GENERATI ON OF A BROAD T- CELL RESPONSE | N HUVANS AGAI NST HI 'V The present
invention relates to a reconbi nant Mdified Vaccinia virus Ankara (WA)
conpri si NYOI21MH2180i r al genome one or nore expressi on cRETHPRES/0pA4 t he
expression of 5 HV proteins selected from Gag, Pol, Tat, Vif, Vpu, Vpr,
Rev and Nef or parts or derivatives thereof for use as nedi canent or
vaccine and its use for the treatnent and/or prevention of H V infections
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i npr ovenent £ YR" QJ?TB 'H clians;3 on mechani sms, the nunber of new H V
infections to occur, gl obal I y, this decade is projected to be 45 mllion
(2004 Repor:%aég The GI [2 Epi dem c, UNAIDS and WHO). HIV infection is
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concerns about antiretroviral regi nens. One main probl em concer ni ng HAART
is (long-term side effects and thereby conpliance of the patient. If

pati ents m $#Vdafeetinn draighnoeri isfeahaes diagastethel cgn bélpadiallpcontroliedr byt metlyet
drugs arge c d.th |, 0Ll | L,ndi Vi .5 do
ot haves aceai TESREee e Michlts B letEntitl Bificayibft 255 FEAIRE phodHeesisn
vacci nes t hae AlRS cAtitbe ppeebenbtimef motcadimprsqmsumfectpawithd'rlly haveqirbgrebseskld AIRS,
single HV en if an imMmune response was
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levels of HIV remain suppressed and the CD4 count remains greater than 200, then the

quality and length of life can be significantly improved and prolonged. Given the steady

35 spread of the epidemic, a number of different HIV vaccine delivery strategies such as

novel vectors or adjuvant systems have now been developed and evaluated in different



effective vaccine to the clinic. Detail ed description of the invention
25The present inventors have surprisingly found that an MVA-based H V

vacci ne wWhDcehiigeeisni ses the H V-1 protei ns2 Gag, Pol, TaPCTNIPRQ10MMUL4 Vpr ,
Rev and Nef is capable of inducing a T-cel1 response in humans to up to siXx
of these HV proteins, in particular in immunoconprom sed humans who are

H V-infected. This finding could not have been expected, since it is known

that MA as pedigiidal Qy&iﬁﬁé_saé W 38 9 BlinicH trif) | TheIRst JaRcihb @arfidat@tHateriy@em
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a clinical ResaHuhhREtréIRIsESNUO8 145SRBPISHB)0$329181)VABWE V! 8@ rbblitsi offtiectired
humans was still higher than baselinpe 20 weeks after receiving the first
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present snvention, no clinical trial in humans, but either in vitro data or
in vivo data_jn a use nodel we enerated |n order tg investigate an
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expected in view of fhe known phenomenon of inmunodom nanc WA, .t

e o Ihee M S g A PENRBISER (ot Baber 20 AT ATPBe a0 KARHET 3o BN,
H V-infectednbwm®s that participated at the clinical trial described in

t he appended Exanpl es had a CD4 count of |ess than 350/ pl and based on this
| ow nunber one woul d not have expected such a broad T cell response agai nst
si x of the ahghtactihds thatrreitested dompefiicay ibthé pastNrA-Usaamdbaseacomeaingle HIV
adm ni stered to. the art%&%g&nts of the.,clinical tria
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i nduction of _a 1-cell res dons(g Ei}o?weve.r t hese docunents fails to provide
data show nﬁnQuB?Ei%%?o‘i‘?%gFluc? BYLUIF@CCN8t  al one data acquired in humans.
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conpri si ng affetlivé-vaccheitmtreallimict ed from Env, Gag, Nef, RI, Tat and Rev.
Yet, this docunent suffers fromthe 30shortcom ng of nerely having ani nal
nodel data which cannot be reasonably extrapol ated to humans. G eenough
et al. (200®Betailatdeswriptidn ofdB83InGEBA®M eports about safety and

i mrunogeni city studies of a reconbi nant poxvirus H V-1 vacci ne conpri sing
Env, Tat, 35Rev, Nef and Rl which is admnistered to young adults on HAART,
t hus, bebng Thefmesad inYWDI@S lHave 4B ERAA1HDADEE IMYA-baged HilW wAcciHewevieh |
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overlaid by these immunodominant epitopes. Moreover, it was observed during a clinical
trial that the immune responses of the vaccinated HIV-infected humans was still higher

than baseline 20 weeks after receiving the first immunization.



Based on the animal experinents and the attenpts to even nmultiply an inmmune
response by lining up nultiple CTL epitopes (such as in WO 01/47955 or WO
2008/ 118986)201m4et80di d not necessarily result i n t he gemr€raPR@a/00d114n

i mmune response agai nst the desired HV pr3ot ein it could not have been
expected that in inmunoconprom sed humans si X 15out of eight HV proteins
are recogni zed by the i nmune system Accordingly, the present invention

relates to andeR@ombtdntrakt e for@nVmGentiing ng idinigalAnKian dutlddé) b @XRE! Bivigo | N
t he viral genorre one or npre expressjon cassette for, the e‘vgresy on of \9at
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20and Nef omnpavtwaceinhe darimwiinewess.t hereof for use as nedi canent or vaccine.
I n one enbodi nent said reconbi nant MVA conprises in the viral genone one or
nore expression cassettes for the expression of at |least six HV proteins

sel ect edsf r omfdaganirkal studiéé arevhdt,as\uod aéotiumaReyvsinselthiahoddls BaNbsofén predict
derivatives thereof for use as nedic i
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cassettes for, the ex sion of e HIV eins selected from Gag, Pol,
Tat , Vﬁ&m'%tfre‘ﬁgﬁ%ﬂﬁmﬂg?miﬁgnben%nt?? lﬁe addi ti onal structural

and/ or aecessory/regul atory H'V proteins or parts 5or derivatives thereof

for use as di cament In th resent
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conpri sing II-::DV\lelger,\ﬂném dgpanents dmeotoeveiublaeoreaq)irfefzeﬂ iresponigs aghinstsH Vet gtdn@'nsf
expression of t I roteirns Po Tat I Vpu, Vpr, Rev and 10Ne
or parts or aa&pf)@%{"inyg‘gr%qp"sbﬂ?a@g&ﬁ/&%? ﬂ%scf'g?d 08'¢".s medi cament or vacci ne.
In a further preferred enbodi nent the present invention relates to a
reconbl Va s, Ankar a si_n n _the
Gonome. o & a8 ARCRITBRfbEL e bR § MUChaSRT By VaRtns eiiReify T
pr 'OE:I ei nst Ga@pltf;mds of\(ag, Pdband Rxf oatﬁi:hg;LBbleNeQrV;a aoar\Ypuofor mazhalductmhlof;e Dell
sai d protei or e as i canent or. vaccine icular pre

ebodt ment (RPOgresERPETEN e Rorurits < A0S 8 Hravds il otel 7 oSt sl o
Vi rus Ankar aegpddée, letoatpme datagicnuirédie humamk. genonme one or nore expression
cassettes for the expression of at least six HV proteins selected from

Gag,
25 WO 2006/123256 is quite similar to WO 01/47955 and fails to provide anything that goes

beyond what WO 01/47955 describes, apart from more specific CTL epitopes.

WO 2008/118936 describes an MVA-based HIV vaccine comprising an HIV-protein
selected from Env, Gag, Nef, RT, Tat and Rev. Yet, this document suffers from the

30 shortcoming of merely having animal model data which cannot be reasonably
extrapolated to humans.

Greenough et al. (2008), Vaccine. 26: 6883-6893 reports about safety and
immunogenicity studies of a recombinant poxvirus HIV-1 vaccine comprising Env, Tat,
35  Rev, Nef and RT which is administered to young adults on HAART, thus, being infected



20 Pol, Tat, Vif, Vpu, Vpr, Rev and Nef or a part thereof or a derivative
of said proteins for use in inducing a T-cell response to at |east three of
the H 'V pwoteiwma2msel ected from Gag, Pol, Vpr, Vpu, Rev aod/ERedioioncias human
subj ect. In another particular preferred énbodrnent the present invention
relates to a 25 reconbinant Mdified Vaccinia virus Ankara (MWA)
conprising in the viral genome one or nore expression cassettes for the
expression Qfithdiiv FRMever %%Mh@fs%ﬁbr%ha‘i%&?@f&rrfé iB"AdERKely E’@'movgﬁﬁmay@rn
Rev and Nef or parts thereof or derivatives of said proteins for use in

i nduci ng a #ev@epmerisponse to at | east three of the HIV proteins selected
from Gag, Pol, Vpr, Vpu, Rev and Nef in a human subject. 30 In a further
parti cul ar preferred enbodi ment t resent invention relates to a

r econbi nant HowEven &ei thi;epd.nene WPV'G§°§\HQ‘&? axRanked) 2 OEastk T SelhEeSPRNES,a93instaix

genonme ofne @t BPEJHEMIN Bﬁﬁérﬁﬂ I@ﬁﬁ@)ﬁetsﬁﬁh faﬂrlnfnﬂﬁ\eeﬁéﬁb@r%%' rﬂﬂn@rﬁur@boﬂnﬁﬁﬁﬁlsed
eight HV proteins selected from % Tat pr, Rev and Nef
of

or a part tguPiees. By Patigdai. \neitheran V%Q?@ %Mé‘l gdelg,cansfgrm the ReRi® fA P a

T-cel | respegs@nhBeaxpb&atén bhélﬂﬁée@i if fb@rtidhférli}fﬂfeeﬁélﬁ of AI\E Gk 8fhdnt OTRiSRTs0
Pol , Vpr, Vpu, Rev and Nef in a human su

2011/ 042180PeFayse2the0 reds Medes Smsmpf%s"éM Isi amwarbnn Rticypofnddy ipfected

phar maceut i ¢ghafg. vacci ne conposition conprising a reconbi nant MA as
defined herein, in particular a reconbinant MVA conprising in the viral
genone dhe or nore expression cassettes for the expression of at |east six

HI'V Sprot ei pased bﬁ@ﬁeeﬂnrﬁfapéi;ﬁ@f@\en@énd thatatteMipts to\é%!n niMiply B8 Ym@fe NafpoRse

parts thereof or a derjvative o pr ot ei ns.

phar maceut i ®41'NHY UpBEltiRlE Q'Blrrﬁﬁ'gqpteﬁdﬂmd‘fast 'ﬁeNBr%é‘yrﬁ%r %S&ﬁt%%gﬁ%dgﬁ]%@r which 5
reconbi nant gidvieteiERES il EeIUR ifh iR gerr@htucgﬁapére.naﬂan@regmhee aYPnSISIHIE Aesired
10cassettes for the expression of at | eastg& roteins, selected from

o pel - S HY ppptiinsy R ougRot et b2kR SXBRCteT 1At i M R OBiS S LA o

of saidprobgt e n%rhrmadraemerre%oabﬁ&éedym&adhmystém conposi tion
conprises a reconbi nant MVA conpri Si ng in the viral genome one or nore

expression cassettes for the expression of at 15l east six HV proteins
sel ect ed frw&@@ﬁwglg(lhe MrédentVrhK/entBﬂVresz Nefa escopebi rﬁéhttlhedirﬁ@d \Q!ccrnra virus

derivatives of sa a] ref erred enbodi I\/E{
conprised i ATKAR@ )n%Pé‘éRﬂsi'r@a'P tB? VU% YD’ mp[%ﬁxqrgs%?n ﬁaﬁ? ey lor dpe
about 2 x 1@x6@%£?56/orr&t ledsStarde ﬁhﬂpmwwe@téd abmvaag, P&, PAcVITPesy, tVmnRev n
anot her preferr d enbod he M\/A{ rrgrl sed in thg har maceuti cal or
vacci ne Eomﬁdg '\E ShPAs FE?%YPB srtereghion §Sa anMediemenl obYaciee i e
intervals. The three tine |ntervals are preferably at week 0, 4 and 12. 25

possi bl 6 o ToRBP AN R Fonpinan MG BoRREFs IES dlre Srsind fad & ore

capabl e fj 0 ienpteesion oasdatersafagmeoéxprmumofrasemsesmvr buﬁemi Isereblehef]tofrﬂﬂm@ is
I ncreased t response i s at 1s effectl
ngai mat i 1 0 dat N YRR UPRReY SndgNekOE B RooarySlves Breoble She ol iadsen

Modi fi edsVaee vatdneli r us Ankara (MVA) is sui tabI e for use in humans and
several animal species such as mice and non-human primates. MVA is known to
be exceptionally safe.

In another embodiment said recombinant MVA comprises in the viral genome one or

more expression cassettes for the expression of at least eight HIV proteins selected from
Gag, Pol, Tat, Vif, Vpu, Vpr, Rev and Nef or parts or derivatives thereof for use as

30 medicament or vaccine.

In further specific embodiments of the present invention said recombinant MVA

comprises in the viral genome one or more expression cassettes for the expression of

three or four or five or six or seven or eight HIV proteins selected from Gag, Pol, Tat, Vif,
35  Vpu, Vpr, Rev and Nef or parts or derivatives thereof for use as medicament or vaccine.



WO 2011/ 042180PCT/ EP2010/ 006114 7 infection with HV, i.e., the human
subject is H V-infected, for exanple, infected with H V-1. The human

subj ect asonefiered to herein may be chargcterized in trat/Epeoloascias CDA
cell count of |ess than 350/ pl. 5"I m‘runocgr’nprorri sed" when used herein is a
state in which the i mune system s ability to defend or fight infectious
di sease i s conprom sed or entirely absent. MVA has been generated by

| ong-t er m sqh3redtdt FvaRGorPhIsh RACHMBAsSRsH FedbMbMant/Baified v aetinlasSvifus Kbk ap4
chi cken errbr%o fibrobl asts revi ew see I\/as%_r A., Hochstein-M nt zel 10

| asts (for , : ,
V. and Sti ckMVAN cqmmgizing F%%@%t‘i"@h ggnoge] ane gifj BOTPRXBIRSSIY. Cagsgltegdoy the
Exanpl es f olexpébsivh lofiSight HAI ProtdiRgibelBaa fRRALBag SPEISTAEYifl Vip& OV Rénerd Wet h
the requirenents of the Budapest Treatg and that are lﬁseful or .the
generati on GPdRBERMIMAEMAdaNgLsleudwabraf/Agats sy reewaien: HIVh oINS AT RRRS
strains MWVAobdriviines iHersbf #ér UsBaasirHedipanent@hegiid.on of Ani mal Cel |
Cultures (ECACC), Salisbury (UK) with the deposition nunber ECACC 15
94012707 on January 27, 1994; MWA 575 deposited under ECACC 00120707 on

Decenmber 7, 1RQDQrefermél Mfbddhétapdei predentl inblertion ruIETES to D OSHMLInAt Mbeified
ECACC on August. 30,. 2000. Se\,\//gl(rﬁl excell ent properties of the MVA strai.n

pertinent tJ/3ceigia ds Ankaga | SHNRIENG et ah 8RB SCINHRSR PARIESF'?H
extensive clchsietab fbr thal exprddeion 6t thal HIV gleteindBall, Pbly Tat, IVif, Alplu, VEF,0Re\Badd 7,
375-390 [1987]). During these studjes, perforned 'Q' over. 120, 000 humans,

i ncl udi HB hiNGhOF Paiks prAsrivatives qf saih Riateiisifapyse xemedica®rny Bvaek et al .,
Dtsch. nmed. Wschr. 99, 2386-2392 [1974]). 251t has been further found that
MVA is blocked in the |ate stage of the virus replication cycle in .
marmmal i an cél 1% fEdRT Qﬁe?er@dsgﬁg’o%'%%“,t '%.e, PissERL. "&S?ﬁ"’.“ A%'ﬁ@.sy&ia. rgeRbENt
108|47- 10851 mohgr_%a] )/acoﬁﬁigoxlﬁdisnghlyara I\(IWAg)uJ:cbmprﬁsw irc e Siralt QTM wynéﬂbmlairees
early, internedi ate, an t e _gene products, t | S nqt t0.ass e
mature | nf eEHPGRROD ARTHes kg RxEEap NS e Baalens G P Kb R o Eeprd
For thissreagdor apane s, darivativdlsfenld gratainyTor 6sd 48 medidamehUsresachiMé serves as
a gene expression vector. Therefore, in one enbodi nent of the present

i nvention the reconbinant MVA is selected from WA strains MWA 575, WA 572

and MVA- BN. In \&0p2flitdiap 4288 ENHSAMOMOheldrdsént” ihegitiobatelads ite Go rguehediiant i n

humans and/ iﬁ%ﬁfon uman _pr.i mal‘%\e%| a(n he s%non nmous terlm virus that is
"not capabl 95 VAGC PR pY fUS 2P RERTR MY P ERTBY n%r"b Sy PEOME P R AR
and/ or non- lexprBsiphiozeédcttes fbothe éxfressiqr ef atriakdt\six HI\Mproteing gslestetlfedm @agnot

replicate a Il in.the | 15 of the human d/ o non-human prinmate. .

Vabet nacBd R e i 3B el and MBr ShAge-ReRhof ReetiRE BiealiBisins on
appl i cat i on useén indasiag\ai T-usleespbade toha\least threoof the HIUymbteins Helectdd foom Gag,
activity th s . caontrol | ed the i mmune. system of the human and/ or

non- human p iollra\fpé’ \?%u,ﬁqchpdtlﬁ f'?é?ﬁ‘ﬁb”l%%ﬁie WNA virus is admnistered. In
one enbodi nent, the replication inconpetent reconbi nant MVA viruses may be
10 viruses that e capable of infecti cells. of the human . .and/ gr

non- hunan: pt neRENEh TR peetbted o emBoiEEst 208, hent M Ble oies, o2
"capabl esof recdnelnbamdVicdifiéd Vaesigiawinus Fekatah@MVAY eorcpnsaly @ thé virat gerenbe nge
wi th the hos || SUC t t i Lu of; I t vk al
genone, becc?&rerssigrlen%x@&%sc??oa g?%gﬁg%tf?er%eh%@e%&%l (}/fl ét\l '?ﬁ%tuédﬁﬁlﬁe&\%tl% lrinussgegect}éﬁgad
accor di ng t dromh©agnkenVponVar, KReyagraief afparafteereoher derivhtivesfoftsae pratagnanfer ed
15human and/ Qf. - - ' e f . hej ' ed
o infect! otse st BRuBHITTBEA MbBned (W S ER oFFRTRY e BenR RelieRom S8
non- human prAokatpe, Ve RevdndgNefdn aleimanauecbn, it is to be understood, that
a virus that is capable of infecting cells of a first aninmal species, but
is not capable of being replicated to infectious progeny 20 virus in said
cells, may behaviirtbef frarigwary preferied ezrobetimantmiiie spreséndsinveotiorexelatdse to a
MVA- BN and i i 1 ek aw) f AKS r

i nfecting cé%foang#“éq{ﬂ‘gb%ﬁ%dag? rl].lltg Fx‘){rﬂé"tAng%r:a %\{MC‘S%%‘E@%? tﬁgﬁﬂéﬁ?%ﬁqnﬁ’%g Bd
t o i nfecti 0@§ MAreXAIESSioneasteltasionthecexnressigofeatdeasttdightddiVeprotainssealecied
ef ficiently tioaPGagabsd Tall GIVEKERRY, Re diNéfshﬁw i BNjdr¥afie/!

that is bot hocapg | e of a,i’n'f ééﬁﬁhgééel?sagnd capg e @Fr%%/i Hgl\l"zﬁ’ép?% 1
to i nf edfi oBEOtBINEFOR WSS iInLIBAUGNG oS ecell lepBONSA oyt lgaist three toftthatHIM polginsne

to predict wWarkRRIfrdin YagUPol YpFaRAPREY 8hd NRF in%RGRAS s@bject.



being replicated in humans is disclosed in WO 02/ 42480 (incorporated herein
by reference) and uses the severely inmune conprom sed AGR129 m ce strain.
30 Furt hewouog /04188t ead of the AGRL29 mice, any ot her nmPaIEPIMOAIGI1£an be
used that is incapable of producing rraturé; B and T cells, and as such is
severely i mmune conprom sed and highly susceptible to a replicating virus.
The results obtained in this nouse nodel reportedly are indicative for
humans and, thus, according to the present application, a virus that is
replication_jnconpetent in said nouse nodel is regarded as a 35virus that
5 " ropl | caTNBPTEIRAL VERURT al50 PRAYIAESS Phammaseieal @ sea0pesmeRSHIDFRDRTEIE o

I n ot her emaadtsmbihant MUR A¢i deied halirparfcdlsr & oMbt VYA eoreprivirkf iaried! vy
capabl e of bei ng replicated in at | east one type of cells of at |east e
ani mal specivka! el*fﬂ!?ge, ONg o MYEFAPHT I ACATRIT &’tt% e¥pregsiop af &t least ispxH
adm ni st gat ippdtein® seletaniroml GadiaPoll Fat, With&puavpt, RéveshdNEf of pbiteMierdof diya
way of exampl e, reference is made to MVA-BN that can be 5anplified in CEF
(chi cken entSEJAtVE SB'BePé?t?)“Scel s, but that is a virus that is not capable
of being replicated to infectious progeny virus in humans. The term
"derivatives! or "éaﬂt%iant" of a virur according to the ipﬁgention ([Jlefer? to
progeny vi r HUE RAKRRY BnehAgiReeWicat QE1VECFIEE | CrPRastione PHeSPRBENoN

virus, but sbewrisgs airécshbihsmteMORSconiprieing inlthéirgl gembhfe e bit Moge BYresside

term"derivative" qr "variant. of MVA" or . " -BN' describes_a virus i ch
has t he BangepSRies OnE SRR et sty dete s mmec b roaahg Rl L
derivati ve/ waf vpotvmf R AnBNehasa bhe tiidiesfas iderivatives of sfid praeesinef WA- BN,
preferably of the MVA-BN as deposited at ECACC with deposit no. 00083008.
One of these characteristics of MA-BN, or of a variant thereof, is its

at t enuat i on lmrd furdter hpretgr@ednembapiaint ithy aimpospioadearhpisesr & plecombinant MVA
human cell |ines,. respectively, such as the human ker infoc&]te cell. li ge
HaCaT, the KAMRASBEST wy@léadpnaeewe P MR YPrESHRL (AR WO CRPESS P D #h
cell 1ine 146hsBsixeHitf gro@irsuseietted frgmxGag erud OAsLG iVipphReC @hd Niet Bepdnied_thered®bn
addi ti on and/ ar tal teF na(tji Vﬁlﬁ\ﬂl MA- BN and derivatives have the property of
failure to PEPY3VER & P9 R™9IBNSe model that is incapable of producing mature
B and T cells and/or have the ability to induce at |east the same | evel of
specific i mune r onse jn.vaccini i.\rus_prinel ccinia virus hoost .
rogi mes vherl! ComSEPREY 1 BRANER o YA RS i Y sterPagfied obddeine
vacci ni a vi rcompositiop & ati & dbsageasf dddat 2 txr 0 TCID:g/mi égsaid ptlaasadentical ionyaedine
| east sggstanti al hé the sane level of inmunity in vaccinia virus prine/
vacci ni & vi FYPE3ELY- regi mes when conpared to DNA-prinme/ vaccinia virus
boost reginmes if the CTL response as neasured in one or two of the "assay

1" and "ass 2" as discl ) h i . l.eas S tanti y
the same | n a0l BRI SR Pothent e M Emblec o B Phagsteltiiil of Vebdne
conpar ed t o cbipopitiomis prepacechfan beinguadinéséred egithres. tindirdeaist &halihrget time
CTL response r Lnia vir rine/maccinia virus boost adm nistration
i s higher iﬁntg{vta eaaré??%%%bﬁfatt%eéiggéaa‘@,1\é\7\k1en conpared to

DNA- pri ree/ vaccinia virus boost regines. Mst preferably the CTL response is
nigher 1N D 370 Rcmpil VA QLIRS FETDEUR Wdehfiod & Kok’ Fatinte 5¢!
according to the présent invention can be a clone puriflred virus, such as a
monocl onal \eixprgss nunieneusiiMigroteirs] Thes® ndinatpusprothmsm@re sapablé tyimducea vade

be a virus : c er e it o]
reduce the riae SAMARGREBbARLTRHLER MRAHOUD ChoRSEUTYd: BeRe it 1
to the preséesponae ingenenated thadin effectiee aghinst diffecentdditiscdiatesn range of 104 to
109 TCIDRO/ M, preferably in a concentration range of e.g. 105 to 5x10 8

TCI D50/ M, 10 nore preferably in a concentration range of e.g. 106 to 108
TC1D50/ ml oAcegdingdo 1the presensDrentiondvedifierbVacginiafviruafinkaian (MVAbiscavitablet foon

range of e. : i - i
of 3 x 105 $5 20 nd i Seteraliritharie iR Shol o TS dhd ndion SR BTSSR
virus and t fekngyymiglbesprsepiianally safe. vacci nated. For MVA-BN a typi cal

vacci nati on dose for humans conprises 5 x 107 TCID50 to 5 x 108 TCl D50,

such as 15about 1 or 2 x 108 TCl D50, adni ni stered subcutaneously.
35  The term “subject” when used herein refers in particular to a human subject. A human

subject when referred to herein may be immunocompromised, for example, due to



In a preferred enbodi mrent of the present invention, the reconbi nant WA
descri bed herein is admnistered at |east three tines when being applied in
t he uses woaonubsds of the invention. 20_|I n anot her preCemreaosododi ment
of the present invention, the reconbinant '"MWA is adm nistered at week 0, 4
and 12 when being applied in the uses and nmethods of the invention. 25It is
possible to induce an i mmune response with a single adm nistration of the

& eC_orrbit nant id%oﬁﬁ/itﬂﬂ-ﬁli\ﬁflﬁd, &Mmm?rihgummﬁé HW—ﬁi‘éecYbid, Itrorsétxéaiple, Wécttsmmmnmlvt s
erivatl ves. u one nmay use e A accqrailn 0. e pr n
i nvention, il n%%gt"i“}éﬂISHPJeR’I\/%-rBi?r%oﬂeée'@lmy ‘%'\?g%“?fﬁeﬂdfhﬁ\aggg‘aé afrPreell

boost regi mgsuntiof ssithar 35@@ssi bl e to use a reconbi nant WA for a first
vacci nation and to boost the inmune response generated in 30 the first
vacci nation by adm nistration of the sane or a related reconbi nant MA t han
the one usedmruidtemiprdrfisedaniternNadddtibreimhe arstate AN thdWihimase sysléms dutlity he
present invention, iP articular MVA-BN and its der'hv?tives may al so be
used in het & 8¢768085 'Qfﬁi"?f@gtt%'é Sease IS MRIAMIFFAAN EGHEVAPSEBY e of the

vaccinations is done with an MVA as defi ned above and in which one or nore

of the vaccipations is done with another type of 35vyaccine, e.q. t her
Virus vacoi MVA bas Bepn ogngrates by longitermssenel Paseagss of tygyAnkara strdin of Vactinia
2011/ 042180RE]¢ EE2A)LON @Rk emnbrydhfbrabetsQforagviewi ser MbyOA. nAycH3eein-Mintzel,

i nt ,int. |y i.nt |, i bcut :
Pret or r i ; & A SR BoL S PHoleshER S e Siss PRI S0P 402) RS COIVA
adm ni strat vipls stiaieViiat hany Isiene tepasited Gh cuipliansé nvath e nequirementedf shieh
2ol i cati on epEsS Trepth AT e sl R armbreen . PHE e ingi e e p e
correspondi mg ted at&snsmoh;t&fn dnte\stAaires HN/;\ 872 Beposited &naamwa%@necwewdn of
strai ns suc S_StLrai 0 . «LO According.to one enbodi nent

present i nvgﬁ‘ta'l‘%}n&?ﬁéfﬂiﬁ”(?sp?%‘?g&ﬁf §ﬂ'&5’&8/d?‘6€5 t"‘ﬂtg @B‘?pa%%%%ﬂgﬂ Eg{g@%& gé:g‘tcg:fe
HI Vl- 1 pnet eigne]gzm?e oheJanuapary, alboan NH{A/_moaepogiteasunmimm?h?%W%Mn

ication _refers to e rotein conprisin S

2ggs ecutive dzfﬁ?ﬂ’ge'éz’i %@08?'% Ngﬁﬁg&rcgfﬁﬁ'w‘ﬂ@ &%Irl“"l‘beeg&@hsﬁc@%lﬁt\tpe&gﬁ&cn?n
such as at |aeaast 32080 or 40 amino acids of said full length protein. By
way of exanple and without being restricted to said enbodi nents reference

is made to the various H 'V sequences as disclosed in the genebank dat abase,
in particul @eveal tdeelaquerapertels bhethkl MVA | stidirat mertiddd? Riohatei nge t ime vaccine

genebank accession nunber, KO3455. 20The. term "derivatyv t 1L,N0 id
sequencé® of dgv?s—'if’W“B?tot?aevienbeeé'sdm%’&sﬁaﬁe{f'ﬂe@ﬁ&?r&@n‘?'n’scﬁLk‘afsl @@ﬁyi‘ %ﬁ & g?@'r g g@o
HI V prot ei n$yghat AbaverganB alé7er3dyd-300 (1®8d])i dusiequbese staligsarpedfotroed hie over

correspondi rally occurri HI rotein. An altered am i
cequente. may 28988 Huank, daq, Aftorl sk BAEhE, Do o 25 Sk PR R st e
of the H V Disthemedaischul®®t 2386-2302 [1884)).t ed or del eted and, thus, nutated.
More particularly a "derivative of 25 the am no acid sequence of a HV
protein” is an am no acid sequence showing an identity of at |east 50%
such as 20f 3t hasshedn sl f@BY, thaOMVA7B%lodredah the late atageBolthervi®s Yeplmatieven
of at | east 000,938, A% Qs I8INCD Lhe RN 361l SEAUANGE, 8L 1WA g0
protein derivative s conpared tTo the amno acid’'sequence 0 he 'r espective
HI V prot ei n 1084k106&1 Hil 992])s ohctoedinglin MMA ifidlya teplicates uitsn DNA, ssynthesizge deatly,
havi ng t he 30 i ndl e e i d i i

honol ogy/ | di’ﬁ?ﬁ?ﬁ%@ Pgﬁﬁ%‘%f g?"%t RIS, @?E‘S"’nﬁ?%agf& o guggr?l"ﬁat%fe ?n‘?qgféofn"éé‘ﬁﬁvf

i sol ate, irwveiopecwhioh oduld e feleasedhiiomt arerirfeetied htellbd o dhiserepoondi mamely, its

late, | W . _ Sor Wenel, i
B Vor aapi AT Ot R EnaIR G R DO R oo 504 1o t e vir

sequence of one HV isolate, but only a honol ogy of 50-70%to (all) other

H'V isol at eﬁ*hefé?@reh%”&*eo bSRMent tﬂe\ﬂ?édseq?fnwmdnvtﬁ? ir%c;}cfnﬁf@rgm@?s {84848y Of

at least 90% In particular, the term"derivative o ein" refers
to an ani no free MVAsiainscMVART R MYAsSToans MYA-BIN. at WO

2011/ 042180PCT/ EP2010/ 006114 12 | east 50% 60% 65% 70% 75% 80% 85% or
90% 95% 98% or 99%to the resRective HYV proteinin the H V-1 isolate
HXB2R ( génebakPrgtarsssemhodiment t KosmynnarDelﬁM‘z\awruSe@fstﬁedﬂvemtivnp‘s geplicatiomnd
part(s) of grohlpétdit OhehimzR8 &%/%Jn%dméwtdrmaftas. "rﬁg%ﬁﬂs NVAC | fat 7
activity, or transdom nant activity. For exanple, the reconbinan A
according to the present invention expresses regulatory and/ or accessory
proteins of H'V. These proteins have a biological activity that nay have
undesired side effects. Thus, it is within the scope of the present
invention that one or nore HV proteins expressed fromthe reconbi nant WA
may have a reduced activity conpared to the wild 10type protein. Tests are

b o o o - N T



15The nol ecul ar nechani smof the Vif protein, which is essential for viral
replication in vivo, remains unknown, but Vif possesses a strong tendency
toward sewD 2asigacisati on. This rul tinmeri zat| on was shownpto/dreotompsand ant for
Vif function in viral life cycle (Yang S. 8t al., J Biol Chem 2001; 276:
4889-4893). Additionally vif was shown to be specifically associated with
the viral nucleoprotein conplex and this m ght be functionally significant

20 (Khan M AepRiatigh mco?np\@térﬁ' in I&Qﬁéns 4Rd/br Rdn-hirRarR Hiates] TBHY, the S¢hbnih&lsei n

wi th reduced act|V|ty shows a reduced nultinerization and/ or association to
t he nucl eoptesteyifysdbatis efot capablgnf bgingtreplicaadiodnigatiQusRIPERM VIFUS] B hymante

viral life sbf@/benoﬁlnnmaﬁ%hﬁt@ss blofHerefdt PrérdFably’te I\VIVNQ/Frhséhf thb@o Wbt @blicate at
prei ntegration conplex and facilitates infection _ of non di VI di n% cells such

as macr ophadbdn (thgsells (af the Ryman Apgigr Meg-hymaAnReEiMata Vacdnated said virus.
18(4) : 288- 8HowBdEH %Is@r\ﬁ&leYthé écdaescf&ﬁétg@@em w.bmnaé}bltwésteywmes msaecéhbwa

interaction with the R (Vani t har ani Vi rol ogy 2001

(2):334-42) m'WJ§S'daa'\75P“%it'9'h acthty bt 'aépr‘wlte? yhRdmaeesyster et thevman
transacti vagh@@r AGKLhGMah Prifae€ td WhiciMHeretbiRbikbRaNIVAIRLE isTddEinREdréd conmpl ex.
Vpx, which is highly honol ogous to Vpr, is also critical for efficient
viral replication in non- dividing cells. Vpx is packaged in virus

particles Vifoag érﬂb@dlﬁ\%ht omeWetphcét#aﬂ .a@orelﬁaemn rédombivear@ AAVAr GfuiteSOfay be
pol yprotein. Like {‘)rﬁ px is involved in the transportation of the
&g

35pr ei nfiegr ¥Fisss 8 aF?al’ﬂ'% of frdectingl cells of Bt BHMIP ARG RgN-human primate in
2001; 75 (Lmhhlthe Ws2R1d4&4 34 8RAREME ERRGSY (pab hiet - é‘é’pa%@ of iétstingace¥igx avd t h

reduced activity has a decreased abili té’lto assocjate to the preintegration
|

conpl ex Vi avwsﬁp%ﬁ@pable ot ideraptingovith Behastclisdamsuety an srienhtet He firusne
cytopl asm cof ait |Ieé§t th@&/l eﬁ&ﬂecééé&ﬁeé%r&ﬁﬁéadﬁw e hEaudelletaltAbugh the
Vi rol ogy 1995; 69 1510%& Ther ef or e, %&l gh reduce gthl té’ has
reduced abi I"ir‘fssﬁstldﬁefjr?"&@@rm thedBYean iasn CarsRie Ok INtGeNg 95 Blo g cinated °

activitys of htmanaldlor Hoareisr prﬁﬁéieTﬂhby RfOhEt dhpablel dfdein@mrRphcdted &) infttiols
transcri pt ion via jnter gct | ansact | (¥/at 1oNn r esgonse el enent

T 1Pt abaeng visgs,B1Bs caael thedacoraed BRar andB! poRAUREh pURELS

het er ol ogous pronmoters |acking HV sequences ot her than TAR (Han P. et al.

Nucl eic Acid Res. 1991: 19 (25):7225- Tat d
i vity ShaGeoig o dee MuGhGoR itis 13 Panereioet el a vrbs B icapaie.EaREmD
Accor di ng t @ellséf Pfires@ilinal s, BU ik thot SapibofRHR) RRipficdted tsigfetious progeny
transdom nant Tat. The transdo nant. Ta{}t nglyabe obt ai ne

c}} i %y maki ng t he |
fol |l owi Ay 1¥E¢HET saidt $2Yas Mayod qneye diffeseqyy S§PONOPEIRE  SPERIEP- EP FEIMPEs
essential fMmMvALBNaAnd whemtuvw(seesuéwmlabé emﬁws tdatsaéﬁﬁpablégdf&ﬁédztmg deys of

i nduci th d Sc
1897 a0 - 1 Rlmaf bl 8 Nol Sblel 'nelhe aerlsote g inBeiois, bradspy ER
bet ween CD4hamadn ciils Nabwé%remeamé vnentsealare emcmh;arreﬁlcewmym tReckebemmeln in

it er act on ERTcHVA-BRL R WE s PeC il fanabid & eetng PEIS i eahaBl of S

am no t es m pesicatedito agediops ptagjeny vilusnithdset delis 19 N term nal am no acids are
del eted. According to the present invention it is also possible to use a
truncated Nef, in particular in which the 19 Nterm nal am no acids are

del et ed. 25ATéetabkel eehititat fallows iooa tofprédist wisethérea voes tis aasatie pt |nonadapable of

(RRE) of  vi PRMORgRTtaEh: e Pimpht % 3580600l O G 4240 TARG3R G HeREh oy

(24): 6465- 7ferenhe)s,aral Reseswittien swdmtyedrramnnewdoynmbmmda/\@mmedmce strain.
t i f

nvent i b ofthetmics? iRglea dt i GREIZBEnE. SRECHRERRUEE el carif PREEF i

proteins. incApalde dohgraducangf ovatirer Beabaddi naatis, and as suoheisofevenely Himmune

f[]ce’t a'l {‘/5 ai(r;gg@ﬁ’[y”??%&g[‘g?‘é‘f"f%%%'é’?ﬁgRé ?{a ipfleatig Stk 2Phe redlif Bhtaif®d $ Blis

mouse mode! reportedly are indicative for humans and, thus, according to the present

application, a virus that is replication incompetent in said mouse model is regarded as a

35  virus that is “replication incompetent in humans.”



expressed as a fusion protein. WD 2011/042180PCT/ EP2010/006114 14 In this
context reference is made to WO 03/097675, the content of which is herewith
i ncor por aWeaoto4eber ence. 5By way of exagjl e a reconbi ramEPIMIABEEHOTr di Ng
to the present invention, such as MWA-BN &nd its derivatives, may express
(i) Vif-Vpu-Vpr-Rev as fusion protein in this or a different order, wherein
Vif, Vpu, Vpr and Rev stand for full length proteins, or parts or

derivati ves |pbtrehembebimdrRf ahd vitisdsLhdtordifg o BRf indértiopnarainytably tapabebf or
a part or derjvative thereof, in parti u'ﬁ{ofaatol\llgfggpmte' nin whic
r

ve t he f ) L
N-terninal BRNAJeBGAR i@ lgastaanedtype o4 ce Renanimat EPR%?SeﬁL hNgs i is
such as thepbidigie tb9ampliffOthaCliflls, pfior to itd 2ddrlihisGalist to Ahe dMiraaihayés to be
thereof, in particular a transdom nagt Tat an él V). Ga% Pol quNg‘B Eprot ein,
wher ei n Gag VaFfinaied aey/gntiedted. BYWVRY PERXATPIS T6IeEsnRe is g1adsde MVAPNSBRT A BS es

of the fall ahpngddinfcer @éHikﬂ(en&;fnﬁtﬂrg@ﬂSroblhstsbl@e@S%UDﬂhiaf iseflviustthat is Pt tapdole
reverse order, Pol -Ga%.§915fl'l?e number of ex ssion cassettes from which the

r
H V prot ei nSf B9iRO KSRYFAIEd deyinfectiqus PEIgERY ¥iWS INBYMARS of exanpl e the HI V

proteins nmay be expressed from2 to 5 expression cassettes. One expression
cassette ma exgre,$ a \ﬁf;VPy-V r-Rev as fusig,n grggejn in th*s r a
di fforent ondERemyireriptves pf vagant obp vt apeRraiBe Sndne Brertoneiebn it progeny
proteins, OKirgsst SheWwingethe Vdne ehatdctdriztic ffabturdseagtthe paresti visug( se showing

definition ahove), a second expressjon 20 cassette, express Nef aqr a,
Dot or o AFaleArEs inBRe ot morebRs of L, eriome: NP e dB Nl oh R PR o
amno acids oar‘ravﬁ-met @skcribesh vaﬁ§r T\A{Ifﬁbhf hdsSthe InegTiunetici ?ﬁaraﬁteﬁﬂidsd}ompared
expressi on ca may express. or., a (0] erivatl| ve er e 1N
particul ar & mgze&érﬁxégﬁié' Paferivg W’@’P&hggybéiéwg?éitaﬁ °)33“§§%[”?{§° %@3‘)‘”’63 of
express a Gapg/AR8N, brsteablydfahe MVA-BNeddéposhed anBECRAC witraaebdsitrnol 000830889t h

proteins, or_parts or derivatjves of .t 25full e h atein arrange
in the exemg"loef pleiess & rf\r,ac@psflths ?th(/fA\éé)'gr greoﬁ? d@pgrﬂ%bgr_e%éd_s 'tﬁr%’i’e@f‘atbq'l/,gnéjhe
expressiign %aﬁiﬁgtnbﬁbafpédiiiﬂg)f;r@;broﬂbaiv@afepl%@lioﬁ usriémrpwt Iﬁiels, eiRPedttively, such as
expression cassette codin or Tat are ingerted intq the. sanme |nserij.,on
site. The ei'ﬂﬁ' BE%‘?Br#e(S%'W?thSr‘Eﬁ"o'{jl?u@aﬁati E]ec't’%?'a egg’d&%@e}' §6B3'8?e#d§b|“§ﬁ
but not exclhufianedone ostébsarsteria télbling a3 & iapt itos Almaardenok adénarapmnoma gell
pr onot er. ei;%ggl e of a suitable poxvirus pronoter is the cowpox ATI

An
pr onot er (sé'@e 3/097844). It is possible that the expression of each
expression cassette is controlled by a different pronoter. Alternatively it

the- sandbpr hgearon apsfe e Bl EAT S BRyAbRs Halk Bk bfcbel 2 AREY 18

virus in 35wlichteainla Modsexpodes thabris teapatilé @f preiucimgasnatule Bf and T exejis esdfoon

cassettes exe ifie WD 2011/ 04 OPCT/ EP2010/ 006114 15 oV [ e o
control L ed BVE MeaidN \FROEY 8h8ra R perie Tr e Pt sreci e 28epf i vpscinang
03/097844. virl$ ptitne/ vacinid iviras bobatAegiotsr wihergcdropared tp D ptimehvactiniavirus
such as MWA- BN tand. its 5derivatives, the expression cassettes may be
inserted i ntb8°i "FQMG i nsertion sites in the viral genone. |t was
unexpecteedl y found that reconbinant MVA, in particular MVA-BN and its
variants for, t he. expressi . t ot ej . Or | V&

t her eof can pb\éacgg‘éal V‘S}’%r ?)1 p'é)%}uéi.{lanre%q\l/l?kgég{%[nah r’e@%@éggﬁ%}n&@ s%e Sg)é@%grt%rﬁény

i nserted i ntlee shmedeved of immunity in sacbinia Vius pritieé vaddidiavens beagtrregimmasnwhen
cassettes ' i 1. : 0 rod

nserti on stbuBEed PRNEbY Saclid vitys Bood ks B Tt eRorle Adthlastied
aci d sequende oneyorheoddribe i,agsay & rend- @ssanli a$ disblosed)iin MVQ04/42480iis @t least
genome. 3’8‘Cpghgét99ﬁ§"2 MROLLRL iﬁnpag:%lnri?rvirugfpr VAR L\l l;cg:%f *?%i%@&ﬁé’ﬁ‘s
nucl ei ¢ "aci d Sequence I's 1nSerted at a naturally occurring delefton site of
t he MWA gencampadids ¢d o3Na-prime?Craderds/ e 269ost Argometi. nijoteo paeferabiyndhne CTL

alternative t I be. | L% i ¥l
egi on of 't etend el VAR BRI E AR TE Hobr poricialth |CHERGER) St
het er ol ogoudeast pnerrfetbe|assays, whgrogempaied2o QNA@mMedvascirownug boestpegisss.
skilled in f L e ; eSSl cassettes may be

i nsert ed in?\hc}%éﬁgf%rragwrtrﬁ?grgfregt%ei'glgﬁstegbggrr{ﬁ)é%he%slgggg; | GR 07/08, |GR 14L/15L
and | GR3336/ 137 of the MVA genone, in particular the genone of MVA-BN and
its derivatives. 25 According to a preferred enbodi nent of the present

i nvention the reconbinant MVA is MVA-BN or a derivative thereof and the
foll owi ng expression cassettes are inserted into the follow ng insertion
sites: (i) an expression cassette expressing Vif-Vpu-Vpr-Rev as fusion
protein in this or a different order, wherein Vif, Vpu, Vpr and Rev stand
for full length proteins, or parts or derivatives of the full length
proteins (see definition above) is 30 inserted into the intergenic region

1 A~ A NS o o o e . o



35Pol fusion protein, wherein Gag and Pol stand for full |ength proteins,
or parts or derivatives of the full length proteins are inserted into IGR
136/ 137. WO 2h/g28Ranpl e the W 2011/ 042i@0PCT/ EP2010/ ®C6/EP201080¢14 r d and
the fourth expression cassette are insert into the sane integration site,
wherein the two expression cassettes nmay be arranged in both possible
orders. Wth respect to the nunbering of IGR reference is nmade to WD
031097845. MNheivirué séeadcdirding tdthe presemtiimvehtiont can@? 4 dibhd plrrifisdl vitve, suth i gle
and |1 GR 136/137, I% 07/08 on the other 5side belong to two di f f er ent
nunbering syRAORONANES- are expl ained in WD 03/ 097845. Mbst preferrably,
the reconbi nant MVA of the present invention is a reconbi nant WA

conprisin the vir AnonP ressi on cassette, expressin

VT Vo vir TREVVIES” BEEY HrOREinG o the skl ITHATBOT hEATL GEng e isn HEt M BRET G
07/08, §ii br@@eema@ba@éarmwermsw tenditiops et Siedgee tie fisiproptitfettions with ch
the first 19 N-t am no acids are deleted inserted into | GR 14L/15L,
(iii) a thi Pge%'§r9P8 eé’d"éﬁ%’étte expressing a transdominant Tat and a
fourth expression cassette expreSS| ng a Gag-Pol fusion protein, which are
inserted in reconhi n i rus. accordi .tothe 4
o ecent i nvaRYA Bhcor0aih e BrestAF i ERRIVE SRiniE i 2 e s Crang of 10
"protectivetod mﬁﬁelmﬁmopweramama bbl@den’trlaﬁon/mtgena‘t ed. 40bje6x10 & Tabbg/rblp

trol i t ith th t h i Che
The vacdPnatin HaEralindT o Lonsenybian cngs o S0t 16 BOVRnpadR 8 b0t B
"protective ﬂcmm E%mwawefewminoqommdmnomIrarfgecaﬂ e.gy npt 0%t NAID:@ml

unvaccinated [or, the £ess dj sease | | owed, down.
The-pr coont SABHEREREFINE AP oPRTELBH S 2 or TEARiTE IRE Astish ePrsenyapeh
vacci ne comepemd'sgorathlee;zmbﬁ thawnirusvaiid the ahirhairspeciab oo be aackinated. iFan M\A-BNaa
phar maceuti ¢al. I 25ac t arrier, dilue puvant an diitive,
Rumer ous. w43 VARATSIER fose Soriha camirisPS A 16 et odbibnte 5% T0hEcR Fhants
arti san 1as \weblt her 2vd63 TGID.G admigsteredrsubbitaneausiyext reference is nmade to
WO 03053463. 30Non-limting exanples of auxiliary substances are water,

saline, glycerol, ethanol, wetting or enulsifying agents, pH buffering
subst ances, Ipreepefaredd ee&pdmtemlbidfitrzerpseseot ifviestidn, kbe r&corhbibart MYAr descsbed e

typlcallys | ect ed [i [ I|

nol ecul es sﬁ‘gﬁe'%? aé’B'lnmé?S%?«L aggfhg? VHS Sg[‘ 2 r%c?‘?a{)j'egm M‘eni? yI g'ctfl%gt%ds
aci ds, pol ygfthedhventionaci ds, pol yneric am no acids, am no aC| d copol yners,
lipid aggregates, or the like. WD 2011/042180PCT/ EP2010/ 006114 17 For the
preparatton of vaccines, the reconbinant MVA virus according to the

i nvention idn mnﬂutmdferredoerabpﬂimhblobghe:@réspnacimeptiabl thef mcombiflant M\éh ibe
done based i

For vacel natBi S ot WEHER, 5hrk B2 RERTERE MG o S SLLpE RIS 13
med. Wschr. |r9@nt|®386 2392 [1974] ). For exanple, 5the purified virus is
stored at -80C with a titer of 5x108 TCI D50/ mL fornulated in 10 nM Tris,
140 MM NaCl pH 7.4. In one enbodinent, the MVA virus according to the
inventian idti iﬁs@@ssibhe tchénqucepan aitrinouneo frespenes rwiths o tsingle-@dminiaingtios, of ot
102 to abou n?o%c . r Y | 10

phosphat e- bttﬂ? ere \%‘1?(‘]%&%%&1%&6 Hjspérar{é(éqgénrc\gnﬁtéi f“/R/éd\ tB gnéer%a'ndgef[’}o%h\gs
al bumin i n muaﬂwpgnﬁe mayp:sertéeaﬂ)\w aacqmgéoahmgwsent invrermot nepartigyier| M\vﬁ\th‘hg
exanpl e, i Wi e e
ViTUS i h & FoALT SEMANG) n M AbQUls” i bk ERUyiRRs) [ SR Jakkhie B sl
cont ai n addire¢asrRinari MYA feress firstigaccination and tt@boosdém myn%mpnsggmraﬁed in

lactose ;91 Rl Hirét PadcmatibR bl A8RHiGFatiBh 3P Thedldite oSy illatBd ré¥idrt RVAHEH the
one used in the first vaccination. The recombinant MVA according to the present
invention, in particular MVA-BN and its derivatives may also be used in heterologous
prime-boost regimes in which one or more of the vaccinations is done with an MVA as
defined above and in which one or more of the vaccinations is done with another type of

35  vaccine, e.g. another virus vaccine, a protein or a nucleic acid vaccine.



15 inert gas, stabilizers or reconbinant proteins (for exanple, human serum
al bum n) suitable for in vivo adm nistration. The glass anpoule is then

seal ed ariOcan/w2188t or ed bet ween 4C and rﬁm t enper at ur @CTHP2¢10/96G124

nont hs. However, as |long as no i medi ate ed exists, the anpoule is stored
preferably at tenperatures bel ow -20C. 20For vaccination or therapy, the

| yophilisate may be dissolved in 0.1 to 0.5 m of an aqueous sol ution,

pref erabl IyI mﬁhéSln?Hdégldfabdﬁﬁ{iétMioﬁr nidyi s:;lelbuﬁﬁWerwyl, aﬂfﬁrrbﬁuefr@d irtrddeanal,
systenmically or locally, i.e. renterally, subcutaneous . ,

e r amiscul MtiaRasgly O slbetarsauBll, PRREIEY < i@t TORTRART o B ACURTow
to the skillsaBcipamsdustddemaistratiohe Honé@eQTangbihéti mbd@bf aomirlisieatide seayabel utée
nunber of adm nistrations can be optim zed by those skilled in the art in a

known 25 n&HARRAS SERWEIN nost commnly, a patient is vaccinated with a
second shot about one nonth to six weeks after the f| rst vacci nation shot.

A third and 1 shot b f ks aft
or evi ous sndNe BTy 23 U8PY &1 ISP IeaL N RERSeR PRPIERIST B RRHEPRORHDY
t he present nidmttﬁ'li'ﬁ Hwnaanatmlwgan@ﬂwﬁﬁrregﬁancﬁmcuaawsiremas HIV-e simiese, BanCbe

i nduced agal ne of the recomhi pant]y expressed H V proteins.
As al r eady | %ﬁ@{}' Sraing ¢ ?Sﬁaﬁﬁgﬁg’g? result in view of the

observed phenonenon cal l ed i munodoni nance vvhereby t he host inmune system

responds to onI a few of na oss i bl i S i iven | no
For | Wi BeclSrartinids: discermboriment D8 Ferssnh reRayor i tAtnBs fee et Sy s
non-r econbi reap;tesmeﬁtcegsaq@sta@@elwprpemrm%. i nduction of a strong CD8 T cell
response agai nst a reconbinant antigen. (Smth et al., | mmunodom nance of
poxviral -specific WD 2011/042180PCT/ EP2010/ 006114 18 CTL in a human tri al
of reconbi namta-temdiﬁairteasf araldid/ prioteirfrdsarsed ndthelmasmﬁlappﬂc‘éﬁoﬂ@érs t8 433 ptide or
2005.). It was denonst ¢ atel t} t he vacci ne- rlvsn‘licellré rsbs% Ié th
pr edom nant |pyo 8ﬁnr(é°é?%(l§"%9g3H fig} atooﬁ?nsleﬁﬁ’ 'Vgp?rp'BBeasc' Iégj 88&PF5 Q qgn
reconbi nant HWhretein, Bechpas atletast 20/ 30tdrci0 areipaldceld df saa fsil temggw proteifrBaday

T-cel | o) Hi V i ,
Tmune 1 oopahevarisrand pnfu el FRAPE. sl FrRoBbRBE i BE MR o
the first i Wﬁtlmszawmmhenceaal bs Hiisélgeedt iai the génebhnk rdtabader @s periselar tdhhe

agai st 1 ho SHNBE 1 LY vee PR bind e GBhe B (AcB R hlBel KPBE'

smal | pox and the developnent of neutralizing antibodies. 10 Accordingly,

th t { |.
above ora i ratcorvelie Boheatnd & sPadBeicha IRy oy QB i BelBtons
MWA as defi rsedcuﬁd:nlme réfers tmbll)bpmpms that bave areapmndeanmo atidl segsendencampared

f bl | t f teins i
Dati ont. whdf 4t cofiESHanayl nalany SRaiabt SV kel A 98 AUl ocfy, Sedlgh
Rev, and NefmayTbealsaqmnqeom whichonesdrab@s anoned beidsi stthefsetjhenaesas dimb HRA ptotevA
o et e, g adliyB ARG E SRRl FTREFL LB oSSR Pih e e
i nduci ngsa The:einhmm esgbreguence cafea dianpmteln 219 4l \dnpnaBeidnsgquespe cihaing an
agal nst_UN SenhPh at 1daf 3098 o s T sPieh BBICBHS0nP b B Ut edsPock 8751
patient, whe58, rortelven pf ot eapts90ibe9%%| 88%edr $9%mhe|n\lhe;@gnn@ecld sgarenogpef, the
Rev, and Nef rot%|nk&‘é’Mv§ﬁve E%n@fa‘?%cgmatthb%\ﬁﬂﬂé 20 s%bﬁé? f{;}féﬁﬁ%&&cﬁvéﬂ\ﬁ%té.ﬁr

i nduci ng a ! response t I6ast three of rotein
sel ected frohleeyn A isolgles. XXpuamRey acid dsegbneen i regarded s&lﬁbh@dmg dermabo¥é ng

d t fi.ned
Shove. " he Caibd SSHRREMorbbhy oP fuckRG L/t e HomaBEHRntOpR fiflihe
ef fective areouaspensincghproteizof only one dit¥ ssalate, ifespactive of thedact thatethsereamrghtbel

t
| eant " ve. Blresititing bofdine B e 80ples Thofid 1o homkRdh. BY St/ dtBdnidle, |
from Gag, Pdia Vppﬁerlvapwe inRee fugien Restein shewsh ahemolagyj &% tOWJJe Vpr sequence of
2011/ 042180%@@@%? Qt/eogg‘l]t;r‘ﬂ\‘ ;%omH G’H} ci"‘f/%'glﬁ)% td %II?BN‘%FW |sopdfés ‘?ﬁe E&ﬁol‘é‘by 1

proteins selected from G
particul3r of &Rt Vg @W@Wen’éntegta dpﬁ%é@mg phakteash 90| tat E@mc'dalt Hbe term

recombi nant «§Afyafive B4 H?\ﬂpl%?é?ﬂere é?@ﬁfé‘r# QmL eadeéddéﬁH&?ﬁovﬁné_el fon ﬂol%&?&%se

in the human subject to at | east |ve e H V-1"proteins rom
Gag, Pol, Vpr, Vpu, Rev and Nef.



In an even nore particular preferred enbodi ment the present invention
relates to the 10 reconbi nant MVA as defi ned above, wherein the MWA

i nduces awU-20d/i42¥88sponse i n the human su%ect to at | eRCT/EPRKA0HP61Ihe HI V-1
proteins selected from Gag, Pol, Vpr, Vpu,“Rev and Nef. In a preferred
enbodi mrent the HIV-1 proteins to which MVA as defined herein induces a
15T-cell response to proteins that are selected from Gag, Pol, Vpr, Vpu,
Rev and Nef l¢a3¢b0%e 6039 65%010%NTE%E0%, 85% tr S0% ) EF% ) 9834, @rrde9sltonpetresmctivet

| east three H,V proteins . and f. In_another pr ed
enbodi ment &‘ﬁg% e@d?@%ﬂﬁég'ﬁ%?%éﬁﬁﬁzﬁ @gnyﬁa%r‘?gcgﬁ'%‘?%b&r@ﬂ%ﬁ% 20gr oup
consisting of Gag, Pol, Nef, truncated Nef, Vpr, Vpu, and Ref. The present
invention fyrther rel gt to the recophi nant A as defj ned, above or

har maceut | SAVEEI Y PRy D At Vo B S bR AR feclge
defi ned abowetiVigr riochactivilgatoretnansajothinant pactivignt Fan erdmpleHlthe | eteabinant &K or
Al DS. 25 The invent] o& al so rte.l at es to the use qf t he {‘/econbi nant WA as
defi ned aboR&°YHMY BhilenRIERER! DXF OB HBRLTSrS I8y PRt APHar F5RpECH Rz ©
reconbi nant HWATassdal pritaiad rdveva biaegitdl eagtivigp dvadtrhay hate aindeslredasidateffeots.
treatment and/ or PL &V nti,on of ar?l{—ﬂtv i nf ecLi.on E:—md/ or, AlLDS. 30 IIIHX- S catei

poi nt ed out Hat "R e M‘e ﬁlcg i%eﬁ PETseR "f—\(le{}'?'?'nfﬂé%t?rbenoér%‘?%r | BS'Bes
not mean t haxptelssed fromnthe mecumbivaint (A evdlyshave Hl idduicddeadtivity camgamred télthaSwila
all subj ect§ under .all conditions. To the contrary this termcovers any
stati sti'®al NPSR'GIFTi cant protective effect even if this effect is rather

| ow. WD 2011/ 042180PCT/ EP2010/ 006114 20 In a further preferred enbodi nent

the reconbinant MVA is adm nistered. in a dose of . 1 to 5x105 TCI / .
breteranly (ask AEasoRr 8 AGbESEH Bedir e By, 1o iRelne el AR bt
enbodi ment thas redieenibiclegital aivilys adm ni stered i ntravenously,

S5intranuscul arly or subcutaneously. Brief description of the figures

Figure 1. MA-BNO MAG construct (MA-nBN120B) expressing the eight HV

pr ot ei nsi510CGhg,mBetylarraechaviism oihe, VilpoteirRewhichnd ebledntiaFiogvira réplication in vivo,

HI V- speci fi L1 or opde{,.r at e r [ . t
From n (nunbBF upPERy BCKS spesseb SHOM Sreihey FREY o r BT s
of N = 15. Riultimerzeatios avasr shosay fopteamenori@ht for \Gfyfuottmni io viral jfepiycleytresg SHEL =

hel per T 15l A QUIE -3 ,And); diyan: Pg{@fr .
i ndi cat ed HI%E%%FE?WSE%‘ rzg\?fs 45%%)i48a EA?Q'(%@F%@% %g’g.s 55 n\/‘% bé Qgecmcally
2011/ 042180 RE30dE20 With(tbé Virdl R icleoprotein complex and this might be functionally significant
20 (Khan M.A. et al., J Virol. 2001; 75 (16): 7252-65). Thus, a vif protein with reduced

activity shows a reduced multimerization and/or association to the nucleoprotein

complex.

The Vpr protein plays an important role in the viral life cycle. Vpr regulates the nuclear
25 import of the viral preintegration complex and facilitates infection of non dividing cells
such as macrophages (Agostini et al., AIDS Res Hum Retroviruses 2002; 18(4):283-8).
Additionally, it has transactivating activity mediated by interaction with the LTR
(Vanitharani R. et al., Virology 2001; 289 (2):334-42). Thus, a Vpr with reduced activity
shows decreased or even no transactivation and/or interaction with the viral

30 preintegration complex.

Vpx, which is highly homologous to Vpr, is also critical for efficient viral replication in non-
dividing cells. Vpx is packaged in virus particles via an interaction with the p6 domain of
the gag precursor polyprotein. Like Vpr Vpx is involved in the transportation of the
35  preintegration complex into the nucleus (Mahalingam et al., J. Virol 2001; 75 (1):362-



Exanpl es The follow ng exanples wll further illustrate the present
invention. It will be well understood by a person skilled in the art that
t he proviweaosxersbes in no way nmay be 5interpreted in RCREP2010@06114 m t S
the applicability of the technol ogy provi ded by the present invention to
this exanples. Exanple 1: Ceneration of a Reconmbi nant MVA-BN Conprising in
the Viral Genone a 10 Truncated nef CGene, a gag-pol Fusion Gene, a

Transdom nany). TEHusCeN&/pRNWItH rdddcdar adtivily fRRY I ufdchinsE8 Nabilitg a6 Naddbdiate td1¢he
Control of the ATI Pronoter An MVA vector, nmBN87, was generated as

descri bed i RreiMtedrapan EoMPIRY ViagaghRIesdrser. whi ch i s her eby incorporated by
reference. Briefly, the gag-pol fused gene was obtained 15 by PCR from DNA

from HXB2 | ed cells. The nef gene a |ed P f DNA of
WA el (LATTS OBl i kioam s rud aperdl ané reelasiic . Be GoF entlaripes
][esul L : {1/9 I cO¥etedradaesH eesourTbte av| fvuramgyvmsgme(ss)w?ne-mnash@de&ﬁle b)épitRTvth‘CR
rom mary i,sol e vpr, rev an a
genes were 5%4‘1{%&]?92‘8 Wa(yfle Igg/‘(q tﬁ'gg%ragﬁgd%rapﬁ'éo%gquence of HXB2.

The protein Tat-mnmutated was 20 created by introducing two nutations in

Tat, which i t apt ifo but d t he | f
{Fansact | vai PRge BT Bidggicaaetivn e HeTsp el 2R TRb ol GubS iaaestBRtor 22
(Cys > Ay) oﬂfrdnéi‘?np(@yS!Pcﬁﬁtéract'ﬂmewﬂNﬁneﬁﬁﬁﬁéafcwét&nwewonﬂeoéleldehmTO\R It was

of the. for cPEmonretEd AIACAREE A TodragBndiate BEIRIRRcls, Brime g, laekis W/

transdom naaéqmatcegeme,r trdeAR (Han PPet A WNuckyc AcigiRy3 ‘g;@ne)g @5): 72b5 @ Cehusf

w |l d-type vi was. con Ther sul.ti ng_reconbi pant virus Ione
W maa NIk W sedfed A PO bREY drtsre RaRTb el Btmafes Va €
conditions AR retsrpeiti N&dtording U® MEA-prEdhT iBvelstioni G o dide Rakibid itonuse a
cassette co i sol ate The identi f the recanbinant vect

cont 1 ed. by eSiTEaRd ek HoaeTenssE AT e 58, CABCY o opk oG 5B 1afRing,c
doesn' t 1haveulbstiiitiops cZ2I@ysat Glypane3d (Bhd>Sery esul ts in the addition of 31
non-specific am no acids. Thus, a stop codon was added to the fusion gene
and by cloning of the new reconbi nant virus MA-nBN120B. This construct
(see al so Fir\@mrprotb)n VA estadal ifor pirsictaplitateh sispdnsisiei for rdnmsanpkogtéssiooaby

studies in 011/ 042180PCT/ EP2010 25 .
Preclinical ' n:#aa\peghq l(‘-l\'ﬁ\'f\‘t‘l:"et TSRy, t'ﬁ%Nﬁég%g ﬁ'gﬂl g ulJmt Bugmed Sci
HI V- speci f i d9g&k(4)113R).i Thisidewnegplatise is mit@tetliby direct inteanactperbetweerc €04 and

For - cack?pr DL SRhes? Bt o PIoBREREBRARRF CRuffin AR £ T RBE] ™Gy,

Days 0 and Bioteini with vedueeddanctiostshoed redboad anteractidnywitis .GD4. Enanipléd @rel Nef
ther TBS (G, f 4x10
A e oo PTAPHR 1 8 R kS LB e A B DR 9

ani mal s by tetima! antind atidp arecdeleted 1Acawddipg tmmeswelsetrm irsention i & alpo pestiblato

future anal g;?%%aﬁng egm]quiB%l gmmeh.cn%e é‘ﬁ té‘u‘?ﬁ a?nl}q"é‘ta‘é‘sdgéfé’ blibfegd by

cervi cal necropsied Tor UbeSqUERf“'aRa ySi s of the
ceIIuIa05|nnune responses by restimul ati on of splenocytes with the HYV

speci fic peﬁ?ﬂ%/d?ée\%ﬂ?q’gﬁgl ]E eV ﬁ"fqhg dsﬁ?aef{stcﬁpt%% PQra%QaétF Q%rﬁ'nh §£}88 2y

assay. The rotel n spedi i ¢ ce
by resti mul attercantlcm wutllﬁwesﬁbmmpnes elememt (;%BE) Oﬁ \orquptA (Iwal e;tnadi smaqwm
det ecti on OtAc|o§N;{ { §8ASH) {g&&ﬁhéé‘-?zf . g@oé’ﬁe%%m e'ébh?ti’%&tnﬁtﬁssﬂ)éws?ﬁed ced
pepti des are as fol I ows, show ng peptide denom nati on Pestr et ron,
and pepti de irdenqotiorcwith tHeeRRE. CD4 20 Nef-2 CD4 Nef-3 CD8 Nef-4 CD8 Gag-1 Ch4
Gag-2 C¢ 25 Gag-3 CDB Gag-4 CD8 Pol -1 CD4 Pol -2 CD4 Pol -3 CD8

According to one embodiment of the present invention one or more of the HIV proteins

are expressed as individual proteins.

According to a further embodiment two or more of the HIV proteins are expressed as a
35  fusion protein. Preferably, two or more of the HIV accessory/regulatory proteins are

expressed as a fusion protein.



30 Poi-4 CD8 Tat-1 CD4 Tat-2 CD4 Tat-3 CD8 Tat-4 CD8 35 Vif-1 C4 Vif-2 CH4
Vif-3 CD8 Vif-4 CD8 Vpu-1 CD4 40 Vpu-2 CD4 Vpu-3 CD8 Vpu-4 CD8 Vpr-1 CH4
Vpr - 2 CDAWORHHYARBLHPEYFKNC ( SEQ | D NO 1) , DPEREVL EVRFDSRCA/EPSHQDDINC: 2)
HTQGYFDP (SEQ I D NO 3) RYPLTFGAC (SEQ I D MO 4) 1 YKRW I LGLNK (SEQ I D NO 5)
GLNKI VRMYSPT (SEQ I D NG 6) AMQMLKETI (SEQ ID NGO 7) El YKRWIL (SEQ I D NO 8)
VONANPDCK (SEQ ID NO 9) TIKIGEALK (SEQ I D NG 10) | FSSMIKI (SEQ | D NG 11)
QPDKSESEL (SEQ ID NGO 12) FI TKALA SYGRK (SEQ I D NO 13) RQRRRAHON (SEQ I D

NO 14) QPKTAGINC (SEQ I D NO 15) SFI TKALG (SEQ 1 D NO lg? K@K%&{K SEQ.I D
NG 17) RCEVINBINGPRES (95RO # mage A ARD) 03883 75D tNOCROF TBLIRGBSP BN D
NO 20) KPQKHEGHBr&tSERY réleMacel) WAGVEAI IR (SEQ I D NO 22) TYGDTWAGV (SEQ I D
NO 23) AGVEAI IRl (SEQ ID NG 24) | VLIEYRKI (SEQ I D NG 25) EEALAALVD (SEQ I D
NO 26) WD 2011/ 042180PCT/ EP2010/ 006114 23 Vpr-3 CD8 Vpr-4 CD8 Rev-1 CD4
NG 28) RONRDRRE, (L0 BoNG, 20 Sl L VP (S T b N 20, Sebenet T (980 b
NO 31) LPPLMYABN(agedty gernefi m%r‘?’@f?%?‘,(')é\f'{'zg%t‘:@p‘lg&ﬁtaéif\ﬁ'ﬂ@ p§gﬂﬁd4 ﬁ“f's 84ch
]E)elp][ ' dedwgr Qfd'iﬁe:rﬁﬁt &Uérr,‘ Wth}é%in '\/_'l"fi ﬁpgpnﬁﬂan‘dg?mtaﬁcﬁ fcglfm_ﬂehgih ?rblé[n(rfsx Iodﬁarlts ?(

ol lowed by further dilution w : medji um t o obt ai. stock,.io solution
of 1ng) m ( 98iAES pbihRduhigoiRiotRsi(ser datiianabael WSSl habRaiatie
reﬁui redbt O tHRIEGH M |§md 2I:§rt1§ Neerm&gtéi ihubtiem lNOtferrﬁiaﬁ_l afED ddds arb daenede(lnel. R1;
vol unmes between 5 an were addition required ensur e, conpl et e
reconst i'® ut F%W'Wﬁ?trﬂﬁﬁtleg&e% sy as 3he b@t iéd%’!ﬁ? acigy, @@F\'ﬂalll(?ﬁﬁd?earﬁ g%‘%ﬂﬁ*“ﬁas
Eerfor med | fhdrb&rp | partitwies tapsagminbet Taﬁadmf@v) (B%gl_gbafﬁsiohﬁ%rﬁtdidb@vﬁengn Gag

onogeni sation, cell suspensions were transferred into e .
contri fugedandieet standgles Rl Brghauin. of pade of genvatye ol B WAl Profeiss
cel | lysis brhhgsd inftaé bravnpiicdwedarashinige fiverse,orders PBl-Gagl i quot of the cell
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25  full length proteins, arranged in the exemplified order, or in the reverse order, Pol-Gag.

Preferably, the expression cassette coding for the Gag-Pol fusion protein and the

expression cassette coding for Tat are inserted into the same insertion site.

The expression of heterologous nucleic acid sequence is preferably, but not exclusively,
30 under the transcriptional control of a poxvirus promoter. An example of a suitable
poxvirus promoter is the cowpox ATI promoter (see WO 03/097844). It is possible that
the expression of each expression cassette is controlled by a different promoter.
Alternatively it is also possible that all expression cassettes are controlled by a copy of
the same promoter. By way of example the invention relates to a recombinant virus in

35  which all HIV expression cassettes, such as the four expression cassettes exemplified
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above are controlled by a cowpox ATl promoter or derivative thereof as defined in WO
03/097844.

In the recombinant MVA according to the present invention, such as MVA-BN and its
5 derivatives, the expression cassettes may be inserted into 1 to 10 insertion sites in the

viral genome.

It was unexpectedly found that recombinant MVA, in particular MVA-BN and its variants
for the expression of the HIV proteins or parts or derivatives thereof can be easily

10  obtained if not all expression cassettes are inserted into the same insertion side. Thus,
the different expression cassettes may be inserted into 1to 5, or 2to 8, or 3to 5, orinto
3 insertion sites in the viral genome.

The insertion of heterologous nucleic acid sequence may be done into a non-essential
15  region of the virus genome. According to another embodiment of the invention, the
heterologous nucleic acid sequence is inserted at a naturally occurring deletion site of
the MVA genome (disclosed in PCT/EP96/02926). According to a further aiternative the
heterologous sequence may be inserted into an intergenic region of the poxviral genome
(see WO 03/097845). Methods how to insert heterologous sequences into the poxviral
20 genome are known to a person skilled in the art. By way of example the expression
cassettes may be inserted into one ore more of the intergenic regions IGR 07/08, IGR
[4L/15L and IGR 136/137 of the MVA genome, in particular the genome of MVA-BN and

its derivatives.

25  According to a preferred embodiment of the present invention the recombinant MVA is
MVA-BN or a derivative thereof and the following expression cassettes are inserted into
the following insertion sites: (i) an expression cassette expressing Vif-Vpu-Vpr-Rev as
fusion protein in this or a different order, wherein Vif, Vpu, Vpr and Rev stand for full
length proteins, or parts or derivatives of the full length proteins (see definition above) is

30 inserted into the intergenic region IGR 07/08; (i) a second expression cassette
expressing Nef or a part or derivative thereof, in particular a Nef protein in which N-
terminal amino acids are deleted, such as the first 19 amino acids is inserted into IGR
14L/I5L, (iii) a third expression cassette that expresses Tat or a part or derivative thereof,
in particular a transdominant Tat and a fourth expression cassette that express a Gag-

35 Pol fusion protein, wherein Gag and Pol stand for full length proteins, or parts or
derivatives of the full length proteins are inserted into IGR 136/137. In this example the
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third and the fourth expression cassette are inserted into the same integration site,
wherein the two expression cassettes may be arranged in both possible orders. With
respect to the numbering of IGR reference is made to WO 03/097845. It is to be taken
into account that IGR 14L/I5L on the one side and IGR 136/137, IGR 07/08 on the other
side belong to two different numbéring systems which are explained in WO 03/097845.

Most preferrably, the recombinant MVA of the present invention is a recombinant MVA
comprising in the viral genome

(i) an expression cassette expressing Vif-Vpu-Vpr-Rev as fusion protein inserted into the
intergenic region IGR 07/08,

(i) a second expression cassette expressing a Nef protein in which the first 19 N-terminal
amino acids are deleted inserted into IGR 14L/I5L,

(iii) a third expression cassette expressing a transdominant Tat and a fourth expression

cassette expressing a Gag-Pol fusion protein, which are inserted into IGR 136/137.

The recombinant virus according to the present invention may induce a protective immune
response: The term “protective immune response” means that the vaccinated subject is
able to control in some way an infection with the pathogenic agent against which the
vaccination was done. Usually, the animal having developed a “protective immune
response” develops milder clinical symptoms than an unvaccinated subject and/or the

progression of the disease is slowed down.

The present invention further relates to a pharmaceutical composition or vaccine
comprising a recombinant MVA as defined above and, optionally, a pharmaceutically
acceptable carrier, diluent, adjuvant and/or additive.

Numerous ways to prepare poxvirus formulations are known to the skilled artisan as well as
modes of storage. In this context reference is made to WO 03053463.

Non-limiting examples of auxiliary substances are water, saline, glycerol, ethanol, wetting or
emulsifying agents, pH buffering substances, preservatives, stabilizers, or the like. Suitable
carriers are typically selected from the group comprising large, slowly metabolized
molecules such as, for example, proteins, polysaccharides, polylactic acids, polyglycolitic

acids, polymeric amino acids, amino acid copolymers, lipid aggregates, or the like.

5
5
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For the preparation of vaccines, the recombinant MVA virus according to the invention is
converted into a physiologically acceptable form. This can be done based on the
experience in the preparation of poxvirus vaccines used for vaccination against smalipox
(as described by Stickl, H. et al. Dtsch. med. Wschr. 99, 2386-2392 [1974] ). For example,

5 the purified virus is stored at -80°C with a titer of 5x10° TCID50/m! formulated in 10 mM
Tris, 140 mM NaCl pH 7.4.

In one embodiment, the MVA virus according to the invention is used for the preparation of
vaccine shots. For example, about 107 to about 10° particles of the virus are lyophilized in
10 100 ml of phosphate-buffered saline (PBS) in the presence of 2% peptone and 1% humah
albumin in an ampoule, preferably a glass ampoule. In another non-limiting example, the
vaccine shots are produced by stepwise freeze-drying of the virus in a formulation. In
certain embodiments, this formulation can contain additional additives such as mannitol,
dextran, sugar, glycine, lactose or polyvinylpyrrolidone or other aids, such as antioxidants or
15 inert gas, stabilizers or recombinant proteins (for example, human serum albumin) suitable
for in vivo administration. The glass ampoule is then sealed and can be stored between 4°C
and room temperature for several months. However, as long as no immediate need exists,

the ampoule is stored preferably at temperatures below -20°C.

20  For vaccination or therapy, the lyophilisate may be dissolved in 0.1 to 0.5 ml of an aqueous
solution, preferably physiological saline or Tris buffer, and administered either systemically
or locally, i.e. parenterally, subcutaneously, intramuscularly, by scarification or any other
path of administration know to the skilled practitioner. The mode of administration, the dose
and the number of administrations can be optimized by those skilled in the art in a known

25  manner. However, most commonly, a patient is vaccinated with a second shot about one
month to six weeks after the first vaccination shot. A third and subsequent shots can be
given, preferably 4-12 weeks after the previous shot.

It was surprisingly found that with the recombinant MVA of the present invention a strong
30 antigen specific T-cell response can be induced against more than one of the
recombinantly expressed HIV proteins. As already indicated above, this is an unexpected
result in view of the observed phenomenon called immunodominance whereby the host
immune system responds to only a few of the many possible epitopes in a given
immunogen. For MVA vectors previous studies have shown that the immunodominance
35 of non-recombinant vector epitopes prevent induction of a strong CD8 T cell response

against a recombinant antigen. (Smith et al., Immunodominance of poxviral-specific
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CTL in a human trial of recombinant-modified vaccinia Ankara. J. Immunol. 175:8431-
8437, 2005.). It was demonstrated that the vaccine-driven T-cell response is
predominantly directed against poxviral epitopes. By contrast, use of the recombinant
MVA of the present invention resulted in a strong and broad T-cell response to multiple

5 recombinant HIV proteins. In addition, the immune responses were still higher than
baseline 20 weeks after receiving the first immunization for all HIV proteins which
induced responses. This is a further unexpected result in view of potential pre-existing
immunity against the backbone viral vector due to an earlier vaccination against smallpox
and the development of neutralizing antibodies.

10
Accordingly, the present invention further relates to the recombinant MVA as defined
above or a pharmaceutical composition or vaccine comprising the recombinant MVA as
defined above for inducing a T-cell response to at least three, preferably to at least four,
at least five or six HIV proteins in a human patient, wherein the proteins are selected

15 from HIV Gag, Pol, Vpr, Vpu, Rev, and Nef.

The invention also relates to the use of the recombinant MVA as defined above or a
pharmaceutical composition or vaccine comprising the recombinant MVA as defined
above for the preparation of a medicament for inducing a T-cell response to one or more

20 HIV proteins, especially against three, four, five, six or more HIV proteins, preferably to at
least three, at least four, at least five or at least six HIV proteins in a human patient,
wherein the proteins are selected from HIV Gag, Pol, Vpr, Vpu, Rev, and Nef.

Likewise, the present invention also relates to a method for inducing a T-cell response to

25 at least three of the HIV proteins selected from Gag, Pol, Vpr, Vpu, Rev and Nef in a
human subject comprising administering a recombinant Modified Vaccinia virus Ankara
(MVA) as defined above.

The recombinant MVA that is to be administered is preferably an effective amount so that

30 it induces the desired effect, i.e., a T-cell response to at least three, preferably at least
four, more preferably at least five, even more preferably at least six of the HIV proteins
selected from Gag, Pol, Vpr, Vpu, Rev and Nef in a human subject.

In a particular preferred embodiment the present invention relates to the recombinant
35 recombinant MVA as defined above, wherein the MVA induces a T-cell response in the
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human subject to at least four of the HIV-1 proteins selected from Gag, Pol, Vpr, Vpu,
Rev and Nef.

In a more particular preferred embodiment the present invention relates to the

5 recombinant MVA as defined above, wherein the MVA induces a T-cell response in the
human subject to at least five of the HIV-1 proteins selected from Gag, Pol, Vpr, Vpu,
Rev and Nef.

In an even more particular preferred embodiment the present invention relates to the

10  recombinant MVA as defined above, wherein the MVA induces a T-cell response in the
human subject to at least six of the HIV-1 proteins selected from Gag, Pol, Vpr, Vpu, Rev
and Nef.

In a preferred embodiment the HIV-1 proteins to which MVA as defined herein induces a
15 T-cell response to proteins that are selected from Gag, Pol, Vpr, Vpu, Rev and Nef
include Gag, Pol and Nef.

In a preferred embodiment said at least three HIV proteins are Gag, Pol and Nef. In
another preferred embodiment one of said three HIV proteins is one selected from the
20  group consisting of Gag, Pol, Nef, truncated Nef, Vpr, Vpu, and Ref.

The present invention further relates to the recombinant MVA as defined above or a
pharmaceutical composition or vaccine comprising the recombinant MVA as defined
above for the treatment and/or prevention of a HIV infection and/or AIDS.

25
The invention also relates to the use of the recombinant MVA as defined above or a
pharmaceutical composition or vaccine comprising the recombinant MVA as defined
above for the preparation of a medicament for treatment and/or prevention of a HIV
infection and/or AIDS.

30
it is pointed out that the term “prevention of an HIV infection and/or AIDS” does not mean
that the recombinant MVA prevents a HIV infection and/or AIDS in all subjects under all
conditions. To the contrary this term covers any statistically significant protective effect even
if this effect is rather low.

35
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In a further preferred embodiment the recombinant MVA is administered in a dose of 10°
to 5x108 TCIDsy/ml, preferably in a dose of 2x10° TCIDso/ml.

In another preferred embodiment the recombinant MVA is administered intravenously,

5  intramuscularly or subcutaneously.

Brief description of the figures

Figure 1: MVA-BN®-MAG construct (MVA-mBN120B) expressing the eight HIV proteins
10  Gag, Pol, Tat, Vif, Vpu, Vpr, Rev and Nef.

Figure 2: HIV-specific T cell responder rates. Percentage of responders calculated from

n (number of subjects who were responders) and based on a group size of N = 15.

RT =reverse transcriptase, CTL = cytotoxic T Ilymphocytes, HTL = helper T
15 lymphocytes.

Figure 3 A-D: Median SFU/1x10° PBMC for the indicated HIV-1 proteins. Arrows

indicate vaccinations.

20
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Examples

The following examples will further illustrate the present invention. It will be well
understood by a person skilled in the art that the provided examples in no way may be
interpreted in a way that limits the applicability of the technology provided by the present

invention to this examples.

Example 1:

Generation of a Recombinant MVA-BN Comprising in the Viral Genome a
Truncated nef Gene, a gag-pol Fusion Gene, a Transdominant Tat Gene and a Vif-
Vpr-Vpu-Rev Fusion Gene, each Under the Control of the ATI Promoter

An MVA vector, mBN87, was generated as described in U.S. Patent No. 7,501,127,
which is hereby incorporated by reference. Briefly, the gag-pol fused gene was obtained
by PCR from DNA from HXB2 infected cells. The nef gene was amplified by PCR from
DNA of MVA-nef (LAl) to obtain a truncated version. The first 19 aa were deleted
resulting in Nef-truncated. The vif and vpu genes were generated by RT-PCR from HIV
RNA from a primary isolate MvP-899, while the vpr, rev and tat genes were synthesized
by oligo annealing based on the sequence of HXB2. The protein Tat-mutated was
created by introducing two mutations in Tat, which are not localized in important epitopes
but lead to the loss of transactivating activity. The mutations are the following
substitutions: 22 (Cys > Gly) and 37 (Cys>Ser). The DNA constructs were cloned into
recombinant vectors.

After 5 rounds of plaque purification, the insertion of the foreign DNA (truncated nef
gene, a gag-pol fusion gene, a transdominant tat gene, and a vif-vpr-vpu-rev fusion
gene) and absence of wild-type virus was confirmed by PCR. The resulting recombinant
virus clone was named mBN87A. After 5 plaque-purifications under non selective
conditions the recombinant virus MVA-mBN87 B devoid of the selection cassette could
be isolated. The identity of the recombinant vector was confirmed by standard methods.
in MVA-mBN87B, the vif-vpr-vpu-rev gene doesn’t have a stop codon at the end which
results in the addition of 31 non-specific amino acids. Thus, a stop codon was added to
the fusion gene and by cloning of the new recombinant virus MVA-mBN120B. This
construct (see also Figure 1) was used in preclinical studies in mice and clinical studies
in humans.
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Example 2:
Preclinical studies in mice

Whether MVA-mBN120B is able to mount a HIV-specific cellular immune response in
5 adult non-transgenic mice (BALB/c) was investigated. The most promising epitopes were
selected and for each protein two CD4 and two CD8 T cell peptides were synthesized.
On Days 0 and 21, mice were administered subcutaneously (s.c.) with 500ul of either
TBS (Group 1) as reference item or approximately 4x10° TCIDs, MVA-mBN120B (Group
2). On Day 35, blood samples were collected from all animals by retro-orbital puncture
10 and processed to serum for potential future analysis. Following blood sampling, the
animals were sacrificed by cervical dislocation and spleens necropsied for subsequent
analysis of the cellular immune responses by restimulation of splenocytes with the HIV
specific peptides encoded in the vaccine inserts using an IFNy-ELISpot assay.
The HIV-protein specific cellular immune responses were determined by restimulation of
15  splenocytes with specific peptides and subsequent detection of IFNy release from the
splenocytes by ELISpot assay. The peptides are as follows, showing peptide
denomination, T cell restriction, and peptide sequence:

Nef-1 CD4 FHHVARELHPEYFKNC (SEQ ID NO:1)

20 Nef-2CD4 DPEREVLEWRFDSRLA (SEQ ID NO:2)
Nef-3CD8 HTQGYFDP (SEQ ID NO:3)

Nef-4 CD8 RYPLTFGWC (SEQ ID NO:4)
Gag-1CD4  IYKRWIILGLNK (SEQ ID NO:5)
Gag-2 CD4  GLNKIVRMYSPT (SEQ ID NO:6)

25 Gag-3CD8 AMQMLKETI (SEQ ID NO:7)
Gag-4 CD8  EIYKRWIIL (SEQ ID NO:8)
Pol-1CD4  VQNANPDCK (SEQ ID NO:9)
Pol-2CD4  TIKIGGQLK (SEQ ID NO:10)
Pol-3CD8  IFQSSMTKI (SEQ ID NO:11)

30 Pol-4CD8 QPDKSESEL (SEQ ID NO:12)
Tat-1CD4  FITKALGISYGRK (SEQ ID NO:13)
Tat-2CD4  RQRRRAHQN (SEQ ID NO:14)
Tat-3CD8  QPKTAGTNC (SEQ ID NO:15)
Tat-4 CD8  SFITKALGI (SEQ ID NO:16)

35 Vif-1CD4  KKAKGWMYK (SEQ ID NO:17)
Vif-2CD4  RCEYQAGHN (SEQ ID NO:18)
Vif-3CD8  QYLALAALI (SEQ ID NO:19)

Vif-4 CD8  AGHNKVGSL (SEQ ID NO:20)
Vpu-1 CD4  KPQKTKGHR (SEQ ID NO:21)

40 Vpu-2CD4 WAGVEAIR (SEQ ID NO:22)
Vpu-3CD8 TYGDTWAGV (SEQ ID NO:23)
Vpu-4 CD8  AGVEAIIRI (SEQ ID NO:24)
Vpr-1CD4  IVLIEYRKI (SEQ ID NO:25)
Vpr-2CD4  EEALAALVD (SEQ ID NO:26)
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Vpr-3CD8  TQPIPIVAI (SEQ ID NO:27)
Vpr-4 CD8  VLIEYRKIL (SEQ ID NO:28)
Rev-1 CD4 RQARRNRRR (SEQ ID NO:29)
Rev-2 CD4  SPQILVESP (SEQ ID NO:30)
Rev-3CD8 SGDSDEELI (SEQ ID NO:31)
Rev-4 CD8 LPPLERLTL (SEQ ID NO:32)

Briefly, aliquots containing 500ug of each peptide were first dissolved in a small volume
of dimethyl sulfoxide followed by further dilution with RPMI medium to obtain a stock
solution of 1mg/mi (volumes between 5 and 25yl of acetic acid was additionally required
to ensure complete reconstitution of peptides # 4, 14, 20, and 21; volumes between 5
and 25ul were additionally required to ensure complete reconstitution of peptides # 20,
22, 23 and 24).

Spleen homogenisation was performed in Dispomix tubes using the “Saw 03" program.
Following homogenisation, cell suspensions were transferred into 50ml! tubes,
centrifuged, and the erythrocytes were lysed for 5 minutes with red blood cell lysis buffer.
Following two washing steps, a small aliquot of the cell suspension was mixed with
trypan blue and the cell concentration was calculated by manual counting with a counting
chamber (from Madaus). The cell density was adjusted for the individual splenocyte
suspensions. Following plating the cells into the ELISpot plate (pre-coated with anti-IFNy
antibody), the peptides were added at a final concentration of 2.5ug/ml. Duplicate
incubations of 2.5x10° splenocytes per well were performed on the horizontally oriented
ELISpot plates with splenocytes from different mice being plated horizontally and with
different stimuli being plated vertically (i.e. plates 1 + 5, 2+ 6, 3 + 7, 4 + 8 covered
stimulation with peptides # 1 — 8, 9 - 16, 17 — 24, 25 — 32, respectively). On plates 5 and
10, incubations with final concentrations of 0.5ug Concanavalin A (ConA) and 0.5ug/mi
staphylococcus enterotoxin B (SEB) as positive controls, or with medium control as
negative control was performed in row number B, E, or H, respectively. Following an
overnight incubation of 19 h, the ELISpot plates were developed as recommended by the
supplier.
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[MVA-mBN120B

Stimulation|Peptide Group
Designation SEM  N|mean |SEM N
|Peptide # 1 |[Nef-CD4-1 1.9 5121.6 6.7 5
[Peptide #2 [Nef-CD4-2 0.8 5496 [130 |5
[Peptide # 3 |Nef-CD8-1 2.4 5[208 70 |5
[Peptide # 4 [Nef-CD8-2 2.1 572 111 5
[Peptide # 5 |Gag-CD4-1 3.0 50308 kU8 |5
[Peptide # 6 |[Gag-CD4-2 3.5 5[284 [76 |5
[Peptide # 7 |Gag-CD8-1 2.7 5[304.8 842 |5
[Peptide # 8 |Gag-CD8-2 2.5 5158.0 473 |5
Peptide # 9 |Pol-CD4-1 1.4 5220 73 5
Peptide # 10|Pol-CD4-2 1.9 5[204 54 |5
Peptide # 11]Pol-CD8-1 1.7 5[26.8 [11.0 |5
Peptide # 12|Pol-CD8-2 2.6 5208 61 |5
IPeptide # 13[Tat-CD4-1 2.6 5[208 7 |5
|Peptide # 14[Tat-CD4-2 2.3 5[208 P1 |5
|Peptide # 15|Tat-CD8-1 1.4 5196 P5 |5
[Peptide # 16[Tat-CD8-2 2.9 5[16.0 73 |5
[Peptide # 17]Vif-CD4-1 3.0 5[21.2 53 |5
[Peptide # 18]Vif-CD4-2 2.2 5[31.2 65 |5
[Peptide # 19}Vif-CD8-1 1.6 5276 0 5
[Peptide # 20}Vif-CD8-2 3.5 5[25.2 85 |5
[Peptide # 21 ]Vpu-CD4-1 1.7 5224 60 |5
[Peptide # 22]Vpu-CD4-2 2.1 572 32 |5
[Peptide # 23]Vpu-CD8-1 2.4 5[216 33 |5
[Peptide # 24[Vpu-CD8-2 1.9 5240 [73 |5
Peptide # 25]Vpr-CD4-1 2.0 5[200 69 |5
Peptide # 26[Vpr-CD4-2 i 2.6 5[188 45 |5
Peptide # 27[Vpr-CD8-1 8.8 2.1 5240 W3 |5
[Peptide # 28[Vpr-CD8-2 H6.4 3.1 5248 66 |5
Peptide # 29|Rev-CD4-1 76 26 5[208 5 |5
Peptide # 30JRev-CD4-2 8.0 2.8 5272 a4 |5
[Peptide # 31|Rev-CD8-1 8.8 3.0 5204 g4 |5
[Peptide # 32|Rev-CD8-2 7.2 16 5196 U6 |5
[Con A In.a. 43.6 [30.0 |5[212.0*/598 |5
SEB In.a. 247.6 387 |5[154.8*56.1 |5
Medium  |n.a. 68 [26 [5]208 [7.0 5

n.a. = not applicable

Three peptides were identified to be able to mount a HIV-specific cellular response. From

these peptides, the highest IFN1 responses were determined following stimulation with
the H2-Kd restricted CD8 T cell specific peptide “Gag-CD8-1". This is not surprising,

since this peptide is frequently cited in the literature (e.g. Liu et al., Vaccine, 2006, 24,



25 page 3332). The second Gag-specific CD8 T cell restricted peptide
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b i por PRSI Smcg) SOMTE4BrBaer: Bbs 1Pt a0n b RER: celupE e
pools were k@s@dné&rto&he mil/at ingertgag wallicasdepiaetinth wareladdeeset byl ABliRterderon-y
protei n Pool Peptides Number of Peptides pl7 (Gag) 1 100% coverage 31 p24
(Gag) 2 (IFN-y) LISPOT assay using 15-mer peptides with an’11 amino acids overlap as a
15 stimulant (for inducing HIV responses) and MVA-BN® at an multiplicity of infection (MOI)
of 1 (for inducing vaccinia responses) respectively in a batched analysis.
The study was a mono-centric, open-label, Phase | study conducted to assess safety
and reactogenicity of the recombinant MVA HIV multiantigen vaccine in HIV-infected
subjects with CD4 counts > 350 cells/pl.
20  Subjects received immunizations at Day 0 and after 4 and 12 weeks with a dose of
2 x 108 tissue culture infectious dose 50 (TCIDs;) MVA-mBN120B. The vaccine was
administered subcutaneously.
The study consisted of a screening period of up to three weeks and an active study
period (a 12-week priming phase and an 8-week boosting phase) of up to 20 weeks. The
25  total duration of the study per subject was up to 23 weeks.
Eligible subjects entered the active study phase starting with Visit 1. At Visit 1, all
subjects received the first MVA-BN120B vaccination, administered subcutaneously. All
subjects received a second vaccination four weeks later at Visit 3 and a third vaccination
12 weeks later (after Visit 1) at Visit 5. Each immunization consisted of two
30  administrations of MVA-mBN120B each with a dose of 1 x 10® TCIDs, per administration.
The vaccine was administered subcutaneously by injecting 0.5 m! of MVA-mBN120B in
the deltoid region of each arm. Subjects received three immunizations: one at Week 0,
one after four weeks and one after 12 weeks. Any adverse event (AE) that occurred

during or after the vaccination was recorded.
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| nt egr aswo(POl2®B0| mrunogeni ¢ regi ons oné% 10 Nef 7 Pr @dirgpeapooriiy

| mmunogeni ¢ 14 8 Predictedpoorly imunogéhic 11

The following procedures and investigations were performed at the respective scheduled
visit. The Enzyme Linked Immunospot (ELISPOT) assay used for the quantitative in vitro
determination of Interferon-gamma (IFN-y) producing cells in cryopreserved Peripheral
Blood Mononuclear Cells (PBMC) was performed after stimulation with live Vaccinia
5  virus (VV): Modified Vaccinia Virus Ankara-Bavarian Nordic (MVA-BN®) or Vaccinia Virus
Western Reserve (VV-WR).
Briefly, 96 well filter plates (HTS plates, Millipore) were coated with a capture antibody
(against IFN-y according to the manufacturer’s instructions (BD Biosciences, IFN-y
ELISPOT pair) at 4°C overnight. Subsequently resuscitated PBMC were added to the
10  wells in a concentration of 200,000 cells/200ul final volume in combination with MVA-
BN® at an MOI of 1. Following an incubation period (overnight at 37°C/5% CQO,) the wells
were washed and a biotin-labelled detection antibody in PBS/9%FCS was added. After
washing with PBS/0.05% Tween 20, streptavidin-coupled horse radish peroxidase (HRP,
BD Biosciences) was added to the wells, followed by a washing step and the addition of
15  a precipitating substrate (AEC, 3-Amino-9-Ethylcarbazole, BD Biosciences). The number
of cytokine producing cells was determined by counting the spots using a CTL S5
Microanalyzer. Reported values are background corrected and normalized to 1x10°
PBMC.
To assess the vaccinia specific cellular response, cells were stimulated with live MVA-
20 BN®atan MOI of 1.
To assess the HIV specific cellular response, cells were stimulated with peptide pools
(15-mers with 11 aa overlap) at a final concentration of 5ug/ml per peptide.
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Fifteen peptide pools were used for stimulation and are depicted in Table 2.

TABLE 2
Pool _ Number of
protein Peptides )
# Peptides
17 (Ga
P17 (Gag) 1 100% coverage 31
N terminal part, 100%
2 28
coverage
p24 (Gag) .
C terminal part, 100%
3 27
coverage
Protease (Pol) ) _
4 Immunogenic regions only 11
RT (Pol) . .
5 Immunogenic regions only 22
Integrase (Pol) |6 Immunogenic regions only 10
' Predicted oorl
7 poory 14
immunogenic
Predicted oorl
Nef 8 ) ) poory 11
immunogenic
9 Predicted highly immunogenic | 10
10 Predicted highly immunogenic | 9
Tat 11 100% coverage 10
Vif 12 Immunogenic regions only 16
2p7 100% coverage
PP i ’ 11+8+6=
Vpr 13 Immunogenic regions only 05
Rev Immunogenic regions only
POLYTOPE
14 15
HTL
POLYTOPE )
15 A2, A3, B7 restricted 13
CTL

Peptides were synthesized at more than 90% purity as confirmed by high-performance
5 liquid chromatography (Metabion, Martinsried, Germany and Proimmune, UK).
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by 5 MVA- BNfel, Yat, vif, mixed), and by vaccine (i.e. including all HIV proteins).
Descriptive statistics were derived by stimulation condition (including stimulation with
HIV-MAG peptides and live MVA-BN®) for all sampling points and included the number of
30 observations, arithmetic mean and standard deviation (SD), median and range of the
number of SFU. This was performed for all subjects and a separate analysis was
performed for responders only at all three levels of analysis (i.e. for responder on the
pool level, for responder on the protein/polyprotein and reéponder on the vaccine level).
The number and percentage of positive specific responders (responder rate) along with
35 the 95% Clopper-Pearson confidence interval was tabulated for each pool, each
protein/polyprotein and for the overall HIV-MAG vaccine as well as for MVA-BN®. The
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stringency definition of responder, 80% of the subjects were responders to the HIV

components. The highest proportion of subjects responded to gag (73%, 11/15, see

25  Figure 2). Within gag, p24 resulted in higher responder rates (40% and 47% for the two

gag-p24 pools respectively) than did p17 (20%). Even using a higher stringency

definition of responder, 60% of the subjects responded to gag. Responder rates to pol

and the mixed protein pool were similar (53%, 8/15, see also Figure 2) and within pol, the

protease and RT had the highest and equal responder rates (27%) and were followed by

30 integrase with a 20% responder rate. Since the mixed pool contained peptides from

multiple proteins, the most immunogenicpeptides could not be detrminmed. Using the

higher stringency definition of responder rate still resulted in high responder rates to both

pol (33%) and mixed (40%). Nef responder rate was 40% (6/15, see Figure 2) with

responses to pool 4 being the highest (27%). Nef response was 27% using the higher

35  stringency definition of responder rate. A total of 7 subjects (46.7%) and 1 subject (6.7%)
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responded to HTL and CTL polytope peptides and no responders were detected for both
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ol protein ct es) es) n (%) n (%)
n (%) n (%) °
| o e g ©
17
P 013 1,12 3(20.0) 2(13.3)
12
001 20

002 12, 13, 20
Gag- o8 1.5 12 13,

2 p24-
010 20
NH, 011 1,5,12, 13
015 20 6(40.0) 4(267)
1.5
voa 1.5 12,13
006 13 20
cooH o1 3 1% &
014 01213
015 2 7(467) 5(333) 11(733) 9(60.0)
004 5
Pol-
4 PO gl 1y i3
015 1.5 4(26.7) 3(20.0)
1 12, 13
88; 15,12, 13
5  PolRT 20
008 2
014 13 4(267) 2(133)
12
Pol- 005
6 Inte- 006 gb 12, 13
gase 010 0. 3(200) 2(133) 8(533)  5(333)
7 Nef1 006 12 167 0(00)
005 1. 13
Net-2 o5 4 2(133) 1(6.7)
9  Nef3 015 1.5 1(67) 1(6.7)
001 12, 13

Nef-4 004 1
013 1, 5, 12, 13
015 1,5 4(26.7) 3(20.0) 6(40.0)  4(26.7)
11 Tat None  None 0(0.0) 0(0.0) 0(0.0) 0 (0.0)
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ase 0045 0061,5,13 01412, 13 0151,5 1,12,13 001 1, 5, 12,
014 13 4 (26.7)3 (20.0)

13, 006 20 00812

5Pol - RT  4(26.7)2(13.3) Pol-005 61 nte-006 g

rase010 IWOBIIIIEPI803, 20 1, 13, 203(20.0)3Z,(13.3)8(53. 3PCHAPBOBYs114
7Nef - 1006121 (6.7)0 (0. 0)

10

12 Vif None None 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0)
5 12, 13,
oo1 40
004 4 12, 13
006 20
. 008
13 Mixed 12, 13, 20
009
1, 5,12, 13,
010 ~
20
012 1
013 1 5 8(53.3) 6(40.0) 8(53.3) 6 (40.0)
1,12
oo4a |
1, 5,12, 13,
006
20 :
008 4" 12, 20
14  HTL 009 ’ '
20
012
1, 5, 13
014 5 13, 20
015 1 ’ 7(46.7) 4(26.7) 7 (46.7) 4 (26.7)
15 CTL 006 1,12, 20 1(6.7) 1(6.7) 1(6.7) 1(6.7)
Responders (1 or ~ more Responders (2 or more responses)
responses) n (%)
n (%) °
HIV-MAG"® 13 (86.7) 12 (80.0)

Table 3: ELISPOT Responder Rates by Visit and Stimulating Condition (Pool,
Protein & HIV-MAG; N = 15)

? Response to Protein. A subject was a protein-specific responder if he had at least
one positive response for at least one pool for the protein at a post-baseline visit.

® Response to HIV-MAG. A subject was a HIV-MAG-specific responder if he had at
least one positive response for at least one HIV protein (gag, pol, nef, tat, vif or mixed
[p2p7, rev, vpr]) at a post-baseline visit.

N =number of subjects in the specified group, n =number of subjects who were
responders, % = percentage based on N.

Immunizations were given at Week 0, Week 4 and Week 12.

The breadth of

proteins/polyproteins for which subjects generated new or increased T cell responses.

HIV-specific T cell response refers to the numbers of
Table 4 shows the breath of response to HIV proteins. Vaccination resulted in the
generation of responses to several proteins in most subjects. Responses to up to four
different proteins/polyproteins including gag, pol, tat, vif, nef and mixed (p2p7, vpr, rev)
are shown in Table 4. 66.7% of all subjects responded to at least two and 46.7% to at

least three proteins/polyproteins.



0051, 13 8Nef-201512 (13.3)1 (6.7) 9Nef-30151, 51(6.7)1(6.7) 00112, 13
Nef - 40041 100131, 5, 12, 13 0151, 54(26.7) 3(20. 0) 6(40. 0) 4( 26. 7)

11Tat Nonewore0/q@e1s0) 0 (0.0)0 (0.0)0 (0.0) .. WO 2011/ 042 PBOREIHERRA10/ 006114
32 12Vi f NoneNoneO (0.0)0 (0.0)0 (0.0)0 (038) 13M xed 001 004 006 008 009
010 012 013 5,12, 13, 20 1 1,12,13, 20 12, 13, 20 1, 5, 12, 13, 20 1

TABLE 4 N=15

Number of proteins/polyproteins | R+ (%) 95% CI
At least 1 protein/polyprotein 13 (86.7) | 59.5,98.3
At least 2 proteins/polyproteins 10 (66.7) | 38.4,88.2
At least 3 proteins/polyproteins 7 (46.7) |21.3,73.4
At least 4 proteins/polyproteins 3 (20.0) | 4.3,48.1

N = number of subjects in the specified group, R+ = number of subjects who were
responders to any protein mentioned above), % = percentage based on N, 95%

Cl = Clopper-Pearson confidence interval, lower limit and upper limit.

All 15 subjects received 3 vaccinations and were foliowed up until end of the study. No
serious AEs were reported and no study subject was withdrawn due to a related AE. All
subjects reported general (mostly nausea) and local reactions (mostly induration) with
one grade 3 event (injection site pain). Thus, administration of MVA-BN®-MAG was well
10 tolerated in HIV-1 infected subjects.
All subjects responded to vaccinia. Figure 4 A-D demonstrates median SFU/1x10° PBMC
for the indicated HIV-1 proteins. Arrows indicate vaccinations. The results may be
summarized as follows:
Gag responders (11/15 subjects): Median peak of 437 SFU/1x10° PBMC at week 13,
15 one week following the third immunization.
Pol responders (8/15 subjects): Median peak of 80 SFU/1x10° PBMC at week 13, one
week following the third immunization.
Nef responders (6/15 subjects): Median peak of 276 SFU/1x10° PBMC at week 12, eight
weeks following the second immunization.
20 Mixed pool (p2p7, vpr, rev) responders (8/15 subjects). Median peak of 65 SFU/1x106
PBMC at week 12, eight weeks following the second immunization.
Gag, pol, nef and mixed responsive IFN-y secreting PBMCs remained higher than
baseline 20 weeks after the first immunization.
Median SFU values for vaccinia-specific responders reached a peak of 350 SFU/1x10°
25  PBMC at Week 12, eight weeks following the second immunization, and was not further
increased following the third vaccination. As observed for HIV responses the number of
vaccinia responsive IFN-y secreting PBMCs remained higher than baseline 20 weeks
after the first immunization. Anti-vaccinia antibody seroconversion rate reached 100.0%
at Week 5 (one week after the second vaccination) and remained at 100% for the
30 duration of the study. ELISA GMT's revealed a slight increase 1 week after the first
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01511, 5 12, 13, 20 1,12, 20 20 1,5,13 5, 13, 20 17 (46.7)4 (26.7)7
(46.7)4 (MO.20)1/043180L.0061, 12, 201(6.7)1(6,7)1(6.7)1(6. 7PCTRPIPOMEAE( Lor
nore Responders (2 or nore responses) responses)n (%9 n (% H V-MAGh 13
(86.7)12 (80.0) Table 3: ELISPOT Responder Rates by Visit and Stinulating
Condition (Pool, Protein & HV-MAG N = 15) a Response to Protein. A

subj ect was vacdmidtioni ands BE6hd beostes psspdases. fVdttinlaashetficl #aiBbdY fiterH @6adhed ea

Response t o PRRK.UAES 21 seRcaterlbe dhry TnMBIzapd aP Geratisa aurh fohse thar

at | east oneapeiFetdongedi@amengte firstimatuniztish. one H V protein (gag, pol, nef,

Lt R BB Y Badone R B 2SR it P e

respondegs, sYbjecteeriigngpagificb@sesll eespdnder rate was 86.7% and the vaccinia-specific
responder rate was 100%. A broad cellular immune response against the four HIV
protein/polyprotein pools (gag, pol, nef and mixed [p2p7-vpr-rev]) was observed; 66.7%
of all subjects responded to at least two and 46.7% to at least three HIV-1
proteins/polyproteins. Median T cell responses remainéd higher than baseline 20 weeks

10  after the first immunization for all HIV proteins which induced responses. This was also

true for the vaccinia-specific T cell response. Thus, the MVA-BN®-MAG vaccine was
able to induce a broad immune response to multiple HIV-1 proteins and to vaccinia and
the responses were still higher than baseline 20 weeks after receiving the first
immunization.

15



| muni zations were given at Wek 0, Week 4 and Week 12. The breadth of

H V-specific T cell response refers to the nunbers of proteins/polyproteins
for whi chweublidge0gener at ed new or incregged T cell re2pdAPeE00TEM ¢ 4
shows the breath of response to H V protel Vaccination resulted in the 5
generation of responses to several proteins in nost subjects. Responses to
up to four different proteins/polyproteins including gag, pol, tat, vif,

nef and m xqWe (EPSyEht invBhtion £1¥9 indludes tHawdlidwing abhe: 4. 66. 7% of al | subjects
responded to at |east two and 46. 7% to at |east three

protei ns/ pol yproteins. 10 WD 2011/04218033PCT/ EP2010/ 006114 TABLE 4 N =
15 Nunber of1. We@bmbm&hpMo)dm’eﬁt\%d@&ld?wtﬁé’/@\n%%(ﬂVAAtcdnﬂﬁi%tngLn the viral genome

t / | t ei 13 (86.7 3 At I 2 | tei.
D00 G675 8RE S RebieSibh SRaStasofiona praain: ol b edsh B AR Bl

At | easts4 peetridsdm bag) il eTats v, V0. Bir, Rev and Nef or parts or derivatives of said

proteins for use as medicament or vaccine.

2. Recombinant Modified Vaccinia virus Ankara (MVA) according to item 1 comprising in
the viral genome one or more expression cassettes for the expression of at least six HIV
10  proteins selected from Gag, Pol, Tat, Vif, Vpu, Vpr, Rev and Nef or parts or derivatives of

said proteins.

3. Recombinant MVA according to item 1 or 2, wherein a part of a HIV protein is a
protein comprising at least 10 consecutive amino acids of the corresponding full length
15  protein.

4. Recombinant MVA according to any one of the preceding items, wherein a derivative

of a HIV protein ié an amino acid sequence showing a homology of at least 50% to the

respective HIV protein in the HIV-1 isolate HXB2R (genebank accession number
20 KO03455)

5. Recombinant MVA according to any one of the preceding items, wherein the MVA

genome comprises an expression cassette coding for a fusion protein comprising Vif,

Vpu, Vpr and Rev, an expression cassette coding for Nef, an expression cassette coding
25  for a Gag-Pol fusion protein and an expression cassette coding for Tat.

6. Recombinant MVA according to any one of the preceding items, wherein Nef is an N-
terminal truncated Nef and/or wherein Tat is a transdominant Tat.

30 7. Recombinant MVA according to any one of the preceding items comprising in the viral
genome
(i) an expression cassette expressing Vif-Vpu-Vpr-Rev as fusion protein inserted into the
intergenic region IGR 07/08,
(i) a second expression cassette expressing a Nef protein in which the first 19 N-terminal
35 amino acids are deleted inserted into IGR 14L/I5L,
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20 weeks aft [ i i o TRdEAR -
2011/ 042180|9g’f{55§€dfg')‘§8%?f€@ 1tst";r'srf?ebpr eséﬁ?tau ﬁ'@%‘hfe?!%ﬂ 5 o4ne HLY pipteing Geo.
fol |l owi ng i tPale/pr, pu, Reyoabhd Neht Mdi fied Vaccinia virus Ankara (MWA)
conprising in the viral genome one or nore expression cassettes for the

expression of at least three HV proteins 5selected from Gag, Pol, Tat,
Vif, Vpu, Vg4, ResombirnNéMVAvracearding tor aderdneacfi bemss dff tasdi or the pharmaceutical

30 composition or vaccine according to item 8 for the treatment and/or prevention of a HIV
infection and/or AIDS.

16. Use of the recombinant MVA according to any one of items 1 to 7 or the
pharmaceutical composition or vaccine according to item 8 for the preparation of a
35  medicament for the treatment and/or prevention of a HIV infection and/or AIDS.



proteins for use as nedi canent or vaccine. 2. Reconbinant Modified
Vaccinia virus Ankara (MVA) according to item1 conprising in the viral
genome ornE0a@p1IigRB0expr essi on cassettes fgj} t he expr essiPOm/ERROIAM00GIRAST Si X
H 'V ioproteins selected fromGag, Pol, Tat; Vif, Vpu, Vpr, Rev and Nef or

parts or derivatives of said proteins. 3. Reconbi nant MVA according to
item1 or 2, wherein a part of a HV protein is a protein conprising at
| east 10 conggigdg i ve amino acids of the corresponding full length

15protein. 4. Reconbi nant MWA according to any one of the preceding itens,
wherein a derivative of a HV protein is an am no acid sequence show ng a

honol ogy of 1aRekemdinahdMotmiet NEadeR@iels XARkdth (MVAYtedniprisihgt iRehElvWallgéiophat e
HXB2R (genebank accessi on nunber 20 K03455 5.W§ec nbi naqtéyWA accordi nég
to any one ONCPREYF EXRESHN cassaltes i dhe PrPERRIO Aatgé?ﬁSr?ﬁ‘ Yrpiplednssselgrte
expressi gn &S 6kl eP6I0 daf) v/if MpudVhH RNkl NeEbNa PARRhéoN Borvpiising/Atileado1o
and Rev, an expression cassette codi n% for, N?f an expressi on, cassette .
codi ng 25f 0FORSREHHYPEMING, 3% °EF*I?[ eRrFeSRARKiag TukisPatoRrgiein Q6 8 Her¥atNE R e or
\mt. 6. NeRfe@wfb ihBaEﬁtuWAnaﬁﬁwrﬁﬁ IagTIc;@gI aﬁggaﬁ@dt/@f att ﬁsptm§@$fggeim|mnoteins
erein is a rmnpal tryncate n r erein isa, . .
t ransdomi naﬁF'e??g.fr%%agRgeLﬁé%n tﬁﬂ‘%@”&& rYRAYMB %Lﬁypc&n@%?mtq.‘genvatwe
preceding i 'foﬁ:cm?evﬁﬁﬁmf bﬁigf@qhéndfehef hIHIV gere® af ia)nig@_aewps@ﬁ@h_e@ sRewmgtd e
expressing Vif-Vpu-\Vpr-Rey usi on _protein |Inser Into t tergenic
o6 on’ 1B GRBIeY of 3t ez} 540 5e RSt sSurdiine ch die iftesalg AV TR
protein in wWhbwhHVesddtest 19 N-term nal 35am no acids are deleted inserted
into | GR 14L/15L, WO 2011/042180PCT/ EP2010/ 006114 36 (iii) a third
expressi on cassette expressing a transdom nant Tat and a fourth expression
cassette expressompinantddgdiRed Vaoahiarvirns @dinkar, (MA)Gtcarding tosediinet] wharein it
136/ 137. 8. Pharnmaceutical conposition or vaccitgae co%ri Si nﬁ%. A ot least
r ecombi nant VNR/SSIRO: SATRYISES B5R] ONE BPISSCORCaSFITSAOLHE SBRTIENA 13! leag
phar macast i @ HW pexeiné ablected@drom @ag, tHal, ugid, ,\VprdRev antl Netdrar partithdreosfeor a 9.
Reconbi nant dM\IA accor dh}? tto any one of itenms 1 to 7 or the pharnaceuti cal
conposi ti on IGPVINEST FRIXEI§i ng to item 8 for inducing a T-cell response

to at least 10three HV proteins in a human patient, wherein the proteins
are selecte Nbrom

| V .. P Vor, . V) R d Nef,. .10, . f the.
e cons mant SRS blpAek Mdkires Waoe R vt AnkaiRgyA) GodTina, f i rar. whefein,
conpg;i tion thr]l: vwa_cgy'nbmeammpsr_dr&eagalnltemri rherm &p‘rctsxrsidr?@?sseaw:mtth@reﬁmfesa'on tof at
15 I canen r. ing.a T-.cC respon . as ee r ot eins
e o east BighT AN iR feigcte SPETBE0 e Cart bt BEP Mo R g PO fart
Vpr, Vpu, Retereofrat d\edrivativielof daetproteimeant MVA, phar maceuti cal conposition or
vacci ne according to item9 or use according to item 10, wherein the HV

proteins are Gag, Pol and Nef.
4. Use of the recombinant Modified Vaccinia virus Ankara (MVA) according to any one of

claims 1 to 3 for the preparation of a medicament or vaccine for inducing a T-cell
25 response to at least three of the HIV proteins selected from Gag, Pol, Vpr, Vpu, Rev and

Nef in a human subject.

5. A method for inducing a T-cell response to at least three of the HIV proteins selected
from Gag, Pol, Vpr, Vpu, Rev and Nef in a human subject comprising administering a
30 recombinant Modified Vaccinia virus Ankara (MVA) according to any one of claims 1 to 3.

6. Recombinant Modified Vaccinia virus Ankara (MVA) according to any one of claims 1
to 3, use of claim 4, or method of claim 5, wherein the MVA induces a T-cell response in
the human subject to at least four of the HIV-1 proteins.

35



20 12. Reconbi nant MVA, pharnmaceutical conposition or vaccine according to
item9 or use according to item 10 for inducing a T-cell response to at

| east fouwoabitdae1shll V proteins sel ected from Gag, Pol, Ypm/EPYw/00iey, and
Nef. 2513. Reconbi nant MA, pharnmaceuti caf8 conposition or vaccine according
toitem9 or 12 or use according to item 10 or 12 for inducing a T-cell
response to the HV proteins Gag, Pol, Vpr, Vpu, Rev, and Nef. 14.
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expressi on gaggeatih@edd Gagl P& M¥MNessi on of at |east 15six HV proteins
sel ected from Gag, Pol, Vpu, Vpr, Rev and Nef or a part thereof or a
derivative of said proteins. 3. Reconbinant Mdified Vaccinia virus Ankara
(MVA) aggor db.nBe&chﬁhéﬁtﬂ%&?@cc&ﬁiﬁ@h@fﬁymrfehﬁ cw}imah @@WGQ@@DE&;@ aflsampeneor
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t hereof or anmanbstrhpromised. said proteins. 4. Use of the reconbi nant
Modi fied Vaccinia virus Ankara (MVA) according to any one of clains 1 to 3
for the preparation of a medi canent or vaccine for inducing a T-cell

25r esponse #9. Récdrabinantt VAR @codrdingeo lny ope @f eiaims $ebd Scined for tOTUSaQf afpbne
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Pol, Vpr, VpfectBewitamivNef in a human subject conprising adm nistering a
30r econbi nant Modi fied Vaccinia virus Ankara (MVA) according to any one of
claime 1 to 3. 6. Reconbinant Modified Vaccinia virus Ankara (MA)

accor di ng t a2aRgcameinamt MVYAiatsortingdto 3iny wse obtladhail no 4,andré fvet hade of agy anen
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25 a CD4 cell count of less than 350/ul.

13. Recombinant MVA, use or method according to any one of the preceding claims,
wherein the MVA genome comprises an expression cassette coding for a fusion protein
comprising Vif, Vpu, Vpr and Rev, an expression cassette coding for Nef, an expression

30 cassette coding for a Gag-Pol fusion protein and an expression cassette coding for Tat.

14. Recombinant MVA, use or method according to any one of the preceding claims,
wherein Nef is an N-terminal truncated Nef and/or wherein Tat is a transdominant Tat.

35 15. Recombinant MVA, use or method according to any one of the preceding claims

comprising in the viral genome



7. Reconbi nant Modified Vaccinia virus Ankara (MA) according to any one of
claims 1 to 3 and 6, use of claim4 or 6, or nethod of claim5 or 6,

wher ei n twe 2MiA4e18duces a T-cell response_in the human ®objEPet100061at | east
five of the HIV-1 proteins. 58. Reconbi naf® Mbdified Vaccinia virus Ankara
(MVA) according to any one of clains 1 to 3, 6 and 7, use of any one of
clains 4, 6 and 7, or nethod of any one of clains 5 to 7, wherein the WA
induces a T gsrh Exﬁr‘é§ﬂ8ﬂ%§sée’f’tet réagm@w.ﬁvm 9Bi- Rwa@tfush&ag.‘totéh ¥nsefted itfo eV 1
pr ot ei ns. Reconbi nant Mod accinia virus Ankara (MA) according
to any one MG@PQF@'Q"{%RW% 6 to 8, use of any one of clainms 4 and 6 to

8, or net hog @fsedBNd @fﬁe@éloﬁbﬁés@&e@xbr‘ésﬁngWf%\'dleﬁ'\hﬁ*mﬂcﬁtﬁeﬂfs@ﬁglm&rmmal
whi ch MVA induces a T-cell response 1 n_the human subject include Gag, Pol

and Nef . 15?0""%%%9%@9%95%6}*%%"llé'fﬂany one of claims 1 to 3 and 6

to 9, usg Oilll)aé‘mlt@”@x&éss%rﬁbé&eﬂe Rprebsihg aQrar%HorﬁﬁiahWapémﬁQ)fo@ﬂﬁeiﬁreﬁh@ﬂ s
5to 9, wherein the subject_is _inmmunoconproni se Reconbi nant MWA

accordi ng t 6agEejte saregping|aPagPel fusiog p&?f@'”ﬁwf‘ﬁhfﬁe 'Wﬁ%@e%\‘nt%ﬁﬂ 3R/ 1960t
claims 4 and 6 to 10, or nethod of any one of clains 5 to 10, wherein the
subject is |nf ected with H V-1 12. Reconbi nant MVA according.to any one
of clains 1716oRecompingntMVA pccerding e awyengrre thg Pracaping claimsgwiic bs‘iﬁt'or%lr'
net hod of agymiifterdld /g@tﬁé? with Ca Ipharaesuticalyt Aecepidtie cdarfigrs dibentCdjwaht
count of less than 350 13. Reconbi nant WA, use or nmethod according to
any one '®f PAYOpAEYEYA-ng cl ai ms, wherein the MVA genone conprises an
expression cassette coding for a fusion protein conprising Vif, Vpu, Vpr
and Rev, an expression cassette coding for an expr si on SOCa sette
codi ng 1 or 47 CRECBRPNRIINR. 16 POMR AT o G CDe TR A
Tat. 14. Res@iHthedrhatvdiandik préverBémerarraRoinfichen bad/enxiDee of the
preceding clainms, wherein Nef is an N-termnal truncated Nef and/or wherein
Tat is a transdominant Tat. WO 2011/ 042180PCT/ EP2010/ 006114 39 (i) an

expressiign qgsesé betHXRcembinatt MMVA, ViBe o pietiie acsdrdibig ko BnP bR ef thel ;meédl
into the |nte eni ¢ re?| on | GR

ond .expressi on cass
expr essi ng 5'21p$ fq5,thg Bigp af?ﬁ'OWﬂf@H“?‘ﬁ%a’Pé'?tg%r t%g?r,q_a{r@q%qqﬁforgﬁqv,qgtl%p gﬁé
del et ed i ns@ffé&dnididorlA@S14L/ I 5L, 5(iii) a third expression cassette
expressing a transdom nant Tat and a fourth expression cassette expressing
a Gag-Pol fusion protein, which are inserted into | GR 136/ 137. 16.
Reconbi P?m 1M/Rea§marndgnmvwo Lﬁﬁyororlﬂeth@ﬁ ddaerdingetedhyngne lohithe ,prewieb'lmlg ¢laims,
optional | y admi nistered t er nmaceu |ca acceptabl e
carri er 20di WnefRn a&ﬁisa%ﬁ?%’td ﬁdtc lgiﬂdn'tqr@ée recqm! '“QBL'&' "ﬁé‘ﬁﬁ"rﬂ'/%ﬁfeddgéh%r

met hod accorhdmag suBjeatly one of the preceding clains for use in the

treatnment and/or prevention of an HV infection and/or AIDS. 1518. Use of
t he reconbi nant MVA, use or nethod according to any one of the preceding
clains for ©beRetemdinahi MVA)fuse dresiethedeatcofding tdhany beatofithe paﬂfuéﬂmg claims,

prevention of an HV infegction ap | DS, e r
met hod accoMitefgn AF5Age 8ﬁibotf’ ﬁ]jjcg%@d?ﬁ’be fcﬁ°8?‘RE‘a“§@'%] F}H”'%Ee gwégrégof
107 to %09 hohEbGuefecof the reconbi nant MVA is admnistered to the human

subj ect . 20. Reconbi nant MVA, use or nethod according to any one of the

precedi ng clai ns, wherein a dosage of 109 to 109 TC1D50/nl of the
r econbi nant 2WRecsmaithanh Mitlernese dromethed2adearding kubnyeohe of the preceding claims,

wherein a dosage of 2 x 10® TCIDsy/ml of the recombinant MVA is administered to the
human subject.

30
22. Recombinant MVA, use or method according to any one of the preceding claims,
wherein the recombinant MVA is administered at least three times.

23. Recombinant MVA, use or method according to any one of the preceding claims,
35  wherein the recombinant MVA is administered at week 0, 4 and 12.



21. Reconbi nant MVA, use or nethod according to any one of the preceding
clains, wherein a dosage of 2 x 108 TC1D50/nmL of the reconbinant MVA is
adm ni st eveadotig4e18é human subject. 30 22, Reconbi nant RUAEP2&IS/00F114et hod
according to any one of the preceding cl a‘ﬂ%s, wherein the reconbi nant WA
is admnistered at | east three tines. 23. Reconbi nant WA, use or
nmet hod according to any one of the preceding clainms, 35 wherein the
reconbi nant 2WMRetSmBIAERMYNEUBE HmUMBl dicordingd 4 ond\e¥ the preceding claims,
2011/ 042180PCT/ EP2010/ 006114 40 . 24. Reconbi nant MA, use or nethod

accor di ng t ¥Wharmjn teereeembipantM¥AdIMYS-BNai ns, wherein the reconbi nant WA
is MVA-BN 25. Pharmaceutical or vaccine conposition conprising a

reconbi nant MVA as defined in 5any one of the ,g,r ecedi ng, cl aij m _ _
25. Pharmaceutical or vaccine composition comprising a recombinant MVA as defined in

5 any one of the preceding claims.



