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HERPESVI RUS SAIM RE AS VI RAL VECTOR The invention relates to a
met-hod of virus mani pul ati on; neans therefor and products _t hereof

whi ch have par YR8 Lyt not exclusive, application in genePCHCBIHORL 55y
5 Cene therapy of many di seases is now theoretically possible, as a result

of recent advances in human genetics. The primary goal is the
conversion of cell phenotype froma disgased to a normal state,

t hrough the delivery of trans- dom nant acting genetic material. The
conversion of this technol ogy fromcell culture systens to in vivo

experinmental nodels (and subseqgpphéwrissAndR: AS VAL VELAOR! equi res t he
developnment of new nmethods for efficient gene delivery in a

controll able manner. 1t is becom ng evident that whilst human genetics is

noving at a rapid te in.the.dentification .o i -spec] £ jq0Ns,
t here is a refdfMysOpaR Eelgt?.s S%Hé“‘g@?‘# ﬁw&séﬁﬁ@ggébﬁgﬁeﬁfwd
present, there s froducts fifiof Wit Iaive Bftichiap i Bt cohiAivg applisalion a1 gene

Vi rus- based systens. 15 Liposone delivery 1s still very inefficient in
DNA transfer (1), thefapyggregates formed between virus particles and
charged materials such as polylysine do enhance DNA uptake (2) but
standardi sation of preparations is very difficult. Ret rovi rus and

adenovirus vectgrs B?@S,r ' d | ible NG £ TERASUS
DNA i ncor por at eg i ﬁ%@%@fgf Aﬂﬂeg%% 13{&85;1“%}%@1‘%%@%&%1& Estacﬁlegevi ng

| ong-term het er ol ogeefit Aivakced il htmah génetios.t The primansgdahisalie edreversivroof cell

t he host genone but are difficult to produce as high titre stocks and have

an i nher ent | yphengiypeafromod diseaseditora normal glate thisugh ithe ﬂ@‘M@fM'ng
nduce a cel 1+ domBnLeing SrREHCmPEE R e erine o JoF ke BhoBRRRE el °°
stabl e | ong-term i guire systems to in vivo experimental models (and subsequently to the clinic)

10 requires the development of new methods for efficient gene delivery in a
controllable manner. It is becoming evident that whilst human genetics is
moving at a rapid rate in the identification of disease-specific mutations, there
is a relative lack of gene delivery system development. At present, thereisa

choice of either liposome, DNA aggregate or virus-based systems.

15  Liposome delivery is still very inefficient in DNA transfer (1), DNA aggregates
formed between virus particles and charged materials such as polylysine do
enhance DNA uptake (2) but standardisation of preparations is very difficult.

Retrovirus and adenovirus vectors both have constraints in the size of
heterologous DNA incorporated in the vector (3,4) and are unreliable in

20 achieving long-term heterologous gene expression. Retroviruses integrate into
the host genome but are difficult to produce as high titre stocks and have an
inherently high rate of mutation through errors introduced during reverse
transcription. Despite their broad cell tropism, adenoviruses induce a celi-

mediated immune response and the nucleic acid is not stable long-term in
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cells ¢5). Her pesvi ruses represent prom sing candi dates for

devel opment as vectors, in part due to their ability to maintain their
genone in cel m098r0e8d epi sonal form whi ch is bl ocked frREVGRINZTAL | on.
Their capacity for packagi ng heterologous 5 DNA sequences is potentially
>50Kbp (6) and nost are easy to manipulate in vitro. Herpes sinplex
derived vectors are likely to have sone of the sane probl ens as

adenoviruses, in that th jority of the popul ation already have a

wel | - devel oped i m&-ﬁ‘&“ﬁ&@&?ﬁ@e to the virus. Other non-hunman herpesviruses
whi ch are capabl e of infecting human cells, however, should not suffer this
10 di sadvant age. Her pesvirus saimri (HVS) is a |ynphotropic,

rhadi novi rus ([ er Herpeshirages sepresent peomising candiglates fet dewslopmyent @sxeetors, n
sciureus). The virus may be routinely i s_oltgt,ed from . peé:ip?hera?lf

| ynphocyt es of he#extidpe k@ theinabilitydo smaintain their gsnome ip ccllsdn zo eppsomal form ;1 o

species. The viru n . L | ' S
157 and genome. ¢ HEGT S EcRY g3 SEMRAAGE  ThiflhoBih BF Pack B Al
non-lytic s ('PRASB4uehces Bipdtenfidily SS0Kbp(6) andimiost aanedsy tb amnipsate in
sequenced and shares many features in common with the human

Epst ei n- Barr vi r uvitteBWerpessimplex deriyed atertornargdikely to bave some of dhe pame

si ngl e uni que codi ng .regi on, of DNA, 112, 930 in |ength, fl.amnk by a
vari abl e nunber o@rgm?mgﬁﬁﬁq?&wmm%m%@wgﬂc‘g@be ?ﬂ%‘ﬁ@g‘g} %lrefgygggega
reading frames, 6Quaf iy iifind iibbielh it virus. Othetiio-HfHHRhehRuTEused

ot her her pesvi rusgga{wgl e rema?nl gﬂgeééles S argth sequeni(;peydhorrql ogy
(at the level of pwiitieiary)capable ¢flinmfuctigg hamaafcelsichawever, shotldmotisofier this - -
I ncl udi ng conpl enment control proteins, cell surface antigen CD59,

cyclin D and Goprdﬁiéidﬂal&égﬂal ed receptors (8, 9). 25 The virus has been’
divided into three distinct strains terned A, B and C based

Herpesvirus saimiri (HVS) is a lymphotropic rhadinovirus (, 2 herpesvirus) of .
squirrel monkeys (Saimiri sciureus). The virus may be routinely isolated from- - -
peripheral lymphocytes of healthy monkeys and causes no apparent disease in
the species. The virus genome may be detected in an episomal form in T cells. -

15 and genome transcription appears limited to three genes in the non-lytic
("latent”) state. The complete virus genome has been sequenced and shares
many features in common with the human Epstein-Barr virus (EBV). The
genetic organisation consists of a single unique coding region of DNA,
112,930bp in length, flanked by a variable number of non-coding repeat

20 sequences. There are 76 open reading frames, 60 of which have similarities
with genes found in other herpesviruses (7). The remaining genes share
sequence homology (at the level of protein) with human gencs of known
function, including complement control proteins, cell surface antigen CD59,

cyclin D and G protein-coupled receptors (8, 9).

25 The virus has been divided into three distinct strains termed A, B and C based
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i nabil "ty (A and B) or ability (C) to be oncogenic in certain other

nonkey species. C strains have the ability to transformhuman T cells to
limted | WO MHt growth in vitro (10). This ability t SCTCERE3HM
cells is due to a gene termed STP (11) which has marked variability in
protei n sequence between 5 strains such that only STP fromC strains is
able to transformcells (12). STP is rpt inmportant for the normnal

lytic cycle of the gyihes iﬁibiﬁ\gj 60 %R B‘P&ﬁi}ﬁﬂmtm(tie3?néb;ggnﬁ%%airﬂ8hﬁﬂ on

mutants for this region of t VI rus genone X ese strains
are not oncogeni c. monkey species) Cstrains hiave the lability © tepnsforthdamah 8ecells to limited
constructed which ex resistant markers (14). These

ress selectable dr
viruses 10 have b m@etw%%wgﬂbﬁ%gwﬂw&w%n ygrto a gene
[nfecting a wide f3hfRq STP (Pf) WhR el Sdrkdd iifabikiy R Brstel é%u@&ée%&%@&“s
genes with high effircrency an mai ntal ni ng ong-termexpression I n the

absence of sel esti gfaips eachiithat onl) STP from C btain@isubleiDNedhsiom cdlRi(F2) ISTE i S
able to produce any di sease in man, although it I s capabl e of

i nfecting human celi$ got impogantifor the notmal\lytideycle ofithe virusuor episomal sainteniafice a
good starting point for t devel opne f a non-replicating, safe vector
Por o Luman” ce a0 Sl Beleon s o s E4i08 O Hiebines GrRetné cRAdT 3% 59 how
HVS _replicat e%uaiaerdrw&%w%én?aarﬁwws&ﬁﬂy iérpflé&“ﬁﬁi[ggﬁ%] hale $ach DNA
replication. O all herpesViruses sequenced so fTar, as the nost
hormol ogy wi th EBV. constructddwehieh express seldctable dagp resistant markersf(14)aTheye wrmes er .
Di stinct gene bl OCEIS 2 appear .to be closely related between these two

viruses, and i f8eedavsBeen used todernanstratethat they axecapable ofindeetingr awiderrangs

ot been |denti 11 ogtpiiizh ol Bbep, ransRifiiE BegesaphS R Bizh oy 36
vector in hunman trinidimainingRhg-tbie elpessich make Bkence of RISdHVE préds@red THeRe

del etion of genes which are non-essential for growth in 25 culture or the
del etion. of ..essent iisno gadencehat this ¥ims js-abl¢ toipsoduce any discaserio mane hithough it

cell lines. Extrap t fL.om the, wel | udi,ed.hetpesviruses .allows us. to.

predi ct that del et i%oﬁa%g ecoéfl?gf“"gmn%ﬁéisa%“ﬁr’tdf i‘gﬁé’ thftll{ﬁ'sﬁ?’a\?émmen

cell-cell 15 agood starting point for the development of a non-replicating, safe vector for
human cells. There is however a lack of basic understanding of how HVS

replicates, particularly regarding transcriptional control and DNA replication.

- Of all herpesviruses sequenced so far, HVS has the most homology with EBV.
However the coding region is significantly smaller. Distinct gene blocks

20 appear to be closely related between these two viruses, and indeed the
herpesviruses in general. HVS differs from other herpesviruses due to the
presence of certain genes which have not been identified in any other
herpesvirus to date. Every virus vector in human trials to date has been disabled
either through the deletion of genes which are non-essential for growth in

25  culture or the deletion of essential genes and their provision in trans from helper
cell lines. Extrapolation from the well studied herpesviruses allows us to
predict that deletion of certain HVS membrane proteins will prevent cell-cell
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Furthernore, the inactivation of proteins which control essenti al
transcriptional sw tches, such as E1A in adenoviruses (17) and IE 175 in
her pes swousaenss 18) will inevitably make such viruses PEFIGRIZHH

I nconpetent. Thus, a mpjor aimof this application'is focussed on the
construction of nmutant viruses 5 which are unable to activate early and
| at e gene expression. The target genes gare the two transcriptional

control proteins whic raduet s.. of: : Peskehiige! v

to be essenti al fﬁvﬁ}éﬁ?oﬁlﬁh%ﬁ?lsg&eﬁ%ﬁﬁlﬁpﬁr Eﬁmms &@Pﬁsc%ﬁggta (eléll)

i ndi cates that StgaisBrigtionafswitdhiey, SachVasEIA ite aderiovirases (17)land IE 175 irelparpése  of
limted growmh in certain cell lines. Thus the need to delete, block 10 or

mani pul at e t r anscsimpléxn(i8) wilbinevisably make suchyeruses eplicationdincgmpeiente ddWsar y
in cell lines that sypport victal, repligatipn. ver it be
desirable, in ord%momm#ﬁ“ﬁmsm ?F@%%g%‘fmﬁg _ es.
delivery whi Ch?onﬁhf%”arélﬁﬁable o%%tﬁ/ﬁ{géa?@%hgﬁtg nPERstésfor The taPgetigesics | S

ei ther unable tTo produce or [ pro S non functional

transcriptional caithetwetrahstriptional coifrol proteims whish assthe/producty aff ORFri0of
this application to identify genes which are non- | essential for
growt h and then dand$?d aad likehsto be essentialfor growthdn tisgigcullure. nese genes

in order to facilitate the insertion of heterol ogous genetic material into
the viral genone. There currently exists a plasm d desi gned

for reconbi nati onpybidh &R RESY indit tﬁ%%atf%rillwlﬁéﬂv@ iral Yectdrs 426 ofiRed to

i nsert heterol ogous genetic naterial into the viral genone at a
predet er mi.ned | oceaspabie of limited growth in Certaim celh lings. s dhe necd to delstedieck he -

singl e uni que coding region of DNA apd a non-coding re t sequence

of her pesvi r ud® DNAF g’ﬁﬁlﬂgkﬁé‘? “?“T‘F@"B‘I“H@ﬂf‘ﬂ‘q‘@ W@F‘&tgev% s)},mﬁﬁl?qrg&})ﬁpgcep n

]E g\rNrrs of what can BeyalaREsupBoR virifreffidationd B Eer, ihayP BEUBIAbIe! FérBed’ © -
: to produce a virus for the purpose-of gene delivery which one can use

- confidently, to produce a virus which is cither unable to produce or which

produces non functional transcriptional control proteins.

15 Itis also another major aim of this application to identify genes which are non-
essential for growth and then delete at least a part of at least one of these genes
in order to facilitate the insertion of heterologous genetic material into the viral

genome.

There currently exists a plasmid designed for recombination with herpesvirus
20  saimiri which plasmid is designed to insert heterologous genetic material into
the viral genome at a predetermined location, the location being the junction
between the single unique coding region of DNA and a non-coding repeat
sequence of herpesvirus DNA. However the plasmid is relatively inflexible in
terms of what can be cloned into the viral genome. For example, there are few

25 suitable restrictions sites and therefore the plasmid is not suitable for use
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conmercially. We have therefore ained in this application to identify non-
essential genesWPMIWBbw h with a view to deleting at |east aPF& 23

| east one of said genes with a viewto providing artificial cloning
sites for the insertion of | arge anounts of any sel ected heterol ogous
genetic material. It will be 5 apparent thag the said deletion of

) i al o i .
non-essential gen \(/am iloflﬂﬂerkﬁﬂg.s 4Re fave ﬂ*er?fgfebgm%tﬂl}%}g?ﬁ efoqgg%?wn-

genetic materi al nost advant ageous taken wh ge

amounts of het er ol egsuntiabgenes for growth with aview tooddieting at ledsta partt ©f at bebst ohte
viral genone. W aimin another aspect of_our application to provide
her pesvi rus sai mi riof88id geRetyithasview o pravidipg agificial cloning sigesdor thedngertipp ast

o P 0 ot e O S0 SRS o
growt h protein. s\ JhaxQhf thalithe 35idCEletRGE BF %%nIeQ%élttiy g?zx%t'sﬁ%h? the' SfbsBiEAe"

of viral genone manipul ations the greater the sa
mani pul at ed vi rus. ihsertiorewfdictérblogots @enetic ataeridl awillimostniadvamtagepuslyf bé he

15 herpesvirus saimri .geno o bring about de|letion, partial]y or

whol Iy, of the -unw%@n*@ggw@%wegmﬁ mfﬁqtﬁpl%ownﬂm maiesial avetp by -
the instance where ;X tahBSo the virdl sRhofged’ € 10 be utilised because we

consi der such a manipulation to 11iCrease t he likely safety of

t he resul t ant mani pul at ed Vi rus. It will be apparent fromthe

above that there is a need to provide a suitable gene 20 delivery system
‘to enabl e intra-celWealaim insnothsr aspsct g€ our appliation itaprovide herpesvirusesaimigi v -

3 uder {aken st b iy o RS o RTAIO Tt Loy of ot Jset s
obj ect of the invenangdtigtional nirdFgehe ARA.GdekTly] A8 ¥t R¥st a Pt of at least one gene
that encodes a non-essential growth protein. We favour this aspect because the - -
greater the number of viral genome manipulations the greater the safety of the -
manipulated virus. In view of this fact we also favour manipulation of the -
15  herpesvirus saimiri genome to bring about deletion, partially or wholly, of the
STP gene. We favour this latter manipulation even in the instance where Strains
- A or B are to be utilised because we consider such a manipulation to increase

the likely safety of the resultant manipulated  virus.

It will be apparent from the above that there is a need to provide a suitable gene
20  delivery system to enable intra-cellular delivery of genetic material which
delivery is undertaken safely and thus without any cytopathological

consequences at least on the target cell.

It is therefore a first object of the invention to provide a gene delivery system
which is safe and controllable.
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Furthernore, in view of the anount of genetic material |ikely to be
del-ivered it is also an object of the invention to provide a gene
delivery systwooshoosh is adapt ed to accommodat e | ar ge PEFERITA233L
genetic material such as DNA sequences of 4Kbp and up to 20Kbp and,

i deal | y, >50Kbp. 5 It is a further object of the invention to provide a
gene delivery system which all ows sel gctive reconbination of at |east

a given gene, or - @g@ﬁtfcqnﬁt s110 ' Lede@ st
sai d sel ected gengaﬁ%efﬁlgg{’ﬁ?ﬁg}r%%ﬁ?a?lgmg g% ce%?ﬂd&ﬂiowqeﬁ Its
broadest aspect t jyealéd'¥if BbjeiofChB Ghvention 16 pRovitle aigerie délivery aystemiwhieke &
which are unable to activate early and | ate gene expression. In other words

it 10 concerns thdaptebto sceammodate Jange samaungs of gepetico matarial rsugh jas WNA n o
target cell and nor ef er,abl vy ... hungn. .cel | [or the provision
of nutant virusesSSYHYEREFS éEbpandu&)&éaﬂ PG a@Eg‘M%ég Prel atively |arge
anounts of heterol ogous genetic mat eri al . According to a
first aspect of the invention there is therefore provided a 15

her pesvi rus saf m Ifis wusheriobject of thrciavemion toprovidea gene delpene systens which | n
Vi rus replication whereby the nutation is such to prevent the virus
replicating in a allows selgetiyetrepembination of at least a given ggnerarfRart thereoknbin nent

o Lhe Inwenti on Sahds s b 415 AR ot o8l

- In its broadest aspect the invention concerns the provision of mutant viruses
“which are unable to activate early and late gene expression. In other words it
10 concems the provision of a virus which is unable to replicate in a target ccll and:
. -more preferably in human cells and/or the provision of mutant viruses which are
-adapted to accommodate relatively large amounts of heterologous genetic

- material.

According to a first aspect of the invention there is. therefore provided a
15 herpesvirus saimiri which has at least one mutation in a gene involved in virus
replication whereby the mutation is such to prevent the virus replicating in a

target human cell.

In a preferred embodiment of the invention said gene is either one or both of the
transcriptional control protein genes ORF 50 and/or ORF 57.

20  Preferably further still said mutation comprises partial or complete deletion of

one or both of said genes.

In yet a further embodiment of the invention the said herpesvirus saimiri is a



20 Preferably further still said nutation conprises partial or conplete

del etion of one or both of said genes. In yet a further
enbodi ment of the invention the said herpesvirus saimri is a WO
98/.10083
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either lacking or having a nutation in the STP gene so that the virus is
unable to transforma target cell and so is unable to produce an oncogenic
phenot ype. Preferably said virus is fyrther mani pul ated so that at

| east a part of at {rﬁg P{)ﬁckiﬁﬁ &ﬁgﬁng%%ﬂiaﬁg%%: CRF%&{E dofthatheWirds is

protein is del eted. sal d gene ORF15, ORF16 or
ORF51. | n yahable 26 ittansformt 41 eargetr celleamdesb snﬁxmblmproﬂhce hp conoogenid on
said-virus is rovided with an insertion site into which sel ected
het er ol ogous mat er PAFRLYERE- be inserted. Preferably the virus is

mani pul ated so that insertion occurs either 10 wthin, adjacent, or renote
from a deletion site for the deletion of at |east a part of a

non-essential gr owpgefefably§aftl Gifisds fitther MafipuliiéPsthht A ledseapart 614t least one
non-codi ng repeat sequence and nore preferably at the junction between

the single unigfe gene enmodingp nergessentidl godvtheprotein isodeletedli Fdpally seidtgene is

sequence. More pref s is mani pul ated so that
only one of said n&ﬁﬁggéﬁﬂéutéhgaé,Q@Hﬁgﬁgéﬁh@?~ is present at one or both
ends of the single unique coding region. In the instance where

I nsertion occurs wthin or adjacent said deletion site AND sai d

del etion concerns é&ntyeen sl ﬁ'mﬂiercpreﬁﬂnﬂeerﬂbd&meﬁnoﬁfthe)hwmnommaﬁl ofrug s
foll ow ng genes ORF4, ORF14, ORF15, ORF16 or ORF51
provided with an insertion site into which selected heterologous material can be
. inserted. Preferably the virus is manipulated so that insertion occurs either
- 10 within, adjacent, or remote from, a deletion site for the deletion of at least a part
.. of a non-essential growth protein gene; or in or adjacent at least one non-coding
- repeat sequence and more preferably at the junction between the single unique
coding region of DNA and a non-coding repeat sequence. More preferably still,
said virus is manipulated so that only one of said non-coding repeat sequences.

15  is present at one or both ends of the single unique coding region.

In the instance where insertion occurs within or adjacent said deletion site AND

said deletion concerns either partial or whole deletion of one or more of the
following genes ORF4, ORF 14, ORF15, ORF16 or ORF51.

According to a yet further aspect of the invention there is provided a herpesvirus
20 saimiri which has at least one mutation in at least one gene encoding a non-

essential growth protein.

In a preferred embodiment of the invention said gene is either one or more of
ORF4, ORF14, ORF1S5, ORF16 or ORF51.



According to a yet further aspect of the invention there is provided a
herpesvirus 20 saimri which has at |east one nutation in at |east one

gene encodi ng a non- essential growh protein. In a preferred
enbodi ment of the invention said gene is either one or nore of ORF4
ORF14, ORF15, VARS8 ORF51. WD 98/ 10083 PCTIGBITN2371
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Preferably further still said mutation conprises partial or conplete

del eti on of one or nore of said genes.g In yet a further
preferred enbodi nent of the invention the said herpesvirus saimri is

a strain either lacking or having a nutation in the STP gene such that 5

the virus is Unab'ﬁef&aﬁ?m&rsfﬂl%afdaﬂmﬁorﬁéﬁ Yni?sedpamalerwmﬁbmdeiztmnaﬂuce

an oncogeni ¢ phenotype Preferably said virus is further
mani pul at ed so t hatneadr themexf saidigenes.of at | east one gene involved in
virus replication is deleted. ldeally said gene is ORF50 and/or ORF
57. 10 In yet a further preferred enbodi nent of the invention said

virus is provided y, Caﬁﬂ%.fep nserteg&xbb&iﬁneﬁtb?tﬁd"hﬁeﬁﬁbrphwsﬂid?ﬁé@@s

het er ol ogous naterta Preferably the insertion site

is within, adjacensaimid iseswireeiftten tackingor haviag afmstaich in the STP genhe suckythasf
one or nore of said genes.
5 the virus is unable to transform a target cell and so is unable to produce an

' oncogenic phenotype.

- Preferably said virus is further manipulated so that at least a part of at least one
" gene involved in virus replication is deleted. 1deally said gene is ORF50 and/or
ORF 57.

10 . In yet a further preferred embodiment of the invention said virus is provided
with an insertion site into which selected heterologous material can be inserted.
Preferably the insertion site is within, adjacent, or remote from, the site of said

deletion of one or more of said genes.

According to yet a further aspect of the invention there is provided a herpesvirus
15  saimiri either having therein or adapted to have inserted therein at least one
preselected heterologous genetic fragment adjacent a deletion site which
deletion site represents a site for partial or whole deletion of at least one gene

encoding a non-essential growth protein.

In a preferred embodiment of the invention said virus is also provided with a
20 mutation in a gene involved in viral replication so as to prevent viral replication

following insertion of said virus into a target cell.



According to yet a further aspect of the invention there is provided a
her pesvi rus 15 saimri either having therein or adapted to have inserted

therein at |east one presel ected heterol ogous genetic fragnent
adjacent a deletion site which deletion site represents _a site for
partial or whol¥OSI®B on of at |east one gene encodi n N3t
non-essential growh protein. In a preferred enbodi nent of the

i nvention said virus is also provided with a 20 nutation in a gene
involved in viral replication so as to preven® viral replication

fol I owi ng inserti onvigte prafedably said virl$ & stfai Siftier fatking or havmg MBuRbond §Dhe

PCT/ GB97/ 02371 Mor e
preferably said vi rSu'EPgmmhttutﬂxeemuhaudahbkotrgnsfonmgwsqcallmda@ismabln
t he - STP gene such,that the virus is unable to transforma target cell
and so is unable t0Profucean aagegenicp U]Eﬁ?@ Eni ¢ phenot ype. Accor di ng

to a further aspect of the invention there I's provided a herpesvirus 5
saimri either having therein or adapted to have inserted therein at |east

one pr esel ect Accdrdingto adunher agpevt of thef invgntivn theve it provideicd hepesviirushe
singl e coding region and a non-coding region and further wherein said

has viruses beerd smmlnrmﬂlqsmaamhwm or todxarvodnmt&drthmm atdeast one

di t
1on-C001 10" D% SCUCAGE L csus o e B A bl
i nvolved in viral r&EiohCﬁid 8 hoRRodig! RenCHRN Furitick %herem said ﬁiﬁ ee'rs;t%l )

follow ng insertion of said virus |nto a target cel
sai d nunber of non-manfpulgtadsodhat ondyjaiscdneed nmnBermfﬂoa&mdmgtepchtaédw:nces is
one.

present at one or both ends of the single coding region and there is also provided
10 a mutation in a gene involved in viral replication so as to prevent viral

replication following insertion of said virus into a target cell.

Preferably said number of non-coding repeat sequences is 5 or less ﬁnd ideally

one.

According to a yet further aspect of invention there is provided a transfer vector
15 which enables insertion of a heterologous genetic fragment into herpes saimiri -
virus DNA.

Preferably said insertion involves any one or more of the afore described
methods of insertion. In a preferred embodiment of this aspect of the invention
said vector includes a plurality of unique restriction sites and more preferably

20 three unique restriction sites. In addition, said vector includes a beta-
galactosidase gene which is preferably under the control of the HCMV IE 3
promoter. More preferably the said vector is derived from pRUNeo (16) and
ideally is prupoly.



According to a yet further aspect of invention there is provided a transfer
vector 15 which enables insertion of a heterol ogous genetic fragnent into
her pes-sai mri Vi rus DNA Preferably said insertion involves
any one or nore of the afore described nmet hods of insertion. In a
preferred enbwdiosmesss of this aspect of the invention PETHERIUIBHY

I ncludes a plurality of unique restriction sites and nore preferably 20
three unique restriction sites. |In addition, said vector includes a beta-
gal act osi dase gene which is preferably undefg the control of the HCW IE 3

promot er. Wore prgf et abl v, Lhe 5ok pXGet OF b Svifidn kel BHOvRIBHNRrditusand

i deally is prupol

PCT/ GB97/ 02371  gaimiri which has at least one mutation in a genc involved in virdreplication
According to yet a turther aspect of the invention there is provided a

her pesvi rus whereby the\mmtahommssudt tol prevent theevin replicating in ataggeheel] ando| ved
in virus replication ereby the nutation i s _such t Vi rus
replicating in a ?lﬁﬁ’éblea%é’ﬂf’ On In & ANE £ Q?J]pgggpngﬁ%enﬁﬂf%rp%w a’ gene
encodi ng a non-essential growh protein. In a preferred enbodi nent of

the invention said herpesvirus saimri also has a mutation in the STP

gene. Pr efres pliforrabémibodiineni ofithe troentions saié heipesvinsrsainiri also baspl et e
del etion of said genes. Preferably further still said gene

i nvol ved in vi rusmmiondatthQ)STﬁaml ses either 10 one or both of the
transcriptional control protein genes ORF50 and/or ORF57: and said
gene encoding a non-essential gromh protein is one or nore of the

fol I owing genes:: GRifdrablyaid'mutdtiohs comphisSeittier pa¥tial or complete deletion of said

- genes.

Preferably further still said gene involved in virus replication comprises either

10  one or both of the transcriptional control protein genes ORF50 and/or ORF57:

- and said gene encoding a non-essential growth protein is one or more of the
following genes: ORF4, ORF14, ORF15, ORF16 or ORF51.

It will be apparent from the above that the preferred virus of the invention
comprises a number of advantageous combinations of genetic mutations which
15 combinations serve to disable and enable the virus so as to make it safe and
controllable. By the term disable we mean the prevention of viral replication
in a target cell and by the term enable we mean the capacity to accommodate the
insertion of a relatively large amount of heterologous genetic material. More
desirably still, said advantageous combination also provides for a virus unable

20 to transform a target cell and so unable to produce an oncogenic phenotype.

According to a yet further aspect of the invention there is provided a target cell

including at least a part of the herpesvirus saimiri gene therapy vector.



It will be apparent fromthe above that the preferred virus of the

I nvention conpri ses a nunber of advantageous conbi nations of genetic
mut ati ons which 15 conbi nations serve to disable and enable the virus so
as-to make it safe and controllable. By the termdisable we nean the
prevention of WP} i cati on in a target cell and byCTEBITZH,
enabl e we nean the capacity to accomodate the I nsertion of a
relatively | arge anount of heterol ogous genetic naterial. Mre

desirably still, said advantageous conbinati ofy al so provides for a virus

unabl e 20 Lo transeamlip krAYRE sl ek T B HN DA érey GRomled a cell

oncogeni ¢ phenot ype yet rther aspect of the
invention there is pansforwel with athgsiesviend saimiri vectoraslaforiendgseribedeast a part

of the herpesvirus saimri gene therapy vector. WO 98/ 10083
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According to a yet rther .aspe f the | re.i s | |1
transforned with a ?IQ%‘P&W&?@FWSPS q@ ﬁéssgrpeﬁﬁéaqﬁ&hgdgp
According to a yet ae!wémg sema&athe@émldgeus g Irﬁﬁtehhletbea dt'celli dpipriding
met hod of delivering selected heterologous genetic material to a

L arget cell conpbi senqg:smﬁ:‘at l@lsqmgni ta;gtealcell ta?shcmwdus saimiri whaihlmﬂt:lm(i;as at least
het o) gt e | A e eb ekt vl s SRR Tt i
cell with said vi ruﬁfsald cﬁ:llwuh'ggxde\ﬂnﬁd' ment ofthe invention will now be
descri bed by way of with reference to the follow ng

materi als and net hods 10 | soI ation and Characterisati-on & Viral

Mut ant s
An embodiment of the invention will now be described by way of example only

with reference to the following materials and methods.

10  Isolation and Characterisation Of Viral Mutants

The manipulated virus is a modified from of strain 11, which does not contain
ORF1 (STP gene). Although we would normally have chosen a "wild-type"
strain, vectors will inevitably have to be based on a virus which has had this
gene removed. The modified strain may have essential genes deleted and
15  therefore Helper Cell Lines may be produced (detailed later). These were
established through co-transfection with a suitable HVS genomic clone plus
PSV2Neo, and cell clones isolated which are G418 resistant. These ccll clones
were first screened by PCR for the presence of the appropriate gene sequences
and those testing positive were analysed by RT-PCR for the presence of RNA
20  transcripts of the gene provided in trans. Appropriate clones were expanded
and used for co-transfection with virus DNA and deletion construct. Viruses
which express B-galactosidase (as measured by the metabolism of X-gal) were
tested for their ability to replicate in helper cells and normal Vero cells, and
subsequently in human cell types of differing lineages. Published data indicates



The mani pul ated virus is a nodified fromof strain 11, which does not

contain ORF1 (STP gene). Although we would normally have chosen a

"w | d-type" strain, vectors will inevitably have to be based on a

vi rus which has had this gene renoved. The nodified strain nay have
essential genwoesabessed and 15 therefore Hel per Cell Li nes"m@%"l
produced (detailed |ater). These were est abl i shed t hrough
co-transfection with a suitable HVS genom c cl one plus pSV2Neo, and
cell clones isolated which are (418 resi st ght . These cell clones wer e
first screened by, PCR fo he presence of Fe | . : u es
and those testi nghfsEam {}é&?ﬂ-}’ VRS AR &2 @W@Pﬁ“ﬁ%&%ﬁ%@g of RNA

20 transcripts ofr s Qen qRAR RPKuAEA fodtal fiBblas IFEPbiighe Rhjdodts (EBY

expanded use co-transfection with virus and del etion
construct. Vi rusasansformedyare mok representdtiver 6f gatmal t urham cells,athereforeuwed by
the nmetabolismof X-gal) were tested_for their apility tq,repljgate
in hel per cells aastesiesd |gr%¢bc!@éaqt@qsﬂaﬁefthesewr%ﬁ%é%§mm<¥‘}°aﬁ ‘ﬁ‘ﬁﬁ{&ﬁ cel
types of differing line Publ | L Ng /,18083
PCT/ GR97/ 0237§5r flom' fresh dutt hunl'?an Sé}?pq)e?ﬁtb%&fgkgﬁh%ﬁn healtl%volmegt?) haé‘tg
strain 11- derive Qg HumaleftbAblobladts ahil hiiadiabcamsihicareahaifible from
cell-lines of B Cell (Raji) and human foetal fibroblast (HFF) origin.
Raji cells (EBV commercialssourcesd) Replication wayp assessedathiroughoexprsssien ofifran
cells, therefore ., assessed the arow h characteristics of .thes
viruses in | ynmpho® %’1“?@3?@ %\ceahfge&w&ﬂa#@ﬁﬂ?m@’ ProRce o L

bl ood taken from t 8 " 14¥R %}”&@i&: -PCR. .
fibroblasts and eglﬁﬂie I)ié:?éﬁteg%lf)g%&htly? greeaﬂgvagplla lgleﬁn rom té\(!irJByg{f)rm*rrsr ci al
sources. Repl igat Geflome Spersistences dn ttheseugélisexas eassessed ahrdughr ineasuring the

gal act osi dase (evidence of infection and cell-cell spread), presence ?f

epi sonal DNApergeniageaficelis apablsrof expressing theaeparier gene thzeughgeweral cell

Ut ough moasur | ngBeREAons 18 GuBRbGH, Biflidk FITRE pfdente R SplaRATIRR,

reporter gene thrm@{u( veral cell:. - generations in conjunction with

assayi ng for the preséence of episomal virus DNA (19).

Production of Recombinant Viruses with Deleted Genes

15 - Extracellular, cell-released virus was harvested by centrifugation at 30,000g for
2h at 4°C. The semi-purified virus pellet was resuspended in 10mM Tris/HCl,
1mM EDTA (TE) pH 8.0. SDS was added to 1% w:v and Proteinase K added
at 100 pg/ml. The sample was incubated at 50°C for 16 hours and then treated
with 50:50 (w:v) phenol/chloroform mix (5 extractions). The aqueous phase

20  was removed, adjusted to 0.2M with sodium acetate pH 5.0 and 3 volumes of
absolute ethanol added. The DNA precipitate was spooled from the tube, air
dried and then redissolved in an appropriate volume of TE buffer. DNA
concentration was measured by the absorbance of the sample at 254 nm in a
spectrophotometer. Purified virus DNA was cotransfected into OMK (ATCC



Production of Reconbinant Viruses with Del eted Genes 15 Extracellul ar,

cell-released virus was harvested by centrifugation at 30,000g for 2h
at 4[err]C The sem -purified virus pellet was resuspended in 10nmM

Tris/ HO , 1mM EDTA (TE) pH 8.0. SDS was added to 1% w. v _and

Protei nase K al@$1008 51 100 [err]g/m. The sanple was i nCSBARFORY!
50[err]C for 16 hours and then treated with 50:50 (w V)

phenol / chl oroform m x (5 extractions). The aqueous phase 20 was renoved,
adjusted to 0.2Mwi th sodi um acetate pH 5.0 and 3 vol unes of absol ute

et hanol added. The dp¥536§esIl With the/fRSpeehV® bRSmid Sohstrier dsiEDOTAP

reagent.
dried and then redissolved 1n an appropriate volune of TE buffer. DN§
concentration was néftun2ddonys the eulireanédivmevasf remoyed ang replaced AGth medium a

spectrophotonmeter. Purjfied virus DNA ofransfected into ATCC
Wp) 98/ 18083 conta{ning 5% heat inactivated ECS. eceﬁ monolayers were en(observed

ORL1658) oo ls wi t Batk e deyplopment of gn extengive, cytomshic cffest WpsBPRISTH ALty
After 24 hours the sgigk! sdlereleaSéd Viriewas RARed and usaPiosimfstt et subBshfilient

containing 2% heat inactivated FCS. The cell nonolayers were then observed
until the devel opnemnotgycrsofddvikneslise Thpscowerenverlaitfafier 24vhours with & h agar

hi 5 , [l-rel d vi d d j nf
Fsuioionf I 3teﬁ?e ° one eigfgs F%‘;i&?‘il r 'wwzitﬁ@eman G g&@:o n4g t\é‘isn’ 2
h ith 1% [ i 0 ] ]
oL 41 L 203 e 0485 i ndbiy o SRF ) sy i

i nactivated FCS. At e

concentration of 1pMqaes WicH werenexpirébeing! beta datattobidase. r Blue plaquesphéréthén
whi ch were expressing beta gal act osi dase. Bl ue plaques were then 10 pi cked

and .ver e subj edPed picked gad wgre subjected tn iwo Ssrther repnds pfplagne parifigetionorpmtil | -

cor s ‘e ooous e ERPRIBRERSBanPLtnl, RS MR IR BT e |

~ correct homologous recombination events using PCR and Southern blotting.

Production of Recombinant Viruses which Contain Heterologous Genes

Purified virus DNA, prepared as described above, was co-transfected into OMK
15  cells with plasmid vectors (pJG101-105 and/or pAW 201, 202, 203, 205, 207

or 209) which contain the appropriate heterologous gene replacing the beta-

galactosidase sequence for recombination into either non-essential or essential

genes, or intergenic regions. Recombinant virus which no longer expresses beta

galactosidase was selected and plaque purified in the same manner as that
20  described in the previous section..

Infection of Cells in vitro with HVS

High titre virus stocks were produced by low multiplicity of infection of either



Production of Reconbi nant Viruses which Contain Heterol ogous Genes
Purified virus DNA prepared as described above, was co-transfected into
OWK 15° cells with plasm d vectors (pJGL01-105 and/or pAW 201, 202, 203,
205, 207 or 209) which contain the appropriate heterol ogous gene
repl aci ng t he wix9820083 gal act osi dase sequence for reconbi BHERAONTE o
ei ther non-essential or essential genes, or intergenic regions.
Reconbi nant virus which no | onger expresses beta gal act osi dase was
sel ected and plaque purified in the sane mapner as that 20 described in

h i jon. | ' f.Cells in vi '
g L1t e vi 1 as. ONBReE Vesp eeli-oaearenyd vk o itid i G O vere o

ei t her 00 : : infect ecific
PCT/ GB97/ 02371 W)ce(iﬁ/a}ﬁ%&ed at -70°C. The amount of virus required to in 1e2 any sp Ol\/K

Vero cells. Cell -gell gpeatl100%esficiency way ssbexded by iifediion oPaldefined/aumber of
cells and stored at -70C. The ampunt of virus required to infect an

specific cel telisygt ¥ariousimolfiplicitics pﬁMgcﬁnagNias%bgtg@alqssoSidme’m@%ht& a
defi ned nunber_of . cells, at,vario nul Liplichij.e f.infect] 1th a
bet :31- gal agt osi §ias¥“§§<pf\9§§ﬁ%§ °°]§Vwﬂl'°r ﬁeﬁ%h@%g&%ﬁﬁ 8?\76&"}‘% “?%f'v c Q‘B@"oy
Cheo g & ras, ! 9 ' | !

noubated at 37 oYPyiine Bf Cuffd dibiim and ioBbAER of STIC (b DNGTRE I B |

was then renoved agitationp! Fiie thedivind vais thepremmivied tand replacegiwith iahyappfopkiates h
medi um Non-adherent cells were harvested, counted and het ween 10({ err|

and 10[err] cel | squantity offresh madium {Nasradherens cells were, harvssiedaequnies an

concent ration to gehi euel00% 15 Sk QlbeBlide Sl & Uil 3t AR pbropriate

or

10 concentration to achieve 100% infection efficiency. After 2 hours incubation
with gentle agitation the cells were treated in the same manner as described for

- adherent cells.

Production of Helper Cell Lines

The virus genes which were to be expressed in a stable cell line, in trans, were

15 cloned in a suitable plasmid vector under control of their own, or heterologous
5’ and 3’ control sequences. This plasmid may also contain a selectable marker,

 eg the neomycin phosphotransferase gene which confers resistance of
eukaryotic cells to the drug G418. Alternatively this gene may be provided on

a separate plasmid, again under the control of heterologous eukaryotic control

20 sequences, for instance the SV40 early promoter and appropriate
polyadenylation signals. In all cases, cell lines were established thus. 5x10°

cells (or sufficient to give 40-50% confluence) such as Vero or OMK were
plated out onto 10 cm diameter tissue culture dishes in 10m! of DMEM/10%
foetal calf serum and incubated for 12-18h at 37°C in an humidified atmosphere

25 containing 5% CO, in air. After this period 2ptg plasmid was transfected into



with gentle agitation the cells were treated in the sane manner as

descri bed for adherent cells. Production of Hel per Cell Lines
The virus genes which were to be expressed in a stable cell line, in trans,
were 15 cloned in a suitable plasm d vector under control of their own, or
het er ol ogous WO9/M08},ng 3' control sequences. This plasmd M’G&PW‘

contain a sel ectabl e marker, eg the neonyci n phosphotransferase gene
whi ch confers resistance of eukaryotic cells to the drug 418.
Alternatively this gene may be provided on a separate plasmd, aga| n
under the control

I nstance the SV40 3&??@153{% ﬁgﬁg@e&ppropcﬁﬁﬁé{r@m@y W‘a?l on
signals. In all caspNA. CHli$ may be ¢ithéasigilé plasmihebich humamE iate gene
cells (or sufficient to give 40-50% confluence) such as Vero or wer e
pl ated out onto 10 andthe selestabl maﬂ@umonmt@ﬁgﬁaugpﬁmbrﬂasmuﬂélmm

foetal calf serumapd jncu [ 12-18 37[err]Cin an d|.f|e
at mosphere 25 cont F’hmﬁﬁbﬁﬁéﬁé& ﬁ“@?ﬁgﬁgw‘?‘;ﬁ@ éF’r‘}'{J
pl asm d was transfe

BT/ GRO7/ 02371 ST effifrflet 48 Rours. At this Wabe engonﬂuentmonolqgswered?tﬁched

cel | s using DOTAP rieagahé phﬁtldéi%ﬁlthrbﬁ@ fngoviab ofthe medium| wasting the2x10ml\ofr us
DNA. This nmay be either a single plasnmd which contains the appropriate

gene and t he sRhosphaie bufferedisaling (RBS, bife Teghnologies dnc, zatne] 2002) andh

P moepher 6 cont ar ni FeptmentcRES 2l B8 (D.29 WHFEDTAGD Bee pSdluerch BBS, 1 ¢
stage, the now Coanﬁﬁmeﬁﬁﬁﬂbﬁthﬁéﬁad&H%ﬁﬁtc%ﬂﬁﬁ%enmg? tﬁé&mstoh tﬁ{l)gﬁz?]ate

di sh through renoval of the nmedium washing t
buf f ered sal i nel( PRsdated paintb-2well plates<or cloning at hmmngzmm&) oadnﬂpensed at 10*

Fr eah medi um was. ¢ HEUS Beba i resohremedizndPMEM AR S vamemeted o
then with an appropriate concentration of G418 which is sufficient to cause 100% -
kill of non-transfected cells. The concentration is dependent both on cell
passage number and cell type. A typical concentration for Vero cells at passage -
15 150 is 800ug/ml. Cells were then replaced in the previously described growth -
environment and observed at regular intervals for cell killing. Culture medium -
was replaced approximately every 3-4 days depending on cell death/growth rate.
After 7-14 days individual clones of cells have grown and were then picked,
grown to appropriate numbers and tested for the expression of the HVS gene
20 transfected. = This can either be achieved through use of either -
immunofluoresence, Northern Blotting or RT-PCR using methods well known
to the art.

Assessing Virus Safety

The ability of the modified virus to replicate was assessed by measurement of
25  virus gene expression using RT-PCR for a selection of immediate-early, early

and late genes. Additionally, tissue culture supernatants from transduced cells



10 plated out into 96 well plates for cloning at limting dilution or

di spensed at 10[err] cells per 10cmdish. The culture nmedi um

(DVMEM 10%-CS) was suppl enment ed Wi th an appropriate concentration of
(418 which is sufficient to cause 100% kill of non-transfected cells.
The concent r awiomsn9es3 dependent both on cel | passage nuSEICEAHZIZL| |

type. A typical concentration for Vero cells at passage 15 150 is
800[err]g/mM. Cells were then replaced in the previously described growh
envi ronment and observed at regul ar intervajg for cell killing. Cul ture

(rjrggj[ ﬁ/mgr owt hW?Zt (rae °| aﬁeq’ﬂ?d? rﬁ?"ﬁ’é?ﬁ ﬁ%?%&t?&ﬁ%ﬁgémgg ce ﬁs have

grown and were thgd eaf%cked grown to appropriate nunbers and tested
for the expression of the HVS gene 20 transfected. This can either be
achi eved t hrough use of either I mmunof | uoresence, Northern Blotting or

RT- PCR usi ng net hgds wel | own . te the art. Assessing Virus

Saf ety TheM&Mm-hMi rus to replicate was assessed
by neasurement of 25 virus gene expression using RT-PCR for a selection of
| medi ate-early, early and | ate genes. Additionally, tissue culture

super nat ant s _f r omhisyeactgs prodacds! aiecombmahon\)\@c%tdﬂﬁﬁﬂmscruon of heterologous
PCT/ GB97/.02371

i ncubat ed wi t h5i ngema;ﬁhmcndafrtbeﬂt\f& L DNA; pSINeo(frem By @“Psﬁ‘F'éE}?‘l%Psmﬁ/l rus

ot oduces a r econbSHID A LK LA By K DNAjumgicd A Shirtiahe.

genes at the 3' eRfle Wcatdde3sBpwithinNe fizstHieepeat tRItWEs chaiged oy Salbsitates

allow insertion of the neo gene. This vector, however, is a large, low copy
vector and is therefore unsuitable for insertion of large heterologous genes. An

10  cxpression vector, pSA91, was chosen to make the new recombination vector.
This vector is produced at high copy number and contains the hCMV IE
promoter to drive gene expression. To produce an efficient expression vector -
that allows recombination, the HVS DNA sequence was excised from pSIneo

 and inserted into a unique Narl site located 5’ to the promoter, using linker

15 adapters. This vector is designated pJG101.

ORF06 Deletion

ORF06 (located between bp 12584 and 15967) encodes the major DNA binding
protein, thus deletion of this gene makes the virus replication deficient. To
make a recombination cassette for deletion of ORF06 flanking DNA regions
20 were excised from pSS54 which contains the region of HVS DNA from 11507
to 18013 (the KpnlF fragment). The Kpnl (11507)-Haell (12613) 1106 bp
fragment 5’ to the ORF06 coding region and the Sphl (15258)-BglllI (16407)
1149 bp fragment were excised and ligated together via synthetic oligomers.
The oligomers also contain EcoRlI and BamHI restriction sites, as shown below,



9. 4kb of HVS DNA which contains the HL DNA unction. A Smal cleavage

site located 35bp within the first Hrepeat unit was changed to a Sall site
to  allowinsertion of the neo gene. This vector, however, is a |arge,
| ow copy vector and is therefore unsuitable for insertion of |arge
het er ol ogous gdYRBAME} 10 expression vector, pSA91, was: choRHEBY AT e

t he new reconbi nati on vector. This vector is produced at high copy
nunber and contains the hCwW | E pronoter to drive gene expression. To
produce an efficient expression vector 12 hat all ows reconbination, the

HVS DNA sequence VWgsalfow inséfiohof ielerdlofs genes. [i8GhebedSay 6 thainthin part.ofithiie
Narl site located 5 to the pronoter, using |linker 15 adaq_a;hz. Thi s
ate

vector is desi gnat 3epdGAORF06 as this contiti® theprbmptey for ORFO7. dikpmdt ed
bet ween bp 12584 apd 967) encaqdes the ' DNA hi, pdin r ot ei

t hus del etion of t%gg} %‘R@n%%amt?@&mﬁcea&gﬁl%g?sW@#P&%‘e‘ﬁé
make a reconbi nati ﬁﬁ@@g y on of ORFO06 fl anki ng DNA regi ons

20 were excised f?%r% p %h%%ﬁegﬁf%'ns the region of HVS DNA from 11507
to 18013 (the KpnlF fragnent). The Kpnl (11507)-Haell (12613) 1106 bp

fragment 5' to the ORFO6 cading reg(ipqn and the Sphl (15258)-Bgllll (16407)
1149 bp fragmenf wSeguenge ofeligemersto link the fragmemter via synthetic ol i goners.

The oligoners al so contain EcoRl aniﬂGﬁaﬁa}Cé&%féébb%nrél tes, as shown

bel ow, WO 98/ 10083

PCT/ GB97/ 02371 CGCGACTTAAGCCTAGGC 17 to all ow
I nsertion of heterologous genes. It I's necessary to maintain part of the

3' end of ORF06 as this:contains HiasdllpEcoRl er BamiIIOSghl. The | i gated Kpnl -
Bglll fragnment was inserted into the pBluescript KS cloning vector to
create the . reconbi nati on cassette pJGL02. 5 Sequence of oligoners

to link the fragme@Rros Construction to Generate Helper Cell Line -
.10 | | . :
To produce HVS deleted for the ORF06 coding region, it is necessary to provide
the ORF06 gene product in frans. This was achieved by producing a stable
helper cell line. The ORF06 gene was excised from pSS54 as a Haell (12613)-
- Pstl (15998) fragment. . Synthetic oligomers (as shown below) were: used.to
15  precisely create the start of the coding region of ORF06 and to allow-insertion
into the expression vector pSVK3 (Pharmacia). Following ligation of the
synthetic oligomers to the 5’ end of the ORF06, the EcoRI-Pst fragmcnt was
ligated to pSVKS3 to create pJG103. This drives expression from the SV40 early
promoter, use of an alternative promoter minimises recombination events in the
20  helper cell line.
Oligomer sequences-
AATTCATGGCAACGAAGACAGCGCAACCTAGCGC
GTACCGTTGCTTCTGTCGCGTTGGAT
EcoRI ORF06 Start Haell

25 ORF5I1 Deletion



TGAATTCGGATCCGCATG CCCGACTTAAGCCTAGGEC

Hael Il EcoRl Banl |l Sphl ORFO6 Construction to Generate Hel per Cel

Li ne 10 To produce HVS deleted for the ORFO6 coding region, it is
necessary to provide t he ORFO6 gene product in trans. This was

achi eved by pwaxbsnoesy a stabl e hel per cell line. The ORIEHZABTWas
exci sed from pSS54 as a Haell (12613) Pstl (15998) fragnent. Synthetic
ol i goners (as shown bel ow) were used to 15 precisely create the start of
the coding region of ORFO6 and to allow ingertion into the expression
vector pSVK3 (Pharmacia). Followi ng ligation of the synt hetic
oligoners to the 5 end of the ORFO6, the EcoRl-Psl fragnent was

ligated to pSVK3opest @RbesPthelfbientih iréceptdrifidiagnnenbiane protein ofi#EHA40
early pronoter, use of an alternative promter m nimses rPRC]?éTbl nation
events in the 20theteforeedeletitn of thie gene rendersi e mrusnondiafretious. ORFS1 is

AATTCATGGECAACGAAGACA
GTACCGTTGCTTCTGM%%% and 73432 of Eb%ﬁ?’scm?g“’stg? Produce ORFS51

Hael | 25 ORF51 L1 i the BamHI (71692)-Hpal
PCT/ GR97/ 02371 ﬂ%&lﬁé s@4hences for the'¥ecofbiAtien cassette, the an ( (%QFgl

encodes the pgt e[ieol) 9¢0kp frapmennd! ry tireORFSH ecoding mgioroand-Us; Bst11071
therefore deletion of this gene renders the virus non-infec 'é.gus lis
| ocated between VBBQS)-BStHE&@@%PPtW deR1 WeﬁP‘B‘a?FL 'Gﬂl—ggm
flanking sequences:for the: FRGPVEENBR Bragtnairdin 6365 G274  dolfifigated Pa!
together via synthetic oligomers. These oligomers also contain EcoRI and
BamHI restriction sites to enable insertion of heterologous genes and in addition
10 the sequence required to maintain the polyA for ORF52. Following ligation the
BamHI-Pstl fragment was ligated to the cloning vector pSP73 (Promega) to

- - create the recombination cassetté pJG104.

" Synthetic oligomer sequences- -
 AACGAATTCGGATCCTTAATAATAATGAGCTGTA
15 ' . TTGCTTAAGCCTAGGAATTATTATTACTCGACAT
Hpal EcoRlI BamHl ORF52 polyA Bst11071

. ORF51 Construction to Generate Helper Cell Line

The ORF51 gene was excised from pKK 104 as a Hpal (72602)-Stul (73495)

806bp fragment and cloned into the SV40 expression vector pSVK3. EcoRI
20  linkers were ligated to the 5* and 3’ ends of ORFS51 to facilitate this cloning

reaction. The resulting ORF51 expression vector was designated pJG105.

ORF 57 Deletion



5 (72602) 910bp fragnent 5 to the ORF51 coding region and the Bstl 1071
(73395)-Pst1(73998) 601 bp fragnent 3' to ORF51 were excised from pKK104
whi ch contains the HVS EcoRlI D fragnent from 63020 to 77574, and |igated
taget her via synthetic oligoners. These oligoners also contain EcoRI qnd
BanHl restrictwo9s/4008®s to enabl e insertion of heterol ogous

addition 10 the sequence required to maintain the pol yA for CRF52
Following ligation the BanHl - Pst| fragnment was ligated to the cloning
vect or pSP73 (Pronega) to create the reponbi nati on cassette pJGL04.

Synt hetic ol i gomer 3 ipti tivator with homology to HSV-1 UL54, an
AACGAATTOGRATOCT TASHAT Kiltss 2 trapscription activ B

TTGCTTAAGCCTAGGAAT gsiérivial Tnviiediateadrly gene. To generate a vifusl contaifiing 2Beomplete
ORF52 pol yA Bstl 1071 ORF51 Constructjion tQ Gen 5% Hel per
Gl Line il of O 7, mions et e edimrgion o i

(72602) - Stul (73493 S

expr.essi on vect or d‘?c%%“plé gﬁ%ﬁﬂ%ﬁ?&%ﬁ%ﬁpﬁ ?’%&leﬁe Ea‘ff‘
ends of ORFS 1 §0 begi désighed; $°'0d 5GC GAATTC GT(I 'qutAAE T@h@cmcmr TGC
ORF51 expression vector was desi ghated pJG 10 ORF 57 Del etion
WD 98/ 10083 TG, 5’-d GCC CTG CAG GCA GTT ACT CAC CAT AGC TTG AG, 5'd

encodes a transcr i FGGRTREAGELA GTETTBAMG GG TAGIIG TH6.5 4660 6CA

essential i mredi at ?C??é’i‘x aceﬁt@q?ghtaﬁe“‘%f m@%&%ﬂwqﬁég e

del etion of ORF 57, Teql ons a e co ing region _
anplified to al | owohHWS x@wﬁvélycmssortaﬂsmo whd 79580rt10180D20) suftablewestrittione

10  sites have been incorporated into the primers to assist in cloning. A triple
ligation was performed using these fragments and pUC18, previously digested
with EcoRI and Sphl, to derive pAW101. This plasmid was then linearised
using Pstl and Sall and ligated with the lacZ gene under the contro! of the -
hCMV IE promoter, to generate PdeltaORF57 which has been deposited with -

15 the National Collection of Industrial and Marine Bacteria Ltd (NCIMB), 23 St
Machan Drive, Aberdeen, AB2 1RY; Deposition Number 40894,

To generate a helper cell line, a fragment containing the coding region of
ORF57 was amplified using PCR, and ligated with a T vector, pCRII, to derive
pAW103. This was then cloned into the plasmid pPBKCMYV to generate ORF57

20  under the control of the HCMV 1E promoter PBKCMVORF57 which has been
depositied with the NCIMB, as above, Deposition Number 40895.

HVS Insertional Inactivation Constructs

Insertional inactivation is a less preferred method of preventing a gene from
functioning, as it relies upon the placing of the indicator B-galactosidase gene

25  within the coding sequence of the appropriate gene, without removal of any part



5 been designed; 5 -d GGC GAA TTC GIC TAT AAC TGA CTG GGT TGC TG
5'-d GCC CTG CAG GCA GIT ACT CAC CAT AGC TTG AG, 5'-d GCC CTG CAG CAA
GIG TCC AAG CTC TAC TTG TGC, 5'-d GGG GCA TCC CTA TTG ATG TGC CAA GCA
ATA GGG T, these anplify two regions of HVS respectively; 77850 to
78260 and 7959@%00@3120, suitable restriction 10 sites haRCHESH02371

I ncorporated into the prinmers to assist in cloning. Atriple | i gation
was performed using these fragnments and pUC 18, previously digested

w th EcoRl and Sphl, to derive pAWO1. Thi ggplasnm d was then |inearised

using Pstl and S ' ] : &-;k : snef the
hCW | E promter?dﬂ%g%#e#egﬁggﬁ%mgfgg |cﬁﬁﬁ§g@§gt\m rggggl?%g&\%lmn h 15
the National Col lwkith ad %6 déledeibof the B-gahseqibcerand Bodigatiomof the optiCiehiing 23
St Machan Drive, Aberdeen, AB2 1RY; Deposition Nunmber 40894. To
generate a hel perframe enabling reactivatingrefithe @ne-ai ni ng t he codi ng regi on of
ORF57 was anplified using PCR, and ligated wwth a T vector, pCRII, to
derive pPAWLO3. This was then cloned into the plasmd pBKCW to

generate ORF57 20rg te bfl st irdbtival& gdntMa drlinshéra/ERiop wab BlSfsihielRHS 7

whi ch has been epositied wth the NCI'MB, as above, Deposition Nunber
40895. 5 Hughichdmactivated|eatln sespectiviei gene Oy rinsarting the lac Z genelunder theonal

e T e
Lerr) - gal act 0! daage i e il b ik AERRSICGHGRE b ookl ARRFBE 21

PCT/ GB97/ 02371 _ plasmid and HVS viral DNA to derive a recombinant virus,A¢hich wilbthehlbe open

reading frane. There is a risk of reconbination events occurring whi ch
| ead to del etion plaquapurified:] - gal sequence and no ligation of the open
readi ng frame enabling reactivating of the gene.

10 Plasmid Constructions .
ORF 4/COMPLEMENT CONTROL PROTEIN

pJC81-KpnB was digested with Bglll and PstI to generate 1152 bp fragment
containing the coding region of ORF4. This fragment was ligated to pUC18,
to-derive pUCORF4. This plasmid was linearised using BgllI, blunt ended
15 using T4 DNA polymerase, and ligated with a blunt ended fragment containing
the lacZ gene under the control of an IE CMV promoter, to generate pAW201.

ORF 14/SMALL IE GENE

pACYCI184-EcoF was digested with EcoRl and Pstl to generate 3189 bp
fragment containing the coding region of ORF 14. This fragment was ligated
20 topUCI1S, to derive pUCORF14. This plasmid was linearised using Kpnl, blunt
ended using T4 DNA polymerase, and ligated with a blunt ended fragment
containing the lacZ gene under the control of an IE CMV promoter, to generate



To generate an insertionally inactivated gene, a transfer vector was
constructed 5 which inactivated each respective gene by inserting the |ac
Z gene-under the control of al.E. CW pronoter into the 5 coding

region of the ORF. This i nactivated gene was then inserted into the
viral genone byWOSBRMAXfection of the pl asmi d and HVS vi PERGBRIBY
derive a reconbinant virus, which will then be pl aque purifi ed. 10
Pl asm d Constructions ORF 4/ COVPLEMENT CONTROL PROTEI N

pJC81- KpnB was digested with Bglll and Pstl t©@ generate 1152 bp fragnent
contai ning the codiggwnegi on of CRF4. This fragment was ligated to pUC 18,
to derive pUCORF4. "This plasmd was linearised using Bglll, blunt ended 15
using T4 DNA pol ynerase, and ligated with a blunt ended fragnent containing

the tacZ gene under_ihe ?ontr | of an JE CW pronoter, to generate pAW2O01.
ORF 14/ SMALL | E @@MMF was di gested with EcoRl and Pstl
to generate 3189 bp fragnment containing the coding region of ORF 14.
This'fragnment was ligated 20 to pUCL8, to derive pUCORF14. This plasmd

was |inearised usi nAGYCI84-EcoP was digested it Ssdiand Pit td Réherté 2405 siagnicit
ligated with a blunt ended fragnent containing the | acZ gene under the
control of an | E C\Meniaining thecoding rggienof ORF 15. Thls%mgmsvwmtedtopUCl&-

PCT/ GB97/ 02371 5 toderive pUCORF15. This plasmid was linearised using Munl, blunt ended
using T4 DNA polymerase, and ligated with a blunt ended fragment containing
the lacZ gene under the control of an IE CMV promoter, to generate pAW203

ORF 50/MAJOR TRANSCRIPTIONAL ACTIVATOR

pACYC184-EcoD was digested with BglIl and Pstl to generate 4149 bp
10  fragment containing the coding region of ORF 50. This fragment was ligated -
to pUC18, to derive pAW204. This plasmid was digested with Pst] and ligated
with a DNA fragment containing the lacZ gene under the control of an [IE CMV
promoter, to generate PdeltaORF50 which has been deposited with the NCIMB,
as above, Deposition Number 40892. A helper cell line was constructed using -
15 PUCPST deposited with the NCIMB, as above, Deposition Number 40893
which is pUC18 containing a Pst] fragment of HVS DNA encompassing both
exons of the gene.

ORF S7/1E GENE

PACYC184-EcoJ was linearised using Bglll, blunt ended using T4 DNA
20 polymerase, and ligated with a blunt ended fragment containing the lacZ gene
under the control of an IE CMV promoter, to generate pAW206.



21 pPAW202. ORF 15/ CD59 HOMOLOGUE pACYC184- EcoF was
digested with Sstl and Pstl to generate 2415 bp fragnent cont ai ni ng
the coding region of ORF 15. This fragnment was ligated to pUC18, 5 to
derive pUCORF15. This plasmd was |inearised using Munl, blunt ended

using T4 DNA mossnmeesdse, and |igated with a blunt ended fradifEEB%BRhi ni ng
the |l acZ gene under the control of an IE CW pronoter, to generate pAW03
ORF 50/ MAJOR TRANSCRI PTI ONAL ACTI VATOR pACYC184- EcoD was di gest ed
with Bglll and Pstl to generate 4149 bp 10 4y agnent contai ning the coding

regi on of ORF 50. ( Thi | : o7 ORF 576w,
pAW204. This pl a.s%ﬁ' d@rmg(; gl&g}gg%te%vﬁél H}g@sﬁﬁ%aﬁrﬁ c?t?lggi%gg]éce wth a IjaNsA
fragment contai ni a@plified hsing PORNssingtherfollbwingprimers: $+d €60 GGIWCC CAC

promoter, to generate PdeltaORFS0 which has been deposite | t NGl VB,
as above, Deposit AJiG TCFATAAES SAQ TG (T, o0 CHS W@Mﬁﬁgﬁ usi ng

ani ch 15 pUC 16 cOAGIAGIAL AT, SRl PEK st R aCrA ChelE,

exons of the ggneyecior pCRIGHR e M207.  PACYC184- Ecol was
| i neari sed using Bg?l 'unt ended uSing T4 DNA 20 pol ynerase, and |i gated
with a blunt ended fragnent containing the |acZ gene under the control

of an IE QW DVOWMW

Due to a lack of convenient restriction sites the coding region was amplified
using PCR, incorporating a Pstl site in the 5° coding region, to allow subsequent
cloning, using the following primers; 5°-d GCC GAA TCC CAC AGT GCC
10 AAG CTT GCC AGT T, 5°-d CGC CTG CAG GGT GTA TAA CTG AGT
GTT ACA GC, 5°-d GGG CTG CAG GCT GTA CAC TCA GTT ATA CAC
'C, 5°d -CCC GCA TGC-ACT TGA TCC AGG ACA TGC TTC. This PCR-
“product was ligated with pUC18 to derive pAW208. This plasmid. was -
linearised using PstI and ligated with the lacZ gene under the control of an IE
15 CMV promoter, to generate pAW2-09. A helper cell was constructed using
pAW?208. '
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A herpesvfru’s shi rfi ri* having at | east oneLiaymg i onal nutation in either

10

15

20

1. A herpesvirus saimiri having at least one mutation in at least one gene
encoding a protein required for virus replication wherein said mutation

prevents viral replication in a human cell.

2. A herpesvirus saimiri according to Claim 1 wherein said mutated
gene is either ORF 50 and/or ORF 57.

3. A herpesvirus saimiri according to any preceding claim wherein said

virus further has a mutation in a transforming gene, such as a STP gene.

4, A herpesvirus saimiri according to any preceding claim wherein said
virus is additionally mutated in at least one gene selected from a group
comprising ORF 4, ORF 14, ORF 15, ORF 16 or ORFS1.

5. A herpesvirus saimiri according to any preceding claim wherein said

mutation is a complete or partial deletion of said gene.

6. A herpesvirus saimiri according to any preceding claim wherein said
virus is provided with an insertion site for the insertion of heterologous

genetic material.

7. A herpesvirus saimiri according to Claim 6 wherein said site is
located within or adjacent at least one non-coding repeat sequencc and
preferably at the junction between a unique coding region and a non-coding

sequence.

_
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ORF



50 and/or ORF 57 wherei n s ﬂﬂ nctlonal nut ati on prevents viral

replication in a ’m ILMH A herpesvirus saimri
according to Claim1l vvhere a further functi onal

mutation in a transform ng gene. A herpesw rus saimri
accordi ng to CNASH1908Fherein the transform ng gene is FCTGBF AR

10 4, A herpesvirus saimri according to any preceding claimwherein
said virus is additionally functionally nmutated in at | east one gene
selected froma group conprising ORF 47 ORF 14, ORF 15, ORF 16 or

ORF51. 5. 8. AAer pdnamesvimssal ngafrnirh.C accotding too Gidiyn 6 @re? wheal ai m
wherein said nutation a conplete or_ partial_ functignal deI etign of
said gene. 15 @f-pendemunem E&m $.uherein aid insertion §ith 5 Rrovided aptheciigiofg

cl ai m wherei n sai dsaYc{l]aHﬁ tibes provided with a restriction enzyne

I nsertion site for e I'nsertion of heterol ogous genetic material .

7. A herpesvirus saimri according to Claim6 wherein said restriction

enzyme insertion site is |located within or_adjacent at |east one
non-codi ng repeat $equehdiETPesyirus saimiri gecordiagita (Jainph Wherciaean insertion sie

codi ng region d e e Svirus.saimri
according to Clagl mﬁéﬂ %ﬂﬂ%?ﬂfvﬂgaﬁfa%g@ %ggﬂﬁ oﬁ%gﬂle(ﬁ%}ﬁcfﬁd ﬁ?bm 3#8%8?@?“3'5& d
restriction enzynmeORFsEIORPM,30RE 155ORFOM ¢1cURR51t he site of said

conplete or partial functional deletion.

10. A herpesvirus saimiri having at least one mutation in at least one gene

encoding a non-essential pi'otein.

10 11. A herpesvirus saimiri according to Claim 10 wherein said gene is at
least one of the following genes ORF 4, ORF 14, ORF 15, ORF 16 or ORF
51, | _ o T |

12. A herpesvirus saimiri according to Claim 10 or 11 wherein said

mutation is a complete or partial deletion of said gene.

15 13. A herpesvirus saimiri according to Claims 10-12 wherein said virus

further has a mutation in a transforming gene, such as a STP gene.

14. A herpesvirus saimiri according to Claim 10-13 wherein said virus is
further manipulated whereby at least part of the gene encoding ORF 50
and/or ORF 57 is mutated and/or deleted.

20 15. A herpesvirus saimiri accbrding to Claim 10-14 wherein said virus is
provided with an insertion site in to which heterologous DNA can be
inserted.

Sheet Has Been Relplaced

W




-27- 9. A herpesvirus saimri according to G aim6 wherein a

restriction enzynme il ' ' { ggprovi ded in, or adjacent, at
| east one gene sel ected fr:HmmwﬂBm‘L"m"'mconpri sing ORF 4, ORF 14, ORF
*10c L Amn [ [

15, ORF 16 or ORF51. 5 erspesvirus saimri having therein at
| east one preVWRIWOEd het er ol ogous DNA fragnent at tHRCY/EBRIORYA of a
single coding region and a non-codi ng regi on; and further wherein

said virus conprises a reduced number of repetitive non-coding
sequences conpared with wild type virus, atogne or both ends of the single

coding  regiqg, apdheRRsviiisUSaiflifiOcifFP HaVitiy Hertifosf adBfted UAChhvnal
mutation in at |east one 1 gene encoding a protein involved in viral
replication. inserted . therein radr leasty ione sprestelected heterologous DINAI filagment
wherei n the nunber ,of i d N~ . c.odi repetitiv equence is,about
51, 1o adfioest inca 0fien sitg. wiiEh sBE spiiPiRgts o St Iepartacer Mol

| east one functi ogaletion of at gkt 3hk 2Ene EncBdMB HndhPEREHMY gend2” Ot €i n i nvol ved
in viral replication and a further 15 funcCti onal rruta?i on in a gene

encodi ng a non-essential protein. 13. A herpesvirus saimri
according to C ai m,12 rein.said.virus further_has . functi onal
nutation in a t"rfa for& GPEENS saimin accop f‘g%,@ﬁlﬂ’p&wm{@"%1 Vips 18
according to O ai gdifionklsy fivlated dr defisd Rir'd BencI&RDI L Egroteﬁa mﬁgﬁir_g&”lﬁr .
15. A herpesvirus saimTi according to any of Cai 12-14 eln said
functional nutati oirabxeplications partial or conplete del etion of said gene.

16. A herpesvirus saimri according to Clainms 12-15 wherein said gene
encodi ng -a protein involved in viral replication conprises ORF 50 or

ORF 57. 18. A herpesvirus saimiri according to Claim 16 or 17 wherein said virus
| | further has a mutation in a transforming gene, such as a STP gene.

10 - 19. A herpesvirus saimiri either having iherein or adapted to have inserted
therein at least one pre-selected heterologous DNA fragment at the junction
of a single coding region and a non-coding region; and further wherein said
virus comprises a reduced number of repetitive non-coding sequences at one .
or both ends of the single coding region; and the virus also comprises at least

15 one mutation in at least one gene encoding a protein involved in viral

replication.

20. A herpesvirus saimiri according to Claim 19 wherein the number of

said non-coding repetitive sequence is 5 or less, and ideally 1.

21. A herpesvirus saimiri having at least one mutation in a gene encoding
20 a protein involved in viral replication and a mutation in a gene encoding a

non-essential protein.

22. A herpesvirus saimiri according to Claim 21 wherein said virus

further has a mutation in a transforming gene, such as a STP gene.
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sai d gene encodlng

A herpesvirus saimri

according to Clains 12-16 wherein
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18. A herpesvirus saimri dcc6rdt ng to any preceding claim _for

19. Use of a herpesvirus saim rMEB%?“S? ﬁg to

manuf acture of a nedi cament for the use
10. 20. A cell transfornmed with a herpesvirus saimri
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any preceding claimfor the

i n gene therapy.

vector according to any precedi ng cl ai n29 15
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23. A herpesvirus saimiri according to Claim 21 or 22 wherein said

mutations comprises partial or complete deletion of said gene.

24. A herpesvirus saimiri according to Claims 21-23 wherein said gene
encoding a protein involved in viral replication comprises ORF 50 or ORF
57.

25. A herpesvirus saimiri according to Claims 21-24 wherein said gene
encoding a non-essential protein comprises a gene selected from the group
including ORF 4, ORF 14, ORF 15, ORF 16, ORF 51.

26. A method for delivering selected heterologous DNA to a target cell by
exposing said cell to a herpesvirus saimiri which includes at least the pre--
selected heterologous DNA under conditions that favour viral infection.
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