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const glict dﬁhétbkﬁde%escrnﬁ‘ééWCE}@{?Jcﬁonto%cdnﬁmaan’cHﬁﬁﬁrug(W BsradshGmbinie 12 Qi chdbftect

genes. ThemEKipHeRN ANinklgrdwERERIduRGeti@es I n vaccinia virus may be detail ed
as two stages; the first is to create a plasmd in which the |ynphokine is

under t he FrRrsRdwsOf a vaccinia pronoter 7.5 and downstream from a thym di ne
ki nase (HSV) gene. This plasmd is then used to transfect TK- cells

previ usl y (anGanomie donfigurdtioraot MK-recombinantsi A Hindlil onsp o MyrV#s siraings shawt Wity insedierepoints at
gene. [ err]EcoBdBrrnd Bamitl (B)isktes in thes) ank E fragsishte cssradtivbly. Arewstingicate grieptaliang ofj Y Tikigene,
presence of V\iiwermriare anddnserted pfiuenza HA, ABY Heang utingill? cpdaeaquernss-has primarily
been descr i BEUMagoLEe qf b Rpdition by Yy-RA]EZ:integied hyman 1438cells; Ihaactivily IRy Hg 8121'“%8 pupP
it is to be understood that the inventive concept resides in co-expression
of an antigenic pol ypeptide and |ynphokine, and this concept may be
realized using other animal cell vectors, such as other poxvirus, herpes
virus, adenovirus or bacteria. It is al so to be understood that the

I nvention is not limted by application th man or other speci es
specifically men- tioned herein, but may find application in a w de range
of ani mal species. 25 Met hods for construction and testi ng of

reconbl nant VaCCI nes accord| ng to th| S |nvent|on will be well knovvn to
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EXAMPLE 1 Plasm ds containing IL-1, IL-2, IL-3, IL-4 and [err]-interferon
are shown in Figures 1-5. Plasmds pEPD-z.'l&aOD?B‘l pcD-JL-3, pcD Hul L-2,
pcD-1L-4 and pcD-Hu[err] 1 NF were obtained from DNAX Research Institute. The
exci sed codi‘%‘ﬂj“%‘é’&f&%ﬁﬂ’é@"ﬂ YnepyV-HAgr eiiniected celllsupernatanth etgsdgmpnd dpttediieg. necessary

to use di ff es rlctlon endonucleases to create suitable termni for

i nsertion | nt ﬁv_’f ﬁ "t’g, n Ring| %}{;‘H’etf??épﬁd%%‘ﬁ@&'f"? §‘€‘sstﬁ“¥9§f’ Pﬁé‘";';r’glé:;
pBCBO; ( eo ind o0 ‘g}g ere ésg%ﬁﬁ r inf S 143 s

HSV TK ¢ ‘r-'>‘3lﬂt§ g |t %j Hfd@ﬁo pr%ntqh in lugl % dﬁﬁﬁgt? AP H'Pn
a pr ():)&Z-Dt er M‘sh clYé?rféﬁdaE} uri 4 ihd &ﬂﬁl he mé‘iﬁﬂegén ofaVV
pFB- L ¥ecombifim (26? Which alrdady dittidin (HAN! Tﬂé L8 EXOmbH L virus,
tai n HSV- WK-lﬁaEE;Ic XPTBY3 Mdg&ﬁh@iﬁg $a91e 75%1 %oté’r%ﬁﬁﬂoﬂl's@paydﬁ s iR VR §endime.,

and wd h didceméhenis SROHERBAIS irhidiRkinaeTK) §6he wkh%eﬂs@déléckabﬁnﬁfk@r%?ﬁﬂ:&cdﬂ truction
vacci ni a acomtobiusTNeHOTK, exprasingHEY TofbuRIIES waktehsPichalSigfiantibwisDNshickly abive IL2
arrows, \necicletted iv supamatgresftosTioman 3B bells biebte Wit Vs AALEwith @ $ibirelaridiNactidg mafintin
| i nes. TlaetiviyRupd theird §Fianeteh). i nsert ed | ynphoki ne genes are used to
transf ect 143mq rude micegteresinpsuiigioq wsmy right hiedt foetdadwwvithhV\aHATKK2 oy eantrol rvings (V4B K).
accor i ngVit-1eiRdee %md Heling 'wg t Which desolespiieragyeral Payes i pantsasH VV-HAIK proriesad af
HSV TK arig'el ﬁ‘B siop ¢ b’a'r'ﬂ dé‘é’q A 95 30Hqye. Aftes Hisgimms dtiphvitescyf Mirug (?Mﬁﬁm’%‘u) n
t he vaccifji® Jce ° ” te e{"é“‘ﬁfm%'ﬁ?:ﬁ"Yﬁ‘é(V‘li'r“T"t? hmusg@%ﬂ “FF"
H ndl ||

o

the | ereco b| vn u irus infe, Th
f e
H ndl I | Jaté%%ﬂregcﬁtgﬁm I§2wa tr:s o%ﬁ ere l ha dﬁj}gj@cggﬁ p :tll:
e were |nj b htrkvs

SequghCe Soniin8d M yW'St( ﬁfbp‘#@nhe
t he cons Al VOHATK] RicOgizh VRiA- IM% aFéH%néfbeté&sby ¥ VitusSwhBre S50 Irfitd gWWﬁA—

and the s:faifeemnbuﬁdbyhhyeslqon@dmkwmeus@aaummfédu@sﬁruewslieoaMdlfrmHuaﬁ&HbmdstWEIAQME e
6 sho#s: b@act VV-HAI[Bipfedteimaiea (Tabapf i guration of VWV reconbinants. A Hindlll

map of W WR strain is shown with insertion points at EcoRl (E) and BanH
(B) sites in the J and F fragnents resp@8i€ivel y. Arrows indicate
orientations of W TK|gene, VitéiniaWraTedonsiss idmduigdamispreh | nfl ugnza HA, HSV TK
and nmurine |IL2 coding 3 fucti on by WHA
I L2- i Bfect ed human 143@3@%%{ u 'qré?ﬂe”lfog WHA'Tf /= —&{- ’)Ml pct ed super- 4
EP O 275 300 Bl natan}s, ci rclés and [solid l'ine;p V-HA or upinfected cell
supernat ants, crosses| &RffHdot t ¢&4ung nd. Fi g8Pe 7 $hows €Be gropwt h of

vacci nia virus reconb| nants in|tpeef dot px88 of at hyni<€.0Swi s§ out bred nude
m ce ga) and euthym c|] CBA/H m ¢e (b).| 2x107 PFU ¢f WHA (triangl es),

W- HA- TK (open circl epPutbred \/V/- Hiurdgl 2 [( cl ¥%¥1¢@2Ti r ¢1 es) B0 wefe injected
subcut aneously i n 20[ gN#de i nt o| ISpipgh floot 3.¢8%1 whi ch weR@ asspyed for

I nfectious virus on 143B cells on the 1 ndicated days. Points represent the
titres of ilufgsetd spleenswersielleptpaignTid-4 inioe/grougi 1V days pdst itvi in@ulatids wiHTOMAFU of the indicated
schert i Wep| y in Figure 6a, cDNA encoding murine I1L2 (14) was inserted into
t he\&k nd| | | region of a W reconbi nant, W-HA (26), which already
expressem I nfl uenza haemaggl utinin (HA). The IL2 reconbi nant- virus,
W-HA-1L2, coexpressed HA and IL2 using the same W7.5Kd pronoter but from
separgte sites in the viral genome. 10 Si ncet he her pes sinpl exvirus

(HSV) thym dRfinde 03 38NA O suBiAEa Y& ocnSesd 2 o oarc
mar ker f or v%imaﬁ' B2 i O . VAL f@é’f? w gb skt @M
e | C

not L2 m%hlﬁ%%%ﬁfdﬁ?l@ﬂfmg%bﬂ B Jldngr?rﬁgth I%Ncﬁ' I5re tVVI-@\ E\Xoeus rpbd €
detect ed i as SWPRS-HAY) @B inh bl@éﬁ.&&t&@f&é@erk@@.ﬁ%s% oS ahd) J’%E sWhodtin

Wi t hiss 4 haquynssBaee 2maw5\ed1feawwmwrmtwsu=yfuxaduoma pbrAatBs!f Sm) Eh&b&e%aﬁh time
At hymi ¢ nugeintsindieatedpwete dstaysdibal 2dtivitylisig TR - deliphi2d) Aridrred cBlemﬂaﬁdm%&d?or cell growth
W-HA- | L2 ofMasoarini(39). The reaulis afdprbskiledBiihe lod Siution M guddiate biddiicing Sued maxiriin gioliferation
swel i ng i intpdgell ¢uBeres. whi ch resol ved after several days; in contrast

W- HA- TK_produced a severe necrotic |esion that remained unresolved for 30
days .5 ATEEAMRLESS ti e, hi gh t|tres of VII’US (6x[err]-1.5x[err] PFUy were
recovered fromthe fe - HA- i nocul ated m ce but not frommce
gi ven W- HAVRH i "ia" eéﬂo%gﬁ ‘itedlaﬁﬂ" I"TF',% gw&&&&'&a}h e"f‘?‘i'%defs@!'i’%b XaEple 1.
virus enabl&d Fn%"r'ﬁen ped it yaopinga Wiyg (10 ’}5’8"9{)‘1"’?‘&) PRTE (g Vil gow a
ki netics of viral clearance fromthe feet of CBA/H m ce were not
significantly different for VW-HA-TK and W-HA-I1L2 (Figure 7a). 20

However, in nude mce, although titres of both W-HA-TK and W-HA-1L2 were
high at day 3, indicating conparable rat gs of replication, W-HA-1L2 was
cleared by day 15 when no virus was deteCted in the feet. Titres of
W-HA-TK still remained high at day 15 (Figure 7b). Furthernore, when nude
mce were injected intravenously (i.v.) with [err] PFU of W-HA-1L2 or

W— HA-TK m ce g| ven W— HA-I L2 appeared unaffect ed by the VI rus V\/nereas al |

S~ " e



TABLE 1. Vaccinia Virus recovered from Lungs and Spl een 30

Mouse Strain Organ Log. 10 W HA-ER027§(990 BO VW-HA-1L2 CBA/H Lung
<2.0 <2.0 Sple <2.0 Qutbred

Lung reconstititeddyaemogoporstic system wnthm sevgn gple%Ieen cell counts arsqug@ﬁow 3.640. 11
<2.0 Lungs and spl eens were col -ge/ group 11 days post i.v.

inoculation with [err] PFU of the ioREeBSekNymbe  \Jrus. Met hods 45 (a)
Miring IL-2 cDNA was subcl oned [from pkl:WHLaZ (L4)| generously provided by
Dr K1. Arai, DNAX Research Ins Iﬂéysit 3 19, T Qs (Cal i fornia. VW-HA-1L1 and

W- HA- TK were constructed by insert 18 TK gene plus a chineric
prom&tfer-l L2 fragnment or alone,| jJU, l_b/f ol region of the
reconbi nant WHA (previously desew IAG) (26) usi ng plasm ds

) i TR A AR OGS b )

super nat ants harvested at the tinme points indicat ed wer e assayed
for 112 act|V|ty usi ng CTLL-2 cellsTZQ) andDmg colourimetric nethod for
cell growth of Mosmann (30). He—+esttstare eserfed as the log dilution
of supernate producing 50% of |EBERIAEE b Y‘f'bsa Mnlin the cell cultures.
55 EXAMPLE 3 A vaccini a virus |exmsessdsng| | Lo8 whssiapnstructed as shown in
Figure 2, using the nmethods described 1n anple I. lrradiated mce (650
Rads) i nExxMReg4wi th vaccinia virus ([err] PFU intravenously) expressing |L-3
(W-1,0-3) show a 5 EP 0 275 300 Bl reconstituted haenotoporetic system
Wi t hi n sevéhis ekapple dpribesthe eattiuction ofatrecombimantademsrirub elpmpasingSpéredin oBadsl  Nunber 5
W-{L,3 The startipg ¥irigior the adaeyitp ¢opstrug js danpvjirustyng  gledetion mutant 4 @47 tHat lacksihg Xbe frjgmedt
days fom, 78;54ypap|units 30,84 7apap|unitscn early regien H3H; Thisglaletion wytantrﬁ%ﬁnemfe@w oy BUA pitfout

Vi rus ex %9§'§$W ‘”P"‘i’_“"!?»Of "]al_"aB F'Eﬁeé@t“%e Wﬁ:@“‘é‘t‘ hﬁé"f“°1’ﬁ‘1%“‘1‘°e§3h’&9'°"@?sf’8@t’%“sof

irrass dl ﬁﬁn o hat the major histocompa tlblhty heavy chain proteln and reduces e
mmun ent from 60 nits to the right

ll_[]r adi at ln pl smld Z‘ hé% onu%é?g of the E3 '67'§citer wrthrg/ e restri on enzyme

s exagm ﬁém ity ;ﬁ Cr S SR 5 Hmoter. The

expressi Ha&nfn dFedtaifingdfd Wsrauk nei h f Ed 19 ggo\ﬂali)‘dr%tf & OO Wit appropriate

constr UC.tgsta.cao fy?ffa\fa éeb‘a?r 1 PR and Pigdnfid DN arBthdittedthto aﬁ'gmgm wirderiaPiing EooRl A
Xbaf Pagiwgined: (02876/ap mrsza MHWﬁeSstQ'w’e%é]mb?namFBetWEUntﬂ% thdovBripping ONAGlaGents whll?debn-
Thi's del auteriabieHdentiirusih whithhd E3ehd 16 Rpde@ By tS inttldAivgehblout exceeding t he
anount of DNA that can be included in the virus particle. The renoval of
the E3 rEXAMRRESI so prevents 25 production of a virus protein that
conplgexes with the major histoconpatibility heavy chain protein and reduces
t he cel | - nEigirag %"“Pﬂhm%“f#@@'b@jthEa“t'fU“lt“h@fmnFM“s IR eec@ehinantvagginig Mirus fryaggerdgre
map uni t Wthithe pragent inventan. pRBEIL2irropatrugieskas shawg usingipe methads daserived i Exampler The come
pl asni d THNgton & PG 258 AHREeviouslyHesFbed{B)E3 pronpter with a suitable

restrlctﬁ%_%m and the interleukin gene inserted in place of the

ori gi“nal under the control of the natural E3 pronoter. The
resslting plasmid containing the interleukin gene in the 60 to 100 map unit
fragment of dl 327 is cut with the appropriate 30 restriction enzyme to

separ at e Vi wadM ot 3% IdaNd7 aBsb-sbfgdspct ed into cells together with the
over Iﬁ%ppl ng, @&g&lv&aﬁ N @ BRI D. Med. 08 s8Hs5amdesyni ts) of wild type Vi rus.
Reconbi nat sashrhet Jve etal bheambvozzarbapiosy. DNA fragments wll recon- stitute
vi abl e adendizel, 88. in Biolalitat Respdnse irBagrered. Mihich EpBRtie (Pidnym tNee Youkt1ga2). euki n gene.
5. Lomedico, P.T. et al. Nature 312, 458-461 (1984).
6. Auron, PE. et al. Proc. Natl. Acad. Sci. US 81, 7907-7911 (1984).
7. Smith, K.A. Ann. Rev. Immunol. 2, 319-333 (1984).
8. Minato, N. et al. J. Exp. Med. 154, 750 (1983).
9. Tsudo, M. et al. J. Exp. Med. 160, 612-616 (1984).
10. Merluzzi, V.J. et al. Cancer Res. 41, 850-853 (1981).
11. Wagner, H. et al. Nature 284, 278-80 (1982).
55 12. Vose, B.M. et al. Cancer Immuno. 13, 105-111 (1984).
13. Rosenberg, S.A. et al. Science 233, 1318-1321 (1986).
14. Yokota, T. et al. Proc. Natl. Acad. Sci. USA 82, 68-72 (1985).
15. Taniguchi, T. et al. Nature, 302, 305-307 (1983).



EXAMPLE 5 35 Figure 8 outlines the construction of human I mmunodefi ci ency
virus IL-2 reconbl nant VaCCI nia vi EFL278 308&r dance with the present

nvent) o 6 U 8?9 AR il 1 s i
(35). 40 (7' E% 157, 1529- 1534

(1983). 21q BRoARGSE £V, ﬁ%,%ea 40!(/989%08 585 558 (1983). 3.

Schmi dt, b, Pee, ﬁ%ta?-'PfocJNatl m@cl Jekias, 2'63 Sgeé_fgs)( 1982). 4. Mzel, S.B. in
Bi ol ogi cado, ResEONaaL. Plac. Rai oedd. §& UsAlkb b -119 (Pl enum New Yor k
1982) .. 5. 21 crgpdive @t al.Ratlre 295, sas-508iabay € 312, 458 461 (1984). 6. Auron, P. E.
et al. Pr2asmiaGiL, et Alchalure 12 490485 @4983).7907- 7911 (1984). 50 7. Smth,
K. A Ann. 238y S eirali Netbre 820, 531530 8988).( 1984) . 8. M nato, N. et al. J. Exp.
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| nmuno. gprgeskS A et al. Science 233,

131g- 132 ” a, Imm P’e 'a‘ ‘E“ Proc. Natl. Acad. Sci. USA 82,
68-72 (1 g,h et 83)Nature 302, 305-307 (1983). 6
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Vol . 10, g3pkierdy, IFL&GI BibReHR Iogy11.7790\f§§<@§g3) T. et al. Proc. Natl. Acad. Sci.
USA»081, 1070-1074 (1984). 18. Sevenusar, E. Eur. J. Inmmunol. 17, 67-72
(1987). 5 19. Lee, F. et al. Proc. Natl. Acad. Sci. USA 83, 2061-2065
(1986) Cleee  Yokota, T. et al. Proc. Natl. Acad. Sci. USA 83, 5894-5898
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et al. Nature 302, 490-495 (1983). 23. Hu, S.L. et al. Nature 320, 537-540
(1986) Cleyps for ‘h°'°"°‘2'219 csamépg ﬁ!ﬁtﬁ B&nﬁ"@b@&aﬁﬁ GB, 1% L, NG SEGen. Vi roI 67.
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Andr ew, r’as n ﬁ!ﬂ'ﬂ céa%tl Emh_]_ |bo EP& hoglv t r
B.E. H tal ph to t e uen capa e exp

al -306ene J:l{heﬂn mph eothert nte T@%@ ’tl'?
2027- 203 2nfight} ga, e Mosmann, J., J. rmuno 3 1.

Cutt, J.R et al. J Virol. 61, 543 (1987). 32. nght 'D. C et al,

Eng. J2. MoekcomBibént véadide dxéddifghd 8din.1 whdrein Khi®aRimal MiiRectdls addus. Bi Ot eChr‘0| Ogy 4,
790-795 (1986). 20 Cains 25 Clains for the follow ng Contracting States:
BE, % CH3. |A recoDBinarfFycci@Biccdrding to taim(2l whetsin skid vidus lsaxcpordirig) Beiies Vieus @t dténcvigpr i Si ng
an ani mal cell vector which incorporates a first nucleotide sequence

capabl & dfreqsephignt wepneassadngda ciaini3, Wereivsakd Mg isogesiniagingsar t of an anti genic
pol ype t|de which is foreign to the host vector and is not a |ynphokine,
toget hg poigand é"’§ AL RNY pae %‘éﬁﬂ‘éﬁé‘é“ » Whesein paid limphefdnergselestest feogstheioreup
aII or a FVW“Q%'M”BU T HHSRIPHE- 2 BT FEPEFETEI™ a | ynphoki ne ot her t han

interl E u K\' rnetf%d ?or Ihg S;oh%ﬁonl o'?a %c n%mn%rl':tr\llgchnQ goco ing to anJ o%% gfo @ansrr?s 1t to 5, wrt]ﬁ?:h comprises the

step of inserting into an animal cell vector a nucleotide sequence capable of being expressed as all or a lym-
phokine-effective part of a lymphokine other than interleukin-2, and the further step of inserting into the animal cell

45 vector a nucleotide sequence capable of being expressed as all or an immunogenic part of an antigenic polypeptide
which is foreign to the host vector and is not a lymphokine.

7. A recombinant vaccine for use in the treatment of an immunodeficient or immunosuppressed human or animal,
which comprises an animal cell vector which incorporates a first nucleotide sequence capable of being expressed
50 as all or an immunogenic part of an antigenic polypeptide, which is not a lymphokine, together with a second nucle-
otide sequence capable of being expressed as all or a lymphokine-effective part of a lymphokine other than inter-

leukin-2 effective in enhancing the immune response to the antigenic polypeptide.

8. A recombinant vaccine according to claim 7, wherein said animal cell vector is vaccinia virus.

8. A recombinant vaccine according to claim 7 or 8, wherein said lymphokine is selected from the group consisting of
interleukin-1, interleukin-3, interleukin-4 and y-interferon.



anti geni ¢ pol ypeptide. 2. A reconbinant vaccine according to im"wmuml lll””"l
wherein said animal cell vector is aERDR2dS300881 3. A reconbi et
accofding>to claim2, wherein said virus i s a poxvirus, herpes virus

adenovi r us. 1MScwdpeEWnﬂ|ahm0Wm@?mé°P&eM‘dﬁcwg Ingunofogy: ﬁ'i'es'"teww%??f %"Eﬁ 8 and

virus is valeanFg (B'P'?UGENYJJSV°'A°rP€1 Z)accordl ng to any one of
clains 1 to174Y°kﬁlﬁe"i=@|ahP"§%uN6“ g7°§8-f4é3:9t8 d fromthe group 40
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[err]finter
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according t
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8. A recombinant vaccine according to claim 7, wherein said animal cell vector is vaccinia virus.
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9. A recombinant vaccine according to claim 7 or 8, wherein said lymphokine is selected from the group consisting of
interleukin-1, interleukin-3, interleukin-4 and y-interferon.
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wher ei n sald virus is a poxvirus, herpes virus or adenovirus. -

r'econbi nal® As8RoFPiRant vaceins asridina o any| cap gholaimsiitie b.dprise ijthd tredtment of ay lmra@mdeﬂclaﬂ or
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furthee step of inserting into the animal cell 45 vect or a nucl eotlde
sequence tapadrbmbitht agdinegcmiipy ETRE 126120 Wherd sa@@ninaMFHINGGS N vacop@iviusdf  an
antigenic polypeptide which is foreign to the host vector and is not a
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vaccine for use in the treatment of inmmunodeficient or inmmnosuppressed

I ndi V|30du t he human i nmunodeficiency virus (HV),

ipnfected with 5
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a | ynphokine other than interleukin-2 effective in enhancing the inmune
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vector a nucl eotide sequence capabl e of being expressed as all mmu"l!u“}l llll”l
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a poxvirus, ﬁaé'P?S‘ ¢ ap) fmmyocs °'351cféﬁ'6"\yp?su%p Yran R Hod according to claim
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bewi rlg , expakdonfragdiist und keirelrychehvwkin Bassteilt eptiraiert u3@rdan, zuRerkroeniniteinertzweiten Nysfegtidedcuenz
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Nucl eoti dsequenz nmit der Fihigkeit, als ganzes von Interl euki H!ﬁwwu"mm'"w
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mt einer zWRF?RRRIETLE |dsequenz mt der Fahigkeit, als ganzes von

I nterleukin-2 verschie- denes Lynphokin oder als Lynphokinw rksamer Teil
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exprl m ertzu werden, beinhaltet, durch Insertieren einer Nucleotidsequenz
mt der Famug'kl@'ttde“:a'?'@‘egé!h@é@s%EG"P?RWP?P@WWSZ"WP@@FH%EM%a'l.'??ﬂph’i’ﬂb‘iPPPﬂds-
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