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(57) ABSTRACT

The present invention relates generally to immunization and
immunotherapy for the treatment or prevention of HIV. In
particular, the methods relate to in vivo and ex vivo enrich-
ment of HIV-specific CD4 T cells. In certain embodiments,
the disclosed compositions and methods can incorporate
therapy in order to further enhance the HIV-specific CD4 T
cells.
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HIV PRE-IMMUNIZATION AND
IMMUNOTHERAPY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to U.S.
Provisional Application No. 62/190,139, filed on Jul. 8,
2015, the disclosure of which is specifically incorporated 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 of
treatment and prevention relate to the administration of viral
vectors and system for the delivery of genes and other
therapeutic or diagnostic compositions.

BACKGROUND OF THE INVENTION

[0003] Combination antiretroviral therapy (cART) (also
known as Highly Active Antiretroviral Therapy or HAART)
limits HIV-1 replication and retards 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 clearly 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 have 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 might have a clinical benefit through so-called
HIV immunotherapy. Some studies have tested vaccines
against HIV, but success has been limited to date. Addition-
ally, there has been interest in augmenting HIV immuno-
therapy by utilizing gene therapy techniques, but as with
other immunotherapy approaches, success has been limited.
One such method of implementing an HIV-specific immu-
notherapy or gene therapy could be via specially designed
viral vectors.

[0006] Viral vectors can be used to transduce genes into
target cells owing to specific virus envelope-host cell recep-
tor interactions and viral mechanisms for gene expression.
As a result, viral vectors have been used as vehicles for the
transfer of genes into many different cell types including
whole 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
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

Jun. 28, 2018

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), vaccinia virus, and herpes virus have been developed
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, and construct-de-
pendent vector stability. 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 carry 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 lentiviral
derived transducing vectors that do not encode multiple 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.

[0012] Clearly, there is a need for improved treatment of
HIV, and the present invention satisfies this need.

SUMMARY OF THE INVENTION

[0013] Disclosed herein are therapeutic immunization
strategies and methods as well as highly effective therapeu-
tic lentiviruses and other vectors capable of inhibiting HIV
and reducing or altering expression of specific targets. The
methods and compositions of the disclosed invention are
useful for achieving a functional cure of HIV. More specifi-
cally, the invention includes methods for a functional cure of
HIV that optimally combine therapeutic immunization of a
patient, ex vivo re-stimulation of the patient’s CD4 T cells,
ex vivo lentivirus transduction of the enriched T cells, ex
vivo culture of the cells, and reinfusion of the enriched,
genetically modified cells. Additionally, the invention
includes bioassays to measure treatment efficacy, sequential
changes in therapeutic drug administration, monitoring
intervals following withdrawal of HAART, and methods of
diagnosis of a functional HIV cure.

[0014] In one aspect, the disclosed invention relates to a
method of treating an HIV infection, comprising: (a) iden-
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tifying a subject in need of treatment of HIV infection; (b)
immunizing the subject with a therapeutically effective
amount of an HIV vaccine; (¢) removing lymphocytes from
the subject and purifying peripheral blood mononuclear cells
(PBMC); (d) contacting the PBMC ex vivo with a thera-
peutically effective amount of an HIV vaccine (which can be
the same as or different from the HIV vaccine used in step
(b)); (e) transducing the PBMC ex vivo with a viral delivery
system encoding at least one genetic element; (f) culturing
the transduced PBMC for about 1 to about 21 or up to about
35 days (or any time frame in between these parameters,
such as 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); and (g)
infusing the transduced PBMC into the subject.

[0015] In some embodiments, step (b) and step (d) utilize
the same HIV vaccine, while in other embodiments, step (b)
and step (d) utilize different HIV vaccines. In some embodi-
ments, a patient may not require step (b) and/or step (d).
Accordingly, in some embodiments, the disclosed methods
may only comprise steps (a), (¢), (d), (e), (f), and (g), or
some combination thereof.

[0016] In some embodiments, the subject received cART
or HAART prior to infusing the transduced PBMC into the
subject. In some embodiments, the subject receives a cyclo-
phosphamide pre-treatment prior to infusing the transduced
PBMC into the subject.

[0017] In some embodiments, at least one genetic element
is selected from the group consisting of a small RNA capable
of inhibiting the production of chemokine receptor CCRS,
small RNA capable of inhibiting the production of
chemokine receptor CXCR4, and small RNA molecules
targeting HIV RNA sequences. In some embodiments, the
small RNA molecules targeting HIV RNA sequences are
directed to gag, pol, env, tat, rev, nef, vif, vpr, vpu, tev, LTR,
TAR, RRE, PE, SLIP, CRS, or INS.

[0018] In some embodiments, the transduced PBMC are
cultured for about 1 to about 7 or up to about 10 days (or for
any time frame in between these parameters, such as about
2, about 3, about 4, about 5, about 6, about 7, about 8, about
9, or about 10 days) prior to infusing the transduced PBMC
into the subject.

[0019] In another aspect, the disclosed invention relates to
a viral vector for transducing HIV-specific CD4 T cells,
wherein the viral vector encodes at least one genetic element
selected from the group consisting of small RNA capable of
inhibiting the production of chemokine receptor CCRS,
small RNA capable of inhibiting the production of
chemokine receptor CXCR4, and small RNA molecules
targeting HIV RNA sequences.

[0020] Insome embodiments, the vector is a lentivirus, but
in other embodiments the vector is a DNA plasmid, adeno-
associated virus, or other integrating or non-integrating
vector systems for gene delivery.

[0021] In some embodiments, the small RNA molecules
targeting HIV RNA sequences are directed to gag, pol, env,
tat, rev, nef, vif, vpr, vpu, tev, LTR, TAR, RRE, PE, SLIP,
CRS, or INS.

[0022] In another aspect, the disclosed invention relates to
a bioassay for determining whether a HIV+ subject is
functionally cured. Such a bioassay comprises determining
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the number of HIV-specific CD4 T cells bearing genetic
modification from therapeutic lentivirus, wherein the subject
is functionally cured if the number of HIV-specific CD4 T
cells bearing genetic modification from therapeutic lentivi-
rus is above a threshold value after a specified time follow-
ing treatment according to disclosed methods.

[0023] In some embodiments, the threshold value is about
1x10® HIV-specific CD4 T cells bearing genetic modifica-
tion from therapeutic lentivirus, but the threshold value may
be determined to be higher or lower than this value.
[0024] Insome embodiments, the specified time following
treatment is about 30 to about 60 days (or any time frame in
between these two values), while in other embodiments the
specified time following treatment is about 12 to about 26
weeks (or any time frame in between these two values).
[0025] In yet another aspect, the disclosed invention
relates to a method of achieving a functional cure for HIV
in a HIV+ subject. The method comprises: (a) identifying a
subject that is HIV+; (b) immunizing the subject with a
therapeutically effective amount of an HIV wvaccine; (c)
removing lymphocytes from the subject and purifying
peripheral blood mononuclear cells (PBMC); (d) contacting
the PBMC ex vivo with a therapeutically effective amount of
an HIV vaccine; (e) transducing the PBMC ex vivo with a
viral delivery system encoding at least one genetic element;
(®) culturing the transduced PBMC for about 1 to about 21
or up to 35 days (or any timeframe in between these values);
and (g) infusing the transduced PBMC into the subject,
wherein the HIV+ subject achieves a functional cure.
[0026] In some embodiments step (b) and step (d) com-
prise the same HIV vaccine, while in other embodiments,
step (b) and step (d) comprise different HIV vaccines.
[0027] In some embodiments, the subject received cART
or HAART prior to infusing the transduced PBMC into the
subject. In some embodiments, the subject receives a cyclo-
phosphamide pre-treatment or alternative conditioning
therapies to improve T cell engraftment prior to infusing the
transduced PBMC into the subject.

[0028] Insome embodiments, at least one genetic element
is selected from the group consisting of a small RNA capable
of inhibiting the production of chemokine receptor CCRS,
small RNA capable of inhibiting the production of
chemokine receptor CXCR4, and small RNA molecules
targeting HIV RNA sequences. In some embodiments, the
small RNA molecules targeting HIV RNA sequences are
directed to gag, pol, env, tat, rev, nef, vif, vpr, vpu, tev, LTR,
TAR, RRE, PE, SLIP, CRS, or INS.

[0029] In some embodiments, the transduced PBMC are
cultured for about 1 to about 7 or up to about 12 days (or any
timeframe in between these two values, or other time periods
described herein) prior to infusing the transduced PBMC
into the subject.

[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 shows a flow chart diagram of possible
clinical therapy incorporating vaccination, cell collection to
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obtain PBMC and CD4 T cells, ex vivo T cell culture after
stimulating with vaccine immunogens and/or CD3/CD28
stimulation and/or mitogen stimulation in the presence of
supporting growth cytokines (including, but not limited to,
interleukin-2, interleukin-12, interleukin-15, interleukin-6,
interleukin-7, and interleukin-23), lentivirus transduction to
deliver anti-HIV genetic constructs, brief culture of trans-
duced cells, and infusion back into the original subject.
[0032] FIG. 2 shows how CD4 T cells may be altered
using gene therapy to prevent other cells from becoming
infected or to prevent viral replication.

[0033] FIG. 3 shows a schematic of an exemplary thera-
peutic lentiviral construct. Therapeutic lentivirus constructs
may substitute alternate sequences for the promoter region,
targeting of regulatory RNA, and types of regulatory RNA.
Further, the plasmids used for packaging the lentivirus
particles can be altered according to production needs.
[0034] FIG. 4 shows exemplary vector sequences. Positive
(genomic) strand sequence of the promoter and miR cluster
were developed for inhibiting the spread of CCRS5-tropic
HIV strains. Sequences that are not underlined comprise the
EF-lalpha promoter of transcription that was selected as
best for this miR cluster. Sequences that are underlined show
the miR cluster consisting of miR30 CCR5 (a modification
of the natural human miR30 that redirects to CCRS mRNA),
miR21 Vif (redirects to Vif RNA sequence) and miR185 Tat
(redirects to Tat RNA sequence). The sequences that are not
underlined and in smaller font are restriction endonuclease
cleavage sites that were incorporated into the oligonucle-
otide primers for each of the miRNA constructs.

[0035] FIG. 5 shows that knockdown of CCRS by an
experimental vector prevents R5-tropic HIV infection in
AGTc120 cells. Panel (A) shows CCRS expression in
AGTc120 cells with or without AGT103 lentivirus vector.
Panel (B) shows the sensitivity of transduced AGTc120 cells
to infection with a HIV BalL virus stock that was expressing
green fluorescent protein (GFP) fused to the Nef gene of
HIV.

[0036] FIG. 6 shows AGT103 reduces expression of Tat
protein expression in cells transfected with HIV expression
plasmid.

[0037] FIG. 7 shows AGT103 reduces levels of Vif protein
expression in cells transfected with a full-length HIV expres-
sion plasmid. Cells were untreated (left lane and center lane)
or transduced with AGT103 (left lane).

[0038] FIG. 8 shows generating a CD4+ T cell population
that is highly enriched for HIV-specific, AGT103-trans-
duced CD4 T cells. Panel (A) shows that therapeutic vac-
cination against HIV has minimal effect on the distribution
of CD4+, CD8+ and CD4+/CD8+ T cells. An important CD4
T cell population is shown in the upper left quadrant of these
analytical flow cytometry dot plots, and changes from 52%
to 57% of total T cells after the vaccination series. These are
representative data. Panel (B) shows the expression of CD4
and CDS8 in a CD3+ population of peripheral blood mono-
nuclear cells from a participant in an HIV therapeutic
vaccine trial that were cultured for 12 days in medium+/-
interleukin-2/interleukin-12 or +/-interleukin-7/interleukin-
15. Some cultures were stimulated with overlapping pep-
tides representing the entire pS5 Gag protein of HIV-1 (JPT
PepMix) as a source of epitope peptides for T cell stimula-
tion. Panel (C) shows that a combination of PepMix and
interleukin-2/interleukin-12 provides for optimal expansion
of antigen-specific CD4 T cells. The upper panels show the
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increase in cytokine (interferon-gamma) secreting cells in
post-vaccination specimens exposed to PepMix. Panel (D)
shows AGT103 transduction of antigen-expanded CD4 T
cells can produce HIV-specific and HIV-resistant helper
CD4 T cells for infusion into patients as part of a functional
cure for HIV. The upper panels contain the results of
analyzing the CD4+ T cell population in culture. The x axis
is Green Fluorescent Protein (GFP) emission indicating that
individual cells were transduced with the AGT103.

[0039] FIG. 9 shows the sequences of various exemplary
cellular elements known to restrict HIV replication that may
be incorporated into the disclosed vectors.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] Disclosed herein are methods and compositions for
treating and/or preventing human immunodeficiency virus
(HIV) disease to achieve a functional cure. A functional cure
is defined as a condition resulting from the disclosed treat-
ments and methods that reduces or eliminates the need for
cART and may or may not require supporting adjuvant
therapy. The methods of the invention include gene delivery
by integrating lentivirus, non-integrating lentivirus, and
related viral vector technology as described below.

[0041] Disclosed herein are therapeutic viral vectors (e.g.,
lentivirus vectors), immunotherapies, and methods for their
use in a strategy to achieve a functional cure for HIV
infection. The general strategy can include first therapeutic
immunization with vaccines intended to produce strong
immune responses against HIV in HIV-infected patients
with stable suppression of viremia due to daily administra-
tion of HAART, for the purpose of enriching the fraction of
HIV-specific CD4 T cells. This is followed by (1) isolating
peripheral leukocytes by leukapheresis or purifying PBMC
from venous blood, (2) re-stimulating CD4 T cells ex vivo
with HIV vaccine proteins, (3) performing therapeutic len-
tivirus transduction, ex vivo T cell culture, and (4) reinfusion
back into the original donor.

[0042] Previous efforts to achieve a cure for HIV have
fallen short principally due to the failure to obtain sufficient
numbers of HIV-specific CD4 T cells with protective genetic
modifications. When this value is below a critical threshold,
removing antiretroviral therapy allows HIV re-emergence,
followed by rapid destruction of HIV-specific CD4 T cells,
and also followed by return to progression of disease despite
prior genetic therapy. By employing therapeutic immuniza-
tion in the strategy described herein and providing highly
effective therapeutic lentiviruses capable of inhibiting HIV,
a new strategy for achieving a functional cure of HIV has
been developed.

[0043] Also disclosed herein are novel viral vectors for
enhancing HIV-specific CD4 T cells including lentiviral
vectors and non-integrating, episomally replicating viral
vectors and methods of using the same. Episomally repli-
cating vectors like the present invention can comprise viral
components from viruses like Papovaviridae (e.g. bovine
papillomavirus or BPV) or Herpesviridae (e.g. Epstein Barr
Virus or EBV) or Hepadnaviridae (e.g. Hepatitis B Virus or
HBV). Episomal replicating vectors derived from these
viruses may comprise a replication origin and at least one
viral trans-acting factor, e.g., an initiator protein, such as E1
for BPV and EBNA-1 for EBV or HBV polymerase or
terminus binding protein of Adenovirus. The process of
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episomal replication typically incorporates both host cell
replication machinery and viral trans-acting factors.

1. Human Immunodeficiency Virus (HIV)

[0044] HIV is a retrovirus that causes acquired immuno-
deficiency syndrome (AIDS) in humans. AIDS is a condition
in which progressive failure of the immune system allows
life-threatening opportunistic infections and cancers to
thrive. Without treatment, average survival time after infec-
tion with HIV is estimated to be 9 to 11 years, depending
upon the HIV subtype. 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. HIV may be present in
an infected individual as both free virus particles and within
infected immune cells.

[0045] 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.

[0046] 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.

[0047] 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 highly active
antiretroviral therapy (HAART). In the vast majority of
cases, HIV infection causes fatal disease although survival
may be prolonged by HAART.

[0048] A major goal in the fight against HIV is to develop
strategies for curing disease. Prolonged HAART 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.

[0049] 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 (chemokine receptor),
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.
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[0050] 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. A functional cure is defined as a state or
condition wherein HIV+ individuals who previously
required HAART, may survive with low or undetectable
virus replication and using lower or intermittent doses of
HAART, or are potentially able to discontinue HAART
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.
[0051] 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 all immune functions.
Most importantly, HIV infection and depletion of CD4 T
cells requires activation of individual cells. Activation is a
specific mechanism for individual CD4 T cell clones that
recognize pathogens or other molecules, using a rearranged
T cell receptor.

[0052] 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, effectively crippling the immune system’s
defense against the virus. The capacity for HIV-specific T
cell responses is rebuilt during prolonged HAART; however,
when HAART is interrupted the rebounding virus infection
repeats the process and again deletes the virus-specific cells,
resetting the clock on disease progression.

[0053] 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 HAART
is interrupted. In one embodiment, the present invention
provides 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.

[0054] 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%,
about 1000%, about 1500%, about 2000%, about 2500%,
about 3000%, about 3500%, about 4000%, about 4500%,
about 5000%, about 5500%, about 6000%, about 6500%,
about 7000%, about 7500%, about 8000%, about 8500%,
about 9000%, about 9500%, about 10000%, about 11000%,
about 12000%, about 13000%, about 14000%, about
15000%, about 16000%, about 17000%, about 18000%,
about 19000%, about 20000%, about 25000%, about
30000%, about 35000%, about 40000%, about 45000%,
about 50000%, about 55000%, about 60000%, about
65000%, about 70000%, about 75000%, about 80000%,
about 85000%, about 90000%, about 95000%, about
100000%, or any value in between.

II. Gene Therapy

[0055] Viral vectors are used to deliver genetic constructs
to host cells for the purposes of disease therapy or preven-
tion.
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[0056] 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.

[0057] 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).

[0058] 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.

[0059] 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.

[0060] 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, TRIMS5-alpha complexes, tetherin
(BST2), and similar proteins identified as being capable of
reducing HIV replication in mammalian cells.

[0061] For example, in some embodiments the disclosed
vectors may include, but are not limited to, the restriction
elements found in Table 1 below. The sequences of these

exemplary restriction elements are further disclosed in FIG.
9.

TABLE 1
Gene Accession Number
TREX1 NM_016381 (human)
XM_015128506.1 (Macaca mulatta)
TREX2 NM_080701/NM_007205 (human

XM_015128506.1 (Macaca mulatta)
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TABLE 1-continued

Gene Accession Number

SAMHDI1 NM_015474 (human)
IN936895.1 (Macaca mulatta)

MxA NM_001144925 (human)
JX297237.1 (Macaca mulatta)

MxB NM_002463 (human)

APOBEC3G NM_021822 (human)

XM_015150306 (Macaca mulatta)

TRIMS5-alpha NM_033034 (human)
NM_001032910.1 (Macaca mulatta)
Tetherin NM_004335 (human)

FI943432.1 (Macaca mulatta)

1I1. Immunotherapy

[0062] 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
response against it. As a result, scientists do not have a clear
picture of what is needed to provide protection against HIV.
[0063] 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.

[0064] 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.

IV. Methods According to the Invention

[0065] In one aspect, the disclosed invention provides
methods for using viral vectors to achieve a functional cure
for HIV disease. The methods further include immuno-
therapy 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.

[0066] In one embodiment, the methods include therapeu-
tic immunization as a method for enriching the proportion of
HIV-specific CD4 T cells. Therapeutic immunization can
include purified proteins, inactivated viruses, virally vec-
tored proteins, bacterially vectored proteins, peptides or
peptide fragments, virus-like particles (VLPs), biological or
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chemical adjuvants including cytokines and/or chemokines,
vehicles, and methods for immunization.

[0067] 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.

[0068] In some embodiments, HIV+ patients can be
immunized 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. For instance, the disclosed vector may comprise a
recombinant Bacille Calmette Guerin (BCG) strain express-
ing HIV VLP. BCG is mycobacterium bovis attenuated for
use as a human vaccine against tuberculosis. In another
embodiment, the vectors can encode virus-like particles
(VLPs) to induce higher titers of neutralizing antibodies. In
another embodiment, the vectors can encode peptides 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 meth-
ods may comprise purified proteins, inactivated viruses,
virally vectored proteins, bacterially vectored proteins, pep-
tides or peptide fragments, virus-like particles (VLPs), or
biological or chemical adjuvants including cytokines and/or
chemokines.

[0069] 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 may 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 administration of the
disclosed viral vectors to achieve a functional cure.

[0070] For example, peripheral blood mononuclear cells
(PBMCs) can be 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% are
both HIV-specific in terms of antigen responses, and HIV-
resistant by virtue of carrying the therapeutic transgene
delivered by the disclosed lentivirus vector. Alternatively,
about 1x107, about 1x10%, about 1x10°, about 1x10*°, about
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1x10™, or about 1x10'* CD4 T cells may be isolated for
re-stimulation. Any suitable amount of CD4 T cells can be
isolated for ex vivo re-stimulation.

[0071] 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.

[0072] 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
vivo re-stimulation can increase the relative frequency of
HIV-specific CD4 T cells by about 25, about 50, about 75,
about 100, about 125, about 150, about 175, or about
200-fold.

[0073] 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.

[0074] Thus, in one embodiment, the re-stimulated PBMC
fraction that has been enriched for HIV-specific CD4 T cells
can be transduced with therapeutic anti-HIV lentivirus or
other vectors and maintained in culture about 1 to about 21
days or up to about 35 days. Alternatively, the cells may be
cultured for about 1-about 18 days, about 1-about 15 days,
about l-about 12 days, about 1-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.

[0075] Once the transduced cells have been sufficiently
cultured, transduced CD4 T cells are infused back into the
original patient. Infusion can be performed using various
machines and methods known in the art. In some embodi-
ments, infusion may be accompanied by pre-treatment with
cyclophosphamide or similar compounds to increase the
efficiency of re-engraftment.

[0076] In some embodiments, a CCRS5-targeted therapy
may be added to a subject’s antiretroviral therapy regimen,
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.

[0077] Continued virus suppression with reduced or no
antiretroviral therapy include 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.
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[0078] 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 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 infec-
tious disease or a toxin produced by the infectious pathogen,
(i) 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
CDS8 suppressor factors, (iv) mutations or deletions of
chemokine receptor CCRS, mutations or deletions of
chemokine receptor CXCR4, or mutations or deletions of
chemokine receptor CXCRS5, (v) antisense DNA or RNA
against specific receptors or peptides associated with HIV 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.

[0079] 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.

[0080] In some embodiment, a patient may be undergoing
cART or HAART concurrently while being treated accord-
ing to the methods of the invention. In other embodiments,
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.

[0081] 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 in Section VI.

V. Compositions According to the Invention

[0082] In one aspect, the disclosed invention provides
lentiviral vectors capable of delivering genetic constructs to
inhibit HIV penetration of susceptible cells. For instance,
one mechanism of action is to reduce mRNA levels for
CCRS and/or CXCR4 chemokine receptors and thus reduce
the rates for viral entry into susceptible cells.

[0083] Alternatively, the disclosed lentiviral vectors may
be capable of inhibiting the formation of DNA and HIV-
infected cells by reducing the stability of incoming HIV
genomic RNA. And in yet another embodiment, the dis-
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closed lentivirus vectors are capable of preventing HIV
production from a latently infected cell, wherein the mecha-
nism of action is to cause instability of viral RNA sequences
through the action of inhibitory RNA including short-ho-
mology, small-interfering or other regulatory RNA species.
[0084] The therapeutic lentiviruses disclosed in this appli-
cation generally comprise at least one of two types of genetic
cargo. First, the lentiviruses may encode genetic elements
that direct expression of small RNA capable of inhibiting the
production of chemokine receptors CCRS and/or CXCR4
that are important for HIV penetration of susceptible cells.
The second type of genetic cargo includes constructs
capable of expressing small RNA molecules targeting HIV
RNA sequences for the purpose of preventing reverse tran-
scription, RNA splicing, RNA translation to produce pro-
teins, or packaging of viral genomic RNA for particle
production and spreading infection. An exemplary structure
is diagrammed in FIG. 3.

[0085] As shown in FIG. 3, an exemplary construct may
comprise numerous sections or components. For example, in
one embodiment, an exemplary LV construct may comprise
the following sections or components:

[0086] RSV—a Rous Sarcoma virus long terminal
repeat,
[0087] S5'LTR—a portion of an HIV long terminal repeat

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

[0088] Psi—a packaging signal that allows for incorpo-
ration of the vector RNA genome into viral particles
during packaging;

[0089] 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;

[0090] ¢ PPT—a Poly purine tract that facilitates second
strand DNA synthesis prior to integration of the trans-
gene into the host cell chromosome;

[0091] 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;

[0092] Anti-CCR5—a micro RNA targeting messenger
RNA for the host cell factor CCR5 to reduce its
expression on the cell surface;

[0093] Anti-Rev/Tat—a micro RNA targeting HIV
genomic or messenger RNA at the junction between
HIV Rev and Tat coding regions, which is sometimes
designated miRNA Tat or a\given a similar description
in this application;

[0094] Anti-Vif—a micro RNA targeting HIV genomic
or messenger RNA within the Vif coding region;

[0095] 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

[0096] deltaU3 3'LTR—a modified version of a HIV
3-prime long terminal repeat where a portion of the U3
region has been deleted to improve safety of the vector.

One of skill in the art will recognize that the above com-
ponents are merely examples, and that such components
may be reorganized, substituted with other elements, or



US 2018/0177866 Al

otherwise changed, so long as the construct is able to prevent
expression of HIV genes and decrease the spread of infec-
tion.

[0097] 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.

[0098] The combination of genetic elements incorporated
into the disclosed vectors is not particularly limited. For
example, a vector 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. Such vectors
may additionally encode other genetic elements to function
in concert with the small RNAs to prevent expression and
infection of HIV.

[0099] Those of 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
invention may comprise changes in the plasmids used for
packaging the lentivirus particles; these changes are required
to increase levels of production in vitro.

[0100] In some embodiments, the vector used in the dis-
closed methods may be a DNA plasmid, adeno-associated
virus, or other integrating or non-integrating vector systems
for gene delivery.

V1. Bioassays

[0101] In one aspect, the present invention includes bio-
assays for determining the success of HIV treatment for
achieving a functional cure. These assays will 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 they
proliferate, change the composition of cell surface markers,
induce signaling pathways including phosphorylation, 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 recognized for example, using
labeled monoclonal antibodies or specific in situ amplifica-
tion 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 lenti-
virus. Single cell testing methods may also be used including
microfiuidic separation of individual cells, that are coupled
with mass spectrometry, PCR, ELISA or antibody staining to
confirm responsiveness to HIV and presence of integrated
therapeutic lentivirus.

[0102] Thus, in one embodiment, following application of
a treatment according to the invention (e.g., (a) immuniza-
tion, (b) ex vivo lymphocyte culture; (c) re-stimulation with
purified proteins, inactivated viruses, virally vectored pro-
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teins, bacterially vectored proteins, biological 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 effi-
cacy of the treatment. A threshold value of target T cells in
the body may be established to measure a functional cure at,
for instance, about 1x10® HIV-specific CD4 T cells bearing
genetic modification from therapeutic lentivirus. The value
threshold value of cells refers to the total body content. It
may not be measured directly, but instead may be extrapo-
lated from blood CD4 T cell counts using a standard
correction. For example, it is common in the art to assume
that 90% of CD4 T cells are present in tissues and only 10%
are found in blood.

[0103] Alternatively, the threshold value may be about
1x10°, about 1x10°, about 1x107, about 1x10°, or about
1x10'° CD4 T cells in the body of the patient.

[0104] 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.

[0105] Methods for defining antigen specific T cells with
genetic modifications are known in the art. However, uti-
lizing such methods to combine identifying HIV-specific T
cells with integrated or non-integrated gene therapy con-
structs as a standard measure for efficacy is a new concept
in the field of HIV treatment.

VII. Doses and Dosage Forms

[0106] 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.

[0107] In one embodiment, HIV-specific vaccines for the
initial in vivo immunization may be 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 ng, about 75 pg to about 225, or about 100 pg to
about 200 pg of HIV protein, either total virus protein
prepared from inactivated virus particles, virus-like particles
or purified virus protein from recombinant systems or puri-
fied 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 pg, about 10 pg to about 90 pg, about 20 pg to
about 80 pg, about 30 pg to about 70 pg, about 40 pg to about
60 ng, or about 50 pg of suitable adjuvant molecules and be
suspended 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
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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.

[0108] 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.
[0109] Immunization will occur at least once before ex
vivo expansion and enrichment of CD4 T cells, and immu-
nization may occur once, twice, three times, or more after ex
vivo lymphocyte culture/re-stimulation and infusion.
[0110] 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 can be formulated in a wide variety of
nasal, pulmonary, oral, topical, or parenteral dosage forms
for clinical application. Each of the dosage forms can
comprise various disintegrating agents, surfactants, fillers,
thickeners, binders, diluents such as wetting agents or other
pharmaceutically acceptable excipients. The pharmaceutical
composition comprising an HIV vaccine can also be formu-
lated for injection.

[0111] HIV wvaccine 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, intracisternally,
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.

[0112] 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.
[0113] In another embodiment, the pharmaceutical com-
position comprising an HIV vaccine can be formulated in a
solid dosage form for oral administration, and the solid
dosage form can be powders, granules, capsules, tablets or
pills. In yet another embodiment, the solid dosage form can
include one or more excipients such as calcium carbonate,
starch, sucrose, lactose, microcrystalline cellulose or gelatin.
In addition, the solid dosage form can include, in addition to
the excipients, a lubricant such as talc or magnesium stear-
ate. In some embodiments, the oral dosage form can be
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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.

[0114] In a further embodiment, the pharmaceutical com-
position comprising a HIV vaccine can be 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.

[0115] In yet a further embodiment, the pharmaceutical
composition comprising an HIV vaccine can be formulated
as a nasal dosage form. Such dosage forms of the present
invention comprise solution, suspension, and gel composi-
tions for nasal delivery.

[0116] In one embodiment, the pharmaceutical composi-
tion can be formulated in a liquid dosage form for oral
administration, such as suspensions, emulsions or syrups. In
other embodiments, the liquid dosage form can include, in
addition to commonly used simple diluents such as water
and liquid paraffin, various excipients such as humectants,
sweeteners, aromatics or preservatives. In particular
embodiments, the composition comprising HIV vaccine or a
pharmaceutically acceptable salt thereof can be formulated
to be suitable for administration to a pediatric patient.
[0117] In one embodiment, the pharmaceutical composi-
tion can be formulated in a dosage form for parenteral
administration, such as sterile aqueous solutions, suspen-
sions, emulsions, non-aqueous solutions or suppositories. In
other embodiments, the non-aqueous solutions or suspen-
sions can include propyleneglycol, polyethyleneglycol, veg-
etable 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.

[0118] 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.

[0119] For the purposes of re-stimulation, lymphocytes,
PBMCs, and/or CD4 T cells are 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 pug 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 pg, about
1.5 ng, about 2 pg, about 2.5 ng, about 3 pg, about 3.5 pg,
about 4 ng, about 4.5 ug, or about 5 pg of an HIV vaccine
or activating agent per about 10° cells in culture.

[0120] 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.
[0121] For transduction of the enriched, re-stimulated
cells, the cells may be transduced with lentiviral vectors or
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with other known vector systems as disclosed in Section V
and FIG. 3. The cells being transduced may be contacted
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.

VIII. Definitions

[0122] 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.

[0123] “Atreatment” is intended to target the disease state
and combat it, i.e., ameliorate or prevent the disease state.
The particular treatment thus will depend on the disease
state to be targeted and the current or future state of
medicinal therapies and therapeutic approaches. A treatment
may have associated toxicities.

[0124] The terms “administration of” or “administering”
an active agent should be understood to mean providing an
active agent of the invention to the subject in need of
treatment in a form that can be introduced into that indi-
vidual’s body in a therapeutically useful form and therapeu-
tically effective amount.

[0125] 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
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.

[0126] 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.

[0127] The term “functional cure” refers to a state or
condition wherein HIV+ individuals who previously
required cART or HAART, may survive with low or unde-
tectable virus replication using lower doses, intermittent
doses, or discontinued dosing of cART or HAART. 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 HIV to prevent all possibility of recurrence.
[0128] The term “HIV vaccine” encompasses immuno-
gens plus vehicle plus adjuvant intended to elicit HIV-
specific immune responses. Vaccine may include purified or
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whole inactivated virus particles that may be HIV or a
recombinant virus vectors capable of expressing HIV pro-
teins, protein fragments or peptides, glycoprotein fragments
or glycopeptides, in addition to recombinant bacterial vec-
tors, plasmid DNA or RNA capable of directing cells to
producing HIV proteins, glycoproteins or protein fragments
able to elicit specific immunity. Alternately, specific meth-
ods for immune stimulation including anti-CD3/CD28
beads, T cell receptor-specific antibodies, mitogens, super-
antigens 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.

[0129] The terms “individual,” “host,” “subject,” and
“patient” are used interchangeably herein.

[0130] As used herein, “expression,” “expressed,” or
“encodes” refers to the process by which polynucleotides are
transcribed into mRNA and/or the process by which the
transcribed mRNA is subsequently being translated into
peptides, polypeptides, or proteins. Expression may include
splicing of the mRNA in a eukaryotic cell or other forms of
post-transcriptional modification or post-translational modi-
fication.

[0131] 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,
generally through pathways that result in the destruction of
the target gene mRNA.

[0132] The following examples are given to illustrate 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—Clinical Study for Treatment of HIV

[0133] Screening and Informed Consent.

[0134] Select HIV+ participants receiving combination
antiretroviral therapy (cART) with stable suppression of
virus burden are chosen to participate.

[0135] Immunization with a Therapeutic HIV Vaccine.
[0136] A vaccine that already has IND status and has been
used in a clinical trial involving HIV+ participants is admin-
istered to participants. This step will increase the relative
frequency of HIV-specific CD4 T cells by approximately
1,000-fold.

[0137] Next, blood lymphocytes are removed by leuka-
pheresis and further purified to the peripheral blood mono-
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nuclear cell (PBMC) fraction. Alternately, cells may be
purified from venous blood by column or density gradient
methods.

[0138] Cultured PBMC are stimulated with HIV proteins
or peptides matching or complementing the components in
the therapeutic vaccine (perhaps using the same vaccine
depending on its composition). This step will increase the
relative frequency of HIV-specific CD4 T cells by approxi-
mately 100-fold.

[0139] Cultured PBMC cells are infected with therapeutic
lentivirus or other disclosed vectors, for instance, one that
encodes small RNA to interfere with the translation of CCR5
and viral replication proteins. After transduction, the cells
are maintained in culture 3-7 days.

[0140] Transduced CD4 T cells are infused back into the
original participant. Infusion can be performed according to
methods known in the art. This may require pre-treatment
with cyclophosphamide to increase the efficiency of re-
engraftment.

[0141] For participants receiving cART, cART will be
maintained throughout. Following infusion, monitor HIV
viral burden in blood and frequency of lentivirus-transduced
CD4 T cells in blood.

[0142] If participants meet qualifying criteria (including
having >10°, >107, >10® Lentivirus-transduced, HIV-spe-
cific CD4 T cells in the total of blood and tissue compart-
ments), they may move to an efficacy study. If participants
miss the qualifying criterion they may be eligible to receive
a second dose of therapeutic lentivirus using the same
protocol.

[0143] Further Study and Bioassay.

[0144] For qualified participants at 30-60 days after trans-
duced T cell infusion, begin testing the efficacy of gene
therapy. First, add a CCR5-targeted treatment to their exist-
ing cART regimen. This may be the CCR5-blocking drug
Maraviroc or the immune suppressing drug Rapamycin that
lowers CCRS receptor density on T cells. The therapeutic
lentivirus also targets CCRS and the combined effects of
lentivirus plus Maraviroc or Rapamycin should decrease
CCRS below levels needed to sustain HIV replication.
[0145] Two weeks after adding Maraviroc or Rapamycin,
the cART therapy is stopped and participants are monitored
closely for HIV virus rebound. If they rebound, cART is
reintroduced and managed by their regular physician.
[0146] If HIV virus does not rebound, step-down of the
Maraviroc or Rapamycin is started in 2 week intervals until
treatment is stopped.

[0147] If viremia does not return within 12-26 weeks, the
participant has achieved a functional cure of HIV.

[0148] A database of values relating the number of HIV-
specific, lentivirus-transduced CD4 T cells to treatment
efficacy (including the frequency of cells with latent HIV
infection or other markers) will establish a Gold Standard by
which other gene therapy protocols could be judged.

Example 2—Developing an Anti-HIV Lentivirus
Vector

[0149] The purpose of this example was to develop an
anti-HIV lentivirus vector.

[0150] Inhibitory RNA Designs:

[0151] 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
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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.

[0152] 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. Highly conserved
regions of Gag or Polymerase genes could not be targeted by
shRNA 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.
com/rnaiexpress/setOption.
do?designOption=shrna&pid=6712627360706061801).
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

[0153] Vector Constructions:

[0154] 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
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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
and cellular elements known to restrict HIV replication can
be found in FIGS. 4 and 9, respectively.

[0155] For example, the shRNA sequences with the high-
est activity against CCRS, Tat or Vif gene expression were
then assembled into a microRNA (miR) cluster under con-
trol of the EF-lalpha promoter. The promoter and miR
sequences are depicted in FIG. 4.

[0156] Functional Assays:

[0157] 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.
[0158] Starting Testing of Lentivirus:

[0159] T cell culture medium was made using RPMI 1640
supplemented with 10% FBS and 1% penicillin-streptomy-
cin. Cytokine stocks of 1L.2 10000 units/ml, IL12 1 pg/ml,
1IL7 1 pg/ml, IL15 1 pg/ml were also prepared in advance.
[0160] 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).

[0161] Day 0-12: Antigen-Specific Enrichment:

[0162] 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 37° C. in 5% CO,. To define the optimal
stimulation conditions, cells were stimulated with combina-
tions of reagents as listed in Table 2 below:

TABLE 2
1 2 3 4 5 6
IL2 + IL7 + ©Peptides +  Peptides + MVA + MVA +
IL12 1115 112 + IL7 + L2 + IL7 +
1L.12 1L15 1L12 1L15
[0163] Final concentrations: IL2=20 units/ml, 1L12=10

ng/ml, IL7=10 ng/ml, IL15=10 ng/ml, peptides=5 ng/ml
individual peptide, MVA MOI=1.

[0164] 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.
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[0165] Day 12-24: Non-Specific Expansion and Lentivirus
Transduction:
[0166] On day 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.

[0167] 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.

[0168] From days 14 to 23, the number of the cells was
evaluated every 2 days and the cells were diluted to 0.5x
105/ml with fresh media. Cytokines were added every time.

[0169] 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
performed to determine the frequencies of antigen-specific T
cells and lentivirus transduced cells.

[0170] 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.

[0171] Examine Antigen-Specific T Cells by Intracellular
Cytokine Staining for IFN-Gamma:

[0172] 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
Biosciences) was added to block Golgi transport. After 8
hours, cells were washed and stained with extracellular
(CD3, CD4 or CDS8; BD Biosciences) and intracellular
(IFN-_gamma; BD Biosciences) antibodies with BD
CYTOFIX/CYTOPERM™ kit following the manufactur-
er’s instruction. Samples were analyzed on a BD FAC-
SCALIBUR™ Flow Cytometer. Control samples labeled
with appropriate isotype-matched antibodies were included
in each experiment. Data were analyzed using Flowjo soft-
ware.

[0173] 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.

[0174] 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.
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Example 3—CCRS Knockdown with Experimental
Vectors

[0175] 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.
[0176] As shown in FIG. 5A, 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.

[0177] FIG. 5B 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.

[0178] 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 4—AGT103 Decreases Expression of Tat
and Vif

[0179] 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-miR21 Vif-
mCherry miR185-Tat-WPRE-
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TABLE 3-continued

Vector Designation Composition

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

CMV—Immediate early transcriptional promoter from human cytomegalovirus
mCherry—coding region for the mCherry red fluorescent protein

GFP—coding region for the green fluorescent protein

WPRE—Woodchuck hepatitis virus post transcriptional regulatory element

[0180] 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
lentivirus vector, to approximately 200 in the presence of
AGT103/CMV-GFP for a total reduction of >4 fold, as
shown in FIG. 6.

[0181] In a similar experiment, HEK 293T cells (Human
Embryonic Kidney 293T; American Type Culture Collection
Catalogue number CRL-3216) cells were transduced with
AGT103/CMV-GFP and then an HIV expression plasmid
was transfected into cells 7 days after transduction (control
was not transfected with HIV). 24 hours after transfection
cells were lysed and analyzed by Western blot using anti-
bodies specific for Actin (cellular loading control) or HIV
Vif protein. The presence of AGT103/CMV-GFP (right lane)
caused a dramatic reduction in Vif protein expression levels
as shown in FIG. 7.

Example 5—Generating a Population of CD4+ T
Cells Enriched for HIV-Specificity and Transduced
with AGT103/CMV-GFP

[0182] Therapeutic vaccination against HIV had minimal
effect on the distribution of CD4+, CD8+ and CD4+/CDS8+
T cells. As shown in FIG. 8A, 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.

[0183] 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 (JPT PepMix) 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 pre-
dominant circulating HIV sequences or when detailed
sequence information is available for an individual patient
receiving this therapy. At culture end, cells were recovered
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and stained with anti-CD4 or anti-CD8 monoclonal antibod-
ies and the CD3+ population was gated and displayed here.
The PepMix stimulation for either pre- or post-vaccination
samples was similar to the medium control indicating that
PepMix was not toxic to cells and was not acting as a
polyclonal mitogen. The results of this analysis can be found
in FIG. 8B.

[0184] PepMix and interleukin-2/interleukin-12 provided
for optimal expansion of antigen-specific CD4 T cells. As
shown in the upper panels of FIG. 8C, there was an increase
in cytokine (interferon-gamma) secreting cells in post-vac-
cination specimens exposed to PepMix. In the pre-vaccina-
tion 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.

[0185] 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 may
be used alone or without further additional elements; for
example, clinical embodiments may not include the CMV-
GFP segment). The upper panels of FIG. 8D show the results
of analyzing the CD4+ T cell population in culture. The x
axis of FIG. 8D shows Green Fluorescent Protein (GFP)
emission indicating that individual cells were transduced
with the AGTI103/CMV-GFP. 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 subsequent 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 achieve-
ment 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.

[0186] 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-

Total HIV- specific and
Material/manipulation CD4 T cells specific HIV-resistant
Leukapheresis pack ~7 x 10% ~0.12 N/A
from HIV+ patient
Peptide expansion ex ~8 x 108 ~2.4 N/A
vivo
Mitogen expansion ~1.5 x 10%° ~2.4 N/A
Lentivirus transduction ~1.5 x 101 ~2.4 ~1.6

[0187] 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
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limited to such embodiments. Various modifications may be
made thereto without departing from the scope and spirit of
the present invention.

What is claimed is:

1. A method of treating HIV infection, comprising:

(a) identifying a subject in need of treatment of HIV

infection;

(b) immunizing the subject with a therapeutically effec-

tive amount of an HIV vaccine;

() removing lymphocytes from the subject and purifying

peripheral blood mononuclear cells (PBMC);

(d) contacting the PBMC ex vivo with a therapeutically

effective amount of an HIV vaccine;

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

system encoding at least one genetic element;

(®) culturing the transduced PBMC for about 1 to about 35

days; and

(g) infusing the transduced PBMC into the subject.

2. The method of claim 1, wherein step (b) and step (d)
comprise the same HIV vaccine.

3. The method of claim 1, wherein step (b) and step (d)
comprise different HIV vaccines.

4. The method of claim 1, wherein the subject was
receiving cART or HAART prior to infusing the transduced
PBMC into the subject.

5. The method of claim 1, wherein the subject receives a
cyclophosphamide pre-treatment prior to infusing the trans-
duced PBMC into the subject.

6. The method of claim 1, wherein the at least one genetic
element is selected from the group consisting of small RNA
capable of inhibiting the production of chemokine receptor
CCRS, small RNA capable of inhibiting the production of
chemokine receptor CXCR4, and small RNA molecules
targeting HIV RNA sequences.

7. The method of claim 6, wherein the small RNA
molecules targeting HIV RNA sequences is directed to gag,
pol, env, tat, rev, nef, vif, vpr, vpu, tev, LTR, TAR, RRE, PE,
SLIP, CRS, or INS.

8. The method of claim 1, wherein the transduced PBMC
are cultured for about 1 to about 10 days prior to infusing the
transduced PBMC into the subject.

9. A viral vector for transducing HIV-specific CD4 T cells,
wherein the viral vector encodes at least one genetic element
selected from the group consisting of small RNA capable of
inhibiting the production of chemokine receptor CCRS,
small RNA capable of inhibiting the production of
chemokine receptor CXCR4, and small RNA molecules
targeting HIV RNA sequences.

10. The viral vector of claim 9, wherein the vector is a
lentivirus.

11. The viral vector of claim 9, wherein the vector is a
vector-in-vector system.

12. The viral vector of claim 9, wherein the small RNA
molecules targeting HIV RNA sequences is directed to gag,
pol, env, tat, rev, nef, vif, vpr, vpu, tev, LTR, TAR, RRE, PE,
SLIP, CRS, or INS.

13. A bioassay for determining whether a HIV+ subject is
functionally cured, comprising determining the number of
HIV-specific CD4 T cells bearing genetic modification from
therapeutic lentivirus, wherein the subject is functionally
cured if the number of HIV-specific CD4 T cells bearing
genetic modification from therapeutic lentivirus is above a
threshold value after a specified time following treatment
according to claim 1.
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14. The method of claim 13, wherein the threshold value
is about 1x10® HIV-specific CD4 T cells bearing genetic
modification from therapeutic lentivirus.

15. The method of claim 13, wherein the specified time
following treatment is about 30-about 60 days.

16. The method of claim 13, wherein the specified time
following treatment is about 12-about 26 weeks.

17. A method of achieving a functional cure for HIV in a
HIV+ subject, comprising:

(a) identifying a subject that is HIV+;

(b) immunizing the subject with a therapeutically effec-

tive amount of an HIV vaccine;

(c) removing lymphocytes from the subject and purifying

peripheral blood mononuclear cells (PBMC);

(d) contacting the PBMC ex vivo with a therapeutically

effective amount of an HIV vaccine;

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

system encoding at least one genetic element;

(®) culturing the transduced PBMC for about 1-about 21

days; and

(g) infusing the transduced PBMC into the subject,

wherein the HIV+ subject achieves a functional cure.

18. The method of claim 18, wherein step (b) and step (d)
comprise the same HIV vaccine.
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19. The method of claim 18, wherein step (b) and step (d)
comprise different HIV vaccines.

20. The method of claim 18, wherein the subject was
receiving cART or HAART prior to infusing the transduced
PBMC into the subject.

21. The method of claim 18, wherein the subject receives
a cyclophosphamide pre-treatment prior to infusing the
transduced PBMC into the subject.

22. The method of claim 18, wherein the at least one
genetic element is selected from the group consisting of
small RNA capable of inhibiting the production of
chemokine receptor CCRS5, small RNA capable of inhibiting
the production of chemokine receptor CXCR4, and small
RNA molecules targeting HIV RNA sequences.

23. The method of claim 22, wherein the small RNA
molecules targeting HIV RNA sequences is directed to gag,
pol, env, tat, rev, nef, vif, vpr, vpu, tev, LTR, TAR, RRE, PE,
SLIP, CRS, or INS.

24. The method of claim 18, wherein the transduced
PBMC are cultured for about 1 to about 7 days prior to
infusing the transduced PBMC into the subject.
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