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' (57) Abstract: The present invention provides HIV-derived lentivectors which are safe, highly efficient, and very potent for ex-
pressing transgenes for human gene therapy, especially, in human hematopoietic progenitor cells as well as in all other blood cell
=) derivatives. The lentiviral vectors comprise promoters active to promote expression specific to cell types or tissues. Further, pro-
~~ moters are providing that are amenable to control by activators, enhancers, or repressors. These vectors are in a self-inactivating
configuration for biosaftey. Additional promoters are also described. The vectors can also comprise additional transcription enhanc-
ing elements such as the wood chuck hepatitis virus post-transcriptional regulatory element, without any decrease in the specificity
or control exerted by the promoters. These vectors therefore provide useful tools for genetic treatments such as inherited and ac-
quired lympho-hematological disorders, gene-therapies for cancers especially the hematological cancers, as well as for the study of
hematopoiesis via lentivector-mediated modification of human HSCs.
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DESCRIPTION

METHODS AND COMPOSITIONS RELATING TO RESTRICTED EXPRESSION
LENTIVIRAL VECTORS AND THEIR APPLICATIONS

BACKGROUND OF THE INVENTION

The present application claims the benefit of U.S. Provisional Application Serial No.
60/326,593 filed on October 2, 2001, the entire text of which is herein incorporated by reference.

1. TField of the Invention

The present invention relates to improved lentiviral vectors and their use in gene delivery
and high level expression of desired transgenes to target cells, particularly to differentiated blood

lineages derived from lentiviral vector-modified human hematopoietic stem cells (hHSC).

2. Description of Related Art

Gene therapy via the transduction of human hematopoietic stem cells (hHSC) represents
a very promising approach for the treatment of a number of inherited and acquired lympho-
hematological disorders. The stable genetic manipulation of long term repopulating hHSC with
existing gene delivery systems, however, has been impossible to achieve at an efficiency
compatible with therapeutic realities. Oncoretroviral vectors derived from Moloney murine
leukemia virus (MLYV), for instance, although highly appealing since they integrate their cargo
into the chromosomes of target cells, cannot transduce hHSC that have not been first treated with
inducers of proliferation (Kohn ef al., 1991; Mazurier ef al., 1998). Indeed, the nuclear transport
of the MLV preintegration complex requires the breakdown of the nuclear envelo.pe that occurs
at mitosis (Roe ef al, 1993; Lewis and Emerman, 1994). Unfortunately hHSCs, whether
harvested from the bone marrow (BM), the umbilical cord blood (UCB) or mobilized in the
peripheral circulation, are mostly non-dividing and lose their pluripotentiality after continuous
stimulation and proliferation (Bhatia et al., 1997, Dao ef al., 1997, Dorrell et al., 2000). Recent
reports, however, have shown that a significant fraction of pluripotent cells as well as cells
capable of long-term engraftment in non-obese diabetic/severe combined immunodeficient

(NOD/SCID), also called SCID-repopulating cells (SRC), can be maintained, transduced and
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Piacibello et al., 1999; Ueda et al., 2000).

Lentiviruses are a subgroup of retroviruses that can infect non-dividing cells owing to the
karyophilic properties of their preintegration complex, which allow for its active import through
the nucleopore. Correspondingly, lentiviral vectors derived from human immunodeficiency
virus type 1 (HIV-1) can mediate the efficient delivery, integration and long-term expression of
transgenes into non-mitotic cells both in vitro and in vivo (Naldini ef al., 1996a; Naldini ef al.,
1996b; Blomer ef al., 1997). In particular, HIV-based vectors can efficiently transduce human
CD34" hematopoietic cells in the absence of cytokine stimulation (Akkina ez al., 1996; Sutton et
al., 1998; Uchida et al., 1998; Miyoshi et al., 1999; Case et al., 1999). These cells are capable of
long-term engraftment in NOD/SCID mice (Miyoshi ef al., 1999). Bone marrow from these.
primary recipients can repopulate secondary mice with transduced cells, confirming the
lentivector-mediated genetic modification of very primitive hematopoietic precursors, most -
probably bona fide stem cells. Since none of the other currently available gene delivery systems
has such an ability, lentiviral vectors provide a previously unexplored basis for the study of
hematopoiesis and for the gene therapy of inherited and acquired lympho-hematopoietic

disorders via the genetic modification of HSCs.

The demonstration of this important point, however, was provided with an early
generation of lentiviral vectors unsuitable for therapeutic applications, either because they failed
to meet biosafety requirements (Akkina ef al., 1996; Sutton et al., 1998; Uchida ef al., 1998) or |
because they induced levels of transgene expression that were dismissingly low (Miyoshi et al.,
1999; Case ef al, 1999; An et al., 2000). Accordingly, there is a significant need to develop
improved lentiviruses for use as transducing vectors that are capable of effectively transducing
hematopoietic cells, particularly hematopoietic progenitor cells, and which are capable of

expressing desired transgenes at high levels.

An optimal stem cell gene therapy approach should result in the efficient transduction of
HSCs, and considering the plasticity of stem cells, in the restricted expression of therapeutic
genes into specific mature blood cell lineages. Third generation lentiviral vectors are currently
the most optimized tools for gene delivery into non-cycling human HSC. Moreover, a self-
inactivating design (SIN) provides for the use of tissue specific promoters without interference

from the upstream LTR.
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SUMMARY OF THE INVENTION

The present invention is directed to the development of improved lentiviral vectors that
both meet biosafety requirements, and which may be stimulated as desired to induce high levels
of fransgene expression in a tissue or stem cell lineage specific manner. Additionally, the
present ‘invention provides for control of transgene expression in transduced celis via the
transcriptional activation or repression resulting from contacting the promoter or enhancers with

transcriptional regulatory factors.

Accordingly, the present invention describes gene transfer vehicles that appear
particularly well suited for the transduction of human hematopoietic precursor cells (HPCs) and
for the expression of transgenes in specific differentiated blood lineages or under the control of
specific transcription factors. These vectors will facilitate the further use of lentiviral vectors for
the genetic manipulation of hematopoietic stem cells, and should be particularly useful for both
research and therapeutic applications. Some examples of cell types contemplated include
immature blood cells, mature blood cells, neutrophils, monocytes/macrophages, and

granulocytes.

However, it will be understood by the skilled artisan that the invention is not limited to
the transduction of hematopoietic cells and that one may use the lentiviral vectors of the
invention for the cell-specific expression of transgenes in other cell types as well. Some
examples of other cell types contemplated include terminally differentiated cells such as neurons,
lung cells, muscle cells, liver cells, pancreatic cells, endothelial cells, cardiac cells, skin cells,
bone marrow stromal cells, and eye cells. Additionally, stem cells and progenitor cells such as

pancreatic ductal cells, neural precursors, and mesodermal stem cells are also contemplated.

The present invention thus concerns, in a general and overall sense, improved vectors that
are designed to permit the transfection and transduction of human hematopoietic progenitor cells,
or stem cells (hHSC), and provide high level expression of desired transgenes in such cells.
Additionally, the present invention provides for restricted expression of these desired transgenes
in that expression is regulated to achieve expression in specific descendent lineages of HSC or in
response to transcriptional activators. The vectors of the present invention also may be self-
inactivating lentivectors in that they may contain certain “self-inactivating” design
characteristics that render these vectors safe for human applications. These self-inactivating, or

SIN design characteristics may include the modification of the LTRs of the vector so that

-3-
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reconstitution of a replication competant lentiviral genome is prevented. A particularly preterred

embodiment of such a SIN design includes the deletion of nucleotides in the 3’ LTR U3 region.

The lentivectors of the present invention provide, for the first time, an efficient means of
achieving controled, cell type specific, and high level expression of desired trangenes in

differentiated progeny of genetically modified hHSCs. Human HSCs have been difficult to

transduce because when in an unstimulated state they are relatively resistant to transduction by

previous vector systems. The lentiviral vectors of the present invention have the ability to infect

non-dividing cells owing to the karyophilic properties of their preintegration complex, which

_ allow for its active import through the nucleopore. Moreover, preferred lentiviral vectors of the

present invention can mediate the efficient delivery, integration and appropriate or long-term

. expression of transgenes into non-mitotic cells both in vitro and in vivo, even in the absence of

cytokine stimulation. Stem cells transduced by the more preferred lentivectors of the present

_ invention are capable of long-term engrafiment, for example, in NOD/SCID mice. Most notably,

. however, the more preferred lentivectors of the present invention have highly desirable features

that permit controlled, yet high level expression of transgenes in specific lineages of human
progenitor cells and mature, differentiated cell types, while meeting human biosafety

requirements.

The viral vectors of the present invention, therefore, may be generally described as
recombinant vectors that include at least lentiviral gag, pol and rev genes, or those genes
required for virus production, which permit the manufacture of vector in reasonable quantities
using available producer cell lines. To meet important human safety needs, the more preferred
vectors in accordance with the present invention will not include any other active lentiviral
genes, such as vpr, vif, vpu, nef, tat. These genes may have been removed or otherwise
inactivated. It is preferred that the only active lentiviral genes present in the vector will be the

aforementioned gag, pol and rev genes.

~ The most preferred combination of lentiviral genes and backbone (i.e., long terminal
repeats or LTRs) used in preparing lentivectors in accordance with the present invention will be
one that is human immunodeficiency virus (HIV) derived, and more particularly, HIV-1-derived.
Thus, the gag, pol and rev genes will preferably be HIV genes and more preferably HIV-1 genes.
However, the gag, pol and rev genes and LTR regions from other lentiviruses may be employed
for certain applications in accordance with the present invention, including the genes and LTRs

of HIV-2, simian immunodeficiency virus (SIV), feline immunodeficiency virus, bovine

4.
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immunodeficiency virus, equine infectious anemia virus, caprine arthritis encephalitis virus and
the like. Such constructs could be useful, for example, where one desires to modify certain cells
of non-human origin. However, the HIV based vector backbones (i.e., HIV LTR and HIV gag,
pol and rev genes) will generally be preferred in connection with most aspects of the present
invention in that HIV-based constructs are the most efficient at transduction of human

hematopoietic progenitor cells.

The viral vectors of the present invention also include an expression cassette comprising
a.transgene positioned under the control of a promoter that. is active to promote detectable
transcription of the transgene in a human cell. In preferred embodiments the promoter is active
in promoting transcription of the transgene in human hematopoietic progenitor cells. More
preferred embodiments include promoters that are active to promote transcription in specific cell
types or descendent lineages of progenitor cells. Still further preferred embodiments include
promoters that are subject to control through either activation or suppression by transcriptional

control factors or activators and repressors.

Examples of promoters that may be preferably employed in connection with the present
invention includé a gp91-phox, gp47-phox, CD11b, EFl-a, PGK, beta-globin promoter, MHC
classll, clotting Factor IX, insulin promoters, PDX1 promoter, CD11, CD4, and CD2 promoters.
Of these the gp91-phox promoter is particularly preferred. The gp91-phox promoter is an -
example of a promoter that provides for controlable expression restricted to specific desired cell
types in that it promotes expression of the transgene primarily in monocytes and granulocytes
and in that its activity may be modulated by contacting the promoter with activators, particularly
interferon-gamma (INF-gamma). In any event, however, practice of the present invention is not
restricted to the foregoing promoters, so long as the promoter is active in the progenitor,

hematopoietic or other cell that one desires to target or is responsive to transcriptional control.

To determine whether a particular promoter is useful, a selected promoter is tested in the
construct in vitro in a selected progenitor cell and, if the promoter is capable of promoting
expression of the transgene at a detectable signal-to-noise ratio, it will generally ‘be useful in
accordance with the present invention. A desirable signal-to-noise ratio is one between about 10
and about 200, a more desirable signal-to-noise ratio is one 40 and about 200, and an even more
desirable signal-to-noise ratio is one between about 150 and about 200. One means of testing
such a promoter, described in more detail hereinbelow, is through the use of a signal generating

transgene such as the green fluorescent protein (GFP).

-5-



10

15

20

25

30

WO 03/029412 PCT/US02/31023

The present invention further provides for increased transduction etticiency through the
inclusion of a central polypurine tract (cPPT) in the vector. The transduction efficiency may be
20%, 30%, 40%, 50%, 60%, 70%, or up to and including 80% transduction. In a preferred

embodiment, the .cPPT is positioned upstream of the promoter of sequence. A cPPT is

. exemplified by the sequence of nucleotides described by SEQ ID NO:1.

Further preferred aspects of the invention include multiple unique cloning sites. Unique
cloning sites are sites of restriction enzyme recognition sequences that are unique within the
vector sequence. Several such sites clustered together provide for multiple unique cloning sites.
These sites.are preferably interposed between the cPPT and the promoter, or upstream of the
cPPT, although they may be located where ever it may be convenient for the manipulation of
polynucleotides into or out of the vector. For example, these multiple unique cloning sites
provide for the facile introduction into the vector sequence elements that are additionally useful

and beneficial in practicing the invention.

The promoters mentioned above can comprise additional elements required for
transcription and thus be a part of a transcription cassette. A transcription cassette is defined: as
comprising-one or more promoter elements coupled to enhancers and/or locus control regions in
order to ensure strong or tissue-restricted expression of a transgene. One or more enhancers may
be positioned in the vector anywhere they are most active in modulating expression of a
transgene. In order to achieve a high level of transgene expression in target differentiated cell
lineages, enhancers may also be specific for target differentiated lineages. Lineage-specific -
enhancers include HS sites. HS sites are known for beta-globin, CD2 and gp91, but -additional
HS or HS-type sites may be identified. For example, the GATA-1 enhancer for erythroblasts.
Availability of the human genome sequence should greatly facilitate identification of such

elements that are contemplated as part of the present invention.

_ . A particularly preferred group of enhancer and insulator elements are those located
within locus control region (LCR) and can be identified as DNAase hypersensitive sites. The
coordinated. enhancer activity of these HS sites is believed to be responsible for the chromatin
domain opening activity, thus facilitating transcription factor(s) accessibility in chromatin,
stimulating protein-protein interactions between enhancer- and promoter bound factors; and are
needed for defining domain boundaries. HS sites present in cis to promoter-gene cassettes confer
high level, integration-site-independent expression. These elements may be positioned singly or

multiply either upstream or downstream of the transgene cassette. In a most preferred

-6-
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embodiment of the invention, the HS elements are positioned adjacent to and both upstream and -
downstream of the cPPT element and are wholly upstream of the promoter. These HS sites may

therefore be introduced at the position of the multiple unique cloning sites described above. By

adjacent is meant that the subject element, e.g. the ¢PPT element, is the first functionally . .

important element encountered when scanning the vector sequence from the boundaries of the

reference element, i.e. the promoter element.

For certain applications, for example, in the case of promoters that are only modestly
active in cells targeted for transduction, one will desire to employ a posttranscriptional .
regulatory sequence positioned to promote the expression of the transgene. One type of -
posttranscriptional regulatory sequence is an intron positioned within the expression cassette;
which may serve to stimulate gene expression. However, introns placed in such a manner may
expose the lentiviral RNA transcript to the normal cellular splicing and processing mechanisms.
Thus, in particular embodiments it may be desirable to locate intron-containing transgenes in an

orientation opposite to that of the vector genomic transcript.

A morepreferred method of enhancing transgene expression is through the use of a
posttranscriptional regulatory element which does not rely on splicing events, such as the -

posttranscriptional processing element of herpes simplex virus, the posttranscriptional regulatory

element of the hepatitis B virus (HPRE) or that of the woodchuck hepatitis virus (WPRE), which .-

contains an additional cis-acting element not found in the HPRE. The regulatory element is -
positioned within the vector so as to be included in the RNA transcript of the transgene, but
outside of stop codonof the transgene translational unit. It has been found that the use of such
regulatory elements are particularly preferred in the context of modest promoters, but may be

contraindicated in the case of very highly efficient promoters.

It is particularly desirable to employ in the lentivectors of the present invention an LTR .

region that has reduced promoter activity relative to wild-type LTR, in that such constructs .

provide a “self-inactivating” (SIN) biosafety feature. Self-inactivating vectors are ones in which -

the production. of full-length vector RNA in transduced cells in greatly reduced:or abolished

altogether. This feature greatly minimizes the risk that replication- competent recombinants -
(RCRs) will emerge. Furthermore, it reduces the risk that that celtular coding sequences located -
adjacent to the vector integration site will be aberrantly expressed. Furthermore, a SIN design

reduces the possibility of interference between the LTR and the promoter that is driving the
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expression of the transgene. It is therefore particularly suitable to reveal the full potential of the

internal promoter.

Self-inactivation is preferably achieved through in the introduction of a deletion in the U3
region of the 3° LTR of the vector DNA, i.e., the DNA used to produce the vector RNA. Thus,
during reverse transcription, this deletion is transferred to the 5° LTR of the proviral DNA. It is

desirable to eliminate enough of the U3 sequence to greatly diminish or abolish altogether the

- transcriptional activity of the LTR, thereby greatly diminishing or abolishing the production of

full-length vector RNA in transduced cells. However, it is generally desirable to retain those

. elements of the LTR that are involved in polyadenylation of the viral RNA, a function spread out

over U3, R and US5. Accordingly, it is desirable to eliminate as many of the transcriptionally

- important motifs from the LTR as possible while sparing the polyadenylation determinants. In

. the case of HIV based lentivectors, it has been discovered that such vectors tolerate significant

U3 deletions, including the removal of the LTR TATA box (e.g., deletions from —418 to —18),
without significant reductions in vector titers. These deletions render the LTR region
substantially transcriptionally inactive in that the transcriptional ability of the LTR in reduced to =
about 90% or lower. In preferred embodiments the LTR transcripfion is reduced to about 95% to
99%. Thus, the LTR may be rendered about 90%, 91%, 92%, 93%, 94%, 95% 96% 97%, 98%,

to about 99% tranécriptibnally inactive.

It is believed that the lentivectors of the present invention may be employed to deliver

any transgene that one desires, depending on the application. In the case of delivery to

- hematopoietic progenitor cells, one will typically select a transgene that will confer a desirable -

function on such. cells, including, for example, globin genes, hematopoietic growth factors,
which include erythropoietin (EPO), the interleukins (such as Interleukin-1 (IL-1), Interleukin-2
(IL-2), Interleukin-3 (IL-3), Interleukin-6 (IL-6), Interleukin-12 (IL-12), efc.) and the colony-
stimulating factors (such as granulocyte colony-stimulating factor, granulocyte/macrophage
colony-stimulating factor, or stem-cell colony-stimulating factor), the platelet-specific integrin
olIbB, multidrug resistance genes, the gp91-i)hoxor gp 47 genes that are defective in patients
with chronic granulomatous disease (CGD), antiviral genes rendering cells resistant to infections
with pathogens such as human immunodeficiency virus, genes coding for blood coagulation
factors VIII or IX which are mutated in hemophiliacs, ligands involved in T cell-mediated
immune resbonses such as T cell antigen receptors, B cell antigen receptors (immunoglobulins)

as well as combination of T and B cell antigen receptors alone or in combination with single
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chain antibodies such as ScFv, tumor necrosis tactor (INF), 1L-2, 1L-12, gamma interferon,
CTLAA4, B7 and the like, genes expressed in tumor cells such as Melana, MAGE genes (such as
MAGE-1, MAGE-3), P198, P1A, gp100 efc.

In a preferred embodiment, the transgene to be introduced in therapy is a gp91-phox gene
(Dinauer, ef al. 1987). In an additional preferred embodiment, the transgene is a gp91-phox gene
operably linked to a gp91-phox promoter introduced in therapy for CGD. In a most preferred

embodiment, the gp91-phox promoter provides for monocyte and granulocyte expression of the

gp91-phox gene and additionally provides for the modulation of gp91-phoxexpression through

the action of. the -activator INF-gamma. In an additional preferred embodiment, the
posttranscriptional regulatory element WPRE is positioned in the vector to enhance the -
expression of the gp91-phox gene. In a similarly preferred embodiment, the transgene to be

introduced in therapy is a gp47-phox gene.

A principal application of tﬁe present transgenes will be to deliver desired transgenes to
hematopoietic cells for a number of possible reasons. This might include, but of course nct be
limited to, the treatment of myelosupression and neutropenias which may be caused as a result of-
chemotherapy or immunosupressive therapy or infections such as AIDS, genetic disorders,

cancers and the like.

Exemplary genetic disorders of hematopoietic cells that are contemplated include sickle
cell anemia, thalassemias (including Beta-thalassemia), hemaglobinopathies, Glanzmann .
thrombasthenia, .lysos_omal storage disorders (such as Fabry disease, Gaucher disease, Niemann-
Pick diseése, and Wi_skott—Aldrich syndrome), severe combined immunodeficiency syndromes
(SCi'D), leukocyte adﬁesion deficiency (LAD), as well as diseases resulting from the lack of
systemic production of a secreted protein, for example, coagulation factor VII and/or IX. In
such cases, one Woﬁld desire to introduce transgenes such as globin genes (including Beta-
globins), alpha-galactosidase A, glucocerebrosidase, Sphingomyelin phosphodiesterase-1,
cytokine receptor, CDI18 integrin subuhit, hematopoietic growth factors, which include
erythropoietin (EPO), the interleukins (especially Interleukin-1, Interleukin-2, Interleukin-3,
Interleukin-6, Interleukin-12, etc‘)‘ and the colony-stimulating factors (such as granulocyte
colony-stimulating féctor, granuloéyte/macrophage colony-stimulating factor, or stem-cell
colony-stimulating factor), the platelet—spéciﬁc integrin olIbP, multidrug resistance genes, the
gp91-phox or gp47;}’)hox genes, antiviral genes rendering cells resistant to infections with

pathogens such as human immunodeficiency virus, genes coding for blood coagulation factors

-9-
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VIII or IX which are mutated in hemophiliacs, ligands involved in T cell-mediated immune
responses such as T cell antigen receptors, B cell antigen receptors (immunoglobulins), a
combination of both T and B cell antigen receptors alone and/or in combination with single chain
antibodies (ScFv), IL2, IL12, TNF, gamma interferon, CTLA4, B7 and the like, genes expressed
in tumor cells such as Melana, MAGE genes ‘(éuch as MAGE-1, MAGE-3), P198, P1A, gp100

ete.

Exemplary cancers are those of hematopoietic origin, for example, arising from myeloid,

- lymphoid or erythroid lineages, or precursor cells thereof. Exemplary myeloid disorders include,

but are not limited to, acute promyeloid leukemia (APML), acute myelogenous leukemia (AML)
and ‘chronic myelogenous leukemia (CML).. Lymphoid malignancies which may be treated
utilizing the lentivectors of the present invention include, but are not limited to acute
lymphoblastic leukemia (ALL) which includes B-lineage ALL and T-lineage ALL, chronic
lymphocytic leukemia (CLL), prolymphocytic leukemia (PLL), hairy cell leukemia (FHLL) and

Waldenstrom's macroglobulinemia (WM). Additional 'forms of malignant lymphomas

‘ confemplétéd as candidates for treatment utilizing the lentiviral vectors of the present invention

include, but are not limited to non-Hodgkin lymphbma and variants thereof, peripheral T-cell
lymphomas, adult T-cell leukemia/lymphoma (ATL), cutaneous T-cell lymphoma (CTCL), large
granular lymphocytic leukemia (LGF) and Hodgkin's disease.

In other embodiments, the present invention is directed to host cells that have been
transduced with one of the foregoing lentivgctors. It is believed that the lentivectors of the
present invention can be employed to transduée moét any cell. Exemplary cells include but are
hotrlimited toa C'Iv)4+ T cell, a peripheral blood lymphocyte cell, a peripheral blood mononuclear
cell, a hematopoiétic stem cell, a fetal cord blood cell, a fibroblast cell, a brain cell, a lung cell, a
liver cell, a muscle cell, a pancreatic cell, an endothelial cell, a cardiac cell, a skin cell, a bone
marrow stromal cell, and an eye cells, a pancreatic ductal cell, a neural precursor, a mesodermal
stem cell and the like. The cells transduced may further be primate, murine, porcine, or human

in origin, or come from another animal species.

For the production of virus particles, one may employ any cell that is compatible with the
expression of lentiviral gag and pol genes, or any cell that can be engineered to support such

expression. For example, producer cells such-as 293T cells and HT1080 cells may be used.

-10-
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Of course, as noted above, the lentivectors of the invention will be particularly useful 1n
the transduction of human hematopoietic progenitor cell or a hematopoietic stem cell, obtained
either from the bone marrow, the peripheral blood or the umbilical cord blood, as well as in the
tranduction of a CD4" T cell, a peripheral blood B or T lymphocyte cell, a peripheral blood
mononuclear cell, a dendritic cell, and a monocytic cell. Particularly preferred targets are CD34"

cells, including those isolated from mobilized peripheral blood.

In still other embodiments, the present invention‘is directed to a method for transducing a -

human hematopoietic stem cell comprising contacting a population of human cells that include

~ hematopoietic stem cells with one of the foregoing lentivectors under conditions to effect the

transduction of a human hematopoietic progenitor cell in said population by the vector. The
stem cells may be transduced in vivo or in vitro, depending on the ultimate application. Even in
the context of human gene therapy, such as gene therapy of human stem cells, one may transduce
the stem cell in vivo or, alternatively, transduce in vitro followed by infusion of the transduced -
stem cell into a human subject. In one aspect of this embodiment, the human stem cell can be
removed from a human, e.g., a human patient, using methods well known to those of skill in the
art and transduced as noted above. The transduced stem cells are then reintroduced into the same

or a different human.

Where a human subject is treated directly by introduction of the vector into the subject,
the treatment is typically carried out by intravenous administration of the vector. When cells, for.
instance CD34" cells, dendritic cells, peripheral blood cells or tumor cells are transduced ex vivo,
the vector particles are incubated with the cells using a dose generally in the order of between 1
to 50 multiplicities of infection (MOI) which also corresponds to 1x10° to 50x10° transducing
units of the viral vector per 10° cells. This of course includes amount of vector corresponding to
1,2, 3,4,5,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, and 50 MOI. Typically, the amount of
vector may be expressed in terms of HeLa transducing units (TU). Other routes for vector
administration include intrarterially, endoscopically, intralesionally, percutaneously,
subcutaneously, intramuscular, intrathecally, intraorbitally, intradermally, intraperitoneally,
transtracheally, subcuticularly, by intrastemal injection, by inhalation or intranasal spraying, by
endotracheal route and the like. In embodiments concerning tumor/cancer therapies with the
vectors of the invention the expression vector can be delivered by direct injection into the tumor

or into the tumor vasculature.
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A preferred example of ex vivo gene therapy is a patient suffering from chronic
granulatous disease (CGD), whose CD34" cells can be isolated from the bone marrow or the
peripheral blood and transduced ex vivo with a lentivector expressing the gp91-phox gene under
the control of the gp91-phox promoter before reimplantation. A similar approach may be taken
with the treatment of patients suffering from thalassemias, for example Beta-thalassemia, where
cells may be transduced with a lentivector expressing a Beta-globin under the control of a Beta-
globin, or other appropriate promoter. Similarly, lentivectors of the present invention expressing

the appropriate gene and promoter combination for treatment of Leukocyte adhesion deficiency

(LAD) are cbntemplated.

In the case of patients suffering from severe combined immunodeficiency (SCID), the
inventors contemplate a similar approach, using lentivectors of the invention expressing the gene
defective in the patient, for example, the gene encoding the common gamma chain of the
Interleukin receptor operably linked to an appropriate promoter providing appropriate tissue or
cell specificity and operable control. For the genetic treatment of HIV infection, the present
inventors contemplate intracellular immunization, wherein cells are rendered resistant to the HIV
virus through the introduction of antiviral genes. In embodiments of the intracellular
immunization for HIV, targets of the lentivectors of the invention include hematopoietic
progenitors, peripheral blood CD4" T cells, and monocytes. As will be recognized by the skilled
artisan, similar intracellular immunization methods can be used for other viral infections as well.
For tile immunotherapy of cancers, tumor cells or antigen presentiﬁg cells such as dendritic cells
will be geneticall‘y engineered with the lentivectors of the invention. For cancer therapies some
transgenes that may be used in the lentivector constructs of the invention are those that can
inhibit, and/or kill, and/or prevent the proliferation, and/or mediate the apoptosis of, the

cancer/tumor cell and/or genes such as TNF.,

The lentivectors described herein may also be used in vivo, by direct injection into the
blood or into a specific organ. For example, in one embodiment intracerebral injection of
lentivectors expressing the Glial Cell Derived Nerve Growth Factor (GDNF), can be used for the
treatment of Parkinson’s disease. In another example, intraportal injection of a lentivector
expressing coagulation factor VIII for the correction of hemophilia A is envisioned. In yet
another example, intravenous or intramuscular injection of a lentivector of the present invention
expressing the dystrophin gene for the treatment of Duchenne Muscular Dystrophy is envisioned.
In a further, preferred example, a lentivector expressing gp91-phoxis injected in treatment of

Chronic Granulomatous Disease (CGD). In a particularly preferred embodiment, a lentivector
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expressing gp91-phoxunder the control of the gp91-phox promoter may be injected in treatment
of CGD. Thus, one of ordinary skill in the art will appreciate the extensive use of the lentivector

constructs of the present invention in terms of gene therapies.

As used herein the specification or clalm(s) when used in con]unctlon with the word
compnsmg" the words "a" or "an" may mean one or more than one. As used herein ¢ another :

may mean at least a second or more.

'Other objects, features and advantages of the present invention will become apparent
from the following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating preferred embodiments of the invention,
are given by way of illustration only, since varicus changes and modificaticns within the spirit
and scope of 'the invention will become apparent to those skilled in the art from this detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better understood by
reference to one or more of these drawings in combination with the detailed description of

specific embodiments presented herein.

FIG.1A Lentivectors containing gp91-phox promoter. Schematic maps of lentiviral
vectors containing the gp91-phox promoter (1540bp) (pHPP91-GFP) and WPRE sequences
(pWPP91-GFP).

FIG. 1B. Model for the regulation of the gp91-phox promoter. The transcriptional -
repressor CDP competes with the binding of transcriptional activating factors at four elements.
The DNA binding activity of CDP is down-regulated during terminal phagocyte development,
thereby pyermitting the interaction of transcriptidnal activators with the gp91-phox promoter (Luo
W, Skalnik DG. JBC, 271: 18203, 1996).
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FIG. 2A. Interferon-y inducible GFP expression in in UCB.CD34+ derived monocytes
driven by gp91-phox promoterUCB CD34+ transduced with pWPT-GFP and pWPP91-GFP
lentivectors (MOI 10). Cells were in vitro differentiated in a presence of GM-CSF (Granulocyte-
Macrophage Colony Stimulating Factor) into monocytes (CD14+ cells) for 3 weeks.
Differentiated cells 'were stimulated with INF-y (1000U/ml) for 6 days and labelled with-PE-
conjﬁgateci monoélonal antibodies. GFP expression in the PE positive population was analysed

using FACS. Numbers indicate percentage of cells in the quadrants.

| FIG. 2B. Interferon-y inducible GFP expressioh in in UCB CD34+ derived granulocytes
drlven by gp91-phox promoterUCB CD34+ transduced with pWPT-GFP and pWPP91-GFP

' lentlvectors (MOI 10). Cells were in vitro differentiated in a presence of G-CSF (Granulocyte

Colony Stlmulatmg Factor) into granulocytes (CD15+ cells) for 3 weeks. leferentlated cells
were st1mulated with INF-y (1000U/ml) for 6 days and labelled with PE-conjugated monoclonal
antibodies. GFP expression in the PE positive population was analysed using FACS. Numbers

indicate percentage of cells in the quadrants;

FIG. 3A. GFP expression in bone marrow of NOD/SCID mice transplanted with
lentivector transduced UCB CD34+. UCB CD34+ non-transduced were intravenously injected
into'subletfially irradiated (375 ¢Gy) NOD/SCID mice (8-10 weeks old). After 8 weeks, bone
marrow cells obtained ﬁom femurs of transplanted mice were, labelled with PerCP-conjugated
anti-human CD45 to label engrafted cells, specific human lineages were further identified using
PE-conjugated antibodies against: CD34 (hematopoietic progenitor cells), CD19 (B
lymphocytes), CD33 (neutrophiles), CD14 (monocytes), CD15 (granulocytes), CD42b
(megacaryocytes) and glycophorin A (erythroblasts). GFP expression was analysed in CD45+

gated and PE-positive cells. Numbers indicate percentage of cells in the quadrants.

FIG. 3B. GFP expression in bone marrow of NOD/SCID mice transplanted with
lentivector transduced UCB CD34+. UCB CD34+ transduced with pHPT-GFP lentivectors
(MOI 10) were intravenously injected into sublethally irradiated (375 ¢Gy) NOD/SCID mice (8-
10 Weeks old). After 8 weeks, bone marrow cells obtained from femurs of transplanted mice
were, :Iabel‘lled with PerCP-conjugated anti-human CD45 to label engrafted cells, specific human
lineages were further identified using PE-conjugated antibodies against: CD34 (hematopoietic
progenitor cells), CD19 (B lymphocytes), CD33 (neutrophiles), CD14 (monocytes), CD15
(granulocytes), CD42b (megacaryocytes) and glycophorin A (erythroblasts). GFP expression
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was analysed in CD45+ gated and PE-positive cells. Numbers 1ndicate percentage ot cells in the

quadrants.

FIG. 3C. GFP expression in bone marrow of NOD/SCID mice transplanted with

jlentive‘ctor transduced UCB CD34+. UCB CD34+ transduced with pHPP91-GFP lentivectors

(MOI 10) were intravenously injected into sublethally irradiated (375 ¢Gy) NOD/SCID mice (8-
10 weeks old). After 8 weeks, bone marrow cells obtained from femurs of transplanted mice
were, labelled with PerCP-conjugated anti-human CD45 to label engrafted cells, specific human

lineages were further identified using PE-conjugated antibodies against: CD34 (hematopoietic

'pfogen'itor cells), CD19 (B lymphocytes), CD33 (neutrophiles), CD14 (monocytes), CD15

(granulocytes), CD42b (megacaryocytes) and glycophorin A (erythroblasts). GFP expression

was analysed in CD45+ gated (in red) and PE-positive cells. Numbers indicate percentage of

cells in the quadrants.

" FIG. 3D. GFP expression in bone marrow of NOD/SCID mice transplanted with
lentivector transduced UCB CD34+. UCB CD34+ transduced with pWPT-GEP lentivectors

- (MOI 10) were intravenously injected into sublethally irradiated (375 cGy) NOD/SCID mice (8-

10 weeks old). After 8 weeks, bone marrow cells obtained from femurs of transplanted mice

- were, labelled with PerCP-conjugated anti-human CD45 to label engrafted cells, specific human-

lineages were, further identified using PE-conjugated antibodies against: CD34 (hematopoietic
progenitor cells), CD19 (B lymphocytes), CD33 (neutrophiles), CD14 (monocytes), CD15
(granulocytes), CD42b (megacaryocytes) and glycophorin A (erythroblasts). GFP expression
was analysed in CD45+ gated and PE-positive cells. Numbers indicate percentage of cells in the

quadrants.

FIG. 3E. GFP expression in bone marrow of NOD/SCID mice transplanted with
lentivector transduced UCB CD34+. UCB CD34+ transduced with pWPP91-GFP lentivectors

- (MOI 10) were intravenously injected into sublethally irradiated (375 ¢Gy) NOD/SCID mice (8-

10 weeks old). After. 8 weeks, bone marrow cells obtained from femurs of transplanted mice

were, labelled with PerCP-conjugated anti-human CD45 to label engrafted cells, specific human

lineages were further identified using PE-conjugated antibodies against: CD34 (hematopoietic

progenitor cells), CD19 (B lymphocytes), CD33 (neutrophiles), CD14 (monocytes), CD15
(granulocytes), CD42b (megacaryocytes) and glycophorin A (erythroblasts). GFP expression
was analysed in CD45+ gated and PE-positive cells. Numbers indicate percentage of cells in the

quadrants.
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FIG. 4. WPRE rescues GFP expression driven gp91-phox promoter
in myeloid cells in vivo. Data from FIGS. 3B, 3C, and 3D; background fluorescence of control

cells was substracted. Neu — neutrophils, Mo — monocytes, Gr — granulocytes.

FIGS. 5A, 5B, 5C, and 5D. Lentiviral vectors carrying GFP marker gene under control
of constitutive EF-1alfa promoter (5A, 5B) or under control of gp91-phox myeloid-specific
promoter (5C, 5D). Vectors 5B and 5D contain WPRE sequences.

FIGS. 6A, 6B, and 6C. Construction of lentiviral vector carrying gp91-phoxpromoter
fragment (5 00bp) and multicloning sites (MCS) and insertion of gp91-phox — specific enhancers
beginning with pHPT-GFP. In a first step, a 500bp fragment of the human gp91-phox promoter
was generated by PCR usiﬁg 1540bp fragment as a template (MCS-I sequence was included into
5’ forward primer) and inserted into XhoI-BamHI of pHPT-GFP in place of EF-lai-short
promoter generating the pHP500-GFP intermediate vector. Next, a PCR fragment containing;
MCSII, cPPT, MCS-I and gp91-phox500bp fragment was created using the pHP500-GFP vector
as a template (MCS-II sequence was added into 5° forward primer) was inserted into Clal-
BamHI sited of pHOX-GFP vector generating the pHPX-GFP vector (FIG. 6B). gp91-phox —
specific enhancers were inserted sequentially into both MCSs either upstream or downstream of
cPPT sequence generating the pHPHS-GFP vector (FIG. 6C). Finally, the pWPHS-GFP vector
was created by insertion of WPRE sequence into the pHPHS-GFP vector. Positions of PCR-
amplified HS elements (+1 gp91-phox transcription start) in human genomic DNA sequence are:
HS-12 (-11503, -13244), HS-14 (-13244, -14715), HS-26 (-25345, -26529), HS-27 (-26529, -
27656), HS-28 (-27657, -28893) (FIG. 6C). The fragments as depicted are slightly larger than
calculated due to incorporation of restriction sites at the end to facilitate cloning (HS-12 and HS-
14; gta to restore 5° SnaBI after cloning into this site in pHPX-GFP; HS-26, HS27, HS-28 Sall;
gegtegac and Xhol; ctcgageggc).

FIG. 7. Insertion of the cPPT element into the lentiviral vectors. The central polypurine
tract (cCPPT) was taken from the pRRLsinb. hPGK EGFP vector (see Follenzi, A, Ailles, L.E.,’
Bakovic, S., Geuna, M., Naldini, L. (2000) Gene Transfer by Lentiviral Vecotrs is Limited by
Nuclear Translocation and Rescued by HIV-1 pol Sequences. Nat. Genet. 25:217-22.) A Notl-
EcorRYV fragment containing the cPPT element was cloned into NotlI-Clal sites of pHOX-GFP
vector generating pHPT-GFP. Notl and Clal sites were filled in both ligation fragments, so NotlI
is not restored in pHPT-GFP. The Clal site is restored but became dam methylated. Hence, the

plasmid vector must be grown in dam(-) bacteria in order to use this Clal site.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

While lentiviral vectors offer a great potential for gene-therapy and especially the
transduction of human hematopoietic stem cells (hHSC), vectors developed so far have failed to
meet biosaftey standards and are still inefficient in expression of transgenes. For example,
while CMV promoter-containing HIV-derived vectors can induce high levels of transgene
expression in the central nervous system (Naldini ez al., 1996a; Naldini ef al., 1996b; Blomer et
al., 1997), and allowed the initial demonstration that pluripotent hematopoietic precursors'can be
efficiently transduced by this gene delivery tool, they are largely useless for transferring
therapeutic genes into most lympho-hematopoietic cells, because in these targets their
transcriptional activity is prohibitively low (Miyoshi ef al., 1999; Case et al., 1999; An et al.,
2000). Current lentiviral vectors have multiply attenuated HIV virulence genes which removes
the potential for reconstitution of wild-type virus by recombination (Zufferey e al., '1997; Dull et
al., 1998). A self-inactivating design rendered the vectors further biologically safe by
eliminating the transcriptional elements of HIV (Zufferey e al, 1998). However, this can
negatively affect transgene expression, apparently by decreasing the efficiency of
polyadenylation (DeZazzo et al., 1991; Valsamakis ef al., 1991; Brown et al., 1991; Cherrington
and Ganem, 1992; Valsamakis ef al., 1992; Gilmartin et al., 1992).

The present invention overcomes such and other deficiencies in the art and describes the
development of imprloved HIV-derived vectors that are optimized in terms of both biosaftey and
increased gene expréssion. Thus, in the practice of the present invention, human cells may ber
transduced with I—]IV—derived lentivectors that comprise elements preventing the formation of
replication competeﬁt recombinants (RCR) and further comprise an internal promoter element
which induces high levels of transgene expression in both hematopoietic precursors and in vitro
differentiated blood lineages, as well as in primary T cells. For exémple, human CD34" cells as
well as other human hematopoietic lineages can be transduced using the vectors of this

invention.

The promoter elements of the vectors described include the gp91-phox promoter, the
Beta-thalassemia promoter, the gp47-phox and CD4 promoters, the EFla promoter or the
CD11b promoter, although, as will be recognized by one of skill in the art, almost any promoter

element may be used.
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The gp91-phox promoter was active to provide expression 1n Specitic Cell types, namely
differentiated granulocytes and monocytes. Moreover, the gp91-phox promoter may be activated
by contacting the promoter with activators, such as INF-gamma. Also contemplated are
engraftment and repopulation assays in NOD/SCID mice with these vectors, to confirm the

stability of expression from these promoters in vivo.

The element that prevents RCR in th'é lentivectors of the present invention is the self
inactivating (SIN) design. This is achieved by'the deletion of a major part of U3 in the 3’LTR of
the vector plasmid, leading to a self—inacti\;a;cing (SIN) configuration (Zufferey et al., 19983).
This deletion also prevents potential interference between LTR and the internal promoter
elements. HoWéver, the SIN can induce decreases in transgene expression, especially in
promoters that are not very strong such as the PGK promoter. The invention further describes
methods that rescue transgene levels in lentivector constructs that do not have ‘strong promoters
by inserting other regulatory elementé such as the woodchuck hepatitis virus post-transcriptional
regulatory element (WPRE) or the hepatitis virus B regulatory element (HPRE) in the vector,
immediately upstream of the deleted 3° LTR. Insertion of fhe WPRE element does not affect the

specificity of expression of the promoter elements.

Additional benefits may be obtained by operably incorporating HS elements into the
vectors. For example, incorporating the HS series of enhancer elements into pHPX-GFP may
result in higher gene expression and less Variégation in expression due to the silencer activity of
HS. See, “for éxample, May, et lal. (2000) “Therapeutic haemaglobin synthesis in beta-
thalassaemic mice expressing lentivirus-ehcoded human beta-globin,” Nature 406:82-86,
incorporated herein by reference. May, et al. (2000) disclose HS elements included in a
lentivector upstream of a beta-globin promoter to drive higher, yet less variegated expression of
beta-globin cDNA. ' |

The lentivectors of this invention can efficiently transduce several human blood lineage
cells including CD34" cells using conditions under which MLV-based vectors are inefficient.
Furthermore, it is also demonstrated that human CD34" cells can be efficiently transduced at a
relatively low MOI, although the efficacy of gene transfer saturates at about 60 to 70% of
transduced cells. For example, an MOI of 10 was used to achieve optimal transduction which is
significantly lower than that described in previous studies, where it ranged between 60-300 and
1000-3000 (Miyoshi ef al., 1999; Case et al., 1999). This may in part be due to enhanced

probability of vector-target meeting since the methods of the present invention involve exposure
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of CD34" cells to the vector particles in a small volume (10 cells 1n 200 ul) and for a duration ot

about 6 to 24 hrs.

Thus, the present invention provides HIV-derived vectors which are safe, highly
efficient, and very potent for expressing transgenes in human' hematopoietic progenitor cells as
well as in all other blood cell derivatives, even in a self—inactivating configuration. Furthermore,
these vectors provide for cell type. specific expression and controlable expression in
differentiated cells. These vectors therefore provide useful tools for genetic treatments such as
inherited and acquired lympho-hematological disorders, gene-therapies for cancers especially the
hematological cancers, the treatment and prevention of HIV infection, as well as for the study of

hematopoiesis via lentivector-mediated modification of human HSCs.

1. Lentiviral Vectors and Gene Therapy

Lentiviruses are complex retroviruses, which, in addition to the common retroviral genes
gag, pol, and env, contain other genes with regulatory or structural function. The higher
complexity enables the virus to modulate its life cycle, as in the course of latent infection. Some
examples of lentivirus include the Human Immunodeficiency Viruses: HIV-1, HIV-2 and the
Simian Immunodeficiency Virus: SIV. Lentiviral vectors have been generated by multiply
attenuating the HIV virulence genes, for example, the genes env, vif, vpr, vpu and nef are deleted

making the vector biologically safe.

Lentiviral vectors offer great advantages for gene therapy. They integrate stably into
chromosomes of target cells which is required for long-term expression. Further, they do not
transfer viral genes therefore avoiding the problem of generating transduced cells that can be
destroyed by cytotoxic T-cells. Furthermore, they have a relatively large cloning capacity,
sufficient for most envisioned clinical applications. In addition, lentiviruses, in contrast to other
retroviruses, are capable of transducing non-dividing cells. This is very important in the context
of gene-therapy for tissues such as the hematopoietic system, the brain, liver, lungs and muscle.
For example, vectors derived from HIV-1 allow efficient in vivo and ex vivo delivery, integration
and stable expression of transgenes into cells such a neurons, hepatocytes, and myocytes
(Blomer et al., 1997; Kafti ef al., 1997; Naldini e al., 1996; Naldini et al., 1998).

The lentiviral genome and the proviral DNA have the three genes found in retroviruses:

gag, pol and env, which are flanked by two long terminal repeat (LTR) sequences. The gag gene
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encodes the internal structural (matrix, capsid and nucieocapsid) protems; ine poi. gene encodes
the RNA-directed DNA polymerase (reverse transcriptase), a protease and an integrase; and the
env gene encodes viral envelope glycoproteins. The 5' and 3' LTR's serve to promote
trar‘lscription~ and polyadenylation of the virion RNA's. The LTR contains all other cis-acting
sequences‘ne‘cesséry for viral replication. Lentiviruses have additional genes inéluding vif, vpr,

tat, rev, vpu, nef and vpx.

Adjacent to the 5' LTR are sequences necessary for reverse transcription of the genome
(the tRNA primer binding site) and for efficient encapsidation of viral RNA into particles (the
Psi-site). If the sequences necessary. for encapsidation (or packaging: of retroviral RNA into
infectious virions) are missing from the viral genome, the cis defect prevents encapsidation of
genomic RNA. However, the resulting mutant remains capable of directing the synthesis of all

virion proteins.

Lentiviral vectors are known in the art, see Naldini ef al., (1996 and 1998); Zufferey et

- al., (1997); Dull et al., (1998), Ramezani et al., (2000), all incorporated herein by reference.
~ Also see U.S. Pat. Nos. 5,994,136; 6,013,516; 6,165,782; 6,207,455; 6,218,181; 6,218,186; and

6,277,633; all of which are incorporated herein by reference. - In general, these vectors are
plasmid-based or virus-based, and are configured to carry the essential sequences for .
incorporating foreign nucleic acid, for selection and for transfer of the nucleic acid into a host -

cell.

Two components are involved in making a virus-based gene delivery system: first, the

. packaging elements, encompassing the structural proteins as well as the enzymes necessary to

~ generate an infectious particle, and second, the vector itself, i.e, the genetic material to be

transferred. Biosaftey safeguards can be introduced in the design of both of these components.
Thus, the packaging unit of the first generation HIV-based vectors comprised all HIV-1 proteins
except the envelope proteins (Naldini e al., 1998). Subsequently it was shown that the deletion

of four additional viral genes that are responsible for virulence including, vpr, vif, vpu and nef

~ did not alter the utility of the vector system (Zufferey et al., 1997). It was also shown that Tat,

the main transactivator of HIV is also dispensable for the generation of a fully efficient vector
(Dull ez al., 1998). Thus, the third-generation packaging unit of the HIV-based lentiviral vectors
comprise only three genes of the parental virus: gag, pol and rev, which eliminates the possibility

of reconstitution of a wild-type virus through recombination.
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This system was further improved by removing HIV transcriptional units trrom the vector
(Zufferey et al., 1998). It was demonstrated therein that introducing a deletion in the U3 region
of the 3’ LTR of the DNA used to produce the vector RNA generated self-inactivating (SIN)
vectors. During reverse transcription this deletion is transferred to the 5° LTR of the proviral
DNA. Enough sequence was eliminated, including the removal of a TATA box, which abolished
the transcriptional activity of the LTR, which prevents production of full-length vector RNA in
transduced cells. This however did not affect vector titers or the in vifro or in vivo properties of

the vector.

The present invention provides several improvements to the existing lentivectors as
described above and in other parts of this specification. Introducing a lentivector providing a
heterologous gene, such as genes to treat hematopoietic and lympho-hematopoietic disorders in
this invention, into a packaging cell yields a producer cell which releases infectious viral

particles carrying the foreign gene of interest.

The env gene can be derived from any virus, including retroviruses. The env preferably is
an amphotropic envelope protein which allows transduction of cells of human and other species.
Examples of retroviral-derived env genes include, but are not limited to: Moloney murine -
leukemia virus (MoMuLV or MMLV), Harvey murine sarcoma virus (HaMuSV or HSV),
murine mammary tumor virus (MuMTV or MMTV), gibbon ape leukemia virus (GalLV or
GALYV), human immunodeficiency virus (HIV) and Rous sarcoma virus (RSV). Other env genes
such as Vesicular stomatitis virus (VSV) protein G (VSV G), that of hepatitis viruses and of

influenza also can be used.

:‘While VSV G protein is a desirable env gene because VSV G confers broad host range -
on the recombinant virus, VSV G can be deleterious to the host cell. Thus, when a gene such as
that for VSV G is used, it is preferred to employ an inducible promoter system so that VSV G
expression can be regulated to minimize host toxicity when VSV G is expression is not required.
For example, the tetracycline-regulatable gene expression system of Gossen & Bujard, (1992)
can be employed to provide for inducible expression of VSV G when tetracycline is withdrawn
from the transferred cell. Thus, the tet/VP16 transactivator is present on a first vector and the
VSV G coding sequence is cloned downstream from a promoter controlled by tet operator

sequences on another vector.
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. The vector providing the viral env nucleic acid sequence is associated operably with
regulatory sequences, e.g., a promoter or enhancer. The regulatory sequence can be any
eukaryotic promoter or enhancer, including for example, EFla, PGK, the Moloney murine
leukemia virus promoter-enhancer element, the human cytomegalovirus enhancer, the.vaccinia
P7.5 promoter or the like (also see examples listed in Tables 1 and 2 below). In some cases,
such as the Moloney murine leukemia virus promoter-enhancer element, the promoter-enhancer
elements are located within or adjacent to the LTR sequences. Preferably, the regulatory
sequence is one which is not endogenous to the lentivirus from which the vector is being
constructed Thus, if the vector is being made from SIV, the SIV regulatory sequence:found in
the SIV LTR would be replaced by a regulatory element which does not originate from SIV.

- One may further target the recombinant virus by linkage of the envelope protein with an
antibody or a particular ligand for targeting to a receptor of a particular cell-type. By inserting a
sequence (including a regulatory region) .of interest into the viral vector, along with another gene
which encodes the ligand for a receptor on a specific target cell, for example, the vector is now
target—spectﬁc. Retroviral vectors can be made target-specific by inserting, for example, a
gly(v;volipid or a protein. Targeting often is accomplished by using an antigen-binding portion of -
an antibody or a recombinant antibody-type molecule, such as a single chain antibody, to target |
the rétroviral vector. Those of skill in the art will know of, or can readily ascertain without undue

experimentation, specific methods to achieve delivery of a retroviral vector to a specific target.

The heterologous or foreign nucleic acid sequence, such as a polynucleotide sequence
encoding a gene such as a therapeutic gene for inherited or acquired hematopoietic disorders
herein, is linked operably to a regulatory nucleic acid sequence. Preferably, the heterologous

sequence is linked to a promoter, resulting in a chimeric gene.

Marker genes may be utilized to assay for the presence of the vector, and thus, to confirm
infection and integration. The presence of a marker gene ensures the selection and-growth of
only those host cells which express the inserts. Typical selection genes encode proteins that
confer resistance to antibiotics and other toxic substances, e.g., histidinol, puromycin,

hygromycin, neomycin, methotrexate, and cell surface markers.

The recombinant virus of the invention is capable of transferring a nucleic acid sequence
into a mammalian cell. The term, "nucleic acid sequence", refers to any nucleic acid molecule,

preferably DNA, as discussed in detail herein. The nucleic acid molecule may be derived from a
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variety of sources, including DNA, ¢cDNA, synthetic DNA, RNA or combinations thereof. Such

nucleic acid sequences may comprise genomic DNA which may or may not include naturally

~occurring introns. Moreover, such genomic DNA may be obtained in association with promoter ..

regions, poly A sequences or other associated sequences. Genomic DNA may be extracted and

purified from suitable cells by means well known in the art. Alternatively, messenger RNA. -

(mRNA) can be isolated from cells and used to produce cDNA by reverse transcription or other

means. : . ‘

The vectors are introduced via transfection or infection into the packaging cell line. The.
Vpackaging ceil line produces viral particles that contain the vector genome.' Methods for
tfansfection o‘r infection are well known by those of skill in the art. After cotransfection of the
packaging vectors and the transfer vector to the packaging celi line, the recombinant virus is

recovered from the culture media and tittered by standard methods used by those of skill in the

‘art. Thus, the. packaging constructs can be introduced into human cell lines by calcium: .

phosphate transfection, lipofection or electroporation, generally together with a dominant:

selectable marker, such as neomycin, DHFR, Glutamine synthetase or ADA, followed by

. selection in the presence of the appropriate drug and isolation of clones. The selectable marker -

gene can be linked physically to the packaging genes in the construct.

‘Stabll’e‘cell lines wherein the packaging functions are configured to be expressed by a

Asuitab’le packéging cell are known. For example, see U.S. Pat. No. 5,686,279; and Ory ef al.;
(1996), which describe packaging cells. The packaging cells with a lentiviral vector . -

incorporated in them form producer cells. Producer cells are thus cells or cell-lines that can
produce or release packaged infectious viral particles carrying the therapeutic gene of interest. -
These cells can further be anchorage dependent which means that these cells will grow, survive, .
or maintain function optimally when attached to a surface such as glass or plastic. The producer
celis may also be neoplastically transformed cells. Some examples of anchorage dependent cell

lines used as lentiviral vector packaging cell lines when the vector is replication competent are .

"HeLa or 293 cells and PERC.6 cells.

In some applications, particularly when the virus is to be used for gene therapy..
applications, it is preferable that the vector be replication deficient (or replication defective) to
avoid uncontrolled pfoliferation of the virus in the individual to be treated. In such instances
mammalian cell lines are selected which have been engineered, either by modification of the

producer cell's genome to encode essential viral functions or by the co-infection of the producer
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cell with a helper virus, to express proteins complementing the eirect oI i€ sequences aelerea

from the viral genome. For example, for HIV-1 derived vectors, the HIV-1 packaging cell line,

- PSI422, may be used as described in Corbeau, et al. (1996). Similarly, where the viral vector to

be produced is a retrovirus, the human 293-derived retroviral packaging cell line (293GPG)
capable of producing high titers of retroviral particles may be employed as described in Ory, ef
al. (1996). In the production of minimal vector systems, the producer cell is engineered (either
by modification of the viral genome or by the use of helper virus or cosmid) to complement the
functions of the parent virus enabling replication and packaging into virions in the producer cell

line.

Lentiviral transfer vectors Naldini et al., (1996), have been used to infect human cells’
growth-arrested in vitro and to transduce neurons after direct injection into the brain of adult rats.
The vector was efficient at transferring marker genes in vivo into the neurons and long term -

expression in the absence of detectable pathology was achieved. Animals analyzed ten months -

-after a single injection-of the vector showed no decrease in the average level of transgene .

expression and no sign-of tissue pathology or immune reaction (Blomer ez al., 1997).

2. The SIN Design

The SIN design increases the biosafiey of the lentiviral vectors. The majority of the HIV
LTR is comprised of the U3 sequences. The U3 region contains the enhancer and promoter
elements that modulate basal and induced expression of the HIV genome in infected cells and in
response to cell activation. Several of these promoter elements are essential for viral replication.
Some of the enhancer- elements are highly conserved among viral isolates and have been
implicated as critical virulence factors in viral pathogenesis. The enhancer elements may act to

influence replication rates in the different cellular target of the virus (Marthas ez al., 1993).

As viral transcription starts at the 3' end of the U3 region of the 5' LTR, those sequences
are not part of the viral mRNA and a copy thereof from the 3' LTR acts as template for the’
generation of both LTR's in the integrated provirus. If the 3' copy of the U3 region is altered in a
retroviral vector construct, the vector RNA is still produced from the intact 5' LTR in producer
cells, but cannot be regenerated in target cells. Transduction of such a vector results in the
inactivation of both LTR's in the progeny virus. Thus, the retrovirus is self-inactivating (SIN)

and those vectors are known as SIN transfer vectors.

24-



10

15

20

25

30

WO 03/029412 PCT/US02/31023

The SIN design is described in further detail in Zufferey et al., 1998 and U.S. Pat. No.
5,994,136 both incorporated herein by reference. As described therein, there are, however, limits
to the extent of the deletion at the 3' LTR. First, the 5' end of the U3 region serves another
essential function in vector transfer, being required for integration (terminal dinucleotidetatt
sequence). Thus, the terminal dinucleotide and the att sequence may represent the 5' boundary of -
the U3 sequences which can be deleted. In addition, some loosely defined regions may influence
the activity of the downstream polyadenylation site in the R region. Excessive deletion of U3
sequence from the 3' LTR may decrease polyadenylation of vector transcripts with adverse
consequences both on the titer of the vector in producer cells and the transgene expression in
target cells. On the other hand, limited deletions may not abrogate the transcriptional activity of

the LTR in transduced cells.

The lentiviral vectors described herein may carry deletions of the U3 region of the 3' LTR
spanning from nucleotide -418 to -18. This is the most extensive deletion and extends as far as
to.the TATA box, therefore abrogating any transcriptional activity of the LTR in transduced
cells. The titer of vector in producer cells as well as transgene expression in target cells was .
unaffected in these vectors. This design therefore provides an enormous increase in vector

safety.

SIN-type vectors with such extensive deletions of the U3 region cannot be generated for
murine leakemia virus (MLV) or spleen necrosis virus (SNV) based retroviral vectors without |

compromising efficiency of transduction.

Elimination of the —418 to —18 nucleotide sequence abolishes transcriptional activity of
the LTR, thereby abolishing the production of full length vector RNA in transduced cells.
However, in the HIV-derived lentivectors none of the in vitro or in vivo properties were

compromised by the SIN design.

3. Posttranscriptionally Regulating Elements (PRE)

Enhancing transgene expression may be required in certain embodiments, especially

those that involve lentiviral constructs of the present invention with modest promoters.

One type of PRE is an intron positioned within the expression cassette, which can
stimulate gene expression. However, introns can be spliced out during the life cycle events of a

lentivirus. Hence, if introns are used as PRE’s they have to be placed in an opposite orientation
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to the vector genomic transcript.

Posttranscriptional regulatory elements that do not rely on splicing events offer the

advantage of not being removed during the viral life cycle. Some examples are the

posttranscriptional processing element of herpes simplex virus, the posttranscriptional regulatory
element of the hepatitis B virus (HPRE) and the woodchuck hepatitis virus (WPRE). Of these

the WPRE 1s most preferred as it contains an additional cis-acting element not found in the

HPRE (Donello et al. , 1998). This regulatory element is positioned within the vector so as to be

mcluded in the RNA transcript of the transgene, but outside of stop codon of the transgene
translatronal unlt As demonstrated in the present invention and in Zufferey ef al., 1999, the
WPRE element is a useful tool for stlmulatlng and enhancing gene expression of desired

transgenes in the context of the lentiviral vectors.

The\WPRE is characterized and described in U.S. Pat. No. 6,136,597, incorporated herein

by reference. As described therern the WPRE is an RNA export element that mediates efficient

transport of RNA from the nucleus to the cytoplasm It enhances the expression of transgenes by
1nsert1on of a czs—actmg nucleic acid sequence, such that the element and the transgene are
contained within a single transcript.. Presence of the WPRE in the sense orientation was shown -
to increase transgene expression by up to 7 to 10 fold. Retroviral vectors transfer sequences in
the form of cDNAs instead of complete intron-containing genes as introns are generally spliced
out during the sequence of events leading to the formation of the retroviral particle. Introns
mediate the interaction of primary transcripts with the splicing machinery. Because the .
processing of RNAs by the splicing machinery facilitates their cytoplasmic export, due to a
coupling between the splicing and transport machineries, cDNAs are often inefficiently
expressed. Thus, the inclusion of the WPRE in a vector results in enhanced expression of

transgenes.

4. Promoters and Enhancers

A “promoter” is a control sequence that is a region of a nucleic acid sequence at which
initiation and rate of transcription are controlled. It may contain genetic elements at which
regulatory proteins and molecules may bind, such as RNA polymerase and other transcription
factors, to initiate the specific transcription a nucleic acid sequence. The phrases “operatively

positioned,” “operatively linked,” “under control,” and “under transcriptional control” mean that
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a promoter is in a correct functional location and/or orientation in relation to0 a nucleic acid

sequence to control transcriptional initiation and/or expression of that sequence.

A promoter generally comprises-a sequence that functions to position the start site for
RNA synthesis. The:best known example of this is the TATA box, but in some promoters

lacking .a TATA box, such as, for example, the ‘promoter for the mammalian terminal

deoxynucleotidyl transferase gene and the promoter for the SV40 late genes, a discrete element

overlying the start site itself helps to fix the place of initiation. Additional promoter elements
regulate the frequency. of transcriptional initiation. Typically, these are located in the region
30-110 bp upstream of the start site, although a number of promoters have been shown to contain
functional elements downstream of the start site as well. . To bring a coding sequence "under the

control of" a promoter, one positions the 5’ end of the transcription initiation site of the

transcriptional reading frame "downstream" of (i.e., 3’ of) the chosen promoter. The "upstream"

promofer stimulates transcription of the DNA and promotes expression of the encoded RNA.

-The spacing between promoter elements frequently is flexible, so that promoter function:
is preserved when elements are inverted or moved relative to one another. In the tk promoter,

the spacing between promoter elements can be increased to 50 bp apart before activity begins to

- decline. Depending on the promoter, it appears that individual elements can function either

cooperatively or independently to activate transcription. A promoter may or may not be used in
conjunction with an “enhancer,” which refers to a cis-acting regulatory sequence involved in the

transcriptional activation of a nucleic acid sequence.

A promoter may be one natﬁrally associated with a nucleic acid sequence, as may be
obtained by isolating the 5" non-coding sequences located upstream of the coding segment and/or
exon. Such a promoter can be referred to as “endogenous.” Similarly, an enhancer may be one
naturally associated with a nucleic acid sequence, located either downstream or upstream.of that
sequence. Alternatively, certain advantages will be gained by positioning the coding nucleic
acid segment under the control of a recombinant or heterologous promoter, which refers to a
promoter that is not normally associated with a nucleic acid sequence in its natural environment.
A recombinant or heterologous enhancer refers also to an enhancer not normally associated with
a nucleic acid sequence in its natural environment. Such promoters or enhancers may include
promoters or enhancers of other genes, and promoters or enhancers isolated from any other virus,
or prokaryotic or eukaryotic cell, and promoters or enhancers not “naturally occurring,”

i.e., containing different elements of different transcriptional regulatory regions, and/or
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mutations that alter expression. For example, promoters that areé most commonly used 1n

. recombinant DNA construction include the B-lactamase (penicillinase), lactose and tryptophan

(trp) promoter systems. In addition to producing nucleic acid sequences of promoters and

n enhancers synthetlcally, sequences may be produced using recombinant cloning and/or nucleic

acid amplrﬁcatlon technology, including PCR™, in connection with the compositions disclosed
herein (see U.S. Patents 4,683,202 and 5,928,906, each incorporated herein by reference).
Furthermore, it is contemplated the control sequences that direct transcription and/or expression
of sequences w1th1n non-nuclear organelles such as rmtochondrla chloroplasts, and the like, can
be employed as well Control sequences comprlslng promoters “enhancers and other locus or

transcription controlhng/modulatmg elements are also referred to as “transcriptional cassettes”.

Naturally, it will be important to employ a promoter and/or enhancer that effectively
directs the expression of the DNA segment in the organelle, cell type, tissue, organ, or organism
chosen for expression. Those of skill in the art of molecular biology generally know the use of
promoters, enhancers, and cell type combinations for protein expression, (see, for example
Sambrook et al., 1989, incorporated herein by reference). The promoters employed may be
constitutive, tissue-specific, inducible, and/or useful under the appropriate conditions to direct
high level expression of the introduced DNA segment, such as is advantageous for gene therapy

or for applications such as the large-scale production of recombinant proteins and/or peptides.

* The promoter may be heterologous or endogenous.

Use of a T3, T7 or SP6 cytoplasmic expression system is another possible embodiment.
Eukaryotic cells can support cytoplasmic transcription from certain bacterial promoters if the
appropriate bacterial polymerase is provided, either as part of the delivery complex or as an

additional genetic expression construct.

Tables 1 lists non-limiting examples of elements/promoters that may be employed, in the
context of the present invention, to regulate the expression of a RNA. Table 2 provides non-

limiting examples of inducible elements, which are regions of a nucleic acid sequence that can

_ be activated in response to a specific stimulus.
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TABLE 1

Promoter and/or Enhancer

Promoter/Enhancer References

Immunoglobulin Heavy Chain Banerji et al., 1983; Gilles et al., 1983;
Grosschedl e al., 1985; Atchinson ef al., 1986,
1987; Imler et al., 1987, Weinberger et al., 1984;
Kiledjian et al., 1988; Porton ef al.; 1990

Immunoglobulin Light Chain Queen et al., 1983; Picard ef al., 1984

T-Cell Receptor. Luria et al., 1987; Winoto et al., 1989; Redondo et
al.; 1990 '
| HLADQ a and/or DQ Sullivan et al., 1987
B-Interferon Goodbourn et al., 1986, Fujitaet al., 1987,
Goodbourn ef al., 1988 :
Interleukin-2 Greene et al., 1989
Interleukin-2 Receptor Greene et al., 1989; Lin et al., 1990
MHC ClassII 5 Koch et al, 1989
1 MHC Class I1 HLA-Dra Sherman et al., 1989
1 B-Actin | Kawamoto et al., 1988; Ng et al.; 1989
Muscle Creatine Kinase (MCK) | Jaynes et al., 1988; Horlick et al., 1989; Johnson et
. al., 1989 : ,
Prealbumin (Transthyretin) Costaetal, 1988
Elastase I Omitz et al., 1987
Metallothionein (MTII) Karin et al., 1987; Culotta et al., 1989
Collagenase N Pinkert ef al., 1987; Angel et al., 1987
Albumin Pinkert et al., 1987; Tronche et al., 1989, 1990
o-Fetoprotein Godbout et al., 1988; Campere ef al., 1989
v-Globin Bodine et al., 1987; Perez-Stable ef al., 1990
B-Globin Trudel et al., 1987
c-fos Cohen et al., 1987
c-HA-ras Triesman, 1986; Deschamps et al., 1985
Insulin Edlund et al., 1985
Neural Cell Adhesion Molecule | Hirsh ef al., 1990
(NCAM)
o -Antitrypain Latimer et al., 1990
H2B (TH2B) Histone Hwang et al., 1990

Mouse and/or Type I Collagen Ripe et al., 1989
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TABLE 1

Promoter and/or Enhancer

Promoter/Enhancer References

Glucose-Regulated Proteins | Chang ef al., 1989

(GRP94 and GRP78)

Rat Growth Hormone Larsen ef al., 1986

FHuman Seram Amyloid A (SAA) | Edbrooke ef al,, 1989 | T
Troponin I (TN I) Yutzey et al., 1989

Platelet-Derived Growth Factor | Pech ef al., 1989

(PDGF)

Duchenne Muscular Dystrophy Klamut et al., 1990

SV40 Banerji et al., 1981; Moreau et al.,, 1981; Sleigh et

‘ al., 1985; Firak et al, 1986, Herret al., 1986;
Imbra et al., 1986; Kadesch et al., 1986; Wang et
al., 1986; Ondek et al., 1987, Kuhlet al., 1987,
Schaffner ef al., 1988

Polyoma Swartzendruber et al., 1975; Vasseur et al., 1980;

. Katinka et al., 1980, 1981; Tyndell et al, 1981;
Dandolo et al., 1983; de Villiersetr al, 1984,
Henet al, 1986; Satake et al, 1988; Campbell
and/or Villarreal, 1988

Retroviruses Kriegler et al., 1982, 1983; Levinson ef al., 1982;
' Kriegler et al., 1983, 1984a, b, 1988; Bosze et
al., 1986; Miksicek et al, 1986; Celander et
al., 1987, Thiesenet al, 1988; Celander ef
al., 1988; Chol et al., 1988; Reisman et al., 1989

Papilloma Virus Campo et al., 1983; Lusky et al., 1983; Spandidos
and/or Wilkie, 1983; Spalholzet al., 1985,
Lusky et al, 1986; Cripeet al., 1987; Gloss et
al., 1987, Hirochika et al., 1987; Stephens et

al., 1987

Hepatitis B Virus Bullaet al, 1986; Jameelet al, 1986; Shaul et
al, 1987, Spandauer al, 1988; Vannice et
al., 1988

Human Immunodeficiency Virus | Muesing et  al., 1987, Hauberet al, 1988,

- Jakobovitser  al, 1988; Fenger al, 1988;
' Takebe et al., 1988; Rosen et al., 1988;
Berkhout et al., 1989; Laspia et al., 1989; Sharp et
al., 1989; Braddock et al., 1989

CD11b ‘ Hickstein ef al,, 1992

Gibbon Ape Leukemia Virus Holbrook et al., 1987; Quinn et al., 1989
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TABLE 2
Inducible Elements
| Element , Inducer References
MT 11 : Phorbol Ester (TFA) Palmiter et al., 1982; Haslinger ef
' Heavy metals al., 1985, Searleet al., 1985,
Stuartet al., 1985, Imagawa et
al., 1987, Karinet al., 1987,
Angel et al., 1987b; McNeall et
al., 1989
MMTV (mouse mammary | Glucocorticoids Huanget  al., 1981, Teeet|. -
tumor virus) al.,, 1981, Majors et al:, 1983;
1 Chandler et al, 1983; Lee et
al,, 1984, Pontaet al, 1985;
Sakai et al., 1988
| B-Interferon Poly(rI)x ‘ Tavernier ef al., 1983
Poly(rc)
Adenovirus 5 E2 EIA Imperiale ef al., 1984
| Collagenase Phorbol Ester (TPA) Angel et al., 1987a
| .Stromelysin - Phorbol Ester (TPA) Angel et al., 1987b
SV40 Phorbol Ester (TPA) Angel et al., 1987b
| Murine MX Gene Interferon, Newcastle | Hug ef al., 1988
: Disease Virus
| GRP78 Gene A23187 Resendez et al., 1988
a-2-Macroglobulin IL-6 Kunz et al., 1989
Vimentin - Serum Rittling et al., 1989
MHC Class I Gene H-2xb | Interferon Blanar et al., 1989
HSP70 ElA, SV40 Large T | Tayloretal, 1989, 1990a, 1990b
Antigen
Proliferin Phorbol Ester-TPA Mordacq et al., 1989
Tumor Necrosis Factor PMA Hensel et al., 1989
‘| Thyroid Stimulating | Thyroid Hormone Chatterjee et al., 1989
Hormone oo Gene

The identity of tissue-specific promoters or elements, as well as assays to characterize

their activity, is well known to those of skill in the art. Non-limiting examples of such regions .

5  include the human LIMK2 gene (Nomoto et al, 1999), the somatostatin receptor 2 gene
(Kraus ef al., 1998), murine epididymal retinoic acid-binding gene (Lareyre ef al., 1999), human
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CD4 (Zhao-Emonet et al., 1998), mouse alpha2 (XI) collagen (Tsumaki, ez al., 1998), D1A
dopamine receptor gene{ (Lee, et al., 1997), insulin-like growth factor II (Wu et al., 1997), and

human platelet endothelial cell adhesion molecule-1 (Almendro ef al., 1996).

The lentiviral vectors of the present invention are designed, primarily, to transform cells
with a therapeutfc gene under the control of regulated eukaryotic promoters. Although the gp91-
phox promoter is preferfed, other promoter and regulatory signal elements as described in the
Tables 1 and 2 above may also be used. Additionally any promoter/enhancer combination (as
per the Eukaryotic Promoter Data Base EPDB) could also be used to drive expression of
structural genes encoding the therapeutic gene of interest that is used in context with the
lentiviral vectors of the‘.present invention. Alternatively, a tissue-specific promoter for cancer
gene therapy or the targeting of tumors may be employed with the lentiviral vectors of the

present invention for treatment of cancers, especially hematological cancers.

Typically profnd’iers and enhancers that control the transcription of protein encoding

genes in eukaryotic cells are composed of multiple genetic elements. The cellular machinery is

able to gather and intégrate the regulatory information conveyed by each element, allowing

different genes to evolve distinct, often complex patterns of transcriptional regulation.
Activation or repression of the promoter and enhancer elements may be had through contacting. .
those elements with the appropriate transcriptional activators or repressors, such as those
described in FIG. 1B for the gp91-phox promoter and disclosed in Luo and Skalnik (1996) J.
Biol. Chem. 271:18203-210, and Luo and Skalnik (1996) J. Biol. Chem. 271:23445-23451,
incorporated herein by rteference. With respect to the gp91-phox promoter, the activity of
Interferon-gamma in moaulating the transcription and expression of the expression cassette is an
example of how such promoter‘ or enhancer elements and the factors that interact with them may

be employed in the practice of the present invention.

Enhancers were originally detected as genetic elements that increased transcription from
a promoter located at a distant position on the same molecule of DNA. This ability to act over a
large distance had little'iprecedent in classic studies of prokaryotic transcriptional regulation.
Subsequent work showed that regions of DNA with enhancer activity are organized much like
promoters. That is, they are composed of many individual elements, each of which binds to one -
or more transcriptional proteins. See, for example, the model for the regulation of the gp91-phox
promoter presenfed in FIG. 1B. Exemplary enhancers contemplated in the present invention are

the DNAase HyperSensitive elements and their homologs described by Lien LL, Lee Y, Orkin
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SH, (1997) “Regulation of the myeloid-cell-expressed human gp91-phox gene as studied by
transfer of yeast artificial chromosome clones into embryonic stem cells: suppression of a
variegated cellular pattern of expression requires a full complement of distant cis elements,” Mol
Cell Biol. 17(4):2279-90, expressly incorporated herein by reference in its entirety. Under the
influence of these enhancer elements, gene expression may be higher (due to enhancer activity

HS) and less variegated (due to silencer activity of HS).

- Analogs of the HS elements of gp91-phox are active in other promoter-enhancer systems.

‘See, for example, May C, Rivella S, Callegari J, Heller G, Gaensler KM, Luzzatto L, Sadelain

M, (2000) Therapeutic haemoglobin synthesis in beta-thalassaemic mice expressing lentivirus-
encoded human beta-globin. Nature 406(6791):82-6, incorporated herein by reference, where
analogous beta-globin HS elements were included into lentivector upstream of beta-globin

promoter to drive expression of beta-globin cDNA.

Promoters and enhancers have the same general function of activating transcription in the
cell. They are often overlapping and contiguous, often seeming to have a very similar modular
organization. Taken-together, these considerations suggest that enhancers and promoters are ..
homologous entities and that the transcriptional activator proteins bound to these sequences may -
interact with the cellular transcriptional machinery in fundamentally the same way. The basic

distinction between enhancers and promoters is operational. An enhancer region as a whole -

- must be able to stimulate transcription at a distance; this need not be true of a promoter region or -

its component elements. On the other hand, a promoter must have one or more:elements that -

direct initiation of RNA synthesis at a particular site and in a particular orientation, whereas
enhancers lack these specificities. Aside from this operational distinction, enhancers and
promoters are very similar entities. Constructs of elements that control transcription and
expression may therefore be comprised of various elements arranged so as to provide means of

control of enhanced utility and operation.

A signal that may prove useful is a polyadenylation signal (hGH, BGH, SV40). The use
of internal ribosome binding sites (IRES) elements are used to create multigene, or polycistronic,
messages. IRES elements are able to bypass the ribosome scanning model of 5'—methylated cap-
dependent translation and begin translation at internal sites (Pelletier and Sonenberg, 1988).
IRES elements from two members of the picornavirus family (polio and encephalomyocarditis)
have been described (Pelletier and Sonenberg, 1988), as well as an IRES from a mammalian

message (Macejak and Sarnow, 1991). IRES elements can be linked to heterologous open
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reading frames. Multiple open reading frames can be transcribed together, each separated by an
IRES, creating polycistronic messages. By virtue of the IRES element, each open reading frame
is accessible to ribosomes for efficient translation. Multiple genes can be efficiently expressed

using a single promoter/enhancer to transcribe a single message.

In any event, it will be understood that promoters are DNA elements that when

positioned functionally upstream of a gene leads to the expression of that gene. Most transgenes

- that will be transformed using the lentiviral vectors of the present invention are functionally

positioned downstream of a promoter element:

A specific initiation signal also may be required for efficient translation of coding
sequences.  These signals include the ATG initiation codon or adjacent sequences. Exogenous
translational control signals, including the ATG initiation codon, may need to be provided. One
of ordinary skill in the art would readil‘,} be capable of determining this and providing the
necessary signals. It is well known that the initiation codon must be “in-frame” with the reading
frame of the desired coding sequence to ensure transiation of the entire insert. The exogenous
translational control signals and initiation. codons can be either natural or synthetic. The
efficiency of expression may be enhanced by the inclusion of appropriate transcription enhancer

elements.

5. Brief Description of the Sequence Listings

SEQ ID NO: 1 provides the nucleotide sequence of the HIV central polypurine tract
element, taken from HIV as reported in Follenzi, A, Ailles, L.E., Bakovic, S., Geuna, M,
Naldini, L. (2000) “Gene Transfer by Lentiviral Vecotrs is Limited by Nuclear Translocation and
Rescued by HIV-1 pol Sequences,” Nat. Genet. 25:217-22. SEQ ID NOS: 2-6 provide the
nucleotide sequences comprising DN Aase HyperSensitive sites and used as enhancers in certain
embodiments of the invention. See Lien LL, Lee Y, and Orkin SH, “Regulation of the myeloid-
cell-expressed human gp91-phox gene as studied by transfer of yeast artificial chromosome
clones into embryonic stem cells: suppression of a variegated cellular pattern of expression

requires a full complement of distant cis elements,” Mol. Cell. Biol. 17(4):2279-90 (1997).

SEQ ID NOS:7-16 provide the nucleotide sequences of the PCR primers used to generate
the HS elements of SEQ ID NOS:2-6. Sequences of the PCR primers and HS element sequences

are based on human genome sequence published by Human Genome Project (contig
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NT_011844; http://www.ncbi.nlm.nih.gov/genome/guide/human/). Positions of PCR-amplified
HS elements (+1 gp91-phox transcription start) in human genomic DNA sequence are: HS-12
(-11503, -13244), HS-14 (-13244, -14715), HS-26 (-25345, -26529), HS-27 (-26529, -27656),
HS-28 (-27657, -28893). Fragments used are slightly larger than calculated due to incorporation
of restriction sites at the end to facilitate cloning (HS-12 and HS-14; gta to restore 5’ SnaBI after
cloning into this site in pHPX-GFP; HS-26, HS27, HS-28 Sall; gcgtcgac and Xhol; ctegageggce).

. Other. sequences incorporated to particular embodiments of the present invention include
those encoding gp91-phox. and its homologs, including nucleotide sequences disclosed in
Genbank Accession number NMO000397 for gp91-phox (Dinauer, et al., 1987), SEQ ID NO: 18
and polypeptides of: the sequence of SEQ ID NO: 19. Also incorporated in pérticular
embodirﬁents élre g;§91-phox promoters encoded by the nucleotide sequence of Genbank
accession number M6:6‘390‘, SEQ ID NO: 17 and CD11b promoters encoded by the nucleotide

vsequencv:e of Genbank accession number M82856, SEQ ID NO: 20.

6. Nucleic Acids

One embodiment of the present invention is to transfer nucleic acids encoding a -
therapeutic gene, especially a gene that provides thérapy for hematopoietic and lympho- -
hematopoietic disorders, such as the inherited or acquired disorders described above. In one
embodiment the nucleic acids encode a full-length, sﬁbstantially full-length, or functional

equivalent form of such a gene.

- Thus, in some embodiments of the present invention, the treatment of a hematopoietic
and lympho-hematopoietic disorder involves the administration of a lentiviral vector of the
invention comprising a therapeutic nucleic acid expression construct to a cell of hematopoietic
origin. It is contemplated that the hematopoietic cells take up the construct and express the

therapeutic polypeptide encoded by nucleic acid, thereby restoring the cells normal phenotype.

A nucleic acid may be made by any technique'known to one of ordinary skill in the art.
Non-limiting examples of synthetic nucleic acid, particularly a synthetic oligonucleotide, include
a nucleic acid made by in vifro chemical synthesis using phosphotriester, phosphite or
phosphoramidite chemistry and solid phase techniques such as described in EP 266,032,
incorporated herein by reference, or via deoxynucleoside H-phosphonate intermediates as

described by Froehler et al., 1986, and U.S. Patent Serial No. 5,705,629, each incorporated

-35-



10

15

20

25

30

WO 03/029412 PCT/US02/31023

herein by reference. A non-limiting example of enzymatically produced nucleic acid mclude one
produced by enzymes in amplification reactions such as PCR™ (see for example, U.S. Patent
4,683,202 and U.S. Patent 4,682,195, each incorporated herein by reference), or the synthesis of
oligonucleotides described in U.S. Patent No. 5,645,897, incorporated herein by reference. A

non-limiting example of a biologically produced nucleic acid includes recombinant nucleic acid

- production in living cells (see for example, Sambrook et al. 1989, incorporated herein by

reference).

A nucleic acid may be purified on polyacrylamide gels, cesium chloride centrifugation
gradients, or by any other means known to one of ordinary skill in the art (see for example,

Sambrook et al. 1989, incorporated herein by reference).

The term “nucleic acid” will generally refer to at least one molecule or strand of DNA,
RNA or a derivative or mimic thereof, comprising at least one nucleobase, such as, for example,
a naturally occurring purine or pyrimidine base found in DNA (e.g., adenine “A,” guanine “G,”
thymine “T,” and cytosine “C”) or RNA (e.g. A, G, uracil “U,” and C). The term “nucleic acid”
encompasses the terms “oligonucleotide” and “polynucleotide.” The term “oligonucleotide”
refers to at least one molecule of between about 3 and about 100 nucleobases in length. The .
term “polynucleotide” refers to at least one molecule of greater than about 100 nucleobases in -
length. These definitions generally refer to at least one single-stranded molecule, but in specific
embodiments will also encompass at least one additional strand that is partially, substantially or -
fully complementary to the at least one single-stranded molecule. Thus, a nucleic acid may
encompass at least one double-stranded molecule or at least one triple-stranded molecule that
comprises one or more complementary strand(s) or “complement(s)” of a particular sequence

comprising a strand of the molecule.

In certain embodiments, a “gene” refers to a nucleic acid that is transcribed. As used
herein, a “gene segment” is a nucleic acid segment of a gene. In certain aspects, the gene
includes regulatory sequences involved in transcription, or message production or composition.

In particular embodiments, the gene comprises transcribed sequences that encode for a protein,

- polypeptide or peptide. In other particular aspects, the gene comprises a nucleic acid, and/or

encodes a polypeptide or peptide-coding sequences of a gene that is defective or mutated in a
hematopoietic and lympho-hematopoietic disorder. In keeping with the terminology described
herein, an “isolated gene” may comprise transcribed nucleic acid(s), regulatory sequences,

coding sequences, or the like, isolated substantially away from other such sequences, such as
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other naturally occurring genes, regulatory sequences, polypeptide Or pepude encoaing
sequences, etc. In this respect, the term “gene” is used for simplicity to refer to a nucleic acid
comprising a nucleotide sequence that is transcribed, and the complement thereof. In particular
aspects,” the transcribed nucleotide sequence comprises at least one functional protein,
polypeptide and/or peptide encoding unit. As will be understood by those in the art, this
functional term “gene” includes both genomic sequences, RNA or cDNA sequences, or smaller
engineered nucleic acid segments, including nucleic acid segments of a non-transcribed part of a
gene, including but not limited to the non-transcribed promoter or enhancer regions of a gene.
Smaller engineered gehe nucleic acid segments may express, or may be adapted to express using
nucleic acid manipulation technology, proteins, polypeptides, domains, peptides, fusion proteins,
mutants and/or such like. Thus, a “truncated gene” refers to a nucleic acid sequence that is

missing a stretch of contiguous nucleic acid residues.

Various nucleic acid segments may be designed based on a particular nucleic acid sequence,

and may be of any length. By assigning numeric values to a sequence, for example, the first residue

is 1, the second residue is 2, efc., an algorithm defining all nucleic acid segmenfs can be created:
nton+y

~ Wwhere n is an integer from 1 to the last number of the sequence and y is the length of the
nucleic acid segment minus one, where n + y does not exceed the last number of the sequence. .
Thus, for a 10-mer, the nucleic acid segments correspond to bases 1 to 10, 2to 11,3 to 12 ... and/or .,
SO on. For a 15-mer, the nucleic acid segments correspond to bases 1 to 15, 2 to 16, 3 to 17 ... ‘
and/or so on. For a ZQ-nler, the nucleic segments correspond to bases 1 to 20, 2 to 21, 3 to 22 ...

and/or so on.

The nucleic acid(s) of the present invention, regardless of the length of the sequence
itself, may be combined with other nucleic acid sequences, including but not limited to,
promoters, enhancers, polyadenylation signals, restriction enzyme sites, multiple cloning sites,
coding segments, and the like, to create one or more nucleic acid construct(s). The overall length
may vary considerably between nucleic acid constructs. Thus, a nucleic acid segment of almost
any length may be employed, with the total length preferably being limited by the ease of

preparation or use in the intended recombinant nucleic acid protocol.

The term “vector” is used to refer to a carrier nucleic acid molecule into which a nucleic

acid sequence can be inserted for introduction into a cell where it can be replicated. Vectors of
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the :present invention are lentivirus based as described above and in Owner parts oI ine
specification. The nucleic acid molecules carried by the vectors of the invention encode
therapeutic genes and will be used for carrying out gene-therapies. One of skill in the art would
be well equipped-to construct such a therapeutic vector through standard recombinant techniques
(see, for example, Maniatis ef al., 1988 and Ausubel et al., 1994; both incorporated: herein by

reference).

. ‘The term “expression vector” refers to any type of genetic construct comprising a nucleic
acid coding for Aa RNA capable of being transcribed. In some cases, RNA molecules are then
transléted into a protein, polypeptide, or peptide. In other cases, these sequences are not
translated, for example, in the producti‘on of antisense molecules or ribozymes. Expression
vectors can contain a variety of “control sequences,” which refer to nucleic acid sequences
necessary for the transcription and possibly translation of an operably linked coding sequence in
a particular host cell. In addition to control sequences that govern transcription and translation,

vectors and expression vectors may contain nucleic acid sequences that serve other functions as

. well-and are described below.

A. Multiple Cloning Sites

~ Vectors of the present invention can 1nclude a multiple cloning site (MCS), which is a
nuc1e1c acid reglon that contains multlple restriction enzyme sites, any of which can be used in ,
conjunct1on Wlth standard recombinant technology to digest the vector (see, for example,
Carbonélli et al, 1999, Levensonet al, 1998, and Cocea, 1997, incorporated herein by
reference.) “Restriction enzyme digestion” refers to catalytic cleavage of a nucleic acid
molecule with an enzyme that functions only at specific locations in a nucleic acid molecule.
Many of these restriction enzymes are commercially available. Use of such enzymes is widely
understood by those of skill in the art. Frequently, a vector is linearized or fragmented using a
restriction enzyme that cuts within the MCS to enable exogenous sequences to be ligated to the
vector. “Ligation” refers to the process of forming phosphodiester bonds between two nucleic
acid fragments, which may or may not be contiguous with each other. Techniques involving
restriction enzymes and ligation reactions are well known to those of skill in the art of

recombinant technology.
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B. Splicing Sites

‘Most transcribed eukaryotic RNA molecules will undergo RNA splicing to remove

introns from the primary transcripts. Vectors containing genomic eukaryotic sequences may

‘require donor and/or acceptor splicing sites to ensure proper processing of the transcript for

protein expression (see, for example, Chandler ef al., 1997, herein incorporated by reference.)

C. Termination Signals

" The vectors or constructs of the present invention will generally comprise at least one
termination signal. A "termination signal" or "terminator" is comprised of the DNA sequences
involved in specific termination of an RNA transcript by an RNA polymerase. Thus, in certain

émbodiments a termination signal that ends the production of an RNA transcript is contemplated. .

" A terminator may be necessary in vivo to achieve desirable message levels.

In eukaryotic systems, the terminator region may also comprise specific DNA sequences
that permit site-specific cleavage of the new transcript so as to expose a polyadenylation site.
This signals a specialized endogenous polymerase to add a stretch of about 200 A residues
(polyA) to the 3” end of the transcript. RNA molecules modified with this polyA tail appear to ~
more stable and are translated more efficiently. Thus, in other embodiments involving
eukaryotes, it is preferred that that terminator comprises a signal for the cleavage of the RNA,
and it is more preferred that the terminator signal promotes polyadenylation of the message. The . :
terminator and/or polyadenylation site elements can serve to enhance message levels and to

minimize read through from the cassette into other sequences.

Terminators contemplated for use in the invention include any known terminator of
transcription described herein or known to one of ordinary skill in the art, including but not
limited to, for example, the termination sequences of genes, such as for example the bovine

growth hormone terminator or viral termination sequences, such as for example the SV40

terminator. In certain embodiments, the termination signal may be a lack of transcribable or

translatable sequence, such as due to a sequence truncation.
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D. Polyadenylation Signals

In eukaryotic gene expression, one will typically include a polyadenylation signal to.

 effect proper polyadenylation of the transcript. The nature of the polyadenylation signal is not

believed to be crucial to-the successful practice of the invention, and any such sequence may be .
employed. . Some examples include the SV40 polyadenylation signal or the bovine growth
hormone polyadenylation signal, convenient and known to function well in various target cells.
Polyadenylation may increase the stability of the transcript or may facilitate cytoplasmic

transport.

.E. Origins of Replication

In order to propagate a vector of the invention in a host cell, it may contain one or more
origins of replication sites (often termed “ori”), which is a specific nucleic acid sequence at
which replication is initiated. Alternatively an autonomously replicating sequence (ARS) can be

employed if the host cell is yeast.

F. Selectable and Screenable Markers

In certain embodiments of the invention, cells transduced with the lentivectors of the .
present invention may be identified in vitro or in vivo by including a marker in the expression
vector. Such markers would confer an identifiable change to the transduced cell permitting easy
identification of cells containing the expression vector. Generally, a selectable marker is-one
that confers a property that allows for selection. A positive selectable marker is one in which the
presence of the marker allows for its selection, while a negative selectable marker is one in
which its presence prevents its selection. An example of a positive selectable marker is a drug

resistance marker.

Usually the inclusion of a drug selection marker aids in the cloning and identification of
transformants, for example, genetic constructs that confer resistance to neomycin, puromycin,
hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers. In addition to
markers conferring a phenotype that allows for the discrimination of transformants based on the
implementation of conditions, other types of markers including screenable markers such as GFP,

whose basis is colorimetric analysis, are also contemplated. Alternatively, screenable enzymes
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such as herpes simplex virus thymidine kinase (#k) or chloramphenicol acetyltransferase (CAT)
may be utilized. One of skill in the art would also know how to employ immunologic markers,
possibly in conjunction with FACS analysis. The marker used is not believed to be important, so.
long as it is capable of being expressed simultaneously with the nucleic acid encoding a gene
product. Further examples of selectable and screenable markers are well known to one of skill in

the art.

7.‘ Host Cells

As used herein, the terms “cell,” “cell line,” and “cell culture” may be used
interchangeably. All of these terms also include their progeny, which is any and all subsequent
generations. It is understood that all progeny may not be identical due to deliberate or

inadvertent mutations. In the context of expressing a heterologous nucleic acid sequence, “host

cell” refers to a prokaryotic or eukaryotic cell, and it includes any transformable organisms that

is capable of replicating a vector and/or expressing a heterologous nucleic acid encoded by the
vectors of this invention. A host cell can, and has been, used as a recipient for vectors. A host -
cell may be “transfected” or “transformed,” which refers to a process by which exogenous -
nucleic acid is transferred or introduced into the host cell. A transformed cell includes the .
primary subject cell and its progeny. As used herein, the terms "engineered" and "recombinant”

cells or host cells are intended to refer to a cell into which an exogenous nucleic acid sequence,

such as, for example, a lentivector of the invention bearing a therapeutic gene construct, has been-
introduced. Therefore, recombinant cells are distinguishable from naturally occurring cells

which do not contain a recombinantly introduced nucleic acid.

In certain embodiments, it is contemplated that RNAs or proteinaceous sequences may be
co-expressed with other selected RNAs or proteinaceous sequences in the same host cell.
Co-expression may be achieved by co-transfecting the host cell with two or more distinct
recombinant vectors. Alternatively, a single recombinant vector may be constructed to include
multiple distinct coding regions for RNAs, which could then be expressed in host cells

transfected with the single vector.

Host cells may be derived from prokaryotes or eukaryotes, depending upon whether the
desired result is replication of the vector or expression of part or all of the vector-encoded
nucleic acid sequences. Numerous cell lines and cultures are available for use as a host cell, and

they can be obtained through the American Type Culture Collection (ATCC), which is an
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organization that serves as an archive for living cultures and genetic materials (www.atcc.org).
Some examples of host cells used in this invention include but are not limited to virus packaging
cells, virus producer cells, 293T . cells, human hematopoietic progenitor cells, human

hematopoietic stem cells, CD34" cells CD4 " cells, and the like.
A. Tissues and Cells
A tissue may comprise a host cell or cells to be transformed or contacted with a nucleic

acid delivery composition and/or an additional agent. The tissue may be part or separated from

an organism. In certain embodiments, a tissue and its constituent cells may comprise, but is not

- limited to, blood (e.g., hematopoietic cells .(such as human hematopoietic progenitor cells,

human hematopoietic stem cells, CD34" cells CD4 cells), lymphocytes and other blood lineage
cells), bone marrow, brain, stem cells, blood vessel, liver, lung, bone, breast, cartilage, cervix,
colon, cornea, embryonic, endometrium, endothelial, epithelial, esophagus, facia, fibroblast,
follicular, ganglion cells, glial cells,. goblet cells, kidney, lymph node, muscle, neuron, ovaries,

pancreas, peripheral blood, prostate, skin, skin, small intestine, spleen, stomach, testes.

~ B. Organisms

In certain embodiments, the host cell or tissue may be comprised in at least one organism.

- In certain embodiments, the organism may be, human, primate or murine. In other embodiments .

the organism may be any eukaryote or even a prokayote (e.g., a eubacteria, an archaea), as would. -
be understood by one of ordinary skill in the art (see, for example, webpage
http://phylogeny .arizona.edu/tree/phylogeny.html). Some lentivectors of the invention may
employ control sequences that allow them to-be replicated and/or expressed in both prokaryotic
and eukaryotic cells. One of skill in the art would further understand the conditions under which
to incubate all of the above described host cells to maintain them and to permit replication of a
vector. Also understood and known are techniques and conditions that would allow large-scale
production of the lentivectors of the invention, as well as production of the nucleic acids encoded
by the lentivectors and their cognate polypeptides, proteins, or peptides some of which are

therapeutic genes or proteins which will be used for gene therapies.
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C. Injectable Compositions and Pharmaceutical Formulations

To achieve gene-therapy using the lentiviral vector compositions of the present invention,
one would generally contact a cell in need thereof with a lentiviral vector comprising a
therapeutic gene. The cell will further be in an organism such as a human in need of the gene
therapy. The routes of administration will vary, naturally, with the location and nature of the
disease, and include, e.g., intravenous, intrarterial, intradermal, transdermal, intramuscular,
‘intranasal, subcutaneous, percutaﬁeous, intratracheal,'infraperitoneal, intratumoral, perfusion and
lavage. The cells will also sometimes be isolated from the organisms, exposed to the lentivector

ex vivo, and reimplanted afterwards.

Injection of lentiviral nucleic acid constructs. of the invention may be delivered by
syringe or any other method used for injection of a solution, as long as the expression construct
can pass through the particular gauge of needle required for injection. A novel needleless
injection system has recently been described (U.S. Patent 5,846,233) having a nozzle defining an
ampule chamber for holding the solution and an-energy device for pushing the solution out of the
nozzle to the site of delivery. A syringe system has also been described for use in gene therapy
that permits multiple injections of predetermined quantities of a solution precisely at any depth

(U.S. Patent 5,846,225).

. Solutions of the nucleic acids as free base or pharmacologically acceptable salts may be
prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions .
may also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these preparations contain a preservative to
prevent the growth of microorganisms. The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions (U.S. Patent 5,466,468, specifically
incorporated herein by reference in its entirety). In all cases the form must be sterile and must be
fluid to the extent that easy syringability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof, and/or vegetable oils. Proper

fluidity may be maintained, for example, by the use of a coating, such as lecithin, by the
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maintenance of the required particle size in the case of dispersion and by the use Ot surtactants.
The prevention of the action of microorganisms can be brought about by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and
the like. In many cases, it will be preferable to include isotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the injectable compositions can be brought about by
the use in the compositions of agents delaying absorption, for example, aluminum monostearate

and gelatin.

" For parenteral administration in an aqueous solution, forhéxample, the solution should be
suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saline
or glucose. These particular aqﬁeous solutions are especially suitable for intravenous,
intraarterial, intramuscular, subcutaneous, intratumoral and intraperitoneal administration. In
this connection, sterile aqueous media that can be employed will be known to those of skill in the
art in light of the present disclosure. For example, one dosage may be dissolved in 1 ml of
isotonic NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected at the
proposed site of infusion, (see for example, "Remington's .Pharmaceutical Sciences" 15th
Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur -
depending on the condition of the subject being treated. The person responsible for
administration will, in any event, determine the appropriate dose for the individual subject.
Moreover, for human administration, preparations should meet sterility, pyrogenicity, general .

safety and purity standards as required by FDA Office of Biologics standards.

Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum-drying and freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered solution

thereof.

The compositions disclosed herein may be formulated in a neutral or salt form.
Pharmaceutically-acceptable salts, include the acid addition salts and which are formed with

inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as
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. acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can

also be derived from inorganic bases such as, for example, sodium, potassium, ammonium,
calcium, or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine,
histidine, procaine and the like. Upon formulation, solutions will be administered in a manner
compatible with the dosage formulation and in such amount as is therapeutically effective. The
formulations are easily administered in a variety of dosage forms such as injectable solutions,

drug release capsules and the like.

As used herein, “carrier” includes any and-all solvents, dispersion media, vehicles,
coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying agents,
buffers, carrier solutions, suspensions, colloids, and the like. The use of such media and agents

for pharmaceutical active substances is well known in the art. Except insofar as any

- conventional media or agent is incompatible with the active ingredient, its use in the therapeutic

compositions is contemplated. Supplementary active ingredients can also be incorporated into

the compositions.

The phrase "pharmaceutically-acceptable” or “pharmacologically-acceptable” refers to
molecular entities and compositions that do not produce an allergic or similar untoward reaction

when administered to a human. The preparation of an aqueous composition that contains a

protein as an active ingredient is well understood in the art. Typically, such compositions are

prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for solution

in, or suspension in, liquid prior to injection can also be prepared.

The terms “contacted” and “exposed,” when applied to a cell, are used herein to describe

 the process by which a therapeutic lentiviral vector is delivered to a target cell.

For gene-therapy to discrete, solid, accessible tumors, intratumoral injection, or injection
into the tumor vasculature is specifically contemplated. Local, regional or systemic
administration also may be appropriate. For tumors of >4 c¢m, the volume to be administered
will be about 4-10 ml (preferably 10 ml), while for tumors of <4 c¢m, a volume of about 1-3 ml
will be used (preferably 3 ml). Multiple injections delivered as single dose comprise about 0.1 to
about 0.5 ml volumes. The viral particles may advantageously be contacted by administering
multiple injections to the tumor, spaced at approximately 1 cm intervals.  Systemic

administration is preferred for conditions such as hematological malignancies.
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Continuous administration also may be applied where appropriate. Delivery via syringe
or catherization is preferred. Such continuous perfusion may take place for a period from about
1-2 hours, to about 2-6 hours, to about 6-12 hours, to about 12-24 hours, to about 1-2 days, to
about 1-2 wk or longer following the initiation of treatment. ~Generally, the dose of the
therapeutic composition via continuous perfusion will be equivalent to that given by a single or

multiple injections, adjusted over a period of time during which the perfusion occurs.

Treatment regimens may vary as well, and often depend on type of disease and location
of diseased tissue, and factors such as the health and the age of the patient. The clinician will be
best suited to make such decisions based on the known efficacy and toxicity (if any) of the

therapeutic formulations based on lentiviral vectors of the present invention.

The treatments may include various “unit doses. » ~ A unit dose is defined as eontaining a
predetermmed quantlty of the therapeutic compos1t10n comprising a lentiviral vector of the .
present invention. The quantity to be administered, and the particular route and formulation, are
w1th1n the skill of those in the clinical arts. A unit dose need not be administered as a single

injection but may comprise continuous infusion over a set period of time. Unit-dose of the

. present invention may conveniently be described in terms of transducing units (T.U.) of

lentivector, as defined by tittering the vector on a cell line such as HelLa or 293. Unit doses -
range from 10°, 10%, 10°, 105, 107, 10%, 10°, 10", 10", 10'%, 10" T.U. and higher.

8. Examples

The following examples are included to demonstrate preferred embodiments of the

invention. It should be appreciated by those of skill in the art that the techniques disclosed in the

examples that follow represent techniques discovered by the inventor to function well in the
pfactice of the invention, and thus can be considered to constitute preferred modes for its
practice. HoWever, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments which are disclosed and still obtain

a like or similar result without departing from the spirit and scope of the invention.
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A. Materials and Methodology Employed in Examples 1 -3

1. Vector preparation

Production of HIV-derived vectors pseudotyped with the vesicular stomatitis virus (VSV)
G envelope protein was achieved by transient co-transfection of three plasmids into 293T
epithelial cell line as described in Naldini et al 1996a. The HIV-derived packaging construct
used was pCMVARS.91, which encodes the HIV-1 Gag and Pol precursors, as well as the

* regulatory proteins Tat and Rev (Zufferey et al., 1997). VSV ‘G was expressed from pMD.G.

~ The HIV vector plasmids were derivatives of the original pHR’ backbone (Naldini ef al.,
1996a), with the following modifications. Self-inactivating vectors were produced from the
previously described SIN-18 vector, which contains a deletion in the U3 region of the 3’LTR
from nt. ~418 to nt. —18, removing all the transcriptionally active sequences (Zufferey et al.,

1998). Brieﬂy, the pHR’SIN plasmids were generated as follows, a Kpnl-Xbal fragment.

* containing the polypurine tract and the 3’LTR was excised from a pHR’ plasmid and subcloned
into the corrésponding sites of pUC18. This plasmid was digested completely with EcoRY and.:

partially with Pvull and self-ligated. A plasniid carrying a 400-nucleotide deletion of U3 was -

recovered. An X#ol linker was inserted into the £coRI site of the deletion plasmid, and an Xhol- |

Xbal fragment was cloned back into the pHR’ CMVlacZ plasmid digested with the -

corresponding enzymes. All other SIN-18 plasmids were obtained by substituting reporter genes

(encoding luciferase, GFP and Neo) for lacZ. The pHR’ vector plasmids used differed from the

plasmids originally described (Naldini et al, 1996) by a Xhol-Kpnl deletion removing 118

nucleotides from the Nef coding sequence upstream of the polypurine tract and a deletion of

1,456 nucleotides of human sequence downstream of the 3° LTR. This human sequence -

remained from the original cloning of a HXB2 proviral genome. The two deletions did not affect

vector titers or transgene expression in dividing 293T cells.

Insertion of the EFlalpha was done by inserting a Clal-BamHI cassette containing a EF1- -

GFP insert, into Clal-BamHI site of pHR’-GFP-W-SIN (Zufferey et al. 1999) to produce the
pHR-EF1-GFP-W-SIN vector. The derivatives of this vector possessed several functional
differences. The functional differences are EF-lalfa-short promoter, loxP site at 3'LTR and

cPPT. loxP site in 3'LTR is duplicated to 5LTR in transduced cells and, in a presence of

additionaly expressed Cre recombinase, allows removal of integrated provirus. However, loxP

site and Cre-mediated excition are not required for gp91-phoxpromoter activity, neither, will be
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necessary or used in any potential application of the vectors in hematopozetic stem cells-based
clinical trials. A diference between EF-lalfa present in pHR-EF1-GFP-(+/-)W-SIN and EF-
lalfa-short promoter in pHPT-GFP and pWPT-GFP is that the shorter version does not contain

an intron, which makes the vector smaller.

The maps shown in FIGS. 5A through 5D depict the plasmid constructs pHPT-GFP,
pWPT-GFP, pHPP91-GFP and pWPP91-GFP.

After transientqt.ransfection of the plasmids by célcium phosphate in 293T cells, the.
supernatant was harvested, concentrated by ultracentrifugation using sucrose gradiént,
resuspended in serum—freé Cellgro® SCGM medium (Cellgenix, Germany) and filtered through
0.45mircom SpinX filter. Viral stocks were stored at -70° C and titers determined by
transduction and flow cytometry analysis of GFP expression in HeLa cells as previously
described (Zufferey et al., 1997). Titers were comprised between 5x107 and 10° HelLa-
transducing units (TU) per ml.

2. Purification and transduction of CD34" cells

Cord blood (CB) samples were obtained according to institutional guidelines and CD34"
cells were purified as described (Arrighi ef al., 1999). In brief, CB mononuclear cells recovered
after Ficoll-Paque (Pharmacia, Uppsala, Sweden) gradient centrifugation were incubated on ice -
with anti-CD34 M450. Dynabeads (Dynal, Norway) as described by the manufacturer. After
several washes to eliminate unbound cells, CD34" cells were recovered from the beads by
incubation. for 15 minutes at 37°C with the "Detach-a-bead" included in the kit. Cells were
immediately washed, and analyzed by flow cytometry. The percentage of purified CD34" cells
was 89 = 7.0. For transduction, 10° cells were seeded in 96-well plates in 100 pl of Cellgro®
SCGM medium supplemented with antibiotics (Gibco BRL, Life Technologies LTD, Paisley,
Scotland, UK.), with 10 M dithiothreitol (Fluka Biochemika, Buchs, Switzerland) and TPO
(10ng/ml), SCF (50ng/ml), FIt3L (50ng/ml). Afier overnight incubation, 10° (typically), or 10°
to 5x10° (for dose-reéponse analysis) HeLa-transducing units (TU) of vector were added per
well, and the volume was adjusted to 200 pl with Cellgro® SCGM medium containing TPO.
After 24 hours, cells were washed, diluted to 400 pl in Cellgro® SCGM medium supplemented
with antibiotics, 10 M dithiothreitol and TPO (10ng/ml), SCF (50ng/ml), Fit3L (50ng/ml) for 3
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days. Cells were either directly analyzed for GFP and CD34 expression, or further cultured with
the 3 growth factors.

3. Cytokines _
All cytokines were recombinant human material and were obtained from Peprotech
(London, U.K.)

4. Antibodies and immunoreactants
All antibodies were obtained from Becton Dickinson Pharmingen (USA). Anti-CD34
mlgG coated M450 Dynabeads were from Dynal A/S (Oslo, Norway)..

5. In ivitro differertiation and ]NF—gamma stimulation
Differentiation was performed in vitro in the presence ‘of GM-CSF and SCF for
monocytic differentiation, and G-CSF or G-CSF for 3 weeks.and SCF for granulocytic
differentiation. Differentiated cells were stimulated with INF-y (1000U/ml) for 6 days, labelled
with PE-conjugated monoclonal antibodies and GFP expression in PE positive population was

analysed using FACS. Numbers indicate percentage of cells in the quadrants.
6. Flow cytometry analysis

Cells were analyzed as described (Arrighi et al, 1999), on a FACScalibur (Becton- -
chkmson) with shght modifications. FL-1 was used for GFP, FL-2 for PE-labeled MAbs, FL-3
for PercP-labeled Mabs. Cell suspensions were adjusted to 0.5% paraformaldehyde prior to
analy’sis. Data wefa analyzed using WINMDI software written by J. Trotter at Scripps Institute
(La Jolla, CA) and CellQuest software (Becton-Dickinson).

B. Examples 1 - 4
Example 1: Transduction of Human Hematopoietic Progenitors with HIV-Based
Lentivectors Containing Expression Cassettes Under the Control of the gp91-

pholeromoter Results in Restricted Expression in Monocytes and

Granulocytes.
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pWPP91-GFP (with WPRE) and pHPP91-GFP (without WPRE) lentiviral vectors were
created by replacing the EF-1a promoter with a 1540bp fragment of the gp91-phox subunit of
phagocyte NADPH oxidase promoter(1) in the pWPT-GFP and pHPT-GFP lentiviral vectors,
respectively. Both pWPT-GFP and pHPT-GFP are SIN (self-inactivating) lentiviral vectors and
contain central poplypurine tract sequences (cPPT) to enhance transduction efficiency of target
cells (FIGS. 1 and 5). Recombinant lentivectors were produced and concentrated 100x by
previously described standard methods and used for transduction of human hematopoietic
CD34+ progenitor/stem cells (HSCs). See Salmon P, Kindler V, Ducrey O, Chapuis B, Zubler
RH, Trono D., “High-level transgene expression in human hematopoietic progenitors and
differentiated blood lineages after transduction with improved lentiviral vectors,” Blood
96(10):3392-8 (2000), incorporated herein by reference.

A high percentage of UCB HSC transduction, up to 80%, was achieved by a lentivector
in which a central poly-purine tract was inserted upstream of an EF1-alpha-GFP expression
cassette. High numbers of GFP positive cells.were retained after in vitro (cytokine cocktail) or

in vivo (NOD/SCID mice transplantation) differentiation of transduced HSCs.

Transduction of HSCs with lentivector éarrying the gp91-phox-GFP cassette followed by
their in vitro (in cytokine cocktail) or in vivo'(‘transplantatibn into sublethaly irradiated
NOD/SCID mice) differentiation resulted in GFP expression restricted exclusively to mature
monocytes and granulocytes. GFP expression from the gp91-phoxpromoter in mature neutrophils

was enhanced by insertion of WPRE without loss of specificity.

The gp91-phoxpromoter delivered into HP/SCs by a lentivector, with or without WPRE,

exhibited its physiological responsiveness to INF-y in mature neutrophils in vitro (FIG. 2) .

Example 2: HS enhancer elements prodlicé higher and less variegated expression.

An important issue for the genetic treatment of a variety of lympho-hematological
disorders is the levels of expression of the putatively therapeutic transgene in the appropriate
subset of differentiated cells. In order to achieve higher and non-variegated gene expression,
gp91-specific enhancer sequences located 30kb upstream of gp91-phoxgene within four DNAase

hypersensitivity sites (HIS) were cloned into lentiviral vectors.

First, in order to decrease the size of viral genome, the 1540bp gp91-promotor fragment

was replaced with a functionally equal 0.5kb fragment (Skalnik, et al. 1991), generating a
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pHP500-GFP vector (FIG. 6A). To facilitate cloning multiple unique restriction sites were
introduced allowing introduction of enhancer on both sites of the cPPT (that would retain its
central position-and functionality after cloning of the enhancers), generating the pHPX-GFP
vector (FIG. 6B).

| The fragments covering 4 individual HS sites were generated by PCR using genomic
DNA as a template. Sequence of PCR primers was based on human genome sequence published
by Human Genome Project (contig NT_ 01 1844;
http: //www ncbi.nlm.nih. gov/genome/gulde/human/) See SEQ ID NOS:2-16. Location of the
gp91-phoxHS sites was based on publlshed data. See Llen LL, Lee Y and Orkin SH (1997).
Approximately 1-1.5 kb sequences ﬂankmg spec1ﬁed site were amphﬁed and cloned into the
lentivector generating finally pHPHS-GFP. See SEQ ID NOS: 2 through 16. A version with

WPRE sequences was also generated (pPWPHS-GFP, FIG. 6C). Upon transduction of HSCs and -

differentiation, the inclusion of the HS elements in this; and other configurations, will result in

the higher overall expression and/or less variegated expression of the transgene.

Example 3: Development of Therapy for chronic granulomatous disease (CGD)

Chronic Granulomatous Disease is highly correlated with deficiencies in the gp91-phox -
gene, which encodes a subunit of NADPH (Dinauer e al., 1987). The X-linked gp91-phox gene
is defective in about 60% of patients with CGD. For a review, see Malech HL, “Progress in gene .
therapy for chronic granulomatous disease,” J. Infect. Dis. 179(Suppl.2):S 318-25, 1999. One
approach to therapy will involve the transduction of appropriate cells so that at least one
functional copy of gp91-phox is introduced into the Ipatient. As discussed above, this type of
therapy may involve the removal of celfs from the patient, ex vivo transduction, then replacement

of those cells back into the patient.

CD34 cells will be isolated from CGD patients and transduced with vectors of the present
invention that carry a functional copy of the gp91-phox gene, for example, the gp91-phox gene
encoded by the sequence of nucleotides comprised by those of SEQ ID NO: 18, or any
nucleotide sequence that encodes the functional polypef)tides of the amino acid sequences of
SEQ ID NO: 19. Appropriate expression of gp91-phox polypeptide‘will be obtained through the
control exerted by the gp91-phox promoter incorporated in the vector. Enhanced expression

may be obtained by including the WPRE element and HS enhancers as described above.
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Cells will transplanted into test systems, such as SCID-NOD mice or into patients if
indicated. Further evaluation of the efficiency of this approach will be obtained through

transplantaion of transduced cells into appropriate knock-out strains of mice.
Example 4: Therapeutic approaches for Leukocyte adhesion deficiency (LAD)

‘One approach to therapy will involve the transduction of appropriate cells so that at least
one functional copy of myelomonocytic leukocyte integrin is introduced into the patient. As

discussed above, this type of therapy may involve the removal of cells from the patient, ex vivo

transduction, then replacement of those cells back into the patient.

CD34 cells will be isolated from LAD patients and transduced with vectors of the present

~ invention that carry a functional copy of the integrin gene. Appropriate expression of the

integrin polypeptide will be obtained through the control exerted by a CD11b promoter
incorporated in the vector. The CD11b promoter will be selected from the promoters encoded by
the polynucleotide sequence of SEQ ID NO: 20. See Hickstein, et al. 1992. Enhanced
expression may be obtained by including the WPRE element and HS enhancers as described

above.

All of the compositions and/or methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred -
embodiments, it will be apparent to those of skill in the art that variations may be applied to the
compositions and/or methods and in the steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope of the invention. More specifically,
it will be apparent that certain agents which are both chemically and physiologically related may
be substituted for the agents described herein while the same or similar results would be
achieved. All such similar substitutes and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the invention as defined by the appended

claims.
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WHAT IS CLAIMED 1I8S:

1. A recombinant lentiviral vector comprising:

(a) lentiviral gag, pol and rev genes;
. (b)  an expression cassette comprising a transgene positioned under the control of a
promoter that is active to promote detectable transcription of the transgene in a
‘human cell; and

(¢)  acentral polypurine tract (cPPT) positioned upstream of the expression cassette.

2. The vector of claim 1, wherein the cPPT comprises the nucleotide sequence of SEQ ID
NO: 1. | | |

3. The vector of claim 1, wherein the vector is capable of transducting about 20% to about
80% of cells.

4, - The vector of claim 1, wherein the vector is capable of transducting about 40% to about
80% of cells.

5. The vector of claim 1, wherein the vector is capable of transducting about 60% to about

80% of cells.

6. - The vector of claim 1, further comprising multiple unique cloning sites positioned

adjacent to the ¢cPPT.

~

7. The vector of claim 2, wherein the multiple unique cloning sites are positioned upstream

of the cPPT.

8. The vector of claim 2, wherein the multiple unique cloning sites are positioned

downstream of the cPPT.

9. The vector of claim 2, wherein multiple unique cloning sites are positioned both

upstream and downstream of the cPPT.
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10.  The vector of claim 1, wherein the gag, pol and rev genes are HIV gag, pol and rev

genes.

11.  The vector of claim 10, wherein the gag, pol and rev genes are HIV-1 gag, pol and rev

genes.

12.  The vector of claim 1, further defined as a self-inactivating vector (SIN).

13.  The vector of claim 1, wherein the LTR region has been rendered substantially

transcriptionally inactive by virtue of deletions in the U3 region of the 3° LTR.

14.  The vector of claim 13, wherein the deletions are of nucleotides at positions —418 through

. —18 relative to the U3 —R region boundary.

15.  The vector of claim 1, further defined as incapable of reconstituting a wild-type lentivirus.

through recombination.

16.  The vector of claim 15, wherein the vector does not express a functional lentiviral gene

.. other than the gag, pol and rev genes

17.  The vector of claim 1, wherein the promoter is a gp91-phox promoter, a gp47-phox
promoter, a CD11b promoter, an EF1-o promoter, a PGK promoter, a beta-globin promoter, an
MHC classII promoter, a clotting Factor IX promoter, an insulin promoter, a PDX1 promoter, a

CD4 promoter, and 2 CD2 promoter.

18.  The vector of claim 17, wherein the promoter is a gp91-phox promoter.

©19.  The vector of claim 17, wherein the promoter is a gp47-phox promoter.

20.  The vector of claim 17, wherein the promoter is a CD11b promoter.

21.  The vector of claim 17, wherein the promoter is the EF1-a promoter.
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22.  The vector of claim 17, further comprising at least one enhancer sequence.

23.  The vector of claim 22, wherein the at least one enhancer sequence is selected from the
group of SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, and
SEQ ID NO: 7.

24.  The vector of claim 22, wherein the at least one enhancer sequence is positioned adjacent
to the cPPT.

25, The vector of claim19.5, wherein the at least one enhancer sequence is positioned

upstream of the cPPT.

26.  The vector of claim 24, wherein the at least one enhancer sequence is positioned

downstream of the cPPT.

27.  The vector of claim 24, wherein enhancer sequences are positioned both upstream and

downstream of the cPPT.

28.  The vector of claim 27, wherein the enhancer sequences are selected from the group of
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, and SEQ ID NO:
7.

29.  The vector of claim 1, wherein the promoter is capable of promoting expression of the

transgene at a signal-to-noise ratio of between about 10 and about 200.

30.  The vector of claim 29, wherein the promoter is capable of promoting expression of the

transgene at a signal-to-noise ratio of between about 40 and about 200.

31.  The vector of claim 30, wherein the promoter is capable of promoting expression of the

transgene at a signal-to-noise ratio of between about 150 and about 200.
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32. The vector of claim 1, wherein the promoter is capable of promoting expression of the

transgene in response to a transcriptional activator.
33.  The vector of claim 32, wherein the transcriptional activator is INF-gamma. -

34.  The vector of claim 32, wherein the promoter is capable of promoting expression of the

transgene in specific cell types.

35.  The vector of claim 1, wherein the promoter is capable of promoting expression of the

transgene in specific cell types.

36.  The vector of claim 35, wherein the specific cell types are selected from the-group of
mature blood cells, neutrophils, monocytes, granulocytes, neurons, lung éells, muscle cells, liver

cells, pancreatic cells, endothelial cells, cardiac cells, skin cells, bone marrow stromal cells, and

eye cells.
37.  The vector of claim 35, wherein the cell types are mature blood cells.
38.  The vector of claim 35, wherein the cell types are neutrophils.

39.  The vector of claim 35, wherein the cell types are monocytes or granulocytes.

40.  The vector of claim 35, wherein the cell types are neurons.

41.  The vector of claim 1, wherein the transgene is gp91-phox, gp47-phox, erythropoietin, an
interleukin, a colony-stimulating factor, integrin IIbB, a multidrug resistance gene, , an antiviral
gene, a gene coding for blood coagulation factor VIII, a gene coding for blood coagulation factor
IX, a T cell antigen receptor, a B cell antigen receptor, a single chain antibody (ScFv), TNF,

gamma interferon, CTLA4, B7, Melana, MAGE, a marker gene, luciferase, or GFP.

42.  The vector of claim 41, wherein the transgene is gp91-phox.
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43.  The vector of claim 41, wherein the transgene 1s gp47-phox.

44, The vector of claim 41, wherein the transgene is a gene coding for a marker gene.

45.  The vector of claim 41, wherein the transgene is a gene coding for a GFP.

46.  The vector of claim 1, further comprising a posttranscriptional regulatory sequence

positioned to promote the expression of the transgene.

47.  The vector of claim 46, wherein the posttranscriptional regulatory sequence is an intron

positioned within the expression cassette.

48.  The vector of claim 47, wherein the intron is positioned in an orientation opposite the

vector genomic transcript.

49.  The vector of claim 46, wherein the posttranscriptional regulatory sequence is a

posttranscriptional regulatory element.

50.  The vector of claim 49, wherein the postiranscriptional regulatory element is woodchuck

hepatitis virus posttranscriptional regulatory element (WPRE).

51.  The vector of claim 50, wherein the posttranscriptional regulatory element is hepatitis B

virus posttranscriptional regulatory element (HPRE).

52. A host cell transduced with a vector in accordance with claim 1.

53.  The transduced host cell of claim 52, wherein the cell is a virus producer cell.

54, The transduced host cell of claim 53, wherein the producer cell is a 293T cell.

55.  The host cell of claim 54, wherein the cell is a human hematopoietic progenitor cell.
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56,
a CD34" cell.
57,
()
(b)
(c)
d
58.
(a)
(®)
(©)
(d
59,
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The transduced host cell of claim 55, wherein the human hematopoietic progenitor cell is

A self-inactivating recombinant lentiviral vector comprising:

lentiviral gag, pol and rev genes;

an expression cassette comprising a transgene positioned under the control of a

‘promoter that is active upon contacting the promoter ‘with a transcriptional

activator to promote detectable transcription of the transgene in a human cell;

a central polypurine tract (cPPT) positioned upstream of the expression cassette;
and

a posttranscriptional regulatory element positioned to promote the expression of

the transgene.

A self-inactivating recombinant lentiviral vector comprising:

lentiviral gag, pol and rev genes;

an expression cassette comprising a transgene positioned under the control of a
promoter that is active to promote detectable transcription of the transgene in cells
of specific human cell types;

a central polypurine tract (cPPT) positioned upstream of the expression cassette;
and | ‘

a posttranscriptional regulatory element positioned to promote the expression of

the transgene.

A self-inactivating recombinant lentiviral vector comprising:

(a)
(b)

lentiviral gag, pol and rev genes; k

an expression cassette comprising a transgene positioned under the control of a

promoter wherein, ‘

(i)  the promoter is active to promote detectable transcription of the transgene
in cells of specific human cell types and wherein,

(i)  the promoter is active upon contacting the promoter with a transcriptional
activator to promote detectable transcription of the transgene in the cells

of specific human cell types;
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(c)  acentral polypurine tract (cPF1) positioned upstream of the exXpression cassette;

and
(d)  a posttranscriptional regulatory element positioned to promote the expression of

the transgene.
60. A self-inactivating recombinant lentiviral vector comprising;

(a) ~ lentiviral gag, pol and rev genes, ,
| (b)  an expression cassette comprising a transgene pbsitioned under the control of a
| promoter wherein, o |

) the promoter is active to promote detectable franscription of the transgéne
in cells of specific human cell types and wherein,

(i)  the promoter is active upon contacting the .promoter with a transcriptional
activator to promote detectable transcription of the transgene in the cells
of specific human cell types;

(c)  a central polypurine tract (cPPT) positioned upstream of the expression cassette;
(d)  a posttranscriptional regulatory element positioned to promote the expression of
the transgene; and

(e) at least one enhancer element.

61. A method for transducing a human hematopoietic stem cell comprising contacting a
population of human cells that include hematopoietic stem cells with a vector in accordance with
claim 1 under conditions to effect the transduction of a human hematopoietic progenitor cell in

said population by said vector.

62. The method of claim 61, wherein the human hematopoietic stem cell population

comprises CD34" cells.

63.  The method of claim 61, wherein the cell population is treated to stimulate cell

proliferation without substantial loss of stem cell pluripotency.

64.  The method of claim 61, wherein the stem cell in transduced in vivo.
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65. The metnoa o1 claim o1, wherein the stem cell 1S transduced 17 VIfro.
66.  The method of claim 65, wherein the transduced stem cell is infused into a human
subject.

67. A method for expressing a transgene in a restricted set of cell types comprising
transducing a human cell in accordance with claim 61 and providing for the maturation of the

desired cell types.

68.  The method of claim 67, further comprising the step of stimulating expression of the

‘transgene by contacting the promoter with an activator of transcription.
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SEQUENCE LISTING
<110> TRONO, DIDIER
MACIEJ WIZNEROWICZ
<120> METHODS AND COMPOSITIONS RELATING TO LENTIVIRAL
RESTRICTED EXPRESSION VECTORS AND THEIR APPLICATIONS
<130> CLFR:014WO

UNKNOWN
2002~09-30

<140>
<141>

<140>
<141>

60/326,593
2001-10-02

<160> 20

<170>

<210> 1

<211> 118
<212> DNA
<213>

<220>
<223>

Primer

<400> 1
ttttaaaaga
agcaacagac

<210> 2

<211> 1744
<212> DNA
<213> Homo

<400> 2

gtataaggta
taatatttat
aaaaataaat
cagctgttgt
atataataca
atttttecett
atgtaaatct
acattcttaa
cttcttctac
agcaaacttc
tctttatacc
actgttttcecc
aaatacagtg
agcttcagat
gctecttetg

PatentIn Ver. 2.1

Artificial Sequence

Description of Artificial Sequence:

Synthetic

aaagggggga ttggggggta cagtgcaggg gaaagaatag tagacataat 60
atacaaacta aagaattaca aaaacaaatt acaaaaattc aaaatttt

sapiens

acatatccac
ccaactacaa
gagacaaagc
taataagacc
ggatgcatac
tattctgatg
tecatcgecag
tgcectttaat
tttgttattt
ttcaactttt
atgatttact
ttaagcagaa
atgtggcaac
ctectegtgg
cccacttetg

aggttctaga
atggatatga
acataagaca
aagttgtttg
tgaaaagttt
aattaatgta
acattttcat
tgcctagatce
tctcteecaa
attaactctt
gagaaccctt
agtggcagtg
caggtccaag
gattgctgag
ctttcttatt

gattagtacc
taattttaca
tgtggtgtgt
taaaaaaaga
tagttcaaat
tacaagtcat
tttctattaa
agtacactaa
acaagagata
gagattctgg
cttgatataa
gtgggaattt
atcttgccca
gcecttattgt
tttcattgec

tagacatctt
tacctcataa
ataaaatgct
tttttcaagg
caataactag
atttaacata
gtgaaatgcc
cecettettece
gaacatttgg
tgatgaaata
gcagtagaaa
atggcttcetg
agatcactca
gaccacatga
ttttacaget

tggttggggg
ggtggttgtg
ttgtaaatgt
aaataagcca
agatttccte
aaggggtaaa
agtaaaagcc
ccgaatacct
atcccattce
aaagtgagtt
tacaactgga
tagccaggtt
aggtcatccc
taactcaact
atttacctct

118

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
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aagaacactc
gaaacccaat
aattcaaaca
tatgattttg
tggectatgg
tcteccaaagt
taaatgccca
tecttaggea
tggttctgga
tagcacaagg
gcaatttcat
tttattattg
gagttttaac
tttgaagtaa
aacc

<210> 3

<211> 1475
<212> DNA
<213> Homo

<400> 3

gtattcagag
ttgcagtctt
aaagcaattc
taaatattca
ccctggttta
aggggaagca
tgtgataggg
tggtttcatt
ttcaatttag
ttgtgttgtg
caggaaaagg
gaacaggaaa
gtgacctatt
aactccagag
ccttteattt
accaggcagt
cagcetctee
cttectgaggt
aaggtattac
gtcacattta

ttetttttet

ttgeccaccca
ggttcaagca
tgtaattaca
atttaattac

<210> 4

<211> 1201
<212> DNA
<213> Homo

cctaatgaaa
ctaaaagaat
ctgtaatcac
tttgtgttga
cagcatcagg
tcctaaaact
cceetgggac
aggaatgtgg
aagaatagga
aataaaactc
acatgcacct
tgacagtcta
ctactatgga
aaaggtccag

sapiens

tgtgcagatg
gctgattgac
tgtaaatctc
ttatctgett
ccaataggaa
gatgttgtgg
aagaaagagc
ttgtttttaa
gactagcttc
cttgttaatt
aaaaccagca
gceccecttate
cctaatctcet
caagcctcac
tactgtactg
gcctttcaat
tcaaaactaa
gttagatttt
aaagaaatcc
cgttgtecatt
ttetttettt
ggatggagtyg
attctcttge
ttgggcccac
acctgcaaag

sapiens

ctecetgeaca
aattgagagg
atctgtctec
cataattttt
catacatcat
ccacccceacce
aaacactgag
ggctacacaa
tacatggcag
attaagaacc
tgacgtaatt
caactactgt
aagcataata
agcacattcet

tctttgcaca
tttcttagga
ccaaatggcece
tactttttta
gttgacagca
gttgaggtga
ttggctggga
atagaagcct
tgcettatcece
agctttatga
ataattatcg
ggccatatca
gtgagaacca
atcaggtaac
agcagtttaa
tcccaaaaag
ttececcaatt
acaaaccatt
aaggtactcc
ctctctetet
ttttttttet
caatggecgceg
ctecagecetce
ccagataatc
teceetttaac

2/13

ctaaactcca
tccaagtatc
agacttctct
atgtagctat
tcacaaagag
atgcaaaaaa
tcecagaggaa
atcatagaag
agataaaggyg
ttggcatagt
aggaacataa
attattccat
ttgaggttta
ctcactaact

tccatgagaa
ttetttaatt
acaaatgaat
tgtccactat
acctcagtaa
gggagtgaga
ttaggaagac
gtaaatgttg
cacaagatga
agatataaac
tgtatccctt
tttettggga
cttctatcca
actgtaagtt
ctettetetyg
tccatcaaag
cccagagaaa
ttcttttaaa
tgatccagat
ccatatgatt
ttttttteet
atcteggcte
caagtagctg
catgaaaaac
cgtat

tctecagaatce
tcaggcagat
atcctteccet
ttagcacaag
agaaaagcett
ctaattggte
tgaagtcatt
gatatagagt
aacagaaatc
aacacatctc
ttttgtggtt
ttcagaaatt
taataaaaaa
ggctataatce

agtaaaatct
actgagatac
aatctcatat
aaaacaggct
ggtcttactg
tgcctcaaaa
atgtgcacac
ttgataggaa
ccattaattc
aacagaaagg
ttttccatga
cagatattct
ccatgacatt
tctccaccca
actcaacctc
tgtctgeect
tgtgcacaca
ataatttcat
tcatcaacta
atttttttcet
ttcgagacag
actgaaactg
ggattacagg
tttetttete

PCT/US02/31023

tgctteccag
cagactcaat
aaatactgat
gtggteccaaa
gactttctet
ttcettgggt
gcagtagcca
gggagcatga
catttttcat
tctttecateca
gaaatttatt
ttttgactat
ttatatttga
tcaagaaagc

tgtgattcat
tcagtctcag
taaagtataa
gatgaataac
gagagaaatg
tggetgagge
cacaaggatc
gctaatctac
aaggttgatg
gactataaaa
tcatcatcat
gttttattcce
ctcttccaca
agaacatcac
taacccctag
actagaagag
ctgaagatag
gcagaagata
ttaacatttt
attttetttt
agttttgatc
ctgectectg

ataaggatcce

aatagcctta

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1744

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1475
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<400> 4
gcgtegacat
agtcagattg
aaaacccatg
cttagtecte
gaggagactg
cagtggtcag
agaagggcaa
ggttgagtgt
actcttgtcet
acagctcttc
ggtcatcecece
taatagcctce
tttcectecag
tactctacat
cctecattgac
gaggtgtggg
tgtactgetg
tgcectcectect
cctecagtcat
cactctgaac
c

210> 5

<211> 1143
<212> DNA
<213> Homo

<400> 5

gcgtegactt
" ttccaaggag
gaaaaagata
cttgacagtt
tgaatacttt
ttaatcaaac
aaatgtgaca
atggaatact
actgcaagta
ccecttedaa
tggtgataga
actaatatga
accatacaga
caaaggggcc
taaaactgtg
tggaagcccet
atagctggcce
aaaagttctg
gtctttaaaa

ggc

<210> 6
<211l> 1256
<212> DNA

agtgtggtct
cacctagaac
cgttgtgecag
ccaccaaccce
gggctaaatg

gatttgaaca

acagggtggg
ggttcatcta

cgaaccaaga
caattctccecc
atcccctaca
ccctacaccce
aagaccccat
gccatgctat
atttctatac
cctetegget
tgtecctcaca
cgctaacatt
ccttgacttce
cctgtcatct

sapiens

tccagggett
gaacatatgg
aacttcccac
gtacatttta
ttcagagatt
ttaatttata
agaaggtgtt
attcagccat
ttttatagaa
atttatatat
atctataaag
ccttataaga
ggaaagacca
ccagaaggaa
agaaaataaa
gtcaaactaa
tgataatgtc
gtggttgtag
gggtagcaca

ccataacata
atttttctca
ctaccacatg
aatgaagatg
aggtcaaata
aattctatgt
gaggtatttg
aataaaagga
aactcttgaa
atctcttceta
aaaccttcce
tcaactattc
ggcctacaga
gagagtggac
tttcaatcct
ctaattccct
tgagttgett
tgccatettt
ctcattcaga
ctcagaagtg

cttccatage
ccagacatca
atgatttttt
tctgtggtaa
tttctettte
ttctctctea
tgaaaataaa
aaaaagaatg
ataagagagc
tgaagtcetta
aggcatttaa
ggaggaagtt
tattaagata
accaaacatg
tttctgttgt
tgcaacaaca
ttatcagcta
ttgattgcac
atcagtctga

3/13

ggaagtcaag
attctgcata
tcgagcatca
gtattaatac
ggttgctcaa
aagtttatca
gctactgagce
accaagaaac
atatatttga
cattctctta
accggacatc
tctgaacatc
cagctaagcet
taggctatga
tccactgcat
ctgcecectcee
tattaagaac
ctgggtgact
gatcttecacc
cactgettct

taaaactcaa
gccatgtgtt
tttttatttt
aggggatgca
atatgaagag
gecattttttg
attctcatte
aaatcctgtce
ctcactattt
gccectagga
attaaaagga
ggggcacagg
aaggaagagg
ctgaaacctt
ttaaaacatc
tttcectececa
cccecaactca
acttctgtat
ggttacacca

atcccecectte
ccacatttaa
gactatgtge
ccacctcececa
ggtcttatag
tgaaaccact
cacctgggaa
tctttaaatg
gggaacagga
attcatctgg
tgtacttctce
tccacaactt
acagcagttg
gagttgtttt
gcagatccct
tttgtaatgg
tcgggecactg
tcagtggatc
tcecatggact
gaaatctgca

agaaacattt
ccteecatgtt
gcetegtttt
ttatttactt
cacccatccce
tgtgtttcta
cattgtggta
attgaaacaa
tgttacgggce
cctetgaatg
agtcagaagg
catgtacaca
atgaccatct
gatcttgaat
caggctgagg
ttagatttct
attgctgcaa
gagccaataa
tagatatggt

PCT/US02/31023

actcttgacc
agaggaagac
actgtgtaca
ttgtacagat
cttgttagtg
ttgcaagaaa
gtttggcaaa
tatttgaggg
tcaagcaagg
gcaacaacct
ctcccatggt
catggecctte
gctctecaac
tttectaget
gtgccccact
gggtggtcca
cattgcagce
caataccctg
cccatagcecca
tctegagegg

atgcccatgt
ctgaaatata
gtcecttaga
cttcactcag
ttattatgtg
atatatatta
tatatacaca
cagggattta
tgaattgtgt
tgacttaatt
tgagctctaa
cagaggaaag
acaagccaag
ttgtagcttc
tactttgtta
taattcgtgt
atacattttt
tgtgaggcaa
taactcgagce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
9260
1020
1080
1140
1200
1201

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1143
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<213> Homo

<400> 6

gcgtcgacca
ttccattgtg
taattcttat
ctatctcettce
atcatatggt
gttgtactac
accattatct
agctcattgt
atacctgttt
ccattecage
ttaattggct
tctgggecatg
cacatggcca
cagatctcgt
cattcatgag
ttggagatta
ctcttgeccea
aattaatgaa
tggttcectct
aactgggcaa
tccaagcacg

<210> 7
<211l> 23
<212> DNA

sapiens

tcecatgttgt
tatatatacc
cttggctatt
aatactgact
acttctattt
tttacattce
actatttttt
ggttttgatt
accacttgta
attgctataa
catggttctg
cctcaggaaa
gagcaggagce
gagaactcac
aaatccatcc
cattttgaca
ttttaaaatc
tgcaaaccac
ttccatacct
gagaatttgg
tatctgeagg

ttcaatgaca
acattttcgt
ggctattgtg
tgctttattt
tttgtttttt
caccaacagt
gtctttttga
tgcatttttc
tgtcttettt
agaaatacct
caggctgtac
tttacaatca
aaaagaggga
tcactatcac
ccatgatcta
tgagatttgg
agattatttg
ctatcacaga
atgtggtcat
ataatttagt
gcagcagcag

<213> Artificial Sequence

<220>

4/13

ggatttcatt
tttctattceca
aatagtgcta
tggatatata
tgaggaatct
gtacaatcat
ttaaagccat
taatgattag
tgagaaatgt
gaggctgagt
aggaagcatg
tggcagaagg
cgggggaggt
caggacagta
atcatctcecc
gctgggataa
ggcattttte
acctactagt
cttgaaattg
gcagtctacc
caacagacta

<223> Description of Artificial Sequence:
Primer

<400> 7

gtataaggta acatatccac agg

<210> 8
<211> 24
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Primer

<400> 8

ggctataatc tcaagaaagc aacc

<210> 9
<211> 27
<212> DNA

ctttttatgg
tccattgatg
cagtaaacat
cccagtgatg
ccatactgtt
tccectttet
tttatetggg
tgatggtgag
ctattcagaa
aatttataaa
atgctgacat
tgaaggggga
tcecatacatt
caaaggggat
accagacccc
catccaaact
ttgatgtgaa
aggtgatgtt
tgtgacctce
caaaaattct
gccattcteg

Synthetic

Synthetic

PCT/US02/31023

ctgaatagta
gaacttaagt
ggtagtgcag
ggattcctgg
ctctatagtg
ctacatcctt
gtgaggtgat
catttttcat
ctgtattagt
gaaaagagat
ctgecttgact
gcagacacat
tttaaatgcc
ggtactaaac
acctccaaca
ctatcaagat
tactttatta
cgaggaatat
ttcacataag
taacaggaac

agcggce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1256

23.

24
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<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 9
gtattcagag tgtgcagatg tctttgce

<210> 10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 10
cctgcaaagt ccctttaacc gtat

<210> 11

<211> 32

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 11
gcgtegacat agtgtggtet ccataacata gg

<210> 12

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 12
gcttetgaaa tctgecatcte gagegge

<210> 13

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

PCT/US02/31023

.Synthetic
27

Synthetic
24

Synthetic
32

Synthetic
27
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<223> Description of Artificial Sequence:

Primer

<400> 13
gegtegactt tccagggett ctteccatage

<210> 14

<211l> 33

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 14
ggttacacca tagatatggt taactecgage ggc

<210> 15

<211> 32

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 15
gcgtcgacca tccatgttgt ttcaatgaca gg

<210> 16

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 16
gcagcaacag actagccatt ctcgagegge

<210> 17

<211> 1557

<212> DNA

<213> Homo sapiens

<400> 17

tctagaagct ttattctgtt tttaaatttt ttatttttat attttacctt

Synthetic

Synthetic

Synthetic

Synthetic

PCT/US02/31023

30

33

32

30

taaaacattt 60

ttgttaaaag ctaagacaca aacatacaca ttagcctagg cccacacaaa gtcaggatca 120
ttaatatcac tgtecttccac ctecacattt tgccecactg gacagtcttc aagggcacta 180
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acatgcatga
cctgectgag
gattaaaagt
caagtactat
ggtttgttta
tagatggtag
tattatatat
agagagatgg
ctgecaacctg
ctacaggtge
accatgttgg
ctcaaagtgc
atgggaccac
atgtttcaaa
tacacacaca
taaatatcaa
gcctgtceaaa
gtggcttaaa
tacatcccectt
actatgttta
agatttaagt
tgataaaaag
gaagaagcat

<210> 18

<21l> 4266
<212> DNA
<213> Homo

<220>
<221> CDS
<222> (15)

<400> 18

agctgtcate
attcttttac
atagtctagt
gtaatgtaca
caccagcatt
gaattttteca
atatatgtat
agtcttgete
actcccaggt
ccaccaccat
ccagattggt
tgggattaca
tgtcatacat
ttatatatat
catatataga
ccattacaat
atcacacctg
aattgtgatc
aaaatgcact
attgtgactg
ttgttatgga
aaaaggaaac
agtatagaag

sapiens

.. (1727)

tatgacagca
agttaacttt
aaataaatga
taattgtatg
gccacaaaca
gcacacacac
atatatatat
tgtcgeeccag
tcaagtgatt
gcccagctaa
cccaaactecc
ggcgtgagec
gtggttcatc
atatatatat
catatatagce
tgttactact
tttaatgtgt
aaatagctgg
gttatttatc
gatcattata
tgcaagettt
cgattgcece
aaaggcaaac

7/13

atgcattctt
tttataagta
accagtaaca
tgctatactt
catgagtaat
acaagtatat
atatatagag
gctggggtge
cteectgecte
tttttgtatt
tgacctcaag
accgtgectg
attggccaaa

atatatatat:

acataaaatt
tttctecagea
tttaccecage
ttagttaaaa
tcttagttgt
gacccttttt
tcagttgacc
agggctgetg
acaacacatt

ctggaatacc
ggagtatact
tagtcatcta
ttacaactgg
gtgttatget
atattatata
agagagagag
aatgacacaa
agcctcectga
tttagtagag
tgatcecaccce
gccaacacca
gcatctgtat
atgatagcta
ggcacatatt
aggctatgaa
acgaagtcat
agttatttca
agaaattggt
ttgtagttgt
aatgattatt
ttttcattte
caacctctge

PCT/US02/31023

ttectgaagga
ctaaaataat
tttttactat
cagctcagta
acaatgtcac
ttatattata
agagagagag
tcteggetcea
gtagctggga
acggggttte
cactcagecet
ttataatctt
ttatatatgt
tacatgaaca
aagcattttg
tgetgttcca
gtctagttga
ctgtgtaaaa
ttcattttce
tgaggtttaa
agccaatttc
ctcattggaa
caccatg

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1557

att
Ile

tecc 50

Ser

ctc
Leu
10

aat
Asn

aac
Asn

gct
Ala

tgg
Trp

cttectectge cacc atg

Met

gtg
Val

999
Gly

gag
Glu

999
Gly

ttt
Phe

att
Ile
15

tte
Phe

ttt
Phe

ctc o8
Leu

25

gtc
Val

ctg
Leu

gtt
Val

ctg
Leu

ttg
Leu

aac
Asn

gte
Val

tgg
Trp

tgg
Trp

999
Gly
20

gtc
Val

att
Ile
35

tat
Tyr

tat
Tyr

cca
Pro

tte
Phe

cct 146

Pro

ttt
Phe
40

tac
Tyr

tac
Tyr
30

gtt
Val

gat
Asp

aca
Thr

aaa
Lys

cgg
Arg

aag
Lys

aga
Arg

ctt
Leu
45

ctt
Leu

cct 194

Pro

tca
Ser

ctg
Leu
50

gca
Ala

ctg
Leu

gce
Ala

gca
Ala

gce
Ala

tgc
Cys

ctg
Leu
60

999
Gly

gca
Ala

agg
Arg

gcc
Ala
55

att
Ile

cte
Leu

ttc
Phe

aat 242

Asn

ctg
Leu

ttg
Leu

ctg
Leu

aat
Asn

aac
Asn

tgc
Cys

atg
Met
65

cca
Pro
70

gtc
Val

tgt
Cys

cga
Arg

ctg
Leu
75
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tece tte cte agg ggt tec agt geg tge tge tca aca aga gtt cga aga 290
Ser Phe Leu Arg Gly Ser Ser Ala Cys Cys Ser Thr Arg Val Arg Arg
80 85 90

caa ctg gac agg aat ctc acc ttt cat aaa atg gtg geca tgg atg att 338
Gln Leu Asp Arg Asn Leu Thr Phe His Lys Met Val Ala Trp Met Ile
95 100 105 .

gca ctt cac tet geg att cac acc att geca cat cta ttt aat gtg gaa 386
Ala Leu His Ser Ala Ile His Thr Ile Ala His Leu Phe Asn Val Glu
110 115 120

tgg tgt gtg aat gcc cga gtc aat aat tct gat cct tat tca gta gea 434
Trp Cys Val Asn Ala Arg Val Asn Asn Ser Asp Pro Tyr Ser Val Ala
125 130 135 140

ctc tct gaa ctt gga gac agg caa aat gaa agt tat ctec aat ttt get 482
Leu Ser Glu Leu Gly Asp Arg Gln Asn Glu Ser Tyr Leu Asn Phe Ala
145 150 - 155

cga aag aga ata aag aac cct gaa gga ggc ctg tac ctg gct gtg acc 530
Arg Lys Arg Ile Lys Asn Pro Glu Gly Gly Leu Tyr Leu Ala Val Thr
160 165 170

ctg ttg gca ggc atc act gga gtt gtc atc acg ctg tgc ctc ata tta 578
Leu Leu Ala Gly Ile Thr Gly Val Val Ile Thr Leu Cys Leu Ile Leu
175 180 185

att atc act tcc tecc acc aaa acc atc cgg agg tct tac ttt gaa gte 626
Ile Ile Thr Ser Ser Thr Lys Thr Ile Arg Arg Ser Tyr Phe Glu Val
190 195 200

ttt tgg tac aca cat cat ctc ttt gtg atc tte tte att ggc ctt gee 674
Phe Trp Tyr Thr His His Leu Phe Val Ile Phe Phe Ile Gly Leu Ala
205 210 215 220

atc cat gga gct gaa cga att gta cgt ggg cag acc gca gag agt ttg 722
Ile His Gly Ala Glu Arg Ile Val Arg Gly Gln Thr Ala Glu Ser Leu
225 230 235

gct gtg cat aat ata aca gtt tgt gaa caa aaa atc tca gaa tgg gga 770
Ala Val His Asn Ile Thr Val Cys Glu Gln Lys Ile Ser Glu Txp Gly
240 245 250

aaa ata aag gaa tgc cca atc cct cag ttt get gga aac cct cct atg 818
Lys Ile Lys Glu Cys Pro Ile Pro Gln Phe Ala Gly Asn Pro Pro Met
255 260 265

act tgg aaa tgg ata gtg ggt ccc atg ttt ctg tat ctc tgt gag agg 866
Thr Trp Lys Txp Ile Val Gly Pro Met Phe Leu Tyr Leu Cys Glu Arg
270 275 280

ttg gtg cgg ttt tgg cga tct caa cag aag gtg gtc atc acc aag gtg 914
Leu Val Arg Phe Trp Arg Ser Gln Gln Lys Val Val Ile Thr Lys Val
285 290 295 300
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gtc act cac cct ttc aaa acc atc gag cta cag atg aag aag aag ggg 962
Val Thr His Pro Phe Lys Thr Ile Glu Leu Gln Met Lys Lys Lys Gly
305 310 315

ttc aaa atg gaa gtg gga caa tac att ttt gtec aag tgc cca aag gtg 1010
Phe Lys Met Glu Val Gly Gln Tyr Ile Phe Val Lys Cys Pro Lys Val
320 325 330

tcec aag ctg gag tgg cac cct ttt aca ctg aca tce gee cet gag gaa 1058
Ser Lys Leu Glu Trp His Pro Phe Thr Leu Thr Ser Ala Pro Glu Glu
335 340 345

gac tte ttt agt atc cat atc cgc ate gtt ggg gac tgg aca gag ggg 1106
Asp Phe Phe Ser Ile His Ile Arg Ile Val Gly Asp Trp Thr Glu Gly
350 355 360

ctg ttc aat get tgt gge tgt gat aag cag gag ttt caa gat gcg tgg 1154
Leu Phe Asn Ala Cys Gly Cys Asp Lys Gln Glu Phe Gln Asp Ala Trp
365 370 375 380

aaa cta cct aag ata gcg gtt gat ggg cce ttt gge act gec agt gaa 1202
Lys Leu Pro Lys Ile Ala Val Asp Gly Pro Phe Gly Thr Ala Ser Glu
385 390 395

gat gtg ttc agc tat gag gtg gtg atg tta gtg gga geca ggg att ggg 1250
Asp Val Phe Ser Tyr Glu Val Val Met Leu Val Gly Ala Gly Ile Gly
400 405 410

gtc aca cce tte geca tee att cte aag teca gtc tgg tac aaa tat tgc 1298
Val Thr Pro Phe Ala Ser Ile Leu Lys Ser Val Trp Tyr Lys Tyr Cys
415 420 425

aat aac gcc acc aat ctg aag ctc aaa aag atc tac ttc tac tgg ctg 1346
Asn Asn Ala Thr Asn Leu Lys Leu Lys Lys Ile Tyr Phe Tyr Trp Leu
430 435 440

tgce cgg gac aca cat gcc ttt gag tgg ttt geca gat ctg ctg caa ctg 1394
Cys Arg Asp Thr His Ala Phe Glu Trp Phe Ala Asp Leu Leu Gln Leu
445 450 455 460

ctg gag agc cag atg cag gaa agg aac aat gcc ggce tte cte age tac 1442
Leu Glu Ser Gln Met Gln Glu Arg Asn Asn Ala Gly Phe Leu Ser Tyr
465 470 475

aac atc tac ctc act gge tgg gat gag tct cag gecc aat cac ttt get 1490
Asn Ile Tyr Leu Thr Gly Trp Asp Glu Ser Gln Ala Asn His Phe Ala
480 485 490

gtg cac cat gat gag gag aaa gat gtg atc aca ggc ctg aaa caa aag 1538
Val His His Asp Glu Glu Lys Asp Val Ile Thr Gly Leu Lys Gln ILys
495 500 505

act ttg tat gga cgg ccc aac tgg gat aat gaa ttc aag aca att geca 1586
Thr Leu Tyr Gly Arg Pro Asn Trp Asp Asn Glu Phe Lys Thr Ile Ala
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510

caa cac
Gln His

agt
Ser
525

gce
Ala

ttg gct
Leu Ala

cct cgg
Pro Arg

ggc
Gly
cttgtcetctt
attgataata
tttecccttaa
ctatggtttt
gtggaagtta
aggttcagta
ggtttgatac
ttceccaaaa
gccatcatta
agagtgtctc
tacagcaggg
taatgtaata
tgttaaatga
ttaaacaaaa
ttctecctag
tgcacattct
catgactctg
ctgcccaaag
aatatgtatc
acacacacaa

atcatcctaa

412

aat
Asn

cct
Pro

acc
Thr

515

ata
Ile

aga
Arg

530

gaa
Glu

acc
Thr
545

gtg
val

gga

Gly

560
ccatgaggaa
taaatacccc
aggaatgtca
gagagcactt
gggaaaagat
acttcecctaa
tctttecaca
gaagaaggaa
ttatcatact
aacacttatt
taactgggcc
ctcatcattt
atgaatgaat
tttatctaaa
ggtcaagaac
tatttgaagce
gctcatcectag
tggtcttcte
tgatatggtc
aatggatcgce

aattaacaac

ctg
Leu

cat
His

agt
Ser

aaa
Lys

tte
Phe

att
Ile

gga
Gly

caa
Gln

tte
Phe

10/13

tte
Phe
535

gtt
Val

atc
Ile

agc
Ser
550

aac
Asn

aag
Lys

565

ataaatgtgg
ctgcttaaaa
aagattgttt
ttacaaacat
tcttggacte
gattatgaaa
atactgagct
accaaggagt
gaaggaaatt
agtgacagta
agatgttctt
accactgtge
ttagaaccac
gaaataactt
aggctaagga
atgaaaaaag
tectgetect
cagctagccecc
atttgtttta
atctgtgtga

cCagaaacaa

gttgtgetge
atggacaaaa
gatagtgata
tatttcattt
aattttagaa
ctgtgaccag
gcctecagaat
agctatatat
ttccagatca
ttgacatctg
tctacagaag
ttggcagaga
acaatgccaa
ctattactgt
tactaaccaa
agggttggag
tgtgctataa
ttatgaatat
aataacaccc
ctaatggttt

aaatctctat

520

ctc
Leu

tgt
Cys

tcec
Sex

aac
Asn

aac
Asn

gaa
Glu
caaatgctca
agaaactata
agttacattt
ttttectete
tcaaaaggga
atctagcecca
cctcaaaatc
ttctactttg
ttaggacata
agcatactcc
aatattggat
gcggatactce
gatagaatta
catagaccaa
taggattgcc
gﬁggagaatt
aataaatgca
tgaacttagg
accccttatt
atttgtatta

acagagatca

gga
Gly Pro

tct
Ser

tte
Phe
570

PCT/US02/31023

cct gaa

Glu
540
gag tct
Glu Ser
555

taa

aataatgcta
atgtaatggt
atgtggagct
agtaatgtca
aaggatcaaa
tcttacteca
agtttttata
tgtecattttt
atacatgttg
agtttactaa
tgattggagt
aagtaagttt
atttaaagcc
aggaatctga
tgaagggttce
aacctcctge
gactaatttc
aattgtgaca
ttcegtaaat
tatcatcatc

aattcacact

1634

1682

1727

1787

1847

1907

1967

2027

2087

2147

2207

2267

2327

2387

2447

2507

2567

2627

2687

2747

2807

2867

2927

2987
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caatagtatg
aagagcaggg
tttatttgce
gaagaaggag
ggagaaaaga
agggggtctc
tataattgaa
tttaaaatct
taaataagaa
aéggcactga
tgtaccagga
ggtatcaatt
ttattgttte
gtctgagaat
ctecgagagt
gagatctgce
tétaaaagtt
cagcctaget
tactctaaga
cttcfgcttt
attctagcgg
ttaaaatgaa
19
570

PRT
Homo

<210>
<211l>
<212>
<213>

<400> 19

ttctgaatat
ttttettttt
ccaccecettg
aaagagctgg
gaatgggaga
atattggtca
ggaggtatac
ggtcacaaat
ctcagttgtt
gggtaggtct
tggtttctge
catctattca
aattctttac
attggcccett
gtttctecaa
ctgtgttate
tecectttttat
tttttttttt
atgatgaagc
tgcaattgtg
gggacctggg

tgagcttte

sapiens

atgttcaaga
gttcttagaa
gagccacaaa
gggaagggca
gtgagagaaa
ttccetgecee
acatactgat
tttgatgetg
ctttgtcata
gacaaataag
ttagagacac
acagatattt
accaaagtat
tctaacctat
ggttttctat
cagttatgag
ctcteaagec
tt£ttttttt
attgttttta
tttgtgaaat

agataattct

11/13

gagagtctct
ctgcteceat
tgtttagaac
gaagactggt
ataaaaaagg
cagatttett
gttgttttga
agggggatta
ctactattce
gcetgetgtg
ttaggtccag
attgtgttat
gaactggaga
gtgcataatt
cttcaaaacc
ataaaaaatg
accagctgee
agcacttagt
atcttaagac
ttgaatactt

acggggaatt

aaatcactgt
ttetgggaac
tcttecaactt
ttaggaggaa
caaaagggag
aaagtttgat
ttatctatgg
ttcaagggac
tttcgtétcc
cgaatatagce
cctgttcaca
tactatgagt
gggtécctca
aaaaccagct
aactaagtta
aatataagag
agccaccacg
atttégcatt
tatgéaggtt
gcaggcetttg

cttaaaactg
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tagtgtggcc
taaaaccagt
cggtaatgag
aaggaaataa
agagagggga
atgtatagaa
tattgaatct
taggatgaac
cagaatccte
ctttctgaaa
ctgcacctca
caggctctgt
gttataagga
tcatttgttg
tgaaagtaga
tgcttgteat
agccagctge
tattaacagg
tttcttagtt
tatgtgaata

tgctcaacta

Met Gly Asn Trp Ala Val Asn Glu Gly Leu Ser Ile Phe Val Ile Leu

1

5

10

15

Val Trp Leu Gly Leu Asn Val Phe Leu Phe Val Trp Tyr Tyr Arg Val

3047

3107

3167

3227

3287

3347

3407

3467

3527

3587

3647

3707

3767

3827

3887

3947

4007

4067

4127

4187

4247

4266



Tyr
Ala
Met

65
Gly
Asn
Ala
Ala
Gly
145
Lys
Ile
Ser
His
Glu
225
Ile
Cys
Ile
Trp
Phe
305
Val
- Trp
Ile
Cys
Ile
385
Tyxr
Ala

Asn

His
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Asp
Leu
50
Leu
Ser
Leu
Ile
Arg
130
Asp
Asn
Thr
Thr
His
210
Arg
Thr
Pro
Val
Arg
290

Lys

Gly

His
Gly
370
Ala
Glu
Ser

Leu

Ala
450

Ile

35
Ala
Ile
Sexr
Thr
His
115
Val
Arg
Pro
Gly
Lys
195
Leu
Ile
Val
Ile
Gly
275
Ser
Thr
Gln
Pro
Ile
355
Cys
Val
Val
Ile
Lys

435
Phe

20
Pro

Leu
Leu
Ala
Phe
100
Thr
Asn
Gln
Glu
Val
180
Thr
Phe
Val
Cys
Pro
260
Pro
Gln
Ile
Tyx
Phe
340
Arg
Asp
Asp
Val
Leu
420

Leu

Glu

Pro
Ala
Leu
Cys

85
His
Ile
Agsn
Asn
Gly
165
Val
Ile
Val
Arg
Glu
245
Gln
Met
Gln
Glu
Ile
325
Thr
Ile
Lys
Gly
Met
405
Lys

Lys

Trp

Lys
Arg
Pro

70
Cys
Lys
Ala
Ser
Glu
150
Gly
Ile
Arg
Ile
Gly
230
Gln
Phe
Phe
Lys
Leu
310
Phe
Leu
Val
Gln
Pro
390
Leu
Ser

Lys

Phe

Phe
Ala

55
Val
Ser
Met
His
Asp
135
Ser
Leu
Thr
Arg
Phe
215
Gln
Lys
Ala
Leu
Val
295
Gln
Val
Thr
Gly
Glu
375
Phe
Val
Val

Ile

Ala
455

Phe

40
Pro
Cys
Thr
Val
Leu
120
Pro
Tyr
Tyr
Leu
Ser
200
Phe
Thr
Ile
Gly
Tyr
280
Val
Met
Lys
Ser
Asp
360
Phe
Gly
Gly
Trp
Tyr

440
Asp

25
Tyr

Ala
Arg
Arg
Ala
105
Phe
Tyr
Leu
Leu
Cys
185
Tyr
Ile
Ala
Ser
Asn
265
Leu
Ile
Lys
Cys
Ala
345
Trp
Gln
Thr
Ala
Tyr
425

Phe

Leu
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Thr
Ala
Asn
Val

90
Trp
Asn
Ser
Asn
Ala
170
Leu
Phe
Gly
Glu
Glu
250
Pro
Cys
Thr
Lys
Pro
330
Pro
Thr
Asp
Ala
Gly
410
Lys
Tyr

Leu

Arg
Cys
Leu

75
Arg
Met
Val
Val
Phe
155
Val
Ile
Glu

Leu

Ser
235

Trp
Pro
Glu
Lys
Lys
315
Lys
Glu
Glu
Ala
Ser
395
Ile
Tyxr
Trp

Gln

Lys
Leu

60
Leu
Arg
Ile
Glu
Ala
140
Ala
Thr
Leu
Val
Ala
220
Leu
Gly
Met
Arg
Val
300
Gly
Val
Glu
Gly
380
Glu
Gly
Cys
Leu

Leu
460

Leu

45
Asn
Ser
Gln
Ala
Trp
125
Leu
Arg
Leu
Ile
Phe
205
Ile
Ala
Lys
Thr
Leu
285
Val
Phe
Ser
Asp
Leu
365
Lys
Asp
Val
Asn
Cys

445
Leu

30
Leu

Phe
Phe
Leu
Leu
110
Cys
Ser
Lys
Leu

Ile
190

Trp
His
Val
Ile
Trp
270
Val
Thr
Lys
Lys
Phe
350
Phe
Leu
Val
Thr
Asn
430

Arg

Glu

Gly
Asn
Leu
Asp
His
Val
Glu
Arg
Ala
175
Thr
Tyr
Gly
His
Lys
255
Lys

Arg

Met
Leu
335
Phe
Asn
Pro
Phe
Pro
415
Ala
Asp

Ser
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Ser
Cys
Arg

80
Arg
Ser
Asn
Leu
Ile
160
Gly
Ser
Thxr
Ala
Asn

240
Glu

Trp
Phe
Pro
Glu
320
Glu
Ser
Ala
Lys
Ser
400
Phe
Thr

Thxr

Gln



WO 03/029412

Met Gln Glu
465
Thxr

Gly Txp

Glu Glu Lys
Asn
515

Arg

Arg Pro
Thr
530
Leu

Asn

Thr
‘545
Val

Ser

His Phe

<210>
<211>
<212>
<213>

20
1774
DNA
Homo

<400> 20

ggttcaagtg
cctggctaat
tttcaattgc
ggcatgagcc
attcttagga
cacacacaca
gtaatctecag
atagcctgaa
gccatggcag
tgagcccagg
gggcaacaga
aggtatgccect
agggcggett
gacacagagt
tttaattttt
tattgaggct
tggagtagct
ttttgtagag
ctcactgcag
ggggctacag
gtctctctat
gcctcccaaa
tagaacacga
acccaagaaa
tttgggtcag
caggcagggce
ctgcctecta
agtggtgecct
cagagtcctt
ggtaactttt

Arg Asn

Asn

Ala Gly

470

Glu
485
Val

Asp

Asp
500
Trp Asp

Ile Gly

Lys Gln

Ser

Ile

Asn

val

Ser

Gln Ala

Thr Gly

Phe

Asn

Leu

13/13

Ser
475
Phe

Leu

His
490

Lys Gln

505

Glu Phe
520
Phe Leu
535

Ile Serxr

550

Ile Phe

565

sapiens

attctgctge
ttttttgtet
tgacctcaag
accgcaccca
taaattacta
cacacacaca
cagtttggga
caacatagca
catgtgcctg
aggtgattga
gctagactcet
gtacttgagt
ccatttccat
tttacctecct
tttttgagac
cattgcagtc
aggactacag
teggggtcete
cctggaccte
gcgcgeacca
gttgececagg
tgacatcgga
attccaggag
caagtgggtg
gagctgggga
tatgtgctca
cttctecttt
gcaaccctgg
ctgttaacag
gggtctgtceca

Asn

Lys Glu

ctecagcctcee
ttttagtaaa
tgagccaccc
gccaagtttg
gaagtgaaaa
cacacacaca
ggctgaggaa
agatcttgtc
tagtaccagc
agctgecagtg
gtctctaaaa
tgtetttgtt
gggctggagyg
acacttgttt
agagtctcac
tcagactcct
gcatgtgccea
cctatgttge
gggctcaaga
ccatcececage
ctggtttcaa
ttacaggcgt
gcaggctaag
acaaatggca
ggaagggtag
ctgagcctec
tctgeeettce
ttcactctte
gtgcatgggg
taaatagagg

Lys
Cys
Asn

Asn

Thr Ile

Gly Pro
Glu
555
Phe
570

Ser

caggcgggat
gatgaggttt
cgcctcagee
tacatatatt
ttcttgggtyg
caaataggct
ggaggatcac
tctacaaaaa
tactcggaag
agctgtgatt
aaaggcacaa
gatggctaca
aggacatttt
gatctgtatt
tctgtcacct
gagctcaaac
ccatgecctgg
ccaggctgga
aattctcaca
taattaaaaa
actceccagge
gagccactga
tctattcage
ccttttggat
gcaggctgtg
gccctettee
tttgetttag
caggttctgg

gtggggtggg
gcec

Tyr Asn Ile

Ala Val His

Thr Leu
510
Gln

Lys
Ala Ser
525
Glu Ala
540

Ser Gly

Leu

Pro

tacaggtgcc
caccatgttg
tccaaaatgce
tttgactaca
aagagcttga
ggatcgagtg
ttgagtccag
agtttaaaaa
gctgaggtag
acaccactge
aataatattt
aatgagacag
gcaaagtgtg
aatgtttget
gggctggagt
aatcctcecetg
ctaatttttt
gtgcagtggt
cctecagecetg
tatttttttg
tcaagcaatc
gcetggeceg
ttgttcatat
agtggtattg
ggcagtcctg
tttgaatctce
tggcttectt
ctecttecag

ggactctggg
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Leu
480
Asp

Tyr

His
495
Tyr Gly

His Pro

Ala Glu

Arg Gly
560

tgccaccacg
ggcaggctag
taggattaca
cttcttaact
ggcctttaca
gctcacacct
gaggttgaga
aaattagctg
gaggatcgcet
actccagcect
aaaaagcacc
ctctggetga
ttttcaggaa
tatttattta
gcagtggcat
cctcagecte
aaatgtattt
gtgatcctag
tccagtagcea
tagagacagg
ctectgectt
tattaatgtt
gcttgggeca
actttgaaag
ggcggaagac
tgatagactt
gtggttecte
ccatggetct

tggggaggag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020 -
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1774
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