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invention relates to retroviral vectors including a vector which undergoes
pronot er conversion (ProCon vector). The vector systemis useful as a gene
transfer vehicle for targeted gene therapy. Background of the Invention The
use of retraoviral vectors for gene therapy has received nmuch attention and
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al ., 1994). However nost of these protocols require that the infection of
target cells with the retroviral vector carrying the therapeutic gene
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i solated (e.g. |ynphocytes). Additionally the ex vivo infection of target.
cells allows the adm nistration of |large quantities of concentrated virus

whi ch can be rigorously saf etygaeﬁgﬁﬂ, InventibhRf ortunately, only a
fraction of the possible applications for gene therapy involve target cells

that can be easily isolated, cultured and t hen reintr oduced. Additi onal ly,
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currently is the method of choice for the transferral of therapeutic genes in a variety of
approved protocols both in the USA and in Europe (Kotani et al., 1994). However
most of these protocols require that the infection of target cells with the retroviral
vector carrying the therapeutic gene occurs in vitro, and successfully infected cells
are then returned to the affected individual (Rosenberg et al., 1992; for a review see
Anderson, 1992). Such gx vivo gene therapy'protocols are ideal for correction of
medical conditions in which the target cell population can be easily isolated (e.g.
lymphocytes). Additionally the ex vivg infection of target cells allows the administration
of large quantities of concentrat_ed virus which can be rigorously safety tested before
use.

'Unfortunéte_ly, only a fraction of the possible applications for gene therapy involve
target cells that can be easily isolated, cultured and then reintroduced. Additionally,
the complex technology and associated high costs of ex vivo gene therapy effectively
preclude its disseminated use worid-wide. Future facile and cost-effective gene

- therapy will require an jn vivo approach in which the viral vector, or cells producing
| the viral vector, are directly administered to the patient in the form of an injection or
simple implaintation of retroviral vector producing celis. '

This kind of jn vivo approach, of course, introduces a variety of new problems. First of
all, and above all, safety considerations have to be addressed. Virus will be

produced, possibly from an implantation of virus producing cells, and there will be no
-opportunity to precheck the produced virus. It is important to be aware of the finite risk
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i nvol veBetrovinaheectoesystems consigtsafdws componehts (Fig. ti):yi ng to produce new
systens that mininmze this risk. Retroviral vector systens consist of two
conponents (Fig. 1): 1) the retroviral vector itself is a nodified
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genes encoding for the viral proteins effectively cripples the virus it must be rescued
by the second component in the system which provides the missing viral proteins to
the modified retrovirus. . ' - ‘

The second component is:

2) a cell line that produces large quaritities of the viral proteins, however lacks
the ability to produce replication competent virus. This cell line is known as the
packaging cell line and consists of a cell line transfected_' with a second plasmid
.carrying the genes enabling the modified retroviral vector to be packagéd.

To generate the packaged vector, the vector plasmid is transfected into the
packaging cell line. Under these conditions the modified retroviral genome including
the inserted therapeutic and marker genes is transcribed from the vector plasmid and
packaged into the modified retroviral particles (recombinant viral particles). This :
recombinant virus is then used to infect target cells in which the vector genome and
any carried marker or therapeutic genes becomes integrated into the target cell’s
DNA. A cell infected with such a recombinant viral particle cannot produce new
vector-virus since no viral proteins are present in these cells. However the DNA of the
vector carrying the therapeutic and marker genes is integrated in the cell's DNA and
can now be expressed in the infected cell.

The essentially random_ integration of the proviral form of the retroviral genome into
the genome of the infected cell (Varmus, 1988) led to the identification of a number of
cellular proto-oncogenes by virtue of their insertional activation (Varmus, 1988; van
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Retroviral vector systems are optimized to minimize the chance of replication
competent virus being present. However it has been well documented that
recombination events between components of the retroviral vector system can lead to
the generation of potentially pathogenic replication competent virus and a number of
generations of vector systems have been constructed to minimize this risk of
recombination (reviewed in Salmons and Ginzburg, 1993). .

A further consideration when cbnsiden'ng the use of jn vivo gene therapy, both from a
safety stand point and from a purely practical stand point, is the targeting of retroviral
vectors. |t is clear that therapeutic genes carried by vectors should notbe
indiscri;riinately expressed in all tissues and cells, but rather only in the requisite
target cell. This is especially important if the genes to be transferred are toxin genes
aimed at ablating specific tumour cells. Ablation of other, nontarget cells would
obviously be very undesirable. ' |

A number of retroviral vector systems have been previously described that should allow
targeting of the carried therapeutic genes (Salmons and Gunzburg, 1993). Most of these
‘approaches invoive either limiting the infection event to predefined cell types or using
heterologous promoters to direct expression of linked heterologous therapeutic or marker
genes to specific cell types. Heterologous promoters are used which should drive
expression of linked genes only in the-ce!liype in which this promoter is normally active.
These promoters have previously been inserted, in combination with the marker or
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that can, either independently, or in conjunction with the retrovnral promoter, influence
expression of cellular genes near the site of integration of the retrovirus. This mechanism
has been shown to contribute to tumorigenicity in animals (van Lohuizen and Bems).
These two observations have encouraged the-develobrhent of Self-Inactivating-Vectors
(SIN) in which retroviral promoters are funéﬁonally inactivated in the target cell (PCT
W094/29437). Further modifications of these vectors include the insertion of promoter

gene cassettes within the LTR region to create double copy vectors (PCT. wo

- 89M 1539). However, in both these vectors the heterologous promoters inserted either in

the body of the vector, or in the LTR region are directly linked to the markerftherapeutic
gene. '

The previously described SIN vector mentioned above carrying a deleted 3LTR (PCT

WQ94/29437) utilize in additiori a strong heterologous promoter such as that of
Cytomegalovirus (CMV), instead of the retroviral 5°'LTR promoter (U3-free 5°LTR) to drive

expression of the vector construct in the packaging cell fine. A heterologous'

polyadenylation signal is aiso included in the 31.TH (PCT W094/29437)

The object of the present invention is the construction of a novel retroviral vector which
can be used as a safe gene transfer vehicle for targeted gene therapy with a reduced
probability to undergo recombination with the packagihg construct. This novel vector
carries heterologous promoter and/or regulatory elements in the 3°LTR which, after
infection become duplicated and transldcated to the 5LTR in the target cell, eventually
controlling expression of marker/therapeutic genes, not directly linked to the promoter, but
rather inserted into the body of the vector. This vector does not undergo self-inactivation -
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in place o
over long periods as has been described for conventional vectors (Xu et al., 1989) and

also will reduce the chance of recombination with endogenous retroviral sequences to
generate potentially pathogenic replication competent virus, increasing the safety of the
system. '

in this invention the 5'LTR of the retroviral vector construct is not modified, and
expression of the viral vector in the packaging cells is driven by the normal retroviral U3
promoter. Normal. retroviral polyadenylation is allowed, and no heterologous
polyadehylation signals are included in the 3°'LTR. This is important for the development
of in vivo gene therapy strategies, since the nomal physiological regulation of the virus,
through the nomal viral promoter, and possibly also involving the normal viral control of
polyadenylation, will prevall over long periods in vivo whilst the packaging cells are
producing recombinant virus.

A further modification of this novel retroviral vector forsees the inclusion of cellular
sequences instead of the heterologous promoter and/or regulatory elements. This should
allow higher seiectivily for site specific recombinantion with cellular sequences to target
the integration of retroviral vectors to particular sites in the host cell genome (Saller,
1994). '

To achieve the foregoing and other objects, the invention provides a retroviral vector
undergoing promoter conversion cbmprising a 5' LTR region of the structure U3-R-
US; one or more sequences selected from coding and non-coding sequences; and a
3' LTR region comprising a completely or partially deleted U3 region wherein said
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transacting molecules.

Further objects, features and advantages will be épparent from the following
description of preferred embodiments of the invention.

The target cell specific regulatory elements and promoters are selected from one or
more elements of the group consisting of Whey Acidic Protein (WAP), Mouse
Mammary Tumour Virus (MMTV), B-lactoglobulin and casein specific reguiatory
elements and promoters, pancreas specific regulatory _elémentS'and promoters
including carbonic anhydrase Il and B-glucokinase regulatory elements and
promoters, lymphocyte specific regulatdry elements and promoters inciuding
immunoglobulin and MMTV lymphocytic specific regulatory elements and promoters
and MMTYV specific regulatory elements and promoters conferring responsiveness to
glucocorticoid hormones or directing expression to the mammary giand. Said
regulatory elements and promoters regulate preferably the expression of at ieast one
of the -coding sequences of said retroviral vector. TheLTR regions are selected from
at least one element of the group consisting of LTRs of Murine Leukaemia Virus
(MLV), Mouse MammaryTumour, Virus (_MMTV)', Murine Sarcoma Virus (MSV),
Simian Immunodeficiency Virus (SIV), Human Immunodeﬁciency Virus (HIV), Human
T-cell Leukaemia Virus (HTLV), Feline Immunodeficiency Virus (FiV), Feline
Leukaemia Virus (FELV), Bovine Leukaemia Virus (BLV) and Mason-Pfizer-Monkey
virus (MPMV).



pol yadenyl ation signal is also included in the 3LTR (PCT W94/ 29437). The
obj ect of W B9sksAgeENt invention is the construction of a nopetppeddsgas ' al
vect or which can be used as a safe gene transfer vehicle for targeted gene
‘therapy with a reduced probability to uffdergo reconbination with the
packagi ng construct This novel vector carries heterol ogous pronoter and/or
regul atory elenents in the 3 LTR which, after infection becone duplicated
and translocated to the 5 LTR in the target cell, eventually controlling
expression of marker/therapeutic genes, not directly linked to the
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PCT/ EP95/ 0 3HAX SN vectos (Mildr and Mosatang188@)nge, giving rise to 't he nane
ProCon for Pronoter Conversion. Since Pronoter Conversion does not result
in Self-lnactivation, the retroviral vector will be transcriptionally
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of het erol ogous pronoter/enhancer Sequences in the target cell. Thi's w |
reduce t he congisting ebagterigenes,thetppsuticigeres, @ntiviral gepes.anjitumout genes, ng
subject to i | nactivation.over |ong periods as has been descri bed
for convent ors (Xu et al., 1989) and also wll reduce the chance
of reconbi nation with endogenous retroviral sequences to generate

potential | y pathogenic replication conpetent virus, ipcreasing the safety
of the Said marker and therapeutic genes are preterably selected from one ormore

elements of the group consisting of B-galactosidase gene, neomycin gene, Herpes
Simplex Virus thymidine kinase gene, puromycin gene, cytosine deaminase gene,
hygromycin gene, secreted alkaline phosphatase gene, guanine phosphoribosyl

. transferase (gpt) gene, alcohol dehydrogenase gene and hypoxanthine
phosphoribosyl transferase (HPRT) gene. '

Another embodiment of the invention envisages the alter_ation or partial deletion of at
least one retroviral sequence required for integration of retroviruses.

In a further embodiment of the invention a retroviral vector system is provided
comprising a retroviral vector as described above as a first cbmponent and a
packaging cell line harbouring at least one retroviral or recombinant retroviral

- construct coding for proteins required for said retroviral vector to be packaged.

The packaging cell line haibours retroviral or recombinant retroviral constructs coding
for those retroviral proteins which are not encoded in said retroviral vector. The
packaging cell line is preferably selected from an element of the group consisting of
psi-2, psi-Crypt, psi-AM, GP+E-86, PA317 and GP+envAM-12, or of any of these
supertransfected with recombinant constructs allowing expression of surface protéins
from other enveloped viruses. '

Another embodiment of the invention invoives the use of a packaging cell line
harbouring a recombinant retroviral construct defective in integrase function.
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1994). To achieve the foregoing and other objects, the invention provides a
ret rovi refithe sesulingpre¥ing®i ng pronot er conversion conprising a 5 LTR region

of the structure U3-R- U5; one or nore sequences selected from codi ng and
non- codi ng sequences; and a 3" LTR region conprising a conpletely or

par ti al | Yhelirvehtish iddludes iatsd midACoia msttoviral provirus according to the invention
and any RNA resulting from a retroviral vector according to the invention.

A further embodiment of the invention prbvides non-therapeutical method for
introducing homologous and/or heterologous nuclectide sequences into Human or
animal cells in vitro and in vivo comprising transfecting a packaging celi line of a
retroviral vector system according to the invention with a retroviral vector according to
the invention and infecting a target cell population with recombinant retroviruses
produced by the packaging cell line. The nucleotide sequences are selected from one
or more elements of the group consisting of geneé or parts of genes encoding for
proteins, regulatory sequences and promoters. '

The retroviral vector, the retroviral vector system and the retroviral provirus as well as
RNA thereof is used for producing a pharmaceutical composition for gene therapy in
mammals including humans. Furthermore, they are used for targeted integration in
homologous cellular séquenc&s.

. Promoter conversion

- The present invention uses the principle of promoter conversion typical for
retroviruses.

The retroviral genome consists of an RNA molecule with the structure R-U5-gag-pol-
env-U3-R (Fig. 2). During the process of reverse-transcribtion, the U5 region is
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the boundary between the right hand R and U5 region (Fig. 2). This RNA is packaged
into retroviral particles and transported into the target cell to be infected. In the target

cell the RNA genome is again reverse transcribed as described above.

According to the invention a retroviral vector is constructed in which the right- hand
U3 region is altered (Fig. 3), but the normal left-hand U3 structure is maintained (Fig.
3); the vector can be normally transcribed into RNA utilizing the normal retroviral |
promoter located within the left-hand U3 region (Fig. 3). However the generated RNA
will only contain the altered right-hand U3 structure. In the infected target cell, after
reverse transcription, this altered U3 structure will be placed at both ends of the -
retroviral structure (Fig. 3). |

If the altered region carries a polylinker (see below) instead of the U3 region then any
promoter, including those directing tissue specific expression such 'aé the WAP
promoter (see below) can be easily inserted. This promoter will then be utilized
exclusively in the target cell for expression of linked genes carried by the retroviral
vector. Alternatively or additionally DNA segments homologous to one or more celluar
sequences can be inserted into the polylmker for the purposes of gene targeting, by
homologous recombmation(see below).

According to the invention the term “polylinker” is used for a short stretch of artificially
synthesized DNA which carries a number of unique restriction sites allowing the easy
insertion of any promoter or DNA segment. The term “heterologous” is used for any
combination of DNA sequences that is hot normally found intimately associated in
nature.
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In the packaging cell iiné the expression. of the retroviral vector is regulated by the
normal unselective retroviral promotsr contained in the U3 region (Fig. 3). However

as soon as the vector enters the target cell promoter conversion occurs, and the - ‘
therapeutic or marker gene, e.g. b-galactosidase are expressed from a tissue specific -
promoter of choice introduced into the polyiinker (Fig. 3). Not only can virtually any
tissue specitic promoter be included in the system,'- providing for the selective |
targeting of a wide variety of different cell types, but additionally, following the
conversion event, the structure and properties of the retroviral vector no longer
resembles that of a virus. This, of course, has extremely important consequences
froma safety point of view, since ordinary or state of the art retroviral vectors readily
undergo genetic recombination with the retroviral packaging construct and/or
endogendus retroviruses to produce potentially pathogenic viruses. Promoter
converéio_n (ProCon) vectors do not resemble retroviruses bécai.lse they no ionger
carry U3 retroviral promoters after conversion thus reducing the possibility of genetic
recombination.

The retroviral promoter structure is carried within the U3 region of the LTR. LTRs
carry signals that aliow them to integrate into the genome of the target cell. The
integration of retroviral pfovirus&e can also contribute to pathogenic changes (van
Lohuizen and Bems, 1990). In one embodiment of the invention ProCon vectors can
carry modified LTRs that no longer carry the signals required for integration. Again
this increases the potential safety of these vector systems.
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transferase (HPRT) gene. Another e%%ﬁéﬂetéﬂthe i nventi on envi sages the
alteration or partial deletion of at |east one retroviral sequence required
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constructs allow ng expression of surface proteins from other envel oped

viruses. Since it raises the possibility of insertional (in)activation of cellular tumour suppressor
genes or proto-oncogenes and thus tumour induction (van Lohuizen and Berns,

1990).

Homologous recombination has been successfully used to target the integration of
transfected or microinjected DNA to specific DNA loci and is routinely used in the
construction of “knock-out” transgenic mice or animals (reviewed in Capecchi, 1989;
Brad'ey et al., 1992; Morrow and Kucheériapati, 1993). Unfortunately the efficiency of
- DNA transfer by such purely physical methods is eitremely low. In contrast retroviral
mediated gene transfer is very efficient, almost 100% of a population of cells being
infectable. A combination of retroviral gene transfer with homologous recombination
should allow the construction of an ideal system for locus targeted integration.

We have investigated the feasibility of introducing long homologous pieces of DNA
into retroviral vectors in different locations to promote integration by homologous
recombination (Saller,1994). Both gene conversion and homologous recombination
have been evaluated. Using a cell line carrying a single copy of the HSV-tk gene as a
target we have been able to disrupt the target at frequencies 15 fold higher than
previously reported by others (Ellis and Bernstein, 1989). Cloning of the recombined
fragments of DNA has revealed the presence of both target tk sequence and
retroviral vector (Saller,1994). '

For targeted integration DNA segments homologous to cellular sequences are
inserted into the polylinker of the ProCon vectors. After infection of the target cell and



Anot her enbodi ment of the invention involves the use of a packaging cel
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vectors carrying therapeutic genes to specific loci in the genome which are known not

to harbour active genes. This will reduce considerably the possibility of iﬁserﬁonal

activation or inactivation as desg:ribed above, and will thus contribute to the safety of ‘
the use of retroviral vectors.

The foﬂdwing examples will illustrate the invention further. These examples are
however in no way intended to limit the scope of the present invention as obvious
modifications will be apparent, and stiil other modifications and substitutions will be
apparent to anyone skilled in the art. " '

The recombinant DNA methods employéd in practicing the present invéntion are

. standard procédures. well known to those skilled in the art, and described in detalil, for
example, in "Molecular Cloning* (Sambrook et al. 1989) and in “A Practical Guide to
Molecular Cloning” (Perbal, 1984). '

Brief description of the drawings refered to in the following éxamples:

Fig. 1; Retroviral vector system
Fig.2:  Retroviral genome, reverse transcription
Fig. 3: ProCon principie
Fig. 4: PCR analysis, MLV probe
Fig.5:  PCRanalysis, MMTV probe
~ Fig. 6: B-galactosidase expression in infected NIH and EF43 cells



p?oduced by the packaging cell line. The nucl eoti de sequences are sel ected
from one orwg9éeres enents of the group consisting of genes olgcgﬁ#a)g&fs
genes encoding for proteins, regul atory sequences and pronoters.

retroviral vector, the retroviral vect013system and the retroviral provirus
as well as RNA thereof is used for producing a pharmaceutical conposition
for gene therapy in mammal s i ncludi ng humans. Furthernore, they are used
for targeted integration in honol ogous cellular sequences. Pronoter

conver si on Fige7:pr es @Prgalactosidase axpression ireinfedted prilnanpmammanyt glandsocelisr si on
typical for retroviruses. The retroviral genone consists of an RNA nol ecul e
with the structure HOMBAPIBINAMMAUSE. 13- R (Fig. 2). During the process of
reverse tr . pti : j il ' ; '
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Fig. 10:  Targeted integration of a retroviral vector by homologous recombination .



Repeat) and is thus identical and repeated at- both ends of the DNA
structur lo virus (Varnmus, 1988). The U3 region at t t hand end of
t he prodﬁrag ﬂé?bours t he pronoter (srq%belowb. Thi s prom%iﬁﬂv s t he
synthesis of an RNA transcript initi g at the boundary between the left
hand U3 and R regions and term nating at the boundary between the right
hand R and U5 region (Fig. 2). This RNA is packaged into retroviral
particles and transported into the target cell to be infected. In the
target cell the RNA genome.is agai rEXamplest transcribed as described above.
According to the invention a retroviral vector is constructed in which the -
right- hand U3 region is altered (Fig. 3), but the normal |eft-hand U3

St ruct ur RianSmany gland Bpeétifid-expression aftér infeetion with Prb€on Wedtrs Yakyingscr i bed
into RNA utilizing the normal retroviral pronoter |ocated within the

| ef t - hanthaMMAYSASSICRAMOES. However the generated RNA will only contain
the altered right-hand U3 structure. In the infected target cell, after
reverse transcription, this altered U3 structure wi'll be placed at both
ends of Irhthemurnine/leukémia viust (MLY) retroviraByectof kndwn as BAG:(Pricegitah, carries a

Lyl ink f .the U3, T eqi h
el udi nibendts cagstibeiase p8te 8 wiyap ity e RBCLOR 1 & HaPA8STR Shenie
pr onot er w_w&ohﬂit@afvh tﬁ@ msbegi@asaf khe LTR qﬁ?gd) ARbFdirig wmbgfres&dt linviengion be

utilized exclusivel g he "t arget cel r expression of |inked nes
@

carried Bgerivativeaft |3A§ vectot Bﬁs been eonsdructed ip whichthei MLV papmot
e A TR, AR B A, P B ™ q
polylinker allowing the facile introduction of heterologous promoters. The BAG vector
- lacking the U3 is expressed from the MLV promoter (U3) within the 5’LTR when
introduced into a packaging cell line. As a result of the rearrangements occurring in
the retroviral gehome during its life cycle, following infection of its target cell, the
polylinker will be duplicated at both ends of the i‘etroviral genome as described
above. Thereby a retroviral vector can be constructed in which the expression of the
B-galactosidase gene of BAG will be controlled by any heterologous promoter
inserted iﬁto the polylinker in the target cell (Fig. 3). |

According to the principle set forth above the following specific promoters have been
inserted into the polylinker region or the modified BAG vector:

Several subregions of the Mouse Mammary Tumour Virus (MMTV) promoter including
a region that confers responsiveness to glucocorticoid hormones and a region
: contaihing an element that directs expression to the mammary gland.

The Whey Acidic Protein (WAP) promoter. This promoter controls the expression of
WAP so that it is only produced in the mammary glands of pregnant and lactating
rodents.



Horrol ogous reconbi nati on(see below). According to the invention the term

"pol yl'i nkewo dero7oiged for a short stretch of artificially sypciagoggiheNA
which carries a nunmber of unique restriction sites allow ng the easy

insertion of any pronoter or DNA segnen § The term "heterol ogous" is used
for any conbi nati on of DNA sequences that is not normally found intimately
associated in nature. WO 96/ 07748

PCT/ EP95/ 03445 -10 Gene expression is regul at ;e'd by pformt ers. In the. absence
of pronot eFhe central oh the Brgalaciesidasegeneexpressiansbyipromutersdnaetedunto the

retroviral_pr ' | Ve | L1 .0 | ' t cell
types. (o) REMRE G bag) Cpiated B firgaionSfuutls Ll thé chruftclad fnITY HRa
activity OwAP tetrovitalvetiorsitd infectaiarioty pelts. Such tissue-specific pronoters
w Il be the ideal candidates for the regul ation of gene expression in

retroviral vectors, limting expression of the therapeutic genes to

speci fic 14 Bpdaucs!rbffovitdl vedter Bgﬁféml e MMTV and WAP PréCor fédtbfihdVe t he

retroviral vector is regulated the nornal unsel ective retroviral
pronot er cheemiransiectadinto thepackaging ¢allilime GP+EBH (Madowilz et abn1988): Altervect or

enters t hesélgétﬁ:%t fo? ﬁzla&m%ig rrrgéis : 88,%%&1% }soennc%%(éa rb?l’thé?l UgctER %table populations
| and clones of recombinant ProCon virus producing cells were obtained. Virus

containing supernatant from these populatioris was used to infect a mouse mammary
cell line EF43 (Giinzburg gg_aL 1988) as well as a mouse fibroblast cell line (Jainchill
etal, 1969). Four days after infection the target cells were lysed and quantitative B-
galactosidase assay revealed no expression in either cell type infected by the WAP
carrying'ProCon vectors and good expression in both cell types from the MMTV
carrying ProCon vector (Fig. 6). This result is in accordance with the WAP promoter
only functioning jn vivo during late pregnancy and lactation and not in most simple in

vitro mammary cell culture systéms as represented by the EF43 cells. To investigate
whether the WAP carrying ProCon vectors would be active in a complex primary
mammary derived cell culture system, primary organoids from 8-10 day pregnant
mice (Fig. 7) or from mammary tumours (Fig. 9) were taken into culture and infected
with the supermnatant from the same stably transfected population of transfected cell .
lines. Both ProCon vectors carrying the WAP and the MMTV promoter fragments
were active in these primary cells (Fig. 7) and mammary tumour derived cells (Fig. 9)
- as demonstrated by B-galactosidase activity. .

To investigate whether the WAP and MMTYV carrying ProCon vectors were active in

- vivo and whether the expression of B-galactosidase was limited to the mammary
gland in vivo, recombinant ProCon virus containing medium was injected in sity into
the mammé_ry glands or skin of 8-10 day pregnant mice. Five days later the mice
were sacrificed, cell extracts prepared and a B-galactosidase assay performed. Both
the WAP and MMTYV fragment carrying ProCon vectors were expressed only in the
pregnant mammary gland and not in the skin (cf M and S in Fig. 8). Thus jn vivo the -
regulatory elements from both promoters limit expression to the mammary gland
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Example 2 C ' _ : ‘

Validation of promoter conversion in-cells infected with a ProCon vector that originally
carried the MMTV promoter in the 3LTR.

A ProCon vector carrying the promoter region from mouse mammary tumour virus
(MMTV) was transfected into a' packaging cell lin'e_ and the resultant recombinant
_vector particles used to infect an established human biadder barc'i’rioma cell line (EJ).
Infected cell clones were selected in medium carrying the néomycin analog G418
(since the ve&or carries a neomycin resistance gene driven from an intemal SV40
promoter). DNA was prepared from one of the infected clones and nontransfected
parental EJ cells and used for Polymerase Chain Reactions (PCR). The PCRs were
performed using one of two primers that specifically recognise and bind to MMTV
sequences (A, B in Figs. 4 & 5) or the MLV R region (C in Fig. 4) of the LTR together
with a primer located within the marker gene (Figs. 4 & 5). Since the marker gene
prirher is only Ioéated down stream of the MMTV (or MLV R region) sequence if
promoter conversion has occurred, a positive PCR signal obtained with the MMTV.
primers in combination with the mérker gene primer is indicative of this. In Fig. 4 the
PCR products using primers A, B or C are shown after hybridization to a labelled
fragment from the MLV sequeric‘e, verifying that all three PCR products are of MLV
origin. The size of the fragments verifies that promoter conversion has occured. Fig. §
shows the PCR products using primer A or B and hybdridized to an MMTV specific
probe, again verifying that promoter conversion has occured.
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retroviral vector is used for targeted integration into the targe | .

The integration of the proviral DNA ver?r?n of the retroviral genone into
the target cell is a mpjor advance to thefuse of retroviruses as vectors
when conpared to other viruses such as adenoviruses, since it allows |ong
term stabl e expression of transferred genes. However the random nature of
this integration event also poses a major disadvantage to the use of
retroviral vectors since it raises the possi b| lity of insertional
(in)activation of cellular tunour sup§¥%@9&ﬁ genes or proto-oncogenes and
thus tumour induction (van Lohui zen and Berns, 1 990). Honol ogous

reconbi nati on has been successfully used to target the integration of
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Lnfor t unat gigihd i§g {a&ﬁé[ BRGNS addifivkd HIEkERpIRY| Bb6VR, BHERoVird %éto%hn be

net hods i s ext I n contrast retrov ated gene transfer is
very effi mcenstrudadmswhn:b@DblA sequepce with dmmniogyeuola;ceibﬂar@eqnemem be A

conbi nati of, ol LehoTHb LT, RBGeblIBNS | Shtor ke b& BB RISt RS HHBYALA BF

either the homologous sequence inserted into the vector or the whole or part of the
vectors into the homologous sequence present in the host cell genome.

According to the principle set forth above, a fragment of the thymidine kinase (tk)
gene of hempes simplex virus (HSV) has been inserted into the polylinker region of the
modified BAG vector (tk mutant in Fig. 10, Saller, 1994).

A cell line has also been established that has no functional copy of the mammalian tk
gene and instead carries one copy of the HSV-tk gene (Saller, 1994). This cell line
has been infected with the tk carrying BAG vector and cells that have undergoné
disruption of the HSV-tk gene have been selected (Fig. 10).

The above ekamples have illustrated the principles and consequences of the
promoter conversion vectors provided by the presenit invention.
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direct the integration of retroviral vec S carrying therapeutic genes to
specific loci in the genone which are known not to harbour active genes.

This will reduce considerably the possibility of insertional activation or
i nactivation as descri bed above, and will thus contribute to the safety of
the use of retroviral vectors. The follow ng exanples will illustrate the
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According to the present invention a defivative of the BAG vector has been
constructed in which the M.V pronoter (U3) |located within the 3'LTR (Fig.
3) has been del eted and replaced with a polylinker, said polylinker

al | owi ng htLe fekﬁs e introduction of heterol ogous pronoters. The BAG vector
| acki ng t 6:4 expressed fromthe MYV pronmoter (U3) within the 5 LTR
when introduced into a packaging cell line. As a result of the
rearrangenents occurring in the retroviral genome during its life cycle,
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retroviral. or can be cons € expressi o
[ err] - gal gotingiseguencesaandf BAG wi || be controlled by any heterol ogous

t ' d to th II' in_t t t,cell (Fig. 3). .
oo di ng &b LTFEreglh earpisidite Soiplefiiyist paray Befiied OB raolbbotiereb spitbor o1
have been deftéd Uo%ehidhls féeﬁadaesl By & pb@nnueegeaneme, L W theR BAGUEECt Or :
Several subregions of the Muse 'Manmary Tunmour Virus ( V) pronot er

i ncl udi ngf%glb%gl on that confers respon5| veness to glucocorticoid hornones
and a region containing an el enent that directs expression to the nmamary
gl and. The Wey Acidic Protein (WAP) pronoter. This pronoter controls the
expr essi o@. of AWéfroiral iveetor atcordingtb ylaimadearaprising tis: LTRvegion itkerds of

t d | t
pregnan %Pructu?ec b%— -QPS; one or more sequences selected from coding and non-coding
sequences; and '
a 3 LTR region comprising a completely deleted U3 region wherein said deleted U3

region is replaced by a polylinker sequence, followed by the R and U5 region.

3. Avretroviral vector according to claim 1, wherein said polylinker sequence carries
at least one unique restriction site. ' S

4. A retroviral vector according to claim 3, wherein said polylinker sequence
contains at least one insertion of a heterologous DNA fragment.

5. Aretroviral vector according to claim 4, wherein said heterologous DNA
fragment is selected from one or more elements of the group consisting of regulatory
elements and promoters.

6. A retroviral vector according to claim 5, wherein said regulatory elements and
promoters are target cell specific in their expression.

7. A retroviral vector according to claim 6, wherein said target cell specific
regulatory elements and promoters are selected from one or more elements of the
group consisting of WAP, MMTV, b-lactoglobulin and caéein specific regulatory
elements and promoters, pancreas specific regulatory elements and prorhoters

A



rodents. WD 96/ 07748

PCT/ EPSR0Q3##Rsl 5 The control of t 13- gal act osi dase QWSi on by
pronoters inserted into the polylin 2 has been val i dat ed y I ntection
studi es using the constructed MMIV and WAP retroviral vectors to infect

various cells. To produce retroviral vector particles, the MMIV and WAP
Pr oCon indudipgsankanic Babydrase Hengdr-glucpkinase regulatoty-ejemgnisand | i ne GP+ES6

ncodecPBfaare by Elspeait Sadiony bishierid ind BERIGER ABIRRE nan: "Pr ocon'
Vi rus prrmrsogiebutinldng MMTY ighiphbogtit spécificTegulatony siefients!and prRimdters r om

t hese popul atlons was used to infect a nouse manmary cell |1 ne EF43

(Gunzbuangd MMTY SPGQ%EQU@OWEQWmQQtS@W§E‘°ﬁ¢f§rC@Bf%'%@Q tespensiveresstai nchil |

et al were |ysed and
_ quantlt%él(\g%ﬁ@:&)%vﬂ&%{om a{ge[acuh @'tergg‘@’ég? ﬁg@% ?sés@on in either cell
type infected by the WAP carrying ProCon vectors and good expression in’
both cell t fr he MMIV carr Con ve F| This result
e 'n' dbcork IR, {aat Repiing RARNGER o SRR S0 Stebn SHCEIURY  ng | at o
pr egnar@&m@ﬁf& érﬁfb@m&arsafagumé the'expRéssisti l4tdeast one of the coding

sequences of said retroviral vector.

9. A retroviral vector according to anyone of claims 1 to 8, wherein said LTR - ‘
regioné are selected from at least one element of the group consisting of LTRs of |
MLV, MMTV, MSV, SIV, HIV, HTLV, FIV, FeLV, BLV and MPMV.

10. A retroviral vector according to anyone of claims 1 to 9, wherein said retroviral
vector is a BAG vector.

- 11. A retroviral vector according to anyone of claims 1 to 10, wherein said coding
sequence is selected from one or more elements of the group consisting of marker
genes, therapeutic genes, antiviral genes, antitumour genes, cytokine genes.

12. A rétroviral vector according to claim 11, wherein said marker or therapeutic
gene is selected from one or more elements of the group consisting of b-
galactosidase gene and neomycin gene, Hefpes Simplex Virus, thymidine kinase .
gene, puromycin gene, cytosine deaminase gene, hygromycin gene, secreted
alkaline phosphatase gene, guanine phosphoribosyl transferase (gpt) gene, aicohol
dehydrogenase gene and hypoxanthine phosphoribosyl transferase (HPRT) gene.

13. A retroviral vector according to anyone of claims 1 to 12, wherein at least one of
said coding sequences for a retroviral protein is altered or at least partially deleted.

* c 't M S *



vitro manmary cell culture systens as represented by the EF43 cells. To

I nvesti ga r the WAP carrying ProCon vectors woul d DBg-pgddshSsqsn 2
conpl ex pﬁ?fé@?’gimmry derived cell Clr::?':‘ﬁr_e system primary organg‘? s from

8-10 day pregnant mice (Fig. 7) or fro mmary tumours (Fig. 9) were taken .
into culture and infected with the supernatant fromthe sanme stably
transfected popul ation of transfected cell lines. Both ProCon vectors

carrying e : se
o1 mary odfr s A ErAFe eEtobWecorirftB aRlyohs BAGBIMS 14518, @hrieNfretyirdl
denonst r asequéncesdnvdlverhintntegeatibnoot retroviruses ard alteredaortat dgest paftialiyer t he
WAP and MMITV carrying ProCon vectors were active in vivo and whet her the
expr essi ofelste ‘err]-gal actosi dase was limted to the manmmary gland in vivo,
reconbi nant ProCon virus containing nediumwas injected in situ into the
manmary gl ands or skin of 8-10 day pregnant m ce. Five days later the mce
wer e sacr i16i c &drstrowiral vegior accerdingdpanyana of claime i 1o 14awhersinssaidse assay

Excpr ossed MBraoioanus R raGmel e naraRiB: e s Sl s RERRR I 1 ana
Sin Fig patthékes. in vivo the regulatory el'ements fromboth pronoters

limt expression to the mammary gland WO 96/ 07748
16 - ' PCT/ EP95/ 03445 ' '

16. A retroviral vector according to anyone of claims 1 to 15, wherein said regulatory
elements are regulatable by transacting molecules.

17. A retroviral vector system comprising a retroviral vector according to anyone of
claims 1-to 16 as a first component; and |

a packaging cell line harbouring at least one retroviral or recombinant retroviral
construct coding for proteins required for said retroviral vector to be packaged.

18. A retroviral vector system according to claim 17 wherein the packaging cell line
harbours retroviral or recombinant retroviral constructs coding for those retroviral
proteins which are not encoded in said retroviral vector according to anyone of claims
1to 16.

19. A retroviral vector system according to claim 17 or 18 wherein the packaging cell
line is selected from the group consisting of psi-2, psi-Crypt, psi-AM, GP+E-86,
PA317 and GP+envAM-12.

20. Atherapeutical or non-therapeutical method for introducing homologous or
heterologous nucleotide sequences into human or animal cells in vitro and in vivo
comprising transfecting a packaging cell line of a retroviral vector system according to
anyone of claims 17 to 19 with a retroviral vector according to anyone of claims 1 to
16, and infecting a target cell pbpulation with said recombinant retroviruses produced
by the packaging cell line. |
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whereas in vitro the regulatory elenments fromthe WAP pronoter retain their ~
strict WWweadpnapeci ficity but those 22 V do not. Thes ﬂﬁg@@“ﬁ ctors
carrying |ssues specific pronoters regul atory el ements e usefu
for directing the expression of therapeutic genes to predefined cell types,

ti ssues and organs. Potential therapeutic genes include nelittin, which has
anti- HaA. arﬁtmmpemhabownmf-Mpeutlealdnqandsacm tordlaim 26 wiserkinvthgeat h

i ncl udi n the t hym di ne kin uanl ne phosphori bos ansf erase and

cyt OSi rﬂ!-? egesrare iqil?%é‘l"l BW%QE“QEAJ%F””&% BQOUR ol ved i n cel |
cycle regd A bf Wﬁ f pronoter
conver si Onisﬁ‘ihb?&gﬁ?ﬁ?gf E%It%gd %ﬂ:ﬁ? éHcghﬁa])for ect oér erteﬁuﬂﬁi ?’SF%%’P?% carried

t he MViAndpromuaters.i n t he 3' LTR. A ProCon vector carrying the pronoter

region fromnmouse manmary tunour virus (MMIV) was transfected into a
packaging cell line and the resultant reconbi nant vector particles used to

-infect zm existivirahsdvingprodated B¢ replizating therretrolirallviedtor OEahyonabect ed cel |
cl ones were selected in nmediumcarrying the neonycin anal og (418 (since the

vect or @aims bip 16 msﬁ@t&waf vegtar systam esﬁ%rdmg toanyene af ‘é!ﬁimﬁﬂZMAQ SV40,

nont r andpereL e EORRER R ort RLBRG sl Yl bERIAKATEREBETR. ( on

(PCR). ﬁmnmmwmeﬂ mmﬁglmemdoczessruy rerersotransmnuon rire thie infeted targeti i cal | y

recogni cal a%%&&é? in %e'\g\/ﬁlﬁ as well as in the 3LTR of the resuiting provirus.

23. Use of a retroviral vector according to anyone of claims 1 to 16 for producing a
pharmaceutical compasition for gene therapy in mammals including humans.

24. Use of a retroviral vector system according to anyone of c':laim_s' 17 to 19 for
producing a pharmaceutical composition for gerie therapy in mammals including

humans.

25. Use of a retroviral provirus-according to claim 22 for producing a pharmaceutical
composition for gene therapy in mammals including humans.

26. Use ‘of a retroviral vector according to anyone of claims 1 to 16 for targeted
integration in said homologous cellular sequences.

27. Use of a retroviral vector system according to anyone of claims 17 to 19 for
targeted integration in said homologous cellular sequences.

28. Use of a retroviral provirus according to claim 22 for targeted integration in said
homologous cellular sequences.

29. mRNA of a retroviral provirus according to claim 22.

30. FINA ofa retroviral. vector according to anyone of claims 1to 18.

[



Sequences (A, Bin Figs. 4 &5) or the MMV Rregion (CIn Fig. 4) of the
LTR toget R ogibi7lig @ prinmer located within the marker gene (go19Eposdsaiso) -
Since the marker gene prinmer is only |l ogated down stream of the MMIV (or
M.V R region) sequence if pronoter coﬁbgrsion has occurred, a positive PCR
signal obtained with the MMIV priners in conbination with the marker gene
primer is indicative of this. In Fig. 4 the PCR products using priners A B
or C are shown after hybridization to a |labelled fragnent from-the M.V
sequence, verifying that all three PCR products are of M.V origin. The size

of the fragherfiecombinantretrovisal particlmobktainedrbydransfectings packaging.ceftilipe of

shows the : | L i,dized tg an

peci fi o pf PSS HEGS ot disbitita € ysbe 8 Bttt dru ffat il teter o
96/ 07748 according to anyone of claims 1 to 16, and culturing the cellBURdEPSGitabiat45 1 7
Exampl e 3 Construction of ProCon Vectors for targeted Integration. Using

t he same BB r described in Exanple 1 above, a retroviral vector can
be constructed in which a DNA sequence with honol ogy to a cellul ar sequence
can be inserted into the LTR The resulting vector can be used to target

t he i nt egr 82.i drharmaceutical composition containing a therapeutically effective amount of a

recombinant retroviral particie according to claim 31.
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ei ther the honol ogous sequence inserted into the vector or the whole or
part of thogpefdss i nto the honol ogous sequence present ing E?&m€9@%4 eII
genone. According to the principle Sﬁi im[tf] above, a fragnen

t hym di ne ki nase (tk) gene of herpes i dx 0vi rus (HSV) has been inserted
into the polylinker region of the nodified BAG vector (tk nutgnt in Fig.:

10, Saller, 1994). A cell line has al so been established thay| has no
functional c f the mammalian tk gene and instead carrigg pne copy of
the HSV-tk gehegd Saller, 1994). This cell line has been ed with the
tk carrying B ctor and cells that

HSV-tk gene ha een selected (Fig. ¥

illustrated t rinci pl es and consequd

vectors provi by the present inventi .
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Of the structure U3-R- U5; one or nore sequences-selected from codi ng and
non- codi Ry gﬂﬂg ces; and a 3 LTR region conprising a co

partially dg?ete QLB regi on wherein_said del eted U3 regionqﬁéﬁgg%%%%gd by a
pol yl i nker sequence, followed by tI‘B&Anﬂ 05 region. 2. Aretroviral
vector accqrgMing to claiml conprising a 5 LTR region of the structure

U3-R-U5; o r nmore sequences selected from codi ng and non-codi ng
sequences; ang a 3' LTR region conprising a conpletely deleted U3 region
wherei n sai leted U3 region is replaced by a pol ylinker sequence, :
foll owed b R and U5 region. 3. A retroviral vector according to claim
1, wherein d polylinker sequence carries at |east one unique restriction
site. 4. A roviral vector according to claim 3, wherein said polylinker

sequence contains at |east one insertion of a heterol ogous DNA fragnent. 5.
A retroviral vectgr~according to clagm 4, wherein said heterol ogous DNA
fragnent is S%@t ed| from one orxndr | ements of the group consisting of
regul atory el aregt an prom)teri'. 6 retroviral vector according to

claimb5, wherein o Iregul atory_elTe ts and pronoters are target cell
'specific in t%ig ession. 7. g\ '

N_=

rjovi ral
wherein said targ |1 specifi

l

ncomycin pBR origin '
ncomycin pBR origin
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SV40 promoter
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rregul atory el enments and pronoters are selected fromone or nore el enents of
t he group .Sbiong of WAP, MMTV, b-Ilactoglobulin and casei 1 fi

r egul atorye‘;g?gdrﬁ@rﬂds1 and pronoters, padlCé e/e\s ?Joecific r egul a?’g?aﬂ’g&@‘fﬁits
dnd prormoters . WD 96/07748 /71 2 2

PCT/ EP95/ 03445 i ncl udi ng carboni ¢ anhydrase Il and b-gl ucoki nase regul atory
el enents and pronoters, |ynphocyte specific regulatory el enents and
pronoters including irmpanoglobulin a MMV | ynphacytic spnecific regul atory
el enents and pronoterg and MMIV speciffic re ' '
conferring rgs Siverness to ghucocorticoid
expression to mammar, ghgn 8. Aretr

anyone of cl ai 5to 7GJV\h§’eH]1 sai d |regul
regul ate the ssign at legst orle of

retroviral vecwtW 9. ﬁ rlal vdctor h
d LTR regi rle sellected

to 8, whereiny
the group co ing df LTRs of V, NMIV,
BLV and MPW.  10. A rdgtrovifal véctor jaccor

wherein said retrowrcl vecfor i$ a BAG vecg

125.gal

WAP.BAG
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~11. Aretroviral vector according to anyone of ‘clains 1 to 10 wherein said
coding s Ug@ﬁﬁgés sel ected from one or nDre el emrents of t S%
conS|st|§g rker genes, therap ? 3 antiviral genes, antitunour
“genes, cytokine genes. 12. A retrOV|ra e tor according to claim11,
“wherei n sai rker or therapeutic gene is selected fromone or nore

el ements of group consisting of b- gal act osi dase déne and neonycin
gene, Herpes Sijnpl ex Virus, thym di ne ki nase gene, purlomycin gene, cytosine

- deam nase ge hygronyci n gene, secreted al kali ne phdgsphat ase gene,
guani ne phos | bosyl transferase (gpt) gene, al cohol{ defiydrogenase gene
and hypoxan e phosphori bosyl transferase (HPRT) gene. 13. A retrqviral
vect or acco g to anyone of clains 1 to 12, wherein fat feast one ot said

codi ng sequénc®s for a retroviral protein is altered of af | east parfially
del et ed. WD 96/ 07748 '

PCT/ EP95/ 03445 23 14. A retroviral vector according td anyone of ¢laims 1
to 13, wherein retroviral sequences involved inqntegrjati on of refroviruses
are altered or at least partially deleted. 15. A\retrowirgl vect of]
according to anyone of clainms 1.to 14, wherein daid

Iu/mg protein

BAG

125.gal
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*het er ol ogous DNA fragnent is honol ogous to one or nore cellular sequences

or a part&@;&;&g& 16. A retroviral vector according to anx,eq.&l,ggms%sai n 1
‘to 15, wherein said regulatory el ene t8é2{€ egul at abl e by transacting

‘ol ecul es. 17. A retroviral vector sVys Jiprising a retroviral vector i
according to anyone of clains 1 to 16 as a first conponent; and a packagi ng
cell" line harbouring at |east one retroviral or reconbinant retroviral
construct coding for proteins required for said retroviral vector to be
packaged. 18. A retroviral vector systemaccording to claim17 wherein the

. packagi ng cell_Jine harbours retroviral or reconbinant retroviral
constructs g for those retroviral proteins which are not encoded in
~said retroviral} vectgr according tg anyone of clgins 1 to 16. 19. A
retroviral v r sygtemaccordingjto claim17 on 18 wherein tie @3jckphgi ng
cell line s ected fromthe grolp consijgmms o i %gt,
psi - AM  GP+ PA317 and GP+envAl 12. 20 - ' 2'
non-t her-ape | metthod for introducing honmol ogqus or heterol dgqy m
nucl eoti de sequencesf{into human or janimal cells ifn vitro and in viyJo
conprising transfectiing a packaging cell line of ja retroviral Jed®@dr pystem
according to anyone ¢f clains 17 t¢ 19 with a retjroviral vector] accordi ng
to anyone of clains 1 to-16, and ingpfecting a target cell popul dtion with
sai d reconbi nant retrnoviruses prodyced 0] -
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‘by the packaging cell Iine. WD 96/ 07748 - 2 4

- PCT/ EP95/ Q.34 . A therapeutical or non-therapeutical ne ing to
claim 20, %@gﬁé t he nucl eoti de sequences are sel ected fr%n1é#é§@%uikwe

‘el ements of the group consisting of Ug?;gs;og parts of genes encoding for.
proteins, regulatory sequences and pronbterS. 22. A retroviral provirus
produced by replicating the retroviral vector of anyone of clains 1 to 16
in a retrovin vect or system according to anyone of clains 17 to 19
wherein said pollylinker and any-sequences inserted in said polylinker in
the 3'LTR beco duplicated during the process or reverse transcription in
the infected t t cell and appear in the 5LTR as well as in the 3'LTR of
the resultings virus. 23. Use of a retroviral vector according to anyone
of claims 1t for producing a pharnmaceutical conposition for gene :
therapy in s including humans. 24. Use of a retroviral vector system
according to anyone of clains 17 to 19 for produci ng a pharmceutical
conposition for gene therapy in mammal s including humans. 25. Usejof a
retroviral provirus accorca el Gt i utical
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,6onpositi on for gene therapy in manmal s including humans. 26. Use of a
retroviralwoeghpiggaccordi ng to anyone of clains 1 to 16 forp‘%ﬁg&s}y
jntegration in said honol ogous cel | ul ar, sequences. 27. Use © H3vi r al
vect or system according to anyone & G1/ail 17 to 19 for targeted
integration in saj onol ogous cel | ul ar sequences. 28. Use of a retroviral
provirus accordin claim?22 for targeted integration in said honol ogous
cel l ul ar sequenc 9. nRNA of a retroviral provirus accgpding to claim

22. 30. RNA of a retgoviral vector according to anyone off.l ai 1 to 16.
WD 96/ 07748 P P95/ 03445
25 31. Reconbi nant roviral particle obtained by transfigctin packagi ng

cell line of a ree iral vector system according to anyoRg of@ai ms 17-19
‘wWith a retroviral tor according to anyone of clains 1 ty§ 16 nd '
-cul turing the cel nder suitable conditions. 32. Pharmaghuti a
conposition containing a therapeutically effective amountf/of a
retroviral particle according to claim 31.

conbi nant
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(57) Abstract

The present invention relates to a retroviral vector undergoing promoter conversion compnsmg a S’LTR region of the structure U3-
R-US; one or more sequences selected from codnng and non-coding sequences; and a 3'LTR region comprising a compleuely or partially
deleted U3 region wherein said deleted U3 region is replaced by a polylinker sequence, followed by the R and US$ region. Said retroviral
vector undergoes promoter conversion and is useful as a gene transfer vehicle for largewd gene therapy.




