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whi ch has hanpered the devel opment of this class of conpounds. DESCRI PTI ON
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30 until progeny virus is released from the infected cell. There are a number of poxviral

promoter types which are distinguished and named by the time periods within the
viral replication cycle in which they are active, for example, early and late promoters.
(See, e.g., Davison and Moss, Structure of Vaccinia Virus Late Promoters, J. Mol.
Biol. 210:771-784, 1989; Davison and Moss, Structure of Vaccinia Virus Early
35 Promoters, J. Mol. Biol. 210:749-769, 1989; and Hirschmann et al., Mutational
Analysis of a Vaccinia Virus Intermediate Promoter in vitro and in vivo, Journal of
Virology 64:6063-6069, 1990, all of which are hereby incorporated by reference.)



sel ected from hydrogen atom I|inear or branched Cl-4 al kyl groups, C3-7
cycl oal kyl groups, or R7 and R8 together with the nitrogen atomto which
t hey are wobtammees2borm a group of formul awherein n i s arcirmpregenofsa®om 0 to
3, and a phenyl group which is optionally substituted by one or nore
substituents sel ected from hal ogen atons, Cl-4 aIkyI hydroxyl, Cl-4
al koxy, C3-4cycl oal kyl, C3-4 cycl oal koxy, cyano, - - OCF3, -CONR 7RS,
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groups, CcunlzaEBNY exprosiion ohartigeng bp MATV vatiore appoarsto b@hn@alad)d@ﬂ:cugrtoups,
L O 2! belsA0R ABB TR T eraEg A Yo BE B Mo RaSLsprt it
di f f esoent VACK| wstor cintigeminstoslp eonipetss, witth éate iexptastect @nhtigens but also with
other early antigens for immunodominance in the CD8 T cell response
(Kastenmuller et al.,, Cross-competition of CD8+ T cells shapes the
immunodominance hierarchy during boost vaccination., J. Exp. Med. 204:2187-2198,
2007).The specific properties of the early portion of the poxviral promoter might thus
35 be important for induction of an antigen-specific T cell response. Moreover, it is a
commonly held view and a general rule that higher amounts of antigen are beneficial
for induction of stronger antigen-specific immune responses (for the poxvirus field, see



on an aryl group are typically thensel ves unsubstituted. As used herein, the
ternms heteroaryl and heteroaromatic ring are used interchangeably and are
t ypi cal | ywb-20too102822 nenbered ring systens, preferably 5PCr@®P2@/00esaber ed
ring systems, conprising at |east one heteroaromatic ring and containing at
| east one heteroatom selected fromO S and N. A heteroaryl radical may be
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whi ch one or nore, for exanple 1, 2, 3 or 4 of the carbon atons preferably
1 or 2 of the carbon atons are repl aced by a heteroatom selected fromN, O
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met hanes uPiBHRS Alc(CRASHURNS phrrciia WEHS bR iRFUsiPR body Jireiein iRRIRM I i ¢
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selected fromthe group consisting of hydrogen atons, hal ogen atons and
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Typically, Gl is selected fromthe group consisting of nitrogen atons, CCl,
CF, CH, C(CH3), C(cyclopropyl), C(phenyl) and C(CF3) groups. Typically &

r epr esentwoaogvoup2sel ected from a hydrogen atom a hacegenoaborsus a C3-4
cycl oal kyl group, a Cl-2 al koxy group and -NR aRb, whereinRa represents a
Cl 2 alkyl group and Rb is selected fromthe group consisting of Cl-2 al kyl
groups and C 2 al koxy-C . 2 alkyl groups, or Ra and Ro together with the

ni t rogen Qhﬂmlﬁﬂ Mhﬁr?mﬂlf{?’ orff € attached forma saturated 6 or 7 nenmbered
het erocyclic ring optionally containing one oxygen atom as an additional
het eroatom a nonocyclic or bicyclic 5 to 10 nenbered heteroaromatic ring
containin i g%é by one
or nore SSBQ?’ ??s%@tn{n\g&s'te e'rgt?% ro%é@'cw&fezﬁbfgt% gﬁgédan {1\{ X%l{%#&déﬁgﬁ%ps and
a phenyl mUweAmttgemapd(mtanhng gpitanes wheraine exprgssiore of saigh antigarhanséor

2 Koxy, | CI R §afope = Feiege B BrdHoBftonat sdhudl iment ithBidhe k%, oo o
oxadi azol $Wo glctmpt$ drmng(ﬁartymrm@hwf sgndcamgeraa@dlgpantmaiqepltgg@st ituted by
a Cl-4 alkyl or a C3.7 cycloal kyl group and wherein R7 and R8 are

i ndependently sel ected from hydrogen atons, |inear or branched Cl-4 alkyl
groups, C3hainvestionfudther mialapio sajg remlicatien Mlqwé@mblmﬁt tirug éorriserasgen

2 o 1 e o R T o P A R B s
cér bocyclic group or a phenyl ’gr oup. More typically & represents a group
sel ect sdgﬁ) algath?raaibé@f %Ere@,&mmzemg&n%utéft@s %rﬁa&éﬁﬁrr.ggpi&ﬁads.t@noazepan .
-yl andt pvmnedrsﬁmpnyni dhﬁyﬁqpﬂ?,l;'?n d?fwelfg]fé?wl;'n;@fgvlﬂéﬂﬁ |aﬁ91 loﬁhiﬁﬂ(;'ff?@l ny:ve
ring opti pRatdake ity atadpeshidvchiieP Miudht § sel ected from

and F andB a phgnyl %roup whi ch I|es OB'[I on%evawsubﬁgt ?ﬁt\zad by one, two or

t hreellubstituents selected fromfluorine, chI orine, methyl, hydroxyl,

net hoxy, ?F\@%\)éntlbﬁoé?é&wlhfé%Wo gXia! RPIiHSh , dHEENP RECIMBIRAM wﬁ;)éaBP»saldCF?*

- OCF3 . oxadi azolyl and -CONR 7R3 groups, dwhl ch_oxadi azol yl grout ps arde

opti onal | pharmaseitic WW'@WtWP'”QFQfUB G M&eélr%WS%ﬁua Restde sai
lndependeaﬂkast%b%i@&n Bﬁa?mbm cARSpitBp@M met hyl group, isopropyl group,
cycl opropyl group, or R7 and together with the nitrogen atomto which
they are attached forma group of fornula wherein nis 1, or, when G

represent f £RtheFaspard it raritedMid the RRefd?'sERI @pf@ﬂoﬁ@@ﬂ@éhﬁe@@nﬁﬂéhﬂﬁﬁﬁ;' ic
group or a phenyl group. Even nore typically, & represents a%rou

sel ected Prrﬁﬁ‘ﬁ’ HB%%PU@F?JLFﬁmWEPBﬁ?’dWFm@rf%ruﬁﬂeamﬁpﬁfﬁf'?'bﬁﬁﬁl'Ve e8entt ut ed

phenyl,  pioriikBlicingtl! T B8adonsB YA aMddt By baid 3l It 8Aé BMliged aiIsr antiyeAize
enbodi ment of the present invention, RO represents a hydrogen atom and G

r epr esent 8POP§r oup sel ected from a nonocyclic or bicyclic 5 to 10
menber ed het er oaromatic ring containing a nitrogen atomwhich is optionally

substltut one o nore substityents se| ected fromh en. atons, C 4
oot 28 & Fie BT ERSsHS K OmPeOAt ISP aNg ialbd: PrapRgost, g

- CONR 7R8|,mmb|(ﬂfélloh BEmphsing Bsaid ereplieitibr Nalsfitidny recombinant virus for a first
inoculation (“priming inoculation”) in a first vial/container and for an at least second
and/or third and/or further inoculation (“boosting inoculation”) in a second and/or

further vial/container.

30
The invention further relates to a method of inducing a T cell response, preferably a
CD8 T cell response, in a host, including a human, said method comprising a least
three or at least four administrations of the replication deficient recombinant virus to
the host.

35

Also encompassed by the present invention is a promoter comprising at least 2
nucleotide sequence elements according to nt 48-81 of SEQ ID NO:1 and/or at least



sel ected from hydrogen atom |ineal or branched Cil-4 al kyl group, C3.7
cycl oal kyl group, or R7 and R8 together with the nitrogen atomto which they
are attackedofoprors2a group of fornula wherein n is an intregap2émomsdsto 3,
and a phenyl group which is optionally substituted by one or nore
substituents selected from hal ogen atons, Cl-4 l@(%ll’ G-4 al ko%é/

C3- 4cycl odInkglectids saqusyer @ismets haviggaat leastBg% idenfiR to me 48:3iaefi 9261 1D |
triazolyl Nogpyrazolyl and imdazolyl groups, wherein the oxadi azolyl,
triazolyl, pyrazolyl and i m dazolyl groups are optionally substitut ed by C
4 al kyl or C3-7 cycloal kyl group and wherein R7 and R8 are independently
sel ected Wi or branched Cl-4 al kyl group, a C3-7
cycl oal ky Eg‘ﬁ&@ ﬂs@ﬁﬁﬂc}ﬂto?gﬂl%hl\@ggé Pher with the nit rogen atomto which
they a¥e attached forma group of fornula wherein nis an integer fromoO to
3 and the I I f

Typi cal 1y RIS enc ivefifn aREE P FHEaR ddTcRRE eecB iR iR Bana 1,
cycl oal kyleasihehe @r@genmndfasaatigsnicrepitpe, whdrearye*mgssupybf sgand)apngemrw/or

pr ef er abl C rogen
or hal oge%nt e@%é@%?era fa?é@%é?{%émgﬁn;g%ﬁgal@uﬁtél §|Sh%ﬁ{ &%H%Qﬁ lg%:‘%{ed from
COOR5, - ConHptements drmngae;emb'ﬁxngaseup .of paidfantigén gndigr arylganc(e@i%mge oup.
Typicgjly, R4 represents a hydrogen atomor a methyl group, preferably a
hydrogen atom Typically, RO represents a hydrogen atom Typically, Gl

repr esent § wagyrsyugrisinglie foungl thainwith replicatiprcrficieat cgednatpinanty vijuses(theeny| )
or C(CF3) el g of a
et hoxy GeRie e o afiftenpolistedoy TR FRDAR EohS de AL, EfiTisT At

pyri dyI lqastntﬂq/ﬁlpmenpg/drlmduenw exneesgipnagdcuyed grg@tfpentlyneﬁfherpnélnewadl y, @
is select m agﬁn | ARyl
pyridyl, %&!é\dgeyﬁg @:ﬁ&?\l}é% né?r% ér#%ylgggrpénty \%)élﬁ‘ptEHg Hé%e?ceii?fg{:}ag

sel eci®ed lhrat)rﬁxﬁfﬁsﬁléﬁ rivgn Sy ks eonventenap trensdriptiapap genten} |elemerjufddtignally, and
2- pyr azi ny e ifl 8rrd LiRRen RXBRALIBR e beldits BRASAMast BHEGRdON, RL
i s select eg rom ® n@to%ﬂ@ycp B?ggyl Igrou([:a), PR rsepresentas a\{ﬁ drrogen
atom R3 infeciorcooH group R4 represents a hydrogen atomor a net hyI group,
GlL is selected fromN, CH, C(CHS) , C(cyclopropyl), C(phenyl) and C(CF3)
groups, and & represents group selected fromthe group consisting of
opti onal | 90%%@9% in éoprsf%rwl emhoqjmenblyf thes peasenbinyaptionate 2t doash AwAy i
groupsg, n&éﬁ\eﬁfsedWeaIHMecﬁgter@é?fyeé@?éssﬁ)nthdth%ﬁlg% céh‘iﬁlorI ént@j@ﬁlc %’b%&er

enbodi nent of the present 1nvention, Is seleCted froma net

cycl opr opya- ‘Q'F%ﬁhe IQEStrWeaf@ﬁt'%feét'Qﬁch%fQ@b'yaWHW e first §0(§(D0Pf(9@r6f£ﬁ5 R4
represent gfstipydrogen atom Gl is selected fromnitrogen atons and CH,
C(CH3) and C(CF3) groups and & represents a phenyl group optionally
substituted with one or two substituents selected fromchloro, fluoro,

met hoxy, fﬁ@%uuy bf QPUEH) Catly éidréééé‘ar SRRIEACIER bNtre R tHRGanddiptiehdl R7 1S

hydr o en and is cycl opropyl or R7and R8together with the nitrogen atom
to whith ?%}9‘ Aemept é‘&%ﬂ'nﬂo%tﬁe JPYRIIoBT tor GUIRPMPejth cfestar-dgriyed garly

Pr ef er abl yntj bhe dQHﬁPHebélhfé%bbﬁéesl Waerme@ﬁgéte@ Hyohdrainistéring! fe: reblication
5-cycl opro ‘\él- rg hen 8 rimdin- 5 | am no benzai c
5N |

> (6o oyel RBORT BP3 G, SubsehER POIRBERYT R oFel degRenses.
5-(2-Car anumzaml QUPERFRCtEUNE Niglsaltad G - arglniwt fefficieht P aatiydrisdcficna leetixi de;

5. 5 oycl BEPOYS. b Rty ”°§8§%ﬁéL§ﬂ%B§$ a5 Va0 P e O SORER: o
5 cycioopr®py experlnier(ts,, thisli dgpiodch Avdsy @vex yathienyd )rewrsén itinuriodphmardnae) benzoi
hierarchy and convert a subdominant CD8 T cell epitope into the immunodominant
epitope. This result could not be achieved with conventional transcriptional control
elements even after four consecutive immunizations. Moreover, the antigen-specific
CD8 T cell response after three or more immunization rounds with the viruses
35 according to the present invention was stronger than with a transcriptional control

element conventionally used.



ci 7. 5-Cycl opropyl - 2-(6-nmet hoxy-5- phenyl pyri di n-3-yl am no) benzoic

C 8. 2-(5-Fluoro-6-phenyl pyridi n-3-yl am no) - 5- net hyl benzoi ¢ acid; 9.
Et hyb(oetioyd2pam no) - 5- net hyl pyri di n- 3-yl ani no) - 5- wetrppbdenaziss aci d;
Cycl opropyl - 2- (3" -fluoro-2, 4" -bi pyridin-5-yl am no) benzoi c acid; 11.
Di et hyl am no) - 5- et hyl pyri d| n- 3-yl am no) - 5- et hyl benzoi c acid; 12.

( 2- Fithesxipethiege Jsumsising Teswits @ssociated Hyithhihe bse.o8 replicatien deficient
yl benzombfdnt; vnrﬂ:§es gccordlng to the present mvengon possibleunwanted side
Chl or 0- 6- pheny g I n- 3-yl am no) - 5- net enzol ¢ aci 14.
Cycl opr 6fsats. Qz@z emdt@mrbpwlﬁﬁ@wn)tbwpﬁﬁ e feducadnimjnierEothusaci d:
S- CyCPé?’E!EﬂHQ’ Itﬁe,2 use d?h@ﬁl)’da%ﬁ | f&iBieRt b@cﬁmbm%)wt RO &s Yeblhibelibnerein
met hyl - 2- (qui'hol 1 n- 3-yl am no) benzoi ¢ aci d
met hyl - nggly glvantggeeus isrpcis e use| of ﬁemlcgncu\rﬁqmg%@nmqm@eam viryges.
(5-
Cy

a
a
2.
10. 5-

id
id
(6-(
2-(6-(
2-(6-(
nmet h
(5-

5.

Chl or o- 2- phenyl pyridin-3-yl am no) 5- et hyl benzoi ¢ acid; 19.
cl opropyl - 2- (5, 6-di phenyl pyri di n-3-yl am no) benzoi ¢ aci d; 20.
cycl opr Bpyused- f(ezelozt'm RIMSUGNERERR g1 Janisenic dpHoBe'y arentises) ke refer to aci d:
21. 5-Cyc I i
2 (223, el oY BRI ooty T aPnoae T S a2 A P OMPEAST. of oot o
23. 5- Vet W@ imyoune gystemolGenelyi @i WD@"?/IaaHQ%)SoB'QBM tar@@Iedm sige and is

5- Met fyy| - RscogniB®d I thé cBRIeRN 8f IanCRHC/HLA- rﬁom&ﬁmtaqmgwhs ehl of aid
5-cycl opro@}/%le 6- cycl opropyl - 5- phenyl p di n- 3ﬁa/ am no) %enzm c acid;
n

2-
5-
1
5-
5-
2-
5-
5-

2-(6-(2-OF 9¢@n§rﬂnwdsommyn&gm are}seetlr;s &R nBhus; - uﬁe@ﬂwmn&e@mc aci d:
% g (g (a@ugl gregaﬁewnb?(roﬁgg?t%eghmel ﬂHaaracméramxa@ge&amd%@%eaQér&eac' d;

in-5 I%/r@am no) - 5- cycl opropyl benzoi c aci d;
29. 5- I\/Et ﬂwf%emasswmﬂe sufeqr??wnere £y lang m@.erpltgp91 HRCABPBEREoRAC aci d;

30. 5 Net brtér) & "@"ICE | fﬁ;rﬁdilllé}eéd Sthitiolacid/ sttt bidh Peptiod, FedpReliReNARAtC aci d;
31. ?Xze&?an T‘ _n'_ nmet hyl pyri di n- C}*} yl am no) ?Eénmet hyl benﬁ%{]c aci d;

32. 215(6 e %'ﬁ%%&%ﬁ@ﬂ?ﬁspgnﬁenyl pyri di n- 3-yl am no) - 5- net hyl benzoi ¢ aci d;
33. 2-(2,3 -hi pyr| di n-5-yl am no) - 5- cycl opr opyl benzoi ¢ acid; 34. 2-(3
-chloro-2,_4 r|d|n5 Iamn%WS rrethlbenzmc aci d; 35.
5- Met hyl - B’e(f%’a tﬁ?‘F’ -aptigen @ngipr 'aerycyfp %@)%é‘rﬁﬂ?ﬁ'@'&'@?ﬂ .or ) antigen
5, 6- Di 4hdier anptidenit @p@opé 8fMaROihfcetio®s B érﬁlebeéféﬁébﬁcbdectga from viruses,
(3 t hox hen | g i n-3- Iam noe3 enzoic acid
Hglx c{)g icq LHar3e9 tH’o? @ Prekaryadic ergaggms and parasitic
03- Eprganigmeenyl ) pyri di n- 3-yl am no) - 5-f | uor obenzoi ¢ aci d; 40.

BEy

- (3- Et hoxyphenyl ) - 5- et hyl pyri di n- 3-yl am no) benzoic acid; 4 1.
- (3- Et hoxyphenyl ) pyri di n- 3-yl am no) - 5- met hyl benzoi ¢ aci d; 42.
-(
-(
-(

g Efimwlﬁgse][plyéfbrréd rfrﬁfahiﬂlék)’bf g/ir[]sf?am’ aﬁe RQitate IToit ge hrse(r]}ufxel4 ﬁre@@rhtd 43.
uor o e riadl n- en20| |
B L g S e et WA 31t gl e TRV S
- ( 3- Bndrpasmroesy | Gnofbidirgl [eytamyegatbivirus), yﬂﬂ_fﬂrl]Qésbﬁ(ml:QIdMQa@edguéGwrus)
on- ‘Q'{ et hoxyphenﬁ% ridin-3-ylam noébgnzm c acid; 47.
Chl o o- "("6‘1'3’ XQVIEISESx y BA'E %Qﬁe& finstudingi | FHEhz e ad?‘ﬂf“pﬁs""'us

I\)I\)O I\)QJ I\JNU‘IU‘II\JNI\)I\)I\JNI\)I\)I\JN

(6 (5 Htelspixatod/- éynwraﬁphmsyl bqun‘nrukes @1@1}@1@ nepelianisy, kepalitis Afruses,

ci( g Ehepa)((:lxgwrusgs w%luen.tza wat}/s plcornaV|¥uses (u?glug’ nét gtljghl uaosr %”Fowml ; benzoi ¢
-(6- (3 Msdrbormawmbes) \Huny avinsesyarppavidisas, Filglimses o) from( othef Vingsesraaubing) benzoi
acid
-(6- (3 ﬁ/’ﬁ'ﬂ "ﬁ%(’fﬁg/'?r) S-met hyl pyri di n- 3-yl am no) - 5- net hyl benzoi ¢ acid; 52.
- (6-%103- Met hoxyphenyl ) - 5- et hyl pyri di n- 3-yl am no) - 6- net hyl benzoi ¢ aci d;

Examples of preferred cancer antigens include prostate-specific antigen (PSA),
prostatic acid phosphatase (PAP) antigen and Her-2/neu antigens.

Preferred bacterial antigens include anthrax antigens.

35
As used herein, the term "recombinant virus" refers to any virus that comprises an
additional heterologous nucleic acid that is not naturally part of the viral genome as,



53. 5-Fl uoro-2-(6-(3-net hoxyphenyl)-5-net hyl pyri di n-3-yl am no) benzoi ¢ aci d;
54. 2-(6-(5-Ethoxy-2-fluorophenyl)pyridin-3-yl am no) - 5- nmet hyl benzoi ¢ aci d;

55. WO 2010/102822 PCT/EP2010/001545

2- (6-(2-Fl uoro-5-nmet hoxyphenyl ) - 5- et hyl pyri di n- 3-yl am no) - 5- met hyl benzoi c
acid; 56. Ethyl

2- ( 6- (2- f egor @-Bometeh aogpidingy k9 15 prasent inventiom- Saig | proinotey -Bay regulate

aci o 56, Sl fral B soop o RN G eRar g Relllre BB, 7001 €

aci d; 59. ofza hgterologous or recombinant gene. A heterologous or recombinant gene can be

2-(6-(3- _or t - .60
(2 35 SR ueheRHbAar; BUGHY LAVERS) ol ot THereE T oege

met hg/l - 2-gebemading fosqohmtydlepgomnmsm@ayleaaﬁ ony bpitopeatoeindéck an immune _

ML Y eeBRdeE! Pihndr (Slakslds' P RETBRIMTEuS PRGREY ) bfrll - WA RR) benzol
met hyl - exr(rsssmn tadseftie pBa (fibpzyrheigenaret hoxy) phenyl ) pyri di n- 3-

yl am no) benzoate; 64.

2- (5- Cycl opropyl - 6- (3- met hoxyphenyl ) pyri di n- 3-yl am no) - 5- net hyl benzoi c

aci d; 65. AEtUH9<ﬂ hereirs -tk terog replightiah deficiant kious/ cleooies MysesiwvhicB -oplyahraveo) - 5-

2~ (6 | SRR cebaciy,or nave syen st el seracly  epRdyorelIepIRIR IV BOY a1 o
67. 2-(6-¢disl Bafemblyx yinth eaplicatich- deficignt yiruses apc@rqmgxm the) presert inyéntionzoi ¢
acid; 68. cghps"(é_e g 5&s@s(tﬁaﬂ 36 RoP REPHEABSIDAN in G Telly bPYHe ALY i YarfllisCh™ °-

nethylbenzoa
2- (6- ( 3- Cyenaprasisx apthemyieh) 26e.nthusy repfichiidimingoipatentolowenen s nsei ¢

acid; 70. St
W h m I
2-(6-(3- cyf: o%ro%ox@hﬁ?]érr‘]?/ s)co%e o tﬁe presren(tj |rhve§t|on én?tn%r}ov%a mor F%’gﬁgoate

71. 214 6- (cplicationrasivibhipal is soptselied ﬁammuseyw%tﬁfrmf)thghﬁ%tt hyI ben20| c acid;
72. terf-Butyl

2- (6-(2-chl orophenyl)-5-net hyl pyri di n-3-yl am no) - 5- net hyl benzoate; 73.
2-(6-(3-Ch mﬁm@h@ﬁyvlyusssmq%a%m@lag rfo:4h9|@rﬁ$¢m) ingentienharenpreserAblyaci d:
ng't hﬁ[ thczzagpgtbge Sﬁn%EIP@WEW%@Hl But 2r&8lLbMthRAI HoPeabateBt ASY capable at

2- (6-(2- Falh@frmo@.um inésclipue prageny virks intheinfecied cgllsy| ami no) - 5- met hyl benzoi ¢
aci d; ,¢/6. Ethyl

2(6(2f|uor05nethox hen%/% - met hyl pyri di n- 3-yl am no) - 5-
met hy| benYtsages; thatzare * capable of infecting cells” are viruses harboring on the viral surface

2- (8 33 o0 a8abIS oPnkdribirg R ER! fusk beK/ e 3nehdeft ek s Rl benzoi

2- (6-(3- n%&'ﬁ%%ﬁ%%é‘ﬁ%’lgﬁngmetﬁ taken spdntetths hesheelldi n- 3- yI ani no) - 5-
met hyl benzoate; 79.
rzmag ﬁyé%eggovrr@t g%/rlf %)?tr gfgngér%@ggﬁtn%lv)entlonnﬁ}ehw Y r(ljjlsnno?t’ élalpgme 01) producing

2- (6- (3- (Mrevably e&geh@rwmh)uﬁfs%rwbén@ rBRiYd Rirtidedi theSgeHonid BPWhih is at

thylb t
e (6 (3 1 BB SRBANHEARpRTbast ABdn yRRS/RIed 11 Rl RTOIBNS 30T, SVRYI BRIGAIRE aci o
82. ferf - RoWeler2 iob-gatkhgaP RO IO Yirdt- patiElEs PThus!| lmeﬁwhea n@ed3-
gg;[ gyl ginégcgr n%g? )}r?e ';:Areetse}/ml |nve$1t|onma?\t hzlrusesqgaec?lXQ Qg ralbg}t{\}e%n?écﬁomsn%) t%gnzm ¢
g ?gti(rwzl Cﬁ?s(t5Am’tuw Im&tleQHﬁydewdfdi{@oydémsoAmb ﬁgt@th&l’_&gt alt8ernative
0 enzol Cc | d,; . 4
terf-Buty? CQ{ Ugyyﬁ%ﬁp%%@ﬂgﬂﬂf%ﬁ&?ﬂ l?i‘l? @aﬁﬁﬁﬁcﬂer@'%gﬁﬁﬁ B‘é’H?ﬁ%ﬁt'@P

of the virus, e.g. due to the fact that not all viral genes are expressed in a form

5-
5-
5-
C
5-

necessary for multiplication of the virus in said cell. An example for this type of virus
according to the present invention in human cells is Modified Vaccinia virus Ankara
35  (MVA), which is explained in more detail below. According to the second alternative
an abortive infection may also result from infection of cells with defective viruses,
which lack a full complement of viral genes. An example for such a virus according



87. 3-Fl uoro-2-(6-(3-net hoxyphenyl)-5-net hyl pyri di n-3-yl am no) benzoi ¢ aci d;
88. tert-Butyl 3-fluoro-2-(6-(3-nethoxyphenyl)-5-nethyl pyridin-3-ylam no)
benzoat e;w82010/102822 PCT/EP2010/001545

5- Cycl opropyl - 2- (5-nmet hyl -6-(3-(trifl uoronmet hoxy) phenyl ) pyridi n- 3-

yl am no) benzoi ¢ acid; 90. Ethyl

5- cycl opr tpyhe Presenteinugntion- {@- iuman | calis oise DHGHIe(disabled singleycle

%l ghmeggl) gg@ﬁ%@tﬁg\ ﬂ-:ix;vrhn%'())%&l QRepyd swd@émfﬁ which is restricted to a single

énzol c acl
5-cycl opr eysje -of- (T"Baqfﬂ@ﬂh@m@ Ehealy| pynovil hegpgs mtm)l@ertbgahlch efficiency

5 Nethy | - BahSuusRb rérhar bhd didALATRIMLK HRRRYbAiG LLls) locd 8871 99 benzoi c

aci d; 94.
5- met hy| - 22,5191 hipis Girglacks ithie genefastthy epgansial olypgrrotsim HalgH), but can

yl am no) -
2 (6 (3. CEF oA, o iah ters i, 2 complementing, cell (ing, exprassing. ghl In non-. g
t er f - But ypomplementlng cell lines that are permlsswe for herpes virus growth it is restricted

2-(6-(3- Cwuorogﬁg%'eg?f?-e : ¥ ,p|¥5b| eyr]efagsggg_émﬂ?etc Xﬁjiﬁﬂfs‘)ate 97.

2-(6-(2-F y pyr| ylamn - et enzoi c acid; 98.
terf-Butyl

2- (6- firHr y, 0 . QQ.

5 Net b1 -5 fmg@ﬂ%&ﬁ %“ﬂé"ﬁ?ﬁf%%@“? jShig ) prerclEn ) ecBbeodt Being™ |
t er f - But yrep cated in at least one type of cells of at least one anlmal specnes Thus, it is

5-net hyl - Boiﬁlg%hﬁhpﬁfg(mé' NRLs rbr%ryt'o) Qbfhir'ﬁétfb1|§nydoamé1%gﬁMafseto el .
2- (3" -Fl uoro- 3- net i n-5-ylam no) - 5- enzoi ¢ acid; 102.
t er f - But yyaccinated and/or treated y way of example reference is made to MVA that can

2-(3'-flugg @n?pnﬂsa 'iwbE% éeustmwmeh l% r%twaaabnecaf p‘ioai?daﬁgylrké‘%gétp% gety3:

5- Met hyl - 2- (5-'net hyl - -(pyra2| n-2-yl ) pyridi n-3-yl am no) benzoi ¢ aci d; 104.
fert - But yVirusipdwman cellss.- net hyl - 6- (pyrazin-2-yl)pyridin-3-yl am no) benzoate
105. 5-Cycl opr opyI 2- (6-phenyl -5-(trifluoromethyl)pyridin-3-ylam no)benzoic
acid; 106, Eth

5- cycl oprBfﬁﬁ‘F"ezi?'Bb‘ﬁﬁﬁ@ﬁS}tﬁ -of replicatian dsfisiept YisHsep sritaienfos Lse apsarding indsat e;
107. 5- Q’SﬂeQQﬁtOant?cr( %&@u@mﬁb@sy@heéuénbv@(hérﬁehmlw FpoxVira F brlim- 3-

yl am no) benzoi c acid; 108. Ethyl S-cycl opropy
b- CS- th%&%lbh'éﬁyfefgﬁ?ﬁ'!c?ﬁ% F'ﬁ?h@??ﬂ%ﬂ'fww'%%&f Beh7odhe; Pregent

5- Chl gy o- %vér@hdnz‘lﬁélw OFH ey Hlaﬁ’éiéhtd'rébl%at{d)rﬂrﬂéf@ét%nthana@d@né\ll&s as
5- Chl oro- 2- ( 6- %2 chl orophenaj )#/rl di n- 3-yl am no) benzoic acid; 111.
9-p

chl or o- ‘ées(CG'b BunrnshiResey i) pyringle ol JiniEatioan w8 creplication; deficient

(6-(2- Q’éceﬁibm%ﬂﬂ)é'dbﬁwwdél éhc?tstﬁ@JhO@d 1r‘~’an§g§dé3§;5édmd BENAS Sndhhiufhiordi13.
hyl 2-(6-(2-chl orophen am _no | benzgate; 114.

- Ghl of 0. BINEIR JEXRYBEL SUIORA RIP) ZAGTIP) OB AT, SHaTRIR ) BIRPURRLCHG! d.
1150I 51T6Mdbrg Kérpegvitds lsﬁitélﬁéoﬁaiﬁtlg%él )rghﬁflyd&amwh ﬂre3‘p)‘4|.=st'?ﬁlt ﬂﬁbé)ﬂmoh c
aci i pyridin am no enzoi c aci
117. & (2'"("2"1%? Q&géd%ﬁb]”ﬂﬁr/‘r %?cha'fﬁiﬂ zﬁ/ﬁeﬁd'?e@ %@PE«?}PB nzoi ¢ acid; 118.
tert-Butyl 2-(2-(2- fI uor ophenyl ) pyri m di n- 5-yl am no) - 5- et hyl benzoate 119.
2-(6-(2,6-D fl oro ridin- am, no) - 5- net hyl benzoi ¢_aci d; . 120.

i hyl 5 (53 BTeeiad SIBRQURE 1S RpTeaHcR et Fenn e e e i AoEUS 21
2- (2- (2- G, asraxaspl, hﬁiaVbHX\ﬁlusoSthmxniﬁ)s Buchyad weciopWitueeg oi ¢ aci d; 122.
Met hyl 2-( 2- (2-chl orophenyl ) pyri m di n-5-yl am no) - 5- cycl opr opyl benzoat e;
123. 2-(2-(2-Chl orophenyl) pyri m di n-5-yl am no) - 5- net hyl benzoi ¢ aci d; 124.
t er f - But yExamgles (far ahboxmbemslu)t@lyeifni dise-ib-thé gresent -ibvertibhyihtlade caye

L o el R ko RibRhRY [ aRlahBoRik; GHA3BENILE RAYERBRKIGE, - >

2- (6-(3- (E]gebnnmxaptysl car b#sittacinphexwriup - 5- neQimilppyviiudj n- 3- Péanvickg)xvibus,
nmet hyl ben o .
5= Oyol opr S IRE IS, Shagmssndn SIRTAROR IS 2R Turkeyesing Freferse

avipoxviruses are Canarypoxvirus and Fowlpoxvirus. Avipoxviruses are naturaily

5-
2-
Et

35  host-restricted and productively replicate only in avian species and cells (Taylor et al.,
Biological and immunogenic properties of a canarypox-rabies recombinant, ALVAC-
RG (vCP65) in non-avian species, Vaccine 13 :539-549, 1995). If human cells are



128.

2-(2-(2-trifluoronethyl phenyl)pyrim di n-5-yl am no) - 5-cycl opropyl benzoi c

aci d; 129wvo02e(02r0es22ol yl pyri m di n-5-yl am no) - 5- cycl opr oppCh@rzaivooses d;, 130.
2-(2- (2 cycl opropoxyphenyl ) pyri m di n- 5-yl am no) - 5- cycl opr opyl benzoi ¢ aci d;

131. 2-(2- $2 5-di fl uor ophenyl )p¥1r| m di n-5-yl am no) - 5- cycl oPr opy! benzoi c
aci d; 132infected with an avipoxvirus, heterologous genes are expressed he viral

2 (2 (2, 3g&hdrhd HRRVRP the BYibb®iftsioes YbRrapicite 1 FEHPPRIs RARZA R ieci d;
2 (2 ( 2- f thysr Bo gsk Fhas thephemon Ppipgiisrinamedby praduatije BrusyieplinatiopyVY&iusoi ¢

aci d; 134recomblnant avi oxwruses have been onstruct d that express e. lentiviral_gene
2-(2-(2-trifl uoromatﬁ yrim din-5- ‘Tam no P -matk?yl ben20|gc acid

1357 55 ( 2Prosupte (JP. 256 690) UPERER MSOTIHEY BFpamaths anigessyarh 563 97

cycl opr opyl rdpiz @l @dﬁr&eml lor et aI Biological and immuno enlc properties of a
2-(6-(2-trifl uoromeYhyI pyridin-3 -yq ani no) - -rretg hyl benzoi ¢ acid; 137.
2-(6- phen%WYRQerﬁb@SyPWh'B?DVSWAQJBFbﬁ&ﬂmszlf@naﬁ)’i% spenies, Vaccine

2- (6- (2- 1 h yosebed Y| dazy rA%EbrﬁbMéﬁ”&é}%}y xGl.VLfsl Q%rgﬁgfrl\é)?&zﬂi& HIY Genek39-

2-(6-(3,5-difluoropyridin-4- di n-3-yl am no) - 5- net hyl benzoiC aci d;
140. 2- ( 693B-RO) @y @ngpef bas Béﬂiﬂ& Wnﬁeﬁﬁyﬁ?m%1®§(%fﬁo¥ 8- H@?I"Pﬁﬁﬁenzm c
aci d; 1. fo2 Hiv( 2}mﬂumomela@5éwbe%ba.ﬁagl qyd%cfﬁeylz'ﬁ“ B8b- 7@5”996611 beggRic aci d;
142. 2-(6-(2,5-difluorop yridin-3-yl am no) - 5-rnet ylben20|c aci d;
143. 2- (63‘('E°>fVlTH€ﬁsoBW€H9t!\’Fbﬁl'feipg%163miM iBraviay) cgllsg (hesgpredpyave 19 lbgdss8enzoi ¢
Zg: g ijgforgje(ﬁ?ﬁlgwggéf rT%ffthé VirGS SRdRIP e geterstion ol r¥éamminshtvirude hyl benzoi ¢
, 3, 4- oxadi azol 2-yl )phenyl )pyr| di n- 3-yl am no) - 5- net hyl benzoi ¢ acid; 146.
S5- et hyh e@ah@)@fdﬁ‘adbéha'?yﬁdx)fﬂysr Is%ch@ﬂéh%h@P)A%lé%!e%rh@&@rﬁrﬁb‘xd 147.

§6 (2, 3-difluorophenyl i n- 3-yl am no) - 5- net enzoi ¢ acid; 148.
(6- [5- f SR JEDVPRb Fd‘@yl@z n%?myWﬁ?rq%oﬁ“@ SR ks -temietafyihBenzoi ¢

2

2-

2-

acid, andguddidst treaty with the American T)éfe Culture Collection (ATCC? accession
2-(6-(4-car barm%;I phenyl ) -5-net hyl pyridin | am no) - 5- benzoi c aci d;
o

t

h
r a phar eEReR VRAS4Y ﬁ@@ﬁ'ﬁ( SAr@NPox: Stegin I‘§; a@nm@éﬁ@oqanamé YACEINEr abl y,

he D"'%tfdiﬁ'ti@&l?@éted $FOITEFE24 24 10 75, available from Institute Merieux, Inc.
5-cycl opr opyl 2- phenyl pyri m di n- 5- yI am no) benzoi ¢ aci d;

5- (2- Car boxy- 4-cycl opr opyl phenyl am no) - 3- net hyl - 2- phenyl pyri di ne 1-oxi de;
S- Met hy! - Zxa{rﬁplé&of TFrowiddmhﬁé&té‘r}é'étr&h%nFPMIOXFIPLSilaﬂd3FFYd)‘aACnMSDSWBe|598§Cl d;

2- 5Fluo di n- 3-yl am no) - 5- net hyl benzoic a
5~ Gycl opr 6y s 2 Pavaty pian grosied T ediin stapeint ROy BRI Hickans
2- (5- Cnl otike Gstidire nigl ﬁylbbﬁim%r&al)"f BRirus- WBEdid RN Qddsighate 0 DCEP

o Aok i RS ARMR Rl W TAEPE .7 o
2- (5-Cnl Oéd?nr%eﬂfmmbwmmdlswacdﬂ\@rﬁtﬂéﬁ‘) ob-dieiken | &abEe 6n@ﬁléhallable from

5- Cycl opr i di n-3- m no) b nzo

S oycFonr Bieriosn Boiepuics alsaretEs SN 0y SPhaTerCay ) MRt WHsEeS i g
2- ( 2- ( 3- QunitesastapEyabeEY ) Rehse me&s,)sbaanm)soEzcycl opr opyl benzoi ¢ aci d:
5- Met hyl - 2- (6- nor phol i nopyri di n- 3-yl am no) benzoi ¢ aci d;

Met hyl - 2- ( 5- net hyl - 6- nor phol i nopyri di n- 3-yl am no) benzoi ¢ aci d;

cI oprmpal patti¢anty prefprred ydmitodirenty bp ytie davenBery,| thei reqjhcbl&rmzdefbcnam d;

y
I h d id;
o (- CRERBRRGRY MPUE T ArESPoRY s o a8 ) MR BRI rB e fr . o
2-1h03 @do@nﬂmhmmds) fuitable f?r 101554tyit|m1‘pras)en15+|namlom|p|nolp¢é bbaemaccnmlawmwsl o

Met ri

ot hyl - S8 IR AYER Bis el IEERFR b Uiddie & BIAnbRehafnraldh
(6 (Azeq:mls (Taghya Bt @kl Wyheyrdiant 8f yleemovaskinga muthylﬂaierQMot 3, dNo.
|( pyri dl né-l%(i y’f& 853 y1 %l %lhglycét?l%tﬁmlangfigéo&fcvéac(arﬁia vﬁ'ué :ﬁlscﬂlaﬂ{o 2,4

||n ['bénzol ¢ ac
Met hy! - Rpglgatien byla-rﬁam?replbcgtyqn ] dsfivient yirairiestor béinelogy: 362, 483-444, 2002).

35 Another preferred example of a suitable vaccinia virus is the highly attenuated

5-
5-c
2-(
2-(
2-(
5-
5-
2-
2-
5-

vaccinia virus strain NYVAC, which was derived from a plaque-cloned isolate of the
Copenhagen vaccine strain by deletion of 18 ORFs from the viral genome (Tartaglia
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2- (6-(3- Et hoxyphenyl)-5-net hyl pyri di n- 3-yl am no) - 5- net hyl benzoi ¢ aci d;

2- (6- (3- Met hoxyphenyl ) - 5- net hyl pyri di n- 3-yl am no) - 5- net hyl benzoi ¢ aci d;

5- Met hyl -wo(Btomes2g| - 6- phenyl pyri di n- 3-yl am no) benzoi ¢ ®CTAP2010/001545
2-(6-(3-1sopr opoxyphenyl ) - 5-net hyl pyri di n-3-yl ani no) - 5- met hyl benzoi ¢ aci d;
5- Cycl opr ogyl -met hyl -6-(3-(trifluoronet hoxy)phenyl)pyridin-3-ylam no)b
enzoi ¢ acfd2 a\lwepop\rlajgplw gitengateg: HiAin of yaeaiyia yres.dvirolaay 1188 4bj gé%zoi c

aci d; 2- (§odR: NYUNO R 8RYabterizB8 YA RYArhstidai r¥d 8" Minity tBEePidatd G goi C

aci d;
5- Icycl opr ¥#iaty of hempR diggue sulture icells; Bubrataing the,gbilityi ta induge-Aiong) HENASI ¢

aci d; responses to extr|n3|c antigens.
5- QICI opropyl - 2- (6- ( 3- net hoxyphenyl )-5-(trifluoronmethyl)pyridin-3-ylanino)b

enzoi ¢S aci d; 2-(6-(2-Chl orophenyl)pyridin-3-yl an no) - 5-cycl opropyl benzoic

acid; 2- (Wrﬁl&ﬁ@'ir%ﬁﬁﬁ?ﬁi%%ésﬁbﬂﬁédﬂndfuﬂhéf Hétémﬁ)reéare%'r@éﬁrﬁﬂﬁéﬂ%é&hi‘é aci d;
2- (2-(2-Chl orophenyl) pyri m di n-5-yl am no) - 5- et hyl benzoi ¢ aci d

2-(6-(2, ev'meeFu%HcapaﬁempmagﬂanHWAaaW%ﬁ @))&r&;eﬁ%qneywema@ alep gaually
5- Met hyl - doifed-fomisRYh tHes drdsdrdyiveptidri ne- 1

- car bonyl ) phenyl ) pyri di n- 3-yl am no) benzoi ¢ aci d;
2- (6-(3-(Cycl opropyl car banoyl ) phenyl ) - 5- nnet hyl pyri di n- 3-yl am no) - 5-net hyl b

enzoi g aciry ﬁéfé%“d &ﬂb@cﬂ]bhbn?of(tﬁe Gr&em.&prtm#éswétbonwelf.ebﬂf ﬂécémtsinam yiRsbenzoi ¢
acid, or a pharnaceutical % acceptable salt or N oxid her eof . Most

pr ef er abl |§,3 fegempigapHmpd¥ie vagsiniA yirus Ankara (MVA).
5- Met hyl - 2- ( 6- (3 (trifluoronethyl )phenyl )pyridin- 3-ylam no)benzoic acid,

5-cycl opr I% 2,6-di fl uorophenyl)pyrimdi n-5- ylam no)benzoi c acid,

2-(6-(2, 6 'Fd@ lﬁ%@n‘ﬁ“}%‘? Vi -SRI ﬁBW@%ﬁ@'FW’MF@ ig theyfagpily

2-(6-(3- (@mmyeomvméb@a@ulgbﬁasmdb ﬁm@tmlmwanpassdg@mdwm&eﬁﬁt hyl be
e

nzoi ¢ acid % armaceutically acceptable salt or t her eof
Pr ef ef3abl ?mPﬁ’é? %5’2?9'%‘3 Pﬁ@?é’(ﬁ’@ﬁe/ \acgigia S&f?éf‘ fpkarp dEheriRaliantars vaceiniqyigss
pgar rra;:ﬁUARk?b vtrrﬁgp@wt Fdreliem S8y M@S/?V‘\ deglall SP@ssggerbmétaltey FEbstin®iang, ;I bed
apove | ur er conpri anot ner coppound sel ect e
A ST Eenenal e aPgh Vst e S aheuiasr e VRriin st EEe Ay Aol esiioRh
Feg;)l TNcFBOBI wthzgzﬁd&{at rwusarlnt amhfainéNvErEt ﬂn%Nédcman&Emhstmde Mahiegal| ‘Bt!irkE)tv/QirUEi ion;
1 a Ant agoni S _SucC a aper.ce enerce an
boghuner cBBRY Jears ot Capd B8 438 Do REvaRal o SUTETS. HowRS" ¢ 1o 0 ¢
I( nhl) blthor1 §evst5:boswacA¢rr:él @smrdtaﬂmséessmerealmmmnﬁ \graﬁes’zﬁe{g rvgvﬁe séwirgichni l(<ai
IV ece or n gonl st s, suc ra and. r en,; \Y
At ) - Con0 TR Ko Bee el s Bisis BLSETAer Salameralp e FaCCisen DS ST urrab
2% ;I?g (()?.QSO‘ It@mQWUl?rggR sh@hnm?utsuﬁiéeﬁed(léi )attpaﬁatlnghldlm nys osﬁ_c f57ais
r - (0] rray | t hl azol e
edi syl at e%© %%%pespg é%§4§%{s(m] %Nﬁ) Bgﬁ g&%g_prys woYReNg.
Sg— 2856(9?&9883(9&&8?2 unﬂB—%%aaun%Bdengﬁéﬂuléa?ﬂ\ Maoam@-smﬁnes 80% gGMVAge) -
KC- 7 m, K 155 r.o D-
(o1 1By OinBIRDE S, L1470z atmas SRR G VoAl AT RO eT Ui reatltiRon 00 7
(all fronvRackay aviAllent B0, Af & DanfeerkK.i\Bccindib®agaidist pEt @séé@es( arhderf rom
Scios), TA-5493 (from Tana Sel aku 0 rom
Vertex): TUMifosepleasha R RRRS KaY. B St o 2e5Rd. 818 Adelignplll o, e
and | gur athis"d¥fA straim has Been Itm’tedilri’n;ndwaai triadd @s vachind tsienn( DkiE&Rpgainkt thet or
such as teri m £he a a S
i nhi bi tofﬁn'ﬁ%? ﬁ*é@%@gg%é o8 of S AHaR" kg [ ed"0hE 8 1% 376 Hcyt e:
30 [1987], Stickl et al., MVA vaccination against smallpox: clinical tests with an
attenuated live vaccinia virus strain (MVA) (author's transl), Dtsch. med. Wschr. 99,

2386-2392, 1974):

As part of the early development of MVA as a pre-smallpox vaccine, there were clinical
35 trials using MVA-517 (corresponding to the 517th passage) in combination with
Lister Elstree (Stickl, Smallpox vaccination and its consequences: first experiences
with the highly attenuated smallpox vaccine "MVA". Prev.Med. 3(1): 97-101, 1974;
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(x) MEK inhibitor, such as ARRY-162 from Array; (xi) Sphingosine-1
phosphat e receptor agonists, such as fingolinmod (Novartis); (xii)

| nt er f er ON® 20t92828i ng I nterferon beta la such as AvoneRCRAEPRIIBIOOGeRH | dee,
G nnoVex from C nnaGen and Rebif from Merck Serono, and Interferon beta 1b
such as Betaferon from Scheri ng and Betaseron from Berlex; (xiii

| nmunomodatiel oard JirahsteinsMintzelo IpaGHANSOUS CPRANROX| YaRGNASPN £ Wilhin %"Yﬁf&n

| dec/ Furmg b rﬁi@vaém'vnwgm\fﬂ was"mduﬁéﬁ Nhé@ @baﬁ@rsab.r qr139I1aa911aasr
acetate (Teva XV enosi ne am noe/ drol ase i nhibitors suc&@g
use of

C adri bi né9?1r)dmswﬁfeeﬂ% %ertsbrfer adyeEseyFeactions e emerBia- AR MyAode"
(a) methojrp@X@VA-Sdsédd shcloHebired stndigt @ thef 57118e phsiugesl Wab régistetdttin

preparation of a medi canent for sinmultaneous, separate or sequentl al use in

the treat FEAPanys ag et ﬁWPG@lVéﬁq:'"%dﬂd?t‘l“@rﬁt?ﬁe prrenieral smnaleex jVBrenation
amel i or at %ré?ﬁ( smlsu LEARN WA-@?EY\%Q%@@ ah CappdNiABRYEN26 000 ESeasRA OF

di sorders_ in inhibition plays a roIe include without limtation

aut oi mmun® Uidé'@!%é@e majrfity ehiigran ibetweghvdt 3, 3 HedE b @9e g Wi (R FERASEFone
di sor der sgeveré 'sﬂi&aéﬁfedwoé\}eﬁsﬂioﬁgﬁhn%ﬁﬁ&&he 30BjeeaNére- drRbRY &b PoOFMERN S,

viral diseases, and infectious di seases. Autoi mune di seases mhlch may be
prevent edW8h highetiskeal Foraplisations, assaciatedwithjGenyentiona! yarsifia Vs (MBYTet ¢ s,

psori g§ i capridrgi trhé srn%l{ééxewc@lnbmé‘ztréiﬁ WVPeTREREN Gendtidl stiuetupe, SEMpBFiérTeS
psoriasis, ‘ankyl osi ng spondij | yti s, gener's granul onat osi_ s, poI gartl cul ar

juvenile Qﬂﬂﬁ‘ﬂ)&‘ﬂtﬁltﬁe rarenterel ‘éacciW'P’&ﬁﬁﬁt%P?V'B WiB| orgaRigRs vt & febilitated

ul cerati vgefeRéd feShatidin @&m Strahshe 2eftralllieBA&Eridt. @n@vom 390)bwmwlzgl a and

type-1 diabetes. |mmune and infl ammtory diseases i nted or
treated | WaF LGRPOBIRA At theoEUTopRRR deollestians of ANIMaloSs) &H@ﬁ!{?g a?%rlgé&(’gt ress

syndr one, vesof2209r MuONinadpagigdisiehéd | Sdru@haét wiiles Ug- h@gintathe@asgoodchr oni ¢
sarcoi dosj s, transpl ant rej ection, contact dermatitis, atopic dermatitis,

allerfc IHPHRQgeniCity) | ergic conjunctivitis, Behcet syndrone, i nfl ammat ory
eye conditions such as conjunctivitis and uvei tis. Destructive bone
di sorders_whi ch nma revent ed or treat mted to

n e but are not

ost eopor osInge n&r{y ls? § yere useq tattenyate @ﬁ@ & %PHH’bﬁBHg dg*eé'%'?tder
Mal i gnanlt sﬂa@iaagasédlaedl eppiing mthmss?@ep’fumwﬁiredEErceﬂs emmumminsdle bu'él
are not linmted to prostate, ovarian an i.ogenesi s-rel ate
di sor der sCFg{agte ?f“p d\"@(feﬁ't“gd“?ﬁ’t ?rFe%‘?rB/Sda{ﬁ @'&%b%-{f é'?aé Y?{af Hﬁeﬁi Ped to
haemapgi og%rmgfwufrrngwmvsmawﬁreramatm , prograt, ar Nﬂ@gem:m Mt@s exterﬂ:vaget ibct
reti nopat ral di seases [ ven rotre ncl ude bu
are nof P%?d( a cYefjgl”Varan%‘iﬂrle ﬁavgz%ét Wﬁgs"%&ﬁa‘ PB@@%I% ?&%ds ?tn &ct i on.
: nf ect idouEudjpse@S@@IIeN’tbm lof rmmnﬁleCplt aﬁmcwbsckEmr?]AGG)e\&lﬂedwe depositonbotmbere not

imted tg sentji.c.shock, endotpxic sho mne ative se
toxic sho}{@@%‘?‘o 'aglﬁ‘l'%@% IOHUCLURP L2 &P e&ragyj&%pepﬁrfa {%%On&mgg@tuch as
nﬁl aria. M acadrting tblthe paddent dlgdenﬁdn lsodmlwéd Eonnmym-ma@egespm"@ﬁoeld fr Iom
r heungt oi ritis t.i S, a ondi tiple
ol or 651 sthevaralh epeiast VARG ot A el ¥ Y NG RE e iayo R 1P
psori asi sAagd3®,a2a00;, &o thes Euidpean [@aliéetioabdfyCélh€ulhaes gECHCCalundemdurnbem or
di sease |§/0§(§%§gtoi d arthritis, psoriatic arthritis or psoriasis. Mst

preferably rheumatoid arthritis. Also provided is a conbination
conprising (a) Interferons such as Interferon beta la or Interferon bet a

e oot R Rl W g U B SRl R
conpr B&i ngirysaAnKana (CVAY thegepanie afshe reselting MWA virus showed deletlons of about
27 kilobases of its genomic sequence and, therefore, was described as highly host
cell restricted to avian cells (Meyer, H. et al., Mapping of deletions in the genome of
the highly attenuated vaccinia virus MVA and their influence on virulence, J. Gen.
Virol. 72, 1031-1038, 1991). The attenuated strains lack approximately 13% (about
35  26.5 kb from six major and multiple minor deletion sites) of the coding region of the
genome compared to ancestral CVA virus (Meisinger-Henschel et al., Genomic
sequence of chorioallantois vaccinia virus Ankara, the ancestor of modified vaccinia
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beta la or Interferon beta 1b, and (b) a DHODH i nhi bitor of the invention,
preferably a DHODH i nhibitor of forrmula (1) for the preparation of a

nedi canenwoforo/msral t aneous, separate or sequential usePCwEPRIG/ODISERL MENt
of multiple scleroris. Also provided is a product conprising (a)

met hotrexate and (b) a DHODH i nhi bitor of the invention, as a conbined

pr epar at i ¥l fpkarandil Gemeadet, 88 @(2&9&2é9020@e)q’ﬂ|@¢1ﬂe|&tlom$eff¢® a membereeft nent
of a huma f

pat hol og; Saendafhod aldberkis, BEWell s o fFs Haghieht G Jefie o for sy

opt i onal | YyPeinclysion pretain (AE) and acgene@odlogﬁ@'m@trt(cztt)ral @fgtededlrewdg arbawr@ Al so
provi ded bl?usapéfLéleé)lBtooﬁrtﬁp% iRA0BLL Bbdigs.(b) a DHODH i nhibitor of the

i nvention t er. with Imstruct!ons for simul t aneous, separate or
sequential use in conbination with (a)nethotrexate, for the treatnent of a

human or ?Hé”ﬁ)enﬂ@ﬁ'ﬁﬁ‘:& éH%éﬁbé%sf@gm%ron%ézﬁ%%'r@é&nﬁ.ﬂaﬁt ] h\m&%ca'
condition or |sease as | ned abov al d 1t nBX opt|ona urt her
conpri se @enefatedwiticanpandall MYA viigsesericaerdingho VA Atratn qaresit ikt 15@8.a
package cgopsditaling thd)anferlRBREH denBhiRirk %u@ét.ohhmdme wrdn‘aes@{'dm( gin 08,

met hotrexate, for sinultaneous, separate or sequential use In the t reat ment

of a pat hHShgiaeavelcanthe MyA wrus(ﬁtg%@%me@ﬁow Phexe, 196l stwaing M@ 18dde may
opti opal | ¥nd lsvswpoeeéaoat e Eﬁr@détahvé fé&ﬂl?r‘?o%?%ﬁ (Ral CeR eimbrégeet@;&gé? Al so

provided s a use of (b i nhi |tor e I nventlon

pr epar at i 9alisbung (Wi Wit W? dﬁB‘PS'Wﬁa nunkesnbCAGG oPARTRRO( agndrdtGR¥EFexat e,
o1 the tuaoigty, desgediRbliol 89 GRbroF@ATLARNY (0 BRATSofeAgh 200V

Al so provided i's a use of (a) methotrexate, for th e(Bre aration o
nedi canenbParticglarly peeferied NEusesang MMASHRIng MAGHBN® asi 80t slepasitadnat

i nventi ongcheic hh&eﬁ hembEE V0008360 @h8 UL Fhfirls 6CNEHANME hAingd e dgmeas
defi ned above. Al so provided is a use as defined above wherein the

net hot¥ exefioreftigs as MYABNadni ni stration at a dosage regi me which invol ves
adm nistration of 0.015 to 3 ng/ kg/ week of nethotrexate and t he DHODH
i nhi bitonglb) is for adm ni stratl on at a dosage regi me which invol ves
adni ni st r MWARNGr can. gtiaghotozgnds arbfceh_w%ﬁq NFallyenepdedryasnes 9 t he

nedi cane néxprésg‘e@rvewﬁ efficiently. qaéwawaaés@my anhd %Md&'of%de‘ﬁ?tvlrﬁé'ﬁéég hdtg or
suscepti bl e to atic ippairnent or a condition that wou be aggravat ed

by hepat 0% cf Wgra%’r‘%° A-BN®, and (derivativgs thavabesh adminigtereshtq BlnYi s

suf f esg Notyp&H BT hnitnals, BhdtPFiove tHEP2400 h@néﬁ ¥@bjéé’th| MclgPgtimimunholeficier® .
ci rrhosi slpgt ml cal | y@caused bé al cohol i sm |iver cancer. In one

embodi men f"'ﬁeAB tions, HavR Paen (e S%?Wa?qf%ﬁ"d MPB(S‘EIE'Eate%t of parts
or package conprises (b) a DHODH i nhi bitor of the invention, and (a)

nmet hotrexate, as the sole active c onents, Th t that t

D1 | o B perbention foBT ARY SHEFS! PORIRIeRS Fulhal VUK szbids p tFE SPEZNE; ndi ng

of DL?EH [ _nréﬁrégertatr\a highg aﬂtfeﬂﬁﬂééi QEdWGWéIWHddé@&freﬂowgv&| %ﬁedﬂh?ﬁl tests th][aee?se off

a I NNI (0] entl on as efin apove n_tne nmanur a ure o
g thaClaviaBiiel Kien

a medtcan@&yfa ‘%’Pﬂ@s%ﬁte%ﬂé%ﬁﬂ' Uatpn a1 §'HCRSH CUBRRIEE on or
]gi sease, t@smdef de s&bmﬁe(womZMZuerrw VA V@rlanpagauaﬂﬂwwm s, egf fering
rom or syscep tic i a condit u
aggr avat € F{9§ ?8%@9 L@ﬁlr n Woﬁggb%%e 6¥/I é%or%”%'vﬁet hod
of L r faat [ m@lheatiwg&? Witro ani gfgabkemtenemyca sﬂ;ﬁrblﬂastsg(ctlm)m mjt Aau s capibiliy eoft 0 a
t hol ogi ca i r di sease as defin conpri ses
Dt ancepiadiee, yaritelin, W RERAY SRR o FrRRYA: oY g MV e o
ani medo partepmdhcm/elyfmpﬁcmet Foaékgmplbf bBIA-BRIG hasinb capabiily oftepoddutisee and
b h hi t def i P
(o) o Loy e, i ARS8, PCECRE! o ke Sl el
Al so pr oveelelihei 293 the thaohnotborter estEOsagcmnanmmnermaBl and tlpmhumn cauviker i ng
from or Sl dge%%gsllcwoﬁht e Iipigt ﬂSLe?g I M AI A Sus?r{aln@' 4 |c5t§f i'nn§d

above, wherel uman or anlna ering or susceptlble
t o hepat i mousgpaiodektiat ¢ insapabieliof |pmducmg mature B and T cells and as such is

35 severely immune-compromised and highly susceptible to a replicating virus. An
additional or alternative property of MVA-BN® strains is the ability to induce at least
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that woul d be aggravated by hepatotoxicity as defined above, which nethod
conprises adm nistering to said human or aninmal patient a therapeutically
ef f ecti vewamormio2g2b a DHODH i nhi bitor as defi ned above. péirap2@evisded is a
conbi nati on as defined above for use in treating a pathol ogical condition
or di sease as defined above. Al so provided is a DHODH i nhi bitor as defined
above f or substantially treasamg levehofimimmanityain vedcinfzavirusnpringad fMaeciniagvinus doostr
susceptib fi ned above,

wher ei n the?rﬁé&sﬁ@p}&ﬁé&?ﬁéﬁ?%% gﬁ:ﬂgﬂetll\/g&érﬁ fe?l#ssﬁé‘oss?r%qﬁn gg susceptible to
hepatic inpairnment or a condl tion that woul d be aggravated by

hepat ot ox y e T, ations
of the |n*\|/-feﬂr'1%|'(r)'ng rgl?efb'lela grr?lﬁtr%?s enF e{(;’%bwéo‘n\éggﬁlg{ﬁgbfbn% '?’ E{?@we%%ﬁgflh%g on

t he nat ur eapsbilithef mpme\re tetplmilanleant@dln d;mogen emdiryy fipreblaster Gﬁ-‘rEsc) butbl et s,
capsul es, t

orepar at | Oé?] géﬁéﬁﬂﬁf of -‘égFBJuQ{ Ye%gh@ét%ﬁ%ﬁ hBrrngR%EI‘?st .h%ﬂﬁch pﬁ»?\ %ﬁsé VA aq“ﬁspr ays
or aer osofa) enepyodum}valmj replidaten M;lsbcmremwms the MIVAddesi 0p capabdityseful ar,

i ntraveno t ¥ieP u

di sperSI O’l:]é?)r cﬁ'}cflve) fﬁf}hcgy Mhaﬂha hﬁ}’ﬂaﬁ %ré’tlr@ e 8 fihe ﬁaég'i' megrﬁum%n

R'ACE] Ve conpounds 1n ination nae
adm ni st ee@arypdg@memell| limer 2R3, sthemumarmeqsmqsarcoompdblme MBB)randwthe
di fferent o] 0 af S r | tan iyant or
sequen| of Taan; erbe ichBlgBtgha Yo FRE" Aela, T, AN oot HRERR
conbi nat i embodimente then\\YA | atnalrrayse;bnlvetheentasynbenWQEnBeM\lAth@ tasdosage
form and Icqd of
phar macy. edesied 8f BENCERerdiliniir Jdba3Rle Hief bty ffads ank yidhs
admi ni st rwveelmgntag Sb@emf@m!m&éas desatibed farthavVAHBN, ses,n@@hvehs capsul es, cachets
or tablets each containing a predeterm ned anount of the active ingredient;
as a powder or granules; as a solution or a suspension in an agueous I|qU|d

or a hon- &b éeatyresi @fuMMA BN, H@ desasiption jofh biglegieall asgayel adawingi ealuating
wat er - i n- Whéthle} QH'WR%H i@erZ%l %Ffa' d’&wb{?\% ré‘d‘ftadm%e@#oﬁg AMewhrgasent ed

as a bolus, electuary &aste yrup fornmulatron wll generall X{VCOﬂSI st

of a susp@tPi§|fbMV6rB§c9rLﬁﬂ Nl’oha‘['ﬁ@thﬁ)ﬁmﬁ&scﬁf MYAtBN @r%ld!ﬁcmﬁd RAVRier for

exanpl e, 6309460 - SHEIBHdrerRRe! als@ldis‘éﬁnsgk|hom9MWe£r'\d‘%tHUr \)é@éuﬁfa WhsBsfdagvouring
or colouring agent. Were the conbination is in the formof a tablet, any

phar maceubs PEePagated. Brieflyueukasystic cally arernfgeledavith theswrusd Tiher enkaskatisns may
be usgd. EiRHE 88IILHab H@E&%&ﬁﬁtﬁé ?o ln'fé‘dtlHﬂ%tﬁﬁﬁé‘?éddémn?é FSHLS anB%'IIGw

gel atine, acacia, stearic acid, starch, |lactose and sucrose. A tablet may
be made biePleationeand piedyetioral @fQFQOU%HHP%rFaﬂrIMVW%%e’éﬁféplérfohﬁ‘r'?etY&@c‘%fssory

i ngredi engglis 4RNEHIGRNCEMbAR FbrobERY RCEPY ErEIﬁrBi‘-ﬂ( lé!llé3@m¥xﬁ§5ét”é] 'Hﬁﬁ
sui tabl e machine the active ingredient in a free-flowng formsuch as a

powder or aatRdk Srodifiad yaeainia /Ni‘K?é%I rgPiqstes B Raby hamgier kidhey Geler

di luent, batBhtid aﬂdsﬁ‘%r wué qﬁsp@g?atnbne bgr ndt %P%ﬁb@sg haefint tradToimeed anabl et s
may be made by moul d ine_a mxture of theFFé{/)ovxder ed

conpotind PRINAVTRYS, \4\71 @ﬁ“ i’i\ﬁn'r‘?}nég’!t 347 aﬁﬁ d1 %BP Jefrt celtsgan B itvalgd URdRTi onal | y

be coat edcgHditfdrar It € MY pPepsdrokkiNed i dhé Ard Preferat V\Z\&hdeCEFQ%IIQrare
controlled rel ease of the active ingredi egt t her ei n. i nation

e CQ
is in theCYBratedin serumpeen medum in ationary Jasks ¥ fiole" *emﬁ'?% 11% 'P%‘b‘?r%mf or
fﬁarml e U§ﬂe{&abl9&al@é§bl@6@%' t@er&%ratemm FoitheaihfecBeh vamas propsrablg. \Were
e conpositionis in rmo n su
phar maceut§edapt @aF’r“i't@Pc'WoEl{ ifestieny f?frgﬁlpatﬁ ?Qﬁé'?’g 8 @Pdﬁg“‘bﬁ“o“
suspesisi Oprefarably bfkes Pded o2 Hoks &63mpl e aqueous guns, cel | ul oses,
silicates or oils, and are incorporated in a soft gelatine capsule. The

conbination may be in the formof a dry powder conposition for topical
del i very Tite tehve "hotngaphble iof Fedraductive repligatipoVid @sed onthe pirésemh applicatiof as

bl st er 5 SR NaA AN RRELES SRERr BB oPe: Tneh o€ heB Pep el o1 or
i nsuf fl atiey refé?endsmITaUscsmd emeappliés/tocovitusi thatchgscawders amnplificetion ratialad#i on  of
the C%rrpogany% ;(er |n ecl:tlia\r‘eoft 'Ieos '2;‘% ? 35%& qll?é easggweffespr%% in U.S. Patent

6,761,893, which assays are hereby incorporated by reference. The “amplification
ratio” of a virus is the ratio of virus produced from an infected cell (Output) to the
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(carrier substance) such as lactose or starch. Use of |lactose is preferred.
Each capsule or cartridge may generally contain between 2 ng and 150 ng of
each therwpeotooas2by active ingredient. Alternatively, Poe/ERetione1s4s
i ngredient (s) may be presented w thout excipients. Packaging of the
formul ation tor inhalation ma}/ be carried oui_ by usi n% sui tabl e i nhal er

e P

devi ces sa@Runtsorigiraligayredi to(infect ftae mels yn thefirstarlasemprde A BhPFeh) “Which is
descri bedbétmebheot@ht QAW napttaa@fmesa&plamﬁéémﬁ sté't@s%&%?m% am&%f000325

and WO 03/06174 he conbi nation may. In the formof a conposition for
nasal del Vs produged éram thenipfeated gaks ﬁothemaﬁ agdhe @atapnt initialycusedol9e
ment i onedghQYife Eﬂi’s. i nhal ation and further include non-pressurized
conpositions in the formof a solution or suspension in an inert vehicle
such a5 water optionally in conbination with conventional excipients such

as buf fer gpvagBli® BF &5 ORirRbivest 87l dckyrdgdid ﬁh@gerﬁméntaréﬂaté'cﬁéﬂéd tgy
nmodi fyi ng agents which nmay be adni nistered by nasal punp. Typical dérmal

and transtfdp¢igg aloreast asukstantiabphe ssame clenglerdf | BHBYNIY iR oYRSCHIa NdSaqueous

vehi cl e, pfthefAedmibCvifusC bEGSD re@irﬁvédtwten t&thpated oo lgmt&.rﬁé/vaé&uh nifgge form
of a nmedi cated plaster, patch or nenbrane. Preferabl é the conbination is in

uni t dosaBePstdrgimesoA WGHIRR ¥irys % FRgarded: apdrdusing a t eubsiaptially thgose, so

that jfie pahbdlel rmymﬁmﬁttpl.ﬁtvgec.a.as\hﬂgl Brifl@RBcdifig ViR WHosP fediPes witeh Ve
which is required to achieve a therapeutic effect will, of course, vary

with the pempared o DNA-PURe/\acsinia yirys &O%ﬁa'ﬁﬁsr it thGnCTt-h@SQB'Eﬁ%@LS under

t r eat ment mea8ggreliNg &ﬂaf To'fQHé aéséﬂys@’f QRH ‘Qbs §e§§%|§ﬁé§éﬁ ihn e edia2dgpi cal |y
all active agents in the conbination are adnministered at the sane time, or

very cl osBrefenakly np, b%hté?%?&’él Fey least esubstaniiplivadne RN | YAGSENIR B in the

nor ni ng - apsmbRacakiBeirdsS bob&t Rigires tierdddmp&ledi b @Mb%eﬁﬁ&ﬂﬁél\ﬂrusme or
two actives could be taken twice daily and the other (s) once daily, either

at t h& saheesti FRimes. oMoty Rrgterakly.cdhé- dall dtRSPARRS® c atlrt e¥acHRiasfydiat el .

Pref er abl yrimke/jatainia VikGs bRdEt %aﬁmuﬁra%ﬁr@bt.gheahh ,at 9éast lyhreastt thwéessswstl d be
t aken toget her at the sane tine. Prefe | east two

pr ef er abl YNEM CORPRIEFLL thp&"ﬁé'aaeﬁ?m'@% gPé%I fgé'“‘&?ﬁ Mars erat?(%’qy’ligopg-nl-abl y

t he drug E&E&hé&&éh@heﬂh Hdﬂeaggaygntl on is for adm nistration as a dosage
regi me which involves admnistration of (i) 0.015 to 3 ng/kg/ week of

met hotrexate, nore preferably 0.07 to 0.7 ng/kg/week of nethotrexate and
nost  py ef (Y@ bbiu288d%isPodbsIownakdnivaaliuses arebhtainedaiving tad prdpdriiesdof03 t o

30 ny/ kg/ |nh|b|tor e_preferabl .07 to 1 / day, of DHODH
o bt £ or M/ABNBS T iary ategsaisa BRUSEB SrsReidonér. Bocn Periihdior
EXAMPLES Ea@&gé of kb moum&u Raédigia virlis nRaR @IWE)Hsa@ﬁ ¥ IMYA-332ay NS5
activity ancg s i nhi on Yve e stu g g?&a chronobgen reduction assay
wi t h DCl PA% OBt 'W%‘Hi@f%‘%fhm aﬂH%BH%I'ﬁ?I? RB)substrate oxidation
(Di hydroorotate, L-DHO, as well as co- substrate reducti on (coenzyne Q

is coupled to t nogen reduction ce. enz ic activi
Cosul £ 1 B Biriet? rOS Eh HRR Bt P B "avecls hiohednabaralah  BEhE (o
~ 1.5 ng edmparsdrio wtiedreWA steties bnd i ahfedeven ifiGsewetdly phratrsconigtemisesay
m xture (200 ) contained 200 mM Co@, 100 mM L-DHO, 120 nM DCIP in the
assay buf #¥a5100 mv HEPES pH 8.0, 150 nM NaCl, 10% Qicerol, 0.05% Triton
X-100) and 2 m of test conpound. The conpounds vvere di ssolved in DVBO at a

k [ f
FtookeSnCRRARY Bl iy T0cafoh by hedd LRARIR LR ke v
requi seed éfficiebthpdrahsdribadbwith ahg .blddkeinr eeattreurn:atmrs bewgt atathedleysl efddiusg t he
SLEYTe Andedefiil R Babe (SDiied Ul Oold, NGREIIEIMP LALUKE IR SrdlBAR" | N0

DCI P redu ecrease 1'n abs nm usi ng
st andard emessasnmmmbmnt(QSpe@tl?racmN?ﬂ Agdd. Sehdd. B89 H8S1ed99it i n

dupl i cat ecQHQu gﬁé%@ss, (#-Fots?rrgﬂdy 8fa Ic%gat\ﬁ%é'rﬁéityf 8 th%aﬁiahly attenuated MVA
strain of vaccinia virus: propagation and generation of recombinant viruses in a

35 nonhuman mammalian cell line. Virology 238: 198-211, 1997.) Despite its high
attenuation and reduced virulence, in preclinical studies MVA-BN® has been shown

to elicit both humoral and cellular immune responses to VACV and to the products of
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conpound, were plotted using the ABase software. Table 1 shows the
activities in human DHODH i nhi biti on assay of sonme conpounds of the present
i nvent i orwOcormpioesds fromthe |ist indicated previouslypcshpesmngotshat t hese
conpounds are potent DHODH inhibitors. TABLE 10PTI M ZED EARLY- LATE PROVOTER
COVBI NED W TH REPEATED VACCI NATI ON FAVORS CYTOTOXI C T CELL RESPONSE AGAI NST
ANTI GENS hetergipaqusagemes Digred! inter thearival maname)| (ilsmrepaeiCiahES hefiepgittissent

i nvent i onygedighich o [V ehhreERl patidRE |4 m#%m)'rmb.a{ér{tqﬁnﬁp%ﬂ' ng at

| east one antigen and/or antigenic epltope, whereln expression of said
antigen aﬁ’épfé$$'%91MV@eﬁﬁ@%ﬁﬂﬁ‘@lp%@fﬁc'ﬁyé@dl'@ﬂ@dc%?na"fﬂ'é?ﬁgé’IUT'DQ t@atmentont r ol
el ement - CRARTIRIORD. AltiviraR Stndr iy IR TE64306) 126059 & §4av A CFhRbAPedc Sal d

antigen and/or antigenic epitope and e use | 1 cation deficient

r econbl naMcoinatign wah nMW‘c'd'Maht nefr elicitsciNeéspepifie k frhelnad éfP" trRgPANseenini on
Live att eEM@F\ﬁ‘:QI»Iy HAR G\?édtélﬂ ﬁﬁ?\ﬁ&daﬂsesv%fcwehﬁ (1} BAd P8l PANGDIa et al,
preparations, have provided the nost effecti ve protéction agal nst vi'ral
U1t bt | onClifieal draleetldmmuizaion St patients mthdn@ltgeggbmemoma With @ufclegpus
prot ect i vep3gmNickl-detived YYrdRBE - céIE‘%hEd’ude@d‘é‘keQNQy witha Gt ird@rRcin it

subunit vaccines is generally of nore limted duration. A key factor in

pur sui t oferlipatiqnadefisierd yaeniatvestar ensediag Jhe ané'vé)ffﬂ?i;'é%ﬁ%gefﬁ%pﬂ phageilng and
nonr epy i Cial NYuki Géhe YREL. qr4§1£)0r13x¢m0361ﬁ z@@yeﬂ)pm&m e! 8l %a&éﬁmpnr tar
publication of Marjorie Robert-Gu Replicating a Non-repli cati ng

Viral Vecthgdiatedimipupity e tw&sma@s@hvecmarwrugﬁraﬂsdswﬂ e@ﬁ%@*) 98"‘5346 556,
2007. ReCQé’ﬂHnﬂél%ll Wa&élﬁeﬁ%n%epl‘{&sgell ialherhela3taB PhégSorh® Eirf Cafldr AEAS 1N
infected cells. Specifically, reconbinant poxviruses are currently tested
as proni si‘%%é@é 198802004 %duce an i nmune response agai nst a foreign
antigen expressed fromthe poxvirus vect or Most popul ar are avi poxvi ruses
on the one side and vaccinia viruses on the other side. US 5, 736, 368

and US 6, ¥¥A-BN@ Qﬂds’@F%E'”?@cM%rﬁ‘M@tba% ¥eGeines\Gan e eenesatRdVYRISAIHI ch

expr essespiddifcéd tanb emanastuPsPireiCER cefs %uﬁd‘r@d3|34séi'hﬁﬂﬂré§¢ﬁecﬁurhemi nant
VACV st ra| n NYCBH expressing |entivirus gene 029 di scl oses a

r econbi naffcomRBgnt MVA-BNRpqriants hawepeen Qﬂ?g@é‘F%f%mﬁ'"M Apdicfvis@lgenes.

For the ejéVetsimett. Rb Jfﬁér@rﬁdélsngeﬁnsg@nﬁé anenlmpénl(rauré@sreﬁﬁdﬁroahn muaERt er s
are known to the person skilled in such as 3K ang 40K

pr onot er sC§IJiEES) & %j‘fety (H’Se@'“'ﬁﬁ'?mé'flﬁ)) °r %{'"LCPF ﬁHﬁ'e%ﬁVﬁ&eﬁe obseved PEMEeRr onot er
(see, 2. IMVABR®Eth&tvirdl vectOr N¥eRBEN) adid WIRE baFiodke réotbihamNMVAcbaveat
range-restricted and highly attenuat ed WA strain of vaccinia virus

stinul at e SPective imunity in mce to influenza virus, Vaccine
12,1032-40, 1994), the p7.5 pronmoter (see, e.g., Endo et aI , Hormtyplc and

h t t tect] { fl f i
Feconbi mahtedbde G ey pisenC fivenn. n§e: felatiRaamlicht dBroBPrAC FERERot ei n
of i nfl uecsrapnger & anfigelSeind/oYi artigenié ZefitdPe Miibreith SéKpressivh bheaiar Qrﬁttyeﬁr

H G- Fov P U, AELST S R, SERACA-of SrRAIE ol 1% JENeRRPBRLI " Wpends

on sequene:lemem.thln t he gene, J. Gen. \frol 79,613, 1998). Al of these
pronoters have been used in reconbi nant VACV to express heterol ogous genes
and were shown to express said genes very efficiently resulting in

rel ativel &s lusgd heneinntransefiptidrel wootreli elemantsdm'dsehmehm bﬁa BNA cguilsgdorgene. | n

general , for Ci p S,Lt h e he
ant gon’ otRRBBR ot B 2R Hfibrd  PALBERES 1 b Ay BERSbo ottt 05
hi gh znoutnarsslationdnitiationsexfueaces foo nigosnme biidingrahdie tbumaatorsmandethe dsponse
agai nst f [ vector is
hanperedatgﬁpérﬁggga%ﬁng 9%"%%8;‘1‘%?'2?5& ¢ enfg'){tereghﬁ'c h%asét?(\)/ conpete with all
of the nore than 150 antigens of the VACV vector for recognition and

| nductionof ;S0ecLd b&b@ﬂﬁﬁe‘?@%@%@%@ idn ﬁghgl,lént r@%ﬂqgﬁ@ MRRCGONYrisk§Gsor  CD8

T cell epitopes prevents in
transcrlptlonal control element which comprlses at Ieast two elements driving early

35 expression of the antigen and/or antigenic epitope of interest. Said at least two
elements may be promoter elements, preferably early promoter elements, more
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T cell response against the foreign gene product. (Smth et al.,

| mmunodom nance of poxviral-specific CIL in a human trial of

r econbi nawmo-20mdiot$2ed vacci nia Ankara. J. I mrunol. 175: 828TAP4@7/0013@95. )
This applies to replicating VACV vectors such as Dryvax, as well as to
replication deficient vectors |ike NYVAC and Mdified Vaccinia virus
Ankara, MEferaBly atxpagstwopmest nicferaabihahieast iR corips 19f apagayly promoter
pOXVi r us- gafanti ¢ pronoters but not conmon eukaryotic pronoters nay be
used. The reason for this is the specific biology of poxviruses which
replicate in the cytoplasmand bring their own, cell autononous

transcri ppsoied R&el, tRé teMhd heéﬂi}ﬁ&drﬁ‘@tbr"d&e%dﬁl t proffoRENERMehY Piefet to
eukaryotic pronoters. The viral replication cycle is divided into two major

phases? aﬁroé‘%‘ﬁ? %‘ﬁb@é‘a @SHy iniviKgs t"PfécﬁeF’r%ec"stQﬁfmﬁoWF% [ANA gieplicatignt hasn

bef ore DNAcdwgpfeldi cation, and a | ate phase starting at the onset of viral DNA
replication at 2-4 hours after infection. The | ate phase spans the rest of
the viral replication cycle from~2-20h after infection until progeny virus

i s rel easgétiodearé hﬁowm@me%brg&{ hk.uemﬂrtﬁe amhoa/ inUawBE deierm%w Widthér onot er
types which are djstinguished and naned f¥‘8t e tinme_periods within the
€

vi ral repﬁlpé%{f‘?t&h'scﬁ}b?%'yl ROmRte nIntRAscular thg Prempeter PB'PteéﬁﬂrFﬁPé’e igsgrted and
| at e g ongpfream 65@@&pd?te9 endant S8 csmdtrl&tsdan b%t ihtte&ilded iffo é/@i%]'v'éb@:rv rus
Late Pronpoters, . B| ol 210; 771-784, 1989; Davi son and

St ruct ur e®8f a\)’é&‘&'f‘ﬁl ‘é’u§' ‘fﬁ?@'lﬁ'éﬁ“?@/ 'sﬁhSPnﬁ’Ls@ﬁ’ do '“jeCtIVSI'S Ipjqsder thﬁ?S?ﬁﬁath%g

1989; andaﬁlvﬂg@bmp prbmaler thé/dbid hrenintubitéd wWith @ ijs@an\ééQﬁéﬂhﬁlb}(é; iit8l
romoter in vitro and in_vivo, Journal of

| nt er nedi
64: 6063- 6@&'8\ repbgagon sueh g8 ARRE cHNArEPlication s 3 RESPaMisita @a ﬂlf-y'ate PBromoter

r ef er enceagtiiipr B, ady lpyorRbterBERi tﬁétrisa:héasukw iﬂGthlsVéSsbﬁlﬁstlth isnduectol on,
activity of late a&rom)ter is confined to the |ate phas hird c| ass of

by sSlementsiaty e E AT BT s edutnl dhe Tt At pramoteIer ey of
e?rl y toI bey grtomwéral th@tndabmeomwmh tepﬂlﬁaﬂb{nrh%b tENN ;{l@cﬁé nmauateractmyecalnatter
al SO a | es (0] at e onot.er owev ranscr.i n I .NTt erne at e
oot OP SR bpaedhured Y TSR kB e RETsPReRIED i B P s S8 thee o
di fferent smp!lc@f ther &mmcrlétat br@ﬁ}oﬁ@ﬁte&r @sed in bﬁcﬂﬂ%ehmﬁpﬂ&%tldﬂghiﬁefﬂ (21 ove][
recent ear s ce. 0 the te a r onot er or
ont 1 gen’ cBsmetel e i gai b 1 g suPrebee satroetine iacke PR IRAGRIER! y of ¢ he

anti gemn-specific i mune response. It was shown that T cell responses

agai nst apti xpr ed un e.co ate rom)ter are weaker
han ool B BTaEmER StpRa. e ﬁlp@é&laﬁa@ecm&'n@f} hPRGS CospPsRS 2y | y
pr onot er . egridviatet promtotérl prefévablyge poXuirns eady/aite psonsitediAnt éarlydiedel gromoterel at es

with the therapeutic effectiyeness of a nodel reconbina V|ru t unor
Vaccine. #E Sxpthskiongt airked PUEEE b Salgneeat KR Sanband W fies SErel
Tenpor al viegjlifeatcleon of i nfluenza hemaggl uti nin expression in vaccinia vi rus
reconpi nants and effects on the i mune response. Eur. J. |nmunol.

16: 1479- 1487, 1986.) Even nore strikingly, it was shown that in repeated
aut ol ogouBreiferablyli thateiadyitate/\brtorndmmdnmisaebi Ieﬁ onetldte ton@moter element linked
replicati \, t 0 gai nst
anti gons (rdgesy s SFre¥ iolrc i, 3o P it M g et e, BiEer

conpl et el f;ourtﬁeln s‘lffeanlanmorempletssn anneaity pomoter elenm@at.ect abl e
antigen-specific CD8 T cell response after the second i muni zati on
(Kastennuller et al., Cross-conpetition of CD8+ T cells shapes the

i mrunEiUorrEVﬂInU@rmipEB‘falabhy saidr ¢atty/lateogromptercéanarisen . a Jate pEspotertaiement

204:2187- rde Wi p. t é{A%\é tors
appears t%r?cﬁ% C%%égl a ?éé?tﬁfcdltelﬁgéaﬁ]ﬁggﬁezgéc éaglg[gr ?%t P*eéz‘?onses
It has al prefasakin cghl@wroftawwclemldeeaenyewlemgeuaqmmmgé@nwle@tm @Ordhot only
conpet es ¥ phsk@hp MR essed antigens but also with other early anti gens
for i nmmunodom nance I1n the CD8 T cell response (Kastenmuller et al.

Cross-conpetition of CD8+ T cells shapes the
35 In another preferred embodiment, the at least two elements of the transcriptional

control element, in particular the at least two, preferably at least five copies of the

early promoter element are sequence optimized.
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i mmunodom nance hi erarchy during boost vaccination., J. Exp. Med.
204:2187-2198, 2007).The specific properties of the early portion of the
poxvi ral woaeomy®es2ni ght thus be inportant for inductionpefr/Eo10/001545
antigen-specific T cell response. Mreover, it is a commonly held view and
a general rule that higher ampbunts of antigen are beneficial for induction
of stronger antigen-specific immune responses (for the poxvirus field,

seefor ex I | at.i ' U Gl dpdivitro

oxpr o5si o Peali< pletéitectlemnoliiidrf, 814 Ranfloue BRI th' baifapj

vacci nes. Pram@eheon@isigna lai glenzat gelived fperorapremotasrdiffenemtdo Aheeané fropr onot er

el enent s Wﬂﬁhﬁh%‘%ﬁ%@l@mhﬁrdeﬁw&mm fromthe ATl gene has been descri bed
an as

previ ously een shown to direct increased early antigen expression
(Funahashi et al., Increased expression in vivo and in vitro of foreign

genes dir - ' L, o0 h I r | LRant
Vacoi ni & g1 dsmtorg o YRP g RS AR AR K Y BhdY JRE brarSERIRNANT o
of i mMmunogentral ielenesnt siiding rexpressione aneardigen dseaaslysarst as etromdbanpossibiedi f i ed
vacci ni a : ; = : T
r esponses}sf({\\ﬁﬁgéggg{/nagér_\” %H??"Sen igfallvaﬁgc@fﬂgtac ég\%rng%ot%\’r%p?ﬁe) a2 é@g!r)rd)i nant
repl i cat i autoelkthprausrectos@ptigang andrthus ischaneficialforindedtionanfial stroag antigen- a
si ngl e, i i i V., f only slightly different
from ?%osei olblffd;‘]f E@Qreapﬁééﬁmpac&%%QPBS?#%H’S%%&%?H in this setting.
(Funahashi et al., 1991.) Jin et al. (Constructions of vaccinia virus
A-type i ngldysy IQ, gﬁp@- taal, J&Qﬁpr ei n,
and hemgéléﬂuﬁnﬁ{éﬁh gg%rﬂgﬁ})re}doa?eﬁéss@éggggﬂﬂ !gﬁkﬁg(/égll{%s"égfase?{ﬁ?ess”(g)r# tdArch.
Virol. 138S31%e ( me ra geplicaioncaeroient ce¢ampinant virys rasterdimg WACY
fened emoedimerine) licatéioncdeficiant cegapmbinant 1 ding 19,

har bouri n ANSTS i \éb\gy t : n@dm i t andem
repeats (gwe%@ggﬁtgg%rg@?. Ef tdlggﬁﬂg a?lgocp 7.?%’:0%% %Jp’%@ﬁﬂpy” i nm[a'gllgt o the
CAT géhe. ?%IHJV P&ﬂ%i?'?@%ﬁi'ﬂi%ﬁén‘éﬁmt éhlﬁ‘ﬂt\a?%dlsﬁcﬁ’.ts We_eﬁxpm@ar ed to
be ef fect kb/&tiﬂcally iﬂ%@é§|‘l){jﬁhé¥érdf3fh&9i?é? r@di&éﬁo’iﬁ%@l&. THRY#YRbter WdrfertWas

constructs, the anount o T protein produced in the presence of cytosine

CA
ar abi nosi A6 1o shart late piREWtarpement derivedyirpradbe spwraxAH Riprmoter whished i n
the earlyisridp63ed@BirRB! YeretSPrdd3mn iR MRs lafbRasel arld18ad P4 RirtHar Giinéd i n the
absence of AraC, indicating that although early gene expression was
i ncr easedin thedmoyrt qf expressadantigenant i gen was obvi ously produced during the
| at e ghase of infection. Accordingly, there is a need for inproved viral
vectors that enable early expression of foreign antigens and induction of a
strong anf P kinetipef exrressian was shiffrshiowarimaanior Bneoints HEIBAE RIAMPERS

present i paeRgih@tb thelraéeitly ldefifed 8R4 SRAMNRYIAE hAY BRIMAtESOMhadBle edriyus
encodi ng at | east one antigen and/ or antigenic epltope, wherein expression

of said a9eNeFeReaFRiingd amPbeigerpPressedoethesperias PRt By o fr Bl cafisst i onal

control einfBtibh. ¢AEAFdsBh Nl @t KiRet ahdipsi€ ot e Rbmplitd \pokarus airdnschptBm@ssi on
of said antlglen and/ or, antllgenl c epitope. The inventign further relates to

sai d fepl [EEEIR AN mmediperRarly laRtorihgenesyiPres Nask Ared aei Mbaic APRAT 4%,
vacci ne apfis, Re0sITravisoh, ANE PHE Mesi Sttutlirecof VREEISIaVRDE ey prffters. J.I n

anot her ot r t ipvention relates to a ar naceuti cal
o et ¢ R Hiol, 1o PAE YBY 1T e artsRuliareL ool BB GEor bl Rant
vidr us a?dpreg/@ﬁti mgd&ticgtn, i rﬁ?ﬁtr pRIE bity,canl ymlnmeaiemlt @bHg tsa&fsbii;ﬂ?nadiclbmz_,
adj] uvan n (0] a | e. e.l nv | al SO_TI al.es 0O Ssal r | C I oONn
Gt | oront SPReshatsiand by cqmbgind 4f IPash By RS aRE Ve ot 2uee & BGIe cer ne
for ixduceany teanbcfiptidnal e eements) WrisH aieopretérablaisebgase aplinized, irgan

a further, as t, it to the u of said

o Deat GRSE Bl SH calh tanke BTl oL etenh & HeEanT deBBidBuc: ( an
or vacci nan kearly phemptee pienadnt,omost preferably dayna doxticars eartiuprangpter dleoeint.

response pn.a_host to said at |east ope_ apt] nd t] c |t ope.
The i nven ﬁeé?{aglysgagng%rﬁbggogg%tege%r?er@dﬁ,p ipﬁ%aa 4@@8&&%%%@8 tor
pri me/ boopreferably a sequence optimized p7.5 early promoter element.

35
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i mmuni zation conprising said replication deficient reconbinant virus for a
first inoculation ("primng inoculation") in a first vial/container and for
an at | eagb wecopsi2and/ or third and/ or further inocul atipgm/Ep200061skHN0
i noculation”) in a second and/or further vial/container. The invention
further relates to a nethod of inducing a T cell response, preferably a CD8
T cel | reEferably, ithe poxgais, eanyipted pragncder aomprisesadtd laast looe laterrpramdtery a
I SR kot 16U B Y SHLATENS OLoeh® bR AiR8LEANeELA o1 et
reconbi nant virus to enconpasse et esent’ rnvention is
a pr onot efwelegyphirteengfostteerdifteep qmmre@ppua@ @@qm‘u@f@heﬁ%ﬁb@e&bcor ding to
nt 48-81 of SEQ ID NO 1 and/or at |east2 nucl eotide sequence el enents
having at |east 80% identity to nt 48-81 of SEQID NO 1. Detail ed
descri pt i GMedmMare Prefaabiy isaidl APwirgs eedylate premeted somprisese late promatern cat i on
defici ent S i genic
eleRfePTBh@ aDfea¥t s pl‘%‘?&ggl;,l%gle%tst Illeeaéag)édl. ra?'n;gndtrgggoﬁewrgren?é?ﬁ g

epi tope, wherein expression ant | g? ni c gat ope is
regul at edp@erablumﬁ@érqf@tnuﬂlﬁgt'de@ﬁqmce ementtacsording o 881 pSER 1Pwo

el ements fg-ying early expression of said antigen and/or antigenic epitope.
It was surprisingly found that with replication deficient reconbi nant
viruses the expression of an antigen regulated by a transcriptional control
el eneng CPHHlEbIﬁHf'%@PéUE&%" t;xm@@@%ﬂ ffatgrbr\ﬁh{were%llné ﬁﬁ%ﬁ%beﬁ npgcurred
significantly earlier in the viral repfication cycl

si gni f i caRtefsrably teleastt fl\emotyes/éaﬁ a Phéd gaﬂynprwqterr elentastt more preferably

expr essi OBogled ¥eAlsdiieRcs BpHRREH P73 eérryad?éﬁbtepblm control el ement.

Addi tionall'y, the advantage in strong early antigen expression even
persists until at least 6 h after infection. Accordingly, in a preferred

enbodi menpre@érablPethl SS&IMs leBNﬁl&Tté BRomdtBeisah doﬁ\ﬁﬁfs é%/lgieeﬁfd?fdspr@ﬁio‘t'@r

i medi ate ear |y expression of the antigen and/ or anti'geni c epitope . e.
Wi t hi B t heomPhsiRg ﬂdﬁj? elgrment dPﬂYeé’cftr?ra@ premetes diffarentitp the ene iﬁ@mfwm@t thso

m nut es agaMyeleMbRCE idAvedne ability of a very early expressed antigen
under control of the transcriptional control elenent according to the

i nvention to outconpete vector-derived early antigens during recall

res ponseSAmﬁdmgw@sbl flithed phfeRdd ethbddiieRy th@elafeeléiénﬁ?éﬁtl S tHée bbgiirAt
reconbi nant virus and subseguent determ nati on of el | responses.

| muni zat P/ BIRYHEE PEATEF EAICCBWIFES HeQmpoR AT} lﬁt%ﬁ'io"‘éfﬁ?rl gen-specific T
cell sesponses, in particular in CD8 T cell responses. Even nore
surprisin SO of the experjiments, this a roach was even able to
bt se. | BirlABAE TR RREE R B A YRR RSP ASARR (S B OTORRs| |

epi tope | aémehmréfaauncaﬂmlrmtnowlélaﬁ@nt NiiKed tbef Uddst 6osll trgr0fodrefiashi eved
wi th conventional tr nscrl pk%_;)‘r;% contrg Lement even iffter four
consecut i ¥& Fhfilhi '8 ﬁ dHee. Gyan. tweeves fpirigen %‘é}'{:‘??’] fles8 9 Qe

res pﬁnse edpiey of Bh &RIrgrproMber Ienm:éntza’efeaébw @Lrnds eatly fbrérﬁ@tevlereln&th an@cor d: ng
to the present ntion was ranscriptional contro

el emeft c'Sﬂ%‘e‘ﬁF#e Y?)?eﬂ‘éeél?elﬂ?ﬁ R7 Fﬁfé\g%mm?ﬁ{r‘%ﬁ%mﬁ@f resul ts associ at ed
with the use of replication deficient reconbinant viruses accordi ng to the
present i tion ossi bl e un nted ide effects, .such as_ the induction of
O seace | PeiruafpordgRed K8 RlEoR eliFhi eIt MFE 5 SR EH AR of
replicatiwherdisf satd pnkwmcamnlyllatar‘rtybrm pusestensodpdsas the chusipoddd s&dgEncy

advant age&tséﬁ%c\é [3 is the use of replication conpetent reconbinant

Vi ruses é ein, the terns "antigen" or "antigenic epitope"” are
used 300 refer to a sequence which is specifi cal |y recogni zed or

specific

protein ﬁm@‘%’%%ﬂ?’%ge %Yth%I &8%%’?%[)? éovs&& J' and %ﬁ%%ga nn&%gegﬁ §%1J1¥F1'Déﬁcont ext
of an M—ICpSrbMterbisdmuwﬁ to me/\mrsm aklliedajgmmdﬁ tblalwnpxbrte&ran@misir@ﬁe tos bound

on an anttjhgeé]er%rbgﬁl?%{rggcgeeés‘dn rﬂmger Mbl *pr&i‘%ﬁeh%ﬂﬂ'promoter sequence
is as follows:
35
5'GTTTT GAATA AAATT TTTTT ATAAT AAAT 3' (SEQ ID NO:6).
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"antigen" refers to a (longer) sequence, in particular a (longer) am no
aci d sequence or protein sequence, whereas the phrase "antigenic epitope"
enconpasswe a1kt er) sequence, in particular an am neca@pdosoesuEh or a
peptide, respectively, that still elicits an imune response. Preferably,
said anti ?\gn and/ or antigenic epitope is a cancer antigen or an antigen
and/ or anf\reding te the pigsentinggntionfikis tiogeibledgdaise the Adl erammoter aespesiled f r om
viruses, rayml or BB AURIM StV bIARE At gron%tgﬁm%' rﬁafeg a@u%%@%d@ﬁcb of the
organi sms, and parasitic organisns. articul arl erre

vi rus ant PRYEHCE showp|abover Thesterpm S!Jh@%eé%mequﬁ\t@ﬁhwﬁf ftﬁﬂ*ﬂi!ﬁﬂt%@f éhﬂl gens
fromretrgy dd’éﬁ%@%hﬂvﬂ‘%%@é Rat Ar &lll%vﬂgf profFStee Sy g%Hﬁﬁ%r GsNEcHf|ag

cyt onegal ovi r us) avi viruses (incl engue viru onyXxovi r uses,
par arry§<ov?"f'-!§s late prqmtamm@/m@éénasmem Pﬁéhe ﬁ%ﬂﬂ?@cmqf the ArTéstm@E?bWS a
syncyti al 1ehgfiHed ot 6ABEYD HiERB1IGdS Ghoidl Sidreratiplof Yéésvag nitgtibL.] svetl uses,

hepadnaV|ruses | uenza virus, @ICOFH&VIFUSGS |nc u such

pol i ovi rugipre éfﬁf%'ﬁbkquf @4 daast B0 mysleptidese mosh peafierably of @t |e€f5 Qé\ﬁuﬁlﬁ§&e&)r from
other virgsge s&ilithtd HRRATIARbmote?Y Fhe s@é Yre 4ty Midyde &ﬁ&?s"er

%ﬁg.leﬁé
antigens include prostate-specific antig ,epr ost at| c acid
phosphat aBecleqtides 24nioj 2faf @ﬁd‘\ﬁeﬁeqypnw @ﬂh@menméf EAAAT-Diraated al

anti 9€dS {HeCBUERd @JRtthé arT Iaﬂbhﬂ:‘i‘é}sseq‘b%nb'éeﬁhé“’sb%éﬁue ae nﬁﬁf Blso’ é&ﬂﬁf‘i)éenant
virus" refers to any virus that conprises an additional Heterolo ous

nucl ei ¢ aBveleqtidgs %2§° #8tof thg Mhpmqs%rr&eqyﬁn%é & ithexpeqienses- EAA A

pronot er gqee4ted B&hé@' ERE ofthe $EM prdridtBNédqidncedal d pronoter may regul ate
expression of a viral own antigen or antigenic epitope and/or may regul ate
expression of a heterol ogous or reconbi nant gene. A heterol ogous or

reconbi nampe esrweelsﬁ\emb& thé€p7.8-prooBFRas %Bﬁ«ﬁﬁé@ By §|n§jlerrﬁlcleohé’&§@6§tlﬁhlon f ungal
or cancer ant| era eutic gene ene codi n or a pep tide

conpr i%i nyhigh i é‘&§‘€”b@Hé“éﬂ”'ﬂ%ﬁ1§t@' b?'ﬁ‘ﬂu@@ IizatigRn e q@és‘ﬁﬁwmﬁﬁf Y

exanpl es ﬁ@heh@lﬁés{%ﬁdﬁgﬁuﬁe B@ééﬁcé@ﬁmrracstﬂaﬁm ﬁ!@@b’%@ﬁ&%f@é@bﬂﬁ%é&% defissette
or a riboz ene. As used herein, |ication defici ent Vi rus"

denot es vfﬁld?é °%PW9WW°fWé“?%E%@%%£W?Q b2 PRICECARPTISHG: ivehei r

capacity é&)lé@@ﬂtﬁd'éﬁilﬂn%H)bW@&éﬂlyf:@'bﬁ\dtéf eh&ﬁéntquééf to Gietapyadtan Atihgte
repl ication de icient vi r ses accor d't?n,%rt oth Fr esent inventjon conprise

viruses tRRMARS Hisreinafisr idenptedaes aplly Q'Wé?efcbp ds ngff ol P9eHE Sianffigantly

parti gyl agarlidt, beﬂW&sCﬁéd %lgnmaﬂntwhhlgheralh@n éxblcéissnoh&ﬂlvbﬁady the wen:aemuent
However, al so those vir 3 are_w thin the. sco t he gﬁ?f@t i nvention
! & R

that shows¥MRYAGFOPIET B 2Nd the,PT-2 ArerBaen et e "Ee’] MiRaftely t he

i mmune symtetﬂbrofs@mmdnoamouﬁardfbeﬂmere deiéctad NSRSy d130MniAGHHRF Mfdttioh.0 t he
pr esent |gvent| on are r@referab y ca ble o |nf t| n ]eagf/ host, cel but

are subst MBS iR teepdines teﬁd é{‘ﬁtﬁ g est F'Pe 58 OPng PJ(|15ect| ous

progeny Vprortotérs. tdembinatsi §le|lé§st Mréd S@PnUnatioRr unaePaith esush iahf ecti ng
cells" are viruses harboring _on the viral surface strt{gcﬁures ca ablg of

i nt er &t i MYNGHRR-GHY HOBIOI el sSPEeSSIAMh Oh ANeRRNaeD fa4ted R an |

| east t heamigedtspgeifioOD8 B célﬁl@ﬁbou@ cm’hparébeo treséornwehtional poxviral pnataemt of
t he prese erm"viru ot C

ni inventign the e of producing. i tious
br ogany  vP® RLOTRISt A 2avariade T piods SarlianiGER % Reson RERBHE M LS o
| east parﬁhadafter infegtiore r THuad eainigt gerden ekplession nvas \eixceddimglptreghSroon thigen
replicated gwever not packaged into infectious viral particles. Thus,
t he vi rus% MPEEd accor di ng to the present invention are viruses |leading to
abortswe infections in the host. Abortive infections may occur for two
reasons: cco di ern e Ie to
i nfecti on {errF 8%5&%82&%(% tIJ[;)ee e&gméin\?g?#n\lx emﬁ et%gé% h'gﬁ \%ﬁs (?)f#ﬁ% E'gédvégr us,
e.g. due amlg'ehcanﬁ/acantigeatc_apalbpezddmngth_aimlgeqlete esgrle pbase ebdradbrephicaiondnm _
necessar stn?é e%kall'n%lni %do%ir%fnt MVA X)%d’ré'&ekr?n ﬁl@l_g cglfslé Ievélnof%é"‘g}?écﬁieﬁor this

type of viTus
antigen in the presence of 40ug/ml AraC that is within 10%, 20%, or 50%, or that is at

35 least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% of the level of
the encoded antigen in the absence of AraC. In preferred embodiments, recombinant
MVA expresses in Hela cells a level of the encoded antigen in the presence of
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according to the present invention in human cells is Mdified Vaccinia
virus Ankara (MVA), which is explained in nore detail below According to

t he secomoabiozneseki ve an abortive infection may al so resuEP26m0OMssnT ect i on
of cells with defective viruses, which lack a full conplenent of viral
genes. An exan*?l e for such a virus accordingto the present invention for

human cel #eHg/ml pras-thatya highes tiandbe devel petheyenceded aptigensinitpe a@bsengeus) |
a Her pes manoluﬁwa\fbuyépb%h%té $hé ‘?ééorn?tﬁﬁé?ﬁ NIPA %xEFé%?%§t\ﬁdf6IHetr9£e kdiect on

(Dilloo et al novel herpes vector I cl ency transduction

of nor mal %mrﬁﬂmwtlemﬁ thee gaESISS| @mtlg@nctbam @n MVovedty: wm@he P87,
1997). Thp %be&#@uﬁf&iﬁeéé’lﬁw RGN of SHa/drtE EaRNA brid ?@Lyﬁc@%abﬁg/m BedgH) . but
can be grown to hi ters in a conplenenting cell Tine expressing gH In
noncorﬁ)l enmenti ng cel | lines that are perm ssive for herpes virus growh, it
is restri g} glorefer@dSéMBOEMENC the Fanj/fid iIHyBlid PRombtBALbMPrised freerdilghPgse of
noni nfectious virus. The viruses according to the present invention-are
pref er abl §eEH&B1 e of being replicated in at |east one type of cells of at
| east one aninmal species. Thus, it is possible to anplify the virus prior
to adm ni stratl on to the host thatt |ts to be VaCCI nat ed and/ or treated. By

3 diftgaaa itctae
but  wiy Chcé Rbé‘aa(éﬁctaﬁc%&%r%g @p @éth@éb%ﬁﬁé%&‘éu&éétus i n human
cells. Pre erre odlrrents o’r replcalon e|C|en VITUSEes suitable for
use accor BFgaess g A = St i A rgddgddgiigdageatadenoviral ,
her pesvi ré‘daa&ﬂﬂtg@@éﬂ?t&@ga@ | BEQ IDENQF@' es for a repI i catl on defici ent
adenovirus suita or use in the present invention include an E
1-deficient replication defective human adenovirus as described in Sharpe

et al., STRgkequnek of FRUATY AR premotr idlinfidRts, %ﬂe% slebpies BNthe 'optiMitRdnant
adenovirus_elicjits long-1ived trans%tine specific cellular and hunor al

i mund® r eBHSrR&lY Riomat g?ezg@der bnes! imi . OAtN&RAMNER Y BFOMOIPE ¥EScat i on
defi ci ent cile@esuti absordingt &0 Bavisvn &S avibss, tﬂm&@r@t Kt vVadcirlid eviplise Titly

i nvention_include | S \/ h al so al ready been nentioned above.
In a pref BF9mRier én@dﬁ?'ngﬁ bhzlhé 2%?@??: on deficient reconbinant virus is a
poxvi rus, as, for exanple, an aVIpOXVIrUS or orthopoxvirus, such as
vacci ni a yj ruses Vi r able for use in the
o esent | MHETERS o CRGALTZRY PH BRRHE QIR NG Fe i (ews: us.
Canar ypoxvi rus, Uncopoxvirus, M/nahpoxw rus, Pigeonpoxvirus,
Psittaci ngpoxvj rus, Quai l poxvi rus, Peacockpoxyir ui.n Vi rus,
Sparr omoggm&taﬁ%rl i ngpoxvirus and Tur key?Ml&‘U/rE’ULe' rqg?rg:'t 8BISE
avi poxvi r (i est4oefeSE@QIMNPOXVI rus and Fow poxvirus. Avipoxviruses are
natural |y St - tricted and productively re cate on})% i n avian species
and cel | s8 ﬁﬁﬁ&@'?aéa?g Bi ol ogi cal and i n‘m.(gtlld erties of a
canar ypoxnt abde of SEQIDINDAnNt , ALVACRG (vCP65) in non avi an speci es, Vaccine
13 :539- 549 1995) I f human cells areinfect elapw th an avi poxvirus,

r

heterol og%ﬁgg genes are expressed fromthe vi enorre However , the
avi poxvi r(m42id2of S&8Q IENO:tlate in the hurman cells and there is, thus, no

ri sk that d by produ i Ilcatlon

Vari ous r%%%%ggﬁg%?c%g#%%tﬁcgwhave been g%?\é%ra&f’é@“%ggt express e. g.
| enti vi r a{nt48¢ op SEQUIR BIQCUS 5, 766, 598), cyt oki nes and/ or tunor-associ at ed
anti gens 5 833,975) or rabies G glycoprot thae(TayI or et al., Biological

and i nmuno |c properties of a canarypox- rabl &5t econbi nant, ALVAC RG
(vCP65) i (mta2:87 aASEQ IR PX1)es, Vaccine 13: 539-549, 1995). A r econbi nant

canar ypox S%a% ggq@a H V genes Duqand nef has

al ready b%%#‘éﬁtg ﬁég?lg%ﬁ% IJgéjal s (Peters, ﬁ%ﬂ egn)(%:mﬁ' %am s for HV

i mrunot hetr& @121 of $BRIPMNG:1) Vacci ne 20: 688- 705, 2001). Since avi poxviruses

productiv@% treplicate only in avian cells, thegg cells have to be used for

the anpli gatl on of the virus and for the generation of reconbi nant

viruses. @h22xEAfSEDID MOcHBnar ypoxvirus is strain Rentschler. A plaque

purified %&%&Q&a%&&h&ﬁ&@cﬁ&&g ALVAC (US 5,358 eaRy8ptiti2sd deposi t ed under
the

the terns o
(nt 128-161 of SEQ ID NO:1)

tccggt Linker
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Budapest treaty with the American Type Culture Collection (ATCC), accession
nunber VR-2547. Another Canarypox strain is the comercial canarypox

vacci ne swoanm/dewegnated LF2 CEP 524 24 10 75, avai |l ablpeTimroomoionssys t ut e
Merieux, Inc. Exanples of Fow poxviruses are strains FP-1 , FP-5 and TROVAC
(US 5,766, 598 FP-1 is a Duvette strain nodified to be used as a vacci ne
in one daﬂntlﬁ 16O SEQ NERD strain is a commercial fow poxvirus vaccine
strain de gég% 2wE8 /2309 Cct obe avai l abl e from

I nstitut eéﬁa Mer | §§a£| nc. Ia:%égélégé% comer ci al ?Z)\?\A%@%?P&H?eacm ne strain of
chi cken efft168-267 0§ SEQHPANOBI e from Anmerican Scientific Laboratories

(Divi si ontc% tSchering Corp. ) Madison, Wscongjger United States Veterinary
Li cense % serial No. 30321 . In a particularly preferred enbodi nent

of the i n(lé?ﬁﬁ?ﬁ?oﬁsr?@ HePQ:Bati on deficient reconbinant virus is an

or t hopoxV hidkuttgSateRcRficiiatiRgEhdje Vi rus. Exanpyeeahipbpigelni a viruses
suitable for use in the present |1 nvention include the vaCC|n|a virus strain

Di's, whi cté9%¢#41 REPEQ IV BB1)cel s but is unable to grow in nost mamalian

cells (Tagﬁ% #t al., A new nutant of dernmovaggpeyirastrittidtssiteNat ure Vol . 192,
No. 4800, 381-383, 1961 Ish|| et al., Structural analysis of vaccinia

virus DI s(§RARA7 oASEQ IPAOeW- as a new replication deficient viral vector,
Virol ogy 302, 433-444, 2002) Anot her preferred exanple of a suitable
vaccinia virus is the hlg attenuat ed vaccinia virus strain NYVAC 1 which

was deri viufurthgrembediaeris cihgradly/lats hybsid rometer copmiisgs aseaeacadhat r ai n

by del eti %napfeaéﬁ 8054, 585% 0 B0 5% I 88%061 05% ﬁEﬁfo‘lo"‘gﬂidsa&t iddnticalN§\he: A
hi ghly attenuated strain of _vacc 217-232, 1992).

NYVAC i s BHQP&H%F?Q‘&J‘W%S%%%NQ&I%}Or"édéc‘bh%ﬁilﬂﬁt%ﬂ " 48B( i ¥altte i n a

vari ety ohghyress SEQSHE NOt HRe8% RnoWléHgéQif&héscddéénﬁhﬁ ke§erdesi grduce
strong i nmune responses to extrinsic antigens. Wile the jinvention is

descri bed®atY ADAlater Pr@gicters. @stwelt é@éﬁ"&“’t"?ﬁ%@ﬂ%‘i"ﬂ%ﬁ?e BlectsnPlavaniqusses,
SUCP SSf r ﬁgaabnd@a?%w&uor@ én téaﬂyaé??/%térwme&ecacwwwéw%@ aahsmtogglyalt lhy
sulte or use I n e resen I nventi on r rr 0] n (0] e

i nvent i onStrPﬁHrer‘éfp\(qCEQﬁ ¥iugy ?"'%F[é’r’i'ﬂm?récén“di"ngﬁ)ﬁ %r Zg ‘7§ 19%@59 MAAWNant
rmcrir{) fi edf u?ﬁfge@ to thé bbttsmaék@éé}uérhdé%f \?EEMADI NOlfﬁbagt pé em.g,}&fe@l tﬁbﬁwﬁhlﬂgs a
nmenper o e genus Qpoxvirus 1 .n e ram OXVI I'l dae een
gener & ed"B ?ﬂgﬁ“ge‘cyt?%?cﬁ agtpvity of ﬂé%?&ﬁ'@%tebr{“%‘ﬂ GG SeGUSNEES fh%r@%‘? fasts of
the der rrafromaSEQnDaN@t'r it GhePBKore bshqbns)aidt aat/@sabstaﬁﬁaw tae\samesoénkar a

 gonschaMitai &iiande, Alaauh 0% 4bhand a6 POt PGy ch At e
| nf ect i onprbmdted SEQLEY NID: 1 i@ bnysrapassad mecbre%rithﬂvér‘ai@ﬁl nation Institute,

Ankara, Turkey for many years and used as the basis for vaccination of
humans. However, due to the often severe post-vaccinal conplications
associsat eth avifmdmetq;refenieai atnbogiasent theriavertion ekNes & agromoErcohprigimger at e a
nore atten r sha oX_,vaccl ne. ri (0] 9 0 1974,
Brof . - Ant BieRplysniekelite aB e AR MaHgS B PG P % B0 o T Tk
passages 99%CHr eeén Sta0¥a\tiormdblogy .or iBastitpde mii 48-@nyof AEQ dDNNQY]. In a

Ei genschaft und Verwe du des t enui erd-en Vacci ni a-.9 ,

i oot | onPYTcwary prejertd StpBalrighn he romae DmAress, b Foagl 2rareehl 2 ¢ hat

t he resul lelasyg SMMch&ieasrequelneetelémdams, adcordin@atonetr 48481 Y SEMADI NO: agai nst

225 5i - 18R B0t MEHIARS FORITRES 8 Pho 1o Buorer, B oY 4, o

trials ascovemnd AH late promoter elensgdi nst t he human smal | pox di sease (Mayr et
al., Zbl. Bakt. Hyg. | Abt. Og. B 167, 375-390 [1987], Stickl et al., WA
vacci nati on agai nst smallpox: clinical tests with an attenuated live

vacci ni a Vhe ugersentaiseqenes) ideatityhonays ber aetgrmjnedt Hy hvisuald inspgetion ang,

2386- ZSQZW%R@tlcaﬁ%a{aﬁfa}uoﬁ)f AlDR BRI, Y 11 BEIRRIB@Nnt® MAhuBleR! el | pox

vacci ne,
25 sequences can be determined by comparing sequence information using the GAP

computer program, version 6.0 described by Devereux et al. (Nucl. Acids Res.
12:387, 1984) and available from the University of Wisconsin Genetics Computer
Group (UWGCG). The preferred default parameters for the GAP program include: (1)
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trials using MA-517 (corresponding to the 517th passage) in conbination
with Lister Elstree (Stickl, Small pox vaccination and its consequences:
first expeoizercess2ai th the highly attenuated smal | pox vRCTIRPROTONWMALS

Prev. Med. 3(1): 97-101, 1974;Stickl and Hochstein-M ntzel, Intracut aneous
smal | pox vaccination with a weak pathogenic vaccinia virus ("MA virus").
Minch MedaWhahe €9atparisan matrix feontaining a volue) of h feuijentties and @ dxr pep-
adver se r%@ﬁﬂt’ié&ﬁ'sfoif rnaebme%' rynfa tHenwé ?ﬁe MRpsdanY Rthtrix gmdﬂé‘ékwlanaeed

stock (corresponding t 1st ag e was registered in GCermany as the

priner vaBHigess, Nugl. Aﬁlgsﬁ%gé‘kﬁ?r“@nﬂ@ﬁﬁl ass Agsarivest byasehwrrls and Slayhefam
Subsequengdy, AMA- o Pr¥@m %@ﬂeh&e a@gr %%F@l M %%Qm@ﬁ#&ﬁﬁﬁé&@arch

i ndi viduals, the majority children between %ears th no
ac

reported Eevndalion, pe 35Gr3RS J978vE) a pPenAl qfr&r@qufe e;a@u@ncbaﬁ @dwélpealarmng
the popul gtipqsknsit) foré4th gyn%mﬁ e@emabcaﬁa Qﬁhsn@%éﬁéllyafo?%n\‘i" ééi)sC@?tY&nt i onal

vacci ni a virus I\/g r et al pox vacci'nation Strain

mar ker , gEWQfﬁ'BS 5?%@{ Q(P%Sk'@@pérth%ﬂﬁéf %ﬁﬂ%@@e GPRANSe8 M3y alRe be atsed.

vacci natl on and behaviour in organisns with a debilitated defence nmechani sm
(author's transl) Zentral bl . Bacteriol. &B) 167: 375-390). MA-572 was
deposi t edThe M%"EWGB% alsg| elates inther remficatian deficientigoonitinan ¥ires-AeC

V94012y07defiéa Beledion (HeShe tnadicath&Cs Whidme bhd R Nisal srethe9RPMcation
i mrunogenicity. Since many assaeges were used to attenuate MVA, there are a

nunber of d%flq‘?’\ér’%frﬂm@@?’ﬁlvﬂﬁséﬁq BehaRave 95 henpriergratian cha 'E%‘%%{Q%ntrﬁ!nber in
CEF cel | syactide. WA strains originate fromDr. Myr and nost are derived
from WA-572 that was used in Germany during the smallpox eradication
program or MA-575 that was extensively used as a veterinary vaccine.

MWA- 575 wiiRe deﬂ%t.é@d:eﬂaemeﬁecohblmQnruetaéctsfu. rt@ﬂﬁé%r@@édtﬁﬁ@érﬂlﬁnoﬁs Ani mal
Cel | CulturesgéeCACC with the depositign nu 0707, The MA-BN(r)

produbt u3dRinisersd ina geprentiayon sargepfel & de d °ﬁéﬁtt%9ATe@9&tfs&Pﬂ§Ul“Het he

present i pwbid Mok 56ﬂrﬂrlp/reférétﬁl?ﬂh|\é//c\,05§él'1tn(aﬁ@rﬁ rrﬁﬁé@%@'é@ h0° tchfs 287g°h
passage of MVA in @EX A sa le of MWA-BN(T) wasg depq (ged on Aug.
I

30, 2000, I'GtPse/mk E&F%Bé%i?{a ine2 308 foat'eélansﬁu Gr%sm( HeAl ™l nunber
V300830f3f3m0§6préfe¢5m§W@&ﬁ‘(ﬁén&ﬁttér’i‘lfanlg@rwetgeﬁCﬁ RS AW I, bltﬂﬁt |§aétem|5?I WA
chnoril oa Ol vaccl ni 1 ru e resu 1 ng
Vi rus SholBcout et gk P 4 lt. SopeeAIb RS aS Brofl o Macardhal CoBEHTEAEE and.
E R/gr efoor edemasdﬁsme bgse of vitlig hulbycti hept trféela?lﬂ'fae%bécléé adfﬂe? Kaadﬁmw epl s

er eletlons I.n e |
ot cbretAad Veicamalion, dosaRr BHEanR SomPies 1B d oo e Doy ot brea ablter,
Virol. 72a du3élofl{F8or 189 ICIDLhendst teefepdbdd astissd 66 1bhq10uagpdsromrat ial y 13%

coding r cbfriiiRt2 Bhe 3 x Pk SF an KL kA, Bl 2 DRl yscayalipf fage for hmzs' "

( Mei si ngegorhjerisesiek 16t TEID:, tcﬁen@m"crcsleugyameas)ébmhar i2pat P&t 05TEHREI Ni @
vi rus_Ankar a, Ehe ance tor of nodified vacciniavirus Ankara, J. Gen. Virol.
88, 3%49-3IBGisteigg sukc o48Wetions affect a number of virul ence and host
range genes, as well as a large fragnment of the gene codlng for Atype
inclusion pr ot ei ene codi a str r.ote

il eort oot A kB {8]inayBP tarf i Re rRShOe B B SHETES i RiaRESH Stane

i nvent i onrepli¢ation cmﬁcenpmemmamlwmatasmﬂded iaboest for exmbienmm MXAA i ruses

N R TN M e

Manas3as, défisiehd t&dmHbiitt vires wetdordang tbitbe pésent myentidr, aorne;(ammte M dnabove,

el L dipl MOASET B S8R I SBhgbl o SRR L et

ECACC V94043l tanse ECAQAENRIO6Mt VAQBOBY arfestp@ct;pna@cbryan@ut@ bp@%ftbe irechuaecor di ng

St ai ns. MORCRE P BEAEd h e Ve aton B BRRtoudl b e iR obh Bidte anc

deri vat i viesombinaat vlamtbammq cnga tusegl i deefirst vaccination. Homologous prime/boost
35  administration is also a preferred embodiment of the present invention.
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properties as MVA-BN. MVA-BN(r) can attach to and enter human cells where
viral l y-encoded genes are expressed very efficiently. However, assenbly and
rel ease olopongemge2vi rus does not occur. Preparations ofpciNd@blpn)sssnd
derivatives have been adm nistered to nmany types of aninals, and to nore
than 2000 _human subj ects, including i munodeficient individuals. All

vacci nat i 6he replicetien @@éﬁemtoragew@mt aliruy asedrdingnl® thel presenteinyerdion, fore
perceptio | r sipare the
same and ?)é%ﬁesent a ﬂ E’%Iﬁélﬂgﬁ tMe)%Salgt'\lé%trIlj Qﬁg deﬁlvlét\t}%gvﬁ’lra gl %@cﬁr&baomever,
precl i ni chéterategoustprinee- @Qséae@me@hatwhw(ar&\pr mode: Abthet vascivatienfpisrdane
attenuati f ﬁf}@é ’ 4k The
MA var i aﬁ’? %’?‘? %u?)nésé g%% éa‘ﬁg h %ﬁ)émgﬁe %ﬁtoz%gg%ﬁ\éf%a%ﬁf € nunber
V00083D08withaaothee tymp@fbvaopm @fg 1a8p dutf'ﬂf’r vacaing|a eratein9r iannudei¢ 6cidn

chi cken eplyy fibroblasts (CEF), but no capability of reproductive
replication in human cells in which WA 575 or MVA 572 can reproductively
replicate. For exanple, MVA-BN(r) has no capability of reproductive

" epli cat i ofe IrloddBf HRASHAIGR 2 Obd SniElehobd i CintiafTculllp ThiiaemaITRY O

ki dney cel | I|ne 293, the human bone osteosarcoma cel i'ne 143B, and the
human’ cer WitrRnasallo Qir submitaneously. |Rrateriadl s intravueRners., MVN”BNGH'?T s@ ans fai l
to repi caérﬁcuuar 3uBBEReSTRIRIMIhRAGLS HIWRADIHY SthePhREE Gf MamFRstdtRnB and T
cells, and as such 1s severely I nmmune-conprom sed and hi ghly susceptible to
a repli cafangensed suchgs serfificatittal or al ternative property of M/A-BN(r)
strains is the ability to induce at |eastsubstantially the sane | evel of

i mmunity in vaccinia virus prime/ vaccinia virus boost regimes when
conpar ed T0e DNRDYAN 2BP rejates ittpPharpaceUe’) compegitinp o Vageing comprising Weer r ed

enbodi m?nFephéé’t%nN%ﬂé@ﬁtOrr@b&ﬁbnh@ntt Reruk n‘é@”’dbﬁ’rﬁbd“%&vﬁe aﬁaga@tiohélw oh
reproductive replication in vitro in chicken e | asts (CEF), but

no capabi phqrgnagputfc@ﬂy BeraPtakle carssy, |dé!‘d?ﬂto?fjl‘|“f?nhaﬂ‘i{\ér é@'\"ée in which MVA 575
or MVA 572 can reproductively replicate. Mst pref erably, the MVA has no

capability of reproductive replicatigon in the human keratinocyte cell line
HaCaT, t hHURBIAYS WaYS S BrepREed 'f?é'l“P'aF'?’P%a@@fQW'ﬂ I‘fé"’ﬁtﬁ'fﬁ'ﬁd BBisan 38 e 28r conm
cel I | nembdsd.of diétagdleinNthidBofEktY bd dtl gacalat fo0 e BRIpardtion eofHedx@iral Thus,

in a nost OFrgef erred enbodi nent, the MVA strain used Iin the present
i nvent i onfofBuRRRRsERferancads Magela YEHOMSIEEACT under nunber V00083008 and

derivggives thereof and variants revealing the sane properti es as descri bed
for MVA-BN, respectivel he features of MA- BN, th descri

b o1 001 caNCRUSAPG SIS g vl SURSAORES RUF SAIERARRIEEr GUFETDG SRBOSEN or a
deri vat i vRefting bRemuBMndTBELHYS] PHRbURYNE Guﬁs@arﬁubﬁ GpréseMﬂinﬁ\l stabilzersVtheavi ng

t he propertl% of MA- BN ar?xpgciéiclo ed |{] V\? 2480. Said reference al so
di scl osesKFowUiRRIE L5 RS Y felgctad, g hﬁeﬂﬂo‘tﬁ% cAMBAsiRA fge: BEWNs | v,
eukar yot i metblizdamélecundssiichs\Wot Bxdniyste, \protems, aamaeumay@tpocylacﬁ& haidsir e
cells that are usce t b&e to infection with . the respe ﬁ,cpcye OXVI rus and
al | ow?¥ epP9MEi¥Ge F'F 4P, PPYMSLE BN ACIsHATNRG 8?]9 COPYYCTSE &l e
for this thgpire.of cells are chicken enbryo fibroblasts (CEF) and BHK cells
(Drexler et al., H ghly attenuated nodified vaccinia Ankara replicates in
baby hanster kidney cells, a potential host for virus propagation, but not
in vari ousor’rtberprephraninsbbvammhee,rtde pedomiinant EIMAsyirud acéeeding Y6 thelinvenfion i847- 352,

1998). CEE : cul t t ed d

ki |1 ed 1 FPrORLSEES SarupePaselyberlleTout Solrs Bip e RO Ak S e T e
medi uzn i ntyseauf wumayd fara&kkawroto the $ldlifedbmersdre $or bbevmmmdoamewmlspcerﬁ beabl y
takes pla

h I d
at o mal  fo ey oBine Bieliefien i pietrdig ok ShafepReqlics f BREREEHRLY 1 Ton
pr ef er abl stldkb,k-esetpdl adtschl 8néd WQCHM)% L386-2392C1978h ¢ Karrexatmpls, tfaﬁapmﬂed of

duct t f d
0 021 424055 1 Srp € BT Wih o 58 of BB RGIORGRN torRRRAGcLR P Eg e 11
mM NaCl pH 7.4.
35
In one embodiment, the replication deficient recombinant virus according to the

invention is used for the preparation of vaccine shots. For example, about 107 to about

24



by reference. Thus, said termapplies to a virus that has a virus
anplification ratio at 4 days after infection of |less than 1 using the
assays desornied2s22 U. S. Patent 6, 761, 893, which assaySPe:rm:thmmMS
incorporated by reference. The "anplification ratio" of a virus is the
rati o of VIaI’US produced froman infected cell (Qutput) to theanount

origi nal | YO uRaAsticlesoofithe wisys anedyqphiliged jnn1GOHal quhgw@q@@@fqrqacﬂm@hn}a (PBS} it i 0 of
"1" bet weg SHddHek RPGL ﬁé}%ﬂe% %n?d?\ élﬂﬁ?hlhflh ‘a‘ﬁfahf%uf%t BFe'f’éraMW%r%éd% the

anount of virus produced fromthe infected cel is the sane aS the anount

i nitiall yameedet l@ armf@cmﬂﬂ@'t@mqxgmpm/meswmeéhoiswge @muea@ by stepyise,
accor di ngfrééheocﬂ'zm §'oPRHY \WPthln GO ASIA! IZeFtalVerhBSlmbRE. fils fofAShtion can

substanti al | e sane level of immunity in vaccinia virus prine/vaccinia
vi rus %oo§?"t?'@g?¢ﬁ¥§mﬁhéﬁd@¥ﬁﬁpe§ﬂ% 3so MINALGr [dfdrana c9ar aghyeing s lastage t or

regines. Poly\ﬁﬁﬂﬂ)y?icﬁddr\er 13 dtr%rrﬁgﬁrﬁﬁﬂ as dnﬂ@ki'él‘én‘i’é? o?‘ﬁnér?%%% %Hztbﬁ&é\@t oral 1y
t he same vel” of inmmunity in vaccinia virus primnme/vaccinia virus boost

regi mes WRSAMPERPRL RERtENs S¥AMpe; v’éi-!f’&@%sc?rqmr%@u'ﬁ%s%u'tlaé@l s in fviMohe CTL

response ggmimpaatiored hb@lé&%earﬁ;ﬁouﬁ@% thé® S8dled an@an baSt¥d Betwendecaresed in
WO 02/ 42480, {)r eferably in both assa is at |least substantially the sane

in vacci nfo@m/fempergiyieer seueralmentls- r'%%”%@b@ﬁ lorghA$Re iMmediat PRt @dsts.o

DNA- piig mefheamtddlleds StorétPprafeaily bagmpBaturb®b8oRgd-¢/ abl y, the CTL response
after vaccinia virus prinme/vaccinia virus boost admnistration is higher in
at | east one of the assays, when conpared to DNA-prinme/vaccinia virus boost

regi nes. phsvadirafied abkherapy)@hé& fophRsenasy bé didsahed ih 0. P« b Reafayen WO
02/ 42480 di scl oses _how vaccinia Vviruses are gbtai ned having the pro erties

of MVA- BNEAYEoUsiFaluleny rsferablyeRltyatolagiont 2aliBR o iTFd Sutieln apd aderysierad edhy. | by

t he furt hgystéhisaRaR IGVally i BDgarbhterhll %blﬁlbﬁed(lsr ﬁ\tréﬁbéélﬂar( )scarﬁlﬂémmas
MWA- 572 Ol’gj WA- 5 ? ¥ gé 4 A ik

5 and, I onal | addi ti onal ur| fication

St onC LS. b SEyy AlieR, Attt EATIRTRIGH katm enb, SHIB AP IoRe. i g Ege. of

attenuat i Qd!}niﬁrsﬁﬁlldre e P8y as fre rﬁkﬁbﬁ'&l otﬂ‘/hl&nﬁiri]snmdz\% &drdbé %pﬁrﬁfzéd By eosen
0 is stro

severely i rom sed ani mal s

op! 1 cat | SRIROIS {1 B B KROWA MATFS HaevRs st SOTgonal. a PR 19 vacsinetey
transcri beh a\ébééhctiiélfbt Bbae I@ng Pnofith &) snéI ﬁ%tksca’ﬂei’ e fb@t:wagmaétudnmhot @vtlrd,of
virus asse an ress utter an SS i catjng vaccinia vector
ot £ 1 oi on PO AR BEeRERY sholhsAD bgdies UspRle A TRuders atrany A5 vPada 56
10847201085ﬂerthelggaiougaammlskram‘rd Moss, Host range and cytopat hogenl city of
the highly attenuated MVA strain of vaccini a virus: propagati on and

generation of reconbi nant viruses in a nonhuman rmamralian cell |ine.
Virol ogy @3dhe éﬁ@oo%erit a %%Em)mﬁamﬁl Wldhtlﬁclllid@ha&t mjbuatmuoa anachuneghgced

virul ence, in nlcal St ud BIN( en _sho to elicit both
munor ol g Bufiired RoRRiRES SdTERENe0 b dohed Bt dnE oreERBbpRYG aRRgston

of het er ol dgficiemt ganaes irc! punmdjlarnWA hth MMVA gubfectieprieféaatslgr a ehuradn., InfThokeapeut i c
Vacci pation,of. Hl V. cted patients an RT, wi t.h reconbi nant -1

o ex i SSTREAREAL i 4rat 55ai, A8 i Ge Apealithae, FidhneESETHEsF FH- o

duri ng t rfeatthifth, etnt) espegidly oha résvihibinana MVEheongpige poefer28ly- 180 TCIDLQ 06theCos ma
et al., Th erap eutic yaccination wwth MVA-H V-1 nef elicits Nefspecific

T- hel per &P ng&)"énges in chronically H V-1 infected individuals. Vaccine
22(1): 21-29, 2003; Di N cola et al., dinical protocol. Im"runl zation of

patients I\Mé @ I{g?lag %CE%LQRQ%n#@\H%& & tﬂgq ggégrf'éef}m 5#361 %{{ﬁf i ci ent

dendritic c s trans eéx VIV a reco repri ca 1 on-
vacci 5 a viestarthe pbathavguticed cbmpasutmryoommmeameedabpmm inducitigad T Hum

Gene Ther s - &S0 . ing T
cel | medi a?ellﬁé%&n?%ﬁi'%éﬁ%sgﬁo?é%gds?ﬁng%gOBQan{;tmAn@é&an%ew? g@ﬁ%&ijced, CD34( +) -
derived dendri tic cell vaccination: a phase |I trial in netastatic nel anona.

din Canc ?he g%slem inventton rarite to R S)of%e?i\&ag%n HRACERGEERhBIRG
as e

WA- BN(r) ccl nes can be generate
virus or the pharmmaceutical composmon or vaccme as defined above for the

35  preparation of a medicament for inducing a T cell response in a host to said at least
one antigen and/or antigenic epitope.
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produced and manufactured in CEF cells cultured in serumfree nmedium Many
reconbi nant MVA-BN(r) variants have been characterized for preclinical and
clinical woeveloopaeat. No differences in terns of the atremEReétonoGkack of
replication in human cell lines) or safety (preclinical toxicity or
clinical studl es) have been observed between WA- BNgr) the viral vector
backbone, ' arafereed gpbedientsaigdhbical raspanse Baleld8 Jcell refPonserccor ding to the
present invention, the replication deficient reconbinant viruses conprlse
an antigen and/or antigenic epitope wherein expression of said antig

and/ or an{Mg¥RAEatiQNs; Wﬁ'béhe r'@@'l’ié&?" \f’@f‘}'e"‘i ecopibinagt yiusof the r"&Y%‘é'P'i‘vpt"i onal

control epafembr with mée.@c&%mhm MVARNSH bﬁédtOrBBustC@DB rPleef! lBEFINsES Oln
sequences are DNA requl at ory sequences, such a rom)t er sequences to bind

RNA pof ynifefereed @Wﬁa%m%s qﬂeam,q first BAMerAnd aft ﬁeaﬁt %M@gmwt@tmasone

bi ndi ng apferdin bamiHistation takedPhdest |htbK)%ls émueéyt oHé ek Othel lBEorABIABRL ST ON
of an antigen of interest in a host cel preferred enbodi nent, the

repl i cati ¥VAI8TeRs @+DBck 6phresrRARSS, iy tﬁ@ QQ?HﬁBP'E%’stthe’ICPﬂ% aptigsn takis

control  ebrEHthanihe T8 MYell ¥&sponke lagainkt ArVphrilRIBRRiSarlIGDE N@efdpitdpe
expression of the antlgen and/ or anti % ni c epi toEe of interest. Said at

| east t woBFEedRYsthedyVAvestas hackbons. Erefgtably, theEBiBabics!l Espopse agaipsler
el emens s, tﬁa)érﬂlgéﬁaﬁmbbyaabp{.méa HyBRd ew@te%@ﬁ@f@%bardafg tbQI@éprefséNte

copi es of an ear rormt er elenent. used herein, the terns "earl

pr onot er " INYPNHQAE 3/’3? fhsorPaEdRdhg fespef% agaynsh fhseAres antgesrdryea b&@t ive in

virus inf tﬁéthStﬂohg p@fﬁr@ﬁ%téﬂdr%lmnla?\léaﬂﬁl@ié Srafriotsts aefsSyr 4fRd theMalrdods are
known to }Qémap%&‘aon sé led in the art howlt _fan be determ ned whether a
n

pr onot er 1S, agripigitatien. ?%"B@PF?QRW'H?" rel [FepaRRee® erteditiest can

be i nsertﬁdstuagémameoén@déep@rﬁﬁgeh genea a0U8 SR déll CEpidhE Uddriveanfréf the
introduced into a, viral vec g) a.vacmgla VI us. vec or whi %?%s t hen
used to i Meambnant PB"QE%"HS&PB\é?dqdd“ Jthe domung %{EF‘PO eRjtope- é?Pﬁ '?/’etﬂ' ter the
cel | s ar eaftérche &l fodirthfifth, szwaaammarattibﬁtthéméndmuﬁantlmm irfdlées atDE L i on

such as ArgC. DNA replication. i erequi sit orthel r
activity. CHspongan e st adainst g dhsotarmantoen faat pbgest Sk BB syst em
i s due t 028%cBB 6r 38% iof AL DHET kyligpr onot er. Consequently, the term "l ate
pronoter” refers to any pronoter that is active after DNA replication has
taken place. The late activity can al so be neasured by nethods known to the

per sopo skin é pdaférred aebadiment; diie CIIDB 'Beblﬁresboﬁde"ma'mxiﬂtbe tevenibirrant ahtijed

only act i PR el o ARG AL Ceter AR B Fr BB TAsK, MYA |

preferr edcmbnmhgmmbptlmlzed hgblid eatly/late prefriotereaticord@wosithe prasent inventionnpr i ses

car Ly | ot 5 et edr fpnerdhén s Cb Crbitubice ARt APl €h st ence o

both earl ;ecamtblriaat M\A‘A dm'Bpms‘ing the ps8 paimdtérf m:ﬁmther prBfeﬂfeelrerH)qdlmehts the

Co" | SAL " B IR Shor iR By Sl 5 ) B, B s i SRR bR 1
twel ve, tH#0%t &6%%, 6036, T@¥%N 80V, fQ(I%rhlghernm mecmoseprernérre]:hempdynqrttotmet er

el enent . e y/ | ate pronoter conprises a late
pr onot er gﬁ{ee eé?b die rg%eas%‘!is[?@dph@]eerably at least five copies of an
early pronoter elenent, preferably copies of a nucleotide sequence el enent

accordi ng t s%!&% erred
enbodi msn'?‘g %§ %Rér%ﬂ]t eastte{r'{q gffeﬂq%nﬁ% 'f'c& ?e‘?F%eslet }%gs%rlfdﬁg I ona m%f)%m%lﬁl

el enedt , iespprse is indusedthsedandaenhaneed. preferably at |east five copies of
t he earl y pronoter elenment are sequence optimzed.In a further preferred

enbodi nent, said early/late pronoter is an early/late hybrid pronoter
conpri si nghewreplicationl dafisient casombingant vioss acoordinmicethe diventior fan be used fdne from

the treatment of a wide range of mammals including humans and even immune-

compromised humans.

35
In preferred embodiments, the treatment comprises at least three, four, five or even
more administrations (corresponding to a first prime followed by at least two, three,
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which the early elenent is derived. The inventors of the present invention
have surprisingly found that a transcriptional control elenent driving
expr essi oNoabicame2ent i gen as early and as strong as possiPOTEPRIIOWIHES t he
antigen with a tenporal and quantitative advantage over the mgjority of
aut ocht honous _vector antigens and thus is beneficial for induction of a
strong anfQujelid€pRicyancmere: bpost asapaiptsationsh oba replication dgficient recerabipant

response. yifuss ipr&fBEabRAS ¥Rt VAR BN d3nethinifistrifigh Bhinehekebinasd as an
exanple and as a preferred enbodi nent of a replication deficient

reconbi naMfusii® u3CREWIPIRhPS PrimedeRst sadminshAlion.i bR. SR disiepst 4h&aer ong
early pr Oa'aﬁ‘lﬁﬁstra%oﬁéjﬁgfgﬁﬁéé Q'ﬁré?fin(mﬂliétibﬁ|(§rirﬁ§ﬁﬂdﬁu%i9?@ﬁﬁlprﬁhmrf@)lﬁ)ﬂé@l a

tandem fashi on was used to enhance expression specifically in'the early

phase df Pha sgrend andihirddnaquiation (eeasting inosulgtiensdipunizationd: was coupl ed to
a short late pronoter el enent derived fromthe cowpox ATI pronoter which is
supposed to direct gene expression in the |late phase and lead to a further

i ncrease ™theneoniggueft ther Presentdavemionthe demn “host” RPeRIMPISSes fanyxHitlablsi on was

shifted t aumpialispe&es, iRMpdriidarRd vBitsbrife Simal. [P refiielr ardGth ameHalgdincRidirge
recently defined class of jnmmediate early pronoters. |mredi ate early genes

are defi nBYMa8s.pEHHRETe BPRES Sxamplash Eorpapimals &rar Peth gSUEhs a8 0da9%otAtSaf t er

i nf ectjp ONecdridpsicdIySMPoRantAnimalKis0ER b€ caGd, ¥aitie, Sleep, §641B! IRirEed) Pigsi drids
transcriptonme reveals an imedi ate-early class of genes. Proc. tl. Acad.

Sci. U. S. athepgningi uch 23 gicex dats: FEfaW‘P'S‘%)éPi”)Q' SH?Ciaﬁg“@f°fl\m§%€“Sé\"Yﬁcﬁﬁgre of
vacci ni a DISCHS ARl pARRIRFIF Frefefred MiuseSi Phe i RtidH tafO8iso 1B 8sed fdhe

transcriptional, control elenent according to the present invention is, nost
pr ef er abl §EONANIcArHEPQHtaNtRifds suchAssurkey; s @ 19 Bensvl YirURSs?Ened by

conbi ni ngugdd {hadate dapableltoahfetEthk Wirtis IO bueNR tapabiE lof pFRIuck ieREldUs
transcriptional control,K el ements, which are preferably sequence optim zed,

in a tandBRAIPEMIEHN s Pll8ar Iy transcriptional control elenent is
preferably designed by an early pronoter elenment, nost preferably by a
poXvVi r us rly onoter elenent. Preferably, sajd early. proppoter element is
b p7. 5 earl 1§ ThPRhiEBPnEs Isap atigast oeARIdH Sior ealashicoeRPr oL #ep 7. 5
early pr omat:eefd GﬂyemetéroPgetﬁ§rp&thh6LboéshelrmK§é ”F-S“ﬁ“’é" bhlaabel RO Ethe ]
conprises at . |east one |ate pronoter e nt linked to at |least twy, three,
four. 11 vescciahong isuiine WHE alviriy; drcternef sbdye,aBf 1n ik, afe phipisehie

fou ][ t e@ Bi védcfrfaﬁgns 0 dane eNiﬂOﬂrel?\eﬁftypm of dabyingr e.gptanbthel enr:aatvacawen ahor e
prefera sai d_poxvirus, ear te promter conprises a |late .pronoter

Bl ermant. ol of aRUEteic g Giteint KovevEr PrReBbyeRIbT o rasbonst & AR,
pronot er By éiverdlogauseprimalbbystCagimss o whithi the Glairie of efuelard /lpHicatioh
according,to.nt 48-81 of SEQ ID NO 1. Particul.arl referred i s a poxvirus
car Ly/ | a2 Rem AR, P oae rdicth PO anp PRPH BERDSIS cact 't Pve

copies of a p7.5 early pronoter elenent, nore preferably copies of a

sequepgce timzed p7.5 earl rompt er el enent. Preferabl t he, poxvi rus
carl yot at BB e Fiother s B SR PRGN sl e oRs BEUCSHBY 0 ng a

| at e el enimmhurdeationadgimennomprisimgdicanol agduseoriene/bdast atministatibn&m whi ch t he
early element is derived. According to a further preferred enbodi nent, the
| ate el ement of the poxvirus early/late hybrid pronoter is or conprises the
cowpox ATIn fugber gmbodiments ik egediregponshas poluced by apaminyinization iggimed

pr onot er r ; : ATI

P omot or SRR S Hapt 756, ob 3¢ csl oul Rhigha@rSTBthe rBBERETRLHCiER, 2

ei ght 30 ni respmbimant wiusvarihe pharmaseutidsil corepositidroanaseing asidefineshalepvenor e
copies of an early pronoter elenent, preferably a p7.5 early pronoter

el ement and nost preferably a sequence optin zed p7.5 early pronoter

el ement . Fhe toresdnbrinyentioe{alse encompassespa i kitacomprisied jalileast ec yighi frint
viTus as gehtBedeHRAiZANGH BbRoRGhd! s B RYbIIcHRorPaEr i Réconibiftint dinfd 1R 1

conpri ses the nucleoti de sequence _ _ . _
first inoculation (“priming inoculation”) in a first vial/container and for an at least

35 second and/or third and/or further inoculation (“boosting inoculation”) in a second

and/or further vial/container.
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of SEQID NO 1. The sequence of the pronoter of the cowpox virus A-type

i ncl usi on protein gene (ATl pronoter) is known to the person skilled in the
art. |In twWwoonontest reference is nade to the Genebank egtmpP2@00653% On
nunber D00319. A preferred ATl pronoter sequence is as follows: 51GITTT
GAATA AAATT TTTTT ATAAT AAAT 3' (SEQ ID NO 6). According to the present

i nvent i onThe kit sngyosamprise at deast ene HwoAthreer fouro pemozs; cenfaioers ardvialpoftheor t o
use a der n at he
sequonce oot virht JoldheP WATTGH ol i RE Lol i HHE R B oL 10, o
t he sequeRdkieghtwa mn@vr@dtdrmbocam@ntstthe Isubjett iBea homanpTbadostructions peavt i cul ar

as vaccin t K g.[ga%;b ; nge;of the
ATI prono"tr@}c\éhafsﬁ%g r‘éc%&ﬁ? A eas?rmfgﬁérﬁélt(go [ éé& %‘?gltlgggrgt‘gb?'y of at
| east 35 ﬂu@l@cﬁtﬁz&idgsag@seai sn@m&c timepeintsoleyg. o#t lpastidcweeks2 @t least B weeHss, nost

preferabl y it v@%’i el S q not er .
The subsequgéncse 8pre er %f?ey fnlI%ys(énz'tglirggjrgl g@ﬁt%%g%ﬁ gﬂgf‘eg%ﬂ}/om%Qlopucﬁdr%ATl
sequence indicate that the creentinast Virpa\sTig be |asintinisigrest in afcleast 300 apfleashd ATI

pr onot er S6s44Race. The subsequence may al so conprise nucl eotides 22 to 29
of the ATI pronoter sequence, i . e. the sequence 5- TAATAAAT- 3' |ocated at
the 3lend of the ATl pronoter sequence. The early elenent of the p7.5
prom)tl(g Wﬁﬁe 99&615@ %EQWA-PN cfor'tf eﬁ%tiv@%éﬂé@?&b&ﬂﬁ' a. MA%cbrﬁmtg
descri bed urther detall bel ow timzation res in a pronoter with
hi gher ex;ﬂ@gsnr@ﬁerit inveRkoHa eartitsiar embedineent iphithe presert inyrding €ooeerng &C i n
Hela cel | gy foLhEHATBh CcorfrRids Shof fBﬁ'\hﬂf&C\?&é&FEcéo‘? §)todfhbvsﬂas9a(t
pronoter conprising five copies of t timze . ronot er

eI enent | inyRetipn for flrébmpcmaharn(mmlmg'a'ww @tfrﬁtaé,fﬁor(tﬁ'@ﬁé?h%fqre& allleasit ed as
"pHyb pr ogBddR vhacEh&tidhCindRIrY vaEGh4tion! %E!lff%‘ﬁh'é’s&%ﬁﬁhrﬁfdv@%n%ral SO
significantly higher than expression rlven | - defined synthetic
pronoi®r pS and the p7.5 pronoter at tines of between 30 and 120 min after
i nf ecti ongrigk desdr ﬁmﬁoﬁm Yigure®f eGP were detected already at 30 min
after infection. This was two to three tines faster than with the
established early/late pS or p7.5 pronpters. Conbination of at |east three

i mruni zat FrRyuré qU@éﬁuéﬁééﬁaﬁ&Q&é}ﬁaﬁdﬁ@%s@hfbf@ﬁ”&Yh@éﬁ&%éé?ﬁeﬁt%f eXprapgsi on of
an antigen result in an _increased antigen-specif cell response

conpar ed 1B PREOGYRIFALMS MPHPHR/i? 8P BF. 5 and pS promoter. The advant age

i N stsPNIARasdnendiit| @presRiiditien S6OR7BErSS drRd pHbi profiotéréaHarly andfibter
i nfection. Thus, early gene expression was exceedingly high fromthis

pr onot er . PIANGIRTAIPPPRIg A BOAAWATIL SCA8e r ecombi nant MVA expresses hi gh

| evel s of gj mc@aﬁwgéq@éﬁcbgcﬂrthéw/msmt|Dgﬁo*5) B8i (SEKE 1D INO:RY ahd HyBNEdI at e
early phase_ of viral grﬂl jcation. | n sonme enbad] nents, reconbi nant WA

expr esses(QE( R MO Aremgters ke Eﬂg"i’hwh%rﬁc%"&e‘g 25ery Srometef gemet Ndsce of

40mg/ M Apgdn bitahizéd isvhdxel in H¥p7 8 u@ﬂice@%th@rophhﬁedlsiaqaénééi@%hoﬁﬁ% 55%
60% 65% k6 70% 75O 30% 85% 900/ %?i%}? % of Fﬁgﬁ | evel %f t he encoded
anti g&h i ReleweSinglesoid ligg: lateprompter § T | PARNPOMAtERIGMERLNt  MVA

expresses in FbLa ceIIs a level of the encoded antigen in the presence
of 40ng/ m _Ar aCt i S tha the |ev encoded antigen in the
absence of! Rr’%\&‘ FWeV?%l?" 88%8%?1‘858 ﬁﬂtt?ty§e°°[ ’Ec@?f% nant MVA expresses
t wof ol d, RbesmbihahtdMVas dodteinihg|the W‘Rbpérﬁve‘ddmg)fraMhequﬂﬁdolam thgen t han

an MWA vector th the pS pronter, drivin ession, i La anpd/ or CEF
cel I's in PS5 BImQiers; W&B‘hd’/sﬁﬁ tﬂr iect, Iﬂe Bé‘e r PRY %ﬁﬁ?‘ﬁeﬁ; 3 Re
ear | yid at muhmlhasllydofpnma:bbrer(Momrqurmses dfte Gedls|werengjthee dreatedewith cytosine
5'"acgcgt gttt aaaca a t at
cacggt ccg@?&&‘&i&?t(gﬁ w8 T Al §c a?@gc{‘ﬂﬁé?@%g’i’a% et SU T -
t t at t gcachavestgdti8hgant(AqBhaad cEralyized a:atﬂdvabytgmtrgqme@ﬁ?ae@w&sma@aact att
ctaatttat Lacacdal Geddfdubwin MVAD7S-eGFP (p7.5), MVA-pS-eGFP (pS’), and
MVA-pHyb-eGFP (“pHyb”), or incubated with medium (“Mock”). At the indicated times
35 after infection, cells were harvested and analyzed by flow cytometry for eGFP
expression. The experiments were independently repeated at least two times.
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The sequence of the ATl late pronoter is initalics, while the 5 copies of
the optim zed p7.5 early pronoter are underlined. Optimzation of the p7.5

early proxgoteroies2carried out according to Davi son & Mpesep2dincisus e of
Vaccinia Virus Early Pronoters, J. Mdl. Biol. 210, 749-769, 1989. The
el ements of the optim zed pHyb pronoter (SEQ ID NO 1) are as foll ows:
5' acgcgt gFtguraad: Khalysis ¢hehickers tavalbuimim (OMA- @nd NIVALpetifiSECDS DT N&tii1)

gttttgaaa t: . ronoter (nt 1541 of SEQ I D NG 1)
tccggt Li ﬂ%@%h%éﬁtlﬁé@%%@&béﬂ%ﬁé? aaaaatt gaaaaactattctaatttattgcacgg
P7.5 ear | M\Vpp7.610A, MVBS-EIVAX('pSEQ drid MUALYHYOYE (‘RHp 'S rwerat @@dsid of SEQ
D Na 1) E.%g %acﬁtéf@(téﬁ ﬁg& %B&@Sg%@yﬁﬁé%% R P BRSdipy, 88-121
C)‘SEQIDE]@?1 cggt Linker (n 4 0 I'DNG 50
aaaaatt gaaaraggum fg'ig) M@Btweiemgziggviﬁh Semdl@),caqnditlm'fcté%) ipninjecdBn #ahdof SEQ
ID NO 1 C ' it k6.2~ A S NGy 1

aaaaatt zgaga\gg%{tsat5 pgé[(g{ji% 'It? '%%t %ngr%lgrﬁﬁéé{oB? F%%%F‘@o%?‘f%%&é f(%rp ng(—j W4 Cof SEQ
| D NO 1) acayred 6-Brdays after the 2= 207 fofiaySEter R"NMd13™ immunization for induction

tt 3 ‘ by [ I ;] 208 f SE
D NG 1) P OUARRRERELOVALL HAC HAclor<Bp B ¥a88)! T F (o ¥istied) Srh
furt her eRueditation ©f antigerapegific 4228 hiymeilsl wasodoner by dintraceiwar aytokipeence
that | : 9 0 %0.4:95%,. 98% . % I | j.cal t
the i1 coprilor BN et QPsRGoR BE8Y PR SHRE B EPH S begBhe T O
48- 87, or OR8'4gmpHracytds. SEQrddptesCiram. irBarézkdoanitatswinedlopted withbet peptglensus

I « | | ' th

o focts oretved s, orftdfy (A0 beBt ITRIccateq Al I hoRpiogRl o Piac SF siste, ' "°
activity $mificsastls anmdnytdstal CBBriicellsr (&-0f. THeqercentagdésrai O\Far (OD83 ) rander s,  J.
Mol . Bi ol £4 9, t f
SEG 1 D NPIResciiE (08 SH8 el ¥bte UsBHEB aldidho i v, & cBBTCE Vi 1
of th& prOPBesrcellN(R) dbeilair, sktheaatimswas asedliof dabeuldte dine SBQIEO éx@r bndn one

or nore pesjki 5 v, tal | ‘ange of
about +/ -g%hggﬁefpalgrm%a 8%’;1)%?%%?@%85%%'%?? Wogfgﬁ?é%qa%met eté'mpérﬂﬁésarir{) er SEQ
ID NO. 1 aPp enconpassed by the present invention. In a further preferred
enbodi ment, the invention relates to a pronoter conprising at |east 2

nucl eoti de sequence el enents having at | east 80% 85% 90% 95% 98% 99%
or even 16@re chiofiogticsoef iQiét ang MVA-spedtic £DSHT selregpoNees aften three

parti gyl ia“,g%rg%ﬁ{oﬂgQ@qr{u%b%%vp\ghe pronoter conprises at |east 2,

preferab east e sequence el enents according to nt 48-81 of

SEQ | D NOMYA-. &1 b IMVA-PROYA 0 hDBer  MYArRH Y=OVAL (Inklybt) ovese| used dponot er
el ement, BiREGIAIUPE of P BALAN mi RtrBpQTBAHily /1 F 804 dose of 10° TCIDs,

per mouse (A). Mice were boosted with a second (B), and third (C) i.p. injection 4 and
8 weeks after the first immunization, respectively. Leucocytes from blood were

25 analyzed 4, 6, and 8 days after the 3™ immunization for induction of OVA-specific
(“OVA”") and vector-specific (‘B8R”) CD8 T cell responses. Quantitation of antigen-
specific CD8 T cells was done by intracellular cytokine staining for IFN-y after a 6h
restimulation period and gating on CD19°CD8" lymphocytes (upper panels) or by
MHC class | dextramer staining (lower panels). Leucocytes from immunized animals

30 incubated without peptide served as controls (“no pept.”). Indicated are the
percentages of OVA- and B8R-specific cells among total CD8 T cells.

Figure 5: OVA- and MVA-specific memory CD8 T cells.

Leucocytes from BALB/c mice immunized with MVA-p7.5-OVA, MVA-pS-OVA, and
35  MVA-pHyb-OVA were prepared and analyzed 28 days (A) and 92 days (B) after the

third immunization by ICCS for IFN-y to quantify OVA and B8R-specific CD8 T cells.

Animals were from one of the two experiments shown in Fig. 3. Three of the five mice
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The percent sequence identity nay be determ ned by visual inspection and
mat hemati cal cal culation. Alternatively, the percent identity of two

nucl ei ¢ agodore@us2nces can be determ ned by conparing seguare®oionfses mati on
usi ng the GAP conputer program version 6.0 described by Devereux et al.
(Nucl. Acids Res. 12:387, 1984) and avail able fromthe University of

W sconsi nlfmu@lzd?d:éhrebrtmnsewltmwpﬁ'm}@ angiHfevepmésiecimradnizid Huke timasanet er s
for the GJR I r n NjHag a

val ue of 1 for |oient |\{)§eés%grllvcli&%)p? @Vﬁo%ﬂefﬁé%%@@? ?gtJunucFI@%tl gs{h%and t he
wei ght ed tesppetivies 0@VAerxpresstiig MMAs kiegombinabtsr géd s weske| .aftati de Réhird

14: 6745, d i’cft‘;”'s Y} f ) Protein
Sequence ﬁﬁﬁ@%%u%& Eﬂr?(gé ?@éing%(aw ar @s@g{)‘cﬁngﬁﬁda{ﬁc ‘ﬂ%SCI% T

353- 358, ¢diEAn bl E)mndaspigero(D)X Oaysoafterdbé bgaspieamnmamzam tLleumdytets 10
penalty fap, e?rﬁeh MR d ﬁﬂn@%h. Qateér\gltl‘goﬁ edle OtiRE "Arbey a%r c@rﬂl%légg‘g'n% a her
progr ams 2% one s e uence conp o]
used. Thepgpté)sent i nventl on also relates to the repli catl on defici ent
reconbi nant virus as defined above for use as nedi cament or vaccine and the
use of the replication deficient reconbinant virus as defined above for the
pr epar at i Bxamples nedi canent or vacci ne. The replication deficient

recor’rtl)(% nant virus according to the present invention is admnistered in a
concentration range of 102 to 109, or 104 to 109 TCI D(tissue culture

i nf ect i ougheldsliomany relxample@f willafoirther Hlustratentberpresentonventioge ltowillebg wellos to 5
x 108 TC r of 6 to
108 TC Dsgﬁ%r%mrss{g aePQ,frsg B@QA ?{"nh% %%ﬁ%gﬁﬁ]g@@kﬁa%é‘%”@mo%f'ﬂe”.°3‘f"9y1 to 108
TCl D50/ ni be cinter@reteéasa waysthat morrs the amdicability-of the terdnelogy pevidesipucthel |y 108
TC D50/ M  Lhet igedrtish ‘ﬁm’@’@'ﬁﬂéé on depends on the type of virus used and

t he ani maP speci es to be vaccinated. A preferred vaccination dose for
hunmang> conpri ses 106 to 109 TCI D50, nore preferably a dose of 107 or 108
TCl D50, f \/ 0, 0 | C 2 or
2.5-5 x 100 SR GEETRS o AL eDlono ity e Bl Ficheed Ticllis e A

conpr i sestest ik noondizalegmtharyiss. x 108 TCI D50, such as about 1, 2, or 2.5 X
108 TCI D50, admi ni stered subcutaneously. It is possible to i nduce an i mmune
response with a single admnistration of the replication deficient

r econbi nafkamplat: %%"QI@*'PH@JW recombinaMtsi e with MVA, in particul ar
with s§rain MVA-BN and its derivatives. Usually one may use the replication
deficient recombi nant virus according to the present invention, for exanple

MVA, in phrhybeid) late/earix- promater designaied \patyPveataiRing htate gIeBeRt fra® W8ost

regi mes, topox VirdsANREMBIe? aha five CarichRf aFBhgENéar premotdteldmémts Sas
vacci nation and to_boost_the i mmune response generated in the first

vacci nat i enstictedrfig d9- rth %aflyowrom@rs%l?meﬁtﬁ were baged @nthe B PrRACES r us

than the gRe fueRY bptinib&d fush tpua@ﬁé@aidtmsrdymgolsms@oosI BEGNA SHirus
adm nistration is also a prefe of the_present invention. The

repl i &at i BANSFEPiieN. e’npelne}:’tSﬁ'bﬁﬂgﬁW\?ﬁp%-sCm@F%ﬂ' Ry doRt Bislesr kBt Mosent i on,

for exanph@gMé%mpébt p@rrﬂhé%rél acAA-vRDE %aﬁlynatté pﬁlﬂﬁbtéafdrvgﬁéterfﬁ)éx@b%ioﬂ?e used
i n heterol %geous rine-b

vacci nati B qh§'q&6ﬁ33v?n°9f‘l 189%8%5% A df ?’Pﬂaﬁ MBB’%/ ggﬁdéV'r'FtHﬁ ‘rl}ﬁ’aﬁﬂﬁ'aor nor e
of the vagfishadriyqremoterslQ1MaoM Bidl. %Otmf769ypﬁl@p§HWipfbnﬁtﬂer wagcomaeﬁeher

Vi rus vacci ne rotein or a nuycleic, aci

i ni St 1 th dhe WiphpesacPinDn G pmarsT wiiet BEGHE Fiap 19Ve! Gea8 SRegssion

I nt r aﬁlﬁsabhd/wnﬁl’théhb@%l@ﬂ@pﬁin}bterp(f@fcﬁfdrﬁdﬂ me cnPuekamua B.iNdgsarass.ul ar
in paﬁl cul ar,, subcutﬁ eous adm ni str any ot her .node of

adii ni str B Yigg Mydooenesis athe rRmMe rsrsaPPfP At aaﬁ'n"ﬁ*ﬂ%‘% eviggnes I

rel ates t@ndemfﬁﬁrmﬂuhlmbuhm@@hmson dirol Va4 80-BE) (Figrpt)i i'hesy prioenoter
replication deficie

phar maceut?® I”FE? ‘é(ﬁieeﬁ aeuP@g(ggﬁt“eP Equﬁsloﬁé'ﬁ? fa%ﬁ?ﬂ'wﬁ? g‘rerg%’d'jfkt%lﬂsy V. @

ovalbumine (OVA) or eGFP and introduced into the genomes of MVA viruses by
35 homologous recombination.

The pHyb promoter was assembled using a late element from the promoter directing

the expression of the A-type inclusion (ATI) protein in cowpox virus (Funahashi, S., T.
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Nuner ous ways to prepare viral fornulations are known to the skilled
artisan as well as nodes of storage. In this context and in particular for
t he prepawvetzhmmoed22poxviral fornul ations reference i s mede/EPeOIWMN33953463.
Non-limting exanples of auxiliary substances are water, saline, glycerol,
et hanol, wetting or enul si fg/l ng agents, pH buffering substances

pr eser vat Satss angt b Shidae1888.oEIoning and eharsglerization efathei gane emedingotheal | y
sel ect ed Hawprr&em%fw/xq%@rnb@%a doa?%?cov%@w} aolsnﬁt@éw'v.zoﬁ%gwk ¢pabes such

as, for exa pr ot el ns, saccha actic acid

pol ygl ycoPft atelaa @st‘blFSamﬁ . Biucker.andda, Eﬂﬁkﬁg 188 Aquprirysreerived j pi d
aggr egat egect&y t%’i‘%lrlabtgem Ig(?éve‘isq%f Qkﬂgl%'&%lﬂed\éﬁ]&n@sqﬁ%aﬁ%hé @i nant

MVA virus _accor I nvention Is converte Si o ogically

acceptabl Bracoriatl. ﬁﬁa@atﬁce WBr Sp et B12%33-USpknthevfive Handepp foar\gleﬂu%afblnd are
known to tRehehld %F‘é’d@ﬁ\?e%of?om':m% ;E’PK‘HréMéteY%@'\ﬁ&% %Bhlﬁe&%? PRudeStRiebased

on the experience In preparation of pox vaccl nes (-as descri bed by

Stickl, HPosiong| Wilbyhs 1. At SIGRH corsgremaﬁzﬁﬁazu{cie@hdfs )as. deseribedany| e,
the purif gisen! KSJ | ghdS. CN?I@'& abgg. gél%dﬂabhvé"cc‘dlé GiruPdarR OB otER. Q5Wom

fornulated in 10 nM Tri s 40 nmM Na pH I n one eﬁbowrent

replicati BIFl- ¥ 4% Ebérﬁﬁ“ﬂfahw @l FPreg‘Oéﬁfdéﬁeél hige teonsifted; va%r?@ﬁd?ﬁsies used
for the pbﬁp-ﬁfn%t bRA Rhg Mé‘ﬁ’t%&ﬁaﬁfﬁ?t e |6 aﬁ&%’@le%rl¥ %ﬁMEte}%ﬁQntah%t 108

particles of e virus are |lyo ized In osphat e- buf f ered
sal i ne (Pﬁﬂueinﬁetorﬁéh%rsé@@@@én@ﬁt@(ﬁ?ﬂﬂlﬁ%@@ riemoter, mﬁeavtﬁmpﬂepweén

anpoul e, Qié?il?rn?é%&wn&triﬂ m&@%t%aé &e@n@%l?%@s&iﬁ%d'('Crﬁbkn'a'BQrt?éanPlF@ the

vacci ne shots are pro uced st epw se freeze-d ryrng o he virus in a
f or nul at i 8isler) antBr MeshH b‘?%&%omacs sypthetc, fvapﬁmaa\t'rusreaél%ate drerapter for

addi ti onabrogifli lekMR8siBHC hB@técHﬁi&ﬂéé 0b3:189411087). Régddmbirdht CMVAs |a&eose or
ponV|nyIpyrroI|done or other aids, such as _antioxidants or inert_ gas,

st abi 1§ ze8n&satedisinghianelaped vetsiamef then M@ BNpgenome i@ Qé‘FtﬁH?'a*FrB[m?'n)

sui tabl e ERromoBomeV@BATITIBHRY " fHd PPiyb TAH gtsaﬁﬁm%moub@sﬂu%tst Wé?e scqzﬁdead and
can be stored between 40C and room tenperature for several nonths. However,

as | ong a¥PHiGaMnAtdhgt aPsederding Jrames A sipRsuFRicken ovalbeming é@é(f‘&bq’ry at

t enper at Uémfanlaea 0§Vee30ﬂl§5re§5éht V;#@téirﬂf\léGFP) OTrhéskeere&pbéss*bhecésseﬂés lwerat e may
be di ssol ueous sol ution, Igre era

physi ol ogi/%“g‘ﬁ %W%"QJPQVI'?V‘%S BU??%PX'mgFﬁ!V 49 puslpQtidssdy RERand 'EVé‘i"&‘ﬁjcal |y

or | ogal | pnto ithe intergehiat %gﬂin' BetweleRACHErRRENNA1B6 Aritt IVWM%VUbWHo)‘nol
scarification or any oth r at h of adm:}vI %‘fé‘% én owto t he ski Ied
S

practiti offSPMPFREORD dR mrRFRRingnto ﬁEP‘{%eV'Hiﬁ‘?ﬁerW?j’P
admi ni st r glcbAstrutean from cBmén B diréysfédliage BNO | DRA ot Beika21  Edlisa de@own

manner. Howeve nmost atl ent Is.vac ed with a se d shot
Thout oneSuBnTeclins ot ShERR Bbmayiiers Helpar Ve AT A0 EE PAchae 00 CRF o
fourth ancelisyheiperteed wsdyew(c@ﬁmmbe byi RER) waaMyb 4GER andalgA-gHyBEOVADI y 4 6

weeks_after the [ tion. odi

el WFIRCHRSTAL PR PO OF wBiiner Shiteat bt e pFR AR alRS A AL

conpr i si NGGEHENai MVAPSIQVA e:l@s@@mg)éGFheJr IO Dhdetadvhtrolegfl the piSi promdedri ci ent
virus, in artlcul r WA, to the subject, preferably a human. In one

enbodl rren‘fv & ghtal f‘?‘?st dosage as well as the second and additional dosages
(i.e., third, fourth, fifth, etc.) especially of a reconbinant MA conprise
preferabl y 108 T(I rrbl nant vir I n anot her aspect the

pr esent .ﬁ%’HPle%ﬁP‘é@L‘é’e a&"(‘heg ?ycﬁ? FE’S?‘ !%Rg%?i ci ent reconbi nant virus or
t he pkoar maceuti cal conposition or vaccine as defined above for inducing a T

Ce!l reSpllgzﬁrmeWé h%l(%? etmtg oS rgbl"élst k@é—?)t cglﬁsam%% &Sﬁﬂgagé@b??{dﬁgeahc

epi t ope. Inven tes to _

replicatiemnbryesi andand;ultlue&mmbl WBBFNI (sesuroffreeh engalian mdndinederal Kardsmglosi ti on

or vaccin f o) BiRAt L&A MR f

i nduci ng §eqﬁ%@l§1 Hrggg %ﬂg\é&ir& %Jlthtkgt H{ 0 sal\lﬂ o’ F%Iasa Pﬁgggggntl I"(san\’?%“r:i‘d/ or

ant i geni cintgstecopith 110 'ECkﬂseber celd OéﬂtﬁoMVvPerﬂCOH@if@nﬂs erBS%@S@rFfeum@ra cD8 T

cel | L LSPOIHt1 of the indicated promoters. After the indicated time points, infected cells were
harvested by trypsinization and analyzed by flow cytometry for eGFP expression

levels using an LSR |l flow cytometry analyzer (BD Biosciences, Heidelberg,
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| muni zations with the replication deficient reconbinant virus of the
invention, in particular with the reconbi nant MVA, can affect robust CD8 T
cel | respwozenyiokse2preferred enbodi nents, after the fireCcTme2om/oarsds at

| east two boost adm nistrations, wherein adm nistration takes place at
intervals of at |east one week, the reconbi nant MVA affects a CD8 T cell
response BAMTAY)hBderetsioatad, ciesinecasaeinoside i(A@¢) was addedgioctheemediten t he
CD8 T cel GRS i aeaptiet I i oded by
t he MWA vltehcr?or bggﬁﬁgﬁg agér g?ée]rdabl Y, Pétiﬁg]d(%{g"% ceo a’%ﬁé"o\ﬁgéé@'ggﬁ"ﬁg@ t he
antigen deR”aflyRhage: optinized hybrid early/late pronoter according to the
present invention is increased conpared to the response against the sane
antigen driven by a synthetic strong pS pronoter or simlar early/late

pr onot &r s Expmple a'mryunefat-ea of icehird, fourth, fifth, etc. adninistration,
an i mmunodom nant T cell response IS exerted in t he host agai nst the
encoded antl ge T cell epitope derived fromthe reconbi nant

antigen i § Wv@ﬁ%ldelnﬂiﬁ% aged 6| tehBuweeksnvergrrurehased fom Fggan MYiskelmapny
aft er thedehhaﬁly é.%b& hof hf.éehwe?é fmm@dzba Vi i |nﬂaﬁeﬁtbﬁeél%9fébmﬁ% MVA

i nduces a_CD8 response in the host against the encoded antigen that
is at | ea¥ocylym, ofléé)@ulzmtalgew%ow%p o4 dPsRestive NS recembIaNts A

pr ef efg edwaeia! MeNhnd bifiter Wedkd 129rl22rBE PRBA %nﬁigﬁé '&ﬁ& weeRs €8 0FR HRSH
antigen induced after the third, fourth, fifth adm ni stration of the

r econbi naﬁﬂa'mot:embpvﬁ aﬂj anii- M}Jﬁarﬁt@e@eﬁﬁwdﬁveafak@n|vea tedaibyein at the
accordi nglrfdibaié&ﬁtlrﬁéﬁﬁﬂﬂé aha\tﬁaéés@,@d a3 d@sch@&ﬁbelgﬂl%bh'aﬁﬁﬁélstd?@bé RecdiD8 T

cell response affected after adm nistration of a reconbi nant MVA conpri si ng
the pS prEiseeRses. | Whetg tiRdicatsdet ioens avasedharvasted ¥heagpeaftercéhe laslsponse

af fect ed mhhenizatih fbhérﬁé’yr}sd eueHB T delifrédpapes. adm nistration is 30% 40%
50% 60% 70% 80% 90%higher. In the nost preferred enbodinent, the

affect‘%d CD8 T cell response is 100% hi gher. As used herein, the term

"af fecti ngxamﬁéze-l |htrae§maﬁeytokmetgahﬁnglu¢@5§tood that a T ceI | response is
i nduced, raised and/or enhanced. The replication deficient reconbi nant

Vi rus accordl ng to the invention can be used for the treatnent of a w de
ran]ge of dnﬁﬁngﬁ%ed bﬁmiaw?ﬁge Pléﬂﬁfftﬁn autib:ltﬁv\@h tam!moteqqonn @fbRed dwriﬁmse ]Ic n
pretrerrea enpodl ne e lr C ri ses. at | eas ree, ive
DTS ven. nOFE SINPRACRN S RS dBHCA Heining 4% el gplhreniraiPhRb by at
| ealst 20 ;/voz mmdregwlémramuﬁefeea@éete\wu (EDEA smflz 5agl'm|rne‘p:brratmlew)samble@A t
repircation er)cl.e reco nan rerera rec (6]
he ot WSl datE Db Sipolnany v biRH SIS Weradvsbe usinic e Biad GAl

pri me- bOOEysfnjinguﬁeﬁ(S@}nawdndh, eSteiphéieh, &Ber’nﬁmﬂ Rdtipherat baod ﬁ‘iohfahlil(?éﬁ‘ d by
corrprlsea | nocu t1on rne noc 1 on 0 (0] a
cotbna” antelsHPEMC a6t BosBrrasRhedien, 2ot or e £ Shlauta P Che
cont ert 0. osfmwm-memtptdeﬂ\eml ti1qm/nﬁ|heo|%|9tu@"‘ menosemaemmgxgasurammt a:ol e
ani mal_ sp 1 N t1cula ertenr re mal S
el ot mooharakines id e soculic Pathivelali) BoRla Bantides QPAsern SIBFEREN ne
dogs, cat ﬁE@almacaDW\)l Hrawzsgmsmam{fssodm NO:4,aB8RS), ot atot beptldeheepl,
goats sSes ,l ot her an Uuc as m ce, e. ni na
dpeci es ane HEPERU AR EE, 05hEed oL p B P bR, UTLAEE Tt Lees.
The i nvenfréequenciey fat tioe lnenmmedommlaneebmdhnesaicteﬁ TBFIKFESM epitopesderived as
turkeys, ucks 00Ss h t hat e to

i nfect the ’Bﬁ“&f"g a&é’? @n%u Ptﬁ%t""@a%é% Pr%t @ﬁg&naép‘? qg(ét szgﬂ?r%beny

vi rus3a n $aZhbuc @l PalmoraeKTRckVihe r @sidoHaeryfar, SaWiliarhs,| £ Bidneynd. Settegén

and/ or angl %eé?»'nﬁ\kepér%dope R Yy R gztﬁ‘b%d |9¥ntlﬁ§£t?o' o??qﬁo%.r@sf | EH5g.00p dé |r99' mes

in which ohe or t'he vaccin a VIirus as |ne
above anddétarmihants toeeable ratioral desigh@ndasharaciegrizatien pt smielxwachingsod.her

type of v i V, 8reNHE L ELiGr-aci d
L0e, oL VERT.0e. %9Pepd0 Mok Ueuitar e B BERLEI sl Lot
specific CD8 T cell responses. PBMC were mcubated for 5h at 37°C in 5% CO,,
35 harvested by centrifugation, resuspended in 3 ml cold PBS/10% FCS/2 mM EDTA
pH 7.4 and stored overnight at 4°C. The following day, PBMC were stained with

antibodies anti-CD8a-Pac-Blue, anti-CD4-PerCP-Cy5.5, anti-CD62L-PE-Cy7, and in
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by honol ogous prinme/ boost regines in which the sane or a rel ated
replication deficient reconbinant virus is used for both prine and boost
vacci nat iwo2010M0e£edi ngly, in another preferred enbodi mpoty/rpasidodiseel |
response i s induced by an inmunization reginmen conprising honol ogous

prime/ boost administrations. In further enbodinents said T cell response is
i nduced byoraa expenmentawithrantieQd 2hAPCNaH asfibogliest frane &) Biokciepcas). PBMCeast

phar maceule L EasRd it ok 8RR GuRE R b BERRS R il dtiF o (1

i nvent i oninaltise daric.oAftas seashingsi tellsowpre dixed and Irwmeabmzednbal gisihgr the

Vi s 7 or Chop AR CRIE R (BR R RoR Gl b e dhfiflrapiep ol nant

vi al / cont msttectmsdAfterr washing, PBMSI mm:smdweﬂnw arrtratcblluld mtefepon-f IRNY@r

i nocul ation,("boostin nocu econd a rther

vi al / cont 8¢ meFiec [85?5 gﬁ'ﬁﬂ?“&‘cﬁb’ séﬁg ? 'C%%gat?%"t' '{#é@nt"?%randor nor e
cont ai ner pEQdonjligated ti-tNF-of HBBRY '(@DtBlé/dciéh‘ées)t veelahfbodiéd WeldGilutettini Ons

for the adm nistration of the virus to a s&dect In a preferred

enbodi menPeM/Wask hufferdBD) Biogcinngash and e PRMG wets %tﬁ@eﬁécy zqum'rz:a% GWat the
reconbi nafHe Mér’ku$\ftb$ wiidRing! St ctiR WeR: aHA&&d by rroWJEPtbmeﬂ?/(én & BD2, 3,

4, 5, 6, etc.) dosages at specific timepoints (e.g at 4 weeks, at
| east 1® w@@ﬁg'en%ﬂs 4§%§tsy8t%eks after the previous admi nistration).
Preferably, the instructions indicate that the reconbinant virus is to be
admnistered in at | east 3 or at |east 4 dosages. |f the vaccine is a

MVA- BN veEXgmplg 5 ﬁﬁ%@?&bpemm@nécﬂ%ﬁram%g%nw according to the
present invention a particular enbodi ment of the present invention concerns
a kit for vaccination COIT’PI’I sing an MVA-BN virus vector according to the

present i KYBHEIREMH anGIals weTe plegiramdles tl Yeihapd JPPrieRg! pf plpog Rerfaquse

vi al / gont @eRefesabgerided i 2nll GRS qglqomi) M@ﬁ@.hmgu%rfe@m@arf f¥efgin (RCS),Nat i on
("boostin rief desc tion of the

second/third via i ner
{1 gures FE gt ethylerSamraeeanets cre A 08 i i hensino s s Pl germent
of early emplbadrearpamm &lot @kearmt masr v@ryhnnﬂata’fel?%dbﬂé&edﬁtb stainmgedfi ¢
represent atj on of promoters. Early and | ate pronoter

T ene " BV fof BiHspets OB b ool bRacY CoBreacBlg Aneote: M s I S0 |

NQ 5), pSpérﬁEIQeisD(M@lrﬂa«ua@ﬂopwbmﬂ@Eaaw |l\€éxlr)anmr@rmﬁmn§ex T@@péﬁh@b@tﬁ‘ Wnere
the p7.5 early pronoter elenment has %}bl b in the

sequeite BREME Q?&‘R'%%H"tge’ﬁﬁeﬁ?éee?té’es'ﬁ 1"63/ p‘iﬁ“ﬁ@? es'g‘ﬂﬁ ERL I"’l“ﬁe I ate

pronot er eEeREREY. BUWADARI BBRespeemt:IMHerdpé&t|eﬁerﬁéma@nheremann@eaed WitAr essi on
of eGFP di 'rﬁé(:t ed bg reconbi Recombi nant MVAs contai ni ng the eGFP

I n
open readPRy PPAHR Jﬁé@?Ct'(‘,’Snépél ‘Fe"t REPYIRIANSAWEEE \FiainRs & IWRePPAREd t o
i nf ect ) He#e’écﬁdhs HaNcI4gsF | C@é)ltr%tr'l{dﬁét@%rea Ia;Bﬁlléd PMtrelémheefPEn an%nm (A I\/DIC) or
mo.i. (0] reated w cytosi ne ar I nosi de (+Ara
o e o 1 oot e ARG (TSYKRESVIHPR st Aot et CORBTBH In b (A8 eiong
har vesd edreaéhorp tbg ethés Ah aifi-cD8d-YaedBIlRy, Akrer adHERt Etaidear c8idRvere
expressi on. a cells were infected with MWA-p7.5-eG-P ("p7.5"),

MVA- pS—e@'ﬁ'Xseﬁ%ﬂ°"‘é%°WM BRARR Biascienges kSR Il syBteMhcubat ed with medi um
("Mock™). At the indicated tines after infection, cells were harvested and

anal yzed by flow c torretr for, eGEP, expres; The experinents were
independeﬁ%?'?pﬁﬁeé‘t@ﬁ for @&é‘?“t‘“ﬂ"ﬁ\( \%—ﬁcgﬁﬂt'é’ 1eSNRINQUPE SBUIM hi cken

oval bum n (OVA)- and MVA-specific CD8 T ceII responses |nduced by

reconbi nant MVAs. MWA-p7.5- OVA, . WA- pS- OVA ( Rd

(" pHy#") %r"@"ﬁ@é\?st‘ﬂe’enﬁﬁ?ltﬁgew cﬁﬁ.’fge (?P‘tr3°t6°fgi|_\g‘ gf\l‘m E‘&’"qt %erclef%neal A
(i.p.) atTRoRESerk dﬂ&fénI@flaéQmm/rerérwaSaté&\)for Vheer HERE. Ipaesdsednyiptdr a
second (B) and third n 4 an R%ES after theflr}s1

ect|
i muni zat fiblons gk meuse §éray~£rea5% efgorfqemﬂsvotaa PR WEFRINGYRAICE Wi g ay s
after thealsHeepthtitnSaes IGEHRP QdEieémﬁl anitthodySeirgtat) ear finrati RIUCTMBN

(Sigma-Aldrich) was used as substrate and the reaction was stopped by adding 1M
35 H,SO, (Merck). OD was measured at 450 nm with a Tecan F039300 Sunrise
Absorbance Reader (Maennedorf, Switzerland).
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of OVA-specific ("OVA") and vector-specific ("B8R') CD8 T cell responses.
Quantitation of antigen-specific CD8 T cells was done by intracellular

cyt oki ne woanmwmgs2bor | FN-g after a 6h restinul ati on percodrand/ogests ng on
CD4 CD8 or CD19" CD8* |ymphocytes. Leucocytes fromi m*runi zed animal s

i ncubat ed wi t hout geptl de served as controls ("no pept."). Indicated are

t he per cebxample 5f EIISA-fos detersirnnf@VAspecificantihodies ik mpuspserumel | s
(A-C). The percentages of OVA- (CD8 OVA) and B8R-specific (CD8 B8BR) CD8 T
cells were used to calculate the ratios of CD8 OVA to CD8B8R cells (D). The
| og 10 of 96 heelk-platesswergs ceated with O35 upknell ehiekent avalbundine(Sigmadidrict).udent

(AD) . gD O Sergl it AR el Ridhb el oo B o Ehe
after $hr d@tionﬁmiumamseoﬁsrwere pesp@nes. rﬁlntmmmg Donkeyantignadsa, IgA/A+HbS- OVA

i Co 1t r SRy ROENPY) ¥ ided e BRRES fop 2 TS ol BHBRrluel PP Y e

wer e boosgetgctign hofa tﬂ@tﬁb’i&ﬂeq Byecandaryt hantipodys) $trqpta\1|¢1p%¢-tRan(A¢nar|saam weeks
after t heB os |§Ecésg‘§%é@ da%ﬁ%& gc?ther ﬂ?ﬁ%@%@&‘ﬁu‘bate’d%rcﬁ’%&r‘ésat FESHY dé}hgt?é}gtdf‘@ re

anal yzed 4 ter mruni zati1on for In Ion of

OVA- speci ABES((S@ma “Plaieh)/Q-88%oH:Q@d M titric(agsbas g (9 daveloprtbsassaes.
Quant i§ at pp\wa¢ nRakiea %t RB5 in Cre{é%c vide! |én%ﬁ%9§%@ vith & REERFEb3SH0RN

cytokine staining for IEN-g after a 6h restiful ati on period and gating on
CD19 CD8+SHiifehikesprieance Rpgger-panel s) or by MHC class | dextramer staining
(I oner panel s). Leucocyt es from i muni zed ani mal s i ncubated w t hout peptide
served as _controls &a I ndi cated are the percentages of OVA- and
B8R- speci Exme@&#mﬁgomf FEdirgcted|hysecompinantMVAR/A- and MWA- speci fic
menory CD8 T cells. Leucocytes from BALB/c mce i mmuni zed with

MWA- p7. 5- OVA, MWA- pS- OVA, and MWA- pHyb- OVA were prepared and anal yzed 28
days %) BKeressionq §GEB)meﬂmre¢tefiﬁteL@meﬂla Whighi are; aen-permpigsivectos MV WasN- g t o

quantify &hfiapRethBaI- W@&'ﬂrbﬁ\o% (ﬁg?eb)\ﬁ I Gh{fBhted e ER Eéli%m\ﬁl'ﬂEh Ofret he two
experl ments shown in Fig five mcei muni zed three times

with MVA- PRETHSSINEA %{nMVﬁ \;ae rﬁS:@“F’rﬁ'i‘ﬂnPEécP"Pm%%s tqlr@e@dvm'shwmtwe@FBvA and
MWA- pS- OVéxpressiory il et sﬂy@ drembten (Fig{TBZEJ)ﬂ tro érﬁH?yzreeéW?AbH@ éM¥fes8ioRr essi ng

MVA reconbi nants 14 weeks after the third i mmuni zation ce were anal yzed
by | FN- g- PeRately “'G\MVAdHfGCBBR%GﬂﬁaW?F iagregied irrits @prly PhasePyiaatmgnt #ith spl een

(D) GaglayArat] K 16 he RS iiésel BERMIGHRL 1 pHYB UFSRUNSHfScRim v HENGH 2ed
ani mal's incubated w thout peptide served as control écbrt@%@l‘f?ls

Exanpl es THEP %PT"&&PH@“%&@&R%Q"WW‘# P PEQTRAters) (Fl9§t ?ﬁt%) ﬂ’h

i nventi onef GFM il NPEA\WRlyb-dORRRIFEAEE difs awdrer AN ifiiehésf! bynAF® This t hat
the provided exanples in no %Rﬁbe mtergreted in a "Hé’ that limts the
et

appl i cabi $haNpddnat the tardam arag fdBei s eetheelsmestsit RFYPLRG JAWAES t hi s
exanpl es. rAeSNtaa/ﬁ:u?éif&ahe absdrved gmcfa‘atsdgi a?rwa@h t@@ﬁ%xplr‘élséi@na t wo- way rtepeat e]gi
neasur es es nal cat.e (0] erw se. neration o
WA BRE © cANRAR SRANSIA of HURFOKRIBSSISA Horh SelBe diowsdung e RN BNt a1 ni ng
alate Sl @ireuidd brm:da@résfsmownwhrtus fifgtl 303hﬁrimift ermfedtivh, fwneeeagrsﬁegamt?mt
arranged e ronpt e rreswasc clte . e ri.
ooy RER RSB UBE T, Protaotgs A8 hitedPe Eeiab hefPreo 56 M2 e
g i ngvpubleh mzd‘ﬁé@%‘@r gl ssyb &on&terZG%teN&@genlse_&ellél SFUSGIEP eegswl\s/gphi 0299;.
n. 1 TO - rti . | S| er . . .
o ant | iRl BE G Boians oV TeoR (g s The Srpstier vl B g i3
expr essi oand EhedtpSC prontpters réb%héﬂ&heéé)%uc@a\bysm pHyb Joromotér BonlMibste . in1989.

'?L;ugwgeﬁf%ﬂ%‘?éﬁéwggr Vi u%@?ﬂl‘ H nrc% aelftsme points Letw%'er?lo 5 a% 6749 769)

infection, expression of eGFP with the pHyb promoter was significantly higher than

that achieved with the p7.5 and the pS promoter. Equally important, the pHyb

promoter activity was detectable very early within 30 min of infection, whereas p7.5
35 and pS required three times longer to induce detectable eGFP expression.

Example 9: Analysis of CD8 T cell responses
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with the wi dely-used synthetic pS pronoter which directs high | evel gene
expression and with the natural p7.5 pronoter (Cochran, M A., C. Puckett,
and B. Mo®©.20102838221 n vitro nmutagenesi s of the pronoter PCEFPROLOOIS4R
vaccinia virus gene: evidence for tandemearly and |late regul atory signals.
J. Virol. 54:30-37) (Fig. 1). These pronoter constructs were cloned
upstream of the open reading franmes for either chicken oval bum ne (OVA) or
eGP and b’[b‘erﬁ@HIFF‘éépr%é% AdHin <Y PEMSIndHtly nﬁe‘ékéd‘@%\ Qﬂdé?QF@E&&R}F%f the
reconbi nation ronoter was asse using a late elenent from
the pr ormP@inﬁfl’Sé& erS @mﬁbplévzqawe@sqieﬁﬁmmne@ H‘&WQW@@"F&]@ﬁ%S’I”GntV‘(OAﬁr?e protein
|0 CONDOX ki kil ikTHIMRLIRGAS witf-10° of r8B6mbinar MYA: pet $luseCrABIcAANd

characterization of e gene encoﬁg prote| n of the A-type
i ncl us? onspraific QD8Jovq§ld>esmns§s~aSJdetwmned/bv CSé@f IFRty affersgmulgtionmdthel , D.

D, C A aﬂz@g‘ re@tncfédh&/ﬁ%l%@ ?EQ&}J@'SIMF&EW?ﬂiRﬁ%e Qdéofx&él”& Se ved

vector th lrects o expression ol C Qne genes 1 n nannal
cells. PrtxctheNdVA. veAtoa,cDDSd" cellg. reshgnixirgbthedemgwgsiminanh €08 T cell apithpel vy

ar 1 anged gk ihe LU BRRIEIT. A6l R S IMHLE op Ios POREWERK PSS

nodi fied at nuc e po ons W A-rich critical core region
of 16 nuclredunigationassindar mropaitiqrsawf SQWA-speciic GRE B. caltss yerq 9dBen&dr uct ur e

of vaggi nln%epér’idé?lt %ﬁ'iﬂey t EW%gter#Jsey?hg E 5)|The2§®hr i R gg%%ﬁlAu?{BQPs 5'@t ur al

p7.5 pronbte used here onS|ste ase agnent
cont ai ni n@WhepdciiceCRBd cells @taer\gedpaftmﬁhersemmunlzat@ns\eﬁuyh@ephvbf he

strong Syghnetdh é‘r@&'é!/l\{]] %S@VN&@M%%I 61’5‘325\%?@\ K Cﬁ@n{( t's‘ié’tfsn@é‘l@c“y R

mat chi ng the seq ence at "was previ ous descri b arti
Sisler, aﬁlsnlscawd@s— 0PFoand %%wpectwm hlé%R@pe@%& B oell rrwoeaes wdl at e

pronot er LAk rf gist Q%ﬁ%ﬁ&{rﬁl %‘ft@Pthegi Qta%@%b&\’c?%rﬁg’mﬂé{% éh%’g FigRe&agipi nant

MW/As wer e generate Sin cl oned version of enone 1 n a

bact el} al Aget ﬁheﬂblir%immnn@mw@ MyAepHYBOVE, |sgqnlft0ﬁeﬂ>pﬂwg@h@v¢’ssmwot er
construct gpsef %elﬂé%?eﬂ's érree@dE’eRfedtéb‘?n&?@&' %d ER R dfiZdRR it M%'Nai_ﬁ

chi cken oval bum ne or enhanced green fluorescent protein (e

These expP¥s(pR-Q1a andtwiths MA-B7 \5’rC&Vrké§<Q\PQH rigri@gin gcqu@asbfthgrlgpwgr)@,) mat el y

45 nucl e%%ﬁeénP%&&%egWhrm@ua%somBhQ df 's8R- Qéé‘cﬁfﬂ,e@:'dB TegdIRNofdRideeen
genes MA136 and honol ogous reconbi nati on to obtaln reconbi nant

MVA- BACs . inmmpigiged wb MVM%@ %éow% tq migectieated withAhs twe atheiMVAct i ng
BAC DA i phiatiBElS-(83049).l s and superinfecting with shope fibroma virus as
hel per virus. After three passages on CEF cells, helper-free viruses

(conf i r me@f BptepdingsavipaLittPemerstrata toatnt/wap Wﬁﬁd@p@e&@m'&%ﬁmgn%?metheegp or
OVA under nGaBer & OVA- sk@&ﬂ@'(bﬂs PRNPEeEn ﬁﬂ& rBvis G PADAizAM sPAitH e

expr essi ng eGP or under control of th {) ronoter were obtained.
Exanpl e 2homglogogs, MV(f ¥irgs gopgiryct.cThg @bty @fs heb@VAf ¥eetes; foRegst antigRin

enbryo fi gp&imcagebs(1CEE re.fs%bh§e§’\ﬁé§ ifiepRAdat Jfrt@énpaoln@tay(psdocboanmmmand

cultured in VP-SFM_lgserumfree nedi unmy | nvitrogen, Karlsruhe,

HeLa &%l | §PeRficeCRE I celiscritan 3w homeleaaus My F%@ﬁ)wmtﬁ?qfsofv@?éhf% ect ed
with 10 TrdcBrbiree M bo@étrdcm Wé\pfcﬁﬁam HROVA- @éamemmg &5 PescHéar
er

control of the indicated ers the indic
nf ect ed ExiapHORY gk nyathes, 2 gr oo dnmupizafions yﬁﬁ%\é&%@&% Brow
cyt fmet r yzcb%roé%%b_ &¥X @éwweHe@rodv;lmés@balfuwdags éﬂed—t\ﬁﬁthlfd Hrﬁt\Mlﬁ‘aﬂoﬁrVﬁMthls
anal yzer | 0OSCi enge I del ber er ne el.e a t 0si ne
ar abi nosi BRNSUAFLES9 vﬁé g‘[%%% eﬂHaltF?{Bg?fgﬂn%ﬂFﬁ(ﬁoﬁfﬁﬁ@ﬁtdﬁ# eCt?E' ﬂmggreg final
COﬂCGFﬁ r atd B8R@bedifitoDd T lcallawe RS detbbted rat alay faéftebmhe mlrhhmnﬁﬁrzlayioph\m:ge
Exanpl e 3 on o F C57BL c eks were
pur chas edW&n&Hﬂ%ﬁ@%‘JW% rf; g@LrﬁErWas @'ﬁ’b H‘ge gq &'% cfﬁc&eeas%éq ég\etﬁ‘r?um zed
via the i Atmbeer bit BBR&lpeélﬂd;lt(mal\ﬂ't teldn suggestihg rthatf exidsioncafnprirmed QVA-08
TADBO of s;t)ehc ic 858 q'céelll\s/ %vagké%mru?a?gmitnﬁlg er e&:mency (Fig. 3C). The ratio of OVA-

specific to B8R-specific CD8 T cells was significantly different after 3 immunizations

35 with MVA-pHyb-OVA compared to the two other promoters (Fig. 3D). In contrast, this
ratio was very similar for all three constructs after the first immunization. The

enhancing effect of pHyb was becoming apparent after 2 immunizations but was not
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weeks 0, 4, 8 and either weeks 12 or 22 for T cell analysis and weeks 0, 2,
and 4 for analysis of anti-OVA and anti-MWA anti bodi es. Bl ood was taken via
the tail weiniloat2d2be i ndicated tinme points and processegcazprd@sooished bel ow
for analysis of CD8 T cell responses. \Were indicated, spleens were

harvested 7 days after the |last inmunization for analysis of CD8 T cell
r esponsesstatistisatly sigaificanttat thietimelpeint digokPhd akemtagethgr.(the@8avrifrSeared

ani mal s WPJ ogé% n% E@HI&%@H%@EPOM EPeddH) ifOvhA &@ln%Bo%Pﬁﬁ'mQﬁiﬁaﬁH?fése wer e

resuspende contalning 4 calt serum (FCS), 2
mM et hyl eﬂ@djl@ﬁﬁwlﬁfle‘t aftercthei gemd Q‘EDTM“%’G'W the 5COBoria: Gerar iratiosBRlsSd

sampl es I o 4 usin
F{e:jrp Bl ood (%e%f’h‘laﬁ tHé]b%tf%r Sfeg%dquaAfddrl ch, Str# tﬁiﬂfrﬁl M rk‘)ﬁfn?otéﬂ’ﬁlﬂ 9

Per i pher aha%F@demwﬁfé‘%ﬁp élﬁf@“Q‘IBB(\VGE Ydre final l y resuspended in2nm
of RPM/10% FCS contai ning and 0.05 nmM b-nercaptoethanol, 1 m/m

Gol gi Pl ug(tm (ﬁBD Bi osci ences) bl ocking secretion of cyt okl nes via the
exocyt ot | WheatP\anppecifiel CP8nyrell responsestwale analyzedat differest timepRintg aften | D

NG 3; " OVie) thuﬁ?ﬁ%@n&?zzﬁr%XKFESMaé S%thDtth? 6VA—§?€%|fk s NP B@l&t I\Wgre( " NO

pept."). Peptides were purchased from Prol nmune ord, UK). T cell
f r equenci EMenpdomigant atsrecititimarroints 2Rec mesquoet:@%éetr:smmew '@ﬁi gie

deri veg fﬁP"RéV@r&ﬁ &C#ﬂﬁu%o%ﬁnéﬁcet #8s ders@}ve§8£f gag 5 &W%t Stel {h'ESEH}ar ke, D

C, G Karupiah, lmore, K R Ilrvine, S Haer)( S.
WIlians, Imursz%tweydemndeet or the experimRM{Fig 4 and data ppt %%rél n Somes.

| denti fi Céidé?iﬂqéhis ﬁeewlnwﬁm%hsTwmeIMvﬂgH%!e\mweﬁ;e tr@q@f&\moeaeméwaal
design and characterization of pox vaccines. J. . 201; 95-104)

were det efiPrREPA to %%@ﬁt%@? \TeC‘HEa@ ttle(dgta O%?’lﬂ"@'ﬁe@)’ 1°P6tr‘€§§83ﬁercel I

r esponsesin&BHE @' ﬁnmm%ﬁin@d/vmw\ﬁwsacbv&?ﬁeRﬂsp'é‘%fm@C@Ds hprosps fawb y
centrifugation, resuspended 3 m cold PBS/10% FCS/ 2 mM EDTA 4 and

st or e ovEaMARES '@muméommet f(5!9 ofhi #rf d’@}a mesNvEhaEDe iese nesgu t\ﬁere
ant i bodi egoritivhkd GP%%d?@sﬁngB!HéWHermassG%xﬁ%aﬁM@aﬁmﬁg nidthéd, @RR3difiCdtoRy 7, and

i nsome experinmentsS with anti-CD 127- APC (al| anti bodi es from BD

Bi osci encekie wagesgabed Mﬂﬁll?!ﬁséd telr ‘%"ﬂe’aﬁﬁﬁ"wrtﬁﬁ?'@q‘dﬁ IR HYs gpPrRAEN.
i ndi cat edhigRéd bVW—éb‘écifﬁ@rthﬁ'pBBRDsp%hfl&@DS‘Tt&éﬂs & obdérved avvas finfgpoial | s
were fixed and perneabili zed Msn the tOfIX% gw( n}PIus kit (BD
Bi osci encaigr hecthirdi imghynizatine PHYRIOVA bishe € Rf PeP’ Rashi ng,
PBMC ygr e ﬁ)hﬂité}e(h rrﬁlbg It PHybremoedroasg) a(aIeF{zs»L EﬁveﬁéédCD&mDFcéﬂeCr osis
factor- a(TNF ﬁ %[S}ed anti-lIFN-g anti body and
PE- conj ug®iaen "é ad’t‘?f PB'('S'&)}J"B’ PR ARIKes). The anti bodies were
diluted in perrﬂwash buffer (BD Bi osci ences) and the PBMC were stained for

1 i stained cells were anal ysed by

20 mn at _4C | e k. After washing,
flow cyt oﬁé?myia){&eprg%%ﬁeﬁée?'gﬂ%s LSR Il system Exanple 5: MHC class |
pent aner and dextramer staining |munized ani rral s were bled fromthe tail
vein and 100-120 ml of bl ood use [& re end d in of PBS (pH
7y Sont 0y R dsarygnerten e, S0 HRYS meahe iR dee it MY Bty acet Lo
aci d ( EDTGVAsspiciicSCo8nT dwﬁéﬂtlllrbutﬁumberedtm-\&bed:lﬁc <DplTe cells and avérguot not
used for I i.medi at el sub ected. to.stai.ni
B8R- speci PPQ gﬁly% ighsr icempare '—T‘Igﬁ'ff-egltrﬂfge A S%'ﬁ%%%ﬁ%@\{i\ o,
pent aner s54 P¢s=€0 003/ eAnalysid pf Mﬂ@-teirmS}Da T delit mean@y sn plaodLafenice A8peedkagen,
Denmar k) conpl e dvmthth respect t KL and
TSYKFESV S ths)ﬁg"%é’ﬁ"%‘ﬁ' oh SRRl Balihg \Bléa}%é:ﬁ}g; o8 ‘geﬁ'F e L
with &PC sigdifitdrelyrtighee don MVAQ.[B&bTOVAIdon’maped wMVAspS'o@Vé\ g 5 <0r00lwo
separate reac ons b o PE
(Sl NeEkLHERT S AT Swgi‘ﬁé%?%{\fﬁ%@”t(rane S ThRORSUE St ShafinGd Ty Cr
one st ai nstapingewith iIMHIC tatapst Iheantamets datedtinGIRER- Fmd SVidespesificee Dids eelisg,
:;2{ gﬁqd CFJak 5 nBELEoHI2InERBEctRE & BY 1fdd B Blombt& aBpi3Rinfitd§ C70286% o LarR 1 |
OVA-specific CD8 T cells detected by MHC class | pentamer staining were of the
35  effector memory phenotype (CD62L/CD127%) at 12 weeks after the third
immunization (data not shown). In conclusion, pHyb was able to induce a strong and
long-lasting CD8 T cell response against the antigen and the proportions of OVA-and
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Exanpl e 6: ELI SA for detection of MVA-specific antibodies in nobuse serum 96
wel | -plates were coated with crude extract of MVA-BN(r) infected CEF cells.
Twof ol d swoi2alo/wed2at i ons of serum were i ncubated for 1 ROWEP2010/8T1545 f
necessary, predilutions of nobuse sera were prepared For detection, the

pl ates were incubated with a sheep-anti-nouse | gG HRP detection anti body

( Ser ot ec) BPBrsrerifigcelisrfounsim (hS@?ﬁ& phege aften thﬁé@"%%ﬂ“@éatﬁlﬂb@m thedheegd t he
reacti on WA &riREOAY wiYe USRI MesBSEY il MBrhdhoryPRakES Measured at 450 nm
with a Tecan FO039300 Sunrise Absorbance Reader (Maennedorf,

Switzerl and). Exanple 7: ELISA for detection of OVA-specific antibodies in
nouse ser pRaRPleVPl: Effdctiof foltSihfinGARAGENAM th 0. 25 nmg/wel | chi cken oval bum n
(Sigma-Aldrich). Twofold serial dilutions of serumwere incubated overnight
at 4C.31f necessary, predilutions of nouse sera were prepared. Biotinylated
Donkey- aanudBEﬂﬁﬁeél&@ﬂéﬂth@ﬂﬁerﬁl%rﬁﬁhéﬁ%é’é wwa@ém%oétedmﬂtﬁé%bm% for 2

hours at roomtenperature. For the detection of biotinylated secondary

ant i body, Méfﬁ%‘%SISHVFtéltﬁé’BHQP'rFAH’é?tEWaWPB?TB%Qﬂ'%@s@VMﬁe@!H@@@StT)C?H‘ﬁa'”pl at es

and i ncubgdeeslobdbof Rn\myssow\ orrqwmparm@w irirRuniZRI MideSvBIR- AteH upand0. 03%
H2Q2/ 0. 1M citric _acid was us to devel op the assay, OD was neasured at 405

nm ref er 78 SR feé’ﬁﬁt 'f'f‘e4§'2°sﬁrrf’f WMMATPHY VAN "FWB‘QBGG animalss A1NVEF.bance
Readeig Ewm;bﬁyb%ova@%ghm%e& @fﬁ&’ntdéﬁoe%@eﬂedothermgﬁéﬂwrfmmﬁer ¥R/ A-

Expression of eGEP_in untreated whi ch are non-perm ssive for
M/A was sFREATGCRR Tieels in 9?@%6:'%%%9%‘"@?#@ PHyR) PS AR RS Weiedipt aRie cel | s,
whi ch ar etpghiftithé imuh8dorancd fpatt@ra iAMfEveof RBVA- s‘bé@iﬂ@t(ﬁ:'j@TdééII@Cé\%ﬂ hi gher
total eGFP e>%gre33| on than the p {%f qprom)ter Fi 2B). .To anq@%eze early
gene expr 8Y&iTBY iImEHTZatians: Analysiqwisriefacytes die V‘%%‘ Bnice shaweda veryi t s
early pha§umnbyrambwowspewtcho/ﬁmcséwﬁcl@®T denslesmparedao eenditibs onthe t he

Blr_b(;Pm WR{% g'lr c%|t|ﬁs1n&g[] dt(ﬁg p&éﬁre qsa: @%&{agtat etrglgtlvesngnqge}she P7.5
WA- Hyb 6GBRAI a"ﬁdeBsmpsahé eDaeTeenwbbtbmfehuﬁwsWofﬁpsa@hePambbo‘ahw@d t hat

thetandemarra .e nt of the ar | nts in b (Fig. 1) was
r esponsi bTeé’r‘?sSPpa?'H% 5'%%\"’08'89'%%%5&? E‘FP ant:gegl_zxpﬁelsgi on? A

ki netic anal ysis of eGP expression in HeLa cells showed that the pHyb
pronoter directed protein expression within the first 30 mn of infection,
whereas significant eGFP expression fromthe pS pronoter did not becone
detectabl e before 90 mn (Fig. 2C). Mreover, the pHyb pronoter directed
hi gher | evels of eGP expression throughout the first 6 hours of infection
(Fig. 2C). The expression levels fromthe p7.5 and the pS pronoter reached
t hose i nduced by the pHyb pronoter only late in infection after nore than 6
hours. Hence, at all time points between 0.5 and 6 h after infection,
expression of eGFP with the pHyb pronoter was significantly higher than
that achieved with the p7.5 and the pS pronoter. Equally inportant, the
pHyb pronoter activity was detectable very early within 30 mn of

i nfection, whereas p7.5 and pS required three tinmes |onger to induce

det ect abl e eG-P expression. Exanple 9: Analysis of CD8 T cell responsesCD8
T cell responses against reconbinantly expressed OVA under the control of
the pronoters p7.5, pS and pHyb were determned in C57BL/6 m ce after one,
two, three, and four imuni zations with 108 TClI D50 of reconbi nant MA per
nouse. The OVAspecific CD8 T cell response was determ ned by I CCS for IFN-g
after stinmulation with the Kb-restricted OVA-derived peptide SIINFEKL. To
monitor the CD8 T cell response to the MVA vector, CD8 T cells recognizing
the i mmunodom nant CD8 T cell epitope fromthe poxviral B8R early protein
were quantified by I1CCS. One week after the first imrunization, simlar
proportions of OVA-specific CD8 T cells were observed i ndependent of the
type of pronoter used (Fig. 3A). The slightly higher nunbers of
OVA-specific CDB T cells observed after the second i nmuni zation with

MVA- pHy b-
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OVA conpared to MVA-pS-OVA and WA p7.5-OvVA (Fig. 3B) were not
statistically significant (p = 0.27 and 0.62, respectively). B8R-specific
CD8 T celwonesporses did also not differ significantly attraréloeofsys st and
second i mmuni zation (p>0.5, Fig. 3A B). After the third inmunization with
MVA- pHyb- OVA, significantly stronger OVA-specific CD8 T cell responses were
observed Claipas ed to triple i munization with MA-pSOVA ( p<O. 01) and with
MWA- p7.5- OVA (p<0.001) (Fig. 30 . In contrast, there were no significant
differences in the proportions of BBR—specific CD8 T cells of mce

i mmuni zed1w t hAVepliqakiph deficlerttarpamiidantovinms encoding e tbast die aht@arwmdbtbrher WA

possi bl o BN epidbe, dinghOh CogheBRh b R BT SRS, cblopBoo o

even aft ereguaded royvaotanscriptional aontrols eletriemt tdmm;inenngl aptaast WA elemeasts

ol r ospdidh eé‘ﬁ)’é*.ﬂ%%%ﬁ%h%f‘ﬁ%{ ftaERandios iy ‘i’i%ﬂ@% o%ePife‘S«L'sSeff’?.I oo

T cells after 3 vs. 2 honol ogous |mmn| zatlons vvlth each of the three

-p m ow one sa t ro c sgmepec tmgeoo [ eo ra:jsesa ter
bropott i Sné“ﬂg%%%%éﬁé‘e%ﬁs STCSQFTQ”ELWEZLSd to Bg’é'.é“séii e cos T
cells were detected at day 6 after the third i munization with MA-pHyb- OVA
e 09 2 C58 (e MlipaddH Jetih Pl Srb abiFaif 66 857 o MrkRhipbhie
OVAspeci f pexvtDs |sTa vatdinja wirgs, qureferatdy eeleoted rom tgmle@rom borcslssl_ngpf M\QAC 30).

di 11 e ent Car v oancd bac EIAIRFE VAL LU0 VA compared fo the fuo ot her
pronoters (Fig. 3D). In contrast, this ratio was very simlar for all three
const ot . 1 She T SlerdIN AR FIE ETABRG TR o Bhefin B0 ves

si gni fi caMVAathashthe capabilpfpi oft repFeductie®) replication inoyéohér chidken ombryo

OvA: CD858FBrBB|?a§@5 E@'&ﬁ eb&thﬁB EPWY& FH@%ER{]cﬁ\rfe FeQic éﬁ%o‘ié tﬁ’éj amaage in

booster inmuni zat articu aft e secon ost. ta ly, the
CD8 OVA: (BBalBRytetdlldisedalaTs thegeuman pabriorddnes gl ine 283, tha humandwiel ess

ef fichent
or onottor (irasarkifia Bk eI 4B oRE 1P HtierPbraR AR ARRINAL cElIMeDs  ed a

different tinme points after the third inmunization, it was found that

OVA-speci gi ¢ Cie Tedﬁ@é H@ffcfen't FEBARRAAR: W‘u’“@ aé’éor&ﬁ&% tlafm 4l WﬁeFB?r'n ghig after

t he boost as determ ne HgFIEﬂ’.; Qa‘-z« Rever sal I mmunhodom nance was
observed WMSMWB'BM%d%ﬁQSé?dF etfirA |Uﬁﬁﬂm%ahqf64908§%@ﬁﬂl ng on the
experiment (Fig. 4 and data not shown). In sone experinments, four

i mmuni zations with MVA-pHyb- OVA were required to achieve a ratio of OVAto
B8R- s%)5eC|$| c Chee Terligption deficient recembingnd virdh ggprdingyto @i trecading¢laigt. ¢ hr ee
or four igRrRirZsHid aeadtitivd MieiSufMAg eBReresdidr §re%ugnéé%ﬂtﬁm2éd’vays
remai ned i mmunodom nant (Fig. 4 and data not shown) hese results were
confirmed by enploying the MHC cl ass | dextrarrer(tn) stal ni ng nethod, a

nodi ficatyon ofhd Ftﬁbll‘é@ﬁdn SRt P@ﬁ)nMﬁ%rﬁ'vﬁ§§ abcdrehgaaﬁrnﬁr&éam@gcmmhnl que.
Using this arg[)roach ﬁgher OVA- s i C thaﬁ B8R- speci |1's were

observed WPergn sgidnat Jegsh: wo,elem "tt?l viigr §a hﬁﬁ?fezsétq”oﬁr%%t HeRRIAMAy b- OVA,

but nﬁ)\/erpr‘éfér&)lflaﬁleBthﬁ/leopléS dPaAEaHE brdnrdter digmetius, only the pHyb
pronmoter was able to reverse CD8 T cell i mmunodom nance in favor of the

pHyb-driven antigen. Exanple 10: CD8 T cell nmenory In the early nmenory

phase, atg28 daryé rédflic&tiont deficicnt rétoim‘mﬂmit z/&ué aaccm'ihb tMéﬁy mrtyckedlr@/aaapeci fic
Ch8 T cellﬁ stil ﬂgutnu

STont 1+ e, ajft dHEnE R BPELe Y O BRI it AT SHAPTRReE EANUES oM ale. ps. ova

(Fig. preferably an early/late hybrid promoter comprising a late element derived from a
35  promoter different to the one from which the early element is derived.
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5A, p=0.0035). Analysis of long-termCD8 T cell nenory in blood of mce 13
weeks after the third i muni zati on denonstrated that OVA-specific CD8 T
cel I s werwobiddozsbgni ficantly hi gher for MA-pHyb- OVA eompr@d/odG4s

MWA- pS- OVA (Fig. 5B, p<0.001 using Student 's t-test) and MA-p7.5- OVA
(p=0.03). This result was confirnmed by staining with MHC class | pentaners
det ect i ng9B8R- The dentivatianpdeficiant regobinant lvirgs ackeardingde ckairoiin wherein ésidect i ve

of the ty o} Ya\gYenq VA - 3000 6&% j £ T
cells det ggise% agé/%@ér%ggﬂllg%en agrttr'ssz}? glgﬁﬁllgésv\irkéwo tﬁ‘ejlsgéf {;r'ggr}o(%ﬁ menory
phenot ypeele@®ARL7CD127+) at 12 weeks after the third i munization (data not
shown). In conclusion, pHyb was able to induce a strong and | ong-1| asting
CD8 T cell response against the antigen and the proportions of

OVA- antB8#0.s pegm replicatiansdefigigntirdcombinant virusyaqenedirg tof anyronenef daimsd to

i mmuni zat 1 : : A\N@' J din

t he mmr?’%ﬁ%‘%@%a@lgﬁ%ﬁ%%ﬁ: 53@@%@%@&%%%@%”@%& Olﬁ %é%%weeks
af t er thept hieadyipravoeterelement.ni ce were again boosted with the same MVA
constructs to determ ne whether the proportions of OVA-specific CD8 T cells
in the blood of MVA-pS-OVA or MWA-p7.5-OVA i nmuni zed mice would catch up
and reachl%i ni The repigation deficient rasombirtanivinisAgcordmgrtol laiom? 2ed0.avhierains .

However , < %Qﬁd et @@I@ 12 hi ghest
nurrbe?d of %XEE%%F&@"@ céﬁf%nﬁ%dggb%%%. g(%f nﬁjg'(\)lnﬁt?fast to pHyb,
pS and p7.5 were not able to shift the i nmunodom nance pattern in favour of
OVA-speci fcC : s raf ; Jir L4 We¥s S !Pg@ I .

spl enocyt fle% f?(?rgr?I%%ﬁéﬂéﬁn]eeﬁlﬂééeﬁsrﬁggm%dﬂgmvdér y sFﬁlﬂfdgﬁ%r%r%i 0 %?éi@/&%rgeci fic
t 0 B8R- spioEuse as aEglicamest pgvacsigared to the ratios of the two CD8 T cell
specificities in blood (Fig. 5C, D) indicating that the relative nunbers of
OVA and B8R-specific CD8 T cells obtained by analysis of peripheral blood
were Fepr&3ent Hee 0f the replication sleficienigreropbinant yifpd ecaerdingdoapin one of
replicati gginflef {1 £k tHSSrRPRYaRaN bf ¥ ddRaRitnPdi YHtcile. | €ast one antigen

and/ or antigenic epitope, wherein expression of said antigen and/or
antigenic epitope is regulated by a transcriptional control el enent

conpri si nggat PRafiackiiicat!cBRRERIoN drvidt@inBaEdniprdiiy &% réblicfiors Abficigtt | gen
and/or antigenic epitope. 2. The replication deficient reconbinant virus
accor di ngree8MeINgNnVITUS \#RPETiIRG 48i anY «¥8nBf taimsvi rigs 111 sard| eptiaddlly.r 8m t he
gr oupC ONshdrinaBButithi 8Pl 84 Fier, RIS S3djivaRESndIBbadiel T uses. 3. The
replication deficient reconbinant virus according to claim2, wherein said
poxvirus is a vaccinia virus, preferably selected fromthe group consisting
of NYVAC, 18 s pnélrdpnéationastfivRAtidtbmbliaht!drlteabriidigMéAiny dhe offtfaimenltocat i on
deficient reconbinant virus according to claim3, wherein said MVA has the
capabi | i t {2 8F theaapmacautical Gommastion; B yaceing Aeeasding te plai df feniprying a

fi brobl ast el fdspbngecinlShoshts sdi@ at RBSIdd dritigeh ah@BF aftidenicvépitope! | cation in

t he human keratinocyte cell |ine HaCaT, the human enbryo kidney cell Iine
293, #he human bone osteosarcoma cell |ine 143B, and in the human cervi x

adenocar cimg_mauwlolf theé neplidatien deficiéierdcombinaat vivls detdrdingnio AME ORBI gfant
Vi rus accqrding, t

claim4, wherein said MA is WA-BN as deposi at the
ECACS undarinia el Gt @bataBCRaca T ReBiiPE Bt Vase NFEran [ SRBhbf ot
Vi rus acciedrggarhtiorfbl/ a edicihérg for mMdaTingM2eT ek réspoisatin beast té waidedtenent s
driving early expression ar cicequence optim zed. 7. The replication
defi ci ent'e?%tc%‘ﬁtﬁoqqgﬁ'? afg/p(,an 9@8&%' f8%t o any preceding claim wherein said
at lemst two elenents driving early expression are at |east two, preferably
at least fjve gopies. of an garl r t el t. T repli. i gn
defi ci entHr'ecomqoﬁ%[ﬂ'tca{'ﬁ'} &Sﬁ%{%’&%ﬁﬁf’ﬁ‘gﬂlﬁ élwg,gﬁgacr@&?%%hcgfgpﬁ%%omﬁ@ﬁ eol(?n sai d

t ranscri ptacoimal acordinglto ellamehd aor user acconging se<laim €& Wheédeat eaidr brosller ,

pr ef er abl I}ésggns%qg gydégﬁ.%enygsrdoqsgr onoter conprising a late elenent derived
froma '

35 18 The replication deficient recombinant virus, pharmaceutical composition or
vaccine or use according to any one of claims 15 to 17, wherein said T cell response
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pronoter different to the one fromwhich the early element is derived.9.
The replication deficient reconbinant virus according to claima8, wherein
sai d virusoizsicaops2zvi rus and said |ate el ement is or cORPTIEPREI0AITSO\VPOX ATI
| ate pronoter element. 10. The replication deficient reconbinant virus
according to any one of clainme 7 to 9, wherein said virus is a poxvirus and
sai d_ear | die6de Py ePBERMUNIZAtN dsaimqns@@mnﬁrn% heaolagops optimetboestenent .
11. The rgghiridtdtions. deficient reconbi nant virus according to claim9 or 10,
wherein said early/late pronoter conprises the nucl eotide sequence of SEQ
IDNO1 . 12. The replication deficient reconbinant virus according to any
precedi ngqg] ai fhé QEplib‘éﬁoﬁ%e'ﬁEi@hP%mbu%ntWQ' BRarnfadeulieft @mddafion o

replication deficient reconbinant virus according to any one of cPal n 1to
11 for3 t h¥aGHNeRer48e; ARFOoBsinGtonanty enenefriiaimis ApatecliBhwherein saiddr erllcespensel
conposi t | @n.neucéeﬁsglarhem@rﬁmmannﬁégﬁmsn rc%Fleanﬁb' é'-t”leQ&f ﬂhFéePBF at fReRIRbGaNt
virus according to any one of clains optionally, a

phar maceuff®HYs Sat'af&:ept able carrier, d| I uent, adj uvant and/or additive. 15.
The replication deficient reconbi nant virus according to any one of clains

1to 12 or _the phar maceuti cal conposition or vaccine according to claim14
for induc?hg aAmetBed of ibdpeinga T eellserranse: prefnbly aiCP@ A el prpoase.iigan

and/ ofg anhbde Hcfudiy TaOIQ&narJeralHJSrﬁeﬂBdtéH?nﬁr%md saflééaﬂ u%tel & 80 ledsEGaurLI nant
virus according to any one of clains 1 to 11 or the pharmaceuti cal

conposi t | BAMEYSTiEtiers akthgleplication, deticientdpeembinardvirus @caeragr taranyrPrss ofa

medi camenglain®y 1 td ¥ €d $Hid Rosk. cel | response in a host to said at | east one
antigen and/or antigenic epitope. 17. The replication deficient reconbinant
virus, pharmaceutical conposition or vaccine according to claim 15 or use

accor di ng21.0 CAadltrBohﬁansW@eétﬂéé\stftﬂbdnaTs 6 Primi IBG FrBmiufizatiSAP8orhpfisthd a
response. replication deficient reconbi nant virus, pharnaceuti cal

conpoi t | Eﬁl??eﬁtlooa?@éwﬁet '§FOMRBARL VLIS ACHEHNG 1RANY e Brlaimal e 12513, Gnd7,
wherein s#7 ¢ 79 chzld firbtEiR OEUISRINS“ ¢>r{mmg<ﬂ€bdawtuaﬂ’t) i EARt Z/i%l/b&ﬁalhéﬂbrﬁ@fbrtan
conprisin onpl o 00S nm ni strations, e replication
defi ci ent E@B%?%&Htafwwﬁ"g 'g’étf]?ﬁ EQF”'@B%&WP?%W '(S‘PC‘J)Q@U] h¥® 8r use
accor di ngséd@na@ndmﬁmrmeroﬂaﬂwmam;érto 18, wherein said T cell response is

i nduced by an i muni zation regi nmen conprising at |east three or at | east
four adm nistrations. 20. A nethod of inducing a T cell response,

pref ezabl 2.2 CRPprdmeer Icom@ﬁﬁa@%measntza}damtlde se@demt@ere?erﬁemgréfw?rﬁﬁ@l tg met hod
conprisin e S our admnistrations o e

ep | cat | Bt of St 1 By ianflon et este Mok A edrca geRES SRR 1 1o
11 to sai Haft@% idenfity ténk48-8¢ @fBECEIDWOat. | east two vials for prinme/boost

i nmuni zation conprising a replication deficient reconbinant virus according
to any one of clains 1 to 12, 15, and 17 to 19 for a first inoculation

(" pri m ng23.nocthetpremdter igecerdirig 6 cldlml Zz;ofmttaérnebmpndné adt leastabné astet
secongS and/or .third rﬂnd/ or flurther % oost ng inoculation") in
a second RROLE" q4Pe e?re\ﬁrﬁtl’)'@ocr?f”goﬁ aﬁpro’&\cﬁ ‘PEP conprising at | east
2 nucl eoti de sequence el enents accor di ng to nt 48-81 of SEQ ID NO 1 and/ or
at | east 2 nucl eotide sequence el enents having at | east 80%identity to nt
48-81 of SEQID NGO 1 . 23. The pronoter according to claim 22, further
conprising at |east one |late pronoter elenent, preferably a cowpox ATl |ate
pronot er el enent.
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