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HIV PRE-IMMUNIZATION AND
IMMUNOTHERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to: U.S. Provi-
sional Patent Application No. 62/360,185 filed on Jul. 8,
2016 entitled “HIV PRE-IMMUNIZATION AND IMMU-
NOTHERAPY”, U.S. Provisional Patent Application No.
62/385,864 filed on Sep. 9, 2016 entitled “HIV PRE-IM-
MUNIZATION AND IMMUNOTHERAPY”, U.S. Provi-
sional Patent Application No. 62/409,270 filed on Oct. 17,
2016 entitled “HIV PRE-IMMUNIZATION AND IMMU-
NOTHERAPY,” and PCT/US17/13019 filed on Jan. 11,
2017 entitled “HIV PRE-IMMUNIZATION AND IMMU-
NOTHERAPY?™, the disclosures of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field
of immunization and immunotherapy for the treatment and
prevention of HIV. In particular, the disclosed methods
relate to obtaining and processing leukocytes from HIV+
individuals seeking a functional cure to prepare a cell
product suitable for infusion to such HIV+ individuals.

BACKGROUND OF THE INVENTION

[0003] Combination antiretroviral therapy (cART) (also
known as Highly Active Antiretroviral Therapy or HAART)
limits HIV-1 replication and slows disease progression, but
drug toxicities and the emergence of drug-resistant viruses
are challenges for long-term control in HIV-infected per-
sons. Additionally, traditional antiretroviral therapy, while
successful at delaying the onset of AIDS or death, has yet to
provide a functional cure. Alternative treatment strategies
are needed.

[0004] Intense interest in immunotherapy for HIV infec-
tion has been precipitated by emerging data indicating that
the immune system has a major, albeit usually insufficient,
role in limiting HIV replication. Virus-specific T-helper
cells, which are critical to maintenance of cytolytic T cell
(CTL) function, likely play a role. Viremia is also influenced
by neutralizing antibodies, but they are generally low in
magnitude in HIV infection and do not keep up with
evolving viral variants in vivo.

[0005] Together these data indicate that increasing the
strength and breadth of HIV-specific cellular immune
responses may have a clinical benefit through so-called HIV
immunotherapy. Some studies have tested vaccines against
HIV, but success has been limited to date. Additionally, there
has been interest in augmenting HIV immunotherapy by
utilizing gene therapy techniques, but as with other immu-
notherapy approaches, success has been limited.

[0006] Viral vectors can be used to transduce genes into
target cells owing to specific virus-host cell interactions and
mechanisms for expressing therapeutic gene constructs. As
a result, viral vectors have been used as vehicles for the
transfer of genes into many different cell types including
whole T cells or other immune cells as well as embryos,
fertilized eggs, isolated tissue samples, tissue targets in situ
and cultured cells. The ability to introduce and express
foreign or altered genes in a cell is useful for therapeutic

Jul. 4,2019

interventions such as gene therapy, somatic cell reprogram-
ming of induced pluripotent stem cells, and various types of
immunotherapy.

[0007] Gene therapy is one of the ripest areas of biomedi-
cal research with the potential to create new therapeutics that
may involve the use of viral vectors. In view of the wide
variety of potential genes available for therapy, an efficient
means of delivering these genes is needed to fulfill the
promise of gene therapy as a means of treating infectious
and non-infectious diseases. Several viral systems including
murine retrovirus, adenovirus, parvovirus (adeno-associated
virus), coxsackie virus, vaccinia virus, and herpes virus have
been proposed as therapeutic gene transfer vectors.

[0008] There are many factors that must be considered
when developing viral vectors including tissue tropism,
stability of virus preparations, stability and control of
expression, genome packaging capacity, construct-depen-
dent vector stability, and whether or not the desired outcome
is to have stable gene integration into the host genome. In
addition, in vivo application of viral vectors is often limited
by host immune responses against viral structural proteins
and/or transduced gene products.

[0009] Thus, toxicity and safety are key hurdles that must
be overcome for viral vectors to be used in vivo for the
treatment of subjects. There are numerous historical
examples of gene therapy applications in humans that have
met with problems associated with the host immune
responses against the gene delivery vehicles or the thera-
peutic gene products. Viral vectors (e.g., adenovirus) which
co-transduce several viral genes together with one or more
therapeutic gene(s) are particularly problematic.

[0010] Although lentiviral vectors do not generally induce
cytotoxicity and do not elicit strong host immune responses,
some lentiviral vectors such as HIV-1, which encode several
immunostimulatory gene products, have the potential to
cause cytotoxicity and induce strong immune responses in
vivo. However, this may not be a concern for lentivirus-
derived transducing vectors that do not encode viral genes
after transduction. Of course, this may not always be the
case, as sometimes the purpose of the vector is to encode a
protein that will provoke a clinically useful immune
response.

[0011] Another important issue related to the use of len-
tiviral vectors is that of possible cytopathogenicity upon
exposure to some cytotoxic viral proteins. Exposure to
certain HIV-1 proteins may induce cell death or functional
unresponsiveness in T cells. Likewise, the possibility of
generating replication-competent, virulent virus by recom-
bination is often a concern. Accordingly, there remains a
need for improved treatments of HIV.

SUMMARY OF THE INVENTION

[0012] In one aspect, a method of treating cells infected
with HIV is provided. The method variously includes con-
tacting peripheral blood mononuclear cells (PBMC) isolated
from a subject infected with HIV with a therapeutically
effective amount of a stimulatory agent, wherein the con-
tacting is carried out ex vivo; transducing the PBMC ex vivo
with a viral delivery system encoding at least one genetic
element; and culturing the transduced PBMC for a sufficient
period of time to ensure adequate transduction. In embodi-
ments, the transduced PBMC are cultured from about 1 to
about 35 days. In embodiments, the method further includes
infusing the transduced PBMC into a subject. In embodi-
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ments, the method further includes positively selecting
HIV-specific CD4+ T cells from the PBMC. In further
embodiments, the HIV-specific CD4+ T cells are positively
selected using at least one physical method of selection. In
embodiments, the subject is a human. In embodiments, the
stimulatory agent includes any agent suitable for stimulating
a T cell response in a subject. In embodiments, the stimu-
latory agent is a peptide or mixture of peptides, and in
embodiments includes a gag peptide. In further embodi-
ments, the stimulatory agent is a vaccine. In embodiments,
the vaccine is a HIV vaccine, and in embodiments, the HIV
vaccine is a MVA/HIV62B vaccine or a variant thereof. In
embodiments, the viral delivery system includes a lentiviral
particle. In embodiments, the at least one genetic element
includes a small RNA capable of inhibiting production of
chemokine receptor CCRS. In further embodiments, the at
least one genetic element includes at least one small RNA
capable of targeting a HIV RNA sequence. In further
embodiments, the at least one genetic element includes a
small RNA capable of inhibiting production of chemokine
receptor CCR5 and at least one small RNA capable of
targeting an HIV RNA sequence. The HIV RNA sequence
includes any HIV sequence suitable for targeting by a viral
delivery system. In embodiments, the HIV RNA sequence
includes one or more of a HIV Vif sequence, a HIV Tat
sequence, or a variant thereof. The at least one genetic
element includes any genetic element capable of being
expressed by a viral delivery system. In embodiments, the at
least one genetic element includes a microRNA or a shRNA.
In further embodiments, the at least one genetic element
comprises a microRNA cluster.

[0013] In another aspect, a method is disclosed that
includes obtaining peripheral blood from HIV+ individuals;
fractionating the blood to obtain a PBMC population; con-
tacting the PBMC population with purified antigen-present-
ing cells or peptides or proteins representing components of
HIV; culturing the contacted PBMC population for about 1
to about 35 days to increase the number of antigen-specific
T cells; positively selecting cells that respond to peptide
stimulation to produce an enriched cell fraction; transducing
the enriched cell fraction ex vivo with a viral delivery
system as detailed herein, and culturing the transduced cell
fraction for a period of time sufficient to ensure adequate
transduction. The order of the method steps disclosed herein
can be changed. As a non-limiting example, the steps of
positively selecting cells and transducing cells may be
reversed and polyclonal stimulation may also be added to
improve transduction efficiency.

[0014] In embodiments, the PBMC population is further
purified to produce a purified fraction of PBMC. In embodi-
ments, further purified fractions of PBMC are contacted
with peptides or proteins representing components of HIV.
[0015] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with
AGGTATATTGCTGTTGACAGTGAGCGACTG-
TAAACTGAGCTTGCTCTACTGTGAAG CCACA-
GATGGGTAGAGCAAGCACAGTTTACCGCTGC-
CTACTGCCTCGGACTTCAA GGGGCTT (SEQ ID NO:
1). In embodiments, the at least one genetic element com-
prises SEQ ID NO: 1.

[0016] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with
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CATCTCCATGGCTGTACCACCTTGTCGGGGGATGT-
GTACTTCTGAACTTGTGTTGA ATCTCATGGAGT-
TCAGAAGAACACATCCGCACTGACATTTTGG-
TATCTTTCATCTG ACCA (SEQ ID NO: 2); or at least
80%, or at least 85%, or at least 90%, or at least 95% percent
identity with ~ GGGCCTGGCTCGAGCAGGGGGC-
GAGGGATTCCGCTTCTTCCTGCCATAGCGTGG
TCCCCTCCCCTATGGCAGGCAGAAGCGGCACCTTC-
CCTCCCAATGACCGCGTCTTC GTCG (SEQ ID NO: 3).
In embodiments, the at least one genetic element includes
SEQ ID NO: 2; or SEQ ID NO: 3.

[0017] Inanother aspect, the microRNA cluster includes a
sequence having at least 80%, or at least 85%, or at least
90%, or at least 95% percent identity with AGGTATATT-
GCTGTTGACAGTGAGCGACTGTAAACTGAGCTT-
GCTCTACTGTGAAG CCACAGATGGGTAGAG-
CAAGCACAGTTTACCGCTGCCTACTGCCTCGGACTT
CAA GGGGCTTCCCGGGCATCTCCATGGCTGTAC-
CACCTTGTCGGGGGATGTGTACTTICT GAACTTGT-
GTTGAATCTCATGGAGTTCAGAAGAACACATCCG-
CACTGACATTTTGG
TATCTTTCATCTGACCAGCTAGCGGGCCTGGCTC-
GAGCAGGGGGCGAGGGATTCC GCTTCTTCCTGC-
CATAGCGTGGTCCCCTCCCCTATGGCAGGCA-
GAAGCGGCACCTT
CCCTCCCAATGACCGCGTCTTCGTC (SEQID NO: 31).
In embodiments, the microRNA cluster includes SEQ ID
NO: 31.

[0018] In another aspect, a method of treating HIV infec-
tion in a subject is disclosed. The method variously includes
immunizing the subject with an effective amount of a first
stimulatory agent; removing leukocytes from the subject and
obtaining peripheral blood mononuclear cells (PBMC). The
method further includes contacting the PBMC ex vivo with
a therapeutically effective amount of a second stimulatory
agent; transducing the PBMC ex vivo with a viral delivery
system encoding at least one genetic element; and culturing
the transduced PBMC for a sufficient period of time to
ensure adequate transduction. In embodiments, the trans-
duced PBMC may be cultured from about 1 to about 35
days. In embodiments, the method further includes posi-
tively selecting HIV-specific CD4+ T cells from the PBMC.
In further embodiments, the HIV-specific CD4+ T cells are
positively selected using at least one physical method of
selection. In embodiments, the method further involves
infusing the transduced PBMC into a subject. The subject
may be a human. The first and second stimulatory agents
may be the same or different. The first and second stimula-
tory agents may include one or more of a peptide or mixture
of peptides. In embodiments, at least one of the first and
second stimulatory agents includes a gag peptide. In
embodiments, at least one of the first and second stimulatory
agents includes a mixture of gag peptides that are recognized
by immune cells resident in the PBMC or in the purified
fractions of PBMC. The at least one of the first and second
stimulatory agents may include a vaccine. In embodiments,
the vaccine is a HIV vaccine; in further embodiments, the
HIV vaccine is a MVA/HIV62B vaccine or a variant thereof.
In embodiments, the viral delivery system includes a lenti-
viral particle. In embodiments, the at least one genetic
element includes a small RNA capable of inhibiting produc-
tion of chemokine receptor CCRS. In embodiments, the at
least one genetic element includes at least one small RNA
capable of targeting an HIV RNA sequence. In embodi-
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ments, the at least one genetic element includes a small RNA
capable of inhibiting production of chemokine receptor
CCRS and at least one small RNA capable of targeting an
HIV RNA sequence. The HIV RNA sequence may include
a HIV Vif sequence, a HIV Tat sequence, or a variant
thereof. The at least one genetic element may include a
microRNA or a shRNA. In embodiments, the at least one
genetic element comprises a synthetic microRNA cluster
designed for simultaneous expression of all elements in the
cluster under control of a single transcriptional promoter. In
embodiments, the PBMC population is further purified to
produce a purified fraction of PBMC.

[0019] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with
AGGTATATTGCTGTTGACAGTGAGCGACTG-
TAAACTGAGCTTGCTCTACTGTGAAG CCACA-
GATGGGTAGAGCAAGCACAGTTTACCGCTGC-
CTACTGCCTCGGACTTCAA GGGGCTT (SEQ ID NO:
1). In embodiments, the at least one genetic element com-
prises SEQ ID NO: 1.

[0020] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with
CATCTCCATGGCTGTACCACCTTGTCGGGGGATGT-
GTACTTCTGAACTTGTGTTGA ATCTCATGGAGT-
TCAGAAGAACACATCCGCACTGACATTTTGG-
TATCTTTCATCTG ACCA (SEQ ID NO: 2); or at least
80%, or at least 85%, or at least 90%, or at least 95% percent
identity  with ~ GGGCCTGGCTCGAGCAGGGGGC-
GAGGGATTCCGCTTCTTCCTGCCATAGCGTGG
TCCCCTCCCCTATGGCAGGCAGAAGCGGCACCTTC-
CCTCCCAATGACCGCGTCTTC GTCG (SEQ ID NO: 3).
In embodiments, the at least one genetic element includes
SEQ ID NO: 2 or SEQ ID NO: 3.

[0021] In another aspect, the microRNA cluster includes a
sequence having at least 80%, or at least 85%, or at least
90%, or at least 95% percent identity with AGGTATATT-
GCTGTTGACAGTGAGCGACTGTAAACTGAGCTT-
GCTCTACTGTGAAG CCACAGATGGGTAGAG-
CAAGCACAGTTTACCGCTGCCTACTGCCTCGGACT
TCAA GGGGCTTCCCGGGCATCTCCATGGCTGTAC-
CACCTTGTCGGGGGATGTGTACTTICT GAACTTGT-
GTTGAATCTCATGGAGTTCAGAAGAACACATCCG-
CACTGACATTTTGG
TATCTTTCATCTGACCAGCTAGCGGGCCTGGCTC-
GAGCAGGGGGCGAGGGATTCC GCTTCTTCCTGC-
CATAGCGTGGTCCCCTCCCCTATGGCAGGCA-
GAAGCGGCACCTT
CCCTCCCAATGACCGCGTCTTCGTC (SEQID NO: 31).
In embodiments, the microRNA cluster includes SEQ ID
NO: 31.

[0022] In another aspect, a lentiviral vector is disclosed.
The lentiviral vector includes at least one encoded genetic
element, wherein the at least one encoded genetic element
comprises a small RNA capable of inhibiting production of
chemokine receptor CCRS5. The at least one encoded genetic
element may also comprise at least one small RNA capable
of targeting an HIV RNA sequence. In another aspect, the at
least one encoded genetic element comprises a small RNA
capable of inhibiting production of chemokine receptor
CCRS and at least one small RNA capable of targeting an
HIV RNA sequence. The HIV RNA sequence may include
a HIV Vif sequence, a HIV Tat sequence, or a variant
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thereof. The at least one encoded genetic element may
include a microRNA or a shRNA. The at least one encoded
genetic element may include a synthetic microRNA cluster
designed for simultaneous expression of all elements in the
cluster under control of a single transcriptional promoter.

[0023] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with
AGGTATATTGCTGTTGACAGTGAGCGACTG-
TAAACTGAGCTTGCTCTACTGTGAAG CCACA-
GATGGGTAGAGCAAGCACAGTTTACCGCTGC-
CTACTGCCTCGGACTTCAA GGGGCTT (SEQ ID NO:
1). In embodiments, the at least one genetic element com-
prises SEQ ID NO: 1.

[0024] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with
CATCTCCATGGCTGTACCACCTTGTCGGGGGATGT-
GTACTTCTGAACTTGTGTTGA ATCTCATGGAGT-
TCAGAAGAACACATCCGCACTGACATTTTGG-
TATCTTTCATCTG ACCA (SEQ ID NO: 2); or at least
80%, or at least 85%, or at least 90%, or at least 95% percent
identity with ~ GGGCCTGGCTCGAGCAGGGGGC-
GAGGGATTCCGCTTCTTCCTGCCATAGCGTGG
TCCCCTCCCCTATGGCAGGCAGAAGCGGCACCTTC-
CCTCCCAATGACCGCGTCTTC GTCG (SEQ ID NO: 3).
In embodiments, the at least one genetic element includes
SEQ ID NO: 2; or SEQ ID NO: 3.

[0025] Inanother aspect, the microRNA cluster includes a
sequence having at least 80%, or at least 85%, or at least
90%, or at least 95% percent identity with AGGTATATT-
GCTGTTGACAGTGAGCGACTGTAAACTGAGCTT-
GCTCTACTGTGAAG CCACAGATGGGTAGAG-
CAAGCACAGTTTACCGCTGCCTACTGCCTCGGACTT
CAA GGGGCTTCCCGGGCATCTCCATGGCTGTAC-
CACCTTGTCGGGGGATGTGTACTTICT GAACTTGT-
GTTGAATCTCATGGAGTTCAGAAGAACACATCCG-
CACTGACATTTTGG
TATCTTTCATCTGACCAGCTAGCGGGCCTGGCTC-
GAGCAGGGGGCGAGGGATTCC GCTTCTTCCTGC-
CATAGCGTGGTCCCCTCCCCTATGGCAGGCA-
GAAGCGGCACCTT
CCCTCCCAATGACCGCGTCTTCGTC (SEQID NO: 31).
In embodiments, the microRNA cluster includes SEQ ID
NO: 31.

[0026] In another aspect, a lentiviral vector system for
expressing a lentiviral particle is disclosed. The system
includes a lentiviral vector as described herein; an envelope
plasmid for expressing an envelope protein preferably opti-
mized for infecting a cell; and at least one helper plasmid for
expressing genes of interest. In embodiments, the genes of
interest include one or more of gag, pol, and rev genes. In
embodiments, the lentiviral vector, the envelope plasmid,
and the at least one helper plasmid are transfected into a
packaging cell line. In further embodiments, a lentiviral
particle is produced by the packaging cell line. In embodi-
ments, the lentiviral particle is capable of modulating pro-
duction of a target of interest. In embodiments, the target of
interest is any of chemokine receptor CCRS or an HIV RNA
sequence. The system may further include a first helper
plasmid and a second helper plasmid. In embodiments, a
first helper plasmid expresses the gag and pol genes, and a
second helper plasmid expresses the rev gene.
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[0027] In another aspect, a lentiviral particle capable of
infecting a cell is provided. The lentiviral particle includes
an envelope protein preferably optimized for infecting a cell,
and a lentiviral vector as described herein. In embodiments,
the envelope protein may be optimized for infecting a T cell.
In embodiments, the envelope protein is optimized for
infecting a CD4+ T cell.

[0028] In another aspect, a modified cell is provided. The
modified cell includes any cell capable of being infected
with a lentiviral vector system for use in accordance with
present aspects and embodiments. In embodiments, the cell
is a CD4+ T cell that is infected with a lentiviral particle. In
embodiments, the CD4+ T cell also has been selected to
recognize an HIV antigen. In embodiments, the HIV antigen
includes a gag antigen. In embodiments, the CD4+ T cell
expresses a decreased level of CCRS following infection
with the lentiviral particle.

[0029] In another aspect, a method of selecting a subject
for a therapeutic treatment regimen is provided. The method
variously includes immunizing the subject with an effective
amount of a first stimulatory agent; removing leukocytes
from the subject and purifying peripheral blood mononu-
clear cells (PBMC) and determining a first quantifiable
measurement associated with at least one factor associated
with the PBMC; contacting the PBMC ex vivo with a
therapeutically effective amount of a second stimulatory
agent, and determining a second measurement associated
with the at least one factor associated with the PBMC,
whereby when the second quantifiable measurement is
higher than the first quantifiable measurement, the subject is
selected for the treatment regimen. The at least one factor
may include any factor associated with T cell proliferation
or IFN gamma production.

[0030] The foregoing general description and following
brief description of the drawings and detailed description are
exemplary and explanatory and are intended to provide
further explanation of the invention as claimed. Other
objects, advantages, and novel features will be readily
apparent to those skilled in the art from the following brief
description of the drawings and detailed description of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 depicts a flow diagram of an ex vivo
treatment method of the present disclosure.

[0032] FIG. 2 depicts CD4+ T cell alteration and preven-
tion of new infection in accordance with the present disclo-
sure.

[0033] FIG. 3 depicts an exemplary lentiviral vector sys-
tem comprised of a therapeutic vector, a helper plasmid, and
an envelope plasmid. The therapeutic vector shown here is
a preferred therapeutic vector, which is also referred to
herein as AGT103, and contains miR30CCRS5-miR21Vif-
miR185-Tat.

[0034] FIG. 4 depicts an exemplary 3-vector lentiviral
vector system in a circularized form.

[0035] FIG. 5 depicts an exemplary 4-vector lentiviral
vector system in a circularized form.

[0036] FIG. 6 depicts a further exemplary 3-vector lenti-
viral vector system in a circularized form.

[0037] FIG. 7 depicts exemplary vector sequences. Posi-
tive (i.e., genomic) strand sequences of the promoter and
miR cluster were developed for inhibiting the spread of
CCRS5-tropic HIV strains. Sequences that are not underlined
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comprise the EF-lalpha promoter of transcription that was
selected as being a preferable promoter for this miR cluster.
Sequences that are underlined show the miR cluster con-
sisting of miR30 CCRS5, miR21 Vif, and miR185 Tat (as
shown collectively in SEQ ID NO: 33).

[0038] FIG. 8 depicts exemplary lentiviral vector con-
structs according to various aspects of this disclosure.
[0039] FIG. 9 shows knockdown of CCRS5 by an experi-
mental vector and corresponding prevention of R5-tropic
HIV infection in AGTc120 cells. (A) shows CCR5 expres-
sion in AGTc120 cells with or without AGT103 lentivirus
vector. (B) shows the sensitivity of transduced AGTc120
cells to infection with a HIV Bal virus stock that was
expressing green fluorescent protein (GFP) fused to the Nef
gene of HIV.

[0040] FIG. 10 depicts data demonstrating regulation of
CCRS expression by shRNA inhibitor sequences in a lenti-
viral vector of the present disclosure. (A) Screening data for
potential candidates is shown. (B) CCR5 knock-down data
following transduction with CCR5 shRNA-1 (SEQ ID NO:
16) is shown.

[0041] FIG. 11 depicts data demonstrating regulation of
HIV components by shRNA inhibitor sequences in a lenti-
viral vector of the present disclosure. (A) Knock-down data
for the rev/tat target gene is shown. (B) Knock-down data for
the gag target gene is shown.

[0042] FIG. 12 depicts data demonstrating that AGT103
reduces expression of Tat protein expression in cells trans-
fected with an HIV expression plasmid, as described herein.
[0043] FIG. 13 depicts data demonstrating regulation of
HIV components by synthetic microRNA sequences in a
lentiviral vector of the present disclosure. (A) Tat knock-
down data is shown. (B) Vif knock-down data is shown.
[0044] FIG. 14 depicts data demonstrating regulation of
CCRS5 expression by synthetic microRNA sequences in a
lentiviral vector of the present disclosure.

[0045] FIG. 15 depicts data demonstrating regulation of
CCRS5 expression by synthetic microRNA sequences in a
lentiviral vector of the present disclosure containing either a
long or short WPRE sequence.

[0046] FIG. 16 depicts data demonstrating regulation of
CCRS5 expression by synthetic microRNA sequences in a
lentiviral vector of the present disclosure with or without a
WPRE sequence.

[0047] FIG. 17 depicts data demonstrating regulation of
CCRS expression by a CD4 promoter regulating synthetic
microRNA sequences in a lentiviral vector of the present
disclosure.

[0048] FIG. 18 depicts data demonstrating detection of
HIV Gag-specific CD4 T cells.

[0049] FIG. 19 depicts data demonstrating HIV-specific
CD4 T cell expansion and lentivirus transduction. (A) An
exemplary schedule of treatment is shown. (B) IFN-gamma
production in CD4-gated T cells is shown, as described
herein. (C) IFN-gamma production and GFP expression in
CD4-gated T cells is shown, as described herein. (D) Fre-
quency of HIV-specific CD4+ T cells is shown, as described
herein. (E) IFN-gamma production from PBMCs post-vac-
cination and following ex vivo peptide and expansion is
shown, as described herein.

[0050] FIG. 20 depicts data demonstrating a functional
assay for a dose response of increasing AGT103-GFP and
inhibition of CCRS5 expression. (A) Dose response data for
increasing amounts of AGT103-GFP is shown. (B) Nor-
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mally distributed populations in terms of CCRS expression
are shown and a left shift of the population average indicates
decreasing CCRS expression due to AGT103-GFP transduc-
tion. (C) Percentage inhibition of CCRS expression with
increasing doses of AGT103-GFP is shown.

[0051] FIG. 21 depicts data demonstrating AGT103 trans-
duction efficiency for primary human CD4+ T cells. (A)
Frequency of transduced cells (GFP-positive) is shown by
FACS, as described herein. (B) Number of vector copies per
cell is shown, as described herein.

[0052] FIG. 22 depicts data demonstrating AGT103 inhi-
bition of HIV replication in primary CD4+ T cells, as
described herein.

[0053] FIG. 23 depicts data demonstrating AGT103 pro-
tection of primary human CD4* T cells from HIV-induced
depletion.

[0054] FIG. 24 depicts data demonstrating generation of a
CD4+ T cell population that is highly enriched for HIV-
specific, AGT103-transduced CD4 T cells. (A) shows CD4
and CDS8 expression profiles for cell populations, as
described herein. (B) shows CD4 and CD8 expression
profiles for cell populations, as described herein. (C) shows
IFN-gamma and CD4 expression profiles for cell popula-
tions, as described herein. (D) shows IFN-gamma and GFP
expression profiles for cell populations, as described herein.

DETAILED DESCRIPTION

Overview

[0055] Disclosed herein are methods and compositions for
treating and/or preventing human immunodeficiency virus
(HIV) disease to achieve a functional cure. The methods and
compositions include integrating lentivirus, non-integrating
lentivirus, and related viral vector technology as described
below.

[0056] Disclosed herein are therapeutic viral vectors (e.g.,
lentiviral vectors), immunotherapies, and methods for their
use for treating HIV infection. In embodiments, methods
and compositions for achieving a functional cure for HIV
infection are provided. As depicted in FIG. 1 herein, the
various aspects and embodiments include a first stimulation
event, for example a first therapeutic immunization with
vaccines intended to produce strong immune responses
against HIV in HIV-infected patients, for example with
stable suppression of viremia due to daily administration of
HAART. In embodiments, the first stimulation event
enriches the fraction of HIV-specific CD4 T cells. This is
followed by (1) isolating peripheral leukocytes by leuka-
pheresis or purifying PBMC or puritying fractions of PBMC
from venous blood, (2) a second stimulating event, for
example stimulating CD4 T cells ex vivo with a suitable
stimulatory agent, such as any vaccine or protein, for
example, HIV or HIV-related peptides, (3) selecting an
enriched cell population based on a biological response to
peptide stimulation, (4) performing therapeutic lentivirus
transduction, ex vivo T cell culture, and (5) re-infusion back
into the original patient.

[0057] The various methods and compositions can be used
to prevent new cells, such as CD4+ T cells, from becoming
infected with HIV. For example as illustrated in FIG. 2, to
prevent new cells from becoming infected, CCRS expres-
sion can be targeted to prevent virus attachment. Further,
destruction of any residual infecting viral RNA can also be
targeted. In respect of the foregoing, and in reference to FIG.
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2 herein, compositions and methods are provided to stop the
HIV viral cycle in cells that have already become infected
with HIV. To stop the HIV viral cycle, viral RNA produced
by latently-infected cells, such as latently-infected CD4+ T
cells, is targeted.

[0058] Previous efforts to achieve a cure for HIV have
fallen short due to, among others, the failure to obtain
sufficient numbers of HIV-specific CD4 T cells with protec-
tive genetic modifications. When this number is below a
critical threshold, a functional cure as described herein is not
achieved. For example, upon termination of antiretroviral
therapy HIV re-emergence generally follows. Thereafter,
patients often experience rapid destruction of HIV-specific
CD4 T cells, followed by return to progression of disease
despite prior genetic therapy. By employing selective
enrichment for HIV-specific T cells in accordance with the
compositions and methods described herein, a new HIV
treatment regimen has been developed including, in various
embodiments, a functional cure.

Definitions and Interpretation

[0059] Unless otherwise defined herein, scientific and
technical terms used in connection with the present disclo-
sure shall have the meanings that are commonly understood
by those of ordinary skill in the art. Further, unless otherwise
required by context, singular terms shall include pluralities
and plural terms shall include the singular. Generally,
nomenclature used in connection with, and techniques of,
cell and tissue culture, molecular biology, immunology,
microbiology, genetics and protein and nucleic acid chem-
istry and hybridization described herein are those well-
known and commonly used in the art. The methods and
techniques of the present disclosure are generally performed
according to conventional methods well-known in the art
and as described in various general and more specific
references that are cited and discussed throughout the pres-
ent specification unless otherwise indicated. See, e.g.: Sam-
brook J. & Russell D. Molecular Cloning: A Laboratory
Manual, 3rd ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (2000); Ausubel et al., Short Protocols
in Molecular Biology: A Compendium of Methods from
Current Protocols in Molecular Biology, Wiley, John &
Sons, Inc. (2002); Harlow and Lane, Using Antibodies: A
Laboratory Manual; Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1998); and Coligan et al., Short
Protocols in Protein Science, Wiley, John & Sons, Inc.
(2003). Any enzymatic reactions or purification techniques
are performed according to manufacturer’s specifications, as
commonly accomplished in the art or as described herein.
The nomenclature used in connection with, and the labora-
tory procedures and techniques of, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceu-
tical chemistry described herein are those well-known and
commonly used in the art.

[0060] As used herein, the term “about” will be under-
stood by persons of ordinary skill in the art and will vary to
some extent depending upon the context in which it is used.
If there are uses of the term which are not clear to persons
of ordinary skill in the art given the context in which it is
used, “about” will mean up to plus or minus 10% of the
particular term.

[0061] As used herein, the terms “administration of” or
“administering” an active agent means providing an active
agent of the invention to the subject in need of treatment in
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a form that can be introduced into that individual’s body in
a therapeutically useful form and therapeutically effective
amount.

[0062] As used herein, the term “AGT103” refers to a
particular embodiment of a lentiviral vector that contains a
miR30-CCR5/miR21-Vif/miR185-Tat microRNA cluster
sequence, as detailed herein.

[0063] As used herein, the term “AGT103T” refers to a
cell that has been transduced with a lentivirus that contains
the AGT103 lentiviral vector.

[0064] As used herein, the term “CCR5” refers to C-C
chemokine receptor 5. Reference herein to “CCR5delta32”
is reference to a mutant genotype in the CCRS gene.
[0065] As used herein, the term “CD” refers to a particular
cluster of differentiation protein. A non-limiting example of
this terminology as used herein is CD4 protein expression.
Examples of such proteins include, but are not limited to
CDA4.

[0066] As used herein, the term “cART” refers to combi-
nation antiretroviral therapy. The term “cART” may be used
synonymously with HAART (Highly Active Antiretroviral
Therapy).

[0067] Throughout this specification and claims, the word
“comprise,” or variations such as “comprises” or “compris-
ing,” will be understood to imply the inclusion of a stated
integer or group of integers but not the exclusion of any
other integer or group of integers. Further, as used herein,
the term “includes” means includes without limitation.
[0068] As used herein, the term “engraftment” refers to the
ability for one skilled in the art to determine a quantitative
level of sustained engraftment in a subject following infu-
sion of a cellular source (see for e.g.: Rosenberg et al., N
Engl. J. Med. 323:570-578 (1990); Dudley el al., J. Immu-
nother. 24:363-373 (2001); Yee et al., Curr. Opin. Immunol.
13:141-146 (2001); Rooney et al., Blood 92:1549-1555
(1998)).

[0069] The terms, “expression,” “expressed,” or
“encodes” refer to the process by which polynucleotides are
transcribed into mRNA and/or the process by which the
transcribed mRNA is subsequently being translated into
peptides, polypeptides, or proteins. Expression may include
splicing of the mRNA in a eukaryotic cell or other forms of
post-transcriptional modification or post-translational modi-
fication.

[0070] The term “functional cure”, as referenced above,
and further defined herein, refers to a state or condition
wherein HIV+ individuals who previously required ongoing
HIV therapies such as cART or HAART, may survive with
low or undetectable virus replication using lower doses,
intermittent doses, alternate drug combinations or single
agents, or discontinued dosing of such HIV therapies. An
individual may be said to have been “functionally cured”
while still requiring adjunct therapy to maintain low level
virus replication and slow or eliminate disease progression.
A possible outcome of a functional cure is the eventual
eradication of all or virtually all HIV such that no recurrence
is detected within a specified time frame, for example, 1
month, 3 months, 6 months, 1 year, 3 years, and 5 years, and
all other time frames as may be defined.

[0071] The term “HIV vaccine” encompasses immuno-
gens plus vehicle plus adjuvant intended to elicit HIV-
specific immune responses. The term “HIV vaccine” is
within the meaning of the term “stimulatory agent” as
described herein. A “HIV vaccine” may include purified or
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whole inactivated virus particles that may be HIV or recom-
binant virus vectors capable of expressing HIV proteins,
protein fragments or peptides, glycoprotein fragments or
glycopeptides, in addition to recombinant bacterial vectors,
plasmid DNA or RNA capable of directing cells to produc-
ing HIV proteins, glycoproteins or protein fragments able to
elicit specific immunity. Alternately, specific methods for
immune stimulation including anti-CD3/CD28 beads, T cell
receptor-specific  antibodies, mitogens, superantigens,
cytokines and other chemical or biological stimuli may be
used to activate dendritic, T or B cells for the purposes of
enriching HIV-specific CD4 T cells prior to transduction or
for in vitro assay of lentivirus-transduced CD4 T cells.
Activating substances may be soluble, polymeric assem-
blies, liposome or endosome-based or linked to beads.
Cytokines including interleukin-2, 6, 7, 12, 15, 23 or others
may be added to improve cellular responses to stimuli and/or
improve the survival of CD4 T cells throughout the culture
and transduction intervals. Alternately, and without limiting
any of the foregoing, the term “HIV vaccine” encompasses
the MVA/HIV62B vaccine and variants thereof. The MVA/
HIV62B vaccine is a known highly attenuated double
recombinant MVA vaccine. The MVA/HIV62B vaccine was
constructed through the insertion of HIV-1 gag-pol and env
sequences into the known MVA vector (see: for e.g.: Goep-
fert et al. (2014) J. Infect. Dis. 210(1): 99-110, and see
W02006026667, both of which are incorporated herein by
reference). The term “HIV vaccine” also includes any one or
more vaccines provided in Table 1, below and in any similar
tables contained in the priority documents (all of which are
incorporated herein in their entirety).

TABLE 1

IAVI Clinical Trial ID*  Prime**

HVTN 704 AMP VRC-HIVMABO060-00-AB

VAC89220HPX2004 Ad26.Mos. HIV Trivalent
01-1-0079 VRC4302

04/400-003-04 APL 400-003 GENEVAX-HIV
10-1074 10-1074

87 I-114 gpl60 Vaccine (Immuno-AG)

ACTG 326; PACTG 326 ALVAC vCP1452

Ad26.ENVA.01 Ad26.EnvA-01

Ad5HVR48.ENVA.01 Ad5HVRA48.ENVA.01

ANRS VAC 02 rgp 160 + peptide V3 ANRS VAC 02

ANRS VAC 04 LIPO-6

ANRS VAC 05 ALVAC vCP125

ANRS VAC 07 ALVAC vCP300

ANRS VAC 08 ALVAC-HIV MN120TMG strain (vCP205)

ANRS VAC 09 bis LIPO-6

ANRS VAC 12 LPHIV1

ANRS VAC 14 gpl60 MN/LAL

ANRS VAC 16 LPHIV1

ANRS VAC 18 LIPO-5

APL 400-003RX101 APL 400-003 GENEVAX-HIV

AVEG 002 HIVAC-1e

AVEG 003 VaxSyn gpl60 Vaccine (MicroGeneSys)

AVEG 004 gpl60 Vaccine (Immuno-AG)

AVEG 005A/B Env 2-3

AVEG 006X; VEU 006  MN rgpl120

AVEG 007A/B rgpl20/HIV-1 SF-2

AVEG 011 UBI HIV-1 Peptide Immunogen, Multivalent

AVEG 013A gpl60 Vaccine (Immuno-AG)

AVEG 014A/B TBC-3B

AVEG 017 UBI HIV-1 Peptide Vaccine, Microparticulate
Monovalent

AVEG 019 pl7/p24:Ty-VLP

AVEG 020 gpl20 C4-V3

AVEG 021 P3C541b Lipopeptide

AVEG 022 ALVAC-HIV MN120TMG strain (vCP205)
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TABLE 1-continued

Jul. 4,2019

TABLE 1-continued

IAVI Clinical Trial ID*

Prime**

IAVI Clinical Trial ID*

Prime**

AVEG 028

AVEG 031

AVEG 034/034A
C060301

C86P1
Cervico-vaginal CN54gp
140-hsp70 Conjugate
Vaccine (TLO1)
CM235 and SF2gp120
CombiHIVvac
(KombiVIChvak)
CRC282
CUTHIVAC002
DCVax-001
DNA-4

DP6?7001

DVP-1
EN41-UGR7C
EnvPro
EuroNeut41

EV01

EV02 (EuroVace 02)
Extention HVTN
073E/SAAVI 102
F4/AS01

FIT Biotech
Guangxi CDC DNA
vaccine

HGP-30 memory
responses
HIV-CORE002
HIV-POL-001
HIVIS 01

HIVIS 02
HVRF-380-131004
HVTN 040

HVTN 041

HVTN 044

HVTN 045

HVTN 048

HVTN 049

HVTN 050/Merck 018
HVTN 052

HVTN 054

HVTN 055

HVTN 056

HVTN 059

HVTN 060

HVTN 064

HVTN 065

HVTN 067

HVTN 070

HVTN 072

HVTN 073

HVTN 076

HVTN 077

HVTN 078

HVTN 082

HVTN 084

HVTN 086, SAAVI 103
HVTN 087

HVTN 088

HVTN 090

HVTN 092

HVTN 094

HVTN 096

HVTN 097

HVTN 100

HVTN 101

HVTN 104
HVTN 105

HVTN 106

HVTN 110

HVTN 112

HVTN 116

Salmonella typhi CVD 908-HIV-1 LAI gp 120
APL 400-047

ALVAC vCP1433

GTU-MultiHIV

HIV gpl40 ZM96

CN54gp140

CM235 (ThaiE) gpl120 plus SF2(B) gp120
CombiHIVvac

P2G12
DNA-C CN54ENV
DCVax-001
DNA-4
DP6?001 DNA
EnvDNA
EN41-UGR7C
EnvPro
EN41-FPA2
NYVAC-C
DNA-C

Sub C gp140

F4/AS01
GTU-Nef
Chinese DNA

HGP-30

ChAdV63.HIVconsv
MVA-mBN32
HIVIS-DNA
MVA-CMDR

Vichrepol

AVX101

rgpl20w61d
VRC-HIVDNAO009-00-VP
pGA2/IS7 DNA

EP HIV-1090

Gag and Env DNA/PLG microparticles
MRKAdS HIV-1 gag
VRC-HIVDNAO009-00-VP
VRC-HIVADV014-00-VP
TBC-M335

MEP

AVX101

HIV-1 gag DNA

EP HIV-1043

pGA2/IS7 DNA

EP-1233

PENNVAX-B
VRC-HIVDNA044-00-VP
SAAVI DNA-C2
VRC-HIVDNAO016-00-VP
VRC-HIVADV027-00-VP
NYVAC-B
VRC-HIVDNAO016-00-VP
VRC-HIVADV054-00-VP
SAAVI MVA-C
HIV-MAG

Oligomeric gpl40/MF59
VSV-Indiana HIV gag vaccine
DNA-HIV-PT123
GEO-D03
DNA-HIV-PT123
ALVAC-HIV vCP1521
ALVAC-HIV-C (vCP2438)
DNA-HIV-PT123
VRC-HIVMABO060-00-AB
AIDSVAX B/E

DNA Nat-B env
Ad4-mgag

HIV-1 nefitat/vif, env pDNA vaccine
VRC-HIVMABO060-00-AB

HVTN 205 pGA2/IS7 DNA

HVTN 702 ALVAC-HIV-C (vCP2438)

HVTN 703 AMP VRC-HIVMABO060-00-AB

HVTN 908 pGA2/IS7 DNA

TAVI 001 DNA.HIVA

TAVI 016 MVA HIVA

TAVI A001 tgAACO9

TAVI A003 AAV1-PG9

TAVI B001 Ad35-GRIN/ENV

TIAVI B002 Adjuvanted GSK investigational HIV vaccine
formulation 1

TAVI B003 Ad26.EnvA-01

TAVI B004 HIV-MAG

TAVI C001 ADVAX

TAVI C002 ADMVA

TAVI D001 TBC-M4

TAVI N004 Ad35-GRIN

HIV-CORE 004

TAVI R001 rcAd26.MOS1.HIVEnv

TAVI S001 SeV-G

IDEA EV06 DNA-HIV-PT123

IHVO1 Full-Length Single Chain (FLSC)

IMPAACT P1112 VRC-HIVMABO060-00-AB

IPCAVDO006 MVA mosaic

IPCAVDO008 Trimeric gp140

IPCAVD009 Ad26.Mos.HIV Trivalent

ISS P-001 Tat vaccine

LFn-p24 vaccine LFn-p24

MCA-0835 3BNC117

Mucovac?2 CN54gp140

MV1-F4 Measles Vector - GSK

MYM-V101 Virosome-Gp41

NCHECR-AE1 pHIS-HIV-AE

PEACHI-04 ChAdV63.HIVconsv

PedVacc001 & MVA HIVA

PedVacc002

PolyEnvl PolyEnvl

PXVX-HIV-100-001 Ad4-mgag

RISVACO02 MVA-B

RV 151/WRAIR 984 LFn-p24

RV 158 MVA-CMDR

SGO6RS02 HIV gpl40 ZM96

TAB9 TAB9

TaMoVac II HIVIS-DNA

UBI V106 UBI HIV-1 Peptide Vaccine, Microparticulate
Monovalent

UCLA MIG-001 TBC-3B

UKHVCSpoke003 DNA - CN54ENV and ZM96GPN

V3-MAPS V3-MAPS

VAX 002 AIDSVAX B/B

VAX 003 AIDSVAX B/E

VRC 602 VRC-HIVMABO060-00-AB

VRC 607 VRCHIVMABO080-00-AB

*IAVT is the International AIDS Vaccine Initiative, whose clinical trials database is
publicly available at http://www.iavi.org/trials-database/trials.

**As used herein, the term “Prime” refers to the composition initially used as an
immunological inoculant in a given clinical trial as referenced in Table 1 herein.
[0072] The term “in vivo” refers to processes that occur in
a living organism. The term “ex vivo” refers to processes
that occur outside of a living organism. For example, in vivo
treatment refers to treatment that occurs within a patient’s
body, while ex vivo treatment is one that occurs outside of
a patient’s body, but still uses or accesses or interacts with
tissues from that patient. Thereafter, an ex vivo treatment
step may include a subsequent in vivo treatment step.
[0073] The term “miRNA” refers to a microRNA, and also
may be referred to herein as “miR”. The term “microRNA
cluster” refers to at least two microRNAs that are situate on
a vector in close proximity to each other and are co-
expressed.

[0074] The term “packaging cell line” refers to any cell
line that can be used to express a lentiviral particle.
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[0075] The term “PBMC” refers to peripheral blood
mononuclear cells.

[0076] The term “percent identity,” in the context of two
or more nucleic acid or polypeptide sequences, refer to two
or more sequences or subsequences that have a specified
percentage of nucleotides or amino acid residues that are the
same, when compared and aligned for maximum correspon-
dence, as measured using one of the sequence comparison
algorithms described below (e.g., BLASTP and BLASTN or
other algorithms available to persons of ordinary skill in the
art) or by visual inspection. Depending on the application,
the “percent identity” can exist over a region of the sequence
being compared, e.g., over a functional domain, or, alterna-
tively, exist over the full length of the two sequences to be
compared. For sequence comparison, typically one sequence
acts as a reference sequence to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are input into a computer,
subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. The
sequence comparison algorithm then calculates the percent
sequence identity for the test sequence(s) relative to the
reference sequence, based on the designated program
parameters.

[0077] Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol. 48:443 (1970), by the search for similarity
method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual
inspection (see generally Ausubel et al., infra).

[0078] One example of an algorithm that is suitable for
determining percent sequence identity and sequence simi-
larity is the BLAST algorithm, which is described in Alts-
chul et al., J. Mol. Biol. 215:403-410 (1990). Software for
performing BLLAST analyses is publicly available through
the National Center for Biotechnology Information website.
[0079] The percent identity between two nucleotide
sequences can be determined using the GAP program in the
GCG software package (available at http://www.gcg.com),
using a NWSgapdna.CMP matrix and a gap weight of 40,
50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6.
The percent identity between two nucleotide or amino acid
sequences can also be determined using the algorithm of E.
Meyers and W. Miller (CABIOS, 4:11-17 (1989)) which has
been incorporated into the ALIGN program (version 2.0),
using a PAM120 weight residue table, a gap length penalty
of' 12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using
the Needleman and Wunsch (J. Mol Biol. (48):444-453
(1970)) algorithm which has been incorporated into the GAP
program in the GCG software package (available at http://
www.gcg.com), using either a Blossum 62 matrix or a
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or
4 and a length weight of 1, 2, 3, 4, 5, or 6.

[0080] The nucleic acid and protein sequences of the
present disclosure can further be used as a “query sequence”
to perform a search against public databases to, for example,
identify related sequences. Such searches can be performed
using the NBLAST and XBLAST programs (version 2.0) of
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Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST
nucleotide searches can be performed with the NBLAST
program, score=100, word length=12 to obtain nucleotide
sequences homologous to the nucleic acid molecules of the
invention. BLAST protein searches can be performed with
the XBLAST program, score=50, wordlength=3 to obtain
amino acid sequences homologous to the protein molecules
of the invention. To obtain gapped alignments for compari-
son purposes, Gapped BLAST can be utilized as described
in Altschul et al., (1997) Nucleic Acids Res. 25(17):3389-
3402. When utilizing BLAST and Gapped BLAST pro-
grams, the default parameters of the respective programs
(e.g., (BLAST and NBLAST) can be used. See http://www.
ncbi.nlm.nih.gov.

[0081] As used herein, “pharmaceutically acceptable”
refers to those compounds, materials, compositions, and/or
dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues, organs,
and/or bodily fluids of human beings and animals without
excessive toxicity, irritation, allergic response, or other
problems or complications commensurate with a reasonable
benefit/risk ratio.

[0082] As used herein, a “pharmaceutically acceptable
carrier” refers to, and includes, any and all solvents, disper-
sion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like that are
physiologically compatible. The compositions can include a
pharmaceutically acceptable salt, e.g., an acid addition salt
or a base addition salt (see, e.g., Berge et al. (1977) J Pharm
Sci 66:1-19).

[0083] As used herein, the term “physical method of
selection” refers to any physical method that can be used to
positively select for a cell type within a larger mixture of
cells (e.g., PBMC). A non-limiting example of a physical
method of selection is magnetic bead sorting.

[0084] As used herein, the term “SEQ ID NO” is synony-
mous with the term “Sequence ID No.”

[0085] As used herein, “small RNA” refers to non-coding
RNA that are generally less than about 200 nucleotides or
less in length and possess a silencing or interference func-
tion. In other embodiments, the small RNA is about 175
nucleotides or less, about 150 nucleotides or less, about 125
nucleotides or less, about 100 nucleotides or less, or about
75 nucleotides or less in length. Such RNAs include micro-
RNA (miRNA), small interfering RNA (siRNA), double
stranded RNA (dsRNA), and short hairpin RNA (shRNA).
“Small RNA” of the disclosure should be capable of inhib-
iting or knocking-down gene expression of a target gene, for
example through pathways that result in the destruction of
the target gene mRNA.

[0086] As used herein, the term “stimulatory agent™ refers
to any exogenous agent that can stimulate an immune
response, and includes, without limitation, a vaccine, a HIV
vaccine, and HIV or HIV-related peptides. A stimulatory
agent can preferably stimulate a T cell response.

[0087] As used herein, the term “subject” includes a
human patient but also includes other mammals. The terms
“subject,” “individual,” “host,” and “patient” may be used
interchangeably herein.

[0088] The term “Tat” refers to the HIV tat gene and its
gene product, and variants thereof.

[0089] The term “therapeutically effective amount™ refers
to a sufficient quantity of the active agents of the present
invention, in a suitable composition, and in a suitable dosage
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form to treat or prevent the symptoms, progression, or onset
of the complications seen in patients suffering from a given
ailment, injury, disease, or condition. The therapeutically
effective amount will vary depending on the state of the
patient’s condition or its severity, and the age, weight, etc.,
of the subject to be treated. A therapeutically effective
amount can vary, depending on any of a number of factors,
including, e.g., the route of administration, the condition of
the subject, as well as other factors understood by those in
the art.

[0090] As used herein, the term “therapeutic vector” is
synonymous with a lentiviral vector such as the AGT103
vector.

[0091] The term “treatment” or “treating” generally refers
to an intervention in an attempt to alter the natural course of
the subject being treated, and can be performed either for
prophylaxis or during the course of clinical pathology.
Desirable effects include, but are not limited to, preventing
occurrence or recurrence of disease, alleviating symptoms,
suppressing, diminishing or inhibiting any direct or indirect
pathological consequences of the disease, ameliorating or
palliating the disease state, and causing remission or
improved prognosis.

[0092] The term “vaccine”, which is used interchangeably
with the term “therapeutic vaccine” refers to an exogenous
agent that can elicit an immune response in an individual and
includes, without limitation, purified proteins, inactivated
viruses, virally vectored proteins, bacterially vectored pro-
teins, peptides or peptide fragments, or virus-like particles
(VLPs).

[0093] The term “Vif” refers to the HIV vif gene and its
gene product, and variants thereof.

Description of Aspects of the Disclosure

[0094] As detailed herein, in one aspect, a method of
treating cells infected with HIV is provided. The method
generally includes contacting peripheral blood mononuclear
cells (PBMC) isolated from a subject infected with HIV with
a therapeutically effective amount of a stimulatory agent,
wherein the contacting step is carried out ex vivo; transduc-
ing the PBMC ex vivo with a viral delivery system encoding
at least one genetic element; and culturing the transduced
PBMC for a period of time sufficient to achieve such
transduction. In embodiments, the transduced PBMC are
cultured from about 1 to about 35 days. In embodiments, the
method further includes infusing the transduced PBMC into
a subject. In embodiments, the subject is a human. In
embodiments, the stimulatory agent is a peptide or mixture
of peptides, and in embodiments includes a gag peptide. In
further embodiments, the stimulatory includes a vaccine. In
embodiments, the vaccine is a HIV vaccine, and in further
embodiments, the HIV vaccine is a MVA/HIV62B vaccine
or a variant thereof. In embodiments, the viral delivery
system includes a lentiviral particle. In embodiments, the at
least one genetic element includes a small RNA capable of
inhibiting production of chemokine receptor CCRS. In
embodiments, the at least one genetic element includes at
least one small RNA capable of targeting an HIV RNA
sequence. In other embodiments, the at least one genetic
element includes a small RNA capable of inhibiting produc-
tion of chemokine receptor CCR5 and at least one small
RNA capable of targeting an HIV RNA sequence. In
embodiments, the HIV RNA sequence includes a HIV Vif
sequence, a HIV Tat sequence, or variants thercof. In
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embodiments, the at least one genetic element includes at
least one of a microRNA or a shRNA. In further embodi-
ments, the at least one genetic element comprises a micro-
RNA cluster.

[0095] In another aspect, a method is disclosed which
includes obtaining peripheral blood from HIV+ individuals;
fractionating the blood to obtain a PBMC population; con-
tacting the PBMC population with purified antigen-present-
ing cells or peptides or proteins representing components of
HIV; culturing the contacted PBMC population for about 1
to about 12 days to expand an antigen-specific population;
positively selecting cells that respond to peptide stimulation
to produce an enriched cell fraction; transducing the
enriched cell fraction ex vivo with a viral delivery system as
detailed herein, and culturing the transduced cell fraction for
a period of time sufficient to ensure adequate transduction.
[0096] In embodiments, the PBMC population is further
purified to produce a purified fraction of PBMC. In embodi-
ments, further purified fractions of PBMC are contacted
with peptides or proteins representing components of HIV.
[0097] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95% or more percent identity with SEQ ID NO: 1. In
embodiments, the at least one genetic element comprises
SEQ ID NO: 1.

[0098] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95% or more percent identity with SEQ ID NO: 2; or at least
80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95% or more percent identity with SEQ
ID NO: 3. In embodiments, the at least one genetic element
includes SEQ ID NO: 2 or SEQ ID NO: 3.

[0099] In another aspect, the microRNA cluster includes a
sequence having at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95% or more
percent identity with SEQ ID NO: 31. In embodiments, the
microRNA cluster includes SEQ ID NO: 31.

[0100] In another aspect, a method of manufacturing a cell
product for treating HIV infection in a subject is disclosed.
The method generally includes obtaining blood leukocytes;
removing leukocytes from the subject and purifying periph-
eral blood mononuclear cells (PBMC) or defined fractions of
PBMC. The method further includes contacting the PBMC
or purified fraction of PBMC ex vivo with a therapeutically
effective amount of a stimulatory agent; positive selection
based on response to stimulatory agent to enrich the pro-
portion of antigen-specific T cells; transducing the PBMC or
purified fraction of PBMC ex vivo with a viral delivery
system encoding at least one genetic element; and culturing
the transduced PBMC or a purified fraction of PBMC for a
period of time sufficient to achieve transduction and growth
of the modified cell population. The method may further
include further enrichment of the PBMC, for example, by
preferably enriching the PBMC for CD4+ T cells or select-
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ing for antigen-specific cells based on cytokine expression
or combinations of selection methods to enrich for the
therapeutic fraction of cells. In embodiments, the transduced
PBMC or purified fraction of PBMC are cultured from about
1 to about 35 days. The method may further involve infusing
the transduced PBMC or purified fraction of PBMC into a
subject. The subject may be a human. The at least one of the
first stimulatory agents may include a peptide or mixture of
peptides and may represent one, two, three or more of
proteins encoded by the HIV genome. In embodiments, at
least one of the first stimulatory agents includes a gag
peptide. The at least one of the first stimulatory agents may
include a vaccine. In embodiments, the vaccine is a HIV
vaccine, and in further embodiments, the HIV vaccine is a
MVA/HIV62B vaccine or a variant thereof. In embodiments,
the first stimulatory agent is a mixture of gag peptides.
[0101] Inembodiments, the viral delivery system includes
a lentiviral particle. In embodiments, the at least one genetic
element includes a small RNA capable of inhibiting produc-
tion of chemokine receptor CCRS. In embodiments, the at
least one genetic element includes at least one small RNA
capable of targeting an HIV RNA sequence. In embodi-
ments, the at least one genetic element includes a small RNA
capable of inhibiting production of chemokine receptor
CCRS and at least one small RNA capable of targeting an
HIV RNA sequence. The HIV RNA sequence may include
a HIV Vif sequence, a HIV Tat sequence, or variants thereof.
The at least one genetic element may include a microRNA
or a shRNA, or a cluster thereof. In embodiments, the at least
one genetic element comprises a synthetic microRNA clus-
ter.

[0102] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95% or more percent identity with SEQ ID NO: 1. In
embodiments, the at least one genetic element comprises
SEQ ID NO: 1.

[0103] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, or at least 85%,
or at least 90%, or at least 95% percent identity with SEQ
ID NO: 2; or at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95% or more percent
identity with SEQ ID NO: 3. In embodiments, the at least
one genetic element includes SEQ ID NO: 2 or SEQ ID NO:
3

[0104] In another aspect, the microRNA cluster includes a
sequence having at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95% or more
percent identity with SEQ ID NO: 31. In embodiments, the
microRNA cluster includes SEQ ID NO: 31.

[0105] In another aspect, a lentiviral vector is disclosed.
The lentiviral vector includes at least one encoded genetic
element, wherein the at least one encoded genetic element
comprises a small RNA capable of inhibiting production of
chemokine receptor CCRS or at least one small RNA
capable of targeting an HIV RNA sequence. In another
aspect a lentiviral vector is disclosed in the at least one
encoded genetic element comprises a small RNA capable of
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inhibiting production of chemokine receptor CCRS and at
least one small RNA capable of targeting an HIV RNA
sequence. The HIV RNA sequence may include a HIV Vif
sequence, a HIV Tat sequence, or a variant thereof. The at
least one encoded genetic element may include a microRNA
or a shRNA. The at least one encoded genetic element may
include a microRNA cluster.

[0106] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95% or more percent identity with SEQ ID NO: 1. In
embodiments, the at least one genetic element comprises
SEQ ID NO: 1.

[0107] In another aspect, the at least one genetic element
includes a microRNA having at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95% or more percent identity with SEQ ID NO: 2; or at least
80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95% or more percent identity with SEQ
ID NO: 3. In embodiments, the at least one genetic element
includes SEQ ID NO: 2; or SEQ ID NO: 3.

[0108] In another aspect, the microRNA cluster includes a
sequence having at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95% or more
percent identity with SEQ ID NO: 31. In embodiments, the
microRNA cluster includes SEQ ID NO: 31.

[0109] In another aspect, a lentiviral vector system for
expressing a lentiviral particle is provided. The system
includes a lentiviral vector as described herein; at least one
envelope plasmid for expressing an envelope protein pref-
erably optimized for infecting a cell; and at least one helper
plasmid for expressing a gene of interest, for example any of
gag, pol, and rev genes, wherein when the lentiviral vector,
the at least one envelope plasmid, and the at least one helper
plasmid are transfected into a packaging cell, wherein a
lentiviral particle is produced by the packaging cell, wherein
the lentiviral particle is capable of modulating a target
sequence of interest, for example inhibiting production of
chemokine receptor CCRS5 or targeting an HIV RNA
sequence.

[0110] In another aspect, a lentiviral particle capable of
infecting a cell is disclosed. The lentiviral particle includes
at least one envelope protein preferably optimized for infect-
ing a cell, and a lentiviral vector as described herein. The
envelope protein may be optimized for infecting a T cell. In
embodiments, the envelope protein is optimized for infect-
ing a CD4+ T cell.

[0111] In another aspect, a modified cell is disclosed. In
embodiments, the modified cell is a CD4+ T cell. In embodi-
ments, the CD4+ T cell is infected with a lentiviral particle
as described herein. In embodiments, the CD4+ T cell also
has been selected to recognize an HIV antigen based on the
prior immunization with a stimulatory agent. In a further
embodiment, the HIV antigen that is recognized by the
CD4+ T cell includes a gag antigen. In a further embodi-
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ment, the CD4+ T cell expresses a decreased level of CCRS
following infection with the lentiviral particle.

[0112] In another aspect, a method of selecting a subject
for a therapeutic treatment regimen is disclosed. The method
generally includes immunizing the subject with an effective
amount of a first stimulatory agent; removing leukocytes
from the subject and purifying peripheral blood mononu-
clear cells (PBMC) and determining a first quantifiable
measurement associated with at least one factor associated
with the PBMC; contacting the PBMC ex vivo with a
therapeutically effective amount of a second stimulatory
agent, and determining a second measurement associated
with the at least one factor associated with the PBMC,
whereby when the second quantifiable measurement is dif-
ferent (e.g., higher) than the first quantifiable measurement,
the subject is selected for the treatment regimen. The at least
one factor may be T cell proliferation or IFN gamma
production.

Human Immunodeficiency Virus (HIV)

[0113] Human Immunodeficiency Virus, which is also
commonly referred to as “HIV”, is a retrovirus that causes
acquired immunodeficiency syndrome (AIDS) in humans.
AIDS is a condition in which progressive failure of the
immune system allows life-threatening opportunistic infec-
tions and cancers to thrive. Without treatment, average
survival time after infection with HIV is estimated to be 9 to
11 years, depending upon the HIV subtype and genetics of
the host population. Infection with HIV occurs by the
transfer of bodily fluids, including but not limited to blood,
semen, vaginal fluid, pre-ejaculate, saliva, tears, lymph or
cerebro-spinal fluid, or breast milk, or use of contaminated
blood or tissue products. HIV may be present in an infected
individual as both free virus particles and within infected
immune cells.

[0114] HIV infects vital cells in the human immune sys-
tem such as helper T cells, although tropism can vary among
HIV subtypes. Immune cells that may be specifically sus-
ceptible to HIV infection include but are not limited to
CD4+ T cells, macrophages, and dendritic cells. HIV infec-
tion leads to low levels of CD4+ T cells through a number
of mechanisms, including but not limited to apoptosis of
uninfected bystander cells, direct viral killing of infected
cells, and killing of infected CD4+ T cells by CD8 cytotoxic
lymphocytes that recognize infected cells. When CD4+ T
cell numbers decline below a critical level, cell-mediated
immunity is lost, and the body becomes progressively more
susceptible to opportunistic infections and cancer.

[0115] Structurally, HIV is distinct from many other ret-
roviruses. The RNA genome consists of at least seven
structural landmarks (LTR, TAR, RRE, PE, SLIP, CRS, and
INS), and at least nine genes (gag, pol, env, tat, rev, nef, vif,
vpr, vpu, and sometimes a tenth tev, which is a fusion of tat,
env and rev), encoding 19 proteins. Three of these genes,
gag, pol, and env, contain information needed to make the
structural proteins for new virus particles.

[0116] HIV replicates primarily in CD4 T cells, and causes
cellular destruction or dysregulation to reduce host immu-
nity. Because HIV establishes infection as an integrated
provirus and may enter a state of latency wherein virus
expression in a particular cell decreases below the level for
cytopathology affecting that cell or detection by the host
immune system, HIV is difficult to treat and has not been
eradicated even after prolonged intervals of combination
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antiretroviral therapy (cART). In most cases, HIV infection
causes fatal disease although survival may be prolonged by
cART.

[0117] A major goal in the fight against HIV is to develop
strategies for curing disease. Prolonged cART has not
accomplished this goal, so investigators have turned to
alternative procedures. Early efforts to improve host immu-
nity by therapeutic immunization (using a vaccine after
infection has occurred) had marginal or no impact. Like-
wise, treatment intensification had moderate or no impact.
[0118] Some progress has been made using genetic
therapy, but positive results are sporadic and found only
among rare human beings carrying defects in one or both
alleles of the gene encoding CCRS, which plays a critical
role in viral penetration of host cells. However, many
investigators are optimistic that genetic therapy holds the
best promise for eventually achieving an HIV cure.

[0119] As disclosed herein, the methods and compositions
of the invention are able to achieve a functional cure that
may or may not include complete eradication of all HIV
from the body. As mentioned above, a functional cure is
defined as a state or condition wherein HIV+ individuals
who previously required cART, may survive with low or
undetectable virus replication and using lower or intermit-
tent doses of cART, or are potentially able to discontinue
cART altogether. As used herein, a functional cure may still
possibly require adjunct therapy to maintain low level virus
replication and slow or eliminate disease progression. A
possible outcome of a functional cure is the eventual eradi-
cation of HIV to prevent all possibility of recurrence.
[0120] The primary obstacles to achieving a functional
cure lie in the basic biology of HIV itself. Virus infection
deletes CD4 T cells that are critical for nearly all immune
functions. Most importantly, HIV infection and depletion of
CD4 T cells requires activation of individual cells. Activa-
tion is a specific mechanism for individual CD4 T cell clones
that recognize pathogens or other molecules, using a rear-
ranged T cell receptor.

[0121] In the case of HIV, infection activates a population
of HIV-specific T cells that become infected and are con-
sequently depleted before other T cells that are less specific
for the virus, which effectively cripples the immune sys-
tem’s defense against the virus. The capacity for HIV-
specific T cell responses is rebuilt during prolonged cART;
however, when cART is interrupted the rebounding virus
infection repeats the process and again deletes the virus-
specific cells, resetting the clock on disease progression.
[0122] Clearly, a functional cure is only possible if enough
HIV-specific CD4 T cells are protected to allow for a host’s
native immunity to confront and control HIV once cART is
interrupted. In one embodiment, the present invention pro-
vides methods and compositions for improving the effec-
tiveness of genetic therapy to provide a functional cure of
HIV disease. In another embodiment, the present invention
provides methods and compositions for enhancing host
immunity against HIV to provide a functional cure. In yet
another embodiment, the present invention provides meth-
ods and compositions for enriching HIV-specific CD4 T
cells in a patient to achieve a functional cure.

[0123] In one embodiment of the invention, treatment
results in enriching a subject’s HIV-specific CD4 T cells by
about 100%, about 200%, about 300%, about 400%, about
500%, about 600%, about 700%, about 800%, about 900%,
or about 1000%.
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Gene Therapy

[0124] Viral vectors are used to deliver genetic constructs
to host cells for the purposes of disease therapy or preven-
tion.

[0125] Genetic constructs can include, but are not limited
to, functional genes or portions of genes to correct or
complement existing defects, DNA sequences encoding
regulatory proteins, DNA sequences encoding regulatory
RNA molecules including antisense, short homology RNA,
long non-coding RNA, small interfering RNA or others, and
decoy sequences encoding either RNA or proteins designed
to compete for critical cellular factors to alter a disease state.
Gene therapy involves delivering these therapeutic genetic
constructs to target cells to provide treatment or alleviation
of a particular disease.

[0126] There are multiple ongoing efforts to utilize genetic
therapy in the treatment of HIV disease, but thus far, the
results have been poor. A small number of treatment suc-
cesses were obtained in rare HIV patients carrying a spon-
taneous deletion of the CCRS gene (an allele known as
CCR5delta32).

[0127] Lentivirus-delivered nucleases or other mecha-
nisms for gene deletion/modification may be used to lower
the overall expression of CCRS and/or help to lower HIV
replication. At least one study has reported having success in
treating the disease when lentivirus was administered in
patients with a genetic background of CCR5delta32. How-
ever, this was only one example of success, and many other
patients without the CCR5delta32 genotype have not been
treated as successtully. Consequently, there is a substantial
need to improve the performance of viral genetic therapy
against HIV, both in terms of performance for the individual
viral vector construct and for improved use of the vector
through a strategy for achieving functional HIV cure.

[0128] For example, some existing therapies rely on zinc
finger nucleases to delete a portion of CCRS in an attempt
to render cells resistant to HIV infection. However, even
after optimal treatment, only 30% of T cells had been
modified by the nuclease at all, and of those that were
modified, only 10% of the total CD4 T cell population had
been modified in a way that would prevent HIV infection. In
contrast, the disclosed methods result in virtually every cell
carrying a lentivirus transgene having a reduction in CCR5
expression below the level needed to allow HIV infection.

[0129] For the purposes of the disclosed methods, gene
therapy can include, but is not limited to, affinity-enhanced
T cell receptors, chimeric antigen receptors on CD4 T cells
(or alternatively on CD8 T cells), modification of signal
transduction pathways to avoid cell death cause by viral
proteins, increased expression of HIV restriction elements
including TREX, SAMHDI1, MxA or MxB proteins,
APOBEC complexes, TRIMS-alpha complexes, tetherin
(BST2), and similar proteins identified as being capable of
reducing HIV replication in mammalian cells.

Immunotherapy

[0130] Historically, vaccines have been a go-to weapon
against deadly infectious diseases, including smallpox,
polio, measles, and yellow fever. Unfortunately, there is no
currently approved vaccine for HIV. The HIV virus has
unique ways of evading the immune system, and the human
body seems incapable of mounting an effective immune
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response against it. As a result, scientists do not have a clear
picture of what is needed to provide protection against HIV.
[0131] However, immunotherapy may provide a solution
that was previously unaddressed by conventional vaccine
approaches. Immunotherapy, also called biologic therapy, is
a type of treatment designed to boost the body’s natural
defenses to fight infections or cancer. It uses materials either
made by the body or in a laboratory to improve, target, or
restore immune system function.

[0132] In some embodiments of the disclosed invention,
immunotherapeutic approaches may be used to enrich a
population of HIV-specific CD4 T cells for the purpose of
increasing the host’s anti-HIV immunity. In some embodi-
ments of the disclosed invention, integrating or non-inte-
grating lentivirus vectors may be used to transduce a host’s
immune cells for the purposes of increasing the host’s
anti-HIV immunity. In yet another embodiment of the inven-
tion, a vaccine comprising HIV proteins including but not
limited to a killed particle, a virus-like particle, HIV peptides
or peptide fragments, a recombinant viral vector, a recom-
binant bacterial vector, a purified subunit or plasmid DNA
combined with a suitable vehicle and/or biological or chemi-
cal adjuvants to increase a host’s immune responses may be
used to enrich the population of virus-specific T cells or
antibodies, and these methods may be further enhanced
through the use of HIV-targeted genetic therapy using len-
tivirus or other viral vector.

Methods

[0133] In one aspect, the disclosure provides methods for
using viral vectors to achieve a functional cure for HIV
disease. The methods generally include immunotherapy to
enrich the proportion of HIV-specific CD4 T cells, followed
by lentivirus transduction to deliver inhibitors of HIV and
CCRS and CXCR4 as required.

[0134] In one embodiment, the methods include a first
stimulation event to enrich a proportion of HIV-specific CD4
T cells. The first stimulation can include administration of
one or more of any agent suitable for enriching a patient’s
HIV-specific CD4+ T cells including but not limited to a
vaccine.

[0135] Therapeutic vaccines can include one or more HIV
protein with protein sequences representing the predominant
viral types of the geographic region where treatment is
occurring. Therapeutic vaccines will include purified pro-
teins, inactivated viruses, virally vectored proteins, bacteri-
ally vectored proteins, peptides or peptide fragments, virus-
like particles (VLPs), biological or chemical adjuvants
including cytokines and/or chemokines, vehicles, and meth-
ods for immunization. Vaccinations may be administered
according to standard methods known in the art and HIV
patients may continue antiretroviral therapy during the inter-
val of immunization and subsequent ex vivo lymphocyte
culture including lentivirus transduction.

[0136] In some embodiments, HIV+ patients are immu-
nized with an HIV vaccine, increasing the frequency of
HIV-specific CD4 T cells by about 2, about 25, about 250,
about 500, about 750, about 1000, about 1250, or about
1500-fold (or any amount in between these values). The
vaccine may be any clinically utilized or experimental HIV
vaccine, including the disclosed lentiviral, other viral vec-
tors or other bacterial vectors used as vaccine delivery
systems. In another embodiment, the vectors encode virus-
like particles (VLPs) to induce higher titers of neutralizing
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antibodies. In another embodiment, the vectors encode pep-
tides or peptide fragments associated with HIV including but
not limited to gag, pol, and env, tat, rev, nef, vif, vpr, vpu,
and tev, as well as LTR, TAR, RRE, PE, SLIP, CRS, and
INS. Alternatively, the HIV vaccine used in the disclosed
methods may comprise purified proteins, inactivated
viruses, virally vectored proteins, bacterially vectored pro-
teins, peptides or peptide fragments, virus-like particles
(VLPs), or biological or chemical adjuvants including
cytokines and/or chemokines.

[0137] In one embodiment, the methods include ex vivo
re-stimulation of CD4 T cells from persons or patients
previously immunized by therapeutic vaccination, using
purified proteins, inactivated viruses, virally vectored pro-
teins, bacterially vectored proteins, biological or chemical
adjuvants including cytokines and/or chemokines, vehicles,
and methods for re-stimulation. Ex vivo re-stimulation may
be performed using the same vaccine or immune stimulating
compound used for in vivo immunization, or it may be
performed using a different vaccine or immune stimulating
compound than those used for in vivo immunization. More-
over, in some embodiments, the patient does not require
prior therapeutic vaccination or re-stimulation of CD4 T
cells if the individual has sufficiently high antigen-specific
CD4 T cell responses to HIV proteins. In these embodi-
ments, such a patient may only require ex vivo stimulation
of CD4 T cells with viral antigens, vaccines or peptides
followed by selection for HIV-specific T cells based on the
response to stimulation. Enriched cell preparations may
include 1%, 5%, 10%, 20%, 30%, 40%, 50% or more of the
HIV-specific CD4+ T cells and are used for lentivirus
transduction of genes able to protection from HIV-mediated
depletion. Stimulation with polyclonal mitogen plus cytok-
ines increases the number of enriched and transduced T cells
until appropriate levels are reached for infusion back into the
original patient.

[0138] In embodiments, peripheral blood mononuclear
cells (PBMCs) are obtained by leukapheresis and treated ex
vivo to obtain about 1x10° CD4 T cells of which about 0.1%,
about 1%, about 5% or about 10% or about 30% or about
40% or about 50% are both HIV-specific in terms of antigen
responses, and HIV-resistant by virtue of carrying the thera-
peutic transgene delivered by the disclosed lentivirus vector.
Alternatively, about 1x107, about 1x108, about 1x10°, about
1x10'°, about 1x10", or about 1x10'* CD4 T cells may be
isolated for re-stimulation. Any suitable amount of CD4 T
cells are isolated for ex vivo re-stimulation.

[0139] The isolated CD4 T cells can be cultured in appro-
priate medium throughout re-stimulation with HIV vaccine
antigens, which may include antigens present in the prior
therapeutic vaccination. Antiretroviral therapeutic drugs
including inhibitors of reverse transcriptase, protease or
integrase may be added to prevent virus re-emergence
during prolonged ex vivo culture. CD4 T cell re-stimulation
is used to enrich the proportion of HIV-specific CD4 T cells
in culture. The same procedure may also be used for
analytical objectives wherein smaller blood volumes with
peripheral blood mononuclear cells obtained by purification,
are used to identify HIV-specific T cells and measure the
frequency of this sub-population.

[0140] The PBMC fraction may be enriched for HIV-
specific CD4 T cells by contacting the cells with HIV
proteins matching or complementary to the components of
the vaccine previously used for in vivo immunization. Ex
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vivo re-stimulation can increase the relative frequency of
HIV-specific CD4 T cells by about 2, about 5, about 10,
about 25, about 50, about 75, about 100, about 125, about
150, about 175, or about 200-fold. Further enrichment is
obtained by positive selection for cells responding to HIV
antigens, vaccines or peptides. Positive selection is accom-
plished, for example, with the CliniMACS Cytokine Cap-
ture System (Miltenyi Biotec Product number 130-028-701,
San Diego, Calif. 92121) or similar manual or automated
system including the Miltenyi Prodigy System (Miltenyi
Biotec Product number 200-075-301, San Diego, Calif.
92121) that is compatible with selecting viable cells based
on expression of a cytokine (including but not limited to
interferon gamma or tumor necrosis factor alpha) that is
captured by a bi-specific reagent and labeled with a mag-
netic bead antibody to enable positive selection on a mag-
netic column. Enrichment may also be accomplished by
labeling stimulated cells with antibodies capable of detect-
ing cell surface markers expressed preferentially on acti-
vated T cells including CD45RO, MHC Class II and others
known in the art. Purification of labeled cells may be by
fluorescence activated cell sorting, magnetic bead sorting or
other physical methods capable of purifying viable cells
based on phenotypic characteristics.

[0141] The methods additionally include combining in
vivo therapeutic immunization and ex vivo re-stimulation of
CD4 T cells with ex vivo lentiviral transduction and cultur-
ing.

[0142] Thus, in one embodiment, the re-stimulated PBMC
or fraction of PBMC that has been enriched for HIV-specific
CD4 T cells can be positively selected as described above,
cultured for 1, 2, 3, 4, 5 or up to 12, 20 or 30 days before
activating again with a polyclonal mitogen such as Miltenyi
GMP TransAct T cell reagent (Miltenyi Biotec Product
number 170-076-156, San Diego, Calif. 92121) or other
plant- or fungal based agglutinins or other reagents capable
of recognizing cell surface CD3 and CD28 to cross link
these molecules and cause polyclonal T cell activation. After
polyclonal stimulation cells are transduced with therapeutic
anti-HIV lentivirus or other vectors and maintained in cul-
ture for a sufficient period of time for such transduction, for
example from about 1 to about 21 days, including up to
about 35 days. Alternatively, the cells may be cultured for
about 1-about 18 days, about 1-about 15 days, about 1-about
12 days, about l-about 9 days, or about 3-about 7 days.
Thus, the transduced cells may be cultured for about 1, about
2, about 3, about 4, about 5, about 6, about 7, about 8, about
9, about 10, about 11, about 12, about 13, about 14, about 15,
about 16, about 17, about 18, about 19, about 20, about 21,
about 22, about 23, about 24, about 25, about 26, about 27,
about 28, about 29, about 30, about 31, about 32, about 33,
about 34, or about 35 days. Activation with a polyclonal
mitogen may or may not be included in the cell product
manufacturing process.

[0143] In further embodiments, once the transduced cells
have been cultured for a sufficient period of time, transduced
CD4 T cells are infused back into the original patient.
Infusion can be performed using various devices and meth-
ods known in the art. In some embodiments, infusion may be
accompanied by pre-treatment with cyclophosphamide or
similar compounds to increase the efficiency of re-engraft-
ment.

[0144] In some embodiments, a CCRS5-targeted therapy
may be added to a subject’s antiretroviral therapy regimen,
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which was continued throughout the treatment process.
Examples of CCRS5-targeted therapies include but are not
limited to Maraviroc (a CCRS antagonist) or Rapamycin
(immunosuppressive agent that lowers CCRS5). In some
embodiments, the antiretroviral therapy may be ceased and
the subject can be tested for virus rebound. If no rebound
occurs, adjuvant therapy can also be removed and the
subject can be tested again for virus rebound.

[0145] In various embodiments, continued virus suppres-
sion with reduced or no antiretroviral therapy including
cART or HAART, and reduced or no adjuvant therapy for
about 26 weeks can be considered a functional cure for HIV.
Other definitions of a functional cure are described herein.

[0146] The lentiviral and other vectors used in the dis-
closed methods may encode at least one, at least two, at least
three, at least four, or at least five genes, or at least six genes,
or at least seven genes, or at least eight genes, or at least nine
genes, or at least ten genes, or at least eleven genes, or at
least twelve genes of interest. Given the versatility and
therapeutic potential of HIV-targeted gene therapy, a viral
vector of the invention may encode genes or nucleic acid
sequences that include but are not limited to (i) an antibody
directed to an antigen associated with an infectious disease
or a toxin produced by the infectious pathogen, (ii) cytokines
including interleukins that are required for immune cell
growth or function and may be therapeutic for immune
dysregulation encountered in HIV and other chronic or acute
human viral or bacterial pathogens, (iii) factors that suppress
the growth of HIV in vivo including CD8 suppressor factors,
(iv) mutations or deletions of chemokine receptor CCRS,
mutations or deletions of chemokine receptor CXCR4, or
mutations or deletions of chemokine receptor CXCRS, (v)
antisense DNA or RNA against specific receptors or peptides
associated with HI'V or host protein associated with HIV, (vi)
small interfering RNA against specific receptors or peptides
associated with HIV or host protein associated with HIV, or
(vii) a variety of other therapeutically useful sequences that
may be used to treat HIV or AIDS.

[0147] Additional examples of HIV-targeted gene therapy
that can be used in the disclosed methods include, but are not
limited to, affinity-enhanced T cell receptors, chimeric anti-
gen receptors on CD4 T cells (or alternatively on CD8 T
cells), modification of signal transduction pathways to avoid
cell death cause by viral proteins, increased expression of
HIV restriction elements including TREX, SAMHD1, MxA
or MxB proteins, APOBEC complexes, TRIMS-alpha com-
plexes, tetherin (BST2), and similar proteins identified as
being capable of reducing HIV replication in mammalian
cells.

[0148] In some embodiments, a patient may be undergo-
ing cART or HAART concurrently while being treated
according to the methods of the invention. In other embodi-
ments, a patient may undergo cART or HAART before or
after being treated according to the methods of the invention.
In some embodiments, cART or HAART is maintained
throughout treatment according to the methods of the inven-
tion and the patient may be monitored for HIV viral burden
in blood and frequency of lentivirus-transduced CD4 T cells
in blood. Preferably, a patient receiving cART or HAART
prior to being treated according to the methods of the
invention is able to discontinue or reduce cART or HAART
following treatment according to the methods of the inven-
tion.
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[0149] For efficacy purposes, the frequency of transduced,
HIV-specific CD4 T cells, which is a novel surrogate marker
for gene therapy effects, may be determined, as discussed in
more detail herein.

Compositions

[0150] In various aspects, the disclosure provides lentivi-
ral vectors capable of delivering genetic constructs to inhibit
HIV penetration of susceptible cells. For instance, one
mechanism of action in accordance herein is to reduce
mRNA levels for CCRS and/or CXCR4 chemokine recep-
tors for reducing the rates for viral entry into susceptible
cells.

[0151] Alternatively, the disclosed lentiviral vectors are
capable of inhibiting the formation of HIV-infected cells by
reducing the stability of incoming HIV genomic RNA. And
in yet another embodiment, the disclosed lentivirus vectors
are capable of preventing HIV production from a latently
infected cell, wherein the mechanism of action is to cause
instability of viral RNA sequences through the action of
inhibitory RNA including short-homology, small-interfering
or other regulatory RNA species.

[0152] The therapeutic lentiviruses disclosed generally
comprise at least one of two types of genetic cargo. First, the
lentiviruses may encode genetic elements that direct expres-
sion of small RNA capable of inhibiting the production of
chemokine receptors CCR5 and/or CXCR4 that are impor-
tant for HIV penetration of susceptible cells. The second
type of genetic cargo includes constructs capable of express-
ing small RNA molecules targeting HIV RNA sequences for
the purpose of preventing reverse transcription, RNA splic-
ing, RNA ftranslation to produce proteins, or packaging of
viral genomic RNA for particle production and spreading
infection. An exemplary structure is diagrammed in FIG. 3.
[0153] As shown in FIG. 3 (top panel), an exemplary
construct may comprise numerous sections or components.
For example, in one embodiment, an exemplary LV con-
struct may comprise the following sections or components:

[0154] RSV—a Rous Sarcoma virus long terminal
repeat,
[0155] S5'LTR—a portion of an HIV long terminal repeat

that can be truncated to prevent replication of the vector
after chromosomal integration;

[0156] Psi—a packaging signal that allows for incorpo-
ration of the vector RNA genome into viral particles
during packaging;

[0157] RRE-—a Rev Responsive element can be added
to improve expression from the transgene by mobiliz-
ing RNA out of the nucleus and into the cytoplasm of
cells;

[0158] cPPT—a Poly purine tract that facilitates second
strand DNA synthesis prior to integration of the trans-
gene into the host cell chromosome;

[0159] Promoter—a promoter initiates RNA transcrip-
tion from the integrated transgene to express micro-
RNA clusters (or other genetic elements of the con-
struct), and in some embodiments, the vectors may use
an EF-1 promoter;

[0160] Anti-CCR5—a micro RNA targeting messenger
RNA for the host cell factor CCR5 to reduce its
expression on the cell surface;

[0161] Anti-Rev/Tat—a micro RNA targeting HIV
genomic or messenger RNA at the junction between
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HIV Rev and Tat coding regions, which is sometimes
designated miRNA Tat or given a similar description in
this application;

[0162] Anti-Vif—a micro RNA targeting HIV genomic
or messenger RNA within the Vif coding region;

[0163] WPRE—a woodchuck hepatitis virus post-tran-
scriptional regulatory element is an additional vector
component that can be used to facilitate RNA transport
of the nucleus; and

[0164] deltaU3 3'LTR—a modified version of a HIV 3!
long terminal repeat where a portion of the U3 region
has been deleted to improve safety of the vector.

[0165] One of ordinary skill in the art will recognize that
the above components are merely examples, and that such
components may be reorganized, substituted with other
elements, or otherwise changed, so long as the construct is
able to prevent expression of HIV genes and decrease the
spread of infection.

[0166] Vectors of the invention may include either or both
of the types of genetic cargo discussed above (i.e., genetic
elements that direct expression of a gene or small RNAs,
such as siRNA, shRNA, or miRNA that can prevent trans-
lation or transcription), and the vectors of the invention may
also encode additionally useful products for the purpose of
treatment or diagnosis of HIV. For instance, in some
embodiments, these vectors may also encode green fluores-
cent protein (GFP) for the purpose of tracking the vectors or
antibiotic resistance genes for the purposes of selectively
maintaining genetically-modified cells in vivo.

[0167] The combination of genetic elements incorporated
into the disclosed vectors is not particularly limited. For
example, a vector herein may encode a single small RNA,
two small RNAs, three small RNA, four small RNAs, five
small RNAs, six small RNAs, seven small RNAs, eight
small RNAs, nine small RNAs, or ten small RNAs, or eleven
small RNAs, or twelve small RNAs. Such vectors may
additionally encode other genetic elements to function in
concert with the small RNAs to prevent expression and
infection of HIV.

[0168] Those of ordinary skill in the art will understand
that the therapeutic lentivirus may substitute alternate
sequences for the promoter region, targeting of regulatory
RNA, and types of regulatory RNA. Further, the therapeutic
lentivirus of the disclosure may comprise changes in the
plasmids used for packaging the lentivirus particles; these
changes are required to increase levels of production in
vitro.

Lentiviral Vector System

[0169] A lentiviral virion (particle) in accordance with
various aspects and embodiments herein is expressed by a
vector system encoding the necessary viral proteins to
produce a virion (viral particle). In various embodiments,
one vector containing a nucleic acid sequence encoding the
lentiviral pol proteins is provided for reverse transcription
and integration, operably linked to a promoter. In another
embodiment, the pol proteins are expressed by multiple
vectors. In other embodiments, vectors containing a nucleic
acid sequence encoding the lentiviral Gag proteins for
forming a viral capsid, operably linked to a promoter, are
provided. In embodiments, this gag nucleic acid sequence is
on a separate vector than at least some of the pol nucleic acid
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sequence. In other embodiments, the gag nucleic acid is on
a separate vector from all the pol nucleic acid sequences that
encode pol proteins.

[0170] Numerous modifications can be made to the vec-
tors herein, which are used to create the particles to further
minimize the chance of obtaining wild type revertants.
These include, but are not limited to deletions of the U3
region of the LTR, tat deletions and matrix (MA) deletions.
In embodiments, the gag, pol and env vector(s) do not
contain nucleotides from the lentiviral genome that package
lentiviral RNA, referred to as the lentiviral packaging
sequence.

[0171] The vector(s) forming the particle preferably do not
contain a nucleic acid sequence from the lentiviral genome
that expresses an envelope protein. Preferably, a separate
vector that contains a nucleic acid sequence encoding an
envelope protein operably linked to a promoter is used. This
env vector also does not contain a lentiviral packaging
sequence. In one embodiment the env nucleic acid sequence
encodes a lentiviral envelope protein.

[0172] In another embodiment the envelope protein is not
from the lentivirus, but from a different virus. The resultant
particle is referred to as a pseudotyped particle. By appro-
priate selection of envelopes one can “infect” virtually any
cell. For example, one can use an env gene that encodes an
envelope protein that targets an endocytic compartment such
as that of the influenza virus, VSV-G, alpha viruses (Semliki
forest virus, Sindbis virus), arenaviruses (lymphocytic cho-
riomeningitis virus), flaviviruses (tick-borne encephalitis
virus, Dengue virus, hepatitis C virus, GB virus), rhabdovi-
ruses (vesicular stomatitis virus, rabies virus), paramyxovi-
ruses (mumps or measles) and orthomyxoviruses (influenza
virus). Other envelopes that can preferably be used include
those from Moloney Leukemia Virus such as MLV-E,
MLV-A and GALV. These latter envelopes are particularly
preferred where the host cell is a primary cell. Other
envelope proteins can be selected depending upon the
desired host cell. For example, targeting specific receptors
such as a dopamine receptor can be used for brain delivery.
Another target can be vascular endothelium. These cells can
be targeted using a Filovirus envelope. For example, the GP
of' Ebola, which by post-transcriptional modification become
the GP, and GP, glycoproteins. In another embodiment, one
can use different lentiviral capsids with a pseudotyped
envelope (for example, FIV or SHIV [U.S. Pat. No. 5,654,
195]). A SHIV pseudotyped vector can readily be used in
animal models such as monkeys.

[0173] Lentiviral vector systems as provided herein typi-
cally include at least one helper plasmid comprising at least
one of a gag, pol, or rev gene. Each of the gag, pol and rev
genes may be provided on individual plasmids, or one or
more genes may be provided together on the same plasmid.
In one embodiment, the gag, pol, and rev genes are provided
on the same plasmid (e.g., FIG. 4). In another embodiment,
the gag and pol genes are provided on a first plasmid and the
rev gene is provided on a second plasmid (e.g., FIG. 5).
Accordingly, both 3-vector (e.g., FIGS. 4 and 6) and 4-vec-
tor (e.g., FIG. 5) systems can be used to produce a lentivirus
as described herein. In embodiments, the therapeutic vector,
at least one envelope plasmid and at least one helper plasmid
are transfected into a packaging cell, for example a pack-
aging cell line. A non-limiting example of a packaging cell
line is the 293T/17 HEK cell line. When the therapeutic
vector, the envelope plasmid, and at least one helper plasmid
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are transfected into the packaging cell line, a lentiviral
particle is ultimately produced.

[0174] In another aspect, a lentiviral vector system for
expressing a lentiviral particle is disclosed. The system
includes a lentiviral vector as described herein; an envelope
plasmid for expressing an envelope protein optimized for
infecting a cell; and at least one helper plasmid for express-
ing gag, pol, and rev genes, wherein when the lentiviral
vector, the envelope plasmid, and the at least one helper
plasmid are transfected into a packaging cell line, a lentiviral
particle is produced by the packaging cell line, wherein the
lentiviral particle is capable of inhibiting production of
chemokine receptor CCRS or targeting an HIV RNA
sequence.

[0175] In another aspect, the lentiviral vector, which is
also referred to herein as a therapeutic vector, includes the
following elements: hybrid 5' long terminal repeat (RSV/5'
LTR) (SEQ ID NOS: 34-35), Psi sequence (RNA packaging
site) (SEQ ID NO: 36), RRE (Rev-response element) (SEQ
ID NO: 37), cPPT (polypurine tract) (SEQ ID NO: 38),
EF-1a promoter (SEQ ID NO: 4), miR30CCRS (SEQ ID
NO: 1), miR21Vif (SEQ ID NO: 2), miR185Tat (SEQ ID
NO: 3), Woodchuck Post-Transcriptional Regulatory Ele-
ment (WPRE) (SEQ ID NOS: 32 or 80), and AU3 3' LTR
(SEQ ID NO: 39). In another aspect, sequence variation, by
way of substitution, deletion, addition, or mutation can be
used to modify the sequences references herein.

[0176] In another aspect, a helper plasmid includes the
following elements: CAG promoter (SEQ ID NO: 41); HIV
component gag (SEQ ID NO: 43); HIV component pol (SEQ
ID NO: 44); HIV Int (SEQ ID NO: 45); HIV RRE (SEQ ID
NO: 46); and HIV Rev (SEQ ID NO: 47). In another aspect,
the helper plasmid may be modified to include a first helper
plasmid for expressing the gag and pol genes, and a second
and separate plasmid for expressing the rev gene. In another
aspect, sequence variation, by way of substitution, deletion,
addition, or mutation can be used to modify the sequences
references herein.

[0177] Inanother aspect, an envelope plasmid includes the
following elements: RNA polymerase II promoter (CMV)
(SEQ ID NO: 60) and vesicular stomatitis virus G glyco-
protein (VSV-G) (SEQ ID NO: 62). In another aspect,
sequence variation, by way of substitution, deletion, addi-
tion, or mutation can be used to modify the sequences
references herein.

[0178] In various aspects, the plasmids used for lentiviral
packaging are modified by substitution, addition, subtraction
or mutation of various elements without loss of vector
function. For example, and without limitation, the following
elements can replace similar elements in the plasmids that
comprise the packaging system: Elongation Factor-1 (EF-1),
phosphoglycerate kinase (PGK), and ubiquitin C (UbC)
promoters can replace the CMV or CAG promoter. SV40
poly A and bGH poly A can replace the rabbit beta globin
poly A. The HIV sequences in the helper plasmid can be
constructed from different HIV strains or clades. The VSV-G
glycoprotein can be substituted with membrane glycopro-
teins from feline endogenous virus (RD114), gibbon ape
leukemia virus (GALV), Rabies (FUG), lymphocytic cho-
riomeningitis virus (LCMV), influenza A fowl plague virus
(FPV), Ross River alphavirus (RRV), murine leukemia virus
10A1 (MLV), or Ebola virus (EboV).

[0179] Various lentiviral packaging systems can be
acquired commercially (e.g., Lenti-vpak packaging kit from
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OriGene Technologies, Inc., Rockville, Md.), and can also
be designed as described herein. Moreover, it is within the
skill of a person ordinarily skilled in the art to substitute or
modify aspects of a lentiviral packaging system to improve
any number of relevant factors, including the production
efficiency of a lentiviral particle.

Bioassays

[0180] In various aspects, the present invention includes
bioassays for determining the success of HIV treatment for
achieving a functional cure. These assays provide a method
for measuring the efficacy of the disclosed methods of
immunization and treatment by measuring the frequency of
transduced, HIV specific CD4 T cells in a patient. HIV-
specific CD4 T cells are recognizable because, among
others, they proliferate, change the composition of cell
surface markers, induce signaling pathways including phos-
phorylation, and/or express specific marker proteins that
may be cytokines, chemokines, caspases, phosphorylated
signaling molecules or other cytoplasmic and/or nuclear
components. Specific responding CD4 T cells are recog-
nized for example, using labeled monoclonal antibodies or
specific in situ amplification of mRNA sequences, that allow
sorting of HIV-specific cells using flow cytometry sorting,
magnetic bead separation or other recognized methods for
antigen-specific CD4 T cell isolation. The isolated CD4 T
cells are tested to determine the frequency of cells carrying
integrated therapeutic lentivirus. Single cell testing methods
may also be used including microfluidic separation of indi-
vidual cells that are coupled with mass spectrometry, PCR,
ELISA or antibody staining to confirm responsiveness to
HIV and presence of integrated therapeutic lentivirus.

[0181] Thus, in various embodiments, following applica-
tion of a treatment according to the invention (e.g., (a)
immunization, (b) ex vivo leukocyte/lymphocyte culture; (c)
re-stimulation with purified proteins, inactivated viruses,
virally vectored proteins, bacterially vectored proteins, bio-
logical or chemical adjuvants including cytokines and/or
chemokines, vehicles; and (d) infusion of the enriched,
transduced T cells), a patient may be subsequently assayed
to determine the efficacy of the treatment. A threshold value
of target T cells in the body may be established to measure
a functional cure at a determined value, for example, at
about 1x10® HIV-specific CD4 T cells bearing genetic modi-
fication from therapeutic lentivirus. Alternatively, the
threshold value may be about 1x10°, about 1x10°, about
1x107, about 1x10%, about 1x10°, or about 1x10'° CD4 T
cells in the body of the patient.

[0182] HIV-specific CD4 T cells bearing genetic modifi-
cation from therapeutic lentivirus can be determined using
any suitable method, such as but not limited to flow cytom-
etry, cell sorting, FACS analysis, DNA cloning, PCR, RT-
PCR or Q-PCR, ELISA, FISH, western blotting, southern
blotting, high throughput sequencing, RNA sequencing,
oligonucleotide primer extension, or other methods known
in the art.

[0183] While methods for defining antigen specific T cells
with genetic modifications are known in the art, utilizing
such methods to combine identitfying HIV-specific T cells
with integrated or non-integrated gene therapy constructs as
a standard measure for efficacy is a novel concept in the field
of HIV treatment, as described variously herein.
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Doses and Dosage Forms

[0184] The disclosed methods and compositions can be
used for treating HIV + patients during various stages of their
disease. Accordingly, dosing regimens may vary based upon
the condition of the patient and the method of administra-
tion.

[0185] In various embodiments, HIV-specific vaccines for
the initial in vivo immunization are administered to a subject
in need in varying doses. In general, vaccines delivered by
intramuscular injection include about 10 pg to about 300 pg,
about 25 pg to about 275 pg, about 50 pg to about 250 pg,
about 75 pg to about 225, or about 100 ng to about 200 nug
of HIV protein, either total virus protein prepared from
inactivated virus particles, virus-like particles or purified
virus protein from recombinant systems or purified from
virus preparations. Recombinant viral or bacterial vectors
may be administered by any and all of the routes described.
Intramuscular vaccines will include about 1 pg to about 100
ng, about 10 pg to about 90 pg, about 20 pg to about 80 pg,
about 30 pg to about 70 pg, about 40 ug to about 60 pg, or
about 50 pg of suitable adjuvant molecules and be sus-
pended in oil, saline, buffer or water in volumes of 0.1 to 5
ml per injection dose, and may be soluble or emulsion
preparations. Vaccines delivered orally, rectally, bucally, at
genital mucosal or intranasally, including some virally-
vectored or bacterially-vectored vaccines, fusion proteins,
liposome formulations or similar preparations, may contain
higher amounts of virus protein and adjuvant. Dermal,
sub-dermal or subcutaneous vaccines utilize protein and
adjuvant amounts more similar to oral, rectal or intranasal-
delivered vaccines. Depending on responses to the initial
immunization, vaccination may be repeated 1-5 times using
the same or alternate routes for delivery. Intervals may be of
2-24 weeks between immunizations. Immune responses to
vaccination are measured by testing HIV-specific antibodies
in serum, plasma, vaginal secretions, rectal secretions, saliva
or bronchoalveolar lavage fluids, using ELISA or similar
methodology. Cellular immune responses are tested by in
vitro stimulation with vaccine antigens followed by staining
for intracellular cytokine accumulation followed by flow
cytometry or similar methods including lymphoprolifera-
tion, expression of phosphorylated signaling proteins or
changes in cell surface activation markers. Upper limits of
dosing may be determined based on the individual patient
and will depend on toxicity/safety profiles for each indi-
vidual product or product lot.

[0186] Immunization may occur once, twice, three times,
or repeatedly. For instance, an agent for HIV immunization
may be administered to a subject in need once a week, once
every other week, once every three weeks, once a month,
every other month, every three months, every six months,
every nine months, once a year, every eighteen months,
every two years, every 36 months, or every three years.
[0187] Immunization will generally occur at least once
before ex vivo expansion and enrichment of CD4 T cells,
and immunization may occur once, twice, three times, or
more after ex vivo leukocyte/lymphocyte culture/re-stimu-
lation and infusion.

[0188] In one embodiment, HIV vaccines for immuniza-
tion are administered as a pharmaceutical composition. In
one embodiment, the pharmaceutical composition compris-
ing an HIV vaccine is formulated in a wide variety of nasal,
pulmonary, oral, topical, or parenteral dosage forms for
clinical application. Each of the dosage forms can comprise
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various disintegrating agents, surfactants, fillers, thickeners,
binders, diluents such as wetting agents or other pharma-
ceutically acceptable excipients. The pharmaceutical com-
position comprising an HIV vaccine can also be formulated
for injection.

[0189] HIV vaccine compositions for the purpose of
immunization can be administered using any pharmaceuti-
cally acceptable method, such as intranasal, buccal, sublin-
gual, oral, rectal, ocular, parenteral (intravenously, intrader-
mally, intramuscularly, subcutaneously, intracistemally,
intraperitoneally), pulmonary, intravaginal, locally adminis-
tered, topically administered, topically administered after
scarification, mucosally administered, via an aerosol, or via
a buccal or nasal spray formulation.

[0190] Further, the HIV vaccine compositions can be
formulated into any pharmaceutically acceptable dosage
form, such as a solid dosage form, tablet, pill, lozenge,
capsule, liquid dispersion, gel, aerosol, pulmonary aerosol,
nasal aerosol, ointment, cream, semi-solid dosage form, and
a suspension. Further, the composition may be a controlled
release formulation, sustained release formulation, immedi-
ate release formulation, or any combination thereof. Further,
the composition may be a transdermal delivery system.
[0191] In another embodiment, the pharmaceutical com-
position comprising an HIV vaccine is formulated in a solid
dosage form for oral administration, and the solid dosage
form can be powders, granules, capsules, tablets or pills. In
yet another embodiment, the solid dosage form includes one
or more excipients such as calcium carbonate, starch,
sucrose, lactose, microcrystalline cellulose or gelatin. In
addition, the solid dosage form can include, in addition to
the excipients, a lubricant such as talc or magnesium stear-
ate. In some embodiments, the oral dosage form is in
immediate release or a modified release form. Modified
release dosage forms include controlled or extended release,
enteric release, and the like. The excipients used in the
modified release dosage forms are commonly known to a
person of ordinary skill in the art.

[0192] In a further embodiment, the pharmaceutical com-
position comprising a HIV vaccine is formulated as a
sublingual or buccal dosage form. Such dosage forms com-
prise sublingual tablets or solution compositions that are
administered under the tongue and buccal tablets that are
placed between the cheek and gum.

[0193] In yet a further embodiment, the pharmaceutical
composition comprising an HIV vaccine is formulated as a
nasal dosage form. Such dosage forms of the present inven-
tion comprise solution, suspension, and gel compositions for
nasal delivery.

[0194] In one embodiment, the pharmaceutical composi-
tion is formulated in a liquid dosage form for oral admin-
istration, such as suspensions, emulsions or syrups. In other
embodiments, the liquid dosage form can include, in addi-
tion to commonly used simple diluents such as water and
liquid paraffin, various excipients such as humectants,
sweeteners, aromatics or preservatives. In particular
embodiments, the composition comprising HIV vaccine or a
pharmaceutically acceptable salt thereof is formulated to be
suitable for administration to a pediatric patient.

[0195] In one embodiment, the pharmaceutical composi-
tion is formulated in a dosage form for parenteral adminis-
tration, such as sterile aqueous solutions, suspensions, emul-
sions, non-aqueous solutions or suppositories. In other
embodiments, the non-aqueous solutions or suspensions
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includes propyleneglycol, polyethyleneglycol, vegetable
oils such as olive oil or injectable esters such as ethyl oleate.
As a base for suppositories, witepsol, macrogol, tween 61,
cacao oil, laurin oil or glycerinated gelatin can be used.
[0196] The dosage of the pharmaceutical composition can
vary depending on the patient’s weight, age, gender, admin-
istration time and mode, excretion rate, and the severity of
disease.

[0197] For the purposes of re-stimulation, lymphocytes,
PBMCs, and/or CD4 T cells are generally removed from a
patient and isolated for re-stimulation and culturing. The
isolated cells may be contacted with the same HIV vaccine
or activating agent used for immunization or a different HIV
vaccine or activating agent. In one embodiment, the isolated
cells are contacted with about 10 ng to 5 pg of an HIV
vaccine or activating agent per about 10 cells in culture (or
any other suitable amount). More specifically, the isolated
cells may be contacted with about 50 ng, about 100 ng, about
200 ng, about 300 ng, about 400 ng, about 500 ng, about 600
ng, about 700 ng, about 800 ng, about 900 ng, about 1 ug,
about 1.5 pg, about 2 pg, about 2.5 pg, about 3 pg, about 3.5
ug, about 4 ng, about 4.5 pg, or about 5 ug of an HIV vaccine
or activating agent per about 10° cells in culture.

[0198] Activating agents or vaccines are generally used
once for each in vitro cell culture but may be repeated after
intervals of about 15 to about 35 days. For example, a repeat
dosing could occur at about 15, about 16, about 17, about 18,
about 19, about 20, about 21, about 22, about 23, about 24,
about 25, about 26, about 27, about 28, about 29, about 30,
about 31, about 32, about 33, about 34, or about 35 days.
[0199] For transduction of the enriched, re-stimulated
cells, the cells may be transduced with lentiviral vectors or
with other known vector systems as disclosed, for example,
in FIG. 4 or

[0200] FIG. 6. The cells being transduced may be con-
tacted with about 1-1,000 viral genomes (measured by
RT-PCR assay of culture fluids containing lentivirus vector)
per target cell in culture (or any other suitable amount).
Lentivirus transduction may be repeated 1-5 times using the
same range of 1-1,000 viral genomes per target cell in
culture.

Cellular Enrichment

[0201] In various embodiments, cells such as T cells are
obtained from an HIV infected patient and cultured. Cul-
turing can occur in multiwell plates in a culture medium
comprising conditioned media (“CM”). The levels of super-
natant p24%“% (“p24”) and viral RNA levels may be assessed
by standard means. Those patients whose CM-cultured cells
have peak p24 supernatant levels of less than 1 ng/ml may
be suitable patients for large-scale T-cell expansion in CM
with or without the use of additional anti-viral agents.
Additionally, different drugs or drug combinations of inter-
est may be added to different wells and the impact on virus
levels in the sample may be assessed by standard means.
Those drug combinations providing adequate viral suppres-
sion are therapeutically useful combinations. It is within the
capacity of a competent technician to determine what con-
stitutes adequate viral suppression in relation to a particular
subject. In order to test the effectiveness of drugs of interest
in limiting viral expansion, additional factors such as anti-
CD3 antibodies may be added to the culture to stimulate
viral production. Unlike culture methods for HIV infected
cell samples known in the art, CM allows the culture of T
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cells for periods of over two months, thereby providing an
effective system in which to assay long term drug effective-
ness.

[0202] This approach allows the inhibition of gene expres-
sion driven by the HIV LTR promoter region in a cell
population by the culture of cells in a medium comprising
the CM. Culture in CM4 likely inhibits HIV LTR driven
gene expression by altering one or more interactions
between transcription mediating proteins and HIV gene
expression regulatory elements. Transcription-mediating
proteins of interest include host cell encoded proteins such
as AP-1, NFkappaB, NF-AT, IRF, LEF-1 and Spl, and the
HIV encoded protein Tat. HIV gene expression regulatory
elements of interest include binding sites for AP-1, NFkap-
paB, NF-AT, IRF, LEF-1 and Spl, as well as the transacting
responsive element (“TAR”) which interacts with Tat.
[0203] In a preferred embodiment, the HIV infected cells
are obtained from a subject with susceptible transcription
mediating protein sequences and susceptible HIV regulatory
element sequences. In a more preferred embodiment, the
HIV infected cells are obtained from a subject having
wild-type transcription-mediating protein sequences and
wild-type HIV regulatory sequences.

[0204] Another method of enriching T Cells utilizes
immunoaffinity-based selection. This method includes the
simultaneous enrichment or selection of a first and second
population of cells, such as a CD4+ and CD8+ cell popu-
lation. Cells containing primary human T cells are contacted
with a first immunoaffinity reagent that specifically binds to
CD4 and a second immunoaffinity reagent that specifically
binds to CD8 in an incubation composition, under condi-
tions whereby the immunoaffinity reagents specifically bind
to CD4 and CD8 molecules, respectively, on the surface of
cells in the sample. Cells bound to the first and/or the second
immunoaffinity reagent are recovered, thereby generating an
enriched composition comprising CD4+ cells and CD8+
cells. This approach may include incubation of the compo-
sition with a concentration of the first and/or second immu-
noaffinity reagent that is at a sub-optimal yield concentra-
tion. Notably, in some embodiments, transduced cells are a
mixed T cell population, and in other embodiments trans-
duced cells are not a mixed T cell population.

[0205] In some embodiments, immunoaffinity-based
selection is used where the solid support is a sphere, such as
a bead, such as a microbead or nanobead. In other embodi-
ments, the bead can be a magnetic bead. In another embodi-
ment, the antibody contains one or more binding partners
capable of forming a reversible bond with a binding reagent
immobilized on the solid surface, such as a sphere or
chromatography matrix, wherein the antibody is reversibly
mobilized to the solid surface. In some embodiments, cells
expressing a cell surface marker bound by the antibody on
said solid surface are capable of being recovered from the
matrix by disruption of the reversible binding between the
binding reagent and binding partner. In some embodiments,
the binding reagent is streptavidin or is a streptavidin analog
or mutant. In some embodiments, immunoaffinity-based
selection is used to capture cells specifically responding to
HIV proteins, vaccines or peptides based on expression of
cytokines in these cells. A bi-specific capture reagent binds
to T cells and also captures cytokine released from that cell.
The cytokine is preferably interferon gamma but may
include tumor necrosis factor alpha or other cytokines
known to be produced by T cells. The immobilized cytokine
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is recognized by a second immune-affinity reagent that is
modified by a magnetic bead. Cells with the first capture
reagent-cytokine-second immune-affinity reagent and mag-
netic bead are retained on a magnetic column and are thus
purified away from cells that did not express cytokine after
HIV protein, vaccine or peptide stimulation and are main-
tained in a viable state. Removing the matrix from a mag-
netic field allows release of the labeled cells and capture as
a highly enriched population. In some cases, the enriched
cells may be cultured for 1-30 days to increase in number
before being stimulated with a polyclonal mitogen such as
anti-CD*/anti-CD28 microbeads or similar stimulation
reagents that are compatible with lentivirus transduction.
[0206] Stable transduction of primary cells of the
hematopoietic system and/or hematopoietic stem cells may
be obtained by contacting, in vitro or ex vivo, the surface of
the cells with both a lentiviral vector and at least one
molecule which binds the cell surface. The cells may be
cultured in a ventilated vessel comprising two or more layers
under conditions conducive to growth and/or proliferation.
In some embodiments, this approach may be used in con-
junction with non-CD4+ T cell depletion and/or broad
polyclonal expansion.

[0207] In another approach to T cell enrichment, PBMCs
are stimulated with a peptide and enriched for cells secreting
a cytokine, such as interferon-gamma. This approach gen-
erally involves stimulating a mixture of cells containing T
cells with antigen, and effecting a separation of antigen-
stimulated cells according to the degree to which they are
labeled with the product. Antigen stimulation is achieved by
exposing the cells to at least one antigen under conditions
effective to elicit antigen-specific stimulation of at least one
T cell. Labeling with the product is achieved by modifying
the surface of the cells to contain at least one capture moiety,
culturing the cells under conditions in which the product is
secreted, released and specifically bound (“captured” or
“entrapped”) to said capture moiety; and labeling the cap-
tured product with a label moiety, where the labeled cells are
not lysed as part of the labeling procedure or as part of the
separation procedure. The capture moiety may incorporate
detection of cell surface glycoproteins CD3 or CD4 to refine
the enrichment step and increase the proportion of antigen-
specific T cells in general, of CD4+ T cells in specific.
[0208] The following examples are given to illustrate
aspects of the present invention. It should be understood,
however, that the invention is not to be limited to the specific
conditions or details described in these examples. All printed
publications referenced herein are specifically incorporated
by reference.

EXAMPLES

Example 1: Development of a Lentiviral Vector
System

[0209] A lentiviral vector system was developed as sum-
marized in FIG. 3 (linear form) and FIG. 4 (circularized
form). Referring first to the top portion of FIG. 3, a repre-
sentative therapeutic vector has been designed and produced
with the following elements being from left to right: hybrid
5'long terminal repeat (RSV/5' LTR) (SEQ ID NOS: 34-35),
Psi sequence (RNA packaging site) (SEQ ID NO: 36), RRE
(Rev-response element) (SEQ ID NO: 37), cPPT (polypu-
rine tract) (SEQ ID NO: 38), EF-1a promoter (SEQ ID NO:
4), miR30CCRS (SEQ ID NO: 1), miR21Vif (SEQ ID NO:
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2), miR185Tat (SEQ ID NO: 3), Woodchuck Post-Transcrip-
tional Regulatory Element (WPRE) (SEQ ID NOS: 32 or
80), and AU3 3' LTR (SEQ ID NO: 39). The therapeutic
vector detailed in FIG. 3 is also referred to herein as
AGTI103.

[0210] Referring next to the middle portion of FIG. 3, a
helper plasmid has been designed and produced with the
following elements being from left to right: CAG promoter
(SEQ ID NO: 41); HIV component gag (SEQ ID NO: 43);
HIV component pol (SEQ ID NO: 44); HIV Int (SEQ ID
NO: 45); HIV RRE (SEQ ID NO: 46); and HIV Rev (SEQ
ID NO: 47).

[0211] Referring next to the lower portion of FIG. 3, an
envelope plasmid has been designed and produced with the
following elements being from left to right: RNA poly-
merase 11 promoter (CMV) (SEQ ID NO: 60) and vesicular
stomatitis virus G glycoprotein (VSV-G) (SEQ ID NO: 62).

[0212] Lentiviral particles were produced in 293T/17
HEK cells (purchased from American Type Culture Collec-
tion, Manassas, Va.) following transfection with the thera-
peutic vector, the envelope plasmid, and the helper plasmid
(as shown in FIG. 3). The transfection of 293T/17 HEK
cells, which produced functional viral particles, employed
the reagent Poly(ethylenimine) (PEI) to increase the effi-
ciency of plasmid DNA uptake. The plasmids and DNA
were initially added separately in culture medium without
serum in a ratio of 3:1 (mass ratio of PEI to DNA). After 2-3
days, cell medium was collected and lentiviral particles were
purified by high-speed centrifugation and/or filtration fol-
lowed by anion-exchange chromatography. The concentra-
tion of lentiviral particles can be expressed in terms of
transducing units/ml (TU/ml). The determination of TU was
accomplished by measuring HIV p24 levels in culture fluids
(p24 protein is incorporated into lentiviral particles), mea-
suring the number of viral DNA copies per cell by quanti-
tative PCR, or by infecting cells and using light (if the
vectors encode luciferase or fluorescent protein markers).

[0213] As mentioned above, a 3-vector system (i.e., a
2-vector lentiviral packaging system) was designed for the
production of lentiviral particles. A schematic of the 3-vec-
tor system is shown in FIG. 4. The schematic of FIG. 4 is a
circularized version of the linear system previously
described in FIG. 3. Briefly, and with reference to FI1G. 4, the
top-most vector is a helper plasmid, which, in this case,
includes Rev. The vector appearing in the middle of FIG. 4
is the envelope plasmid. The bottom-most vector is the
previously described therapeutic vector.

[0214] Referring more specifically to FIG. 4, the Helper
plus Rev plasmid includes a CAG enhancer (SEQ ID NO:
40); a CAG promoter (SEQ ID NO: 41); a chicken beta actin
intron (SEQ ID NO: 42); a HIV gag (SEQ ID NO: 43); a
HIV Pol (SEQ ID NO: 44); a HIV Int (SEQ ID NO: 45); a
HIV RRE (SEQ ID NO: 46); a HIV Rev (SEQ ID NO: 47);
and a rabbit beta globin poly A (SEQ ID NO: 48).

[0215] The Envelope plasmid includes a CMV promoter
(SEQ ID NO: 60); a beta globin intron (SEQ ID NO: 61); a
VSV-G (SEQ ID NO: 62); and a rabbit beta globin poly A
(SEQ ID NO: 63).

[0216] In an alternate vector system, and with respect to
FIG. 6, the vector sequences are provided herein as SEQ ID
NOs: 105-107.
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[0217] Synthesis of a 2-Vector Lentiviral Packaging Sys-
tem Including Helper (Plus Rev) and Envelope plasmids.

[0218] Materials and Methods:
[0219] Construction of the Helper Plasmid:
[0220] The helper plasmid was constructed by initial PCR

amplification of a DNA fragment from the pNL4-3 HIV
plasmid (NIH Aids Reagent Program) containing Gag, Pol,
and Integrase genes. Primers were designed to amplify the
fragment with EcoRI and Notl restriction sites which could
be used to insert at the same sites in the pCDNA3 plasmid
(Invitrogen). The forward primer was (5'-TAAGCA-
GAATTC ATGAATTTGCCAGGAAGAT-3") (SEQ ID NO:
81) and reverse primer was (5'-CCATACAATGAATGGA-
CACTAGGCGGCCGCACGAAT-3") (SEQ ID NO: 82).
The sequence for the Gag, Pol, Integrase fragment was as
follows:

(SEQ ID NO: 83)
GAATTCATGAATTTGCCAGGAAGATGGAAACCAAAAATGATAGGGGGAAT

TGGAGGTTTTATCAAAGTAAGACAGTATGATCAGATACTCATAGAAATCT
GCGGACATAAAGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAAC
ATAATTGGAAGAAATCTGTTGACTCAGATTGGCTGCACTTTAAATTTTCC
CATTAGTCCTATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGATG
GCCCAAAAGTTAAACAATGGCCATTGACAGAAGAAAAAATAAAAGCATTA
GTAGAAATTTGTACAGAAATGGAAAAGGAAGGAAAAATTTCAAARATTGG
GCCTGAAAATCCATACAATACTCCAGTATTTGCCATAAAGAAAAAAGACA
GTACTAAATGGAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAGAACT
CAAGATTTCTGGGAAGTTCAATTAGGAATACCACATCCTGCAGGGTTAAA
ACAGAAAAAATCAGTAACAGTACTGGATGTGGGCGATGCATATTTTTCAG
TTCCCTTAGATAAAGACTTCAGGAAGTATACTGCATTTACCATACCTAGT
ATAAACAATGAGACACCAGGGATTAGATATCAGTACAATGTGCTTCCACA
GGGATGGAAAGGATCACCAGCAATATTCCAGTGTAGCATGACAAARAATCT
TAGAGCCTTTTAGAAAACAAAATCCAGACATAGTCATCTATCAATACATG
GATGATTTGTATGTAGGATCTGACTTAGAAATAGGGCAGCATAGAACAAR
AATAGAGGAACTGAGACAACATCTGTTGAGGTGGGGATTTACCACACCAG
ACAAAAAACATCAGAAAGAACCTCCATTCCTTTGGATGGGTTATGAACTC
CATCCTGATAAATGGACAGTACAGCCTATAGTGCTGCCAGAAAAGGACAG
CTGGACTGTCAATGACATACAGAAATTAGTGGGAAAATTGAATTGGGCAA
GTCAGATTTATGCAGGGATTAAAGTAAGGCAATTATGTAAACTTCTTAGG
GGAACCAAAGCACTAACAGAAGTAGTACCACTAACAGAAGAAGCAGAGCT
AGAACTGGCAGAAAACAGGGAGATTCTAAAAGAACCGGTACATGGAGTGT
ATTATGACCCATCAAAAGACTTAATAGCAGAAATACAGAAGCAGGGGCAA
GGCCAATGGACATATCAAATTTATCAAGAGCCATTTAAAAATCTGAAAAC
AGGAAAGTATGCAAGAATGAAGGGTGCCCACACTAATGATGTGAAACAAT
TAACAGAGGCAGTACAAAAAATAGCCACAGAAAGCATAGTAATATGGGGA

AAGACTCCTAAATTTAAATTACCCATACAAAAGGAAACATGGGAAGCATG
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-continued
GTGGACAGAGTATTGGCAAGCCACCTGGATTCCTGAGTGCGAGTTTGTCA

ATACCCCTCCCTTAGTGAAGTTATGGTACCAGTTAGAGAAAGAACCCATA
ATAGGAGCAGAAACTTTCTATGTAGATGGGGCAGCCAATAGGGAAACTAA
ATTAGGAAAAGCAGGATATGTAACTGACAGAGGAAGACAAAAAGTTGTCC
CCCTAACGGACACAACAAATCAGAAGACTGAGTTACAAGCAATTCATCTA
GCTTTGCAGGATTCGGGATTAGAAGTAAACATAGTGACAGACTCACAATA
TGCATTGGGAATCATTCAAGCACAACCAGATAAGAGTGAATCAGAGTTAG
TCAGTCAAATAATAGAGCAGTTAATAAAAAAGGAAAAAGTCTACCTGGCA
TGGGTACCAGCACACAAAGGAATTGGAGGAAATGAACAAGTAGATAAATT
GGTCAGTGCTGGAATCAGGAAAGTACTATTTT TAGATGGAATAGATAAGG
CCCAAGAAGAACATGAGAAATATCACAGTAATTGGAGAGCAATGGCTAGT
GATTTTAACCTACCACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTGA
TAAATGTCAGCTAAAAGGGGAAGCCATGCATGGACAAGTAGACTGTAGCC
CAGGAATATGGCAGCTAGATTGTACACATTTAGAAGGAAAAGTTATCTTG
GTAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGTAATTCCAGC
AGAGACAGGGCAAGAAACAGCATACTTCCTCTTAAAATTAGCAGGAAGAT
GGCCAGTAAAAACAGTACATACAGACAATGGCAGCAATTTCACCAGTACT
ACAGTTAAGGCCGCCTGTTGGTGGGCGGGGAT CAAGCAGGAATTTGGCAT
TCCCTACAATCCCCAAAGTCAAGGAGTAATAGAATCTATGAATAAAGAAT
TAAAGAAAATTATAGGACAGGTAAGAGATCAGGCTGAACATCTTAAGACA
GCAGTACAAATGGCAGTATTCATCCACAATTT TAAAAGAAAAGGGGGGAT
TGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACA
TACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGG
GTTTATTACAGGGACAGCAGAGATCCAGTTTGGAAAGGACCAGCARAGCT
CCTCTGGAAAGGTGAAGGGGCAGTAGTAATACAAGATAATAGTGACATAA
AAGTAGTGCCAAGAAGAAAAGCAAAGATCATCAGGGATTATGGAAAACAG

ATGGCAGGTGATGATTGTGTGGCAAGTAGACAGGATGAGGATTAA

[0221] Next, a DNA fragment containing the Rev, RRE,
and rabbit beta globin poly A sequence with Xbal and Xmal
flanking restriction sites was synthesized by MWG Operon.
The DNA fragment was then inserted into the plasmid at the
Xbal and Xmal restriction sites The DNA sequence was as
follows:

(SEQ ID NO: 84)
TCTAGAATGGCAGGAAGAAGCGGAGACAGCGACGAAGAGCTCATCAGAAC

AGTCAGACTCATCAAGCTTCTCTATCAAAGCAACCCACCTCCCAATCCCG
AGGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGA
CAGAGACAGATCCATTCGATTAGTGAACGGATCCTTGGCACTTATCTGGG
ACGATCTGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGACTTA
CTCTTGATTGTAACGAGGATTGTGGAACTT CTGGGACGCAGGGGGTGGGA

AGCCCTCAAATATTGGTGGAATCTCCTACAATATTGGAGTCAGGAGCTAA
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AGAATAGAGGAGCTTTGTTCCTTGGGT TCTTGGGAGCAGCAGGAAGCACT
ATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTC
TGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAAC
AGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGA
ATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTAGATCTTTT
TCCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGA
CTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAAT
TTTTTGTGTCTCTCACTCGGAAGGACATATGGGAGGGCAAATCATTTAAA
ACATCAGAATGAGTATTTGGT TTAGAGTTTGGCAACATATGCCATATGCT
GGCTGCCATGAACAAAGGTGGCTATAAAGAGGTCATCAGTATATGAAACA

GCCCCCTGCTGTCCATTCCTTATTCCATAGAAAAGCCTTGACTTGAGGTT

AGATTTTTTTTATATTTTGTTTTGTGTTATTTTTTTCTTTAACATCCCTA
ARATTTTCCTTACATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACT
ACTCCCAGTCATAGCTGTCCCTCTTCTCTTATGAAGATCCCTCGACCTGC
AGCCCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGARATTG
TTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTA
AAGCCTGGGGTGCC TAATGAGTGAGCTAACTCACATTAATTGCGT TGCGC
TCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCGGATCCGCAT
CTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCC
CCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTT
TTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAG
AAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTAAC
TTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCA
AACTCATCAATGTATCTTATCAGCGGCCGCCCCGGE

[0222] Finally, the CMV promoter of pCDNA3.1 was
replaced with the CAG enhancer/promoter plus a chicken
beta actin intron sequence. A DNA fragment containing the
CAG enhancer/promoter/intron sequence with Mlul and
EcoRI flanking restriction sites was synthesized by MWG
Operon. The DNA fragment was then inserted into the

plasmid at the Mlul and EcoRI restriction sites. The DNA
sequence was as follows:

(SEQ ID NO: 85)
ACGCGTTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCC

CATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGT CAATGGGTGGACTATT
TACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGT
ACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGC

CCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTAT
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-continued
TAGTCATCGCTATTACCATGGGT CGAGETGAGCCCCACGTTCTGCTTCAC
TCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTT
TTTAATTATTTTGTGCAGCGATGGGGGCEGGEEEEEEEGEEECECGCEC
AGGCGGGGCGEGECEEEECCAGGEECEEGECEGEECCGAGGCEGAGAGETE
CGGCGGCAGCCAATCAGAGCGGCGCGCTCCGARAGTTTCCT TTTATGGCG
AGGCGGCGGCEGECEGCEECCC TATAAAAAGCGAAGCGCGCGECEGECGEE
AGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCECGCC
GCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGE
GACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCT TGGTTTAATGACGGCT
CGTTTCTTTTCTGTGGC TGCGTGAAAGCCT TAAAGEGCT CCGEGAGGGCC
CTTTGTGCGGCEGEGAGCEGCTCGEGEEETGCETGCGTGTGTGTGTGCGT
GGGGAGCGCCGCETECGGCCCGCECTGCCCEECGGC TGTGAGCGCTGCGE
GCGCGECECGEEECTTTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCEGT
CGGEEGCEETECCCCGCEETGCGGEGEEECTGCGAGEEGAACARAGGCTS
CGTGCGEGETCTGTGCGTGEEEGEETGAGCAGGGEETETGGGCGCEGCGEE
TCGEGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGC TGAGCACGE
CCCEECTTCGGETGCGEGECTCCGTGCGEGECETGECGCEEEECTCGCCE
TGCCGGGCGEEEGETGGCEGCAGGTGEEEGTGCCGEECGEEECEGEEGCCE
CCTCGEGGCCGEEGAGGECT CGEGGEAGEEGCECEECEGCCCCEEAGCECC
GGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATC
GTGCGAGAGGGCGCAGGGACTTCCTT TGTCCCAAATCTGGCGGAGCCGAA
ATCTGGGAGGCGCCGCCECACCCCCTCTAGCGGECGCEGGCGAAGCGETE
CGGCGCCGGCAGGAAGGAAATGGGCGEEGAGEECCTTCGTGCGTCGCCGC
GCCGCCGTCCCCTTCTCCATCTCCAGCC TCGGEGCTGCCGCAGGGGEACG

GCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTG

ACCGGCGEEARTTC
[0223] Construction of the VSV-G Envelope Plasmid:
[0224] The vesicular stomatitis Indiana virus glycoprotein

(VSV-G) sequence was synthesized by MWG Operon with
flanking EcoRI restriction sites. The DNA fragment was
then inserted into the pCDNA3.1 plasmid (Invitrogen) at the
EcoRI restriction site and the correct orientation was deter-
mined by sequencing using a CMV specific primer. The
DNA sequence was as follows:

(SEQ ID NO: 86)
GAATTCATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTGAA

TTGCAAGTTCACCATAGTTTTTCCACACAACCAAAAAGGAAACTGGAAAL
ATGTTCCTTCTAATTACCATTATTGCCCGTCAAGCTCAGATTTAAATTGG
CATAATGACTTAATAGGCACAGCCTTACAAGTCAAAATGCCCAAGAGTCA
CAAGGCTATTCAAGCAGACGGTTGGATGTGTCATGCTTCCAAATGGGTCA

CTACTTGTGATTTCCGCTGGTATGGACCGAAGTATATAACACATTCCATC
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CGATCCTTCACTCCATCTGTAGAACAATGCAAGGAAAGCATTGAACAAAC
GAAACAAGGAACTTGGCTGAATCCAGGCTTCCCTCCTCAAAGTTGTGGAT
ATGCAACTGTGACGGATGCCGAAGCAGTGATTGTCCAGGTGACTCCTCAC
CATGTGCTGGTTGATGAATACACAGGAGAATGGGTTGATTCACAGTTCAT
CAACGGAAAATGCAGCAATTACATATGCCCCACTGTCCATAACTCTACAA
CCTGGCATTCTGACTATAAGGTCAAAGGGCTATGTGATTCTAACCTCATT
TCCATGGACATCACCTTCTTCTCAGAGGACGGAGAGCTATCATCCCTGGG
AAAGGAGGGCACAGGGTTCAGAAGTAACTACTTTGCTTATGAAACTGGAG
GCAAGGCCTGCAAAATGCAATACTGCAAGCATTGGGGAGT CAGACTCCCA
TCAGGTGTCTGGTTCGAGATGGCTGATAAGGATCTCTTTGCTGCAGCCAG
ATTCCCTGAATGCCCAGAAGGGTCAAGTATCTCTGCTCCATCTCAGACCT
CAGTGGATGTAAGTCTAATTCAGGACGTTGAGAGGATCTTGGATTATTCC
CTCTGCCAAGAAACCTGGAGCAAAATCAGAGCGGGTCTTCCAATCTCTCC
AGTGGATCTCAGCTATCTTGCTCCTAAAAACCCAGGAACCGGTCCTGCTT
TCACCATAATCAATGGTACCCTAAAATACTTTGAGACCAGATACATCAGA
GTCGATATTGCTGCTCCAATCCTCTCAAGAATGGTCGGAATGATCAGTGG
AACTACCACAGAAAGGGAACTGTGGGATGACTGGGCACCATATGAAGACG
TGGAAATTGGACCCAATGGAGTTCTGAGGACCAGTTCAGGATATAAGTTT
CCTTTATACATGATTGGACATGGTATGTTGGACTCCGATCTTCATCTTAG
CTCAAAGGCTCAGGTGTTCGAACATCCTCACATTCAAGACGCTGCTTCGC
AACTTCCTGATGATGAGAGTTTATTTTTTGGTGATACTGGGCTATCCAAA
AATCCAATCGAGCTTGTAGAAGGTTGGTTCAGTAGTTGGAAAAGCTCTAT
TGCCTCTTTTTTCTTTATCATAGGGTTAATCATTGGACTATTCTTGGTTC
TCCGAGTTGGTATCCATCTTTGCATTAAATTAAAGCACACCAAGAAAAGA
CAGATTTATACAGACATAGAGATGAGAATTC

[0225] A 4-vector system (i.e., a 3-vector lentiviral pack-
aging system) has also been designed and produced using

the methods and materials described herein. A schematic of

the 4-vector system is shown in FIG. 5. Briefly, and with
reference to FIG. 5, the top-most vector is a helper plasmid,
which, in this case, does not include Rev. The vector second
from the top is a separate Rev plasmid. The vector second
from the bottom is the envelope plasmid. The bottom-most
vector is the previously described therapeutic vector.
[0226] Referring, in part, to FIG. 5, the Helper plasmid
includes a CAG enhancer (SEQ ID NO: 49); a CAG
promoter (SEQ ID NO: 50); a chicken beta actin intron
(SEQ ID NO: 51); a HIV gag (SEQ ID NO: 52); a HIV Pol
(SEQ ID NO: 53); a HIV Int (SEQ ID NO: 54); a HIV RRE
(SEQ ID NO: 55); and a rabbit beta globin poly A (SEQ ID
NO: 56).

[0227] The Rev plasmid includes a RSV promoter (SEQ
ID NO: 57); a HIV Rev (SEQ ID NO: 58); and a rabbit beta
globin poly A (SEQ ID NO: 59).

[0228] The Envelope plasmid includes a CMV promoter
(SEQ ID NO: 60); a beta globin intron (SEQ ID NO: 61); a
VSV-G (SEQ ID NO: 62); and a rabbit beta globin poly A
(SEQ ID NO: 63).
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[0229] Synthesis of a 3-Vector Lentiviral Packaging Sys-
tem Including Helper, Rev, and Envelope Plasmids.

[0230] Materials and Methods:
[0231] Construction of the Helper Plasmid without Rev:
[0232] The Helper plasmid without Rev was constructed

by inserting a DNA fragment containing the RRE and rabbit
beta globin poly A sequence. This sequence was synthesized
by MWG Operon with flanking Xbal and Xmal restriction
sites. The RRE/rabbit poly A beta globin sequence was then
inserted into the Helper plasmid at the Xbal and Xmal
restriction sites. The DNA sequence is as follows:

(SEQ ID NO: 87)
TCTAGAAGGAGCTTTGTTCCTTGGGT TCTTGGGAGCAGCAGGAAGCACTA

TGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCT
GGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACA
GCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAA
TCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTAGATCTTTTT
CCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGAC
TTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATT
TTTTGTGTCTCTCACTCGGAAGGACATATGGGAGGGCAAATCATTTAAAA
CATCAGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCATATGCTG
GCTGCCATGAACAAAGGTGGCTATAAAGAGGTCATCAGTATATGAAACAG

CCCCCTGCTGTCCATTCCTTATTCCATAGAAAAGCCTTGACTTGAGGTTA

GATTTTTTTTATATTTTGTTTTGTGTTATTTTTTTCTTTAACATCCCTAA
AATTTTCCTTACATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTA
CTCCCAGTCATAGCTGTCCCTCTTCTCTTATGAAGATCCCTCGACCTGCA
GCCCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGT
TATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAA
AGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCT
CACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCGGATCCGCATC
TCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCC
CTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTT
TTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGA
AGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTAACT
TGTTTATTGCAGCTTATAATGGT TACAAATAAAGCAATAGCATCACARAT
TTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAA

ACTCATCAATGTATCTTATCACCCGGG

[0233] Construction of the Rev Plasmid:

[0234] The RSV promoter and HIV Rev sequence was
synthesized as a single DNA fragment by MWG Operon
with flanking Mfel and Xbal restriction sites. The DNA
fragment was then inserted into the pCDNA3.1 plasmid
(Invitrogen) at the Mfel and Xbal restriction sites in which
the CMV promoter is replaced with the RSV promoter. The
DNA sequence was as follows:
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(SEQ ID NO: 88)
CAATTGCGATGTACGGGCCAGATATACGCGTATCTGAGGGGACTAGGGTG

TGTTTAGGCGAAAAGCGGGGCTTCGGTTGTACGCGGTTAGGAGTCCCCTC
AGGATATAGTAGTTTCGCTTTTGCATAGGGAGGGGGAAATGTAGTCTTAT
GCAATACACTTGTAGTCTTGCAACATGGTAACGATGAGTTAGCAACATGC
CTTACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGGAAGTAAGGT
GGTACGATCGTGCCTTATTAGGAAGGCAACAGACAGGTCTGACATGGATT
GGACGAACCACTGAATTCCGCATTGCAGAGATAATTGTATTTAAGTGCCT
AGCTCGATACAATAAACGCCATTTGACCATTCACCACATTGGTGTGCACC
TCCAAGCTCGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCAT
CCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCC
CTCGAAGCTAGCGATTAGGCATCTCCTATGGCAGGAAGAAGCGGAGACAG
CGACGAAGAACTCCTCAAGGCAGTCAGACTCATCAAGTTTCTCTATCAAA
GCAACCCACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAATAGA
AGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACG
GATCCTTAGCACTTATCTGGGACGATCTGCGGAGCCTGTGCCTCTTCAGC
TACCACCGCTTGAGAGACTTACTCTTGATTGTAACGAGGATTGTGGAACT
TCTGGGACGCAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATCTCCTAC
AATATTGGAGTCAGGAGCTAAAGAATAGTCTAGA

[0235] The plasmids for the 2-vector and 3-vector pack-
aging systems could be modified with similar elements and
the intron sequences could potentially be removed without
loss of vector function. For example, the following elements
could replace similar elements in the 2-vector and 3-vector
packaging system:

[0236] Promoters: Elongation Factor-1 (EF-1) (SEQ ID
NO: 64), phosphoglycerate kinase (PGK) (SEQ ID NO: 65),
and ubiquitin C (UbC) (SEQ ID NO: 66) can replace the
CMV (SEQ ID NO: 60) or CAG promoter (SEQ ID NO:
100). These sequences can also be further varied by addition,
substitution, deletion or mutation.

[0237] Poly A sequences: SV40 poly A (SEQ ID NO: 67)
and bGH poly A (SEQ ID NO: 68) can replace the rabbit beta
globin poly A (SEQ ID NO: 48). These sequences can also
be further varied by addition, substitution, deletion or muta-
tion.

[0238] HIV Gag, Pol, and Integrase sequences: The HIV
sequences in the Helper plasmid can be constructed from
different HIV strains or clades. For example, HIV Gag (SEQ
1D NO: 69);

[0239] HIV Pol (SEQ ID NO: 70); and HIV Int (SEQ ID
NO: 71) from the Bal strain can be interchanged with the
gag, pol, and int sequences contained in the helper/helper
plus Rev plasmids as outlined herein. These sequences can
also be further varied by addition, substitution, deletion or
mutation.

[0240] Envelope: The VSV-G glycoprotein can be substi-
tuted with membrane glycoproteins from feline endogenous
virus (RD114) (SEQ ID NO: 72), gibbon ape leukemia virus
(GALV) (SEQ ID NO: 73), Rabies (FUG) (SEQ ID NO: 74),
lymphocytic choriomeningitis virus (LCMV) (SEQ ID NO:
75), influenza A fowl plague virus (FPV) (SEQ ID NO: 76),
Ross River alphavirus (RRV) (SEQ ID NO: 77), murine
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leukemia virus 10A1 (MLV) (SEQ ID NO: 78), or Ebola
virus (EboV) (SEQ ID NO: 79). Sequences for these enve-
lopes are identified in the sequence portion herein. Further,
these sequences can also be further varied by addition,
substitution, deletion or mutation.

[0241] In summary, the 3-vector versus 4-vector systems
can be compared and contrasted, in part, as follows. The
3-vector lentiviral vector system contains: 1. Helper plas-
mid: HIV Gag, Pol, Integrase, and Rev/Tat; 2. Envelope
plasmid: VSV-G/FUG envelope; and 3. Therapeutic vector:
RSV 5'LTR, Psi Packaging Signal, Gag fragment, RRE, Env
fragment, cPPT, WPRE, and 3'delta I'TR. The 4-vector
lentiviral vector system contains: 1. Helper plasmid: HIV
Gag, Pol, and Integrase; 2. Rev plasmid: Rev; 3. Envelope
plasmid: VSV-G/FUG envelope; and 4. Therapeutic vector:
RSV 5'LTR, Psi Packaging Signal, Gag fragment, RRE, Env
fragment, cPPT, WPRE, and 3'delta LTR. Sequences corre-
sponding with the above elements are identified in the
sequence listings portion herein.

Example 2: Development of an Anti-HIV
Lentivirus Vector

[0242] The purpose of this example was to develop an
anti-HIV lentivirus vector.

[0243] Inhibitory RNA Designs.

[0244] The sequence of Homo sapiens chemokine C-C
motif receptor 5 (CCRS) (GCO3P046377) mRNA was used
to search for potential siRNA or shRNA candidates to
knockdown CCRS levels in human cells. Potential RNA
interference sequences were chosen from candidates
selected by siRNA or shRNA design programs such as from
the Broad Institute or the BLOCK-iT RNAi Designer from
Thermo Scientific. Individual selected shRNA sequences
were inserted into lentiviral vectors immediately 3' to a RNA
polymerase III promoter such as H1, U6, or 7SK to regulate
shRNA expression. These lentivirus-shRNA constructs were
used to transduce cells and measure the change in specific
mRNA levels. The shRNA most potent for reducing mRNA
levels were embedded individually within a microRNA
backbone to allow for expression by either the CMV or
EF-lalpha RNA polymerase II promoters. The microRNA
backbone was selected from mirbase.org. RNA sequences
were also synthesized as synthetic siRNA oligonucleotides
and introduced directly into cells without using a lentiviral
vector.

[0245] The genomic sequence of Bal strain of human
immunodeficiency virus type 1 (HIV-1 85US_Bal,, acces-
sion number AY713409) was used to search for potential
siRNA or shRNA candidates to knockdown HIV replication
levels in human cells. Based on sequence homology and
experience, the search focused on regions of the Tat and Vif
genes of HIV although an individual of skill in the art will
understand that use of these regions is non-limiting and
other potential targets might be selected. Importantly, highly
conserved regions of gag or pol genes could not be targeted
by shRN A because these same sequences were present in the
packaging system complementation plasmids needed for
vector manufacturing. As with the CCR5 (NM 000579.3,
NM 001100168.1-specific) RNAs, potential HIV-specific
RNA interference sequences were chosen from candidates
selected by siRNA or shRNA design programs such as from
the Gene-E Software Suite hosted by the Broad Institute
(broadinstitute.org/mai/public) or the BLOCK-T RNAi
Designer from Thermo Scientific (rnadesigner.thermofisher.
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com/maiexpress/setOption.
do?designOption=shrna&pid=67126273 60706061801).
Individual selected shRNA sequences were inserted into
lentiviral vectors immediately 3' to a RNA polymerase 111
promoter such as H1, U6, or 7SK to regulate shRNA
expression. These lentivirus-shRNA constructs were used to
transduce cells and measure the change in specific mRNA
levels. The shRNA most potent for reducing mRNA levels
were embedded individually within a microRNA backbone
to allow for expression by either the CMV or EF-lalpha
RNA polymerase I promoters.

[0246] Vector Constructions.

[0247] For CCRS, Tat or Vif shRNA, oligonucleotide
sequences containing BamHI and EcoRI restriction sites
were synthesized by Eurofins MWG Operon, LL.C. Over-
lapping sense and antisense oligonucleotide sequences were
mixed and annealed during cooling from 70 degrees Celsius
to room temperature. The lentiviral vector was digested with
the restriction enzymes BamHI and EcoRI for one hour at 37
degrees Celsius. The digested lentiviral vector was purified
by agarose gel electrophoresis and extracted from the gel
using a DNA gel extraction kit from Invitrogen. The DNA
concentrations were determined and vector to oligo (3:1
ratio) were mixed, allowed to anneal, and ligated. The
ligation reaction was performed with T4 DNA ligase for 30
minutes at room temperature. 2.5 microliters of the ligation
mix were added to 25 microliters of STBL3 competent
bacterial cells. Transformation was achieved after heat-
shock at 42 degrees Celsius. Bacterial cells were spread on
agar plates containing ampicillin and drug-resistant colonies
(indicating the presence of ampicillin-resistance plasmids)
were recovered, purified and expanded in LB broth. To
check for insertion of the oligo sequences, plasmid DNA
were extracted from harvested bacteria cultures with the
Invitrogen DNA mini prep kit. Insertion of the shRNA
sequence in the lentiviral vector was verified by DNA
sequencing using a specific primer for the promoter used to
regulate shRNA expression. Exemplary vector sequences
that were determined to restrict HIV replication can be found
in FIG. 7. For example, the shRNA sequences with the
highest activity against CCRS, Tat or Vif gene expression
were then assembled into a microRNA (miR) cluster under
control of the EF-1 alpha promoter. The promoter and miR
sequences are depicted in FIG. 7.

[0248] Further, and using standard molecular biology
techniques (e.g., Sambrook; Molecular Cloning: A Labora-
tory Manual, 4" Ed.) as well as the techniques described
herein, a series of lentiviral vectors have been developed as
depicted in FIG. 8 herein.

[0249] Vector 1 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a H1 element (SEQ ID NO: 101); a shCCRS (SEQ ID
NOS: 16, 18, 20, 22, or 24-Y); a posttranscriptional regu-
latory element of woodchuck hepatitis virus (WPRE) (SEQ
1D NOS: 32, 80); and a long terminal repeat portion (SEQ
1D NO: 102).

[0250] Vector 2 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a H1 element (SEQ ID NO: 101); a shRev/Tat (SEQ ID
NO: 10); a H1 element (SEQ ID NO: 101); a shCCRS (SEQ
ID NOS: 16, 18, 20, 22, or 24); a posttranscriptional
regulatory element of woodchuck hepatitis virus (WPRE)
(SEQ ID NOS: 32, 80); and a long terminal repeat portion
(SEQ ID NO: 102).
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[0251] Vector 3 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); aH1 element (SEQ ID NO: 101); a shGag (SEQ ID NO:
12); a H1 element (SEQ ID NO: 101); a shCCRS (SEQ ID
NOS: 16, 18, 20, 22, or 24); a posttranscriptional regulatory
element of woodchuck hepatitis virus (WPRE) (SEQ ID
NOS: 32, 80); and a long terminal repeat portion (SEQ ID
NO: 102).

[0252] Vector 4 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a 7SK element (SEQ ID NO: 103); a shRev/Tat (SEQ
ID NO: 10); a H1 element (SEQ ID NO: 101); a shCCRS
(SEQ ID NOS: 16, 18, 20, 22, or 24); a posttranscriptional
regulatory element of woodchuck hepatitis virus (WPRE)
(SEQ ID NOS: 32, 80); and a long terminal repeat portion
(SEQ ID NO: 102).

[0253] Vector 5 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a EF1 element (SEQ ID NO: 4); miR30CCRS (SEQ ID
NO: 1); MiR21Vif (SEQ ID NO: 2); miR185Tat (SEQ ID
NO: 3); a posttranscriptional regulatory element of wood-
chuck hepatitis virus (WPRE) (SEQ ID NOS: 32, 80); and
a long terminal repeat portion (SEQ ID NO: 102).

[0254] Vector 6 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a EF1 element (SEQ ID NO: 4); miR30CCRS (SEQ ID
NO: 1); MiR21Vif (SEQ ID NO: 2); miR155Tat (SEQ ID
NO: 104); a posttranscriptional regulatory element of wood-
chuck hepatitis virus (WPRE) (SEQ ID NOS: 32, 80); and
a long terminal repeat portion (SEQ ID NO: 102).

[0255] Vector 7 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a EF1 element (SEQ ID NO: 4); miR30CCRS (SEQ ID
NO: 1); MiR21Vif (SEQ ID NO: 2); miR185Tat (SEQ ID
NO: 3); a posttranscriptional regulatory element of wood-
chuck hepatitis virus (WPRE) (SEQ ID NOS: 32, 80); and
a long terminal repeat portion (SEQ ID NO: 102).

[0256] Vector 8 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a EF1 element (SEQ ID NO: 4); miR30CCRS (SEQ ID
NO: 1); MiR21Vif (SEQ ID NO: 2); miR185Tat (SEQ ID
NO: 3); and a long terminal repeat portion (SEQ ID NO:
102).

[0257] Vector 9 was developed and contains, from left to
right: a long terminal repeat (LTR) portion (SEQ ID NO:
35); a CD4 element (SEQ ID NO: 30); miR30CCRS (SEQ
ID NO: 1); miR21Vif (SEQ ID NO: 2); miR185Tat (SEQ ID
NO: 3); a posttranscriptional regulatory element of wood-
chuck hepatitis virus (WPRE) (SEQ ID NOS: 32, 80); and
a long terminal repeat portion (SEQ ID NO: 102).

Development of Vectors

[0258] It should be noted that not all vectors developed for
these experiments necessarily worked as might be predicted.
More specifically, a lentivirus vector against HIV might
include three main components: 1) inhibitory RNA to reduce
the level of HIV binding proteins (receptors) on the target
cell surface to block initial virus attachment and penetration;
2) overexpression of the HIV TAR sequence that will
sequester viral Tat protein and decrease its ability to trans-
activate viral gene expression; and 3) inhibitory RNA that
attack important and conserved sequences within the HIV
genome.
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[0259] With respect to the first point above, a key cell
surface HIV binding protein is the chemokine receptor
CCRS. HIV particles attach to susceptible T cells by binding
to the CD4 and CCRS cell surface proteins. Because CD4 is
an essential glycoprotein on the cell surface that is important
for the immunological function of T cells, this was not
chosen as a target to manipulate its expression levels.
However, people born homozygous for null mutations in the
CCRS gene and completely lacking receptor expression, live
normal lives save for enhanced susceptibility to a few
infectious diseases and the possibility of developing rare
autoimmunity. Thus, modulating CCRS was determined to
be a relatively safe approach and was a primary target in the
development of anti-HIV lentivirus vectors.

[0260] With respect to the second point above, the viral
TAR sequence is a highly structured region of HIV genomic
RNA that binds tightly to viral Tat protein. The Tat:TAR
complex is important for efficient generation of viral RNA.
Over-expression of the TAR region was envisioned as a
decoy molecule that would sequester Tat protein and
decrease the levels of viral RNA. However, TAR proved
toxic to most mammalian cells including cells used for
manufacturing lentivirus particles. Further, TAR was inef-
ficient for inhibiting viral gene expression in other labora-
tories and has been discarded as a viable component in HIV
gene therapy.

[0261] Invarious embodiments, viral gene sequences have
been identified that meet 3 criteria: i) Sequences that are
reasonably conserved across a range of HIV isolates repre-
sentative of the epidemic in a geographic region of interest;
ii) reduction in RNA levels due to the activity of an
inhibitory RNA in a viral vector will reduce the correspond-
ing protein levels by an amount sufficient to meaningfully
reduce HIV replication; and iii) the viral gene sequence(s)
targeted by inhibitory RNA are not present in the genes
required for packaging and assembling viral vector particles
during manufacturing. In various embodiments, a sequence
at the junction of HIV Tat and Rev genes and a second
sequence within the HIV Vif gene have been targeted by
inhibitory RNA. The Tat/Rev targeting has an additional
benefit of reducing HIV envelope glycoprotein expression
because this region overlaps with the envelope gene in the
HIV genome.

[0262] Various methods for vector development and test-
ing relies first on identifying suitable targets (as described
herein) followed by constructing plasmid DNAs expressing
individual or multiple inhibitory RNA species for testing in
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cell models, and finally constructing lentivirus vectors con-
taining inhibitory RNA with proven anti-HIV function. The
lentivirus vectors are tested for toxicity, yield during in vitro
production, and effectiveness against HIV in terms of reduc-
ing CCRS expression levels or lowering viral gene products
to inhibit virus replication.

[0263] Table 2 below demonstrates progression through
multiple versions of inhibitory constructs until arriving at a
clinical candidate. Initially, shRNA (short homology RNA)
molecules were designed and expressed from plasmid DNA
constructs.

[0264] Plasmids 1-4, as detailed in Table 2 below, tested
shRNA sequences against Gag, Pol and RT genes of HIV.
While each shRNA was active for suppressing viral protein
expression in a cell model, there were two important prob-
lems that prevented further development. First, the
sequences were targeted to a laboratory isolate of HIV that
was not representative of Clade B HIV strains currently
circulating in North America and Furope. Second, these
shRNA targeted critical components in the lentivirus vector
packaging system and would severely reduce vector yield
during manufacturing. Plasmid 5, as detailed in Table 2, was
selected to target CCRS and provided a lead candidate
sequence. Plasmids 6, 7, 8, 9, 10, and 11, as detailed in Table
2, incorporated the TAR sequence and it was found they
produced unacceptable toxicity for mammalian cells includ-
ing cells used for lentivirus vector manufacturing. Plasmid
2, as detailed in Table 2, identified a lead shRNA sequence
capable of reducing Tat RNA expression. Plasmid 12, as
detailed in Table 2, demonstrated the effectiveness of
shCCRS expressed as a microRNA (miR) in a lentiviral
vector and confirmed it should be in the final product.
Plasmid 13, as detailed in Table 2, demonstrated the effec-
tiveness of a shVif expressed as a microRNA (miR) in a
lentiviral vector and confirmed it should be in the final
product. Plasmid 14, as detailed in Table 2, demonstrated the
effectiveness of shTat expressed as a microRNA (miR) in a
lentiviral vector and confirmed it should be in the final
product. Plasmid 15, as detailed in Table 2, contained the
miR CCRS5, miR Tat and miR Vif in the form of a miR
cluster expressed from a single promoter. These miR do not
target critical components in the lentivirus vector packaging
system and proved to have negligible toxicity for mamma-
lian cells. The miRs within the cluster were equally effective
to individual miR that were tested previously, and the overall
impact was a substantial reduction in replication of a CCRS5-
tropic HIV Bal strain.

TABLE 2

Development of HIV Vectors

Internal
Code Material Description Remarks Decision
1 SIH-H1- Lentiviral shRNA Wrong target, lab Abandon
shRT-1,3 vector construct for virug, no virus test
RT of LAI
strain
2 SIH-H1- Lentiviral H1l promoter Tat protein knock- Lead
shRT43 vector shRNA down >90%
(Tat /Rev Tat /Rev
NL4-3) overlap
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Development of HIV Vectors

Internal
Code Material Description Remarks Decision

Vector Construction: For Rev/Tat (RT) shRNA, oligonucleotide sequences containing BamHI

and EcoRI restriction sites were synthesized by MWG Operon. Two different Rev/Tat target
sequences were tested for their ability to decrease Tat mRNA expression. The RT1,3 target
sequence 1is (5'-ATGGCAGGAAGAAGCGGAG-3') (SEQ ID NO: 89) and shRNA sequence

is (5'-ATGGCAGGAAGAAGCGGAGTTCAAGAGACTCCGCTTCTTCCTGCCATTTTTT-

3') (SEQ ID NO: 90). The RT43 sequence 1is (5'-GCGGAGACAGCGACGAAGAGC-3"')

(SEQ ID NO: 9) and shRNA sequence is (5'-
GCGGAGACAGCGACGAAGAGCTTCAAGAGAGCTCTTCGTCGCTGTCTCCGCTTTTT -

3') (SEQ ID NO: 10). Oligonucleotide sequences were inserted into the pSIH lentiviral vector
(System Biosciences) .

Functional test for shRNA against Rev/Tat: The ability of the vector to reduce Tat expression
was tested using a luciferase reporter plasmid which contained the Rev/Tat target sequences
inserted into the 3'-UTR (untranslated region of the mRNA). Either the shRT1,3 or shRT43
plasmid was co-transfected with the plasmid containing luciferase and the Rev/Tar target
sequence. There was a 90% reduction in light emission indicating strong function of the
shRT43 shRNA sequence but less than 10% with the shRT1,3 plasmid.

Conclusion: The SIH-H1-shRT43 was superior to SIH-H1-shRT-1,3 in terms of reducing
mRNA levels in the Luciferase assay system. This indicates potent inhibitory activity of the
shRT43 sequence and it was selected as a lead candidate for further development.

3 SIH-H1- Lentiviral shRNA Inhibits Gag Abandon
shGag-1 vector construct for expression but will
LAT Gag inhibit packaging

Vector Construction: For Gag shRNA, oligonucleotide sequences containing BamHI and

EcoRI restriction sites were synthesized by MWG Operon. A Gag target sequence was tested
for their ability to decrease Gag mRNA expression. The Gag target sequence is (5'-
GAAGAAATGATGACAGCAT-3') (SEQ ID NO: 11) and shRNA sequence is (5'-
GAAGAAATGATGACAGCATTTCAAGAGAATGCTGTCATCATTTCTTCTTTTT-3 ")

(SEQ ID NO: 12). Oligonucleotide sequences were inserted into the pSIH lentiviral vector
(System Biosciences) .

Functional test for shRNA against Gag: The ability of the vector to reduce Gag expression was
tested using a luciferase reporter plasmid which contained the Gag target sequences inserted
into the 3'-UTR (untranslated region of the mRNA). The Gag plasmid was co-transfected

with the plasmid containing luciferase and the Gag target sequence. There was nearly a 90%
reduction in light emission indicating a strong effect of the shGag shRNA sequence.

Conclusion: This shRNA sequence is potent against HIV Gag expression but was abandoned.

The lentivirus packaging system requires production of Gag from the helper plasmid and

shRNA inhibition of Gag will reduce lentivirus vector yield. This shRNA sequence could be

used as an oligonucleotide inhibitor of HIV or incorporated into an alternate viral vector
packaging system that uses a different vector genome or is modified to resist inhibition by this
shRNA.

4 SIH-H1- Lentiviral shRNA Inhibits Pol Abandon
shPol-1 vector construct for expression but will
Pol inhibit packaging

Vector Construction: A Pol shRNA was constructed with oligonucleotide sequences containing
BamHI and EcoRI restriction sites that were synthesized by MWG Operon. A Pol target

sequence was tested for its ability to decrease Pol mRNA expression. The Pol target sequence
is (5'-CAGGAGCAGATGATACAG-3') (SEQ ID NO: 13) and shRNA sequence is (5'-
CAGGAGATGATACAGTTCAAGAGACTGTATCATCTGCTCCTGTTTTT-3"') (SEQ ID

NO: 14). Oligonucleotide sequences were inserted into the pSIH lentiviral vector (System
Biosciences) .

Functional tests for shRNA against HIV Pot: The ability of the vector to reduce Pol expression
was tested using a luciferase reporter plasmid which contained the Pol target sequences
inserted into the 3'-UTR (untranslated region of the mRNA). The Pol plasmid was co-
transfected with the plasmid containing luciferase and the Pol target sequence. There was a
60% reduction in light emission indicating a strong effect of the shPol shRNA sequence.

Conclusion: This shRNA sequence is potent against HIV Pol expression but was abandoned.

The lentivirus packaging system requires production of Pol from the helper plasmid and

shRNA inhibition of Pol will reduce lentivirus vector yield. This shRNA sequence could be

used as an oligonucleotide inhibitor of HIV or incorporated into an alternate viral vector
packaging system that uses a different vector genome or is modified to resist inhibition by this
shRNA.
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Development of HIV Vectors

Internal
Code Material Description Remarks Decision
5 SIH-H1- Lentiviral shRNA Best of 5 Lead
shCCR5-1 vector construct for candidates,
CCR5 Extracellular CCR5
protein reduction
>90%

Vector Construction: A CCR5 shRNA was constructed with oligonucleotide sequences
containing BamHI and EcoRI restriction sites that were synthesized by MWG Operon.

Oligonucleotide sequences were inserted into the pSIH lentiviral vector (System Biosciences).

The CCR5 target sequence #1, which focuses on CCR5 gene sequence 1 (SEQ ID NO: 25), is
(5'-GTGTCAAGTCCAATCTATG-3"') (SEQ ID NO: 15) and the shRNA sequence is (5'-
GTGTCAAGTCCAATCTATGTTCAAGAGACATAGATTGGACTTGACACTTTTT-3")

(SEQ ID NO: 16). The CCR5 target sequence #2, which focuses on CCR5 gene sequence 2
(SEQ ID NO: 26), is (5'-GAGCATGACTGACATCTAC-3') (SEQ ID NO: 17) and the

shRNA sequence is (5'-

GAGCATGACTGACATCTACTTCAAGAGAGTAGATGTCAGTCATGCTCTTTTT-3 ")

(SEQ ID NO: 18). The CCR5 target sequence #3, which focuses on CCR5 gene sequence 3
(SEQ ID NO: 27), is (5'-GTAGCTCTAACAGGTTGGA-3') (SEQ ID NO: 19) and the

shRNA sequence is (5'-

GTAGCTCTAACAGGTTGGATTCAAGAGATCCAACCTGTTAGAGCTACTTTTT- 3!

(SEQ ID NO: 20). The CCR5 target sequence #4, which focuses on CCR5 gene sequence 4
(SEQ ID NO: 28, is (5'-GTTCAGAAACTACCTCTTA-3') (SEQ ID NO: 21) and the shRNA
sequence 1is (5'-

GTTCAGAAACTACCTCTTATTCAAGAGATAAGAGGTAGTTTCTGAACTTTTT-3")

(SEQ ID NO: 22). The CCR5 target sequence #5, which focuses on CCR5 gene sequence 5
(SEQ ID NO: 29), is (5'-GAGCAAGCTCAGTTTACACC-3') (SEQ ID NO: 23) and the

shRNA sequence is (5'-

GAGCAAGCTCAGTTTACACCTTCAAGAGAGGTGTAAACTGAGCTTGCTCTTTTT-3 ")

(SEQ ID NO: 24).

Functional test for shRNA against CCR5: The ability of a CCR5 shRNA sequence to knock-
down CCR5 RNA expression was initially tested by co-transfecting each of the lentiviral
plasmids, in separate experiments for each plasmid, containing one of the five CCR5 target
sequences with a plasmid expressing the human CCR5 gene. CCR5 mRNA expression was

then assessed by gPCR analysis using CCR5-specific primers.

Conclusion: Based on the reduction in CCR5 mRNA levels the shRNACCR5-1 was most
potent for reducing CCR5 gene expression. This shRNA was selected as a lead candidate.

6 SIH-U6- Lentiviral Ué promoter- Toxic to cells Abandon
TAR vector TAR
7 SIH-U6- Lentiviral Ué promoter- Toxic to cells Abandon
TAR-H1- vector TAR-H1-
shCCR5 shCCR5
8 Ué6-TAR- Lentiviral Ué promoter- Suppress HIV, Abandon
H1-shRT vector TAR-H1-RT toxic to cells, poor
packaging
9 Ué6-TAR- Lentiviral Change shRNA Toxic, poor Abandon
7SK-shRT vector promoter to packaging
78K
10 U6-TAR- Lentiviral Ué promoter- Toxic, poor Abandon
H1-shRT- vector TAR-H1-RT- packaging, H1
H1-shCCR5 H1-shCCR5 repeats
11 U6-TAR- Lentiviral Change shRNA Toxic, poor Abandon
7SK-shRT- vector promoter to packaging
H1-CCR5 78K

Vector Construction: A TAR decoy sequence containing flanking KpnI restriction sites was
synthesized by MWG operon and inserted into the pSIH lentiviral vector (System Biosciences)
at the Kpnl site. In this vector, TAR expression is regulated by the Ué promoter. The TAR
decoy sequence is (5'-

CTTGCAATGATGTCGTAATTTGCGTCTTACCTCGTTCTCGACAGCGACCAGATCTG
AGCCTGGGAGCTCTCTGGCTGTCAGTAAGCTGGTACAGAAGGTTGACGAAAATTC

TTACTGAGCAAGAAA-3') (SEQ ID NO: 8). Expression of the TAR decoy sequence was

determined by gPCR analysis using specific primers for the TAR sequence. Additional vectors
were constructed also containing the TAR sequence. The H1l promoter and shRT sequence

was inserted in this vector in the Xhol site. The H1l shRT sequence is (5'-
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Development of HIV Vectors

Internal
Code Material Description Remarks Decision

GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGCCCAGTGTCACTAGGC
GGGAACACCCAGCGCGCGTGCGCCCTGGCAGGAAGATGGCTGTGAGGGACAGGG
GAGTGGCGCCCTGCAATATTTGCATGTCGCTATGTGTTCTGGGAAATCACCATARAA
CGTGAAATGTCTTTGGATTTGGGAATCTTATAAGTTCTGTATGAGACCACTTGGAT
CCGCGGAGACAGCGACGAAGAGCTTCAAGAGAGCTCTTCGTCGCTGTCTCCGCTTT

TT-3') (SEQ ID NO: 91). This vector could express TAR and knockdown RT. The 7SK
promoter was also substituted for the H1 promoter to regulate shRT expression. Another
vector was constructed containing Ué TAR, H1l shRT, and H1 shCCR5. The H1 shCCR5
sequence was inserted into the Spel site of the plasmid containing Ué TAR and H1 shRT. The
H1 CCR5 sequence is (5'-

GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGCCCAGTGTCACTAGGC
GGGAACACCCAGCGCGCGTGCGCCCTGGCAGGAAGATGGCTGTGAGGGACAGGG
GAGTGGCGCCCTGCAATATTTGCATGTCGCTATGTGTTCTGGGAAATCACCATARAA
CGTGAAATGTCTTTGGATTTGGGAATCTTATAAGTTCTGTATGAGACCACTTGGAT
CCGTGTCAAGTCCAATCTATGTTCAAGAGACATAGATTGGACTTGACACTTTTT-3 ")

(SEQ ID NO: 92). The 7SK promoter was also substituted for the Hl promoter to regulate
shRT expression.

Functional test for TAR decoy activity: We tested the effect of SIH-U6-TAR on packaging
efficiency. When TAR sequence was included, the yield of vector in the SIH packaging system
was reduced substantially.

Conclusion: Lentivirus vectors expressing the TAR decoy sequence are unsuitable for
commercial development due to low vector yields. These constructs were abandoned.

12 shCCR5 Lentiviral microRNA Extracellular CCR5 Lead
vector sequence protein reduction
>90%

Vector Construction: A CCR5 microRNA was constructed with oligonucleotide sequences
containing BsrGI and NotI restriction sites that were synthesized by MWG Operon.
Oligonucleotide sequences were inserted into the pCDH lentiviral vector (System
Biosciences). The EF-1 promoter was substituted for a CMV promoter that was used in the
plasmid construct Test Material 5. The EF-1 promoter was synthesized by MWG Operon
containing flanking Clal and BsrGI restriction sites and inserted into the pCDH vector
containing shCCR5-1. The EF-1 promoter sequence is (5'-
CCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTG
GCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCC
GTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGTGTG
TGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTA
CTTCCACGCCCCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAG
TGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAG
TTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGTGGCACCTTCG
CGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGC
TGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGCACA
CTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGTL
ACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGG
TAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGC
CCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGA
TGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGG
GAGAGCGGGCGGGTGAGTCACCCACACARAGGAAAAGGGCCTTTCCGTCCTCAGC
CGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGT
TCTCGAGCTTTTGGAGTACGTCGTCTTTAGGT TGGGGGGAGGGGTTTTATGCGATG
GAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGA
TGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGC
CTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGA-3") (SEQ ID

NO: 4).

Functional test for lentivirus CDH-shCCR5-1: The ability of the miR CCR5 sequences to
knock-down CCR5 expression was determined by transducing CEM-CCR5 T cells and

measuring cell surface CCR5 expression after staining with a fluorescently-labeled monoclonal
antibody against CCR5 and measuring the intensity of staining, that is directly proportional to
the number of cell surface CCR5 molecules, by analytical flow cytometry. The most effective
shRNA sequence for targeting CCR5 was CCR5 shRNA sequence #1. However, the most

effective CCR5 targeting sequence for constructing the synthetic microRNA sequence was
overlapping with CCR5 sequence #5; this conclusion was based on sequence alignments and
experience with miRNA construction. Finally, the miR30 hairpin sequence was used to

construct the synthetic miR30 CCR5 sequence which is (5'-
AGGTATATTGCTGTTGACAGTGAGCGACTGTAAACTGAGCTTGCTCTACTGTGAAG
CCACAGATGGGTAGAGCAAGCACAGTTTACCGCTGCCTACTGCCTCGGACTTCAA

GGGGCTT-3') (SEQ ID NO: 1) . The miR CCR5 target sequence is (5'-

GAGCAAGCTCAGTTTACA-3"') (SEQ ID NO: 5). At multiplicity of infection equal to 5,
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generating on average 1.25 genome copies of integrated lentivirus per cell, CCR5 expression
levels were reduce by =90% indicating potent inhibition of CCR5 mRNA by the miR30CCR5
micro RNA construct in a lentivirus vector.

Conclusion: The miR30CCR5 construct is potent for reducing CCR5 cell surface expression
and is a lead candidate for a therapeutic lentivirus for HIV.

13 shvif Lentiviral microRNA Vif protein Lead
vector sequence reduction >80%

Vector Construction: A Vif microRNA was constructed with oligonucleotide sequences
containing BsrGI and NotI restriction sites that were synthesized by MWG Operon.
Oligonucleotide sequences were inserted into the pCDH lentiviral vector (System Biosciences
containing an EF-1 promoter. Based on sequence alignments and experience with constructing
synthetic miRNA, the miR21 hairpin sequence was used to construct the synthetic miR21 Vif
sequence which is (5'-

CATCTCCATGGCTGTACCACCTTGTCGGGGGATGTGTACTTCTGAACTTGTGTTGA
ATCTCATGGAGTTCAGAAGAACACATCCGCACTGACATTTTGGTATCTTTCATCTG

ACCA-3') (SEQ ID NO: 2). The miR Vif target sequence is (5'-

GGGATGTGTACTTCTGAACTT-3') (SEQ ID NO: 6).

Functional test for potency of miR21Vif: The ability of the miR Vif sequence to knock-down
Vif expression was determined by measuring Vif protein expression by immunoblot analysis
using an anti-Vif monoclonal antibody to identify the Vif protein.

Conclusion: the miR21Vif reduced Vif protein expression by = 10-fold as determined by
quantitative image analysis of immunoblot data. This was sufficient to justify miR21Vif as a
lead candidate for our therapeutic lentivirus.

14 shTat Lentiviral microRNA Tat RNA Lead
vector sequence reduction >80%

Vector Construction: A Tat microRNA was constructed with oligonucleotide sequences
containing BsrGI and NotI restriction sites that were synthesized by MWG Operon. The
microRNA cluster was inserted into the pCDH lentiviral vector (System Biosciences

containing an EF-1 promoter. Based on sequence alignments and experience in the

construction of synthetic miRNA, the miR185 hairpin sequence was selected for constructing a
synthetic miR185 Tat sequence which is (5'-
GGGCCTGGCTCGAGCAGGGGGCGAGGGATTCCGCTTCTTCCTGCCATAGCGTGGT
CCCCTCCCCTATGGCAGGCAGAAGCGGCACCTTCCCTCCCAATGACCGCGTCTTCG

TCG-3'). The miR Tat target sequence is (5'-TCCGCTTCTTCCTGCCATAG-3') (SEQ ID

NO: 7).

Functional test for potency of miR185Tat: The ability of miR Tat to knock-down Tat
expression was determined by measuring Tat mRNA expression by RT-PCR analysis using

Tat specific primers. We compared the miR185Tat with a similar miR155Tat on the basis of
reducing the relative levels of Tat mRNA.

Conclusion: The miR185Tat was approximately twice as potent for reducing Tat mRNA
compare to miR155Tat, and was selected as the lead candidate for our therapeutic lentivirus.

15 shCCR5- Lentiviral microRNA CCR5 Candidate
shvif-gshTat vector cluster reduction »90%, Vif
sequence protein
reduction >80%, Tat
RNA

reduction >80%,
>95% inhibition of
HIV replication

Vector Construction: A miR30CCR5 miR21Vif miR185Tat microRNA cluster sequence was
constructed with a synthetic DNA fragment containing BsrGI and NotI restriction sites that
was synthesized by MWG Operon. The DNA fragment was inserted into the pCDH lentiviral
vector (System Biosciences) containing the EF-1 promoter. The miR cluster sequence is (5'-
AGGTATATTGCTGTTGACAGTGAGCGACTGTAAACTGAGCTTGCTCTACTGTGAAG
CCACAGATGGGTAGAGCAAGCACAGTTTACCGCTGCCTACTGCCTCGGACTTCAA
GGGGCTTCCCGGGCATCTCCATGGCTGTACCACCTTGTCGGGGGATGTGTACTTCT

GAACTTGTGTTGAATCTCATGGAGT TCAGAAGAACACATCCGCACTGACATTTTGG
TATCTTTCATCTGACCAGCTAGCGGGCCTGGCTCGAGCAGGGGGCGAGGGATTCC
GCTTCTTCCTGCCATAGCGTGGTCCCCTCCCCTATGGCAGGCAGAAGCGGCACCTT

CCCTCCCAATGACCGCGTCTTCGTC-3 ') (SEQ ID NO: 31) and incorporates Test Material
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12, Test Material 13 and Test Material 14 into a single cluster that can be expressed under

control of the EF-1 promoter.

Functional test for potency of the Lentivirus Vector AGT103 containing the microRNA cluster

of miR30CCR5, miR21Vif and miR185Tat: The AGT103 vector was tested for potency against

CCR5 using the assay for reduction in cell surface CCR5 expression (Test Material 12). The
AGT103 vector was tested for potency against Vif using the assay for reduction in cell surface

Vif expression (Test Material 13).

The AGT103 vector was tested for potency against Tat

using the assay for reduction in cell surface Tat expression (Test Material 14).

Conclusion: Potency for reducing CCR5 expression by the miRNA cluster was similar to
potency observed for the miR30CCR5 alone. Potency for reducing Vif expression by the

miRNA cluster was similar to potency observed for the miR21Vif alone. Potency for reducing
Tat expression by the miRNA cluster was similar to potency observed for the miR185Tat
alone. The miRNA cluster is potent for reducing cell surface CCR5 levels and for inhibiting
two HIV genes. Thus, AGT103 containing this miRNA cluster was selected as the therapeutic

vector construct for our HIV functional cure program.

[0265]

[0266] Individual lentivirus vectors containing CCRS, Tat
or Vif shRNA sequences and, for experimental purposes,
expressing green fluorescent protein (GFP) under control of
the CMV Immediate Early Promoter, and designated
AGT103/CMV-GFP were tested for their ability to knock-
down CCRS, Tat or Vif expression. Mammalian cells were
transduced with lentiviral particles either in the presence or
absence of polybrene. Cells were collected after 2-4 days;
protein and RNA were analyzed for CCRS, Tat or Vif
expression. Protein levels were tested by Western blot assay
or by labeling cells with specific fluorescent antibodies
(CCRS assay), followed by analytical flow cytometry com-
paring modified and unmodified cell fluorescence using
either the CCRS5-specific or isotype control antibodies.

[0267)]

[0268] T cell culture medium was made using RPMI 1640
supplemented with 10% FBS and 1% penicillin—strepto-
mycin. Cytokine stocks of IL.-2 10,000 units/ml, I1.-12 1
png/ml, IL-7 1 pg/ml, 1L.-15 1 pug/ml were also prepared in
advance.

[0269] Prior to transduction with the lentivirus, an infec-
tious viral titer was determined and used to calculate the
amount of virus to add for the proper multiplicity of infec-
tion (MOI).

[0270] Day 0-12: Antigen-Specific Enrichment.

[0271] On day 0, cryopreserved PBMC were thawed,
washed with 10 ml 37° C. medium at 1200 rpm for 10
minutes and resuspended at a concentration of 2x10%/ml in
37° C. medium. The cells were cultured at 0.5 ml/well in a
24-well plate at 3TC in 5% CO2. To define the optimal
stimulation conditions, cells were stimulated with combina-
tions of reagents as listed in Table 3 below:

Functional Assays.

Starting Testing of Lentivirus.

[0272] Final concentrations: 1L-2=20 units/ml, IL.-12=10
ng/ml, 1L-7=10 ng/ml, IL-15=10 ng/ml, peptides=5 ng/ml
individual peptide, MVA MOI=1.

[0273] Ondays 4 and 8, 0.5 ml fresh medium and cytokine
at listed concentrations (all concentrations indicate the final
concentration in the culture) were added to the stimulated
cells.

[0274] Day 12-24: Non-Specific Expansion and Lentivirus
Transduction.
[0275] Onday 12, the stimulated cells were removed from

the plate by pipetting and resuspended in fresh T cell culture
medium at a concentration of 1x10%ml. The resuspended
cells were transferred to T25 culture flasks and stimulated
with DYNABEADS® Human T-Activator CD3/CD28 fol-
lowing the manufacturer’s instruction plus cytokine as listed
above; flasks were incubated in the vertical position.

[0276] On day 14, AGT103/CMV-GFP was added at MOI
20 and cultures were returned to the incubator for 2 days. At
this time, cells were recovered by pipetting, collected by
centrifugation at 1300 rpm for 10 minutes, resuspended in
the same volume of fresh medium, and centrifuged again to
form a loose cell pellet. That cell pellet was resuspended in
fresh medium with the same cytokines used in previous
steps, with cells at 0.5x10° viable cells per ml.

[0277] From days 14 to 23, the number of the cells was
evaluated every 2 days and the cells were diluted to 0.5x
10%/m] with fresh media. Cytokines were added every time.

[0278] On day 24, the cells were collected and the beads
were removed from the cells. To remove the beads, cells
were transferred to a suitable tube that was placed in the
sorting magnet for 2 minutes. Supernatant containing the
cells was transferred to a new tube. Cells were then cultured
for 1 day in fresh medium at 1x10%ml. Assays were

TABLE 3
1 2 3 4 5 6
IL-2 + IL-12 IL-7 + IL-15 Peptides +  Peptides + MVA +IL- MVA +IL-
IL-2 + IL-12 IL-7 + IL-15 2+ 1L-12 7 +IL-15
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performed to determine the frequencies of antigen-specific T
cells and lentivirus transduced cells.

[0279] To prevent possible viral outgrowth, amprenavir
(0.5 ng/ml) was added to the cultures on the first day of
stimulation and every other day during the culture.

[0280] Examine Antigen-Specific T Cells by Intracellular
Cytokine Staining for IFN-Gamma.

[0281] Cultured cells after peptide stimulation or after
lentivirus transduction at 1x10° cells/ml were stimulated
with medium alone (negative control), Gag peptides (5
ng/ml individual peptide), or PHA (5 pg/ml, positive con-
trol). After 4 hours, BD GolgiPlug™ (1:1000, BD Biosci-
ences) was added to block Golgi transport. After 8 hours,
cells were washed and stained with extracellular (CD3, CD4
or CD8; BD Biosciences) and intracellular (IFN-gamma;
BD Biosciences) antibodies with BD Cytofix/Cytoperm™
kit following the manufacturer’s instruction. Samples were
analyzed on a BD FACSCalibur™ Flow Cytometer. Control
samples labeled with appropriate isotype-matched antibod-
ies were included in each experiment. Data were analyzed
using Flowjo software.

[0282] Lentivirus transduction rate was determined by the
frequency of GFP+ cells. The transduced antigen-specific T
cells are determined by the frequency of CD3+CD4+GFP+
IFN gamma-+cells; tests for CD3+CD8+GFP+IFN gamma+
cells are included as a control.

[0283] These results indicate that CD4 T cells, the target
T cell population, can be transduced with lentiviruses that
are designed to specifically knock down the expression of
HIV-specific proteins, thus producing an expandable popu-
lation of T cells that are immune to the virus. This example
serves as a proof of concept indicating that the disclosed
lentiviral constructs can be used in combination with vac-
cination to produce a functional cure in HIV patients.

Example 4: CCRS Knockdown with Experimental
Vectors

[0284] AGTc120 is a Hela cell line that stably expresses
large amounts of CD4 and CCRS. AGTc120 was transduced
with or without LV-CMV-mCherry (the red fluorescent
protein mCherry expressed under control of the CMV Imme-
diate Early Promoter) or AGT103/CMV-mCherry. Gene
expression of the mCherry fluorescent protein was con-
trolled by a CMV (cytomegalovirus immediate early pro-
moter) expression cassette. The LV-CMV-mCherry vector
lacked a microRNA cluster, while AGT103/CMV-mCherry
expressed therapeutic miRNA against CCRS, Vif, and Tat.
[0285] As shown in FIG. 9A, transduction efficiency was
>90%. After 7 days, cells were collected and stained with
fluorescent monoclonal antibody against CCRS and sub-
jected to analytical flow cytometry. Isotype controls are
shown in gray on these histograms plotting Mean Fluores-
cence Intensity of CCRS5 APC (x axis) versus cell number
normalized to mode (y axis). After staining for cell surface
CCRS, cells treated with no lentivirus or control lentivirus
(expressing only the mCherry marker) showed no changes in
CCRS density while AGT103 (right section) reduced CCRS
staining intensity to nearly the levels of isotype control.
After 7 days, cells were infected with or without R5-tropic
HIV reporter virus Bal-GFP. 3 days later, cells were col-
lected and analyzed by flow cytometry. More than 90% of
cells were transduced. AGT103-CMV/CMVmCherry
reduced CCRS expression in transduced AGTc120 cells and
blocked R5-tropic HIV infection compared with cells treated
with the Control vector.
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[0286] FIG. 9B shows the relative insensitivity of trans-
fected AGTc120 cells to infection with HIV. As above, the
lentivirus vectors express mCherry protein and a transduced
cell that was also infected with HIV (expressing GFP) would
appear as a double positive cell in the upper right quadrant
of'the false color flow cytometry dot plots. In the absence of
HIV (upper panels), there were no GFP+ cells under any
condition. After HIV infection (lower panels), 56% of cells
were infected in the absence of lentivirus transduction and
53.6% of cells became infected in AGTc120 cells transduced
with the LV-CMV-mCherry. When cells were transduced
with the therapeutic AGT103/CMV-mCherry vector, only
0.83% of cells appeared in the double positive quadrant
indicating they were transduced and infected.

[0287] Dividing 53.62 (proportion of double positive cells
with control vector) by 0.83 (the proportion of double
positive cells with the therapeutic vector) shows that
AGT103 provided greater than 65-fold protection against
HIV in this experimental system.

Example 5: Regulation of CCRS Expression by
shRNA Inhibitor Sequences in a Lentiviral Vector

[0288] Inhibitory RNA Design.

[0289] The sequence of Homo sapiens chemokine recep-
tor CCRS (CCRS, NC 000003.12) was used to search for
potential siRNA or shRNA candidates to knockdown CCR5
levels in human cells. Potential RNA interference sequences
were chosen from candidates selected by siRNA or shRNA
design programs such as from the Broad Institute or the
BLOCK-IT RNA iDesigner from Thermo Scientific. A
shRNA sequence may be inserted into a plasmid immedi-
ately after a RNA polymerase I1I promoter such as H1, U6,
or 7SK to regulate shRNA expression. The shRNA sequence
may also be inserted into a lentiviral vector using similar
promoters or embedded within a microRNA backbone to
allow for expression by an RNA polymerase II promoter
such as CMV or EF-1 alpha. The RNA sequence may also
be synthesized as a siRNA oligonucleotide and utilized
independently of a plasmid or lentiviral vector.

[0290]

[0291] For CCRS shRNA, oligonucleotide sequences con-
taining BamHI and EcoRI restriction sites were synthesized
by MWG Operon. Oligonucleotide sequences were annealed
by incubating at 70° C. then cooled to room temperature.
Annealed oligonucleotides were digested with the restriction
enzymes BamHI and EcoRI for one hour at 37° C., then the
enzymes were inactivated at 70° C. for 20 minutes. In
parallel, plasmid DNA was digested with the restriction
enzymes BamHI and EcoRI for one hour at 37° C. The
digested plasmid DNA was purified by agarose gel electro-
phoresis and extracted from the gel using a DNA gel
extraction kit from Invitrogen. The DNA concentration was
determined and the plasma to oligonucleotide sequence was
ligated in the ratio 3:1 insert to vector. The ligation reaction
was done with T4 DNA ligase for 30 minutes at room
temperature. 2.5 pL of the ligation mix were added to 25 pl
of STBL3 competent bacterial cells. Transformation
required heat shock at 42° C. Bacterial cells were spread on
agar plates containing ampicillin and colonies were
expanded in L broth. To check for insertion of the oligo
sequences, plasmid DNA was extracted from harvested
bacterial cultures using the Invitrogen DNA Miniprep kit
and tested by restriction enzyme digestion. Insertion of the

Plasmid Construction.
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shRNA sequence into the plasmid was verified by DNA
sequencing using a primer specific for the promoter used to
regulate shRNA expression.

[0292] Functional Assay for CCRS mRNA Reduction:
[0293] The assay for inhibition of CCRS expression
required co-transfection of two plasmids. The first plasmid
contains one of five different shRNA sequences directed
against CCR5 mRNA. The second plasmid contains the
c¢DNA sequence for human CCRS gene. Plasmids were
co-transfected into 293T cells. After 48 hours, cells were
lysed and RNA was extracted using the RNeasy kit from
Qiagen. cDNA was synthesized from RNA using a Super
Script Kit from Invitrogen. The samples were then analyzed
by quantitative RT-PCR using an Applied Biosystems Step
One PCR machine. CCRS expression was detected with
SYBR Green from Invitrogen using the forward primer
(5'-AGGAATTGATGGCGAGAAGG-3") (SEQ ID NO: 93)
and reverse primer (5'-CCCCAAAGAAGGTCAAGG-
TAATCA-3") (SEQ ID NO: 94) with standard conditions for
polymerase chain reaction analysis. The samples were nor-
malized to the mRNA for beta actin gene expression using
the forward primer (5'-AGCGCGGCTACAGCTTCA-3")
(SEQ ID NO: 95) and reverse primer (5'-GGCGACGTAG-
CACAGCTTCT-3") (SEQ ID NO: 96) with standard condi-
tions for polymerase chain reaction analysis. The relative
expression of CCRS mRNA was determined by its Ct value
normalized to the level of actin messenger RNA for each
sample. The results are shown in FIG. 10.

[0294] As shown in FIG. 10A, CCR5 knock-down was
tested in 293T cells by co-transfection of the CCRS shRNA
construct and a CCRS-expressing plasmid. Control samples
were transfected with a scrambled shRNA sequence that did
not target any human gene and the CCR5-expressing plas-
mid. After 60 hours post-transfection, samples were har-
vested and CCRS mRNA levels were measured by quanti-
tative PCR. Further, as shown in FIG. 10B, CCRS5 knock-
down after transduction with lentivirus expressing CCRS
shRNA-1 (SEQ ID NO: 16).

Example 6: Regulation of HIV Components by
shRNA Inhibitor Sequences in a Lentiviral Vector

[0295] Inhibitory RNA Design.

The sequences of HIV type 1 Rev/Tat (5'-GCGGAGACA-
GCGACGAAGAGC-3") (SEQ ID NO: 9) and Gag (5'-
GAAGAAATGATGACAGCAT-3") (SEQ ID NO: 11) were
used to design:

Rev/Tat:

(8'GCGGAGACAGCGACGAAGAGCTTCAAGA-
GAGCTCTTCGTCGCTGTCTCCGCTTT TT-3") (SEQ ID
NO: 10) and

Gag:

[0296] (S'GAAGAAATGATGACAGCATTTCAAGA-
GAATGCTGTCATCATTTCTTCTTTTT-3") (SEQ ID NO:
12) shRNA that were synthesized and cloned into plasmids
as described above.

[0297] Plasmid Construction.

[0298] The Rev/Tat or Gag target sequences were inserted
into the 3'UTR (untranslated region) of the firefly luciferase
gene used commonly as a reporter of gene expression in
cells or tissues. Additionally, one plasmid was constructed to
express the Rev/Tat shRNA and a second plasmid was
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constructed to express the Gag shRNA. Plasmid construc-
tions were as described above.

[0299] Functional Assay for shRNA Targeting of Rev/Tat
or Gag mRNA:
[0300] Using plasmid co-transfection we tested whether a

shRNA plasmid was capable of degrading luciferase mes-
senger RNA and decreasing the intensity of light emission in
co-transfected cells. A shRNA control (scrambled sequence)
was used to establish the maximum yield of light from
luciferase transfected cells. When the luciferase construct
containing a Rev/Tat target sequence inserted into the
3'-UTR (untranslated region of the mRNA) was co-trans-
fected with the Rev/Tat shRNA sequence there was nearly a
90% reduction in light emission indicating strong function
of the shRNA sequence. A similar result was obtained when
a luciferase construct containing a Gag target sequence in
the 3'-UTR was co-transfected with the Gag shRNA
sequence. These results indicate potent activity of the
shRNA sequences.

[0301] As shown in FIG. 11A, knock-down of the Rev/Tat
target gene was measured by a reduction of luciferase
activity, which was fused with the target mRNA sequence in
the 3'UTR, by transient transfection in 293T cells. As shown
in FIG. 11B, knock-down of the Gag target gene sequence
fused with the luciferase gene. The results are displayed as
the mean+SD of three independent transfection experiments,
each in triplicate.

Example 7: AGT103 Decreases Expression of Tat
and Vif

[0302] Cells were transfected with exemplary vector
AGT103/CMV-GFP. AGT103 and other exemplary vectors
are defined in Table 3 below.

TABLE 3

Vector Designation Composition

AGT103 EF1-miR30CCR5-miR21Vif-miR185-Tat-WPRE
Control-mCherry CMV-mCherry

AGT103/CMV- CMV-mCherry-EF1-miR30CCR5-miR21Vif-
mCherry miR185-Tat-WPRE-

Control-GFP CMV-mCherry

AGT103/CMV-GFP  CMV-GFP-EF1-miR30CCR5-miR21Vif-

miR185-Tat-WPRE-

Abbreviations:
EF-1: elongation factor 1 transcriptional promoter
miR30CCRS - synthetic microRNA capable of reducing CCRS protein on cell surfaces

miR21Vif - synthetic microRNA capable of reducing levels of HIV RNA and Vif protein
expression

miR185Tat - synthetic micro RNA capable of reducing levels of HIV RNA and Tat protein
expression

CMYV - Immediate early transcriptional promoter from human cytomegalovirus

mCherry - coding region for the mCherry red fluorescent protein
GEP - coding region for the green fluorescent protein
WPRE - Woodchuck hepatitis virus post transcriptional regulatory element

[0303] A T lymphoblastoid cell line (CEM; CCRF-CEM;
American Type Culture Collection Catalogue number
CCL119) was transduced with AGT103/CMV-GFP. 48
hours later the cells were transfected with an HIV expression
plasmid encoding the entire viral sequence. After 24 hours,
RNA was extracted from cells and tested for levels of intact
Tat sequences using reverse transcriptase polymerase chain
reaction. Relative expression levels for intact Tat RNA were
reduced from approximately 850 in the presence of control
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lentivirus vector, to approximately 200 in the presence of
AGT103/CMV-GFP for a total reduction of >4 fold, as
shown in FIG. 12.

Example 8: Regulation of HIV Components by
Synthetic MicroRNA Sequences in a Lentiviral
Vector

[0304] Inhibitory RNA Design.

[0305] The sequence of HIV-1 Tat and Vif genes were
used to search for potential siRNA or shRNA candidates to
knockdown Tat or Vif levels in human cells. Potential RNA
interference sequences were chosen from candidates
selected by siRNA or shRNA design programs such as from
the Broad Institute or the BLOCK-IT RNA iDesigner from
Thermo Scientific. The selected shRNA sequences most
potent for Tat or Vif knockdown were embedded within a
microRNA backbone to allow for expression by an RNA
polymerase II promoter such as CMV or EF-I alpha. The
RNA sequence may also be synthesized as a siRNA oligo-
nucleotide and used independently of a plasmid or lentiviral
vector.

[0306] Plasmid Construction.

[0307] The Tat target sequence (5'-TCCGCTTCTTCCT-
GCCATAG-3") (SEQ ID NO: 7) was incorporated into the
miR185 backbone to create a Tat miRNA (5'-GGGCCTG-
GCTCGAGCAGGGGGCGAGGGATTCCGCTTCTTCCT-
GCCATAGCGTGGT  CCCCTCCCCTATGGCAGGCA-
GAAGCGGCACCTTCCCTCCCAATGACCGCGTCTTC
G TCG-3") (SEQ ID NO: 3) that was inserted into a
lentivirus vector and expressed under control of the EF-1
alpha promoter. Similarly, the Vif target sequence (5'-
GGGATGTGTACTTCTGAACTT-3") (SEQ ID NO: 6) was
incorporated into the miR21 backbone to create a Vif
miRNA (5'-CATCTCCATGGCTGTACCACCTT-
GTCGGGGGATGTGTACTTCTGAACTTGTGTTGA
ATCTCATGGAGTTCAGAAGAACACATCCGCACT-
GACATTTTGGTATCTTTCATCTG ACCA-3") (SEQ ID
NO: 2) that was inserted into a lentivirus vector and
expressed under control of the EF-1 alpha promoter. The
resulting Vif/Tat miRNA-expressing lentivirus vectors were
produced in 293T cells using a lentiviral vector packaging
system. The Vif and Tat miRNA were embedded into a
microRNA cluster consisting of miR CCRS5, miR Vif, and
miR Tat all expressed under control of the EF-1 promoter.
[0308] Functional Assay for miR185Tat Inhibition of Tat
mRNA Accumulation.

[0309] A lentivirus vector expressing miR185 Tat (LV-
EF1-miR—CCRS-Vif-Tat) was used at a multiplicity of
infection equal to 5 for transducing 293T cells. 24 hours
after transduction the cells were transfected with a plasmid
expressing HIV strain NL4-3 (pNL4-3) using Lipo-
fectamine2000 under standard conditions. 24 hours later
RNA was extracted and levels of Tat messenger RNA were
tested by RT-PCR using Tat-specific primers and compared
to actin mRNA levels for a control.

[0310] Functional Assay for miR21 Vif Inhibition of Vif
Protein Accumulation.

[0311] A lentivirus vector expressing miR21 Vif (LV-EF1-
miR—CCRS-Vif-Tat) was used at a multiplicity of infection
equal to 5 for transducing 293T cells. 24 hours after trans-
duction, the cells were transfected with a plasmid expressing
HIV strain NL4-3 (pNL4-3) using Lipofectamine2000. 24
hours later cells were lysed and total soluble protein was
tested to measure the content of Vif protein. Cell lysates
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were separated by SDS-PAGE according to established
techniques. The separated proteins were transferred to nylon
membranes and probed with a Vif-specific monoclonal
antibody or actin control antibody.

[0312] As shown in FIG. 13 A, Tat knock-down was tested
in 2937 cells transduced with either a control lentiviral
vector or a lentiviral vector expressing either synthetic
miR185 Tat or miR155 Tat microRNA. After 24 hours, the
HIV  vector pNL4-3 was transfected with Lipo-
fectamine2000 for 24 hours and then RNA was extracted for
qPCR analysis with primers for Tat. As shown in FIG. 13B,
Vif knock-down was tested in 293T cells transduced with
either a control lentiviral vector or a lentiviral vector
expressing a synthetic miR21 Vif microRNA. After 24
hours, the HIV vector pNL4-3 was transfected with Lipo-
fectamine2000 for 24 hours and then protein was extracted
for immunoblot analysis with an antibody for HIV Vif.

Example 9: Regulation of CCRS Expression by
Synthetic microRNA Sequences in a Lentiviral
Vector

[0313] CEM-CCRS cells were transduced with a lentiviral
vector containing a synthetic miR30 sequence for CCRS
(AGT103: TGTAAACTGAGCTTGCTCTA (SEQ ID NO:
97), AGT103-R5-1: TGTAAACTGAGCTTGCTCGC (SEQ
ID NO: 98), or AGT103-R5-2: CATAGATTGGACTT-
GACAC (SEQ ID NO: 99). After 6 days, CCRS expression
was determined by FACS analysis with an APC-conjugated
CCRS antibody and quantified by mean fluorescence inten-
sity (MFI). CCRS levels were expressed as % CCRS with
LV-Control set at 100%. The target sequence of AGT103 and
AGT103-R5-1 is in the same region as CCRS target
sequence #5. The target sequence of AGT103-R5-2 is the
same as CCRS5 target sequence #1. AGT103 (2% of total
CCRY5) is most effective at reducing CCRS levels as com-
pared with AGT103-R5-1 (39% of total CCRS) and
AGT103-R5-2 which does not reduce CCRS levels. The data
is demonstrated in FIG. 14 herein.

Example 10: Regulation of CCRS Expression by
Synthetic microRNA Sequences in a Lentiviral
Vector Containing Either a Long or Short WPRE

Sequence
[0314] Vector Construction.
[0315] Lentivirus vectors often require an RNA regulatory

element for optimal expression of therapeutic genes or
genetic constructs. A common choice is to use the Wood-
chuck hepatitis virus post transcriptional regulatory element
(WPRE). We compared AGT103 that contains a full-length
WPRE:

(SEQ ID NO: 32)
(5'AATCAACCTCTGATTACAAAATT TGTGAAAGATTGACTGGTATTCTT

AACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTT
GTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATA
AATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAA
CGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGG

CATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCC
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-continued
CTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACA

GGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGT CGGGGAAATC
ATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCG
GGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCT
TCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCG

CCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCT-3 ")

with a modified AGT103 vector containing a shortened
WPRE element

(SEQ ID NO: 80)
(5'AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGATATTCT

TAACTATGTTGCTCCTTTTACGCTGTGTGGATATGCTGCTTTAATGCCTC
TGTATCATGCTATTGCTTCCCGTACGGCTTTCGTTTTCTCCTCCTTGTAT
AAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCCGTCA
ACGTGGCGTGGTGTGCTCTGTGTTTGCTGACGCAACCCCCACTGGCTGGG
GCATTGCCACCACCTGTCAACTCCTTTCTGGGACTTTCGCTTTCCCCCTC
CCGATCGCCACGGCAGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGAC

AGGGGCTAGGTTGCTGGGCACTGATAATTCCGTGGTGTTGTC-3" ) .

[0316] Functional Assay for Modulating Cell Surface
CCRS5 Expression as a Function of Long Versus Short
WPRE Element in the Vector Sequence.

[0317] AGT103 containing long or short WPRE elements
were used for transducing CEM-CCRS T cells a multiplicity
of infection equal to 5. Six days after transduction cells were
collected and stained with a monoclonal antibody capable of
detecting cell surface CCRS5 protein. The antibody was
conjugated to a fluorescent marker and the intensity of
staining is directly proportional to the level of CCRS on the
cell surface. A control lentivirus had no effect on cell surface
CCRS levels resulting in a single population with a mean
fluorescence intensity of 73.6 units. The conventional
AGT103 with a long WPRE element reduced CCRS expres-
sion to a mean fluorescence intensity level of 11 units.
AGT103 modified to incorporate a short WPRE element
resulted in a single population of cells with mean fluores-
cence intensity of 13 units. Accordingly, substituting a short
WPRE element had little or no effect on the capacity for
AGT103 to reduce cell surface CCR5 expression.

[0318] As shown in FIG. 14, CEM-CCRS cells were
transduced with AGT103 containing either a long or short
WPRE sequence. After 6 days, CCRS expression was deter-
mined by FACS analysis with an APC-conjugated CCRS
antibody and quantified as mean fluorescence intensity
(MFI). CCRS levels were expressed as % CCRS with
LV-Control set at 100%. The reduction in CCRS levels was
similar for AGT103 with either the short (5.5% of total
CCRY) or long (2.3% of total CCR5) WPRE sequence.
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Example 11: Regulation of CCRS5 Expression by
Synthetic microRNA Sequences in a Lentiviral
Vector with or without a WPRE Sequence

[0319] Vector Construction.

[0320] In order to test whether WPRE was required for
AGT103 down regulation of CCRS expression we con-
structed a modified vector without WPRE element
sequences.

[0321] Functional assay for modulating cell surface CCRS
expression as a function of including or not including a long
WPRE element in the AGT103 vector. In order to test
whether WPRE was required for AGT103 modulation of
CCRS expression levels we transduced CEM-CCRS T cells
with AGT103 or a modified vector lacking WPRE using a
multiplicity of infection equal to 5. Six days after transduc-
tion cells were collected and stained with a monoclonal
antibody capable of recognizing cell surface CCRS protein.
The monoclonal antibody was directly conjugated to a
fluorescent marker and the intensity of staining is directly
proportional to the number of CCR5 molecules per cell
surface. A lentivirus control vector had no effect on cell
surface CCRS levels resulting in a uniform population with
mean fluorescence intensity of 164. The lentivirus vector
(AGT103 with a long WPRE and also expressing GFP
marker protein), AGT103 lacking GFP but containing a long
WPRE element, or AGT103 lacking both GFP and WPRE
all were similarly effective for modulating cell surface
CCRS5 expression. After removing GFP, AGT103 with or
without WPRE elements were indistinguishable in terms of
their capacity for modulating cell surface CCRS expression.
[0322] CEM-CCRS cells were transduced with AGT103
with or without GFP and WPRE. After 6 days, CCR5
expression was determined by FACS analysis with an APC-
conjugated CCRS antibody and quantified as mean fluores-
cence intensity (MFI). CCRS levels were expressed as %
CCRS with LV-Control set at 100%. The reduction in CCRS5
levels was similar for AGT103 with (0% of total CCRS) or
without (0% of total CCRS5) the WPRE sequence. This data
is demonstrated in FIG. 16.

Example 12: Regulation of CCRS Expression by a
CD4 Promoter Regulating Synthetic microRNA
Sequences in a Lentiviral Vector

[0323] Vector Construction.

[0324] A modified version of AGT103 was constructed to
test the effect of substituting alternate promoters for express-
ing the microRNA cluster that suppresses CCRS, Vifand Tat
gene expression. In place of the normal EF-1 promoter we
substituted the T cell-specific promoter for CD4 glycopro-
tein expression using the sequence:

(SEQ ID NO: 30)
(5' TGTTGGGGTTCAAATTTGAGCCCCAGCTGTTAGCCCTCTGCARAAGAA

AAAAAAAAAAAAAAAAGAACAAAGGGCCTAGATTTCCCTTCTGAGCCCCA
CCCTAAGATGAAGCCTCTTCTTTCAAGGGAGTGGGGTTGGGGTGGAGGCG
GATCCTGTCAGCTTTGCTCTCTCTGTGGCTGGCAGTTTCTCCAAAGGGTA
ACAGGTGTCAGCTGGCTGAGCCTAGGCTGAACCCTGAGACATGCTACCTC

TGTCTTCTCATGGCTGGAGGCAGCCTTTGTAAGT CACAGAAAGTAGCTGA
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-continued
GGGGCTCTGCAAAAAAGACAGCCAGGGTGGAGGTAGATTGGTCTTTGACT

CCTGATTTAAGCCTGATTCTGCTTAACTTTTTCCCTTGACTTTGGCATTT
TCACTTTGACATGTTCCCTGAGAGCCTGGGGGGTGGGGAACCCAGCTCCA
GCTGGTGACGTTTGGGGCCGGCCCAGGCCTAGGGTGTGGAGGAGCCTTGC
CATCGGGCTTCCTGTCTCTCTTCATTTAAGCACGACTCTGCAGA-3") .

[0325] Functional Assay Comparing EF-1 and CD4 Gene
Promoters in Terms of Potency for Reducing Cell Surface
CCRS Protein Expression.

[0326] AGT103 modified by substituting the CD4 gene
promoter for the normal EF-1 promoter was used for trans-
ducing CEM-CCRS T cells. Six days after transduction cells
were collected and stained with a monoclonal antibody
capable of recognizing cell surface CCRS protein. The
monoclonal antibody was conjugated to a fluorescent marker
and staining intensity is directly proportional to the level of
cell surface CCRS protein. A control lentivirus transduction
resulted in a population of CEM-CCRS T cells that were
stained with a CCRS-specific monoclonal antibody and
produced a mean fluorescence intensity of 81.7 units. The
modified AGT103 using a CD4 gene promoter in place of
the EF-1 promoter for expressing microRNA showed a
broad distribution of staining with a mean fluorescence
intensity roughly equal to 17.3 units. Based on this result,
the EF-1 promoter is at least similar and likely superior to
the CD4 gene promoter for microRNA expression. Depend-
ing on the desired target cell population, the EF-1 promoter
is universally active in all cell types and the CD4 promoter
is only active in T-lymphocytes.

[0327] CEM-CCRS cells were transduced with a lentiviral
vector containing a CD4 promoter regulating a synthetic
microRNA sequence for CCRS, Vif, and Tat (AGT103).
After 6 days, CCRS expression was determined by FACS
analysis with an APC-conjugated CCRS5 antibody and quan-
tified as mean fluorescence intensity (MFI). CCRS levels
were expressed as % CCRS with LV-Control set at 100%. In
cells transduced with LV-CD4-AGT103, CCRS5 levels were
11% of total CCRS. This is comparable to that observed for
LV-AGT103 which contains the EF1 promoter. This data is
demonstrated in FIG. 17.

Example 13: Detecting HIV Gag-Specific CD4 T

Cells
[0328] Cells and Reagents.
[0329] Viable frozen peripheral blood mononuclear cells

(PBMC) were obtained from a vaccine company. Data were
obtained with a representative specimen from an HIV+
individual who was enrolled into an early stage clinical trial
(TRIAL REGISTRATION: clinicaltrials.gov
NCT01378156) testing a candidate HIV therapeutic vaccine.
Two specimens were obtained for the “Before vaccination”
and “After vaccination” studies. Cell culture products,
supplements and cytokines were from commercial suppliers.
Cells were tested for responses to recombinant Modified
Vaccinia Ankara 62B from Geovax Corporation as described
in Thompson et al. (2016). “DNA/MVA Vaccination of
HIV-1 Infected Participants with Viral Suppression on Anti-
retroviral Therapy, followed by Treatment Interruption:
Elicitation of Immune Responses without Control of Re-
Emergent Virus.” PLoS One 11(10): e0163164. Synthetic
peptides representing the entire HIV-1 Gag polyprotein were
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obtained from GeoVax the HIV (GAG) Ultra peptide sets
were obtained from JPT Peptide Technologies GmbH (www.
jpt.com), Berlin, Germany. HIV (GAG) Ultra contains 150
peptides each being 15 amino acids in length and overlap-
ping by 11 amino acids. They were chemically synthesized
then purified and analyzed by liquid chromatography—mass
spectrometry. Collectively these peptides represent major
immunogenic regions of the HIV Gag polyprotein and are
designed for average coverage of 57.8% among known HIV
strains. Peptide sequences are based on the HIV sequence
database from the Los Alamos National Laboratory (http://
www.hiv.lanl.gov/content/sequence/NEWALIGN/align.
html). Peptides are provided as dried trifluoroacetate salts,
25 micrograms per peptide, and are dissolved in approxi-
mately 40 microliters of DMSO then diluted with PBS to
final concentration. Monoclonal antibodies for detecting
CD4 and cytoplasmic IFN-gamma were obtained from com-
mercial sources and intracellular staining was done with the
BD Pharmingen Intracellular Staining Kit for interferon-
gamma. Peptides were resuspended in DMSO and we
include a DMSO only control condition.

[0330] Functional Assay for Detecting HIV-Specific
CD4+ T Cells.
[0331] Frozen PBMC were thawed, washed and resus-

pended in RPMI medium containing 10% fetal bovine
serum, supplements and cytokines. Cultured PBMC col-
lected before or after vaccination were treated with DMSO
control, MVA GeoVax (multiplicity of infection equal to 1
plaque forming unit per cell), Peptides GeoVax (1 micro-
gram/ml) or HIV (GAG) Ultra peptide mixture (1 micro-
gram/ml) for 20 hours in the presence of Golgi Stop reagent.
Cells were collected, washed, fixed, permeabilized and
stained with monoclonal antibodies specific for cell surface
CD4 or intracellular interferon-gamma. Stained cells were
analyzed with a FACSCalibur analytical flow cytometer and
data were gated on the CD4+ T cell subset. Cells highlighted
within boxed regions are double-positive and designated
HIV-specific CD4 T cells on the basis of interferon-gamma
expression after MVA or peptide stimulation. Numbers
within the boxed regions show the percentage of total CD4
that were identified as HIV-specific. We did not detect strong
responses to DMSO or MVA. Peptides from GeoVax elicited
fewer responding cells compared to HIV (GAG) Ultra
peptide mixture from JPT but differences were small and not
significant.

[0332] As shown in FIG. 18, PBMCs from a HIV-positive
patient before or after vaccination were stimulated with
DMSO (control), recombinant MVA expressing HIV Gag
from GeoVax (MVA GeoVax), Gag peptide from GeoVax
(Pep GeoVax, also referred to herein as Gag peptide pool 1)
or Gag peptides from JPT (HIV (GAG) Ultra, also referred
to herein as Gag peptide pool 2) for 20 hours. IFNg
production was detected by intracellular staining and flow
cytometry using standard protocols. Flow cytometry data
were gated on CD4 T cells. Numbers captured in boxes are
the percentage of total CD4 T cells designated “HIV-spe-
cific” on the basis of cytokine response to antigen-specific
stimulation.

Example 14: HIV-Specific CD4 T Cell Expansion
and Lentivirus Transduction

[0333] Designing and testing methods for enriching
PBMC to increase the proportion of HIV-specific CD4 T
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cells and transducing these cells with AGT103 to produce
the cellular product AGT103T.

[0334] The protocol was designed for ex vivo culture of
PBMC (peripheral blood mononuclear cells) from HIV-
positive patients who had received a therapeutic HIV vac-
cine. In this example, the therapeutic vaccine consisted of
three doses of plasmid DNA expressing HIV Gag, Pol and
Env genes followed by two doses of MVA 62-B (modified
vaccinia Ankara number 62-B) expressing the same HIV
Gag, Pol, and Env genes. The protocol is not specific for a
vaccine product and only requires a sufficient level of
HIV-specific CD4+ T cells after immunization. Venous
blood was collected and PBMC were purified by Ficoll-
Paque density gradient centrifugation. Alternately, PBMC or
defined cellular tractions can be prepared by positive or
negative selection methods using antibody cocktails and
fluorescence activated or magnetic bead sorting. The puri-
fied PBMC are washed and cultured in standard medium
containing supplements, antibiotics and fetal bovine serum.
To these cultures, a pool of synthetic peptides was added
representing possible T cell epitopes within the HIV Gag
polyprotein. Cultures are supplemented by adding cytokines
interleukin-2 and interleukin-12 that were selected after
testing combinations of interleukin-2 and interleukin-12,
interleukin 2 and interleukin-7, interleukin 2 and interleu-
kin-15. Peptide stimulation is followed by a culture interval
of approximately 12 days. During the 12 days culture, fresh
medium and fresh cytokine supplements were added
approximately once every four days.

[0335] The peptide stimulation interval is designed to
increase the frequency of HIV-specific CD4 T cells in the
PBMC culture. These HIV-specific CD4 T cells were acti-
vated by prior therapeutic immunization and can be re-
stimulated and caused to proliferate by synthetic peptide
exposure. Our goal is to achieve greater than or equal to 1%
of'total CD4 T cells being HIV-specific by end of the peptide
stimulation culture period.

[0336] On approximately day 12 of culture cells are
washed to remove residual materials then stimulated with
synthetic beads decorated with antibodies against CD4 T cell
surface proteins CD3 and CD28. This well-established
method for polyclonal stimulation of T cells will reactivate
the cells and make them more susceptible for AGT103
lentivirus transduction. The lentivirus transduction is per-
formed on approximately day 13 of culture and uses a
multiplicity of infection between 1 and 5. After transduction
cells are washed to remove residual lentivirus vector and
cultured in media containing interleukin-2 and interleukin-
12 with fresh medium and cytokines added approximately
once every four days until approximately day 24 of culture.
[0337] Throughout the culture interval the antiretroviral
drug Saquinavir is added at a concentration of approxi-
mately 100 nM to suppress any possible outgrowth of HIV.
[0338] On approximately day 24 of culture cells are har-
vested, washed, a sample is set aside for potency and release
assay, then the remaining cells are suspended in cryopreser-
vation medium before freezing in single aliquots of approxi-
mately 1x10'° cells per dose that will contain approximately
1x10® HIV-specific CD4 T cells that are transduced with
AGT103.

[0339] Potency of the cell product (AGT103T) is tested in
one of two alternate potency assays. Potency assay 1 tests
for the average number of genome copies (integrated
AGT103 vector sequences) per CD4 T cell. The minimum
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potency is approximately 0.5 genome copies per CD4 T cell
in order to release the product. The assay is performed by
positive selection of CD3 positive/CD4 positive T cells
using magnetic bead labeled monoclonal antibodies, extract-
ing total cellular DNA and using a quantitative PCR reaction
to detect sequences unique to the AGT103 vector. Potency
assay 2 tests for the average number of genome copies of
integrated AGT103 within the subpopulation of HIV-spe-
cific CD4 T cells. This essay is accomplished by first
stimulating the PBMC with the pool of synthetic peptides
representing HIV Gag protein. Cells are then stained with a
specific antibody reagent capable of binding to the CD4 T
cell and also capturing secreted interferon-gamma cytokine.
The CD4 positive/interferon-gamma positive cells are cap-
tured by magnetic bead selection, total cellular DNA is
prepared, and the number of genome copies of AGT103 per
cell is determined with a quantitative PCR reaction. Release
criterion based on potency using Assay 2 require that greater
than or equal to 0.5 genome copies per HIV-specific CD4
T-cell are present in the AGT103 cell product.

[0340] Functional Test for Enriching and Transducing
HIV-Specific CD4 T Cells from PBMC of HIV-Positive
Patients that Received a Therapeutic HIV Vaccine.

[0341] The impact of therapeutic vaccination on the fre-
quency of HIV-specific CD4 T cells was tested by a peptide
stimulation assay (FIG. 19, Panel B). Before vaccination the
frequency of HIV-specific CD4 T cells was 0.036% in this
representative individual. After vaccination, the frequency
of HIV-specific CD4 T cells was increased approximately
2-fold to the value of 0.076%. Responding cells (HIV-
specific) identified by accumulation of cytoplasmic inter-
feron-gamma, were only detected after specific peptide
stimulation.

[0342] We also tested whether peptide stimulation to
enrich for HIV-specific CD4 T cells followed by AGT103
transduction would reach our goal of generating approxi-
mately 1% of total CD4 T cells in culture that were both
HIV-specific and transduced by AGT103. In this case, we
used an experimental version of AGT103 that expresses
green fluorescence protein (see GFP). In FIG. 19, Panel C
the post-vaccination culture after peptide stimulation (HIV
(GAG) Ultra) and AGT103 transduction demonstrated that
1.11% of total CD4 T cells were both HIV-specific (based on
expressing interferon-gamma in response to peptide stimu-
lation) and AGT103 transduced (based on expression of
GFP).

[0343] Several patients from a therapeutic HIV vaccine
study were tested to assess the range of responses to peptide
stimulation and to begin defining eligibility criteria for
entering a gene therapy arm in a future human clinical trial.
FIG. 19 Panel D show the frequency of HIV-specific CD4 T
cells in 4 vaccine trial participants comparing their pre- and
post-vaccination specimens. In three cases the post-vacci-
nation specimens show a value of HIV-specific CD4 T cells
that was greater than or equal to 0.076% of total CD4 T cells.
The ability to reach this value was not predicted by the
pre-vaccination specimens as patient 001-004 and patient
001-006 both started with pre-vaccination values of 0.02%
HIV-specific CD4 T cells but one reached an eventual
post-vaccination value of 0.12% HIV-specific CD4 T cells
while the other individual fail to increase this value after
vaccination. The same three patients that responded well to
vaccine, in terms of increasing the frequency of HIV-specific
CD4 T cells, also showed substantial enrichment of HIV-
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specific CD4 T cells after peptide stimulation and culture. In
the three cases shown in FIG. 19 Panel E, peptide stimula-
tion and subsequent culture generated samples where 2.07%,
0.72% or 1.54% respectively of total CD4 T cells were
HIV-specific. These values indicate that a majority of indi-
viduals responding to a therapeutic HIV vaccine will have a
sufficiently large ex vivo response to peptide stimulation in
order to enable our goal of achieving approximately 1% of
total CD4 T cells that are HIV-specific and transduced with
AGT103 in the final cell product.

[0344] As shown in FIG. 19, Panel A describes the sched-
ule of treatment. Panel B demonstrates that PBMCs were
stimulated with Gag peptide or DMSO control for 20 hours.
IFN gamma production was detected by intracellular stain-
ing by FACS. CD4"* T cells were gated for analysis. Panel C
demonstrates CD4" T cells were expanded and transduced
with AGT103-GFP using the method as shown in Panel A.
Expanded CD4* T cells were rested in fresh medium without
any cytokine for 2 days and re-stimulated with Gag peptide
or DMSO control for 20 hours. IFN gamma production and
GFP expression was detected by FACS. CD4" T cells were
gated for analysis. Panel D demonstrates frequency of
HIV-specific CD4* T cells (IFN gamma positive, pre- and
post-vaccination) were detected from 4 patients. Panel E
demonstrates Post-vaccination PBMCs from 4 patients were
expanded and HIV-specific CD4"* T cells were examined.

Example 15: Dose Response

[0345] Vector Construction.

[0346] A modified version of AGT103 was constructed to
test the dose response for increasing AGT103 and its effects
on cell surface CCRS levels. The AGT103 was modified to
include a green fluorescent protein (GFP) expression cas-
sette under control of the CMV promoter. Transduced cells
expression the miR30CCRS miR21Vif miR185Tat micro
RNA cluster and emit green light due to expressing GFP.
[0347] Functional Assay for Dose Response of Increasing
AGT103-GFP and Inhibition of CCRS5 Expression.

[0348] CEM-CCRS T cells were transduced with
AGT103-GFP using multiplicity of infection per cell from 0
to 5. Transduced cells were stained with a fluorescently
conjugated (APC) monoclonal antibody specific for cell
surface CCRS. The intensity of staining is proportional to
the number of CCRS molecules per cell surface. The inten-
sity of green fluorescence is proportional to the number of
integrated AGT103-GFP copies per cell.

[0349] As shown in FIG. 20, Panel A demonstrates the
dose response for increasing AGT103-GFP and its effects on
cell surface CCRS expression. At multiplicity of infection
equal to 0.4 only 1.04% of cells are both green (indicating
transduction) and showing significantly reduced CCRS
expression. At multiplicity of infection equal to 1 the num-
ber of CCR5low, GFP+ cells increases to 68.1%/ At multi-
plicity of infection equal to 5 the number of CCRSlow,
GFP+ cells increased to 95.7%. These data are presented in
histogram form in FIG. 20, Panel B that shows a normally
distribution population in terms of CCRS staining, moving
toward lower mean fluorescence intensity with increasing
doses of AGT103-GFP. The potency of AGT103-GFP is
presented in graphical form in FIG. 20, Panel C showing the
percentage inhibition of CCRS expression with increasing
doses of AGT103-GFP. At multiplicity of infection equal to
5, there was greater than 99% reduction in CCRS expression
levels.
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Example 16: AGT103 Efficiently Transduces
Primary Human CD4* T Cells

[0350] Transducing Primary CD4 T Cells with AGT103
Lentivirus Vector.

[0351] A modified AGT103 vector containing the green
fluorescence protein marker (GFP) was used at multiplicities
of infection between 0.2 and 5 for transducing purified,
primary human CD4 T cells.

[0352] Functional Assay for Transduction Efficiency of
AGT103 in Primary Human CD4 T Cells.

[0353] CD4 T cells were isolated from human PBMC
(HIV-negative donor) using magnetic bead labeled antibod-
ies and standard procedures. The purified CD4 T cells were
stimulated ex vivo with CD3/CD28 beads and cultured in
media containing interleukin-2 for 1 day before AGT103
transduction. The relationship between lentivirus vector
dose (the multiplicity of infection) and transduction effi-
ciency is demonstrated in FIG. 21, Panel A showing that
multiplicity of infection equal to 0.2 resulted in 9.27% of
CD4 positive T cells being transduced by AGT103 and that
value was increased to 63.1% of CD4 positive T cells being
transduced by AGT103 with a multiplicity of infection equal
to 5. In addition to achieving efficient transduction of
primary CD4 positive T cells it is also necessary to quantify
the number of genome copies per cell. In FIG. 21, Panel B
total cellular DNA from primary human CD4 T cells trans-
duced at several multiplicities of infection were tested by
quantitative PCR to determine the number of genome copies
per cell. In a multiplicity of infection equal to 0.2 we
measured 0.096 genome copies per cell that was in good
agreement with 9.27% GFP positive CD4 T cells in panel A.
Multiplicity of infection equal to 1 generated 0.691 genome
copies per cell and multiplicity of infection equal to 5
generated 1.245 genome copies per cell.

[0354] As shown in FIG. 21, CD4* T cells isolated from
PBMC were stimulated with CD3/CD28 beads plus IL-2 for
1 day and transduced with AGT103 at various concentra-
tions. After 2 days, beads were removed and CD4" T cells
were collected. As shown in Panel A, frequency of trans-
duced cells (GFP positive) were detected by FACS. As
shown in Panel B, the number of vector copies per cell was
determined by qPCR. At a multiplicity of infection (MOI) of
5, 63% of CD4" T cells were transduced with an average of
1 vector copy per cell.

Example 17: AGT103 Inhibits HIV Replication in
Primary CD4* T Cells

[0355] Protecting Primary Human CD4 Positive T Cells
from HIV Infection by Transducing Cells with AGT103.

[0356] Therapeutic lentivirus AGT103 was used for trans-
ducing primary human CD4 positive T cells at multiplicities
of infection between 0.2 and 5 per cell. The transduced cells
were then challenged with a CXCR4-tropic HIV strain
NLA4.3 that does not require cell surface CCRS for penetra-
tion. This assay tests the potency of microRNA against Vif
and Tat genes of HIV in terms of preventing productive
infection in primary CD4 positive T cells, but uses an
indirect method to detect the amount of HIV released from
infected, primary human CD4 T cells.
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[0357] Functional Assay for AGT103 Protection Against
CXCR4-Tropic HIV Infection of Primary Human CD4
Positive T Cells.

[0358] CD4 T cells were isolated from human PBMC
(HIV-negative donor) using magnetic bead labeled antibod-
ies and standard procedures. The purified CD4 T cells were
stimulated ex vivo with CD3/CD28 beads and cultured in
media containing interleukin-2 for 1 day before AGT103
transduction using multiplicities of infection between 0.2
and 5. Two days after transduction the CD4 positive T cell
cultures were challenged with HIV strain NL.4.3 that was
engineered to express the green fluorescent protein (GFP).
The transduced and HIV-exposed primary CD4 T cell cul-
tures were maintained for 7 days before collecting cell-free
culture fluids containing HIV. The cell-free culture fluids
were used to infect a highly permissive T cell line C8166 for
2 days. The proportion of HIV-infected C8166 cells was
determined by flow cytometry detecting GFP fluorescence.
With a mock lentivirus infection, the dose of 0.1 multiplicity
of infection for NL4.3 HIV resulted in an amount of HIV
being released into culture fluids that was capable of estab-
lishing productive infection in 15.4% of C8166 T cells. With
the dose 0.2 multiplicity of infection for AGT103, this value
for HIV infection of C8166 cells is reduced to 5.3% and
multiplicity of infection equal to 1 for AGT103 resulted in
only 3.19% of C8166 T cells being infected by HIV. C8166
infection was reduced further to 0.62% after AGT103 trans-
duction using a multiplicity of infection equal to 5. There is
a clear dose response relationship between the amount of
AGT103 used for transduction and the amount of HIV
released into the culture medium.

[0359] As shown in FIG. 22, CD4* T cells isolated from
PBMC were stimulated with CD3/CD28 beads plus IL-2 for
1 day and transduced with AGT103 at various concentra-
tions (MOI). After 2 days, beads were removed and CD4* T
cells were infected with 0.1 MOI of HIV NL4.3-GFP. 24
hours later, cells were washed 3 times with PBS and cultured
with IL-2 (30U/ml) for 7 days. At the end of the culture,
supernatant was collected to infect the HIV permissive cell
line C8166 for 2 days. HIV-infected C8166 cells (GFP
positive) were detected by FACS. There was a reduction in
viable HIV with an increase in the multiplicity of infection
of AGT103 as observed by less infection of C8166 cells
MOI 0.2=65.6%, MOI 1=79.3%, and MOI 5=96%).

Example 18: AGT103 Protects Primary Human
CD4* T Cells from HIV-Induced Depletion

[0360] AGT103 Transduction of Primary Human CD4 T
Cells to Protect Against HIV-Mediated Cytopathology and
Cell Depletion.

[0361] PBMC were obtained from healthy, HIV-negative
donors and stimulated with CD3/CD28 beads then cultured
for 1 day in medium containing interleukin-2 before
AGT103 transduction using multiplicities of infection
between 0.2 and 5.

[0362] Functional Assay for AGT103 Protection of Pri-
mary Human CD4 T Cells Against HIV-Mediated Cytopa-
thology.

[0363] AGT103-transduced primary human CD4 T cells
were infected with HIV NL 4.3 strain (CXCR4-tropic) that
does not require CCRS for cellular entry. When using the
CXCR4-tropic NL 4.3, only the effect of Vif and Tat
microRNA on HIV replication is being tested. The dose of
HIV NL 4.3 was 0.1 multiplicity of infection. One day after
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HIV infection, cells were washed to remove residual virus
and cultured in medium plus interleukin-2. Cells were
collected every three days during a 14-day culture then
stained with a monoclonal antibody that was specific for
CD4 and directly conjugated to a fluorescent marker to
allow measurement of the proportion of CD4 positive T cells
in PBMC. Untreated CD4 T cells or CD4 T cells transduced
with the control lentivirus vector were highly susceptible to
HIV challenge and the proportion of CD4 positive T cells in
PBMC fell below 10% by day 14 culture. In contrast, there
was a dose-dependent effect of AGT103 on preventing cell
depletion by HIV challenge. With a AGT103 dose of 0.2
multiplicity of infection more than 20% of PBMC were CD4
T cells by day 14 of culture and this value increased to more
than 50% of PBMC being CD4 positive T cells by day 14 of
culture with a AGT103 dose of multiplicity of infection
equal to 5. Again, there is a clear dose response effect of
AGT103 on HIV cytopathogenicity in human PBMC.

[0364] As shown in FIG. 23, PBMCs were stimulated with
CD3/CD28 beads plus IL-2 for 1 day and transduced with
AGT103 at various concentrations (MOI). After 2 days,
beads were removed and cells were infected with 0.1 MOI
of HIV NL4.3. 24 hours later, cells were washed 3 times
with PBS and cultured with IL-2 (30U/ml). Cells were
collected every 3 days and the frequency of CD4™ T cells
were analyzed by FACS. After 14 days of exposure to HIV,
there was an 87% reduction in CD4* T cells transduced with
LV-Control, a 60% reduction with AGT103 MOI 0.2, a37%
reduction with AGT103 MOI 1, and a 17% reduction with
AGT103 MOI 5.

Example 19: Generating a Population of CD4+ T
Cells Enriched for HIV-Specificity and Transduced
with AGT103/CMV-GFP

[0365] Therapeutic vaccination against HIV had minimal
effect on the distribution of CD4+, CD8+ and CD4+/CDS8+
T cells. As shown in FIG. 24A, the CD4 T cell population
is shown in the upper left quadrant of the analytical flow
cytometry dot plots, and changes from 52% to 57% of total
T cells after the vaccination series. These are representative
data.

[0366] Peripheral blood mononuclear cells from a partici-
pant in an HIV therapeutic vaccine trial were cultured for 12
days in medium+/-interleukin-2/interleukin-12 or +/-inter-
leukin-7/interleukin-15. Some cultures were stimulated with
overlapping peptides representing the entire p55 Gag protein
of HIV-1 (HIV (GAG) Ultra peptide mixture) as a source of
epitope peptides for T cell stimulation. These peptides are
10-20 amino acids in length and overlap by 20-50% of their
length to represent the entire Gag precursor protein (p55)
from HIV-1 BaL strain. The composition and sequence of
individual peptides can be adjusted to compensate for
regional variations in the predominant circulating HIV
sequences or when detailed sequence information is avail-
able for an individual patient receiving this therapy. At
culture end, cells were recovered and stained with anti-CD4
or anti-CD8 monoclonal antibodies and the CD3+ popula-
tion was gated and displayed here. The HIV (GAG) Ultra
peptide mixture stimulation for either pre- or post-vaccina-
tion samples was similar to the medium control indicating
that HIV (GAG) Ultra peptide mixture was not toxic to cells
and was not acting as a polyclonal mitogen. The results of
this analysis can be found in FIG. 24B.
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[0367] HIV (GAG) Ultra peptide mixture and interleukin-
2/interleukin-12 provided for optimal expansion of antigen-
specific CD4 T cells. As shown in the upper panels of FIG.
24C, there was an increase in cytokine (interferon-gamma)
secreting cells in post-vaccination specimens exposed to
HIV (GAG) Ultra peptide mixture. In the pre-vaccination
sample, cytokine secreting cells increased from 0.43 to
0.69% as a result of exposure to antigenic peptides. In
contrast, the post-vaccination samples showed an increase of
cytokine secreting cells from 0.62 to 1.76% of total CD4 T
cells as a result of peptide stimulation. These data demon-
strate the strong impact of vaccination on the CD4 T cell
responses to HIV antigen.

[0368] Finally, AGT103/CMV-GFP transduction of anti-
gen-expanded CD4 T cells produced HIV-specific and HIV-
resistant helper CD4 T cells that are needed for infusion into
patients as part of a functional cure for HIV (in accordance
with other various aspects and embodiments, AGT103 alone
is used; for example, clinical embodiments may not include
the CMV-GFP segment). The upper panels of FIG. 24D
show the results of analyzing the CD4+ T cell population in
culture. The x axis of FIG. 24D shows Green Fluorescent
Protein (GFP) emission indicating that individual cells were
transduced with the AGT103/CMV-GFP. As shown in FIG.
24D, in the post-vaccination samples 1.11% of total CD4 T
cells that were both cytokine secreting was recovered,
indicating that the cells are responding specifically to HIV
antigen, and transduced with AGT103/CMV-GFP. This is
the target cell population and the clinical product intended
for infusion and functional cure of HIV. With the efficiency
of cell expansion during the antigen stimulation and subse-
quent polyclonal expansion phases of ex vivo culture, 4x10®
antigen-specific, lentivirus transduced CD4 T cells can be
produced. This exceeds the target for cell production by
4-fold and will allow achievement of a count of antigen-
specific and HIV-resistant CD4 T cells of approximately 40
cells/microliter of blood or around 5.7% of total circulating
CD4 T cells.

[0369] Table 4 below shows the results of the ex vivo
production of HIV-specific and HIV-resistant CD4 T cells
using the disclosed vectors and methods.

TABLE 4

Percentage Percentage HIV-
HIV- specific and

Material/manipulation Total CD4 T cells  specific HIV-resistant
Leukapheresis pack ~7 x 108 ~0.12 N/A
from HIV + patient

Peptide expansion ex ~8 x 10% ~24 N/A
vivo

Mitogen expansion ~1.5 x 101° ~24 N/A
Lentivirus transduction ~1.5 x 10'° ~2.4 ~1.6

Example 20: Clinical Study for Treatment of HIV

[0370] AGTI103T is a genetically modified autologous
PBMC containing >5x107 HIV-specific CD4 T cells that are
also transduced with AGT103 lentivirus vector.

[0371] A Phase I clinical trial will test the safety and
feasibility of infusing ex vivo modified autologous CD4 T
cells (AGT103T) in adult research participants with con-
firmed HIV infection, CD4+ T-cell counts >600 cells per
mm? of blood and stable virus suppression below 200 copies
per ml of plasma while on cART. All study participants will
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continue receiving their standard antiretroviral medications
through the Phase I clinical trial. Up to 40 study participants
receive two doses by intramuscular injection 8 weeks apart,
of recombinant modified vaccinia Ankara (rMVA) express-
ing HIV Gag, Pol and Env proteins. Seven to 10 days after
the second immunization a blood sample is collected for in
vitro testing to measure the frequency of CD4+ T-cells that
respond to stimulation with a pool of overlapping, synthetic
peptides representing the HIV-1 Gag polyprotein. Subjects
in the upper half of vaccine responders, based on measuring
the frequency of Gag-specific CD4 T cells are enrolled in the
gene therapy arm and subjects in the lower half of respond-
ers do not continue in the study. We anticipate that the cut-off
for higher responders is a HIV-specific CD4+ T cell fre-
quency =0.065% of total CD4 T cells. Subjects enrolled into
the gene therapy arm of our trial undergo leukapheresis
followed by purification of PBMC (using Ficoll density
gradient centrifugation or negative selection with antibod-
ies) that are cultured ex vivo and stimulated with HIV Gag
peptides plus interleukin-2 and interleukin-12 for 12 days,
then stimulated again with beads decorated with CD3/CD28
bispecific antibody. The antiretroviral drug Saquinavir is
included at 100 nM to prevent emergence of autologous HIV
during ex vivo culture. One day after CD3/CD28 stimulation
cells are transduced with AGT103 at multiplicity of infec-
tion between 1 and 10. The transduced cells are cultured for
an additional 7-14 days during which time they expand by
polyclonal proliferation. The culture period is ended by
harvesting and washing cells, setting aside aliquots for
potency and safety release assays, and resuspending the
remaining cells in cryopreservation medium. A single dose
is =1x10'° autologous PBMC. The potency assay measures
the frequency of CD4 T cells that respond to peptide
stimulation by expressing interferon-gamma. Other release
criteria include the product must include =0.5x107 HIV-
specific CD4 T cells that are also transduced with AGT103.
Another release criterion is that the number of AGT103
genome copies per cell must not exceed 3. Five days before
infusion with AGT103T subjects receive one dose of busul-
furam (or Cytoxan) conditioning regimen followed by infu-
sion of =1x10'° PBMC containing genetically modified
CD4 T cells.

[0372] A Phase II study will evaluate efficacy of
AGTI103T cell therapy. Phase 1I study participants include
individuals enrolled previously in our Phase I study who
were judged to have successtul and stable engraftment of
genetically modified, autologous, HIV-specific CD4 T cells
and clinical responses defined as positive changes in param-
eters monitored as described in efficacy assessments (1.3.).
Study participants will be asked to add Maraviroc to their
existing regimen of antiretroviral medication. Maraviroc is
a CCRS antagonist that will enhance the effectiveness of
genetic therapy directed at reducing CCRS levels. Once the
Maraviroc regimen is in place subjects will be asked to
discontinue the previous antiretroviral drug regimen and
only maintain Maraviroc monotherapy for 28 days or until
plasma viral RNA levels exceed 10,000 per ml on 2 sequen-
tial weekly blood draws. Persistently high viremia requires
participants to return to their original antiretroviral drug
regimen with or without Maraviroc according to recommen-
dations of their HIV care physician.

[0373] If participants remain HIV suppressed (below
2,000 vRNA copies per ml of plasma) for >28 days on
Maraviroc monotherapy, they will be asked to gradually
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reduce Maraviroc dosing over a period of 4 weeks followed
by intensive monitoring for an additional 28 days. Subjects
who maintained HIV suppression with Maraviroc mono-
therapy are considered to have a functional cure. Subjects
who maintain HIV suppression even after Maraviroc with-
drawal also have a functional cure. Monthly monitoring for
6 months followed by less intensive monitoring will estab-
lish the durability of functional cure.
[0374] Patient Selection
[0375] Inclusion Criteria:
[0376] Aged between 18 and 60 years.
[0377] Documented HIV infection prior to study entry.
[0378] Must be willing to comply with study-mandated
evaluations; including not changing their antiretroviral
regimen (unless medically indicated) during the study
period.
[0379] CD4+ T-cell count >500 cell per millimeter
cubed (cells/mm3)

[0380] CD4+ T-cell nadir of >400 cells/mm3
[0381] HIV viral load <1,000 copies per milliliter (mL.)
[0382] Exclusion Criteria:

[0383] Any viral hepatitis

[0384] Acute HIV infection

[0385] HIV viral load >1,000 copies/mL

[0386] Active or recent (prior 6 months) AIDS defining

complication

[0387] Any change in HIV medications within 12
weeks of entering the study

[0388] Cancer or malignancy that has not been in remis-
sion for at least 5 years with the exception of success-
fully treated basal cell carcinoma of the skin

[0389] Current diagnosis of NYHA grade 3 or 4 con-
gestive heart failure or uncontrolled angina or arrhyth-
mias

[0390] History of bleeding problems

[0391] Use of chronic steroids in past 30 days

[0392] Pregnant or breast feeding

[0393] Active drug or alcohol abuse

[0394] Serious illness in past 30 days

[0395] Currently participating in another clinical trial or

any prior gene therapy
Safety assessments
[0396] Acute infusion reaction
[0397] Post-infusion safety follow-up

Efficacy Assessments—Phase [

[0398] Number and frequency of modified CD4 T cells.
[0399] Durability of modified CD4 T cells.
[0400] In vitro response to Gag peptide restimulation

(ICS assay) as a measure of memory T cell function.
[0401] Polyfunctional anti-HIV CD8 T cell responses
compare to pre- and post-vaccination time points.
[0402] Frequency of CD4 T cells making doubly
spliced HIV mRNA after in vitro stimulation.

Efficacy Assessments—Phase 11

[0403] Number and frequency of genetically modified
CD4 T cells.

[0404] Maintenance of viral suppression (<2,000 vVRNA
copies per ml but 2 consecutive weekly draws not
exceeding 5x10* vRNA copies per ml are permitted)
with Maraviroc monotherapy.
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[0405] Continued virus suppression during and after
Maraviroc withdrawal.

[0406] Stable CD4 T cell count.
[0407] AGTI103T Consists of Up to 1x10'° Genetically
Modified, Autologous CD4+ T Cells Containing =5x107
HIV-Specific CD4 T Cells that are Also Transduced with
AGT103 Lentivirus Vector.
[0408] A Phase I clinical trial will test the safety and
feasibility of infusing ex vivo modified autologous CD4 T
cells (AGT103T) in adult research participants with con-
firmed HIV infection, CD4+ T-cell counts >600 cells per
mm?® of blood and stable virus suppression below 200 copies
per ml of plasma while on cART. Up to 40 study participants
receive two doses by intramuscular injection 8 weeks apart,
of recombinant modified vaccinia Ankara (rMVA) express-
ing HIV Gag, Pol and Env proteins. Seven to 10 days after
the second immunization a blood sample is collected for in
vitro testing to measure the frequency of CD4+ T-cells that
respond to stimulation with a pool of overlapping, synthetic
peptides representing the HIV-1 Gag polyprotein. Subjects
in the upper half of vaccine responders, based on measuring
the frequency of Gag-specific CD4 T cells are enrolled in the
gene therapy arm and subjects in the lower half of respond-
ers do not continue in the study. We anticipate that the cut-off
for higher responders is a HIV-specific CD4+ T cell fre-
quency =0.065% of total CD4 T cells. Subjects enrolled into
the gene therapy arm of our trial undergo leukapheresis and
the CD4+ T cells are enriched by negative selection. The
enriched CD4 subset is admixed with 10% the number of
cells from the CD4-negative subset to provide a source and
antigen-presenting cells. The enriched CD4 T cells are
stimulated with HIV Gag peptides plus interleukin-2 and
interleukin-12 for 12 days, then stimulated again with beads
decorated with CD3/CD28 bispecific antibody. The antiret-
roviral drug Saquinavir is included at 100 nM to prevent
emergence of autologous HIV during ex vivo culture. One
day after CD3/CD28 stimulation cells are transduced with
AGT103 at multiplicity of infection between 1 and 10. The
transduced cells are cultured for an additional 7-14 days
during which time they expand by polyclonal proliferation.
The culture period is ended by harvesting and washing cells,
setting aside aliquots for potency and safety release assays,
and resuspending the remaining cells in cryopreservation
medium. A single dose is =1x10'° autologous cells enriched
for the CD4+ T cell subset. The potency assay measures the
frequency of CD4 T cells that respond to peptide stimulation
by expressing interferon-gamma. Other release criteria
include that the product must include =0.5x107 HIV-specific
CDA4 T cells that are also transduced with AGT103. Another
release criterion is that the number of AGT103 genome
copies per cell must not exceed 3. Five days before infusion
with AGT103T subjects receive one dose of busulfuram (or
Cytoxan) conditioning regimen followed by infusion of
=1x10'° enriched and genetically modified CD4 T cell.
[0409] A Phase II study will evaluate efficacy of
AGTI103T cell therapy. Phase 1I study participants include
individuals enrolled previously in our Phase I study who
were judged to have successtul and stable engraftment of
genetically modified, autologous, HIV-specific CD4 T cells
and clinical responses defined as positive changes in param-
eters monitored as described in efficacy assessments (1.3.).
Study participants will be asked to add Maraviroc to their
existing regimen of antiretroviral medication. Maraviroc is
a CCRS antagonist that will enhance the effectiveness of
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genetic therapy directed at reducing CCRS levels. Once the
Maraviroc regimen is in place subjects will be asked to
discontinue the previous antiretroviral drug regimen and
only maintain Maraviroc monotherapy for 28 days or until
plasma viral RNA levels exceed 10,000 per ml on 2 sequen-
tial weekly blood draws. Persistently high viremia requires
participants to return to their original antiretroviral drug
regimen with or without Maraviroc according to recommen-
dations of their HIV care physician.

Jul. 4,2019

reduce Maraviroc dosing over a period of 4 weeks followed
by intensive monitoring for an additional 28 days. Subjects
who maintained HIV suppression with Maraviroc mono-
therapy are considered to have a functional cure. Subjects
who maintain HIV suppression even after Maraviroc with-
drawal also have a functional cure. Monthly monitoring for
6 months followed by less intensive monitoring will estab-
lish the durability of functional cure.

[0410] If participants remain HIV suppressed (below Sequences

2,000 vRNA copies per ml of plasma) for >28 days on

Maraviroc monotherapy, they will be asked to gradually [0411] The following sequences are referred to herein:
SEQ
ID
NO: Description Sequence

1

miR30 CCR5

miR21 Vif

miR185 Tat

Elongation
Factor-1 alpha
(EFl-alpha)
promoter

CCR5 target
sequence

Vif target
sequence

Tat target
sequence

TAR decoy
sequence

Rev/Tat target
sequence

AGGTATATTGCTGTTGACAGTGAGCGACTGTAAACTGAGCT
TGCTCTACTGTGAAGCCACAGATGGGTAGAGCAAGCACAG
TTTACCGCTGCCTACTGCCTCGGACTTCAAGGGGCTT

CATCTCCATGGCTGTACCACCTTGTCGGGGGATGTGTACTT
CTGAACTTGTGTTGAATCTCATGGAGTTCAGAAGAACACAT
CCGCACTGACATTTTGGTATCTTTCATCTGACCA

GGGCCTGGCTCGAGCAGGGGGCGAGGGATTCCGCTTCTTC
CTGCCATAGCGTGG
TCCCCTCCCCTATGGCAGGCAGAAGCGGCACCTTCCCTCCC
AATGACCGCGTCTTCGTCG

CCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAG
TGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGG
GAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTT
TTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGT
GTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCC
CTTGCGTGCCTTGAATTACTTCCACGCCCCTGGCTGCAGTA
CGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGG
AGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGT
GCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCE
TGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTC
GATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGC
GACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCC
AAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGT
GGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGA
GGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGG
GTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCG
CGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGC
CCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTT
CCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGTC
GCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAA
AAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCA
CGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCG
AGCTTTTGGAGTACGTCGTCTTTAGGT TGGGGGGAGGGGTT
TTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTG
AAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAA
TTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCT
CAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCG
TGA

GAGCAAGCTCAGTTTACA

GGGATGTGTACTTCTGAACTT

TCCGCTTCTTCCTGCCATAG

CTTGCAATGATGTCGTAATTTGCGTCTTACCTCGTTCTCGAC
AGCGACCAGATCTGAGCCTGGGAGCTCTCTGGCTGTCAGTA
AGCTGGTACAGAAGGTTGACGAAAATTCTTACTGAGCAAG
ARA

GCGGAGACAGCGACGAAGAGC
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42

-continued

SEQ

iD

NO: Description Sequence

10 Rev/Tat GCGGAGACAGCGACGAAGAGCTTCAAGAGAGCTCTTCGTC
shRNA GCTGTCTCCGCTTTTT
sequence

11 Gag target GAAGAAATGATGACAGCAT
sequence

12 Gag shRNA GAAGAAATGATGACAGCATTTCAAGAGAATGCTGTCATCA
sequence TTTCTTCTTTTT

13 Pol target CAGGAGCAGATGATACAG
sequence

14 Pol shRNA CAGGAGATGATACAGTTCAAGAGACTGTATCATCTGCTCCT
sequence GTTTTT

15 CCR5 target GTGTCAAGTCCAATCTATG

16

17

18

19

20

21

22

23

24

25

26

27

sequence #1

CCR5 shRNA
sequence #1

CCR5 target
sequence #2

CCR5 shRNA
sequence #2

CCR5 target
sequence #3

CCR5 shRNA
sequence #3

CCR5 target
sequence #4

CCR5 shRNA
sequence #4

CCR5 target
sequence #5

CCR5 shRNA
sequence #5

Homo sapiens
CCR5 gene,
sequence 1

Homo sapiens
CCR5 gene,
sequence 2

Homo sapiens
CCR5 gene,
sequence 3

GTGTCAAGTCCAATCTATGT TCAAGAGACATAGATTGGACT
TGACACTTTTT

GAGCATGACTGACATCTAC

GAGCATGACTGACATCTACTTCAAGAGAGTAGATGTCAGT
CATGCTCTTTTT

GTAGCTCTAACAGGTTGGA

GTAGCTCTAACAGGTTGGATTCAAGAGATCCAACCTGTTAG
AGCTACTTTTT

GTTCAGAAACTACCTCTTA

GTTCAGAAACTACCTCTTATTCAAGAGATAAGAGGTAGTTT
CTGAACTTTTT

GAGCAAGCTCAGTTTACACC

GAGCAAGCTCAGTTTACACCTTCAAGAGAGGTGTAAACTG
AGCTTGCTCTTTTT

ATGGATTATCAAGTGTCAAGTCCAATCTATGACATCAATTA
TTATACATCGGAGCCCTGCCAAAAAATCAATGTGAAGCAA
ATCGCAGCCCGCCTCCTGCCTCCGCTCTACTCACTGGTGTT
CATCTTTGGTTTTGTGGGC

AACATGCTGGTCATCCTCATCCTGATAAACTGCAAAAGGCT
GAAGAGCATGACTGACATCTACCTGCTCAACCTGGCCATCT
CTGACCTGTTTTTCCTTCTTACTGTCCCCTTCTGGGCTCACT
ATGCTGCCGCCCAGTGGGACTTTGGAAATACAATGTGTCAA
CTCTTGACAGGGCTCTATTTTATAGGCTTCTTCTCTGGAATC
TTCTTCATCATCCTCCTGACAATCGATAGGTACCTGGCTGT
CGTCCATGCTGTGTTTGCTTTAAAAGCCAGGACGGTCACCT
TTGGGGTGGTGACAAGTGTGATCACTTGGGTGGTGGCTGTG
TTTGCGTCTCTCCCAGGAATCATCTTTACCAGATCTCAAAR
AGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACA
GTCAGTATCAATTCTGGAAGAATTTCCAGACATTAAAGATA
GTCATCTTGGGGCTGGTCCTGCCGCTGCTTGTCATGGTCAT
CTGCTACTCGGGAATCCTAAAAACTCTGCTTCGGTGTCGAA
ATGAGAAGAAGAGGCACAGGGCTGTGAGGCTTATCTTCAC
CATCATGATTGTTTATTTTCTCTTCTGGGCTCCCTACAACAT
TGTCCTTCTCCTGAAC

ACCTTCCAGGAATTCTTTGGCCTGAATAATTGCAGTAGCTC
TAACAGGTTGGACCAAGCTATGCAGGTGA

Jul

.4,2019
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43

-continued
SEQ
iD
NO: Description Sequence
28 Homo sapiens CAGAGACTCTTGGGATGACGCACTGCTGCATCAACCCCATC

29

30

31

32

33

CCR5 gene,
sequence 4

Homo sapiens
CCR5 gene,
sequence 5

CD4 promoter
sequence

miR30-
CCR5/miR21-
Vif/miR185
Tat
microRNA
cluster
sequence

Long WPRE
sequence

Elongation
Factor-1 alpha
(EF1-alpha)
promoter;
miR30CCR5;
MiR21Vif;
miR185Tat

ATCTATGCCTTTGTCGGGGAGAAGTTCAGAAACTACCTCTT
AGTCTTCTTCCAAAAGCACATTGCCAAACGCTTCTGCAAAT
GCTGTTCTATTTTCCAG

CAAGAGGCTCCCGAGCGAGCAAGCTCAGTTTACACCCGAT
CCACTGGGGAGCAGGAAATATCTGTGGGCTTGTGA

TGTTGGGGTTCAAATTTGAGCCCCAGCTGTTAGCCCTCTGC
AAAGAAAAAAAAAAAAADAAAAAGAACAAAGGGCCTAGAT
TTCCCTTCTGAGCCCCACCCTAAGATGAAGCCTCTTCTTTCA
AGGGAGTGGGGTTGGGGTGGAGGCGGATCCTGTCAGCTTT
GCTCTCTCTGTGGCTGGCAGTTTCTCCAAAGGGTAACAGGT
GTCAGCTGGCTGAGCCTAGGCTGAACCCTGAGACATGCTA
CCTCTGTCTTCTCATGGCTGGAGGCAGCCTTTGTAAGTCAC
AGAAAGTAGCTGAGGGGCTCTGGAAAAAAGACAGCCAGG
GTGGAGGTAGATTGGTCTTTGACTCCTGATTTAAGCCTGAT
TCTGCTTAACTTTTTCCCTTGACTTTGGCATTTTCACTTTGA
CATGTTCCCTGAGAGCCTGGGGGGTGGGGAACCCAGCTCC
AGCTGGTGACGTTTGGGGCCGGCCCAGGCCTAGGGTGTGG
AGGAGCCTTGCCATCGGGCTTCCTGTCTCTCTTCATTTAAG
CACGACTCTGCAGA

AGGTATATTGCTGTTGACAGTGAGCGACTGTAAACTGAGCT
TGCTCTACTGTGAAGCCACAGATGGGTAGAGCAAGCACAG
TTTACCGCTGCCTACTGCCTCGGACTTCAAGGGGCTTCCCG
GGCATCTCCATGGCTGTACCACCTTGTCGGGGGATGTGTAC
TTCTGAACTTGTGTTGAATCTCATGGAGTTCAGAAGAACAC
ATCCGCACTGACATTTTGGTATCTTTCATCTGACCAGCTAG
CGGGCCTGGCTCGAGCAGGGGGCGAGGGATTCCGCTTCTT
CCTGCCATAGCGTGGTCCCCTCCCCTATGGCAGGCAGAAGC
GGCACCTTCCCTCCCAATGACCGCGTCTTCGTC

AATCAACCTCTGATTACAAAATTTGTGAAAGATTGACTGGT
ATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCT
GCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCT
TTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTT
ATGAGGAGTTGTGGCCCGTTGT CAGGCAACGTGGCGTGGT
GTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCA
TTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCC
CCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTT
GCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACA
ATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGG
CTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTC
CTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTC
CTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGT
CTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCT

CCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAG
TGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGG
GAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTT
TTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGT
GTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCC
CTTGCGTGCCTTGAATTACTTCCACGCCCCTGGCTGCAGTA
CGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGG
AGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGT
GCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCG
TGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTC
GATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGC
GACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCC
AAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGT
GGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGA
GGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGG
GTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCG
CGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGC
CCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTT
CCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGTC
GCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAA
AAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCA

Jul. 4,2019
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44

-continued

SEQ
iD
NO:

Description

Sequence

34

35

36

37

38

39

40

41

Rous Sarcoma
virus (RSV)
promoter

5' Long
terminal
repeat (LTR)

Psi Packaging
signal

Rev response
element
(RRE)

Central
polypurine
tract (cPPT)

3' delta LTR

Helper/Rev;
CMV early
(CAG)
enhancer;
Enhance
Transcription

Helper/Rev;
Chicken beta
actin (CAG)
promoter;
Transcription

CGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCG
AGCTTTTGGAGTACGTCGTCTTTAGGT TGGGGGGAGGGGTT
TTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTG
AAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAA
TTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCT
CAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCG
TGATGTACA
AGGTATATTGCTGTTGACAGTGAGCGACTGTAAACTGAGCT
TGCTCTACTGTGAAGCCACAGATGGGTAGAGCAAGCACAG
TTTACCGCTGCCTACTGCCTCGGACTTCAAGGGGCTTCCCG
GGCATCTCCATGGCTGTACCACCTTGTCGGGGGATGTGTAC
TTCTGAACTTGTGTTGAATCTCATGGAGTTCAGAAGAACAC
ATCCGCACTGACATTTTGGTATCTTTCATCTGACCAGCTAG
CGGGCCTGGCTCGAGCAGGGGGCGAGGGATTCCGCTTCTT
CCTGCCATAGCGTGGTCCCCTCCCCTATGGCAGGCAGAAGT
GGCACCTTCCCTCCCAATGACCGCGTCTTCGTC

GTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAA
CGATGAGTTAGCAACATGCCTTACAAGGAGAGAAAAAGCA
CCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGT
GCCTTATTAGGAAGGCAACAGACGGGTCTGACATGGATTG
GACGAACCACTGAATTGCCGCATTGCAGAGATATTGTATTT
AAGTGCCTAGCTCGATACAATAAACG

GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCT
GGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTT
GCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTG
ACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTG
TGGAAAATCTCTAGCA

TACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGA
G

AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCA
CTATGGGCGCAGCCTCAATGACGCTGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGC
TGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCAC
AGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCT
GTGGAAAGATACCTAAAGGATCAACAGCTCC

TTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTA
AAGAATTACAAAAACAAATTACAAAATTCAAAATTTTA

TGGAAGGGCTAATTCACTCCCAACGAAGATAAGATCTGCTT
TTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGC
CTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCC
CGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACC
CTTTTAGTCAGTGTGGAAAATCTCTAGCAGTAGTAGTTCAT
GTCA

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT
GGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGAC
GTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTA
CGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGG
CATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTG
GCAGTACATCTACGTATTAGTCATC

GCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCA
CTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATT
TATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGG
GGGGGGGGEGGCGECGCGCCAGGCGEGGCEEGEGCEGEEECGA
GGGGCGGGGCGEGEEGECGAGGCGGAGAGGTGCGGCGGCAGT
CAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGA
GGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCG
GCGGGCG

Jul. 4,2019
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45
-continued
SEQ
iD
NO: Description Sequence

42 Helper/Rev;
Chicken beta
actin intron;
Enhance gene
expression

43 Helper/Rev;
HIV Gag;
Viral capsid

44 Helper/Rev;
HIV Pol;
Protease and
reverse
transcriptase

GGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGC
CGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTAC
TCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGG
CTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCT
GTGGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCT
TTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGT
GTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGG
CGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCG
CTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCEETGC
CCCGCGGTGCGGGGGGGCTGCGAGGGGAACAAAGGCTGCG
TGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGGG
CGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCC
CGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCC
GTGCGGGGCGTGGCGCGGGGECTCGCCGTGCCGGGCGEGGE
GTGGCGGCAGGTGGGGGTGCCGGGCGGGECEGEGCCECCT
CGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGLGELCCe
GGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCA
TTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTC
CTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGC
CGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGG
CGCCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCG
TCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGG
CTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCA
GGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGG

ATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAG
ATCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAA
AAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAG
CTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATC
AGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCC
CTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATAC
AGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATA
AAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAG
CAAAACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGCT
GACACAGGACACAGCAATCAGGTCAGCCAAAATTACCCTA
TAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCAT
ATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAA
GAGAAGGCTTTCAGCCCAGAAGTGATACCCATGTTTTCAGC
ATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATG
CTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGT
TAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGATAG
AGTGCATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAG
ATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTA
GTACCCTTCAGGAACAAATAGGATGGATGACACATAATCC
ACCTATCCCAGTAGGAGAAATCTATAAAAGATGGATAATC
CTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCA
GCATTCTGGACATAAGACAAGGACCAAAGGAACCCTTTAG
AGACTATGTAGACCGATTCTATAAAACTCTAAGAGCCGAG
CAAGCTTCACAAGAGGTAAAAAATTGGATGACAGAAACCT
TGTTGGTCCAAAATGCGAACCCAGATTGTAAGACTATTTTA
AAAGCATTGGGACCAGGAGCGACACTAGAAGAAATGATGA
CAGCATGTCAGGGAGTGGGGGGACCCGGCCATAAAGCARG
AGTTTTGGCTGAAGCAATGAGCCAAGTAACAAATCCAGCT
ACCATAATGATACAGAAAGGCAATTTTAGGAACCAAAGAA
AGACTGTTAAGTGTTTCAATTGTGGCAAAGAAGGGCACAT
AGCCAAAAATTGCAGGGCCCCTAGGAAAAAGGGCTGTTGG
AAATGTGGAAAGGAAGGACACCAAATGAAAGATTGTACTG
AGAGACAGGCTAATTTTTTAGGGAAGATCTGGCCTTCCCAC
AAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGC
CAACAGCCCCACCAGAAGAGAGCTTCAGGTTTGGGGAAGA
GACAACAACTCCCTCTCAGAAGCAGGAGCCGATAGACAAG
GAACTGTATCCTTTAGCTTCCCTCAGATCACTCTTTGGCAG
CGACCCCTCGTCACAATAA

ATGAATTTGCCAGGAAGATGGAAACCAAAAATGATAGGGG
GAATTGGAGGTTTTATCAAAGTAGGACAGTATGATCAGAT
ACTCATAGAAATCTGCGGACATAAAGCTATAGGTACAGTA
TTAGTAGGACCTACACCTGTCAACATAATTGGAAGAAATCT
GTTGACTCAGATTGGCTGCACTTTAAATTTTCCCATTAGTCC
TATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGAT
GGCCCAAAAGTTAAACAATGGCCATTGACAGAAGAAAALNA
TAAAAGCATTAGTAGAAATTTGTACAGAAATGGAAAAGGA
AGGAAAAATTTCAAAAATTGGGCCTGAAAATCCATACAAT

Jul. 4,2019
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46
-continued
SEQ
iD
NO: Description Sequence

45

46

47

Helper Rev;
HIV

Integrase;
Integration of
viral RNA

Helper/Rev;
HIV RRE;
Binds Rev
element

Helper/Rev;
HIV Rev;
Nuclear

ACTCCAGTATTTGCCATAAAGAAAAAAGACAGTACTAAAT
GGAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAGAAC
TCAAGATTTCTGGGAAGTTCAATTAGGAATACCACATCCTG
CAGGGTTAAAACAGAAAAAATCAGTAACAGTACTGGATGT
GGGCGATGCATATTTTTCAGTTCCCTTAGATAAAGACTTCA
GGAAGTATACTGCATTTACCATACCTAGTATAAACAATGAG
ACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGG
GATGGAAAGGATCACCAGCAATATTCCAGTGTAGCATGAC
AAAAATCTTAGAGCCTTTTAGAAAACAAAATCCAGACATA
GTCATCTATCAATACATGGATGATTTGTATGTAGGATCTGA
CTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACTG
AGACAACATCTGTTGAGGTGGGGATTTACCACACCAGACA
AAAAACATCAGAAAGAACCTCCATTCCTTTGGATGGGTTAT
GAACTCCATCCTGATAAATGGACAGTACAGCCTATAGTGCT
GCCAGAAAAGGACAGCTGGACTGTCAATGACATACAGARAA
TTAGTGGGAAAATTGAATTGGGCAAGTCAGATTTATGCAG
GGATTAAAGTAAGGCAATTATGTAAACTTCTTAGGGGAAC
CAAAGCACTAACAGAAGTAGTACCACTAACAGAAGAAGCA
GAGCTAGAACTGGCAGAAAACAGGGAGATTCTAAAAGAAC
CGGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATA
GCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACATATC
AAATTTATCAAGAGCCATTTAAAAATCTGAAAACAGGAAA
ATATGCAAGAATGAAGGGTGCCCACACTAATGATGTGAAA
CAATTAACAGAGGCAGTACAAAAAATAGCCACAGAAAGCA
TAGTAATATGGGGAAAGACTCCTAAATTTAAATTACCCATA
CAAAAGGAAACATGGGAAGCATGGTGGACAGAGTATTGGC
AAGCCACCTGGATTCCTGAGTGGGAGTTTGTCAATACCCCT
CCCTTAGTGAAGTTATGGTACCAGTTAGAGAAAGAACCCA
TAATAGGAGCAGAAACTTTCTATGTAGATGGGGCAGCCAA
TAGGGAAACTAAATTAGGAAAAGCAGGATATGTAACTGAC
AGAGGAAGACAAAAAGTTGTCCCCCTAACGGACACAACAA
ATCAGAAGACTGAGTTACAAGCAATTCATCTAGCTTTGCAG
GATTCGGGATTAGAAGTAAACATAGTGACAGACTCACAAT
ATGCATTGGGAATCATTCAAGCACAACCAGATAAGAGTGA
ATCAGAGTTAGTCAGTCAAATAATAGAGCAGTTAATAAAL
AAGGAAAAAGTCTACCTGGCATGGGTACCAGCACACAAAG
GAATTGGAGGAAATGAACAAGTAGATGGGTTGGTCAGTGC
TGGAATCAGGAAAGTACTA

TTTTTAGATGGAATAGATAAGGCCCAAGAAGAACATGAGA
AATATCACAGTAATTGGAGAGCAATGGCTAGTGATTTTAAC
CTACCACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTG
ATAAATGTCAGCTAAAAGGGGAAGCCATGCATGGACAAGT
AGACTGTAGCCCAGGAATATGGCAGCTAGATTGTACACAT
TTAGAAGGAAAAGTTATCTTGGTAGCAGTTCATGTAGCCAG
TGGATATATAGAAGCAGAAGTAATTCCAGCAGAGACAGGG
CAAGAAACAGCATACTTCCTCTTAAAATTAGCAGGAAGAT
GGCCAGTAAAAACAGTACATACAGACAATGGCAGCAATTT
CACCAGTACTACAGTTAAGGCCGCCTGTTGGTGGGCGGGG
ATCAAGCAGGAATTTGGCATTCCCTACAATCCCCAAAGTCA
AGGAGTAATAGAATCTATGAATAAAGAATTAAAGAAAATT
ATAGGACAGGTAAGAGATCAGGCTGAACATCTTAAGACAG
CAGTACAAATGGCAGTATTCATCCACAATTTTAAAAGAAR
AGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGT
AGACATAATAGCAACAGACATACAAACTAAAGAATTACAA
AAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAG
GGACAGCAGAGATCCAGTTTGGAAAGGACCAGCAAAGCTC
CTCTGGAAAGGTGAAGGGGCAGTAGTAATACAAGATAATA
GTGACATAAAAGTAGTGCCAAGAAGAAAAGCAAAGATCAT
CAGGGATTATGGAAAACAGATGGCAGGTGATGATTGTGTG
GCAAGTAGACAGGATGAGGATTAA

AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCA
CTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGC
TGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCAC
AGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCT
GTGGAAAGATACCTAAAGGATCAACAGCTCCT

ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAACTCCTC
AAGGCAGTCAGACTCATCAAGTTTCTCTATCAAAGCAACCC
ACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAAT
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47

-continued
SEQ
iD
NO: Description Sequence

48

49

50

51

52

export and

stabilize viral

mMRNA

Helper/Rev;
Rabbit beta
globin poly A;
RNA stability

Helper; CMV
early (CAG)
enhancer;
Enhance
transcription

Helper;
Chicken beta
actin (CAG)
promoter;
Transcription

Helper;
Chicken beta
actin intron;
Enhance gene
expression

Helper; HIV
Gag; Viral
capsid

AGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCAT
TCGATTAGTGAACGGATCCTTAGCACTTATCTGGGACGATC
TGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGAC
TTACTCTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATCTCCTA
CAATATTGGAGTCAGGAGCTAAAGAATAG

AGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGA
AGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTT
ATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCA
CTCGGAAGGACATATGGGAGGGCAAATCATTTAAAACATC
AGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCATA
TGCTGGCTGCCATGAACAAAGGTGGCTATAAAGAGGTCAT
CAGTATATGAAACAGCCCCCTGCTGTCCATTCCTTATTCCA
TAGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTTTG
TTTTGTGTTATTTTTTTCTTTAACATCCCTAAAATTTTCCTTA
CATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTACTC
CCAGTCATAGCTGTCCCTCTTCTCTTATGAAGATC

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT
GGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGAC
GTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTA
CGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGG
CATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTG
GCAGTACATCTACGTATTAGTCATC

GCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCA
CTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATT
TATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGG
GGGGGGGGEGGCGECGCGCCAGGCGEGGCEEGEGCEGEEECGA
GGGGCGGGGCGEGEEGECGAGGCGGAGAGGTGCGGCGGCAGT
CAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGA
GGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCG
GCGGGCG

GGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGC
CGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTAC
TCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGG
CTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCT
GTGGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCT
TTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGT
GTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGG
CGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCG
CTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCEETGC
CCCGCGGTGCGGGGGGGCTGCGAGGGGAACAAAGGCTGCG
TGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGGG
CGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCC
CGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCC
GTGCGGGGCGTGGCGCGGGGECTCGCCGTGCCGGGCGEGGE
GTGGCGGCAGGTGGGGGTGCCGGGCGGGECEGEGCCECCT
CGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGLGELCCe
GGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCA
TTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTC
CTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGC
CGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGG
CGCCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCG
TCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGG
CTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCA
GGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGG

ATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAG
ATCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAA
AAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAG
CTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATC
AGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCC
CTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATAC
AGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATA
AAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAG
CAAAACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGCT
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48

-continued
SEQ
iD
NO: Description Sequence

53 Helper; HIV
Pol; Protease
and reverse
transcriptase

GACACAGGACACAGCAATCAGGTCAGCCAAAATTACCCTA
TAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCAT
ATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAA
GAGAAGGCTTTCAGCCCAGAAGTGATACCCATGTTTTCAGC
ATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATG
CTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGT
TAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGATAG
AGTGCATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAG
ATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTA
GTACCCTTCAGGAACAAATAGGATGGATGACACATAATCC
ACCTATCCCAGTAGGAGAAATCTATAAAAGATGGATAATC
CTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTACCA
GCATTCTGGACATAAGACAAGGACCAAAGGAACCCTTTAG
AGACTATGTAGACCGATTCTATAAAACTCTAAGAGCCGAG
CAAGCTTCACAAGAGGTAAAAAATTGGATGACAGAAACCT
TGTTGGTCCAAAATGCGAACCCAGATTGTAAGACTATTTTA
AAAGCATTGGGACCAGGAGCGACACTAGAAGAAATGATGA
CAGCATGTCAGGGAGTGGGGGGACCCGGCCATAAAGCARG
AGTTTTGGCTGAAGCAATGAGCCAAGTAACAAATCCAGCT
ACCATAATGATACAGAAAGGCAATTTTAGGAACCAAAGAA
AGACTGTTAAGTGTTTCAATTGTGGCAAAGAAGGGCACAT
AGCCAAAAATTGCAGGGCCCCTAGGAAAAAGGGCTGTTGG
AAATGTGGAAAGGAAGGACACCAAATGAAAGATTGTACTG
AGAGACAGGCTAATTTTTTAGGGAAGATCTGGCCTTCCCAC
AAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGC
CAACAGCCCCACCAGAAGAGAGCTTCAGGTTTGGGGAAGA
GACAACAACTCCCTCTCAGAAGCAGGAGCCGATAGACAAG
GAACTGTATCCTTTAGCTTCCCTCAGATCACTCTTTGGCAG
CGACCCCTCGTCACAATAA

ATGAATTTGCCAGGAAGATGGAAACCAAAAATGATAGGGG
GAATTGGAGGTTTTATCAAAGTAGGACAGTATGATCAGAT
ACTCATAGAAATCTGCGGACATAAAGCTATAGGTACAGTA
TTAGTAGGACCTACACCTGTCAACATAATTGGAAGAAATCT

GTTGACTCAGATTGGCTGCACTTTAAATTTTCCCATTAGTCC

TATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGAT
GGCCCAAAAGTTAAACAATGGCCATTGACAGAAGAAAALNA
TAAAAGCATTAGTAGAAATTTGTACAGAAATGGAAAAGGA
AGGAAAAATTTCAAAAATTGGGCCTGAAAATCCATACAAT
ACTCCAGTATTTGCCATAAAGAAAAAAGACAGTACTAAAT
GGAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAGAAC
TCAAGATTTCTGGGAAGTTCAATTAGGAATACCACATCCTG
CAGGGTTAAAACAGAAAAAATCAGTAACAGTACTGGATGT
GGGCGATGCATATTTTTCAGTTCCCTTAGATAAAGACTTCA
GGAAGTATACTGCATTTACCATACCTAGTATAAACAATGAG
ACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGG
GATGGAAAGGATCACCAGCAATATTCCAGTGTAGCATGAC
AAAAATCTTAGAGCCTTTTAGAAAACAAAATCCAGACATA
GTCATCTATCAATACATGGATGATTTGTATGTAGGATCTGA
CTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACTG
AGACAACATCTGTTGAGGTGGGGATTTACCACACCAGACA
AAAAACATCAGAAAGAACCTCCATTCCTTTGGATGGGTTAT
GAACTCCATCCTGATAAATGGACAGTACAGCCTATAGTGCT
GCCAGAAAAGGACAGCTGGACTGTCAATGACATACAGARAA
TTAGTGGGAAAATTGAATTGGGCAAGTCAGATTTATGCAG
GGATTAAAGTAAGGCAATTATGTAAACTTCTTAGGGGAAC
CAAAGCACTAACAGAAGTAGTACCACTAACAGAAGAAGCA
GAGCTAGAACTGGCAGAAAACAGGGAGATTCTAAAAGAAC
CGGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATA
GCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACATATC
AAATTTATCAAGAGCCATTTAAAAATCTGAAAACAGGAAA
ATATGCAAGAATGAAGGGTGCCCACACTAATGATGTGAAA
CAATTAACAGAGGCAGTACAAAAAATAGCCACAGAAAGCA
TAGTAATATGGGGAAAGACTCCTAAATTTAAATTACCCATA
CAAAAGGAAACATGGGAAGCATGGTGGACAGAGTATTGGC
AAGCCACCTGGATTCCTGAGTGGGAGTTTGTCAATACCCCT
CCCTTAGTGAAGTTATGGTACCAGTTAGAGAAAGAACCCA
TAATAGGAGCAGAAACTTTCTATGTAGATGGGGCAGCCAA
TAGGGAAACTAAATTAGGAAAAGCAGGATATGTAACTGAC
AGAGGAAGACAAAAAGTTGTCCCCCTAACGGACACAACAA
ATCAGAAGACTGAGTTACAAGCAATTCATCTAGCTTTGCAG
GATTCGGGATTAGAAGTAAACATAGTGACAGACTCACAAT
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49

-continued

SEQ

iD

NO: Description Sequence
ATGCATTGGGAATCATTCAAGCACAACCAGATAAGAGTGA
ATCAGAGTTAGTCAGTCAAATAATAGAGCAGTTAATAAAL
AAGGAAAAAGTCTACCTGGCATGGGTACCAGCACACAAAG
GAATTGGAGGAAATGAACAAGTAGATGGGTTGGTCAGTGC
TGGAATCAGGAAAGTACTA

54 Helper; HIV TTTTTAGATGGAATAGATAAGGCCCAAGAAGAACATGAGA

55

56

57

58

59

Integrase;
Integration of
viral RNA

Helper; HIV
RRE; Binds
Rev element

Helper;

Rabbit beta
globin poly A;
RNA stability

Rev; RSV
promoter;
Transcription

Rev; HIV

Rev; Nuclear
export and
stabilize viral
mMRNA

Rev; Rabbit
beta globin
poly A; RNA
stability

AATATCACAGTAATTGGAGAGCAATGGCTAGTGATTTTAAC
CTACCACCTGTAGTAGCAAAAGAAATAGTAGCCAGCTGTG
ATAAATGTCAGCTAAAAGGGGAAGCCATGCATGGACAAGT
AGACTGTAGCCCAGGAATATGGCAGCTAGATTGTACACAT
TTAGAAGGAAAAGTTATCTTGGTAGCAGTTCATGTAGCCAG
TGGATATATAGAAGCAGAAGTAATTCCAGCAGAGACAGGG
CAAGAAACAGCATACTTCCTCTTAAAATTAGCAGGAAGAT
GGCCAGTAAAAACAGTACATACAGACAATGGCAGCAATTT
CACCAGTACTACAGTTAAGGCCGCCTGTTGGTGGGCGGGG
ATCAAGCAGGAATTTGGCATTCCCTACAATCCCCAAAGTCA
AGGAGTAATAGAATCTATGAATAAAGAATTAAAGAAAATT
ATAGGACAGGTAAGAGATCAGGCTGAACATCTTAAGACAG
CAGTACAAATGGCAGTATTCATCCACAATTTTAAAAGAAR
AGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGT
AGACATAATAGCAACAGACATACAAACTAAAGAATTACAA
AAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAG
GGACAGCAGAGATCCAGTTTGGAAAGGACCAGCAAAGCTC
CTCTGGAAAGGTGAAGGGGCAGTAGTAATACAAGATAATA
GTGACATAAAAGTAGTGCCAAGAAGAAAAGCAAAGATCAT
CAGGGATTATGGAAAACAGATGGCAGGTGATGATTGTGTG
GCAAGTAGACAGGATGAGGATTAA

AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCA
CTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAG
ACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGC
TGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCAC
AGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCT
GTGGAAAGATACCTAAAGGATCAACAGCTCCT

AGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGA
AGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTT
ATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCA
CTCGGAAGGACATATGGGAGGGCAAATCATTTAAAACATC
AGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCATA
TGCTGGCTGCCATGAACAAAGGTGGCTATAAAGAGGTCAT
CAGTATATGAAACAGCCCCCTGCTGTCCATTCCTTATTCCA
TAGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTTTG
TTTTGTGTTATTTTTTTCTTTAACATCCCTAAAATTTTCCTTA
CATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTACTC
CCAGTCATAGCTGTCCCTCTTCTCTTATGAAGATC

ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAACTCCTC
AAGGCAGTCAGACTCATCAAGTTTCTCTATCAAAGCAACCC
ACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAAT
AGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCAT
TCGATTAGTGAACGGATCCTTAGCACTTATCTGGGACGATC
TGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGAC
TTACTCTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATCTCCTA
CAATATTGGAGTCAGGAGCTAAAGAATAG

ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAACTCCTC
AAGGCAGTCAGACTCATCAAGTTTCTCTATCAAAGCAACCC
ACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAAT
AGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCAT
TCGATTAGTGAACGGATCCTTAGCACTTATCTGGGACGATC
TGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGAC
TTACTCTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATCTCCTA
CAATATTGGAGTCAGGAGCTAAAGAATAG

AGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGA
AGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTT
ATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCA
CTCGGAAGGACATATGGGAGGGCAAATCATTTAAAACATC
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50

-continued

SEQ
iD
NO:

Description

Sequence

60

61

62

Envelope;

CMV

promoter;
Transcription

Envelope;
Beta globin
intron;
Enhance gene
expression

Envelope;
VSV-G;
Glycoprotein
envelope-cell
entry

AGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCCAT
ATGCTGGCTGCCATGAACAAAGGTTGGCTATAAAGAGGTC
ATCAGTATATGAAACAGCCCCCTGCTGTCCATTCCTTATTC
CATAGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTT

TGTTTTGTGTTATTTTTTTCTTTAACATCCCTAAAATTTTCCT

TACATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTAC
TCCCAGTCATAGCTGTCCCTCTTCTCTTATGGAGATC

ACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGG
GGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACA
TAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
ACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATA
GTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGG
AGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTG
TATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGG
TAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC
GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGG
GCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCC
ACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAAT
CAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATT
GACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT
ATAAGC

GTGAGTTTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATT
GTAAAATTCATGTTATATGGAGGGGGCAAAGTTTTCAGGGT
GTTGTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGAC
CCTCATGATAATTTTGTTTCTTTCACTTTCTACTCTGTTGAC

AACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTTT

TTCGTTAAACTTTAGCTTGCATTTGTAACGAATTTTTAAATT
CACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATC
ACTTTTTTTTCAAGGCAATCAGGGTATATTATATTGTACTTC
AGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAG
GTAGAATATTTCTGCATATAAATTCTGGCTGGCGTGGAAAT
ATTCTTATTGGTAGAAACAACTACACCCTGGTCATCATCCT
GCCTTTCTCTTTATGGTTACAATGATATACACTGTTTGAGAT
GAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCT
AACCATGTTCATGCCTTCTTCTCTTTCCTACAG

ATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTG
AATTGCAAGTTCACCATAGTTTTTCCACACAACCAAAAARGG
AAACTGGAAAAATGTTCCTTCTAATTACCATTATTGCCCGT
CAAGCTCAGATTTAAATTGGCATAATGACTTAATAGGCACA
GCCTTACAAGTCAAAATGCCCAAGAGTCACAAGGCTATTC
AAGCAGACGGTTGGATGTGTCATGCTTCCAAATGGGTCACT
ACTTGTGATTTCCGCTGGTATGGACCGAAGTATATAACACA
TTCCATCCGATCCTTCACTCCATCTGTAGAACAATGCAAGG
AAAGCATTGAACAAACGAAACAAGGAACTTGGCTGAATCC
AGGCTTCCCTCCTCAAAGTTGTGGATATGCAACTGTGACGG
ATGCCGAAGCAGTGATTGTCCAGGTGACTCCTCACCATGTG
CTGGTTGATGAATACACAGGAGAATGGGTTGATTCACAGTT
CATCAACGGAAAATGCAGCAATTACATATGCCCCACTGTCC
ATAACTCTACAACCTGGCATTCTGACTATAAGGTCAAAGGG
CTATGTGATTCTAACCTCATTTCCATGGACATCACCTTCTTC
TCAGAGGACGGAGAGCTATCATCCCTGGGAAAGGAGGGCA
CAGGGTTCAGAAGTAACTACTTTGCTTATGAAACTGGAGGC
AAGGCCTGCAAAATGCAATACTGCAAGCATTGGGGAGTCA
GACTCCCATCAGGTGTCTGGTTCGAGATGGCTGATAAGGAT
CTCTTTGCTGCAGCCAGATTCCCTGAATGCCCAGAAGGGTC
AAGTATCTCTGCTCCATCTCAGACCTCAGTGGATGTAAGTC
TAATTCAGGACGTTGAGAGGATCTTGGATTATTCCCTCTGC
CAAGAAACCTGGAGCAAAATCAGAGCGGGTCTTCCAATCT
CTCCAGTGGATCTCAGCTATCTTGCTCCTAAAAACCCAGGA
ACCGGTCCTGCTTTCACCATAATCAATGGTACCCTAAAATA
CTTTGAGACCAGATACATCAGAGTCGATATTGCTGCTCCAA
TCCTCTCAAGAATGGTCGGAATGATCAGTGGAACTACCAC
AGAAAGGGAACTGTGGGATGACTGGGCACCATATGAAGAC
GTGGAAATTGGACCCAATGGAGTTCTGAGGACCAGTTCAG
GATATAAGTTTCCTTTATACATGATTGGACATGGTATGTTG
GACTCCGATCTTCATCTTAGCTCAAAGGCTCAGGTGTTCGA
ACATCCTCACATTCAAGACGCTGCTTCGCAACTTCCTGATG
ATGAGAGTTTATTTTTTGGTGATACTGGGCTATCCAAAAAT
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SEQ
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NO: Description Sequence

63 Envelope;
Rabbit beta
globin poly A;
RNA stability

64 Promoter; EF-
1

65 Promoter;
PGK

66 Promoter;
UbC

CCAATCGAGCTTGTAGAAGGTTGGTTCAGTAGTTGGAAAA
GCTCTATTGCCTCTTTTTTCTTTATCATAGGGTTAATCATTG
GACTATTCTTGGTTCTCCGAGTTGGTATCCATCTTTGCATTA
AATTAAAGCACACCAAGAAAAGACAGATTTATACAGACAT
AGAGATGA

AGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGA
AGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTT
ATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCA
CTCGGAAGGACATATGGGAGGGCAAATCATTTAAAACATC
AGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCCAT
ATGCTGGCTGCCATGAACAAAGGTTGGCTATAAAGAGGTC
ATCAGTATATGAAACAGCCCCCTGCTGTCCATTCCTTATTC
CATAGAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTT

TGTTTTGTGTTATTTTTTTCTTTAACATCCCTAAAATTTTCCT

TACATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTAC
TCCCAGTCATAGCTGTCCCTCTTCTCTTATGGAGATC

CCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAG
TGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGG
GAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTT
TTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGT
GTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCC
CTTGCGTGCCTTGAATTACTTCCACGCCCCTGGCTGCAGTA
CGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGG
AGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGT
GCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCG
TGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTC
GATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGC
GACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCC
AAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGT
GGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGA
GGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGG
GTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCG
CGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGC
CCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTT
CCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGTC
GCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAA
AAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCA
CGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCG
AGCTTTTGGAGTACGTCGTCTTTAGGT TGGGGGGAGGGGTT
TTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTG
AAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAA
TTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCT
CAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCG
TGA

GGGGTTGGGGTTGCGCCTTTTCCAAGGCAGCCCTGGGTTTG
CGCAGGGACGCGGCTGCTCTGGGCGTGGTTCCGGGAAACG
CAGCGGCGCCGACCCTGGGTCTCGCACATTCTTCACGTCCG
TTCGCAGCGTCACCCGGATCTTCGCCGCTACCCTTGTGGGC
CCCCCGGCGACGCTTCCTGCTCCGCCCCTAAGTCGGGAAGG
TTCCTTGCGGTTCGCGGCGTGCCGGACGTGACAAACGGAA
GCCGCACGTCTCACTAGTACCCTCGCAGACGGACAGCGCC
AGGGAGCAATGGCAGCGCGCCGACCGCGATGGGCTGTGGC
CAATAGCGGCTGCTCAGCAGGGCGCGCCGAGAGCAGCGGTC
CGGGAAGGGGCGGTGCGGGAGGCGGGETGTGGGGCGGTA
GTGTGGGCCCTGTTCCTGCCCGCGCGGTGTTCCGCATTCTG
CAAGCCTCCGGAGCGCACGTCGGCAGTCGGCTCCCTCGTTG
ACCGAATCACCGACCTCTCTCCCCAG

GCGCCGGGTTTTGGCGCCTCCCGCGGGCGCCCCCCTCCTCA
CGGCGAGCGCTGCCACGT CAGACGAAGGGCGCAGGAGCGT
TCCTGATCCTTCCGCCCGGACGCTCAGGACAGCGGCCCGCT
GCTCATAAGACTCGGCCTTAGAACCCCAGTATCAGCAGAA
GGACATTTTAGGACGGGACTTGGGTGACTCTAGGGCACTG
GTTTTCTTTCCAGAGAGCGGAACAGGCGAGGAAAAGTAGT
CCCTTCTCGGCGATTCTGCGGAGGGATCTCCGTGGGGCGGT
GAACGCCGATGATTATATAAGGACGCGCCGGGTGTGGCAC
AGCTAGTTCCGTCGCAGCCGGGATTTGGGTCGCGGTTCTTG
TTTGTGGATCGCTGTGATCGTCACTTGGTGAGTTGCGGGCT
GCTGGGCTGGCCGGGGCTTTCGTGGCCGCCGGGCCGCTCG
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-continued
SEQ
iD
NO: Description Sequence

67 Poly A; SV40

68 Poly A; bGH

69 HIV Gag;

70 HIV Pol;

Bal

Bal

GTGGGACGGAAGCGTGTGGAGAGACCGCCAAGGGCTGTAG
TCTGGGTCCGCGAGCAAGGTTGCCCTGAACTGGGGGTTGG
GGGGAGCGCACAAAATGGCGGCTGTTCCCGAGTCTTGAAT
GGAAGACGCTTGTAAGGCGGGCTGTGAGGTCGTTGAAACA
AGGTGGGGGGCATGGTGGGCGGCAAGAACCCAAGGTCTTG
AGGCCTTCGCTAATGCGGGAAAGCTCTTATTCGGGTGAGAT
GGGCTGGGGCACCATCTGGGGACCCTGACGTGAAGTTTGT
CACTGACTGGAGAACTCGGGTTTGTCGTCTGGTTGCGGGGG
CGGCAGTTATGCGGTGCCGTTGGGCAGTGCACCCGTACCTT
TGGGAGCGCGCGCCTCGTCGTGTCGTGACGTCACCCGTTCT
GTTGGCTTATAATGCAGGGTGGGGCCACCTGCCGGTAGGT
GTGCGGTAGGCTTTTCTCCGTCGCAGGACGCAGGGTTCGGG
CCTAGGGTAGGCTCTCCTGAATCGACAGGCGCCGGACCTCT
GGTGAGGGGAGGGATAAGTGAGGCGTCAGTTTCTTTGGTC
GGTTTTATGTACCTATCTTCTTAAGTAGCTGAAGCTCCGGTT
TTGAACTATGCGCTCGGGGTTGGCGAGTGTGTTTTGTGAAG
TTTTTTAGGCACCTTTTGAAATGTAATCATTTGGGTCAATAT
GTAATTTTCAGTGTTAGACTAGTAAA

GTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCA
TCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCT
AGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCA

GACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTC
CCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTG
TCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTG
AGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGG
ACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATG
CTGGGGATGCGGTGGGCTCTATGG

ATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAG
ATAGGTGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGA
AAAAATATAGATTAAAACATATAGTATGGGCAAGCAGGGA
ACTAGAAAGATTCGCAGTCAATCCTGGCCTGTTAGAAACAT
CAGAAGGCTGCAGACAAATACTGGGACAGCTACAACCATC
CCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATA
CAGTAGCAACCCTCTATTGTGTACATCAAAAGATAGAGGT
AAAAGACACCAAGGAAGCTTTAGACAAAATAGAGGAAGA
GCAAAACAAATGTAAGAAAAAGGCACAGCAAGCAGCAGC
TGACACAGGAAACAGCGGTCAGGTCAGCCAAAATTTCCCT
ATAGTGCAGAACCTCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAATAGA
AGAGAAAGCTTTCAGCCCAGAAGTAATACCCATGTTTTCAG
CATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCAT
GCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATG
TTAAAAGAACCCATCAATGAGGAAGCTGCAAGATGGGATA
GATTGCATCCCGTGCAGGCAGGGCCTGTTGCACCAGGCCA
GATAAGAGATCCAAGGGGAAGTGACATAGCAGGAACTACC
AGTACCCTTCAGGAACAAATAGGATGGATGACAAGTAATC
CACCTATCCCAGTAGGAGAAATCTATAAAAGATGGATAAT
CCTGGGATTAAATAAAATAGTAAGGATGTATAGCCCTACC
AGCATTTTGGACATAAGACAAGGACCAAAGGAACCCTTTA
GAGACTATGTAGACCGGTTCTATAAAACTCTAAGAGCCGA
GCAAGCTTCACAGGAGGTAAAAAATTGGATGACAGAAACC
TTGTTGGTCCAAAATGCGAACCCAGATTGTAAGACTATTTT
AAAAGCATTGGGACCAGCAGCTACACTAGAAGAAATGATG
ACAGCATGTCAGGGAGTGGGAGGACCCAGCCATAAAGCAA
GAATTTTGGCAGAAGCAATGAGCCAAGTAACAAATTCAGC
TACCATAATGATGCAGAAAGGCAATTTTAGGAACCAAAGA
AAGATTGTTAAATGTTTCAATTGTGGCAAAGAAGGGCACA
TAGCCAGAAACTGCAGGGCCCCTAGGAAAAGGGGCTGTTG
GAAATGTGGAAAGGAAGGACACCAAATGAAAGACTGTACT
GAGAGACAGGCTAATTTTTTAGGGAAAATCTGGCCTTCCCA
CAAAGGAAGGCCAGGGAATTTCCTTCAGAGCAGACCAGAG
CCAACAGCCCCACCAGCCCCACCAGAAGAGAGCTTCAGGT
TTGGGGAAGAGACAACAACTCCCTCTCAGAAGCAGGAGCT
GATAGACAAGGAACTGTATCCTTTAGCTTCCCTCAGATCAC
TCTTTGGCAACGACCCCTCGTCACAATAA

ATGAATTTGCCAGGAAGATGGAAACCAAAAATGATAGGGG
GAATTGGAGGTTTTATCAAAGTAAGACAGTATGATCAGAT
ACTCATAGAAATCTGTGGACATAAAGCTATAGGTACAGTA
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71 HIV
Integrase;

72 Envelope;
RD114

Bal

TTAATAGGACCTACACCTGTCAACATAATTGGAAGAAATCT
GTTGACTCAGATTGGTTGCACTTTAAATTTTCCCATTAGTCC
TATTGAAACTGTACCAGTAAAATTAAAACCAGGAATGGAT
GGCCCAAAAGTTAAACAATGGCCACTGACAGAAGAAAALNA
TAAAAGCATTAATGGAAATCTGTACAGAAATGGAAAAGGA
AGGGAAAATTTCAAAAATTGGGCCTGAAAATCCATACAAT
ACTCCAGTATTTGCCATAAAGAAAAAAGACAGTACTAAAT
GGAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAAAAC
TCAAGACTTCTGGGAAGTACAATTAGGAATACACATCCCG
CAGGGGTTAAAAAAGAAAAAATCAGTAACAGTACTGGATG
TGGGTGATGCATATTTTTCAGTTCCCTTAGATAAAGAATTC
AGGAAGTATACTGCATTTACCATACCTAGTATAAACAATGA
AACACCAGGGATCAGATATCAGTACAATGTACTTCCACAG
GGATGGAAAGGATCACCAGCAATATTTCAAAGTAGCATGA
CAAGAATCTTAGAGCCTTTTAGAAAACAAAATCCAGAAAT
AGTGATCTATCAATACATGGATGATTTGTATGTAGGATCTG
ACTTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACT
GAGACAACATCTGTTGAGGTGGGGATTTACCACACCAGAC
AAAAAACATCAGAAAGAACCTCCATTCCTTTGGATGGGTT
ATGAACTCCATCCTGATAAATGGACAGTACAGCCTATAGTG
CTGCCAGAAAAAGACAGCTGGACTGTCAATGACATACAGA
AGTTAGTGGGAAAATTGAATTGGGCAAGTCAGATTTACCC
AGGAATTAAAGTAAAGCAATTATGTAGGCTCCTTAGGGGA
ACCAAGGCATTAACAGAAGTAATACCACTAACAAAAGARAA
CAGAGCTAGAACTGGCAGAGAACAGGGAAATTCTAAAAGA
ACCAGTACATGGGGTGTATTATGACCCATCAAAAGACTTA
ATAGCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACA
TATCAAATTTATCAAGAGCCATTTAAAAATCTGAAAACAG
GAAAATATGCAAGAATGAGGGGTGCCCACACTAATGATGT
AAAACAATTAACAGAGGCAGTGCAAAAAATAACCACAGA
AAGCATAGTAATATGGGGAAAGACTCCTAAATTTAAACTA
CCCATACAAAAAGAAACATGGGAAACATGGTGGACAGAGT
ATTGGCAAGCCACCTGGATTCCTGAGTGGGAGTTTGTCAAT
ACCCCTCCCTTAGTGAAATTATGGTACCAGTTAGAGAAAGA
ACCCATAATAGGAGCAGAAACATTCTATGTAGATGGAGCA
GCTAACCGGGAGACTAAATTAGGAAAAGCAGGATATGTTA
CTAACAGAGGAAGACAAAAAGTTGTCTCCCTAACTGACAC
AACAAATCAGAAGACTGAGTTACAAGCAATTCATCTAGCT
TTACAAGATTCAGGATTAGAAGTAAACATAGTAACAGACT
CACAATATGCATTAGGAATCATTCAAGCACAACCAGATAA
AAGTGAATCAGAGTTAGTCAGTCAAATAATAGAACAGTTA
ATAAAAAAGGAAAAGGTCTACCTGGCATGGGTACCAGCGC
ACAAAGGAATTGGAGGAAATGAACAAGTAGATAAATTAGT
CAGTACTGGAATCAGGAAAGTACTA

TTTTTAGATGGAATAGATATAGCCCAAGAAGAACATGAGA
AATATCACAGTAATTGGAGAGCAATGGCTAGTGATTTTAAC
CTGCCACCTGTGGTAGCAAAAGAARATAGTAGCCAGCTGTG
ATAAATGTCAGCTAAAAGGAGAAGCCATGCATGGACAAGT
AGACTGTAGTCCAGGAATATGGCAACTAGATTGTACACATT
TAGAAGGAAAAATTATCCTGGTAGCAGTTCATGTAGCCAG
TGGATATATAGAAGCAGAAGTTATTCCAGCAGAGACAGGG
CAGGAAACAGCATACTTTCTCTTAAAATTAGCAGGAAGAT
GGCCAGTAAAAACAATACATACAGACAATGGCAGCAATTT
CACTAGTACTACAGTCAAGGCCGCCTGTTGGTGGGCGGGG
ATCAAGCAGGAATTTGGCATTCCCTACAATCCCCAAAGTCA
GGGAGTAGTAGAATCTATAAATAAAGAATTAAAGAAAATT
ATAGGACAGGTAAGAGATCAGGCTGAACATCTTAAAACAG
CAGTACAAATGGCAGTATTCATCCACAATTTTAAAAGAAR
AGGGGGGATTGGGGGGTATAGTGCAGGGGAAAGAATAGT
AGACATAATAGCAACAGACATACAAACTAAAGAATTACAA
AAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAG
GGACAGCAGAGATCCACTTTGGAAAGGACCAGCAAAGCTT
CTCTGGAAAGGTGAAGGGGCAGTAGTAATACAAGATAATA
GTGACATAAAAGTAGTACCAAGAAGAAAAGCAAAGATCAT
TAGGGATTATGGAAAACAGATGGCAGGTGATGATTGTGTG
GCAAGTAGACAGGATGAGGATTAG

ATGAAACTCCCAACAGGAATGGTCATTTTATGTAGCCTAAT
AATAGTTCGGGCAGGGTTTGACGACCCCCGCAAGGCTATC
GCATTAGTACAAAAACAACATGGTAAACCATGCGAATGCA
GCGGAGGGCAGGTATCCGAGGCCCCACCGAACTCCATCCA
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54

-continued
SEQ
iD
NO: Description Sequence

73 Envelope;
GALV

ACAGGTAACTTGCCCAGGCAAGACGGCCTACTTAATGACC
AACCAAAAATGGAAATGCAGAGTCACTCCAAAAAATCTCA
CCCCTAGCGGGGGAGAACTCCAGAACTGCCCCTGTAACAC
TTTCCAGGACTCGATGCACAGTTCTTGTTATACTGAATACC
GGCAATGCAGGGCGAATAATAAGACATACTACACGGCCAC
CTTGCTTAAAATACGGTCTGGGAGCCTCAACGAGGTACAG
ATATTACAAAACCCCAATCAGCTCCTACAGTCCCCTTGTAG
GGGCTCTATAAATCAGCCCGTTTGCTGGAGTGCCACAGCCC
CCATCCATATCTCCGATGGTGGAGGACCCCTCGATACTAAG
AGAGTGTGGACAGTCCAAAAAAGGCTAGAACAAATTCATA
AGGCTATGCATCCTGAACTTCAATACCACCCCTTAGCCCTG
CCCAAAGTCAGAGATGACCTTAGCCTTGATGCACGGACTTT
TGATATCCTGAATACCACTTTTAGGTTACTCCAGATGTCCA
ATTTTAGCCTTGCCCAAGATTGTTGGCTCTGTTTAAAACTA
GGTACCCCTACCCCTCTTGCGATACCCACTCCCTCTTTAACC
TACTCCCTAGCAGACTCCCTAGCGAATGCCTCCTGTCAGAT
TATACCTCCCCTCTTGGTTCAACCGATGCAGTTCTCCAACTC
GTCCTGTTTATCTTCCCCTTTCATTAACGATACGGAACAAA
TAGACTTAGGTGCAGTCACCTTTACTAACTGCACCTCTGTA
GCCAATGTCAGTAGTCCTTTATGTGCCCTAAACGGGTCAGT
CTTCCTCTGTGGAAATAACATGGCATACACCTATTTACCCC
AAAACTGGACAGGACTTTGCGTCCAAGCCTCCCTCCTCCCC
GACATTGACATCATCCCGGGGGATGAGCCAGTCCCCATTCC
TGCCATTGATCATTATATACATAGACCTAAACGAGCTGTAC
AGTTCATCCCTTTACTAGCTGGACTGGGAATCACCGCAGCA
TTCACCACCGGAGCTACAGGCCTAGGTGTCTCCGTCACCCA
GTATACAAAATTATCCCATCAGTTAATATCTGATGTCCAAG
TCTTATCCGGTACCATACAAGATTTACAAGACCAGGTAGAC
TCGTTAGCTGAAGTAGTTCTCCAAAATAGGAGGGGACTGG
ACCTACTAACGGCAGAACAAGGAGGAATTTGTTTAGCCTT
ACAAGAAAAATGCTGTTTTTATGCTAACAAGTCAGGAATTG
TGAGAAACAAAATAAGAACCCTACAAGAAGAATTACAAAR
ACGCAGGGAAAGCCTGGCATCCAACCCTCTCTGGACCGGG
CTGCAGGGCTTTCTTCCGTACCTCCTACCTCTCCTGGGACCC
CTACTCACCCTCCTACTCATACTAACCATTGGGCCATGCGT
TTTCAATCGATTGGTCCAATTTGTTAAAGACAGGATCTCAG
TGGTCCAGGCTCTGGTTTTGACTCAGCAATATCACCAGCTA
AAACCCATAGAGTACGAGCCATGA

ATGCTTCTCACCTCAAGCCCGCACCACCTTCGGCACCAGAT
GAGTCCTGGGAGCTGGAAAAGACTGATCATCCTCTTAAGCT
GCGTATTCGGAGACGGCAAAACGAGTCTGCAGAATAAGAA
CCCCCACCAGCCTGTGACCCTCACCTGGCAGGTACTGTCCC
ARACTGGGGACGTTGTCTGGGACAAAAAGGCAGTCCAGCC
CCTTTGGACTTGGTGGCCCTCTCTTACACCTGATGTATGTGC
CCTGGCGGCCGGTCTTGAGTCCTGGGATATCCCGGGATCCG
ATGTATCGTCCTCTAAAAGAGTTAGACCTCCTGATTCAGAC
TATACTGCCGCTTATAAGCAAATCACCTGGGGAGCCATAG
GGTGCAGCTACCCTCGGGCTAGGACCAGGATGGCAAATTC
CCCCTTCTACGTGTGTCCCCGAGCTGGCCGAACCCATTCAG
AAGCTAGGAGGTGTGGGGGGCTAGAATCCCTATACTGTAA
AGAATGGAGTTGTGAGACCACGGGTACCGTTTATTGGCAA
CCCAAGTCCTCATGGGACCTCATAACTGTAAAATGGGACC
AAAATGTGAAATGGGAGCAAAAATTTCAAAAGTGTGAACA
AACCGGCTGGTGTAACCCCCTCAAGATAGACTTCACAGAA
AAAGGAAAACTCTCCAGAGATTGGATAACGGAAAAAACCT
GGGAATTAAGGTTCTATGTATATGGACACCCAGGCATACA
GTTGACTATCCGCTTAGAGGTCACTAACATGCCGGTTGTGG
CAGTGGGCCCAGACCCTGTCCTTGCGGAACAGGGACCTCCT
AGCAAGCCCCTCACTCTCCCTCTCTCCCCACGGAAAGCGCC
GCCCACCCCTCTACCCCCGGCGGCTAGTGAGCAAACCCCTG
CGGTGCATGGAGAAACTGTTACCCTAAACTCTCCGCCTCCC
ACCAGTGGCGACCGACTCTTTGGCCTTGTGCAGGGGGCCTT
CCTAACCTTGAATGCTACCAACCCAGGGGCCACTAAGTCTT
GCTGGCTCTGTTTGGGCATGAGCCCCCCTTATTATGAAGGG
ATAGCCTCTTCAGGAGAGGTCGCTTATACCTCCAACCATAC
CCGATGCCACTGGGGGGCCCAAGGAAAGCTTACCCTCACT
GAGGTCTCCGGACTCGGGTCATGCATAGGGAAGGTGCCTC
TTACCCATCAACATCTTTGCAACCAGACCTTACCCATCAAT
TCCTCTAAAAACCATCAGTATCTGCTCCCCTCAAACCATAG
CTGGTGGGCCTGCAGCACTGGCCTCACCCCCTGCCTCTCCA
CCTCAGTTTTTAATCAGTCTAAAGACTTCTGTGTCCAGGTC
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74 Envelope;
FUG

75 Envelope;
LCMV

CAGCTGATCCCCCGCATCTATTACCATTCTGAAGAAACCTT
GTTACAAGCCTATGACAAATCACCCCCCAGGTTTAAAAGA
GAGCCTGCCTCACTTACCCTAGCTGTCTTCCTGGGGTTAGG
GATTGCGGCAGGTATAGGTACTGGCTCAACCGCCCTAATTA
AAGGGCCCATAGACCTCCAGCAAGGCCTAACCAGCCTCCA
AATCGCCATTGACGCTGACCTCCGGGCCCTTCAGGACTCAA
TCAGCAAGCTAGAGGACTCACTGACTTCCCTATCTGAGGTA
GTACTCCAAAATAGGAGAGGCCTTGACTTACTATTCCTTAA
AGAAGGAGGCCTCTGCGCGGCCCTAAAAGAAGAGTGCTGT
TTTTATGTAGACCACTCAGGTGCAGTACGAGACTCCATGAA
AAAACTTAAAGAAAGACTAGATAAAAGACAGTTAGAGCGC
CAGAAAAACCAAAACTGGTATGAAGGGTGGTTCAATAACT
CCCCTTGGTTTACTACCCTACTATCAACCATCGCTGGGCCC
CTATTGCTCCTCCTTTTGTTACTCACTCTTGGGCCCTGCATC
ATCAATAAATTAATCCAATTCATCAATGATAGGATAAGTGC
AGTCAAAATTTTAGTCCTTAGACAGAAATATCAGACCCTAG
ATAACGAGGAAAACCTTTAA

ATGGTTCCGCAGGTTCTTTTGTTTGTACTCCTTCTGGGTTTT
TCGTTGTGTTTCGGGAAGTTCCCCATTTACACGATACCAGA
CGAACTTGGTCCCTGGAGCCCTATTGACATACACCATCTCA
GCTGTCCAAATAACCTGGTTGTGGAGGATGAAGGATGTAC
CAACCTGTCCGAGTTCTCCTACATGGAACTCAAAGTGGGAT
ACATCTCAGCCATCAAAGTGAACGGGTTCACTTGCACAGGT
GTTGTGACAGAGGCAGAGACCTACACCAACTTTGTTGGTTA
TGTCACAACCACATTCAAGAGAAAGCATTTCCGCCCCACCC
CAGACGCATGTAGAGCCGCGTATAACTGGAAGATGGCCGG
TGACCCCAGATATGAAGAGTCCCTACACAATCCATACCCCG
ACTACCACTGGCTTCGAACTGTAAGAACCACCAAAGAGTC
CCTCATTATCATATCCCCAAGTGTGACAGATTTGGACCCAT
ATGACAAATCCCTTCACTCAAGGGTCTTCCCTGGCGGARAG
TGCTCAGGAATAACGGTGTCCTCTACCTACTGCTCAACTAA
CCATGATTACACCATTTGGATGCCCGAGAATCCGAGACCA
AGGACACCTTGTGACATTTTTACCAATAGCAGAGGGAAGA
GAGCATCCAACGGGAACAAGACTTGCGGCTTTGTGGATGA
AAGAGGCCTGTATAAGTCTCTAAAAGGAGCATGCAGGCTC
AAGTTATGTGGAGTTCTTGGACTTAGACTTATGGATGGAAC
ATGGGTCGCGATGCAAACATCAGATGAGACCAAATGGTGC
CCTCCAGATCAGTTGGTGAATTTGCACGACTTTCGCTCAGA
CGAGATCGAGCATCTCGTTGTGGAGGAGTTAGTTAAGAAR
AGAGAGGAATGTCTGGATGCATTAGAGTCCATCATGACCA
CCAAGTCAGTAAGTTTCAGACGTCTCAGTCACCTGAGAAA
ACTTGTCCCAGGGTTTGGAAAAGCATATACCATATTCAACA
ARACCTTGATGGAGGCTGATGCTCACTACAAGTCAGTCCG
GACCTGGAATGAGATCATCCCCTCAAAAGGGTGTTTGARAA
GTTGGAGGAAGGTGCCATCCTCATGTGAACGGGGTGTTTTT
CAATGGTATAATATTAGGGCCTGACGACCATGTCCTAATCC
CAGAGATGCAATCATCCCTCCTCCAGCAACATATGGAGTTG
TTGGAATCTTCAGTTATCCCCCTGATGCACCCCCTGGCAGA
CCCTTCTACAGTTTTCAAAGAAGGTGATGAGGCTGAGGATT
TTGTTGAAGTTCACCTCCCCGATGTGTACAAACAGATCTCA
GGGGTTGACCTGGGTCTCCCGAACTGGGGAAAGTATGTATT
GATGACTGCAGGGGCCATGATTGGCCTGGTGTTGATATTTT
CCCTAATGACATGGTGCAGAGTTGGTATCCATCTTTGCATT
AAATTAAAGCACACCAAGAAAAGACAGATTTATACAGACA
TAGAGATGAACCGACTTGGAAAGTAA

ATGGGTCAGATTGTGACAATGTTTGAGGCTCTGCCTCACAT
CATCGATGAGGTGATCAACATTGTCATTATTGTGCTTATCG
TGATCACGGGTATCAAGGCTGTCTACAATTTTGCCACCTGT
GGGATATTCGCATTGATCAGTTTCCTACTTCTGGCTGGCAG
GTCCTGTGGCATGTACGGTCTTAAGGGACCCGACATTTACA
AAGGAGTTTACCAATTTAAGTCAGTGGAGTTTGATATGTCA
CATCTGAACCTGACCATGCCCAACGCATGTTCAGCCAACAA
CTCCCACCATTACATCAGTATGGGGACTTCTGGACTAGAAT
TGACCTTCACCAATGATTCCATCATCAGTCACAACTTTTGC
AATCTGACCTCTGCCTTCAACAAAAAGACCTTTGACCACAC
ACTCATGAGTATAGTTTCGAGCCTACACCTCAGTATCAGAG
GGAACTCCAACTATAAGGCAGTATCCTGCGACTTCAACAAT
GGCATAACCATCCAATACAACTTGACATTCTCAGATCGACA
AAGTGCTCAGAGCCAGTGTAGAACCTTCAGAGGTAGAGTC

CTAGATATGTTTAGAACTGCCTTCGGGGGGAAATACATGA
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76 Envelope;
FPV

77 Envelope;
RRV

GGAGTGGCTGGGGCTGGACAGGCTCAGATGGCAAGACCAC
CTGGTGTAGCCAGACGAGTTACCAATACCTGATTATACAAA
ATAGAACCTGGGAAAACCACTGCACATATGCAGGTCCTTTT
GGGATGTCCAGGATTCTCCTTTCCCAAGAGAAGACTAAGTT
CTTCACTAGGAGACTAGCGGGCACATTCACCTGGACTTTGT
CAGACTCTTCAGGGGTGGAGAATCCAGGTGGTTATTGCCTG
ACCAAATGGATGATTCTTGCTGCAGAGCTTAAGTGTTTCGG
GAACACAGCAGTTGCGAAATGCAATGTAAATCATGATGCC
GAATTCTGTGACATGCTGCGACTAATTGACTACAACAAGGC
TGCTTTGAGTAAGT TCAAAGAGGACGTAGAATCTGCCTTGC
ACTTATTCAAAACAACAGTGAATTCTTTGATTTCAGATCAA
CTACTGATGAGGAACCACTTGAGAGATCTGATGGGGGTGC
CATATTGCAATTACTCAAAGTTTTGGTACCTAGAACATGCA
AAGACCGGCGAAACTAGTGTCCCCAAGTGCTGGCTTGTCA
CCAATGGTTCTTACTTAAATGAGACCCACTTCAGTGATCAA
ATCGAACAGGAAGCCGATAACATGATTACAGAGATGTTGA
GGAAGGATTACATAAAGAGGCAGGGGAGTACCCCCCTAGC
ATTGATGGACCTTCTGATGTTTTCCACATCTGCATATCTAGT
CAGCATCTTCCTGCACCTTGTCAAAATACCAACACACAGGC
ACATAAAAGGTGGCTCATGTCCAAAGCCACACCGATTAAC
CAACAAAGGAATTTGTAGTTGTGGTGCATTTAAGGTGCCTG
GTGTAAAAACCGTCTGGAAAAGACGCTGA

ATGAACACTCAAATCCTGGTTTTCGCCCTTGTGGCAGTCAT
CCCCACAAATGCAGACAAAATTTGTCTTGGACATCATGCTG
TATCAAATGGCACCAAAGTAAACACACTCACTGAGAGAGG
AGTAGAAGTTGTCAATGCAACGGAAACAGTGGAGCGGACA
AACATCCCCAAAATTTGCTCAAAAGGGAAAAGAACCACTG
ATCTTGGCCAATGCGGACTGTTAGGGACCATTACCGGACCA
CCTCAATGCGACCAATTTCTAGAATTTTCAGCTGATCTAAT
AATCGAGAGACGAGAAGGAAATGATGTTTGTTACCCGGGG
AAGTTTGTTAATGAAGAGGCATTGCGACAAATCCTCAGAG
GATCAGGTGGGATTGACAAAGAAACAATGGGATTCACATA
TAGTGGAATAAGGACCAACGGAACAACTAGTGCATGTAGA
AGATCAGGGTCTTCATTCTATGCAGAAATGGAGTGGCTCCT
GTCAAATACAGACAATGCTGCTTTCCCACAAATGACAAAA
TCATACAAAAACACAAGGAGAGAATCAGCTCTGATAGTCT
GGGGAATCCACCATTCAGGATCAACCACCGAACAGACCAA
ACTATATGGGAGTGGAAATAAACTGATAACAGTCGGGAGT
TCCAAATATCATCAATCTTTTGTGCCGAGTCCAGGAACACG
ACCGCAGATAAATGGCCAGTCCGGACGGATTGATTTTCATT
GGTTGATCTTGGATCCCAATGATACAGTTACTTTTAGTTTC
AATGGGGCTTTCATAGCTCCAAATCGTGCCAGCTTCTTGAG
GGGAAAGTCCATGGGGATCCAGAGCGATGTGCAGGTTGAT
GCCAATTGCGAAGGGGAATGCTACCACAGTGGAGGGACTA
TAACAAGCAGATTGCCTTTTCAAAACATCAATAGCAGAGC
AGTTGGCAAATGCCCAAGATATGTAAAACAGGAAAGTTTA
TTATTGGCAACTGGGATGAAGAACGTTCCCGAACCTTCCAA
AAAAAGGAAAAAAAGAGGCCTGTTTGGCGCTATAGCAGGG
TTTATTGAAAATGGTTGGGAAGGTCTGGTCGACGGGTGGTA
CGGTTTCAGGCATCAGAATGCACAAGGAGAAGGAACTGCA
GCAGACTACAAAAGCACCCAATCGGCAATTGATCAGATAA
CCGGAAAGTTAAATAGACTCATTGAGAAAACCAACCAGCA
ATTTGAGCTAATAGATAATGAATTCACTGAGGTGGAAAAG
CAGATTGGCAATTTAATTAACTGGACCAAAGACTCCATCAC
AGAAGTATGGTCTTACAATGCTGAACTTCTTGTGGCAATGG
AAAACCAGCACACTATTGATTTGGCTGATTCAGAGATGAA
CAAGCTGTATGAGCGAGTGAGGAAACAATTAAGGGAAAAT
GCTGAAGAGGATGGCACTGGTTGCTTTGAAATTTTTCATAA
ATGTGACGATGATTGTATGGCTAGTATAAGGAACAATACTT
ATGATCACAGCAAATACAGAGAAGAAGCGATGCAARAATAG
AATACAAATTGACCCAGTCAAATTGAGTAGTGGCTACAAA
GATGTGATACTTTGGTTTAGCTTCGGGGCATCATGCTTTTTG
CTTCTTGCCATTGCAATGGGCCTTGTTTTCATATGTGTGAAG
AACGGAAACATGCGGTGCACTATTTGTATATAA

AGTGTAACAGAGCACTTTAATGTGTATAAGGCTACTAGACC
ATACCTAGCACATTGCGCCGATTGCGGGGACGGGTACTTCT
GCTATAGCCCAGTTGCTATCGAGGAGATCCGAGATGAGGC
GTCTGATGGCATGCTTAAGATCCAAGTCTCCGCCCAAATAG
GTCTGGACAAGGCAGGCACCCACGCCCACACGAAGCTCCG
ATATATGGCTGGTCATGATGTTCAGGAATCTAAGAGAGATT
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78 Envelope;
MLV 10Al1

79 Envelope;
Ebola

CCTTGAGGGTGTACACGTCCGCAGCGTGCTCCATACATGGG
ACGATGGGACACTTCATCGTCGCACACTGTCCACCAGGCG
ACTACCTCAAGGTTTCGTTCGAGGACGCAGATTCGCACGTG
AAGGCATGTAAGGTCCAATACAAGCACAATCCATTGCCGG
TGGGTAGAGAGAAGTTCGTGGTTAGACCACACTTTGGCGT
AGAGCTGCCATGCACCTCATACCAGCTGACAACGGCTCCC
ACCGACGAGGAGATTGACATGCATACACCGCCAGATATAC
CGGATCGCACCCTGCTATCACAGACGGCGGGCAACGTCAA
AATAACAGCAGGCGGCAGGACTATCAGGTACAACTGTACC
TGCGGCCGTGACAACGTAGGCACTACCAGTACTGACAAGA
CCATCAACACATGCAAGATTGACCAATGCCATGCTGCCGTC
ACCAGCCATGACAAATGGCAATTTACCTCTCCATTTGTTCC
CAGGGCTGATCAGACAGCTAGGAAAGGCAAGGTACACGTT
CCGTTCCCTCTGACTAACGTCACCTGCCGAGTGCCGTTGGC
TCGAGCGCCGGATGCCACCTATGGTAAGAAGGAGGTGACC
CTGAGATTACACCCAGATCATCCGACGCTCTTCTCCTATAG
GAGTTTAGGAGCCGAACCGCACCCGTACGAGGAATGGGTT
GACAAGTTCTCTGAGCGCATCATCCCAGTGACGGAAGAAG
GGATTGAGTACCAGTGGGGCAACAACCCGCCGGTCTGCCT
GTGGGCGCAACTGACGACCGAGGGCAAACCCCATGGCTGG
CCACATGAAATCATTCAGTACTATTATGGACTATACCCCGC
CGCCACTATTGCCGCAGTATCCGGGGCGAGTCTGATGGCCC
TCCTAACTCTGGCGGCCACATGCTGCATGCTGGCCACCGCG
AGGAGAAAGTGCCTAACACCGTACGCCCTGACGCCAGGAG
CGGTGGTACCGTTGACACTGGGGCTGCTTTGCTGCGCACCG
AGGGCGAATGCA

AGTGTAACAGAGCACTTTAATGTGTATAAGGCTACTAGACC
ATACCTAGCACATTGCGCCGATTGCGGGGACGGGTACTTCT
GCTATAGCCCAGTTGCTATCGAGGAGATCCGAGATGAGGC
GTCTGATGGCATGCTTAAGATCCAAGTCTCCGCCCAAATAG
GTCTGGACAAGGCAGGCACCCACGCCCACACGAAGCTCCG
ATATATGGCTGGTCATGATGTTCAGGAATCTAAGAGAGATT
CCTTGAGGGTGTACACGTCCGCAGCGTGCTCCATACATGGG
ACGATGGGACACTTCATCGTCGCACACTGTCCACCAGGCG
ACTACCTCAAGGTTTCGTTCGAGGACGCAGATTCGCACGTG
AAGGCATGTAAGGTCCAATACAAGCACAATCCATTGCCGG
TGGGTAGAGAGAAGTTCGTGGTTAGACCACACTTTGGCGT
AGAGCTGCCATGCACCTCATACCAGCTGACAACGGCTCCC
ACCGACGAGGAGATTGACATGCATACACCGCCAGATATAC
CGGATCGCACCCTGCTATCACAGACGGCGGGCAACGTCAA
AATAACAGCAGGCGGCAGGACTATCAGGTACAACTGTACC
TGCGGCCGTGACAACGTAGGCACTACCAGTACTGACAAGA
CCATCAACACATGCAAGATTGACCAATGCCATGCTGCCGTC
ACCAGCCATGACAAATGGCAATTTACCTCTCCATTTGTTCC
CAGGGCTGATCAGACAGCTAGGAAAGGCAAGGTACACGTT
CCGTTCCCTCTGACTAACGTCACCTGCCGAGTGCCGTTGGC
TCGAGCGCCGGATGCCACCTATGGTAAGAAGGAGGTGACC
CTGAGATTACACCCAGATCATCCGACGCTCTTCTCCTATAG
GAGTTTAGGAGCCGAACCGCACCCGTACGAGGAATGGGTT
GACAAGTTCTCTGAGCGCATCATCCCAGTGACGGAAGAAG
GGATTGAGTACCAGTGGGGCAACAACCCGCCGGTCTGCCT
GTGGGCGCAACTGACGACCGAGGGCAAACCCCATGGCTGG
CCACATGAAATCATTCAGTACTATTATGGACTATACCCCGC
CGCCACTATTGCCGCAGTATCCGGGGCGAGTCTGATGGCCC
TCCTAACTCTGGCGGCCACATGCTGCATGCTGGCCACCGCG
AGGAGAAAGTGCCTAACACCGTACGCCCTGACGCCAGGAG
CGGTGGTACCGTTGACACTGGGGCTGCTTTGCTGCGCACCG
AGGGCGAATGCA

ATGGGTGTTACAGGAATATTGCAGTTACCTCGTGATCGATT
CAAGAGGACATCATTCTTTCTTTGGGTAATTATCCTTTTCCA
AAGAACATTTTCCATCCCACTTGGAGTCATCCACAATAGCA
CATTACAGGTTAGTGATGTCGACAAACTGGTTTGCCGTGAC
AAACTGTCATCCACAAATCAATTGAGATCAGTTGGACTGA
ATCTCGAAGGGAATGGAGTGGCAACTGACGTGCCATCTGC
AACTAAAAGATGGGGCTTCAGGTCCGGTGTCCCACCAAAG
GTGGTCAATTATGAAGCTGGTGAATGGGCTGAAAACTGCT
ACAATCTTGAAATCAAAAAACCTGACGGGAGTGAGTGTCT
ACCAGCAGCGCCAGACGGGATTCGGGGCTTCCCCCGGTGC
CGGTATGTGCACAAAGTATCAGGAACGGGACCGTGTGCCG
GAGACTTTGCCTTCCACAAAGAGGGTGCTTTCTTCCTGTAT
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SEQ
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NO: Description Sequence

80

81

82

83

Short WPRE
sequence

Primer
Primer
Gag, Pol,

Integrase
fragment

GACCGACTTGCTTCCACAGTTATCTACCGAGGAACGACTTT
CGCTGAAGGTGTCGTTGCATTTCTGATACTGCCCCAAGCTA
AGAAGGACTTCTTCAGCTCACACCCCTTGAGAGAGCCGGTC
AATGCAACGGAGGACCCGTCTAGTGGCTACTATTCTACCAC
AATTAGATATCAAGCTACCGGTTTTGGAACCAATGAGACA
GAGTATTTGTTCGAGGTTGACAATTTGACCTACGTCCAACT
TGAATCAAGATTCACACCACAGTTTCTGCTCCAGCTGAATG
AGACAATATATACAAGTGGGAAAAGGAGCAATACCACGGG
AAAACTAATTTGGAAGGTCAACCCCGAAATTGATACAACA
ATCGGGGAGTGGGCCTTCTGGGAAACTAAAAAAACCTCAC
TAGAAAAATTCGCAGTGAAGAGTTGTCTTTCACAGCTGTAT
CAAACAGAGCCAAAAACATCAGTGGTCAGAGTCCGGCGCG
AACTTCTTCCGACCCAGGGACCAACACAACAACTGAAGAC
CACAAAATCATGGCTTCAGAAAATTCCTCTGCAATGGTTCA
AGTGCACAGTCAAGGAAGGGAAGCTGCAGTGTCGCATCTG
ACAACCCTTGCCACAATCTCCACGAGTCCTCAACCCCCCAC
AACCAAACCAGGTCCGGACAACAGCACCCACAATACACCC
GTGTATAAACTTGACATCTCTGAGGCAACTCAAGTTGAACA
ACATCACCGCAGAACAGACAACGACAGCACAGCCTCCGAC
ACTCCCCCCGCCACGACCGCAGCCGGACCCCTAAAAGCAG
AGAACACCAACACGAGCAAGGGTACCGACCTCCTGGACCC
CGCCACCACAACAAGTCCCCAAAACCACAGCGAGACCGCT
GGCAACAACAACACTCATCACCAAGATACCGGAGAAGAGA
GTGCCAGCAGCGGGAAGCTAGGCTTAATTACCAATACTATT
GCTGGAGTCGCAGGACTGATCACAGGCGGGAGGAGAGCTC
GAAGAGAAGCAATTGTCAATGCTCAACCCAAATGCAACCC
TAATTTACATTACTGGACTACTCAGGATGAAGGTGCTGCAA
TCGGACTGGCCTGGATACCATATTTCGGGCCAGCAGCCGA
GGGAATTTACATAGAGGGGCTGATGCACAATCAAGATGGT
TTAATCTGTGGGTTGAGACAGCTGGCCAACGAGACGACTC
AAGCTCTTCAACTGTTCCTGAGAGCCACAACCGAGCTACGC
ACCTTTTCAATCCTCAACCGTAAGGCAATTGATTTCTTGCT
GCAGCGATGGGGCGGCACATGCCACATTTTGGGACCGGAC
TGCTGTATCGAACCACATGATTGGACCAAGAACATAACAG
ACAAAATTGATCAGATTATTCATGATTTTGTTGATAAAACC
CTTCCGGACCAGGGGGACAATGACAATTGGTGGACAGGAT
GGAGACAATGGATACCGGCAGGTATTGGAGTTACAGGCGT
TATAATTGCAGTTATCGCTTTATTCTGTATATGCAAATTTGT
CTTTTAG

AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGA
TATTCTTAACTATGTTGCTCCTTTTACGCTGTGTGGATATGC
TGCTTTAATGCCTCTGTATCATGCTATTGCTTCCCGTACGGC

TTTCGTTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTT

TATGAGGAGTTGTGGCCCGTTGTCCGTCAACGTGGCGTGGT
GTGCTCTGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCA
TTGCCACCACCTGTCAACTCCTTTCTGGGACTTTCGCTTTCC
CCCTCCCGATCGCCACGGCAGAACTCATCGCCGCCTGCCTT
GCCCGCTGCTGGACAGGGGCTAGGTTGCTGGGCACTGATA
ATTCCGTGGTGTTGTC

TAAGCAGAATTCATGAATTTGCCAGGAAGAT

CCATACAATGAATGGACACTAGGCGGCCGCACGAAT

GAATTCATGAATTTGCCAGGAAGATGGAAACCAAAAATGA
TAGGGGGAATTGGAGGTTTTATCAAAGTAAGACAGTATGA
TCAGATACTCATAGAAATCTGCGGACATAAAGCTATAGGT
ACAGTATTAGTAGGACCTACACCTGTCAACATAATTGGAA
GAAATCTGTTGACTCAGATTGGCTGCACTTTAAATTTTCCC
ATTAGTCCTATTGAGACTGTACCAGTAAAATTAAAGCCAGG
AATGGATGGCCCAAAAGTTAAACAATGGCCATTGACAGAA
GAAAAAATAAAAGCATTAGTAGAAATTTGTACAGAAATGG
AAAAGGAAGGAAAAATTTCAAAAATTGGGCCTGAAAATCC
ATACAATACTCCAGTATTTGCCATAAAGAAAAAAGACAGT
ACTAAATGGAGAAAATTAGTAGATTTCAGAGAACTTAATA
AGAGAACTCAAGATTTCTGGGAAGTTCAATTAGGAATACC
ACATCCTGCAGGGTTAAAACAGAAAAAATCAGTAACAGTA
CTGGATGTGGGCGATGCATATTTTTCAGTTCCCTTAGATAA
AGACTTCAGGAAGTATACTGCATTTACCATACCTAGTATAA
ACAATGAGACACCAGGGATTAGATATCAGTACAATGTGCT
TCCACAGGGATGGAAAGGATCACCAGCAATATTCCAGTGT
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-continued
SEQ
iD
NO: Description Sequence

84 DNA
Fragment
containing
Rev, RRE and
rabbit beta
globin poly A

AGCATGACAAAAATCTTAGAGCCTTTTAGAAAACAAAATC
CAGACATAGTCATCTATCAATACATGGATGATTTGTATGTA
GGATCTGACTTAGAAATAGGGCAGCATAGAACAAAAATAG
AGGAACTGAGACAACATCTGTTGAGGTGGGGATTTACCAC
ACCAGACAAAAAACATCAGAAAGAACCTCCATTCCTTTGG
ATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCC
TATAGTGCTGCCAGAAAAGGACAGCTGGACTGTCAATGAC
ATACAGAAATTAGTGGGAAAATTGAATTGGGCAAGTCAGA
TTTATGCAGGGATTAAAGTAAGGCAATTATGTAAACTTCTT
AGGGGAACCAAAGCACTAACAGAAGTAGTACCACTAACAG
AAGAAGCAGAGCTAGAACTGGCAGAAAACAGGGAGATTCT
AAAAGAACCGGTACATGGAGTGTATTATGACCCATCAAAA
GACTTAATAGCAGAAATACAGAAGCAGGGGCAAGGCCAAT
GGACATATCAAATTTATCAAGAGCCATTTAAAAATCTGAA
AACAGGAAAGTATGCAAGAATGAAGGGTGCCCACACTAAT
GATGTGAAACAATTAACAGAGGCAGTACAAAAAATAGCCA
CAGAAAGCATAGTAATATGGGGAAAGACTCCTAAATTTAA
ATTACCCATACAAAAGGAAACATGGGAAGCATGGTGGACA
GAGTATTGGCAAGCCACCTGGATTCCTGAGTGGGAGTTTGT
CAATACCCCTCCCTTAGTGAAGTTATGGTACCAGTTAGAGA
AAGAACCCATAATAGGAGCAGAAACTTTCTATGTAGATGG
GGCAGCCAATAGGGAAACTAAATTAGGAAAAGCAGGATAT
GTAACTGACAGAGGAAGACAAAAAGTTGTCCCCCTAACGG
ACACAACAAATCAGAAGACTGAGTTACAAGCAATTCATCT
AGCTTTGCAGGATTCGGGATTAGAAGTAAACATAGTGACA
GACTCACAATATGCATTGGGAATCATTCAAGCACAACCAG
ATAAGAGTGAATCAGAGTTAGTCAGTCAAATAATAGAGCA
GTTAATAAAAAAGGAAAAAGTCTACCTGGCATGGGTACCA
GCACACAAAGGAATTGGAGGAAATGAACAAGTAGATAAAT
TGGTCAGTGCTGGAATCAGGAAAGTACTATTTTTAGATGGA
ATAGATAAGGCCCAAGAAGAACATGAGAAATATCACAGTA
ATTGGAGAGCAATGGCTAGTGATTTTAACCTACCACCTGTA
GTAGCAAAAGAAATAGTAGCCAGCTGTGATAAATGTCAGC
TAAAAGGGGAAGCCATGCATGGACAAGTAGACTGTAGCCC
AGGAATATGGCAGCTAGATTGTACACATTTAGAAGGAAAL
GTTATCTTGGTAGCAGTTCATGTAGCCAGTGGATATATAGA
AGCAGAAGTAATTCCAGCAGAGACAGGGCAAGAAACAGC
ATACTTCCTCTTAAAATTAGCAGGAAGATGGCCAGTAAAA
ACAGTACATACAGACAATGGCAGCAATTTCACCAGTACTA
CAGTTAAGGCCGCCTGTTGGTGGGCGGGGAT CAAGCAGGA
ATTTGGCATTCCCTACAATCCCCAAAGTCAAGGAGTAATAG
AATCTATGAATAAAGAATTAAAGAAAATTATAGGACAGGT
AAGAGATCAGGCTGAACATCTTAAGACAGCAGTACAAATG
GCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATTG
GGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGC
AACAGACATACAAACTAAAGAATTACAAAAACAAATTACA
AAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAG
ATCCAGTTTGGAAAGGACCAGCAAAGCTCCTCTGGAAAGG
TGAAGGGGCAGTAGTAATACAAGATAATAGTGACATAAAR
GTAGTGCCAAGAAGAAAAGCAAAGATCATCAGGGATTATG
GAAAACAGATGGCAGGTGATGATTGTGTGGCAAGTAGACA
GGATGAGGATTAA

TCTAGAATGGCAGGAAGAAGCGGAGACAGCGACGAAGAG
CTCATCAGAACAGTCAGACTCATCAAGCTTCTCTATCAAAG
CAACCCACCTCCCAATCCCGAGGGGACCCGACAGGCCCGA
AGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAG
ATCCATTCGATTAGTGAACGGATCCTTGGCACTTATCTGGG
ACGATCTGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTG
AGAGACTTACTCTTGATTGTAACGAGGATTGTGGAACTTCT
GGGACGCAGGGGGTGGGAAGCCCTCAAATATTGGTGGAAT
CTCCTACAATATTGGAGT CAGGAGCTAAAGAATAGAGGAG
CTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATG
GGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAAT
TATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGG
GCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTG
GGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAA
AGATACCTAAAGGATCAACAGCTCCTAGATCTTTTTCCCTC
TGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCAT
CTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAAT
AGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGACAT
ATGGGAGGGCAAATCATTTAAAACATCAGAATGAGTATTT
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85 DNA
fragment
containing the
CAG
enhancer/
promoter/intron
sequence

86 DNA
fragment
containing
VsvV-G

GGTTTAGAGTTTGGCAACATATGCCATATGCTGGCTGCCAT
GAACAAAGGTGGCTATAAAGAGGTCATCAGTATATGAAAC
AGCCCCCTGCTGTCCATTCCTTATTCCATAGAAAAGCCTTG
ACTTGAGGTTAGATTTTTTTTATATTTTGTTTTGTGTTATTTT
TTTCTTTAACATCCCTAAAATTTTCCTTACATGTTTTACTAG
CCAGATTTTTCCTCCTCTCCTGACTACTCCCAGTCATAGCTG
TCCCTCTTCTCTTATGAAGATCCCTCGACCTGCAGCCCAAG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT
GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAG
CATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA
CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTC
GGGAAACCTGTCGTGCCAGCGGATCCGCATCTCAATTAGTC
AGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCC
TAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGA
CTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGC
CTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAG
GCCTAGGCTTTTGCAAAAAGCTAACTTGTTTATTGCAGCTT
ATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCAC
AAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTC
CAAACTCATCAATGTATCTTATCAGCGGCCGCCCCGGG

ACGCGTTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCC
CATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACG
GTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCC
TACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCA
TGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCAT
CTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTT
TTAATTATTTTGTGCAGCGATGGGGGCGGGGGEGGEEGEEEE
GCGCGCGCCAGGCGGGGECGEEEGECEGGGECGAGGGGLGGEEE
CGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAG
CGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGT
GGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGG
GAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCC
GCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACT
CCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGT
TGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTG
TGGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTT
TGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTG
TGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGGT
GGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCGC
TCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCC
CCGCGGTGCGGGGGGGCTGCGAGGGGAACARAAGGCTGCGT
GCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGGGC
GCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCC
GAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCG
TGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCEEGEEEE
TGGCGGCAGGTGGGGGETGCCGGGCEGGGCEEEGCCGCCTC
GGGCCGGGGAGGGCTCGGGGGAGGGGCGECGGCGGLCCCG
GAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCAT
TGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCC
TTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGAGGCGCC
GCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGC
GCCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGT
CGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGT
TGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAG
GGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGGAATTC

GAATTCATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATT
GGGGTGAATTGCAAGTTCACCATAGTTTTTCCACACAACCA
AAAAGGAAACTGGAAAAATGTTCCTTCTAATTACCATTATT
GCCCGTCAAGCTCAGATTTAAATTGGCATAATGACTTAATA
GGCACAGCCTTACAAGTCAAAATGCCCAAGAGTCACAAGG
CTATTCAAGCAGACGGTTGGATGTGTCATGCTTCCAAATGG
GTCACTACTTGTGATTTCCGCTGGTATGGACCGAAGTATAT
AACACATTCCATCCGATCCTTCACTCCATCTGTAGAACAAT
GCAAGGAAAGCATTGAACAAACGAAACAAGGAACTTGGCT
GAATCCAGGCTTCCCTCCTCAAAGTTGTGGATATGCAACTG
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SEQ
iD
NO: Description Sequence

87 Helper
plasmid
containing
RRE and
rabbit beta
globin poly A

88 RSV
promoter and
HIV Rev

TGACGGATGCCGAAGCAGTGATTGTCCAGGTGACTCCTCAC
CATGTGCTGGTTGATGAATACACAGGAGAATGGGTTGATTC
ACAGTTCATCAACGGAAAATGCAGCAATTACATATGCCCC
ACTGTCCATAACTCTACAACCTGGCATTCTGACTATAAGGT
CAAAGGGCTATGTGATTCTAACCTCATTTCCATGGACATCA
CCTTCTTCTCAGAGGACGGAGAGCTATCATCCCTGGGARAG
GAGGGCACAGGGTTCAGAAGTAACTACTTTGCTTATGARA
CTGGAGGCAAGGCCTGCAAAATGCAATACTGCAAGCATTG
GGGAGTCAGACTCCCATCAGGTGTCTGGTTCGAGATGGCTG
ATAAGGATCTCTTTGCTGCAGCCAGATTCCCTGAATGCCCA
GAAGGGTCAAGTATCTCTGCTCCATCTCAGACCTCAGTGGA
TGTAAGTCTAATTCAGGACGTTGAGAGGATCTTGGATTATT
CCCTCTGCCAAGAAACCTGGAGCAAAATCAGAGCGGGTCT
TCCAATCTCTCCAGTGGATCTCAGCTATCTTGCTCCTAAAA
ACCCAGGAACCGGTCCTGCTTTCACCATAATCAATGGTACC
CTAAAATACTTTGAGACCAGATACATCAGAGTCGATATTGC
TGCTCCAATCCTCTCAAGAATGGTCGGAATGATCAGTGGAA
CTACCACAGAAAGGGAACTGTGGGATGACTGGGCACCATA
TGAAGACGTGGAAATTGGACCCAATGGAGTTCTGAGGACC
AGTTCAGGATATAAGTTTCCTTTATACATGATTGGACATGG
TATGTTGGACTCCGATCTTCATCTTAGCTCAAAGGCTCAGG
TGTTCGAACATCCTCACATTCAAGACGCTGCTTCGCAACTT
CCTGATGATGAGAGTTTATTTTTTGGTGATACTGGGCTATC
CAAAAATCCAATCGAGCTTGTAGAAGGTTGGTTCAGTAGTT
GGAAAAGCTCTATTGCCTCTTTTTTCTTTATCATAGGGTTAA
TCATTGGACTATTCTTGGTTCTCCGAGTTGGTATCCATCTTT
GCATTAAATTAAAGCACACCAAGAAAAGACAGATTTATAC
AGACATAGAGATGAGAATTC

TCTAGAAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAG
GAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACA
GGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAAC
AATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCA
ACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATC
CTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTAG
ATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGAAG
CCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTAT
TTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACT
CGGAAGGACATATGGGAGGGCAAATCATTTAAAACATCAG
AATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCATATG
CTGGCTGCCATGAACAAAGGTGGCTATAAAGAGGTCATCA
GTATATGAAACAGCCCCCTGCTGTCCATTCCTTATTCCATA
GAAAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTTTGTT
TTGTGTTATTTTTTTCTTTAACATCCCTAAAATTTTCCTTAC
ATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTACTCC
CAGTCATAGCTGTCCCTCTTCTCTTATGAAGATCCCTCGAC
CTGCAGCCCAAGCTTGGCGTAATCATGGTCATAGCTGTTTC
CTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATA
CGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAAT
GAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCC
GCTTTCCAGTCGGGAAACCTGTCGTGCCAGCGGATCCGCAT
CTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCC
CATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGC
CCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAG
GCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAG
GCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTAACTTGT
TTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATC
ACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAG
TTGTGGTTTGTCCAAACTCATCAATGTATCTTATCACCCGG
G

CAATTGCGATGTACGGGCCAGATATACGCGTATCTGAGGG
GACTAGGGTGTGTTTAGGCGAAAAGCGGGGCTTCGGTTGT
ACGCGGTTAGGAGTCCCCTCAGGATATAGTAGTTTCGCTTT
TGCATAGGGAGGGGGAAATGTAGTCTTATGCAATACACTT
GTAGTCTTGCAACATGGTAACGATGAGTTAGCAACATGCCT
TACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGGA
AGTAAGGTGGTACGATCGTGCCTTATTAGGAAGGCAACAG
ACAGGTCTGACATGGATTGGACGAACCACTGAATTCCGCA
TTGCAGAGATAATTGTATTTAAGTGCCTAGCTCGATACAAT
ARAACGCCATTTGACCATTCACCACATTGGTGTGCACCTCCA
AGCTCGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
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GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCCCTCGAAGCTAGCGATTAGGCATCTCCT
ATGGCAGGAAGAAGCGGAGACAGCGACGAAGAACTCCTC
AAGGCAGTCAGACTCATCAAGTTTCTCTATCAAAGCAACCC
ACCTCCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAAT
AGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCAT
TCGATTAGTGAACGGATCCTTAGCACTTATCTGGGACGATC
TGCGGAGCCTGTGCCTCTTCAGCTACCACCGCTTGAGAGAC
TTACTCTTGATTGTAACGAGGATTGTGGAACTTCTGGGACG
CAGGGGGTGGGAAGCCCTCAAATATTGGTGGAATCTCCTA
CAATATTGGAGTCAGGAGCTAAAGAATAGTCTAGA

89 Target ATGGCAGGAAGAAGCGGAG
sequence

90 shRNA ATGGCAGGAAGAAGCGGAGTTCAAGAGACTCCGCTTCTTC
sequence CTGCCATTTTTT

91 H1 promoter GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGC
and shRT CCAGTGTCACTAGGCGGGAACACCCAGCGCGCGTGCGCCC
sequence TGGCAGGAAGATGGCTGTGAGGGACAGGGGAGTGGCGCCC

TGCAATATTTGCATGTCGCTATGTGTTCTGGGAAATCACCA
TAAACGTGAAATGTCTTTGGATTTGGGAATCTTATAAGTTC
TGTATGAGACCACTTGGATCCGCGGAGACAGCGACGAAGA
GCTTCAAGAGAGCTCTTCGTCGCTGTCTCCGCTTTTT

92 H1 CCR5 GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGC
sequence CCAGTGTCACTAGGCGGGAACACCCAGCGCGCGTGCGCCC
TGGCAGGAAGATGGCTGTGAGGGACAGGGGAGTGGCGCCC
TGCAATATTTGCATGTCGCTATGTGTTCTGGGAAATCACCA
TAAACGTGAAATGTCTTTGGATTTGGGAATCTTATAAGTTC
TGTATGAGACCACTTGGATCCGTGTCAAGTCCAATCTATGT
TCAAGAGACATAGATTGGACTTGACACTTTTT

93 Primer AGGAATTGATGGCGAGAAGG

94 Primer CCCCAAAGAAGGTCAAGGTAATCA
95 Primer AGCGCGGCTACAGCTTCA

96 Primer GGCGACGTAGCACAGCTTCT

97 AGT103 TGTAAACTGAGCTTGCTCTA
CCR5 miR30

98 AGT103-R5- TGTAAACTGAGCTTGCTCGC
1

99 AGT103-R5- CATAGATTGGACTTGACAC
2

100 CAG TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATA
promoter GCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT

GGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGAC
GTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTA
CGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGG
CATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTG
GCAGTACATCTACGTATTAGTCATCGCTATTACCATGGGTC
GAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCC
CCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTAATT
ATTTTGTGCAGCGATGGGGGCGGGEGEGGGEEEEGEECGECGT
GCCAGGCGGGGCGGGECEGEGCGAGGGGECEGEECEEEET
GAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGL
GCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGT
GGCCCTATAAAAAGCGAAGCGCGCGGCGGGCE

101 H1 element GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGC
CCAGTGTCACTAGGCGGGAACACCCAGCGCGCGTGCGCCC
TGGCAGGAAGATGGCTGTGAGGGACAGGGGAGTGGCGCCC
TGCAATATTTGCATGTCGCTATGTGTTCTGGGAAATCACCA
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102

103

104

105

3' LTR

78K promoter

miR155 Tat

PRSV Rev

TAAACGTGAAATGTCTTTGGATTTGGGAATCTTATAAGTTC
TGTATGAGACCACTT

TGGAAGGGCTAATTCACTCCCAACGAAGATAAGATCTGCTT
TTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGC
CTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCC
CGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACC
CTTTTAGTCAGTGTGGAAAATCTCTAGCAGTAGTAGTTCAT
GTCA

CTGCAGTATTTAGCATGCCCCACCCATCTGCAAGGCATTCT
GGATAGTGTCAAAACAGCCGGAAATCAAGTCCGTTTATCTC
AAACTTTAGCATTTTGGGAATAAATGATATTTGCTATGCTG
GTTAAATTAGATTTTAGTTAAATTTCCTGCTGAAGCTCTAG
TACGATAAGCAACTTGACCTAAGTGTAAAGTTGAGATTTCC
TTCAGGTTTATATAGCTTGTGCGCCGCCTGGCTACCTC

CTGGAGGCTTGCTGAAGGCTGTATGCTGTCCGCTTCTTCCT
GCCATAGGGTTTTGGCCACTGACTGACCCTATGGGGAAGA
AGCGGACAGGACACAAGGCCTGTTACTAGCACTCACATGG
AACAAATGGCC

AGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCG
ATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAA
AGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTC
ACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGC
TCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACA
CAGGAAACAGCTATGACCATGATTACGAATTCGATGTACG
GGCCAGATATACGCGTATCTGAGGGGACTAGGGTGTGTTT
AGGCGAAAAGCGGGGCTTCGGTTGTACGCGGTTAGGAGTC
CCCTCAGGATATAGTAGTTTCGCTTTTGCATAGGGAGGGGG
AAATGTAGTCTTATGCAATACACTTGTAGTCTTGCAACATG
GTAACGATGAGTTAGCAACATGCCTTACAAGGAGAGAAAA
AGCACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGA
TCGTGCCTTATTAGGAAGGCAACAGACAGGTCTGACATGG
ATTGGACGAACCACTGAATTCCGCATTGCAGAGATAATTGT
ATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTGACCA
TTCACCACATTGGTGTGCACCTCCAAGCTCGAGCTCGTTTA
GTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTT
TGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCCCT
CGAAGCTAGTCGATTAGGCATCTCCTATGGCAGGAAGAAG
CGGAGACAGCGACGAAGACCTCCTCAAGGCAGTCAGACTC
ATCAAGTTTCTCTATCAAAGCAACCCACCTCCCAATCCCGA
GGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTG
GAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGG
ATCCTTAGCACTTATCTGGGACGATCTGCGGAGCCTGTGCC
TCTTCAGCTACCACCGCTTGAGAGACTTACTCTTGATTGTA
ACGAGGATTGTGGAACTTCTGGGACGCAGGGGGTGGGAAG
CCCTCAAATATTGGTGGAATCTCCTACAATATTGGAGTCAG
GAGCTAAAGAATAGTGCTGTTAGCTTGCTCAATGCCACAGC
TATAGCAGTAGCTGAGGGGACAGATAGGGTTATAGAAGTA
GTACAAGAAGCTTGGCACTGGCCGTCGTTTTACATGATCTG
AGCCTGGGAGATCTCTGGCTAACTAGGGAACCCACTGCTTA
AGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGT
GCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCACAAAG
CAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGG
CGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCC
AGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTT
CTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTARAATCG
GGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACC
TCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGT
GGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTT
GGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTG
GAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTA
TAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGA
GCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATAT
TAACGTTTACAATTTTATGGTGCACTCTCAGTACAATCTGC
TCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAAC
ACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCAT
CCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATG
TGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGAC
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106 pCMV-VSV-
G

GAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTC
ATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCG
GGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAA
TACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGA
TAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTA
TTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCAT
TTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAA
GTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTT
ACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAG
TTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTA
AAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCC
GGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA
ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTT
ACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCA
TAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACA
ACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACA
ACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCG
GAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCA
CGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATT
AACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAA
TAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCT
GCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAAT
CTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGC
ACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCT
ACACGACGGGGAGTCAGGCAACTATGGATGAACGARAATAG
ACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGAT
TTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGAT
CCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGT
TTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAR
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGC
TTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTT
GCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTG
GCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTG
TAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACC
GCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCA
AGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAA
CGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGALC
CTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAA
AGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATC
CGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGG
AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC
GGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATG
CTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAALC
GCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCT
CACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAAC
CGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAG
CCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGC
GGAAG

GAGCTTGGCCCATTGCATACGTTGTATCCATATCATAATAT
GTACATTTATATTGGCTCATGTCCAACATTACCGCCATGTT
GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACG
GGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAALC

GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCAT
AGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTG

GAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCAT
CGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATG
GGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTC
CACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAR
TCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCAT
TGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTA

TATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGA
GACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGG
GACCGATCCAGCCTCCGGTCGACCGATCCTGAGAACTTCAG
GGTGAGTTTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTAT
TGTAAAATTCATGT TATATGGAGGGGGCAAAGTTTTCAGGG
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TGTTGTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGA
CCCTCATGATAATTTTGTTTCTTTCACTTTCTACTCTGTTGA

CAACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTT

TTTCGTTAAACTTTAGCTTGCATTTGTAACGAATTTTTAAAT
TCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAAT
CACTTTTTTTTCAAGGCAATCAGGGTATATTATATTGTACTT
CAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAA
GGTAGAATATTTCTGCATATAAATTCTGGCTGGCGTGGAAA
TATTCTTATTGGTAGAAACAACTACACCCTGGTCATCATCC
TGCCTTTCTCTTTATGGTTACAATGATATACACTGTTTGAGA
TGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCT
AACCATGTTCATGCCTTCTTCTCTTTCCTACAGCTCCTGGGC
AACGTGCTGGTTGTTGTGCTGTCTCATCATTTTGGCAAAGA
ATTCCTCGACGGATCCGCCATGAAGTGCCTTTTGTACTTAG
CCTTTTTATTCATTGGGGTGAATTGCAAGTTCACCATAGTTT
TTCCACACAACCAAAAAGGAAACTGGAAAAATGTTCCTTC
TAATTACCATTATTGCCCGTCAAGCTCAGATTTAAATTGGC
ATAATGACTTAATAGGCACAGCCTTACAAGTCAAAATGCC
CAAGAGTCACAAGGCTATTCAAGCAGACGGTTGGATGTGT
CATGCTTCCAAATGGGTCACTACTTGTGATTTCCGCTGGTA
TGGACCGAAGTATATAACACATTCCATCCGATCCTTCACTC
CATCTGTAGAACAATGCAAGGAAAGCATTGAACAAACGAA
ACAAGGAACTTGGCTGAATCCAGGCTTCCCTCCTCAAAGTT
GTGGATATGCAACTGTGACGGATGCCGAAGCAGTGATTGT
CCAGGTGACTCCTCACCATGTGCTGGTTGATGAATACACAG
GAGAATGGGTTGATTCACAGTTCATCAACGGAAAATGCAG
CAATTACATATGCCCCACTGTCCATAACTCTACAACCTGGC
ATTCTGACTATAAGGTCAAAGGGCTATGTGATTCTAACCTC
ATTTCCATGGACATCACCTTCTTCTCAGAGGACGGAGAGCT
ATCATCCCTGGGAAAGGAGGGCACAGGGTTCAGAAGTAAC
TACTTTGCTTATGAAACTGGAGGCAAGGCCTGCAAAATGC
AATACTGCAAGCATTGGGGAGT CAGACTCCCATCAGGTGT
CTGGTTCGAGATGGCTGATAAGGATCTCTTTGCTGCAGCCA
GATTCCCTGAATGCCCAGAAGGGTCAAGTATCTCTGCTCCA
TCTCAGACCTCAGTGGATGTAAGTCTAATTCAGGACGTTGA
GAGGATCTTGGATTATTCCCTCTGCCAAGAAACCTGGAGCA
AAATCAGAGCGGGTCTTCCAATCTCTCCAGTGGATCTCAGC
TATCTTGCTCCTAAAAACCCAGGAACCGGTCCTGCTTTCAC
CATAATCAATGGTACCCTAAAATACTTTGAGACCAGATACA
TCAGAGTCGATATTGCTGCTCCAATCCTCTCAAGAATGGTC
GGAATGATCAGTGGAACTACCACAGAAAGGGAACTGTGGG
ATGACTGGGCACCATATGAAGACGTGGAAATTGGACCCAA
TGGAGTTCTGAGGACCAGTTCAGGATATAAGTTTCCTTTAT
ACATGATTGGACATGGTATGTTGGACTCCGATCTTCATCTT
AGCTCAAAGGCTCAGGTGTTCGAACATCCTCACATTCAAGA
CGCTGCTTCGCAACTTCCTGATGATGAGAGTTTATTTTTTGG
TGATACTGGGCTATCCAAAAATCCAATCGAGCTTGTAGAA
GGTTGGTTCAGTAGTTGGAAAAGCTCTATTGCCTCTTTTTTC
TTTATCATAGGGTTAATCATTGGACTATTCTTGGTTCTCCGA
GTTGGTATCCATCTTTGCATTAAATTAAAGCACACCAAGAA
AAGACAGATTTATACAGACATAGAGATGAACCGACTTGGA
AAGTGATAAGGATCCGTCGAGGAATTCACTCCTCAGGTGC
AGGCTGCCTATCAGAAGGTGGTGGCTGGTGTGGCCAATGC
CCTGGCTCACAAATACCACTGAGATCTTTTTCCCTCTGCCA
AAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGACT
TCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTG
TTGGAATTTTTTGTGTCTCTCACTCGGAAGGACATATGGGA
GGGCAAATCATTTAAAACATCAGAATGAGTATTTGGTTTAG
AGTTTGGCAACATATGCCCATATGCTGGCTGCCATGAACAA
AGGTTGGCTATAAAGAGGTCATCAGTATATGAAACAGCCC
CCTGCTGTCCATTCCTTATTCCATAGAAAAGCCTTGACTTG

AGGTTAGATTTTTTTTATATTTTGTTTTGTGTTATTTTTTTCT

TTAACATCCCTAAAATTTTCCTTACATGTTTTACTAGCCAGA
TTTTTCCTCCTCTCCTGACTACTCCCAGTCATAGCTGTCCCT
CTTCTCTTATGGAGATCCCTCGACGGATCGGCCGCAATTCG
TAATCATGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGC
TCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTG
TAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTA
ATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGARAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGG
AGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCT
CACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
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107 PSPAX2 delta
Rev

TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG
CCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTG
GCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGT
GCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGC
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTC
CAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACC
GCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTA
ACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGA
ACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTT
CGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACC
ACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGAT
TACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACG
TTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCA
CCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATC
TAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATG
CTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTC
GTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCA
GCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGT
GGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGT
TGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTT
GCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCAC
GCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAA
CGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA
AAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGT
AAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACT
GCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTC
TGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGG
GATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATC
TTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGC
ACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTC
TGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAA
GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC
TTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATARA
ACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCA
CCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTA
AATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGA
AATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAG
ATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACT
ATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACC
GTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTA
ATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATC
GGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGG
ARAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGC
GAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTC
ACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCC
GCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACT
GTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGC
CAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTT
GGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAAC
GACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGC
GAATTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGA

GTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATT
ACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGT
TACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA
ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCC
ATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT
GGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAG
TGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTT
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ATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCA
TCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTT
CACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGG
GGGGGGGGEGGGECGCGCGCCAGGCEGGECEGEEECEEEELG
AGGGGCGGGGCGGEGGCGAGGCGGAGAGGTGCGGCGGCAG
CCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCG
AGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGL
GGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCG
CTCCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGAC
CGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTC
CTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTT
TCTTTTCTGTGGCTGCGTGAAAGCCTTAAAGGGCTCCGGGA
GGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGGGGTGCGTG
CGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCCCGCGT
TGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGECT
TTGTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGEG
GCGGTGCCCCGCGGTGCGGGGGGGCTGCGAGGGGAACARAA
GGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGG
GTGTGGGCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCC
CCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGG
GGCTCCGTGCGGGGCGTGGCGCGGGGCTCGCCGTGCCGGG
CGGGGGGTGGCGGCAGGTGGGGETGCCGGGCGGEGEECGEE
GCCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGT
GGCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCG
CAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGG
GACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCTGGGA
GGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGG
TGCGGCGCCGGCAGGAAGGARAATGGGCGGGGAGGGCCTTC
GTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCT
CGGGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGGACG
GGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGC
TCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTC
CTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCA
TCATTTTGGCAAAGAATTCGGGCCGGCCGCGTTGACGCGCA
CGGCAAGAGGCGAGGGGCGGCGACTGGTGAGAGATGGGT
GCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGAT
GGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAAT
ATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGA
ACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGAAG
GCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCA
GACAGGATCAGAAGAACTTAGATCATTATATAATACAGTA
GCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAG
ACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAR
ACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGCTGACA
CAGGACACAGCAATCAGGTCAGCCAAAATTACCCTATAGT
GCAGAACATCCAGGGGCAAATGGTACATCAGGCCATATCA
CCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGA
AGGCTTTCAGCCCAGAAGTGATACCCATGTTTTCAGCATTA
TCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAA
ACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAA
AGAGACCATCAATGAGGAAGCTGCAGAATGGGATAGAGTG
CATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAGATGA
GAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTAC
CCTTCAGGAACAAATAGGATGGATGACACATAATCCACCT
ATCCCAGTAGGAGAAATCTATAAAAGATGGATAATCCTGG
GATTAAATAAAATAGTAAGAATGTATAGCCCTACCAGCAT
TCTGGACATAAGACAAGGACCAAAGGAACCCTTTAGAGAC
TATGTAGACCGATTCTATAAAACTCTAAGAGCCGAGCAAG
CTTCACAAGAGGTAAAAAATTGGATGACAGAAACCTTGTT
GGTCCAAAATGCGAACCCAGATTGTAAGACTATTTTAARA
GCATTGGGACCAGGAGCGACACTAGAAGAAATGATGACAG
CATGTCAGGGAGTGGGGGGACCCGGCCATAAAGCAAGAGT
TTTGGCTGAAGCAATGAGCCAAGTAACAAATCCAGCTACC
ATAATGATACAGAAAGGCAATTTTAGGAACCAAAGAAAGA
CTGTTAAGTGTTTCAATTGTGGCAAAGAAGGGCACATAGCC
AAAAATTGCAGGGCCCCTAGGAAAAAGGGCTGTTGGAAAT
GTGGAAAGGAAGGACACCAAATGAAAGATTGTACTGAGAG
ACAGGCTAATTTTTTAGGGAAGATCTGGCCTTCCCACAAGG
GAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAAC
AGCCCCACCAGAAGAGAGCTTCAGGTTTGGGGAAGAGACA
ACAACTCCCTCTCAGAAGCAGGAGCCGATAGACAAGGAAC
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TGTATCCTTTAGCTTCCCTCAGATCACTCTTTGGCAGCGACC

CCTCGTCACAATAAAGATAGGGGGGCAATTAAAGGAAGCT
CTATTAGATACAGGAGCAGATGATACAGTATTAGAAGAAA
TGAATTTGCCAGGAAGATGGAAACCAAAAATGATAGGGGG
AATTGGAGGTTTTATCAAAGTAGGACAGTATGATCAGATA
CTCATAGAAATCTGCGGACATAAAGCTATAGGTACAGTATT
AGTAGGACCTACACCTGTCAACATAATTGGAAGAAATCTG

TTGACTCAGATTGGCTGCACTTTAAATTTTCCCATTAGTCCT

ATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGATG
GCCCAAAAGTTAAACAATGGCCATTGACAGAAGAAAAAAT
AAAAGCATTAGTAGAAATTTGTACAGAAATGGAAAAGGAA
GGAAAAATTTCAAAAATTGGGCCTGAAAATCCATACAATA
CTCCAGTATTTGCCATAAAGAAAAAAGACAGTACTAAATG
GAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAGAACT
CAAGATTTCTGGGAAGTTCAATTAGGAATACCACATCCTGC
AGGGTTAAAACAGAAAAAATCAGTAACAGTACTGGATGTG
GGCGATGCATATTTTTCAGTTCCCTTAGATAAAGACTTCAG
GAAGTATACTGCATTTACCATACCTAGTATAAACAATGAGA
CACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGGG
ATGGAAAGGATCACCAGCAATATTCCAGTGTAGCATGACA
AAAATCTTAGAGCCTTTTAGAAAACAAAATCCAGACATAG
TCATCTATCAATACATGGATGATTTGTATGTAGGATCTGAC
TTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAACTGA
GACAACATCTGTTGAGGTGGGGATTTACCACACCAGACAA
AAAACATCAGAAAGAACCTCCATTCCTTTGGATGGGTTATG
AACTCCATCCTGATAAATGGACAGTACAGCCTATAGTGCTG
CCAGAAAAGGACAGCTGGACTGTCAATGACATACAGAAAT
TAGTGGGAAAATTGAATTGGGCAAGTCAGATTTATGCAGG
GATTAAAGTAAGGCAATTATGTAAACTTCTTAGGGGAACC
AAAGCACTAACAGAAGTAGTACCACTAACAGAAGAAGCAG
AGCTAGAACTGGCAGAAAACAGGGAGATTCTAAAAGAACC
GGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATA
GCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACATATC
AAATTTATCAAGAGCCATTTAAAAATCTGAAAACAGGAAA
ATATGCAAGAATGAAGGGTGCCCACACTAATGATGTGAAA
CAATTAACAGAGGCAGTACAAAAAATAGCCACAGAAAGCA
TAGTAATATGGGGAAAGACTCCTAAATTTAAATTACCCATA
CAAAAGGAAACATGGGAAGCATGGTGGACAGAGTATTGGC
AAGCCACCTGGATTCCTGAGTGGGAGTTTGTCAATACCCCT
CCCTTAGTGAAGTTATGGTACCAGTTAGAGAAAGAACCCA
TAATAGGAGCAGAAACTTTCTATGTAGATGGGGCAGCCAA
TAGGGAAACTAAATTAGGAAAAGCAGGATATGTAACTGAC
AGAGGAAGACAAAAAGTTGTCCCCCTAACGGACACAACAA
ATCAGAAGACTGAGTTACAAGCAATTCATCTAGCTTTGCAG
GATTCGGGATTAGAAGTAAACATAGTGACAGACTCACAAT
ATGCATTGGGAATCATTCAAGCACAACCAGATAAGAGTGA
ATCAGAGTTAGTCAGTCAAATAATAGAGCAGTTAATAAAL
AAGGAAAAAGTCTACCTGGCATGGGTACCAGCACACAAAG
GAATTGGAGGAAATGAACAAGTAGATGGGTTGGTCAGTGC
TGGAATCAGGAAAGTACTATTTTTAGATGGAATAGATAAG
GCCCAAGAAGAACATGAGAAATATCACAGTAATTGGAGAG
CAATGGCTAGTGATTTTAACCTACCACCTGTAGTAGCAAAR
GAAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGGG
AAGCCATGCATGGACAAGTAGACTGTAGCCCAGGAATATG
GCAGCTAGATTGTACACATTTAGAAGGAAAAGTTATCTTGG
TAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGT
AATTCCAGCAGAGACAGGGCAAGAAACAGCATACTTCCTC
TTAAAATTAGCAGGAAGATGGCCAGTAAAAACAGTACATA
CAGACAATGGCAGCAATTTCACCAGTACTACAGTTAAGGC
CGCCTGTTGGTGGGCGGGGATCAAGCAGGAATTTGGCATT
CCCTACAATCCCCAAAGTCAAGGAGTAATAGAATCTATGA
ATAAAGAATTAAAGAAAATTATAGGACAGGTAAGAGATCA
GGCTGAACATCTTAAGACAGCAGTACAAATGGCAGTATTC
ATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACA
GTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACAT
ACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAA
AATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTG
GAAAGGACCAGCAAAGCTCCTCTGGAAAGGTGAAGGGGCA
GTAGTAATACAAGATAATAGTGACATAAAAGTAGTGCCAA
GAAGAAAAGCAAAGATCATCAGGGATTATGGAAAACAGAT
GGCAGGTGATGATTGTGTGGCAAGTAGACAGGATGAGGAT
TAACACATGGAATTCTGCAACAACTGCTGTTTATCCATTTC
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AGAATTGGAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGC
AGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTA
CAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGA
ACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTG
CAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAA
TCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCT
GGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTG
CTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAA
CAGATTTGGAATCACACGACCTGGATGGAGTGGGACAGAG
AAATTAACAATTACACAAGCTTGCTAGCAGATCTTTTTCCC
TCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGC
ATCTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCA
ATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAC
ATATGGGAGGGCAAATCATTTAAAACATCAGAATGAGTAT
TTGGTTTAGAGTTTGGCAACATATGCCATATGCTGGCTGCC
ATGAACAAAGGTGGCTATAAAGAGGTCATCAGTATATGAA
ACAGCCCCCTGCTGTCCATTCCTTATTCCATAGAAAAGCCT

TGACTTGAGGTTAGATTTTTTTTATATTTTGTTTTGTGTTATT

TTTTTCTTTAACATCCCTAAAATTTTCCTTACATGTTTTACT
AGCCAGATTTTTCCTCCTCTCCTGACTACTCCCAGTCATAGC
TGTCCCTCTTCTCTTATGAAGATCCCTCGACCTGCAGCCCA
AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAA
TTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAA
GCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTA
ACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGT
CGGGAAACCTGTCGTGCCAGCGGATCCGCATCTCAATTAGT
CAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCC
CTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTG
ACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGG
CCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGA
GGCCTAGGCTTTTGCAAAAAGCTAACTTGTTTATTGCAGCT
TATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCAC
AAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTC
CAAACTCATCAATGTATCTTATCATGTCTGGATCCGCTGCA
TTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAA
AGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGC
TCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAG
TCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCG
ACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
GGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGT
AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC
GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCG
AGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGC
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTA
GCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG
TTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAG
GATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGAC
GCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCAT
GAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATT
AAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTA
AACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCT
GACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTT
ACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCA
CGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGC
CGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGT
AAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATG
GCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTA
TCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGT
CATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACT
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SEQ
iD
NO: Description Sequence

CAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAG
TTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCAC
ATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCT
TCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATC
CAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAG
CATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACA
GGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACA
CGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTAT
TGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACAT
ATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCG

CGCACATTTCCCCGAAAAGTGCCACCTG

[0412] While certain of the preferred embodiments of the
present invention have been described and specifically
exemplified above, it is not intended that the invention be

limited to such embodiments. Various modifications may be
made thereto without departing from the scope and spirit of
the present invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 107
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 118

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: miR30 CCR5

<400> SEQUENCE: 1

aggtatattyg ctgttgacag tgagcgactg taaactgagce ttgctctact gtgaagccac

agatgggtag agcaagcaca gtttaccgcet gectactgec teggacttca aggggett

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 116

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: miR21 Vif

<400> SEQUENCE: 2

catctecatyg getgtaccac cttgtegggg gatgtgtact tcetgaacttg tgttgaatcet

catggagttc agaagaacac atcecgcactg acattttggt atctttcatc tgacca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 114

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: miR185 Tat

<400> SEQUENCE: 3

gggcctgget cgagcagggg gogagggatt ccgettette ctgecatage gtggtceccct

ccectatgge aggcagaage ggcaccttcee cteccaatga cegegtette gteg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 1104

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Elongation Factor-1 alpha

60

118

60

116

60

114

(EFl-alpha) promoter
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<400> SEQUENCE: 4

ceggtgecta gagaaggtgg cgcggggtaa actgggaaag tgatgtegtg tactggetcece 60
gectttttee cgagggtggg ggagaaccgt atataagtge agtagtegec gtgaacgtte 120
tttttegecaa cgggtttgee gecagaacac aggtaagtge cgtgtgtggt tcecegeggge 180
ctggectett tacgggttat ggeccttgeg tgecttgaat tacttecacyg ccectggetg 240
cagtacgtga ttcttgatce cgagettegg gttggaagtg ggtgggagag ttegaggect 300
tgcgcttaag gagccectte gectegtget tgagttgagg cetggectgg gegetgggge 360
cgeegegtge gaatctggtg geaccttege gectgteteg ctgetttega taagtctceta 420
gccatttaaa atttttgatg acctgctgeg acgctttttt tetggcaaga tagtcttgta 480
aatgcgggece aagatctgea cactggtatt teggtttttg gggecgeggg cggcgacggg 540
gecegtgegt cccagegcac atgtteggeg aggeggggece tgcgagegeyg gocaccgaga 600
atcggacggg ggtagtctca agetggeegg cctgetetgg tgectggect cgegecgecg 660
tgtatcgece cgccctggge ggcaaggetyg geccggtegg caccagttge gtgageggaa 720
agatggcege tteceggece tgctgcaggg agetcaaaat ggaggacgeg gegceteggga 780
gagcgggegyg gtgagtcace cacacaaagg aaaagggcect tteegtecte agecgteget 840
tcatgtgact ccacggagta ccgggegecg tccaggecace tegattagtt ctegagettt 900
tggagtacgt cgtctttagg ttggggggag gggttttatg cgatggagtt tccccacact 960

gagtgggtgg agactgaagt taggccagct tggcacttga tgtaattctce cttggaattt 1020
gccetttttg agtttggate ttggttcatt ctcaagcctce agacagtggt tcaaagtttt 1080

tttcttecat ttcaggtgte gtga 1104

<210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 target sequence

<400> SEQUENCE: 5

gagcaagctc agtttaca 18

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Vif target sequence

<400> SEQUENCE: 6

gggatgtgta cttctgaact t 21

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tat target seguence

<400> SEQUENCE: 7

tcegettett cctgeccatag 20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 126

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: TAR decoy sequence

SEQUENCE: 8

cttgcaatga tgtcgtaatt tgegtcttac ctegtteteg acagcgacca gatctgagece

tgggagctcet ctggetgtca gtaagetggt acagaaggtt gacgaaaatt cttactgage

aagaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Rev/Tat target sequence

SEQUENCE: 9

geggagacag cgacgaagag ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 56

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Rev/Tat shRNA sequence

SEQUENCE: 10

geggagacag cgacgaagag cttcaagaga gctcttegte getgtceteeg cttttt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Gag target sequence

SEQUENCE: 11

gaagaaatga tgacagcat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 52

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Gag shRNA sequence

SEQUENCE: 12

gaagaaatga tgacagcatt tcaagagaat gctgtcatca tttecttettt tt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Pol target sequence

SEQUENCE: 13

caggagcaga tgatacag

60

120

126

21

56

19

52

18
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<210> SEQ ID NO 14

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Pol shRNA sequence

<400> SEQUENCE: 14

caggagatga tacagttcaa gagactgtat catctgetece tgttttt

<210> SEQ ID NO 15

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 target sequence #1

<400> SEQUENCE: 15

gtgtcaagtc caatctatg

<210> SEQ ID NO 16

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 shRNA sequence #1

<400> SEQUENCE: 16

gtgtcaagtc caatctatgt tcaagagaca tagattggac ttgacacttt tt

<210> SEQ ID NO 17

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 target sequence #2

<400> SEQUENCE: 17

gagcatgact gacatctac

<210> SEQ ID NO 18

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 shRNA sequence #2

<400> SEQUENCE: 18

gagcatgact gacatctact tcaagagagt agatgtcagt catgctettt tt
<210> SEQ ID NO 19

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 target sequence #3

<400> SEQUENCE: 19

gtagctctaa caggttgga

<210> SEQ ID NO 20
<211> LENGTH: 52

47

19

52

19

52

19
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 shRNA sequence #3

<400> SEQUENCE: 20

gtagctctaa caggttggat tcaagagatc caacctgtta gagctacttt tt

<210> SEQ ID NO 21

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 target sequence #4

<400> SEQUENCE: 21

gttcagaaac tacctctta

<210> SEQ ID NO 22

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 shRNA sequence #4

<400> SEQUENCE: 22

gttcagaaac tacctcttat tcaagagata agaggtagtt tctgaacttt tt

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 target sequence #5

<400> SEQUENCE: 23

gagcaagcte agtttacacce

<210> SEQ ID NO 24

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 shRNA sequence #5

<400> SEQUENCE: 24

gagcaagcte agtttacacc ttcaagagag gtgtaaactg agettgetet tttt

<210> SEQ ID NO 25

<211> LENGTH: 141

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCR5 gene, sequence 1

<400> SEQUENCE: 25

atggattatc aagtgtcaag tccaatctat gacatcaatt attatacatc ggagccctge

caaaaaatca atgtgaagca aatcgcagece cgectectge cteegetceta ctcactggtg

ttcatctttyg gttttgtggg c

<210> SEQ ID NO 26
<211> LENGTH: 633

52

19

52

20

54

60

120

141
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<212>
<213>
<220>
<223>

<400>

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: CCR5 gene, sequence 2

SEQUENCE: 26

aacatgctgg tcatcctecat cctgataaac tgcaaaagge tgaagagcat gactgacatce

tacctgctca acctggecat ctetgacctg tttttectte ttactgtece cttetggget

cactatgetyg ccgeccagtg ggactttgga aatacaatgt gtcaactett gacagggete

tattttatag gcttettete tggaatctte ttecatcatec tectgacaat cgataggtac

ctggetgteg tccatgetgt gtttgettta aaagecagga cggtcaccett tggggtggtg

acaagtgtga tcacttgggt ggtggetgtg tttgegtcte teccaggaat catctttace

agatctcaaa aagaaggtct tcattacacce tgecagctcte attttecata cagtcagtat

caattctgga agaatttcca gacattaaag atagtcatet tggggetggt cctgecgetg

cttgtcatgg tcatctgeta ctegggaate ctaaaaacte tgetteggtyg tcgaaatgag

aagaagaggc acagggctgt gaggettate ttcaccatca tgattgttta ttttetette

tgggctcect acaacattgt ccttetectg aac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: CCR5 gene, sequence 3

SEQUENCE: 27

accttccagg aattctttgg cctgaataat tgcagtaget ctaacaggtt ggaccaagcet

atgcaggtga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 140

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: CCR5 gene, sequence 4

SEQUENCE: 28

cagagactct tgggatgacg cactgctgeca tcaaccccat catctatgee tttgtegggg

agaagttcag aaactaccte ttagtcttet tccaaaagea cattgecaaa cgettcetgea

aatgctgtte tattttecag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: CCR5 gene, sequence 5

SEQUENCE: 29

caagaggcte ccgagegage aagctcagtt tacaccegat ccactgggga gcaggaaata

tctgtggget tgtga

<210>
<211>

SEQ ID NO 30
LENGTH: 541

60

120

180

240

300

360

420

480

540

600

633

60

70

60

120

140

60

75
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<212>
<213>
<220>
<223>

<400>

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: CD4 promoter sedquence

SEQUENCE: 30

tgttggggtt caaatttgag ccccagetgt tageectcetg caaagaaaaa aaaaaaaaaa

aaagaacaaa gggcctagat ttcecttetg agecccacee taagatgaag cctettettt

caagggagtyg gggttggggt ggaggeggat cctgtcaget ttgetetete tgtggetgge

agtttctcca aagggtaaca ggtgtcaget ggetgagect aggetgaace ctgagacatg

ctacctectgt cttetecatgg ctggaggecag cctttgtaag tcacagaaag tagcetgaggg

getetggaaa aaagacagcec agggtggagyg tagattggte tttgactect gatttaagec

tgattctget taacttttte ccttgacttt ggeattttea ctttgacatg ttceccctgaga

gectgggggy tggggaacce agctccaget ggtgacgttt ggggecggeco caggectagg

gtgtggagga gccttgecat cgggettect gtetetette atttaagcac gactetgeag

a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 31

LENGTH: 359

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: miR30-CCR5/miR21-Vif/miR185 Tat microRNA
cluster sequence

SEQUENCE: 31

aggtatattg ctgttgacag tgagcgactg taaactgagce ttgctctact gtgaagccac

agatgggtag agcaagcaca gtttaccget gectactgec teggacttca aggggettece

cgggcatete catggetgta ccaccttgte gggggatgtg tacttetgaa cttgtgttga

atctcatgga gttcagaaga acacatcege actgacattt tggtatcttt catctgacca

getageggge ctggetegag cagggggcega gggattcege ttettectge catagegtgg

tccectecce tatggecagge agaageggca cctteectece caatgaccge gtettegte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 590

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Long WPRE sequence

SEQUENCE: 32

aatcaacctce tgattacaaa atttgtgaaa gattgactgg tattcttaac tatgttgcete

cttttacgcet atgtggatac getgetttaa tgectttgta tcatgetatt gettcecegta

tggctttecat tttctectee ttgtataaat cctggttget gtcetcetttat gaggagttgt

ggccegttgt caggcaacgt ggegtggtgt gecactgtgtt tgectgacgea acccccactg

gttggggcat tgccaccacc tgtcagetee tttcegggac tttegettte ccecteecta

ttgccacgge ggaactcate gecgectgee ttgeccgetg ctggacaggg geteggetgt

tgggcactga caattcegtg gtgttgtegg ggaaatcatce gteetttect tggetgeteg

cctgtgttge cacctggatt ctgegeggga cgtecttetg ctacgtcect teggecctca

60

120

180

240

300

360

420

480

540

541

60

120

180

240

300

359

60

120

180

240

300

360

420

480
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atccagcegga ccttecttee cgeggectge tgcecggetcet geggectett cegegtette 540
gccttegece tcagacgagt cggatctccce tttgggcege cteccegect 590

<210> SEQ ID NO 33

<211> LENGTH: 1469

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Elongation Factor-1 alpha (EFl-alpha)
promoter - miR30CCR5 - miR21Vif - miR185 Tat

<400> SEQUENCE: 33

ceggtgecta gagaaggtgg cgcggggtaa actgggaaag tgatgtegtg tactggetcece 60
gectttttee cgagggtggg ggagaaccgt atataagtge agtagtegec gtgaacgtte 120
tttttegecaa cgggtttgee gecagaacac aggtaagtge cgtgtgtggt tcecegeggge 180
ctggectett tacgggttat ggeccttgeg tgecttgaat tacttecacyg ccectggetg 240
cagtacgtga ttcttgatce cgagettegg gttggaagtg ggtgggagag ttegaggect 300
tgcgcttaag gagccectte gectegtget tgagttgagg cetggectgg gegetgggge 360
cgeegegtge gaatctggtg geaccttege gectgteteg ctgetttega taagtctceta 420
gccatttaaa atttttgatg acctgctgeg acgctttttt tetggcaaga tagtcttgta 480
aatgcgggece aagatctgea cactggtatt teggtttttg gggecgeggg cggcgacggg 540
gecegtgegt cccagegcac atgtteggeg aggeggggece tgcgagegeyg gocaccgaga 600
atcggacggg ggtagtctca agetggeegg cctgetetgg tgectggect cgegecgecg 660
tgtatcgece cgccctggge ggcaaggetyg geccggtegg caccagttge gtgageggaa 720
agatggcege tteceggece tgctgcaggg agetcaaaat ggaggacgeg gegceteggga 780
gagcgggegyg gtgagtcace cacacaaagg aaaagggcect tteegtecte agecgteget 840
tcatgtgact ccacggagta ccgggegecg tccaggecace tegattagtt ctegagettt 900
tggagtacgt cgtctttagg ttggggggag gggttttatg cgatggagtt tccccacact 960

gagtgggtgg agactgaagt taggccagct tggcacttga tgtaattctce cttggaattt 1020
gccetttttg agtttggate ttggttcatt ctcaagcctce agacagtggt tcaaagtttt 1080
tttcttecat ttcaggtgte gtgatgtaca aggtatattg ctgttgacag tgagcgactg 1140
taaactgagc ttgctctact gtgaagccac agatgggtag agcaagcaca gtttaccgcet 1200
gcctactgee tceggacttca aggggcttcecce cgggcatcte catggctgta ccaccttgte 1260
gggggatgtyg tacttctgaa cttgtgttga atctcatgga gttcagaaga acacatccgce 1320
actgacattt tggtatcttt catctgacca gctagcgggce ctggctcgag cagggggcga 1380
gggattcege ttettectge catagegtgg tcccectcecee tatggcaggce agaagcggca 1440

cctteectee caatgaccge gtettegte 1469

<210> SEQ ID NO 34

<211> LENGTH: 228

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Rous Sarcoma virus (RSV) promoter

<400> SEQUENCE: 34

gtagtcttat gcaatactct tgtagtcttyg caacatggta acgatgagtt agcaacatgce 60
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cttacaagga gagaaaaagc accgtgcatg ccgattggtg gaagtaaggt ggtacgatcg
tgccttatta ggaaggcaac agacgggtct gacatggatt ggacgaacca ctgaattgece

gcattgcaga gatattgtat ttaagtgcct agctcgatac aataaacyg

<210> SEQ ID NO 35

<211> LENGTH: 180

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5' Long terminal repeat (LTR)

<400> SEQUENCE: 35
ggtctetety gttagaccag atctgagect gggagetcte tggctaacta gggaacccac
tgcttaagcce tcaataaage ttgecttgag tgettcaagt agtgtgtgee cgtetgttgt

gtgactctgg taactagaga tccctcagac ccttttagte agtgtggaaa atctctagea

<210> SEQ ID NO 36

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Psi Packaging signal

<400> SEQUENCE: 36

tacgccaaaa attttgacta gcggaggcta gaaggagaga g

<210> SEQ ID NO 37

<211> LENGTH: 233

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Rev response element (RRE)

<400> SEQUENCE: 37

aggagetttyg tteettgggt tettgggage agcaggaage actatgggeyg cagectcaat
gacgctgacyg gtacaggcca gacaattatt gtctggtata gtgcagcage agaacaattt
gectgaggget attgaggege aacagcatcet gttgcaacte acagtetggg geatcaagea
gctecaggea agaatccetgg ctgtggaaag atacctaaag gatcaacage tee

<210> SEQ ID NO 38

<211> LENGTH: 118

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Central polypurine tract (cPPT)

<400> SEQUENCE: 38

ttttaaaaga aaagggggga ttggggggta cagtgcaggg gaaagaatag tagacataat

agcaacagac atacaaacta aagaattaca aaaacaaatt acaaaattca aaatttta

<210> SEQ ID NO 39

<211> LENGTH: 250

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 3' delta LTR

<400> SEQUENCE: 39

120

180

228

60

120

180

41

60

120

180

233

60

118



US 2019/0201523 Al Jul. 4,2019
79

-continued
tggaagggct aattcactcc caacgaagat aagatctgct ttttgcttgt actgggtctce 60
tctggttaga ccagatctga gcctgggagce tctctggcta actagggaac ccactgctta 120
agcctcaata aagcttgect tgagtgcttc aagtagtgtg tgcccgtctg ttgtgtgact 180
ctggtaacta gagatccctc agaccctttt agtcagtgtg gaaaatctct agcagtagta 240
gttcatgtca 250

<210> SEQ ID NO 40

<211> LENGTH: 352

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

«223> OTHER INFORMATION: Helper/Rev - CMV early (CAG) enhancer -
EnhanceTranscription

<400> SEQUENCE: 40

tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 60
cgttacataa cttacggtaa atggccegece tggetgaceg cccaacgacce cccgeccatt 120
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 180
atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcce 240
aagtacgcce cctattgacg tcaatgacgg taaatggccce gectggcatt atgeccagta 300
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tce 352

<210> SEQ ID NO 41

<211> LENGTH: 290

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - Chicken beta actin (CAG)
promoter - Transcription

<400> SEQUENCE: 41

gctattacca tgggtcgagg tgagecccac gttetgette actcteccca teteccceee 60
ctccccacce ccaattttgt atttatttat tttttaatta ttttgtgcag cgatgggggce 120
9999999999 ggggcgcgeyg ccaggcegggg ©ggggcegggg cgaggggcgg ggeggggega 180
ggcggagagyg tgcggcggca gccaatcaga geggcegeget cegaaagttt cettttatgg 240
cgaggeggeg goggeggegg ccctataaaa agcgaagege geggcegggeyg 290
<210> SEQ ID NO 42

<211> LENGTH: 960

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - Chicken beta actin intron -

Enhance gene expression

<400> SEQUENCE: 42

ggagtcegetyg cgttgectte geccegtgee cegeteegeg cegectegeyg cogeccgecc 60
cggetetgac tgaccgegtt actceccacag gtgageggge gggacggece ttetecteeg 120
ggctgtaatt agegettggt ttaatgacgg ctegtttett ttetgtgget gegtgaaage 180

cttaaaggge tcegggaggg cectttgtge gggggggage ggeteggggyg gtgegtgegt 240

gtgtgtgtge gtggggageg cegegtgegyg ccegegetge ceggeggetyg tgagegetge 300
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gggegeggeg cggggetttg tgcgetecge gtgtgegega ggggagcegeg gcecgggggcy 360
gtgcecccgeg gtgegggggg getgcgaggg gaacaaagge tgegtgcggg gtgtgtgegt 420
gggggggtga gcagggggtg tgggcgegge ggtcegggetyg taaccccccce ctgeacceec 480
ctceccegagt tgctgageac ggeccggett cgggtgeggg geteegtgeg gggegtggeg 540
cggggctege cgtgecggge ggggggtggce ggcaggtggg ggtgecgggce ggggceggggce 600
cgceteggge cggggaggge tcgggggagg ggcgeggegg ccccggagceg ccggeggcetg 660
tcgaggegeg gcgagecgea gecattgect tttatggtaa tegtgegaga gggcgcaggg 720
acttcetttyg tcccaaatct ggecggageeg aaatctggga ggegeegecg cacccecctet 780
agcgggegceg ggcgaagegg tgcggegecg gcaggaagga aatgggceggg gagggectte 840
gtgegtegee gegeegecgt cecccttetee atctecagee teggggetge cgcaggggga 900

cggctgectt cgggggggac ggggcagggce ggggttegge ttctggegtg tgaccggegg 960

<210> SEQ ID NO 43

<211> LENGTH: 1503

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - HIV Gag - Viral capsid

<400> SEQUENCE: 43

atgggtgcga gagcgtcagt attaageggg ggagaattag atcgatggga aaaaattcegg 60
ttaaggccag ggggaaagaa aaaatataaa ttaaaacata tagtatggge aagcagggag 120
ctagaacgat tcgcagttaa tcctggectyg ttagaaacat cagaaggetyg tagacaaata 180
ctgggacage tacaaccatc ccttcagaca ggatcagaag aacttagatc attatataat 240
acagtagcaa ccctctattg tgtgcatcaa aggatagaga taaaagacac caaggaagct 300
ttagacaaga tagaggaaga gcaaaacaaa agtaagaaaa aagcacagca agcagcagct 360
gacacaggac acagcaatca ggtcagccaa aattacccta tagtgcagaa catccagggg 420
caaatggtac atcaggccat atcacctaga actttaaatg catgggtaaa agtagtagaa 480
gagaaggctt tcagcccaga agtgatacce atgttttcag cattatcaga aggagccacc 540
ccacaagatt taaacaccat gctaaacaca gtggggggac atcaagcage catgcaaatg 600
ttaaaagaga ccatcaatga ggaagctgca gaatgggata gagtgcatce agtgcatgca 660
gggcctattyg caccaggcca gatgagagaa ccaaggggaa gtgacatagce aggaactact 720
agtaccctte aggaacaaat aggatggatg acacataatc cacctatcce agtaggagaa 780
atctataaaa gatggataat cctgggatta aataaaatag taagaatgta tagccctacce 840
agcattctgg acataagaca aggaccaaag gaacccttta gagactatgt agaccgatte 900
tataaaactc taagagccga gcaagcttca caagaggtaa aaaattggat gacagaaacc 960

ttgttggtce aaaatgcgaa cccagattgt aagactattt taaaagcatt gggaccagga 1020

gcgacactag aagaaatgat gacagcatgt cagggagtgg ggggacccegyg ccataaagca 1080

agagttttgg ctgaagcaat gagccaagta acaaatccag ctaccataat gatacagaaa 1140

ggcaatttta ggaaccaaag aaagactgtt aagtgtttca attgtggcaa agaagggcac 1200

atagccaaaa attgcaggge ccctaggaaa aagggctgtt ggaaatgtgg aaaggaagga 1260

caccaaatga aagattgtac tgagagacag gctaattttt tagggaagat ctggccttcc 1320
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cacaagggaa ggccagggaa ttttettecag agcagaccag agccaacage cccaccagaa
gagagcttca ggtttgggga agagacaaca actccctcete agaagcagga gccgatagac
aaggaactgt atcctttage ttcectcaga tcactetttg gecagegacce ctegtcacaa
taa

<210> SEQ ID NO 44

<211> LENGTH: 1872

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - HIV Pol - Protease and reverse

transcriptase

<400> SEQUENCE: 44

atgaatttge caggaagatg gaaaccaaaa atgatagggg gaattggagg ttttatcaaa
gtaggacagt atgatcagat actcatagaa atctgcggac ataaagctat aggtacagta
ttagtaggac ctacacctgt caacataatt ggaagaaatc tgttgactca gattggctge
actttaaatt ttcccattag tectattgag actgtaccag taaaattaaa gccaggaatg
gatggcccaa aagttaaaca atggccattyg acagaagaaa aaataaaagc attagtagaa
atttgtacag aaatggaaaa ggaaggaaaa atttcaaaaa ttgggcctga aaatccatac
aatactccag tatttgccat aaagaaaaaa gacagtacta aatggagaaa attagtagat
ttcagagaac ttaataagag aactcaagat ttctgggaag ttcaattagg aataccacat
cctgcagggt taaaacagaa aaaatcagta acagtactgg atgtgggega tgcatatttt
tcagttccct tagataaaga cttcaggaag tatactgcat ttaccatacce tagtataaac
aatgagacac cagggattag atatcagtac aatgtgettce cacagggatg gaaaggatca
ccagcaatat tccagtgtag catgacaaaa atcttagage cttttagaaa acaaaatcca
gacatagtca tctatcaata catggatgat ttgtatgtag gatctgactt agaaataggg
cagcatagaa caaaaataga ggaactgaga caacatctgt tgaggtgggg atttaccaca
ccagacaaaa aacatcagaa agaacctcca ttectttgga tgggttatga actccatcct
gataaatgga cagtacagcc tatagtgctyg ccagaaaagg acagctggac tgtcaatgac
atacagaaat tagtgggaaa attgaattgg gcaagtcaga tttatgcagg gattaaagta
aggcaattat gtaaacttct taggggaacc aaagcactaa cagaagtagt accactaaca
gaagaagcag agctagaact ggcagaaaac agggagattc taaaagaacc ggtacatgga
gtgtattatg acccatcaaa agacttaata gcagaaatac agaagcaggyg gcaaggccaa
tggacatatc aaatttatca agagccattt aaaaatctga aaacaggaaa atatgcaaga
atgaagggtyg cccacactaa tgatgtgaaa caattaacag aggcagtaca aaaaatagcc
acagaaagca tagtaatatg gggaaagact cctaaattta aattacccat acaaaaggaa
acatgggaag catggtggac agagtattgg caagccacct ggattectga gtgggagttt
gtcaatacce ctcccttagt gaagttatgg taccagttag agaaagaacc cataatagga
gcagaaactt tctatgtaga tggggcagcc aatagggaaa ctaaattagyg aaaagcagga
tatgtaactg acagaggaag acaaaaagtt gtccccctaa cggacacaac aaatcagaag
actgagttac aagcaattca tctagetttg caggattegg gattagaagt aaacatagtg

acagactcac aatatgcatt gggaatcatt caagcacaac cagataagag tgaatcagag

1380

1440

1500

1503

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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ttagtcagtc aaataataga gcagttaata aaaaaggaaa aagtctacct ggcatgggta 1800
ccagcacaca aaggaattgg aggaaatgaa caagtagatg ggttggtcag tgctggaatc 1860

aggaaagtac ta 1872

<210> SEQ ID NO 45

<211> LENGTH: 867

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper Rev - HIV Integrase - Integration of
viral RNA

<400> SEQUENCE: 45

tttttagatg gaatagataa ggcccaagaa gaacatgaga aatatcacag taattggaga 60
gcaatggcta gtgattttaa cctaccacct gtagtagcaa aagaaatagt agccagetgt 120
gataaatgtc agctaaaagg ggaagccatg catggacaag tagactgtag cccaggaata 180
tggcagctag attgtacaca tttagaagga aaagttatct tggtagcagt tcatgtagece 240
agtggatata tagaagcaga agtaattcca gcagagacag ggcaagaaac agcatactte 300
ctcttaaaat tagcaggaag atggccagta aaaacagtac atacagacaa tggcagcaat 360
ttcaccagta ctacagttaa ggccgectgt tggtgggegyg ggatcaagca ggaatttgge 420
attcecctaca atccccaaag tcaaggagta atagaatcta tgaataaaga attaaagaaa 480
attataggac aggtaagaga tcaggctgaa catcttaaga cagcagtaca aatggcagta 540
ttcatccaca attttaaaag aaaagggggg attggggggt acagtgcagyg ggaaagaata 600
gtagacataa tagcaacaga catacaaact aaagaattac aaaaacaaat tacaaaaatt 660
caaaattttc gggtttatta cagggacagc agagatccag tttggaaagyg accagcaaag 720
ctectetgga aaggtgaagg ggcagtagta atacaagata atagtgacat aaaagtagtg 780
ccaagaagaa aagcaaagat catcagggat tatggaaaac agatggcagyg tgatgattgt 840
gtggcaagta gacaggatga ggattaa 867

<210> SEQ ID NO 46

<211> LENGTH: 234

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - HIV RRE- Binds Rev element

<400> SEQUENCE: 46

aggagctttyg ttecttgggt tettgggage agecaggaage actatgggeg cagegtcaat 60
gacgctgacyg gtacaggcca gacaattatt gtctggtata gtgcagcagce agaacaattt 120
getgaggget attgaggcege aacagcatct gttgcaacte acagtctggg gcatcaagea 180
getccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacage tect 234

<210> SEQ ID NO 47

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - HIV Rev - Nuclear export and
stabilize viral mRNA

<400> SEQUENCE: 47
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atggcaggaa gaagcggaga cagcgacgaa gaactcctca aggcagtcag actcatcaag 60
tttctectatc aaagcaaccc acctcccaat cccgagggga cccgacaggce ccgaaggaat 120
agaagaagaa ggtggagaga gagacagaga cagatccatt cgattagtga acggatcctt 180
agcacttatc tgggacgatc tgcggagcct gtgectctte agctaccacc gcttgagaga 240
cttactcttg attgtaacga ggattgtgga acttctggga cgcagggggt gggaagccct 300
caaatattgg tggaatctcc tacaatattg gagtcaggag ctaaagaata g 351

<210> SEQ ID NO 48

<211> LENGTH: 448

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper/Rev - Rabbit beta globin poly A - RNA
stability

<400> SEQUENCE: 48

agatcttttt ccctectgcca aaaattatgg ggacatcatyg aagccccttyg agcatctgac 60
ttctggctaa taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtct 120
ctcactcgga aggacatatg ggagggcaaa tcatttaaaa catcagaatg agtatttggt 180
ttagagtttg gcaacatatg ccatatgctg getgccatga acaaaggtgyg ctataaagag 240
gtcatcagta tatgaaacag cccecctgetg tcecattectt attccataga aaagecttga 300
cttgaggtta gatttttttt atattttgtt ttgtgttatt tttttcttta acatccctaa 360
aattttectt acatgtttta ctagccagat ttttcecctect ctcectgacta ctcecccagtca 420
tagctgtcce tettectcectta tgaagatce 448

<210> SEQ ID NO 49

<211> LENGTH: 352

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper - CMV early (CAG) enhancer -
Enhancetranscription

<400> SEQUENCE: 49

tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 60
cgttacataa cttacggtaa atggccegece tggetgaceg cccaacgacce cccgeccatt 120
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 180
atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcce 240
aagtacgcce cctattgacg tcaatgacgg taaatggccce gectggcatt atgeccagta 300
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tce 352

<210> SEQ ID NO 50

<211> LENGTH: 290

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper - Chicken beta actin (CAG) promoter -
Transcription

<400> SEQUENCE: 50

gcetattacca tgggtcgagg tgagccccac gttetgette actcteccca teteccecee 60
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ctccccacce ccaattttgt atttatttat tttttaatta ttttgtgcag cgatgggggce 120

9999999999 ggggcgcgeyg ccaggcegggg ©ggggcegggg cgaggggcgg ggeggggega 180

ggcggagagg tgcggcggca gcecaatcaga geggcegeget ccgaaagttt ccttttatgg 240

cgaggeggeg geggeggegg ccectataaaa agegaagege geggegggeg 290

<210> SEQ ID NO 51

<211> LENGTH: 960

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper - Chicken beta actin intron -
Enhance gene expression

<400> SEQUENCE: 51

ggagtcegetyg cgttgectte geccegtgee cegeteegeg cegectegeyg cogeccgecc 60
cggetetgac tgaccgegtt actceccacag gtgageggge gggacggece ttetecteeg 120
ggctgtaatt agegettggt ttaatgacgg ctegtttett ttetgtgget gegtgaaage 180

cttaaaggge tcegggaggg cectttgtge gggggggage ggeteggggyg gtgegtgegt 240
gtgtgtgtge gtggggageg cegegtgegyg ccegegetge ceggeggetyg tgagegetge 300
gggegeggeg cggggetttg tgcgetecge gtgtgegega ggggagcegeg gcecgggggcy 360
gtgcecccgeg gtgegggggg getgcgaggg gaacaaagge tgegtgcggg gtgtgtgegt 420
gggggggtga gcagggggtg tgggcgegge ggtcegggetyg taaccccccce ctgeacceec 480
ctceccegagt tgctgageac ggeccggett cgggtgeggg geteegtgeg gggegtggeg 540
cggggctege cgtgecggge ggggggtggce ggcaggtggg ggtgecgggce ggggceggggce 600
cgceteggge cggggaggge tcgggggagg ggcgeggegg ccccggagceg ccggeggcetg 660
tcgaggegeg gcgagecgea gecattgect tttatggtaa tegtgegaga gggcgcaggg 720
acttcetttyg tcccaaatct ggecggageeg aaatctggga ggegeegecg cacccecctet 780
agcgggegceg ggcgaagegg tgcggegecg gcaggaagga aatgggceggg gagggectte 840
gtgegtegee gegeegecgt cecccttetee atctecagee teggggetge cgcaggggga 900

cggctgectt cgggggggac ggggcagggce ggggttegge ttctggegtg tgaccggegg 960

<210> SEQ ID NO 52

<211> LENGTH: 1503

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper - HIV Gag - Viral capsid

<400> SEQUENCE: 52

atgggtgcga gagcgtcagt attaageggg ggagaattag atcgatggga aaaaattcegg 60
ttaaggccag ggggaaagaa aaaatataaa ttaaaacata tagtatggge aagcagggag 120
ctagaacgat tcgcagttaa tcctggectyg ttagaaacat cagaaggetyg tagacaaata 180
ctgggacage tacaaccatc ccttcagaca ggatcagaag aacttagatc attatataat 240
acagtagcaa ccctctattg tgtgcatcaa aggatagaga taaaagacac caaggaagct 300
ttagacaaga tagaggaaga gcaaaacaaa agtaagaaaa aagcacagca agcagcagct 360
gacacaggac acagcaatca ggtcagccaa aattacccta tagtgcagaa catccagggg 420

caaatggtac atcaggccat atcacctaga actttaaatg catgggtaaa agtagtagaa 480
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gagaaggctt tcagcccaga agtgataccc atgttttcag cattatcaga aggagccacc 540
ccacaagatt taaacaccat gctaaacaca gtggggggac atcaagcagc catgcaaatg 600
ttaaaagaga ccatcaatga ggaagctgca gaatgggata gagtgcatcc agtgcatgca 660
gggcctattg caccaggcca gatgagagaa ccaaggggaa gtgacatagc aggaactact 720
agtacccttc aggaacaaat aggatggatg acacataatc cacctatccc agtaggagaa 780
atctataaaa gatggataat cctgggatta aataaaatag taagaatgta tagccctacc 840
agcattctgg acataagaca aggaccaaag gaacccttta gagactatgt agaccgattc 900
tataaaactc taagagccga gcaagcttca caagaggtaa aaaattggat gacagaaacc 960

ttgttggtce aaaatgcgaa cccagattgt aagactattt taaaagcatt gggaccagga 1020
gcgacactag aagaaatgat gacagcatgt cagggagtgg ggggacccgg ccataaagca 1080
agagttttgg ctgaagcaat gagccaagta acaaatccag ctaccataat gatacagaaa 1140
ggcaatttta ggaaccaaag aaagactgtt aagtgtttca attgtggcaa agaagggcac 1200
atagccaaaa attgcagggc ccctaggaaa aagggctgtt ggaaatgtgyg aaaggaagga 1260
caccaaatga aagattgtac tgagagacag gctaattttt tagggaagat ctggccttcc 1320
cacaagggaa ggccagggaa ttttcttcag agcagaccag agccaacagce cccaccagaa 1380
gagagcttca ggtttgggga agagacaaca actccctcecte agaagcagga gccgatagac 1440
aaggaactgt atcctttagc ttccctcaga tcactctttg gcagcgacce ctcecgtcacaa 1500
taa 1503
<210> SEQ ID NO 53

<211> LENGTH: 1872

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper - HIV Pol - Protease and reverse

transcriptase

<400> SEQUENCE: 53

atgaatttge caggaagatg gaaaccaaaa atgatagggg gaattggagg ttttatcaaa 60
gtaggacagt atgatcagat actcatagaa atctgcggac ataaagctat aggtacagta 120
ttagtaggac ctacacctgt caacataatt ggaagaaatc tgttgactca gattggctge 180
actttaaatt ttcccattag tectattgag actgtaccag taaaattaaa gccaggaatg 240
gatggcccaa aagttaaaca atggccattyg acagaagaaa aaataaaagc attagtagaa 300
atttgtacag aaatggaaaa ggaaggaaaa atttcaaaaa ttgggcctga aaatccatac 360
aatactccag tatttgccat aaagaaaaaa gacagtacta aatggagaaa attagtagat 420
ttcagagaac ttaataagag aactcaagat ttctgggaag ttcaattagg aataccacat 480
cctgcagggt taaaacagaa aaaatcagta acagtactgg atgtgggega tgcatatttt 540
tcagttccct tagataaaga cttcaggaag tatactgcat ttaccatacce tagtataaac 600
aatgagacac cagggattag atatcagtac aatgtgettce cacagggatg gaaaggatca 660
ccagcaatat tccagtgtag catgacaaaa atcttagage cttttagaaa acaaaatcca 720
gacatagtca tctatcaata catggatgat ttgtatgtag gatctgactt agaaataggg 780

cagcatagaa caaaaataga ggaactgaga caacatctgt tgaggtgggg atttaccaca 840
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ccagacaaaa aacatcagaa agaacctcca ttcctttgga tgggttatga actccatcct 900
gataaatgga cagtacagcc tatagtgctg ccagaaaagg acagctggac tgtcaatgac 960

atacagaaat tagtgggaaa attgaattgg gcaagtcaga tttatgcagg gattaaagta 1020
aggcaattat gtaaacttct taggggaacc aaagcactaa cagaagtagt accactaaca 1080
gaagaagcag agctagaact ggcagaaaac agggagattc taaaagaacc ggtacatgga 1140
gtgtattatg acccatcaaa agacttaata gcagaaatac agaagcaggg gcaaggccaa 1200
tggacatatc aaatttatca agagccattt aaaaatctga aaacaggaaa atatgcaaga 1260
atgaagggtg cccacactaa tgatgtgaaa caattaacag aggcagtaca aaaaatagcc 1320
acagaaagca tagtaatatg gggaaagact cctaaattta aattacccat acaaaaggaa 1380
acatgggaag catggtggac agagtattgg caagccacct ggattcctga gtgggagttt 1440
gtcaataccc ctcccttagt gaagttatgg taccagttag agaaagaacc cataatagga 1500
gcagaaactt tctatgtaga tggggcagcc aatagggaaa ctaaattagg aaaagcagga 1560
tatgtaactg acagaggaag acaaaaagtt gtccccctaa cggacacaac aaatcagaag 1620
actgagttac aagcaattca tctagctttg caggattcgg gattagaagt aaacatagtg 1680
acagactcac aatatgcatt gggaatcatt caagcacaac cagataagag tgaatcagag 1740
ttagtcagtc aaataataga gcagttaata aaaaaggaaa aagtctacct ggcatgggta 1800
ccagcacaca aaggaattgg aggaaatgaa caagtagatg ggttggtcag tgctggaatc 1860
aggaaagtac ta 1872
<210> SEQ ID NO 54

<211> LENGTH: 867

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper - HIV Integrase - Integration of viral

RNA

<400> SEQUENCE: 54

tttttagatg gaatagataa ggcccaagaa gaacatgaga aatatcacag taattggaga 60
gcaatggcta gtgattttaa cctaccacct gtagtagcaa aagaaatagt agecagetgt 120
gataaatgtc agctaaaagg ggaagccatyg catggacaag tagactgtag cccaggaata 180
tggcagctag attgtacaca tttagaagga aaagttatet tggtagcagt tcatgtagcece 240
agtggatata tagaagcaga agtaattcca gcagagacag ggcaagaaac agcatactte 300
ctcttaaaat tagcaggaag atggccagta aaaacagtac atacagacaa tggcagcaat 360
ttcaccagta ctacagttaa ggccgectgt tggtgggegg ggatcaagca ggaatttgge 420
attccctaca atccccaaag tcaaggagta atagaatcta tgaataaaga attaaagaaa 480
attataggac aggtaagaga tcaggctgaa catcttaaga cagcagtaca aatggcagta 540
ttcatccaca attttaaaag aaaagggggg attggggggt acagtgcagg ggaaagaata 600
gtagacataa tagcaacaga catacaaact aaagaattac aaaaacaaat tacaaaaatt 660
caaaattttc gggtttatta cagggacage agagatccag tttggaaagg accagcaaag 720
ctecctetgga aaggtgaagg ggcagtagta atacaagata atagtgacat aaaagtagtg 780
ccaagaagaa aagcaaagat catcagggat tatggaaaac agatggcagg tgatgattgt 840

gtggcaagta gacaggatga ggattaa 867
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 234

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Helper - HIV RRE - Binds Rev element

SEQUENCE: 55

aggagctttyg ttecttgggt tettgggage agecaggaage actatgggeg cagegtcaat

gacgctgacyg gtacaggcca gacaattatt gtctggtata gtgcagcagce agaacaattt

getgaggget attgaggcege aacagcatct gttgcaacte acagtctggg gcatcaagea

getccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacage tect

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56

LENGTH: 448

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Helper - Rabbit beta globin poly A - RNA
stability

SEQUENCE: 56

agatcttttt ccctectgeca aaaattatgg ggacatcatg aagececttyg agcatctgac

ttctggctaa taaaggaaat ttattttecat tgcaatagtg tgttggaatt ttttgtgtet

ctcactcgga aggacatatg ggagggcaaa tcatttaaaa catcagaatg agtatttggt

ttagagtttg gcaacatatg ccatatgetg getgecatga acaaaggtgg ctataaagag

gtcatcagta tatgaaacag cccectgetyg tccattectt attccataga aaagecttga

cttgaggtta gatttttttt atattttgtt ttgtgttatt tttttcttta acatccctaa

aattttcctt acatgtttta ctagccagat ttttecteet ctectgacta cteccagtca

tagctgtece tcttetetta tgaagatce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 57

LENGTH: 351

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Rev - RSV promoter - Transcription

SEQUENCE: 57

atggcaggaa gaagcggaga cagcgacgaa gaactcctca aggcagtcag actcatcaag

tttctetate aaagcaacce acctcccaat cccgagggga cecgacagge ccgaaggaat

agaagaagaa ggtggagaga gagacagaga cagatccatt cgattagtga acggatcctt

agcacttatc tgggacgatc tgcggagect gtgectette agetaccace gettgagaga

cttactcttg attgtaacga ggattgtgga acttetggga cgcagggggt gggaagecct

caaatattgg tggaatctcce tacaatattg gagtcaggag ctaaagaata g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 58

LENGTH: 351

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Rev - HIV Rev- Nuclear export and stabilize

viral mRNA

60

120

180

234

60

120

180

240

300

360

420

448

60

120

180

240

300

351
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<400> SEQUENCE: 58

atggcaggaa gaagcggaga cagcgacgaa gaactcctca aggcagtcag actcatcaag 60
tttctectatc aaagcaaccc acctcccaat cccgagggga cccgacaggce ccgaaggaat 120
agaagaagaa ggtggagaga gagacagaga cagatccatt cgattagtga acggatcctt 180
agcacttatc tgggacgatc tgcggagcct gtgectctte agctaccacc gcttgagaga 240
cttactcttg attgtaacga ggattgtgga acttctggga cgcagggggt gggaagccct 300
caaatattgg tggaatctcc tacaatattg gagtcaggag ctaaagaata g 351

<210> SEQ ID NO 59

<211> LENGTH: 450

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Rev- Rabbit beta globin poly A- RNA stability

<400> SEQUENCE: 59

agatcttttt ccctectgcca aaaattatgg ggacatcatyg aagccccttyg agcatctgac 60
ttctggctaa taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtct 120
ctcactcgga aggacatatg ggagggcaaa tcatttaaaa catcagaatg agtatttggt 180
ttagagtttg gcaacatatg cccatatgcet ggctgccatyg aacaaaggtt ggctataaag 240
aggtcatcag tatatgaaac agcccectge tgtccattece ttattccata gaaaagectt 300
gacttgaggt tagatttttt ttatattttg ttttgtgtta tttttttctt taacatccct 360
aaaattttcc ttacatgttt tactagccag atttttecte ctctectgac tactcccagt 420
catagctgtc cctcecttctet tatggagatce 450

<210> SEQ ID NO 60

<211> LENGTH: 577

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- CMV promoter- Transcription

<400> SEQUENCE: 60

acattgatta ttgactagtt attaatagta atcaattacg gggtcattag ttcatagccce 60
atatatggag ttccgegtta cataacttac ggtaaatgge ccegectgget gaccgeccaa 120
cgacceccege ccattgacgt caataatgac gtatgttcee atagtaacgce caatagggac 180
tttccattga cgtcaatggg tggagtattt acggtaaact gcccacttgyg cagtacatca 240
agtgtatcat atgccaagta cgcccectat tgacgtcaat gacggtaaat ggcccgectg 300
gcattatgece cagtacatga ccttatggga ctttectact tggcagtaca tctacgtatt 360
agtcatcget attaccatgg tgatgeggtt ttggcagtac atcaatggge gtggatageg 420
gtttgactca cggggatttc caagtctcca ccccattgac gtcaatggga gtttgttttg 480
gcaccaaaat caacgggact ttccaaaatg tcgtaacaac tccgccccat tgacgcaaat 540
gggcggtagg cgtgtacggt gggaggtcta tataagce 577

<210> SEQ ID NO 61

<211> LENGTH: 573

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Envelope- Beta globin intron- Enhance gene
expression

<400> SEQUENCE: 61

gtgagtttgg ggacccttga ttgttettte tttttegeta ttgtaaaatt catgttatat 60
ggagggggca aagttttcag ggtgttgttt agaatgggaa gatgtccctt gtatcaccat 120
ggaccctcat gataattttg tttetttcac tttctactet gttgacaacc attgtctect 180
cttattttct tttcattttc tgtaactttt tcgttaaact ttagcttgca tttgtaacga 240
atttttaaat tcacttttgt ttatttgtca gattgtaagt actttctcta atcacttttt 300
tttcaaggca atcagggtat attatattgt acttcagcac agttttagag aacaattgtt 360
ataattaaat gataaggtag aatatttctg catataaatt ctggctggeyg tggaaatatt 420
cttattggta gaaacaacta caccctggte atcatcctge ctttetettt atggttacaa 480
tgatatacac tgtttgagat gaggataaaa tactctgagt ccaaaccggyg cccctetget 540
aaccatgttc atgccttett ctetttecta cag 573

<210> SEQ ID NO 62

<211> LENGTH: 1519

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- VSV-G- Glycoprotein envelope-cell
entry

<400> SEQUENCE: 62

atgaagtgce ttttgtactt agecttttta ttecattgggg tgaattgcaa gttcaccata 60
gtttttccac acaaccaaaa aggaaactgg aaaaatgttce cttctaatta ccattattge 120
ccgtcaaget cagatttaaa ttggcataat gacttaatag gcacagectt acaagtcaaa 180
atgcccaaga gtcacaagge tattcaagca gacggttgga tgtgtcatge ttccaaatgg 240
gtcactactt gtgatttceg ctggtatgga ccgaagtata taacacattc catcegatcc 300
ttcactccat ctgtagaaca atgcaaggaa agcattgaac aaacgaaaca aggaacttgg 360
ctgaatccag gctteectee tcaaagttgt ggatatgcaa ctgtgacgga tgccgaagca 420
gtgattgtce aggtgactcc tcaccatgtyg ctggttgatg aatacacagg agaatgggtt 480
gattcacagt tcatcaacgg aaaatgcagc aattacatat gccccactgt ccataactet 540
acaacctgge attctgacta taaggtcaaa gggctatgtg attctaacct catttccatg 600
gacatcacct tcttcectcaga ggacggagag ctatcatcee tgggaaagga gggcacaggg 660
ttcagaagta actactttge ttatgaaact ggaggcaagg cctgcaaaat gcaatactge 720
aagcattggyg gagtcagact cccatcaggt gtetggtteg agatggetga taaggatcte 780
tttgctgcag ccagattcce tgaatgccca gaagggtcaa gtatctcetge tccatctcag 840
acctcagtgg atgtaagtct aattcaggac gttgagagga tcttggatta ttccctetge 900
caagaaacct ggagcaaaat cagagcgggt cttccaatet ctccagtgga tctcagetat 960

cttgctecta aaaacccagg aaccggtcct gctttcacca taatcaatgg taccctaaaa 1020

tactttgaga ccagatacat cagagtcgat attgctgctc caatcctcte aagaatggtce 1080

ggaatgatca gtggaactac cacagaaagg gaactgtggg atgactgggc accatatgaa 1140

gacgtggaaa ttggacccaa tggagttctg aggaccagtt caggatataa gtttccttta 1200
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tacatgattg gacatggtat gttggactcc gatcttcatc ttagctcaaa ggctcaggtg 1260
ttcgaacatc ctcacattca agacgctgct tcgcaacttc ctgatgatga gagtttattt 1320
tttggtgata ctgggctatc caaaaatcca atcgagcttg tagaaggttg gttcagtagt 1380
tggaaaagct ctattgccte ttttttettt atcatagggt taatcattgg actattcettg 1440
gttctccgag ttggtatcca tctttgcatt aaattaaagc acaccaagaa aagacagatt 1500
tatacagaca tagagatga 1519
<210> SEQ ID NO 63

<211> LENGTH: 450

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- Rabbit beta globin poly A- RNA

stability

<400> SEQUENCE: 63

agatcttttt ccctectgcca aaaattatgg ggacatcatyg aagccccttyg agcatctgac 60
ttctggctaa taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtct 120
ctcactcgga aggacatatg ggagggcaaa tcatttaaaa catcagaatg agtatttggt 180
ttagagtttg gcaacatatg cccatatgcet ggctgccatyg aacaaaggtt ggctataaag 240
aggtcatcag tatatgaaac agcccectge tgtccattece ttattccata gaaaagectt 300
gacttgaggt tagatttttt ttatattttg ttttgtgtta tttttttctt taacatccct 360
aaaattttcc ttacatgttt tactagccag atttttecte ctctectgac tactcccagt 420
catagctgtc cctcecttctet tatggagatce 450

<210> SEQ ID NO 64

<211> LENGTH: 1104

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Promoter- EF-1

<400> SEQUENCE: 64

ceggtgecta gagaaggtgg cgcggggtaa actgggaaag tgatgtegtg tactggetcece 60
gectttttee cgagggtggg ggagaaccgt atataagtge agtagtegec gtgaacgtte 120
tttttegecaa cgggtttgee gecagaacac aggtaagtge cgtgtgtggt tcecegeggge 180
ctggectett tacgggttat ggeccttgeg tgecttgaat tacttecacyg ccectggetg 240
cagtacgtga ttcttgatce cgagettegg gttggaagtg ggtgggagag ttegaggect 300
tgcgcttaag gagccectte gectegtget tgagttgagg cetggectgg gegetgggge 360
cgeegegtge gaatctggtg geaccttege gectgteteg ctgetttega taagtctceta 420
gccatttaaa atttttgatg acctgctgeg acgctttttt tetggcaaga tagtcttgta 480
aatgcgggece aagatctgea cactggtatt teggtttttg gggecgeggg cggcgacggg 540
gecegtgegt cccagegcac atgtteggeg aggeggggece tgcgagegeyg gocaccgaga 600
atcggacggg ggtagtctca agetggeegg cctgetetgg tgectggect cgegecgecg 660
tgtatcgece cgccctggge ggcaaggetyg geccggtegg caccagttge gtgageggaa 720

agatggcege tteceggece tgctgcaggg agetcaaaat ggaggacgeg gegceteggga 780
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gagcgggegg gtgagtcacce cacacaaagg aaaagggcct ttccegtcecte ageccgteget 840
tcatgtgact ccacggagta ccgggcgceg tccaggcacce tcgattagtt ctcegagettt 900
tggagtacgt cgtctttagg ttggggggag gggttttatg cgatggagtt tccccacact 960

gagtgggtgg agactgaagt taggccagct tggcacttga tgtaattctce cttggaattt 1020
gccetttttg agtttggate ttggttcatt ctcaagcctce agacagtggt tcaaagtttt 1080

tttcttecat ttcaggtgte gtga 1104

<210> SEQ ID NO 65

<211> LENGTH: 511

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Promoter- PGK

<400> SEQUENCE: 65

ggggttgggyg ttgcgecttt tccaaggcag ccctgggttt gegecagggac geggetgetc 60
tgggcegtggt tccgggaaac gcageggege cgacectggg tetegeacat tcettcacgte 120
cgttegecage gtcaccegga tcettegeege taccettgtg ggeccecegg cgacgettece 180
tgctcegece ctaagtceggg aaggttectt geggttegeg gegtgecgga cgtgacaaac 240
ggaagccegca cgtctcacta gtaccctege agacggacag cgccagggag caatggeage 300

gegecgaceyg cgatgggetyg tggecaatag cggcetgetca geagggegeg ccgagageag 360
cggcegggaa ggggcggtge gggaggceggg gdgtgtggggeg gtagtgtggg cectgttect 420
geeegegegy tgttecgecat tetgecaagece tecggagege acgtceggeag teggetcect 480
cgttgaccga atcaccgacc tcectcteccca g 511
<210> SEQ ID NO 66

<211> LENGTH: 1162

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Promoter- UbC

<400> SEQUENCE: 66

gegeegggtt ttggegecte cegegggege ccccctecte acggegageyg ctgecacgte 60
agacgaaggg cgcaggagceg ttectgatce ttecgecegg acgetcagga cageggecceg 120
ctgctcataa gacteggect tagaaccceca gtatcagcag aaggacattt taggacggga 180
cttgggtgac tctagggcac tggttttett tccagagage ggaacaggeg aggaaaagta 240
gtcecttete ggegattetg cggagggate tcegtgggge ggtgaacgece gatgattata 300
taaggacgcg ccgggtgtgg cacagctagt tcegtegeag cegggatttyg ggtegeggtt 360
cttgtttgtyg gatcgetgtg atcgtcactt ggtgagttge gggetgetgg getggecggg 420

getttegtgyg cegeegggee geteggtggyg acggaagegt gtggagagac cgecaaggge 480

tgtagtctgg gtccgegage aaggttgece tgaactgggg gttgggggga gegcacaaaa 540

tggceggetgt tcccgagtet tgaatggaag acgcttgtaa ggegggetgt gaggtegttg 600
aaacaaggtyg gggggcatgg tgggcggcaa gaacccaagg tettgaggee ttegetaatg 660
cgggaaagcet cttatteggg tgagatggge tggggcacca tetggggace ctgacgtgaa 720

gtttgtcact gactggagaa ctcgggtttyg tegtetggtt gegggggegy cagttatgeg 780
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gtgcegttgg gcagtgcace cgtacctttg ggagcgcgeg cctegtegtg tcegtgacgtce 840
acccgttetg ttggecttata atgcagggtg gggccacctg cceggtaggtyg tgcggtaggce 900
ttttectecegt cgcaggacgce agggttceggg cctagggtag getctectga atcgacaggce 960

gccggaccete tggtgagggg agggataagt gaggcgtcag tttetttggt cggttttatg 1020
tacctatctt cttaagtagc tgaagctccg gttttgaact atgcgectcgg ggttggcgag 1080
tgtgttttgt gaagtttttt aggcaccttt tgaaatgtaa tcatttgggt caatatgtaa 1140
ttttcagtgt tagactagta aa 1162
<210> SEQ ID NO 67

<211> LENGTH: 120

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Poly A- SV40

<400> SEQUENCE: 67

gtttattgca gcttataatg gttacaaata aagcaatagc atcacaaatt tcacaaataa 60
agcatttttt tcactgcatt ctagttgtgg tttgtccaaa ctcatcaatg tatcttatca 120
<210> SEQ ID NO 68

<211> LENGTH: 227

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Poly A- bGH

<400> SEQUENCE: 68

gactgtgect tctagttgee agccatcetgt tgtttgecce tecccegtge cttecttgac 60
cctggaaggt gccactccca ctgtcecttte ctaataaaat gaggaaattg catcgcattg 120
tctgagtagg tgtcattcta ttetgggggyg tggggtgggyg caggacagca agggggagga 180
ttgggaagac aatagcaggc atgctgggga tgcggtggge tctatgg 227
<210> SEQ ID NO 69

<211> LENGTH: 1512

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HIV Gag- Bal

<400> SEQUENCE: 69

atgggtgcga gagcgtcagt attaageggg ggagaattag ataggtggga aaaaattcegg 60
ttaaggccag ggggaaagaa aaaatataga ttaaaacata tagtatggge aagcagggaa 120
ctagaaagat tcgcagtcaa tcctggectyg ttagaaacat cagaaggetyg cagacaaata 180
ctgggacage tacaaccatc ccttcagaca ggatcagaag aacttagatc attatataat 240
acagtagcaa ccctctattg tgtacatcaa aagatagagg taaaagacac caaggaagct 300
ttagacaaaa tagaggaaga gcaaaacaaa tgtaagaaaa aggcacagca agcagcagct 360
gacacaggaa acagcggtca ggtcagccaa aatttcccta tagtgcagaa cctecagggg 420
caaatggtac atcaggccat atcacctaga actttaaatg catgggtaaa agtaatagaa 480
gagaaagctt tcagcccaga agtaataccce atgttttcag cattatcaga aggagccacc 540

ccacaagatt taaacaccat gctaaacaca gtggggggac atcaagcage catgcaaatg 600
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ttaaaagaac ccatcaatga ggaagctgca agatgggata gattgcatcc cgtgcaggca 660
gggectgttyg caccaggcca gataagagat ccaaggggaa gtgacatagc aggaactacc 720
agtacccttc aggaacaaat aggatggatg acaagtaatc cacctatccc agtaggagaa 780
atctataaaa gatggataat cctgggatta aataaaatag taaggatgta tagccctacc 840
agcattttgg acataagaca aggaccaaag gaacccttta gagactatgt agaccggttce 900
tataaaactc taagagccga gcaagcttca caggaggtaa aaaattggat gacagaaacc 960

ttgttggtce aaaatgcgaa cccagattgt aagactattt taaaagcatt gggaccagca 1020
gctacactag aagaaatgat gacagcatgt cagggagtgg gaggacccag ccataaagca 1080
agaattttgg cagaagcaat gagccaagta acaaattcag ctaccataat gatgcagaaa 1140
ggcaatttta ggaaccaaag aaagattgtt aaatgtttca attgtggcaa agaagggcac 1200
atagccagaa actgcagggc ccctaggaaa aggggctgtt ggaaatgtgyg aaaggaagga 1260
caccaaatga aagactgtac tgagagacag gctaattttt tagggaaaat ctggccttcce 1320
cacaaaggaa ggccagggaa tttccttcag agcagaccag agccaacagce cccaccagcce 1380
ccaccagaag agagcttcag gtttggggaa gagacaacaa ctccectctca gaagcaggag 1440
ctgatagaca aggaactgta tcctttagct tcecctcagat cactcectttgg caacgacccce 1500
tcgtcacaat aa 1512
<210> SEQ ID NO 70

<211> LENGTH: 1872

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HIV Pol- Bal

<400> SEQUENCE: 70

atgaatttge caggaagatg gaaaccaaaa atgatagggg gaattggagg ttttatcaaa 60
gtaagacagt atgatcagat actcatagaa atctgtggac ataaagctat aggtacagta 120
ttaataggac ctacacctgt caacataatt ggaagaaatc tgttgactca gattggttge 180
actttaaatt ttcccattag tectattgaa actgtaccag taaaattaaa accaggaatg 240
gatggcccaa aagttaaaca atggccactyg acagaagaaa aaataaaagc attaatggaa 300
atctgtacag aaatggaaaa ggaagggaaa atttcaaaaa ttgggectga aaatccatac 360
aatactccag tatttgccat aaagaaaaaa gacagtacta aatggagaaa attagtagat 420
ttcagagaac ttaataagaa aactcaagac ttctgggaag tacaattagg aatacacatc 480
ccgcaggggt taaaaaagaa aaaatcagta acagtactgg atgtgggtga tgcatatttt 540
tcagttcecct tagataaaga attcaggaag tatactgcat ttaccatacc tagtataaac 600
aatgaaacac cagggatcag atatcagtac aatgtacttc cacagggatg gaaaggatca 660
ccagcaatat ttcaaagtag catgacaaga atcttagagce cttttagaaa acaaaatcca 720
gaaatagtga tctatcaata catggatgat ttgtatgtag gatctgactt agaaataggg 780
cagcatagaa caaaaataga ggaactgaga caacatctgt tgaggtgggg atttaccaca 840
ccagacaaaa aacatcagaa agaacctcca ttectttgga tgggttatga actccatcct 900
gataaatgga cagtacagcc tatagtgctyg ccagaaaaag acagctggac tgtcaatgac 960

atacagaagt tagtgggaaa attgaattgg gcaagtcaga tttacccagg aattaaagta 1020
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aagcaattat gtaggctcct taggggaacc aaggcattaa cagaagtaat accactaaca 1080
aaagaaacag agctagaact ggcagagaac agggaaattc taaaagaacc agtacatggg 1140
gtgtattatg acccatcaaa agacttaata gcagaaatac agaagcaggg gcaaggccaa 1200
tggacatatc aaatttatca agagccattt aaaaatctga aaacaggaaa atatgcaaga 1260
atgaggggtg cccacactaa tgatgtaaaa caattaacag aggcagtgca aaaaataacc 1320
acagaaagca tagtaatatg gggaaagact cctaaattta aactacccat acaaaaagaa 1380
acatgggaaa catggtggac agagtattgg caagccacct ggattcctga gtgggagttt 1440
gtcaataccc ctcccttagt gaaattatgg taccagttag agaaagaacc cataatagga 1500
gcagaaacat tctatgtaga tggagcagct aaccgggaga ctaaattagg aaaagcagga 1560
tatgttacta acagaggaag acaaaaagtt gtctccctaa ctgacacaac aaatcagaag 1620
actgagttac aagcaattca tctagcttta caagattcag gattagaagt aaacatagta 1680
acagactcac aatatgcatt aggaatcatt caagcacaac cagataaaag tgaatcagag 1740
ttagtcagtc aaataataga acagttaata aaaaaggaaa aggtctacct ggcatgggta 1800
ccagcgcaca aaggaattgg aggaaatgaa caagtagata aattagtcag tactggaatc 1860
aggaaagtac ta 1872
<210> SEQ ID NO 71

<211> LENGTH: 867

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HIV Integrase- Bal

<400> SEQUENCE: 71

tttttagatg gaatagatat agcccaagaa gaacatgaga aatatcacag taattggaga 60
gcaatggcta gtgattttaa cctgccacct gtggtagcaa aagaaatagt agccagetgt 120
gataaatgtc agctaaaagg agaagccatg catggacaag tagactgtag tccaggaata 180
tggcaactag attgtacaca tttagaagga aaaattatcc tggtagcagt tcatgtagcce 240
agtggatata tagaagcaga agttattcca gcagagacag ggcaggaaac agcatacttt 300
ctcttaaaat tagcaggaag atggccagta aaaacaatac atacagacaa tggcagcaat 360
ttcactagta ctacagtcaa ggccgectgt tggtgggegyg ggatcaagca ggaatttgge 420
attcecctaca atccccaaag tcagggagta gtagaatcta taaataaaga attaaagaaa 480
attataggac aggtaagaga tcaggctgaa catcttaaaa cagcagtaca aatggcagta 540
ttcatccaca attttaaaag aaaagggggg attggggggt atagtgcagyg ggaaagaata 600
gtagacataa tagcaacaga catacaaact aaagaattac aaaaacaaat tacaaaaatt 660
caaaattttc gggtttatta cagggacagc agagatccac tttggaaagyg accagcaaag 720
cttetetgga aaggtgaagg ggcagtagta atacaagata atagtgacat aaaagtagta 780
ccaagaagaa aagcaaagat cattagggat tatggaaaac agatggcagyg tgatgattgt 840
gtggcaagta gacaggatga ggattag 867

<210> SEQ ID NO 72

<211> LENGTH: 1695

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Envelope- RD114

<400> SEQUENCE: 72

atgaaactcc caacaggaat ggtcatttta tgtagcctaa taatagttcg ggcagggttt 60
gacgacccce gcaaggctat cgcattagta caaaaacaac atggtaaacc atgcgaatgc 120
agcggagggce aggtatccga ggccccaccg aactccatcce aacaggtaac ttgcccaggce 180
aagacggcct acttaatgac caaccaaaaa tggaaatgca gagtcactcc aaaaaatctce 240
acccctageg ggggagaact ccagaactge ccctgtaaca ctttccagga ctcegatgcac 300
agttcttgtt atactgaata ccggcaatgc agggcgaata ataagacata ctacacggcc 360
accttgctta aaatacggtc tgggagcctc aacgaggtac agatattaca aaaccccaat 420
cagctcctac agtccecttg taggggctcet ataaatcage cegtttgetg gagtgccaca 480
gcccccatcee atatctccga tggtggagga cccctcgata ctaagagagt gtggacagtce 540
caaaaaaggc tagaacaaat tcataaggct atgcatcctg aacttcaata ccacccctta 600
gccctgecca aagtcagaga tgaccttage cttgatgcac ggacttttga tatcctgaat 660
accactttta ggttactcca gatgtccaat tttageccttg cccaagattg ttggetctgt 720
ttaaaactag gtacccctac ccctcttgeg atacccactce cctcectttaac ctactcccta 780
gcagactcce tagcgaatgce ctcctgtcag attatacctce cectcettggt tcaaccgatg 840
cagttctcca actcgtcctg tttatcttee cctttcatta acgatacgga acaaatagac 900
ttaggtgcag tcacctttac taactgcacc tctgtagcca atgtcagtag tcctttatgt 960

gccctaaacyg ggtcagtctt cctetgtgga aataacatgg catacaccta tttaccccaa 1020
aactggacag gactttgcgt ccaagcctce ctecteececg acattgacat catcccegggg 1080
gatgagccag tccccattce tgccattgat cattatatac atagacctaa acgagctgta 1140
cagttcatcc ctttactagce tggactggga atcaccgcag cattcaccac cggagctaca 1200
ggcctaggtyg tcecteccgtcac ccagtataca aaattatccc atcagttaat atctgatgtce 1260
caagtcttat ccggtaccat acaagattta caagaccagg tagactcgtt agctgaagta 1320
gttctccaaa ataggagggg actggaccta ctaacggcag aacaaggagg aatttgttta 1380
gccttacaag aaaaatgctg tttttatget aacaagtcag gaattgtgag aaacaaaata 1440
agaaccctac aagaagaatt acaaaaacgc agggaaagec tggcatccaa ccctetetgg 1500
accgggcetge agggctttet tecgtaccte ctacctcetece tgggacccect actcacccte 1560
ctactcatac taaccattgg gccatgcgtt ttcaatcgat tggtccaatt tgttaaagac 1620
aggatctcag tggtccaggc tetggttttg actcagcaat atcaccagct aaaacccata 1680
gagtacgagc catga 1695
<210> SEQ ID NO 73

<211> LENGTH: 2013

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- GALV

<400> SEQUENCE: 73

atgcttcectca cctcaagece geaccacctt cggcaccaga tgagtectgg gagcetggaaa 60

agactgatca tcctettaag ctgegtatte ggagacggea aaacgagtct gcagaataag 120
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aacccccacc agcctgtgac cctcacctgg caggtactgt cccaaactgg ggacgttgtce 180
tgggacaaaa aggcagtcca gcccctttgg acttggtgge cctcetcttac acctgatgta 240
tgtgeccctgg cggceggtcet tgagtcctgg gatatccegg gatccgatgt atcegtectcet 300
aaaagagtta gacctcctga ttcagactat actgccgctt ataagcaaat cacctgggga 360
gccatagggt gcagctacce tcgggctagg accaggatgg caaattcccc cttctacgtg 420
tgtcecccgag ctggccgaac ccattcagaa gctaggaggt gtgggggget agaatcccta 480
tactgtaaag aatggagttg tgagaccacg ggtaccgttt attggcaacc caagtcctca 540
tgggacctca taactgtaaa atgggaccaa aatgtgaaat gggagcaaaa atttcaaaag 600
tgtgaacaaa ccggctggtg taacccccte aagatagact tcacagaaaa aggaaaactc 660
tccagagatt ggataacgga aaaaacctgg gaattaaggt tctatgtata tggacaccca 720
ggcatacagt tgactatccg cttagaggtc actaacatgc cggttgtggce agtgggccca 780
gaccctgtee ttgcggaaca gggacctcct agcaagccce tcactctecc tctcteccca 840
cggaaagcgc cgcccaccce tctacccceg gcoggctagtg agcaaacccce tgceggtgeat 900
ggagaaactg ttaccctaaa ctctccgect cccaccagtg gecgaccgact ctttggectt 960

gtgcaggggg ccttectaac cttgaatget accaacccag gggccactaa gtecttgetgg 1020
ctetgtttgg gecatgagcce ceccttattat gaagggatag cctcttcagg agaggtcgcet 1080
tatacctcca accatacceg atgccactgg ggggcccaag gaaagcttac cctcactgag 1140
gtcteccggac tcegggtcatg catagggaag gtgcctctta cccatcaaca tctttgcaac 1200
cagaccttac ccatcaattc ctctaaaaac catcagtatc tgctccccte aaaccatagc 1260
tggtgggcct gcagcactgg cctcacccce tgectcteca cctcagtttt taatcagtcet 1320
aaagacttct gtgtccaggt ccagctgatc ccccgcatcect attaccatte tgaagaaacc 1380
ttgttacaag cctatgacaa atcaccccce aggtttaaaa gagagcctgce ctcacttacce 1440
ctagctgtcet tecctggggtt agggattgcg gcaggtatag gtactggctce aaccgcccta 1500
attaaagggc ccatagacct ccagcaaggc ctaaccagcc tccaaatcgce cattgacgcet 1560
gacctcecggg cccttcagga ctcaatcage aagctagagg actcactgac ttceccectatcet 1620
gaggtagtac tccaaaatag gagaggcctt gacttactat tccttaaaga aggaggcectce 1680
tgcgcggece taaaagaaga gtgctgtttt tatgtagacc actcaggtgce agtacgagac 1740
tccatgaaaa aacttaaaga aagactagat aaaagacagt tagagcgcca gaaaaaccaa 1800
aactggtatg aagggtggtt caataactcc ccttggttta ctaccctact atcaaccatc 1860
gctgggceceece tattgctcect ccttttgtta ctcactcttg ggccctgecat catcaataaa 1920
ttaatccaat tcatcaatga taggataagt gcagtcaaaa ttttagtcct tagacagaaa 1980

tatcagaccc tagataacga ggaaaacctt taa 2013

<210> SEQ ID NO 74

<211> LENGTH: 1530

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Envelope- FUG

<400> SEQUENCE: 74

atggttcege aggttetttt gtttgtacte cttetgggtt tttegttgtyg tttegggaag 60
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ttccecattt acacgatacc agacgaactt ggtccctgga gcecctattga catacaccat 120
ctcagetgte caaataacct ggttgtggag gatgaaggat gtaccaacct gtccgagtte 180
tcctacatgg aactcaaagt gggatacatce tcagccatca aagtgaacgg gttcacttge 240
acaggtgttg tgacagaggc agagacctac accaactttg ttggttatgt cacaaccaca 300
ttcaagagaa agcatttccg ccccacccca gacgcatgta gagecgcegta taactggaag 360
atggccggtyg accccagata tgaagagtcce ctacacaatce cataccccga ctaccactgg 420
cttcgaactyg taagaaccac caaagagtcc ctcattatca tatccccaag tgtgacagat 480
ttggacccat atgacaaatc ccttcactca agggtcttee ctggcggaaa gtgctcagga 540
ataacggtgt cctctaccta ctgctcaact aaccatgatt acaccatttg gatgcccgag 600
aatccgagac caaggacacc ttgtgacatt tttaccaata gcagagggaa gagagcatce 660
aacgggaaca agacttgcgg ctttgtggat gaaagaggcec tgtataagtc tctaaaagga 720
gcatgcagge tcaagttatg tggagttcett ggacttagac ttatggatgg aacatgggtce 780
gcgatgcaaa catcagatga gaccaaatgg tgccctecag atcagttggt gaatttgeac 840
gacttteget cagacgagat cgagcatctce gttgtggagg agttagttaa gaaaagagag 900
gaatgtctgyg atgcattaga gtccatcatg accaccaagt cagtaagttt cagacgtctce 960
agtcacctga gaaaacttgt cccagggttt ggaaaagcat ataccatatt caacaaaacc 1020

ttgatggagg ctgatgctca ctacaagtca gtccggacct ggaatgagat catcccctca 1080
aaagggtgtt tgaaagttgg aggaaggtgc catcctcatg tgaacggggt gtttttcaat 1140
ggtataatat tagggcctga cgaccatgtc ctaatcccag agatgcaatc atccctectce 1200
cagcaacata tggagttgtt ggaatcttca gttatccccce tgatgcacce cctggcagac 1260
ccttctacag ttttcaaaga aggtgatgag gctgaggatt ttgttgaagt tcacctcccce 1320
gatgtgtaca aacagatctc aggggttgac ctgggtctcc cgaactgggg aaagtatgta 1380
ttgatgactg caggggccat gattggcctg gtgttgatat tttcecctaat gacatggtgce 1440
agagttggta tccatctttg cattaaatta aagcacacca agaaaagaca gatttataca 1500
gacatagaga tgaaccgact tggaaagtaa 1530
<210> SEQ ID NO 75

<211> LENGTH: 1497

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- LCMV

<400> SEQUENCE: 75

atgggtcaga ttgtgacaat gtttgaggct ctgcctcaca tcatcgatga ggtgatcaac 60
attgtcatta ttgtgecttat cgtgatcacg ggtatcaagg ctgtctacaa ttttgccacce 120
tgtgggatat tcgcattgat cagtttecta cttetggetg gecaggteetyg tggcatgtac 180
ggtcttaagg gacccgacat ttacaaagga gtttaccaat ttaagtcagt ggagtttgat 240
atgtcacatc tgaacctgac catgcccaac gecatgttcag ccaacaacte ccaccattac 300
atcagtatgg ggacttctgg actagaattg accttcacca atgattccat catcagtcac 360
aacttttgca atctgaccte tgecttcaac aaaaagacct ttgaccacac actcatgagt 420

atagtttcga gcctacacct cagtatcaga gggaactcca actataagge agtatcctge 480
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gacttcaaca atggcataac catccaatac aacttgacat tctcagatcg acaaagtgcet 540
cagagccagt gtagaacctt cagaggtaga gtcctagata tgtttagaac tgcctteggg 600
gggaaataca tgaggagtgg ctggggctgg acaggctcag atggcaagac cacctggtgt 660
agccagacga gttaccaata cctgattata caaaatagaa cctgggaaaa ccactgcaca 720
tatgcaggtc cttttgggat gtccaggatt ctcectttcecc aagagaagac taagttcttce 780
actaggagac tagcgggcac attcacctgg actttgtcag actcttcagg ggtggagaat 840
ccaggtggtt attgcctgac caaatggatg attcttgctg cagagcttaa gtgtttceggg 900
aacacagcag ttgcgaaatg caatgtaaat catgatgccg aattctgtga catgectgcga 960

ctaattgact acaacaaggc tgctttgagt aagttcaaag aggacgtaga atctgccttg 1020
cacttattca aaacaacagt gaattctttg atttcagatc aactactgat gaggaaccac 1080
ttgagagatc tgatgggggt gccatattgc aattactcaa agttttggta cctagaacat 1140
gcaaagaccg gcgaaactag tgtccccaag tgctggcttg tcaccaatgg ttcecttactta 1200
aatgagaccc acttcagtga tcaaatcgaa caggaagccg ataacatgat tacagagatg 1260
ttgaggaagg attacataaa gaggcagggg agtacccccc tagcattgat ggaccttcectg 1320
atgttttcca catctgcata tctagtcage atcttecctge accttgtcaa aataccaaca 1380
cacaggcaca taaaaggtgg ctcatgtcca aagccacacce gattaaccaa caaaggaatt 1440
tgtagttgtg gtgcatttaa ggtgcctggt gtaaaaaccg tctggaaaag acgctga 1497
<210> SEQ ID NO 76

<211> LENGTH: 1692

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- FPV

<400> SEQUENCE: 76

atgaacactc aaatcctggt tttcegeectt gtggcagtea tcecccacaaa tgcagacaaa 60
atttgtcttyg gacatcatgce tgtatcaaat ggcaccaaag taaacacact cactgagaga 120
ggagtagaag ttgtcaatgc aacggaaaca gtggagcgga caaacatccc caaaatttge 180
tcaaaaggga aaagaaccac tgatcttggce caatgcggac tgttagggac cattaccgga 240
ccacctcaat gcgaccaatt tctagaattt tcagetgate taataatcga gagacgagaa 300
ggaaatgatyg tttgttacce ggggaagttt gttaatgaag aggcattgcg acaaatcctce 360
agaggatcag gtgggattga caaagaaaca atgggattca catatagtgg aataaggacc 420
aacggaacaa ctagtgcatg tagaagatca gggtcttcat tctatgcaga aatggagtgg 480
ctectgtcaa atacagacaa tgctgcttte ccacaaatga caaaatcata caaaaacaca 540
aggagagaat cagctctgat agtctgggga atccaccatt caggatcaac caccgaacag 600
accaaactat atgggagtgg aaataaactg ataacagtcg ggagttccaa atatcatcaa 660
tettttgtge cgagtccagg aacacgaccg cagataaatyg gccagtcegyg acggattgat 720
tttcattggt tgatcttgga tcccaatgat acagttactt ttagtttcaa tggggctttce 780
atagctccaa atcgtgecag cttcettgagg ggaaagtcca tggggatcca gagcegatgtg 840
caggttgatg ccaattgcga aggggaatgce taccacagtg gagggactat aacaagcaga 900

ttgcctttte aaaacatcaa tagcagagca gttggcaaat geccaagata tgtaaaacag 960
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gaaagtttat tattggcaac tgggatgaag aacgttcccg aaccttccaa aaaaaggaaa 1020
aaaagaggcce tgtttggcege tatagcaggg tttattgaaa atggttggga aggtctggtce 1080
gacgggtggt acggtttcag gcatcagaat gcacaaggag aaggaactgc agcagactac 1140
aaaagcaccc aatcggcaat tgatcagata accggaaagt taaatagact cattgagaaa 1200
accaaccagc aatttgagct aatagataat gaattcactg aggtggaaaa gcagattggc 1260
aatttaatta actggaccaa agactccatc acagaagtat ggtcttacaa tgctgaactt 1320
cttgtggcaa tggaaaacca gcacactatt gatttggctg attcagagat gaacaagctg 1380
tatgagcgag tgaggaaaca attaagggaa aatgctgaag aggatggcac tggttgcttt 1440
gaaatttttc ataaatgtga cgatgattgt atggctagta taaggaacaa tacttatgat 1500
cacagcaaat acagagaaga agcgatgcaa aatagaatac aaattgaccc agtcaaattg 1560
agtagtggct acaaagatgt gatactttgg tttagcttcg gggcatcatg ctttttgett 1620
cttgccattg caatgggect tgttttcata tgtgtgaaga acggaaacat gcggtgcact 1680
atttgtatat aa 1692
<210> SEQ ID NO 77

<211> LENGTH: 1266

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- RRV

<400> SEQUENCE: 77

agtgtaacag agcactttaa tgtgtataag gctactagac catacctage acattgcgcec 60
gattgegggyg acgggtactt ctgctatage ccagttgcta tcgaggagat ccgagatgag 120
gegtcetgatyg gecatgcettaa gatccaagte tccgeccaaa taggtctgga caaggcagge 180
acccacgecce acacgaagcet ccgatatatg getggtecatg atgttcagga atctaagaga 240
gattccttga gggtgtacac gtcegcageg tgctccatac atgggacgat gggacacttce 300
atcgtegeac actgteccace aggcgactac ctcaaggttt cgttcgagga cgcagatteg 360
cacgtgaagg catgtaaggt ccaatacaag cacaatccat tgceggtggg tagagagaag 420
ttcgtggtta gaccacactt tggegtagag ctgccatgea cctcatacca getgacaacg 480
geteccaceyg acgaggagat tgacatgcat acaccgccag atataccgga tcgcacectg 540
ctatcacaga cggcgggcaa cgtcaaaata acagcaggeg gcaggactat caggtacaac 600
tgtacctgeg gccegtgacaa cgtaggcact accagtactg acaagaccat caacacatgce 660
aagattgacc aatgccatge tgccgtcace agecatgaca aatggcaatt tacctctcca 720
tttgttccca gggctgatca gacagctagg aaaggcaagg tacacgttce gttcecctetg 780
actaacgtca cctgeccgagt geegttgget cgagegecgg atgecaccta tggtaagaag 840
gaggtgacce tgagattaca cccagatcat ccgacgcetcet tcetectatag gagtttagga 900
gecgaaccege acccgtacga ggaatgggtt gacaagttet ctgagegeat catcecagtg 960

acggaagaag ggattgagta ccagtgggge aacaacccge cggtctgect gtgggegcaa 1020

ctgacgaccg agggcaaacc ccatggctgg ccacatgaaa tcattcagta ctattatgga 1080

ctatacccecg cecgccactat tgccgcagta tcceggggcega gtctgatgge cctectaact 1140

ctggeggeca catgetgeat getggecace gegaggagaa agtgcectaac accgtacgcec 1200
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ctgacgccag gagcggtggt accgttgaca ctggggetge tttgctgcge accgagggcyg 1260

aatgca 1266

<210> SEQ ID NO 78

<211> LENGTH: 1266

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- MLV 10Al

<400> SEQUENCE: 78

agtgtaacag agcactttaa tgtgtataag gctactagac catacctage acattgcgcec 60
gattgegggyg acgggtactt ctgctatage ccagttgcta tcgaggagat ccgagatgag 120
gegtcetgatyg gecatgcettaa gatccaagte tccgeccaaa taggtctgga caaggcagge 180
acccacgecce acacgaagcet ccgatatatg getggtecatg atgttcagga atctaagaga 240
gattccttga gggtgtacac gtcegcageg tgctccatac atgggacgat gggacacttce 300
atcgtegeac actgteccace aggcgactac ctcaaggttt cgttcgagga cgcagatteg 360
cacgtgaagg catgtaaggt ccaatacaag cacaatccat tgceggtggg tagagagaag 420
ttcgtggtta gaccacactt tggegtagag ctgccatgea cctcatacca getgacaacg 480
geteccaceyg acgaggagat tgacatgcat acaccgccag atataccgga tcgcacectg 540
ctatcacaga cggcgggcaa cgtcaaaata acagcaggeg gcaggactat caggtacaac 600
tgtacctgeg gccegtgacaa cgtaggcact accagtactg acaagaccat caacacatgce 660
aagattgacc aatgccatge tgccgtcace agecatgaca aatggcaatt tacctctcca 720
tttgttccca gggctgatca gacagctagg aaaggcaagg tacacgttce gttcecctetg 780
actaacgtca cctgeccgagt geegttgget cgagegecgg atgecaccta tggtaagaag 840
gaggtgacce tgagattaca cccagatcat ccgacgcetcet tcetectatag gagtttagga 900
gecgaaccege acccgtacga ggaatgggtt gacaagttet ctgagegeat catcecagtg 960

acggaagaag ggattgagta ccagtggggce aacaacccege cggtetgect gtgggegcaa 1020
ctgacgaccg agggcaaacc ccatggctgg ccacatgaaa tcattcagta ctattatgga 1080
ctatacccecg cecgccactat tgccgcagta tcceggggcega gtctgatgge cctectaact 1140
ctggeggeca catgcetgcat getggecace gegaggagaa agtgcectaac accgtacgece 1200
ctgacgccag gagcggtggt accgttgaca ctggggetge tttgctgcge accgagggcyg 1260
aatgca 1266
<210> SEQ ID NO 79

<211> LENGTH: 2030

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Envelope- Ebola

<400> SEQUENCE: 79

atgggtgtta caggaatatt gcagttacct cgtgatcgat tcaagaggac atcattcttt 60
ctttgggtaa ttatcctttt ccaaagaaca ttttecatece cacttggagt catccacaat 120
agcacattac aggttagtga tgtcgacaaa ctggtttgec gtgacaaact gtcatccaca 180

aatcaattga gatcagttgg actgaatcte gaagggaatg gagtggcaac tgacgtgcca 240
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tctgcaacta aaagatgggg cttcaggtcc ggtgtcccac caaaggtggt caattatgaa 300
gctggtgaat gggctgaaaa ctgctacaat cttgaaatca aaaaacctga cgggagtgag 360
tgtctaccag cagcgccaga cgggattcgg ggctteccee ggtgccggta tgtgcacaaa 420
gtatcaggaa cgggaccgtg tgccggagac tttgccttce acaaagaggg tgctttette 480
ctgtatgacc gacttgcttce cacagttatc taccgaggaa cgactttcgce tgaaggtgtce 540
gttgcattte tgatactgcc ccaagctaag aaggacttct tcagctcaca ccccttgaga 600
gagccggtca atgcaacgga ggacccgtct agtggctact attctaccac aattagatat 660
caagctaccg gttttggaac caatgagaca gagtatttgt tcgaggttga caatttgacc 720
tacgtccaac ttgaatcaag attcacacca cagtttctge tccagctgaa tgagacaata 780
tatacaagtg ggaaaaggag caataccacg ggaaaactaa tttggaaggt caaccccgaa 840
attgatacaa caatcgggga gtgggccttc tgggaaacta aaaaaacctc actagaaaaa 900
ttcgcagtga agagttgtct ttcacagctg tatcaaacag agccaaaaac atcagtggtce 960

agagtccgge gcgaacttct tccgacccag ggaccaacac aacaactgaa gaccacaaaa 1020
tcatggcttc agaaaattcc tcectgcaatgg ttcaagtgca cagtcaagga agggaagctg 1080
cagtgtcgca tctgacaacc cttgccacaa tctceccacgag tectcaacce cccacaacca 1140
aaccaggtcc ggacaacagc acccacaata cacccgtgta taaacttgac atctctgagg 1200
caactcaagt tgaacaacat caccgcagaa cagacaacga cagcacagcce tccgacacte 1260
ccecegecac gaccgcagcece ggacccectaa aagcagagaa caccaacacyg agcaagggta 1320
ccgacctect ggaccccgece accacaacaa gtccccaaaa ccacagcgag accgetggea 1380
acaacaacac tcatcaccaa gataccggag aagagagtge cagcagcggyg aagctaggcet 1440
taattaccaa tactattgct ggagtcgcag gactgatcac aggcgggagg agagctcgaa 1500
gagaagcaat tgtcaatgct caacccaaat gcaaccctaa tttacattac tggactactc 1560
aggatgaagg tgctgcaatc ggactggcct ggataccata tttcgggcca gcagccgagg 1620
gaatttacat agaggggctg atgcacaatc aagatggttt aatctgtggg ttgagacagce 1680
tggccaacga gacgactcaa gctcttcaac tgttecctgag agccacaacc gagctacgca 1740
ccttttcaat cctcaaccgt aaggcaattg atttcttget gcagcgatgg ggcggcacat 1800
gccacatttt gggaccggac tgctgtatcg aaccacatga ttggaccaag aacataacag 1860
acaaaattga tcagattatt catgattttg ttgataaaac ccttccggac cagggggaca 1920
atgacaattg gtggacagga tggagacaat ggataccggc aggtattgga gttacaggcg 1980
ttataattgc agttatcgct ttattctgta tatgcaaatt tgtcttttag 2030
<210> SEQ ID NO 80

<211> LENGTH: 389

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Short WPRE sequence

<400> SEQUENCE: 80

aatcaacctce tggattacaa aatttgtgaa agattgactg atattcttaa ctatgttget 60

ccttttacge tgtgtggata tgctgcttta atgectetgt atcatgctat tgcttcecegt 120

acggcttteg ttttectecte cttgtataaa tcecctggttge tgtctecttta tgaggagttg 180



US 2019/0201523 Al Jul. 4,2019
102

-continued
tggcecegttyg tccgtcaacyg tggcgtggtyg tgetetgtgt ttgctgacge aacccccact 240
ggctggggea ttgccaccac ctgtcaactce ctttetggga ctttegettt cececteceg 300
atcgecacgg cagaactcat cgccgectge cttgcccget getggacagyg ggctaggttg 360
ctgggcactg ataattcegt ggtgttgtce 389
<210> SEQ ID NO 81
<211> LENGTH: 31
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 81
taagcagaat tcatgaattt gccaggaaga t 31
<210> SEQ ID NO 82
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 82
ccatacaatg aatggacact aggcggcecge acgaat 36

<210> SEQ ID NO 83

<211> LENGTH: 2745

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Gag, Pol, Integrase fragment

<400> SEQUENCE: 83

gaattcatga atttgccagg aagatggaaa ccaaaaatga tagggggaat tggaggtttt 60
atcaaagtaa gacagtatga tcagatactc atagaaatct geggacataa agctataggt 120
acagtattag taggacctac acctgtcaac ataattggaa gaaatctgtt gactcagatt 180
ggctgcactt taaattttcc cattagtcct attgagactg taccagtaaa attaaagcca 240
ggaatggatg gcccaaaagt taaacaatgyg ccattgacag aagaaaaaat aaaagcatta 300
gtagaaattt gtacagaaat ggaaaaggaa ggaaaaattt caaaaattgg gcctgaaaat 360
ccatacaata ctccagtatt tgccataaag aaaaaagaca gtactaaatg gagaaaatta 420
gtagatttca gagaacttaa taagagaact caagatttct gggaagttca attaggaata 480
ccacatcctyg cagggttaaa acagaaaaaa tcagtaacag tactggatgt gggcgatgca 540
tatttttcag ttcccttaga taaagactte aggaagtata ctgcatttac catacctagt 600
ataaacaatg agacaccagg gattagatat cagtacaatg tgcttccaca gggatggaaa 660
ggatcaccag caatattcca gtgtagcatg acaaaaatct tagagecttt tagaaaacaa 720
aatccagaca tagtcatcta tcaatacatg gatgatttgt atgtaggatc tgacttagaa 780
atagggcagc atagaacaaa aatagaggaa ctgagacaac atctgttgag gtggggattt 840
accacaccag acaaaaaaca tcagaaagaa cctccattec tttggatggg ttatgaacte 900
catcctgata aatggacagt acagectata gtgctgecag aaaaggacag ctggactgte 960

aatgacatac agaaattagt gggaaaattg aattgggcaa gtcagattta tgcagggatt 1020
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aaagtaaggc aattatgtaa acttcttagg ggaaccaaag cactaacaga agtagtacca 1080
ctaacagaag aagcagagct agaactggca gaaaacaggg agattctaaa agaaccggta 1140
catggagtgt attatgaccc atcaaaagac ttaatagcag aaatacagaa gcaggggcaa 1200
ggccaatgga catatcaaat ttatcaagag ccatttaaaa atctgaaaac aggaaagtat 1260
gcaagaatga agggtgccca cactaatgat gtgaaacaat taacagaggc agtacaaaaa 1320
atagccacag aaagcatagt aatatgggga aagactccta aatttaaatt acccatacaa 1380
aaggaaacat gggaagcatg gtggacagag tattggcaag ccacctggat tcctgagtgg 1440
gagtttgtca atacccctce cttagtgaag ttatggtacc agttagagaa agaacccata 1500
ataggagcag aaactttcta tgtagatggg gcagccaata gggaaactaa attaggaaaa 1560
gcaggatatyg taactgacag aggaagacaa aaagttgtcc ccctaacgga cacaacaaat 1620
cagaagactg agttacaagc aattcatcta gctttgcagg attcgggatt agaagtaaac 1680
atagtgacag actcacaata tgcattggga atcattcaag cacaaccaga taagagtgaa 1740
tcagagttag tcagtcaaat aatagagcag ttaataaaaa aggaaaaagt ctacctggca 1800
tgggtaccag cacacaaagg aattggagga aatgaacaag tagataaatt ggtcagtgct 1860
ggaatcagga aagtactatt tttagatgga atagataagg cccaagaaga acatgagaaa 1920
tatcacagta attggagagc aatggctagt gattttaacc taccacctgt agtagcaaaa 1980
gaaatagtag ccagctgtga taaatgtcag ctaaaagggg aagccatgca tggacaagta 2040
gactgtagcc caggaatatg gcagctagat tgtacacatt tagaaggaaa agttatcttg 2100
gtagcagttc atgtagccag tggatatata gaagcagaag taattccagc agagacaggg 2160
caagaaacag catacttcct cttaaaatta gcaggaagat ggccagtaaa aacagtacat 2220
acagacaatg gcagcaattt caccagtact acagttaagg ccgcctgttg gtgggcgggg 2280
atcaagcagg aatttggcat tccctacaat ccccaaagtc aaggagtaat agaatctatg 2340
aataaagaat taaagaaaat tataggacag gtaagagatc aggctgaaca tcttaagaca 2400
gcagtacaaa tggcagtatt catccacaat tttaaaagaa aaggggggat tggggggtac 2460
agtgcagggg aaagaatagt agacataata gcaacagaca tacaaactaa agaattacaa 2520
aaacaaatta caaaaattca aaattttcgg gtttattaca gggacagcag agatccagtt 2580
tggaaaggac cagcaaagct cctctggaaa ggtgaagggg cagtagtaat acaagataat 2640
agtgacataa aagtagtgcc aagaagaaaa gcaaagatca tcagggatta tggaaaacag 2700
atggcaggtg atgattgtgt ggcaagtaga caggatgagg attaa 2745
<210> SEQ ID NO 84
<211> LENGTH: 1586
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA Fragment containing Rev, RRE and rabbit
beta globin poly A

<400> SEQUENCE: 84

tctagaatgg caggaagaag cggagacagce gacgaagagce tcatcagaac agtcagacte 60
atcaagctte tctatcaaag caacccacct cccaatcceg aggggacceceg acaggcccga 120
aggaatagaa gaagaaggtg gagagagaga cagagacaga tccattcgat tagtgaacgg 180

atccttggea cttatetggg acgatctgeg gagectgtge ctettecaget accaccgett 240
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gagagactta ctcttgattg taacgaggat tgtggaactt ctgggacgca gggggtggga 300
agccctcaaa tattggtgga atctcctaca atattggagt caggagctaa agaatagagg 360
agctttgtte cttgggttcet tgggagcage aggaagcact atgggcgcag cgtcaatgac 420
gctgacggta caggccagac aattattgtce tggtatagtg cagcagcaga acaatttget 480
gagggctatt gaggcgcaac agcatctgtt gcaactcaca gtctggggca tcaagcaget 540
ccaggcaaga atcctggetg tggaaagata cctaaaggat caacagctcece tagatctttt 600
tcectetgee aaaaattatg gggacatcat gaagcccctt gagcatctga cttetggceta 660
ataaaggaaa tttattttca ttgcaatagt gtgttggaat tttttgtgtc tectcactecgg 720
aaggacatat gggagggcaa atcatttaaa acatcagaat gagtatttgg tttagagttt 780
ggcaacatat gccatatgct ggctgccatg aacaaaggtg gctataaaga ggtcatcagt 840
atatgaaaca gcccectget gtccattect tattccatag aaaagccttyg acttgaggtt 900
agattttttt tatattttgt tttgtgttat ttttttcttt aacatcccta aaattttcct 960

tacatgtttt actagccaga tttttcecctce tctectgact actcccagte atagetgtcece 1020
ctecttetett atgaagatcc ctcgacctge agcccaagcet tggcgtaatce atggtcatag 1080
ctgtttectg tgtgaaattyg ttatccgcte acaattccac acaacatacg agccggaagc 1140
ataaagtgta aagcctgggg tgcctaatga gtgagctaac tcacattaat tgecgttgegce 1200
tcactgcceg ctttecagte gggaaacctg tcgtgccage ggatccgcat ctcaattagt 1260
cagcaaccat agtcccgecce ctaactecge cecatcccegece cctaactecyg cccagttecg 1320
cccattetece gecccatgge tgactaattt tttttattta tgcagaggcce gaggcecgect 1380
cggcctetga gectattceccag aagtagtgag gaggcttttt tggaggccta ggcttttgcea 1440
aaaagctaac ttgtttattg cagcttataa tggttacaaa taaagcaata gcatcacaaa 1500
tttcacaaat aaagcatttt tttcactgca ttctagttgt ggtttgtcca aactcatcaa 1560
tgtatcttat cagcggccge cccggg 1586
<210> SEQ ID NO 85

<211> LENGTH: 1614

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: DNA fragment containing the CAG

enhancer/promoter/intron sequence

<400> SEQUENCE: 85

acgcgttagt tattaatagt aatcaattac ggggtcatta gttcatagcec catatatgga 60
gttecegegtt acataactta cggtaaatgg cccgectgge tgaccgecca acgaccccecyg 120
cccattgacyg tcaataatga cgtatgttcce catagtaacyg ccaataggga ctttccattg 180
acgtcaatgg gtggactatt tacggtaaac tgcccacttyg gcagtacatc aagtgtatca 240
tatgccaagt acgccccecta ttgacgtcaa tgacggtaaa tggcccgect ggcattatge 300
ccagtacatg accttatggg actttectac ttggcagtac atctacgtat tagtcatcge 360
tattaccatg ggtcgaggtg agccccacgt tetgettcac tcetecccate tccecccect 420
cceccacccce aattttgtat ttatttattt tttaattatt ttgtgcageg atgggggcgg 480

999999999y ggcegcgcegee aggeggggceg dgggcedgdgceg aggggegygyg cggggcgagy 540
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cggagaggtg
aggeggegge
ttgccttege
accgegttac
cgettggttt
cgggagggec
ggggagcgece
gggetttgty
geggggggge
agggggtgtyg
ctgagcacgg
tgcegggegyg
gggagggete
gagccgcage
ccaaatctgg
cgaageggty
geegeegtee

dgggggacgy

cggeggeage
ggeggeggece
ccegtgeccee
tcccacaggt
aatgacggct
ctttgtgegy
gegtgeggee
cgcteegegt
tgcgagggga
ggegeggegy
cceggetteg
ggggtggcgy
g999g9agggy
cattgecttt
cggagccgaa
cggegecegge
ccttetecat

dgcagggegy

<210> SEQ ID NO 86
<211> LENGTH: 1531

<212> TYPE:

DNA

caatcagagc

ctataaaaag

getecgegee

gagcegggegy

cgtttetttt

dggggagegy

cgegetgece

gtgcgegagg

acaaaggctyg

tcgggetgta

ggtgcgggge

caggtggggg

c¢geggeggece

tatggtaatc

atctgggagg

aggaaggaaa

ctccagecte

ggtteggett

ggcgegetee

cgaagcgege

gectegegee

gacggcccett

ctgtggetge

ctcgggggge

ggcggetgtyg

dgagcgegge

cgtgegggge

accceeccect

tCCgthggg

tgcecgggegyg

ceggageged

gtgcgagagg

cgecegecgea

tgggcgggga

ggggetgeeg

ctggcgtgtg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA fragment containing VSV-G

<400> SEQUENCE: 86

gaattcatga

accatagttt

tattgccegt

gtcaaaatgce

aaatgggtca

cgatccttea

acttggctga

gaagcagtga

tgggttgatt

aactctacaa

tccatggaca

acagggttca

tactgcaage

gatctetttyg

tctecagacct

agtgcetttt

ttccacacaa

caagctcaga

ccaagagtca

ctacttgtga

ctccatetgt

atccaggett

ttgtccaggt

cacagttcat

cctggeatte

tcaccttcett

gaagtaacta

attggggagt

ctgcagecag

cagtggatgt

gtacttagce

ccaaaaagga

tttaaattgg

caaggctatt

tttecegetygy

agaacaatgc

ccctectecaa

gactcctcac

caacggaaaa

tgactataag

ctcagaggac

ctttgettat

cagactccca

attccctgaa

aagtctaatt

tttttattca

aactggaaaa

cataatgact

caagcagacg

tatggaccga

aaggaaagca

agttgtggat

catgtgctygg

tgcagcaatt

gtcaaagggce

ggagagctat

gaaactggag

tcaggtgtct

tgcccagaag

caggacgttyg

gaaagtttce ttttatggeg

ggegggeggg agtegetgeg

gecegeceeg getcetgactg

ctcctecggyg ctgtaattag

gtgaaagect taaagggcete

gegtgegtgt gtgtgtgegt

agcgetgegg gegeggcegeg

c€gggggcggt gecccgeggt

gtgtgegtgg gggggtgage

gcaccecect ccecgagttyg

gegtggegeg gggetegecg

ggeggggeeg cctegggecyg

ggeggetgte gaggcgegge

gegeagggac ttectttgte

cccectetag cgggegeggyg

gggecttegt gegtegecge

cagggggacg gctgcectteg

accggeggga attce

ttggggtgaa ttgcaagttce

atgttcctte taattaccat

taataggcac agccttacaa

gttggatgtyg tcatgcttee

agtatataac acattccatc

ttgaacaaac gaaacaagga

atgcaactgt gacggatgce

ttgatgaata cacaggagaa

acatatgcce cactgtccat

tatgtgattc taacctcatt

catccctggyg aaaggaggge

gcaaggccetyg caaaatgcaa

ggttcgagat ggctgataag

ggtcaagtat ctctgctcca

agaggatctt ggattattce

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1614

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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ctetgecaag aaacctggag caaaatcaga gegggtctte caatctctece agtggatcte 960

agctatcttg ctcctaaaaa cccaggaacce ggtecctgett tcaccataat caatggtacce 1020

ctaaaatact ttgagaccag atacatcaga gtcgatattg ctgctccaat cctctcaaga 1080

atggtcggaa tgatcagtgg aactaccaca gaaagggaac tgtgggatga ctgggcacca 1140

tatgaagacg tggaaattgg acccaatgga gttctgagga ccagttcagg atataagttt 1200

cctttataca tgattggaca tggtatgttg gactccgatc ttcatcttag ctcaaaggct 1260

caggtgttcg aacatcctca cattcaagac gctgcttege aacttcecctga tgatgagagt 1320

ttattttttg gtgatactgg gctatccaaa aatccaatcg agcttgtaga aggttggttce 1380

agtagttgga aaagctctat tgcctcectttt ttcectttatca tagggttaat cattggacta 1440

ttettggtte tccgagttgg tatccatctt tgcattaaat taaagcacac caagaaaaga 1500

cagatttata cagacataga gatgagaatt c¢ 1531

<210> SEQ ID NO 87

<211> LENGTH: 1227

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Helper plasmid containing RRE and rabbit beta
globin poly A

<400> SEQUENCE: 87

tctagaagga gctttgttcee ttgggttett gggagcagea ggaagcacta tgggegcage 60
gtcaatgacyg ctgacggtac aggccagaca attattgtct ggtatagtgc agcagcagaa 120
caatttgctg agggctattg aggcgcaaca gcatctgttyg caactcacag tctggggcat 180
caagcagcte caggcaagaa tcctggetgt ggaaagatac ctaaaggatc aacagctcct 240
agatcttttt ccctectgcca aaaattatgg ggacatcatyg aagccccttyg agcatctgac 300
ttctggctaa taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtct 360
ctcactcgga aggacatatg ggagggcaaa tcatttaaaa catcagaatg agtatttggt 420
ttagagtttg gcaacatatg ccatatgctg getgccatga acaaaggtgyg ctataaagag 480
gtcatcagta tatgaaacag cccecctgetg tcecattectt attccataga aaagecttga 540
cttgaggtta gatttttttt atattttgtt ttgtgttatt tttttcttta acatccctaa 600
aattttectt acatgtttta ctagccagat ttttcecctect ctcectgacta ctcecccagtca 660
tagctgtccee tcettetetta tgaagatccee tegacctgea geccaagett ggcegtaatca 720
tggtcatage tgtttectgt gtgaaattgt tatccgcteca caattccaca caacatacga 780
geceggaagea taaagtgtaa agcctggggt gectaatgag tgagctaact cacattaatt 840
gegttgeget cactgecccge tttecagteg ggaaacctgt cgtgccageg gatccgcatce 900
tcaattagtc agcaaccata gtcccgeccee taactccgece catcccgece ctaactccge 960

ccagtteccge ccattcteeg ccccatggcet gactaatttt ttttatttat gcagaggecg 1020

aggccgecte ggcectctgag ctattccaga agtagtgagg aggctttttt ggaggcctag 1080

gcttttgcaa aaagctaact tgtttattgce agcttataat ggttacaaat aaagcaatag 1140

catcacaaat ttcacaaata aagcattttt ttcactgcat tctagttgtg gtttgtccaa 1200

actcatcaat gtatcttatc acccggg 1227
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<210> SEQ ID NO 88
<211> LENGTH: 884

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: RSV promoter and HIV Rev

<400> SEQUENCE: 88

caattgcgat

aaaagcgggyg

ttgcataggyg

acgatgagtt

gaagtaaggt

ggacgaacca

aataaacgcc

gtgaaccgte

cgggaccgat

dcggagacag

gcaacccacc

dgagagagag

gacgatctge

gtaacgagga

aatctcctac

gtacgggcca

ctteggttgt

agggggaaat

agcaacatgc

ggtacgatcyg

ctgaatteceg

atttgaccat

agatcgecetyg

ccagectece

cgacgaagaa

tcccaatcecee

acagagacag

ggagcctgtg

ttgtggaact

aatattggag

<210> SEQ ID NO 89
<211> LENGTH: 19

<212> TYPE

: DNA

gatatacgcyg

acgcggttag

gtagtcttat

cttacaagga

tgccttatta

cattgcagag

tcaccacatt

gagacgccat

ctcgaageta

ctcctcaagy

gaggggaccc

atccattcga

cctetteage

tctgggacge

tcaggagcta

tatctgaggyg

gagtccccte

gcaatacact

gagaaaaagc

ggaaggcaac

ataattgtat

ggtgtgcace

ccacgetgtt

gegattagge

cagtcagact

gacaggcccyg

ttagtgaacg

taccaccget

agggggtggg

aagaatagtc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Target sequence

<400> SEQUENCE: 89

atggcaggaa

gaagcggag

<210> SEQ ID NO 90
<211> LENGTH: 52

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 90

shRNA sequence

gactagggtg

aggatatagt

tgtagtcttg

accgtgcatyg

agacaggtct

ttaagtgect

tccaageteg

ttgaccteca

atctcctatg

catcaagttt

aaggaataga

gatccttage

tgagagactt

aagccctcaa

taga

tgtttaggcy

agtttegett

caacatggta

ccgattggty

gacatggatt

agctcgatac

agctcgttta

tagaagacac

gcaggaagaa

ctctatcaaa

agaagaaggt

acttatctgyg

actcttgatt

atattggtgyg

atggcaggaa gaagcggagt tcaagagact ccgettette ctgecatttt tt

<210> SEQ ID NO 91
<211> LENGTH: 279

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Hl promoter and shRT sequence

<400> SEQUENCE: 91

gaacgctgac gtcatcaacc cgctccaagyg aatcgeggge ccagtgtcac taggegggaa

cacccagege gegtgegecoe tggcaggaag atggetgtga gggacagggg agtggegecce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

884

19

52

60

120
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tgcaatattt gcatgtcget atgtgttetyg ggaaatcacce ataaacgtga aatgtctttg
gatttgggaa tcttataagt tctgtatgag accacttgga tccgeggaga cagcgacgaa

gagcttcaag agagctctte gtcegetgtet cegettttt

<210> SEQ ID NO 92

<211> LENGTH: 275

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: H1 CCR5 sequence

<400> SEQUENCE: 92

gaacgctgac gtcatcaacc cgctccaagyg aatcgeggge ccagtgtcac taggegggaa
cacccagege gegtgegecoe tggcaggaag atggetgtga gggacagggg agtggegecce
tgcaatattt gcatgtcget atgtgttetyg ggaaatcacce ataaacgtga aatgtctttg
gatttgggaa tcttataagt tctgtatgag accacttgga tccgtgtcaa gtecaatcta

tgttcaagag acatagattg gacttgacac ttttt

<210> SEQ ID NO 93

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 93

aggaattgat ggcgagaagg

<210> SEQ ID NO 94

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 94

ccccaaagaa ggtcaaggta atca

<210> SEQ ID NO 95

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 95

agcgecggeta cagettca

<210> SEQ ID NO 96

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: n = p

<400> SEQUENCE: 96

180

240

279

60

120

180

240

275

20

24

18
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ggcgacgtag

cacagctten

<210> SEQ ID NO 97
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: AGT103 CCR5 miR30

<400> SEQUENCE: 97

tgtaaactga

gettgeteta

<210> SEQ ID NO 98
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: AGT103-R5-1

<400> SEQUENCE: 98

tgtaaactga

gettgetege

<210> SEQ ID NO 99
<211> LENGTH: 19

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: AGT103-R5-2

<400> SEQUENCE: 99

catagattgg

acttgacac

<210> SEQ ID NO 100
<211> LENGTH: 642

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CAG promoter

<400> SEQUENCE: 100

tagttattaa

cgttacataa

gacgtcaata

atgggtggac

aagtacgccc

catgacctta

catgggtega

ccccaatttt

dgggggegcy

ggtgcggegy

¢ggeggegge

tagtaatcaa

cttacggtaa

atgacgtatg

tatttacggt

cctattgacyg

tgggacttte

ggtgagccce

gtatttattt

cgccaggcgyg

cagccaatca

ggccectataa

<210> SEQ ID NO 101
<211> LENGTH: 217

<212> TYPE:

DNA

ttacggggte

atggceegec

ttcccatagt

aaactgccca

tcaatgacgg

ctacttggca

acgttetget

attttttaat

dgcggggcegy

gagceggegceyg

aaagcgaagc

attagttcat

tggctgaceyg

aacgccaata

cttggcagta

taaatggcce

gtacatctac

tcactctcce

tattttgtge

dgcgaggggce

ctcecgaaagt

gcgeggegyy

<213> ORGANISM: Artificial Sequence

agcccatata

cccaacgacc

gggactttce

catcaagtgt

gectggeatt

gtattagtca

catctcececce

agcgatgggg

dgggceggyggce

ttccttttat

cg

tggagttceg

ccecgeccatt

attgacgtca

atcatatgcce

atgcccagta

tcgctattac

ccctececcac

gegggggggg

daggcggaga

dgcgaggcgg

20

20

20

19

60

120

180

240

300

360

420

480

540

600

642
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<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Hl element

SEQUENCE: 101

gaacgctgac gtcatcaacc cgctccaagyg aatcgeggge ccagtgtcac taggegggaa

cacccagege gegtgegecoe tggcaggaag atggetgtga gggacagggg agtggegecce

tgcaatattt gcatgtcget atgtgttetyg ggaaatcacce ataaacgtga aatgtctttg

gatttgggaa tcttataagt tctgtatgag accactt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 102

LENGTH: 250

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: 3' LTR

SEQUENCE: 102

tggaagggct aattcactcce caacgaagat aagatctget ttttgettgt actgggtcete

tctggttaga ccagatctga gectgggage tctcetggeta actagggaac ccactgetta

agcctcaata aagcttgect tgagtgette aagtagtgtg tgcccegtetg ttgtgtgact

ctggtaacta gagatcccte agaccctttt agtcagtgtg gaaaatctcet agcagtagta

gttcatgtca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 103

LENGTH: 243

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: 7SK promoter

SEQUENCE: 103

ctgcagtatt tagcatgece cacccatetg caaggcatte tggatagtgt caaaacagcc

ggaaatcaag tccgtttatc tcaaacttta gcattttggg aataaatgat atttgctatg

ctggttaaat tagattttag ttaaatttce tgetgaaget ctagtacgat aagcaacttg

acctaagtgt aaagttgaga tttccttecag gtttatatag cttgtgegee gectggetac

cte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 104

LENGTH: 132

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: miR155 Tat

SEQUENCE: 104

ctggaggett gectgaagget gtatgetgte cgettettec tgccataggg ttttggecac

tgactgacce tatggggaag aagcggacag gacacaaggce ctgttactag cactcacatg

gaacaaatgg cc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 105

LENGTH: 3992

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: pRSV Rev

60

120

180

217

60

120

180

240

250

60

120

180

240

243

60

120

132
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<400> SEQUENCE: 105

agcgcccaat acgcaaaccg cctctccceg cgegttggec gattcattaa tgcagcetgge 60
acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttagce 120
tcactcatta ggcaccccag gctttacact ttatgcttece ggctegtatg ttgtgtggaa 180
ttgtgagcgg ataacaattt cacacaggaa acagctatga ccatgattac gaattcgatg 240
tacgggccag atatacgcgt atctgagggg actagggtgt gtttaggcga aaagcggggce 300
ttcggttgta cgeggttagg agtcccctca ggatatagta gtttegettt tgcataggga 360
gggggaaatg tagtcttatg caatacactt gtagtcttgce aacatggtaa cgatgagtta 420
gcaacatgcce ttacaaggag agaaaaagca ccgtgcatgce cgattggtgg aagtaaggtg 480
gtacgatcgt gccttattag gaaggcaaca gacaggtctg acatggattg gacgaaccac 540
tgaattccgce attgcagaga taattgtatt taagtgccta gctcgataca ataaacgcca 600
tttgaccatt caccacattg gtgtgcacct ccaagctcga gctecgtttag tgaaccgtca 660
gatcgcectgg agacgccatc cacgctgttt tgacctccat agaagacacc gggaccgatc 720
cagcctcecee tcgaagctag tcgattagge atctectatg gcaggaagaa gcggagacag 780
cgacgaagac ctcctcaagg cagtcagact catcaagttt ctctatcaaa gcaacccacc 840
tcccaatccec gaggggacce gacaggcccg aaggdaataga agaagaaggt ggagagagag 900
acagagacag atccattcga ttagtgaacg gatccttage acttatctgg gacgatctgce 960

ggagcctgtyg cctettcage taccaccget tgagagactt actcttgatt gtaacgagga 1020
ttgtggaact tctgggacgc agggggtggg aagccctcaa atattggtgg aatctcectac 1080
aatattggag tcaggagcta aagaatagtg ctgttagcectt gctcaatgcc acagctatag 1140
cagtagctga ggggacagat agggttatag aagtagtaca agaagcttgg cactggccgt 1200
cgttttacat gatctgagcc tgggagatct ctggctaact agggaaccca ctgcttaagce 1260
ctcaataaag cttgccttga gtgcttcaag tagtgtgtge cecgtctgttg tgtgactctg 1320
gtaactagag atcacaaagc aaccatagta cgcgcectgt agecggegcecat taagcgcegge 1380
gggtgtggtyg gttacgcgca gcgtgaccge tacacttgec agcgccctag cgcccgcetece 1440
tttecgettte ttcecttect ttetegecac gttegecegge tttecccgte aagctctaaa 1500
tcgggggete cectttagggt tecgatttag tgctttacgg cacctcgacce ccaaaaaact 1560
tgatttgggt gatggttcac gtagtgggcce atcgccctga tagacggttt ttegeccttt 1620
gacgttggag tccacgttct ttaatagtgg actcttgttc caaactggaa caacactcaa 1680
ccectateteg ggctattett ttgatttata agggattttg ccgatttcecgg cctattggtt 1740
aaaaaatgag ctgatttaac aaaaatttaa cgcgaatttt aacaaaatat taacgtttac 1800
aattttatgg tgcactctca gtacaatctg ctctgatgecce gcatagttaa gccagccceccg 1860
acacccgceca acacccgetg acgcgcecctg acgggcttgt ctgctecccgg catccgetta 1920
cagacaagct gtgaccgtcet ccgggagctg catgtgtcag aggttttcac cgtcatcacc 1980
gaaacgcgceg agacgaaagg gcctcecgtgat acgcctattt ttataggtta atgtcatgat 2040
aataatggtt tcttagacgt caggtggcac ttttcgggga aatgtgcgcg gaacccctat 2100
ttgtttattt ttctaaatac attcaaatat gtatccgctc atgagacaat aaccctgata 2160

aatgcttcaa taatattgaa aaaggaagag tatgagtatt caacatttcc gtgtcgccct 2220
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tattccettt tttgcggcat tttgcecttce tgtttttget cacccagaaa cgctggtgaa 2280
agtaaaagat gctgaagatc agttgggtgc acgagtgggt tacatcgaac tggatctcaa 2340
cagcggtaag atccttgaga gttttcecgcce cgaagaacgt tttccaatga tgagcacttt 2400
taaagttctg ctatgtggcg cggtattatce ccgtattgac geccgggcaag agcaactcgg 2460
tcgccgecata cactattcte agaatgactt ggttgagtac tcaccagtca cagaaaagca 2520
tcttacggat ggcatgacag taagagaatt atgcagtgct gccataacca tgagtgataa 2580
cactgcggcece aacttacttce tgacaacgat cggaggaccg aaggagctaa ccgcetttttt 2640
gcacaacatg ggggatcatg taactcgecct tgatcgttgg gaaccggagc tgaatgaagce 2700
cataccaaac gacgagcgtg acaccacgat gectgtagea atggcaacaa cgttgcgcaa 2760
actattaact ggcgaactac ttactctagc ttcccggcaa caattaatag actggatgga 2820
ggcggataaa gttgcaggac cacttctgeg ctcecggeccctt ccggetgget ggtttattge 2880
tgataaatct ggagccggtg agecgtgggtce tcecgeggtatce attgcagcac tggggccaga 2940
tggtaagccce tcccegtateg tagttatcta cacgacgggg agtcaggcaa ctatggatga 3000
acgaaataga cagatcgctg agataggtgc ctcactgatt aagcattggt aactgtcaga 3060
ccaagtttac tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat 3120
ctaggtgaag atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttegtt 3180
ccactgagcg tcagacccceg tagaaaagat caaaggatct tcttgagatce ctttttttet 3240
gcgegtaate tgctgcttge aaacaaaaaa accaccgcta ccagceggtgg tttgtttgece 3300
ggatcaagag ctaccaactc tttttccgaa ggtaactggce ttcagcagag cgcagatacce 3360
aaatactgtc cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc 3420
gcctacatac ctegcetectge taatcctgtt accagtgget getgccagtg gcgataagtce 3480
gtgtcttacc gggttggact caagacgata gttaccggat aaggcgcagc ggtcgggcetg 3540
aacggggggt tcgtgcacac agcccagett ggagcgaacyg acctacaccyg aactgagata 3600
cctacagegt gagctatgag aaagcgecac gettcccgaa gggagaaagyg cggacaggta 3660
tceggtaage ggcagggtceg gaacaggaga gegcacgagyg gagcettcecag ggggaaacgce 3720
ctggtatctt tatagtcctg tegggtttcg ccacctetga cttgagegte gatttttgtg 3780
atgctcegtca ggggggcgga gcectatggaa aaacgccagce aacgcggcect ttttacggtt 3840
cctggecttt tgctggcectt ttgctcacat gttetttect gegttatcce ctgattetgt 3900
ggataaccgt attaccgcct ttgagtgagce tgataccget cgccgcagcec gaacgaccga 3960
gcgcagcgag tcagtgagcg aggaagcgga ag 3992
<210> SEQ ID NO 106

<211> LENGTH: 6363

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pCMV-VSV-G

<400> SEQUENCE: 106

gagettggee cattgcatac gttgtatcca tatcataata tgtacattta tattggctca 60

tgtccaacat taccgccatg ttgacattga ttattgacta gttattaata gtaatcaatt 120

acggggtcat tagttcatag cccatatatg gagttcegeg ttacataact tacggtaaat 180
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ggeeccgectyg getgaccgee caacgacccee cgeccattga cgtcaataat gacgtatgtt 240
cccatagtaa cgccaatagg gacttteccat tgacgtcaat gggtggagta tttacggtaa 300
actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccee tattgacgte 360
aatgacggta aatggcccge ctggcattat geccagtaca tgaccttatg ggactttect 420
acttggcagt acatctacgt attagtcatc gectattacca tggtgatgeg gttttggcag 480
tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtcet ccaccccatt 540
gacgtcaatyg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa atgtcgtaac 600
aactccgece cattgacgca aatgggeggt aggegtgtac ggtgggaggt ctatataage 660
agagctcegtt tagtgaaccg tcagatcgece tggagacgece atccacgetyg ttttgaccte 720
catagaagac accgggaccg atccagecte cggtcgaceyg atcctgagaa cttcagggtyg 780
agtttgggga cccttgattg ttectttettt ttecgctattg taaaattcat gttatatgga 840
gggggcaaag ttttcagggt gttgtttaga atgggaagat gtcccttgta tcaccatgga 900
ccetcatgat aattttgttt ctttcacttt ctactctgtt gacaaccatt gtctcctcett 960

attttctttt cattttctgt aactttttcg ttaaacttta gecttgcattt gtaacgaatt 1020
tttaaattca cttttgttta tttgtcagat tgtaagtact ttctctaatc actttttttt 1080
caaggcaatc agggtatatt atattgtact tcagcacagt tttagagaac aattgttata 1140
attaaatgat aaggtagaat atttctgcat ataaattctg gctggcgtgg aaatattctt 1200
attggtagaa acaactacac cctggtcatc atcctgectt tectctttatg gttacaatga 1260
tatacactgt ttgagatgag gataaaatac tctgagtcca aaccgggccce ctcectgctaac 1320
catgttcatg ccttecttete tttectacag ctectgggca acgtgetggt tgttgtgetg 1380
tctcatcatt ttggcaaaga attcctcgac ggatccgceca tgaagtgcct tttgtactta 1440
gcctttttat tcattggggt gaattgcaag ttcaccatag tttttccaca caaccaaaaa 1500
ggaaactgga aaaatgttcc ttctaattac cattattgcc cgtcaagctc agatttaaat 1560
tggcataatg acttaatagg cacagcctta caagtcaaaa tgcccaagag tcacaaggct 1620
attcaagcag acggttggat gtgtcatgct tccaaatggg tcactacttg tgatttccgce 1680
tggtatggac cgaagtatat aacacattcc atccgatcct tcactccatc tgtagaacaa 1740
tgcaaggaaa gcattgaaca aacgaaacaa ggaacttggc tgaatccagg cttccctect 1800
caaagttgtg gatatgcaac tgtgacggat gccgaagcag tgattgtcca ggtgactcect 1860
caccatgtgc tggttgatga atacacagga gaatgggttg attcacagtt catcaacgga 1920
aaatgcagca attacatatg ccccactgtc cataactcta caacctggca ttctgactat 1980
aaggtcaaag ggctatgtga ttctaacctc atttccatgg acatcacctt cttctcagag 2040
gacggagagc tatcatccct gggaaaggag ggcacagggt tcagaagtaa ctactttget 2100
tatgaaactg gaggcaaggc ctgcaaaatg caatactgca agcattgggg agtcagactc 2160
ccatcaggtg tctggttcga gatggctgat aaggatctcect ttgctgcage cagattccect 2220
gaatgcccag aagggtcaag tatctctget ccatctcaga cctcagtgga tgtaagtceta 2280
attcaggacg ttgagaggat cttggattat tccctctgec aagaaacctg gagcaaaatc 2340
agagcgggtce ttccaatctce tceccagtggat ctcagctatce ttgctcecctaa aaacccagga 2400

accggtectg ctttcaccat aatcaatggt accctaaaat actttgagac cagatacatc 2460



US 2019/0201523 Al Jul. 4,2019
114

-continued

agagtcgata ttgctgctcc aatcctcectca agaatggtcg gaatgatcag tggaactacc 2520
acagaaaggg aactgtggga tgactgggca ccatatgaag acgtggaaat tggacccaat 2580
ggagttctga ggaccagttc aggatataag tttcctttat acatgattgg acatggtatg 2640
ttggactcecg atcttcatcect tagctcaaag gctcaggtgt tcgaacatcce tcacattcaa 2700
gacgctgett cgcaacttce tgatgatgag agtttatttt ttggtgatac tgggctatcce 2760
aaaaatccaa tcgagcttgt agaaggttgg ttcagtagtt ggaaaagctc tattgcctcet 2820
tttttecttta tcatagggtt aatcattgga ctattcttgg ttctccgagt tggtatccat 2880
ctttgcatta aattaaagca caccaagaaa agacagattt atacagacat agagatgaac 2940
cgacttggaa agtgataagg atccgtcgag gaattcactc ctcaggtgca ggctgcctat 3000
cagaaggtgg tggctggtgt ggccaatgcce ctggctcaca aataccactg agatcttttt 3060
ccetetgeca aaaattatgg ggacatcatg aageccccttg agcatctgac ttectggctaa 3120
taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtct ctcactcgga 3180
aggacatatg ggagggcaaa tcatttaaaa catcagaatg agtatttggt ttagagtttg 3240
gcaacatatg cccatatgct ggctgccatg aacaaaggtt ggctataaag aggtcatcag 3300
tatatgaaac agccccctge tgtccattce ttattccata gaaaagcctt gacttgaggt 3360
tagatttttt ttatattttg ttttgtgtta tttttttett taacatccct aaaattttce 3420
ttacatgttt tactagccag attttteccte ctectectgac tactcccagt catagctgtce 3480
cctettetet tatggagatc cctcgacgga tcggccgcaa ttcecgtaatca tgtcataget 3540
gtttectgtyg tgaaattgtt atccgctcac aattccacac aacatacgag ccggaagcat 3600
aaagtgtaaa gcctggggtyg cctaatgagt gagctaactc acattaattg cgttgcgcetce 3660
actgcceget ttccagtegg gaaacctgte gtgccagetg cattaatgaa tceggccaacg 3720
cgcggggaga ggcggtttge gtattgggcg ctetteceget tectecgcectceca ctgacteget 3780
gcgeteggte gtteggectge ggcgageggt atcagctcac tcaaaggcgg taatacggtt 3840
atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggce 3900
caggaaccgt aaaaaggccg cgttgctgge gtttttecat aggctceccgece cccctgacga 3960
gcatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata 4020
ccaggcegttt ccccectggaa gcectceccectegt gecgetctect gttecgacce tgccgcttac 4080
cggatacctg tccgecttte tecctteggg aagegtggeg ctttcectcata getcacgetg 4140
taggtatctc agttcggtgt aggtcgttcg cteccaagetg ggctgtgtge acgaaccccce 4200
cgttcagcece gaccgctgeg ccttatecgg taactategt cttgagtcca acccggtaag 4260
acacgactta tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt 4320
aggcggtgct acagagttcect tgaagtggtg gcctaactac ggctacacta gaagaacagt 4380
atttggtatc tgcgctctge tgaagccagt taccttcecgga aaaagagttg gtagcetcettg 4440
atccggcaaa caaaccaccg ctggtagegg tggttttttt gtttgcaage agcagattac 4500
gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tcectacggggt ctgacgctca 4560
gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac 4620
ctagatcctt ttaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac 4680

ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga tcectgtctatt 4740
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tcgttcatce atagttgect gactccccgt cgtgtagata actacgatac gggagggcett 4800
accatctggce cccagtgcetg caatgatacc gcgagaccca cgctcaccgg ctccagattt 4860
atcagcaata aaccagccag ccggaagggce cgagcgcaga agtggtcctyg caactttate 4920
cgcctecate cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa 4980
tagtttgcge aacgttgttg ccattgctac aggcatcgtg gtgtcacget cgtegtttgg 5040
tatggcttca ttcagcteceg gttcccaacg atcaaggcga gttacatgat cccccatgtt 5100
gtgcaaaaaa gcggttagct ccttecggtecce tceccgatcgtt gtcagaagta agttggecge 5160
agtgttatca ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt 5220
aagatgcttt tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgceg 5280
gcgaccgagt tgctcttgce cggcgtcaat acgggataat accgcgccac atagcagaac 5340
tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacce 5400
gctgttgaga tccagttcga tgtaacccac tcgtgcaccec aactgatctt cagcatcttt 5460
tactttcacc agcgtttetyg ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg 5520
aataagggcg acacggaaat gttgaatact catactcttc ctttttcaat attattgaag 5580
catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa 5640
acaaataggg gttccgcgca catttccccg aaaagtgcca cctaaattgt aagcgttaat 5700
attttgttaa aattcgcgtt aaatttttgt taaatcagct cattttttaa ccaataggcce 5760
gaaatcggca aaatccctta taaatcaaaa gaatagaccg agatagggtt gagtgttgtt 5820
ccagtttgga acaagagtcc actattaaag aacgtggact ccaacgtcaa agggcgaaaa 5880
accgtctatce agggcgatgg cccactacgt gaaccatcac cctaatcaag ttttttgggg 5940
tcgaggtgce gtaaagcact aaatcggaac cctaaaggga gcccccgatt tagagcttga 6000
cggggaaagce cggcgaacgt ggcgagaaag gaagggaaga aagcgaaagyg agcgggcegcet 6060
agggcgcetgg caagtgtage ggtcacgetg cgegtaacca ccacacccege cgcegcettaat 6120
gcgeecgctac agggcegegte ccattcgeca ttcaggctge gcaactgttg ggaagggcga 6180
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 6240
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgag 6300
cgcgcegtaat acgactcact atagggcgaa ttggagctcecce accgceggtgg cggcecgctcet 6360
aga 6363
<210> SEQ ID NO 107

<211> LENGTH: 9496

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PSPAX2 delta Rev

<400> SEQUENCE: 107

gtcgacattyg attattgact agttattaat agtaatcaat tacggggtca ttagttcata 60
geccatatat ggagttccge gttacataac ttacggtaaa tggcccgect ggetgaccege 120
ccaacgacce ccgeccattg acgtcaataa tgacgtatgt teccatagta acgccaatag 180
ggactttcca ttgacgtcaa tgggtggact atttacggta aactgcccac ttggecagtac 240

atcaagtgta tcatatgcca agtacgccce ctattgacgt caatgacggt aaatggcccg 300
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cctggeatta tgcccagtac atgaccttat gggactttee tacttggcag tacatctacg 360
tattagtcat cgctattacc atgggtcgag gtgagcccca cgttetgett cactctecce 420
atctcceccee cctecccace cccaattttg tatttattta ttttttaatt attttgtgcea 480

gegatggggg ©ggggggggyg 9gggggcgcge gecaggeggyg geggggceggdyg gcegaggggcy 540
gggceggggey aggcggagag gtgeggegge agccaatcag ageggegege tccgaaagtt 600

tecttttatg gegaggegge ggcggeggeg geectataaa aagegaageg cgeggeggge 660

gggagtcget gegttgectt cgcccegtge ccegeteege gecgectege geecgeceged 720
ceggetetga ctgaccgegt tactcccaca ggtgageggg cgggacggece cttetectece 780
gggctgtaat tagcgcttgg tttaatgacg getegtttet tttetgtgge tgegtgaaag 840

ccttaaaggg ctecgggagg gecctttgtyg cgggggggag cggetegggg ggtgegtgeg 900
tgtgtgtgtyg cgtggggage gecgegtgeg geccgegetg cecggegget gtgagegetg 960
cgggegegge geggggcettt gtgegeteeg cgtgtgegeg aggggagege ggccgggggce 1020
ggtgecccege ggtgceggggg ggctgcgagg ggaacaaagg ctgcgtgegg ggtgtgtgeg 1080
tgggggggty agcagggggt gtgggegegyg cggteggget gtaacccece cctgcaccece 1140
ccteceecgag ttgctgagca cggcecccggcet tcegggtgegg ggcteegtge ggggcegtggce 1200
geggggeteg ccgtgecggg c€ggggggtgg cggcaggtgg gggtgccggg cggggcgggy 1260
cecgecteggg ccggggaggg ctegggggag gggcgcggeg gecceggage gecggegget 1320
gtcgaggege ggcgagcecge agccattgece ttttatggta atcgtgcgag agggcgcagyg 1380
gacttccttt gtecccaaatce tggcggagece gaaatctggg aggcgccgcece gcacccecte 1440
tagegggege gggcgaageg gtgcggegec ggcaggaagg aaatgggegg ggagggectt 1500
cgtgecgtege cgcgecgeeg tecccttete catcectecage ctceggggcectg cecgcaggggyg 1560
acggctgect tecggggggga cggggcaggg cggggttegg cttcetggegt gtgaccggeg 1620
gctctagage ctetgctaac catgttcatg ccttettcett tttectacag ctectgggca 1680
acgtgctggt tattgtgctg tcetcatcatt ttggcaaaga attcgggccg gecgcegttga 1740
cgegecacgge aagaggcgag gggceggegac tggtgagaga tgggtgcgag agegtcagta 1800
ttaagcgggg gagaattaga tcgatgggaa aaaattcggt taaggccagg gggaaagaaa 1860
aaatataaat taaaacatat agtatgggca agcagggagc tagaacgatt cgcagttaat 1920
cctggectgt tagaaacatc agaaggctgt agacaaatac tgggacagct acaaccatcc 1980
cttcagacag gatcagaaga acttagatca ttatataata cagtagcaac cctctattgt 2040
gtgcatcaaa ggatagagat aaaagacacc aaggaagctt tagacaagat agaggaagag 2100
caaaacaaaa dgtaagaaaaa agcacagcaa gcagcagctg acacaggaca cagcaatcag 2160
gtcagccaaa attaccctat agtgcagaac atccaggggc aaatggtaca tcaggccata 2220
tcacctagaa ctttaaatgc atgggtaaaa gtagtagaag agaaggcttt cagcccagaa 2280
gtgataccca tgttttcagce attatcagaa ggagccaccc cacaagattt aaacaccatg 2340
ctaaacacag tggggggaca tcaagcagcce atgcaaatgt taaaagagac catcaatgag 2400
gaagctgcag aatgggatag agtgcatcca gtgcatgcag ggcctattgce accaggccag 2460
atgagagaac caaggggaag tgacatagca ggaactacta gtacccttca ggaacaaata 2520

ggatggatga cacataatcc acctatccca gtaggagaaa tctataaaag atggataatc 2580
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ctgggattaa ataaaatagt aagaatgtat agccctacca gcattctgga cataagacaa 2640
ggaccaaagg aaccctttag agactatgta gaccgattct ataaaactct aagagccgag 2700
caagcttcac aagaggtaaa aaattggatg acagaaacct tgttggtcca aaatgcgaac 2760
ccagattgta agactatttt aaaagcattg ggaccaggag cgacactaga agaaatgatg 2820
acagcatgtc agggagtggg gggacccggce cataaagcaa gagttttggce tgaagcaatg 2880
agccaagtaa caaatccagc taccataatg atacagaaag gcaattttag gaaccaaaga 2940
aagactgtta agtgtttcaa ttgtggcaaa gaagggcaca tagccaaaaa ttgcagggcce 3000
cctaggaaaa agggctgttyg gaaatgtgga aaggaaggac accaaatgaa agattgtact 3060
gagagacagg ctaatttttt agggaagatc tggccttcec acaagggaag gccagggaat 3120
tttcttecaga gcagaccaga gccaacagcce ccaccagaag agagcttcag gtttggggaa 3180
gagacaacaa ctccctcectca gaagcaggag ccgatagaca aggaactgta tcctttaget 3240
tcectcagat cactectttgg cagcgaccce tcegtcacaat aaagataggg gggcaattaa 3300
aggaagctct attagataca ggagcagatg atacagtatt agaagaaatg aatttgccag 3360
gaagatggaa accaaaaatg atagggggaa ttggaggttt tatcaaagta ggacagtatg 3420
atcagatact catagaaatc tgcggacata aagctatagg tacagtatta gtaggaccta 3480
cacctgtcaa cataattgga agaaatctgt tgactcagat tggctgcact ttaaattttce 3540
ccattagtcc tattgagact gtaccagtaa aattaaagcc aggaatggat ggcccaaaag 3600
ttaaacaatg gccattgaca gaagaaaaaa taaaagcatt agtagaaatt tgtacagaaa 3660
tggaaaagga aggaaaaatt tcaaaaattg ggcctgaaaa tccatacaat actccagtat 3720
ttgccataaa gaaaaaagac agtactaaat ggagaaaatt agtagatttc agagaactta 3780
ataagagaac tcaagatttc tgggaagttc aattaggaat accacatcct gcagggttaa 3840
aacagaaaaa atcagtaaca gtactggatg tgggcgatgc atatttttca gttcccttag 3900
ataaagactt caggaagtat actgcattta ccatacctag tataaacaat gagacaccag 3960
ggattagata tcagtacaat gtgcttccac agggatggaa aggatcacca gcaatattcce 4020
agtgtagcat gacaaaaatc ttagagcctt ttagaaaaca aaatccagac atagtcatct 4080
atcaatacat ggatgatttg tatgtaggat ctgacttaga aatagggcag catagaacaa 4140
aaatagagga actgagacaa catctgttga ggtggggatt taccacacca gacaaaaaac 4200
atcagaaaga acctccattc ctttggatgg gttatgaact ccatcctgat aaatggacag 4260
tacagcctat agtgctgcca gaaaaggaca gctggactgt caatgacata cagaaattag 4320
tgggaaaatt gaattgggca agtcagattt atgcagggat taaagtaagg caattatgta 4380
aacttcttag gggaaccaaa gcactaacag aagtagtacc actaacagaa gaagcagagc 4440
tagaactggc agaaaacagg gagattctaa aagaaccggt acatggagtg tattatgacc 4500
catcaaaaga cttaatagca gaaatacaga agcaggggca aggccaatgyg acatatcaaa 4560
tttatcaaga gccatttaaa aatctgaaaa caggaaaata tgcaagaatg aagggtgccc 4620
acactaatga tgtgaaacaa ttaacagagg cagtacaaaa aatagccaca gaaagcatag 4680
taatatgggg aaagactcct aaatttaaat tacccataca aaaggaaaca tgggaagcat 4740
ggtggacaga gtattggcaa gccacctgga ttcctgagtg ggagtttgtc aataccectce 4800

ccttagtgaa gttatggtac cagttagaga aagaacccat aataggagca gaaactttct 4860
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atgtagatgg ggcagccaat agggaaacta aattaggaaa agcaggatat gtaactgaca 4920
gaggaagaca aaaagttgtc cccctaacgg acacaacaaa tcagaagact gagttacaag 4980
caattcatct agctttgcag gattcgggat tagaagtaaa catagtgaca gactcacaat 5040
atgcattggg aatcattcaa gcacaaccag ataagagtga atcagagtta gtcagtcaaa 5100
taatagagca gttaataaaa aaggaaaaag tctacctggc atgggtacca gcacacaaag 5160
gaattggagg aaatgaacaa gtagatgggt tggtcagtgc tggaatcagg aaagtactat 5220
ttttagatgg aatagataag gcccaagaag aacatgagaa atatcacagt aattggagag 5280
caatggctag tgattttaac ctaccacctg tagtagcaaa agaaatagta gccagctgtg 5340
ataaatgtca gctaaaaggg gaagccatgc atggacaagt agactgtagc ccaggaatat 5400
ggcagctaga ttgtacacat ttagaaggaa aagttatctt ggtagcagtt catgtagcca 5460
gtggatatat agaagcagaa gtaattccag cagagacagg gcaagaaaca gcatacttcc 5520
tcttaaaatt agcaggaaga tggccagtaa aaacagtaca tacagacaat ggcagcaatt 5580
tcaccagtac tacagttaag gccgectgtt ggtgggeggg gatcaagcag gaatttggca 5640
ttccctacaa tccccaaagt caaggagtaa tagaatctat gaataaagaa ttaaagaaaa 5700
ttataggaca ggtaagagat caggctgaac atcttaagac agcagtacaa atggcagtat 5760
tcatccacaa ttttaaaaga aaagggggga ttggggggta cagtgcaggg gaaagaatag 5820
tagacataat agcaacagac atacaaacta aagaattaca aaaacaaatt acaaaaattc 5880
aaaattttcg ggtttattac agggacagca gagatccagt ttggaaagga ccagcaaagc 5940
tcetetggaa aggtgaaggg gcagtagtaa tacaagataa tagtgacata aaagtagtgce 6000
caagaagaaa agcaaagatc atcagggatt atggaaaaca gatggcaggt gatgattgtg 6060
tggcaagtag acaggatgag gattaacaca tggaattctg caacaactgc tgtttatcca 6120
tttcagaatt ggaggagctt tgttccttgg gttecttggga gcagcaggaa gcactatggg 6180
cgcagcgtca atgacgctga cggtacaggc cagacaatta ttgtctggta tagtgcagca 6240
gcagaacaat ttgctgaggg ctattgaggc gcaacagcat ctgttgcaac tcacagtcetg 6300
gggcatcaag cagctccagg caagaatcct ggctgtggaa agatacctaa aggatcaaca 6360
gcteectgggyg atttggggtt gctcetggaaa actcatttge accactgetg tgccttggaa 6420
tgctagttgg agtaataaat ctctggaaca gatttggaat cacacgacct ggatggagtg 6480
ggacagagaa attaacaatt acacaagctt gctagcagat ctttttcecct ctgccaaaaa 6540
ttatggggac atcatgaagc cccttgagca tctgacttcect ggctaataaa ggaaatttat 6600
tttcattgca atagtgtgtt ggaatttttt gtgtctctca ctcggaagga catatgggag 6660
ggcaaatcat ttaaaacatc agaatgagta tttggtttag agtttggcaa catatgccat 6720
atgctggectg ccatgaacaa aggtggctat aaagaggtca tcagtatatg aaacagcccce 6780
ctgctgtecca ttcecttatte catagaaaag ccttgacttg aggttagatt ttttttatat 6840
tttgttttgt gttatttttt tcectttaacat ccctaaaatt ttccttacat gttttactag 6900
ccagattttt cctectctece tgactactce cagtcatage tgtccecctcett ctettatgaa 6960
gatcecctega cctgcagece aagettggeg taatcatggt catagetgtt tcectgtgtga 7020
aattgttatc cgctcacaat tccacacaac atacgagcecg gaagcataaa gtgtaaagcce 7080

tggggtgcct aatgagtgag ctaactcaca ttaattgegt tgcgctcact geccgcettte 7140
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cagtcgggaa acctgtcgtg ccagcggatc cgcatctcaa ttagtcagca accatagtcc 7200
cgcccectaac tecgeccate ccgeccectaa cteecgeccag ttceccecgeccat tetecgecece 7260
atggctgact aatttttttt atttatgcag aggccgaggc cgcctcggece tcetgagctat 7320
tccagaagta gtgaggaggce ttttttggag gcctaggcett ttgcaaaaag ctaacttgtt 7380
tattgcagct tataatggtt acaaataaag caatagcatc acaaatttca caaataaagc 7440
atttttttca ctgcattcta gttgtggttt gtccaaactc atcaatgtat cttatcatgt 7500
ctggatccge tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggg 7560
cgctetteeg cttecteget cactgactceg ctgegcectegg tegttegget geggcgageg 7620
gtatcagctc actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga 7680
aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggce cgcgttgcetg 7740
gcgtttttee ataggctccecg ccecccctgac gagcatcaca aaaatcgacg ctcaagtceag 7800
aggtggcgaa acccgacagg actataaaga taccaggcegt ttcccecctgg aagctcececte 7860
gtgcgctete ctgtteccgac cctgccgett accggatacce tgtccgectt tcetecctteg 7920
ggaagcgtgg cgctttctca atgctcacge tgtaggtatce tcagtteggt gtaggtegtt 7980
cgctceccaage tgggctgtgt gcacgaacce ccegttcage ccgaccgctg cgecttatcee 8040
ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact ggcagcagcece 8100
actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg 8160
tggcctaact acggctacac tagaaggaca gtatttggta tctgcgctcet getgaagceca 8220
gttacctteg gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage 8280
ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat 8340
cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt 8400
ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt 8460
tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc 8520
agtgaggcac ctatctcagc gatctgtcta tttegttcecat ccatagttge ctgactccce 8580
gtcgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce tgcaatgata 8640
cecgegagace cacgctcacce ggctccagat ttatcagcaa taaaccagec agccggaagg 8700
gccgagcgceca gaagtggtcee tgcaacttta tccgectceca tcecagtcectat taattgttge 8760
cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt tgccattget 8820
acaggcatcg tggtgtcacg ctcecgtegttt ggtatggcett cattcagcte cggttceccaa 8880
cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctectteggt 8940
cctcecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt tatggcagca 9000
ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 9060
tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 9120
atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 9180
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 9240
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 9300
aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 9360

ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 9420
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ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 9480

cgaaaagtge cacctg

9496

What is claimed is:

1. A method of treating cells infected with HIV, the
method comprising:

(a) contacting peripheral blood mononuclear cells

(PBMC) isolated from a subject infected with HIV with
a therapeutically effective amount of a stimulatory
agent, wherein the contacting is carried out ex vivo;

(b) transducing the PBMC ex vivo with a viral delivery

system encoding at least one genetic element, wherein
the at least one genetic element comprises a small RNA
capable of inhibiting production of chemokine receptor
CCRS or at least one small RNA capable of targeting an
HIV RNA sequence; and

(c) culturing the transduced PBMC for at least 1 day.

2. The method of claim 1, further comprising positively
selecting HIV-specific CD4+ T cells from the PBMC.

3. The method of claim 2, wherein the HIV-specific CD4+
T cells are positively selected using at least one physical
method of selection.

4. The method of claim 1, further comprising infusing the
transduced PBMC into a subject.

5. The method of claim 4, wherein the subject is a human.

6. The method of claim 1, wherein the stimulatory agent
comprises a peptide.

7. The method of claim 6, wherein the peptide comprises
a gag peptide.

8. The method of claim 1, wherein the stimulatory agent
comprises a vaccine.

9. The method of claim 8, wherein the vaccine comprises
a HIV vaccine.

10. The method of claim 9, wherein the HIV vaccine
comprises a MVA/HIV62B vaccine or a variant thereof.

11. The method of claim 1, wherein the at least one
genetic element comprises a small RNA capable of inhibit-
ing production of chemokine receptor CCRS and at least one
small RNA capable of targeting an HIV RNA sequence.

12. The method of claim 1 or 11, wherein the HIV RNA
sequence comprises a HIV Vif sequence, a HIV Tat
sequence, or a variant thereof.

13. The method of claim 1 or 11, wherein the at least one
genetic element comprises a microRNA or a shRNA.

14. The method of claim 13, wherein the at least one
genetic element comprises a microRNA cluster.

15. The method of claim 13, wherein the at least one
genetic element comprises a microRNA having at least 80%,
or at least 85%, or at least 90%, or at least 95% percent
identity with SEQ ID NO: 1.

16. The method of claim 13, wherein the at least one
genetic element comprises SEQ ID NO: 1.

17. The method of claim 13, wherein the at least one
genetic element comprises a microRNA having:

a. at least 80%, or at least 85%, or at least 90%, or at least

95% percent identity with SEQ ID NO: 2; or
b. at least 80%, or at least 85%, or at least 90%, or at least
95% percent identity with SEQ ID NO: 3.

18. The method of claim 13, wherein the at least one
genetic element comprises SEQ ID NO: 2; or SEQ ID NO:
3.

19. The method of claim 14, wherein the microRNA
cluster comprises a sequence having at least 80%, or at least
85%, or at least 90%, or at least 95% percent identity with
SEQ ID NO: 31.

20. The method of claim 14, wherein the microRNA
cluster comprises SEQ ID NO: 31.

21. A method of treating HIV infection in a subject, the
method comprising:

(a) immunizing the subject with an effective amount of a

first stimulatory agent;

(b) removing leukocytes from the subject and purifying
peripheral blood mononuclear cells (PBMC);

(c) contacting the PBMC ex vivo with a therapeutically
effective amount of a second stimulatory agent;

(d) transducing the PBMC ex vivo with a viral delivery
system encoding at least one genetic element; and

(e) culturing the transduced PBMC for at least 1 day.

22. The method of claim 21, further comprising positively
selecting HIV-specific CD4+ T cells from the PBMC.

23. The method of claim 22, wherein the HIV-specific
CD4+ T cells are positively selected using at least one
physical method of selection.

24. The method of claim 21, further comprising infusing
the transduced PBMC into the subject.

25. The method of claim 21, wherein the first and second
stimulatory agents are the same.

26. The method of claim 21, wherein at least one of the
first and second stimulatory agents comprises a HIV vac-
cine.

27. The method of claim 26, wherein the HIV vaccine
comprises a MVA/HIV62B vaccine or a variant thereof.

28. The method of claim 21, wherein the viral delivery
system comprises a lentiviral particle.

29. The method of claim 21, wherein the at least one
genetic element comprises a small RNA capable of inhibit-
ing production of chemokine receptor CCRS or at least one
small RNA capable of targeting an HIV RNA sequence.

30. A method of treating HIV infection in a subject, the
method comprising:

(a) immunizing the subject with an effective amount of a

first stimulatory agent;

(b) removing leukocytes from the subject and purifying
peripheral blood mononuclear cells (PBMC);

(c) positively selecting HIV-specific CD4+ T cells from
the PBMC;

(d) contacting the HIV-specific CD4+ T cells ex vivo with
a therapeutically effective amount of a second stimu-
latory agent;

(d) transducing the HIV-specific CD4+ T cells ex vivo
with a viral delivery system encoding at least one
genetic element; and

(e) culturing the transduced PBMC for at least 1 day.
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