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CD25 PRE-SELECTIVE COMBINATION ANTI-HIV VECTORS,
TARGETING VECTORS, AND
METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No.: 61/681,586, filed August 9, 2012, the content of which is incorporated by

reference into the present application in its entirety.
STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support under Grant No. TR 000002
awarded by the National Center for Advancing Translational Sciences, National Institutes of

Health. The government has certain rights in this invention.
BACKGROUND

[0003] Throughout this disclosure, various publications, patents and published patent
specifications are referenced by an identifying citation and in some aspects, the complete
bibliographic of the citation is found in the section immediately preceding the claims. The
disclosures of these publications, patents and published patent specifications are hereby
incorporated by reference into the present disclosure to more fully describe the state of the art to

which this invention pertains.

[0004] HIV infections continue to spread worldwide in both developed and underdeveloped
countries with no effective vaccine available (Barouch et al., 2008; Edgeworth et al., 2002).
Although antiretroviral therapy (ART) is effective in the majority of HIV infected patients,
challenges to therapeutic and curative success include the continuing emergence of drug-resistant
HIV variants, drug toxicity, and incomplete viral suppression (Baldanti et al., 2010; Domingo et
al., 2012; Johnson et al., 2010; Kuritzkes, 2011; Lewden et al., 2007; Macias ct al., 2006; Tilton

et al., 2010). ART also fails to eradicate viral reservoirs which are established early in infection,

-1-



WO 2014/026053 PCT/US2013/054217

leading to viral persistence and incomplete immune restoration (Gazzola et al., 2009; Mehandru
et al., 2006). Interruption of ART results in rapid viral resurgence, the generation of escape
mutants, and CD4+ T cell loss in the peripheral blood of HIV infected patients (Graham et al.,
2012; Kalmar et al., 2012).

[0005] These challenges highlight the need for the further development of innovative HIV
therapies with broad mechanisms of action. This invention satisfies this need and provides

related advantages as well.
SUMMARY

[0006] HIV-1 gene therapy offers a promising alternative to small molecule antiretroviral
treatments and current vaccination strategies by transferring, into HIV-1 susceptible cells, the
genetic ability to resist infection. The need for novel and innovative strategies to prevent and
treat HIV-1 infection is critical due to devastating effects of the virus in developing countries,
high cost, toxicity, and generation of escape mutants from antiretroviral therapies and the failure
of past and current vaccination efforts. Described herein are DNA vectors, viral packaging
systems, and methods useful for HIV stem cell gene therapy with an enriched population of HIV-
resistant cells compared to unpurified cells. This was achieved by a triple combination anti-HIV
vector which incorporates a selectable marker, e.g., human CD25, which is expressed on the
surface of transduced cells. Human CD25, the low affinity IL-2 receptor alpha subunit, is an
example of a selectable marker and is useful because of its normal characteristics of not being
expressed on the surface of HPCs or HSCs and its lack of intracellular signaling (Grant et al.,
1992; Kuziel et al., 1990; Minami et al., 1993). Upon expressing CD25 on the surface of HPCs
and purification of the transduced cells, safety of the enriched population of anti-HIV vector
transduced HPCs was observed along with potent HIV-1 inhibition. This demonstrates the use
of this strategy for HIV stem cell gene therapy to improve the efficacy of future HIV stem cell

gene therapy clinical trials.

[0007] Thus, this invention provides a vector comprising, or alternatively consisting essentially

of, or yet further consisting of: a vector backbone comprising or alternatively consisting
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essentially of, or yet further consisting of essential sequences for integration of exongenous
genes into a target cell’s genome; a nucleic acid encoding a CCRS5 RNAI that, in one aspect,
inhibits integration of a human immunodeficiency virus (HIV) into a mammalian cell; a first
expression control element that regulates expression of the nucleic acid encoding the CCR5
RNAIi element and operatively linked to the CCRS RNAI element; a nucleic acid encoding at
least the extracellular domain of CD25 or an equivalent thereof; and a second expression control
clement that regulates expression of the nucleic acid encoding at least the extracellular domain of
CD25 or an equivalent thereof and operatively linked to it. In a further aspect, the vector also

contains a nucleic acid encoding a TRIM5alpha sequence and an HIV TAR sequence.

[0008] The invention also provides a vector as described above, wherein the backbone is
derived from a virus; and a packaging plasmid which contains the nucleoside, capsid and matrix
proteins. In a further aspect, the invention further comprise an envelope plasmid and in a further

aspect, a packaging cell line is provided.

[0009] Also provided are pseudotyped viral particles that are optionally conjugated to cell-
specific targeting antibodies. The particles optionally can be conjugated to cells. This invention
also provides a cell or an enriched population of HIV-resistant cells, wherein the cell(s)
expresses CD25 extracellular domain on the surface of the cell and comprise an HIV CCRS5
RNAI element. In one aspect, the cell(s) further comprises a TRIMS5alpha and/or an HIV TAR
polynucleotide(s). In one aspect the cell is a stem cell such as a hematopoietc progenitor cell

(HPC) or a hematopoietic stem cell (HSC).

[0010] The vectors, particles and cells are useful to inhibit, ex vivo and in vivo, the replication
of HIV in a cell system, such as a cell culture, or in a subject in need thereof by administering an
effective amount of the vector, the particle, the cell, the enriched population of cells, or the cell
conjugated to the partice. In one aspect, the methods not only inhibit HIV replication but also
prevent replication in a subject infected with the virus. Specific details of the various

embodiments of this invention are provided herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGS. 1A-1C depict pre-selective lentiviral vectors and purification of transduced
HPCs. FIG. 1A: A self-inactivating third generation lentiviral vector, CCLc-MNDU3-X-PGK-
X2, was utilized to derive the pre-selective vectors. The control EGFP+ vector contains an
EGFP reporter gene under the control of the MNDU3 promoter and a human CD25 gene under
the control of the PGK promoter. The CMAPI anti-HIV vector contains a triple combination of
anti-HIV genes, a human/rhesus macaque chimeric TRIMS5a under the control of the MNDU3
promoter, a pol-III U6 promoter driven CCR5 shRNA, a pol-III U6 promoter driven TAR decoy,
and a human CD25 gene under the control of the PGK promoter. FIG. 1B: CD34+ HPCs were
transduced with the control EGFP+ pre-selective vector, purified by CD25 immunomagnetic
beads, and analyzed by flow cytometry for EGFP and CD25 expression. FIG. 1C: CD34+
HPCs were transduced with the anti-HIV CMAP1 vector, purified by CD25 immunomagnetic
beads, and analyzed by QPCR for vector copy number. All experiments were performed in

triplicate.

[0012] FIG. 2A-2C show the safety analysis of purified CMAP1 transduced HPCs. FIG. 2A:
HPCs, either nontransduced (NT) or purified CMAP1 vector transduced, were cultured in semi-
solid methylcellulose medium for 10 days and CFUs (blood forming colonies (BFU),
granulocyte/erythrocyte/megakaryocyte/monocyte colonies (GEMM), and granulocyte/monocyte
colonies (GM)) were visualized by microscopy under 10x magnification. FIG. 2B: Total BFU,
GM, and GEMM colonies were counted on day 10 for the NT and purified CMAP1 cultures.
FIG. 2C: Total cells were counted in HPC methylcellulose NT and purified CMAP1 vector
transduced cultures in the absence or presence of IL-2. All experiments were performed in

triplicate. Representative cell pictures are displayed.

[0013] FIGS. 3A and B depict the derivation of phenotypically normal macrophages. FIG.
3A: Macrophages derived from the nontransduced (NT) and purified CMAP1 HPC cultures were
visualized by microscopy under 10x magnification. FIG. 3B: The NT (unshaded) and purified
CMAP1 (shaded) macrophages were analyzed by flow cytometry for the cell surface markers
CD14, HLADR, CD4, CD80, and CCRS5. FIG. 3C: Macrophages, NT, unpurified CMAPI

-4 -
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transduced, and purified CMAP1 transduced, were also analyzed by flow cytometry for the
expression of CD25. All experiments were performed in triplicate. Representative cell pictures

and flow cytometry histogram overlays are displayed.

[0014] FIG. 4 shows the expression of proto-oncogenes in purified CMAP1 macrophages.
Cell cultures containing either peripheral blood mononuclear cells (PBMCs), nontransduced
(NT) HPC derived macrophages, or purified CMAP1 vector transduced HPC derived
macrophages were evaluated by QPCR for their expression of the proto-oncogenes myc, myb,
fos, and jun in the presence of IL-2. Experiments were performed in triplicate. Statistical

significance (p<0.05) is represented by an asterisk.

[0015] FIGS. 5A and B depict HIV-1 challenge of CMAP1 HPC derived macrophages. FIG.
S5A: HPC derived macrophages, cither nontransduced (NT) (¢), unpurified CMAP1 transduced
(CMAP1-UP) (m), or purified CMAP1 (CMAPI1-P) (A) transduced, were challenged with an
R5-tropic BaL-1 strain of HIV-1 at an MOI of 0.05. On various days post-infection, culture
supernatants were analyzed for HIV-1 replication by p24 ELISA. FIG. 5B: On day 28 post-
infection infected cultures were visualized by microscopy under 10x magnification. All

experiments were performed in triplicate. Representative cell pictures are displayed.

[0016] FIG. 6 shows the nucleotide sequence of the full CD25 pre-selective anti-HIV lentiviral
vector backbone (9897 base pairs). The sequence is annotated as follows: 1) the underline
portion is human/rhesus macaque TRIMSalpha; 2) the italic portion is the 2A protease sequence;
3) the double underline protein is full CD25 sequence; 4) the black background/white type
portion is the CCR5 shRNA; and 5) the shaded portion is TAR decoy sequence. This nucleotide
sequence represends SEQ ID NO: 1.

[0017] FIG. 7 shows the nucleotide sequence of the partial truncated CD25 pre-selective anti-
HIV lentiviral vector backbone (9870 base pairs). The sequence is annotated as follows: 1) the
underline portion is human/rhesus macaque TRIMSalpha sequence; 2) the italic portion is the2A

protease sequence; 3) the double underline portion is partial truncated CD25 sequence; 4) the
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black background/white type portion is the CCRS shRNA; and 5) the shaded portion is TAR
decoy sequence. This nucleotide sequence represends SEQ ID NO: 2.

[0018] FIG. 8 shows the nucleotide sequence of the truncated CD25 pre-selective anti-HIV
lentiviral vector backbone (9858 base pairs). The sequence is annotated as follows: 1) the
underline portion is human/rhesus macaque TRIMSalpha sequence; 2) the italic portion is the 2A
protease sequence; 3) the double underline portion is truncated CD25 sequence; 4) the black
background/white type portion is the CCRS5 shRNA sequence; and 5) the shaded portion is TAR
decoy sequence. This nucleotide sequence represends SEQ ID NO: 3.

[0019] FIG. 9 depicts a vector map of a CD25-pre-selective-anti-HIV lentiviral vector that was
constructed by the method of Example 11.

[0020] FIG. 10 depicts SEQ ID NO: 21 which is the sequence of the control vector with EGFP
from Figure 1A: CCLc-MNDU3-EGFP-PGK-CD25. The MNDU3 promoter is double
underlined and shaded. EGFP is underlined, the PGK promoter is shaded grey, and the full CD25
sequence is in double underline. The 5 and 3’ ends of the viral backbone are highlighted and

underlined with a broken line.

[0021] FIG. 11 depicts SEQ ID NO: 22 which is the sequence of the vector from Figure 1A:
CCle-MNDU3-antiHIV-PGK-fullCD25. Human/rhesus macaque TRIM5alpha is underlined.
CCRS5 shRNA is in italics. TAR decoy is shaded grey. The PGK promoter is double underlined.
The full CD25 sequence is shown with white letters on a black background.

Brief Description of Selected Sequence Listings

[0022] SEQ ID NO: 1 is the nucleotide sequence of the full CD25 pre-selective anti-HIV
lentiviral vector backbone (9897 base pairs). The sequence is annotated as follows: 1) the
underline portion is human/rhesus macaque TRIMSalpha sequence; 2) the italic portion is the 2A
protease sequence; 3) the double underline portion is full CD25 sequence; 4) the black
background/white type portion is the CCRS5 shRNA sequence; and 5) the shaded portion is TAR

decoy sequence.
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[0023] SEQ ID NO: 2 is the nucleotide sequence of the partial truncated CD25 pre-selective
anti-HIV lentiviral vector backbone (9870 base pairs). The sequence is annotated as follows: 1)
the underline portion is human/rhesus macaque TRIMSalpha sequence; 2) the italic portion is
the2 A protease sequence; 3) the double underline portion is partial truncated CD25 sequence; 4)
the black background/white type portion is the CCRS5 shRNA; and 5) the shaded portion is TAR

decoy sequence.

[0024] SEQ ID NO: 3 is the nucleotide sequence of the truncated CD25 pre-selective anti-HIV
lentiviral vector backbone (9858 base pairs). The sequence is annotated as follows: 1) the
underline portion is human/rhesus macaque TRIMSalpha sequence; 2) the italic portion is the 2A
protease sequence; 3) the double underline portion is the truncated CD25 sequence; 4) the black
background/white type portion is the CCRS5 shRNA; and 5) the shaded portion is TAR decoy

sequence.
[0025] SEQ ID NO: 4 is the nucleotide sequence of the full length CD25.
[0026] SEQ ID NO: 5 is the nucleotide sequence of the partial truncated CD25.
[0027] SEQ ID NO: 6 is the nucleotide sequence of the truncated CD25.

[0028] Alternative CCR5 RNAI for use in this invention are shown in SEQ ID NOS: 7-10, as
well as a full length coding sequence for Human G-Protein Chemokine Receptor (CCR5), SEQ
ID NO: 11 that is reproduced from GenBank Accession No. DM068065, last accessed on April
29, 2009.

[0029] SEQ ID NOS: 12-14 are additional TAR sequences for use in this invention.

[0030] SEQ ID NO: 15 is the sequence of a packaging plasmid sequence for use in this

invention.

[0031] SEQ ID NO: 16 is an embodiment of polynucleotides encoding the pSINDBIS-ZZ
envelope plasmid and transcribed by the polymerase-I1 CMV promoter into one messenger

RNA. The pSINDBIS-ZZ plasmid comprises the E3 gene (SEQ ID NO: 17), the E2 gene (SEQ
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ID NO: 18) (the ZZ domain is between nucleotides 220 and 597), the 6K gene (SEQ ID NO: 19)
and the E1 gene (SEQ ID NO: 20).

[0032] SEQ ID NO: 21 shows the sequence of the control vector with EGFP from Figure 1A:
CCLc-MNDU3-EGFP-PGK-CD25, also shown in Figure 10. In Figure 10, the MNDU3
promoter is double underlined and shaded. EGFP is underlined, the PGK promoter is shaded
grey, and the full CD25 sequence is in double underline. The 5° and 3’ ends of the viral
backbone are highlighted and underlined with a broken line.

[0033] SEQ ID NO: 22 shows the sequence of the vector from Figure 1A: CClc-MNDU3-
antiHIV-PGK-fullCD25. Human/rhesus macaque TRIMS5alpha is underlined. CCRS5 shRNA is
in italics. TAR decoy is shaded grey. The PGK promoter is double underlined. The full length
CD25 is shown with white letters on a black background.

[0034] SEQ ID NO: 23 is an example of a CCR5 shRNA.

[0035] SEQ ID NO: 24 is an example of a human TRIMS5alpha 11-aa patch. SEQ ID NO: 25

shows an example of a rhesus macaque TRIMS5alpha 13-aa patch.

[0036] SEQ ID NO: 26 is a polynucleotide encoding an example of a human/rhesus macaque
chimeric TRIM5alpha sequence. The first six nucleotides are the Kozak sequence followed by
the ATG start codon. The nucleotides correspond to the rhesus macaque 13 amino acids inserted
into the human TRIMS5alpha sequence to make the chimeric protein (994-1032). The last 39
nucleotides at the end of the sequence (1492-1530) correspond to a hemmaglutinin tag which
was put on the end of the protein coding sequence for detection of expression. These 39

nucleotides are followed by the TGA stop codon.

[0037] SEQ ID NO: 27 is an HIV TAR decoy sequence for use in the embodiments of this
invention. The polymeraselll U6 promoter is shown as nucleotides 1-283 followed by the TAR
decoy sequence (284-415). The TAR decoy sequence is followed by a string of 6 thymidines

which is the "transcriptional stop signal” for the U6 promoter.
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[0038] SEQ ID NOS: 28-29 show examples of quantitative PCR (QPCR) primers sequences
for the TRIM5a gene.

[0039] SEQ ID NOS: 30-31 show examples of quantitative PCR (QPCR) primers sequences

for the myc gene.

[0040] SEQ ID NOS: 32-33 show examples of quantitative PCR (QPCR) primers sequences
for the myb gene.

[0041] SEQ ID NOS: 34-35 show examples of quantitative PCR (QPCR) primers sequences

for the fos gene.

[0042] SEQ ID NOS: 36-37 show examples of quantitative PCR (QPCR) primers sequences

for the jun gene.

[0043] SEQ ID NO: 38 shows the nucleotide sequence of an equivalent truncated human CD25
nucleic acid. The nucleotide sequence has 80% or more sequence identity to SEQ ID NO: 6 or
alternatively, it hybridizes under conditions of high stringency to the complement of SEQ ID
NO: 6. Mutations in the sequence as compared to SEQ ID NO: 6 are underlined and in

lowercase.
MODES FOR CARRYING OUT THE INVENTION
Definitions

[0044] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, the preferred methods, devices, and
materials are now described. All technical and patent publications cited herein are incorporated
herein by reference in their entirety. Nothing herein is to be construed as an admission that the

invention is not entitled to antedate such disclosure by virtue of prior invention.
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[0045] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of tissue culture, immunology, molecular biology, microbiology, cell
biology and recombinant DNA, which are within the skill of the art. See, e.g., Sambrook and
Russell eds. (2001) Molecular Cloning: A Laboratory Manual, 3™ edition; the series Ausubel et
al. eds. (2007) Current Protocols in Molecular Biology; the series Methods in Enzymology
(Academic Press, Inc., N.Y.); MacPherson et al. (1991) PCR 1: A Practical Approach (IRL Press
at Oxford University Press); MacPherson et al. (1995) PCR 2: A Practical Approach; Harlow and
Lane eds. (1999) Antibodies, A Laboratory Manual; Freshney (2005) Culture of Animal Cells:
A Manual of Basic Techique, 5™ edition; Gait ed. (1984) Oligonucleotide Synthesis; U.S. Patent
No. 4,683,195; Hames and Higgins eds. (1984) Nucleic Acid Hybridization; Anderson (1999)
Nucleic Acid Hybridization, Hames and Higgins eds. (1984) Transcription and Translation;
Immobilized Cells and Enzymes (IRL Press (1986)); Perbal (1984) A Practical Guide to
Molecular Cloning; Miller and Calos eds. (1987) Gene Transfer Vectors for Mammalian Cells
(Cold Spring Harbor Laboratory); Makrides ed. (2003) Gene Transfer and Expression in
Mammalian Cells; Mayer and Walker eds. (1987) Immunochemical Methods in Cell and
Molecular Biology (Academic Press, London); Herzenberg et al. eds (1996) Weir’s Handbook of
Experimental Immunology; Manipulating the Mouse Embryo: A Laboratory Manual, 3™ edition
(Cold Spring Harbor Laboratory Press (2002)); Sohail (ed.) (2004) Gene Silencing by RNA
Interference: Technology and Application (CRC Press).

[0046] All numerical designations, ¢.g., pH, temperature, time, concentration, and molecular
weight, including ranges, are approximations which are varied ( + ) or ( - ) by increments of 0.1
or 1.0, where appropriate. It is to be understood, although not always explicitly stated that all
numerical designations are preceded by the term “about.” 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.

Ce, 9% ¢
a

[0047] Asused in the specification and claims, the singular form “a”, “an” and “the” include
plural references unless the context clearly dictates otherwise. For example, the term “a cell”

includes a plurality of cells, including mixtures thereof.
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[0048] As used herein, the term “comprising” or “comprises” 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 combination for the stated purpose. Thus, a
composition consisting essentially of the elements as defined herein would not exclude trace
contaminants from the isolation and purification method and pharmaceutically acceptable
carriers, such as phosphate buffered saline, preservatives and the like. “Consisting of” shall
mean excluding more than trace elements of other ingredients and substantial method steps for
administering the compositions of this invention or process steps to produce a composition or
achieve an intended result. Embodiments defined by each of these transition terms are within the

scope of this invention.

[0049] The term “isolated” as used herein with respect to nucleic acids, such as DNA or RNA,
refers to molecules separated from other DNAs or RNAs, respectively that are present in the
natural source of the macromolecule. The term “isolated nucleic acid” is meant to include
nucleic acid fragments which are not naturally occurring as fragments and would not be found in
the natural state. The term “isolated” is also used herein to refer to polypeptides, proteins and/or
host cells that are isolated from other cellular proteins and is meant to encompass both purified
and recombinant polypeptides. In other embodiments, the term “isolated” means separated from
constituents, cellular and otherwise, in which the cell, tissue, polynucleotide, peptide,
polypeptide, protein, antibody or fragment(s) thereof, which are normally associated in nature.
For example, an isolated cell is a cell that is separated form tissue or cells of dissimilar
phenotype or genotype. As is apparent to those of skill in the art, a non-naturally occurring
polynucleotide, peptide, polypeptide, protein, antibody or fragment(s) thereof, does not require

“isolation” to distinguish it from its naturally occurring counterpart.

[0050] As is known to those of skill in the art, there are 6 classes of viruses. The DNA viruses
constitute classes I and II. The RNA viruses and retroviruses make up the remaining classes.
Class III viruses have a double-stranded RNA genome. Class IV viruses have a positive single-

stranded RNA genome, the genome itself acting as mRNA Class V viruses have a negative

-11 -
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single-stranded RNA genome used as a template for mRNA synthesis. Class VI viruses have a
positive single- stranded RNA genome but with a DNA intermediate not only in replication but
also in mRNA synthesis. Retroviruses carry their genetic information in the form of RNA;
however, once the virus infects a cell, the RNA is reverse-transcribed into the DNA form which
integrates into the genomic DNA of the infected cell. The integrated DNA form is called a

provirus.

EE TS

[0051] The terms “polynucleotide”, “nucleic acid” and “oligonucleotide” are used
interchangeably and refer to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides or analogs thereof. Polynucleotides can have any
three-dimensional structure and may perform any function, known or unknown. The following
are non-limiting examples of polynucleotides: a gene or gene fragment (for example, a probe,
primer, EST or SAGE tag), exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal
RNA, ribozymes, cDNA, recombinant polynucleotides, branched polynucleotides, plasmids,
vectors, isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid probes and
primers. A polynucleotide can comprise modified nucleotides, such as methylated nucleotides
and nucleotide analogs. If present, modifications to the nucleotide structure can be imparted
before or after assembly of the polynucleotide. The sequence of nucleotides can be interrupted
by non-nucleotide components. A polynucleotide can be further modified after polymerization,
such as by conjugation with a labeling component. The term also refers to both double- and
single-stranded molecules. Unless otherwise specified or required, any embodiment of this
invention that is a polynucleotide encompasses both the double-stranded form and each of two

complementary single-stranded forms known or predicted to make up the double-stranded form.

[0052] A polynucleotide is composed of a specific sequence of four nucleotide bases: adenine
(A); cytosine (C); guanine (G); thymine (T); and uracil (U) for thymine when the polynucleotide
18 RNA. Thus, the term “polynucleotide sequence” is the alphabetical representation of a
polynucleotide molecule. This alphabetical representation can be input into databases in a
computer having a central processing unit and used for bioinformatics applications such as

functional genomics and homology searching.
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[0053] “Homology” or “identity” or “similarity” refers to sequence similarity between two
peptides or between two nucleic acid molecules. Homology can be determined by comparing a
position in each sequence which may be aligned for purposes of comparison. When a position in
the compared sequence is occupied by the same base or amino acid, then the molecules are
homologous at that position. A degree of homology between sequences is a function of the
number of matching or homologous positions shared by the sequences. An “unrelated” or “non-
homologous” sequence shares less than 40% identity, or alternatively less than 25% identity,

with one of the sequences of the present invention.

[0054] A polynucleotide or polynucleotide region (or a polypeptide or polypeptide region) has
a certain percentage (for example, 70%, 75%, 80%, 85%, 90%, 95%., 98% or 99%) of “‘sequence
identity” to another sequence means that, when aligned, that percentage of bases (or amino acids)
are the same in comparing the two sequences. This alignment and the percent homology or
sequence identity can be determined using software programs known in the art, for example
those described in Ausubel et al. eds. (2007) Current Protocols in Molecular Biology.
Preferably, default parameters are used for alignment. One alignment program is BLAST, using
default parameters. In particular, programs are BLASTN and BLASTP, using the following
default parameters: Genetic code = standard; filter = none; strand = both; cutoff = 60; expect =
10; Matrix = BLOSUM®62; Descriptions = 50 sequences; sort by = HIGH SCORE; Databases =
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS translations + SwissProtein
+ SPupdate + PIR. Details of these programs can be found at the following Internet address:
http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST.

[0055] An equivalent nucleic acid, polynucleotide or oligonucleotide is one having at least 80
% sequence identity, or alternatively at least 85 % sequence identity, or alternatively at least 90
% sequence identity, or alternatively at least 92 % sequence identity, or alternatively at least 95
% sequence identity, or alternatively at least 97 % sequence identity, or alternatively at least 98
% sequence identity to the reference nucleic acid, polynucleotide, or oligonucleotide, or
alternatively an equivalent nucleic acid hybridizes under conditions of high stringency to a

reference polynucleotide or its complement.
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[0056] An equivalent polypeptide or protein is one having at least 80 % sequence identity, or
alternatively at least 85 % sequence identity, or alternatively at least 90 % sequence identity, or
alternatively at least 92 % sequence identity, or alternatively at least 95 % sequence identity, or
alternatively at least 97 % sequence identity, or alternatively at least 98 % sequence identity to

the reference polypeptide or protein, or alternatively an equivalent polypeptide or protein is one
encoded by nucleic acid that hybridizes under conditions of high stringency to a polynucleotide

or its complement that encodes the reference polypeptide or protein.

[0057] The expression “amplification of polynucleotides” includes methods such as PCR,
ligation amplification (or ligase chain reaction, LCR) and amplification methods. These methods
are known and widely practiced in the art. See, ¢.g., U.S. Pat. Nos. 4,683,195 and 4,683,202 and
Innis et al., 1990 (for PCR); and Wu et al. (1989) Genomics 4:560-569 (for LCR). In general,
the PCR procedure describes a method of gene amplification which is comprised of (i) sequence-
specific hybridization of primers to specific genes within a DNA sample (or library), (ii)
subsequent amplification involving multiple rounds of annealing, elongation, and denaturation
using a DNA polymerase, and (iii) screening the PCR products for a band of the correct size.

The primers used are oligonucleotides of sufficient length and appropriate sequence to provide
initiation of polymerization, i.e. each primer is specifically designed to be complementary to

each strand of the genomic locus to be amplified.

[0058] Reagents and hardware for conducting PCR are commercially available. Primers useful
to amplify sequences from a particular gene region are preferably complementary to, and
hybridize specifically to sequences in the target region or its flanking regions. Nucleic acid
sequences generated by amplification may be sequenced directly. Alternatively the amplified
sequence(s) may be cloned prior to sequence analysis. A method for the direct cloning and

sequence analysis of enzymatically amplified genomic segments is known in the art.

[0059] A “gene” refers to a polynucleotide containing at least one open reading frame (ORF)
that is capable of encoding a particular polypeptide or protein after being transcribed and

translated.
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[0060] The term “express” refers to the production of a gene product.

[0061] As used herein, “expression” 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. If the polynucleotide is derived from

genomic DNA, expression may include splicing of the mRNA in a cukaryotic cell.

[0062] A “gene product” or alternatively a “gene expression product” refers to the amino acid

(e.g., peptide or polypeptide) generated when a gene is transcribed and translated.

[0063] “Under transcriptional control” is a term well understood in the art and indicates that
transcription of a polynucleotide sequence, usually a DNA sequence, depends on its being
operatively linked to an element which contributes to the initiation of, or promotes, transcription.
“Operatively linked” intends the polynucleotides are arranged in a manner that allows them to
function in a cell. In one aspect, this invention provides promoters operatively linked to the

downstream sequences, ¢.g., HIV TAR, CCRS5, siRNA and TRIM5alpha.

[0064] The term “encode” as it is applied to polynucleotides refers to a polynucleotide which is
said to “encode” a polypeptide if, in its native state or when manipulated by methods well known
to those skilled in the art, it can be transcribed and/or translated to produce the mRNA for the

polypeptide and/or a fragment thereof. The antisense strand is the complement of such a nucleic

acid, and the encoding sequence can be deduced therefrom.

[0065] A “probe” when used in the context of polynucleotide manipulation refers to an
oligonucleotide that is provided as a reagent to detect a target potentially present in a sample of
interest by hybridizing with the target. Usually, a probe will comprise a detectable label or a
means by which a label can be attached, either before or subsequent to the hybridization reaction.
Alternatively, a “probe” can be a biological compound such as a polypeptide, antibody, or
fragments thereof that is capable of binding to the target potentially present in a sample of

interest.
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[0066] “Detectable labels” or “markers” include, but are not limited to radioisotopes,
fluorochromes, chemiluminescent compounds, dyes, and proteins, including enzymes.
Detectable labels can also be attached to a polynucleotide, polypeptide, antibody or composition

described herein.

[0067] A “primer” is a short polynucleotide, generally with a free 3’ -OH group that binds to a
target or “template” potentially present in a sample of interest by hybridizing with the target, and
thereafter promoting polymerization of a polynucleotide complementary to the target. A
“polymerase chain reaction” (“PCR”) is a reaction in which replicate copies are made of a target
polynucleotide using a “pair of primers” or a “set of primers” consisting of an “upstream” and a
“downstream” primer, and a catalyst of polymerization, such as a DNA polymerase, and
typically a thermally-stable polymerase enzyme. Methods for PCR are well known in the art,
and taught, for example in MacPherson et al. (1991) PCR 1: A Practical Approach (IRL Press at
Oxford University Press). All processes of producing replicate copies of a polynucleotide, such
as PCR or gene cloning, are collectively referred to herein as “replication.” A primer can also be
used as a probe in hybridization reactions, such as Southern or Northern blot analyses.

Sambrook and Russell (2001), infra.

[0068] “Hybridization” refers to a reaction in which one or more polynucleotides react to form
a complex that is stabilized via hydrogen bonding between the bases of the nucleotide residues.
The hydrogen bonding may occur by Watson-Crick base pairing, Hoogstein binding, or in any
other sequence-specific manner. The complex may comprise two strands forming a duplex
structure, three or more strands forming a multi-stranded complex, a single self-hybridizing
strand, or any combination of these. A hybridization reaction may constitute a step in a more
extensive process, such as the initiation of a PCR reaction, or the enzymatic cleavage of a

polynucleotide by a ribozyme.

[0069] Hybridization reactions can be performed under conditions of different “stringency”. In
general, a low stringency hybridization reaction is carried out at about 40 °C in 10 x SSC or a
solution of equivalent ionic strength/temperature. A moderate stringency hybridization is

typically performed at about 50 °C in 6 x SSC, and a high stringency hybridization reaction is
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generally performed at about 60 °C in 1 x SSC. Hybridization reactions can also be performed
under “physiological conditions” which is well known to one of skill in the art. A non-limiting
example of a physiological condition is the temperature, ionic strength, pH and concentration of

Mg*" normally found in a cell.

[0070] When hybridization occurs in an antiparallel configuration between two single-stranded
polynucleotides, the reaction is called “annealing” and those polynucleotides are described as
“complementary”. A double-stranded polynucleotide can be “complementary” or “homologous”
to another polynucleotide, if hybridization can occur between one of the strands of the first
polynucleotide and the second. “Complementarity” or “homology” (the degree that one
polynucleotide is complementary with another) is quantifiable in terms of the proportion of bases
in opposing strands that are expected to form hydrogen bonding with each other, according to

generally accepted base-pairing rules.

[0071] The term “propagate” means to grow a cell or population of cells. The term “growing”
also refers to the proliferation of cells in the presence of supporting media, nutrients, growth
factors, support cells, or any chemical or biological compound necessary for obtaining the

desired number of cells or cell type.

[0072] The term “culturing” refers to the in vitro propagation of cells or organisms on or in
media of various kinds. It is understood that the descendants of a cell grown in culture may not

be completely identical (i.e., morphologically, genetically, or phenotypically) to the parent cell.

[0073] A ““viral vector” is defined as a recombinantly produced virus or viral particle that
comprises a polynucleotide to be delivered into a host cell, either in vivo, ex vivo or in vitro.
Examples of viral vectors include retroviral vectors, lentiviral vectors, adenovirus vectors,
adeno-associated virus vectors, alphavirus vectors and the like. Alphavirus vectors, such as
Semliki Forest virus-based vectors and Sindbis virus-based vectors, have also been developed for
use in gene therapy and immunotherapy. See, Schlesinger and Dubensky (1999) Curr. Opin.
Biotechnol. 5:434-439 and Ying, et al. (1999) Nat. Med. 5(7):823-827.
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[0074] In aspects where gene transfer is mediated by a lentiviral vector, a vector construct
refers to the polynucleotide comprising the lentiviral genome or part thereof, and a therapeutic
gene. As used herein, “lentiviral mediated gene transfer” or “lentiviral transduction” carries the
same meaning and refers to the process by which a gene or nucleic acid sequences are stably
transferred into the host cell by virtue of the virus entering the cell and integrating its genome
into the host cell genome. The virus can enter the host cell via its normal mechanism of
infection or be modified such that it binds to a different host cell surface receptor or ligand to
enter the cell. Retroviruses carry their genetic information in the form of RNA; however, once
the virus infects a cell, the RNA is reverse-transcribed into the DNA form which integrates into
the genomic DNA of the infected cell. The integrated DNA form is called a provirus. As used
herein, lentiviral vector refers to a viral particle capable of introducing exogenous nucleic acid
into a cell through a viral or viral-like entry mechanism. A “lentiviral vector” is a type of
retroviral vector well-known in the art that has certain advantages in transducing nondividing
cells as compared to other retroviral vectors. See, Trono D. (2002) Lentiviral vectors, New

York: Spring-Verlag Berlin Heidelberg.

[0075] Lentiviral vectors of this invention are based on or derived from oncoretroviruses (the
sub-group of retroviruses containing MLV), and lentiviruses (the sub-group of retroviruses
containing HIV). Examples include ASLV, SNV and RSV all of which have been split into
packaging and vector components for lentiviral vector particle production systems. The
lentiviral vector particle according to the invention may be based on a genetically or otherwise

(e.g. by specific choice of packaging cell system) altered version of a particular retrovirus.

[0076] That the vector particle according to the invention is "based on" a particular retrovirus
means that the vector is derived from that particular retrovirus. The genome of the vector particle
comprises components from that retrovirus as a backbone. The vector particle contains essential
vector components compatible with the RNA genome, including reverse transcription and
integration systems. Usually these will include gag and pol proteins derived from the particular
retrovirus. Thus, the majority of the structural components of the vector particle will normally be

derived from that retrovirus, although they may have been altered genetically or otherwise so as
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to provide desired useful properties. However, certain structural components and in particular
the env proteins, may originate from a different virus. The vector host range and cell types
infected or transduced can be altered by using different env genes in the vector particle

production system to give the vector particle a different specificity.

[0077] As used herein, "stem cell" defines a cell with the ability to divide for indefinite periods
in culture and give rise to specialized cells. At this time and for convenience, stem cells are
categorized as somatic (adult) or embryonic. A somatic stem cell is an undifferentiated cell
found in a differentiated tissue that can renew itself (clonal) and (with certain limitations)
differentiate to yield all the specialized cell types of the tissue from which it originated. An
embryonic stem cell is a primitive (undifferentiated) cell from the embryo that has the potential
to become a wide variety of specialized cell types. An embryonic stem cell is one that has been
cultured under in vitro conditions that allow proliferation without differentiation for months to
years. A clone is a line of cells that is genetically identical to the originating cell; in this case, a

stem cell.

[0078] As used herein, an “antibody” includes whole antibodies and any antigen binding
fragment or a single chain thercof. Thus the term “antibody” includes any protein or peptide
containing molecule that comprises at least a portion of an immunoglobulin molecule. Examples
of such include, but are not limited to a complementarity determining region (CDR) of a heavy
or light chain or a ligand binding portion thereof, a heavy chain or light chain variable region, a
heavy chain or light chain constant region, a framework (FR) region, or any portion thereof, or at
least one portion of a binding protein, any of which can be incorporated into an antibody of the
present invention. The term “antibody” is further intended to encompass digestion fragments,
specified portions, derivatives and variants thereof, including antibody mimetics or comprising
portions of antibodies that mimic the structure and/or function of an antibody or specified
fragment or portion thereof, including single chain antibodies and fragments thereof. Examples
of binding fragments encompassed within the term “antigen binding portion” of an antibody
include a Fab fragment, a monovalent fragment consisting of the Vi, Vy, Cp and CH, domains; a

F(ab’)2 fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge
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at the hinge region; a Fd fragment consisting of the Vi and Cy, domains; a Fv fragment
consisting of the Vi, and Vi domains of a single arm of an antibody, a dAb fragment (Ward et al.
(1989) Nature 341:544-546), which consists of a Viy domain; and an isolated complementarity
determining region (CDR). Furthermore, although the two domains of the Fv fragment, Vy, and
Vu, are coded for by separate genes, they can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a single protein chain in which the Vi and Vy
regions pair to form monovalent molecules (known as single chain Fv (scFv)). Bird et al. (1988)
Science 242:423-426 and Huston et al. (1988) Proc. Natl. Acad Sci. USA 85:5879-5883. Single
chain antibodies are also intended to be encompassed within the term “fragment of an antibody.”
Any of the above-noted antibody fragments are obtained using conventional techniques known to
those of skill in the art, and the fragments are screened for binding specificity and neutralization

activity in the same manner as are intact antibodies.

[0079] As used herein, an “antibody” includes whole antibodies and any antigen binding
fragment or a single chain thercof. Thus the term “antibody” includes any protein or peptide
containing molecule that comprises at least a portion of an immunoglobulin molecule. Examples
of such include, but are not limited to a complementarity determining region (CDR) of a heavy
or light chain or a ligand binding portion thereof, a heavy chain or light chain variable region, a
heavy chain or light chain constant region, a framework (FR) region, or any portion thereof, or at
least one portion of a binding protein, any of which can be incorporated into an antibody of the
present invention. The term “antibody” is further intended to encompass digestion fragments,
specified portions, derivatives and variants thereof, including antibody mimetics or comprising
portions of antibodies that mimic the structure and/or function of an antibody or specified
fragment or portion thereof, including single chain antibodies and fragments thereof. It also
includes in some aspects, antibody variants, polyclonal antibodies, human antibodies, humanized
antibodies, chimeric antibodies, antibody derivatives, a bispecific molecule, a multispecific

molecule, a heterospecific molecule, heteroantibodies and human monoclonal antibodies.

[0080] Examples of binding fragments encompassed within the term “antigen binding portion”

of an antibody include a Fab fragment, a monovalent fragment consisting of the Vr, Vg, Cp and
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CH, domains; a F(ab’)2 fragment, a bivalent fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; a Fd fragment consisting of the Vi and Cy, domains; a Fv
fragment consisting of the Vi and Vi domains of a single arm of an antibody, a dAb fragment
(Ward et al. (1989) Nature 341:544-546), which consists of a Vi; domain; and an isolated
complementarity determining region (CDR). Furthermore, although the two domains of the Fv
fragment, Vi, and Vy, are coded for by separate genes, they can be joined, using recombinant
methods, by a synthetic linker that enables them to be made as a single protein chain in which
the Vi and Vy regions pair to form monovalent molecules (known as single chain Fv (scFv)).
Bird et al. (1988) Science 242:423-426 and Huston et al. (1988) Proc. Natl. Acad Sci. USA
85:5879-5883. Single chain antibodies are also intended to be encompassed within the term
“fragment of an antibody.” Any of the above-noted antibody fragments are obtained using
conventional techniques known to those of skill in the art, and the fragments are screened for

binding specificity and neutralization activity in the same manner as are intact antibodies.

[0081] The term “antibody variant” is intended to include antibodies produced in a species
other than a mouse. It also includes antibodies containing post-translational modifications to the
linear polypeptide sequence of the antibody or fragment. It further encompasses fully human

antibodies.

[0082] The term “antibody derivative” is intended to encompass molecules that bind an epitope
as defined above and which are modifications or derivatives of a native monoclonal antibody of
this invention. Derivatives include, but are not limited to, for example, bispecific, multispecific,
heterospecific, trispecific, tetraspecific, multispecific antibodies, diabodies, chimeric,

recombinant and humanized.

[0083] The term “bispecific molecule” is intended to include any agent, e.g., a protein, peptide,
or protein or peptide complex, which has two different binding specificities. The term
“multispecific molecule” or “heterospecific molecule” is intended to include any agent, ¢.g. a
protein, peptide, or protein or peptide complex, which has more than two different binding

specificities.
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[0084] The term “heteroantibodies” refers to two or more antibodies, antibody binding
fragments (e.g., Fab), derivatives thereof, or antigen binding regions linked together, at least two

of which have different specificities.

[0085] The term “human antibody” as used herein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequences. The
human antibodies of the invention may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo). However, the term “human antibody” as
used herein, is not intended to include antibodies in which CDR sequences derived from the
germline of another mammalian species, such as a mouse, have been grafted onto human
framework sequences. Thus, as used herein, the term “human antibody” refers to an antibody in
which substantially every part of the protein (e.g., CDR, framework, C;, Cy domains (e.g., Cpy,
Cm, Cm3), hinge, (VL, VH)) is substantially non-immunogenic in humans, with only minor
sequence changes or variations. Similarly, antibodies designated primate (monkey, baboon,
chimpanzee, etc.), rodent (mouse, rat, rabbit, guinea pig, hamster, and the like) and other
mammals designate such species, sub-genus, genus, sub-family, family specific antibodies.
Further, chimeric antibodies include any combination of the above. Such changes or variations
optionally and preferably retain or reduce the immunogenicity in humans or other species
relative to non-modified antibodies. Thus, a human antibody is distinct from a chimeric or
humanized antibody. It is pointed out that a human antibody can be produced by a non-human
animal or prokaryotic or cukaryotic cell that is capable of expressing functionally rearranged
human immunoglobulin (e.g., heavy chain and/or light chain) genes. Further, when a human
antibody is a single chain antibody, it can comprise a linker peptide that is not found in native
human antibodies. For example, an Fv can comprise a linker peptide, such as two to about eight
glycine or other amino acid residues, which connects the variable region of the heavy chain and

the variable region of the light chain. Such linker peptides are considered to be of human origin.

[0086] As used herein, a human antibody is “derived from™ a particular germline sequence if

the antibody is obtained from a system using human immunoglobulin sequences, ¢.g., by
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immunizing a transgenic mouse carrying human immunoglobulin genes or by screening a human
immunoglobulin gene library. A human antibody that is “derived from” a human germline
immunoglobulin sequence can be identified as such by comparing the amino acid sequence of
the human antibody to the amino acid sequence of human germline immunoglobulins. A
selected human antibody typically is at least 90% identical in amino acids sequence to an amino
acid sequence encoded by a human germline immunoglobulin gene and contains amino acid
residues that identify the human antibody as being human when compared to the germline
immunoglobulin amino acid sequences of other species (e.g., murine germline sequences). In
certain cases, a human antibody may be at least 95%, or even at least 96%, 97%, 98%, or 99%
identical in amino acid sequence to the amino acid sequence encoded by the germline
immunoglobulin gene. Typically, a human antibody derived from a particular human germline
sequence will display no more than 10 amino acid differences from the amino acid sequence
encoded by the human germline immunoglobulin gene. In certain cases, the human antibody
may display no more than 5, or even no more than 4, 3, 2, or 1 amino acid difference from the

amino acid sequence encoded by the germline immunoglobulin gene.

[0087] The terms “monoclonal antibody” or “monoclonal antibody composition” as used
herein refer to a preparation of antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding specificity and affinity for a

particular epitope.

[0088] A “human monoclonal antibody” refers to antibodies displaying a single binding
specificity which have variable and constant regions derived from human germline

immunoglobulin sequences.

[0089] The term “recombinant human antibody”, as used herein, includes all human antibodies
that are prepared, expressed, created or isolated by recombinant means, such as antibodies
isolated from an animal (e.g., a mouse) that is transgenic or transchromosomal for human
immunoglobulin genes or a hybridoma prepared therefrom, antibodies isolated from a host cell
transformed to express the antibody, ¢.g., from a transfectoma, antibodies isolated from a

recombinant, combinatorial human antibody library, and antibodies prepared, expressed, created
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or isolated by any other means that involve splicing of human immunoglobulin gene sequences
to other DNA sequences. Such recombinant human antibodies have variable and constant
regions derived from human germline immunoglobulin sequences. In certain embodiments,
however, such recombinant human antibodies can be subjected to in vitro mutagenesis (or, when
an animal transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and thus the
amino acid sequences of the VH and VL regions of the recombinant antibodies are sequences
that, while derived from and related to human germline VH and VL sequences, may not naturally

exist within the human antibody germline repertoire in vivo.

[0090] “RNA interference” (RNA1) refers to sequence-specific or gene specific suppression of

gene expression (protein synthesis) that is mediated by short interfering RNA (siRNA).

[0091] “Short interfering RNA” (siRNA) refers to double-stranded RNA molecules (dsSRNA),
generally, from about 10 to about 30 nucleotides in length that are capable of mediating RNA
interference (RNA1), or 11 nucleotides in length, 12 nucleotides in length, 13 nucleotides in
length, 14 nucleotides in length, 15 nucleotides in length, 16 nucleotides in length, 17
nucleotides in length, 18 nucleotides in length, 19 nucleotides in length, 20 nucleotides in length,
21 nucleotides in length, 22 nucleotides in length, 23 nucleotides in length, 24 nucleotides in
length, 25 nucleotides in length, 26 nucleotides in length, 27 nucleotides in length, 28
nucleotides in length, or 29 nucleotides in length. As used herein, the term siRNA includes short

hairpin RNAs (shRNAs).

[0092] “Double stranded RNA” (dsRNA) refer to double stranded RNA molecules that may be
of any length and may be cleaved intracellularly into smaller RNA molecules, such as siRNA. In
cells that have a competent interferon response, longer dSRNA, such as those longer than about
30 base pair in length, may trigger the interferon response. In other cells that do not have a

competent interferon response, dSRNA may be used to trigger specific RNAI.

[0093] The term siRNA includes short hairpin RNAs (shRNAs). shRNAs comprise a single
strand of RNA that forms a stem-loop structure, where the stem consists of the complementary

sense and antisense strands that comprise a double-stranded siRNA, and the loop is a linker of
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varying size. The stem structure of ShRNAs generally is from about 10 to about 30 nucleotides
in length. For example, the stem can be 10-30 nucleotides in length, or alternatively, 12-28
nucleotides in length, or alternatively, 15-25 nucleotides in length, or alternatively, 19-23

nucleotides in length, or alternatively, 21-23 nucleotides in length.

[0094] Tools to assist siRNA design are readily available to the public. For example, a
computer-based siRNA design tool is available on the internet at www.dharmacon.com,
Ambion-www.ambion.com/jp/techlib/misc/siRNA_finder.html; Thermo Scientific-Dharmacon-
www.dharmacon.com/DesignCenter/DesignCenterPage.aspx; Bioinformatics Research Center-
sysbio.kribb.re.kr:8080/AsiDesigner/menuDesigner.jsf; and Invitrogen-

rnaidesigner.invitrogen.com/rnaiexpress/.

[0095] Without being bound by theory, it is generally believed that the primary cellular
receptor for HIV entry is the CD4 receptor. In addition to CD4 expression, CXCR4, and CCR5

are necessary co-factors that allow HIV entry when co-expressed with CD4 on a cell surface.

[0096] CXCRA4, or fusin, is expressed on T cells (Feng et al. (1996) Science 10:272(5263):872-
7. Co-expression of CXCR4 and CD4 on a cell allow T-tropic HIV isolates to fuse with and
infect the cell. HIV gp120 interacts with both CD4 and CXCR4 to adhere to the cell and to
effect conformational changes in the gp120/gp41 complex that allow membrane fusion by gp41.

[0097] CCRS is another co-receptor that is expressed on macrophages and on some populations
of T cells, can also function in concert with CD4 to allow HIV membrane fusion (Deng et al.

(1996) Nature, Jun 20;381(6584):661-6.

[0098] TRIMS5alpha is 493 amino acid protein that is found in most primate cells that appears
to act to interfere with the replication of retrovirus in infected cells. The human protein sequence
is published in GenBank (Accession number NP_149023) and the mRNA sequence also has
been published (NM_033034). Murine protein sequence is available at NP_ 783608 and mRNA
is available at NM_175677. (All last accessed April 29, 2009).
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[0099] HIV is a retrovirus that is rougly spherical with a diameter of about 120 nm. HIV is
composed of two copies of positive single-stranded RNA that codes for the virus' nine genes
enclosed by a conical capsid composed of 2,000 copies of the viral protein p24. The single-
stranded RNA is tightly bound to nucleocapsid proteins, p7 and enzymes needed for the
development of the virion such as reverse transcriptase, proteases, ribonuclease and integrase. A
matrix composed of the viral protein p17 surrounds the capsid ensuring the integrity of the virion
particle. The RNA genome of HIV consists of at least seven structural landmarks (LTR,TAR,
RRE, PE, SLIP, CRS, and INS) and nine genes (gag, pol, and env, tat, rev, nef, vif, vpr, vpu, and
tev) encoding 19 proteins. Three of these genes, gag, pol, and env, contain information needed to
make the structural proteins for new virus particles. For example, env codes for a protein called
gp160 that is broken down by a viral enzyme to form gp120 and gp41. The six remaining genes,
tat, rev, nef, vif, vpr, and vpu (or vpx in the case of HIV-2), are regulatory genes for proteins that
control the ability of HIV to infect cells, produce new copies of virus (replicate), or cause
disease. The two Tat proteins (p16 and p14) are transcriptional transactivators for the LTR
promoter acting by binding the TAR RNA element. Activation of HIV-1 gene expression by the
transactivator Tat is dependent on the RNA regulatory element (TAR) located downstream of the
transcription initiation site. This element forms a stable stem-loop structure and can be bound by
either the protein encoded by this gene or by RNA polymerase I1. This protein may act to
disengage RNA polymerase Il from TAR during transcriptional elongation. Alternatively spliced
transcripts of this gene may exist, but their full-length natures have not been determined. The
mRNA sequence is known in the art and reported at NM_ 005646, last accessed on August 3,
2013.

[0100] An “shRNA CCR5”is an interfering RNA that down regulates or suppresses expression
of the CCRS5 polynucleotide, examples of which are shown in SEQ ID NO: 11. CCR5 is also
known as Human G-protein Chemokine Receptor HDGNR10. Isolated polynucleotides
encoding this protein are known in the art and described, for example in US Patent No.

7,501,123.
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[0101] The term “CD25” refers to the low affinity IL-2 receptor alpha subunit transmembrane
protein. CD25 is the alpha chain of the IL-2 receptor, and is not normally found on CD34+
hematopoietic progenitor cells (HPCs). In addition to the CD25 sequences described herein, the
GenBank Accession numbers: NP_000408.1 and NP_032393.3 are examples of the human and
mouse CD25 protein sequences, respectively. These GenBank sequences are incorporated by
reference for all purposes. The extracellular domain of CD25 refers to the first 657 nucleotides
of the CD25. For example, the extracellular domain of CD25 is shown in the first 657
nucleotides of SEQ ID NO: 4. SEQ ID NOS: 6 and 38 depict truncated versions of CD25. SEQ
ID NO: 38 is an example of an equivalent of SEQ ID NO: 6.

[0102] The term “an expression control element” as used herein, intends a polynucleotide that
is operatively linked to a target polynucleotide to be transcribed, and facilitates the expression of

the target polynucleotide. A promoter is an example of an expression control element.

[0103] A promoter is a regulatory polynucleotide, usually located 5° or upstream of a gene or
other polynucleotide, that provides a control point for regulated gene transcription. Polymerase

IT and III are examples of promoters.

[0104] A polymerase II or “pol II” promoter catalyzes the transcription of DNA to synthesize
precursors of mRNA, and most shRNA and microRNA. Examples of pol II promoters are
known in the art and include without limitation, the phosphoglycerate kinase (“PGK”) promoter;
EF1-alpha; CMV (minimal cytomegalovirus promoter); and LTRs from retroviral and lentiviral

vectors.

[0105] A polymerase III or “pol III” promoter is a polynucleotide found in eukaryotic cells that
transcribes DNA to synthesize ribosomal 5S rRNA, tRNA and other small RNAs. Examples of

pol Il promoters include without limitation a U6 promoter or an MNDU3 promoter.

[0106] A “target cell” as used herein, shall intend a cell containing the genome into which
polynucleotides that are operatively linked to an expression control element are to be integrated.

Cells that are infected with HIV or susceptible to HIV infection are examples of target cells.
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[0107] Asused herein, the term “reporter marker” intends a polynucleotide, detectable label or
other molecule that allows for the identification of a preselected composition. Non-limiting
examples of reporter markers include, without limitation CD25, a hemmaglutinin tag, an
enhanced green fluorescent protein (EGFP), a red flouresence protein (RFP), a green fluorescent
protein (GFP) and yellow fluorescent protein (YFP) or the like. These are commercially

available and described in the technical art.

[0108] A “composition” is intended to mean a combination of active polypeptide,
polynucleotide or antibody and another compound or composition, inert (¢.g. a detectable label)

or active (e.g. a gene delivery vehicle).

[0109] A “pharmaceutical composition” is intended to include the combination of an active
polypeptide, polynucleotide or antibody with a carrier, inert or active such as a solid support,

making the composition suitable for diagnostic or therapeutic use in vitro, in vivo or ex vivo.

[0110] As used herein, the term “pharmaceutically acceptable carrier” encompasses any of the
standard pharmaceutical carriers, such as a phosphate buffered saline solution, water, and
emulsions, such as an oil/water or water/oil emulsion, and various types of wetting agents. The
compositions also can include stabilizers and preservatives. For examples of carriers, stabilizers

and adjuvants, see Martin (1975) Remington’s Pharm. Sci., 15th Ed. (Mack Publ. Co., Easton ).

[0111] A “subject,” “individual” or “patient” is used interchangeably herein, and refers to a
vertebrate, preferably a mammal, more preferably a human. Mammals include, but are not
limited to, murines, rats, rabbit, simians, bovines, ovine, porcine, canines, feline, farm animals,
sport animals, pets, equine, and primate, particularly human. Besides being useful for human
treatment, the present invention is also useful for veterinary treatment of companion mammals,
exotic animals and domesticated animals, including mammals, rodents, and the like which is
susceptible to RNA and in particular, HIV viral infection. In one embodiment, the mammals
include horses, dogs, and cats. In another embodiment of the present invention, the human is an

adolescent or infant under the age of cighteen years of age.
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[0112] “Host cell” refers not only to the particular subject cell but to the progeny or potential
progeny of such a cell. Because certain modifications may occur in succeeding generations due
to either mutation or environmental influences, such progeny may not, in fact, be identical to the

parent cell, but are still included within the scope of the term as used herein.

[0113] An “enriched population” of cells intends a substantially homogenous population of
cells having certain defined characteristics. The cells are greater than 70 %, or alternatively
greater than 75 %, or alternatively greater than 80 %, or alternatively greater than 85 %, or
alternatively greater than 90 %, or alternatively greater than 95 %, or alternatively greater than
98% identical in the defined characteristics. In one aspect, the substantially homogenous
population of cells express CD25 on the surface and contain an exogenous CCRS5 polynucleotide.
In a further aspect, the cells further comprise an exogenous TRIMS5alpha polynucleotide and/or
HIV TAR polyncleotide.

[0114] The terms “disease,” “disorder,” and “condition” are used inclusively and refer to any

condition mediated at least in part by infection by an RNA virus such as HIV.

[0115] ““Treating” or “treatment” of a disease includes: (1) preventing the disease, i.¢., causing
the clinical symptoms of the disease not to develop in a patient that may be predisposed to the
disease but does not yet experience or display symptoms of the disease; (2) inhibiting the
disease, i.¢., arresting or reducing the development of the disease or its clinical symptoms; or (3)

relieving the disease, i.¢., causing regression of the disease or its clinical symptoms.

[0116] The term “suffering” as it related to the term “treatment” refers to a patient or
individual who has been diagnosed with or is predisposed to infection or a discase incident to
infection. A patient may also be referred to being “at risk of suffering” from a disease because

of active or latent infection. This patient has not yet developed characteristic disease pathology.

[0117] An “effective amount” is an amount sufficient to effect beneficial or desired results. An
effective amount can be administered in one or more administrations, applications or dosages.
Such delivery is dependent on a number of variables including the time period for which the

individual dosage unit is to be used, the bioavailability of the therapeutic agent, the route of
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administration, etc. It is understood, however, that specific dose levels of the therapeutic agents
of the present invention for any particular subject depends upon a variety of factors including the
activity of the specific compound employed, the age, body weight, general health, sex, and diet
of the subject, the time of administration, the rate of excretion, the drug combination, and the
severity of the particular disorder being treated and form of administration. Treatment dosages
generally may be titrated to optimize safety and efficacy. Typically, dosage-effect relationships
from in vitro and/or in vivo tests initially can provide useful guidance on the proper doses for
patient administration. In general, one will desire to administer an amount of the compound that
is effective to achieve a serum level commensurate with the concentrations found to be effective
in vitro. Determination of these parameters is well within the skill of the art. These
considerations, as well as effective formulations and administration procedures are well known
in the art and are described in standard textbooks. Consistent with this definition, as used herein,
the term “therapeutically effective amount” is an amount sufficient to inhibit RNA virus

replication ex vivo, in vitro or in vivo.

[0118] The term administration shall include without limitation, administration by oral,
parenteral (e.g., intramuscular, intraperitoneal, intravenous, ICV, intracisternal injection or
infusion, subcutaneous injection, or implant), by inhalation spray nasal, vaginal, rectal,
sublingual, urethral (e.g., urethral suppository) or topical routes of administration (e.g., gel,
ointment, cream, acrosol, etc.) and can be formulated, alone or together, in suitable dosage unit
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants,
excipients, and vehicles appropriate for each route of administration. The invention is not

limited by the route of administration, the formulation or dosing schedule.
Descriptive Embodiments
Vectors

[0119] This invention provides a vector comprising, or alternatively consisting essentially of,
or yet further consisting of a viral backbone. In one aspect, the viral backbone contains essential

nucleic acids or sequences for integration into a target cell’s genome. In one aspect, the essential
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nucleice acids necessary for integration of the genome of the target cell include at the 5° and 3’
ends the minimal LTR regions required for integration of the vector. The vector also comprises,
or alternatively consists essentially of, or yet further consists of a nucleic acid encoding a CCRS5
RNAIi; an operatively linked first expression control element that regulates expression of the
nucleic acid encoding the CCRS5 RNAI element; a nucleic acid encoding at least the extracellular
domain of CD25 or an equivalent thereof; and an operatively linked second expression control
clement that regulates expression of the nucleic acid encoding at least the extracellular domain of

CD25 or an equivalent thereof operatively linked to it.

[0120] In one aspect, the term “vector” intends a recombinant vector that retains the ability to
infect and transduce non-dividing and/or slowly-dividing cells and integrate into the target cell’s
genome. In several aspects, the vector is derived from or based on a wild-type virus. In further
aspects, the vector is derived from or based on a wild-type lentivirus. Examples of such, include
without limitation, human immunodeficiency virus (HIV), equine infectious anaemia virus
(EIAV), simian immunodeficiency virus (SIV) and feline immunodeficiency virus (FIV).
Alternatively, it is contemplated that other retrovirus can be used as a basis for a vector backbone
such murine leukemia virus (MLV). It will be evident that a viral vector according to the
invention need not be confined to the components of a particular virus. The viral vector may
comprise components derived from two or more different viruses, and may also comprise
synthetic components. Vector components can be manipulated to obtain desired characteristics,

such as target cell specificity.

[0121] The recombinant vectors of this invention are derived from primates and non-primates.
Examples of primate lentiviruses include the human immunodeficiency virus (HIV), the
causative agent of human acquired immunodeficiency syndrome (AIDS), and the simian
immunodeficiency virus (SIV). The non-primate lentiviral group includes the prototype "slow
virus" visna/maedi virus (VMV), as well as the related caprine arthritis-encephalitis virus
(CAEV), equine infectious anaemia virus (EIAV) and the more recently described feline

immunodeficiency virus (FIV) and bovine immunodeficiency virus (BIV). Prior art recombinant
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lentiviral vectors are known in the art, ¢.g., see US Patent Nos. 6,924,123; 7,056,699; 7,07,993;
7,419,829 and 7,442,551, incorporated herein by reference.

[0122] U.S. Patent No. 6,924,123 discloses that certain retroviral sequence facilitate integration
into the target cell genome. This patent teaches that each retroviral genome comprises genes
called gag, pol and env which code for virion proteins and enzymes. These genes are flanked at
both ends by regions called long terminal repeats (LTRs). The LTRs are responsible for proviral
integration, and transcription. They also serve as enhancer-promoter sequences. In other words,
the LTRs can control the expression of the viral genes. Encapsidation of the retroviral RNAs
occurs by virtue of a psi sequence located at the 5' end of the viral genome. The LTRs
themselves are identical sequences that can be divided into three elements, which are called U3,
R and U5. U3 is derived from the sequence unique to the 3' end of the RNA. R is derived from a
sequence repeated at both ends of the RNA, and US is derived from the sequence unique to the
5'end of the RNA. The sizes of the three elements can vary considerably among different
retroviruses. For the viral genome. and the site of poly (A) addition (termination) is at the
boundary between R and U5 in the right hand side LTR. U3 contains most of the transcriptional
control elements of the provirus, which include the promoter and multiple enhancer sequences

responsive to cellular and in some cases, viral transcriptional activator proteins.

[0123] With regard to the structural genes gag, pol and env themselves, gag encodes the
internal structural protein of the virus. Gag protein is proteolytically processed into the mature
proteins MA (matrix), CA (capsid) and NC (nucleocapsid). The pol gene encodes the reverse
transcriptase (RT), which contains DNA polymerase, associated RNase H and integrase (IN),

which mediate replication of the genome.

[0124] For the production of viral vector particles, the vector RNA genome is expressed from a
DNA construct encoding it, in a host cell. The components of the particles not encoded by the
vector genome are provided in trans by additional nucleic acid sequences (the "packaging
system", which usually includes either or both of the gag/pol and env genes) expressed in the
host cell. The set of sequences required for the production of the viral vector particles may be

introduced into the host cell by transient transfection, or they may be integrated into the host cell
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genome, or they may be provided in a mixture of ways. The techniques involved are known to

those skilled in the art.

[0125] Retroviral vectors for use in this invention include, but are not limited to Invitrogen’s
pLenti series versions 4, 6, and 6.2 “ViraPower” system. Manufactured by Lentigen Corp.;
pHIV-7-GFP, lab generated and used by the City of Hope Research Institute; “Lenti-X” lentiviral
vector, pLVX, manufactured by Clontech; pLKO.1-puro, manufactured by Sigma-Aldrich;
pLemiR, manufactured by Open Biosystems; and pLV, lab generated and used by Charité
Medical School, Institute of Virology (CBF), Berlin, Germany.

[0126] The vector also comprises, or alternatively consists essentially of, or yet further consists
of, a nucleic acid encoding a CCR5 RNAi. The RNAi may be any one or more of RNA
interfering molecules as described herein, ¢.g., sSiRNA, siRNA, miRNA or dsRNA.. In one
particular aspect, the RNAI is one or more of a ShRNA or siRNA sequence shown in SEQ ID
NO: 23 or an equivalent thereof, e.g., a polynucleotide having at least 80 % sequence identity, or
alternatively at least 85 % sequence identity, or alternatively at least 90 % sequence identity, or
alternatively at least 92 % sequence identity, or alternatively at least 95 % sequence identity, or
alternatively at least 97 % sequence identity, or alternatively at least 98 % sequence identity.
Alternative sequences for use in this invention are available using the publicly available CCR5
polynucleotide sequence (see U.S. Patent No. 7,501,123 or those disclosed in SEQ ID NOS: 7-
11) and a computer-based siRNA design tool available on the internet at one or more of
www.dharmacon.com, Ambion-www.ambion.com/jp/techlib/ misc/siRNA_finder.html; Thermo
Scientific-Dharmacon-www.dharmacon.com/DesignCenter/ DesignCenterPage.aspx;
Bioinformatics Research Center-sysbio.kribb.re kr:8080/AsiDesigner/ menuDesigner.jsf; and

Invitrogen-rnaidesigner.invitrogen.com/rnaiexpress/.

[0127] To produce RNALI for use in this invention, one can follow conventional techniques as
described in the art using published sequences or those provided herein. dSRNA and siRNA can
be synthesized chemically or enzymatically in vitro using the methods disclosed in Micura, R.
(2002) Agnes Chem. Int. Ed. Emgl. 41: 2265-9; Betz, N. (2003) Promega Notes 85:15-18;
Paddison, P.J. and Hannon, G.J. (2002) Cancer Cell. 2:17-23. Chemical synthesis can be
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performed via manual or automated methods, both of which are well known in the art. Micura,
R. (2002) Agnes Chem. Int. Ed. Emgl. 41: 2265-9. siRNA can also be endogenously expressed
inside the cells in the form of ShRNAs. Yu, J-Y. et al. (2002) Proc. Natl. Acad. Sci. USA 99:
6047-52; McManus, M.T. et al. (2002) RNA 8:842-50. Endogenous expression has been
achieved using plasmid-based expression systems using small nuclear RNA promoters, such as
RNA polymerase III U6 or H1, or RNA polymerase I Ul. Brummelkamp, T.R. et al. (2002)
Science 296:550-3; Novarino, G. et al. (2004) J. Neurosci. 24:5322-30.

[0128] In vitro enzymatic dSRNA and siRNA synthesis can be performed using an RNA
polymerase mediated process to produce individual sense and antisense strands that are annealed
in vitro prior to delivery into the cells of choice. Fire A. et al. (1998) Nature 391:806-811;
Donze, O. and Picard, D. (2002) Nucl. Acids Res. 30 (10):e46; Yu, J-Y. et al. (2002) Proc. Natl.
Acad. Sci. USA 99: 6047-52; Shim, E.Y. et al. (2002) J. Biol. Chem. 277:30413—6. Several
manufacturers (Promega Corp. (Madison, WI); Ambion, Inc. (Austin, TX); New England
Biolabs (Ipswich, MA); and Stragene (La Jolla, CA) provide transcription kits useful in

performing the in vitro synthesis.

[0129] Alternatively, one can use a Polymerase Il promoter to express CCRS miRNA. For this
embodiment, microRNAsS are initially transcribed from Pol II promoters as long transcripts
called primary-miRNAs which are processed into small pre-miRNAs. These pre-miRNAs are
further processed intracellularly into miRNAs which are the mediators of gene regulation. CCRS5
shRNAs or siRNAs can be converted to miRNAs by swapping in the exact CCR5 siRNA
sequence in place of the original miRNA sequence. Hence, the CCR5 siRNA can be expressed
via a Pol II promoter in the context of a miRNA backbone for efficient processing and
regulation/knockdown of gene expression. The original CCRS siRNA sequence will be found
within the entire miRNA sequence but will be surrounded by the original miRNA secondary
structure generated from the extra nucleotides found in the miRNA backbone. Alternative
Polymerase II promoters include, but are not limited to EF1-alpha; PGK (phosphoglycerate
kinase promoter); CMV (minimal cytomegalovirus promoter) and LTRs from retroviral and

lentiviral vectors.
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[0130] In other embodiments, the vector further comprise, or alternatively consists essentially
of, or yet further consists of a nucleic acid encoding at least the extracellular domain of CD25 or
an equivalent thereof and an operatively linked second expression control element that regulates
expression of the nucleic acid encoding at least the extracellular domain of CD25 or an
equivalent thereof. In some embodiments, the first or second expression control element is a
promoter. In related embodiments, the first or second expression control element comprises a
Polymerase III promoter or a Polymerase Il promoter. The Polymerase Il promoter may
comprise, for example, the phosphoglycerate kinase promoter (PGK). In yet further
embodiments, the vector backbone is derived from a virus, such as a lentivirus. In certain
embodiments, the CD25 comprises a portion of the polynucleotide of SEQ ID NO: 1, or SEQ ID
NO: 4, or SEQ ID NOS: 5, 6 or 38, or an equivalent of each thereof, ¢.g. a polynucleotide having
at least 80 % identity thereto. In other embodiments, the nucleic acid encoding CD25 comprises
a portion of the polynucleotide of SEQ ID NO: 3 or an equivalent thereof, e.g., a polynucleotide
having at least 80 % identity thereto. In a further embodiment, the nucleic acid encoding CD25
comprises a portion of the polynucleotide of SEQ ID NO: 2 or an equivalent thereof, e.g. a
polynucleotide having at least 80 % identity thereto.

[0131] In a further embodiment, the vector further comprise, or alternatively consists
essentially of, or yet further consists of a nucleic acid encoding a TRIM5alpha polynucleotide
and a sequence the regulates expression of the TRIMS5alpha sequence operatively linked to it.
For the purpose of illustration only, a nucleic acid that encodes TRIM5alpha for use in this
invention is one that encodes either of the amino acid sequences for human TRIMS5a 11-amino
acid patch (GARGTRYQTFV (SEQ ID NO: 24)) or the rhesus macaque TRIMS5a 13-amino acid
patch (QAPGTLFTFPSLT (SEQ ID NO: 25)) or equivalents to these sequences. A TRIMS
expression cassette having the TRIMS5alpha sequence operatively linked to a polymerase-III
promoter is provided in SEQ ID NOS: 1-3 and 22. Alternative nucleic acids include, but are not
limited to an equivalent polynucleotide as defined above, ¢.g., a polynucleotide having at least 80
% sequence identity, or alternatively at least 85 % sequence identity, or alternatively at least 90
% sequence identity, or alternatively at least 92 % sequence identity, or alternatively at least 95

% sequence identity, or alternatively at least 97 % sequence identity, or alternatively at least 98
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% sequence identity to the TRIMS5alpha sequence shown in SEQ ID NO: 26 as long as the 11

amino acid (human) or the 13 amino acid sequence (rhesus macaque) remains.

[0132] Another embodiment of the disclosure includes vectors wherein the one or more
expression control element comprises a Polymerase Il promoter that regulates expression of a
polynucleotide comprising the nucleic acid encoding the TRIM5alpha sequence and the nucleic
acid encoding at least the extracellular domain of CD25 or an equivalent thereof. In this
instance, the TRIMS5alpha protein and the CD25 protein or an equivalent thereof is expressed as
a fusion protein, and the expression is controlled by the same promoter. The fusion protein may
further comprise, or alternatively consists essentially of, or yet further consists of a protease
cleavage site between the TRIMSalpha sequence and the CD25 sequence or an equivalent
thereof. In some embodiments, the protease cleavage site is the 2A protease cleavage site. Other
protease cleavage sites useful in the aspects described herein include, for example, E2A, F2A,
and T2A. In other embodiments, the Polymerase Il promoter controlling the expression of the
TRIM5alpha-CD25 fusion protein is the MNDU3 promoter. Embodiments of the vector which
include this fusion protein include, for example, the vectors of SEQ ID NOS: 1-3.

[0133] In a yet further embodiment, the vector further comprise, or alternatively consists
essentially of, or yet further consists of a nucleic acid encoding an HIV TAR decoy
polynucleotide. For the purpose of illustration only, a nucleic acid for use in this invention are
provided in a portion of SEQ ID NO: 27 or an equivalent thereof, along with the sequence of a
suitable regulation element such as polymerase-II promoter operatively linked to the sequence.
Alternative nucleic acids include, but are not limited to a polynucleotide having at least 80 %
sequence identity, or alternatively at least 85 % sequence identity, or alternatively at least 90 %
sequence identity, or alternatively at least 92 % sequence identity, or alternatively at least 95 %
sequence identity, or alternatively at least 97 % sequence identity, or alternatively at least 98 %
sequence identity to the TAR decoy sequence shown in SEQ ID NO: 27 or one that hybridizes
under stringent conditions to SEQ ID NO: 27 or its complement. Alternative sequences for use
in this invention are disclosed in U.S. Patent Publication Nos. 2004/013167 and 2003/0013669
and U.S. Patent Nos. 6,995,258; 5,994,108; and 5,693,508. HIV TAR mRNA sequences are also
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available on the GenBank database, available under Accession Nos. NM 134324 (Homo sapiens
TAR (HIV-1) RNA binding protein 2, transcript variant 2) and NM__ 004178 ((Homo sapiens
TAR (HIV-1) RNA binding protein 2, transcript variant 3), each last accessed on April 29, 2009.
These sequences are incorporated by reference into this application. Further additional
sequences include: a) 5’-cgacttaaaatcgctagccagatctgagectgggagcetctetggetag-3’ (SEQ ID NO: 12)
or b) 5’-gggtctetetggttagaccagatttgagectgggagcetctetggetaactagggaacce-3’ (SEQ ID NO: 13) or ¢)
5’-acgaagcttgatccegtttgccggtcgategettega-3’ (SEQ ID NO: 14).

[0134] In a further aspect, the vector further comprises a marker or detectable label such as a
gene encoding an enhanced green fluorescent protein (EGFP), red flouresence protein (RFP),
green fluorescent protein (GFP) and yellow fluorescent protein (YFP) or the like. These are

commercially available and described in the technical art.
Packaging Systems

[0135] The invention also provides a viral packaging system comprising: the vector as
described above, wherein the backbone is derived from a virus; a packaging plasmid; and an
envelope plasmid. The packaging plasmid contains polynucleotides encoding the nucleoside,
capsid and matrix proteins. As an example, SEQ ID NO: 15 provides the sequence encoding a
packaging plasmid that can be used in this invention. Alternatives include, but are not limited to
a polynucleotide having at least 80 % sequence identity, or alternatively at least 85 % sequence
identity, or alternatively at least 90 % sequence identity, or alternatively at least 92 % sequence
identity, or alternatively at least 95 % sequence identity, or alternatively at least 97 % sequence
identity, or alternatively at least 98 % sequence identity to SEQ ID NO: 15 or one that hybridizes
under stringent conditions to SEQ ID NO: 15 or its complement. Alternatives are also described
in the patent literature, e.g., U.S. Patent Nos. 7,262,049; 6,995,258; 7,252,991 and 5,710,037,

incorporated herein by reference.

[0136] The system also contains a plasmid encoding a pseudotyped envelope protein provided
by an envelope plasmid. Pseudotyped viral vectors consist of vector particles bearing

glycoproteins derived from other enveloped viruses or alternatively constaining functional
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portions. See, for example U.S. Patent No. 7,262,049, incorporated herein by reference. In a
preferred aspect, the envelope plasmid encodes an envelope protein that does not cause the viral
particle to unspecifically bind to a cell or population of cells. The specificity of the viral particle
is conferred by the antibody binding domain that is inserted into the particle. Examples of
suitable envelope proteins include, but are not limited to those containing the Staph. aureus ZZ
domain, the encoding sequence of which is provided in SEQ ID NO: 16 or a polynucleotide
having at least 80 % sequence identity, or alternatively at least 85 % sequence identity, or
alternatively at least 90 % sequence identity, or alternatively at least 92 % sequence identity, or
alternatively at least 95 % sequence identity, or alternatively at least 97 % sequence identity, or
alternatively at least 98 % sequence identity to that shown in SEQ ID NO: 16 or one that
hybridizes under stringent conditions to SEQ ID NO: 16 or its complement. The choice of
glycoprotein for use in the envelope is determined in part, by the antibody to which the particle

may be conjugated.

[0137] This invention also provides the suitable packaging cell line. In one aspect, the
packaging cell line is the HEK-293 cell line. Other suitable cell lines are known in the art, for
example, described in the patent literature within U.S. Patent Nos. 7,070,994; 6,995,919;
6,475,786; 6,372,502; 6,365,150 and 5,591,624, each incorporated herein by reference.

Pseudotyped Viral Particles

[0138] This invention further provides a method for producing a pseudotyped viral particle,
comprising, or alternatively consisting essentially of, or yet further consisting of, transducing a
packaging cell line with the viral system as described above, under conditions suitable to
package the viral vector. Such conditions are known in the art and briefly described herein. The
pseudotyped viral particle can be isolated from the cell supernatant, using methods known to
those of skill in the art, e.g., centrifugation. Such isolated particles are further provided by this

invention.

[0139] This invention further provides the isolated pseudotyped viral particle produced by this

method. The pseudotyped viral particle comprises, or alternatively consists essentially of, or yet
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further consists of a polynucleotide encoding a CCR5 RNAI and envelope protein comprising the
pre-selected domain such as the ZZ §. aureus domain alone or in combination with a

TRIMS5alpha sequence and an HIV TAR decoy polynucleotide.

[0140] The isolated pseudotyped particles can be conjugated to one or more of an antibody or
an antibody fragment (e.g. an fragment containing at least the Fc domain) that retains the ability
to bind a pre-selected cell receptor selected from the group consisting of CCRS, CD4, CD34 and
CXCR4. Such antibodies include anti-CCRS antibody, an anti-CD4 antibody, an anti-CD34
antibody and a CXCR4 antibody. Anti-CCRS5 antibodies are commercially available from
Invitrogen; abcam; ProSci Inc. and eptitomics, and described in the patent literature within U.S.
Patent Nos. 7,122,185; 7,175,988; 7,160,546; and 6,930,174, each incorporated herein by
reference. Anti-CD34 antibodies are commercially available from R&D Systems, Invitrogen;
Biolegend; and Miltenyi Biotec, and described in the patent literature within U.S. Patent Nos.
4,965,204, incorporated herein by reference. Anti-CD4 antibodies are commercially available
from R&D Systems, Invitrogen; Biolegend; and Miltenyi Biotec, and described in the patent
literature within U.S. Patent Nos. 4,965,204, incorporated herein by reference. Anti-CXCR4
antibodies are commercially available from Leinco Technologies, Capralogics and BioLegend,
and described in the patent literature within U.S. Patent Nos. 7,521,045; 6,949,243 and
6,485,929, and U.S. Patent Publication No. 2005/0271665, each incorporated herein by

reference.

[0141] The antibodies are not species specific. In other words, the antibodies can be
polyclonal or monoclonal and can be murine, ovine, human or other species. In addition, they

can be chimeric or humanized.

[0142] When used in combination, the particles can be combination of CD4/CCRS5 or
CD4/CXCR4 or CD4/CCR5/CXCR4 or CD4/CD34 or CD34/CCRS or CD34/CXCR4 or
CD4/CD34/CCR4/CXCR4, which target multiple populations of HIV susceptible cells.

Methods to Produce the Pseudotyped Particles
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[0143] This invention also provides methods to prepare a pseudotyped viral particle by
transducing a packaging cell line, as described herein with the vector, the envelope plasmid and
the packaging plasmid under conditions that facilitate packaging of the vector into the envelope
particle. In one aspect, the pseudotyped viral particle is a pseudotyped viral particle. In a further
aspect, the particles are separated from the cellular supernatant and conjugated to an antibody for

cell-specific targeting.

[0144] In one aspect, the complete vector particle is a viral, or alternatively a retroviral vector
pseudotyped with a Sindbis virus glycoprotein envelope containing the ZZ domain of Protein A

from Staphylococcus aureus.

[0145] The genetic information of the viral vector particle is RNA which contains, on the 5’
and 3’ ends, the minimal LTR regions required for integration of the vector. In between the two
LTR regions is the psi region which is required for packaging of the vector RNA into the
particle. This region is followed by the RRE and cPPT sequences which enhance vector
production by transporting the full length vector transcript out of the nucleus for efficient
packaging into the vector particle. Next is the polymerase-1I promoter MNDU3 which drives the
expression of the chimeric TRIMS5alpha gene. The polymerase-1IT1 U6 promoter driven CCRS
shRNA gene follows immediately downstream. Next is the polymerase-111 U6 promoter driven
TAR decoy gene. The last gene in the vector is an EGFP gene (enhanced Green Fluorescent
Protein) which is driven by the polymerase-II PGK promoter. The EGFP gene is used as a
reporter gene to detect transduced cells. The above listed genetic elements are transcribed into a
full length RNA molecule which is packaged into the vector particle and contains all of the

genetic information that will be integrated into the transduced cells.

[0146] The full length RNA transcript is packaged inside the capsid of the vector particle
which contains the nucleocapsid, capsid, and matrix proteins which are generated from the
packaging plasmid delta-8.91. The reverse transcriptase polymerse which is generated from the
packaging plasmid delta-8.91 is also located within the capsid with the RNA transcript. The
capsid encases and protects the full length RNA transcript.
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[0147] Surrounding the capsid/RNA complex is the Sindbis-ZZ glycoprotein envelope which is
generated from the Sindbis-ZZ plasmid. This envelope, when conjugated with a specific
monoclonal antibody, will direct the vector particle to specifically transduce a cell of interest that

expresses a cell surface receptor recognized by the chosen monoclonal antibody.

[0148] The vector particle is generated by a transient transfection protocol which includes a
packaging cell line (HEK-293T cells), a lipofection reagent (Transit-293T), and the three
plasmids encoding the parts of the vector particle (delta-8.91 (packaging plasmid)), CD25-

containing vectors described herein (viral vector plasmid), and Sindbis-ZZ (envelope plasmid).

[0149] HEK-293T cells are plated at 75% confluency in complete DMEM media 24 hours
prior to transfection. After at least 24 hours post-plating of cells, the transfection mixture should
be prepared. Three milliliters of serum free media is incubated with 150ul of the lipofection
reagent for 20 minutes at room temperature. The three plasmids are then added to the
media/lipofection reagent mixture at a ratio of 5:5:2 (packaging plasmid: viral vector plasmid:
envelope plasmid) and incubated for 30 minutes. After this final incubation period, the
media/lipofection reagent/DNA mixture is then added to the HEK-293T cells and left overnight
for the transfection to occur. The next day, the transfection media is removed and fresh complete
DMEM is added. Seventy-two hours later, the cell culture supernatant is collected and

concentrated by ultracentrifugation at 20,000 rpm for 1.5 hours.

[0150] In one aspect, the 13-amino acid patch sequence required for the TRIMSalpha molecule
to inhibit HIV infection is N terminal---QAPGTLFTFPSLT---C terminal. Thus, any

TRIM5alpha polynucleotide must encode this primary amino acid sequence.

[0151] To construct the ZZ domain containing Sindbis virus glycoprotein, the ZZ domain from
S. aureus was inserted in between the amino acids #71-#74 of the E2 region of the Sindbis
glycoprotein gene. In the wild-type Sindbis glycoprotein E2 region, this is where normal cell
surface receptor recognition occurs. By inserting the ZZ domain here, normal cell binding is
abolished. After the ZZ domain was inserted into the E2 region in a Bstell restriction enzyme

site, the entire E3-E2ZZ-6K-E1 glycoprotein gene was PCR amplified and TOPO cloned into the
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pcDNA3.1 expression plasmid. By inserting the glycoprotein genes into this expression plasmid,

the genes are under the control of the highly active polymerase-11 CMV promoter.

[0152] Once the vector particle buds from the packaging cells and is released into the

supernatant, this vector particle is conjugated to an antibody as defined herein.
Isolated Host Cells

[0153] Yet further provided is an isolated cell or population of cells, comprising, or
alternatively consisting essentially of, or yet further consisting of, a retroviral particle of this
invention, which in one aspect, is a viral particle. In one aspect, the isolated host cell is a

packaging cell line.

[0154] In another aspect, the invention provides a pseudotyped viral particle conjugated to an
antibody as described herein which is further conjugated to a host cell expressing a receptor to
which the viral particle as described herein. In one aspect, the host cell is a cell expressing one
or more of CD4, CD34, CXCR4 and/or CCRS5. The cell can be any of a cell of a species of the
group of: murine, rats, rabbit, simians, bovines, ovine, porcine, canines, feline, farm animals,
sport animals, pets, equine, and primate, and in particular a human cell. Cells that are known to
express such receptors include blood cell and in particular lymphocyte cells such as peripheral
blood lymphocytes and mobilized blood lymphocytes. In another aspect, the host cell is an adult
stem cell such as an hematopoietic stem cell “HSC” (CD34" and/or CD34'/Thy-1" HSC).

[0155] In a further aspect is an isolated host cell expressing on its cell surface CD25
extracellular domain or an equivalent thereof and comprising, or alternatively consisting of, or
yet further consisting of CCRS5 RNAI or an equivalent thereof. In a further aspect, the cell
further comprises, or alternatively consists essentially of, or yet further consists of, a
TRIMS5alpha polynucleotic and/or HIR TAR polynucleotide or an equivalent of each thereof.
The host cell can further comprise a detectable label. In one aspect the cell is a stem cell, such as
a hematopoietic progenitor cell or a hematopoietic stem cell, ¢.g., a CD34+ cell. When used

therapeutically, the cells can be allogeneic or autologous to the subject to be treated. The
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subjects can be mammalian, ¢.g., murine, canine, bovine, equine, ovine, feline or a human

subject or patient.
[0156] This invention also provides an enriched population of cells as described above.

[0157] This invention further provides an isolated cell or an enriched population of cells that
are derived from the stem cell described above. In one aspect, the derived cell or cell population
is a macrophage. These cells are useful to treat and/or prevent HIV infection in a subject in need

thereof.
Compositions, Screens and Therapeutic Uses

[0158] Also provided by this invention is a composition or kit comprising any one or more of
the compositions described above and a carrier, e.g., an isolated cell, an enriched population of
cells, vectors, packaging system, pseudotyped viral, viral particle conjugated to an antibody or
fragment thereof which in turn may optionally be conjugated to a cell and a carrier. In one
aspect, the carrier is a pharmaceutically acceptable carrier. These compositions can be used
diagnostically or therapeutically as described herein and can be used in combination with other

known anti-HIV therapies.

[0159] The compositions can be used in vitro to screen for small molecules and other agents
that may modify HIV infectivity and replication by adding to the composition varying amounts
of the agent to be tested and comparing it to a companion system that does not have the agent but
which exhibits the desired therapeutic effect. For example, if it is known that the viral particle or
cell inhibits HIV infection in a system, then the system can be used to test alternative therapies to
determine if it is a substitute to the viral particle or cell. Alternatively, one can test agents in the
viral particle system itself to determine if the agent acts competitively, additively or
synergistically with the viral particle system. After an in vitro screen, the test agent or

combination therapy can be assayed in an appropriate animal model.

[0160] When the cells, particles and/or antibody conjugated cells (to the particles) are

administered to an appropriate animal subject, the animal subject can be used as an animal model
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to test alternative therapies in the same manner as the in vitro screen. This invention also
provides a method to inhibit HIV replication in vivo or ex vivo, comprising, or alternatively
consisting essentially of, or yet further consisting of administering to a subject in need thereof an
effective amount of the isolated cell, enriched population of cells, pseudotyped viral particle or
the pseudotyped viral particle conjugated to the antibody as describe herein. In another aspect, a
method to prevent HIV replication in vivo or ex vivo 1s provided comprising, or alternatively
consisting essentially of, or yet further consisting of administering to a subject in need thereof an
effective amount of the isolated cell, enriched population of cells, pseudotyped viral particle or
the pseudotyped viral particle conjugated to the antibody as describe herein. The cell, enriched
population of cells, pseudotyped viral particle or the pseudotyped viral particle conjugated to the
antibody as describe herein can be combined with other anti-viral therapies that are known in the
art. When combined with other therapies, administration of the therapies can be concurrent or
sequential as determined by the treating physician. In one aspect, bone marrow, mobilized bone
marrow cells or peripheral blood lymphocytes are removed from the patient to be treated and
cultured with the pseudotyped viral particle conjugated to the one or more antibodies. After an
appropriate amount of time to allow for the particle to bind to the appropriate receptor, the cells
are then re-administered to the subject or patient to which they were isolated. As noted above,

this therapy can be combined with other anti-viral therapies or the like.

[0161] This invention also provides a method to treat a subject at risk of developing an active
infection or infected with HIV (AIDs) by administrering to the subject an effective amount of
one of the compositions as described herein. For the purpose of this aspect, a subject is as
described herein and therefore includes mammals, animals and humans, for example. Additional

effective therapies can combined with this invention and/or added as necessary.

[0162] Further provided are methods to inhibit or prevent HIV replication in a cell infected
with HIV, by contacting the cell with an effective amount of one or more of an isolated cell, an
enriched population of cells, a pseudotyped viral vector particle as described herein or or the
psuetotyped viral vector as described herein. In one aspect, the contacting is in vitro. In another

aspect it is in vivo.
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[0163] This invention also provides the use of a compositions as described herein to prevent or
treat an HIV infection and/or AIDs by administering to a subject an effective amount of one or
more compositions described herein. Further provided is the use of a composition as described
herein in the manufacture of a medicament to treat or prevent HIV infection and/or AIDs.

Additional effective therapies can combined with this invention and/or added as necessary.

[0164] Having been generally described herein, the follow examples are provided to further

illustrate this invention.
Examples
CD2S Pre-selective Anti-HIV Vectors for Improved HIV Gene Therapy

[0165] HIV infections continue to spread worldwide in both developed and underdeveloped
countries with no effective vaccine available (Barouch et al., 2008; Edgeworth et al., 2002).
Although antiretroviral therapy (ART) is effective in the majority of HIV infected patients,
challenges to therapeutic and curative success include the continuing emergence of drug-resistant
HIV variants, drug toxicity, and incomplete viral suppression (Baldanti et al., 2010; Domingo et
al., 2012; Johnson et al., 2010; Kuritzkes, 2011; Lewden et al., 2007; Macias ct al., 2006; Tilton
et al., 2010). ART also fails to eradicate viral reservoirs which are established early in infection,
leading to viral persistence and incomplete immune restoration (Gazzola et al., 2009; Mehandru
et al., 2006). Interruption of ART results in rapid viral resurgence, the generation of escape
mutants, and CD4+ T cell loss in the peripheral blood of HIV infected patients (Graham et al.,
2012; Kalmar et al., 2012).

[0166] These challenges highlight the need for the further development of innovative HIV
therapies with broad mechanisms of action. HIV gene therapy has the potential as an alternative
or complementary treatment strategy to ART, especially when hematopoietic stem cells (HSCs)
are the cellular targets for genetic modification (Strayer et al., 2005). Advantages of HIV stem
cell gene therapy include constitutive or controlled expression of anti-HIV genes, the generation
of a durable and HIV-resistant immune system, and the possibility of a one-time treatment if

enough anti-HIV vector transduced cells can be transplanted into patients (Strayer et al., 2005).
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Many potent anti-HIV genes have been developed and tested both in preclinical and clinical
settings and the safety of some of these genes has been observed with engraftment of transduced
stem cells and anti-HIV gene expression in transplanted patients (Bauer et al., 1997; DiGuisto et
al., 2010; Kohn et al., 1999; Mitsuyasu et al., 2009; Podsakoff et al., 2005; Shimizu et al., 2010;
ter Brake et al., 2009; Walker et al., 2012). However, efficacy in a clinical setting has been
difficult to achieve due to low transduction efficiencies and low in vivo gene marking (DiGuisto

et al., 2010; Mitsuyasu et al., 2009; Podsakoff et al., 2005).

[0167] In vitro HIV challenge experiments designed to evaluate the efficacy of anti-HIV genes
in inhibiting HIV infection/replication rely on sorting or selection of the gene transduced cells
resulting in a pure population of HIV-resistant cells prior to infection. However, this has not
been feasible in a clinical setting as many reporter genes utilized for sorting may be
immunoreactive. When unsorted/mixed populations of nontransduced and anti-HIV vector
transduced cells are infected with HIV, a selective survival advantage and an increase in the
percentage of total immune cells of the anti-HIV gene expressing cells has been observed
(Anderson et al., 2009; Walker et al., 2012). These results highlight the ability of anti-HIV gene
modified cells to survive and possibly replenish the immune system with functioning HIV-
resistant immune cells. However, when translated into a clinical setting, a large percentage of
nontransduced HSCs are transplanted along with the anti-HIV vector transduced cells due to low
transduction efficiencies (DiGuisto et al., 2010; Mitsuyasu et al., 2009; Podsakoff et al., 2005).
These nontransduced HSCs produce unprotected immune cells which are targets for HIV
infection and replication. These infected cells may also replenish viral reservoirs. By
transplanting an enriched population of anti-HIV vector transduced cells into patients where the
majority of the cells express the anti-HIV genes, similar results observed with the Berlin patient
may be achievable as this patient received a pure population of HIV-resistant HSCs from a donor
who was homozygous for a CCR5 A32 bp allele (Hutter et al., 2009). Therefore, new methods
need to be developed to increase the total percentage of anti-HIV vector transduced cells

transplanted into patients.
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[0168] In the studies described herein, in vitro safety and an improved efficacy of HIV stem
cell gene therapy in the enriched population of HIV-resistant cells compared to unpurified cells
are demonstrated. This was achieved by a triple combination anti-HIV vector which
incorporated a selectable marker, human CD25, which is expressed on the surface of transduced
cells. Human CD25, the low affinity IL-2 receptor alpha subunit, was chosen as the selectable
marker because of its normal characteristics of not being expressed on the surface of HPCs or
HSCs and its lack of intracellular signaling (Grant et al., 1992; Kuziel et al., 1990; Minami et al.,
1993). Upon expressing CD25 on the surface of HPCs and purification of the transduced cells,
safety of the enriched population of anti-HIV vector transduced HPCs was observed along with
potent HIV-1 inhibition. These results highlight the potential use of this strategy for HIV stem

cell gene therapy to improve the efficacy of future HIV stem cell gene therapy clinical trials.
Example 1: Lentiviral vector design and production

[0169] A third-generation self-inactivating lentiviral vector was utilized in this study, CCLc-
MNDU3-X-PGK-X2. To generate the control vector (named EGFP+), an EGFP reporter gene
was inserted into position “X” under the control of the MNDU3 promoter and a human CD25
coding region was inserted into position “X2” of this vector under the control of a
phosphoglycerate kinase (PGK) promoter (FIG. 1A). This vector was only used to initially test
the strategy of utilizing CD25 as a selective protein in purifying transduced cells. Therefore,
Applicant was able to compare EGFP% positive cells to CD25% positive cells. To generate the
pre-selective anti-HIV vector (named CMAP1 (Cclc-Mndu3-Antihiv-Protein-1), a triple
combination of anti-HIV genes was inserted into position “X” and a human CD25 coding region
was inserted into position “X2” of this vector under the control of a PGK promoter (FIG. 1B).
The triple combination of anti-HIV genes includes a chimeric human/rhesus macaque TRIM5a
gene under the control of the MNDU3 promoter, a polymerase-I11 U6 promoter driven CCR5
shRNA expression cassette, and a polymerase III U6 promoter driven TAR decoy expression

cassette (FIG. 1B). Sequencing of clones was confirmed by Laragen Inc., Los Angeles, CA.

[0170] Lentiviral vectors were generated in HEK-293T cells. Twenty-five micrograms of the

packaging construct, A8.9 (packaging plasmid containing the gag and pol genes), 25ug of

- 47 -



WO 2014/026053 PCT/US2013/054217

EGFP+ or CMAPI, and 5ug of VSVG (envelope) were transfected into cells in T225 flasks by
lipofection. Vector supernatants were collected at 48 hours post-transfection and concentrated
by ultrafiltration. Vector titers were calculated by transduction of HEK-293T cells. Forty-eight
hours post-transduction, the HEK-293T cells were stained with a phycoerythrin (PE)-conjugated
anti-human CD25 antibody (BD Biosciences, San Jose, CA) and analyzed by flow cytometry.
All flow cytometry analyses were performed on a Beckman Coulter Cytomics FC500 using CXP

software.

Example 2: Transduction and purification of vector transduced primary human CD34+

HPCs

[0171] CD34+ hematopoictic progenitor cells (HPCs) were isolated from human umbilical
cord blood (NDRI, Philadelphia, PA) by Ficoll-Paque (GE Healthcare, Piscataway, NJ) and
purified by CD34+ magnetic bead column separation (Miltenyi Biotec, Auburn, CA). CD34+
cell isolation purity (>90%) was routinely obtained. Total CD34+ cells were cultured in
complete IMDM media containing 10% FBS and supplemented with 50ng/ml SCF, Flt-3 ligand,
and TPO. Cells were transduced with the lentiviral vectors EGFP+ or CMAP1 (MOI 15)
overnight at 37°C with 8ug/ml protamine sulfate. Two days post-transduction, an aliquot of the
EGFP+ vector transduced cells was stained with a PE-conjugated anti-human CD25 antibody
(BD Biosciences, San Jose, CA) and analyzed by flow cytometry for both EGFP and CD25
percentages. Total genomic DNA was extracted from an aliquot of the CMAP1 vector
transduced cells utilizing a Wizard Genomic DNA Isolation System (Promega, Madison, WI)
and analyzed by quantitative PCR (QPCR) for vector copy number with a primer set specific for
the chimeric TRIMS5a gene: (forward) 5’-CTGGGTTGATGTGACAGTGG-3’ (SEQ ID NO: 28)
and (reverse) 5’-CGTGAGTGACGGAAACGTAA-3’ (SEQ ID NO: 29). QPCR was performed
using a SYBR Green PCR Master Mix Kit (Applied Biosystems, Foster City, CA). The rest of
the transduced cells were labeled with CD25+ immunomagnetic beads (Miltenyi Biotec, Auburn,
CA) according to the manufacturer’s protocol and separated over a magnetic bead column.

Purified cells were then utilized for subsequent experiments.
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[0172] To evaluate the purity of the EGFP+ vector transduced cells after CD25+
immunomagnetic bead selection, purified cells were stained with a PE-conjugated anti-human
CD2S5 antibody (BD Biosciences, San Jose, CA) and analyzed for both EGFP and CD25
percentages. To evaluate the purity of the CMAP1 vector transduced cells, total genomic DNA
was extracted and analyzed by QPCR for vector copy number utilizing the chimeric TRIMSa.
primer set described above. QPCR was performed using a SYBR Green PCR Master Mix Kit
(Applied Biosystems, Foster City, CA). GAPDH was used as an internal control. Example 3:

Colony forming unit assays

[0173] CD34+ HPCs, cither nontransduced (NT) or CD25 immunomagnetic bead purified
CMAP1 vector transduced cells were cultured in semi-solid methylcellulose medium with
growth factors (Stem Cell Technologies, Vancouver, BC, Canada) for 10 days. After 10 days,
total blood forming colonies (BFU), granulocyte/erythrocyte/megakaryocyte/monocyte colonies

(GEMM), and granulocyte/monocyte colonies (GM) were observed and counted.

[0174] To evaluate whether purified CMAP1 vector transduced CD34+ HPCs (10,000
cells/3ml methylcellulose) had an increased proliferation potential in the presence of 1L-2,
Iug/ml of IL-2 was added to the methylcellulose medium. After 10 days, total cell numbers

were counted.

[0175] To derive macrophages from the nontransduced and the purified CMAPI vector
transduced CD34+ HPCs, cells were removed from the methylcellulose and plated in 6-well
plates in complete DMEM medium with 10% FBS supplemented with 10ng/ml of GM-CSF and
M-CSF (R&D Systems, Minneapolis, MN). Media was changed every two days for four days to
derive mature macrophages. Both nontransduced (NT) and purified CMAPI1 vector transduced

CD34+ cell derived macrophages were used for subsequent experiments.
Example 4: Phenotypic and genotypic analysis of CD34+ cell derived macrophages

[0176] To determine if CMAPI vector transduced CD34+ cells were able to mature into
phenotypically normal macrophages, cells were visualized by microscopy and analyzed by flow

cytometry. Macrophages were stained with antibodies to detect normal macrophage cell surface
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markers including, PE-conjugated CD14, allophycocyanin (APC)-conjugated HLADR, PE-
conjugated CD4, PECY7-conjugated CD80, PE-conjugated CCRS5, and PE-conjugated CD25
(BD Biosciences, San Jose, CA).

[0177] To determine if the addition of IL-2 induced the expression of proto-oncogenes in
CMAP1 vector transduced macrophages, IL-2 (1ug/ml) was added to the macrophage cultures.
On day three post-IL2 addition, total cellular RNA was extracted and QPCR was performed.
Total cellular RNA was extracted from cells using RNA-STAT-60 (Tel-Test Inc., Friendswood,
TX). First strand cDNA synthesis was performed using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA). QPCR was then performed using the
SYBR Green PCR Master Mix Kit (Applied Biosystems, Foster City, CA) with primers: myc
(forward) 5’-TCCATTCCGAGGCCACAGCAAG-3’ (SEQ ID NO: 30); (reverse) 5°-
TCAGCTCGTTCCTCCTCTGACG-3’ (SEQ ID NO: 31); myb (forward) 5°-
AAGACCCTGAGAAGGAAAAGCG-3’ (SEQ ID NO: 32); (reverse) 5°-
GTGTTGGTAATGCCTGCTGTCC-3’ (SEQ ID NO: 33); fos (forward) 5°-
ACTACCACTCACCCGCAGAC-3’ (SEQ ID NO: 34); (reverse) 5°-
GACGGGAAGCCAGCCTTAC-3’ (SEQ ID NO: 35); jun (forward) 5°-
CCCCAAGATCCTGAAACAGA-3’ (SEQ ID NO: 36); and (reverse) 5°-
CCGTTGCTGGACTGGATTAT-3’ (SEQ ID NO: 37). Glyceraldehyde-6-phosphate was used
as an internal control. Peripheral blood mononuclear cells (PBMCs) were cultured in complete
RPMI media supplemented with 10% FBS and used as a positive control for proto-oncogene up-

regulation upon IL-2 (1ug/ml) stimulation.
Example S: HIV-1 challenge of vector transduced macrophages

[0178] To determine whether the purified CMAP1 vector transduced macrophages were
capable of improved inhibition of HIV-1 infection compared to unpurified CMAP1 vector
transduced macrophages, cells were challenged with an R5-tropic BaL-1 strain of HIV-1 (MOI
0.05). On various days post-infection, supernatants were collected and analyzed for levels of
HIV-1 replication by p24 antigen ELISA (Zeptometrix Corp., Buffalo, NY). On day 28 post-

infection, the HIV-1 challenged cells were also visualized by microscopy.
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[0179] Two-sample t-tests were used for statistical analyses. They were conducted in R

(version 2.10.1) for Windows. A significance level of 0.05 was used for testing hypotheses.
Example 6: Enrichment of cells transduced with the pre-selective vectors

[0180] A third generation self-inactivating lentiviral vector, CCLc-MNDU3-X-PGK-X2, was
utilized to derive the control (EGFP+) and the anti-HIV (CMAP1) pre-selective vectors. A
selectable marker, human CD25 which is not normally found on the surface of CD34+ HPCs,
was incorporated into the control EGFP+ and CMAP1 vectors under the control of the PGK
promoter and used to purify vector transduced cells (FIG. 1A). The EGFP+ control vector was
only used to initially test the strategy of utilizing CD25 as a selective protein in purifying
transduced cells and to compare the purification levels to CMAP1 vector transduced cells. By
using EGFP in the same vector as CD25, we would be able to compare EGFP% positive cells to
CD25% positive cells. To evaluate the levels of purification of vector transduced cells, flow
cytometry and quantitative PCR (QPCR) were performed on EGFP+ and CMAPI1 vector
transduced CD34+ HPCs, respectively. As displayed in FIG. 1B, the percentage of control
EGFP+ vector transduced cells in the total cell population increased on average from 14.5%
EGFP+ unpurified to 81.9% EGFP+ after purification. This correlated with expression of CD25
on the surface of the transduced HPCs which increased on average from 15.1% CD25+ before
purification to 81.0% CD25+ post-purification. As displayed in FIG. 1C, the levels of vector
copy number per cell in the total cell population of CMAP1 vector transduced cells increased on
average from 0.38 vector copies per cell unpurified to 2.97 vector copies per cell after
purification. This amounted to an average enrichment percentage of 85.3%. These data
successfully demonstrate that upon expression of CD25 on the surface of cells transduced with

the pre-selective vectors, a high level of enrichment can be achieved.
Example 7: Safety of CMAP1 transduced HPCs in CFU assays

[0181] CD25 is not normally found on the surface of human HPCs. Therefore, to evaluate the
effect of CD25 expression on HPCs and their ability to form normal quantities and types of

hematopoietic colonies, CFU assays were performed on purified CMAP1 vector transduced
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HPCs. As displayed in FIG. 2A, normal colony phenotypes of BFUs, GEMMs, and GMs formed
in the purified CMAPI1 cultures compared to nontransduced (NT) cultures. The representative
pictures displayed were taken with a 10x objective. Total numbers of each type of colony were
also counted. As displayed in FIG. 2B, no significant differences (p>0.05) in the numbers of
cach colony, BFUs, GMs, and GEMMs had formed, on average, in the purified CMAP1 cultures,
44.0 BFUs, 45.3 GMs, and 12.0 GEMMs with standard deviations of 5.29, 5.03 and 2.00,
respectively compared to the NT cultures, 45.3 BFUs, 50.0 GMs, and 12.7 GEMMs with
standard deviations of 3.06, 5.29 and 5.03, respectively.

[0182] As CD2S5 is part of the IL-2 receptor complex which is involved in the immune
response and immune cell proliferation, we wanted to investigate whether the addition of IL-2 to
the purified CMAP1 vector transduced HPC methylcellulose cultures resulted in an increase in
HPC proliferation and in total cell numbers. As displayed in FIG. 2C, no significant differences
(p>0.05) in cell numbers were observed, on average, in the NT and CMAP1 cultures with the
addition of IL-2 (106.74 and 106.78 total cells, respectively). An increase in total cell numbers
was observed in the CMAP1 cultures with IL-2 compared to the cultures without IL-2 (an
increase of 0.18 log), however, a similar increase was observed in the NT cultures (an increase of
0.16 log). This was likely due to the presence of cells which normally respond to IL-2 since

during the course of the 10 day culture, the majority of the cells have differentiated.

[0183] These results highlight the initial safety of expressing CD25 on the surface of vector
transduced HPCs and demonstrated that no apparent aberrations in HPC differentiation or

proliferation had occurred with over expression of CD25.

Example 8: Derivation of phenotypically normal macrophages from CMAPI1 transduced

HPCs

[0184] To determine whether normal immune cells could be derived from the purified CMAP1
transduced cells, macrophages were differentiated from the HPCs. Macrophage cultures were
visualized by microscopy under a 10x objective. As displayed in FIG. 3A, normal macrophage

phenotypes were observed with the appearance of attached cells having a “fried-egg” appearance
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in both the NT and purified CMAP1 vector transduced cultures. These macrophages were then
phenotypically analyzed by flow cytometry for normal macrophage cell surface markers. As
displayed in FIG. 3B, a normal phenotype of purified CMAP1 macrophages (shaded histograms)
was demonstrated as compared to NT macrophages (unshaded histograms). Representative
overlay histograms are displayed (FIG. 3B). CMAPI cells displayed 92.3% of CD14, 95.6% of
HLADR, 99.7% of CD4, and 93.4% of CD80. CCRS expression had decreased to 25.5% in the
purified CMAP1 macrophages compared to NT macrophages which displayed a level of 94.6%
of CCRS. The decrease in CCRS expression in the CMAPI cultures was due to the expression of
the CCRS5 shRNA.

[0185] Macrophages normally express a certain level of CD25 on their cell surface. To
evaluate the increase in cell surface expression of CD25 on CMAP1 transduced macrophages,
flow cytometry was performed. As displayed in FIG. 3C, a gradient increase was observed, on
average, in CD25 expression on the surface of macrophages from NT macrophages (55.0%) to
unpurified CMAP1 transduced macrophages (79.1%) to purified CMAP1 transduced
macrophages (95.1%).

[0186] These results demonstrate that phenotypically normal macrophages can be derived from
purified CMAP1 vector transduced HPCs and that overexpression of CD25 did not disrupt
normal macrophage differentiation from HPCs. These results also demonstrate that the CMAP1
vector worked as hypothesized by displaying an increase in CD25 expression on purified

populations of transduced cells.
Example 9: Proto-oncogene expression in purified CMAP1 macrophages

[0187] As mentioned above, CD25 is part of the IL-2 receptor complex which is involved in
the cell proliferation of immune cells. After IL-2 binds to the IL-2 receptor, expression of proto-
oncogenes including myc, myb, fos, and jun are up-regulated to promote cell division. To
evaluate whether overexpression of CD25 on the surface of purified CMAP1 macrophages up-
regulated the expression of the mentioned proto-oncogenes, QPCR was performed on total RNA

from macrophage cultures with the addition of IL-2. PBMCs were used as a positive control for
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proto-oncogene up-regulation in the presence of IL-2. As displayed in FIG. 4, similar levels of
proto-oncogene expression were measured in NT and purified CMAP1 macrophage cultures. No
significant difference (p>0.05) was observed with the expression of myc, myb, and fos in
CMAP1 macrophages compared to NT macrophages in the presence of IL-2. However, an
average relative expression level of 1.1 (standard deviation of 0.04) for jun (p=0.0121,
statistically significant) was observed with CMAP1 macrophages compared to NT macrophages
which were used as the reference cells with an average relative expression level of 1.0 (standard
deviation of 0.04). As a positive control for proto-oncogene up-regulation, PBMCs were
cultured in the presence of IL-2. A significant up-regulation in the expression of myc (2.3-fold)
(p=0.0418), myb (8.1-fold) (p=0.0018), fos (4.8-fold) (p=0.0001), and jun (5.3-fold) (p=0.0004)

was observed in the IL-2 stimulated PBMC cultures relative to NT macrophages.

[0188] These results demonstrate that even though the purified CMAP1 macrophages express
an increased level of CD25, proto-oncogene expression levels remained similar to nontransduced

cells.
Example 10: HIV-1 inhibition of CMAP1 HPC derived macrophages

[0189] Previous challenge experiments performed with this triple combination of anti-HIV
genes, both in vitro and in vivo, demonstrated strong viral inhibition to both CCRS5 and CXCR4-
tropic strains of HIV-1 (Anderson et al., 2009; Kohn et al., 1999). These experiments, however,
relied on sorting the cells based on a non-clinically acceptable reporter gene, EGFP, prior to viral
challenge. To evaluate whether purified CMAP1 macrophages displayed an increased efficacy
of HIV-1 inhibition compared to NT and unpurified CMAP1 macrophages, cells were challenged
with an R5-tropic BaL-1 strain of HIV-1. As displayed in FIG. 5A at the end of the challenge
experiments, potent inhibition of HIV-1 infection was observed in the purified CMAP1 cultures
compared to NT macrophages (2.9 log difference) and unpurified CMAP1 macrophages (2.2 log
difference). A slight inhibition of HIV-1 infection was observed in the unpurified CMAP1
macrophage cultures (0.7 log difference) compared to NT macrophages due to the presence of
anti-HIV gene expressing cells. On day 28-post infection, HIV-1 infected macrophages were

also visualized by microscopy under 10x magnification. As displayed in FIG. 5B with
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representative pictures, cell death from HIV infection was observed throughout the cultures of
infected NT and unpurified CMAP1 macrophages. This was in comparison to purified CMAP1
macrophages which displayed a small amount of cell death but where the majority of

macrophages still appeared healthy.

[0190] These results highlight the increased efficacy of anti-HIV vector transduced cells when
they are purified to a cell population where the majority of the cells express the anti-HIV genes

and demonstrate the utility of this novel CMAP1 vector.

[0191] HIV gene therapy holds considerable promise as an alternative treatment strategy for
HIV infected patients. As observed with the Berlin patient who received a pure population of
HIV-resistant hematopoietic stem cells in a bone marrow transplant from a donor homozygous
for a CCR5 A32 bp allele, HIV-resistant stem cells are capable of repopulating the immune
system with cells which can inhibit HIV infection in the absence of ART for a prolonged period
of time (Hutter et al., 2009). The safety of numerous anti-HIV genes has been demonstrated in
previous HIV stem cell gene therapy clinical trials (DiGuisto et al., 2010; Mitsuyasu et al., 2009;
Podsakoff et al., 2005). However, patients were given a mixed population of cells, with the vast
majority not being transduced with anti-HIV genes. This led to the derivation of an immune
system where the majority of the immune cells were still susceptible to HIV infection. A low
level of efficacy was observed with a measureable increase in the levels of anti-HIV gene
expressing cells in the presence of a viral load, however, initial transduction efficiencies and in
vivo gene marking were too low for patients to remain off ART. If a pure population of anti-
HIV gene transduced cells could be transplanted into patients, similar results observed with the

Berlin patient may be achievable.

[0192] Applicant has recently demonstrated strong ex vivo resistance to infection to multiple
strains of HIV-1 and a selective survival advantage of cells transduced with a triple combination
anti-HIV lentiviral vector expressing a human/rhesus macaque TRIM5a, a CCRS shRNA, and a
TAR decoy in vivo in a humanized mouse model (Walker et al., 2012). However, plasma
viremia levels in HIV-1 infected mice transplanted with anti-HIV vector transduced cells did not

decrease over time due to the transplantation of a majority of nontransduced HSCs which
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continually produced HIV susceptible target cells (Walker et al., 2012). If anti-HIV vector
transduced cells could be enriched to a pure population or at least to a population where the
majority of the cells express the anti-HIV genes, improved in vivo efficacy may be

demonstrated.

[0193] Current reporter genes for cell sorting are not clinically relevant due to their foreign
nature which would invoke an immune response against transduced cells. Another approach
similar to the one presented here utilizes a P140K mutant methylguanine methyltransferase
(MGMT) transgene to select for transduced cells in vivo after transplantation into patients. This,
however, would require another patient infusion with agents which would select for vector
transduced cells (Trobridge et al., 2009). Therefore, as a first step to improve on the efficacy of
HIV gene therapy, Applicant has developed pre-selective anti-HIV lentiviral vectors which
express a normal human cell surface protein as to avoid rejection of transduced cells and allow
for the purification of vector transduced cells prior to transplantation. Human CD25 was chosen
as a sclectable marker based on its characteristics of not being expressed on the surface of HPCs
or HSCs, it is a normal immune cell surface protein, and it has been previously shown to have no

direct intracellular signaling (Grant et al., 1992; Kuziel et al., 1990; Minami et al., 1993).

[0194] When over-expressing a protein on the surface of cells, especially cells which do not
normally express the protein, the safety and function of the engineered cells is a concern. Upon
transduction and high level purification (>85%) of CMAP1 vector transduced HPCs,
phenotypically normal CFUs and the number of CFUs formed in methylcellulose medium were
similar to nontransduced cells (FIG. 2). Safety was also observed with macrophages derived
from the purified CMAP1 vector transduced HPCs as they appeared phenotypically normal

compared to nontransduced macrophages (FIG. 3).

[0195] As CD25 is part of the IL-2 receptor complex, it was important to investigate whether
the over expression of CD25 in purified vector transduced cells had any effect on cell
proliferation or the up-regulation of proto-oncogenes in the addition of IL-2. In the presence of
IL-2 no adverse effects were observed in purified CMAP1 vector transduced HPCs or

macrophages. No increased cell proliferation of HPCs (FIG. 2) and no increase in the expression
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of the proto-oncogenes myc, myb, or fos (FIG. 4) was observed compared to nontransduced
cells. A small increase in the expression of jun in CMAP1 vector transduced macrophages was
observed (1.1) compared to NT cells (1.0). This difference was, however, significantly different
to the positive control PBMCs which displayed a 5.3 relative increase in expression of jun. No
other adverse effects were observed with purified CMAP1 vector transduced cells. Applicant’s
findings of a lack of cell proliferation and proto-oncogene up-regulation are likely due to CD25’s
normal function of being involved with the assembly of the IL-2 receptor but having no mitotic

signaling capabilities (Grant et al., 1992; Kuziel et al., 1990; Minami et al., 1993).

[0196] The ultimate goal of HIV stem cell gene therapy is to provide an alternative therapeutic
intervention for HIV infected patients and to provide a possibility for them to withdraw ART
medications. For this to be achievable, an enriched population of anti-HIV gene transduced cells
with little to no nontransduced cells needs to be transplanted. Upon HIV-1 challenge of purified
CMAP1 vector transduced HPC derived macrophages, strong inhibition of HIV-1 infection was
observed. CMAP1 vector transduced cells which were not purified displayed high levels of
HIV-1 replication similar to nontransduced macrophage cultures. Even though unpurified
CMAPI1 cultures contained anti-HIV gene expressing cells, the majority of the cells were
nontransduced and, thus, were capable of being infected and replicating HIV-1 at a high level.
This highlights the improved efficacy of this pre-selective anti-HIV vector and allows for the

purification of anti-HIV gene expressing cells to an enriched population.
Example 11: CD2S5-pre-selective-anti-HIV lentiviral vector

[0197] Construction of the lentiviral vector depicted in FIG. 9 was performed according to the
following. The lentiviral vector backbone CCLc was used to generate the CD25 pre-selective
anti-HIV vectors. First, a human/rhesus macaque TRIMS5alpha gene was fused via a 2A protease
cleavage site to either the complete human CD25 gene or to a truncated version of the human
CD25 gene (either a full truncation of the cytoplasmic domain or a truncation which leaves only
four cytoplasmic amino acids). These fusion proteins were generated by fusion PCR and
contained an Hpal site at the 3° end of the fusion gene for subcloning of the U6-CCRS
shRNA/U6-TAR decoy expression cassettes. The TRIMS5alpha-2A-CD25 fusion genes were
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first cloned into a TOPO PCR cloning vector and the sequence was verified. Next, the U6-CCR5
shRNA/U6-TAR decoy expression cassettes were subcloned into an Hpal site downstream from
the TRIMS5alpha-2A-CD25 genes in their respective TOPO clones. Correct sequences were
verified. Next, the TRIMS5alpha-2A-CD25-U6-CCRS5 shRNA/U6 TAR decoy expression
clusters were subcloned into the CCLc lentiviral vector in an EcoRI site downstream of the
MNDU3 promoter. Sequences were verified. This generated the CCLc lentiviral vector which
contains the TRIMS5alpha-2A-CD25 expression cassette under the control of the MNDU3
promoter, a CCR5 shRNA under the control of a U6 promoter, and a TAR decoy under the
control of a U6 promoter. SEQ ID NOS 1-3 are representative sequences of this vector

construct.
Example 12: Derivation of macrophages from purified CMAP1 vector transduced HPCs

[0198] Macrophages normally express a measureable level of CD25 on their cell surface. To
evaluate any increase in cell surface expression of CD25 on CMAP1-transduced macrophages,
flow cytomotry was performed. A gradient increase was observed, on average, in CD25
expression on the surface of macrophages from NT macrophages (63.7%) to unpurified CMAP1-
transduced macrophages (84.1%) to purified CMAP1-transduced macrophages (94.3 %). This
increase in CD25 expression, which correlates to CMAP1 vector transduction, resulted in the
downregulatin of CCRS due to the expression of the CCRS5 shRNA. In purified CMAP1
macrophages, CCRS5 expression was 12.5 %, which compared to NT macrophages (86.5%) and
unpurified CMAP1 macrophages (78.9%).

[0199] These results demonstrate that phenotypically normal macrophages can be derived
from purified CMAP1 vector-transduced HPCs and that overexpression of CD25 did not disrupt

normal macrophage differentiation from HPCs.

[0200] It is to be understood that while the invention has been described in conjunction with
the above embodiments, that the foregoing description and examples are intended to illustrate
and not limit the scope of the invention. Other aspects, advantages and modifications within the

scope of the invention will be apparent to those skilled in the art to which the invention pertains.
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[0201] In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognize that the invention is also thereby

described in terms of any individual member or subgroup of members of the Markush group.

[0202] All publications, patent applications, patents, and other references mentioned herein are
expressly incorporated by reference in their entirety, to the same extent as if each were
incorporated by reference individually. In case of conflict, the present specification, including

definitions, will control.
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WHAT IS CLAIMED IS:

1. A vector comprising;:

(a) a backbone comprising essential sequences for integration into a target cell
genome;

(b) a nucleic acid encoding a CCR5 RNAi;

(©) a first expression control element that regulates expression of the nucleic acid
encoding the RNAI of element (b);

(d) a nucleic acid encoding at least the extracellular domain of CD25; and

(e) a second expression control element that regulates expression of the nucleic acid

encoding at least the extracellular domain of CD25.

2. The vector of claim 1, wherein the first or second expression control element is a
promoter.
3. The vector of claim 1, wherein the first or second expression control element comprises a

Polymerase III promoter or a Polymerase 1l promoter.

4. The vector of claim 1, further comprising a nucleic acid encoding TRIMS5alpha sequence
under the control of (i) a third control element or (ii) the second expression control element,
wherein the second control element regulates expression of TRIMS5alpha sequence and the CD25
sequence.

5. The vector of claim 4, further comprising a protease cleavage site between the
TRIM5alpha sequence and the CD25 sequence.

6. The vector of claim 1, 4 or 5, further comprising a nucleic acid encoding an HIV TAR
sequence and a promoter that regulates expression of the nucleic acid.

7. The vector of claim 3, wherein the first expression control element comprises a
Polymerase III promoter.

8. The vector of claim 1, wherein the nucleic acid encoding an CCRS5 RNAi1 comprises a
CCRS5 shRNA polynucleotide.

9. The vector of claim 1, wherein the CCRS5 RNALI is one or more of the group shRNA,
SiRNA, miRNA or dsRNA.

10.  The vector of claim 1, further comprising a nucleic acid encoding a reporter marker.
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11.  The vector of claim 1, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 4 or a polynucleotide having at least 80 % identity thereto.
12.  The vector of claim 1, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 6 or a polynucleotide having at least 80 % identity thereto.
13.  The vector claim 1, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 5 or a polynucleotide having at least 80 % identity thereto.
14.  The vector of claim 3, wherein the second expression control element comprises a

Polymerase II promoter.

15.  The vector of claim 14, wherein the promoter comprises the phosphoglycerate kinase
promoter.
16. A viral packaging system comprising:

(a) the vector of any one of claims 1 4 or 5, wherein the backbone is derived from a

virus;
(b) a packaging plasmid; and
(©) an envelope plasmid.
17. The viral packaging system of claim 16, wherein the envelope plasmid is a plasmid

comprising a S. aureus ZZ domain sequence.

18.  The viral packaging system of claim 16, wherein the envelope plasmid comprises the
polynucleotide shown in SEQ ID NO: 16 or an equivalent thereto.

19.  The viral packaging system of claim 16, further comprising (d) a packaging cell line.

20.  The viral packaging system of claim 19, wherein the packaging cell line is HEK-293 cell.
21. A method for producing a pseudotyped viral particle, comprising transducing a packaging
cell line with the system of claim 16 under conditions suitable to package the viral vector.

22.  The method of claim 21, wherein the packaging cell line is HEK-293.

23. A pseudotyped viral particle produced by the method of claim 21.

24. A pseudotyped viral particle comprising a viral vector comprising a polynucleotide
encoding a CCR5 RNAI and an envelope protein comprising a ZZ S. aureus domain.

25.  The pseudotyped viral of claim 24 conjugated to an antibody.

26.  The pscudotyped viral of claim 25 further conjugated to an isolated cell.
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27. A method to inhibit HIV replication in a cell infected with HIV, comprising contacting
the cell with an effective amount of one or more of pseudotyped viral vector particle of claim 26.
28. A method to inhibit HIV replication, comprising administering to a subject in need
thereof an effective amount of one or more of pseudotyped viral vector particle of claim 25 or
the pseudotyped viral vector of claim 26.
29. A vector comprising;:

(a) a backbone comprising essential nucleic acid sequences for integration into a
target cell genome;

(b) a nucleic acid encoding a CCR5 RNAi;

(c) a nucleic acid encoding a TRIM5alpha sequence;

(d) a nucleic acid encoding an HIV TAR sequence;

(e) a nucleic acid encoding at least the extracellular domain of CD25; and

(H one or more expression control elements that regulate expression of the nucleic

acid encoding the elements (b), (¢), (d) and (e).

30.  The vector of claim 29, wherein at least one of the expression control elements is a
promoter.
31.  The vector of claim 30, wherein the one or more expression control element comprises a

Polymerase III promoter or a Polymerase Il promoter that regulates expression of the CCR5
RNAI or the HIV TAR sequence.

32.  The vector of claim 30, wherein the one or more expression control element comprises a
Polymerase Il promoter that regulates expression of the nucleic acid encoding the TRIM5alpha
sequence.

33.  The vector of claim 31, wherein the Polymerase I1I promoter comprises the U6 promoter
sequence or an equivalent thereof.

34.  The vector of claim 32, wherein the Polymerase Il promoter comprises the MNDU3
Polymerase Il promoter or an equivalent thereof

35. The vector of claim 29, wherein the vector backbone is derived from a virus.

36. The vector of claim 35, wherein the backbone is derived from lentivirus.
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37.  The vector of any of claim 29, wherein CCRS5 RNAI is one or more of the group shRNA,
SiRNA, miRNA or dsRNA.

38.  The vector of claim 29, wherein the nucleic acid encoding an CCR5 RNAIi comprises
CCRS shRNA.
39.  The vector of claim 29, wherein the nucleic acid encoding the TRIMS5alpha sequences

comprises the polynucleotide shown in SEQ ID NO: 17 or an equivalent thereof.

40.  The vector of claim 29, wherein the nucleic acid encoding the TAR sequence comprises
the TAR decoy polynucleotide of SEQ ID NO: 27 or an equivalent thereof.

41.  The vector of claim 29, further comprising a nucleic acid encoding a reporter marker.
42.  The vector of claim 29, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 4 or a polynucleotide having at least 80 % identity thereto.

43.  The vector of claim 28, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 6 or a polynucleotide having at least 80 % identity thereto.

44.  The vector of claim 28, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 5 or a polynucleotide having at least 80 % identity thereto.

45.  The vector of claim 30, wherein the one or more expression control element comprises a

Polymerase II promoter that regulates expression of the nucleic acid encoding the CD25

sequence.
46.  The vector of claim 45, wherein the promoter is PGK.
47.  The vector of claim 30, wherein the one or more expression control element comprises a

Polymerase Il promoter that regulates expression of a polynucleotide comprising the nucleic acid
encoding the TRIMS5alpha sequence and the nucleic acid encoding at least the extracellular
domain of CD25.

48.  The vector of claim 47, further comprising a protease cleavage site between the
TRIM5alpha sequence and the CD25 sequence.

49.  The vector of claim 48, wherein the protease cleavage site is a 2A protease cleavage site.
50.  The vector of claim 47 wherein the Polymerase Il promoter comprises the MNDU3

promoter.
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51.  The vector of claim 47, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 4 or a polynucleotide having at least 80 % identity thereto.
52.  The vector of claim 48, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 6 or a polynucleotide having at least 80 % identity thereto.
53.  The vector of claim 47, wherein the nucleic acid encoding CD25 comprises the
polynucleotide of SEQ ID NO: 5 or a polynucleotide having at least 80 % identity thereto.
54. A vector comprising the polynucleotide of SEQ ID NO: 1.
55. A vector comprising the polynucleotide of SEQ ID NO: 2.
56. A vector comprising the polynucleotide of SEQ ID NO: 3.
57. A viral packaging system comprising:

(a) the vector of claim 29, wherein the backbone is derived from a virus;

(b) a packaging plasmid; and

(©) an envelope plasmid.
58. The viral packaging system of claim 57, wherein the envelope plasmid is a plasmid
comprising S. aureus ZZ domain sequence.
59.  The viral system of claim 57, wherein the envelope plasmid comprises the polynucleotide
shown in SEQ ID NO: 16 or an equivalent thereof.
60.  The viral system of claim 57, further comprising (d) a packaging cell line.
61.  The viral system of claim 60, wherein the packaging cell line is HEK-293 cell.
62. A method for producing a pseudotyped viral particle, comprising transducing a packaging
cell line with the system of claim 57 under conditions suitable to package the viral vector.
63.  The method of claim 21 or 62, further comprising isolating the pseudotyped viral particle.
64.  The method of claim 63, wherein the packaging cell line is HEK-293.
65. A pscudotyped viral particle produced by the method of any one of claims 21, 62 or 63.
66. A pscudotyped viral particle comprising a viral vector comprising: a polynucleotide
encoding a CCR5 RNALI, a polynucleotide encoding a TRIMS5alpha sequence or an equivalent
thereof, a polynucleotide encoding an HIV TAR sequence or an equivalent thereof, a
polynucleotide encoding at least the extracellular domain of CD25 or an equivalent thereof, and

envelope protein comprising a S. aureus ZZ domain.
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67.  The pseudotyped viral particle of any of claims 23, 24, 65 or 66, further comprising one
or more antibodies conjugated to the envelope that may be the same or different.

68.  The pseudotyped viral particle of claim 67, wherein the antibody is of the group: an anti-
CCRS antibody, an anti-CD34 antibody, an anti-CXCR4 antibody, or an anti-CD4 antibody.

69.  The pseudotyped viral particle of claim 68, wherein the particle is conjugated to two or
more antibodies of the group: CD4 and CCR5; CD4 and CXCR4; and CD4 and CCR4 and
CXCR4 alone or in combination with CD34.

70. A cell conjugated to the pseudotyped viral particle of any of claims 67 to 69.

71. A method to inhibit HIV replication in a cell infected with HIV, comprising contacting
the cell with an effective amount of the cell of the pseudotyped viral vector particle of any one of
claims 65 to 69 or the cell of claim 70.

72. A method to inhibit HIV replication, comprising administering to a subject in need
thereof an effective amount of the pseudotyped viral vector particle of any one of claims 65 to 69
or the cell of claim 70.

73. A method to prevent HIV replication, comprising administering to a subject in need

thereof an effective amount of the pseudotyped viral vector particle of any of claims 65 to 69 or

the cell of claim 70.
74.  The method of claim 71, wherein the contacting is in vitro or in vivo.
75. A method to treat an HIV infection in a subject in need thereof, comprising administering

to the subject an effective amount of the cell of claim 70 or the pseudotyped viral vector particle
of any one of claims 65 to 69.

76.  Use of the cell of claim 70 or the pseudotyped viral vector particle of any one of claims
65 to 69 in the manufacture of a medicament to treat an HIV infection in a subject in need
thereof.

77. A cell of claim 70 or a pseudotyped viral vector particle of any one of claims 65 to 69 for
use to treat an HIV infection in a subject in need thereof.

78.  AKkit for use in treating an HIV infection in a subject in need thereof, comprising the cell
of claim 70 or the pseudotyped viral vector particle of any one of claims 62 to 70 , and

instructions to use.
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79. A method to treat an HIV infection in a subject in need thereof, comprising administering
to the subject an effective amount of the cell of claim 26 or the pseudotyped viral vector particle
of claim 25.

80.  Use of the cell of claim 26 or the pseudotyped lentiviral vector particle of claim 25 in the
manufacture of a medicament to treat an HIV infection in a subject in need thereof.

81. A cell of claim 26 or a pseudotyped lentiviral vector particle of claim 25 for use to treat
an HIV infection in a subject in need thereof.

82.  Akit for use in treating an HIV infection in a subject in need thereof, comprising the cell

of claim 26 or the pseudotyped lentiviral vector particle of claim 25, and instructions to use.
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caggtggcacttttcggggaaatgtgcgcggaacccectatttgtttatttttctaaatacattcaaatatgtateccg
ctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttcecgtgt
cgcccttattcecttttttgecggecattttgecttectgtttttgetcacccagaaacgectggtgaaagtaaaagatg
ctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttege
cccgaagaacgttttccaatgatgagcacttttaaagttcectgectatgtggecgecggtattateccegtattgacgecgg
gcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatce
ttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttactt
ctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgateg
ttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgecctgtagcaatggcaacaacgt
tgcgcaaactattaactggcgaactacttactctagctteccecggcaacaattaatagactggatggaggcggataaa
gttgcaggaccacttctgcgctcecggeecttecggetggetggtttattgetgataaatectggagecggtgagegtgg
gtctcgcggtatcattgcagcactggggeccagatggtaagecctecegtategtagttatectacacgacggggagte
aggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagac
caagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttt
tgataatctcatgaccaaaatcccttaacgtgagttttegttccactgagegtcagacceccgtagaaaagatcaaag
gatcttcttgagatcctttttttectgegegtaatctgetgettgcaaacaaaaaaaccaccgctaccageggtggtt
tgtttgccggatcaagagctaccaactcecttttteccgaaggtaactggecttcagcagagecgcagataccaaatactgt
ccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegectetgectaatee
tgttaccagtggctgctgccagtggcgataagtecgtgtecttaccgggttggactcaagacgatagttaccggataag
gcgcagcggtcecgggctgaacggggggttecgtgcacacageccagecttggagecgaacgacctacaccgaactgagata
cctacagcgtgagctatgagaaagcgccacgcttcececcgaagggagaaaggcggacaggtateccggtaageggcaggg
tcggaacaggagagcgcacgagggagcttccagggggaaacgcecctggtatectttatagtectgtecgggtttegecac
ctctgacttgagcgtcgatttttgtgatgctecgtcaggggggcggagectatggaaaaacgccagcaacgcggectt
tttacggttcctggeccttttgectggecttttgectcacatgttetttectgegttatecececctgattectgtggataace
gtattaccgcctttgagtgagctgataccgcectcecgecgcagecgaacgaccgagecgcagecgagtcagtgagecgaggaa
gcggaagagcgcccaatacgcaaaccgcectcecteceecgegegttggecgattcattaatgcagetggcacgacaggtt
tccecgactggaaagcgggcagtgagecgcaacgcaattaatgtgagttagectcactcattaggcaccccaggcectttac
actttatgcttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccat

FIG. 6
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gattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagectgcaagcecttggeccattgecatacgtt
gtatccatatcataatatgtacatttatattggctcatgtccaacattaccgccatgttgacattgattattgacta
gttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggta
aatggcccgcecctggctgaccgcecccaacgacccecccgeccattgacgtcaataatgacgtatgttecccatagtaacgec
aatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatc
atatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggcattatgececcagtacatgacctta
tgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacat
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
ggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeccecccattgacgcaaatgggecggtaggegtgta
cggtgggaggtctatataagcagagctcgtttagtgaaccggggtctcectectggttagaccagatctgagectgggag
ctctctggctaactagggaacccactgcttaagectcaataaagecttgecttgagtgecttcaagtagtgtgtgeceg
tctgttgtgtgactctggtaactagagatccctcagacccecttttagtcagtgtggaaaatctctagcagtggecgecce
gaacagggacctgaaagcgaaagggaaaccagaggagctctctcgacgcaggactecggcettgectgaagegegcacgg
caagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagecggaggectagaaggagagagatgggtge
gagagcgtcagtattaagecgggggagaattagatcgcgatgggaaaaaattcecggttaaggeccagggggaaagaaaaa
atataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggectgttagaaacat
cagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatat
aatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagataga
ggaagagcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagg
gacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaa
gagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgtteccttgggttecttgggagcagcaggaa
gcactatgggcgcagcctcaatgacgctgacggtacaggccagacaattattgtectggtatagtgcagcagcagaac
aatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagcagctccaggcaag
aatcctggctgtggaaagatacctaaaggatcaacagctcecctggggatttggggttgectctggaaaactcatttgca
ccactgctgtgccttggaatgctagttggagtaataaatctctggaacagattggaatcacacgacctggatggagt
gggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaagaat
gaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatat
aaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatagtgaatagag

FIG. 6 (Continued)
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ttaggcagggatattcaccattatcgtttcagacccacctcecccaacceccgaggggacccgacaggeccgaaggaata
gaagaagaaggtggagagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgataagctaa
ttcacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatag
tagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttat
tacagggacagcagagatccagtttgggaattagcttgatcgattagtccaatttgttaaagacaggatatcagtgg
tccaggctctagttttgactcaacaatatcaccagctgaagectatagagtacgagccatagatagaataaaagatt
ttatttagtctccagaaaaaggggggaatgaaagaccccacctgtaggtttggcaagctaggatcaaggttaggaac
agagagacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggctcagggccaagaacagt
tggaacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggectcagggccaagaacagatg
gtccceccagatgecggtecceccgececctcagcagtttcectagagaaccatcagatgttteccagggtgecccaaggacctgaaa
tgaccctgtgccttatttgaactaaccaatcagttecgecttectegettetgttegegegettectgeteeccecgagecteca
ataaaagagcccacaacccctcactcecggcecgcecgatctagatcectcgaatecgaattegececttgetactATGGCTTCTGG

AATCCTGGTTAATGTAAAGGAGGAGGTGACCTGCCCCATCTGCCTGGAACTCCTGACACAACCCCTGAGCCTGGACT

GCGGCCACAGCTTCTGCCAAGCATGCCTCACTGCAAACCACAAGAAGTCCATGCTAGACAAAGGAGAGAGTAGCTGC

CCTGTGTGCCGGATCAGTTACCAGCCTGAGAACATACGGCCTAATCGGCATGTAGCCAACATAGTGGAGAAGCTCAG

GGAGGTCAAGTTGAGCCCAGAGGGGCAGAAAGTTGATCATTGTGCACGCCATGGAGAGAAACTTCTACTCTTCTGTC

AGGAGGACGGGAAGGTCATTTGCTGGCTTTGTGAGCGGTCTCAGGAGCACCGTGGTCACCACACGTTCCTCACAGAG

GAGGTTGCCCGGGAGTACCAAGTGAAGCTCCAGGCAGCTCTGGAGATGCTGAGGCAGAAGCAGCAGGAAGCTGAAGA

GTTAGAAGCTGACATCAGAGAAGAGAAAGCTTCCTGGAAGACTCAAATACAGTATGACAAAACCAACGTCTTGGCAG

ATTTTGAGCAACTGAGAGACATCCTGGACTGGGAGGAGAGCAATGAGCTGCAAARACCTGGAGAAGGAGGAGGAAGAC

ATTCTGAAAAGCCTTACGAACTCTGAAACTGAGATGGTGCAGCAGACCCAGTCCCTGAGAGAGCTCATCTCAGATCT

GGAGCATCGGCTGCAGGGGTCAGTGATGGAGCTGCTTCAGGGTGTGGATGGCGTCATAAAAAGGACGGAGAACGTGA

CCTTGAAGAAGCCAGAAACTTTTCCAAAAAATCAAAGGAGAGTGTTTCGAGCTCCTGATCTGAAAGGAATGCTAGAA

GTGTTTAGAGAGCTGACAGATGTCCGACGCTACTGGGTTGATGTGACAGTGGCTCCAAACAACATTTCATGTGCTGT

CATTTCTGAAGATAAGAGACAAGTGAGCTCTCCGAAACCACAGATAATATATcaggcaccagggacattatttacgt

ttcegtecactcacgAATTTCAATTATTGTACTGGCATCCTGGGCTCTCAAAGTATCACATCAGGGAAACATTACTGG

GAGGTAGACGTGTCCAAGAAAACTGCTTGGATCCTGGGGGTATGTGCTGGCTTCCAACCTGATGCAATGTGTAATAT

TGAAAAAAATGAAAATTATCAACCTAAATACGGCTACTGGGTTATAGGGTTAGAGGAAGGAGTTAAATGTAGTGCTT

FIG. 6 (Continued)
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TCCAGGATAGTTCCTTCCATACTCCTTCTGTTCCTTTCATTGTGCCCCTCTCTGTGATTATTTGTCCTGATCGTGTT

GGAGTTTTCCTAGACTATGAGGCTTGCACTGTCTCATTCTTCAATATCACAAACCATGGATTTCTCATCTATAAGTT

TTCTCACTGTTCTTTTTCTCAGCCTGTATTTCCATATTTAAATCCTAGAAAATGTGGAGTCCCCATGACTCTGTGCT

CACCAAGCTCTggaagcggagctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacct
ATGGATTCATACCTGCTGATGTGGGGACTGCTCACGTTCATCATGGTGCCTGGCTGCCAGGCAGAGCTCTGTGACGA

TGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCA

AGAGAGGTTTCCGCAGAATAAAAAGCGGGTCACTCTATATGCTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGAC

AACCAATGTCAATGCACAAGCTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAAGAACAGAAAGA

AAGGAAAACCACAGAAATGCAAAGTCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTC

CACCATGGGAAAATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAG

GGATACAGGGCTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGTGGACCCAGCC

CCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGAAGGCC

GTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGACAGARATGGCTGCAACCATGGAG

ACGTCCATATTTACAACAGAGTACCAGGTAGCAGTGGCCGGCTGTGTTTTCCTGCTGATCAGCGTCCTCCTCCTGAG

TGGGCTCACCTGGCAGCGGAGACAGAGGAAGAGTAGAAGAACAATCTGATGACHNVVAGINErYNSOrXCNNNCIEIE[Cr VN

AAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGAT

AATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGT
AGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTG

GCTTTATATATCTTGTGGAAAGGACGAAACACCGAGCATGACTGACATCTACTTCAAGAGAGTAGATGTCAGTCATG

gttaacctcgagggatccceccecggggtcgactgatcaaattcgagetegyg

tacctttaagaccaatgacttacaaggcagctgtagatcttagccactttttaaaagaaaaggggggactggaaggg
ctaattcactcccaacgaagacaagatctgctttttgettgtactgggtctctectggttagaccagatctgagectg

FIG. 6 (Continued)
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ggagctctctggctaactagggaacccactgcttaagecctcaataaagettgecttgagtgettcaagtagtgtgtyg
cccgtetgttgtgtgactctggtaactagagatccctcagacccecttttagtcagtgtggaaaatctctagcagtagt
agttcatgtcatcttattattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttat
tgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattcta
gttgtggtttgtccaaactcatcaatgtatcttatcatgtctggctctagectatececegececctaactecgeccatcee
cgcccctaactcecgcececcagttecgeccattecteecgececcatggectgactaattttttttatttatgcagaggeecgag
gccgectecggectectgagetatteccagaagtagtgaggaggettttttggaggectaggettttgegtecgagacgta
cccaattcgccctatagtgagtcgtattacgecgecgcectcactggecgtegttttacaacgtecgtgactgggaaaacce
tggcgttacccaacttaatcgceccttgcagcacatceccectttegeccagetggecgtaatagcgaagaggceccgcaccyg
atcgccecctteccaacagttgecgcagectgaatggcgaatggecgecgacgecgeectgtagecggegecattaagecgeggeg
ggtgtggtggttacgcgcagcgtgaccgctacacttgeccagegececctagegececgetectttegetttettecctte
ctttctcgccacgttecgecggetttececgtcaagectctaaatecgggggectecctttagggttecgatttagtgett
tacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgatagacggttttt
cgccctttgacgttggagtccacgttcectttaatagtggactcecttgttccaaactggaacaacactcaaccctatcte
ggtctattcttttgatttataagggattttgccgatttecggectattggttaaaaaatgagectgatttaacaaaaat
ttaacgcgaattttaacaaaatattaacgtttacaatttcc-9897

FIG. 6 (Continued)
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caggtggcacttttcggggaaatgtgcgcggaacccectatttgtttatttttctaaatacattcaaatatgtateccg
ctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttcecgtgt
cgcccttattcecttttttgecggecattttgecttectgtttttgetcacccagaaacgectggtgaaagtaaaagatg
ctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttege
cccgaagaacgttttccaatgatgagcacttttaaagttcectgectatgtggecgecggtattateccegtattgacgecgg
gcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatce
ttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttactt
ctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgateg
ttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgecctgtagcaatggcaacaacgt
tgcgcaaactattaactggcgaactacttactctagctteccecggcaacaattaatagactggatggaggcggataaa
gttgcaggaccacttctgcgctcecggeecttecggetggetggtttattgetgataaatectggagecggtgagegtgg
gtctcgcggtatcattgcagcactggggeccagatggtaagecctecegtategtagttatectacacgacggggagte
aggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagac
caagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttt
tgataatctcatgaccaaaatcccttaacgtgagttttegttccactgagegtcagacceccgtagaaaagatcaaag
gatcttcttgagatcctttttttectgegegtaatctgetgettgcaaacaaaaaaaccaccgctaccageggtggtt
tgtttgccggatcaagagctaccaactcecttttteccgaaggtaactggecttcagcagagecgcagataccaaatactgt
ccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegectetgectaatee
tgttaccagtggctgctgccagtggcgataagtecgtgtecttaccgggttggactcaagacgatagttaccggataag
gcgcagcggtcecgggctgaacggggggttecgtgcacacageccagecttggagecgaacgacctacaccgaactgagata
cctacagcgtgagctatgagaaagcgccacgcttcececcgaagggagaaaggcggacaggtateccggtaageggcaggg
tcggaacaggagagcgcacgagggagcttccagggggaaacgcecctggtatectttatagtectgtecgggtttegecac
ctctgacttgagcgtcgatttttgtgatgctecgtcaggggggcggagectatggaaaaacgccagcaacgcggectt
tttacggttcctggeccttttgectggecttttgectcacatgttetttectgegttatecececctgattectgtggataace
gtattaccgcctttgagtgagctgataccgcectcecgecgcagecgaacgaccgagecgcagecgagtcagtgagecgaggaa
gcggaagagcgcccaatacgcaaaccgcectcecteceecgegegttggecgattcattaatgcagetggcacgacaggtt
tccecgactggaaagcgggcagtgagecgcaacgcaattaatgtgagttagectcactcattaggcaccccaggcectttac
actttatgcttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccat
gattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagectgcaagcecttggeccattgecatacgtt
gtatccatatcataatatgtacatttatattggctcatgtccaacattaccgccatgttgacattgattattgacta

FIG. 7
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gttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggta
aatggcccgcecctggctgaccgcecccaacgacccecccgeccattgacgtcaataatgacgtatgttecccatagtaacgec
aatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatc
atatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggcattatgececcagtacatgacctta
tgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacat
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
ggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeccecccattgacgcaaatgggecggtaggegtgta
cggtgggaggtctatataagcagagctcgtttagtgaaccggggtctcectectggttagaccagatctgagectgggag
ctctctggctaactagggaacccactgcttaagectcaataaagecttgecttgagtgecttcaagtagtgtgtgeceg
tctgttgtgtgactctggtaactagagatccctcagacccecttttagtcagtgtggaaaatctctagcagtggecgecce
gaacagggacctgaaagcgaaagggaaaccagaggagctctctcgacgcaggactecggcettgectgaagegegcacgg
caagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggtgce
gagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaa
atataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggecctgttagaaacat
cagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatat
aatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagataga
ggaagagcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagg
gacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaa
gagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgtteccttgggttecttgggagcagcaggaa
gcactatgggcgcagcctcaatgacgctgacggtacaggccagacaattattgtectggtatagtgcagcagcagaac
aatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagcagctccaggcaag
aatcctggctgtggaaagatacctaaaggatcaacagctcecctggggatttggggttgectctggaaaactcatttgca
ccactgctgtgccttggaatgctagttggagtaataaatctctggaacagattggaatcacacgacctggatggagt
gggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaagaat
gaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatat
aaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatagtgaatagag
ttaggcagggatattcaccattatcgtttcagacccacctcecccaacceccgaggggacccgacaggeccgaaggaata
gaagaagaaggtggagagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgataagctaa
ttcacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatag
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tagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttat
tacagggacagcagagatccagtttgggaattagcttgatcgattagtccaatttgttaaagacaggatatcagtgg
tccaggctctagttttgactcaacaatatcaccagctgaagectatagagtacgagccatagatagaataaaagatt
ttatttagtctccagaaaaaggggggaatgaaagaccccacctgtaggtttggcaagctaggatcaaggttaggaac
agagagacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggctcagggccaagaacagt
tggaacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggectcagggccaagaacagatg
gtccceccagatgecggtecceccgececctcagcagtttcectagagaaccatcagatgttteccagggtgecccaaggacctgaaa
tgaccctgtgccttatttgaactaaccaatcagttecgecttectegettetgttegegegettectgeteeccecgagecteca
ataaaagagcccacaacccctcactcecggcecgcecgatctagatcectcgaatecgaattegececttgetactATGGCTTCTGG

AATCCTGGTTAATGTAAAGGAGGAGGTGACCTGCCCCATCTGCCTGGAACTCCTGACACAACCCCTGAGCCTGGACT

GCGGCCACAGCTTCTGCCAAGCATGCCTCACTGCAAACCACAAGAAGTCCATGCTAGACAAAGGAGAGAGTAGCTGC

CCTGTGTGCCGGATCAGTTACCAGCCTGAGAACATACGGCCTAATCGGCATGTAGCCAACATAGTGGAGAAGCTCAG

GGAGGTCAAGTTGAGCCCAGAGGGGCAGAAAGTTGATCATTGTGCACGCCATGGAGAGAAACTTCTACTCTTCTGTC

AGGAGGACGGGAAGGTCATTTGCTGGCTTTGTGAGCGGTCTCAGGAGCACCGTGGTCACCACACGTTCCTCACAGAG

GAGGTTGCCCGGGAGTACCAAGTGAAGCTCCAGGCAGCTCTGGAGATGCTGAGGCAGAAGCAGCAGGAAGCTGAAGA

GTTAGAAGCTGACATCAGAGAAGAGAAAGCTTCCTGGAAGACTCAAATACAGTATGACAAAACCAACGTCTTGGCAG

ATTTTGAGCAACTGAGAGACATCCTGGACTGGGAGGAGAGCAATGAGCTGCAAARACCTGGAGAAGGAGGAGGAAGAC

ATTCTGAAAAGCCTTACGAACTCTGAAACTGAGATGGTGCAGCAGACCCAGTCCCTGAGAGAGCTCATCTCAGATCT

GGAGCATCGGCTGCAGGGGTCAGTGATGGAGCTGCTTCAGGGTGTGGATGGCGTCATAAAAAGGACGGAGAACGTGA

CCTTGAAGAAGCCAGAAACTTTTCCAAAAAATCAAAGGAGAGTGTTTCGAGCTCCTGATCTGAAAGGAATGCTAGAA

GTGTTTAGAGAGCTGACAGATGTCCGACGCTACTGGGTTGATGTGACAGTGGCTCCAAACAACATTTCATGTGCTGT

CATTTCTGAAGATAAGAGACAAGTGAGCTCTCCGAAACCACAGATAATATATcaggcaccagggacattatttacgt

ttcegtecactcacgAATTTCAATTATTGTACTGGCATCCTGGGCTCTCAAAGTATCACATCAGGGAAACATTACTGG

GAGGTAGACGTGTCCAAGAAAACTGCTTGGATCCTGGGGGTATGTGCTGGCTTCCAACCTGATGCAATGTGTAATAT

TGAAAAAAATGAAAATTATCAACCTAAATACGGCTACTGGGTTATAGGGTTAGAGGAAGGAGTTAAATGTAGTGCTT

TCCAGGATAGTTCCTTCCATACTCCTTCTGTTCCTTTCATTGTGCCCCTCTCTGTGATTATTTGTCCTGATCGTGTT

GGAGTTTTCCTAGACTATGAGGCTTGCACTGTCTCATTCTTCAATATCACAAACCATGGATTTCTCATCTATAAGTT

TTCTCACTGTTCTTTTTCTCAGCCTGTATTTCCATATTTAAATCCTAGAAAATGTGGAGTCCCCATGACTCTGTGCT

CACCAAGCTCTggaagcggagctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacct
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ATGGATTCATACCTGCTGATGTGGGGACTGCTCACGTTCATCATGGTGCCTGGCTGCCAGGCAGAGCTCTGTGACGA

TGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCA

AGAGAGGTTTCCGCAGAATAAAAAGCGGGTCACTCTATATGCTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGAC

AACCAATGTCAATGCACAAGCTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAAGAACAGAAAGA

AAGGAAAACCACAGAAATGCAAAGTCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTC

CACCATGGGAAAATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAG

GGATACAGGGCTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGTGGACCCAGCC

CCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGAAGGCC

GTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGACAGAAATGGCTGCAACCATGGAG

ACGTCCATATTTACAACAGAGTACCAGGTAGCAGTGGCCGGCTGTGTTTTCCTGCTGATCAGCGTCCTCCTCCTGAG

peicicloierNololElcIONNEISEIENERWNENINC T TAACAGATCCAGTTTGGGGATCCAAGGTCGGGCAGGAAGAGGGCCTATTT

CCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACAC

AAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTA|
AAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGA|

AACACCGAGCATGACTGACATCTACTTCAAGAGAGTAGATGTCAGTCATGCTCTTTTT

gttaacctcgagggatcceccecggggtcgactgatcaaattcgagectecggtacctttaagaccaatgacttacaagg
cagctgtagatcttagccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagat
ctgctttttgcttgtactgggtctctcectggttagaccagatctgagecctgggagectectetggctaactagggaacce
actgcttaagcctcaataaagcttgecttgagtgcttcaagtagtgtgtgecececgtetgttgtgtgactectggtaact
agagatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatcttattattcagtat
ttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttattgcagcttataatggttacaaataaag
caatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatg
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tatcttatcatgtctggctctagctatccecgececctaactececgeccatececgeccctaactecgeccagttecgece
attctccgccecccatggctgactaattttttttatttatgcagaggeccgaggecgecteggectectgagetattecag
aagtagtgaggaggcttttttggaggcctaggcttttgecgtcgagacgtacccaattcgecctatagtgagtegtat
tacgcgcgctcactggcegtegttttacaacgtecgtgactgggaaaaccctggegttacccaacttaatecgecttge
agcacatccccctttegecagectggegtaatagcgaagaggecccgcaccgatecgeectteccaacagttgegecagcece
tgaatggcgaatggcgcgacgcgccctgtagecggcgcattaagecgeggecgggtgtggtggttacgecgcagegtgacce
gctacacttgccagcgccctagegeccgetectttegetttetteccttectttetegecacgttegecggetttee
ccgtcaagctctaaatcgggggctcecectttagggttececgatttagtgetttacggcacctecgacceccaaaaaacttyg
attagggtgatggttcacgtagtgggccatcgcecctgatagacggtttttecgeecctttgacgttggagtceccacgtte
tttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattecttttgatttataagggat
tttgccgatttcggecctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaa
cgtttacaatttcc-9897
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caggtggcacttttcggggaaatgtgcgcggaacccectatttgtttatttttctaaatacattcaaatatgtateccg
ctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttcecgtgt
cgcccttattcecttttttgecggecattttgecttectgtttttgetcacccagaaacgectggtgaaagtaaaagatg
ctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttege
cccgaagaacgttttccaatgatgagcacttttaaagttcectgectatgtggecgecggtattateccegtattgacgecgg
gcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatce
ttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttactt
ctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgateg
ttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgecctgtagcaatggcaacaacgt
tgcgcaaactattaactggcgaactacttactctagctteccecggcaacaattaatagactggatggaggcggataaa
gttgcaggaccacttctgcgctcecggeecttecggetggetggtttattgetgataaatectggagecggtgagegtgg
gtctcgcggtatcattgcagcactggggeccagatggtaagecctecegtategtagttatectacacgacggggagte
aggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagac
caagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttt
tgataatctcatgaccaaaatcccttaacgtgagttttegttccactgagegtcagacceccgtagaaaagatcaaag
gatcttcttgagatcctttttttectgegegtaatctgetgettgcaaacaaaaaaaccaccgctaccageggtggtt
tgtttgccggatcaagagctaccaactcecttttteccgaaggtaactggecttcagcagagecgcagataccaaatactgt
ccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegectetgectaatee
tgttaccagtggctgctgccagtggcgataagtecgtgtecttaccgggttggactcaagacgatagttaccggataag
gcgcagcggtcecgggctgaacggggggttecgtgcacacageccagecttggagecgaacgacctacaccgaactgagata
cctacagcgtgagctatgagaaagcgccacgcttcececcgaagggagaaaggcggacaggtateccggtaageggcaggg
tcggaacaggagagcgcacgagggagcttccagggggaaacgcecctggtatectttatagtectgtecgggtttegecac
ctctgacttgagcgtcgatttttgtgatgctecgtcaggggggcggagectatggaaaaacgccagcaacgcggectt
tttacggttcctggeccttttgectggecttttgectcacatgttetttectgegttatecececctgattectgtggataace
gtattaccgcctttgagtgagctgataccgcectcecgecgcagecgaacgaccgagecgcagecgagtcagtgagecgaggaa
gcggaagagcgcccaatacgcaaaccgcectcecteceecgegegttggecgattcattaatgcagetggcacgacaggtt
tccecgactggaaagcgggcagtgagecgcaacgcaattaatgtgagttagectcactcattaggcaccccaggcectttac
actttatgcttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccat
gattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagectgcaagcecttggeccattgecatacgtt
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gtatccatatcataatatgtacatttatattggctcatgtccaacattaccgccatgttgacattgattattgacta
gttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggta
aatggcccgcecctggctgaccgcecccaacgacccecccgeccattgacgtcaataatgacgtatgttecccatagtaacgec
aatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatc
atatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggcattatgececcagtacatgacctta
tgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacat
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
ggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeccecccattgacgcaaatgggecggtaggegtgta
cggtgggaggtctatataagcagagctcgtttagtgaaccggggtctcectectggttagaccagatctgagectgggag
ctctctggctaactagggaacccactgcttaagectcaataaagecttgecttgagtgecttcaagtagtgtgtgeceg
tctgttgtgtgactctggtaactagagatccctcagacccecttttagtcagtgtggaaaatctctagcagtggecgecce
gaacagggacctgaaagcgaaagggaaaccagaggagctctectcgacgcaggacteggcttgetgaagegecgcacgg
caagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagecggaggectagaaggagagagatgggtge
gagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaa
atataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggecctgttagaaacat
cagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatat
aatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagataga
ggaagagcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagg
gacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaa
gagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgtteccttgggttecttgggagcagcaggaa
gcactatgggcgcagcctcaatgacgctgacggtacaggccagacaattattgtectggtatagtgcagcagcagaac
aatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagcagctccaggcaag
aatcctggctgtggaaagatacctaaaggatcaacagctcecctggggatttggggttgectctggaaaactcatttgca
ccactgctgtgccttggaatgctagttggagtaataaatctctggaacagattggaatcacacgacctggatggagt
gggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaagaat
gaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatat
aaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatagtgaatagag
ttaggcagggatattcaccattatcgtttcagacccacctcecccaacceccgaggggacccgacaggeccgaaggaata

gaagaagaaggtggagagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgataagctaa
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ttcacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatag
tagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttat
tacagggacagcagagatccagtttgggaattagcttgatcgattagtccaatttgttaaagacaggatatcagtgg
tccaggctctagttttgactcaacaatatcaccagctgaagectatagagtacgagccatagatagaataaaagatt
ttatttagtctccagaaaaaggggggaatgaaagaccccacctgtaggtttggcaagctaggatcaaggttaggaac
agagagacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggctcagggccaagaacagt
tggaacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggectcagggccaagaacagatg
gtccceccagatgecggtecceccgececctcagcagtttcectagagaaccatcagatgttteccagggtgecccaaggacctgaaa
tgaccctgtgccttatttgaactaaccaatcagttecgecttectegettetgttegegegettectgeteeccecgagecteca
ataaaagagcccacaacccctcactcecggcecgcecgatctagatcectcgaatecgaattegececttgetactATGGCTTCTGG

AATCCTGGTTAATGTAAAGGAGGAGGTGACCTGCCCCATCTGCCTGGAACTCCTGACACAACCCCTGAGCCTGGACT

GCGGCCACAGCTTCTGCCAAGCATGCCTCACTGCAAACCACAAGAAGTCCATGCTAGACAAAGGAGAGAGTAGCTGC

CCTGTGTGCCGGATCAGTTACCAGCCTGAGAACATACGGCCTAATCGGCATGTAGCCAACATAGTGGAGAAGCTCAG

GGAGGTCAAGTTGAGCCCAGAGGGGCAGAAAGTTGATCATTGTGCACGCCATGGAGAGAAACTTCTACTCTTCTGTC

AGGAGGACGGGAAGGTCATTTGCTGGCTTTGTGAGCGGTCTCAGGAGCACCGTGGTCACCACACGTTCCTCACAGAG

GAGGTTGCCCGGGAGTACCAAGTGAAGCTCCAGGCAGCTCTGGAGATGCTGAGGCAGAAGCAGCAGGAAGCTGAAGA

GTTAGAAGCTGACATCAGAGAAGAGAAAGCTTCCTGGAAGACTCAAATACAGTATGACAAAACCAACGTCTTGGCAG

ATTTTGAGCAACTGAGAGACATCCTGGACTGGGAGGAGAGCAATGAGCTGCAAARACCTGGAGAAGGAGGAGGAAGAC

ATTCTGAAAAGCCTTACGAACTCTGAAACTGAGATGGTGCAGCAGACCCAGTCCCTGAGAGAGCTCATCTCAGATCT

GGAGCATCGGCTGCAGGGGTCAGTGATGGAGCTGCTTCAGGGTGTGGATGGCGTCATAAAAAGGACGGAGAACGTGA

CCTTGAAGAAGCCAGAAACTTTTCCAAAAAATCAAAGGAGAGTGTTTCGAGCTCCTGATCTGAAAGGAATGCTAGAA

GTGTTTAGAGAGCTGACAGATGTCCGACGCTACTGGGTTGATGTGACAGTGGCTCCAAACAACATTTCATGTGCTGT

CATTTCTGAAGATAAGAGACAAGTGAGCTCTCCGAAACCACAGATAATATATcaggcaccagggacattatttacgt

ttcegtecactcacgAATTTCAATTATTGTACTGGCATCCTGGGCTCTCAAAGTATCACATCAGGGAAACATTACTGG

GAGGTAGACGTGTCCAAGAAAACTGCTTGGATCCTGGGGGTATGTGCTGGCTTCCAACCTGATGCAATGTGTAATAT

TGAAAAAAATGAAAATTATCAACCTAAATACGGCTACTGGGTTATAGGGTTAGAGGAAGGAGTTAAATGTAGTGCTT

TCCAGGATAGTTCCTTCCATACTCCTTCTGTTCCTTTCATTGTGCCCCTCTCTGTGATTATTTGTCCTGATCGTGTT

GGAGTTTTCCTAGACTATGAGGCTTGCACTGTCTCATTCTTCAATATCACAAACCATGGATTTCTCATCTATAAGTT

TTCTCACTGTTCTTTTTCTCAGCCTGTATTTCCATATTTAAATCCTAGAAAATGTGGAGTCCCCATGACTCTGTGCT
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CACCAAGCTCTggaagcggagctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacct
ATGGATTCATACCTGCTGATGTGGGGACTGCTCACGTTCATCATGGTGCCTGGCTGCCAGGCAGAGCTCTGTGACGA

TGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCA

AGAGAGGTTTCCGCAGAATAAAAAGCGGGTCACTCTATATGCTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGAC

AACCAATGTCAATGCACAAGCTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAAGAACAGAAAGA

AAGGAAAACCACAGAAATGCAAAGTCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTC

CACCATGGGAAAATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAG

GGATACAGGGCTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGTGGACCCAGCC

CCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGAAGGCC

GTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGACAGARAATGGCTGCAACCATGGAG

ACGTCCATATTTACAACAGAGTACCAGGTAGCAGTGGCCGGCTGTGTTTTCCTGCTGATCAGCGTCCTCCTCCTGAG

INEICICIONOINEYVNREINC T TAACAGATCCAGTTTGGGGATCCAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCT

TCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGT)
ACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATC
ATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAGCAT

GACTGACATCTACTTCAAGAGAGTAGATGTCAGTCATGCTCTTTTTTE

gggatcccceccggggtcecgactgatcaaattcgagectecggtacctttaagaccaatgacttacaaggcagctgtagate

ttagccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagatctgetttttget
tgtactgggtctctctggttagaccagatctgagecctgggagectcectectggctaactagggaacccactgcttaagcece
tcaataaagcttgccttgagtgcttcaagtagtgtgtgceccgtectgttgtgtgactctggtaactagagatcecctca
gacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatcttattattcagtatttataacttgceca
aagaaatgaatatcagagagtgagaggaacttgtttattgcagcttataatggttacaaataaagcaatagcatcac
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aaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatg
tctggctctagctatccegecectaactececgeccatececgeccctaactecgeccagttecgeccatteteecgecce
atggctgactaattttttttatttatgcagaggccgaggeccgectecggectectgagectatteccagaagtagtgagga
ggcttttttggaggcctaggcttttgegtecgagacgtacccaattecgeecctatagtgagtegtattacgegegetceca
ctggccgtcgttttacaacgtcecgtgactgggaaaaccctggegttacccaacttaatcgecttgcagcacatcecceccce
tttcgccagctggegtaatagcgaagaggecccgcaccgatecgecctteccaacagttgecgcagectgaatggecgaat
ggcgcgacgcgccectgtageggegcattaagegeggegggtgtggtggttacgegcagegtgaccgcectacacttgece
agcgccctagcegceecgcetectttegetttettececttectttetegecacgttegecggetttececcgtcaagetet
aaatcgggggctcectttagggttcecgatttagtgectttacggcacctcgacceccaaaaaacttgattagggtgatg
gttcacgtagtgggccatcgccctgatagacggtttttegecctttgacgttggagteccacgttectttaatagtgga
ctcttgttccaaactggaacaacactcaaccctatctecggtctattecttttgatttataagggattttgecgattte
ggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
cc-9897
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CCLc-CD25-pre-selective-anti-HIV
CMY. R U5 RRE MNDU3 TRIMS5a 24 €D25 Us RS5shRNA U TAR Uz R U5
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caggtggcacttttcggggaaatgtgcgcggaacccectatttgtttatttttctaaatacattcaaatatgtateccg
ctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttcecgtgt
cgcccttattcecttttttgecggecattttgecttectgtttttgetcacccagaaacgectggtgaaagtaaaagatg
ctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttege
cccgaagaacgttttccaatgatgagcacttttaaagttcectgectatgtggecgecggtattateccegtattgacgecgg
gcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatce
ttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttactt
ctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgateg
ttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgecctgtagcaatggcaacaacgt
tgcgcaaactattaactggcgaactacttactctagctteccecggcaacaattaatagactggatggaggcggataaa
gttgcaggaccacttctgcgctcecggeecttecggetggetggtttattgetgataaatectggagecggtgagegtgg
gtctcgcggtatcattgcagcactggggeccagatggtaagecctecegtategtagttatectacacgacggggagte
aggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagac
caagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttt
tgataatctcatgaccaaaatcccttaacgtgagttttegttccactgagegtcagacceccgtagaaaagatcaaag
gatcttcttgagatcctttttttectgegegtaatctgetgettgcaaacaaaaaaaccaccgctaccageggtggtt
tgtttgccggatcaagagctaccaactcecttttteccgaaggtaactggecttcagcagagecgcagataccaaatactgt
ccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegectetgectaatee
tgttaccagtggctgctgccagtggcgataagtecgtgtecttaccgggttggactcaagacgatagttaccggataag
gcgcagcggtcecgggctgaacggggggttecgtgcacacageccagecttggagecgaacgacctacaccgaactgagata
cctacagcgtgagctatgagaaagcgccacgcttcececcgaagggagaaaggcggacaggtateccggtaageggcaggg
tcggaacaggagagcgcacgagggagcttccagggggaaacgcecctggtatectttatagtectgtecgggtttegecac
ctctgacttgagcgtcgatttttgtgatgctecgtcaggggggcggagectatggaaaaacgccagcaacgcggectt
tttacggttcctggeccttttgectggecttttgectcacatgttetttectgegttatecececctgattectgtggataace
gtattaccgcctttgagtgagctgataccgcectcecgecgcagecgaacgaccgagecgcagecgagtcagtgagecgaggaa
gcggaagagcgcccaatacgcaaaccgcectcecteceecgegegttggecgattcattaatgcagetggcacgacaggtt
tccecgactggaaagcgggcagtgagecgcaacgcaattaatgtgagttagectcactcattaggcaccccaggcectttac
actttatgcttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccat
gattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagectgcaagcecttggeccattgecatacgtt
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gtatccatatcataatatgtacatttatattggctcatgtccaacattaccgccatgttgacattgattattgacta

gttattaatagtaatcaattacggggtcattagttcatagcccatat
aatggcccgcecctggctgaccgcecccaacgacccecccgeccattgacgtcaataatgacgtatgttecccatagtaacgec
aatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatc
atatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggcattatgececcagtacatgacctta
tgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacat
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
ggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeccecccattgacgcaaatgggecggtaggegtgta
cggtgggaggtctatataagcagagctcgtttagtgaaccggggtctcectectggttagaccagatctgagectgggag
ctctctggctaactagggaacccactgcttaagectcaataaagecttgecttgagtgecttcaagtagtgtgtgeceg
tctgttgtgtgactctggtaactagagatccctcagacccecttttagtcagtgtggaaaatctctagcagtggecgecce
gaacagggacctgaaagcgaaagggaaaccagaggagctctctcgacgcaggactecggcettgectgaagegegcacgg
caagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggtgce
gagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaa
atataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggecctgttagaaacat
cagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatat
aatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagataga
ggaagagcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagg
gacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaa
gagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgtteccttgggttecttgggagcagcaggaa
gcactatgggcgcagcctcaatgacgctgacggtacaggccagacaattattgtectggtatagtgcagcagcagaac
aatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagcagctccaggcaag
aatcctggctgtggaaagatacctaaaggatcaacagctcecctggggatttggggttgectctggaaaactcatttgca
ccactgctgtgccttggaatgctagttggagtaataaatctctggaacagattggaatcacacgacctggatggagt
gggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaagaat
gaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatat
aaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatagtgaatagag
ttaggcagggatattcaccattatcgtttcagacccacctcecccaacceccgaggggacccgacaggeccgaaggaata

gaagaagaaggtggagagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgataagctaa
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ttcacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatag
tagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttat
tacagggacagcagagatccagtttgggaattagcttgategattagtecaatitgttaaagacaggatatecagtygg
tccaggetctagtittitgacticaacaatatcaccagetgaagectatagagtacgageca . agatagaataaaagatt
ttatttaglictocagaaaaagyggggaatgaaagaceccacctgtaggtttggcaagetaggaticaaggtitaggaac
agadgagacagcagaatatgggecaaacaggatatctgtggtaagecagtitectgececeggetcagggecaagaacagt
tggaacagcagaatalgggeccaaacaggatatctgtggtaageagtitectgececeggetcagggecaagaacagalyg
gteccecagatgeggteccgeectcageagtttictagagaaccatcagatgtitccaggglgecccaaggacetgaaa

tgacccetgtgecttattitgaactaaccaatcagtitegettetegettetgttcgegegettetgeteccegagetea
ataagagagcccacaaccectcactecggegegatctagatetcgaatcgaattegeccttGATCCACCGGTCGCCAC

CATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGLC

ACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC

GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGA

CCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGG

ACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGC

ATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCAT

GGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCG

CCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAG

TCCGCCCTGAGCARAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCAC

TCTCGGCATGGACGAGCTGTACAAGTAAAGCGGC

ATGGATTCATACCTGCTGATGTGGGGACTGCTCACGTTCATCATGGTGCCTGGCTGCCAGGCAGAGCTC

TGTGACGATGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCATGTTGAACTG
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TGAATGCAAGAGAGGTTTCCGCAGAATAAAAAGCGGGTCACTCTATATGCTCTGTACAGGAAACTCTAGCCACTCGT

CCTGGGACAACCAATGTCAATGCACAAGCTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAAGAA

CAGAAAGAAAGGAAAACCACAGAAATGCAAAGTCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAG

GGAACCTCCACCATGGGAAAATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGGCAGATGGTTTATTATCAGT

GCGTCCAGGGATACAGGGCTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGTGG

ACCCAGCCCCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCC

CGAAGGCCGTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGACAGAAATGGCTGCAA

CCATGGAGACGTCCATATTTACAACAGAGTACCAGGTAGCAGTGGCCGGCTGTGTTTTCCTGCTGATCAGCGTCCTC

CTCCTGAGTGGGCTCACCTGGCAGCGGAGACAGAGGAAGAGTAGAAGAACAATCTGATGAgt taacctcgagggate

cccecggggtcecgactgatcaaattcgagectecggtacctttaagaccaatgacttacaaggcagectgtagatcecttagece
actttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagatctgectttttgecttgtact
gggtctctctggttagaccagatctgagecctgggagcectcectetggectaactagggaacccactgettaagectcaata
aagcttgccttgagtgcttcaagtagtgtgtgceccgtectgttgtgtgactctggtaactagagatccctcagacecct

tttagtcagtgt agtagttcatgtcatcttattattcagtatttataacttgcaaagaaa
tgaatatcagagagtgagaggaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaattt
cacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgge
tctagctatccecgecectaactececgeccatececgeccctaactecgeccagttecgeccattecteecgececcatgget
gactaattttttttatttatgcagaggccgaggeccgecteggectectgagetatteccagaagtagtgaggaggettt
tttggaggcctaggcttttgecgtcgagacgtacccaattecgecctatagtgagtecgtattacgecgegectcactggec
gtcgttttacaacgtcgtgactgggaaaaccctggecgttacccaacttaatcgecttgcagcacatcecececectttege
cagctggcgtaatagcgaagaggcccgcaccgatcgceectteccaacagttgecgcagectgaatggcgaatggegeg
acgcgccctgtagecggcgcattaagecgeggcgggtgtggtggttacgecgcagegtgaccgectacacttgeccagegcec
ctagcgcccgcectectttegetttettececttectttetegecacgttegecggetttececgtcaagectctaaateg
ggggctcccectttagggtteccgatttagtgetttacggcacctcgaccccaaaaaacttgattagggtgatggttcac
gtagtgggccatcgccctgatagacggtttttegeccectttgacgttggagtccacgttectttaatagtggactettyg
ttccaaactggaacaacactcaaccctatctecggtctattecttttgatttataagggattttgecgatttecggecta
ttggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcec-
9897
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caggtggcacttttcggggaaatgtgcgcggaacccectatttgtttatttttctaaatacattcaaatatgtateccg
ctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttcecgtgt
cgcccttattcecttttttgecggecattttgecttectgtttttgetcacccagaaacgectggtgaaagtaaaagatg
ctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttege
cccgaagaacgttttccaatgatgagcacttttaaagttcectgectatgtggecgecggtattateccegtattgacgecgg
gcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatce
ttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttactt
ctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgateg
ttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgecctgtagcaatggcaacaacgt
tgcgcaaactattaactggcgaactacttactctagctteccecggcaacaattaatagactggatggaggcggataaa
gttgcaggaccacttctgcgctcecggeecttecggetggetggtttattgetgataaatectggagecggtgagegtgg
gtctcgcggtatcattgcagcactggggeccagatggtaagecctecegtategtagttatectacacgacggggagte
aggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagac
caagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttt
tgataatctcatgaccaaaatcccttaacgtgagttttegttccactgagegtcagacceccgtagaaaagatcaaag
gatcttcttgagatcctttttttectgegegtaatctgetgettgcaaacaaaaaaaccaccgctaccageggtggtt
tgtttgccggatcaagagctaccaactcecttttteccgaaggtaactggecttcagcagagecgcagataccaaatactgt
ccttctagtgtageccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegectetgectaatee
tgttaccagtggctgctgccagtggcgataagtecgtgtecttaccgggttggactcaagacgatagttaccggataag
gcgcagcggtcecgggctgaacggggggttecgtgcacacageccagecttggagecgaacgacctacaccgaactgagata
cctacagcgtgagctatgagaaagcgccacgcttcececcgaagggagaaaggcggacaggtateccggtaageggcaggg
tcggaacaggagagcgcacgagggagcttccagggggaaacgcecctggtatectttatagtectgtecgggtttegecac
ctctgacttgagcgtcgatttttgtgatgctecgtcaggggggcggagectatggaaaaacgccagcaacgcggectt
tttacggttcctggeccttttgectggecttttgectcacatgttetttectgegttatecececctgattectgtggataace
gtattaccgcctttgagtgagctgataccgcectcecgecgcagecgaacgaccgagecgcagecgagtcagtgagecgaggaa
gcggaagagcgcccaatacgcaaaccgcectcecteceecgegegttggecgattcattaatgcagetggcacgacaggtt
tccecgactggaaagcgggcagtgagecgcaacgcaattaatgtgagttagectcactcattaggcaccccaggcectttac
actttatgcttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccat
gattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagectgcaagcecttggeccattgecatacgtt
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gtatccatatcataatatgtacatttatattggctcatgtccaacattaccgccatgttgacattgattattgacta
gttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggta
aatggcccgcecctggctgaccgcecccaacgacccecccgeccattgacgtcaataatgacgtatgttecccatagtaacgec
aatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatc
atatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggcattatgececcagtacatgacctta
tgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacat
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
ggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeccecccattgacgcaaatgggecggtaggegtgta
cggtgggaggtctatataagcagagctcgtttagtgaaccggggtctcectectggttagaccagatctgagectgggag
ctctctggctaactagggaacccactgcttaagectcaataaagecttgecttgagtgecttcaagtagtgtgtgeceg
tctgttgtgtgactctggtaactagagatccctcagacccecttttagtcagtgtggaaaatctctagcagtggecgecce
gaacagggacctgaaagcgaaagggaaaccagaggagctctectcgacgcaggacteggcttgetgaagegecgcacgg
caagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagecggaggectagaaggagagagatgggtge
gagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaa
atataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggecctgttagaaacat
cagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatat
aatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagataga
ggaagagcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagg
gacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaa
gagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgtteccttgggttecttgggagcagcaggaa
gcactatgggcgcagcctcaatgacgctgacggtacaggccagacaattattgtectggtatagtgcagcagcagaac
aatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagcagctccaggcaag
aatcctggctgtggaaagatacctaaaggatcaacagctcecctggggatttggggttgectctggaaaactcatttgca
ccactgctgtgccttggaatgctagttggagtaataaatctctggaacagattggaatcacacgacctggatggagt
gggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaagaat
gaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatat
aaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatagtgaatagag
ttaggcagggatattcaccattatcgtttcagacccacctcecccaacceccgaggggacccgacaggeccgaaggaata

gaagaagaaggtggagagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgataagctaa
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ttcacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatag
tagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttat
tacagggacagcagagatccagtttgggaattagcttgatcgattagtccaatttgttaaagacaggatatcagtgg
tccaggctctagttttgactcaacaatatcaccagctgaagectatagagtacgagccatagatagaataaaagatt
ttatttagtctccagaaaaaggggggaatgaaagaccccacctgtaggtttggcaagctaggatcaaggttaggaac
agagagacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggctcagggccaagaacagt
tggaacagcagaatatgggccaaacaggatatctgtggtaagcagttcctgecceccggectcagggccaagaacagatg
gtccceccagatgecggtecceccgececctcagcagtttcectagagaaccatcagatgttteccagggtgecccaaggacctgaaa
tgaccctgtgccttatttgaactaaccaatcagttecgecttectegettetgttegegegettectgeteeccecgagecteca
ataaaagagcccacaacccctcactcecggcecgcecgatctagatcectcgaatecgaattegececttgetactATGGCTTCTGG

AATCCTGGTTAATGTAAAGGAGGAGGTGACCTGCCCCATCTGCCTGGAACTCCTGACACAACCCCTGAGCCTGGACT

GCGGCCACAGCTTCTGCCAAGCATGCCTCACTGCAAACCACAAGAAGTCCATGCTAGACAAAGGAGAGAGTAGCTGC

CCTGTGTGCCGGATCAGTTACCAGCCTGAGAACATACGGCCTAATCGGCATGTAGCCAACATAGTGGAGAAGCTCAG

GGAGGTCAAGTTGAGCCCAGAGGGGCAGAAAGTTGATCATTGTGCACGCCATGGAGAGAAACTTCTACTCTTCTGTC

AGGAGGACGGGAAGGTCATTTGCTGGCTTTGTGAGCGGTCTCAGGAGCACCGTGGTCACCACACGTTCCTCACAGAG

GAGGTTGCCCGGGAGTACCAAGTGAAGCTCCAGGCAGCTCTGGAGATGCTGAGGCAGAAGCAGCAGGAAGCTGAAGA

GTTAGAAGCTGACATCAGAGAAGAGAAAGCTTCCTGGAAGACTCAAATACAGTATGACAAAACCAACGTCTTGGCAG

ATTTTGAGCAACTGAGAGACATCCTGGACTGGGAGGAGAGCAATGAGCTGCAAARACCTGGAGAAGGAGGAGGAAGAC

ATTCTGAAAAGCCTTACGAACTCTGAAACTGAGATGGTGCAGCAGACCCAGTCCCTGAGAGAGCTCATCTCAGATCT

GGAGCATCGGCTGCAGGGGTCAGTGATGGAGCTGCTTCAGGGTGTGGATGGCGTCATAAAAAGGACGGAGAACGTGA

CCTTGAAGAAGCCAGAAACTTTTCCAAAAAATCAAAGGAGAGTGTTTCGAGCTCCTGATCTGAAAGGAATGCTAGAA

GTGTTTAGAGAGCTGACAGATGTCCGACGCTACTGGGTTGATGTGACAGTGGCTCCAAACAACATTTCATGTGCTGT

CATTTCTGAAGATAAGAGACAAGTGAGCTCTCCGAAACCACAGATAATATATcaggcaccagggacattatttacgt

ttcegtecactcacgAATTTCAATTATTGTACTGGCATCCTGGGCTCTCAAAGTATCACATCAGGGAAACATTACTGG

GAGGTAGACGTGTCCAAGAAAACTGCTTGGATCCTGGGGGTATGTGCTGGCTTCCAACCTGATGCAATGTGTAATAT

TGAAAAAAATGAAAATTATCAACCTAAATACGGCTACTGGGTTATAGGGTTAGAGGAAGGAGTTAAATGTAGTGCTT

TCCAGGATAGTTCCTTCCATACTCCTTCTGTTCCTTTCATTGTGCCCCTCTCTGTGATTATTTGTCCTGATCGTGTT

GGAGTTTTCCTAGACTATGAGGCTTGCACTGTCTCATTCTTCAATATCACAAACCATGGATTTCTCATCTATAAGTT

TTCTCACTGTTCTTTTTCTCAGCCTGTATTTCCATATTTAAATCCTAGAAAATGTGGAGTCCCCATGACTCTGTGCT
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CACCAAGCTCTGTTAACAGATCCAGTTTGGGGATCCAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTC
ATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTAC
AAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCAT
ATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAARACACCGAGCATGA

CTGACATCTACTTCAAGAGAGTAGATGTCAGTCATGCTCTTTTT

ACCGGGTAGGGG

AGGCGCTTTTCCCAAGGCAGTCTGGAGCATGCGCTTTAGCAGCCCCGCTGGCACTTGGCGCTACACAAGTGGCCTCT

GGCCTCGCACACATTCCACATCCACCGGTAGGCGCCAACCGGCTCCGTTCTTTGGTGGCCCCTTCGCGCCACCTTCT

ACTCCTCCCCTAGTCAGGAAGTTCCCCCCCGCCCCGCAGCTCGCGTCGTGCAGGACGTGACAAATGGAAGTAGCACG

TCTCACTAGTCTCGTGCAGATGGACAGCACCGCTGAGCAATGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGC

AGCTTTGCTCCTTCGCTTTCTGGGCTCAGAGGCTGGGAAGGGGTGGETCCGGGEEECEGGCTCAGGGGCEGGCTCAGG

GGCGGGGCEEGECGCCCGAAGGTCCTCCGGAGGCCCGECATTCTCGCACGCTTCAAAAGCGCACGTCTGCCGCGCTGT

TCTCCTCTTCCTCATCTCCGGGCCTTTCGACCATCTARVNEERVNNOr UVNGIGNEIGUNEVVNCHNE(EIEEINGHNEIGUNOINGIEYRNON

CATGGTGCCTGGCTGCCAGGCAGAGCTCTGTGACGATGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCATG

=)

CCTACAAGGAAGGAACCATGTTGAACTGTGAATGCAAGAGAGGTTTCCGCAGAATAAARAGCGGGTCACTCTATA
CTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGACAACCAATGTCAATGCACAAGCTCTGCCACTCGGAACACAA

() 3

GAAACAAGTGACACCTCAACCTGAAGAACAGAAAGAAAGGAAAACCACAGAAATGCAAAGTCCAATGCAGCCAGT

9]

ACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTCCACCATGGGAAAATGAAGCCACAGAGAGAATTTATCATTT
GTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAGGGATACAGGGCTCTACACAGAGGTCCTGCTGAGAGCGTCT
CAAAATGACCCACGGGAAGACAAGGTGGACCCAGCCCCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTT

=

CAGGTGAAGAGAAGCCTCAGGCAAGCCCCGAAGGCCGTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGA

=)

TTTCAAATACAGACAGAAATGGCTGCAACCATGGAGACGTCCATATTTACAACAGAGTACCAGGTAGCAGTGGCCG
CTGTGTTTTCCTGCTGATCAGCGTCCTCCTCCTGAGTGGGCTCACCTGGCAGCGGAGACAGAGGAAGAGTAGAAGA

‘
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gttaacctcgagggatcccccggggtcgactgatcaaattcgagctcggtacctttaagaccaat
gacttacaaggcagctgtagatcttagccactttttaaaagaaaaggggggactggaagggctaattcactecccaac
gaagacaagatctgctttttgcttgtactgggtctctctggttagaccagatctgagectgggagetectectggetaa
ctagggaacccactgcttaagcctcaataaagcttgeccttgagtgecttcaagtagtgtgtgececgtetgttgtgtga
ctctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatctta
ttattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttattgcagcttataatggt
tacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaa
actcatcaatgtatcttatcatgtctggctctagctatcececgeccctaacteccgeccateccecgececctaactecgec
cagttccgcccattctcecegecceccatggectgactaattttttttatttatgcagaggeccgaggececgecteggectetg
agctattccagaagtagtgaggaggcttttttggaggcctaggcttttgegtcgagacgtacccaattecgeecctata
gtgagtcgtattacgcgcgctcactggececgtegttttacaacgtecgtgactgggaaaaccctggegttacccaactt
aatcgccttgcagcacatcceccectttegeccagectggecgtaatagcgaagaggcececcgcaccgatecgecctteccaaca
gttgcgcagcctgaatggcgaatggecgecgacgcegecctgtageggegecattaagegeggegggtgtggtggttacge
gcagcgtgaccgctacacttgccagegececctagegececcgetectttegetttetteeccttectttetegecacgtte
gccecggcectttececcegtcaagetctaaatecgggggetecectttagggttecgatttagtgetttacggcacctegaccee
caaaaaacttgattagggtgatggttcacgtagtgggccatcgccctgatagacggtttttecgecctttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattecttttgat
ttataagggattttgccgatttcggectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaa
caaaatattaacgtttacaatttcc-9897
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