA
AGTGTGACAGATTTGGACCCATATGACAAATCCCTT
CACTCAAGGGTCTTCCCTGGCGGAAAGTGCTCAGGA
ATAACGGTGTCCTCTACCTACTGCTCAACTAACCAT
GATTACACCATTTGGATGCCCGAGAATCCGAGACCA
AGGACACCTTGTGACATTTTTACCAATAGCAGAGGG
AAGAGAGCATCCAACGGGAACAAGACTTGCGGCTT
TGTGGATGAAAGAGGCCTGTATAAGTCTCTAAAAG
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SEQ {Description Sequence
ID
NO:

GAGCATGCAGGCTCAAGTTATGTGGAGTTCTTGGAC
TTAGACTTATGGATGGAACATGGGTCGCGATGCAA
ACATCAGATGAGACCAAATGGTGCCCTCCAGATCA
GTTGGTGAATTTGCACGACTTTCGCTCAGACGAGAT
CGAGCATCTCGTTGTGGAGGAGTTAGTTAAGAAAA
GAGAGGAATGTCTGGATGCATTAGAGTCCATCATG
ACCACCAAGTCAGTAAGTTTCAGACGTCTCAGTCAC
CTGAGAAAACTTGTCCCAGGGTTTGGAAAAGCATAT
ACCATATTCAACAAAACCTTGATGGAGGCTGATGCT
CACTACAAGTCAGTCCGGACCTGGAATGAGATCATC
CCCTCAAAAGGGTGTTTGAAAGTTGGAGGAAGGTG
CCATCCTCATGTGAACGGGGTGTTTTTCAATGGTAT
AATATTAGGGCCTGACGACCATGTCCTAATCCCAGA
GATGCAATCATCCCTCCTCCAGCAACATATGGAGTT
GTTGGAATCTITCAGTITATCCCCCTGATGCACCCCCT
GGCAGACCCTTCTACAGTTITTCAAAGAAGGTGATGA
GGCTGAGGATTTTGTTGAAGTTCACCTCCCCGATGT

GTACAAACAGATCTCAGGGGTTGACCTGGGTCTCCC
GAACTGGGGAAAGTATGTATTGATGACTGCAGGGG
CCATGATTGGCCTGOGTGTTGATATTTTCCCTAATGA
CATGGTGCAGAGTTGGTATCCATCTTTGCATTAAAT
TAAAGCACACCAAGAAAAGACAGATTTATACAGAC
ATAGAGATGAACCGACTTGGAAAGTAA

49 Envelope; LCMV
ATGGGTCAGATTGTGACAATGTTTGAGGCTCTGCCT

CACATCATCGATGAGGTGATCAACATTGTCATTATT
GTGCTTATCGTGATCACGGGTATCAAGGCTGTCTAC
AATTTTGCCACCTGTGGGATATTCGCATTGATCAGT
TTCCTACTTCTGGCTGGCAGGTCCTGTGGCATGTAC
GGTCTTAAGGGACCCGACATTTACAAAGGAGTTTAC
CAATTTAAGTCAGTGGAGTTTGATATGTCACATCTG
AACCTGACCATGCCCAACGCATGTTCAGCCAACAAC
TCCCACCATTACATCAGTATGGGGACTTCTGGACTA
GAATTGACCTTCACCAATGATTCCATCATCAGTCAC
AACTTTTGCAATCTGACCTCTGCCTTCAACAAAAAG
ACCTTTGACCACACACTCATGAGTATAGTTTCGAGC
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SEQ {Description Sequence
ID
NO:

CTACACCTCAGTATCAGAGGGAACTCCAACTATAAG
GCAGTATCCTGCGACTTCAACAATGGCATAACCATC
CAATACAACTTGACATTCTCAGATCGACAAAGTGCT
CAGAGCCAGTGTAGAACCTTCAGAGGTAGAGTCCT
AGATATGTTTAGAACTGCCTTCGGGGGGAAATACAT
GAGGAGTGGCTGGGGCTGGACAGGCTCAGATGGCA
AGACCACCTGGTGTAGCCAGACGAGTTACCAATAC
CTGATTATACAAAATAGAACCTGGGAAAACCACTG
CACATATGCAGGTCCTTTTGGGATGTCCAGGATTCT
CCTTTCCCAAGAGAAGACTAAGTTCTTCACTAGGAG
ACTAGCGGGCACATTCACCTGGACTTTGTCAGACTC
TTCAGGGGTGGAGAATCCAGGTGGTTATTGCCTGAC
CAAATGGATGATTCTTGCTGCAGAGCTTAAGTGTTT
CGGGAACACAGCAGTTGCGAAATGCAATGTAAATC
ATGATGCCGAATTCTGTGACATGCTGCGACTAATTG

ACTACAACAAGGCTGCTTTGAGTAAGTTCAAAGAG
GACGTAGAATCTGCCTTGCACTTATTCAAAACAACA
GTGAATTCTTTGATTTCAGATCAACTACTGATGAGG
AACCACTTGAGAGATCTGATGGGGGTGCCATATTGC
AATTACTCAAAGTTTTGGTACCTAGAACATGCAAAG
ACCGGCGAAACTAGTGTCCCCAAGTGCTGGCTTGTC
ACCAATGGTTCTTACTTAAATGAGACCCACTTCAGT
GATCAAATCGAACAGGAAGCCGATAACATGATTAC
AGAGATGTTGAGGAAGGATTACATAAAGAGGCAGG
GGAGTACCCCCCTAGCATTGATGGACCTTCTGATGT
TTTCCACATCTGCATATCTAGTCAGCATCTTCCTGCA
CCTTGTCAAAATACCAACACACAGGCACATAAAAG
GTGGCTCATGTCCAAAGCCACACCGATTAACCAACA
AAGGAATTTGTAGTTGTGGTGCATTTAAGGTGCCTG
GTGTAAAAACCGTCTGGAAAAGACGCTGA

50 Envelope; FPV
ATGAACACTCAAATCCTGGTTTTCGCCCTTGTGGCA

GTCATCCCCACAAATGCAGACAAAATTTGTCTTGGA
CATCATGCTGTATCAAATGGCACCAAAGTAAACAC
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SEQ {Description Sequence
ID
NO:

ACTCACTGAGAGAGGAGTAGAAGTITGTCAATGCAA
CGGAAACAGTGGAGCGGACAAACATCCCCAAAATT
TGCTCAAAAGGGAAAAGAACCACTGATCTTGGCCA
ATGCGGACTGTTAGGGACCATTACCGGACCACCTCA
ATGCGACCAATTTCTAGAATTTTCAGCTGATCTAAT
AATCGAGAGACGAGAAGGAAATGATGTTTGTTACC
COGGGGAAGTTTGTTAATGAAGAGGCATTGCGACAA
ATCCTCAGAGGATCAGGTGGGATTGACAAAGAAAC
AATGGGATTCACATATAGTGGAATAAGGACCAACG
GAACAACTAGTGCATGTAGAAGATCAGGGTCTTCAT
TCTATGCAGAAATGGAGTGGCTCCTGTCAAATACAG
ACAATGCTGCTTTCCCACAAATGACAAAATCATACA
AAAACACAAGGAGAGAATCAGCTCTGATAGTCTGG
GGAATCCACCATTCAGGATCAACCACCGAACAGAC
CAAACTATATGGGAGTGGAAATAAACTGATAACAG

TCGGGAGTTCCAAATATCATCAATCTTTTGTGCCGA
GTCCAGGAACACGACCGCAGATAAATGGCCAGTCC
GGACGGATTGATTTTCATTGGTTGATCTTGGATCCC
AATGATACAGTTACTTTTAGTTTCAATGGGGCTTTC
ATAGCTCCAAATCGTGCCAGCTTCTTGAGGGGAAAG
TCCATGGGGATCCAGAGCGATGTGCAGGTTGATGCC
AATTGCGAAGGGGAATGCTACCACAGTGGAGGGAC
TATAACAAGCAGATTGCCTTTTCAAAACATCAATAG
CAGAGCAGTTGGCAAATGCCCAAGATATGTAAAAC
AGGAAAGTTTATTATTGGCAACTGGGATGAAGAAC
GTTCCCGAACCTTCCAAAAAAAGGAAAAAAAGAGG
CCTGITTGGCGCTATAGCAGGGTTTATTGAAAATGG
TTGGGAAGGTCTGGTCGACGGGTGGTACGGTTTCAG
GCATCAGAATGCACAAGGAGAAGGAACTGCAGCAG
ACTACAAAAGCACCCAATCGGCAATTGATCAGATA
ACCGGAAAGTTAAATAGACTCATTGAGAAAACCAA
CCAGCAATTTGAGCTAATAGATAATGAATTCACTGA
GGTGGAAAAGCAGATTGGCAATTTAATTAACTGGA
CCAAAGACTCCATCACAGAAGTATGGTCTTACAATG
CTGAACTTCTTGTGGCAATGGAAAACCAGCACACTA
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SEQ {Description Sequence
ID
NO:

TTGATTTGGCTGATTCAGAGATGAACAAGCTGTATG
AGCGAGTGAGGAAACAATTAAGGGAAAATGCTGAA
GAGGATGGCACTGGTTGCTTTGAAATTTTTCATAAA
TGTGACGATGATTGTATGGCTAGTATAAGGAACAAT
ACTTATGATCACAGCAAATACAGAGAAGAAGCGAT
GCAAAATAGAATACAAATTGACCCAGTCAAATTGA
GTAGTGGCTACAAAGATGTGATACTTTGGTTTAGCT
TCGGGGCATCATGCTTTITTGCTTCTTGCCATTGCAAT
GGGCCTTGTTTTCATATGTGTGAAGAACGGAAACAT
GCGGTGCACTATTTGTATATAA

51 Envelope; RRV
AGTGTAACAGAGCACTTTAATGTGTATAAGGCTACT

AGACCATACCTAGCACATTGCGCCGATTGCGGGGA
CGGGTACTTCTGCTATAGCCCAGTTGCTATCGAGGA

GATCCGAGATGAGGCGTCTGATGGCATGCTTAAGAT
CCAAGTCTCCGCCCAAATAGGTCTGGACAAGGCAG
GCACCCACGCCCACACGAAGCTCCGATATATGGCTG
GTCATGATGTTCAGGAATCTAAGAGAGATTCCTTGA
GGGTGTACACGTCCGCAGCGTGCTCCATACATGGGA
CGATGGGACACTTCATCGTCGCACACTGTCCACCAG
GCGACTACCTCAAGGTTTCGTTCGAGGACGCAGATT
CGCACGTGAAGGCATGTAAGGTCCAATACAAGCAC
AATCCATTGCCGGTGGGTAGAGAGAAGTTCGTGGTT
AGACCACACTTTGGCGTAGAGCTGCCATGCACCTCA
TACCAGCTGACAACGGCTCCCACCGACGAGGAGAT
TGACATGCATACACCGCCAGATATACCGGATCGCAC
CCTGCTATCACAGACGGCGGGCAACGTCAAAATAA
CAGCAGGCGGCAGGACTATCAGGTACAACTGTACC
TGCGGCCGTGACAACGTAGGCACTACCAGTACTGA
CAAGACCATCAACACATGCAAGATTGACCAATGCC
ATGCTGCCGTCACCAGCCATGACAAATGGCAATTTA
CCTCTCCATTTGTTCCCAGGGCTGATCAGACAGCTA
GGAAAGGCAAGGTACACGTTCCGTTCCCTCTGACTA
ACGTCACCTGCCGAGTGCCGTTGGCTCGAGCGCCGG
ATGCCACCTATGGTAAGAAGGAGGTGACCCTGAGA

TTACACCCAGATCATCCGACGCTCTTCTCCTATAGG
AGTTTAGGAGOCGAACCGOANCCGTACGAGGAATG
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SEQ
ID
NO:

Description

Sequence

LN AN Y NS A= SR g ey LY RN Y NN

GGTTGACAAGTTCTCTGAGCGCATCATCCCAGTGAC
GGAAGAAGGGATTGAGTACCAGTGGGGCAACAACC
CGCCGGTCTGCCTGTGGGCGCAACTGACGACCGAG
GGCAAACCCCATGGCTGGCCACATGAAATCATTCA
GTACTATTATGGACTATACCCCGCCGCCACTATTGC
CGCAGTATCCGGGGCGAGTICIGATGGCCCICCTAAC
TCTGGCGGCCACATGCTGCATGCTGGCCACCGCGAG
GAGAAAGTGCCTAACACCGTACGCCCTGACGCCAG
GAGCGGTGGTACCGTTGACACTGGGGCTGCTTTGCT
GCGCACCGAGGGCGAATGCA

52

Envelope; MLV
10A1

AGTGTAACAGAGCACTTTAATGTGTATAAGGCTACT
AGACCATACCTAGCACATTGCGCCGATTGCGGGGA
CGGGTACTTCTGCTATAGCCCAGTTGCTATCGAGGA
GATCCGAGATGAGGCGTCTGATGGCATGCTTAAGAT
CCAAGTCTCCGCCCAAATAGGTCTGGACAAGGCAG
GCACCCACGCCCACACGAAGCTCCGATATATGGCTG
GTCATGATGTTCAGGAATCTAAGAGAGATTCCTTGA
GGGTGTACACGTICCGCAGCGTGCTCCATACATGGGA
CGATGGGACACTTCATCGTCGCACACTGTCCACCAG
GCGACTACCTCAAGGTTTCGTTCGAGGACGCAGATT
CGCACGTGAAGGCATGTAAGGTCCAATACAAGCAC
AATCCATTGCCGGTGGGTAGAGAGAAGTTCGTGGTT
AGACCACACTTTGGCGTAGAGCTGCCATGCACCTCA
TACCAGCTGACAACGGCTCCCACCGACGAGGAGAT
TGACATGCATACACCGCCAGATATACCGGATCGCAC
CCTGCTATCACAGACGGCGGGCAACGTCAAAATAA
CAGCAGGCGGCAGGACTATCAGGTACAACTGTACC
TGCGGCCGTGACAACGTAGGCACTACCAGTACTGA
CAAGACCATCAACACATGCAAGATTGACCAATGCC
ATGCTGCCGTCACCAGCCATGACAAATGGCAATTTA
CCTICTCCATTTGTTCCCAGGGCTGATCAGACAGCTA
GGAAAGGCAAGGTACACGTTCCGTTCCCTCTGACTA
ACGTCACCTGCCGAGTGCCGTTGGCTCGAGCGCCGG
ATGCCACCTATGGTAAGAAGGAGGTGACCCTGAGA
TTACACCCAGATCATCCGACGCTCTTCTCCTATAGG
AGTTTAGGAGCCGAACCGCACCCGTACGAGGAATG
GGTTGACAAGTTCTCTGAGCGCATCATCCCAGTGAC
GGAAGAAGGGATTGAGTACCAGTGGGGCAACAACC
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SEQ {Description Sequence
ID
NO:

CGCCGGETCTGCCTGTGGGCGCAACTGACGACCGAG
GGCAAACCCCATGGCTGGCCACATGAAATCATTCA
GTACTATTATGGACTATACCCCGCCGCCACTATTGC
CGCAGTATCCGGGGCGAGTCTGATGGCCCTCCTAAC
TCTGGCGGCCACATGCTGCATGCTGGCCACCGCGAG

GAGAAAGTGCCTAACACCGTACGCCCTGACGCCAG
GAGCGGTGGTACCGTTGACACTGGGGCTGCTTTGCT
GCGCACCGAGGGCGAATGCA

53 Envelope; Ebola
ATGGGTGTTACAGGAATATTGCAGTTACCTCGTGAT

CGATTCAAGAGGACATCATTCTTTCTTTGGGTAATT
ATCCTTITCCAAAGAACATTTTCCATCCCACTTGGA
GTCATCCACAATAGCACATTACAGGTTAGTGATGTC
GACAAACTGGTTITGCCGTGACAAACTGTCATCCACA
AATCAATTGAGATCAGTTGGACTGAATCTCGAAGG
GAATGGAGTGGCAACTGACGTGCCATCTGCAACTA
AAAGATGGGGCTTCAGGTCCGGTGTCCCACCAAAG
GTGGTCAATTATGAAGCTGGTGAATGGGCTGAAAA
CTGCTACAATCTTGAAATCAAAAAACCTGACGGGA
GTGAGTGTCTACCAGCAGCGCCAGACGGGATTCGG
GGCTTCCCCCGGTGCCGGTATGTGCACAAAGTATCA
GGAACGGGACCGTGTGCCGGAGACTTTGCCTTCCAC
AAAGAGGGTGCTTTCTTCCTGTATGACCGACTTGCT
TCCACAGTTATCTACCGAGGAACGACTTTCGCTGAA
GGTGTCGTTGCATTICTGATACTGCCCCAAGCTAAG
AAGGACTTCTTCAGCTCACACCCCTTGAGAGAGCCG
GTCAATGCAACGGAGGACCCGTCTAGTGGCTACTAT
TCTACCACAATTAGATATCAAGCTACCGGTTTTGGA
ACCAATGAGACAGAGTATTTGTTCGAGGTTGACAAT
TTGACCTACGTCCAACTTGAATCAAGATTCACACCA
CAGTTTCTGCTCCAGCTGAATGAGACAATATATACA
AGTGGGAAAAGGAGCAATACCACGGGAAAACTAAT
TTGGAAGGTCAACCCCGAAATTGATACAACAATCG
GGGAGTGGGCCTTCTGGGAAACTAAAAAAACCTCA
CTAGAAAAATTCGCAGTGAAGAGTTGICTTTCACAG
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SEQ {Description Sequence
ID
NO:

CTGTATCAAACAGAGCCAAAAACATCAGTGGTCAG
AGTCCGGCGCGAACTTCTTCCGACCCAGGGACCAAC
ACAACAACTGAAGACCACAAAATCATGGCTTCAGA
AAATTCCTCTGCAATGGTTCAAGTGCACAGTCAAGG

AAGGGAAGCTGCAGTGTCGCATCTGACAACCCTTGC
CACAATCTCCACGAGTCCTCAACCCCCCACAACCAA
ACCAGGTCCGGACAACAGCACCCACAATACACCCG
TGTATAAACTTGACATCTCTGAGGCAACTCAAGTTG
AACAACATCACCGCAGAACAGACAACGACAGCACA
GCCTCCGACACTCCCCCCGCCACGACCGCAGCCGGA
CCCCTAAAAGCAGAGAACACCAACACGAGCAAGGG
TACCGACCTCCTGGACCCCGCCACCACAACAAGTCC
CCAAAACCACAGCGAGACCGCTGGCAACAACAACA
CTCATCACCAAGATACCGGAGAAGAGAGTGCCAGC
AGCGGGAAGCTAGGCTTAATTACCAATACTATTGCT
GGAGTCGCAGGACTGATCACAGGCGGGAGGAGAGC
TCGAAGAGAAGCAATTGTCAATGCTCAACCCAAAT
GCAACCCTAATTTACATTACTGGACTACTCAGGATG
AAGGTGCTGCAATCGGACTGGCCTGGATACCATATT
TCGGGCCAGCAGCCGAGGGAATTTACATAGAGGGG
CTGATGCACAATCAAGATGGTTTAATCTGTGGGTTG
AGACAGCTGGCCAACGAGACGACTCAAGCTCTTCA
ACTOGTTCCTGAGAGCCACAACCGAGCTACGCACCTT
TTCAATCCTCAACCGTAAGGCAATTGATTTCTTGCT
GCAGCGATGGGGCGGCACATGCCACATTTTGGGAC
CGGACTGCTGTATCGAACCACATGATTGGACCAAG
AACATAACAGACAAAATTGATCAGATTATTCATGAT
TTTGTTGATAAAACCCTTCCGGACCAGGGGGACAAT
GACAATTGGTGGACAGGATGGAGACAATGGATACC
GGCAGGTATTGGAGTTACAGGCGTTATAATTGCAGT
TATCGCTTTATTCTGTATATGCAAATTTGTCTTTTAG

54 Polymerase llI
shRNA promoters; { TTTCCCATGATTCCTTCATATTTGCATATACGATACA

U6 promoter AGGCTGTTAGAGAGATAATTGGAATTAATTIGACTG
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SEQ {Description Sequence
ID
NO:

TAAACACAAAGATATTAGTACAAAATACGTGACGT
AGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTA
AAATTATGTTTTAAAATGGACTATCATATGCTTACC
GTAACTTGAAAGTATITCGATTICTTGGCTTTATATA

TCTTGTGGAAAGGACGAAAC

55 Polymerase llI
shRNA promoters; CTGCAGTATTTAGCATGCCCCACCCATCTGCAAGGC

78K promoter ATTCTGGATAGTGTCAAAACAGCCGGAAATCAAGT
CCGTTTATCTCAAACTTTAGCATTTTGGGAATAAAT
GATATTTGCTATGCTGGTTAAATTAGATTTTAGTTA
AATTTCCTGCTGAAGCTCTAGTACGATAAGCAACTT
GACCTAAGTGTAAAGTTGAGATTTCCTTCAGGTTTA
TATAGCTTGTGCGCCGCCTGGCTACCTC

56 FDPS target GTCCTGGAGTACAATGCCATT
sequence #1

57 FDPS target GCAGGATTTCGTTCAGCACTT
sequence #2

58 FDPS target GCCATGTACATGGCAGGAATT
sequence #3

59 FDPS target GCAGAAGGAGGCTGAGAAAGT

sequence #4

60 Non-targeting
sequence GCCGCTTTGTAGGATAGAGCTCGAGCTCTATCCTAC

AAAGCGGCTTTTT

61 Forward primer AGGAATTGATGGCGAGAAGG

62 Reverse primer CCCAAAGAGGTCAAGGTAATCA

63 Forward primer AGCGCGGCTACAGCTTCA

64 Reverse primer GGCGACGTAGCACAGCTTCT

65 Left Inverted
Terminal Repeat CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGG

(Left ITR) CCGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCC
TCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGC
CAACTCCATCACTAGGGGTTCCT
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SEQ {Description Sequence
ID
NO:

66 Right Inverted
Terminal Repeat | GAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGC

(Right ITR) CACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGC
CGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTG
CCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGC
TGCCTGCAGG
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PATENTKRAV

1. Virusvektor, der omfatter mindst et kodet, genetisk element til anvendelse
I behandling af cancer eller en infektizs sygdom, hvor det mindst ene kodede,
genetiske element omfatter et lille RNA, der ved ekspression malrettes og reducerer
ekspressionsniveauer af farnesyldiphosphatesyntase (FDPS), hvor det lille RNA er

200 nukleotider eller mindre langt og har en deempnings- eller interferensfunktion.

2. Virusvektor til anvendelse ifglge krav 1, hvor det mindst ene kodede,

genetiske element omfatter et mikroRNA eller et shRNA.

3. Virusvektor til anvendelse ifglge krav 2, hvor shRNA’et omfatter en
sekvens med mindst 80 %, eller mindst 85 %, eller mindst 90 % eller mindst 95 %
procentidentitet med:

a.
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGG
ACTTTTT (SEQ ID NO: 1);

b.
GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCT
GCTTTTT (SEQ ID NO: 2);

C.

GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATG
GCTTTTT (SEQ ID NO: 3);

eller

d.
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCT
GCTTTTT (SEQ ID NO: 4);

fortrinsvis hvor shRNA’et omfatter:

a.
GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGG
ACTTTTT (SEQ ID NO: 1);
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b.

GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCT
GCTTTTT (SEQ ID NO: 2);

C.

GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATG
GCTTTTT (SEQ ID NO: 3);

eller

d.
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCT
GCTTTTT (SEQ ID NO: 4).

4. Virusvektor til anvendelse ifglge krav 2, hvor mikroRNA’et omfatter en
sekvens med mindst 80 %, eller mindst 85 %, eller mindst 90 % eller mindst 95 %

procentidentitet med:

a.

AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC
TGCGTGAAGCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCT
ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 5);

b.

AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC
TGCGTGAAGCCACAGATGGCAGAAGGGCTGAGAAAGTGCTGCCT

ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6),
C.

TGCTGTTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCC
ACAGATGGCAGAAGGAGGCTGAGAAAGTTGCCTACTGCCTCGGA
(SEQ ID NO: 7);

d.
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CCTGGAGGCTTGCTGAAGGCTGTATGCTGACTTTCTCAGCCTCCTTC
TGCTTTTGGCCACTGACTGAGCAGAAGGGCTGAGAAAGTCAGGACA
CAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);

e.

CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTCT
GCCTGTTGAATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTT
TGGTATCTTTCATCTGACCA (SEQ ID NO: 9);

eller

5 f

GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCTCAGCCTCCTT
CTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCCTC
CCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10),

fortrinsvis hvor mikroRNA’et omfatter:

a.

AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC
TGCGTGAAGCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCT
ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 5);

10
b.
AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC
TGCGTGAAGCCACAGATGGCAGAAGGGCTGAGAAAGTGCTGCCT
ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6),

C.

TGCTGTTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCC
ACAGATGGCAGAAGGAGGCTGAGA AAGTTGCCTACTGCCTCGGA
(SEQ ID NO: 7);

15 d.
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CCTGGAGGCTTGCTGAAGGCTGTATGCTGACTTTCTCAGCCTCCTTC
TGCTTTTGGCCACTGACTGAGCAGAAGGGCTGAGAAAGTCAGGACA
CAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);

e.

CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTCT
GCCTGTTGAATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTT
TGGTATCTTTCATCTGACCA (SEQ ID NO: 9);

eller

f.
GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCTCAGCCTCCTT

CTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCCTC
CCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10).

5. Virusvektor til anvendelse ifglge et hvilket som helst af kravene 1-4, hvor
virusvektoren er en lentiviral vektor; eller hvor virusvektoren er en adenoassocieret

virusvektor.

6. Virusvektor til anvendelse ifelge krav 1, og som endvidere omfatter et
andet kodet, genetisk element, hvor det andet genetiske element omfatter mindst ét

cytokin eller chemokin;

fortrinsvis hvor det mindst ene cytokin veelges fra gruppen bestdende af: IL-
18, TNF-a, interferon-y, IL-1, IL-2, IL-15, IL-17 og IL-12; eller fortrinsvis hvor det
mindst ene chemokin er et CC chemokin, et CXC chemokin, et CX3C chemokin,

eller et XC chemokin.

7. Lentiviral partikel, der kan inficere en celle, til anvendelse i behandling af
cancer eller en infektigs sygdom, hvor den lentivirale partikel omfatter et
kappeprotein, der er optimeret til infektion af en malcelle, og en lentivirusvektor

ifalge krav 5.

8. Lentiviral partikel til anvendelse ifelge krav 7, hvor kappeproteinet er
optimeret til infektion af en malcelle, og hvor malcellen er en cancercelle, eller hvor

malcellen er en celle, der er inficeret med en infekties sygdom.
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9. Fremgangsmade ex vivo til aktivering af én gamma delta T-celle, hvilken
fremgangsmade omfatter inficering, i tilstedeveaerelse af GD T-cellen, af en malcelle
med et virusindgivelsessystem, der koder for mindst ét genetisk element, hvor det
mindst ene kodede, genetiske element omfatter et lille RNA, der, nar det udtrykkes,
malrettes og reducerer ekspressionsniveauer af farnesyldiphosphatsyntase
(FDPS), hvor det lille RNA er 200 nukleotider eller mindre langt og har en
deempnings- eller interferensfunktion, og hvor, nar enzymet er haemmet i malcellen,

malcellen aktiverer GD T-cellen.

10. Virusindgivelsessystem, der koder for mindst ét genetisk element, hvor
det mindst ene kodede, genetiske element omfatter et lille RNA, der, nar det
udtrykkes, malrettes og reducerer ekspressionsniveauer af
farnesyldiphosphatsyntase (FDPS), hvor det lile RNA er 200 nukleotider eller
mindre langt og har en daempnings- eller interferensfunktion, til anvendelse i
aktivering af en GD T-celle hos et individ, hvor, i tilstedeveerelse af en GD T-celle,
nar malcellen hos individet inficeres med virusindgivelsessystemet, og enzymet er

haammet i malcellen, malcellen aktiverer GD T-cellen.

11. Virusindgivelsessystem, der koder for mindst ét genetisk element, hvor
det mindst ene kodede, genetiske element omfatter et lille RNA, der, nar det
udtrykkes, malrettes og reducerer ekspressionsniveauer af
farnesyldiphosphatsyntase (FDPS), hvor det lile RNA er 200 nukleotider eller
mindre langt og har en daempnings- eller interferensfunktion, til anvendelse i
behandling af cancer hos et individ, og hvor, nar enzymet er heemmet en cancercelle
i tilstedeveerelse af en GD T-celle, cancercellen aktiverer GD T-cellen for derved at

behandle canceren.

12. Fremgangsmade ifelge krav 9 eller virusindgivelsessystem til anvendelse
ifelge krav 10 eller 11, hvor det mindst ene kodede, genetiske element omfatter et
mikroRNA eller et shRNA: fortrinsvis hvor shRNA’et omfatter en sekvens med
mindst 80 %, eller mindst 85 %, eller mindst 90 %, eller mindst 95 % procentidentitet

med:

a.
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GTCCTGGAGTACAATGCCATTCTCGAGAATGGCATTGTACTCCAGG
ACTTTTT (SEQ ID NO: 1),
b.

GCAGGATTTCGTTCAGCACTTCTCGAGAAGTGCTGAACGAAATCCT
GCTTTTT (SEQ ID NO: 2);

C.

GCCATGTACATGGCAGGAATTCTCGAGAATTCCTGCCATGTACATG
GCTTTTT (SEQ ID NO: 3);

eller

d.
GCAGAAGGAGGCTGAGAAAGTCTCGAGACTTTCTCAGCCTCCTTCT
GCTTTTT (SEQ ID NO: 4);

fortrinsvis hvor mikroRNA’et omfatter en sekvens med mindst 80 %, eller mindst 85
%, eller mindst 90 % eller mindst 95 % procentidentitet med:
a.

AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC
TGCGTGAAGCCACAGATGGCAGAAGGAGGCTGAGAAAGTGCTGCCT
ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 5);

b.

AAGGTATATTGCTGTTGACAGTGAGCGACACTTTCTCAGCCTCCTTC
TGCGTGAAGCCACAGATGGCAGAAGGGCTGAGAAAGTGCTGCCT

ACTGCCTCGGACTTCAAGGGGCT (SEQ ID NO: 6),
C.

TGCTGTTGACAGTGAGCGACTTTCTCAGCCTCCTTCTGCGTGAAGCC
ACAGATGGCAGAAGGAGGCTGAGAAAGTTGCCTACTGCCTCGGA
(SEQ ID NO: 7);

d.
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CCTGGAGGCTTGCTGAAGGCTGTATGCTGACTTTCTCAGCCTCCTTC
TGCTTTTGGCCACTGACTGAGCAGAAGGGCTGAGAAAGTCAGGACA
CAAGGCCTGTTACTAGCACTCA (SEQ ID NO: 8);

e.
CATCTCCATGGCTGTACCACCTTGTCGGGACTTTCTCAGCCTCCTTCT
GCCTGTTGAATCTCATGGCAGAAGGAGGCGAGAAAGTCTGACATTT
TGGTATCTTTCATCTGACCA (SEQ ID NO: 9);

eller

f.

GGGCCTGGCTCGAGCAGGGGGCGAGGGATACTTTCTCAGCCTCCTT
CTGCTGGTCCCCTCCCCGCAGAAGGAGGCTGAGAAAGTCCTTCCCTC
CCAATGACCGCGTCTTCGTCG (SEQ ID NO: 10).

13. Virusindgivelsessystem til anvendelse ifalge krav 10 eller 11, og som
endvidere omfatter administration til individet af en terapeutisk virksom maengde af
et aminobisphosphonatleegemiddel; fortrinsvis hvor

aminobisphosphonatlezegemidlet er zoledronsyre.
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