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111111111111111111111 JEHV-1 VECTORS 59159* The invention relates to a
method of virus manipulation; means therefor and products thereof which
have particular, but not exclusive, application in gene therapy/vaccine
development. 5 Human gene therapy virus vectors constructed to date are
derived from adenovirus, retrovirus, parvovirus and herpesvirus families.
With the exception of retroviruses, all have been derived from viruses
originally isolated from humans. In nearly every case the vectors used in
both ex and in vivo work have been derived from virus mutants originally
created to study gene function, 10 rather than to act as gene delivery
systems. A virus-derived vector capable of efficient gene delivery to human
epithelial mucosal cells would have a wide range of uses in human gene
therapy, for example delivery of a correct copy of the cystic fibrosis
trans-membrane regulator protein to the lung or a range of human tumour
suppressor genes to tumours of the lung and colon or 15 additionally as a
vaccine delivery vehicle to induce muscosal immunity. Although adenoviruses
have proved to be popular because of ease of growth of stocks to high
titre, they have many problems, as viruses which are replication
incompetent in cell culture have caused tissue damage and respiratory
disease in patients treated with such vectors (1,2). Furthermore,
adenovirus vectors 20 with further gene _deletions to express proteins are
in development, but these grow less well in culture than the original El A
(a gene essential for adenovirus replication in tissue culture) deletion
mutants (3), which suggests production problems in the longer term. The
compact nature of the adenovirus genome, in which many of the early
regulatory genes are components of overlapping gene 25clusters, which are
differentially spliced, makes it difficult to delete the coding'
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WO 98/27216PCT/GB97/03438 2 region of single transcripts (4). Furthermore,
adenoviruses have a packaging constraint which prevents the introduction of
heterologous DNA sequences >8Kbp. One of the biggest problems with
adenoviruses resides in the lack of information on virus gene function in
pathogenesis (5). It is very difficult to predict, at present, which genes
might be deleted in order to create a completely replication defective
virus in vivo. In addition, one of the major structural components of
adenoviruses, the fibre, responsible for cell attachment, can itself cause
a cytopathic effect (6). Retrovirus vectors have, for the most part, been
derived from murine viruses 10 which have a broad host range (amphotropic).
This group of virus vectors has been the most extensively developed, mainly
because they fulfill many of the simplistic criteria needed in a vector for
gene therapy. They can be made totally replication incompetent, integrate
into host cell chromosomes and are inherited in a dividing cell population.
Theoretically, this random chromosomal 15 integration may have pathological
consequences. Their major disadvantage is that they have a limited
packaging capacity and only vectors being developed from HW have the
potential to infect and integrate their genetic material into post-mitotic
cells. Furthermore, these vectors have to be produced through DNA
transfection (7), and high titre stocks are, at present, impossible to 20
produce. Parvovirus vectors have some of the same advantages as
retroviruses through their ability to integrate into chromosomes and thus
the transferred gene may be inherited in daughter cells (8). Their main
disadvantage is that it is impossible to produce high titre stocks and the
genome has a packaging capacity which is 25significantly less than that of
retroviruses (9).  WO 98/27216PCT/GB97/03438 3 Herpesvirus vector
development to date has concentrated on derivatives of the common human
pathogen herpes simplex virus (HSV). The advantage of using this virus is
that it is the most intensively studied of all the herpesviruses. The
sequence of the virus genome has been determined, there is a wide range of
well 5 characterised virus mutants available and transcriptional control
processes are well understood. In addition, pathogenicity of the virus and
the host immune response have been intensively studied for many years. It
is clear, however that although it is possible to delete genes encoding
proteins involved in neuropathogenicity (10) and immediate-early
transcriptional activators, (11) or 



10 to inactivate the virion-associated activator of immediate-early genes
(12), such mutant viruses are difficult to produce as high titre stocks and
in some cases have an unacceptable reversion frequency, through their
propagation in helper cell lines (11). Encouraging results have been
obtained with neuronal expression of heterologous genes in animal models,
and it is likely that further 15 disabled vectors will be derived (13, 14,
15). The likely problem with HSV vectors is the innate immune response
present in the majority of the population; we would predict that HSV
vectors will suffer the same problem as those derived from human
adenoviruses, when delivered to an immunologically competent site. 20 Other
herpesviruses might be more appropriate to develop as vectors for human
tissues. For example one might use the a-herpesviruses. This group consists
of a large number of viruses probably equal to a multiple of the number of
susceptible species given that typically 2-3 viruses infect each of the
known susceptible species. Thus a-herpesviruses have long been known to
have a very 25 broad cell tropism. For instance, HSV can infect and
replicate in cells derived from species as diverse as bovidae and muridae.
Certain viruses from these,  WO 98/27216PCT/GB97/03438 4 species can,
conversely, infect human cells. It is apparent that failure in the
replication of viruses infecting cells of a different species than the
usual host is often due to transcriptional blocks (16). This might
therefore offer an immediate advantage in the development of a gene 5
therapy vector. An appropriate virus might be chosen which naturally cannot
replicate in human cells, but is able to deliver nucleic acid to the cell
in an efficient manner. 



EHV-1 is naturally a respiratory pathogen of horses (17). It also has the
capability of causing abortion in pregnant mares. The virus replicates
readily 10 in cells from a wide variety of species including hamster, mouse
and rabbit. In addition, we have now shown that the virus is able to
replicate in human and primate cells.   We have, serendipitously, chosen
this virus for inter-species gene therapy despite the large number of
possible candidates and the prevailing convention 15 of using intra-species
viruses for gene therapy. EHV-1 has been chosen as although we have shown
the virus is capable of infecting human cells (18) of different lineages in
vitro, it does not appear to infect humans in vivo. Surveys have been
carried out in populations of potentially susceptible individuals, yet
there is no evidence of any transmission 20 of this virus to humans (17).
No seroconversion of a human has ever been reported. As this virus is a
respiratory pathogen it offers the potential of being able to deliver genes
to the respiratory tract as well as other mucosal surfaces of humans.  WO
98/27216PCT/GB97/03438 5 published studies regarding seroconvertion for
humans whilst working with the virus, and workers in the field who have
looked for a specific anti-EHV-1 response have not been able to detect any
evidence that the virus replicates in human tissues studied. There is a
well-established animal model for studying 5 respiratory disease caused by
EHV-1. Mice are dosed with suspensions of virus intranasally, subsequent to
which they develop a transient febrile respiratory disease, during which
time virus may be detected in lung tissue. It has already been shown that
deletion of certain genes, non-essential for replication in tissue culture
make the virus essentially apathogenic in mice. The ability to create a 10
gene delivery vehicle which is not a human pathogen, unable to replicate in
vivo but able to infect respiratory and other mucosal epithelium is
obviously attractive, as the viruses developed to date for such purposes
either have to be injected directly at the site of disease (retroviruses),
or are likely to cause pathological respiratory infections (adenoviruses).
15 We believe that vectors derived from EHV-1 offer a wide range of
opportunities to target mucosal cells both with protective and/or
therapeutic genes or fragments thereof thus offering the unique opportunity
to deliver a stably-expressing, extrachromosomal element, to a specific
cell population. Additionally, and most importantly, by employing vectors
derived from a virus 20 which is apathogenic for man an immediate
destruction of the agent by the patients immune response will be avoided. 



It is therefore a first object of the invention to provide a gene delivery
system/vaccine derived from a non-human apathogenic virus.  WO
98/27216PCT/GB97/03438 6 selected cell population. In its broadest aspect
the invention concerns the use of EHV to deliver heterologous genetic
material to a specific human cell population and ideally to mucosal cells.
5 According to a first aspect of the invention there is provided an equine
herpes virus adapted to receive genetic material encoding at least part of
a preselected protein for use in delivering said protein to a human cell
population and preferably a specific cell population and ideally to normal
or malignant muscosal cells. 10 In a preferred embodiment of the invention
said equine herpes virus ideally includes at least a part of a gene
encoding a specific protein. Ideally said gene, or part thereof, codes for
either one or more of the following proteins p53, Cystic Fibrosis
Transmembrane Regulator (CFTR), adematous polyposis coli (APC), 1
antitrypsin, FKBP-rapamycin associated protein 15 ( FRAP) or cytosine
deaminase. In a yet further preferred embodiment of the invention said
equine herpes virus lacks or has at least one mutation in at least one gene
responsible for, or associated with replication such that the gene product
is lacking or is nonfunctional so that the virus cannot replicate. 20
Further, or in addition, EHV may be suitably modified in order to
facilitate its use as an agent for effecting gene transfer. For example,
non essential genes may be deleted in order to facilitate the delivery of
large amounts of heterologous DNA that is in the order of more than 10 and
preferably 50'  WO 98/27216PCT/GB97/03438 7 



kilobases. In addition, or instead, EHV may be modified so as to render it
safe and controllable, for example, genes encoding transcriptional control
proteins may be mutated and/or deleted so as to disable the replication
cycle of the virus. Thus in a further preferred embodiment of the invention
there is provided said 5 EHV, as described above, modified so that genes
relating to non-essential gene 9 and/or essential gene 12 and/or
non-essential gene 28 and/or non-essential gene 38 and/or non-essential
gene 52 and/or non-essential gene 49 are mutated and/or deleted, and/or
disabled. According to a further aspect of the invention there is provided
a vector adapted 10 to introduce heterologous DNA into EHV wherein said
heterologous DNA encodes at least part of a protein to be delivered to a
specified cell population. Ideally said vector is a plasmid construct and
more ideally is provided with a marker gene. According to a yet further
aspect of the invention there is provided an equine 15 herpes virus
including heterologous DNA encoding at least part of a protein to be
delivered to a mucosal cell population, wherein said protein comprises at
least part of one or more of the following proteins p53 and/or CFTR and/or
APC and/or 1 antitrypsin and/or FRAP and/or cytosine deaminase.      An
embodiment of the invention will now be described by way of example only 20
with reference to the following materials and methods: Experimental
Approach Generation of EHV-1 recombinant viruses deleted in individual
genes  WO 98/27216PCT/GB97/03438 8 



Two methods have been used, depending on the type of virus mutant under
construction. Viruses with deletions in non-essential genes have been
produced using co-transfection of infectious virus DNA and plasmid
constructs which contain the beta-galactosidase gene under the control of a
strong heterologous 5 promoter, in the presence of the transfection reagent
DOTAP. This was inserted in a manner which on recombination deleted part of
the coding sequence of the appropriate virus gene. Replication of the virus
DNA along with the plasmid DNA allowed homologous recombination to occur
between the appropriate strands of DNA and viruses have been produced which
contain the engineered 10 DNA fragment in place of normal genes. These
viruses were isolated through plaque purification and their genetic
integrity confirmed by Southern blotting. Virus deletants which contained
disruptions in genes essential for virus replication in culture were
isolated utilising helper cell lines. Helper cell lines were produced by
co-transfecting a clone of the appropriate gene under the 15 control of
either its own or a heterologous promoter, along with a selectable marker
gene, neomycin phosphotransferase. Stable cell lines, resistant to the
antibiotic G418 (expressing neomycin phosphotransferase), were tested for
their ability to express each virus gene using either RT-PCR or antibodies
specific for the gene product. Recombinant viruses were propagated on these
cell lines, 



20 which provided the essential gene in trans. Deletion in essential gene
12 (virion-associated transcriptional activator) The open reading frame
lies between nucleotides 13,505 and 14,944 in the published Ab1 EHV strain
sequence and comprises 479 amino acids. The gene has been cloned from virus
DNA using PCR primers flanking the open reading 25 frame, to construct
plasmid pBKRSV12 (deposited with the National Collection  WO
98/27216PCT/GB97/03438 9 of Industrial and Marine Bacteria Limited (NCIMB),
23 St.Machan Drive, Aberdeen, AB2 1RY; deposition number ). This plasmid
contains the RSVLTR promoter and thus is capable of expressing the ORF12
reading frame. Digestion of this plasmid with restriction endonucleases Bgl
II and Xho 1 5 removes a 670bp fragment. The remaining plasmid was purified
by gel electrophoresis and religated to create plasmid pBKK412 (deposited
with the NCIMB at the above address; deposition number ). This was
cotransfected with infectious virus DNA into cells expressing gene 12 (see
below) and progeny virus containing the deletion were detected by PCR and
Southern 10 blotting using standard techniques. 106BHK cells were
transfected with 2g pDM312 in a solution of DOTAP in sterile PBS. After
48h, cells were detached from the culture vessel with trypsin, resuspended
in fresh culture medium and plated out at 104 cells per 10cm diameter
culture dish in medium containing 800g/ml G418. Drug resistant 15 colonies
were selected after 2 weeks, and assayed for expression of the EHV gene by
RT-PCR. Positive clones were expanded and used as the helper cell lines for
propagation of the gene 12-deleted virus. Deletion in non-essential gene 28
(non-structural protein of unknown function) 



20 The open reading frame of gene 28 lies between nucleotides 48,763 and
50625 of the published virus genome sequence. The complete open reading
frame was amplified using PCR and cloned into plasmid pGEX-2T to generate
pAP301. This was then digested with restriction endonucleases Sst II and
Clal to delete 645bp of coding sequence. The beta-galactosidase gene under
control of the 25 CMV 1E3 promoter was inserted at this site to produce
plasmid pAP302. This  WO 98/27216PCT/GB97/03438 10 construct was
co-transfected into BHK cells with infectious EHV-1 DNA, virus progeny
collected and plated out onto BHK cells for plaque purification in the
presence of X-gal indicator. Blue plaques were picked and subjected to
multiple rounds of plaque purification to generate pure recombinant virus.
5 Deletion in non-essential gene 38 (thymidine kinase) The open reading
frame of gene 38 lies between nucleotides 69,910 and 70,968 of the
published virus genome sequence and encodes a 352 amino acid protein. The
complete open reading frame was amplified using PCR and cloned into plasmid
LITMUS28 to generate pDM331. This was then digested with 10 restriction
endonucleases Xcml and Kas1 to delete 504bp of coding sequence. The
beta-galactosidase gene under control of the CMV 1E3 promoter was inserted
at this site to produce plasmid pDM332. This construct was cotransfected
into BHK cells with infectious EHV-1 DNA, virus progeny collected and
plated out onto BHK cells for plaque purification in the presence 15 of
X-gal indicator. Blue plaques were picked and subjected to multiple rounds
of plaque purification to generate pure recombinant virus. Deletion in
non-essential gene 52 (glycoprotein M) 



The open reading frame was amplified using PCR and cloned into plasmid
pSP72 to generate pAP402. This was then digested with restriction 20
endonucleases Xma III and Msc 1 to delete 530bp of coding sequence. The
beta-galactosidase gene under control of the CMV 1E3 promoter was inserted
at this site to produce plasmid pAP403. This construct was co-transfected
into BHK cells with infectious EHV-1 DNA, virus progeny collected and
plated out onto BHK cells for plaque purification in the presence of X-gal
indicator. Blue,  WO 98/27216PCT/GB97/03438 11 plaques were picked and
subjected to multiple rounds of plaque purification to generate pure
recombinant virus. Deletion in non-essential gene 49 (virion protein
kinase) The open reading frame was amplified using PCR and cloned into
plasmid 5 pUC18 and termed pORF49. This was digested with restriction
endonuclease HincII and a cassette containing the (3- galactosidase gene
under the control of the CMV promoter was inserted through blunt end
ligation to generate pUCORF49LacZ (deposited at the NCIMB at the above
address; deposition  number ). This construct was co-transfected into BHK
cells with 10 infectious EHV-1 DNA, virus progeny collected and plated out
onto BHK cells for plaque purification in the presence of X-gal indicator.
Blue plaques were picked and subjected to multiple rounds of plaque
purification to generate pure recombinant virus. 



Deletion in non-essential Gene 9 ( dUTPase) 15 The open reading frame was
amplified using PCR and cloned into pUC18 and termed pORF9. This was
digested with restriction endonuclease EcoRV and a cassette containing the
- galactosidase gene under the control of the CMV promoter was inserted
through blunt end ligation to generate pUCORF9LacZ (deposited at the NCIMB
at the above address; deposition number 20 This construct was
co-transfected with infectious virus DNA ,virus progeny collected and
plated out onto BHK cells for plaque purification in the presence of X-gal.
Blue plaques were picked and subjected to multiple rounds of plaque
purification to generate pure recombinant virus.  WO 98/27216PCT/GB97/03438
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unpublished data.  WO 98/27216PCT/GB97/03438 15 CLAIMS 1.An equine herpes
virus adapted to receive genetic material encoding at least part of a
pre-selected protein for use in delivering said protein to a human cell
population. 5 2.An equine herpes virus according to Claim 1 wherein said
virus is adapted to specifically bind to a selected cell population. 3. An
equine herpes virus according to Claim 2 wherein said cell population
comprises mucosal cells. 4. An equine herpes virus according to any
preceding claim wherein said 10 genetic material encodes for one or more of
the following proteins p53, cystic fibrosis transmembrane regulator (CFTR),
APC, al antitrypsin, FKBP-rapamycin associated protein (FRAP) or cytosine
deaminase.  5. An equine herpes virus according to any preceding claim
wherein said 



virus has at least one mutation in at least one gene responsible for, or 15
associated with replication, such that the gene product of said gene is
lacking or non functional whereby the virus cannot replicate.  6. An equine
herpes virus according to any preceding claim wherein at least one
homologous gene has been deleted in order to facilitate the delivery of
heterologous DNA. 20 7.An equine herpes virus according to any preceding
claim wherein any one or more of the following genes has been deleted or
mutated or disabled; gene 9, gene 12, gene 28, gene 38, gene 52 or gene 49.
WO 98/27216PCT/GB97/03438 16 8. A vector adapted to introduce heterologous
DNA into an equine herpes virus wherein said heterologous DNA encodes at
least part of a protein to be delivered to a specific cell population. 9. A
vector according to Claim 8 wherein said vector is a plasmid. 5 10.A vector
according to Claim 8 or 9 wherein said vector is provided with a marker
gene. 11. An equine herpes virus including heterologous DNA encoding at
least part of a protein to be delivered to a mucosal cell population
wherein said protein comprises at least a part of one or more of the
following proteins 



10 p53, cystic fibrosis transmembrane regulator (CFTR), APC, a 1
antitrypsin, FKBP-rapamycin associated protein (FRAP) or cytosine
deaminase. 


