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25 alternative strategy, the recent development of retroviral
vectors containing internal ribosome entry sites (IRES) has
enabled expression of polycistronic messengers (Morgan et al.,
1992 Nucleic Acids. Res. 20, 1293-1299; Zitvogel et al., 1994
Hum. Gene Ther. 5, 1493-1506). However, these vectors are

30 most efficient when they contain only a single IRES, limiting
their suitability to expression of only two genes. The
presence of wmultiple IRES elements result in vector
instability, probably because of recombination events. In the
inventors' experience this is the case even in vectors with

35 two IRES sequences derived from different viral species (e.g.
polio virus and encephalomyocarditis virus ECMV) with little
nucleotide sequence homology. Therefore, such vectors are
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15 endopr ot eases which are expressed in pancreatic islet, pituitary gland
and ot her neuroendocrine cells have been identified (PC2, PC3, PC4, PACE4)
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a diverse group of precursor proteins secreted via the
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precursors are processed at Lys-Arg or Arg-Arg dibasic

residues whilst the precursors of proteins secreted via

35 unregulated or constitutive pathways, have a more complex
furin cleavage site with the consensus sequence

Arg.X.Arg/Lys.Arg (Bresnahan et al., 1990 J. Cell Biol. 111,



4 encoded genes. The incorporation of multiple expression cassettes can
sresulit in pronmoter interference, where the expression fromone cassette
influences (usually suppresses) the expression of the other eﬁﬁrSS@@Pn
cassettes) in the 5 vector (Emerman and Temin, 1984 Cell 392 ¢ ;
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endopr ot eol yé% Ieavage to generate the constituent proteins, each with
Ic

its own speci bi ol ogi cal 10 activity being either individually, in
complex with each other or in association with other cellular conponents .
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independently regulated expression units. Alternatively the
use of IRES sequences placed between different coding

30 sequences allow the expression of polycistronic transcripts
in which each coding unit is then translated into the
corresponding protein product.

However, each of these procedures have a number of
35 disadvantages. The use of wmwultiple plasmids is time
consuming, inefficient and wusually dependent on the
availability of different selection methods for each of the



20 (e. g. furin) and therefore generate the constituent proteins in many
different cell types. Alternatively the cleavage site may be designed to be
a target for cell specific endoproteases and therefore generate the
constituent proteins in specific target cells which expressduBfl 2002
endoprot eases. The latter 25 provides a Aovel nechanismfor tissue specific
expression of proteins which may be used as a strategy either in
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encodi ng mnul %Ye'products as a single fusion protein which can be cl eaved
and processed after 30 synthesis into its constituent, biologically active,

conponents. In a first as prese i nve pro es a e onblnant
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90, 8957-8961) or for the production of peptides that are
normally secreted, but only by specific cell types (Methot et
al., 1997 J. Biol. Chem. 272, 12994-12999). In the first

30 study, as mentioned above, an antibody Fc fragment was fused

via a furin cleavage site to the pro-calcitonin signal
peptide, resulting in the secretion of the Fc¢ fragment (Liu
et al., 1993 Proc. Natl. Acad. Sci. U.S.A. 90, 8957-8961).
In the second study angiotensin II was fused via the furin
35 recognition site to a portion of prorenin containing its
signal peptide, thus enabling the secretion of angiotensin II
by cells which lack the complete modification system needed



7 sequences being separated by a |inker sequence encodi ng an endopr ot ease
«cl eavage site. The endoprotease cl eavage site nay be any amno acid
sequence 5 that is recognised by an endoprotease. Exanples {éﬁi oteases
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thensel ves "S¥ bv?o us%%%rfl%rs SBSS gucli 40‘:)}, or IL-12 and IL-2 (composed of
three subunits, p35 and p40 of IL-12 plus IL-2) as a fusion

35 protein, separated in each case by a linker encompassing a

furin target sequence. In these examples, the furin cleavage



35 including the generation of cellular vaccines (e. g. tunmour cell
vacci,nes) which are transforned with vectors encoding for such zt’ll G&H &]
prot ei ns expressing one or nore biologically 2 1 OCT 2002 9 att 2002
products (e.g. IL-12, which is conposed of 6t wo different subunits). The
met hod may al so,be used for the ecto RIC expression of multiple proteins_in

cel | which do BéEenyeRal WRse Sdve§dYe R AT FHY nkehobhpr Blady K2
provi des 5 theeﬁd@sgmﬁggeou-se@@@j;¢ty tq.';ggzneratx twonpr nope prahgi ns e,

specified nol af.ra as | i_catpon Jegard to the
expr essi on of B}Xté#‘XSAY%gJEY’ﬁ}V@ %ﬁ E 8@%[}% ttgl (!Q('?g‘f efq_co%é)ngtgﬁﬁfztors
requi re expressFag.of Dhamdntﬁ&pemde@tlys%gnprs hys edug hRtar fanpthes IL-12

| ndeed, - subuni L5 10; EXPrESSELL | @i6) T §OFT A T ArmEANIdd 85 LANREAHGE AN

antagoni Stic e Fegar pfot el N~ conbi nat 1 on.
appl i cation of at h@%@@ﬁ@ﬁogﬁu@@w ddeawegei n,sittige i Hoor pbhased examples

endopr ot ease r gBh L ase% ﬁP_J%Q{r ngatﬁf&%fé tﬁrg}ﬁaﬂ'a 884561 58Y1 gﬁsyfcﬂ e or

cl eavage by en r qt I'uding 'tissue specific endoprot eage
providing a nopéplﬁﬁéhéfmséﬁilflét ker meken e gekeayads i ks ﬁPa‘H%]siDé more

speci fic transgecRbb9Blef Or hiSsUecERA/Idd %ﬁ@@eaauamyf dﬁdmﬂxﬂl plf@t ehes,
or chi r0| c proteins corrgosed of rrulégs)g go gt% f’ g}

i nacti vé ‘pri or SPHSEREVENEGEPOIEDIRAT - &¥agé™a cCPYaPEISRY 2NHBOyI t
of this'proteohytide ﬁcb:emtagplet(}ihys:wlel oy signe | Yaldénep by fosiexpGlatasinef

the bi ol ogi cal ?—Ctﬂfefﬁﬁ i éeﬁréﬁéf’%‘?g,ébﬁﬁfﬁévb@u%lﬁ?%%%étue@hﬁ of
the chimeric prote|n elr conhcerte tron to or wt
ot her cellul ar eec@ﬁﬁsﬁéﬁﬂsoant‘é%%ﬁﬂﬁmey hlipsticdfis) SgyeapdspgrngVvis Bhe

present invent EQFIVWEREQGSQ@@&:&&Y ailewkr epknesb1ofish Sﬁ@&ﬁ’ﬁe \Mﬁ@rc%s@&hhly

types c be tar rodctonftvvoo rmre3 epti.d
Sort 3B oot Eransanaelyge ien et et abyol ¥ ok nE b errBi PRGHBE PoE LR o
to synthesize tEImelant geaemtqpa@a&esdoasuhablegimkhntdrﬂmvzaemm@maﬂ tLIme

normal |evel of o] he ec,
the wild- ;/ype pg%‘tg?%%ﬂée@ hﬁ@ég%%% £od ni%ghml gsléSSét emse ves or

products of th 1@ Peﬁtt:ﬁé?-ywawv%dw% ILﬂ% @ d&y b BgVien besre cqptdimed
bel ow. 10 Brisf C'DEﬁCi$ﬁy33ﬁnﬂfEmm Daaw g8 R -ULACT 2002vAcDesicE athan

enbodi mept s of the ent o] nQw ?Le ryb Vﬁxr
exanpl e "only, V\nyf'ﬁ’h gyg?gn%%g\%‘r}tslﬁe acco r%p "'.S%gm éﬁr esgfi J)r/cfah %s?;t):é(‘:rtes
and’ enbodi nent Huwianl Be.5 hpparkmen t confiberedkibyl FACH wmelyedis mlging a
docunents nent ippedi1bRal Dbt 1634y 352 ¢tHIE HAQUMed kpnel R4l ebakerse its
Figure | showsa% schemati c overview of .t he c8nstLtut|£/
ility to co-stimulate the production of IL-2 by the durkat
T-cell line.
25
Therefore, at its most general, the present invention provides
materials and wmethods for generating multiple gene products
from a single cistron encoding multiple products as a single
fusion protein which can be cleaved and processed after
- 30 synthesis into its constituent, biologically active,

components.

In a first aspect, the present invention provides a
recombinant nucleic acid construct for expressing two or
35 more individual biologically active polypeptides in a
target eukaryotic cell as a fusion protein said construct.
comprising a first sequence encoding a first polypeptide:
operably linked to a second sequence encoding a second

polypeptide, said first and second



pat hway of secretion and the proposed way of action of the 10 furin
endopr ot ease on chineric proteins. Figure 2 shows a schematic
representation of the 7 retroviral vectors containing differenj T 2000
conbi nations of IL-2, IL-4, IL-12 p35, IL-12 p40 and B7.1 "fusagogne
constructs. 3. 5 Figure 3 shows the cell7 surface expression of B7.1 on AML2
cells infected with pWZLB7/1L2M pWZLI L4/ B7M and pWZLI L2B7M det ect ed by

fl ow cyt onetseguescag LFidg- sepawatdd Ty | g. 120kEr gaequdnshoencadingody

bl ocki ng st udi T wth factor) activity in supernatant
from @+env%&d§§§§geé%$: eac\éaels Stqlri:grisduced wi th pWeLI L2/ B7M | ~, g/ m  of

irrelevant (UPCLO) or neutralising anti-l1L-2 (5334.2) antibodies were added
to 1:4 dil uiiensnabpseeitat-aBhoagsts 28 ttyhdi Ay | MEHPUEH QRWRSce
measured and conpared to the same dil utions t hout anti bodi es, 'Figure 5A
shows X he prdat erkft | VEEGEPSHSe MY CAM cBPPPTIIADKI nEXaPP LNt Of n
super nat ant enidoprAbtaseel | sndnarsdeczd 3®au,t h poMZLI PACEAM ahidgukex2B shows
the proli ferpatei ve spogﬁ%le of LL.cells to g\'gioki nes present in

super nat ant TGRS cetits TIMTRIAIERE W H SUELPLAFICOM HESQERLERT n2t ne
absence or prleseage sit8haméngridid smagol ded medhencelAvg ant Y bodi eheat

| ~Cg/ m . Reswul 0 of _ | r por ym di ter a
4hr 21 2%%2?@? %ﬁ:ﬁgogﬁcg%ﬁfee 's%oe\l/\%d]t eggug_&:g?eg%wwﬂpg#ﬁgn%%ssay
wi t h 16P+E86 AdigindReenvAnie patk aii iyl dilss capadiddides Wt khpeskddled

PWILI L2B7M eassost | Yl §:05vieR! | 81te B S a1 dicak&able 2s PEQFUGIA LM, | Bre
response to PHA-P and nvAM 2, or  GP+E86 packagi ng cells as ,stinmul ator

+ a
cells, in tr’?:eecﬁ%’sleqﬁéeaﬁfi?%rkéfg%‘é@‘i LY flehsh qqu’%?@@soﬁ”%@séﬁﬁe of
antibodi es (tivel de@/iffefi abténghtciaieeGubAiiavilali 06salAMBEEERsenvAM 2. 10
Figure 7 shows Table 1 which illustrates the cytokine production by the
transduced cells quantified by ELI SA or CTLL assay for neasurenent of
bi ol dgt cal dotianider. for the endoprotease cleavage site to be spatially

more accessible to the endoprotease, it is preferable for the
linker sequence to further comprise spacer sequence. Such
spacer sequence may simply be one or more suitable additional
codons (e.g. glycine encoding codons) positioned either side
20 of the nucleotides encoding the endoprotease cleavage site.
The cleavage site may be encoded by any DNA sequence
specifying an amino acid sequence suitable for endoprotease
cleavage, and preferably flanked with a small number (2, 3,
4 etc) of suitable additional amino acids to make the cleavage
25 site more accessible to the endoprotease. Where the cleavage
site is a furin cleavage site, it may be encoded by any DNA
sequence suitable for furin cleavage (e.g. Arg. X.Y.Arg, as
described above). As an example, the linker sequence may be
AGG-GGT-CGA-CGC. This cleavage site may be flanked at each end
30 by additional codons encoding glycine residues as spacer
sequence, for example, GGC-GGC-AGG-GGT-CGA-CGC-GGC-GGC which
encodes Gly. Gly. Arg. Gly. Arg. Arg. Gly. Gly. The linker
sequence may also comprise the consensus sequence MGN-NNN
(excluding TRR)-AAR-MGN or MGN-NNN (excluding TRR) MGN-MGN,
35 as defined by International Union of Pure and Applied
Chemistry (Biochemical Nomenclature and Related Documents, 2nd
Edition Portland Press, 1992 ppl22-126).



15 Figure 8 shows Table 2 which illustrates cell surface expression of B7
and 1.L2 as neasured by flow cytonetry on clones of N H 3T3, 32D;22$1](a K562
and OB cells. Figure 9 shows Table 3 which illustrates expressio 57 4002
20 and B7.1 in human tunour cells. Figure B0 shows Table 4 which
illustrates the biological activity of cytokines (IL-2 and IL-12) in
Fusagene vect d¢hd mardducedddds constelict. vy bet 8NRed cO¥3cr RNA, obinéat her

i nvention The i.G. agls nSLr i tl e
provi ded as anélil soqac}:é., gﬁﬁgggoﬁgt%b&&al%/%éﬁﬁeﬁs?ggh‘f t(E)I'l\r{%%IZI "J‘llﬁé]e er;:‘@clpgi TR d
may be whol | y plymentiislasy ayat reneededd afay a30merediaiar g niteaDisripDNA

or RNA. The nusi&ieq--2ahd %ﬁ@%éﬂ& SR 38 2 oRUADEE r SHANENEER pe

encodi ng_pol ypept] des, “each_sequence being séparated by a nker sequence

encodi ng® a ti SHRY dppdiransigcyauiniant 3 kerfoptot baseVereavagand; hest The

construct nay &gl Ieeadbinpt iieRAEREHhbY hiR1skid laed dPRIR@R ruSiNg o-he Further
infornnation and .2 1 2002 12 rEL%rences herein and techni ques known

in the art (fct*REEHFICE, PESRERGORTVERELEBN and Mani atis, "nol ecul ar
Cl oning, A |laboratory Manual, Cold Spring Harbor |aboratory press, 1989,

and Ausubel et @l . 9 P ol §,] ul.ar Bi ol ogy.. .John W ey _and
Sons 1992). These?t egg!r;]%%uge e%%él Egéen?%ée?’ﬁce lﬁ‘s’%é% AI} IPeI%%%Pe?re?%seex cv%]/lé’fbn
reacti ohO ( PCR) oo ianpitfy mefhoide$onf exnrdssing| bive acimhree pglypemmdgendni c

sources; (ii) -eheatgad SakhEsiS caf, (bhid RA8BAT b CNAGSERRIGNRERS. of
Modi fications to the nucleic acid sequence yay be_made, (i_.é%. 10 using site
directed nutagenesi®, CERFERHCEINIhE SRPFLSLT ofCHF AOMSREtp?s paptiaed or

to take accoundb®fecedah preference in the target cell used to express the
construct. In order,_iq._Qhtain,ex 70 h | €i,c aci stru 15
t he sequences can bbe) ﬁ:rﬁacﬁsgfcﬁcé:t%é%r ?%&g g%% _Sr ﬁ%wﬁ'ﬁﬁc%n rlcéjng%q&éﬁc%éid
oper abl 51 i nkegpnsbnuws: muslheitbagchatdt pucdaie chcid scangiresyi ds. egpreabed
vectors can bet&gﬂ%ﬁhc@ 2 FLEBUCH B e EANEBIPEDSI AP LR | Bhe T egl 8EesNa
sequences, incl Liz’b’n r onot e,rn]%eﬁci ences, tgrm nat or frzgrrents, " .

pol yadeny| at | RPSPRIGSETR AL 0 s GHBRERECA R REPAYeRRsEARE, oF RS
sequences as aplEomdat sit¥ebedng mdpavedmsnmusendopadbteage wiphhgether
phageni d, as appronriahg el ndetiha 1d R vMDESEME ar
Cloning; a Laboraﬁ%y &anﬁé’r%ﬁ‘tﬁg‘["{égu t?on, g‘én}bf%g(ﬁ e%% .%985, Oo?d
Spring #rbor ¥borerdY BElymepdddefany known t echni ques and protocol s for
mani pul ati on of nucleic acid, for exanple in preparation of nucleic acid

constructs, nesi uenci,ng, . i_nf.r t f. int g .cel

Gene. expr esst orroEty JOfE SEREs ot WA, ag by Ba s pipEBte

Current Protocetsdi rvaatiescul parBiohdgy, a viral vector, for example a
retroviral vector. The retroviral vector may be transfected

25 into a retroviral packaging cell line. These cells may then
be used to infect the target cell.

The construct and method of the present invention may be used
as research tools for gtudying the expression and activity of
30 two or more polypeptides in a target cells. This may provide
production of multi-subunit proteins or protein complexes
which after isolation from the target cells can be uged for
industrial, diagnostic or therapeutic purposes. Alternatively,
the target cells themselves may be used for such purposes,
35 including the generation of cellular vaccines (e.g. tumour
cell vaccines) which are transformed with vectors encoding for
such chimeric proteins expressing one or more biologically



30 Ausubel et al. eds., John Wley & Sons, 1992. The two or nore

pol ypepti des can then be expressed in the target cell by transform ng the
vector into target cells by (transfection or infection) inahigelh 202 vector
is functional, 35 culturing the target cells so that the fusion protein,
bei ng the expression product of the nucl%ic acid construct, is expressed
and generating the two or nore pol ypeptides by 2 ~ oc'r 2002 13 cl eavage
of the fusi eetpret eproducts n (ehg.celli-1The wiishenisi nuvampossd abfowswae he

pol ypepti desy r it R, t I C at, .t hel

bi ol ogi cal giéif?\??tgﬁei %‘b%%é??ﬁ‘é“f ?zgtll%nt_r{'gﬁll'ecnﬁggi o?é*lmall,%?e%? grgg'][(‘ier a ﬁmj{:h%t

| east one OfCERRIEWBXBFeHBHI@ fifl FPESEPAesPHPEEIRR Hblello Whdchedpeleld from
the cell innarkiaghoobaitdss 88bbYHidHeINsPr T meehiod Brthetikiay pebicase! | s
may be used for this gurgose 1.0]I].?ts known in Ehetart for exanEI e, strains
of E. toli, §€adfV2BhadBuRargititYeé §eBGHERTGsE MOS0 M BIOPEEFPERS HBhever
i n accor danepewithetiheobie et osnvEhi s drad partacgébr ciahpl it ilomsowetwhi ch

| acks expression .of _ certai ept.id t ex S| urt her
pol ypepti dessrserggfdef?%ctth%t hrge)% J“||%t(5xl o(gflschogggégsstglgt Flgé\?%elfn%{:ﬁél% ar get
cells may beubuosés sdetpat dheldf tHeat worequing e quuingsespondesfcanhde
secreted fr S L he, suL L ound Dﬁﬁ.H;eS j i ny
nol ecul ar i %ﬁ#@%ﬁ%hg Skg{rﬁéégr{% eé{l@mmneﬂgeérﬁé t .er'aégid%fewéa%ggrﬁ¥§% t hough
the present gXpressesh way P ianing eBObRAT 2(URRFIGAIES t (PR, HHRFYESt e@cel |
l'ines incl udgddralkast srrept theth ategdiés @ ProtleUr eBabinReienchymal ,
endocri ne and bone marrow derived cells of various type and origin.

Dependi ng on the target cell, the linker sequence encoding the 25

endopr ot easelrclzdiaghesi boplayabise 60 bke noachnelbdyo mreariaieide &etrbah, t he

cl eavage sitg is_recognised b I cel |
Cype. Thi s 1@, TP RERBPRACES shioBRoFREEE ERARE L ETIR . bhehaa 9Fke

i nf orat i on anditetenan dbes foomldavediehby endapmpteawesnigelediag ikieehedge.
30 It is pr : h @égi%@;ot I L i chati,ar€ in a
w de vari et ;Q/g%crltqﬁsésugéd% gol s hi ghl sﬁggn erO&g IlgchJDW{r% gﬁkg%yéﬁ%%ggg@i es.
However, thelQdenf thague pEdetsd edPVEL¥aseCE| eavhFANR| t EPEEERer

than furin widnsddigwianhuriber dieel ofpspeeidi groteskandl tdMNg digle
production of the 35 desired biol ogi cal It\{ active conpo entz in slcheci fic
tissues. ThiZr9Fducer a FOFPREFC| eDEPLOH R ar 58?‘?%89% n Cad iSRS

t i ssueOspecidompatadritegr yhaod mayabecingttios) pandr proovheesndwprot2dl y0i€T 2002
| 4

cleavage and be activated as a result of this proteolytic

cleavage, thus allowing tissue specific expression of the

biological activity or activities encoded by individual

constituents of the chimeric protein, or by their concerted
25 action together, or with other cellular components.

Alternatively, the technology according to the present
invention may be used for the treatment of diseases where cell
types can be targeted for the production of two or more

30 polypepﬁides. Such treatments may include gene therapy, to
treat a patient who is unable to synthesize the active
polypeptides or unable to synthesize them at the normal level
or in association, thereby providing the effect provided by
the wild-type polypeptides i.e. the encoded polypeptides

35 themselves or products of their further modifications. This
described in more detail below.



addi tional nmethod for delivery of cytotoxic conpounds and/or drug
convertase genes. The introduction of the nucleic acid construct in a
target 5 cell may take place in vivo or ex vivo by way of gene therapy.
This is discussed bel ow. The pol ypeptides encoded by the nucl @i ggeigo?
construct may be active portions, fragnepgs, or derivatives of pol ypeptides
or 10 genes. An "active portion" of a polypeptide or gene is a peptide

whi ch is | espriéfimDestchiptidn lcefigihie wrheihgge pol ypeptide, but which
retains its essential biological activity. The polypeptides w_l|l be chosen
dependi ng onREREFES { R §TEICHMENTHe Opab e R eFetarigotentdion widd asnpee, 15

pol ypept i desqaBy¥rPBegh®sevdhabr alekai@ll eN IR, | Yw KR @Fedentet N t @h@et
cell or polyg Etldes t hat_.can be secreted fron1the target, cell in ;
surroundi ng’ BFSSTRANYHRS Fiangies - FHECRYh &S Snafd ‘ﬂ&‘%‘b‘il‘?%ft%;}‘iﬂé‘ﬁn
conpouhds OraﬂpugenbﬂMﬁﬁﬂEﬁﬁﬁSkIhEe@SSemheahrbLOAhQKRﬂhm&ﬁﬁanEmtﬁenadred
by the 20 poI peptid let erm e ng_of the
pol ypepti des éxgﬁégsg ga}r? l Eyora%%% ﬁérﬁg g f%§%£% g%ther bi ndi ng
proteins e.g. antibodies. Clher nethods for deterninlng bi ol ogi cal activity
are wel | tg t rsong i he; &t oeEX I f
nmet hods |nclug§%@cog%e?§?gﬁ %? sé%%#$g§% ?oéprg%&cPf(gamp.%§ﬁ§§ﬁgﬁ?qve
generati on opaghpapdugt séergtlb@rﬂﬁ@esheapdoﬁeaétﬁlreaynbfofacthenpbﬁdliﬂhb
rough its biolagical activit stinmul ated grow h

h d | .
o edgonsr vEubai ehbSrofedd? & Suidadc BEBLUIRY (o O PU T al el O

other targets such as DNA or RNA sequences (e. g. DNA binding proteins);

altered | eve r SedNA Lot epBs r
factors); k ghﬁgt?ﬂ%%%kighgggéﬁggicha geseﬁtggégh bgoﬁééﬁiq%%ﬁtceéglevels
of product (e&z:mes)cozafalshaigmﬂgféﬁnﬁ hembliﬁaeimstcﬁetct 2i, t L, bi hdizng 2

| i gand or oth & ctiy 1 0C 2 1s The nucleic
acid constru5§ &gﬁgg P@gei?é %gé%t %ﬁ%%ﬁ%ﬁﬂlﬁanﬁ EquB nore authentic
bi ol ogiccal |y active polypeptlde could be used in a nethod of gene t herapy,
to treat a p u I i i | ypept i or
unable 5 to g?ﬁ%%ésggghgﬁghgﬁg %e&? E g§Q§% é%%£g$|%8%e¥?s%§rxt?£§é§§§%t
all OEI at tE@eﬂ&quIlhEécﬁﬁﬁ]lcmﬁ.tB&p!gﬂLBﬁﬁImplrWZMMmraﬂ&tpMIﬂml by
providing t ct.s este suc : nove
polypeptldes%' ﬁgbpyngi?“ec¥59%%ﬁn%éFF§E¥gh%@%dﬁgé gd%gFeségfete t he
pol ypepti des |nto the 10 surroundi ng nedium Vectors such as viral vectors
have bgen us i N g t ri of
i T reront ¢ atagitee s PRYSE; bk iblay ChigOkER ORRRBLCE HF HEOF MA R
cells 15 so tgjmw ansfteat)i ma:tﬁanityaliei phaeenataats Eddec iGmteryonor taroh  of
the cells to e sef ra utlc or c ef f Jo he
expression o t%}e@e’gesqerle(f polrﬁr)léc’(é |§8 r@is)flefeﬁt ed nucl e|le (?Iid nrgaé be
retained in tiredeviantr andiBei0)y or pe?etm:rr@itﬂwne t lentiasiIen? eplSbike,2)as an
20 aut onomUSint iHRHN;ICALINQ %Qiaew@oeoltwedl t%§ebﬁ9sh§89ﬁ89£ﬁﬁ§d "ﬂ‘to

t he nucl ear or nltochonhila genonme of the cﬂ$ for exanple tunmour cells,
thus Fvi di dgaidiae tlrlaﬁgp%@tmn IV@ﬁngQ@FFﬁ@ %rfd ézﬁﬂ?alﬁﬁi trethastamng
transi ent expIESHiPhOhwilthais aatisbdesed s the treatnment nmay be repeated 25
periodically. A variety of vectors, both viral vectors and plasm d vectors,
are known in the art, see US Patent No. 5,252,479 and WO 93/ Q7282. In
particul ar, aFiwihersofshdwsuite baveibeeatisedrdfpbatsgent CTENSE€Ilyechors,
i ncl udi ng papovavi ruses, such as SV40, vaccinia virus, hehges Vi ruses,
i ncl udi ng HS\CYRkiEmE Ruasenst rlémsm@%@atn@hyfgémewhar ap)l8r bEBBSRUCER t he
prior gt hawei s ashAt Sabipesh.nurine retroviruses. 35 As an alternative to
the use of viral vectors, other known methods of i ntroduci ng nucleic acid
into cells includes el ectroporation, cal cium phosphate co-precipitation,
Figure 5B shows the proliferative response of CTLL cells to

cytokines present in supernatant from AM12 cells transduced
with pWZLIL4/IL2M measured in the absence or presence of
35 neutralising IL-2 and/or IL-4 antibodies at 1pg/ml. Results
are presented as cpm of incorporated *H thymidine after a 4hr



2 1 OCT 20d2 16 nechani cal techni ques such as mcroinjection, transfer
-medi at ed by |iposones, by high velocity projectiles and direct DNA uptake
and receptor-nedi ated DNA transfer, or even by protopl ast orzaebdrﬁmﬁion. 5
As mentioned above, the aimof gene therapy using nucleic acrd encoding the
two or nere polypeptides, or an active pbrtions thereof or inactive pre- or
pre-pro-proteins, is to increase the anmount of the expression product of
the nucl ei cragdisé.in 10 cells in which the level of the wild-type

pol ypeptides is absent or present only at reduced |levels. Alternatively,

the aimmy be to nodify target cells sq that they produce particular
pol ypept i deFigyreut uhaws phediidept goskamudabion RRIRY MidthERtEfayane

t herapeutic 4n th eat nent. _of S i r for er ous
or prophyl agt i+§niV§m§?1epafcrr%§tlF}§n?g§Jré’l r%%?%&%?g %%1\17\“ c&%ﬁ:@ﬂﬁ%ﬁ[%?% in
particul ar pQ ¥pentiges: cEhest mealnendisaye aise so0shstioh iy epBybatéc or

t herapeutic vaccination(%e. 9. Q%?tunnur CEFI é ccinqg t.hus nodi ied% , or
for expressitéh BEReft S aBFTRVANIG cSfvePPAaBRO 2PHFFIFHE | $ELdFug?
convert ases sthimthagye eclliyvatiedtiod prersesuneh ofir Shebhyteel Js oeeskingthdhe
present invention therefore al i o] ru i.S ove for
use in nedi@'SeFFSaPﬁeﬁfe%%H%hgg gbgghgggggcgﬁéf%g%ﬁgﬁﬁi%Stgéa%ggﬁggétion
of a nedi carmdlirefviatithe: t raMl st egfvAMadecer cells. MATERI ALS AND METHODS
Cl onihg of the fusion vectors 30 Two hlL2/hB7.1 fusion vectors were
consttlicted, one containing a full-length hliL-2 and a full-length hB7.1
cDNA, and a migfnied vVecslswscomhblai mg fwililchl ehgibstutdtes archea chldkéneodi ng
only the mature hB7.1 product. In_both vectors the |L-2 and B7.1 coding
sequences WEEOBKHAra Y By Brangdured £5ha§eTuqntel find Py RRkEER 4T €38k end
by two addi tigs) iy mieRBut&felURSE 1 JIRKA chheaekegyage site spatially nore
accessi bl e. This sequence (GGEC- GGC- AGG GGT- CGA- CGC- GBC- G3C) contai ned a
Sal | recognition 2 1 OCT 2002 17 site (indicated in bold), and encodes
Ay. dy. Arg. i gury g8Ar ghéwy . Galle Usi ngvlaiadr opl Laser&ORs praetdr s sulr€alcke- 2 and
B7. 1 cDNA sequences were anplified in a nunber of fragnents which were

i ndi vi dual | yeXufRfEicad afo BY @8t iHm tae BRRBHEE Y nflati 6HEOMEREYe OR
fragment s wesEoddJairearitg 3genes b 1t e andveaBoke1aent ai ni ng the

Mol oney Murine Leukaem a Virus (MOMV) long term nal repeat (LTR) sequences
and the full length hiL-2 (nucleotides 48 to 507) fused via the furin site
to either a ¥Fidurd engtdhck MBBle 13 (whicdledflildesrdt8st expt8dsiomwrof HE.+#at ur e
B7 .1 (nucleotides 396 to 1184) as depicted in Figure 2, using a pUC

deri vel pl astd BackBdhdurannfiEeuL ¢t Es)i es apparent to those skilled in
the art, were enployed for construction of other vectors depicted in figure

2C to flgurngg%re 10 shows Table 4 which illustrates the biological
activity of cytokines (IL-2 and IL-12) in Fusagene vector
transduced Cos 7 cells.
25

Detailed description of the invention

The nucleic acid construct of the present invention may be

provided as an isclate, in isolated and/or purified form. The

nucleic acid may be wholly or partially synthetic and may
30 include genomic DNA, ¢DNA or RNA.

The nucleic acid construct may comprise a number of sequences
encoding polypeptides, each sequence being separated by a
linker sequence encoding a tissue specific or ubiquitous
35 endoprotease cleavage site. The construct may be readily
prepared by the skilled person using the information and



15 Production of the Fusagene retroviral vectors The generated plasm ds
were transfected into the ecotropic retroviral packaging cell line
(GP+E-86), the culture supernatant of which after selection 'n‘ é?~ m
blasticidin 20 S was used to infect the anphotropic packagi ng c F ne
(GP+env- AML2) cells. The cul ture supernagant of individual clones of the
GP+envAM 2 cells were used to infect different target cells essentially as
pre\éi ously degﬁék@@@bé Chlcgaiat atd, ktb%ﬂﬁ qu%§d Arabyai Euml‘ tmé]t Oaki;c:tfle (f20r |
production and _B7.1 expression Cytokine production, The level, of. ||-2 an
L4 was meaSHPBALE! | RS byRBRFeRK A RARE SR HieR bSE Y Ese. TRASHIAT: 1611
for the capt Glenand, det balvoxatafy IMar®yal,eshdct iSpeliyng diarHess - Giibr3( canyd
BVD6-24& (P LN a 1 r .t he u giﬁet thi l.L-4.
The bi ol ogi cgﬁg%ég@?%’r rht‘@e?gl%ggé gk%ﬁeg&mgﬁggge%f%ﬁg .h%Mﬁ n%e&ha}

i ncor pér at i oBipyoayL LIk |WilephiandaSony K82 per Thepedtephnifigs dguaunlcof
lug/m of ei thertpd (dd @revant peNihdese (WAl fleadtrasal (BERPfL & Qe iWRCLO,
nouse 35 Ig&a) or neutralising antibpdies to either IL-2 é(gurl fied,, ¢lone
5334. 2, mous&agESs, OREYTL BUEAEIC BF1HL -9 91 FEP) IenOTECrSqUERSS s )hBT7- 1
eﬁ pression: Expmessi og&ﬁsib ,\gft%rrea(i_tmed bgeﬁhemgyt @mzfr YScT,Qlﬁémgabﬁijt her
t he counter-eceptor ,_ Qr. canj ugat.ed nmouse nonocl onal . anti body
(clone BB, MGRAEBRAFIPRGCS faUEHEAs Aaac, SERUTRGC Tot BT SRS ot i ¢ 5
super nat ant asiGdl it g-dinredteidnguiag8heses| sto dlagd ttdf then Exptiss Sbn arf
Dohri ng, Base|l .l j; t .I sel Lt zer ( '

ol 190ay Bogifieh ot adR Ny, R el Socpill 8511080 Pt
anti-human | ¢8 tBegha¥getTheebl otzrfd cad exmyass \thef qanstiBEtl: was confirnmed
10 by a CD28 nedi ated T-cell co-stinulation assay. The hB7.1 expressing
cells were co-cultured in the presence or absence of a nongclonal anti-CD25
(cl one 33B. 1 IMaPrAgeke PhFRMbIGSEIRSAHIR Ohe thgr RUELFLIEcRFEAVFPRHIE L/
rg;/eim\aefngX- ge;lhlisvsf@qlaleh@é%j @25 W@br@ﬁﬁﬂa\t?aﬁ ]gm iﬁngébeoﬁrn?ﬁﬂﬁg @cﬁn%‘cﬁslA

~ - P, ol | one € assess 0 - r.ogduct i on , as
descri bod abSFEReRESH VR EBREt EonERG Bl Ei e Spegontahelts
retroviral vesipaesswene constabléeedectordi cdnthe chdsag seqoensesudtoxd B7. 1
and |IL-2 wer l.on og r_\M: a furin.n nigl i be 2
cDNA~s (Fig %O%t%ﬁglq\r}éct %&Dtsg’%gg\gtlépﬁ thIletJ;'\r ag'g)e rruér%(ﬁ%r?%% aemﬁgggﬁ%
(MoMLV) | ong ruemetezl sepeences L TRRrwhRahororfivagmentso 2polvadseyiptiom of

a single pol wd eaLC NeassAEer RBBubAcH9I h MEBLOFS &B8ed L-2n@0dbPler |
sequence is followed by either the cddi ng sequence for %ﬁ&”e B7.1 | acking

the signal peRIESCEFVEE IARDSRVIEEe LTI Mayr PeRLF Sodihglsto@ience
of B7.1, contgihigeg bhepisdgiald,papt ageripy¥add 2/ Bor, feeehdt det3d 12bgee The

| L-2/B7.1 sequence is .foll d _hy the encephal opyocarditis viru '(E(Izl\/h/‘é

internal rib Oorrree}éwpr]f’si"?%ﬁlcf"a% ,%’c’h&al fo Pﬁggf)?:é’nﬁaﬁqaglﬁ of “Yfe

bl ast gene cadidrinmgSasbretianse afla ,bla80| cCdid Sprimy Befrorethbpzatbey| L- 2

si gnal, pept i S re S{ f i l;ng NSRPT f chipen ‘

I L-2/B7.1 pr gif‘re%s;s'i nﬁggphiégéﬁ%o%%%sm%&%%tl Cul%rng%oéd'l% Tor plation
of nucleic acid, for example in preparation of nucleic acid
constructs, mutagenesis, sequencing, introduction of DNA into
cells and gene expression, and analysis of proteins, are
described in detail in Current Protocols in Molecular Biology,

30 Ausubel et al. eds., John Wiley & Sons, 1992.

The two or more polypeptides can then be expressed in the
target cell by transforming the vector into target cells by
(transfection or infection) in which the vector is functional,
35 culturing the target cells so that the fusion protein, being
the expression product of the nucleic acid construct, is
expressed and generating the two or more polypeptides by



(ER). The chineric protein encoded by these vectors should be transported
.to the golgi with the B7.1 transnmenbrane donain 2 ~ OCT 2002 19 anchori ng
the protein to the nenbrane. This will allow the cl eavage of ?ge &n @ric
protein by furin in the golgi apparatus, resulting in generat nObt 2
cytoplasm c nenbrane bound B7.1 and secrBted IL-2. 5 In a control vector,
pWZLB7/ 1 L2M (Fig. 2c), the relative position of the IL-2 and B7.1 cDNA were
reversed. |ncléaegectiorthehdusiignaprpbpindeitiilBzile dajsitead of IL-2, is
used for transport into the ER In this configuration the presence 10 of
the B7.1 transmenbrane region prevents entry of the cterm nal portion of
the fusion pFef dneseEdniBVanhECR el lpws1 thet Bl yrartc dasgitenbe frIragessesavage

site and matw{gnidthe cBLO &hén lWRN tokirheoRl Dienekaral steavage i@f the
furin site cannot take pl.ace because the furin_reco n|t|0n13|te remai ns 15
7

outsi d8 t he GOHYTE RGNS OFdfRGifEesr | LFseterapty . 4grlaastypne of

i nvesti gat e the tgenemaimcapppoybept ideofwillii beagiplreoach behsesaneed tiiaegy
was used to S t. ot : Js ot.elt he vector pWZLI L4/ B7M
encodes a ch?ﬁngr%% L%Igl%§{lffl%§3%%lﬁ§c%§%:g?ﬁi %(gnﬂ_he furin site between B7.1
and IL-4 (Fig. 2d). The vector pWILIL4/1L2M encodes a chinmeric IL-4/1L-2
agai n separ abf-&'ki%% furdny elRa¥9ge; &1 da i hlly B useieee YAEE Porphiul d
encode secreted c %kléj 3s Jé a %g 3 dués7e

i nes an rane anchore .1. 25 Each of the

pl asntfs des@#ieRWmad ither 8dtic e8OF neaPRIS 0\ATERLNSaPkaFi- ngOLEI | ¥eaTd

foll owi ng sebggt b@RafPor it asd1TLsdiidange 60t hoRANHOt £EPLE . anelv@ et M GR C
retrovirus producer cell lines were isolated., These vectors ie usebd f or
the transducRPOREaRRGR it dhec BFPSCREALAKEAL AT, (e SRREEEFBh. JRY De

functional aohévwhichflidles enaotadifasich @etedin Yetiypeptedeodongehdrel 2

40 d p35 d 1L-2/11-12_ Two f h . t
H g . 2 F anihey el OF doncter, bt fan Wbt rlehe
furi nlpecognbiobogicak discwserst hdwhiler, teetterragti sedls may bevelsesan with
two |L-12 C%Stﬁfgg’\go do P400e AGh LHE dhdve? p%ﬁﬁ/('g'%?ﬁidgslc%r b&00&crded

sequence, havi ng urin sites separating .thé three coding sequences. In
both vect or sEFORNENE €AElHN YL | il SPeUgd ngs tpgguent ThiS will have

many molecular implications, for example immune gene therapy
of cancer. Although the present invention may be utilised on

20 any cell type, suggested cell lines include fibroblasts,
epithelial, wmuscular, neuronal, parenchymal, endocrine and
bone marrow derived cells of various type and origin.

Depending on the target cell, the linker sequence encoding the
25 endoprotease cleavage site may have to be modified to
guarantee that the cleavage site is recognised by an
endoprotease common to that target cell type. This is within
the capabilities of the skilled person using the information
and references contained herein and common general knowledge.
30 It is preferred that the endoprotease is furin which is
expressed in a wide variety of tissues and is highly conserved
among eukaryotic species. However, the use of tissue specific
endoprotease cleavage sites, rather than furin will allow a
further level of specificity, resulting in production of the
35 desired biologically active components in specific tissues.
This introduces a further level of targeting (in addition to
tissue specific delivery and transcription) and provides an



5 the p40 fragnent. The signal peptide for p35 and IL-2 were renoved to
overcone probable interference due to the presence of nmultiple signa
peptides in the chinmeric fusion protein. The presence of furin reco%ﬂbtlon
sequence enabl es the 10 cl eavage of the chineric protein into?2

constituent products. Cells expressing comstructs that contain the Turin
recogni ti on sequence show cl ear evidence of cytokine production as neasured
by ELI SA (Figadditﬂbdﬁlaméthoﬂhéort@eliwmiy1dﬁamw&btb&iseqompoands gnédgent
bet ween | L-4 ﬁk&%ﬁnes are secreted into the culture medi um
Simlarly, inv tors enco g the chimeric IL-2/B7.1 or I1L-4/B7.1 with an
intervening furin site there is cell surface expression of B7.1 as neasured

by FRCS anal yghe {FftHodddtiddP W ¥ he angdBdic 2b{d a@éﬂm&f the &htHF Le

protein_remai ns uncleaved. This is denmonstrated by the ceti surface
detecti®dn of €Rkl d%ﬁyoﬁfiﬁésPH‘F%] Angviyg| @r BX VANG BY WY fs 88ngeEBEERBY - of
the chimeric tThig/14- &1gdhgg§aa%@1whlch used IL-2 antibodies for capture and
I L-4 antibodies for detection, or vice versa (data not shown) . 25 The

| atter experinments denonstrated that the |evel of uncleaved product was
dependent on Tet|pdyeptidebabhyoded Igc tthegntubie i ¢ encliod) ervotss: oere nagf béur i n

i | tingl. f d
o bnal - pept | desEHTEdibng, £PEeAT, BE AoERUELIvER L M prorBREaLEE
cyt oki he rel eggees ( Tam é'a'J_c)tlth@qnte@nse qﬁeomapbéyrpeptldﬁu orr @hnsedis a
production of %EQ&é“%ﬂﬁ:rﬁOEsC'P@és byhans Lhkgl ved o1 beléi‘!é%ht Oyl heL{peence

with either |nsert|on of fusion protein into the ER Its subseguent

Turin cl eavageoivPepeide) PUtTH@hb%%eﬂéﬁﬁdﬁsof155néﬁﬁ?%ﬂ@féncﬁépéﬂgB¢ai
gnd 33 stecr et thﬁyi@iﬂ n@hfer Pﬁlgﬁé;%@ldéﬁ Qvﬁtlﬂdbéﬂ &Ho%@@&%p@ﬁﬁiﬂfgﬁ dnsthelr
ependent on pLesence 0 rin.cle site

21 absence of% ‘?‘B?I R tteh"?h |l§u|]|3r &Eb‘%% §§(]:r1et| o&eqrnt SXFWSE:T

cul t ur 25nedi upoldpépt idés slagwbe. clsbsenh artlat, ark hde rdowmal o mqn@ssssdt éni s

placed n a conti guzall o r SYERlintedd @it bkel BLY O I BT LE F].

t hus preventing-i Cess gol gr, ere’is no cy
rel ease. Thi sthzgeteaely denonSheaBeuanndEmQstL$Sm%ducEer£KhmpMZLBthEL2M

(see figure Zg)anbErW?tfhtexé)ge élﬁ&%qéegﬁfdewmcyt%oﬂee b Ebaheg t @xt Nirug

cytoplasm c donmai n (Tabl e . is configuration
the furin cl eS?&ﬁ@r‘éiﬂF%Sr g %%Sﬁ’IFFJt%b}Bl@?%B%]r é’s%lvdtfé’srﬁgtll’éﬁ &Y the

lumen ob ER, padypaposdes agoesrs tdbt‘fé&ﬁt\lﬂleﬁd’l blhergatgneamtaﬂngs ot—lo\fmv:er
there is clear V|deQ§§ of B7 sun§fﬁ§ ressi on ﬁ ﬁh @ed bé

anal ysis (FigP §§[YP?8 OF oFREFSHT i Wt y*OF FHEWtSi oh gedd praGucrs 8’FLL
proliferati oncabeaybindisgperastatiark < .of. aathbbdmes infected with
pWZLI L2/ B7TM and pWZLI L2/ B7F. To determ ne the biol ogical activity of the

secreted cytokines 20 their effect on proliferation (3Hthym dine
i ncor por at i onPthert metbpdskites depemméningTbiotegicahagchiustyearecaeld

transdgged w gholhe pePChins EX\Q&W kk%%@&ogﬁce&élaﬁfﬁf'ﬁﬁ Fﬂ:l’eémb? el |
growth factor than those transquced wth pWZLB7/1L2 his is

consi stent w Pﬁ’tthﬁ’é‘)SELll@A“@&se(FOZ’?{eﬁﬁégﬁr é’if‘erﬁ%bstﬁr%q?e B9t BEPABCFeV@ -9 +( See
Table 1). In emndgines); cogénéfaﬁftat Idf- 2al Nptb@upackegidg Aedbimeger naimnt s
Lg??g?ﬁegrOg&%fra%%%%FggatIO%Qe éd&ggIé&%ﬁé?'&f%éggl§tggl%%roud% its
biological activity (e.g. stimulated growth of responsive
30 cells); binding or other interactions with proteins or other
targets such as DNA or RNA sequences (e.g. DNA binding
proteins); altered level of production of specific RNA or
proteins (transcription factors); colorimetrically measured
changes brought about by reduced levels of product (enzymes);
35 staining for the protein itself, its binding ligand or other

products of its activity.



30 response to supernatants could be bl ocked by a neutralising IL-2

anti body, but nmuch less efficiently by the irrel evant antibody (Fig ~).
Simlarly the bioactivity of IL-2 and | L-4 produced by ceIIs uced
wi th either pWZLI L4/ B7M or pWZLI L4/1L2M was det erm ned on CTL ceIIs Fig
5). These cells are nuch nore 2 1 OCT 13002 22 responsive to IL-2 than

I L-4 therefore the addition of neutralising IL-4 antibody has little effect
on the proliTkeatudreief adie EahttrﬁﬂﬁsnfIﬂhmepeesentthﬂv¢m&fnnushddal

| th 5 h
Chym di ne. 1wt 81 gn At Sy ilei R ddraaadyt ke JREERGRe
produced by ttebd hseised imdi(ametdm plugane dherapyy, tostneplasa s?tatmmlnact or
cell's, GP+E8Enang; @%s%a%%ﬁ?&@z@tﬁgl Aéun;é %@&%Qsél&ééw‘%ﬁfﬁl

pWZLI L2/ B7TM To determne that” th nmol ecul es “expressed on the Surface
of transducell©ceYIsRkzEe ﬁut?lhoEPéTéP‘FI}t%f&Ei vid §P§G|1§éf3 €B5t§ R drisiesssay

was performegt The 0-0ulther Qeqﬁlﬂem k@ioxﬁﬁi It Wint hhéhﬁppﬂ@-ﬁiaaieB?erar
transduce cel | resul 1

g. and PHA-B ? crteased %(evel ng t he
cul ture supeFRat@nt CEL§ @)Pr% P\eia‘? 5tF of M0 kS IbP’ssu% sur ed
by |L-2 produgpé prmodiaisi &8V .ot depehdp@lyp&rd:mﬂ d omoenbkl bhgctded target
inhibition o r r L2/ BIM

t ransduced cé ?‘gsek%r ésseggg %F“dél cass% f%gtgl &%%Z%Oé%%p'e\i\ﬁé%uﬁggéab

co- st 1 ful at esuhrouwrdingineshivof. PHA-P treated Jurkat cells. |L-12 bi oI og| cal

activity: T-cell activation by supernatant from Cos 7 cells transduced with
the I'L-12 containing vectors 25_The biological activity of IL-12 in cells
transduced WERLQEStBICIF ASsuTE] gvectqys hayg Peenngad,dny Ehe pRige|3tE

transduced Wtbhme@baﬁc@ Wehes Contd r aedias destetpeskt bel omerehe thireagi cal
activity of IL et er. ngﬁ%b inducti on 30 of og@j hn activat.ed
human T cel | §¢ s’&?p s ‘?ﬁteod:so?rfehgx?(ﬁ%% % Coh®beer i vatt i ve
t hym @dibne i nto ttm tehnsiFact Db, caémtakeeg/lam ipex famfifedient opxbpmyr ttion
Coligan et alg),] Pr. 1;@#&! apt.e

Lynphobl ast th %ﬁ%nrgo r%bq EQTLZ I% ol oglecg égé%l}];?llac lyC of

| 1-2 was rreagﬁfedtmﬁmnath@mmeﬁm ofs &he é@saégdrpgbnp@mm@e Tale 4
shows the |eyehnQfcbiOhOghf@ldit: acid may be retained in the cell

transiently or permanently either as an episome, as an
20 autonomously replicating polynucleotide, or by being

incorporated into the nuclear or mitochondrial genome of the

cells, for example tumour cells, thus providing either

transient or long lasting effects. In the case of transient

expression or transient effects the treatment may be repeated
25 periodically.

A variety of vectors, both viral vectors and plasmid vectors,
are known in the art, see US Patent No. 5,252,479 and WO
93/07282. 1In particular, a number of viruses have been used

30 as gene transfer vectors, including papovaviruses, such as
SV40, vaccinia virus, herpes viruses, including HSV and EBV,
and retroviruses. Many gene therapy protocols in the prior
art have used disabled murine retroviruses.

35 As an alternative to the use of viral vectors, other known
methods of introducing nucleic acid into cells includes
electroporation, calcium phosphate co-precipitation,



2 1 OCT 2002 23 active IL-12 and IL-2 secreted into the culture nmedi um of
cells'transduced with vectors F and G Transduction of target cells 5 To

i nvestigate the expression of both B7.1 and IL-2 in different cells a panel
of tissue culture cells were infected and the expressi on of B2.1108hcR002.- 2
was neasured. The followng cell lines wgge infected wth the pWZLI L2/ B7TM
fusion vector and assessed for the cell surface expression of B7.1 10 and
% ggp ;igreti pme@hahlicaéi ntl@clzlﬁxhﬂquSEéBG ta&&m@wmﬁniwﬂél'ilihﬁ%fm@ﬁ fidﬁ’a@@é@i{ s,

muri ne [ ells, man eryt hroi eukaem a an

uman ovar | ARCERBRBaAE BRROTEE. o BARE Mf o BERRBEC ot Rt Trachn
products theDial hptakee aalds ardegited: e EACSAMANY Siariofert heopr esenc &yof
IL-2 on 15t el rface eg. Tahle 2). The 11-2-B7.1 vector has al so
been used torl]’\l%ﬁ’%g@ha%gf%’?‘t‘ﬁ%}gfc@ﬁlaqq}’nes, nanmely, A431 human endonetri al
tunour 5cell line and two human ovarian cell |ines SKOV-3 and OVCA-432. A

total of 40 skoReasIsss Lephed and Al ksl B0inflylopuidacag

expressi on an -2 secretion 20 Into the supernat ). Cos 7
t a
Kg | 5 vere ﬁﬁ@éieadaw Bredn mﬁaﬁézt&mpeggg S%fb%gi dwgp%ﬁw%mons
niatis, "Minegebar ol Diddgiva grabor ¥ - peeuptote ( rdddi e e
Laboratory Press, 198%) £ %g DI SCUSSI O\IgTheCha/ect;t or ?f%(em escribed, here
Gti1i ses t he PR SREETOPE o REr PROFETOLAT (T IR &F & s PRESE Mo aF Cb bt ed
and nartbr ane dediizd, irbiwiliodi cdid ylewtl vef phet eiidd-typs pcdiypgipe iddest rian. 30
As denonstrat ch v be. p 1.ds, ith ' INAUES
based vectorsa.% %'Ieﬁlg BEe‘? %Qéénﬁ:doggﬁ St g%s%%eg%&gegeégfesgé%%g{Y% tile
expr essi on ofaim mMuapcbst riomi wodi fins cairgett heglls soeardiadt ethent rodideareri c
fusi on produ i i-S S b d e.cl g
produce the or?g]ictﬁgg!rr\t pt@?ﬁg%ﬁ%%gé ﬁﬁtéréfqg?é?gt Ega%ﬁgé rlgllt i%gl\égcf ect%lgl"
protein prodfdch kireptpengehey nPRelneyapeit ¥¢ chudite) treatmgnt of cells
represent ati Qihiich tdee, 2ot SAmpP82 2hnveebik. df PRSPNETASEiE0ARAIHHE: One
IL-2 and one || L-4 coding sequence,. the two cygoki ngs wll be ex ressled in
caut ol ar r et BT AEN e ROLY hid 1S JRHT SRobPL AELOUrRY SedRhchd L he
two cyt oki nepafiyidepltd dexpr ehsedreatihdmet coay espondiargs Petl o | parormhy Bt ioe
Furt hernore, t f £ eve tructs i hLf
conbi nati ons Oo$%§§%§§e%P$&r\gas(‘yufltq‘ea%q'l%%l éfgé uc \90%11%[ é)?l Iglgg gg‘?%é ?{}eséc }H/Se
prot ei ns i ndinsatidsediat orhfer axpresshohast s idrhwad agppiviecdbigi conveart e
variat4g@n in a‘?:‘f:ﬁ of - i i f ! i idael y
to be 2‘a@refledrézl??ioﬂn 0 l‘_’tehglj\'ilgr i%gg f’ggeﬁﬁg? u??gb)ltle%fe?gé %%%%?é%;]ﬁ %(léfén%:?(lgg of
di fferent prdedsdvitdgoP¥egerRif8ne expression, and/or stability of the
products. The |level of IL-2 production by NNH 3T3 cells is much | ower than

that 15 obseryed in 32Dp210, K562 d OB cells. This,i.s corroporated by
the higher | VBT BeSARCS ISR SPRFSSOR PHEC SHFPRLESR  CPRRCE R T 385
cell. The predmmessHdd ldbo¥eokorhaseelih sadiagt tseaoteniuecand wnea-spechéi c

\?Mi t“ﬂi %% of I'lsgnd@ddiss ceihs ARFaUSELUPEL bk 2P QIR G- Sl woke mxed
treatment of cancer cells.

MATERIALS AND METHODS
Cloning of the fusion vectors

30 Two hIL2/hB7.1 fusion vectors were constructed, one containing
a full-length hIL-2 and a full-length hB7.1 cDNA, and a second
vector containing full-length hIL-2 and a ¢DNA encoding only
the mature hB7.1 product. 1In both vectors the IL-2 and B7.1
coding sequences were separated by a furin cleavage site,

35 flanked at each end by two additional glycine residues to make
the cleavage site spatially more accessible. This sequence
(GGC-GGC-AGG-GGT-CGA-CGC~GEC-GGC) contained a Sall recognition



20 producing cells two discreet popul ations were detectable by FRCS

-anal ysis (results not shown) . Therefore, the IL-2 on the cell surface is
probably still fused to B7 indicating the inefficient processing of the
chimeric protein by the endogenous |evel of furin in these c&l T #)s
reduced level, 25 or inefficiency of, fuyyin nedi ated processing has al so
been observed in COCS cells. Only a small fraction of pro von WI I ebrand
factor (Wsesseteal ., (1909iPreed NatlinAcadboSad) ,U. S. An87, 9%%8-8382) and
rat proinsulin |,.(Steekens et . 92,.Proc. d.. Acad.. Sci..., U S. 89,
8822- 8826) , %&ﬁ%%@ el r%‘c?:l%ﬁléll}' "pr ocg%éb& bf‘i‘%ﬁ’ﬁr"iﬁlﬁﬁ% Fﬁ& r

bi ol ogi cal | ypaintense gheodlie 2 sandvii7e 1p cddc edquencds seewe | drpl iGnitgdanst act i on
of COS cell ' veet [ i e s AL iRer retion of
rotein i n DAL theos dracinaey| MibH areesHia SR BPaREnoER" B
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15 3. A nucleic acid construct according to claim2 wherein the spacer
'sequence conprises nucleic acid encoding at least 2 amno acids. 4. A

nucl eic acid construct according to any one of the 20 preceding clains
wherein the |inker sequence conprises a nucleic acid sequence egepdind
Arg. X. Y. Arg where X is any anmino acid reggdue and Y is Lysine or Arginine.
5. _ A nucleic acid construct according to.claim4 25 ' wherein the |inker
sequence CONREYSESeRpEe S LorrCi EREANEHELEN WBECR7ENCQERS mAEGuEEN. MY ALY
Arg.Pro.Lys. Arg,, or Arg. Tyr. Arg. Arg., 6. A nucleic acid constructwaccordi ng
td any one ofY %e‘é’@"pr‘g%%}c/ﬁ rﬁ;;‘-tg'reé? heEEE HE eI ddddend Edipri ses
.bAGG—GGT-CEéoﬁiﬁgaKEE}(%BhéﬁKBMMHbcIﬁnd%l}dﬂ&ﬁﬁi£>A(EiloﬁfllB@lﬂucH@Wn acid
cbnstruct acgordi t o, any .Qne Q- aims' 2,1 erein the |linker . sequence
and the spacgﬁag[gggggn)s‘eque e gﬁ%%%ew@sy.ﬁ(%a%re\é\fé%% }iFB?G%}fléufg, ~

d ~y. Abg. Prosupsriatprptr oof @FLA4Ig-prod@eipng JEHHL. calys, dygifit Angm Dar g
Ay~ QY el ab e~ : 2 . C ripSy cl g4 cid
construct acg%?h?%ﬁé?ngﬁglg é_g%£fﬁé ﬁ?%%ﬁﬁ?%f g?ﬁi%@hﬁgéggggés?kﬁgﬁV
conpri si ng aSvékeerlapdor BPehring cleti mals orl®4hucl @rd adaf corfad ugn
accordi ng tocafyuRBeiéh GHAlHS al tFATE-cHRjubRted VE¥Aat Orahtti Minligh Maldaod of

expressing two,or nore polypeptides in g eukaryotjc cell_conprising the
steps of 10 a5P1gBAst r utt§ Q}QQﬁQQQ(?QQﬁW}tgoﬁgtFh@thgzc%rYég: QFé%ﬂgaone

of clabns 1 b9 Z; cBRd hediapssfectédy Sat et milatiidrh ey .nucl®ie A.d

h_that.said | ei i d ' d d
Fusi on pr ot oPAPEBRDH 131 TEL 16 M1HS OFb T D6EoRt bOFyBOBCFARS 11 AP Ry an

endopr ot easeof| avays kirteel aapablCe26f (beong 3HEdy edtbig@ha e ntioprrot tease
within the ceglly.t eni ndi vi | i | cal Ctl | econd
polypeptidesgkkgﬁgxg%g%%éﬁvg ggi¥%q@ﬁfﬁgh%e?ﬁ%%égé%%?gkﬁggt{é%§é§é¥%% 20
wherei n the FOEPERE RGWGHASHY udn |Bhar PreFengel @€ &idd valmbr PHRZP.An ex
vivo @5 in Viebh 9oBENBY 2Ge0LEsRGshant! drmiil WhaiRivrtike WEet@iTdas aeyiral

vect or.
described above.

RESULTS

Vector construction

20 Human IL-2/B7.1. Two retroviral vectors were constructed in

which the coding sequences for B7.1 and IL-2 were cloned
together with a furin recognition site between the 2 CcDNA's
(Fig 2). The vectors contain the Moloney murine leukaemia
virus (MoMLV) long terminal repeats (LTR) which controls the
25 transcription of a single polycistronic messenger RNA. 1In
both vectors the IL-2 coding sequence is followed by either
the coding sequence for mature B7.1 lacking the signal peptide
(pWZLIL2/B7M, see Fig. 2a), or the full coding sequence of
B7.1, containing the signal peptide (pWZLIL2/B7F, see Fig.
30 2b) . The IL-2/B7.1 =sequence 1is followed by the
encephalomyocarditis virus (ECMV) internal ribosome entry site
(IRES), which allows the translation of the blast gene
conferring resistance to blasticidin S. In both vectors the
IL-2 signal peptide is responsible for the transport of the
35 chimeric IL-2/B7.1 protein into the endoplasmic reticulum
(ER) . The chimeric protein encoded by these vectors should
be transported to the golgi with the B7.1 transmembrane domain



25 30 13. An ex vivo or in vitro nmethod according to claim 12 wherein the
viral vector is a retroviral vector or an adenovirus based vector. 14. An
ex vivo or in vitro method according to claim12 or 13 wherein the viral

vector is firstly transfected into a viral packaging cell |negtp ggoduce
virus which is then used to transfect orl9 nfect the cell. 35 15. A nethod
for producing two or nore polypeptides conprising the steps of , , a)

const ruct i ngnehauding hgcpgotenat kacthaceernang . Thisowilioe2le$ tbeany
one of cl ai r@léa\;é%{]eﬁop) tifeANSA BfdH N0 BrotKah YOkl CeeRlh Wit Mgl gomgy eic
acid construct such that said nucleic acid construct is expressed t

produce a f FRRAF UGt eLRSEOHHRY sHhFERFEATION505nd SRR SIICy Bepbrags

| i nked by am@ndbpnatieasnd ekeayegd wiie. capabl e of being cleaved by an
endoprotease within the cell to generate individual biologically active
~fa.rst and second pol ypeptides; and c) isolating said two or nore

pol ypepti desli ramcomerdd oeldtorndipWzdedl/ITL.28r (Rigeondd nat tha. ré8atAvaet hod
according t Qs gﬂg{ei 1t i T, a e i de.ar bunits
of a protei %&1%11’8?1% msteho azgga(_)rirddiBsn%'It orlq;éq?‘aﬁ% G%égg’lgﬁ'théﬁf ?Pg and
second pol yp&tticteshe ¢isgednpeptode| of -B?. 18 instaach@f ddcér ditsgusedcl ai m

17 further coePkirsndgoPBeiic FRECERIAITh eRdE &IRRYURhtRbAPEEd R elR8 20
pol ypept i des {or i ndustrial, diagnostic or therap€éutic purposes. An ex

19.
vivo B in Wire%ePhol GFpFH HY LTI RFCVERES neleonpPt sER§ Che
steps of 25 tegrntionst rpeattiieg afnuhkefashondpeonsin utdormederiggnghkoBany one

f clai 1 to 7 wherejn the first. / d I tid . bl
of 1 nvoki ng SR IHMTL G Bsaane. P Rderrras Sl s MR RaRk-Scity o AEERN. ©
into a 30 nuchei buresri oivedieoER .- _Thprefansf ocheargpge-oeff |the thurdai divect or
such t hat th%%:}céé%a%%%céeﬁé’g&gé"M&e@dﬂﬁsggﬁﬁgﬁggi‘% SHEY L0k

expressed an splayed®on the surface of the n eéx vivo or in
vi t r ol fret hodowetirtali e t9916iai m 19 wherein the cell is tumour cell.

Vectors encoding IL-4/IL-2, and IL-4/B7.1.
To investigate the general applicability of this approach the

same strategy was used to construct other fusion proteins.
20 The vector pWZLIL4/B7M encodes a chimeric IL-4/B7.1 protein
containing the furin site between B7.1 and IL-4 (Fig. 2d4).
The vector pWZLIL4/IL2M encodes a chimeric IL-4/IL-2 again
separated by a furin cleavage site (Fig. 2e). These vectors
should encode secreted cytokines and a membrane anchored B7.1.

25
Each of the plasmids described was introduced into retroviral
packaging cells and following selection for blast resistance
both amphotropic and ecotropic retrovirus producer cell lines
were isolated. These vectors were used for the transduction
30 of target cells and analysis of expression and functional

activity of the encoded fusion genes.

Vectors encoding IL-12 (p40 and p35), and IL-2/IL-12

Two further vectors were constructed (see Fig. 2 F and G).
35 vector F contains the IL-12 p40 and p35 cDNA with a furin
recognition site between the cDNAs. Vector G is a triple
vector with two IL-12 cDNAs (p35 and p40) and the IL-2 coding



2 1 OCT 2002 29 21. An ex vivo or in vitro nethod according to claim19 or
tlaim 20 wherein the first and second pol ypeptides are subunits of |L-12.

22. A nucleic acid construct according to any one of 5 claiq? %H#Ogﬁ or a
vector according to claim8 for use in a nethod of treatnent g)f h %uman
or animal body. 23.~-Use of a nucleic agod construct according to clains 1
to 7 or a vector according to claim8 in the 10 preparation of a nedi canent
for use in xeapidme,ohagéng therfynyin .sixes separating the three coding
EAAZ2AA %§H§q%5§y.Ah9.AY%>A.L9.An.A.A,H?.As.A.A2.AI.AA3L.AI.AA&I.A.A‘.A
. AYUY. As9l . A AR KI t uNO~yt 0j e" [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cal]ca U] c”*a] ca] cal] ca] cRal

[ 357DF%& In both vectors F and G the only signal peptide is present in
5 the p40 fragment. The signal peptide for p35 and IL-2 were
removed to overcome probable interference due to the presence

of multiple signal peptides in the chimeric fusion protein.

The presence of furin recognition sequence enables the
10 cleavage of the chimeric protein into its constituent

products.

Cells expressing constructs that contain the furin recognition
sequence show clear evidence of cytokine production as
measured by ELISA (Fig. 7. Table 1). When the furin target
15 sequence 1is present between IL-4 and IL-2 both cytokines are
secreted into the culture medium. Similarly, in vectors
encoding the chimeric 1L-2/B7.1 or IL-4/B7.1 with an
intervening furin site there is cell surface expression of
B7.1 as measured by FACS analysis (Fig. 3). However, a small
20 fraction of the chimeric protein remains uncleaved. This is
demonstrated by the cell surface detection of the cytokines
(Fig. 8 Table 2), and ELISA based detection of the chimeric
IL-2/IL-4 in assays which used IL-2 antibodies for capture and
IL-4 antibodies for detection, or vice versa (data not shown).
25 The latter experiments demonstrated that the level of
uncleaved product was dependent on cell type, probably
reflecting their endogenous level of furin expression.
Interestingly, if both the B7.1 moiety and the IL-2 contained
signal peptides there was substantially (more than 80 fold)
30 less cytokine released (Table 1). The precise mechanism for
this reduced production of cytokine is not clear but is likely
to be due to interference with either insertion of the fusion
protein into the ER, or its subsequent furin cleavage in the
golgi. The generation of a membrane anchored B7.1 and
35 secreted cytokine from cells infected with these vectors is
dependent on the presence of the furin cleavage site. 1In the
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25 measurements of the cytokine levels (See Table 1).

In order to confirm that IL-2 in the packaging cell
supernatants induced proliferation in CTLL cells, antibody
blocking studies were performed. CTLL proliferation in

30 response to supernatants could be blocked by a neutralising
IL-2 antibody, but much less efficiently by the irrelevant
antibody (Fig. 4).

Similarly the bioactivity of IL-2 and IL-4 produced by cells
35 transduced with either pWZLIL4/B7M or pWZLIL4/IL2M was
determined on CTLL cells (Fig 5). These cells are much more
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and GP+envAml2 packaging cells, transduced with wvector

10 pPWZLIL2/B7M

To determine that the B7.1 molecules expressed on the surface
of transduced cells were biologically active a Jurkat co-
stimulation assay was performed. The co-culture of Jurkat
cells with the pWZLIL2/B7M transduce cells and PHA-P resulted

15 in increased levels of IL-2 in the culture supernatant (Fig
6). This activation of dJurkat cells, as measured by IL-2
production, was B7.1 dependent and could not be blocked by
inhibition of the IL-2 receptor (CD25). Therefore, the
PWZLIL2/B7M transduced cells expressed biologically active

20 B7.1 molecules able to co-stimulate the activation of PHA-P
treated Jurkat cells.

IL-12 biological activity: T-cell activation by supernatant

from Cos 7 cells transduced with the IL-12 containing vectors

25 The biological activity of IL-12 in cells transduced with
vector F (see Fig. 2 F), and IL-12 plus IL-2 in cells
transduced with vector G were confirmed as described below.

The biological activity of IL-12 is determined by induction
30 of growth in activated human T cells. This growth is measured
by the incorporation of radioactive thymidine into the
cellular DNA. An assay was performed according to Coligan et
al., in Current Protocols in Immunology, Chapter 6.16
Lymphoblast Proliferation Assay for IL-12. The bioclogical
35 activity of I1-2 was measured with a standard CTLL assay as
described above. Table 4 shows the level of biologically
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e expre551on. of B7.1 and IL-2 was measured. The
following cell lines were infected with the pWZLIL2/B7M fusion

vector and assessed for the cell surface expression of B7.1
10 and the secretion of IL-2 into the culture medium; NIH/3T3
mouse fibroblasts, 32Dp210 murine myeloid cells, K562 human
erythroid leukaemia and OIB a human ovarian adenocarcinoma.
To determine the presence of uncut fusion products the cells
were also tested by FACS analysis for the presence of IL-2 on
15 the cell surface (see Table 2). The I1-2-B7.1 vector has also
been used to infect 3 further cell lines, namely, A431 human
endometrial tumour cell line and two human ovarian cell lines
SKOV-3 and OVCA-432. A total of 40 clones were tested and all
were positive for B7.1 surface expression and IL-2 secretion

20 into the supernatant {(see Table 3).
Cos 7 cells were transduced by electroporation (see
Sambrook, Fritsch and Maniatis, "Molecular Cloning, a

Laboratory Manual", Cold Spring Harbour Laboratory Press,
1989).

25

DISCUSSION

The vector system described here utilises the presence of a
furin recognition site to express both secreted and membrane
bound, biologically active, proteins from a single cistron.
30 As demonstrated such vectors may be plasmids, or either RNA
or DNA virus based vectors.
The use of endoprotease cleavage sites enables the expression
of a monocistronic transcript that is translated into a
chimeric fusion product which is then processed by
35 endoprotease cleavage to produce the constituent components.
Therefore, the molar ratio of the protein products will be
determined by the frequency of their representation in the
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f10% U& () - 311086 Uss (Dik@30% be a reflection of the variation in furin
levels and/or efficiencies of different processes involved in
gene expression, and/or stability of the products. The level
of IL-2 production by NIH/3T3 cells is much lower than that
15 observed in 32Dp210, K562 and OIB cells. This is corroborated
by the higher level of FACS detectable IL-2 on the surface of
these NIH/3T3 cell. The presence of IL-2 on the cell surface
is not due to non-specific binding of IL-2 to the cells
because when IL-2 producing cells were mixed with non-
20 producing cells two discreet populations were detectable by
FACS analysis (results not shown). Therefore, the IL-2 on the
cell surface is probably still fused to B7 indicating the
inefficient processing of the chimeric protein by the
endogenous level of furin in these cells. This reduced level,
25 or inefficiency of, furin mediated processing has also been
observed in COS cells. Only a small fraction of pro wvon
Willebrand factor (Wise et al., 1990 Proc. Natl. Acad. Sci.
U.S.A. 87, 9378-9382) and rat proinsulin I (Smeekens et al.,
1992 Proc. Natl. Acad. Sci. U.S.A. 89, 8822-8826), both of
30 which are normally processed by furin into their biologically
active products, were produced in these cells. Co-
transfection of COS cells with vectors encoding furin resulted
in increased secretion of protein in both these systems (Wise
et al., 1990 Proc. Natl. Acad. Sci. U.S.A. 87, 9378-9382;
35 Smeekens et al., 1992 Proc. Natl. Acad. Sci. U.S.A. 89, 8822-
8826) . Therefore, in cells with low endogenous levels of

furin introduction of furin expression vectors might increase
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10%& () -! 3i}P¥& Lhe 4P dGcy. In chinese hamster ovary cells the

5 amino acid sequence Arg-X-Lys-Arg enables 50% cleavage of the
precursor protein, whilst Arg-X-Arg-Arg results in only 30%
cleavage (Watanabe et al., 1992 J. Biol. Chem. 267, 8270-
8274) . Finally, the use of tissue specific endoprotease
cleavage sites, rather than the ubiquotously expressed furin,

10 will introduce a further level of specificity, resulting in
production of the desired biologically active components in
specific tissues. This dintroduces a further level of
targeting (in addition to tissue specific delivery and
transcription) and is likely to be a particularly attractive

15 strategy in a number of applications including gene therapy
of tissue or organ specific genetic disorders be they
inherited or otherwise, or for the delivery of cytotoxic,
cytostatic or differentiation promoting proteins or
polypeptides, or proteins with catalytic activities enabling

20 them to convert pro-drugs to active drugs (drug convertases)
in a cell type or tissue specific manner. The use of such
tissue specific endoprotease recognition sites in order to
achieve tissue specific processing and activation of otherwise

inactive chimeric proteins is another advantage of the present
25 invention.

In addition to the demonstrated activity of the fusion
strategy in plasmid and retrovirus based vectors, already
described, the present inventors have also obtained evidence

30 of activity in adenovirus based vectors. The B7.1/IL-2
cassette has been cloned into an adenoviral vector (the El
deleted Ad 5 vector). This vector was used to infect an
established cell 1line (HeLa) and primary acute myeloid
leukaemia (AML) cells isolated from three AML patients.

35 Analysis of each of the cell populations have demonstrated
high level surface expression of B7.1 and production of
secreted IL-2 in the culture supernatant of the infected cells
in excess of 20ng/10° cells/24hr.
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. further comprising spacer sequence positioned either side
of the linker sequence encoding the endoprotease cleavage
site.

15 3. A nucleic acid construct according to claim 2
wherein the spacer sequence comprises nucleic acid
encoding at least 2 amino acids.

4. A nucleic acid construct according to any one of the

20 preceding claims wherein the linker sequence compriges a
micleic acid sequence encoding Arg.X.Y.Arg where X is any
amino acid residue and Y is Lysine 6r Arginine.

S. A nucleic acid construct according to.claim 4
25 wherein the linker sequence comprises nucleic acid

sequence which eéncodes Arg.Gly.Arg.Arg.,

Arg.Pro.Liys.Arg., or Arg.Tyr.Arg.Ard.

6. A nucleic acid construct accoiding to any one of the
30 preceding claims wherein the linker sequence comprises
AGG-GGT—CGA~CGC; CGG—CCT-AAG—AGG, or AGG-TAC-CGC-AGG.

7. A nucleic acid ¢onstruct according to any.one of
claims'z to 6 wheréin the linker sequence and the spacer
35" 7 gequence encode Gly.Gly.Arg.Gly.Arg. Arg Gly.Gly.,
" Gly.Arg.Pro.lLys.Arg.Pro., or '
Gly.Gly,Arg.Tyr.Arg.Arg.Gly.Gly}
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9. A host cell comprising a vector according to claim 8
or a nucleic acid construct according to any one of
claims 1 to 7.

10. An ex vivo or in vitro method of expressing two or more
polypeptides in a eukaryotic cell comprising the steps of
a) constructing a nucleic acid construct according

to any one of claims 1 to 7; and

b) transfecting said cell with said nucleic acid
construct such that said nucleic acid construct is
expresged to produce a fusion protein comprising a first
and second polypeptides linked by an endoprotease
cleavage site capable of being cleaved by an endoprotease
within the cell to generate individual biologically
active first and second polypeptides.
11. An ex vivo or in vitro method according to claim 10
wherein the nucleic acid construct is art of nucleic acid

vector.

12. 2An ex vivo or in vitro method according to claim 11

wherein the vector is a wviral vector.

13. An ex vivo or in wvitro method according to claim 12
wherein the wviral vector is a retroviral vector or an

adenovirus based vector.

14. An ex vivo or in vitro method according to claim 12 or
13 wherein the viral vector is firstly transfected into a
viral packaging cell line to produce virus which is then used

to transfect or infect the cell.

15. A wmethod for producing two or more polypeptides
compriging the steps of ,
a) constructing a nucleic acid construct according
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5 and second polypeptides linked by an endoprotease
cleavage site capable of being cleaved by an endoprotease
within the cell to generate individual biologically
active first and second polypeptides; and
c) isolating said two or wore polypeptides from the
10 cell individually or in cowbination.

16. A method according to claim 15 wherein the first and
second polypeptide are subunits of a protein.

15 17. A method according to claim 16 wherein the first and
second polypeptides are subunite of IL-12

18. A method according to claim 17 further comprisging
one or wmore additional steps of preparing the

20 polypeptides for industrial, diagnostic or therapeutic
purposes.

19. An ex vivo or in .'vitro method of producing a cellular
vaccine comprising the steps of
25 a) constructing a nucleic acid construct according
to any one of claims 1 to 7 wherein the first and/or
second polypeptides are capable of invoking an immune
response;
b) inserting said nucleic acid construct into a
30 nucleic acid vector;
c) transforming a cell with said vector such that
the first and/or second polypeptides are either secreted
or expressed and displayed on the surface of the cell.

35 20. BAn ex vivo or in vitro method according to claim 19

wherein the cell is tumour cell.
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23. - -Use of a nucleic acid construct according to claims
1 to 7 or a vector according to claim 8 in the

10 preparation of a medicament for use in a method of gene
therapy.



