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111121112112121121121211 JEHV-1 VECTORS §q1$§k0T' 'Q@ueaiion relates to a
met hod of virus mani pul ation; means therefor and products thereof which
have particul ar, but not exclusive, application in gene therapy/vaccine
devel opnenWO % 2¢¢an gene therapy virus vectors construcPEHCBY/®EBe are
derived from adenovirus, retrovirus, parvovirus and herpesvirus famlies.
Wth the exception of retroviruses, all have been derived fromviruses--—

originally isolated fromhumans. In negrly every case the used in
~both ex and in vivo work have been derived from virus wt’ﬂﬂﬂﬁm,mmmmﬂy ly
created to study gene function, Eﬁ&g}iﬁ:@@ to act as y
systens. A virus-derived vector capable of efficient genre—delti¥eéry tao human
epithelial mnmucosal cells would have a wi de range of uses in human gene

therapy, for Thaamentdon etlaesty aghiethod 6f VRES maaRlHont hRaky Blerdof hiy 0Si S
trans- menbrane regul ator protein to the lung or a range of human tunour

suppr essor gpiedycts sherepfowhishdiave particulag tandotexabusive, applieatidhtin gesd | y as a
vacci ne del i{f}gra\é yehi cl gFt% i nduce nuscosal inmmunity. Although adenoviruses |
“have proved PS5 BEFERGFSFVHERRGRE of ease of growth of stocks to high
titre, they have nmany problens, as viruses which are replication
i nconpetent j.n _cell cul,ture have caused tissue damage and respiratory
itk r
p

di sease | Tigh Bere, BISTARY  WiTHs, VEETOR Gerstpicted o dpte argr derasredpfrem

adenovirus v 8¥isu ] fﬁdﬁ?o@ﬁ{x g&pﬁ | ess. _proteins are

I n devel oprreﬁcﬁn buts?%ﬁfgggﬁsg, ow | esss we rp%ﬁ@%f#ﬁ?é%ﬁ%%excgﬁﬁl% nal El A

- (a gene esseof tenlovirasesadB avt tbeen idefil¢d ot RirhdestdriinalyCitbls R rofe! et i on

mutants (3), which suggests production problenms in the |longer term The

compact nat upwENEs. dnacabesvsty eass throvestass used inhpthrexand yr vivo woek bavd y

regul atory gl_lt)anes are onents of over.l I n ene 25clusters, which are
I

differentia Vnsciﬁqvfggf?or;ﬁavﬂ’é@ ptagis; ?’F%ﬁ‘lﬂﬁpfﬁg@gl ot ¥uEH gendo insgon,
1111111191 1 1b el Hlan"t6Gld §\Sene 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 corréct 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 E1A (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

25  clusters, which are differentiélly spliced, makes it difficult to delete the coding
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WO 98/ 27216PCT/ GB97/ 03438 2 region of single transcripts (4). Furthernore,
adenovi ruses have a packagi ng constraint which prevents the introduction of
het er ol ogous DNA sequences >8Kbp. One of the biggest problens with
adenoviruses resides in the lack of informati-on on virus gene function in-
pat hogenesiW¥OP3721§t s very difficult to predict, at prc&E¥EBY7AMBEN genes
m ght be deleted in order to create a conpletely replication defective
virus in vivo. In addition, one of the nmajor structural conponents of
adenoviruses, the fibre, responsible fo? cell attachnent, can itself cause
a cytopathic effect (6). Retrovirus vectors have, for the nost part, been

derived from fgdnéf sthgle aBsc) '.Chruﬁﬁ&?n&e,béd%ﬂ iRRS! h%@e”%§%cgﬁ% hot ropi c) .

This group of virus vectors has béen the nost extensively d, mainly
because they ¢ansfraint whichy prefvetits @hs intpddustion oemktembgouaeﬁmdséc{aeﬁcegect or for
gene therapy._Jhey can be made totally replication I nconpetent, Integrate

" into host cel TSKEPR-oRBEghths baa@sap@bﬂmﬁemtgedenqvimscﬁ residesiy the ldckpsfpul at i on.

Consequences. MHiRoh RIIRl REhS BRAT i petpReedionsy b i itauide 0
packagi ng sapseicy lwWhi D HW_ haye .t he
potenti al to%fleéta ﬁ%ﬁ%&?méﬁ%’%g '?H%(r%gg%z‘%’dﬁ%%nﬁ (taér %rgﬁ?eiancto p\pg%eslty- mtotic
cel I's. Furt hereplicationt defativeadtusria vies e Ii @ddition) 66t6£ thet MbRY Gk 1

transfection (7), and hiqgﬂt‘]l titre stocks are, at present, inpossible to 20
produce. Par \G9RIRonENty eEadsngvinises therfilre pfespamsibiefion celbatanhmerscansitself

retroviruses éthgeoug)z‘ tl’&si rﬁpri ty to integrate into chronosones and thus
the transfer rédGRREORICSICAr i ted in daughter cells (8). Their main

di sadvantage is that it is inpossible to produce high titre stocks and the
genone has a [ It ichis significantly | ess than that of
retroviruses %@fém%gg@%%%%&w@@#%ﬁ%e’ggﬁY P IR T eS

devel opmeot  twhitihévd@6roa@ Aest i @rhpRBrdSE). VALl B human
pat hogen herpes sinplex virus (I—%t\j)% pTheglgd}vantlgggﬁggfﬁsélﬁégﬁ S Virus is
that it is t heemtistmostteatensivelyydevelopeddmainlybdcatiftethbe FlER hariSEthe The

sequence of the yirus genone has been determ ned, there is a w de range of
wel | 5 char adtBplistis griteriansededin avectar for igens heranyt Theyreanbepradsriatally ont r ol

processes ar || I ..ln additio pat hogeni city of. the yirus and
the host' i rrm% e e%‘gﬁ‘rd%g@?’%%@g "B%%ﬁ 5t ttoé’r?éﬁﬁyl ‘E’f‘%&ff@a ap%pr ?ﬂtfr%ar s. It
i s clear, howgverdidiial it pRYERLbA, | ﬁ‘h@&%ﬁb%ﬂ}ﬁ th. ARUBH® BRARROAAFOT! NG
proteins involved in neuropathogenicity (10 and i medi at’e-ear Py

transcri goi onutegration walydrage péthalogaral consequences. Their major disadvantage is

U

that they have a limited packaging capacity and only vectors being developed

from HIV 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 producé.

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 éapacity which is
25  significantly less than that of retroviruses (9).



10 to inactivate the virion-associ ated activator of imredi ate-early genes
(12), such nmutant viruses are difficult to produce as high titre stocks and
i n some cases have an unacceptabl e reversi on frequency, through their
propagation in helper cell lines (11). Encouraging results have been

obt ai ned wWiw98P8t6onal expressi on of heterol ogous genes iRETEHRWBA43pdel s,
and it is likely that further 15 disabled vectors wll be derived (13, 14,
15). The likely problemw th HSV vectors is the innate i nmune response
present in the majority of the popul atign; we woul d predict that HSV
vectors will suffer the same problem as”those derived from hunman

adenovi ruses, dal i |.ogl aonpet.ent site. 20 O her
her pesvi r us engn&?S%H%e‘ﬂe Xntg? g%%@@%}titgpé%?’ 89 g%r?/cglh‘%%teég H@SEY%}VSES 10% ﬁ‘eh uman
tissues. For comanpd kumaepathGdin Hesseststifiplax MREPGEN Y. USRSidvdrdth &MQH;% consi sts
of a large nunber of viruses probably equal to a nultiple of the rffunber of
suscepti bl e shisciips igthaeis is thatmosy pritersively sudiediof al ¢lse herpesvirueac!Tief t he
known susceptible s £ i es. Thus qa]uli-lhg&peavi ruses have | ong been known to
have a very fgq‘b%?ig @lgwpmf BEAmAGAasEsEn fletermined thargis acwide rafesof weld
replicatesin ' ' Lverse as bovi dae and nuri dae.
Certain vi5r uscglg}a{‘cfe%&? kl\ggg?ﬁ{% %%ﬁ g%%ggé?ﬂ %ﬁ) g%‘ﬁggﬁygtﬁgﬁﬁsg%argan,
conversely, iwéleatdemstond eddditiod, pathogafiBRy 8Pthet Ak ahaithd'hsst ilnlag |
replication of viruses infecting cells of a different species than the

“usual host i gewonerhaygdeenintensively stpdied foamanly yetos. {tli6 klear] howevdrghut
therefore of fﬁlﬁl 'gé}l i.nmedi atg)[ladva ta?e in the devel opnent of a gene 5
t herapy vect thoRgn dhdf obss "e_t9i pleteigsnes @Ecﬂﬁgd?fomschmﬁdv ahly cannot
replicate i n JRupRAGGEiSity (1) ahd ifHeSialcealy datSritibSh i A0ES (1 e ce!!

10  toinactivate 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, ihrough 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
véctors 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 typicaily 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,



EHV-1 is naturally a respiratory pathogen of horses (17). It also has the
capability of causing abortion in pregnant nmares. The virus replicates
readily 10 in cells froma wi de variety of species including hanster, nouse
and rabbit. In addition, we have now shown that the virus is able to
replicate wodseme and primate cells. W have, serendi BCT/GB31/03438chosen
this virus for inter-species gene therapy despite the |arge nunber of
possi bl e candi dates and the prevailing convention 15 of using intra-species
viruses-for gene therapy. EHV-1 has beqp chosen as al t hough we have shown
the virus is capable of infecting human cells (18) of different |ineages in

vitro, it do o] i iN.vivo. A have, been
carried out ?ﬁeégﬁ% éte I&g{%&&, ‘%%? gh‘f‘?%‘%ﬁsﬁ u@éseﬁ?ﬁ%?’g%f‘?{ﬁ‘?‘@?f&da%? yet
there is no eslideiereoDFinABy inféANEFeBSbONdZRrét spdtics tNin s ubita BHSRYS (17).
No seroconversion of a human has ever been reported. As this virus is a
respiratory piendyeto transofiponal bhekpOt@nti al of being able to deliver genes
to the respiratory tract as well as other nucosal surfaces of humans. WO
98/ 27216PCT/ GB97/ 03438 5 published studies regardi ng seroconvertion for
humans whi | siThisgrightigemifarh offirean/immediate advantagkén theidevelopméntelfd geho have

| ooked fo_5 S ecifif anti-EHV-1 response have not been able to detect any
evi dence T hat "R YAHs ALGRProRHals virts Petchesspakhich natuslly mape is a

wel | -establ i i | : i Bg: i rat di sease caused by
EHV-1. Mce age a%gg wdgﬁﬁ&?a’s%%;llgis%%g%o&qﬁ% hga?{r?t%éﬁé&slgel “57’?1 WMsequent to
whi ch t hey defflicap ntanheansi ent febrile respiratory disease, during which
time virus may be detected in lung tissue. It has already been shown that
del etion of certain genes, non-essential for replication in tissue culture
make the virHiVed sientahablly acgespitargenpathogenTof Borséd1€1BbI 1tidiyo has eecate a 10
gene delivery vehicle which is not a human pathogen, unable to replicate in
vi vo but abl &anabilitypéeausingsahiortigroinpragrans naees. Mheodnis reglicatesireadilyi s

obvi ousl yyattracti.ve, as.the. yviruses. devel oped to date for, such purposes

ei t her hXQ/e %ceglg frof} %gf%edva(ﬂe}/ye%#ﬁpﬁc‘ﬁf mtcﬁ"@“& hamsder, moussand r(‘w@i-rg‘vi ruses),
or are |likel : ' ' ' ' enavi ruses).
15 Ve bel | ovicd RoF W BRI IRAVE Blap HEABISTh 616 o BoRble BT
oppor t uni t i eprimatetcatlget nmucosal cells both with protective and/or

t herapeutic genes or fragments thereof thus offering the uni que opportunity
to deliver a stably-expressing, extrachronosonal elenent, to a specific

cel | popul at Wenhavig detendipitbuisly, elm$endbis vingsofor antekygpediss genel theidpy vect or s
derived froma virus 20 whi.ch i.s apathogenic for man an i mredi ate

dest ructi on sPite thegrgsmugiber REppssible pandidaten and the prsaadiagwonyetiionay oi ded.

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.

EHV-1 is, as far as can be ascertained, apathogenic for man. There are no



It is therefore a first object of the invention to provide a gene delivery
systenivacci ne derived froma non-human apat hogenic virus. - WO

98/ 27216PCT/ GB97/ 03438 6 sel ected cell population. In its broadest aspect
the invention concerns the use of EHV to deliver heterol ogous genetic

mat eri al tWORBBPA&i fi c human cel |l popul ati on and i deal | yPEBCRUO3SE] cel | s.
5 According to a first aspect of the invention there is provided an equi ne
her pes virus adapted to receive genetic material encoding at |east part of
a preselected protein for use in delivgring said protein to a human cell
popul ati on and preferably a specific cell population and ideally to nornal
or mali gﬂant%umﬁﬁétﬁﬂhdiéﬁegﬁrdi e&&oﬂvmisﬁ%ﬂﬁfna%m's{@ i %whﬁ g nvention
sai d equine herpes virus ideally includes at least a part of a gene

encodi ng a sy&ss, fahd werkensiin. the dredd Mhoskxive lgekel farra peicifid het-giyv-jcodes for
ei ther one or nore of the fol]ow ng proteins p53, stic Fibrosis

Tr ansnenbr an&SRAE Ihé‘(‘?)POt((iGFﬂ'Rs’l,e ta dletest Fuseyidenep dhat shevinis repl)tes ih

tit in, - 2 | at {n, 15 FRAP. t osi
Gear nage, | AR aAREMNED. IRER% RV R SRhSHimh! mRgel s sneV e sai o
equi ne her pegspiiatdty diseedecalied FERVY-1. 0Rde a?@&oﬂgﬁ%sg%‘%eg?ioﬁao% QARL one gene

responsi ble for, or associated™with replication € gene product
i s |acking dntrasasabiyfsubedquentado whichhhdy ddvelop 4 uanﬁaﬂrﬁbﬁlfé%#i%@- 20
Further, or |.n addjtion, EHY may be suitably nodified in order to
facilitate icilieaé%éiuﬁlélg arhighylame virgs mayrhscletestedgn hung tisswe f Bihas Bloeadgx anpl e,

non essenti .deleted. in order to facilitate the delivery of
| ar ge am)un?[4 S egg ﬂ(ﬁ’gl? grﬁ%fl‘%g% 0 a'tnhgﬂleﬁ’gov'ﬁssteﬂéﬁ?%@’ﬁ?ﬁnoﬁﬂ?é‘sst‘ﬁan 10 and
preferably iturddRalBthe 436 ResEhFRR/ Afh#fobRnic 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 pui'poses 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 therapéutic 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.

It is therefore a yet further object of the invention to provide a gene delivery

25  system/vaccine to deliver at least a part of at least one preselected gene to a'



ki | obases. In addition, or instead, EHV may be nodified so as to render it
safe and controll able, for exanple, genes encoding transcriptional control
proteins nmay be nutated and/or deleted so as to disable the replication
cycle of the virus. Thus in a further preferred enbodi nent of the invention
there is prwopsksdiésai d 5 EHV, as descri bed above, nodifi RCTHBITHHIS genes
relating to non-essential gene 9 and/or essential gene 12 and/or
non-essenti al gene 28 and/ or non-essential gene 38 and/or non-essenti al
gene 52 and/or non-essential gene 49 arg nmut at ed and/ or del eted, and/or

di sabl ed. According to a further aspect”of the invention there is provided

a vector ada eeeil%hd uce heterol ogous DNA into EHV wherein said
t . . )
het er ol ogous% en%eolg’edgﬂga{u%ﬂeast part of a protein to be delivered to a

specified cell population. ldeally said vector is a plasmd construct and

nore ideally fn?it?rb?é{aidé?ldawggp iR SRVelAon Q:gﬂgemf‘?ﬁeoﬁgé %g l%lgygg}s/ %tﬁl;%;t her

- aspect of the invention there 1s provided an ‘equin

i ncl udi ng hetleterblogonsgdbiic faceidl ftth secifRaminaB el pBhuldtidt ﬁ'}cﬁ'd@al%;tobe
delivered to a nucosal cell popul ation, wherein said protein conprises at
| east part ofmuepsaleellsore of the following proteins p53 and/ or CFTR and/ or
APC and/or 1 antitrypsin and/ or FRAP and/or cytosi ne deam nase. An
enbodi nent_ of the invention will now be described by way of exanple only 20
Wi th ref edenchcaording éo o birstgspasy ofithednvenitionahete neproviiied afbeqeineheries!
Appr oach Gener.atign o; EHV-.1 reconbi nant, vi r&;ses del eted i n indivi dual
genes WD 98 V355 f4 193859153 gaustis 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 nommal 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 non-

functional 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



Two net hods have been used, depending on the type of virus nutant under
construction. Viruses with deletions in non-essential genes have been
produced using co-transfection of infectious virus DNA and plasmd
constructs which contain the beta-gal act osi dase gene under the control of a
strong het ¥M8GH6s 5 pronoter, in the presence of the tPEWSBEYWHB®N reagent
DOTAP. This was inserted in a nmanner which on reconbination del eted part of
t he codi ng sequence of the appropriate virus gene. Replication of the virus
DNA along with the plasm d DNA al | owed shonol ogous reconbi nation to occur
bet ween the appropriate strands of DNA and viruses have been produced which

contain the gNgbaeerRXhdiRidANr RAIEHY iy AAR8 R I0LIR S0P el hese
elrr dgen ?C

viruses were isolated through plaque purification and

integrity comid conttbllaplesbortdxampld)igendsi engodiifp tragsaHptiohalichtrehpidieigoNt ai ned

di sruptions in genes egsential for virus replication in culture were

i sol ated uti M, ﬁ@l%tﬁgéﬁd/eémletpd fRas tojdigaplerthe eaplicationerycleenféhqvinduced by

co-transfecting a clone of the appropriate gene under the 15 control of .
along with a sel ectabl e marker

either its o or a.heterologous pronoter, aj i ! . _
gene, neonyci “H%%@F?%&rﬁdﬁ@o‘%ﬂ%l%f theinventionethereris prasidast saicb t he .
anti bioti ! e { osphot r ferase), were tested for
their abi f i ?@%%ﬁ%@?@ 2%%‘% gﬁ%@‘sﬁ’g&gﬁ@% &Sﬁ“?‘?d@@ﬁf‘%‘?n -%ﬁeﬁlagse%t i bodi es
speci fic forghgogesnrnRaogiet2 FREGKHRINCARint4l GHSeSs YRR RbARAGALEM on these

cell lines,
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



20 which provided the essential gene in trans. Deletion in essential gene
12 (virion-associated transcriptional activator) The open reading frane

| i es between nucl eotides 13,505 and 14,944 -in the published Abl EHV strain
sequence and conprises 479 am no acids. The gene has been cloned fromvirus
DNA usi ng ™ORIsR7R¥ers fl anki ng the open readi ng 25 frane PCT&RITIMIS uct

pl asm d pBKRSV12 (deposited with the National Collection WO

98/ 27216PCT/ GB97/ 03438 9 of Industrial and Marine Bacteria Limted (NCl M),
23 St. Machan Drive, Aberdeen, AB2 1RY; gdeposition nunber ). This plasmd
contains the RSVLTR pronoter and thus iS5 capable of expressing the ORF12

reading fra PngeRdd f I I 1 i trict.ion endonucl eases Bgl
1 and Xho Te%wreno\ﬁ;‘sedssqghvg‘})ggg u? ?(ggc%ggﬂﬂnéyl ﬁéq}rléeﬁéenéfflvdrtﬁllagw&uv& purified
by gel el ect roopktauctiohs Vamses with 8elb@shsti® n6s-essestid lgasdsi v Bl kaaidgposi t ed
with the NCl MB at the above address; deposition nunber ). This was

cot r ansf ect edsitig ¢p-fransfeqtionuef infactisuDisus PINA erd phseng ressiunty whick 12 (see
t he de re detected by PCR and

bel d ; [ t ai,ni ti
Sout her n 10" SR 15 U5 Ajo@PaHERs Hhne BEsen i 6ROl GE BHROR heierohpaces

transfected w : i i inosterile .PBS. After
48h, cel | ? rr%rﬂg%?,érgﬁeg %reggn% ?fhtggcu %ﬁgge%gg%tﬁ%fgﬁ ?f’{fpv%?sﬁ?sepgguspended
in fresh cul tinaendmet whichrd rbahbidatsi dedted P4t 681k SoMitl sdfiemdbemet er
culture dish in nmedium containing 800g/m 18. Drug resistant 15 col onies

wer e sel ect edppfapeiatevivusedene. Reglicaoayddhé virusRdireslohg withf the peasEHY gene by

RT- PCR Posi (L)[#ﬁghagl ones. were expanded and used as, the hel per cell lines for
propagat i on %fgh%?d&g?‘é?t BgoR F"{ﬁ‘él_.onlfjéloéﬁ‘i‘rolﬁet}"ﬁemgw- Fpsepridtal gene 28
(non-struct urgly i FENR £ HRKOOMYeHUaE br'o%ﬂ):ed 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 Abl 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'



20 The open reading frane of gene 28 |ies between nucl eotides 48, 763 and
50625 of the published virus genone sequence. The conpl ete open reading
frame was anplified using PCR and cloned into plasm d pCGEX-2T to generate
pAP301. This was then digested with restriction endonucl eases Sst |l and
Clal to deMA®W8A8bp of codi ng sequence. The bet a- gal act #6THBIEYdhe under
control of the 25 CW 1E3 pronoter was inserted at this site to produce

pl asm d pAP302. This WD 98/27216PCT/ GB97/ 03438 10 construct was
co-transfected into BHK cells with infegtioUs EHV-1 DNA, virus progeny
coll ected and pl ated out onto BHK cells”for plaque purification in the

presence of X [Wals [ - l.agues i d subjected to

mul tiple rou??odféjﬂléi’f]'l kgﬁgéﬁéc&éﬁ?% ?E% 12 lﬁtegee(ﬁr?&@lug%%r gt%ﬁ%ﬂﬁ’é{ﬁt Vi rus.
5 Del etion i nAberdeesseB2 1RlY: depesithéh i di ne ki - 0. peading
frame of gene 38 |ies bet weeneg(gsél eotlihgbéésP 69, ng gg“sdﬁ%égcg‘é&g%ﬂ% 3

publ i shed” vi rREVERoprometay aad teis anchpeble of egprassiitha ORI 23eidindhahei n.  The
lified using PCR and cloned into plasmd

conpl et e open_readi ng_.frame was anp =Y

LI 'rI[pI\/U828 tg @%ﬁ%?%%ﬁmgﬁ@smﬁi%ﬂ%%mﬁm endpayeleasesiBgl I andeXhoilct i on
endonucl ease é&@ n | et e 504bp of . coding sequence. The

bet a- gal agjtso:tle ase’ %egg@]%ﬁggﬁtﬁq réc'ﬁlalflﬁkg EW"II‘EQ’?% 8&’65%‘? byasgel nsert ed
at this site dleinousn diaelbaedRNGae pibRd pHIGL L achBs AL HRRS eot e

into BHK cells with infectious EHV-1 , VIirus progehy  collected and
pl at ed out orWGIMBKatcthk laboveoaddrbssgdepgsitidrf mgAbéron i N t he, PThRSEACE-15 Of

X-gal indicator. Bleae ,B{,a%]ue,s were picked and subjected to nmultiple rounds
of plaque purtfanstestedgrith BicsEaes wrus INAdnfocelsbxmrassinggenad? (Pelbetovon i n

non-essenti al ang%?gge%% Jigfs%sgt%{n%ge {hré cf\e/letion were detected by PCR and Southern

10  blotting using standard techniques.

10°BHK cells were transfected with 2ug 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 10* cells pér 10cm
diameter culture dish in medium containing 800pg/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 IT and Clal to delete
645bp of coding sequence. The beta-galactosidase gene under control of the

25  CMV IE3 promoter was inserted at this site to produce plasmid pAP302. This'



The open reading frame was anplified using PCR and cloned into plasmd
pSP72 to generate pAP402. This was then digested with restriction 20
endonucl eases Xma Il and Msc 1 to del ete 530bp of codi ng sequence. The.
bet a- gal act osi dase gene under control of the CW 1E3 pronoter was inserted
at this sitwoesmproduce plasm d pAP403. This construct wWRETGEBIIPHIBT ect ed
into BHK cells with infectious EHV-1 DNA, virus progeny collected and

pl ated out onto BHK cells for plaque purification in the presence of X-gal
i ndicator. Blue, WD 98/27216PCT/ GB97/03438 11 pl agques were picked and
subjected to multiple rounds of plaque E%rlfication to generate pure

recombi nant Viggusy, ' - I 9 ri rofein

ki nase) The oggn rg%%lsﬁéd ?%asﬁ%tév@gto?ﬁ?’ h?g“g %@%XJQ@NQW@H“% nt o
plasmid 5 pUCiiﬂag@ﬁjﬂcblﬂ?édMadwEt@ouﬂ_&ﬁ@Bmcgl'lQﬁ?ﬁtp?agl %ﬁﬁﬁ&&ﬁ% %é on
endonucl ease Hincll and a cassette containing the act osi dase gene
under the conpresenasf of KegdiMudmatmot thmpkaquess%teeﬂwkbditmghs%hdémd gnd
ligation to gg}q}&l@ﬁm UCCRF49LacZ gdepom ted at the NCIMB at the above

address; depo & plague pHri§catigndp gEReralgmIre sreombinAné virasl i nto BHK
cells with 10 I nfectious EHV-1 DNA, virus progeny collected and plated out

onto BHK ¢ J a urificati resence of X-gal indicator.
Bl ue pl aques %Ie “’BHBLPg’ g@%lﬁeﬂﬁgggtbﬁy@‘ﬁiﬂ"tﬁﬂﬁﬂ )rounds of pl aque
purification to generate pure reconbi nant virus. '

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 Xcm1 and Kas! to delete 504bp of coding sequence.
The beta-galactosidase gene under control of the CMV IE3 promoter was
inserted at this site to produce plasmid pDM332. 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
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,



Del etion in non-essential Gene 9 ( dUTPase) 15 The open reading frame was
anplified using PCR and cloned into pUC18 and terned pORF9. This was
digested with restriction endonucl ease EcCORV and a cassette containing the
- gal act osi dase gene under the control of the CW pronoter was inserted

t hrough bl WQ988@d6| i gati on to generate pUCORF9LacZ (depoSFTied94i3438he NCI MB .
at the above address; deposition nunber 20 This construct was
co-transfected with infectious virus DNA ,virus progeny collected and
plated out onto BHK cells for plaque pyjification in the presence of X-gal.
Bl ue pl agues were picked and subjected to nultiple rounds of plaque

puri fi cati onplaqueeweredfickedng stbt I M [ 3B97/ 03438
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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 B- galactosidase gene under the control of the CMV
promoter was inserted through blunt end ligation to generate pUCORF 9LacZ
(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.
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virus has at |east one nutation in at |east one gene responsible for, or 15
associated with replication, -such that the gene product of said gene is

| acki ng or non functional whereby the virus cannot replicate. 6. An equine
her pes virus according to any preceding claimwherein at |east one

honol ogous Wfe9sR7hies been del eted in order to facilitate tHCE/GRITOIE y of

het er ol ogous DNA. 20 7. An equi ne herpes virus according to any preceding

cl aimwherein any one or nore of the foll ow ng genes has been del eted or
nut at ed or di sabl ed; gene 9, gene 12, gne 28, gene 38, gene 52 or gene 49.
WO 98/ 27216PCT/ GB97/ 03438 16 8. A vect adapted to i ntroduce heterol ogous
DNA into an equi ne herpes virus wherein said heterol ogous DNA encodes at

| east part of a protein to be deliv I a specific cell population. 9. A
vector according to Claim8 wherein said vector is a plasmd. 5 10. A vector

according toC aim8.0qr_ 9, wherein sai ctor.is provided wth a marker
gene. 11. An 1équi nmél %C.glﬁ%ee}s’evﬁ‘ Meia ﬁ@fﬂ%ﬁ‘i]ﬁ)grer‘fﬁ‘cvér BHo tRatened capedige ng at
l'east part ofat feapf piriof atyste heledRli protentifdrtus iTURASknE Shil rﬁ?&%m g on
wherein said protelin conprises at |east a part of one or reo he
fol | owi ng pr &eeiapgell 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, ol 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 équine 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.



10 p53, cystic fibrosis transmenbrane regulator (CFTR), APC, a 1
antitrypsin, FKBP-rapanycin associated protein (FRAP) or cytosine

deani nase.

WO 98/27216
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' 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.

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
P53, cystic fibrosis transmembrane regulator (C'FTR), APC, o 1 antitrypsin,

FKBP-rapamycin associated protein (FRAP) or cytosine deaminase.



