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remains in the treated cell for the lifetime of that cell, a therapeutic benefit would only be
shown in the short term as the heterologous gene, while present, is usually not
25 transcribed. '
1t follows that if promoter systems could be developed which remain active during
laténcy the full potential of herpes virus vectors would be realised as a therapeutic benefit
would continue during viral latency. A further desirable property of such promoters
would be that they only gave activity in the cell types to be treated, i.e. neurons or sub-
30 sets of neurons or other specific cell types, thus preventing the inappropriate expression
of a potentially therapeutlc gene which might in some cases be harmful. - The ‘gene-
therapy’ would thus be confined to the target cells to be treated.
Herpes simplex viruses, causing cold-sores (HSV1) or genital herpes (HSV2),
infect the axonal terminals of sensory neurons through abrasions on the skin or mucosal
35 surface, following which they migrate to the nucleus in the cell-body where either a latent
infection is established or lytic replication occurs. The factors influencing the decision
for a latent or lytic infection are not well understood. However, in the case of a disabled
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Summary of the Invention
25 . The present invention relates to an expression cassette comprising a herpes
simplex virus LAT P2 region, a promoter and a heterologous gene operably linked in that
order. The present invention is based on the surprising finding that the LAT P2 region
can confer long-term activity on an adjacent promotef. Importantly, the use of the LAT
P2 region and an adjacent promoter to drive expression of a heterologous gene results in
30 not only long-term expression of the heterologous gene, but also in high levels of
‘expression. A single LAT P2 element may also be used to drive long term expression
from pairs of promoters. Here a centx_'ally located LAT P2 element is flanked by two
promoters facing away from it in opposite orientations, such that two heterologous genes
can be operably linked to these promoters resulting in the long term expression of both
35  genes. '
Our hypothesis is that the region of the HSV genome previously referred to as the
LAT P2 (Coffin and Latchman, 1996) or LAP 2 promoter (Goins ef al., 1994) does not




LAT P2 (Coffi n and Latchman, 1996) or LAP 2 pronoter (Goins et al., 1994)
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a pol ypeppiefably a cell of the central or peripheral nervous system. The promoter may also be
inducible and/or tissue-specific.
The expression cassette, or vector, préferably a viral strain, more preferably an
25. HSV strain, comprising the expreésion cassette of the invention may thus be used to
deliver a heterologous gene to a mammalian cell where it will be expressed. Such
expression cassettes and vectors are useful in a variety of applications, for example, in i
gene therapy, as vaccines, in in vitro or in vivo assay methods or for the study of gene
function.
30 The term heterologous gene is intended to embrace any gene not found in the_
HSV genome. The heterologous gene may be any allelic variant of a wild-type gene, or it
may be a mutant gene. The heterologous gene preferably encodes a polypeptide of
therapeutic use, including polypeptides which are cytotoxic or capable of converting a
precursor prodrug into a cytotoxic compound.
35 ‘Gene therapy and other therapeutic applications may well require the
| administration of multiple genes. The expression of multiple genes may be advantageous
for the treatment of a variety of conditions - e.g. using multiple neurotrophic factors.




t her apeuti c use, including pol ypeptides which are cytotoxic or capable of

converting a precursor prodrug into -a cytot-oxi-€ corpetHith—35————-——-Geng -

therapy and other therapeutic applications nay well require the .
adni ni st r MO WA nul tiple genes. The expression of nulti p?@’&&ﬁw%y be
advant ageous for the treatnment of a variety of conditions - e.g. using

mul ti pl e neurotrophic factors. WO 9830707

PCT/ GB98/ 00074 -4- HSV is uniquely appropriate as it does not have the )
Ihl m teld PESYaidi uiiqiehp p% phisteasdt deéshast hﬁvﬁ&he \Hﬁﬁieﬂf RYELRTE avﬁhiwcﬁasr&ﬁf tiple
et erol ogQ S es can acc inits ere are, for
exanpl e, g‘éélt %gl §t n‘}aﬁﬁogﬁh?ﬁf’zﬂ i%?}P&“’ﬁeg °@94’d’ agegmmaogdated) o

nmore t hamvﬁhm it peremss. o Thersarey for extmplee at teastntwoowayoin erhivh ﬁus coulﬂtHeOdUCGd .
into a par ar ain e one

het er ol og 3}?%5@ «f IA%%E) r‘%"rf"ﬁ@%pé’g%r ggl%%glév}\gu%g&ge L{.gh U‘?’& "ﬁ

pr onoter sinfrotacedants orpadidularr B8V straimptBack exprssiony cassetm;-ppmgl ctmpﬁsb&mem i ons
away fro I h_driving
he expr S Righebenk, Aral e bobieat FEREbe b UGl T R BuBE el
gene) . 10or different pmmwsers}f‘eclpg@semosm odentations awvey ﬁpsma pcmsmadomur bATl on

cassette ﬁ%FH}ﬂ%fﬁn %@Pf,foﬁmﬁ&s RadfFdiVify HeQABleSioRHth Ret H&*‘Rg%

gene opera n that order to sald HSV LAT P2 r gio
opposi t e rdiffarent Reterolagouhgene).r st pronoter and first heterol ogous gene The

secongh pr onot eThukke Bﬁ:séﬁt@nmﬁﬁn ako grmddésfaﬁremteséi&x EdxSetfel faftherlto ﬁ??fsﬁf The
second het erol ggous t%ene %/ 8(@ P sane as or dh{g er,ent, ttl(x) th tg 15
het or ol 0chERCORNEPTeT 410, 3¢eoB heRFIoBoYs 8 e Snerahly inksd fn that oxderitp said

pr onot er HSVaLAthZ Lvegiopr ambfre theaoppdsite arisatation rmoth_etﬁtstf pronfotbrAdnd® Hirst

r ter. _ o :

P oot or /hifkeRABIE pind. rfe SLAAATIRAr IR E%;ﬁie. it ob lifferen dorths, fgst,

pronot er/
"single Lmromteregirhmsecanﬂcmer@ogm geoagnay: bernitex sames 8% on differenti tosthoffirgienes,

whi chyqray, e@éﬂ%&e &ﬁngr f nt
prormtsenrasha%d%%ngégatorl al %%%?o cﬁr cou IFBGHEE@’ use eor%go%lﬁig Joir%&?mre of
the firstLAfpsomptesapd thespenndpremeater is g LAT Rl semetes i nto t he genome of the
HSV strain togpf B@méty hh@neme exﬁ&itepﬁfndem PEIF VTp xbmeer%teeme BARS &R
cassette. Consequentl p riat el Aglt éences expr essi on
Casset o CBRIRFY T BPROTte APEUEHO S 4:anel pat Bh srecs ?’Gég%f‘?’@s of
ei ther ty@@preskion offpaés iof @endsyiwhivhrmay by titeanemt differebis aneén by eheP3tBieCGHST ON
casse%‘i ﬁ?%fenu(:t or pref erably HSV strains, conprising the expression

casse greon? *Fhe treatnent of humans and ani mals. For exanple, HSV
str.ains corrpr | Al cogntitatoralmppmchy nould siset ieeusediwhere one or more of the first type
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references to “the expression cassette” should be taken to include multiple expression
25  cassettes of either type. '

The invention further provides for the use of the expression cassette and vectors,
preferably HSV strains, comprising the expression cassette, for use in the treatment of
humans and animals. For example, HSV strains comprising the expression cassette can
be used in the treatment of a disease of, or injury to, the nervous system, including

30 Parkinson's disease, spinal injury or stroke or a disease of the eye, heart or skeletal
muscle, or a malignancy. Such HSV strains will have been attenuated so that they are
unable to undergo the lytic cycle in human and animal cells.

The expression cassette of the present invention may also be used in methods for
studying the function of genes in eukaryotic cells, preferably mammalian cells, for

35 example in identifying genes complementing cellular dysfunctions, or studying the effect
of expressing mutant genes in wild-type or mutant mammalian cells. The methods of the
present invention may be used in particular for the functional study of genes implicated in
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gene ( or \%rorgot\éxe' Eagc? secltjn?:ucii %etero%éo%lglg%ne are the same as or different to the first promoter
and first heterologous gene. Thus a pair of promoter/heterologous gene constructs in
opposite orientations flank a single LAT P2 region allowing the long-term expression of
pairs of heterologous genes, which may be the same or different, driven by the same or
25  different promoters. Furthermore, the product of the first heterologous gene may regulate
the expression of the second heterologous gene (or vice-versa) under suitable
physiological conditions. _ :
The term “long-term expression” is taken to mean expression of a lieterologous
gene in a cell infected with a herpes simplex virus of the invention even after the herpes
30 simplex virus has entered latency. Preferably, this is for at least two weeks, more
preferably at least one or two months after infection, even more preferably for the life-
time of the cell.
The expression cassette can be constructed using routine cloning techniques
known to persons skilled in the art (see, for example, Sambrook ef al., 1989, Molecular-
35  Cloning - a laboratory manual; Cold Spring Harbor Press).
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actin,B-actin, tubulin) or, alternatively, a tissue-specific manner (such as promoters of the
genes for pyruvate kinase). Promoters which are active in only certain neuronal cell types
are especially preferred (for example the tyrosine hydroxylase (TH), L7, or neuron
specific enolase (NSE) promoters). They may also be promoters that respond to specific
25  stimuli, for example promoters that bind steroid hormone receptors. Viral promoters may
also be used, for example the Moloney murine leukaemia virus long terminal repeat
(MMLYV LTR) promoter, the HSV1 or HSV2 LAT P1 promoter, the rous sarcoma virus
(RSV) LTR promoter or the human cytomegalovirus (CMV) IE promoter.
It may also be advantageous for the promoters to be inducible so that the levels of
30 expression of the heterologous gene can be regulated during the life-time of the cell.
Inducible means that the levels of expression obtained using the promoter can be
regulated. For example, in a preferred embodiment where two promoters in opposite
orientations flank a single LAT P2 region one promoter would comprise a promoter
- responsive to the tet repressor/VP16 transcriptional activator fusion protein previously
35  reported (Gossen and Bujard, 1992; Gossen et al, 1995), and driving the heterologous
gene the expression of which is to be regulated. The second promoter would comprise a
strong promoter (e.g. the CMV IE promoter) driving the expression of the tet
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gene may ehcod®&he fheterelogops @eng rlbll)élemo‘iem \ior vaxampie, t preteins involved in
regulation of cell division, for example growth factors including neurotrophic growth
factors (such as brain-derived nem"otrophic factor, glial cell derived neurotrophic factor,
NGF, NT3, NT4 and NT5), cytokines (such as o-, p- or y-interferon, interlenkins
25  including IL-1, IL-2, tumour necrosis factor, or insulin-like growth factors I or II), protein
kinases (such as MAP kinase), protein phosphatases and cellular receptors for any of the
above. The heterologous gene may also encode enzymes involved in cellular metabolic
pathways, for example enzymes involved in amino acid biosynthesis or degradation (such
as tyrosine hydroxylase), purine or pyrimidine biosynthesis or degradation, and the
30  biosynthesis or degradation of neurotransmitters, such as dopamine, or protein involved
in the regulation of such pathways, for example protein kinases and phosphatases. The
heterologous gene may also encode transcription factors or proteins involved in their
regulation, for example members of the B3 family or pocket proteins of the Rb family
- such as Rb or p107, membrane proteins (such as rhodopsin), structural protein (such as
35  dystrophin) or heat shock proteins such as hsp70.
Preferably, the heterologous gene encodes a polypeptide of therapeutlc use, or the
function of which may be implicated in a disease process. For example, of the proteins
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25 B. Vectors

The expression cassette may be used in the form of a naked nucleic acid construct.
‘Alternatively, it may be introduced into a variety of nucleic acid vectors. Such vectors
include plasmids and viral vectors, preferably HSV vectors. Vectors may further include

30 sequences flanking the expression cassette which comprise sequences homologous to |
eukaryotic genomic sequences, preferably mammalian genomic sequences, or viral
genomic sequences. This will allow the introduction of the expression cassette into the
genome of eukaryotic cells or viruses by homologous recombination. In particular, a
plasmid vector comprising the expression cassette flanked by viral sequences, preferably

35 HSVI1 or HSV2 sequences, can be used to prepare a viral vector, preferably an HSV
~ vector, suitable for deliveﬁng the expression cassette to a2 mammalian cell. This is
described in further detail below for the herpes simplex virus. However the techniques
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Attenuated strains may be used to produce the HSV strain of the present
invention, here given as examples only, including strains that have mutations in either
25 ICP34.5 or ICP27, for example strain 1716 (MacLean et al., 1991), strains R3616 and
R4009 (Chou and Roizman, 1992) and R930 (Chou et al, 1994) all of which have
mutations in ICP34.5, and d27-1 (Rice and Knipe, 1990) which has a deletion in ICP27.
Alternatively strains deleted for ICP4, ICPO, ICP22, ICP6, ICP47, vhs or gh, with an
inactivating mutation in VMW®65, or with any combination of the above may also be used
30  to produce HSV strains of the invention.
The terminology used in describing the various HSV genes is as found in Cofﬁn
and Latchman, 1996.

2. Complementing cell lines

35 HSV viruses defective in ICP27 are propagated in a cell line expressing ICP27,
for example V27 cells (Rice and Knipe, 1990), 2-2 cells (Smith et al., 1992) or B130/2
cells (see the Examples), preferably B130/2 cells.
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described above.

- Mutations are made in the HSV strains by homologous recombination methods
25  well-known to those skilled in the art. For example, HSV genomic DNA is transfected
together with a vector, preferably a plasmid vector, comprising the mutated sequence
flanked by homologbus HSV séquences‘ The mutated sequence may comprise deletions,
insertions or substitutions, all of which may be constructed by routine techmiques.
" Insertions may include selectable marker genes, for example lacZ, for screening

30 recombinant viruses by, for example, §-galactosidase activity.
| Mutations may also be made in other HSV genes, for exan{ple genes such as
ICPO, ICP4, ICP6, ICP22, ICP47, VMWG6S, gH or vhs. In the case of the VMW65 gene,
the entire gene is not deleted since it encodes an essential structural protein, but a small
inactivating insertion is made which abolishes the ability of VMW65 to transcnptlonally

35  activate IE genes (Ace et al., 1989)

4 HSV stz cine 1 . I
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D. Administration

25 The expression cassette of the invention may thus be used to deliver therapeutic
genes to a human or animal in need of treatment. In particular, the neurotrophic nature of
the herpes simplex virus makes the use of aftenuated HSV strains comprising the
expression cassette of the invention ideally suited for the treatment ef, fer example,
Parkinson's disease, disorders of the nervous system, spinal injury, strokes or

30 malignancies, for example gliomas. Alternatively, the expression cassette of the

' invention may be used to deliver genés encoding potentially immunogenic polypeptides
for vaccine purposes. . |

The expression cassette of the invention may be administered directly as a naked

nucleic acid construct, preferably further comprising flanking sequences homologous to

35  the host cell genome. Uptake of naked nucleic acid constrmmcts by mammalian cells is
enhanced by several known techniques including biolistic transformation and lipofection.

Alternatively, the expression casseite may be administered as part of a nucleic



sequences using cloning techniques well-known in the art. It is possible to
i'nsert- nmore than one expression cassette into the viral genone, 15 thus a -
viral vector may conprise nore than one expression cassette of the .

i nvent i orwob8/30787 al so possible to nmake use of the endogen®CI/¢CBIBNRZ4r egi on
by cl oning constructs, conprising a pronoter operably linked to a

het er ol ogous gene, downstream of the egdogenous LAT P2 regi on. Another
construct may be cloned upstream of the LAT P2 region but in the opposite .
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pharmaceutically acceptable suitable carrier or diluent is administered.
. When the expression cassette is administered as a naked nucleic acid, the amount

of nucleic acid administered is typically in the range of from 1 pg to 10 mg, preferably
from 100 pg to 1 mg.

25 ' Where the heterologous gene is under the control of an inducible promoter, it may
| only be necessary to induce gene expression for the duration of the treatment. Once the
condition has been treated, the inducer is removed and expression of the heterologous
gene is stopped. This will clearly have clinical advantages. Such a system may, for
example, involve administering the antibiotic tetracycline, as described above, to activate

30 gene expression via its effect on the tet repreésor/VPl6 fusion protein.

The use of tissue-speciﬁc promoters will be of assistance in the treatment of
disease using the expression cassette of the invention. For example, several neurological
disorders are due to aberrant expression of particular gene products in only a small subset
of cells. It will be advantageous to be able express therapeutic genes in only the relevant

35 affected cell types, especially where such genes are toxic when expressed in other cell

types. '

The routes of administration and dosages described are intended only as a guide



peri pheral nervous system and the expression cassette is to be delivered by

a herpes sinplex virus vector, the conposition could be admnistered.inh an ....-

ar ea- wher ic terminals are |located so that the viru M l;(?gken up
into the ?Jéfw&’ls and transported in a retrograde nanner %ﬁﬁ' % into
t he axonal cell bodies via retrograde axonal 15 transport. The

phar maceuti cal composition is typically3adninistered to the brain by
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pfu, preferably from10[err] to 10[err] pfu, 20 nore preferably from

10[err] tg, 10[%&?1\&5&1&6&@59& njected, typically 1-10 [err]l of virus in a
pharmaceutically acceptable suitable carrier or diluent is adm nistered.
VWhen the expression cassette is adnministered as a naked nucleic acid, the
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ypes, especja ere such.genes a 0xJ c_when expressed in other ce
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as a gui dskilled \pers8fi/ Wil @asily be able to determine whether the heterologous gene can
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parti cul atopdetemmine 4f éxprossitin pHhe Eeterologous gnevath odwea gineebssrveble Emtanessi on
casseby esp%mé&)giﬁmée&ﬂl on can also be used in nmethods of scientific

us, a furt

research. er aspect of the present invention relates to
met hods of assg‘pqsngrocedure can also be used to camry out systematic mutagenesis of a

heterologous gene to ascertain which regions of the protein encoded by the gene are
involved in restoring the mutant phénotype. _
This method can also be used in animals, for example mice, carrying so-called
25 "gene knock-outs". A wild-type heterologous gene can be infroduced into the animal
using an expression cassette of the invention and the effect on the animal determined
using various behavioural, histochemical or biochemical assays known in the art.
Alternatively, a mutant heterologous gene can be introduced info either a vﬁld-type or
"gene knock-out" animal to determine if disease-associated pathology is induced. An
30  example of this is the use of genes encoding prions to induce Creutzfeld-Jacob and other
prion-type diseases in the central nervous system of rodents. Other disease models may
include those for Alzheimer’s disease, motor neurone disease or Parkinson's disease.
Since it is possible to introduce at least two different heterologous genes into a
cell using one or more expression cassettes, it will also be possible to study the
35 interaction between two or more gene products.
Thus, the methods of the present invention may be used in particular for the
functional study of genes implicated in disease. One advantage of using the method of

repr'essor/ VP16 fusion protein, . The use .



gene function in eukaryotic cells, preferably nmamali an ceIIs either in
vitro or in vivo. The function of a heterol ogous could be detern1ned by:--10--
(a) introducing an expression cassette of the invention conprising Said ’

het er ol oo es/spyoe i nto a eukaryotic cell; and (b) deternm RCR{ERIBBOOTAT ect of
expression of said heterol ogous gene in said cell. For exanple, the cel

may have a tenperature-sensitive defects-in cell division. 15 Wen an
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hi stochem cal or biochem cal assays known in 'the art. Alter natlvely, a
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present f‘]m be used in particular for the functional study of
genes |rrp cated i di sease. One advant age of using the nethod of WO
08/ 30707 2 A CMV promoter driving lacZ expression from the LAT regipaTincRo3CB2D74

-14- the der‘t’&Nthr(virﬁs Stk 79/ AIRIYCZO Hdre oW @ﬁmﬁmér'x&az {snL " !
t he tenpqral e‘gﬁ‘p sion_of § partlluﬁtar gene neans 't may e possi bl e
to ascer B S\ﬂ-& Ainte 1F81%pment or repair the gene needs to
be expressed, Afuar P@J/CM\B promoter driVigigi 1802 fionD theMEP27ORCEE SE. iabsid With h
refer eNncqch9s Fet do tvn-us sﬁ%n%?ﬁﬁ/%]&'g} Cﬁcre the LAT P2 region conferring long-

term activity on a non-LAT promoter is used in isolation from other LAT sequences.

4. A LAT P2 region flanked downstream by an MMLV LTR promoter/GFP cassette

and upstream by a LAT P1 promoter/lacZ cassette in the opposite orientation (the pR20.9

25  cassette), and inserted into the UL43 gene of a virus deleted for ICP34.5 and with an
inactivating mutation in VMW®65 (virus strain 1764/pR20.9).

Material and Methods

30  Viruses and cell lines
All viruses were prepared by standard methods (for example, see Coffin and
Latchman, 1996; Coffin et al., 1996) of homologous recombination followed by X-gal
staining for lacZ activity, plaque purification, and Southern blotting to check correct
genome structure of recombinant viruses.
35
(a) Parent viruses and ICP27-complementing cell lines:



are intended to be illustrative only and not limting. EXAMPLES 10
t-n-Exanptes 1-to 8,” the use of the LAT P2 region to give long-term

expr essi og, crl bed for the follow ng constructs: 1. C 2 TR
pronoter drivi-ng Iong term expression of lacZ fromthe LAT region In an
| CP34.5 del eted, VMM5 trans-activati ng activity renoved virus (virus 15
strain 1764/pR14) Here, an MWLV LTR/ Lz ®Z cassette is inserted di rectly
after LAT P2 in the LAT region. 2. A CW pronoter driving |lacZ
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1764
20 HSV strain 1764 has been previously described (Coffin ef al., 1996). It is deleted
for the gene encoding ICP34.5 (MacLean et al., 1991) and has an inactivating mutation in
 the gene encoding VMWG65 (Ace e al., 1989), the virion transactivating protein. ICP34.5
is non-essential for virus growth in vitro and the VMWG65 can be complemented by
inclusion of hexamethylene-bisacetamide in the media (McFarlane ef al, 1992) and so
25 canbe grownon BHK cells.

Example 1 - Construction of 1764/pR14
" Virus strain 1764/pR14 was produced by co-transfection of purified 1764
~ genomic DNA with plasmid pR14 into BHK cells and selection of blue plaques after
30 X-gal staining. pR14 was produced by insertion of MMLV LTR/lacZ sequences into
pNot 3.5. pNot 3.5 contains a 3.5 Kb Nofl fragment from the LAT region of HSV1
(nucieotides 118439-122025) cloned into the Nod site of pGem5 (Promega). The MMLV
LTR/lacZ insertion was made in two stages:

35 1: The lacZ gene (HindIlI-BamHI) from pCH110 (Pharmacia) was inserted into
the HindIIl site of pJ4 (containing M_MLV LTR promoter/polylinker/SV40 polyA
sequences; (Morgenstern and Land, 1990)) giving pJ4lacZb.



non-essential, and which nust therefore be grown on an | CP27-expressing

cell-Iline. NucI eotide nunbers refer to the HSVL strain- 17+- ~SEGUEAEE -~
(Genbank no. HELCG. 10 | CP27 del et ed viruses vverepég‘enerat ed and’
st ocks pWOPEREWTby growth on the | CP27 conpl ementing BHK RE/GEBIYQ74R130/ 2

previ ously generated by co-transfection of plasm d pSGL30BS (Sekul ovich et
al ., 1988) DNA with neomycin resistam® encoding plasmd pManNeo '
(I'nvitrogen) into BHK cells and the selection of neonycin resistant clones.
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(H ndll1l- BanHI rom pCHllO (Phar maci was inserted into

of pJ4 ( q -prom)t er/ pol yl i nker/ Sv40 pol yA sequences; .
(I\/brqsenstern and Land 1990)) gi vi ng pJ4lacZzb: WO 98/ 30707

' - Y 0achoI yA from pJ4lacZ.was inserted ,
laaas “afte - LAT P2) by excision frompJ4lacZ with’
Nhel and Pst IV1rgs vstmm pRMéIDZ(ZIpiReﬁt atasoproduédd Rl LodTritdfdctith | of uri?ﬁeﬁxaffp' e
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pR19Il ac Zplaqnas afieg 30¢adl staining. anﬁ eak wonstmetedf bybingertion of a LAT P2/CMV 1IE
- 20 promoter/LacZ/poly A cassette (Ps - Srfl from pR19lacZ. The St/ site is just after the
BstX1 site in pNot 3.5.) into pDMN. pDMN was pi‘oduced by deleting a Nofl/Xmnl
fragment from the EcoR1 B fragment of the HSV1 genome cloned into pACYC184
(NBL), to leave a fragmenf which includes the gene for ICP27 and flanking sequences
(HSV1 strain 17+ nucleotides 11095-118439). A pair of Mlul fragments encoding the
25 - entire ICP27 coding sequence together with the non-essential genes ULS55 and 56
(nucleotides 113273-116869) were then removed by digestion with Ml and religation.

The LAT P2/CMV IE promofer/LacZ/poly A cassette was then inserted at the Ml site,

Example 4 - Construction of 1764/pR20.9

30 Virus strain 1764-pR20.9 was produced by co-transfection of 'puriﬁed 1764
genomic DNA with plasmid pR20.9/43, resulting in insertion of the pR20.9 cassette into
the UL43 gene of virus strain 1764. This construct comprises two heterologous genes,
The first gene, green fluorescent protein (GFP) is under control of the MMLV LTR
promoter whilst the second gene, lacZ, is under control of the LAT P1 promoter. These

35  flank the LAT P2 region in opposite orientations such that the respective genes (lacZ and
GFP) are transcribed in opposite directions away from the central LAT P2 region.

Plasmid pR20.9/43 was constructed by:

1996). It is deleted for the gene



pl aques after X-gal staining. pR19lacZ was produced by insertion of a CW
- E-promoter/lacZ/-polyA:-cassette into the BstXl site of pNot 3.5, i.e. after
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The CW I E prompter/|acz/ pol yA cassett® was then excised with Nrul and Bbsll
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~het erol qgg E%?ﬂvrm sgléh Sitds| df?beﬁﬁ‘@rorﬁé@a?ﬂ olfeHARGS ST hgﬁé&i@EEol(@FB)Ie]! s

under contro R pronoter whilst the Second gene,
under coigatesi todpel HYingPGeMSEly oroter. These 35 flank the LAT P2 regl on in

T o e i
Pl-asmi d R@MS@; Zlgg%%m WV\BX Bjgse @7“367317'“18 pPI °

PCT/ GBOg()00 7ihserfidn ofian oligonaelestidenerwodi®grun Stfb sipe 6% vi ACCOBRBCOARG) r ogen)

ot g8 spbt 8B npa AR ARk BRPEARE (T N (T onLoEh) D, pone and

pl asm d @ummmon'ﬁfea LAST P2AMMINY GEPfp A eassette (Bef &&E@P@ﬁ fremtp3: 5Mﬁ1e CW

Pr ONRY €l'into the Nsil site of pP1/lacZStf, orientated such that the LAT P2 region from p3.5MG is

next to the LAT P1 region from pP1/lacZStf, giving plasmid pR20.9.

(viii) insertion of the pR20.9 cassette into UL43 flanking regions by excision with Srfl

and insertion into the unique NI site of p35, giving pR20.9/43. p35 contains HSV1 nts
91,610-96,751 (BamHI-EcoRI) cloned into pGem1 (Promega).

Peripheral nervous systein.
1764/pR14 was tested by footpad inoculation of mice (1x1 0’ pfu) followed by
30 subsequent sacrifice and dissection of lumbar dorsal root ganglia. After fixing and X-gal
staining by standard methods (Coffin et al., 1996) blue staining could be seen after 2
days, 2 wecks, 1 month and 2 months (longest time tested) in lumbar ganglia 14 and L5,
indicating long-term promoter activity.



5 (ii) Insertion of the MWWV promoter frompJ4 (Nhel-H ndlll) into the
BanHl site of pcDNA3GFP;- gi ving- pcMVLVGFP -ori-ent-at-ed--such--t-hat --t-he-Nhel,
site frompJ4 is next to the CW.pronoter. (iii) i nsertion of the.

MVLV/ GFPWSI98W3%et t e from pcMVLVGFEP into pNot3.5 by exci sPERGRO#N0ZS na 1 -
and ‘Bbsl and insertion between the BstXl sites of pNot3.5, i.e. after 10
the LAT P2 sequence, orientated such tlBat the MWV pronoter is next to the
LAT P2 region, giving plasmd p3.5Mz (iv) insertion of the LAT P1

pr onot er Cefifral hkfolid Syste®, 877) from Ddel - Sty between t he EcoRV and Spel

Co Spet AT RreblfiBReHaron 54 F6™ 51 3 o o nd P B0} C20REAe hRies} P
pCH110 ( PHéd/pRE4 give bite staining\fodlowdng xm@q&ﬁﬁ&t‘gﬁl staining atr} dayspR vHehslI]J I nex_t__

o1 gonuc PR 488 B (BloH iR bR il gk SRR Ble el Bromote

site &f petvityacZ, giving pPl /1 aczSrf. (VII) I nsertion of a LAT
P2/ MMLV/ GFP/ pA cassette (Pstl fragnent) “from p3.5M5 20 into the Nsil -site

of pPl/lacZSrf, ori ent at ed such t hat &h LAT P2 region fromp3.5M5 is next
to the LAXIRPIEQ N0 LIRS MW 9] ]Zéﬂ—zé&ﬁng plasm d pR20. 9. (VIII)
I nsertion of the -pR20. 9 cassette -t o- UL43-f-| anki-ng -+-egi-ons-: by--exci_si-on

with SrfbeﬁﬁﬂﬂeﬂﬁﬁﬁkyMI nto the unique Nsil site of p35 givi.ng -pR20. 9/ 43."

Doy 0B gaiAtep stemebrnat BosilESam GRID LB HRDYPCF Pl eeiangn o0 i 2hPe Lorip

Ee L |e p?i )r( aéts)nET-H/DBWpRnytgam sttoifbloRbthining afters ﬁn?gmgf}mgabadmmg)m diysplnogf o '
| unbar dé%efﬁé ]Og[t l&}éﬁ% g\?]?gﬁ%ﬁtﬁl%ég - ga éh?al n?’ﬁagr}g?/%@e%
met hods pmmmm veltenaplaceﬂ%’@)' LATIB2slik¢ thendIMbV| LTR ecovbkaisa giver logg derys, 2
vveeks g@ﬂﬁ}; and 2 nmonths (longest tinme tested) in | unbar gangl la L4 and

i ndi ¢ | ong-t-erm pronoter activity. WD 98/ 30707
_PCT/ 898/ 00074 - - 18- Oent raI nervous system After stereotaxic inoculation
(5x10[ er Hxablé : E7-4/BR7ARR0at um (200- 220 g Lewis rats)

1764/ pR14 gave b ue stal ning fol I oW ng fiIxing and X-gal staining at 2 days,
2 weeks, 1 nonth and 2 nonths (longest tinme tested). This again indicated
| .ong-t er @eptralmEresusSystemt i vity.

) After stereotaxic inoculation (5x10° pfu in 2 pi) to the rat striatum (200-220 g
20 Lewis rats) 17+/D27/pR20 also gave strong blue staiﬁing after fixing and X-gal staining
at 2 days, 2 weeks and 1 month (longest time tested). Importantly, these indicate that
'LAT P2 can give long term activity from a proximal promoter when inserted elsewhere

in the herpes genome, ie not in the LAT region.

25 Bxample 8 - inoculation of mice with 1764/pR20.9

Peripheral nervous system
1764/pR20.9 was tested by footpad inoculation of mice (1x107 pfu) followed by
subsequent sacrifice and -dissection of lumbar dorsal root ganglia. After fixing strong
30  green fluorescence could be seen under fluorescence microscopy (fluoroscein optics) and
after X-gal staining blue staining could be seen in the same cells after 2 days, 2 weeks, 1
month and 2 months (longest time tested) in lumbar ganglia 1.4 and L5, and to a lesser
~ extent in other DRGs. This indicated that both promoters were active in the long term and
showed that pairs of genes could be efficiently expressed using a cassette of the

'35 invention.



Exanple 6 - Inoculation of rats with 17+/ D27/ pR19 Central nervous system 10
Af.ter: st ereotaxi c-i-noculati-on(5x10fLerr]-.pfu-in.2 [err]l) to the rat’

striatum 220 g Lewis rats) 17+/ D27/ pR 9 gave stron ni ng
after .fi ‘ﬁ’ﬁg’g’éh‘&"'x-gal staining at 2 days, 2 weeks, 1 rmntﬁcp}k%S ITDJI!lt hs
(longest time tested). This showed that_the CW | E pronoter, when pl aced
after LAT P2, like the MMLV LTR coul d A-so give long termactivity. 15

Exanple 7 - Inocul ation of rats with 17+/ D27/ pR20 Central nervous system

After st dieferensgsc i nocul ation (5x10[err] pfu in 2 [err]l) to the rat
striatum (200-220 g 20 Lew s rats) 17+/ D27/pR20 al so gave strong bl ue

?It ai ni n? 1?“ t er(tiéfﬁ%&'md? aﬁ&ia%éhﬁﬁhﬁsaﬁ BQsiﬁiplegc_ di@t%ﬁsba}[sgd ?@cﬁdﬁ\@r_ E{Z?d.a%clﬁmm"" h
onges ime teste orta ese indicate tha an give.
['ong term acti®® (53 r%’ﬂeg m%%nrﬂf ReEYOuR RYRteT ?ﬁtdé’anel’geé&ﬁ&ﬂéonn t he
her pes; genone, 1996, 994114t he LAT regi on 25 Exanpl e 8 - inocul ation of
‘mce wth, 176 | r al ner VSt e by

f oot pad |%ocu%ﬁ§‘?‘“o¢£ 8@%‘?‘9&%‘[‘@? )ty?%ﬁn F%\fﬁ EZ@'%%"rﬁfﬂl%d
sacrifice and pinpaﬁt:tneurowmldnuemtate&)ms@encmun g@‘rhggom str¥fin €174 i betweenst r ong
30- green fluot - c y. _

_(fI uoroscein Ogﬁ%@%%%ﬁﬁ?g%%ftﬁ@? éég k%ﬁgﬁgggﬂi% 8%%5?%)' be seen
in the sahe ceMosgeasternr JP andyband kS§neSlO Expms-ﬂdnsvﬁtttmsgm time
testeg) inlu ac?éi‘i% n E'DRGS
This | nd| cated that S%ghrf%?%?k vsvleoﬁlegfa%:t | u’?’éfaﬁlévt ?ﬁe?%g}éﬁgm howed
that pairs of @m@gtwamékéﬁf% gnta6g. expressed using a cassette of the

PeT/ Bo8) JooTASNRIRE B ARTIORS, 1. VireL o 392G i Lat chimn DS,
_ ef erences, i.n atc ma r pe
si-mpl ex .vPTus- bs& ’v%[gS’P%"ucPHn aﬂgt"@ﬁ’f‘?ﬁ?‘n"nﬁ%‘ %na hegpas SEP %N}rﬂﬁmﬁ n_of

thé nervous sygugmt uﬁéb’r)d&mrmsﬁfdﬁwimmedldﬁreaﬂ'ﬁ gene expressicROq, Viepl 589163 2.
_l\/acLean AR et %?%r es sinplex virus type | deletion variants 1714 and
1716 npoi nt rul ence rel ated sequences in d asgow strain 17+

bet ween i 6medi McFadael W, deaksis| JIa Restdne CMy' Hexamatindene Bis@etamide climidgds 72:
sgg . gf’g a‘;’ ’ hdPLOGRBIE VirlE ARfelBRY bty ApSi bftediion TR %ﬂse%@r st on
' trans-induction by VMW®65. J Gen Virol 1992; 73: 285-292.
7. Rice, SA and Knipe DM., 1990, J. Virol 64: 1704-1715.
20 8. Chou, J., Poon, APW, Johnson, J. and Roizman B. Differential response of human
cells to deletions and stop codons in the y,34.5 gene of herpes simplex virus.
I. Virol. 1994; 68: 8304-8311.
9. Smith, IL et al., 1992, Virology 186: 74-86.
10.  Coffin RS et al, 1996, Gene Therapy 3: 886-891.
25 11.  Chou, J. and Roizman, B. The v,34.5 gene of herpes simplex virus 1 preciudes
' neuroblastoma cells from friggering tfotal shutoff of protein synthesis
characteristic of programmed cell death in neuronal cells. PNAS 1992 89:
3266-3270. :
12.  Gossen M and Bujard H, 1992, PNAS 89: 5547-5551.
30 13. Gossen M et al., 1995, Science 268: 1766-1769. _
14.  Sambrook et al., 1989, Molecular Cloning - A Laboratory Manual. Cold Spring
Harbor Press.
15. QGoins, W.F. et al., 1994, J. Virol. 68: 2239-2252.




10 characterisation of their expression of a reporf BAISRHEET HAS BEEN)
and transiently. transfected-cells.-NAR 1990.; . 18: 1068. 4 . EEPLH\GED ch R
et al., 1988, J. Virol. 64: 3916-3926. 5. Ace Cet al. —~arf
char act er We930m07%f a herpes sinplex virus type | nutant uhﬁﬂﬂ@”’@‘m
transi'nduce i mredi ate early gene expression. J Viro

2260-2269. 6. McFarl ane M Daksis Jk20- Preston CM

bi sacet am de stinul at es her pes-sinpl ex virus inmedi I ﬂﬁ il U“l

gene-expression in the absence of tr?m'miuction b ol.
K

1992; 73: 285-292. 7. Ri ce, SA an nipe DM, 1990, J. \/ roI
64: 1704-1715. 20 8. Chou; J., Poon, APW Johnson, J. and Roi zman B.

[Dl ff]egingllal r@&p@ﬁp‘ﬁsﬁﬁn hwmloe @Bhpfising deieqsesm mdvmisom qggoggatﬁd hg _
err el pes -Si ex
S 4 SR P2 B Sgper @ﬂdlae%é’cer?zesegs T 199,

CGene Therapy 3. 886- 891 25 11. Chou . and R0|zman B. The [err]34 5

gene of hgrpes [

triggeri ng't_otﬁ%k%é’fo}é E#Qpro el n glﬁﬂlg vamﬁgir%a r| St * IJ#S@&@%md
cel | deat promoteeur onal cells. PNAS- 1992 89: 3266-3270. 12. Gossen M and
Buj.ard H, - 1992, .PNAS 89...5547-5551...30. ..13.. Cossen Met al., 1995,

Sci ence 268: 1766- 1769, 14, Sanbrook &f . al | ., 1989, Molecular Cloning - A
Labor at or $- Manddd expwswnsmﬁeﬁ@ apeording toplaim 1 org whertis said promofer iga

1994, J. \z(kdrﬂéter 68: 2239-2252. -20.- CLAIMS 1. An expressi on cassette
conprising: - a herpes sinplex virus (HSV) “latency-associated transcri pt
(LAT). P2 region consisting of HSV. type 1 nucleotides.118,866-120,219 or of
a fragmeny. or -gar expr&ssy@ bdseét&oiccofdxﬁgl to s:laimpnbirez hefsi® \shid prordodr is a

and- 5 hETERBR RS I PTRRLS FIPHRIRIED P PRETOIORS ond i o

expressi ogeltassette according to. claim1 wherein said pronpter is a non-

et

5. An expression cassette accordmg to clalm 4 wherem said mammahan promoter is
a tlssue-speclﬁc promoter. '
6. An expression cassette according to claim 4 or 5 wherein said mammalian cell is a

cell of the central or peripheral nervous system of a mammal.

7. An expression cassette according to claim 4 or 5 wherein said mammalian cell is
a cell of the eye, heart or skeletal muscle of a mammal.

8. An expression cassette according to any one of the preceding claims wherein said
heterologous gene encodes a polypeptide of therapeutic use.

9. An expression cassette according to claim 8 wherein said gene : encodes a
polypeptide which is cytotoxic.

10. An expression cassette accordi_r'xg to claim 8 wherein said gene encodes a
polypeptide capable of converting a precursor prodrug into a cytotoxic compound.

11.  An expression cassette according to any one of the preceding claims wherein said
heterologous gene is selected from genes encoding proteins involved in the regulation of
cell division, enzymes involved in cellular metabolic pathways, franscription factors and

heat shock proteins.
This Sheet Has Been Rtilac




[ )
LAT pronoter. 3. An expression cai%e.tte according to TmBrSHEETHRS BEEN

e e N g

perm_ tt| ssi on *of Ssatd heter ol ogous gene in a mammalian cell. 5.
An expression cassette according to claim4 wherein said mamal i an pronoter

"is a tissue-specific pronoter. 6. AR expression cassette according to
claim4 or 5 wherein said manmmalian cell is a cell of the central or
peri pher al nervous system of a manmal . 7. An expression cassette

accordi ng R{;aﬁ %sﬁf, ésy&l@r&b&dﬁﬁg t HBJTBHel S0 tHeChlecédingd ctins Miftbne eve,

heart or skel nmuscl e of a An expressiop. cassetie
accor di reprenrising, a Gaeonds Promates 2a! é‘d?‘??@n‘i F‘ﬁﬁeFﬁ@W’érg@Pﬁ Ogsziag%glﬂaqdomo@e bis gene
encodes GdePlo%RRIMISYE AT P heiapad inGthé!6pposite offentation’® th& AFt P ﬁdlﬁditeﬁm ette -
“accordin grsto cl |m8 V\/nergxgn sai. en encogqe a{)‘}/E’p?sp 'rr&’? h | S
cyt ot OXi tlxeteroogms@%fﬁw TYhsaGs PTREO ﬁbeost \f ‘élﬂ?‘F sai d
gene encHkepromndiex aml&ﬁid skeond hetbodogufus gene i the 1sgme ap oe diffesent tprsaidrfirgt i nto a
cyt ot oxi £ ,coppound. An expression cassette according to any one of
t he prec]ee&?rﬁ EOFS ?FE‘ \/\herel n sai d heterol ogous gene i's selected from genes.
encodi ng protel ns involved in the.regul ation-of ~eel- di vi-si on; enzyrres
i nvol ved,in ¢ r ﬁr['o?n '
shock - pr!):lf ‘el ngn %%SIHQE%%ég%Og?%ﬁE%g?g%t%@%%rcﬁam]s{cgﬁ% one O the o
pr ecedi nspid Isanomd Ieterologpuscems are jap defined iy ARy Bﬂ%ﬁﬁf"é‘m&ﬁdoﬂ §é@§nﬁ9 11 -
het erol o e operably linked in that order to said HSV LAT P2 region
and in the oppo ite.orientation to the first. promater and..first.
het er ol ogous gene wher ei n- sai d second pronoter -i-s: the sane.as or. .di ffer ent
gof ]E he fjyast %Oéd@]gﬁéxoﬁmﬁs@ﬁe decoediagdo fobiisr 11 agwsmﬁm thespiodactsef@aids or
ifferen sai i rst he ous_gene. Ssion cassette
accor df nBSt GeErOIp RS S AT O FRDIERI of FBf PP R R Bt e
~ het er ol oggitiblgshysiodsgical somtiifionsed i n any one of clains 1 to 7 and 8 to 1 1
respectively. 14. An expression cassette according to claim12 or 13
wherein the product of said first heterol ogous ene - regul ates the
expr essi df. of Amc@mmmsmm pefeding| daiptsyfor ase d cal
condi t i ORgy g said t&élegmeﬁaofgaﬁmeemﬁydaﬁ to any one of the
or

precedi ng c‘f use

'16.  An expression cassette according to c_:lalm 15 wherein said eukaryotlc cell is a cell
of the central or peripheral nervous system of 2 mammal.

17.  An expression cassette strain according to claim 15 wherein said eukaryotic cell is
a cell of the eye, heart or skeletal muscle of a mammal.

18 A nucleic acid vector comprising an expression cassette as defined in any one of
the preceding claims. ' '

19. A vector according to claim 18 further comprising mammalian genomic.
sequences flanking said expression cassette.

20. A vector according to claim 18 or 19 fuxther compnsmg HSV genomic sequences
flanking said expressmn cassette.

21. A viral strain comprising an expression cassette as defined in any one of claims 1
to 17.
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del i vering said het erolvgvusm't o a eukaryoti _ TeHS ISHEED HAS BEFEN

-ex-Jpr-es-s~-i---en-—----easset--t-e----acc iﬁ wherein said eu aryotm@mgtb |s a|
cell-of the central or “ﬂ““g“mﬂ - system of a ma
An expr esWPIBBWIsette 4 Ing ®o &latm 15 wherein said W@WP‘@ cel |

" is a cell of the eye, heart or skeletal nuscle of a mamml. 18. A nucleic
acid vector: conpri si ng an expression cassette as defined in any one of the
precedi ng cl ai ns. A vector according to claim18 further. corrpri si ng

mammal | anpygen H‘v&aﬁ £ BE88 ) WYL OB AICRR MR ASSAIST el

vector according to alm 18 'or 19 further conprising enom ¢ sequences
fl anking sai d expreSS| on cassette. 21. A viral strain conprising an

expr essi cm casgetitfl agrdie dcberdingNtoR BlaimNE2 Ovhérbinl §8d LAD B reddn is dheVi M @l
'stralna rdl@ﬁ?%ﬁ%ﬁft&? 1where|n said viral strain is an V strain.

B9 o cI aim 22 wherein said LAT P2 region is
the endogenous HSV LAT P2 region. An expression cassette according to
any one cl aj s t,0. any, o of clains ,18 to 20
or avir ;;4 str xérg%sg%gﬁﬁeﬁeﬁéq{gmgﬁé%gfgg?gf f/{o ng Vegtor gecording 5 '
met hod oftotanganeweficlaihs i$te Auowavival strainnaccondingyto aR§ one of\claiuy2 E&SIPfor
cassette &gg&&%é@g@gﬁn&qﬁﬁ{eh R atintd b &é, a vector according to any

|

one of clalns or a viral rarn accorai'ng to any one of clains 21
to 23 cllaim?22 for use inthe treatnent of a disorder of, or injury to, the

nervous sysst emj Rehrdelisidcdssette! 208@ting 6! 'aﬁ?@ﬁ@of @lﬁinﬂsai td f"l lrf]i;\)nég% ai@&&%& or a

di seasé of the eye, heart or_skeletal myscle, Use of
an - expr.ed8iay wgfAlamsiSler Al orge A %Wénawoerhasﬁ%atzy f’{lﬁ 91701311115/31:@)33

accar di necldifh aMoeruee Gfi thé WeltnehB of & dRofder ALY aijurst folithe ﬁ&%ﬁ@ bﬁﬁeﬂlo any

ore o, g ebadioh s TRTARHY R FSCHEREE B o Mok 5 ™

Par ki nsorskslettil armsle, orspinalignancy.ury or stroke, or a d| sease of the eye
heart or skeletal nuscle, or a malignancy. 27. A pharmaceuti cal

conp05|t|on conpr|5|ng an expression cassette according to
26. - Use of an expression cassette according any one of claims 1 to 17, a vector

-according to any one of claims 18 to 20 or a viral strain according to any one of claims 21

to 23 in the treatment of a disorder of, or injury to, the nervous system including
Parkinson's disease, spinal injury or stroke, or a disease of the eye, heart or skeletal
muscle, or a malignancy.

27. A pharmaceutical composition comprising an expression cassette according to any
one of claims 1 to 17, a vector according to any one of claims 18 to 20 or a viral strain
according to any one of claims 21 fo 23 tegether with a pharmaceutically acceptable
carrier or diluent.

28. A method for studying the function of one or more hetefologous genes in a
eukaryotic cell which method comprises:
(a) introducing an expression cassette according to any one of claims 1
to 17, a vector according to any one of claims 18 to 20 or a viral strain
according to any one of claims 21 to 23 into a eukaryotic cell; '
(b) determining the effect of expression of said heterologous gene or
genes in said eukaryotic cell.

29. A method according to claim 28 wherein said heterologous gene or genes are
- wild-type or mutant genes implicated in causing disease.
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any one of clains 1 to 17, a vector according to any one o THI&SHEEHBASCBEEN?.

pharmcegn Tal by acoent oor? o TIN5

t he funct 1

one or nore heterdl ogous dends #n a eukaryo |cnce whi ch
‘nmet hod conprises: (a) I nt roduci ng an -expressi on cassette according to any
one of claims 1 to 17, a vector accordihg to any one of clains 18 to 20 or -
a viral strain accordi ng to any one of clains 21 to 23 into a eukaryotic .
cel | ; (b)3o d@kenmlmdngcctdmhngf foe cllaimf Zéxprezglwhereifn saidd ehiedrgotid agtiugs gene

7 Sarr: rpnplonT iR Kl hests h’%"ﬁ%ﬁﬁ%ﬁ%ﬂﬂ § U edie O Bifofefont "' ©"
carried ooftsaldrhmrobgomgene ongenes ipdeterminedibyian assajafgr CGHIdabfunctltm ms. 28 to 30

wherein said heterol ogous gene or genes are wild-type or -nutant genes
inplicated in causing disease. A net hod according to any -one of -

clai ms 283ko 3A methediapcosding te%w%& OF 28 avherpin saids eukpeyqtisnesll hasaone or
het er ol ogﬁ prat=Ta) &ﬁsgw%@ﬁeﬂmbﬁﬁu‘fm@nd the effect of expression of
sai d het er ogous gene or genes is determned by an assay for cellular
function. A nmet hod according to any one of clains 28 to 31 wherein

said euka:!zlot & ﬁeihbdhifspﬁﬂﬁclﬁg aIﬁDHSVeBﬁlﬁﬂea%bﬁimgeuE%lmmam iwetéle Gndiod -

mut ation. 34. t hod of roducin rain accardi.n I.al m 22 T
Whi oh o ST HRCLERE AR ERGRAOH ot s debnd e S e LB T 2y
one of cltke@endmé of 4 Rerpex simplex vipmsone of a herpes sinplex virus. . -24-
35. A net hod of producing an HSV stral n according to.claim22 which

nmet hod conprises introducing an expression cassette as defined.in.any. one-
of clai ns33 t cAl®ethadooft prodyeing ran Vashenpwgom:eplmr% wd;nclhmhmigous

reconbi “%dxﬁ%xs@?h%‘aﬁcﬁ 'aﬂ que%‘n Sdidetft asfeliakd %ﬁﬂe’mﬁ;ﬁaﬁ' R 18 %@o 36.

Use of an expression caSsette according to any on
vect or ac@érgﬁﬂﬁ@et of anherpere sispplex Jimps W homolgeoys recombination baﬁv‘ﬁ:eac@yi di ng

to any o geﬂaheqrﬁlar%c%;agge@;ﬁdllﬂdahﬁmanuf acture of a nedi canent for
effecting gene therapy by introducing said expression cassette, vector or

viral strain into the cells of a human or aninmal in need of such therapy in
an anount 34.esultmethod rofafdantrit s the huamai @nandhabbddyt ethidhogethddongrizes odi ng

a ther apea&m.c i o ptffcg veI Qmo‘fht of4 phar?‘naceutxcal composition according to claim 27 -
to a human or animal in need of such treatment. '

| 35. A method according to claim 34 for use in the treatment of a disorder of, or injury
 to, the nervous system including Parkinson's disease, spinal injury or stroke, or disease of
the eye, heart or skeletal muscle, or a malignancy.

36. A method of effecting gene therapy in a human or animal which method
comprises introducing an expression cassette according to any one of claims 1 to 17, a
vector according to any one of claims 18 to 20 or a viral strain according to any one of
claims 21 to 23 into the cells of a human or animal in need of such therapy in an amount
resulting in effective expression of a heterologous gene encoding a therapeutic
polypeptide in said cells.

37.  An expression cassette according to any one of claims 1 to 7 wherein said
heterologous gene encodes a polypeptide comprising at least one epitope.

38.  An expression cassette according to claim 37 wherein said polypeptide is derived
from a pathogenic organism. |
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37.  An expression cassette ae—eeﬁdi—rrg’“tm of clains 1HFS°SHEW9,&§ BEEN
sai-d--het erol-ogous gene encodes; npri sing at
epi t ope.- 38. An expression ciﬁl‘i@ ﬁm“ i“ to cl ai m 37hwhereln QQ%

pol ypept iwe 9sgomeri ved from a Icmorgari sm 39. RCTHCBIBI00074

conpri'sing an expression cassette according to clains 37 or 38. 40. A
viral strain conprising an expression_gassette according to claim37 or 38.
41. An expressi on cassette according to claim37 or 38, a vector

ot hod ofShac et Rebr et SoyBbibR ol SR RL AR G aTol e 0L 035 o °

cassette accordi ng to claim37 or 38, a vector according to claim39 or a -
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acceptabl e carrier or di

41.  An expression cassette according to claim 37 or 38, a vector according to claim 39
or a viral strain according to claim 40 for use in a method of vaccinating a mammal.

s e o 4= A 'vaccine comprising an expression cassette according to claim 37 or 38, a vector
' " according to claim 39 or a viral strain accordmg to claim 40 together with a
pharmacentically acceptable carrier or diluent.
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